Chapter 7

Conclusions and Future Work

The main goal of the VCE is to provide a comprehensive set of tools to ease the

development and execution of high performance applications that can harness the

computing and storage capability of a wide range of heterogeneous high performance

computers. This chapter will discuss the main contributions of this research. A plan

of additional research and experimentation that will enable the VCE to evolve into a

robust and widely deployed technology will be described.

7.1 Conclusions

The key points established in this dissertation are:

� New technologies to manage applications that exploit multiple parallel comput-

ers may be a more successful approach to high performance computing than

developing more complex hardware architectures.

� Existing distributed environments are not adequate to meet the needs of Grand

Challenge applications.

� A software engineering environment that separates programming-in-the-small

from programming-in-the-large [35] will enable scientists to construct high per-

formance applications without becoming parallel programming experts.

� The VCE application description framework establishes an e�ective interface

between software engineering tools and a powerful run time environment.

� VCE research has yielded a design for a suite of scheduling, dispatching and

communication tools that can be used to manage the execution of large scale

distributed applications.

� Prototype VCE systems and simulation tools have been implemented. These

systems have validated key VCE design points and will serve as a basis for

future systems and research e�orts.

A fully implemented Virtual Computing Environment will include many emerging

technologies. The modular design of the software development suite will allow dis-

tributed ob ject [17] and World Wide Web [45] based software development tools to be

incorporated into the VCE. The communication daemons described in Section 5.2 will

use advanced communication protocols to facilitate e�cient communication among

application components. This dissertation lays out a blueprint of the structure of the

VCE. While the speci�c tools employed will inevitably change over time, the rela-

tionships among the VCE components and the capabilities required of each tool are

established here.

7.2 Future Work

There are a wealth of areas of VCE research which may hold considerable promise, not

only to increase the robustness and deployability of the VCE, but also to contribute

to a better understanding of many issues in high performance distributed computing.

A few of these areas are described below.

7.2.1 Application Description Framework Enhancements

The application description framework syntax described in Chapter 4 is adequate for

documenting the structure of a wide variety of multistage applications. However,

Figure 47: Matrix Preprocessor Task Description

there are some simple enhancements that could be made which would enhance the

utility of the framework considerably. For instance, the syntax given in Chapter 4

is completely static. The tools in the software development suite are responsible

for establishing what tasks are to be executed in what order and how data is to be

routed among them. The execution suite can choose which machines should host the

tasks and select the communication protocols to support them (Chapter 5), but the

structure of the application itself cannot be modi�ed at run time.

One way to enhance the exibility and expressiveness of the application description

framework would be to allow speci�cations of some application characteristics to be

expressed in terms of task output variables. For instance, the task description in

Figure 47 is a speci�cation for a matrix preprocessor task. The task runs on a single

workstation and reads a matrix data �le from disk. It generates a matrix ob ject

and an integer indicating the number of rows in the matrix. This task could be

used as the initial task in a variety of dynamic matrix processing applications. For

example, Figure 48 shows how the linear equation solver application (see Figure 26 in

Chapter 4) could be modi�ed to use the preprocessor task. In the dynamic version of

the application, the number of nodes used by each executable task implementation,

which is speci�ed in the nodes �eld of each stage, is expressed as a function of the

num rows variable produced by the preprocessor. Di�erent functions are used for

di�erent machines because of the di�ering granularity requirements of the various

architectures. Support for dynamic application descriptions like the one in Figure 48

Figure 48: A Dynamic Application Description would enable the execution suite to tailor the application based the characteristics of

the data processed in a particular run.

The application description framework could be made even more robust by adding

a few simple directives like p erform when or p erform until to allow conditional or

iterative execution of application stages [14]. It would not be appropriate to expand

the application description framework into a full programming language. That level of

functionality would increase the complexity of the execution suite. However, addition

of a small number of conditional execution directives could make the syntax much

more powerful without signi�cantly complicating the execution environment.

7.2.2 Implementation of a VCE Communication System

The design of the VCE communication system is completely speci�ed in Section 5.2.

Since the working prototypes of the VCE scheduling/dispatching system are already

complete, addition of a communication system would produce a run time environ-

ment with enough functionality to run a large repertoire of real world applications.

Implementing the communication daemons described in Chapter 5 will provide many

opportunities for experimenting with the communication requirements of large scale

applications. It will also allow the scheduling and dispatching algorithms to be en-

hanced to consider communication facilities in task placement decisions. For instance,

hosts attached to hich performance ATM networks would be preferred over those at-

tached to less capable communication facilities. The ability to make run time schedul-

ing decisions based on communication facilities as well as load conditions will further

increase the value of the execution suite.

7.2.3 Re�nement of the VCE User Interface

The VCE application description is human readable, simple and intuitive. Users will

have little di�culty developing task and application descriptions to test prototype

or production VCE execution suites. This, along with the VCE’s modular design,

will permit development of the VCE software development and execution suites to proceed in parallel.

Research into software engineering tools to develop scienti�c applications on high

performance parallel computing platforms is in its infancy [7] and can be expected to

be fruitful. Further development of the VCE software development suite will be an

important contribution in this arena.

As was discussed in Chapter 3, the most straight forward way to construct a

prototype VCE software development suite is to design software to translate output

of the AVS [2] modular application builder into the syntax of the VCE application

description framework. This would provide a highly functional visual VCE application

development environment. Later addition of ob ject oriented [1, 17] or World Wide

Web oriented [45] tools would allow users to chose the interface which best suits their

preferences and the characteristics of their application.

7.2.4 Simulation Mo del Enhancements

Simulation of distributed systems is an important area of computer engineering [57].

Simulation models can be used to perform controlled experiments and explore system

options that are di�cult to construct experimentally and impossible to model ana-

lytically. The VCE simulation model described in Section 6.3 includes many unique

features. For instance, The simpli�ed processor model e�ciently captures the be-

havior of a time-shared CPU. An ob ject oriented approach is used so that a single

processor model is aggregated in simulated parallel computers, workstations, and

workstation clusters.

While the simulation model was developed to study the characteristics of the

VCE’s redundant scheduling policies, it is possible that it may have wider applica-

bility. Considerable research would be needed to compare the models behavior to a

wide variety of experimental systems before it could be advocated as a general pur-

pose tool. However, such an e�ort would be justi�ed if it showed that the model

provides a superior way to study scheduling policies for parallel computers attached

to wide area networks.

It is possible that the simulator could be structured as a parallel application. Its

ob ject oriented structure suggests that each simulated parallel computer or worksta-

tion cluster could be placed in a separate processor of a real parallel computer. In

fact, VCE simulations could be used as VCE applications with the simulator study-

ing hypothetical VCE con�gurations while its own execution is used to benchmark a

prototype system.

Bibliography

[1] Adler, R. M., Emerging Standards for Component Software, Computer, Vol. 28,

No. 3, pp. 68-76, March 1995.

[2] Advanced Visual Systems Inc., AVS Develop er’s Guide (Release 4.0), Part

No. 320-0013-02, Revision B, Advanced Visual Systems Inc., Waltham Mass.,

May 1992.

[3] Ahmad, I., Ghagoor, A., and Mehrotra, K., A Decentralized Task Scheduling

Algorithm and its Performance Modeling for Computer Networks, Proceedings

of the 3rd IEEE Symposium on Parallel and Distributed Processing, pp. 314-321,

December 1991.

[4] Ahmad, I., Ghagoor, A., Mehrotra, K., Mohan, C. K., and Ranka, S., Perfor-

mance Modeling of Load Balancing Models Using Neural Networks, Concurrency:

Practice and Experience, Vol. 6, No. 5, pp. 393-409, August 1994.

[5] Allia, M., Arlat, J., Fabre, J.-C., Kanoun, K., and Powell, D., Dependability

Evaluation of the Saturation Technique, Proceedings of the 5th Annual European

Computer Conference (CompEuro ’91), pp. 437-441, May 1991.

[6] Anderson, T. E., Culler, D. E., and Patterson, D. A., A Case for NOW (Networks

of Workstations), IEEE Micro, Vol 15, No. 1, pp. 54-64, February 1995.

[7] Armstrong, R., and Macfarlane, J., The Use of Frameworks for Scienti�c Compu-

tation in a Paral lel Distributed Environment, Proceedings of the Third Interna-

tional Symposium on High Performance Distributed Computing, San Francisco,

California, pp. 15-25, August 1994.

[8] Bach, M. J., The Design of the Unix Op erating System, Prentice-Hall Inc.,

1986.

[9] Barak, A., Guday, S.,and Wheeler, R. G., The MOSIX Distributed Op erat-

ing System, Load Balancing for UNIX, Lecture Notes in Computer Science,

Springer-Verlag, Vol. 672, 1993.

[10] Barak, A., Laden, O., and Yarom, Y., The NOW MOSIX and its Preemptive

Process Migration Scheme, Bulletin of the Technical Committee on Operating

Systems and Application Environments, IEEE Computer Society, Vol. 7, No. 2,

pp. 5-11, June 1995.

[11] Barak, A., and Wheeler, R. G., MOSIX: An Integrated Multiprocessor UNIX,

Proceedings of the Winter 1989 USENIX Conference, San Diego, CA, pp. 101-

112, February 1989.

[12] Barbacci, M. R., Doubleday, D. L., Weinstock, C. B., and Wing, J. M., The

Durra Language and Runtime Environment: Tools for PMS Level Programming,

Decentralized Systems, Proceedings of the IFIP WG 10.3 Working Confer-

ence, pp. 25-27, North Holland, 1990.

[13] Barbacci, M. R., Weinstock, C. B., Doubleday, D. L., Gardner, M. J., and Li-

chota, R. W., Durra: a structure description language for developing distributed

applications, Software Engineering Journal, pp. 83-94, March 1993.

[14] Barbacci, M. R., and Wing, J. M., Specifying Functional and Timing Behav-

ior for Real-Time Applications, Proceedings of Parallel Architectures and Lan-

guages Europe (PARLE) Volume 2. Springer-Verlag, Lecture Notes in Computer

Science, Vol 259, pp. 124-140, June 1987.

[15] Benmohammed-Mahieddine, K., Dew, P. M., and Kara, M., A Periodic

Symmetrical ly-Initiated Load Balancing Algorithm for Distributed Systems, Pro-

ceedings of the 14th International Conference on Distributed Computing Sys-

tems, pp. 484-492, June 1994.

[16] Besana, V., De Luca, J., Giard, E., and Reger, J., Exp eriences with SOMob-

jects: Distributed System Ob ject Mo del (DSOM), IBM International

Technical Support Centers, Document No. GG24-4165-00, November 1993.

[17] Betz, M. Interoperable Objects, Dr. Dobb’s Journal, Vol. 19, No. 11, pp. 18-32,

October 1994.

[18] Birman, K. P., Schiper, A., and Stephenson, Lightweight Causal and Atomic

Group Multicast, ACM Transactions on Computer Systems, Vol 9, No 3. pp.

272-299, August 1991.

[19] Birman, K., Cooper, R., Joseph, T., Kane, K. and Schmuck, F., The Isis Sys-

tem Manual.

[20] Blumofe, R. D., and Park, D. S., Scheduling Large-Scale Paral lel Computations

on Networks of Workstations, Proceedings of the Third International Symposium

on High Performance Distributed Computing, San Francisco CA., pp. 96-105,

August 1994.

[21] Bricker, A., Litzkow, M. and Livny, M., Condor Technical Summary, Computer

Science Department, University of Wisconsin - Madison, January 1992.

[22] Butler, R., and Lusk, E., User’s Guide to the p4 Programming System, Math-

ematics and Computer Science Division, Argonne National Laboratory, 9700

South Cass Avenue, Argonne, IL 60439-4801, April 1994.

[23] Carriero, N., and Gelernter, D., Linda in Context, Communications of the ACM,

Vol. 32, No. 4, pp. 444-459, April 1989.

[24] Carriero, N., Gelernter, D., Kaminsky, D., Westbrook, J., Adaptive Paral lelism

with Piranha, Department of Computer Science, Yale University, New Haven,

Connecticut, YALE/DCS/RR-954, February 1993.

[25] Carriero, N., Gelernter, D., Mattson, T. G., and Sherman, A. H., The Linda

Alternative to Message-Passing Systems, Parallel Computing, Vol. 20, No. 4,

April 1994.

[26] Casavant, T. L., and Kuhl, J. G., A Taxonomy of Scheduling in General-Purpose

Distributed Computing Systems, IEEE Transactions on Software Engineering,

Vol. 14, No. 11, pp. 141-154, November 1988.

[27] Chang, J., and Maxemchuck, N. F., Reliable Broadcast Protocols, ACM Trans-

actions on Computer Systems, Vol. 2, No. 3, pp. 251-273, August 1984.

[28] Chen, J., Xie, L., and Sun, Z.-X., An Intel ligent Network Manager for Distributed

Task Scheduling, Proceedings of the 11th International Conference on Computer

Communication, pp. 493-499, October 1992.

[29] Cheng, D.Y., A Survey of Paral lel Programming Languages and Tools, RND-93-

005, NASA Ames Research Center, March 1993.

[30] Cheriton, D.R., The V Distributed System, Communications of the ACM, pp.

314-333, Vol. 31, No. 3, 1988.

[31] Chiu, J-F, and Chiu, G-M, Process-Replication for Fault-Tolerance and Per-

formance Improvement in Distributed Computing Systems, Proceedings of the

Third International Symposium on High Performance Distributed Computing,

San Francisco, California, pp. 236-243, August 1994.

[32] Chu, W. W., Holloway, L. J., Lan, M., and Efe, K., Task Al location in Distributed

Data Processing, Computer, Vol 13, No. 11, pp. 57-69, November 1980.

[33] Clark, H. and McMillin, B., DAWGS a distributed compute server utilizing id le

workstations, Journal of Parallel and Distributed Computing, pp. 175-186,

Vol.14, No.2, 1992.

[34] Dandamudi, S., Performance Impact of Scheduling Discipline on Adaptive Load

Sharing in Homogeneous Distributed Systems, Proceedings of the 15th Interna-

tional Conference on Distributed Computing Systems, pp. 484-492, June 1995.

[35] Deremer, F., and Kron, H. H., Programming-in-the-Large Versus Programming-

in-the-Smal l, IEEE Transactions on Software Engineering, Vol. 2, No. 2, June

1974.

[36] Eager, D. L., Lazowska, E. D., and Zahorjan, J., A Comparison of Receiver-

Initiated and Sender-Initiated Adaptive Load Sharing, Performance Evaluation,

Vol. 6, pp. 53-68, March 1986.

[37] Eager, D. L., Lazowska, E. D., and Zahorjan, J., Adaptive Load Sharing in

Homogeneous Distributed Systems, IEEE Transactions on Software Engineering,

Vol. 12, No. 5, pp. 662-675, May 1986.

[38] Elnozahy, E. N., and Zwaenepoel, W., Replicated Distributed Processes in

Manetho, Proceedings of the Conference on Fault-Tolerant Computing Systems,

pp 222-230, 1991.

[39] Efe, K., and Schaar, M. A., Performance of Co-Scheduling on a Network of

Workstations, Proceedings of the 13th International Conference on Distributed

Computing Systems, pp. 525-531, May 1993.

[40] Fabre, J. C., Improving Fault Tolerance in Distributed Systems: The Satura-

tion Approach, Proceedings of the 5th Annual European Computer Conference

(CompEuro ’91), pp. 634-641, May 1991.

[41] Farrell, W. E., Fox, W. Given, J. W., MacRitchie, B., and Wang, J., Data

Processing on Networks of Workstations, Bulletin of the Technical Committee on Operating Systems and Application Environments, IEEE Computer Society,

Vol. 7, No. 2, pp. 35-42, June 1995.

[42] Fox, G. C., et. al., Solving Problems on Concurrent Pro cessors, Volume

1, Prentice Hall, 1988.

[43] Fox, G. C., The Architecture of Problems and Portable Parallel Soft-

ware Systems, Northeast Parallel Architectures Center, Technical Report

SCCS-134, Syracuse University, July 1991.

[44] Fox, G. C., and Furmanski, W., The Use of National Information Infrastructure

and High Performance Computers in Industry, Proceedings of the 2nd Interna-

tional Workshop on Massively Parallel Processing Using Optical Interconnec-

tions, October 1995.

[45] Fox, G. C., Furmanski, W., Chen, M., Rebbi, C., and Cowie, J. H., WebWorks:

Integrated Programming Environment Tools for National and Grand Chal lenges,

Northeast Parallel Architectures Center, Technical Report sccs-0715, June 1995.

[46] Fox, G. C., Hiranandani, H., Kennedy, K., Koelbel, C., Kremer, U., Tseng, C,

and Wu, M., Fortran D Language Sp eci�cations, Northeast Parallel Archi-

tectures Center, Syracuse University, 1990.

[47] Garcia-Molina, H., and Spauster, A., Ordered and Reliable Multicast Commu-

nication, ACM Transactions on Computer Systems, Vol. 9, No. 3, pp. 242-271,

August 1991.

[48] Geist, A., Beguelin, A., Dongarra, J., Weicheng, J., Manchek, R., and Sunderam,

V., PVM 3 User’s Guide and Reference Manual, Oak Ridge National

Laboratory, Document No. ORNL/TM-12187, September 1994.

[49] Gelernter, D., and Carriero, C., Coordination Languages and their Signi�cance,

Communications of the ACM, Vol. 35, No. 2, pp. 97-107, February 1992.

[50] Ghafoor, A., and Ahmad, I., An E�cient Model of Dynamic Task Scheduling for

Distributed Systems, Proceedings of the 14th Annual International Computer

Software and Applications Conference, pp. 442-447, November 1990.

[51] Graham, I. S., The HTML Sourceb o ok, John Wiley & Sons Inc., 1995.

[52] Grimshaw, A. S., The Mentat Runtime System: Support for Medium-Grain Par-

al lel Computation, Proceedings of the Fifth Distributed Memory Computing

Conference, Los Alamitos, CA., Vol II, pp. 1064-1073, 1990.

[53] Grimshaw, A. S., Easy-to-Use Object-Oriented Paral lel Processing with Mentat,

Computer, Vol. 26, No. 5, May 1993.

[54] Hariri, S., High Performance Distributed Systems: Concepts and Designs, Artech

House, in preparation.

[55] Hariri, S., Park, J., Yu, F., Parashar, M., and Fox, G., A Message Passing

Interface for Paral lel and Distributed Computing, Proceedings of the Second

International Symposium on High Performance Distributed Computing, pp. 84-

91, July 1993.

[56] Hariri, S., Yadav, R., Thiagara jan, B., Park, S. Y., Subramanyan, M., and

Reddy, R., "A Concurrent Multi Target Tracker: Benchmarking and Portabil-

ity", International Conference on Parallel Processing (ICPP), August 1994.

[57] Heidelberger, P., and Lavenberg, S. S., Computer Performance Evaluation

Methodology, IEEE Transactions on Computers, Vol. 33, No. 12, pp. 1195-1220,

December 1984.

[58] Hwang, K., and Briggs, F.A., Computer Architecture and Parallel Pro-

cessing, McGraw-Hill, Second Edition.

[59] Jacob, B., SOMob jects: A Pratical Intro duction to SOM and DSOM,

IBM International Technical Support Centers, Document No. GG24-4357-00,

July 1994.

[60] Ju, J., Xu, G., and Tao, J., Paral lel Computing Using Id le Workstations, Op-

erating Systems Review, Vol. 27, No. 3, 1993.

[61] Kaashock, M. F., and Tanenbaum, A. S., Group Communication in the Amoeba

Distributed Operating System, Proceedings of the 11th International Conference

on Distributed Computing Systems, pp. 222-230, May 1991.

[62] Kernighan, B. W., and Ritchie, M. R., The C Programming Language -

Second Edition, Prentice Hall, 1988.

[63] Kramer, J., Con�guration Programming - A Framework for the Development of

Distributable Systems, The Proceedings of the IEEE International Conference

on Computer Systems and Software Engineering (CompEuro 90), pp. 374-384,

1990.

[64] Kramer, J., Magee, J., and Finkelstein, A., A Constructive Approach to the

Design of Distributed Systems, Proceedings of the 10th International Conference

on Distributed Computing Systems, pp. 580-587, June 1990.

[65] Kramer, J., Magee, J., and Sloman, M., Con�guration Support for System De-

scription, Construction and Evolution, Managing Complexity in Software

Engineering, pp. 247-260, edited by R. J. Mitchell, Peter Pereginus Ltd., 1990.

[66] Kremien, O., and Kramer, J., Methodical Analysis of Adaptive Load Sharing

Algorithms, IEEE Transactions on Parallel and Distributed Systems, Vol. 3, No.

6, pp. 747-760, November 1992.

[67] Krueger, P., and Cawla, R., The Stealth Distributed Scheduler, Proceedings

of the 11th IEEE International Conference on Distributed Computing Systems,

May 1991.

[68] Krueger, P., and Livny, M., A Comparison of Preemptive and Non-Preemptive

Load Distributing, Proceedings of the 8th International Conference on Dis-

tributed Computing Systems, pp. 123-130, June 1988.

[69] Kunz, T., The In uence of Di�erent Workload Descriptions on a Heuristic Load

Balancing Scheme, IEEE Transactions on Software Engineering, Vol. 17, No. 7,

pp. 725-730, July 1991.

[70] Le�er, S. J., McKusick, M. K., Karels, M. J., and Quaterman, J. S., The

Design and Implementation of the 4.3BSD Unix Op erating System,

Addison-Wesley, 1989.

[71] Litzkow, M. and Solomon, M., Supporting Checkpointing and Process Migration

Outside the Unix Kernel, Proceedings of the Winter 1992 USENIX Conference,

pp. 283-290, 1991.

[72] Liu, R.-C., Analysis on the E�ects of System Parameters on Load Balancing,

Information Sciences, Vol. 81, No. 1-2, pp. 37-54, November 1994.

[73] Lord, H. D., Improving the Application Development Process with Modular Vi-

sualization Environments, Computer Graphics, Vol. 29, No. 2, May 1995.

[74] Mechoso, C. R., Farrara, J. D., Spahr, J. A., Running a Climate Model in a

Heterogeneous, Distributed Computer Environment, Proceedings of the Third

International Symposium on High Performance Distributed Computing, pp. 79-

84, August 1994.

[75] MacDougall, M. H., Simulating Computer Systems - Techniques and

To ols, MIT Press, 1987.

[76] Mattson, T. G., Programming Environments for Paral lel Computing: A Com-

parison of CPS, Linda, P4, PVM, POSYBL, and TCGMSG, Proceedings of the

27th Annual Hawaii International Conference on Systems Science, Vol. II, pp.

586-594, January 1994.

[77] Mirchandaney, R., Towsley, D., and Stankovic, J. A., Analysis of the E�ects of

Delays on Load Sharing, IEEE Transactions on Computers, Vol. 38, No. 11, pp.

1513-1525, November 1989.

[78] Mullender, S.J., and van Rossum, G., Amoeba: A Distributed Operating System

for the 1990s, Computer, pp. 44-53, Vol. 23, No. 5, 1990.

[79] Munetomo, M., Takai, Y., and Sato, Y., A Genetic Approach to Dynamic Load

Balancing in a Distributed Computing System, Proceedings of the 1st IEEE Con-

ference on Evolutionary Computation, IEEE World Congress on Computational

Intelligence, Vol. 1, pp. 418-421, June 1994.

[80] Mutka, M. W., Estimating Capacity for Sharing in a Privately Owned Worksta-

tion Environment, IEEE Transactions on Software Engineering, Vol. 18, No. 4,

1992.

[81] Mutka, M. W., and Livny, M., The Available Capacity of a Privately Owned

Workstation Environment, Performance Evaluation, pp. 269-284, Vol. 12, No.

4, July 1991.

[82] The Ob ject Management Group, The Common Ob ject Request Broker:

Architecutre and Sp eci�cation, OMG Document Number 93.12.43, Decem-

ber 1993.

[83] Parasoft Corporation, Express Reference Manual, 1988.

[84] Park, C., and Kuhl, J. G., A Fuzzy-Based Distributed Load Balancing Algorithm

for Large Distributed Systems, Proceedings of the 2nd International Symposium

on Autonomous Decentralized Systems, pp. 366-273, April 1995.

[85] Peterson, L., Hutchinson, N., O’Malley, S., and Rao, H., The x-Kernel: A Plat-

form for Accessing Internet Resources, Computer, pp. 23-33, Vol. 23, No. 5,

May 1990.

[86] Prieto-Diaz, R., and Neighbors, J.M., Module Interconnection Languages, The

Journal of Systems and Software, No. 6, pp. 307-334, 1986.

[87] Rehmet, G. M., Remora - Implementing Adaptive Parallelism on a Het-

erogeneous Cluster of Networked Workstations, Master’s Thesis, Rhodes

University, South Africa, September 1994.

[88] Rinaldo, F., and Wolbers, S., Loosely Coupled Paral lel Processing at Fermilab,

Computers in Physics, Vol. 7. No. 2, pp. 184-190, March 1993.

[89] Rosenberry, W., Kenney, D., and Fisher, G., Understanding DCE, O’Reily &

Associates, 1992.

[90] Rousselle, P., Hariri, S., and Tymann, P, Redundant Task Scheduling in a Het-

erogeneous Computing Environment, Northeast Parallel Architectures Center,

Technical Report SCCS-658, October 1994.

[91] Rousselle, P., Tymann, P., Hariri, S., and Fox, G., The Virtual Computing Envi-

ronment Proceedings of the Third International Symposium on High Performance

Distributed Computing, San Francisco, California, pp. 7-14, August 1994.

[92] Rousselle, P., Yadav, R., Hariri, S., Kim, D., Boddapati, S., and Tymann, P.,

Application Development and Execution in a Virtual Computing Environment,

Northeast Parallel Architectures Center, Technical Report SCCS-705, April 1995.

[93] Schaar, M., Efe, K., and Delcambre, L. M., An Analytical Model for Predicting

Performance in a Heterogeneous System, Proceedings of the 3rd IEEE Sympo-

sium on Parallel and Distributed Computing Systems, pp. 328-335, May 1991.

[94] Sho ja, G.C., A Distributed Facility for Load Sharing and Paral lel Processing

Among Workstations, Journal of Systems Software, pp. 163-172, Vol. 14, No. 3,

1991.

[95] Simpson, R. A., and Harget, A. J., A Simulation Study to Determine the Im-

portance of Load Balancing Algorithms for Loosely Coupled Distributed Systems,

IFIP Transactions on Computer Science and Technology, IFIP 13th World Com-

puter Congress, Vol. A-51, pp. 69-74, August 1994.

[96] Stevens, W. R., UNIX Network Programming, Prentice Hall, 1990.

[97] Stroustrup, B., The C++ Programming Language - Second Edition,

Addison-Wesley, 1991.

[98] Stroustrup, B., The Design and Evolution of C++, Addison-Wesley, 1994.

[99] V. S. Sunderam, PVM: A Framework for Parallel Distributed Comput-

ing, Oak Ridge National Laboratory, 1991.

[100] Tannenbaum, A. S., Mo dern Op erating Systems, Prentice-Hall, 1992.

[101] Theimer, M., and Lantz, K., Finding Id le Machines in a Workstation-Based

Distributed System, IEEE Transactions on Software Engineering, pp. 1444-1458,

Vol. 15, No. 11, 1989.

[102] Theimer, M., and Hayes, B., Heterogeneous Process Migration by Recompi-

lation, Proceedings of the 11th IEEE International Conference on Distributed

Computing Systems, May 1991.

[103] Thornborrow, C., Wilson, A. J. S., and Faigle, C., Developing Modular Applica-

tion Builders to Exploit MIMD Paral lel Resources, Proceedings of Visualization

’93, pp. 134-141, San Jose CA, October 1993.

[104] Waldspurger, C.A., Hogg, T., Huberman, B.A., Kephart, J.O., and Stornetta,

W.S., Spawn: a distributed computational economy, IEEE Transactions on Soft-

ware Engineering, pp. 103-117, Vol.18, No.2, 1992.

[105] Walker, B., Popek, G., English, R., Kline, C., and Thiel, G., The LOCUS

Distributed Operating System, Proceedings of the 1983 SIGOPS Conference,

pp. 49-70.

[106] Wang, C. -J., Krueger, P. E., and Liu, M. T., Intel ligent Job Selection for

Distributed Scheduling, Proceedings of the Thirteenth International Conference

on Distributed Computing Systems, pp. 517-524, May 1993.

[107] Wood, M. D., Replicated RPC Using Amoeba Closed Group Communication,

Proceedings of the 13th International Conference on Distributed Computing Sys-

tems, pp. 222-230, 1993.

[108] Zhou, S., A Trace-Driven Study of Dynamic Load Balancing, IEEE Transactions

on Software Engineering, Vol. 14, No. 9, pp. 1327-1341, September 1988.

[109] Zhou, S., Zheng, X., Wang, J. and Delisle, P., Utopia: a Load Sharing Facility

for Large, Heterogeneous Distributed Computer Systems, Software - Practice and

Experience, pp. 1305-1336, Vol. 23, No. 12, December 1993.

[110] Zhu, W., and Goscinski, A., Low Cost Load Balancing Algorithms, Proceedings

of the 27th Annual Simulation Symposium, pp. 226-235, April 1994.

Biographical Data

Name: Philip Rousselle

Date and Place of Birth: September 10, 1962

Bu�alo, New York

Elementary & High School: Bu�alo Public Elementary School #84

Graduated 1976

Kensington High School

Bu�alo, New York

Graduated 1980

College: SUNY College at Bu�alo

BS (Info Systems Management), 1983

Union College

Schnectady, New York

MS (Computer Science), 1989

Employment International Business Machines Inc

Endicott NY

BIBLIOGRAPHY 183