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Fee - Foe - Fun's Vell-nigh Perfect Fit

FERaPE

A Purpose

This is an efficient progras to

() Mintatze X2:

a

25 4 function of the NPAR parameters 0.0 ;. Typically

“£4.= (&, - e)/o, vhere the experizental values o, have

error o, and theoretical estinates

(1) or Maxtatze L

11hood:

I g @
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Here ve have n cbservations of probability g

There are three bastc varietis

(@ 4, is natural probability of event:

Le T (g @)
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®) e natural probabtlity p, 1s not mormalized and

4= nle @)




° where o« [ pav ¢ the integrated probabiicy over

the voluse v n which events are cbserved.
() The case () corresponds to this possibilicy tha p,
is the unnorsaltzed natural probability but the nor-
maltzation o is mot to be fitced. I ve wish to

i e o then:
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where t 1s the "events/ub" normalized so that

@ o oa
® e can be weicesn 1n the form (2 by poceing
weny o ] w

Given the fnfcial values of © and a subroutine to calculate
£/p, and thesr derivatives (£, /p,)/30, , the program returns

the best values of 8 and the errors in thetr determtnation.
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vhich fs change {n 6, which should change a charge of 1 fa ¥ .

(ere ¥ =X or -2a1).




The advantages of having one routine to handle both X? and
minteun unltkelthood fits is described in Section E.

Section B describes the use of the program. Section C
describes the method used in paraseter variation. Section D

Lsts the preset variables the wer can change to affect pa

meter search (this 1s tdentical in efther X? or m. 1. use).

Use of FEmnEE
(©) 7o tnttialize, one must uee CALL PRESET and then optionally
() reset TITLE by fnput on BAI0 forsat
(440) reset fitting options by CALL GCFIN vhich reads namelist
scerIr.
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et b g 0 0 ot Scon
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Other tnteresting varisbles in /MAYMAD/ are given in (vi1f).
(v) 1f maximum likelthood sode of operation desired, one must
et variables in CHIMMN/MAXLIK/LIKGPT, EVMUB,
Here LIGPT =0 : X2 mode (preset)
=1 as eqn. (20)
=25 as eqn. ()
=35 as eqn. (20)
LIKGPT = 3 also needs one to set EVMUB = € where t enters in
eqns. (2> de).
(v) Finally one calls FFFAWPF by:
CALL GCFGS (NPAR, NTYT, CALCFG, )

where:

NPAR = nusber of theoretical parameter:

NPT is nusber of f, in X2 mede. Inm.l. mode,

NIPT 1o tgnored unless derivative testing
requested when latter i done for first NIPT
events.

N =0 alvays. N#0 used to spectfy spectal large
core store mode vhich saved /MATMAD/ there and
alloved overvriting of small core MATMAD/.

This option 1s not tmplemented.
CALCFG , vhich must be declared EXTERNAL, is name of user
routine vhich calculates £, or py . This goes

as follous:




(vis) SUBRJUTINE CALCFG(VIOLAT) must.
) Set logical variable VISLAT = .FALSE. 4f parameters
are fn an acceptable Tange. or set VIJLAT = TRUE. i
pacaneters are out of range and have been altered to
accord with sensfble linits. These parsmeters are

stored 4n PARAM(L..>NPAR) in /MAYMAD/.

For each f,/p, CALCKG must (sequentially)
CALL ACCUM (DERIV, VALUE)
where VALUE = £, /p,
DERIV (3) = a(t, /p) /30,
In the case of LIKOPT = 2,3, FFFWNPF assuses that tn
fdxst call to ACCIN, VALUE = 3 and DERIV(Y) = 30/20, .

(v111) At the end of run, FEFWNPF returns tn

FUNC (1..NIGT) : Best values of f, (X2 mode
only)

PARAM (1..NPAR) : Best paraseter values

TEST (1.NPAR) : Corresponding parameters errors

TOST QAR + 1) ¢ X? or -zl
Note TEST is used 4n derivative testing as a temporary

store; 4t must have a diension > NIYT.

(1x) Note that 1f TRIPE - see Section D -

LTRUE. , progran will
deluge you with output but 1f TRIPE = .FALSE., it will give

you only tiatng inforsation.




C: Method Used

The basis of the calculational method s the usual trivial second-

order expansion.

b A - 80) + (@ - 80T BE - 80)

Here the vector § holds theoretical paraseters and 8

for 8. V=X or -2tal as usual,
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[ ] In each case, the tera dropped can be shaua to be negligible
near the true atnimm 6 = 8, . Further the approxisate forms (¢3),
(C4) have important properties mot shared by (C2).
@ B s postesve defintce

(1) B can be calculated using only the first derivative of f

or q.

Solving (C0) gives the new guess for minimus.

o = -k EIA (s)

The iteration of (c5) is called "simple 2% —order method”. A

modification of (C5) vas suggested by Powell. It puts

L4 8 - &

EEE Y (c6)

where A= 1 gives previous method, (C6) gives ¥ = ¥(A) and Powell

miniatzes ¢ with respect to the single parameter ) o find new guess for

minfaus, This s intelligent because there are very good and efficient

= algorithes for minfaizing functions of one variable. So (C6) is termed
- "Pouell's method".
. In practice, it does not work for often the plot of ¥ v. ¢ has

the fora sketched below:




This valley inplies § 1o essentially independent of one cosbina-

tion of paraneters (that marked "(C5)") but depends strongly on another

“(CT)". The "second order” and "Povell's method" search only along the
badly deternined direction and never converge.

There are tvo stmple solutions. The best is terned the "Eigenvalue
Bethod". If one dlagonalizes B, the direction "(C5)" represents a com
bination of paraseters corresponding to a small eigenvalue of B while
"(C7)" represents an etgenvector with a large elgenvalue. The "Eigen-
Value method” essentially varies all the large eigenvectors first and

then the small ones, L.e., it solves

BTNy @

where B', A' are fouid from B and A by deleting all components
of efgenvectors with  small efgenvalues. Pictortally it first
g0es down the steep side of the valley and only then wanders around
the flat undeterstned botton. This method nearly alvays converges
and 1s not sensitive to poorly determined parameters and/or too many
parameters.

A less accurate formulation of this idea is the well-knaun

"method of steepest descents”. This puts

)

80 = A




[ ) and finds u by mintalzing (00) with this direction for § - 8 , Lee.,
w=- AT ©)

This will avold the divergence difficulties of the First two mathods
but £t can essentially vary in only one direction. Clearly (this is
borne out i practice) the "eigenvalue” method will cope better ith
the many parameter situation with many directions of various degrees
of deterntnation (i.c., various sizes of efgenvalues).

Hiatortcally ve tried all these sothods and found the elgenvalue
method best. Havever, as described in Section D, the program FEFNPE
still sufers from the ability to wse all four.

Aso note that the "elgenvalue method” actually utilizes Povell's

tdea, 1.e., ve put - rather than (C7) -

TR Ly )

and find A by mininizing ¥ & a function of one varisble.
FPFWPF has butlt in a set of poverful routines for mintatzing
4 o function of one variable. (Taken directly from the routines
coded by Pawell - these worked unlike his many parameter Toutines).
One could use these separately 1f all you need 1s to aintaize as a

function of cne varible. Hovever, the full package - at the cost of




some overhead - does work 4f only one paraseter and 8o no special

action 1s necessary.

NAMELIST GepPIT

Vartable Preset Neantng
waxar 2 No. of function evalustions alloved.
Toeux 2. Maximua tise alloved {n minutes.

st 1 B0 Stop 1f fnttial ¢ > STUPID. Useful

for restart jobs to check no foolish
paraseter punching error.

TRIPE Fiafcomo | If T, write output,
TAEGCPIN | If F. suppress output.
oTEST 1 = 1, no dertvative test.
= 2,3 derivative test all paraseters and stop.
= 4}5 as 2,3 but go onto to fit aftervards.

Tf IDTEST = 3,5 then only parameter
4 (U< < NPAR) with IDERIV(E) = -1
wil1 be tested and then step length of
numerical differentiation will be taken
PSTER(1).

rorer | nset see T0TEST
ERIV
161 0 Tgnore first IEICL etgenvalues.
seassT ¥ If T, STIPE and SCPREV have been set.
sTvp Unset If 4th element has value:
£t < wean)
an foteger -2 fix 1ch etgenvalue.
variable ©>0 vary with nth scale factor together
wit

h ocher eigenvales of same n.
0 vary as usua




sceRev
(<3 < Moo

NOERR

Moo

FACTOR

ISPLIT()
1 <1 < mwoor)

Unset

T
3
0:

Spectles scale factor of Jch eigenvalue
set. If value >0, it i scale factor. 1t

£, thure da a0 presat soule factor 12
this

List of upto 9 ne parameter nusbers.

Ebe varied appropriscely.
of consecutive boundary violations
Veore ervor S07:

Yo, of funceion evaluations alloved
for different methods

It F, use eigenvalue before s
descaat mathod:. Only alios NSTEEF :.u. of
STERP, Stop tion when targ

¥ DELTA > shife.

1f T, an ordinary POWE
“tcempted betore.STEED er HICEN Hhu.nu
or not preset conditions allow it

In BIGB, vary together those o
in a range RAXCE of v

values

Maximus no. of divisions alloved for

ISPLIT() = -1 fix pa
270 e parameters unvaried
and puc back Laco hat
keep paraseters together
but scate by 1/4-

¥ = FACTOR* No. of degrees of
mm. (X2 uode). Target ¥ = FACTOR
(naxtaun 11kelihood mode).

Stop when 8y < CHEMING Target ¥ .

Scale all shifts by OVERAL.

IE T, never scale shifts.

1f T, ignore any CALL GORVO.




(5 =X or -2inl depending on mode.
(40) The different methods are described n Section C. Tn that
notation:
IRADY ts nusber of "Steple 2"-order method” trials
TPOWL s nusber of "Povell method trials

ISTEEP 15 nusber of

teepest descent” trtals
IEIGEN is nusber of "Eigenvalue method” ertals

Here trials = nusber of CALCFG calls alloved in each call of

this section of FFRANPE.

The methods are tried in the above order unless muber of trials = 0
When method skipped or STEEP = F when "efgenvalue method” used before
“steepest descent”.
(141 Vartous pars of the progran think X7 = nusber of data polnts
1 a good fic and think about stopping. For maximm lkelthood options,
these secttons are skipped.
(19) Call GCPY resets parameters to preset values. Call GUFIN first
sets parameters to presct values and then reads namelds. I OVRRID is
set = LTRUE. in this naselist, further GCRW calls are ignored, L.c.,
paraseters left at values after namelist. Note CALL GCFGH does not destroy

paraseter values.

Combination of X! and m. 1. method in fitting experimental data

The advantage of the m.1. method {s that 1t is the best, L.e., Lt should
give the beat possible values for the parameters with a glven set of data.
The advantages of the X2 method are a) quicker on the computer than the

.1 method and b) it is easy to judge the good of FAt and areas where theory

and experinent disagree from exanination of the residuals f, . b) is

sumarized in the usual result:




6 > = NTOT - NPAR @)

standard deviation of X2 = /2’ (X2
(B1) assuses that X? 1s calculated using the paramcters found

by mininizing X7 .

Hovever, 1t i easy to show that 1f ve call ¥ = X’ calcuiated
with parameters deternined by the m.1. method then:
&2
@)

2 NTYT - NPAR

Standard  _
Deviation X2//7
whence as - in cases of interest - NTUT and NTT - NPAR are precty

much the same, 1t follovs that (X2 1is as good a judge of the m.1.

fit as <X?> is of the X? fit.
Find X? and use X’ minimization to deduce first
suess st parameters.
Use m.1. method to improve X’ parameters.
Find X to judge goodness of m.l. fie.

This appears to cosbine the advantages of both methods.
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