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Introduction

At the present time the Naval Air Warfare Center (NAWC), Aircraft Division, Warminister,
Software & Computer Technology Division (SCTD), is developing software to solve the problem
of multiple objective task allocation to multicomputer nodes optimally. This type of optimization
problem is classified as an NP-complete problem of exponential time complexity. Two algorithms
are being used in the software: the genetic algorithm and the simulated annealing algorithm. The
eventual goal of this project is to allow the decision maker (DM) to have options available to her/
him when designing networks of allocating linked software tasks to linked computer hardware
nodes.

In terms of modeling the problem, the approach is to create one objective function from a weighted
sum of all the individual objective functions. SCTD is using task precedence graphs to model the
problem rather than using a task interaction graph mapping. This problem can be classified as a
combinatorial optimization problem concerned with finding the best or optimal solution among a
finite or countably infinite number of alternative solutions (Sheddin).

The language implementation is in Ada, using a linked list structure.
Literature Search

A search of the literature reveals that abundant research is in progress with respect to the use of the
genetic algorithms and simulated annealing algorithms in the solving of optimization problems.
Another technique is also gaining much attention and that technique is the use of artificial neural
networks to solve optimization problems.

Fox and Furmanski (1988) developed a “bold neural network” algorithm for balancing the load for
mapping loosely synchronous problems onto hypercubes. Neural networks had been used by
Hopfield and Tank (1986) for the solution of optimization problems such as the traveling salesman
(TSP). Their work showed that neural networks are fast, reliable, and easy to implement.

Mansour and Fox (1991) have done experiments involving the use of genetic (GA), simulated
annealing (SA), and neural network (NN) algorithms applied to different problem sets. The
problem sets involve allocating data to multicomputer nodes. These experiments have compared
the three algorithms with respect to solution quality, execution time, bias, parallelizability, and
robustness. Their results indicated that the genetic and simulated annealing algorithms give good
solutions that are close to optimal but the algorithms are very slow for problems of moderate size.
However, the neural network algorithm does not give as good a solution as the genetic or simulated
annealing algorithms but the algorithm is much faster than the other two algorithms. The neural
network algorithm also tended to favor certain types of topologies. They use an approximate
objective function that is smooth and consists of a weighted sum of individual objectives. This
approximate objective function overcomes the non-smooth objective function that applies to the
problem. The two goals of the optimization are load balancing and minimum communication.
Their implementation language is FORTRAN.

Mansour and Fox (1992) evolve these three algorithms (GA, SA, and NN) into parallel versions.
The parallel versions of these algorithms are applied to allocating irregular or general data to
multicomputer nodes such that total execution time is minimized. The data allocation problem is an
NP-complete resource allocation problem. The parallization of the algorithms is needed for large or
dynamically varying problems. This effort was part of a larger FORTRAN D project.
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The three parallel algorithms were compared for solution quality, bias, execution time, scalability,
robustness, and memory space requirements. Comparisons of the three parallel algorithms consistly
showed the genetic version producing the best solutions, with simulated annealing second best, and
neural network solutions last. With respect to execution time the genetic version is the slowest and
the neural network version is the fastest.

The parallel algorithms were less robust than their sequential counterparts.

For large problems the genetic version required large memory space. The authors indicate that this
problem of large memory space requirement could be overcome by adding a preprocessing graph
contractionstep to the algorithm. This might lead to a decrease in solution quality, but it would lead to
a significant decrease in execution time.

The paraliel versions of simulated annealing and neural networks are scalable. The genetic version
could be scalable, also, if the above suggestion of circumventing memory space restriction was
implemented.

At NAWGC, the Air Vehicles and Crew Systems Technology Department, Steinberg and DiGirolamo
(1991) are using neural networks to develop flight control systems with a goal to prove that neural
network based approaches are feasible in meeting flight safety requirements for implementation on
manned aircraft. They are using neural networks to resolve the complex design of flight control
systems (FCS) and to create designs with better performance for less labor and cost Their
implementation languages are FORTRAN and C++. They do not use Ada in their work.

Freemanand Skapura (1991), working with neural networks, recommend the use of network data
arranged in groups of linearly sequential arrays, since it is much faster to step through an array
sequentially than it is to look up the address of every new value as would be done if a linked-list
approach wereused. They give several examples using pseudo-code and data structure diagrams.

Multi-objective Functions

The discussion so far has concentrated on the algorithms to use to solve task allocation problems. We
now turn to the problem of more than one objective to optimize, or the optimization of multiple
objectives. Wann et al (1992) have taken the approach of optimizing a weighted sum of the individual
objective functions. Warburton (1987), working with methods for approximating the set of Pareto
optima paths in multiple objective, shortest-path problems, cautions that using a weighted linear
combination of objective functions to approximate the optimal may miss large sections of efficient
sets of acceptable solutions and we do not know which sections are unknown. Pareto optimality is the
set of efficient answers that are not dominated by others. Cohen (1992) (referring to Warburton) and
Warburton (1987)suggest using a vector of objective functions approach to the optimization
problem. Theapproximation methods are fully polynomial.

Paul (1990) worked on the problem of assigning naval officers to certain billets using a hierarchy of
multiple objectives. His problem was the classical 0-1 assignment problem. His technique for solving
this problem was to create a hierarchy of the objectives and solve various subproblems using the
objectives eventually as constraints in the subproblems. The first subproblem is solved using the
highest priority objective function only. The second subproblem is solved using the second highest
priority objective function, but with the first highest objective function now used as a constraint (or a
high percentage of it). Continue in this manner for each additional objective function with each higher
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objective function used as one of the constraints. The process is finished when all objective
functions have been exhausted. He used the simulated annealing algorithm and obtained reason-
able results on problems with small search spaces.

Ercal (1988) addressed the problem of static task mapping and used task interaction graphs to
model the mapping of iterative parallel programs onto processors. His problem involved two goals:
1) even distribution of total computational load among the processors, and 2) minimization of
interprocessor communication. He used two different approaches for comparison: graph-based
heuristic approaches (nearest-neighbor approach and mincut-based clustering schemes) and modi-
fied simulated annealing. Comparisons were also made with a greedy algorithm. The results of his
work indicated that the modified simulated annealing algorithm, with regard to solution quality and
running time fell in between graph-based heuristic approach and the greedy method.

Bollinger and Midkiff (1988) worked on the problem of mapping a set of processes and their
communication requirements onto a multicomputer. They did not consider the problem in which
the number of processes exceeds the number of processors. The multiple objectives of load balance
and minimizing interprocessor communication traffic over network links were combined into one
objective using a weighted sum of the individual objectives. A weight was attached to one
objective such that that objective would be heavily penalized if it increased during the optimality
process.

Zoints and Wallenius (1976) used an interactive mathematical programming method for solving
the multiple criteria problem involving a single decision maker. The basis of their method is the
feasibility of using linear approximations to represent the set of constraints and objective functions.
Their method was to create a composite objective function (or utility function) using multipliers
(weights). The composite objective function was optimized to produce an efficient or Pareto-
optimal solution to the problem. An example (profits of a firm), in which the utility function is not
linear, is given with the objective modified to retain the assumption of linearity.

In their model the sum of the weights is one. The weights are chosen such that it is not possible to
increase (decrease) one objective without decreasing (increasing) at least one other objective
function.

Loganathan and Sherali (1987) discussed different classifications of the multiobjective optimiza-
tion problem. The first type has the task of characterizing the set of efficient, or nondominated, or
Pareto optimal, solutions. These solutions are such that no other solution can improve even one
objective function without worsening the others. The task of selecting among such solutions is
typically left unaddressed. Here the knowledge of the decision maker is not used.

At the other extreme the decision maker’s preferences are specified as in goal programming or
multiattribute utility theory. Since the decision maker’s utility function is explicitly known, the
problem is not a true multiobjective program, since it may be solved as a single scalar problem.

A third approach, and intermediate type of approach, is one that uses partial progressively revealed
information regarding the decision maker’s preferences. This approach is known as an interactive
method because it seeks information progressively from the decision maker. These methods
typically seek to solve a sequence of subproblems.
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Definitions

Goldberg (1989) defines the genetic algorithm as a search algorithm based on the mechanics of
natural selection and natural genetics.

Freeman and Skapura (1991) define neural networks (also known as connection networks) as a
collection of parallel processors connected together in the form of a directed graph, organized such
that the network structure lends itself to the problem being considered.

Shedden:(1990) defines simulated annealing as a general purpose approximation algorithm
applicable to many combinatorial optimization problems. The algorithm behaves like a local serach
that probabilistically accepts transitions away from a optimality, thus allowing it to escape local
optima inits search for the global optimum. This algorithm is independent of initial configurations.

The combinatorial optimation problem is concerned with finding the best or optimal solutionamong a
finite or countably infinite number of alternative solutions.

Chen (1990) states that simulated annealing is derived from Monte Carlo methods in statistical
mechanics and is a stochastic optimization algorithm that simulates the annealing process. The
algorithm was first utilized as asimulation method to examine the properties of substances consisting
of interacting individual molecules. The purpose of the simulation is to find the ground states of a
system which corresponds to the configurations of low energy molecular structure.

Simulated annealing has a goal of finding the minimum of a function of many variables by first heating
the system being optimized at a high temperature and then lowering the temperature in slow stages
until the system freezes The sequence of temperatures, including the melting point and freezing point,
is called the annealing schedule.

Blower (1990) says that simulated annealing has a goal of finding the minimum of a function of many
variables by first heating the system being optimized at a high temperature and then lowering the
temperature in slow stages until the system freezes The sequence of temperatures, including the
melting point and freezing point, is called the annealing schedule.

Simulated annealing is a stochastic-search technique with a control parameter represented by the
temperature. The algorithm attempts to evaluate a complicated multidimensional integral by Monte
Carlo sampling approach. The Monte Carlo technique is necessary because the integral is too
complicated to solve through conventional analytical means. Because of the complicated nature of
the integral, the Monte Carlo approach follows a scheme designed to provide better sampling of the
states where major contributions to the integral are made.

Simulated annealing was very time consuming, and its performance on this highly simplified problem
should not be construed as ablanket recommendation when scaling up to the real world.

Relationship between statistical mechanics and combinatorial optimization.

Statistical Mechanics Combinatorial Optimization
States (of system) Solutions (to problem)
Energy (of states) Cost (of solution)
Ground State Optimal Solution
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Suggested Approaches

SCTD should add a neural network algorithm to their set of algorithms which already contains
genetic and simulated annealing algorithms. In order to give the user or decision maker an idea of
which of these algorithms might be most suitable to meet her/his needs in the design process
experiments should be performed similar to those done by Mansour and Fox (1991). Performance
criteria should be solution quality, execution time, robustness, bias, and parallelizability. Perfor-
mances should be critically evaluated and compared for a number of examples with different
topologies, sizes, and granularities. Following the Mansour and Fox (1992) lead additional algo-
rithms, the parallel versions of the present three algorithms, should be added to the repertoire and
once again experiments for critical evaluation and comparison should be made. Once these
experiments and their results are known it will be easier to advise the user as to which algorithm to
use for a particular design problem. M. Wann is recognized as a neural networks expert at NAWC
and the implementation of a neural nets algorithm should present no difficulty.

Additional experiments should be performed with a new model to the design problem
where the individual objective functions are represented as a vector of objective functions.
These result” should be compared to the weighted sum resuits to see if better solutions
can be obtained.

If the Mansour and Fox (1991 ) results are confirmed, i. e., neural networks are much faster than the
genetic and simulated annealing algorithms, but solutions are not as good, then one should consider
a situation where the user applies the neural network to an optimization problem and then takes that
solution and uses it as input (starting point) for applying the simulated annealing algorithm. This is
the idea of the Boltzmann machine or the Cauchy machine (Freeman and Skapura). Speedups and
solution quality of this hybridization might be of interest to the user. Freeman and Skapura (1991 )
suggest the possibility of using classical optimizing techniques once near a minimum. This could
be presented to the DM as an option.

Others are using FORTRAN for implementation of these algorithms (neural network, genetic, and
simulated annealing algorithms and their parallel versions.) Steir.verg and Digirolamo do not even
consider using Ada as the language of implementation. SCTD is restricted to Ada. Would the
tasking features of Ada improve the implementation process for these design problems?

Although Ada is designed to allow 30 tasks concurrently, actual experiments have shown a
maximum of 10 to 11 tasks concurrently in reality. FORTRAN can be designed to run many more
than 30 tasks concurrently. (1988 SIAM Conference on Parallel Computing, Denver, CO) This
deficiency should be eliminated in Ada 9X.

The Wann et al paper does not specify how the weights for the composite objective function should
be selected, or if there is any relationship between the weights. The best approach might be to have
the weights sum to one. This would follow the approach of Pareto optimality where one objective
cannot be improved without worsening at least one other objective.

The final product should contain pseudocode and data flow, or data structures diagrams. This
would help with maintaining the code.
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The simulated annecaling and genetic algorithms do not appear to guarantee the avoidance of local
mmima. A suggestion here would be to enhance the code such that avoidance of local minima 1s
guaranteed. The present algorithms do seem to be of a scalable nature. This would need to be taken
care of if the project is to be expanded arbitrary topologies.

Page 6




NAWCADWAR-92103-70

BIBLIOGRAPHY

DARPA Neural Network Study: October 1987 - February 1988, AFCEA International Press, Fairfax
VA, November 1988.

Aarts, EH.L., A.E. Eiben, and K.M. van Hee, A General Theory of Genetic Algorithms,Eindhoven
University of Technology, Eindhoven, The Netherlands, December 1989. NTIS Report: Computirs,
Science Notes - 8¢ 08.

Blower, D.J., Analysis of Naval Avaition Selection Test Data with Nonlinear Models. Part 1.
Parameter Estimation., Naval Aerospace Medical Research Laboratory, 1990. NAMRL Technical
Memorandum 90-2.

Bollinger, S. Wayne and Scott F. Midkiff, "Processor and Link Assignment in Multicomputers Using
Simulated Annealing," Proceedings of International Conference of Parallel Processing, pp. 1-7,
August 1988.

Chen, Tung-Shen, Simulated Annealing in Sonar Track Detection, Naval Post Graduate School,
December 1990 Master's Thesis.

Cohen, Edgar, Algorithms for Multi-objective Optimization of a Pareto Character, Naval Surface
Warfare Center, Silver Spring MD, 1992. Preprint.

Ercal, Fikret, Heuristic Approaches to Task Allocation for Parallel Computing, Ohio State
University, Columbus OH, 1988. Doctoral Dissertation.

Forbes, G.W. and Andrew E.W. Jones, "Towards Global Optimization with Adaptive Simulated
Annealing," International Lens Design Conference, pp. 144-153, 11-14 June 1990.

Fox, G.C. and W. Furmanski, "Load Balancing Loosely Synchronous Problems with a Neural
Network," Proceedings of the 3rd Conference on Hypercube Concurrent Computers, and
Applications, pp. 241-278, 1988.

Freeman, James A. and David M. Skapura, Neural Networks: Algorithms, Applications, and
Programming Techniques, Addison-Wesley, Reading MA, October 1991.

Goldberg, David E., Genetic Algorithms in Search, Optimization, and Machine Learning, Addison-
Wesley, Reading MA, January 1989.

Holl, Loren, Development and Implementation of a Cerebellar Model Articulation Centroller
Sofiware Module, Naval Air Warfare Center, Warminster PA, 25 March 1992, Technical
Memorandum AVCSTD-92001-601.

Hopfield, John J. and David W. Tank, "Computing with Neural Circuits: A Model," Science, vol.
233, pp. 625-633, 8 August 1986.

Howell, Steven L., Cuong M. Nguyen, and Phillip Q. Hwang, "System Design Structuring and
Allocation Optimization (DeStinAtiOn)," Proceedings of the 1991 Systems Design Synthesis
Technology Workshop, pp. 117-128,10-13 September 1991.

Karr, C.L, D.A. Stanley, and B.J. Scheiner, Genetic Algorithm Applied 10 Least Squares Curve




NAWCADWAR-92103-70

Iitnng, U.S. Department of the Interior (Bureau of Mines), Washington DC, 1991. Report of
Investigations 9339.

Kirkpatrick, S., C.D. Gelatt Jr., and M.P. Vecchi, "Optimization by Simulated Annealing," Science,
vol. 220, pp. 671-680, 13 May 1983.

Knight, Kevin, "Connectionist Ideas and Algorithms," Communications of the ACM, vol. 33, pp. 59-
74, November 1990.

Lippmann, Richard, "An Introduction to Computing with Neural Nets," IEE ASSP Magazine, vol. 4,
pp. 4-22, April 1987.

Loganathan, G.V. and Hanif D. Sherali, "A Convergent Interactive Cutting_Plane Algorithm for
Multiobjective Optimization," Operation Research, vol 35S, pp. 365-377, May-June 1987.

Mansour, Nashat and Geoffrey C. Fox, "Physical Optimization Methods for Allocating Data to
Multicomputer Nodes," Proceedings of the 1991 Systems Design Synthesis Technology Workshop,
pp. 169-181, 10-13 September 1991.

Mansour, Nashat 2nd Geoffrey C. Fox, Parallel Physical Optimization Algorithms for Allocating
Data to Multicomputer Nodes, Syracuse University, Syracuse NY, 1992. Preprint.

Ogata, E.J. and E.A. Cohen, Task Allocation and Scheduling for High Level Synthesis, Naval
Surface Warfare Center, Silver Spring Md, 3 October 1991. Draft Report No. NWSC TR 91-538.

Paul, Michael S., An Approach 10 an Assignment Problem with Hierarchical Objectives, Naval
Postgraduate School, Monterey CA, March 1990. Master's Thesis.

Reitman, Ed, Experiments in Artificial Neural Networks, Tab Books Inc., Blue Ridge Summit PA,
1988.

Shedden, James Scott, An Evaluation of a Modified Simulated Annealing Algorithm for Various
Formulations, Arizona State University, August 1990. Doctoral Dissertation.

Steinberg, Marc L. and Robert D. DiGirolamo, Neural Network and Fuzzy Logic Technology for
Naval Flight Control Systems, Naval Air Development Ceater, Warminster PA, August 1991.
Interim Report No. NADC-91080-60.

Wann, M., M. Chen, and C. Schmiedekamp, Objective Functions and Computation Procedures for
Computer Based Systems, Nava! Air Warfare Center, Warminster PA, 11 May 1992. Draft for
Progress Review.

Warburton, Arthur, "Approximation of Pareto Optima in Multiple-Objective, Shortest-Path
Problems,"” Operations Research, vol. 35, pp. 70-79, January-February 1987.

Zoints, Stanley and Jyrki Wallenius, "An Interactive Programming Method for Solving the Multiple
Criteria Problem," Management Science, vol. 22, pp. 652-663, February 1976.




DISTRIBUTION LIST
Report No. NAWCADWAR-92103-70

Naval Surfaco Weapons Center .. ........cv vt iinneeinnnonnnnseerennnns 9
10901 New Hampshire Avenue
Silver Spring, MD 20903-5000

(1 for Code U33; S. Howell)

(8 for Code U33; N. Cuong)

Naval AlrWarare Conter . . ... ...ttt ittt ittt ettesesetnesaanaaanans 12
Alrcraft Divislon Warminster
P.O. Box 5152
Warminster, PA 18974-0591
(2 for Code 0471)
(10 for Code 7033; C. Schmiedekamp)

Defense Technical Information Center ..........coiiiiiiiin it eerenncanas 2
Attn: DTIC-FDAB

Cameron Station BG5

Alexandria, VA 22304-6145

Centerfor Naval Analysis . ..............0iiiieeineinnnneennneennnennns 1
4401 Fort Avenue

P.O. Box 16268

Alexandria, VA 22302-0268




