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1. Executive Summary
This describes an activity funded by HIL to investigate the Monte Carlo pricing of American options. We also looked at general pricing within the path-integral approach proposed by Makivic and identified by HIL as critical technology. We conclude that the path integral approach, although technically correct, appears not to be useful at the current stage as the same results can be obtained by simpler faster and more traditional approaches. In particular, we do not recommend using the path integral code written by Makivic and evaluated by NPAC as part of this project. NPAC had been asked to develop Monte Carlo methods for American options and an approach to this was developed by Fox in June 97 which could use path integrals but this was not needed or in fact desirable. In December 97, a trip to Wall Street revealed that that state of the art in American option pricing was more advanced than HIL and Makivic had believed. 

Thus at a meeting in NPAC on January 24,98 HIL agreed that NPAC should suspend work on Makivic path integral and Fox 97 approaches. Instead NPAC was asked to look at the Stochastic Mesh method developed by a group from Columbia, which Fox had identified as most promising from a study of the papers collected in the December 97 trip to Wall Street. The reported success of the method was rather surprising and thus it was felt necessary to verify the assertions in this paper. The work at this stage was enhanced by the pro bono activities of two Texas physics Ph.D’s -- Huq and Guenther. The enhanced team completed the evaluation of the stochastic mesh by the April 28,98 termination of the HIL contract with NPAC. We conclude that the assertions of the Columbia group were correct. Unfortunately, we also found that the computation was very sophisticated reflecting that the field was much more mature than was originally asserted. Thus although we identified possible ways of improving the stochastic mesh, especially for many underliers, we were not able to investigate this to any significant extent and we did not reduce these new ideas to practice.

On May 21,98 NPAC declined to continue with the project, as the funds available were insufficient to meet HIL’s goals. We recommend that attempts to patent the path integral method not be continued as the assertions in the patent do not seem to be supported by our studies. We also do not recommend patenting the methods proposed by Fox in June 97 as we did not (at HIL’s explicit request) “reduce this to practice” and it is further not clear when and if it is better than other methods in the literature. These ideas do appear to be novel however. Fox has speculated on improvements to the Stochastic Mesh but evaluating these ideas and “reducing them to practice” would take about 6 months and a budget of around $200,000. Neither NPAC nor HIL appears to have such resources at present. Further this would be a risky research project and success cannot be guaranteed. Somewhat less risky and possibly of shorter duration would be an effort to apply the Stochastic Mesh to problems like the HJM with underlying fixed income financial instruments.

2. European Options

2.1. Path Integral Monte Carlo Approach

Makivic proposed a path integral Monte Carlo method for pricing of derivative securities. Makivic stated that the advantage of the path integral approach over the standard Monte Carlo method, is that the complete information about the derivative security, including its parameter sensitivities are obtained in a single simulation. The author also states that it is possible to obtain results for multiple values of parameters in a single simulation. These assertions are true but properties of any well designed traditional Monte Carlo code.

Path Integral Approaches are used in physics for one main reason- probability distributions come from nature, and not from empirical data. In physics, we need to keep the correlations, but in derivative pricing, one does not want the correlations of the path. In fact, NPAC has analyzed Makivic code, and has found that the correlation length can be as high as 100. This means that 1 out of every 100 path is useful for the pricing of European and American options.  

Since Makivic’s code is very general, it seems well suited to use different probability distributions for experimentation. Unfortunately our studies indicate that, because the code does not diagonalize the correlation matrix, the code runs as order N2 as the number of underliers increaseas opposed to the usual order N as in other Monte Carlo codes. Thus, we feel that this code is academically interesting, but has little or no commercial value. For completeness, we describe the code below, and describe our experiments with using the “real” probability data as a method for pricing European options with one underlier.

2.1.1. Basic Overview

To price American options, we will follow the “usual” first procedure of generating paths from a Monte Carlo algorithm which follows a stochastic process. Stock prices are usually assumed to follow a Markov process. Models of stock price behavior are usually expressed in terms of what are known as Wiener processes. A Wiener process is a particular type of Markov stochastic process. It has been used in physics to describe the motion of a particle that is subject to a large number of small molecular shocks and is sometimes referred to as Brownian motion. 

Monte Carlo (MC) simulation is an established numerical method for the valuation of derivative securities. Its major strength is its flexibility. Its major disadvantage is speed, since the accuracy of the Monte Carlo method improves only as a square root of the number of independent samples generated in a simulation. However, because of the sample independence, Monte Carlo is almost embarrassingly parallel and, is ideally suited for implementation on massively parallel architectures. Another major advantage of using Monte Carlo simulations for derivative securities is that the computational time goes up linearly as the number of underliers grows. This is perhaps the most important point of using Monte Carlo methods versus other commonly used methods such as tree methods which grow exponentially more expensive as the number of underlies increase. 

We have two codes to price European options: one was written by M. Makivic, and the other by FKM(Fox, Klasky, and  McGuire). Makivic’s code uses a Metropolis method and a path integral approach whereas FKM uses a standard MC method to generate paths. Each code has certain advantages and disadvantages, which we will point out in the next section. One of the key points is that both of these methods can price European options (calls and puts) for multiple underliers, by averaging the paths generated by the simulation, and obtaining a price. 
Metropolis Algorithm:

The basic feature of this code is that it uses a path integral Monte Carlo Method for pricing of derivatives securities. It then uses a Metropolis algorithm to sample probability distribution of histories (paths) of the underlying security. The advantage of the path integral approach is that the complete information about the derivative security, including its parameter sensitivities is obtained in a single simulation. Another feature of this code is that we can use many different types of probability distributions, including one obtained from “real data”. It is believed that we will get "more accurate" option prices using “real data” probability distributions.  This feature is straightforward to include in FKM or any conventional MC code.

Makivic states the prescription for this algorithm as follows: 

1. Pick an arbitrary initial path. 

2. Generate a new trial path. 

3. The new path is accepted with probability W. Specifically, if W>=1, the new path is accepted without further tests. If W<1, a random number between 0 and 1 is generated, and the new path is accepted if the random number is smaller than W. If the trial path is accepted, it becomes the current path, ((, otherwise the old path remains the current path ((. 

4. If we progressed enough along the Markov chain so that the relaxation is completed, (i.e. ( >=R), the current path is sampled from the desired distribution P ((). We compute the payoff function for the current path F((() and accumulate the result, A=A+F(((). 

5. Perform an estimate of the statistical errors due to the Monte Carlo sampling procedure. If the error is above the desired level of accuracy, go to 2, otherwise go to 6. 

6. Compute the Monte Carlo estimates of the required integrals. 

A feature of this algorithm is that each path is directly related to the next path generated by this algorithm. We can therefore make the paths closer together by changing the acceptance ratio in the Metropolis algorithm. We originally thought that this may be critical in the determination of an American option with over 10 underliers. The quality of the paths generated could possibly benefit from this algorithm. In reality we have seen that the paths are not close enough, and that we need to use an explicit clustering routine, which we started investigating but have no serious results to report. Another feature of this algorithm is that it is fairly easy to include other types of probability distributions. This is extremely important in modeling options. Typically one uses a log normal Gaussian distribution to generate paths. We also have the capability to use a generalized Cauchy distribution, as well as using the historical data. In this approach we determine the mean of the data, and then histogram this up in bins of a certain size in terms of the standard deviation of the data.  We realize that from our physics experience, we can also easily include different types of probability distributions, and we see that this is done commonly in physics as well as in other fields of engineering. Again this use of general probability distributions is in fact easier to implement in FKM (as overall structure simpler) than Makivic.

In the next subsection, we compare the results of running with a Gaussian distribution vs. the "real data". We compare this for 8 different financial instruments. We see that there is a bias, which indicates that this method prices options fairer than the Gaussian distribution. 

The disadvantage of this algorithm is that for multiple underliers, the convergence is extremely slow. Even for one underlier, a standard Monte Carlo method has the capability of being much faster. Due to these disadvantages, we have formed a simple code, which generates paths to be used to price multiple underlier European options, as well as generate paths for n-correlated instruments. 

2.1.2. Implementation

Makivic designed this code to evolve the stock price, S, using the stochastic differential equation

(1) d(log S) = dy = ( dt + ( d(
where, 

we use the standard notion from Hull. We note that this code does not take dividends into account, and modifications of the code must be made in order for dividends to work correctly. 

The basic algorithm works as follows.

Given a path ( = y(0),y(1),..., y(n),...,y(M),y(T)), we can obtain any other path by a sequence of entirely local steps where we update the value of a stock price at a single time slice $n$. The new path differs from the old one only by the stock price value at time n(t: (’ = y(0),y(1),..., y’(n),...,y(M),y(T)). The new value of the stock price logarithm is obtained in the following way: (1) At the beginning of the simulation we pick an interval of width ( = ( (2(t. (2) For each update, we pick a random number p, such that  -1 ( p ( 1.  The new stock price is y’ = y + p(. The scale factor ( is chosen by experimentation, so that the acceptance rate of the updated configurations is roughly ½.

Following the Metropolis algorithm, we have to accept or reject the new path according to the transition probability W((((’).  For different probability distributions, we can obtain different W’s. 

This local algorithm is applicable to any Markov process. A non-Markov stochastic process will induce couplings between non-adjacent time slices and one would have to design an appropriate algorithm with global updates.  

2.1.3. Different Probability Distributions

Currently this code has 3 different types of probability distributions: Gaussian, Cauchy, and “real data”. We will list the portions of the code which have this probability distribution.

Gaussian

for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

     u = shift[RateIndex];

     c = Couplings[RateIndex][1];

     arg  = u*c*(RatesPres[RateIndex]-RatesPrev[RateIndex]);

     arg += 0.5*u*u*c;

     arg = -arg;

     arg = (arg > MAXARG) ? MAXARG:arg;

     arg = (arg < MINARG) ? MINARG:arg;

     if(randf() <= exp(arg)) {

         Naccepted++;

     } else {

         shift[RateIndex] = 0.0;

      }

   }

This is using the Gaussian distribution to calculate W. It then runs the Metropolis accept/reject method to determine if  the new path point is accepted or rejected. 

Cauchy

for(ir=1;ir <= NumRates;ir++) {

        Rates1[ir] = RatesPres[ir] - RatesPrev[ir];

        Rates2[ir] = RatesNext[ir] - RatesPres[ir];

      }

/******

      (1) loop over rates,

      (2) apply trial update to each rate

      (3) compute ratio of probabilities; probability is a product

          of next and prev time steps

      (4) accept/reject

      (5) update quadratic form

 *****/

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

        shift1 = update[rIndex];

        shift2 = -update[rIndex];

        arg_i_1 = Parameter[rIndex][1]*Rates1[rIndex]*Rates1[rIndex];

        arg_i_2 = Parameter[rIndex][1]*Rates2[rIndex]*Rates2[rIndex];

        /* terms linear in shift */

        delta1 = 0.0;

        delta2 = 0.0;

        term1 =2.*shift1*Rates1[rIndex]*Parameter[rIndex][1];

        term2 =2.*shift2*Rates2[rIndex]*Parameter[rIndex][1];

        delta1 += term1;

        delta2 += term2;

        /* term quadratic in shift */

        delta1 += (term1=shift1*shift1*Parameter[rIndex][1]);

        delta2 += (term2=shift2*shift2*Parameter[rIndex][1]);

        arg1 = (1. + arg_i_1 )/(1. + arg_i_1 + delta1);

        arg2 = (1. + arg_i_2 )/(1. + arg_i_2 + delta2);

        arg1 = Parameter[rIndex][2]*log(arg1);

        arg2 = Parameter[rIndex][2]*log(arg2);

        arg  = arg1 + arg2;

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg)){

          Naccepted++;

          Rates[rIndex] += shift1;

        } else {

          update[rIndex] = 0.0;

        }

     } /* end of loop over rates */

Once again, we can see how this piece of code determines W, and then applies the Metropolis accept/reject method. These test in the code are simply picking a random point on a path and then seeing if it should be acceptable or rejected based on the probability distribution. 

“Real Data Probability Distribution”

for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

    if (shift[RateIndex] > 0 ) {

    shift[RateIndex]= shift[RateIndex];

      } else {

         shift[RateIndex] = shift[RateIndex];

    }

/* first thing is to find the probability of being at the presentlocation

   and at being in the new location */

/* we wil have to linearly interpolate to get these positions */

   small = 100.0;

   istore = 0;

   xint = RatesPres[RateIndex]-RatesPrev[RateIndex];

   for (i=0;i<nhistdata;i++) {

    xoff = xint - xhistdata[i];

    if ( (xoff >0) && ( xoff < small) ) {

            small = xoff;

            istore = i;

       }

    }

    if (istore == nhistdata-1) {

      istore --;

    }

    x1 = xhistdata[istore];

    x2 = xhistdata[istore+1];

    y1 = yhistdata[istore];

    y2 = yhistdata[istore+1];

    alpha = xint- x1;

    prob_current = (h-alpha)*hi*y1 + alpha*hi*y2;

    if (prob_current < 0.0) {

    prob_current = 0.0;

   }

   RateFuture  = RatesPres[RateIndex] + shift[RateIndex];

   xint = RateFuture - RatesPrev[RateIndex];

   small = 100.0;

   istore = 0;

   for (i=0;i<nhistdata;i++) {

      xoff = xint - xhistdata[i];

      if ( (xoff >0) && ( xoff < small) ) {

            small = xoff;

            istore = i;

       }

    }

    if (istore == nhistdata-1) {

      istore --;

  }

    x1 = xhistdata[istore];

    x2 = xhistdata[istore+1];

    y1 = yhistdata[istore];

    y2 = yhistdata[istore+1];

    alpha = xint- x1;                                       

    prob_future = (h-alpha)*hi*y1 + alpha*hi*y2;

if (prob_future < 0.0) {

       prob_future = 0.0;

    }

    r = randf();

    if (prob_future > prob_current) {

       Naccepted++;

    } else {

     if (prob_current == 0.0) {

          if (prob_future == 0.0) {

        prob_current = 1.0;

        prob_future  = 0.0;

          } else  {

               prob_current = 0.0000000001;

      }

       }

       if ( (prob_future/prob_current) > r) {

          Naccepted++;

       } else {

          shift[RateIndex] = 0.0;

       }

    }

}

Once again we see that starting with histogram data from the “real historical data” we apply the Metropolis accept/reject method to determine whether or not the algorithm should accept or reject the point.

2.1.4. Correlation Problems

Standard Monte Carlo methods can easily generate paths by growing points on a path at each time increment. Each path is grown independently of one-another. Because of this independence, there is no correlation between paths. One of the reasons to use a Path Integral Monte Carlo approach is to correlate the paths. Thus, using a limited number of paths, the path integral approach fills in the phase space differently than a standard Monte Carlo. 

In financial modeling, we note that we do not want correlated paths to price European options. Paths can be kept in standard Monte Carlo techniques, but are not required.  To price European options, we could simply generate 2 points on a path (the initial point, and the final point), since Europeans just average the payoffs from the paths at the final time. As these points are chosen from the probability distribution, they can provide very accurate results in a very short amount of CPU time compared to the path integral code. 

2.2. Basic Monte Carlo Approach

2.2.1. Basic Algorithm

We have developed a standard MC code to generate paths. This code uses a lognormal Gaussian distribution as our probability function. We then randomly sample this distribution to determine points independent of one another on a path. The probability function, which we use, allows for covariances between the underliers. We then dump the paths. When we average the payoff among the paths, we do get results, which are comparable to the M-code. In fact, the convergence of multiple underliers is much faster for European options over the M-code since the paths are uncorrelated. The disadvantage of this algorithm is that the majority of the code is in the generation of the lognormal Gaussian random numbers. This implies that by changing to a different type of probability curve involves rewriting the majority of this code.  However, it is easy to change, and historical probability distributions are commonly used in physics,  and with a minor amount of effort, can be accomplished. 

The algorithm/code to generate paths is shown below.

for(time=1; time<pd->times; time++){

    for(path=0;path<pd->meshPaths;path++){

      if(path % pd->clusterSize == 0){

        genmn(pd->parm, randomNum, pd->cov1); 

        /*genmn generates the random # from the Gaussian distribution*/

        for(under = 0; under < pd->underliers; under++){

          pd->price[time][path][under] =

          exp( randomNum[under] -pd->covariance [under][under]/2)*

            pd->price[time-1][path][under];

        }

        basePath = path;

      }else{

        genmn(pd->parm, randomNum, pd->cov1);

        for(under = 0; under < pd->underliers; under++){

          pd->price[time][path][under] =

            exp(randomNum[under]-pd->covariance[under][under]/2)*

            pd->price[time-1][basePath][under];

        }

      }

    }

  }

Once paths are generated, all we have to do is average the payoff from the paths, at a specific time, to generate the European result. We note that in this code, we take multiple underliers into account, and we take dividends into account. Therefore, with just about 100 lines of code, we can do many things that Makivic’s code cannot. Our code is much easier to debug too, since it is about 67 times smaller than Mackivic’s code. 

3. American Options

3.1. Basic Overview

The complexity of American options is that from the time the option is purchased, to the time of the expiration date, we must determine the optimal time to exercise the option, so that we maximize the payoff. The Critical Asset boundary is the boundary where we know that when we cross it, we exercise the option. In theory, one should generate a possible path to describe how the stock will do, and then when the option crosses the path, we know that is the exercise time, and that is the stock price. Unfortunately, we do not know the value of the stock at all times in the future. So we must run a simulation to generate possible paths, to determine this.  There are several methods to price American options, and NPAC tried several methods, until it found that the best method was due to Broadie and Glasserman at Columbia university. They describe a stochastic mesh method to price high-dimensional American options. Our efforts shifted to this approach in Jan. 1998. We will first describe our methods, and then the Columbia method and finally the flaws in the Columbia approach. We note that in 1997, we were told that the problem to solve was an American option with one to three underliers. Our methods work for this, but have issues with more underliers which we have not addressed in this limited study. We also note that the stochastic mesh method currently does work better than our methods, even for 1 underlier, because of their use of importance sampling.  We could of course add importance sampling to our methods but this was not investigated

Our problem is to compute the American option price Q of the max option, where

(2) Q = max E[h(,S)],

And S = (St1,…, Stn) is a vector-valued Markov process with a given initial state S0. The components of could represent asset prices, interest rates, exchange rates, or general state variables of the process. The payoff from exercise at time t in state S = x is h(,x), and we assume that h(,x) (0. Exercise can occur at times 0=t0<t1,…<td = T. The stopping time  is restricted to the finite set t=0,1,…,T. 

3.2. Fox’s 97 ideas

The basic assumption that we take from Makivic is that we can view the pricing of American options as an optimization problem. In order to do this we formulate the problem as a physical optimization problem so that we can relate the ideas of physics in these areas to the pricing of American options. 

In most of the theories to price American options, we observe that we must work backwards in time in order to find the “ideal” time to buy/sell an option. Most methods then use paths generated from an MC algorithm to price an American option. The difficulty comes in how one groups the paths together in order to determine the option price. 

Our method defines a vector (k((k)= 1 when one exercises the option, and =0 if the option is kept. Now (k is a function of value of underliers at a given time tk and not of a path generated through the point. If this path were an accurate description of what happened to the financial instrument, then the value of the option would be:

(3)  V = ((d ( P* (() ( (T k=0 (j=0 k-1 ( 1 -(j) (k fk ) .

Where ( (=( (\(0),…(\(T)))  is a path k and j label times = 0 …. T, and fk is the payoff if (k =1. Now we need a way to couple the paths together. Let's label all of the spins with K and J, so that they run over all of the time values and all of the paths. We can then put in a coupling term in our optimization problem, and label this as the kinetic energy. This kinetic energy term is

(4)  K =(K J  g(K,J} ((K – 1/2) ((J – 1/2).

Here g is a positive definite function, which we term the metric. This peaks when K and J are nearby. In practice we will use this as a nearest neighbor list. 

To determine the total energy of the system which must be minimized we just add K and V to get 

(5) E = c*K + V

Our problem is to then minimize the energy of the system. 

3.2.1. Boundary Approach

The algorithm for this code is shown below. 

program american_boundary

  allocate all of the memory
  read(stockprice(t,path))       !Read in all of the paths into the array

                                 !stockprice(t,path).

  sort_stockprice = sort(stockprice(t,path) )!Sort the stock prices.

  calculate_payoff(stockprice,sortpayoff))   !Calculate the payoffs for a call or put.

  initialize the spins    ! In this step we initialize the spins as follows:

                          ! at the end time slice (T), we let eta=1 if the

                          ! payoff >0, else we let eta=0

                          ! on all of the other time slices, we let eta=0.

  compute_average_payoff  ! Compute the payoff as the average of all of the

                          ! payoffs of all of the paths.

  do time_slice = T-1, 1, -1 !Loop over all of the time

                             !slices, end to beginning.

    path0 = first_path_at_timeslice_which_equal_to_0  ! Determine which

                                   !timeslices are in the money (1:path0).

    eta(1:time_slice-1,:)=0        ! Set the spins=0 on earlier timeslices.

    eta(time_slice,:) = 1          ! Set the spins on all paths at

                                   !time_slice equal to 1.

    path_save = npaths + 1         !variable used to store where the

                                   ! spins will change

                                   ! from 1 to 0

    do path = path0,1,-1           ! loop through all of the paths which

                                   !are in the money

      eta(time_slice,path:napths) = 0  ! set spins=0 in this region

      calculate_payoff                 ! Calculate the payoff with this

                                       !spin configuration

      if (payoff  > maximum_payoff) then  ! See if this is the largest

                                          !payoff

        maximum_payoff = payoff           ! store the maximum payoff

        path_save = path                  ! store this path where the

                                          !spins change from 1 to 0

      end if
    end do !path
    eta(time_slice,:) = 0                 ! Let the spins on this slice be

                                          !the one which maximized

    eta(time_slice,1:path_save) = 1       ! the payoff.

  end do !time_slice
  print_average_payoff                    ! print the value of the option.

end program
The basic idea here is to find, per time slice, where the payoff is miximized when there is only one sign change of the spins. As shown in the figure below, there are 6 time slices (labeled 0 through 5). We sort all of the points on the paths at each time slice, idenpendently of one-another. We then keep on moving the location where the CAB intersects this line. We notice that when the payoff is maximized, this is the CAB. The important points about this algorithm are that it is fast, and it generates the CAB. The problems occur when we work in multiple dimensions. It is no longer a simple task to just move a line around. Thoughts on how to extend this algorithm to work in multiple dimensions will be included in the following sections. One of the realizations of this method is that the amount of CPU time is directly proportional to the number of paths that we use, and the number of time slices. This is where we can use the idea of a multigrid like approach to solve the problem with just a few paths, allowing that to be an accurate guess of the location of the CAB. We then double the amount of paths, and then find the new CAB, using this for a guess for an even larger number of paths. When we solve the “fine-grid-problem” we just need to move the CAB “a little bit” to ensure that we have the correct location on this fine grid. This approach has some obvious shortcomings in multiple dimensions, and where we are unable to “sort the data”. 
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Simulated Annealing

First we will discuss the "simple" Monte Carlo algorithm for pricing American options, and later we will discuss a more general algorithm which can be generalized for multiple dimensions. The "simple" method is computationally faster than the more general method, and is easier to discuss some of the basic concepts. The first algorithm is shown below :

program american_mc_simple

  allocate all of the memory

  read(stockprice(t,path))                    !Read in all of the

                                              !paths into the array
stockprice(t,path).

  sort_stockprice = sort(stockprice(t,path) ) !Sort the stock prices.
  calculate_payoff(stockprice,sortpayoff))    !Calculate the payoffs

                                              !for a call or put.

  initialize the spins                        !In this step we

                                        !initialize the spins as follows:

                                         !at the end time slice (T), we

                                        !let eta=1 if the
                                         !payoff 0, else we let eta=0

                                         !on all of the other time

                                        !slices, we let eta=0.

  compute_average_payoff                !Compute the payoff as the\

                                        !average of all of the
                                         !payoffs of all of the paths.

  do time_slice = T-1, 1, -1            !Loop over all of the time
                                        !slices, end to beginning.

    mdp = compute_the_largest_change_in_V   !Compute the largest change

                                            !in potential energy from

                                       !a change in 1 sign change of eta.

    eta(time_slice,:)=eta(time_slice+1,:)  ! Copy the spins from the T+1

                                           !slice to the T slice.

    c2b = npath * mdp * 2              !Make sure that the largest

                                       !possible change in

                     ! kinetic energy will be twice as large as the large

       ! possible change in energy from the potential energy.

       ! This will be the largest the constant in front of

       ! the kinetic energy will be.
    path0 = first_path_at_timeslice_which_equal_to_0      

       ! Determine which timeslices are in the money (1:path0).

    exp2 = log(c2b) / log(max_mc_iters)

       ! Temps is the total number of Monte Carlo iterations,
       ! so exp2 determines how fast we will increase the

       ! constant in front of the kinetic energy.

    do annealing = 1 , total_number_of_annealings             

       ! For each time slice, we run a few different MC runs

       ! since some of these can fall in local minima. The

       ! MC run which produces the smallest total energy will

       ! then be the spin configuration which we use for this time slice.
      base_temperature = - (c2b+mdp)/log(0.5)

       ! The base(starting) temperature. This should be large

       ! enough so that the system will thermalize.

      accept=0 ; reject = 0 ; oldaccept = 0                   

       ! Count the number of accept and rejects in the

       ! Metropolis algorithm. Also, store the old number of accepts.
      do mc_iters = 1 , max_mc_iters             ! MC loop

       temperature=exp(log(base_temperature)-2/3*log(mc_iters))           

       ! Gradually decrease the temperature.               

        c2 = exp( exp2 * log(mc_iters))                       

       !gradually increase the constant in front of the kinetic energy.

        r = random_number

       ! Pick a random number

        local_path =  2 + int( r * (path0-1) - 1)

                     ! to pick a random path to flip the spin on this path.

        spin_new = 1 - eta(time_slice,local_path)             

        ! This is what the new spin will be.

        eta(time_slice,local_path) = spin_new

        ! So change the spin.

 

        delta = change_of_energy_from_flip 

        ! See what the change of energy is from this change is.

        if (delta <= 0) then                ! The Metropolis accept/reject test
           accept = accept + 1

        else

           if ( random_number = exp(-delta) ) then

             eta(otl,local_path) = 1 - spin_new   ! Reject this spin                         

                                       !configuration, so flip it back.

             reject = reject + 1       ! Monitor the rejects.
           else

             accept = accept + 1       ! Monitor the accepts.

           end if

         end if                           ! End the Metropolis accept/reject test.
      end do                                                                          ! End the loop for the MC iterations
      en = compute_the_energy_of_the_spin_configuration       ! Compute the energy of this spin

                                                                                                        !configuration
      if (  en < min_energy ) then                                 ! If this energy of this annealing is the smallest
        min_energy = en                                                 ! then save this energy, and the spin configuration
        min_spin(:) = save_spin_configuration
      end if
    end do                                                                       ! End the annealing loop
    eta(time_slice,:) = min_spin(:)                               ! Let the spins be equal to the run which produced
                                                                                      ! the smallest energy.
 

  end do !time_slice

  print_average_payoff              ! print the value of the option.

end program

There are a few critical aspects of these algorithms. A key element to these algorithms is that the metric only links spins that are on the same time slice, and it's major role is to enforce continuity across the sorted paths. We use a metric which links the spin at path j, eta[time_slice,j], with the points at j+1, and j-1. If we just used the nearest neighbors, then there could be regions in the space where this was not true. There would be regions that are topologically separated from one-another. We have made simple experiments and have concluded that this type of topological isolation could destroy the algorithm and thus, price the option incorrectly. Another key ingredient of this algorithm is the rate at which the system cools, and the largest value the constant in front of the kinetic energy becomes. If we cool the system too quickly, then the system locks into a configuration that is not the minimal energy configuration. Likewise, if the kinetic energy constant does not increase with  at least the maximum change in potential energy multiplied by the number of paths, then the kinetic energy will not dominate. The kinetic energy is what “smoothes"”the system, and causes spins at payoffs that are close to one-another, to be the same. 

3.2.3. Relationship with the Bionomial tree

In the Bionomial tree, one determines the values on the branches by looking at the probabilities of going up, and going down. When the tree is complete, we can think of this tree as being composed of paths, where different paths travel from T=0, to the end time. The more nodes included on the tree, the more paths will be generated. One of the key factors of this method is to note that the paths cross one-another at different times. When they cross one-another, they align. This is one of the reasons why we have the kinetic energy term in our equation. If we were to take 2 of these paths from the bionomial tree, which intersect at time T=t,  and perturb one of these paths by (, then as ( approaches zero, then the spins must align from these two paths.   

3.2.4. Convergence of methods

In all of the following test cases we price an American put option with the following parameters:  interest rate=5.8236%/year, X=100, S=95, sigma=15%/year, T=1 year. The correct result (from a tree algorithm) yields a put price of 6.51. The European price of this option would be 5.3.

Table 1: Convergence of Bounday code to the Binomial tree result (O=6.51)
PRIVATE
 # of Paths
Result
Relative Error (%)

100
7.44
14.3

200
6.79
4.3

400
6.62
1.7

800
6.63
1.8

1600
6.53
0.3

As we see in this result, the option price of our method converges to the “correct” result. With a sufficient number of paths, it actually converges rather quickly.  In our next set of tests, we will run the MC code with 400 paths. We then vary the number of MC iterations. Now, with a very few iterations, the system will still be thermalizing, so we shall be able to see this in a snapshot of the CAB, which will be shown below for a few simulations.  In this simulation, the "boundary" code determined the option price at 4.15, which is a 3% error. The images below are shown for 500, 10000, 20000, 40000, and 80000 MC iterations. As we can see, the system thermalizes and then converges to where on each time slice, there is only 1 transition between spins=0 and spins=1.  

Table 2: Convergence of the MC result, to the boundary code with 400 paths, (O = 4.04), 10 annealings

PRIVATE
 # Of MC iterations
Result
Relative Error (%)

500
2.56
36.6

1000
2.65
34.4

10000
3.39
16.1

20000
3.94
2.4

40000
4.03
0.2

80000
4.04
0.0

160000
4.04
0.0

Table 3: Results from the Simulated Annealing Code for (500,10000,40000,80000) MC iteration, results go from top right to bottom left.
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4. Summary of our  approaches in 1997.

We have clearly developed the infrastructure to price a 1 -underlier American option. This basic infrastructure will be a critical component of the code, which we must develop to price multiple-underliers. Makivic’s code has a clear disadvantage of the normal Monte Carlo code when we must work with a large number of underliers. This disadvantage comes from the Path-Integral Approach itself, which is that paths are correlated with their neighboring paths. The Monte Carlo code is also much faster (by a factor of perhaps 1000 in parameter domains of interest) than the Path Integral code, and so it is clearly the better approach for us to take. 

For one dimensional problems, it is clear that we can use the boundary code along with the standard monte carlo code to generate the paths. Both of these codes are fast, and we can solve large problems in a short period of computational time. But for problems greater than 3 underliers, we must clearly change this code, because this code does not generalize in multiple dimensions. 

The simulated annealing approach is a novel approach, which may or may not prove to be useful in the future. Since our initial work clearly shows that the amount of computational time is order of magnitude greater than that of the boundary approach, we did not seriously investigate it.  Unlike the boundary approach, it can work with multiple underliers (>3) but we do not believe it is competitive with the stochastic mesh method, described in the next section.

The Path Integral code suffers from some major problems. The biggest problem is that it is incorrectly correlating the options. When we statistically measure the correlation between points on the paths with multiple underliers, it is clearly not correlating them correctly. This code must be rewritten to ensure that there are no bugs in this code.  We have also stated that this code suffers from many other flaws in regards to computational time. Thus, during the January 1998 Syracuse meeting, we dropped all activities with this code after discussion with HIL!

One of the most basic features we used in our approach in 1997 was to look directly for the critical asset boundary (CAB). We adopted this as we asked to investigate methods for a few underliers. This CAB method is very sound and probably basis of best methods in 3 or fewer dimensions. Unfortunately our december 97 trip to New York City indicated that many underliers was the critical area to investigate. During the Syracuse meeting, we decided that the most promising approach was to extend the Columbia Stoachastic Mesh paper, in order to price America options. We describe this approach in the next section.

5. Columbia’s Stochastic Mesh

During the Jan. 1998 Syracuse meeting, we decided to concentrate our efforts on the algorithm by Broadie and Glasserman, “The Columbia Method”.   In this method, all of the information from one time step is used in estimating prices at the previous time step. The interlocking nature of the mesh introduces a dependence in the prices at different nodes at the same point in time. This considerably complicates the number of exercise opportunities. The stochastic mesh method gives confidence intervals and is convergent as the work increases. Numerical results given in Broadie and Glasserman show that it is a viable method for pricing up to 5 underlier options when there is a finite, but possibly large, number of exercise dates. 

5.1.1. Basic Approach (taken from paper)

The stochastic mesh method generates random vectors Xt(i) for i=1, …, b and t=1,…,T. Since S0, the initial stock price, is given, we set X0(1) = S0. The mesh points Xt(i) are generated as independent and identically distributed samples from the mesh density function g(t,.). At this point the mesh density functions can be arbitrary, except for the technical requirement that g(t,u)>0 if f(t-1,x,u)>0 for some x. They give a specific choice of g(t,u) in the paper. A 1-dimensional illustration of the stochastic mesh is given below.



The black lines are the original paths, and the red lines are the lines that are used in computing the mesh estimator. There are 4 times (0,1,2,3,4) and options can be exercised only at these times. 

The mesh estimator is defined in a recursive fashion, starting from the end time T.  At the maturity time, we set

(6) Q’(T,Xt(i)) = h(T, Xt (i))

For i=1,…,b. For times t=T-1,…,0 and i=1,…,b, the mesh estimator is

(7) Q’(t, Xt(i)) = max(h(t, Xt (i)), 1/b (j=1 b Q’(t+1,Xt+1(j))w(t, Xt (i), Xt+1 (j)),

where w(t, Xt (i), Xt+1 (j)) ( f(t, Xt (i), Xt+1 (j))/g(t+1, Xt+1 (j)) is a weight attached to the arc joining Xt (i) at time t to Xt+1 (j) at time t+1. At time t=0 only i=1 is applicable in the previous equation and Q’ is the final mesh estimator of the true price Q.

The mesh estimator Q’ is an upper bound and is asymptotically unbiased as the branching parameter b increases. In addition to this estimator, the stochastic mesh can also be used to define a related path estimator. This estimator is defined by simulating a trajectory S=(S0,S1,…,S) of the underlying process Suntil a stopping time  ( T is reached. The path S is simulated according to the natural density function of the process St. That is, the density of the simulated point St+1 given St=x is f(t,x,.). In order to estimate the optimal stopping time, at each point on the path the exercise value h(t,St) is compared with the mesh estimate of the continuation value. The latter is estimated by Q’(t,St) as defined in the equations. If h(t,St) < Q’(t,St), the decision is to continue and the next point St+1 is simulated. If h(t,St) >Q’(t,St), the decision is to exercise and the path estimator q’ is set to h(t,St).

Because  is not necessarily the optimal stopping time, the path esimator is a lower bound. It is asymptotically unbiased as the branching parameter b increases, because the exercise time under the policiy specified by the mesh converges to that specified by the optimal policy. Thus, multiple independent replications of Q’ and q’ can be used to form valid confidence interval for Q. 

5.2. Controls

Controls are stated precisely in the Columbia paper, so we will not restate the controls. However, we will give a brief summary on the effects of controls. Briefly, we know that we can calculate european values, and using the error from the European results (looking at the variance) we can estimate this as the error that we will get in the American results. Using this, we can then change the American mesh values, by this same amount.  We note that the inner controls are the controls, which puts the results very close to the values.  The outer controls act as a fine-tunning, and we will not discuss them at this time.

5.3. Comparision of our results to Columbias

Our data is presented in red, and the Columbia data is presented in green. The error bars represent the mesh and path estimates, i.e. the bottom of the error bar is the path estimate, and the top of the error bar is the mesh estimate. We reproduced all of the runs in the paper, and it is clear that our results are convergent, and to the same value as the Columbia result. Therefore, we have produced a code that can duplicate the results of the columbia code. This comparison was completed on April 1, 1998. The differences between the 2 codes are due to the fact that at this time, we did not have the inner controls working inside of the outer controls. This work was completed 1 May 1998, but due to insufficient time we could not process our results from this code to once compare again against Columbia’s code.
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5.4. Problems with Columbia’s Approach

One of the biggest problem with the approach used in this paper is that the typically must of the weights used in the mesh have a value close to 0. This means that the Monte Carlo Integral is using just 1 point, as the number of underliers increases! The only reason why the results are good in the paper is because of the controls. The problem with this is that once the number of underiers goes beyond 5, then the method will fail. The following graphs shows the calculations of the weights, for a different # of underliers. We can see that once we have 8 underliers, there is only 1 point that has w>(, where ( is a very small number. 

5.4.1. The volume of phase space increases as the number of underliers increase

The real problem is that the volume of phase space goes up exponentially as the number of underliers increases.  We have analyzed the formal “proofs” in the Columbia paper. We believe they are invalid for large numbers (>8) of underliers for reasons discussed above. Their analysis is why correct for an unrealistic number of points in the stochastic mesh.

We have also found a flaw in their probability distribution and do not know if this error has pratical importance. Again, we did not have time to analyze this.
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5.4.2. Calculation of ( for inner controls, which is derived with incorrect assumptions

For completeness we derive the Columbia ( term, which is used to used in the inner control calculation. We wish to calculate I which we can approximate by <I1> = (i wi fi)/(i wi). If we know J and we can approximate it with <J1> = (i wi gi)/(i wi), we can use this knowledge to make a better approximation of I:

(8) <I2>
=
 <I1> -  (<J1> -J)

(9) 
=
 <I1> - <J1> +  J

(10) 
       =
 (i wi(fi - ji +  J))/( wi)

We will choose  to minimize the variance of <I2>. We will require <I22> and <I2>2.

<I22>
=
 (i wi(fi fi - 2 fi ji +2 fi J +2 ji ji -22 ji J +2 J2))/(i wi)

(11) 
 =
 <I1 I1> -2 <I1 J1> +2<I1>J +2 <J1 J1> -22 <J1>J +2 J2.

(12) <I2>2        =             <I1>2 -2<I1><J1> +2<I1>J +2<J1>2 -22 <J1>J +2 J2.

Now the variance is just the difference,

<I22> - <I2>2
=
 <I12> - <I1>2 -
 2(<I1 J1> - <I1><J1>) + 2(<J1 J1> - <J1><J1>).

To minimize the variance, we choose  to make the derivative vanish.

(13) (d)/(d) (<I22> - <I2>2)    =           -2(<I1 J1> - <I1><J1>) + 2(<J1 J1> - <J1><J1>.

                                                       - (<I1 J1> - <I1><J1>) + (<J1 J1> - <J1><J1> = 0

(14) <I1 J1> - <I1><J1> = (<J1 J1> - <J1><J1>
=   (<I1 J1> - <I1><J1>)/(<J1 J1> - <J1><J1>)

(15) 
                                                         =   (Cov[I1,J1])/(Var[J1]) 

Correct calculation of (, using w as a random variable

Now, we which to calculate ( again from our notes.  Here we show the incorrect derivation used in the Columbia paper, and we see how in the limit, our results goes to the Columbia result.

We know from Geoffrey’s notes that when calculating an integral ( xw(x)dx)/( w(x)dx) via a Monte Carlo method using the sum

(16) <x>
= (i wi xi)/(i wi)

(17) 
=
 (S3)/(S1),

the error is given by the standard deviation  which can be obtained from the variance

(18) 2
=
 (1)/(S12)[S6 - 2<x>S4 + <x>2S2]


               =           (1)/(S12)[S6 - (2S3S4)/(S1) + (S32S2)/(S12)].

In the above,

(19) S1
=
 i wi
(20)  S2
=
 i wi2
(21)  S3
=
 i wi xi
(22)   S4
=
 i wi2 xi
(23)   S6
=
 i wi2 xi2.

In our case, xi = fi -  (gi - G) where (i wi gi)/(i wi) is the estimate of a control and G is its exact value. So we have

(24) S3 =
 i wi fi -  i wi (gi - G)
= S7 -  S8
(25) S4 =
 i wi2 fi -  i wi2 (gi - G)
= S9 -  S10
(26)                                                 S6 =      i wi2 fi2 - 2 i wi2 fi (gi - G) + 2 i wi2 (gi - G)2 = S11 - 2 S12 +2 S13,

where

S7
=
 i wi fi
(27) S8
=
 i wi (gi - G)

(28) S9
=
 i wi2 fi
(29) S10
=
 i wi2 (gi - G)

(30) S11
=
 i wi2 fi2
(31) S12
=
 i wi2 fi (gi - G)

(32) S13
=
 i wi2 (gi - G)2.

So we now have

2
=
 (1)/(S12)[(S11 - 2 S12 +2 S13) -(2)/(S1)(S7 -  S8)(S9 -  S10) +(S2)/(S12)(S72 - 2 S7 S8 + S82)]

(33) 
=
 (1)/(S12)[(S11 -(2S7 S9)/(S1) +(S2 S72)/(S12))

(34) 

+(-2S12 + (2(S8 S9 + S7 S10))/(S1) - (2S2 S7 S8)/(S12))

(35) 

+2(S13 - (2 S8 S10)/(S1) + (S2 S82)/(S12))].

We will choose  to minimize the variance.

 2
=
 (1)/(S12)[(-2S12 + (2(S8 S9 + S7 S10))/(S1) - (2S2 S7 S8)/(S12))

(36) 

 +2 (S13 - (2 S8 S10)/(S1) + (S2 S82)/(S12))]

(37)         =   0.

So,

(38) 
=
 (2S12 - (2(S8 S9 + S7 S10))/(S1) + (2S2 S7 S8)/(S12))/( ) 2S13 - (4 S8 S10)/(S1) + (2 S2 S82)/(S12)


=
 (S12S12 - (S8 S9 + S7 S10)S1 + 2S2 S7 S8)/( ) S13S12 - 2 S8 S10S1 + S2 S82.

To calculate , the inner controlled value of the integral, and the variance, we must acumulate S1, S2 and S7 through S13.

If we consider the definition of <x> to be a template for arbitrary averages, the above can be written

b = (<wf(g-G)> -(<g-G><wf> + <f><w(g-G)>) + <w><f><g-G>)/( <w(g-G)2> -

(39)  2<g-G><w(g-G)> + <w><g-G>)

Note that if w were not a random variable and could be factored from the above, the result would be

(40)  = (<fg> - <f><g>)/(<g2> - <g>2)

which is the result from the earlier (incorrect) derivation. 

5.5. NPAC’s “Better” Columbia Approach

Our approach involves several factors. The most important factor is to eliminate the bias in the mesh estimate. The team started implementing improvements to the Columbia method but these ideas were not developed to a working code and so are not reported here. However, we do supply the source code that we worked on for this method.
6. Simple HJM tutorial

For completeness we provide a basic overview of the HJM Method. This comes from an effort funded internally by NPAC to develop (better) columbia for HJM but like the externally funded work this has been suspended with only the initial planning reported here available.

The HJM methodology provides a model designed to _price interest rate derivatives. Originally published in 1992 by Heath, Jarrow and Morton (Econometrica, 60, 1, 77-105), the HJM model is new due to the following: (i) It imposes its stochastic structure directly on theevolution of the forward rate curve (ii) it does not require an “inversion of the term structure” to eliminate market prices of risk from contingent claim values (iii) it has a stochastic spot rate process with multiple stochastic factors influencing the term structure. 

HJM state the model may be used to price all contingent claims (american or european) on the term structure and _depends_ on the absence of arbitrage in the market. The idea of "inversion of the term structure" uses a specific known method to derive pricing for zero-coupon bonds. This method utilizes a finite number of variables ("economic variables"). The derived zero prices are then in turn used to value the contingent claims. 

Utilization of the HJM Methodology

HJM provides a continuous time model for pricing interest rate derivatives. Consider a forward rate curve : f(r) (0,T) for all T. This is a date 0 forward interest rate for [T, T+h], where h is defined as the trading interval. To model the evolution of the forward rate through time, assuming : (i) it is normally distributed and (ii) it may be described by a form of the following stochastic differential equation, delta f(r) [t,T] = alpha (t,T)h + sigma (t,T) delta W (z). alpha may be described as the drift term, sigma as the volatility term and W is a normally distributed random function. 

Assume  volatility is of the form : sigma(t,T) = sigma e to the (-lambda[T-t]), where sigma > 0 and lambda is >= 0. The more positive lambda is, the greater the volatility between short term and long-term interest rates. Hence, lambda may be thought of as the _volatility reduction factor.

HJM shows the restrictions implied on the drift and volatility parameters of the forward-rate process such that the process is arbitrage-free. This is done by constructing a martingale probability distribution describing changes in forward rate:

((t,T) = ((t,T) intergral betwee t and T of sigma (t,u)du

Under the martingale probablilities, the expected change in forward rate must be this in particular form. If this form is not followed, the process fails to be arbitrage-free. Development of the HJM model imposes this restriction on the drift term alpha(t,T).

Note: implementation of any HJM code would require substantial effort in importance sampling, i.e. in implementing the appropriate  “controls”.
7. Future work needed

We started to work on an adaptive code that looks very promising. Our algorithm is only 25% implemented, and we have not had time to develop our code to a serious level. In particular, we are not calculating the weights properly in this adaptive code, since we did not view each cluster as giving just one weight (from all of the points in the cluster) to other points in other clusters. This must be corrected. The determination of whether the error estimate is good enough, is also incorrect in this code, and we must change this accordingly, but making many runs in order to determine the correct parameters.

The inclusion of the path estimates will be another major point to get running in this code. We can borrow the routines developed in our previous, Columbia code, to put in this code. There only needs to be minor changes in the data structure, since we have simplified this from our last code.

Most importantly, we need time to experiment with this code. We need to determine where points on the mesh are clustering too much, and find out the cause of this problem. We feel that our error estimator can be altered to help correct these problems, but like in most numerical codes, this is very experimental, and “an art”. 

8. Summary

During the course of this project, we have worked on several codes. Through time, we were able to understand more, and thus, are able to produce prototype code very quickly. One of the major problems of this project has been the change in the assignments presented to us. We have worked on 1-underlier European problems, chaning the probability distirubitons. We then worked on n-underlier European problems, and we noticed tht Makivic’s code behaves poorly under such circumstances. We then wrote our own code to price n-underlier European options. After this was complete we worked on one-underlier American options, and by Dec. 1997, we were able to do 2 underlier American options. At the end of this time, we switched problems again, to do n-underlier American max options. We then followed the Columbia stochastic mesh approach, and were able to reproduce their results in approimatley a 3 month time period. After that, we started working on the “better Columbia” method. Our ideas are based on an analysis of the flaws of the Columbia approach. We did however learn much from the Columbia approach, and based on our very preliminary analysis suggest that this is the best approach to price American options. With a given amount of time, we should be able to do many-underlier American max options. HJM is another type of option, which we started to work on, several weeks before the end of this project, which we believe will be imporoved by Columbia’s methods.
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10. Appendix: Codes (Copyright Syracuse University 1997- 1998.

10.1. Makivic’s code

#include<stdio.h> /* Copyright Syracuse University 1997, 1998 */ /* Copyright Syracuse University 1997, 1998 */

#include<stdlib.h>

#include<math.h>

double compute_mean(double *dist,int size);

int main(int argc, char *argv[])

{

  FILE *fp1, *fp2;

  int    i,j,k;

  int    npts, marker;

  double *x, *y, *xy, meanx, meany, meanxy;

  npts = 20000;

  x = (double *)malloc(npts * sizeof(double));

  y = (double *)malloc(npts * sizeof(double));

  xy = (double *)malloc(npts * sizeof(double));

  fp1 = fopen("ps","r+");

  if(fp1 == NULL){

    puts("Trouble");

    exit(1);

  }

  fp2 = fopen("ps2","r+");

  if(fp1 == NULL){

    puts("Trouble");

    exit(1);

  }

  for(i=0;i<npts;i++){

    fscanf(fp1,"%lf",&x[i]);

  }

  for(i=0;i<npts;i++){

    fscanf(fp2,"%lf",&y[i]);

  }

  fclose(fp1);

  fclose(fp2);

  meanx = compute_mean(x,npts);

  meany = compute_mean(y,npts);

  for(i=0;i<npts;i++){

    xy[i] = x[i]*y[i];

  }

  meanxy = compute_mean(xy,npts);

  printf("Mean of x = %lf\n", meanx);

  printf("Mean of y = %lf\n", meany);

  printf("Mean of xy = %lf\n", meanxy);

  printf(" mean(xy) - mean(x)mean(y) = %lf\n",meanxy);

  printf(" (mean(xy) - mean(x)mean(y) / sqrt(0.06) = %lf\n",meanxy/sqrt(0.06));

  free(x);

  free(y);

}

double compute_mean(double *dist,int size)

{

   int i;

   double mean;

   mean = 0.0;

   for(i=0;i<size;i++){

     mean = mean + dist[i];

   }

   printf("  -=---- %lf\n",mean);

   mean /= (double)(size);

   return (mean);

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */ /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#include <math.h>

#ifdef MPI

#include <mpi.h>

#endif

#include "DEFS.h"

#include "PATH.h"

#include "MC.h"

#include "PROCESS.h"

#include "CALND.h"

#include "MEM.h"

#include "EU_OPT.h"

#include "_eu_opt.h"

int java_ser(char *name, double time, double *x, double *y, int n);

double xd[500000],yd[500000];

static REAL *CurrentPath = NULL;

#ifdef MPI

  extern int NumberofProcessors; 

  extern int MyProcessorNumber;

#endif

REAL C1[50001];

int  CORT = 10;

int  iter;

FILE *outs=NULL,*outs2=NULL;

int   EuropeanOptionServer

                         (

                         char *UNDERLYING_descriptor,

                         char *MC_descriptor,

                         char *PROCESS_descriptor,

                         char *EU_OPTION_descriptor,

                         char *HISTOGRAM_descriptor,

                         char *OptionContainer

                         )

{

  int err = 0;

  int status = 0;

  PATH *Underlying = NULL;

  FILE *pfile = NULL;

  int NumRates; 

  int NumTimeSteps; 

  int PeriodLength;

  int StartDate; 

  int EndDate;

  char UnderlyingContainer[MAX_FILE_NAME_LENGTH+1];

  int Lag = 0;

  PROCESS *ProcessParams = NULL;

  int Naccepted = -100;

  int NumInitPrices;

  int iopt,ihist;

  int nhistdata = 0;

  int size=0;

  REAL *xhistdata;

  REAL *yhistdata;

  EU_OPTION **Option = NULL;

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  if((pfile = fopen(UNDERLYING_descriptor,"r")) == NULL) {

        fprintf(stderr, "EuropeanOptionServer(): can't open underlying descriptor\n");

        exit(1);

  }

#ifdef MPI

  }

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

    getline(pfile);

    fscanf(pfile,"%d\n",&NumRates);

    getline(pfile);

    fscanf(pfile,"%d\n",&StartDate);

    getline(pfile);

    fscanf(pfile,"%d\n",&EndDate);

    getline(pfile);

    fscanf(pfile,"%d\n",&PeriodLength);

    NumTimeSteps = NumberOfPeriods(StartDate,EndDate,PeriodLength);

    getline(pfile);

    fscanf(pfile,"%s\n",UnderlyingContainer);

    fclose(pfile);

#ifdef MPI

  }

#endif

#ifdef MPI

  MPI_Bcast(&NumRates, 1, MPI_INT, MASTER, MPI_COMM_WORLD);

  MPI_Bcast(&NumTimeSteps, 1, MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

/* now read in the histogram data */

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif MPI

   if((pfile = fopen(HISTOGRAM_descriptor,"r")) == NULL) {

      fprintf(stderr,

      "EuropeanOptionServer(): can't open histogram descriptor\n");

       exit(1);

   }

   fscanf(pfile,"%d\n",&nhistdata);

#ifdef MPI

  }

#endif

#ifdef MPI

   MPI_Bcast(&nhistdata, 1, MPI_INT, 0, MPI_COMM_WORLD);

   MPI_Barrier(MPI_COMM_WORLD);

#endif

size = nhistdata * sizeof(REAL);

xhistdata = (REAL *) mymalloc(size,"xhistdata");

yhistdata = (REAL *) mymalloc(size,"yhistdata");

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif MPI

   for (ihist=0;ihist<nhistdata;ihist++) {

#ifdef DOUBLE_PRECISION

      fscanf(pfile,"%lf %lf\n",&xhistdata[ihist],&yhistdata[ihist]);

#else

      fscanf(pfile,"%f %f\n",&xhistdata[ihist],&yhistdata[ihist]);

#endif

   }

#ifdef MPI

}

#endif MPI

#ifdef MPI

  MPI_Bcast(xhistdata, nhistdata, MPI_REAL, 0, MPI_COMM_WORLD);

  MPI_Bcast(yhistdata, nhistdata, MPI_REAL, 0, MPI_COMM_WORLD);

  MPI_Barrier(MPI_COMM_WORLD);

#endif MPI

  if( (Underlying = CreatePath

                             (

                             NumTimeSteps,

                             NumRates,

                             Lag=0

                             ) 

      ) == NULL)  {

      fprintf(stderr,"EuropeanOptionServer(): Could not create path for underlying\n");

      exit(1);

  }

  NumInitPrices = NumRates;

  if( (ProcessParams = SetProcessParams

                                      (

                                      NumTimeSteps,

                                      NumRates,

                                      Underlying,

                                      PROCESS_descriptor)

      )== NULL ) {

      fprintf(stderr,"EuropeanOptionServer(): Could not set underlying process parameters\n");

      exit(1);

  }

  if(err = SetupMetropolisMCSimulation(MC_descriptor)) {

     fprintf(stderr,"EuropeanOptionServer(): Metropolis set up failed\n");

     exit(1);

  }

  Option = (EU_OPTION **) mymalloc((NumInitPrices+1)*sizeof(EU_OPTION *), "EuropeanOptionServer(): Option\n"); 

  for(iopt=1; iopt <= NumInitPrices; iopt++) {

    if((Option[iopt] = CreateEuropeanOption

                                          (

                                          Underlying,

                                          EU_OPTION_descriptor

                                          )) == NULL ) {

        fprintf(stderr,"EuropeanOptionServerDemo(): Could not create option # %d\n", iopt);

        exit(1);

    }

  }

  printf("created options\n");

  Naccepted = EuropeanValuation

                              (

                              Underlying,

                              ProcessParams, 

                              Option,











nhistdata,











xhistdata,











yhistdata,

                              OptionContainer

                              );

  printf("done european valuation options\n");

  status = Externalize

                     (

                     NumInitPrices,

                     Option,

                     OptionContainer,

                     1

                     );

/*

  PROCESS_Free(ProcessParams,NumRates);

  for(iopt=1;iopt<=NumInitPrices;iopt++) EU_OPTION_Free(Option[iopt]);

  free((void **) Option);

  PATH_Free(Underlying);

*/

  return status;

}

int EuropeanValuation

                    (

                    PATH *Underlying, 

                    PROCESS *ProcessParams,

                    EU_OPTION **Option,







  int nhistdata,







  REAL *xhistdata,







  REAL *yhistdata,

                    char *OptionContainer


            )

{

  int mb; 

  int mcs;

  int  Naccepted=0;

  int size = 0;

  int NumRates = HowManyRates(Underlying);

  int NumMeasBlocks   = HowManyMeasBlocks();

  int NumRelaxBlocks  = HowManyRelaxBlocks();

  int MeasBlockSteps  = HowBigMeasBlock();

  int iopt;

  int NumInitPrices = HowManyRates(Underlying);

  int status;

  REAL *Variance = GetVariances(ProcessParams,NumInitPrices);

  SetAllPathsToZero(Underlying);  

  size = (HowManyTimeSteps(Underlying) + 1)*sizeof(REAL); 

  CurrentPath = (REAL *) mymalloc(size,"EuropeanValuation(): CurrentPath\n");

  for(iopt=1;iopt<=NumInitPrices;iopt++) InitOption(Option[iopt],Variance);

  InitMom(Underlying); 

  SetRelaxFlag(NOT_RELAXED);

  if(!IsRelaxed()) for(mb=1;mb<=NumRelaxBlocks; mb++)

            Naccepted += MetropolisUpdate

                                        (

                                        MeasBlockSteps, 

                                        Underlying, 

                                        ProcessParams,














 nhistdata, 

                                        xhistdata,

                                        yhistdata

                                        );

  SetRelaxFlag(RELAXED);

  while(!ImDone()) {

    for(mb=1;mb<=NumMeasBlocks; mb++) {

      Naccepted += MetropolisUpdate

                                  (

                                  MeasBlockSteps,  

                                  Underlying, 

                                  ProcessParams,

                                  nhistdata,

                                  xhistdata,

                                  yhistdata

                                  );

      MeasMom6(Underlying); 

      for(iopt=1;iopt<=NumInitPrices;iopt++)  MeasOption

                                                       (

                                                       iopt,

                                                       Option[iopt],

                                                       Underlying,

                                                       ProcessParams,

                                                       mb, NumMeasBlocks

                                                       ); 

     if ( (mb%CORT == 0) || (mb==1) ) {

        for(iopt=1;iopt<=NumInitPrices;iopt++) {

           Statisticsi(NumInitPrices,Option[iopt],mb);


     }

     }

    }

    CycleDone();

  }

  /*PrintMoments(); */

  for(iopt=1;iopt<=NumInitPrices;iopt++) Discount(Option[iopt]);   

  for(iopt=1;iopt<=NumInitPrices;iopt++) Statistics(Option[iopt]);

  for(iopt=1;iopt<=NumInitPrices;iopt++) PrintOptionValues(Option[iopt]);

  V_Free((void *) CurrentPath);

  V_Free((void *) Variance);

  return Naccepted;

} 

EU_OPTION *CreateEuropeanOption

                              (

                              PATH *Security,

                              char *European_option_descriptor

                              )         

{

  int err = 0;

  int size = 0;

  int NumTimeSteps = HowManyTimeSteps(Security);

  int numDoF = HowManyRates(Security);

  int dof=0;

  int nt = 0;

  int nov = 0;

  int i;

  int it;

  int iit;

  int ir;

  int iir;

  REAL rate = 0.;

  REAL price = 0.;

  int PayoffType = 0;

  int nipp = 0;

  int nfpp = 0;

  int ip;

  int iip;

  int ipar = 0;

  REAL fpar = 0.;

  FILE *dfile = NULL;

  EU_OPTION *Option = NULL;

  Option= (EU_OPTION *) mymalloc(sizeof(EU_OPTION), "CreateEuropeanOption(): Option\n");

  Option->Underlying = (void *) Security;

  Option->TimeGridSize = NumTimeSteps;

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  if((dfile = fopen(European_option_descriptor,"r")) == NULL) {

        fprintf(stderr, "CreateEuropeanOption(): can't open description file\n");

        exit(1);

  }

  Option->ValuationTimeIndex = NULL;

  getline(dfile);

  fscanf(dfile, "%d\n",&nt);

  if(nt > NumTimeSteps || nt < 1) nt = NumTimeSteps;

#ifdef MPI

  MPI_Bcast(&nt, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  Option->NumOptionTimeValues = nt;

  if(nt != NumTimeSteps) {

    getline(dfile);

    size = (nt+1)*sizeof(int);

    Option->ValuationTimeIndex = (int *) 

         mymalloc(size,"CreateEuropeanOption(): ValuationTimeIndex\n");

    for(i=0;i<=nt;i++) fscanf(dfile,"%d",Option->ValuationTimeIndex+i);

#ifdef MPI

    MPI_Bcast(Option->ValuationTimeIndex, (nt+1) , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  }

  getline(dfile);

  fscanf(dfile, "%d\n",&dof);

  if(dof > numDoF || dof < 1) {

        dof = numDoF;

  }

#ifdef MPI

  MPI_Bcast(&dof, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  Option->DimOfUnderlying = dof;

  size = (dof + 1)*sizeof(REAL);

  Option->InitPrice = (REAL *) mymalloc(size,"CreateEuropeanOption():InitPrice\n");

  size = (dof + 1)*sizeof(REAL *);

  Option->LogPrice = (REAL **) mymalloc(size,"CreateEuropeanOption():LogPrice\n");

  size = (NumTimeSteps + 1)*sizeof(REAL);

  for(ir=0;ir<=dof;ir++) 

    Option->LogPrice[ir] = (REAL *) mymalloc(size,"CreateEuropeanOption():LogPrice\n");

  getline(dfile);

  fscanf(dfile,"%d\n", &nov);

  Option->DimOfOption = nov;

#ifdef MPI

  MPI_Bcast(&nov, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  getline(dfile);

  for(ir=1;ir<=dof;ir++) {

      fscanf(dfile,"%d %f\n", &iir, &price);

      *(Option->InitPrice + iir) = price;

  }

#ifdef MPI

  MPI_Bcast(Option->InitPrice, (dof+1) , MPI_REAL, MASTER, MPI_COMM_WORLD);

#endif

  size = (NumTimeSteps+1)*sizeof(REAL);

  Option->InterestRate = (REAL *) mymalloc(size,"CreateEuropeanOption():InterestRate\n");

  getline(dfile);

  fscanf(dfile,"%d %f\n", &iit, &rate);

  for(it=0;it<=NumTimeSteps;it++) {

      *(Option->InterestRate + it) = rate;

  }

#ifdef MPI

  MPI_Bcast(Option->InterestRate, (NumTimeSteps+1) , MPI_REAL, MASTER, MPI_COMM_WORLD);

#endif

  size = (NumTimeSteps + 1)*sizeof(REAL);

  Option->Drift = (REAL *) mymalloc(size,"CreateEuropeanOption():Drift\n");

  getline(dfile);

  fscanf(dfile,"%d\n", &PayoffType);

  Option->PayoffFunction = NULL;

#ifdef MPI

  MPI_Bcast(&PayoffType, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  getline(dfile);

  fscanf(dfile,"%d\n",&nipp);

#ifdef MPI

  MPI_Bcast(&nipp, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  Option->NumIntPayoffParams = nipp;

  Option->IntPayoffParams = NULL;

  if(nipp > 0) {

    size = (nipp + 1)*sizeof(int);

    Option->IntPayoffParams = (int *) mymalloc(size,"CreateEuropeanOption():IntPayoffParams\n");

    getline(dfile);

    for(ip=1;ip<=nipp;ip++) {

        fscanf(dfile,"%d %d\n", &iip, &ipar);

        *(Option->IntPayoffParams + iip) = ipar;

    }

#ifdef MPI

    MPI_Bcast(Option->IntPayoffParams, (nipp+1) , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  }

  getline(dfile);

  fscanf(dfile,"%d\n",&nfpp);

#ifdef MPI

  MPI_Bcast(&nfpp, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

#endif

  Option->NumFloatPayoffParams = nfpp;

  size = (nfpp + 1)*sizeof(REAL);

  Option->FloatPayoffParams = (REAL *) mymalloc(size,"CreateEuropeanOption():FloatPayoffParams\n");

  getline(dfile);

  for(ip=1;ip<=nfpp;ip++) {

      fscanf(dfile,"%d %f\n", &iip, &fpar);

      *(Option->FloatPayoffParams + iip) = fpar;

  }

#ifdef MPI

  MPI_Bcast(Option->FloatPayoffParams, (nfpp+1) , MPI_REAL, MASTER, MPI_COMM_WORLD);

#endif

  Option->Strike = Option->FloatPayoffParams;

#ifdef MPI

  } else {

  Option->ValuationTimeIndex = NULL;

  MPI_Bcast(&nt, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

  Option->NumOptionTimeValues = nt;

  if(nt != NumTimeSteps) {

    size = (nt+1)*sizeof(int);

    Option->ValuationTimeIndex = (int *)

         mymalloc(size,"CreateEuropeanOption(): ValuationTimeIndex\n");

    MPI_Bcast(Option->ValuationTimeIndex, (nt+1) , MPI_INT, MASTER, MPI_COMM_WORLD);

  }

  MPI_Bcast(&dof, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

  Option->DimOfUnderlying = dof;

  size = (dof + 1)*sizeof(REAL);

  Option->InitPrice = (REAL *) mymalloc(size,"CreateEuropeanOption():InitPrice\n");

  size = (dof + 1)*sizeof(REAL *);

  Option->LogPrice = (REAL **) mymalloc(size,"CreateEuropeanOption():LogPrice\n");

  size = (NumTimeSteps + 1)*sizeof(REAL);

  for(ir=0;ir<=dof;ir++) 

    Option->LogPrice[ir] = (REAL *) mymalloc(size,"CreateEuropeanOption():LogPrice\n");

  MPI_Bcast(&nov, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

  Option->DimOfOption = nov;

  MPI_Bcast(Option->InitPrice, (dof+1) , MPI_REAL, MASTER, MPI_COMM_WORLD);

  size = (NumTimeSteps+1)*sizeof(REAL);

  Option->InterestRate = (REAL *) mymalloc(size,"CreateEuropeanOption():InterestRate\n");

  MPI_Bcast(Option->InterestRate, (NumTimeSteps+1) , MPI_REAL, MASTER, MPI_COMM_WORLD);

  size = (NumTimeSteps + 1)*sizeof(REAL);

  Option->Drift = (REAL *) mymalloc(size,"CreateEuropeanOption():Drift\n");

  MPI_Bcast(&PayoffType, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

/*

  Option->PayoffFunction = SetPayoffFunction(PayoffType);

*/

  Option->PayoffFunction = NULL;

  MPI_Bcast(&nipp, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

  Option->NumIntPayoffParams = nipp;

  Option->IntPayoffParams = NULL;

  if(nipp > 0) {

    size = (nipp + 1)*sizeof(int);

    Option->IntPayoffParams = (int *) mymalloc(size,"CreateEuropeanOption():IntPayoffParams\n");

    MPI_Bcast(Option->IntPayoffParams, (nipp+1) , MPI_INT, MASTER, MPI_COMM_WORLD);

  }

  MPI_Bcast(&nfpp, 1 , MPI_INT, MASTER, MPI_COMM_WORLD);

  Option->NumFloatPayoffParams = nfpp;

  size = (nfpp + 1)*sizeof(REAL);

  Option->FloatPayoffParams = (REAL *) mymalloc(size,"CreateEuropeanOption():FloatPayoffParams\n");

  MPI_Bcast(Option->FloatPayoffParams, (nfpp+1) , MPI_REAL, MASTER, MPI_COMM_WORLD);

  Option->Strike = Option->FloatPayoffParams;

  }

#endif

  size = (NumTimeSteps + 1)*sizeof(REAL);

  Option->DiscountBeg = (REAL *) mymalloc(size, "CreateEuropeanOption():DiscountBeg\n");

  Option->DiscountEnd = (REAL *) mymalloc(size, "CreateEuropeanOption():DiscountEnd\n");

  size = (Option->DimOfOption+1) * sizeof(REAL *);

  Option->CallValue = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Value\n");

  Option->PutValue = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Value\n");

  Option->CallError = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Error\n");

  Option->PutError = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Error\n");

  Option->CallDelta = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Delta\n");

  Option->PutDelta = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Delta\n");

  Option->CallDeltaError = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Delta Error\n");

  Option->PutDeltaError = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Delta Error\n");

  Option->CallVega = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Vega\n");

  Option->PutVega = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Vega\n");

  Option->CallVegaError = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Vega Error\n");

  Option->PutVegaError = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Vega Error\n");

  Option->CallRho = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Rho\n");

  Option->PutRho = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Rho\n");

  Option->CallRhoError = (REAL **) mymalloc(size, "CreateEuropeanOption():Call Rho Error\n");

  Option->PutRhoError = (REAL **) mymalloc(size, "CreateEuropeanOption():Put Rho Error\n");

  size = (Option->NumOptionTimeValues + 1)*sizeof(REAL);

  for(ip=0;ip <= Option->DimOfOption; ip++) {

     Option->CallValue[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call\n");

     Option->PutValue[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put\n");

     Option->CallError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call errors\n");

     Option->PutError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put errors\n");

     Option->CallDelta[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call Deltas\n");

     Option->PutDelta[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put Deltas\n");

     Option->CallDeltaError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call Delta Errors\n");

     Option->PutDeltaError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put Delta Errors\n");

     Option->CallVega[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call Vegas\n");

     Option->PutVega[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put Vegas\n");

     Option->CallVegaError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call Vega Errors\n");

     Option->PutVegaError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put Vega Errors\n");

     Option->CallRho[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call Rhos\n");

     Option->PutRho[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put Rhos\n");

     Option->CallRhoError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Call Rho Errors\n");

     Option->PutRhoError[ip] = (REAL *) mymalloc(size, "CreateEuropeanOption():Put Rho Errors\n");

  }

  return Option;

}

void InitOption

              (

              EU_OPTION *Option,

              REAL *Var

              )

{

  int ip;

  int it;

  int ir;

  REAL fac = 0.;

  REAL drift = 0.;

  int nov = Option->DimOfOption;

  int NumTimeSteps = Option->TimeGridSize;

  for(ip=0;ip <= nov; ip++) 

    for(it=0; it<= Option->NumOptionTimeValues; it++) {

      *(Option->CallValue[ip] + it) = 0.;

      *(Option->PutValue[ip] + it) = 0.;

      *(Option->CallError[ip] + it) = 0.;

      *(Option->PutError[ip] + it) = 0.;

      *(Option->CallDelta[ip] + it) = 0.;

      *(Option->PutDelta[ip] + it) = 0.;

      *(Option->CallDeltaError[ip] + it) = 0.;

      *(Option->PutDeltaError[ip] + it) = 0.;

      *(Option->CallVega[ip] + it) = 0.;

      *(Option->PutVega[ip] + it) = 0.;

      *(Option->CallVegaError[ip] + it) = 0.;

      *(Option->PutVegaError[ip] + it) = 0.;

      *(Option->CallRho[ip] + it) = 0.;

      *(Option->PutRho[ip] + it) = 0.;

      *(Option->CallRhoError[ip] + it) = 0.;

      *(Option->PutRhoError[ip] + it) = 0.;

    }

  drift = 0.;

  *(Option->Drift+0) = drift;

/*

  if(Var[1] != Var[2]) {

    fprintf(stderr,"This version does not support multiple underlyings, just multiple initial prices!\n");

    exit(1);

  }

*/

  for(it=1; it <= NumTimeSteps; it++) {

      drift += *(Option->InterestRate+it) - 0.5*Var[1]*Var[1];

      *(Option->Drift + it) = drift;

  }

  for(ir=1; ir <= Option->DimOfUnderlying; ir++) 

    for(it=0; it<= NumTimeSteps; it++) {

        *(Option->LogPrice[ir] + it) = 

        log(*(Option->InitPrice + ir)) + (*(Option->Drift + it));

    }

  fac = 1.;

  *(Option->DiscountBeg+0) = 1.;

  for(it=1; it<= NumTimeSteps; it++) {

    *(Option->DiscountBeg+it) = exp(- (*(Option->InterestRate+it))*it);

  }

  fac = 1.;

  *(Option->DiscountEnd+NumTimeSteps) = 1.;

  for(it=NumTimeSteps-1; it > 0; it--) {

  *(Option->DiscountEnd+it) = exp(- (*(Option->InterestRate+it))*(NumTimeSteps-it));

  }

}

void Discount

            (

            EU_OPTION *Option

            )

{

  int it;

  int ir;

  int NumTimeSteps = Option->TimeGridSize;

  int nov = Option->DimOfOption;

  REAL fac;

  for(ir=1; ir<=nov; ir++) {

    for(it=1; it<= NumTimeSteps; it++) {

      fac = *(Option->DiscountBeg+it);

      (*(Option->CallValue[ir]+it)) *= fac;

      (*(Option->PutValue[ir]+it)) *= fac;

      (*(Option->CallError[ir]+it)) *= fac*fac;

      (*(Option->PutError[ir]+it)) *= fac*fac;

      (*(Option->CallDelta[ir]+it)) *= fac;

      (*(Option->PutDelta[ir]+it)) *= fac;

      (*(Option->CallDeltaError[ir]+it)) *= fac*fac;

      (*(Option->PutDeltaError[ir]+it)) *= fac*fac;

      (*(Option->CallVega[ir]+it)) *= fac;

      (*(Option->PutVega[ir]+it)) *= fac;

      (*(Option->CallVegaError[ir]+it)) *= fac*fac;

      (*(Option->PutVegaError[ir]+it)) *= fac*fac;

      (*(Option->CallRho[ir]+it)) *= fac;

      (*(Option->PutRho[ir]+it)) *= fac;

      (*(Option->CallRhoError[ir]+it)) *= fac*fac;

      (*(Option->PutRhoError[ir]+it)) *= fac*fac;

    }

  }

}

void printme

                 (

                 EU_OPTION *Option, int mbs

                 )

{

  int it;

  int ir;

  int NumTimeSteps = Option->TimeGridSize;

  int nov = Option->DimOfOption;

  int mb = HowManyMeasBlocks();

  int nmeas;

  REAL discount,price;

  price = (*(Option->CallValue[1]+NumTimeSteps))/(1.0*mbs);

  discount = *(Option->DiscountBeg+NumTimeSteps);

  price = price * discount;

 printf("--> %d %f %f \n",mbs, price,discount);

}

void Statistics

                 (

                 EU_OPTION *Option

                 )

{

  int it;

  int ir;

  int NumTimeSteps = Option->TimeGridSize;

  int nov = Option->DimOfOption;

  int mb = HowManyMeasBlocks();

  REAL call; 

  REAL put;

  REAL call2;

  REAL put2;

  REAL call_delta; 

  REAL put_delta;

  REAL call_delta2;

  REAL put_delta2;

  REAL call_vega; 

  REAL put_vega;

  REAL call_vega2;

  REAL put_vega2;

  REAL call_rho; 

  REAL put_rho;

  REAL call_rho2;

  REAL put_rho2;

  int sfac = 2;  /* symmetry factor to count + and - paths */

  int nmeas;

printf("In statistics\n");

  for(ir=1; ir<=nov; ir++) {

    it=0;

    nmeas = mb;

    call = (*(Option->CallValue[ir]+it))/nmeas; 

    (*(Option->CallValue[ir]+it)) = call;

    put  = (*(Option->PutValue[ir]+it))/nmeas;

    (*(Option->PutValue[ir]+it)) = put;

    (*(Option->CallError[ir]+it)) = 0.0;

    (*(Option->PutError[ir]+it)) = 0.0;

    (*(Option->CallDelta[ir]+it)) = 1.0;

    (*(Option->PutDelta[ir]+it)) = -1.0;

    (*(Option->CallDeltaError[ir]+it)) = 0.0;

    (*(Option->PutDeltaError[ir]+it)) = 0.0;

    call_vega = (*(Option->CallVega[ir]+it))/nmeas;

    (*(Option->CallVega[ir]+it)) = 0.0;

    put_vega  = (*(Option->PutVega[ir]+it))/nmeas;

    (*(Option->PutVega[ir]+it)) = 0.0;

    (*(Option->CallVegaError[ir]+it)) = 0.0;

    (*(Option->PutVegaError[ir]+it)) = 0.0;

    (*(Option->CallRho[ir]+it)) = 0.0;

    (*(Option->PutRho[ir]+it)) = 0.0;

    (*(Option->CallRhoError[ir]+it)) = 0.0;

    (*(Option->PutRhoError[ir]+it)) = 0.0;

    for(it=1; it<= NumTimeSteps; it++) {

      nmeas = sfac*mb;

      call = (*(Option->CallValue[ir]+it))/nmeas;

      (*(Option->CallValue[ir]+it)) = call;

      put  = (*(Option->PutValue[ir]+it))/nmeas;

      (*(Option->PutValue[ir]+it)) = put;

      call2 = (*(Option->CallError[ir]+it))/nmeas;

      put2  = (*(Option->PutError[ir]+it))/nmeas;

      (*(Option->CallError[ir]+it)) = sqrt((call2-call*call)/nmeas);

      (*(Option->PutError[ir]+it)) = sqrt((put2-put*put)/nmeas);

      call_delta = (*(Option->CallDelta[ir]+it))/nmeas;

      (*(Option->CallDelta[ir]+it)) = call_delta;

      put_delta  = (*(Option->PutDelta[ir]+it))/nmeas;

      (*(Option->PutDelta[ir]+it)) = put_delta;

      call_delta2 = (*(Option->CallDeltaError[ir]+it))/nmeas;

      put_delta2  = (*(Option->PutDeltaError[ir]+it))/nmeas;

      (*(Option->CallDeltaError[ir]+it)) = sqrt((call_delta2-call_delta*call_delta)/nmeas);

      (*(Option->PutDeltaError[ir]+it)) = sqrt((put_delta2-put_delta*put_delta)/nmeas);

      call_vega = 0.01*(*(Option->CallVega[ir]+it))/nmeas;

      (*(Option->CallVega[ir]+it)) = call_vega;

      put_vega  = 0.01*(*(Option->PutVega[ir]+it))/nmeas;

      (*(Option->PutVega[ir]+it)) = put_vega;

      call_vega2 = 0.0001*(*(Option->CallVegaError[ir]+it))/nmeas;

      put_vega2  = 0.0001*(*(Option->PutVegaError[ir]+it))/nmeas;

      (*(Option->CallVegaError[ir]+it)) = sqrt((call_vega2-call_vega*call_vega)/nmeas);

      (*(Option->PutVegaError[ir]+it)) = sqrt((put_vega2-put_vega*put_vega)/nmeas);

      call_rho = (*(Option->CallRho[ir]+it))/nmeas;

      (*(Option->CallRho[ir]+it)) = call_rho;

      put_rho  = (*(Option->PutRho[ir]+it))/nmeas;

      (*(Option->PutRho[ir]+it)) = put_rho;

      call_rho2 = (*(Option->CallRhoError[ir]+it))/nmeas;

      put_rho2  = (*(Option->PutRhoError[ir]+it))/nmeas;

      (*(Option->CallRhoError[ir]+it)) = sqrt((call_rho2-call_rho*call_rho)/nmeas);

      (*(Option->PutRhoError[ir]+it)) = sqrt((put_rho2-put_rho*put_rho)/nmeas);

    }

  }

#ifdef MPI

  GatherResults(Option); 

#endif

}

void MeasOption

              (

              int which_one,

              EU_OPTION *Option,

              PATH *Underlying,

              PROCESS *Process,

              int mbs , int mb

              )

{

  int NumRates=HowManyRates(Underlying);

  int NumTimeSteps=HowManyTimeSteps(Underlying);

  int nt = Option->NumOptionTimeValues;

  REAL *StrikePrice = Option->Strike;

  int ir; 

  int it;

  int itv;

  REAL logarithmPrice;

  REAL PriceWithDrift,PWDS[13];

  REAL del;

  int ix,rc;

  int NumStrikes = Option->DimOfOption;

  REAL *Var = GetVariances(Process,NumRates);

  ProbFunc *pf = GetProbabilityFunction(Process);

  REAL fdelta1;

  REAL fdelta2;

  REAL fac;

  REAL f1;

  REAL f2;

  REAL s0;

  REAL delf;

  REAL final=0.0;

  REAL rho = 0.0;

  double zero= 0.0;

  if (mbs==1) {

    outs = fopen("path.stock","w");

    outs2= fopen("path2.stock","w");

  }

  ir = which_one;

  SetCurrentRateIndex(Underlying, ir);

  GetCurrentPath(Underlying, CurrentPath);  

  s0 = *(Option->InitPrice+ir);

  f1 = CurrentPath[1] - CurrentPath[0];

  f2 = -CurrentPath[1] - CurrentPath[0];

  if(pf == GeneralizedCauchy) {

          fac = -8./(5.0*s0*Var[ir]*Var[ir]);

          fdelta1 = fac * f1 /(1. +f1*f1/(5.0*Var[ir]*Var[ir]));

          fdelta2 = fac * f2 /(1. +f2*f2/(5.0*Var[ir]*Var[ir]));

  } else {

      /* assuming Gaussian */

          fac = 1./(s0*Var[ir]*Var[ir]);

          fdelta1 = fac * f1;

          fdelta2 = fac * f2;

  }

  for(ix=1;ix<=NumStrikes;ix++) {

/* treat t=0 case separately */

      del= *(Option->InitPrice+ir) - StrikePrice[ix];

/*      printf ("----> %f   %f \n",*(Option->InitPrice+ir), del); */

      if( del >= 0.0){

            *(Option->CallValue[ix]+0) +=  del;

            *(Option->CallError[ix]+0) +=  del*del;

      } else {

           *(Option->PutValue[ix]+0) += -del ;

           *(Option->PutError[ix]+0) += del*del ;

      }

      if  ( (mbs%CORT==0) ) {

         if (which_one==1) {

         fprintf(outs, "%d\n ",mbs);

         } else {

         fprintf(outs2, "%d\n ",mbs);

         }

      }

        if  ( (mbs%CORT==0) ) {

         if (which_one==1) {

           fprintf(outs, "%f\n ",*(Option->InitPrice+ir));

         } else {

           fprintf(outs2, "%f\n ",*(Option->InitPrice+ir));

         }

        }

      for(it=1; it<=nt; it++){

        logarithmPrice = CurrentPath[it] + *(Option->LogPrice[ir] + it);

        PriceWithDrift = exp( logarithmPrice );



  PWDS[it] = PriceWithDrift;

/*

        if (it ==nt) printf("=====> %f \n",PriceWithDrift); */

        if (it==nt) {

           xd[mbs-1] = (double)1.0*mbs;

           yd[mbs-1] = (double)PriceWithDrift;

        }

/* 10/28/97 not going to output here, but rather later in the code  */

/* no.... print both of these */

        if  ( (mbs%CORT==0) ) {

         if (which_one==1) {

           fprintf(outs, "%f\n ",PriceWithDrift);

         } else {

           fprintf(outs2, "%f\n ",PriceWithDrift);

         }

        }

        del = (PriceWithDrift- StrikePrice[ix]);

        final = CurrentPath[it] - CurrentPath[0] - Var[ir]*Var[ir]*it;

        final *= (PriceWithDrift/Var[ir]);

        rho = 0.01*StrikePrice[ix]*(REAL)it;

         if( del >= 0.0){


    *(Option->CallValue[ix]+it) +=  del;

            *(Option->CallError[ix]+it) +=  del*del;

            delf = del*fdelta1;

            *(Option->CallDelta[ix]+it) +=  delf;

            *(Option->CallDeltaError[ix]+it) +=  delf*delf;

            *(Option->CallVega[ix]+it) +=  final;

            *(Option->CallVegaError[ix]+it) +=  final*final;

            *(Option->CallRho[ix]+it) += rho;

            *(Option->CallRhoError[ix]+it) +=  rho*rho;

         } else {

 
   *(Option->PutValue[ix]+it) += (-del) ;


   *(Option->PutError[ix]+it) += del*del ;

           delf = -del*fdelta1;

           *(Option->PutDelta[ix]+it) +=  delf;

           *(Option->PutDeltaError[ix]+it) +=  delf*delf;

           *(Option->PutVega[ix]+it) +=  -final;

           *(Option->PutVegaError[ix]+it) +=  final*final;

           *(Option->PutRho[ix]+it) -= rho;

           *(Option->PutRhoError[ix]+it) +=  rho*rho;

         }

      }

      if  ( (mbs%CORT==0) ) {

         if (which_one==1) {

            fprintf(outs, "%d\n ",mbs);

         } else {

            fprintf(outs2, "%d\n ",mbs);

         }

      }

/*

      if  ( (mbs%CORT==0) ) {

         if (which_one==1) {

         fprintf(outs, "\n"); 

         } else {

         fprintf(outs, "\n"); 

         }

      }

*/

        if  ( (mbs%CORT==0) ) {

         if (which_one==1) {

           fprintf(outs, "%f\n ",*(Option->InitPrice+ir));

         } else {

           fprintf(outs2, "%f\n ",*(Option->InitPrice+ir));





 }

        }

      for(it=1; it<=nt; it++){

        logarithmPrice = -CurrentPath[it] + *(Option->LogPrice[ir] + it);

        PriceWithDrift = exp( logarithmPrice );



  PWDS[it] = 0.5*(PriceWithDrift+PWDS[it]);

        if  ( (mbs%CORT==0) ) {

         if (which_one==1) {

           fprintf(outs, "%f\n ",PriceWithDrift);

         } else {

           fprintf(outs2, "%f\n ",PriceWithDrift);





 }

        }

        del = (PriceWithDrift- StrikePrice[ix]);

        final = -CurrentPath[it] - CurrentPath[0] - Var[ir]*Var[ir]*it;

        final *= PriceWithDrift/Var[ir];

        rho = 0.01*StrikePrice[ix]*(REAL)it;

         if( del >= 0.0){

            *(Option->CallValue[ix]+it) +=  del;

            *(Option->CallError[ix]+it) +=  del*del;

            delf = del*fdelta2;

            *(Option->CallDelta[ix]+it) +=  delf;

            *(Option->CallDeltaError[ix]+it) +=  delf*delf;

            *(Option->CallVega[ix]+it) +=  final;

            *(Option->CallVegaError[ix]+it) +=  final*final;

            *(Option->CallRho[ix]+it) += rho;

            *(Option->CallRhoError[ix]+it) +=  rho*rho;

         } else {

            *(Option->PutValue[ix]+it) += (-del) ;

            *(Option->PutError[ix]+it) += del*del ;

            delf = -del*fdelta2;

            *(Option->PutDelta[ix]+it) +=  delf;

            *(Option->PutDeltaError[ix]+it) +=  delf*delf;

            *(Option->PutVega[ix]+it) +=  -final;

            *(Option->PutVegaError[ix]+it) +=  final*final;

            *(Option->PutRho[ix]+it) -= rho;

            *(Option->PutRhoError[ix]+it) +=  rho*rho;

         }

      }

  } /* end of loop over strikes */


if (mbs == mb) {



rc = java_ser("Stock Prices",zero,xd,yd,mb);

/* now histogram this up */



rc = gethist(mb);


}

  V_Free((void *) Var);

}

void PrintOptionValues

                     (

                     EU_OPTION *Option

                     )

{

  int ir, it;

  int i;

  int nov = Option->DimOfOption;

  int NumTimeSteps = Option->TimeGridSize;

  REAL *StrikePrice = Option->Strike;

#ifdef MPI

  extern int NumberofProcessors, MyProcessorNumber;

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  printf("\n\nEuropean call option values:\n");

#ifdef MPI

  printf("Reduced results\n");

#endif

  for(ir=1; ir<=nov; ir++){

    printf("Strike price =  %f\n", StrikePrice[ir]);

    for(it=0; it<=NumTimeSteps;it++)

      printf("Time slice #%d: %g %g %g %g %g %g %g %g\n", it, (*(Option->CallValue[ir]+it)), 

                                                  (*(Option->CallError[ir]+it)),

                                                  (*(Option->CallDelta[ir]+it)),

                                                  (*(Option->CallDeltaError[ir]+it)),  

                                                  (*(Option->CallVega[ir]+it)),

                                                  (*(Option->CallVegaError[ir]+it)),

                                                  (*(Option->CallRho[ir]+it)),

                                                  (*(Option->CallRhoError[ir]+it))  

                                                  );

  }

  printf("\n\nEuropean put option values:\n");

#ifdef MPI

  printf("Reduced results\n");

#endif

   for(ir=1; ir<=nov; ir++){

    printf("Strike price =  %f\n", StrikePrice[ir]);

    for(it=0; it<=NumTimeSteps;it++)

      printf("Time slice #%d: %g %g %g %g %g %g %g %g\n", it, (*(Option->PutValue[ir]+it)), 

                                                  (*(Option->PutError[ir]+it)),

                                                  (*(Option->PutDelta[ir]+it)),

                                                  (*(Option->PutDeltaError[ir]+it)),  

                                                  (*(Option->PutVega[ir]+it)),

                                                  (*(Option->PutVegaError[ir]+it)), 

                                                  (*(Option->PutRho[ir]+it)),

                                                  (*(Option->PutRhoError[ir]+it)) 

                                                  );

  }

#ifdef MPI

 }

#endif

}

#ifdef MPI

void GatherResults

                 (

                 EU_OPTION *Option

                 )

{

  REAL **CallPayoffBuffer = NULL;

  REAL **PutPayoffBuffer = NULL;

  REAL **CallErrorBuffer = NULL;

  REAL **PutErrorBuffer = NULL;

  REAL **CallDeltaBuffer = NULL;

  REAL **PutDeltaBuffer = NULL;

  REAL **CallDeltaErrorBuffer = NULL;

  REAL **PutDeltaErrorBuffer = NULL;

  REAL **CallVegaBuffer = NULL;

  REAL **PutVegaBuffer = NULL;

  REAL **CallVegaErrorBuffer = NULL;

  REAL **PutVegaErrorBuffer = NULL;

  REAL **CallRhoBuffer = NULL;

  REAL **PutRhoBuffer = NULL;

  REAL **CallRhoErrorBuffer = NULL;

  REAL **PutRhoErrorBuffer = NULL;

  int i; 

  int n; 

  int ir; 

  int it; 

  int size;

  int nov = Option->DimOfOption;

  int nt = Option->NumOptionTimeValues;

    size = (nov+1)*sizeof(REAL *);

    CallPayoffBuffer = (REAL **) mymalloc(size, "GatherResults(): CallPayoffBuffer\n");

    PutPayoffBuffer = (REAL **) mymalloc(size,"GatherResults(): PutPayoffBuffer\n");

    CallErrorBuffer = (REAL **) mymalloc(size, "GatherResults(): CallErrorBuffer\n");

    PutErrorBuffer = (REAL **) mymalloc(size,"GatherResults(): PutErrorBuffer\n");

    CallDeltaBuffer = (REAL **) mymalloc(size, "GatherResults(): CallDeltaBuffer\n");

    PutDeltaBuffer = (REAL **) mymalloc(size,"GatherResults(): PutDEltaBuffer\n");

    CallDeltaErrorBuffer = (REAL **) mymalloc(size, "GatherResults(): CallDeltaErrorBuffer\n");

    PutDeltaErrorBuffer = (REAL **) mymalloc(size,"GatherResults(): PutDeltaErrorBuffer\n");

    CallVegaBuffer = (REAL **) mymalloc(size, "GatherResults(): CallVegaBuffer\n");

    PutVegaBuffer = (REAL **) mymalloc(size,"GatherResults(): PutVegaBuffer\n");

    CallVegaErrorBuffer = (REAL **) mymalloc(size, "GatherResults(): CallVegaErrorBuffer\n");

    PutVegaErrorBuffer = (REAL **) mymalloc(size,"GatherResults(): PutVegaErrorBuffer\n");

    CallRhoBuffer = (REAL **) mymalloc(size, "GatherResults(): CallRhoBuffer\n");

    PutRhoBuffer = (REAL **) mymalloc(size,"GatherResults(): PutRhoBuffer\n");

    CallRhoErrorBuffer = (REAL **) mymalloc(size, "GatherResults(): CallRhoErrorBuffer\n");

    PutRhoErrorBuffer = (REAL **) mymalloc(size,"GatherResults(): PutRhoErrorBuffer\n");

    CallPayoffBuffer[0]=(REAL *) mymalloc(sizeof(REAL),"GatherResults():CallPayoffBuffer[0]\n");

    PutPayoffBuffer[0]=(REAL *) mymalloc(sizeof(REAL),"GatherResults():PutPayoffBuffer[0]\n");

    CallErrorBuffer[0]=(REAL *) mymalloc(sizeof(REAL),"GatherResults():CallErrorBuffer[0]\n");

    PutErrorBuffer[0]=(REAL *) mymalloc(sizeof(REAL),"GatherResults():PutErrorBuffer[0]\n");

    CallDeltaBuffer[0] = (REAL *) mymalloc(sizeof(REAL), "GatherResults(): CallDeltaBuffer[0]\n");

    PutDeltaBuffer[0] = (REAL *) mymalloc(sizeof(REAL),"GatherResults(): PutDEltaBuffer[0]\n");

    CallDeltaErrorBuffer[0] = (REAL *) mymalloc(sizeof(REAL), "GatherResults(): CallDeltaErrorBuffer[0]\n");

    PutDeltaErrorBuffer[0] = (REAL *) mymalloc(sizeof(REAL),"GatherResults(): PutDeltaErrorBuffer[0]\n");

    CallVegaBuffer[0] = (REAL *) mymalloc(sizeof(REAL), "GatherResults(): CallVegaBuffer[0]\n");

    PutVegaBuffer[0] = (REAL *) mymalloc(sizeof(REAL),"GatherResults(): PutVegaBuffer[0]\n");

    CallVegaErrorBuffer[0] = (REAL *) mymalloc(sizeof(REAL), "GatherResults(): CallVegaErrorBuffer[0]\n");

    PutVegaErrorBuffer[0] = (REAL *) mymalloc(sizeof(REAL),"GatherResults(): PutVegaErrorBuffer[0]\n");

    CallRhoBuffer[0] = (REAL *) mymalloc(sizeof(REAL), "GatherResults(): CallRhoBuffer[0]\n");

    PutRhoBuffer[0] = (REAL *) mymalloc(sizeof(REAL),"GatherResults(): PutRhoBuffer[0]\n");

    CallRhoErrorBuffer[0] = (REAL *) mymalloc(sizeof(REAL), "GatherResults(): CallRhoErrorBuffer[0]\n");

    PutRhoErrorBuffer[0] = (REAL *) mymalloc(sizeof(REAL),"GatherResults(): PutRhoErrorBuffer[0]\n");

    size = (nt+1)*sizeof(REAL);

    for(ir=1;ir<=nov;ir++){

        CallPayoffBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): CallPayoffBuffer\n");

        PutPayoffBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutPayoffBuffer\n");

        CallErrorBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): CallErrorBuffer\n");

        PutErrorBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutErrorBuffer\n");

        CallDeltaBuffer[ir] = (REAL *) mymalloc(size, "GatherResults(): CallDeltaBuffer\n");

        PutDeltaBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutDEltaBuffer\n");

        CallDeltaErrorBuffer[ir] = (REAL *) mymalloc(size, "GatherResults(): CallDeltaErrorBuffer\n");

        PutDeltaErrorBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutDeltaErrorBuffer\n");

        CallVegaBuffer[ir] = (REAL *) mymalloc(size, "GatherResults(): CallVegaBuffer\n");

        PutVegaBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutDEltaBuffer\n");

        CallVegaErrorBuffer[ir] = (REAL *) mymalloc(size, "GatherResults(): CallVegaErrorBuffer\n");

        PutVegaErrorBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutVegaErrorBuffer\n");

        CallRhoBuffer[ir] = (REAL *) mymalloc(size, "GatherResults(): CallRhoBuffer\n");

        PutRhoBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutDEltaBuffer\n");

        CallRhoErrorBuffer[ir] = (REAL *) mymalloc(size, "GatherResults(): CallRhoErrorBuffer\n");

        PutRhoErrorBuffer[ir] = (REAL *) mymalloc(size,"GatherResults(): PutRhoErrorBuffer\n");

    }

  for(ir=1;ir<=nov;ir++){

    MPI_Reduce(Option->CallValue[ir], CallPayoffBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutValue[ir], PutPayoffBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->CallError[ir], CallErrorBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutError[ir], PutErrorBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->CallDelta[ir], CallDeltaBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutDelta[ir], PutDeltaBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->CallDeltaError[ir], CallDeltaErrorBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutDeltaError[ir], PutDeltaErrorBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->CallVega[ir], CallVegaBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutVega[ir], PutVegaBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->CallVegaError[ir], CallVegaErrorBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutVegaError[ir], PutVegaErrorBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->CallRho[ir], CallRhoBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutRho[ir], PutRhoBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->CallRhoError[ir], CallRhoErrorBuffer[ir] , nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

    MPI_Reduce(Option->PutRhoError[ir], PutRhoErrorBuffer[ir], nt+1 , MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD);

  }

  if(MyProcessorNumber == MASTER) {

    for(ir=1;ir<=nov;ir++){

      for(it=0; it<=nt; it++) {

        *(Option->CallValue[ir] +it) =  (*(CallPayoffBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutValue[ir] +it) =  (*(PutPayoffBuffer[ir]+it))/NumberofProcessors;

        *(Option->CallError[ir] +it) = ( *(CallErrorBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutError[ir] +it) =  (*(PutErrorBuffer[ir]+it))/NumberofProcessors;

        *(Option->CallDelta[ir] +it) =  (*(CallDeltaBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutDelta[ir] +it) =  (*(PutDeltaBuffer[ir]+it))/NumberofProcessors;

        *(Option->CallDeltaError[ir] +it) = ( *(CallDeltaErrorBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutDeltaError[ir] +it) =  (*(PutDeltaErrorBuffer[ir]+it))/NumberofProcessors;

        *(Option->CallVega[ir] +it) =  (*(CallVegaBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutVega[ir] +it) =  (*(PutVegaBuffer[ir]+it))/NumberofProcessors;

        *(Option->CallVegaError[ir] +it) = ( *(CallVegaErrorBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutVegaError[ir] +it) =  (*(PutVegaErrorBuffer[ir]+it))/NumberofProcessors;

        *(Option->CallRho[ir] +it) =  (*(CallRhoBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutRho[ir] +it) =  (*(PutRhoBuffer[ir]+it))/NumberofProcessors;

        *(Option->CallRhoError[ir] +it) = ( *(CallRhoErrorBuffer[ir]+it))/NumberofProcessors;

        *(Option->PutRhoError[ir] +it) =  (*(PutRhoErrorBuffer[ir]+it))/NumberofProcessors;

      }

    }

  }

  M_Free((void **) CallPayoffBuffer, nov);

  M_Free((void **) PutPayoffBuffer, nov);

  M_Free((void **) CallErrorBuffer, nov);

  M_Free((void **) PutErrorBuffer, nov);

  M_Free((void **) CallDeltaBuffer, nov);

  M_Free((void **) PutDeltaBuffer, nov);

  M_Free((void **) CallDeltaErrorBuffer, nov);

  M_Free((void **) PutDeltaErrorBuffer, nov);

  M_Free((void **) CallVegaBuffer, nov);

  M_Free((void **) PutVegaBuffer, nov);

  M_Free((void **) CallVegaErrorBuffer, nov);

  M_Free((void **) PutVegaErrorBuffer, nov);

  M_Free((void **) CallRhoBuffer, nov);

  M_Free((void **) PutRhoBuffer, nov);

  M_Free((void **) CallRhoErrorBuffer, nov);

  M_Free((void **) PutRhoErrorBuffer, nov);

}

#endif

void EU_OPTION_Free(EU_OPTION *Option)

{

  int NumTimeSteps = Option->TimeGridSize;

  int nt = Option->NumOptionTimeValues;

  int dof = Option->DimOfUnderlying;

  int nov = Option->DimOfOption;

  if(Option == NULL) {

    fprintf(stderr,"EU_OPTION_Free(): cannot free a null option\n");

    exit(1);

  }

  Option->Underlying = NULL;

  Option->PayoffFunction = NULL;

  Option->Strike = NULL;

  V_Free((void *) Option->InitPrice);

  if(Option->ValuationTimeIndex != NULL) V_Free((void *) Option->ValuationTimeIndex);

  V_Free((void *) Option->InterestRate);

  V_Free((void *) Option->Drift);

  V_Free((void *) Option->DiscountBeg);

  V_Free((void *) Option->DiscountEnd);

  if(Option-> IntPayoffParams != NULL) V_Free((void *) Option->IntPayoffParams);

  V_Free((void *) Option->FloatPayoffParams);

  M_Free((void **) Option->LogPrice, dof);

  M_Free((void **) Option->CallValue, nov);

  M_Free((void **) Option->PutValue, nov);

  M_Free((void **) Option->CallError, nov);

  M_Free((void **) Option->PutError, nov);

  M_Free((void **) Option->CallDelta, nov);

  M_Free((void **) Option->PutDelta, nov);

  M_Free((void **) Option->CallDeltaError, nov);

  M_Free((void **) Option->PutDeltaError, nov);

  M_Free((void **) Option->CallRho, nov);

  M_Free((void **) Option->CallRhoError, nov);

  M_Free((void **) Option->CallVega, nov);

  M_Free((void **) Option->CallVegaError, nov);

  M_Free((void **) Option->PutRho, nov);

  M_Free((void **) Option->PutRhoError, nov);

  free((void *) Option);

}

int Externalize

              (

              int NumOptions,

              EU_OPTION **Options,

              char *OptionContainer,

              int pflag

              )

{

  int ix, it;

  int nov;

  int NumTimeSteps;

  REAL iPrice;

  EU_OPTION *Option=NULL;

  REAL *StrikePrice = NULL;

  FILE *optfp=NULL,*outfp=NULL;

  int iopt;

  int i;

#ifdef MPI

  extern int NumberofProcessors, MyProcessorNumber;

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  if (pflag==1) {

  if((optfp = fopen(OptionContainer,"w")) == NULL) {

        fprintf(stderr, "Externalize(): can't open option container\n");

        return -1;

  }

  }

  iter ++;

  for(iopt=1; iopt<=NumOptions; iopt++) {

      Option = Options[iopt];

      iPrice = *(Option->InitPrice + iopt);

      StrikePrice = Option->Strike;

      nov = Option->DimOfOption;

      NumTimeSteps = Option->NumOptionTimeValues;

      /*C1[iter] = (*(Option->CallValue[1]+NumTimeSteps));*/

      for(ix=1; ix<=nov; ix++){

        for(it=0; it<=NumTimeSteps;it++) {

        if (pflag==1) {

          fprintf(optfp,"%d %f %f %f %f %f %f %f %f %f %f %f %f %f %f %f %f\n", 

                                                  it, 

                                                  (*(Option->CallValue[ix]+it)),

                                                  (*(Option->CallError[ix]+it)),

                                                  (*(Option->CallDelta[ix]+it)),

                                                  (*(Option->CallDeltaError[ix]+it)),

                                                  (*(Option->CallVega[ix]+it)),

                                                  (*(Option->CallVegaError[ix]+it)),

                                                  (*(Option->CallRho[ix]+it)),

                                                  (*(Option->CallRhoError[ix]+it)),

                                                  (*(Option->PutValue[ix]+it)),

                                                  (*(Option->PutError[ix]+it)),

                                                  (*(Option->PutDelta[ix]+it)),

                                                  (*(Option->PutDeltaError[ix]+it)),

                                                  (*(Option->PutVega[ix]+it)),

                                                  (*(Option->PutVegaError[ix]+it)),

                                                  (*(Option->PutRho[ix]+it)),

                                                  (*(Option->PutRhoError[ix]+it))

                                                  );

        } 

/*

          printf("\n %d %f %f %f %f %f %f %f %f %f %f %f %f %f %f %f %f\n", 

                                                  it, 

                                                  (*(Option->CallValue[ix]+it)),

                                                  (*(Option->CallError[ix]+it)),

                                                  (*(Option->CallDelta[ix]+it)),

                                                  (*(Option->CallDeltaError[ix]+it)),

                                                  (*(Option->CallVega[ix]+it)),

                                                  (*(Option->CallVegaError[ix]+it)),

                                                  (*(Option->CallRho[ix]+it)),

                                                  (*(Option->CallRhoError[ix]+it)),

                                                  (*(Option->PutValue[ix]+it)),

                                                  (*(Option->PutError[ix]+it)),

                                                  (*(Option->PutDelta[ix]+it)),

                                                  (*(Option->PutDeltaError[ix]+it)),

                                                  (*(Option->PutVega[ix]+it)),

                                                  (*(Option->PutVegaError[ix]+it)),

                                                  (*(Option->PutRho[ix]+it)),

                                                  (*(Option->PutRhoError[ix]+it))

                                                  );

*/

          printf("%d %f \n",it,(*(Option->CallValue[ix]+it)));



} /* end of the print for loop */

     } /* loop over strikes */

  } /* loop over init stock values */

  if (pflag==1) {

  close(optfp);

  }

/* now we want to print out the c1's */

/*


if (pflag==1) {

      outfp = fopen("conv.dat","w");


   for (i=1;i<=iter;i++) {

         fprintf(outfp,"%d %f %f \n",i,C1[i],C1[iter]-C1[i]);

      }

      fclose(outfp);

   }

*/

  return (0); 

#ifdef MPI

  }

#endif

  return (0); 

}

int gethist(int mb) {

REAL Moments[3],moment,sum,sum2;

REAL std,mean;

int NBINS = 50,NBINS1=51;

int imom,itime,ix;

REAL max=-100.0,min=100.0,h;

double xbin[51],ybin[51];

double zero = 0.0;

int rc;

/* get the mean and standard deviation  first */

      sum = 0.0;

      sum2= 0.0;



for (itime=0;itime<mb;itime++) {

   

moment = yd[itime];

         if (moment > max) max = moment;

         if (moment < min) min = moment;



   sum += moment;



   sum2+= moment*moment;

      }



Moments[1]  = sum / mb ;



Moments[2]  = sum2 / mb ;


mean = Moments[1];

   std = sqrt(Moments[2]-Moments[1]*Moments[1]);

   printf("---> %f    %f\n",mean,std);

   h = (float) ((max - min) /(float) NBINS);

/* compute the bins */ 

   for (ix = 0 ; ix<=NBINS; ix++) {



xbin[ix] = min + ix*h; 

      ybin[ix] = 0.0;

   }


for (itime=0;itime<mb;itime++) {



for (ix=0;ix<=NBINS;ix++) {




if ( (yd[itime] >= xbin[ix]) && (yd[itime] <= xbin[ix+1]) ) {





ybin[ix] =ybin[ix] + 1.0;




}



}


}


sum = 0.0;


for (ix=0;ix<=NBINS;ix++) {



sum +=(float)ybin[ix];


}


printf("Total # of events = %f \n", sum);

      rc = java_ser("Histogram",zero,xbin,ybin,NBINS);

return(0);

}

#include "stdio.h"

getline(FILE *fp)

{

char s[80];

int  c,i;

for(i=0;i<80 && (c=getc(fp)) != EOF && c != '\n'; ++i) s[i] =c;

if(c == '\n')s[i] = c;

s[i+1]='\0';

printf("%s",s);

return(0);

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */ /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#ifdef MPI

#include <mpi.h>

#endif

#include "DEFS.h"

#include "EU_OPT.h"

#ifdef MPI

int MyProcessorNumber, NumberofProcessors;

#endif

main(int argc, char *argv[])

{

  int err, Naccepted;

  char MC_description_file[MAX_FILE_NAME_LENGTH+1];

  char PROCESS_description_file[MAX_FILE_NAME_LENGTH+1];

  char UNDERLYING_description_file[MAX_FILE_NAME_LENGTH+1];

  char OPTION_description_file[MAX_FILE_NAME_LENGTH+1];

  char HISTOGRAM_description_file[MAX_FILE_NAME_LENGTH+1];

  char OPTION_Container[MAX_FILE_NAME_LENGTH+1];

  int status;

#ifdef MPI

  MPI_Init(&argc, &argv);

  MPI_Comm_size(MPI_COMM_WORLD, &NumberofProcessors);

  MPI_Comm_rank(MPI_COMM_WORLD, &MyProcessorNumber);

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER){

#endif

    if(argc != 7) {

      fprintf(stderr,"European Option Pricing Demo::: Wrong number of parameters!\n");

      exit(1);

    } else {

      sscanf(argv[1],"%s",UNDERLYING_description_file);

      sscanf(argv[2],"%s",MC_description_file);

      sscanf(argv[3],"%s",PROCESS_description_file);

      sscanf(argv[4],"%s",OPTION_description_file);

      sscanf(argv[5],"%s",HISTOGRAM_description_file);

      sscanf(argv[6],"%s",OPTION_Container);

    }

#ifdef MPI

  }

#endif

  if(( status   =  EuropeanOptionServer

                                       (

                                       UNDERLYING_description_file,

                                       MC_description_file,

                                       PROCESS_description_file,

                                       OPTION_description_file,

                                       HISTOGRAM_description_file,

                                       OPTION_Container

                                       ) ) != DONE )  {

#ifdef MPI

              if(MyProcessorNumber == MASTER){

#endif

                     fprintf(stderr,"European Option Demo failed\n");

                     exit(1);

#ifdef MPI

              }

#endif

  }

#ifdef MPI

  MPI_Finalize();

#endif

} /* end of main() for European Option Demo */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */ /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "MEM.h"

void *mymalloc(int size, char *msg) 

{

   void *dummy;

   if((dummy=(void *)malloc((size_t) size)) == NULL) {

    fprintf(stderr,"MYMALLOC(): %s\n",msg);

    exit(1);

   }

   return dummy;

}

void V_Free(void *dummy)

{

   int err;

   if(dummy == NULL) {

     fprintf(stderr,"V_Free(): Cannot free a NULL pointer\n");

     exit(1);

   } else {

     free((void *)dummy);

   }

}

void M_Free(void **dummy, int NumRows)

{

   int i;

   if(dummy == NULL) {

     fprintf(stderr,"M_Free(): Cannot free a NULL pointer\n");

     exit(1);

   } else {

     for(i=0;i<=NumRows;i++) {

       V_Free((void *) (*(dummy+i)));

     }

   }

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include "CALND.h"

int NumberOfPeriods(int StartDate, int EndDate, int PeriodLength)

{

  int np = (EndDate - StartDate)/PeriodLength;

  return np;

}

int GetDate(int it, int StartDate, int PeriodLength)

{

 return (int )(StartDate + PeriodLength*it);

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#ifdef MPI

#include <mpi.h>

#endif

#include <math.h>

#include "DEFS.h"

#include "PROCESS.h"

#include "PATH.h"

#include "PROB.h"

#include "MEM.h"

#include "RNG.h"

#include "MC.h"

typedef struct mc {

int iseed;

int NMCCycles;

int Restart;

int Relaxed;

int RelaxationBlocks;

int MeasBlocks;

int MeasBlockSize;

int ConfDumpFD;

int RestartFD;

} MONTECARLO;

#ifdef MPI

  extern int MyProcessorNumber, NumberofProcessors;

#endif

static MONTECARLO MCParams;

void SetNMCCycles( int nc)

{

  if(nc < 1) {

   fprintf(stderr,"SetNMCCycles():  Number of MC Cycles must be positive\n");

   exit(1);

  }

  if(nc > MAX_NUM_MC_CYCLES) {

   fprintf(stderr,"WARNING: SetNMCCycles(): Number of MC cycles may be too large\n");

  }

  MCParams.NMCCycles = nc;

}

int ImDone()

{

  return (MCParams.NMCCycles == 0);

}

int IsRelaxed()

{

  return (MCParams.Relaxed == 1);

}

void SetRelaxFlag(int  rf)

{

  MCParams.Relaxed = rf;

}

int HowManyCyclesLeft()

{

  return (MCParams.NMCCycles);

}

void CycleDone()

{

  if((MCParams.NMCCycles)-- == 0) {

    fprintf(stderr,"Should have stopped the simulation already\n");

    exit(1);

  }

  close(GetConfDumpFD());

  close(GetRestartFD());

}

void SetRNGSeed(int iseed)

{

  if(iseed < 0) {

    fprintf(stderr,"WARNING: SetRNGSeed(): Need positive seed\n");

    fprintf(stderr,"WARNING: SetRNGSeed(): Seed set to default: %l\n", DEFAULT_SEED);

    MCParams.iseed = DEFAULT_SEED;

  } else {

    MCParams.iseed = iseed;

  }

}

void SetNumMeasBlocks(int mb)

{

  if(mb < 1) {

   fprintf(stderr,"SetNumMeasBlocks():  Number of measurement blocks must be positive\n");

   exit(1);

  }

  if(mb > MAX_NUM_MEAS_BLOCKS) {

   fprintf(stderr,"WARNING: SetNumMeasBlocks(): Number of measurement blocks may be too large\n");

  }

  MCParams.MeasBlocks = mb;

}

void SetMeasBlockSize(int mbs)

{

  if(mbs < 1) {

   fprintf(stderr,"WARNING: SetMeasBlockSize():  Meas block should have positive number of MC steps\n");

   fprintf(stderr,"WARNING: SetMeasBlockSize():  Set to default value: %d\n", DEFAULT_MEAS_BLOCK_SIZE);

   MCParams.MeasBlockSize = DEFAULT_MEAS_BLOCK_SIZE; 

   exit(1);

  } else {

   MCParams.MeasBlockSize = mbs;

  }

}

int HowManyMeasBlocks()

{

  return MCParams.MeasBlocks;

}

int HowBigMeasBlock()

{

  return MCParams.MeasBlockSize;

}

int HowManyRelaxBlocks()

{

  return MCParams.RelaxationBlocks;

}

void SetNumRelaxBlocks( int rb)

{

  if(rb < 0) {

   fprintf(stderr,"WARNING: SetNumRelaxBlocks():  Number of relaxation blocks cannot be negative\n");

   fprintf(stderr,"WARNING: SetNumRelaxBlocks():  Set to default value: %d\n", DEFAULT_NUM_RELAX_BLOCKS);

   MCParams.RelaxationBlocks = DEFAULT_NUM_RELAX_BLOCKS; 

   exit(1);

  } else {

   MCParams.RelaxationBlocks = rb;

  }

}

void CreateConfDumpFile(char *CDFile)

{

  int fd;

  if((fd=creat(CDFile,0644)) == EOF) {

   fprintf(stderr,"CreateConfDumpFile(): Could not create history storage file\n") ;

   exit(1) ;

  }

  MCParams.ConfDumpFD = fd;

}

int GetConfDumpFD()

{

 return MCParams.ConfDumpFD;

}

void CreateRestartFile(char *RFile)

{

  int fd;

  if((fd=creat(RFile,0644)) == EOF) {

   fprintf(stderr,"CreateRestartFile(): Could not create MC restart file\n") ;

   exit(1) ;

  }

  MCParams.RestartFD = fd;

}

int GetRestartFD()

{

 return MCParams.RestartFD;

}

int SetupMetropolisMCSimulation(char *MC_description_file)

{

  FILE *mcfile;

  int err = 0;

  int Nc;

  int mb;

  int mbs;

  int rb;

  int iseed;

  int storage;

  int i;

  int tag = 0;

#ifdef MPI

  MPI_Status status;

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  if((mcfile = fopen(MC_description_file,"r")) == NULL) {

        perror("cannot open input file for MC simulation parameters");

        exit(1);

  }

  getline(mcfile);

  fscanf(mcfile,"%d\n",&Nc);

#ifdef MPI

  }

#endif

#ifdef MPI

  MPI_Bcast(&Nc, 1, MPI_INT, 0, MPI_COMM_WORLD);

#endif

  SetNMCCycles(Nc);

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  getline(mcfile);

  fscanf(mcfile,"%d\n",&iseed);

  printf("random # seed on processor %d = %d\n",MyProcessorNumber,iseed);

  SetRNGSeed(iseed);

  RNG_Init(iseed);

  storage = iseed;

#ifdef MPI

  for (i = 1; i < NumberofProcessors; i++){

/**

      fscanf(mcfile,"%d\n",&storage);

**/

      storage += 101;

      MPI_Send(&storage, 1, MPI_INT, i, tag, MPI_COMM_WORLD);

  }

#endif

#ifdef MPI

  } else {

     MPI_Recv(&storage, 1, MPI_INT, 0, tag, MPI_COMM_WORLD, &status);


  printf("random # seed on processor %d = %d\n",MyProcessorNumber,storage);

     SetRNGSeed(storage);

     RNG_Init(storage);

     iseed=storage;

  }

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  getline(mcfile);

  fscanf(mcfile,"%d\n",&mb);

#ifdef MPI

  }

#endif

#ifdef MPI

  MPI_Bcast(&mb, 1, MPI_INT, 0, MPI_COMM_WORLD);

#endif

  SetNumMeasBlocks(mb);

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  getline(mcfile);

  fscanf(mcfile,"%d\n",&mbs);

#ifdef MPI

  }

#endif

#ifdef MPI

  MPI_Bcast(&mbs, 1, MPI_INT, 0, MPI_COMM_WORLD);

#endif

  SetMeasBlockSize(mbs);

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  getline(mcfile);

  fscanf(mcfile,"%d\n",&rb);

#ifdef MPI

  }

#endif

#ifdef MPI

  MPI_Bcast(&rb, 1, MPI_INT, 0, MPI_COMM_WORLD);

#endif

  SetNumRelaxBlocks(rb);

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  fclose(mcfile);

#ifdef MPI

  }

#endif

  return err;

}

#ifdef BUNDLE_AR_WITH_PROB

int MetropolisUpdate

                          ( 

                          int MeasBlockSize,

                          PATH *Rates,

                          PROCESS *Params ,









  int nhistdata,

                          REAL *xhistdata,

                          REAL *yhistdata

                          )

{

   int mcs;

   REAL *shift = NULL;

   REAL *Sshift = NULL;

   int size;

   REAL shiftPres;

   REAL shiftPrev;

   int Naccepted = 0;

   int ir;

   int NumRates = HowManyRates(Rates); 

   int Translation = ProcessSymmetry(Params,TRANSLATION);

   int Reflexion = ProcessSymmetry(Params,REFLEXION);

   REAL *AllCurrentRates = NULL;

   REAL  *AllPastRates = NULL;

   REAL  *AllFutureRates=NULL;

   REAL **Couplings = NULL;

   ProbFunc *ConditionalProbability = GetProbabilityFunction(Params);

   size = (NumRates + 1)*sizeof(REAL);

   AllCurrentRates = (REAL *) mymalloc(size,"Update(): AllCurrentRates\n");

   AllPastRates    = (REAL *) mymalloc(size,"Update(): AllPastRates\n");

   AllFutureRates    = (REAL *) mymalloc(size,"Update(): AllPastRates\n");

   shift = (REAL *) mymalloc(size,"Update(): shift\n");

   if( (Couplings = GetAllRateCouplings( Params) ) == NULL) {

     fprintf(stderr,"MetropolisUpdate():GetAllRateCouplings() failed\n");

     exit(1);

   }

   Sshift  = GetVariances(Params, NumRates);

   for(mcs=1;mcs<=MeasBlockSize;mcs++) {

     SetCurrentTimetoInitial(Rates);

     SetCurrentTimetoNext(Rates);

     while(!BeyondHorizon(Rates)) {

       if( GetCurrentTimeSlice(Rates,AllCurrentRates) != DONE) {

         fprintf(stderr,"GetCurrentTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Rates));

         exit(1);

       }

       if( GetPreviousTimeSlice(Rates,AllPastRates) != DONE) {

         fprintf(stderr,"GetPreviousTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Rates));

         exit(1);

       }

       if((!OnHorizon(Rates)) && (!Translation)) {

         if( GetNextTimeSlice(Rates,AllFutureRates) != DONE) {

           fprintf(stderr,"GetPreviousTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Rates));

           exit(1);

         }

       }

       for(ir=1;ir<=NumRates;ir++) *(shift+ir) = *(Sshift +ir) * (2.*randf()-1.);

       if(!OnHorizon(Rates)) {

              Naccepted += (*(ConditionalProbability))

              (NumRates, shift, AllCurrentRates, AllPastRates, AllFutureRates, Couplings,nhistdata,xhistdata,yhistdata);

       } else {

              Naccepted += (*(ConditionalProbability))

              (NumRates, shift, AllCurrentRates, AllPastRates, NULL, Couplings,nhistdata,xhistdata,yhistdata);

       }

       SetCurrentRatetoFirst(Rates);

       if(Translation) {

           while(!FinishedLastRate(Rates)) {

             ir=GetCurrentRateIndex(Rates);

             if(shift[ir] != 0.0) ShiftCurrentRateHistory(Rates, shift[ir]);

             SetCurrentRatetoNext(Rates);

           } 

       } else {

           while(!FinishedLastRate(Rates)) {

             ir=GetCurrentRateIndex(Rates);

             if(shift[ir] != 0.0) ShiftCurrentRate(Rates, shift[ir]);

             SetCurrentRatetoNext(Rates);

           }

       }

       SetCurrentTimetoNext(Rates);

     }

     if(randf()<0.5) {

        if(Reflexion) {

            FlipAllHistories(Rates);

        }

     }

   } /* end of loop over MC steps within a measurement block */

   V_Free((void *)AllCurrentRates);

   V_Free((void *)AllPastRates);

   V_Free((void *)AllFutureRates);

   V_Free((void *)shift);

   V_Free((void *)Sshift);

   M_Free((void **)Couplings,NumRates);

   return Naccepted;

} /* end of all-purpose Update() */

#else

int MetropolisUpdate

                          ( 

                          int MeasBlockSize,

                          PATH *Rates,

                          PROCESS *Params,

                          int nhistdata,

                          REAL *xhistdata,

                          REAL *yhistdata

                          )

{

   int mcs;

   REAL prob;

   REAL shift;

   int size;

   int  RateID;

   REAL shiftPres;

   REAL  shiftPrev;

   int Naccepted = 0;

   int ir;

   int NumRates = HowManyRates(Rates); 

   int Translation = ProcessSymmetry(Params,TRANSLATION);

   int Reflexion = ProcessSymmetry(Params,REFLEXION);

   REAL *AllCurrentRates = NULL;

   REAL *AllPastRates = NULL;

   REAL *AllFutureRates=NULL;

   REAL **Couplings = NULL;

   ProbFunc *ConditionalProbability = GetProbabilityFunction(Params);

   size = (NumRates + 1)*sizeof(REAL);

   AllCurrentRates = (REAL *) mymalloc(size,"Update(): AllCurrentRates\n");

   AllPastRates    = (REAL *) mymalloc(size,"Update(): AllPastRates\n");

   AllFutureRates    = (REAL *) mymalloc(size,"Update(): AllPastRates\n");

   if( (Couplings = GetAllRateCouplings( Params) ) == NULL) {

     fprintf(stderr,"MetropolisUpdate():GetAllRateCouplings() failed\n");

     exit(1);

   }

   for(mcs=1;mcs<=MeasBlockSize;mcs++) {

     SetCurrentTimetoInitial(Rates);

     SetCurrentTimetoNext(Rates);

     while(!BeyondHorizon(Rates)) {

       if( GetCurrentTimeSlice(Rates,AllCurrentRates) != DONE) {

         fprintf(stderr,"GetCurrentTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Rates));

         exit(1);

       }

       if( GetPreviousTimeSlice(Rates,AllPastRates) != DONE) {

         fprintf(stderr,"GetPreviousTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Rates));

         exit(1);

       }

       if((!OnHorizon(Rates)) && (!Translation)) {

         if( GetNextTimeSlice(Rates,AllFutureRates) != DONE) {

           fprintf(stderr,"GetPreviousTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Rates));

           exit(1);

         }

       }

       SetCurrentRatetoFirst(Rates);

       while(!FinishedLastRate(Rates)) {

         RateID       =GetCurrentRateIndex(Rates);

         shift  = GetVariance(Params, Rates);

         shift *= (2.*randf()-1.);

         if(!OnHorizon(Rates)) {

              prob=(*(ConditionalProbability))

              (NumRates, RateID, shift,AllCurrentRates, AllPastRates, AllFutureRates, Couplings,nhistdata,xhistdata,yhistdata);

         } else {

              prob=(*(ConditionalProbability))

              (NumRates, RateID, shift,AllCurrentRates, AllPastRates, NULL, Couplings,nhistdata,xhistdata,yhistdata);

         }

         if(randf()<prob) {

           if(Translation) {

             ShiftCurrentRateHistory(Rates, shift);

             Naccepted++;

           } else {

             ShiftCurrentRate(Rates, shift);

             Naccepted++;

           }

         }

         SetCurrentRatetoNext(Rates);

       }

       SetCurrentTimetoNext(Rates);

     }

     if(randf()<0.5) {

        if(Reflexion) {

            FlipAllHistories(Rates);

        }

     }

   } /* end of loop over MC steps within a measurement block */

   V_Free((void *) AllCurrentRates);

   V_Free((void *) AllPastRates);

   V_Free((void *) AllFutureRates);

   M_Free((void **) Couplings,NumRates);

   return Naccepted;

} /* end of all-purpose Update() */

#endif

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#include "DEFS.h"

#include "PATH.h"

PATH *CreatePath(int, int, int);

void PATH_Free(PATH *);

int GetCurrentTimeSlice(PATH *, REAL *);

int GetCurrentMCStep(PATH *, REAL *);

int GetPreviousTimeSlice(PATH *, REAL *);

int GetNextTimeSlice(PATH *, REAL *);

void FlipAllHistories(PATH *);

void UpdateCurrentTimeSlice(PATH *, REAL *);

void ShiftCurrentRateHistory(PATH *, REAL );

void ShiftCurrentRate(PATH *, REAL );

int SetCurrentPath(PATH *, REAL * );

void GetCurrentPath(PATH *, REAL * );

void GetInitLagsofCurrentPath(PATH *, REAL * );

void SetInitLagsofCurrentPath(PATH *, REAL * );

int SetStraightPath(PATH *, REAL );

void SetAllPathsToZero(PATH *);

int SetCurrentTimeSlice(PATH *, REAL * );

int SetInitLagsToZero(PATH *);

int SetAllInitLags(PATH *, REAL ** );

int SetInitLag(int, PATH *, REAL *);

void SetTimeGridSize(PATH *, int);

void SetRateGridSize(PATH *, int);

void FetchRunningTimeSlice(PATH *, REAL * );

void PATH_Add(PATH *, PATH *);

#ifdef INLINE

#define ProcessOrder(PathParams) ((PathParams)->Lag)

#define HowManyRates(PathParams) ((PathParams)->RateGridSize)

#define HowManyTimeSteps(PathParams) ((PathParams)->TimeGridSize)

#define SetCurrentTimetoInitial(PathParams) ((PathParams)->CurrentTimeIndex = 0)

#define SetCurrentTimeIndex(PathParams,j)   if(((j)>(PathParams)->TimeGridSize) || ((j)<0)) exit(1);  (PathParams)->CurrentTimeIndex = (j);

#define GetCurrentTimeIndex(PathParams) ((PathParams)->CurrentTimeIndex)

#define SetRunningTimetoCurrent(PathParams) (((PathParams)->RunningTimeIndex) = GetCurrentTimeIndex(PathParams))

#define SetRunningTimeOneStepBack(PathParams) (((PathParams)->RunningTimeIndex) = (((PathParams)->RunningTimeIndex)-1))

#define GetPreviousTimeIndex(PathParams) (((PathParams)->CurrentTimeIndex) - 1)

#define GetNextTimeIndex(PathParams) (((PathParams)->CurrentTimeIndex) + 1)

#define SetCurrentTimetoNext(PathParams) ((PathParams)->CurrentTimeIndex = (PathParams)->CurrentTimeIndex + 1)

#define BeyondHorizon(PathParams) ((GetCurrentTimeIndex(PathParams)) > (HowManyTimeSteps(PathParams)) ? 1: 0)

#define OnHorizon(PathParams) ((GetCurrentTimeIndex(PathParams)) == (HowManyTimeSteps(PathParams)) ? 1: 0)

#define SetCurrentRatetoFirst(PathParams) ((PathParams)->CurrentRate = 1)

#define SetCurrentRateIndex(PathParams, ir) (((PathParams)->CurrentRate) = (ir))

#define GetCurrentRateIndex(PathParams) ((PathParams)->CurrentRate)

#define FinishedLastRate(PathParams) (((PathParams)->CurrentRate) > ((PathParams)->RateGridSize) ? 1 : 0)

#define SetCurrentRatetoNext(PathParams) (((PathParams)->CurrentRate) = ((PathParams)->CurrentRate + 1))

#else

int ProcessOrder( PATH *);

int HowManyRates( PATH *);

int HowManyTimeSteps( PATH *);

void SetCurrentTimetoInitial( PATH *);

void SetCurrentTimeIndex( PATH *, int);

int GetCurrentTimeIndex(PATH *);

void SetRunningTimetoCurrent(PATH *);

void SetRunningTimeOneStepBack(PATH *);

int GetPreviousTimeIndex(PATH *);

int GetNextTimeIndex(PATH *);

void SetCurrentTimetoNext(PATH *);

int BeyondHorizon(PATH *);

int OnHorizon( PATH *);

void SetCurrentRatetoFirst( PATH *);

void SetCurrentRateIndex(PATH *, int );

int FinishedLastRate( PATH *);

int GetCurrentRateIndex( PATH *);

void SetCurrentRatetoNext( PATH *);

int ProcessOrder( PATH *PathParams)

{

  return PathParams->Lag;

}

int HowManyRates( PATH *PathParams)

{

  return PathParams->RateGridSize;

}

int HowManyTimeSteps( PATH *PathParams )

{

  return PathParams->TimeGridSize;

}

void SetCurrentTimetoInitial( PATH *PathParams )

{

  PathParams->CurrentTimeIndex = 0;

}

void SetCurrentTimeIndex

                       ( 

                       PATH *PathParams,

                       int j

                       )

{

  if((j>PathParams->TimeGridSize) || (j<0)) exit(1);

  PathParams->CurrentTimeIndex = j;

}

int GetCurrentTimeIndex(PATH *PathParams )

{

  return PathParams->CurrentTimeIndex;

}

void SetRunningTimetoCurrent(PATH *PathParams)

{

 int itime=GetCurrentTimeIndex(PathParams);

 PathParams->RunningTimeIndex = itime;

}

void SetRunningTimeOneStepBack(PATH *PathParams)

{

 int itime = PathParams->RunningTimeIndex;

 PathParams->RunningTimeIndex = --itime;

}

int GetPreviousTimeIndex(PATH *PathParams )

{

  int itp = PathParams->CurrentTimeIndex;

  if(--itp < 0) {

   fprintf(stderr,"GetPreviousTimeIndex(): Gone beyond initial time slice\n");

   exit(1);

  }

  return itp;

}

int GetNextTimeIndex(PATH *PathParams )

{

  int itp = PathParams->CurrentTimeIndex;

  if(++itp > (HowManyTimeSteps(PathParams) + 1)) {

   fprintf(stderr,"GetNextTimeIndex(): Alredy gone beyond horizon \n");

   exit(1);

  }

  return itp;

}

void SetCurrentTimetoNext(PATH *PathParams )

{

  int it = GetCurrentTimeIndex(PathParams);

  int NumTimeSteps=HowManyTimeSteps(PathParams);

  it++;

  if(it > NumTimeSteps+1) {

   fprintf(stderr,"SetCurrentTimetoNext(): Already beyond horizon\n");

   exit(1);

  } else {

   PathParams->CurrentTimeIndex=it;

  }

}

int BeyondHorizon(PATH *PathParams )

{

  int it = GetCurrentTimeIndex(PathParams);

  int NumTimeSteps=HowManyTimeSteps(PathParams);

  if(it > NumTimeSteps) {

   return 1;

  } else {

   return 0;

  }

}

int OnHorizon( PATH *PathParams )

{

  int it = GetCurrentTimeIndex(PathParams);

  int NumTimeSteps=HowManyTimeSteps(PathParams);

  if(it == NumTimeSteps) {

   return 1;

  } else {

   return 0;

  }

}

void SetCurrentRatetoFirst( PATH *PathParams )

{

 PathParams->CurrentRate = 1;

}

void SetCurrentRateIndex(PATH *PathParams, int ir )

{

 PathParams->CurrentRate = ir;

}

int FinishedLastRate( PATH *PathParams )

{

  int NumRates=HowManyRates(PathParams);

  int ir = GetCurrentRateIndex(PathParams);

  if(ir > NumRates) {

   return 1;

  } else {

   return 0;

  }

}

int GetCurrentRateIndex( PATH *PathParams)

{

   return PathParams->CurrentRate;

}

void SetCurrentRatetoNext( PATH *PathParams)

{

  int NumRates=HowManyRates(PathParams);

  int ir = GetCurrentRateIndex(PathParams);

  ir++;

  if(ir > NumRates+1) {

   fprintf(stderr,"SetCurrentRatetoNext(): Already beyond last rate\n");

   exit(1);

  } else {

   PathParams->CurrentRate=ir;

  }

}

#endif

#ifndef HISTORY

PATH *CreatePath

               ( 

               int NumTimeSteps,

               int NumRates, 

               int Lag

               )

{

  int i;

  int err = 0;

  PATH *PathParams = NULL;

  if((PathParams=(PATH *)malloc(sizeof(PATH))) == NULL) {

   perror("CreatePath(): cannot allocate buffer for path\n");

   exit(1);

  }

  if((PathParams->History=(REAL **)

      malloc((NumTimeSteps+1)*sizeof(REAL *))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for rate pointers in a path \n");

      exit(1);

  }

  for(i=0;i<=NumTimeSteps;i++) {

    if((PathParams->History[i]=(REAL *)

      malloc((NumRates+1)*sizeof(REAL))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for time step # %d\n",i);

      exit(1);

    }

  }

  if((PathParams->ValidRate=(int **)

      malloc((NumTimeSteps+1)*sizeof(int *))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for valid flag pointers in a path \n");

      exit(1);

  }

  for(i=0;i<=NumTimeSteps;i++) {

    if((PathParams->ValidRate[i]=(int *)

      malloc((NumRates+1)*sizeof(int))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for flags for time step # %d\n",i);

      exit(1);

    }

  }

  if((PathParams->AllValidRates=(int *)

      malloc((NumTimeSteps+1)*sizeof(int))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for all valid flags \n");

      exit(1);

  }

  if(Lag > 0) {

     if((PathParams->InitLags=(REAL **)

         malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

         fprintf(stderr,"cannot allocate buffer for initial rates \n");

         exit(1);

     }

     for(i=0;i<=Lag;i++) {

       if((PathParams->InitLags[i]=(REAL *)

         malloc((NumRates+1)*sizeof(REAL))) == NULL) {

         fprintf(stderr,"cannot allocate buffer for initial lag # %d\n",i);

         exit(1);

       }

     }

  } else {

    PathParams->InitLags = NULL;

  }

  SetTimeGridSize(PathParams, NumTimeSteps );

  SetRateGridSize(PathParams,  NumRates );

  PathParams->Lag = Lag;

  return PathParams;

}

void PATH_Free(PATH *PathParams)

{

  int i;

  int  NumTimeSteps;

  int Lag; 

  if(PathParams == NULL) {

    fprintf(stderr,"PATH_Free(): cannot free a null path\n");

    exit(1);

  }

  NumTimeSteps = HowManyTimeSteps(PathParams);

  Lag = ProcessOrder(PathParams);

  if(PathParams->History == NULL) {

    fprintf(stderr,"PATH_Free(): cannot free a null history buffer\n");

    exit(1);

  } else {

    for(i=0;i<=NumTimeSteps;i++) {

      if(PathParams->History[i]== NULL) {

        fprintf(stderr,"PATH_Free(): cannot free a null buffer for time step# %d\n",i);

        exit(1);

      } else {

        free((void *)PathParams->History[i]);

      }

    }

    free((void *)PathParams->History);

  }

  if(Lag > 0) {

    if(PathParams->InitLags == NULL) {

      fprintf(stderr,"PATH_Free(): cannot free a null init lag buffer\n");

      exit(1);

    } else {

      for(i=0;i<=Lag;i++) {

        if(PathParams->InitLags[i]== NULL) {

          fprintf(stderr,"PATH_Free(): cannot free a null lag buffer # %d\n",i);

          exit(1);

        } else {

          free((void *)PathParams->InitLags[i]);

        }

      }

      free((void *)PathParams->InitLags);

    }

  }

  free((void *)PathParams);

}

int GetCurrentTimeSlice

                      (

                      PATH* PathParams, 

                      REAL *p 

                      )

{

  int ir;

  int  NumRates         = HowManyRates(PathParams);

  int NumTimeSteps     = HowManyTimeSteps(PathParams);

  int it = GetCurrentTimeIndex(PathParams);

  if(p != NULL) {

     for(ir=0; ir <= NumRates; ir ++)

        *(p+ir) = *(PathParams->History[it] + ir);

  } else {

     fprintf(stderr, "GetCurrentTimeSlice(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

int GetCurrentMCStep

                   ( 

                   PATH *PathParams, 

                   REAL *p 

                   )

{

  int ir;

  int it = HowManyTimeSteps(PathParams);

  int NumRates  = HowManyRates(PathParams);

  if(p != NULL) {

     it = HowManyTimeSteps(PathParams);

     for(ir=0; ir <= NumRates; ir ++)

        *(p+ir) = *(PathParams->History[it] + ir);

  } else {

     fprintf(stderr, "GetCurrentMCStep(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

int GetPreviousTimeSlice

                       ( 

                       PATH *PathParams, 

                       REAL *p 

                       )

{

  int ir;

  int NumRates         = HowManyRates(PathParams);

  int NumTimeSteps     = HowManyTimeSteps(PathParams);

  int it = GetPreviousTimeIndex(PathParams);

  if(p != NULL) {

  for(ir=0; ir <= NumRates; ir ++)

     *(p+ir) = *(PathParams->History[it] + ir);

  } else {

     fprintf(stderr, "GetPreviousTimeSlice(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

int GetNextTimeSlice

                   ( 

                   PATH *PathParams, 

                   REAL *p 

                   )

{

  int ir;

  int NumRates         = HowManyRates(PathParams);

  int NumTimeSteps     = HowManyTimeSteps(PathParams);

  int it = GetNextTimeIndex(PathParams);

  if(p != NULL) {

  for(ir=0; ir <= NumRates; ir ++)

     *(p+ir) = *(PathParams->History[it] + ir);

  } else {

     fprintf(stderr, "GetPreviousTimeSlice(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

void FlipAllHistories(PATH *PathParams)

{

  int ir;

  int it;

  int  NumRates=HowManyRates(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  for(it=1;it<=NumTimeSteps;it++)

    for(ir=1; ir<=NumRates; ir++) 

      *(PathParams->History[it] + ir) *= (-1);

}

void UpdateCurrentTimeSlice

                          (

                          PATH *PathParams, 

                          REAL *NewRates

                          )

{

  int ir;

  int NumRates= HowManyRates(PathParams);

  int it=GetCurrentTimeIndex(PathParams);

  for (ir=1;ir<=NumRates;ir++)

              *(PathParams->History[it]+ir) = *(NewRates+ir);

}

void ShiftCurrentRateHistory

                           (

                           PATH *PathParams, 

                           REAL shift

                           )

{

  int it1;

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  int it=GetCurrentTimeIndex(PathParams);

  int ir=GetCurrentRateIndex(PathParams);

  for (it1=it;it1<=NumTimeSteps;it1++)

              *(PathParams->History[it1]+ir) += shift;

}

void ShiftCurrentRate

                    (

                    PATH *PathParams, 

                    REAL shift

                    )

{

  int it1;

  int it=GetCurrentTimeIndex(PathParams);

  int ir=GetCurrentRateIndex(PathParams);

  *(PathParams->History[it]+ir) += shift;

}

int SetCurrentPath

                 (

                 PATH *PathParams, 

                 REAL *p

                 ) 

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(PathParams->History[it]+ir)= *(p+it);

  return 0;

}

void GetCurrentPath

                  (

                  PATH *PathParams, 

                  REAL *p

                  )

{

  int it;

  int ir;

  int NumTimeSteps;

  if(PathParams == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  ir=GetCurrentRateIndex(PathParams);

  NumTimeSteps= HowManyTimeSteps(PathParams);

  for(it=0;it<=NumTimeSteps;it++) *(p+it) = *(PathParams->History[it]+ir);

}

void GetInitLagsofCurrentPath

                       (

                       PATH *PathParams, 

                       REAL *p

                       )

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(p+it) = *(PathParams->InitLags[it]+ir);

}

void SetInitLagsofCurrentPath

                            (

                            PATH *PathParams, 

                            REAL *p

                            )

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(PathParams->InitLags[it]+ir) = *(p+it);

}

int SetStraightPath

                  (

                  PATH *PathParams, 

                  REAL c

                  ) 

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(PathParams->History[it]+ir)= c;

  return 0;

}

void SetAllPathsToZero(PATH *PathParams)

{

  int it;

  int ir;

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  int NumRates = HowManyRates(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) 

    for(ir=0;ir<=NumRates;ir++) 

      *(PathParams->History[it]+ir)= 0.0;

}

int SetCurrentTimeSlice

                      (

                      PATH *PathParams, 

                      REAL *p

                      ) 

{

  int ir;

  int it=GetCurrentTimeIndex(PathParams);

  int NumRates= HowManyRates(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentTimeSlice(): PathParams not allocated\n");

     exit(1);

  }

  for(ir=0;ir<=NumRates;ir++) {

    *(PathParams->History[it]+ir)= *(p+ir);

  }

  return 0;

}

int SetInitLagsToZero(PATH *PathParams)

{

  int ir;

  int il;

  int NumRates;

  int Lag;

  int err = 0;

  if(PathParams == NULL) {

     fprintf(stderr,"SetInitRatesToZero(): PathParams not allocated\n");

     exit(1);

  }

  NumRates=HowManyRates(PathParams);

  Lag=PathParams->Lag;

  if(PathParams->InitLags == NULL) {

   fprintf(stderr,"SetInitRatesToZero(): PathParams->InitLags not allocated\n");

   exit(1);

  }

  for(il=1;il<=Lag;il++) {

    for(ir=1;ir<=NumRates;ir++) {

       *(PathParams->InitLags[il] + ir)=0.0;

     }

  }

  return 0;

}

int SetAllInitLags

                 (

                 PATH *PathParams, 

                 REAL **p

                 )

{

  int ir;

  int il;

  int NumRates;

  int Lag;

  int err = 0;


  if(PathParams == NULL) {

     fprintf(stderr,"SetInitRates(): PathParams not allocated\n");

     exit(1);

  }

  NumRates=HowManyRates(PathParams);

  Lag=PathParams->Lag;

  if(PathParams->InitLags == NULL) {

   fprintf(stderr,"SetInitRates(): PathParams->InitRate not allocated\n");

   exit(1);

  }

  for(il=1;il<=Lag;il++) {

    for(ir=1;ir<=NumRates;ir++) {

      *(PathParams->InitLags[il] +ir)= *(p[ir]+il);

    }

  }

  return err;

}

int SetInitLag

             (

             int il, 

             PATH *PathParams, 

             REAL *p

             )

{

  int ir;

  int NumRates;

  int Lag;

  int err = 0;

  if(PathParams == NULL) {

     fprintf(stderr,"SetInitRates(): PathParams not allocated\n");

     exit(1);

  }

  NumRates=HowManyRates(PathParams);

  Lag=PathParams->Lag;

  if(PathParams->InitLags == NULL) {

   fprintf(stderr,"SetInitLag(): PathParams->InitLags not allocated\n");

   exit(1);

  }

  for(ir=1;ir<=NumRates;ir++) {

      *(PathParams->InitLags[il] +ir)= *(p+ir);

  }

  return err;

}

void SetTimeGridSize

                   (

                   PATH *PathParams, 

                   int NumTimeSteps 

                   )

{

  if(NumTimeSteps < 1) {

    fprintf(stderr,"SetTimeGridSize(): Unacceptable number of time steps ... %d\n", NumTimeSteps);

    exit(1);

  }

  PathParams->TimeGridSize = NumTimeSteps;

}

void SetRateGridSize

                   (

                   PATH *PathParams, 

                   int NumRates 

                   )

{

  if(NumRates < 1) {

    fprintf(stderr,"SetRateGridSize(): Unacceptable number of rates ... %d\n", NumRates);

    exit(1);

  }

  PathParams->RateGridSize = NumRates;

}

void FetchRunningTimeSlice

                         (

                         PATH *PathParams, 

                         REAL *p

                         )

{

 int NumRates = HowManyRates(PathParams);

 int itime = PathParams->RunningTimeIndex;

 int it;

 int ir;

 if(itime <= 0) {

   it = 1- itime;

   for(ir=1;ir<=NumRates;ir++) *(p+ir) = *(PathParams->InitLags[it] + ir);

 } else {

   for(ir=1;ir<=NumRates;ir++) *(p+ir) = *(PathParams->History[itime] + ir);

 }

}

void PATH_Add

            (

            PATH *Path1, 

            PATH *Path2

            )

{

  int err = 0;

  int ir;

  int  NumRates; 

  int size;

  REAL *Slice1;

  REAL *Slice2;

  if(Path1 == NULL || Path2 == NULL) {

     fprintf(stderr,"PATH_Add(): Invalid argument\n");

     exit(1);

  }

  if((NumRates=HowManyRates(Path1)) != HowManyRates(Path2)) {

     fprintf(stderr,"PATH_Add(): Incompatible paths\n");

     exit(1);

  }

  size = (NumRates + 1)*sizeof(REAL);

  Slice1 = (REAL *) mymalloc(size,"PATH_Add():Slice1\n");

  Slice2 = (REAL *) mymalloc(size,"PATH_Add():Slice2\n");

  SetCurrentTimetoInitial(Path1);

  SetCurrentTimetoInitial(Path2);

  SetCurrentTimetoNext(Path1);

  SetCurrentTimetoNext(Path2);

  while((!BeyondHorizon(Path1)) && (!BeyondHorizon(Path2))) {

       if( GetCurrentTimeSlice(Path1, Slice1) != DONE) {

         fprintf(stderr,"GetCurrentTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Path1));

         exit(1);

       }

       if( GetCurrentTimeSlice(Path2, Slice2) != DONE) {

         fprintf(stderr,"GetCurrentTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Path2));

         exit(1);

       }

       for(ir=1;ir<=NumRates;ir++) *(Slice1 + ir) += *(Slice2 + ir);

       UpdateCurrentTimeSlice(Path1,Slice1);

       SetCurrentTimetoNext(Path1);

       SetCurrentTimetoNext(Path2);

  }

}

#else

PATH *CreatePath

               ( 

               int NumTimeSteps,

               int NumRates,

               int  Lag

               )

{

  int i;

  int err = 0;

  PATH *PathParams = NULL;

  if((PathParams=(PATH *)malloc(sizeof(PATH))) == NULL) {

   perror("CreatePath(): cannot allocate buffer for path\n");

   exit(1);

  }

  if((PathParams->History=(REAL **)

      malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for rate pointers in a path \n");

      exit(1);

  }

  for(i=0;i<=NumRates;i++) {

    if((PathParams->History[i]=(REAL *)

      malloc((NumTimeSteps+1)*sizeof(REAL))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for rate # %d\n",i);

      exit(1);

    }

  }

  if((PathParams->ValidRate=(int **)

      malloc((NumRates+1)*sizeof(int *))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for valid flag pointers in a path \n");

      exit(1);

  }

  for(i=0;i<=NumRates;i++) {

    if((PathParams->ValidRate[i]=(int *)

      malloc((NumTimeSteps+1)*sizeof(int))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for flags for rate # %d\n",i);

      exit(1);

    }

  }

  if((PathParams->AllValidRates=(int *)

      malloc((NumTimeSteps+1)*sizeof(int))) == NULL) {

      fprintf(stderr,"cannot allocate buffer for all valid flags \n");

      exit(1);

  }

  if(Lag > 0) {

     if((PathParams->InitLags=(REAL **)

         malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

         fprintf(stderr,"cannot allocate buffer for initial rates \n");

         exit(1);

     }

     for(i=0;i<=NumRates;i++) {

       if((PathParams->InitLags[i]=(REAL *)

         malloc((Lag+1)*sizeof(REAL))) == NULL) {

         fprintf(stderr,"cannot allocate buffer for initial lag # %d\n",i);

         exit(1);

       }

     }

  } else {

    PathParams->InitLags = NULL;

  }

  SetTimeGridSize(PathParams, NumTimeSteps );

  SetRateGridSize(PathParams,  NumRates );

  PathParams->Lag = Lag;

  return PathParams;

}

void PATH_Free(PATH *PathParams)

{

  int i;

  int  NumRates;

  int Lag; 

  if(PathParams == NULL) {

    fprintf(stderr,"PATH_Free(): cannot free a null path\n");

    exit(1);

  }

  NumRates = HowManyRates(PathParams);

  Lag = ProcessOrder(PathParams);

  if(PathParams->History == NULL) {

    fprintf(stderr,"PATH_Free(): cannot free a null history buffer\n");

    exit(1);

  } else {

    for(i=0;i<=NumRates;i++) {

      if(PathParams->History[i]== NULL) {

        fprintf(stderr,"PATH_Free(): cannot free a null buffer for rate # %d\n",i);

        exit(1);

      } else {

        free((void *)PathParams->History[i]);

      }

    }

    free((void *)PathParams->History);

  }

  if(Lag > 0) {

    if(PathParams->InitLags == NULL) {

      fprintf(stderr,"PATH_Free(): cannot free a null init lag buffer\n");

      exit(1);

    } else {

      for(i=0;i<=NumRates;i++) {

        if(PathParams->InitLags[i]== NULL) {

          fprintf(stderr,"PATH_Free(): cannot free a null lag buffer for rate # %d\n",i);

          exit(1);

        } else {

          free((void *)PathParams->InitLags[i]);

        }

      }

      free((void *)PathParams->InitLags);

    }

  }

  free((void *)PathParams);

}

int GetCurrentTimeSlice

                      (

                      PATH* PathParams, 

                      REAL *p 

                      )

{

  int ir;

  int NumRates         = HowManyRates(PathParams);

  int NumTimeSteps     = HowManyTimeSteps(PathParams);

  int it = GetCurrentTimeIndex(PathParams);

  if(p != NULL) {

     for(ir=0; ir <= NumRates; ir ++)

        *(p+ir) = *(PathParams->History[ir] + it);

  } else {

     fprintf(stderr, "GetCurrentTimeSlice(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

int GetCurrentMCStep

                   ( 

                   PATH *PathParams, 

                   REAL *p 

                   )

{

  int ir;

  int NumRates = HowManyRates(PathParams);

  int it = HowManyTimeSteps(PathParams);

  if(p != NULL) {

     for(ir=0; ir <= NumRates; ir ++)

        *(p+ir) = *(PathParams->History[ir] + it);

  } else {

     fprintf(stderr, "GetCurrentMCStep(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

int GetPreviousTimeSlice

                       ( 

                       PATH *PathParams, 

                       REAL *p 

                       )

{

  int ir;

  int NumRates         = HowManyRates(PathParams);

  int NumTimeSteps     = HowManyTimeSteps(PathParams);

  int it = GetPreviousTimeIndex(PathParams);

  if(p != NULL) {

  for(ir=0; ir <= NumRates; ir ++)

     *(p+ir) = *(PathParams->History[ir] + it);

  } else {

     fprintf(stderr, "GetPreviousTimeSlice(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

int GetNextTimeSlice

                   ( 

                   PATH *PathParams, 

                   REAL *p 

                   )

{

  int ir;

  int NumRates         = HowManyRates(PathParams);

  int NumTimeSteps     = HowManyTimeSteps(PathParams);

  int it = GetNextTimeIndex(PathParams);

  if(p != NULL) {

  for(ir=0; ir <= NumRates; ir ++)

     *(p+ir) = *(PathParams->History[ir] + it);

  } else {

     fprintf(stderr, "GetPreviousTimeSlice(): Invalid pointer argument\n");

     exit(1);

  }

  return DONE;

}

void FlipAllHistories(PATH *PathParams)

{

  int ir;

  int it;

  int  NumRates=HowManyRates(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  for(ir=1; ir<=NumRates; ir++) for(it=1;it<=NumTimeSteps;it++)

    *(PathParams->History[ir] + it) *= (-1);

}

void UpdateCurrentTimeSlice

                          (

                          PATH *PathParams, 

                          REAL *NewRates

                          )

{

  int ir;

  int NumRates= HowManyRates(PathParams);

  int it=GetCurrentTimeIndex(PathParams);

  for (ir=1;ir<=NumRates;ir++)

              *(PathParams->History[ir]+it) = *(NewRates+ir);

}

void ShiftCurrentRateHistory

                           (

                           PATH *PathParams, 

                           REAL shift

                           )

{

  int it1;

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  int it=GetCurrentTimeIndex(PathParams);

  int ir=GetCurrentRateIndex(PathParams);

  for (it1=it;it1<=NumTimeSteps;it1++)

              *(PathParams->History[ir]+it1) += shift;

}

void ShiftCurrentRate

                    (

                    PATH *PathParams, 

                    REAL shift

                    )

{

  int it1;

  int it=GetCurrentTimeIndex(PathParams);

  int ir=GetCurrentRateIndex(PathParams);

  *(PathParams->History[ir]+it) += shift;

}

int SetCurrentPath

                 (

                 PATH *PathParams, 

                 REAL *p

                 ) 

{

  int it;

  int ir;

  int NumTimeSteps;

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  NumTimeSteps = HowManyTimeSteps(PathParams);

  ir = GetCurrentRateIndex(PathParams);

  if(PathParams->History[ir] == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams->History[%d] not allocated\n", ir);

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(PathParams->History[ir]+it)= *(p+it);

  return 0;

}

void GetCurrentPath

                  (

                  PATH *PathParams, 

                  REAL *p

                  )

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  if(PathParams->History[ir] == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams->History[%d] not allocated\n", ir);

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(p+it) = *(PathParams->History[ir]+it);

}

void GetInitLagsofCurrentPath

                            (

                            PATH *PathParams, 

                            REAL *p

                            )

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  if(PathParams->InitLags[ir] == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams->Lags[%d] not allocated\n", ir);

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(p+it) = *(PathParams->InitLags[ir]+it);

}

void SetInitLagsofCurrentPath

                            (

                            PATH *PathParams, 

                            REAL *p

                            )

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  if(PathParams->InitLags[ir] == NULL) {

     fprintf(stderr,"GetCurrentPath(): PathParams->Lags[%d] not allocated\n", ir);

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(PathParams->InitLags[ir]+it) = *(p+it);

}

int SetStraightPath

                  (

                  PATH *PathParams, 

                  REAL c

                  ) 

{

  int it;

  int ir=GetCurrentRateIndex(PathParams);

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  if(PathParams->History[ir] == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams->History[%d] not allocated\n", ir);

     exit(1);

  }

  for(it=0;it<=NumTimeSteps;it++) *(PathParams->History[ir]+it)= c;

  return 0;

}

void SetAllPathsToZero(PATH *PathParams)

{

  int it;

  int ir;

  int NumTimeSteps= HowManyTimeSteps(PathParams);

  int NumRates = HowManyRates(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentPath(): PathParams not allocated\n");

     exit(1);

  }

  for(ir=0;ir<=NumRates;ir++) {

    if(PathParams->History[ir] == NULL) {

       fprintf(stderr,"SetCurrentPath(): History[%d] not allocated\n", ir);

       exit(1);

    }

    for(it=0;it<=NumTimeSteps;it++) *(PathParams->History[ir]+it)= 0.0;

  }

}

int SetCurrentTimeSlice

                      (

                      PATH *PathParams, 

                      REAL *p

                      ) 

{

  int ir;

  int it=GetCurrentTimeIndex(PathParams);

  int NumRates= HowManyRates(PathParams);

  if(PathParams == NULL) {

     fprintf(stderr,"SetCurrentTimeSlice(): PathParams not allocated\n");

     exit(1);

  }

  for(ir=0;ir<=NumRates;ir++) {

    if(PathParams->History[ir] == NULL) {

       fprintf(stderr,"SetCurrentTimeSlice(): History[%d] not allocated\n", ir);

       exit(1);

    }

    *(PathParams->History[ir]+it)= *(p+ir);

  }

  return 0;

}

int SetInitLagsToZero(PATH *PathParams)

{

  int ir;

  int il;

  int NumRates;

  int Lag;

  int err = 0;

  if(PathParams == NULL) {

     fprintf(stderr,"SetInitRatesToZero(): PathParams not allocated\n");

     exit(1);

  }

  NumRates=HowManyRates(PathParams);

  Lag=PathParams->Lag;

  if(PathParams->InitLags == NULL) {

   fprintf(stderr,"SetInitRatesToZero(): PathParams->InitLags not allocated\n");

   exit(1);

  }

  for(ir=1;ir<=NumRates;ir++) {

     for(il=1;il<=Lag;il++) {

       *(PathParams->InitLags[ir] + il)=0.0;

     }

  }

  return 0;

}

int SetAllInitLags

                 (

                 PATH *PathParams, 

                 REAL **p

                 )

{

  int ir;

  int il;

  int NumRates;

  int Lag;

  int err = 0;


  if(PathParams == NULL) {

     fprintf(stderr,"SetInitRates(): PathParams not allocated\n");

     exit(1);

  }

  NumRates=HowManyRates(PathParams);

  Lag=PathParams->Lag;

  if(PathParams->InitLags == NULL) {

   fprintf(stderr,"SetInitRates(): PathParams->InitRate not allocated\n");

   exit(1);

  }

  for(ir=1;ir<=NumRates;ir++) {

   for(il=1;il<=Lag;il++) {

      *(PathParams->InitLags[ir] +il)= *(p[ir]+il);

   }

  }

  return err;

}

int SetInitLag

             (

             int il, 

             PATH *PathParams, 

             REAL *p

             )

{

  int ir;

  int NumRates;

  int Lag;

  int err = 0;

  if(PathParams == NULL) {

     fprintf(stderr,"SetInitRates(): PathParams not allocated\n");

     exit(1);

  }

  NumRates=HowManyRates(PathParams);

  Lag=PathParams->Lag;

  if(PathParams->InitLags == NULL) {

   fprintf(stderr,"SetInitLag(): PathParams->InitLags not allocated\n");

   exit(1);

  }

  for(ir=1;ir<=NumRates;ir++) {

      *(PathParams->InitLags[ir] +il)= *(p+ir);

  }

  return err;

}

void SetTimeGridSize

                   (

                   PATH *PathParams, 

                   int NumTimeSteps 

                   )

{

  if(NumTimeSteps < 1) {

    fprintf(stderr,"SetTimeGridSize(): Unacceptable number of time steps ... %d\n", NumTimeSteps);

    exit(1);

  }

  PathParams->TimeGridSize = NumTimeSteps;

}

void SetRateGridSize

                   (

                   PATH *PathParams, 

                   int NumRates 

                   )

{

  if(NumRates < 1) {

    fprintf(stderr,"SetRateGridSize(): Unacceptable number of rates ... %d\n", NumRates);

    exit(1);

  }

  PathParams->RateGridSize = NumRates;

}

void FetchRunningTimeSlice

                         (

                         PATH *PathParams, 

                         REAL *p

                         )

{

 int NumRates = HowManyRates(PathParams);

 int itime = PathParams->RunningTimeIndex;

 int it;

 int ir;

 if(itime <= 0) {

   it = 1- itime;

   for(ir=1;ir<=NumRates;ir++) *(p+ir) = *(PathParams->InitLags[ir] + it);

 } else {

   for(ir=1;ir<=NumRates;ir++) *(p+ir) = *(PathParams->History[ir] + itime);

 }

}

void PATH_Add

            (

            PATH *Path1, 

            PATH *Path2

            )

{

  int err = 0;

  int ir;

  int  NumRates;

  int  size;

  REAL *Slice1;

  REAL *Slice2;

  if(Path1 == NULL || Path2 == NULL) {

     fprintf(stderr,"PATH_Add(): Invalid argument\n");

     exit(1);

  }

  if((NumRates=HowManyRates(Path1)) != HowManyRates(Path2)) {

     fprintf(stderr,"PATH_Add(): Incompatible paths\n");

     exit(1);

  }

  size = (NumRates + 1)*sizeof(REAL);

  Slice1 = (REAL *) mymalloc(size,"PATH_Add():Slice1\n");

  Slice2 = (REAL *) mymalloc(size,"PATH_Add():Slice2\n");

  SetCurrentTimetoInitial(Path1);

  SetCurrentTimetoInitial(Path2);

  SetCurrentTimetoNext(Path1);

  SetCurrentTimetoNext(Path2);

  while((!BeyondHorizon(Path1)) && (!BeyondHorizon(Path2))) {

       if( GetCurrentTimeSlice(Path1, Slice1) != DONE) {

         fprintf(stderr,"GetCurrentTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Path1));

         exit(1);

       }

       if( GetCurrentTimeSlice(Path2, Slice2) != DONE) {

         fprintf(stderr,"GetCurrentTimeSlice(): Time Slice # %d\n", GetCurrentTimeIndex(Path2));

         exit(1);

       }

       for(ir=1;ir<=NumRates;ir++) *(Slice1 + ir) += *(Slice2 + ir);

       UpdateCurrentTimeSlice(Path1,Slice1);

       SetCurrentTimetoNext(Path1);

       SetCurrentTimetoNext(Path2);

  }

}

#endif

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#include <math.h>

#include "DEFS.h"

#include "PROB.h"

#ifdef BUNDLE_AR_WITH_PROB

#include "RNG.h"

int GaussianT 

            (

           int NumRates,

           REAL *shift,

           REAL *RatesPres,

           REAL *RatesPrev,

           REAL *RatesNext,

           REAL **Couplings,

           int   nhistdata,

           REAL *xhistdata,

           REAL *yhistdata

            )

{

   REAL arg;

   REAL Delta;

   int Naccepted = 0;

   int TrialIndex;

   int RateIndex;

   REAL u;

   for(TrialIndex=1;TrialIndex<=NumRates;TrialIndex++) {

     u = shift[TrialIndex];

     arg=0.0;

     for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

       Delta  = RatesPres[RateIndex]-RatesPrev[RateIndex];

       Delta *= Couplings[TrialIndex][RateIndex];

       arg +=  Delta;

     }

     arg *= u;

     arg += 0.5*u*u*Couplings[TrialIndex][TrialIndex];

     arg = -arg;

     arg = (arg > MAXARG) ? MAXARG:arg;

     arg = (arg < MINARG) ? MINARG:arg;

     if(randf() <= exp(arg)) {

         Naccepted++;

         RatesPres[TrialIndex] += u;

     } else {

         shift[TrialIndex] = 0.0;

     }

   }

   return Naccepted;

}

int GaussianTEV

              (

              int NumRates,

              REAL *shift,

              REAL *RatesPres,

              REAL *RatesPrev,

              REAL *RatesNext,

              REAL **Couplings,

              int   nhistdata,

              REAL *xhistdata,

              REAL *yhistdata

              )

{

   REAL arg;

   int Naccepted = 0;

   int RateIndex;

   REAL u;

   REAL c;

   for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

     u = shift[RateIndex];

     c = Couplings[RateIndex][1];

     arg  = u*c*(RatesPres[RateIndex]-RatesPrev[RateIndex]);

     arg += 0.5*u*u*c;

     arg = -arg;

     arg = (arg > MAXARG) ? MAXARG:arg;

     arg = (arg < MINARG) ? MINARG:arg;

     if(randf() <= exp(arg)) {

         Naccepted++;

/*

         printf("%f %f %d\n",RatesPres[RateIndex],RatesPres[RateIndex]+u,1);

*/

     } else {

         shift[RateIndex] = 0.0;

/*

         printf("%f %f %d\n",RatesPres[RateIndex],RatesPres[RateIndex]+u,0);

*/




}

   }

   return Naccepted;

}

int RealData

           (

           int NumRates,

           REAL *shift,

           REAL *RatesPres,

           REAL *RatesPrev,

           REAL *RatesNext,

           REAL **Couplings,

           int   nhistdata,




  REAL *xhistdata,




  REAL *yhistdata

           )

{


REAL u;


REAL x,y,xint;

   REAL r,h,hi,c;

   REAL x1,x2,y1,y2,small,xoff,alpha,prob_current,prob_future,RateFuture;

   int i,istore;

   int Naccepted = 0;

   int RateIndex;


h = xhistdata[2]-xhistdata[1];


hi= 1.0/h;

   for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {



if (shift[RateIndex] > 0 ) {



shift[RateIndex]= shift[RateIndex];

      } else {

         shift[RateIndex] = shift[RateIndex]; 



}

/* first thing is to find the probability of being at the present location

   and at being in the new location */

/* we wil have to linearly interpolate to get these positions */


small = 100.0;

   istore = 0;

   xint = RatesPres[RateIndex]-RatesPrev[RateIndex];


for (i=0;i<nhistdata;i++) {



xoff = xint - xhistdata[i];



if ( (xoff >0) && ( xoff < small) ) {

            small = xoff;

            istore = i;

       }

    }

    if (istore == nhistdata-1) {




istore --;


}

    x1 = xhistdata[istore];

    x2 = xhistdata[istore+1];

    y1 = yhistdata[istore];

    y2 = yhistdata[istore+1];

    alpha = xint- x1;

    prob_current = (h-alpha)*hi*y1 + alpha*hi*y2;

    if (prob_current < 0.0) {



prob_current = 0.0;


 }


 RateFuture  = RatesPres[RateIndex] + shift[RateIndex];

    xint = RateFuture - RatesPrev[RateIndex];


small = 100.0;

   istore = 0;

   for (i=0;i<nhistdata;i++) {

      xoff = xint - xhistdata[i];

      if ( (xoff >0) && ( xoff < small) ) {

            small = xoff;

            istore = i;

       }

    }

    if (istore == nhistdata-1) {




istore --;


}

    x1 = xhistdata[istore];

    x2 = xhistdata[istore+1];

    y1 = yhistdata[istore];

    y2 = yhistdata[istore+1];

    alpha = xint- x1;

    prob_future = (h-alpha)*hi*y1 + alpha*hi*y2;

    if (prob_future < 0.0) {

       prob_future = 0.0;

    }

    r = randf();


 if (prob_future > prob_current) {

       Naccepted++;

/*

       printf("%f %f %f %f %f  %d\n",RatesPres[RateIndex],RatesPres[RateIndex]+shift[RateIndex],prob_current,prob_future,prob_future/prob_current,1);

*/

    } else {



 if (prob_current == 0.0) {

          if (prob_future == 0.0) {





prob_current = 1.0;





prob_future  = 0.0;

          } else  {

               prob_current = 0.0000000001;




}

       }

       if ( (prob_future/prob_current) > r) {

          Naccepted++;

/*

       printf("%f %f %f %f %f  %d\n",RatesPres[RateIndex],RatesPres[RateIndex]+shift[RateIndex],prob_current,prob_future,prob_future/prob_current,1);

*/

       } else {

/*

       printf("%f %f %f %f %f  %d\n",RatesPres[RateIndex],RatesPres[RateIndex]+shift[RateIndex],prob_current,prob_future,prob_future/prob_current,0);

*/

          shift[RateIndex] = 0.0;

       }

    }

}

   return Naccepted;

}

int Gaussian 

           (

           int NumRates, 

           REAL *shift,

           REAL *RatesPres, 

           REAL *RatesPrev, 

           REAL *RatesNext, 

           REAL **Couplings,

           int   nhistdata,

           REAL *xhistdata,

           REAL *yhistdata

           )

{

   REAL arg;

   REAL Delta;

   int RateIndex;

   int TrialIndex;

   int Naccepted = 0;

   REAL arg1;

   REAL arg2;

   REAL u;

   REAL v;

   if(RatesNext != NULL) {

      for(TrialIndex=1;TrialIndex<=NumRates;TrialIndex++) {

        arg1=0.0;

        u = shift[TrialIndex];

        v = 0.5*u*u*Couplings[TrialIndex][TrialIndex];

        for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

          Delta  = RatesPres[RateIndex]-RatesPrev[RateIndex];

          Delta *= Couplings[TrialIndex][RateIndex];

          arg1 +=  Delta;

        }

        arg1 *= u;

        arg1 += v;

        arg1 = -arg1;

        arg2=0.0;

        for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

          Delta  = RatesNext[RateIndex]-RatesPres[RateIndex];

          Delta *= Couplings[TrialIndex][RateIndex];

          arg2 +=  Delta;

        }

        arg2 *= (-1.)*u;

        arg2 += v;

        arg2 = -arg2;

        arg = arg1 + arg2;

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg)) {

            Naccepted++;

            RatesPres[TrialIndex] += u;

        } else {

            shift[TrialIndex] = 0.0;

        }

      }

   }  else  {

      for(TrialIndex=1;TrialIndex<=NumRates;TrialIndex++) {

        arg=0.0;

        u = shift[TrialIndex];

        for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

          Delta  = RatesPres[RateIndex]-RatesPrev[RateIndex];

          Delta *= Couplings[TrialIndex][RateIndex];

          arg +=  Delta;

        }

        arg *= u;

        arg += 0.5*u*u*Couplings[TrialIndex][TrialIndex];

        arg = -arg;

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg)) {

            Naccepted++;

            RatesPres[TrialIndex] += u;

        } else {

            shift[TrialIndex] = 0.0;

        }

      }

  }

  return Naccepted;

}

int Student3T

            (

            int NumRates,

            REAL *update,

            REAL *RatesPres,

            REAL *RatesPrev,

            REAL *RatesNext,

           REAL **Couplings,

           int   nhistdata,

           REAL *xhistdata,

           REAL *yhistdata

            )

{

   int RateIndex;

   int TrialIndex;

   int ir;

   int jr;

   int Naccepted = 0;

   REAL arg1;

   REAL arg;

   REAL term;

   REAL prob_fi1;

   REAL prob_fi;

   REAL arg_i1;

   REAL arg_i;

   REAL shift;

   REAL delta;

   REAL v1;

   REAL v2;

   const int v=3;

   v1 = (NumRates*v+1.)/2.;

   v2 = (REAL) (v*NumRates);

   arg_i = 0.0;

   for(ir=1;ir <= NumRates;ir++) for(jr=1;jr <=NumRates;jr++) {

     term = Couplings[ir][jr]*(RatesPres[ir]-RatesPrev[ir]) * 

                              (RatesPres[jr]-RatesPrev[jr]);

     arg_i += term;

   } /* initial value of quadratic form  */

   for(TrialIndex=1; TrialIndex <= NumRates; TrialIndex++) {

     shift = update[TrialIndex];

     arg_i1=arg_i;

     arg1=arg_i;

     /* terms linear in shift */

     delta = 0.0;

     term = 0.0;

     for(jr=1;jr <=NumRates;jr++) {

       term += (RatesPres[jr]-RatesPrev[jr])*Couplings[TrialIndex][jr];

     }

     term *= 2.*shift;

     delta += term;

     arg1 += term;

     /* term quadratic in shift */

     delta += (term=shift*shift*Couplings[TrialIndex][TrialIndex]);

     arg1 += term;

     arg_i1 /= v2;

     arg1 /= v2;

     prob_fi1= (1. + arg_i1 )/(1. + arg1);

     arg = v1*log(prob_fi1);

     arg = (arg > MAXARG) ? MAXARG:arg;

     arg = (arg < MINARG) ? MINARG:arg;

     prob_fi = exp(arg);

     if(randf() <= exp(arg)) {

         Naccepted++;

         arg_i += delta;

         RatesPres[TrialIndex] += shift;

     } else {

         update[TrialIndex] = 0.0;

     }

   } /* end of loop over rates */

   return Naccepted;

}/* end of generic Student (n=3) with translation symmetry */

int GeneralizedCauchy

                    (

                    int NumRates,

                    REAL *update,

                    REAL *RatesPres,

                    REAL *RatesPrev,

                    REAL *RatesNext,

                    REAL **Parameter,

                    int   nhistdata,

                    REAL *xhistdata,

                    REAL *yhistdata

                    )

{

   int Naccepted = 0;

   int rIndex;

   int ir;

   int jr;

   REAL arg;

   REAL term;

   REAL arg_i;

   REAL shift;

   REAL delta;

   REAL *Rates = NULL;

   Rates =  (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedCauchy()");

   if(RatesNext == NULL) {

      for(ir=1;ir <= NumRates;ir++) {

        Rates[ir] = RatesPres[ir] - RatesPrev[ir];

      }

/*    initial value of quadratic form  */

      arg_i = 0.0;

      for(ir=1;ir <= NumRates;ir++) {

        for(jr=1;jr <=NumRates;jr++) {

             arg_i += Parameter[ir][jr]*Rates[ir]*Rates[jr];

        }

      }

/******

      (1) loop over rates,

      (2) apply trial update to each rate

      (3) compute ratio of probabilities

      (4) accept/reject

      (5) update quadratic form

 *****/

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

        shift = update[rIndex];

        /* terms linear in shift */

        delta = 0.0;

        term = 0.0;

        for(jr=1;jr <=NumRates;jr++) {

          term += Rates[jr]*Parameter[rIndex][jr];

        }

        term *= 2.*shift;

        delta += term;

        /* term quadratic in shift */

        delta += (term=shift*shift*Parameter[rIndex][rIndex]);

        arg = (1. + arg_i )/(1. + arg_i + delta);

        arg = Parameter[1][NumRates+1]*log(arg);

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg) ){

          Naccepted++;

          Rates[rIndex] += shift;

          arg_i += delta;

        } else {

          update[rIndex] = 0.0;

        }

     } /* end of loop over rates */

  } else {

   REAL arg1;

   REAL term1;

   REAL arg_i_1;

   REAL shift1;

   REAL delta1;

   REAL *Rates1 = NULL;

   REAL arg2;

   REAL term2;

   REAL arg_i_2;

   REAL shift2;

   REAL delta2;

   REAL *Rates2=NULL;

      Rates1 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedCauchy()");

      Rates2 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedCauchy()");

      for(ir=1;ir <= NumRates;ir++) {

        Rates1[ir] = RatesPres[ir] - RatesPrev[ir];

        Rates2[ir] = RatesNext[ir] - RatesPres[ir];

      }

/*    initial values of quadratic forms on next and prev time steps  */

      arg_i_1 = 0.0;

      arg_i_2 = 0.0;

      for(ir=1;ir <= NumRates;ir++) {

        for(jr=1;jr <=NumRates;jr++) {

             arg_i_1 += Parameter[ir][jr]*Rates1[ir]*Rates1[jr];

             arg_i_2 += Parameter[ir][jr]*Rates2[ir]*Rates2[jr];

        }

      }

/******

      (1) loop over rates,

      (2) apply trial update to each rate

      (3) compute ratio of probabilities; probability is a product

          of next and prev time steps

      (4) accept/reject

      (5) update quadratic form

 *****/

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

        shift1 = update[rIndex];

        shift2 = -update[rIndex];

        /* terms linear in shift */

        delta1 = 0.0;

        delta2 = 0.0;

        term1 = 0.0;

        term2 = 0.0;

        for(jr=1;jr <=NumRates;jr++) {

          term1 += Rates1[jr]*Parameter[rIndex][jr];

          term2 += Rates2[jr]*Parameter[rIndex][jr];

        }

        term1 *= 2.*shift1;

        term2 *= 2.*shift2;

        delta1 += term1;

        delta2 += term2;

        /* term quadratic in shift */

        delta1 += (term1=shift1*shift1*Parameter[rIndex][rIndex]);

        delta2 += (term2=shift2*shift2*Parameter[rIndex][rIndex]);

        arg1 = (1. + arg_i_1 )/(1. + arg_i_1 + delta1);

        arg2 = (1. + arg_i_2 )/(1. + arg_i_2 + delta2);

        arg1 = Parameter[1][NumRates+1]*log(arg1);

        arg2 = Parameter[1][NumRates+1]*log(arg2);

        arg  = arg1 + arg2;

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg)){

          Naccepted++;

          Rates[rIndex] += shift1;

          arg_i_1 += delta1;

          arg_i_2 += delta2;

        } else {

          update[rIndex] = 0.0;

        }

     } /* end of loop over rates */

  }

  return Naccepted;

} /* end of GeneralizedCauchy() */

int GeneralizedCauchyEV

                      (

                      int NumRates,

                      REAL *update,

                      REAL *RatesPres,

                      REAL *RatesPrev,

                      REAL *RatesNext,

                      REAL **Parameter,

                      int   nhistdata,

                      REAL *xhistdata,

                      REAL *yhistdata

                      )

{

   int Naccepted = 0;

   int rIndex;

   int ir;

   REAL arg;

   REAL term;

   REAL arg_i;

   REAL shift;

   REAL delta;

   REAL *Rates = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedCauchyEV()");

   REAL arg1;

   REAL term1;

   REAL arg_i_1;

   REAL shift1;

   REAL delta1;

   REAL *Rates1 = NULL;

   REAL arg2;

   REAL term2;

   REAL arg_i_2;

   REAL shift2;

   REAL delta2;

   REAL *Rates2=NULL;

   Rates1 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedCauchyEV()");

   Rates2 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedCauchyEV()");

   if(RatesNext == NULL) {

      for(ir=1;ir <= NumRates;ir++) {

        Rates[ir] = RatesPres[ir] - RatesPrev[ir];

      }

/******

      (1) loop over rates,

      (2) apply trial update to each rate

      (3) compute ratio of probabilities

      (4) accept/reject

      (5) update quadratic form

 *****/

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

        shift = update[rIndex];

/* Scott found a bug here.....

        arg_i = Parameter[ir][1]*Rates[ir]*Rates[ir];

ir should be rIndex

*/

        arg_i = Parameter[rIndex][1]*Rates[rIndex]*Rates[rIndex];

        /* term linear in shift */

        delta = 0.0;

        term = 2.*shift*Rates[rIndex]*Parameter[rIndex][1];

        delta += term;

        /* term quadratic in shift */

        delta += (term=shift*shift*Parameter[rIndex][1]);

        arg = (1. + arg_i )/(1. + arg_i + delta);

/* Scott found a bug here.....

        arg = Parameter[rIndex][2]*log(arg);

here we address index 2, and I believe that it should be index 1

*/

        arg = Parameter[rIndex][2]*log(arg);

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg) ){

          Naccepted++;

          Rates[rIndex] += shift;

        } else {

          update[rIndex] = 0.0;

        }

     } /* end of loop over rates */

  } else {

      for(ir=1;ir <= NumRates;ir++) {

        Rates1[ir] = RatesPres[ir] - RatesPrev[ir];

        Rates2[ir] = RatesNext[ir] - RatesPres[ir];

      }

/******

      (1) loop over rates,

      (2) apply trial update to each rate

      (3) compute ratio of probabilities; probability is a product

          of next and prev time steps

      (4) accept/reject

      (5) update quadratic form

 *****/

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

        shift1 = update[rIndex];

        shift2 = -update[rIndex];

/* Scott found a bug here.....

   I believe that instead of the following lines

        arg_i_1 = Parameter[ir][1]*Rates1[ir]*Rates1[ir];

        arg_i_2 = Parameter[ir][1]*Rates2[ir]*Rates2[ir];

   we should have

        arg_i_1 = Parameter[rIndex][1]*Rates1[rIndex]*Rates1[rIndex];

        arg_i_2 = Parameter[rIndex][1]*Rates2[rIndex]*Rates2[rIndex];

*/

        arg_i_1 = Parameter[rIndex][1]*Rates1[rIndex]*Rates1[rIndex];

        arg_i_2 = Parameter[rIndex][1]*Rates2[rIndex]*Rates2[rIndex];

        /* terms linear in shift */

        delta1 = 0.0;

        delta2 = 0.0;

        term1 =2.*shift1*Rates1[rIndex]*Parameter[rIndex][1];

        term2 =2.*shift2*Rates2[rIndex]*Parameter[rIndex][1];

        delta1 += term1;

        delta2 += term2;

        /* term quadratic in shift */

        delta1 += (term1=shift1*shift1*Parameter[rIndex][1]);

        delta2 += (term2=shift2*shift2*Parameter[rIndex][1]);

        arg1 = (1. + arg_i_1 )/(1. + arg_i_1 + delta1);

        arg2 = (1. + arg_i_2 )/(1. + arg_i_2 + delta2);

/* Scott found a bug here.....

        arg1 = Parameter[rIndex][2]*log(arg1);

        arg2 = Parameter[rIndex][2]*log(arg2);

these 2 lines have a 2 for the second index.... the array is only allocated

for 1 (0:1), so this must be a problem....

I will put a 1 here....

*/

        arg1 = Parameter[rIndex][2]*log(arg1);

        arg2 = Parameter[rIndex][2]*log(arg2);

        arg  = arg1 + arg2;

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg)){

          Naccepted++;

          Rates[rIndex] += shift1;

        } else {

          update[rIndex] = 0.0;

        }

     } /* end of loop over rates */

  }

  V_Free((void *) Rates);

  V_Free((void *) Rates1);

  V_Free((void *) Rates2);

  return Naccepted;

} /* end of GeneralizedCauchyEV() */

int GeneralizedLogistic

                      (

                      int NumRates,

                      REAL *update,

                      REAL *RatesPres,

                      REAL *RatesPrev,

                      REAL *RatesNext,

                      REAL **Parameter,

                      int   nhistdata,

                      REAL *xhistdata,

                      REAL *yhistdata

                      )

{

   int Naccepted = 0;

   int rIndex;

   int ir;

   REAL arg;

   REAL arg1;

   REAL arg2;

   REAL arg3;

   REAL arg_i;

   REAL t;

   REAL v;

   REAL shift;

   REAL delta;

/* the exponent of the denominator */

      v = Parameter[ir=1][4];

      for(ir=1;ir <=  NumRates; ir++) v += Parameter[ir][1];

   if(RatesNext == NULL) {

   REAL *term = (REAL *) mymalloc((NumRates+1)*sizeof(REAL), "GeneralizedLogistic()");

   REAL *Rates =  (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogistic()");

      for(ir=1;ir <= NumRates;ir++) {

        Rates[ir] = RatesPres[ir] - RatesPrev[ir];

      }

/* initial value of the sum of exponentials in denominator */

      arg_i = 0.0;

      for(ir=1;ir <= NumRates;ir++) {

        t = Parameter[ir][2]*Rates[ir]-Parameter[ir][3];

        term[ir] = t = exp(-t*Parameter[ir][1]);

        arg_i += t;

      }

/******

   (1) loop over rates,

   (2) apply trial update to each rate

   (3) compute ratio of probabilities

   (4) accept/reject

   (5) update value of the sum of exponentials in denominator

 *****/

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

        shift = update[rIndex];

        arg2=arg1=1.+arg_i;

        arg2 += (delta =  term[rIndex] * (exp(-Parameter[rIndex][2]*shift) -1.));

        arg3 = Parameter[rIndex][1]*Parameter[rIndex][2]*shift;

        arg = arg1 / arg2;

        arg = -arg3 + v*log(arg);

        arg = (arg > MAXARG) ? MAXARG:arg;

        arg = (arg < MINARG) ? MINARG:arg;

        if(randf() <= exp(arg) ){

          Naccepted++;

          arg_i += delta;

        } else {

          update[rIndex] = 0.0;

        }

     } /* end of loop over rates */

     V_Free((void *) term);

     V_Free((void *) Rates);

  } else {

   REAL arg_i_1;

   REAL arg_i_2;

   REAL arg_1;

   REAL arg_2;

   REAL arg1_1;

   REAL arg1_2;

   REAL arg2_1;

   REAL arg2_2;

   REAL arg3_1;

   REAL arg3_2;

   REAL shift1;

   REAL shift2;

   REAL t1;

   REAL t2;

   REAL delta1;

   REAL delta2;

   REAL *Rates1 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogistic()");

   REAL *Rates2 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogistic()");

   REAL *term1 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogistic()");

   REAL *term2 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogistic()");

     for(ir=1;ir <= NumRates;ir++) {

        Rates1[ir] = RatesPres[ir] - RatesPrev[ir];

        Rates2[ir] = RatesNext[ir] - RatesPres[ir];

     }

/* initial value of the sum of exponentials in denominator */

     arg_i_1 = 0.0;

     arg_i_2 = 0.0;

     for(ir=1;ir <= NumRates;ir++) {

       t1 = Parameter[ir][2]*Rates1[ir]-Parameter[ir][3];

       t2 = Parameter[ir][2]*Rates2[ir]-Parameter[ir][3];

       term1[ir] = t1 = exp(-t1*Parameter[ir][1]);

       term2[ir] = t2 = exp(-t2*Parameter[ir][1]);

       arg_i_1 += t1;

       arg_i_2 += t2;

     }

/******

   (1) loop over rates,

   (2) apply trial update to each rate

   (3) compute ratio of probabilities

   (4) accept/reject

   (5) update value of the sum of exponentials in denominator

 *****/

     for(rIndex=1; rIndex <= NumRates; rIndex++) {

       shift1 = update[rIndex];

       shift2 = -update[rIndex];

       arg2_1=arg1_1=1.+arg_i_1;

       arg2_2=arg1_2=1.+arg_i_2;

       arg2_1 += (delta1 =  term1[rIndex] * (exp(-Parameter[rIndex][2]*shift1) -1.));

       arg2_2 += (delta2 =  term2[rIndex] * (exp(-Parameter[rIndex][2]*shift2) -1.));

       arg3_1 = Parameter[rIndex][1]*Parameter[rIndex][2]*shift1;

       arg3_2 = Parameter[rIndex][1]*Parameter[rIndex][2]*shift2;

       arg_1 = arg1_1 / arg2_1;

       arg_2 = arg1_2 / arg2_2;

       arg_1 = -arg3_1 + v*log(arg_1);

       arg_2 = -arg3_2 + v*log(arg_2);

       arg = arg_1 + arg_2;

       arg = (arg > MAXARG) ? MAXARG:arg;

       arg = (arg < MINARG) ? MINARG:arg;

       if(randf() <= exp(arg) ){

         Naccepted++;

         arg_i_1 += delta1;

         arg_i_2 += delta2;

       } else {

          update[rIndex] = 0.0;

       }

    } /* end of loop over rates */

    V_Free((void *) term1);

    V_Free((void *) term2);

    V_Free((void *) Rates1);

    V_Free((void *) Rates2);

  } /* end of if(Next==NULL)-else */

  return Naccepted;

} /* end of GeneralizedLogistic() */

int GeneralizedLogisticEV

                        (

                        int NumRates,

                        REAL *update,

                        REAL *RatesPres,

                        REAL *RatesPrev,

                        REAL *RatesNext,

                        REAL **Parameter,

                        int   nhistdata,

                        REAL *xhistdata,

                        REAL *yhistdata

                        )

{

   int Naccepted = 0;

   int rIndex;

   int ir;

   REAL fac;

   REAL arg;

   if(RatesNext == NULL) {

   REAL *Rates = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogisticEV()");

   REAL arg1;

   REAL arg2;

   REAL arg3;

   REAL arg_i;

   REAL shift;

      for(ir=1;ir <= NumRates;ir++) {

        Rates[ir] = RatesPres[ir] - RatesPrev[ir];

      }

/******

   (1) loop over rates,

   (2) apply trial update to each rate

   (3) compute ratio of probabilities

   (4) accept/reject

 *****/

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

       fac = Parameter[rIndex][1];

       shift = update[rIndex];

       arg1 = exp(

                  -(fac*Rates[rIndex]-Parameter[rIndex][2])

                 );

       arg3 = fac*shift;

       arg2 = 1.+arg1*arg3;

       arg1 += 1.;

       arg = arg1 / arg2;

       arg = -arg3 + Parameter[rIndex][3]*log(arg);

       arg = (arg > MAXARG) ? MAXARG:arg;

       arg = (arg < MINARG) ? MINARG:arg;

       if(randf() <= exp(arg) ){

         Naccepted++;

       } else {

         update[rIndex] = 0.0;

       }

    } /* end of loop over rates */

    V_Free((void *) Rates);

  } else {

   REAL arg_1;

   REAL arg_2;

   REAL arg1_1;

   REAL arg1_2;

   REAL arg2_1;

   REAL arg2_2;

   REAL arg3_1;

   REAL arg3_2;

   REAL arg_i_1;

   REAL arg_i_2;

   REAL shift1;

   REAL shift2;

   REAL *Rates1 = NULL;

   REAL *Rates2 = NULL;

      Rates1 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogisticEV()");

      Rates2 = (REAL *) mymalloc( (NumRates+1) *sizeof(REAL),"GeneralizedLogisticEV()");

      for(ir=1;ir <= NumRates;ir++) {

        Rates1[ir] = RatesPres[ir] - RatesPrev[ir];

        Rates2[ir] = RatesNext[ir] - RatesPres[ir];

      }

      for(rIndex=1; rIndex <= NumRates; rIndex++) {

       fac = Parameter[rIndex][1];

       shift1 = update[rIndex];

       shift2 = -update[rIndex];

       arg1_1 = exp(

                   -(fac*Rates1[rIndex]-Parameter[rIndex][2])

                   );

       arg1_2 = exp(

                   -(fac*Rates2[rIndex]-Parameter[rIndex][2])

                   );

       arg3_1 = fac*shift1;

       arg3_2 = fac*shift2;

       arg2_1 = 1.+arg1_1*arg3_1;

       arg2_2 = 1.+arg1_2*arg3_2;

       arg1_1 += 1.;

       arg1_2 += 1.;

       arg_1 = arg1_1 / arg2_1;

       arg_2 = arg1_2 / arg2_2;

       arg_1 = -arg3_1 + Parameter[rIndex][3]*log(arg_1);

       arg_2 = -arg3_2 + Parameter[rIndex][3]*log(arg_2);

       arg =  arg_1 + arg_2;

       arg = (arg > MAXARG) ? MAXARG:arg;

       arg = (arg < MINARG) ? MINARG:arg;

       if(randf() <= exp(arg) ){

         Naccepted++;

       } else {

         update[rIndex] = 0.0;

       }

    } /* end of loop over rates */

    V_Free((void *) Rates1);

    V_Free((void *) Rates2);

  }

  return Naccepted;

} /* end of GeneralizedLogisticEV() */

#else

REAL GaussianT 

              (

              int NumRates, 

              int TrialIndex, 

              REAL shift,

              REAL *RatesPres, 

              REAL *RatesPrev, 

              REAL *RatesNext, 

           REAL **Couplings,

           int   nhistdata,

           REAL *xhistdata,

           REAL *yhistdata

              )

{

   REAL arg;

   REAL Delta;

   int RateIndex;

   arg=0.0;

   for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

     Delta  = RatesPres[RateIndex]-RatesPrev[RateIndex];

     Delta *= Couplings[TrialIndex][RateIndex];

     arg +=  Delta;

   }

   arg *= shift;

   arg += 0.5*shift*shift*Couplings[TrialIndex][TrialIndex];

   arg = -arg;

   arg = (arg > MAXARG) ? MAXARG:arg;

   arg = (arg < MINARG) ? MINARG:arg;

   return exp(arg);

}

REAL Gaussian 

             (

             int NumRates, 

             int TrialIndex, 

             REAL shift,

             REAL *RatesPres, 

             REAL *RatesPrev, 

             REAL *RatesNext, 

           REAL **Couplings,

           int   nhistdata,

           REAL *xhistdata,

           REAL *yhistdata

             )

{

   REAL arg;

   REAL Delta;

   int RateIndex;

   REAL arg1; 

   REAL arg2;

   REAL v;

   v = 0.5*shift*shift*Couplings[TrialIndex][TrialIndex];

   arg1=0.0;

   for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

     Delta  = RatesPres[RateIndex]-RatesPrev[RateIndex];

     Delta *= Couplings[TrialIndex][RateIndex];

     arg1 +=  Delta;

   }

   arg1 *= shift;

   arg1 += v;

   arg1 = -arg1;

   arg2=0.0;

   if(RatesNext != NULL) {

     for(RateIndex=1;RateIndex<=NumRates;RateIndex++) {

       Delta  = RatesNext[RateIndex]-RatesPres[RateIndex];

       Delta *= Couplings[TrialIndex][RateIndex];

       arg2 +=  Delta;

     }

     arg2 *= (-1.)*shift;

     arg2 += v;

     arg2 = -arg2;

   }

   arg = arg1 + arg2;

   arg = (arg > MAXARG) ? MAXARG:arg;

   arg = (arg < MINARG) ? MINARG:arg;

   return exp(arg);

}

REAL Student3T

              (

              int NumRates,

              int TrialIndex,

              REAL shift,

              REAL *RatesPres,

              REAL *RatesPrev,

              REAL *RatesNext,

           REAL **Couplings,

           int   nhistdata,

           REAL *xhistdata,

           REAL *yhistdata

              )

{

   int RateIndex;

   int ir;

   int jr;

   REAL arg1;

   REAL arg;

   REAL term;

   REAL prob_fi1;

   REAL prob_fi;

   REAL arg_i1;

   REAL v1;

   REAL v2;

   const int v=3;

   v1 = (NumRates*v+1.)/2.;

   v2 = (REAL) (v*NumRates);

   arg_i1=0.0;

   arg1=0.0;

   for(ir=1;ir <= NumRates;ir++) for(jr=1;jr <=NumRates;jr++) {

     term = Couplings[ir][jr]*(RatesPres[ir]-RatesPrev[ir]) * 

                              (RatesPres[jr]-RatesPrev[jr]);

     arg_i1 += term;

     arg1 += term;

   } /* terms independent of shift */

   /* terms linear in shift */

   term = 0.0;

   for(jr=1;jr <=NumRates;jr++) {

     term += (RatesPres[jr]-RatesPrev[jr])*Couplings[TrialIndex][jr];

   }

   term *= 2.*shift;

   arg1 += term;

   /* term quadratic in shift */

   arg1 += shift*shift*Couplings[TrialIndex][TrialIndex];

   arg_i1 /= v2;

   arg1 /= v2;

   prob_fi1= (1. + arg_i1 )/(1. + arg1);

   arg = v1*log(prob_fi1);

   arg = (arg > MAXARG) ? MAXARG:arg;

   arg = (arg < MINARG) ? MINARG:arg;

   prob_fi = exp(arg);

   return prob_fi;

}/* end of generic Student (n=3) with translation symmetry */

#endif

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#include <math.h>

#ifdef MPI

#include <mpi.h>

#endif

#include "DEFS.h"

#include "PATH.h"

#include "PROB.h"

#include "MEM.h"

#include "PROCESS.h"

#ifdef MPI

  extern int MyProcessorNumber, NumberofProcessors;

#endif

static PROCESS *SetParams

                        (

                        int ,

                        int ,

                        REAL *,

                        int *,

                        REAL **

                        );

static void SetCouplings

                       (

                       PROCESS *,

                       int ,

                       int *,

                       REAL **

                       );

static void SetVariances

                       (

                       PROCESS *,

                       int ,

                       REAL *

                       );

static void SetProbabilityFunction

                                 (

                                 int ,

                                 PROCESS *

                                 );

PROCESS *SetProcessParams

                        (

                        int NumTimeSteps, 

                        int NumRates,

                        PATH *Disturbance,

                        char *DISTURBANCE_description_file

                        )

{

  FILE *dfile;

  int err = 0;

  int DisturbanceType;

  PROCESS *ProcessParams = NULL;

  REAL **Couplings = NULL;

  REAL *Variances = NULL;

  REAL *InitValues = NULL;

  int *NumOfCouplings = NULL;

  int ir,j,jj,iir,size,Ncouplings;

  float vir;

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif MPI

  if((dfile = fopen(DISTURBANCE_description_file,"r")) == NULL) {

        fprintf(stderr, "SetDisturbanceParams(): can't open description file\n");

        exit(1);

  }

  getline(dfile);

  fscanf(dfile,"%d\n",&DisturbanceType);

#ifdef MPI

  }

#endif MPI

#ifdef MPI

  MPI_Bcast(&DisturbanceType, 1, MPI_INT, 0, MPI_COMM_WORLD);

  MPI_Barrier(MPI_COMM_WORLD);

#endif MPI

  size=(NumRates+1)*sizeof(REAL);

  Variances = (REAL *) mymalloc(size,"SetDisturbanceParams():Variances\n");

  InitValues = (REAL *) mymalloc(size,"SetDisturbanceParams():InitValues\n");

  NumOfCouplings = (int *) mymalloc(size,"SetDisturbanceParams():NumOfCouplings\n");

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif MPI

  getline(dfile);

  for(ir=1;ir<=NumRates;ir++){

#ifdef DOUBLE_PRECISION

     fscanf(dfile," %d %lf\n",&iir,Variances+ir);

#else

     fscanf(dfile," %d %f\n",&iir,Variances+ir);

#endif

  }

#ifdef MPI

  }

#endif MPI

#ifdef MPI

  MPI_Bcast(Variances, NumRates+1, MPI_REAL, 0, MPI_COMM_WORLD);

#endif MPI

  size=(NumRates+1)*sizeof(REAL *);

  Couplings = (REAL **) mymalloc(size,"SetDisturbanceParams():Couplings\n");

  Couplings[0]=(REAL *) mymalloc(sizeof(REAL),"SetDisturbanceParams():Couplings\n");

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif MPI

  getline(dfile);

  for(ir=1;ir<=NumRates;ir++){

     fscanf(dfile," %d %d\n",&iir,&Ncouplings);

#ifdef MPI

     MPI_Bcast(&Ncouplings, 1, MPI_INT, 0, MPI_COMM_WORLD);

#endif

/* Scott ---> help with this */

     size = (Ncouplings+1)*sizeof(REAL);

     NumOfCouplings[ir] = Ncouplings;

     Couplings[ir]=(REAL *) mymalloc(size,"SetDisturbanceParams():Couplings\n");

     if(Ncouplings > 0) {

       for(j=1;j<=Ncouplings;j++){

#ifdef DOUBLE_PRECISION

          fscanf(dfile," %d %d %lf\n",&iir,&jj,Couplings[ir]+j);

#else

          fscanf(dfile," %d %d %f\n",&iir,&jj,Couplings[ir]+j);

#endif

       }

#ifdef MPI

            MPI_Bcast(Couplings[ir], Ncouplings+1, MPI_REAL, 0, MPI_COMM_WORLD);

#endif

     }

  }

#ifdef MPI

  } else {

    for(ir=1;ir<=NumRates;ir++){

      MPI_Bcast(&Ncouplings, 1, MPI_INT, 0, MPI_COMM_WORLD);

      size = (Ncouplings+1)*sizeof(REAL);

      NumOfCouplings[ir] = Ncouplings;

      Couplings[ir]=(REAL *) mymalloc(size,"SetDisturbanceParams():Couplings\n");

      if(Ncouplings > 0)

        MPI_Bcast(Couplings[ir], Ncouplings+1, MPI_REAL, 0, MPI_COMM_WORLD);

      }

  }

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif MPI

  getline(dfile);

  for(ir=1;ir<=NumRates;ir++){

#ifdef DOUBLE_PRECISION

     fscanf(dfile," %d %lf\n",&iir,InitValues+ir);

#else

     fscanf(dfile," %d %f\n",&iir,InitValues+ir);

#endif

  }

#ifdef MPI

  }

#endif

#ifdef MPI

  MPI_Bcast(InitValues, NumRates+1, MPI_REAL, 0, MPI_COMM_WORLD);

#endif

  SetCurrentTimetoInitial(Disturbance);

  SetCurrentTimeSlice

                    (

                    Disturbance,

                    InitValues

                    );

  ProcessParams = SetParams

                          ( 

                          DisturbanceType, 

                          NumRates,

                          Variances, 

                          NumOfCouplings, 

                          Couplings

                          );

  M_Free((void **)Couplings, NumRates);

  V_Free((void *)NumOfCouplings);

  V_Free((void *)Variances);

  V_Free((void *)InitValues);

  return ProcessParams;

}

static PROCESS *SetParams

                        (

                        int ProcessID,

                        int NumRates, 

                        REAL *Variances, 

                        int *NumOfCouplings,

                        REAL **Couplings

                        )

{

  int i;

  int err = 0;

  PROCESS *ProcessParams = NULL;

  if((ProcessParams=

     (PROCESS *)mymalloc(sizeof(PROCESS),"SetParams():ProcessParams\n")) == NULL) {

   fprintf(stderr,"SetProcessParam():cannot allocate buffer for ProcessParams\n");

   exit(1);

  }

  ProcessParams->Dimension = NumRates;

  ProcessParams->ProcessID = ProcessID;

  SetProbabilityFunction(ProcessID, ProcessParams);

  if((ProcessParams->Variance=(REAL *)

        malloc((NumRates+1)*sizeof(REAL))) == NULL) {

        fprintf(stderr,"SetProcessParams():cannot allocate buffer for variance \n");

        exit(1);

  }

  SetVariances

             (

             ProcessParams, 

             NumRates, 

             Variances

             );

  if((ProcessParams->RateCouplings=(REAL **)

        malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

        fprintf(stderr,"SetProcessParams():cannot allocate buffer for couplings \n");

        exit(1);

  }

  if((ProcessParams->CouplingsMap=(int *)

        malloc((NumRates+1)*sizeof(int))) == NULL) {

        fprintf(stderr,"SetProcessParams():cannot allocate buffer for couplings map \n");

        exit(1);

  }

  for(i=0;i<=NumRates;i++) {

    if((ProcessParams->RateCouplings[i]=(REAL *)

        malloc((NumOfCouplings[i]+1)*sizeof(REAL))) == NULL) {

        fprintf(stderr,"SetProcessParams():can't allocate buffer for coupling # %d\n",i);

        exit(1);

    }

  }

  SetCouplings

             (

             ProcessParams, 

             NumRates, 

             NumOfCouplings, 

             Couplings

             );

  return ProcessParams;

}

int GetCurrentRateCouplings

                          (

                          PROCESS *ProcessParams,

                          PATH *PathParams,

                          int NumCouplings,

                          REAL *p

                          )

{

  int ir;

  int NumRates         = ProcessParams->Dimension;

  int CurrentRate      = GetCurrentRateIndex(PathParams);

  if(p != NULL) {

     for(ir=0; ir <= NumCouplings; ir ++)

        *(p+ir) = *(ProcessParams->RateCouplings[CurrentRate] + ir);

  } else {

        fprintf(stderr, "GetCurrentRateCouplings(): Invalid pointer argument\n");

        exit(1);

  }

  return DONE;

}

int ProcessSymmetry

                  (

                  PROCESS *Params, 

                  int TypeOfSymmetry

                  )

{

 return ((Params->Symmetry) & (TypeOfSymmetry));

}

int *GetCouplingsMap

                   (

                   PROCESS *ProcessParams, 

                   int NumRates 

                   )

{

  int ir;

  int *p = NULL;

  int size = (NumRates + 1)*sizeof(int);

  p = (int *) mymalloc(size,"GetCouplingsMap()\n");

  if(p != NULL) {

    p[0] = 0;

    for(ir=1; ir <= NumRates; ir ++) *(p+ir) = *(ProcessParams->CouplingsMap + ir);

  } else {

     fprintf(stderr, "GetCouplingsMap(): Invalid pointer argument\n");

     exit(1);

  }

  return p;

}

REAL *GetVariances

                  (

                  PROCESS *ProcessParams, 

                  int NumRates 

                  )

{

  int ir;

  REAL *p = NULL;

  int size = (NumRates + 1)*sizeof(REAL);

  p = (REAL *) mymalloc(size,"GetVariances()\n");

  if(p != NULL) {

    p[0] = 0;

    for(ir=1; ir <= NumRates; ir ++) *(p+ir) = *(ProcessParams->Variance + ir);

  } else {

     fprintf(stderr, "GetVariances(): Invalid pointer argument\n");

     exit(1);

  }

  return p;

}

REAL **GetAllRateCouplings

                          (

                          PROCESS *ProcessParams

                          )

{

  int ir;

  int jr;

  int size;

  int NumRates  = ProcessParams->Dimension;

  int *NumCouplings = NULL;

  REAL **p = NULL;

  size = (NumRates + 1)*sizeof(REAL *);

  p = (REAL **) mymalloc(size,"GetAllRateCouplings(): AllCouplings\n");

  NumCouplings =  GetCouplingsMap(ProcessParams,NumRates);

  for(ir=0;ir<=NumRates;ir++) {

      size = (NumCouplings[ir] + 1)*sizeof(REAL);

      p[ir] = (REAL *) mymalloc(size,"MetropolisUpdate(): AllCouplings\n");

   }

  if(p != NULL) {

     for(ir=0; ir<= NumRates; ir++)

        for(jr=0; jr <= NumCouplings[ir]; jr ++) {

           p[ir][jr]  = *(ProcessParams->RateCouplings[ir] + jr);

        }

  } else {

     fprintf(stderr, "GetAllRateCouplings(): Invalid pointer argument\n");

     exit(1);

  }

  V_Free((void *) NumCouplings);

  return p;

}

REAL *GetVectorOfCouplings

                         (

                         PROCESS *ProcessParams

                         )

{

  int ir;

  int jr;

  int size;

  int NumRates  = ProcessParams->Dimension;

  int *NumCouplings = NULL;

  REAL *p = NULL;

  int NumParams;

  int index;

  NumCouplings =  GetCouplingsMap(ProcessParams,NumRates);

  NumParams = 0;

  for(ir=1;ir<=NumRates;ir++) {

      NumParams += NumCouplings[ir] ;

   }

  size = (NumParams + 1)*sizeof(REAL *);

  p = (REAL *) mymalloc(size,"GetVectorOfCouplings(): Params\n");

  if(p != NULL) {

     p[0] = 0;

     index = 0;

     for(ir=1; ir<= NumRates; ir++)

        for(jr=1; jr <= NumCouplings[ir]; jr ++)

           index++;

           *(p+index) = *(ProcessParams->RateCouplings[ir] + jr);

  } else {

     fprintf(stderr, "GetVector OfCouplings(): Invalid pointer argument\n");

     exit(1);

  }

  if(index > NumParams) {

     fprintf(stderr, "GetVector OfCouplings(): array size mismatch!\n");

     exit(1);

  }

  V_Free((void *) NumCouplings);

  return p;

}

int HowManyParams

                (

                PROCESS *ProcessParams

                )

{

  int ir;

  int NumRates  = ProcessParams->Dimension;

  int *NumCouplings = NULL;

  int NumParams;

  NumCouplings =  GetCouplingsMap

                                (

                                ProcessParams,

                                NumRates

                                );

  NumParams = 0;

  for(ir=1;ir<=NumRates;ir++) {

      NumParams += NumCouplings[ir] ;

  }

  return NumParams;

}

REAL GetVariance

                (

                PROCESS *ProcessParams,

                PATH *PathParams

                )

{

 int ir = GetCurrentRateIndex(PathParams);

 return *(ProcessParams->Variance + ir);

}

int GetProcessID

               (

               PROCESS *ProcessParams

               )

{

  int ev;

  ev = ProcessParams->ProcessID;

  return ev;

}

static void SetCouplings

                       ( 

                       PROCESS *ProcessParams, 

                       int NumRates, 

                       int *NumOfCouplings, 

                       REAL **Couplings

                       )

{

  int i,j;

  *(ProcessParams->CouplingsMap+0) = 0;

  for(i=1;i<=NumRates;i++) {

      *(ProcessParams->CouplingsMap+i) = NumOfCouplings[i];

      for(j=1;(NumOfCouplings[i] > 0) && (j<=NumOfCouplings[i]);j++)

               *(ProcessParams->RateCouplings[i]+j)= *(Couplings[i] + j);

  }

}

static void SetVariances

                       (

                       PROCESS *ProcessParams, 

                       int NumRates, 

                       REAL *Variances

                       )

{

  int i;

  for(i=1;i<=NumRates;i++) {

         *(ProcessParams->Variance+i)=Variances[i];

  }

}

ProbFunc *GetProbabilityFunction

                               (

                               PROCESS *Params

                               )

{

 return Params->Probability;

}

static void SetProbabilityFunction

                                 (

                                 int probID, 

                                 PROCESS *Params

                                 )

{

  ProbFunc *pf;

  Params->Symmetry = NONE;

#ifdef BUNDLE_AR_WITH_PROB

  switch(probID)  {

  case 1:

          pf = GaussianT;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION | REFLEXION);

          break;

  case 2:

          pf = Gaussian;

          Params->Probability = pf;

          Params->Symmetry |= REFLEXION ;

          break;

  case 3:

          pf = Student3T;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION | REFLEXION) ;

          break;

  case 4:

          pf = GeneralizedCauchy;

          Params->Probability = pf;

          Params->Symmetry |= REFLEXION; 

          break;

  case 5:

          pf = GeneralizedCauchyEV;

          Params->Probability = pf;

          Params->Symmetry |= REFLEXION;

          break;

  case 6:

          pf = GeneralizedLogistic;

          Params->Probability = pf;

          break;

  case 7:

          pf = GeneralizedLogisticEV;

          Params->Probability = pf;

          break;

  case 8:

          pf = GaussianTEV;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION | REFLEXION);

          break;

  case 9:

          pf = RealData;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION );

          break;

  default:

          pf = GaussianT;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION | REFLEXION);

  }

#else

  switch(probID)  {

  case 1:

          pf = GaussianT;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION | REFLEXION);

          break;

  case 2:

          pf = Gaussian;

          Params->Probability = pf;

          Params->Symmetry |= REFLEXION ;

          break;

  case 3:

          pf = Student3T;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION | REFLEXION) ;

          break;

  default:

          pf = GaussianT;

          Params->Probability = pf;

          Params->Symmetry |= (TRANSLATION | REFLEXION);

  }

#endif

}

void PROCESS_Free

                ( 

                PROCESS *ProcessParams, 

                int NumRates

                )

{

  int i;

  int err = 0;

  if(ProcessParams==NULL) {

        fprintf(stderr,"PROCESS_Free():cannot free null buffer for ProcessParams\n");

        exit(1);

  }

  if(ProcessParams->Probability == NULL) {

        fprintf(stderr,"PROCESS_Free():cannot free null ProbabilityFunction\n");

        exit(1);

  } else {

        free((void *) ProcessParams->Probability);

  }

  if(ProcessParams->Variance== NULL) {

        fprintf(stderr,"PROCESS_Free():cannot free null variance buffer\n");

        exit(1);

  } else {

        V_Free(ProcessParams->Variance);

  }

  if(ProcessParams->RateCouplings== NULL) {

        fprintf(stderr,"PROCESS_Free():cannot free null buffer for couplings\n");

        exit(1);

  } else {

        M_Free((void **) ProcessParams->RateCouplings, NumRates);

  }

  free((void *) ProcessParams);

}

#include <math.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#define  NORM   (1./2147483648.)

#include "DEFS.h"

static int rpool[128]={53479,81115, 97344,70328, 66023,38277, 99776,75723,30176,48979,

                98036,12217, 58116,91964, 74523,71118, 03172,43112,92153,38416,

                59526,40238, 26240,44643, 84892,13956, 83086,81982,42436,26636,

                40577,39351, 83287,97391, 98899,92315, 14538,26162,83903,44722,

                43211,69255, 92823,77578, 65783,59640, 24899,20551,69210,69117,

                81874,83339, 19839,90630, 9337,33435, 31151,58295,67619,52515,

                14988,99937, 71863,95053, 53869,52769, 40823,41330,3037,81699,

                13213,30177, 55532,60908, 18801,25820, 21093,93882,17106,64982,

                47967,93793, 84108,55342, 96198,66518, 49192,44876,60834,85319,

                86639,98854, 48479,63799, 78314,97013, 47185,81425,47814,8075,

                61946,48790, 4811,64892, 5763,39601, 73260,56877,54909,9976,

                11602,83043, 96346,79065, 56140,25513, 40794,13948,76580,2645,

                22257,11832, 26999,43967, 86151,78657, 96289,90185};

static int cycle[130]={ 126, 0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,

                  21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,

                  41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,

                  61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,

                  81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,

                 101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,

                 116,117,118,119,120,121,122,123,124,125,0x34000000,126,62};

static int r_table[127];

#include "RNG.h"

void RNG_Init(int seed)

{

int i;

/* set the two pointers to get r[i]=r[i-63]+r[i-127]  */

cycle[128] = 127 -1 ;

cycle[129] = 63 -1 ;

r_table[0]=(seed+53479)&0x7fffffff ;

/* use r[i+1] = 16807*r[i] mod 2^31 -1  */

for(i=1;i<127;i++)r_table[i]= ((16807*r_table[i-1])&0x7fffffff)% 2147483647 ;

/*  Then XOR with the rpool, to further randomize  */

for(i=0;i<127;i++)r_table[i]=(r_table[i] ^ rpool[i%128])&0x7fffffff ;

}

REAL randf( void )

{

int xx;

xx = (r_table[cycle[128]]+r_table[cycle[129]]) & 0x7fffffff ;

r_table[cycle[128]] = xx ;

cycle[128] = cycle[cycle[128]];

cycle[129] = cycle[cycle[129]];

return((REAL)(xx)*NORM);

}

void PAR_RNG_Init(int pnum,int seed)

{

int i;

/* set the two pointers to get r[i]=r[i-63]+r[i-127]  */

cycle[128] = 127 -1 ;

cycle[129] = 63 -1 ;

/* set r[0] = seed + rpool[pnum], so different seeds will give different

sequences. Different processors will have different sequence.   */

r_table[0]=(seed+rpool[pnum])&0x7fffffff ;

/* use r[i+1] = 16807*r[i] mod 2^31 -1  */

for(i=1;i<127;i++)r_table[i]= ((16807*r_table[i-1])&0x7fffffff)% 2147483647 ;

/*  Then XOR with the rpool, to further randomize  */

for(i=0;i<127;i++)r_table[i]=(r_table[i] ^ rpool[(pnum+i)%128])&0x7fffffff ;

}

REAL parandf(void)

{

int xx;

xx = (r_table[cycle[128]]+r_table[cycle[129]]) & 0x7fffffff ;

r_table[cycle[128]] = xx ;

cycle[128] = cycle[cycle[128]];

cycle[129] = cycle[cycle[129]];

return((REAL)(xx)*NORM);

}

/**********************************************************************

   Binary Dump of History

**********************************************************************/

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#include <math.h>

#include <fcntl.h>

#include "DEFS.h"

#include "PATH.h"

#include "STORE.h"

#include "tsApi.h"

int DumpPath

           (

           PATH *Rates, 

           char *PathDumpFile

           )

{

  int err=0;

  int size;

  int fd;

  REAL *RateBuf=NULL;

  REAL *InitLagBuf=NULL;

  int NumRates=HowManyRates(Rates);

  int NumTimeSteps = HowManyTimeSteps(Rates);

  int Lag          = ProcessOrder(Rates);

  if((fd=open(PathDumpFile,O_WRONLY|O_CREAT|O_TRUNC,0)) == EOF) {

        fprintf(stderr, "Could not open path dump file\n") ;

        exit(1) ;

  }

  size = (NumTimeSteps + 1)*sizeof(REAL);

  RateBuf = (REAL *) mymalloc(size,"DumpPath(): RateBuf\n");

  size = (Lag + 1)*sizeof(REAL);

  InitLagBuf = (REAL *) mymalloc(size,"DumpPath(): InitLagBuf\n");

  write(fd,&NumTimeSteps,sizeof(int));

  write(fd,&NumRates,sizeof(int));

  write(fd,&Lag,sizeof(int));

  SetCurrentRatetoFirst(Rates);

  while(!FinishedLastRate(Rates)){

     GetCurrentPath(Rates,RateBuf);

     GetInitLagsofCurrentPath(Rates,InitLagBuf);

     write(fd,RateBuf,(NumTimeSteps+1)*sizeof(REAL));

     write(fd,InitLagBuf,(Lag+1)*sizeof(REAL));

     SetCurrentRatetoNext(Rates);

  }

  V_Free((void *)InitLagBuf);

  V_Free((void *)RateBuf);

  return err;

}

/**********************************************************************

   Binary Load of History

**********************************************************************/

int LoadPath

           (

           PATH *Rates, 

           char *PathDumpFile

           )

{

  int err=0;

  int size;

  int  fd;

  int DNumRates;

  int DNumTimeSteps;

  int DLag;

  int NumRates=HowManyRates(Rates);

  int NumTimeSteps = HowManyTimeSteps(Rates);

  int Lag          = ProcessOrder(Rates);

  REAL *RateBuf=NULL, *InitLagBuf=NULL;

  if((fd=open(PathDumpFile,O_RDONLY,0)) == EOF) {

        fprintf(stderr, "Could not open path dump file\n") ;

        exit(1) ;

  }

  size = (NumTimeSteps + 1)*sizeof(REAL);

  RateBuf = (REAL *) mymalloc(size,"DumpPath(): RateBuf\n");

  size = (Lag + 1)*sizeof(REAL);

  InitLagBuf = (REAL *) mymalloc(size,"DumpPath(): InitLagBuf\n");

  read(fd,&DNumTimeSteps,sizeof(int));

  if(DNumTimeSteps != NumTimeSteps) {

    fprintf(stderr,"Wrong dump file!\n");

    exit(1);

  }

  read(fd,&DNumRates,sizeof(int));

  if(DNumRates != NumRates) {

    fprintf(stderr,"Wrong dump file!\n");

    exit(1);

  }

  read(fd,&DLag,sizeof(int));

  if(DLag!= Lag) {

    fprintf(stderr,"Wrong dump file!\n");

    exit(1);

  }

  SetCurrentRatetoFirst(Rates);

  while(!FinishedLastRate(Rates)){

     read(fd,RateBuf,(NumTimeSteps+1)*sizeof(REAL));

     read(fd,InitLagBuf,(Lag+1)*sizeof(REAL));

     SetCurrentPath(Rates,RateBuf);

     SetInitLagsofCurrentPath(Rates,InitLagBuf);

     SetCurrentRatetoNext(Rates);

  }

  V_Free((void *)InitLagBuf);

  V_Free((void *)RateBuf);

  return err;

}

rateVector **ProxyRates

                      (

                      PATH *Rates, 

                      int StartDate, 

                      int PeriodLength, 

                      char *ProxyRateContainer

                      )

{

  FILE *pfile=NULL;

  int isnull = 0;

  int ir;

  int  it;

  int size;

  REAL *RateBuf=NULL;

  rateVector **SailfishRateVectors=NULL;

  int *Date = NULL;

  int NumRates=HowManyRates(Rates);

  int NumTimeSteps = HowManyTimeSteps(Rates);

  if((pfile = fopen(ProxyRateContainer,"w")) == NULL) {

        fprintf(stderr, "StoreProxyRates(): can't open proxy rate container\n");

        exit(1);

  }

  size = (NumTimeSteps + 1)*sizeof(REAL);

  RateBuf = (REAL *) mymalloc(size,"StoreProxyRates(): RateBuf\n");

  size = (NumTimeSteps + 1)*sizeof(int);

  Date = (int *) mymalloc(size,"StoreProxyRates(): Date\n");

  size = NumRates*sizeof(rateVector *);

  SailfishRateVectors = (rateVector **) mymalloc(size,"ProxyRates():SailfishRateVectors\n");

  size = NumTimeSteps * sizeof(rateVector); 

  for(ir=0;ir<NumRates;ir++)

     SailfishRateVectors[ir] = (rateVector *) mymalloc(size,"ProxyRates():SailfishRateVectors\n");

  for(it=0;it<=NumTimeSteps;it++) {

       Date[it] = GetDate(it,StartDate,PeriodLength);

     }

  SetCurrentRatetoFirst(Rates);

  while(!FinishedLastRate(Rates)){

     ir = GetCurrentRateIndex(Rates);

     GetCurrentPath(Rates,RateBuf);

     for(it=0;it<=NumTimeSteps;it++) {

#ifdef DOUBLE_PRECISION

       fprintf(pfile,"%ld %lf %d\n",*(Date+it),*(RateBuf+it),isnull);

#else

       fprintf(pfile,"%ld %f %d\n",*(Date+it),*(RateBuf+it),isnull);

#endif

     }

     for(it=0;it<=NumTimeSteps;it++) {

       (*(SailfishRateVectors+ir-1)+ it)->rateDate = *(Date+it);

       (*(SailfishRateVectors+ir-1)+ it)->rate     = *(RateBuf+it);

       (*(SailfishRateVectors+ir-1) + it)->isnull   = isnull;

     }

     SetCurrentRatetoNext(Rates);

  }

  fclose(pfile);

  V_Free((void *) Date);

  V_Free((void *) RateBuf);

  return SailfishRateVectors;

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <math.h>

#include <errno.h>

#include "DEFS.h"

#include "VEC.h"

void MatrixVectorMultiply(REAL *u, REAL **matrix, REAL *v, int NumRates)

{

  int i,j;

  for(i=1;i<=NumRates; i++) {

    *(u+i) = 0.0;

    for(j=1;j<=NumRates; j++) {

      *(u+i) += (*(matrix[i] + j))*(*(v+j));

     }

  }

}

void SetVector(REAL *u,REAL *v,int NumRates)

{

 int i;

 for(i=1;i<=NumRates;i++) u[i]=v[i];

}

void ArrayMultiply(REAL *u, REAL *v, int NumRates)

{

 int i;

 for(i=1;i<=NumRates;i++) u[i] *= v[i];

}

void SqRoot(REAL *u, int NumRates)

{

 int i;

 for(i=1;i<=NumRates;i++) u[i] = exp(0.5*log(u[i]));

}

void VectorAdd(REAL *u, REAL *v, int NumRates)

{

 int i;

 for(i=1;i<=NumRates;i++) u[i] += v[i];

}

/**********************************************************************

   Module for computation of Moments

**********************************************************************/

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#include <math.h>

#include "DEFS.h"

#include "MC.h"

#include "PATH.h"

#define MAX_SYMM_PATHS 64

typedef struct moments {

REAL **Mom1;

REAL **Mom2;

REAL **Mom3;

REAL **Mom4;

} MOMENTS;

static MOMENTS *Moments;

static void AccMoments(int , int , int ); /*scott added the void */

static REAL *SymmPath[MAX_SYMM_PATHS];

static int NSymmPaths3=3;

static int NSymmPaths6=6;

static int NumRates, NumTimeSteps;

static REAL *CurrPath;

InitMom(PATH *Path)

{

 int is,i,j;

 NumRates=HowManyRates(Path);

 NumTimeSteps= HowManyTimeSteps(Path);

 if((Moments=(MOMENTS *)

        malloc(sizeof(MOMENTS))) == NULL) {

        printf("cannot allocate buffer for MOMENTS pointers \n");

        exit(1);

  }

  if((Moments->Mom1=(REAL **)

        malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

        printf("cannot allocate buffer for Mom1 pointers \n");

        exit(1);

  }

  if((Moments->Mom2=(REAL **)

        malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

        printf("cannot allocate buffer for Mom2 pointers \n");

        exit(1);

  }

  if((Moments->Mom3=(REAL **)

        malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

        printf("cannot allocate buffer for Mom3 pointers \n");

        exit(1);

  }

  if((Moments->Mom4=(REAL **)

        malloc((NumRates+1)*sizeof(REAL *))) == NULL) {

        printf("cannot allocate buffer for Mom4 pointers \n");

        exit(1);

  }

  for(i=0;i<=NumRates;i++) {

    if((Moments->Mom1[i]=(REAL *)

        malloc((NumTimeSteps+1)*sizeof(REAL))) == NULL) {

        printf("cannot allocate buffer for Moment1 # %d\n",i);

        exit(1);

    }

  }

    printf("finished Mom1\n");

  for(i=0;i<=NumRates;i++) {

    if((Moments->Mom2[i]=(REAL *)

        malloc((NumTimeSteps+1)*sizeof(REAL))) == NULL) {

        printf("cannot allocate buffer for Moment2 # %d\n",i);

        exit(1);

    }

  }

    printf("finished Mom2\n");

  for(i=0;i<=NumRates;i++) {

    if((Moments->Mom3[i]=(REAL *)

        malloc((NumTimeSteps+1)*sizeof(REAL))) == NULL) {

        printf("cannot allocate buffer for Moment3 # %d\n",i);

        exit(1);

    }

  }

    printf("finished Mom3\n");

  for(i=0;i<=NumRates;i++) {

    if((Moments->Mom4[i]=(REAL *)

        malloc((NumTimeSteps+1)*sizeof(REAL))) == NULL) {

        printf("cannot allocate buffer for Moment4 # %d\n",i);

        exit(1);

    }

  }

    printf("finished Mom4\n");

  for(i=1;i<=NumRates;i++)

    for(j=0;j<=NumTimeSteps;j++) {

             *(Moments->Mom1[i]+j)=0.0;

             *(Moments->Mom2[i]+j)=0.0;

             *(Moments->Mom3[i]+j)=0.0;

             *(Moments->Mom4[i]+j)=0.0;

    }

    for(is=0;is<NSymmPaths6;is++)

     if((SymmPath[is]=(REAL *)malloc((NumTimeSteps+1)*sizeof(REAL))) == NULL) {

     perror("cannot allocate buffer for SymmPaths\n");

     exit(1);

    }

    if((CurrPath=(REAL *)

        malloc((NumTimeSteps+1)*sizeof(REAL))) == NULL) {

        printf("cannot allocate buffer for CurrentRate\n");

        exit(1);

    }

return(0);

}

/********************************************************************

   This Measurement() procedure assumes that both drift and correlation 

   matrix are time independent and rate independent. It uses the local

   reflection symetry:

   ----------------*---------    t+1

                  *  *

                 * --> *

                *        *

   ------------*-----------*-    t   

                   * --> *

                     *  *

   --------------------*-----     t-1

   on odd and even time slices respectively to improve qulity of estimators.

   With this trick alone, one obtains NSymmPaths = 3 ----> Number

   of symmetry related paths with same probability.

   This and global reflection symmetry results in NSymmPaths =6 

***************************************************************************/

MeasMom3(PATH *Path)

{

  int ir,it,is;

  REAL InitValue,drift,TotDrift;

  for(ir=1;ir<=NumRates;ir++) {

     InitValue=0.0;

     drift=0.0;

     SetCurrentRateIndex(Path, ir);

     GetCurrentPath(Path, CurrPath);

     for(it=0;it<=NumTimeSteps;it++) {

         SymmPath[0][it] = *(CurrPath+it);

         SymmPath[2][it] = SymmPath[1][it] = SymmPath[0][it];

     }

     for(it=1;it<NumTimeSteps;it +=2 )

         SymmPath[1][it]=SymmPath[1][it-1]+(SymmPath[1][it+1]-SymmPath[1][it]);

     for(it=2;it<NumTimeSteps;it +=2 )

         SymmPath[2][it]=SymmPath[2][it-1]+(SymmPath[2][it+1]-SymmPath[2][it]);

     AccMoments(NSymmPaths3,ir,NumTimeSteps);

  }  /* end of loop over rates */

  return(0);

} /* End of Measurement */

MeasMom6(PATH *Path)

{

  int ir,it,is;

  REAL InitValue,drift,TotDrift;

  for(ir=1;ir<=NumRates;ir++) {

     InitValue=0.0;

     drift=0.0;

     SetCurrentRateIndex(Path, ir);

     GetCurrentPath(Path, CurrPath);

     for(it=0;it<=NumTimeSteps;it++) {

         SymmPath[1][it] = -(SymmPath[0][it] = *(CurrPath+it));

         SymmPath[3][it] = SymmPath[2][it] = SymmPath[0][it];

         SymmPath[5][it] = SymmPath[4][it] = SymmPath[0][it];

     }

     for(it=1;it<NumTimeSteps;it +=2 )

         SymmPath[2][it]=SymmPath[2][it-1]+(SymmPath[2][it+1]-SymmPath[2][it]);

     for(it=2;it<NumTimeSteps;it +=2 )

         SymmPath[3][it]=SymmPath[3][it-1]+(SymmPath[3][it+1]-SymmPath[3][it]);

     for(it=0;it<=NumTimeSteps;it++) {

         SymmPath[4][it] = -SymmPath[2][it];

         SymmPath[5][it] = -SymmPath[3][it];

     }

     AccMoments(NSymmPaths6,ir,NumTimeSteps);

  }  /* end of loop over rates */

  return(0);

} /* End of Measurement */

static void AccMoments(int npaths, int ir, int NumTimeSteps) /* scott put in

static void */

{

  int is,it;

  REAL rate,rate2;

  for(is=0;is<npaths;is++)

     for(it=0;it <=NumTimeSteps; it++) {

       rate = *(SymmPath[is]+it);

       rate2=rate*rate;

       *(Moments->Mom1[ir]+it) += rate/npaths;

       *(Moments->Mom2[ir]+it) += rate2/npaths;

       *(Moments->Mom3[ir]+it) += rate*rate2/npaths;

       *(Moments->Mom4[ir]+it) += rate2*rate2/npaths;

     }

}

void PrintMoments() /* scott put in the void */

{

  int ir,it;

  for(ir=1;ir<=NumRates;ir++) {

     printf("Rate # %d \n",ir);

     for(it=0;it <=NumTimeSteps; it++) {

#ifdef DOUBLE_PRECISION

       printf("Time slice # %d :  %lf %lf\n",it, 

                 (*(Moments->Mom1[ir]+it))/HowManyMeasBlocks(), 

                 (*(Moments->Mom2[ir]+it))/HowManyMeasBlocks());

#else

       printf("Time slice # %d :  %f %f\n",it,

                 (*(Moments->Mom1[ir]+it))/HowManyMeasBlocks(),

                 (*(Moments->Mom2[ir]+it))/HowManyMeasBlocks());

#endif

     }

  }

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <errno.h>

#include <math.h>

#ifdef MPI

#include <mpi.h>

#endif

#include "DEFS.h"

#include "PATH.h"

#include "MC.h"

#include "PROCESS.h"

#include "CALND.h"

#include "MEM.h"

#include "EU_OPT.h"

#include "_eu_opt.h"

int java_ser(char *name, double time, double *x, double *y, int n);

double xd[500000],yd[500000];

static REAL *CurrentPath = NULL;

#ifdef MPI

  extern int NumberofProcessors;

  extern int MyProcessorNumber;

#endif

REAL C1[50001];

int  iter;

  FILE *outc=NULL,*outcd=NULL,*outcv=NULL,*outcr=NULL;

  FILE *outp=NULL,*outpd=NULL,*outpv=NULL,*outpr=NULL;

void Statisticsi

                 (

                 int NumOptions, EU_OPTION *Option, int mb

                 )

{

  int it;

  int ir;

  int NumTimeSteps = Option->TimeGridSize;

  int nov = Option->DimOfOption;

  /* int mb = HowManyMeasBlocks(); */

  REAL fac;

  REAL call[100]; 

  REAL put[100];

  REAL call2[100];

  REAL put2[100];

  REAL call_delta[100]; 

  REAL put_delta[100];

  REAL call_delta2[100];

  REAL put_delta2[100];

  REAL call_vega[100]; 

  REAL put_vega[100];

  REAL call_vega2[100];

  REAL put_vega2[100];

  REAL call_rho[100]; 

  REAL put_rho[100];

  REAL call_rho2[100];

  REAL put_rho2[100];

  REAL call_vege[100],put_vege[100];

  REAL * StrikePrice = Option->Strike;

  int sfac = 2;  /* symmetry factor to count + and - paths */

  int nmeas;

  int ix;

  REAL CallE[100],PutE[100],CallDel[100],PutDel[100],CallDelE[100];

  REAL PutDelE[100],CallR[100],PutR[100],CallRE[100],PutRE[100];


if (mb ==1 ) {


 outc = fopen("path.call","w");


 outcd = fopen("path.calld","w");


 outcv = fopen("path.callv","w");


 outcr = fopen("path.callr","w");


 outp  = fopen("path.put","w");


 outpd = fopen("path.putd","w");


 outpv= fopen("path.putv","w");


 outpr= fopen("path.putr","w");

   }


  if (mb != 1) {

  for(ir=1; ir<=nov; ir++) {

    it=0;

    nmeas = mb;

    call[it] = (*(Option->CallValue[ir]+it))/nmeas; 

    put[it]  = (*(Option->PutValue[ir]+it))/nmeas;

/*

    CallE[it] = 0.0;

    PutE[it] = 0.0;

*/

    CallDel[it] = 1.0;

    PutDel[it]  = -1.0;

/*

    CallDelE[it]= 0.0;

    PutDelE[it] =  0.0;

*/

    call_vega[it] = (*(Option->CallVega[ir]+it))/nmeas;

    put_vega[it]  = (*(Option->PutVega[ir]+it))/nmeas;

/*

    call_vege[it] = 0.0;

    put_vege[it] = 0.0;

*/

    CallR[it] = 0.0;

    PutR[it] = 0.0;

    CallRE[it] = 0.0;

    PutRE[it] = 0.0;

    for(it=1; it<= NumTimeSteps; it++) {

      nmeas = mb;

      fac = *(Option->DiscountBeg+it);

      call[it] = (*(Option->CallValue[ir]+it))/nmeas; 

      put[it]  = (*(Option->PutValue[ir]+it))/nmeas;

      call[it] *= fac;

      put[it]  *= fac;

/*

      CallE[it] *= fac*fac;

      PutE[it] *= fac*fac;

*/

      CallDel[it]  *= fac;

      PutDel[it]  *= fac;

/*

      CallDelE[it]  *= fac*fac;

      PutDelE[it]  *= fac*fac;

*/

      call_vega[it] = (*(Option->CallVega[ir]+it))/nmeas;

      put_vega[it]  = (*(Option->PutVega[ir]+it))/nmeas;

      call_vega[it]  *= fac;

      put_vega[it]  *= fac;

/*

      call_vege[it]  *= fac*fac;

      put_vege[it]  *= fac*fac;

*/

      CallR[it]  *= fac;

      PutR[it]  *= fac;

/*

      CallRE[it] *= fac*fac;

      PutRE[it] *= fac*fac;

*/

      nmeas = sfac; /* changed this taking out the *mb */

      call[it] = call[it]/nmeas;

      put[it] = put[it]/nmeas;

      call2[it] = CallE[it]/nmeas;

      put2[it] = PutE[it]/nmeas;

/*

      CallE[it]= sqrt((call2[it]-call[it]*call[it])/nmeas);

      PutE[it]= sqrt((put2[it]-put[it]*put[it])/nmeas);

*/

      CallDel[it] =  CallDel[it]/nmeas;

      PutDel[it] =  PutDel[it]/nmeas;

      call_delta2[it] = CallDelE[it]/nmeas;

      put_delta2[it] = PutDelE[it]/nmeas;

/*

      CallDelE[it] = sqrt((call_delta2[it]-CallDel[it]*CallDel[it])/nmeas);

      PutDelE[it] = sqrt((put_delta2[it]-PutDel[it]*PutDel[it])/nmeas);

*/

      call_vega[it] = 0.01*(call_vega[it])/nmeas;

      put_vega[it] = 0.01*(put_vega[it])/nmeas;

      call_vega2[it] = .0001*(call_vege[it])/nmeas;

      put_vega2[it] = .0001*(put_vege[it])/nmeas;

/*



call_vege[it] = sqrt((call_vega2[it]-call_vega[it]*call_vega[it])/nmeas);



put_vege[it] = sqrt((put_vega2[it]-put_vega[it]*put_vega[it])/nmeas);

*/



CallR[it] = CallR[it]/nmeas;



PutR[it] = CallR[it]/nmeas;

      call_rho2[it] = CallRE[it]/nmeas; 

      put_rho2[it] = PutRE[it]/nmeas; 

/*



CallRE[it] = sqrt((call_rho2[it]-CallR[it]*CallR[it])/nmeas);



PutRE[it] = sqrt((put_rho2[it]-PutR[it]*PutR[it])/nmeas);

*/

    }

  }

/* this will not work on multiple processors right now! */

#ifdef MPI

  GatherResults(Option); 

#endif

#ifdef MPI

  if(MyProcessorNumber == MASTER) {

#endif

  iter ++;

      StrikePrice = Option->Strike;

      nov = Option->DimOfOption;

      NumTimeSteps = Option->NumOptionTimeValues;

/*

      fprintf(outc,"%d\n ",mb); 

      fprintf(outcd,"%d\n ",mb); 

      fprintf(outcv,"%d\n ",mb); 

      fprintf(outcr,"%d\n ",mb); 

      fprintf(outp,"%d\n ",mb); 

      fprintf(outpd,"%d\n ",mb); 

      fprintf(outpv,"%d\n ",mb); 

      fprintf(outpr,"%d\n ",mb); 

*/

      for(ix=1; ix<=nov; ix++){

        for(it=1; it<=NumTimeSteps;it++) {

/*

          fprintf(outc,"%f\n ",call[it]); 

          fprintf(outcd,"%f\n ",CallDel[it]); 

          fprintf(outcv,"%f\n ",call_vega[it]); 

          fprintf(outcr,"%f\n ",CallR[it]); 

          fprintf(outp,"%f\n ",put[it]); 

          fprintf(outpd,"%f\n ",PutDel[it]); 

          fprintf(outpv,"%f\n ",put_vega[it]); 

          fprintf(outpr,"%f\n ",PutR[it]); 

*/



} /* end of the print for loop */

     } /* loop over strikes */

/*

          fprintf(outc,"\n"); 

          fprintf(outcd,"\n"); 

          fprintf(outcv,"\n"); 

          fprintf(outcr,"\n"); 

          fprintf(outp,"\n"); 

          fprintf(outpd,"\n"); 

          fprintf(outpv,"\n"); 

          fprintf(outpr,"\n");  

*/

#ifdef MPI

  }

#endif

}

}

#ifndef CALND

#define CALND

int NumberOfPeriods(int , int , int );

int GetDate(int , int , int );

#endif

#ifndef DEFS

#define DEFS

#define MAXARG 0.01

#define MINARG -10.0

#define MAX_RELAX_CYCLES  10

#define MAX_FILE_NAME_LENGTH 80

#define MAX_PROCESS_NAME_LENGTH 80

#define ALL -1

#define DONE 0x0

#define NONE 0x0

#define RELAXED 0x1

#define NOT_RELAXED 0x0

#define MAX_NUM_MC_CYCLES 1000

#define MAX_NUM_MEAS_BLOCKS  1000000

#define DEFAULT_SEED 1234

#define DEFAULT_MEAS_BLOCK_SIZE 1

#define DEFAULT_NUM_RELAX_BLOCKS 0

#define TRUE 1

#define FALSE 0

#define TRANSLATION 0x1

#define REFLEXION   0

#ifdef DOUBLE_PRECISION

   #define REAL double

   #ifdef MPI

      #define MPI_REAL MPI_DOUBLE

   #endif

#else

   #define REAL float

   #ifdef MPI

      #define MPI_REAL MPI_FLOAT

   #endif

#endif

#ifdef MPI

#define MASTER 0

#endif

#endif

#ifndef EU_OPT

#define EU_OPT

int   EuropeanOptionServer

                         (

                         char *,

                         char *,

                         char *,

                         char *,

                         char *,

                         char *

                         );

#endif

#ifndef MC

#define MC

#include "PROCESS.h"

#include "PATH.h"

int SetupMetropolisMCSimulation(char *);

int GetDisturbanceSample(PATH *, PROCESS *);

int HowManyMeasBlocks(void);

int HowBigMeasBlock(void);

int HowManyRelaxBlocks(void);

int GetConfDumpFD(void);

int GetRestartFD(void);

int MetropolisUpdate

                   (

                   int ,

                   PATH *,

                   PROCESS *,

                   int,

                   REAL *,

                   REAL *

                   );

#endif

#ifndef MEM

#define MEM

void *mymalloc(int , char *); 

void V_Free(void *);

void M_Free(void **, int );

#endif

#ifndef DPATH

#define DPATH

#include "DEFS.h"

typedef struct paths {

int TimeGridSize;

int RateGridSize;

int Lag;

int PeriodLength;

int StartDate;

int EndDate;

int CurrentTimeIndex;

int RunningTimeIndex;

int CurrentRate;

int **ValidRate;

int *AllValidRates;

REAL **History;

REAL **InitLags;

} PATH;

PATH *CreatePath(int, int, int);

void PATH_Free(PATH *);

int GetCurrentTimeSlice(PATH *, REAL *);

int GetCurrentMCStep(PATH *, REAL *);

int GetPreviousTimeSlice(PATH *, REAL *);

int GetNextTimeSlice(PATH *, REAL *);

void FlipAllHistories(PATH *);

void UpdateCurrentTimeSlice(PATH *, REAL *);

void ShiftCurrentRateHistory(PATH *, REAL );

void ShiftCurrentRate(PATH *, REAL );

int SetCurrentPath(PATH *, REAL * );

void GetCurrentPath(PATH *, REAL * );

void GetInitLagsofCurrentPath(PATH *, REAL * );

void SetInitLagsofCurrentPath(PATH *, REAL * );

int SetStraightPath(PATH *, REAL );

void SetAllPathsToZero(PATH *);

int SetCurrentTimeSlice(PATH *, REAL * );

int SetInitLagsToZero(PATH *);

int SetAllInitLags(PATH *, REAL ** );

int SetInitLag(int, PATH *, REAL *);

void SetTimeGridSize(PATH *, int);

void SetRateGridSize(PATH *, int);

void FetchRunningTimeSlice(PATH *, REAL * );

void PATH_Add(PATH *, PATH *);

#ifdef INLINE

#define ProcessOrder(PathParams) ((PathParams)->Lag)

#define HowManyRates(PathParams) ((PathParams)->RateGridSize)

#define HowManyTimeSteps(PathParams) ((PathParams)->TimeGridSize)

#define SetCurrentTimetoInitial(PathParams) ((PathParams)->CurrentTimeIndex = 0)

#define SetCurrentTimeIndex(PathParams,j)   if(((j)>(PathParams)->TimeGridSize) || ((j)<0)) exit(1);  (PathParams)->CurrentTimeIndex = (j);

#define GetCurrentTimeIndex(PathParams) ((PathParams)->CurrentTimeIndex)

#define SetRunningTimetoCurrent(PathParams) (((PathParams)->RunningTimeIndex) = GetCurrentTimeIndex(PathParams))

#define SetRunningTimeOneStepBack(PathParams) (((PathParams)->RunningTimeIndex) = (((PathParams)->RunningTimeIndex)-1))

#define GetPreviousTimeIndex(PathParams) (((PathParams)->CurrentTimeIndex) - 1)

#define GetNextTimeIndex(PathParams) (((PathParams)->CurrentTimeIndex) + 1)

#define SetCurrentTimetoNext(PathParams) ((PathParams)->CurrentTimeIndex = (PathParams)->CurrentTimeIndex + 1)

#define BeyondHorizon(PathParams) ((GetCurrentTimeIndex(PathParams)) > (HowManyTimeSteps(PathParams)) ? 1: 0)

#define OnHorizon(PathParams) ((GetCurrentTimeIndex(PathParams)) == (HowManyTimeSteps(PathParams)) ? 1: 0)

#define SetCurrentRatetoFirst(PathParams) ((PathParams)->CurrentRate = 1)

#define SetCurrentRateIndex(PathParams, ir) (((PathParams)->CurrentRate) = (ir))

#define GetCurrentRateIndex(PathParams) ((PathParams)->CurrentRate)

#define FinishedLastRate(PathParams) (((PathParams)->CurrentRate) > ((PathParams)->RateGridSize) ? 1 : 0)

#define SetCurrentRatetoNext(PathParams) (((PathParams)->CurrentRate) = ((PathParams)->CurrentRate + 1))

#else

int ProcessOrder( PATH *);

int HowManyRates( PATH *);

int HowManyTimeSteps( PATH *);

void SetCurrentTimetoInitial( PATH *);

void SetCurrentTimeIndex( PATH *, int);

int GetCurrentTimeIndex(PATH *);

void SetRunningTimetoCurrent(PATH *);

void SetRunningTimeOneStepBack(PATH *);

int GetPreviousTimeIndex(PATH *);

int GetNextTimeIndex(PATH *);

void SetCurrentTimetoNext(PATH *);

int BeyondHorizon(PATH *);

int OnHorizon( PATH *);

void SetCurrentRatetoFirst( PATH *);

void SetCurrentRateIndex(PATH *, int );

int FinishedLastRate( PATH *);

int GetCurrentRateIndex( PATH *);

void SetCurrentRatetoNext( PATH *);

#endif

#endif

#ifndef PROB

#define PROB

#include "DEFS.h"

#ifdef BUNDLE_AR_WITH_PROB

    typedef int (ProbFunc) (int, REAL *, REAL *, REAL *, REAL *, REAL **,

                            int, REAL *, REAL *);

#else

    typedef REAL (ProbFunc) (int, int, REAL, REAL *, REAL *, REAL *, REAL **,

                             int, REAL *, REAL *);

#endif

#ifdef BUNDLE_AR_WITH_PROB

   int GaussianT (int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int GaussianTEV (int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int Student3T (int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int Gaussian (int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int GeneralizedCauchy(int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int GeneralizedCauchyEV(int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int GeneralizedLogistic(int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int GeneralizedLogisticEV(int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   int RealData(int , REAL * , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

#else

   REAL GaussianT (int , int , REAL , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   REAL Student3T (int , int , REAL , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

   REAL Gaussian (int , int , REAL , REAL *,  REAL *, REAL *, REAL **,

                  int, REAL *, REAL *);

#endif

#endif

#ifndef DPROCESS

#define DPROCESS

#include "DEFS.h"

#include "PATH.h"

#include "PROB.h"

typedef struct process {

int ProcessID;

int Symmetry;

int Dimension;

ProbFunc *Probability;

REAL *Variance;

int *CouplingsMap;

REAL **RateCouplings;

} PROCESS;

PROCESS *SetProcessParams( int, int, PATH *,  char *);

int GetCurrentRateCouplings(PROCESS *, PATH *, int, REAL * );

int *GetCouplingsMap(PROCESS *, int);

REAL **GetAllRateCouplings(PROCESS * );

REAL GetVariance( PROCESS *, PATH *);

REAL *GetVariances( PROCESS *, int);

void PROCESS_Free(PROCESS *, int);

int ProcessSymmetry(PROCESS *, int);

ProbFunc *GetProbabilityFunction(PROCESS *);

#endif

#ifndef RNG

#define RNG

#include "DEFS.h"

void RNG_Init( int seed);

REAL randf(void);

void PAR_RNG_Init(int pnum, int seed);

REAL parandf( void );

#endif

#ifndef STORE

#define STORE

#include "tsApi.h"

#include "PATH.h"

int DumpPath(PATH *, char *);

int LoadPath(PATH *, char *);

rateVector **ProxyRates(PATH *, int , int,  char *);

#endif

#ifndef VECTOR

#define VECTOR

#include "DEFS.h"

void SetVector(REAL *, REAL *,  int);

void Root2(REAL *, int);

void Power2(REAL *, int);

void MatrixVectorMultiply(REAL *, REAL **, REAL *, int);

void ArrayMultiply(REAL *, REAL *, int);

void VectorAdd(REAL *, REAL *, int);

#endif

#ifndef _eu_opt

#define _eu_opt

#include "DEFS.h"

typedef REAL* (PAYOFF) (int, int, int *, REAL *);

typedef struct EuropeanOption {

int TimeGridSize;

int DimOfUnderlying;

void *Underlying;

REAL *InitPrice;

REAL **LogPrice;

int DimOfOption;

int NumOptionTimeValues;

int *ValuationTimeIndex;

REAL *InterestRate;

REAL *Drift;

REAL *DiscountBeg;

REAL *DiscountEnd;

REAL **CallValue;

REAL **PutValue;

REAL **CallError;

REAL **PutError;

REAL **CallDelta;

REAL **CallDeltaError;

REAL **CallVega;

REAL **CallVegaError;

REAL **CallRho;

REAL **CallRhoError;

REAL **PutDelta;

REAL **PutDeltaError;

REAL **PutVega;

REAL **PutVegaError;

REAL **PutRho;

REAL **PutRhoError;

int NumIntPayoffParams;

int NumFloatPayoffParams;

PAYOFF *PayoffFunction;

int *IntPayoffParams;

REAL *FloatPayoffParams;

REAL *Strike;

} EU_OPTION;

int EuropeanValuation

                    (

                    PATH *, 

                    PROCESS *,

                    EU_OPTION **,







  int,







  REAL *,







  REAL *,

                    char *


            );

EU_OPTION *CreateEuropeanOption

                              (

                              PATH *,

                              char *

                              );         

void InitOption

              (

              EU_OPTION *,

              REAL *

              );

int gethist( int);

void MeasOption

              (

              int,

              EU_OPTION *,

              PATH *,

              PROCESS *,

              int, int

              );

void PrintOptionValues

                     (

                     EU_OPTION *

                     );

void Discount

                     (

                     EU_OPTION *

                     );

void Statistics

                     (

                     EU_OPTION *

                     );

void Statisticsi

                     (

                     int,

                     EU_OPTION *, int

                     );

void printme

                     (

                     EU_OPTION *, int

                     );

#ifdef MPI

void GatherResults(EU_OPTION *Option);

#endif

int Externalize

              (

              int,

              EU_OPTION **,

              char *,

              int

              );

void EU_OPTION_Free(EU_OPTION *);

#endif

#ifndef TSAPI

#define TSAPI

typedef struct rateVector {

  int rateDate;

  double rate;

  int isnull;

} rateVector;

#endif

Boundary Code

!!------------------------------------------------------------------------

! $Id: american_mc.f90,v 1.2 1997/11/12 13:30:40 scott Exp $

!!Written by Scott A. Klasky

!!Copyright Syracuse University 1998

!!Program to calculate American options

!!

!!First attempt: 10,19,1997-

!!Modified 10/21/1997 by Scott V. McGuire

!!   NOTES: Limitations on this program include the following:

!!          Only made to work with 1 underlying (will change data structures

!!          later).

!!------------------------------------------------------------------------

!! Want to define the Data structure before we begin, because this will 

!! make it much easier to code with the proper data structure.

program american

  use PATHS

  use MOD_INT

  use input_params

  implicit none

  type (PATH),dimension(:,:),save,allocatable    :: eta,sorteta

  real*8,dimension(:,:),save,allocatable   :: payoff, stockprice

  real*8,dimension(:,:),save,allocatable   :: sortpayoff 

  integer,dimension(:,:),save,allocatable  :: sort_order

  integer:: max_nn

  integer:: max_iter

  integer:: ntime, npath, nn

  integer:: tl, ol, iter, otl

  integer,parameter  :: max_params = 30

  real*8,dimension(max_params)   :: params

  character*10,parameter     :: fname="path.stock"

  real*8 :: total_energy

  real*8 :: energy, oldenergy

  real*8 :: newenergy,oldpe,oldke,newpe

  real*8 :: newke,deltae

  real*8 :: spin_new 

  real*8 :: r1

  real*8,parameter  :: HALF = 0.5d0

  integer,parameter :: SEED = 100

  real*8 :: paymax,pay1d

  real*8,dimension(:),save,allocatable :: min_energy 

  real*8 :: temp

  integer:: anealing

  integer:: tnum

  integer:: flips

  integer:: annealing

  real*8 :: r,sss

  integer:: i,j

  integer:: jiter, ool, j1iter, olsave

  integer:: accept,reject 

  real*8 :: avgpayoff

  integer:: spin_total,ispin

  integer:: olstart

  !! read in the parameters (Stock Price, Strike price, etc.

  !! read in the data from the european MC code

  !! Next sort the list in the Stock Price Dimension

  !! Next find the nearest neighbor list

  !! Set up the initial spins

  !! Find the initial energy of the system

  call random_seed(SEED)

  call read_params(max_params,params)

  !! allocate the memory

  ntime = int(params(P_NTIME))

  npath = int(params(P_NPATH))

  nn    = int(params(P_NNN))

  allocate ( eta(ntime,npath),sorteta(ntime,npath) ) 

  allocate ( payoff(ntime,npath) ) 

  allocate ( stockprice(ntime,npath) ) 

  allocate ( sort_order(ntime,npath) )

  allocate ( sortpayoff(ntime,npath) )

  do  tl = 1 , ntime 

     do ol = 1 , npath 

        allocate(eta(tl,ol)%nns(nn)) 

        allocate(eta(tl,ol)%nng(nn)) 

        allocate(eta(tl,ol)%nnt(nn)) 

        allocate(eta(tl,ol)%nni(nn)) 

        allocate(eta(tl,ol)%nnj(nn)) 

        allocate(sorteta(tl,ol)%nns(nn)) 

        allocate(sorteta(tl,ol)%nng(nn)) 

        allocate(sorteta(tl,ol)%nnt(nn)) 

        allocate(sorteta(tl,ol)%nni(nn)) 

        allocate(sorteta(tl,ol)%nnj(nn)) 

     end do !ol

  end do !tl

  allocate (min_energy(int(params(P_ANNEALS))))

  call read_data(fname,max_params,params,stockprice)

  open(20,file='am.out')

  write(20,*) 'input parameters:'

  do tl = 1, max_params

     write(20,*) tl,params(tl)

  end do

  call sort_stock(max_params,params,stockprice,sort_order,payoff)

  call calculate_payoff(max_params,params,payoff,sortpayoff)

  call find_nearest_neighbor_list(max_params,params,sortpayoff,eta)

  call initialize_spins(max_params,params,sortpayoff,eta)

  oldenergy =  compute_energy_path(max_params,params,sortpayoff,eta,sort_order)

  avgpayoff = sorted_average_payoff(max_params,params,sortpayoff,eta,sort_order)

  jiter = 0

 ! we want to maximize the payoff


call dump_dat1d("Boundary",ntime,1.0d0*(ntime-ntime),max_params,params, &

                   sortpayoff,eta)

   do otl = int(params(P_NTIME))-1, 1, -1

 

olstart = int(params(P_NPATH))

   ! first thing is to set the spins equal to 1 everywhere where the

   ! time ahead of this slice is 1.



eta(1:otl-1,:)%spin = 0



eta(otl,:)%spin = 1

    paymax=sorted_laverage_payoff(otl,max_params,params,sortpayoff,   &

                                  eta,sort_order)



write(6,*) paymax



write(20,*) paymax



olsave = params(P_NPATH)+1  !this is where the first one is

      do ol = olstart,1,-1

         eta(otl,ol:npath)%spin = 0

         pay1d=sorted_laverage_payoff(otl,max_params,params,sortpayoff,   &

                                      eta,sort_order)

         if (pay1d > paymax) then

            ! keep this spin

            paymax = pay1d





olsave = ol




end if



end do !ol



eta(otl,:)%spin = 0



eta(otl,1:olsave-1)%spin = 1


   call dump_dat1d("Boundary",otl,1.0d0*(ntime-otl),max_params,params, &

                      sortpayoff,eta)


end do !otl

   paymax=sorted_average_payoff(max_params,params,sortpayoff,   &

                               eta,sort_order)

   oldenergy =  compute_energy_path(max_params,params,          &

                                    sortpayoff,eta,sort_order)


write(6,*) paymax,oldenergy


write(20,*) paymax,oldenergy

!   call dump_data("eta",1.0d0,max_params,params,eta)

  close(20)

end program american

! $Id: average_payoff.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

! Scot McGuire 

real*8 function average_payoff(max_params,params,payoff,eta,sortorder)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)  ::max_params

   real*8,dimension(max_params),intent(IN) ::params

   real*8,dimension(:,:),intent(IN)  ::payoff

   type (PATH),dimension(:,:),intent(IN)   ::eta

   integer,dimension(:,:),intent(IN) ::sortorder

   integer     ::i,j


real*8::time

   average_payoff = 0

   do j=1,int(params(P_NPATH))

      if (eta(1,j)%spin == 1) then

         time = 1.0d0*(int(params(P_NTIME))-1)/12.0d0

         average_payoff = average_payoff + payoff(1,j)

      else

         do i=1,int(params(P_NTIME))-1

            time = 1.0d0*(int(params(P_NTIME))-i)/12.0d0

            if (eta(i,j)%spin == 0 .and. eta(i+1,j)%spin == 1) then

               average_payoff=average_payoff+payoff(i+1,j) 


       exit


    end if


 end do

      end if

   end do

   average_payoff = average_payoff / params(P_NPATH)

   return

end function average_payoff

!!----------------------------------------------------------------------------

!! $Id: calcpayoff.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

!! subroutine calculate_payoff(max_params,params,stockprice,payoff)

!!    This subroutine will take in the stock price and interest rate, etc.

!!    to determine the payoff function

!!    will have the payoffs

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!!----------------------------------------------------------------------------

subroutine calculate_payoff(max_params,params,stockprice,payoff)

use PATHS

use input_params

implicit none

integer,intent(IN)   :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)   :: stockprice

real*8,dimension(:,:),intent(OUT)  :: payoff

integer:: i,j

integer:: ntime

real*8 :: time

   ntime = int(params(P_NTIME))

   do j = 1, int(params(P_NPATH))

      do i = 1, ntime 

          time = -1.0d0*(i-1)/12.0d0

!          time =  1.0d0*(int(params(P_NTIME))-i)/12.0d0

!
time = 0.0d0

         payoff(i,j) = max(0.0d0,(params(P_STRIKE)-stockprice(i,j))* &

              exp(params(P_RATE)*time))

      end do !i

   end do !j

return

end subroutine calculate_payoff

!!----------------------------------------------------------------------------

!! $Id: compute_energy.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

!! subroutine compute_energy

!!    This subroutine will compute the energy of the entire system 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_energy(max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

real*8 :: potential_energy 

real*8 :: kinetic_energy 

interface

   real*8 function compute_potential_energy(max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN) :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)     :: payoff

   end function

   real*8 function compute_kinetic_energy(max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN) :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)     :: payoff

   end function

end interface

   potential_energy = compute_potential_energy(max_params,params,payoff,eta)

   kinetic_energy   = compute_kinetic_energy(max_params,params,payoff,eta)

   compute_energy = -params(P_C1)*potential_energy-params(P_C2)*kinetic_energy

return

end function compute_energy

!!----------------------------------------------------------------------------

!! function compute_potential_energy 

!!    This subroutine will initialize the spins

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_potential_energy(max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

integer:: j,k, stock

real*8 :: sum , prod

   compute_potential_energy = 0.0d0

   do stock  = 1 , int(params(P_NPATH))

      sum = 0.0d0

      do k = 1 , int(params(P_NTIME))

         if ( (eta(k,stock)%spin<>(0.0d0)).and.(payoff(k,stock)<>(0.0d0))) then

            prod = 1.0d0

            do j = 1 , k - 1

               prod = prod* (1.0d0-eta(j,stock)%spin)

            end do !j

            sum = sum + prod*eta(k,stock)%spin * payoff(k,stock)




end if

      end do !k

      compute_potential_energy = compute_potential_energy + sum

   end do !stock

return

end function compute_potential_energy

!!----------------------------------------------------------------------------

!! function compute_kinetic_energy 

!!    This subroutine will initialize the spins

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_kinetic_energy(max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

integer:: i, j, k, KI, KJ, JI, JJ

real*8 :: sum

   compute_kinetic_energy = 0.0d0

   do k = 1, int(params(P_NPATH))

      do j = 1, int(params(P_NTIME))

         do i = 1, eta(j,k)%nnn 

            JI = eta(j,k)%nni(i)

            JJ = eta(j,k)%nnj(i)

            compute_kinetic_energy=compute_kinetic_energy +                &

                 (eta(j,k)%spin-0.5d0)*(eta(JI,JJ)%spin-0.5d0) &

                 / eta(j,k)%nnn

         end do !i

      end do !j

   end do !k

return

end function compute_kinetic_energy

!!----------------------------------------------------------------------------

!! $Id: compute_energy_path.f90,v 1.1 1997/11/11 03:18:13 scott Exp $ 

!! subroutine compute_energy_path

!!    This subroutine will compute the energy of the entire system with a

!!    non-broken path for the potential energy

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_energy_path(max_params,params,payoff,eta,io)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

real*8 :: potential_energy

real*8 :: kinetic_energy 

integer,dimension(:,:),intent(IN)    :: io

interface

   real*8 function compute_potential_energy_path(max_params,params,     &

                                                 payoff,eta,io)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN) :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)     :: payoff

   integer,dimension(:,:),intent(IN)    :: io

   end function

   real*8 function compute_kinetic_energy(max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN) :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)     :: payoff

   end function

end interface

   potential_energy =compute_potential_energy_path(max_params,params,payoff, &

                                                    eta,io)

   kinetic_energy  =compute_kinetic_energy(max_params,params,payoff,eta)

   compute_energy_path = -params(P_C1)*potential_energy                &

                         -params(P_C2)*kinetic_energy

return

end function compute_energy_path

!!----------------------------------------------------------------------------

!! function compute_potential_energy_path

!!    This subroutine will compute the local potential energy (unbroken path) 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_potential_energy_path(max_params,params,payoff,eta,io)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

integer,dimension(:,:),intent(IN)    :: io

integer:: j,k, stock

real*8 :: sum , prod

   compute_potential_energy_path = 0.0d0

   do stock = 1,int(params(P_NPATH))

      do k = 1,int(params(P_NTIME))

         if(eta(k,io(k,stock))%spin == 1) then

            compute_potential_energy_path = compute_potential_energy_path + payoff(k,io(k,stock))

            exit !k

         end if

      end do

   end do

return

end function compute_potential_energy_path

!!----------------------------------------------------------------------------

!! $Id: compute_local_energy.f90,v 1.1 1997/11/11 03:18:13 scott Exp $ 

!! subroutine compute_local_energy

!!    This subroutine will compute the local energy 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_local_energy(t,p,max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

integer:: t,p

real*8 :: potential_energy 

real*8 :: kinetic_energy 

interface

   real*8 function compute_lpotential_energy(t,p,max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN) :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)     :: payoff

   integer:: t,p

   end function

   real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN) :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)     :: payoff

   integer:: t,p

   end function

end interface

   potential_energy=compute_lpotential_energy(t,p,max_params,params,payoff,eta)

   kinetic_energy  =compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

   compute_local_energy = -params(P_C1)*potential_energy                      &

                          -params(P_C2)*kinetic_energy

return

end function compute_local_energy

!!----------------------------------------------------------------------------

!! function compute_plotential_energy 

!!    This subroutine will compute the local potential energy 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_lpotential_energy(t,p,max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

integer:: t,p

integer:: j,k, stock

real*8 :: sum , prod

compute_lpotential_energy = 0.0d0

stock = p

sum = 0.0d0

do k = 1 , int(params(P_NTIME))

   if ( (eta(k,stock)%spin<>(0.0d0)).and.(payoff(k,stock)<>(0.0d0))) then

      prod = 1.0d0

      do j = 1 , k - 1

         prod = prod* (1.0d0-eta(j,stock)%spin)

      end do !j

      sum = sum + prod*eta(k,stock)%spin * payoff(k,stock)

   end if

end do !k

compute_lpotential_energy = compute_lpotential_energy + sum

return

end function compute_lpotential_energy

!!----------------------------------------------------------------------------

!! function compute_kinetic_energy 

!!    This subroutine will compute the change in the local potential energy 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)     :: payoff

integer:: t,p

integer:: i, j, k, KI, KJ, JI, JJ

real*8 :: sum

integer:: nnl

   compute_lkinetic_energy = 0.0d0

!! For local energy changes only loop over the NN list of (t,p) termi

   do nnl = 1 , eta(t,p)%nnn 

      j = eta(t,p)%nni(nnl)

      k = eta(t,p)%nnj(nnl)

      do i = 1, eta(j,k)%nnn 

         JI = eta(j,k)%nni(i)

         JJ = eta(j,k)%nnj(i)

         compute_lkinetic_energy=compute_lkinetic_energy +                  &

              (eta(j,k)%spin-0.5d0)*(eta(JI,JJ)%spin-0.5d0)

      end do !i

   end do !nnl

! now we must change the energy of the t,p point too... since this is not in the

! nn list

   j = t

   k = p

   do i = 1, eta(j,k)%nnn 

      JI = eta(j,k)%nni(i)

      JJ = eta(j,k)%nnj(i)

      compute_lkinetic_energy=compute_lkinetic_energy +                  &

           (eta(j,k)%spin-0.5d0)*(eta(JI,JJ)%spin-0.5d0)

   end do !i

   compute_lkinetic_energy=compute_lkinetic_energy / eta(j,k)%nnn

return

end function compute_lkinetic_energy

!!----------------------------------------------------------------------------

!! $Id: compute_local_energy_path.f90,v 1.1 1997/11/11 03:18:13 scott Exp $ 

!! subroutine compute_local_energy

!!    This subroutine will compute the local energy 

!!    Author: Scott A. Klasky

!!    Date  : 11/02/97

!!----------------------------------------------------------------------------

real*8 function compute_local_energy_path(t,p,max_params,params,payoff,eta,io)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)     :: payoff

  integer:: t,p

  real*8 :: potential_energy 

  real*8 :: kinetic_energy 

  integer,dimension(:,:),intent(IN)    :: io

  interface

     real*8 function compute_lpotential_energy_path(t,p,max_params,params, &

          payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)     :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer:: t,p

       integer,dimension(:,:),intent(IN)    :: io

     end function compute_lpotential_energy_path

     real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer:: t,p

     end function compute_lkinetic_energy

  end interface

  potential_energy=compute_lpotential_energy_path(t,p,max_params,params,  &

       payoff,eta,io)

  kinetic_energy  =compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

  compute_local_energy_path = -params(P_C1)*potential_energy              &

       -params(P_C2)*kinetic_energy

  return

end function compute_local_energy_path

!!----------------------------------------------------------------------------

!! function compute_plotential_energy_path

!!    This subroutine will compute the local potential energy on a unbroken path

!!    Author: Scott A. Klasky

!!    Date  : 11/02/97

!!----------------------------------------------------------------------------

real*8 function compute_lpotential_energy_path(t,p,max_params,params,   &

     payoff,eta,io)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)     :: payoff

  integer:: t,p

  integer,dimension(:,:),intent(IN)    :: io

  integer:: j,k, stock

  real*8 :: sum , prod

  compute_lpotential_energy_path = 0.0d0

  do j = 1 , int(params(P_NPATH))

     if (io(t,j) == p) exit !this is the j that we want

  end do !j

  do k =1,int(params(P_NTIME))

     if(eta(k,io(k,j))%spin == 1) then

        compute_lpotential_energy_path = compute_lpotential_energy_path +  &

             payoff(k,io(k,j))

        exit !k

     end if

  end do

  return

end function compute_lpotential_energy_path

!!----------------------------------------------------------------------------

!! $Id: dump.f90,v 1.4 1997/11/12 13:30:32 scott Exp $ 

!! subroutine dump_data

!!    This subroutine will output data to a file and to scivis

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!    The metric function that we will use by default will help compute

!!    the nearest neighbor list

!!----------------------------------------------------------------------------

subroutine dump_data(name,time,max_params,params,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)   :: name

real*8,intent(IN)  :: time

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(IN):: gf

integer:: java_bbser2d,rc

real*8,dimension(:),allocatable:: gf2d

real*8,dimension(4):: bb

integer:: nx,ny

integer:: i,j,l

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))

   allocate (gf2d(nx*ny))

   bb(1) = 1 

   bb(2) = params( P_NTIME)

   bb(3) = 1

   bb(4) = params( P_NPATH)

   l = 0

   do i = 1 , nx

      do j = 1 , ny

         l = l + 1

         gf2d(l) = gf(i,j)%spin

      end do

   end do

   rc = java_bbser2d(name,time,bb,nx,ny,gf2d)


write(88) gf2d

return

end subroutine dump_data

!!----------------------------------------------------------------------------

!! 

!!----------------------------------------------------------------------------

subroutine dump_dat1d(name,it,time,max_params,params,x2d,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)   :: name

real*8,intent(IN)  :: time

integer,intent(IN) :: max_params

integer:: it

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(IN):: gf

real*8,dimension(:,:),intent(IN):: x2d

integer:: java_cmser,rc

real*8,dimension(:),allocatable:: y,x,c

integer:: nx,ny,nxy(1)

integer:: i,j,l,nt

real*8,dimension(1) :: t

   nt = 1 !! only 1 time slice

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))


nxy(1) = nx*ny


allocate(y(nx*ny),x(nx*ny),c(nx*ny))

   l = 0

   t(1) = time

   do j = 1 , ny


   do i = 1, nx

         l = l + 1

         c(l) = gf(i,j)%spin



   y(l) = x2d(i,j)

         x(l) = 1.0d0*(i-1)



end do !i

   end do !j

   rc = java_cmser(name,1,t,x,y,c,nxy)

return

end subroutine dump_dat1d

!!----------------------------------------------------------------------------

!!

!!----------------------------------------------------------------------------

subroutine dump_dat1d2(name,it,time,max_params,params,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)   :: name

real*8,intent(IN)  :: time

integer,intent(IN) :: max_params

integer:: it

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(IN):: gf

integer:: java_cmser,rc

real*8,dimension(:),allocatable:: y,x,c

integer:: nx,ny,nxy(1)

integer:: i,j,l,nt

real*8,dimension(1) :: t

   nt = 1 !! only 1 time slice

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))

   nxy(1) = nx*ny

   allocate(y(nx*ny),x(nx*ny),c(nx*ny))

   l = 0

   t(1) = time

   do j = 1 , ny

      do i = 1, nx

         l = l + 1

         c(l) = gf(i,j)%spin

         y(l) = 1.0d0*(j) 

         x(l) = 1.0d0*(i-1)

      end do !i

   end do !j

   rc = java_cmser(name,1,t,x,y,c,nxy)

return

end subroutine dump_dat1d2

!!----------------------------------------------------------------------------

subroutine dump_datar(name,time,max_params,params,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)   :: name

real*8,intent(IN)  :: time

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)     :: gf

integer:: java_bbser2d,rc

real*8,dimension(:),allocatable:: gf2d

real*8,dimension(4):: bb

integer:: nx,ny

integer:: i,j,l

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))

   allocate (gf2d(nx*ny))

   bb(1) = 1

   bb(2) = params( P_NTIME)

   bb(3) = 1

   bb(4) = params( P_NPATH)

   l = 0

   do i = 1 , nx

      do j = 1 , ny

         l = l + 1

         gf2d(l) = gf(i,j)

      end do

   end do

   rc = java_bbser2d(name,time,bb,nx,ny,gf2d)

   write(88) gf2d

return

end subroutine dump_datar

!!----------------------------------------------------------------------------

subroutine dump_data1d(name,time,max_params,params,gf)

use input_params

implicit none

character*(*),intent(IN)   :: name

real*8,intent(IN)  :: time

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)     :: gf

integer:: i,j,l,nx,ny

real*8,dimension(:),allocatable:: x,y

integer:: vsrc,java_ser

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))


allocate(x(nx*ny),y(nx*ny))


l = 0

   do i = 1 ,nx

      do j= 1 , ny




l = l + 1




x(l) = 1.0d0*i




y(l) = gf(i,j)


   end do !j


end do !i


vsrc = java_ser(name,time,x,y,l)

return

end

!!----------------------------------------------------------------------------

!! $Id: find_nn_list.f90,v 1.1 1997/11/11 03:18:13 scott Exp $ 

!! subroutine find_nearest_neighbor_list 

!!    This subroutine will find the nearest neighbor lists

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!    The metric function that we will use by default will help compute

!!    the nearest neighbor list

!!----------------------------------------------------------------------------

subroutine find_nearest_neighbor_list(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  real*8,dimension(:,:),intent(IN)     :: payoff

  type (PATH),dimension(:,:),intent(INOUT)   :: eta

  integer:: metric_toggle

  interface

     subroutine standard_metric(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(INOUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

     end subroutine standard_metric

  end interface

  metric_toggle = int(params(P_METRIC))

  select case(metric_toggle)

  case(1)

     call standard_metric(max_params,params,payoff,eta)

     write(6,*) 'nnnnn',eta(1,1)%nnn

  case default

     write(*,*)'Invalid value for metric type' 

     stop

  end select

  return

end subroutine find_nearest_neighbor_list

!!----------------------------------------------------------------------------

!! subroutine   standard_metric

!!    This subroutine will read in parameters used for the MC iterations

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine standard_metric(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params   

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(INOUT) :: eta

  real*8,dimension(:,:),intent(IN)     :: payoff

  integer:: nn

  integer:: i,j       !! eta(i,j)

  integer:: inn,jnn   !! for nn calcs 

  real*8 :: r, time, stock

  integer,parameter  :: maxn=1000

  real*8,dimension(maxn)     :: g

  integer,dimension(maxn)    :: is,js,index

  integer:: ipoints, l, icount

  real*8,parameter   :: CONST=0.5d0

  open(22,file='nnlist.out')

  nn= int(params(P_NNN))

  eta(:,:)%nnn = 0

  do j = 1, int(params(P_NPATH))

     do i = 1, int(params(P_NTIME)) 

        stock = payoff(i,j)

        time  = 1.0d0 * i

        ipoints = 0

        do jnn = max(1,j - nn), min(int(params(P_NPATH)),j + nn)

           do inn = i,i ! Only equal time neighbors

           !do inn = max(1,i - nn), min(int(params(P_NTIME)),i + nn)

              if ( (inn.eq.i).and.(jnn.eq.j)) then

              else if (inn.eq.i) then

                 ipoints = ipoints + 1

                 g(ipoints) =                                               &

                      1.0d0*(time - 1.0d0*inn)**2 +          &

                      params(P_METCO)*(stock- payoff(inn,jnn))**2 

                 is(ipoints) = inn

                 js(ipoints) = jnn

                 index(ipoints) = ipoints

              end if

           end do !inn

        end do !jnn

        ! Now I must sort this 

        call batcher(g,index,ipoints)

        ! Now I put the first `nn` back in the nearest neighbor list

        icount = 0

        do l = 1, ipoints

           if ( icount.lt.nn ) then

              icount = icount + 1

              eta(i,j)%nni(l) = is(index(l))

              eta(i,j)%nnj(l) = js(index(l))

              eta(i,j)%nns(l) = g(index(l))

              eta(i,j)%nng(l) = 1.0d0 

           else

              eta(i,j)%nnn = icount

              exit

           end if

        end do

        if (eta(i,j)%nnn.eq.0) then !just take 2 closest points

           eta(i,j)%nnj(1) = max(1,j-1)

           eta(i,j)%nnj(2) = min(int(params(P_NPATH)),j+1)

           eta(i,j)%nni(1) = i 

           eta(i,j)%nni(2) = i 

           eta(i,j)%nns(1) = 1.0d0

           eta(i,j)%nns(2) = 1.0d0

           eta(i,j)%nng(1) = 1.0d0

           eta(i,j)%nng(2) = 1.0d0

           eta(i,j)%nni(1) = max(1,i-1)

           eta(i,j)%nni(2) = min(int(params(P_NTIME)),i+1)

           eta(i,j)%nnj(1) = j

           eta(i,j)%nnj(2) = j 

           eta(i,j)%nns(1) = 1.0d0

           eta(i,j)%nns(2) = 1.0d0

           eta(i,j)%nng(1) = 1.0d0

           eta(i,j)%nng(2) = 1.0d0

           eta(i,j)%nnn    = 4

        end if

     end do !i

  end do !j

  close(22)

  close(66);close(67)

  return

end subroutine standard_metric

!!----------------------------------------------------------------------------

!! $Id: initialize_spins.f90,v 1.1 1997/11/11 03:18:13 scott Exp $ 

!! subroutine initialize_spins 

!!    This subroutine will initialize the spins 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine initialize_spins(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)     :: payoff

  integer:: init_toggle

  interface

     subroutine standard_init(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

     end subroutine standard_init

     subroutine standard_init2(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

     end subroutine standard_init2

  end interface

  init_toggle = int(params(P_INIT))

  select case(init_toggle)

  case(1)

     call standard_init(max_params,params,payoff,eta)

  case(2)

     call standard_init2(max_params,params,payoff,eta)

  case default 

     write(*,*)'Invalid value for initialization type'

     stop

  end select

  return

end subroutine initialize_spins

!!----------------------------------------------------------------------------

!! subroutine standard_init

!!    This subroutine will initialize the spins using method 1

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine standard_init(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)     :: payoff

  real*8 :: strike

  integer:: i,j

  real*8,dimension(:,:),allocatable :: r

  allocate (r(int(params(P_NTIME)),int(params(P_NPATH)) ) )


call random_number(r)

  eta(:,:)%spin = int(r+0.5)

  strike = params(P_STRIKE)

  do j = 1, int(params(P_NPATH))

!     eta(:,j)%spin = 0.0d0

     if (payoff(int(params(P_NTIME)),j) > (0.0d0) )  then

        eta(int(params(P_NTIME)),j)%spin = 1.0d0

     else

        eta(int(params(P_NTIME)),j)%spin = 0.0d0

     end if

  end do !j

  eta(int(params(P_NTIME))-1,1)%spin = 1.0d0

  eta(int(params(P_NTIME))-1,int(params(P_NPATH)))%spin = 0.0d0

  return

end subroutine standard_init

!!----------------------------------------------------------------------------

!! subroutine standard_init2

!!    This subroutine will initialize the spins using method 1

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine standard_init2(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)     :: payoff

  real*8 :: strike

  integer:: i,j

  strike = params(P_STRIKE)

  eta(:,:)%spin = 0.0d0

  do j = 1 , int(params(P_NPATH))

     do i = int(params(P_NTIME)),1,-1

        if (payoff(i,j) > (0.0d0) )  then

           eta(i:1,j)%spin = 1.0d0

           exit !out of the time look, i.e. we found the "boundary" value

        end if

     end do !i

  end do !j

  return

end subroutine standard_init2

!!----------------------------------------------------------------------------

!! Input parameters

!! Written by: Scott A. Klasky

!! Modified by Scott V. McGuire 10/21/1997

!! $Id: input_params.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

!!----------------------------------------------------------------------------

module input_params

   integer, parameter  :: P_MCITERS   = 1   !! monte carlo iterations

   integer, parameter  :: P_CONVCRIT  = 2   !! MC convergence criteria

   integer, parameter  :: P_METRIC    = 3   !! Which metric to use

   integer, parameter  :: P_NTIME     = 4   !! How many time slices on a path

   integer, parameter  :: P_NPATH     = 5   !! How many paths

   integer, parameter  :: P_NUMUNDER  = 6   !! How many underlyings

   integer, parameter  :: P_C1        = 7   !! C1 term in the energy

   integer, parameter  :: P_C2        = 8   !! C2 term in the energy

   integer, parameter  :: P_NNN       = 9   !! How many nearest neighbors (r)

   integer, parameter  :: P_TWEIGHT   =10   !! Weight function for MC time iter

   integer, parameter  :: P_STRIKE    =11   !! The strike price

   integer, parameter  :: P_RATE      =12   !! The interest rate

   integer, parameter  :: P_DAYS      =13   !! The number of days/period

   integer, parameter  :: P_METCO     =14   !! The coefficient in the metric

   integer, parameter  :: P_INIT      =15   !! Type of initialization used

   integer, parameter  :: P_ANNEALS   =16   !! Annealing runs

   integer, parameter  :: P_TEMPS     =17   !! Temperatures per annealing run

   integer, parameter  :: P_INIT_TEMP =18   !! Initial temperature

   integer, parameter  :: P_SORT      =19   !! Sort = 1, No Sort = 0

   integer, parameter  :: P_OUTL      =20   !!  

   integer, parameter  :: P_WINDOW    =21   !! Time Window buffer

   integer, parameter  :: P_PE_PATH   =22   !! Compute PE on a "real" path 

   integer, parameter  :: P_SIGMA     =23   !! volatility 

end module

!!------------------------------------------------------------

!! $Id: metric.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

!! Scott McGuire

!! For multiple underliers, should have s1,s2 arrays

!!------------------------------------------------------------

real*8 function metric(max_params,params,covm,s1,t1,s2,t2)

use input_params

implicit none

integer,intent(IN) :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)     :: covm

real*8,intent(IN)  :: s1,t1,s2,t2

   metric = (t2-t1)**2/covm(0,0) &

            +2*(t2-t1)*log(s2/s1)/covm(0,1) &

            +log(s2/s1)**2/covm(1,1)

   return

end function metric

!!----------------------------------------------------------------------------

!! Modules for the american code 

!! Written by: Scott A. Klasky

!! $Id: modules.f90,v 1.3 1997/11/11 13:15:25 scott Exp scott $

!!----------------------------------------------------------------------------

module PATHS

  type PATH

     real*8   :: spin 

     real*8,dimension(:),pointer  :: nns

     real*8,dimension(:),pointer  :: nng

     integer,dimension(:),pointer :: nnt

     integer,dimension(:),pointer :: nni

     integer,dimension(:),pointer :: nnj

     integer  :: nnn

     ! nearest neighbors in stock, nearest neighbors in time, nearest neighbors in r

  end type PATH

end module PATHS

module MOD_INT

  interface

     real*8 function compute_lpotential_energy(t,p,max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer:: t,p

     end function compute_lpotential_energy

     real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer:: t,p

     end function compute_lkinetic_energy

     real*8 function compute_lpotential_energy_path(t,p,max_params,params, &

          payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer:: t,p

       integer,dimension(:,:),intent(IN)    :: io

     end function compute_lpotential_energy_path

     real*8 function average_payoff(max_params,params,payoff,eta,sortorder)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)  ::max_params

       real*8,dimension(max_params),intent(IN) ::params

       real*8,dimension(:,:),intent(IN)  ::payoff

       type (PATH),dimension(:,:),intent(IN)   :: eta  

       integer,dimension(:,:),intent(IN)  :: sortorder

     end function average_payoff

     real*8 function sorted_average_payoff(max_params,params,payoff,eta, &

          sortorder)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)  ::max_params

       real*8,dimension(max_params),intent(IN) ::params

       real*8,dimension(:,:),intent(IN)  ::payoff

       type (PATH),dimension(:,:),intent(IN)   :: eta  

       integer,dimension(:,:),intent(IN)  :: sortorder

     end function sorted_average_payoff

     real*8 function sorted_average_payoff(otl,max_params,params,payoff,eta, &

          sortorder)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)  ::max_params,otl

       real*8,dimension(max_params),intent(IN) ::params

       real*8,dimension(:,:),intent(IN)  ::payoff

       type (PATH),dimension(:,:),intent(IN)   :: eta

       integer,dimension(:,:),intent(IN)  :: sortorder

     end function sorted_average_payoff

     subroutine read_data(fname,max_params,params,stockprice)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)   :: max_params

       real*8,dimension(max_params),intent(OUT) :: params

       real*8,dimension(:,:),intent(OUT)  :: stockprice

       character*(*),intent(IN) :: fname

     end subroutine read_data

     subroutine read_params(max_params,params)

       use PATHS

       use input_params

       implicit none

       integer:: max_params

       real*8,dimension(max_params)   :: params

     end subroutine read_params

     subroutine calculate_payoff(max_params,params,stockprice,payoff)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)   :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)   :: stockprice

       real*8,dimension(:,:),intent(OUT)  :: payoff

     end subroutine calculate_payoff

     subroutine sort_stock(max_params,params,payoff,sort_order,sortpayoff)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN) :: params

       real*8,dimension(:,:),intent(IN)     :: payoff

       real*8,dimension(:,:),intent(OUT)    :: sortpayoff 

       integer,dimension(:,:),intent(OUT)   :: sort_order

     end subroutine sort_stock

     subroutine find_nearest_neighbor_list(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)     :: payoff

       type (PATH),dimension(:,:),intent(INOUT) :: eta

     end subroutine find_nearest_neighbor_list

     subroutine initialize_spins(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

     end subroutine initialize_spins

     real*8 function compute_energy(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

     end function compute_energy

     real*8 function compute_local_energy(t,p,max_params,params,            &

          payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer:: t,p

     end function compute_local_energy

     real*8 function compute_energy_path(max_params,params,payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer,dimension(:,:),intent(IN)     :: io

     end function compute_energy_path

     real*8 function compute_local_energy_path(t,p,max_params,params,       &

          payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)     :: payoff

       integer,dimension(:,:),intent(IN)     :: io

       integer:: t,p

     end function compute_local_energy_path

     subroutine dump_data(name,time,max_params,params,gf)

       use PATHS

       use input_params

       implicit none

       character*(*),intent(IN)   :: name

       real*8,intent(IN)  :: time

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(IN):: gf

     end subroutine dump_data

     subroutine dump_dat1d(name,it,time,max_params,params,x2d,gf)

       use PATHS

       use input_params

       implicit none

       character*(*),intent(IN)   :: name

       real*8,intent(IN)  :: time

       integer,intent(IN) :: max_params

       integer:: it

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)     :: x2d

       type (PATH),dimension(:,:),intent(IN):: gf

     end subroutine dump_dat1d

     subroutine dump_dat1d2(name,it,time,max_params,params,gf)

       use PATHS

       use input_params

       implicit none

       character*(*),intent(IN)   :: name

       real*8,intent(IN)  :: time

       integer,intent(IN) :: max_params

       integer:: it

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(IN):: gf

     end subroutine dump_dat1d2

     subroutine dump_datar(name,time,max_params,params,gf)

       use PATHS

       use input_params

       implicit none

       character*(*),intent(IN)   :: name

       real*8,intent(IN)  :: time

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN):: gf

     end subroutine dump_datar

     subroutine dump_data1d(name,time,max_params,params,gf)

       use input_params

       implicit none

       character*(*),intent(IN)   :: name

       real*8,intent(IN)  :: time

       integer,intent(IN) :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)     :: gf

     end subroutine dump_data1d

  end interface

end module MOD_INT

!!----------------------------------------------------------------------------

!! $Id: read_data.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

!! subroutine read_data:

!!    This subroutine will read in data from the old MC program, this

!!    will have the payoffs

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!!----------------------------------------------------------------------------

subroutine read_data(fname,max_params,params,stockprice)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)   :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  real*8,dimension(:,:),intent(OUT)  :: stockprice

  character*(*),intent(IN) :: fname

  integer:: i,j

  integer:: iter

  open(20,file=fname)

  do j = 1 , int(params(P_NPATH))

     read(20,*) iter

     do i = 1, int(params(P_NTIME))

        read(20,*) stockprice(i,j)

     end do !i

  end do !j

  close(20)

  return

end subroutine read_data

!!----------------------------------------------------------------------------

!! $Id: read_params.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

!! subroutine read_params:

!!    This subroutine will read in parameters used for the MC iterations

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!!----------------------------------------------------------------------------

subroutine read_params(max_params,params)

  use PATHS

  use input_params

  implicit none

  integer:: max_params

  real*8,dimension(max_params)   :: params

  integer:: i, inum

  open(30,file='american.in')

  do i = 1 , max_params

     read(30,*) params(i), inum

     if (i /= inum) then

        write(*,*) "Input parameter ",i," is incorrect!"

        stop

     end if

  enddo

  close(30)

  return

end subroutine read_params

!!----------------------------------------------------------------------------

!! subroutine sort_stock:

!!    This subroutine will sort the data/time according to payoff

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!! $Id: sort_stock.f90,v 1.1 1997/11/11 03:18:13 scott Exp $

!!----------------------------------------------------------------------------

subroutine sort_stock(max_params,params,payoff,sort_order,sortpayoff)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN) :: max_params

  real*8,dimension(max_params),intent(IN) :: params

  real*8,dimension(:,:),intent(IN)     :: payoff

  real*8,dimension(:,:),intent(OUT)    :: sortpayoff 

  integer,dimension(:,:),intent(OUT)   :: sort_order

  integer:: i,j

  real*8,dimension(:),allocatable:: sortme

  integer,dimension(:),allocatable     :: index

  allocate (sortme(int(params(P_NPATH))))

  allocate (index (int(params(P_NPATH))))

  do i = 1 , int(params(P_NTIME))

     do j = 1, int(params(P_NPATH)) 

        index(j)  = j

        sortme(j) = payoff(i,j)

     end do

     call batcher(sortme,index,int(params(P_NPATH))) !sorts

     do j = 1, int(params(P_NPATH)) 

        !         sort_order(i,j) = index(j)

        sortpayoff(i,j) = sortme(index(j)) 

        sort_order(i,index(j))   = j

     end do

  end do

  return

end subroutine sort_stock

!!------------------------------------------------------------------------

!! $Id: sorted_average_payoff.f90,v 1.1 1997/11/11 03:18:13 scott Exp scott $

!!------------------------------------------------------------------------

real*8 function sorted_average_payoff(max_params,params,payoff,eta,io)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)  ::max_params

  real*8,dimension(max_params),intent(IN) ::params

  real*8,dimension(:,:),intent(IN)  ::payoff

  type (PATH),dimension(:,:),intent(IN)   ::eta

  integer,dimension(:,:),intent(IN) ::io

  integer     ::i,j

  sorted_average_payoff = 0

  do j=1,int(params(P_NPATH))

     do i=1,int(params(P_NTIME))

        if (eta(i,io(i,j))%spin == 1) then

           sorted_average_payoff = sorted_average_payoff + payoff(i,io(i,j))

           exit 

        end if

     end do

  end do

  sorted_average_payoff = sorted_average_payoff / params(P_NPATH)

  return

end function sorted_average_payoff

!!------------------------------------------------------------------------

! since in this code we do not change the time, we can keep this constant

real*8 function sorted_laverage_payoff(otl,max_params,params,payoff,eta,io)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)  ::max_params, otl

  real*8,dimension(max_params),intent(IN) ::params

  real*8,dimension(:,:),intent(IN)  ::payoff

  type (PATH),dimension(:,:),intent(IN)   ::eta

  integer,dimension(:,:),intent(IN) ::io

  integer     ::i,j

  sorted_laverage_payoff = 0

  do j=1,int(params(P_NPATH))

!     do i=1,int(params(P_NTIME))

        if (eta(otl,io(otl,j))%spin == 1) then

           sorted_laverage_payoff = sorted_laverage_payoff + payoff(otl,io(otl,j))

           exit

        end if

     end do

  end do

  sorted_laverage_payoff = sorted_laverage_payoff / params(P_NPATH)

  return

end function sorted_laverage_payoff

10.2. Annealing code

!!------------------------------------------------------------------------

! $Id: american_mc.f90,v 1.29 1997/11/12 02:03:48 svmcguir Exp svmcguir $

!!Written by Scott A. Klasky

!!Copyright Scott A. Klasky, Geoffrey Fox, Mike Boughton, Scott McGuire

!! and NPAC, Syracuse University

!!Program to calculate American options

!!

!!First attempt: 10,19,1997-

!!Modified 10/21/1997 by Scott V. McGuire

!!   NOTES: Limitations on this program include the following:

!!          Only made to work with 1 underlying (will change data structures

!!          later).

!!------------------------------------------------------------------------

program american

  use PATHS

  use MOD_INT

  use input_params

  implicit none

  type (PATH),dimension(:,:),save,allocatable    :: eta,sorteta

  real*8,dimension(:,:),save,allocatable   :: payoff, stockprice

  real*8,dimension(:,:),save,allocatable   :: sortpayoff 

  integer,dimension(:,:),save,allocatable  :: sort_order

  integer    :: max_nn

  integer    :: max_iter

  integer    :: ntime, npath, nn

  integer    :: tl, local_path, iter, otl

  integer,parameter:: max_params = 30

  real*8,dimension(max_params) :: params

  character*10,parameter :: fname="path.stock"

  real*8     :: total_energy

  real*8     :: energy, oldenergy, newenergy, oldpe, oldke, newpe

  real*8     :: newke,deltae

  real*8     :: spin_new 

  real*8     :: r1

  real*8,parameter :: HALF = 0.5d0

  integer,parameter:: SEED = 100

  real*8,dimension(:),save,allocatable     :: min_energy 

  real*8     :: temp

  integer    :: anealing

  integer    :: tnum

  integer    :: flips

  integer    :: annealing

  real*8     :: r

  integer    :: i,j

  integer    :: jiter

  integer    :: accept,reject 

  real*8     :: avgpayoff,c1,c2,mdp,dp

  integer::temps=1000000,anneals=10

  real*8::tbase,minenergy,exponent=0.66,prob=0.50

  real*8,dimension(:),allocatable::minspin

  !! read in the parameters (Stock Price, Strike price, etc.

  !! read in the data from the european MC code

  !! Next sort the list in the Stock Price Dimension

  !! Next find the nearest neighbor list

  !! Set up the initial spins

  !! Find the initial energy of the system

  call random_seed(SEED)

  call read_params(max_params,params)

  !! allocate the memory

  ntime = int(params(P_NTIME))

  npath = int(params(P_NPATH))

  nn    = int(params(P_NNN))

  allocate ( eta(ntime,npath),sorteta(ntime,npath) ) 

  allocate ( payoff(ntime,npath) ) 

  allocate ( stockprice(ntime,npath) ) 

  allocate ( sort_order(ntime,npath) )

  allocate ( sortpayoff(ntime,npath) )

  do  tl = 1 , ntime 

     do local_path = 1 , npath 

        allocate(eta(tl,local_path)%nns(nn)) 

        allocate(eta(tl,local_path)%nng(nn)) 

        allocate(eta(tl,local_path)%nnt(nn)) 

        allocate(eta(tl,local_path)%nni(nn)) 

        allocate(eta(tl,local_path)%nnj(nn)) 

        allocate(sorteta(tl,local_path)%nns(nn)) 

        allocate(sorteta(tl,local_path)%nng(nn)) 

        allocate(sorteta(tl,local_path)%nnt(nn)) 

        allocate(sorteta(tl,local_path)%nni(nn)) 

        allocate(sorteta(tl,local_path)%nnj(nn)) 

     end do !local_path

  end do !tl

  allocate(minspin(int(params(P_NPATH))))

  call read_data(fname,max_params,params,stockprice)

  open(20,file='am.out')

  write(20,*) 'input parameters:'

  do tl = 1, max_params

     write(20,*) tl,params(tl)

  end do

  call sort_stock(max_params,params,stockprice,sort_order,payoff)

  call calculate_payoff(max_params,params,payoff,sortpayoff)

  call find_nearest_neighbor_list(max_params,params,sortpayoff,eta)

  call initialize_spins(max_params,params,sortpayoff,eta)

  jiter = 0

  c1 =1.0d0

  call random_seed(SEED+annealing) ! start off with a different random #

  call initialize_spins(max_params,params,sortpayoff,eta)

  jiter = 0 

  call dump_dat1d("spins",jiter,jiter*1.0d0,max_params,params,sortpayoff,eta)

  do otl = int(params(P_NTIME))-1 , int(params(P_NTIME))-1  

     ! Find the largest potential energy change from a spin flip

     mdp = 0

     do j=1,npath

        dp = compute_lpotential_energy_path(otl,j,max_params,params, &

             sortpayoff,eta,sort_order)

        eta(otl,j)%spin = 1-eta(otl,j)%spin

        dp = dp - compute_lpotential_energy_path(otl,j,max_params,params, &

             sortpayoff,eta,sort_order)

        eta(otl,j)%spin = 1-eta(otl,j)%spin

        dp = abs(dp)

        if(dp > mdp) then

           mdp = dp

        end if

     end do

     ! Make each kinetic energy change from a spin flip dominate potential changes

     c2 = npath*mdp/2

     eta(otl,:)%spin = eta(otl+1,:)%spin

     minspin = eta(otl,:)%spin

     minenergy = compute_energy_path(max_params,params,sortpayoff,eta,sort_order)

     do annealing = 1, anneals

        tbase = -(c2+mdp)/log(prob)

        do tnum = 1 , temps

           temp = exp(log(tbase) - exponent*log(1.0d0*tnum))

           call random_number(r)

           local_path = 2 + int(r* (params(P_NPATH)-2) )

           oldpe = -compute_lpotential_energy_path(otl,local_path, &

                max_params,params,sortpayoff,eta,sort_order)

           oldke = -compute_lkinetic_energy(otl,local_path,max_params, &

                params,sortpayoff,eta)

           spin_new = 1.0d0 - eta(otl,local_path)%spin

           eta(otl,local_path)%spin = spin_new 

           newpe = -compute_lpotential_energy_path(otl,local_path,max_params, &

                params,sortpayoff,eta,sort_order)

           newke = -compute_lkinetic_energy(otl,local_path,max_params, &

                params,sortpayoff,eta)

           deltae = ((c1*newpe + c2*newke) - (c1*oldpe + c2*oldke))/temp

           if( (deltae <= 0)) then

              !accept by doing nothing

           else

              call random_number(r)

              if((r >= exp(-deltae))) then 

                 !reject by changing it back

                 eta(otl,local_path)%spin = 1.0d0 - spin_new

                 reject = reject +1

              else

                 accept = accept + 1

              end if

           end if

           if (mod(tnum,int(params(P_DUMP))).eq.0) then

              jiter = jiter + 1

              call dump_dat1d("spins",jiter,jiter*1.0d0,max_params, &

                   params,sortpayoff,eta)

              oldenergy =  compute_energy_path(max_params,params, &

                   sortpayoff,eta,sort_order)

              write(6,133) accept,reject,temp,tnum,oldenergy,c2

              accept = 0

              reject = 0

133           format(2i8,1P,e12.2,i15,2e12.2)

           end if

        end do !tnum

        avgpayoff = sorted_average_payoff(max_params,params,sortpayoff,eta,sort_order)

        oldenergy =  compute_energy_path(max_params,params,sortpayoff,eta,sort_order)

        if(oldenergy < minenergy) then

           minenergy = oldenergy

           minspin(:) = eta(otl,:)%spin

        end if

        jiter = jiter + 1

        call dump_data("eta",1.0d0*jiter,max_params,params,eta)

        write(6,*)  annealing,tnum,iter,oldenergy,minenergy

        write(20,*) annealing,tnum,iter,oldenergy,minenergy

        write(6,*) 'average payoff=',avgpayoff

        write(20,*) 'average payoff=',avgpayoff

     end do !anneals

     eta(otl,:)%spin = minspin(:)

  end do !otl

  !Now we should pick out the result with the lowest energy and do

  !something with it

  close(120)

end program american

!!------------------------------------------------------------------------

! $Id: american_mc.long.f90,v 1.1 1997/11/12 02:03:48 svmcguir Exp $

!!Written by Scott A. Klasky

!!Copyright Syracuse University 1998

!!Program to calculate American options

!!

!!First attempt: 10,19,1997-

!!Modified 10/21/1997 by Scott V. McGuire

!!   NOTES: Limitations on this program include the following:

!!          Only made to work with 1 underlying (will change data structures

!!          later).

!!------------------------------------------------------------------------

!! Want to define the Data structure before we begin, because this will 

!! make it much easier to code with the proper data structure.

program american

use PATHS

use MOD_INT

use input_params

implicit none

type (PATH),dimension(:,:),save,allocatable    :: eta,sorteta

real*8,dimension(:,:),save,allocatable   :: payoff, stockprice

real*8,dimension(:,:),save,allocatable   :: sortpayoff 

integer,dimension(:,:),save,allocatable  :: sort_order

integer    :: max_nn

integer    :: max_iter

integer    :: ntime, npath, nn

integer    :: tl, ol, iter, otl

integer,parameter:: max_params = 30

real*8,dimension(max_params) :: params

character*10,parameter :: fname="path.stock"

real*8     :: total_energy

real*8     :: energy, oldenergy, newenergy, oldpe, oldke, newpe, newke,deltae

real*8     :: spin_new 

real*8     :: r1

real*8,parameter :: HALF = 0.5d0

integer,parameter:: SEED = 100

!!SVM 10/21/1997

!real*8,dimension(:,:,:),save,allocatable :: eta_save  !! Too much memory

real*8,dimension(:),save,allocatable     :: min_energy 

real*8     :: temp

integer    :: anealing

integer    :: tnum

integer    :: flips

integer    :: annealing

real*8     :: r

integer    :: i,j

integer    :: jiter, ool

integer    :: accept,reject 

real*8     :: avgpayoff

real*8,dimension(:,:),save,allocatable   :: covm

!! read in the parameters (Stock Price, Strike price, etc.

!! read in the data from the european MC code

!! Next sort the list in the Stock Price Dimension

!! Next find the nearest neighbor list

!! Set up the initial spins

!! Find the initial energy of the system

   call random_seed(SEED)

   call read_params(max_params,params)

!! allocate the memory

   ntime = int(params(P_NTIME))

   npath = int(params(P_NPATH))

   nn    = int(params(P_NNN))

   allocate ( eta(ntime,npath),sorteta(ntime,npath) ) 

   allocate ( payoff(ntime,npath) ) 

   allocate ( stockprice(ntime,npath) ) 

   allocate ( sort_order(ntime,npath) )

   allocate ( sortpayoff(ntime,npath) )

   allocate ( covm(0:npath,0:npath) )

   do  tl = 1 , ntime 

      do ol = 1 , npath 

         allocate(eta(tl,ol)%nns(nn)) 

         allocate(eta(tl,ol)%nng(nn)) 

         allocate(eta(tl,ol)%nnt(nn)) 

         allocate(eta(tl,ol)%nni(nn)) 

         allocate(eta(tl,ol)%nnj(nn)) 

         allocate(sorteta(tl,ol)%nns(nn)) 

         allocate(sorteta(tl,ol)%nng(nn)) 

         allocate(sorteta(tl,ol)%nnt(nn)) 

         allocate(sorteta(tl,ol)%nni(nn)) 

         allocate(sorteta(tl,ol)%nnj(nn)) 

      end do !ol

   end do !tl

   allocate (min_energy(int(params(P_ANNEALS))))

   call read_data(fname,max_params,params,stockprice)

   open(20,file='am.out')

!   covm(0,0) = params(P_SIGMA00) !! This should probably come in 

!   covm(0,1) = params(P_SIGMA01) !! with the paths.

!   covm(1,0) = params(P_SIGMA10)

!   covm(1,1) = params(P_SIGMA11)

   write(20,*) 'input parameters:'

   do tl = 1, max_params

      write(20,*) tl,params(tl)

   end do

   if (int(params(P_SORT)) <> 0) then

      call sort_stock(max_params,params,stockprice,sort_order,payoff)

   else

      write(6,*) 'no sorting'

      write(20,*) 'no sorting'

      payoff = stockprice 

   end if

   call calculate_payoff(max_params,params,payoff,sortpayoff)

   call find_nearest_neighbor_list(max_params,params,sortpayoff,covm,eta)


write(6,*) 'nnn',eta(1,1)%nnn

   call initialize_spins(max_params,params,sortpayoff,eta)

   if (int(params(P_PE_PATH)) == 0) then

      oldenergy =  compute_energy(max_params,params,       &

                                  sortpayoff,eta)

   else

      oldenergy =  compute_energy_path(max_params,params,  &

                                       sortpayoff,eta,sort_order)

   end if

   write(6,*) 0,oldenergy

   write(20,*) 0,oldenergy

!! Now we are ready to start a Metropolis algorithm

!! Metropolis works as follows:

!! We will loop for a max # of iterations (defined in a file)

!!    Loop over time (from end time to 0 time)

!!       Loop over stocks: which are sorted

!!          Compute the energy from the nearest neighbor list

!!          Change the \eta_{ij}

!!          Compute the new energy from the nearest neighbor list

!!          if the energy goes down then

!!            accept the change 

!!          else 

!!            pick a random # from 0 to 1

!!            if the random # is less than 0.5 then

!!               accept the change

!!            else

!!               reject the change

!!            end if

!!          end if

!!       end loop over stock prices

!!   end loop over time

!! Open questions are how we loop, acceptance criteria, nearest neighbor

!! calculations (how many defines a nearest neighbor, how do we calculate

!! the metric (for stock price dimension)

!! for right now, calculate the entire energy, later only calculate the

!! energy terms that are affected by a change

   if(int(params(P_SORT)) == 2) then

      avgpayoff = sorted_average_payoff(max_params,params,sortpayoff,eta,sort_order)

   else

      avgpayoff = average_payoff(max_params,params,sortpayoff,eta,sort_order)

   end if

   write(6,*) 'average payoff=',avgpayoff

   write(20,*) 'average payoff=',avgpayoff

   jiter = 0


call dump_data1d("svst",0.0d0,max_params,params,stockprice)


call dump_data1d("pvst",0.0d0,max_params,params,sortpayoff)

!    call dump_data("eta",0.0d0,max_params,params,eta)

!   call dump_datar("payoff",0.0d0,max_params,params,sortpayoff)

   do annealing = 1, int(params(P_ANNEALS))

      write(6,*) 'annealing=',annealing

      write(20,*) 'annealing=',annealing

      call random_seed(SEED+annealing) ! start off with a different random #

      call initialize_spins(max_params,params,sortpayoff,eta)

      do tnum = 1 , int(params(P_TEMPS)) 

         write(6,*) '=============================temp loop',tnum

         write(20,*) '=============================temp loop',tnum

         accept = 0

         reject = 0

         if (tnum == 1) then

             temp = params(P_INIT_TEMP)

         else

              temp = params(P_INIT_TEMP)/log(1.0d0*tnum)

         end if

         do ool = 1, int(params(P_OUTL))

            write(6,*) 'ool=',ool

            write(20,*) 'ool=',ool

            do otl =  int(params(P_NTIME))-1, 1 , -1

               write(6,*) 'otl=',otl

               do iter = 1 , int(params(P_MCITERS))

                  call random_number(r)

                  tl = min(int(r*(1+params(P_WINDOW)))+otl,                  &

                           int(params(P_NTIME))-1) 

                  call random_number(r)

                  ol = int(r*params(P_NPATH)) + 1 

                  if (int(params(P_PE_PATH)) == 0) then

                     oldpe = compute_lpotential_energy(tl,ol,max_params,      &

                                                      params,sortpayoff,eta)

                     oldke = compute_lkinetic_energy(tl,ol,max_params,        &

                                                    params,sortpayoff,eta)

                  else

                      oldpe = compute_lpotential_energy_path(tl,ol,max_params, &

                                                       params,sortpayoff,eta, &

                                                       sort_order)

                      oldke = compute_lkinetic_energy(tl,ol,max_params, &

                                                       params,sortpayoff,eta) &

                  end if

                  spin_new = 1.0d0 - eta(tl,ol)%spin

                  eta(tl,ol)%spin = spin_new 

                  if (int(params(P_PE_PATH)) == 0) then

                     newpe = compute_lpotential_energy(tl,ol,max_params,      &

                                                      params,sortpayoff,eta)

                     newke = compute_lkinetic_energy(tl,ol,max_params,        &

                                                    params,sortpayoff,eta)

                  else

                      newpe = compute_lpotential_energy_path(tl,ol,max_params, &

                                                       params,sortpayoff,eta, &

                                                       sort_order)

                      newke = compute_lkinetic_energy(tl,ol,max_params, &

                                                       params,sortpayoff,eta) &

                  end if

                  deltae = (-params(P_C1)*newpe -params(P_C2)*newke/temp) - (-params(P_C1)*oldpe - params(P_C2)*oldke/temp)

                  if( (deltae <= 0)) then

                     !accept by doing nothing

                  else

                     call random_number(r)

                     if((r >= exp(deltae))) then 

                        !reject by changing it back

                        eta(tl,ol)%spin = 1.0d0 - spin_new

                        reject = reject +1

                     else

                        accept = accept + 1

                     end if

                  end if

                  if (mod(iter,10000)==0) then

                     if (int(params(P_PE_PATH)) == 0) then

                        oldenergy =  compute_energy(max_params,params,       &

                                                    sortpayoff,eta)

                     else

                        oldenergy =  compute_energy_path(max_params,params,  &

                                                    sortpayoff,eta,sort_order)

                     end if

                     write(6,*)  annealing,tnum,ool,iter,oldenergy

                     write(20,*) annealing,tnum,ool,iter,oldenergy

                  end if

               end do !iter

               if (int(params(P_PE_PATH)) == 0) then

                  oldenergy =  compute_energy(max_params,params,       &

                                              sortpayoff,eta)

               else

                  oldenergy =  compute_energy_path(max_params,params,  &

                                                   sortpayoff,eta,sort_order)

               end if

               write(6,*)  annealing,tnum,ool,iter,oldenergy

               write(20,*) annealing,tnum,ool,iter,oldenergy

               if(int(params(P_SORT)) == 2) then

                  avgpayoff = sorted_average_payoff(max_params,params,       &

                                                    sortpayoff,eta,sort_order)

               else

                  avgpayoff = average_payoff(max_params,params,sortpayoff,   &

                                             eta,sort_order)

               end if

               write(6,*) 'average payoff=',avgpayoff

               write(20,*) 'average payoff=',avgpayoff

               write(6,*) 'accept,reject=',accept,reject

               write(20,*) 'accept,reject=',accept,reject

            end do !otl

         end do !ool

      end do !tnum

      jiter = jiter + 1

      call dump_data("eta",1.0d0*jiter,max_params,params,eta)

      if (int(params(P_PE_PATH)) == 0) then

         min_energy(annealing) = compute_energy(max_params,params,           &

                                                sortpayoff,eta)

      else

         min_energy(annealing) = compute_energy_path(max_params,params,      &

                                                    sortpayoff,eta,sort_order)

      end if

      write(6,*) annealing,min_energy(annealing)

      write(20,*) annealing,min_energy(annealing)

   end do !annealing

    !Now we should pick out the result with the lowest energy and do

    !something with it

   close(20)

end program american

! $Id: average_payoff.f90,v 1.7 1997/11/12 02:03:48 svmcguir Exp $

! Scot McGuire 

real*8 function average_payoff(max_params,params,payoff,eta,sortorder)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)    ::max_params

   real*8,dimension(max_params),intent(IN) ::params

   real*8,dimension(:,:),intent(IN)  ::payoff

   type (PATH),dimension(:,:),intent(IN)   ::eta

   integer,dimension(:,:),intent(IN) ::sortorder

   integer   ::i,j


real*8    ::time

   average_payoff = 0

   do j=1,int(params(P_NPATH))

      if (eta(1,j)%spin == 1) then

         time = 1.0d0*(int(params(P_NTIME))-1)/12.0d0

         average_payoff = average_payoff + payoff(1,j)

      else

         do i=1,int(params(P_NTIME))-1

            time = 1.0d0*(int(params(P_NTIME))-i)/12.0d0

            if (eta(i,j)%spin == 0 .and. eta(i+1,j)%spin == 1) then

               average_payoff=average_payoff+payoff(i+1,j) 


       exit


    end if


 end do

      end if

   end do

   average_payoff = average_payoff / params(P_NPATH)

   return

end function average_payoff

!!----------------------------------------------------------------------------

!! $Id: calcpayoff.f90,v 1.8 1997/11/12 02:03:48 svmcguir Exp $

!! subroutine calculate_payoff(max_params,params,stockprice,payoff)

!!    This subroutine will take in the stock price and interest rate, etc.

!!    to determine the payoff function

!!    will have the payoffs

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!!----------------------------------------------------------------------------

subroutine calculate_payoff(max_params,params,stockprice,payoff)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)   :: stockprice

real*8,dimension(:,:),intent(OUT)  :: payoff

integer    :: i,j

integer    :: ntime

real*8     :: time

   ntime = int(params(P_NTIME))

   do j = 1, int(params(P_NPATH))

      do i = 1, ntime 

         time = -1.0d0*(i-1)/12.0d0

         payoff(i,j) = max(0.0d0,(params(P_STRIKE)-stockprice(i,j))* &

              exp(params(P_RATE)*time))

      end do !i

   end do !j

return

end subroutine calculate_payoff

!!----------------------------------------------------------------------------

!! $Id: compute_energy.f90,v 1.12 1997/11/12 02:03:48 svmcguir Exp $

!! subroutine compute_energy

!!    This subroutine will compute the energy of the entire system 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_energy(max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

real*8     :: potential_energy 

real*8     :: kinetic_energy 

interface

   real*8 function compute_potential_energy(max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)     :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)   :: payoff

   end function

   real*8 function compute_kinetic_energy(max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)     :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)   :: payoff

   end function

end interface

   potential_energy = compute_potential_energy(max_params,params,payoff,eta)

   kinetic_energy   = compute_kinetic_energy(max_params,params,payoff,eta)

   compute_energy = -params(P_C1)*potential_energy-params(P_C2)*kinetic_energy

return

end function compute_energy

!!----------------------------------------------------------------------------

!! function compute_potential_energy 

!!    This subroutine will initialize the spins

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_potential_energy(max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

integer    :: j,k, stock

real*8     :: sum , prod

   compute_potential_energy = 0.0d0

   do stock  = 1 , int(params(P_NPATH))

      sum = 0.0d0

      do k = 1 , int(params(P_NTIME))

         if ( (eta(k,stock)%spin<>(0.0d0)).and.(payoff(k,stock)<>(0.0d0))) then

            prod = 1.0d0

            do j = 1 , k - 1

               prod = prod* (1.0d0-eta(j,stock)%spin)

            end do !j

            sum = sum + prod*eta(k,stock)%spin * payoff(k,stock)




end if

      end do !k

      compute_potential_energy = compute_potential_energy + sum

   end do !stock

return

end function compute_potential_energy

!!----------------------------------------------------------------------------

!! function compute_kinetic_energy 

!!    This subroutine will initialize the spins

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_kinetic_energy(max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

integer    :: i, j, k, KI, KJ, JI, JJ

real*8     :: sum

   compute_kinetic_energy = 0.0d0

   do k = 1, int(params(P_NPATH))

      do j = 1, int(params(P_NTIME))

         do i = 1, eta(j,k)%nnn 

            JI = eta(j,k)%nni(i)

            JJ = eta(j,k)%nnj(i)

            compute_kinetic_energy=compute_kinetic_energy +                &

                 (eta(j,k)%spin-0.5d0)*(eta(JI,JJ)%spin-0.5d0) &

                 / eta(j,k)%nnn

         end do !i

      end do !j

   end do !k

return

end function compute_kinetic_energy

!!----------------------------------------------------------------------------

!! $Id: compute_energy_path.f90,v 1.4 1997/11/12 02:03:48 svmcguir Exp $ 

!! subroutine compute_energy_path

!!    This subroutine will compute the energy of the entire system with a

!!    non-broken path for the potential energy

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_energy_path(max_params,params,payoff,eta,io)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

real*8     :: potential_energy

real*8     :: kinetic_energy 

integer,dimension(:,:),intent(IN)  :: io

interface

   real*8 function compute_potential_energy_path(max_params,params,     &

                                                 payoff,eta,io)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)     :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)   :: payoff

   integer,dimension(:,:),intent(IN)  :: io

   end function

   real*8 function compute_kinetic_energy(max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)     :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)   :: payoff

   end function

end interface

   potential_energy =compute_potential_energy_path(max_params,params,payoff, &

                                                    eta,io)

   kinetic_energy  =compute_kinetic_energy(max_params,params,payoff,eta)

   compute_energy_path = -params(P_C1)*potential_energy                &

                         -params(P_C2)*kinetic_energy

return

end function compute_energy_path

!!----------------------------------------------------------------------------

!! function compute_potential_energy_path

!!    This subroutine will compute the local potential energy (unbroken path) 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_potential_energy_path(max_params,params,payoff,eta,io)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

integer,dimension(:,:),intent(IN)  :: io

integer    :: j,k, stock

real*8     :: sum , prod

   compute_potential_energy_path = 0.0d0

   do stock = 1,int(params(P_NPATH))

      do k = 1,int(params(P_NTIME))

         if(eta(k,io(k,stock))%spin == 1) then

            compute_potential_energy_path = compute_potential_energy_path + payoff(k,io(k,stock))

            exit !k

         end if

      end do

   end do

return

end function compute_potential_energy_path

!!----------------------------------------------------------------------------

!! $Id: compute_local_energy.f90,v 1.12 1997/11/12 02:03:48 svmcguir Exp $ 

!! subroutine compute_local_energy

!!    This subroutine will compute the local energy 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_local_energy(t,p,max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

integer    :: t,p

real*8     :: potential_energy 

real*8     :: kinetic_energy 

interface

   real*8 function compute_lpotential_energy(t,p,max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)     :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)   :: payoff

   integer    :: t,p

   end function

   real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

   use PATHS

   use input_params

   implicit none

   integer,intent(IN)     :: max_params

   real*8,dimension(max_params),intent(IN)  :: params

   type (PATH),dimension(:,:),intent(OUT)   :: eta

   real*8,dimension(:,:),intent(IN)   :: payoff

   integer    :: t,p

   end function

end interface

   potential_energy=compute_lpotential_energy(t,p,max_params,params,payoff,eta)

   kinetic_energy  =compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

   compute_local_energy = -params(P_C1)*potential_energy                      &

                          -params(P_C2)*kinetic_energy

return

end function compute_local_energy

!!----------------------------------------------------------------------------

!! function compute_plotential_energy 

!!    This subroutine will compute the local potential energy 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_lpotential_energy(t,p,max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

integer    :: t,p

integer    :: j,k, stock

real*8     :: sum , prod

compute_lpotential_energy = 0.0d0

stock = p

sum = 0.0d0

do k = 1 , int(params(P_NTIME))

   if ( (eta(k,stock)%spin<>(0.0d0)).and.(payoff(k,stock)<>(0.0d0))) then

      prod = 1.0d0

      do j = 1 , k - 1

         prod = prod* (1.0d0-eta(j,stock)%spin)

      end do !j

      sum = sum + prod*eta(k,stock)%spin * payoff(k,stock)

   end if

end do !k

compute_lpotential_energy = compute_lpotential_energy + sum

return

end function compute_lpotential_energy

!!----------------------------------------------------------------------------

!! function compute_kinetic_energy 

!!    This subroutine will compute the change in the local potential energy 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

use PATHS

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(OUT)   :: eta

real*8,dimension(:,:),intent(IN)   :: payoff

integer    :: t,p

integer    :: i, j, k, KI, KJ, JI, JJ

real*8     :: sum

integer    :: nnl

   compute_lkinetic_energy = 0.0d0

!! For local energy changes only loop over the NN list of (t,p) termi

   do nnl = 1 , eta(t,p)%nnn 

      j = eta(t,p)%nni(nnl)

      k = eta(t,p)%nnj(nnl)

      do i = 1, eta(j,k)%nnn 

         JI = eta(j,k)%nni(i)

         JJ = eta(j,k)%nnj(i)

         compute_lkinetic_energy=compute_lkinetic_energy +                  &

              (eta(j,k)%spin-0.5d0)*(eta(JI,JJ)%spin-0.5d0)

      end do !i

   end do !nnl

! now we must change the energy of the t,p point too... since this is not in the

! nn list

   j = t

   k = p

   do i = 1, eta(j,k)%nnn 

      JI = eta(j,k)%nni(i)

      JJ = eta(j,k)%nnj(i)

      compute_lkinetic_energy=compute_lkinetic_energy +                  &

           (eta(j,k)%spin-0.5d0)*(eta(JI,JJ)%spin-0.5d0)

   end do !i

   compute_lkinetic_energy=compute_lkinetic_energy / eta(j,k)%nnn

return

end function compute_lkinetic_energy

!!----------------------------------------------------------------------------

!! $Id: compute_local_energy_path.f90,v 1.5 1997/11/12 02:03:48 svmcguir Exp $ 

!! subroutine compute_local_energy

!!    This subroutine will compute the local energy 

!!    Author: Scott A. Klasky

!!    Date  : 11/02/97

!!----------------------------------------------------------------------------

real*8 function compute_local_energy_path(t,p,max_params,params,payoff,eta,io)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)   :: payoff

  integer    :: t,p

  real*8     :: potential_energy 

  real*8     :: kinetic_energy 

  integer,dimension(:,:),intent(IN)  :: io

  interface

     real*8 function compute_lpotential_energy_path(t,p,max_params,params, &

          payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer    :: t,p

       integer,dimension(:,:),intent(IN)  :: io

     end function compute_lpotential_energy_path

     real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer    :: t,p

     end function compute_lkinetic_energy

  end interface

  potential_energy=compute_lpotential_energy_path(t,p,max_params,params,  &

       payoff,eta,io)

  kinetic_energy  =compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

  compute_local_energy_path = -params(P_C1)*potential_energy              &

       -params(P_C2)*kinetic_energy

  return

end function compute_local_energy_path

!!----------------------------------------------------------------------------

!! function compute_plotential_energy_path

!!    This subroutine will compute the local potential energy on a unbroken path

!!    Author: Scott A. Klasky

!!    Date  : 11/02/97

!!----------------------------------------------------------------------------

real*8 function compute_lpotential_energy_path(t,p,max_params,params,   &

     payoff,eta,io)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)   :: payoff

  integer    :: t,p

  integer,dimension(:,:),intent(IN)  :: io

  integer    :: j,k, stock

  real*8     :: sum , prod

  compute_lpotential_energy_path = 0.0d0

  do j = 1 , int(params(P_NPATH))

     if (io(t,j) == p) exit !this is the j that we want

  end do !j

  do k =1,int(params(P_NTIME))

     if(eta(k,io(k,j))%spin == 1) then

        compute_lpotential_energy_path = compute_lpotential_energy_path +  &

             payoff(k,io(k,j))

        exit !k

     end if

  end do

  return

end function compute_lpotential_energy_path

!!----------------------------------------------------------------------------

!! $Id: dump.f90,v 1.11 1997/11/12 20:24:11 scott Exp $ 

!! subroutine dump_data

!!    This subroutine will output data to a file and to scivis

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!    The metric function that we will use by default will help compute

!!    the nearest neighbor list

!!----------------------------------------------------------------------------

subroutine dump_data(name,time,max_params,params,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)     :: name

real*8,intent(IN):: time

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(IN)    :: gf

integer    :: java_bbser2d,rc

real*8,dimension(:),allocatable    :: gf2d

real*8,dimension(4)    :: bb

integer    :: nx,ny

integer    :: i,j,l

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))

   allocate (gf2d(nx*ny))

   bb(1) = 1 

   bb(2) = params( P_NTIME)

   bb(3) = 1

   bb(4) = params( P_NPATH)

   l = 0

   do i = 1 , nx

      do j = 1 , ny

         l = l + 1

         gf2d(l) = gf(i,j)%spin

      end do

   end do

   rc = java_bbser2d(name,time,bb,nx,ny,gf2d)


write(88) gf2d

return

end subroutine dump_data

!!----------------------------------------------------------------------------

!! 

!!----------------------------------------------------------------------------

subroutine dump_dat1d(name,it,time,max_params,params,x2d,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)     :: name

real*8,intent(IN):: time

integer,intent(IN)     :: max_params

integer    :: it

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(IN)    :: gf

real*8,dimension(:,:),intent(IN)    :: x2d

integer    :: java_cmser,rc

real*8,dimension(:),allocatable    :: y,x,c

integer    :: nx,ny,nxy(1)

integer    :: i,j,l,nt

real*8,dimension(1) :: t

   nt = 1 !! only 1 time slice

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))


nxy(1) = nx*ny


allocate(y(nx*ny),x(nx*ny),c(nx*ny))

   l = 0

   t(1) = time

   do i = 1, nx

      do j = 1 , ny

         l = l + 1

         c(l) = gf(i,j)%spin



   y(l) = x2d(i,j)

         x(l) = 1.0d0*(i-1)



end do !j

   end do !i

   rc = java_cmser(name,1,t,x,y,c,nxy)

return

end subroutine dump_dat1d

!!----------------------------------------------------------------------------

!!

!!----------------------------------------------------------------------------

subroutine dump_dat1d2(name,it,time,max_params,params,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)     :: name

real*8,intent(IN):: time

integer,intent(IN)     :: max_params

integer    :: it

real*8,dimension(max_params),intent(IN)  :: params

type (PATH),dimension(:,:),intent(IN)    :: gf

integer    :: java_cmser,rc

real*8,dimension(:),allocatable    :: y,x,c

integer    :: nx,ny,nxy(1)

integer    :: i,j,l,nt

real*8,dimension(1) :: t

   nt = 1 !! only 1 time slice

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))

   nxy(1) = nx*ny

   allocate(y(nx*ny),x(nx*ny),c(nx*ny))

   l = 0

   t(1) = time

   do j = 1 , ny

      do i = 1, nx

         l = l + 1

         c(l) = gf(i,j)%spin

         y(l) = 1.0d0*(j) 

         x(l) = 1.0d0*(i-1)

      end do !i

   end do !j

   rc = java_cmser(name,1,t,x,y,c,nxy)

return

end subroutine dump_dat1d2

!!----------------------------------------------------------------------------

subroutine dump_datar(name,time,max_params,params,gf)

use PATHS

use input_params

implicit none

character*(*),intent(IN)     :: name

real*8,intent(IN):: time

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)   :: gf

integer    :: java_bbser2d,rc

real*8,dimension(:),allocatable    :: gf2d

real*8,dimension(4)    :: bb

integer    :: nx,ny

integer    :: i,j,l

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))

   allocate (gf2d(nx*ny))

   bb(1) = 1

   bb(2) = params( P_NTIME)

   bb(3) = 1

   bb(4) = params( P_NPATH)

   l = 0

   do i = 1 , nx

      do j = 1 , ny

         l = l + 1

         gf2d(l) = gf(i,j)

      end do

   end do

   rc = java_bbser2d(name,time,bb,nx,ny,gf2d)

   write(88) gf2d

return

end subroutine dump_datar

!!----------------------------------------------------------------------------

subroutine dump_data1d(name,time,max_params,params,gf)

use input_params

implicit none

character*(*),intent(IN)     :: name

real*8,intent(IN):: time

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)   :: gf

integer    :: i,j,l,nx,ny

real*8,dimension(:),allocatable    :: x,y

integer    :: vsrc,java_ser

   nx = int(params(P_NTIME))

   ny = int(params(P_NPATH))


allocate(x(nx*ny),y(nx*ny))


l = 0

   do i = 1 ,nx

      do j= 1 , ny




l = l + 1




x(l) = 1.0d0*i




y(l) = gf(i,j)


   end do !j


end do !i


vsrc = java_ser(name,time,x,y,l)

return

end

!-----------------------------------------------------------------------!

!   A program to calculate an european put option using a binomial tree

!   Taken orignally from Hull (page 346)

!

!

! formulas used:

!        u = 1 / d

!        a = exp(r*\delta t)

!        p = (a-d)/(u-d)

!        u = exp(\sigma*sqrt(\delta t) 

!        d = exp(-\sigma*sqrt(\delta t) 

!-----------------------------------------------------------------------!

module bitree

   type tree

      real*8,dimension(:),pointer :: t

   end type tree

end module bitree

program btree 

use bitree

implicit none

real*8 :: SIGMA, S, X, T, R

integer:: n ! n=  total number of intervals 

type(tree),dimension(:),save,allocatable   :: f,stock

integer:: i,j

real*8 :: u,a,d,p,delt,ert

interface

   subroutine bin(stock,f,n)

   use bitree

   implicit none

   integer:: n

   type(tree),dimension(:)  :: f,stock

   end subroutine bin

end interface

   open(20,file='american.in')

   read(20,*) S

   read(20,*) X

   read(20,*) R

   read(20,*) T

   read(20,*) SIGMA 

   read(20,*) n

   close(20)

   allocate(f(0:n),stock(0:n))

   do i = 0 , n

      allocate(f(i)%t(0:n))

      allocate(stock(i)%t(0:n))

   end do

   delt = T/n

   u = exp(sigma*sqrt(delt))

   d = exp(-sigma*sqrt(delt))

   a = exp(R*delt)

   p = (a-d)/(u-d)

   ert = exp(-R*delt)

! now loop on the tree

   do i = n , 0, -1

      do j = 0, i

          stock(i)%t(j) = S*u**j * d**(i-j)

      end do

   end do

! now calculate the option prices

   do i = n , 0, -1

      do j = 0, i

         if (i.eq.n) then

            f(i)%t(j) = max(X-stock(i)%t(j),0)

         else

            f(i)%t(j) =  ert*(p*f(i+1)%t(j+1) + (1-p)*f(i+1)%t(j) )

         end if

      end do

   end do

   open(66,file='tree_euro.out')

   i = 0

   j = 0


write(6,*) i,j,stock(i)%t(j),f(i)%t(j)

   do i = 0 , n 

      do j = i, 0, -1

         write(66,100) i,j,stock(i)%t(j),f(i)%t(j)

      end do

      write(66,*)

   end do

   close(66)

80 format(8f.2)

! what about binning these stock prices and option prices?


call bin(stock,f,n)

100  format(2i3,2f7.2)

stop

end

subroutine bin(stock,f,n)

use bitree

implicit none

integer:: n

type(tree),dimension(:)  :: f,stock

real*8 :: mins,maxs,sums

real*8 :: minf,maxf,sumf

integer:: i,j

min = 99.99d99

max =-99.99d99

   do i = n , 0, -1

      do j = 0, i




if (f(i)%t(j).le.minf)) minf= f(i)%t(j)               




if (stock(i)%t(j).le.mins)) mins= stock(i)%t(j)        



end do


end do

return

end

!!----------------------------------------------------------------------------

!! $Id: find_nn_list.f90,v 1.15 1997/11/12 02:03:48 svmcguir Exp $ 

!! subroutine find_nearest_neighbor_list 

!!    This subroutine will find the nearest neighbor lists

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!    The metric function that we will use by default will help compute

!!    the nearest neighbor list

!!----------------------------------------------------------------------------

subroutine find_nearest_neighbor_list(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  real*8,dimension(:,:),intent(IN)   :: payoff

  type (PATH),dimension(:,:),intent(INOUT)   :: eta

  integer    :: metric_toggle

  interface

     subroutine standard_metric(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(INOUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

     end subroutine standard_metric

  end interface

  metric_toggle = int(params(P_METRIC))

  select case(metric_toggle)

  case(1)

     call standard_metric(max_params,params,payoff,eta)

     write(6,*) 'nnnnn',eta(1,1)%nnn

  case default

     write(*,*)'Invalid value for metric type' 

     stop

  end select

  return

end subroutine find_nearest_neighbor_list

!!----------------------------------------------------------------------------

!! subroutine   standard_metric

!!    This subroutine will read in parameters used for the MC iterations

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine standard_metric(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params   

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(INOUT) :: eta

  real*8,dimension(:,:),intent(IN)   :: payoff

  integer    :: nn

  integer    :: i,j       !! eta(i,j)

  integer    :: inn,jnn   !! for nn calcs 

  real*8     :: r, time, stock

  integer,parameter:: maxn=1000

  real*8,dimension(maxn) :: g

  integer,dimension(maxn):: is,js,index

  integer    :: ipoints, l, icount

  real*8,parameter :: CONST=0.5d0

  open(22,file='nnlist.out')

  nn= int(params(P_NNN))

  eta(:,:)%nnn = 0

  do j = 1, int(params(P_NPATH))

     do i = 1, int(params(P_NTIME)) 

        stock = payoff(i,j)

        time  = 1.0d0 * i

        ipoints = 0

        do jnn = max(1,j - nn), min(int(params(P_NPATH)),j + nn)

           do inn = i,i ! Only equal time neighbors

           !do inn = max(1,i - nn), min(int(params(P_NTIME)),i + nn)

              if ( (inn.eq.i).and.(jnn.eq.j)) then

              else if (inn.eq.i) then

                 ipoints = ipoints + 1

                 g(ipoints) =                                               &

                      1.0d0*(time - 1.0d0*inn)**2 +          &

                      params(P_METCO)*(stock- payoff(inn,jnn))**2 

                 is(ipoints) = inn

                 js(ipoints) = jnn

                 index(ipoints) = ipoints

              end if

           end do !inn

        end do !jnn

        ! Now I must sort this 

        call batcher(g,index,ipoints)

        ! Now I put the first `nn` back in the nearest neighbor list

        icount = 0

        do l = 1, ipoints

           if ( icount.lt.nn ) then

              icount = icount + 1

              eta(i,j)%nni(l) = is(index(l))

              eta(i,j)%nnj(l) = js(index(l))

              eta(i,j)%nns(l) = g(index(l))

              eta(i,j)%nng(l) = 1.0d0 

           else

              eta(i,j)%nnn = icount

              exit

           end if

        end do

        if (eta(i,j)%nnn.eq.0) then !just take 2 closest points

           eta(i,j)%nnj(1) = max(1,j-1)

           eta(i,j)%nnj(2) = min(int(params(P_NPATH)),j+1)

           eta(i,j)%nni(1) = i 

           eta(i,j)%nni(2) = i 

           eta(i,j)%nns(1) = 1.0d0

           eta(i,j)%nns(2) = 1.0d0

           eta(i,j)%nng(1) = 1.0d0

           eta(i,j)%nng(2) = 1.0d0

           eta(i,j)%nni(1) = max(1,i-1)

           eta(i,j)%nni(2) = min(int(params(P_NTIME)),i+1)

           eta(i,j)%nnj(1) = j

           eta(i,j)%nnj(2) = j 

           eta(i,j)%nns(1) = 1.0d0

           eta(i,j)%nns(2) = 1.0d0

           eta(i,j)%nng(1) = 1.0d0

           eta(i,j)%nng(2) = 1.0d0

           eta(i,j)%nnn    = 4

        end if

     end do !i

  end do !j

  close(22)

  close(66);close(67)

  return

end subroutine standard_metric

!!----------------------------------------------------------------------------

!! $Id: initialize_spins.f90,v 1.6 1997/11/12 02:03:48 svmcguir Exp svmcguir $ 

!! subroutine initialize_spins 

!!    This subroutine will initialize the spins 

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine initialize_spins(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)   :: payoff

  integer    :: init_toggle

  interface

     subroutine standard_init(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

     end subroutine standard_init

     subroutine standard_init2(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

     end subroutine standard_init2

     subroutine standard_init3(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

     end subroutine standard_init3

  end interface

  init_toggle = int(params(P_INIT))

  select case(init_toggle)

  case(1)

     call standard_init(max_params,params,payoff,eta)

  case(2)

     call standard_init2(max_params,params,payoff,eta)

  case(3)

     call standard_init3(max_params,params,payoff,eta)

  case default 

     write(*,*)'Invalid value for initialization type'

     stop

  end select

  return

end subroutine initialize_spins

!!----------------------------------------------------------------------------

!! subroutine standard_init

!!    This subroutine will initialize the spins using method 1

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine standard_init(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)   :: payoff

  real*8     :: strike

  integer    :: i,j

  strike = params(P_STRIKE)

  do j = 1, int(params(P_NPATH))

     eta(:,j)%spin = 0.0d0

     if (payoff(int(params(P_NTIME)),j) > (0.0d0) )  then

        eta(:,j)%spin = 1.0d0

     else

        eta(:,j)%spin = 0.0d0

     end if

  end do !j

  return

end subroutine standard_init

!!----------------------------------------------------------------------------

!! subroutine standard_init2

!!    This subroutine will initialize the spins using method 1

!!    Author: Scott A. Klasky

!!    Date  : 10/20/97

!!----------------------------------------------------------------------------

subroutine standard_init2(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)   :: payoff

  real*8     :: strike

  integer    :: i,j

  strike = params(P_STRIKE)

  eta(:,:)%spin = 0.0d0

  do j = 1 , int(params(P_NPATH))

     do i = int(params(P_NTIME)),1,-1

        if (payoff(i,j) > (0.0d0) )  then

           eta(i:1,j)%spin = 1.0d0

           exit !out of the time look, i.e. we found the "boundary" value

        end if

     end do !i

  end do !j

  return

end subroutine standard_init2

subroutine standard_init3(max_params,params,payoff,eta)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  type (PATH),dimension(:,:),intent(OUT)   :: eta

  real*8,dimension(:,:),intent(IN)   :: payoff

  eta(:,:)%spin = 0

  where(payoff(int(params(P_NTIME)),:)  > 0)

     eta(int(params(P_NTIME)),:)%spin = 1

!     eta(int(params(P_NTIME))-1,:)%spin = 1

  end where

end subroutine standard_init3

!!----------------------------------------------------------------------------

!! Input parameters

!! Written by: Scott A. Klasky

!! Modified by Scott V. McGuire 10/21/1997

!! $Id: input_params.f90,v 1.12 1997/11/12 20:37:52 scott Exp $

!!----------------------------------------------------------------------------

module input_params

   integer, parameter  :: P_MCITERS   = 1   !! monte carlo iterations

   integer, parameter  :: P_CONVCRIT  = 2   !! MC convergence criteria

   integer, parameter  :: P_METRIC    = 3   !! Which metric to use

   integer, parameter  :: P_NTIME     = 4   !! How many time slices on a path

   integer, parameter  :: P_NPATH     = 5   !! How many paths

   integer, parameter  :: P_NUMUNDER  = 6   !! How many underlyings

   integer, parameter  :: P_C1        = 7   !! C1 term in the energy

   integer, parameter  :: P_C2        = 8   !! C2 term in the energy

   integer, parameter  :: P_NNN       = 9   !! How many nearest neighbors (r)

   integer, parameter  :: P_TWEIGHT   =10   !! Weight function for MC time iter

   integer, parameter  :: P_STRIKE    =11   !! The strike price

   integer, parameter  :: P_RATE      =12   !! The interest rate

   integer, parameter  :: P_DAYS      =13   !! The number of days/period

   integer, parameter  :: P_METCO     =14   !! The coefficient in the metric

   integer, parameter  :: P_INIT      =15   !! Type of initialization used

   integer, parameter  :: P_ANNEALS   =16   !! Annealing runs

   integer, parameter  :: P_TEMPS     =17   !! Temperatures per annealing run

   integer, parameter  :: P_INIT_TEMP =18   !! Initial temperature

   integer, parameter  :: P_SORT      =19   !! Sort = 1, No Sort = 0

   integer, parameter  :: P_DUMP      =20   !! Number of iterations to dump on 

   integer, parameter  :: P_WINDOW    =21   !! Time Window buffer

   integer, parameter  :: P_PE_PATH   =22   !! Compute PE on a "real" path 

   integer, parameter  :: P_SIGMA     =23   !! volatility 

end module

!!------------------------------------------------------------

!! $Id: metric.f90,v 1.1 1997/11/04 05:16:18 svmcguir Exp $

!! Scott McGuire

!! For multiple underliers, should have s1,s2 arrays

!!------------------------------------------------------------

real*8 function metric(max_params,params,covm,s1,t1,s2,t2)

use input_params

implicit none

integer,intent(IN)     :: max_params

real*8,dimension(max_params),intent(IN)  :: params

real*8,dimension(:,:),intent(IN)   :: covm

real*8,intent(IN):: s1,t1,s2,t2

   metric = (t2-t1)**2/covm(0,0) &

            +2*(t2-t1)*log(s2/s1)/covm(0,1) &

            +log(s2/s1)**2/covm(1,1)

   return

end function metric

!!----------------------------------------------------------------------------

!! Modules for the american code 

!! Written by: Scott A. Klasky

!! $Id: modules.f90,v 1.23 1997/11/12 20:24:11 scott Exp $

!!----------------------------------------------------------------------------

module PATHS

  type PATH

     real*8     :: spin 

     real*8,dimension(:),pointer  :: nns

     real*8,dimension(:),pointer  :: nng

     integer,dimension(:),pointer :: nnt

     integer,dimension(:),pointer :: nni

     integer,dimension(:),pointer :: nnj

     integer    :: nnn

     ! nearest neighbors in stock, nearest neighbors in time, nearest neighbors in r

  end type PATH

end module PATHS

module MOD_INT

  interface

     real*8 function compute_lpotential_energy(t,p,max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer    :: t,p

     end function compute_lpotential_energy

     real*8 function compute_lkinetic_energy(t,p,max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer    :: t,p

     end function compute_lkinetic_energy

     real*8 function compute_lpotential_energy_path(t,p,max_params,params, &

          payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer    :: t,p

       integer,dimension(:,:),intent(IN)  :: io

     end function compute_lpotential_energy_path

     real*8 function average_payoff(max_params,params,payoff,eta,sortorder)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)    ::max_params

       real*8,dimension(max_params),intent(IN) ::params

       real*8,dimension(:,:),intent(IN)  ::payoff

       type (PATH),dimension(:,:),intent(IN)   :: eta  

       integer,dimension(:,:),intent(IN)  :: sortorder

     end function average_payoff

     real*8 function sorted_average_payoff(max_params,params,payoff,eta, &

          sortorder)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)    ::max_params

       real*8,dimension(max_params),intent(IN) ::params

       real*8,dimension(:,:),intent(IN)  ::payoff

       type (PATH),dimension(:,:),intent(IN)   :: eta  

       integer,dimension(:,:),intent(IN)  :: sortorder

     end function sorted_average_payoff

     subroutine read_data(fname,max_params,params,stockprice)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(OUT) :: params

       real*8,dimension(:,:),intent(OUT)  :: stockprice

       character*(*),intent(IN)     :: fname

     end subroutine read_data

     subroutine read_params(max_params,params)

       use PATHS

       use input_params

       implicit none

       integer    :: max_params

       real*8,dimension(max_params) :: params

     end subroutine read_params

     subroutine calculate_payoff(max_params,params,stockprice,payoff)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)   :: stockprice

       real*8,dimension(:,:),intent(OUT)  :: payoff

     end subroutine calculate_payoff

     subroutine sort_stock(max_params,params,payoff,sort_order,sortpayoff)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN) :: params

       real*8,dimension(:,:),intent(IN)   :: payoff

       real*8,dimension(:,:),intent(OUT)  :: sortpayoff 

       integer,dimension(:,:),intent(OUT) :: sort_order

     end subroutine sort_stock

     subroutine find_nearest_neighbor_list(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)   :: payoff

       type (PATH),dimension(:,:),intent(INOUT) :: eta

     end subroutine find_nearest_neighbor_list

     subroutine initialize_spins(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

     end subroutine initialize_spins

     real*8 function compute_energy(max_params,params,payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

     end function compute_energy

     real*8 function compute_local_energy(t,p,max_params,params,            &

          payoff,eta)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer    :: t,p

     end function compute_local_energy

     real*8 function compute_energy_path(max_params,params,payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer,dimension(:,:),intent(IN)   :: io

     end function compute_energy_path

     real*8 function compute_local_energy_path(t,p,max_params,params,       &

          payoff,eta,io)

       use PATHS

       use input_params

       implicit none

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(OUT)   :: eta

       real*8,dimension(:,:),intent(IN)   :: payoff

       integer,dimension(:,:),intent(IN)   :: io

       integer    :: t,p

     end function compute_local_energy_path

     subroutine dump_data(name,time,max_params,params,gf)

       use PATHS

       use input_params

       implicit none

       character*(*),intent(IN)     :: name

       real*8,intent(IN):: time

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       type (PATH),dimension(:,:),intent(IN)    :: gf

     end subroutine dump_data

     subroutine dump_dat1d(name,it,time,max_params,params,x2d,gf)

       use PATHS

       use input_params

       implicit none

       character*(*),intent(IN)     :: name

       real*8,intent(IN):: time

       integer,intent(IN)     :: max_params

       integer    :: it

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)   :: x2d

       type (PATH),dimension(:,:),intent(IN)    :: gf

     end subroutine dump_dat1d

     subroutine dump_datar(name,time,max_params,params,gf)

       use PATHS

       use input_params

       implicit none

       character*(*),intent(IN)     :: name

       real*8,intent(IN):: time

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)    :: gf

     end subroutine dump_datar

     subroutine dump_data1d(name,time,max_params,params,gf)

       use input_params

       implicit none

       character*(*),intent(IN)     :: name

       real*8,intent(IN):: time

       integer,intent(IN)     :: max_params

       real*8,dimension(max_params),intent(IN)  :: params

       real*8,dimension(:,:),intent(IN)   :: gf

     end subroutine dump_data1d

  end interface

end module MOD_INT

!!----------------------------------------------------------------------------

!! $Id: read_data.f90,v 1.3 1997/11/12 02:03:48 svmcguir Exp $

!! subroutine read_data:

!!    This subroutine will read in data from the old MC program, this

!!    will have the payoffs

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!!----------------------------------------------------------------------------

subroutine read_data(fname,max_params,params,stockprice)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN)  :: params

  real*8,dimension(:,:),intent(OUT)  :: stockprice

  character*(*),intent(IN)     :: fname

  integer    :: i,j

  integer    :: iter

  open(20,file=fname)

  do j = 1 , int(params(P_NPATH))

     read(20,*) iter

     do i = 1, int(params(P_NTIME))

        read(20,*) stockprice(i,j)

     end do !i

  end do !j

  close(20)

  return

end subroutine read_data

!!----------------------------------------------------------------------------

!! $Id: read_params.f90,v 1.3 1997/11/12 02:03:48 svmcguir Exp $

!! subroutine read_params:

!!    This subroutine will read in parameters used for the MC iterations

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!!----------------------------------------------------------------------------

subroutine read_params(max_params,params)

  use PATHS

  use input_params

  implicit none

  integer    :: max_params

  real*8,dimension(max_params) :: params

  integer    :: i, inum

  open(30,file='american.in')

  do i = 1 , max_params

     read(30,*) params(i), inum

     if (i /= inum) then

        write(*,*) "Input parameter ",i," is incorrect!"

        stop

     end if

  enddo

  close(30)

  return

end subroutine read_params

!!----------------------------------------------------------------------------

!! subroutine sort_stock:

!!    This subroutine will sort the data/time according to payoff

!!    Author: Scott A. Klasky

!!    Date  : 10/19/97

!! $Id: sort_stock.f90,v 1.6 1997/11/12 02:03:48 svmcguir Exp $

!!----------------------------------------------------------------------------

subroutine sort_stock(max_params,params,payoff,sort_order,sortpayoff)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)     :: max_params

  real*8,dimension(max_params),intent(IN) :: params

  real*8,dimension(:,:),intent(IN)   :: payoff

  real*8,dimension(:,:),intent(OUT)  :: sortpayoff 

  integer,dimension(:,:),intent(OUT) :: sort_order

  integer    :: i,j

  real*8,dimension(:),allocatable    :: sortme

  integer,dimension(:),allocatable   :: index

  allocate (sortme(int(params(P_NPATH))))

  allocate (index (int(params(P_NPATH))))

  do i = 1 , int(params(P_NTIME))

     do j = 1, int(params(P_NPATH)) 

        index(j)  = j

        sortme(j) = payoff(i,j)

     end do

     call batcher(sortme,index,int(params(P_NPATH))) !sorts

     do j = 1, int(params(P_NPATH)) 

        !         sort_order(i,j) = index(j)

        sortpayoff(i,j) = sortme(index(j)) 

        sort_order(i,index(j))   = j

     end do

  end do

  return

end subroutine sort_stock

!!------------------------------------------------------------------------

!! $Id: sorted_average_payoff.f90,v 1.9 1997/11/12 02:03:48 svmcguir Exp $

!!------------------------------------------------------------------------

real*8 function sorted_average_payoff(max_params,params,payoff,eta,io)

  use PATHS

  use input_params

  implicit none

  integer,intent(IN)    ::max_params

  real*8,dimension(max_params),intent(IN) ::params

  real*8,dimension(:,:),intent(IN)  ::payoff

  type (PATH),dimension(:,:),intent(IN)   ::eta

  integer,dimension(:,:),intent(IN) ::io

  integer   ::i,j

  sorted_average_payoff = 0

  do j=1,int(params(P_NPATH))

     do i=1,int(params(P_NTIME))

        if (eta(i,io(i,j))%spin == 1) then

           sorted_average_payoff = sorted_average_payoff + payoff(i,io(i,j))

           exit 

        end if

     end do

  end do

  sorted_average_payoff = sorted_average_payoff / params(P_NPATH)

  return

end function sorted_average_payoff

10.3. Columbia Code

/* binio.h */

/*

 * Functions to do binary I/O of floats, ints, etc. with byte swapping

 * as needed.

 */

#ifndef BINIO_H

#define BINIO_H

/* Include files which define SEEK_SET, O_RD_ONLY, etc. */

/* and prototype open(), close(), lseek(), etc. */

#include <unistd.h>

#include <fcntl.h>

#ifdef __STDC__

#  define PROTO(x) x

#else

#  define PROTO(x) ()


#endif

extern void flip4 PROTO(( unsigned int *src, unsigned int *dest, int n ));

extern void flip2 PROTO(( unsigned short *src, unsigned short *dest, int n ));

#ifdef cray

  extern void cray_to_ieee_array( /* dest, source, n */ );

  extern void ieee_to_cray_array( /* dest, source, n */ );

#endif

/******************************************************/

/*                    Read Functions                  */

/******************************************************/

extern int read_int4 PROTO(( int f, int *i ));

extern int read_float4 PROTO(( int f, float *x ));

/*******************************************************/

/*               Write Functions                       */

/*******************************************************/

extern int write_int4 PROTO(( int f, int i ));

extern int write_float4 PROTO(( int f, float x ));

#undef PROTO

#endif

double cumNorm(double x);

double euroCall(double S, double X, double r, double s, double T, double d);

double BivarCND(double a, double b, double rho);

double stulzMax(double V, double H, double sigmav, double sigmah, \

          double rhovh, double R, double F, double tau,double delta);

double maxOf2Risk(double S1, double S2, double X, double tau, \

       double sigma1, double sigma2, double r, double delta1, \

       double delta2, double rho);

double euro_payoff(double time,int paths,int underliers,

                   double **covariance, double *dividendRate,

                   double *growthRate, double K, double S) ;

/* $Id: euro2.h,v 1.1 1998/03/12 20:43:56 svmcguir Exp $ */

void euro2(meshData *md, double tolerance, double *result);

double innerControl1Exact(meshData *md, int time, double *prices);

double innerControl1Estimate(meshData *md, int time, double *prices);

double innerControl1Variance(meshData *md, int time, double *prices);

double innerControl1Correlation(meshData *md, int time, double *prices);

double innerControl2Exact(meshData *md, int time, double *prices);

double innerControl2Estimate(meshData *md, int time, double *prices);

double innerControl2Variance(meshData *md, int time, double *prices);

double innerControl2Correlation(meshData *md, int time, double *prices);

double innerControl3Exact(meshData *md, int time, double *prices);

double innerControl3Estimate(meshData *md, int time, double *prices);

double innerControl3Variance(meshData *md, int time, double *prices);

double innerControl3Correlation(meshData *md, int time, double *prices);

void innerDataFill(meshData *md, int whichControl);

double innerNewEstimate(meshData *md, int time, double *prices, int whichControl);

double innerControlledPathEstimate(meshData *md, int whichControl);

double innerMeshEstimate(meshData *md, int time, double *prices);

double innerOldMeshEstimate(meshData *md, int time, double *prices);

/* $Id: mesh.h,v 1.10 1998/03/13 14:01:04 scott Exp $ */

typedef struct{

  /* meshData structure.

   *

   * Contains an optionData structure and other data for performing the

   * stochastic mesh algorithm.

   *

   * meshPaths                  The first meshPath paths in the optionData

   *                            structure will be used for the mesh estimate.

   *                            The remaining paths only for the path estimate.

   *

   * valueIfHeld[time][path]    The value expected to be obtained by holding

   *                            the option instead of exercising it.

   *

   * value[time][path]          The value of the option.  The greater of the

   *                            value from holding and that from exercising.

   *

   * weightMeasure1

Measure of effective number of points averaged over

   *



as described by GCF.

   *

   * weightMeasure2

Another measure of effective number of points

   *

   * weightMeasure3
 same as 2, but don't divide by the max


   *

   * distribution[time][path]   The height of the distribution from which points

   *



are selected at [time][path].  g from eq. 18.

   *

   * option                     An optionData structure holding the information

   *                            about the option payoffs and information about

   *                            the underlier paths upon which the other data

   *                            is derived.

   */

   int meshPaths;

   double **valueIfHeld;

   double **newValueIfHeld;

   double **value;

   double **newValue;

   double *weightMeasure1;

   double *weightMeasure2;

   double *weightMeasure3;

   double **distribution;

   double tolerance;

   optionData option;

  /* Permanent scratch variables. */

  double **tp, *sum;

}meshData;

void meshDataAllocate(meshData *md);

void meshSetFinalValue(meshData *md);

double meshCalculateEuropean(meshData *md); 

double meshWeight(meshData *md, int time, int toPath, int fromPath);

double meshValueIfHeld(meshData *md, int time, int path);

void meshDataFill(meshData *md);

double meshMeshEstimate(meshData *md);

double meshPathEstimate(meshData *md);

double meshControlledPathEstimate(meshData *md);

/* $Id: option.h,v 1.4 1998/03/11 02:36:22 scott Exp $ */

/* This is a structure for describing the type of derivative we are

 * dealing with.  Right now, it is written for a max option so it is

 * pretty close to empty.  The payoff of a max option on n underliers

 * is max(S_1, S_2, ... S_n) - K, where S_i are the underlier prices 

 * and K is the strike price.

 */

typedef struct{

  /* Public. These should be used outside the option* files.

   *

   * strikePrice                The strikePrice.

   *

   * pData                      A pathData structure containing describing the

   *                            underliers that this option depends on.

   * params             An optionParams structure describing the option

   *                    and its underliers.

   *

   * payoff             Payoff[t][p] is the payoff of the option for the

   *                    prices at time t on path p.

   *

   * euroPrice          euroPrice[t][p] is the payoff of the european option

   *                    starting at time t and path p with a maturity of 1

   *                    period.

   *

   * euroChoice         euroChoice[t][p] is the underlier which is exercised

   *                    to give the price in euroPrice[t][p]

   *

   */

  double strikePrice;

  pathData pData;

  double **payoff;

  double riskFreeRate;

  double **euroPrice;

  int **euroChoice;

}optionData;

void optionDataAllocate(optionData *od);

double optionPayoff(optionData *op, double *price);

void optionPayoffFillArray(pathData *pd, optionData *od, double **payoffArray);

void optionDataFill(optionData *od);

void optionDataDeallocate(optionData *od);

double Compute_Outer_Control_Estimate(int Number_of_Controls,

                                      int Number_of_Runs, double *Q_hat,

                                      double **u_hat, double *u);

double OuterCtlEuroMaxMeshValue(meshData *theMesh, double r,double  T);

double EuropeanMaxOption(meshData *theMesh, double r, double T);

/* $Id: path.h,v 1.8 1998/03/12 21:02:57 svmcguir Exp $ */

typedef struct{

  /* pathParams structure

   *

   * Public.  These should be used outside the path* files.

   * Covariances and growth rates are per period (timeslice).

   *

   * underliers:        The number of underliers.

   *

   * covariance[i][j]   The covariance between underlier i and underlier j.

   *

   * growthRate[i]      The expected rate of return on underlier i.  In general

   *                    the will all equal the risk free interest rate.

   * dividendRate[i]    The dividend rate on underlier i.

   *

   * phrase             A string which will be used to generate seeds for the

   *                    random number generator.

   * paths              The number of paths.

   *

   * times              The number of timeslices.

   *

   * price[t][p][u]     The price of underlier u on path p at time t.  After

   *                    memory allocation, the initial prioces should be placed

   *                    in price[0][p][u].

   *

   * clusterSize        The number of paths in a cluster.

   *

   * clusterVariance    Variance around central path in cluster.

   */

  long underliers;

  double **covariance;

  double *growthRate;

  double *dividendRate;

  char phrase[100];

  int paths;

  int times;

  double ***price;

  int clusterSize;

  double clusterVariance;

  int meshPaths;

  /* Some permanent scratch variables. */

  double *growth, constant;

  /* Private.  These should not be used outside the path* files.

   * These are for the use of the RANLIB library.  Scratch and

   * parm are doubles because that is what RANLIB works with.

   *

   * seed1,seed2        Seeds for the random number generator derived from

   *                    phrase.

   * cov1               RANLIB wants the covariances in a one dimensional array

   *                    that will be this.

   * fgrowth            Double version of the growthRate array.

   *

   * parm               RANLIB requires a double array of size d(d+3)/2 +1 (where

   *                    d is the number of dimensions) for internal stuff.

   */

  long seed1, seed2;

  double *parm, *cov1, *fgrowth;

}pathData;

void pathParamsAllocate(pathData *pp);

void pathDataAllocate(pathData *pd);

void pathParamsInit(pathData *pp);

void pathDataFill(pathData *pd);

double pathTransitionProb(pathData *pp, int time, int initialPath, int finalPath);

void pathDataDeallocate(pathData *pd);

double transProb(pathData *pp, double *price1, double *price2);

void pathPair(pathData *pd, double **path, double **antiPath);

/* Prototypes for all user accessible RANLIB routines */

extern void advnst(long k);

extern double genbet(double aa,double bb);

extern double genchi(double df);

extern double genexp(double av);

extern double genf(double dfn, double dfd);

extern double gengam(double a,double r);

extern void genmn(double *parm,double *x,double *work);

extern double gennch(double df,double xnonc);

extern double gennf(double dfn, double dfd, double xnonc);

extern double gennor(double av,double sd);

extern void genprm(long *iarray,int larray);

extern double genunf(double low,double high);

extern void getsd(long *iseed1,long *iseed2);

extern void gscgn(long getset,long *g);

extern long ignbin(long n,double pp);

extern long ignlgi(void);

extern long ignpoi(double mu);

extern long ignuin(long low,long high);

extern void initgn(long isdtyp);

extern long mltmod(long a,long s,long m);

extern void phrtsd(char* phrase,long* seed1,long* seed2);

extern double ranf(void);

extern void setall(long iseed1,long iseed2);

extern void setant(long qvalue);

extern void setgmn(double *meanv,double *covm,long p,double *parm);

extern void setsd(long iseed1,long iseed2);

extern double sexpo(void);

extern double sgamma(double a);

extern double snorm(void);

/* sockio.h */

/*

 * Functions to do binary I/O of floats, ints, etc. with byte swapping

 * as needed.

 */

#ifndef SOCKIO_H

#define SOCKIO_H

extern int initialize();

#endif

/* $Id: util.h,v 1.2 1998/03/11 02:36:22 scott Exp $ */

void allocate1dDouble(double **array, int size);

void allocate2dDouble(double ***array, int size1, int size2);

void allocate3dDouble(double ****array, int size1, int size2, int size3);

void allocate1dFloat(float **array, int size);

void allocate2dFloat(float ***array, int size1, int size2);

void allocate3dFloat(float ****array, int size1, int size2, int size3);

void deallocate1dDouble(double **array, int size);

void deallocate2dDouble(double ***array, int size1, int size2);

void deallocate3dDouble(double ****array, int size1, int size2, int size3);

void deallocate1dFloat(float **array, int size);

void deallocate2dFloat(float ***array, int size1, int size2);

void deallocate3dFloat(float ****array, int size1, int size2, int size3);

double dMax(double a, double b);

double dMin(double a, double b);

double dArrayMax(int size, double *array);

double dArrayMin(int size, double *array);

#include <math.h>

/* Cumulative Normal distribution from Hull */

double cumNorm(double x){

  const double a1 = 0.319381530,

    a2 =-0.356563782,

    a3 = 1.781477937,

    a4 =-1.821255978,

    a5 = 1.330274429,

    gmma = 0.2316419;

  double k,nprime;

  if(x<0){

    return(1 - cumNorm(-x));

  }else{

    k = 1.0/(1.0 + gmma*x);

    nprime = exp(-x*x/2.0)/sqrt(2*M_PI);

    return(1 - nprime*( a1*k

                        +a2*k*k

                        +a3*k*k*k

                        +a4*k*k*k*k

                        +a5*k*k*k*k*k));

  }

}

/* Bivariate normal distribution */

double sgn(double x){

  if(x >= 0.0){

    return(1.0);

  }else{

    return(-1.0);

  }

}

/* 

  Inputs are upper limits a and b correlation rho between them.

   Formula from Hull p 260 to four decimal places 

   and 

   Z. Drezner, "Computation of Bivariate Normal Integral",

   Mathematics of Computation, vol 32, no 141, Jan 1978, pp 277-279.

   Checked with three different case from Kolb.

   Note that the following is slightly different from what one may

   infer from Hull. Where Hull may have suggested > instead of >= in

   someplaces we seem to agree with Kolb only i we have the = in place.

   See code below and also look at testbi.c for test cases.

*/

double BivarCND(double a, double b, double rho){

  int i, j;

  double A[4], B[4], sum, ap, bp, f;

  double rho1, rho2, delta;

  double cumNorm(double x);

  if( a * b * rho > 0){

    rho1 = sgn(a) * ( rho * a - b) / sqrt(a*a - 2.0*rho*a*b + b*b);

    rho2 = sgn(b) * ( rho * b - a) / sqrt(a*a - 2.0*rho*a*b + b*b);

    delta = (1.0 - sgn(a) * sgn(b))/4.0;

    sum = BivarCND(a,0.0,rho1) + BivarCND(b,0.0,rho2) - delta;

  }else{

    if(b <= 0 && a >= 0 && rho >= 0) {

      sum = cumNorm(b)-BivarCND(-a,b,-rho);

    }else if(a <=0 && b >=0 && rho >= 0){

      sum = cumNorm(a)-BivarCND(a,-b,-rho);

    }else if(rho <= 0.0 && a >= 0 && b >= 0){

      sum = cumNorm(a) + cumNorm(b) - 1.0 + BivarCND(-a,-b, rho); 

    }else{

      /*

        if( a <= 0.0 && b <= 0.0 && rho <=0.0 ){

      */

      /* The following if a <=0, b<=0, rho<=0 */

      A[0] = 0.3253030;

      A[1] = 0.4211071;

      A[2] = 0.1334425;

      A[3] = 0.006374323;

      B[0] = 0.1337764;

      B[1] = 0.6243247;

      B[2] = 1.3425378;

      B[3] = 2.2626645;

      ap = a / sqrt(2.0 * (1.0 - rho*rho));

      bp = b / sqrt(2.0 * (1.0 - rho*rho));

      sum = 0.0;

      for(i=0;i<4;i++){

        for(j=0;j<4;j++){

          f = exp(ap * (2.0 * B[i] - ap) + bp*(2.0 * B[j] - bp) + \

                  2.0 * rho * (B[i] - ap) * (B[j] - bp));

          sum += A[i] * A[j] * f;

        }

      }

      sum *= sqrt(1.0 - rho*rho);

      sum /= M_PI;

    }

  }

  return(sum);

} /* End BivarCND */

/* Black-Scholes european call pricing with continuous dividends from Tucker

 *

 * S = current price

 * X = strike price

 * r = risk-free rate

 * s = sigma = standard deviation

 * T = periods to maturity

 * d = delta = dividend rate

 */

#define N(x) cumNorm((x));

double euroCall(double S, double X, double r, double s, double T, double d){

  double d3,Sd;

  double n1,n2;

  Sd = S*exp(-d*T);

  d3 = (log(Sd/X) + (r + (s*s/2))*T)/(s*sqrt(T));

  n1 = N(d3);

  n2 = N(d3 - s*sqrt(T));

  return( Sd*n1 - X*exp(-r*T)*n2 );

}

/* $Id: com.c,v 1.1 1998/03/12 21:06:38 svmcguir Exp $ */

#include "ranlib.h"

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

void advnst(long k)

/*

**********************************************************************

     void advnst(long k)

               ADV-a-N-ce ST-ate

     Advances the state  of  the current  generator  by 2^K values  and

     resets the initial seed to that value.

     This is  a  transcription from   Pascal to  Fortran    of  routine

     Advance_State from the paper

     L'Ecuyer, P. and  Cote, S. "Implementing  a  Random Number Package

     with  Splitting   Facilities."  ACM  Transactions  on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     k -> The generator is advanced by2^K values

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern void gscgn(long getset,long *g);

extern long Xm1,Xm2,Xa1,Xa2,Xcg1[],Xcg2[];

static long g,i,ib1,ib2;

static long qrgnin;

/*

     Abort unless random number generator initialized

*/

    gsrgs(0L,&qrgnin);

    if(qrgnin) goto S10;

    fputs(" ADVNST called before random generator initialized - ABORT",stderr);

    exit(1);

S10:

    gscgn(0L,&g);

    ib1 = Xa1;

    ib2 = Xa2;

    for(i=1; i<=k; i++) {

        ib1 = mltmod(ib1,ib1,Xm1);

        ib2 = mltmod(ib2,ib2,Xm2);

    }

    setsd(mltmod(ib1,*(Xcg1+g-1),Xm1),mltmod(ib2,*(Xcg2+g-1),Xm2));

/*

     NOW, IB1 = A1**K AND IB2 = A2**K

*/

#undef numg

}

void getsd(long *iseed1,long *iseed2)

/*

**********************************************************************

     void getsd(long *iseed1,long *iseed2)

               GET SeeD

     Returns the value of two integer seeds of the current generator

     This  is   a  transcription from  Pascal   to  Fortran  of routine

     Get_State from the paper

     L'Ecuyer, P. and  Cote,  S. "Implementing a Random Number  Package

     with   Splitting Facilities."  ACM  Transactions   on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     iseed1 <- First integer seed of generator G

     iseed2 <- Second integer seed of generator G

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern void gscgn(long getset,long *g);

extern long Xcg1[],Xcg2[];

static long g;

static long qrgnin;

/*

     Abort unless random number generator initialized

*/

    gsrgs(0L,&qrgnin);

    if(qrgnin) goto S10;

    fprintf(stderr,"%s\n",

      " GETSD called before random number generator  initialized -- abort!");

    exit(0);

S10:

    gscgn(0L,&g);

    *iseed1 = *(Xcg1+g-1);

    *iseed2 = *(Xcg2+g-1);

#undef numg

}

long ignlgi(void)

/*

**********************************************************************

     long ignlgi(void)

               GeNerate LarGe Integer

     Returns a random integer following a uniform distribution over

     (1, 2147483562) using the current generator.

     This is a transcription from Pascal to Fortran of routine

     Random from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern void gssst(long getset,long *qset);

extern void gscgn(long getset,long *g);

extern void inrgcm(void);

extern long Xm1,Xm2,Xa1,Xa2,Xcg1[],Xcg2[];

extern long Xqanti[];

static long ignlgi,curntg,k,s1,s2,z;

static long qqssd,qrgnin;

/*

     IF THE RANDOM NUMBER PACKAGE HAS NOT BEEN INITIALIZED YET, DO SO.

     IT CAN BE INITIALIZED IN ONE OF TWO WAYS : 1) THE FIRST CALL TO

     THIS ROUTINE  2) A CALL TO SETALL.

*/

    gsrgs(0L,&qrgnin);

    if(!qrgnin) inrgcm();

    gssst(0,&qqssd);

    if(!qqssd) setall(1234567890L,123456789L);

/*

     Get Current Generator

*/

    gscgn(0L,&curntg);

    s1 = *(Xcg1+curntg-1);

    s2 = *(Xcg2+curntg-1);

    k = s1/53668L;

    s1 = Xa1*(s1-k*53668L)-k*12211;

    if(s1 < 0) s1 += Xm1;

    k = s2/52774L;

    s2 = Xa2*(s2-k*52774L)-k*3791;

    if(s2 < 0) s2 += Xm2;

    *(Xcg1+curntg-1) = s1;

    *(Xcg2+curntg-1) = s2;

    z = s1-s2;

    if(z < 1) z += (Xm1-1);

    if(*(Xqanti+curntg-1)) z = Xm1-z;

    ignlgi = z;

    return ignlgi;

#undef numg

}

void initgn(long isdtyp)

/*

**********************************************************************

     void initgn(long isdtyp)

          INIT-ialize current G-e-N-erator

     Reinitializes the state of the current generator

     This is a transcription from Pascal to Fortran of routine

     Init_Generator from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     isdtyp -> The state to which the generator is to be set

          isdtyp = -1  => sets the seeds to their initial value

          isdtyp =  0  => sets the seeds to the first value of

                          the current block

          isdtyp =  1  => sets the seeds to the first value of

                          the next block

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern void gscgn(long getset,long *g);

extern long Xm1,Xm2,Xa1w,Xa2w,Xig1[],Xig2[],Xlg1[],Xlg2[],Xcg1[],Xcg2[];

static long g;

static long qrgnin;

/*

     Abort unless random number generator initialized

*/

    gsrgs(0L,&qrgnin);

    if(qrgnin) goto S10;

    fprintf(stderr,"%s\n",

      " INITGN called before random number generator  initialized -- abort!");

    exit(1);

S10:

    gscgn(0L,&g);

    if(-1 != isdtyp) goto S20;

    *(Xlg1+g-1) = *(Xig1+g-1);

    *(Xlg2+g-1) = *(Xig2+g-1);

    goto S50;

S20:

    if(0 != isdtyp) goto S30;

    goto S50;

S30:

/*

     do nothing

*/

    if(1 != isdtyp) goto S40;

    *(Xlg1+g-1) = mltmod(Xa1w,*(Xlg1+g-1),Xm1);

    *(Xlg2+g-1) = mltmod(Xa2w,*(Xlg2+g-1),Xm2);

    goto S50;

S40:

    fprintf(stderr,"%s\n","isdtyp not in range in INITGN");

    exit(1);

S50:

    *(Xcg1+g-1) = *(Xlg1+g-1);

    *(Xcg2+g-1) = *(Xlg2+g-1);

#undef numg

}

void inrgcm(void)

/*

**********************************************************************

     void inrgcm(void)

          INitialize Random number Generator CoMmon

                              Function

     Initializes common area  for random number  generator.  This saves

     the  nuisance  of  a  BLOCK DATA  routine  and the  difficulty  of

     assuring that the routine is loaded with the other routines.

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern long Xm1,Xm2,Xa1,Xa2,Xa1w,Xa2w,Xa1vw,Xa2vw;

extern long Xqanti[];

static long T1;

static long i;

/*

     V=20;                            W=30;

     A1W = MOD(A1**(2**W),M1)         A2W = MOD(A2**(2**W),M2)

     A1VW = MOD(A1**(2**(V+W)),M1)    A2VW = MOD(A2**(2**(V+W)),M2)

   If V or W is changed A1W, A2W, A1VW, and A2VW need to be recomputed.

    An efficient way to precompute a**(2*j) MOD m is to start with

    a and square it j times modulo m using the function MLTMOD.

*/

    Xm1 = 2147483563L;

    Xm2 = 2147483399L;

    Xa1 = 40014L;

    Xa2 = 40692L;

    Xa1w = 1033780774L;

    Xa2w = 1494757890L;

    Xa1vw = 2082007225L;

    Xa2vw = 784306273L;

    for(i=0; i<numg; i++) *(Xqanti+i) = 0;

    T1 = 1;

/*

     Tell the world that common has been initialized

*/

    gsrgs(1L,&T1);

#undef numg

}

void setall(long iseed1,long iseed2)

/*

**********************************************************************

     void setall(long iseed1,long iseed2)

               SET ALL random number generators

     Sets the initial seed of generator 1 to ISEED1 and ISEED2. The

     initial seeds of the other generators are set accordingly, and

     all generators states are set to these seeds.

     This is a transcription from Pascal to Fortran of routine

     Set_Initial_Seed from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     iseed1 -> First of two integer seeds

     iseed2 -> Second of two integer seeds

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern void gssst(long getset,long *qset);

extern void gscgn(long getset,long *g);

extern long Xm1,Xm2,Xa1vw,Xa2vw,Xig1[],Xig2[];

static long T1;

static long g,ocgn;

static long qrgnin;

    T1 = 1;

/*

     TELL IGNLGI, THE ACTUAL NUMBER GENERATOR, THAT THIS ROUTINE

      HAS BEEN CALLED.

*/

    gssst(1,&T1);

    gscgn(0L,&ocgn);

/*

     Initialize Common Block if Necessary

*/

    gsrgs(0L,&qrgnin);

    if(!qrgnin) inrgcm();

    *Xig1 = iseed1;

    *Xig2 = iseed2;

    initgn(-1L);

    for(g=2; g<=numg; g++) {

        *(Xig1+g-1) = mltmod(Xa1vw,*(Xig1+g-2),Xm1);

        *(Xig2+g-1) = mltmod(Xa2vw,*(Xig2+g-2),Xm2);

        gscgn(1L,&g);

        initgn(-1L);

    }

    gscgn(1L,&ocgn);

#undef numg

}

void setant(long qvalue)

/*

**********************************************************************

     void setant(long qvalue)

               SET ANTithetic

     Sets whether the current generator produces antithetic values.  If

     X   is  the value  normally returned  from  a uniform [0,1] random

     number generator then 1  - X is the antithetic  value. If X is the

     value  normally  returned  from a   uniform  [0,N]  random  number

     generator then N - 1 - X is the antithetic value.

     All generators are initialized to NOT generate antithetic values.

     This is a transcription from Pascal to Fortran of routine

     Set_Antithetic from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     qvalue -> nonzero if generator G is to generating antithetic

                    values, otherwise zero

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern void gscgn(long getset,long *g);

extern long Xqanti[];

static long g;

static long qrgnin;

/*

     Abort unless random number generator initialized

*/

    gsrgs(0L,&qrgnin);

    if(qrgnin) goto S10;

    fprintf(stderr,"%s\n",

      " SETANT called before random number generator  initialized -- abort!");

    exit(1);

S10:

    gscgn(0L,&g);

    Xqanti[g-1] = qvalue;

#undef numg

}

void setsd(long iseed1,long iseed2)

/*

**********************************************************************

     void setsd(long iseed1,long iseed2)

               SET S-ee-D of current generator

     Resets the initial  seed of  the current  generator to  ISEED1 and

     ISEED2. The seeds of the other generators remain unchanged.

     This is a transcription from Pascal to Fortran of routine

     Set_Seed from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     iseed1 -> First integer seed

     iseed2 -> Second integer seed

**********************************************************************

*/

{

#define numg 32L

extern void gsrgs(long getset,long *qvalue);

extern void gscgn(long getset,long *g);

extern long Xig1[],Xig2[];

static long g;

static long qrgnin;

/*

     Abort unless random number generator initialized

*/

    gsrgs(0L,&qrgnin);

    if(qrgnin) goto S10;

    fprintf(stderr,"%s\n",

      " SETSD called before random number generator  initialized -- abort!");

    exit(1);

S10:

    gscgn(0L,&g);

    *(Xig1+g-1) = iseed1;

    *(Xig2+g-1) = iseed2;

    initgn(-1L);

#undef numg

}

long Xm1,Xm2,Xa1,Xa2,Xcg1[32],Xcg2[32],Xa1w,Xa2w,Xig1[32],Xig2[32],Xlg1[32],

    Xlg2[32],Xa1vw,Xa2vw;

long Xqanti[32];

/************************************************************************

 control3.c

 M. Huq

 Set of routines written to evaluate the max of two risky assets based on

 Stulz 1982 (Journal of Financial Economics, vol 10, 161-185 (1982)).

 *************************************************************************/

 #include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

 #include <math.h>

 #include "blackScholes.h"

 /* 

   Cumulative bivariate normal distribution

   N_2(alpha, beta, theta)

   upper limits of integration alpha and beta and correlation theta.

   WHAT DO WE DO HERE? Need case where theta is non-zero. Hence cannot

   do trivial splitting. Here then, we have to diagonalize the covariance

   matrix and then use the product of the Cumulative normal dist in each

   direction. Have to be careful here when we form the matrix based on the

   expressions given in the paper.

 */

/************************************************************************

 In the following we use the following notation (from paper)

 M := European call option price on the min of two underlying stocks.

 MX:= European call option price on the max of two underlying stocks.

 V := Stock price of underlier one

 H := Stock price of underlier two

 rhovh:= correlation between V and H

 sigmav:= volatility of V

 sigmah:= volatility of H

 R := riskfree interest rate

 tau := T-t

 F := Exercise price

 delta := dividend rate. But note this is not taken into account for

          valuation. What is the correct modification here? <--question for

          Scott and Scott!

 *************************************************************************/

double stulzMax(double V, double H, double sigmav, double sigmah, \

          double rhovh, double R, double F, double tau,double delta)

{

  double M, MX, alpha1, alpha2, beta1, beta2, gamma1, gamma2, sigma, rhoc;

  /* Define secondary variables */

  sigma = sqrt(sigmav*sigmav + sigmah*sigmah - 2.0 * rhovh*sigmav*sigmah);

  rhoc = (rhovh * sigmav - sigmah) / sigma;

  gamma1 = (log(H/F) + (R-0.5*sigmah*sigmah)*tau)/(sigma * sqrt(tau));

  gamma2 = (log(V/F) + (R-0.5*sigmav*sigmav)*tau)/(sigma * sqrt(tau));

  alpha1 = gamma1 + sigmah * sqrt(tau);

  beta1  = gamma2 + sigmav * sqrt(tau);

  alpha2 = (log(V/H) - 0.5 * sigma*sigma*sqrt(tau))/(sigma * sqrt(tau));

  beta2  = (log(H/V) - 0.5 * sigma*sigma*sqrt(tau))/(sigma * sqrt(tau));

  /* Evaluate the European call on the min of two risky stocks using

     equation 11. See form of the same page 166 (first eqn in section 3).

  */ 

  M = H * BivarCND(alpha1, alpha2, rhoc) \

    + V * BivarCND(beta1, beta2, rhoc)   \

    - F * exp(-R * tau) * BivarCND(gamma1,gamma2, rhovh);

  /* Now with M compute the European call option on the max of two

     underliers using now equation 12 from Stulz. Note that this formula

     required the pricing of European call options on single assets. For

     this I used the Black-Scholes formula already in the code. */

  MX = euroCall( V,  F,  R,  sigmav,  tau,  delta) \

     + euroCall( H,  F,  R,  sigmav,  tau,  delta) \

     - M;

  return(MX);

} /* End stulzMax */

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*/

/* The following is from  a formula in Kolb, "Futures, Options and Swaps"

   An independent description of what is in Stulz above. 

   Gives the same answer as Kolb page 603. Verified.

*/

double maxOf2Risk(double S1, double S2, double X, double tau, \

       double sigma1, double sigma2, double r, double delta1, \

       double delta2, double rho){

  double Sigma, rho1, rho2, w1, w2, w3, w4, Q1, Q2, Q3;

  Sigma = sqrt(sigma1*sigma1 + sigma2*sigma2 - 2.0 * rho*sigma1*sigma2);

  rho1 = (rho * sigma2 - sigma1)/Sigma;

  rho2 = (rho * sigma1 - sigma2)/Sigma;

  w1 = log(S1/X) + (r - delta1 + 0.5 * sigma1*sigma1)*tau;

  w1 /= sigma1 * sqrt(tau);

  w2 = log(S2/X) + (r - delta2 + 0.5 * sigma2*sigma2)*tau;

  w2 /= sigma2 * sqrt(tau);

  w3 = log(S1/S2) + (delta2 - delta1 + 0.5 * Sigma*Sigma)*tau;

  w3 /= Sigma * sqrt(tau);

  w4 = log(S2/S1) + (delta1 - delta2 + 0.5 * Sigma*Sigma)*tau;

  w4 /= Sigma * sqrt(tau);

  Q1 = S1 * exp(-delta1*tau) * \

      (cumNorm(w3) - BivarCND(-w1,w3,rho1));

  Q2 = S2 * exp(-delta2*tau) * \

      (cumNorm(w4) - BivarCND(-w2,w4,rho2));

  Q3 = X * exp(-r*tau) * \

      BivarCND(-w1 + sigma1*sqrt(tau), -w2+sigma2*sqrt(tau), rho);

  return(Q1 + Q2 + Q3 - X * exp(-r*tau));    

}

/* This routine will calculate the european price at a certain time slice  */

/* First generate the paths, and then compute the optionpayoff             */

/* Finally, generate the option price                                      */

/* Evaluate this option at T1 and T2, where T1>T2                          */

#include  <math.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <string.h>

#include <unistd.h>

#include "path.h"

#include "option.h"

double euro_payoff(double time,int paths,int underliers,

                   double **covariance, double *dividendRate,

                   double *growthRate, double K, double S) { 

  int path,underlier;

  double euro_sum;

  optionData od;

  int i,j;

#define PHRASE "The Maui financial modeling team"

  od.pData.meshPaths = paths;

  od.pData.underliers = underliers;

  od.pData.times = 2;

  od.pData.paths = paths;

  strcpy(od.pData.phrase,PHRASE);

  od.pData.clusterSize = 1;

  od.pData.clusterVariance = covariance[1][1]; /* we don't do clustering for this*/

  /* allocate the memory */

  pathDataAllocate(&(od.pData));

  optionDataAllocate(&od);

  for(i=0;i<od.pData.underliers;i++){

    for(j=0;j<od.pData.underliers;j++){

      od.pData.covariance[i][j] = covariance[i][j]*time;

      od.pData.growthRate[i] = growthRate[i]*time;

      od.pData.dividendRate[i] = dividendRate[i]*time;

    }

  }

  pathParamsInit(&(od.pData));

                                        /* Set all the initial prices */

  for(path=0; path<paths; path++){

    for(underlier=0; underlier < underliers; underlier++){

      od.pData.price[0][path][underlier] = S;

    }

  }

  pathDataFill(&(od.pData));

  optionDataFill(&od);

/* now we can just calculate the european prices */

  euro_sum = 0.0;

  for(path=0; path<paths; path++){

    euro_sum+=od.payoff[1][path];

  }

  euro_sum/=paths;

  pathDataDeallocate(&(od.pData));

  optionDataDeallocate(&od);

  return(euro_sum);

}

/* $Id: euro2.c,v 1.5 1998/03/16 18:22:54 svmcguir Exp $ */

#include <stdlib.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <math.h>

#include "path.h"

#include "option.h"

#include "mesh.h"

#include "util.h"

/* Calculates the values of the european option corresponding to the

 * american option we are evaluating. Values returned in  results[time]

 * are the european values at each timeslice.

 */

void euro2(meshData *md, double tolerance, double *result){

  int time, underlier, count;

  double **path, **antiPath, payoff, antiPayoff, *sum, *sumSq, *relError, 

    variance, value, maxError, *growthSum, *growthSqSum, growth;

  allocate2dDouble(&path, md->option.pData.times, md->option.pData.underliers);

  allocate2dDouble(&antiPath, md->option.pData.times, 

                   md->option.pData.underliers);

  allocate1dDouble(&sum, md->option.pData.times);

  allocate1dDouble(&sumSq, md->option.pData.times);

  allocate1dDouble(&relError, md->option.pData.times);

  allocate1dDouble(&growthSum, md->option.pData.times);

  allocate1dDouble(&growthSqSum, md->option.pData.times);

  for(time=0; time < md->option.pData.times; time++){

    sum[time] = 0;

    sumSq[time] = 0;

    growthSum[time] = 0;

    growthSqSum[time] = 0;

  }

  for(count=0; count < 1000; count+=2){

    pathPair(&(md->option.pData),path,antiPath);

    for(time=0; time < md->option.pData.times; time++){

      payoff = dMax(0,exp(-time*md->option.riskFreeRate)*

                    optionPayoff(&(md->option), path[time]));

      antiPayoff = dMax(0,exp(-time*md->option.riskFreeRate)*

                        optionPayoff(&(md->option), antiPath[time]));

      sum[time] += payoff + antiPayoff;

      sumSq[time] += payoff*payoff + antiPayoff*antiPayoff;

      if(time!=0){

        growth = (path[time][0]-path[time-1][0])/path[time-1][0];

        growthSum[time] += growth;

        growthSqSum[time] += growth*growth;

        growth = (antiPath[time][0]-antiPath[time-1][0])/antiPath[time-1][0];

        growthSum[time] += growth;

        growthSqSum[time] += growth*growth;

      }

    }

  }

  do{

    pathPair(&(md->option.pData),path,antiPath);

    for(time=0; time < md->option.pData.times; time++){

      payoff = dMax(0,exp(-time*md->option.riskFreeRate)*

                    optionPayoff(&(md->option), path[time]));

      antiPayoff = dMax(0,exp(-time*md->option.riskFreeRate)*

                        optionPayoff(&(md->option), antiPath[time]));

      sum[time] += payoff + antiPayoff;

      sumSq[time] += payoff*payoff + antiPayoff*antiPayoff;

      if(time!=0){

        growth = (path[time][0]-path[time-1][0])/path[time-1][0];

        growthSum[time] += growth;

        growthSqSum[time] += growth*growth;

        growth = (antiPath[time][0]-antiPath[time-1][0])/antiPath[time-1][0];

        growthSum[time] += growth;

        growthSqSum[time] += growth*growth;

      }

    } 

    count += 2;

    maxError = 0;

    for(time=0; time < md->option.pData.times; time++){

      value = sum[time]/count;

      variance  = sumSq[time]/count - sum[time]/count*sum[time]/count;

      relError[time] = sqrt(variance/count)/fabs(value);

      if(relError[time] > maxError) maxError = relError[time];

    }

    if(count % 100000 == 0)

      printf("%lg of %lg allowed relative error\n",maxError, tolerance);

  }while(maxError > tolerance);

  printf("count = %i\n",count);

  for(time=0; time < md->option.pData.times; time++){

    result[time] = sum[time]/count;

    if(time != 0) 

      printf("Growth: %lg\t%lg\n",growthSum[time]/count,

             growthSqSum[time]/count - 

             (growthSum[time]/count)*(growthSum[time]/count));

  }

}

#include <math.h>

#include <stdlib.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include "path.h"

#include "option.h"

#include "mesh.h"

#include "blackScholes.h"

#include "control3.h"

#include "util.h"

#define WEIGHT(time,prices,toPath) transProb(&(md->option.pData),prices,md->option.pData.price[time+1][toPath]) /md->distribution[(time)][(toPath)]

/* The exact value of control 1 used for the american estimate at time, path */

double innerControl1Exact(meshData *md, int time, double *prices){

  int max;

  max = dWhichMax(md->option.pData.underliers, prices);

  return(exp(-time*md->option.riskFreeRate)*

         euroCall(prices[max],

                  md->option.strikePrice,

                  md->option.riskFreeRate,

                  sqrt(md->option.pData.covariance[max][max]),

                  1.0,

                  md->option.pData.dividendRate[max]));

}

/* The mesh estimate of control1 at time, path */

double innerControl1Estimate(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,deflatedPrice,weight,sumWeight;

  double e,p,r;

  max = dWhichMax(md->option.pData.underliers, prices); 

  sumWeight = 0;

  estimate = 0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    sumWeight += WEIGHT(time,prices,toPath);

    if(md->option.pData.price[time+1][toPath][max] > md->option.strikePrice){

      deflatedPrice = exp(-md->option.riskFreeRate)*

        (md->option.pData.price[time+1][toPath][max] - md->option.strikePrice);

    }else{

      deflatedPrice = 0;

    }

    estimate += WEIGHT(time,prices,toPath)*deflatedPrice;

  }

  estimate /= sumWeight;

  return(exp(-time*md->option.riskFreeRate)*estimate);

}

/* The variance of the mesh estimate of control1 at time,path */

double innerControl1Variance(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,sumWeight,deflatedPrice;

  max = dWhichMax(md->option.pData.underliers, prices); 

  estimate = 0;

  sumWeight =0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    if(md->option.pData.price[time+1][toPath][max] > md->option.strikePrice){

      deflatedPrice = exp(-md->option.riskFreeRate)*

        (md->option.pData.price[time+1][toPath][max]-md->option.strikePrice);

    }else{

      deflatedPrice = 0;

    }

    estimate += WEIGHT(time,prices,toPath) *deflatedPrice*deflatedPrice;

    sumWeight += WEIGHT(time,prices,toPath);

  }

  estimate /= sumWeight;

  return(exp(-2*time*md->option.riskFreeRate)*estimate);

}

/* The correlation of the american estimate and control1 */

double innerControl1Correlation(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,sumWeight,deflatedPrice;

  max = dWhichMax(md->option.pData.underliers, prices); 

  estimate = 0;

  sumWeight = 0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    if(md->option.pData.price[time+1][toPath][max] > md->option.strikePrice){

      deflatedPrice = exp(-md->option.riskFreeRate)*

        (md->option.pData.price[time+1][toPath][max]-md->option.strikePrice);

    }else{

      deflatedPrice = 0;

    }

    estimate += WEIGHT(time,prices,toPath)*exp(-time*md->option.riskFreeRate)*

      deflatedPrice*md->newValue[time+1][toPath];

    sumWeight += WEIGHT(time,prices,toPath);

  }

  estimate /= sumWeight;

  return(estimate);

} 

double innerControl2Exact(meshData *md, int time, double *prices){

  int max;

  max = dWhichMax(md->option.pData.underliers, prices);

  return(exp(md->option.pData.growthRate[max]-

             md->option.pData.dividendRate[max])*prices[max]);

}

double innerControl2Estimate(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate, sumWeight;

  max = dWhichMax(md->option.pData.underliers, prices);

  sumWeight = 0;

  estimate = 0;

  for(toPath=0; toPath < md->meshPaths; toPath++){

    sumWeight += WEIGHT(time,prices,toPath);

    estimate += WEIGHT(time,prices,toPath)*

      md->option.pData.price[time+1][toPath][max];

  }

  estimate /= sumWeight;

  return(estimate);

}

double innerControl2Variance(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,sumWeight;

  max = dWhichMax(md->option.pData.underliers, prices); 

  estimate = 0;

  sumWeight =0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    estimate += WEIGHT(time,prices,toPath)*prices[max]*prices[max];

    sumWeight += WEIGHT(time,prices,toPath);

  }

  estimate /= sumWeight;

  return(exp(-2*time*md->option.riskFreeRate)*estimate);

}

double innerControl2Correlation(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,sumWeight;

  max = dWhichMax(md->option.pData.underliers, prices); 

  estimate = 0;

  sumWeight = 0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    estimate += WEIGHT(time,prices,toPath)*

      md->option.pData.price[time+1][toPath][max]*md->newValue[time+1][toPath];

    sumWeight += WEIGHT(time,prices,toPath);

  }

  estimate /= sumWeight;

  return(estimate);

} 

/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

/* Control 3 estimators and exact calculations */

/* The following computes the exact value of control 3 using equations from

   Stulz. See control3.c */

double innerControl3Exact(meshData *md, int time, double *prices){

  int max1, max2, i;

  double maxval1, maxval2;

  /* At the given time find the max prices */

  maxval1 = 0.0;

  maxval2 = 0.0;

  max1 = dWhichMax(md->option.pData.underliers, prices);

  maxval1 = prices[max1];

  for(i=0; i<md->option.pData.underliers;i++){

    if(i != max1 && prices[i] > maxval2){

      max2 = i;

      maxval2 = prices[i];

    }

  }

  /* Evaluate deflated value of option price as predicted by Stulz. */

  /*

    return(exp(-time*md->option.riskFreeRate)*  \

    stulzMax(maxval1, maxval2, sqrt(md->option.pData.covariance[max1][max1]), \

    sqrt(md->option.pData.covariance[max2][max2]), \

    md->option.pData.covariance[max1][max2], md->option.riskFreeRate, \

    md->option.strikePrice,

    1.0, md->option.pData.dividendRate[max2])); 

  */

  return(exp(-time*md->option.riskFreeRate)* 

         maxOf2Risk(maxval1, maxval2, md->option.strikePrice, 1.0,

                    sqrt(md->option.pData.covariance[max1][max1]), 

                    sqrt(md->option.pData.covariance[max2][max2]), 

                    md->option.riskFreeRate, 

                    md->option.pData.dividendRate[max1], 

                    md->option.pData.dividendRate[max2],

                    md->option.pData.covariance[max1][max2]));

}

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

/* The mesh estimate of control3 at time, path */

double innerControl3Estimate(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,deflatedPrice,weight,sumWeight;

  double e,p,r, maxPrice;

  int max1, max2, i;

  double maxval1, maxval2;

  /* At the current time find the max prices */

  maxval1 = 0.0;

  maxval2 = 0.0;

  max1 = dWhichMax(md->option.pData.underliers, prices);

  maxval1 = prices[max1];

  for(i=0; i<md->option.pData.underliers;i++){

    if(i != max1 && prices[i] > maxval2){

      max2 = i;

      maxval2 = prices[i];

    }

  }

  sumWeight = 0;

  estimate = 0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    sumWeight += WEIGHT(time,prices,toPath);

    if( md->option.pData.price[time+1][toPath][max1] >= 

        md->option.pData.price[time+1][toPath][max2]){

      maxPrice = md->option.pData.price[time+1][toPath][max1];

    }else{

      maxPrice = md->option.pData.price[time+1][toPath][max2];

    }

    if(maxPrice > md->option.strikePrice){

      deflatedPrice = exp(-md->option.riskFreeRate)*

        (maxPrice - md->option.strikePrice);

    }else{

      deflatedPrice = 0;

    }

    estimate += WEIGHT(time,prices,toPath)*deflatedPrice;

  }

  estimate /= sumWeight;

  return(exp(-time*md->option.riskFreeRate)*estimate);

}

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

/* The variance of the mesh estimate of control3 at time,path */

double innerControl3Variance(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,deflatedPrice,weight,sumWeight;

  double e,p,r, maxPrice;

  int max1, max2, i;

  double maxval1, maxval2;

  /* At the current time find the max prices */

  maxval1 = 0.0;

  maxval2 = 0.0;

  max1 = dWhichMax(md->option.pData.underliers, prices);

  maxval1 = prices[max1];

  for(i=0; i<md->option.pData.underliers;i++){

    if(i != max1 && prices[i] > maxval2){

      max2 = i;

      maxval2 = prices[i];

    }

  }

  estimate = 0;

  sumWeight =0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    if( md->option.pData.price[time+1][toPath][max1] >= 

        md->option.pData.price[time+1][toPath][max2]){

      maxPrice = md->option.pData.price[time+1][toPath][max1];

    }else{

      maxPrice = md->option.pData.price[time+1][toPath][max2];

    }

    if(maxPrice > md->option.strikePrice){

      deflatedPrice = exp(-md->option.riskFreeRate)*

        (maxPrice-md->option.strikePrice);

    }else{

      deflatedPrice = 0;

    }

    estimate += WEIGHT(time,prices,toPath) *deflatedPrice*deflatedPrice;

    sumWeight += WEIGHT(time,prices,toPath);

  }

  estimate /= sumWeight;

  return(exp(-2*time*md->option.riskFreeRate)*estimate);

}

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

/* The correlation of the american estimate and control3 */

double innerControl3Correlation(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,deflatedPrice,weight,sumWeight;

  double e,p,r, maxPrice;

  int max1, max2, i;

  double maxval1, maxval2;

  /* At the current time find the max prices */

  maxval1 = 0.0;

  maxval2 = 0.0;

  max1 = dWhichMax(md->option.pData.underliers, prices);

  maxval1 = prices[max1];

  for(i=0; i<md->option.pData.underliers;i++){

    if(i != max1 && prices[i] > maxval2){

      max2 = i;

      maxval2 = prices[i];

    }

  }

  estimate = 0;

  sumWeight = 0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    if( md->option.pData.price[time+1][toPath][max1] >=

        md->option.pData.price[time+1][toPath][max2]){

      maxPrice = md->option.pData.price[time+1][toPath][max1];

    }else{

      maxPrice = md->option.pData.price[time+1][toPath][max2];

    }

    if(maxPrice > md->option.strikePrice){

      deflatedPrice = exp(-md->option.riskFreeRate)*

        (maxPrice - md->option.strikePrice);

    }else{

      deflatedPrice = 0;

    }

    estimate += WEIGHT(time,prices,toPath) * exp(-time*md->option.riskFreeRate)

      *deflatedPrice*md->newValue[time+1][toPath];

    sumWeight += WEIGHT(time,prices,toPath);

  }

  estimate /= sumWeight;

  return(estimate);

} 

/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

/* Mesh estimate of american price.  Should probably be in mesh.c */

double innerMeshEstimate(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate,sumWeight;

  double w,v;

  estimate = 0;

  sumWeight = 0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    sumWeight += WEIGHT(time,prices,toPath);

    estimate +=  WEIGHT(time,prices,toPath)*md->newValue[time+1][toPath];

    /*    printf("M:%i\t%i\t%i\t%lf\t%lf\n",time,path,toPath,

          WEIGHT(time,prices,toPath),md->newValue[time+1][toPath]);*/

  }

  estimate /= sumWeight;

  /*  printf("M:%lf\t%lf\n",sumWeight,estimate);*/

  return(estimate);

} 

double innerOldMeshEstimate(meshData *md, int time, double *prices){

  int max, toPath;

  double estimate;

  double w,v;

  estimate = 0;

  for(toPath=0; toPath<md->meshPaths; toPath++){

    estimate +=  WEIGHT(time,prices,toPath)*md->newValue[time+1][toPath];

  }

  return(estimate);

} 

/* The controlled value of the american estimate at time, path */

double innerNewEstimate(meshData *md, int time, double *prices,

                        int whichControl){

  double beta, I1, J1, J1V, J, I1J1, S;

  int toPath, fromPath;

  S = 0;

  for(toPath=0;toPath<md->meshPaths;toPath++){

    S += WEIGHT(time,prices,toPath);

  }

  switch(whichControl){

  case(0):

    return(innerOldMeshEstimate(md,time,prices));

  case(1):

    J1   = innerControl1Estimate(md,time,prices);    

    J    = innerControl1Exact(md,time,prices);

    J1V  = innerControl1Variance(md,time,prices);

    I1J1 = innerControl1Correlation(md,time,prices);

    break;

  case(2):

    J1 = innerControl2Estimate(md,time,prices); 

    J = innerControl2Exact(md,time,prices); 

    J1V  = innerControl2Variance(md,time,prices); 

    I1J1 = innerControl2Correlation(md,time,prices); 

    break;

  case(3):

    J1 = innerControl3Estimate(md,time,prices); 

    J = innerControl3Exact(md,time,prices); 

    J1V  = innerControl3Variance(md,time,prices); 

    I1J1 = innerControl3Correlation(md,time,prices); 

    break;

  }/* end switch */

  I1   = innerMeshEstimate(md,time,prices);

  beta = (I1J1 - I1 * J1)/(J1V - J1 * J1);

  return(I1 - beta*(J1 - J));

}

void innerDataFill(meshData *md, int whichControl){

  int time, path, toPath, fromPath;

  for(time=md->option.pData.times-2; time>=0; time--){

    for(toPath=0; toPath<md->meshPaths; toPath++){

      md->distribution[time][toPath] = 0;

      for(fromPath=0; fromPath<md->meshPaths;

          fromPath+=md->option.pData.clusterSize){

        md->distribution[time][toPath] += md->option.pData.clusterSize*

          pathTransitionProb(&(md->option.pData), time, fromPath, toPath);

      }

    }

  }

  for(time=md->option.pData.times-2;time>0;time--){

    for(path=md->option.pData.meshPaths-1;path>=0;path--){

      md->newValueIfHeld[time][path] = 

        innerNewEstimate(md,time,md->option.pData.price[time][path],

                         whichControl);

      if(md->newValueIfHeld[time][path] > md->option.payoff[time][path]){

        md->newValue[time][path] = md->newValueIfHeld[time][path];

      }else{

        md->newValue[time][path] = md->option.payoff[time][path];

      }

    }

  }

  md->newValueIfHeld[0][0] = 

    innerNewEstimate(md,0,md->option.pData.price[0][0],whichControl);

  if(md->newValueIfHeld[0][0] > md->option.payoff[0][0]){

    md->newValue[0][0] = md->newValueIfHeld[0][0];

  }else{

    md->newValue[0][0] = md->option.payoff[0][0];

  }

}

double innerControlledPathEstimate(meshData *md, int whichControl){

  int time, underlier, toPath, count,max1,max2,i;

  double **path, **antiPath, antiGrowth, *payoff, *antiPayoff, *valueIfHeld,

    *antiValueIfHeld, value, antiValue, weight, antiWeight, delta, euroVal,

    maxval1, maxval2;

  float *randomNum;

  allocate2dDouble(&path, md->option.pData.times, md->option.pData.underliers);

  allocate2dDouble(&antiPath,  md->option.pData.times,

                   md->option.pData.underliers);

  allocate1dDouble(&payoff, md->option.pData.times);

  allocate1dDouble(&antiPayoff, md->option.pData.times);

  allocate1dDouble(&valueIfHeld, md->option.pData.times);

  allocate1dDouble(&antiValueIfHeld, md->option.pData.times);

  value = 0;

  antiValue = 0;

  for(count=1; count<=md->option.pData.paths; count++){

    pathPair(&(md->option.pData),path,antiPath);

    for(time=0; time < md->option.pData.times; time++){

      payoff[time] = exp(-time*md->option.riskFreeRate)*

        optionPayoff(&(md->option), path[time]);

      antiPayoff[time] = exp(-time*md->option.riskFreeRate)*

        optionPayoff(&(md->option), antiPath[time]);

    }

    valueIfHeld[0] = dMax(0,payoff[0]);

    antiValueIfHeld[0] = dMax(0,antiPayoff[0]);

    for(time=0; time < md->option.pData.times; time++){

      /* We don't need to compute value if held on the last timeslice */

      if(time == md->option.pData.times-1){


if(payoff[time] > valueIfHeld[time]){


  value += payoff[time];


  break;


}

      }else{


/* Skip point if payoff not > 0 */


if(payoff[time] > 0 ){


  max1 = dWhichMax(md->option.pData.underliers, path[time]);



  euroVal = exp(-time*md->option.riskFreeRate)*


    euroCall(path[time][max1],



     md->option.strikePrice,



     md->option.riskFreeRate,



     sqrt(md->option.pData.covariance[max1][max1]),



     md->option.pData.times-1 - time,



     md->option.pData.dividendRate[max1]);


  /* Skip point if payoff not > 1d european */


  if(payoff[time] > euroVal){


    maxval1 = path[time][max1];


    maxval2 = 0;


    for(i = 0; i<md->option.pData.underliers; i++){


      if(i != max1 && path[time][i] > maxval2){



max2 = i;



maxval2 = path[time][i];


      }


    } 


    euroVal = exp(-time*md->option.riskFreeRate)* 


      maxOf2Risk(maxval1, maxval2, md->option.strikePrice,




 md->option.pData.times-1 - time,




 sqrt(md->option.pData.covariance[max1][max1]), 




 sqrt(md->option.pData.covariance[max2][max2]), 




 md->option.riskFreeRate, 




 md->option.pData.dividendRate[max1], 




 md->option.pData.dividendRate[max2],




 md->option.pData.covariance[max1][max2]);


    /* Skip point if payoff not > 2d european */


    if(payoff[time] > euroVal){


      valueIfHeld[time] = 



innerNewEstimate(md,time,path[time],whichControl);


      if(payoff[time] > valueIfHeld[time]){



value += payoff[time];



break;


      }


    }


  }


}

      }

    }

    for(time=0; time < md->option.pData.times; time++){

      /* We don't need to compute value if held on the last timeslice */

      if(time == md->option.pData.times-1){


if(antiPayoff[time] > antiValueIfHeld[time]){


  antiValue += antiPayoff[time];


  break;


}

      }else{


/* Skip point if antiPayoff not > 0 */


if(antiPayoff[time] > 0 ){


  max1 = dWhichMax(md->option.pData.underliers, antiPath[time]);


  euroVal = exp(-time*md->option.riskFreeRate)*


    euroCall(antiPath[time][max1],



     md->option.strikePrice,



     md->option.riskFreeRate,



     sqrt(md->option.pData.covariance[max1][max1]),



     md->option.pData.times-1 - time,



     md->option.pData.dividendRate[max1]);


  /* Skip point if antiPayoff not > 1d european */


  if(antiPayoff[time] > euroVal){


    maxval1 = antiPath[time][max1];


    maxval2 = 0;


    for(i = 0; i<md->option.pData.underliers; i++){


      if(i != max1 && antiPath[time][i] > maxval2){



max2 = i;



maxval2 = antiPath[time][i];


      }


    } 


    euroVal = exp(-time*md->option.riskFreeRate)* 


      maxOf2Risk(maxval1, maxval2, md->option.strikePrice,




 md->option.pData.times-1 - time,




 sqrt(md->option.pData.covariance[max1][max1]), 




 sqrt(md->option.pData.covariance[max2][max2]), 




 md->option.riskFreeRate, 




 md->option.pData.dividendRate[max1], 




 md->option.pData.dividendRate[max2],




 md->option.pData.covariance[max1][max2]);


    /* Skip point if antiPayoff not > 2d european */


    if(antiPayoff[time] > euroVal){


      antiValueIfHeld[time] = 



innerNewEstimate(md,time,antiPath[time],whichControl);


      if(antiPayoff[time] > antiValueIfHeld[time]){



antiValue += antiPayoff[time];



break;


      }


    }


  }


}

      }

    }

  }

  value /= md->option.pData.paths;

  antiValue /= md->option.pData.paths;

  deallocate2dDouble(&path,  md->option.pData.times,



     md->option.pData.underliers); 

  deallocate2dDouble(&antiPath,  md->option.pData.times,



     md->option.pData.underliers); 

  deallocate1dDouble(&payoff, md->option.pData.times); 

  deallocate1dDouble(&antiPayoff, md->option.pData.times); 

  deallocate1dDouble(&valueIfHeld, md->option.pData.times); 

  deallocate1dDouble(&antiValueIfHeld, md->option.pData.times); 

  return(0.5*(value+antiValue));  

}

/************************************************************************

 * inner_control.c                                                      *

 * Mijan Huq                                                            *

 *                                                                      *

 ************************************************************************/

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include <math.h>

#include "path.h"    /* should be included in mesh.h */

#include "option.h"  /* should be included in mesh.h */

#include "mesh.h"    /* mesh data structures */

#include "util.h" 

#include "blackScholes.h"

#include "inner.h"

/* Routine that computes inner controls nu defined in paper page 18.  

   Sets up nu(t,X...,X...)  Is this the correct way? 

   This is needed for computing alpha and beta */

void ComputeInnerControl(int whichInnerControl, meshData *theMesh, 

                         double *control, int *istar, int t)

{

  int  path, underlier, whichunderlier;

  double max, deltat,pmax, pmin, min;

  /* compute delta t */

  deltat = 1.0; 

  switch ( whichInnerControl){

  case 1:   /* Control 1 in paper */

      /* Loop over all paths */

      for(path = 0 ; path < theMesh->option.pData.paths; path++){

        /* Find the maximum price at current time */


    max = 0.0;

        for(underlier=0; underlier < theMesh->option.pData.underliers; 

            underlier++){

          pmax = max;

          max=dMax(max,theMesh->option.pData.price[t][path][underlier]);

          if (max != pmax) {

            istar[path] = underlier;

          }

        } /* End loop over underliers */

        /* Now the control is max(argmax(S^i_t+1 - K)) */

        control[path] = exp(-deltat*(theMesh->option.riskFreeRate )) * \

          dMax(max - theMesh->option.strikePrice, 0.0);

      } /* End loop over paths */

    break;

  case 2:   /* Control 2 in paper */

      /* Loop over all paths */

      for(path = 0 ; path < theMesh->option.pData.paths; path++){

        /* Find the maximum price at time+1 */


    max = 0.0;

        for(underlier=0; underlier < theMesh->option.pData.underliers; 

            underlier++){

          pmax = max;

          max=dMax(max,theMesh->option.pData.price[t][path][underlier]);

          if (max != pmax) {

            istar[path] = underlier;

          }

        } /* End loop over underliers */

        /* Now the control is (argmax(S^i_t+1)) */

        control[path] = max;

      } /* End loop over paths */

    break;

  case 3:   /* Control 3 in paper */

    perror("ComputeInnerControl: Control %d not yet implmented");

    exit (1);

  } /* end switch over inner control */

} /* end ComputeInnerControl */

/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

/* Routine that computes a Cumulative normal dist based on Hull 243 */

/* Six decimal accurate */

double CumNormDist(double x){

  double a1, a2, a3, a4, a5, gam, k, value,dNdx;

  a1 = 0.319381530;

  a2 = -0.356563782;

  a3 = 1.781477937;

  a4 = -1.821255978;

  a5 = 1.330274429;

  gam = 0.2316419;

  k = 1.0 / (1.0 + gam * x);

  dNdx = 1.0/sqrt(2.0 * M_PI)*exp(-x*x*0.5);

  if(x >= 0.0){

    value = 1.0 - dNdx * \

      (a1*k + a2*pow(k,2) + a3*pow(k,3) + a4*pow(k,4)  + a5*pow(k,5));

  }else{

    value = 1.0 - CumNormDist(-x); 

  }

  /*

    printf("%lf %lf %lf\n",x,value,  dNdx);

  */

  return (value);

}

/*

   Routine that computes independent estimate of nu 

*/

double nuIndEst(int whichInnerControl, double S, double r, double dividend,\

                double sigma, double T, double t, double strikePrice){

  double nuest, d1, d2;

  switch ( whichInnerControl){

  case 1:   /* Control 1 in paper */

    /* Evaluate Black-Scholes formula with dividends (Merton's model) */

    d1 = (log(S/strikePrice) + ((r-dividend) + sigma * sigma *0.5)*(T-t)) \

      /sigma/sqrt(T-t);

    d2 = (log(S/strikePrice) + ((r-dividend) - sigma * sigma *0.5)*(T-t)) \

      /sigma/sqrt(T-t);

    nuest = exp(-dividend*(T-t)) * S * CumNormDist(d1) - \

      strikePrice*exp(-r *(T-t))*CumNormDist(d2);

    break;

  case 2:   /* Control 2 in paper */

    nuest = S * exp((r-dividend)*(T-t));

    break;

  case 3:  /* Control 3 in paper */

    /* The following is obtained from Stulz 1982 page 163, eqn 11 */

    break;      

  } /* end switch */

  return (nuest);

}

/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

/* Routine that uses control variates to modify given values of \hat{Q} */

void innerControlVariate(int whichInnerControl, 

                         meshData *mesh_in, meshData *mesh_out)

{

  int Npaths, Ntimes;

  double *Icontrol, **value, **valueIfHeld; 

  int *imax;

  int i,j,t, b;

  double alpha, beta, denominator, A,B,C,D,E,F, sigma, nuest;

  /* Set up a few local parameters for convenience */

  Npaths = mesh_in->option.pData.paths;

  Ntimes = mesh_in->option.pData.times;

  b = mesh_in->meshPaths; 

  /* Allocate memory */

  Icontrol = (double *)malloc(Npaths * sizeof(double ));

  value = (double **)malloc(Ntimes * sizeof(double *));

  valueIfHeld = (double **)malloc(Ntimes * sizeof(double *));

  Icontrol = (double *)malloc(Npaths * sizeof(double ));

  imax = (int *)malloc(Npaths * sizeof(int ));

  if(Icontrol == NULL || imax == NULL){

    perror("innerControlVariate: Could not allocate memory");

    exit(1);

  }

  for(i=0;i<Ntimes; i++){

      value[i] = (double *)malloc(Npaths * sizeof(double));

      valueIfHeld[i] = (double *)malloc(Npaths * sizeof(double));

  }

  /* loop over times */

  printf("weight at 0,0,0 %lf\n",mesh_in->weights[0][0][0]);

  for(t=mesh_in->option.pData.times-2; t>=0; t--){

    printf("time = %d\n",t);

    for(i=0; i < mesh_in->option.pData.paths; i++){


  /* Compute inner controls at each mesh point for time t*/


  ComputeInnerControl(whichInnerControl, mesh_in, Icontrol, imax,t);

      /* Compute beta from weighted least squares fits */

      beta = 0.0;

      /* compute <Q> where <Q> := E[Q(t+1,S_{t+1} | S_t = X_t(i)] */

      A = 0.0;   

      for(j=0;j<b; j++){

        A +=  mesh_in->weights[t][i][j] * mesh_in->value[t+1][j];

      }

      /* Compute Sum_j w(t,i,j) */ 

      B = 0.0;

      for(j=0;j<b; j++){

        B +=  mesh_in->weights[t][i][j];

      }

      /* Compute <nu> */

      C = 0.0;

      for(j=0;j<b; j++){

        C +=  mesh_in->weights[t][i][j]  * Icontrol[j]; 

      }

      /* Compute <Q*nu> */

      D = 0.0;

      for(j=0;j<b; j++){


    D +=  mesh_in->weights[t][i][j]  * Icontrol[j] *


  mesh_in->value[t+1][j]; 

      }

      E = C;

      /* Compute <nu*nu> */

      F = 0.0;

      for(j=0;j<b; j++){ /* term F in handwritten notes */


        F += mesh_in->weights[t][i][j] * Icontrol[j]*


  Icontrol[j]; 

      }

      beta =    (D * B - E*A)/(F*B - E*C);

      /* Compute alpha */

      alpha = (A - beta * C) / B;

      /* Compute independent source for nu */

      sigma = sqrt(mesh_in->option.pData.covariance[0][0]); 

      nuest =  nuIndEst(whichInnerControl, 




mesh_in->option.pData.price[t][i][imax[i]],

                        mesh_in->option.riskFreeRate, 




mesh_in->option.pData.dividendRate[imax[i]], 




sigma, 




/*




  (double)mesh_in->option.pData.times, 




  (double)t,   




*/




1.0, 0.0,

                        mesh_in->option.strikePrice);

      /* Then we update Q(t,i)... */

      valueIfHeld[t][i] = alpha + beta * nuest; 

      /* Now recheck which is larger, valueIfHeld or payoff */

      if(mesh_out->option.payoff[t][i] >  mesh_out->valueIfHeld[t][i]){

        value[t][i] = mesh_out->option.payoff[t][i];

      }else{

        value[t][i] = mesh_out->valueIfHeld[t][i];

      }

    } /* loop over i */

  } /* End loop over time here */

 printf("Mesh estimate after inner control= %lf\n",valueIfHeld[0][0]);

  free(Icontrol);

} /* end innerControlVariate */

/* binio.c */

/*

 * The file format is assumed to be BIG-ENDIAN.

 * If this code is compiled with -DLITTLE and executes on a little endian

 * CPU then byte-swapping will be done.

 *

 * If an ANSI compiler is used prototypes and ANSI function declarations

 * are used.  Otherwise use K&R conventions.

 *

 * If we're running on a CRAY (8-byte ints and floats), conversions will

 * be done as needed.

 */

#include <stdlib.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <unistd.h>

#ifdef cray

#  include <string.h>

#endif

#include "binio.h"

/**********************************************************/

/*                  Byte Flipping                         */

/**********************************************************/

#define FLIP4( n )  (  (n & 0xff000000) >> 24

\



     | (n & 0x00ff0000) >> 8

\



     | (n & 0x0000ff00) << 8

\



     | (n & 0x000000ff) << 24  )

/*

 * Flip the order of the 4 bytes in an array of 4-byte words.

 */

#ifdef __STDC__

  void flip4( unsigned int *src, unsigned int *dest, int n )

#else

  void flip4( src, dest, n )

  unsigned int *src, *dest;

  int n;

#endif

{

   int i;

   for (i=0;i<n;i++) {

      register unsigned int tmp = src[i];

      dest[i] = FLIP4( tmp );

   }

}

#ifdef cray

/** THESE ROUTINES MUST BE COMPILED ON THE CRAY ONLY SINCE THEY **/

/** REQUIRE 8-BYTES PER C-TYPE LONG                             **/

/* Cray to IEEE single precision */

static void c_to_if(t,f)

long *t,*f;

{

    if (*f != 0){

        *t = (((*f & 0x8000000000000000) |      /* sign bit */

                 ((((*f & 0x7fff000000000000) >> 48)-16258) << 55)) + /* exp */

                 (((*f & 0x00007fffff000000) +

                    ((*f & 0x0000000000800000) << 1)) << 8));  /* mantissa */

    }

    else *t = *f;

}

#define C_TO_IF( T, F )






\


if (F != 0) {






\



T = (((F & 0x8000000000000000) |


\



((((F & 0x7fff000000000000) >> 48)-16258) << 55)) +
\



(((F & 0x00007fffff000000) +



\



((F & 0x0000000000800000) << 1)) << 8));

\


}







\


else {







\



T = F;






\


}

/* IEEE single precison to Cray */

static void if_to_c(t,f)

long *t,*f;

{

    if (*f != 0) {

        *t = (((*f & 0x8000000000000000) |

                ((*f & 0x7f80000000000000) >> 7) +

                (16258 << 48)) |

                (((*f & 0x007fffff00000000) >> 8) | (0x0000800000000000)));

        if ((*f << 1) == 0) *t = 0;

    }

    else *t = *f;

}

/* T and F must be longs! */

#define IF_TO_C( T, F )






\


if (F != 0) {






\



T = (((F & 0x8000000000000000) |


\



((F & 0x7f80000000000000) >> 7) +


\



(16258 << 48)) |




\



(((F & 0x007fffff00000000) >> 8) | (0x0000800000000000)));  \



if ((F << 1) == 0) T = 0;



\


}







\


else {







\



T = F;






\


}

#endif /*cray*/

/**************************************************************/

/*                     Read Functions                         */

/**************************************************************/

/*

 * receive_data 

 *  Receive a block of data by repeatedly reading from a socket.  This

 *  function will block the process if data is not available.

 *  Input:  socket - socket to read from

 *           buffer - pointer to data buffer

 *          bytes - how many bytes to read into buffer

 *  Return:  number of bytes received.  This will always either be

 *           the same as the bytes requested or 0 if the connection

 *           was lost.

 */

int receive_data( f, buffer, bytes )

int f;

char *buffer;

int bytes;

{

   int sofar, remaining, len;

   sofar = 0;

   remaining = bytes;

   do {

      len = read( f, buffer + sofar, remaining);

      if (len<=0) return 0;

      sofar += len;

      remaining -= len;

   } while (remaining > 0);

   return bytes;

}

/*

 * Read a 4-byte integer. This function will

 *  block if the data is not available.

 * Input:  f - the file descriptor to read from

 *         i - pointer to integer to put result into.

 * Return:  1 = ok, 0 = error

 */

#ifdef __STDC__

  int read_int4( int f, int *i )

#else

  int read_int4( f, i, 4 )

  int f;

  int *i;

#endif

{

#ifdef LITTLE

   /* read big endian and convert to little endian */

   unsigned int n;

   if (receive_data( f, &n, 4 )==4) {

      *i = FLIP4( n );

      return 1;

   }

   else {

      return 0;

   }

#else

   if (receive_data( f, i, 4 )==4) {

#  ifdef cray

      *i = *i >> 32;

#  endif

      return 1;

   }

   else {

      return 0;

   }

#endif

}

/*

 * Read a 4-byte IEEE float.

 * Input:  f - the file descriptor to read from.

 *         x - pointer to float to put result into.

 * Return:  1 = ok, 0 = error

 */

#ifdef __STDC__

  int read_float4( int f, float *x )

#else

  int read_float4( f, x )

  int f;

  float *x;

#endif

{

#ifdef cray

   long buffer = 0;

   if ( receive_data( f, &buffer, 4 )==4 ) {

      /* convert IEEE float (buffer) to Cray float (x) */

      if_to_c( x, &buffer );

      return 1;

    }

    return 0;

#else

#  ifdef LITTLE

      unsigned int n, *iptr;

      if (receive_data( f, &n, 4 )==4) {


 iptr = (unsigned int *) x;


 *iptr = FLIP4( n );


 return 1;

      }

      else {


 return 0;

      }

#  else

      if (receive_data( f, x, 4 )==4) {


 return 1;

      }

      else {


 return 0;

      }

#  endif

#endif

}

/********************************************************/

/*                         Write Functions              */

/********************************************************/

/*

 * Write a 4-byte integer.

 *Input:  f - the file descriptor

 *         i - the integer

 * Return:  1 = ok, 0 = error

 */

#ifdef __STDC__

  int write_int4( int f, int i )

#else

  int write_int4( f, i )

  int f;

  int i;

#endif

{

#ifdef cray

   i = i << 32;

   return write( f, &i, 4 ) > 0;

#else

#  ifdef LITTLE

     i = FLIP4( i );

#  endif

   return write( f, &i, 4 ) > 0;

#endif

}

/*

 * Write a 4-byte IEEE float.

 * Input:  f - the file descriptor

 *         x - the float

 * Return:  1 = ok, 0 = error

 */

#ifdef __STDC__

  int write_float4( int f, float x )

#else

  int write_float4( f, x )

  int f;

  float x;

#endif

{

#ifdef cray

   char buffer[8];

   c_to_if( buffer, &x );

   return write( f, buffer, 4 ) > 0;

#else

#  ifdef LITTLE

      float y;

      unsigned int *iptr = (unsigned int *) &y, temp;

      y = (float) x;

      temp = FLIP4( *iptr );

      return write( f, &temp, 4 ) > 0;

#  else

      float y;

      y = (float) x;

      return write( f, &y, 4 ) > 0;

#  endif

#endif

}

/* java_ser1d.c */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "sockio.h"

#include "binio.h"

/*********************************************************

 * java_ser: connect to server and send the data

 *     

 *

 * return value (all functions)

 *   0 if success

 *   1 otherwise

 *

 * It will read server host name and port from JSERHOST and

 * JSERPORT environment.

 *********************************************************/

/*************************************************************

 * java_fser_

 * c program to link with fortran 90

 * This program writes the x and fx values to file.

 *

 * input parameters

 *   name - name of the file

 *   time - time value

 *   x    - x value array

 *   fx   - fx value array

 *   nx   - size of x and fx array

 ************************************************************/

/* ONLY SUPPORT BIG ENDIAN */

int java_fser_(name, time, x, fx, nx) 

  char *name;

  double *time;

  double x[];

  double fx[];

  int *nx;

{

   int size, i;

   FILE *fopen(), *fp;

   if ((fp = fopen(name, "a+b")) == NULL) {

      printf("Error: can't open output file ...\n");

      return 1;

   }

   /* first write time and nx */

   fwrite(time, sizeof(double), 1, fp);

   fwrite(nx, sizeof(int), 1, fp);

   size = *nx;

   /* write x and fx value */

   for (i=0; i<size; i++) {

      fwrite(&x[i], sizeof(double), 1, fp);

      fwrite(&fx[i], sizeof(double), 1, fp);

   }

   fclose(fp);

   return 0;

}

/*************************************************************

 * java_ser_

 * c program to link with fortran 90

 * This program writes the x and fx values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   time - time value

 *   x    - x value array

 *   fx   - fx value array

 *   nx   - size of x and fx array

 ************************************************************/

int java_ser_(name, time, x, fx, nx) 

  char *name;

  double *time;

  double x[];

  double fx[];

  int *nx;

{

   int sockfd;

   int size = *nx, name_length, i;

   double ft = *time;

   float ftime = (float)ft;

   int command = 10;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time and nx */

   write_float4(sockfd, ftime);

   write_int4(sockfd, size);

   /* write x and fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)x[i]);

      write_float4(sockfd, (float)fx[i]);

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_mser_

 * c program to link with fortran 90

 * This program writes whole set of time data with the x and fx values

 * to socket.

 *

 * input parameters

 *   name - name of the file, it will be used for title

 *   nt   - number of time

 *   time - time value array

 *   x    - x value array

 *   fx   - fx value array

 *   nx   - size of x and fx array

 ************************************************************/

int java_mser_(name, nt, time, x, fx, nx) 

  char *name;

  int *nt;

  double time[];

  double x[];

  double fx[];

  int nx[];

{

   int sockfd;

   int ntsize = *nt;

   int name_length, i, j, index;

   int command = 12;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* send nt */

   write_int4(sockfd, ntsize);

   /* write time data */

   index = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, (float)time[i]);

      write_int4(sockfd, nx[i]);

      for (j=0; j<nx[i]; j++) {

         write_float4(sockfd, (float)x[index]);

         write_float4(sockfd, (float)fx[index]);

         index++;

      }

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_bbser_

 * c program to link with fortran 90

 * This program writes the x, y and fxy values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   time - time value

 *   bb    - x min and max  value

 *   xmax    - x max value

 *   nx      - number of x points 

 *   fx     - fxy value array

 ************************************************************/

int java_bbser_(name, time, bb, nx, fx) 

  char *name;

  double *time;

  double bb[];

  int *nx;

  double fx[];

{

   int sockfd;

   int size = *nx, name_length, i;

   double ft = *time;

   float ftime = (float)ft;

   int command = 28;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time and nx */

   write_float4(sockfd, ftime);

   write_int4(sockfd, size);

   write_float4(sockfd, (float)bb[0]);

   write_float4(sockfd, (float)bb[1]);

   /* write fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)fx[i]);

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_bbmser_

 * c program to link with fortran 90

 * This program writes whole set of time data with the x, y and fxy values

 * to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   nt   - number of time

 *   time - time value array

 *   bb    - x min and max array

 *   nx    -   nx value array

 *   fx   - fxy value array

 ************************************************************/

int java_bbmser_(name, nt, time, bb, nx, fx) 

  char *name;

  int *nt;

  double time[];

  double bb[][4];

  int nx[];

  double fx[];

{

   int sockfd;

   int ntsize = *nt, name_length, i, j, index;

   int command = 29;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* send nt */

   write_int4(sockfd, ntsize);

   index = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, (float)time[i]);

      write_int4(sockfd, nx[i]);

      write_float4(sockfd, (float)bb[i][0]);

      write_float4(sockfd, (float)bb[i][1]);

      for (j=0; j<nx[i]; j++) {

         write_float4(sockfd, (float)fx[index]);

         index++;

      }

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_pser_

 * c program to link with fortran 90

 * to be used for parallel machine

 * This program writes the x and fx values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used for title

 *   time - time value

 *   x    - x value array

 *   fx   - fx value array

 *   nx   - size of x and fx array

 *   p    - total number of processors

 ************************************************************/

int java_pser_(name, time, x, fx, nx, p) 

  char *name;

  double *time;

  double x[];

  double fx[];

  int *nx;

  int *p;

{

   int sockfd;

   int size = *nx, name_length, i, pp = *p;

   double ft = *time;

   float ftime = (float)ft;

   int command = 17;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time, nx, and p */

   write_float4(sockfd, ftime);

   write_int4(sockfd, size);

   write_int4(sockfd, pp);

   /* write x and fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)x[i]);

      write_float4(sockfd, (float)fx[i]);

   }

   close(sockfd);

   return 0;

}

int java_ser(char *name, double time, double x[], double y[], int n) {

   return java_ser_(name, &time, x, y, &n);

}

int java_mser(char *name, int nt, double time[], double x[], double fx[], int nx[]) {

   return java_mser_(name, &nt, time, x, fx, nx);

}

int java_bbser(char *name, double time, double bb[], int nx, double fx[]) {

  java_bbser_(name, &time, bb, &nx, fx);

}

int java_bbmser(char *name, int nt, double time[], double bb[][4], int nx[], double fx[]) {

   java_bbmser_(name, &nt, time, bb, nx, fx);

}

int java_pser(char *name, double time, double x[], double fx[], int nx, int p) {

   java_pser_(name, &time, x, fx, &nx, &p);

}

/* java_ser2d.c */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "sockio.h"

#include "binio.h"

/*********************************************************

 * java_ser2d: connect to server and send the data

 *     

 *

 * return value (all functions)

 *   0 if success

 *   1 otherwise

 *

 * It will read server host name and port from JSERHOST and

 * JSERPORT environment.

 *********************************************************/

/*************************************************************

 * java_fser2d_

 * c program to link with fortran 90

 * This program writes the x, y and fxy values to file.

 *

 * input parameters

 *   name - name of the file

 *   time - time value

 *   x    - x value array

 *   y    - y value array

 *   fxy  - fxy value array

 *   nx   - size of x, y and fx array

 ************************************************************/

/* ONLY SUPPORT BIG ENDIAN */

int java_fser2d_(name, time, x, y, fxy, nx) 

  char *name;

  double *time;

  double x[];

  double y[];

  double fxy[];

  int *nx;

{

   int size, i;

   FILE *fopen(), *fp;

   if ((fp = fopen(name, "a+b")) == NULL) {

      printf("Error: can't open output file ...\n");

      return 1;

   }

   size = *nx;

   /* first write time and nx */

   fwrite(time, sizeof(double), 1, fp);

   fwrite(nx, sizeof(int), 1, fp);

   /* write x and fx value */

   for (i=0; i<size; i++) {

      fwrite(&x[i], sizeof(double), 1, fp);

      fwrite(&y[i], sizeof(double), 1, fp);

      fwrite(&fxy[i], sizeof(double), 1, fp);

   }

   fclose(fp);

   return 0;

}

/*************************************************************

 * java_ser2d_

 * c program to link with fortran 90

 * This program writes the x, y and fxy values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   time - time value

 *   x    - x value array

 *   y    - y value array

 *   fxy  - fxy value array

 *   nx   - size of x and fx array

 ************************************************************/

int java_ser2d_(name, time, x, y, fxy, nx) 

  char *name;

  double *time;

  double x[];

  double y[];

  double fxy[];

  int *nx;

{

   int sockfd;

   int size = *nx, name_length, i;

   double ft = *time;

   float ftime = (float)ft;

   int command = 15;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time and nx */

   write_float4(sockfd, ftime);

   write_int4(sockfd, size);

   /* write x and fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)x[i]);

      write_float4(sockfd, (float)y[i]);

      write_float4(sockfd, (float)fxy[i]);

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_mser2d_

 * c program to link with fortran 90

 * This program writes whole set of time data with the x, y and fxy values

 * to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   nt   - number of time

 *   time - time value array

 *   x    - x value array

 *   y    - y value array

 *   fxy   - fxy value array

 *   nx   - size of x and fx array

 ************************************************************/

int java_mser2d_(name, nt, time, x, y, fxy, nx) 

  char *name;

  int *nt;

  double time[];

  double x[];

  double y[];

  double fxy[];

  int nx[];

{

   int sockfd;

   int ntsize = *nt;

   int name_length, i, j, index;

   int command = 16;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* send nt */

   write_int4(sockfd, ntsize);

   /* write time data */

   index = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, (float)time[i]);

      write_int4(sockfd, nx[i]);

      for (j=0; j<nx[i]; j++) {

         write_float4(sockfd, (float)x[index]);

         write_float4(sockfd, (float)y[index]);

         write_float4(sockfd, (float)fxy[index]);

         index++;

      }

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_bser2d_

 * c program to link with fortran 90

 * This program writes the x, y and fxy values to socket.

 * (reduced form of java_ser2d)

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   time - time value

 *   x    - x value array

 *   nx   - x array size

 *   y    - y value array

 *   ny   - y array size

 *   fxy  - fxy value array

 ************************************************************/

int java_bser2d_(name, time, x, nx, y, ny, fxy) 

  char *name;

  double *time;

  double x[];

  int *nx;

  double y[];

  int *ny;

  double fxy[];

{

   int sockfd;

   int size, xsize = *nx, ysize = *ny, name_length, i;

   double ft = *time;

   float ftime = (float)ft;

   int command = 30;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time */

   write_float4(sockfd, ftime);

   /* send x array */

   write_int4(sockfd, xsize);

   for (i=0; i<xsize; i++) 

      write_float4(sockfd, (float)x[i]);

   /* send y array */

   write_int4(sockfd, ysize);

   for (i=0; i<ysize; i++) 

      write_float4(sockfd, (float)y[i]);

   /* send fxy array */

   size = xsize * ysize;

   write_int4(sockfd, size);

   for (i=0; i<size; i++) 

      write_float4(sockfd, (float)fxy[i]);

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_bmser2d_

 * c program to link with fortran 90

 * This program writes whole set of time data with the x, y and fxy values

 * to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   nt   - number of time

 *   time - time value array

 *   x    - x value array

 *   nx   - size of x array

 *   y    - y value array

 *   ny   - size of y array 

 *   fxy   - fxy value array

 ************************************************************/

int java_bmser2d_(name, nt, time, x, nx, y, ny, fxy) 

  char *name;

  int *nt;

  double time[];

  double x[];

  int nx[];

  double y[];

  int ny[];

  double fxy[];

{

   int sockfd;

   int ntsize = *nt, size, name_length, i, j, index, xindex, yindex;

   int command = 31;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* send nt */

   write_int4(sockfd, ntsize);

   /* write time data */

   index = 0;

   xindex = 0;

   yindex = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, (float)time[i]);

      write_int4(sockfd, nx[i]);

      for (j=0; j<nx[i]; j++) {

         write_float4(sockfd, (float)x[xindex]);

         xindex++;

      }

      write_int4(sockfd, ny[i]);

      for (j=0; j<ny[i]; j++) {

         write_float4(sockfd, (float)y[yindex]);

         yindex++;

      }

      size = nx[i] * ny[i];

      for (j=0; j<size; j++) {

         write_float4(sockfd, (float)fxy[index]);

         index++;

      }

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_bbser2d_

 * c program to link with fortran 90

 * sends 2d bounding box and fxy values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   time - time value

 *   bb    - x min, max, y min, and y max

 *   xmax    - x max value

 *   nx      - number of x points 

 *   ymin    - y min value

 *   ymax    - y max value

 *   ny      - number of y points 

 *   fxy     - fxy value array

 ************************************************************/

int java_bbser2d_(name, time, bb, nx, ny, fxy) 

  char *name;

  double *time;

  double bb[];

  int *nx;

  int *ny;

  double fxy[];

{

   int sockfd;

   int size, xsize = *nx, ysize = *ny, name_length, i;

   double ft = *time;

   float ftime = (float)ft;

   int command = 25;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   size = xsize * ysize;

   /* write time, x and y size, and bb */

   write_float4(sockfd, ftime);

   write_int4(sockfd, xsize);

   write_int4(sockfd, ysize);

   write_float4(sockfd, (float)bb[0]);

   write_float4(sockfd, (float)bb[1]);

   write_float4(sockfd, (float)bb[2]);

   write_float4(sockfd, (float)bb[3]);

   /* write fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)fxy[i]);

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_bbmser2d_

 * c program to link with fortran 90

 * This program writes whole set of time data with the x, y and fxy values

 * to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   nt   - number of time

 *   time - time value array

 *   bb    - x min, max, y min, and y max value array

 *   nx    -   nx value array

 *   ny    -   ny value array

 *   fxy   - fxy value array

 ************************************************************/

int java_bbmser2d_(name, nt, time, bb, nx, ny, fxy) 

  char *name;

  int *nt;

  double time[];

  double bb[][4];

  int nx[];

  int ny[];

  double fxy[];

{

   int sockfd;

   int ntsize = *nt, size, name_length, i, j, index;

   int command = 26;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* send nt */

   write_int4(sockfd, ntsize);

   index = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, time[i]);

      write_int4(sockfd, nx[i]);

      write_int4(sockfd, ny[i]);

      write_float4(sockfd, (float)bb[i][0]);

      write_float4(sockfd, (float)bb[i][1]);

      write_float4(sockfd, (float)bb[i][2]);

      write_float4(sockfd, (float)bb[i][3]);

      size = nx[i] * ny[i];

      for (j=0; j<size; j++) {

         write_float4(sockfd, (float)fxy[index]);

         index++;

      }

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_cbbmser2d_

 * sends data like java_bbmser2d.

 * It also sends the color data to the server. Each point can have 

 * a custom color with the specified RGB value, where the red component 

 * is in bits 16-23 of the argument, the green component is in bits 8-15 

 * of the argument, and the blue component is in bits 0-7. The value zero

 * indicates no contribution from the primary color component. 

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   nt   - number of time

 *   time - time value array

 *   bb    - x min, max, y min, and y max value array

 *   nx    -   nx value array

 *   ny    -   ny value array

 *   fxy   - fxy value array

 *   cxy   - color value array

 ************************************************************/

int java_cbbmser2d_(name, nt, time, bb, nx, ny, fxy, cxy) 

  char *name;

  int *nt;

  double time[];

  double bb[][4];

  int nx[];

  int ny[];

  double fxy[];

  int cxy[];

{

   int sockfd;

   int ntsize = *nt, size, name_length, i, j, index;

   int command = 33;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* send nt */

   write_int4(sockfd, ntsize);

   index = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, time[i]);

      write_int4(sockfd, nx[i]);

      write_int4(sockfd, ny[i]);

      write_float4(sockfd, (float)bb[i][0]);

      write_float4(sockfd, (float)bb[i][1]);

      write_float4(sockfd, (float)bb[i][2]);

      write_float4(sockfd, (float)bb[i][3]);

      size = nx[i] * ny[i];

      for (j=0; j<size; j++) {

         write_float4(sockfd, (float)fxy[index]);

         write_int4(sockfd, cxy[index]);

         index++;

      }

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_pser_

 * c program to link with fortran 90

 * to be used for parallel machine

 * This program writes the x and fx values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used for title

 *   time - time value

 *   x    - x value array

 *   fx   - fx value array

 *   nx   - size of x and fx array

 *   p    - total number of processors

 ************************************************************/

int java_pser2d_(name, time, x, y, fxy, nx, p) 

  char *name;

  double *time;

  double x[];

  double y[];

  double fxy[];

  int *nx;

  int *p;

{

   int sockfd;

   int size = *nx, name_length, i, pp = *p;

   double ft = *time;

   float ftime = (float)ft;

   int command = 18;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time, nx, and p */

   write_float4(sockfd, ftime);

   write_int4(sockfd, size);

   write_int4(sockfd, pp);

   /* write x and fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)x[i]);

      write_float4(sockfd, (float)y[i]);

      write_float4(sockfd, (float)fxy[i]);

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_pbbser2d_

 * sends 2d bounding box and fxy values to socket.

 * used by parallel machine

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   time - time value

 *   bb    - x min, max, y min, and y max

 *   xmax    - x max value

 *   nx      - number of x points 

 *   ymin    - y min value

 *   ymax    - y max value

 *   ny      - number of y points 

 *   fxy     - fxy value array

 *   p       - the number of total processors

 ************************************************************/

int java_pbbser2d_(name, time, bb, nx, ny, fxy, p) 

  char *name;

  double *time;

  double bb[];

  int *nx;

  int *ny;

  double fxy[];

  int *p;

{

   int sockfd;

   int size, xsize = *nx, ysize = *ny, name_length, i;

   double ft = *time;

   float ftime = (float)ft;

   int pp = *p;

   int command = 32;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   size = xsize * ysize;

   /* write time, x and y size, and bb */

   write_float4(sockfd, ftime);

   write_int4(sockfd, xsize);

   write_int4(sockfd, ysize);

   write_float4(sockfd, (float)bb[0]);

   write_float4(sockfd, (float)bb[1]);

   write_float4(sockfd, (float)bb[2]);

   write_float4(sockfd, (float)bb[3]);

   write_int4(sockfd, pp);

   /* write fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)fxy[i]);

   }

   close(sockfd);

   return 0;

}

int java_ser2d(char *name, double time, double x[], double y[], double fxy[], int n) {

   return java_ser2d_(name, &time, x, y, fxy, &n);

}

int java_mser2d(char *name, int nt, double time[], double x[], double y[], double fxy[], int nx[]) {

   return java_mser2d_(name, &nt, time, x, y, fxy, nx);

}

int java_bser2d(char *name, double time, double x[], int nx, double y[], int ny, double fxy[]) {

  java_bser2d_(name, &time, x, &nx, y, &ny, fxy);

}

int java_bmser2d(char *name, int nt, double time[], double x[], int nx[], double y[], int ny[], double fxy[]) {

  java_bmser2d_(name, &nt, time, x, nx, y, ny, fxy);

}

int java_bbser2d(char *name, double time, double bb[], int nx, int ny, double fxy[]) {

  java_bbser2d_(name, &time, bb, &nx, &ny, fxy);

}

int java_bbmser2d(char *name, int nt, double time[], double bb[][4], int nx[], int ny[], double fxy[]) {

   java_bbmser2d_(name, &nt, time, bb, nx, ny, fxy);

}

int java_cbbmser2d(char *name, int nt, double time[], double bb[][4], int nx[], int ny[], double fxy[], int cxy[]) {

   java_cbbmser2d_(name, &nt, time, bb, nx, ny, fxy, cxy);

}

int java_pser2d(char *name, double time, double x[], double y[], double fx[], int nx, int p) {

   java_pser2d_(name, &time, x, y, fx, &nx, &p);

}

int java_pbbser2d(char *name, double time, double bb[], int nx, int ny, double fxy[], int p) {

   java_pbbser2d_(name, &time, bb, &nx, &ny, fxy, &p);

}

/* java_ser3d.c */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "sockio.h"

#include "binio.h"

/*************************************************************

 * java_ser3d_

 * c program to link with fortran 90

 * This program writes the xsize, ysize, zsize and z values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used for title

 *   time - time value

 *   nx    - x dimension 

 *   ny    - y dimension 

 *   nz    - z dimension 

 *   threshold - initial threshold

 *   z   - z array

 ************************************************************/

int java_ser3d_(name, time, nx, ny, nz, threshold, grid) 

  char *name;

  double *time;

  int *nx;

  int *ny;

  int *nz; 

  double *threshold;

  double grid[];

{

   int sockfd;

   int nnx = *nx, nny = *ny, nnz = *nz, name_length, i;

   int size = nnx * nny * nnz;

   double ft = *time, thre = *threshold;

   float thresh = (float)thre;

   float ftime = (float)ft;

   int command = 1;

   sockfd = initialize2();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time and sizes and threshold */

   write_int4(sockfd, 1);     /* send no of time */

   write_float4(sockfd, thresh);

   write_float4(sockfd, ftime);

   write_int4(sockfd, nnx);

   write_int4(sockfd, nny);

   write_int4(sockfd, nnz);

printf("**********> %d %d %d\n", nnx, nny, nnz);

   /* write x and fx value */

   for (i=0; i<size; i++) 

      write_float4(sockfd, (float)grid[i]);

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_mser3d_

 * c program to link with fortran 90

 * This program writes the xsize, ysize, zsize and z values to socket.

 *

 * input parameters

 *   name - name of the file, it will be used for title

 *   time - time value

 *   nx    - x dimension 

 *   ny    - y dimension 

 *   nz    - z dimension 

 *   threshold - initial threshold

 *   z   - z array

 ************************************************************/

int java_mser3d_(name, nt, time, nx, ny, nz, threshold, grid) 

  char *name;

  int *nt;

  double time[];

  int nx[];

  int ny[];

  int nz[]; 

  double *threshold;

  double grid[];

{

   int sockfd;

   int ntsize = *nt;

   int name_length, index, i, j, k, size;

   double thre = *threshold;

   float thresh = (float)thre;

   int command = 1;

   sockfd = initialize2();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time and sizes and threshold */

   write_int4(sockfd, ntsize);     /* send no of time */

   write_float4(sockfd, thresh);

   /* write time data */

   index = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, (float)time[i]);

      write_int4(sockfd, nx[i]);

      write_int4(sockfd, ny[i]);

      write_int4(sockfd, nz[i]);

      size = nx[i] * ny[i] * nz[i];

      /* grid value */

      for (j=0; j<size; j++) {

         write_float4(sockfd, (float)grid[index]);

         index++;

      }   

   }

   close(sockfd);

   return 0;

}

int java_ser3d(char *name, double time, int nx, int ny, int nz, double threshold, double grid[]) {

   return java_ser3d_(name, &time, &nx, &ny, &nz, &threshold, grid);

}

int java_mser3d(char *name, int nt, double time[], int nx[], int ny[], int nz[], double threshold, double grid[]) {

   return java_mser3d_(name, &nt, time, nx, ny, nz, &threshold, grid);

}

/* java_servec.c */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "sockio.h"

#include "binio.h"

/*********************************************************

 * java_servec: connect to server and send the vector data

 *     

 *

 * return value (all functions)

 *   0 if success

 *   1 otherwise

 *

 * It will read server host name and port from JSERHOST and

 * JSERPORT environment.

 *********************************************************/

/*************************************************************

 * java_vser_

 * c program to link with fortran 90

 * This program writes the vector data to socket.

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   time - time value

 *   x    - x value array

 *   y    - y value array

 *   r  - r value array

 *   t  - r value array

 *   nx   - size of x, y, r, t array

 ************************************************************/

int java_vser_(name, time, x, y, r, t, nx) 

  char *name;

  double *time;

  double x[];

  double y[];

  double r[];

  double t[];

  int *nx;

{

   int sockfd;

   int size = *nx, name_length, i;

   double ft = *time;

   float ftime = (float)ft;

   int command = 22;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* write time and nx */

   write_float4(sockfd, ftime);

   write_int4(sockfd, size);

   /* write x and fx value */

   for (i=0; i<size; i++) {

      write_float4(sockfd, (float)x[i]);

      write_float4(sockfd, (float)y[i]);

      write_float4(sockfd, (float)r[i]);

      write_float4(sockfd, (float)t[i]);

   }

   close(sockfd);

   return 0;

}

/*************************************************************

 * java_vmser_

 * c program to link with fortran 90

 * sends multiple vector data to the server

 *

 * input parameters

 *   name - name of the file, it will be used fore title

 *   nt   - number of time

 *   time - time value array

 *   x    - x value array

 *   y    - y value array

 *   r  - r value array

 *   t  - t value array

 *   nx   - size of x, y, r, t array

 ************************************************************/

int java_vmser_(name, nt, time, x, y, r, t, nx) 

  char *name;

  int *nt;

  double time[];

  double x[];

  double y[];

  double r[];

  double t[];

  int nx[];

{

   int sockfd;

   int ntsize = *nt, name_length, i, j, index;

   int command = 27;

   sockfd = initialize();

   if (sockfd == -1)

     exit(1);

   /* first send command */

   write_int4(sockfd, command);

   /* send title information */

   name_length = strlen(name);

   write_int4(sockfd, name_length);

   write(sockfd, name, name_length);

   /* send nt */

   write_int4(sockfd, ntsize);

   /* write time data */

   index = 0;

   for (i=0; i<ntsize; i++) {

      write_float4(sockfd, (float)time[i]);

      write_int4(sockfd, nx[i]);

      for (j=0; j<nx[i]; j++) {

         write_float4(sockfd, (float)x[index]);

         write_float4(sockfd, (float)y[index]);

         write_float4(sockfd, (float)r[index]);

         write_float4(sockfd, (float)t[index]);

         index++;

      }

   }

   close(sockfd);

   return 0;

}

int java_vser(char *name, double time, double x[], double y[], double r[], double t[], int nx) {

   java_vser_(name, &time, x, y, r, t, &nx);

}

java_vmser(char *name, int nt, double time[], double x[], double y[], double r[], double t[], int nx[]) {

   java_vmser_(name, &nt, time, x, y, r, t, nx);

}

/*

 *  $Id: jser.c,v 1.1 1998/03/11 02:35:26 scott Exp $

 *

 *     Simple dump routine to take the place of gft_write_brief_

 *            - Faster.

 *            - Can close files with each write with no performance

 *                  hit, so you can see intermediate results.

 *            - Can simply concatenate (using "cat") a file with timesteps

 *                   n...m  and one with timesteps m+1...p to get a file with

 *                   timesteps n...p.  

 *            - Extremely simple format (below)

 *            - Can post-process convert to hdf file using

 *                /export/project/bbh/code/scheel/simpledump/simp2hdf

 */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <sys/file.h>

#include <errno.h>

#include <string.h>

#include <stdlib.h>

/*

 *

 *  Writes data in the format:

 *       namelength (1 int)       

 *       name       (namelength chars) 

 *       time       (1 double) 

 *       dim        (1 int) 

 *       shape      (dim ints) 

 *       data       (shape[0]*shape[1]*...*shape[dim] doubles) 

 * 

 */

int gft_write_boxer_(char *name,int *len,



     double *time,int *shape,int *dim,double *f)

{

  int fd,n,i;

  char *nm;

  int si = sizeof(int);

  int sd = sizeof(double);

  /* Create TERMINATED name string */

  nm = (char *) malloc(*len+1);  memcpy(nm,name,*len); nm[*len] = '\0';

  if((fd = open(nm,O_APPEND | O_CREAT | O_WRONLY,0644)) == -1) {

    perror("Simpledump.open");

    return -1;

  }

  n = *len+1;                            /*  +1 for '\0' */

  if(write(fd,(char *)&n,si) != si) {

    perror("Simpledump.writenamelength");

    return -4;

  }

  if(write(fd,nm,n) != n) {

    perror("Simpledump.writename");

    return -5;

  }

  if(write(fd,(char *)time,sd) != sd) {

    perror("Simpledump.writetime");

    return -2;

  }

  if(write(fd,(char *)dim,si) != si) {

    perror("Simpledump.writedim");

    return -6;

  }

  if(write(fd,(char *)shape,(*dim)*si) != (*dim)*si) {

    perror("Simpledump.writeshape");

    return -3;

  }

  n=1;

  for(i=0;i<*dim;i++) n *= shape[i];

  if(write(fd,(char *)f,n*sd) != n*sd) {

    perror("Simpledump.writedata");

    return -4;

  }

  free(nm);

  close(fd);

  return 0;

}

/* sockio.c */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include <sys/types.h>

#include <sys/socket.h>

#include <netinet/in.h>

#include <arpa/inet.h>

#include <netdb.h> 

#include "sockio.h"

/******************************************************************

 * initialize the socket

 * return socket descriptor. If failed return -1

 ******************************************************************/

int initialize()

{

   int sockfd;

   char *hostname;

   char *rawport;

   int port;

   struct  hostent *h;

   struct sockaddr_in serv_addr;

   /** 

    * first read system environment JSERHOST and JSERPORT

    */

   hostname = getenv("JSERHOST");

   rawport = getenv("JSERPORT");

   if (hostname == NULL) {

      printf("Unknown server host name error ...\n");

      return -1;

   }

   if (rawport == NULL) 

      port = 7654;

   else

      port = atoi(rawport);

   if ((h=gethostbyname(hostname)) == NULL) {  /* get the host info */

      herror("gethostbyname");

      return -1;

   }

   /*

    * fill in the structure "serv_addr" with the address 

    * of the server that we want to connect with 

    */

   bzero((char *) &serv_addr, sizeof(serv_addr));

   serv_addr.sin_family = AF_INET;

   serv_addr.sin_addr.s_addr = 

                    inet_addr(inet_ntoa(*((struct in_addr *)h->h_addr)));

   serv_addr.sin_port = htons(port);

   /*

   printf("Host name  : %s\n", h->h_name);

   printf("IP Address : %s\n",inet_ntoa(*((struct in_addr *)h->h_addr)));

   */

   /*

    * open a TCP socket (an Internet stream socket).

    */

   if ( (sockfd = socket(AF_INET, SOCK_STREAM, 0)) < 0) {

      printf("Can't open stream socket.\n");

      return -1;

   }

   /*

    * connect to server

    */

   if (connect(sockfd, (struct sockaddr *) &serv_addr, 

                                    sizeof(serv_addr)) < 0) {

      printf("Can't connect to server.\n");

      return -1;

   }

   return sockfd;

}

/******************************************************************

 * initialize the socket to send the data to the isosurface server

 * return socket descriptor. If failed return -1

 ******************************************************************/

int initialize2()

{

   int sockfd;

   char *hostname;

   char *rawport;

   int port;

   struct  hostent *h;

   struct sockaddr_in serv_addr;

   /** 

    * first read system environment JSERHOST and JSERPORT

    */

   hostname = getenv("ISOHOST");

   rawport = getenv("ISOPORT");

   if (hostname == NULL) {

      printf("Unknown server host name error ...\n");

      return -1;

   }

   if (rawport == NULL) 

      port = 7654;

   else

      port = atoi(rawport);

   if ((h=gethostbyname(hostname)) == NULL) {  /* get the host info */

      herror("gethostbyname");

      return -1;

   }

   /*

    * fill in the structure "serv_addr" with the address 

    * of the server that we want to connect with 

    */

   bzero((char *) &serv_addr, sizeof(serv_addr));

   serv_addr.sin_family = AF_INET;

   serv_addr.sin_addr.s_addr = 

                    inet_addr(inet_ntoa(*((struct in_addr *)h->h_addr)));

   serv_addr.sin_port = htons(port);

   /*

   printf("Host name  : %s\n", h->h_name);

   printf("IP Address : %s\n",inet_ntoa(*((struct in_addr *)h->h_addr)));

   */

   /*

    * open a TCP socket (an Internet stream socket).

    */

   if ( (sockfd = socket(AF_INET, SOCK_STREAM, 0)) < 0) {

      printf("Can't open stream socket.\n");

      return -1;

   }

   /*

    * connect to server

    */

   if (connect(sockfd, (struct sockaddr *) &serv_addr, 

                                    sizeof(serv_addr)) < 0) {

      printf("Can't connect to server.\n");

      return -1;

   }

   return sockfd;

}

#include <math.h>

double sdot(long n,double *sx,long incx,double *sy,long incy)

{

static long i,ix,iy,m,mp1;

static double sdot,stemp;

    stemp = sdot = 0.0;

    if(n <= 0) return sdot;

    if(incx == 1 && incy == 1) goto S20;

    ix = iy = 1;

    if(incx < 0) ix = (-n+1)*incx+1;

    if(incy < 0) iy = (-n+1)*incy+1;

    for(i=1; i<=n; i++) {

        stemp += (*(sx+ix-1)**(sy+iy-1));

        ix += incx;

        iy += incy;

    }

    sdot = stemp;

    return sdot;

S20:

    m = n % 5L;

    if(m == 0) goto S40;

    for(i=0; i<m; i++) stemp += (*(sx+i)**(sy+i));

    if(n < 5) goto S60;

S40:

    mp1 = m+1;

    for(i=mp1; i<=n; i+=5) stemp += (*(sx+i-1)**(sy+i-1)+*(sx+i)**(sy+i)+*(sx+i

      +1)**(sy+i+1)+*(sx+i+2)**(sy+i+2)+*(sx+i+3)**(sy+i+3));

S60:

    sdot = stemp;

    return sdot;

}

void spofa(double *a,long lda,long n,long *info)

/*

     SPOFA FACTORS A REAL SYMMETRIC POSITIVE DEFINITE MATRIX.

     SPOFA IS USUALLY CALLED BY SPOCO, BUT IT CAN BE CALLED

     DIRECTLY WITH A SAVING IN TIME IF  RCOND  IS NOT NEEDED.

     (TIME FOR SPOCO) = (1 + 18/N)*(TIME FOR SPOFA) .

     ON ENTRY

        A       REAL(LDA, N)

                THE SYMMETRIC MATRIX TO BE FACTORED.  ONLY THE

                DIAGONAL AND UPPER TRIANGLE ARE USED.

        LDA     INTEGER

                THE LEADING DIMENSION OF THE ARRAY  A .

        N       INTEGER

                THE ORDER OF THE MATRIX  A .

     ON RETURN

        A       AN UPPER TRIANGULAR MATRIX  R  SO THAT  A = TRANS(R)*R

                WHERE  TRANS(R)  IS THE TRANSPOSE.

                THE STRICT LOWER TRIANGLE IS UNALTERED.

                IF  INFO .NE. 0 , THE FACTORIZATION IS NOT COMPLETE.

        INFO    INTEGER

                = 0  FOR NORMAL RETURN.

                = K  SIGNALS AN ERROR CONDITION.  THE LEADING MINOR

                     OF ORDER  K  IS NOT POSITIVE DEFINITE.

     LINPACK.  THIS VERSION DATED 08/14/78 .

     CLEVE MOLER, UNIVERSITY OF NEW MEXICO, ARGONNE NATIONAL LAB.

     SUBROUTINES AND FUNCTIONS

     BLAS SDOT

     FORTRAN SQRT

     INTERNAL VARIABLES

*/

{

extern double sdot(long n,double *sx,long incx,double *sy,long incy);

static long j,jm1,k;

static double t,s;

/*

     BEGIN BLOCK WITH ...EXITS TO 40

*/

    for(j=1; j<=n; j++) {

        *info = j;

        s = 0.0;

        jm1 = j-1;

        if(jm1 < 1) goto S20;

        for(k=0; k<jm1; k++) {

            t = *(a+k+(j-1)*lda)-sdot(k,(a+k*lda),1L,(a+(j-1)*lda),1L);

            t /=  *(a+k+k*lda);

            *(a+k+(j-1)*lda) = t;

            s += (t*t);

        }

S20:

        s = *(a+j-1+(j-1)*lda)-s;

/*

     ......EXIT

*/

        if(s <= 0.0) goto S40;

        *(a+j-1+(j-1)*lda) = sqrt(s);

    }

    *info = 0;

S40:

    return;

}

/* $Id: main.c,v 1.33 1998/03/17 17:11:36 scott Exp $ */

#include <math.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <string.h>

#include <unistd.h>

#include "path.h"

#include "option.h"

#include "mesh.h"

#include "util.h"

#include "inner.h"

#include "euro2.h"

#include "outer_control.h"

#include "blackScholes.h"

#define WEIGHT(time,prices,toPath) transProb(&(md->option.pData),prices,md->option.pData.price[time+1][toPath]) /md->distribution[(time)][(toPath)]

#define PHRASE "smuggle munitions KGB NORAD Albanian Serbian Ortega cracking radar"

void weightMeasure(meshData *md);

void option_error(char *argv[]){

  printf("Usage: %s parameters\n",argv[0]);

  printf("\t-n underliers (n from Broadie and Glasserman)\n");

  printf("\t-r risk-free rate (r)\n");

  printf("\t-D dividend rate (\\delta)\n");

  printf("\t-v variance (\\sigmna^2)\n");

  printf("\t-T time to maturity (T)\n");

  printf("\t-K strikeprice (K)\n");

  printf("\t-S initial price (S_0)\n");

  printf("\t-N repetitions (N)\n");

  printf("\t-b paths in mesh (b)\n");

  printf("\t-p paths in path estimate (n_p)\n");

  printf("\t-d time slices (d)\n");

  printf("\t-f number of standard deviations kept in filtered average\n");

  printf("\t-c number of paths in a cluster\n");

  printf("\t-I which inner control (0 = no control)\n");

  printf("\nRates and variance are for T=1.\n");

  printf("All parameters are required.\n\n");

  exit(1);

}

int main(int argc, char *argv[]){

  meshData md; 

  int i,j;

  int time, path, underlier, reps;

  int mac, pac, cmac, cpac; /* variouscounters */

  double  *me, *pe, *cme, *cpe; /* Pointers for mesh estimate arrays */

  double  ma, mv, pa, pv, cma, cmv, cpa, cpv;

  double  nma, npa, nmv, npv, ncma, ncmv, ncpa, ncpv;

  /* various parameters and paramter parsing things */

  const char *options = "n:r:D:v:T:K:S:N:b:p:d:f:c:I:";

  int n,N,b,p,d,option,count=0,c,I;

  double r,D,v,K,S,f,T;

  int toPath, fromPath;

  FILE *weightfile;    

  double weightSum, weightSqSum; 

  /* Variables for pricing Europeans, whatever they are worth */

  double europe_value;

  double *euro_price;

  /* Arrays for Outer controls */

  double *Qhat, **uhat, *u;

  double Qbar;

  /* - - - - - Read command line parameters - - - - - */

  while((option = getopt(argc,argv,options)) != EOF){

    switch(option){

    case('I'):  

      sscanf(optarg,"%i",&I);

      count++;

      break;

    case('n'):  

      sscanf(optarg,"%i",&n);

      count++;

      break;

    case('r'):

      sscanf(optarg,"%lf",&r);

      count++;

      break;

    case('D'):

      sscanf(optarg,"%lf",&D);

      count++;

      break;

    case('v'):

      sscanf(optarg,"%lf",&v);

      count++;

      break;

    case('T'):

      sscanf(optarg,"%lf",&T);

      count++;

      break;

    case('K'):

      sscanf(optarg,"%lf",&K);

      count++;

      break;

    case('S'):

      sscanf(optarg,"%lf",&S);

      count++;

      break;

    case('N'):

      sscanf(optarg,"%i",&N);

      count++;

      break;

    case('b'):

      sscanf(optarg,"%i",&b);

      count++;

      break;

    case('p'):

      sscanf(optarg,"%i",&p);

      count++;

      break;

    case('d'):

      sscanf(optarg,"%i",&d);

      count++;

      break;

    case('c'):

      sscanf(optarg,"%i",&c);

      count++;

      break;

    case('f'):

      sscanf(optarg,"%lf",&f);

      count++;

      break;

    default:

      option_error(argv);

    }

  }

  printf("Number of arguments = %i\n",count);

  if(count != 14){

    option_error(argv);

  }

  printf("Values input \n");

  printf("Number of underliers n = %i\n",n);

  printf("Final time T = %lf\n",T);

  printf("Total number of repetitions N = %i\n",N);

  printf("Number of mesh points b = %i\n",b);

  printf("Number of paths p = %i\n",p);

  printf("Number of time slices d = %i\n",d);

  printf("Risk-free interest rate r = %lf\n",r);

  printf("Dividend rate D = %lf\n",D);

  printf("Variance v = %lf\n",v);

  printf("Strike price K = %lf\n",K);

  printf("Initial strike price S = %lf\n",S);

  printf("Number of paths in a cluster c = %i\n",c);

  printf("Number of standard deviations in filtered average f = %lf\n",f);

  printf("Using control I = %i\n",I);

/* - - - - -  Allocating memory for mesh estimates for each mesh - - - - -*/

  allocate1dDouble(&me,N);   /* mesh estimate */

  allocate1dDouble(&pe,N);   /* path estimate */

  allocate1dDouble(&cme,N);  /* controlled mesh estimate */

  allocate1dDouble(&cpe,N);  /* controlled path estimate */

/* - - - - -Array for pricing Europeans as needed in outer control- - - - - */

  allocate1dDouble(&euro_price,d+1);

  /* - - - - - Allocate memory for Outer controls - - - - - */

  allocate1dDouble(&Qhat, N);

  allocate2dDouble(&uhat, 2,N);

  allocate1dDouble(&u, 2);

  /* --------------------------------------------------------*/

  /* The parameters that can be set before memory allocation */

  /* times, paths and underliers required to come before allocation. */

  /* Later, these should go in a config file. */

  md.option.pData.times = d + 1;

  md.option.pData.paths = p;

  md.option.pData.underliers = n;

  md.option.pData.clusterSize = c;

  md.option.strikePrice = K;

  md.option.riskFreeRate = r*(double)T/(double)d;

  md.meshPaths = b;

  md.option.pData.meshPaths = b;

  md.tolerance = 1.0;

  strcpy(md.option.pData.phrase,PHRASE);

  /* Allocate the memory */

  pathDataAllocate(&(md.option.pData));

  optionDataAllocate(&(md.option));

  meshDataAllocate(&md);

  /* Fill the covariance matrix and mean vector */

  /* In our case, the covariance matrix is diagonal with the variance */

  /* in all diagonal entries. */

  for(i=0;i<md.option.pData.underliers;i++){

    for(j=0;j<md.option.pData.underliers;j++){

      if(i == j){

        md.option.pData.covariance[i][j] = v*(double)T/(double)d;

        md.option.pData.growthRate[i] = r*(double)T/(double)d;

        md.option.pData.dividendRate[i] = D*(double)T/(double)d;

      }else{

        md.option.pData.covariance[i][j] = 0;

      }

    }

  }

  /* Sets up internal Random Number Generator stuff */

  /* Must come after the means and covariances ar defined */

  pathParamsInit(&(md.option.pData));

  /* On each path set all the initial prices */

  for(path=0; path<md.option.pData.meshPaths; path++){

    for(underlier=0; underlier < md.option.pData.underliers; underlier++){

      md.option.pData.price[0][path][underlier] = S;

    }

  }

  weightfile = fopen("weightData","a");

  fprintf(weightfile,"#n = %i\n",n);

  fprintf(weightfile,"#T = %i\n",T);

  fprintf(weightfile,"#N = %i\n",N);

  fprintf(weightfile,"#b = %i\n",b);

  fprintf(weightfile,"#p = %i\n",p);

  fprintf(weightfile,"#d = %i\n",d);

  fprintf(weightfile,"#r = %lf\n",r);

  fprintf(weightfile,"#D = %lf\n",D);

  fprintf(weightfile,"#v = %lf\n",v);

  fprintf(weightfile,"#K = %lf\n",K);

  fprintf(weightfile,"#S = %lf\n",S);

  fprintf(weightfile,"#c = %i\n",c);

  fprintf(weightfile,"#f = %lf\n",f);

  fprintf(weightfile,"$I = %i\n",I);

  /* Initialize means and variances for various estimates */

  ma = 0;

  pa = 0;

  mv = 0;

  pv = 0;

  cma  = 0;

  cpa = 0;

  cmv = 0;

  cpv = 0;

  for(reps=0;reps<N;reps++){ 

    pathDataFill(&(md.option.pData));

/*    pathDataOut(&(md.option.pData),1.0*reps);  */

    optionDataFill(&(md.option));

    meshSetFinalValue(&md);

    /*     meshDataFill(&md);  */

    /* Store value of mesh estimate for current repetition */

     me[reps] = md.valueIfHeld[0][0];  

     /*     pe[reps] = meshPathEstimate(&md); */

     ma += me[reps]; 

     mv += me[reps]*me[reps]; 

     pa += pe[reps]; 

     pv += pe[reps]*pe[reps]; 

    /* Apply inner controls */

    innerDataFill(&md,I);

    /* store values of controlled mesh and path estimates */

    cme[reps] = md.newValueIfHeld[0][0];

    cpe[reps] = innerControlledPathEstimate(&md,I);

    cma += cme[reps];

    cmv += cme[reps]*cme[reps];

    cpa += cpe[reps];

    cpv += cpe[reps]*cpe[reps];

    printf("rep=%d: cme=%lf\t cpe=%lf\n",reps,cme[reps],cpe[reps]);

    weightMeasure(&md); 

    for(time=0;time<d;time++){   

      fprintf(weightfile,"%lg\t%lg\t%lg%lg\n",(double)time,md.weightMeasure1[time],md.weightMeasure2[time],md.weightMeasure3[time]);   

    }   

    /* - - - - - Outer control section- - - - -*/

/*     euro2(&md,0.01,euro_price);  */

/*     for(time=0; time < d+1; time++){  */

/*       printf("euro_price[%i] = %lf\n",time,euro_price[time]);  */

/*     }   */

    /* compute mesh estimates of u1 and/or u2 */ 

    /*uhat[1][reps] = OuterCtlEuroMaxMeshValue(&md,  r,  (double)T);*/

  }

  /* compute independent value of u1 and/or u2 */

  /*   u[1] = EuropeanMaxOption(&md, r, (double)(T)); */

  /*   u[2] = EuropeanMaxOption(&md, r, 2.0*(double)(T)/3.0); */

  /* Compute outer control estimate  */

  /*   Qbar = Compute_Outer_Control_Estimate(1, N, Qhat, uhat, u); */

  printf("\n");

  ma /= N;

  mv = mv/N - ma*ma;

  pa /= N;

  pv = pv/N - pa*pa;

  cma /= N;

  cmv = cmv/N - cma*cma;

  cpa /= N;

  cpv = cpv/N - cpa*cpa;

  printf("%lf\t%lf\n",cma,cpa);

  printf("%lf\t%lf\n",sqrt(cmv),sqrt(cpv));

  printf("%lf\t%lf\n",sqrt(cmv/N),sqrt(cpv/N));

  nma = 0;

  npa = 0;

  nmv = 0;

  npv = 0;

  ncma  = 0;

  ncpa = 0;

  ncmv = 0;

  ncpv = 0;  

  mac = 0;

  pac = 0;

  cmac = 0;

  cpac = 0;

  for(reps=0;reps<N;reps++){

    if(fabs(me[reps] - ma) < f*sqrt(mv)){

      nma += me[reps];

      nmv += me[reps]*me[reps];

      mac++;

    }

    if(fabs(pe[reps] - pa) < f*sqrt(pv)){

      npa += pe[reps];

      npv += pe[reps]*pe[reps];

      pac++;

    }

    if(fabs(cme[reps] - cma) < f*sqrt(cmv)){

      ncma += cme[reps];

      ncmv += cme[reps]*cme[reps];

      cmac++;

    }

    if(fabs(cpe[reps] - cpa) < f*sqrt(cpv)){

      ncpa += cpe[reps];

      ncpv += cpe[reps]*cpe[reps];

      cpac++;

    }

  }

  printf("\n");

  nma /= mac;

  npa /= pac;

  nmv = nmv/mac - nma*nma;

  npv = npv/pac - npa*npa;

  ncma /= cmac;

  ncpa /= cpac;

  ncmv = ncmv/cmac - ncma*ncma;

  ncpv = ncpv/cpac - ncpa*ncpa;  

  printf("%lf\t%lf\n",ncma,ncpa);

  printf("%lf\t%lf\n",sqrt(ncmv),sqrt(ncpv));

  printf("%lf\t%lf\n",sqrt(ncmv/N),sqrt(ncpv/N));

  printf("Value of mesh estimate (Qbar) %lf\n",Qbar);

  fclose(weightfile);

}

void weightMeasure(meshData *md){

  int time, fromPath, toPath;

  double weightSum, weightSqSum, maxWeight, weight;

  for(time=0; time <md->option.pData.times-1; time++){

    md->weightMeasure1[time] = 0;

    md->weightMeasure2[time] = 0;

    md->weightMeasure3[time] = 0;

    for(fromPath=0; fromPath<md->meshPaths; fromPath++){

      weightSum = 0;

      weightSqSum = 0;

      maxWeight = 0;

      for(toPath=0; toPath<md->meshPaths; toPath++){

 
weight = transProb(&(md->option.pData), md->option.pData.price[time][fromPath],md->option.pData.price[time+1][toPath]) / md->distribution[time][toPath]; 


weightSum += weight;


weightSqSum += weight*weight;


if(weight > maxWeight) maxWeight = weight;

      }

      md->weightMeasure1[time] += weightSum*weightSum/weightSqSum;

      md->weightMeasure2[time] += weightSum/maxWeight;

      md->weightMeasure3[time] += weightSum;

      printf("%d\t%d\t %lg\n",time,fromPath,

              weightSum/maxWeight);

    }

    md->weightMeasure1[time] /= md->meshPaths;

    md->weightMeasure2[time] /= md->meshPaths;

    md->weightMeasure3[time] /= md->meshPaths;

  }

}

/* $Id: mesh.c,v 1.25 1998/03/16 05:45:05 svmcguir Exp $ */

#include <stdlib.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <math.h>

#include "path.h"

#include "option.h"

#include "mesh.h"

#include "util.h"

void meshDataAllocate(meshData *md){

  /* Allocate memory for md.valueIfHeld and md.value

   */

  allocate2dDouble(&(md->valueIfHeld), md->option.pData.times, 

                   md->option.pData.meshPaths);

  allocate2dDouble(&(md->newValueIfHeld),  md->option.pData.times,

                   md->option.pData.meshPaths);

  allocate2dDouble(&(md->value), md->option.pData.times,

                   md->option.pData.meshPaths);

  allocate2dDouble(&(md->newValue), md->option.pData.times,

                   md->option.pData.meshPaths);

  allocate2dDouble(&(md->tp), md->option.pData.meshPaths, md->meshPaths);

  allocate2dDouble(&(md->distribution), md->option.pData.times, md->meshPaths);

  allocate1dDouble(&(md->sum), md->meshPaths);

  allocate1dDouble(&(md->weightMeasure1), md->option.pData.times);

  allocate1dDouble(&(md->weightMeasure2), md->option.pData.times);

  allocate1dDouble(&(md->weightMeasure3), md->option.pData.times);

}

void meshSetFinalValue(meshData *md){

  /* Set the values on the final timeslice to the payoffs or 0, whichever

   * is greater.

   */

  int path,time;

  time = md->option.pData.times-1;

  for(path=0;path<md->option.pData.meshPaths;path++){

    md->value[time][path] = dMax(md->option.payoff[time][path],0);

    md->valueIfHeld[time][path] = 0;

    md->newValue[time][path] = md->value[time][path];

    md->newValueIfHeld[time][path] = md->valueIfHeld[time][path];

  }

}

void meshDataFill(meshData *md){

  /* Working backwards from the next to last timeslice (last is handled 

   * by meshSetFinalValue) calculate the values of the option if it is held

   * (equation 6).  Then set the value of the option to the greater of the 

   * value if held and the payoff.  The first timeslice is left for 

   * meshMeshEstimate().

   */

  int time, path, fromPath, toPath, basePath,underlier;

  double weightSum, weightSqSum, weight;

  for(time=md->option.pData.times-2; time>=0; time--){

    md->weightMeasure1[time] = 0;

    /* Get all the transition probabilities at once */

    for(fromPath=0; fromPath < md->meshPaths; fromPath++){

      for(toPath=0; toPath < md->meshPaths; toPath++){

        md->tp[fromPath][toPath] =

          pathTransitionProb(&(md->option.pData), time, fromPath, toPath);

      }

    }

    /* The denominators of the weights are sums of tp[fromPath][toPath]

     * over fromPath. 

     */

    for(toPath=0; toPath<md->meshPaths; toPath++){

      md->distribution[time][toPath] = 0;

      for(fromPath=0; fromPath<md->meshPaths; 

          fromPath+=md->option.pData.clusterSize){

        md->distribution[time][toPath] += 

          md->option.pData.clusterSize*md->tp[fromPath][toPath];

      }

    }

    /* Now, weight[fromPath][toPath] = tp[fromPath][toPath]/sum[toPath]*/

    for(fromPath=0; fromPath<md->meshPaths; fromPath++){

      md->valueIfHeld[time][fromPath] = 0;

      weightSum = 0;

      weightSqSum = 0;

      for(toPath=0; toPath<md->meshPaths; toPath++){

        if(md->tp[fromPath][toPath] == 0){

          weight = 0;

        }else{

          weight = md->tp[fromPath][toPath]/md->distribution[time][toPath];

        }

        weightSum += weight;

        weightSqSum += weight*weight;

        /* Compute value if held */

        md->valueIfHeld[time][fromPath] += weight*md->value[time+1][toPath];

      }

      if(weightSum != 0){

        md->weightMeasure1[time] += weightSum*weightSum/weightSqSum;

      }

      md->value[time][fromPath] = dMax(md->valueIfHeld[time][fromPath],

                                       md->option.payoff[time][fromPath]);

    }

    md->weightMeasure1[time] /= md->option.pData.meshPaths;

  }

}

double meshPathEstimate(meshData *md){

  int time, underlier, toPath, count;

  double **path, **antiPath, antiGrowth, *payoff, *antiPayoff, *valueIfHeld,

    *antiValueIfHeld, value, antiValue, weight, antiWeight, delta; 

  allocate2dDouble(&path, md->option.pData.times, md->option.pData.underliers);

  allocate2dDouble(&antiPath, md->option.pData.times,

                   md->option.pData.underliers);

  allocate1dDouble(&payoff, md->option.pData.times);

  allocate1dDouble(&antiPayoff, md->option.pData.times);

  allocate1dDouble(&valueIfHeld, md->option.pData.times);

  allocate1dDouble(&antiValueIfHeld, md->option.pData.times);

  value = 0;

  antiValue = 0;

  for(count=1; count<=md->option.pData.paths; count++){

    pathPair(&(md->option.pData),path,antiPath);

    for(time=0; time < md->option.pData.times; time++){

      payoff[time] = exp(-time*md->option.riskFreeRate)*

        optionPayoff(&(md->option), path[time]);

      antiPayoff[time] = exp(-time*md->option.riskFreeRate)*

        optionPayoff(&(md->option), antiPath[time]);

    }

    for(time=md->option.pData.times-2; time>=0; time--){

      valueIfHeld[time] = 0;

      antiValueIfHeld[time] = 0;

      for(toPath=0; toPath<md->meshPaths; toPath++){

        weight = transProb(&(md->option.pData),path[time],

                           md->option.pData.price[time+1][toPath])/

          md->distribution[time][toPath];

        antiWeight = transProb(&(md->option.pData),antiPath[time],

                               md->option.pData.price[time+1][toPath])/

          md->distribution[time][toPath];

        valueIfHeld[time]     += weight     * md->value[time+1][toPath];

        antiValueIfHeld[time] += antiWeight * md->value[time+1][toPath];

      }

    }

    for(time=0;time< md->option.pData.times;time++){

      if(payoff[time] > valueIfHeld[time]){

        value += payoff[time];

        break;

      }

    }

    for(time=0;time< md->option.pData.times;time++){

      if(antiPayoff[time] > antiValueIfHeld[time]){

        antiValue += antiPayoff[time];

        break;

      }

    }

  }

  value /= md->option.pData.paths;

  antiValue /= md->option.pData.paths;

  deallocate2dDouble(&path, md->option.pData.times, 

                     md->option.pData.underliers); 

  deallocate2dDouble(&antiPath, md->option.pData.times, 

                     md->option.pData.underliers); 

  deallocate1dDouble(&payoff, md->option.pData.times); 

  deallocate1dDouble(&antiPayoff, md->option.pData.times); 

  deallocate1dDouble(&valueIfHeld, md->option.pData.times); 

  deallocate1dDouble(&antiValueIfHeld, md->option.pData.times); 

  return(0.5*(value+antiValue));

}

/* 

  newInnerControl.c

  A cleaner version of inner_control.c

*/

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include <math.h>

#include "path.h"

#include "option.h"

#include "mesh.h"

#include "util.h"

#include "blackScholes.h"

/* Routine that computes the estimate of the controls */

/* 

  whichControl := choice of controls

  theMesh     := mesh data

  t            := current time at which we want estimates and such

  cntrlEst     := mesh estimate of control

  cntrlExct    := exact values of control from independent means

*/

void ControlEstimate(int whichControl, meshData *theMesh, int t, \

                     int fromPath, double *cntrlEst, double *cntrlExct)

{

  int path, imax;

  double sigma, divrate;

  /* Select control */

  switch(whichControl){

    case 1:    /* * * * Control 1 in paper * * * */

        /* control here is

           E[exp(-r \delta t) max(argmax(S1,...,S5)-K)|S_t =X_t(i)]

           See equation 24 in paper on page 18.

        */

        /* --- Compute exact or ind value of control --- */

        /* Compute maximum value of underlier at time t! */

        imax = dWhichMax(theMesh->option.pData.underliers, \

                  theMesh->option.pData.price[t][fromPath]) ;

        /* Using max underlier at t use Black-Scholes to price... */

        /* Extract volatility for max underlier */

        sigma = sqrt(theMesh->option.pData.covariance[imax][imax]);

        *cntrlExct = euroCall( \

                     theMesh->option.pData.price[t][fromPath][imax], \

                     theMesh->option.strikePrice, \

                     theMesh->option.riskFreeRate, \

                     sigma, 1.0,  \

                     theMesh->option.pData.dividendRate[imax]);

        /* --- Compute Estimate of Control --- */

      /* Loop over paths at current time */

      for(path=0; path <  theMesh->meshPaths; path++){

        /* Use the max underlier at time t to get value at t+1 */

        cntrlEst[path] = dMax(theMesh->option.pData.price[t+1][path][imax]\

                              - theMesh->option.strikePrice, 0.0);

        /* Deflate the price using the riskfree interest rate */

        cntrlEst[path] *= exp(-theMesh->option.riskFreeRate); /* dt=1 */

      } /* End loop over paths */

      break;

    case 2:    /* * * Control 2 in paper * * */

        /* control here is

           E[max(argmax(S1,...,S5))|S_t =X_t(i)]

           See equation 25 in paper on page 18.

        */

        /* --- Compute exact or ind value of control --- */

        /* Compute maximum value of underlier at time t! */

        imax = dWhichMax(theMesh->option.pData.underliers, \

                  theMesh->option.pData.price[t][fromPath]) ;

        /* compute value from given formula in paper */

        *cntrlExct = theMesh->option.pData.price[t][fromPath][imax];

        *cntrlExct *= exp(theMesh->option.riskFreeRate \

                      -  theMesh->option.pData.dividendRate[imax]);

        /* --- Compute Estimate of Control --- */

      /* Loop over paths at current time */

      for(path=0; path <  theMesh->meshPaths; path++){

        /* Use the max underlier at time t to get value at t+1 */

        cntrlEst[path] = theMesh->option.pData.price[t+1][path][imax];

      } /* End loop over paths */

     break;

  } /* End of the switch over choices of controls */

}  /* End Control Estimate */

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

/* Routine to compute E[Q(t+1,X)|X=x] based on paper.. ie mesh estimate*/

double Expectation(double *density, double *Quantity, int b){

  int j;

  double value;

  value = 0.0;

  for(j=0;j<b;j++){

    value += density[j] * Quantity[j];

  } 

  return(value);

} /* end Expectation */

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

/* Routine to compute sum of an array */

double Sum(double *array, int size){

  int j;

  double value;

   value =0.0;

  for(j=0;j<size; j++){

    value += array[j];

  }

  return value;

} /* End Sum */

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

/* Routine that returns the product of two arrays */

double * Product(double *a, double *b, int size){

  int i;

  static double *c;

  if(c == NULL){

/*

   printf("Allocating memory for c\n");

*/

   c = (double *)malloc(sizeof(double) * size);

  }

  for(i=0;i<size;i++)c[i] = a[i]*b[i];

  return(c);

}

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

/* Routine to compute inner control variates */

/*

  whichControl = 1, 2 and 3 from paper.

*/

void ApplyInnerControl(int whichControl, meshData *theMesh){

  int i, t, b, whichMax; 

  double alpha, beta;

  double E_Q, sumW, E_nu, E_nu_Q, E_nu2;

  double *cntrlEst;   /* Array to contain control estimate */

  double cntrlExct;  /*  Known value of control */

  b = theMesh->meshPaths;

  /* Allocate control array */

  cntrlEst = (double *)malloc(sizeof(double)* \

                              theMesh->meshPaths);

  /* Loop over times starting from time T-1 in mesh */

  for(t=theMesh->option.pData.times-2;t>=0;t--){ 

  /* Note difference above b/w Scott's code. Zero included as before */

    /* Loop over all paths */

    /* doing backwards as in Scott's approach...*/

    for(i=theMesh->option.pData.paths-1;i>=0;i--){ 

      /* At time t at path i out of ALL paths look at time t+1 and 

         construct mesh estimates of controls there to get values at time

         t. These are to be "compared" to independent known values of the

         control at time t */

      /* Compute estimates and exact values of control */

      ControlEstimate(whichControl, theMesh, t,i, cntrlEst, &cntrlExct);

      /* ---Compute beta--- */

      /* Compute E[Q|...] */

      E_Q = Expectation(theMesh->weights[t][i], theMesh->value[t+1], b);

      /* Compute sum over weights */

      sumW = Sum(theMesh->weights[t][i],b);

      /* Compute E[nu|...] */

      E_nu =  Expectation(theMesh->weights[t][i], cntrlEst, b);

      /* Compute E[nu Q|...] */

      E_nu_Q = Expectation(theMesh->weights[t][i], \

                 Product(cntrlEst, theMesh->value[t+1],b), b);

      /* Compute E[nu nu |...] */

      E_nu2 = Expectation(theMesh->weights[t][i], \

                 Product(cntrlEst, cntrlEst,b), b);

      /* Evaluate beta from weighted least squares fit */

      beta = (E_nu_Q * sumW - E_nu * E_Q)/(E_nu2*sumW - E_nu*E_nu);

      /*--- Compute alpha--- */

      /* Maybe this is where I may have a problem */

      alpha = (E_Q - beta * E_nu) / sumW;

      /* Given the current value of the control at time t path i update

         with alpha and beta (based on mesh estimates of control at t+1)

         the estimates of Q at current time for current path */

      theMesh->newValueIfHeld[t][i] = alpha + beta * cntrlExct;

      /* Now recheck which is larger, valueIfHeld or payoff */

      if(theMesh->option.payoff[t][i] >  theMesh->newValueIfHeld[t][i]){

        theMesh->newValue[t][i] = theMesh->option.payoff[t][i];

      }else{

        theMesh->newValue[t][i] =  theMesh->newValueIfHeld[t][i];

/*

      printf("alpha = %lf, beta = %lf \n",alpha, beta);

      printf("mesh est c = %lf, exact c = %lf\n",E_nu, cntrlExct);

      printf("E_Q = %lf value = %lf\n",E_Q, theMesh->value[t][i]);

*/

      }

    } /* end loop over paths */

  } /* end loop over times */

  /* Free control arrays */

  free(cntrlEst);

} /* end ApplyInnerControl */

/* $Id: option.c,v 1.7 1998/03/16 05:45:45 svmcguir Exp $ */

#include <stdlib.h>

#include <math.h>

#include "path.h"

#include "option.h"

#include "util.h"

void optionDataAllocate(optionData *od){

  /* Allocates od.payoff[0:time-1][0:path-1] using od.pData.times

   * and od.params.pData.paths.

   */

  allocate2dDouble(&(od->payoff),od->pData.times,od->pData.meshPaths);

  allocate2dDouble(&(od->euroPrice),od->pData.times,od->pData.meshPaths);

  allocate2dInt(&(od->euroChoice),od->pData.times,od->pData.meshPaths);

}

void optionDataDeallocate(optionData *od){

  /* Deallocates od.payoff[0:time-1][0:path-1] using od.pData.times

   * and od.params.pData.paths.

   */

  deallocate2dDouble(&(od->payoff),od->pData.times,od->pData.meshPaths);

  deallocate2dDouble(&(od->euroPrice),od->pData.times,od->pData.meshPaths);

  deallocate2dInt(&(od->euroChoice),od->pData.times,od->pData.meshPaths);

}

double optionPayoff(optionData *od, double *price){

  /* Returns the payoff on the option described by od for the prices in

   * the array price.  The dimension of price is [0:od.underliers-1].

   * This is written for a max option.

   */

  double max,min;

  /* For a max (call) */

  max = dArrayMax(od->pData.underliers,price);

  return(max - od->strikePrice);

  /* For a min (put) */

  /*

    min = dArrayMin(od->pData.underliers,price); 

    return(od->strikePrice - min);

  */

}

void optionDataFill(optionData *od){

  /* Fills od->payoff with payoffs for the underlier prices found in pd.

   * Also, deflates them with the risk free rate.

   */

  int time, path, choice;

  for(time=0; time < od->pData.times; time++){

    for(path=0; path < od->pData.meshPaths; path++){

      od->payoff[time][path] = exp(-time*od->riskFreeRate)*

        optionPayoff(od,od->pData.price[time][path]);

    }

  }

}

/*******************************************************************************

  outer_control.c

  Questions, remarks and complaints may be directed to:  Reid Guenther

                                                         reid@npac.syr.edu

  This file contains an implementation of the outer control variates described

  in the Columbia paper, page 15 (general) and page 18 (specific).

*******************************************************************************/

#include <math.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include "path.h"    /* should be included in mesh.h */

#include "option.h"  /* should be included in mesh.h */

#include "mesh.h"    /* mesh data structures */

#include "util.h"

#include "blackScholes.h"

/*

   Note: Q_hat[i] is just the mesh estimated option price from run i,

         u_hat[k][i] is the kth control variate computed given the

                     the meshData for run i,

         u[k] is the actual value that u_hat[k][i] is approximating.

   Note: I assume that the Number_of_Controls is either 1 or 2.  If more

         are desired then some memory allocation will be needed to

         compute all the different average combinations.

*/

double Compute_Outer_Control_Estimate(int Number_of_Controls, 

                                      int Number_of_Runs, double *Q_hat,

                                      double **u_hat, double *u)

{

   int i;

   double Avg_Q_hat, Avg_Q_hat_u1_hat, Avg_u1_hat, Avg_u1_hat_u2_hat;

   double Avg_u2_hat, Avg_Q_hat_u2_hat, Avg_u1_hat_sq, Avg_u2_hat_sq;

   double beta1, beta2, Q_bar_new, a11, a12, a21, a22;

   double a11_inv, a12_inv, a21_inv, a22_inv, rhs1, rhs2;

   double determinant_A;

/*

      compute the averages:

*/

      Avg_Q_hat = Avg_Q_hat_u1_hat = Avg_u1_hat = 0.0e0;

      for (i=0; i<Number_of_Runs; i++) 

      {

         Avg_Q_hat += Q_hat[i];

         Avg_u1_hat += u_hat[0][i];

         Avg_Q_hat_u1_hat += Q_hat[i]*u_hat[0][i];

         Avg_u1_hat_sq += u_hat[0][i]*u_hat[0][i];

      }

   switch (Number_of_Controls){

      case 1:

         beta1 = (Avg_Q_hat_u1_hat - Avg_Q_hat*Avg_u1_hat)/

                  (Avg_u1_hat_sq - Avg_u1_hat*Avg_u1_hat);

         Q_bar_new = Avg_Q_hat - beta1*(Avg_u1_hat - u[0]);




for (i=0; i<Number_of_Runs; i++)




{





Q_hat[i] = Q_hat[i] - beta1*(u_hat[0][i] - u[0]);




}

      break;

      case 2:

/* Compute the rest of the averages: */

         Avg_Q_hat_u2_hat = Avg_u1_hat_u2_hat = 0.0e0;

         Avg_u2_hat = Avg_u2_hat_sq = 0.0e0;

         for (i=0; i<Number_of_Runs; i++)

         {

            Avg_u2_hat += u_hat[1][i];

            Avg_u2_hat_sq += u_hat[1][i]*u_hat[1][i];

            Avg_Q_hat_u2_hat += Q_hat[i]*u_hat[1][i];

            Avg_u1_hat_u2_hat += u_hat[0][i]*u_hat[1][i];

         }

/* a11..a22 are elements of the 2x2 matrix that are part of the

  set of linear equations A[][]*beta[] = rhs[] */

         a11 = Avg_u1_hat_sq  - Avg_u1_hat*Avg_u1_hat;

         a12 = a21 = Avg_u1_hat_u2_hat  - Avg_u1_hat*Avg_u2_hat;

         a22 = Avg_u2_hat_sq  - Avg_u2_hat*Avg_u2_hat;

         rhs1 = Avg_Q_hat_u1_hat - Avg_Q_hat*Avg_u1_hat;

         rhs2 = Avg_Q_hat_u2_hat - Avg_Q_hat*Avg_u2_hat;

         determinant_A = a11*a22 - a12*a21;

         a11_inv =  a22/determinant_A;

         a12_inv = -a12/determinant_A;

         a21_inv = -a21/determinant_A;

         a22_inv =  a11/determinant_A;

         beta1 = rhs1*a11_inv + rhs2*a12_inv;

         beta2 = rhs1*a21_inv + rhs2*a22_inv;

         Q_bar_new = Avg_Q_hat - beta1*(Avg_u1_hat - u[0]) -

                              beta2*(Avg_u2_hat - u[1]);




for (i=0; i<Number_of_Runs; i++)




{





Q_hat[i] = Q_hat[i] - beta1*(u_hat[0][i] - u[0]) -












 beta2*(u_hat[1][i] - u[1]);




}

      break;

   }

   return Q_bar_new;

}

/*******************************************************************************

   This routine is used to calculate the mesh estimated max european option

   value for the given final time option prices. 

*******************************************************************************/

double OuterCtlEuroMaxMeshValue(meshData *theMesh, double r,double delta,

                                double  T, double delta_T,

                                double *option_t, double *option_tp1)

{

   int t, path_i, path_j, Final_t, underlier, Current_t;

   double max_current_price, *tmp;

   double max, option0;

   int trace;

   trace = 0;

   if (trace)

   {

      printf("OuterCtlMaxEuroOption>>> test \n");

      printf("OuterCtlMaxEuroOption>>> r=%lf \n",r);

      printf("OuterCtlMaxEuroOption>>> T=%lf \n",T);

   }

/*

  allocate the t+1 and t maximum european option price arrays:

*/

   if (delta_T >= 0.0e0)


{

      Final_t = T/delta_T + 1.5e0;


}

   else

   {

      printf("OuterCtlEuroMaxMeshValue>>> delta_T=%lf is less than or equal ",

              delta_T);

      printf("to 0.0 which it shouldn't be.\n");

      exit(-1);

   }

   if (trace)

   {

      printf("OuterCtlMaxEuroOption>>> test 2\n");

      printf("OuterCtlMaxEuroOption>>> paths: %i\n",theMesh->meshPaths);

      printf("OuterCtlMaxEuroOption>>> Final_t: %i\n",Final_t);

      printf("OuterCtlMaxEuroOption>>> underliers: %i\n",theMesh->option.pData.

              underliers);

      printf("OuterCtlMaxEuroOption>>> strike price: %lf\n",theMesh->option.

              strikePrice);

   }

/*

  Find the max for each path at the final time.

*/

   for (path_i=0; path_i< theMesh->meshPaths;path_i++)

   {

      max =  theMesh->option.pData.price[Final_t-1][path_i][0];

      for (underlier=0;underlier < theMesh->option.pData.underliers;

           underlier++)

      {

         if (max < theMesh->option.pData.price[Final_t-1][path_i][underlier])

             max = theMesh->option.pData.price[Final_t-1][path_i][underlier];

      }

/* this is a max call option */

      if (-theMesh->option.strikePrice + max > 0.0)

      {

         option_tp1[path_i] = -theMesh->option.strikePrice + max;

         option_tp1[path_i] *= exp(-r*T);

      }

      else

         option_tp1[path_i] = 0.0;

      option_t[path_i]   = 0.0;

   }

   if (trace)

   {

      printf("OuterCtlMaxEuroOption>>> test 3\n");

      for (path_i=0; path_i < theMesh->meshPaths; path_i++)

      {

         printf("OuterCtlMaxEuroOption>>> option_tp1[%i]=%lf\n",

                path_i, option_tp1[path_i]);

         for (path_j=0; path_j < theMesh->meshPaths; path_j++)

         {

            printf(

             "OuterCtlMaxEuroOption>>> theMesh->weights[%i][[%i][%i]=%lf\n",

                         Final_t-2,path_i,path_j,

                         theMesh->weights[Final_t-2][path_i][path_j]);

         }

      }

   }

/*

  Now calculate the mesh estimate of the European option value for the

  previously determined final option values.

*/

   for (Current_t = Final_t - 1; Current_t > 1; Current_t--)

   {

      for (path_i=0; path_i < theMesh->meshPaths; path_i++)

      {

         option_t[path_i] = 0.0;

         for (path_j=0; path_j < theMesh->meshPaths; path_j++)

         {

            option_t[path_i] += theMesh->weights[Current_t-1][path_i][path_j]*

                                option_tp1[path_j];

         }

         if (trace)

            printf("OuterCtlMaxEuroOption>>> option_t[%i]=%lf\n",

                path_i, option_t[path_i]);

      }

/*

   Let option_t go to option_tp1.

   Verified for SK that pointer swapping does work. 

*/

      tmp = option_t;

      option_t = option_tp1;

      option_tp1 = tmp;

   }

   if (trace)

   {

      printf("OuterCtlMaxEuroOption>>> test 4\n");

   }

   Current_t = 0;

   path_i = 0;

   option_t[path_i] = 0.0;

   for (path_j=0; path_j < theMesh->meshPaths; path_j++)

   {

      option_t[path_i] += theMesh->weights[Current_t][path_i][path_j]*

                          option_tp1[path_j];

   }

   if (trace)

   {

      printf("OuterCtlMaxEuroOption>>> test 5\n");

   }

   option0 = option_t[path_i];

   if (trace)

   {

      printf("OuterCtlMaxEuroOption>>> option value= %lf \n",

              option0);

   }

   return (option0 > 0.0) ? option0 : 0.0;

}

void mecdf_(int *N_underliers,double *d,double *rho,

           double *probability,int *ier);

/*******************************************************************************

   This routine calculates the European option on the maximum of several assets.   using the method described in Herb Johnson's paper: 'Options on the Maximum

   or the Minimum of Several Assets,' Journal of Financial and Quantitative 

   Analysis, 23, 3, September 1988, 277-283.

   T = time that the option has to be exercised by (in units of years).

   r = risk free interest rate.

   Added dividends by deflating the stock price S by exp(-delta*T). A more

   general approach here ought to be with individual dividends for each

   underlier. So S_i --> S_i * exp(-delta_i * T). -MFH.

*******************************************************************************/

double EuropeanMaxOption(meshData *theMesh, double r, double v, double delta,

                         double T, 

                         double *d, double *rho, double **rho2d)

{

   double EuroMaxOption_value;

   int    N_underliers, i, j, k, id_cur, irho_cur, ier;

   double S_i, S_j, X, sigma_i, sigma_j, sigma_k, sigma_ij, sigma_ik;

   double rho_ij, rho_jk, rho_ik, probability;

   int trace;

   trace = 0;


if (trace)



printf("EuropeanMaxOption>>> v=%lf\n",v);

   N_underliers = theMesh->option.pData.underliers;

   X = theMesh->option.strikePrice;


for (i=0;i<N_underliers;i++)


{



rho2d[i][i] = sqrt(v);


}


for (i=0;i<N_underliers;i++)


{



for (j=0;j<i;j++)



{




rho2d[i][j] = 0.0;




rho2d[j][i] = 0.0;



}


}

   if (trace)

   {

/*      rho2d[0][1] = 0.5;

      rho2d[1][0] = 0.5;

      rho2d[0][0] = 0.3;

      rho2d[1][1] = 0.3;  */

      printf("EuroMaxOption>>> %i underliers\n",N_underliers);

      printf("EuroMaxOption>>> strike price: %lf\n",theMesh->option.

              strikePrice);

   }

/* d contains the probability vector, rho contains the upper triangular

   correlation coefficients for a particular multivariate cumulative normal

   distribution 

   d = (double *)malloc(N_underliers*sizeof(double));

   rho = (double *)malloc(N_underliers*(N_underliers-1)/2*sizeof(double));

*/

   EuroMaxOption_value = 0.0e0;

/* begin looping over the number of underliers to generate the positive term of

   the Johnson max option equation. */

   for (i=0; i<N_underliers; i++)

   {

      id_cur = irho_cur = 0;

      S_i = theMesh->option.pData.price[0][0][i] * exp(-delta*T);

      sigma_i = rho2d[i][i];

      d[id_cur] = (log(S_i/X) + (r + 

                   0.5e0*sigma_i*sigma_i)*T)/(sigma_i*sqrt(T));

      id_cur++;

      for (j=0; j<i; j++)

      {

         sigma_j = rho2d[j][j];

         S_j = theMesh->option.pData.price[0][0][j] * exp(-delta*T);

         rho_ij = rho2d[i][j];

         sigma_ij = sqrt(sigma_i*sigma_i - 2.0e0*rho_ij*sigma_i*sigma_j +

                    sigma_j*sigma_j);

         d[id_cur] = (log(S_i/S_j) + 0.5e0*sigma_ij*sigma_ij*T)/

                     (sigma_ij*sqrt(T));

         id_cur++;

      }

      for (j=i+1; j<N_underliers; j++)

      {

         sigma_j = rho2d[j][j];

         S_j = theMesh->option.pData.price[0][0][j] * exp(-delta*T);

         rho_ij = rho2d[i][j];

         sigma_ij = sqrt(sigma_i*sigma_i - 2.0e0*rho_ij*sigma_i*sigma_j +

                         sigma_j*sigma_j);

         d[id_cur] = (log(S_i/S_j) + 0.5e0*sigma_ij*sigma_ij*T)/

                     (sigma_ij*sqrt(T));

         id_cur++;

      }

/* now set up the correlation array: */

/* first fill the array with the ith row */

      for (k=0; k<i; k++)

      {

         sigma_j = sigma_i;

         sigma_k = rho2d[k][k];

         rho_ij = rho2d[i][i];

         rho_ik = rho2d[i][k];

         rho_jk = rho2d[i][k];

         sigma_ij = sqrt(sigma_i*sigma_i - 2.0e0*rho_ij*sigma_i*sigma_j +

                         sigma_j*sigma_j);

         sigma_ik = sqrt(sigma_i*sigma_i - 2.0e0*rho_ik*sigma_i*sigma_k +

                         sigma_k*sigma_k);

         rho[irho_cur] = (sigma_i - rho_ik*sigma_k)/sigma_ik;

/*         rho[irho_cur] = (sigma_i*sigma_i - rho_ij*sigma_i*sigma_j -

                          rho_ik*sigma_i*sigma_k + rho_jk*sigma_j*sigma_k)/

                         (sigma_ij*sigma_ik); */

         irho_cur++;

         if (trace)

         {

/*            printf("EuroMaxOption>>> 1 irho_cur=%i \n",irho_cur);

            printf("i = %d sigma_i = %lf\n", i,sigma_i);

            printf("j = %d sigma_j = %lf\n", j,sigma_j);

            printf("i = %d j = %d rho_ij = %lf\n", i,j,sigma_j);

            printf("i = %d j = %d sigma_ij = %lf\n", i,j,sigma_ij);

            printf("i = %d k = %d sigma_ij = %lf\n", i,k,sigma_ik);

            printf("Brute force sqrt(rho_ij)=%lf\n", sqrt(sigma_i*sigma_i - 

            2.0 * rho_ij * sigma_i *sigma_j + sigma_j*sigma_j));

            printf("Brute force 2 sqrt(rho_ik)=%lf\n", sqrt(sigma_i*sigma_i - 

            2.0 * rho_ik * sigma_i *sigma_k + sigma_k*sigma_k)); */

         }

      }

      for (k=i+1; k<N_underliers; k++)

      {

         sigma_j = sigma_i;

         sigma_k = rho2d[k][k];

         rho_ij = rho2d[i][i];

         rho_ik = rho2d[i][k];

         rho_jk = rho2d[i][k];

         sigma_ij = sqrt(sigma_i*sigma_i - 2.0e0*rho_ij*sigma_i*sigma_j +

                         sigma_j*sigma_j);

         sigma_ik = sqrt(sigma_i*sigma_i - 2.0e0*rho_ik*sigma_i*sigma_k +

                         sigma_k*sigma_k);

         rho[irho_cur] = (sigma_i - rho_ik*sigma_k)/sigma_ik;

/*         rho[irho_cur] = (sigma_i*sigma_i - rho_ij*sigma_i*sigma_j -

                          rho_ik*sigma_i*sigma_k + rho_jk*sigma_j*sigma_k)/

                         (sigma_ij*sigma_ik); */

         irho_cur++;

         if (trace)

         {

            printf("EuroMaxOption>>> 2 irho_cur=%i \n",irho_cur);

         }

      }

/* now fill the array with the rows above the ith */

      for (j=0;j<i;j++)

      {

         for (k=j+1;k<i;k++)

         {

            sigma_j = rho2d[j][j];

            sigma_k = rho2d[k][k];

            rho_ij = rho2d[i][j];

            rho_ik = rho2d[i][k];

            rho_jk = rho2d[j][k];

            sigma_ij = sqrt(sigma_i*sigma_i - 2.0e0*rho_ij*sigma_i*sigma_j +

                            sigma_j*sigma_j);

            sigma_ik = sqrt(sigma_i*sigma_i - 2.0e0*rho_ik*sigma_i*sigma_k +

                            sigma_k*sigma_k);

            rho[irho_cur] = (sigma_i*sigma_i - rho_ij*sigma_i*sigma_j -

                             rho_ik*sigma_i*sigma_k + rho_jk*sigma_j*sigma_k)/

                            (sigma_ij*sigma_ik);

            irho_cur++;

            if (trace)

            {

               printf("EuroMaxOption>>> 3 irho_cur=%i \n",irho_cur);

            }

         }

         for (k=i+1;k<N_underliers;k++)

         {

            sigma_j = rho2d[j][j];

            sigma_k = rho2d[k][k];

            rho_ij = rho2d[i][j];

            rho_ik = rho2d[i][k];

            rho_jk = rho2d[j][k];

            sigma_ij = sqrt(sigma_i*sigma_i - 2.0e0*rho_ij*sigma_i*sigma_j +

                            sigma_j*sigma_j);

            sigma_ik = sqrt(sigma_i*sigma_i - 2.0e0*rho_ik*sigma_i*sigma_k +

                            sigma_k*sigma_k);

            rho[irho_cur] = (sigma_i*sigma_i - rho_ij*sigma_i*sigma_j -

                             rho_ik*sigma_i*sigma_k + rho_jk*sigma_j*sigma_k)/

                            (sigma_ij*sigma_ik);

            irho_cur++;

            if (trace)

            {

               printf("EuroMaxOption>>> 4 irho_cur=%i \n",irho_cur);

            }

         }

      }

/* Then fill the array with the rows below the ith */

      for (j=i+1;j<N_underliers-1;j++)

      {

         for (k=j+1;k<N_underliers;k++)

         {

            sigma_j = rho2d[j][j];

            sigma_k = rho2d[k][k];

            rho_ij = rho2d[i][j];

            rho_ik = rho2d[i][k];

            rho_jk = rho2d[j][k];

            sigma_ij = sqrt(sigma_i*sigma_i - 2.0e0*rho_ij*sigma_i*sigma_j +

                            sigma_j*sigma_j);

            sigma_ik = sqrt(sigma_i*sigma_i - 2.0e0*rho_ik*sigma_i*sigma_k +

                            sigma_k*sigma_k);

            rho[irho_cur] = (sigma_i*sigma_i - rho_ij*sigma_i*sigma_j -

                             rho_ik*sigma_i*sigma_k + rho_jk*sigma_j*sigma_k)/

                            (sigma_ij*sigma_ik);

            irho_cur++;

            if (trace)

            {

               printf("EuroMaxOption>>> 5 irho_cur=%i \n",irho_cur);

            }

         }

      }

/* !!!!!!!!!!!!!! Have you changed mecdf so that d contains numbers such that

                  mecdf returns the probability that an array of random

                  normally distributed numbers are less than the d array ???? */



mecdf_(&N_underliers,d,rho,&probability,&ier);



if (trace)



{




printf("Ind value = %lf\n", BivarCND(d[0], d[1], rho[0]));




printf("European>>> 1 d's are %lf %lf \n", d[0],d[1]);




printf("European>>> 1 Cur value = %lf\n", probability);



}

      EuroMaxOption_value += S_i*probability;

      if (trace)

      {

         printf("ier=%i \n",ier);

         printf("EuroMaxOption>>> %i time, %lf stock, positive rhs prob:",

                i, S_i);

         printf(" %lf\n",probability);

         printf("\n");

         printf(" EuroMaxOption_value =%lf\n",probability);

      }

   }

/* Now loop over the number of underliers to calculate the negative part of the

   Johnson equation */

   id_cur = irho_cur = 0;

   for (i=0;i<N_underliers;i++)

   {

      S_i = theMesh->option.pData.price[0][0][i] * exp(-delta*T);

      sigma_i = rho2d[i][i];

      d[id_cur] = -(log(S_i/X) + (r - 0.5e0*sigma_i*sigma_i)*T)/

                   (sigma_i*sqrt(T));

      id_cur++;

      for (j=i+1;j<N_underliers;j++)

      {

         rho[irho_cur] = rho2d[i][j];

         irho_cur++;

         if (trace)

         {

            printf("EuroMaxOption>>> 7 irho_cur=%i \n",irho_cur);

         }

      }

   }

/* !!!!!!!!!!!!!! Have you changed mecdf so that d contains numbers such that

                  mecdf returns the probability that an array of random

                  normally distributed numbers are less than the d array ???? */

/*

   printf("Ind value = %lf\n", BivarCND(d[0], d[1], rho[0]));

*/

   mecdf_(&N_underliers,d,rho,&probability,&ier);

   EuroMaxOption_value -= X*exp(-r*T)*(1.0e0 - probability);

   if (trace)

   {

      printf("EuroMaxOption>>> %i time, %lf stock, negative rhs prob:",

             i, X);

      printf(" %lf\n",probability);

   }

/*   free(d);

   free(rho); */

   if (EuroMaxOption_value < 0.0)

      EuroMaxOption_value = 0.0;

   return EuroMaxOption_value;

}

/* $Id: path.c,v 1.18 1998/03/19 17:10:33 svmcguir Exp $ */

#include <stdlib.h>

#include <math.h>

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include "path.h"

#include "util.h"

#include "ranlib.h"

void pathDataAllocate(pathData *pd){

  /* Allocates memory for arrays in pathData structure based on the value

   * of pd->underliers, pd->times and pd->paths.

   */

  allocate2dDouble( &(pd->covariance), pd->underliers, pd->underliers);

  allocate1dDouble( &(pd->growthRate), pd->underliers);

  allocate1dDouble( &(pd->dividendRate), pd->underliers);

  allocate1dDouble(  &(pd->cov1), pd->underliers*pd->underliers);

  allocate1dDouble(  &(pd->fgrowth), pd->underliers);

  allocate1dDouble(  &(pd->parm), (pd->underliers*(pd->underliers+3)/2 +1));

  allocate3dDouble( &(pd->price), pd->times,pd->meshPaths,pd->underliers);

}

void pathDataDeallocate(pathData *pd){

  /* Deallocates memory for arrays in pathData structure based on the value

   * of pd->underliers, pd->times and pd->paths.

   */

  deallocate2dDouble( &(pd->covariance), pd->underliers, pd->underliers);

  deallocate1dDouble( &(pd->growthRate), pd->underliers);

  deallocate1dDouble( &(pd->dividendRate), pd->underliers);

  deallocate1dDouble(  &(pd->cov1), pd->underliers*pd->underliers);

  deallocate1dDouble(  &(pd->fgrowth), pd->underliers);

  deallocate1dDouble(  &(pd->parm), (pd->underliers*(pd->underliers+3)/2 +1));

  deallocate3dDouble( &(pd->price), pd->times,pd->meshPaths,pd->underliers);

}

void pathParamsInit(pathData *pp){

  /* Uses pp->underliers, pp->covariance[i][j], pp->growthRate[i], and

   * pp-phrase to initialize the private data and the RANLIB library.

   */

  int i,j,k;

  pp->constant = pow(2*M_PI,pp->underliers);

  for(i=0; i<pp->underliers; i++){

    pp->constant *= pp->covariance[i][i];

  }

  pp->constant = 1.0/sqrt(pp->constant);

  /* Allocate growth, same dimension as prices */

  allocate1dDouble(&(pp->growth),pp->underliers);

  /* Copy the 2d covariance matrix into the 1d scratch matrix */

  k = 0;

  for(i=0;i<pp->underliers;i++){

    for(j=0;j<pp->underliers;j++){

      pp->cov1[k] = pp->covariance[i][j];

      k++;

    }

  }

  /* Copy double growthRate array into double fgrowth array */

  /* Subtractthe dividend rate from the growth rate */

  for(i=0;i<pp->underliers;i++){

    pp->fgrowth[i] = pp->growthRate[i] - pp->dividendRate[i];

  }

  /* Give the data to RANLIB and let it do what it wants in parm */

  setgmn(pp->fgrowth,pp->cov1,pp->underliers,pp->parm);

  /* Hash the phrase into RNG seeds */

  phrtsd(pp->phrase,&(pp->seed1),&(pp->seed2));

  /* Initialize the RNG with the seeds */

  setall(pp->seed1,pp->seed2);

  /* Now whenever we want numbers from the distribution described in pp

   * we call genmn(pp->parm,vector,pp->cov1) where vector is a double array

   * of dimension [0:pp->underliers-1].  The random numbers go in vector

   */

}

void pathDataFill(pathData *pd){

  /* Uses pd->params, pd->paths, and pd->times to generate paths which are

   * placed in pd->price[p][t][u].  Make sure all these are initialized and

   * allocated first.  Each path starts with the value in pd->price[0][p][u]

   * so set these also.

   */

  int time, path, underlier,basePath;

  double *randomNum, std;

  randomNum = (double*)calloc(pd->underliers,sizeof(double));

  std = sqrt(pd->clusterVariance);

  /* pd->params describes the random numbers we get by calling

   * genmn(pd->params.parm, randomNum, pd->params.cov1).  To get the value in

   * the next time slice, we grow the values in the previous time slice by the

   * random numbers.  Each underlier gets its own growth rate.

   */

  for(time=1; time<pd->times; time++){

    for(path=0;path<pd->meshPaths;path++){

      if(path % pd->clusterSize == 0){

        genmn(pd->parm, randomNum, pd->cov1);

        for(underlier = 0; underlier < pd->underliers; underlier++){

          /*pd->price[time][path][underlier] = (1+randomNum[underlier])*  */

          /*  pd->price[time-1][path][underlier];  */

          pd->price[time][path][underlier] = 

            exp(randomNum[underlier]-pd->covariance[underlier][underlier]/2)*

            pd->price[time-1][path][underlier];

        }

        basePath = path;

      }else{

        genmn(pd->parm, randomNum, pd->cov1);

        for(underlier = 0; underlier < pd->underliers; underlier++){

          pd->price[time][path][underlier] =

            exp(randomNum[underlier]-pd->covariance[underlier][underlier]/2)*

            pd->price[time-1][basePath][underlier];

        }

      }

    }

  }

  free(randomNum);

}

double pathTransitionProb(pathData *pp, int time, int initialPath,

                          int finalPath){

  /* Calculates the probability of a transition from initial underlier proces

   * initialPrice[] to final underlier prices finalPrice[] over one timeslice.

   * Uses the statistics contained in pp.

   *

   * This is written for the case of independently distributed

   * underlier growth rates.  It should be expanded later.

   */

  int i;

  double exponential;

  for(i=0; i<pp->underliers; i++){

    pp->growth[i] = log(pp->price[time+1][finalPath][i]/

                        pp->price[time][initialPath][i]) +

      pp->covariance[i][i]/2;

  }

  /* Calculate the exponential term */

  exponential = 0;

  for(i=0; i<pp->underliers; i++){

    exponential += (pp->growth[i] - pp->fgrowth[i])*(pp->growth[i] - 

                   pp->fgrowth[i])/pp->covariance[i][i];

  }

  exponential = exp(-0.5*exponential);

  /* Put them together and we have our result */

  return(pp->constant*exponential);

}

double transProb(pathData *pp, double *price1, double *price2){

  int i;

  double exponential;

  for(i=0; i<pp->underliers; i++){

    pp->growth[i] = log(price2[i]/price1[i]) +

      pp->covariance[i][i]/2;

  }   

  /* Calculate the exponential term */

  exponential = 0;

  for(i=0; i<pp->underliers; i++){

    exponential += (pp->growth[i] - pp->fgrowth[i])*(pp->growth[i] -

                    pp->fgrowth[i])/pp->covariance[i][i];

  }

  exponential = exp(-0.5*exponential);

  /* Put them together and we have our result */

  return(pp->constant*exponential);

}        

void pathDataOut(pathData *pd,double t){ 

  int time, path, underlier,basePath; 

  double *x,*y; 

  int n,l; 

  int ierr; 

  n = pd->underliers*pd->times*pd->meshPaths; 

  x = (double*)calloc(n,sizeof(double)); 

  y = (double*)calloc(n,sizeof(double)); 

  l = 0; 

  for(underlier = 0; underlier < pd->underliers; underlier++){ 

    for(path=0;path<pd->meshPaths;path++){ 

      for(time=0; time<pd->times; time++){ 

        x[l]= (double)time; 

        y[l] = pd->price[time][path][underlier]; 

        /* printf("%i %i %lf %lf \n",path,time,x[l],y[l]);  */

        l++; 

      } 

    } 

  } 

  ierr = java_ser("paths",t,x,y,l); 

  free(x); 

  free(y); 

} 

/* Generates a random path and its antithetic */

void pathPair(pathData *pd, double **path, double **antiPath){

  int time, underlier;

  double  delta, antiGrowth;

  double *randomNum;

  allocate1dDouble(&randomNum,  pd->underliers);  

  for(underlier=0; underlier<pd->underliers; underlier++){

    path[0][underlier] = pd->price[0][0][underlier];

    antiPath[0][underlier] = pd->price[0][0][underlier];

  }

  for(time=1; time < pd->times; time++){

    genmn(pd->parm, randomNum, pd->cov1);

    for(underlier=0; underlier<pd->underliers; underlier++){

      path[time][underlier] =

        exp(randomNum[underlier]-pd->covariance[underlier][underlier]/2)*

        path[time-1][underlier];

      delta = randomNum[underlier] - pd->fgrowth[underlier]; 

      antiGrowth = pd->fgrowth[underlier] - delta; 

      antiPath[time][underlier] =

        exp(antiGrowth-pd->covariance[underlier][underlier]/2)*

        antiPath[time-1][underlier];

    }

  }

  deallocate1dDouble(&randomNum,  pd->underliers); 

}

#include "ranlib.h"

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <math.h>

#include <stdlib.h>

#define ABS(x) ((x) >= 0 ? (x) : -(x))

#define min(a,b) ((a) <= (b) ? (a) : (b))

#define max(a,b) ((a) >= (b) ? (a) : (b))

void ftnstop(char*);

double genbet(double aa,double bb)

/*

**********************************************************************

     double genbet(double aa,double bb)

               GeNerate BETa random deviate

                              Function

     Returns a single random deviate from the beta distribution with

     parameters A and B.  The density of the beta is

               x^(a-1) * (1-x)^(b-1) / B(a,b) for 0 < x < 1

                              Arguments

     aa --> First parameter of the beta distribution

     bb --> Second parameter of the beta distribution

                              Method

     R. C. H. Cheng

     Generating Beta Variatew with Nonintegral Shape Parameters

     Communications of the ACM, 21:317-322  (1978)

     (Algorithms BB and BC)

**********************************************************************

*/

{

#define expmax 89.0

#define infnty 1.0E38

static double olda = -1.0;

static double oldb = -1.0;

static double genbet,a,alpha,b,beta,delta,gamma,k1,k2,r,s,t,u1,u2,v,w,y,z;

static long qsame;

    qsame = olda == aa && oldb == bb;

    if(qsame) goto S20;

    if(!(aa <= 0.0 || bb <= 0.0)) goto S10;

    fputs(" AA or BB <= 0 in GENBET - Abort!",stderr);

    fprintf(stderr," AA: %16.6E BB %16.6E\n",aa,bb);

    exit(1);

S10:

    olda = aa;

    oldb = bb;

S20:

    if(!(min(aa,bb) > 1.0)) goto S100;

/*

     Alborithm BB

     Initialize

*/

    if(qsame) goto S30;

    a = min(aa,bb);

    b = max(aa,bb);

    alpha = a+b;

    beta = sqrt((alpha-2.0)/(2.0*a*b-alpha));

    gamma = a+1.0/beta;

S30:

S40:

    u1 = ranf();

/*

     Step 1

*/

    u2 = ranf();

    v = beta*log(u1/(1.0-u1));

    if(!(v > expmax)) goto S50;

    w = infnty;

    goto S60;

S50:

    w = a*exp(v);

S60:

    z = pow(u1,2.0)*u2;

    r = gamma*v-1.3862944;

    s = a+r-w;

/*

     Step 2

*/

    if(s+2.609438 >= 5.0*z) goto S70;

/*

     Step 3

*/

    t = log(z);

    if(s > t) goto S70;

/*

     Step 4

*/

    if(r+alpha*log(alpha/(b+w)) < t) goto S40;

S70:

/*

     Step 5

*/

    if(!(aa == a)) goto S80;

    genbet = w/(b+w);

    goto S90;

S80:

    genbet = b/(b+w);

S90:

    goto S230;

S100:

/*

     Algorithm BC

     Initialize

*/

    if(qsame) goto S110;

    a = max(aa,bb);

    b = min(aa,bb);

    alpha = a+b;

    beta = 1.0/b;

    delta = 1.0+a-b;

    k1 = delta*(1.38889E-2+4.16667E-2*b)/(a*beta-0.777778);

    k2 = 0.25+(0.5+0.25/delta)*b;

S110:

S120:

    u1 = ranf();

/*

     Step 1

*/

    u2 = ranf();

    if(u1 >= 0.5) goto S130;

/*

     Step 2

*/

    y = u1*u2;

    z = u1*y;

    if(0.25*u2+z-y >= k1) goto S120;

    goto S170;

S130:

/*

     Step 3

*/

    z = pow(u1,2.0)*u2;

    if(!(z <= 0.25)) goto S160;

    v = beta*log(u1/(1.0-u1));

    if(!(v > expmax)) goto S140;

    w = infnty;

    goto S150;

S140:

    w = a*exp(v);

S150:

    goto S200;

S160:

    if(z >= k2) goto S120;

S170:

/*

     Step 4

     Step 5

*/

    v = beta*log(u1/(1.0-u1));

    if(!(v > expmax)) goto S180;

    w = infnty;

    goto S190;

S180:

    w = a*exp(v);

S190:

    if(alpha*(log(alpha/(b+w))+v)-1.3862944 < log(z)) goto S120;

S200:

/*

     Step 6

*/

    if(!(a == aa)) goto S210;

    genbet = w/(b+w);

    goto S220;

S210:

    genbet = b/(b+w);

S230:

S220:

    return genbet;

#undef expmax

#undef infnty

}

double genchi(double df)

/*

**********************************************************************

     double genchi(double df)

                Generate random value of CHIsquare variable

                              Function

     Generates random deviate from the distribution of a chisquare

     with DF degrees of freedom random variable.

                              Arguments

     df --> Degrees of freedom of the chisquare

            (Must be positive)

                              Method

     Uses relation between chisquare and gamma.

**********************************************************************

*/

{

static double genchi;

    if(!(df <= 0.0)) goto S10;

    fputs("DF <= 0 in GENCHI - ABORT",stderr);

    fprintf(stderr,"Value of DF: %16.6E\n",df);

    exit(1);

S10:

    genchi = 2.0*gengam(1.0,df/2.0);

    return genchi;

}

double genexp(double av)

/*

**********************************************************************

     double genexp(double av)

                    GENerate EXPonential random deviate

                              Function

     Generates a single random deviate from an exponential

     distribution with mean AV.

                              Arguments

     av --> The mean of the exponential distribution from which

            a random deviate is to be generated.

                              Method

     Renames SEXPO from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               Ahrens, J.H. and Dieter, U.

               Computer Methods for Sampling From the

               Exponential and Normal Distributions.

               Comm. ACM, 15,10 (Oct. 1972), 873 - 882.

**********************************************************************

*/

{

static double genexp;

    genexp = sexpo()*av;

    return genexp;

}

double genf(double dfn,double dfd)

/*

**********************************************************************

     double genf(double dfn,double dfd)

                GENerate random deviate from the F distribution

                              Function

     Generates a random deviate from the F (variance ratio)

     distribution with DFN degrees of freedom in the numerator

     and DFD degrees of freedom in the denominator.

                              Arguments

     dfn --> Numerator degrees of freedom

             (Must be positive)

     dfd --> Denominator degrees of freedom

             (Must be positive)

                              Method

     Directly generates ratio of chisquare variates

**********************************************************************

*/

{

static double genf,xden,xnum;

    if(!(dfn <= 0.0 || dfd <= 0.0)) goto S10;

    fputs("Degrees of freedom nonpositive in GENF - abort!",stderr);

    fprintf(stderr,"DFN value: %16.6EDFD value: %16.6E\n",dfn,dfd);

    exit(1);

S10:

    xnum = genchi(dfn)/dfn;

/*

      GENF = ( GENCHI( DFN ) / DFN ) / ( GENCHI( DFD ) / DFD )

*/

    xden = genchi(dfd)/dfd;

    if(!(xden <= 9.999999999998E-39*xnum)) goto S20;

    fputs(" GENF - generated numbers would cause overflow",stderr);

    fprintf(stderr," Numerator %16.6E Denominator %16.6E\n",xnum,xden);

    fputs(" GENF returning 1.0E38",stderr);

    genf = 1.0E38;

    goto S30;

S20:

    genf = xnum/xden;

S30:

    return genf;

}

double gengam(double a,double r)

/*

**********************************************************************

     double gengam(double a,double r)

           GENerates random deviates from GAMma distribution

                              Function

     Generates random deviates from the gamma distribution whose

     density is

          (A**R)/Gamma(R) * X**(R-1) * Exp(-A*X)

                              Arguments

     a --> Location parameter of Gamma distribution

     r --> Shape parameter of Gamma distribution

                              Method

     Renames SGAMMA from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               (Case R >= 1.0)

               Ahrens, J.H. and Dieter, U.

               Generating Gamma Variates by a

               Modified Rejection Technique.

               Comm. ACM, 25,1 (Jan. 1982), 47 - 54.

     Algorithm GD

               (Case 0.0 <= R <= 1.0)

               Ahrens, J.H. and Dieter, U.

               Computer Methods for Sampling from Gamma,

               Beta, Poisson and Binomial Distributions.

               Computing, 12 (1974), 223-246/

     Adapted algorithm GS.

**********************************************************************

*/

{

static double gengam;

    gengam = sgamma(r);

    gengam /= a;

    return gengam;

}

void genmn(double *parm,double *x,double *work)

/*

**********************************************************************

     void genmn(double *parm,double *x,double *work)

              GENerate Multivariate Normal random deviate

                              Arguments

     parm --> Parameters needed to generate multivariate normal

               deviates (MEANV and Cholesky decomposition of

               COVM). Set by a previous call to SETGMN.

               1 : 1                - size of deviate, P

               2 : P + 1            - mean vector

               P+2 : P*(P+3)/2 + 1  - upper half of cholesky

                                       decomposition of cov matrix

     x    <-- Vector deviate generated.

     work <--> Scratch array

                              Method

     1) Generate P independent standard normal deviates - Ei ~ N(0,1)

     2) Using Cholesky decomposition find A s.t. trans(A)*A = COVM

     3) trans(A)E + MEANV ~ N(MEANV,COVM)

**********************************************************************

*/

{

static long i,icount,j,p,D1,D2,D3,D4;

static double ae;

    p = (long) (*parm);

/*

     Generate P independent normal deviates - WORK ~ N(0,1)

*/

    for(i=1; i<=p; i++) *(work+i-1) = snorm();

    for(i=1,D3=1,D4=(p-i+D3)/D3; D4>0; D4--,i+=D3) {

/*

     PARM (P+2 : P*(P+3)/2 + 1) contains A, the Cholesky

      decomposition of the desired covariance matrix.

          trans(A)(1,1) = PARM(P+2)

          trans(A)(2,1) = PARM(P+3)

          trans(A)(2,2) = PARM(P+2+P)

          trans(A)(3,1) = PARM(P+4)

          trans(A)(3,2) = PARM(P+3+P)

          trans(A)(3,3) = PARM(P+2-1+2P)  ...

     trans(A)*WORK + MEANV ~ N(MEANV,COVM)

*/

        icount = 0;

        ae = 0.0;

        for(j=1,D1=1,D2=(i-j+D1)/D1; D2>0; D2--,j+=D1) {

            icount += (j-1);

            ae += (*(parm+i+(j-1)*p-icount+p)**(work+j-1));

        }

        *(x+i-1) = ae+*(parm+i);

    }

}

void genmul(long n,double *p,long ncat,long *ix)

/*

**********************************************************************

     void genmul(int n,double *p,int ncat,int *ix)

     GENerate an observation from the MULtinomial distribution

                              Arguments

     N --> Number of events that will be classified into one of

           the categories 1..NCAT

     P --> Vector of probabilities.  P(i) is the probability that

           an event will be classified into category i.  Thus, P(i)

           must be [0,1]. Only the first NCAT-1 P(i) must be defined

           since P(NCAT) is 1.0 minus the sum of the first

           NCAT-1 P(i).

     NCAT --> Number of categories.  Length of P and IX.

     IX <-- Observation from multinomial distribution.  All IX(i)

            will be nonnegative and their sum will be N.

                              Method

     Algorithm from page 559 of

     Devroye, Luc

     Non-Uniform Random Variate Generation.  Springer-Verlag,

     New York, 1986.

**********************************************************************

*/

{

static double prob,ptot,sum;

static long i,icat,ntot;

    if(n < 0) ftnstop("N < 0 in GENMUL");

    if(ncat <= 1) ftnstop("NCAT <= 1 in GENMUL");

    ptot = 0.0F;

    for(i=0; i<ncat-1; i++) {

        if(*(p+i) < 0.0F) ftnstop("Some P(i) < 0 in GENMUL");

        if(*(p+i) > 1.0F) ftnstop("Some P(i) > 1 in GENMUL");

        ptot += *(p+i);

    }

    if(ptot > 0.99999F) ftnstop("Sum of P(i) > 1 in GENMUL");

/*

     Initialize variables

*/

    ntot = n;

    sum = 1.0F;

    for(i=0; i<ncat; i++) ix[i] = 0;

/*

     Generate the observation

*/

    for(icat=0; icat<ncat-1; icat++) {

        prob = *(p+icat)/sum;

        *(ix+icat) = ignbin(ntot,prob);

        ntot -= *(ix+icat);


if(ntot <= 0) return;

        sum -= *(p+icat);

    }

    *(ix+ncat-1) = ntot;

/*

     Finished

*/

    return;

}

double gennch(double df,double xnonc)

/*

**********************************************************************

     double gennch(double df,double xnonc)

           Generate random value of Noncentral CHIsquare variable

                              Function

     Generates random deviate  from the  distribution  of a  noncentral

     chisquare with DF degrees  of freedom and noncentrality  parameter

     xnonc.

                              Arguments

     df --> Degrees of freedom of the chisquare

            (Must be > 1.0)

     xnonc --> Noncentrality parameter of the chisquare

               (Must be >= 0.0)

                              Method

     Uses fact that  noncentral chisquare  is  the  sum of a  chisquare

     deviate with DF-1  degrees of freedom plus the  square of a normal

     deviate with mean XNONC and standard deviation 1.

**********************************************************************

*/

{

static double gennch;

    if(!(df <= 1.0 || xnonc < 0.0)) goto S10;

    fputs("DF <= 1 or XNONC < 0 in GENNCH - ABORT",stderr);

    fprintf(stderr,"Value of DF: %16.6E Value of XNONC%16.6E\n",df,xnonc);

    exit(1);

S10:

    gennch = genchi(df-1.0)+pow(gennor(sqrt(xnonc),1.0),2.0);

    return gennch;

}

double gennf(double dfn,double dfd,double xnonc)

/*

**********************************************************************

     double gennf(double dfn,double dfd,double xnonc)

           GENerate random deviate from the Noncentral F distribution

                              Function

     Generates a random deviate from the  noncentral F (variance ratio)

     distribution with DFN degrees of freedom in the numerator, and DFD

     degrees of freedom in the denominator, and noncentrality parameter

     XNONC.

                              Arguments

     dfn --> Numerator degrees of freedom

             (Must be >= 1.0)

     dfd --> Denominator degrees of freedom

             (Must be positive)

     xnonc --> Noncentrality parameter

               (Must be nonnegative)

                              Method

     Directly generates ratio of noncentral numerator chisquare variate

     to central denominator chisquare variate.

**********************************************************************

*/

{

static double gennf,xden,xnum;

static long qcond;

    qcond = dfn <= 1.0 || dfd <= 0.0 || xnonc < 0.0;

    if(!qcond) goto S10;

    fputs("In GENNF - Either (1) Numerator DF <= 1.0 or",stderr);

    fputs("(2) Denominator DF < 0.0 or ",stderr);

    fputs("(3) Noncentrality parameter < 0.0",stderr);

    fprintf(stderr,

      "DFN value: %16.6EDFD value: %16.6EXNONC value: \n%16.6E\n",dfn,dfd,

      xnonc);

    exit(1);

S10:

    xnum = gennch(dfn,xnonc)/dfn;

/*

      GENNF = ( GENNCH( DFN, XNONC ) / DFN ) / ( GENCHI( DFD ) / DFD )

*/

    xden = genchi(dfd)/dfd;

    if(!(xden <= 9.999999999998E-39*xnum)) goto S20;

    fputs(" GENNF - generated numbers would cause overflow",stderr);

    fprintf(stderr," Numerator %16.6E Denominator %16.6E\n",xnum,xden);

    fputs(" GENNF returning 1.0E38",stderr);

    gennf = 1.0E38;

    goto S30;

S20:

    gennf = xnum/xden;

S30:

    return gennf;

}

double gennor(double av,double sd)

/*

**********************************************************************

     double gennor(double av,double sd)

         GENerate random deviate from a NORmal distribution

                              Function

     Generates a single random deviate from a normal distribution

     with mean, AV, and standard deviation, SD.

                              Arguments

     av --> Mean of the normal distribution.

     sd --> Standard deviation of the normal distribution.

                              Method

     Renames SNORM from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               Ahrens, J.H. and Dieter, U.

               Extensions of Forsythe's Method for Random

               Sampling from the Normal Distribution.

               Math. Comput., 27,124 (Oct. 1973), 927 - 937.

**********************************************************************

*/

{

static double gennor;

    gennor = sd*snorm()+av;

    return gennor;

}

void genprm(long *iarray,int larray)

/*

**********************************************************************

    void genprm(long *iarray,int larray)

               GENerate random PeRMutation of iarray

                              Arguments

     iarray <--> On output IARRAY is a random permutation of its

                 value on input

     larray <--> Length of IARRAY

**********************************************************************

*/

{

static long i,itmp,iwhich,D1,D2;

    for(i=1,D1=1,D2=(larray-i+D1)/D1; D2>0; D2--,i+=D1) {

        iwhich = ignuin(i,larray);

        itmp = *(iarray+iwhich-1);

        *(iarray+iwhich-1) = *(iarray+i-1);

        *(iarray+i-1) = itmp;

    }

}

double genunf(double low,double high)

/*

**********************************************************************

     double genunf(double low,double high)

               GeNerate Uniform Real between LOW and HIGH

                              Function

     Generates a real uniformly distributed between LOW and HIGH.

                              Arguments

     low --> Low bound (exclusive) on real value to be generated

     high --> High bound (exclusive) on real value to be generated

**********************************************************************

*/

{

static double genunf;

    if(!(low > high)) goto S10;

    fprintf(stderr,"LOW > HIGH in GENUNF: LOW %16.6E HIGH: %16.6E\n",low,high);

    fputs("Abort",stderr);

    exit(1);

S10:

    genunf = low+(high-low)*ranf();

    return genunf;

}

void gscgn(long getset,long *g)

/*

**********************************************************************

     void gscgn(long getset,long *g)

                         Get/Set GeNerator

     Gets or returns in G the number of the current generator

                              Arguments

     getset --> 0 Get

                1 Set

     g <-- Number of the current random number generator (1..32)

**********************************************************************

*/

{

#define numg 32L

static long curntg = 1;

    if(getset == 0) *g = curntg;

    else  {

        if(*g < 0 || *g > numg) {

            fputs(" Generator number out of range in GSCGN",stderr);

            exit(0);

        }

        curntg = *g;

    }

#undef numg

}

void gsrgs(long getset,long *qvalue)

/*

**********************************************************************

     void gsrgs(long getset,long *qvalue)

               Get/Set Random Generators Set

     Gets or sets whether random generators set (initialized).

     Initially (data statement) state is not set

     If getset is 1 state is set to qvalue

     If getset is 0 state returned in qvalue

**********************************************************************

*/

{

static long qinit = 0;

    if(getset == 0) *qvalue = qinit;

    else qinit = *qvalue;

}

void gssst(long getset,long *qset)

/*

**********************************************************************

     void gssst(long getset,long *qset)

          Get or Set whether Seed is Set

     Initialize to Seed not Set

     If getset is 1 sets state to Seed Set

     If getset is 0 returns T in qset if Seed Set

     Else returns F in qset

**********************************************************************

*/

{

static long qstate = 0;

    if(getset != 0) qstate = 1;

    else  *qset = qstate;

}

long ignbin(long n,double pp)

/*

**********************************************************************

     long ignbin(long n,double pp)

                    GENerate BINomial random deviate

                              Function

     Generates a single random deviate from a binomial

     distribution whose number of trials is N and whose

     probability of an event in each trial is P.

                              Arguments

     n  --> The number of trials in the binomial distribution

            from which a random deviate is to be generated.

     p  --> The probability of an event in each trial of the

            binomial distribution from which a random deviate

            is to be generated.

     ignbin <-- A random deviate yielding the number of events

                from N independent trials, each of which has

                a probability of event P.

                              Method

     This is algorithm BTPE from:

         Kachitvichyanukul, V. and Schmeiser, B. W.

         Binomial Random Variate Generation.

         Communications of the ACM, 31, 2

         (February, 1988) 216.

**********************************************************************

     SUBROUTINE BTPEC(N,PP,ISEED,JX)

     BINOMIAL RANDOM VARIATE GENERATOR

     MEAN .LT. 30 -- INVERSE CDF

       MEAN .GE. 30 -- ALGORITHM BTPE:  ACCEPTANCE-REJECTION VIA

       FOUR REGION COMPOSITION.  THE FOUR REGIONS ARE A TRIANGLE

       (SYMMETRIC IN THE CENTER), A PAIR OF PARALLELOGRAMS (ABOVE

       THE TRIANGLE), AND EXPONENTIAL LEFT AND RIGHT TAILS.

     BTPE REFERS TO BINOMIAL-TRIANGLE-PARALLELOGRAM-EXPONENTIAL.

     BTPEC REFERS TO BTPE AND "COMBINED."  THUS BTPE IS THE

       RESEARCH AND BTPEC IS THE IMPLEMENTATION OF A COMPLETE

       USABLE ALGORITHM.

     REFERENCE:  VORATAS KACHITVICHYANUKUL AND BRUCE SCHMEISER,

       "BINOMIAL RANDOM VARIATE GENERATION,"

       COMMUNICATIONS OF THE ACM, FORTHCOMING

     WRITTEN:  SEPTEMBER 1980.

       LAST REVISED:  MAY 1985, JULY 1987

     REQUIRED SUBPROGRAM:  RAND() -- A UNIFORM (0,1) RANDOM NUMBER

                           GENERATOR

     ARGUMENTS

       N : NUMBER OF BERNOULLI TRIALS            (INPUT)

       PP : PROBABILITY OF SUCCESS IN EACH TRIAL (INPUT)

       ISEED:  RANDOM NUMBER SEED                (INPUT AND OUTPUT)

       JX:  RANDOMLY GENERATED OBSERVATION       (OUTPUT)

     VARIABLES

       PSAVE: VALUE OF PP FROM THE LAST CALL TO BTPEC

       NSAVE: VALUE OF N FROM THE LAST CALL TO BTPEC

       XNP:  VALUE OF THE MEAN FROM THE LAST CALL TO BTPEC

       P: PROBABILITY USED IN THE GENERATION PHASE OF BTPEC

       FFM: TEMPORARY VARIABLE EQUAL TO XNP + P

       M:  INTEGER VALUE OF THE CURRENT MODE

       FM:  DOUBLEING POINT VALUE OF THE CURRENT MODE

       XNPQ: TEMPORARY VARIABLE USED IN SETUP AND SQUEEZING STEPS

       P1:  AREA OF THE TRIANGLE

       C:  HEIGHT OF THE PARALLELOGRAMS

       XM:  CENTER OF THE TRIANGLE

       XL:  LEFT END OF THE TRIANGLE

       XR:  RIGHT END OF THE TRIANGLE

       AL:  TEMPORARY VARIABLE

       XLL:  RATE FOR THE LEFT EXPONENTIAL TAIL

       XLR:  RATE FOR THE RIGHT EXPONENTIAL TAIL

       P2:  AREA OF THE PARALLELOGRAMS

       P3:  AREA OF THE LEFT EXPONENTIAL TAIL

       P4:  AREA OF THE RIGHT EXPONENTIAL TAIL

       U:  A U(0,P4) RANDOM VARIATE USED FIRST TO SELECT ONE OF THE

           FOUR REGIONS AND THEN CONDITIONALLY TO GENERATE A VALUE

           FROM THE REGION

       V:  A U(0,1) RANDOM NUMBER USED TO GENERATE THE RANDOM VALUE

           (REGION 1) OR TRANSFORMED INTO THE VARIATE TO ACCEPT OR

           REJECT THE CANDIDATE VALUE

       IX:  INTEGER CANDIDATE VALUE

       X:  PRELIMINARY CONTINUOUS CANDIDATE VALUE IN REGION 2 LOGIC

           AND A DOUBLEING POINT IX IN THE ACCEPT/REJECT LOGIC

       K:  ABSOLUTE VALUE OF (IX-M)

       F:  THE HEIGHT OF THE SCALED DENSITY FUNCTION USED IN THE

           ACCEPT/REJECT DECISION WHEN BOTH M AND IX ARE SMALL

           ALSO USED IN THE INVERSE TRANSFORMATION

       R: THE RATIO P/Q

       G: CONSTANT USED IN CALCULATION OF PROBABILITY

       MP:  MODE PLUS ONE, THE LOWER INDEX FOR EXPLICIT CALCULATION

            OF F WHEN IX IS GREATER THAN M

       IX1:  CANDIDATE VALUE PLUS ONE, THE LOWER INDEX FOR EXPLICIT

             CALCULATION OF F WHEN IX IS LESS THAN M

       I:  INDEX FOR EXPLICIT CALCULATION OF F FOR BTPE

       AMAXP: MAXIMUM ERROR OF THE LOGARITHM OF NORMAL BOUND

       YNORM: LOGARITHM OF NORMAL BOUND

       ALV:  NATURAL LOGARITHM OF THE ACCEPT/REJECT VARIATE V

       X1,F1,Z,W,Z2,X2,F2, AND W2 ARE TEMPORARY VARIABLES TO BE

       USED IN THE FINAL ACCEPT/REJECT TEST

       QN: PROBABILITY OF NO SUCCESS IN N TRIALS

     REMARK

       IX AND JX COULD LOGICALLY BE THE SAME VARIABLE, WHICH WOULD

       SAVE A MEMORY POSITION AND A LINE OF CODE.  HOWEVER, SOME

       COMPILERS (E.G.,CDC MNF) OPTIMIZE BETTER WHEN THE ARGUMENTS

       ARE NOT INVOLVED.

     ISEED NEEDS TO BE DOUBLE PRECISION IF THE IMSL ROUTINE

     GGUBFS IS USED TO GENERATE UNIFORM RANDOM NUMBER, OTHERWISE

     TYPE OF ISEED SHOULD BE DICTATED BY THE UNIFORM GENERATOR

**********************************************************************

*****DETERMINE APPROPRIATE ALGORITHM AND WHETHER SETUP IS NECESSARY

*/

{

static double psave = -1.0;

static long nsave = -1;

static long ignbin,i,ix,ix1,k,m,mp,T1;

static double al,alv,amaxp,c,f,f1,f2,ffm,fm,g,p,p1,p2,p3,p4,q,qn,r,u,v,w,w2,x,x1,

    x2,xl,xll,xlr,xm,xnp,xnpq,xr,ynorm,z,z2;

    if(pp != psave) goto S10;

    if(n != nsave) goto S20;

    if(xnp < 30.0) goto S150;

    goto S30;

S10:

/*

*****SETUP, PERFORM ONLY WHEN PARAMETERS CHANGE

*/

    psave = pp;

    p = min(psave,1.0-psave);

    q = 1.0-p;

S20:

    xnp = n*p;

    nsave = n;

    if(xnp < 30.0) goto S140;

    ffm = xnp+p;

    m = ffm;

    fm = m;

    xnpq = xnp*q;

    p1 = (long) (2.195*sqrt(xnpq)-4.6*q)+0.5;

    xm = fm+0.5;

    xl = xm-p1;

    xr = xm+p1;

    c = 0.134+20.5/(15.3+fm);

    al = (ffm-xl)/(ffm-xl*p);

    xll = al*(1.0+0.5*al);

    al = (xr-ffm)/(xr*q);

    xlr = al*(1.0+0.5*al);

    p2 = p1*(1.0+c+c);

    p3 = p2+c/xll;

    p4 = p3+c/xlr;

S30:

/*

*****GENERATE VARIATE

*/

    u = ranf()*p4;

    v = ranf();

/*

     TRIANGULAR REGION

*/

    if(u > p1) goto S40;

    ix = xm-p1*v+u;

    goto S170;

S40:

/*

     PARALLELOGRAM REGION

*/

    if(u > p2) goto S50;

    x = xl+(u-p1)/c;

    v = v*c+1.0-ABS(xm-x)/p1;

    if(v > 1.0 || v <= 0.0) goto S30;

    ix = x;

    goto S70;

S50:

/*

     LEFT TAIL

*/

    if(u > p3) goto S60;

    ix = xl+log(v)/xll;

    if(ix < 0) goto S30;

    v *= ((u-p2)*xll);

    goto S70;

S60:

/*

     RIGHT TAIL

*/

    ix = xr-log(v)/xlr;

    if(ix > n) goto S30;

    v *= ((u-p3)*xlr);

S70:

/*

*****DETERMINE APPROPRIATE WAY TO PERFORM ACCEPT/REJECT TEST

*/

    k = ABS(ix-m);

    if(k > 20 && k < xnpq/2-1) goto S130;

/*

     EXPLICIT EVALUATION

*/

    f = 1.0;

    r = p/q;

    g = (n+1)*r;

    T1 = m-ix;

    if(T1 < 0) goto S80;

    else if(T1 == 0) goto S120;

    else  goto S100;

S80:

    mp = m+1;

    for(i=mp; i<=ix; i++) f *= (g/i-r);

    goto S120;

S100:

    ix1 = ix+1;

    for(i=ix1; i<=m; i++) f /= (g/i-r);

S120:

    if(v <= f) goto S170;

    goto S30;

S130:

/*

     SQUEEZING USING UPPER AND LOWER BOUNDS ON ALOG(F(X))

*/

    amaxp = k/xnpq*((k*(k/3.0+0.625)+0.1666666666666)/xnpq+0.5);

    ynorm = -(k*k/(2.0*xnpq));

    alv = log(v);

    if(alv < ynorm-amaxp) goto S170;

    if(alv > ynorm+amaxp) goto S30;

/*

     STIRLING'S FORMULA TO MACHINE ACCURACY FOR

     THE FINAL ACCEPTANCE/REJECTION TEST

*/

    x1 = ix+1.0;

    f1 = fm+1.0;

    z = n+1.0-fm;

    w = n-ix+1.0;

    z2 = z*z;

    x2 = x1*x1;

    f2 = f1*f1;

    w2 = w*w;

    if(alv <= xm*log(f1/x1)+(n-m+0.5)*log(z/w)+(ix-m)*log(w*p/(x1*q))+(13860.0-

      (462.0-(132.0-(99.0-140.0/f2)/f2)/f2)/f2)/f1/166320.0+(13860.0-(462.0-

      (132.0-(99.0-140.0/z2)/z2)/z2)/z2)/z/166320.0+(13860.0-(462.0-(132.0-

      (99.0-140.0/x2)/x2)/x2)/x2)/x1/166320.0+(13860.0-(462.0-(132.0-(99.0

      -140.0/w2)/w2)/w2)/w2)/w/166320.0) goto S170;

    goto S30;

S140:

/*

     INVERSE CDF LOGIC FOR MEAN LESS THAN 30

*/

    qn = pow(q,(double)n);

    r = p/q;

    g = r*(n+1);

S150:

    ix = 0;

    f = qn;

    u = ranf();

S160:

    if(u < f) goto S170;

    if(ix > 110) goto S150;

    u -= f;

    ix += 1;

    f *= (g/ix-r);

    goto S160;

S170:

    if(psave > 0.5) ix = n-ix;

    ignbin = ix;

    return ignbin;

}

long ignnbn(long n,double p)

/*

**********************************************************************

     long ignnbn(long n,double p)

                GENerate Negative BiNomial random deviate

                              Function

     Generates a single random deviate from a negative binomial

     distribution.

                              Arguments

     N  --> The number of trials in the negative binomial distribution

            from which a random deviate is to be generated.

     P  --> The probability of an event.

                              Method

     Algorithm from page 480 of

     Devroye, Luc

     Non-Uniform Random Variate Generation.  Springer-Verlag,

     New York, 1986.

**********************************************************************

*/

{

static long ignnbn;

static double y,a,r;

/*

     ..

     .. Executable Statements ..

*/

/*

     Check Arguments

*/

    if(n < 0) ftnstop("N < 0 in IGNNBN");

    if(p <= 0.0F) ftnstop("P <= 0 in IGNNBN");

    if(p >= 1.0F) ftnstop("P >= 1 in IGNNBN");

/*

     Generate Y, a random gamma (n,(1-p)/p) variable

*/

    r = (double)n;

    a = p/(1.0F-p);

    y = gengam(a,r);

/*

     Generate a random Poisson(y) variable

*/

    ignnbn = ignpoi(y);

    return ignnbn;

}

long ignpoi(double mu)

/*

**********************************************************************

     long ignpoi(double mu)

                    GENerate POIsson random deviate

                              Function

     Generates a single random deviate from a Poisson

     distribution with mean AV.

                              Arguments

     av --> The mean of the Poisson distribution from which

            a random deviate is to be generated.

     genexp <-- The random deviate.

                              Method

     Renames KPOIS from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               Ahrens, J.H. and Dieter, U.

               Computer Generation of Poisson Deviates

               From Modified Normal Distributions.

               ACM Trans. Math. Software, 8, 2

               (June 1982),163-179

**********************************************************************

**********************************************************************

     P O I S S O N  DISTRIBUTION                                      

**********************************************************************

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               COMPUTER GENERATION OF POISSON DEVIATES                

               FROM MODIFIED NORMAL DISTRIBUTIONS.                    

               ACM TRANS. MATH. SOFTWARE, 8,2 (JUNE 1982), 163 - 179. 

     (SLIGHTLY MODIFIED VERSION OF THE PROGRAM IN THE ABOVE ARTICLE)  

**********************************************************************

      INTEGER FUNCTION IGNPOI(IR,MU)

     INPUT:  IR=CURRENT STATE OF BASIC RANDOM NUMBER GENERATOR

             MU=MEAN MU OF THE POISSON DISTRIBUTION

     OUTPUT: IGNPOI=SAMPLE FROM THE POISSON-(MU)-DISTRIBUTION

     MUPREV=PREVIOUS MU, MUOLD=MU AT LAST EXECUTION OF STEP P OR B.

     TABLES: COEFFICIENTS A0-A7 FOR STEP F. FACTORIALS FACT

     COEFFICIENTS A(K) - FOR PX = FK*V*V*SUM(A(K)*V**K)-DEL

     SEPARATION OF CASES A AND B

*/

{

extern double fsign( double num, double sign );

static double a0 = -0.5;

static double a1 = 0.3333333;

static double a2 = -0.2500068;

static double a3 = 0.2000118;

static double a4 = -0.1661269;

static double a5 = 0.1421878;

static double a6 = -0.1384794;

static double a7 = 0.125006;

static double muold = 0.0;

static double muprev = 0.0;

static double fact[10] = {

    1.0,1.0,2.0,6.0,24.0,120.0,720.0,5040.0,40320.0,362880.0

};

static long ignpoi,j,k,kflag,l,m;

static double b1,b2,c,c0,c1,c2,c3,d,del,difmuk,e,fk,fx,fy,g,omega,p,p0,px,py,q,s,

    t,u,v,x,xx,pp[35];

    if(mu == muprev) goto S10;

    if(mu < 10.0) goto S120;

/*

     C A S E  A. (RECALCULATION OF S,D,L IF MU HAS CHANGED)

*/

    muprev = mu;

    s = sqrt(mu);

    d = 6.0*mu*mu;

/*

             THE POISSON PROBABILITIES PK EXCEED THE DISCRETE NORMAL

             PROBABILITIES FK WHENEVER K >= M(MU). L=IFIX(MU-1.1484)

             IS AN UPPER BOUND TO M(MU) FOR ALL MU >= 10 .

*/

    l = (long) (mu-1.1484);

S10:

/*

     STEP N. NORMAL SAMPLE - SNORM(IR) FOR STANDARD NORMAL DEVIATE

*/

    g = mu+s*snorm();

    if(g < 0.0) goto S20;

    ignpoi = (long) (g);

/*

     STEP I. IMMEDIATE ACCEPTANCE IF IGNPOI IS LARGE ENOUGH

*/

    if(ignpoi >= l) return ignpoi;

/*

     STEP S. SQUEEZE ACCEPTANCE - SUNIF(IR) FOR (0,1)-SAMPLE U

*/

    fk = (double)ignpoi;

    difmuk = mu-fk;

    u = ranf();

    if(d*u >= difmuk*difmuk*difmuk) return ignpoi;

S20:

/*

     STEP P. PREPARATIONS FOR STEPS Q AND H.

             (RECALCULATIONS OF PARAMETERS IF NECESSARY)

             .3989423=(2*PI)**(-.5)  .416667E-1=1./24.  .1428571=1./7.

             THE QUANTITIES B1, B2, C3, C2, C1, C0 ARE FOR THE HERMITE

             APPROXIMATIONS TO THE DISCRETE NORMAL PROBABILITIES FK.

             C=.1069/MU GUARANTEES MAJORIZATION BY THE 'HAT'-FUNCTION.

*/

    if(mu == muold) goto S30;

    muold = mu;

    omega = 0.3989423/s;

    b1 = 4.166667E-2/mu;

    b2 = 0.3*b1*b1;

    c3 = 0.1428571*b1*b2;

    c2 = b2-15.0*c3;

    c1 = b1-6.0*b2+45.0*c3;

    c0 = 1.0-b1+3.0*b2-15.0*c3;

    c = 0.1069/mu;

S30:

    if(g < 0.0) goto S50;

/*

             'SUBROUTINE' F IS CALLED (KFLAG=0 FOR CORRECT RETURN)

*/

    kflag = 0;

    goto S70;

S40:

/*

     STEP Q. QUOTIENT ACCEPTANCE (RARE CASE)

*/

    if(fy-u*fy <= py*exp(px-fx)) return ignpoi;

S50:

/*

     STEP E. EXPONENTIAL SAMPLE - SEXPO(IR) FOR STANDARD EXPONENTIAL

             DEVIATE E AND SAMPLE T FROM THE LAPLACE 'HAT'

             (IF T <= -.6744 THEN PK < FK FOR ALL MU >= 10.)

*/

    e = sexpo();

    u = ranf();

    u += (u-1.0);

    t = 1.8+fsign(e,u);

    if(t <= -0.6744) goto S50;

    ignpoi = (long) (mu+s*t);

    fk = (double)ignpoi;

    difmuk = mu-fk;

/*

             'SUBROUTINE' F IS CALLED (KFLAG=1 FOR CORRECT RETURN)

*/

    kflag = 1;

    goto S70;

S60:

/*

     STEP H. HAT ACCEPTANCE (E IS REPEATED ON REJECTION)

*/

    if(c*fabs(u) > py*exp(px+e)-fy*exp(fx+e)) goto S50;

    return ignpoi;

S70:

/*

     STEP F. 'SUBROUTINE' F. CALCULATION OF PX,PY,FX,FY.

             CASE IGNPOI .LT. 10 USES FACTORIALS FROM TABLE FACT

*/

    if(ignpoi >= 10) goto S80;

    px = -mu;

    py = pow(mu,(double)ignpoi)/ *(fact+ignpoi);

    goto S110;

S80:

/*

             CASE IGNPOI .GE. 10 USES POLYNOMIAL APPROXIMATION

             A0-A7 FOR ACCURACY WHEN ADVISABLE

             .8333333E-1=1./12.  .3989423=(2*PI)**(-.5)

*/

    del = 8.333333E-2/fk;

    del -= (4.8*del*del*del);

    v = difmuk/fk;

    if(fabs(v) <= 0.25) goto S90;

    px = fk*log(1.0+v)-difmuk-del;

    goto S100;

S90:

    px = fk*v*v*(((((((a7*v+a6)*v+a5)*v+a4)*v+a3)*v+a2)*v+a1)*v+a0)-del;

S100:

    py = 0.3989423/sqrt(fk);

S110:

    x = (0.5-difmuk)/s;

    xx = x*x;

    fx = -0.5*xx;

    fy = omega*(((c3*xx+c2)*xx+c1)*xx+c0);

    if(kflag <= 0) goto S40;

    goto S60;

S120:

/*

     C A S E  B. (START NEW TABLE AND CALCULATE P0 IF NECESSARY)

*/

    muprev = 0.0;

    if(mu == muold) goto S130;

    muold = mu;

    m = max(1L,(long) (mu));

    l = 0;

    p = exp(-mu);

    q = p0 = p;

S130:

/*

     STEP U. UNIFORM SAMPLE FOR INVERSION METHOD

*/

    u = ranf();

    ignpoi = 0;

    if(u <= p0) return ignpoi;

/*

     STEP T. TABLE COMPARISON UNTIL THE END PP(L) OF THE

             PP-TABLE OF CUMULATIVE POISSON PROBABILITIES

             (0.458=PP(9) FOR MU=10)

*/

    if(l == 0) goto S150;

    j = 1;

    if(u > 0.458) j = min(l,m);

    for(k=j; k<=l; k++) {

        if(u <= *(pp+k-1)) goto S180;

    }

    if(l == 35) goto S130;

S150:

/*

     STEP C. CREATION OF NEW POISSON PROBABILITIES P

             AND THEIR CUMULATIVES Q=PP(K)

*/

    l += 1;

    for(k=l; k<=35; k++) {

        p = p*mu/(double)k;

        q += p;

        *(pp+k-1) = q;

        if(u <= q) goto S170;

    }

    l = 35;

    goto S130;

S170:

    l = k;

S180:

    ignpoi = k;

    return ignpoi;

}

long ignuin(long low,long high)

/*

**********************************************************************

     long ignuin(long low,long high)

               GeNerate Uniform INteger

                              Function

     Generates an integer uniformly distributed between LOW and HIGH.

                              Arguments

     low --> Low bound (inclusive) on integer value to be generated

     high --> High bound (inclusive) on integer value to be generated

                              Note

     If (HIGH-LOW) > 2,147,483,561 prints error message on * unit and

     stops the program.

**********************************************************************

     IGNLGI generates integers between 1 and 2147483562

     MAXNUM is 1 less than maximum generable value

*/

{

#define maxnum 2147483561L

static long ignuin,ign,maxnow,range,ranp1;

    if(!(low > high)) goto S10;

    fputs(" low > high in ignuin - ABORT",stderr);

    exit(1);

S10:

    range = high-low;

    if(!(range > maxnum)) goto S20;

    fputs(" high - low too large in ignuin - ABORT",stderr);

    exit(1);

S20:

    if(!(low == high)) goto S30;

    ignuin = low;

    return ignuin;

S30:

/*

     Number to be generated should be in range 0..RANGE

     Set MAXNOW so that the number of integers in 0..MAXNOW is an

     integral multiple of the number in 0..RANGE

*/

    ranp1 = range+1;

    maxnow = maxnum/ranp1*ranp1;

S40:

    ign = ignlgi()-1;

    if(!(ign <= maxnow)) goto S50;

    ignuin = low+ign%ranp1;

    return ignuin;

S50:

    goto S40;

#undef maxnum

#undef err1

#undef err2

}

long lennob( char *str )

/* 

Returns the length of str ignoring trailing blanks but not 

other white space.

*/

{

long i, i_nb;

for (i=0, i_nb= -1L; *(str+i); i++)

    if ( *(str+i) != ' ' ) i_nb = i;

return (i_nb+1);

    }

long mltmod(long a,long s,long m)

/*

**********************************************************************

     long mltmod(long a,long s,long m)

                    Returns (A*S) MOD M

     This is a transcription from Pascal to Fortran of routine

     MULtMod_Decompos from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     a, s, m  -->

**********************************************************************

*/

{

#define h 32768L

static long mltmod,a0,a1,k,p,q,qh,rh;

/*

     H = 2**((b-2)/2) where b = 32 because we are using a 32 bit

      machine. On a different machine recompute H

*/

    if(!(a <= 0 || a >= m || s <= 0 || s >= m)) goto S10;

    fputs(" a, m, s out of order in mltmod - ABORT!",stderr);

    fprintf(stderr," a = %12ld s = %12ld m = %12ld\n",a,s,m);

    fputs(" mltmod requires: 0 < a < m; 0 < s < m",stderr);

    exit(1);

S10:

    if(!(a < h)) goto S20;

    a0 = a;

    p = 0;

    goto S120;

S20:

    a1 = a/h;

    a0 = a-h*a1;

    qh = m/h;

    rh = m-h*qh;

    if(!(a1 >= h)) goto S50;

    a1 -= h;

    k = s/qh;

    p = h*(s-k*qh)-k*rh;

S30:

    if(!(p < 0)) goto S40;

    p += m;

    goto S30;

S40:

    goto S60;

S50:

    p = 0;

S60:

/*

     P = (A2*S*H)MOD M

*/

    if(!(a1 != 0)) goto S90;

    q = m/a1;

    k = s/q;

    p -= (k*(m-a1*q));

    if(p > 0) p -= m;

    p += (a1*(s-k*q));

S70:

    if(!(p < 0)) goto S80;

    p += m;

    goto S70;

S90:

S80:

    k = p/qh;

/*

     P = ((A2*H + A1)*S)MOD M

*/

    p = h*(p-k*qh)-k*rh;

S100:

    if(!(p < 0)) goto S110;

    p += m;

    goto S100;

S120:

S110:

    if(!(a0 != 0)) goto S150;

/*

     P = ((A2*H + A1)*H*S)MOD M

*/

    q = m/a0;

    k = s/q;

    p -= (k*(m-a0*q));

    if(p > 0) p -= m;

    p += (a0*(s-k*q));

S130:

    if(!(p < 0)) goto S140;

    p += m;

    goto S130;

S150:

S140:

    mltmod = p;

    return mltmod;

#undef h

}

void phrtsd(char* phrase,long *seed1,long *seed2)

/*

**********************************************************************

     void phrtsd(char* phrase,long *seed1,long *seed2)

               PHRase To SeeDs

                              Function

     Uses a phrase (character string) to generate two seeds for the RGN

     random number generator.

                              Arguments

     phrase --> Phrase to be used for random number generation

     seed1 <-- First seed for generator

     seed2 <-- Second seed for generator

                              Note

     Trailing blanks are eliminated before the seeds are generated.

     Generated seed values will fall in the range 1..2^30

     (1..1,073,741,824)

**********************************************************************

*/

{

static char table[] =

"abcdefghijklmnopqrstuvwxyz\

ABCDEFGHIJKLMNOPQRSTUVWXYZ\

0123456789\

!@#$%^&*()_+[];:'\\\"<>?,./";

long ix;

static long twop30 = 1073741824L;

static long shift[5] = {

    1L,64L,4096L,262144L,16777216L

};

static long i,ichr,j,lphr,values[5];

extern long lennob(char *str);

    *seed1 = 1234567890L;

    *seed2 = 123456789L;

    lphr = lennob(phrase); 

    if(lphr < 1) return;

    for(i=0; i<=(lphr-1); i++) {


for (ix=0; table[ix]; ix++) if (*(phrase+i) == table[ix]) break; 

        if (!table[ix]) ix = 0;

        ichr = ix % 64;

        if(ichr == 0) ichr = 63;

        for(j=1; j<=5; j++) {

            *(values+j-1) = ichr-j;

            if(*(values+j-1) < 1) *(values+j-1) += 63;

        }

        for(j=1; j<=5; j++) {

            *seed1 = ( *seed1+*(shift+j-1)**(values+j-1) ) % twop30;

            *seed2 = ( *seed2+*(shift+j-1)**(values+6-j-1) )  % twop30;

        }

    }

#undef twop30

}

double ranf(void)

/*

**********************************************************************

     double ranf(void)

                RANDom number generator as a Function

     Returns a random doubleing point number from a uniform distribution

     over 0 - 1 (endpoints of this interval are not returned) using the

     current generator

     This is a transcription from Pascal to Fortran of routine

     Uniform_01 from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

**********************************************************************

*/

{

static double ranf;

/*

     4.656613057E-10 is 1/M1  M1 is set in a data statement in IGNLGI

      and is currently 2147483563. If M1 changes, change this also.

*/

    ranf = ignlgi()*4.656613057E-10;

    return ranf;

}

void setgmn(double *meanv,double *covm,long p,double *parm)

/*

**********************************************************************

     void setgmn(double *meanv,double *covm,long p,double *parm)

            SET Generate Multivariate Normal random deviate

                              Function

      Places P, MEANV, and the Cholesky factoriztion of COVM

      in GENMN.

                              Arguments

     meanv --> Mean vector of multivariate normal distribution.

     covm   <--> (Input) Covariance   matrix    of  the  multivariate

                 normal distribution

                 (Output) Destroyed on output

     p     --> Dimension of the normal, or length of MEANV.

     parm <-- Array of parameters needed to generate multivariate norma

                deviates (P, MEANV and Cholesky decomposition of

                COVM).

                1 : 1                - P

                2 : P + 1            - MEANV

                P+2 : P*(P+3)/2 + 1  - Cholesky decomposition of COVM

               Needed dimension is (p*(p+3)/2 + 1)

**********************************************************************

*/

{

extern void spofa(double *a,long lda,long n,long *info);

static long T1;

static long i,icount,info,j,D2,D3,D4,D5;

    T1 = p*(p+3)/2+1;

/*

     TEST THE INPUT

*/

    if(!(p <= 0)) goto S10;

    fputs("P nonpositive in SETGMN",stderr);

    fprintf(stderr,"Value of P: %12ld\n",p);

    exit(1);

S10:

    *parm = p;

/*

     PUT P AND MEANV INTO PARM

*/

    for(i=2,D2=1,D3=(p+1-i+D2)/D2; D3>0; D3--,i+=D2) *(parm+i-1) = *(meanv+i-2);

/*

      Cholesky decomposition to find A s.t. trans(A)*(A) = COVM

*/

    spofa(covm,p,p,&info);

    if(!(info != 0)) goto S30;

    fputs(" COVM not positive definite in SETGMN",stderr);

    exit(1);

S30:

    icount = p+1;

/*

     PUT UPPER HALF OF A, WHICH IS NOW THE CHOLESKY FACTOR, INTO PARM

          COVM(1,1) = PARM(P+2)

          COVM(1,2) = PARM(P+3)

                    :

          COVM(1,P) = PARM(2P+1)

          COVM(2,2) = PARM(2P+2)  ...

*/

    for(i=1,D4=1,D5=(p-i+D4)/D4; D5>0; D5--,i+=D4) {

        for(j=i-1; j<p; j++) {

            icount += 1;

            *(parm+icount-1) = *(covm+i-1+j*p);

        }

    }

}

double sexpo(void)

/*

**********************************************************************

     (STANDARD-)  E X P O N E N T I A L   DISTRIBUTION                

**********************************************************************

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               COMPUTER METHODS FOR SAMPLING FROM THE                 

               EXPONENTIAL AND NORMAL DISTRIBUTIONS.                  

               COMM. ACM, 15,10 (OCT. 1972), 873 - 882.               

     ALL STATEMENT NUMBERS CORRESPOND TO THE STEPS OF ALGORITHM       

     'SA' IN THE ABOVE PAPER (SLIGHTLY MODIFIED IMPLEMENTATION)       

     Modified by Barry W. Brown, Feb 3, 1988 to use RANF instead of   

     SUNIF.  The argument IR thus goes away.                          

**********************************************************************

     Q(N) = SUM(ALOG(2.0)**K/K!)    K=1,..,N ,      THE HIGHEST N

     (HERE 8) IS DETERMINED BY Q(N)=1.0 WITHIN STANDARD PRECISION

*/

{

static double q[8] = {

    0.6931472,0.9333737,0.9888778,0.9984959,0.9998293,0.9999833,0.9999986,1.0

};

static long i;

static double sexpo,a,u,ustar,umin;

static double *q1 = q;

    a = 0.0;

    u = ranf();

    goto S30;

S20:

    a += *q1;

S30:

    u += u;

    if(u <= 1.0) goto S20;

    u -= 1.0;

    if(u > *q1) goto S60;

    sexpo = a+u;

    return sexpo;

S60:

    i = 1;

    ustar = ranf();

    umin = ustar;

S70:

    ustar = ranf();

    if(ustar < umin) umin = ustar;

    i += 1;

    if(u > *(q+i-1)) goto S70;

    sexpo = a+umin**q1;

    return sexpo;

}

double sgamma(double a)

/*

**********************************************************************

     (STANDARD-)  G A M M A  DISTRIBUTION                             

**********************************************************************

**********************************************************************

               PARAMETER  A >= 1.0  !                                 

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               GENERATING GAMMA VARIATES BY A                         

               MODIFIED REJECTION TECHNIQUE.                          

               COMM. ACM, 25,1 (JAN. 1982), 47 - 54.                  

     STEP NUMBERS CORRESPOND TO ALGORITHM 'GD' IN THE ABOVE PAPER     

                                 (STRAIGHTFORWARD IMPLEMENTATION)     

     Modified by Barry W. Brown, Feb 3, 1988 to use RANF instead of   

     SUNIF.  The argument IR thus goes away.                          

**********************************************************************

               PARAMETER  0.0 < A < 1.0  !                            

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               COMPUTER METHODS FOR SAMPLING FROM GAMMA,              

               BETA, POISSON AND BINOMIAL DISTRIBUTIONS.              

               COMPUTING, 12 (1974), 223 - 246.                       

     (ADAPTED IMPLEMENTATION OF ALGORITHM 'GS' IN THE ABOVE PAPER)    

**********************************************************************

     INPUT: A =PARAMETER (MEAN) OF THE STANDARD GAMMA DISTRIBUTION

     OUTPUT: SGAMMA = SAMPLE FROM THE GAMMA-(A)-DISTRIBUTION

     COEFFICIENTS Q(K) - FOR Q0 = SUM(Q(K)*A**(-K))

     COEFFICIENTS A(K) - FOR Q = Q0+(T*T/2)*SUM(A(K)*V**K)

     COEFFICIENTS E(K) - FOR EXP(Q)-1 = SUM(E(K)*Q**K)

     PREVIOUS A PRE-SET TO ZERO - AA IS A', AAA IS A"

     SQRT32 IS THE SQUAREROOT OF 32 = 5.656854249492380

*/

{

extern double fsign( double num, double sign );

static double q1 = 4.166669E-2;

static double q2 = 2.083148E-2;

static double q3 = 8.01191E-3;

static double q4 = 1.44121E-3;

static double q5 = -7.388E-5;

static double q6 = 2.4511E-4;

static double q7 = 2.424E-4;

static double a1 = 0.3333333;

static double a2 = -0.250003;

static double a3 = 0.2000062;

static double a4 = -0.1662921;

static double a5 = 0.1423657;

static double a6 = -0.1367177;

static double a7 = 0.1233795;

static double e1 = 1.0;

static double e2 = 0.4999897;

static double e3 = 0.166829;

static double e4 = 4.07753E-2;

static double e5 = 1.0293E-2;

static double aa = 0.0;

static double aaa = 0.0;

static double sqrt32 = 5.656854;

static double sgamma,s2,s,d,t,x,u,r,q0,b,si,c,v,q,e,w,p;

    if(a == aa) goto S10;

    if(a < 1.0) goto S120;

/*

     STEP  1:  RECALCULATIONS OF S2,S,D IF A HAS CHANGED

*/

    aa = a;

    s2 = a-0.5;

    s = sqrt(s2);

    d = sqrt32-12.0*s;

S10:

/*

     STEP  2:  T=STANDARD NORMAL DEVIATE,

               X=(S,1/2)-NORMAL DEVIATE.

               IMMEDIATE ACCEPTANCE (I)

*/

    t = snorm();

    x = s+0.5*t;

    sgamma = x*x;

    if(t >= 0.0) return sgamma;

/*

     STEP  3:  U= 0,1 -UNIFORM SAMPLE. SQUEEZE ACCEPTANCE (S)

*/

    u = ranf();

    if(d*u <= t*t*t) return sgamma;

/*

     STEP  4:  RECALCULATIONS OF Q0,B,SI,C IF NECESSARY

*/

    if(a == aaa) goto S40;

    aaa = a;

    r = 1.0/ a;

    q0 = ((((((q7*r+q6)*r+q5)*r+q4)*r+q3)*r+q2)*r+q1)*r;

/*

               APPROXIMATION DEPENDING ON SIZE OF PARAMETER A

               THE CONSTANTS IN THE EXPRESSIONS FOR B, SI AND

               C WERE ESTABLISHED BY NUMERICAL EXPERIMENTS

*/

    if(a <= 3.686) goto S30;

    if(a <= 13.022) goto S20;

/*

               CASE 3:  A .GT. 13.022

*/

    b = 1.77;

    si = 0.75;

    c = 0.1515/s;

    goto S40;

S20:

/*

               CASE 2:  3.686 .LT. A .LE. 13.022

*/

    b = 1.654+7.6E-3*s2;

    si = 1.68/s+0.275;

    c = 6.2E-2/s+2.4E-2;

    goto S40;

S30:

/*

               CASE 1:  A .LE. 3.686

*/

    b = 0.463+s+0.178*s2;

    si = 1.235;

    c = 0.195/s-7.9E-2+1.6E-1*s;

S40:

/*

     STEP  5:  NO QUOTIENT TEST IF X NOT POSITIVE

*/

    if(x <= 0.0) goto S70;

/*

     STEP  6:  CALCULATION OF V AND QUOTIENT Q

*/

    v = t/(s+s);

    if(fabs(v) <= 0.25) goto S50;

    q = q0-s*t+0.25*t*t+(s2+s2)*log(1.0+v);

    goto S60;

S50:

    q = q0+0.5*t*t*((((((a7*v+a6)*v+a5)*v+a4)*v+a3)*v+a2)*v+a1)*v;

S60:

/*

     STEP  7:  QUOTIENT ACCEPTANCE (Q)

*/

    if(log(1.0-u) <= q) return sgamma;

S70:

/*

     STEP  8:  E=STANDARD EXPONENTIAL DEVIATE

               U= 0,1 -UNIFORM DEVIATE

               T=(B,SI)-DOUBLE EXPONENTIAL (LAPLACE) SAMPLE

*/

    e = sexpo();

    u = ranf();

    u += (u-1.0);

    t = b+fsign(si*e,u);

/*

     STEP  9:  REJECTION IF T .LT. TAU(1) = -.71874483771719

*/

    if(t < -0.7187449) goto S70;

/*

     STEP 10:  CALCULATION OF V AND QUOTIENT Q

*/

    v = t/(s+s);

    if(fabs(v) <= 0.25) goto S80;

    q = q0-s*t+0.25*t*t+(s2+s2)*log(1.0+v);

    goto S90;

S80:

    q = q0+0.5*t*t*((((((a7*v+a6)*v+a5)*v+a4)*v+a3)*v+a2)*v+a1)*v;

S90:

/*

     STEP 11:  HAT ACCEPTANCE (H) (IF Q NOT POSITIVE GO TO STEP 8)

*/

    if(q <= 0.0) goto S70;

    if(q <= 0.5) goto S100;

    w = exp(q)-1.0;

    goto S110;

S100:

    w = ((((e5*q+e4)*q+e3)*q+e2)*q+e1)*q;

S110:

/*

               IF T IS REJECTED, SAMPLE AGAIN AT STEP 8

*/

    if(c*fabs(u) > w*exp(e-0.5*t*t)) goto S70;

    x = s+0.5*t;

    sgamma = x*x;

    return sgamma;

S120:

/*

     ALTERNATE METHOD FOR PARAMETERS A BELOW 1  (.3678794=EXP(-1.))

*/

    aa = 0.0;

    b = 1.0+0.3678794*a;

S130:

    p = b*ranf();

    if(p >= 1.0) goto S140;

    sgamma = exp(log(p)/ a);

    if(sexpo() < sgamma) goto S130;

    return sgamma;

S140:

    sgamma = -log((b-p)/ a);

    if(sexpo() < (1.0-a)*log(sgamma)) goto S130;

    return sgamma;

}

double snorm(void)

/*

**********************************************************************

     (STANDARD-)  N O R M A L  DISTRIBUTION                           

**********************************************************************

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               EXTENSIONS OF FORSYTHE'S METHOD FOR RANDOM             

               SAMPLING FROM THE NORMAL DISTRIBUTION.                 

               MATH. COMPUT., 27,124 (OCT. 1973), 927 - 937.          

     ALL STATEMENT NUMBERS CORRESPOND TO THE STEPS OF ALGORITHM 'FL'  

     (M=5) IN THE ABOVE PAPER     (SLIGHTLY MODIFIED IMPLEMENTATION)  

     Modified by Barry W. Brown, Feb 3, 1988 to use RANF instead of   

     SUNIF.  The argument IR thus goes away.                          

**********************************************************************

     THE DEFINITIONS OF THE CONSTANTS A(K), D(K), T(K) AND

     H(K) ARE ACCORDING TO THE ABOVEMENTIONED ARTICLE

*/

{

static double a[32] = {

    0.0,3.917609E-2,7.841241E-2,0.11777,0.1573107,0.1970991,0.2372021,0.2776904,

    0.3186394,0.36013,0.4022501,0.4450965,0.4887764,0.5334097,0.5791322,

    0.626099,0.6744898,0.7245144,0.7764218,0.8305109,0.8871466,0.9467818,

    1.00999,1.077516,1.150349,1.229859,1.318011,1.417797,1.534121,1.67594,

    1.862732,2.153875

};

static double d[31] = {

    0.0,0.0,0.0,0.0,0.0,0.2636843,0.2425085,0.2255674,0.2116342,0.1999243,

    0.1899108,0.1812252,0.1736014,0.1668419,0.1607967,0.1553497,0.1504094,

    0.1459026,0.14177,0.1379632,0.1344418,0.1311722,0.128126,0.1252791,

    0.1226109,0.1201036,0.1177417,0.1155119,0.1134023,0.1114027,0.1095039

};

static double t[31] = {

    7.673828E-4,2.30687E-3,3.860618E-3,5.438454E-3,7.0507E-3,8.708396E-3,

    1.042357E-2,1.220953E-2,1.408125E-2,1.605579E-2,1.81529E-2,2.039573E-2,

    2.281177E-2,2.543407E-2,2.830296E-2,3.146822E-2,3.499233E-2,3.895483E-2,

    4.345878E-2,4.864035E-2,5.468334E-2,6.184222E-2,7.047983E-2,8.113195E-2,

    9.462444E-2,0.1123001,0.136498,0.1716886,0.2276241,0.330498,0.5847031

};

static double h[31] = {

    3.920617E-2,3.932705E-2,3.951E-2,3.975703E-2,4.007093E-2,4.045533E-2,

    4.091481E-2,4.145507E-2,4.208311E-2,4.280748E-2,4.363863E-2,4.458932E-2,

    4.567523E-2,4.691571E-2,4.833487E-2,4.996298E-2,5.183859E-2,5.401138E-2,

    5.654656E-2,5.95313E-2,6.308489E-2,6.737503E-2,7.264544E-2,7.926471E-2,

    8.781922E-2,9.930398E-2,0.11556,0.1404344,0.1836142,0.2790016,0.7010474

};

static long i;

static double snorm,u,s,ustar,aa,w,y,tt;

    u = ranf();

    s = 0.0;

    if(u > 0.5) s = 1.0;

    u += (u-s);

    u = 32.0*u;

    i = (long) (u);

    if(i == 32) i = 31;

    if(i == 0) goto S100;

/*

                                START CENTER

*/

    ustar = u-(double)i;

    aa = *(a+i-1);

S40:

    if(ustar <= *(t+i-1)) goto S60;

    w = (ustar-*(t+i-1))**(h+i-1);

S50:

/*

                                EXIT   (BOTH CASES)

*/

    y = aa+w;

    snorm = y;

    if(s == 1.0) snorm = -y;

    return snorm;

S60:

/*

                                CENTER CONTINUED

*/

    u = ranf();

    w = u*(*(a+i)-aa);

    tt = (0.5*w+aa)*w;

    goto S80;

S70:

    tt = u;

    ustar = ranf();

S80:

    if(ustar > tt) goto S50;

    u = ranf();

    if(ustar >= u) goto S70;

    ustar = ranf();

    goto S40;

S100:

/*

                                START TAIL

*/

    i = 6;

    aa = *(a+31);

    goto S120;

S110:

    aa += *(d+i-1);

    i += 1;

S120:

    u += u;

    if(u < 1.0) goto S110;

    u -= 1.0;

S140:

    w = u**(d+i-1);

    tt = (0.5*w+aa)*w;

    goto S160;

S150:

    tt = u;

S160:

    ustar = ranf();

    if(ustar > tt) goto S50;

    u = ranf();

    if(ustar >= u) goto S150;

    u = ranf();

    goto S140;

}

double fsign( double num, double sign )

/* Transfers sign of argument sign to argument num */

{

if ( ( sign>0.0f && num<0.0f ) || ( sign<0.0f && num>0.0f ) )

    return -num;

else return num;

}

/************************************************************************

FTNSTOP:

Prints msg to standard error and then exits

************************************************************************/

void ftnstop(char* msg)

/* msg - error message */

{

  if (msg != NULL) fprintf(stderr,"%s\n",msg);

  exit(0);

}

/* $Id: util.c,v 1.6 1998/03/11 13:29:25 scott Exp $ */

#include <stdlib.h>

/* Functions to make memory allocation more readable.

 *

 * It is not hard to make these routines give arbitrary index ranges

 * (ala Numerical Recipes) but the arrays in this code naturally start

 * at 0 anyway.

 */

void allocate1dDouble(double **array, int size){

  /* Allocates memory for a one dimensional array of doubles with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  (*array) = (double*)calloc(size,sizeof(double));

}

void deallocate1dDouble(double **array, int size){

  /* Allocates memory for a one dimensional array of doubles with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  free(*array);

}

void allocate2dDouble(double ***array, int size1, int size2){

  /* Allocates memory for a 2d array of doubles with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  (*array) = (double**)calloc(size1,sizeof(double*));

  for(i=0; i<size1; i++){

    (*array)[i] = (double*)calloc(size2,sizeof(double));

  }

}

void deallocate2dDouble(double ***array, int size1, int size2){

  /* Deallocates memory for a 2d array of doubles with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  for(i=0; i<size1; i++){

    free((*array)[i]);

  }

  free(*array);

}

void allocate3dDouble(double ****array, int size1, int size2, int size3){

  /* Allocates memory for a 3d array of doubles with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  (*array) = (double***)calloc(size1,sizeof(double**));

  for(i=0; i<size1; i++){

    (*array)[i] = (double**)calloc(size2,sizeof(double*));

    for(j=0; j<size2; j++){

      (*array)[i][j] = (double*)calloc(size3,sizeof(double));

    }

  }

}

void deallocate3dDouble(double ****array, int size1, int size2, int size3){

  /* Dellocates memory for a 3d array of doubles with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  for(i=0; i<size1; i++){

    for(j=0; j<size2; j++){

      free((*array)[i][j]);

    }

    free((*array)[i]);

  }

  free(*array);

}

void allocate1dInt(int **array, int size){

  /* Allocates memory for a one dimensional array of ints with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  (*array) = (int*)calloc(size,sizeof(int));

}

void deallocate1dInt(int **array, int size){

  /* Deallocates memory for a one dimensional array of ints with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  free(*array);

}

void allocate2dInt(int ***array, int size1, int size2){

  /* Allocates memory for a 2d array of ints with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  (*array) = (int**)calloc(size1,sizeof(int*));

  for(i=0; i<size1; i++){

    (*array)[i] = (int*)calloc(size2,sizeof(int));

  }

}

void deallocate2dInt(int ***array, int size1, int size2){

  /* Deallocates memory for a 2d array of int with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  for(i=0; i<size1; i++){

    free((*array)[i]);

  }

  free(*array);

}

void allocate3dInt(int ****array, int size1, int size2, int size3){

  /* Allocates memory for a 3d array of ints with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  (*array) = (int***)calloc(size1,sizeof(int**));

  for(i=0; i<size1; i++){

    (*array)[i] = (int**)calloc(size2,sizeof(int*));

    for(j=0; j<size2; j++){

      (*array)[i][j] = (int*)calloc(size3,sizeof(int));

    }

  }

}

void deallocate3dInt(int ****array, int size1, int size2, int size3){

  /* Dellocates memory for a 3d array of int with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  for(i=0; i<size1; i++){

    for(j=0; j<size2; j++){

      free((*array)[i][j]);

    }

    free((*array)[i]);

  }

  free(*array);

}

void allocate1dFloat(float **array, int size){

  /* Allocates memory for a one dimensional array of floats with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  (*array) = (float*)calloc(size,sizeof(float));

}

void deallocate1dFloat(float **array, int size){

  /* Deallocates memory for a one dimensional array of floats with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  free(*array);

}

void allocate2dFloat(float ***array, int size1, int size2){

  /* Allocates memory for a 2d array of floats with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  (*array) = (float**)calloc(size1,sizeof(float*));

  for(i=0; i<size1; i++){

    (*array)[i] = (float*)calloc(size2,sizeof(float));

  }

}

void allocate3dFloat(float ****array, int size1, int size2, int size3){

  /* Allocates memory for a 3d array of floats with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  (*array) = (float***)calloc(size1,sizeof(float**));

  for(i=0; i<size1; i++){

    (*array)[i] = (float**)calloc(size2,sizeof(float*));

    for(j=0; j<size2; j++){

      (*array)[i][j] = (float*)calloc(size3,sizeof(float));

    }

  }

}

/* Routines for comparing numbers and arrays */

double dMax(double a, double b){

  /* Returns the maximum of a and b */

  return( (a>b) ? a : b);

}

double dMin(double a, double b){

  /* Returns the minimum of a and b */

  return( (a>b) ? b : a);

}

double dArrayMax(int size, double *array){

  /* Returns the largest value in the array.

   * Array has dimensions [0:size-1]

   */

  int i;

  double max;

  max = array[0];

  for(i=1; i<size; i++){

    if(array[i] > max) max = array[i];

  }

  return(max);

}

double dArrayMin(int size, double *array){

  /* Returns the smalles value in the array.

   * Array has dimensions [0:size-1].

   */

  int i;

  double min;

  min = array[0];

  for(i=1; i<size; i++){

    if(array[i] < min) min = array[i];

  }

  return(min);

}

int dWhichMin(int size, double *array){

  /* Returns the position in array[] which contains the smallest value.

   */

  int i, minI;

  minI = 0;

  for(i=1;i<size;i++){

    if(array[i] < array[minI]) minI = i;

  }

  return(minI);

}

int dWhichMax(int size, double *array){

  /* Returns the position in array[] which contains the largets value.

   */

  int i, maxI;

  maxI = 0;

  for(i=1;i<size;i++){

    if(array[i] > array[maxI]) maxI = i;

  }

  return(maxI);

}

10.4. “Better Columbia”

/* A list of integers which can be appended to and automatically allocates

 * memory.

 * 

 * ILIST.element[i]          The i'th element in the list

 * ILIST.elements            The number of elements in the list 

 * ILIST.size                The amount of memory (in elements) allocated

 */

typedef struct{

  int *element;

  int elements;

  int size;

} ILIST;

/* A list of doubles which can be appended to and automatically allocates

 * memory.

 * 

 * DLIST.element[i]          The i'th element in the list

 * DLIST.elements            The number of elements in the list 

 * DLIST.size                The amount of memory (in elements) allocated

 */

typedef struct{

  double *element;

  int elements;

  int size;

} DLIST;

/* Information about the option at a specific point in price-time space.

 *

 * POINT.value               The value of the option

 * POINT.value_if_held       The expected return from holding the option

 * POINT.value_if_exercised  The payoff if the option is exercised immediately

 * POINT.important_point     A list of points at the next timeslice to be used

 *                             in mesh estimates for this point

 * POINT.g_partial           This points height in the distribution of points

 *                             at this timeslice.  Sum of the transition 

 *                             probabilities from all points at timeslice -1

 *                             to this point

 * POINT.price[i]            The price vector for this point

 * POINT.error               The error in the mesh estimate of

 *                             POINT.value_if_exercised

 * POINT.exact_control       A list of the exact values for the inner control

 *                             for each point in the important_point list

 * POINT.estimated_control   A list of the mesh estimates of the inner control

                               for each point in the important_point list 

 * POINT.delta_r             value_if_held - value_if_exercised

 * POINT.date                How far into the future from the initial time

 *                             this point is

 * POINT.children            How many points at t+1 were created from this point.

 */

typedef struct{

  double value;

  double value_if_held;

  double value_if_exercised;

  ILIST important_point;

  double g_partial;

  double *price;

  double error;

  DLIST exact_control;

  DLIST estimated_control;

  double delta_r;

  double date;

  int children;

} POINT;

/* A list of POINTs which can be appended to and automatically allocates

 * memory.

 * 

 * PLIST.element[i]          The i'th element in the list

 * PLIST.elements            The number of elements in the list 

 * PLIST.size                The amount of memory (in elements) allocated

 */

typedef struct{

  POINT *element;

  int elements;

  int size;

} PLIST;

/* RULER

                                                                                                   1         

         1         2         3         4         5         6         7         8         9         0         1         2

123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

*/

/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

 *                                                                           *

 * Written Functions                                                         *

 *                                                                           *

 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

/* Initializes ?LIST objects.  They should never be used without being

 * initialized.  ?LISTs are empty after initialization.

 */

int ilist_allocate(ILIST *ilist);

int dlist_allocate(DLIST *dlist);

int plist_allocate(PLIST *plist);

/* Frees any allocated memory allocated for a ?LIST.

 */

int ilist_deallocate(ILIST *ilist);

int dlist_deallocate(DLIST *ilist);

int plist_deallocate(PLIST *plist);

/* Appends value to the end of ?list->element[].  Increments size and

 * allocates more memory if necessary.

 */

int ilist_append(ILIST *ilist, int value);

int dlist_append(DLIST *dlist, double value);

int plist_append(PLIST *plist, POINT value);

/* Called by ?list_append().  Allocates additional memory in EXENSION size

 * blocks.

 */

#define EXTENSION 20

int ilist_extend(ILIST *ilist);

int dlist_extend(DLIST *ilist);

int plist_extend(PLIST *plist);

/* Allocate memory for the internals of POINT *point and initialize with 

 * sane valies (ie. ?list->elements  = 0 via calls to ?list_allocate() ).

 * Returns 0 if succesful, -1 if not.

 */

int allocate_point(POINT *point);

/* Copy values from *from into *to.  Expects *to to have been allocated

 * already.

 */

void point_copy( POINT *from , POINT *to);

/* Deallocate memory for internals of POINT *point.

 * Returns 0 if succesful, -1 if not.

 */

int deallocate_point(POINT *point);

/* Adds a new point to the mesh.  Only new_point->price[] should already

 * be set.  Sets all fields in *new_point to either their final values

 * or the initial estimates of them.  Also updates any g_partial's in 

 * the mesh which are affected by the addition.  *parent is the point

 * from which the new point was generated.  *parent->children will be

 * incremented.

 */

void add_point_to_mesh(POINT *new_point, POINT *parent, int timeslice);

/* Calculate the mesh estimate of the exercise_value of the option given

 * the initial state described by *point.  *point must already be in the mesh

 * (see add_point_to_mesh() ).  Points may be added to the mesh to get desired

 * accuracy.  value() will be recursively called for any points added.

 */

void value(POINT *point, int timeslice);

/* Prints a string to stdout and if Trace != 0 also prints to Debug_file.

 * Use sprintf() to generate your string.

 */

void out_printf(char *string);

/* Constructs price vector final_price[] by growing each underlier price

 * in price vector initial_price[] at a random rate for one timeslice.  The

 * random growth rates are selected from the probability distribution 

 * described by Mean[] and Covariance[][].

 */

void grow_point(double *initial_price, double *final_price);

/* Calculates the payoff of the option based on the price vector

 * point->price[].  The result is deflated at Interest_rate for a time

 * point->date.

 */

double payoff(POINT *point, int timeslice);

/* The probability that if the underliers have a price vector of from->price[]

 * at one timeslice that they will have a price to->price[] at the next

 * timeslice.

 */

double transition_probability(POINT *from, POINT *to);

/* Uses the list of important_points to make a mesh_estimate of the

 * value of the option.  Returns error estimate in *error.

 */

double mesh_estimate_value(POINT *point, int timeslice, double *error);

void handle_command_line(int argc, char *argv[]);

void init_rng(void);

int main(int argc, char *argv[]);

/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

 *                                                                           *

 * Unwritten Functions                                                       *

 *                                                                           *

 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

/* Determine if POINT *to is relevant in calculating mesh estimates for

 * POINT *from based on POINT *to's weight for POINT *from.  Returns

 * 1 if relevant, 0 if not relevant.

 */

int is_point_relevant(POINT *from, POINT *to);

/* Calculates weights from point to all points at timeslice+1.

 * Any points which are determined to be important are added to 

 * the point->important_points list.  Importance is determined by

 * is_point_relevant().

 */

int find_important_points(POINT *point, int timeslice);

/* Returns 1 if the current error (*point->eror) in the estimate of 

 * value the value if held (point->value_if_held) is too large.  Returns

 * 0 otherwise.

 */

int error_too_large(POINT *point, int timeslice);

/* Global variables from global.c */

extern PLIST *Time;

extern int Timeslices;

extern int Dimensions;

extern double Expiration;

extern double *Mean;

extern double **Covariance;

extern double Interest_rate;

extern double *Dividend_rate;

extern double *Dividend_adjusted_mean;

extern int Trace;

extern int Trace_level;

extern char *Trace_file;

extern double *Cov1;

extern double *Parm;

extern FILE trace_file_handle;

extern double Error_floor;

extern double Error_ceiling;

extern double Error_target;

extern int which_inner_control;

/*

 *   GETOPT.H headers

 *   [bison]

 *   DrH 1/4/88

*/

static  void exchange(char * *argv);

extern  int our_getopt(int argc,char * *argv,char *optstring);

/* Prototypes for all user accessible RANLIB routines */

extern void advnst(long k);

extern double genbet(double aa,double bb);

extern double genchi(double df);

extern double genexp(double av);

extern double genf(double dfn, double dfd);

extern double gengam(double a,double r);

extern void genmn(double *parm,double *x,double *work);

extern double gennch(double df,double xnonc);

extern double gennf(double dfn, double dfd, double xnonc);

extern double gennor(double av,double sd);

extern void genprm(long *iarray,int larray);

extern double genunf(double low,double high);

extern void getsd(long *iseed1,long *iseed2);

extern void gscgn(long getset,long *g);

extern long ignbin(long n,double pp);

extern long ignlgi(void);

extern long ignpoi(double mu);

extern long ignuin(long low,long high);

extern void initgn(long isdtyp);

extern long mltmod(long a,long s,long m);

extern void phrtsd(char* phrase,long* seed1,long* seed2);

extern double ranf(void);

extern void setall(long iseed1,long iseed2);

extern void setant(long qvalue);

extern void setgmn(double *meanv,double *covm,long p,double *parm);

extern void setsd(long iseed1,long iseed2);

extern double sexpo(void);

extern double sgamma(double a);

extern double snorm(void);

/* $Id: util.h,v 2.1 1998/04/09 19:39:27 svmcguir Exp $ */

void allocate1dPLIST(PLIST **array, int size);

void allocate1dDouble(double **array, int size);

void allocate2dDouble(double ***array, int size1, int size2);

void allocate3dDouble(double ****array, int size1, int size2, int size3);

void allocate1dFloat(float **array, int size);

void allocate2dFloat(float ***array, int size1, int size2);

void allocate3dFloat(float ****array, int size1, int size2, int size3);

void deallocate1dDouble(double **array, int size);

void deallocate2dDouble(double ***array, int size1, int size2);

void deallocate3dDouble(double ****array, int size1, int size2, int size3);

void deallocate1dFloat(float **array, int size);

void deallocate2dFloat(float ***array, int size1, int size2);

void deallocate3dFloat(float ****array, int size1, int size2, int size3);

double dMax(double a, double b);

double dMin(double a, double b);

double dArrayMax(int size, double *array);

double dArrayMin(int size, double *array);

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h" 

#include "global.h" 

#include "functions.h" 

#include "util.h" 

void add_point_to_mesh(POINT *point, POINT *parent, int timeslize){

  int i;

  if(Trace){

    our_printf("entered add_point_to_mesh()\n");

    ++Trace_level;

  }

  point->g_partial = 0; 

  if(timeslice > 0){ 

    for(i=0; i<Time[timeslice-1].elements; i++){ 

      point->g_partial += Time[timeslice-1].element[i].children*

        transition_probability(&(Time[timeslice-1].element[i]), point); 

    } 

    for(i=0; i< Time[timeslice].elements; i++){ 

      Time[timeslice].element[i].g_partial += transition_probability(parent,

                                                                     &(Time[timeslice].element[i]));         

    } 

    ++parent->children;

  }  

  point->date = timeslice*(Expiration/(Timeslices-1)); 

  find_important_points(point, timeslice);

  point->value_if_held      = mesh_estimate_value(point, timeslice); 

  point->value_if_exercised = payoff(point, timeslice); 

  point->value              = dMax(point->value_if_held, point->value_if_exercised); 

  point->error              = mesh_estimate_error(point, timeslice); 

  point->delta_r            = point->value_if_exercised - point->value_if_held; 

  point->children           = 0;

  plist_append(&(Time[timeslice]),point);

  if(Trace){

    --Trace_level;

    our_printf("exiting add_point_to_mesh()\n");

  }

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include "data_structure.h"

/* Global variables created here.  They are referenced as extern in global.h

 * which must be #included in any file in which they need to be visible.

 *

 * Convention: Global variables start with an upper case letter.

 */

PLIST *Time;

int Timeslices;

int Dimensions;

double Initial_price;

double Expiration;

double Interest_rate;

double *Dividend_rate;

double *Mean;

double *Dividend_adjusted_mean;

double **Covariance;

int Trace;

int Trace_level;

char Trace_file[1024];

double *Cov1;

double *Parm;

FILE Trace_file_handle;

double Error_floor;

double Error_ceiling;

double Error_target;

int which_inner_control;     /* choice of which inner control to use */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "globals.h"

#include "functions.h"

#include "util.h"

#include "random.h"

void grow_point(double *initial_price, double *final_price){

  int underlier;

  static double *growth = NULL;

  if(growth == NULL){

    growth = allocate1dDouble(&growth,Underliers);

  }

  genmn(Parm, growth, Cov1);

  for(underlier=0; underlier<Dimensions; ++underlier){

    final_price[underlier] = exp(growth[underlier]-Covariance[underlier][underlier]/2)*initial_price[underlier];

  }

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "global.h"

#include "functions.h"

#include "util.h"

#include "ranlib.h"

#include "our_getopt.h"

/* Global variables from our_getopt.c */

extern char *optarg;

extern int optind;

void option_error(char *argv[]){

  printf("%s: option_error\n",argv[0]);

}

void handle_command_line(int argc, char *argv[]){

  int n,T,d,I,option,i,j;

  double r,D,v,K,S,e,F,C;

  const char *options = "n:r:D:v:T:K:S:d:I:e:F:C:";

  /* Defaults */

  n = 5;                     /* Number of underliers */

  r = 0.05;                  /* Interest rate */

  D = 0.1;                   /* Dividend rate */

  v = 0.04;                  /* Variance */

  T = 3;                     /* Time to expiration */

  K = 100;                   /* Strike price */

  S = 90;                    /* Initial price */

  d = 3;                     /* Timeslices (0 - d) */

  I = 3;                     /* Inner Control */

  e = 3;                     /* Error target. Require error to be less than

                                e*delta_r */

  F = 0.0001;                /* Error requirement floor. Never require

                                relative error to be less than F, no matter 

                                e and delta_r */

  C = 0.01;                  /* Error requirement ceiling. Never allow error

                                relative greater than C, no matter e and

                                delta_r */

  t = 0;                     /* Trace: -t means trace with default trace filename.

                                -t filename means trace with given filename. */

  /* - - - - - Read command line parameters - - - - - */

  while((option = getopt(argc,argv,options)) != EOF){

    switch(option){

    case('C'):

      sscanf(optarg,"%lf",&C);

      break;

    case('e'):

      sscanf(optarg,"%lf",&e);

      break;

    case('F'):

      sscanf(optarg,"%lf",&F);

      break;

    case('I'):  

      sscanf(optarg,"%i",&I);

      break;

    case('n'):  

      sscanf(optarg,"%i",&n);

      break;

    case('r'):

      sscanf(optarg,"%lf",&r);

      break;

    case('D'):

      sscanf(optarg,"%lf",&D);

      break;

    case('v'):

      sscanf(optarg,"%lf",&v);

      break;

    case('T'):

      sscanf(optarg,"%lf",&T);

      break;

    case('K'):

      sscanf(optarg,"%lf",&K);

      break;

    case('S'):

      sscanf(optarg,"%lf",&S);

      break;

    case('d'):

      sscanf(optarg,"%i",&d);

      break;

    case('t'):

      sscanf(optarg,"%i",Trace_file);

      if(Trace_file[0] = 0){

        strcpy(Trace_file,"default_trace_file");

      }

      break;

    default:

      option_error(argv);

    }

  }

  allocate1dDouble(&Mean,n);

  allocate1dDouble(&Dividend_rate,n);

  allocate1dDouble(&Dividend_adjusted_mean,n);

  allocate2dDouble(&Covariance,n,n);

  Timeslices = d+1;

  Dimensions = n;

  Initial_price = S;

  Expiration = T;

  Interest_rate = r;

  for(i=0; i<n; i++){

    Mean[i] = r;

    Dividend_rate[i] = D;

    Dividend_adjusted_mean[i] = r - D;

  }

  for(i=0; i<n; i++){

    for(j=0; j<n; j++){

      Covariance[i][j] = (i==j)?v:0;

    }

  }

  Trace = t;

  Trace_level = 0;

  Error_target = e;

  Error_floor = F;

  Error_ceiling = C;

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "global.h"

#include "functions.h"

#include "util.h"

#include "ranlib.h"

#include "our_getopt.h"

/* Global variables from our_getopt.c */

extern char *optarg;

extern int optind;

void init_rng(void){

  int i,j,k;

  long seed1, seed2;

  if(Trace){

    our_printf("entered init_rng()\n");

    ++Trace_level;

  }

  allocate1dDouble(&Cov1,Dimensions*Dimensions);

  allocate1dDouble(&Parm,Dimensions*(Dimensions+3)/2+1);

  /* Copy the 2d covariance matrix into the 1d scratch matrix */

  k = 0;

  for(i=0; i<Dimensions; i++){

    for(j=0; j<Dimensions; j++){

      Cov1[k] = Covariance[i][j];

      k++;

    }

  }

  /* Give the data to RANLIB and let it do what it wants in parm */

  setgmn(Dividend_adjusted_mean, Cov1, Dimensions, Parm);

  /* Hash the phrase into RNG seeds */

  phrtsd("Get Rich Quick!", &seed1, &seed2);

  /* Initialize the RNG with the seeds */

  setall(seed1, seed2);

  if(Trace){

    --Trace_level;

    our_printf("exiting init_rng()\n");

  }

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "global.h"

#include "functions.h"

#include "util.h"

#include "ranlib.h"

#include "our_getopt.h"

int main(int argc, char *argv[]){

  int i;

  POINT initial_point;

  handle_command_line(argc,argv);

  Trace_file_handle = fopen(Trace_file,"a");

  if(Trace){

    our_printf("entered main()\n");

    ++Trace_level;

  }

  init_rng();

  allocate1dPLIST(&Time,Timeslices);

  allocate_point(&initial_point);

  for(i=0; i<Dimensions; i++) initial_point.price[i] = Initial_price;

  add_point_to_mesh(&initial_point, NULL, 0);

  value(&(Time[0].element[0]),0);

  printf("The option value is: %lf +/- %lf\n",Time[0].element[0].value,Time[0].element[0].error);

  if(Trace){

    --Trace_level;

    out_printf("exiting main()\n");

  }

  return(0);

}

/* 

  mesh.c

  Contains routines for making mesh estimates and mesh estimates of 

  the error.

*/

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "functions.h"

#include "global.h"

#include "control3.h"

/* Prototypes for mesh estimator */

double controlledMeshEstimate0(POINT *point, int timeslice, double *variance);

double controlledMeshEstimate3(POINT *point, int timeslice, double *variance);

/*  - - - - - - - - - -

   Routine to compute mesh estimate.

   Uses Time and which_inner_control from global.h

*/

double mesh_estimate_value(POINT *point, int timeslice, double *error){

  /* 

   * Compute the mesh estimate of the value and error.

   * Use inner control specified in which_inner_control in global.h

   */

  switch(which_inner_control){

  case(3):

    return(controlledMeshEstimate3(point, timeslice,error));

    break;

  default:

    return(controlledMeshEstimate0(point, timeslice,error));

    break;

  } /* end switch on which_inner_control */

} /* end mesh_estimate_value */

/*  - - - - - - - - - -

 *  Routine to compute the weight.

 *  Assumption is that g_partial is normalized at this point.

 */

double weight(POINT *from, POINT *to, double g_partial){

  return(transition_probability(from, to) / g_partial);

}

/* 

 * Routine to compute the mesh estimate of the value and error without

 * inner controls.

 *

 */

double controlledMeshEstimate0(POINT *point, int timeslice, double *variance){

  int toPath, i;

  POINT *this;

  double f,w,S1,S2,S3,S4,S5,S6;

  double sumg;

  S1 = 0;

  S2 = 0;

  S3 = 0;

  S4 = 0;

  S5 = 0;

  S6 = 0;

  this = Time[timeslice+1].element;  /* pick out pointer to PLIST */

  /* Compute the normalization of g from teh list of important points */

  sumg = 0.0;

  for(i=0; i< point->important_point.elements; i++){

    toPath =  point->important_point.element[i];

    sumg += this[toPath].g_partial;

  }

  /* Loop over important points and construct mesh estimates and error */

  for(i=0; i< point->important_point.elements; i++){

    toPath =  point->important_point.element[i];

    f = this[toPath].value;

    /* get the weight */

    w = weight(point, &(this[toPath]), this[toPath].g_partial/sumg);

    S1 += w;

    S2 += w*w;

    S3 += w*f;

    S4 += w*w*f;

    S6 += w*w*f*f;

  }

  *variance = (1/(S1*S1))*(S6 - 2*S3/S1*S4 + (S3/S1)*(S3/S1)*S2);

  return(S3/S1);

}

/* 

 * Routine to compute the mesh estimate of the value and the error with

 * inner control 3.

 */

double controlledMeshEstimate3(POINT *point, int timeslice, double *variance){

  int toPath, max1, max2, i;

  double S1, S2, S7, S8, S9 ,S10, S11, S12, S13, w, f, g, G, maxval1, maxval2,

    maxPrice, beta, S14, S15, S16;

  double sumg;

  POINT *this;

  S1 = 0;

  S2 = 0;

  S7 = 0;

  S8 = 0;

  S9 = 0;

  S10 = 0;

  S11 = 0;

  S12 = 0;

  S13 = 0;

  S14 = 0;

  S15 = 0;

  S16 = 0;

  /* At the given time find the max prices */

  maxval1 = 0.0;

  maxval2 = 0.0;

  max1 = dWhichMax(Dimensions, point->price);

  maxval1 = point->price[max1];

  for(i=0; i<Dimensions;i++){

    if(i != max1 && point->price[i] > maxval2){

      max2 = i;

      maxval2 = point->price[i];

    }

  }

  G = exp(-timeslice*Interest_rate)* 

    maxOf2Risk(maxval1, maxval2, Expiration, 1.0,

               sqrt(Covariance[max1][max1]), 

               sqrt(Covariance[max2][max2]), 

               Interest_rate, 

               Dividend_rate[max1], 

               Dividend_rate[max2],

               Covariance[max1][max2]);

  /* pick out pointer to data at next timeslice */

  this = Time[timeslice+1].element;

  /* Compute the normalization of g from teh list of important points */

  sumg = 0.0;

  for(i=0; i< point->important_point.elements; i++){

    toPath =  point->important_point.element[i];

    sumg += this[toPath].g_partial;

  }

  /* Loop over important points and construct mesh estimates and error */

  for(i=0; i< point->important_point.elements; i++){

    toPath =  point->important_point.element[i];

    f = this[toPath].value;

    /* get the weight */

    w = weight(point, &(this[toPath]), this[toPath].g_partial/sumg);

    if( this[toPath].price[max1] >= this[toPath].price[max2]){

      maxPrice = this[toPath].price[max1];

    }else{

      maxPrice = this[toPath].price[max2];

    }

    if(maxPrice > Expiration){

      g = exp(-(timeslice+1)*Interest_rate)*(maxPrice - Expiration);

    }else{

      g= 0;

    }

    S1 += w;

    S2 += w*w;

    S7 += w*f;

    S8 += w*(g-G);

    S9 += w*w*f;

    S10 += w*w*(g-G);

    S11 += w*w*f*f;

    S12 += w*w*f*(g-G);

    S13 += w*w*(g-G)*(g-G);

    S14 += w*f*(g-G);

    S15 += w*(g-G)*(g-G);

    S16 += w*f*f;

  }

  /* Old derivation */

  beta = ((S14/S1) - (S7/S1)*(S8/S1))/   

    ((S15/S1) - (S8/S1)*(S8/S1));   

/*   *variance = S16/S1 - (S7/S1)*(S7/S1)   */

/*     -2*beta*(S14/S1 - (S7/S1)*(S8/S1))   */

/*     +beta*beta*((S15/S1) - (S8/S1)*(S8/S1));   */

  /* New derivation */

/*   beta = (S12*S1*S1 - (S8*S9 + S7*S10)*S1 + S2*S7*S8)/     */

/*     (S13*S1*S1 - 2*S8*S10*S1 + S2*S8*S8);     */

  *variance = 1/(S1*S1)*((S11 -2*beta*S12 + beta*beta*S13)  

                         -(2/S1)*(S7-beta*S8)*(S9-beta*S10)  

                         +(S2/(S1*S1))*(S7*S7 -2*beta*S7*S8 +beta*beta*S8*S8)

                         );  

  return( (S7-beta*S8)/S1);

}

/* This version of `getopt' appears to the caller like standard Unix `getopt'

 * but it behaves differently for the user, since it allows the user to

 * intersperse the options with the other arguments.

 *

 * As `getopt' works, it permutes the elements of `argv' so that, when it

 * is done, all the options precede everything else.  Thus all application

 * programs are extended to handle flexible argument order.*

 *

 * Setting the environment variable _POSIX_OPTION_ORDER disables

 * permutation. Then the behavior is completely standard.

 *

 * GNU application programs can use a third alternative mode in which they

 * can distinguish the relative order of options and other arguments. 

 */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include <ctype.h>

#include <string.h>

#include <malloc.h>

#define USG

#ifdef USG

#include <memory.h>

#define bcopy(src, dst, num) memcpy((dst), (src), (num))

#endif

#undef sparc

#ifdef sparc

#include <alloca.h>

#endif

#include "our_getopt.h"

/* For communication from `getopt' to the caller.

   When `getopt' finds an option that takes an argument,

   the argument value is returned here.

   Also, when `ordering' is RETURN_IN_ORDER,

   each non-option ARGV-element is returned here.  */

char *optarg = 0;

/* Index in ARGV of the next element to be scanned.

   This is used for communication to and from the caller

   and for communication between successive calls to `getopt'.

   On entry to `getopt', zero means this is the first call; initialize.

   When `getopt' returns EOF, this is the index of the first of the

   non-option elements that the caller should itself scan.

   Otherwise, `optind' communicates from one call to the next

   how much of ARGV has been scanned so far.  */

int optind = 0;

/* The next char to be scanned in the option-element

   in which the last option character we returned was found.

   This allows us to pick up the scan where we left off.

   If this is zero, or a null string, it means resume the scan

   by advancing to the next ARGV-element.  */

static char *nextchar;

/* Callers store zero here to inhibit the error message

   for unrecognized options.  */

int opterr = 1;

/* Describe how to deal with options that follow non-option ARGV-elements.

   UNSPECIFIED means the caller did not specify anything;

   the default is then REQUIRE_ORDER if the environment variable

   _OPTIONS_FIRST is defined, PERMUTE otherwise.

   REQUIRE_ORDER means don't recognize them as options.

   Stop option processing when the first non-option is seen.

   This is what Unix does.

   PERMUTE is the default.  We permute the contents of `argv' as we scan,

   so that eventually all the options are at the end.  This allows options

   to be given in any order, even with programs that were not written to

   expect this.

   RETURN_IN_ORDER is an option available to programs that were written

   to expect options and other ARGV-elements in any order and that care about

   the ordering of the two.  We describe each non-option ARGV-element

   as if it were the argument of an option with character code zero.

   Using `-' as the first character of the list of option characters

   requests this mode of operation.

   The special argument `--' forces an end of option-scanning regardless

   of the value of `ordering'.  In the case of RETURN_IN_ORDER, only

   `--' can cause `getopt' to return EOF with `optind' != ARGC.  */

static enum { REQUIRE_ORDER, PERMUTE, RETURN_IN_ORDER } ordering;

/* Handle permutation of arguments.  */

/* Describe the part of ARGV that contains non-options that have

   been skipped.  `first_nonopt' is the index in ARGV of the first of them;

   `last_nonopt' is the index after the last of them.  */

static int first_nonopt;

static int last_nonopt;

/* Exchange two adjacent subsequences of ARGV.

   One subsequence is elements [first_nonopt,last_nonopt)

    which contains all the non-options that have been skipped so far.

   The other is elements [last_nonopt,optind), which contains all

    the options processed since those non-options were skipped.

   `first_nonopt' and `last_nonopt' are relocated so that they describe

    the new indices of the non-options in ARGV after they are moved.  */

static void

exchange (argv)

     char **argv;

{

  int nonopts_size

    = (last_nonopt - first_nonopt) * sizeof (char *);

  char **temp = (char **) alloca (nonopts_size);

  /* Interchange the two blocks of data in argv.  */

  bcopy (&argv[first_nonopt], temp, nonopts_size);

  bcopy (&argv[last_nonopt], &argv[first_nonopt],


 (optind - last_nonopt) * sizeof (char *));

  bcopy (temp, &argv[first_nonopt + optind - last_nonopt],


 nonopts_size);

  /* Update records for the slots the non-options now occupy.  */

  first_nonopt += (optind - last_nonopt);

  last_nonopt = optind;

}

/* Scan elements of ARGV (whose length is ARGC) for option characters

   given in OPTSTRING.

   If an element of ARGV starts with '-', and is not exactly "-" or "--",

   then it is an option element.  The characters of this element

   (aside from the initial '-') are option characters.  If `getopt'

   is called repeatedly, it returns successively each of theoption characters

   from each of the option elements.

   If `getopt' finds another option character, it returns that character,

   updating `optind' and `nextchar' so that the next call to `getopt' can

   resume the scan with the following option character or ARGV-element.

   If there are no more option characters, `getopt' returns `EOF'.

   Then `optind' is the index in ARGV of the first ARGV-element

   that is not an option.  (The ARGV-elements have been permuted

   so that those that are not options now come last.)

   OPTSTRING is a string containing the legitimate option characters.

   A colon in OPTSTRING means that the previous character is an option

   that wants an argument.  The argument is taken from the rest of the

   current ARGV-element, or from the following ARGV-element,

   and returned in `optarg'.

   If an option character is seen that is not listed in OPTSTRING,

   return '?' after printing an error message.  If you set `opterr' to

   zero, the error message is suppressed but we still return '?'.

   If a char in OPTSTRING is followed by a colon, that means it wants an arg,

   so the following text in the same ARGV-element, or the text of the following

   ARGV-element, is returned in `optarg.  Two colons mean an option that

   wants an optional arg; if there is text in the current ARGV-element,

   it is returned in `optarg'.

   If OPTSTRING starts with `-', it requests a different method of handling the

   non-option ARGV-elements.  See the comments about RETURN_IN_ORDER, above.  */

int

our_getopt (argc, argv, optstring)

     int argc;

     char **argv;

     char *optstring;

{

  /* Initialize the internal data when the first call is made.

     Start processing options with ARGV-element 1 (since ARGV-element 0

     is the program name); the sequence of previously skipped

     non-option ARGV-elements is empty.  */

  if (optind == 0)

    {

      first_nonopt = last_nonopt = optind = 1;

      nextchar = 0;

      /* Determine how to handle the ordering of options and nonoptions.  */

      if (optstring[0] == '-')


ordering = RETURN_IN_ORDER;

      else if (getenv ("_POSIX_OPTION_ORDER") != 0)


ordering = REQUIRE_ORDER;

      else


ordering = PERMUTE;

    }

  if (nextchar == 0 || *nextchar == 0)

    {

      if (ordering == PERMUTE)


{


  /* If we have just processed some options following some non-options,


     exchange them so that the options come first.  */


  if (first_nonopt != last_nonopt && last_nonopt != optind)


    exchange (argv);


  else if (last_nonopt != optind)


    first_nonopt = optind;


  /* Now skip any additional non-options


     and extend the range of non-options previously skipped.  */


  while (optind < argc



 && (argv[optind][0] != '-'



     || argv[optind][1] == 0))


    optind++;


  last_nonopt = optind;


}

      /* Special ARGV-element `--' means premature end of options.


 Skip it like a null option,


 then exchange with previous non-options as if it were an option,


 then skip everything else like a non-option.  */

      if (optind != argc && !strcmp (argv[optind], "--"))


{


  optind++;


  if (first_nonopt != last_nonopt && last_nonopt != optind)


    exchange (argv);


  else if (first_nonopt == last_nonopt)


    first_nonopt = optind;


  last_nonopt = argc;


  optind = argc;


}

      /* If we have done all the ARGV-elements, stop the scan


 and back over any non-options that we skipped and permuted.  */

      if (optind == argc)


{


  /* Set the next-arg-index to point at the non-options


     that we previously skipped, so the caller will digest them.  */


  if (first_nonopt != last_nonopt)


    optind = first_nonopt;


  return EOF;


}

      /* If we have come to a non-option and did not permute it,


 either stop the scan or describe it to the caller and pass it by.  */

      if (argv[optind][0] != '-' || argv[optind][1] == 0)


{


  if (ordering == REQUIRE_ORDER)


    return EOF;


  optarg = argv[optind++];


  return 0;


}

      /* We have found another option-ARGV-element.


 Start decoding its characters.  */

      nextchar = argv[optind] + 1;

    }

  /* Look at and handle the next option-character.  */

  {

    char c = *nextchar++;

    /***********    char *temp = (char *) index (optstring, c); */

    char *temp = (char *) strchr (optstring, c); 

    /* Increment `optind' when we start to process its last character.  */

    if (*nextchar == 0)

      optind++;

    if (temp == 0 || c == ':')

      {


if (opterr != 0)


  {


    if (c < 040 || c >= 0177)


      fprintf (stderr, "%s: unrecognized option, character code 0%o\n",



       argv[0], c);


    else


      fprintf (stderr, "%s: unrecognized option `-%c'\n",



       argv[0], c);


  }


return '?';

      }

    if (temp[1] == ':')

      {


if (temp[2] == ':')


  {


    /* This is an option that accepts an argument optionally.  */


    if (*nextchar != 0)


      {



optarg = nextchar;



optind++;


      }


    else


      optarg = 0;


    nextchar = 0;


  }


else


  {


    /* This is an option that requires an argument.  */


    if (*nextchar != 0)


      {



optarg = nextchar;



/* If we end this ARGV-element by taking the rest as an arg,



   we must advance to the next element now.  */



optind++;


      }


    else if (optind == argc)


      {



if (opterr != 0)



  fprintf (stderr, "%s: no argument for `-%c' option\n",




   argv[0], c);



optarg = 0;


      }


    else


      /* We already incremented `optind' once;



 increment it again when taking next ARGV-elt as argument.  */


      optarg = argv[optind++];


    nextchar = 0;


  }

      }

    return c;

  }

}

#ifdef TEST

/* Compile with -DTEST to make an executable for use in testing

   the above definition of `getopt'.  */

int

main (argc, argv)

     int argc;

     char **argv;

{

  char c;

  int digit_optind = 0;

  while (1)

    {

      int this_option_optind = optind;

      if ((c = (char) our_getopt (argc, argv, "abc:d:0123456789")) == EOF)


break;

      switch (c)


{


case '0':


case '1':


case '2':


case '3':


case '4':


case '5':


case '6':


case '7':


case '8':


case '9':


  if (digit_optind != 0 && digit_optind != this_option_optind)


    printf ("digits occur in two different argv-elements.\n");


  digit_optind = this_option_optind;


  printf ("option %c\n", c);


  break;


case 'a':


  printf ("option a\n");


  break;


case 'b':


  printf ("option b\n");


  break;


case 'c':


  printf ("option c with value `%s'\n", optarg);


  break;


case '?':


  break;


default:


  printf ("?? our_getopt returned character code 0%o ??\n", c);


}

    }

  if (optind < argc)

    {

      printf ("non-option ARGV-elements: ");

      while (optind < argc)


printf ("%s ", argv[optind++]);

      printf ("\n");

    }

  return 0;

}

#endif /* TEST */

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include "global.h"

/* Prints a string to stderr and if Trace != 0 also prints to stdout.

 * Use sprintf() to generate your string.

 */

void out_printf(char *string){

  char space[1024]; 

  int i;

  for(i=0;i<Trace_level;i++){

    space[i] = ' ';

  }

  space[Trace_level] = 0;

  fprintf(stderr, "%s%s",space,string);

  if(Trace) fprintf(Trace_file_handle,"%s%s",space,string);

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "global.h"

#include "functions.h"

#include "util.h"

double payoff(POINT *point, int timeslice){

  double price;

  /* For a max */

  price = dMax(point->price, Dimensions);

  return((price-Strike_price)*exp(-point->date*Interest_rate));

  /* For a min */

/*   price = dMin(point->price, Dimensions); */

/*   return((Strike_price-price)*exp(-point->date*Interest_rate)); */

}

#include "ranlib.h"

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <math.h>

#include <stdlib.h>

#define ABS(x) ((x) >= 0 ? (x) : -(x))

#define min(a,b) ((a) <= (b) ? (a) : (b))

#define max(a,b) ((a) >= (b) ? (a) : (b))

void ftnstop(char*);

double genbet(double aa,double bb)

/*

**********************************************************************

     double genbet(double aa,double bb)

               GeNerate BETa random deviate

                              Function

     Returns a single random deviate from the beta distribution with

     parameters A and B.  The density of the beta is

               x^(a-1) * (1-x)^(b-1) / B(a,b) for 0 < x < 1

                              Arguments

     aa --> First parameter of the beta distribution

     bb --> Second parameter of the beta distribution

                              Method

     R. C. H. Cheng

     Generating Beta Variatew with Nonintegral Shape Parameters

     Communications of the ACM, 21:317-322  (1978)

     (Algorithms BB and BC)

**********************************************************************

*/

{

#define expmax 89.0

#define infnty 1.0E38

static double olda = -1.0;

static double oldb = -1.0;

static double genbet,a,alpha,b,beta,delta,gamma,k1,k2,r,s,t,u1,u2,v,w,y,z;

static long qsame;

    qsame = olda == aa && oldb == bb;

    if(qsame) goto S20;

    if(!(aa <= 0.0 || bb <= 0.0)) goto S10;

    fputs(" AA or BB <= 0 in GENBET - Abort!",stderr);

    fprintf(stderr," AA: %16.6E BB %16.6E\n",aa,bb);

    exit(1);

S10:

    olda = aa;

    oldb = bb;

S20:

    if(!(min(aa,bb) > 1.0)) goto S100;

/*

     Alborithm BB

     Initialize

*/

    if(qsame) goto S30;

    a = min(aa,bb);

    b = max(aa,bb);

    alpha = a+b;

    beta = sqrt((alpha-2.0)/(2.0*a*b-alpha));

    gamma = a+1.0/beta;

S30:

S40:

    u1 = ranf();

/*

     Step 1

*/

    u2 = ranf();

    v = beta*log(u1/(1.0-u1));

    if(!(v > expmax)) goto S50;

    w = infnty;

    goto S60;

S50:

    w = a*exp(v);

S60:

    z = pow(u1,2.0)*u2;

    r = gamma*v-1.3862944;

    s = a+r-w;

/*

     Step 2

*/

    if(s+2.609438 >= 5.0*z) goto S70;

/*

     Step 3

*/

    t = log(z);

    if(s > t) goto S70;

/*

     Step 4

*/

    if(r+alpha*log(alpha/(b+w)) < t) goto S40;

S70:

/*

     Step 5

*/

    if(!(aa == a)) goto S80;

    genbet = w/(b+w);

    goto S90;

S80:

    genbet = b/(b+w);

S90:

    goto S230;

S100:

/*

     Algorithm BC

     Initialize

*/

    if(qsame) goto S110;

    a = max(aa,bb);

    b = min(aa,bb);

    alpha = a+b;

    beta = 1.0/b;

    delta = 1.0+a-b;

    k1 = delta*(1.38889E-2+4.16667E-2*b)/(a*beta-0.777778);

    k2 = 0.25+(0.5+0.25/delta)*b;

S110:

S120:

    u1 = ranf();

/*

     Step 1

*/

    u2 = ranf();

    if(u1 >= 0.5) goto S130;

/*

     Step 2

*/

    y = u1*u2;

    z = u1*y;

    if(0.25*u2+z-y >= k1) goto S120;

    goto S170;

S130:

/*

     Step 3

*/

    z = pow(u1,2.0)*u2;

    if(!(z <= 0.25)) goto S160;

    v = beta*log(u1/(1.0-u1));

    if(!(v > expmax)) goto S140;

    w = infnty;

    goto S150;

S140:

    w = a*exp(v);

S150:

    goto S200;

S160:

    if(z >= k2) goto S120;

S170:

/*

     Step 4

     Step 5

*/

    v = beta*log(u1/(1.0-u1));

    if(!(v > expmax)) goto S180;

    w = infnty;

    goto S190;

S180:

    w = a*exp(v);

S190:

    if(alpha*(log(alpha/(b+w))+v)-1.3862944 < log(z)) goto S120;

S200:

/*

     Step 6

*/

    if(!(a == aa)) goto S210;

    genbet = w/(b+w);

    goto S220;

S210:

    genbet = b/(b+w);

S230:

S220:

    return genbet;

#undef expmax

#undef infnty

}

double genchi(double df)

/*

**********************************************************************

     double genchi(double df)

                Generate random value of CHIsquare variable

                              Function

     Generates random deviate from the distribution of a chisquare

     with DF degrees of freedom random variable.

                              Arguments

     df --> Degrees of freedom of the chisquare

            (Must be positive)

                              Method

     Uses relation between chisquare and gamma.

**********************************************************************

*/

{

static double genchi;

    if(!(df <= 0.0)) goto S10;

    fputs("DF <= 0 in GENCHI - ABORT",stderr);

    fprintf(stderr,"Value of DF: %16.6E\n",df);

    exit(1);

S10:

    genchi = 2.0*gengam(1.0,df/2.0);

    return genchi;

}

double genexp(double av)

/*

**********************************************************************

     double genexp(double av)

                    GENerate EXPonential random deviate

                              Function

     Generates a single random deviate from an exponential

     distribution with mean AV.

                              Arguments

     av --> The mean of the exponential distribution from which

            a random deviate is to be generated.

                              Method

     Renames SEXPO from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               Ahrens, J.H. and Dieter, U.

               Computer Methods for Sampling From the

               Exponential and Normal Distributions.

               Comm. ACM, 15,10 (Oct. 1972), 873 - 882.

**********************************************************************

*/

{

static double genexp;

    genexp = sexpo()*av;

    return genexp;

}

double genf(double dfn,double dfd)

/*

**********************************************************************

     double genf(double dfn,double dfd)

                GENerate random deviate from the F distribution

                              Function

     Generates a random deviate from the F (variance ratio)

     distribution with DFN degrees of freedom in the numerator

     and DFD degrees of freedom in the denominator.

                              Arguments

     dfn --> Numerator degrees of freedom

             (Must be positive)

     dfd --> Denominator degrees of freedom

             (Must be positive)

                              Method

     Directly generates ratio of chisquare variates

**********************************************************************

*/

{

static double genf,xden,xnum;

    if(!(dfn <= 0.0 || dfd <= 0.0)) goto S10;

    fputs("Degrees of freedom nonpositive in GENF - abort!",stderr);

    fprintf(stderr,"DFN value: %16.6EDFD value: %16.6E\n",dfn,dfd);

    exit(1);

S10:

    xnum = genchi(dfn)/dfn;

/*

      GENF = ( GENCHI( DFN ) / DFN ) / ( GENCHI( DFD ) / DFD )

*/

    xden = genchi(dfd)/dfd;

    if(!(xden <= 9.999999999998E-39*xnum)) goto S20;

    fputs(" GENF - generated numbers would cause overflow",stderr);

    fprintf(stderr," Numerator %16.6E Denominator %16.6E\n",xnum,xden);

    fputs(" GENF returning 1.0E38",stderr);

    genf = 1.0E38;

    goto S30;

S20:

    genf = xnum/xden;

S30:

    return genf;

}

double gengam(double a,double r)

/*

**********************************************************************

     double gengam(double a,double r)

           GENerates random deviates from GAMma distribution

                              Function

     Generates random deviates from the gamma distribution whose

     density is

          (A**R)/Gamma(R) * X**(R-1) * Exp(-A*X)

                              Arguments

     a --> Location parameter of Gamma distribution

     r --> Shape parameter of Gamma distribution

                              Method

     Renames SGAMMA from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               (Case R >= 1.0)

               Ahrens, J.H. and Dieter, U.

               Generating Gamma Variates by a

               Modified Rejection Technique.

               Comm. ACM, 25,1 (Jan. 1982), 47 - 54.

     Algorithm GD

               (Case 0.0 <= R <= 1.0)

               Ahrens, J.H. and Dieter, U.

               Computer Methods for Sampling from Gamma,

               Beta, Poisson and Binomial Distributions.

               Computing, 12 (1974), 223-246/

     Adapted algorithm GS.

**********************************************************************

*/

{

static double gengam;

    gengam = sgamma(r);

    gengam /= a;

    return gengam;

}

void genmn(double *parm,double *x,double *work)

/*

**********************************************************************

     void genmn(double *parm,double *x,double *work)

              GENerate Multivariate Normal random deviate

                              Arguments

     parm --> Parameters needed to generate multivariate normal

               deviates (MEANV and Cholesky decomposition of

               COVM). Set by a previous call to SETGMN.

               1 : 1                - size of deviate, P

               2 : P + 1            - mean vector

               P+2 : P*(P+3)/2 + 1  - upper half of cholesky

                                       decomposition of cov matrix

     x    <-- Vector deviate generated.

     work <--> Scratch array

                              Method

     1) Generate P independent standard normal deviates - Ei ~ N(0,1)

     2) Using Cholesky decomposition find A s.t. trans(A)*A = COVM

     3) trans(A)E + MEANV ~ N(MEANV,COVM)

**********************************************************************

*/

{

static long i,icount,j,p,D1,D2,D3,D4;

static double ae;

    p = (long) (*parm);

/*

     Generate P independent normal deviates - WORK ~ N(0,1)

*/

    for(i=1; i<=p; i++) *(work+i-1) = snorm();

    for(i=1,D3=1,D4=(p-i+D3)/D3; D4>0; D4--,i+=D3) {

/*

     PARM (P+2 : P*(P+3)/2 + 1) contains A, the Cholesky

      decomposition of the desired covariance matrix.

          trans(A)(1,1) = PARM(P+2)

          trans(A)(2,1) = PARM(P+3)

          trans(A)(2,2) = PARM(P+2+P)

          trans(A)(3,1) = PARM(P+4)

          trans(A)(3,2) = PARM(P+3+P)

          trans(A)(3,3) = PARM(P+2-1+2P)  ...

     trans(A)*WORK + MEANV ~ N(MEANV,COVM)

*/

        icount = 0;

        ae = 0.0;

        for(j=1,D1=1,D2=(i-j+D1)/D1; D2>0; D2--,j+=D1) {

            icount += (j-1);

            ae += (*(parm+i+(j-1)*p-icount+p)**(work+j-1));

        }

        *(x+i-1) = ae+*(parm+i);

    }

}

void genmul(long n,double *p,long ncat,long *ix)

/*

**********************************************************************

     void genmul(int n,double *p,int ncat,int *ix)

     GENerate an observation from the MULtinomial distribution

                              Arguments

     N --> Number of events that will be classified into one of

           the categories 1..NCAT

     P --> Vector of probabilities.  P(i) is the probability that

           an event will be classified into category i.  Thus, P(i)

           must be [0,1]. Only the first NCAT-1 P(i) must be defined

           since P(NCAT) is 1.0 minus the sum of the first

           NCAT-1 P(i).

     NCAT --> Number of categories.  Length of P and IX.

     IX <-- Observation from multinomial distribution.  All IX(i)

            will be nonnegative and their sum will be N.

                              Method

     Algorithm from page 559 of

     Devroye, Luc

     Non-Uniform Random Variate Generation.  Springer-Verlag,

     New York, 1986.

**********************************************************************

*/

{

static double prob,ptot,sum;

static long i,icat,ntot;

    if(n < 0) ftnstop("N < 0 in GENMUL");

    if(ncat <= 1) ftnstop("NCAT <= 1 in GENMUL");

    ptot = 0.0F;

    for(i=0; i<ncat-1; i++) {

        if(*(p+i) < 0.0F) ftnstop("Some P(i) < 0 in GENMUL");

        if(*(p+i) > 1.0F) ftnstop("Some P(i) > 1 in GENMUL");

        ptot += *(p+i);

    }

    if(ptot > 0.99999F) ftnstop("Sum of P(i) > 1 in GENMUL");

/*

     Initialize variables

*/

    ntot = n;

    sum = 1.0F;

    for(i=0; i<ncat; i++) ix[i] = 0;

/*

     Generate the observation

*/

    for(icat=0; icat<ncat-1; icat++) {

        prob = *(p+icat)/sum;

        *(ix+icat) = ignbin(ntot,prob);

        ntot -= *(ix+icat);


if(ntot <= 0) return;

        sum -= *(p+icat);

    }

    *(ix+ncat-1) = ntot;

/*

     Finished

*/

    return;

}

double gennch(double df,double xnonc)

/*

**********************************************************************

     double gennch(double df,double xnonc)

           Generate random value of Noncentral CHIsquare variable

                              Function

     Generates random deviate  from the  distribution  of a  noncentral

     chisquare with DF degrees  of freedom and noncentrality  parameter

     xnonc.

                              Arguments

     df --> Degrees of freedom of the chisquare

            (Must be > 1.0)

     xnonc --> Noncentrality parameter of the chisquare

               (Must be >= 0.0)

                              Method

     Uses fact that  noncentral chisquare  is  the  sum of a  chisquare

     deviate with DF-1  degrees of freedom plus the  square of a normal

     deviate with mean XNONC and standard deviation 1.

**********************************************************************

*/

{

static double gennch;

    if(!(df <= 1.0 || xnonc < 0.0)) goto S10;

    fputs("DF <= 1 or XNONC < 0 in GENNCH - ABORT",stderr);

    fprintf(stderr,"Value of DF: %16.6E Value of XNONC%16.6E\n",df,xnonc);

    exit(1);

S10:

    gennch = genchi(df-1.0)+pow(gennor(sqrt(xnonc),1.0),2.0);

    return gennch;

}

double gennf(double dfn,double dfd,double xnonc)

/*

**********************************************************************

     double gennf(double dfn,double dfd,double xnonc)

           GENerate random deviate from the Noncentral F distribution

                              Function

     Generates a random deviate from the  noncentral F (variance ratio)

     distribution with DFN degrees of freedom in the numerator, and DFD

     degrees of freedom in the denominator, and noncentrality parameter

     XNONC.

                              Arguments

     dfn --> Numerator degrees of freedom

             (Must be >= 1.0)

     dfd --> Denominator degrees of freedom

             (Must be positive)

     xnonc --> Noncentrality parameter

               (Must be nonnegative)

                              Method

     Directly generates ratio of noncentral numerator chisquare variate

     to central denominator chisquare variate.

**********************************************************************

*/

{

static double gennf,xden,xnum;

static long qcond;

    qcond = dfn <= 1.0 || dfd <= 0.0 || xnonc < 0.0;

    if(!qcond) goto S10;

    fputs("In GENNF - Either (1) Numerator DF <= 1.0 or",stderr);

    fputs("(2) Denominator DF < 0.0 or ",stderr);

    fputs("(3) Noncentrality parameter < 0.0",stderr);

    fprintf(stderr,

      "DFN value: %16.6EDFD value: %16.6EXNONC value: \n%16.6E\n",dfn,dfd,

      xnonc);

    exit(1);

S10:

    xnum = gennch(dfn,xnonc)/dfn;

/*

      GENNF = ( GENNCH( DFN, XNONC ) / DFN ) / ( GENCHI( DFD ) / DFD )

*/

    xden = genchi(dfd)/dfd;

    if(!(xden <= 9.999999999998E-39*xnum)) goto S20;

    fputs(" GENNF - generated numbers would cause overflow",stderr);

    fprintf(stderr," Numerator %16.6E Denominator %16.6E\n",xnum,xden);

    fputs(" GENNF returning 1.0E38",stderr);

    gennf = 1.0E38;

    goto S30;

S20:

    gennf = xnum/xden;

S30:

    return gennf;

}

double gennor(double av,double sd)

/*

**********************************************************************

     double gennor(double av,double sd)

         GENerate random deviate from a NORmal distribution

                              Function

     Generates a single random deviate from a normal distribution

     with mean, AV, and standard deviation, SD.

                              Arguments

     av --> Mean of the normal distribution.

     sd --> Standard deviation of the normal distribution.

                              Method

     Renames SNORM from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               Ahrens, J.H. and Dieter, U.

               Extensions of Forsythe's Method for Random

               Sampling from the Normal Distribution.

               Math. Comput., 27,124 (Oct. 1973), 927 - 937.

**********************************************************************

*/

{

static double gennor;

    gennor = sd*snorm()+av;

    return gennor;

}

void genprm(long *iarray,int larray)

/*

**********************************************************************

    void genprm(long *iarray,int larray)

               GENerate random PeRMutation of iarray

                              Arguments

     iarray <--> On output IARRAY is a random permutation of its

                 value on input

     larray <--> Length of IARRAY

**********************************************************************

*/

{

static long i,itmp,iwhich,D1,D2;

    for(i=1,D1=1,D2=(larray-i+D1)/D1; D2>0; D2--,i+=D1) {

        iwhich = ignuin(i,larray);

        itmp = *(iarray+iwhich-1);

        *(iarray+iwhich-1) = *(iarray+i-1);

        *(iarray+i-1) = itmp;

    }

}

double genunf(double low,double high)

/*

**********************************************************************

     double genunf(double low,double high)

               GeNerate Uniform Real between LOW and HIGH

                              Function

     Generates a real uniformly distributed between LOW and HIGH.

                              Arguments

     low --> Low bound (exclusive) on real value to be generated

     high --> High bound (exclusive) on real value to be generated

**********************************************************************

*/

{

static double genunf;

    if(!(low > high)) goto S10;

    fprintf(stderr,"LOW > HIGH in GENUNF: LOW %16.6E HIGH: %16.6E\n",low,high);

    fputs("Abort",stderr);

    exit(1);

S10:

    genunf = low+(high-low)*ranf();

    return genunf;

}

void gscgn(long getset,long *g)

/*

**********************************************************************

     void gscgn(long getset,long *g)

                         Get/Set GeNerator

     Gets or returns in G the number of the current generator

                              Arguments

     getset --> 0 Get

                1 Set

     g <-- Number of the current random number generator (1..32)

**********************************************************************

*/

{

#define numg 32L

static long curntg = 1;

    if(getset == 0) *g = curntg;

    else  {

        if(*g < 0 || *g > numg) {

            fputs(" Generator number out of range in GSCGN",stderr);

            exit(0);

        }

        curntg = *g;

    }

#undef numg

}

void gsrgs(long getset,long *qvalue)

/*

**********************************************************************

     void gsrgs(long getset,long *qvalue)

               Get/Set Random Generators Set

     Gets or sets whether random generators set (initialized).

     Initially (data statement) state is not set

     If getset is 1 state is set to qvalue

     If getset is 0 state returned in qvalue

**********************************************************************

*/

{

static long qinit = 0;

    if(getset == 0) *qvalue = qinit;

    else qinit = *qvalue;

}

void gssst(long getset,long *qset)

/*

**********************************************************************

     void gssst(long getset,long *qset)

          Get or Set whether Seed is Set

     Initialize to Seed not Set

     If getset is 1 sets state to Seed Set

     If getset is 0 returns T in qset if Seed Set

     Else returns F in qset

**********************************************************************

*/

{

static long qstate = 0;

    if(getset != 0) qstate = 1;

    else  *qset = qstate;

}

long ignbin(long n,double pp)

/*

**********************************************************************

     long ignbin(long n,double pp)

                    GENerate BINomial random deviate

                              Function

     Generates a single random deviate from a binomial

     distribution whose number of trials is N and whose

     probability of an event in each trial is P.

                              Arguments

     n  --> The number of trials in the binomial distribution

            from which a random deviate is to be generated.

     p  --> The probability of an event in each trial of the

            binomial distribution from which a random deviate

            is to be generated.

     ignbin <-- A random deviate yielding the number of events

                from N independent trials, each of which has

                a probability of event P.

                              Method

     This is algorithm BTPE from:

         Kachitvichyanukul, V. and Schmeiser, B. W.

         Binomial Random Variate Generation.

         Communications of the ACM, 31, 2

         (February, 1988) 216.

**********************************************************************

     SUBROUTINE BTPEC(N,PP,ISEED,JX)

     BINOMIAL RANDOM VARIATE GENERATOR

     MEAN .LT. 30 -- INVERSE CDF

       MEAN .GE. 30 -- ALGORITHM BTPE:  ACCEPTANCE-REJECTION VIA

       FOUR REGION COMPOSITION.  THE FOUR REGIONS ARE A TRIANGLE

       (SYMMETRIC IN THE CENTER), A PAIR OF PARALLELOGRAMS (ABOVE

       THE TRIANGLE), AND EXPONENTIAL LEFT AND RIGHT TAILS.

     BTPE REFERS TO BINOMIAL-TRIANGLE-PARALLELOGRAM-EXPONENTIAL.

     BTPEC REFERS TO BTPE AND "COMBINED."  THUS BTPE IS THE

       RESEARCH AND BTPEC IS THE IMPLEMENTATION OF A COMPLETE

       USABLE ALGORITHM.

     REFERENCE:  VORATAS KACHITVICHYANUKUL AND BRUCE SCHMEISER,

       "BINOMIAL RANDOM VARIATE GENERATION,"

       COMMUNICATIONS OF THE ACM, FORTHCOMING

     WRITTEN:  SEPTEMBER 1980.

       LAST REVISED:  MAY 1985, JULY 1987

     REQUIRED SUBPROGRAM:  RAND() -- A UNIFORM (0,1) RANDOM NUMBER

                           GENERATOR

     ARGUMENTS

       N : NUMBER OF BERNOULLI TRIALS            (INPUT)

       PP : PROBABILITY OF SUCCESS IN EACH TRIAL (INPUT)

       ISEED:  RANDOM NUMBER SEED                (INPUT AND OUTPUT)

       JX:  RANDOMLY GENERATED OBSERVATION       (OUTPUT)

     VARIABLES

       PSAVE: VALUE OF PP FROM THE LAST CALL TO BTPEC

       NSAVE: VALUE OF N FROM THE LAST CALL TO BTPEC

       XNP:  VALUE OF THE MEAN FROM THE LAST CALL TO BTPEC

       P: PROBABILITY USED IN THE GENERATION PHASE OF BTPEC

       FFM: TEMPORARY VARIABLE EQUAL TO XNP + P

       M:  INTEGER VALUE OF THE CURRENT MODE

       FM:  DOUBLEING POINT VALUE OF THE CURRENT MODE

       XNPQ: TEMPORARY VARIABLE USED IN SETUP AND SQUEEZING STEPS

       P1:  AREA OF THE TRIANGLE

       C:  HEIGHT OF THE PARALLELOGRAMS

       XM:  CENTER OF THE TRIANGLE

       XL:  LEFT END OF THE TRIANGLE

       XR:  RIGHT END OF THE TRIANGLE

       AL:  TEMPORARY VARIABLE

       XLL:  RATE FOR THE LEFT EXPONENTIAL TAIL

       XLR:  RATE FOR THE RIGHT EXPONENTIAL TAIL

       P2:  AREA OF THE PARALLELOGRAMS

       P3:  AREA OF THE LEFT EXPONENTIAL TAIL

       P4:  AREA OF THE RIGHT EXPONENTIAL TAIL

       U:  A U(0,P4) RANDOM VARIATE USED FIRST TO SELECT ONE OF THE

           FOUR REGIONS AND THEN CONDITIONALLY TO GENERATE A VALUE

           FROM THE REGION

       V:  A U(0,1) RANDOM NUMBER USED TO GENERATE THE RANDOM VALUE

           (REGION 1) OR TRANSFORMED INTO THE VARIATE TO ACCEPT OR

           REJECT THE CANDIDATE VALUE

       IX:  INTEGER CANDIDATE VALUE

       X:  PRELIMINARY CONTINUOUS CANDIDATE VALUE IN REGION 2 LOGIC

           AND A DOUBLEING POINT IX IN THE ACCEPT/REJECT LOGIC

       K:  ABSOLUTE VALUE OF (IX-M)

       F:  THE HEIGHT OF THE SCALED DENSITY FUNCTION USED IN THE

           ACCEPT/REJECT DECISION WHEN BOTH M AND IX ARE SMALL

           ALSO USED IN THE INVERSE TRANSFORMATION

       R: THE RATIO P/Q

       G: CONSTANT USED IN CALCULATION OF PROBABILITY

       MP:  MODE PLUS ONE, THE LOWER INDEX FOR EXPLICIT CALCULATION

            OF F WHEN IX IS GREATER THAN M

       IX1:  CANDIDATE VALUE PLUS ONE, THE LOWER INDEX FOR EXPLICIT

             CALCULATION OF F WHEN IX IS LESS THAN M

       I:  INDEX FOR EXPLICIT CALCULATION OF F FOR BTPE

       AMAXP: MAXIMUM ERROR OF THE LOGARITHM OF NORMAL BOUND

       YNORM: LOGARITHM OF NORMAL BOUND

       ALV:  NATURAL LOGARITHM OF THE ACCEPT/REJECT VARIATE V

       X1,F1,Z,W,Z2,X2,F2, AND W2 ARE TEMPORARY VARIABLES TO BE

       USED IN THE FINAL ACCEPT/REJECT TEST

       QN: PROBABILITY OF NO SUCCESS IN N TRIALS

     REMARK

       IX AND JX COULD LOGICALLY BE THE SAME VARIABLE, WHICH WOULD

       SAVE A MEMORY POSITION AND A LINE OF CODE.  HOWEVER, SOME

       COMPILERS (E.G.,CDC MNF) OPTIMIZE BETTER WHEN THE ARGUMENTS

       ARE NOT INVOLVED.

     ISEED NEEDS TO BE DOUBLE PRECISION IF THE IMSL ROUTINE

     GGUBFS IS USED TO GENERATE UNIFORM RANDOM NUMBER, OTHERWISE

     TYPE OF ISEED SHOULD BE DICTATED BY THE UNIFORM GENERATOR

**********************************************************************

*****DETERMINE APPROPRIATE ALGORITHM AND WHETHER SETUP IS NECESSARY

*/

{

static double psave = -1.0;

static long nsave = -1;

static long ignbin,i,ix,ix1,k,m,mp,T1;

static double al,alv,amaxp,c,f,f1,f2,ffm,fm,g,p,p1,p2,p3,p4,q,qn,r,u,v,w,w2,x,x1,

    x2,xl,xll,xlr,xm,xnp,xnpq,xr,ynorm,z,z2;

    if(pp != psave) goto S10;

    if(n != nsave) goto S20;

    if(xnp < 30.0) goto S150;

    goto S30;

S10:

/*

*****SETUP, PERFORM ONLY WHEN PARAMETERS CHANGE

*/

    psave = pp;

    p = min(psave,1.0-psave);

    q = 1.0-p;

S20:

    xnp = n*p;

    nsave = n;

    if(xnp < 30.0) goto S140;

    ffm = xnp+p;

    m = ffm;

    fm = m;

    xnpq = xnp*q;

    p1 = (long) (2.195*sqrt(xnpq)-4.6*q)+0.5;

    xm = fm+0.5;

    xl = xm-p1;

    xr = xm+p1;

    c = 0.134+20.5/(15.3+fm);

    al = (ffm-xl)/(ffm-xl*p);

    xll = al*(1.0+0.5*al);

    al = (xr-ffm)/(xr*q);

    xlr = al*(1.0+0.5*al);

    p2 = p1*(1.0+c+c);

    p3 = p2+c/xll;

    p4 = p3+c/xlr;

S30:

/*

*****GENERATE VARIATE

*/

    u = ranf()*p4;

    v = ranf();

/*

     TRIANGULAR REGION

*/

    if(u > p1) goto S40;

    ix = xm-p1*v+u;

    goto S170;

S40:

/*

     PARALLELOGRAM REGION

*/

    if(u > p2) goto S50;

    x = xl+(u-p1)/c;

    v = v*c+1.0-ABS(xm-x)/p1;

    if(v > 1.0 || v <= 0.0) goto S30;

    ix = x;

    goto S70;

S50:

/*

     LEFT TAIL

*/

    if(u > p3) goto S60;

    ix = xl+log(v)/xll;

    if(ix < 0) goto S30;

    v *= ((u-p2)*xll);

    goto S70;

S60:

/*

     RIGHT TAIL

*/

    ix = xr-log(v)/xlr;

    if(ix > n) goto S30;

    v *= ((u-p3)*xlr);

S70:

/*

*****DETERMINE APPROPRIATE WAY TO PERFORM ACCEPT/REJECT TEST

*/

    k = ABS(ix-m);

    if(k > 20 && k < xnpq/2-1) goto S130;

/*

     EXPLICIT EVALUATION

*/

    f = 1.0;

    r = p/q;

    g = (n+1)*r;

    T1 = m-ix;

    if(T1 < 0) goto S80;

    else if(T1 == 0) goto S120;

    else  goto S100;

S80:

    mp = m+1;

    for(i=mp; i<=ix; i++) f *= (g/i-r);

    goto S120;

S100:

    ix1 = ix+1;

    for(i=ix1; i<=m; i++) f /= (g/i-r);

S120:

    if(v <= f) goto S170;

    goto S30;

S130:

/*

     SQUEEZING USING UPPER AND LOWER BOUNDS ON ALOG(F(X))

*/

    amaxp = k/xnpq*((k*(k/3.0+0.625)+0.1666666666666)/xnpq+0.5);

    ynorm = -(k*k/(2.0*xnpq));

    alv = log(v);

    if(alv < ynorm-amaxp) goto S170;

    if(alv > ynorm+amaxp) goto S30;

/*

     STIRLING'S FORMULA TO MACHINE ACCURACY FOR

     THE FINAL ACCEPTANCE/REJECTION TEST

*/

    x1 = ix+1.0;

    f1 = fm+1.0;

    z = n+1.0-fm;

    w = n-ix+1.0;

    z2 = z*z;

    x2 = x1*x1;

    f2 = f1*f1;

    w2 = w*w;

    if(alv <= xm*log(f1/x1)+(n-m+0.5)*log(z/w)+(ix-m)*log(w*p/(x1*q))+(13860.0-

      (462.0-(132.0-(99.0-140.0/f2)/f2)/f2)/f2)/f1/166320.0+(13860.0-(462.0-

      (132.0-(99.0-140.0/z2)/z2)/z2)/z2)/z/166320.0+(13860.0-(462.0-(132.0-

      (99.0-140.0/x2)/x2)/x2)/x2)/x1/166320.0+(13860.0-(462.0-(132.0-(99.0

      -140.0/w2)/w2)/w2)/w2)/w/166320.0) goto S170;

    goto S30;

S140:

/*

     INVERSE CDF LOGIC FOR MEAN LESS THAN 30

*/

    qn = pow(q,(double)n);

    r = p/q;

    g = r*(n+1);

S150:

    ix = 0;

    f = qn;

    u = ranf();

S160:

    if(u < f) goto S170;

    if(ix > 110) goto S150;

    u -= f;

    ix += 1;

    f *= (g/ix-r);

    goto S160;

S170:

    if(psave > 0.5) ix = n-ix;

    ignbin = ix;

    return ignbin;

}

long ignnbn(long n,double p)

/*

**********************************************************************

     long ignnbn(long n,double p)

                GENerate Negative BiNomial random deviate

                              Function

     Generates a single random deviate from a negative binomial

     distribution.

                              Arguments

     N  --> The number of trials in the negative binomial distribution

            from which a random deviate is to be generated.

     P  --> The probability of an event.

                              Method

     Algorithm from page 480 of

     Devroye, Luc

     Non-Uniform Random Variate Generation.  Springer-Verlag,

     New York, 1986.

**********************************************************************

*/

{

static long ignnbn;

static double y,a,r;

/*

     ..

     .. Executable Statements ..

*/

/*

     Check Arguments

*/

    if(n < 0) ftnstop("N < 0 in IGNNBN");

    if(p <= 0.0F) ftnstop("P <= 0 in IGNNBN");

    if(p >= 1.0F) ftnstop("P >= 1 in IGNNBN");

/*

     Generate Y, a random gamma (n,(1-p)/p) variable

*/

    r = (double)n;

    a = p/(1.0F-p);

    y = gengam(a,r);

/*

     Generate a random Poisson(y) variable

*/

    ignnbn = ignpoi(y);

    return ignnbn;

}

long ignpoi(double mu)

/*

**********************************************************************

     long ignpoi(double mu)

                    GENerate POIsson random deviate

                              Function

     Generates a single random deviate from a Poisson

     distribution with mean AV.

                              Arguments

     av --> The mean of the Poisson distribution from which

            a random deviate is to be generated.

     genexp <-- The random deviate.

                              Method

     Renames KPOIS from TOMS as slightly modified by BWB to use RANF

     instead of SUNIF.

     For details see:

               Ahrens, J.H. and Dieter, U.

               Computer Generation of Poisson Deviates

               From Modified Normal Distributions.

               ACM Trans. Math. Software, 8, 2

               (June 1982),163-179

**********************************************************************

**********************************************************************

     P O I S S O N  DISTRIBUTION                                      

**********************************************************************

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               COMPUTER GENERATION OF POISSON DEVIATES                

               FROM MODIFIED NORMAL DISTRIBUTIONS.                    

               ACM TRANS. MATH. SOFTWARE, 8,2 (JUNE 1982), 163 - 179. 

     (SLIGHTLY MODIFIED VERSION OF THE PROGRAM IN THE ABOVE ARTICLE)  

**********************************************************************

      INTEGER FUNCTION IGNPOI(IR,MU)

     INPUT:  IR=CURRENT STATE OF BASIC RANDOM NUMBER GENERATOR

             MU=MEAN MU OF THE POISSON DISTRIBUTION

     OUTPUT: IGNPOI=SAMPLE FROM THE POISSON-(MU)-DISTRIBUTION

     MUPREV=PREVIOUS MU, MUOLD=MU AT LAST EXECUTION OF STEP P OR B.

     TABLES: COEFFICIENTS A0-A7 FOR STEP F. FACTORIALS FACT

     COEFFICIENTS A(K) - FOR PX = FK*V*V*SUM(A(K)*V**K)-DEL

     SEPARATION OF CASES A AND B

*/

{

extern double fsign( double num, double sign );

static double a0 = -0.5;

static double a1 = 0.3333333;

static double a2 = -0.2500068;

static double a3 = 0.2000118;

static double a4 = -0.1661269;

static double a5 = 0.1421878;

static double a6 = -0.1384794;

static double a7 = 0.125006;

static double muold = 0.0;

static double muprev = 0.0;

static double fact[10] = {

    1.0,1.0,2.0,6.0,24.0,120.0,720.0,5040.0,40320.0,362880.0

};

static long ignpoi,j,k,kflag,l,m;

static double b1,b2,c,c0,c1,c2,c3,d,del,difmuk,e,fk,fx,fy,g,omega,p,p0,px,py,q,s,

    t,u,v,x,xx,pp[35];

    if(mu == muprev) goto S10;

    if(mu < 10.0) goto S120;

/*

     C A S E  A. (RECALCULATION OF S,D,L IF MU HAS CHANGED)

*/

    muprev = mu;

    s = sqrt(mu);

    d = 6.0*mu*mu;

/*

             THE POISSON PROBABILITIES PK EXCEED THE DISCRETE NORMAL

             PROBABILITIES FK WHENEVER K >= M(MU). L=IFIX(MU-1.1484)

             IS AN UPPER BOUND TO M(MU) FOR ALL MU >= 10 .

*/

    l = (long) (mu-1.1484);

S10:

/*

     STEP N. NORMAL SAMPLE - SNORM(IR) FOR STANDARD NORMAL DEVIATE

*/

    g = mu+s*snorm();

    if(g < 0.0) goto S20;

    ignpoi = (long) (g);

/*

     STEP I. IMMEDIATE ACCEPTANCE IF IGNPOI IS LARGE ENOUGH

*/

    if(ignpoi >= l) return ignpoi;

/*

     STEP S. SQUEEZE ACCEPTANCE - SUNIF(IR) FOR (0,1)-SAMPLE U

*/

    fk = (double)ignpoi;

    difmuk = mu-fk;

    u = ranf();

    if(d*u >= difmuk*difmuk*difmuk) return ignpoi;

S20:

/*

     STEP P. PREPARATIONS FOR STEPS Q AND H.

             (RECALCULATIONS OF PARAMETERS IF NECESSARY)

             .3989423=(2*PI)**(-.5)  .416667E-1=1./24.  .1428571=1./7.

             THE QUANTITIES B1, B2, C3, C2, C1, C0 ARE FOR THE HERMITE

             APPROXIMATIONS TO THE DISCRETE NORMAL PROBABILITIES FK.

             C=.1069/MU GUARANTEES MAJORIZATION BY THE 'HAT'-FUNCTION.

*/

    if(mu == muold) goto S30;

    muold = mu;

    omega = 0.3989423/s;

    b1 = 4.166667E-2/mu;

    b2 = 0.3*b1*b1;

    c3 = 0.1428571*b1*b2;

    c2 = b2-15.0*c3;

    c1 = b1-6.0*b2+45.0*c3;

    c0 = 1.0-b1+3.0*b2-15.0*c3;

    c = 0.1069/mu;

S30:

    if(g < 0.0) goto S50;

/*

             'SUBROUTINE' F IS CALLED (KFLAG=0 FOR CORRECT RETURN)

*/

    kflag = 0;

    goto S70;

S40:

/*

     STEP Q. QUOTIENT ACCEPTANCE (RARE CASE)

*/

    if(fy-u*fy <= py*exp(px-fx)) return ignpoi;

S50:

/*

     STEP E. EXPONENTIAL SAMPLE - SEXPO(IR) FOR STANDARD EXPONENTIAL

             DEVIATE E AND SAMPLE T FROM THE LAPLACE 'HAT'

             (IF T <= -.6744 THEN PK < FK FOR ALL MU >= 10.)

*/

    e = sexpo();

    u = ranf();

    u += (u-1.0);

    t = 1.8+fsign(e,u);

    if(t <= -0.6744) goto S50;

    ignpoi = (long) (mu+s*t);

    fk = (double)ignpoi;

    difmuk = mu-fk;

/*

             'SUBROUTINE' F IS CALLED (KFLAG=1 FOR CORRECT RETURN)

*/

    kflag = 1;

    goto S70;

S60:

/*

     STEP H. HAT ACCEPTANCE (E IS REPEATED ON REJECTION)

*/

    if(c*fabs(u) > py*exp(px+e)-fy*exp(fx+e)) goto S50;

    return ignpoi;

S70:

/*

     STEP F. 'SUBROUTINE' F. CALCULATION OF PX,PY,FX,FY.

             CASE IGNPOI .LT. 10 USES FACTORIALS FROM TABLE FACT

*/

    if(ignpoi >= 10) goto S80;

    px = -mu;

    py = pow(mu,(double)ignpoi)/ *(fact+ignpoi);

    goto S110;

S80:

/*

             CASE IGNPOI .GE. 10 USES POLYNOMIAL APPROXIMATION

             A0-A7 FOR ACCURACY WHEN ADVISABLE

             .8333333E-1=1./12.  .3989423=(2*PI)**(-.5)

*/

    del = 8.333333E-2/fk;

    del -= (4.8*del*del*del);

    v = difmuk/fk;

    if(fabs(v) <= 0.25) goto S90;

    px = fk*log(1.0+v)-difmuk-del;

    goto S100;

S90:

    px = fk*v*v*(((((((a7*v+a6)*v+a5)*v+a4)*v+a3)*v+a2)*v+a1)*v+a0)-del;

S100:

    py = 0.3989423/sqrt(fk);

S110:

    x = (0.5-difmuk)/s;

    xx = x*x;

    fx = -0.5*xx;

    fy = omega*(((c3*xx+c2)*xx+c1)*xx+c0);

    if(kflag <= 0) goto S40;

    goto S60;

S120:

/*

     C A S E  B. (START NEW TABLE AND CALCULATE P0 IF NECESSARY)

*/

    muprev = 0.0;

    if(mu == muold) goto S130;

    muold = mu;

    m = max(1L,(long) (mu));

    l = 0;

    p = exp(-mu);

    q = p0 = p;

S130:

/*

     STEP U. UNIFORM SAMPLE FOR INVERSION METHOD

*/

    u = ranf();

    ignpoi = 0;

    if(u <= p0) return ignpoi;

/*

     STEP T. TABLE COMPARISON UNTIL THE END PP(L) OF THE

             PP-TABLE OF CUMULATIVE POISSON PROBABILITIES

             (0.458=PP(9) FOR MU=10)

*/

    if(l == 0) goto S150;

    j = 1;

    if(u > 0.458) j = min(l,m);

    for(k=j; k<=l; k++) {

        if(u <= *(pp+k-1)) goto S180;

    }

    if(l == 35) goto S130;

S150:

/*

     STEP C. CREATION OF NEW POISSON PROBABILITIES P

             AND THEIR CUMULATIVES Q=PP(K)

*/

    l += 1;

    for(k=l; k<=35; k++) {

        p = p*mu/(double)k;

        q += p;

        *(pp+k-1) = q;

        if(u <= q) goto S170;

    }

    l = 35;

    goto S130;

S170:

    l = k;

S180:

    ignpoi = k;

    return ignpoi;

}

long ignuin(long low,long high)

/*

**********************************************************************

     long ignuin(long low,long high)

               GeNerate Uniform INteger

                              Function

     Generates an integer uniformly distributed between LOW and HIGH.

                              Arguments

     low --> Low bound (inclusive) on integer value to be generated

     high --> High bound (inclusive) on integer value to be generated

                              Note

     If (HIGH-LOW) > 2,147,483,561 prints error message on * unit and

     stops the program.

**********************************************************************

     IGNLGI generates integers between 1 and 2147483562

     MAXNUM is 1 less than maximum generable value

*/

{

#define maxnum 2147483561L

static long ignuin,ign,maxnow,range,ranp1;

    if(!(low > high)) goto S10;

    fputs(" low > high in ignuin - ABORT",stderr);

    exit(1);

S10:

    range = high-low;

    if(!(range > maxnum)) goto S20;

    fputs(" high - low too large in ignuin - ABORT",stderr);

    exit(1);

S20:

    if(!(low == high)) goto S30;

    ignuin = low;

    return ignuin;

S30:

/*

     Number to be generated should be in range 0..RANGE

     Set MAXNOW so that the number of integers in 0..MAXNOW is an

     integral multiple of the number in 0..RANGE

*/

    ranp1 = range+1;

    maxnow = maxnum/ranp1*ranp1;

S40:

    ign = ignlgi()-1;

    if(!(ign <= maxnow)) goto S50;

    ignuin = low+ign%ranp1;

    return ignuin;

S50:

    goto S40;

#undef maxnum

#undef err1

#undef err2

}

long lennob( char *str )

/* 

Returns the length of str ignoring trailing blanks but not 

other white space.

*/

{

long i, i_nb;

for (i=0, i_nb= -1L; *(str+i); i++)

    if ( *(str+i) != ' ' ) i_nb = i;

return (i_nb+1);

    }

long mltmod(long a,long s,long m)

/*

**********************************************************************

     long mltmod(long a,long s,long m)

                    Returns (A*S) MOD M

     This is a transcription from Pascal to Fortran of routine

     MULtMod_Decompos from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

                              Arguments

     a, s, m  -->

**********************************************************************

*/

{

#define h 32768L

static long mltmod,a0,a1,k,p,q,qh,rh;

/*

     H = 2**((b-2)/2) where b = 32 because we are using a 32 bit

      machine. On a different machine recompute H

*/

    if(!(a <= 0 || a >= m || s <= 0 || s >= m)) goto S10;

    fputs(" a, m, s out of order in mltmod - ABORT!",stderr);

    fprintf(stderr," a = %12ld s = %12ld m = %12ld\n",a,s,m);

    fputs(" mltmod requires: 0 < a < m; 0 < s < m",stderr);

    exit(1);

S10:

    if(!(a < h)) goto S20;

    a0 = a;

    p = 0;

    goto S120;

S20:

    a1 = a/h;

    a0 = a-h*a1;

    qh = m/h;

    rh = m-h*qh;

    if(!(a1 >= h)) goto S50;

    a1 -= h;

    k = s/qh;

    p = h*(s-k*qh)-k*rh;

S30:

    if(!(p < 0)) goto S40;

    p += m;

    goto S30;

S40:

    goto S60;

S50:

    p = 0;

S60:

/*

     P = (A2*S*H)MOD M

*/

    if(!(a1 != 0)) goto S90;

    q = m/a1;

    k = s/q;

    p -= (k*(m-a1*q));

    if(p > 0) p -= m;

    p += (a1*(s-k*q));

S70:

    if(!(p < 0)) goto S80;

    p += m;

    goto S70;

S90:

S80:

    k = p/qh;

/*

     P = ((A2*H + A1)*S)MOD M

*/

    p = h*(p-k*qh)-k*rh;

S100:

    if(!(p < 0)) goto S110;

    p += m;

    goto S100;

S120:

S110:

    if(!(a0 != 0)) goto S150;

/*

     P = ((A2*H + A1)*H*S)MOD M

*/

    q = m/a0;

    k = s/q;

    p -= (k*(m-a0*q));

    if(p > 0) p -= m;

    p += (a0*(s-k*q));

S130:

    if(!(p < 0)) goto S140;

    p += m;

    goto S130;

S150:

S140:

    mltmod = p;

    return mltmod;

#undef h

}

void phrtsd(char* phrase,long *seed1,long *seed2)

/*

**********************************************************************

     void phrtsd(char* phrase,long *seed1,long *seed2)

               PHRase To SeeDs

                              Function

     Uses a phrase (character string) to generate two seeds for the RGN

     random number generator.

                              Arguments

     phrase --> Phrase to be used for random number generation

     seed1 <-- First seed for generator

     seed2 <-- Second seed for generator

                              Note

     Trailing blanks are eliminated before the seeds are generated.

     Generated seed values will fall in the range 1..2^30

     (1..1,073,741,824)

**********************************************************************

*/

{

static char table[] =

"abcdefghijklmnopqrstuvwxyz\

ABCDEFGHIJKLMNOPQRSTUVWXYZ\

0123456789\

!@#$%^&*()_+[];:'\\\"<>?,./";

long ix;

static long twop30 = 1073741824L;

static long shift[5] = {

    1L,64L,4096L,262144L,16777216L

};

static long i,ichr,j,lphr,values[5];

extern long lennob(char *str);

    *seed1 = 1234567890L;

    *seed2 = 123456789L;

    lphr = lennob(phrase); 

    if(lphr < 1) return;

    for(i=0; i<=(lphr-1); i++) {


for (ix=0; table[ix]; ix++) if (*(phrase+i) == table[ix]) break; 

        if (!table[ix]) ix = 0;

        ichr = ix % 64;

        if(ichr == 0) ichr = 63;

        for(j=1; j<=5; j++) {

            *(values+j-1) = ichr-j;

            if(*(values+j-1) < 1) *(values+j-1) += 63;

        }

        for(j=1; j<=5; j++) {

            *seed1 = ( *seed1+*(shift+j-1)**(values+j-1) ) % twop30;

            *seed2 = ( *seed2+*(shift+j-1)**(values+6-j-1) )  % twop30;

        }

    }

#undef twop30

}

double ranf(void)

/*

**********************************************************************

     double ranf(void)

                RANDom number generator as a Function

     Returns a random doubleing point number from a uniform distribution

     over 0 - 1 (endpoints of this interval are not returned) using the

     current generator

     This is a transcription from Pascal to Fortran of routine

     Uniform_01 from the paper

     L'Ecuyer, P. and Cote, S. "Implementing a Random Number Package

     with Splitting Facilities." ACM Transactions on Mathematical

     Software, 17:98-111 (1991)

**********************************************************************

*/

{

static double ranf;

/*

     4.656613057E-10 is 1/M1  M1 is set in a data statement in IGNLGI

      and is currently 2147483563. If M1 changes, change this also.

*/

    ranf = ignlgi()*4.656613057E-10;

    return ranf;

}

void setgmn(double *meanv,double *covm,long p,double *parm)

/*

**********************************************************************

     void setgmn(double *meanv,double *covm,long p,double *parm)

            SET Generate Multivariate Normal random deviate

                              Function

      Places P, MEANV, and the Cholesky factoriztion of COVM

      in GENMN.

                              Arguments

     meanv --> Mean vector of multivariate normal distribution.

     covm   <--> (Input) Covariance   matrix    of  the  multivariate

                 normal distribution

                 (Output) Destroyed on output

     p     --> Dimension of the normal, or length of MEANV.

     parm <-- Array of parameters needed to generate multivariate norma

                deviates (P, MEANV and Cholesky decomposition of

                COVM).

                1 : 1                - P

                2 : P + 1            - MEANV

                P+2 : P*(P+3)/2 + 1  - Cholesky decomposition of COVM

               Needed dimension is (p*(p+3)/2 + 1)

**********************************************************************

*/

{

extern void spofa(double *a,long lda,long n,long *info);

static long T1;

static long i,icount,info,j,D2,D3,D4,D5;

    T1 = p*(p+3)/2+1;

/*

     TEST THE INPUT

*/

    if(!(p <= 0)) goto S10;

    fputs("P nonpositive in SETGMN",stderr);

    fprintf(stderr,"Value of P: %12ld\n",p);

    exit(1);

S10:

    *parm = p;

/*

     PUT P AND MEANV INTO PARM

*/

    for(i=2,D2=1,D3=(p+1-i+D2)/D2; D3>0; D3--,i+=D2) *(parm+i-1) = *(meanv+i-2);

/*

      Cholesky decomposition to find A s.t. trans(A)*(A) = COVM

*/

    spofa(covm,p,p,&info);

    if(!(info != 0)) goto S30;

    fputs(" COVM not positive definite in SETGMN",stderr);

    exit(1);

S30:

    icount = p+1;

/*

     PUT UPPER HALF OF A, WHICH IS NOW THE CHOLESKY FACTOR, INTO PARM

          COVM(1,1) = PARM(P+2)

          COVM(1,2) = PARM(P+3)

                    :

          COVM(1,P) = PARM(2P+1)

          COVM(2,2) = PARM(2P+2)  ...

*/

    for(i=1,D4=1,D5=(p-i+D4)/D4; D5>0; D5--,i+=D4) {

        for(j=i-1; j<p; j++) {

            icount += 1;

            *(parm+icount-1) = *(covm+i-1+j*p);

        }

    }

}

double sexpo(void)

/*

**********************************************************************

     (STANDARD-)  E X P O N E N T I A L   DISTRIBUTION                

**********************************************************************

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               COMPUTER METHODS FOR SAMPLING FROM THE                 

               EXPONENTIAL AND NORMAL DISTRIBUTIONS.                  

               COMM. ACM, 15,10 (OCT. 1972), 873 - 882.               

     ALL STATEMENT NUMBERS CORRESPOND TO THE STEPS OF ALGORITHM       

     'SA' IN THE ABOVE PAPER (SLIGHTLY MODIFIED IMPLEMENTATION)       

     Modified by Barry W. Brown, Feb 3, 1988 to use RANF instead of   

     SUNIF.  The argument IR thus goes away.                          

**********************************************************************

     Q(N) = SUM(ALOG(2.0)**K/K!)    K=1,..,N ,      THE HIGHEST N

     (HERE 8) IS DETERMINED BY Q(N)=1.0 WITHIN STANDARD PRECISION

*/

{

static double q[8] = {

    0.6931472,0.9333737,0.9888778,0.9984959,0.9998293,0.9999833,0.9999986,1.0

};

static long i;

static double sexpo,a,u,ustar,umin;

static double *q1 = q;

    a = 0.0;

    u = ranf();

    goto S30;

S20:

    a += *q1;

S30:

    u += u;

    if(u <= 1.0) goto S20;

    u -= 1.0;

    if(u > *q1) goto S60;

    sexpo = a+u;

    return sexpo;

S60:

    i = 1;

    ustar = ranf();

    umin = ustar;

S70:

    ustar = ranf();

    if(ustar < umin) umin = ustar;

    i += 1;

    if(u > *(q+i-1)) goto S70;

    sexpo = a+umin**q1;

    return sexpo;

}

double sgamma(double a)

/*

**********************************************************************

     (STANDARD-)  G A M M A  DISTRIBUTION                             

**********************************************************************

**********************************************************************

               PARAMETER  A >= 1.0  !                                 

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               GENERATING GAMMA VARIATES BY A                         

               MODIFIED REJECTION TECHNIQUE.                          

               COMM. ACM, 25,1 (JAN. 1982), 47 - 54.                  

     STEP NUMBERS CORRESPOND TO ALGORITHM 'GD' IN THE ABOVE PAPER     

                                 (STRAIGHTFORWARD IMPLEMENTATION)     

     Modified by Barry W. Brown, Feb 3, 1988 to use RANF instead of   

     SUNIF.  The argument IR thus goes away.                          

**********************************************************************

               PARAMETER  0.0 < A < 1.0  !                            

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               COMPUTER METHODS FOR SAMPLING FROM GAMMA,              

               BETA, POISSON AND BINOMIAL DISTRIBUTIONS.              

               COMPUTING, 12 (1974), 223 - 246.                       

     (ADAPTED IMPLEMENTATION OF ALGORITHM 'GS' IN THE ABOVE PAPER)    

**********************************************************************

     INPUT: A =PARAMETER (MEAN) OF THE STANDARD GAMMA DISTRIBUTION

     OUTPUT: SGAMMA = SAMPLE FROM THE GAMMA-(A)-DISTRIBUTION

     COEFFICIENTS Q(K) - FOR Q0 = SUM(Q(K)*A**(-K))

     COEFFICIENTS A(K) - FOR Q = Q0+(T*T/2)*SUM(A(K)*V**K)

     COEFFICIENTS E(K) - FOR EXP(Q)-1 = SUM(E(K)*Q**K)

     PREVIOUS A PRE-SET TO ZERO - AA IS A', AAA IS A"

     SQRT32 IS THE SQUAREROOT OF 32 = 5.656854249492380

*/

{

extern double fsign( double num, double sign );

static double q1 = 4.166669E-2;

static double q2 = 2.083148E-2;

static double q3 = 8.01191E-3;

static double q4 = 1.44121E-3;

static double q5 = -7.388E-5;

static double q6 = 2.4511E-4;

static double q7 = 2.424E-4;

static double a1 = 0.3333333;

static double a2 = -0.250003;

static double a3 = 0.2000062;

static double a4 = -0.1662921;

static double a5 = 0.1423657;

static double a6 = -0.1367177;

static double a7 = 0.1233795;

static double e1 = 1.0;

static double e2 = 0.4999897;

static double e3 = 0.166829;

static double e4 = 4.07753E-2;

static double e5 = 1.0293E-2;

static double aa = 0.0;

static double aaa = 0.0;

static double sqrt32 = 5.656854;

static double sgamma,s2,s,d,t,x,u,r,q0,b,si,c,v,q,e,w,p;

    if(a == aa) goto S10;

    if(a < 1.0) goto S120;

/*

     STEP  1:  RECALCULATIONS OF S2,S,D IF A HAS CHANGED

*/

    aa = a;

    s2 = a-0.5;

    s = sqrt(s2);

    d = sqrt32-12.0*s;

S10:

/*

     STEP  2:  T=STANDARD NORMAL DEVIATE,

               X=(S,1/2)-NORMAL DEVIATE.

               IMMEDIATE ACCEPTANCE (I)

*/

    t = snorm();

    x = s+0.5*t;

    sgamma = x*x;

    if(t >= 0.0) return sgamma;

/*

     STEP  3:  U= 0,1 -UNIFORM SAMPLE. SQUEEZE ACCEPTANCE (S)

*/

    u = ranf();

    if(d*u <= t*t*t) return sgamma;

/*

     STEP  4:  RECALCULATIONS OF Q0,B,SI,C IF NECESSARY

*/

    if(a == aaa) goto S40;

    aaa = a;

    r = 1.0/ a;

    q0 = ((((((q7*r+q6)*r+q5)*r+q4)*r+q3)*r+q2)*r+q1)*r;

/*

               APPROXIMATION DEPENDING ON SIZE OF PARAMETER A

               THE CONSTANTS IN THE EXPRESSIONS FOR B, SI AND

               C WERE ESTABLISHED BY NUMERICAL EXPERIMENTS

*/

    if(a <= 3.686) goto S30;

    if(a <= 13.022) goto S20;

/*

               CASE 3:  A .GT. 13.022

*/

    b = 1.77;

    si = 0.75;

    c = 0.1515/s;

    goto S40;

S20:

/*

               CASE 2:  3.686 .LT. A .LE. 13.022

*/

    b = 1.654+7.6E-3*s2;

    si = 1.68/s+0.275;

    c = 6.2E-2/s+2.4E-2;

    goto S40;

S30:

/*

               CASE 1:  A .LE. 3.686

*/

    b = 0.463+s+0.178*s2;

    si = 1.235;

    c = 0.195/s-7.9E-2+1.6E-1*s;

S40:

/*

     STEP  5:  NO QUOTIENT TEST IF X NOT POSITIVE

*/

    if(x <= 0.0) goto S70;

/*

     STEP  6:  CALCULATION OF V AND QUOTIENT Q

*/

    v = t/(s+s);

    if(fabs(v) <= 0.25) goto S50;

    q = q0-s*t+0.25*t*t+(s2+s2)*log(1.0+v);

    goto S60;

S50:

    q = q0+0.5*t*t*((((((a7*v+a6)*v+a5)*v+a4)*v+a3)*v+a2)*v+a1)*v;

S60:

/*

     STEP  7:  QUOTIENT ACCEPTANCE (Q)

*/

    if(log(1.0-u) <= q) return sgamma;

S70:

/*

     STEP  8:  E=STANDARD EXPONENTIAL DEVIATE

               U= 0,1 -UNIFORM DEVIATE

               T=(B,SI)-DOUBLE EXPONENTIAL (LAPLACE) SAMPLE

*/

    e = sexpo();

    u = ranf();

    u += (u-1.0);

    t = b+fsign(si*e,u);

/*

     STEP  9:  REJECTION IF T .LT. TAU(1) = -.71874483771719

*/

    if(t < -0.7187449) goto S70;

/*

     STEP 10:  CALCULATION OF V AND QUOTIENT Q

*/

    v = t/(s+s);

    if(fabs(v) <= 0.25) goto S80;

    q = q0-s*t+0.25*t*t+(s2+s2)*log(1.0+v);

    goto S90;

S80:

    q = q0+0.5*t*t*((((((a7*v+a6)*v+a5)*v+a4)*v+a3)*v+a2)*v+a1)*v;

S90:

/*

     STEP 11:  HAT ACCEPTANCE (H) (IF Q NOT POSITIVE GO TO STEP 8)

*/

    if(q <= 0.0) goto S70;

    if(q <= 0.5) goto S100;

    w = exp(q)-1.0;

    goto S110;

S100:

    w = ((((e5*q+e4)*q+e3)*q+e2)*q+e1)*q;

S110:

/*

               IF T IS REJECTED, SAMPLE AGAIN AT STEP 8

*/

    if(c*fabs(u) > w*exp(e-0.5*t*t)) goto S70;

    x = s+0.5*t;

    sgamma = x*x;

    return sgamma;

S120:

/*

     ALTERNATE METHOD FOR PARAMETERS A BELOW 1  (.3678794=EXP(-1.))

*/

    aa = 0.0;

    b = 1.0+0.3678794*a;

S130:

    p = b*ranf();

    if(p >= 1.0) goto S140;

    sgamma = exp(log(p)/ a);

    if(sexpo() < sgamma) goto S130;

    return sgamma;

S140:

    sgamma = -log((b-p)/ a);

    if(sexpo() < (1.0-a)*log(sgamma)) goto S130;

    return sgamma;

}

double snorm(void)

/*

**********************************************************************

     (STANDARD-)  N O R M A L  DISTRIBUTION                           

**********************************************************************

**********************************************************************

     FOR DETAILS SEE:                                                 

               AHRENS, J.H. AND DIETER, U.                            

               EXTENSIONS OF FORSYTHE'S METHOD FOR RANDOM             

               SAMPLING FROM THE NORMAL DISTRIBUTION.                 

               MATH. COMPUT., 27,124 (OCT. 1973), 927 - 937.          

     ALL STATEMENT NUMBERS CORRESPOND TO THE STEPS OF ALGORITHM 'FL'  

     (M=5) IN THE ABOVE PAPER     (SLIGHTLY MODIFIED IMPLEMENTATION)  

     Modified by Barry W. Brown, Feb 3, 1988 to use RANF instead of   

     SUNIF.  The argument IR thus goes away.                          

**********************************************************************

     THE DEFINITIONS OF THE CONSTANTS A(K), D(K), T(K) AND

     H(K) ARE ACCORDING TO THE ABOVEMENTIONED ARTICLE

*/

{

static double a[32] = {

    0.0,3.917609E-2,7.841241E-2,0.11777,0.1573107,0.1970991,0.2372021,0.2776904,

    0.3186394,0.36013,0.4022501,0.4450965,0.4887764,0.5334097,0.5791322,

    0.626099,0.6744898,0.7245144,0.7764218,0.8305109,0.8871466,0.9467818,

    1.00999,1.077516,1.150349,1.229859,1.318011,1.417797,1.534121,1.67594,

    1.862732,2.153875

};

static double d[31] = {

    0.0,0.0,0.0,0.0,0.0,0.2636843,0.2425085,0.2255674,0.2116342,0.1999243,

    0.1899108,0.1812252,0.1736014,0.1668419,0.1607967,0.1553497,0.1504094,

    0.1459026,0.14177,0.1379632,0.1344418,0.1311722,0.128126,0.1252791,

    0.1226109,0.1201036,0.1177417,0.1155119,0.1134023,0.1114027,0.1095039

};

static double t[31] = {

    7.673828E-4,2.30687E-3,3.860618E-3,5.438454E-3,7.0507E-3,8.708396E-3,

    1.042357E-2,1.220953E-2,1.408125E-2,1.605579E-2,1.81529E-2,2.039573E-2,

    2.281177E-2,2.543407E-2,2.830296E-2,3.146822E-2,3.499233E-2,3.895483E-2,

    4.345878E-2,4.864035E-2,5.468334E-2,6.184222E-2,7.047983E-2,8.113195E-2,

    9.462444E-2,0.1123001,0.136498,0.1716886,0.2276241,0.330498,0.5847031

};

static double h[31] = {

    3.920617E-2,3.932705E-2,3.951E-2,3.975703E-2,4.007093E-2,4.045533E-2,

    4.091481E-2,4.145507E-2,4.208311E-2,4.280748E-2,4.363863E-2,4.458932E-2,

    4.567523E-2,4.691571E-2,4.833487E-2,4.996298E-2,5.183859E-2,5.401138E-2,

    5.654656E-2,5.95313E-2,6.308489E-2,6.737503E-2,7.264544E-2,7.926471E-2,

    8.781922E-2,9.930398E-2,0.11556,0.1404344,0.1836142,0.2790016,0.7010474

};

static long i;

static double snorm,u,s,ustar,aa,w,y,tt;

    u = ranf();

    s = 0.0;

    if(u > 0.5) s = 1.0;

    u += (u-s);

    u = 32.0*u;

    i = (long) (u);

    if(i == 32) i = 31;

    if(i == 0) goto S100;

/*

                                START CENTER

*/

    ustar = u-(double)i;

    aa = *(a+i-1);

S40:

    if(ustar <= *(t+i-1)) goto S60;

    w = (ustar-*(t+i-1))**(h+i-1);

S50:

/*

                                EXIT   (BOTH CASES)

*/

    y = aa+w;

    snorm = y;

    if(s == 1.0) snorm = -y;

    return snorm;

S60:

/*

                                CENTER CONTINUED

*/

    u = ranf();

    w = u*(*(a+i)-aa);

    tt = (0.5*w+aa)*w;

    goto S80;

S70:

    tt = u;

    ustar = ranf();

S80:

    if(ustar > tt) goto S50;

    u = ranf();

    if(ustar >= u) goto S70;

    ustar = ranf();

    goto S40;

S100:

/*

                                START TAIL

*/

    i = 6;

    aa = *(a+31);

    goto S120;

S110:

    aa += *(d+i-1);

    i += 1;

S120:

    u += u;

    if(u < 1.0) goto S110;

    u -= 1.0;

S140:

    w = u**(d+i-1);

    tt = (0.5*w+aa)*w;

    goto S160;

S150:

    tt = u;

S160:

    ustar = ranf();

    if(ustar > tt) goto S50;

    u = ranf();

    if(ustar >= u) goto S150;

    u = ranf();

    goto S140;

}

double fsign( double num, double sign )

/* Transfers sign of argument sign to argument num */

{

if ( ( sign>0.0f && num<0.0f ) || ( sign<0.0f && num>0.0f ) )

    return -num;

else return num;

}

/************************************************************************

FTNSTOP:

Prints msg to standard error and then exits

************************************************************************/

void ftnstop(char* msg)

/* msg - error message */

{

  if (msg != NULL) fprintf(stderr,"%s\n",msg);

  exit(0);

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "global.h"

#include "functions.h"

double transition_probability(POINT *from, POINT *to){

  int underlier;

  double constant=-1, exponential, growth;

  if(constant == -1){

    constant = pow(2*M_PI,Dimensions);

    for(underlier=0; underlier<Dimensions; underlier++){

      constant *= Covariance[underlier][underlier];

    }

    constant = 1.0/sqrt(const);

  }

  exponential = 0;

  for(underliers=0; underliers<Dimensions; underlier++){

    growth = log(to->price[underlier]/from->price[underlier]) + Covariance[underlier][underlier]/2;

    exponential += (growth - Dividend_adjusted_mean[underlier])* (growth - Dividend_adjusted_mean[underlier]);

  }

  exponential = exp(-0.5*exponential);

  return(constant*exponential);

}

/* $Id: util.c,v 2.1 1998/04/09 19:39:01 svmcguir Exp $ */

#include <stdlib.h>

/* Functions to make memory allocation more readable.

 *

 * It is not hard to make these routines give arbitrary index ranges

 * (ala Numerical Recipes) but the arrays in this code naturally start

 * at 0 anyway.

 */

void allocate1dPLIST(PLIST **array, int size){

  int i;

  (*array) = (PLIST*)calloc(size,sizeof(PLIST));

  for(i=0; i<size; i++){

    plist_allocate(&(Time[i]));

  }

}

void deallocate1dPLIST(PLIST **array, int size){

  int i;

  for(i=0; i<size; i++){

    plist_deallocate(&(Time[i]));

  }

  free(array);

}

void allocate1dDouble(double **array, int size){

  /* Allocates memory for a one dimensional array of doubles with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  (*array) = (double*)calloc(size,sizeof(double));

}

void deallocate1dDouble(double **array, int size){

  /* Allocates memory for a one dimensional array of doubles with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  free(*array);

}

void allocate2dDouble(double ***array, int size1, int size2){

  /* Allocates memory for a 2d array of doubles with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  (*array) = (double**)calloc(size1,sizeof(double*));

  for(i=0; i<size1; i++){

    (*array)[i] = (double*)calloc(size2,sizeof(double));

  }

}

void deallocate2dDouble(double ***array, int size1, int size2){

  /* Deallocates memory for a 2d array of doubles with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  for(i=0; i<size1; i++){

    free((*array)[i]);

  }

  free(*array);

}

void allocate3dDouble(double ****array, int size1, int size2, int size3){

  /* Allocates memory for a 3d array of doubles with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  (*array) = (double***)calloc(size1,sizeof(double**));

  for(i=0; i<size1; i++){

    (*array)[i] = (double**)calloc(size2,sizeof(double*));

    for(j=0; j<size2; j++){

      (*array)[i][j] = (double*)calloc(size3,sizeof(double));

    }

  }

}

void deallocate3dDouble(double ****array, int size1, int size2, int size3){

  /* Dellocates memory for a 3d array of doubles with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  for(i=0; i<size1; i++){

    for(j=0; j<size2; j++){

      free((*array)[i][j]);

    }

    free((*array)[i]);

  }

  free(*array);

}

void allocate1dInt(int **array, int size){

  /* Allocates memory for a one dimensional array of ints with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  (*array) = (int*)calloc(size,sizeof(int));

}

void deallocate1dInt(int **array, int size){

  /* Deallocates memory for a one dimensional array of ints with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  free(*array);

}

void allocate2dInt(int ***array, int size1, int size2){

  /* Allocates memory for a 2d array of ints with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  (*array) = (int**)calloc(size1,sizeof(int*));

  for(i=0; i<size1; i++){

    (*array)[i] = (int*)calloc(size2,sizeof(int));

  }

}

void deallocate2dInt(int ***array, int size1, int size2){

  /* Deallocates memory for a 2d array of int with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  for(i=0; i<size1; i++){

    free((*array)[i]);

  }

  free(*array);

}

void allocate3dInt(int ****array, int size1, int size2, int size3){

  /* Allocates memory for a 3d array of ints with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  (*array) = (int***)calloc(size1,sizeof(int**));

  for(i=0; i<size1; i++){

    (*array)[i] = (int**)calloc(size2,sizeof(int*));

    for(j=0; j<size2; j++){

      (*array)[i][j] = (int*)calloc(size3,sizeof(int));

    }

  }

}

void deallocate3dInt(int ****array, int size1, int size2, int size3){

  /* Dellocates memory for a 3d array of int with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  for(i=0; i<size1; i++){

    for(j=0; j<size2; j++){

      free((*array)[i][j]);

    }

    free((*array)[i]);

  }

  free(*array);

}

void allocate1dFloat(float **array, int size){

  /* Allocates memory for a one dimensional array of floats with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  (*array) = (float*)calloc(size,sizeof(float));

}

void deallocate1dFloat(float **array, int size){

  /* Deallocates memory for a one dimensional array of floats with dimensions

   * [0:size-1].  This is really trivial.  Its just here so that 1d

   * allocations look like 2d and 3d allocations.

   */

  free(*array);

}

void allocate2dFloat(float ***array, int size1, int size2){

  /* Allocates memory for a 2d array of floats with dimensions

   * [0:size1-1][0:size2-1].

   */

  int i;

  (*array) = (float**)calloc(size1,sizeof(float*));

  for(i=0; i<size1; i++){

    (*array)[i] = (float*)calloc(size2,sizeof(float));

  }

}

void allocate3dFloat(float ****array, int size1, int size2, int size3){

  /* Allocates memory for a 3d array of floats with dimensions

   * [0:size1-1][0:size2-1][0:size3-1].

   */

  int i,j;

  (*array) = (float***)calloc(size1,sizeof(float**));

  for(i=0; i<size1; i++){

    (*array)[i] = (float**)calloc(size2,sizeof(float*));

    for(j=0; j<size2; j++){

      (*array)[i][j] = (float*)calloc(size3,sizeof(float));

    }

  }

}

/* Routines for comparing numbers and arrays */

double dMax(double a, double b){

  /* Returns the maximum of a and b */

  return( (a>b) ? a : b);

}

double dMin(double a, double b){

  /* Returns the minimum of a and b */

  return( (a>b) ? b : a);

}

double dArrayMax(int size, double *array){

  /* Returns the largest value in the array.

   * Array has dimensions [0:size-1]

   */

  int i;

  double max;

  max = array[0];

  for(i=1; i<size; i++){

    if(array[i] > max) max = array[i];

  }

  return(max);

}

double dArrayMin(int size, double *array){

  /* Returns the smalles value in the array.

   * Array has dimensions [0:size-1].

   */

  int i;

  double min;

  min = array[0];

  for(i=1; i<size; i++){

    if(array[i] < min) min = array[i];

  }

  return(min);

}

int dWhichMin(int size, double *array){

  /* Returns the position in array[] which contains the smallest value.

   */

  int i, minI;

  minI = 0;

  for(i=1;i<size;i++){

    if(array[i] < array[minI]) minI = i;

  }

  return(minI);

}

int dWhichMax(int size, double *array){

  /* Returns the position in array[] which contains the largets value.

   */

  int i, maxI;

  maxI = 0;

  for(i=1;i<size;i++){

    if(array[i] > array[maxI]) maxI = i;

  }

  return(maxI);

}

#include <stdio.h> /* Copyright Syracuse University 1997, 1998 */

#include <stdlib.h>

#include "data_structure.h"

#include "global.h"

#include "functions.h"

#include "util.h"

void value(POINT *point, int timeslice){

  POINT scratch_point;

  int i;

  if(Trace){

    our_printf("entered value()\n");

    ++Trace_level;

  }

  allocate_point(&scratch_point);

  while(error_too_large(point, timeslice)){

    grow_point(point->price, scratch_point.price);

    if(is_point_relevant(point, &scratch_point)){

      add_point_to_mesh(&scratch_point, point, timeslice+1);

      /* the new point is now the last point in the next timeslice */

      value( &(Time[timeslice+1].element[ Time[timeslice+1].elements-1 ]), timeslice+1);

      point->value_if_held      = mesh_estimate_value(point, timeslice);

      point->value              = dMax(point->value_if_held, point->value_if_exercised);

      point->error              = mesh_estimate_error(point, timeslice);

      point->delta_r            = point->value_if_exercised - point->value_if_held;

    }

  }

  deallocate_point(&scratch_point);

  if(Trace){

    --Trace_level;

    our_printf("exiting value()\n");

  }

}
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