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(ABSTRACT) 

The process of model generation is key to the realization of a Simulation Model Development 

Environment. Model generation is facilitated in the environment via the Model Generator - a 

software utility that assists a modeler in the development of a simulation model specification. Since 

modeling is inherently creative, the correct assistance provided to a modeler can neither be derived 

algorithmically, nor proved mathematically. Only through experimentation with prototypical as- 

sistance forms can we begin to understand the meaning of correctness. 

This thesis describes the development of a Model Generator prototype for the Simulation Model 

Development Environment. A review of the literature indicates the need for more extensive ques- 

tioning of the model generation process to identify the proper foundational support than 1s available 

in applications designed under the program generation approach. The Conical Methodology pro- 

vides the Conceptual Framework, and the Condition Specification provides the target specification 

form for the Model Generator prototype. 

A set of algorithms to derive a condition specification via a series of interactive dialogues is pre- 

sented, and the results of early prototype experimentation are discussed. New questions are raised 

as to the role of relational attributes in the Conical Methodology and the extent and types of model 

analysis provided by a Model Generator. Finally, an analysis of the Model Generator as a platform 

for the assessment of the Conical Methodology/Condition Specification is given and directions for 

future research outlined.
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1 Introduction 

Computer simulation is a valuable problem solving technique. When properly applied, it offers 

significant benefits over analytical techniques [Fishman 1973; Shannon 1975]. Unfortunately, the 

value of simulation is tempered by the high cost of developing and maintaining simulation models. 

Roth, et al. [1978] identify the United States Government as the largest sponsor and consumer of 

models in the world. Annual expenditures on modeling related issues are estimated to exceed 

one-half billion dollars [Hansen 1984]. As societal pressures force the Government to become more 

debt-conscious, a technology which provides for cost-effective simulation modeling efforts must be 

developed if simulation is to remain a viable solution technique for both industrial and military 

applications in the next century. One effort to reduce the cost of simulation model development 

and maintenance is the Simulation Model Development Environment (SMDE) [Balci 1986a; Balci 

and Nance 1987a]. The SMDE is intended to provide automated support throughout the simu- 

lation model life-cycle. 

The research described in this thesis focuses on discrete-event systems simulation, more specifically, 

a principal component of the SMDE, the Model Generator: a software utility that assists a modeler 

in the creation of model representations following a process governed by the Conical Methodology 

[Nance 198la, 1987]. 

1 Introduction 1



1.1 The Importance of the Model Generator 

The goal of the SMDE is to provide an integrated set of software utilities that offer automated 

support in the development, analysis, translation, verification, and archival storage and retrieval of 

discrete event simulation models. The SMDE project seeks to achieve the automation-based 

paradigm [Balzer et al. 1983] through the evolutionary development of prototypes [Balci and Nance 

1987a]. The architecture of the SMDE is pictured in Figure 1. This support system has the po- 

tential for significant reduction of the cost of developing and using simulation models. 

Balci [1986a] identifies the Model Generator (MG) as one of the essential components of a Minimal 

Model Development Environment (MMDE). The requirements for the MG are to: 

(1) Create a specification of a model in a predetermined analyzable form which is independent 

of any Simulation Programming Language (SPL) (or any other solution technique 

oriented representation). 

(2) Create multilevel (stratified) model documentation. 

(3) Effectively assist in model qualification. 

The specification generated by the MG must be completely translatable into executable code and 

application domain independent. The effectiveness with which the MG can achieve its require- 

ments relates directly to the power of the Conceptual Framework (CF) which underlies the tool. 

Current research indicates that no existing CF in-and-of-itself provides an ideal CF on which to 

base the Model Generator [Derrick 1988]. Until the ideal CF can be found, or in case no such CF 

is possible, research directed toward realizing the greatest utility from existing CFs is essential. 
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1.2 Description of Research 

The Conical Methodology (CM) [Nance 198la, 1987} offers a CF that, although less than ideal, 

provides significant support in the design of a Model Generator. This research aims to provide a 

platform for analyzing the potential of the CM as the CF for a Model Generator. The research 

seeks to achieve its goals through the development of, and experimentation with, a CM-based 

Model Generator prototype that significantly advances the capabilities of previous prototyping ef- 

forts and meets the stated requirements for the Model Generator in the SMDE. 

Chapter 2 reviews the relevant literature in the areas of program generation, specification languages, 

and user interfaces. Model generation, the CM, and previous Model Generator prototypes are 

discussed in Chapter 3. Chapter 4 describes in detail the design of the new prototype. A brief ex- 

ample is presented in Chapter 5. In Chapter 6, an evaluation of the prototype is offered. Conclu- 

sions and directions for future research are outlined in Chapter 7. 
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2 Literature Review 

An understanding of the requirements for a successful Model Generator prototype necessitates a 

review of the current literature in a variety of areas. Section 2.1 deals with program generation 

approaches. Section 2.2 surveys specification languages, and user interface strategies are reviewed 

in Section 2.3. (Previous Model Generator prototypes are reviewed in Chapter 3.) 

2.1 Program Generators 

A program generator is a program that produces another program in a high-level language from a 

simple input description [Clementson 1973]. In essence, the “simple input description” is a user’s 

specification of the target program. The form the specification takes varies widely according to the 

application. The first program generator was the Programming by Questionnaire (PBQ) system 

developed at RAND [Oldfather et al. 1966, 1967] which generated Job Shop simulations based on 

information provided by a modeler via machine-readable responses to a questionnaire. 
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2.1.1 Application Generators 

To date, the prevalent work in program generation has been in the area of application generators. 

Application generators can be characterized as generating programs for typically data-intensive ap- 

plications. In most cases, the application relies heavily on a Database Management System 

(DBMS). Many application generators also function as report generators; these utilities extract 

information from a database and format it into a report. Martin [1982] provides a detailed analysis 

of production application generators, as well as the theory underlying the application generator 

approach. A review of the methods for application generation, such as querying techniques and 

Fourth-Generation languages, shows them to be of minimal use in the area of simulation program 

generation, therefore a more detailed treatment here is inappropriate. 

2.1.2 Simulation Program Generators 

A simulation program generator is an interactive software tool that translates the logic of a model 

described in a relatively general symbolism into the code of a simulation language and so enables 

a computer to mimic model behavior (Mathewson 1984}. According to Mathewson [1975], the 

steps in the use of a simulation program generator are to: 

(1) Prepare a symbolic description of the model. 

(2) Use the program generator to obtain a translation of the symbolic description into a 

simulation program. 

(3) Edit the simulation program to insert further detail whose representation is outside the 

scope of the symbolic logic. 

2 Literature Review 6



Most of the early work in simulation program generators was conducted in Europe and based on 

the entity cycle (or activity cycle) diagram. Originally labeled “wheel charts” by [Tocher 1964], de- 

tails of entitiy cycle diagrams can be found in [Hills and Poole 1969]. These early generators, 

CAPS/ECSL [Clementson 1973], DRAFT [Mathewson 1974], and GASSNOL [Vidallon 1980] a 

simulation program generator based on the Network Oriented CAD Input Language (NOCADIL), 

are application specific and reflect a single world-view (the activity scan or “three-phase approach’). 

Of the British work, DRAFT may be the most widely exercised. It has been adapted to generate 

programs in FORTRAN, GASP, and SIMSCRIPT and more recently extended to provide model 

animation on an IBM PC [Mathewson 1978, 1984]. 

Recently, however, the focus of the simulation community has shifted from a program view of the 

simulation process to a model view [Nance 1983]. This shift in focus has resulted in more research 

into modeling environments in which simulation programs can be developed, or translated auto- 

matically, from a model specification, and less attention to issues in pure simulation program gen- 

eration. The environment approach eliminates the need for step (3) identified above. The SMDE 

espouses this philosophy. Other research in the environment domain include, CASM [Balmer and 

Paul 1986; Paul and Chew 1987], KBS [Reddy et al. 1986], JADE [Unger et al. 1986], ANDES 

[Birtwistle et al. 1984], and TESS [Standridge et al. 1985}. For an overview of these efforts, as well 

as an analysis of the requirements of simulation environments, refer to [Balci 1986a; Balci and 

Nance 1987b]. 

Commercially, several simulation program generators are currently available. Rohrbough [1989] 

describes a CACI product, SIMFACTORY ILS, that produces SIMSCRIPT I1.5 simulations of 

manufacturing systems without programming. A mouse-driven graphical user interface enables a 

modeler to construct a graphical representation of a system by manipulating graphics primitives 

provided in the package. To simulate a system a modeler first graphically defines a factory, then 

the products produced by the factory, and finally specifies run options such as run length, number 

of replications, etc. A similar CACI product, NETWORK II.5, provides program generation for 

networks of queues [Garrison 1989]. 

2 Literature Review 7



Many current simulation program generators provide animation of the model, generally post- 

simulation animation. In some, such as AutoMod II, the animation is the primary focus of the 

application. Designed for use on Silicon Graphics workstations, AutoMod II is a CAD-based 

generator for manufacturing systems. Lenz [1989] describes MAST, which provides both data- 

driven and graphically-oriented descriptions for manufacturing systems. A summary of some of 

these products appears in Table 1. 

As with the early simulation program generators, current generators are limited in their domain and 

most suffer from a lack of a sound modeling methodology. They have been constructed as “over- 

lays” on existing software without extensive questioning to identify the proper foundational support. 

Worse yet, many suffer from overinflated egos; according to [Thompson 1989], “AutoMod II is the 

ULTIMATE simulation system builder!” 

The greatest criticism of the program generation approach may be that following this approach, in 

the long run, could result in a “Tower of Babel” in the simulation community. The rise of the many 

network and manufacturing dialects is a natural response of manufacturer’s marketing SPLs and 

related services; the desire to “give the customer what he wants (and nothing more),” and to deliver 

a product to market in a short period naturally leads to the development of highly domain specific 

utilities. However, this “quick-fix” method leads to an over abundance of similar products. Nance 

[1989] observes: 

Already, we find an extension of the network dialect to particular types of networks -- 
COMNET IL.5 for telecommunications networks. Does the future portend dialects for 
transportation networks, petroleum pipeline networks, and retail distribution networks? 
Where does the perceived cost to accommodate user abstraction give way to the re- 
strictions of hard-coded interpretation and the ongoing cost of learning and maintaining 
one more dialectal tool? 

The questions above promote the search for modeling assistance that: (1) adopts to the user’s need 

rather than anticipating it, and (2) recognizes and utilizes general principles and concepts rather than 

repackaging them. 
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Table 1. A Sample of Production Simulation Program Generators 

  

  

  

  

  

  

  

            

PRODUCT MODEL DOMAIN ANIMATION REFERENCES 

AutoMod II Graphical | Manufacturing Yes [Thompson 1989] 

CAPS/ECSL Entity cycle |} Queueing No [Clementson 1973] 
diagram Networks 

DRAFT Entity cycle | Queueing Yes [Mathewson 1974] 
diagram Networks [Mathewson 1975] 

[Mathewson 1984] 

GASSNOL NOCADIL | Queueing No [Vidallon 1980] 
Networks 

MAST Graphical | Manufacturing Yes [Lenz 1989] 
Data-driven 

NETWORK II.5 Graphical | Queueing Yes [Garrison 1989] 
Networks 

SIMFACTORY II.5 | Graphical | Manufacturing Yes [Rohrbough 1989] 
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2.2 Specification Languages 

Specification is the process of describing system behavior in order to assist the system designer in 

converting the model in his/her mind (conceptual model) into a model that can be communicated 

to others (Communicative model). The purpose of specification in the development of software is 

to separate “WHAT” the system is to do from “HOW” it is to be done [Balzer and Goldman 1979]. 

Within the simulation domain, specification plays an important role: it is crucial to the 

communicative models phase of the simulation model life-cycle as defined by Nance [1981la] and 

Balci [1986b] and illustrated in Figure 2. The detection of errors as early as possible in the life-cycle 

is critical in large modeling efforts. Errors induced within the specification of the communicative 

model, if caught in a much later phase, result in a higher cost of correction. Worse yet, errors never 

detected can lead to type II error -- the error of accepting invalid results [Balci 1986b]. 

2.2.1 Current Trends 

A specification language offers perceptual guidance by the provision of concepts describing behavior 

{of a system]; but, more importantly, a specification language is the medium of communication for 

expressing this behavior [Overstreet et al. 1986]. Many successful specification languages have been 

developed within the software engineering community. An informal review of a variety of these 

languages is provided by way of a comparison matrix in [Stoegerer 1984]. A detailed treatment of 

software specification languages can be found in [Barger 1986; Overstreet et al. 1986]. 

Software specification languages can be categorized according to the phase of a generic software 

life-cycle model supported. The phases of such a generic model are illustrated in Table 2. Balzer 

et al. [1983] and Zave [1984a] propose an alternate view of the traditional life-cycle known as the 
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Operational Approach. This approach has the advantage that the specification is itself an execut- 

able prototype. Analysis within the context of simulation model specification is facilitated by lan- 

guage classification according to the basic descriptive unit [Barger 1986]: 

(1) Function - require that a system be defined as a series of functions which map inputs onto 

outputs. These languages enforce certain mathematical axioms thereby producing 

a provably correct specification [Martin 1985b]. 

(2) Object - yield a model representation composed of object descriptions containing the 

behavioral rules and characteristics for that object [Faught 1980]. 

(3) Process - in which a system is decomposed into processes, where a process may represent 

an object or an activity. Each process is assumed to operate in parallel with and 

asynchronous to the other processes [Zave 1984b]. 

A taxonomy of some (although certainly not all) popular and widely-used software specification 

languages is given in Table 3. The taxonomy originally appeared in [Barger 1986] and is updated 

here. 

The simulation research community fully recognizes the need for model specification and model 

documentation; however, the precise nature of this need as well as the manner in which it can be 

met is not yet realized. How to represent model dynamics presents the main stumbling block in 

the design of any Simulation Model Specification and Documentation Language (SMSDL) since 

dynamic dependencies are inherently complex [Nance 1977, 1984]. Overstreet et al. [1986] provide 

a detailed review of the SMSDL’s DELTA, GEST, ROSS, a SIMULA derived SMSDL proposed 

by Frankowski and Franta, and the Condition Specification (CS). 
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Table 2. The Phases of a Generic Software Life-Cycle Model 

[Barger 1986 p. 16] 

  

REQUIREMENTS DEFINITION 

¢ Description of problem to be solved 

  

FUNCTIONAL SPECIFICATION 

Description of behavior of a system that solves a problem 
Emphasis on “what” system does -- system is a black box 
Expression of specifier’s conceptual model of a system 
No algorithms or data structures given 
Important communications link among designers, 

implementors, and customers 

  

ARCHITECTURAL DESIGN 

e Identify modules to perform desired system behavior 
e Describe module effects and interfaces -- module is a black box 
® Definition of internal system structure 
¢ Design emphasis shifts to “how” 

  

DETAILED DESIGN 

e Describe algorithms and data structures needed to achieve 
desired behavior of each module 

e Specific instructions on how to code system 

  

IMPLEMENTATION 

e Translation of detailed design into an executable program 
e Testing program to see if it meets requirements 

  

REFERENCES 

{Berzins 1985; Freeman 1983; Stoegerer 1984; Wasserman 1983; 
Yeh 1984; Zave 1984b]       
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Table 3. A Taxonomy of Specification Languages 

  

  

  

  

  

  

  

  

  

  

  

  

  
  

  

  

        

BASIC LANGUAGE } LIFE-CYCLE }| UNDERLYING } REFERENCES 
DESCRIPTION PHASE MODEL 
UNIT 

FUNCTION ADTS F,A,D,I Mathematical [Jadoul et al. 1989] 

Algebraic Spec | F Mathematical [Gehani 1982] 
{Liskov 1975] 

AXES F,A,D Mathematcal [Hamilton 1976} 
{Hamilton 1983] 
[Martin 1985a] 
[Martin 1985bj] 

Special F Mathematical [Silverberg 1981] 
[Stoegerer 1984] 

OBJECT DDN A Message Passing [Riddle 1978a] 
[Riddle 1978b] 
[Riddle 1979, 1980] 

MSG.84 F,A Message passing [Berzins 1985] 

PSL/PSA F ERA [Stoegerer 1984] 
[Teichrow 1977} 
[Teichrow 1980] 
[Winters 1979] 

RDL A,D ERA [Heacox 1979] 
; [Stoegerer 1984] 

RML F ERA {Borgida 1985] 
{O’Brien 1983] 

TAXIS A,D ERA {Borgida 1985] 
[O’Brien 1983] 

PROCESS GIST O Stimulus Response] [Balzer 1980, 1982] 
ERA {Feather 1983] 

[Goldman 1980] 
{London 1982] 

HFSP F,A Stimulus Response; [Katayama 1989] 

PAISLey O Stimulus Response} [Yeh 1984] 
[Zave 1979, 1982] 
{Zave 1984a] 
[Zave 1984b] 

PDL F,A Stimulus Response] [Inoue et al. 1989] 

RSL F,O Stimulus Response} [Alford 1977, 1985] 
[Bell 1977} 
[Davis 1977] 
[Scheffer 1985} 
[Stoegerer 1984]     
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�S�i�n�c�e� �t�h�e� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �i�s� �t�h�e� �a�s�p�e�c�t� �o�f� �a� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m� �t�h�a�t� �a�l�l� �u�s�e�r�s� �d�e�a�l� �d�i�r�e�c�t�l�y� �w�i�t�h�,� �a�n�d� �s�i�n�c�e� 

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

�t�h�e� �d�e�s�i�g�n� �o�f� �a�l�l� �s�y�s�t�e�m�s� �a�t� �t�h�e� �i�n�i�t�i�a�l� �s�t�a�g�e�s� �o�f� �d�e�v�e�l�o�p�m�e�n�t� �[�B�a�d�r�e� �e�t� �a�l�.� �1�9�8�2�;� �Y�e�s�t�i�n�g�s�m�e�i�r� �1�9�8�4�]�.� 

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

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

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

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

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

�t�h�i�r�t�y� �s�e�c�o�n�d�s� �o�n� �t�h�e� �a�v�e�r�a�g�e�.� �G�e�o�r�g�e� �M�i�l�l�e�r ��s� �[�1�9�5�6�]� �s�u�r�v�e�y� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �i�n�f�o�r�m�a�t�i�o�n� �p�e�r�c�e�i�v�e�d� 

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

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

�g�e�r� �o�f� �o�v�e�r�l�o�a�d� �(�S�h�n�e�i�d�e�r�m�a�n� �1�9�8�0�]�.� �H�o�w�e�v�e�r�,� �p�s�y�c�h�o�l�o�g�y� �i�s� �n�o�t� �a�n� �e�x�a�c�t� �s�c�i�e�n�c�e�;� �o�n�e� �s�t�u�d�y� �o�n� 

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

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

�a�n�d� �y�e�t� �a�n�o�t�h�e�r� �s�t�u�d�y� �i�n�d�i�c�a�t�e�s� �n�o� �u�s�e�r� �p�r�e�f�e�r�e�n�c�e� �a�t� �a�l�l� �[�S�h�n�e�i�d�e�r�m�a�n� �1�9�8�7�]�.� 

�A� �s�t�u�d�y� �b�y� �D�u�m�a�i�s� �[�1�9�8�2�]� �e�x�a�m�i�n�e�s� �w�h�e�t�h�e�r� �a�n�  ��e�a�s�y�-�t�o�-�u�s�e �� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �m�e�n�u�-� 

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

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

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

�d�i�s�c�o�v�e�r�e�d� �[�S�h�n�e�i�d�e�r�m�a�n� �1�9�8�0�}�.� 

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

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

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

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

�s�i�m�p�l�e� �[�S�h�n�e�i�d�e�r�m�a�n� �1�9�8�0�]�.� �T�h�e� �d�i�f�f�i�c�u�l�t�y� �i�n� �d�e�f�i�n�i�n�g� �a� �u�n�i�v�e�r�s�a�l� �s�e�t� �o�f� �g�o�a�l�s� �f�o�r� �i�n�t�e�r�a�c�t�i�v�e� �s�y�s�t�e�m�s� 

�a�r�i�s�e�s� �d�u�e� �t�o� �t�h�e� �v�a�r�i�e�t�y� �o�f� �s�i�t�u�a�t�i�o�n�s� �i�n� �w�h�i�c�h� �s�y�s�t�e�m�s� �a�r�e� �u�s�e�d�.� �F�i�g�u�r�e�s� �3� �-� �5� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �d�e�s�i�g�n� 

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

�i�d�e�n�t�i�f�i�e�d� �a�r�e� �s�t�i�l�l� �v�a�l�i�d� �i�n� �t�h�e� �1�9�9�0 ��s�.� �H�a�n�s�e�n ��s� �[�1�9�7�1�]� �k�e�y� �i�s� �t�o�  ��k�n�o�w� �t�h�e� �u�s�e�r�. �� �G�a�i�n�e�s� �[�1�9�7�5�]� 
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�a�g�r�e�e�s�,� �s�t�a�t�i�n�g�  ��u�s�e� �t�h�e� �u�s�e�r ��s� �m�o�d�e�l�. �� �E�a�c�h� �d�e�s�i�g�n�e�r� �s�t�r�e�s�s�e�s� �c�o�n�s�i�s�t�e�n�c�y� �a�n�d� �f�l�e�x�i�b�i�l�i�t�y�,� �a�s� �w�e�l�l� �a�s� 

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

�h�u�m�a�n�-�c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e� �1�s� �c�o�m�m�o�n�l�y� �c�o�n�s�i�d�e�r�e�d� �a� �n�e�c�e�s�s�a�r�y� �b�u�t� �i�n�s�u�f�f�i�c�i�e�n�t� �c�o�n�d�i�t�i�o�n� �f�o�r� �c�o�n�-� 

�s�t�r�u�c�t�i�n�g� �a� �g�o�o�d� �i�n�t�e�r�f�a�c�e� �[�M�o�l�i�c�h� �a�n�d� �N�i�e�l�s�e�n� �1�9�9�0�]�.� �D�e�s�p�i�t�e� �t�h�e�s�e� �g�u�i�d�e�l�i�n�e�s�,� �g�i�v�e�n� �a�n�y� �a�r�b�i�t�r�a�r�y� 

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

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

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

�u�s�a�b�l�e� �i�n�t�e�r�f�a�c�e�.� 

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

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

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

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

�U�s�e�r� �e�n�g�i�n�e�e�r�i�n�g� �p�r�i�n�c�i�p�l�e�s�.� 

�F�i�r�s�t� �p�r�i�n�c�i�p�l�e�:� �K�n�o�w� �t�h�e� �u�s�e�r�.� 

�M�i�n�i�m�i�z�e� �m�e�m�o�r�i�z�a�t�i�o�n�.� 
�S�e�l�e�c�t�i�o�n� �n�o�t� �e�n�t�r�y�.� 
�N�a�m�e�s� �n�o�t� �n�u�m�b�e�r�s�.� 
�P�r�e�d�i�c�t�a�b�l�e� �b�e�h�a�v�i�o�r�.� 
�A�c�c�e�s�s� �t�o� �s�y�s�t�e�m� �i�n�f�o�r�m�a�t�i�o�n�.� 

�O�p�t�i�m�i�z�e� �o�p�e�r�a�t�i�o�n�s�.� 
�R�a�p�i�d� �e�x�e�c�u�t�i�o�n� �o�f� �c�o�m�m�o�n� �o�p�e�r�a�t�i�o�n�s�.� 
�D�i�s�p�l�a�y� �i�n�e�r�t�i�a�.� 
�M�u�s�c�l�e� �m�e�m�o�r�y�.� 
�R�e�o�r�g�a�n�i�z�e� �c�o�m�m�a�n�d� �p�a�r�a�m�e�t�e�r�s�.� 

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

�F�i�g�u�r�e� �3�.� �U�s�e�r� �E�n�g�i�n�e�e�r�i�n�g� �P�r�i�n�c�i�p�l�e�s� �f�o�r� �I�n�t�e�r�a�c�t�i�v�e� �S�y�s�t�e�m�s� 
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� � 

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

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

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

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

�F�i�g�u�r�e� �4�.� �T�h�e� �D�e�s�i�g�n� �o�f� �I�d�i�o�t�-�P�r�o�o�f� �I�n�t�e�r�a�c�t�i�v�e� �P�r�o�g�r�a�m�s� 
�[�W�a�s�s�e�r�m�a�n� �1�9�7�3�]� � � 

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

�I�m�m�e�d�i�a�t�e� �f�e�e�d�b�a�c�k�.� 

�U�s�e� �t�h�e� �u�s�e�r ��s� �m�o�d�e�l�.� 

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

�A�v�o�i�d� �a�c�a�u�s�a�l�i�t�y� �[�s�i�c�]�.� 

�Q�u�e�r�y�-�i�n�-�d�e�p�t�h� �(�t�u�t�o�r�i�a�l� �a�i�d�s�)�.� 

�S�e�q�u�e�n�t�i�a�l� �-� �p�a�r�a�l�l�e�l� �t�r�a�d�e�o�f�f� �(�a�l�l�o�w� �c�h�o�i�c�e� �o�f� �e�n�t�r�y� �p�a�t�t�e�r�n�s�)�.� 

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

�F�i�g�u�r�e� �5�.� �D�e�s�i�g�n� �G�u�i�d�e�l�i�n�e�s� �f�o�r� �I�n�t�e�r�a�c�t�i�v�e� �S�y�s�t�e�m�s� 
�[�G�a�i�n�e�s� �1�9�7�5�]� � � � � 
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�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� 

�M�o�d�e�l� �g�e�n�e�r�a�t�i�o�n� �1�s� �t�h�e� �p�r�o�c�e�s�s� �o�f� �c�r�e�a�t�i�n�g� �a� �m�o�d�e�l� �o�f� �s�o�m�e� �s�y�s�t�e�m� �w�h�i�c�h� �m�a�y� �b�e� �c�o�m�m�u�n�i�c�a�t�e�d� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�f�l�u�e�n�c�e� �c�a�n� �b�e� �s�e�e�n�,� �b�y� �f�a�r�,� �i�n� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�.� 

�3�.�1� �T�h�e� �C�o�n�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y� 

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

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

�(�1�9�7�1�,� �1�9�8�1�a�]� �a�n�d� �i�s� �f�r�o�m� �(�P�a�l�m� �1�9�4�7�;� �C�o�x� �a�n�d� �S�m�i�t�h� �1�9�6�1�]� �i�s� �r�e�f�e�r�e�n�c�e�d�:� 

�A� �s�i�n�g�l�e� �o�p�e�r�a�t�o�r� �i�s� �a�s�s�i�g�n�e�d� �t�o� �s�e�r�v�i�c�e� �a� �g�r�o�u�p� �o�f� �n� �s�e�m�i�a�u�t�o�m�a�t�i�c� 
�m�a�c�h�i�n�e�s� �(�1� �<� �n� �<� �c�o�)� �w�h�i�c�h� �f�a�i�l� �i�n�t�e�r�m�i�t�t�e�n�t�l�y� �a�n�d� �a�r�e� �r�e�p�a�i�r�e�d� �b�y� �t�h�e� 
�o�p�e�r�a�t�o�r�.� �M�a�c�h�i�n�e� �f�a�i�l�u�r�e� �r�a�t�e�s� �a�r�e� �a�s�s�u�m�e�d� �t�o� �f�o�l�l�o�w� �a� �P�o�i�s�s�o�n� �d�i�s�-� 
�t�r�i�b�u�t�i�o�n� �w�i�t�h� �p�a�r�a�m�e�t�e�r� �4�.� �T�h�e� �r�e�p�a�i�r�m�a�n� �c�a�n� �s�e�r�v�i�c�e� �a� �f�a�i�l�e�d� �m�a�c�h�i�n�e� 
�i�n� �a� �t�i�m�e� �p�e�r�i�o�d� �t�h�a�t� �i�s� �e�x�p�o�n�e�n�t�i�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d� �w�i�t�h� �p�a�r�a�m�e�t�e�r� �n�p�.� �O�n� 
�c�o�m�p�l�e�t�i�n�g� �a� �m�a�c�h�i�n�e� �s�e�r�v�i�c�e�,� �t�h�e� �r�e�p�a�i�r�m�a�n� �d�e�t�e�r�m�i�n�e�s� �i�f� �a�n�y� �m�a�c�h�i�n�e�s� 
�a�r�e� �f�a�i�l�e�d�;� �i�f� �s�o�,� �a� �f�a�i�l�e�d� �m�a�c�h�i�n�e� �i�s� �s�e�l�e�c�t�e�d� �f�o�r� �r�e�p�a�i�r� �(�t�h�i�s� �s�e�l�e�c�t�i�o�n� �a�l�-� 
�g�o�r�i�t�h�m� �h�a�s� �m�a�n�y� �v�a�r�i�a�t�i�o�n�s� �-� �a� �f�i�r�s�t� �f�a�i�l�e�d�/�f�i�r�s�t� �r�e�p�a�i�r�e�d� �d�i�s�c�i�p�l�i�n�e� �i�s� 
�a�s�s�u�m�e�d� �h�e�r�e�)�.� �I�f� �a�l�l� �m�a�c�h�i�n�e�s� �a�r�e� �o�p�e�r�a�t�i�n�g� �a�t� �t�h�e� �c�o�n�c�l�u�s�i�o�n� �o�f� �a� �r�e�-� 
�p�a�i�r�,� �t�h�e� �r�e�p�a�i�r�m�a�n� �w�a�l�k�s� �t�o� �a� �d�e�s�i�g�n�a�t�e�d� �i�d�l�e� �l�o�c�a�t�i�o�n� �t�o� �a�w�a�i�t� �t�h�e� �n�e�x�t� 
�f�a�i�l�u�r�e�.� �T�h�e� �t�r�a�v�e�l� �t�i�m�e�s�,� �b�o�t�h� �t�o� �m�a�c�h�i�n�e�s� �a�n�d� �t�h�e� �i�d�l�e� �l�o�c�a�t�i�o�n�,� �a�r�e� 
�f�u�n�c�t�i�o�n�a�l�l�y� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �i�d�e�n�t�i�f�i�e�r�s� �o�f� �t�h�e� �t�w�o� �l�o�c�a�t�i�o�n�s�.� 

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

�D�e�l�t�a� �p�r�o�j�e�c�t� �r�e�p�o�r�t� �[�H�o�l�b�a�e�k�-�H�a�n�s�s�e�n� �e�t� �a�l�.� �1�9�7�7�,� �p�.� �1�5�]�:� 

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

�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� �2�2



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

�b�e�t�w�e�e�n� �t�h�e� �s�y�s�t�e�m� �a�n�d� �i�t�s� �e�n�v�i�r�o�n�m�e�n�t� �[�O�v�e�r�s�t�r�e�e�t� �1�9�8�2�]�.� �A� �m�o�d�e�l� �i�s� �a�n� �a�b�s�t�r�a�c�t�i�o�n� �o�f� �a� �s�y�s�t�e�m� 

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

�d�e�p�e�n�d� �o�n� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �t�h�e� �m�o�d�e�l� �i�s� �i�n�t�e�n�d�e�d� �t�o� �r�e�p�l�i�c�a�t�e� �[�O�v�e�r�s�t�r�e�e�t� �1�9�8�2�]�.� �A�c�c�o�r�d�i�n�g� �t�o� �N�a�n�c�e� 

�[�1�9�8�1�b�,� �p�.� �1�7�5�]� �a� �m�o�d�e�l� �i�s� �c�o�m�p�r�i�s�e�d� �o�f� �o�b�j�e�c�t�s� �a�n�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �o�b�j�e�c�t�s�.� �A�n� �o�b�j�e�c�t� �i�s� 

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

�3�.�1�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �C�o�n�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y� 

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

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

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

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

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

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

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

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

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

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

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

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

�l�e�t�s� �u�s� �b�r�e�a�k� �i�t� �i�n�t�o� �s�m�a�l�l�e�r� �p�r�o�b�l�e�m�s� �[�A�l�e�x�a�n�d�e�r� �1�9�6�4�]�.� 

�F�o�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�i�n�g�,� �o�n�e� �a�v�a�i�l�a�b�l�e� �f�r�a�m�e�w�o�r�k� �i�s� �t�h�e� �C�o�n�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y� �(�C�M�)� �[�N�a�n�c�e� 

�1�9�8�l�a�,� �1�9�8�7�]�.� �T�h�e� �C�M� �i�s� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�e�t�h�o�d�o�l�o�g�y� �t�h�a�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �s�u�p�p�o�r�t�i�v�e� 

�o�f� �t�h�e� �p�r�i�n�c�i�p�l�e�s� �o�f� �s�o�f�t�w�a�r�e� �e�n�g�i�n�e�e�r�i�n�g� �[�N�a�n�c�e� �1�9�8�7�]�.� �T�h�e� �C�M� �s�t�r�u�c�t�u�r�e�s� �t�h�e� �m�o�d�e�l�i�n�g� �p�r�o�c�e�s�s� 

�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� �2�3



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

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

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

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

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

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

�s�p�e�c�i�f�i�c�a�t�i�o�n� �[�N�a�n�c�e� �1�9�8� �l�a�]�.� 

�3�.�1�.�2� �M�o�d�e�l� �D�e�f�i�n�i�t�i�o�n� 

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

�a� �p�r�o�g�r�a�m� �1�s� �p�a�r�t�i�t�i�o�n�e�d� �i�n�t�o� �s�u�b�r�o�u�t�i�n�e�s�)� �t�h�e�n� �n�a�m�e�s� �a�n�d� �t�y�p�e�s� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e�s�e� �o�b�j�e�c�t�s�.� 

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

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

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

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

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

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

�c�o�r�d�i�n�g� �t�o� �t�h�e� �t�a�x�o�n�o�m�y� �t�a�k�e�n� �f�r�o�m� �N�a�n�c�e� �[�1�9�8�7�]� �i�n� �F�i�g�u�r�e� �6�.� �T�o� �b�r�i�e�f�l�y� �s�u�m�m�a�r�i�z�e�,� �i�n�d�i�c�a�t�i�v�e� 

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

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

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

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

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

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

�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� �2�4



�A�t�t�r�i�b�u�t�e� 
�(�O�b�j�e�c�t� �d�e�s�c�r�i�p�t�i�o�n�)� 

�I�n�d�i�c�a�t�i�v�e� �R�e�l�a�t�i�o�n�a�l� 
�(�P�r�o�v�i�d�e� �k�n�o�w�l�e�d�g�e� �(�R�e�l�a�t�e�s� �a�n� �o�b�j�e�c�t� 
�a�b�o�u�t� �o�b�j�e�c�t�)� �t�o� �o�t�h�e�r� �o�b�j�e�c�t�s�)� 

�P�e�r�m�a�n�e�n�t� �T�r�a�n�s�i�t�i�o�n�a�l� �H�i�e�r�a�r�c�h�i�c�a�l� �C�o�o�r�d�i�n�a�t�e� 
�(�V�a�l�u�e� �a�s�s�i�g�n�e�d� �o�n�c�e�)� �(�V�a�l�u�e� �a�s�s�i�g�n�e�d� �(�O�b�j�e�c�t� �s�u�b�o�r�d�i�n�a�t�i�o�n�)� �(�N�o�n�-�s�u�b�o�r�d�i�n�a�t�e� 

�m�o�r�e� �t�h�a�n� �o�n�c�e�)� �b�o�n�d�i�n�g�)� 

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

�F�i�g�u�r�e� �6�.� �T�h�e� �T�r�e�e� �o�f� �C�o�n�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y� �T�y�p�e�s� 
�[�N�a�n�c�e� �1�9�8�7�]� 

�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� �2�5



�e�r�a�r�c�h�i�c�a�l� �r�e�l�a�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e�s� �e�s�t�a�b�l�i�s�h� �t�h�e� �s�u�b�o�r�d�i�n�a�t�i�o�n� �o�f� �o�n�e� �o�b�j�e�c�t� �t�o� �a�n�o�t�h�e�r�;� �w�h�e�r�e�a�s� �c�o�o�r�-� 

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

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

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

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

�m�o�d�e�l� �o�b�j�e�c�t�.� �I�t�s� �C�M� �t�y�p�i�n�g� �i�s� �a�l�w�a�y�s� �t�e�m�p�o�r�a�l� �t�r�a�n�s�i�t�i�o�n�a�l� �i�n�d�i�c�a�t�i�v�e�;� �i�t�s� �d�i�m�e�n�s�i�o�n�a�l�i�t�y� �i�s� �u�s�e�r� 

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

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

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

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

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

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

�3�.�1�.�3� �M�o�d�e�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

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

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

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

�m�o�d�e�l� �d�y�n�a�m�i�c�s�.� 

�T�h�e� �C�M� �a�s� �d�e�f�i�n�e�d� �o�r�i�g�i�n�a�l�l�y� �b�y� �N�a�n�c�e� �[�1�9�7�7�]� �i�d�e�n�t�i�f�i�e�s� �t�h�e� �b�o�t�t�o�m�-�u�p� �s�p�e�c�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�s�s� �b�u�t� 

�p�r�o�v�i�d�e�s� �l�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �w�h�a�t� �f�o�r�m� �t�h�e� �m�o�d�e�l� �s�p�e�c�i�f�i�c�a�t�i�o�n� �s�h�o�u�l�d� �t�a�k�e�.� �O�v�e�r�s�t�r�e�e�t� �[�1�9�8�2�]� 

�d�e�s�c�r�i�b�e�s� �t�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� �(�C�S�)� �w�h�i�c�h� �h�a�s� �b�e�e�n� �a�d�o�p�t�e�d� �b�y� �t�h�e� �C�M� �a�s� �t�h�e� �t�a�r�g�e�t� �m�o�d�e�l� 

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

�1�9�7�7�]�:� 

�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� �2�6



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

�(�2�)� �a�l�l�o�w�s� �e�x�p�r�e�s�s�i�o�n� �o�f� �s�t�a�t�i�c� �a�n�d� �d�y�n�a�m�i�c� �m�o�d�e�l� �p�r�o�p�e�r�t�i�e�s�,� 

�(�3�)� �f�a�c�i�l�i�t�a�t�e�s� �m�o�d�e�l� �v�a�l�i�d�a�t�i�o�n� �a�n�d� �v�e�r�i�f�i�c�a�t�i�o�n�,� �a�n�d� 

�(�4�)� �p�r�o�d�u�c�e�s� �d�o�c�u�m�e�n�t�a�t�i�o�n� �a�s� �a� �b�y�-�p�r�o�d�u�c�t�.� 

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

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

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

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

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

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

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

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

�c�a�t�i�o�n� �p�r�o�c�e�s�s� �i�n� �t�h�e� �C�M�.� �T�h�e� �p�r�e�c�i�s�e� �s�y�n�t�a�x� �a�n�d� �s�e�m�a�n�t�i�c�s� �o�f� �t�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� �a�r�e� 

�g�i�v�e�n� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�.� 

�3�.�2� �T�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

�m�o�d�e�l� �a�n�d� �a� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �t�h�e� �m�o�d�e�l� �[�O�v�e�r�s�t�r�e�e�t� �1�9�8�2� �p�.� �8�6�]�.� �T�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� 

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

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

�s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s�.� �T�h�e� �s�y�n�t�a�x� �f�o�r� �t�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �4�.� 
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�T�a�b�l�e� �4�.� �S�y�n�t�a�x� �a�n�d� �F�u�n�c�t�i�o�n� �o�f� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� �P�r�i�m�i�t�i�v�e�s� 

� � 

� � 

� � 

�N�A�M�E� �S�Y�N�T�A�X� �F�U�N�C�T�I�O�N� 

�V�a�l�u�e� �c�h�a�n�g�e� �|� �<�a�t�t�r�i�b�u�t�e� �n�a�m�e�>� �:�=� �<�a�t�t�r�i�b�u�t�e�_�e�x�p�r�e�s�s�i�o�n�>� �|� �A�s�s�i�g�n� �a�t�t�r�i�b�u�t�e� �v�a�l�u�e�s� 
�d�e�s�c�r�i�p�t�i�o�n� 

�S�e�t� �a�l�a�r�m� �S�E�T� �A�L�A�R�M�(� �<�a�l�a�r�m�_�n�a�m�e�>�,� �S�c�h�e�d�u�l�e� �a�n� �a�l�a�r�m� 

�C�a�n�c�e�l� �a�l�a�r�m� 

�W�h�e�n� �a�l�a�r�m� 

�A�f�t�e�r� �a�l�a�r�m� 

�C�r�e�a�t�e� 

�D�e�s�t�r�o�y� 

�I�n�p�u�t� 

�O�u�t�p�u�t� 

�S�t�o�p� � � 

�<�a�l�a�r�m�_�t�i�m�e� �>� �[�,� �<� �a�r�g�u�m�e�n�t� �l�i�s�t� �>�]� �)� 

�C�A�N�C�E�L� �A�L�A�R�M�(� �<�a�l�a�r�m�_�n�a�m�e� �>� 
�[�,� �<� �a�l�a�r�m� �i�d� �>�]� �)� 

�W�H�E�N� �A�L�A�R�M�(� �<�a�l�a�r�m�_�n�a�m�e� �e�x�p�r�e�s�s�i�o�n� �>� 
�[�(� �<� �p�a�r�a�m�e�t�e�r� �l�i�s�t� �>� �)�]� �)� 

�A�F�T�E�R� �A�L�A�R�M�(� �<�a�l�a�r�m�_�n�a�m�e�>� �&� 
�<� �b�o�o�l�e�a�n� �e�x�p� �>� �,� �[�(�<� �p�a�r�a�m�e�t�e�r� �l�i�s�t� �>� �)�]� �)� 

�C�R�E�A�T�E�(� �<�o�b�j�e�c�t� �t�y�p�e� �>� �[�,� �<�o�b�j�e�c�t� �i�d�>�]� �)� 

�D�E�S�T�R�O�Y�(� �<�o�b�j�e�c�t� �t�y�p�e�>� �[�,� �<�o�b�j�e�c�t� �i�d�>�]�)� 

�I�N�P�U�T�(� �<�a�t�t�r�i�b�u�t�e� �n�a�m�e�>� �)� �|� 
�O�U�T�P�U�T�(� �<�a�t�t�r�i�b�u�t�e�_�n�a�m�e�>� �)� 

�S�T�O�P� � � 
�C�a�n�c�e�l� �s�c�h�e�d�u�l�e�d� �a�l�a�r�m� 

�T�i�m�e� �s�e�q�u�e�n�c�i�n�g� �c�o�n�d�i�t�i�o�n� 

�T�i�m�e� �s�e�q�u�e�n�c�i�n�g� �c�o�n�d�i�t�i�o�n� 

�G�e�n�e�r�a�t�e� �n�e�w� �o�b�j�e�c�t� 

�E�l�i�m�i�n�a�t�e� �a�n� �o�b�j�e�c�t� 

�A�s�s�i�g�n� �v�a�l�u�e� �v�i�a� �i�n�p�u�t� 

�P�r�o�d�u�c�e� �o�u�t�p�u�t� 

�E�n�d� �s�i�m�u�l�a�t�i�o�n� � � � � 
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�3�.�2�.�1� �S�y�s�t�e�m� �I�n�t�e�r�f�a�c�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

�i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �a�t�t�r�i�b�u�t�e�s� �b�y� �n�a�m�e�,� �d�a�t�a� �t�y�p�e� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n� �t�y�p�e� �(�i�n�p�u�t� �o�r� �o�u�t�p�u�t�)�.� 

�O�v�e�r�s�t�r�e�e�t� �[�1�9�8�2�]�,� �a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �i�n�t�e�r�f�a�c�e� �d�e�s�c�r�i�p�t�i�o�n� �c�a�n� �b�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� 

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

�1�9�8�5�]�,� �a�n�y� �C�S� �m�u�s�t� �h�a�v�e� �a�t� �l�e�a�s�t� �o�n�e� �o�u�t�p�u�t� �a�t�t�r�i�b�u�t�e�.� 

�3�.�2�.�2� �O�b�j�e�c�t� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

�e�n�f�o�r�c�e�s� �t�y�p�i�n�g� �f�o�r� �e�a�c�h� �a�t�t�r�i�b�u�t�e� �(�b�e�y�o�n�d� �t�h�e� �C�M� �t�y�p�i�n�g�)� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �t�y�p�e�s� �u�s�e�d� �i�n� �P�a�s�c�a�l�:� 

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

�i�s� �a�l�s�o� �p�r�o�v�i�d�e�d�.� 

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

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

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

�e�x�p�r�e�s�s�i�o�n� �c�o�m�p�o�s�e�d� �o�f� �m�o�d�e�l� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �C�S� �s�e�q�u�e�n�c�i�n�g� �p�r�i�m�i�t�i�v�e�s�,� �W�H�E�N� �a�n�d� �A�F�T�E�R�.� 

�A�c�t�i�o�n�s� �c�o�m�e� �i�n� �f�i�v�e� �c�l�a�s�s�e�s�:� �a� �v�a�l�u�e� �c�h�a�n�g�e� �d�e�s�c�r�i�p�t�i�o�n�,� �a� �t�i�m�e� �s�e�q�u�e�n�c�i�n�g� �a�c�t�i�o�n�,� �o�b�j�e�c�t� �g�e�n�e�r�-� 

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

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

�m�o�d�e�l�e�r� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �m�o�d�e�l� �c�o�n�d�i�t�i�o�n�s�.� 
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�C�o�n�d�i�t�i�o�n� �a�c�t�i�o�n� �p�a�i�r�s� �(�C�A�P�S�)� �w�i�t�h� �e�q�u�i�v�a�l�e�n�t� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �b�r�o�u�g�h�t� �t�o�g�e�t�h�e�r� �t�o� �f�o�r�m� �a�c�t�i�o�n� 

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

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

�m�u�l�t�a�n�e�o�u�s�l�y�.� 

�B�e�s�i�d�e�s� �W�H�E�N� �a�n�d� �A�F�T�E�R�,� �t�h�e� �C�S� �p�r�o�v�i�d�e�s� �s�e�q�u�e�n�c�i�n�g� �p�r�i�m�i�t�i�v�e�s� �S�E�T� �A�L�A�R�M�,� �a�n�d� �C�A�N�C�E�L� 

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

�v�i�a� �p�r�i�m�i�t�i�v�e�s� �C�R�E�A�T�E� �a�n�d� �D�E�S�T�R�O�Y�.� �T�h�e� �p�r�i�m�i�t�i�v�e�s� �I�N�P�U�T� �a�n�d� �O�U�T�P�U�T� �f�a�c�i�l�i�t�a�t�e� �e�n�v�i�-� 

�r�o�n�m�e�n�t� �c�o�m�m�u�n�i�c�a�t�i�o�n�.� �T�h�e� �c�o�n�d�i�t�i�o�n�s� �i�n�i�t�i�a�l�i�z�a�t�i�o�n� �a�n�d� �t�e�r�m�i�n�a�t�i�o�n� �a�p�p�e�a�r� �i�n� �e�v�e�r�y� �C�S�.� �I�n�-� 

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

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

�3�.�2�.�4� �R�e�p�o�r�t� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

�t�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n�.� �T�h�i�s� �i�s� �n�o�t� �m�a�n�d�a�t�o�r�y� �b�u�t� �o�f�t�e�n� �d�e�s�i�r�a�b�l�e� �[�O�v�e�r�s�t�r�e�e�t� �1�9�8�2�]�.� 

�3�.�2�.�5� �E�x�a�m�p�l�e� 

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

�r�e�p�a�i�r�m�a�n� �e�x�a�m�p�l�e� �a�r�e� �g�i�v�e�n� �i�n� �F�i�g�u�r�e�s� �7�-�9� �r�e�s�p�e�c�t�i�v�e�l�y�.� �S�i�m�i�l�a�r� �e�x�a�m�p�l�e�s� �h�a�v�e� �a�p�p�e�a�r�e�d� �i�n� 

�[�O�v�e�r�s�t�r�e�e�t� �a�n�d� �N�a�n�c�e� �1�9�8�5�;� �N�a�n�c�e� �a�n�d� �O�v�e�r�s�t�r�e�e�t� �1�9�8�8�]�.� 

�A� �s�h�o�r�t� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �s�p�e�c�i�f�i�c�a�t�i�o�n� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �9� �i�s� �w�a�r�r�a�n�t�e�d�.� �A�t� �i�n�i�t�i�a�l�i�z�a�t�i�o�n�,� 

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

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

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

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

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

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

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

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

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

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

�1�9�8�8�]�.� 

�N�o�t�e� �t�h�e� �r�e�f�e�r�e�n�c�e�s� �t�o� �f�u�n�c�t�i�o�n�s� �(�e�.�q�.� �n�e�g�_�e�x�p�,� �t�r�a�v�e�l�t�i�m�e�,� �c�l�o�s�e�s�t�_�f�a�i�l�e�d�_�f�a�c�)� �i�n� �t�h�e� �t�r�a�n�s�i�t�i�o�n� 

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

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

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

�I�n�p�u�t�:� 
�n� �{� �N�u�m�b�e�r� �o�f� �m�a�c�h�i�n�e�s� �}� �p�o�s�i�t�i�v�e� �i�n�t�e�g�e�r� 
�m�e�a�n�_�u�p�t�i�m�e� �{�a� �}� �p�o�s�i�t�i�v�e� �r�e�a�l� 
�m�e�a�n�_�r�e�p�a�i�r�t�m�e� �{� �p�u� �}� �p�o�s�i�t�i�v�e� �r�e�a�l� 
�m�a�x�_�r�e�p�a�i�r�s� �{� �#� �r�e�p�a�i�r�s� �f�o�r� �t�e�r�m�i�n�a�t�i�o�n� �}� �_� �p�o�s�i�t�i�v�e� �i�n�t�e�g�e�r� 

�O�u�t�p�u�t�:� 
�{�P�e�r�c�e�n�t� �u�p�t�i�m�e� �f�o�r� �e�a�c�h� �m�a�c�h�i�n�e� �}� �n�o�n�n�e�g�a�t�i�v�e� �r�e�a�l� 
�{�A�v�e�r�a�g�e� �u�p�t�i�m�e� �f�o�r� �e�a�c�h� �m�a�c�h�i�n�e� �}� �n�o�n�n�e�g�a�t�i�v�e� �r�e�a�l� 

�F�i�g�u�r�e� �7�.� �M�a�c�h�i�n�e� �R�e�p�a�i�r�m�a�n� �S�y�s�t�e�m� �I�n�t�e�r�f�a�c�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � � � � � 
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� � 

�O�b�j�e�c�t� 

�e�n�v�i�r�o�n�m�e�n�t� 

�m�a�c�h�i�n�e� 

�r�e�p�a�i�r�m�a�n� 

�i�d�l�e� �p�o�s�i�t�i�o�n� � � 

�A�t�t�r�i�b�u�t�e� 

�s�y�s�t�e�m�_�t�i�m�e� 
�n� 
�m�e�a�n�_�u�p�t�i�m�e� 
�m�e�a�n�_�r�e�p�a�i�r�t�i�m�e� 
�m�a�x�_�r�e�p�a�i�r�s� 

�i�d�{�1�.�.�n�]� 
�f�a�t�l�u�r�e�[�1�.�.�n�]� 
�f�a�i�l�e�d�|�[�1�.�.�n�]� 

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

�a�r�r�_�i�d�l�e� 

�T�y�p�e� 

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

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

�(�a�v�a�i�l�,� �t�r�a�v�e�l�,� �b�u�s�y�)� 
�(�i�d�l�e�,� �i�d�f�i�.�.�n�]�)� 
�t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l� 
�t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l� 
�n�o�n�n�e�g�a�t�i�v�e� �i�n�t�e�g�e�r� 

�t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l� 

�F�i�g�u�r�e� �8�.� �M�a�c�h�i�n�e� �R�e�p�a�i�r�m�a�n� �O�b�j�e�c�t� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � � � 
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� � 

� � 

�{�I�n�i�t�i�a�l�i�z�a�t�i�o�n�}� 
�I�N�I�T�I�A�L�I�Z�A�T�I�O�N�:� 
�V�A�R� �i�:�1�.�.�n�;� 
�I�N�P�U�T�(�n�,�m�a�x�_�r�e�p�a�i�r�s�,�s�m�e�a�n�_�u�p�t�i�m�e�,�m�e�a�n�_�r�e�p�a�i�r�t�i�m�e�)�;� 
�C�R�E�A�T�E�(�r�e�p�a�i�r�m�a�n�)�;� 
�F�O�R�i�:�=� �1�T�O�n�D�O� 

�C�R�E�A�T�E�(�m�a�c�h�i�n�e�)�;� 
�i�d�{�i�]� �:�=� �4�;� 
�f�a�i�l�e�d�|�i�]� �:�=� �f�a�l�s�e�;� 
�S�E�T� �A�L�A�R�M� �f�a�i�l�u�r�e�[�i�}�,� �n�e�g�_�e�x�p�(�m�e�a�n�_�u�p�t�i�m�e�)�)�;� 

�E�N�D� �F�O�R� 
�n�u�m�_�r�e�p�a�i�r�s� �:�=� �0�;� 
�l�o�c�a�t�i�o�n� �:�=� �i�d�l�e�;� 
�s�t�a�t�u�s� �:�=� �a�v�a�i�l�;� 

�{�T�e�r�m�i�n�a�t�i�o�n�}� 
�n�u�m�_�r�e�p�a�i�r�s� �>� �m�a�x�_�r�e�p�a�i�r�s�:� 
�S�T�O�P� 

�{�F�a�i�l�u�r�e�}� 
�W�H�E�N� �A�L�A�R� �M�<� �(�f�a�i�l�u�r�e�[�i�:� �1�.�.�n�]�)�:� 

�f�a�i�l�e�d�/�i�]� �:�=� �t�r�u�e�;� 
�{�B�e�g�i�n� �r�e�p�a�i�r�}� 
�W�H�E�N� �A�L�A�R� �M�(�a�r�r�_�f�a�c�f�i�:�1�.�.�n�]�)�:� 

�S�E�T� �A�L�A�R�M�(�e�n�d�_�r�e�p�a�i�r�,� �n�e�g�_�e�x�p�(�m�e�a�n�_�r�e�p�a�i�r�t�i�m�e�)�)�;� 
�s�t�a�t�u�s� �:�=� �b�u�s�y�;� 
�l�o�c�a�t�i�o�n� �:�=� �i�d�[�i�]�;� 

�{�E�n�d� �r�e�p�a�i�r�}� 
�W�H�E�N� �A�L�A�R�M�(�e�n�d�_�r�e�p�a�i�r�[�i�:�1�.�.�n�]�)�:� 

�S�E�T� �A�L�A�R�M� �(�f�a�i�l�u�r�e�[�i�]�,� �n�e�g�_�e�x�p�(�m�e�a�n�_�u�p�t�i�m�e�)�)�;� 
�f�a�i�l�e�d�|�i�]� �:�=� �f�a�l�s�e�;� 
�s�t�a�t�u�s� �:�=� �a�v�a�i�l�;� 
�n�u�m�_�r�e�p�a�i�r�s� �:�=� �n�u�m�_�r�e�p�a�i�r�s� �+� �1�;� 

�{�T�r�a�v�e�l� �t�o� �i�d�l�e�}� 
�(�F�O�R� �A�L�L� �1� �<�i� �<�n�,� �N�O�T� �f�a�i�l�e�d�{�i�]�)� �&� 
�s�t�a�t�u�s� �=� �a�v�a�i�l� �&� �l�o�c�a�t�i�o�n� �+� �i�d�l�e�:� 
�S�E�T� �A�L�A�R�M�(�a�r�r�_�i�d�l�e�,� �t�r�a�v�e�l�t�i�m�e�(�l�o�c�a�t�i�o�n�,� �i�d�l�e�)�)�;� 
�s�t�a�t�u�s� �:�=� �t�r�a�v�e�l�;� 

�{�A�r�r�i�v�e� �i�d�l�e�}� 
�W�H�E�N� �A�L�A�R� �M�(�a�r�r�_�i�d�l�e�)�:� 

�s�t�a�t�u�s� �:�=� �a�v�a�i�l�;� 
�l�o�c�a�t�i�o�n� �:�=� �i�d�l�e�;� 

�{�T�r�a�v�e�l� �t�o� �f�a�c�i�l�i�t�y�}� 
�s�t�a�t�u�s� �=� �a�v�a�i�l� �&� �(�F�O�R� �S�O�M�E� �|� �<�i�<� �n�o�,� �f�a�i�l�e�d�j�i�)�)�:� 
�V�A�R� �i�:�1�.�.�n�;� 
�i�:�=� �c�l�o�s�e�s�t�_�f�a�i�l�e�d�_�f�a�c�(�f�a�i�l�e�d� �l�o�c�a�t�i�o�n�)�;� 
�S�E�T�_�A�L�A�R� �M�(�a�r�r�_�f�a�c�,� �t�r�a�v�e�l�t�i�m�e�(�l�o�c�a�t�i�o�n�,� �f�a�c�[�i�]�)�,�1�)�;� 
�s�t�a�t�u�s� �:�=� �t�r�a�v�e�l�;� 

�F�i�g�u�r�e� �9�.� �M�a�c�h�i�n�e� �R�e�p�a�i�r�m�a�n� �T�r�a�n�s�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � 
� � 
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�3�.�3� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e�s� 

�B�e�c�a�u�s�e� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �a� �c�r�u�c�i�a�l� �t�o�o�l� �o�f� �t�h�e� �S�M�D�E�,� �s�u�b�s�t�a�n�t�i�a�l� �r�e�s�e�a�r�c�h� �h�a�s� 

�f�o�c�u�s�e�d� �o�n� �t�h�a�t� �t�o�o�l�.� �P�r�i�o�r� �r�e�s�e�a�r�c�h� �e�f�f�o�r�t�s� �h�a�v�e� �l�e�d� �t�o� �t�h�r�e�e� �p�r�o�t�o�t�y�p�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�s�:� �A� 

�p�r�o�t�o�t�y�p�e� �d�e�s�i�g�n�e�d� �b�y� �B�a�l�c�i� �a�n�d� �i�m�p�l�e�m�e�n�t�e�d� �b�y� �B�i�s�h�o�p� �[�1�9�8�9�]�,� �p�r�o�v�i�d�e�s� �a� �v�e�h�i�c�l�e� �f�o�r� �e�x�p�l�o�r�i�n�g� �t�h�e� 

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

�[�1�9�8�4�]� �a�n�d� �t�h�e� �o�t�h�e�r� �b�y� �B�a�r�g�e�r� �[�1�9�8�6�]�,� �i�m�p�l�e�m�e�n�t� �t�h�e� �C�o�n�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y� �a�s� �a� �C�F�.� �T�h�e� �l�a�t�t�e�r� �t�w�o� 

�h�a�v�e� �n�o�t�a�b�l�e� �d�e�f�i�c�i�e�n�c�i�e�s�.� �H�o�s�t�e�d� �i�n� �U�N�I�X�!� �o�n� �a� �V�A�X� �1�1�/�7�8�5�2�,� �t�h�e� �H�a�n�s�e�n� �a�n�d� �B�a�r�g�e�r� �p�r�o�t�o�t�y�p�e�s� 

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

�d�a�t�a�b�a�s�e� �s�u�p�p�o�r�t�.� 

�N�a�n�c�e� �e�t� �a�/�.� �[�1�9�8�4�]� �e�v�a�l�u�a�t�e� �U�N�I�X� �a�s� �a� �h�o�s�t� �f�o�r� �p�r�o�t�o�t�y�p�e� �S�M�D�E ��s�,� �n�o�t�i�n�g� �m�a�j�o�r� �a�n�d� �m�i�n�o�r� �d�e�-� 

�f�i�c�i�e�n�c�i�e�s�.� �B�a�l�c�i� �[�1�9�8�7�]� �d�e�f�i�n�e�s� �a� �n�e�w� �p�r�o�t�o�t�y�p�e� �S�M�D�E� �b�a�s�e�d� �o�n� �a� �S�U�N�-�3�/�1�6�0�°� �c�o�l�o�r� �c�o�m�p�u�t�e�r� 

�w�o�r�k�s�t�a�t�i�o�n� �w�h�i�c�h� �o�v�e�r�c�o�m�e�s� �m�a�n�y� �o�f� �t�h�e�s�e� �d�e�f�i�c�i�e�n�c�i�e�s�.� �T�h�e� �U�N�I�X� �4�.�2�B�S�D� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m� 

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

�(�S�u�n�W�i�n�d�o�w�s�)�,� �d�e�v�i�c�e� �i�n�d�e�p�e�n�d�e�n�t� �g�r�a�p�h�i�c�s� �l�i�b�r�a�r�y� �(�S�u�n�C�o�r�e�)�,� �c�o�m�p�u�t�e�r� �g�r�a�p�h�i�c�s� �i�n�t�e�r�f�a�c�e� 

�(�S�u�n�C�G�J�)�,� �v�i�s�u�a�l� �i�n�t�e�g�r�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t� �(�S�u�n�V�i�e�w�)�,� �S�u�n� �p�r�o�g�r�a�m�m�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� �(�S�u�n�P�r�o�)�,� 

�a�n�d� �I�N�G�R�E�S� �r�e�l�a�t�i�o�n�a�l� �d�a�t�a�b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m� �(�S�u�n�I�N�G�R�E�S�)�.� 

�T�h�e� �B�a�l�c�i�-�B�i�s�h�o�p� �p�r�o�t�o�t�y�p�e� �r�u�n�s� �o�n� �t�h�e� �S�U�N�-�b�a�s�e�d� �S�M�D�E�.� �T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �d�e�s�c�r�i�b�e�d� �i�n� 

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

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

�?� �U�N�I�X� �i�s� �a� �t�r�a�d�e�m�a�r�k� �o�f� �A�T�&�T� �B�e�l�t� �L�a�b�o�r�a�t�o�r�i�e�s�.� 
�?� �V�A�X� �1�1�/�7�8�5� �i�s� �a� �t�r�a�d�e�m�a�r�k� �o�f� �D�i�g�i�t�a�l� �E�q�u�i�p�m�e�n�t� �C�o�r�p�o�r�a�t�i�o�n�.� 
�>� �S�U�N�-�3�/�1�6�0� �i�s� �a� �t�r�a�d�e�m�a�r�k� �o�f� �S�u�n� �M�i�c�r�o�s�y�s�t�e�m�s�,� �I�n�c�.� 

�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� �3�5



�3�.�3�.�1� �B�o�x�-�H�a�n�s�e�n� 

�T�h�e� �B�o�x�-�H�a�n�s�e�n� �m�o�d�e�l� �g�e�n�e�r�a�t�o�r� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�i�r�s�t� �p�r�o�t�o�t�y�p�e� �m�o�d�e�l� �g�e�n�e�r�a�t�o�r� �o�f� �t�h�e� �S�M�D�E�.� 

�B�o�x�-�H�a�n�s�e�n� �i�m�p�l�e�m�e�n�t�s� �t�h�e� �t�o�p�-�d�o�w�n� �m�o�d�e�l� �d�e�f�i�n�i�t�i�o�n� �p�h�a�s�e� �o�f� �t�h�e� �C�M�.� �T�h�e� �g�e�n�e�r�a�t�o�r� �p�r�o�v�i�d�e�s� 

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

�a�t�t�a�c�h� �a�t�t�r�i�b�u�t�e�s� �t�o� �t�h�o�s�e� �o�b�j�e�c�t�s�.� �T�h�e� �B�o�x�-�H�a�n�s�e�n� �p�r�o�t�o�t�y�p�e� �a�l�s�o� �a�l�l�o�w�s� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �s�e�t�s� 

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

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

�3�.�3�.�2� �B�a�r�g�e�r� 

�T�h�e� �B�a�r�g�e�r� �p�r�o�t�o�t�y�p�e� �m�o�d�e�l� �g�e�n�e�r�a�t�o�r� �i�s� �d�e�s�i�g�n�e�d� �a�s� �a�n� �e�x�t�e�n�s�i�o�n� �o�f� �B�o�x�-�H�a�n�s�e�n�.� �D�e�s�i�g�n�e�d� �t�o� 

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

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

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

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

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

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

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

�f�r�o�m� �a�n� �i�n�c�o�m�p�l�e�t�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �C�S�.� 

�3�.�3�.�3� �B�a�l�c�i�-�B�i�s�h�o�p� 

�B�i�s�h�o�p� �[�1�9�8�9�]� �d�e�s�c�r�i�b�e�s� �t�h�e� �G�e�n�e�r�a�l� �P�u�r�p�o�s�e� �V�i�s�u�a�l� �S�i�m�u�l�a�t�i�o�n� �S�y�s�t�e�m� �(�G�P�V�S�S�)�.� �G�P�V�S�S� �i�s� �a� 

�m�i�c�r�o�c�o�s�m� �o�f� �t�h�e� �S�M�D�E�;� �i�t� �p�r�o�v�i�d�e�s� �m�o�d�e�l� �d�e�f�i�n�i�t�i�o�n�,� �m�o�d�e�l� �s�p�e�c�i�f�i�c�a�t�i�o�n�,� �a�n�d� �m�o�d�e�l� �t�r�a�n�s�l�a�t�i�o�n� 
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�i�n�t�o� �e�x�e�c�u�t�a�b�l�e� �c�o�d�e�,� �a�s� �w�e�l�l� �a�s� �a�n�i�m�a�t�i�o�n� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� �T�h�e� �C�F� �d�r�i�v�i�n�g� �G�P�V�S�S� �i�s� �b�a�s�e�d� �o�n� 

�a� �g�r�a�p�h�i�c�a�l�,� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d�,� �a�n�d� �a�c�t�i�v�i�t�y�-�b�a�s�e�d� �a�p�p�r�o�a�c�h�.� �G�P�V�S�S� �i�d�e�n�t�i�f�i�e�s� �a� �m�o�d�e�l� �a�s� �b�e�i�n�g� 

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

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

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

�W�i�t�h�i�n� �G�P�V�S�S�,� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �m�o�d�e�l� �b�e�h�a�v�i�o�r� �i�s� �e�x�t�r�e�m�e�l�y� �l�o�w�-�l�e�v�e�l�:� �t�h�e� �m�o�d�e�l�e�r� �m�u�s�t� �u�t�i�l�i�z�e� 

�C�-�b�a�s�e�d� �m�a�c�r�o�s� �a�n�d� �i�n� �m�o�s�t� �c�a�s�e�s� �p�r�o�v�i�d�e� �C� �c�o�d�e�.� �G�P�V�S�S� �f�a�l�l�s� �s�h�o�r�t� �o�f� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� 

�m�o�d�e�l� �g�e�n�e�r�a�t�o�r� �i�n� �t�h�e� �S�M�D�E� �i�n� �t�h�a�t� �i�t� �i�s� �u�n�c�l�e�a�r� �h�o�w� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �C� �s�p�e�c�i�f�i�c�a�t�i�o�n� �m�a�y� �b�e� 

�f�a�c�i�l�i�t�a�t�e�d�,� �a�n�d� �t�h�e� �d�o�c�u�m�e�n�t�a�t�i�o�n� �p�r�o�d�u�c�e�d� �b�y� �G�P�V�S�S� �i�s� �l�i�m�i�t�e�d�.� �I�t� �d�o�e�s�,� �h�o�w�e�v�e�r�,� �o�f�f�e�r� �m�a�n�y� 

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

�G�P�V�S�S� �a�n�d� �p�r�o�v�i�d�e� �g�r�e�a�t�e�r� �s�t�r�u�c�t�u�r�e� �t�o� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �b�y� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �s�p�e�c�i�f�i�c�a�t�i�o�n� �l�a�n�-� 

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

�3�.�4� �M�o�t�i�v�a�t�i�o�n� �f�o�r� �a� �N�e�w� �C�M�-�B�a�s�e�d� �P�r�o�t�o�t�y�p�e� 

�T�h�e� �w�o�r�k� �o�f� �[�N�a�n�c�e� �a�n�d� �O�v�e�r�s�t�r�e�e�t� �1�9�8�4�,� �1�9�8�8�;� �M�o�o�s�e� �a�n�d� �N�a�n�c�e� �1�9�8�8�]� �h�a�s� �s�h�o�w�n� �t�h�e� �C�o�n�d�i�t�i�o�n� 

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

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

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

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

�G�e�n�e�r�a�t�o�r� �i�n� �t�h�e� �S�M�D�E�.� �T�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �p�r�e�v�i�o�u�s� �p�r�o�t�o�t�y�p�e�s�,� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r�,� �a�r�e� �o�u�t�l�i�n�e�d� 

�h�e�r�e�.� 
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�3�.�4�.�1�  � ��D�u�m�b�-�T�e�r�m�i�n�a�l � �� �I�n�t�e�r�f�a�c�e� �L�i�m�i�t�a�t�i�o�n�s� 

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

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

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

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

�w�h�i�c�h� �r�e�l�y� �s�t�r�i�c�t�l�y� �o�n� �t�e�x�t� �e�n�t�r�y�.� 

�3�.�4�.�2� �D�a�t�a�b�a�s�e� �L�i�m�i�t�a�t�i�o�n�s� 

�T�h�e� �m�o�v�e� �o�f� �t�h�e� �S�M�D�E� �t�o� �t�h�e� �S�U�N�-�3�/�1�6�0� �p�r�o�v�i�d�e�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�t�e�p� �u�p� �f�r�o�m� �f�i�l�e� �m�a�n�a�g�e�m�e�n�t� 

�u�n�d�e�r� �U�N�I�X� �S�y�s�t�e�m� �V� �t�o� �S�u�n�I�N�G�R�E�S� �r�e�l�a�t�i�o�n�a�l� �d�a�t�a�b�a�s�e� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� �r�e�l�a�t�i�o�n�a�l� �a�p�p�r�o�a�c�h� 

�r�e�p�r�e�s�e�n�t�s� �t�h�e� �d�o�m�i�n�a�n�t� �t�r�e�n�d� �i�n� �d�a�t�a�b�a�s�e� �r�e�s�e�a�r�c�h�.� �A�c�c�o�r�d�i�n�g� �t�o� �D�a�t�e� �[�1�9�7�6� �p�.�2�0�]�:� 

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

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

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

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

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

�3�.�4�.�3�,� �I�n�c�o�m�p�l�e�t�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

�n�i�f�i�c�a�n�t� �c�o�n�t�r�i�b�u�t�i�o�n�,� �a� �p�r�o�t�o�t�y�p�e� �i�s� �d�e�s�i�r�e�d� �w�h�i�c�h� �f�u�l�l�y� �p�r�o�v�i�d�e�s� �f�o�r� �t�h�e� �d�e�r�i�v�a�t�i�o�n� �o�f� �a� �c�o�n�d�i�t�i�o�n� 
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�s�p�e�c�i�f�i�c�a�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �a�d�e�q�u�a�t�e�l�y� �a�s�s�e�s�s� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �C�M�/�C�S� �a�s� �a� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� 

�f�o�r� �t�h�e� �S�M�D�E� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�.� 

�3�.�5� �S�u�m�m�a�r�y� 

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

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

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

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

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

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

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

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

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

�a�c�t�i�o�n� �p�a�i�r�.� �S�e�v�e�r�a�l� �p�r�o�t�o�t�y�p�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�s� �h�a�v�e� �b�e�e�n� �c�o�n�s�t�r�u�c�t�e�d� �w�i�t�h�i�n� �t�h�e� �S�M�D�E�.� �T�h�e� 

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

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

�3� �M�o�d�e�l� �G�e�n�e�r�a�t�i�o�n� �3�9



�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� 

�T�h�i�s� �c�h�a�p�t�e�r� �d�e�t�a�i�l�s� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �c�u�r�r�e�n�t� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �p�r�o�t�o�t�y�p�e� �(�h�e�r�e�a�f�t�e�r� �r�e�f�e�r�r�e�d� �t�o� 

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

�w�o�r�k� �o�f� �H�a�n�s�e�n� �[�1�9�8�4�]� �a�n�d� �B�a�r�g�e�r� �[�1�9�8�6�]�,� �f�u�l�l�y� �i�n�t�e�g�r�a�t�i�n�g� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �t�w�o� �p�r�o�t�o�t�y�p�e�s� 

�u�n�d�e�r� �t�h�e� �n�e�w� �t�a�r�g�e�t� �h�o�s�t� �s�y�s�t�e�m� �(�t�h�e� �S�U�N� �w�o�r�k�s�t�a�t�i�o�n�)�.� �T�h�i�s� �c�h�a�p�t�e�r� �f�o�c�u�s�e�s� �o�n� �t�h�e� �t�e�c�h�n�i�c�a�l� 

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

�e�a�r�l�i�e�r� �r�e�s�e�a�r�c�h�;� �t�h�e�r�e�f�o�r�e� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �s�p�e�c�i�f�i�c� �d�e�t�a�i�l�s� �o�f� �i�n�t�e�g�r�a�t�i�n�g� �t�h�e� �H�a�n�s�e�n� �a�n�d� �B�a�r�g�e�r� �p�r�o�-� 

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

�S�e�c�t�i�o�n� �4�.�1� �d�e�s�c�r�i�b�e�s� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�-� 

�a�t�o�r�.� �S�e�c�t�i�o�n� �4�.�2� �o�u�t�l�i�n�e�s� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r ��s� �t�r�e�a�t�m�e�n�t� �o�f� �s�e�t�s�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �d�e�f�i�n�i�t�i�o�n� �c�h�a�n�g�e�s� 

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

�T�h�e� �d�e�t�a�i�l�s� �o�f� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�n�t�e�r�f�a�c�e� �a�r�e� �g�i�v�e�n� �i�n� �S�e�c�t�i�o�n� �4�.�5�,� �a�n�d� �S�e�c�t�i�o�n� �4�.�6� �p�r�e�s�e�n�t�s� �a� 

�s�u�m�m�a�r�y� �o�f� �t�h�e� �d�e�s�i�g�n�.� 
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�4�.�1� �S�p�e�c�i�f�y�i�n�g� �a� �M�o�d�e�l� �u�n�d�e�r� �t�h�e� �C�M�/�C�S� �F�r�a�m�e�w�o�r�k� 

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

�G�e�n�e�r�a�t�o�r� �i�n� �t�h�e� �S�M�D�E�,� �a� �C�S� �m�o�d�e�l� �s�p�e�c�i�f�i�c�a�t�i�o�n� �i�n� �t�h�e� �f�o�r�m� �o�f� �c�o�n�d�i�t�i�o�n� �a�c�t�i�o�n� �p�a�i�r�s�,� �i�s� �i�n�t�e�n�d�e�d� 

�t�o� �b�e� �p�a�s�s�e�d� �t�o� �t�h�e� �M�o�d�e�l� �A�n�a�l�y�z�e�r�.� �A�l�t�h�o�u�g�h� �t�h�e� �C�S� �i�s� �t�h�e� �f�o�r�m� �f�o�r� �t�h�e� �m�o�d�e�l� �s�p�e�c�i�f�i�c�a�t�i�o�n�,� �e�x�-� 

�p�l�i�c�i�t� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �s�y�n�t�a�x� �a�n�d� �s�e�m�a�n�t�i�c�s� �o�f� �t�h�e� �C�S� �i�s� �e�m�b�e�d�d�e�d� �w�i�t�h�i�n� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�,� 

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

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

�B�a�r�g�e�r� �[�1�9�8�6�]� �i�d�e�n�t�i�f�i�e�s� �t�w�o� �p�o�s�s�i�b�l�e� �a�p�p�r�o�a�c�h�e�s� �f�o�r� �o�b�t�a�i�n�i�n�g� �c�o�n�d�i�t�i�o�n� �a�c�t�i�o�n� �p�a�i�r�s� �f�r�o�m� �a� 

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

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

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

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

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

�<�a�t�t�r�i�b�u�t�e�>� �:�=� �<�n�e�w�_�v�a�l�u�e�>�)�,� �t�h�e�n� �r�e�q�u�e�s�t� �t�h�a�t� �t�h�e� �m�o�d�e�l�e�r� �d�e�s�c�r�i�b�e� �t�h�e� �c�o�n�d�i�t�i�o�n�(�s�)� �c�a�u�s�i�n�g� 

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

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

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

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

�T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �t�r�e�a�t�s� �a�n� �a�t�t�r�i�b�u�t�e� �a�s� �l�o�c�a�l� �t�o� �t�h�e� �o�b�j�e�c�t� �f�o�r� �w�h�i�c�h� �i�t� �i�s� �d�e�f�i�n�e�d�.� �A�c�c�o�r�d�i�n�g�l�y�,� 

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

�u�n�d�e�r� �t�h�e� �C�S� �s�y�n�t�a�x� �g�i�v�e�n� �i�n� �T�a�b�l�e� �4�,� �i�n� �w�h�i�c�h� �a�t�t�r�i�b�u�t�e� �n�a�m�e�s� �a�r�e� �n�o�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h�  ��o�w�n�i�n�g �� 

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

�t�o� �a�t�t�r�i�b�u�t�e�s� �b�y� �d�o�t�-�p�r�e�p�e�n�d�i�n�g� �t�h�e� �o�w�n�i�n�g� �o�b�j�e�c�t� �a�s�:� �<�o�b�j�e�c�t�_�n�a�m�e� �>�.�<� �a�t�t�r�i�b�u�t�e�_�n�a�m�e�>�.� �A�l�s�o�,� 
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�i�f� �m�u�l�t�i�p�l�e� �i�n�s�t�a�n�c�e�s� �o�f� �a�n� �o�b�j�e�c�t� �a�r�e� �c�r�e�a�t�e�d� �t�h�e�y� �c�a�n� �b�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �a�s� 

�<� �o�b�j�e�c�t�_�n�a�m�e� �>� �(�i�d�)�.� �<� �a�t�t�r�i�b�u�t�e�_�n�a�m�e� �>�.� 

�A�n� �i�m�p�o�r�t�a�n�t� �n�o�t�e� �i�s� �t�h�a�t� �t�h�e� �C�S� �s�y�n�t�a�x� �a�d�o�p�t�e�d� �b�y� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�s� �b�a�s�e�d� �s�o�l�e�l�y� �o�n� �t�h�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�.� �I�d�e�a�l�l�y�,� �b�o�t�h� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �a�n�d� �t�h�e� �M�o�d�e�l� �A�n�a�l�y�z�e�r� 

�r�e�q�u�i�r�e�m�e�n�t�s� �s�h�o�u�l�d� �j�o�i�n�t�l�y� �d�i�c�t�a�t�e� �t�h�e� �C�S� �s�y�n�t�a�x�.� �F�u�t�u�r�e� �p�r�o�t�o�t�y�p�e�s� �s�h�o�u�l�d� �r�e�f�l�e�c�t� �t�h�i�s� �e�v�o�l�u�t�i�o�n�.� 

�4�.�1�.�1� �I�n�d�i�c�a�t�i�v�e� �A�t�t�r�i�b�u�t�e�s� 

�B�a�r�g�e�r� �[�1�9�8�6�]� �p�r�o�p�o�s�e�s� �t�h�a�t� �s�t�a�t�u�s� �t�r�a�n�s�i�t�i�o�n�a�l� �i�n�d�i�c�a�t�i�v�e� �(�s�t�i�)� �a�t�t�r�i�b�u�t�e�s� �p�r�o�v�i�d�e� �t�h�e� �k�e�y� �t�o� �t�h�e� �d�e�r�-� 

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

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

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

�t�e�c�h�n�i�q�u�e� �i�n� �F�i�g�u�r�e� �1�0� �f�o�r� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �s�t�a�t�u�s� �a�t�t�r�i�b�u�t�e�s�.� �F�o�r� �a� �d�e�t�a�i�l�e�d� �a�n�a�l�y�s�i�s� �o�f� �t�h�i�s� 

�t�e�c�h�n�i�q�u�e�,� �r�e�f�e�r� �t�o� �[�B�a�r�g�e�r� �1�9�8�6�]�.� �N�o�t�e� �t�h�a�t� �B�a�r�g�e�r� �r�e�f�e�r�s� �t�o� �t�h�e�  ��s�t�a�t�e �� �o�f� �a�n� �a�t�t�r�i�b�u�t�e�.� �S�t�r�i�c�t�l�y� 

�s�p�e�a�k�i�n�g�,� �o�n�l�y� �o�b�j�e�c�t�s� �h�a�v�e� �s�t�a�t�e�s�,� �1�.�e�.� �t�h�e� �s�t�a�t�e� �o�f� �a�n� �o�b�j�e�c�t� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �e�n�u�m�e�r�a�t�i�o�n� �o�f� 

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

�c�h�a�n�g�e�s� �r�a�t�h�e�r� �t�h�a�n�  ��s�t�a�t�e �� �c�h�a�n�g�e�s�.� 

�4�.�1�.�1�.�1� �S�t�a�t�u�s� �T�r�a�n�s�i�t�i�o�n�a�l� 

�T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �s�t�a�t�u�s� �t�r�a�n�s�i�t�i�o�n�a�l� �i�n�d�i�c�a�t�i�v�e� �a�t�t�r�i�b�u�t�e�s� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �1�1�.� �I�n� 

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

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

�i�s�t�s�:� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �c�o�u�n�t�i�n�g� �v�a�r�i�a�b�l�e�.� �I�n� �t�h�e� �C�o�n�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y� �w�o�r�k� �[�N�a�n�c�e� �1�9�8�1�l�a�,� �1�9�8�4�,� 

�1�9�8�7�]�,� �a� �m�o�d�e�l�e�r� �m�u�s�t� �e�x�h�a�u�s�t�i�v�e�l�y� �e�n�u�m�e�r�a�t�e� �t�h�e� �v�a�l�u�e�s� �a� �s�t�a�t�u�s� �t�r�a�n�s�i�t�i�o�n�a�l� �i�n�d�i�c�a�t�i�v�e� �a�t�t�r�i�b�u�t�e� 

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

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

�F�o�r� �e�a�c�h� �s�t�a�t�e� �i�n� �s�t�e�p� �2�,� �l�i�s�t� �t�h�e� �s�u�c�c�e�s�s�o�r� �s�t�a�t�e�.� �C�a�l�l� 
�t�h�e� �o�r�d�e�r�e�d� �p�a�i�r� �(�s�t�a�t�e�,� �s�u�c�c�e�s�s�o�r� �s�t�a�t�e�)� �a� �s�t�a�t�e� �c�h�a�n�g�e�.� 

�S�e�l�e�c�t� �a� �s�t�a�t�e� �c�h�a�n�g�e�.� �F�o�r�m� �t�h�e� �a�c�t�i�o�n� 
�a�t�t�r�i�b�u�t�e� �n�a�m�e� �:�=� �s�u�c�c�e�s�s�o�r� �s�t�a�t�e� 

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

�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �t�i�m�e�-�b�a�s�e�d�,� �g�o� �t�o� �s�t�e�p� �A�.� 
�O�t�h�e�r�w�i�s�e� �g�o� �t�o� �s�t�e�p� �7�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �5� �a�n�d� �6� �u�n�t�i�l� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �c�a�u�s�i�n�g� �t�h�a�t� 
�s�t�a�t�e� �c�h�a�n�g�e� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �4�-�7� �u�n�t�i�l� �a�l�l� �s�t�a�t�e� �c�h�a�n�g�e�s� �f�o�r� �t�h�a�t� �s�t�a�t�u�s� 
�a�t�t�r�i�b�u�t�e� �h�a�v�e� �b�e�e�n� �d�o�n�e�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �1�-�9� �u�n�t�i�l� �a�l�l� �s�t�a�t�u�s� �a�t�t�r�i�b�u�t�e�s� �h�a�v�e� �b�e�e�n� 
�s�e�l�e�c�t�e�d�.� 

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

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

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

�R�e�p�e�a�t� �s�t�e�p�s� �A�-�D� �u�n�t�i�l� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �c�a�u�s�e� �t�h�e� 
�a�l�a�r�m� �t�o� �b�e� �s�e�t� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�R�e�t�u�r�n� �t�o� �s�t�e�p� �7�.� 

�F�i�g�u�r�e� �1�0�.� �B�a�r�g�e�r ��s� �T�e�c�h�n�i�q�u�e� �f�o�r� �S�t�a�t�u�s� �A�t�t�r�i�b�u�t�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� 
�[�B�a�r�g�e�r� �1�9�8�6�,� �p�.� �5�2�]� � � � � 
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�S�e�l�e�c�t� �a� �d�e�f�i�n�e�d� �s�t�a�t�u�s� �t�r�a�n�s�i�t�i�o�n�a�l� �i�n�d�i�c�a�t�i�v�e� �a�t�t�r�i�b�u�t�e�.� 

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

�F�o�r� �e�a�c�h� �e�n�u�m�e�r�a�t�e�d� �v�a�l�u�e� �i�n� �s�t�e�p� �2�,� �l�i�s�t� �t�h�e� �s�u�c�c�e�s�s�o�r� �v�a�l�u�e�.� 
�C�a�l�l� �t�h�e� �o�r�d�e�r�e�d� �p�a�i�r� �(�v�a�l�u�e�,� �s�u�c�c�e�s�s�o�r� �v�a�l�u�e�)� �a� �v�a�l�u�e� �c�h�a�n�g�e�.� 
�(�I�f� �s�t�e�p� �2� �y�i�e�l�d�s� �a� �r�a�n�g�e�,� �f�o�r�m� �t�h�e� �v�a�l�u�e� �c�h�a�n�g�e�:� �(�n�,� �n�+� �1�)�)� 

�S�e�l�e�c�t� �a� �v�a�l�u�e� �c�h�a�n�g�e�,� �f�o�r�m� �t�h�e� �a�c�t�i�o�n�:� 
�o�b�j�e�c�t�_�n�a�m�e�.�a�t�t�r�i�b�u�t�e�_�n�a�m�e� �:�=� �s�u�c�c�e�s�s�o�r� �v�a�l�u�e� 

�S�p�e�c�i�f�y� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �v�a�l�u�e� �c�h�a�n�g�e�.� 
�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d�,� �f�o�r�m� �t�h�e� �C�A�P� �a�n�d� �g�o�t�o� �s�t�e�p� �9�,� 
�e�l�s�e� �c�o�n�t�i�n�u�e�.� 

�N�a�m�e� �a� �n�e�w� �m�o�d�e�l� �c�o�n�d�i�t�i�o�n�.� 

�D�e�s�c�r�i�b�e� �t�h�e� �n�e�w� �c�o�n�d�i�t�i�o�n�.� 

�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �s�t�a�t�e�-�b�a�s�e�d�,� �e�n�t�e�r� �t�h�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� 
�t�h�e� �c�o�n�d�i�t�i�o�n� �a�n�d� �f�o�r�m� �t�h�e� �C�A�P�,� �e�l�s�e� �g�o�t�o� �S�p�e�c�i�f�y� �A�l�a�r�m� �a�n�d� �f�o�r�m� 
�t�h�e� �C�A�P� �o�n� �r�e�t�u�r�n�.� 

�R�e�p�e�a�t� �s�t�e�p� �5� �u�n�t�i�l� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �v�a�l�u�e� �c�h�a�n�g�e� �h�a�v�e� 
�b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �4�-�9� �u�n�t�i�l� �a�l�l� �v�a�l�u�e� �c�h�a�n�g�e�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �1�-�1�0� �u�n�t�i�l� �a�l�l� �s�t�i� �a�t�t�r�i�b�u�t�e�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�F�i�g�u�r�e� �1�1�.� �A�l�g�o�r�i�t�h�m� �f�o�r� �S�t�a�t�u�s� �T�r�a�n�s�i�t�i�o�n�a�l� �I�n�d�i�c�a�t�i�v�e� �A�t�t�r�i�b�u�t�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � 
� � 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �4�4



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

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

�c�a�s�e�s�,� �t�o� �i�d�e�n�t�i�f�y� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �a�t�t�r�i�b�u�t�e� �t�o� �c�h�a�n�g�e� �f�r�o�m� �0� �t�o� �1�,� �a�n�d� �t�h�e�n� �f�r�o�m� �1� �t�o� 

�2�,� �2� �t�o� �3�,� �a�n�d� �s�o� �o�n� �a�d� �i�n�f�i�n�i�t�u�m�.� �T�o� �a�c�c�o�m�m�o�d�a�t�e� �t�h�i�s� �a�n�o�m�a�l�y�,� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �r�e�q�u�e�s�t�s�,� 

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

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

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

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

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

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

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

�A�l�a�r�m� �w�h�i�c�h� �a�p�p�e�a�r�s� �i�n� �F�i�g�u�r�e� �1�4�.� �T�h�i�s� �a�l�g�o�r�i�t�h�m� �d�e�r�i�v�e�s� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �C�S� �p�r�i�m�i�t�i�v�e� �f�o�r� �a� 

�t�i�m�e�-�b�a�s�e�d� �o�r� �m�i�x�e�d� �(�t�i�m�e�-�b�a�s�e�d� �a�n�d� �s�t�a�t�e�-�b�a�s�e�d�)� �c�o�n�d�i�t�i�o�n�.� �S�p�e�c�i�f�y� �A�l�a�r�m� �i�s� �c�a�l�l�e�d� �f�r�o�m� �s�e�v�e�r�a�l� 

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

�a�l�g�o�r�i�t�h�m� �(�a�s� �i�s� �t�h�e� �c�a�s�e� �i�n� �B�a�r�g�e�r� �[�1�9�8�6�]�)�.� 

�4�.�1�.�1�.�2�.� �T�e�m�p�o�r�a�l� �T�r�a�n�s�i�t�i�o�n�a�l� 

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

�1�2�.� �I�n� �t�h�i�s� �p�r�o�c�e�s�s�,� �a� �t�t�i� �a�t�t�r�i�b�u�t�e� �i�s� �s�e�l�e�c�t�e�d�,� �a� �r�a�n�g�e� �i�s� �p�r�o�v�i�d�e�d� �(�i�f� �k�n�o�w�n� �a� �p�r�i�o�r�i�)�,� �a�n�d� �t�h�e� 

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

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

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

�S�p�e�c�i�f�y� �a� �r�a�n�g�e� �o�f� �p�o�s�s�i�b�l�e� �v�a�l�u�e�s� �(�i�f� �k�n�o�w�n�)�.� 

�D�e�t�e�r�m�i�n�e� �t�h�e� �v�a�l�u�e� �t�o� �b�e� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �a�t�t�r�i�b�u�t�e�.� 
�V�a�l�u�e� �m�a�y� �b�e� �a�n� �a�t�t�i�b�u�t�e�-�v�a�l�u�e�d� �e�x�p�r�e�s�s�i�o�n� �o�r� �f�u�n�c�t�i�o�n� �c�a�l�l� �o�n� �R�H�S� �o�f� 
�a�s�s�i�g�n�m�e�n�t�,� �f�o�r�m� �t�h�e� �a�c�t�i�o�n�:� �o�b�j�e�c�t�_�n�a�m�e�.�a�t�t�r�i�b�u�t�e�_�n�a�m�e� �:�=� �R�H�S� 
�V�a�l�u�e� �m�a�y� �b�e� �i�n�p�u�t�,� �f�o�r�m� �t�h�e� �a�c�t�i�o�n�:� �I�N�P�U�T�(�o�b�j�e�c�t�_�n�a�m�e�.�a�t�t�r�i�b�u�t�e�_�n�a�m�e�)� 

�S�p�e�c�i�f�y� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �a�t�t�r�i�b�u�t�e� �t�o� �b�e� �a�s�s�i�g�n�e�d� �a� �v�a�l�u�e�.� 
�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d�,� �f�o�r�m� �t�h�e� �C�A�P� �a�n�d� �g�o�t�o� �s�t�e�p� �8�,� 
�e�l�s�e� �c�o�n�t�i�n�u�e�.� 

�N�a�m�e� �a� �n�e�w� �m�o�d�e�l� �c�o�n�d�i�t�i�o�n�.� 

�D�e�s�c�r�i�b�e� �t�h�e� �n�e�w� �c�o�n�d�i�t�i�o�n�.� 

�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �s�t�a�t�e�-�b�a�s�e�d�,� �e�n�t�e�r� �t�h�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� 
�t�h�e� �c�o�n�d�i�t�i�o�n� �a�n�d� �f�o�r�m� �t�h�e� �C�A�P�,� �e�l�s�e� �g�o�t�o� �S�p�e�c�i�f�y� �A�l�a�r�m� �a�n�d� �f�o�r�m� 
�t�h�e� �C�A�P� �o�n� �r�e�t�u�r�n�.� 

�R�e�p�e�a�t� �s�t�e�p� �4� �u�n�t�i�l� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �1�-�8� �u�n�t�i�l� �a�l�l� �t�t�i� �a�t�t�r�i�b�u�t�e�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 
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�4�.�1�.�1�.�3� �P�e�r�m�a�n�e�n�t� 

�T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �p�e�r�m�a�n�e�n�t� �i�n�d�i�c�a�t�i�v�e� �(�p�i�)� �a�t�t�r�i�b�u�t�e�s� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �1�3�.� �I�n� �t�h�i�s� 

�p�r�o�c�e�s�s�,� �a� �p�i� �a�t�t�r�i�b�u�t�e� �i�s� �s�e�l�e�c�t�e�d�,� �a� �r�a�n�g�e� �1�s� �p�r�o�v�i�d�e�d� �(�i�f� �k�n�o�w�n� �a� �p�r�i�o�r�i�)�,� �a�n�d� �t�h�e� �v�a�l�u�e� �t�o� �b�e� �a�s�-� 

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

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

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

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

�e�x�e�c�u�t�e�d� �o�n�l�y� �o�n�c�e�.� 

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

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

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

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

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

�M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �a�l�l�o�w�s� �o�n�l�y� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �I�n�i�t�i�a�l�i�z�a�t�i�o�n� �a�n�d� �T�e�r�m�i�n�a�t�i�o�n� �t�o� �m�a�n�i�p�u�l�a�t�e� �p�e�r�m�a�-� 

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

�b�y� �t�h�i�s� �c�o�n�s�t�r�a�i�n�t�.� 

�4�.�1�.�2� �R�e�l�a�t�i�o�n�a�l� �A�t�t�r�i�b�u�t�e�s� 

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

�d�i�f�f�e�r�s� �f�r�o�m� �t�h�a�t� �o�f� �o�t�h�e�r� �m�o�d�e�l�i�n�g� �m�e�t�h�o�d�o�l�o�g�i�e�s� �s�u�c�h� �a�s� �t�h�e� �E�R� �a�p�p�r�o�a�c�h� �[�C�h�e�n� �1�9�7�6�]� �w�h�e�r�e� 

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

�h�o�w�e�v�e�r�,� �m�a�y� �b�e�n�e�f�i�t� �m�o�d�e�l� �a�n�a�l�y�s�i�s� �[�M�o�o�s�e� �a�n�d� �N�a�n�c�e� �1�9�8�8�]�.� 
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�S�t�e�p� �I�:� 

�S�t�e�p� �2�:� 

�S�t�e�p� �3�:� 

�S�t�e�p� �4�:� 

�S�t�e�p� �5�:� 

�S�t�e�p� �6�:� � � 

�S�e�l�e�c�t� �a� �d�e�f�i�n�e�d� �p�e�r�m�a�n�e�n�t� �i�n�d�i�c�a�t�i�v�e� �a�t�t�r�i�b�u�t�e�.� 

�S�p�e�c�i�f�y� �a� �r�a�n�g�e� �o�f� �p�o�s�s�i�b�l�e� �v�a�l�u�e�s� �(�i�f� �k�n�o�w�n�)�.� 

�D�e�t�e�r�m�i�n�e� �t�h�e� �v�a�l�u�e� �t�o� �b�e� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �a�t�t�r�i�b�u�t�e�.� 
�V�a�l�u�e� �m�a�y� �b�e� �a�n� �a�t�t�i�b�u�t�e�-�v�a�l�u�e�d� �e�x�p�r�e�s�s�i�o�n� �o�r� �f�u�n�c�t�i�o�n� �c�a�l�l� �o�n� �R�H�S� �o�f� 
�a�s�s�i�g�n�m�e�n�t�,� �f�o�r�m� �t�h�e� �a�c�t�i�o�n�:� �o�b�j�e�c�t�_�n�a�m�e�.�a�t�t�r�i�b�u�t�e�_�n�a�m�e� �:�=� �R�H�S� 
�V�a�l�u�e� �m�a�y� �b�e� �i�n�p�u�t�,� �f�o�r�m� �t�h�e� �a�c�t�i�o�n�:� �I�N�P�U�T�(�o�b�j�e�c�t�_�n�a�m�e�.�a�t�t�r�i�b�u�t�e�_�n�a�m�e�)� 

�S�p�e�c�i�f�y� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �a�t�t�r�i�b�u�t�e� �t�o� �b�e� �a�s�s�i�g�n�e�d� �a� �v�a�l�u�e�.� 
�O�n�l�y� �o�n�e� �(�1�)� �c�o�n�d�i�t�i�o�n� �m�a�y� �d�o� �s�o� �a�n�d� �t�h�a�t� �c�o�n�d�i�t�i�o�n� �m�u�s�t� �b�e� 
�I�n�i�t�i�a�l�i�z�a�t�i�o�n� �o�r� �T�e�r�m�i�n�a�t�i�o�n�.� 

�F�o�r�m� �t�h�e� �C�A�P�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �1�-�5� �u�n�t�i�l� �a�l�l� �p�i� �a�t�t�r�i�b�u�t�e�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�F�i�g�u�r�e� �1�3�.� �A�l�g�o�r�i�t�h�m� �f�o�r� �P�e�r�m�a�n�e�n�t� �I�n�d�i�c�a�t�i�v�e� �A�t�t�r�i�b�u�t�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � � � 
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�S�t�e�p� �1�:� 

�S�t�e�p� �2�:� 

�S�t�e�p� �3�:� 

�S�t�e�p� �4�:� � � 

�G�e�t� �a�l�a�r�m� �t�o� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �c�o�n�d�i�t�i�o�n�.� 
�I�f� �a�l�a�r�m� �i�s� �n�e�w�,� �a�t�t�a�c�h� �a�s� �a�n� �a�t�t�r�i�b�u�t�e� �t�o� �t�h�e� �t�o�p� �l�e�v�e�l� �m�o�d�e�l� �o�b�j�e�c�t�,� 
�C�M� �t�y�p�e� �i�s� �t�e�m�p�o�r�a�l� �t�r�a�n�s�i�t�i�o�n�a�l� �i�n�d�i�c�a�t�i�v�e�,� �C�S� �t�y�p�e� �i�s� �t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l�.� 

�I�f� �c�o�n�d�i�t�i�o�n� �i�s� �t�i�m�e�-�b�a�s�e�d�,� �f�o�r�m� �t�h�e� �c�o�n�d�i�t�i�o�n� �e�x�p�r�e�s�s�i�o�n�:� 
�W�H�E�N� �A�L�A�R�M�(�a�l�a�r�m�_�n�a�m�e� �[�,�p�a�r�a�m�e�t�e�r�]�)� 

�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �m�i�x�e�d�,� �e�n�t�e�r� �t�h�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�,� �f�o�r�m� 
�t�h�e� �c�o�n�d�i�t�i�o�n� �e�x�p�r�e�s�s�i�o�n�:� 
�A�F�T�E�R� �A�L�A�R�M�(�a�l�a�r�m�_� �n�a�m�e� �A�N�D� �b�o�o�l�_�e�x�p� �[�,�p�a�r�a�m�e�t�e�r�]�)� 

�R�e�t�u�r�n�.� 

�F�i�g�u�r�e� �1�4�.� �A�l�g�o�r�i�t�h�m� �f�o�r� �A�l�a�r�m� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � � � 
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�T�h�e� �C�M� �a�l�l�o�w�s� �a�n� �a�t�t�r�i�b�u�t�e� �t�o� �h�a�v�e� �m�u�l�t�i�p�l�e� �t�y�p�e�s�,� �i�.�e�.� �a� �s�i�n�g�l�e� �a�t�t�r�i�b�u�t�e� �m�a�y� �b�e� �b�o�t�h� �i�n�d�i�c�a�t�i�v�e� 

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

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

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

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

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

�l�i�k�l�e�l�y� �b�e� �d�e�d�u�c�e�d� �f�r�o�m� �i�n�d�i�c�a�t�i�v�e� �a�t�t�r�i�b�u�t�e�s�.� �H�o�w�e�v�e�r�,� �a� �m�a�j�o�r� �t�e�n�e�t� �o�f� �t�h�e� �S�M�D�E� �i�s� �t�o� �p�r�o�v�i�d�e� 

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

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

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

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

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

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

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

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

�4�.�1�.�2�.�1� �C�o�o�r�d�i�n�a�t�e� 

�A�c�c�o�r�d�i�n�g� �t�o� �N�a�n�c�e� �[�1�9�8�]�a� �p�.� �2�7�]� �a� �c�o�o�r�d�i�n�a�t�e� �r�e�l�a�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e�:� 

�e�s�t�a�b�l�i�s�h�e�s� �a� �b�o�n�d� �o�r� �c�o�m�m�o�n�a�l�i�t�y� �b�e�t�w�e�e�n� �t�w�o� �o�b�j�e�c�t�s� �b�a�s�e�d� �o�n�:� �(�1�)� �t�h�e� �v�a�l�u�e�(�s�)� �o�f� �o�n�e� 
�o�r� �m�o�r�e� �a�t�t�r�i�b�u�t�e�s�,� �o�r� �(�2�)� �t�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �o�n�e� �(�o�r� �m�o�r�e�)� �a�t�t�r�i�b�u�t�e�(�s�)� �o�f� �o�n�e� �o�b�j�e�c�t� �i�n� �t�h�e� 
�e�x�p�r�e�s�s�i�o�n� �f�o�r� �v�a�l�u�e� �a�s�s�i�g�n�m�e�n�t� �t�o� �o�n�e� �(�o�r� �m�o�r�e�)� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �o�t�h�e�r� �o�b�j�e�c�t�.� 

�I�n� �t�h�e� �e�x�a�m�p�l�e� �f�r�o�m� �C�h�a�p�t�e�r� �3�,� �a� �c�o�o�r�d�i�n�a�t�e� �r�e�l�a�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e� �e�s�t�a�b�l�i�s�h�e�s� �t�h�e� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� 

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

�a�t�t�r�i�b�u�t�e� �/�o�c�a�t�i�o�n� �o�f� �t�h�e� �o�b�j�e�c�t� �r�e�p�a�i�r�m�a�n� �t�a�k�e� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �i�d�e�n�t�i�f�i�e�r� �o�f� �t�h�e� �f�a�i�l�e�d� �m�a�c�h�i�n�e�.� 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �5�0
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�S�t�e�p� �1�:� 

�S�t�e�p� �2�:� 

�S�t�e�p� �3�:� 

�S�t�e�p� �4�:� 

�S�t�e�p� �5�:� 

�S�t�e�p� �6�:� 

�S�t�e�p� �7�:� 

�S�t�e�p� �8�:� 

�S�t�e�p� �9�:� � � 

�S�e�l�e�c�t� �a� �d�e�f�i�n�e�d� �(�p�u�r�e�l�y�)� �r�e�l�a�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e�.� 

�S�p�e�c�i�f�y� �a� �r�a�n�g�e� �o�f� �p�o�s�s�i�b�l�e� �v�a�l�u�e�s� �(�i�f� �k�n�o�w�n�)�.� 

�D�e�t�e�r�m�i�n�e� �R�H�S� �o�f� �a�s�s�i�g�n�m�e�n�t� �a�c�t�i�o�n�.� �R�H�S� �m�a�y� �b�e� �a�n� �a�t�t�r�i�b�u�t�e� 
�v�a�l�u�e�d� �e�x�p�r�e�s�s�i�o�n� �o�r� �a� �f�u�n�c�t�i�o�n� �c�a�l�l�.� �F�o�r�m� �t�h�e� �a�c�t�i�o�n�:� 

�o�b�j�e�c�t�_�n�a�m�e�.�a�t�t�r�i�b�u�t�e�_�n�a�m�e� �:�=� �R�H�S� 

�S�p�e�c�i�f�y� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �a�t�t�r�i�b�u�t�e� �t�o� �b�e� �a�s�s�i�g�n�e�d� �a� �v�a�l�u�e�.� 
�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d�,� �f�o�r�m� �t�h�e� �C�A�P� �a�n�d� �g�o�t�o� �s�t�e�p� �8�,� 
�e�l�s�e� �c�o�n�t�i�n�u�e�.� 

�N�a�m�e� �a� �n�e�w� �m�o�d�e�l� �c�o�n�d�i�t�i�o�n�.� 

�D�e�s�c�r�i�b�e� �t�h�e� �n�e�w� �c�o�n�d�i�t�i�o�n�.� 

�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �s�t�a�t�e�-�b�a�s�e�d�,� �e�n�t�e�r� �t�h�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� 
�t�h�e� �c�o�n�d�i�t�i�o�n� �a�n�d� �f�o�r�m� �t�h�e� �C�A�P�,� �e�l�s�e� �g�o�t�o� �S�p�e�c�i�f�y� �A�l�a�r�m� �a�n�d� �f�o�r�m� 
�t�h�e� �C�A�P� �o�n� �r�e�t�u�r�n�.� 

�R�e�p�e�a�t� �s�t�e�p� �4� �u�n�t�i�l� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �1�-�8� �u�n�t�i�l� �a�l�l� �r�e�l�a�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�F�i�g�u�r�e� �I�[�5�.� �A�l�g�o�r�i�t�h�m� �f�o�r� �R�e�l�a�t�i�o�n�a�l� �A�t�t�r�i�b�u�t�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � � � 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �5�1



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

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

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

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

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

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

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

�t�h�e� �o�b�j�e�c�t�s�.� 

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

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

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

�i�t�i�v�e� �a�n�s�w�e�r� �t�o� �t�h�i�s� �q�u�e�s�t�i�o�n�,� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �p�e�r�m�i�t�s� �e�i�t�h�e�r� �a�p�p�r�o�a�c�h�.� 

�4�.�1�.�2�.�2� �H�i�e�r�a�r�c�h�i�c�a�l� 

�A�c�c�o�r�d�i�n�g� �t�o� �N�a�n�c�e� �[�1�9�8�l�a� �p�.� �2�7�]� �a�n� �h�i�e�r�a�r�c�h�i�c�a�l� �r�e�l�a�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e�:� 

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

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

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

�o�b�j�e�c�t�s�,� �a�s� �w�e�l�l� �a�s� �p�r�o�v�i�d�i�n�g� �i�n�d�e�x�i�n�g� �i�n�t�o� �t�h�e� �s�e�t�.� �E�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�n�d�i�c�a�t�e� 

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

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

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

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

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �5�2



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

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

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

�o�f� �h�e�i�r�a�r�c�h�i�c�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �o�f� �s�e�t� �s�p�e�c�i�f�c�a�t�i�o�n� �i�n� �S�e�c�t�i�o�n� �4�.�2�.� 

�4�.�1�.�3� �T�i�m�e�-�B�a�s�e�d� �S�i�g�n�a�l�s� 

�T�i�m�e� �s�e�q�u�e�n�c�i�n�g� �i�n� �a� �C�S� �i�s� �p�r�o�v�i�d�e�d� �v�i�a� �a�/�a�r�m�s�,� �o�r� �t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l�s�,� �w�h�i�c�h� �a�r�e� �s�e�t� �b�y� �t�h�e� �p�r�i�m�i�-� 

�t�i�v�e� �S�E�T� �A�L�A�R�M� �t�o�  ��g�o� �o�f�f �� �a�t� �s�o�m�e� �v�a�l�u�e� �o�f� �s�y�s�t�e�m� �t�i�m�e�.� �W�e� �h�a�v�e� �a�l�r�e�a�d�y� �s�e�e�n� �(�i�n� �F�i�g�u�r�e� �1�4�)� 

�h�o�w� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �d�e�d�u�c�e�s� �t�h�e� �W�H�E�N� �A�L�A�R�M� �a�n�d� �A�F�T�E�R� �A�L�A�R�M� �c�o�n�d�i�t�i�o�n�s� �w�h�e�n� 

�m�a�t�c�h�i�n�g� �a� �c�o�n�d�i�t�i�o�n� �t�o� �s�o�m�e� �m�o�d�e�l� �a�c�t�i�o�n�.� �O�f� �c�o�u�r�s�e�,� �e�v�e�r�y� �a�l�a�r�m� �m�u�s�t� �h�a�v�e� �a� �S�E�T� �A�L�A�R�M� 

�a�c�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �a�l�l�o�w� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �i�t�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �W�H�E�N� �A�L�A�R�M� �o�r� �A�F�T�E�R� �A�L�A�R�M�.� 

�T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l� �s�p�e�c�i�f�i�c�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �1�6�.� �A�n� �i�m�p�o�r�t�a�n�t� �d�i�s�t�i�n�c�t�i�o�n� 

�t�o� �n�o�t�e� �i�s� �t�h�a�t� �t�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �a�l�a�r�m� �s�p�e�c�i�f�i�c�a�t�i�o�n� �d�e�r�i�v�e�s� �a� �c�o�n�d�i�t�i�o�n� �(�a� �W�H�E�N� �A�L�A�R�M� �o�r� 

�A�F�T�E�R� �A�L�A�R�M�)�.� �T�h�i�s� �a�l�g�o�r�i�t�h�m� �d�e�r�i�v�e�s� �a�n� �a�c�t�i�o�n� �(�a� �S�E�T� �A�L�A�R�M�)� �a�n�d� �t�h�e� �c�o�n�d�i�t�i�o�n� �w�h�i�c�h� 

�p�r�e�c�i�p�i�t�a�t�e�s� �i�t�.� �O�f� �c�o�u�r�s�e�,� �t�h�e� �c�o�n�d�i�t�i�o�n� �f�o�r� �a� �S�E�T� �A�L�A�R�M� �a�c�t�i�o�n� �m�a�y� �c�o�n�s�i�s�t� �o�f� �a� �W�H�E�N� 

�A�L�A�R�M� �o�r� �A�F�T�E�R� �A�L�A�R�M� �f�o�r� �t�h�e� �s�a�m�e�,� �o�r� �a� �d�i�f�f�e�r�e�n�t�,� �t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l�.� 

�T�h�e� �C�S� �p�r�i�m�i�t�i�v�e� �C�A�N�C�E�L� �A�L�A�R�M� �i�s� �n�o�t� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �s�i�n�c�e� �t�h�i�s� �f�u�n�c�t�i�o�n� 

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

�1�9�7�6�]�.� �W�e� �s�p�e�c�u�l�a�t�e� �t�h�a�t� �C�A�N�C�E�L� �i�s� �r�e�q�u�i�r�e�d� �o�n�l�y� �f�o�r�  ��m�a�n�-�i�n�-�t�h�e�-�l�o�o�p �� �s�i�m�u�l�a�t�i�o�n�s�.� 

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

�o�f� �t�h�e� �o�b�j�e�c�t�.� �B�a�r�g�e�r� �[�1�9�8�6� �p�.�1�1�6�]� �r�a�i�s�e�s� �t�h�e� �q�u�e�s�t�i�o�n�,�  ��s�h�o�u�l�d� �a�n� �a�l�a�r�m� �b�e� �a�t�t�a�c�h�e�d� �t�o� �m�u�l�t�i�p�l�e� 

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

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

�W�H�E�N� �A�L�A�R�M� �o�r� �A�F�T�E�R� �A�L�A�R�M� �c�o�n�d�i�t�i�o�n� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �a�l�a�r�m�.� �T�h�i�s� �m�a�n�y�-�t�o�-�m�a�n�y� �r�e�-� 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �5�3



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

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

�T�h�e� �s�o�l�u�t�i�o�n� �o�f�f�e�r�e�d� �b�y� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�s� �t�h�a�t� �a�l�l� �a�l�a�r�m�s� �a�r�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �a�t�t�a�c�h�e�d� �a�s� �a�t�t�r�i�-� 

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

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

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

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

�m�o�d�e�l� �o�b�j�e�c�t�s� �w�i�t�h� �a�c�c�e�s�s� �t�o� �s�y�s�t�e�m�_�t�i�m�e�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�o�d�e�l� �a�l�a�r�m�s�.� �N�o�t�e�,� �t�h�a�t� �i�n� �a�n� �o�b�j�e�c�t�-� 

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

�s�e�n�s�e�,� �t�h�i�s� �m�e�c�h�a�n�i�s�m� �m�u�s�t� �b�e� �g�l�o�b�a�l� �(�a�t� �l�e�a�s�t� �a�m�o�n�g� �a�l�l� �c�o�m�m�u�n�i�c�a�t�i�n�g� �o�b�j�e�c�t�s�)�.� �F�u�r�t�h�e�r� �n�o�t�e� 

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

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

�4�.�1�.�4� �M�o�d�e�l� �I�n�p�u�t� �a�n�d� �O�u�t�p�u�t� 

�T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �m�o�d�e�l� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �(�I�/�O�)� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �1�7�.� �T�h�i�s� �f�a�c�i�l�i�t�y� 

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

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

�4�.�1�.�5� �O�b�j�e�c�t� �C�r�e�a�t�i�o�n� �a�n�d� �D�e�s�t�r�u�c�t�i�o�n� 

�T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �o�b�j�e�c�t� �c�r�e�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �1�8�.� �T�h�i�s� �r�a�t�h�e�r� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �a�l�g�o�r�i�t�h�m� �a�l�-� 

�l�o�w�s� �a� �m�o�d�e�l�e�r� �t�o� �s�e�l�e�c�t� �a�n� �o�b�j�e�c�t� �a�n�d� �t�h�e� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �i�t�s� �c�r�e�a�t�i�o�n� �o�r� �d�e�s�t�r�u�c�t�i�o�n�.� �N�o�t�e� 
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�S�e�l�e�c�t� �a� �d�e�f�i�n�e�d� �t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l�.� 
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�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d�,� �f�o�r�m� �t�h�e� �C�A�P� �a�n�d� �g�o�t�o� �s�t�e�p� �7�,� 
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�S�e�l�e�c�t� �a� �d�e�f�i�n�e�d� �o�b�j�e�c�t�.� 
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�I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d�,� �f�o�r�m� �t�h�e� �C�A�P� �a�n�d� �g�o�t�o� �s�t�e�p� �7�,� 
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�e�l�s�e� �c�o�n�t�i�n�u�e�.� 
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�t�h�e� �c�o�n�d�i�t�i�o�n� �a�n�d� �f�o�r�m� �t�h�e� �C�A�P�,� �e�l�s�e� �g�o�t�o� �S�p�e�c�i�f�y� �A�l�a�r�m� �a�n�d� �f�o�r�m� 
�t�h�e� �C�A�P� �o�n� �r�e�t�u�r�n�.� 
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�4�.�1�.�6� �M�o�d�e�l� �I�n�i�t�i�a�l�i�z�a�t�i�o�n� �a�n�d� �T�e�r�m�i�n�a�t�i�o�n� 

�T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �m�o�d�e�l� �i�n�i�t�i�a�l�i�z�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �1�9�.� �N�o� �e�x�p�r�e�s�s�i�o�n� �i�s� 

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

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

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

�o�n�e� �e�x�p�r�e�s�s�i�o�n� �f�o�r� �a� �p�e�r�m�a�n�e�n�t� �i�n�d�i�c�a�t�i�v�e� �a�t�t�r�i�b�u�t�e� �f�o�r� �e�a�c�h� �o�b�j�e�c�t� �i�n� �t�h�e� �p�-�s�e�t�.� �W�h�e�n� �a� �p�-�s�e�t� �i�s� 

�d�e�f�i�n�e�d�,� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�e�n�e�r�a�t�e�s� �a� �F�o�r�-�l�o�o�p� �t�o� �b�e� �e�x�e�c�u�t�e�d� �d�u�r�i�n�g� �i�n�i�t�i�a�l�i�z�a�-� 

�t�i�o�n� �t�h�a�t� �c�r�e�a�t�e�s� �e�a�c�h� �o�f� �t�h�e� �n� �i�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �p�-�s�e�t� �o�b�j�e�c�t�.� �T�h�e� �l�o�o�p� �t�a�k�e�s� �t�h�e� �f�o�r�m�:� 

�F�O�R� �i�:�=� �1� �t�o� �<�n�u�m�b�e�r� �i�n� �p�-�s�e�t�>� �D�O� 
�C�R�E�A�T�E�(�p�-�s�e�t�_�o�b�j�e�c�t�)�;� 

�E�N�D� �F�O�R�;� 

�A� �m�o�d�e�l�e�r� �n�e�e�d�s� �t�o� �p�r�o�v�i�d�e� �a�n� �a�s�s�i�g�n�m�e�n�t� �a�c�t�i�o�n� �o�f� �t�h�e� �f�o�r�m�:� �p�-�s�e�t�_�o�b�j�e�c�t�.� �<� �p�e�r�m�a�n�e�n�t� �i�n�d�i�c�a�t�i�v�e� 

�a�t�t�r�i�b�u�t�e� �n�a�m�e�>� �:�=� �i�;� �i�n� �o�r�d�e�r� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �t�h�e� �o�b�j�e�c�t�s� �i�n� �t�h�e� �p�-�s�e�t�.� �W�h�e�n� �s�p�e�c�i�f�y�i�n�g� 

�i�n�i�t�i�a�l�i�z�a�t�i�o�n�,� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �r�e�q�u�e�s�t�s� �t�h�a�t� �t�h�e� �m�o�d�e�l�e�r� �i�n�d�i�c�a�t�e� �w�h�i�c�h� �p�e�r�m�a�n�e�n�t� �i�n�d�i�c�a�t�i�v�e� 

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

�i�t� �i�n� �t�h�e� �F�o�r�-�l�o�o�p� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g� �t�h�e� �C�R�E�A�T�E� �s�t�a�t�e�m�e�n�t�.� �A� �m�o�d�e�l�e�r� �m�a�y� �a�l�s�o� �p�r�o�v�i�d�e� 

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

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

�T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �t�e�r�m�i�n�a�t�i�o�n� �s�p�e�c�i�f�i�c�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �2�0�.� �W�h�e�n� �s�p�e�c�i�f�y�i�n�g� �t�e�r�m�i�n�a�t�i�o�n� �a� 

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

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

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

�M�u�s�t�:� 
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�F�o�r� �a�n�y� �p�-�s�e�t�,� �p�r�o�v�i�d�e� �a�n� �a�s�s�i�g�n�m�e�n�t� �t�o� �a� �p�e�r�m�a�n�e�n�t� �i�n�d�i�c�a�t�i�v�e� 
�a�t�t�r�i�b�u�t�e�.� �T�h�i�s� �s�h�o�u�l�d� �b�e� �d�o�n�e� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �p�-�s�e�t� �o�b�j�e�c�t� 
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�M�u�s�t�:� �P�r�o�v�i�d�e� �a� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� �t�e�r�m�i�n�a�t�i�o�n�.� 

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

�M�a�y�:� �S�p�e�c�i�f�y� �O�U�T�P�U�T� �a�c�t�i�o�n� �f�o�r� �a�n�y� �m�o�d�e�l� �a�t�t�r�i�b�u�t�e�.� 

�F�i�g�u�r�e� �2�0�.� �A�l�g�o�r�i�t�h�m� �f�o�r� �T�e�r�m�i�n�a�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � 
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�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�0



�4�.�1�.�7� �U�s�e�r�-�D�e�f�i�n�e�d� �F�u�n�c�t�i�o�n�s� 

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

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

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

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

�u�n�d�e�f�i�n�e�d� �-�-� �a�n�d� �t�h�e� �S�M�D�E� �i�s� �l�i�k�e�l�y� �t�o� �p�r�o�v�i�d�e� �a� �v�a�r�i�e�t�y� �o�f� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s� �t�h�a�t� 

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

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

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

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

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

�i�n� �F�i�g�u�r�e� �2�1�.� 

�4�.�2� �R�e�p�r�e�s�e�n�t�i�n�g� �S�e�t�s� �i�n� �M�o�d�e�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

�T�h�e� �C�M� �i�d�e�n�t�i�f�i�e�s� �t�w�o� �t�y�p�e�s� �o�f� �s�e�t�s� �[�N�a�n�c�e� �1�9�8�1�l�a�,� �p�.� �2�8�]�:� 

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

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

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

�p�r�i�o�r� �t�o� �m�o�d�e�l� �e�x�e�c�u�t�i�o�n�.� �W�h�e�n� �d�e�f�i�n�i�n�g� �a� �p�-�s�e�t� �w�i�t�h� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�,� �a� �m�o�d�e�l�e�r� �m�u�s�t� �p�r�o�-� 

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

�f�o�r� �e�a�c�h� �o�f� �t�h�e� �m�e�m�b�e�r�s� �o�f� �t�h�e� �p�-�s�e�t�.� �A�s� �m�e�n�t�i�o�n�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�1�.�6�,� �t�h�e� �m�o�d�e�l�e�r� �m�u�s�t� �p�r�o�v�i�d�e� �a�t� 

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

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�1
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�S�t�e�p� �7�:� 

�N�a�m�e� �t�h�e� �f�u�n�c�t�i�o�n�.� 

�P�r�o�v�i�d�e� �f�u�n�c�t�i�o�n� �r�e�t�u�r�n� �t�y�p�e� �(�C�S� �t�y�p�i�n�g�)�.� 

�D�e�s�c�r�i�b�e� �t�h�e� �f�u�n�c�t�i�o�n�.� 

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

�T�y�p�e� �t�h�e� �p�a�r�a�m�e�t�e�r� �(�C�S� �t�y�p�e�)�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �4�-�5� �u�n�t�i�l� �a�l�l� �p�a�r�a�m�e�t�e�r�s� �h�a�v�e� �b�e�e�n� �d�e�f�i�n�e�d�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �1�-�6� �u�n�t�i�l� �a�l�l� �f�u�n�c�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �d�e�f�i�n�e�d�.� 

�F�i�g�u�r�e� �2�1�.� �A�l�g�o�r�i�t�h�m� �f�o�r� �F�u�n�c�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � � � 
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�t�i�f�i�e�r�,� �i�s� �r�e�q�u�i�r�e�d� �i�n� �a�n�y� �p�-�s�e�t� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �u�n�i�q�u�e�l�y� �a�m�o�n�g� �s�e�t� �m�e�m�b�e�r�s�.� �D�-�s�e�t� �m�e�m�b�e�r�s�h�i�p� �f�o�r� 

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

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

�S�e�t� �m�a�n�i�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�s� �p�r�o�v�i�d�e�d� �v�i�a� �t�h�e� �t�y�p�i�c�a�l� �m�a�t�h�e�m�a�t�i�c�a�l� �s�e�t� �o�p�e�r�a�t�i�o�n�s�,� 

�I�N�S�E�R�T�,� �D�E�L�E�T�E�,� �M�E�M�B�E�R�,� �a�n�d� �F�I�N�D�,� �w�i�t�h� �t�h�e� �u�s�u�a�l� �s�e�m�a�n�t�i�c�s�.� �T�h�e� �s�y�n�t�a�x� �a�n�d� �f�u�n�c�t�i�o�n� 

�o�f� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s� �i�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �5�.� �A� �m�o�d�e�l�e�r� �m�u�s�t� �s�p�e�c�i�f�y� �a�n�y� �s�e�t� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �s�e�t� �s�p�e�c�i�f�i�-� 

�c�a�t�i�o�n� �d�i�a�l�o�g�u�e�.� �T�h�e� �a�l�g�o�r�i�t�h�m� �f�o�r� �s�e�t� �s�p�e�c�i�f�i�c�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �2�2�.� �S�i�n�c�e� �p�-�s�e�t� �m�e�m�b�e�r�s�h�i�p� 

�i�s� �S�t�a�t�i�c�,� �o�n�l�y� �d�-�s�e�t�s� �m�a�y� �b�e� �m�a�n�i�p�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �I�N�S�E�R�T� �a�n�d� �D�E�L�E�T�E� �o�p�e�r�a�t�i�o�n�s�.� �O�f� �c�o�u�r�s�e�,� 

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

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

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

�d�e�f�i�n�e�d� �f�o�r� �t�h�e� �m�o�d�e�l�.� �N�o�t�e� �t�h�a�t� �t�h�e� �s�e�t� �o�p�e�r�a�t�i�o�n�s� �M�E�M�B�E�R� �a�n�d� �F�I�N�D� �c�a�n� �b�e� �r�e�f�e�r�e�n�c�e�d� �i�n� �a�n�y� 

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

�4�.�3� �S�p�e�c�i�f�i�c�a�t�i�o�n� �C�o�m�p�l�e�t�e�n�e�s�s� 

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

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

�G�e�n�e�r�a�t�o�r�,� �a�n�d� �t�o� �w�h�a�t� �e�x�t�e�n�t�?� �T�h�i�s� �p�h�i�l�i�s�o�p�h�i�c�a�l� �q�u�e�s�t�i�o�n� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�r�i�n�c�i�p�l�e� �o�f�  ��s�e�p�a�r�a�t�i�o�n� 

�o�f� �c�o�n�c�e�r�n�s �� �i�d�e�n�t�i�f�i�e�d� �b�y� �[�D�i�j�k�s�t�r�a� �1�9�7�2�]�.� �T�h�e� �M�o�d�e�l� �A�n�a�l�y�z�e�r� �p�r�o�v�i�d�e�s�,� �a�n�d� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� 

�b�u�l�k� �o�f� �m�o�d�e�l� �a�n�a�l�y�s�i�s� �w�i�t�h�i�n� �t�h�e� �S�M�D�E� �f�r�a�m�e�w�o�r�k�.� �A� �t�h�o�r�o�u�g�h� �q�u�e�s�t�i�o�n�i�n�g� �o�f� �t�h�e� �r�o�l�e� �o�f� �a�n�a�l�-� 

�y�s�i�s� �w�i�t�h�i�n� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�s� �t�h�e�r�e�f�o�r�e� �m�a�n�d�a�t�e�d�.� 

�A� �s�i�m�p�l�e� �c�r�i�t�e�r�i�a� �f�o�r� �s�p�e�c�i�f�i�c�a�t�i�o�n� �c�o�m�p�l�e�t�e�n�e�s�s� �a�n�a�l�y�s�i�s� �w�i�t�h�i�n� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�s� �t�h�e� �a�v�a�i�l�-� 

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

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�3



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

� � 

� � 

� � 

�N�A�M�E� �S�Y�N�T�A�X� �F�U�N�C�T�I�O�N� 

�I�n�s�e�r�t� �I�N�S�E�R�T�(� �<�o�b�j�e�c�t�_�n�a�m�e�>� �[�(�i�d�)�]�,� �O�b�j�e�c�t� �i�n�s�e�r�t�i�o�n� 
�<�s�e�t�_�n�a�m�e�>� �)� 

�D�e�l�e�t�e� �D�E�L�E�T�E�(� �<�o�b�j�e�c�t�_�n�a�m�e� �>� �[�(�i�d�)�]�,� �O�b�j�e�c�t� �d�e�l�e�t�i�o�n� 
�<�s�e�t�_�n�a�m�e�>� �)� 

�M�e�m�b�e�r� �<�b�o�o�l�v�a�r�>� �:�=� �M�E�M�B�E�R�(� �<�o�b�j�e�c�t�_�n�a�m�e� �>� �S�e�t� �m�e�m�b�e�r�s�h�i�p� 
�[�(�i�d�)�]�,� �<�s�e�t�_�n�a�m�e�>� �)� 

�F�i�n�d� �<�s�e�t�v�a�r�>� �:�=� �F�I�N�D�(� �F�I�R�S�T� �|� �L�A�S�T� �|� �F�i�n�d� �o�b�j�e�c�t� �o�r� �s�e�t� � � �A�L�L� �|� �U�N�I�Q�U�E�,� 
�<�s�e�t�_�n�a�m�e�>�,� �<�e�x�p�r�e�s�s�i�o�n�>� �)� � � �b�a�s�e�d� �o�n� �e�x�p�r�e�s�s�i�o�n� � � � � 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�4



� � 

� � 

�S�t�e�p� �1�:� �S�e�l�e�c�t� �a� �m�o�d�e�l� �o�b�j�e�c�t�.� �[�S�e�l�e�c�t� �o�b�j�e�c�t� �i�d�e�n�t�i�f�i�e�r�.�]� 

�S�t�e�p� �2�:� �S�e�l�e�c�t� �a� �d�-�s�e�t�.� 

�S�t�e�p� �3�:� �F�o�r�m� �t�h�e� �a�c�t�i�o�n�:� �I�N�S�E�R�T� �(�o�b�j�e�c�t�_�n�a�m�e�l�[�(�i�d�)�]�,� �s�e�t�_�n�a�m�e�)� 

�S�t�e�p� �4�:� �S�p�e�c�i�f�y� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �o�b�j�e�c�t� �t�o� �b�e� �i�n�s�e�r�t�e�d� �i�n�t�o� 
�t�h�e� �d�-�s�e�t�.� �I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d�,� �f�o�r�m� �t�h�e� �C�A�P� �a�n�d� 
�g�o�t�o� �s�t�e�p� �1�3�,� �e�l�s�e� �c�o�n�t�i�n�u�e�.� 

�S�t�e�p� �5�:� �N�a�m�e� �a� �n�e�w� �m�o�d�e�l� �c�o�n�d�i�t�i�o�n�.� 

�S�t�e�p� �6�:� �D�e�s�c�r�i�b�e� �t�h�e� �n�e�w� �c�o�n�d�i�t�i�o�n�.� 

�S�t�e�p� �7�:� �I�f�t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �s�t�a�t�e�-�b�a�s�e�d�,� �e�n�t�e�r� �t�h�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� 
�t�h�e� �c�o�n�d�i�t�i�o�n� �a�n�d� �f�o�r�m� �t�h�e� �C�A�P�,� �e�l�s�e� �g�o�t�o� �S�p�e�c�i�f�y� �A�l�a�r�m� �a�n�d� �f�o�r�m� 
�t�h�e� �C�A�P� �o�n� �r�e�t�u�r�n�.� 

�S�t�e�p� �8�:� �F�o�r�m� �t�h�e� �a�c�t�i�o�n�:� �D�E�L�E�T�E�(�o�b�j�e�c�t�_�n�a�m�e�j�(�i�d�)�]�,� �s�e�t�_�n�a�m�e�)� 

�S�t�e�p� �9�:� �S�p�e�c�i�f�y� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �o�b�j�e�c�t� �t�o� �b�e� �d�e�l�e�t�e�d� �f�r�o�m� 
�t�h�e� �d�-�s�e�t�.� �I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d�,� �f�o�r�m� �t�h�e� �C�A�P� �a�n�d� 
�g�o�t�o� �s�t�e�p� �1�4�,� �e�l�s�e� �c�o�n�t�i�n�u�e�.� 

�S�t�e�p� �1�0�:� �N�a�m�e� �a� �n�e�w� �m�o�d�e�l� �c�o�n�d�i�t�i�o�n�.� 

�S�t�e�p� �1�1�:� �D�e�s�c�r�i�b�e� �t�h�e� �n�e�w� �c�o�n�d�i�t�i�o�n�.� 

�S�t�e�p� �1�2�:� �I�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �i�s� �s�t�a�t�e�-�b�a�s�e�d�,� �e�n�t�e�r� �t�h�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� 
�t�h�e� �c�o�n�d�i�t�i�o�n� �a�n�d� �f�o�r�m� �t�h�e� �C�A�P�,� �e�l�s�e� �g�o�t�o� �S�p�e�c�i�f�y� �A�l�a�r�m� �a�n�d� �f�o�r�m� 
�t�h�e� �C�A�P� �o�n� �r�e�t�u�r�n�.� 

�S�t�e�p� �1�3�:� �R�e�p�e�a�t� �s�t�e�p� �4� �u�n�t�i�l� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �o�b�j�e�c�t� �i�n�s�e�r�t�i�o�n� �h�a�v�e� 
�b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�S�t�e�p� �1�4�:� �R�e�p�e�a�t� �s�t�e�p� �9� �u�n�t�i�l� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �o�b�j�e�c�t� �d�e�l�e�t�i�o�n� �h�a�v�e� 
�b�e�e�n� �s�p�e�c�i�f�i�e�d�.� 

�S�t�e�p� �1�5�:� �R�e�p�e�a�t� �s�t�e�p�s� �2�-�1�4� �u�n�t�i�l� �a�l�l� �d�-�s�e�t�s� �h�a�v�e� �b�e�e�n� �s�p�e�c�i�f�i�e�d� �f�o�r� �t�h�e� 
�c�u�r�r�e�n�t� �o�b�j�e�c�t�.� 

�S�t�e�p� �1�6�:� �R�e�p�e�a�t� �s�t�e�p�s� �1�-�1�5� �u�n�t�i�l� �a�l�l� �o�b�j�e�c�t�s� �h�a�v�e� �b�e�e�n� �a�d�d�r�e�s�s�e�d�.� 

�F�i�g�u�r�e� �2�2�.� �A�l�g�o�r�i�t�h�m� �f�o�r� �S�e�t� �S�p�e�c�i�f�i�c�a�t�i�o�n� 
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�D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� 

� 



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

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

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

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

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

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

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

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

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

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

�m�o�d�e�l� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �t�h�e� �c�h�a�n�g�e�.� 

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

�G�e�n�e�r�a�t�o�r� �a�s�s�e�s�s�e�s� �s�p�e�c�i�f�i�c�a�t�i�o�n� �c�o�m�p�l�e�t�e�n�e�s�s� �e�s�s�e�n�t�i�a�l�l�y� �a�s� �a�t�t�r�i�b�u�t�e� �c�o�m�p�l�e�t�e�n�e�s�s�.� �E�v�e�r�y� �o�b�j�e�c�t� 

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

�p�r�e�s�s�i�o�n� �(�o�r� �p�r�o�v�i�d�e�d� �b�y� �i�n�p�u�t�)�.� �T�h�e�s�e� �c�r�i�t�e�r�i�a� �a�r�e� �e�a�s�i�l�y� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �a�n�d� 

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

�4�.�4� �D�a�t�a�b�a�s�e� �D�e�s�i�g�n� 

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

�a�s� �r�e�l�a�t�i�o�n�s� �i�n� �a�n� �I�N�G�R�E�S� �r�e�l�a�t�i�o�n�a�l� �d�a�t�a�b�a�s�e�.� �T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �u�t�i�l�i�z�e�s� �t�w�o� �t�y�p�e�s� �o�f� �r�e�l�a�-� 

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

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

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�6



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

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

�T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �c�a�n� �a�c�c�e�s�s� �t�h�e� �d�a�t�a�b�a�s�e� �u�t�i�l�i�t�e�s� �m�a�k�e�d�b�,� �i�n�i�t�d�b�,� �l�o�a�d�d�b�,� �c�l�e�a�n�d�b�,� �a�n�d� �k�i�l�l�m�o�d�s�.� 

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

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

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

�f�o�r�m�a�t�i�o�n� �t�h�a�t� �i�s� �u�n�i�v�e�r�s�a�l� �s�u�c�h� �a�s� �a�d�d�i�n�g� �t�h�e� �a�c�t�i�o�n� �S�T�O�P� �t�o� �t�h�e� �c�o�n�d�i�t�i�o�n� �T�e�r�m�i�n�a�t�i�o�n�,� �a�n�d� �a�t�-� 

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

�(�N�o�t�e�:� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �a�s�s�u�m�e�s� �t�h�e� �i�n�d�e�x�i�n�g� �a�t�t�r�i�b�u�t�e� �o�f� �t�h�e� �m�o�d�e�l� �i�s� �t�i�m�e�,� �a�s� �i�s� �t�y�p�i�c�a�l� �i�n� 

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

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

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

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

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

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

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

�4�.�5� �I�n�t�e�r�f�a�c�e� �D�e�s�i�g�n� 

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

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

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

�M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �p�r�o�t�o�t�y�p�e� �i�s� �t�o� �p�r�o�v�i�d�e� �a� �p�l�a�t�f�o�r�m� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

�a�s� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r�m� �i�n� �t�h�e� �S�M�D�E�.� �A�c�c�o�r�d�i�n�g�l�y�,� �t�h�i�s� �r�e�s�e�a�r�c�h� �d�o�e�s� �n�o�t� �c�l�a�i�m� �t�o� �b�e� �i�n� �t�h�e� �a�r�e�a� 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�7



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

�o�f� �a�n� �i�d�e�a�l� �i�n�t�e�r�f�a�c�e�.� �H�o�w�e�v�e�r�,� �i�n� �o�r�d�e�r� �t�o� �a�d�e�q�u�a�t�e�l�y� �a�s�s�e�s�s� �t�h�e� �C�S�,� �t�h�e� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �m�u�s�t� �n�o�t� 

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

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

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

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

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

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

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

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

�4�.�5�.�1� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �I�n�t�e�r�f�a�c�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� �U�s�i�n�g� �U�s�e�r� �A�c�t�i�o�n� �N�o�t�a�t�i�o�n� 

�S�o�m�e� �m�a�j�o�r� �a�s�p�e�c�t�s� �o�f� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�n�t�e�r�f�a�c�e� �a�r�e� �d�e�s�i�g�n�e�d� �u�s�i�n�g� �U�s�e�r� �A�c�t�i�o�n� �N�o�t�a�t�i�o�n� 

�(�U�A�N�)� �[�H�i�x� �a�n�d� �S�i�o�c�h�i� �1�9�8�9�]�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �i�s� �t�w�o�-�f�o�l�d�.� �F�i�r�s�t�l�y�,� �i�t� �p�r�o�v�i�d�e�s� �a� �d�e�g�r�e�e� �o�f� 

�m�u�c�h� �n�e�e�d�e�d� �s�t�r�u�c�t�u�r�e� �t�o� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�n�t�e�r�f�a�c�e�,� �a�n�d� �s�e�c�o�n�d�l�y� �s�i�n�c�e� �U�A�N� �i�s� 

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

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

�U�A�N� �1�s� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �t�h�a�t� �a�r�e� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �a�s�y�n�c�h�r�o�n�o�u�s�,� �e�v�e�n�t�-� 

�b�a�s�e�d�,� �h�i�g�h�l�y� �c�o�m�p�l�e�x� �a�n�d� �d�y�n�a�m�i�c� �d�i�r�e�c�t� �m�a�n�i�p�u�l�a�t�i�o�n� �i�n�t�e�r�f�a�c�e�s� �[�H�i�x� �a�n�d� �S�i�o�c�h�i� �1�9�8�9�]�.� �T�h�i�s� 

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

�s�y�s�t�e�m� �f�r�o�m� �a� �u�s�e�r ��s� �p�e�r�s�p�e�c�t�i�v�e�.� �U�A�N� �r�e�p�r�e�s�e�n�t�s� �a� �p�o�t�e�n�t�i�a�l�l�y� �p�o�w�e�r�f�u�l� �a�r�e�n�a� �f�o�r� �i�n�t�e�r�f�a�c�e� �s�p�e�c�-� 

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

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

�i�d�e�n�t�i�f�i�e�d� �b�y� �[�H�i�x� �a�n�d� �S�i�o�c�h�i� �1�9�8�9�]� �c�o�n�s�i�s�t�s� �o�f�:� 

�e� �U�s�e�r� �A�c�t�i�o�n� �N�o�t�a�t�i�o�n� �(�U�A�N�)� �-� �a� �n�o�t�a�t�i�o�n� �f�o�r� �d�e�s�c�r�i�b�i�n�g�:� 
�-� �U�s�e�r� �a�c�t�i�o�n�s�:� �w�h�a�t� �t�h�e� �u�s�e�r� �p�h�i�s�i�c�a�l�l�y� �d�o�e�s� �w�h�i�l�e� �u�s�i�n�g� �t�h�e� �i�n�t�e�r�f�a�c�e�,� 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�8



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

�¢� �S�c�e�n�a�r�i�o�s� �-� �s�c�r�e�e�n� �p�i�c�t�u�r�e�s� �t�h�a�t� �c�o�m�p�l�e�m�e�n�t� �t�h�e� �U�A�N� �d�e�s�c�r�i�p�t�i�o�n�s�.� 

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

�e� �A�n�n�o�t�a�t�i�o�n� �-� �n�o�t�e�s� �a�p�p�e�n�d�e�d� �t�o� �U�A�N� �d�e�s�c�r�i�p�t�i�o�n�s�,� �s�c�e�n�a�r�i�o�s�,� �e�t�c�.�,� �a�s� �n�e�e�d�e�d� 
�f�o�r� �c�l�a�r�i�t�y�.� 

�@� �D�i�s�c�u�s�s�i�o�n� �s�h�e�e�t�s� �-� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�c�e�r�n�i�n�g� �d�e�s�i�g�n� �q�u�e�s�t�i�o�n�s�,� �t�r�a�d�e�-�o�f�f�s�,� �a�n�d� �d�e�c�i�s�i�o�n�s�.� 

�T�a�b�l�e� �6� �p�r�e�s�e�n�t�s� �a� �s�u�m�m�a�r�y� �o�f� �U�A�N� �n�o�t�a�t�i�o�n�.� �A�n� �e�x�a�m�p�l�e� �o�f� �U�A�N�,� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �2�3�,� �d�e�s�c�r�i�b�e�s� 

�t�h�e� �s�y�s�t�e�m� �b�e�h�a�v�i�o�r� �o�f� �a�n� �A�p�p�l�e� �M�a�c�i�n�t�o�s�h� �w�h�e�n� �d�e�l�e�t�i�n�g� �a� �f�i�l�e� �f�r�o�m� �a� �d�e�s�k�t�o�p�.� �T�h�e� �U�A�N� �d�e�-� 

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

�4�.�5�.�2� �E�x�p�l�o�i�t�a�t�i�o�n� �o�f� �U�N�I�X� �M�u�l�t�i�t�a�s�k�i�n�g� 

�T�h�e� �l�a�r�g�e� �s�c�r�e�e�n� �d�i�s�p�l�a�y� �a�n�d� �m�u�l�t�i�w�i�n�d�o�w� �d�i�s�p�l�a�y� �m�a�n�a�g�e�r� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �S�U�N� �e�n�v�i�r�o�n�m�e�n�t� �a�l�-� 

�l�o�w� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �t�o� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �m�u�l�t�i�t�a�s�k�i�n�g� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �U�N�I�X� �o�p�e�r�a�t�i�n�g� 

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

�g�r�o�u�n�d�.� �I�n� �t�h�e� �S�U�N� �e�n�v�i�r�o�n�m�e�n�t�,� �h�o�w�e�v�e�r�,� �o�n�e� �r�u�n�n�i�n�g� �p�r�o�c�e�s�s� �m�a�y� �s�p�a�w�n� �a�n�o�t�h�e�r� �p�r�o�c�e�s�s� �i�n� �a� 

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

�t�h�e� �s�a�m�e� �d�i�s�p�l�a�y�.� 

�A� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �m�i�g�h�t� �u�t�i�l�i�z�e� �m�u�l�t�i�t�a�s�k�i�n�g� �i�n� �a� �v�a�r�i�e�t�y� �o�f� �w�a�y�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �p�h�a�s�e�s� �o�f� �t�h�e� 

�C�M� �m�a�y� �e�x�i�s�t� �s�e�p�a�r�a�t�e�l�y� �a�s� �i�n�d�e�p�e�n�d�e�n�t� �(�b�u�t� �c�o�o�p�e�r�a�t�i�n�g�)� �p�r�o�c�e�s�s�e�s�,� �r�e�i�n�f�o�r�c�i�n�g� �i�n� �t�h�e� �m�i�n�d� �o�f� �t�h�e� 

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

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

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

�p�h�a�s�e�s�,� �a�s� �w�e�l�l� �a�s� �a� �c�o�n�s�e�r�v�a�t�i�v�e� �l�o�c�k�i�n�g� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r� �S�u�n�I�N�G�R�E�S�,� �c�o�m�b�i�n�e� �t�o� �h�a�m�p�e�r� �t�h�e� 

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

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �6�9



�T�a�b�l�e� �6�.� �S�u�m�m�a�r�y� �o�f� �U�A�N� �N�o�t�a�t�i�o�n� 

�[�H�i�x� �a�n�d� �S�i�o�c�h�i� �1�9�8�9�]� 

� � 

�U�S�E�R� �A�C�T�I�O�N�S� 

� � 

�~� �m�o�v�e� �t�h�e� �c�u�r�s�o�r� 
�[�s�y�m�]� �c�o�n�t�e�x�t� �o�f� �s�y�m�;�  ��h�a�n�d�l�e �� �w�i�t�h� �w�h�i�c�h� �c�u�r�s�o�r� �m�a�n�i�p�u�l�a�t�e�s� �s�y�m� 
�[�x�,�y�]� �c�o�n�t�e�x�t� �o�f� �s�c�r�e�e�n� �l�o�c�a�t�i�o�n� �x�,�y� 
�X�v� �d�e�p�r�e�s�s� �b�u�t�t�o�n� �X� 
�X�A� �r�e�l�e�a�s�e� �b�u�t�t�o�n� �X� 
�(�)� �g�r�o�u�p�i�n�g� �m�e�c�h�a�n�i�s�m� 
�*� �k�l�e�e�n�e� �s�t�a�r�;� �i�n�d�i�c�a�t�e�s� �z�e�r�o� �o�r� �m�o�r�e� �r�e�p�e�t�i�t�i�o�n�s� �o�f� �p�r�e�v�i�o�u�s� �a�c�t�i�o�n� 
�&� �c�o�n�c�u�r�r�e�n�c�y� �s�y�m�b�o�l�;� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �a�c�t�i�o�n�s� �i�t� �c�o�n�n�e�c�t�s� �a�r�e� 

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

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

� � 

�F�E�E�D�B�A�C�K� 

� � 

�!� �h�i�g�h�l�i�g�h�t� �a�n� �o�b�j�e�c�t� 
�-�!� �d�e�h�i�g�h�l�i�g�h�t� �a�n� �o�b�j�e�c�t� 
�"� �s�a�m�e� �a�s� �!�,� �b�u�t� �u�s�e� �a�n� �a�l�t�e�r�n�a�t�e� �h�i�g�h�l�i�g�h�t� 

� � 

�C�O�N�D�I�T�I�O�N�S� �O�F� �V�I�A�B�I�L�I�T�Y� 

� � 

�c�o�n�d�i�t�o�n� �:� �a�c�t�i�o�n� 

�i�f� �c�o�n�d�i�t�i�o�n� �i�s� �t�r�u�e�,� �t�h�e�n� �a�c�t�i�o�n� �m�a�y� �b�e� �p�e�r�f�o�r�m�e�d�,� �e�.�g�.�,� 
�X�-�!�:� �~�[�X�]�M�v�a� �m�e�a�n�s�  ��i�f� �X� �i�s� �n�o�t� �h�i�g�h�l�i�g�h�t�e�d�,� �u�s�e�r� �m�a�y� �c�l�i�c�k� �t�h�e� 
�m�o�u�s�e� �o�n� �i�t�. �� 
�A�n� �a�l�t�e�r�n�a�t�i�v�e� �f�o�r�m� �i�s� �~�[�X�-�!�]� �M�:�v�a�,� �w�h�i�c�h� �m�e�a�n�s�  ��m�o�v�e� �t�o� �a�n� 
�u�n�h�i�g�h�l�i�g�h�t�e�d� �X� �a�n�d� �c�l�i�c�k� �o�n� �i�t�. �� � � � � � � 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �7�0



� � 

�T�A�S�K�:� �D�e�l�e�t�i�n�g� �a� �M�a�c�i�n�t�o�s�h� �F�i�l�e� 

� � 

�U�s�e�r� �A�c�t�i�o�n�s� �F�e�e�d�b�a�c�k� �S�y�s�t�e�m� �S�t�a�t�e� 

� � 

�~�|�f�i�l�e�_�i�c�o�n� �-�!�]�;� �M�v� �f�i�l�e�_�i�c�o�n�!� �f�i�l�e�_�i�c�o�n� �i�s� �s�e�l�e�c�t�e�d� 

� � 

�~�[�x�,�y�]�*� �o�u�t�l�i�n�e� �o�f� �f�i�l�e�_�i�c�o�n� 
�f�o�l�l�o�w�s� �c�u�r�s�o�r� 

� � 

�~�|�t�r�a�s�h�_�i�c�o�n�]�;� �t�r�a�s�h�_�i�c�o�n�!� 

� � 

�M�a� � � �e�r�a�s�e� �f�i�l�e�_�i�c�o�n�,� �t�r�a�s�h�_�i�c�o�n�!�!� � � � � �m�a�r�k� �f�i�l�e� �f�o�r� �d�e�l�e�t�i�o�n� � � 
� � 

�F�i�g�u�r�e� �2�3�.� �U�A�N� �E�x�a�m�p�l�e� �-�-� �D�e�l�e�t�i�n�g� �a� �M�a�c�i�n�t�o�s�h� �F�i�l�e� 
�[�H�i�x� �a�n�d� �S�i�o�c�h�i� �1�9�8�9�]� 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �7�1



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

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

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

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

�M�u�l�t�i�t�a�s�k�i�n�g� �1�s� �e�x�p�l�o�i�t�e�d� �i�n� �t�h�e� �S�M�D�E� �a�s� �a� �w�h�o�l�e�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�4�,� �t�h�e� �t�o�o�l�s� �o�f� �t�h�e� �S�M�D�E� 

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

�S�M�D�E� �i�s� �t�h�a�t� �o�n�-�l�i�n�e� �h�e�l�p� �i�n� �t�h�e� �f�o�r�m� �o�f� �t�h�e� �A�s�s�i�s�t�a�n�c�e� �M�a�n�a�g�e�r� �[�F�r�a�n�k�e�l� �a�n�d� �B�a�l�c�i� �1�9�8�9�]� �c�a�n� �r�u�n� 

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

�s�a�m�e� �t�i�m�e� �i�n� �a�n� �S�M�D�E� �s�e�s�s�i�o�n� �i�s� �l�i�m�i�t�e�d� �b�y� �t�h�e� �S�U�N� �e�n�v�i�r�o�n�m�e�n�t� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6�0�.� 

�4�.�5�.�3� �A�d�v�a�n�t�a�g�e�s� �o�f� �I�c�o�n�i�c� �I�n�t�e�r�f�a�c�e�s� 

�T�h�e� �S�U�N�-�3�/�1�6�0� �p�r�o�v�i�d�e�s� �a� �3�-�b�u�t�t�o�n� �m�u�l�t�i�f�u�n�c�t�i�o�n� �m�o�u�s�e� �w�h�i�c�h� �a�l�l�o�w�s� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �d�e�s�i�g�n�e�r�s� �t�o� 

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

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

�s�t�a�n�d�a�r�d�s�,� �e�x�c�e�s�s�i�v�e� �t�e�x�t� �e�n�t�r�y�.� �T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �p�r�o�v�i�d�e�s� �a�  ��p�o�i�n�t� �a�n�d� �c�l�i�c�k �� �i�n�t�e�r�f�a�c�e� �r�e�-� 

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

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

�4�.�5�.�4� �E�x�p�l�i�c�i�t� �D�i�s�p�l�a�y� �o�f� �M�o�d�e�l� �H�i�e�r�a�r�c�h�y� 

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

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

�d�i�s�p�l�a�y� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�5�.� �T�h�e� �s�c�r�o�l�l�a�b�l�e� �p�a�n�e�l� �t�o� �t�h�e� �l�e�f�t� �o�f� �t�h�e� �d�e�f�i�n�i�t�i�o�n�/�s�p�e�c�i�f�i�c�a�t�i�o�n� �d�r�i�v�e�r� 

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

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �7�2
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�T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�n� �t�h�e� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l� �D�e�v�e�l�o�p�m�e�n�t� �E�n�v�i�r�o�n�m�e�n�t�.� �F�i�g�u�r�e� �2�4�.� 

�7�3� �4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e



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

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

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

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

�4�.�5�.�5� �R�a�p�i�d� �S�h�i�f�t� �B�e�t�w�e�e�n� �D�e�f�i�n�i�t�i�o�n� �a�n�d� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

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

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

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �s�e�c�t�i�o�n� �4�.�5�.�2� �a�n� �e�a�r�l�y� �v�e�r�s�i�o�n� �o�f� �t�h�e� �c�u�r�r�e�n�t� �p�r�o�t�o�t�y�p�e� �i�m�p�l�e�m�e�n�t�s� �m�o�d�e�l� �d�e�f�i�n�i�t�i�o�n� 

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

�i�s� �t�o� �(�1�)� �e�n�f�o�r�c�e� �p�h�a�s�a�l� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �(�2�)� �p�r�o�v�i�d�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �s�h�i�f�t� �r�a�p�i�d�l�y� �b�e�t�w�e�e�n� 

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

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

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

�d�e�f�i�n�i�t�i�o�n�/�s�p�e�c�i�f�i�c�a�t�i�o�n� �d�r�i�v�e�r� �(�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�4�)� �f�r�o�m� �m�o�s�t� �p�o�i�n�t�s� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �p�r�o�c�e�s�s�.� 

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

�u�s�e�r�.� 

�4�.�5�.�6� �A�u�t�o�m�a�t�i�c� �R�e�v�i�s�i�o�n� �f�o�r� �C�o�n�f�i�g�u�r�a�t�i�o�n� �M�a�n�a�g�e�m�e�n�t� 

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

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

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

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �7�4
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�T�h�e� �M�o�d�e�l� �H�i�e�r�a�r�c�h�y� �D�i�s�p�l�a�y�.� �2�5� �F�i�g�u�r�e� 

�7�5� �i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �4� �D�e�s



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

�i�n� �u�s�e� �t�o�d�a�y�.� �T�h�e� �S�M�D�E� �p�r�o�v�i�d�e�s� �t�h�e� �P�r�o�j�e�c�t� �M�a�n�a�g�e�r� �a�n�d� �P�r�e�m�o�d�e�l�s� �M�a�n�a�g�e�r� �f�a�c�i�l�i�t�i�e�s� �w�h�i�c�h� 

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

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

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

�G�e�n�e�r�a�t�o�r�,� �t�h�e� �c�h�a�n�g�e� �i�s� �n�o�t�e�d�.� �W�i�t�h�i�n� �t�h�e� �f�r�a�m�e�w�o�r�k� �o�f� �a� �f�u�l�l�y� �i�n�t�e�g�r�a�t�e�d� �S�M�D�E�,� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� 

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

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

�4�.�6� �S�u�m�m�a�r�y� 

�T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�,� �i�t�s� �d�o�c�u�m�e�n�t�a�t�i�o�n�,� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �u�t�i�l�i�t�i�e�s� �c�o�n�s�i�s�t� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�,�0�0�0� 

�l�i�n�e�s� �o�f� �c�o�d�e� �i�n� �C� �a�n�d� �E�Q�U�E�L�-�C�.� �T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �r�e�p�r�e�s�e�n�t�s� �a�n� �e�x�a�m�p�l�e� �o�f� �e�v�o�l�u�t�i�o�n�a�r�y� 

�p�r�o�t�o�t�y�p�i�n�g� �i�n� �t�h�a�t� �i�t� �b�u�i�l�d�s� �u�p�o�n� �t�h�e� �c�o�n�c�e�p�t�s� �d�e�v�e�l�o�p�e�d� �b�y� �[�H�a�n�s�e�n� �1�9�8�4�]� �a�n�d� �[�B�a�r�g�e�r� �1�9�8�6�]�,� �a�l�-� 

�t�h�o�u�g�h� �n�o� �H�a�n�s�e�n� �o�r� �B�a�r�g�e�r� �c�o�d�e� �c�o�u�l�d� �b�e� �r�e�u�s�e�d�.� 

�T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �c�a�p�t�u�r�e�s� �a� �c�o�m�p�l�e�t�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �C�o�n�d�i�t�i�o�n� �S�p�e�c�i�f�i�c�a�t�i�o�n�,� �p�r�o�v�i�d�-� 

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

�i�n�i�t�i�a�l�i�z�a�t�i�o�n� �a�n�d� �t�e�r�m�i�n�a�t�i�o�n�,� �a�n�d� �u�s�e�r� �d�e�f�i�n�e�d� �f�u�n�c�t�i�o�n�s�.� �T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �e�x�t�e�n�d�s� �t�h�e� �c�a�-� 

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

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

�t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �i�n�t�e�r�f�a�c�e� �i�s� �d�e�s�i�g�n�e�d� �t�o� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �S�U�N� �w�i�n�-� 

�d�o�w�i�n�g� �s�y�s�t�e�m�.� �A�n� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �d�e�s�i�g�n� �b�a�s�e�d� �o�n� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �p�r�o�-� 

�t�o�t�y�p�e� �a�s� �w�e�l�l� �a�s� �i�d�e�n�t�i�f�i�e�d� �p�r�o�p�e�r�t�i�e�s� �o�f�  ��g�o�o�d �� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �6�.� 

�4� �D�e�s�i�g�n� �o�f� �a� �N�e�w� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�t�o�t�y�p�e� �7�6



�5�S� �E�x�a�m�p�l�e� 

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

�m�a�c�h�i�n�e� �r�e�p�a�i�r�m�a�n� �m�o�d�e�l�.� �A� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �a�/�/� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �u�t�i�l�i�t�i�e�s� �a�n�d� �f�u�n�c�t�i�o�n�s� �i�s� 

�g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �B�.� 

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

�b�y� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �a�r�e� �g�i�v�e�n� �i�n� �F�i�g�u�r�e�s� �2�6� �a�n�d� �2�7� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�i�s� �s�p�e�c�i�f�i�c�a�t�i�o�n� �i�s� �e�q�u�i�v�a�l�e�n�t� 

�t�o� �t�h�a�t� �g�i�v�e�n� �i�n� �C�h�a�p�t�e�r� �3� �a�s� �w�e�l�l� �a�s� �t�h�o�s�e� �a�p�p�e�a�r�i�n�g� �i�n� �[�O�v�e�r�s�t�r�e�e�t� �a�n�d� �N�a�n�c�e� �1�9�8�5�;� �N�a�n�c�e� �a�n�d� 

�O�v�e�r�s�t�r�e�e�t� �1�9�8�8�]�;� �t�h�e� �o�n�l�y� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�i�n�g� �t�h�e� �u�s�a�g�e� �o�f� �d�o�t�-�n�o�t�a�t�i�o�n� �a�n�d� �t�h�e� �o�w�n�e�r�s�h�i�p� 

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

�t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �g�i�v�e�n� �i�n� �C�h�a�p�t�e�r� �3�,� �t�h�e� �o�n�l�y� �a�t�t�r�i�b�u�t�e� �o�f� �i�d�l�e� �p�o�s�i�t�i�o�n� �i�s� �a� �t�i�m�e�-�b�a�s�e�d� �s�i�g�n�a�l�.� �(�R�e�-� 

�c�a�l�l� �t�h�a�t� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�,� �f�o�l�l�o�w�i�n�g� �t�h�e� �C�o�n�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y�,� �r�e�q�u�i�r�e�s� �t�h�a�t� �e�v�e�r�y� �o�b�j�e�c�t� �h�a�v�e� 

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

�F�i�g�u�r�e�s� �2�8�-�5�3� �i�l�l�u�s�t�r�a�t�e� �s�e�l�e�c�t�i�v�e� �f�e�a�t�u�r�e�s� �o�f� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �u�s�i�n�g� �t�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r�.� �T�h�e� 

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

�5� �E�x�a�m�p�l�e� �7�7



� � 

�O�b�j�e�c�t� 

�f�a�c�i�l�i�t�i�e�s� 

�r�e�p�a�i�r�m�a�n� � � 

�A�t�t�r�i�b�u�t�e� 

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

�f�a�c� 
�f�a�i�l�e�d� 

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

�T�y�p�e� 

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

�c�o�n�s�t�a�n�t� 
�b�o�o�l�e�a�n� 

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

�F�i�g�u�r�e� �2�6�.� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �P�r�o�d�u�c�e�d� �M�a�c�h�i�n�e� �R�e�p�a�i�r�m�a�n� �O�b�j�e�c�t� �S�p�e�c�i�f�i�c�a�t�i�o�n� � � � � 
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� � 

� � 

�{�I�n�i�t�i�a�l�i�z�a�t�i�o�n�}� 
�I�N�I�T�I�A�L�I�Z�A�T�I�O�N�:� 
�I�N�P�U�T�(�n�,�m�a�x�_�r�e�p�a�i�r�s�,�m�e�a�n�_�u�p�t�i�m�e�,�m�e�a�n�_�r�e�p�a�i�r�t�i�m�e�)�;� 
�C�R�E�A�T�E�(�r�e�p�a�i�r�m�a�n�)�;� 
�F�O�R�i�:�=� �1�T�O�n� �D�O� 

�C�R�E�A�T�E� �(�f�a�c�i�l�i�t�i�e�s�)�;� 
�f�a�c�i�l�i�t�i�e�s�.�f�a�c� �:�=� �i�;� 

�f�a�c�i�l�i�t�i�e�s� �f�a�i�l�e�d� �:�=� �f�a�l�s�e�;� 
�S�E�T� �A�L�A�R�M� �(�f�a�i�l�u�r�e�,� �n�e�g�_�e�x�p�(�m�e�a�n�_�u�p�t�i�m�e�)�,�1�)�;� 

�E�N�D� �F�O�R� 
�r�e�p�a�i�r�m�a�n�.�n�u�m�_�r�e�p�a�i�r�s� �:�=� �0�;� 
�r�e�p�a�i�r�m�a�n�.�l�o�c�a�t�i�o�n� �:�=� �i�d�l�e�;� 
�r�e�p�a�i�r�m�a�n�.�s�t�a�t�u�s� �:�=� �a�v�a�i�l�;� 

�{�T�e�r�m�i�n�a�t�i�o�n�}� 
�r�e�p�a�i�r�m�a�n�.�n�u�m�_�r�e�p�a�i�r�s� �>� �m�a�x�_�r�e�p�a�i�r�s�:� 
�S�T�O�P� 

�{� �F�a�i�l�u�r�e�}� 
�W�H�E�N� �A�L�A�R�M� �(�f�a�i�l�u�r�e�,�i�)�:� 

�f�a�c�i�l�i�t�i�e�s�(�i�)� �f�a�i�l�e�d� �:�=� �t�r�u�e�;� 
�{�B�e�g�i�n� �r�e�p�a�i�r�}� 
�W�H�E�N� �A�L�A�R�M� �{�(�a�r�r�_�f�a�c�,�i�)�:� 

�S�E�T� �A�L�A�R�M�(�e�n�d�_�r�e�p�a�i�r�,� �n�e�g�_�e�x�p�(�m�e�a�n�_�r�e�p�a�i�r�t�i�m�e�)�,�i�)�;� 
�r�e�p�a�i�r�m�a�n�.�s�t�a�t�u�s� �:�=� �b�u�s�y�;� 
�r�e�p�a�i�r�m�a�n�.� �l�o�c�a�t�i�o�n� �:�=� �f�a�c�i�l�i�t�i�e�s�(�i�)�.�f�a�c�;� 

�{�E�n�d� �r�e�p�a�i�r�}� 
�W�H�E�N� �A�L�A�R� �M�(�e�n�d�_�r�e�p�a�i�r�,�i�)�:� 

�S�E�T� �A�L�A�R�M�(�f�a�i�l�u�r�e�,� �n�e�g�_�e�x�p�(�m�e�a�n�_�u�p�t�i�m�e�)�,�i�)�;� 
�f�a�c�i�l�i�t�i�e�s�(�i�)�.�f�a�i�l�e�d� �:�=� �f�a�l�s�e�;� 
�r�e�p�a�i�r�m�a�n�.�s�t�a�t�u�s� �:�=� �a�v�a�i�l�;� 
�r�e�p�a�i�r�m�a�n�.�n�u�m�_�r�e�p�a�i�r�s� �:�=� �r�e�p�a�i�r�m�a�n�.�n�u�m�_�r�e�p�a�i�r�s� �+� �1�;� 

�{�T�r�a�v�e�l� �t�o� �i�d�l�e�}� 
�(�F�O�R� �A�L�L� �1� �<�i� �<�n�,� �N�O�T� �f�a�c�i�l�i�t�i�e�s�(�i�)�.�f�a�i�l�e�d�)� �&� 
�r�e�p�a�i�r�m�a�n�.�s�t�a�t�u�s� �=� �a�v�a�i�l� �&� �r�e�p�a�i�r�m�a�n�.�l�o�c�a�t�i�o�n� �+� �i�d�l�e�:� 

�S�E�T� �A�L�A�R� �M�(�a�r�r�_�i�d�l�e�,� �t�r�a�v�e�l�t�i�m�e�(�r�e�p�a�i�r�m�a�n�.�l�o�c�a�t�i�o�n�,� �i�d�l�e�)�)�;� 
�r�e�p�a�i�r�m�a�n�.�s�t�a�t�u�s� �:�=� �t�r�a�v�e�l�;� 

�{�A�r�r�i�v�e� �i�d�l�e�}� 
�W�H�E�N� �A�L�A�R�M� �(�a�r�r� �_�i�d�l�e�)�:� 

�r�e�p�a�i�r�m�a�n�.�s�t�a�t�u�s� �:�=� �a�v�a�i�l�;� 
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�5�.�1� �I�n�i�t�i�a�l� �S�t�e�p� �i�n� �M�o�d�e�l� �D�e�f�i�n�i�t�i�o�n� 

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

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

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

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

�p�r�o�j�e�c�t� �d�o�c�u�m�e�n�t�a�t�i�o�n�)�,� �t�h�e� �m�o�d�e�l�e�r ��s� �n�a�m�e�,� �a�n�d� �t�h�e� �a�s�s�u�m�p�t�i�o�n�s�,� �o�b�j�e�c�t�i�v�e�s�,� �a�n�d� �d�e�f�i�n�i�t�i�o�n�s� �t�o� 
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�r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �s�e�l�e�c�t�a�b�l�e� �i�c�o�n�s� �l�a�b�e�l�e�d�  ��d�e�f�i�n�e� �t�h�e� �c�u�r�r�e�n�t� �o�b�j�e�c�t �� �a�n�d�  ��s�p�e�c�i�f�y� �t�h�e� �c�u�r�r�e�n�t� �o�b�-� 
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�s�e�l�e�c�t�a�b�l�e� �l�i�s�t� �o�f� �m�o�d�e�l� �d�e�f�i�n�i�t�i�o�n�s� �w�h�i�c�h� �m�a�y� �b�e� �e�d�i�t�e�d� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�0�.� 
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�E�d�i�t�i�n�g� �M�o�d�e�l� �D�o�c�u�m�e�n�t�a�t�i�o�n�.� �F�i�g�u�r�e� �3�0� 

�8�3� �S� �E�x�a�m�p�l�e



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

�t�h�e� �d�e�f�i�n�e�d� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �c�u�r�r�e�n�t� �o�b�j�e�c�t�;�  ��D�e�l�e�t�e �� �t�h�e� �c�u�r�r�e�n�t� �o�b�j�e�c�t�;� �o�r�  ��M�o�d�i�f�y �� �t�h�e� �o�b�j�e�c�t� �d�e�-� 

�f�i�n�i�t�i�o�n� �(�e�i�t�h�e�r� �t�h�e� �o�b�j�e�c�t� �n�a�m�e� �o�r� �i�t�s� �a�t�t�r�i�b�u�t�e�s�)�;� �S�e�l�e�c�t�i�n�g�  ��M�a�k�e �� �r�e�s�u�l�t�s� �i�n� �t�h�e� �p�r�o�m�p�t� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �3�2�.� �A�f�t�e�r� �e�n�t�e�r�i�n�g� �a�n� �o�b�j�e�c�t�,� �t�h�e� �m�o�d�e�l� �h�i�e�r�a�r�c�h�y� �i�s� �r�e�d�i�s�p�l�a�y�e�d� �w�i�t�h� �t�h�e� �n�e�w� �o�b�j�e�c�t� �a�s� �t�h�e� 

�c�u�r�r�e�n�t� �o�b�j�e�c�t�.� �T�h�i�s� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�3�.� 

�S�e�l�e�c�t�i�n�g�  ��A�t�t�a�c�h �� �f�r�o�m� �t�h�e� �m�o�d�e�l� �d�e�f�i�n�i�t�i�o�n� �m�e�n�u� �r�e�s�u�l�t�s� �i�n� �t�h�e� �m�e�n�u� �d�i�s�p�l�a�y�e�d� �i�n� �F�i�g�u�r�e� �3�4�.� �T�h�e� 

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

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

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

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

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

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

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

�o�p�t�i�o�n� �l�i�s�t� �i�s� �l�o�n�g�.� 

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

�T�h�e� �l�i�s�t� �o�f� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �r�e�p�a�i�r�m�a�n� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�5�.� �N�o�t�i�c�e� �t�h�a�t� �t�h�e� �C�S� �a�t�t�r�i�b�u�t�e� �t�y�p�e�s� �a�r�e� 

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

�5�.�3� �M�o�d�e�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

�S�e�l�e�c�t�i�n�g� �t�h�e� �m�o�d�e�l� �s�p�e�c�i�f�i�c�a�t�i�o�n� �i�c�o�n� �a�t� �t�h�e� �d�r�i�v�e�r� �l�e�v�e�l� �(�F�i�g�u�r�e� �2�9�)� �b�r�i�n�g�s� �u�p� �t�h�e� �m�o�d�e�l� �s�p�e�c�i�f�i�c�a�-� 

�t�i�o�n� �m�e�n�u� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�6�.� �T�h�e� �M�o�d�e�l� �G�e�n�e�r�a�t�o�r� �a�l�l�o�w�s� �a� �m�o�d�e�l�e�r� �t�o� �s�p�e�c�i�f�y�:�  ��O�b�j�e�c�t�s �� �o�f� 

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

�5� �E�x�a�m�p�l�e� �8�4
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