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(ABSTRACT) 

This thesis identifies various material handling model 

parameters which must be addressed when using simulation. 

Operations of six material handling devices (AGVS, AS/RS, 

conveyors, cranes, fork trucks, and industrial robots) are 

studied to determine attributes which require modeling 

consideration. 

Four simulation software packages (GPSS, PROMODELPC, 

SIMAN IV, and SLAM II) are analyzed to determine their 

capabilities for modeling material handling situations. A 

survey was developed to extract information, from software 

experts, about each software package under study. Based on 

this survey, the state-of-the-art in modeling materials 

handling systems is assessed.
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1.0 INTRODUCTION 

1.1 OVERVIEW 

Simulation is used more widely than ever due to the 

advances in computer power. Only years ago, it was 

necessary to run simulations on mainframes, but now 

literature suggests that personal computers are the dominant 

platform. 

There are many simulation packages on the market today. 

Deciding which is best for a given task can be very 

agifficult. Many of these packages claim they have the 

solution for modeling complex systems with ease. This 

research examines various PC-compatible simulation packages 

which model manufacturing systems. The focus of this 

research is on the material handling component of 

manufacturing systems. Many of these systems also have 

modeling constructs designed specifically to address 

complicated material handling movements. 

Material handling is an essential element of most 

manufacturing systems. It involves the use of devices (i.e. 

AGVS, conveyors, robots, etc.) and people to promote 

material movement. The various material handling devices 

can be unreasonably difficult to model using many simulation 

languages. Therefore, many simulation packages have emerged



into the market with constructs designed specifically to 

better meet the needs of many manufacturing systems. SIMAN, 

SLAM, GPSS and PROMODEL are simulation packages which have 

recognized the complexities of modeling manufacturing 

systems. These four simulation packages are some of the 

most widely used simulation methods in the U.S. today. Most 

of these packages also offer modeling features which should 

decrease difficulties in modeling materials handling 

systems. 

1.2 Statement of Problem 

Material handling systems have experienced a rapid 

increase in sophistication and complexity over the past 

Gecade. Thus, modeling these systems has, in effect, become 

more difficult. Many users of simulation packages are aware 

of the inevitable difficulties in modeling materials 

handling components. Simulation software developers have 

not yet addressed all of the modeling complexities found 

when modeling these materials handling systems. 

This research will identify characteristics of various 

material handling devices which should be addressed by 

simulation software developers. Further, by identifying the 

subset of those characteristics which are currently 

difficult to model, software developers will know where to 

direct their attention when developing material handling 

constructs. By identifying the characteristics of various



material handling devices, software users (modelers) will 

know what complexities they may encounter when modeling such 

systems. 

By comparing the various software packages, a clear 

statement of the material handling capabilities of each 

package is presented. Users are able to better determine 

the compatibility of a given software package with their 

Material handling modeling requirements. Developers benefit 

in knowing the possible limitations of their software, 

because it identifies opportunities for improvement and 

development. 

Two major problems are addressed by this research. The 

problems are stated as follows: 

oO Simulation software developers are often not 
adequately in tune with the needs of engineers and 
others who use their product for material handling 
issues. Developers must realize and understand the 
modelers needs. 

oO We as users are often unaware of the actual 
material handling capabilities of a given software 
system prior to purchasing. Though many software 
packages advertise special material handling features, 
they may not be enough to properly model the 
complexities of a given material handling systen. 

Banks, Aviles, McLaughlin and Yuan (1991) state, "As 

vendors realize simulator's [simulation software's]! 
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limitations, they can begin to eliminate them in succeeding 

versions of their software." Likewise, vendors (developers) 

realization is a direct result of users notification. There 

must be more interaction between users and vendors to 

experience faster and greater technological advances in 

simulation technology. 

1.3 Objective 

This research has a two part objective. First, it 

identifies attributes that one may want to model for unit 

load material handling devices (AGVS, AS/RS, cranes, 

conveyors, robots and industrial trucks). Second, it 

assesses the existing modeling capabilities of four well 

known simulation software packages. 

This research assesses the state-of-the-art in modeling 

material handling systems using four computer simulation 

software products (SLAM, GPSS, PROMODEL and SIMAN). 

Material handling is prevalent in almost all manufacturing 

systems. It ofttimes comprises the majority of activity 

within a manufacturing system. This research retrieves and 

presents valuable information from a group of experts. This 

information should aid modelers in determining the best 

simulation package for their materials handling systen. 

In addition to aiding modelers, this paper also aids 

developers of future simulation packages. Many developers 

have recognized complexities in designing a simulation



package which accurately and adequately models many 

variations of material handling systems. Therefore, another 

objective of this research is to determine the basic 

elements which are necessary within a simulation package to 

properly model discrete event material handling systems. 

The objectives may be summarized in the following 

statements. 

oO Define operating logic inherent in various 
material handling system which must be addressed when 
modeling such systems using simulation. 

oO Identify material handling capabilities and 
limitations of GPSS, SLAM, PROMODEL and SIMAN to assess 
the state-of-the-art in modeling materials handling 
systems. 

This paper first gives a literature review of 

Simulation, material handling, and the four simulation 

packages under study. Work done in this area and the 

methodology for analyzing the languages are also discussed. 

The actual research experiment and results are displayed in 

detail in later chapters. 

1.4 PROBLEM SIGNIFICANCE 

Materials handling may be responsible for 30-75%, or 

more, of the costs associated with manufacturing a product 

[Kulwiec, 1985]. This fact alone necessitates accurate 

modeling of material handling functions when using 

simulation or any other analytical technique. Materials 

handling is a vital function in many manufacturing



facilities and must be treated as such. 

Simulation is described as being "the most versatile 

and widely used" analytical technique for design and 

analysis of material handling systems [(Kulwiec, 1985]. The 

flexibility offered by simulation allows the modeler to 

represent various situations and solve many materials 

handling problems. 

Simulation attempts to model the routing of parts 

throughout the system [Banks, Aviles, McLaughlin, Yuan, 

1991]. Any progressive simulation software used in the 

manufacturing arena, must address issues of material 

handling. Law and Haider (1989) state though many vendors 

have noted the significance of modeling materials handling 

systems, the diversity of today's material handling systems 

complicates the ability to model such system. Thus, 

existing material handling features in simulation software 

packages are not always sufficient. Therefore, it is 

important to display the capabilities and boundaries of 

existing systems, to alert purchasers prior to acquiring an 

extensive system. 

Often, there exists a gap between software developers 

and modelers of manufacturing systems. It is imperative 

that developers constantly address the ever-changing needs 

of simulation users. Today's manufacturing simulation user 

desires effective, uncomplicated means of modeling a vast



array of material handling devices and complex movements of 

these devices. It is important to define these complex 

movements, so developers will take steps to alleviate 

existing problems in modeling these systems. Thus, this 

analysis may enhance existing simulation modeling 

capabilities. This will bring simulation a step closer to 

being an effective analysis technique at the fingertips of 

more manufacturing decision makers. 

Exposing boundaries of existing systems and defining 

modeling capabilities will allow software developers 

(vendors) to enhance existing simulation modeling 

capabilities. It provides a degree of focus to software 

developers. Developers will know where to direct their 

attention. Comparing the various software packages may also 

increase competition in the software development arena, thus 

creating better simulation products for users.



2.0 LITERATURE REVIEW 

This section presents issues which are relevant to the 

research topic. In order to have a full understanding of 

the research topic, one must understand various concepts in 

the areas of simulation and material handling. Past works 

in the area of simulation software comparison and selection 

are cited and an overview of each simulation software is 

given. 

2-1 SIMULATION WITHIN MANUFACTURING 

Simulation may be defined as the use of a model to 

imitate the behavior of a given system in an effort to 

better understand the performance of that system under 

various circumstances. Simulation is a valuable tool within 

the manufacturing environment. It is most often used as an 

experimental tool or decision aid. It has grown in 

popularity in recent years due to its constantly increasing 

ease of use, its ability to analyze a vast array of systems, 

and its ability to economically aid in making relatively 

sound decisions. 

2.1.1 Purposes and Benefits of Simulation 

Simulation allows its user to model the real system and 

perform experiments on the model using a computer. Through 

these experiments, the user may make inferences about a



proposed or an existing system. Computer simulation may be 

used for the analysis of procedures, design of new systems 

and evaluating performance of a given system. In the 

manufacturing context, simulation may answer capacity 

concerns (i.e. How many machines are required?), evaluate 

proposed solutions and predict future events. It is also 

useful in troubleshooting (i.e. Determine the location of 

the bottleneck [Thesen & Travis, 1990]). 

Simulation provides immeasurable benefits for users 

within a manufacturing environment. 

oO By designing a given system, using simulation, one 
gains a greater understanding of the system being 
modelled. 

° It is an economical means for performing what-if 
scenarios. 

oO One may experiment with existing systems without 
interrupting or destroying them. 

° It provides assurance, before creating a systen, 
that a proposed design will meet requirements. 

oO It may result in a cost savings for the system 
being modeled. 

There are definitely more advantages of simulation. These 

are simply some of the most prevalent. 

2.1.2 General Purpose Languages, Simulation Languages 
and Simulators 

SLAM, SIMAN, and GPSS are simulation languages and 

ProModel is often referred to as a manufacturing simulator. 

In other words, all software under study was designed 

specifically for the simulation of systems. Simulation



languages and simulators are most often utilized in the 

simulation of systems. Today, developing simulation models 

solely with general purpose languages is seldom practiced. 

General purpose languages (i.e. BASIC, FORTRAN, PASCAL) 

may be used in various programming situations, thus, they 

are often much harder to use for simulation purposes. There 

are several reasons why modelers use simulation languages or 

simulators rather than general purpose languages. 

oO The modeler forsees frequent and/or large 
modeling requirements. 

Oo They provide modeling constructs to make 
development of the model easier. 

oO They require minimal statistical collection 
efforts and results are displayed. 

oO The time necessary for modeling is drastically 
reduced. 

oO Debuggers are constructed into the computer systen. 

These complexities make the use of general purpose languages 

undesirable. Thus, simulators or simulation languages are 

most frequently used to simulate systems. 

The simulation language or simulator utilized is 

determined by many factors. The modeler's computer skills 

and knowledge of simulation languages are definitely a 

factor when determining which to use. Other factors which 

govern the selection of one simulation means over another 

are as follows: 

° Availability of simulation packages and computer 

10



resources. 
Documentation and technical assistance available. 
Associated costs. 
Time allotted for modeling efforts. 
Size and depth of the model. 0

0
0
0
 

2.1.3 The Process of Simulation Modeling 

According to A. Alan B. Pritsker, the developer of SLAM 

(Simulation Language for Alternative Modeling), it is 

necessary to develop a simple model based on problem-solving 

requirements. The methodology proposed by Pritsker is as 

follows: 

1. Define the problem and state objectives. 

2. Formulate the system into a mathematical-logical 
state based on problem statement. 

3. Acquire pertinent data. 

4. Duplicate model using computer simulation. 

5. Verify proper execution of computer program. 

6. Ensure correspondence between the real system and 
the simulation model. 

7. Determine experimental conditions necessary based 
on desired information. 

8. Execute simulation model to determine output. 

9. Analyze results. Make recommendations to solve 
problems based on inferences. 

10. Implement decisions made and document the model. 

This ten step procedure is valid when using any type of 

simulation language, general programming language or 

simulator [Pritsker, 1986]. 

11



2.2 MATERIAL HANDLING 

The following definition for materials handling is 

given in the second edition of the Materials Handling 

Handbook, 

"Materials handling is a system or combination 
of methods, facilities, labor, and equipment 
for moving, packaging, and storing of materials 
to meet specific objectives [Kulwiec, 1985]." 

According to the handbook, material handling must be defined 

in context of a system, because the material handling 

component has a significant impact on many other components 

within a systen. 

According to Apple(1977), material handling could very 

easily consume 50 to 70 percent of actual production 

activity. This statement alone implies that material 

handling is a vital part of manufacturing systems. Material 

handling may account for over 60% of the cost of making a 

product [Eade, 1989}. It is crucial to the survival of many 

business to reduce labor costs and deliver products faster 

and more efficiently at the lowest cost possible. Due to 

the demands of accuracy, quality, and just-in-time (JIT) 

concepts, manufacturers must incorporate efficient material 

handling of raw material, work in process, and inventory to 

compete with today's industries. The efficiency of a 

company's material handling system is directly related to 

the productivity (output/input) of the company. 

12



2.2.1 Simulation of Material Handling systems 

Many are finding simulation to be a valuable tool for 

analyzing material handling systems. It is indeed the most 

widely used and most versatile analytical technique for 

manufacturing systems. Simulation offers a realistic, real- 

time method of modeling such systems. Over the years, 

material handling systems have grown in complexity and 

sophistication. Simulation is also becoming more user- 

friendly and may be specialized for manufacturing systems. 

All of these reasons make simulation a very good means of 

designing and analyzing material handling systems. 

2.2.2 Unit Material Handling Devices 

Materials handling systems may involve the act of 

humans performing material handling procedures or the use of 

more complex automated components. There exist numerous 

material handling devices. In an effort to narrow available 

possibilities, this research paper will focus on automated 

unit material handling devices. Unit material handling 

involves the movement of discrete, individual loads or 

items. This research will focus on the ability of 

simulation packages to model the following automated 

material handling devices: 

Powered Industrial Tools (Trucks) 
Automatic Guided Vehicles (Agvs) 
Automate Storage and Assembly Systems (AS/RS) 
Conveyors 

Cranes o
0
0
0
0
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°o Robots 
(Kulwiec] 

Each of these material handling devices is classified as 

unit material handling devices by Kulwiec's Materials 

Handling Handbook. 

2.3 Simulation Software Selection, Comparisons and Uses 

Much research has been performed in the area of 

simulation and manufacturing systems rather than material 

handling systems. Many articles address simulation software 

selection. Surveys have been conducted to determine or 

define appropriate software for manufacturing systems. 

Though work has been done in the research area, the exact 

research issues of this study were not addressed. 

Law and McComas (1989) discuss pitfalls one must avoid 

when modeling manufacturing systems. They address issues 

such as model development, modeling system randomness, and 

software use and selection. When selecting or using 

software, Law and McComas state that flexibility is a major 

issue. Software must be flexible enough to model a vast 

array of systems, yet remain relatively user-friendly. 

Law and Haider (1989) discuss six features which were 

found to be desirable when selecting simulation software for 

manufacturing applications. The inclusion of material 

handling modules was definitely one of those six important 

features. They state that there is a need for modeling 

AGVS, conveyors, robots, cranes, and AS/RS with ease and



flexibility. Other features which were declared desirable 

were general features (execution speed, modeling 

flexibility, ease of model development, etc.), animation 

capabilities, statistical capabilities, customer support, 

and output reports (standard and tailored). 

A vendor survey was also performed of several 

simulation languages and manufacturing simulators. This 

survey included the four simulation packages under study. 

The survey basically served to notify users of features 

offered by each simulation package and costs. Various 

issues relative to the six features previously discussed 

were briefly addressed for 22 simulation packages and 

manufacturing simulators. The following table gives a 

summary of the material handling modules present in the four 

systems under study [Law & Haider, 1989]. 

Table 1.1: Material Handling Modules 
(information from Law & Haider, 1989) 

  

  

  

  

  

  

              

GPSS/PC SIMAN SLAM II PROMODEL 

Conveyor Yes Yes 

Forklift Yes Yes 

AGVS Yes* Yes 

AS/RS Yes* Yes 

Cranes Yes Yes* Yes 

Robots Yes 
  

* Using SLAM's Material Handling Extension (MHE) 
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In 1986, Haider and Banks stated that there were over 

100 simulation software products available, therefore, 

selection of the appropriate software is complicated and 

crucial. They also state desirable features in selecting 

simulation software and once again material handling modules 

are among those features. 

In 1982, a study was performed by Abed to evaluate and 

compare GPSS/H, SLAM, and SIMSCRIPT II.5. A hypothetical 

model was developed and criteria was stated on which the 

author based his conclusions. Based on findings, GPSS was 

the best language for modeling manufacturing systems. This 

study was based on CPU and memory utilized, execution speed, 

and rates of change in execution [Abed, 1982]. 

Banks, Aviles, McLaughlin and Yuan (1991) compared four 

simulators, SIMFACTORY, XCELL+, WITNESS, and ProModelPC. The 

results showed that ProModelPC was the only simulator with 

special constructs for material handling devices. It was 

also the cheapest of the simulators under study. 

Law and Kelton (1991) discuss a comparison of 

Simulation languages performed by the authors and by other 

researchers. These authors state that GPSS, SIMAN and SLAM 

II have constructs which are adequate for queueing 

orientations. SIMAN and SLAM II, unlike GPSS, contain 

constructs which make it possible to model non-queuing- 

oriented systems. According to Law and Kelton, a study was 
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performed using GPSS/H, SIMAN, SIMSCRIPT II.5, and SLAM II 

to model the same manufacturing system. Law and Kelton 

(1991) provide various tables comparing the simulation 

capabilities and features of various simulation languages. 

These tables state inherent features of each simulation 

language. Features include the presence or absence of 

animation, orientation, and statistical capabilities and 

more. 

Many simulation models have been developed of materials 

handling systems. Material handling systems are often hard 

to model, simulation software developments must reflect this 

complexity [Conway & Maxwell, 1987]. Conway and Maxwell 

(1987) modelled asynchronous material handling in XCELL+. 

Sale and Stein (1987) modeled AGVS Systems using SLAM. 

Godziela (1986) modeled a flexible manufacturing cell with 

material handling via a crane. Litton Unit Handling 

System's simulation staff used GPSS/H to model order picking 

and conveyor sortation and other material handling ideas. 

Eaton-Kenway, a leader in the area of automated material 

handling systems, first began modeling material handling 

systems using GPSS now they use AutoSimulation's AutoMod 

simulation software. Cincinatti Milacron utilized SIMAN to 

model traditional transfer lines and automated 

manufacturing systems [1991, IE Magazine, author unknown]. 

The list goes on and on. Many have utilized simulation 
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software to model material handling components. 

Literature clearly states, there exists a problem in 

modeling automated material handling devices, but it never 

states all necessary requirements of a simulation package to 

properly model material handling systems. 

Sturrock and Pegden (1990) state that material handling 

is an essential part of most manufacturing systems. Devices 

such as AGVS, robots, conveyors, etc. are “extremely 

difficult to model." Therefore it is necessary to state 

those attributes of various material handling devices which 

make it hard to model. Only then may we find complete 

solutions to this problem and determine what simulation 

software requirements are necessary for modeling these 

materials handling components. 

Based on findings, no one has specifically addressed 

the issue of which software package is preferred for 

modeling material handling components. Papers have been 

written about the material handling constructs which a given 

system may contain, but no references were found which 

compare and contrast the material handling components of 

numerous systems. The following statement was made by John 

Carson (1990) in proceedings of an Autofact conference and 

is believed to be true about recent literature in the area 

of simulation languages and simulators. 

"Many published reviews in the literature are shallow 
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and superficial, in the sense that they consist of a 
check list of claimed generic features..." [John S. 
Carson, 1990] 

In other words there has been very little in-depth 

comparisons of simulation languages and simulators in the 

past ten years. 

2.4 SIMAN 

SIMAN is a SIMulation ANalysis program for modeling 

various systems. It was developed by Dennis Pegden over 

eight years ago. Since its initial development, it has 

undergone reconstruction, as noted by the four versions of 

SIMAN. These enhancements were an effort to improve 

modeling features and maintainability of its code. The 

SIMAN simulation language has capabilities for modeling 

discrete, continuous and discrete-continuous systems. Its 

modeling capabilities are increased with the use of user- 

defined subroutines [Sturrock & Pegden, 1990]. 

Though SIMAN is a general-purpose simulation language, 

this paper only discusses its capabilities for modeling 

manufacturing systems. SIMAN is sometimes compared to 

manufacturing languages (XCELL and SIMFACTORY). It has been 

found that SIMAN provides greater modeling flexibility than 

manufacturing languages. Unlike SIMAN, most manufacturing 

languages are not applicable to a variety of manufacturing 

systens. On the other hand, as compared to other general- 

purpose simulation languages (SLAM), SIMAN provides features 

specifically for modeling manufacturing systems. It was 
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developed in an effort to simplify the modeling of 

manufacturing systems [Sturrock and Pegden]. 

SIMAN was developed with constructs which should 

greatly reduce modeling difficulties and enhance modeling 

capabilities of material handling within a manufacturing 

system. For this reason, SIMAN is one of the simulation 

languages being researched in this document. 

Recently, a CINEMA system was developed to be used with 

SIMAN. CINEMA allows real-time graphics animation. Thus, 

SIMAN is often referred to as SIMAN/CINEMA. This means of 

graphics animation is very effective in understanding and 

presenting the dynamics of the system being modeled. 

2.5 GPSS 

GPSS (General Purpose Simulation System) was first 

introduced in 1961 by Geoffrey Gordon of IBM Corporation. 

Since its introduction, it has undergone several evolutions. 

GPSS/H was developed in 1977 and was deemed faster than the 

original GPSS. It offers a real-time simulation clock, 

capabilities to read and write external files, tailored 

output reports, random number generation features, 

mathematical functions, and control statements. Due to 

these capabilities most systems modeled in GPSS do not 

require external routines [Law and Kelton, 1991]. 

Based on a recent study by Law and Haider (1989) 

GPSS/PC does not contain special materials handling 
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�c�o�n�s�t�r�u�c�t�s�,� �n�e�i�t�h�e�r� �d�o�e�s� �G�P�S�S�/�H�.� �I�t� �i�s� �s�t�i�l�l� �b�e�l�i�e�v�e�d� �t�h�a�t� 

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

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

�i�s� �a�l�s�o� �a�n�a�l�y�z�e�d�.� 

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

�G�P�S�S�/�H� �a�n�d� �G�P�S�S�/�P�C�.� �T�h�e� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �i�s�s�u�e�s� �f�o�r� 

�e�i�t�h�e�r� �o�f� �t�h�e�s�e� �s�h�o�u�l�d� �b�e� �t�h�e� �s�a�m�e� �b�e�c�a�u�s�e� �G�P�S�S�/�P�C� �a�n�d� 

�G�P�S�S�/�H� �h�a�v�e� �t�h�e� �s�a�m�e� �b�a�s�i�c� �m�o�d�e�l�i�n�g� �e�l�e�m�e�n�t�s� �[�L�a�w� �a�n�d� 

�K�e�l�t�o�n�,� �1�9�9�1�]�.� 

�2�-�6� �S�L�A�M� �I�T�I� 

�S�L�A�M� �I�I�,� �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�l�t�e�r�n�a�t�i�v�e� 

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

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

�p�r�o�c�e�s�s�,� �o�r� �a�n�y� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �t�h�r�e�e�.� �S�L�A�M� �I�I� �h�a�s� �t�h�e� 

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

�m�a�k�i�n�g� �i�t� �a� �v�e�r�y� �f�l�e�x�i�b�l�e� �t�o�o�l�.� 

�S�i�n�c�e� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �S�L�A�M� �b�y� �D�e�n�n�i�s� �P�e�g�d�e�n�,� �i�n� 

�1�9�7�9�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e� �h�a�s� �u�n�d�e�r�g�o�n�e� �s�e�v�e�r�a�l� �c�h�a�n�g�e�s� 

�a�n�d� �a�d�d�i�t�i�o�n�s�.� �P�r�i�t�s�k�e�r� �&� �A�s�s�o�c�i�a�t�e�s� �a�r�e� �c�r�e�d�i�t�e�d� �w�i�t�h� 

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

�l�e�v�e�l� �w�h�i�c�h� �i�s� �k�n�o�w�n� �t�o�d�a�y� �a�s� �S�L�A�M� �I�I�.� �V�a�r�i�o�u�s� �s�o�f�t�w�a�r�e� 

�s�y�s�t�e�m�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �t�o� �w�o�r�k� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �S�L�A�M� 

�I�I�.� �T�E�S�S� �a�l�l�o�w�s� �d�a�t�a�b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �c�a�p�a�b�i�l�i�t�i�e�s� �f�o�r� 

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

�R�e�c�e�n�t�l�y�,� �a� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �E�x�t�e�n�s�i�o�n� �(�M�H�E�)� �w�a�s� 
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�i�n�t�r�o�d�u�c�e�d�.� �M�H�E� �a�l�l�o�w�s� �d�e�t�a�i�l�e�d� �m�o�d�e�l�i�n�g� �o�f� �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�:� �g�u�i�d�e�p�a�t�h�s�,� �c�r�a�n�e�s�,� �s�t�o�r�a�g�e� �a�r�e�a�s�,� �a�n�d� 

�A�G�V�S�.� �S�L�A�M� �I�I� �I�n�t�e�r�a�c�t�i�v�e� �E�x�e�c�u�t�i�o�n� �E�n�v�i�r�o�n�m�e�n�t� �(�I�E�E�)� 

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

�e�v�e�n� �c�h�a�n�g�e� �s�y�s�t�e�m� �p�a�r�a�m�e�t�e�r�s�.� �F�i�n�a�l�l�y�,� �S�L�A�M� �I�I�/�P�C� 

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

�i�t�s� �P�C� �v�e�r�s�i�o�n� �[�O�'�R�e�i�l�l�y� �&� �L�i�l�e�g�d�o�n�,� �1�9�8�7�]�.� �T�h�e� �M�a�t�e�r�i�a�l� 

�H�a�n�d�l�i�n�g� �E�x�t�e�n�s�i�o�n� �w�i�l�l� �b�e� �s�t�u�d�i�e�d� �i�n�-�d�e�p�t�h� �t�o� �d�e�t�e�r�m�i�n�e� �i�t�s� 

�a�c�t�u�a�l� �c�a�p�a�b�i�l�i�t�i�e�s�.� 

�2�.�7� �P�R�O�M�O�D�E�L� 

�P�R�O�M�O�D�E�L� �(�P�R�O�d�u�c�t�i�o�n� �M�O�D�E�L�e�r�)� �i�s� �a� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m� 

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

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

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

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

�P�R�O�M�O�D�E�L�,� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �w�a�s� �c�l�a�s�s�i�f�i�e�d� �a�s� �e�i�t�h�e�r� 

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

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

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

�d�e�v�e�l�o�p�e�r�s� �o�f� �P�R�O�M�O�D�E�L� �d�e�s�c�r�i�b�e� �t�h�e�i�r� �p�r�o�d�u�c�t� �a�s� �a� 

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

�t�h�e� �g�e�n�e�r�a�l� �p�u�b�l�i�c� �a�s� �a� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�i�m�u�l�a�t�o�r�.� �P�R�O�M�O�D�E�L� 

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

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

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

�A�c�c�o�r�d�i�n�g� �t�o� �L�a�w� �a�n�d� �K�e�l�t�o�n� �(�1�9�9�1�)�,� �P�R�O�M�O�D�E�L� �i�s� �o�n�e� �o�f� 

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

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

�m�o�d�e�l� �c�o�m�p�l�e�x� �s�y�s�t�e�m�s�.� �I�t�s� �p�r�o�g�r�a�m�m�i�n�g�-�l�i�k�e� �c�o�n�s�t�r�u�c�t�s� 

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

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

�P�R�O�M�O�D�E�L� �u�s�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �b�a�s�i�c� �m�o�d�e�l�i�n�g� �e�l�e�m�e�n�t�s� �t�o� 

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

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

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

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

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

�o�O� �P�a�r�t� �s�c�h�e�d�u�l�i�n�g� �-� �t�h�e� �o�r�d�e�r�,� �q�u�a�n�t�i�t�y�,� �a�n�d� 
�f�r�e�q�u�e�n�c�y� �o�f� �e�n�t�i�t�y� �c�r�e�a�t�i�o�n�.� 

�o�O� �R�e�s�o�u�r�c�e� �c�a�p�a�c�i�t�i�e�s� �-� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �e�n�t�i�t�i�e�s� 
�w�h�i�c�h� �c�a�n� �u�s�e� �t�h�e� �r�e�s�o�u�r�c�e� �a�n� �a� �g�i�v�e�n� �t�i�m�e�.� 

�°� �R�e�s�o�u�r�c�e� �d�o�w�n�t�i�m�e�s� �-� �b�u�i�l�t�-�i�n� �r�o�u�t�i�n�e�s� �w�h�i�c�h� �m�o�d�e�l� 
�d�o�w�n�t�i�m�e�s�.� 

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

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

�o�O� �F�u�n�c�t�i�o�n� �T�a�b�l�e�s� �-� �t�a�b�l�e�s� �w�h�i�c�h� �a�l�l�o�w� �t�h�e� 
�d�e�f�i�n�i�t�i�o�n� �o�f� �s�e�t�s� �o�f� �v�a�l�u�e�s� �(�i�n�d�e�p�e�n�d�e�n�t� �a�n�d� 
�d�e�p�e�n�d�e�n�t�)� 

�o�O� �S�u�b�r�o�u�t�i�n�e�s� �-� �u�s�e�r� �w�r�i�t�t�e�n� �r�o�u�t�i�n�e�s� �w�h�i�c�h� �a�r�e� 
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�u�t�i�l�i�z�e�d� �w�h�e�n� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �m�o�d�e�l� 
�e�x�c�e�e�d�s� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �P�r�o�M�o�d�e�l�'�s� �c�o�n�s�t�r�u�c�t�s�.� 

�o�O� �T�i�m�e� �E�n�t�r�i�e�s� �-� �t�i�m�e� �v�a�l�u�e�s� �m�a�y� �b�e� �s�p�e�c�i�f�i�e�d� 
�n�u�m�e�r�i�c�a�l�l�y�,� �b�a�s�e�d� �o�n� �a�t�t�r�i�b�u�t�e�s�,� �d�i�s�t�r�i�b�u�t�i�o�n�s�,� 
�e�t�c�.� 
�[�P�R�O�M�O�D�E�L� �C�o�r�p�.�,� �1�9�9�1�]� 

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

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

�t�r�a�n�s�p�o�r�t�e�r�s�,� �c�r�a�n�e�s�,� �r�o�b�o�t�s�,� �a�n�d� �c�o�n�v�e�y�o�r�s� �w�i�t�h� �e�a�s�e�.� 
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�3�.�0� �M�E�T�H�O�D�O�L�O�G�Y� 

�3�.�1� �O�V�E�R�V�I�E�W� 

�T�h�e�r�e� �e�x�i�s�t�s� �a� �v�a�s�t� �a�r�r�a�y� �o�f� �A�G�V�S�,� �c�o�n�v�e�y�o�r�s�,� �c�r�a�n�e�s�,� 

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

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

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

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

�p�a�r�t�i�c�u�l�a�r� �a�r�e�a� �(�A�G�V�S�,� �c�o�n�v�e�y�o�r�s�,� �e�t�c�.�)� �w�i�l�l� �b�e� �d�e�n�o�t�e�d� �a�s� �a� 

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

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

�d�e�v�i�c�e� �w�i�t�h�i�n� �e�a�c�h� �c�l�a�s�s� �w�h�i�c�h� �w�a�s� �a�n�a�l�y�z�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

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

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

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

�w�h�i�c�h� �i�s� �i�n� �i�t�a�l�i�c�s�.� 

�°� �G�a�n�t�r�y� �C�r�a�n�e�s� 

�°� �U�n�i�t� �L�o�a�d� �C�a�r�r�i�e�r� �A�G�V�S� 

�o�O� �A�u�t�o�m�a�t�e�d� �S�t�o�r�a�g�e� �a�n�d� �R�e�t�r�i�e�v�a�l� �S�y�s�t�e�m�s� �(�A�S�/�R�S�)� 

�o� �I�n�d�u�s�t�r�i�a�l� �R�o�b�o�t�s� 

�o�O� �I�n�d�u�s�t�r�i�a�l� �F�o�r�k� �T�r�u�c�k�s� �(�R�i�d�e�r� �T�r�u�c�k�s�)� 

�o�O� �B�e�l�t�/�R�o�l�l�e�r� �C�o�n�v�e�y�o�r�s� 

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

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

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

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

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

�(�i�.�e�.� �b�i�-�d�i�r�e�c�t�i�o�n�a�l� �t�r�a�v�e�l� �i�s� �a� �c�o�m�p�l�e�x�i�t�y� �w�h�i�c�h� �m�a�y� �b�e� 

�e�x�p�e�r�i�e�n�c�e�d� �b�y� �u�n�i�t� �l�o�a�d� �c�a�r�r�i�e�r� �A�G�V�S�,� �f�o�r�k�l�i�f�t� �A�G�V�S�,� �t�o�w�i�n�g� 

�v�e�h�i�c�l�e� �A�G�V�S�,� �e�t�c�.�)�.� �T�h�u�s�,� �s�o�m�e� �i�s�s�u�e�s� �w�h�i�c�h� �a�r�e� �r�e�l�e�v�a�n�t� 

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

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

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

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

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

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

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

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

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

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

�e�a�c�h� �a�r�e�a� �o�f� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �[�S�L�A�M�,� �P�R�O�M�O�D�E�L�,� �S�I�M�A�N�,� �a�n�d� 

�G�P�S�S�]�.� �V�a�l�u�a�b�l�e� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e�s�e� 

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

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

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

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

�s�t�a�t�e�d�.� 
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�3�.�2� �D�e�f�i�n�i�t�i�o�n� �o�f� �M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g� �M�o�d�e�l�i�n�g� �F�e�a�t�u�r�e�s� 

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

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

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

�w�a�s� �a�n�a�l�y�z�e�d� �s�e�p�a�r�a�t�e�l�y� �t�o� �i�d�e�n�t�i�f�y� �t�h�o�s�e� �f�e�a�t�u�r�e�s� �(�i�.�e�.� 

�s�p�e�e�d�,� �d�i�r�e�c�t�i�o�n� �o�f� �m�o�v�e�m�e�n�t�,� �e�t�c�.�)� �w�h�i�c�h� �m�u�s�t� �b�e� �d�e�f�i�n�e�d� �t�o� 

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

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

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

�2�.� �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� �t�h�e� �m�a�t�e�r�i�a�l� 
�h�a�n�d�l�i�n�g� �d�e�v�i�c�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d�.� �B�a�s�e�d� �o�n� �t�h�i�s� 
�a�n�a�l�y�s�i�s�,� �p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �t�o� �m�o�d�e�l� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� 
�d�e�v�i�c�e�s� �w�e�r�e� �e�x�t�r�a�c�t�e�d�.� �T�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� 
�e�v�a�l�u�a�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �m�o�d�e�l�i�n�g� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� 
�m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �d�e�v�i�c�e�.� 

�3�.� �T�h�e� �l�i�s�t� �w�a�s� �g�i�v�e�n� �t�o� �e�x�p�e�r�t�s� �i�n� �t�h�e� �a�r�e�a� �o�f� 
�s�i�m�u�l�a�t�i�o�n� �a�n�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g�.� �I�n�t�e�r�v�i�e�w�s� �w�e�r�e� 
�c�o�n�d�u�c�t�e�d� �w�i�t�h� �e�x�p�e�r�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e� �l�i�s�t� 
�w�a�s� �a�l�l� �e�n�c�o�m�p�a�s�s�i�n�g�.� �F�e�e�d�b�a�c�k� �f�r�o�m� �e�x�p�e�r�t�s� �s�e�r�v�e�d� 
�t�o� �v�e�r�i�f�y� �t�h�e� �l�i�s�t� �p�r�e�v�i�o�u�s�l�y� �g�e�n�e�r�a�t�e�d�.� 

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

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

�d�i�a�g�r�a�m� �i�n� �F�i�g�u�r�e� �3�.�1�.� 

�3�.�3� �C�o�m�p�a�r�i�s�o�n� �o�f� �S�o�f�t�w�a�r�e� �P�a�c�k�a�g�e�s� 

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

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

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

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

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

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

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

�T�h�e� �s�u�r�v�e�y� �a�d�d�r�e�s�s�e�s� �e�a�c�h� �f�e�a�t�u�r�e� �d�e�f�i�n�e�d�,� �a�s� �d�e�p�i�c�t�e�d� �i�n� 

�t�h�e� �s�c�h�e�m�a�t�i�c� �o�f� �t�h�e� �o�u�t�p�u�t� �i�n� �F�i�g�u�r�e� �3�.�1�.� �E�x�p�e�r�t�s� �w�e�r�e� 

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

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

�e�x�p�e�r�t�.� �B�a�s�e�d� �o�n� �r�e�s�p�o�n�s�e�s�,� �c�a�p�a�b�i�l�i�t�i�e�s� �a�n�d� �p�o�s�s�i�b�l�e� 

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

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

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

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

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

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

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

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

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

�t�o� �t�h�e� �b�o�d�y� �o�f� �k�n�o�w�l�e�d�g�e�.� 
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�4�.�0� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �A�t�t�r�i�b�u�t�e�s� �a�n�d� �S�u�r�v�e�y� �D�e�s�i�g�n� 

�4�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�d�e�v�i�c�e� �b�e�i�n�g� �s�i�m�u�l�a�t�e�d� �[�N�o�r�m�a�n�,� �1�9�8�4�]�.� �B�a�s�e�d� �o�n� �k�n�o�w�l�e�d�g�e� 

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

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

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

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

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

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

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

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

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

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

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

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

�4�.�2� �A�G�V�S� �A�n�a�l�y�s�i�s� 

�T�h�e� �f�i�r�s�t� �w�i�r�e�-�g�u�i�d�e�d� �A�G�V� �s�y�s�t�e�m� �w�a�s� �d�e�v�e�l�o�p�e�d� �i�n� �1�9�5�4� 

�b�y� �A�.� �M�.� �B�a�r�r�e�t�t�,� �J�r�.� �S�i�n�c�e� �t�h�i�s� �t�i�m�e�,� �t�h�e� �d�e�s�i�g�n� �o�f� �A�G�V� 

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

�i�t�s� �c�o�n�t�r�o�l� �s�y�s�t�e�m�s�.� �T�h�u�s�,� �m�o�d�e�l�i�n�g� �o�f� �m�o�d�e�r�n� �A�G�V� �s�y�s�t�e�m�s� 

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

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

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

�b�e�l�o�w� �(�K�u�l�w�i�e�c�,� �1�9�8�5�]�.� 

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

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

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

�t�h�i�s� �r�e�s�e�a�r�c�h� �l�o�o�k�s� �a�t� �u�n�i�t� �l�o�a�d� �A�G�V� �s�y�s�t�e�m�s�.� �A� �s�c�h�e�m�a�t�i�c� 

�d�i�a�g�r�a�m� �o�f� �a� �t�y�p�i�c�a�l� �A�G�V� �s�y�s�t�e�m� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �4�.�1�.� 

�T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �A�G�V�S� �a�t�t�r�i�b�u�t�e�s� �w�e�r�e� �d�i�s�c�o�v�e�r�e�d� 

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

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

�A�G�V�S� �m�a�y� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s�:� 

�1�.� �V�e�h�i�c�l�e� �A�t�t�r�i�b�u�t�e�s� 
�2�.� �G�u�i�d�e�p�a�t�h� �A�t�t�r�i�b�u�t�e�s� 

�3�1



�3�.� �C�o�n�t�r�o�l� �S�y�s�t�e�m� �(�C�o�n�t�r�o�l� �L�o�g�i�c�)� 

�V�e�h�i�c�l�e� �a�t�t�r�i�b�u�t�e�s� �a�r�e� �t�h�o�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�c�h� 

�i�n�v�o�l�v�e� �m�o�d�e�l�i�n�g� �o�f� �t�h�e� �d�r�i�v�e�r�l�e�s�s� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �A�G�V� 

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

�m�o�d�e�l�i�n�g� �A�G�V� �s�y�s�t�e�m�s�,� �d�u�e� �t�o� �t�h�e� �i�m�p�a�c�t� �a� �l�a�y�o�u�t� �c�a�n� �h�a�v�e� �o�n� 

�t�h�e� �o�p�e�r�a�t�i�o�n�s� �o�f� �a�n� �A�G�V� �s�y�s�t�e�m�.� �F�i�n�a�l�l�y�,� �t�h�e� �c�o�n�t�r�o�l� �l�o�g�i�c� 

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

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

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

�4�.�2�.�1� �V�e�h�i�c�l�e� �A�t�t�r�i�b�u�t�e�s� 

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

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

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

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

�v�e�h�i�c�l�e�s�.� �T�h�e� �P�R�O�M�O�D�E�L� �m�a�n�u�a�l� �s�u�g�g�e�s�t�s� �a� �n�e�e�d� �t�o� �s�p�e�c�i�f�y� �a� 

�p�o�i�n�t� �a�t� �w�h�i�c�h� �v�e�h�i�c�l�e�s� �b�e�g�i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� �A�l�s�o�,� �i�n� 

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

�d�e�s�i�g�n�a�t�e� �a� �v�e�h�i�c�l�e� �f�l�e�e�t� �w�h�i�c�h� �m�e�a�n�s� �t�h�a�t� �m�o�r�e� �t�h�a�n� �o�n�e� �A�G�V� 

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

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

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

�F�i�n�a�l�l�y�,� �t�h�e�r�e� �i�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �h�a�v�e� �m�u�l�t�i�p�l�e� �f�l�e�e�t�s�.� �S�o�m�e� 

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

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

�r�e�p�r�e�s�e�n�t� �e�a�c�h� �c�l�a�s�s� �o�f� �v�e�h�i�c�l�e�s� �t�h�r�o�u�g�h� �s�i�m�u�l�a�t�i�o�n� 
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�F�i�g�u�r�e� �4�.�1� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� 
�c�e�l�l�s� �w�i�t�h� �a�n� �A�G�V�S� 
�(�R�e�p�r�i�n�t�e�d� �f�r�o�m� �R�e�f�e�r�e�n�c�e� �[�2�4�]�.�)� 

�3�3



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

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

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

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

�n�e�c�e�s�s�a�r�y� �t�o� �s�u�f�f�i�c�i�e�n�t�l�y� �m�o�d�e�l� �a�n� �A�G�V�S�.� �F�u�n�c�t�i�o�n�a�l� 

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

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

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

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

�r�e�q�u�i�r�e� �a�n� �i�n�p�u�t� �o�f� �t�r�a�v�e�l� �t�i�m�e�.� �O�t�h�e�r� �o�p�e�r�a�t�i�v�e� 

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

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

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

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

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

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �o�f� �a�n� �A�G�V�S�.� �A�l�l� �o�f� �t�h�e�s�e� �m�o�d�e�l� �p�a�r�a�m�e�t�e�r�s� 

�m�a�y� �i�m�p�a�c�t� �t�h�e� �o�p�e�r�a�t�i�o�n�s� �o�f� �a�n� �A�G�V� �s�y�s�t�e�m�.� 

�4�.�2�.�2� �G�u�i�d�e�p�a�t�h� �A�t�t�r�i�b�u�t�e�s� 

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

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

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

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

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

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

�g�u�i�d�e�p�a�t�h� �m�a�y� �r�e�s�e�m�b�l�e� �t�h�e� �o�u�t�l�i�n�e�d� �p�o�r�t�i�o�n� �o�f� �F�i�g�u�r�e� �4�.�1� 

�3�4



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

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

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

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

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

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

�u�n�l�o�a�d�i�n�g�,� �w�a�i�t�i�n�g�,� �e�t�c�e�t�e�r�a�.� �S�p�u�r�s� �a�r�e� �b�i�-�d�i�r�e�c�t�i�o�n�a�l� 

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

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

�b�e�c�a�u�s�e� �t�h�e�r�e� �i�s� �o�n�l�y� �o�n�e� �e�n�t�r�y� �a�n�d� �e�x�i�t� �p�o�i�n�t� �[�P�r�i�t�s�k�e�r�]�.� 

�A� �g�u�i�d�e�p�a�t�h� �m�a�y� �b�e� �b�r�o�k�e�n� �i�n�t�o� �s�e�g�m�e�n�t�s�.� �O�n�e� �s�e�g�m�e�n�t� �m�a�y� 

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

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

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

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

�m�o�d�e�l�i�n�g� �t�h�e� �g�u�i�d�e�p�a�t�h� �o�f� �a�n� �A�G�V� �s�y�s�t�e�m�.� 

�4�.�2�.�3� �C�o�n�t�r�o�l� �L�o�g�i�c� 

�C�o�n�v�e�n�t�i�o�n�a�l� �A�G�V� �s�y�s�t�e�m�s� �r�e�q�u�i�r�e� �e�x�t�e�n�s�i�v�e� �c�o�n�t�r�o�l� 

�l�o�g�i�c�.� �S�i�n�c�e� �e�a�c�h� �A�G�V� �h�a�s� �a�c�c�e�s�s� �t�o� �a�l�l� �w�o�r�k�s�t�a�t�i�o�n�s� �i�n� �t�h�e� 

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

�a�n�d� �o�t�h�e�r� �c�o�n�t�r�o�l� �f�e�a�t�u�r�e�s� �a�r�e� �o�f�t�e�n� �c�o�m�p�l�e�x� �t�o� �m�o�d�e�l� �[�B�o�z�e�r� 

�&� �S�r�i�n�i�v�a�s�a�n�]�.� �S�a�l�e� �a�n�d� �S�t�e�i�n� �(�1�9�8�7�)� �s�t�a�t�e� �t�h�a�t� �t�h�e� �c�o�n�t�r�o�l� 

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

�o�f� �a�n� �A�G�V�S� �m�o�d�e�l�.� �I�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�h�e� �c�o�n�t�r�o�l� �s�y�s�t�e�m� 

�c�o�m�p�r�i�s�e�s� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�c�h� �w�e�r�e� 
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�s�t�u�d�i�e�d� �f�o�r� �A�G�V� �s�y�s�t�e�m�s�.� 

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

�t�h�e� �A�G�V�S�.� �I�t� �i�s� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �r�o�u�t�i�n�g� �o�f� �a� �v�e�h�i�c�l�e�,� 

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

�p�r�o�c�e�s�s�e�s�.� 

�A�G�V�s� �o�f�t�e�n� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �b�e� �r�o�u�t�e�d� �o�v�e�r� �v�a�r�i�o�u�s� 

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

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

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

�u�s�e� �a�n� �a�l�t�e�r�n�a�t�e� �r�o�u�t�e�.� �I�f� �a�n� �A�G�V�'�s� �p�a�t�h� �i�s� �b�l�o�c�k�e�d�,� �i�t� 

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

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

�r�e�d�i�r�e�c�t� �a�n� �i�n�-�t�r�a�n�s�i�t� �v�e�h�i�c�l�e� �w�h�e�n� �t�h�a�t� �v�e�h�i�c�l�e� �i�s� 

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

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

�t�o� �i�t�s� �n�e�x�t� �a�s�s�i�g�n�m�e�n�t�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�y�s�t�e�m� �b�e�i�n�g� 

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

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

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

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

�v�e�h�i�c�l�e�s�)�.� �I�n� �a�n� �e�f�f�o�r�t� �t�o� �p�r�o�h�i�b�i�t� �c�o�l�l�i�s�i�o�n�s�,� �m�a�n�y� �A�G�V� 

�s�y�s�t�e�m�s� �d�i�v�i�d�e� �t�h�e� �e�n�t�i�r�e� �s�y�s�t�e�m� �i�n�t�o� �z�o�n�e�s�.� �T�h�i�s� �i�s� 

�r�e�f�e�r�r�e�d� �t�o� �a�s� �"�z�o�n�e� �b�l�o�c�k�i�n�g�"� �[�(�B�o�z�e�r� �&� �S�r�i�n�i�v�a�s�a�n�]� �o�r� �z�o�n�e� 

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

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

�w�h�i�c�h� �w�o�u�l�d� �a�l�l�o�w� �e�a�c�h� �A�G�V� �t�o� �k�n�o�w� �t�h�e� �l�o�c�a�t�i�o�n�,� �r�o�u�t�i�n�g�,� 

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

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

�a�l�l�o�w� �t�h�e� �A�G�V� �t�o� �t�a�k�e� �n�e�c�e�s�s�a�r�y� �a�c�t�i�o�n�s� �t�o� �a�v�o�i�d� �c�o�l�l�i�s�i�o�n�s� 

�o�r� �r�o�u�t�e� �i�t�s�e�l�f� �t�o� �i�t�s� �n�e�x�t� �d�e�s�t�i�n�a�t�i�o�n�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�t�a�s�k� �t�o� �p�e�r�f�o�r�m� �w�h�e�n� �m�u�l�t�i�p�l�e� �t�a�s�k�s� �a�w�a�i�t� �a�n� �A�G�V�.� 

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

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

�c�o�r�r�e�c�t�i�v�e�)�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �c�o�n�v�e�n�i�e�n�t�l�y� �m�o�d�e�l� �a�n� �A�G�V� �w�h�i�c�h� 

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

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

�i�s� �d�e�s�i�r�a�b�l�e�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �l�i�s�t� �o�f� �a�t�t�r�i�b�u�t�e�s� �i�s� �g�i�v�e�n�.� 
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�3�6�.� �P�r�i�o�r�i�t�i�e�s� �a�t� �i�n�t�e�r�f�a�c�e� �p�o�i�n�t�s� 
�3�7�.� �P�a�r�a�m�e�t�e�r� �s�t�a�t�u�s� 

�s�s� 

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

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

�o�f� �a�n� �A�G�V�S�.� �F�o�r� �a� �b�r�i�e�f� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e�s�e� �a�t�t�r�i�b�u�t�e�s�,� 

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

�4�.�3� �A�S�/�R�S� �A�n�a�l�y�s�i�s� 

�A�u�t�o�m�a�t�e�d� �s�t�o�r�a�g�e� �a�n�d� �r�e�t�r�i�e�v�a�l� �s�y�s�t�e�m�s� �(�A�S�/�R�S�)� �a�r�e� 

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

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

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

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

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

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

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

�(�S�/�R�)� �m�a�c�h�i�n�e� �w�a�s� �c�r�e�a�t�e�d� �t�o� �a�c�c�e�s�s� �l�o�a�d�s�.� �T�h�i�s� �m�a�r�k�e�d� �t�h�e� 

�b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �A�S�/�R�S� �a�s� �w�e� �k�n�o�w� �i�t� �t�o�d�a�y�.� �[�K�u�l�w�i�e�c�,� �1�9�8�5�]� 

�T�h�e� �s�t�o�r�a�g�e� �r�a�c�k�s� �a�n�d� �t�h�e� �S�/�R� �m�a�c�h�i�n�e� �a�r�e� �t�h�e� �b�a�s�i�c� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �a�n� �A�S�/�R�S�.� �F�i�g�u�r�e�s� �4�.�2�,� �4�.�3� �a�n�d� �4�.�4� �g�i�v�e� �a� 

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

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

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

�1�.� �R�a�c�k� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� 
�2�.� �S�t�o�r�a�g�e� �&� �r�e�t�r�i�e�v�a�l� �c�o�n�t�r�o�l� �l�o�g�i�c� 
�3�.� �S�/�R� �m�a�c�h�i�n�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� 
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�4�.�3�.�1� �S�t�o�r�a�g�e� �R�a�c�k� �M�o�d�e�l� �P�a�r�a�m�e�t�e�r�s� 

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

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

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

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

�t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �r�a�c�k�s�.� �S�t�o�r�a�g�e� �r�a�c�k�s� �a�r�e� �g�e�n�e�r�a�l�l�y� 

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

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

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

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

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

�a�n�d� �c�a�p�a�c�i�t�i�e�s� �m�a�y� �v�a�r�y� �t�h�r�o�u�g�h�o�u�t� �a�n� �A�S�/�R�S�.� �O�f�t�e�n� �t�h�e�r�e� 

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

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

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

�s�o�f�t�w�a�r�e� �f�o�r� �A�S�/�R�S�,� �i�s� �z�o�n�i�n�g�.� �Z�o�n�i�n�g� �i�s� �t�h�e� �p�a�r�t�i�t�i�o�n�i�n�g� 

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

�d�e�s�i�g�n�a�t�e�d� �a�r�e�a�s� �[�C�a�r�u�s�o� �&� �D�e�s�s�o�u�k�y�]�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �a� 

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

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

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

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

�A�S�/�R�S�.� 

�4�.�3�.�2� �S�/�R� �M�a�c�h�i�n�e� �M�o�d�e�l� �P�a�r�a�m�e�t�e�r�s� 

�W�h�e�n� �m�o�d�e�l�i�n�g� �t�h�e� �S�/�R� �m�a�c�h�i�n�e�,� �i�t�s� �m�o�v�e�m�e�n�t� 

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

�4�2



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

�(�h�o�r�i�z�o�n�t�a�l�)� �s�p�e�e�d� �o�r� �t�r�a�v�e�l� �t�i�m�e�.� �A�c�c�e�l�e�r�a�t�i�o�n� �a�n�d� 

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

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �S�/�R� �m�a�c�h�i�n�e�.� �T�h�e�s�e� �m�a�c�h�i�n�e�s� 

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

�d�i�r�e�c�t�i�o�n�s� �w�h�e�n� �s�t�o�r�i�n�g� �o�r� �r�e�t�r�i�e�v�i�n�g� �a� �l�o�a�d�.� �S�/�R� �m�a�c�h�i�n�e�s� 

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

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

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

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

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

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

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

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

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

�s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �t�o� �m�o�d�e�l� �A�S�/�R� �s�y�s�t�e�m�s�.� 

�4�.�3�.�3� �A�S�/�R�S� �C�o�n�t�r�o�l� �L�o�g�i�c� 

�F�i�n�a�l�l�y�,� �t�h�e� �c�o�n�t�r�o�l� �l�o�g�i�c� �o�f� �a�n� �A�S�/�R�S� �m�u�s�t� �b�e� 

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

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

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

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

�a�v�a�i�l�a�b�l�e� �b�i�n�,� �t�h�e� �c�l�o�s�e�s�t� �a�v�a�i�l�a�b�l�e� �b�i�n� �t�o� �i�t�s� �w�o�r�k�s�t�a�t�i�o�n�,� 

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

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

�4�3



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

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

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

�t�h�e� �S�/�R� �m�a�c�h�i�n�e� �w�h�e�n� �i�t� �i�s� �i�d�l�e�.� �T�h�e� �c�o�n�t�r�o�l� �l�o�g�i�c� �f�o�r� �t�h�e� 

�A�S�/�R�S� �s�h�o�u�l�d� �a�l�s�o� �c�o�n�s�i�d�e�r� �s�h�u�f�f�l�e� �c�y�c�l�e�s� �w�h�i�c�h� �a�r�e� 

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

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

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

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

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

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

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

�A�n� �i�m�p�o�r�t�a�n�t� �i�s�s�u�e� �d�i�s�c�u�s�s�e�d� �i�n� �a� �1�9�8�7� �a�r�t�i�c�l�e� �w�r�i�t�t�e�n� 

�b�y� �H�a�n�,� �M�c�G�i�n�n�i�s�,� �S�h�i�e�h�,� �a�n�d� �W�h�i�t�e�,� �w�a�s� �t�h�e� �c�o�n�c�e�p�t� �o�f� 

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

�d�i�s�c�u�s�s�e�d�:� �s�i�n�g�l�e� �c�o�m�m�a�n�d� �a�n�d� �d�u�a�l� �c�o�m�m�a�n�d�.� �I�n� �s�i�n�g�l�e� 

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

�i�s� �p�e�r�f�o�r�m�e�d� �a�n�d� �t�h�e� �S�/�R� �m�a�c�h�i�n�e� �r�e�t�u�r�n�s� �t�o� �t�h�e� �I�/�O� 

�l�o�c�a�t�i�o�n�.� �I�n� �d�u�a�l� �c�o�m�m�a�n�d� �r�e�t�r�i�e�v�a�l� �s�e�q�u�e�n�c�i�n�g� �a� �s�t�o�r�a�g�e� 

�a�n�d� �a� �r�e�t�r�i�e�v�a�l� �a�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �s�a�m�e� �c�y�c�l�e� �t�h�e�n� �t�h�e� �S�/�R� 

�m�a�c�h�i�n�e� �r�e�t�u�r�n�s� �t�o� �t�h�e� �I�/�O� �l�o�c�a�t�i�o�n�.� �T�h�e� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� 

�o�f� �a�n� �A�S�/�R�S� �m�u�s�t� �a�l�s�o� �b�e� �a�b�l�e� �t�o� �l�o�c�a�t�e� �t�h�e� �p�a�r�t� �d�e�s�i�r�e�d�,� 

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

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

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



�t�h�e� �c�o�n�t�r�o�l� �o�f� �t�h�e� �A�S�/�R�S�.� 

�4�.�3�.�4� �A�S�/�R�S� �A�t�t�r�i�b�u�t�e�s� �U�n�d�e�r� �s�t�u�d�y� 

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

�s�t�u�d�i�e�d� �t�o� �a�s�s�e�s�s� �t�h�e� �A�S�/�R�S� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �v�a�r�i�o�u�s� 

�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�.� �F�o�r� �a� �b�r�i�e�f� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

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

�1�.� �S�t�o�r�a�g�e� �r�a�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� 
�2�.� �I�n�d�i�v�i�d�u�a�l� �s�t�o�r�a�g�e� �(�b�i�n�)� �l�o�c�a�t�i�o�n�s� 
�3�.� �I�n�d�i�v�i�d�u�a�l� �s�t�o�r�a�g�e� �d�i�m�e�n�s�i�o�n�s� 
�4�.� �V�a�r�y�i�n�g� �s�t�o�r�a�g�e� �d�i�m�e�n�s�i�o�n�s� 
�5�.� �M�u�l�t�i�p�l�e� �l�o�a�d�s� 
�6�.� �C�a�p�a�c�i�t�y� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 
�7�.� �S�h�u�f�f�l�e� �c�y�c�l�e�s� �f�o�r� �d�o�u�b�l�e� �d�e�e�p� �b�i�n�s� 
�8�.� �S�t�o�r�a�g�e� �p�o�l�i�c�i�e�s� 
�9�.� �S�t�o�r�a�g�e� �l�e�v�e�l� �d�e�t�e�r�m�i�n�a�t�i�o�n� 
�1�0�.� �S�t�o�r�a�g�e� �r�a�c�k�s� �o�n� �b�o�t�h� �s�i�d�e�s� 
�1�1�.� �R�e�t�r�i�e�v�a�l� �p�o�l�i�c�i�e�s� 
�1�2�.� �P�a�r�t� �l�o�c�a�t�i�n�g� �c�a�p�a�b�i�l�i�t�i�e�s� 
�1�3�.� �V�e�r�t�i�c�a�l� �s�p�e�e�d� �(�h�o�i�s�t�i�n�g�)� 
�1�4�.� �H�o�r�i�z�o�n�t�a�l� �s�p�e�e�d� �(�c�r�u�i�s�i�n�g�)� 
�1�5�.� �A�c�c�e�l�e�r�a�t�i�o�n� 
�1�6�.� �D�e�c�e�l�e�r�a�t�i�o�n� 
�1�7�.� �S�i�m�u�l�t�a�n�e�o�u�s� �h�o�r�i�z�o�n�t�a�l� �a�n�d� �v�e�r�t�i�c�a�l� �t�r�a�v�e�l� 
�1�8�.� �V�a�r�y�i�n�g� �i�n�p�u�t�/�O�u�t�p�u�t� �(�1�/�0�)� �l�o�c�a�t�i�o�n�s� 
�1�9�.� �I�/�O� �p�i�c�k� �u�p� 
�2�0�.� �S�t�o�r�a�g�e� �p�i�c�k� �u�p� 
�2�1�.� �I�/�0� �d�e�p�o�s�i�t� 
�2�2�.� �S�t�o�r�a�g�e� �d�e�p�o�s�i�t� 
�2�3�.� �D�w�e�l�l� �p�o�i�n�t� �s�t�r�a�t�e�g�i�e�s� 
�2�4�.� �S�i�n�g�l�e� �c�o�m�m�a�n�d� �r�e�t�r�i�e�v�a�l� �s�e�q�u�e�n�c�i�n�g� 
�2�5�.� �D�u�a�l� �c�o�m�m�a�n�d� �r�e�t�r�i�e�v�a�l� �s�e�q�u�e�n�c�i�n�g� 
�2�6�.� �C�o�r�r�e�c�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 
�2�7�.� �P�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 
�2�8�.� �D�u�a�l� �s�h�u�t�t�l�e�s� 
�2�9�.� �M�u�l�t�i�p�l�e� �S�/�R� �m�a�c�h�i�n�e�s� 
�3�0�.� �T�i�e�r� �a�s�s�i�g�n�e�d� �S�/�R� �m�a�c�h�i�n�e�s� 
�3�1�.� �A�i�s�l�e� �t�r�a�n�s�f�e�r� �c�a�r�s� 
�3�2�.� �Z�o�n�i�n�g� 

�4�.�4� �B�e�l�t�/�R�o�l�l�e�r� �C�o�n�v�e�y�o�r� �A�n�a�l�y�s�i�s� 

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

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

�4�5



�s�t�a�g�e�s� �[�B�a�s�t�a�n�i�,� �1�9�9�0�]�.� �F�i�g�u�r�e�s� �4�.�5� �a�n�d� �4�.�6� �d�e�p�i�c�t� �t�y�p�i�c�a�l� 

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

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

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

�c�o�m�m�o�n�a�l�i�t�i�e�s�.� 

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

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

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

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

�r�e�f�e�r�r�e�d� �t�o� �a�s� �a� �m�e�t�a�l� �b�e�d�.� �L�o�a�d�s� �a�r�e� �t�r�a�n�s�p�o�r�t�e�d� �o�n� �t�h�e� 

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

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

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

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

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

�[�K�u�l�w�i�e�c�,� �1�9�8�5�]�.� 

�4�.�4�.�1� �C�o�n�v�e�y�o�r� �L�a�y�o�u�t� 

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

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

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

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

�c�o�n�v�e�y�o�r� �s�y�s�t�e�m�.� �L�i�t�e�r�a�t�u�r�e� �s�t�a�t�e�s� �t�h�a�t� �"�a� �c�o�n�v�e�y�o�r� �s�y�s�t�e�m� 

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

�i�n�t�e�r�a�c�t� �t�o� �m�o�v�e� �p�a�r�t�s�"� �[�P�R�O�M�O�D�E�L� �C�o�r�p�.�,� �1�9�9�1�]�.� �T�h�e�r�e�f�o�r�e�,
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�W�w� �I�N�  � � �� 

�F�i�g�.� �4�.�5� �T�y�p�i�c�a�l� �A�S�/�R�S� �f�r�o�n�t� �e�n�d� �c�o�n�v�e�y�o�r�.� �P� �=� �p�i�c�k�u�p� �s�t�a�t�i�o�n�;� �D� �=� �d�e�p�o�s�i�t� �s�t�a�t�i�o�n�;� �R� �=� �r�a�c�k� 
�o�p�e�n�i�n�g�;� �S� �=� �s�q�u�a�r�i�n�g� �s�t�o�p�;� �W� �=� �w�e�i�g�h�i�n�g� �d�e�v�i�c�e�;� �C� �=� �c�h�a�i�n�-�d�r�i�v�e�n� �l�i�v�e� �r�o�l�l�e�r�;� �T� �=� �t�w�o�-�s�t�r�a�n�d� 
�c�h�a�i�n� �t�r�a�n�s�f�e�r�;� �B�T� �=� �b�y�p�a�s�s� �t�r�a�n�s�f�e�r� �f�o�r� �m�i�s�s�e�d� �o�r� �r�e�j�e�c�t�e�r� �l�o�a�d�s�;� �S�Z� �=� �s�i�z�i�n�g� �s�t�a�t�i�o�n�s�.� 
�(�R�e�p�r�i�n�t�e�d� �f�r�o�m� �R�e�f�e�r�e�n�c�e� �[�1�7�]�)� 

� � �F�i�g�u�r�e� �4�.�6� 
�C�h�a�i�n� �d�r�i�v�e�n� �l�i�v�e� 
�r�o�l�l�e�r� �c�o�n�v�e�y�o�r� 
�(�R�e�p�r�i�n�t�e�d� �f�r�o�m� 
�R�e�f�e�r�e�n�c�e� �[�1�7�]�)� 

�4�7



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

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

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

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

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

�4�.�4�.�2� �C�o�n�v�e�y�o�r�/�L�o�a�d� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

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

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

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

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

�G�i�m�e�n�s�i�o�n�s�.� �A� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �m�a�y� �n�e�e�d� �t�o� �a�d�d�r�e�s�s� �t�h�e�s�e� 

�i�s�s�u�e�s�.� 

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

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

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

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

�f�o�r�w�a�r�d� �m�o�v�e�m�e�n�t� �i�s� �i�m�p�e�d�e�d� �[�P�R�O�M�O�D�E�L� �C�o�r�p�.�,� �1�9�9�1�]�.� 

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

�l�e�a�d�i�n�g� �l�o�a�d� �i�s� �p�r�o�h�i�b�i�t�e�d� �[�P�R�O�M�O�D�E�L� �C�o�r�p�.�,� �1�9�9�1�}�.� �T�h�e�r�e� 

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

�b�e�l�t� �w�h�i�c�h� �a�l�s�o� �c�o�n�v�e�y�s�.� 

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

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

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

�4�8



�e�n�t�r�i�e�s� �a�n�d� �e�x�i�t�s� �o�c�c�u�r�r�i�n�g� �o�n� �a� �g�i�v�e�n� �c�o�n�v�e�y�o�r�.� �A� �c�o�n�v�e�y�o�r� 

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

�o�c�c�u�r� �f�r�o�m� �o�n�e� �c�o�n�v�e�y�o�r� �t�o� �a�n�o�t�h�e�r�,� �o�f�f� �o�f� �a� �c�o�n�v�e�y�o�r� 

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

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

�i�s�s�u�e�s�.� 

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

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

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

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

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

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

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

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

�4�.�4�.�3� �C�o�n�v�e�y�o�r� �A�t�t�r�i�b�u�t�e�s� �U�n�d�e�r� �s�t�u�d�y� 

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

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

�1�.� �C�o�n�v�e�y�o�r� �g�e�o�m�e�t�r�y� 
�2�.� �D�i�r�e�c�t�i�o�n� �o�f� �t�r�a�v�e�l� 
�3�.� �C�o�n�v�e�y�o�r� �s�e�c�t�i�o�n�s� 
�4�.� �S�p�e�e�d� �o�f� �s�e�c�t�i�o�n�s� 
�5�.� �L�o�a�d� �s�i�z�e� 
�6�.� �S�p�a�c�i�n�g� �o�f� �l�o�a�d�s� 
�7�.� �S�o�r�t�a�t�i�o�n� �c�a�p�a�b�i�l�i�t�i�e�s� 
�8�.� �O�n�b�o�a�r�d� �o�p�e�r�a�t�i�o�n�s� 
�9�.� �T�r�a�n�s�f�e�r� �f�r�o�m� �s�e�c�t�i�o�n�s� 
�1�0�.� �T�r�a�n�s�f�e�r� �o�f�f� �c�o�n�v�e�y�o�r� 
�1�1�.� �R�i�g�h�t� �a�n�g�l�e� �t�r�a�n�s�f�e�r� 
�1�2�.� �L�o�a�d�i�n�g� �t�i�m�e� 
�1�3�.� �U�n�l�o�a�d�i�n�g� �t�i�m�e� 
�1�4�.� �C�o�n�v�e�y�o�r� �c�a�p�a�c�i�t�y� 
�1�5�.� �B�i�-�d�i�r�e�c�t�i�o�n�a�l� �t�r�a�n�s�f�e�r� 
�1�6�.� �T�w�o� �w�a�y� �b�e�l�t� �c�o�n�v�e�y�o�r� 

�4�9



�1�7�.� �L�o�a�d�i�n�g�/�u�n�l�o�a�d�i�n�g� �p�o�i�n�t�s� 
�1�8�.� �M�u�l�t�i�p�l�e� �e�n�t�r�y�/�e�x�i�t� �p�o�i�n�t�s� 
�1�9�.� �S�i�m�u�l�t�a�n�e�o�u�s� �e�n�t�r�i�e�s�/�e�x�i�t�s� 
�2�0�.� �A�c�c�u�m�u�l�a�t�i�o�n� 
�2�1�.� �T�r�a�n�s�p�o�r�t� 
�2�2�.� �L�o�a�d�s� �w�i�t�h� �u�n�e�q�u�a�l� �l�e�n�g�t�h�s� 
�2�3�.� �S�e�n�s�o�r�s� 
�2�4�.� �P�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 
�2�5�.� �C�o�r�r�e�c�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 

�4�.�5� �G�a�n�t�r�y� �C�r�a�n�e� �A�n�a�l�y�s�i�s� 

�A� �b�a�s�i�c� �g�a�n�t�r�y� �c�r�a�n�e� �c�o�n�t�a�i�n�s� �a� �r�u�n�w�a�y�,� �b�r�i�d�g�e�,� �a�n�d� 

�h�o�i�s�t� �t�r�o�l�l�e�y�.� �F�i�g�u�r�e� �4�.�7� �r�e�f�l�e�c�t�s� �t�h�e� �g�a�n�t�r�y� �c�r�a�n�e� 

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

�k�n�o�w�n� �a�s� �t�h�e� �b�r�i�d�g�e� �d�i�r�e�c�t�i�o�n� �[�P�r�i�t�s�k�e�r�,� �1�9�8�6�]�.� �T�h�e� �h�o�i�s�t� 

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

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

�o�r� �l�o�w�e�r�e�d� �t�o� �a�l�l�o�w� �o�n�e� �t�o� �l�o�a�d� �o�r� �u�n�l�o�a�d� �a� �u�n�i�t�.� 

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

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

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

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

�4�.�5�.�1� �C�r�a�n�e� �M�o�v�e�m�e�n�t� 

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

�m�u�s�t� �b�e� �m�e�n�t�i�o�n�e�d�.� �F�i�r�s�t�,� �o�n�e� �m�u�s�t� �c�o�n�s�i�d�e�r� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� 

�t�h�e� �b�r�i�d�g�e�,� �h�o�i�s�t�,� �a�n�d� �p�i�c�k�i�n�g� �d�e�v�i�c�e�.� �O�n�e� �m�a�y� �d�e�s�i�r�e� �t�o� 

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

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

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

�p�i�c�k� �u�p� �o�r� �d�e�p�o�s�i�t� �a� �l�o�a�d�.� �C�r�a�n�e� �m�o�v�e�m�e�n�t� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� 
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�F�i�g�u�r�e� �4�.�8� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �a� �c�r�a�n�e� �t�r�a�n�s�p�o�r�t� 
�o�p�e�r�a�t�i�o�n� �(�R�e�p�r�i�n�t�e�d� �f�r�o�m� �R�e�f�e�r�e�n�c�e� �[�2�4�)�)� 

�3�1



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

�4�.�5�.�2� �C�r�a�n�e� �S�y�s�t�e�m� �P�r�i�o�r�i�t�y� �R�u�l�e�s� 

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

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

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

�d�e�s�t�i�n�a�t�i�o�n� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �w�a�i�t�s�.� �T�h�e�r�e� �a�r�e� �a�l�s�o� �i�d�l�e� 

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

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

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

�P�r�i�o�r�i�t�y� �r�u�l�e�s� �a�l�l�o�w� �a� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �m�o�d�e�l� �t�o� �b�e� �d�e�v�e�l�o�p�e�d�.� 

�4�.�5�.�3� �P�o�s�i�t�i�o�n� �o�f� �C�r�a�n�e� 

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

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

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

�o�t�h�e�r� �l�o�c�a�t�i�o�n�s� �m�a�y� �b�e� �d�e�f�i�n�e�d�.� �F�i�g�u�r�e� �4�.�8� �s�h�o�w�s� �a� 

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

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

�l�o�c�a�t�i�o�n�s� �o�f� �t�r�a�v�e�l�.� 

�4�.�5�.�4� �G�a�n�t�r�y� �C�r�a�n�e� �A�t�t�r�i�b�u�t�e�s� �U�n�d�e�r� �S�t�u�d�y� 

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

�r�e�s�e�a�r�c�h�.� 
�1�.� �B�r�i�d�g�e� �s�p�e�e�d� 
�2�.� �H�o�i�s�t� �s�p�e�e�d� 
�3�.� �P�i�c�k�i�n�g� �d�e�v�i�c�e� 
�4�.� �A�c�c�e�l�e�r�a�t�i�o�n� 
�5�.� �D�e�c�e�l�e�r�a�t�i�o�n� 
�6�.� �P�i�c�k� �u�p� �t�i�m�e� 
�7�.� �D�e�p�o�s�i�t� �t�i�m�e� 
�8�.� �P�o�s�i�t�i�o�n�i�n�g� 
�9�.� �J�o�b� �s�e�a�r�c�h� �p�r�i�o�r�i�t�y� 
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�1�0�.� �S�i�m�u�l�t�a�n�e�o�u�s� �h�o�i�s�t� �a�n�d� �b�r�i�d�g�e� �m�o�v�e�m�e�n�t� 
�1�1�.� �M�u�l�t�i�p�l�e� �c�r�a�n�e�s� �o�n� �a� �r�u�n�w�a�y� 
�1�2�.� �M�u�l�t�i�p�l�e� �c�r�a�n�e�s� �i�n� �d�i�f�f�e�r�e�n�t� �b�a�y�s� 
�1�3�.� �I�n�t�e�r�f�e�r�e�n�c�e� 
�1�4�.� �I�d�l�e� �c�r�a�n�e� �m�a�n�a�g�e�m�e�n�t� �r�u�l�e�s� 
�1�5�.� �C�o�r�r�e�c�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 
�1�6�.� �T�r�a�n�s�p�o�r�t� �o�f� �m�u�l�t�i�p�l�e� �l�o�a�d�s� 

�4�.�6� �I�n�d�u�s�t�r�i�a�l� �F�o�r�k� �T�r�u�c�k� �A�n�a�l�y�s�i�s� 

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

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

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

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

�p�o�w�e�r� �s�o�u�r�c�e�s�.� �V�a�r�i�o�u�s� �o�t�h�e�r� �p�o�w�e�r� �s�o�u�r�c�e�s� �a�r�e� �u�t�i�l�i�z�e�d�,� 

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

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

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

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

�1�9�8�5�)�.� 

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

�a�n�a�l�y�z�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�,� �m�a�y� �b�e� �f�o�u�n�d� �i�n� �F�i�g�u�r�e� �4�.�9�.� �W�h�e�n� 

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

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

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

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

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

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

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

�c�o�n�t�r�o�l� �o�f� �a�n� �i�n�d�u�s�t�r�i�a�l� �f�o�r�k� �t�r�u�c�k� �i�n�c�l�u�d�e�s� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 
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�F�i�g�u�r�e� �4�.�9� �T�y�p�i�c�a�l� �f�o�r�k� �t�r�u�c�k� �c�o�n�s�t�r�u�c�t�i�o�n� 
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�f�o�r� �c�o�l�l�i�s�i�o�n� �a�v�o�i�d�a�n�c�e�,� �b�a�t�t�e�r�y� �r�e�c�h�a�r�g�i�n�g�,� �r�o�u�t�i�n�g� �a�n�d� 

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

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

�4�.�6�.�1� �I�n�d�u�s�t�r�i�a�l� �F�o�r�k� �T�r�u�c�k� �A�t�t�r�i�b�u�t�e�s� �U�n�d�e�r� �s�t�u�d�y� 

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

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

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

�1�.� �S�p�e�e�d� 
�2�.� �T�r�a�v�e�l� �t�i�m�e� 
�3�.� �P�i�c�k� �u�p� �t�i�m�e� 
�4�.� �D�e�p�o�s�i�t� �t�i�m�e� 
�5�.� �H�o�m�e� �p�o�s�i�t�i�o�n� 
�6�.� �A�c�c�e�l�e�r�a�t�i�o�n� 
�7�.� �D�e�c�e�l�e�r�a�t�i�o�n� 
�8�.� �L�i�f�t� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 
�9�.� �J�o�b� �s�e�a�r�c�h� �p�r�i�o�r�i�t�y� 
�1�0�.� �B�a�t�t�e�r�y� �r�e�c�h�a�r�g�i�n�g� 
�1�1�.� �D�i�s�t�a�n�c�e� �t�r�a�v�e�l�e�d� 
�1�2�.� �V�a�r�y�i�n�g� �s�p�e�e�d�s� 
�1�3�.� �C�o�l�l�i�s�i�o�n� �a�v�o�i�d�a�n�c�e� 
�1�4�.� �P�a�t�h� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 
�1�5�.� �P�a�s�s�i�n�g� 
�1�6�.� �R�o�u�t�i�n�g� �f�r�o�m� �p�r�e�s�e�n�t� �l�o�c�a�t�i�o�n� 
�1�7�.� �V�e�h�i�c�l�e� �s�e�l�e�c�t�i�o�n� 
�1�8�.� �C�o�r�r�e�c�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 
�1�9�.� �P�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 
�2�0�.� �L�o�a�d� �a�n�d� �f�i�x�t�u�r�e� �s�e�p�a�r�a�t�i�o�n� 

�4�.�7� �I�n�d�u�s�t�r�i�a�l� �R�o�b�o�t� �A�n�a�l�y�s�i�s� 

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

�m�a�n�i�p�u�l�a�t�o�r�.� �K�u�l�w�i�e�c�'�s� �M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g� �H�a�n�d�b�o�o�k� 

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

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

�m�a�y� �b�e� �f�o�u�n�d� �i�n� �F�i�g�u�r�e�s� �4�.�1�0� �a�n�d� �4�.�1�1�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�K�u�l�w�i�e�c�,� �t�h�e� �R�o�b�o�t� �I�n�s�t�i�t�u�t�e� �o�f� �A�m�e�r�i�c�a� �d�i�s�t�i�n�g�u�i�s�h�e�s� �r�o�b�o�t�s� 
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�R�o�t�a�t�i�o�n�a�l� 
�t�r�a�v�e�r�s�e� �V�e�r�t�i�c�a�l� 

�t�r�a�v�e�r�s�e� � � � � 
�F�i�g�u�r�e� �4�.�1�0� �D�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �o�f� �a� �p�o�l�a�r� 

�c�o�o�r�d�i�n�a�t�e� �r�o�b�o�t� 
�(�R�e�p�r�i�n�t�e�d� �f�r�o�m� �R�e�f�e�r�e�n�c�e� �[�1�5�]�)� 

� � 

�M�a�c�h�i�n�e� �?� 

� � � � � � 

�M�a�c�h�i�n�e� �3� 

� � � � � � 

� � �M�a�c�h�i�n�e� �1� 

�R�o�b�o�t� 

�F�i�g�u�r�e� �4�.�1�1� �R�o�b�o�t�-�c�e�n�t�e�r�e�d� �w�o�r�k�c�e�l�l� �l�a�y�o�u�t� 
�(�R�e�p�r�i�n�t�e�d� �f�r�o�m� �R�e�f�e�r�e�n�c�e� �[�1�5�]�)� 
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�a�s� �" ��r�e�p�r�o�g�r�a�m�m�a�b�l�e�,� �m�u�l�t�i�-�f�u�n�c�t�i�o�n�a�l� �m�a�n�i�p�u�l�a�t�o�r�s� �d�e�s�i�g�n�e�d� 

�t�o� �m�o�v�e� �m�a�t�e�r�i�a�l�,� �p�a�r�t�s�,� �t�o�o�l�s�,� �o�r� �s�p�e�c�i�a�l�i�z�e�d� �d�e�v�i�c�e�s� 

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

�v�a�r�i�e�t�y� �o�f� �t�a�s�k�s�"�.� �R�o�b�o�t�s� �a�l�s�o� �i�n�c�l�u�d�e� �a�u�t�o�m�a�t�i�o�n� �d�e�v�i�c�e�s� 

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

�r�e�p�e�t�i�t�i�o�u�s� �[�K�u�l�w�i�e�c�,� �1�9�8�5�]�.� 

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

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

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

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

�d�i�r�e�c�t�i�o�n�s�.� 

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

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

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

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

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

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

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

�a�v�o�i�d� �c�o�l�l�i�s�i�o�n�s�.� 

�R�o�b�o�t�s� �a�r�e� �n�o�t� �f�a�i�l� �p�r�o�o�f�.� �O�f�t�e�n� �w�h�e�n� �g�r�a�s�p�i�n�g� �a�n� 

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

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

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

�d�e�t�e�r�m�i�n�e�s� �t�h�e� �n�e�x�t� �m�o�v�e� �f�o�r� �t�h�e� �r�o�b�o�t�.� �M�o�d�e�l�i�n�g� �o�f� �s�e�n�s�i�n�g� 

�c�a�p�a�b�i�l�i�t�i�e�s� �m�a�y� �b�e� �b�e�n�e�f�i�c�i�a�l� �t�o� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�e�r�s�.� 
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�4�.�7�.�1� �I�n�d�u�s�t�r�i�a�l� �R�o�b�o�t� �A�t�t�r�i�b�u�t�e�s� �U�n�d�e�r� �S�t�u�d�y� 

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

�c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �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� �t�o� �m�o�d�e�l� 

�i�n�d�u�s�t�r�i�a�l� �r�o�b�o�t�s�.� 

�1�.� �H�o�m�e� �P�o�s�i�t�i�o�n� 
�2�.� �M�u�l�t�i�p�l�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� 
�3�.� �V�e�r�t�i�c�a�l� �t�r�a�v�e�r�s�e� 
�4�.� �R�a�d�i�a�l� �t�r�a�v�e�r�s�e� 
�5�.� �R�o�t�a�t�i�o�n�a�l� �t�r�a�v�e�r�s�e� 
�6�.� �T�r�a�v�e�l� �t�i�m�e� 
�7�.� �S�p�e�e�d� 
�8�.� �S�p�e�e�d� �f�o�r� �a�l�l� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� 
�9�.� �P�a�t�h� �l�o�g�i�c� 
�1�0�.� �M�u�l�t�i�p�l�e� �t�a�s�k�s� �p�e�r�f�o�r�m�e�d� 
�1�1�.� �J�o�b� �s�e�a�r�c�h� �p�r�i�o�r�i�t�i�e�s� 
�1�2�.� �S�e�q�u�e�n�c�e� �v�a�r�i�a�t�i�o�n� 
�1�3�.� �P�i�c�k� �a�n�d� �p�l�a�c�e� 
�1�4�.� �M�u�l�t�i�p�l�e� �g�r�a�s�p�i�n�g� �a�t�t�e�m�p�t�s� 
�1�5�.� �S�e�n�s�o�r�s� 
�1�6�.� �S�h�a�r�e�d� �w�o�r�k� �e�n�v�e�l�o�p�e�s� 
�1�7�.� �M�u�l�t�i�p�l�e� �s�e�r�v�i�c�e� �s�t�a�t�i�o�n�s� 
�1�8�.� �C�o�r�r�e�c�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 
�1�9�.� �P�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 

�4�.�8� �Q�u�e�s�t�i�o�n�n�a�i�r�e� �D�e�v�e�l�o�p�m�e�n�t� 

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

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

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

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

�w�e�r�e� �p�r�e�l�i�m�i�n�a�r�y� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �(�i�.�e�.� �q�u�e�s�t�i�o�n� �d�e�v�e�l�o�p�m�e�n�t� 

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

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

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

�4�.�8�.�1� �P�r�e�l�i�m�i�n�a�r�y� �S�u�r�v�e�y� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� 

�A�c�c�o�r�d�i�n�g� �t�o� �F�r�a�r�y� �(�1�9�9�1�)�,� �t�h�e� �f�i�r�s�t� �s�t�e�p� �i�n� 
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�q�u�e�s�t�i�o�n�n�a�i�r�e� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �t�o� �d�e�f�i�n�e� �t�h�e� �d�e�s�i�r�e�d� 

�i�n�f�o�r�m�a�t�i�o�n�.� �A�f�t�e�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �d�e�s�i�r�e�d�,� 

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

�f�e�e�d�b�a�c�k� �[�F�r�a�r�y�,� �1�9�9�1�)�.� �T�h�e� �e�a�r�l�i�e�r� �s�e�c�t�i�o�n�s� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� 

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

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

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

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

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

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

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

�d�e�v�e�l�o�p�e�d�.� 

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

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

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

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

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

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

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

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

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

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

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

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

�s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e�s� �u�n�d�e�r� �s�t�u�d�y�.� �B�a�c�k�s�t�r�o�m� �a�n�d� �H�u�r�s�h�-�C�e�s�a�r� 
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�(�1�9�8�1�)� �d�i�s�c�u�s�s� �w�h�a�t� �d�i�c�t�a�t�e�s� �s�a�m�p�l�e� �s�i�z�e�.� �I�n� �t�h�i�s� 

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

�s�a�m�p�l�e� �s�i�z�e�,� �t�h�e�r�e�f�o�r�e�,� �i�f� �r�e�s�p�o�n�d�e�n�t�s�'� �v�i�e�w�s� �a�r�e� �s�i�m�i�l�a�r�,� 

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

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

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

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

�4�.�8�.�2� �Q�u�e�s�t�i�o�n� �F�o�r�m� 

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

�o�p�e�n�-�e�n�d�e�d�.� �A� �c�l�o�s�e�d�-�e�n�d�e�d� �q�u�e�s�t�i�o�n� �r�e�q�u�i�r�e�s� �a� �f�i�x�e�d� 

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

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

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

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

�p�r�e�d�o�m�i�n�a�n�t�l�y� �c�l�o�s�e�d�-�e�n�d�e�d� �[�B�a�c�k�s�t�r�o�m� �&� �H�u�r�s�h�-�C�e�s�a�r�,� �1�9�8�1�]�.� 

�G�e�e�r� �(�1�9�9�1�)� �s�t�a�t�e�s� �t�h�a�t� �c�l�o�s�e�d�-�e�n�d�e�d� �q�u�e�s�t�i�o�n�s� �a�r�e� �t�h�e� 

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

�t�h�e�y� �a�r�e� �e�a�s�i�e�r� �t�o� �a�s�k�,� �c�o�d�e�,� �a�n�d� �a�n�a�l�y�z�e�.� 

�O�p�e�n�-�e�n�d�e�d� �q�u�e�s�t�i�o�n�s� �a�r�e� �l�i�k�e�l�y� �t�o� �s�u�p�p�r�e�s�s� �s�u�r�v�e�y� 

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

�O�n�e� �p�o�s�i�t�i�v�e� �a�s�p�e�c�t� �o�f� �t�h�i�s� �t�y�p�e� �o�f� �q�u�e�s�t�i�o�n� �i�s� �i�t� �m�a�y� 

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

�g�i�v�e� �f�o�r� �u�s�i�n�g� �t�h�i�s� �q�u�e�s�t�i�o�n� �f�o�r�m�a�t� �[�F�r�a�r�y�,� �1�9�9�1�]�.� 

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

�d�e�c�i�d�e�d� �t�o� �d�e�v�e�l�o�p� �a� �s�u�r�v�e�y� �w�i�t�h� �c�l�o�s�e�d�-�e�n�d�e�d� �q�u�e�s�t�i�o�n�s�.� �A�n



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

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

�T�h�e� �f�i�r�s�t� �q�u�e�s�t�i�o�n�,� �"�C�a�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�a�t�e�r�i�a�l� 

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

�p�a�c�k�a�g�e�?�"�,� �h�a�s� �t�w�o� �p�o�s�s�i�b�l�e� �a�n�s�w�e�r�s�:� �y�e�s� �o�r� �n�o�.� �T�h�e� �s�e�c�o�n�d� 

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

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

�r�e�s�p�o�n�s�e�s�.� 

�d�i�r�e�c�t� �-� �s�p�e�c�i�a�l� �c�o�n�s�t�r�u�c�t�s�/�r�e�s�o�u�r�c�e�s� �(�e�.�g�.�,� �a� �c�o�n�v�e�y�o�r� 
�b�l�o�c�k�s�)� �o�r� �g�e�n�e�r�a�l� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�n�s�t�r�u�c�t�s� �(�e�.�g�.�,� 
�t�r�a�n�s�p�o�r�t�e�r�s�)� �a�r�e� �s�p�e�c�i�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �m�o�d�e�l� �t�h�e� 
�m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �d�e�v�i�c�e� �a�n�d� �t�h�e� �s�p�e�c�i�f�i�e�d� �o�p�e�r�a�t�i�o�n�.� 

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

�e�x�t�e�r�n�a�l� �-� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �l�a�n�g�u�a�g�e�s� �(�F�O�R�T�R�A�N�,� �C�,� 
�P�A�S�C�A�L�,� �e�t�c�.�)� �m�u�s�t� �b�e� �u�s�e�d� �t�o� �m�o�d�e�l� �t�h�e� �s�p�e�c�i�f�i�e�d� 
�o�p�e�r�a�t�i�o�n�;� �o�n�e� �m�u�s�t� �e�m�p�l�o�y� �u�s�e�r�-�w�r�i�t�t�e�n� �r�o�u�t�i�n�e�s� �t�o� 
�m�o�d�e�l� �t�h�e� �g�i�v�e�n� �s�i�t�u�a�t�i�o�n� 

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

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

�u�n�d�e�r� �s�t�u�d�y�.� �T�o� �r�e�d�u�c�e� �t�h�e� �s�u�b�j�e�c�t�i�v�i�t�y� �o�f� �t�h�i�s� �q�u�e�s�t�i�o�n�,� 

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

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

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

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

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

�a�n�d� �d�i�f�f�i�c�u�l�t�.� 

�6�1



�4�.�8�.�3� �P�i�l�o�t� �T�e�s�t�s� �P�e�r�f�o�r�m�e�d� 

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

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

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

�i�t�s� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� �I�n�t�e�r�e�s�t�i�n�g� �i�s�s�u�e�s� �w�e�r�e� �b�r�o�u�g�h�t� �t�o� �t�h�e� 

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

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

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

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

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

�w�e�r�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �a� �f�r�a�m�e� �o�f� �r�e�f�e�r�e�n�c�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�o�r� 

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

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

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

�q�u�e�s�t�i�o�n� �a�s�k�e�d�.� 

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

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �f�o�r� 

�r�e�v�i�e�w� �a�n�d� �f�e�e�d�b�a�c�k�.� �T�h�e� �T�e�s�t� �S�c�o�r�i�n�g� �O�f�f�i�c�e� �s�p�e�c�i�a�l�i�z�e�s� �i�n� 

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

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

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

�4�.�8�.�4� �T�h�e� �R�e�s�u�l�t�a�n�t� �S�u�r�v�e�y� 

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

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

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

�6�2



�5�.�0� �D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s� 

�5�.�1� �S�u�r�v�e�y� �R�e�s�p�o�n�s�e�s� 

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

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

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

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

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

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

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

�p�e�r�c�e�n�t�.� �T�w�e�l�v�e� �s�u�r�v�e�y�s� �w�e�r�e� �r�e�t�u�r�n�e�d� �w�i�t�h�i�n� �a� �t�h�r�e�e� �w�e�e�k� 

�p�e�r�i�o�d�.� 

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

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

�u�n�d�e�r� �s�t�u�d�y�.� �T�a�b�l�e� �5�.�1� �d�i�s�p�l�a�y�s� �t�h�e� �y�e�a�r�s� �o�f� �e�x�p�e�r�i�e�n�c�e� �o�f� 

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

�T�a�b�l�e� �5�.�1�:� �Y�e�a�r�s� �o�f� �e�x�p�e�r�i�e�n�c�e� �f�o�r� �e�a�c�h� �r�e�s�p�o�n�d�e�n�t� 
� � 

� � 

� � 

� � 

� � � � � � � � � � 

�r� 

�G�P�S�S� �P�R�O�M�O�D�E�L� �S�I�M�A�N� �I�V� �S�L�A�M� �I�I� 

�3� �y�e�a�r�s� �<�1� �y�e�a�r� �6� �y�e�a�r�s� �5� �y�e�a�r�s� 

�2� �y�e�a�r�s� �1�0� �y�e�a�r�s� �4�-�5� �y�e�a�r�s� �1�.�5� �y�e�a�r�s� 

�1�.�5� �y�e�a�r�s� �1�0� �y�e�a�r�s� �1�0� �y�e�a�r�s� 

�1�0� �y�e�a�r�s� �_� 
� � � 



�5�.�2� �R�a�w� �D�a�t�a� �f�r�o�m� �S�u�r�v�e�y� �R�e�s�p�o�n�s�e�s� 

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

�f�o�r�m�a�t�.� �F�o�r� �e�a�s�e� �o�f� �d�a�t�a� �a�n�a�l�y�s�i�s� �a�n�d� �a�c�c�u�r�a�c�y�,� �Q�u�a�t�t�r�o� �P�r�o� 

�f�o�r� �W�i�n�d�o�w�s� �w�a�s� �u�t�i�l�i�z�e�d�.� �T�a�b�l�e�s� �i�n� �A�p�p�e�n�d�i�x� �B� �d�e�p�i�c�t� �t�h�e� 

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

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

�5�.�3� �A�n�a�l�y�s�i�s� �o�f� �S�u�r�v�e�y� �R�e�s�p�o�n�s�e�s� 

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

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

�b�e�l�i�e�f�s� �o�f� �t�h�e� �m�a�j�o�r�i�t�y�.� �T�h�e� �t�a�b�l�e�s� �i�n� �A�p�p�e�n�d�i�x� �B� �d�e�n�o�t�e� 

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

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

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

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

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

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

�t�a�b�l�e�s� �i�n� �A�p�p�e�n�d�i�x� �B�,� �i�t� �w�a�s� �r�e�a�l�i�z�e�d� �t�h�a�t� �r�e�s�p�o�n�d�e�n�t�s� �d�i�d� 

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

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

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

�c�o�n�c�l�u�s�i�o�n�s�.� �D�r�a�w�i�n�g� �c�o�n�c�l�u�s�i�o�n�s� �o�n� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

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

�A�l�l� �c�o�n�c�l�u�s�i�o�n�s� �w�e�r�e� �d�r�a�w�n� �b�a�s�e�d� �o�n� �a� �c�o�m�m�o�n� �r�e�s�p�o�n�s�e� 

�o�f� �t�h�e� �m�a�j�o�r�i�t�y�.� �A� �t�h�r�e�s�h�o�l�d� �v�a�l�u�e� �w�a�s� �s�e�l�e�c�t�e�d� �t�o� 

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



�p�e�r�c�e�n�t�a�g�e�s�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �a� �m�i�n�i�m�u�m� �o�f� �6�7�%� �o�f� �t�h�e� 

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

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

�a�n�d� �r�e�s�u�l�t�s� �a�r�e� �d�i�s�p�l�a�y�e�d� �i�n� �T�a�b�l�e�s� �5�.�2� �t�h�r�o�u�g�h� �5�.�7�.� 

�5�.�3�.�1� �U�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� �D�a�t�a� �S�u�m�m�a�r�y� �T�a�b�l�e�s� 

�T�a�b�l�e�s� �5�.�2� �t�h�r�o�u�g�h� �5�.�7� �d�i�s�p�l�a�y� �t�h�e� �m�o�d�e�l�i�n�g� 

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

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

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

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

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

�o�f� �m�o�d�e�l�i�n�g� �a� �g�i�v�e�n� �a�t�t�r�i�b�u�t�e�,� �i�t� �i�s� �d�e�n�o�t�e�d� �w�i�t�h� �a�n� �"�x�X�"�.� 

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

�d�e�n�o�t�e�d� �w�i�t�h� �a� �"�0�"�.� �I�f� �t�h�e� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �i�s� �u�n�a�b�l�e� �t�o� 

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

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

�q�u�e�s�t�i�o�n�s� �i�f� �m�o�d�e�l�i�n�g� �i�s� �d�e�e�m�e�d� �i�m�p�o�s�s�i�b�l�e�.� �T�h�e� �m�o�d�e�l�i�n�g� 

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

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

�"�x�X�-�"�,� �a�n�d� �e�x�t�e�r�n�a�l�l�y� �"�0�"�.� �W�h�e�n� �v�i�e�w�i�n�g� �t�h�e� �l�e�v�e�l� �o�f� 

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

�o�n� �t�i�m�e� �a�n�d� �l�i�n�e�s� �o�f� �c�o�d�e� �r�e�q�u�i�r�e�d� �t�o� �m�o�d�e�l�.� �"�x�- ��-�"� 

�r�e�p�r�e�s�e�n�t�s� �a� �m�o�d�e�r�a�t�e� �l�e�v�e�l� �o�f� �d�i�f�f�i�c�u�l�t�y�,� �a�n�d� �"�0�"� �d�e�n�o�t�e�s� 

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

�6�5



�[�s�e�c�t�i�o�n� �A�:� 

�T�a�b�l�e� �5�.�2�:� �D�a�t�a� �S�u�m�m�a�r�y� �f�o�r� �A�G�V�S� 
� � 

�M�O�D�.� �C�A�P�A�B�I�L�I�T�Y� 

�X� �=� �Y�e�s� 

�0� �=� �N�o� 

�N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� 

�M�O�D�E�L�I�N�G� �M�E�T�H�O�D� 

�X� �=� �D�i�r�e�c�t� 

�X�-� �=� �I�n�d�i�r�e�c�t� 

�0� �=� �E�x�t�e�m�a�l� 

�N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� 

�L�V�L�.� �O�F� �D�I�F�F�I�C�U�L�T�Y� 

�X� �=� �E�a�s�y� 

�X�-�=� �M�o�d�e�r�a�t�e� 

�O� �=� �D�i�f�f�i�c�u�l�t� 

�N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� 
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�A�U�T�O�M�A�T�E�D� �G�U�I�D�E�D� �V�E�H�I�C�L�E� �S�Y�S�T�E�M�S� �P� �P� �P� 
�R� �R� �R� 
�O� �O� �O� 
�M�j�]� �S� �M�]�/� �S� �M�|�s� 

�c�l�o�]�1�]�s�f�a�o�}�j�o�]�3�1�]�s�]�f�a�]�o�]�1�]�s� 
�P�}�D�I�M�/�|�L�E�P�/�D�]�M�I� �L�E�P�]� �D�I� �M�I�L� 
�s�|�E�/�A�L�A�E�s�|�E�;�[�A�I�L�A�P� �S�|� �E�L�A�I�A� 
�s�|�L�{�[�N�]�M�E�P�S�|�L�{�[�N�I�M�E�S�]�|�T�L�I�N�I�M� 

�1�|�S�P�E�E�D� �x� �{�|� �x�]�x�{� �x� �P�x� �|�x�]� �x�}� �x� �i�n�c�]� �x� �[�x�]� �x� 
�2�|� �T�R�A�V�E�L� �T�I�M�E� �x�{�x�j�x�|�x�p�x�}�|� �x�j�)� �x�)� �x�e�x�}� �x�]� �x�)�]�x� 
�3�|�P�I�C�K�U�P� �T�I�M�E� �x� �|� �x�]�x�[�x�p�x� �{�x� �[�n�c�e�]� �x� �f�x�]� �x� �[�x�]� �x� 
�4�|�D�E�P�O�S�I�T� �T�I�M�E� �x�{�x�]�[�x�]�x� �g�x�]� �x� �[�n�c�e�]� �x� �f�x�]� �x� �[�x�]� �x� 
�5�|�H�O�M�E� �P�O�S�I�T�I�O�N� �x�{�x�]�x�{�x�g�e�x� �f�x�]� �x� �|�x� �i�n�c�]� �x�]� �x�]� �x� 
�6�|� �A�C�C�E�L�E�R�A�T�I�O�N� �n�c�e�]� �x� �|� �x�]� �x� �E�n�c�]� �x� �|� �x� �|� �x� �E�n�c�]� �x�]� �x� �|� �x� 
�7�|�D�E�C�E�L�E�R�A�T�I�O�N� �n�c�e�}�|� �x� �|� �x� �|� �x�X� �E�n�c�|� �n�c�[�{� �x� �|� �x� �F�u�n�c�]� �x� �|� �x� �|� �x� 
�8�|�E�M�P�T�Y� �V�E�H�I�C�L�E� �T�R�A�V�E�L� �S�P�E�E�D� �x� �|� �N�c�{�|� �x�X� �|� �X� �J� �x� �|� �N�c�{� �x� �|� �x� �N�c�]� �N�c�|� �x� �|�]� �x� 
�9�|�R�E�D�I�R�E�C�T�I�O�N� �O�F� �I�N�-�T�R�A�N�S�I�T� �V�E�H�I�C�L�E�S� �x�}� �o�f�}� �x� �|�x� �f�x� �]�x� �|� �n�c�[�n�c�f� �x� �|� �x� �|� �x� �|� �N�c� 

�1�0�|�/�J�O�B� �S�E�A�R�C�H� �P�R�I�O�R�I�T�I�E�S� �x�|�x�]�x�]�|�x�p�e�x�]� �x� �p�n�c�|� �x�f� �x� �|� �n�c�]� �x�]� �x� 
�1�1�|�M�A�P�P�I�N�G� �(�e�x�c�l�u�d�i�n�g� �s�h�o�r�t�e�s�t� �r�o�u�t�e�)� �x�|�x�i�{�x�{� �x�i�x�]� �x�]� �x�o�x� �[�n�c�]� �x� �]� �x� 
�1�2�|�S�H�O�R�T�E�S�T� �R�O�U�T�E� �M�A�P�P�I�N�G� �x�}�|�x� �|�x� �{�x� �f�x� �|�n�c�]�|� �x� �{�|� �x� �P�x� �[�n�c�]� �x�]� �x� 
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�2�6�}� �C�O�R�R�E�C�T�I�V�E� �M�A�I�N�T�E�N�A�N�C�E� �x� �X� �X� �|� �N�C�E� �X� �X� �|�}� �X�-� �|� �N�C�@� �N�C�]� �X� �|� �N�C�}� �N�C� 

�2�7�|�P�R�E�V�E�N�T�I�V�E� �M�A�I�N�T�E�N�A�N�C�E� �x� �x� �x� �X� �X� �|� �X�-� �|� �N�C�E� �X� �X� �|� �N�C�]� �N�C� 

�2�8�]� �D�U�A�L� �S�H�U�T�T�L�E�S� �X� �|� �N�C�]� �X� �0� �X�-� �|� �N�C�}� �X�-� �N�C� �|� �N�C� �|� �N�C� 

�2�9�|� �M�U�L�T�I�P�L�E� �S�/�R� �M�A�C�H�I�N�E�S� �N�C� �|� �X� �x� �x�X� �F�N�C�]� �X� �|� �X� �|� �X� �F�N�C�]� �X� �|� �X� �|� �X� 

�3�0�]�T�I�E�R� �A�S�S�I�G�N�E�D� �S�/�R� �M�A�C�H�I�N�E�S� �x� �x� �x� �X� �§� �N�C�]� �X�-� �|� �X�-� �|� �X� �F�N�C� �|� �N�C�]� �N�C�|� �X� 

�3�1�)� �A�I�S�L�E� �T�R�A�N�S�F�E�R� �C�A�R� �x� �x� �X� �|� �N�C�P� �X�-� �|� �X�-� �|� �X�-� �|� �N�C� �N�C� �|� �N�C� �|� �N�C� �|� �N�C� 

�3�2�]�Z�O�N�I�N�G� �x� �x� �x� �x�X� �§� �X�-� �|� �X�-� �|� �N�C�]� �X� �F�N�C�]� �X�-� �|� �N�C�]� �X� � � � � � � � � � � 
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�S�E�C�T�I�O�N� �C�c�:� �M�O�D�E�L�I�N�G� �C�A�P�A�B�I�L�I�T�J�M�O�D�E�L�I�N�G� �M�E�T�H�O�D� �§�L�E�V�E�L� �O�F� �D�I�F�F�I�C�U�L�T�Y� 

�X� �=� �Y�e�s� �X� �=� �D�i�r�e�c�t� �X� �=� �E�a�s�y� 

�0� �=� �N�o� �X�-� �=� �I�n�d�i�r�e�c�t� �X�-�=� �M�o�d�e�r�a�t�e� 

�N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� �0� �=� �E�x�t�e�r�n�a�l� �0� �=� �D�i�f�f�i�c�u�l�t� 

�N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� �N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� 

�B�E�L�T�/�R�O�L�L�E�R� �C�O�N�V�E�Y�O�R�S� �P� �P� �P� 

�R� �R� �R� 

�o�O� �O� �o�O� 

�M� �S� �M� �S� �M� �s� 

�G� �o�O� �I� �S� �G� �o� �I� �S� �G� �O� �I� �S� 

�P� �D� �M� �L� �P� �D� �M� �L� �P� �D� �M� �L� 

�S� �E� �A� �A� �S� �E� �A� �A� �S� �E� �A� �A� 

�S� �L� �N� �M� �S� �L� �N� �M� �S� �L� �N� �M� 

�1�]�C�O�N�V�E�Y�O�R� �G�E�O�M�E�T�R�Y� �x� �x� �x� �x� �x� �X� �X� �X�-� �x�X� �X� �|� �N�C�]� �X� 

�2�]� �D�I�R�E�C�T�I�O�N� �O�F� �T�R�A�V�E�L� �x� �x� �x� �X� �x� �x� �X� �X�-� �x� �x�X� �|� �N�C�]� �X� 

�3�]� �C�O�N�V�E�Y�O�R� �S�E�C�T�I�O�N�S� �x� �x�X� �X� �x�X� �X� �x�X� �X�x� �X�-� �F�N�C�]� �X� �|� �N�C�]� �X� 

�4�|�S�P�E�E�D� �O�F� �S�E�C�T�I�O�N�S� �x� �x� �X� �X�x� �X�-� �x� �x�X� �X�-� �F�N�C�]� �X� �|� �N�C�]� �X� 

�5�|�L�O�A�D� �S�I�Z�E� �x� �x� �x� �x� �X�-� �x� �X� �|� �N�C� �N�C�]� �X� �|� �N�C�]� �X� 

�6�|�S�P�A�C�I�N�G� �O�F� �L�O�A�D�S� �N�C� �|� �X� �X�x� �x�X� �F�N�C�]� �X� �X� �|� �N�C�F� �N�C�]� �X� �|� �N�C�]� �X� 

�7�|�S�O�R�T�A�T�I�O�N� �C�A�P�A�B�I�L�I�T�I�E�S� �x� �x�X� �x� �x� �X� �|� �N�C�]� �N�C�]� �N�C�F� �X� �|� �N�C�]� �N�C�]� �X� 

�8�|�}�O�N�B�O�A�R�D� �O�P�E�R�A�T�I�O�N�S� �N�C� �|� �X� �x� �X� �F�N�C�]� �X� �X�-� �|� �N�C� �J� �N�C� �|� �X�-� �|� �N�C� �|� �N�C� 

�9�|� �T�R�A�N�S�F�E�R� �F�R�O�M� �S�E�C�T�I�O�N�S� �x� �x� �x� �X�x� �X�x� �x� �X�-� �|� �X�-� �X� �X� �|� �N�C�}� �X� 

�1�0�|�T�R�A�N�S�F�E�R� �O�F�F� �C�O�N�V�E�Y�O�R� �X�x�X� �x� �x� �x�X� �X�x� �x�X� �X�-� �|� �X�-� �X�x� �X� �| �� �N�C�]� �X� 

�1�1�]�R�I�G�H�T� �A�N�G�L�E� �T�R�A�N�S�F�E�R� �X� �X�x�X� �X� �X� �X� �|� �N�C�]� �X�-� �|� �X�-� �X�x� �x�X� �|� �N�C�]� �X� 

�1�2�]� �L�O�A�D�I�N�G� �T�I�M�E� �X�x� �X�x�X� �x� �x�X� �x� �X�x� �X�-� �|� �X�-� �x�X� �X� �|� �N�C�]� �X� 

�1�3�]� �U�N�L�O�A�D�I�N�G� �T�I�M�E� �X�x� �X�x�X� �X� �X�x�X� �X� �X� �X�-� �|� �X�-� �x� �x�X� �|� �N�C�]� �X� 

�1�4�;�C�O�N�V�E�Y�O�R� �C�A�P�A�C�I�T�Y� �x� �x� �x� �x� �x� �x� �X� �X�-� �F�N�C�]� �X� �|� �N�C�]� �X� 

�1�5�]� �B�I�-�D�I�R�E�C�T�I�O�N�A�L� �T�R�A�N�S�F�E�R� �X�x�X� �X� �|� �N�C�]� �X� �X�-� �X� �|� �N�C�}� �X�-�  �� �X�-� �|� �N�C� �|� �N�C�]� �X�-� 

�1�6�|�/�T�W�O� �W�A�Y� �B�E�L�T� �C�O�N�V�E�Y�O�R� �x� �X�x� �X� �X� �F�N�C�]� �X�-� �|� �N�C�]� �X�-� �§� �X�-� �|� �X�-� �|� �N�C�]� �X�-� 

�1�7�]� �L�O�A�D�I�N�G�/�U�N�L�O�A�D�I�N�G� �P�O�I�N�T�S� �x�X� �x�X� �x� �X�x� �x�X� �X� �X�x� �X�-� �F�N�C�]� �X� �|� �N�C�]� �X� 

�1�8�]�M�U�L�T�I�P�L�E� �E�N�T�R�Y�/�E�X�I�T� �P�O�I�N�T�S� �x� �X�x� �X�x� �x�X� �X� �|� �N�C�]� �X� �x�X�-� �F�N�C�]� �X� �|� �N�C�]� �X� 

�1�9�|�S�I�M�U�L�T�A�N�E�O�U�S� �E�N�T�R�I�E�S�/�E�X�I�T�S� �X�x� �X�x� �x� �x� �X� �|� �N�C�]� �N�C�]� �X�-� �§� �N�C� �|� �N�C� �|� �N�C�]� �X� 

�2�0�]� �A�C�C�U�M�U�L�A�T�I�O�N� �x�X� �x� �X�x� �X�x� �X�x�X� �X� �x� �X�-� �X�x�X� �X�x� �x�X� �x� 

�2�1�|�T�R�A�N�S�P�O�R�T� �N�C�]� �X� �x� �X� �F�N�C�]� �X� �X�x� �x�X�-� �F�N�C�]� �X� �|� �N�C�]� �X�-� 

�2�2�|�L�O�A�D�S� �W�I�T�H� �U�N�E�Q�U�A�L� �L�E�N�G�T�H�S� �x� �x� �x� �x� �X�-� �|� �N�C�]� �X� �X�-� �|� �N�C� �|� �N�C� �|� �N�C� �|� �N�C� 

�2�3�|�S�E�N�S�O�R�S� �x� �x� �x� �x�X� �X�x� �x� �X�-� �|� �X�-� �x�X� �x�X� �|� �N�C�]� �X� 

�2�4�|�P�R�E�V�E�N�T�I�V�E� �M�A�I�N�T�E�N�A�N�C�E� �X�x�X� �x� �x� �X�x� �x� �X� �X�-� �|� �X�-� �|� �N�C�]� �X� �|� �N�C�]� �X� 

�2�5�|�C�O�R�R�E�C�T�I�V�E� �M�A�I�N�T�E�N�A�N�C�E� �X�x� �X� �X�x� �X� �x�X� �x� �X�-� �|� �X�-� �X�x�X� �X� �|� �N�C�]� �X� � � � � � � � � � � � � 
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�I�I�S�E�C�T�I�O�N� �D�:� �M�O�D�E�L�I�N�G� �C�A�P�A�B�I�L�I�T�E�M�O�D�E�L�I�N�G� �M�E�T�H�O�D� �L�E�V�E�L� �O�F� �D�I�F�F�I�C�U�L�T�Y� 

�X� �=� �Y�e�s� �X� �=� �D�i�r�e�c�t� �X� �=� �E�a�s�y� 

�0� �=� �N�o� �X�-�=� �I�n�d�i�r�e�c�t� �X�-�=� �M�o�d�e�r�a�t�e� 

�N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� �0� �=� �E�x�t�e�r�n�a�l� �0� �=� �D�i�f�f�i�c�u�l�t� 

�N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� �N�C� �=� �N�o� �C�o�n�s�e�n�s�u�s� 

�G�A�N�T�R�Y� �C�R�A�N�E�S� �P� �P� �P� 

�R� �R� �R� 

�O�o� �O�o� �O�o� 

�M� �s� �M� �S� �M� �s� 

�G� �o�O� �I� �S� �G� �o�O� �I� �S�s� �G� �o�O� �I� �S� 

�P� �D� �M� �L� �P� �D� �M� �L� �P� �D� �M� �L� 

�S� �E� �A� �A� �S� �E� �A� �A� �S� �E� �A� �A� 

�S� �L� �N� �M� �S�s� �L� �N� �M� �S� �L� �N� �M� 

�1�]�B�R�I�D�G�E� �S�P�E�E�D� �x� �X�x� �X�x� �x�X� �J� �X� �|� �X� �x� �x�X� �F�N�C�]� �X� �x� �x� 

�2�}� �H�O�I�S�T� �S�P�E�E�D� �X�x� �X�x� �x� �x�X� �B� �X�-� �|� �X� �|� �X�-� �|� �X� �F�N�C�]� �X� �X�x� �X�x� 

�3�]� �P�I�C�K�I�N�G� �D�E�V�I�C�E� �N�C� �|� �N�C�]� �X� �X� �F�N�C�]� �N�C�}� �X�-� �|� �X�-� �F� �N�C�]� �N�C�]� �X� �X� 

�4�|� �A�C�C�E�L�E�R�A�T�I�O�N� �(�b�r�i�d�g�e� �&� �h�o�i�s�t�)� �N�C�]� �X� �X�x� �X� �F�N�C�]� �X� �X�-� �x�X� �F�N�C�]� �X� �|� �X�-� �|� �X� 

�5�|�D�E�C�E�L�E�R�A�T�I�O�N� �(�b�r�i�d�g�e� �&� �h�o�i�s�t�)� �N�C�]� �X� �x� �X� �F�N�C�]� �X� �X�-� �|� �X� �F�N�C�]� �X� �|� �X�-� �|� �X� 

�6�)�P�I�C�K� �U�P� �T�I�M�E� �x� �x� �x� �x� �X�x� �x�X� �|� �X�-� �|� �X�-� �§� �X� �x� �X�x� �X� 

�7�|�D�E�P�O�S�I�T� �T�I�M�E� �x� �x� �x� �X� �X�x�X� �X� �|� �X�-� �|� �X�-� �§� �X� �X�x� �x� �X�x� 

�8�|� �P�O�S�I�T�I�O�N�I�N�G� �N�C� �|� �X� �x� �X� �F�N�C�]� �X� �|� �X�-� �|� �X� �F�N�C�]� �X� �x� �X� 

�9�1�J�O�B� �S�E�A�R�C�H� �P�R�I�O�R�I�T�Y� �x� �X�x� �x� �X� �x� �x�X� �|� �X�-� �|� �X� �x�X� �x� �x� �X� 

�1�0�|�S�I�M�U�L�T�A�N�E�O�U�S� �H�O�I�S�T� �&� �B�R�I�D�G�E� �T�R�A�V�E�L� �x�X� �4� �X� �X� �J� �X�-� �|� �N�C� �[� �X�-� �x�X� �|� �N�C�I� �N�C�]� �X�-� �x�X� 

�1�1�]�M�U�L�T�I�P�L�E� �C�R�A�N�E�S� �O�N� �R�U�N�W�A�Y� �X�x� �x� �x�X� �X� �F�N�C�]� �X� �|� �X�-� �|� �X� �F�N�C�]� �N�C�]� �X�-� �|�]� �X� 

�1�2�]� �M�U�L�T�I�P�L�E� �C�R�A�N�E�S� �I�N� �D�I�F�F�E�R�E�N�T� �B�A�Y�S� �x� �X�x� �X� �x�X� �x� �X� �|� �X�-� �|� �X� �F�N�C�]� �N�C�]� �X� �x�X� 

�1�3� �|� �I�N�T�E�R�F�E�R�E�N�C�E� �x� �X� �X� �X� �J� �X�-� �|� �N�C�]� �X�-� �|� �X� �F�N�C�]� �N�C�]� �N�C�]� �X� 

�1�4�/� �I�D�L�E� �C�R�A�N�E� �M�A�N�A�G�E�M�E�N�T� �R�U�L�E�S� �x�X� �X� �x�X� �X� �F�N�C�]� �X� �|� �X�-� �|� �N�C�E� �N�C�]� �X� �|� �X�-� �|� �N�C� 

�1�5�]�C�O�R�R�E�C�T�I�V�E� �M�A�I�N�T�E�N�A�N�C�E� �X�x� �X�x�X� �X�x� �X�x�X� �X� �X� �|� �X�-� �|� �N�C� �F�N�C�]� �X� �|� �X�-� �|� �N�C� 

�1�6�|�}�P�R�E�V�E�N�T�I�V�E� �M�A�I�N�T�E�N�A�N�C�E� �X� �X�x�X� �X�x� �x� �X�x� �X� �|� �X�-� �|� �X�-� �x� �X� �|� �X�-� �X� 
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�T�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�l�u�s�i�o�n�s� �a�r�e� �d�r�a�w�n� �u�s�i�n�g� �t�h�e� �h�i�s�t�o�g�r�a�m� 

�i�n� �F�i�g�u�r�e� �5�.�1�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �f�i�g�u�r�e�,� �G�P�S�S� �d�i�r�e�c�t�l�y� 

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

�I�t� �d�i�r�e�c�t�l�y� �m�o�d�e�l�s� �v�i�r�t�u�a�l�l�y� �h�a�l�f� �o�f� �t�h�e� �A�G�V�,� �a�n�d� �f�o�r�k� �t�r�u�c�k� 

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

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

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

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

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

�A�p�p�r�o�x�i�m�a�t�e�l�y� �4�0�%� �(�1�3� �o�f� �t�h�e� �3�2� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� �s�t�u�d�y�)� �o�f� 

�A�S�/�R�S� �a�t�t�r�i�b�u�t�e�s� �a�r�e� �m�o�d�e�l�e�d� �i�n�d�i�r�e�c�t�l�y�.� 

�F�o�r� �a� �d�e�t�a�i�l�e�d� �l�o�o�k� �a�t� �t�h�e� �l�e�v�e�l� �o�f� �d�i�f�f�i�c�u�l�t�y� 

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

�P�l�e�a�s�e� �r�e�f�e�r� �t�o� �t�h�e� �h�i�s�t�o�g�r�a�m�s� �i�n� �A�p�p�e�n�d�i�x� �D�.� �V�i�e�w�i�n�g� �t�h�e� 

�p�i�e� �c�h�a�r�t� �i�n� �F�i�g�u�r�e� �5�.�2�,� �s�h�o�w�s� �t�h�a�t� �o�v�e�r�a�l�l�,� �n�e�a�r�l�y� �4�0�%� 

�(�5�8�/�1�5�0� �t�o�t�a�l� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� �s�t�u�d�y�)� �o�f� �t�h�e� �t�o�t�a�l� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�a�l�y�z�e�d� �w�e�r�e� �d�e�e�m�e�d� �e�a�s�y� �t�o� �m�o�d�e�l�.� �O�n�l�y� �6� 

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

�A�G�V�S� 
�C�o�l�l�i�s�i�o�n� �A�v�o�i�d�a�n�c�e� 
�C�o�n�t�r�o�l� �S�y�s�t�e�m� 
�P�r�e�s�e�n�t� �L�o�c�a�t�i�o�n� �V�e�h�i�c�l�e� 

�R�o�u�t�i�n�g� 

�A�S�/�R�S� 
�D�w�e�l�l� �P�o�i�n�t� �S�t�r�a�t�e�g�i�e�s� 

�I�N�D�U�S�T�R�I�A�L� �F�O�R�K� �T�R�U�C�K�S� 
�C�o�l�l�i�s�i�o�n� �A�v�o�i�d�a�n�c�e� 

�I�N�D�U�S�T�R�I�A�L� �R�O�B�O�T�S� 
�S�h�a�r�e�d� �W�o�r�k� �E�n�v�e�l�o�p�e�s� 

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

�G�P�S�S�.� 

�5�.�3�.�3� �P�R�O�M�O�D�E�L� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �M�o�d�e�l�i�n�g� �C�a�p�a�b�i�l�i�t�i�e�s� 

�B�a�s�e�d� �o�n� �t�h�e� �g�e�n�e�r�a�l� �c�o�n�s�e�n�s�u�s� �o�f� �r�e�s�p�o�n�d�e�n�t�s�,� �P�R�O�M�O�D�E�L� 

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

�i�n�c�a�p�a�b�l�e� �o�f� �m�o�d�e�l�i�n�g� �r�e�d�i�r�e�c�t�i�o�n� �o�f� �i�n�-�t�r�a�n�s�i�t� �A�G�V�s� �a�n�d� 

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

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

�P�R�O�M�O�D�E�L� �c�o�m�p�e�t�i�t�i�v�e� �w�i�t�h� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�.� 

�F�i�g�u�r�e� �5�.�3� �d�e�p�i�c�t�s� �t�h�e� �m�o�d�e�l�i�n�g� �m�e�t�h�o�d� �e�m�p�l�o�y�e�d� �w�h�e�n� 

�a�d�d�r�e�s�s�i�n�g� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� �s�t�u�d�y�.� �B�a�s�e�d� �o�n� �t�h�i�s� 

�h�i�s�t�o�g�r�a�m�,� �P�R�O�M�O�D�E�L� �h�a�s� �s�p�e�c�i�a�l� �c�o�n�s�t�r�u�c�t�s� �f�o�r� �m�o�d�e�l�i�n�g� �t�h�e� 

�m�a�j�o�r�i�t�y� �o�f� �t�h�e� �c�o�n�v�e�y�o�r�,� �c�r�a�n�e�,� �a�n�d� �f�o�r�k� �t�r�u�c�k� �a�t�t�r�i�b�u�t�e�s�.� 

�P�R�O�M�O�D�E�L� �m�o�d�e�l�s� �n�e�a�r�l�y� �h�a�l�f� �o�f� �a�l�l� �o�t�h�e�r� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� 

�a�t�t�r�i�b�u�t�e�s� �f�o�r� �A�G�V�S�,� �A�S�/�R�S�,� �a�n�d� �i�n�d�u�s�t�r�i�a�l� �r�o�b�o�t�s� �u�s�i�n�g� 
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�d�i�r�e�c�t� �m�e�a�n�s�.� �T�h�i�s� �i�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g�,� �b�e�c�a�u�s�e� �P�R�O�M�O�D�E�L� �i�s� 

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

�T�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�,� �c�h�a�p�t�e�r� �t�w�o�,� �s�t�a�t�e�d� �t�h�a�t� �P�R�O�M�O�D�E�L� �h�a�s� 

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

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

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

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

�m�o�d�e�l� �w�h�e�n� �u�s�i�n�g� �P�R�O�M�O�D�E�L� �(�S�e�e� �F�i�g�u�r�e� �5�.�4�)�.� �O�n�l�y� �o�n�e� 

�a�t�t�r�i�b�u�t�e� �w�a�s� �d�e�e�m�e�d� �d�i�f�f�i�c�u�l�t� �t�o� �m�o�d�e�l�.� �P�R�O�M�O�D�E�L� 

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

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

�v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �m�o�d�e�l�.� 

�5�.�3�.�4� �S�I�M�A�N� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �M�o�d�e�l�i�n�g� �C�a�p�a�b�i�l�i�t�i�e�s� 

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

�S�I�M�A�N� �I�V�,� �t�h�e�r�e� �a�r�e� �n�o� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� �s�t�u�d�y� �w�h�i�c�h� �c�a�n�n�o�t� 

�b�e� �m�o�d�e�l�e�d� �u�s�i�n�g� �S�I�M�A�N� �I�V�.� �P�l�e�a�s�e� �v�i�e�w� �T�a�b�l�e�s� �5�.�2� �t�h�r�o�u�g�h� 

�5�.�7� �f�o�r� �v�e�r�i�f�i�c�a�t�i�o�n�.� 

�W�h�e�n� �v�i�e�w�i�n�g� �F�i�g�u�r�e� �5�.�5� �f�o�r� �m�o�d�e�l�i�n�g� �m�e�t�h�o�d�s� �u�t�i�l�i�z�e�d�,� 

�i�t� �i�s� �n�o�t�i�c�e�d� �t�h�a�t� �S�I�M�A�N� �h�a�s� �s�p�e�c�i�a�l� �c�o�n�s�t�r�u�c�t�s� �w�h�i�c�h� �a�l�l�o�w� 

�o�n�e� �t�o� �m�o�d�e�l� �t�h�e� �v�a�s�t� �m�a�j�o�r�i�t�y� �o�f� �A�G�V�S� �a�t�t�r�i�b�u�t�e�s�.� �A�S�/�R�S� 

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

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

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

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

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

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

�w�h�e�n� �m�o�d�e�l�i�n�g� �t�h�e� �a�t�t�r�i�b�u�t�e�s�.� �L�e�s�s� �t�h�a�n� �o�n�e�-�t�h�i�r�d� �(�4�9�/�1�5�0� 

�t�o�t�a�l� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� �s�t�u�d�y�,� �s�e�e� �F�i�g�u�r�e� �5�.�6�)� �o�f� �t�h�e�s�e� 

�a�t�t�r�i�b�u�t�e�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �e�a�s�y� �t�o� �m�o�d�e�l� �u�s�i�n�g� �S�I�M�A�N� �I�V�.� 

�5�.�3�.�5� �S�L�A�M� �I�I� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �M�o�d�e�l�i�n�g� �C�a�p�a�b�i�l�i�t�i�e�s� 

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

�t�h�a�t� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �S�L�A�M� �I�I� �d�o�e�s� �n�o�t� �a�l�l�o�w� �o�n�e� �t�o� �m�o�d�e�l� 

�d�u�a�l� �s�h�u�t�t�l�e�s� �f�o�r� �A�S�/�R�S� �o�r� �t�h�e� �t�r�a�n�s�p�o�r�t� �o�f� �m�u�l�t�i�p�l�e� �l�o�a�d�s� 

�f�o�r� �c�r�a�n�e�s�.� �S�L�A�M� �I�I� �a�l�s�o� �c�a�n�n�o�t� �m�o�d�e�l� �a�c�c�e�l�e�r�a�t�i�o�n� �a�n�d� 

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

�W�h�e�n� �a�n�a�l�y�z�i�n�g� �t�h�e� �m�o�d�e�l�i�n�g� �m�e�t�h�o�d�s� �u�t�i�l�i�z�e�d� �(�S�e�e� 

�F�i�g�u�r�e� �5�.�7�)�,� �o�n�e� �f�i�n�d�s� �t�h�a�t� �S�L�A�M� �m�o�d�e�l�s� �o�v�e�r� �h�a�l�f� �o�f� �t�h�e� 

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

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

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

�r�o�b�o�t�s�.� �A�S�/�R�S� �s�y�s�t�e�m�s� �a�r�e� �m�o�d�e�l�e�d� �d�i�r�e�c�t� �o�r� �i�n�d�i�r�e�c�t� �m�e�a�n�s� 

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

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

�l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �r�e�v�e�a�l�e�d� �t�h�a�t� �S�L�A�M� �I�I� �h�a�s� �m�a�t�e�r�i�a�l� 

�h�a�n�d�l�i�n�g� �m�o�d�u�l�e�s� �f�o�r� �A�G�V�S�,� �A�S�/�R�S�,� �a�n�d� �c�r�a�n�e� �s�y�s�t�e�m�s�.� �T�h�e� 

�a�d�i�f�f�e�r�e�n�c�e� �b�a�s�e�d� �o�n� �t�h�i�s� �a�n�a�l�y�s�i�s� �i�s� �t�h�a�t� �S�L�A�M� �I�I� �d�o�e�s� �n�o�t� 

�d�i�r�e�c�t�l�y� �a�d�d�r�e�s�s� �o�v�e�r� �h�a�l�f� �o�f� �t�h�e� �A�S�/�R�S� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� 

�s�t�u�d�y�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �s�u�r�v�e�y� �r�e�s�p�o�n�s�e�s�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�r�e�a�s� �a�r�e� 
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�m�o�d�e�l�e�d� �e�x�t�e�r�n�a�l�l�y� �w�h�e�n� �u�s�i�n�g� �S�L�A�M� �I�I�.� 

�A�G�V�S� �-� �C�o�n�t�r�o�l� �S�y�s�t�e�m� 
�P�a�s�s�i�n�g� 
�R�e�r�o�u�t�i�n�g� 
�P�a�t�h� �S�e�g�m�e�n�t� �D�o�w�n�t�i�m�e� 

�S�L�A�M� �I�I� �i�s� �t�h�e� �o�n�l�y� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �w�h�i�c�h� �m�o�d�e�l�s� �o�n�e� �o�r� 

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

�R�e�s�p�o�n�d�e�n�t�s� �f�o�r� �S�L�A�M� �I�I� �s�t�a�t�e� �t�h�a�t� �n�e�a�r�l�y� �6�0�%� �(�8�9�/�1�5�0� 

�t�o�t�a�l� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� �s�t�u�d�y�)� �o�f� �t�h�e� �t�o�t�a�l� �a�t�t�r�i�b�u�t�e�s� �a�r�e� 

�e�a�s�y� �t�o� �m�o�d�e�l�,� �s�e�e� �F�i�g�u�r�e� �5�.�8� �o�n� �t�h�e� �p�r�e�v�i�o�u�s� �p�a�g�e�.� �T�h�e�r�e� 

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

�5�.�4� �A�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �S�t�a�t�e�-�o�f�-�t�h�e�-�A�r�t� 

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

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

�m�o�d�e�l�i�n�g� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m�s�.� �T�a�b�l�e�s� �5�.�2� �t�h�r�o�u�g�h� �5�.�7� 

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

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

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

�T�a�b�l�e�s� �5�.�2� �t�h�r�o�u�g�h� �5�.�7�,� �a�n�d� �a�r�e� �d�e�n�o�t�e�d� �a�s� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� 

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

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

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

�A�u�t�o�m�a�t�e�d� �G�u�i�d�e�d� �V�e�h�i�c�l�e� �S�y�s�t�e�m�s� 
�S�p�e�e�d� 
�T�r�a�v�e�l� �T�i�m�e� 
�P�i�c�k� �U�p� �T�i�m�e� 
�D�e�p�o�s�i�t� �T�i�m�e� 
�H�o�m�e� �P�o�s�i�t�i�o�n� 
�J�o�b� �S�e�a�r�c�h� �P�r�i�o�r�i�t�i�e�s



�M�a�p�p�i�n�g� �(�e�x�c�l�u�d�i�n�g� �s�h�o�r�t�e�s�t� �r�o�u�t�e�)� 
�S�h�o�r�t�e�s�t� �R�o�u�t�e� �M�a�p�p�i�n�g� 
�B�a�t�t�e�r�y� �R�e�c�h�a�r�g�i�n�g� 
�G�u�i�d�e�p�a�t�h� �L�a�y�o�u�t� 
�C�o�l�l�i�s�i�o�n� �A�v�o�i�d�a�n�c�e� 
�Z�o�n�e� �C�o�n�t�r�o�l� 
�C�o�n�t�r�o� �S�y�s�t�e�m� 
�V�e�h�i�c�l�e� �F�l�e�e�t� 
�V�e�h�i�c�l�e� �L�i�m�i�t�a�t�i�o�n�s� �o�n� �G�u�i�d�e�p�a�t�h� 
�C�o�r�r�e�c�t�i�v�e�/�P�r�e�v�e�n�t�i�v�e� �M�a�i�n�t�e�n�a�n�c�e� 
�R�e�r�o�u�t�i�n�g� 
�V�e�h�i�c�l�e� �D�i�s�p�a�t�c�h�i�n�g� �R�u�l�e�s� 
�E�m�p�t�y� �V�e�h�i�c�l�e� �M�a�n�a�g�e�m�e�n�t� 
�V�a�r�y�i�n�g� �P�a�r�t� �T�y�p�e�s� 

�A�u�t�o�m�a�t�e�d� �S�t�o�r�a�g�e�/�R�e�t�r�i�e�v�a�l� �S�y�s�t�e�m�s� 
�S�t�o�r�a�g�e� �R�a�c�k� �C�o�n�f�i�g�u�r�a�t�i�o�n� 
�I�n�d�i�v�i�d�u�a�l� �S�t�o�r�a�g�e� �(�B�i�n�)� �L�o�c�a�t�i�o�n�s� 
�V�a�r�y�i�n�g� �S�t�o�r�a�g�e� �D�i�m�e�n�s�i�o�n�s� 
�M�u�l�t�i�p�l�e� �L�o�a�d�s� 
�C�a�p�a�c�i�t�y� �S�p�e�c�i�f�i�c�a�t�i�o�n�s� 
�S�t�o�r�a�g�e� �L�e�v�e�l� �D�e�t�e�r�m�i�n�a�t�i�o�n� 
�S�t�o�r�a�g�e� �R�a�c�k�s� �o�n� �B�o�t�h� �S�i�d�e�s� 
�H�o�r�i�z�o�n�t�a�l� �S�p�e�e�d� 
�V�a�r�y�i�n�g� �I�n�p�u�t�/�O�u�t�p�u�t� �L�o�c�a�t�i�o�n�s� 
�I�n�p�u�t�/�O�u�t�p�u�t� �P�i�c�k� �U�p� �a�n�d� �D�e�p�o�s�i�t� 
�S�t�o�r�a�g�e� �P�i�c�k� �U�p� �a�n�d� �D�e�p�o�s�i�t� 
�S�i�n�g�l�e� �a�n�d� �D�u�a�l� �C�o�m�m�a�n�d� �R�e�t�r�i�e�v�a�l� �S�e�q�u�e�n�c�i�n�g� 
�P�r�e�v�e�n�t�i�v�e� �M�a�i�n�t�e�n�a�n�c�e� 
�T�i�e�r� �A�s�s�i�g�n�e�d� �S�/�R� �M�a�c�h�i�n�e�s� 
�z�o�n�i�n�g� 

�B�e�l�t�/�R�o�l�l�e�r� �C�o�n�v�e�y�o�r�s� 
�C�o�n�v�e�y�o�r� �G�e�o�m�e�t�r�y� 
�D�i�r�e�c�t�i�o�n� �o�f� �T�r�a�v�e�l� 
�C�o�n�v�e�y�o�r� �S�e�c�t�i�o�n�s� 
�S�p�e�e�d� �o�f� �S�e�c�t�i�o�n�s� 
�L�o�a�d� �S�i�z�e� 
�S�o�r�t�a�t�i�o�n� �C�a�p�a�b�i�l�i�t�i�e�s� 
�T�r�a�n�s�f�e�r� �F�r�o�m� �S�e�c�t�i�o�n�s� 
�T�r�a�n�s�f�e�r� �O�f�f� �C�o�n�v�e�y�o�r� 
�R�i�g�h�t� �A�n�g�l�e� �T�r�a�n�s�f�e�r� 
�L�o�a�d�i�n�g� �T�i�m�e� 
�U�n�l�o�a�d�i�n�g� �T�i�m�e� 
�C�o�n�v�e�y�o�r� �C�a�p�a�c�i�t�y� 
�T�w�o� �W�a�y� �B�e�l�t� �C�o�n�v�e�y�o�r� 
�L�o�a�d�i�n�g�/�U�n�l�o�a�d�i�n�g� �P�o�i�n�t�s� 
�M�u�l�t�i�p�l�e� �E�n�t�r�y�/�E�x�i�t� �P�o�i�n�t�s� 
�S�i�m�u�l�t�a�n�e�o�u�s� �E�n�t�r�i�e�s�/�E�x�i�t�s� 
�A�c�c�u�m�u�l�a�t�i�o�n� 
�L�o�a�d�s� �W�i�t�h� �U�n�e�q�u�a�l� �L�e�n�g�t�h�s� 
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�S�e�n�s�o�r�s� 
�P�r�e�v�e�n�t�i�v�e� �a�n�d� �C�o�r�r�e�c�t�i�v�e� �M�a�i�n�t�e�n�a�n�c�e� 

�G�a�n�t�r�y� �C�r�a�n�e�s� 
�B�r�i�d�g�e� �S�p�e�e�d� 
�H�o�i�s�t� �S�p�e�e�d� 
�P�i�c�k� �U�p� �T�i�m�e� 
�D�e�p�o�s�i�t� �T�i�m�e� 
�J�o�b� �S�e�a�r�c�h� �P�r�i�o�r�i�t�y� 
�S�i�m�u�l�t�a�n�e�o�u�s� �H�o�i�s�t� �a�n�d� �B�r�i�d�g�e� �T�r�a�v�e�l� 
�M�u�l�t�i�p�l�e� �C�r�a�n�e�s� �o�n� �R�u�n�w�a�y� 
�M�u�l�t�i�p�l�e� �C�r�a�n�e�s� �i�n� �D�i�f�f�e�r�e�n�t� �B�a�y�s� 
�I�n�t�e�r�f�e�r�e�n�c�e� 
�I�d�l�e� �C�r�a�n�e� �M�a�n�a�g�e�m�e�n�t� �R�u�l�e�s� 
�C�o�r�r�e�c�t�i�v�e� �a�n�d� �P�r�e�v�e�n�t�i�v�e� �M�a�i�n�t�e�n�a�n�c�e� 

�I�n�d�u�s�t�r�i�a�l� �F�o�r�k� �T�r�u�c�k�s� 
�S�p�e�e�d� 
�T�r�a�v�e�l� �T�i�m�e� 
�P�i�c�k� �U�p� �T�i�m�e� 
�D�e�p�o�s�i�t� �T�i�m�e� 
�H�o�m�e� �P�o�s�i�t�i�o�n� 
�J�o�b� �S�e�a�r�c�h� �P�r�i�o�r�i�t�y� 
�B�a�t�t�e�r�y� �R�e�c�h�a�r�g�i�n�g� 
�D�i�s�t�a�n�c�e�/�T�i�m�e� �T�r�a�v�e�l�e�d� 
�C�o�r�r�e�c�t�i�v�e� �a�n�d� �P�r�e�v�e�n�t�i�v�e� �M�a�i�n�t�e�n�a�n�c�e� 
�L�o�a�d� �a�n�d� �F�i�x�t�u�r�e� �S�e�p�a�r�a�t�i�o�n� 

�I�n�d�u�s�t�r�i�a�l� �R�o�b�o�t�s� 
�T�r�a�v�e�l� �T�i�m�e� 
�S�p�e�e�d� 
�J�o�b� �S�e�a�r�c�h� �P�r�i�o�r�i�t�y� 
�S�e�q�u�e�n�c�e� �V�a�r�i�a�t�i�o�n� 
�P�i�c�k� �a�n�d� �P�l�a�c�e� 
�S�e�n�s�o�r�s� 
�M�u�l�t�i�p�l�e� �S�e�r�v�i�c�e� �S�t�a�t�i�o�n�s� 
�C�o�r�r�e�c�t�i�v�e� �a�n�d� �P�r�e�v�e�n�t�i�v�e� �M�a�i�n�t�e�n�a�n�c�e



�6�.�0� �C�O�N�C�L�U�S�I�O�N�S� �A�N�D� �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S� 

�6�.�1� �S�u�m�m�a�r�y� �o�f� �R�e�s�u�l�t�s� 

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

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

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

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

�s�t�u�d�i�e�d�.� �T�a�b�l�e� �5�.�8� �l�i�s�t�s� �t�h�o�s�e� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e�s� �w�h�i�c�h� 

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

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

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

�f�o�r� �a� �g�i�v�e�n� �d�e�v�i�c�e�,� �i�t� �i�s� �d�e�n�o�t�e�d� �b�y� �a� �"�Y�e�s�"� �r�e�s�p�o�n�s�e�.� 

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

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

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

�T�a�b�l�e� �5�.�8�:� �C�a�p�a�b�i�l�i�t�i�e�s� �f�o�r� �m�o�d�e�l�i�n�g� �t�h�e� �m�a�j�o�r�i�t�y� 
�o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �u�n�d�e�r� �s�t�u�d�y� 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � 

�G�P�S�S� �P�R�O�M�O�D�E�L� �S�I�M�A�N� �I�V� �S�L�A�M� �I�I� 

�C�o�n�v�e�y�o�r� �Y�e�s� �Y�e�s� 

�F�o�r�k�l�i�f�t� �Y�e�s� 

�A�G�V�S� �Y�e�s� �Y�e�s� 

�A�S�/�R�S� 

�C�r�a�n�e�s� �Y�e�s� �Y�e�s� 

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

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

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

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

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

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

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

�D�e�v�e�l�o�p�e�r�s� �o�f� �G�P�S�S� �m�a�y� �a�d�d�r�e�s�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �m�o�d�e�l� 

�c�o�l�l�i�s�i�o�n� �a�v�o�i�d�a�n�c�e� �f�o�r� �A�G�V�S� �a�n�d� �f�o�r�k� �t�r�u�c�k�s�.� �D�w�e�l�l� �p�o�i�n�t� 

�s�t�r�a�t�e�g�i�e�s� �f�o�r� �t�h�e� �S�/�R� �m�a�c�h�i�n�e� �o�f� �a�n� �A�S�/�R�S� �a�n�d� �s�h�a�r�e�d� �w�o�r�k� 

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

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

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

�o�f� �A�G�V� �s�y�s�t�e�m�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �s�u�r�v�e�y� �r�e�s�p�o�n�s�e�s�,� �t�h�e�s�e� 

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

�c�o�m�p�l�e�x� �t�o� �m�o�d�e�l� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�P�R�O�M�O�D�E�L� �m�a�y� �d�e�e�m� �i�t� �n�e�c�e�s�s�a�r�y� �t�o� �a�d�d�r�e�s�s� �t�h�e� �a�b�i�l�i�t�y� 

�t�o� �m�o�d�e�l� �t�h�e� �r�e�d�i�r�e�c�t�i�o�n� �o�f� �i�n�-�t�r�a�n�s�i�t� �v�e�h�i�c�l�e�s� �o�f� �a�n� �A�G�V� 

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

�p�r�e�e�m�p�t�e�d�.� �P�r�e�e�m�p�t�i�o�n� �m�a�y� �o�c�c�u�r� �i�n� �a�n� �A�G�V� �s�y�s�t�e�n�,� 

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

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

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

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

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

�T�h�o�u�g�h� �S�I�M�A�N� �d�i�d� �n�o�t� �h�a�v�e� �a�n�y� �a�t�t�r�i�b�u�t�e�s� �w�h�i�c�h� �w�e�r�e� 

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

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

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

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

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

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

�S�L�A�M� �I�I� �d�e�v�e�l�o�p�e�r�s� �m�a�y� �f�i�n�d� �i�t� �n�e�c�e�s�s�a�r�y� �t�o� �i�n�c�o�r�p�o�r�a�t�e� 

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

�s�h�u�t�t�l�e�s� �f�o�r� �A�S�/�R�S� �s�y�s�t�e�m�s�,� �a�n�d� �t�h�e� �t�r�a�n�s�p�o�r�t� �o�f� �m�u�l�t�i�p�l�e� 

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

�c�a�n� �n�o�t� �b�e� �m�o�d�e�l�e�d� �u�s�i�n�g� �S�L�A�M� �I�I�.� �L�i�t�e�r�a�t�u�r�e� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�d�u�a�l� �s�h�u�t�t�l�e�s� �f�o�r� �A�S�/�R�S� �a�n�d� �m�u�l�t�i�p�l�e� �l�o�a�d�s� �f�o�r� �c�r�a�n�e�s� �d�o� �n�o�t� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �A�S�/�R�S� �a�n�d� �c�r�a�n�e� �s�y�s�t�e�m�s� �i�n� �u�s�e� 

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

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

�t�h�a�t� �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� �b�e� �e�q�u�i�p�p�e�d� �t�o� �m�o�d�e�l� 

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

�I�t� �i�s� �a�l�s�o� �i�m�p�o�r�t�a�n�t� �f�o�r� �S�L�A�M� �I�I� �t�o� �a�d�d�r�e�s�s� �t�h�o�s�e� 

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

�f�o�r� �A�G�V� �s�y�s�t�e�m�s�.� �T�h�o�s�e� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �o�p�e�r�a�t�i�o�n�s� �a�r�e� �t�h�e� 

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

�s�e�g�m�e�n�t� �d�o�w�n�t�i�m�e�.� 
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�6�.�2� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

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

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

�W�o�l�v�e�r�i�n�e� �S�o�f�t�w�a�r�e� �C�o�r�p�o�r�a�t�i�o�n� �w�o�u�l�d� �p�r�o�v�e� �b�e�n�e�f�i�c�i�a�l� �t�o� 

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

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

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

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

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

�f�o�r� �G�P�S�S�.� �B�a�s�e�d� �o�n� �r�e�a�d�i�n�g� �a�n�d� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �G�P�S�S�,� �m�o�s�t� 

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

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

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

�a�t�t�r�i�b�u�t�e�s�,� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �o�f� �W�o�l�v�e�r�i�n�e� �S�o�f�t�w�a�r�e� 

�C�o�r�p�o�r�a�t�i�o�n� �w�e�r�e� �c�o�n�t�a�c�t�e�d�.� �I�n�q�u�i�r�i�e�s� �w�e�r�e� �m�a�d�e� �a�b�o�u�t� �t�h�e� 

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

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

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

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

�B�a�s�e�d� �o�n� �t�h�i�s� �c�o�n�v�e�r�s�a�t�i�o�n�,� �i�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �a� �n�e�w� 

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

�G�P�S�S�.� 

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

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

�r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �"�n�o� �c�o�n�s�e�n�s�u�s�"� �r�e�s�p�o�n�s�e�s�.



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

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

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

�r�e�s�p�o�n�d�e�n�t�s� �h�a�d� �f�r�e�q�u�e�n�t�l�y� �u�t�i�l�i�z�e�d� �t�h�e� �s�o�f�t�w�a�r�e�,� �t�h�e�y� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�6�.�3� �C�o�n�t�r�i�b�u�t�i�o�n�s� 

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

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

�(�G�P�S�S�,� �P�R�O�M�O�D�E�L�,� �S�I�M�A�N�,� �a�n�d� �S�L�A�M� �I�I�)�.� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� 

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

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

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

�f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �p�u�r�p�o�s�e�s�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�1�.� 

�1�0�.� 

�l�l�.� 

�A�b�e�d�,� �S�e�r�a�j� �Y�o�u�s�e�f�.� �1�9�8�2�.� �A� �C�o�m�p�a�r�a�t�i�v�e� �S�t�u�d�y� �o�f� �3� 
�S�i�m�u�l�a�t�i�o�n� �L�a�n�g�u�a�g�e�s� �A�s� �A�p�p�l�i�e�d� �t�o� �M�a�n�u�f�a�c�t�u�r�i�n�g� 
�F�a�c�i�l�i�t�y� �S�i�m�u�l�a�t�i�o�n�.� �D�i�s�s�e�r�t�a�t�i�o�n� �o�f� �I�o�w�a� �S�t�a�t�e� 
�U�n�i�v�e�r�s�i�t�y�.� 

�A�p�p�l�e�,� �J�.� �1�9�7�7�.� �P�l�a�n�t� �L�a�y�o�u�t� �a�n�d� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� 
�J�o�h�n� �W�i�l�e�y�.� 

�B�a�c�k�s�t�r�o�m�,� �C�h�a�r�l�e�s� �H�.� �a�n�d� �G�e�r�a�l�d� �H�u�r�s�h�-�C�e�s�a�r�.� �1�9�8�1�.� 
�S�u�r�v�e�y� �R�e�s�e�a�r�c�h�.� �S�e�c�o�n�d� �E�d�.� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� 
�I�n�c�.� 

�B�a�n�k�s�,� �J�e�r�r�y� �a�n�d� �E�d�u�a�r�d�o� �A�v�i�l�e�s�,� �J�a�m�e�s� �R�.� �M�c�L�a�u�g�h�l�i�n�,� 
�a�n�d� �R�o�b�e�r�t� �C�.� �Y�u�a�n�.� �1�9�9�1�.� �T�h�e� �S�i�m�u�l�a�t�o�r�:� �N�e�w� 
�M�e�m�b�e�r� �o�f� �t�h�e� �S�i�m�u�l�a�t�i�o�n� �F�a�m�i�l�y�.� �I�n�t�e�r�f�a�c�e�s�,� 
�2�1�(�2�)�:� �M�a�r�c�h�-�A�p�r�i�l�,� �7�6�-�8�6�.� 

�B�a�s�t�a�n�i�,� �A�l�i� �S�.� �1�9�9�0�.� �C�l�o�s�e�d�-�L�o�o�p� �C�o�n�v�e�y�o�r� �S�y�s�t�e�m�s� �w�i�t�h� 
�B�r�e�a�k�d�o�w�n� �a�n�d� �R�e�p�a�i�r� �o�f� �U�n�l�o�a�d�i�n�g� �S�t�a�t�i�o�n�s�.� �I�I�E� 
�T�r�a�n�s�a�c�t�i�o�n�s�,� �3�5�1�-�3�5�4�.� 

�B�o�z�e�r�,� �Y�a�v�u�z� �A�.� �a�n�d� �M�a�n�d�y�a�m� �M�.� �S�r�i�n�i�v�a�s�a�n�.� �1�9�9�1�.� �T�a�n�d�e�m� 
�C�o�n�f�i�g�u�r�a�t�i�o�n�s� �f�o�r� �A�u�t�o�m�a�t�e�d� �G�u�i�d�e�d� �V�e�h�i�c�l�e� 
�S�y�s�t�e�m�s� �a�n�d� �t�h�e� �A�n�a�l�y�s�i�s� �o�f� �S�i�n�g�l�e� �V�e�h�i�c�l�e� �L�o�o�p�s�.� 
�I�T�E� �T�r�a�n�s�a�c�t�i�o�n�s�,� �M�a�r�c�h�,� �7�2�-�8�2�.� 

�B�u�i�l�d�i�n�g� �O�f�f�i�c�i�a�l�s� �a�n�d� �C�o�d�e� �A�d�m�i�n�i�s�t�r�a�t�o�r�s� 
�I�n�t�e�r�n�a�t�i�o�n�a�l�,� �I�n�c�.�,� �T�h�e� �B�O�C�A� �B�a�s�i�c� �B�u�i�l�d�i�n�g� �C�o�d�e�,� 
�1�7�9�2�6� �S�o�u�t�h� �H�a�l�s�t�e�d� �S�t�r�e�e�t�,� �H�o�m�e�w�o�o�d�,� �I�l�l�i�n�o�i�s� 
�6�0�4�3�0�,� �1�9�8�1� �E�d�.� 

�C�a�r�s�o�n�,� �J�o�h�n� �S�.� �1�9�9�0�.� �S�i�m�u�l�a�t�i�o�n� �C�o�n�c�e�p�t�s� �i�n� 
�M�a�n�u�f�a�c�t�u�r�i�n�g� �a�n�d� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g�.� �A�u�t�o�f�a�c�t� �'�9�0� 
�C�o�n�f�e�r�e�n�c�e� �P�r�o�c�e�e�d�i�n�g�s�,� �4�-�1� �t�h�r�u� �4�-�1�9�.� 

�C�a�r�u�s�o�,� �P�a�u�l� �C�.� �a�n�d� �M�a�g�e�d� �M�.� �D�e�s�s�o�u�k�y�.� �1�9�8�7�.� �A�n�a�l�y�t�i�c�a�l� 
�F�a�c�t�o�r�s� �C�o�n�c�e�r�n�i�n�g� �t�h�e� �U�s�e� �o�f� �M�i�c�r�o�-�M�i�n�i� �S�t�o�r�a�g�e� 
�D�e�v�i�c�e�s� �a�s� �M�a�t�e�r�i�a�l� �M�a�n�a�g�e�m�e�n�t� �S�y�s�t�e�m�s�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�7� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �6�9�2�-�6�9�5�.� 

�C�o�n�w�a�y�,� �R�i�c�h�a�r�d� �a�n�d� �W�i�l�l�i�a�m� �M�a�x�w�e�l�l�.� �1�9�8�7�.� �M�o�d�e�l�i�n�g� 
�A�s�y�n�c�h�r�o�n�o�u�s� �M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g� �i�n� �X�C�E�L�L�+�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�7� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �2�0�2�-�2�0�6�.� 

�E�a�d�e�,� �R�o�b�e�r�t�.� �1�9�8�9�.� �M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g�:� �F�i�r�s�t� �S�t�e�p� 
�T�o�w�a�r�d� �A�u�t�o�m�a�t�i�o�n�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �E�n�g�i�n�e�e�r�i�n�g�,� 
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�1�2�.� 

�1�3�.� 

�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�1�8�.� 

�1�9�.� 

�2�0�.� 

�2�1�.� 

�2�2�.� 

�2�3�.� 

�S�e�p�t�e�m�b�e�r�,� �5�9�-�6�0�.� 

�F�r�a�r�y�,� �R�o�b�e�r�t� �B�.� �1�9�9�1�.� �A� �B�r�i�e�f� �G�u�i�d�e� �t�o� �Q�u�e�s�t�i�o�n�n�a�i�r�e� 
�D�e�v�e�l�o�p�m�e�n�t�.� �R�e�c�e�i�v�e�d� �f�r�o�m� �t�h�e� �O�f�f�i�c�e� �o�f� 
�M�e�a�s�u�r�e�m�e�n�t� �a�n�d� �R�e�s�e�a�r�c�h� �S�e�r�v�i�c�e�s� �o�f� �V�i�r�g�i�n�i�a� 
�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�G�e�e�r�,� �J�o�h�n� �G�.� �1�9�9�1�.� �D�o� �O�p�e�n�-�E�n�d�e�d� �Q�u�e�s�t�i�o�n�s� �M�e�a�s�u�r�e� 
�"�S�a�l�i�e�n�t�"� �I�s�s�u�e�s�?� �P�u�b�l�i�c� �O�p�i�n�i�o�n� �Q�u�a�r�t�e�r�l�y�,� �V�o�l�.� 
�5�5�:� �3�6�0�-�3�7�0�.� 

�G�o�d�z�i�e�l�a�,� �R�i�c�h�a�r�d�.� �1�9�8�6�.� �S�i�m�u�l�a�t�i�o�n� �o�f� �a� �F�l�e�x�i�b�l�e� 
�M�a�n�u�f�a�c�t�u�r�i�n�g� �C�e�l�l�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �6�2�1�-�6�2�7�.� 

�G�r�o�o�v�e�r�,� �M�i�k�e�l�l�,� �M�i�t�c�h�e�l�l� �W�e�i�s�s�,� �R�o�g�e�r� �N�a�g�e�l�,� �N�i�c�h�o�l�a�s� 
�O�d�r�e�y�.� �1�9�8�6�.� �I�n�d�u�s�t�r�i�a�l� �R�o�b�o�t�i�c�s� �-� �T�e�c�h�n�o�l�o�g�y�,� 
�P�r�o�g�r�a�m�m�i�n�g�,� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n�s�,� �2�0�-�1�8�5�.� 

�H�a�i�d�e�r�,� �S�.� �W�a�l�i� �a�n�d� �J�e�r�r�y� �B�a�n�k�s�.� �1�9�8�6�.� �S�i�m�u�l�a�t�i�o�n� 
�S�o�f�t�w�a�r�e� �P�r�o�d�u�c�t�s� �f�o�r� �A�n�a�l�y�z�i�n�g� �M�a�n�u�f�a�c�t�u�r�i�n�g� 
�S�y�s�t�e�m�s�.� �I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �J�u�l�y�,� �9�8�-�1�0�3�.� 

�K�u�l�w�i�e�c�,� �R�a�y�m�o�n�d�.� �1�9�8�5�.� �M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g� �H�a�n�d�b�o�o�k�.� 
�S�e�c�o�n�d� �e�d�.� �N�e�w� �Y�o�r�k�:� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �I�n�c�.� 

�L�a�w�,� �A�v�e�r�i�l�l�.� �1�9�8�9�.� �S�e�l�e�c�t�i�n�g� �S�i�m�u�l�a�t�i�o�n� �S�o�f�t�w�a�r�e� �f�o�r� 
�M�a�n�u�f�a�c�t�u�r�i�n�g� �A�p�p�l�i�c�a�t�i�o�n�s�:� �P�r�a�c�t�i�c�a�l� �G�u�i�d�e�l�i�n�e�s� 
�a�n�d� �S�o�f�t�w�a�r�e� �S�u�r�v�e�y�.� �I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �M�a�y�,� 
�3�3�-�4�6�.� 

�L�a�w�,� �A�v�e�r�i�l�l� �a�n�d� �S�.� �W�a�l�i� �H�a�i�d�e�r�.� �1�9�8�9�.� �S�e�l�e�c�t�i�n�g� 
�S�i�m�u�l�a�t�i�o�n� �S�o�f�t�w�a�r�e� �f�o�r� �M�a�n�u�f�a�c�t�u�r�i�n�g� 
�A�p�p�l�i�c�a�t�i�o�n�s�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�9� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �2�9�-�3�1�.� 

�L�a�w�,� �A�v�e�r�i�l�l� �a�n�d� �D�a�v�i�d� �K�e�l�t�o�n�.� �1�9�9�1�.� �S�i�m�u�l�a�t�i�o�n� 
�M�o�d�e�l�i�n�g� �a�n�d� �A�n�a�l�y�s�i�s�.� �N�e�w� �Y�o�r�k�:� �M�c�G�r�a�w�-�h�i�l�l�,� �I�n�c�.� 

�L�a�w�,� �A�v�e�r�i�l�l� �a�n�d� �M�i�c�h�a�e�l� �M�c�C�o�m�a�s�.� �1�9�8�9�.� �P�i�t�f�a�l�l�s� �t�o� 
�A�v�o�i�d� �i�n� �t�h�e� �S�i�m�u�l�a�t�i�o�n� �o�f� �M�a�n�u�f�a�c�t�u�r�i�n�g� �S�y�s�t�e�m�s�.� 
�I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �M�a�y�,� �2�8�-�3�1�.� 

�N�o�r�m�a�n�,� �V�a�n� �B�.� �1�9�8�4�.� �S�i�m�u�l�a�t�i�o�n� �o�f� �A�u�t�o�m�a�t�e�d� �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�.� �A�u�t�o�m�a�t�e�d� �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�:� �P�l�a�n�n�i�n�g� �f�o�r� �A�M�H�&�S�.� �A�u�e�r�b�a�c�h� 
�P�u�b�l�i�s�h�e�r�s�,� �I�n�c�.� 

�O�'�R�e�i�l�l�y�,� �J�e�a�n� �a�n�d� �W�i�l�l�i�a�m� �L�i�l�e�g�d�o�n�.� �1�9�8�7�.� �S�L�A�M� �I�I� 
�T�u�t�o�r�i�a�l�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�7� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �8�5�-�9�1�.� 
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�2�4�.� 

�2�5�.� 

�2�6�.� 

�2�7�.� 

�2�8�.� 

�2�9�.� 

�3�0�.� 

�P�r�i�t�s�k�e�r�,� �A�.� �A�l�a�n� �B�.�.� �1�9�8�6�.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� 
�S�i�m�u�l�a�t�i�o�n� �a�n�d� �S�L�A�M� �I�I�.� �T�h�i�r�d� �e�d�.� �N�e�w� �Y�o�r�k�:� 
�S�y�s�t�e�m�s� �P�u�b�l�i�s�h�i�n�g� �C�o�r�p�o�r�a�t�i�o�n�.� 

�P�r�o�M�o�d�e�l� �C�o�r�p�o�r�a�t�i�o�n�:� �P�r�e�s�i�d�e�n�t�,� �C�h�a�r�l�e�s� �H�a�r�r�e�l�l�.� �1�9�9�1�.� 
�P�r�o�M�o�d�e�l�P�C� �U�s�e�r� �M�a�n�u�a�l�.� �V�e�r�s�i�o�n� �5�.�0�,� �P�R�O�M�O�D�E�L� 
�C�o�r�p�o�r�a�t�i�o�n�.� 

�S�a�l�e�,� �M�i�c�h�a�e�l� �W�.� �a�n�d� �C�a�t�h�e�r�i�n�e� �S�t�e�i�n�.� �1�9�8�7�.� �M�o�d�e�l�i�n�g� 
�A�G�V�S� �S�y�s�t�e�m�s� �U�s�i�n�g� �N�e�t�w�o�r�k� �C�o�n�s�t�r�u�c�t�s�.� �P�r�o�c�e�e�d�i�n�g�s� 
�o�f� �t�h�e� �1�9�8�7� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �6�6�1�-�6�6�8�.� 

�S�t�u�r�r�o�c�k�,� �D�a�v�i�d� �T�.� �a�n�d� �C�.� �D�e�n�n�i�s� �P�e�g�d�e�n�.� �1�9�9�0�.� 
�I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�I�M�A�N�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�0� 
�W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �1�0�9�-�1�1�4�.� 

�T�h�e�s�e�n�,� �A�r�n�e� �a�n�d� �L�a�u�r�e�l� �T�r�a�v�i�s�.� �1�9�9�0�.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� 
�S�i�m�u�l�a�t�i�o�n�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�0� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �1�4�-�2�1�.� 

�W�o�l�v�e�r�i�n�e� �S�o�f�t�w�a�r�e� �C�o�r�p�o�r�a�t�i�o�n�.� �1�9�9�2�.� �L�i�t�t�o�n� �U�n�i�t� 
�H�a�n�d�l�i�n�g� �S�y�s�t�e�m� �V�e�r�i�f�i�e�s� �S�o�l�u�t�i�o�n�s�.� �C�h�e�c�k�p�o�i�n�t�:� 
�T�h�e� �S�i�m�u�l�a�t�i�o�n� �N�e�w�s�l�e�t�t�e�r� �o�f� �W�o�l�v�e�r�i�n�e� �S�o�f�t�w�a�r�e� 
�C�o�r�p�o�r�a�t�i�o�n�.� �V�o�l�.� �8�,� �N�o�.� �3�.� 

�1�9�9�1�.� �C�i�n�c�i�n�n�a�t�i� �M�i�l�a�c�r�o�n� �B�e�n�c�h�m�a�r�k�s� �F�l�e�x�i�b�l�e� 
�M�a�n�u�f�a�c�t�u�r�i�n�g� �S�y�s�t�e�m� �V�i�a� �C�o�m�p�u�t�e�r� �M�o�d�e�l�i�n�g�.� 
�I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �M�a�r�c�h�,� �2�4�-�2�5�.� 
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�B�I�B�L�I�O�G�R�A�P�H�Y� 

�1�0�.� 

�1�1�.� 

�A�b�d�e�l�-�M�a�l�e�k�,� �L�a�y�e�k� �L�.� �1�9�8�8�.� �T�h�e� �E�f�f�e�c�t�s� �o�f� �R�o�b�o�t�s� �W�i�t�h� 
�O�v�e�r�l�a�p�p�i�n�g� �E�n�v�e�l�o�p�e�s� �o�n� �t�h�e� �P�e�r�f�o�r�m�a�n�c�e� �o�f� 
�F�l�e�x�i�b�l�e� �T�r�a�n�s�f�e�r� �L�i�n�e�s�.� �I�I�E� �T�r�a�n�s�a�c�t�i�o�n�s�,� �2�1�3�-� 
�2�2�0�.� 

�B�a�n�k�s�,� �J�e�r�r�y�.� �1�9�9�1�.� �S�e�l�e�c�t�i�n�g� �S�i�m�u�l�a�t�i�o�n� �S�o�f�t�w�a�r�e�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�1� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �1�5�-�2�0�.� 

�B�a�r�t�h�o�l�d�i�,� �J�o�h�n� �I�I�I�,� �a�n�d� �L�o�r�e�n� �K�.� �P�l�a�t�z�m�a�n�.� �1�9�8�6�.� 
�R�e�t�r�i�e�v�a�l� �S�t�r�a�t�e�g�i�e�s� �f�o�r� �a� �C�a�r�o�u�s�e�l� �C�o�n�v�e�y�o�r�.� �I�I�E� 
�T�r�a�n�s�a�c�t�i�o�n�s�,� �1�6�6�-�1�7�3�.� 

�B�l�a�c�k�,� �J�o�a�n� �S�.� �1�9�9�1�.� �T�r�a�s�h�i�n�g� �t�h�e� �P�o�l�l�s�.� �P�u�b�l�i�c� �O�p�i�n�i�o�n� 
�Q�u�a�r�t�e�r�l�y�,� �v�o�l�.� �5�5�:� �4�7�4�-�4�8�1�.� 

�B�o�o�k�b�i�n�d�e�r�,� �J�a�m�e�s� �H�.� �a�n�d� �T�e�r�r�e�n�c�e� �R�.� �K�o�t�w�a�.� �1�9�8�7�.� 
�M�o�d�e�l�i�n�g� �a�n� �A�G�V� �A�u�t�o�m�o�b�i�l�e� �B�o�d�y�-�F�r�a�m�i�n�g� �S�y�s�t�e�m�.� 
�I�n�t�e�r�f�a�c�e�s�,� �N�o�v�e�m�b�e�r�-�D�e�c�e�m�b�e�r�,� �4�1�-�5�0�.� 

�B�o�w�e�r�s�,� �D�a�v�i�d� �G�.� �a�n�d� �J�e�r�o�m�e� �L�.� �F�r�a�n�k�l�i�n�.� �1�9�7�7�.� �S�u�r�v�e�y�-� 
�G�u�i�d�e�d� �D�e�v�e�l�o�p�m�e�n�t� �I�;� �D�a�t�a�-�B�a�s�e�d� �O�r�g�a�n�i�z�a�t�i�o�n�a�l� 
�C�h�a�n�g�e�.� �U�n�i�v�e�r�s�i�t�y� �A�s�s�o�c�i�a�t�e�s�,� �I�n�c�.� �L�a� �J�o�l�l�a�,� 
�C�a�l�i�f�o�r�n�i�a�.� 

�B�o�z�e�r�,� �Y�a�v�u�z� �A�.� �a�n�d� �J�o�h�n� �A�.� �W�h�i�t�e�.� �1�9�8�4�.� �T�r�a�v�e�l�-�T�i�m�e� 
�M�o�d�e�l�s� �f�o�r� �A�u�t�o�m�a�t�e�d� �S�t�o�r�a�g�e�/�R�e�t�r�i�e�v�a�l� �S�y�s�t�e�m�s�.� 
�I�I�E� �T�r�a�n�s�a�c�t�i�o�n�s�,� �3�2�9�-�3�3�7�.� 

�B�r�a�z�e�r�,� �M�a�r�k� �K�.� �a�n�d� �R�o�b�e�r�t� �E�.� �S�h�a�n�n�o�n�.� �1�9�8�7�.� �A�u�t�o�m�a�t�i�c� 
�P�r�o�g�r�a�m�m�i�n�g� �o�f� �A�G�V�S� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s�.� �P�r�o�c�e�e�d�i�n�g�s� 
�o�f� �t�h�e� �1�9�8�7� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �7�0�3�-�7�0�7�.� 

�B�r�u�n�n�e�r�,� �D�.�T�.� �a�n�d� �R�.�C�.� �C�r�a�i�n�.� �1�9�9�1�.� �G�P�S�S�/�H� �i�n� �t�h�e� 
�1�9�9�0�s�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�1� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �8�1�-�8�5�.� 

�B�o�u�c�h�e�r�,� �T�h�o�m�a�s� �O�.� �1�9�8�7�.� �M�a�x�i�m�i�z�i�n�g� �R�o�b�o�t� �P�r�o�d�u�c�t�i�o�n� 
�R�a�t�e�s� �f�o�r� �S�i�m�p�l�e� �I�n�s�e�r�t�i�o�n� �O�p�e�r�a�t�i�o�n�s�.� �I�I�E� 
�T�r�a�n�s�a�c�t�i�o�n�s�,� �3�8�5�-�3�8�7�.� 

�C�a�s�h�,� �C�h�a�r�l�e�s� �R�.� �a�n�d� �W�i�l�b�e�r�t� �E�.� �W�i�l�h�e�l�m�.� �1�9�8�6�.� �A� 
�S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�i�n�g� �A�p�p�r�o�a�c�h� �f�o�r� �A�n�a�l�y�z�i�n�g� �R�o�b�o�t�i�c� 
�A�s�s�e�m�b�l�y� �C�e�l�l�s�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �5�9�4�-�5�9�6�.� 
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�1�2�.� 

�1�3�.� 

�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�1�8�.� 

�1�9�.� 

�2�0�.� 

�2�1�.� 

�2�2�.� 

�C�h�a�s�e�,� �R�i�c�h�a�r�d� �a�n�d� �N�i�c�h�o�l�a�s� �A�q�u�i�l�a�n�o�.� �1�9�9�2�.� �P�r�o�d�u�c�t�i�o�n� 
�a�n�d� �O�p�e�r�a�t�i�o�n�s� �M�a�n�a�g�e�m�e�n�t�.� �S�i�x�t�h� �e�d�.� �I�r�w�i�n�,�I�n�c�.�:� 
�H�o�m�e�w�o�o�d�,� �I�L�.� 

�C�o�b�b�i�n�,� �P�h�i�l�i�p�.� �1�9�8�6�.� �M�o�d�e�l�i�n�g� �T�o�t�e� �S�t�a�c�k�e�r� �O�p�e�r�a�t�i�o�n� 
�a�s� �a� �W�I�P� �S�t�o�r�a�g�e� �D�e�v�i�c�e�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� 
�W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �5�9�7�-�6�0�5�.� 

�C�r�a�i�n�,� �R�o�b�e�r�t� �a�n�d� �D�a�n�i�e�l� �B�r�u�n�n�e�r�.� �1�9�8�9�.� �E�x�t�e�n�d�e�d� 
�F�e�a�t�u�r�e�s� �o�f� �G�P�S�S�/�H�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�9� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �2�4�9�-�2�5�3�.� 

�D�a�v�i�s�,� �D�e�b�o�r�a�h� �A�.� �1�9�8�6�.� �M�o�d�e�l�i�n�g� �A�G�V� �S�y�s�t�e�m�s�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �5�6�8�-� �5�7�4�.� 

�D�o�m�m�e�y�e�r�,� �C�u�r�t� �J�.� �D�o�r�i�s� �E�l�g�a�n�a�y�a�n� �a�n�d� �C�l�i�f�f� �U�m�a�n�s�.� 
�1�9�9�0�.� �I�n�c�r�e�a�s�i�n�g� �M�a�i�l� �S�u�r�v�e�y� �R�e�s�p�o�n�s�e� �w�i�t�h� �a�n� 
�E�n�v�e�l�o�p�e� �T�e�a�s�e�r�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �M�a�r�k�e�t� �R�e�s�e�a�r�c�h� 
�S�o�c�i�e�t�y�,� �V�o�l�.� �3�3�,� �N�o�.� �2�,� �1�3�7�-�1�3�9�.� 

�D�u�t�t�,� �S�u�b�i�r�.� �1�9�9�1�.� �G�u�i�d�e�d� �V�e�h�i�c�l�e� �S�y�s�t�e�m�s� �-� �A� 
�s�i�m�u�l�a�t�i�o�n� �A�n�a�l�y�s�i�s�.� �U�n�p�u�b�l�i�s�h�e�d� �m�a�s�t�e�r�s� �t�h�e�s�i�s�,� 
�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� 
�U�n�i�v�e�r�s�i�t�y�.� 

�E�g�e�b�l�u�,� �P�i�u�s� �J�u�d�a�h�.� �1�9�8�2�.� �A� �D�e�s�i�g�n� �M�e�t�h�o�d�o�l�o�g�y� �f�o�r� 
�O�p�e�r�a�t�i�o�n�a�l� �C�o�n�t�r�o�l� �E�l�e�m�e�n�t�s� �f�o�r� �A�u�t�o�m�a�t�e�d� �G�u�i�d�e�d� 
�V�e�h�i�c�l�e� �B�a�s�e�d� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �S�y�s�t�e�m�s�.� 
�U�n�p�u�b�l�i�s�h�e�d� �d�o�c�t�o�r�a�l� �d�i�s�s�e�r�t�a�t�i�o�n�,� �V�i�r�g�i�n�i�a� 
�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�F�a�l�k�n�e�r�,� �C�h�a�r�l�e�s� �H�.� �a�n�d� �N�a�t�r�a�j� �S�h�a�n�k�e�r�.� �1�9�8�4�.� �P�h�y�s�i�c�a�l� 
�S�i�m�u�l�a�t�o�n� �o�f� �F�l�e�x�i�b�l�e� �M�a�n�u�f�a�c�t�u�r�i�n�g� �S�y�s�t�e�m�s�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�4� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �3�9�7�-�4�0�4�.� 

�F�o�l�e�y�,� �R�.� �D�.� �a�n�d� �E�.� �H�.� �F�r�a�z�e�l�l�e�.� �1�9�9�1�.� �A�n�a�l�y�t�i�c�a�l� 
�R�e�s�u�l�t�s� �f�o�r� �M�i�n�i�l�o�a�d� �T�h�r�o�u�g�h�p�u�t� �a�n�d� �t�h�e� 
�D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �D�u�a�l� �C�o�m�m�a�n�d� �T�r�a�v�e�l� �T�i�m�e�.� �I�I�E� 
�T�r�a�n�s�a�c�t�i�o�n�s�,� �2�7�3�-�2�8�1�.� 

�G�e�e�r�,� �J�o�h�n� �G�.� �1�9�9�1�.� �D�o� �O�p�e�n�-�E�n�d�e�d� �Q�u�e�s�t�i�o�n�s� �M�e�a�s�u�r�e� 
�"�S�a�l�i�e�n�t�"� �I�s�s�u�e�s�?� �P�u�b�l�i�c� �O�p�i�n�i�o�n� �Q�u�a�r�t�e�r�l�y�,� �V�o�l�.� 
�5�5�:� �3�6�0�-�3�7�0�.� 

�G�o�e�t�s�c�h�a�l�c�k�x�,� �M�a�r�c� �a�n�d� �H�.� �D�o�n�a�l�d� �R�a�t�l�i�f�f�.� �1�9�9�1�.� 
�O�p�t�i�m�a�l� �L�a�n�e� �D�e�p�t�h�s� �f�o�r� �S�i�n�g�l�e� �a�n�d� �M�u�l�t�i�p�l�e� 
�P�r�o�d�u�c�t�s� �i�n� �B�l�o�c�k� �S�t�a�c�k�i�n�g� �S�t�o�r�a�g�e� �S�y�s�t�e�m�s�.� �I�I�E� 
�T�r�a�n�s�a�c�t�i�o�n�s�,� �2�4�5�-�2�5�7�.� 
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�2�3�.� 

�2�4�.� 

�2�5�.� 

�2�6�.� 

�2�7�.� 

�2�8�.� 

�2�9�.� 

�3�0�.� 

�3�1�.� 

�3�2�.� 

�3�3�.� 

�3�4�.� 

�G�r�a�n�t�,� �J�o�h�n� �a�n�d� �S�t�e�v�e�n� �W�e�i�n�e�r�.� �1�9�8�6�.� �F�a�c�t�o�r�s� �t�o� 
�C�o�n�s�i�d�e�r� �I�n� �C�h�o�o�s�i�n�g� �a� �G�r�a�p�h�i�c�a�l�l�y� �A�n�i�m�a�t�e�d� 
�S�i�m�u�l�a�t�i�o�n� �S�y�s�t�e�m�.� �I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �A�u�g�u�s�t�,� 
�3�7�-�4�0� �a�n�d� �6�5�-�6�8�.� 

�H�a�c�k�m�a�n�,� �S�t�e�v�e�n� �T�.� �a�n�d� �M�e�i�r� �J�.� �R�o�s�e�n�b�l�a�t�t�.� �1�9�9�0�.� 
�A�l�l�o�c�a�t�i�n�g� �I�t�e�m�s� �t�o� �a�n� �A�u�t�o�m�a�t�e�d� �S�t�o�r�a�g�e� �a�n�d� 
�R�e�t�r�i�e�v�a�l� �S�y�s�t�e�m�.� �I�I�E� �T�r�a�n�s�a�c�t�i�o�n�s�,� �7�-�1�4�.� 

�H�a�n�,� �M�i�n�-�H�o�n�g� �a�n�d� �L�e�o�n� �F�.� �M�c�G�i�n�n�i�s�.� �1�9�8�9�.� �C�o�n�t�r�o�l� �o�f� 
�M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �T�r�a�n�s�p�o�r�t�e�r� �i�n� �A�u�t�o�m�a�t�e�d� 
�M�a�n�u�f�a�c�t�u�r�i�n�g�.� �I�I�E� �T�r�a�n�s�a�c�t�i�o�n�s�,� �1�8�4�-�1�8�9�.� 

�H�a�n�,� �M�i�n�-�H�o�n�g�,� �L�e�o�n� �M�c�G�i�n�n�i�s�,� �J�i�n� �S�h�e�n� �S�h�i�e�h�,� �a�n�d� �J�o�h�n� 
�W�h�i�t�e�.� �1�9�8�7�.� �O�n� �S�e�q�u�e�n�c�i�n�g� �R�e�t�r�i�e�v�a�l�s� �i�n� �a�n� 
�A�u�t�o�m�a�t�e�d� �S�t�o�r�a�g�e� �R�e�t�r�i�e�v�a�l� �S�y�s�t�e�m�.� �I�I�E� 
�T�r�a�n�s�a�c�t�i�o�n�s�,� �5�6�-�6�6�.� 

�H�a�r�m�o�n�o�s�k�y�,� �C�a�t�h�e�r�i�n�e� �M�.� �a�n�d� �R�a�n�d�a�l�l� �P�.� �S�a�d�o�w�s�k�i�.� �1�9�8�4�.� 
�A� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l� �a�n�d� �A�n�a�l�y�s�i�s�:� �I�n�t�e�g�r�a�t�i�n�g� �A�G�V�'�s� 
�w�i�t�h� �N�o�n�-� �A�u�t�o�m�a�t�e�d� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g�.� �P�r�o�c�e�e�d�i�n�g�s� 
�o�f� �t�h�e� �1�9�8�4� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �3�4�1�-�3�4�8�.� 

�H�a�r�r�e�l�l�,� �C�h�a�r�l�e�s�.� �1�9�9�0�.� �T�r�e�n�d�s� �i�n� �M�a�n�u�f�a�c�t�u�r�i�n�g� 
�S�i�m�u�l�a�t�i�o�n�.� �A�u�t�o�f�a�c�t� �'�9�0� �C�o�n�f�e�r�e�n�c�e� �P�r�o�c�e�e�d�i�n�g�s�,� 
�4�-�2�1� �t�h�r�u� �4�-�3�1�.� 

�H�a�r�r�e�l�l�,� �C�h�a�r�l�e�s� �a�n�d� �K�e�n� �T�u�m�a�y�.� �1�9�9�0�.� �P�r�o�M�o�d�e�l�P�C� 
�T�u�t�o�r�i�a�l�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�0� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �1�2�8�-�1�3�1�.� 

�H�a�r�r�e�l�l�,� �C�h�a�r�l�e�s� �a�n�d� �K�e�n� �T�u�m�a�y�.� �1�9�9�1�.� �P�r�o�M�o�d�e�l� 
�T�u�t�o�r�i�a�l�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�1� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�.� �1�0�1�-�1�0�5�.� 

�H�e�n�r�i�k�s�e�n�,� �J�a�m�e�s� �O�.� �a�n�d� �T�h�o�m�a�s� �J�.� �S�c�h�r�i�b�e�r�.� �1�9�8�6�.� 
�S�i�m�p�l�i�f�i�e�d� �A�p�p�r�o�a�c�h�e�s� �t�o� �M�o�d�e�l�i�n�g� �A�c�c�u�m�u�l�a�t�i�n�g� �a�n�d� 
�N�o�n�-�a�c�c�u�m�u�l�a�t�i�n�g� �C�o�n�v�e�y�o�r� �S�y�s�t�e�m�s�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� 
�t�h�e� �1�9�8�6� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �5�7�5�-�5�9�3�.� 

�H�y�m�a�n�,� �H�e�r�b�e�r�t�.� �1�9�5�5�.� �S�u�r�v�e�y� �D�e�s�i�g�n� �a�n�d� �A�n�a�l�y�s�i�s�.� 

�H�y�m�a�n�,� �H�e�r�b�e�r�t�.� �1�9�9�1�.� �T�a�k�i�n�g� �S�o�c�i�e�t�y�'�s� �M�e�a�s�u�r�e�.� 
�R�u�s�s�e�l�l� �S�a�g�e� �F�o�u�n�d�a�t�i�o�n�,� �N�e�w� �Y�o�r�k�.� 

�J�e�y�a�b�a�l�a�n�,� �V�a�d�i�v�e�l�u� �a�n�d� �N�o�r�m�a�n� �C�.� �O�t�t�o�.� �1�9�9�1�.� 
�S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �o�f� �M�a�t�e�r�i�a�l� �D�e�l�i�v�e�r�y� �S�y�s�t�e�m�s�.� 
�W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e� �P�r�o�c�e�e�d�i�n�g�s�,� �3�5�6�-� 
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�3�5�.� 

�3�6�.� 

�3�7�.� 

�3�8�.� 

�3�9�.� 

�4�0�.� 

�4�1�.� 

�4�2�.� 

�4�3�.� 

�4�4�.� 

�4�5�.� 

�4�6�.� 

�3�6�4�.� 

�K�a�s�a�l�e�s�,� �C�y�n�t�h�i�a� �J�.� �a�n�d� �D�a�v�i�d� �S�t�u�r�r�o�c�k�.� �1�9�9�1�.� 
�I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�I�M�A�N� �I�V�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�1� 
�W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �1�0�6�-�1�1�1�.� 

�K�e�l�l�e�r�,� �H�.� �C�.� �1�9�6�7�.� �U�n�i�t�-�L�o�a�d� �a�n�d� �P�a�c�k�a�g�e� �C�o�n�v�e�y�o�r�s�:� 
�A�p�p�l�i�c�a�t�i�o�n� �a�n�d� �D�e�s�i�g�n�.� �T�h�e� �R�o�n�a�l�d� �P�r�e�s�s� �C�o�m�p�a�n�y�,� 
�N�e�w� �Y�o�r�k�.� 

�L�a�b�a�w�,� �P�a�t�r�i�c�i�a� �J�.� �1�9�8�0�.� �A�d�v�a�n�c�e�d� �Q�u�e�s�t�i�o�n�n�a�i�r�e� �D�e�s�i�g�n�.� 
�A�b�t� �B�o�o�k�s�,� �C�a�m�b�r�i�d�g�e�,� �M�a�s�s�a�c�h�u�s�e�t�t�s�.� 

�L�a�w�,� �A�v�e�r�i�l�l�.� �1�9�8�6�.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�i�m�u�l�a�t�i�o�n�:� �A� 
�P�o�w�e�r�f�u�l� �T�o�o�l� �f�o�r� �A�n�a�l�y�z�i�n�g� �C�o�m�p�l�e�x� �M�a�n�u�f�a�c�t�u�r�i�n�g� 
�S�y�s�t�e�m�s�.� �I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �M�a�y�,� �4�6�-�6�3�.� 

�L�a�w�,� �A�v�e�r�i�l�l� �a�n�d� �D�a�v�i�d� �K�e�l�t�o�n�.� �1�9�8�2�.� �S�i�m�u�l�a�t�i�o�n� 
�M�o�d�e�l�i�n�g� �a�n�d� �A�n�a�l�y�s�i�s�.� �N�e�w� �Y�o�r�k�:� �M�c�G�r�a�w�-�H�i�l�l�,� �I�n�c�.� 

�L�a�w�,� �A�v�e�r�i�l�l� �a�n�d� �M�i�c�h�a�e�l� �M�c�C�o�m�a�s�.� �1�9�8�8�.� �H�o�w� �S�i�m�u�l�a�t�i�o�n� 
�P�a�y�s� �O�f�f�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �E�n�g�i�n�e�e�r�i�n�g�,� �F�e�b�r�u�a�r�y�,� �3�7�-� 
�3�9�.� 

�L�e�e�,� �J�i�m�,� �R�i�c�h�a�r�d� �H�o�o�-�G�o�n� �C�h�o�i�,� �a�n�d� �M�a�j�i�d� �K�h�a�k�s�a�r�.� 
�1�9�9�0�.� �E�v�a�l�u�a�t�i�o�n� �o�f� �A�u�t�o�m�a�t�e�d� �G�u�i�d�e�d� �V�e�h�i�c�l�e� 
�S�y�s�t�e�m�s� �b�y� �S�i�m�u�l�a�t�i�o�n�.� �C�o�m�p�u�t�e�r�s� �i�n� �I�n�d�u�s�t�r�i�a�l� 
�E�n�g�i�n�e�e�r�i�n�g�,� �V�o�l�.� �1�9�,� �N�o�s�.� �1�-�4�,� �3�1�8�-�3�2�1�.� 

�L�i�e�b�e�r�m�a�n�,� �R�.� �W�.� �a�n�d� �I�.� �B�.� �T�u�r�k�s�e�n�.� �1�9�8�1�.� �C�r�a�n�e� 
�S�c�h�e�d�u�l�i�n�g� �P�r�o�b�l�e�m�s�.� �A�I�I�E� �T�r�a�n�s�a�c�t�i�o�n�s�,� �3�0�4�-�3�1�0�.� 

�L�i�n�n�,� �R�i�c�h�a�r�d� �a�n�d� �R�i�c�h�a�r�d� �W�y�s�k�.� �1�9�8�4�.� �A� �S�i�m�u�l�a�t�i�o�n� 
�M�o�d�e�l� �f�o�r� �E�v�a�l�u�a�t�i�n�g� �C�o�n�t�r�o�l� �A�l�g�o�r�i�t�h�m�s� �o�f� �a�n� 
�A�u�t�o�m�a�t�e�d� �S�t�o�r�a�g�e�/�R�e�t�r�i�e�v�a�l� �S�y�s�t�e�m�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� 
�t�h�e� �1�9�8�4� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �3�3�1�-�3�3�9�.� 

�M�a�l�m�b�o�r�g�,� �C�h�a�r�l�e�s� �a�n�d� �S�t�u�a�r�t� �D�e�u�t�s�c�h�.� �1�9�8�8�.� �A� �S�t�o�c�k� 
�L�o�c�a�t�i�o�n� �M�o�d�e�l� �f�o�r� �D�u�a�l� �A�d�d�r�e�s�s� �O�r�d�e�r� �P�i�c�k�i�n�g� 
�S�y�s�t�e�m�s�.� �I�I�E� �T�r�a�n�s�a�c�t�i�o�n�,� �1�9�8�8�.� 

�M�a�r�t�i�n�,� �D�a�v�i�d� �L�.� �1�9�8�6�.� �S�i�m�u�l�a�t�i�o�n� �A�n�a�l�y�s�i�s� �o�f� �a�n� �F�M�S� 
�D�u�r�i�n�g� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� 
�W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �6�2�8�-�6�3�2�.� 

�M�e�d�e�i�r�o�s�,� �D�.� �J�.�,� �E�.� �E�m�o�r�y� �E�n�s�c�o�r�e�,� �J�r�.�,� �a�n�d� �A�l�a�n� �S�m�i�t�h�.� 
�1�9�8�6�.� �P�e�r�f�o�r�m�a�n�c�e� �A�n�a�l�y�s�i�s� �o�f� �M�i�n�i�l�o�a�d� �S�y�s�t�e�m�s�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �6�0�6�-�6�1�2�.� 
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�4�7�.� 

�4�8�.� 

�4�9�.� 

�5�0�.� 

�5�1�.� 

�5�2�.� 

�5�3�.� 

�5�4�.� 

�5�5�.� 

�5�6�.� 

�5�7�.� 

�5�8�.� 

�5�9�.� 

�N�a�i�r�,� �S�a�t�i�s�h� �S�.� �1�9�8�9�.� �S�i�m�u�l�a�t�i�o�n�s� �o�f� �a� �C�o�m�p�l�e�x� �R�o�b�o�t�i�c� 
�S�y�s�t�e�m�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�9� �S�u�m�m�e�r� �C�o�m�p�u�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �8�8�4�-�8�8�9�.� 

�N�o�r�m�a�n�,� �V�a�n� �B�.� �1�9�9�0�.� �A�u�t�o�M�o�d� �I�I�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� 
�1�9�9�0� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�.� �9�4�-�9�8�.� 

�N�o�r�m�a�n�,� �V�a�n� �B�.� �a�n�d� �D�r�.� �T�.� �A�.� �N�o�r�m�a�n�.� �1�9�8�6�.� �S�i�m�u�l�a�t�i�o�n� 
�a�n�d� �A�d�v�a�n�c�e�d� �M�a�n�u�f�a�c�t�u�r�i�n�g� �S�y�s�t�e�m� �D�e�s�i�g�n�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �5�5�4�-�5�5�8�.� 

�O�f�f�o�d�i�l�e�,� �O�.� �F�e�l�i�x�.� �1�9�8�6�.� �R�o�b�o�t�i�c�s� �a�n�d� �t�h�e� �I�n�d�u�s�t�r�i�a�l� 
�E�n�g�i�n�e�e�r�.� �1�9�8�6� �I�n�t�e�r�n�a�t�i�o�n�a�l� �I�n�d�u�s�t�r�i�a�l� 
�E�n�g�i�n�e�e�r�i�n�g� �C�o�n�f�e�r�e�n�c�e� �P�r�o�c�e�e�d�i�n�g�s�,� �2�4�-�2�8�.� 

�O�'�R�e�i�l�l�y�,� �J�e�a�n� �J�.� �1�9�9�1�.� �S�L�A�M� �I�I� �T�u�t�o�r�i�a�l�.� �P�r�o�c�e�e�d�i�n�g�s� 
�o�f� �t�h�e� �1�9�9�1� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �1�1�2�-�1�2�1�.� 

�P�e�r�r�y�,� �R�o�n�a�l�d� �F�.�,� �S�t�e�w�a�r�t� �V�.� �H�o�o�v�e�r�,� �a�n�d� �D�a�v�i�d� �R�.� 
�F�r�e�e�m�a�n�.� �1�9�8�4�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�4� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �3�4�9�-�3�5�4�.� 

�P�r�i�t�s�k�e�r�,� �A�.� �A�l�a�n� �B�.�.� �1�9�8�2�.� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �S�L�A�M�.� �I�I� 
�T�r�a�n�s�a�c�t�i�o�n�,� �M�a�r�c�h�,� �7�0�-�7�7�.� 

�R�a�b�i�e�,� �A�b�d�e�l�r�a�h�m�a�n� �a�n�d� �A�t�l�a�s� �H�s�i�e�.� �1�9�8�3�.� �T�h�e� �U�s�e� �o�f� 
�S�e�n�s�o�r�s� �i�n� �P�a�r�t� �H�a�n�d�l�i�n�g�.� �A�u�t�o�f�a�c�t� �5� �C�o�n�f�e�r�e�n�c�e� 
�P�r�o�c�e�e�d�i�n�g�s�.� 

�R�a�g�h�u�n�a�t�h�,� �S�e�t�h�u�r�a�m�a�n�,� �R�o�n�a�l�d� �P�e�r�r�y�,� �a�n�d� �T�h�o�m�a�s� 
�C�u�l�l�i�n�a�n�e�.� �1�9�8�6�.� �I�n�t�e�r�a�c�t�i�v�e� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�i�n�g� 
�o�f� �A�u�t�o�m�a�t�e�d� �S�t�o�r�a�g�e� �R�e�t�r�i�e�v�a�l� �S�y�s�t�e�m�s�.� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� �W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� 
�C�o�n�f�e�r�e�n�c�e�,� �6�1�3�-�6�2�0�.� 

�R�a�v�i�n�d�r�a�n�,� �A�.�,� �B�.� �L�.� �F�o�o�t�e�,� �A�.� �B�.� �B�a�d�i�r�u�,� �L�.� �M�.� 
�L�e�e�m�i�s�,� �a�n�d� �L�a�r�r�y� �W�i�l�l�i�a�m�s�.� �1�9�8�9�.� �A�n� �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�d� �N�e�t�w�o�r�k� �A�n�a�l�y�s�i�s� �t�o� �C�a�p�a�c�i�t�y� 
�P�l�a�n�n�i�n�g� �a�n�d� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �S�y�s�t�e�m�s� �a�t� �T�i�n�k�e�r� 
�A�i�r� �F�o�r�c�e� �B�a�s�e�.� �I�n�t�e�r�f�a�c�e�s�,� �1�0�2�-�1�1�5�.� 

�R�i�c�h�e�,� �M�a�r�t�h�a� �F�a�r�n�s�w�o�r�t�h�.� �1�9�9�0�.� �S�u�r�v�e�y�o�r�s� �C�o�n�f�r�o�n�t� �t�h�e� 
�S�o�u�n�d�s� �o�f� �S�i�l�e�n�c�e�.� �A�m�e�r�i�c�a�n� �D�e�m�o�g�r�a�p�h�i�c�s�,� �1�9�-�2�1�.� 

�S�a�n�c�h�e�z�,� �M�a�r�i�a� �E�l�e�n�a�.� �1�9�9�2�.� �E�f�f�e�c�t�s� �o�f� �Q�u�e�s�t�i�o�n�n�a�i�r�e� 
�D�e�s�i�g�n� �o�n� �t�h�e� �Q�u�a�l�i�t�y� �o�f� �S�u�r�v�e�y� �D�a�t�a�.� �P�u�b�l�i�c� 
�O�p�i�n�i�o�n� �Q�u�a�r�t�e�r�l�y�,� �V�o�l�u�m�e� �5�6�:� �2�0�6�-�2�1�7�.� 

�S�a�r�i�n�,� �S�.� �C�.� �a�n�d� �W�.� �E�.� �W�i�l�h�e�l�m�.� �1�9�8�4�.� �P�r�o�t�o�t�y�p�e� �M�o�d�e�l�s� 
�f�o�r� �T�w�o� �D�i�m�e�n�s�i�o�n�a�l� �L�a�y�o�u�t� �D�e�s�i�g�n� �o�f� �R�o�b�o�t� 
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�6�0�.� 

�6�1�.� 

�6�2�.� 

�6�3�.� 

�6�4�.� 

�6�5�.� 

�6�6�.� 

�6�7�.� 

�6�8�.� 

�6�9�.� 

�7�0�.� 

�7�1�.� 

�S�y�s�t�e�m�s�.� �I�I�E� �T�r�a�n�s�a�c�t�i�o�n�s�,� �2�0�6�-�2�1�5�.� 

�S�c�h�r�i�b�e�r�,� �T�h�o�m�a�s� �J�.� �1�9�8�7�.� �P�e�r�s�p�e�c�t�i�v�e�s� �o�n� �S�i�m�u�l�a�t�i�o�n� 
�U�s�i�n�g� �G�P�S�S�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�7� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �1�1�2�-�1�2�5�.� 

�S�c�h�r�i�b�e�r�,� �T�h�o�m�a�s� �J�.� �1�9�9�1�.� �P�e�r�s�p�e�c�t�i�v�e�s� �o�n� �S�i�m�u�l�a�t�i�o�n� 
�U�s�i�n�g� �G�P�S�S�.� �P�r�o�c�e�e�d�i�n�g�s� �f�o� �t�h�e� �1�9�9�1� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �6�7�-�7�1�.� 

�S�c�h�w�a�r�z�,� �L�e�r�o�y� �B�.�,� �S�t�e�p�h�e�n� �C�.� �G�r�a�v�e�s�,� �a�n�d� �W�a�r�r�e�n� 
�H�a�u�s�m�a�n�.� �1�9�7�8�.� �S�c�h�e�d�u�l�i�n�g� �P�o�l�i�c�i�e�s� �f�o�r� �A�u�t�o�m�a�t�i�c� 
�W�a�r�e�h�o�u�s�i�n�g� �S�y�s�t�e�m�s�:� �S�i�m�u�l�a�t�i�o�n� �R�e�s�u�l�t�s�.� �A�I�I�E� 
�T�r�a�n�s�a�c�t�i�o�n�s�,� �2�6�0�-�2�7�0�.� 

�S�h�a�n�n�o�n�,� �R�o�b�e�r�t� �E�.� �a�n�d� �d�o�n� �T�.� �P�h�i�l�l�i�p�s�.� �1�9�8�3�.� 
�C�o�m�p�a�r�i�s�o�n� �o�f� �M�o�d�e�l�i�n�g� �L�a�n�g�u�a�g�e�s� �f�o�r� �S�i�m�u�l�a�t�i�o�n� �o�f� 
�A�u�t�o�m�a�t�e�d� �M�a�n�u�f�a�c�t�u�r�i�n�g� �S�y�s�t�e�m�s�.� �A�u�t�o�f�a�c�t� �5� 
�C�o�n�f�e�r�e�n�c�e� �P�r�o�c�e�e�d�i�n�g�s�.� 

�S�h�e�l�t�o�n�,� �D�e�b�r�a� �a�n�d� �M�a�r�i�l�y�n� �S�.� �J�o�n�e�s�.� �1�9�8�7�.� �A� �S�e�l�e�c�t�i�o�n� 
�M�e�t�h�o�d� �f�o�r� �A�u�t�o�m�a�t�e�d� �G�u�i�d�e�d� �V�e�h�i�c�l�e�s�.� �M�a�t�e�r�i�a�l� 
�F�l�o�w�,� �V�o�l�.� �4�,� �9�7�-�1�0�7�.� 

�S�h�i�l�l�m�a�n�,� �R�o�b�e�r�t� �J�.� �1�9�8�3�.� �T�h�e� �A�p�p�l�i�c�a�t�i�o�n� �o�f� �V�i�s�i�o�n� 
�S�y�s�t�e�m�s� �i�n� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g�.� �A�u�t�o�f�a�c�t� �5� 
�C�o�n�f�e�r�e�n�c�e� �P�r�o�c�e�e�d�i�n�g�s�.� 

�S�o�m�o�y�e�,� �A�.� �E�.�,� �J�.� �T�h�o�m�a�s�,� �a�n�d� �G�.� �A�.� �P�a�r�k�e�r�.� �1�9�8�4�.� �A� 
�R�o�b�o�t� �D�y�n�a�m�i�c� �S�i�m�u�l�a�t�i�o�n� �P�r�o�g�r�a�m�.� �U�K� �R�o�b�o�t�i�c�s� 
�R�e�s�e�a�r�c�h�:� �I�M�e�c�h�E� �C�o�n�f�e�r�e�n�c�e� �P�u�b�l�i�c�a�t�i�o�n�s�,� �2�5�-�3�3�.� 

�S�o�n�q�u�i�s�t�,� �J�o�h�n� �A�.� �a�n�d� �W�i�l�l�i�a�m� �C�.� �D�u�n�k�e�l�b�e�r�g�.� �1�9�7�7�.� 
�S�u�r�v�e�y� �a�n�d� �O�p�i�n�i�o�n� �R�e�s�e�a�r�c�h�:� �P�r�o�c�e�d�u�r�e�s� �f�o�r� 
�P�r�o�c�e�s�s�i�n�g� �a�n�d� �A�n�a�l�y�s�i�s�.� �P�r�e�n�t�i�c�e�-�H�a�l�l�,� �I�n�c�.�,� 
�E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�e�w� �J�e�r�s�e�y�.� 

�S�y�s�t�e�m�s� �M�o�d�e�l�i�n�g� �c�o�r�p�o�r�a�t�i�o�n�.� �1�9�8�9�.� �T�h�e� �S�I�M�A�N� �I�V� 
�R�e�f�e�r�e�n�c�e� �G�u�i�d�e�.� �S�y�s�t�e�m�s� �M�o�d�e�l�i�n�g� �C�o�r�p�o�r�a�t�i�o�n�.� 

�T�a�n�c�h�o�c�o�,� �J�.�M�.�A�.� �a�n�d� �C�.�L�.� �M�o�o�d�i�e�.� �1�9�8�7�.� �A�u�t�o�m�a�t�e�d� 
�G�u�i�d�e�d� �V�e�h�i�c�l�e� �S�y�s�t�e�m�s�.� �M�a�t�e�r�i�a�l� �F�l�o�w�,� �J�a�n�u�a�r�y�,� 
�1�-�2�.� 

�W�a�n�g�,� �S�h�a�y�-�P�i�n�g�.� �1�9�8�6�.� �A�n�i�m�a�t�e�d� �S�i�m�u�l�a�t�o�n� �o�f� �a� �F�l�e�x�i�b�l�e� 
�M�a�n�u�f�a�c�t�u�r�i�n�g� �S�y�s�t�e�m�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�8�6� 
�W�i�n�t�e�r� �S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �6�3�3�-�6�4�0�.� 

�W�a�t�f�o�r�d�,� �B�e�v�l�e�e� �A�.� �1�9�8�5�.� �S�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�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�.� �U�n�p�u�b�l�i�s�h�e�d� �d�o�c�t�o�r�a�l� 
�d�i�s�s�e�r�t�a�t�i�o�n�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� 
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�S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�7�2�.� �W�e�b�s�t�e�r�,� �R�o�n�a�l�d� �L�.� �1�9�9�0�.� �B�u�i�l�d�i�n�g� �F�l�e�x�i�b�l�e� �A�G�V� �a�n�d� �A�S�R�S� 
�S�y�s�t�e�m� �M�o�d�e�l�s� �f�o�r� �F�a�c�i�l�i�t�y� �D�e�s�i�g�n� �P�h�a�s�e� 
�A�p�p�l�i�c�a�t�i�o�n�s�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�0� �W�i�n�t�e�r� 
�S�i�m�u�l�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �6�9�2�-�6�9�8�.� 
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