
Simulation Software for Bulk Material Transportation 

System's Analysis, 

c 

by 
* 

Bevlee A..Watford ,, 
y | 

Dissertation submitted to the Faculty of the 

Virginia Polytechnic Institute and State University. 

in partial fulfillment of the requirements for the degree of 

Doctor of Philosophy | 

in 

Industrial Engineering and Operations Research 

APPROVED: | 

tel Thace 
Timothy JL“ Gyé ene, Girma 

A an D2 ahead. Done 
    

   
AdBrey E. Haryey/ | “ Ma yilyn 5 / Jones 

a Cy | BL WY 

<_. whl asl C Say 
    

Subash C. Sarin | WA Jogeph W. Schmidt 

November, 1985 

Blacksburg, Virginia



    

 



OO
F 
C
E
E
 

4 
/ D

f 
OG
 

Simulation Software For Bulk Material Transportation System's Analysis 

Bevlee A. Watford 

Timothy J. Greene, Chairman 

Industrial Engineering and Operations Research 

(ABSTRACT ) 

This dissertation describes the development of software 

specifically designed to facilitate simulation analysis of 

bulk material transportation systems. Use of the term 

Simulation analysis indicates a special variation of the 

systems analysis process in which the model developed is a 

digital computer simulation model. Specifically, the 

software aids in model development, excution, and 

presentation of the simulation results. 

Simulation analysis is currently utilized by bulk 

material transport operators in a Limited manner. The 

problem is that use of available simulation languages 

requires knowledge concerning language syntax and semantics. 

Additionally, system operators are not typically trained in 

how to perform an analysis” of their bulk material 

transportation system. The common solution to these 

problems is to retain analytical experts who are unfamiliar 

with the system to be analyzed. The system operators for 

wnom the analysis is performed, and who are responsible for 

implementation of analytical results, are therefore removed



from the analysis process. The considerably reduces the 

credibility of the analysis. 

The simulation software described in this dissertation 

provides a means for a system operator, or anyone not 

familiar with simulation language use, to develop and 

execute a Simulation model of their system. By increasing 

the operator role in the analysis process, the acceptability 

of the analysis is increased. The software is specifically 

designed for bulk material transportation systems analysis, 

a research area which can be greatly benefited through the 

use of simulation model analysis. 

The Simulation software package embodies concepts 

somewhat similar to those of expert -syste 7 0OCU ASCO Concept 

derived from the study of artificial intelligence. The 

software is "expertly" structured to represent bulk material 

transportation systems. It contains a knowledge base 
etn - Soret a atherie, 

oriented toward both simulation analysis and bulk material 

transportation system's analysis. The computer languages C 

and SIMAN were used for software development. 

The software is structured in three parts; 1) input 

interface, 2) SIMAN code generator, and 3) output interface. 

The user interacts with the input interface, providing 

information as to the system to be analyzed. This



information is utilized by the code generator to create 

executable SIMAN simulation programs. The output interface 

provides the simulation output in the system terminology 

initially selected by the user.
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Chapter I 

INTRODUCTION 

1.1 INTRODUCTION TO THE RESEARCH TOPIC 
  

Computer simulation is an analysis technique suitable for 

modeling and analyzing complex, dynamic systems. Computer 

simulation programs generate data describing system 

operating characteristics for a time period of interest. 

Simulation is capable of analyzing several hours, days, 

weeks, or months of system operation in several seconds of 

computer time. | 

Bulk material transportation systems are a system type 

which are efficiently and advantageously modeled using 

computer simulation [3,12,17,18]. However, there is a 

limited use of simulation analysis at the cperational level. 

System operators, those responsible for daily operation of 

the transportation system, have shown an interest in 

theoretical applications of simulation analysis and results. 

However, they remain reluctant to apply decisions based on 

simulation analysis of their system. Operators tend to be 

removed from model development except for providing needed 

information or access. As such, the simulation analyses 

become less credible to the operator than if the operator 

actively participated.



Increasing operator input to the analysis process is not 

easily accomplished. The problem is that the possible 

advantages of simulation model use are often offset by the 

application difficulties of the simulation model analysis 

process. Specifically, the time required to learn a 

Simulation language, and the time necessary for computer 

model development using a general simulation language are 

prohibitive factors, particularly for system operators. 

The operator is in the best position to provide knowledge 

regarding current system operation. In addition, the 

operator accepts or declines the usefullness of the 

Simulation analysis and implements the recommendations. 

Therefore, it is desired to place the responsibility for 

Simulation model development with the system operator. A 

software tool has been developed that is designed to 

facilitate bulk material transportation systems simulation 

model development and execution. This chapter provides an 

introduction to the research topic, including detailed 

descriptions of the research problem and objectives. 

1.1.1 System's Analysis 

System's analysis is the process of constructing a model 

of a system, and performing experiments with the model to 

provide insight as to the system's operation [63].



Simulation models, according to Pritsker and Pegden, are 

used to [57]; 

1. define a system, or a problem within a system, 

2. determine critical factors and issues in system 

operation, | 

3. synthesize and evaluate proposed solutions to a 

problem, and 

4. predict and plan for future system developments. 

There are several techniques currently available for complex 

system's analysis. Simulation is most often the choice when 

analytically evaluating real-world systems under the 

following conditions [63]; 

1. if complete mathematical formulations of the system 

{or problem) are not readily available due to the 

size and/or complexity of the system, 

2. given that a mathematical formulation is available, 

the procedures required may be prohibitively complex 

and/or difficult for use in satisfying the analysis 

objectives, and 

3. aif it is required to observe the system behavior for 

a particular length of time to estimate operating 

characteristics. 

A simulation analysis is a special case of the general 

systems analysis process [60]. The speciality is that the



model developed is of a particular type, i.e. a simulation 

model. Procedural steps have been presented by many 

researchers forming a methodology for systems analysis 

[4,19,27,28,35,40,63,78]. The various methodologies differ 

in exact wording and detail, however the following list 

contains those steps which consistently appear; 

1. Problem Identification - define the problem which is 

to be analyzed. 

2. Objective Specification - determine the problem 

analysis objectives. 

3. System Definition - determine system boundaries and 

restrictions. 

4. Model Formulation ~ construct the system 

representation or model. 

5. Model Translation - alter the model into a form 

(computer program) acceptable to the computer. 

6. Model Validation and Program Verification - determine 

the model's ability to correctly represent the 

system, and the program's ability to execute in the 

desired logical manner. 

7. Model Experimentation - manipulate and execute the 

computer program to obtain output values. 

8. Model Interpretation and Application ~ draw 

inferences from the model output and apply these to 

the real world system.



Table 1 offers a comparison between mathematical and 

simulation model usage, presenting the primary advantages of 

each. For the purpose of this research, the advantages of 

simulation model use are more suitable for bulk material 

transportation systems analysis. In particular, increasing 

user confidence in the systems analysis process is a primary 

objective of this research. This table is also utilized 

when explaining the selection of digital simulation as the 

systems analysis tool in the software developed (Section 

1.3). 

1.1.2 Bulk Material Transportation Systems 
  

A bulk material transportation system is a system which 

provides for moving a bulk material from one location to 

another [12]. For the purpose of this research the 

distinction between transportation and material handling 

systems for bulk materials is as follows; 

1. A bulk material transportation system begins at a 

terminal or other facility where the material may be 

accumulated into desired quantities for movement. 

2. The material is loaded into a carrier(s) by 

facilities which may be described in terms ranging 

from thorough mechanical detail to simple 

descriptions of loading rates.
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TABLE 1 

Comparison of Mathematical and Simulation Models 

Mathematical Models 

quicker, more efficient digital computer executian 

clear, simplistic interpretation of model output 

minimal usage requirements cancerning statistical 
analysis 

Simulation Models 

greater versatility with regard to systems represented 

minimal usage requirements concerning mathematics and 
probability 

ease in demonstrating model behavior 

greater operator confidence in model



3. The material is transported within, or on the carrier 

-- to its destination. It may encounter delays at 

interim terminals or facilities for modal change, 

accumulation, or separation of material(s). 

4. The transportation system ends where the material is 

removed from the carrier for subsequent use. 

Material handling systems can exist at the origin, 

interim, or destination facilities. They are utilized for 

moving material prior to its original loading and after it 

has been removed from a carrier at its destination. The use 

' of the generic terms, origin and destination, permits the 

analyst to define the transportation system as desired. For 

example, an analyst can define a coal transportation system 

as beginning at a mine in the United States and ending at an 

overseas facility where the coal will serve as. fuel. 

However, it is also possible to define the destination point 

as being any of the numerous interim facilities through 

which the material passes, such as a port facility, or train 

classification yard. In this manner, the operations at such 

a facility are now- considered to be material handling and 

can be eliminated from the transportation system analysis. 

Sections 1.1.2.1 and 1.1.2.2 present a description of 

bulk material transportation systems for which the software 

is applicable. Initially, bulk materials and their



characteristics are detailed. Transportation systems for 

bulk material movement are then described in terms of the 

carrier, the terminals, and the transportation medium. 

1.1.2.1 Bulk Materials 

Bulk materials are a classification of materials which 

possess many similar transportation-oriented 

characteristics. According to Kneiling, bulk materials are 

any type of freight which is transported without packaging 

[38]. Although this is true, there are many other unique 

characteristics exhibited by -bulk materials which 

distinguish them from other types of freight. It is more 

-advantageous to rely upon a description of these attributes 

rather than any set definition as to what a bulk material 

is. 

A bulk material may be of any physical form, either 

solid, liquid, or gas. It is transported in a container 

into which it is loaded without packaging [22]. Examples of 

these containers include railcars, tanker trailers, and 

barges. Additionally, bulk materials tend to assume the 

shape of their carrier (container). 

Bulk materials typically exhibit fluid-like properties 

and are often classified as fluids [22,68]. They flow and 

can be poured as a means of loading or unloading. Loading



and unloading rates are usually expressed as volume or 

weight per unit time. The amassed quantities are referred 

to in terms of volume or weight. 

Bulk materials are transported in "large" quantities 

[7,12,20]. For example, a unit train may convey as much as 

100,000 tons of coal [74]. This is an extremely large 

quantity particularly when related to a small, individual 

lump of coal. Similarly, many liquids are moved in 

thousands-of-gallon quantities. In this manner, ‘the term 

bulk material implies that the material is transported in 

bulk, or large amounts. 

Solid bulk materials, or bulk solids, have certain 

distinguishing characteristics which are not directly 

applicable to liquids or gases. A bulk solid consists of 

particles so small in comparison to the total amount that it 

can be regarded as a continuous mass [12,22,52]. They are 

sub-classified in a number of ways, most usually in terms of 

particle size which may range from a fine powder to a broken 

solid. Commonly referred to properties of bulk solids 

include; cohesiveness, adhesiveness, particle size, and 

particle composition. Examples of solid bulk materials and 

their properties are given in Table 2. 

Non-solid bulk materials include liquids and gases which 

typically possess fluid properties. These materials exhibit
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TABLE 2 

Examples of Solid Bulk Materials and Their Properties 

Bulk Solids 

Broken stone Grain Gravel -chrome Phosphates 
Coal -barley Oil cakes ~copper Salt 
Coke -maize Ores -iron Sand 
Copra -rye ~barytes “manganese Sugar 
Fertilizers ~wheat -~bauxite -zine Sulfur 

Bulk Solids Properties 

Adhesion-the tendency for the material to adhere or stick 
to other surfaces. 

Angle of repose-the angle to horizontal which the free 
surface of the material, formed in a heap and at rest, 
assumes. 

Bulk density-the weight per unit volume of many material 
particles. 

Cohesion-the tendency for the material particles to stick 
to each other. 

Friability-the ease with which the material may be broken 
into smaller particles. 

Hardness-the amount of single particle resistance to 
scratching, cutting, wearing, abrading, etc.. 

Moisture content-the ratio of water weight to material 
weight within a given amount of material. 

Particle size analysis-the size of particles, the size 
distribution, and the particle shapes. 

Specific gravity-the ratio of the weight in air of a given 
volume of material to the weight in air of an equal volume 
of water. 

Additional Properties 

angle of internal friction specific weight toxicity 
angle of external friction segregation aeration 
angle of slide corrosiveness tackiness 
angle of surcharge abrasiveness compaction 

References [7,8,22]
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common fluid characteristics such as viscosity, elasticity, 

specific gravity, and surface tension [22,58]. A detailed 

presentation of these and other properties may be found in 

any fluid mechanics text or handbook. Non-solid bulk 

materials are typically transported in homogeneous form, one 

exception being the concurrent movement of varying grades of 

petroleum [75]. Examples of these materials are given in 

Table 3. 

1.1.2.2 Transportation Systems 

Bulk materials are typically transported by water, rail, 

and highway [12]. They are seldom transported by air. 

Additionally, transportation and material handling costs 

usually represent a significant portion of their final value 

[52]. Transportation systems are viewed as being composed 

of three sections; the transportation medium, the carrier, 

and the terminals. The following system types are utilized 

for bulk material movement; train, barge, ship, highway 

vehicle, conveyor, and pipeline. 

The transportation medium is a term which describes how 

the material travels. For this research, the various 

mediums include rails, water (both ocean and inland waters), 

roads and other land surfaces, pipes, and the supporting 

structures within conveyor systems. Generally speaking, the
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TABLE 3 

Examples of Non-solid Bulk Materials and Their Properties 

Chemicals Oil Petroleum 
Latex -fuel Refined petroleum 
Liquid natural gas ~crude Wines 
Liquid petroleum gas slubricating 

-diesel 
~vegetable 

Bulk Liquids Properties 

Elasticity - this property is related to the amount of 
deformation (expansion or compression) for a given 
pressure change. 

Internal energy - the energy a substance possesses because 
of its state of molecular activity. 

Mass density - the mass per unit volume. 
Specific heat - the amount of heat that must be transferred 

to a unit mass of a substance to raise its temperature 
by one degree. 

specific weight - the gravitational force per unit volume. 
Surface tension - the magnitude per unit length of the 

"tension" exerted by the Liquid surface upon adjacent 
portions of the surface or upon other objects which 
are in contact with the liquid. 

Additional Properties 

critical velocity heterogeneous suspension 
turbulent friction transition velocity 
disposition velocity homogeneous suspension 
fluid drag laminar flow 
friction velocity laminar friction 
turbulent flow 

References [58,73]
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material carrier utilizes the medium for movement, following 

and being guided by, the pathway it creates. For example, 

due to the nature of inland waterways, their traffic must 

follow the fixed route which the waterways define [20]. 

It is possible for the transportation medium to provide 

power for movement as is with water or electrified rails 

[8,34]. Also, certain characteristics of the transportation 

medium will influence carrier movement. These qualities are 

typically physical in nature, and examples include road 

surface conditions, and water levels [20,36]. 

The carriers within bulk material transportation systems 

are also the containers for the bulk material [12]. For 

this research the carriers are railcars, barges, ocean’ 

vessels, pipelines, conveyors, and highway vehicles. The 

power for carrier movement may exist as part of the carrier, 

as is with ocean bulk carriers, or the power may be provided 

by a separate unit as is with locomotives, towboats, and 

pipeline system pumps. 

Terminal facilities within bulk material transportation 

systems exist at the origin, destination, and at any number 

of points within the system [11,12]. They serve as 

consolidation or separation facilities for the material, or 

to provide power, fuel, and other system necessities. They 

may also represent intermodal facilities where the material
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changes transportation modes. Terminal operations may be 

described in any detail desired, keeping in mind that they 

are portions of the overall transportation system. 

The principal modes of bulk material transportation are 

given in Table 4 along with some current industry statistics 

[11,42]. With the exception of highway transportation 

systems, the dominant type of material transported by each 

mode is of bulk form. Air transportation systems are not 

included as they are not generally associated with the 

movement of bulk materials [12]. Conveyor systems, which 

are typically thought of as material handling systems, 

reflect the influence of a material oriented perspective 

[14,51,55]. 

Table 4 indicates similarities between the transportation 

systems; for instance in terms of capacities and average 

Mileage figures. The large figures are typical of bulk 

material transportation systems. Characteristics associated 

with bulk materials result in transportation systems which 

are uniquely different from others, and which contain common 

features in terms of system entities, activities, and other 

Simulation aspects. It is these common characteristics 

which, when incorporated within simulation software, enables 

the operator to easily and efficiently simulate a bulk 

material transportation system.
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TABLE 4 

Transportation Facts and Figures 

Railway Highway Inland Ocean Pipeline Conveyor 
Water Water 

Average 533 1770* 392 3000 345 0.75 
Distance -20000 
{miles) 

Average 
Speed 60 50 5.5 22 4 10 

(mph ) 

Percent 

Bulk of 60 40 85.2 78 100 70 

Cargo + 

Percent 

Cargo 36 24.3 6.7 27 25 ~ 

of Bulk #4# 

Average 
Capacity 78.8 13.52 1350 40000 ~ “ 
(tons) 

Cost ** | 
Rating 5 6 3 2 1 4 

*This is an average figure for long haul distances, 535 
being the average short haul distance. 

**The modes are ranked from the most inexpensive (1) to 
the most costly per quantity of material moved (6). 
#This is the percent of all cargo transported which is bulk 
material. 

##This is the percent of all bulk cargo transported which 
utilizes this system type. 
"_" Indicates that the data is unavailable. 
"=." According to CEMA, currently available belt 
conveyors are capable of handling hourly capacities 
in excess of any practical requirement. 
References [11,12,42,73]
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1.2 THE RESEARCH PROBLEM 
  

This section introduces the problems addressed by this 

research. The lack of simulation analysis usage by bulk 

material transportation operators is discussed, and reasons 

for this situation are presented. Section 1.2.2 formally 

states the research problem. 

1.2.1 Analytical Difficulties 
  

There are many available simulation languages which are 

suitable for model construction with regard to analyzing 

bulk material transportation systems [53,57,61,63]. 

However, at this time, simulation analysis is utilized by 

bulk material transporters in a limited manner [3,21]. The 

following are contributory factors to this situation [33]; 

1. Lack of emphasis on the capabilities and usefulness 

ef simulation analysis. 

Zz. Lack of trained Simulation personnel at the 

operational level where these problems occur. 

3. Communication difficulties between simulation 

analysts and operations level personnel with regard 

to simulation use. 

4. Most available simulation languages are not designed 

to facilitate use by operational management.
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5. There are application difficulties with available 

literature involving simulation of these system 

types. 

It is these impediments to simulation applications which 

the software addresses. As stated previously, current 

simulation languages are functionally adequate however, the 

generic terminology (such as queues and servers) tends to 

confuse and complicate the analysis process. The difficulty 

is that simulation languages are most often developed within 

research environments for use by individuals within the same 

environment [53,63]. All others are required to cope with 

something which is often totally foreign in both concept and 

terminology. 

| It can be argued that simulation language usage by system 

operators is facilitated through providing adequate 

training. However, the infrequent use of simulation at the 

operational level indicates that the current means of 

providing simulation training, ie seminars, manuals, etc., 

are inadequate. With regard to training, most operators do 

not have the time to attend the frequently offered tutorial 

seminars on language use and application. Additionally, it 

is difficult to obtain good command of a language in the 

typical 2 or 3 days allotted. Certainly, the currently 

available simulation languages are designed with ease of use
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�a�n�a�l�y�s�i�s�,� �t�h�e�n� �n�o�t� �r�e�q�u�i�r�e� �u�s�e� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 

�f�o�r� �a�n� �e�x�t�e�n�d�e�d� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�,� �a� 

�g�r�e�a�t� �d�e�a�l� �o�f� �S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �k�n�o�w�l�e�d�g�e� �i�s� �o�b�t�a�i�n�e�d� �i�n� 

�p�r�e�p�a�r�i�n�g� �t�o� �p�e�r�f�o�r�m� �a�n� �a�n�a�l�y�s�i�s�.� �A�f�t�e�r� �a�n�a�l�y�s�i�s� 

�c�o�m�p�l�e�t�i�o�n�,� �t�h�i�s� �k�n�o�w�l�e�d�g�e� �i�s� �l�o�s�t�,� �t�o� �s�o�m�e� �e�x�t�e�n�t�,� �d�u�e� �t�o� 

�n�o�n�-�u�s�e� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �a�n�d� �t�e�c�h�n�i�q�u�e�s�.� �W�h�e�n� �i�t� 

�i�s� �d�e�s�i�r�e�d� �t�o� �p�e�r�f�o�r�m� �a�n�o�t�h�e�r� �a�n�a�l�y�s�i�s�,� �t�h�e�r�e� �i�s� �a� �g�r�e�a�t� 

�d�e�a�l� �f�o�r� �t�h�e� �o�p�e�r�a�t�o�r� �t�o� �r�e�-�l�e�a�r�n�.� �i�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �l�e�v�e�l� �o�f� �t�h�e� �f�i�r�s�t� �a�n�a�l�y�s�i�s�.� 

�T�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �p�r�e�s�e�n�t�e�d� �h�e�r�e�i�n� �r�e�d�u�c�e�s� �t�h�e� 

�a�m�o�u�n�t� �o�f� �k�n�o�w�l�e�d�g�e� �r�e�q�u�i�r�e�d� �o�f� �t�h�e� �o�p�e�r�a�t�o�r� �f�o�r� �u�s�e� �o�f� �t�h�e� 

�S�I�M�A�N� �-�s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�.� �W�i�t�h� �r�e�s�p�e�c�t� �t�o� �F�i�g�u�r�e� �1�,� �t�h�e� 

�d�o�t�t�e�d� �l�i�n�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� 

�s�o�f�t�w�a�r�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �o�p�e�r�a�t�o�r� �i�s� �r�e�q�u�i�r�e�d� �t�o� �a�s�s�i�m�i�l�a�t�e� 

�l�e�s�s� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �s�u�c�c�e�s�s�f�u�l� �s�i�m�u�l�a�t�i�o�n� �L�a�n�g�u�a�g�e� �u�s�e�,� �a�n�d� 

�s�u�b�s�e�q�u�e�n�t�l�y� �e�x�p�e�n�d�s� �l�e�s�s� �t�i�m�e� �l�e�a�r�n�i�n�g�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e
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�A� �-� �L�e�v�e�l� �o�f� �k�n�o�w�l�e�d�g�e� �r�e�q�u�i�r�e�d� �f�o�r� �s�u�c�c�e�s�s�f�u�l� �l�a�n�g�u�a�g�e� 
�u�t�i�l�i�z�a�t�i�o�n� 

�B�  ��-� �L�e�v�e�l� �o�f� �k�n�o�w�l�e�d�g�e� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� 
�S�,�-� �I�n�i�t�i�a�l� �u�s�e� �o�f� �a� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 
�S�5�7� �S�u�b�s�e�q�u�e�n�t� �u�s�e� �o�f� �a� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 

�T�i�m�e� �r�e�q�u�i�r�e�d� �f�o�r� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �(�l�a�n�g�u�a�g�e� �l�e�a�r�n�i�n�g�)� 
�-� �w�i�t�h�o�u�t� �s�o�f�t�w�a�r�e� �=� �s�,�-�T�,� 

�-� �w�i�t�h� �s�o�f�t�w�a�r�e� �=� �s�w�,�-�T�,� 

�F�i�g�u�r�e� �1�:�S�i�m�u�l�a�t�i�o�n� �L�a�n�g�u�a�g�e� �L�e�a�r�n�i�n�g� �C�u�r�v�e



�2�0� 

�i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �t�h�e� �o�p�e�r�a�t�o�r� �n�e�e�d� �n�o�t� �a�s�s�i�m�i�l�a�t�e�,� �i�e� �t�h�e� 

�k�n�o�w�l�e�d�g�e� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �s�o�f�t�w�a�r�e�,� �i�s� �a�l�w�a�y�s� �a�v�a�i�l�a�b�l�e� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �t�i�m�e� �b�e�t�w�e�e�n� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 

�u�t�i�l�i�z�a�t�i�o�n�s�.� 

�P�u�b�l�i�s�h�e�d� �r�e�s�e�a�r�c�h� �c�o�n�c�e�r�n�i�n�g� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �s�i�m�u�l�a�t�i�o�n� �p�r�e�s�e�n�t�s� �a�n�o�t�h�e�r� �t�y�p�e� �o�f� 

�p�r�o�b�l�e�m� �t�o� �t�h�e� �o�p�e�r�a�t�o�r�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�e�s� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �a�d�d�r�e�s�s�e�s� �t�e�n�d� �t�o� �b�e� �s�y�s�t�e�m� �s�p�e�c�i�f�i�c�,� �o�f�t�e�n� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �s�p�e�c�i�f�i�c� �c�o�m�p�a�n�y� �p�o�l�i�c�i�e�s�.� �T�y�p�i�c�a�l�l�y�,� 

�s�p�e�c�i�f�i�c� �s�y�s�t�e�m�s� �a�r�e� �a�n�a�l�y�z�e�d� �p�r�o�v�i�d�i�n�g� �t�h�e� �o�p�e�r�a�t�o�r� �w�i�t�h� 

�i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �i�s� �n�o�t� �a�p�p�l�i�c�a�b�l�e� �t�o� �t�h�e�i�r� �s�y�s�t�e�m�.� 

�A�d�d�i�t�i�o�n�a�l�l�y�,� �m�a�n�y� �s�y�s�t�e�m� �a�n�a�l�y�s�e�s� �a�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e� �f�o�r� �u�s�e� 

�b�y� �o�t�h�e�r�s�.� �T�h�e�y� �a�r�e� �i�n�s�t�e�a�d� �c�o�n�s�i�d�e�r�e�d� �p�r�o�p�r�i�e�t�a�r�y� �t�o� �t�h�e� 

�s�y�s�t�e�m� �a�n�a�l�y�s�t�.� �T�h�e�r�e� �i�s� �a� �l�a�c�k� �o�f� �e�a�s�i�l�y� �a�s�s�i�m�i�l�a�t�e�d� 

�i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �c�o�n�c�e�r�n�i�n�g� �h�o�w� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� �o�p�e�r�a�t�o�r�s� �m�a�y� �d�e�v�e�l�o�p� �t�h�e�i�r� �o�w�n� 

�m�o�d�e�l�s�.� 

�A�n�o�t�h�e�r� �c�r�i�t�i�c�i�s�m� �o�f� �p�u�b�l�i�s�h�e�d� �r�e�s�e�a�r�c�h� �i�s� �t�h�e� �l�a�r�g�e� 

�n�u�m�b�e�r� �o�f� �d�i�s�j�o�i�n�t� �m�o�d�e�l�s� �a�v�a�i�l�a�b�l�e� �[�3�,�2�1�]�.� �T�h�e�s�e� �m�o�d�e�l�s� 

�r�e�p�r�e�s�e�n�t� �v�a�r�i�o�u�s� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� 

�w�h�i�c�h� �h�a�v�e� �b�e�e�n� �a�n�a�l�y�z�e�d�.� �T�h�e�y� �a�r�e� �o�f� �v�a�r�y�i�n�g� �d�e�t�a�i�l�,� �a�n�d� 

�a�r�e� �w�r�i�t�t�e�n� �i�n� �a�n�y� �n�u�m�b�e�r� �o�f� �c�o�m�p�u�t�e�r� �l�a�n�g�u�a�g�e�s� �f�o�r� �v�a�r�i�o�u�s� 

�c�o�m�p�u�t�i�n�g� �s�y�s�t�e�m�s�.� �I�t� �w�o�u�l�d� �b�e� �u�s�e�f�u�l� �t�o� �c�o�m�b�i�n�e� �t�h�e�s�e� 

�m�o�d�e�l�s� �t�o� �a�n�a�l�y�z�e� �l�a�r�g�e�r� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �o�v�e�r�a�l�l



�2�1� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�.� �T�h�i�s� �w�o�u�l�d� �a�l�s�o� �f�a�c�i�l�i�t�a�t�e� �a�n�a�l�y�s�i�s� 

�o�f� �i�n�t�e�r�a�c�t�i�o�n�s� �o�c�c�u�r�r�i�n�g� �a�t� �t�h�e� �i�n�t�e�r�f�a�c�e� �o�f� �s�e�p�a�r�a�t�e� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�s�,� �a�s� �w�e�l�l� �a�s� �p�e�r�m�i�t� �g�r�e�a�t�e�r� �d�e�t�a�i�l� �f�o�r� 

�o�t�h�e�r� �m�o�d�e�l� �p�o�r�t�i�o�n�s�.� �T�h�e�r�e� �i�s� �n�o� �m�e�a�n�s� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �a� 

�c�o�m�p�r�e�h�e�n�s�i�v�e� �s�y�s�t�e�m� �m�o�d�e�l�.� 

�1�.�2�.�2� �T�h�e� �R�e�s�e�a�r�c�h� �P�r�o�b�l�e�m� 
� � 

�T�h�e� �p�r�o�b�l�e�m� �a�d�d�r�e�s�s�e�d� �b�y� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �t�h�a�t� �t�h�e�r�e� �i�s� 

�n�o� �k�n�o�w�n� �m�e�a�n�s� �f�o�r� �p�r�o�m�o�t�i�n�g� �t�h�e� �u�s�e� �o�f� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� 

�b�y� �o�p�e�r�a�t�i�o�n�a�l� �m�a�n�a�g�e�m�e�n�t� �w�h�e�n� �a�n�a�l�y�z�i�n�g� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �M�o�r�e� �s�p�e�c�i�f�i�c�a�l�l�y�,� �t�h�e� �p�r�o�b�l�e�m� �c�a�n� 

�b�e� �s�t�a�t�e�d� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �v�i�a�b�l�e� �m�e�t�h�o�d� �f�o�r� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� �o�p�e�r�a�t�o�r�s�,� �w�h�o� �a�r�e� �n�o�t� �f�a�m�i�l�i�a�r� �w�i�t�h� 

�t�y�p�i�c�a�l� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �u�s�e�,� �t�o� �u�t�i�l�i�z�e� 

�s�i�m�u�l�a�t�i�o�n� �f�o�r� �s�y�s�t�e�m�'�s� �a�n�a�l�y�s�i�s� �w�i�t�h�o�u�t� �n�e�c�e�s�s�a�r�i�l�y� �h�a�v�i�n�g� 

�t�o� �l�e�a�r�n� �a� �n�e�w� �a�n�a�l�y�t�i�c�a�l� �t�e�c�h�n�i�q�u�e� �a�n�d� �v�o�c�a�b�u�l�a�r�y� �f�o�r� 

�s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n�.� 

�1�.�3�.� �T�H�E� �R�E�S�E�A�R�C�H� �O�B�J�E�C�T�I�V�E�S� 

�T�h�e� �r�e�s�e�a�r�c�h� �o�b�j�e�c�t�i�v�e� �i�s� �t�o� �d�e�v�e�l�o�p� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� 

�s�o�f�t�w�a�r�e� �f�o�r� �a�n�a�l�y�z�i�n�g� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �i�s� �p�a�r�t�i�c�u�l�a�r�i�y� �u�s�e�f�u�l� �i�n� �t�h�e� �m�o�d�e�l� 

�d�e�v�e�l�o�p�m�e�n�t�,� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�,� �a�n�d� �S�i�m�u�l�a�t�i�o�n� �o�u�t�p�u�t� 

�p�r�e�s�e�n�t�a�t�i�o�n� �a�n�a�l�y�s�i�s� �p�h�a�s�e�s�.� �W�i�t�h� �t�h�i�s� �s�o�f�t�w�a�r�e�,� �t�h�e� �u�s�e�r
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�m�a�y� �g�i�v�e� �p�r�i�m�a�r�y� �a�t�t�e�n�t�i�o�n� �t�o� �u�n�d�e�r�s�t�a�n�d�i�n�g� �s�y�s�t�e�m� �b�e�h�a�v�i�o�r� 

�r�a�t�h�e�r� �t�h�a�n� �l�e�a�r�n�i�n�g� �h�o�w� �t�o� �u�t�i�l�i�z�e� �a� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 

�f�o�r� �s�y�s�t�e�m� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�a�t� �k�n�o�w�l�e�d�g�e� �i�s� 

�e�f�f�i�c�i�e�n�t�l�y�,� �a�n�d� �e�x�p�e�r�t�l�y� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �s�i�m�u�l�a�t�i�o�n� 

�s�o�f�t�w�a�r�e�.� �T�h�i�s� �s�e�c�t�i�o�n� �p�r�o�v�i�d�e�s� �a�n� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� 

�r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y�.� �I�n�i�t�i�a�l�l�y�,� �r�e�a�s�o�n�s� �f�o�r� �s�e�l�e�c�t�i�n�g� 

�s�i�m�u�l�a�t�i�o�n� �a�s� �t�h�e� �a�n�a�l�y�s�i�s� �t�o�o�l� �a�r�e� �p�r�o�v�i�d�e�d�.� �F�o�l�l�o�w�i�n�g� 

�t�h�i�s�,� �a� �g�e�n�e�r�a�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �i�s� �g�i�v�e�n�.� �I�n� 

�c�o�n�c�l�u�s�i�o�n�,� �t�h�e� �s�i�g�n�i�f�i�g�a�n�c�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �d�i�s�c�u�s�s�e�d�.� 

�A� �d�e�t�a�i�l�e�d� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �i�s� 

�p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �3�.� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s� �w�h�y� �s�i�m�u�l�a�t�i�o�n� �w�a�s� �c�h�o�s�e�n� �a�s� 

�t�h�e� �a�n�a�l�y�s�i�s� �t�o�o�l�.� �S�y�s�t�e�m� �o�p�e�r�a�t�o�r�s� �a�r�e� �o�f�t�e�n� �l�e�a�r�y� �o�f� 

�m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�s�,� �f�i�n�d�i�n�g� �t�h�e�m� �t�o� �b�e� �a�b�s�t�r�a�c�t�,� �b�a�r�e�l�y� 

�r�e�s�e�m�b�l�i�n�g� �t�h�e�i�r� �s�y�s�t�e�m�.� �S�i�m�u�l�a�t�i�o�n� �i�s� �a� �m�e�a�n�s� �o�f� �o�b�t�a�i�n�i�n�g� 

�a� �"�r�e�a�l� �m�o�d�e�l�"� �o�f� �a� �s�y�s�t�e�m� �w�h�i�c�h� �a�n� �o�p�e�r�a�t�o�r� �m�o�r�e� �e�a�s�i�l�y� 

�u�n�d�e�r�s�t�a�n�d�s� �t�h�a�n� �a� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �p�l�a�c�e�s� �©� 

�m�o�r�e� �c�o�n�f�i�d�e�n�c�e� �i�n�.� �A� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �i�s� �t�y�p�i�c�a�l�l�y� 

�p�r�e�f�e�r�r�e�d� �t�o� �n�u�m�e�r�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�f� 

�g�r�a�p�h�i�c�s� �a�r�e� �p�r�o�v�i�d�e�d�,� �e�n�a�b�l�i�n�g� �t�h�e� �o�p�e�r�a�t�o�r� �t�o� �" ��s�e�e�"� �t�h�e� 

�s�y�s�t�e�m� �i�n� �a�c�t�i�o�n�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a�s� �s�t�a�t�e�d� �i�n� �T�a�b�l�e� �l�,� 

�S�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �r�e�q�u�i�r�e� �l�e�s�s� �s�k�i�l�l� �i�n� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� 

�t�h�a�n� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�s�.� �S�i�n�c�e� �a� �s�o�f�t�w�a�r�e� �o�b�j�e�c�t�i�v�e� �i�s� �t�o� 

�r�e�d�u�c�e� �t�h�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� �o�f� �a�n� �o�p�e�r�a�t�o�r� �i�n� �m�o�d�e�l
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�d�e�v�e�l�o�p�m�e�n�t�,� �t�h�i�s� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� �I�t� �i�s� 

�i�n�t�e�n�d�e�d� �t�h�a�t� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �a� �s�o�f�t�w�a�r�e� �t�o�o�l� �p�r�o�v�i�d�e� 

�i�n�c�e�n�t�i�v�e� �f�o�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �a�n�a�l�y�s�i�s� 

�1�.�3�.�1� �R�e�s�e�a�r�c�h� �M�e�t�h�o�d�o�l�o�g�y� 

�T�h�e� �s�o�f�t�w�a�r�e� �i�s� �s�p�e�c�i�f�i�c�a�l�l�y� �d�e�s�i�g�n�e�d� �f�o�r� �a�n�a�l�y�z�i�n�g� �b�u�l�k� 

�m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �a�n�d� �e�n�a�b�l�e�s� �m�o�d�e�l� 

�d�e�v�e�l�o�p�m�e�n�t� �u�s�i�n�g� �s�p�e�c�i�f�i�c� �s�y�s�t�e�m� �t�e�r�m�i�n�o�l�o�g�y�.� �T�h�e� �t�e�r�m�s� 

�u�s�e�d� �a�r�e� �t�h�e�r�e�f�o�r�e� �f�a�m�i�l�i�a�r� �t�o� �o�p�e�r�a�t�i�o�n�s� �m�a�n�a�g�e�m�e�n�t�.� �I�n� 

�a�d�d�i�t�i�o�n� �t�o� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �s�y�s�t�e�m� �t�e�r�m�i�n�o�l�o�g�y�,� �t�h�e� 

�i�s�s�u�e� �o�f� �u�s�e�r� �d�e�v�e�l�o�p�e�d� �m�o�d�e�l�s� �i�s� �e�x�a�m�i�n�e�d�.� �B�y� �p�r�o�v�i�d�i�n�g� �a� 

�s�o�f�t�w�a�r�e� �s�t�r�u�c�t�u�r�e� �w�h�i�c�h� �f�a�c�i�l�i�t�a�t�e�s� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �b�y� 

�s�y�s�t�e�m� �o�p�e�r�a�t�o�r�s�,� �t�h�e� �a�c�c�e�p�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �a�n�d� �t�h�e� 

�S�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s�,� �s�h�o�u�l�d� �b�e� �i�n�c�r�e�a�s�e�d�.� 

�T�h�e� �S�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �e�m�b�o�d�i�e�s� �c�o�n�c�e�p�t�s� 

�s�o�m�e�w�h�a�t� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �e�x�p�e�r�t� �s�y�s�t�e�m�s�,� �a� �c�o�n�c�e�p�t� 

�d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �s�t�u�d�y� �o�f� �a�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� �[�2�3�]�.� �T�h�e� 

�s�o�f�t�w�a�r�e� �i�s� �"�e�x�p�e�r�t�l�y�"� �s�t�r�u�c�t�u�r�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �I�t� �c�o�n�t�a�i�n�s� �a� �K�n�o�w�l�e�d�g�e� �b�a�s�e� 

�o�r�i�e�n�t�e�d� �t�o�w�a�r�d� �b�o�t�h� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �a�n�d� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�'�s� �a�n�a�l�y�s�i�s�.� �I�t� �m�a�y� �b�e� �u�s�e�d� �b�y� �s�y�s�t�e�m� 

�o�p�e�r�a�t�o�r�s� �t�o� �g�e�n�e�r�a�t�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s� �w�h�i�c�h� �m�o�d�e�l� �a�n�d� 

�a�n�a�l�y�z�e� �t�h�e�i�r� �s�y�s�t�e�m�s�.
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�T�h�e� �c�o�m�p�u�t�e�r� �l�a�n�g�u�a�g�e�s� �C� �a�n�d� �S�I�M�A�N� �w�e�r�e� �u�s�e�d� �f�o�r� �s�o�f�t�w�a�r�e� 

�d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� �s�o�f�t�w�a�r�e� �i�s� �s�t�r�u�c�t�u�r�e�d� �i�n� �t�h�r�e�e� �p�a�r�t�s�;� �1�)� 

�i�n�p�u�t� �i�n�t�e�r�f�a�c�e�,� �2�)� �S�I�M�A�N� �c�o�d�e� �g�e�n�e�r�a�t�o�r�,� �a�n�d� �3�)� �o�u�t�p�u�t� 

�i�n�t�e�r�f�a�c�e�.� �T�h�e� �u�s�e�r� �i�n�t�e�r�a�c�t�s� �w�i�t�h� �t�h�e� �i�n�p�u�t� �i�n�t�e�r�f�a�c�e�,� 

�p�r�o�v�i�d�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�s� �t�o� �t�h�e� �s�y�s�t�e�m� �t�o� �b�e� �a�n�a�l�y�z�e�d�.� �T�h�i�s� 

�i�n�f�o�r�m�a�t�i�o�n� �i�s� �u�t�i�l�i�z�e�d� �b�y� �t�h�e� �c�o�d�e� �g�e�n�e�r�a�t�o�r� �t�o� �c�r�e�a�t�e� 

�e�x�e�c�u�t�a�b�l�e� �S�I�M�A�N� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s�.� �T�h�e� �o�u�t�p�u�t� �i�n�t�e�r�f�a�c�e� 

�p�r�o�v�i�d�e�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �o�u�t�p�u�t� �i�n� �t�h�e� �s�y�s�t�e�m� �t�e�r�m�i�n�o�l�o�g�y� 

�i�n�i�t�i�a�l�l�y� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� �u�s�e�r�.� 

�1�.�3�.�2� �R�e�s�e�a�r�c�h� �S�i�g�n�i�f�i�g�a�n�c�e� 
� � 

�T�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �i�n�i�t�i�a�t�e�d� �d�u�e� �t�o� �a�n� �e�x�p�r�e�s�s�e�d� �n�e�e�d� �f�o�r� 

�a� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �t�o�o�l� �w�h�i�c�h� �m�a�y� �b�e� �u�t�i�l�i�z�e�d� �f�o�r� �b�u�l�k� 

�m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �a�n�a�l�y�s�i�s� �[�3�3�]�.� �I�t� �w�a�s� 

�h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �e�n�c�o�u�n�t�e�r�e�d� �i�n� �o�b�t�a�i�n�i�n�g� 

�o�p�e�r�a�t�o�r� �a�c�c�e�p�t�a�n�c�e� �o�f� �S�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �r�e�s�u�l�t�s� �c�o�u�l�d� �b�e� 

�e�l�i�m�i�n�a�t�e�d� �t�h�r�o�u�g�h� �i�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �o�p�e�r�a�t�o�r� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� 

�p�r�o�c�e�s�s�.� 

�T�h�e�r�e� �i�s� �i�n�c�r�e�a�s�i�n�g� �i�n�t�e�r�e�s�t� �i�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�a�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� �c�o�n�c�e�p�t�s� �t�o� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� 

�p�r�o�c�e�s�s� �[�6�4�,� �6�7�]�.� �T�h�i�s� �r�e�s�e�a�r�c�h� �r�e�f�l�e�c�t�s� �t�h�i�s� �i�n�t�e�r�e�s�t� �i�n� 

�t�h�a�t�.� �t�h�e� �s�o�f�t�w�a�r�e� �p�r�o�v�i�d�e�s� �"�e�x�p�e�r�t�"� �a�s�s�i�s�t�a�n�c�e� �i�n� 

�c�o�n�s�t�r�u�c�t�i�n�g� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s�.� �I�t� �p�r�o�v�i�d�e�s� �k�n�o�w�l�e�d�g�e� �o�f� 

�b�o�t�h� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �a�n�d� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n
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�s�y�s�t�e�m�s�.� �T�h�e� �s�o�f�t�w�a�r�e� �i�s� �f�u�l�l�y� �a�d�a�p�t�a�b�l�e� �i�n� �t�h�a�t� �m�a�n�y� 

�s�y�s�t�e�m� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �m�a�y� �b�e� �d�e�s�c�r�i�b�e�d�.� 

�T�h�e� �r�e�s�e�a�r�c�h� �i�s� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �d�e�v�e�l�o�p�i�n�g� �s�o�f�t�w�a�r�e� �f�o�r� 

�u�t�i�l�i�z�i�n�g� �a� �S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�,� �r�a�t�h�e�r� �t�h�a�n� �d�e�v�e�l�o�p�i�n�g� �a� 

�S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �i�t�s�e�l�f�.� �I�t� �i�s� �c�a�p�a�b�l�e� �o�f� �t�r�a�i�n�i�n�g� 

�o�p�e�r�a�t�o�r�s� �i�n� �c�o�n�c�e�p�t�u�a�l�i�z�i�n�g� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�,� �a�s� �w�e�l�l� �a�s� 

�i�n� �u�s�e� �o�f� �t�h�e� �S�I�M�A�N� �l�a�n�g�u�a�g�e�.� �T�h�e�y� �c�a�n� �a�c�h�i�e�v�e� �i�m�m�e�d�i�a�t�e� 

�r�e�s�u�l�t�s� �w�i�t�h� �s�o�f�t�w�a�r�e� �u�s�e�,� �v�i�e�w�i�n�g� �t�h�e� �p�r�o�g�r�a�m�s� �c�r�e�a�t�e�d�,� 

�t�h�e�i�r� �e�x�e�c�u�t�i�o�n�,� �a�n�d� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s� �f�o�r� �t�h�e�m�s�e�l�v�e�s�.� 

�O�v�e�r�a�l�l�,� �t�h�i�s� �s�h�o�u�l�d� �i�n�c�r�e�a�s�e� �t�h�e� �a�n�a�l�y�t�i�c�a�l� �c�r�e�d�i�b�i�l�i�t�y�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �s�t�i�m�u�l�a�t�i�n�g� �t�h�e� �u�s�e� �o�f� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �a�t� 

�t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �l�e�v�e�l�.� 

�1�.�4� �S�U�M�M�A�R�Y� �O�F� �D�I�S�S�E�R�T�A�T�I�O�N� �C�O�N�T�E�N�T�S� 

�T�h�i�s� �c�h�a�p�t�e�r� �h�a�s� �p�r�o�v�i�d�e�d� �a�n� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �r�e�s�e�a�r�c�h� 

�t�o�p�i�c�.� �T�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n� �d�e�t�a�i�l�s� �t�h�e� 

�s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t�.� �C�h�a�p�t�e�r� �2� �p�r�e�s�e�n�t�s� �a� �l�i�t�e�r�a�t�u�r�e� 

�r�e�v�i�e�w� �o�f� �b�o�t�h� �a�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� �a�n�d� �s�i�m�u�l�a�t�i�o�n� 

�s�o�f�t�w�a�r�e� �f�o�r� �b�o�t�h� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�n�d� �o�t�h�e�r� 

�_� �s�y�s�t�e�m�s� �a�n�a�l�y�s�i�s�.� �C�h�a�p�t�e�r� �3� �d�e�t�a�i�l�s� �t�h�e� �r�e�s�e�a�r�c�h� 

�m�e�t�h�o�d�o�l�o�g�y�,� �p�r�e�s�e�n�t�i�n�g� �s�o�f�t�w�a�r�e� �a�n�d� �h�a�r�d�w�a�r�e� �s�e�l�e�c�t�i�o�n� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �T�h�e� �o�v�e�r�a�l�l� �s�o�f�t�w�a�r�e� �s�t�r�u�c�t�u�r�e� �i�s� �d�i�s�c�u�s�s�e�d� 

�a�n�d� �v�a�l�i�d�a�t�i�o�n� �i�s�s�u�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d�.



�2�6� 

�C�h�a�p�t�e�r� �4� �p�r�e�s�e�n�t�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �o�n� �a� 

�s�c�r�e�e�n�-�b�y�-�s�c�r�e�e�n� �b�a�s�i�s�.� �A� �d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� 

�s�o�f�t�w�a�r�e� �i�n�p�u�t�,� �c�o�d�e� �g�e�n�e�r�a�t�o�r�,� �a�n�d� �o�u�t�p�u�t� �i�n�t�e�r�f�a�c�e� �i�s� 

�p�r�o�v�i�d�e�d�.� �A�n� �e�x�a�m�p�l�e� �o�f� �s�o�f�t�w�a�r�e� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �c�o�n�t�a�i�n�e�d� 

�i�n� �C�h�a�p�t�e�r� �5�.� �C�h�a�p�t�e�r� �6� �p�r�o�v�i�d�e�s� �a� �s�u�m�m�a�r�y� �a�n�d� �c�o�n�c�l�u�s�i�o�n�s� 

�o�f� �t�h�e� �r�e�s�e�a�r�c�h�.



�C�h�a�p�t�e�r� �I�I� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� 

�2�.�1� �I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�i�s� �c�h�a�p�t�e�r� �p�r�e�s�e�n�t�s� �a� �r�e�v�i�e�w� �o�f� �p�u�b�l�i�s�h�e�d� �l�i�t�e�r�a�t�u�r�e� 

 ��c�o�n�s�i�d�e�r�e�d� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �r�e�s�e�a�r�c�h�.� �T�h�e� �c�h�a�p�t�e�r� �i�s� 

�s�u�b�d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �m�a�j�o�r� �s�e�c�t�i�o�n�s�.� �I�n� �t�h�e� �f�i�r�s�t� �s�e�c�t�i�o�n� 

�t�h�e� �f�i�e�l�d� �o�f� �A�r�t�i�f�i�c�i�a�l� �I�n�t�e�l�l�i�g�e�n�c�e� �(�A�I�)� �i�s� �e�x�a�m�i�n�e�d�.� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �a�r�e�a�s� �o�f� �A�I� �w�h�i�c�h� �p�r�e�s�e�n�t� �c�o�n�c�e�p�t�s� 

�u�t�i�l�i�z�e�d� �b�y� �t�h�e� �p�r�o�p�o�s�e�d� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e�,� �i�n�c�l�u�d�i�n�g� 

�e�x�p�e�r�t� �s�y�s�t�e�m�s� �a�n�d� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e�s�e� 

�c�o�n�c�e�p�t�s� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �d�e�t�a�i�l�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �h�o�w� 

�t�h�e�y� �a�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �t�h�e� �p�r�o�p�o�s�e�d� �s�o�f�t�w�a�r�e�.� 

�T�h�e� �s�e�c�o�n�d� �s�e�c�t�i�o�n� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �e�x�a�m�i�n�e�s� �p�u�b�l�i�s�h�e�d� 

�l�i�t�e�r�a�t�u�r�e� �d�e�a�l�i�n�g� �w�i�t�h� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e�,� �b�o�t�h� �g�e�n�e�r�a�l� 

�s�y�s�t�e�m� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� �S�e�v�e�r�a�l� �a�p�p�l�i�c�a�t�i�o�n� �e�x�a�m�p�l�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� 

�a�n�d� �t�h�e�i�r� �r�e�l�e�v�a�n�c�e� �t�o� �t�h�e� �p�r�o�p�o�s�e�d� �r�e�s�e�a�r�c�h� �i�s� �d�e�t�a�i�l�e�d�.� 

�D�e�f�i�c�i�e�n�c�i�e�s� �i�n� �t�h�e�s�e� �r�e�s�e�a�r�c�h� �e�f�f�o�r�t�s� �a�r�e� �i�d�e�n�t�i�f�i�e�d�.� 

�2�7



�2�8� 

�2�.�2� �A�R�T�I�F�I�C�I�A�L� �I�N�T�E�L�L�I�G�E�N�C�E� 
� � 

�A�r�t�i�f�i�c�i�a�l� �I�n�t�e�l�l�i�g�e�n�c�e� �(�A�I�)� �i�s� �c�u�r�r�e�n�t�l�y� �o�n�e� �o�f� �t�h�e� 

�f�a�s�t�e�s�t� �g�r�o�w�i�n�g� �c�o�m�p�u�t�e�r� �s�o�f�t�w�a�r�e� �r�e�s�e�a�r�c�h� �f�i�e�l�d�s�.� �A�I� �i�s� 

�c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �d�e�s�i�g�n� �o�f� �i�n�t�e�l�l�i�g�e�n�t� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m�s� 

�[�5�]�.� �I�t� �f�o�c�u�s�e�s� �o�n� �d�e�v�e�l�o�p�i�n�g� �c�o�m�p�u�t�a�t�i�o�n�a�l� �a�p�p�r�o�a�c�h�e�s� �t�o� 

�i�n�t�e�l�l�i�g�e�n�t� �t�h�i�n�k�i�n�g� �a�n�d� �b�e�h�a�v�i�o�r� �[�2�3�,�4�8�]�.� �T�h�e� �g�o�a�l�s� �o�f� �A�I� 

�a�r�e� �t�o�:� �1�)� �i�n�c�r�e�a�s�e� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �e�f� �c�o�m�p�u�t�e�r�s� �(�a�n�d� �o�t�h�e�r� 

�m�a�c�h�i�n�e�s�)� �a�n�d� �2�)� �t�o� �u�n�d�e�r�s�t�a�n�d� �i�n�t�e�l�l�i�g�e�n�c�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 

�l�e�a�r�n�i�n�g�,� �r�e�a�s�o�n�i�n�g�,� �p�r�o�b�l�e�m� �s�o�l�v�i�n�g�,� �l�a�n�g�u�a�g�e� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n�,� �a�n�d� �o�t�h�e�r� �f�o�r�m�s� �o�f� �i�n�t�e�l�l�i�g�e�n�t� �h�u�m�a�n� 

�b�e�h�a�v�i�o�r�.� 

�T�h�e�r�e� �a�r�e� �f�o�u�r� �p�r�i�m�a�r�y� �A�I� �r�e�s�e�a�r�c�h� �a�p�p�l�i�c�a�t�i�o�n� �a�r�e�a�s� 

�[�4�8�]�.� �A� �b�r�i�e�f� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �e�a�c�h� �a�p�p�l�i�c�a�t�i�o�n� �a�r�e�a� �f�o�l�l�o�w�s�.� 

�l�.� �E�x�p�e�r�t� �S�y�s�t�e�m�s� 

�2�.� �N�a�t�u�r�a�l� �L�a�n�g�u�a�g�e� �P�r�o�c�e�s�s�i�n�g� 

�3�.� �C�o�m�p�u�t�e�r� �V�i�s�i�o�n� 

�4�.� �P�r�o�b�l�e�m� �S�o�l�v�i�n�g� �a�n�d� �P�l�a�n�n�i�n�g� 

�E�x�p�e�r�t� �s�y�s�t�e�m�s� �a�r�e� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s� �w�h�i�c�h� �b�e�h�a�v�e� �a�s� 

�"�e�x�p�e�r�t�s�"� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �s�t�u�d�y� �a�r�e�a� �[�2�4�,�4�8�]�.� �A�n� �e�x�p�e�r�t� 

�s�y�s�t�e�m� �c�o�n�s�i�s�t�s� �o�f� �a� �k�n�o�w�l�e�d�g�e� �b�a�s�e�,� �a�n� �i�n�f�e�r�e�n�c�e� �p�r�o�c�e�d�u�r�e�,� 

�a�n�d� �a� �w�o�r�k�i�n�g� �m�e�m�o�r�y�.� �A�n� �e�x�p�e�r�t� �s�y�s�t�e�m� �u�s�e�s� �k�n�o�w�l�e�d�g�e� �a�n�d� 

�i�n�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�d�u�r�e�s� �f�o�r� �o�b�t�a�i�n�i�n�g� �p�r�o�b�l�e�m� �s�o�l�u�t�i�o�n�s� �i�n� 

�s�i�t�u�a�t�i�o�n�s� �r�e�q�u�i�r�i�n�g� �h�u�m�a�n� �e�x�p�e�r�t�i�s�e� �a�n�d� �u�n�d�e�r�s�t�a�n�d�i�n�g� �[�3�0�]�.� 

�T�h�e�s�e� �h�u�m�a�n� �q�u�a�l�i�t�i�e�s� �a�r�e� �c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �t�h�e� �c�o�m�p�u�t�e�r� 

�p�r�o�g�r�a�m� �i�t�s�e�l�f�.



�2�9� 

�N�a�t�u�r�a�l� �L�a�n�g�u�a�g�e� �P�r�o�c�e�s�s�i�n�g� �(�N�L�P�)� �d�e�a�l�s� �w�i�t�h� �n�a�t�u�r�a�l� 

�(�E�n�g�l�i�s�h�)� �l�a�n�g�u�a�g�e� �f�r�o�n�t� �i�n�t�e�r�f�a�c�e�s� �f�o�r� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s� 

�[�2�5�]�.� �I�t� �t�h�e�r�e�f�o�r�e� �p�r�o�v�i�d�e�s� �a� �m�e�a�n�s� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�n�g� �w�i�t�h� 

�a� �c�o�m�p�u�t�e�r� �w�i�t�h�o�u�t� �u�s�i�n�g� �c�o�m�p�u�t�e�r� �l�a�n�g�u�a�g�e�s� �[�2�3�]�.� �N�L�P� �i�s� 

�a�l�s�o� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �c�o�m�p�u�t�e�r� �b�a�s�e�d� �s�p�e�e�c�h� �u�n�d�e�r�s�t�a�n�d�i�n�g�,� 

�t�e�x�t� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�n�d� �g�e�n�e�r�a�t�i�o�n�,� �a�n�d� �r�e�l�a�t�e�d� �a�p�p�l�i�c�a�t�i�o�n�s� 

�[�4�8�]�.� �C�u�r�r�e�n�t� �r�e�s�e�a�r�c�h� �e�f�f�o�r�t�s� �f�o�c�u�s� �o�n� �d�e�v�e�l�o�p�i�n�g� �a� 

�k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� �s�y�s�t�e�m� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �p�r�o�c�e�s�s�i�n�g� �w�h�i�c�h� 

�w�i�l�l� �c�o�n�c�e�p�t�u�a�l�i�z�e� �t�h�e� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e�,� �a�n�d� �c�r�e�a�t�i�n�g �� 

�c�o�m�p�u�t�e�r� �m�o�d�e�l�s� �o�f� �t�h�e� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �p�r�o�c�e�s�s�.� 

�C�o�m�p�u�t�e�r� �v�i�s�i�o�n� �i�s� �a�n� �i�n�f�o�r�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �p�r�o�c�e�d�u�r�e� 

�f�o�r� �i�n�t�e�r�p�r�e�t�i�n�g� �a�n�d� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a� �s�c�e�n�e� �f�r�o�m� �i�t�s� 

�p�r�o�j�e�c�t�e�d� �i�m�a�g�e� �[�2�6�]�.� �I�t� �i�s� �a�n� �a�r�e�a� �b�a�s�e�d� �l�a�r�g�e�l�y� �o�n� 

�c�o�n�c�e�p�t�s� �o�f� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�,� �p�a�t�t�e�r�n� �r�e�c�o�g�n�i�t�i�o�n�,� �a�n�d� �s�c�e�n�e� 

�a�n�a�l�y�s�i�s�.� �P�r�o�b�l�e�m� �s�o�l�v�i�n�g� �a�n�d� �p�l�a�n�n�i�n�g� �r�e�f�e�r�s� �t�o� �t�h�o�s�e� 

�s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �t�h�e�r�e� �a�r�e� �n�o� �e�x�p�e�r�t�s�,� �a�n�d� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s� 

�f�o�r� �p�r�o�b�l�e�m� �s�o�l�u�t�i�o�n�s� �a�r�e� �r�e�q�u�i�r�e�d� �[�2�3�]�.� �T�h�i�s� �a�r�e�a� �a�l�s�o� 

�c�o�n�s�i�d�e�r�s� �b�a�s�i�c� �p�l�a�n�n�i�n�g� �s�y�s�t�e�m�s� �w�h�i�c�h� �a�r�e� �m�o�r�e� �c�o�n�c�e�r�n�e�d� 

�w�i�t�h� �s�o�l�u�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �r�a�t�h�e�r� �t�h�a�n� �k�n�o�w�l�e�d�g�e� �[�4�8�]�.� 

�O�f� �t�h�e� �f�o�u�r� �a�r�e�a�s� �o�f� �A�I� �r�e�s�e�a�r�c�h�,� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� 

�p�r�o�c�e�s�s�i�n�g� �a�n�d� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �c�o�n�c�e�p�t�s� �h�a�v�e� �b�e�e�n� �u�t�i�l�i�z�e�d� �i�n� 

�t�h�i�s� �r�e�s�e�a�r�c�h�.� �W�i�t�h�i�n� �t�h�e�s�e� �t�w�o� �a�r�e�a�s�,� �t�h�e� �m�a�j�o�r� �c�o�n�c�e�p�t�s� 

�a�r�e� �a�s� �f�o�l�l�o�w�s�:



�3�0� 

�1�.� �N�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �p�r�o�c�e�s�s�i�n�g� 

�a�)� �q�u�e�s�t�i�o�n�/�a�n�s�w�e�r� �s�y�s�t�e�m�s� 

�b�)� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �i�n�t�e�r�f�a�c�e�s� 

�Z�.� �E�x�p�e�r�t� �s�y�s�t�e�m�s� 

�a�)� �k�n�o�w�l�e�d�g�e� �b�a�s�e� 

�b�)� �i�n�f�e�r�e�n�c�e� �p�r�o�c�e�d�u�r�e� 

�c�)� �s�u�p�e�r�m�a�c�r�o�s� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �p�r�e�s�e�n�t� �e�x�a�m�p�l�e�s� �o�f� �A�I� �r�e�s�e�a�r�c�h� �w�h�i�c�h� 

�e�x�h�i�b�i�t� �t�h�e�s�e� �c�o�n�c�e�p�t�s�.� 

�2�.�2�.�1� �N�a�t�u�r�a�l� �L�a�n�g�u�a�g�e� �P�r�o�c�e�s�s�i�n�g� 
� � 

�A�s� �p�r�e�v�i�o�u�s�l�y� �s�t�a�t�e�d�,� �t�h�e� �g�o�a�l� �o�f� �N�L�P� �i�s� �t�o� �d�e�v�e�l�o�p� �a� 

�m�e�a�n�s� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�n�g� �w�i�t�h� �c�o�m�p�u�t�e�r�s� �i�n� �a� �n�a�t�u�r�a�l� 

�l�a�n�g�u�a�g�e�,� �s�u�c�h� �a�s� �E�n�g�l�i�s�h�.� �N�L�P� �s�y�s�t�e�m�s� �e�m�p�l�o�y� �b�o�t�h� 

�l�i�n�g�u�i�s�t�i�c� �k�n�o�w�l�e�d�g�e� �a�n�d� �d�o�m�a�i�n�,� �o�r� �s�u�b�j�e�c�t� �k�n�o�w�l�e�d�g�e� �f�o�r� 

�i�n�p�u�t� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �[�5�]�.� �G�e�v�a�r�t�e�r� �i�d�e�n�t�i�f�i�e�s� �s�e�v�e�r�a�l� �t�y�p�e�s� 

�o�f� �N�L�P� �s�y�s�t�e�m�s� �w�h�i�c�h� �d�i�f�f�e�r� �i�n� �f�u�n�c�t�i�o�n�.� �O�f� �t�h�e�s�e�,� �q�u�e�s�t�i�o�n� 

�a�n�s�w�e�r�i�n�g� �s�y�s�t�e�m�s� �a�n�d� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �i�n�t�e�r�f�a�c�e� �s�y�s�t�e�m�s� �a�r�e� 

�r�e�l�e�v�a�n�t� �t�o� �t�h�e� �p�r�o�p�o�s�e�d� �r�e�s�e�a�r�c�h�.� 

�1�.� �Q�u�e�s�t�i�o�n� �a�n�s�w�e�r�i�n�g� �s�y�s�t�e�m�s� �-� �t�h�e� �m�o�s�t� �p�o�p�u�l�a�r� �N�L�P� 

�s�y�s�t�e�m�.� �T�h�e�y� �h�a�v�e� �a� �d�a�t�a� �b�a�s�e� �w�h�i�c�h� �c�o�v�e�r�s� �a� �l�i�m�i�t�e�d� 

�d�o�m�a�i�n� �o�f� �k�n�o�w�l�e�d�g�e�.� �T�h�e� �u�s�e�r� �i�s� �r�e�s�t�r�i�c�t�e�d� �t�o� 

�p�r�o�v�i�d�i�n�g� �a�n�s�w�e�r�s� �t�o� �q�u�e�r�i�e�s�.



�3�1� 

�2�.� �N�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �i�n�t�e�r�f�a�c�e� �s�y�s�t�e�m�s� �-� �d�e�s�i�g�n�e�d� �t�o� 

�f�a�c�i�l�i�t�a�t�e� �u�s�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �w�i�t�h� �a� �c�o�m�p�l�e�x� �c�o�m�p�u�t�e�r� 

�p�r�o�g�r�a�m� �[�2�5�]�.� �O�f� �p�a�r�t�i�c�u�l�a�r� �i�m�p�o�r�t�a�n�c�e� �i�s� �t�h�e� 

�s�p�e�c�i�a�l� �a�r�e�a� �o�f� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �s�y�n�t�h�e�s�i�s�.� 

�S�o�l� �p�r�o�p�o�s�e�d� �t�h�e� �u�s�e� �o�f� �a�n� �i�n�q�u�i�r�y� �s�y�s�t�e�m� �f�o�r� �d�e�v�e�l�o�p�i�n�g� 

�S�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s� �w�i�t�h� �S�I�M�U�L�A� �[�6�5�]�.� �T�h�e� �s�y�s�t�e�m� �i�s� 

�r�e�f�e�r�r�e�d� �t�o� �a�s� �a� �s�i�m�u�l�a�t�i�o�n� �b�a�s�e�d� �i�n�g�u�i�r�y� �s�y�s�t�e�m�,� �a�n�d� �i�s� 

�c�o�m�p�r�i�s�e�d� �o�f� �a� �l�a�n�g�u�a�g�e� �s�y�s�t�e�m�,� �a� �k�n�o�w�l�e�d�g�e� �s�y�s�t�e�m�,� �a�n�d� �a� 

�p�r�o�b�l�e�m� �p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m�.� �T�h�e� �i�n�q�u�i�r�y� �s�y�s�t�e�m� �a�i�d�s� �i�n� �t�h�e� 

�m�o�d�e�l� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �a�n�d� �c�o�n�s�t�r�u�c�t�i�o�n�,� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�,� 

�a�n�d� �e�v�a�l�u�a�t�i�o�n� �p�h�a�s�e�s� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s�.� �S�o�l� �d�o�e�s� 

�n�o�t� �i�n�d�i�c�a�t�e� �w�h�e�t�h�e�r� �t�h�e� �s�y�s�t�e�m� �w�i�l�l� �a�c�t�u�a�l�l�y� �g�e�n�e�r�a�t�e� 

�S�I�M�U�L�A� �p�r�o�g�r�a�m�s�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� �i�t� �m�e�r�e�l�y� �a�i�d�s� �i�n� �m�o�d�e�l� 

�c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n�,� �n�o�t� �p�r�o�g�r�a�m� �s�y�n�t�h�e�s�i�s�.� �P�r�o�g�r�a�m� �s�y�n�t�h�e�s�i�s� 

�i�s� �e�x�a�m�i�n�e�d� �s�u�b�s�e�q�u�e�n�t�l�y� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�t�h�i�s� �p�u�b�l�i�c�a�t�i�o�n� �m�e�r�e�l�y� �p�r�o�p�o�s�e�d�.� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�o�r� �a�n� 

�i�n�q�u�i�r�y� �s�y�s�t�e�m�.� �S�u�b�s�e�q�u�e�n�t� �r�e�s�e�a�r�c�h� �c�o�n�c�e�r�n�i�n�g� �a�c�t�u�a�l� 

�s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e�.� 

�N�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �i�n�t�e�r�f�a�c�e�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �f�o�r� 

�f�a�c�i�l�i�t�a�t�i�n�g� �u�s�e� �o�f� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s� �a�n�d� �f�o�r� �a�c�c�e�s�s�i�n�g� 

�l�a�r�g�e� �d�a�t�a� �b�a�s�e�s�.� �R�O�B�O�T� �i�s� �a� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �i�n�t�e�r�f�a�c�e� �f�o�r� 

�d�a�t�a� �b�a�s�e� �q�u�e�r�y� �[�3�2�]�.� �T�h�e� �s�y�s�t�e�m� �t�r�a�n�s�l�a�t�e�s� �E�n�g�l�i�s�h� 

�q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �a� �d�a�t�a� �b�a�s�e� �i�n�t�o� �t�h�e� 

�f�o�r�m�a�l� �r�e�t�r�i�e�v�a�l� �l�a�n�g�u�a�g�e� �r�e�q�u�i�r�e�d� �f�o�r� �d�a�t�a� �b�a�s�e



�3�2� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�.� �T�h�u�s� �t�h�e� �u�s�e�r� �i�s� �n�o�t� �r�e�q�u�i�r�e�d� �t�o� �l�e�a�r�n� �t�h�e� 

�f�o�r�m�a�l� �r�e�t�r�i�e�v�a�l� �l�a�n�g�u�a�g�e� �i�n� �o�r�d�e�r� �t�o� �a�c�c�e�s�s� �t�h�e� �d�a�t�a� �b�a�s�e�.� 

�W�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �i�n�t�e�r�f�a�c�e�s�,� �t�h�e�r�e� 

�i�s� �a� �s�u�b�s�t�a�n�t�i�a�l� �a�m�o�u�n�t� �o�f� �r�e�s�e�a�r�c�h� �i�n� �t�h�e� �a�r�e�a� �o�f� �p�r�o�g�r�a�m� 

�s�y�n�t�h�e�s�i�s�.� �T�h�i�s� �r�e�f�e�r�s� �t�o� �t�h�e� �u�s�e� �o�f� �a�n� �i�n�t�e�r�f�a�c�e�,� �b�e�t�w�e�e�n� 

�t�h�e� �p�r�o�g�r�a�m�m�e�r� �a�n�d� �t�h�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�,� �w�h�i�c�h� �p�e�r�m�i�t�s� 

�t�h�e� �p�r�o�g�r�a�m�m�e�r� �t�o� �s�p�e�c�i�f�y� �p�r�o�g�r�a�m� �l�o�g�i�c� �w�i�t�h�o�u�t� �b�e�i�n�g� 

�f�a�m�i�l�i�a�r� �w�i�t�h� �t�h�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�.� �T�h�e� �i�n�t�e�r�f�a�c�e� 

�i�n�t�e�r�p�r�e�t�s� �t�h�e� �p�r�o�g�r�a�m�m�e�r�'�s� �r�e�s�p�o�n�s�e�s� �a�n�d� �c�r�e�a�t�e�s� �t�h�e� 

�n�e�c�e�s�s�a�r�y� �c�o�m�p�u�t�e�r� �c�o�d�e�.� �P�S�I� �i�s� �a� �p�r�o�g�r�a�m� �s�y�n�t�h�e�s�i�s� �p�a�c�k�a�g�e� 

�w�h�i�c�h� �c�r�e�a�t�e�s� �e�i�t�h�e�r� �L�I�S�P� �o�r� �S�A�I�L� �c�o�m�p�u�t�e�r� �c�o�d�e� �[�2�9�]�.� �A�P�E� 

�(�A�u�t�o�m�a�t�i�c� �P�r�o�g�r�a�m�m�i�n�g� �E�x�p�e�r�t�)� �i�s� �a� �s�y�s�t�e�m� �f�o�r� �g�e�n�e�r�a�t�i�n�g� 

�e�x�e�c�u�t�a�b�l�e� �p�r�o�g�r�a�m�s� �f�r�o�m� �b�o�t�h� �a�l�g�e�b�r�a�i�c� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �a�n�d� 

�a�b�s�t�r�a�c�t� �a�l�g�o�r�i�t�h�m�s� �[�6�]�.� 

�2�.�2�.�2� �E�x�p�e�r�t� �S�y�s�t�e�m�s� 
� � 

�A�n� �e�x�p�e�r�t� �s�y�s�t�e�m� �i�s� �a� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �w�h�i�c�h� �u�s�e�s� 

�k�n�o�w�l�e�d�g�e� �a�n�d� �i�n�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�d�u�r�e�s� �t�o� �o�b�t�a�i�n� �s�o�l�u�t�i�o�n�s� �t�o� 

�p�r�o�b�l�e�m�s� �w�h�i�c�h� �r�e�q�u�i�r�e� �a� �d�e�g�r�e�e� �o�f� �h�u�m�a�n� �e�x�p�e�r�t�i�s�e� �[�2�4�]�.� �I�t� 

�c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� �c�o�m�p�o�n�e�n�t�s�:� �|� 

�1�.� �<�A� �k�n�o�w�l�e�d�g�e� �b�a�s�e� �o�f� �f�a�c�t�s� �a�n�d� �h�e�u�r�i�s�t�i�c�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �p�r�o�b�l�e�m� �d�o�m�a�i�n�.� 

�2�.� �A�n� �i�n�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�d�u�r�e� �w�h�i�c�h� �u�t�i�l�i�z�e�s� �t�h�e� �k�n�o�w�l�e�d�g�e� 

�b�a�s�e� �f�o�r� �p�r�o�b�l�e�m� �s�o�l�u�t�i�o�n�.



�3�3� 

�3�.� �A� �w�o�r�k�i�n�g� �m�e�m�o�r�y� �f�o�r� �k�e�e�p�i�n�g� �t�r�a�c�k� �o�f� �t�h�e� �p�r�o�b�l�e�m� �a�n�d� 

�s�o�l�u�t�i�o�n� �s�t�a�t�u�s�.� 

�E�x�p�e�r�t� �s�y�s�t�e�m�s� �a�r�e� �m�o�s�t� �s�u�c�c�e�s�s�f�u�l�l�y� �a�p�p�l�i�e�d� �i�n� �n�a�r�r�o�w�l�y� 
�~�~�.� �e�e�t� �a�n� 

�d�e�f�i�n�e�d� �s�i�t�u�a�t�i�o�n�s� �w�h�i�c�h� �h�a�v�e� �l�i�m�i�t�e�d� �p�o�s�s�i�b�i�l�i�t�i�e�s� �a�n�d� �a� �c�r�e�m�a� �m�e�n�a� �p�u�e�e�e�e�e�e� �f�e� �n�i�e� �M�A�N�A� 
�a� �e�e� 

�m�a�n�a�g�e�a�b�l�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �[�3�0�]�.� �F�o�r� �e�x�a�m�p�l�e�,� �M�Y�C�I�N� �i�s� �a�n� 
�p�e� �a�n�a� �~�  �� 

�e�x�p�e�r�t� �s�y�s�t�e�m�.� �f�o�r� �d�i�a�g�n�o�s�i�n�g� �v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� �m�e�n�i�n�g�i�t�i�s� 

�[�2�4�]�.� �T�h�e� �k�n�o�w�l�e�d�g�e� �b�a�s�e� �c�o�n�s�i�s�t�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�5�0� 

�r�u�l�e�s� �a�n�d� �1�0�0�0� �f�a�c�t�s� �p�e�r�t�a�i�n�i�n�g� �t�o� �m�e�n�i�n�g�i�t�i�s� �i�n�f�e�c�t�i�o�n�s� �a�n�d� 

�t�r�e�a�t�m�e�n�t�s�.� �A�B�S�T�R�I�P�S� �i�s� �a�n�o�t�h�e�r� �s�y�s�t�e�m� �w�h�i�c�h� �d�e�v�i�s�e�s� �p�l�a�n�s� 

�f�o�r� �r�o�b�o�t� �m�o�v�e�m�e�n�t� �o�f� �o�b�j�e�c�t�s� �b�e�t�w�e�e�n� �r�o�o�m�s� �[�5�]�.� �T�h�e� 

�k�n�o�w�l�e�d�g�e� �b�a�s�e� �c�o�n�t�a�i�n�s� �i�n�f�o�r�m�a�t�i�o�n� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �r�o�o�m�s�,� 

�o�b�j�e�c�t�s� �a�n�d� �t�h�e�i�r� �p�r�o�p�e�r�t�i�e�s�.� �T�K�!�S�o�l�v�e�r� �i�s� �a�n� �e�x�p�e�r�t� �s�y�s�t�e�m� 

�i�m�p�l�e�m�e�n�t�e�d� �o�n� �m�i�c�r�o�c�o�m�p�u�t�e�r�s� �f�o�r� �e�q�u�a�t�i�o�n� �m�a�n�i�p�u�l�a�t�i�o�n� �t�o� 

�d�e�t�e�r�m�i�n�e� �u�n�k�n�o�w�n�s� �[�3�9�]�.� 

�A�r�o�n�s� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �u�s�e� �o�f� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �a�s� 

�n� �g�n�e�n� �e�e�e� �c�o�n�s�u�l�t�a�n�t�s� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �a�n�d� �a�n�a�l�y�z�i�n�g� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� 
�[�2�]�.� �H�e� �p�r�o�p�o�s�e�d� �t�h�a�t� �a� �k�n�o�w�l�e�d�g�e� �b�a�s�e� �o�f� �m�o�d�e�l�s� 

�r�e�p�r�e�s�e�n�t�i�n�g� �h�e�a�v�i�l�y� �u�s�e�d� �s�u�b�-�s�y�s�t�e�m�s� �b�e� �d�e�v�e�l�o�p�e�d�.� �T�h�e� 

�u�s�e�r� �c�o�u�l�d� �t�h�e�n� �s�e�l�e�c�t� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �m�o�d�e�l� �a�n�d� �p�r�o�v�i�d�e� �t�h�e� 

�d�a�t�a� �r�e�q�u�i�r�e�d� �b�y� �i�t�.� �A�r�o�n�s� �c�o�n�f�i�n�e�d� �h�i�s� �k�n�o�w�l�e�d�g�e� �b�a�s�e� �t�o� 

�c�o�n�t�a�i�n�i�n�g� �c�o�n�t�i�n�u�o�u�s� �-�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �d�e�s�c�r�i�b�e�d� �b�y� 

�m�a�t�h�e�m�a�t�i�c�a�l� �e�q�u�a�t�i�o�n�s�.� 

�A�n�o�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� �c�o�n�c�e�p�t� �w�a�s� �p�r�o�p�o�s�e�d� �b�y� �B�r�e�i�t�e�n�e�c�k�e�r� 

�i�n� �e�x�a�m�i�n�i�n�g� �t�h�e� �u�s�e� �o�f� �s�u�p�e�r�m�a�c�r�o�s� �f�o�r� �c�o�n�t�i�n�u�o�u�s



�3�4� 

�s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s� �[�9�]�.� �T�h�e� �i�d�e�a� �i�s� �t�o� �d�e�v�e�l�o�p� �t�h�e� 

�s�u�p�e�r�m�a�c�r�o�s� �w�h�i�c�h� �w�i�l�l�;� �1�)� �d�e�f�i�n�e� �t�h�e� �s�y�s�t�e�m� �e�q�u�a�t�i�o�n�s�,� �2�)� 

�s�e�l�e�c�t� �a� �m�e�t�h�o�d� �o�f� �a�n�a�l�y�s�i�s�,� �a�n�d� �3�)� �i�n�i�t�i�a�l�i�z�e� �a�n�d� �e�x�e�c�u�t�e� 

�t�h�e� �m�o�d�e�l� �w�i�t�h�i�n� �t�h�e� �d�o�m�a�i�n� �o�f� �t�h�e� �c�o�n�t�i�n�u�o�u�s� �s�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e� �u�t�i�l�i�z�e�d�,� �i�n� �t�h�i�s� �i�n�s�t�a�n�c�e� �A�C�S�L�.� �T�h�e� �p�u�r�p�o�s�e� �i�s� �t�o� 

�p�r�o�v�i�d�e� �s�u�p�p�o�r�t� �f�o�r� �b�e�g�i�n�n�i�n�g� �l�a�n�g�u�a�g�e� �u�s�e�r�s�.� 

�I�t� �i�s� �n�o�t�e�d� �t�h�a�t� �r�e�s�e�a�r�c�h� �i�n�v�o�l�v�i�n�g� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �a�n�d� 

�S�i�m�u�l�a�t�i�o�n� �i�s� �l�i�m�i�t�e�d� �t�o� �a�n�a�l�y�s�i�s� �o�f� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 
�e�e�e� �p�o�e�e�r�n�e�n�t� �t�,� �e�n�c�e� �c�e�t� �R�g� �l�a�v�a� �O�n� �.� �e�e�e� �r�e�n�e�e� �n�m�a�m�a�n�e�r�r� �N�m� 

�e�x�e�c�u�t�i�o�n� �[�2�,�9�]�.� �T�h�e�r�e� �i�s� �n�o� �m�e�n�t�i�o�n� �o�f� �t�h�e� �o�u�t�p�u�t� 
�F�e� �A�E�R� �a�a� �a�s�e� �e�c�i�g�n�a�n� �c�e�e�d� �a� �F�d�a� �P�i�n�t�a� �b�e� �H�e� �R�t� �e�I� �L�A�T� �s�e�t�e� 

�i�n�t�e�r�f�a�c�e�,� �w�i�t�h� �r�e�g�a�r�d� �t�o� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�r� �s�t�r�u�c�t�u�r�i�n�g� �o�f� 

�s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s�.� 

�R�e�c�e�n�t�l�y�,� �t�h�e� �J�u�n�e� �1�9�8�5� �v�o�l�u�m�e� �o�f� �S�I�M�U�L�A�T�I�O�N� �p�r�e�s�e�n�t�e�d� 

�s�e�v�e�r�a�l� �a�r�t�i�c�l�e�s� �w�h�i�c�h� �d�i�s�c�u�s�s� �t�h�e� �p�o�s�s�i�b�l�e� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� 

�A�I� �t�o� �t�h�e� �f�i�e�l�d� �o�f� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s�.� �S�h�a�n�n�o�n�,� �e�t�.� �a�l�.�,� 

�p�r�o�v�i�d�e� �a�n� �o�v�e�r�v�i�e�w� �o�f� �A�I� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �t�o� �s�i�m�u�l�a�t�i�o�n� 

�a�n�a�l�y�s�i�s� �[�6�4�]�.� �T�h�e� �p�r�e�s�e�n�t� �u�s�e�s� �o�f� �s�i�m�i�l�a�r� �c�o�n�c�e�p�t�s� �a�r�e� 

�i�d�e�n�t�i�f�i�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �d�a�t�a� �s�t�r�u�c�t�u�r�e�s� �n�e�c�e�s�s�a�r�y� �f�o�r� 

�s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �a�r�e� �S�i�m�i�l�a�r� �t�o� �F�R�A�M�E�S�,� �t�h�e� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e� �i�n� �a� �g�l�o�b�a�l� �d�a�t�a� �b�a�s�e� �o�f� �a�n� �e�x�p�e�r�t� �s�y�s�t�e�m�.� �A� 

�d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n� �o�f� �h�o�w� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�c�e�s�s� �w�i�l�l� �a�l�t�e�r� 

�d�u�e� �t�o� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �A�I� �i�s� �p�r�e�s�e�n�t�e�d�,� �a�s� �w�e�l�l� �t�h�e� �f�a�c�t�o�r�s� 

�c�u�r�r�e�n�t�l�y� �i�n�h�i�b�i�t�i�n�g� �c�h�a�n�g�e�.� 

�S�t�e�w�a�r�t� �e�t�.� �a�l�.�,� �p�r�o�v�i�d�e� �a� �r�e�v�i�e�w� �o�f� �s�e�v�e�r�a�l� �A�l� 

�a�p�p�l�i�c�a�t�i�o�n�s� �[�6�7�]�.� �T�w�o� �A�I� �t�o�o�l�s� �a�r�e� �d�i�s�c�u�s�s�e�d�,� �T�I�M�M� �(�a�n



�3�5� 

�e�x�p�e�r�t� �s�y�s�t�e�m� �b�u�i�l�d�e�r�)� �a�n�d� �R�E�V�E�A�L� �(�a� �d�e�c�i�s�i�o�n�-�b�a�s�e�d� �m�o�d�e�l�i�n�g� 

�s�u�p�p�o�r�t� �t�o�o�l�)�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �A�I� �t�o� �i�n�d�u�s�t�r�i�a�l� �p�r�o�b�l�e�m�s� 

�i�n�d�i�c�a�t�e�s� �t�h�e� �p�o�s�s�i�b�i�l�i�t�i�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�n�c�o�r�p�o�r�a�t�i�n�g� 

�t�h�e�s�e� �c�o�n�c�e�p�t�s�.� 

�2�.�2�.�3� �s�u�m�m�a�r�y� 

�T�h�i�s� �i�n�i�t�i�a�l� �s�e�c�t�i�o�n� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �h�a�s� 

�e�x�a�m�i�n�e�d� �t�h�e� �a�r�e�a� �o�f� �a�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e�.� �S�e�v�e�r�a�l� 

�c�o�n�c�e�p�t�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�i�s� �f�i�e�l�d� �o�f� �r�e�s�e�a�r�c�h� �h�a�v�e� �b�e�e�n� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �t�h�e� �p�r�o�p�o�s�e�d� �s�o�f�t�w�a�r�e�.� �T�h�e�s�e� �c�o�n�c�e�p�t�s� �a�r�e� 

�s�u�m�m�a�r�i�z�e�d� �b�e�l�o�w�.� 

�1�.� �Q�u�e�s�t�i�o�n� �a�n�s�w�e�r� �s�y�s�t�e�m�s� �-� �a�c�c�u�m�u�l�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� 

�t�h�r�o�u�g�h� �u�s�e�r� �r�e�s�p�o�n�s�e�s� �t�o� �p�r�e�s�e�t� �q�u�e�s�t�i�o�n�s�.� 

�T�y�p�i�c�a�l�l�y�,� �d�o�m�a�i�n� �k�n�o�w�l�e�d�g�e� �i�s� �r�e�q�u�i�r�e�d�,� �a�n�d� �t�h�e� �u�s�e�r� 

�r�e�s�p�o�n�s�e�s� �a�r�e� �s�h�o�r�t� �a�n�s�w�e�r�.� 

�2�.� �N�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� �i�n�t�e�r�f�a�c�e�.� �-� �c�o�n�c�e�r�n�s� �d�e�v�e�l�o�p�i�n�g� 

�f�r�o�n�t� �e�n�d�s� �t�o� �c�o�m�p�l�e�x� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s�.� �U�s�e�r�s� �a�r�e� 

�t�h�e�r�e�f�o�r�e� �n�o�t� �r�e�q�u�i�r�e�d� �t�o� �l�e�a�r�n� �t�h�e� �l�a�n�g�u�a�g�e� 

�n�e�c�e�s�s�a�r�y� �t�o� �c�o�m�m�u�n�i�c�a�t�e� �d�i�r�e�c�t�l�y� �w�i�t�h� �t�h�e� �p�r�o�g�r�a�m�.� 

�I�n�s�t�e�a�d�,� �c�o�m�m�u�n�i�c�a�t�i�o�n� �i�s� �f�a�c�i�l�i�t�a�t�e�d� �b�y� �n�a�t�u�r�a�l� 

�l�a�n�g�u�a�g�e� �u�s�e�.� 

�3�.� �E�x�p�e�r�t� �s�y�s�t�e�m�s� �-� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s� �w�h�i�c�h� �b�e�h�a�v�e� �a�s� 

�h�u�m�a�n� �e�x�p�e�r�t�s� �f�o�r� �a� �g�i�v�e�n� �p�r�o�b�l�e�m� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e�y� 

�c�o�n�s�i�s�t� �o�f� �a� �k�n�o�w�l�e�d�g�e� �b�a�s�e�,� �a�n� �i�n�f�e�r�e�n�c�e� �p�r�o�c�e�d�u�r�e�,� 

�a�n�d� �a� �w�o�r�k�i�n�g� �m�e�m�o�r�y�.



�3�6� 

�4�.� �P�r�o�g�r�a�m� �s�y�n�t�h�e�s�i�s� �-� �c�o�n�c�e�r�n�s� �t�h�e� �a�u�t�o�m�a�t�i�c� �g�e�n�e�r�a�t�i�o�n� 

�o�f� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s�.� �A�s� �w�i�t�h� �n�a�t�u�r�a�l� �l�a�n�g�u�a�g�e� 

�i�n�t�e�r�f�a�c�e�s�,� �t�h�e� �u�s�e�r� �i�s� �n�o�t� �r�e�q�u�i�r�e�d� �t�o� �b�e� �f�a�m�i�l�i�a�r� 

�w�i�t�h� �t�h�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e� �u�t�i�l�i�z�e�d�.� 

�5�.� �S�u�p�e�r�m�a�c�r�o�s� �-� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �s�i�m�u�l�a�t�i�o�n�,� �c�o�n�c�e�r�n�s� 

�t�h�e� �u�s�e� �o�f� �s�i�m�p�l�e� �c�o�m�m�a�n�d�s� �w�h�i�c�h� �s�e�t� �u�p� �=� �a�n�d� 

�i�n�i�t�i�a�l�i�z�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s�.� 

�2�.�3� �S�I�M�U�L�A�T�I�O�N� �S�O�F�T�W�A�R�E� 
� � 

�T�h�i�s� �p�o�r�t�i�o�n� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �e�x�a�m�i�n�e�s� �a�v�a�i�l�a�b�l�e� 

�s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �w�i�t�h� �o�n�e� �o�r� �b�o�t�h� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� 

�1�.� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �r�e�s�e�a�r�c�h� �a�n�d�,� 

�2�.� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �s�p�e�c�i�a�l� �s�y�s�t�e�m�s� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�T�h�e�r�e� �i�s� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �a�v�a�i�l�a�b�l�e� �l�i�t�e�r�a�t�u�r�e� �d�e�s�c�r�i�b�i�n�g� 

�r�e�s�e�a�r�c�h� �w�i�t�h� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�i�s� �r�e�v�i�e�w� 

�s�h�a�l�l� �e�x�a�m�i�n�e� �t�h�o�s�e� �s�t�u�d�i�e�s� �c�o�n�s�i�d�e�r�e�d� �m�o�s�t� �r�e�l�e�v�a�n�t� �t�o� �t�h�i�s� 

�r�e�s�e�a�r�c�h�.� �A� �t�a�b�l�e� �h�a�s� �b�e�e�n� �i�n�c�l�u�d�e�d� �f�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� 

�l�i�s�t�i�n�g� �o�t�h�e�r� �s�t�u�d�i�e�s�,� �w�h�i�c�h�,� �i�n� �t�h�e� �i�n�t�e�r�e�s�t� �o�f� 

�c�o�n�c�i�s�e�n�e�s�s�,� �h�a�v�e� �n�o�t� �b�e�e�n� �r�e�v�i�e�w�e�d� �i�n� �d�e�p�t�h�.� �I�n�i�t�i�a�l�l�y�,� �i�n� 

�S�e�c�t�i�o�n� �2�.�3�.�1�,� �a� �d�i�s�c�u�s�s�i�o�n� �o�f�  ��t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� 

�s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�,� �a�n�d� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �i�s� �p�r�o�v�i�d�e�d�.� 

�S�e�c�t�i�o�n� �2�.�3�.�2� �r�e�v�i�e�w�s� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �w�h�i�c�h� �h�a�s� �b�e�e�n� 

�d�e�v�e�l�o�p�e�d� �f�o�r� �a�n�a�l�y�s�i�s� �o�f� �s�p�e�c�i�f�i�c� �s�y�s�t�e�m� �t�y�p�e�s�.� �S�e�c�t�i�o�n
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�2�.�3�.�3� �r�e�v�i�e�w�s� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d� �s�p�e�c�i�f�i�c�a�l�l�y� �f�o�r� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �a�n�a�l�y�s�i�s�.� 

�2�.�3�.�1� �S�i�m�u�l�a�t�i�o�n� �L�a�n�q�u�a�g�e�s� �a�n�d� �S�o�f�t�w�a�r�e� 
� � 

�I�t� �i�s� �a�i�f�f�i�c�u�l�t� �t�o� �c�r�e�a�t�e� �a� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� 

�S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s� �a�n�d� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e�.� �E�x�a�m�i�n�i�n�g� �t�h�e� 

�l�i�t�e�r�a�t�u�r�e� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �i�t� �i�s� �o�f�t�e�n� �t�h�e� �d�e�v�e�l�o�p�e�r�'�s� 

�p�e�r�o�g�a�t�i�v�e� �a�s� �t�o� �w�h�a�t� �i�s� �b�e�i�n�g� �d�e�v�e�l�o�p�e�d� �w�i�t�h� �r�e�g�a�r�d� �t�o� 

�s�e�m�a�n�t�i�c�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �s�i�m�i�l�a�r� �c�o�m�p�u�t�e�r� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d� 

�b�y� �d�i�f�f�e�r�e�n�t� �r�e�s�e�a�r�c�h�e�r�s� �m�a�y� �b�e� �l�a�b�e�l�l�e�d� �a� �l�a�n�g�u�a�g�e� �b�y� �o�n�e�,� 

�a�n�d� �a� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �b�y� �a�n�o�t�h�e�r�.� �S�o�m�e� �c�l�a�r�i�f�i�c�a�t�i�o�n� �i�s� 

�t�h�e�r�e�f�o�r�e� �n�e�e�d�e�d�.� 

�T�h�e� �c�o�m�p�u�t�e�r� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �a� 

�S�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �(�s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e�,� �f�o�r� 

�s�h�o�r�t�)�.� �S�I�M�A�N� �i�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �u�t�i�l�i�z�e�d�.� �T�h�i�s� 

�a�u�t�h�o�r� �c�o�n�s�i�d�e�r�s� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d� �t�o� �u�t�i�l�i�z�e� �a� �S�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e� �i�s� �n�o�t�,� �i�n� �i�t�s�e�l�f�,� �a� �l�a�n�g�u�a�g�e�.� �I�n� �s�u�m�m�a�r�y�,� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �c�r�i�t�e�r�i�a� �a�r�e� �u�t�i�l�i�z�e�d�:� 

�1�.� �S�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �i�s� �a� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �w�h�i�c�h� 

�u�t�i�l�i�z�e�s� �a� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �f�o�r� �m�o�d�e�l� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� 

�2�.� �A� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �i�s� �a� �c�o�m�p�u�t�e�r� �l�a�n�g�u�a�g�e� �w�h�i�c�h� �i�s� 

�i�t�s�e�l�f� �u�s�e�d� �f�o�r� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� �I�t� �i�s� �a� �t�h�i�r�d� 

�o�r� �h�i�g�h�e�r� �l�e�v�e�l� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�,� �a�n�d
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�i�n�c�o�r�p�o�r�a�t�e�s� �s�t�a�n�d�a�r�d� �s�t�a�t�e�m�e�n�t�s� �f�o�r� �s�i�m�u�l�a�t�i�o�n� 

�f�u�n�c�t�i�o�n�s�.� 

�3�.� �A� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �i�s� �a� �m�o�d�e�l�,� �w�r�i�t�t�e�n� �i�n� �a� �c�o�m�p�u�t�e�r� 

�l�a�n�g�u�a�g�e�,� �w�h�i�c�h� �i�s� �t�h�e�n� �e�x�e�c�u�t�e�d� �b�y� �a� �d�i�g�i�t�a�l� 

�c�o�m�p�u�t�e�r� �g�e�n�e�r�a�t�i�n�g� �s�t�a�t�i�s�t�i�c�a�l� �r�e�s�u�l�t�s�.� 

�4�.� �S�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �a�n�d�/�o�r� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s� �c�a�n� 

�b�o�t�h� �b�e� �u�s�e�d� �t�o� �c�r�e�a�t�e� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�.� 

�e�e�  �� �c�e� �n�e�i�n� �n�t� �e�e�e� �m�t�n� �m�n� 
�A�n� �e�x�c�e�l�l�e�n�t� �_� �r�e�v�i�e�w� �o�f� �a�v�a�i�l�a�b�l�e� �©�  ��S�i�m�u�l�a�t�i�o�n� 

�s�o�f�t�w�a�r�e�/�l�a�n�g�u�a�g�e�s� �|� �i�s� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �V�o�l� �4�5�,� �N�o� �4� �i�s�s�u�e� �o�f� �R�o�t�a�t�e�n�e�h� �E�r�e� �n�n�e�r� �s�e� 
�n�o�n� �n�a�e� �e�v�e�n�t� �c�p�i�r�t� �e�A� �c�o�l� �e�n�e� �o�e� �M�e�e�e� �a�r�a� �e�n�a�c�t� 

� � � � �_� �m�e�e�t� �e�n�n� �t�r�e�m� �t�m�a�r�n�e�r�n�e�n�a�t�a�t�n�e�r�e�n� 

�S�I�M�U�L�A�T�I�O�N� �(�O�c�t�o�b�e�r�,� �_� �1�9�8�5�)�.� �T�h�i�s� �a�n�n�u�a�l� �r�e�v�i�e�w� �h�a�s� �b�e�e�n� 
 �� 

�c�r�e�a�t�e�d� �t�h�r�o�u�g�h� �c�o�m�p�i�l�a�t�i�o�n� �o�f� �s�u�r�v�e�y�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� 

�s�o�f�t�w�a�r�e� �v�e�n�d�o�r�s�.� �I�t� �i�s� �n�o�t�e�d� �t�h�a�t� �n�o�n�e� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� 

�l�i�s�t�e�d� �d�e�a�l�s� �s�p�e�c�i�f�i�c�a�l�l�y� �w�i�t�h� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �o�f� �b�u�l�k� 

�m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�n�v�i�r�o�n�m�e�n�t�s�.� 

�2�.�3�.�2� �S�i�m�u�l�a�t�i�o�n� �S�o�f�t�w�a�r�e� �f�o�r� �S�p�e�c�i�f�i�c� �S�y�s�t�e�m�s� 
� � 

�T�h�i�s� �s�e�c�t�i�o�n� �d�i�s�c�u�s�s�e�s� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� 

�a�n�a�l�y�z�i�n�g� �s�p�e�c�i�f�i�c� �s�y�s�t�e�m�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �s�t�u�d�i�e�s� �p�r�e�s�e�n�t�e�d� 

�d�o� �n�o�t� �d�e�a�l� �w�i�t�h� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�,� �t�h�e�y� 

�a�r�e� �r�e�l�e�v�a�n�t� �w�i�t�h� �r�e�s�p�e�c�t� �t�h�e� �t�h�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�d�.� �T�h�e� 

�s�y�s�t�e�m�s� �r�e�s�e�a�r�c�h�e�d� �i�n�c�l�u�d�e� �s�t�e�e�l�m�a�k�i�n�g� �f�a�c�i�l�i�t�i�e�s�,� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �c�e�l�l�s�,� �r�o�b�o�t� �c�e�l�l�s�,� �a�n�d� �o�t�h�e�r� �g�e�n�e�r�a�l� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �s�y�s�t�e�m�s�.� �+
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�B�E�T�H�S�I�M� �I� �i�s� �a� �S�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �d�e�v�e�l�o�p�e�d� �f�o�r�.� 

�a�n�a�l�y�z�i�n�g� �s�t�e�e�l�m�a�k�i�n�g� �f�a�c�i�l�i�t�i�e�s� �[�7�0�]�.� �I�t�s� �p�u�r�p�o�s�e� �i�s� �t�o� 

�a�s�s�i�s�t� �i�n� �e�v�a�l�u�a�t�i�n�g� �p�r�o�p�o�s�e�d� �c�a�p�i�t�a�l� �p�r�o�j�e�c�t�s� �a�t� �B�e�t�h�l�e�h�e�m� 

�S�t�e�e�l�'�s� �I�n�d�i�a�n�a� �p�l�a�n�t�.� �B�E�T�H�S�I�M� �c�o�n�t�a�i�n�s� �t�h�e� �f�u�l�l� 

�c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �S�L�A�M� �p�l�u�s� �a�d�d�i�t�i�o�n�a�l� �m�o�d�u�l�e�s� �f�o�r� 

�r�e�p�r�e�s�e�n�t�i�n�g�:� 

�1�.� �c�r�a�n�e� �m�o�v�e�m�e�n�t�,� 

�2�.� �r�o�l�l�e�r� �l�i�n�e� �m�o�v�e�m�e�n�t�,� �a�n�d� 

�°�3�.� �b�a�t�c�h�i�n�g� �c�a�p�a�b�i�l�i�t�i�e�s�.� 

�B�E�T�H�S�I�M� �i�s� �a� �n�e�t�w�o�r�k� �f�l�o�w� �o�r�i�e�n�t�e�d� �l�a�n�g�u�a�g�e�,� �p�e�r�m�i�t�t�i�n�g� 

�n�e�t�w�o�r�k� �a�n�d� �d�i�s�c�r�e�t�e� �e�v�e�n�t�s�.� �S�t�a�t�i�s�t�i�c�s� �a�r�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� 

�c�o�l�l�e�c�t�e�d�,� �a�n�d� �t�h�e� �u�s�e�r� �m�a�y� �s�e�l�e�c�t� �t�h�e� �m�e�t�h�o�d�s� �f�o�r� �o�b�t�a�i�n�i�n�g� 

�a�n�d� �p�r�e�s�e�n�t�i�n�g� �a�d�d�i�t�i�o�n�a�l� �o�u�t�p�u�t�.� 

�M�a�d�e�i�r�o�s� �a�n�d� �S�a�d�o�w�s�k�i� �d�e�v�e�l�o�p�e�d� �a� �g�e�n�e�r�a�l� �m�o�d�e�l�i�n�g� 

�a�p�p�r�o�a�c�h� �f�o�r� �d�e�s�i�g�n� �a�n�d� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �o�f� �c�o�m�p�u�t�e�r� 

�c�o�n�t�r�o�l�l�e�d� �m�a�n�u�f�a�c�t�u�r�i�n�g� �c�e�l�l�s� �[�4�4�]�.� �T�h�e� �s�y�s�t�e�m� �a�l�l�o�w�s� 

�S�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �c�o�n�s�t�r�u�c�t�i�o�n� �t�h�r�o�u�g�h� �m�o�d�u�l�e� �s�e�l�e�c�t�i�o�n� �f�r�o�m� 

�a�n� �a�v�a�i�l�a�b�l�e� �m�o�d�u�l�e� �l�i�b�r�a�r�y�.� �T�h�e� �m�o�d�u�l�e�s� �a�r�e� �t�h�e�n� �l�i�n�k�e�d� �t�o� 

�f�o�r�m� �a� �s�i�n�g�l�e� �s�y�s�t�e�m� �m�o�d�e�l�.� �T�h�e� �Q�-�G�E�R�T� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 

�w�a�s� �u�t�i�l�i�z�e�d�,� �a�n�d� �s�t�a�n�d�a�r�d� �Q�-�G�E�R�T� �s�t�a�t�i�s�t�i�c�a�l� �o�u�t�p�u�t� �i�s� 

�p�r�o�v�i�d�e�d�.� 

�R�O�B�O�T�-�S�I�M� �i�s� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �f�o�r� �d�e�s�i�g�n� �a�n�d� �a�n�a�l�y�s�i�s� 

�o�f� �a� �r�o�b�o�t� �a�n�d� �i�t�s� �e�n�v�i�r�o�n�m�e�n�t� �[�5�0�]�.� �I�t� �i�s� �c�a�p�a�b�l�e� �o�f� 

�p�r�e�d�i�c�t�i�n�g� �t�o�r�q�u�e� �a�n�d� �f�o�r�c�e�s� �o�n� �j�o�i�n�t�s�,� �a�s� �w�e�l�l� �a�s� �c�y�c�l�e
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�t�i�m�e�s� �a�n�d� �d�e�f�l�e�c�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �R�O�B�O�T�-�S�I�M� �m�a�y� �b�e� �u�s�e�d� 

�t�o� �d�e�s�i�g�n� �s�e�v�e�r�a�l� �i�n�t�e�r�c�o�n�n�e�c�t�e�d� �w�o�r�k� �c�e�l�l�s�.� 

�M�A�S�T� �i�s� �a� �m�o�d�e�l� �d�e�s�i�g�n� �t�o�o�l� �w�h�i�c�h� �i�n�c�o�r�p�o�r�a�t�e�s� �i�t�s� �o�w�n� 

�g�e�n�e�r�a�l�  ��p�u�r�p�o�s�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �[�4�1�]�.� �I�t� �i�s� �u�s�e�d� �t�o� 

�e�v�a�l�u�a�t�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �l�a�n�g�u�a�g�e� �i�s� 

�w�r�i�t�t�e�n� �i�n� �F�O�R�T�R�A�N� �a�n�d� �c�o�n�s�i�s�t�s� �o�f� �f�r�e�e� �f�o�r�m�a�t�t�e�d� �d�a�t�a� 

�i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �d�e�s�c�r�i�b�i�n�g� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�y�s�t�e�m�s�.� �S�y�s�t�e�m� 

�c�o�n�t�r�o�l� �i�s� �p�r�o�v�i�d�e�d� �t�h�r�o�u�g�h� �u�s�e� �o�f� �s�i�x� �d�e�c�i�s�i�o�n� �r�u�l�e�s�.� �A� 

�s�i�n�g�l�e� �d�a�t�a� �r�e�c�o�r�d� �i�s� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �e�a�c�h� �s�y�s�t�e�m� 

�c�o�m�p�o�n�e�n�t�.� �I�n�p�u�t� �i�n�f�o�r�m�a�t�i�o�n� �i�n�c�l�u�d�e�s� �o�p�e�r�a�t�i�o�n� �s�e�q�u�e�n�c�e�s�,� 

�s�y�s�t�e�m� �l�a�y�o�u�t�,� �a�n�d� �t�r�a�n�s�p�o�r�t�e�r� �a�n�d� �p�a�l�l�e�t� �d�a�t�a�.� 

�G�E�M�S�-�I�I� �i�s� �a� �d�i�s�c�r�e�t�e� �e�v�e�n�t� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �d�e�s�i�g�n�e�d� 

�f�o�r� �m�o�d�e�l�i�n�g� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�y�s�t�e�m�s� �[�5�6�]�.� �I�t� �f�a�c�i�l�i�t�a�t�e�s� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �s�y�s�t�e�m�s� �a�n�a�l�y�s�i�s� �e�m�p�h�a�s�i�z�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�1�.� �m�a�t�e�r�i�a�l� �f�l�o�w� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� 

�2�.� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�m�p�o�n�e�n�t�s�,� 

�3�.� �i�n� �p�r�o�c�e�s�s� �s�t�o�r�a�g�e�,� �a�n�d� 

�4�.� �d�i�r�e�c�t� �t�r�e�a�t�m�e�n�t� �o�f� �l�i�m�i�t�e�d� �r�e�s�o�u�r�c�e�s�.� 

�I�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �m�o�d�e�l�i�n�g� �o�f� �s�u�b�-�a�s�s�e�m�b�l�y� �a�n�d� �j�o�b� �s�h�o�p� 

�o�p�e�r�a�t�i�o�n�s� �r�e�q�u�i�r�e�s� �u�s�e�r� �s�p�e�c�i�f�i�c�a�t�i�o�n� �a�s� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� 

�w�o�r�k� �s�t�a�t�i�o�n�s�,� �p�a�r�t� �r�o�u�t�i�n�g�s�,� �a�n�d� �s�e�t�u�p� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e�s� 

�f�o�r� �a�l�l� �p�a�r�t� �o�p�e�r�a�t�i�o�n�s�.� �G�E�M�S� �I�I� �c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� �p�h�a�s�e�s�;� 

�i�n�p�u�t�,� �s�i�m�u�l�a�t�i�o�n�,� �a�n�d� �o�u�t�p�u�t�.� �T�h�e� �i�n�p�u�t� �p�h�a�s�e� �r�e�a�d�s� �t�h�e� 

�G�E�M�S� �I�I� �m�o�d�e�l�,� �c�h�e�c�k�s� �f�o�r� �s�y�n�t�a�x� �a�n�d� �l�o�g�i�c� �e�r�r�o�r�s�,� �a�n�d
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�c�r�e�a�t�e�s� �a� �d�a�t�a� �b�a�s�e� �f�o�r� �i�n�p�u�t� �t�o� �P�h�a�s�e� �I�T�.� �P�h�a�s�e� �I�I� 

�S�i�m�u�l�a�t�e�s� �t�h�e� �m�o�d�e�l� �a�n�d� �g�e�n�e�r�a�t�e�s� �s�y�s�t�e�m� �s�t�a�t�i�s�t�i�c�s�.� �P�h�a�s�e� 

�I�I�I� �c�a�l�c�u�l�a�t�e�s� �a�n�d� �p�r�e�s�e�n�t�s� �o�u�t�p�u�t� �s�t�a�t�i�s�t�i�c�s�.� �G�E�M�S� �I�I� �i�s� 

�w�r�i�t�t�e�n� �i�n� �F�O�R�T�R�A�N� �a�n�d� �e�x�e�c�u�t�e�s� �o�n� �b�o�t�h� �m�a�i�n�f�r�a�m�e� �a�n�d� 

�m�i�c�r�o�c�o�m�p�u�t�e�r�s�.� 

�2�.�3�.�3� �S�i�m�u�l�a�t�i�o�n� �S�o�f�t�w�a�r�e� �f�o�r� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�y�s�t�e�m�s� 

�T�h�i�s� �s�e�c�t�i�o�n� �r�e�v�i�e�w�s� �r�e�s�e�a�r�c�h� �w�h�i�c�h� �d�e�v�e�l�o�p�e�d� �s�o�f�t�w�a�r�e� 

�f�o�r� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �T�R�A�N�S�I�M� �i�s� �a�n� 

�e�a�r�l�y� �a�t�t�e�m�p�t� �a�t� �d�e�v�e�l�o�p�i�n�g� �a� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 

�s�p�e�c�i�f�i�c�a�l�l�y� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �.� �T�h�e� �c�o�a�l� 
�e�e�e� �a�b�i� �A� �a�t� �a�A� �S�n�r�o�n� �t�a�n�t� �b�h�a�t�t� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� �s�i�m�u�l�a�t�i�o�n� �P�r�o�g�r�a�m�s� �p�r�e�s�e�n�t�e�d� �=� �n�e�x�t� �a�r�e� 

�a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �-�  ��V�i�r�g�i�n�i�a� �T�e�c�h�,� �o�t�h�e�r� �v�e�r�s�i�o�n�s� �b�e�i�n�g� 
�R�e�n�a�n� �n�n� �A� 

�a�v�a�i�l�a�b�l�e� �f�r�o�m� �a� �n�u�m�b�e�r� �o�f� �m�i�n�i�n�g� �e�n�g�i�n�e�e�r�i�n�g� �d�e�p�a�r�t�m�e�n�t�s� �a�t� 

�m�a�j�o�r� �u�n�i�v�e�r�s�i�t�i�e�s�.� �T�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�i�s� �s�e�c�t�i�o�n� �r�e�v�i�e�w�s� 

�m�o�d�e�l�i�n�g� �a�n�d� �a�n�a�l�y�s�i�s� �e�f�f�o�r�t�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�m�o�d�e�s� �u�s�e�d� �f�o�r� �b�u�l�k� �m�a�t�e�r�i�a�l� �m�o�v�e�m�e�n�t�.� �I�n� �c�o�n�c�l�u�s�i�o�n�,� �a� 

�t�a�b�l�e� �i�s� �p�r�e�s�e�n�t�e�d� �p�r�o�v�i�d�i�n�g� �a� �l�i�s�t� �o�f� �a�d�d�i�t�i�o�n�a�l� �r�e�s�e�a�r�c�h� 

�e�f�f�o�r�t�s� �i�n� �t�h�e�s�e� �a�r�e�a�s�.� 

�2�.�3�.�3�.�1� �G�e�n�e�r�i�c� �S�y�s�t�e�m� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�i�m�u�l�a�t�i�o�n� �S�o�f�t�w�a�r�e� 

�T�R�A�N�S�I�M� �i�s� �a� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �m�e�t�h�o�d� �o�f� �a�p�p�r�o�a�c�h� �t�o� 

�p�e�r�f�o�r�m�i�n�g� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�s�y�s�t�e�m�s�,� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �I�B�M� �7�0�9�0�/�7�0�9�4� �s�e�r�i�e�s� �c�o�m�p�u�t�e�r�s
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�[�7�1�]�.� �T�h�e� �u�s�e�r� �i�s� �r�e�q�u�i�r�e�d� �t�o� �m�o�d�e�l� �a� �s�y�s�t�e�m� �i�n� �t�e�r�m�s� �o�f� 

�t�r�a�f�f�i�c� �u�n�i�t�s� �a�n�d� �s�y�s�t�e�m� �o�p�e�r�a�t�i�n�g� �e�l�e�m�e�n�t�s�.� �T�r�a�f�f�i�c� �u�n�i�t�s� 

�a�r�e� �a�n�y�t�h�i�n�g� �t�h�a�t� �f�l�o�w�s� �t�h�r�o�u�g�h� �a�e� �s�y�s�t�e�n�,� �i�n�c�l�u�d�i�n�g� 

�v�e�h�i�c�l�e�s�,� �f�r�e�i�g�h�t�,� �a�n�d� �p�e�o�p�l�e�.� �S�y�s�t�e�m� �o�p�e�r�a�t�i�n�g� �e�l�e�m�e�n�t�s� 

�a�r�e� �a�n�y� �f�a�c�i�l�i�t�y� �t�h�a�t� �s�e�r�v�i�c�e�s� �o�r� �p�r�o�c�e�s�s�e�s� �t�h�e� �t�r�a�f�f�i�c� 

�u�n�i�t�s�.� �T�h�e� �u�s�e�r� �p�r�o�v�i�d�e�d� �i�n�p�u�t� �d�a�t�a� �i�s� �c�l�a�s�s�i�f�i�e�d� �a�s� 

�f�o�l�l�o�w�s�:� 

�1�.� �S�y�s�t�e�m� �p�h�y�s�i�c�a�l� �p�l�a�n�t� �a�n�d� �p�r�o�c�e�s�s� �d�a�t�a� �d�e�s�c�r�i�b�e�s� �t�h�e� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �s�y�s�t�e�m� �o�p�e�r�a�t�i�n�g� 

�e�l�e�m�e�n�t�s�.� 

�2�.� �S�y�s�t�e�m� �t�r�a�f�f�i�c� �d�a�t�a� �d�e�s�c�r�i�b�e�s� �t�h�e� �a�r�r�i�v�a�l� �o�f� �t�r�a�f�f�i�c� 

�u�n�i�t�s� �a�t� �s�y�s�t�e�m� �o�p�e�r�a�t�i�n�g� �e�l�e�m�e�n�t�s�.� 

�3�.� �S�y�s�t�e�m� �o�p�e�r�a�t�i�n�g� �r�u�l�e�s� �d�e�s�c�r�i�b�e� �t�h�e� �o�p�e�r�a�t�i�n�g� 

�s�c�h�e�d�u�l�e�s�,� �w�o�r�k� �s�c�h�e�d�u�l�e�s�,� �r�o�u�t�i�n�g� �r�u�l�e�s�,� �d�i�s�p�a�t�c�h� 

�r�u�l�e�s�,� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �r�e�p�a�i�r� �r�u�l�e�s�.� 

�4�.� �O�p�e�r�a�t�i�n�g� �e�l�e�m�e�n�t�s� �p�e�r�f�o�r�m�a�n�c�e� �d�a�t�a� �i�s� �t�h�e� �s�p�e�c�i�f�i�c� 

�i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �s�y�s�t�e�m� �o�p�e�r�a�t�i�n�g� �e�l�e�m�e�n�t�s�.� 

�S�t�a�n�d�a�r�d� �i�n�p�u�t� �f�o�r�m�s� �a�r�e� �u�s�e�d� �t�o� �s�t�r�u�c�t�u�r�e� �u�s�e�r� �i�n�p�u�t� 

�i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� �T�R�A�N�S�I�M� �f�a�c�i�l�i�t�a�t�e�s� �a� �m�o�d�u�l�a�r� �a�p�p�r�o�a�c�h� �t�o� 

�m�o�d�e�l� �b�u�i�l�d�i�n�g�.� �T�h�e� �o�p�e�r�a�t�i�o�n�a�l� �a�s�p�e�c�t�s� �i�n�c�l�u�d�e� �a�n� �e�v�e�n�t� 

�o�r�i�e�n�t�e�d� �t�i�m�i�n�g� �m�e�c�h�a�n�i�s�m�,� �a�n�d� �a� �M�o�n�t�e� �C�a�r�l�o� �t�y�p�e� �s�i�m�u�l�a�t�o�r�.



�4�3� 

�2�.�3�.�3�.�2� �C�o�a�l� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�o�f�t�w�a�r�e� 

�T�h�e� �s�i�m�u�l�a�t�i�o�n� �p�a�c�k�a�g�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�,� 

�B�E�L�T�S�I�M� �a�n�d� �R�A�I�L�S�I�M�,� �a�r�e� �o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� �t�h�e� �m�i�n�i�n�g� 

�e�n�g�i�n�e�e�r�i�n�g� �d�e�p�a�r�t�m�e�n�t� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�.� �O�t�h�e�r� �v�e�r�s�i�o�n�s� �o�f� 

�t�h�e�s�e� �p�r�o�g�r�a�m�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �t�h�e� �m�i�n�i�n�g� �e�n�g�i�n�e�e�r�i�n�g� 

�d�e�p�a�r�t�m�e�n�t�s� �a�t� �v�a�r�i�o�u�s� �m�a�j�o�r� �u�n�i�v�e�r�s�i�t�i�e�s�,� �i�n�c�l�u�d�i�n�g� �P�e�n�n� 

�S�t�a�t�e�.� �|� 

�B�E�L�T�S�I�M� �i�s� �a� �d�i�g�i�t�a�l� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �w�h�i�c�h� �w�a�s� �d�e�v�e�l�o�p�e�d� 

�t�o� �e�l�i�m�i�n�a�t�e� �t�h�e� �n�e�c�e�s�s�i�t�y� �f�o�r� �e�s�t�i�m�a�t�e�s� �r�e�g�a�r�d�i�n�g� �t�h�e� 

�o�p�e�r�a�t�i�o�n�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �a� �b�e�l�t� �c�o�n�v�e�y�o�r� �s�y�s�t�e�m�,� 

�i�n�c�l�u�d�i�n�g� �p�e�a�k� �l�o�a�d�i�n�g� �a�n�d� �o�v�e�r�l�o�a�d�i�n�g� �p�r�o�b�a�b�i�l�i�t�y� 

�v�a�r�i�a�b�l�e�s�.� �T�h�e� �p�r�o�g�r�a�m� �m�a�t�h�e�m�a�t�i�c�a�l�l�y� �d�u�m�p�s� �a�e� �s�h�u�t�t�l�e� 

�c�a�r�l�o�a�d� �o�f� �c�o�a�l� �a�n�d� �t�r�a�c�e�s� �i�t�s� �p�a�t�h� �t�h�r�o�u�g�h� �a� �u�s�e�r� �d�e�s�c�r�i�b�e�d� 

�b�e�l�t� �n�e�t�w�o�r�k�.� �L�o�a�d� �i�n�t�e�r�a�c�t�i�o�n�s�,� �s�p�i�l�l�a�g�e�,� �b�e�l�t� �s�t�o�p�p�a�g�e�s�,� 

�a�n�d� �t�r�a�n�s�f�e�r�s� �a�r�e� �n�o�t�e�d�,� �p�r�o�v�i�d�i�n�g� �a� �q�u�a�n�t�i�t�a�t�i�v�e� �m�e�a�s�u�r�e� �o�f� 

�t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a� �b�e�l�t� �n�e�t�w�o�r�k�.� 

�T�h�e� �p�r�o�g�r�a�m� �i�n�p�u�t� �d�a�t�a� �i�s� �c�l�a�s�s�i�f�i�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�1�.� �S�h�u�t�t�l�e� �c�a�r� �d�i�s�c�h�a�r�g�e� �d�a�t�a� �i�n�c�l�u�d�i�n�g� �t�i�m�e� �b�e�t�w�e�e�n� 

�d�u�m�p�s�,� �p�a�y�l�o�a�d�s�,� �a�n�d� �d�u�m�p�t�i�m�e�s�.� 

�2�.� �B�e�l�t� �n�e�t�w�o�r�k� �d�a�t�a� �i�n�c�l�u�d�i�n�g� �l�e�n�g�t�h�s�,� �s�p�e�e�d�s�,� �a�n�d� 

�c�a�p�a�c�i�t�i�e�s�.� 

�J
� �M�i�n�i�n�g� �p�r�a�c�t�i�c�e� �d�a�t�a� �i�n�c�l�u�d�i�n�g� �s�h�i�f�t� �l�e�n�g�t�h�,� 

�t�r�a�v�e�l�-�i�n� �a�n�d� �o�u�t� �t�i�m�e�s�,� �a�n�d� �b�r�e�a�k� �p�o�l�i�c�i�e�s�.



�4�4� 

�R�A�I�L�S�I�M� �i�s� �a� �s�i�m�u�l�a�t�i�o�n� �p�a�c�k�a�g�e� �w�h�i�c�h� �i�s� �c�a�p�a�b�l�e� �o�f� 

�a�n�a�l�y�z�i�n�g� �u�n�d�e�r�g�r�o�u�n�d� �r�a�i�l� �h�a�u�l�a�g�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� 

�T�h�e� �p�r�o�g�r�a�m� �i�n�p�u�t� �d�a�t�a� �d�e�s�c�r�i�b�e�s� �t�h�e� �h�a�u�l�a�g�e� �n�e�t�w�o�r�k�,� 

�l�o�c�o�m�o�t�i�v�e�s�,� �s�t�a�t�i�o�n�a�r�y� �f�a�c�i�l�i�t�i�e�s�,� �.� �a�n�d� �o�p�e�r�a�t�i�n�g� 

�p�r�o�c�e�d�u�r�e�s�.� �M�o�n�t�e� �C�a�r�l�o� �s�i�m�u�l�a�t�i�o�n� �i�s� �u�t�i�l�i�z�e�d� �t�o� �i�n�t�r�o�d�u�c�e� 

�v�a�r�i�a�b�i�l�i�t�y� �i�n�t�o� �t�h�e� �s�y�s�t�e�m�.� �E�n�g�i�n�e�e�r�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�n�f�o�r�m�a�t�i�o�n� �r�e�l�a�t�i�v�e� �t�o� �s�y�s�t�e�m� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�.� �T�h�e� �p�r�o�g�r�a�m� �c�a�n� �i�d�e�n�t�i�f�y� �b�o�t�t�l�e�n�e�c�k�s� �a�n�d� 

�o�t�h�e�r� �t�r�a�f�f�i�c� �c�o�n�g�e�s�t�i�o�n� �s�i�t�u�a�t�i�o�n�s�.� 

�2�.�3�.�3�.�3� �B�u�l�k� �M�a�t�e�r�i�a�l� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�y�s�t�e�m�s� �M�o�d�e�l�s� 

�T�h�i�s� �s�e�c�t�i�o�n� �e�x�a�m�i�n�e�s� �r�e�s�e�a�r�c�h� �i�n�v�o�l�v�i�n�g� �a�n�a�l�y�s�i�s� �o�f� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �w�h�i�c�h� �a�r�e�  ��c�a�p�a�b�l�e� �o�f� �t�r�a�n�s�p�o�r�t�i�n�g� 

�b�u�l�k� �m�a�t�e�r�i�a�l�s�.� 

�S�a�n�d�h�u� �a�n�d� �G�a�n�d�h�i� �d�e�v�e�l�o�p�e�d� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �o�f� �w�a�t�e�r� 

�q�u�a�l�i�t�y� �w�i�t�h�i�n� �a� �c�o�a�l� �s�l�u�r�r�y� �p�i�p�e�l�i�n�e� �[�5�9�]�.� �T�h�r�e�e�  ��m�a�j�o�r� 

�p�r�o�c�e�s�s�e�s� �w�e�r�e� �s�i�m�u�l�a�t�e�d�;� �S�l�u�r�r�y� �p�r�e�p�a�r�a�t�i�o�n�,� �p�i�p�e�l�i�n�e� 

�t�r�a�n�s�p�o�r�t�,� �a�n�d� �d�e�w�a�t�e�r�i�n�g� �f�a�c�i�l�i�t�i�e�s�.� �P�h�y�s�i�c�a�l� �s�i�m�u�l�a�t�i�o�n� 

�m�e�t�h�o�d�s� �w�e�r�e� �u�t�i�l�i�z�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s�.� �T�h�e� 

�t�e�c�h�n�i�q�u�e�s� �p�r�o�v�i�d�e� �a� �u�s�e�f�u�l� �t�o�o�l� �f�o�r� �f�o�r�e�c�a�s�t�i�n�g� �w�a�s�t�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �f�o�r� �d�e�s�i�g�n� �o�f� �w�a�t�e�r� �t�r�e�a�t�m�e�n�t� 

�f�a�c�i�l�i�t�i�e�s�.� 

�A�b�d�a�l�l�a�h� �a�n�d� �C�h�a�m�b�o�n� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �d�e�t�e�r�m�i�n�i�s�t�i�c� 

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �o�f� �a�n� �o�p�e�n� �p�i�t� �m�i�n�e� �t�r�u�c�k� �s�y�s�t�e�m� �[�1�]�.� �T�h�e



�4�5� 

�m�o�d�e�l� �a�s�s�u�m�e�s� �c�o�n�s�t�a�n�t� �a�c�c�e�l�e�r�a�t�i�o�n�,� �a�n�d� �r�e�l�i�e�s� �o�n� �a� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �p�e�r�f�o�r�m�a�n�c�e� �c�u�r�v�e� �r�e�l�a�t�i�n�g� �t�r�u�c�k� �s�p�e�e�d� �w�i�t�h� 

�f�o�r�c�e� �a�t� �t�h�e� �d�r�i�v�e� �w�h�e�e�l�s�.� �T�h�e� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�s� �h�a�u�l� �r�o�a�d� 

�p�r�o�f�i�l�e�s� �d�e�t�a�i�l�i�n�g� �t�h�e� �§� �g�r�a�d�e�s�,� �l�e�n�g�t�h�s�,� �a�n�d� �m�a�x�i�m�u�m� 

�a�l�l�o�w�a�b�l�e� �c�u�r�v�e� �s�p�e�e�d�s�.� 

�N�e�n�o�n�e�n�,� �G�r�a�e�f�e�,� �a�n�d� �C�h�a�n� �d�e�s�c�r�i�b�e� �a�n� �i�n�t�e�r�a�c�t�i�v�e� 

�c�o�m�p�u�t�e�r� �m�o�d�e�l� �o�f� �t�r�u�c�k� �s�h�o�v�e�l� �o�p�e�r�a�t�i�o�n�s� �i�n� �a�n� �o�p�e�n� �p�i�t� 

�m�i�n�e� �[�4�6�]�.� �T�h�e� �m�o�d�e�l� �i�s� �c�a�p�a�b�l�e� �o�f� �s�i�m�u�l�a�t�i�n�g� �k�n�o�w�n� 

�o�p�e�r�a�t�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s�,� �a�n�d� �g�e�n�e�r�a�t�i�n�g� �v�e�h�i�c�l�e� �s�t�a�t�u�s� 

�i�n�f�o�r�m�a�t�i�o�n�.� �I�n�p�u�t� �d�a�t�a� �i�n�c�l�u�d�e�s� �r�o�a�d� �l�e�n�g�t�h�s�,� �g�r�a�d�e�s�,� �a�n�d� 

�c�o�n�d�i�t�i�o�n�s�,� �t�r�u�c�k� �s�i�z�e�s�,� �l�o�a�d�i�n�g�/�u�n�l�o�a�d�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� 

�a�n�d� �s�t�a�t�i�s�t�i�c�a�l� �d�a�t�a� �r�e�q�u�i�r�e�d�.� �T�h�e� �i�n�t�e�r�a�c�t�i�v�e� �f�e�a�t�u�r�e�s� 

�i�n�c�l�u�d�e� �g�r�a�p�h�i�c�s� �a�n�d� �a�l�p�h�a�n�u�m�e�r�i�c� �d�i�s�p�l�a�y�s� �o�f� �o�n�g�o�i�n�g� 

�S�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s�.� �T�h�e� �m�o�d�e�l� �i�s� �w�r�i�t�t�e�n� �i�n� �G�A�S�P� �I�I� �f�o�r� 

�m�a�i�n�f�r�a�m�e� �d�i�g�i�t�a�l� �c�o�m�p�u�t�e�r�s�.� 

�P�e�t�e�r�s�e�n� �a�n�d� �T�a�y�l�o�r� �d�e�v�e�l�o�p�e�d�.� �a� �s�t�r�u�c�t�u�r�e�d�,� �g�e�n�e�r�a�l� 

�p�u�r�p�o�s�e�,� �a�l�g�e�b�r�a�i�c� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �f�o�r� �d�e�s�c�r�i�b�i�n�g� �r�a�i�l�c�a�r� 

�m�o�v�e�m�e�n�t� �[�5�4�]�.� �T�h�e� �m�o�d�e�l� �p�e�r�m�i�t�s� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �a�n� 

�a�r�b�i�t�r�a�r�y� �n�u�m�b�e�r� �o�f� �t�r�a�i�n�s� �w�i�t�h� �d�i�f�f�e�r�i�n�g� �s�p�e�e�d�s� �a�n�d� 

�p�r�i�o�r�i�t�i�e�s�.� �M�a�n�y� �a�l�t�e�r�n�a�t�e� �l�i�n�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �a�r�e� 

�p�o�s�s�i�b�l�e�.� �T�h�e� �m�o�d�e�l� �i�s� �w�r�i�t�t�e�n� �i�n� �F�O�R�T�R�A�N� �a�n�d� �r�e�q�u�i�r�e�s� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �i�n�p�u�t�:� 

�1�.� �n�u�m�b�e�r� �o�f� �t�r�a�c�k� �s�e�g�m�e�n�t�s�,� 

�2�.� �n�u�m�b�e�r� �o�f� �p�a�r�a�l�l�e�l� �t�r�a�c�k�s�,



�4�6� 

�3�.� �m�a�x�i�m�u�m� �s�p�e�e�d� �f�o�r� �e�a�c�h� �t�r�a�c�k�,� �a�n�d� 

�4�.� �t�r�a�i�n� �s�p�e�e�d�,� �l�e�n�g�t�h�,� �a�n�d� �p�r�i�o�r�i�t�y�.� 

�T�h�e� �m�o�d�e�l� �o�u�t�p�u�t� �d�e�s�c�r�i�b�e�s� �t�h�e� �a�v�e�r�a�g�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �e�a�c�h� 

�t�r�a�i�n� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� �d�e�l�a�y� �i�n�f�o�r�m�a�t�i�o�n�.� 

�M�a�r�t�i�n�a�i�s� �p�r�e�s�e�n�t�s� �a� �G�P�S�S� �m�o�d�e�l� �o�f� �a�n� �i�n�t�e�r�l�o�c�k�i�n�g� 

�r�a�i�l�w�a�y� �n�e�t�w�o�r�k� �[�4�5�]�.� �T�h�e� �s�y�s�t�e�m� �i�s� �t�h�e� �r�a�i�l�w�a�y� �a�c�c�e�s�s� 

�r�o�u�t�e� �t�o� �t�h�e� �c�o�a�l� �e�x�p�o�r�t� �t�e�r�m�i�n�a�l� �a�t� �R�o�b�e�r�t�'�s� �B�a�n�k�,� �C�a�n�a�d�a�.� 

�T�h�e� �r�a�i�l�w�a�y� �n�e�t�w�o�r�k� �i�s� �d�e�s�c�r�i�b�e�d� �a�s� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�r�a�c�k� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s� �a�n�d� �o�p�e�r�a�t�i�n�g� �p�r�o�c�e�d�u�r�e�s�.� �I�n�p�u�t� �d�a�t�a� 

�r�e�q�u�i�r�e�d� �i�n�c�l�u�d�e�s� �t�r�a�i�n� �s�c�h�e�d�u�l�e�s� �a�n�d� �t�r�a�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� 

�T�h�e� �m�o�d�e�l� �a�s�s�u�m�e�s� �i�d�e�n�t�i�c�a�l� �p�r�i�o�r�i�t�i�e�s� �f�o�r� �a�l�l� �t�r�a�i�n�s�.� �I�t� 

�w�a�s� �u�s�e�d� �t�o� �p�r�o�v�i�d�e� �t�i�m�e�-�d�i�s�t�a�n�c�e� �d�i�a�g�r�a�m�s� �i�n�d�i�c�a�t�i�n�g� 

�w�a�i�t�i�n�g� �a�r�e�a�s� �f�o�r� �e�a�c�h� �t�r�a�i�n� �t�y�p�e� �a�n�d� �r�o�u�t�e�.� 

�A�s� �e�a�r�l�y� �a�s� �1�9�7�1�,� �S�o�r�o�s� �A�s�s�o�c�i�a�t�e�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�i�n�g� 

�c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �f�o�r� �u�s�e� �i�n� �a�n�a�l�y�s�i�s� �o�f� �b�u�l�k� �p�o�r�t� 

�f�a�c�i�l�i�t�i�e�s� �[�7�7�]�.� �P�O�R�T�L�O�G� �i�s� �f�o�r� �s�i�m�u�l�a�t�i�n�g� �p�o�r�t� �r�e�l�a�t�e�d� 

�a�c�t�i�v�i�t�i�e�s� �s�u�c�h� �a�s� �s�h�i�p� �b�e�r�t�h�i�n�g� �a�n�d� �l�o�a�d�i�n�g�.� �T�h�e� �m�o�d�e�l� 

�p�r�o�d�u�c�e�s� �o�u�t�p�u�t� �s�p�e�c�i�f�y�i�n�g� �s�h�i�p� �s�t�a�t�i�s�t�i�c�s�,� �b�e�r�t�h� 

�o�c�c�u�p�a�n�c�i�e�s�,� �p�o�r�t� �w�a�i�t�i�n�g� �t�i�m�e�s�,� �e�t�c�.� �Y�A�R�D�L�O�G� �p�r�o�v�i�d�e�s� �d�a�t�a� 

�r�e�g�a�r�d�i�n�g� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �a�n�d� �s�t�o�r�a�g�e� 

�s�y�s�t�e�m�s� �w�i�t�h�i�n� �t�h�e� �p�o�r�t�.� �O�u�t�p�u�t� �d�e�s�c�r�i�b�e�s� �t�y�p�e�,� �c�a�p�a�c�i�t�y�,� 

�a�n�d� �n�u�m�b�e�r� �o�f� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �m�a�c�h�i�n�e�s�,� �s�t�o�c�k�p�i�l�i�n�g�,� �a�n�d� 

�o�t�h�e�r� �i�n�v�e�n�t�o�r�y� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �T�R�A�N�S�L�O�G� �p�r�o�v�i�d�e�s� �a� �m�e�a�n�s� 

�o�f� �S�i�m�u�l�a�t�i�n�g� �t�h�e� �p�o�r�t� �i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �v�a�r�i�o�u�s� �l�a�n�d� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �f�o�r� �b�u�l�k� �m�a�t�e�r�i�a�l� �m�o�v�e�m�e�n�t�.



�4�7� 

�M�I�C�R�O�L�O�G� �i�s� �t�h�e� �n�e�w�e�s�t� �p�r�o�g�r�a�m� �d�e�v�e�l�o�p�e�d� �b�y� �S�o�r�o�s� 

�A�s�s�o�c�i�a�t�e�s� �[�7�7�]�.� �T�h�e� �m�o�d�e�l� �e�n�c�o�m�p�a�s�s�e�s� �t�h�e� �e�n�t�i�r�e� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� �t�o� �a�n�d� �f�r�o�m� �t�h�e� �p�o�r�t� �[�7�6�]�.� �I�t� �i�s� 

�b�e�i�n�g� �d�e�v�e�l�o�p�e�d� �o�n� �a� �m�i�c�r�o�c�o�m�p�u�t�e�r�.� �E�a�c�h� �o�f� �t�h�e�s�e� �p�r�o�g�r�a�m�s� 

�a�r�e� �c�o�n�s�i�d�e�r�e�d� �p�r�o�p�r�i�e�t�a�r�y� �t�o� �S�o�r�o�s� �A�s�s�o�c�i�a�t�e�s�.� �I�t� �i�s� �f�e�l�t� 

�t�h�a�t� �t�h�e� �p�r�o�g�r�a�m�s� �r�e�q�u�i�r�e� �S�i�g�n�i�f�i�c�a�n�t� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� 

�s�i�m�u�l�a�t�i�o�n� �e�x�p�e�r�t�i�s�e� �f�o�r� �t�h�e�i�r� �u�t�i�l�i�z�a�t�i�o�n�.� 

�N�i�l�s�e�n� �u�t�i�l�i�z�e�d� �T�A�M�S�,� �a� �s�i�m�u�l�a�t�i�o�n� �p�a�c�k�a�g�e�,� �t�o� �m�o�d�e�l� �a�n�d� 

�a�n�a�l�y�z�e� �p�o�r�t� �f�a�c�i�l�i�t�y� �o�p�e�r�a�t�i�o�n�s� �[�4�7�]�.� �T�h�e�r�e� �a�r�e� �t�h�r�e�e� 

�s�e�c�t�i�o�n�s� �i�n� �t�h�e� �p�a�c�k�a�g�e�.� 

�1�.� �G�E�N�S�P� �-� �S�i�m�u�l�a�t�e�s� �o�f� �v�e�s�s�e�l� �o�p�e�r�a�t�i�o�n�s� �a�n�d� �w�e�a�t�h�e�r� 

�c�o�n�d�i�t�i�o�n�s�.� 

�2�.� �G�P�S�S� �-� �s�i�m�u�l�a�t�e�s� �o�f� �t�h�e� �h�a�r�b�o�r� �o�p�e�r�a�t�i�o�n�s�.� 

�3�.� �F�W�M�X�3� �-� �t�a�b�u�l�a�t�e�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m� �r�e�s�u�l�t�s�.� 

�T�h�e� �p�a�c�k�a�g�e� �p�r�o�d�u�c�e�s� �o�u�t�p�u�t� �r�e�g�a�r�d�i�n�g� �h�a�r�b�o�r� �c�o�n�g�e�s�t�i�o�n�,� 

�b�e�r�t�h�i�n�g� �q�u�e�u�e�s�,� �w�a�i�t�i�n�g� �t�i�m�e�s�,� �a�n�d�.�r�e�s�u�l�t�a�n�t� �d�e�l�a�y� �c�o�s�t�s�.� 

�E�a�c�h� �o�f� �t�h�e� �p�o�r�t� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s� �a�r�e� �c�a�p�a�b�l�e� �o�f� 

�r�e�p�r�e�s�e�n�t�i�n�g� �a� �l�i�m�i�t�e�d� �n�u�m�b�e�r� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�s�.� �T�A�M�S� 

�i�g�n�o�r�e�s� �a�c�t�i�v�i�t�i�e�s� �o�u�t�s�i�d�e� �t�h�e� �a�c�t�u�a�l� �p�o�r�t� �b�o�u�n�d�a�r�i�e�s�.� �T�h�e� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �t�o� �a�n�d� �f�r�o�m� �t�h�e� �p�o�r�t� �c�a�n� �b�e� �m�o�d�e�l�e�d� �u�s�i�n�g� 

�T�R�A�N�S�L�O�G�,� �h�o�w�e�v�e�r� �t�h�i�s� �p�r�o�g�r�a�m� �(�a�n�d� �o�t�h�e�r�s� �d�e�v�e�l�o�p�e�d� �b�y� 

�S�o�r�o�s� �A�s�s�o�c�i�a�t�e�s�)� �a�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �p�o�r�t� �o�p�e�r�a�t�o�r�s�.� 

�I�f� �t�h�e�y� �w�e�r�e� �a�v�a�i�l�a�b�l�e�,� �i�t� �i�s� �u�n�l�i�k�e�l�y� �t�h�a�t� �o�p�e�r�a�t�o�r�s� �p�o�s�e�s�s� 

�t�h�e� �d�e�g�r�e�e� �o�f� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �s�i�m�u�l�a�t�i�o�n� �e�x�p�e�r�t�i�s�e� �r�e�q�u�i�r�e�d� 

�f�o�r� �s�u�c�c�e�s�s�f�u�l� �u�t�i�l�i�z�a�t�i�o�n� �[�7�6�]�.



�4�8� 

�T�r�a�n� �a�n�d� �G�e�v�a�e�r�d� �p�r�e�s�e�n�t�e�d� �a� �s�y�s�t�e�m� �d�y�n�a�m�i�c�s� �m�o�d�e�l� �f�o�r� 

�v�e�h�i�c�u�l�a�r� �c�a�r�r�y�i�n�g� �w�a�t�e�r�b�o�r�n�e� �t�r�a�f�f�i�c� �[�6�9�]�.� �T�h�e� �r�e�s�e�a�r�c�h� 

�i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �c�o�o�r�d�i�n�a�t�i�o�n� �b�e�t�w�e�e�n� �h�i�g�h�w�a�y�s� �a�n�d� �v�e�h�i�c�u�l�a�r� 

�c�a�r�r�y�i�n�g� �f�e�r�r�y� �b�o�a�t�s�.� �M�o�d�e�l�i�n�g� �o�f� �t�h�e� �m�o�d�a�l� �i�n�t�e�r�a�c�t�i�o�n� �i�s� 

�f�a�c�i�l�i�t�a�t�e�d� �b�y� �u�s�e� �o�f� �a� �m�o�d�a�l� �s�p�l�i�t� �m�e�c�h�a�n�i�s�m� �r�e�f�l�e�c�t�i�n�g� �t�h�e� 

�l�e�v�e�l� �o�f� �s�e�r�v�i�c�e� �p�r�o�v�i�d�e�d� �b�y� �e�a�c�h� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�.� �T�h�e� 

�m�o�d�e�l� �i�n�c�l�u�d�e�d� �c�o�s�t� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �e�c�o�n�o�m�i�c� �e�v�a�l�u�a�t�i�o�n� �o�f� 

�t�h�e� �s�y�s�t�e�m�s�.� �I�t� �w�a�s� �u�t�i�l�i�z�e�d� �t�o� �g�e�n�e�r�a�t�e� �v�a�r�i�o�u�s� �s�c�e�n�a�r�i�o�s� 

�p�e�r�t�a�i�n�i�n�g� �t�o� �p�r�i�c�i�n�g� �p�o�l�i�c�i�e�s�,� �s�e�r�v�i�c�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �a�n�d� 

�d�e�m�a�n�d� �g�r�o�w�t�h�s�.� 

�C�a�r�r�o�l�l� �d�e�s�c�r�i�b�e�s� �a� �w�a�t�e�r�w�a�y� �l�o�c�k� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �u�s�e�d� 

�t�o� �p�r�e�d�i�c�t� �d�e�l�a�y�s� �t�o� �t�o�w�s� �u�n�d�e�r� �a� �v�a�r�i�e�t�y� �o�f� �o�p�e�r�a�t�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �[�1�0�]�.� �T�h�e� �i�n�p�u�t� �i�n�f�o�r�m�a�t�i�o�n� �i�n�c�l�u�d�e�s� �t�h�e� �a�r�r�i�v�a�l� 

�t�i�m�e�s� �o�f� �t�o�w�s� �a�t� �t�h�e� �l�o�c�k�,� �l�o�c�k�i�n�g� �t�i�m�e�s� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� 

�t�y�p�e�s� �o�f� �t�o�w�s�,� �t�i�m�e�s� �f�o�r� �e�n�t�e�r�i�n�g� �a�n�d� �l�e�a�v�i�n�g� �t�h�e� �l�o�c�k�,� �a�n�d� 

�g�e�n�e�r�a�l� �l�o�c�k� �o�p�e�r�a�t�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� �O�u�t�p�u�t� �d�a�t�a� �r�e�p�r�e�s�e�n�t�s� 

�l�o�c�k� �u�t�i�l�i�z�a�t�i�o�n� �v�a�l�u�e�s�,� �a�n�d� �t�o�w� �t�r�a�v�e�l�l�i�n�g� �d�a�t�a� �s�u�c�h� �a�s� 

�d�e�l�a�y� �t�i�m�e�s�,� �a�n�d� �a�r�r�i�v�a�l� �a�n�d� �d�e�p�a�r�t�u�r�e� �f�r�o�m� �l�o�c�k� �t�i�m�e�s�.� 

�T�a�b�l�e� �5� �o�f�f�e�r�s� �a�d�d�i�t�i�o�n�a�l� �r�e�f�e�r�e�n�c�e�s� �c�o�n�c�e�r�n�i�n�g� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �r�e�s�e�a�r�c�h�.



�4�9� 

�T�A�B�L�E� �5� �|� 
�A�d�d�i�t�i�o�n�a�l� �R�e�s�e�a�r�c�h� �R�e�f�e�r�e�n�c�e�s� 

�A�s�s�a�d�,� �A�.�,� �"�M�o�d�e�l�s� �F�o�r� �R�a�i�l� �T�r�a�n�s�p�o�r�t�a�t�i�o�n ��,� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �R�e�s�e�a�r�c�h�,� 
�v�o�l� �1�4�8�,� �p�p�.� �2�0�5�-�2�2�0�,� �1�9�8�0�.� 
�B�e�l�s�h�a�w�,� �P�.� �N�.�,� �"�R�a�i�l�r�o�a�d� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �P�l�a�n�n�i�n�g� �M�o�d�e�l�s� �a�n�d� �T�h�e�i�r� �S�u�c�c�e�s�s�"�,� 
�C�o�n�t�r�o�l� �i�n� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�y�s�t�e�m�s�,� �p�p�.� �8�9�-�9�5�,� �1�9�7�6�.� 

�D�a�g�a�n�z�o�,� �C�.�F� �a�,� �D�o�w�}� �i�n�d�.� �R�.�G�.�,� �a�n�d� �R�.� �W�.� �H�a�l�l�,� �"�R�a�i�l�r�o�a�d� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� 
�Y�a�r�d� �T�h�r�o�u�g�h�p�u�t�:� �T�h�e� �C�a�s�e� �o�f� �f�u�l� �t�i�s�t�a�g�e� �T�r�i�a�n�g�u�l�a�r� �S�o�r�t�i�n�g�"�,� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� 
�R�e�s�e�a�r�c�h�,� �v�o�l� �1�7�A�,� �n�o� �2�,� �p�p�.� �9�5�-�1�0�6�,� �1�9�8�3�.� 

�H�a�g�m�e�s�f�a�h�r�,� �R�.�D�.�,� �&� �S�i�a�u�l�a�t�i�o�n� �N�o�d�e�l� �f�o�r� �t�h�e� �A�n�a�l�y�s�i�s� �o�f� �R�a�i�l�w�a�y� �I�n�t�e�r�a�o�d�a�l� 
�j�e�r�a�i�n�a�l� �Q�p�e�r�a�t�i�o�n�s�,� �P�h�D�.� �D�i�s�s�e�r�t�a�t�i�o�n�,� �S�c�h�o�o�l� �o�f� �B�u�s�i�n�e�s�s�,� �V�i�r�g�i�n�i�a� �T�e�c�h�,� 

�u�g�u�s� 

�M�a�c�a�u�l�a�y�,� �D�.�C�.�,� �a�n�d� �K�.�R�.� �N�o�t�l�e�y�,�  ��I�n�t�e�r�a�c�t�i�v�e� �S�i�a�u�l�a�t�i�o�n� �o�f� �U�n�d�e�r�g�r�o�u�n�d� 
�H�a�u�l� �a� �e�§� �s�t�o�n�e� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �S�u�a�n�e�r� �S�i�a�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� 
�p�p�.� �m�a�i�d�s� �.� 

�N�e�u�m�a�n�n�,� �£�.�5�.�,� �a�n�d� �R�.� �R�a�m�a�z�a�n�k�h�a�n�i�,�  ��M�o�n�t�e� �C�a�r�l�o� �S�i�a�u�l�a�t�i�o�n� �o�f� �C�o�a�l� �R�o�a�d� 
�U�s�a�g�e ��)� �p�i�t�t�s�b�u�r�g�h� �C�o�n�t�e�r�e�n�c�e� �o�n� �M�o�d�e�l�l�i�n�g� �a�n�d� �S�i�a�u�i�a�t�i�o�n�,� �p�p�.� �1�5�7�3�-�1�9�7�7�,� 

�a�r�c� �.� 

�N�i�l�s�e�n�,� �K�.�0�.�,� �a�n�d� �U�.� �A�b�d�u�s�-�S�a�m�a�d�,�  ��S�i�a�u�l�a�t�i�o�n� �a�n�d� �Q�u�e�u�i�n�g� �T�h�e�o�r�y� �i�n� �P�o�r�t� 
�P�l�a�n�n�i�n�g�,�"� �P�o�r�t�s�  ��7�7�,� �4�t�h� �A�n�n�u�a�l� �S�y�a�p�o�s�i�u�a� �a�f� �t�h�e� �W�a�t�e�r�w�a�y� �C�o�a�s�t�a�l�,� �a�n�d� 
�O�c�e�a�n� �D�i�v�i�s�i�o�n� �o�f� �a�s�t�e�,� �L�o�n�g� �B�e�a�c�h�,� �C�a�l�i�f�o�r�n�i�a�,� �p�p�.� �1�9�6�-�2� �,� �M�a�r�c�h� �9�-�1�1� �1�9�7�7�,� 

�R�o�b�i�n�s�o�n�,� �K�.�0�.�,� �a�n�d� �U�.� �A�b�d�u�s�-�S�a�m�a�d�,� �"�M�o�d�e�l�l�i�n�g� �a�n�d� �P�o�r�t� �P�l�a�n�n�i�n�g� �D�e�c�i�s�i�o�n�s�:� 
�T�h�e� �I�n�t�e�r�f�a�c�e� �o�f� �S�i�a�u�l�a�t�i�o�n� �a�n�d� �P�r�a�c�t�i�c�e�,�"� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �R�e�s�e�a�r�c�h�,� 
�I�n�t�e�r�n�a�t�i�o�n�a�l� �Y�o�l�u�m�e�,� �p�p�.� �1�7�6�-�1�8�3�,� �1�9�7�3�.� 

�R�a�d�e�n�b�u�r�g� �H�o�d�.�,� �"�A� �T�r�a�f�f�i�c� �B�5�1� �g�n�a�e�n�t� �H�o�d�e�l� �f�o�r� �I�n�l�a�n�d� �H�a�v�i�g�a�t�i�o�n�,�*� 
�T�r�a�n�s�p�o�r�t�a�t�i�o�n� �R�e�s�e�a�r�c�h�,� �I�n�t�e�r�n�a�t�i�o�n�a�l� �V�o�l�u�a�e�,� �p�p�.� �6�0�4�-�4�1�2�,� �i�9�7�5�.� 

�S�e�v�u�k�,� �5�.�,�  ��S�t�e�a�d�y� �a�n�d� �U�n�s�t�e�a�d�y� �F�l�o�w� �S�i�m�u�l�a�t�i�o�n� �i�n� �P�i�p�e� �N�e�t�w�o�r�k�s�"�,� �C�h�e�a�i�c�a�l� 
�E�n�g�i�n�e�e�r�i�n�g�,� �v�o�l� �i�,� �n�e� �3�,� �d�u�n�e� �1�9�7�9�,� �p�p�.� �1�0�7�-�1�1�4�.� 

�B�o�r�o�s�,� �P�.�,� �a�n�d� �A�.�J�.� �Z�a�d�o�r�,� �"�B�u�l�k� �P�o�r�t� �S�i�a�u�l�a�t�i�o�n� �H�e�t�h�o�d�o�l� �o�g�y�"� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �S�u�a�s�e�r� �S�i�g�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �p�p�.� �3�7�2�-�3�9�4�,� �1�9�7�7�,� 

�S�u�p�e�r�n�a�k�,� �J�.�,� �"�T�r�a�n�s�p�o�r�t�a�t�i�o�n� �M�o�d�e�l�l�i�n�g� �L�e�s�s�o�n�s� �F�r�o�m� �t�h�e� �P�a�s�t� �a�n�d� �T�a�s�k�s� �F�o�r� 
�t�h�e� �F�u�t�u�r�e�"�,� �T�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �v�o�l� �{�2�,� �p�p�.� �7�9�-�9�0�,� �1�9�8�3�.� 

�T�u�r�n�q�u�i�s�t�,� �M�.� �a�n�d� �4�.�5�,� �D�a�s�k�i�n�,� �"�Q�u�e�u�i�n�g� �M�o�d�e�l�s� �o�f� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �a�n�d� 
�C�o�n�n�e�c�t�i�o�n� �D�e�l�a�y� �i�n� �R�a�i�l�y�a�r�d�s�"�,� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�c�i�e�n�c�e�,� �v�o�l� �1�4�,� �n�o� �2�,� 
�p�p�.� �2�0�7�-�2�2�7�,� �1�9�8�2�.� 

�V�o�r�c�e�,� �T�.�C�.� �"�A� �S�i�g�u�l�a�t�i�o�n� �S�t�u�d�y� �f�o�r� �a� �C�o�a�l� �D�e�l�i�v�e�r�y� �S�y�s�t�e�a ��,� �A�n�n�u�a�l� �S�i�a�u�l�a�t�i�o�n� 
�S�y�m�p�o�s�i�u�s�,� �p�p�.� �3�4�1�-�3�5�1�,� �1�9�8�2�.� 

�Y�a�g�a�r�,� �§�.�,� �a�n�d� �F�.�F�.� �S�a�c�c�o�m�a�n�n�o�,�  ��A�n� �E�f�f�i�c�i�e�n�t� �S�e�q�u�e�n�c�i�n�g� �M�o�d�e�l� �F�o�r� �f�u�m�p�i�n�g� 
�i�n� �a� �R�a�i�l� �Y�a�r�d�"�,� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �R�e�s�e�a�r�c�h�,� �v�o�l� �1�7�8�,� �n�o� �4�,� �p�p�.� �2�5�1�-�2�6�2�,� �1�9�9�3�.� 

�(� �U�l� �;� 
�\



�5�0� 

�2�.�4� �D�I�F�F�I�C�U�L�T�I�E�S� �W�I�T�H� �T�H�E�S�E� �M�O�D�E�L�S� 

�T�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �o�f� �a�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� �n�o�t�e�s� 

�t�h�a�t� �r�e�s�e�a�r�c�h� �i�n�v�o�l�v�i�n�g� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �a�n�d� �s�i�m�u�l�a�t�i�o�n� �i�s� 

�l�i�m�i�t�e�d� �t�o� �a�n�a�l�y�s�i�s� �o�f� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �e�x�e�c�u�t�i�o�n� 

�[�2�,�9�]�.� �T�h�e�r�e� �i�s� �l�i�t�t�l�e� �m�e�n�t�i�o�n� �o�f� �t�h�e� �o�u�t�p�u�t� �i�n�t�e�r�f�a�c�e�,� 

�w�i�t�h� �r�e�g�a�r�d� �t�o� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�,� �o�r� �s�t�r�u�c�t�u�r�i�n�g� �o�f� �s�i�m�u�l�a�t�i�o�n� 

�r�e�s�u�l�t�s�.� �A�l�s�o�,� �t�h�e� �e�m�p�h�a�s�i�s� �i�s� �m�o�d�e�l� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n�,� �n�o�t� 

�p�r�o�g�r�a�m� �s�y�n�t�h�e�s�i�s�.� �T�h�e� �r�e�s�e�a�r�c�h� �f�o�c�u�s�e�s� �p�r�i�m�a�r�i�l�y� �o�o�n� 

�c�o�n�t�i�n�u�o�u�s� �s�y�s�t�e�m�s� �d�e�s�c�r�i�b�e�d� �b�y� �m�a�t�h�e�m�a�t�i�c�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� 

�T�h�e� �r�e�v�i�e�w� �o�f� �s�o�f�t�w�a�r�e� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� 

�a�n�a�l�y�s�i�s� �r�e�s�e�a�r�c�h�,� �i�n�d�i�c�a�t�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�b�l�e�m�s�:� 

�1�.� �C�o�m�p�r�e�h�e�n�s�i�v�e� �m�o�d�e�l�i�n�g� �a�p�p�r�o�a�c�h�e�s� �a�r�e� �r�a�r�e�.� �I�n�s�t�e�a�d�,� 

�p�a�r�t�i�a�l� �m�o�d�e�l�s� �a�r�e� �u�t�i�l�i�z�e�d� �t�o� �d�e�s�c�r�i�b�e� �p�o�r�t�i�o�n�s� �o�f� 

�t�h�e� �s�y�s�t�e�m�.� �T�h�e�s�e� �m�o�d�e�l�s� �a�r�e� �b�a�s�e�d� �o�n� �d�i�f�f�e�r�i�n�g�,� �a�n�d� 

�o�f�t�e�n� �c�o�n�f�l�i�c�t�i�n�g� �t�h�e�o�r�i�e�s� �a�n�d� �p�o�l�i�c�i�e�s�.� 

�Z�.� �M�a�n�y� �i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�s� 

�a�r�e� �i�g�n�o�r�e�d�.� �T�h�e� �i�n�t�e�r�m�o�d�a�l� �f�a�c�i�l�i�t�i�e�s� �t�y�p�i�c�a�l�l�y� 

�p�r�e�s�e�n�t� �i�n� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �r�e�q�u�i�r�e� �c�o�m�p�l�e�x� 

�m�o�d�e�l�s� �f�o�r� �a�c�c�u�r�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� �I�n�s�t�e�a�d�,� �t�h�e� 

�S�i�t�u�a�t�i�o�n� �i�s� �t�y�p�i�c�a�l�l�y� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �i�n�a�d�e�q�u�a�t�e� 

�m�a�t�h�e�m�a�t�i�c�a�l� �f�o�r�m�u�l�a�t�i�o�n�s�.� 

�3�.� �M�o�d�e�l�s� �d�e�v�e�l�o�p�e�d� �a�r�e� �o�f�t�e�n� �t�o�o� �s�i�m�p�l�e� �t�o� �c�a�p�t�u�r�e� �t�h�e� 

�c�o�m�p�l�e�x�i�t�i�e�s� �o�f� �a� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�.� �T�h�e�i�r� 

�s�i�m�p�l�i�f�y�i�n�g� �a�s�s�u�m�p�t�i�o�n�s� �a�r�e� �n�o�t� �a�c�c�e�p�t�a�b�l�e� �t�o� �s�y�s�t�e�m� 

�o�p�e�r�a�t�o�r�s�.



�5�1�.� 

�M�a�n�y� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e�s� �p�r�e�s�e�n�t�e�d� �r�e�q�u�i�r�e� 

�S�i�g�n�i�f�i�c�a�n�t� �e�x�p�e�r�t�i�s�e� �f�o�r� �s�u�c�c�e�s�s�f�u�l�l� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�i�s� �k�n�o�w�l�e�d�g�e� �i�s� �t�y�p�i�c�a�l�l�y� �n�o�t� �i�n� �e�x�i�s�t�e�n�c�e� �a�t� �t�h�e� 

�o�p�e�r�a�t�i�o�n�a�l� �l�e�v�e�l�.� 

�T�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�l�s� �o�f�t�e�n� �i�g�n�o�r�e� �f�r�e�i�g�h�t� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �T�h�e�r�e� �i�s� �a�n� �a�b�u�n�d�a�n�c�e� �o�f� �m�o�d�e�l�s� �f�o�r� 

�p�a�s�s�e�n�g�e�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �h�o�w�e�v�e�r�,� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �i�s� �n�o�t� �a�p�p�l�i�c�a�b�l�e� �t�o� �f�r�e�i�g�h�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�s�y�s�t�e�m�s�.� �T�h�e�r�e� �i�s� �a� �d�e�f�i�n�i�t�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�a�c�t�i�v�i�t�i�e�s� �w�i�t�h�i�n� �a� �p�a�s�s�e�n�g�e�r� �(�t�e�r�m�i�n�a�l� �o�r�i�e�n�t�e�d�)� 

�s�y�s�t�e�m� �a�n�d� �a� �f�r�e�i�g�h�t� �(�l�i�n�e� �o�r�i�e�n�t�e�d�)� �s�y�s�t�e�m�.� 

�T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �p�u�b�l�i�s�h�e�d� �r�e�s�e�a�r�c�h� �i�s� �s�u�i�t�a�b�l�e� 

�f�o�r� �l�a�r�g�e� �c�o�m�p�u�t�i�n�g� �s�y�s�t�e�m�s�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

�m�i�c�r�o�c�o�m�p�u�t�e�r� �u�s�e�,� �a�t� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �l�e�v�e�l�,� �i�s� 

�t�h�e�r�e�f�o�r�e� �g�i�v�e�n� �l�i�m�i�t�e�d� �a�t�t�e�n�t�i�o�n�.� 

�T�h�e�r�e� �i�s� �a� �l�a�c�k� �o�f� �e�m�p�h�a�s�i�s� �p�l�a�c�e�d� �o�n� �u�s�e�r� �i�n�t�e�r�f�a�c�e�s� 

�t�o� �t�h�e� �u�s�e� �o�f� �e�i�t�h�e�r� �a�v�a�i�l�a�b�l�e� �m�o�d�e�l�s� �o�r� �s�i�m�u�l�a�t�i�o�n� 

�p�a�c�k�a�g�e�s�.� �T�h�e� �i�n�t�e�n�t� �t�o� �s�t�r�u�c�t�u�r�e� �t�h�e� �m�o�d�e�l�i�n�g� �a�n�d� 

�a�n�a�l�y�s�i�s� �p�r�o�c�e�s�s� �i�s� �a�p�p�a�r�e�n�t�,� �h�o�w�e�v�e�r� �t�h�e�.� �u�s�e�r� �i�s� 

�s�t�i�l�l� �e�x�p�e�c�t�e�d� �t�o� �h�a�v�e� �p�r�i�o�r� �s�i�m�u�l�a�t�i�o�n� �a�n�d�/�o�r� 

�m�o�d�e�l�i�n�g� �k�n�o�w�l�e�d�g�e�.� 

�T�h�e�r�e� �i�s� �a� �l�a�c�k� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �i�n�f�o�r�m�i�n�g� 

�o�p�e�r�a�t�o�r�s� �a�s� �t�o� �h�o�w� �t�o� �d�e�v�e�l�o�p� �t�h�e�i�r� �o�w�n� �m�o�d�e�l�s�.� 

�I�n�s�t�e�a�d�,� �t�h�e�y� �a�r�e� �e�x�p�e�c�t�e�d� �t�o� �a�p�p�l�y� �t�h�e� �m�o�d�e�l
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�d�e�v�e�l�o�p�e�d� �t�h�r�o�u�g�h� �t�h�e� �r�e�s�e�a�r�c�h� �t�o� �t�h�e�i�r� �s�y�s�t�e�m�.� �T�h�i�s� 

�r�e�s�u�l�t�s� �i�n� �i�n�a�p�p�r�o�p�r�i�a�t�e� �u�s�e� �o�f� �m�o�d�e�l�s�,� �a�n�d� �a� �p�o�o�r� 

�a�n�a�l�y�s�i�s�.� 

�9�.� �T�h�e� �d�y�n�a�m�i�c� �n�a�t�u�r�e� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n �� �s�y�s�t�e�m�s� �i�s� �w�e�l�l� 

�s�u�i�t�e�d� �t�o� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s�.� �S�t�a�t�i�c� �a�n�a�l�y�s�i�s� 

�t�e�c�h�n�i�q�u�e�s� �a�r�e� �n�o�t� �a�s� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�.� 

�1�0�.� �R�e�s�e�a�r�c�h� �d�e�a�l�i�n�g� �w�i�t�h� �p�i�p�e�l�i�n�e� �m�o�v�e�m�e�n�t� �o�f� �s�o�l�i�d� 

�m�a�t�e�r�i�a�l�s� �t�e�n�d�s� �t�o� �e�m�p�h�a�s�i�z�e� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �o�f� �t�h�e� 

�s�o�l�i�d�/�l�i�q�u�i�d� �m�i�x� �w�i�t�h�i�n� �t�h�e� �p�i�p�e�l�i�n�e� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� 

�o�v�e�r�a�l�l� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �s�l�u�r�r�y�.� 

�I�n� �g�e�n�e�r�a�l�,� �t�h�e� �a�v�a�i�l�a�b�l�e� �r�e�s�e�a�r�c�h� �t�o�o�l�s� �f�o�r� �o�p�e�r�a�t�o�r�s� �o�f� 

�b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �a�r�e� �i�n�a�d�e�q�u�a�t�e�.� �M�a�n�y� 

�e�f� �t�h�e� �a�v�a�i�l�a�b�l�e� �m�o�d�e�l�s� �c�a�n�n�o�t� �b�e� �a�p�p�l�i�e�d� �b�y� �s�y�s�t�e�m� 

�o�p�e�r�a�t�o�r�s� �b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �d�e�s�i�g�n�e�d� �f�o�r� �a� �s�p�e�c�i�f�i�c� �o�p�e�r�a�t�i�n�g� 

�s�y�s�t�e�m� �a�n�d� �t�h�e�r�e�f�o�r�e� �d�o� �n�o�t� �r�e�p�r�e�s�e�n�t� �t�h�e� �o�p�e�r�a�t�o�r�s� �s�y�s�t�e�m�.� 

�T�h�e� �m�o�d�e�l�s� �d�e�v�e�l�o�p�e�d� �a�r�e� �d�i�s�j�o�i�n�t�.� �A�s� �s�u�c�h�,� �t�h�e�y� �i�g�n�o�r�e� 

�i�m�p�o�r�t�a�n�t� �i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s� �w�h�i�c�h� �o�c�c�u�r� �w�i�t�h�i�n� �t�y�p�i�c�a�l�l�y� 

�m�u�l�t�i�-�m�o�d�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a� �u�s�e�r� 

�w�o�u�l�d� �r�e�q�u�i�r�e� �s�e�v�e�r�a�l� �m�o�d�e�l�s� �r�e�p�r�e�s�e�n�t�i�n�g� �s�m�a�l�l� �p�o�r�t�i�o�n�s� �t�o� 

�d�e�s�c�r�i�b�e� �t�h�e�i�r� �o�v�e�r�a�l�l� �s�y�s�t�e�m�.� �C�o�m�b�i�n�i�n�g� �t�h�e�s�e� �m�o�d�e�l�s� �i�s� 

�d�i�f�f�i�c�u�l�t� �i�f� �n�o�t� �i�m�p�o�s�s�i�b�l�e�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �s�t�r�u�c�t�u�r�i�n�g� �m�o�d�e�l� �d�e�s�i�g�n� 

�a�p�p�e�a�r�s� �t�o� �o�f�f�e�r� �t�h�e� �b�e�s�t� �s�o�l�u�t�i�o�n� �t�o� �t�h�e�s�e� �p�r�o�b�l�e�m�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �d�e�v�e�l�o�p�e�r� �o�f�t�e�n� �s�e�l�e�c�t�s� �e�n�g�i�n�e�e�r�s� �a�n�d� �a�n�a�l�y�s�t�s
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�a�s� �t�h�e� �e�n�d� �s�o�f�t�w�a�r�e� �u�s�e�r�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�y� �i�n�c�o�r�p�o�r�a�t�e� 

�k�n�o�w�l�e�d�g�e� �r�e�q�u�i�r�e�m�e�n�t�s� �w�h�i�c�h� �c�o�u�l�d� �b�e� �e�l�i�m�i�n�a�t�e�d� �t�h�r�o�u�g�h� 

�p�r�o�p�e�r�l�y� �s�t�r�u�c�t�u�r�e�d� �u�s�e�r� �i�n�t�e�r�f�a�c�e�s�.



�C�h�a�p�t�e�r� �I�I�I� 

�M�E�T�H�O�D�O�L�O�G�Y� 

�3�.�1� �I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�i�s� �c�h�a�p�t�e�r� �d�e�s�c�r�i�b�e�s� �t�h�e� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y�.� 

�I�n�i�t�i�a�l�l�y�,� �a� �f�o�r�m�a�l� �s�t�a�t�e�m�e�n�t� �o�f� �t�h�e� �p�r�o�b�l�e�m� �a�n�d� �r�e�s�e�a�r�c�h� 

�o�b�j�e�c�t�i�v�e� �i�s� �g�i�v�e�n�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �c�o�m�p�u�t�e�r� �s�o�f�t�w�a�r�e� �a�n�d� 

�h�a�r�d�w�a�r�e� �i�s� �t�h�e�n� �d�e�t�a�i�l�e�d�,� �c�o�m�p�l�e�t�i�n�g� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �h�o�w� 

�t�h�e� �r�e�s�e�a�r�c�h� �o�b�j�e�c�t�i�v�e� �i�s� �t�o� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d�.� �I�n� �S�e�c�t�i�o�n� 

�3�.�4�,� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �i�s� �d�e�s�c�r�i�b�e�d�,� 

�p�r�o�v�i�d�i�n�g� �d�e�t�a�i�l�s� �r�e�g�a�r�d�i�n�g� �s�o�f�t�w�a�r�e� �o�p�e�r�a�t�i�o�n�a�l� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �V�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �i�t�s�e�l�f�,� �a�n�d� �o�f� 

�t�h�e� �u�s�e�r� �m�o�d�e�l�s� �i�t� �d�e�v�e�l�o�p�s�,� �i�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �3�.�5�.� 

�3�.�2� �F�O�R�M�A�L� �S�T�A�T�E�M�E�N�T� �O�F� �T�H�E� �R�E�S�E�A�R�C�H� �P�R�O�B�L�E�M� �A�N�D� �O�B�J�E�C�T�I�V�E� 
� � 

�P�r�e�v�i�o�u�s� �c�h�a�p�t�e�r�s� �h�a�v�e� �d�i�s�c�u�s�s�e�d� �s�e�v�e�r�a�l� �d�i�f�f�i�c�u�l�t�i�e�s� 

�e�v�i�d�e�n�t� �i�n� �d�e�v�e�l�o�p�i�n�g� �a�n�d� �a�n�a�l�y�z�i�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� 

�m�o�d�e�l�s�.� �T�h�e�s�e� �d�i�f�f�i�c�u�l�t�i�e�s� �m�a�y� �b�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �t�h�e� 

�f�o�l�l�o�w�i�n�g�:� �|� 

�1�.� �P�r�o�b�l�e�m�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �u�n�d�e�s�i�r�a�b�l�e� �a�s�s�u�m�p�t�i�o�n�s� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �t�h�e� �s�y�s�t�e�m� �m�o�d�e�l�.� 

�2�.� �D�i�f�f�i�c�u�l�t�i�e�s� �i�n� �c�o�r�r�e�c�t�l�y� �a�p�p�l�y�i�n�g� �a�n�d� �u�n�d�e�r�s�t�a�n�d�i�n�g� 

�S�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s�.� 

�5�4
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�A�n� �a�d�v�a�n�t�a�g�e� �o�f� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �i�s� �t�h�a�t� �i�t� 

�i�s� �c�a�p�a�b�l�e� �o�f� �r�e�d�u�c�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �p�r�o�b�l�e�m�s� �i�n� �t�h�e� �f�i�r�s�t� 

�c�a�t�e�g�o�r�y�.� �F�o�r� �t�h�e� �m�o�s�t� �p�a�r�t�,� �a�s�s�u�m�p�t�i�o�n�s� �a�r�e� �m�a�d�e� �t�o� 

�s�i�m�p�l�i�f�y�  ��t�h�e� �m�o�d�e�l� �r�e�q�u�i�r�e�m�e�n�t�s�.� �W�i�t�h�o�u�t� �s�i�m�p�l�i�f�y�i�n�g� 

�a�s�s�u�m�p�t�i�o�n�s�,� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �w�o�u�l�d� �o�f�t�e�n� �r�e�q�u�i�r�e� 

�e�x�t�r�e�m�e�l�y� �c�o�m�p�l�e�x� �m�a�t�h�e�m�a�t�i�c�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �w�h�i�c�h� 

�p�r�o�h�i�b�i�t�s� �s�o�l�u�t�i�o�n� �o�r� �a�n�a�l�y�s�i�s�.� �S�i�m�u�l�a�t�i�o�n� �f�a�c�i�l�i�t�a�t�e�s� �t�h�e� 

�m�o�d�e�l�i�n�g� �o�f� �c�o�m�p�l�e�x� �i�n�t�e�r�a�c�t�i�o�n�s�,� �t�h�e�r�e�b�y� �m�i�n�i�m�i�z�i�n�g� �o�r� 

�e�l�i�m�i�n�a�t�i�n�g� �t�h�e� �a�s�s�u�m�p�t�i�o�n�s� �w�h�i�c�h� �m�u�s�t� �b�e� �m�a�d�e�.� 

�T�h�e� �s�e�c�o�n�d� �c�l�a�s�s� �o�f� �p�r�o�b�l�e�m�s� �a�r�e� �n�o�t� �a�s� �e�a�s�i�l�y� �a�d�d�r�e�s�s�e�d�.� 

�A� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n� �w�o�u�l�d� �b�e� �p�r�o�v�i�d�i�n�g� �e�d�u�c�a�t�i�o�n� �a�n�d� 

�t�r�a�i�n�i�n�g� �i�n� �s�i�m�u�l�a�t�i�o�n� �u�s�e�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �i�s� �n�o�t� �o�f�t�e�n� 

�f�e�a�s�i�b�l�e�.� �T�h�e� �p�r�o�b�l�e�m� �i�s� �t�h�a�t� �t�h�o�s�e� �p�e�r�s�o�n�s� �m�o�s�t� �f�a�m�i�l�i�a�r� 

�w�i�t�h� �t�h�e� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �a�r�e� �t�y�p�i�c�a�l�l�y� �n�o�t� �t�r�a�i�n�e�d� �i�n� 

�S�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �a�p�p�l�i�c�a�t�i�o�n�.� �I�n�s�t�e�a�d�,� �t�h�e� �s�t�u�d�i�e�s� �a�r�e� 

�p�e�r�f�o�r�m�e�d� �b�y� �s�i�m�u�l�a�t�i�o�n� �o�r� �e�n�g�i�n�e�e�r�i�n�g� �p�e�r�s�o�n�n�e�l�,� �m�o�s�t� �o�f� 

�w�h�o�m� �a�r�e� �n�o�t� �r�e�a�d�i�l�y� �f�a�m�i�l�i�a�r� �w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c� �s�y�s�t�e�m� 

�c�p�e�r�a�t�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�i�s� �s�e�r�v�e�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� 

�d�i�f�f�i�c�u�l�t�y� �o�f� �t�h�e� �a�n�a�l�y�s�i�s�.� 

�T�h�e�r�e�f�o�r�e�,� �a� �f�o�r�m�a�l� �s�t�a�t�e�m�e�n�t� �o�f� �t�h�e� �p�r�o�b�l�e�m� �=� �a�n�d� 

�o�b�j�e�c�t�i�v�e� �a�r�e� �a�s� �f�o�l�l�o�w�s�:� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �s�i�m�u�l�a�t�i�o�n� 

�a�n�a�l�y�s�i�s� �b�y� �s�y�s�t�e�m� �o�p�e�r�a�t�o�r�s� �t�o� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�s�y�s�t�e�m�s� �i�s� �i�m�p�e�d�e�d� �b�y� �a� �l�a�c�k� �o�f� �k�n�o�w�l�e�d�g�e� �i�n� �h�o�w� �t�o� �u�s�e� 

�a�v�a�i�l�a�b�l�e� �t�o�o�l�s� �i�n�c�l�u�d�i�n�g� �S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�.� �I�n
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�p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �i�s�s�u�e� �i�s� �t�h�e� �u�n�f�a�m�i�l�i�a�r� �t�e�r�m�i�n�o�l�o�g�y� �o�f� 

�c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�.� �T�h�e� �r�e�s�e�a�r�c�h� 

�o�b�j�e�c�t�i�v�e� �i�s� �t�o� �p�r�o�v�i�d�e� �c�o�m�p�u�t�e�r� �s�o�f�t�w�a�r�e� �f�o�r� �s�t�r�u�c�t�u�r�i�n�g� 

�b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�'�s� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �w�h�i�c�h� �c�a�n� �b�e� �e�f�f�i�c�i�e�n�t�l�y� �u�t�i�l�i�z�e�d�,� �b�y� �t�h�o�s�e� 

�a�c�t�u�a�l�l�y� �i�n�v�o�l�v�e�d� �i�n� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�.� 

�3�.�3� �S�E�L�E�C�T�I�O�N� �O�F� �S�O�F�T�W�A�R�E� �D�E�V�E�L�O�P�M�E�N�T� �T�O�O�L�S� 
� � 

�T�h�i�s� �s�e�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �t�h�e� �h�a�r�d�w�a�r�e� �a�n�d� 

�s�o�f�t�w�a�r�e� �t�o�o�l�s� �u�s�e�d� �i�n� �t�h�e� �r�e�s�e�a�r�c�h� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �o�n� �a�n� �I�B�M� �P�C� �u�t�i�l�i�z�i�n�g� �t�h�e� �C� �a� �e�e� 

�p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e� �a�n�d� �t�h�e� �S�I�M�A�N� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� 

�[�3�7�,�5�3�]�.� 

�3�.�3�.�1� �C�o�m�p�u�t�e�r� �H�a�r�d�w�a�r�e� �S�e�l�e�c�t�i�o�n� 
� � 

�T�h�e� �c�h�o�i�c�e� �o�f� �c�o�m�p�u�t�e�r� �t�y�p�e�,� �f�o�r� �w�h�i�c�h� �t�h�e� �s�i�m�u�l�a�t�i�o�n� 

�s�o�f�t�w�a�r�e� �w�a�s� �f�o�r�m�u�l�a�t�e�d�,� �w�a�s� �p�r�i�m�a�r�i�l�y� �i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� 

�t�y�p�e� �o�f� �c�o�m�p�u�t�e�r� �a�v�a�i�l�a�b�l�e� �w�i�t�h�i�n� �t�h�e� �r�e�s�e�a�r�c�h� �e�n�v�i�r�o�n�m�e�n�t�.� 

�V�i�r�g�i�n�i�a� �T�e�c�h�'�s� �m�a�i�n�f�r�a�m�e� �c�o�m�p�u�t�e�r� �i�s� �p�r�e�s�e�n�t�l�y� �o�f� �t�h�e� �I�B�M� 

�3�0�8�4� �s�e�r�i�e�s� �w�h�i�c�h� �i�s� �a� �d�i�g�i�t�a�l� �c�o�m�p�u�t�e�r�.� �T�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� 

�u�s�i�n�g� �a� �d�i�g�i�t�a�l� �a�s� �o�p�p�o�s�e�d� �t�o� �a� �h�y�b�r�i�d� �o�r� �a�n�a�l�o�g� �c�o�m�p�u�t�e�r� 

�f�o�r� �s�i�m�u�l�a�t�i�o�n� �e�x�e�c�u�t�i�o�n� �i�n�c�l�u�d�e� �h�i�g�h� �c�o�m�p�u�t�a�t�i�o�n�a�l� �s�p�e�e�d� 

�f�o�r� �b�o�t�h� �l�o�g�i�c� �a�n�d� �a�r�i�t�h�m�e�t�i�c� �o�p�e�r�a�t�i�o�n�s�,� �l�a�r�g�e� �s�t�o�r�a�g�e� 

�a�v�a�i�l�a�b�i�l�i�t�y�,� �a�n�d� �g�r�e�a�t�e�r� �f�l�e�x�i�b�i�l�i�t�y�.� �A�l�t�h�o�u�g�h� �a�n�a�l�o�g



�5�7� �.� 

�c�o�m�p�u�t�e�r�s� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �V�i�r�g�i�n�i�a� �T�e�c�h�'�s� �E�l�e�c�t�r�i�c�a�l� 

�E�n�g�i�n�e�e�r�i�n�g� �D�e�p�a�r�t�m�e�n�t�,� �t�h�e�i�r� �r�e�s�t�r�i�c�t�i�o�n� �t�o� �t�h�e� �s�i�m�u�l�a�t�i�o�n� 

�o�f� �c�o�n�t�i�n�u�o�u�s� �s�y�s�t�e�m�s� �m�a�d�e� �t�h�e�m� �a�n� �i�m�p�r�a�c�t�i�c�a�l� �c�h�o�i�c�e�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �t�y�p�e�s� �o�f� �m�i�c�r�o�c�o�m�p�u�t�e�r�s� �w�e�r�e� 

�a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �l�a�n�g�u�a�g�e� �d�e�v�e�l�o�p�e�r�;� 

�1�.� �I�B�M� �P�C� 

�Z�z�.� �T�R�S� �8�0� �-� �M�o�d�e�l� �I�I� 

�3�.� �A�p�p�l�e� �I�I� �P�L�U�S� 

�T�h�e� �u�s�e� �o�f� �t�h�e�s�e� �s�m�a�l�l�e�r� �c�o�m�p�u�t�e�r�s� �a�t� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� 

�l�e�v�e�l� �w�i�t�h�i�n� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �i�s� 

�i�n�c�r�e�a�s�i�n�g�.� �T�h�e�y� �a�r�e� �c�u�r�r�e�n�t�l�y� �u�t�i�l�i�z�e�d� �p�r�i�m�a�r�i�l�y� �f�o�r� �d�a�t�a� 

�a�c�c�u�m�u�l�a�t�i�o�n� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �f�u�n�c�t�i�o�n�s�,� �a�n�d� �i�n�f�r�e�q�u�e�n�t�l�y� �f�o�r� 

�s�y�s�t�e�m� �c�o�n�t�r�o�l� �o�r� �a�n�a�l�y�s�i�s�.� �B�u�t�,� �t�h�e�s�e� �s�m�a�l�l� �c�o�m�p�u�t�e�r�s� �h�a�v�e� 

�c�a�p�a�b�i�l�i�t�i�e�s� �f�a�r� �b�e�y�o�n�d� �t�h�e�i�r� �c�u�r�r�e�n�t� �u�s�e�s�.� 

�O�n�e� �r�e�a�s�o�n� �f�o�r� �l�i�m�i�t�e�d� �o�p�e�r�a�t�i�o�n�a�l� �l�e�v�e�l� �u�s�a�g�e� �i�s� �t�h�a�t� 

�t�h�e�y� �a�r�e� �b�e�i�n�g� �s�l�o�w�l�y� �i�n�t�r�o�d�u�c�e�d� �t�o� �t�h�e�s�e� �s�y�s�t�e�m�s�.� �T�h�e� 

�i�n�t�e�n�t� �o�f� �t�h�e� �s�l�o�w� �i�n�t�r�o�d�u�c�t�i�o�n� �i�s� �t�o� �m�i�n�i�m�i�z�e� �s�y�s�t�e�m� 

�d�i�f�f�i�c�u�l�t�i�e�s� �w�h�i�c�h� �a�r�o�s�e� �w�i�t�h� �t�h�e�i�r� �i�n�t�e�g�r�a�t�i�o�n� �[�1�6�]�.� 

�A�n�o�t�h�e�r� �r�e�a�s�o�n� �i�s� �t�h�a�t� �t�h�e� �a�v�a�i�l�a�b�l�e� �s�o�f�t�w�a�r�e� �i�s� �n�o�t� 

�c�o�n�s�i�d�e�r�e�d� �s�u�i�t�a�b�l�e�,� �e�i�t�h�e�r� �f�r�o�m� �a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�a�l� �o�r� 

�c�a�p�a�b�i�l�i�t�y� �a�s�p�e�c�t�.� �I�t� �m�a�y� �r�e�q�u�i�r�e� �m�o�r�e� �t�r�a�i�n�i�n�g� �t�i�m�e� �a�n�d� 

�e�f�f�o�r�t� �t�h�a�n� �i�s� �d�e�s�i�r�e�d� �t�o� �i�n�v�e�s�t� �i�n� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �u�s�e�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �u�s�e� �a�r�e� �o�f�t�e�n� 

�o�u�t�w�e�i�g�h�e�d� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �t�i�m�e� �a�n�d� �e�f�f�o�r�t� �r�e�q�u�i�r�e�d� �f�o�r� 

�s�u�c�c�e�s�s�f�u�l� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s�.



�5�8� 

�D�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�i�n�g� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �m�i�c�r�o�c�o�m�p�u�t�e�r�s� �a�t� 

�t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �l�e�v�e�l� �w�i�t�h�i�n� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�s�y�s�t�e�m�s�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �w�a�s� �d�e�s�i�g�n�e�d� �s�o� �t�h�a�t� �i�t� �i�s� 

�s�u�i�t�a�b�l�e� �f�o�r� �u�s�e� �o�n� �t�h�e� �I�B�M� �P�C� �a�s� �w�e�l�l� �a�s� �o�n� �m�a�i�n�f�r�a�m�e� 

�d�i�g�i�t�a�l� �c�o�m�p�u�t�e�r�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �a�n�d� �u�s�e� �o�f� 

�I�B�M� �P�C�'�s� �w�i�t�h�i�n� �t�h�e� �r�e�s�e�a�r�c�h� �e�n�v�i�r�o�n�m�e�n�t� �h�a�s� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�u�m�e�r�o�u�s� �u�s�e�r� �g�r�o�u�p�s� �a�n�d� �o�t�h�e�r� �t�y�p�e�s� �o�f� 

�a�s�s�i�s�t�a�n�c�e� �o�r�g�a�n�i�z�a�t�i�o�n�s�.� �T�h�e�s�e� �a�r�e� �t�h�e� �p�r�i�m�a�r�y� �r�e�a�s�o�n�s� �f�o�r� 

�i�t�s� �s�e�l�e�c�t�i�o�n�.� 

�3�.�3�.�2� �C�o�m�p�u�t�e�r� �S�o�f�t�w�a�r�e� �S�e�l�e�c�t�i�o�n� 
� � 

�S�i�x� �l�a�n�g�u�a�g�e�s� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �s�e�l�e�c�t�e�d� �a�s� �b�e�i�n�g� �s�u�i�t�a�b�l�e� 

�f�o�r� �u�s�e� �i�n� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�r�e�e� �l�a�n�g�u�a�g�e�s� �w�e�r�e� �t�h�i�r�d� 

�l�e�v�e�l� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s�;� �C�,� �F�O�R�T�H�,� �a�n�d� �F�O�R�T�R�A�N�.� �T�h�e� 

�r�e�m�a�i�n�i�n�g� �t�h�r�e�e� �w�e�r�e� �f�o�u�r�t�h� �l�e�v�e�l�,� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�;� 

�G�P�S�S�,� �S�I�M�A�N�,� �a�n�d� �S�L�A�M�.� �T�h�i�s� �s�e�c�t�i�o�n� �d�e�t�a�i�l�s� �t�h�e� �f�i�n�a�l� 

�l�a�n�g�u�a�g�e� �s�e�l�e�c�t�i�o�n� �p�r�o�c�e�s�s� �r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �u�s�e� �o�f� �C� �a�n�d� 

�S�I�M�A�N� �f�o�r� �r�e�s�e�a�r�c�h� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �p�u�r�p�o�s�e�s�.� 

�I�t� �i�s� �k�n�o�w�n� �t�h�a�t� �e�a�c�h� �o�f� �t�h�e� �s�i�x� �l�a�n�g�u�a�g�e�s� �a�r�e� �s�u�i�t�a�b�l�e� 

�w�i�t�h� �r�e�g�a�r�d� �t�o� �p�r�o�g�r�a�m�m�i�n�g� �c�a�p�a�b�i�l�i�t�y�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�s�e� 

�s�e�l�e�c�t�i�o�n� �c�r�i�t�e�r�i�a� �e�m�p�h�a�s�i�z�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�d� �p�e�r�s�o�n�a�l� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �E�a�c�h� �l�a�n�g�u�a�g�e� �w�a�s� �e�v�a�l�u�a�t�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 

�t�h�e� �c�r�i�t�e�r�i�a�,� �a�n�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e� �e�v�a�l�u�a�t�i�o�n�,� �s�e�l�e�c�t�i�o�n� 

�w�a�s� �m�a�d�e�.



�5�9� 

�3�.�3�.�2�.�1� �A�v�a�i�l�a�b�i�l�i�t�y� 

�T�h�e� �f�i�r�s�t� �c�r�i�t�e�r�i�o�n� �r�e�f�e�r�s� �t�o� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�l�a�n�g�u�a�g�e� �w�i�t�h�i�n� �t�h�e� �r�e�s�e�a�r�c�h� �e�n�v�i�r�o�n�m�e�n�t�.� �F�O�R�T�R�A�N�,� �S�L�A�M�,� 

�a�n�d� �S�I�M�A�N� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �V�i�r�g�i�n�i�a� �T�e�c�h�.� �T�h�e� 

�r�e�m�a�i�n�i�n�g� �l�a�n�g�u�a�g�e�s� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �t�h�e�i�r� 

�r�e�s�p�e�c�t�i�v�e� �m�a�r�k�e�t�i�n�g� �f�i�r�m�.� 

�T�h�e� �l�a�n�g�u�a�g�e� �p�u�r�c�h�a�s�e� �c�o�s�t�s� �w�e�r�e� �m�i�n�i�m�a�l� �a�n�d� �d�i�d� �n�o�t� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �d�e�c�i�s�i�o�n�.� �H�o�w�e�v�e�r�,� �p�a�t�e�n�t� �a�n�d� �c�o�p�y�r�i�g�h�t� 

�i�s�s�u�e�s� �a�r�i�s�e� �w�h�e�n� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �p�o�s�s�i�b�l�e� �s�o�f�t�w�a�r�e� 

�m�a�r�k�e�t�i�n�g�.� �T�h�i�s� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �t�r�u�e� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e�s� �a�s� �t�h�e� �s�o�f�t�w�a�r�e� �r�e�q�u�i�r�e�s� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �c�o�m�p�i�l�e�r� 

�f�o�r� �e�x�e�c�u�t�i�o�n�.� �C�o�m�m�u�n�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �s�o�f�t�w�a�r�e� 

�d�e�a�l�e�r�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�i�s� �p�r�o�b�l�e�m� �c�a�n� �b�e� �r�e�s�o�l�v�e�d� �t�o� �t�h�e� 

�s�a�t�i�s�f�a�c�t�i�o�n� �o�f� �a�l�l� �i�n�v�o�l�v�e�d� �p�a�r�t�i�e�s�.� 

�3�.�3�.�2�.�2� �H�a�r�d�w�a�r�e� �S�u�i�t�a�b�i�l�i�t�y� 

�I�t� �h�a�s� �b�e�e�n� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �s�o�f�t�w�a�r�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �o�n� �t�h�e� 

�I�B�M� �P�C� �f�o�r� �u�s�e� �o�n� �a�l�l� �c�o�m�p�a�t�i�b�l�e� �d�i�g�i�t�a�l� �c�o�m�p�u�t�e�r� �t�y�p�e�s�.� �O�f� 

�t�h�e� �e�i�x� �l�a�n�g�u�a�g�e�s�,� �o�n�l�y� �C�,� �F�O�R�T�H�,� �a�n�d� �S�I�M�A�N� �w�e�r�e� �d�e�v�e�l�o�p�e�d� 

�f�o�r� �f�u�l�l� �f�u�n�c�t�i�o�n�a�l� �u�s�e� �o�n� �a�n� �I�B�M� �P�C�.� �G�P�S�S�,� �S�L�A�M�,� �a�n�d� 

�F�O�R�T�R�A�N� �w�e�r�e� �o�r�i�g�i�n�a�l�l�y� �i�n�t�e�n�d�e�d� �f�o�r� �m�a�i�n�f�r�a�m�e� �c�o�m�p�u�t�e�r� �u�s�e� 

�a�n�d� �a�r�e� �n�o�w� �m�a�r�k�e�t�e�d� �i�n� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n�s� �f�o�r� �P�C� �u�s�e� �[�1�5�]�.� 

�P�a�r�t�i�c�u�l�a�r�l�y� �f�o�r� �G�P�S�S� �a�n�d� �S�L�A�M�,� �d�i�f�f�i�c�u�l�t�i�e�s� �a�r�e� �a�p�p�a�r�e�n�t� 

�r�e�g�a�r�d�i�n�g� �t�h�e� �l�a�n�g�u�a�g�e� �l�i�m�i�t�a�t�i�o�n�s� �w�h�i�c�h� �a�p�p�e�a�r� �i�n� �t�h�e� �n�e�w�e�r



�6�0� 

�v�e�r�s�i�o�n�s�.� �T�h�e�y� �r�a�n�g�e� �f�r�o�m� �s�t�o�r�a�g�e� �r�e�q�u�i�r�e�m�e�n�t� �d�i�f�f�i�c�u�l�t�i�e�s� 

�t�o� �a�c�t�u�a�l� �l�o�s�s� �o�f� �o�r�i�g�i�n�a�l� �l�a�n�g�u�a�g�e� �c�a�p�a�b�i�l�i�t�y�.� �F�O�R�T�R�A�N� 

�d�o�e�s� �n�o�t� �s�u�f�f�e�r� �t�o� �t�h�e� �e�x�t�e�n�t� �t�h�a�t� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s� 

�d�o�.� 

�3�.�3�.�2�.�3� �S�i�m�u�l�a�t�i�o�n� �S�o�f�t�w�a�r�e� �S�t�r�u�c�t�u�r�e� 

�T�h�e�r�e� �a�r�e� �m�a�n�y� �a�s�p�e�c�t�s� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �s�t�r�u�c�t�u�r�e� �w�h�i�c�h� 

�w�e�r�e� �u�s�e�d� �a�s� �c�r�i�t�e�r�i�o�n� �f�o�r� �l�a�n�g�u�a�g�e� �s�e�l�e�c�t�i�o�n�.� �I�t� �h�a�s� �b�e�e�n� 

�s�t�a�t�e�d� �i�n� �S�e�c�t�i�o�n� �1�.�2�.�1� �t�h�a�t� �b�u�l�k� �m�a�t�e�r�i�a�l�s� �a�r�e� �o�f�t�e�n� 

�r�e�g�a�r�d�e�d� �a�s� �c�o�n�t�i�n�u�o�u�s� �s�y�s�t�e�m� �e�n�t�i�t�i�e�s�.� �O�f� �t�h�e� �t�h�r�e�e� 

�S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�,� �b�o�t�h� �S�L�A�M� �a�n�d� �S�I�M�A�N� �h�a�v�e� �c�o�n�t�i�n�u�o�u�s� 

�m�o�d�e�l�i�n�g� �f�a�c�i�l�i�t�i�e�s�.� �G�P�S�S� �r�e�p�r�e�s�e�n�t�s� �c�o�n�t�i�n�u�o�u�s� �m�o�d�e�l�s� �o�e� �a�a� 

�u�s�i�n�g� �F�O�R�T�R�A�N�,� �i�t�s� �b�a�s�e� �l�a�n�g�u�a�g�e�,� �f�o�r� �p�r�o�g�r�a�m�m�i�n�g�.� �I�t� 
�A�r�a�n�n� �A� �C�C�R�C� �M�O� �t�a�r�s� �e�m� 

� � 

�t�h�e�r�e�f�o�r�e� �r�e�q�u�i�r�e�s� �a�d�d�i�t�i�o�n�a�l� �p�r�o�g�r�a�m�m�i�n�g� �e�f�f�o�r�t� �c�o�m�p�a�r�a�b�l�e� 

�t�o� �t�h�a�t� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �t�h�r�e�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s�.� 

�T�h�e� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �s�i�m�u�l�a�t�i�o�n� �d�a�t�a� �c�r�e�a�t�e�d� �a�n�d� 

�m�a�n�i�p�u�l�a�t�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h� �s�o�f�t�w�a�r�e� �i�s� �f�a�c�i�l�i�t�a�t�e�d� �b�y� 

�l�i�n�k�e�d� �l�i�s�t� �p�r�o�g�r�a�m�m�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� �E�a�c�h� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e�s� �u�t�i�l�i�z�e� �l�i�n�k�e�d� �l�i�s�t�s� �f�o�r� �d�a�t�a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� 

�H�o�w�e�v�e�r�,� �o�f� �t�h�e� �t�h�r�e�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s�,� �C� �o�f�f�e�r�s� �t�h�e� 

�m�o�s�t� �c�o�m�p�l�e�t�e� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �e�a�s�i�l�y� �a�n�d� �e�f�f�i�c�i�e�n�t�l�y� �c�r�e�a�t�i�n�g� 

�t�h�e� �r�e�q�u�i�r�e�d� �d�a�t�a� �s�t�r�u�c�t�u�r�e�s�.
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�3�.�3�.�2�.�4� �s�o�f�t�w�a�r�e� �P�u�r�p�o�s�e� 

�P�e�r�h�a�p�s� �t�h�e� �m�o�s�t� �i�n�f�l�u�e�n�t�i�a�l� �l�a�n�g�u�a�g�e� �s�e�l�e�c�t�i�o�n� �c�r�i�t�e�r�i�o�n� 

�w�a�s� �p�r�o�v�i�d�e�d� �b�y� �e�x�a�m�i�n�i�n�g� �t�h�e� �p�r�o�b�l�e�m� �w�h�i�c�h� �t�h�e� �s�o�f�t�w�a�r�e� 

�a�d�d�r�e�s�s�e�s�.� �T�h�e� �s�o�f�t�w�a�r�e� �i�s� �a� �p�r�o�g�r�a�m�m�i�n�g� �a�i�d�,� �p�e�r�m�i�t�t�i�n�g� 

�S�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �t�o� �b�e� �c�r�e�a�t�e�d� �w�i�t�h�o�u�t� �p�r�i�o�r� �s�i�m�u�l�a�t�i�o�n� 

�k�n�o�w�l�e�d�g�e� �o�r� �e�x�p�e�r�i�e�n�c�e�.� �T�h�e� �e�m�p�h�a�s�i�s� �i�s� �p�l�a�c�e�d� �o�n� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� �w�h�i�c�h� �i�s� �i�n�t�e�r�n�a�l�l�y� 

�u�s�e�d� �b�y� �t�h�e� �s�o�f�t�w�a�r�e� �t�o� �c�r�e�a�t�e� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�.� �T�h�e� 

�S�i�m�u�l�a�t�i�o�n� �i�s� �e�x�e�c�u�t�e�d�,� �a�l�s�o� �i�n�t�e�r�n�a�l�l�y�,� �a�n�d� �e�m�p�h�a�s�i�s� �i�s� 

�p�l�a�c�e�d� �o�n� �a�n� �i�n�t�e�r�n�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�s� �b�a�c�k� 

�i�n�t�o� �o�r�i�g�i�n�a�l� �s�y�s�t�e�m� �t�e�r�m�i�n�o�l�o�g�y�.� �I�t� �i�s� �t�h�e�r�e�f�o�r�e� �a�p�p�a�r�e�n�t� 

�t�h�a�t� �t�h�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�a�l� �a�b�i�l�i�t�i�e�s� �o�f� �c�u�r�r�e�n�t�l�y� �u�t�i�l�i�z�e�d� 

�s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s� �a�r�e� �n�o�t� �t�h�e� �d�i�f�f�i�c�u�l�t�y�.� �T�h�e� �p�r�o�b�l�e�m� �i�s� 

�t�h�e�i�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�b�i�l�i�t�i�e�s�.� 

�T�h�e� �d�i�s�t�i�n�c�t�i�o�n� �m�a�d�e� �i�s� �t�h�e�r�e�f�o�r�e� �b�e�t�w�e�e�n� �c�r�e�a�t�i�n�g� �a� 

�S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�,� �a�n�d� �c�r�e�a�t�i�n�g� �s�o�f�t�w�a�r�e� �t�o� �f�a�c�i�l�i�t�a�t�e� �u�s�e� 

�o�f� �a�n� �e�x�i�s�t�i�n�g� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�.� �I�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� 

�t�h�e� �s�e�c�o�n�d� �o�f� �t�h�e� �t�w�o� �o�p�t�i�o�n�s� �w�a�s� �t�h�e� �i�m�p�o�r�t�a�n�t� �i�s�s�u�e�.� �O�n� 

�t�h�a�t� �b�a�s�i�s�,� �i�t� �w�a�s� �a�d�v�a�n�t�a�g�e�o�u�s� �t�o� �s�e�l�e�c�t� �a� �s�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t�a�l� �u�s�e�,� �t�h�e�r�e�b�y� �p�r�o�v�i�d�i�n�g� �t�h�e� 

�n�e�c�e�s�s�a�r�y� �p�r�o�g�r�a�m�m�i�n�g� �f�e�a�t�u�r�e�s� �w�h�i�c�h� �a�r�e� �o�u�t�s�i�d�e� �t�h�e� �s�c�o�p�e� 

�o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 

�O�f� �t�h�e� �t�h�r�e�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�,� �S�I�M�A�N� �i�s� �t�h�e� �m�o�s�t� 

�s�u�i�t�a�b�l�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �s�t�a�t�e�d� �s�e�l�e�c�t�i�o�n� �c�r�i�t�e�r�i�a� �[�5�3�]�.
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�I�t� �i�s� �a� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �w�h�i�c�h� �i�s� �f�u�l�l�y� �f�u�n�c�t�i�o�n�a�l� �o�n� �t�h�e� 
�_�e�e�e�t�e�n�e�t�e�n�t�e�n�t�n�n�c�e�n�t�n�a�n�t� �e�n�n�a�i� �s�n�a� �a�t� �a� 

�o�O� 

�T�B�M� �P�C� �w�i�t�h� �3� �3�2�0�k� �_�m�e�m�o�r�y� �|� �a�n�d� �o�n� �o�t�h�e�r� �d�i�g�i�t�a�l� �c�o�m�p�u�t�e�r� �t�y�p�e�s�.� 

�S�I�M�A�N� �o�f�f�e�r�s� �d�i�s�c�r�e�t�e�,� �c�o�n�t�i�n�u�o�u�s�,� �a�n�d� �c�o�m�b�i�n�e�d� 

�d�i�s�c�r�e�t�e�/�c�o�n�t�i�n�u�o�u�s� �m�o�d�e�l�i�n�g� �f�a�c�i�l�i�t�i�e�s�,� �a�n�d� �p�r�o�v�i�d�e�s� �t�h�e� 

�r�e�q�u�i�r�e�d� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�m�i�n�g� �t�e�c�h�n�i�q�u�e�s� �i�n� �a�n� �a�c�c�e�p�t�a�b�l�e� 

�m�a�n�n�e�r�.� �T�h�e� �p�r�i�m�a�r�y� �d�i�s�a�d�v�a�n�t�a�g�e� �w�i�t�h� �S�L�A�M� �a�n�d� �G�P�S�S� �a�r�e� �t�h�e� 

�d�i�f�f�i�c�u�l�t�i�e�s� �e�n�c�o�u�n�t�e�r�e�d� �w�i�t�h� �t�h�e�i�r� �m�o�d�e�l�i�n�g� �o�r�i�e�n�t�a�t�i�o�n�s� 

�a�n�d� �I�B�M� �P�C� �u�s�a�g�e�.� 

�S�e�l�e�c�t�i�n�g� �S�I�M�A�N� �s�o�l�v�e�d� �o�n�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�p�r�o�b�l�e�m�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �a�s�p�e�c�t�s�.� �I�t� �n�o�w� �r�e�m�a�i�n�e�d� �t�o� �s�e�l�e�c�t� 

�t�h�e� �l�a�n�g�u�a�g�e� �u�s�e�d� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e� �a�n�d� �t�h�e� �o�p�e�r�a�t�o�r�.� �S�I�M�A�N�,� �a�n�d� �t�h�e� �o�t�h�e�r� �s�i�m�u�l�a�t�i�o�n� 
�F�e�r�r�y� �b�e�e�s� �e�e�e� 

�l�a�n�g�u�a�g�e�s�,� �c�a�n�n�o�t� �b�e� �u�t�i�l�i�z�e�d� �f�o�r� �_�m�e�n�u�_� �c�o�n�s�t�r�u�c�t�i�o�n� �_� �a�n�d� 

�o�t�h�e�r� �s�p�e�c�i�f�i�e�d� �c�o�m�m�u�n�i�c�a� �t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s�.� �I�n�s�t�e�a�d�,� �t�h�e�i�r� 
�b�a�s�e� �l�a�n�g�u�a�g�e�,� �F�O�R�T�R�A�N� �_� �i�n� �e�a�c�h� �c�a�s�e�,� �m�a�y� �b�e� �u�s�e�d� �t�o� �c�r�e�a�t�e� 

�t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�s� �w�h�i�c�h� �a�r�e� �t�h�e�n� �i�n�t�e�r�f�a�c�e�d� �w�i�t�h� 

�t�h�e� �s�i�m�u�l�a�t�i�o�n� �L�a�n�g�u�a�g�e�.� �F�r�o�m� �t�h�e� �u�s�e�r� �p�e�r�s�p�e�c�t�i�v�e�,� �i�t� 

�w�o�u�l�d� �b�e� �e�c�o�n�o�m�i�c�a�l� �f�o�r� �F�O�R�T�R�A�N� �t�o� �b�e� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� 

�F�O�R�T�R�A�N� �c�o�m�p�i�l�e�r�.� �F�O�R�T�R�A�N�,� �h�o�w�e�v�e�r�,� �i�s� �n�o�t� �t�h�e� �m�o�s�t� 

�s�u�i�t�a�b�l�e� �c�h�o�i�c�e� �w�i�t�h� �r�e�g�a�r�d� �t�o� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t�.� 

�O�f� �t�h�e� �t�h�r�e�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s� �c�o�n�s�i�d�e�r�e�d�,� �C� �i�s� �t�h�e� 

�m�o�s�t� �s�u�i�t�a�b�l�e�.� �I�t�s� �p�r�i�m�a�r�y� �a�d�v�a�n�t�a�g�e�s� �a�r�e� �t�h�e� �f�a�c�i�l�i�t�i�e�s� 

�f�o�r� �h�i�g�h�l�y� �s�t�r�u�c�t�u�r�e�d� �d�a�t�a� �t�y�p�e�s� �a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n



�6�3� 

�c�a�p�a�b�i�l�i�t�i�e�s�.� �B�o�t�h� �F�O�R�T�R�A�N� �a�n�d� �F�O�R�T�H� �r�e�q�u�i�r�e� �a� 

�s�u�b�s�t�a�n�t�i�a�l�l�y� �g�r�e�a�t�e�r� �p�r�o�g�r�a�m�m�i�n�g� �e�f�f�o�r�t� �f�o�r� �s�i�m�i�l�a�r� �p�r�o�g�r�a�m� 

�f�u�n�c�t�i�o�n�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �C� �i�s� �a� �h�i�g�h�l�y� �p�o�r�t�a�b�l�e� �l�a�n�g�u�a�g�e�,� 

�i�t�s� �c�o�m�p�i�l�e�r� �b�e�i�n�g� �w�r�i�t�t�e�n� �i�n� �C�.� 

�3�.�3�.�2�.�5� �F�u�t�u�r�e� �D�e�v�e�l�o�p�m�e�n�t� �P�l�a�n�s� 

�A�d�d�i�t�i�o�n�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �s�e�l�e�c�t�i�n�g� �C� �w�e�r�e� �f�u�t�u�r�e� 

�s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �p�l�a�n�s�.� �A�l�t�h�o�u�g�h� �t�h�i�s� �r�e�s�e�a�r�c�h� 

�d�e�v�e�l�o�p�e�d� �s�o�f�t�w�a�r�e� �t�o� �f�a�c�i�l�i�t�a�t�e� �u�s�e� �o�f� �a� �s�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e�,� �i�t� �i�s� �p�r�o�b�a�b�l�e� �t�h�a�t� �i�t� �w�i�l�l� �b�e� �e�x�t�e�n�d�e�d� �t�o� �d�e�v�e�l�o�p� 

�a�n� �a�c�t�u�a�l� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �f�o�r� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �T�h�i�s� �r�e�q�u�i�r�e�s� �t�h�e� �r�e�p�l�a�c�e�m�e�n�t� �o�f� 

�t�h�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �(�S�I�M�A�N�)� �w�i�t�h� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e� 

�u�s�e�,� �p�r�e�f�e�r�a�b�l�y� �t�h�e� �l�a�n�g�u�a�g�e� �i�n�i�t�i�a�l�l�y� �u�t�i�l�i�z�e�d� �f�o�r� 

�c�o�m�m�u�n�i�c�a�t�i�o�n� �p�u�r�p�o�s�e�s�.� �C� �i�s� �a�n� �i�d�e�a�l� �c�h�o�i�c�e� �f�o�r� �s�i�m�u�l�a�t�i�o�n� 

�l�a�n�g�u�a�g�e� �d�e�v�e�l�o�p�m�e�n�t� �d�u�e� �t�o� �i�t�s�.� �s�t�r�u�c�t�u�r�e�d� �p�r�o�g�r�a�m�m�i�n�g� 

�f�e�a�t�u�r�e�s� �a�n�d� �h�i�g�h�l�y� �s�t�r�u�c�t�u�r�e�d� �d�a�t�a� �t�y�p�e�s�.� 

�3�.�4� �T�H�E� �S�O�F�T�W�A�R�E� �S�T�R�U�C�T�U�R�E� 

�F�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�,� �i�t� �i�s� �n�o�t�e�d� �t�h�a�t� �t�h�e� �r�e�s�e�a�r�c�h� 

�p�u�r�p�o�s�e� �i�s� �n�o�t� �t�o� �d�e�v�e�l�o�p� �a� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �f�o�r� �a�n�a�l�y�s�i�s� 

�o�f� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �T�h�e� �p�r�o�b�l�e�m� 

�a�d�d�r�e�s�s�e�d� �i�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �m�o�d�e�l� �a�n�d� �t�h�e� �u�s�e�r�.� 

�S�e�v�e�r�a�l� �c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e� �S�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s� �a�r�e



�6�4� 

�S�u�i�t�a�b�l�e� �f�o�r� �r�e�p�r�e�s�e�n�t�i�n�g� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�s�y�s�t�e�m� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s�.� �T�h�e� �d�i�f�f�i�c�u�l�t�y� �i�s� �t�h�a�t� �u�s�a�g�e� �o�f� 

�t�h�e�s�e� �l�a�n�g�u�a�g�e�s� �r�e�q�u�i�r�e�s� �k�n�o�w�l�e�d�g�e� �t�y�p�i�c�a�l�l�y� �n�o�t� �k�n�o�w�n� �a�t� 

�t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �l�e�v�e�l�.� �I�t� �i�s� �i�n�t�e�n�d�e�d� �t�h�a�t� �t�h�e� �p�r�o�p�o�s�e�d� 

�s�o�f�t�w�a�r�e� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �u�s�e�r�s� �i�n� �f�a�m�i�l�i�a�r� �t�e�r�m�i�n�o�l�o�g�y�,� 

�p�l�a�c�i�n�g� �s�i�m�u�l�a�t�i�o�n� �d�e�t�a�i�l�s� �w�i�t�h�i�n� �a� �b�l�a�c�k� �b�o�x�.� 

�S�e�c�t�i�o�n� �3�.�4� �d�e�t�a�i�l�s� �t�h�e� �s�o�f�t�w�a�r�e� �s�t�r�u�c�t�u�r�e�.� �S�e�c�t�i�o�n� 

�3�.�4�.�1� �d�i�s�c�u�s�s�e�s� �t�h�e� �t�e�r�m�i�n�o�l�o�g�y� �u�t�i�l�i�z�e�d� �b�y� �t�h�e� �s�o�f�t�w�a�r�e�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �i�n�p�u�t� �i�n�t�e�r�f�a�c�e�,� �S�I�M�A�N� �c�o�d�e� �g�e�n�e�r�a�t�o�r�,� �a�n�d� 

�o�u�t�p�u�t� �i�n�t�e�r�f�a�c�e� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n�s� �3�.�4�.�2�-�3�.�4�.�4�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�3�.�4�.�1� �T�e�r�m�i�n�o�l�o�g�y� 

�I�t� �i�s� �k�n�o�w�n� �t�h�a�t� �u�s�e� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �r�e�q�u�i�r�e�s� 

�t�h�e� �u�s�e�r� �t�o� �b�e�c�o�m�e� �f�a�m�i�l�i�a�r� �w�i�t�h� �s�o�m�e� �s�o�f�t�w�a�r�e� �a�s�p�e�c�t�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �t�e�r�m�i�n�o�l�o�g�y� �u�t�i�l�i�z�e�d� �f�o�r� �s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n� �i�s� 

�r�e�a�d�i�l�y� �f�a�m�i�l�i�a�r� �t�o� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�  ��s�y�s�t�e�m� 

�o�p�e�r�a�t�o�r�s�.� �T�a�b�l�e� �6� �p�r�o�v�i�d�e�s� �e�x�a�m�p�l�e�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� 

�d�e�s�c�r�i�p�t�i�v�e� �w�o�r�d�s� �w�h�i�c�h� �p�r�o�v�i�d�e� �a� �m�e�a�n�s� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�e� �s�o�f�t�w�a�r�e� �a�n�d� �t�h�e� �u�s�e�r�.� �T�h�e�y� �a�r�e� �u�t�i�l�i�z�e�d� �f�o�r� 

�b�o�t�h� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �d�a�t�a� �d�e�s�c�r�i�p�t�i�o�n�.� �I�t� �i�s� �n�o�t�e�d� �t�h�a�t� 

�t�h�e� �f�a�m�i�l�i�a�r� �t�e�r�m�i�n�o�l�o�g�y� �r�e�q�u�i�r�e�m�e�n�t� �i�n�c�l�u�d�e�s� �n�o�t� �o�n�l�y� 

�s�y�s�t�e�m� �p�h�y�s�i�c�a�l� �a�s�p�e�c�t�s�,� �b�u�t� �a�l�s�o� �t�h�e� �d�e�s�c�r�i�p�t�i�v�e� �u�n�i�t�s� �f�o�r� 

�t�i�m�e�,� �r�a�t�e�s�,� �a�n�d� �q�u�a�n�t�i�t�i�e�s�.



�T�I�M�E� 
�m�i�n�u�t�e�s� 
�h�o�u�r�s� 
�d�a�y�s� 

�6�5� 

�T�A�B�L�E� �6� 

�S�o�f�t�w�a�r�e� �T�e�r�m�i�n�o�l�o�g�y� 

�R�A�T�E� 
�t�o�n�s�/�h�o�u�r� 
�f�e�e�t�/�s�e�c�o�n�d� 
�m�i�l�e�s�/�h�o�u�r� 
�g�a�l�l�o�n�s�/�d�a�y� 
�y�a�r�d�s� 
�c�a�r�l�o�a�d�s� 
�c�a�p�a�c�i�t�i�e�s� 

� � 

�Q�U�A�N�T�I�T�I�E�S� 
�t�o�n�s� 
�g�a�l�l�o�n�s� 
�m�i�l�e�s� 
�f�e�e�t� 
�t�r�u�c�k�s� 

�G�E�N�E�R�A�L� 
�r�a�i�l�c�a�r�s� 
�b�a�r�g�e�s� 
�s�h�i�p�s� 
�h�o�l�d�s
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�3�.�4�.�2� �I�n�p�u�t� �I�n�t�e�r�f�a�c�e� 
� � 

�T�h�e�r�e� �a�r�e� �t�h�r�e�e� �p�r�i�m�a�r�y� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �s�o�f�t�w�a�r�e�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �s�e�p�a�r�a�t�e� �p�r�o�g�r�a�m�m�i�n�g� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �T�h�e� �f�i�r�s�t� 

�o�f� �t�h�e�s�e� �i�s� �t�h�e� �s�o�f�t�w�a�r�e� �i�n�p�u�t� �i�n�t�e�r�f�a�c�e�.� �C�h�a�p�t�e�r� �4� 

�p�r�o�v�i�d�e�s� �a� �c�o�m�p�l�e�t�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �a�l�l� �t�h�e� �s�o�f�t�w�a�r�e� �i�n�p�u�t� 

�s�c�r�e�e�n�s�,� �t�h�e�r�e�f�o�r�e� �m�i�n�i�m�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �p�r�o�v�i�d�e�d� �h�e�r�e�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �i�n�p�u�t� �i�n�t�e�r�f�a�c�e� �p�r�e�s�e�n�t�s� �q�u�e�s�t�i�o�n�s� �t�o� �t�h�e� 

�u�s�e�r� �r�e�q�u�i�r�i�n�g� �s�p�e�c�i�f�i�c�.� �a�n�s�w�e�r�.�.�.�t�y�p�e�s�.� �I�t� �c�o�n�s�i�s�t�s� �o�f� �a� 

�s�e�r�i�e�s� �o�f� �"�s�c�r�e�e�n�s�"�,� �e�a�c�h� �e�i�t�h�e�r� �p�r�o�v�i�d�i�n�g� �o�r� �r�e�q�u�e�s�t�i�n�g� 

�i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �s�o�f�t�w�a�r�e� �u�s�e�.� �T�h�e� �s�c�r�e�e�n�s� �a�r�e� 

�a�s�s�e�m�b�l�e�d� �a�s� �a� �t�r�e�e� �s�t�r�u�c�t�u�r�e�,� �s�o� �t�h�a�t� �b�r�a�n�c�h�i�n�g� �m�a�y� �o�c�c�u�r� 

�b�a�s�e�d� �o�n� �u�s�e�r� �r�e�s�p�o�n�s�e�s�.� �T�h�e� �q�u�e�s�t�i�o�n�s� �b�e�g�i�n� �g�e�n�e�r�a�l�l�y�,� 

�g�r�a�d�u�a�l�l�y�.� �b�e�c�o�m�e� �m�o�r�e� �s�p�e�c�i�f�i�c�,� �a�n�d� �r�e�s�u�l�t� �i�n� �p�r�o�v�i�d�i�n�g� �a� 

�d�e�t�a�i�l�e�d� �s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n�.� �F�i�g�u�r�e� �2� �s�h�o�w�s� �t�h�e� �t�r�e�e� 

�s�t�r�u�c�t�u�r�e� �o�f� �t�h�e�s�e� �i�n�p�u�t� �s�c�r�e�e�n�s�,� �u�t�i�l�i�z�i�n�g� �t�h�e� �s�c�r�e�e�n� 

�l�a�b�e�l�i�n�g� �c�o�n�v�e�n�t�i�o�n� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�2�.� �T�h�e� �r�e�s�p�o�n�s�e� 

�p�r�o�v�i�d�e�d� �t�o� �a� �g�i�v�e�n� �s�c�r�e�e�n� �r�e�s�u�l�t�s� �i�n� �b�r�a�n�c�h�i�n�g� �f�r�o�m� �t�h�a�t� 

�s�c�r�e�e�n� �t�o� �a�n�o�t�h�e�r�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �n�o�t� �a�l�l� �s�c�r�e�e�n� �l�a�b�e�l�s� �a�r�e� 

�s�p�e�c�i�f�i�c�a�l�l�y� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �d�i�a�g�r�a�m�.� �T�h�i�s� �i�s� �d�u�e� �t�o� 

�S�i�m�i�l�a�r�i�t�i�e�s� �i�n� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �v�a�r�i�o�u�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�m�o�d�e�s� �u�t�i�l�i�z�e�d�.� �T�h�e�s�e� �s�i�m�i�l�a�r�i�t�i�e�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� 

�4�,� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �a� �s�c�r�e�e�n� �b�y� �s�c�r�e�e�n� �s�o�f�t�w�a�r�e� �d�e�s�c�r�i�p�t�i�o�n�.
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�6�8� 

�T�h�e� �u�s�e�r� �i�s� �a�l�w�a�y�s� �i�n�f�o�r�m�e�d� �a�s� �t�o� �t�h�e� �t�y�p�e� �o�f� �r�e�s�p�o�n�s�e� 

�r�e�q�u�i�r�e�d�,� �w�h�e�t�h�e�r� �i�n�t�e�g�e�r�,� �r�e�a�l�,� �o�r� �c�h�a�r�a�c�t�e�r�.� �I�n�p�u�t� �o�f� �a�n� 

�i�n�c�o�r�r�e�c�t� �r�e�s�p�o�n�s�e� �t�y�p�e� �w�i�l�l� �c�a�u�s�e� �u�n�p�r�e�d�i�c�t�a�b�l�e� �p�r�o�b�l�e�m�s� 

�w�i�t�h� �s�o�f�t�w�a�r�e� �u�s�e�.� �T�h�e� �i�n�p�u�t� �i�n�f�o�r�m�a�t�i�o�n� �r�e�q�u�i�r�e�d� �f�o�r� 

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �f�o�r�m�u�l�a�t�i�o�n� �m�u�s�t� �b�e� �a�c�c�u�m�u�l�a�t�e�d� �p�r�i�o�r� �t�o� 

�s�o�f�t�w�a�r�e� �u�s�e�.� �T�h�e� �u�s�e�r� �r�e�s�p�o�n�s�e�s� �c�r�e�a�t�e� �t�h�e� �S�I�M�A�N� 

�s�i�m�u�l�a�t�i�o�n� �c�o�d�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �3�.�4�.�3�.� �T�h�e� �s�o�f�t�w�a�r�e� 

�p�e�r�m�i�t�s� �c�r�e�a�t�i�n�g� �m�u�l�t�i�p�l�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s�,� �h�o�w�e�v�e�r� �o�n�l�y� 

�o�n�e� �m�a�y� �b�e� �c�r�e�a�t�e�d� �a�t� �a� �t�i�m�e�.� �A�l�s�o�,� �e�a�c�h� �p�r�o�g�r�a�m� �m�u�s�t� �b�e� 

�g�i�v�e�n� �a� �d�i�s�t�i�n�c�t� �f�i�l�e�n�a�m�e� �f�o�r� �s�t�o�r�a�g�e� �p�u�r�p�o�s�e�s�.� 

�3�.�4�.�3� �S�I�M�A�N� �C�o�d�e� �G�e�n�e�r�a�t�o�r� 
� � 

�T�h�e� �s�e�c�o�n�d� �m�a�j�o�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �i�s� 

�t�h�e� �S�I�M�A�N� �c�o�d�e� �g�e�n�e�r�a�t�o�r�.� �T�h�e�r�e� �a�r�e� �f�o�u�r� �f�i�l�e�s� �c�r�e�a�t�e�d� �w�i�t�h� 

�e�a�c�h� �s�o�f�t�w�a�r�e� �u�s�e�.� �T�h�e� �f�i�l�e�n�a�m�e�s� �a�r�e� �u�s�e�r� �s�p�e�c�i�f�i�e�d�.� �T�h�e�y� 

�h�a�v�e� �f�i�l�e�t�y�p�e�s� �.�E�X�P�,� �.�M�O�D�,� �.�F�O�R�,� �a�n�d� �.�F�O�P�.� 

�T�h�e� �f�i�r�s�t� �t�w�o� �f�i�l�e�s�,� �.�E�X�P� �a�n�d� �.�M�O�D�,� �c�o�n�t�a�i�n� �t�h�e� �S�I�M�A�N� 

�e�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� �m�o�d�e�l� �p�r�o�g�r�a�m�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� 

�p�r�o�g�r�a�m�s� �c�o�n�s�i�s�t� �o�f� �S�I�M�A�N� �s�t�a�t�e�m�e�n�t�s� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� 

�c�o�n�f�i�g�u�r�e�d� �b�y� �t�h�e� �u�s�e�r� �i�n� �r�e�s�p�o�n�d�i�n�g� �t�o� �a� �s�o�f�t�w�a�r�e� �i�n�p�u�t� 

�q�u�e�r�y�.� �T�h�e� �u�s�e�r� �p�r�o�v�i�d�e�s� �t�h�e� �n�u�m�e�r�i�c� �v�a�l�u�e�s� �t�h�e�s�e� 

�s�t�a�t�e�m�e�n�t�s� �r�e�q�u�i�r�e�.� �T�h�e�y� �a�r�e� �s�y�n�t�a�c�t�i�c�a�l�l�y� �c�o�r�r�e�c�t� �a�n�d� �w�i�l�l� 

�e�x�e�c�u�t�e� �w�i�t�h�o�u�t� �a�l�t�e�r�a�t�i�o�n�,� �p�r�o�v�i�d�i�n�g� �s�t�a�t�i�s�t�i�c�a�l� �d�a�t�a� 

�r�e�g�a�r�d�i�n�g� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�.



�6�9� 

�T�h�e� �r�e�m�a�i�n�i�n�g� �t�w�o� �f�i�l�e�s�,� �.�F�O�R� �a�n�d� �.�F�O�P�,� �a�r�e� �a�l�s�o� �c�r�e�a�t�e�d�.� 

�T�h�e�y� �c�o�n�t�a�i�n� �n�u�m�e�r�i�c� �c�o�d�e�s� �f�o�r� �t�h�e� �o�u�t�p�u�t� �s�t�a�t�i�s�t�i�c�s� 

�g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �S�I�M�A�N� �p�r�o�g�r�a�m� �e�x�e�c�u�t�i�o�n�.� �T�h�e�s�e� �f�i�l�e�s� �a�r�e� 

�s�u�b�s�e�q�u�e�n�t�l�y� �c�a�l�l�e�d� �b�y� �t�h�e� �O�U�T�P�U�T�.�E�X�E� �p�r�o�g�r�a�m� �a�n�d� �f�a�c�i�l�i�t�a�t�e� 

�g�e�n�e�r�a�t�i�n�g� �t�h�e� �s�o�f�t�w�a�r�e� �o�u�t�p�u�t� �t�a�b�l�e�s�.� 

�T�h�e�s�e� �f�o�u�r� �s�o�f�t�w�a�r�e� �o�u�t�p�u�t� �f�i�l�e�s� �a�r�e� �w�r�i�t�t�e�n� �t�o� �a� 

�d�i�s�k�e�t�t�e� �a�s� �t�h�e�y� �a�r�e� �c�r�e�a�t�e�d�.� �T�h�e�y� �c�a�n� �t�h�e�r�e�f�o�r�e� �b�e� �e�d�i�t�e�d� 

�a�t� �a�n�y� �t�i�m�e� �d�u�r�i�n�g�,� �a�s� �w�e�l�l� �a�s� �a�f�t�e�r�,� �t�h�e�i�r� �d�e�v�e�l�o�p�m�e�n�t�.� 

�T�h�e� �.�F�O�R� �a�n�d� �.�F�O�P� �f�i�l�e�s� �s�h�o�u�l�d� �n�o�t� �b�e� �e�d�i�t�e�d� �a�s� �t�h�i�s� �w�i�l�l� 

�c�a�u�s�e� �d�i�f�f�i�c�u�l�t�i�e�s� �w�i�t�h� �t�h�e� �o�u�t�p�u�t� �r�e�p�o�r�t� �g�e�n�e�r�a�t�o�r�.� 

�3�.�4�.�4� �O�u�t�p�u�t� �I�n�t�e�r�f�a�c�e� 
� � 

�T�h�e� �o�u�t�p�u�t� �i�n�t�e�r�f�a�c�e� �i�s� �t�h�e� �t�h�i�r�d� �m�a�j�o�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� 

�s�o�f�t�w�a�r�e�.� �D�u�e� �t�o� �u�s�e� �o�f� �t�h�e� �S�I�M�A�N� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �f�o�r� 

�m�o�d�e�l� �d�e�s�c�r�i�p�t�i�o�n� �a�n�d� �e�x�e�c�u�t�i�o�n�,� �t�h�e� �s�o�f�t�w�a�r�e� �o�u�t�p�u�t� �c�a�n� 

�p�r�o�v�i�d�e� �o�n�l�y� �t�h�o�s�e� �s�t�a�t�i�s�t�i�c�s� �n�o�r�m�a�l�l�y� �p�r�o�v�i�d�e�d� �b�y� �S�I�M�A�N�.� 

�T�a�b�l�e� �7� �l�i�s�t�s� �t�h�e� �s�t�a�t�i�s�t�i�c�s� �g�e�n�e�r�a�t�e�d�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� 

�o�u�t�p�u�t� �i�n�t�e�r�f�a�c�e� �i�s� �t�o� �a�l�t�e�r� �t�h�e� �f�o�r�m�a�t� �o�f� �t�h�e� �n�o�r�m�a�l� �S�I�M�A�N� 

�o�u�t�p�u�t� �t�a�b�l�e�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �n�e�w� �f�o�r�m�a�t�,� �s�e�v�e�r�a�l� �o�f� �t�h�e� 

�n�u�m�e�r�i�c� �v�a�l�u�e�s� �a�r�e� �t�h�e�m�s�e�l�v�e�s� �a�l�t�e�r�e�d�.� �S�e�c�t�i�o�n� �4�.�5�.�6�.�2� 

�d�e�s�c�r�i�b�e�s� �t�h�e� �s�o�f�t�w�a�r�e� �o�u�t�p�u�t� �f�o�r�m� �a�n�d� �c�o�n�t�e�n�t�s� �i�n� �d�e�t�a�i�l�.
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�T�A�B�L�E� �7� 

�Q�u�t�p�u�t� �I�n�t�e�r�f�a�c�e� �S�t�a�t�i�s�t�i�c�s� 

�m�e�a�n� 

�m�a�x�i� �m�u�m� 

�m�i�n�i�m�u�m� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�a�n
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�3�.�5� �V�A�L�I�D�A�T�I�O�N� 

�W�h�e�n� �d�i�s�c�u�s�s�i�n�g� �s�o�f�t�w�a�r�e� �v�a�l�i�d�a�t�i�o�n�,� �t�w�o� �a�s�p�e�c�t�s� �m�u�s�t� �b�e� 

�c�o�n�s�i�d�e�r�e�d�.� �T�h�e� �f�i�r�s�t� �i�s� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� 

�i�t�s�e�l�f�,� �w�h�e�t�h�e�r� �i�t� �s�u�c�c�e�s�s�f�u�l�l�y� �s�a�t�i�s�f�i�e�s� �t�h�e� �o�r�i�g�i�n�a�l� 

�d�e�v�e�l�o�p�m�e�n�t� �g�o�a�l�s�.� �T�h�e� �s�e�c�o�n�d� �r�e�f�e�r�s� �t�o� �t�h�e� �m�o�d�e�l�s� 

�d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� �s�o�f�t�w�a�r�e�,� �w�h�e�t�h�e�r� �t�h�e�y� �a�r�e� �i�n� �t�h�e�m�s�e�l�v�e�s� 

�v�a�l�i�d� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s�.� 

�3�.�5�.�1� �S�o�f�t�w�a�r�e� �V�a�l�i�d�a�t�i�o�n� 
� � 

�S�o�f�t�w�a�r�e� �v�a�l�i�d�a�t�i�o�n� �i�s� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �w�h�e�t�h�e�r� �t�h�e� 

�s�o�f�t�w�a�r�e� �h�a�s� �a�c�h�i�e�v�e�d� �t�h�e� �p�u�r�p�o�s�e� �i�t� �w�a�s� �i�n�t�e�n�d�e�d� �t�o�.� 

�C�h�a�p�t�e�r� �5� �c�o�n�t�a�i�n�s� �a�n� �e�x�a�m�p�l�e� �o�f� �s�o�f�t�w�a�r�e� �a�p�p�l�i�c�a�t�i�o�n�.� �I�t� 

�s�h�o�w�s� �t�h�a�t� �t�h�e� �s�o�f�t�w�a�r�e� �d�o�e�s� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�b�u�l�k� �m�a�t�e�r�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�s� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s�.� �T�h�e� 

�u�s�e�r� �i�s� �n�o�t� �r�e�q�u�i�r�e�d� �t�o� �h�a�v�e� �a�n�y� �p�r�i�o�r� �k�n�o�w�l�e�d�g�e� �o�f� �e�i�t�h�e�r� 

�s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �o�r� �t�h�e� �S�I�M�A�N� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�.� �T�h�e� 

�m�o�d�e�l�s� �d�e�v�l�o�p�e�d� �a�r�e� �s�y�n�t�a�c�t�i�c�a�l�l�y� �c�o�r�r�e�c�t�,� �a�n�d� �p�r�o�v�i�d�e� 

�s�t�a�t�i�s�t�i�c�a�l� �o�u�t�p�u�t� �d�a�t�a� �w�h�e�n� �e�x�e�c�u�t�e�d�,� �d�e�s�c�r�i�b�i�n�g� �s�y�s�t�e�m� 

�b�e�h�a�v�i�o�r�.� 

�F�o�r� �t�h�e�s�e� �r�e�a�s�o�n�s�,� �i�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� �s�o�f�t�w�a�r�e� �i�s� �a� 

�s�o�l�u�t�i�o�n� �t�o� �t�h�e� �p�r�o�b�l�e�m� �o�f� �o�p�e�r�a�t�o�r� �p�e�r�f�o�r�m�a�n�c�e� �o�f� 

�S�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �e�x�e�c�u�t�i�o�n�.� �T�h�e�r�e� �a�r�e� 

�c�e�r�t�a�i�n� �a�s�p�e�c�t�s� �o�f� �s�o�f�t�w�a�r�e� �u�s�e� �w�h�i�c�h� �m�a�y� �b�e� �i�m�p�r�o�v�e�d� �u�p�o�n�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �a� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �p�r�o�b�l�e�m� �s�o�l�u�t�i�o�n�.� �T�h�e�s�e� 

�i�m�p�r�o�v�e�m�e�n�t�s� �a�r�e� �d�e�t�a�i�l�e�d� �i�n� �C�h�a�p�t�e�r� �6�.



�7�2� 

�3�.�5�.�2� �U�s�e�r� �P�r�o�g�r�a�m� �V�a�l�i�d�a�t�i�o�n� 

 ��U�s�e�r� �p�r�o�g�r�a�m� �v�a�l�i�d�a�t�i�o�n� �w�a�s� �n�o�t� �a�n� �i�s�s�u�e� �c�o�n�s�i�d�e�r�e�d� �b�y� 

�t�h�i�s� �r�e�s�e�a�r�c�h�.� �T�h�i�s� �r�e�f�e�r�s� �t�o� �t�h�e� �c�o�r�r�e�c�t�n�e�s�s� �o�f� �t�h�e� �m�o�d�e�l�s� 

�d�e�v�e�l�o�p�e�d� �b�y� �s�o�f�t�w�a�r�e� �u�s�e�r�s�,� �a�n�d� �w�i�l�l� �b�e� �a�d�d�r�e�s�s�e�d� �b�y� �f�u�t�u�r�e� 

�r�e�s�e�a�r�c�h�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �c�r�e�a�t�e�s� �a�n� �e�x�e�c�u�t�a�b�l�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m� �o�f� 

�w�h�a�t�e�v�e�r� �s�y�s�t�e�m� �i�s� �d�e�s�c�r�i�b�e�d�.� �I�t� �c�a�n�n�o�t� �m�a�k�e� �=� �a�n�y� 

�c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �w�h�a�t� �t�h�e� �u�s�e�r� �d�e�s�c�r�i�b�e�s� �a�n�d� �w�h�a�t� 

�a�c�t�u�a�l�l�y� �e�x�i�s�t�s�.� �T�h�i�s� �t�a�s�k� �i�s� �s�o�l�e�l�y� �t�h�e� �u�s�e�r�'�s� 

�r�e�s�p�o�n�s�i�b�i�l�i�t�y�.� �F�o�r� �t�h�e� �s�o�f�t�w�a�r�e� �t�o� �a�p�p�r�o�a�c�h� �t�h�i�s� �i�s�s�u�e�,� 

�t�h�e�r�e� �m�u�s�t� �e�x�i�s�t� �a� �m�e�c�h�a�n�i�s�m� �p�r�o�v�i�d�i�n�g� �i�t� �w�i�t�h� �a�n� �i�n�t�e�r�n�a�l� 

�s�c�h�e�m�a�t�i�c� �o�f� �t�h�e� �s�p�e�c�i�f�i�c� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�.� �T�h�i�s� �w�o�u�l�d� 

�t�h�e�n� �b�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �u�s�e�r� �d�e�s�c�r�i�b�e�d� �s�y�s�t�e�m�,� �a�n�d� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�(�s�)� �t�a�k�e�n�.� �T�h�i�s� �c�o�n�s�i�d�e�r�a�t�i�o�n� 

�i�s� �n�o�t� �w�i�t�h�i�n� �t�h�e� �o�r�i�g�i�n�a�l� �s�c�o�p�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 

�A�n�o�t�h�e�r� �u�s�e�r� �c�o�n�c�e�r�n� �i�s� �v�a�l�i�d�a�t�i�o�n� �o�f� �b�o�t�h� �i�n�p�u�t� �a�n�d� 

�o�u�t�p�u�t� �s�t�a�t�i�s�t�i�c�a�l� �d�a�t�a�.� �T�h�e�s�e� �a�r�e� �m�a�j�o�r� �r�e�s�e�a�r�c�h� �i�s�s�u�e�s� 

�t�h�e�m�s�e�l�v�e�s�,� �a�n�d� �a�r�e� �b�e�y�o�n�d� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �u�s�e�r� �m�u�s�t� �b�e� �a�w�a�r�e� �t�h�a�t� �t�h�e� �s�o�f�t�w�a�r�e� �a�i�d�s� �i�n� 

�d�e�v�e�l�o�p�i�n�g� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�.� �I�t� 

�e�x�e�c�u�t�e�s� �t�h�e� �m�o�d�e�l� �a�n�d� �p�r�o�v�i�d�e�s� �o�u�t�p�u�t�.� �T�h�e� �o�t�h�e�r� �p�h�a�s�e�s� �o�f� 

�t�h�e� �s�y�s�t�e�m�s� �a�n�a�l�y�s�i�s� �p�r�o�c�e�s�s�,� �a�s� �m�e�n�t�i�o�n�e�d� �i�n� �C�h�a�p�t�e�r� �1�,� �a�r�e� 

�n�o�t� �a�s� �y�e�t� �a�i�d�e�d� �b�y� �t�h�e� �s�o�f�t�w�a�r�e�.� �T�h�e� �u�s�e�r� �m�u�s�t� �b�e� �a�w�a�r�e� 

�t�h�a�t� �t�h�e� �o�t�h�e�r� �a�n�a�l�v�s�i�s� �p�h�a�s�e�s� �a�r�e� �e�q�u�a�l�l�y� �i�m�p�o�r�t�a�n�t� �t�o� �a� 

�s�u�c�c�e�s�s�f�u�l� �a�n�a�l�y�s�i�s�.



�7�3� 

�3�.�6� �S�U�M�M�A�R�Y�  �� 

�T�h�i�s� �c�h�a�p�t�e�r� �h�a�s� �p�r�o�v�i�d�e�d� �t�h�e� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� 

�t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e�.� �F�o�l�l�o�w�i�n�g� �a� �f�o�r�m�a�l� �s�t�a�t�e�m�e�n�t� �o�f� 

�t�h�e� �p�r�o�b�l�e�m� �a�n�d� �r�e�s�e�a�r�c�h� �o�b�j�e�c�t�i�v�e�s�,� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� 

�s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �t�o�o�l�s� �i�s� �d�i�s�c�u�s�s�e�d�.� �T�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� 

�f�o�r� �s�e�l�e�c�t�i�n�g� �S�I�M�A�N� �a�n�d� �C� �f�o�r� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �o�n� �a�n� �I�B�M� 

�P�C� �a�r�e� �d�e�t�a�i�l�e�d�.� �S�e�c�t�i�o�n� �3�.�4� �d�e�s�c�r�i�b�e�s� �t�h�e� �t�h�r�e�e� �p�o�r�t�i�o�n�s� 

�o�f� �t�h�e� �s�o�f�t�w�a�r�e�;� �t�h�e� �i�n�p�u�t� �i�n�t�e�r�f�a�c�e�,� �t�h�e� �S�I�M�A�N� �c�o�d�e� 

�g�e�n�e�r�a�t�o�r�,� �a�n�d� �t�h�e� �o�u�t�p�u�t� �i�n�t�e�r�f�a�c�e�.� �V�a�l�i�d�a�t�i�o�n� �o�f� �b�o�t�h� �t�h�e� 

�s�o�f�t�w�a�r�e� �a�n�d� �t�h�e� �u�s�e�r� �m�o�d�e�l�s� �i�t� �d�e�v�e�l�o�p�s� �i�s� �d�i�s�c�u�s�s�e�d� �i�n� 

�S�e�c�t�i�o�n� �3�.�5�.



�C�h�a�p�t�e�r� �I�V� 

�S�O�F�T�W�A�R�E� �D�E�S�C�R�I�P�T�I�O�N� 

�4�.�1� �I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�i�s� �c�h�a�p�t�e�r� �p�r�e�s�e�n�t�s� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �r�e�q�u�i�r�e�d� �f�o�r� 

�s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �u�t�i�l�i�z�a�t�i�o�n�.� �T�h�e� �s�o�f�t�w�a�r�e� �i�s� �d�e�s�c�r�i�b�e�d� 

�f�r�o�m� �t�h�e� �u�s�e�r�'�s� �(�o�p�e�r�a�t�o�r�'�s�)� �p�e�r�s�p�e�c�t�i�v�e�,� �e�m�p�h�a�s�i�z�i�n�g� �t�h�e� 

�i�n�p�u�t� �i�n�f�o�r�m�a�t�i�o�n� �r�e�q�u�i�r�e�d� �o�f� �t�h�e� �u�s�e�r�,� �a�n�d� �t�h�e� �o�p�t�i�o�n�s� 

�a�v�a�i�l�a�b�l�e� �w�i�t�h� �r�e�g�a�r�d� �t�o� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �t�o� �b�e� �a�s� �s�e�l�f�-�e�x�p�l�a�n�a�t�o�r�y� �a�s� 

�p�o�s�s�i�b�l�e�,� �i�n� �t�e�r�m�s� �o�f� �s�y�s�t�e�m� �i�n�f�o�r�m�a�t�i�o�n� �r�e�q�u�i�r�e�d�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�i�s� �c�h�a�p�t�e�r� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �n�e�c�e�s�s�a�r�y� �f�o�r� 

�s�u�c�c�e�s�s�f�u�l� �s�o�f�t�w�a�r�e� �u�s�e�.� �H�o�w�e�v�e�r� �f�o�r� �a�n� �o�v�e�r�a�l�l� �v�i�e�w� �o�f� �t�h�e� 

�s�o�f�t�w�a�r�e� �a�n�d� �i�t�s� �i�n�t�e�r�l�o�c�k�i�n�g� �p�a�r�t�s�,� �i�t� �i�s� �a� �g�o�o�d� �r�e�f�e�r�e�n�c�e�.� 

�I�t� �i�s� �n�o�t�e�d� �t�h�a�t� �t�h�i�s� �c�h�a�p�t�e�r� �d�o�e�s� �n�o�t� �d�e�s�c�r�i�b�e� �t�h�e� 

�i�n�t�e�r�n�a�l� �w�o�r�k�i�n�g�s� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �e�x�c�e�p�t� �a�s� �t�h�e�y� �a�r�e� 

�r�e�q�u�i�r�e�d� �f�o�r� �u�s�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g�.� �O�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n�,� 

�i�n�c�l�u�d�i�n�g� �s�p�e�c�i�f�i�c�s� �o�n� �d�a�t�a� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �v�a�r�i�a�b�l�e�s� �i�s� 

�f�o�u�n�d� �i�n� �A�p�p�e�n�d�i�x� �B�.� �T�h�i�s� �c�h�a�p�t�e�r� �b�a�s�i�c�a�l�l�y� �d�e�s�c�r�i�b�e�s� 

�s�o�f�t�w�a�r�e� �u�s�e� �w�i�t�h� �r�e�g�a�r�d� �t�o� �u�s�e�r� �i�n�t�e�r�a�c�t�i�o�n� �r�e�q�u�i�r�e�d� �f�o�r� 

�s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n� �d�e�s�c�r�i�p�t�i�o�n�.� 

�P�r�i�o�r� �t�o� �a�c�t�u�a�l� �s�o�f�t�w�a�r�e� �u�s�e�,� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �t�h�e� 

�p�h�y�s�i�c�a�l� �f�o�r�m� �a�n�d� �u�s�e� �o�f� �b�o�t�h� �t�h�e� �s�o�f�t�w�a�r�e� �a�n�d� �t�h�e� �c�o�m�p�u�t�i�n�g� 

�s�y�s�t�e�m� �i�s� �n�e�c�e�s�s�a�r�y�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �c�o�n�t�a�i�n�e�d� �i�n� 

�7�4



�7�5� 

�A�p�p�e�n�d�i�x� �A�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �d�i�s�c�u�s�s�i�o�n� �o�f� �s�o�f�t�w�a�r�e� �u�s�e� 

�a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �s�o�f�t�w�a�r�e� �i�s� �b�e�i�n�g� �u�t�i�l�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�s�p�e�c�i�f�i�c�a�t�i�o�n�s� �f�o�u�n�d� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�4�.�2� �S�C�R�E�E�N� �L�A�B�E�L�L�I�N�G� �C�O�N�V�E�N�T�I�O�N� 

�I�n� �o�r�d�e�r� �t�o� �f�a�c�i�l�i�t�a�t�e� �s�c�r�e�e�n� �d�e�s�c�r�i�p�t�i�o�n� �a�n�d� 

�r�e�f�e�r�e�n�c�i�n�g�,� �a� �n�u�m�e�r�i�c�a�l� �l�a�b�e�l�l�i�n�g� �m�e�t�h�o�d� �i�s� �u�t�i�l�i�z�e�d�.� �A�s� 

�p�r�e�v�i�o�u�s�l�y� �n�o�t�e�d�,� �t�h�e� �s�o�f�t�w�a�r�e� �h�a�s� �a� �t�r�e�e� �s�t�r�u�c�t�u�r�e�.� 

�S�e�v�e�r�a�l� �o�f� �t�h�e� �s�c�r�e�e�n�s� �w�h�i�c�h� �a�p�p�e�a�r� �a�r�e� �i�n� �m�e�n�u� �f�o�r�m�,� 

�c�o�n�t�a�i�n�i�n�g� �s�e�v�e�r�a�l� �"�o�p�t�i�o�n�s�"� �w�h�i�c�h� �t�h�e� �u�s�e�r� �m�a�y� �s�e�l�e�c�t� �f�r�o�m�.� 

�S�e�l�e�c�t�i�o�n� �o�f� �a�n� �o�p�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �"�b�r�a�n�c�h�i�n�g�"� �f�r�o�m� �t�h�e� �t�r�u�n�k� 

�o�f� �t�h�e� �t�r�e�e� �o�u�t� �a�l�o�n�g� �a�n�y� �n�u�m�b�e�r� �o�f� �b�r�a�n�c�h� �p�a�t�h�s� �t�o� �a�n� �e�n�d�.� 

�I�n� �o�r�d�e�r� �t�o� �k�e�e�p� �t�r�a�c�k� �o�f� �u�s�e�r� �l�o�c�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �t�r�e�e� 

�s�t�r�u�c�t�u�r�e�,� �t�h�e� �s�c�r�e�e�n� �l�a�b�e�l�s� �s�p�e�c�i�f�y� �t�h�e� �p�a�t�h� �t�o� �t�a�k�e�.� 

�T�h�e� �s�c�r�e�e�n� �l�a�b�e�l�s� �a�r�e� �o�f� �t�h�e� �f�o�r�m� �x�1�.�x�2�x�3�.�.�.�.�x�i� �w�h�e�r�e� �x�i� 

�a�r�e� �i�n�t�e�g�e�r�s�,� �o�r� �l�e�t�t�e�r�s�.� �T�h�e� �n�u�m�b�e�r�s� �1�-�9� �a�r�e� �u�s�e�d�,� �t�h�e�n� 

�t�h�e� �l�e�t�t�e�r�s� �o�f� �t�h�e� �a�l�p�h�a�b�e�t�,� �t�h�e� �A� �s�u�b�s�t�i�t�u�t�e�d� �f�o�r� �1�0�,� �B� �f�o�r� 

�l�i�l�,� �a�n�d� �s�o� �o�n�.� �F�o�r� �o�d�d� �v�a�l�u�e�s� �o�f� �i�,� �t�h�e� �n�u�m�b�e�r� �r�e�f�e�r�s� �t�o�a� 

�p�r�e�v�i�o�u�s�l�y� �a�c�c�e�s�s�e�d� �s�c�r�e�e�n�.� �F�o�r� �e�v�e�n� �v�a�l�u�e�s� �o�f� �i�,� �t�h�e� 

�n�u�m�b�e�r� �r�e�f�e�r�s� �t�o� �a�n� �o�p�t�i�o�n� �s�e�l�e�c�t�e�d�.� 

�A�s� �a�n� �e�x�a�m�p�l�e� �c�o�n�s�i�d�e�r� �S�c�r�e�e�n� �2�.�1�3�4�A�.� �T�h�e� �n�o�t�a�t�i�o�n� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�i�s� �s�c�r�e�e�n� �e�x�i�s�t�s� �a�s� �t�h�e� �t�e�n�t�h� �s�c�r�e�e�n� �(�A�)� �o�n� 

�a� �b�r�a�n�c�h� �t�h�a�t� �"�g�r�e�w�"� �f�r�o�m� �O�p�t�i�o�n� �4�,� �S�c�r�e�e�n� �3�,� �w�h�i�c�h� �i�n� �t�u�r�n� 

�g�r�e�w� �f�r�o�m� �O�p�t�i�o�n� �1� �o�n� �S�c�r�e�e�n� �2�.� �E�a�c�h� �s�c�r�e�e�n� �w�i�t�h� �a� �l�a�b�e�l� �o�f



�7�6� 

�t�h�i�s� �t�y�p�e� �m�a�y� �b�e� �a�c�c�e�s�s�e�d� �o�n�l�y� �b�y� �t�h�e� �p�a�t�h� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� 

�l�a�b�e�l�.� �S�c�r�e�e�n�s� �w�h�i�c�h� �m�a�y� �b�e� �a�c�c�e�s�s�e�d� �b�y� �m�u�l�t�i�p�l�e� �p�a�t�h�s� �a�r�e� 

�g�i�v�e�n� �d�i�s�t�i�n�c�t�i�v�e� �l�a�b�e�l�s� �w�i�t�h� �a� �d�i�f�f�e�r�e�n�t� �f�o�r�m�a�t�.� �T�h�e�s�e� 

�s�c�r�e�e�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�3�.� 

�4�.�3� �E�X�C�E�P�T�I�O�N�S� �T�O� �T�H�E� �L�A�B�E�L�L�I�N�G� �C�O�N�V�E�N�T�I�O�N� 
� � 

�A�s� �s�t�a�t�e�d� �t�h�e�r�e� �a�r�e� �e�x�c�e�p�t�i�o�n�s� �t�o� �t�h�i�s� �s�c�r�e�e�n� �l�a�b�e�l�l�i�n�g� 

�m�e�t�h�o�d�o�l�o�g�y�.� �T�h�e�s�e� �s�c�r�e�e�n�s� �a�r�e� �t�h�o�s�e� �w�h�i�c�h� �m�a�y� �b�e� �a�c�c�e�s�s�e�d� 

�t�h�r�o�u�g�h� �m�u�l�t�i�p�l�e� �p�a�t�h�s� �w�i�t�h�i�n� �t�h�e� �s�o�f�t�w�a�r�e� �s�t�r�u�c�t�u�r�e�.� �T�h�i�s� 

�s�e�c�t�i�o�n� �p�r�o�v�i�d�e�s� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �t�h�e�s�e� �s�c�r�e�e�n�s�.� 

�4�.�3�.�1� �T�h�e� �D�i�s�t�a�n�c�e� �M�a�t�r�i�x� 
� � 

�W�h�e�n� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �c�a�r�r�i�e�r�s�,� �t�h�e�r�e� �m�u�s�t� 

�b�e� �a� �d�i�s�t�a�n�c�e� �s�p�e�c�i�f�i�e�d� �b�e�t�w�e�e�n� �t�h�e� �c�u�r�r�e�n�t� �c�a�r�r�i�e�r� �l�o�c�a�t�i�o�n� 

�a�n�d� �i�t�s� �d�e�s�t�i�n�a�t�i�o�n�.� �S�c�r�e�e�n� �D�S�.�1� �p�r�o�v�i�d�e�s� �a� �m�a�t�r�i�x� �f�o�r� �u�s�e�r� 

�i�n�p�u�t� �o�f� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�w�o� �s�t�a�t�i�o�n�s�.� �T�h�e� �u�s�e� �o�f� �a� 

�m�a�t�r�i�x� �f�o�r� �i�n�p�u�t� �f�a�c�i�l�i�t�a�t�e�s� �t�h�e� �u�s�e� �o�f� �s�e�v�e�r�a�l� �r�o�u�t�e�s� �f�o�r� 

�c�a�r�r�i�e�r� �m�o�v�e�m�e�n�t� �a�s� �p�e�r�m�i�t�t�e�d� �b�y� �S�I�M�A�N�.� �H�o�w�e�v�e�r�,� �a�t� �t�h�i�s� 

�t�i�m�e� �t�h�e� �p�r�o�g�r�a�m�m�i�n�g� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �a�l�t�e�r�n�a�t�e� �r�o�u�t�i�n�g� 

�a�r�e� �n�o�t� �c�o�m�p�l�e�t�e�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e� �u�s�e�r� �i�s� �r�e�s�t�r�i�c�t�e�d� �t�o� 

�u�s�e� �o�f� �o�n�e� �r�o�u�t�e� �p�e�r� �c�a�r�r�i�e�r� �t�y�p�e� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� 

�T�h�e� �d�i�s�t�a�n�c�e� �m�a�t�r�i�x� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.� �D�i�s�t�a�n�c�e�s� �a�r�e� 

�e�n�t�e�r�e�d� �a�s� �d�i�j� �v�a�r�i�a�b�l�e�s� �w�h�e�r�e�;� 

�1�.� �i� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�r�o�m� �(�o�r�i�g�i�n�)� �s�t�a�t�i�o�n� �n�u�m�b�e�r�,� �a�n�d
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�Z�.� �j� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�o� �(�d�e�s�t�i�n�a�t�i�o�n�)� �s�t�a�t�i�o�n� �n�u�m�b�e�r�.� 

�T�h�e� �f�i� �v�a�r�i�a�b�l�e�s� �a�l�o�n�g� �t�h�e� �h�o�r�i�z�o�n�t�a�l�/�t�o�p� �o�f� �t�h�e� �m�a�t�r�i�x� 

�i�n�d�i�c�a�t�e� �t�h�e� �o�r�i�g�i�n� �s�t�a�t�i�o�n� �n�u�m�b�e�r� �f�o�r� �a�l�l� �t�h�e� �d�i�j� �v�a�r�i�a�b�l�e�s� 

�i�n� �t�h�a�t� �p�a�r�t�i�c�u�l�a�r� �r�o�w�.� �T�h�e� �t�j� �v�a�r�i�a�b�l�e�s� �a�l�o�n�g� �t�h�e� 

�v�e�r�t�i�c�a�l�/�s�i�d�e� �o�f� �t�h�e� �m�a�t�r�i�x� �r�e�p�r�e�s�e�n�t� �t�h�e� �d�e�s�t�i�n�a�t�i�o�n� 

�s�t�a�t�i�o�n� �n�u�m�b�e�r� �f�o�r� �a�l�l� �d�i�j� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�a�t� �p�a�r�t�i�c�u�l�a�r� 

�c�o�l�u�m�n�.� 

�W�h�e�n� �t�h�e� �d�i�s�t�a�n�c�e� �s�c�r�e�e�n� �i�s� �a�c�c�e�s�s�e�d�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �f�i� 

�a�n�d� �t�j� �s�t�a�t�i�o�n� �n�u�m�b�e�r�s� �a�r�e� �p�r�o�v�i�d�e�d�.� �T�h�e� �c�u�r�s�o�r� �i�s� 

�p�o�s�i�t�i�o�n�e�d� �w�i�t�h�i�n� �t�h�e� �m�a�t�r�i�x� �a�t� �t�h�e� �i�j� �i�n�t�e�r�s�e�c�t�i�o�n� �w�h�e�r�e� 

�t�h�e� �d�i�s�t�a�n�c�e� �i�s� �t�o� �b�e� �u�s�e�r� �s�p�e�c�i�f�i�e�d�.� �T�h�e� �u�s�e�r� �e�n�t�e�r�s� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �n�u�m�e�r�i�c� �v�a�l�u�e� �f�o�r� �t�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �o�r�i�g�i�n� �i� �t�o� 

�d�e�s�t�i�n�a�t�i�o�n� �j�.� 

�4�.�3�.�2� �T�h�e� �D�i�s�t�r�i�b�u�t�i�o�n� �S�c�r�e�e�n�s� 
� � 

�W�h�e�n�e�v�e�r� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �s�p�e�c�i�f�y� �a� �r�a�t�e� �d�u�r�i�n�g� �t�h�e� 

�s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n�,� �S�c�r�e�e�n�s� �P�D�.�1� �t�h�r�o�u�g�h� �P�D�.�3� �a�r�e� �a�c�c�e�s�s�e�d�.� 

�T�h�e�y� �p�e�r�m�i�t� �u�s�e� �o�f� �t�h�e� �S�I�M�A�N� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� 

�d�e�s�c�r�i�b�i�n�g� �s�y�s�t�e�m� �a�c�t�i�v�i�t�y�.� �S�c�r�e�e�n� �P�D�.�1� �i�n�f�o�r�m�s� �t�h�e� �u�s�e�r� 

�t�h�a�t� �t�h�e�r�e� �a�r�e� �t�h�r�e�e� �w�a�y�s� �i�n� �w�h�i�c�h� �t�h�i�s� �s�c�r�e�e�n� �m�a�y� �b�e� 

�u�t�i�l�i�z�e�d�.� 

�1�.� �U�s�e�r� �r�e�q�u�i�r�e�s� �a� �s�i�m�p�l�e� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�.� 

�2�.� �U�s�e�r� �r�e�q�u�i�r�e�s� �a� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n� �f�u�n�c�t�i�o�n� 

�w�i�t�h�i�n� �a� �m�a�t�h�e�m�a�t�i�c�a�l� �e�x�p�r�e�s�s�i�o�n�.
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�3�.� �U�s�e�r� �r�e�q�u�i�r�e�s� �a� �c�o�n�s�t�a�n�t� �r�a�t�e�.� 

�T�h�e�r�e� �i�s� �a� �p�a�u�s�e� �f�o�r� �t�h�e� �u�s�e�r� �t�o� �s�c�a�n� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�,� �t�h�e�n� 

�a� �k�e�y� �i�s� �d�e�p�r�e�s�s�e�d� �t�o� �a�c�c�e�s�s� �S�c�r�e�e�n� �P�D�.�2�.� �T�h�i�s� �s�c�r�e�e�n� �l�i�s�t�s� 

�t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �a�v�a�i�l�a�b�l�e�.� �T�h�e� �u�s�e�r� �s�e�l�e�c�t�s� 

�t�h�e� �n�u�m�b�e�r� �o�f� �t�h�e� �d�e�s�i�r�e�d� �d�i�s�t�r�i�b�u�t�i�o�n�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n� �t�h�e� 

�s�o�f�t�w�a�r�e� �p�r�o�v�i�d�i�n�g� �t�h�e� �s�c�r�e�e�n�s� �t�o� �o�b�t�a�i�n� �t�h�e� �n�e�c�e�s�s�a�r�y� 

�d�i�s�t�r�i�b�u�t�i�o�n� �p�a�r�a�m�e�t�e�r�s�.� �T�a�b�l�e� �8� �l�i�s�t�s� �t�h�e� �a�v�a�i�l�a�b�l�e� 

�p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� 

�F�o�r� �e�a�c�h� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�,� �t�h�e�r�e� �m�a�y� �o�r� �m�a�y� �n�o�t� 

�b�e� �s�e�v�e�r�a�l� �p�a�r�a�m�e�t�e�r�s� �n�e�c�e�s�s�a�r�y�.� �T�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �a�r�e� 

�r�e�q�u�e�s�t�e�d�,� �o�n�e� �p�e�r� �s�c�r�e�e�n�,� �f�o�r� �e�a�c�h� �d�i�s�t�r�i�b�u�t�i�o�n� �r�e�q�u�e�s�t�e�d�.� 

�R�a�t�h�e�r� �t�h�a�n� �d�e�s�c�r�i�b�e� �t�h�e�s�e� �s�c�r�e�e�n�s� �i�n� �a�n�y� �d�e�t�a�i�l�,� �i�t� �i�s� 

�n�o�t�e�d� �t�h�a�t� �f�o�r� �e�a�c�h� �p�a�r�a�m�e�t�e�r� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �8�,� �a� �s�e�p�a�r�a�t�e� 

�s�c�r�e�e�n� �i�s� �p�r�e�s�e�n�t�e�d� �t�o� �t�h�e� �u�s�e�r� �f�o�r� �i�n�p�u�t�t�i�n�g� �a� �v�a�l�u�e�,� �g�i�v�e�n� 

�t�h�a�t� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n� �h�a�s� �b�e�e�n� 

�i�n�i�t�i�a�l�l�y� �r�e�q�u�e�s�t�e�d�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �S�c�r�e�e�n� �P�D�.�2�Z� 

�p�r�o�v�i�d�e�s� �a�n� �o�p�t�i�o�n� �f�o�r� �i�n�p�u�t�t�i�n�g� �a� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �i�f� �i�t� �i�s� 

�r�e�q�u�i�r�e�d�.� 

�O�n�c�e� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �h�a�s� �b�e�e�n� �s�e�l�e�c�t�e�d� �a�n�d� �c�o�m�p�l�e�t�e�d�,� 

�S�c�r�e�e�n� �P�D�.�3� �p�r�o�v�i�d�e�s� �t�h�e� �o�p�t�i�o�n� �o�o�f� �u�t�i�l�i�z�i�n�g� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �a�l�o�n�e� �o�r� �i�n�c�l�u�d�i�n�g� �i�t� �w�i�t�h�i�n� �a�n� �e�q�u�a�t�i�o�n�.� �I�f� 

�a�n� �e�q�u�a�t�i�o�n� �i�s� �i�n�p�u�t�t�e�d�,� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �m�u�s�t� �b�e� �u�t�i�l�i�z�e�d� 

�i�n� �i�t�s� �e�x�a�c�t� �f�o�r�m� �a�s� �r�e�v�e�a�l�e�d� �b�y� �S�c�r�e�e�n� �P�D�.�3�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�t�h�e� �u�s�e�r� �m�a�y� �c�h�o�s�e� �n�o�t� �t�o� �u�s�e� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �a�t� �t�h�i�s� �t�i�m�e�,� 

�e�n�t�e�r�i�n�g� �a�n� �a�l�t�e�r�n�a�t�e� �e�x�p�r�e�s�s�i�o�n�.
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�T�A�B�L�E� �8� 

�P�r�o�b�a�b�i�l�i�t�y� �D�i�s�t�r�i�b�u�t�i�o�n�s� 

�B�e�t�a� �C�o�n�s�t�a�n�t� 
�B�i�n�o�m�i�a�l� �W�e�i�b�u�l�l� 
�C�h�i�-�s�q�u�a�r�e� �N�e�g�a�t�i�v�e� �B�i�n�o�m�i�n�a�l� 
�E�r�l�a�n�g� �N�o�r�m�a�l� 
�E�x�p�o�n�e�n�t�i�a�l� �P�o�i�s�s�o�n� 
�G�a�m�m�a� �T�r�i�a�n�g�u�l�a�r� 
�G�e�o�m�e�t�r�i�c� �U�n�i�f�o�r�m
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�4�.�3�.�3� �S�i�m�u�l�a�t�i�o�n� �U�n�i�t�s� 
� � 

�I�t� �i�s� �p�e�r�m�i�t�t�e�d� �t�o� �a�l�t�e�r� �t�h�e� �u�n�i�t�s� �b�e�i�n�g� �u�t�i�l�i�z�e�d� �f�o�r� 

�w�e�i�g�h�t�,� �l�e�n�g�t�h�,� �a�n�d� �t�i�m�e� �f�o�r� �a�n�y� �p�a�r�t�i�c�u�l�a�r� �i�n�p�u�t� �v�a�l�u�e� 

�b�e�i�n�g� �r�e�q�u�e�s�t�e�d� �b�y� �t�h�e� �s�o�f�t�w�a�r�e�.� �P�r�i�o�r� �t�o� �t�h�e� �r�e�q�u�e�s�t� �f�o�r� 

�e�a�c�h� �n�u�m�e�r�i�c� �v�a�l�u�e� �b�e�i�n�g� �u�s�e�d� �i�n� �t�h�e� �s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n�,� �t�h�e� 

�s�o�f�t�w�a�r�e� �p�r�o�v�i�d�e�s� �S�c�r�e�e�n� �S�.�1� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�;� 

�1�.� �T�h�e� �t�y�p�e� �o�f� �n�u�m�e�r�i�c�a�l� �v�a�l�u�e� �t�o� �b�e� �r�e�q�u�e�s�t�e�d� �n�e�x�t� �b�y� 

�t�h�e� �s�o�f�t�w�a�r�e�.� 

�2�.� �T�h�e� �c�u�r�r�e�n�t� �u�n�i�t�s� �e�i�t�h�e�r� �f�o�r� �w�e�i�g�h�t�,� �l�e�n�g�t�h�,�  ��a�n�d� 

�t�i�m�e�.� 

�T�o� �a�l�t�e�r� �t�h�e� �c�u�r�r�e�n�t� �u�n�i�t�s�,� �t�h�e� �u�s�e�r� �r�e�s�p�o�n�d�s� �"�Y�"� �a�n�d� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �u�n�i�t�s� �s�c�r�e�e�n�s� �a�r�e� �a�c�c�e�s�s�e�d�.� �A�s� �n�o�t�e�d�,� �t�h�i�s� 

�s�c�r�e�e�n� �i�s� �c�a�l�l�e�d� �p�r�i�o�r� �t�o� �t�h�e� �r�e�q�u�e�s�t� �f�o�r� �a�n�y� �n�u�m�e�r�i�c� �i�n�p�u�t� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �w�e�i�g�h�t�,� �l�e�n�g�t�h�,� �o�r� �t�i�m�e� �i�n�p�u�t�.� �T�h�e�s�e� 

�s�c�r�e�e�n�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�5�.�1�.� �F�o�r� �c�o�n�c�i�s�e�n�e�s�s�,� 

�i�t�s� �m�e�n�t�i�o�n� �h�a�s� �b�e�e�n� �e�x�c�l�u�d�e�d� �f�r�o�m� �S�e�c�t�i�o�n� �4�.�4�.� 

�4�.�3�.�4� �M�a�t�e�r�i�a�l� �A�c�c�u�m�u�l�a�t�i�o�n� 
� � 

�T�h�e�r�e� �m�a�y� �b�e� �n�u�m�e�r�o�u�s� �t�i�m�e�s� �w�h�e�n� �i�t� �i�s� �d�e�s�i�r�e�d� �t�o� 

�a�c�c�u�m�u�l�a�t�e� �t�h�e� �b�u�l�k� �m�a�t�e�r�i�a�l� �f�o�r� �s�t�o�r�a�g�e� �o�r� �o�t�h�e�r� �p�u�r�p�o�s�e�s�.� 

�T�h�i�s� �i�s� �a�c�h�i�e�v�e�d� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �w�a�i�t�i�n�g� �l�i�n�e�s� �o�r� �q�u�e�u�e�s�.� 

�S�c�r�e�e�n� �Q�.�1� �r�e�q�u�e�s�t�s� �t�h�e� �u�s�e�r� �t�o� �i�n�p�u�t� �t�h�e� �m�a�x�i�m�u�m� �a�m�o�u�n�t� �o�f� 

�m�a�t�e�r�i�a�l� �w�h�i�c�h� �m�a�y� �a�c�c�u�m�u�l�a�t�e�,� �a�t� �t�h�e� �c�u�r�r�e�n�t� �l�o�c�a�t�i�o�n�,� �a�t� 

�a�n�y� �o�n�e� �t�i�m�e�.
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�4�.�3�.�5� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �M�o�d�e� �D�e�s�c�r�i�p�t�i�o�n� 

�S�c�r�e�e�n� �T�i� �p�r�o�v�i�d�e�s� �a� �m�e�n�u� �f�o�r� �s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n�,� �t�h�e� 

�s�u�b�s�c�r�i�p�t� �i� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �o�p�t�i�o�n� �n�u�m�b�e�r� �o�f� �t�h�e� �p�a�r�t�i�c�u�l�a�r� 

�t�r�a�n�s�p�o�r�t�e�r� �s�e�l�e�c�t�e�d�.� �T�h�e� �i� �v�a�l�u�e� �d�e�t�e�r�m�i�n�e�s� �t�h�e� 

�t�r�a�n�s�p�o�r�t�e�r� �n�a�m�e� �w�h�i�c�h� �a�p�p�e�a�r�s� �o�n� �t�h�e� �m�e�n�u�.� �A�l�t�h�o�u�g�h� �t�h�i�s� 

�m�e�n�u� �i�s� �p�r�o�v�i�d�e�d� �f�o�r� �a�l�l� �t�r�a�n�s�p�o�r�t� �m�o�d�e�s� �e�x�c�e�p�t� �t�h�e� �c�o�n�v�e�y�o�r� 

�a�n�d� �p�i�p�e�l�i�n�e�,� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �t�r�a�n�s�p�o�r�t�e�r� �c�h�o�s�e�n� �r�e�s�u�l�t�s� �i�n� 

�t�h�e� �s�a�m�e� �o�p�t�i�o�n�s� �p�r�o�v�i�d�i�n�g� �d�i�f�f�e�r�e�n�t� �s�c�r�e�e�n�s� �f�o�r� �s�y�s�t�e�m� 

�d�e�s�c�r�i�p�t�i�o�n�.� �T�h�i�s� �i�s� �d�u�e� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� 

�v�a�r�i�o�u�s� �t�r�a�n�s�p�o�r�t�e�r� �t�y�p�e�s�.� 

�F�i�g�u�r�e� �4� �p�r�e�s�e�n�t�s� �a� �g�e�n�e�r�a�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �S�c�r�e�e�n�s� �T�3�-�T�6�.� 

�I�n� �e�a�c�h� �c�a�s�e�,� �t�h�e� �w�o�r�d� �"�c�a�r�r�i�e�r�"� �i�s� �r�e�p�l�a�c�e�d� �w�i�t�h� �t�h�e� �n�a�m�e� 

�o�f� �t�h�e� �s�e�l�e�c�t�e�d� �t�r�a�n�s�p�o�r�t� �m�o�d�e�.� �F�i�g�u�r�e� �4� �l�i�s�t�s� �t�h�e� �e�i�g�h�t� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e� �d�e�s�c�r�i�p�t�i�o�n� �o�p�t�i�o�n�s� �a�s� �t�h�e�y� �a�p�p�e�a�r� �o�n� 

�S�c�r�e�e�n� �T�i�.� �T�h�e� �u�s�e� �o�f� �t�h�e�s�e� �o�p�t�i�o�n�s� �f�o�r� �e�a�c�h� �t�r�a�n�s�p�o�r�t�e�r� 

�t�y�p�e� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�4�.� 

�4�.�4� �.� �S�O�F�T�W�A�R�E� �S�E�T�U�P� �S�C�R�E�E�N�S� 

�A�s� �t�h�e� �s�o�f�t�w�a�r�e� �l�o�a�d�s�,� �s�e�v�e�r�a�l� �s�c�r�e�e�n�s� �a�p�p�e�a�r� �c�o�n�v�e�y�i�n�g� 

�a�n�d� �r�e�q�u�e�s�t�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �p�e�r�t�a�i�n�i�n�g� �t�o� �s�o�f�t�w�a�r�e� �u�s�e�.� 

�S�c�r�e�e�n� �1� �n�o�t�i�f�i�e�s� �t�h�e� �u�s�e�r� �t�h�a�t� �a�l�l� �r�e�s�p�o�n�s�e�s� �m�u�s�t� �b�e� �g�i�v�e�n� 

�i�n� �C�A�P�I�T�A�L� �L�E�T�T�E�R�S�.� �O�t�h�e�r�w�i�s�e� �t�h�e� �u�s�e�r� �i�s� �i�n�f�o�r�m�e�d� �t�h�a�t� �t�h�e� 

�r�e�s�p�o�n�s�e� �i�s� �i�n�v�a�l�i�d�,� �a�n�d� �t�h�e� �c�u�r�r�e�n�t� �q�u�e�s�t�i�o�n� �i�s� �r�e�p�e�a�t�e�d�.� 

�W�h�e�n� �u�s�i�n�g� �a�n� �I�B�M� �P�C�,� �t�h�e� �u�s�e�r� �m�a�y� �a�t� �t�h�i�s� �t�i�m�e� �d�e�p�r�e�s�s� �t�h�e
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�1� �-� �L�o�a�d� �t�h�e� �{�c�a�r�r�i�e�r� �(�s�)�}� 

�<� �~�-� �T�r�a�n�s�p�o�r�t� �t�h�e� �f�t�c�a�r�r�i�e�r�i�(�s�)�}� 

�i�
 �-� �F�o�r�m� �a� �w�a�i�t�i�n�g� �l�i�n�e� �f�o�r� �t�h�e� �(�c�a�r�r�i�e�r� �(�s�)�}� 

�4� �-� �D�e�l�a�y� �t�h�e� �{�c�a�r�r�i�e�r� �(�s�)�3� 

�U�n�l�o�a�d� �t�h�e� �{�c�a�r�r�i�e�r� �(�s�)�}� �f�f�
 �1� 

�6� �~� �S�t�o�p� �t�h�e� �{�c�a�r�r�i�e�r�}� �m�o�v�e�m�e�n�t� 

�¥�Y� �~�-� �S�t�a�r�t� �t�h�e� �{�c�a�r�r�i�e�r�}� �m�o�v�e�m�e�n�t� �a�f�t�e�r� �s�t�o�p�p�i�n�g� 

�8�  ��-� �R�e�t�u�r�n� �t�o� �S�c�r�e�e�n� �4� 

�F�i�g�u�r�e� �4�:� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �M�o�d�e� �D�e�s�c�r�i�p�t�i�o�n� �S�c�r�e�e�n� �-� �T�,
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�"�C�a�p�s� �L�o�c�k �� �k�e�y�.� �I�n� �t�h�i�s� �w�a�y�,� �u�p�p�e�r� �c�a�s�e� �l�e�t�t�e�r�s� �a�r�e� �a�l�w�a�y�s� 

�e�n�t�e�r�e�d�,� �w�h�i�l�e� �o�t�h�e�r� �k�e�y�s�,� �s�u�c�h� �a�s� �n�u�m�e�r�i�c� �a�n�d� �s�y�m�b�o�l�i�c�,� 

�r�e�m�a�i�n� �i�n� �l�o�w�e�r� �c�a�s�e� �f�o�r�m�.� �S�c�r�e�e�n� �1� �w�i�l�l� �r�e�m�a�i�n� �o�n� �t�h�e� 

�m�o�n�i�t�o�r� �u�n�t�i�l� �t�h�e� �u�s�e�r� �p�e�r�m�i�t�s� �t�h�e� �s�o�f�t�w�a�r�e� �t�o� �c�o�n�t�i�n�u�e� �b�y� 

�d�e�p�r�e�s�s�i�n�g� �a�n�y� �k�e�y�.� �T�h�i�s� �d�e�l�a�y� �o�f� �s�o�f�t�w�a�r�e� �c�o�n�t�i�n�u�a�t�i�o�n� �i�s� 

�a�c�c�o�m�p�a�n�i�e�d� �b�y� �a� �m�e�s�s�a�g�e� �a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �s�c�r�e�e�n�.� �T�h�e� 

�m�e�s�s�a�g�e� �i�n�f�o�r�m�s� �t�h�e� �u�s�e�r� �t�h�a�t� �a� �p�a�u�s�e� �w�i�l�l� �r�e�m�a�i�n� �i�n� �e�f�f�e�c�t� 

�u�n�t�i�l� �a�n�y� �k�e�y� �i�s� �d�e�p�r�e�s�s�e�d�.� �T�h�i�s� �f�e�a�t�u�r�e� �p�e�r�m�i�t�s� �t�h�e� �u�s�e�r� 

�t�o� �p�r�o�c�e�e�d� �t�h�r�o�u�g�h� �t�h�e� �s�o�f�t�w�a�r�e� �a�t� �a� �c�o�n�t�r�o�l�l�e�d� �p�a�c�e�.� 

�S�c�r�e�e�n� �2� �s�t�a�t�e�s� �t�h�a�t� �a�n� �o�p�t�i�o�n� �e�x�i�s�t�s� �f�o�r� �d�o�u�b�l�e� �c�h�e�c�k�i�n�g� 

�e�a�c�h� �i�n�p�u�t� �r�e�s�p�o�n�s�e�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �e�a�c�h� �i�n�p�u�t� �i�s� �e�c�h�o�e�d� 

�b�a�c�k� �t�o� �t�h�e� �u�s�e�r�,� �p�e�r�m�i�t�t�i�n�g� �c�o�r�r�e�c�t�i�o�n� �a�n�d�/�o�r� �a�l�t�e�r�a�t�i�o�n� �o�f� 

�t�h�a�t� �i�n�p�u�t� �r�e�s�p�o�n�s�e�.� �I�f� �t�h�e� �u�s�e�r� �w�i�s�h�e�s� �t�o� �c�h�e�c�k� �e�a�c�h� 

�r�e�s�p�o�n�s�e�,� �"�y�y�"� �(�Y�E�S�)� �i�s� �e�n�t�e�r�e�d�.� �O�t�h�e�r�w�i�s�e� �"�N�"� �(�N�O�)� �i�s� 

�e�n�t�e�r�e�d�.� �T�h�i�s� �o�p�t�i�o�n� �w�i�l�l� �r�e�m�a�i�n� �i�n� �e�f�f�e�c�t� �f�o�r� �t�h�e� �d�u�r�a�t�i�o�n� 

�o�f� �t�h�e� �s�o�f�t�w�a�r�e� �u�s�e�.� 

�4�.�5� �H�E� �P�R�I�M�A�R�Y� �S�O�F�T�W�A�R�E� �M�E�N�U� 
�S�c�r�e�e�n� �3� �i�s� �a�n� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�c�r�e�e�n� �4�,� �p�r�o�v�i�d�i�n�g� �t�h�e� 

�u�s�e�r� �w�i�t�h� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �i�t�s� �u�s�e�.� �S�c�r�e�e�n� �4� �i�s� �t�h�e� 

�p�r�i�m�a�r�y� �s�o�f�t�w�a�r�e� �m�e�n�u� �i�n�f�o�r�m�i�n�g� �t�h�e� �u�s�e�r� �o�f� �t�h�e� �o�p�t�i�o�n�s� �f�o�r� 

�s�o�f�t�w�a�r�e� �u�s�e�.� �T�h�e�s�e� �o�p�t�i�o�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �9�.� �T�h�e� 

�u�s�e�r� �i�s� �r�e�q�u�e�s�t�e�d� �t�o� �e�n�t�e�r� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �s�e�l�e�c�t�i�o�n� �n�u�m�b�e�r�.
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�T�A�B�L�E� �9� 

�P�r�i�m�a�r�y� �S�o�f�t�w�a�r�e� �M�e�n�u� 

�I�n�i�t�i�a�t�e� �a� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s�.� 

�C�r�e�a�t�e� �m�a�t�e�r�i�a�l� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�y�s�t�e�m�.� 

�U�t�i�l�i�z�e� �a� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�.� 

�T�e�r�m�i�n�a�t�e� �t�h�i�s� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�.� 

�E�d�i�t� �a�n� �e�x�i�s�t�i�n�g� �p�r�o�g�r�a�m�.� 

�E�x�e�c�u�t�e� �a�n� �e�x�i�s�t�i�n�g� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�.� 

�T�e�r�m�i�n�a�t�e� �s�o�f�t�w�a�r�e� �u�s�e�.
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�T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� �a� �g�e�n�e�r�a�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �e�a�c�h� �o�f� �t�h�e� 

�o�p�t�i�o�n�s� �o�n� �S�c�r�e�e�n� �a�.� �I�n� �s�u�b�s�e�q�u�e�n�t� �s�e�c�t�i�o�n�s�,� �e�a�c�h� �o�p�t�i�o�n� �i�s� 

�p�r�e�s�e�n�t�e�d� �i�n� �d�e�t�a�i�l�.� �T�h�e� �e�x�a�m�p�l�e� �o�f� �s�o�f�t�w�a�r�e� �a�p�p�l�i�c�a�t�i�o�n� 

�d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �5� �p�r�o�v�i�d�e�s� �a�d�d�i�t�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �o�n� 

�s�o�f�t�w�a�r�e� �u�s�e�.� 

�O�p�t�i�o�n� �1� �i�s� �s�e�l�e�c�t�e�d� �o�n� �S�c�r�e�e�n� �4� �i�f� �t�h�e� �u�s�e�r� �i�s� 

�,� �i�n�i�t�i�a�t�i�n�g� �a� �s�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �o�f� �a� �s�y�s�t�e�m�.� �N�e�w� �f�i�l�e�s� �a�r�e� 

�c�r�e�a�t�e�d�,� �a�n�d� �c�e�r�t�a�i�n� �p�r�o�g�r�a�m� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �i�s� 

�r�e�q�u�e�s�t�e�d�.� �O�p�t�i�o�n� �2� �i�s� �s�e�l�e�c�t�e�d� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g� �I�l�,� 

�a�n�d� �p�e�r�m�i�t�s� �t�h�e� �u�s�e�r� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �t�h�e� �b�u�l�k� 

�m�a�t�e�r�i�a�l� �w�i�t�h�i�n� �t�h�e� �s�y�s�t�e�m�.� �T�h�i�s� �o�p�t�i�o�n� �i�s� �s�e�l�e�c�t�e�d� �a�n�y� 

�t�i�m�e� �i�s� �i�t� �n�e�c�e�s�s�a�r�y� �t�o� �e�n�t�e�r� �m�a�t�e�r�i�a�l� �i�n�t�o� �t�h�e� �s�y�s�t�e�m�.� 

�O�p�t�i�o�n� �3� �i�s� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e� �s�e�l�e�c�t�i�o�n� �o�p�t�i�o�n�.� �I�t� 

�p�e�r�m�i�t�s� �a�c�c�e�s�s� �t�o� �e�a�c�h� �o�f� �t�h�e� �s�i�x� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�u�l�e�s� �f�o�r� 

�d�e�s�c�r�i�b�i�n�g� �m�a�t�e�r�i�a�l� �m�o�v�e�m�e�n�t�.� �O�p�t�i�o�n� �4� �i�s� �s�e�l�e�c�t�e�d� �w�h�e�n� �t�h�e� 

�s�y�s�t�e�m� �h�a�s� �b�e�e�n� �f�u�l�l�y� �d�e�s�c�r�i�b�e�d�.� �T�h�i�s� �o�p�t�i�o�n� �t�e�r�m�i�n�a�t�e�s� �t�h�e� 

�g�e�n�e�r�a�t�i�o�n� �o�f� �S�I�M�A�N� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s� �a�n�d� �r�e�s�e�t�s� �t�h�e� 

�s�o�f�t�w�a�r�e� �f�o�r� �i�n�i�t�i�a�t�i�o�n� �o�f� �a� �n�e�w� �s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n�.� 

�O�p�t�i�o�n� �5� �i�s� �s�e�l�e�c�t�e�d� �w�h�e�n� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �a�l�t�e�r� �t�h�e� 

�-�s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n� �b�y� �e�d�i�t�i�n�g� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �p�r�o�g�r�a�m�s�.� 

�T�h�e� �c�u�r�r�e�n�t�l�y� �u�s�e�d� �e�d�i�t�o�r� �i�s� �E�D�L�I�N� �p�r�o�v�i�d�e�d� �b�y� �I�B�M� �P�C�-�D�O�S�,� 

�h�o�w�e�v�e�r� �t�h�i�s� �i�s� �e�a�s�i�l�y� �c�h�a�n�g�e�d�.� �O�p�t�i�o�n� �6� �i�s� �s�e�l�e�c�t�e�d� �w�h�e�n� 

�t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m� �i�s� �r�e�a�d�y� �f�o�r� �e�x�e�c�u�t�i�o�n�.� �T�h�e� �o�u�t�p�u�t� 

�d�a�t�a� �i�s� �s�u�b�s�e�q�u�e�n�t�l�y� �p�r�o�v�i�d�e�d� �t�o� �t�h�e� �u�s�e�r�.� �O�p�t�i�o�n� �7� �i�s� �t�h�e
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�o�p�t�i�o�n� �w�h�i�c�h� �t�e�r�m�i�n�a�t�e�s� �s�o�f�t�w�a�r�e� �u�t�i�l�i�z�a�t�i�o�n�.� �T�h�e� �l�e�t�t�e�r�s� �A� 

�t�h�r�u� �G� �a�c�c�o�m�p�a�n�y�i�n�g� �e�a�c�h� �o�p�t�i�o�n� �p�r�o�v�i�d�e� �u�s�e�r� �a�c�c�e�s�s� �t�o� �h�e�l�p� 

�f�a�c�i�l�i�t�i�e�s� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �o�p�t�i�o�n�.� �A�f�t�e�r� �v�i�e�w�i�n�g� �t�h�e� 

�p�a�r�t�i�c�u�l�a�r� �h�e�l�p� �i�n�f�o�r�m�a�t�i�o�n� �r�e�q�u�e�s�t�e�d�,� �t�h�e� �u�s�e�r� �i�s� �r�e�t�u�r�n�e�d� 

�t�o� �S�c�r�e�e�n� �4�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �a�r�e� �m�o�r�e� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n�s� 

�o�f� �e�a�c�h� �o�f� �t�h�e�s�e� �s�e�l�e�c�t�i�o�n�s� �w�h�i�c�h� �c�o�n�s�t�i�t�u�t�e� �t�h�e� �m�a�i�n� �m�e�n�u� 

�o�f� �t�h�e� �s�o�f�t�w�a�r�e�.� 

�4�.�5�.�1� �I�n�i�t�i�a�t�i�n�g� �a� �S�i�m�u�l�a�t�i�o�n� �A�n�a�l�y�s�i�s� 
� � � � 

�O�p�t�i�o�n� �1� �i�s� �s�e�l�e�c�t�e�d� �i�f� �a� �s�y�s�t�e�m� �i�s� �b�e�i�n�g� �d�e�s�c�r�i�b�e�d� �f�o�r� 

�t�h�e� �f�i�r�s�t� �t�i�m�e�.� �T�h�e� �i�m�p�l�i�c�a�t�i�o�n� �i�s� �t�h�a�t� �n�e�w� �f�i�l�e�s� �w�i�l�l� �b�e� 

�c�r�e�a�t�e�d�.� �S�c�r�e�e�n� �4�.�1�1�1� �a�s�k�s� �t�h�e� �u�s�e�r� �t�o� �p�r�o�v�i�d�e� �a� �f�i�l�e�n�a�m�e� 

�f�o�r� �t�h�e� �S�I�M�A�N� �p�r�o�g�r�a�m�s� �t�o� �b�e� �c�r�e�a�t�e�d�.� �T�h�e� �s�c�r�e�e�n� �i�n�f�o�r�m�s� 

�t�h�e� �u�s�e�r� �t�h�a�t� �f�o�u�r� �f�i�l�e�s� �w�i�l�l� �b�e� �c�r�e�a�t�e�d�,� �e�a�c�h� �w�i�t�h� �a� �u�s�e�r� 

�i�n�p�u�t�t�e�d� �f�i�l�e�n�a�m�e�.� �T�h�e� �f�i�l�e� �t�y�p�e�s� �a�r�e� �.�M�O�D� �,� �.�E�X�P�,� �.�F�O�R�,� 

�a�n�d� �.�F�O�P� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �S�I�M�A�N� �m�o�d�e�l� �f�i�l�e�,� �t�h�e� �S�I�M�A�N� 

�e�x�p�e�r�i�m�e�n�t� �f�i�l�e�,� �a�n�d� �t�h�e� �o�u�t�p�u�t� �s�t�a�t�i�s�t�i�c�s� �r�e�q�u�e�s�t� �f�i�l�e�s�.� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �n�a�m�e� �s�e�l�e�c�t�e�d� �i�s� �l�i�m�i�t�e�d� �t�o� �e�i�g�h�t� 

�c�h�a�r�a�c�t�e�r�s� �(�A�-�Z�,� �O�-�9�)�.� �T�h�e� �u�s�e�r� �m�u�s�t� �s�p�e�c�i�f�y� �w�h�i�c�h� �d�i�s�k� 

�d�r�i�v�e� �t�h�e� �f�i�l�e�s� �a�r�e� �t�o� �b�e� �w�r�i�t�t�e�n� �t�o�.� 

�S�c�r�e�e�n�s� �4�.�1�2� �a�n�d� �4�.�1�3� �r�e�q�u�e�s�t� �t�h�e� �u�s�e�r� �t�o� �s�p�e�c�i�f�y� �t�h�e� 

�n�a�m�e� �o�f� �t�h�e� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�o� �b�e� �t�r�a�n�s�p�o�r�t�e�d�,� �a�n�d� �i�t�s� �f�o�r�m�,� 

�w�h�e�t�h�e�r� �s�o�l�i�d�,� �l�i�q�u�i�d�,� �o�r� �g�a�s�.� �T�h�e� �i�n�p�u�t�t�e�d� �b�u�l�k� �m�a�t�e�r�i�a�l� 

�n�a�m�e� �i�s� �l�i�m�i�t�e�d� �t�o� �f�i�f�t�e�e�n� �c�h�a�r�a�c�t�e�r�s� �(�A�-�Z�)�.� �I�t� �i�s� �u�t�i�l�i�z�e�d



�8�8� 

�t�o� �r�e�f�e�r�  ��t�o� �t�h�e� �b�u�l�k� �m�a�t�e�r�i�a�l� �f�o�r� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�S�i�m�u�l�a�t�i�o�n�.� �T�h�e� �b�u�l�k� �m�a�t�e�r�i�a�l� �t�y�p�e� �i�s� �a�l�s�o� �u�s�e�d� �i�n�t�e�r�n�a�l�l�y� 

�a�s� �a� �r�e�f�e�r�e�n�c�e� �f�o�r� �o�t�h�e�r� �p�r�o�g�r�a�m�m�i�n�g� �f�e�a�t�u�r�e�s�.� �|� 

�S�c�r�e�e�n� �4�.�1�4� �i�n�f�o�r�m�s� �t�h�e� �u�s�e�r� �t�h�a�t� �t�h�e� �u�n�i�t�s� �o�f� �w�e�i�g�h�t�,� 

�l�e�n�g�t�h�,� �a�n�d� �t�i�m�e� �m�u�s�t� �b�e� �s�p�e�c�i�f�i�e�d�.� �T�h�e�s�e� �u�n�i�t�s� �m�a�y� �b�e� 

�u�t�i�l�i�z�e�d� �f�o�r� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n�,� �o�r� �c�h�a�n�g�e�d� �f�r�o�m� 

�o�n�e� �v�a�r�i�a�b�l�e� �i�n�p�u�t� �t�o� �t�h�e� �n�e�x�t�.� �A�s� �w�i�t�h� �d�o�u�b�l�e� �c�h�e�c�k�i�n�g�,� 

�t�h�i�s� �r�e�s�p�o�n�s�e� �i�s� �a� �s�w�i�t�c�h�,� �s�e�t� �f�o�r� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�c�u�r�r�e�n�t� �s�o�f�t�w�a�r�e� �u�s�e�.� �S�c�r�e�e�n� �4�.�1�5� �i�s� �a�n� �i�n�t�r�o�d�u�c�t�o�r�y� �s�c�r�e�e�n� 

�p�r�o�v�i�d�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�s� �t�o� �u�n�i�t� �s�e�l�e�c�t�i�o�n�.� 

�W�i�t�h� �r�e�g�a�r�d� �t�o� �w�e�i�g�h�t� �u�n�i�t�s�,� �t�h�e� �u�s�e�r� �h�a�s� �t�h�r�e�e� �c�h�o�i�c�e�s�;� 

�1�)�T� �~�-� �t�o�n�s�,� �2�)�H� �-� �h�u�n�d�r�e�d� �t�o�n�s�,� �a�n�d� �3�)�K� �-� �t�h�o�u�s�a�n�d� �t�o�n�s�.� 

�T�h�e� �u�s�e�r� �m�u�s�t� �e�n�t�e�r� �T�,� �H�,� �o�r� �K� �a�s� �a� �r�e�s�p�o�n�s�e� �o�n� �S�c�r�e�e�n� �4�.�1�6�.� 

�E�a�c�h� �o�f� �t�h�e�s�e� �u�n�i�t�s� �c�o�r�r�e�s�p�o�n�d� �o�n�e�-�f�o�r�-�o�n�e� �t�o� �a� �s�y�s�t�e�m� 

�e�n�t�i�t�y�.� �T�h�e� �u�s�e�r� �i�s� �i�n�f�o�r�m�e�d� �o�f� �t�h�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� 

�s�y�s�t�e�m� �e�n�t�i�t�i�e�s� �w�h�i�c�h� �m�a�y� �e�x�i�s�t� �a�t�.�a�n�y� �o�n�e� �t�i�m�e� �d�u�r�i�n�g� �t�h�e� 

�S�i�m�u�l�a�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �w�e�i�g�h�t� �u�n�i�t�s� �m�u�s�t� 

�t�a�k�e� �t�h�i�s� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� 

�T�h�e� �a�v�a�i�l�a�b�l�e� �u�n�i�t�s� �f�o�r� �l�e�n�g�t�h� �a�r�e�;� �1�)�F� �-� �f�e�e�t�,� �2�)�Y� �-� 

�y�a�r�d�s�,� �a�n�d� �3�)�M� �-� �m�i�l�e�s� �a�s� �p�r�e�s�e�n�t�e�d� �o�n� �S�c�r�e�e�n� �4�.�1�7�.� �T�h�e�s�e� 

�u�n�i�t�s� �a�r�e� �u�s�e�d� �f�o�r� �a�n�y� �i�n�p�u�t�t�e�d� �d�i�s�t�a�n�c�e�s� �r�e�q�u�i�r�e�d� �i�n� �t�h�e� 

�s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n�.� 

�T�h�e� �a�v�a�i�l�a�b�l�e� �u�n�i�t�s� �f�o�r� �t�i�m�e� �a�r�e�;� �1�)�M� �-� �m�i�n�u�t�e�,� �2�)�H� �-� 

�h�o�u�r�,� �a�n�d� �3�)�D� �-� �d�a�y�.� �T�h�e�s�e� �u�n�i�t�s� �a�r�e� �u�s�e�d� �f�o�r� �a�n�y� �t�i�m�e�s


