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Abstract

The rapid progress in microprocessors and the decreasing cost of hardware have
made the distributed processing  systems cconomically auractive for many
applications. lowever, many problems in the distributed systems are still in their

development stage.

A distributed processing system consists of a set of processors (processing
elements) which are connected via communication channels whose tasks (distributed
task) are coordinated by a distributed operating system that controls information

processing and flow among processors to achieve the desired requiren.ents.

Task to be processed by the distributed system is decomposed into a set of

cooperating tasks ( sub-tasks ) which are then allocated to the system’s processors.

Assuming that the distributed task have been partitioned into sub-tasks, finding
the optimal allocation for these sub-tasks on the system’s processors using goal
programming methodology is the aim of this thesis. Two allocation models are
included. The first is the deterministic sub-task allocation model in which all model’s
parameters are assumed deterministic with known values. The second is more general
which is the stochastic sub-task allocation model in which some of the model’s

parameters are assumed random with known distributions.
This thesis consists of four chapters organized as follows ' :

Chapter | is an introductory chapter which reviews the basic concépts of two
related fields to task allocation problem. These two fields are distributed systems, and

distributed software design. The first field deals with distributed systems environment,

' Through out the thesis, the term task allocation will be used instead of sub-task allocation ‘
Just for simplicity, but it should be kept in mind that we seek for the total task allocation by

allocating its components which are the sub-tasks,



distributed systems architecture, distributed  systems  application, advantages of
distributed systems, and finally, software engineering and life cycle. The second field

concentrates on task partitioning and task allocation as two important steps in
distributed software design. and states alternative modeling approaches for task

allocation, followed by a literature review.

Chapter 2 briefly reviews the basic concepts of multiple objective stochastic
programming needed in  modeling task allocation problem. Stochastic goal
programming is discussed as one of several approaches to multiple objective
programming. Stochastic programming approaches are presented in this chapter
specially the chance constrained approach. The iterative algorithm to goal

programming is also presented since it will be used to solve task allocation problem.

Chapter 3 contains problem formulation and solution for ihe deterministic task
allocation problem. [t states variables definitions, constraints , objectives, goals and
their priorities followed by the mathematical model which is classified as nonlinear
zero-one goal programming model. A linear transformation to the nonlinear model is
presented to make it possible to solve the model since no computer code for the
nonlinear case was available to the author at the time of preparing the thesis. The Jast
section of this chapter contains a numerical example solved iteratively by GAMS
(version 2.25) package to clarify the deterministic task allocation problem presented

in this chapter.

Chapter 4 presents the stochastic task allocation problem. Some parameters in
the deterministic model presented in chapter 3 are assumed to be random variables
rather than deterministic. The deterministic equivalent of the resulting stochastic
model is constructed under the suggestions of the exponential distribution and chi
square distribution as suitable probability distributions for the random parameters.
Two numerical examples solved iteratively by GAMS (version 2.25) package are
presented in this chapter to illustrate the stochastic task allocation model. The final

section of this chapter contains conclusions and points for further research.

Appendices (A) and (B) contain the GAMS codes of the three numerical
examples considered in chapters 3 and 4.
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Chapter 1

Distributed Systems and Distributed Software Design

IS
1.1: Introduction

This chapter is an introductory chapter which reviews the basic concepts of two
related fields to task allocation problem. These two fields are distributed systems, and
distributed software design. The first field is considered in sections (1.2) and-(1.3) as
follows: Section (1.2) contains distributed systems environment, distributed systems
architecture, distributed systems application, and finally, advantages of distributed |
systems. Section .(1.3) contains software engineering and life cycle. The second field is
* considered in section (1.4) which contains task partitioning and task allocation.
Alternative ‘modeling approaches for task allocation are contained in section (1.5),

followed by a literature review in section (1.6).

1.2: Distributed systems environment

Distributed systems have become, for the past two decades, an area of research
and development. The overall poor performance of centralized computer systems when
dealing with an application which requires a large number of computations to be
performed (specially when some of these computations can be processed concurrently)
on one hand, and the unreality of them in the case of geographically distributed systems

on the other hand, have made a need for a solution essential.

Recent, technological advances in computer hardware ( specially in the areas of
microprocessor and memory) have made such solution possible. Distributed systems are
now in use in a wide range of computer applications. However, some of the principles
of such systems are still under investigations and many problems in the distributed

computing systems are still in their development stage.

The next subsection outlines the architecture of distributed systems. Subsection
(1.2.2) discusses the :ipplications of distributed systems. Subsection (1.2.3) explains the
advantages of distributed systems. Section (1.3) defines the basic terms of software

engineering and its life cycle.



1.2.1: Distributed systems architecture

From the physical point of view, a distributed system can be viewed as a
collection of processing elements (machines) that are connected via communication
channels (lines) and are controlled by a distributed operating system [Ziegler67], [
Hariri86], [Deitel90]. The processing elements ( processors) of the distributed system
may be locally or geographically dispersed, so we have two terms “local area network”
(LAN) and “Wide Area Network” (WAN). LAN’s span a single building and WAN’s

span countries or continents.

In this subsection, we briefly define the architecture (physical components) of the
distributed systems concentrating only on the hardware terms that are used through the

rest of the thesis.

From the hardware prospective, the design of the distributed system means how to
select the types of each processdr and communication line, also to determine the

topology of the system.

Processor type means processor capacity which is usually expressed as
throughput. For example, in the context of databases environment the throughput of the
computer is the maximum number of transaction processed per unit of time (the
transaction is based on length of 60 characters and the time unit usually is second). In
addition to the capacity, each computer has it’s own local memory space (measured in

words).

Communication line can be viewed as a virtual bit pipe along which bits travel,
starting from one point (computer) called the transmitter or the origin, and arriving at
another point (computer) called the receiver or the destination. There are several types
of such pipes, each has its capacity which is usually expressed as bandwidth. In other
words, the capacity of the communication line is called bandwidth (number of
transactions processed per unit of time) [Chen80]. Anéther definition can be found for
the capacity of the communication line which is the maximum rate at which bits can be

transmitted over a unit of time (second).

The distributed system topology describes the way by which the processors of the

system are going to be connected. Different types of topology can be considered, each



