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(ABSTRACT) 

This thesis develops a framework to guide the incremental design and implementation of a 

Computer-Integrated Manufacturing System (CIMS). The framework is premised upon the facts 

that: (1) CIMS design is accomplished through a series of evaluation decisions sequenced through 

ttme and (2) evaluation is accomplished by decomposing the entire manufacturing organization into 

its essential activities and transactions. The effects of computerization on these activities and 

transactions are determined and these effects are then related to impacts on a set of selected evalu- 

ation criteria. Formal methods for benefit quantification are not included. The user of this 

framework is required to: (1) specify a set of relevant evaluation criteria, (2) define essential activities 

and transactions of their organization, and (3) derive organization-specific affect/impact relation- 

ships. The framework structures these activities for the user and suggests a series of matrices that 

can be used to guide the user through the steps of the framework. 

Use of the framework is demonstrated as various aspects of an implementation decision currently 

being faced by a manufacturing organization are analyzed. The implementation decision concerns 

whether to implement a computerized production planning and scheduling system and aspects of 

the decision which are considered include impacts on organizational flexibility, responsiveness, and 

skills. The required changes in authority relationships and the assignment of task responsibilities 

are also considered. Using results from this case study, the usefulness and appropriateness of the 

framework was assessed. Although there was no quantitative measure available, the client deemed 

the framework useful for analyzing and guiding their implementation decision. Suggested im- 

provements to the framework are presented.



Acknowledgements 

The author would like to thank her thesis advisor, Dr. Greene, for the encouragement and advice 

provided during this research experience and for placing faith in her ability to carry out and com- 

plete this endeavor. Thanks also goes to Dr. Russell for her many helpful comments regarding this 

document and to Dr. Fabrycky for his review. The author also should like to express gratitude to 

the Defense Mapping Agency for their generous financial support during her graduate studies and 

to personnel from Litton Poly-Scientific for providing data valuable for this study. 

Acknowledgements iil



Table of Contents 

Introduction 2.0... cc ec ee cece ee eee eee ee tee eee eet e eee n eens 1 

Ll Discussion 1.2.0... eee te nnn ee nee tenes 1 

1.2 Need for CIMS in Today’s Organization... 2.0.02. ce ee ee 6 

1.3. Reference Structure of the Organization 2.0.0.0... 0c cc eee eee eens 6 

1.3.1 Organizational Functions ......0..0 0.0... cece eee teen eee eee 8 

1.3.2 Organizational Transactions .......... 0. cece eee ee eee teen tene 9 

14 CIMS Implementation 2.2.2.0... 0.0... ec ee eee eee eee 9 

1.5 Systems View of an Organization .. 2... eee eee I} 

1.5.1 The Need for Integration ....... 0... ., ee ee ee ee ee eens 12 

1.5.2 Orgamizational Communications ....... 0... 0. cee ee ee tee eens 14 

1.6 Determining the Value of CIMS ........ 0... cee ee eee e nes 15 

1.6.1 Traditional Evaluation of Computers .......0.. 0... c cece eee eens 15 

1.6.2. An Improved Approach For Computer Evaluation ..............--22--00-% 17 

1.6.3 Requirements of a Framework to Guide CIMS Implementation .............. 18 

1.7 Problem Statement and Objective 2.2.0... . eee eee ee ete eens 19 

1.8 Proposed Methodology 1.2.2.2... 0... 2 eee cee eee eee eee ees 19 

Table of Contents iy



7 AS ©) 9 21 

2.2 Evaluation of Advanced Technology .......0 0... ccc ccc cee eee tenes 22 

2.2.1 General Approach 2.0.2... ee cee eee e eee ee ene 22 

2.2.2 Quantification Methods .........0 0.0.0.0. ccc ccc ee ee teen eee ee ne 23 

2.2.2.1 Decision-theoretic Methods ©... 2... 0... ce eee eee eens 24 

2.2.2.2 Surrogate Measure Methods .......... 0... cee ee eee ee eee eens 25 

2.2.3 Qualitative Methods «2.0... 0... ccc ee ee eee tee eet neees 26 

2.2.4 Relevance to Research .. 2.2.0... ee eee eee tee ee eens 27 

2.3. CIMS Design and Implementation ...... 0.0... 0. cee ee eee eee 28 

2.3.1 CIMS “All-at Once’ Design ....... 2... 0c eee eens 28 

2.3.2 Incremental Design and Implementation ©... 1... 0.0. c eee eee 29 

2.3.3. CIMS Implementation Organizational Issues .........0. 00.0... ee eee eee 31 

2.3.4 Relevance to Research 2.0.0... ee ee eee ee ees 33 

2.4 Design and Implementation of Information Systems ..........0. 00.02 e eee eens 33 

2.4.1 Design Approaches ... 0... 0... ee ee eee eee eens 34 

2.4.2 The Information Architecture 2.0.2.0... eee tee eee eee 35 

2.4.2.1 The Ontology Used for CIMS Design .......... 0... cee eee eee eee 37 

2.4.3 Relevance to Research ... 0.2... eee ee eee een eens 38 

2.5 Summary of the Literature Review .. 0.0... 0... 39 

Framework Development ........ 2.0. cece recs eee e weer r reece cere ter eseree 40 

3.1 Outline of the Evaluation Framework «2.0.0.0... cc ees 40 

3.2 STEP ONE: Selection of Evaluation Criteria ....... 00.0.0... eee cee ee eee ee 48 

3.3 STEP TWO: Reference Structure 2.0.0... . ee eee ees 49 

3.3.1.1 The Command/Action Transaction .....0.. 0... cece eee eee ees 50 

3.3.1.2 The Request/Response Transaction ....... 0.0.0 eee cee eee ee eee 50 

3.4 STEP THREE: The Function Matrix .... 0.0.0.0. c eee cee eee ee enna 53 

Table of Contents ’



3.5 STEP FOUR: Affect/Impact Relationships ............ 20... 20. cee cee ee ees 57 

3.5.1 Potential Computer Applications 1.0.0.0... 0.0. eee tenes 57 

3.5.2 Effects of Computerization 6.0... eee eee e nee 62 

3.5.3 Evaluation Criteria 2... ee eee e eee 63 

3.5.3.1 Criteria Related to Organizational Performance ..................00005. 64 

3.5.3.2 Criteria Related to Feasibility 2.0.0.0... 000 ccc eee eens 66 

3.5.4 Affect/Impact Relationships .........0 00... . cece ete nen e nes 68 

3.6 STEP FIVE: Overlay Matrices 2.0.2.0... 00 cnet cette neenas 68 

3.7 STEP SIX: Evaluation ........ 0.0.0.0... ee ett eee 71 

Framework Demonstration ........ 0... ccc ccc cee cee ee eee eee eee eee e eee nees 73 

4.1 Discussion 2.0... cee ee eee ee eee eect eee eens 73 

42 The Organizational Setting ......... 2.0... cee ee eee eee 74 

4.2.1 The Business Environment ....... 0... eee ee ee eee 74 

4.2.2. The Production Environment ...... 0.0... eee ee ee eee eens 75 

4.2.3 The State of Automation ........0 0... cee ee eee eee ees 76 

4.2.3.1 Early Computer Implementations at TC .............. 0.0.0.0 ee eee 76 

4.2.3.2 Implementation of The System .. 1.0... . ce ee eee eee 77 

4.2.3.3 The Production Planning Module ..... 0... 2. . ce ee ene 79 

4.3. The Current Implementation Decision ......... 0... 0c cece ee eee ee eee 81 

4.4 Framework Demonstration ......... 00... eee ee eee eee eens 84 

4.4.1 STEP ONE: Evaluation Criteria ...... 0.0.0... nee 84 

4.4.2 STEPS TWO AND THREE: Reference Structure and Function Matrix ........ 85 

4.4.3 STEP FOUR: Affect/Impact Relationships .....................02 022 00- 85 

4.4.3.1 Automation of Activities 2.2.0.0... 0... cece ce ee eee eens 88 

4.4.3.2 Automation of Transactions ........... 00. eee eee ee eee 100 

4.4.4 STEP FIVE: Overlay Matrices ........0 0.0.0. cece ete ee eens 105 

4.4.5 STEP SIX: Evaluation ..... 0.0.0.0... 2 ce ce teen eee 110 

Table of Contents vi



Analysis and Conclusions ........ 0. ce ee eee eee eee eee tee ee ee eee eee eee 113 

5.1 Discussion 1... 0... 0... ec ec cee nn eee eee een nee eee ee ee nnnes 113 

5.2 Analysis 2... cc ee eee et ee eee eee eee nae 115 

5.3 Conclusions .. 2... 000. eee ee ee eee eee ee eee eens eee nee 119 

5.4 Suggested Areas for Future Study 2.0.0.0 0.0 eee eee 121 

5.5 Summary . 1... ee ee ee ee eee eee eee eee 123 

Bibliography 2.0... ce ee eee eee tee eee eee eee ee eee eee eee 124 

Justification References 2.0... 0c ee ee ee ee ee ee ee ee eee eee eee ee eee ees 132 

Implementation References 2.2... 0... ee ee ce ee eee ee tee ee eee ees 135 

The Reference Structure 2... 0... ee ee ee ee ee ee ee ee ee te eee ees 139 

Reference Structure for TC 2... ee ee ee eee ee ee eee eens 153 

Vita ce ce eee ee ee eee ee ee eee ete eee eet eee eee ete eee es 157 

Table of Contents Vii



List of Illustrations 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

D
W
 

RB 
W
O
N
 

10. 

li. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

General Electric’s Factory of the Future 2.0.2.0... 20.0... cece cee eee 7 

Organization of the Function Matrix 0... ee ee te eee 42 

A Representative General Dependency Matrix 2.0... ee 43 

Relationship Between the Overlay and Function Matrices ................ 45 

A Representative Overlay Matrix 2... eee ee eens 46 

A Representative Impact Summary Matrix ........ 0.0... cee eee eee eee 47 

A Representative Command/Action Transaction .............0+022000- 51 

A Representative Request/Response Transaction ..............--0200 ee 52 

A Representative Command/Action and Request/Response Pair ............ 54 

The Function Matnix 0... ee eee nee enna 55 

The General Dependency Matrix «2.0.2.0... 0c cece nee eee 56 

The Quality Overlay Matrix 0... ee te te eens 69 

The Quality Impact Summary Matrix 6... tenn 70 

The BOM of a Typical Production Job 6... ee eee 83 

The Function Matrix for TC 1.0... eee ee ee tee nee 86 

An abridged Function Matrix for TC 6... ee es 87 

The Flexibility Overlay Matrix for TC «0.2... . ee ee ee eee 106 

The Responsiveness Overlay Matrix for TC «12... ee eee ee eee 107 

The Skills Overlay Matrix for TC wk ee eee eee 108 

The Responsibility and Control Matrix for TC 2.0... eee eee eee 109 

List of Iilustrations Vili



Chapter I 

Introduction 

I.1l)=Discussion 

Considerable literature has been written in recent years concerning the inability of American man- 

ufacturers to remain competitive in today’s world economy. While various technologies have been 

advanced to help manufacturers regain a competitive status, it is generally agreed that fundamental 

changes in the way industry operates are required. One such required change is a renewed emphasis 

on the manufacturing process; te., “how we make it”. Increased attention to the manufacturing 

function can bestow numerous competitive advantages to an organization including reduced costs 

and increases in quality, productivity, flexibility, and profitability. (Hayes and Wheelwright, 1985) 

In response to this increased attention to manufacturing, and also in response to major advances 

in computer technology, the philosophy and technologies of Computer-Integrated Manufacturing 

Systems (CIMS) have been developed. CIMS describes the use of the computer to automate 

business and manufacturing tasks. Within the manufacturing function, CIMS technologies include 
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computer-aided design, computer-aided manufacturing, computer numerical control, automatic 

storage and retrieval systems, robots, and flexible manufacturing systems, to name just a few. 

Within the business functions, CIMS application areas include accounting, order processing, pay- 

roll, forecasting, strategic planning, and others. 

While significant benefits may be realized through the automation of tasks, it is commonly believed 

that the greatest benefits of CIMS will be realized when the computer is used to integrate all the 

various tasks within the firm. In order to successfully automate a task, it is first required to define 

and describe that task in terms of data. (Sadowski, 1985) These data can then be shared throughout 

the organization to promote unity of effort. Hales (1985, p. 246) has described this aspect of CIMS 

as follows: 

Computer-integrated manufacturing is a way of doing business, not just a specific system or set of 
applications. The focus of CIM is on the sharing of information by engineering, production, and 
various support groups. In its most comprehensive sense, CIM automates the flow of information 
between the operations and activities of the manufacturing firm. 

Integration is defined as the sharing of data between disparate functions such that unity of effort 

may be achieved. Although integration may be accomplished in ways other than computer links, 

computer integration is of special interest herein. 

Given the emphasis on integration as well as automation, CIMS is henceforth defined as the set 

of all potential automation and computer integration applications within the manufacturing firm. 

Essential elements of this definition are: (1) an organization-wide view of CIMS is assumed, (2) 

CIMS applications exist at all levels of management and control (strategic, tactical, and opera- 

tional), and (3) CIMS is viewed simultaneously as automation and integration and hence impacts 

the processing of both materials and information. (Devaney, 1984) The term CIM shall be used 

to refer to an individual automation or linking application of the computer, CIMS shall refer to an 

integrated system of individual CIM technologies. 

Viewing CIMS simultaneously as information flow and automation has important implications for 

the formulation of corporate business strategy. Today, the need for mutually supportive manu- 

facturing and corporate strategies is commonly cited in the literature. (Skinner, 1969; Hull, 1985) 

Introduction 2



Also cited is the need for mutually supportive information and corporate strategies. (Gorry and 

Scott Morton, 1971; Karimi, 1988; Camillus, 1985; King, 1978). As CIMS is composed of the es- 

sential “building blocks” of both manufacturing and information strategies (manufacturing capabil- 

ities and information), CIMS has the potential to tie together these two strategies and significantly 

impact the competitiveness of an organization. (Doll and Vonderembse, 1987) 

Given the potential importance of CIMS and the multitude of benefits commonly heralded in the 

literature, adoption rates for CIMS have, nevertheless, significantly lagged below those predicted. 

As well, many CIMS implementations have not yielded the benefits expected and many cases of 

“CIMS gone bad” have been cited. (Meredith, 1987a) A possible explanation for the low adoption 

rates and unfulfilled business expectations is that CIMS is complex and can fundamentally impact 

all aspects of a business (Cox and Clark, 1984). As such, there are no easy answers concerning how 

a CIMS system should be designed, justified, implemented, and managed. 

This thesis is fundamentally concerned with CIMS design and implementation. CIMS design is 

defined as the process of selecting CIMS technologies based on value; implementation is the process 

by which the design is realized through time. Concerning design, considerable general advice and 

a few formal evaluation and design methods are available in the literature. The prevalent view taken 

of design is that it is a one-time act in which a set of valued CIMs are selected. This set of selected 

technologies defines a CIMS “masterplan” for the organization which is then realized through time 

as individual CIM technologies are implemented incrementally. As such, CIMS design is based 

on an evaluation made at a single point in time. 

As a fundamental premise of this thesis, it is argued that such a one-time design approach 1s inad- 

equate to successfully guide the introduction of CIMS into an organization because it fails to rec- 

ognize the realities of an incremental implementation. Because of complexity, expense, and other 

factors, CIMS is always implemented in a time-phased manner. Likewise, it may be advisable to 

accomplish CIMS design in a time-phased manner. Specific shortcomings of using a CIMS 

“masterplan” defined at a single point in time to guide the time-phased implementation include: 
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1. changing corporate values: Given the CIMS “masterplan” defined at a single point in time, 

changing corporate strategy may necessitate redesign. If the values of the organization change 

between the time of design and the time of final implementation, it may result that the CIMS 

masterplan will no longer meet current business needs. (Brophy and Monger, 1989) 

2. changing internal environment: Given an incremental implementation of the masterplan, the 

internal organizational environment will be affected as each piece is implemented, often in 

unpredictable ways. Thus, Kellso (1989, p. 22) has stated: “It is too large a task to attempt to 

develop a fully integrated system from scratch. A great deal must be learned regarding the true 

needs of the facility and the incremental functionality of individual systems before a truly in- 

tegrated facility can be conceived and designed.” Thus, uncertainty of the organizational con- 

sequences of each CIMs technology as it is incrementally implemented might necessitate 

redesign. 

3. incomplete set of evaluation criteria: At the time of design, all factors impacting design may 

not have been considered or known. As such, the set of objectives that may intentionally be 

supported by the CIMS in the future may be limited to those goals considered at the time of 

initial design. 

4. design realization: Given the necessity of an incremental CIMS implementation, the CIMS 

“masterplan” says nothing about how implementation should proceed; ie., in what order 

should the links and pieces be implemented. Consideration must specifically be given to 

precedence relationships between various CIMs technologies which limit the number of pos- 

sible implementation sequences. 

5. changing set of alternatives: The CIMs technologies available may change through time. 

Thus, even though the system may be designed to be “state-of-the-art”, when it is finally m- 

plemented it may no longer offer the competitive advantages it was intended to provide. 
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Thus, there is a need for a methodology to guide CIMS design and implementation which views 

CIMS design as the “ime-phased selection of computer applications and information links. Fur- 

thermore, problem complexity suggests that a number of evaluation factors be considered. These 

factors, which might include strategic, economic, technical, logical, and infrastructure consider- 

ations, will be discussed in greater detail in later sections. 

The objective of this thesis is to develop and demonstrate a framework to guide CIMS design which 

considers the realities of a time-phased implementation and a number of relevant evaluation criteria. 

This framework should essentially formalize the logic that would be used by an experienced and 

informed systems developer who is cognizant of all factors that impact design and implementation 

decisions. It would be useful to a manager who, contemplating modernization, is uncertain of the 

benefits to be expected and the best way to proceed. 

Within the following sections, some important concepts that will later have a bearing on CIMS 

design and implementation will be introduced. The ideas as presented may, at first, seem unrelated 

to each other and irrelevant to the purpose of this thesis. However, CIMS is complex and CIMS 

can fundamentally impact all aspects of the organization including its operations, communications, 

and competitive strategies. (Cox and Clark, 1984) Because of this, it is fundamental to have an 

understanding of the organizational context into which CIMS “must fit.” 

Concepts are presented in the following order. First, a reference structure of the organization is 

described and the CIMS implementation process is discussed. This gives an idea of how CIMS “fits 

in” to today’s organization and what implementation entails. Second, viewing the organization as 

a system of interacting components, a discussion of systems theory follows, and the role of infor- 

mation exchange and automation within this system is discussed. Third is discussed the problem 

is assessing the value of computer systems within the organization and fourth, requirements for a 

framework to properly assess the value of computer systems are specified. Fifth, a specific state- 

ment of the problem and objective of this research is then made and the chapter concludes with a 

statement of the methodology which shall be used to develop the proposed evaluation framework. 

Introduction 5



1.2 Need for CIMS in Today's Organization 

Computerization and integration of business and manufacturing functions is essential due to the 

large size and complexity of today’s manufacturing organizations. Whereas in the past it was pos- 

sible for a small number of persons to effectively control and operate an organization, the com- 

plexity of operations today requires the specialized efforts of many. Moreover, intense competition 

from world class manufacturers requires that these efforts be tightly controlled and integrated. 

Products today are engineered to tight specifications; capital is scarce; customers demand high 

quality, customization and service; materials and technologies change at high rates; and the length 

of the product life cycle has decreased. Optimal control of the enterprise is essential to successfully 

adapt to these and other business pressures. 

CIMS has been suggested as one way to achieve control of the enterprise. In the total CIMS fac- 

tory, all activities are automated and coordinated under the direction of computers. Such an ideal 

CIMS factory is illustrated in Figure 1. The ideal CIMS design will vary for each organization, 

dependant on their strengths, weaknesses, competitive strategy, critical success factors, technological 

experience, etc. Still, CIMS is usually implemented from the bottom-up, starting with the practices, 

procedures, and processes of the organization of today. To get an idea of this starting point, a 

reference structure of a typical manufacturing organization is defined. 

1.3 Reference Structure of the Organization 

A reference structure defines the essential functions and transactions required for an organization 

to profitably make and sell a product. This reference structure is significant to this research because, 

while corporate strategy, technology, personnel, etc. may all change through time, these basic 
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functions and transactions do not. (Harrington,1984) The reference structure provides a stable view 

of the organization and specifies what must be accomplished; how these functions and transactions 

are accomplished will be affected by CIMS. The reference structure provided below, while generally 

applicable, is not intended to be all- encompassing or totally complete. A more complete reference 

structure will be developed in a later chapter. 

1.3.1 Organizational Functions 

The essential business and manufacturing functions are: 

® production cycle functions 

sales/marketing 

product design 

manufacturing engineering 

materials management 

manufacturing 

purchasing 

materials handling 

plant maintenance 

shipping and receiving 

® support functions 

customer service 

personnel 

accounting 

® monitoring functions 

management 

quality control 

cost accounting 

e = planning functions 

strategic planning 
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quality planning 

financial planning 

1.3.2. Organizational Transactions 

Essential transactions include the flow of material and information. Some representative trans- 

actions include the bill of materials being passed between product design and manufacturing engi- 

neering, the feedback of customer response passed from sales/marketing to product design, and the 

notice of materials received passed from shipping and receiving to materials management. 

1.4 CIMS Implementation 

As mentioned previously, most companies choose to implement CIMS in an incremental manner. 

Typically, after having defined a “masterplan” of desirable CIMs technologies, a plan is developed 

whereby the organization may implement these technologies in an incremental manner. Canada 

and Edwards (1986, p. 23) describe the process of an incremental implementation as follows: 

Realistically, most firms cannot and should not try to implement a full CIM system without going 
through the stages of investment, absorption, learning, and “proving-in’. Initially, management 
should think in terms of ’...what is (are) the best springboard(s) for the development of integrated 
systems? It may well be a good idea to plan out what are classically called ‘islands of automation,’ 
then linkages between those islands, and then integration of the whole. In any case, this should be 
done with a ‘roadmap’ of where the firm is heading to achieve integration eventually, recognizing 
probable changes in product and CIM technologies available. 

Advantages of an incremental implementation include the opportunity to gain valuable implemen- 

tation experience along the way and the opportunity to observe the effects of a newly implemented 

technology before proceeding on with the next piece. Additionally, a smaller initial outlay of capital 
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is required, and it is possible to integrate already-existing computer systems into the CIMS config- 

uration. 

Even with an incremental implementation, Meredith (1987a, p. 75) still states that “installing and 

implementing factory automation systems...is one of the most lengthy, expensive, and complex 

tasks a firm can undertake.” He identifies several reasons for the overwhelming nature of imple- 

mentation including: (1) a lack of required internal skills, (2) the inherent difficulty of implementing 

computer systems, (3) the disruption caused to internal operations, (4) the multiplicity of possible 

ways to proceed with implementation, and (5) the irrevocability of early choices and the constraints 

these early choices impose on future decisions. Implementation is also complicated because the 

company must choose between a “bottom-up” or “top-down” implementation approach. Using a 

bottom-up approach, the existing procedures, tasks, policies, etc. of the firm remain constant and 

computer applications are designed so as to support the current practices. Using a top-down ap- 

proach, high-level objectives are considered to derive computerization requirements; practices 

within the firm are modified to support the new computerization requirements. 

Specifically addressing the multiplicity of possible paths to attain CIMS previously mentioned, three 

questions that must be answered at different points in time during the incremental implementation 

of CIMS are: 

1. Which CIM technologies should be implemented? Any of the technologies in Figure 1] might 

be considered along with others. 

2. In what order should these technologies be implemented? CAD first, robots first, which one 

next, etc? 

3. Which technologies should be integrated and when? Which “islands of CIMS” should share 

a common information system? 
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To a company faced with the incremental implementation decision, the literature offers little guid- 

ance. While authors commonly cite the need for an incremental implementation, little attention is 

given to the actual decisions which a company faces during such a process. If these decisions are 

addressed, it is usually within the context of very specific case studies and the conclusions and im- 

plications reached may not be generally applicable. 

Discussing the lack of useful implementation advice, Anderson (in Meredith, 1981, p. 12) states 

that: “OR/MS managers felt that the existing implementation research has little practical value for 

them in their day-to-day responsibilities...they felt that the existing literature was (1) too theoretical, 

(2) obfuscated by too much detail, and (3) did not fit the specifics of their own corporate situation.” 

Diaz (1986, p. 61) expresses the need for additional guidance: 

A methodology is needed which will allow us to relate strategy, critical success factors and comput- 
erized systems in a hierarchical fashion so that systems-supported critical factors can be analyzed, 
and hence projects evaluated, within a common and logical framework. The methodology should 
be specific enough to go down to the level of applications development. 

Before discussing evaluation methods traditionally used by the manager to guide the process of 

CIMS implementation, a system’s view of the organization is provided. It is proposed that adopt- 

ing such a view leads to a better understanding of the complexity of the manufacturing organization 

and of the roles of information flow and automation within that environment. Such an under- 

standing will be essential to determining the value of CIMS. 

1.5 Systems View of an Organization 

A system is commonly defined as an assemblage of objects united by a common goal. In order to 

realize the system goal, this goal is decomposed into smaller tasks and individual components ac- 

complish these less complex tasks. Components of a manufacturing system might include the or- 

ganizational functions previously defined in Section 1.3.1. When defining a system, relatively 
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different and independent system components should be defined such that the need for communi- 

cation and coordination between components is minimized. (Bierman and Vissers, 1989) If this is 

accomplished, individual components can execute their tasks in a relatively independent manner. 

It is not, however, possible to decompose the system such that any one component has no inter- 

dependency on another component; component interdependencies will always exist. 

System performance is measured by the degree of attainment of the system goal. Possible system 

goals might include cost-effective production, high quality, or competitiveness, to name just a few. 

Traditionally, when faced with the need to improve system performance, this was accomplished by 

ignoring task interdependencies and independently improving the performance of each system 

component. Skinner (1969, p. 145) expresses this idea: “The classic process of the age of mass 

production is to select an operation, break it down into its elements, analyze and improve each el- 

ement, and put it back together.” Without considering interdependencies, though, this piecewise 

improvement process does not necessarily ensure optimal system performance or any improvement 

at all. An example of the suboptimization that may result follows. 

Consider a manufacturing firm whose goal is the profitable production of a quality product, and 

two system components, product design and manufacturing. If additional funds are spent, better 

product designs may be developed. However, it might be the case that the ability to manufacture 

these new designs is limited by existing manufacturing equipment. As such, improving the per- 

formance of the product design component alone has no effect on improving overall system per- 

formance. 

1.5.1 The Need for Integration 

In order to be guaranteed improved system performance, it is necessary to integrate the efforts of 

all components. Integration is defined as “the state of collaboration that exists among departments 
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that are required to achieve unity of effort.” (Lawrence and Lorsch, 1967, p. 11) The need for in- 

tegration arises from the need to cope with environmental uncertainty. (Galbraith, 1973) If the 

environment is certain then, for a given system goal, all required tasks can be defined and appro- 

priate rules and procedures are developed to control the execution of these tasks. However, with 

environmental uncertainty, the required tasks, procedures, and rules cannot be predefined. Given 

a “pertubation” in the environment, the system must adjust and realign its practices such that the 

system goal can still be met. Galbraith discusses a number of approaches used within the organ- 

ization to cope with this need for continuous mutual adjustment amongst components (inte- 

gration). Two of these approaches, further described by Emery (1969), are the use of decoupling 

devices and computer communication. 

The first approach, decoupling devices, uses inventories or other slack resources to provide an 

intermediate storage capacity for the inputs and outputs flowing between components. As an ex- 

ample, if the outgoing shipments of finished goods cannot be exactly synchronized with the pro- 

duction schedule, extra finished goods are stored in inventory. The timing of outgoing shipments 

can then be specified nearly independent of the production plan. This approach lessens the need 

for coordination as each component can plan its activities relatively independent of others. 

The second approach involves using the computer to provide timely transmission of information 

among components. By supplying each component with information regarding the activities of 

others, each component can plan its activities in accordance with the overall system goal while al- 

ways considering the activities of others. In the previous example, if the manufacturing limitations 

were known to the product design component, the additional funds for better design might not have 

been spent. The computer thus facilitates integration by the providing more timely and accurate 

data on which to base decisions and plan activities. 

Either or both of the above approaches can be used to coordinate the activities of the components 

of a manufacturing system. Over-reliance on the use of inventories has, however, severely hurt the 

profits of U.S. manufacturers. Large inventories have concealed problems and tied up large 
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amounts of capital and, as a result, companies have lost control over the manufacturing process. 

Alternative management philosophies have been suggested which emphasize the tight coupling of 

internal components of the firm without the use of inventories, for example, Just-in-Time manu- 

facturing and CIMS. Coupling of components has traditionally been accomplished using person- 

to-person information exchanges. Discussed next is why the person-to-person mode of 

communication becomes inadequate in the CIMS environment. 

1.5.2. Organizational Communications 

Before computers, human specialists performed all manufacturing and business tasks. These spe- 

cialists were the sole proprietors of information regarding the task, ie., how it was done, special 

conditions existing at the time of execution, any delays, etc. Coordination of tasks was accom- 

plished using person-to-person communications. This represented a relatively unstructured manu- 

facturing environment where the specific requirements and activities of a specialist could be easily 

modified to accommodate the differing capabilities and activities of other specialists. (Harrington, 

1984) 

As automation was introduced, tasks became structured and their modification difficult. Human 

specialists were required to adapt to these automation technologies. In addition, human specialists 

were no longer the sole proprietors of task data; some data came to reside in the supporting com- 

puters. (Goldhar and Jelenik, 1983) This split responsibility of data posed no problem if the data 

was not needed by other specialists or computers. If this were not the case, however, this situation 

became burdensome for the following reasons. 

First, in order for a decision maker to obtain needed data, human effort was required to extract it 

from the computer. Second, if another function required the data, additional human effort was 

needed to transfer the data and possibly input it into another computer system and format. This 
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might involve double entry of data and the possible introduction of errors. Third, this mode of data 

communication was time consuming (as compared to computer communication) and could slow 

down the manufacturing process. Fourth, automation technologies might require the input of data 

that would be “obvious” to a human. This “obvious” data then needed to be specified by the hu- 

man and transferred. Clearly, a need exists to have computers communicate information directly. 

1.6 Determining the Value of CIMS 

Given, then, the complexity of the organization into which CIMS must “fit” and the potential dis- 

ruptions caused by CIMS, next is addressed the problem of assessing the value of CIMS in such 

an environment. To gain insight, traditional approaches to evaluate computers which have been 

used to guide the introduction of computer systems into organizations will be discussed. 

1.6.1. Traditional Evaluation of Computers 

Traditionally, computer projects have been evaluated on the basis of cost savings. Common jus- 

tification criteria used to indicate value were payback, return on investment, or net present value. 

As an example, if a computer system were introduced to automate order processing and the com- 

puter could eliminate the need for two order processing clerks, the value of the computer could be 

equated to any labor costs saved. Such an approach to justification works well if the computer 

replaces human labor in a well-defined and relatively isolated task area. As such, cost savings can 

easily be determined and assigned. 

While such economic methods are adequate to evaluate labor-replacemant computer systems, these 

methods prove inadequate to evaluate today’s computer technologies for a number of reasons. 
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First, some computers today are implemented for the sole purpose of providing useful information 

to managers to improve the quality of decisions (an MIS). Although some cost savings may be 

realized as a result of better decisions (increased efficiency), the objectives of the systems are pri- 

marily strategic (increased quality, competitiveness, etc.) and are not easily quantified. Other 

shortcomings include the difficulty of considering benefit uncertainties and project interdependen- 

cies. Since a deterministic estimate of project benefits is often required, it is difficult to properly 

evaluate a technology whose benefits are uncertain and highly variable (especially true in regards 

to an MIS) (Gremillion and Pyburn, 1985). The synergistic benefits that may result from a set of 

projects are difficult to estimate and thus usually omitted from consideration. (Meredith, 1985) 

Reliance on traditional justification methods has been cited as a factor contributing to the declining 

competitiveness of U.S. manufacturers (Hayes and Wheelwright, 1985). Clearly, new justification 

methods are required to properly evaluate CIMS and guide the introduction of these technologies 

into organizations. 

Given the unsuitability of these economic justification methods, Sullivan (1984, p. 120) discusses 

what will be required to formulate a sound plan for investing in CIMS applications: 

Development of a technology portfolio is a vital first step to creating a technology strategy (sometimes 

referred to as an automation plan) that dovetails with a firm’s business plan. Matching the technology 
needs with the business ptan and prioritizing components of the resulting strategy then leads to a plan 
of investment that, by its nature, considers monetary and nonmonetary factors. These steps attempt 

to avoid the tendency of establishing a business plan without taking full account of the scarce re- 

sources called ‘technology’. 

It should be noted here that some types of strategic benefits afforded by computer systems, referred 

to as “information weapons,” are not addressed by this research. Information weapons result when 

the information resources of the firm are used in novel and creative ways to win customers and 

out-maneuver competitors. Examples would include selling customer lists or processing and pre- 

senting data to customers such that this information, while obtained with little cost to the company, 

is of great value to the customer. Descriptions of such uses of information are provided by Synnott 

(1987), Barrett (1987), Gerstein and Risman (1988), Johnson and Lawrence (1988), and Rackoff 
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(1985). Such coincidental benefits, although of considerable strategic value, cannot be easily pre- 

dicted and so are not be considered herein. 

1.6.2 An Improved Approach For Computer Evaluation 

Recalling, then, the complex organization environment into which CIMS must “fit, it is proposed 

that some fundamental differences between the human and computer modes of task accomplish- 

ment and communication within the organizational environment form a basis from which the value 

of computers can be assessed. Some of these fundamental differences, to be elaborated upon in a 

later chapter, include: 

¢ time: The computer accomplishes activities and communications in a more timely manner. 

¢ accuracy: The computer accomplishes activities and communications with fewer errors. 

¢ capability: The ability to accomplish some activities and transactions can be extended. At the 

same time, however, the standardization imposed by the computer may limit the ability to 

successfully use automation in slightly modified situations. 

e changed responsibilities and control relationships: Depending on who has data and who oper- 

ates the technology, a change in the assignment of organizational responsibilities and control 

structures may be necessary. 

For all activities and transactions, the effects of computerization can be specified. If these effects 

can then be related to impacts on the set of evaluation criteria, the value of computerization can 

be ascertained. Such an evaluation approach which is based on relating computer effects to busi- 

ness impacts for design of an information system is provided by Hammer and Mangurain (1987). 
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�i�n�c�r�e�m�e�n�t�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�e�c�h�n�o�l�o�g�i�e�s� �i�n�t�o� �t�o�d�a�y ��s� �o�r�g�a�n�i�z�a�t�i�o�n�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� 

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

�o�f� �C�I�M�S� �i�n�t�o� �t�o�d�a�y ��s� �o�r�g�a�n�i�z�a�t�i�o�n�.� 

�1�.�8� �P�r�o�p�o�s�e�d� �M�e�t�h�o�d�o�l�o�g�y� 

�T�o� �d�e�v�e�l�o�p� �a� �C�I�M�S� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �f�r�a�m�e�w�o�r�k�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�e�t�h�o�d�o�l�o�g�y� �i�s� �p�r�o�p�o�s�e�d�:� 

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

�t�a�t�i�o�n� �d�e�c�i�s�i�o�n�.� 

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

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

�I�n�t�r�o�d�u�c�t�i�o�n� �1�9



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

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

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

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

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

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

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

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

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

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

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

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

�I�n�t�r�o�d�u�c�t�i�o�n� �2�0



�C�h�a�p�t�e�r� �I�I� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� 

�2�.�1� �S�c�o�p�e� 

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

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

�1�.� �E�v�a�l�u�a�t�i�o�n� �o�f� �a�d�v�a�n�c�e�d� �t�e�c�h�n�o�l�o�g�i�e�s�:� �S�u�g�g�e�s�t�e�d� �a�p�p�r�o�a�c�h�e�s� �f�o�r� �e�v�a�l�u�a�t�i�n�g� �a�d�v�a�n�c�e�d� �t�e�c�h�n�o�l�-� 

�o�g�i�e�s� �a�r�e� �r�e�v�i�e�w�e�d�.� 

�2�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �C�I�M�S�:� �L�i�t�e�r�a�t�u�r�e� �a�d�d�r�e�s�s�i�n�g� �h�o�w� �C�I�M�S� �s�h�o�u�l�d� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �i�n�t�o� �t�o�-� 

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

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

�3�.� �D�e�s�i�g�n� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m�s�:� �S�i�n�c�e� �C�I�M�S� �c�a�n� �b�e� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �v�i�e�w�e�d� �a�s� 

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�1



�2�.�2� �E�v�a�l�u�a�t�i�o�n� �o�f� �A�d�v�a�n�c�e�d� �T�e�c�h�n�o�l�o�g�y� 

�2�.�2�.�1� �G�e�n�e�r�a�l� �A�p�p�r�o�a�c�h� 

�L�i�t�e�r�a�t�u�r�e� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �a�d�v�a�n�c�e�d� �t�e�c�h�n�o�l�o�g�y� �(�A�T�)� �w�a�s� �s�e�a�r�c�h�e�d� �t�o� �i�d�e�n�t�i�f�y� �u�s�e�f�u�l� 

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

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

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

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

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

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

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

�b�e� �m�e�t� �b�y� �t�h�e� �A�T� �i�s� �i�d�e�n�t�i�f�i�e�d�,� �(�2�)� �a� �c�o�m�p�e�t�i�n�g� �s�e�t� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �a�l�t�e�r�n�a�t�i�v�e�s� �a�r�e� �i�d�e�n�t�i�f�i�e�d�,� �(�3�)� 

�h�o�w� �t�h�e�s�e� �a�l�t�e�r�n�a�t�i�v�e�s� �i�m�p�a�c�t� �t�h�e� �a�t�t�a�i�n�m�e�n�t� �o�f� �e�a�c�h� �g�o�a�l� �i�s� �d�e�t�e�r�m�i�n�e�d�,� �a�n�d� �(�4�)� �t�h�e� �i�m�p�a�c�t�s� �r�e�l�a�t�i�n�g� 

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

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

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

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

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

�a�n�d� �t�h�e�i�r� �c�o�n�s�e�q�u�e�n�c�e�s� �k�n�o�w�n�.� �(�F�l�o�r�e�s� �a�n�d� �W�i�n�o�g�r�a�d�,� �1�9�8�6�)� �I�n� �r�e�a�l�i�t�y�,� �a�n�d� �e�s�p�e�c�i�a�l�l�y� �i�n� �r�e�g�a�r�d�s� 

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

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

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

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�2



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

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

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

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

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

�a�d�v�o�c�a�t�e� �t�h�a�t� �a�l�l� �b�e�n�e�f�i�t�s� �(�e�v�e�n� �s�t�r�a�t�e�g�i�c�)� �b�e� �c�o�n�v�e�r�t�e�d� �t�o� �m�o�n�e�t�a�r�y� �t�e�r�m�s� �(�K�a�p�l�a�n�,� �1�9�8�6�)�.� �M�o�d�e�l�s� 

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

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

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

�2�.�2�.�2� �Q�u�a�n�t�i�f�i�c�a�t�i�o�n� �M�e�t�h�o�d�s� 

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

�®� �m�a�t�h�e�m�a�t�i�c�a�l� �p�r�o�g�r�a�m�m�i�n�g� �(�l�i�n�e�a�r�,� �i�n�t�e�g�e�r�,� �g�o�a�l�)� �(�M�e�r�e�d�i�t�h� �a�n�d� �S�u�r�e�s�h�,� �1�9�8�6�;� �P�a�r�k� �a�n�d� �S�o�n�,� 

�1�9�8�9�)� 

�e� �=� �§�©�6�A�n�a�l�y�t�i�c� �H�e�i�r�a�r�c�h�y� �P�r�o�c�e�s�s� �(�W�a�b�a�l�i�c�k�i�s�,� �1�9�8�8�)� 

�¢� �§�=�©�m�u�l�t�i�-�a�t�t�r�i�b�u�t�e� �d�e�c�i�s�i�o�n� �a�n�a�l�y�s�i�s� �(�C�a�n�a�d�a� �a�n�d� �E�d�w�a�r�d�s�,� �1�9�8�6�;� �S�u�l�l�i�v�a�n�,� �1�9�8�4�,� �1�9�8�6�;� �P�a�r�a�s�e�i� �e�t� 

�a�l�.�,� �1�9�8�8�)� 

�e� �§�=�L�e�i�n�t�o�f�f� �i�n�p�u�t�-�o�u�t�p�u�t� �m�o�d�e�l� �(�C�h�a�n�d�r�a� �a�n�d� �S�c�h�a�l�l�,� �1�9�8�8�)� 

�¢� �s�p�r�e�a�d�s�h�e�e�t� �m�o�d�e�l�s� �(�H�u�n�d�y� �a�n�d� �H�a�m�b�l�i�n�,� �1�9�8�8�)� 

�e� �e�c�o�n�o�m�i�c� �m�o�d�e�l�s� �(�R�O�I�,� �N�P�V�,� �I�R�R�)� �(�K�a�p�l�a�n�,� �1�9�8�6�)� 

�¢� �p�o�r�t�f�o�l�i�o� �a�n�a�l�y�s�i�s� �(�G�r�e�m�i�l�l�i�o�n� �a�n�d� �P�y�b�u�r�n�,� �1�9�8�5�)� 

�¢� �s�i�m�u�l�a�t�i�o�n� �(�H�u�t�c�h�i�n�s�o�n� �a�n�d� �H�o�l�l�a�n�d�,� �1�9�8�4�)� 

�e� �§�=�©� �f�u�z�z�y� �s�e�t� �t�h�e�o�r�y� �(�E�f�s�t�a�t�h�o�i�u�,� �1�9�8�0�)� 

�e� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �(�F�i�s�h�e�r� �a�n�d� �S�h�i�m�o�n�,� �1�9�8�7�)� 
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�®� �s�u�r�r�o�g�a�t�e� �m�e�a�s�u�r�e�s� �(�P�a�r�k� �a�n�d� �S�o�n�,� �1�9�8�7�;� �L�a�y�,� �1�9�8�3�;� �A�z�z�o�n�e� �a�n�d� �B�e�r�t�e�l�e�,� �1�9�8�9�)� 

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

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

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

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

�b�e�l�o�w�.� 

�2�.�2�.�2�.�1� �D�e�c�i�s�i�o�n�-�t�h�e�o�r�e�t�i�c� �M�e�t�h�o�d�s� 

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

�t�h�e�s�e� �m�o�d�e�l�s�,� �(�C�a�n�a�d�a� �a�n�d� �E�d�w�a�r�d�s�,� �1�9�8�6�;� �S�u�l�l�i�v�a�n�,� �1�9�8�4�,� �1�9�8�6�;� �P�a�r�s�a�e�i� �e�t� �a�l�,� �1�9�8�8�)�,� �t�h�e� �m�o�s�t� 

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

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

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

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

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

�u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �s�e�n�s�i�t�i�v�i�t�y�.� �G�u�p�t�a� �a�n�d� �B�u�z�a�c�o�t�t� �(�1�9�8�9�)� �d�e�s�c�r�i�b�e� �a�n�o�t�h�e�r� �f�o�r�m�a�l� �d�e�c�i�s�i�o�n�-�t�h�e�o�r�e�t�i�c� 

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

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

�s�i�m�i�l�a�r� �m�a�n�n�e�r�,� �B�r�i�l�l� �a�n�d� �M�a�n�d�e�l�b�a�u�m� �(�1�9�8�9�)� �d�e�v�e�l�o�p� �a� �m�o�d�e�l� �w�h�i�c�h� �r�e�q�u�i�r�e�s� �t�h�e� �u�s�e�r� �t�o� �s�p�e�c�i�f�y� 

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

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

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

�b�y� �L�a�p�e�n� �a�n�d� �J�e�f�f�r�e�y� �(�1�9�8�6�)�.� �L�e�s�s� �f�o�r�m�a�l� �d�e�c�i�s�i�o�n� �m�o�d�e�l�s� �n�o�t� �r�e�q�u�i�r�i�n�g� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�u�b�j�e�c�t�i�v�e� 

�e�s�t�i�m�a�t�e�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �b�y� �M�e�r�e�d�i�t�h� �a�n�d� �S�u�r�e�s�h� �(�1�9�8�6�)� �a�n�d� �b�y� �M�e�r�e�d�i�t�h� �a�n�d� �H�i�l�l� �(�1�9�8�7�)�.� 
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�2�.�2�.�2�.�2� �S�u�r�r�o�g�a�t�e� �M�e�a�s�u�r�e� �M�e�t�h�o�d�s� 

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

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

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

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

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

�S�o�n� �a�n�d� �P�a�r�k� �(�1�9�8�7�)� �d�e�v�e�l�o�p�e�d� �a� �e�v�a�l�u�a�t�i�o�n� �m�e�t�h�o�d� �t�o� �q�u�a�n�t�i�f�y� �t�h�e� �s�t�r�a�t�e�g�i�c� �b�e�n�e�f�i�t�s� �o�f� �q�u�a�l�i�t�y�,� 

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

�w�i�t�h� �e�a�c�h� �s�t�r�a�t�e�g�i�c� �g�o�a�l� �a�r�e�:� 

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

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

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

�m�a�t�e�r�i�a�l� �p�r�o�d�u�c�t�i�v�i�t�y� �=� �o�u�t�p�u�t�/�r�a�w� �m�a�t�e�r�i�a�l� �c�o�s�t� 

�o�v�e�r�h�e�a�d� �p�r�o�d�u�c�t�i�v�i�t�y� �=� �o�u�t�p�u�t�/�o�v�e�r�h�e�a�d� �c�o�s�t� 

�2�.� �M�e�a�s�u�r�e�m�e�n�t� �o�f� �q�u�a�l�i�t�y� 

�p�r�o�c�e�s�s� �q�u�a�l�i�t�y� �=� �o�u�t�p�u�t�/�p�r�e�v�e�n�t�i�o�n� �c�o�s�t� 

�p�r�o�d�u�c�t� �q�u�a�l�i�t�y� �=� �o�u�t�p�u�t�/�f�a�i�l�u�r�e� �c�o�s�t�s� 

�3�.� �M�e�a�s�u�r�e�m�e�n�t� �o�f� �f�l�e�x�i�b�i�l�i�t�y� 

�e�q�u�i�p�m�e�n�t� �f�l�e�x�i�b�i�l�i�t�y� �=� �o�u�t�p�u�t�/�i�d�l�e� �c�o�s�t� �o�f� �e�q�u�i�p�m�e�n�t� 

�p�r�o�d�u�c�t� �f�l�e�x�i�b�i�l�i�t�y� �=� �o�u�t�p�u�t�/�s�e�t�u�p� �c�o�s�t� 

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

�d�e�m�a�n�d� �f�l�e�x�i�b�i�l�i�t�y� �=� �o�u�t�p�u�t�/�i�n�v�e�n�t�o�r�y� �c�o�s�t�s� �o�f� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�s� �a�n�d� �r�a�w� �m�a�t�e�r�i�a�l�s�.� 
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�S�u�l�l�i�v�a�n� �(�1�9�8�4�)� �d�i�s�c�u�s�s�e�s� �a� �M�A�D�A� �t�o� �e�v�a�l�u�a�t�e� �a� �r�o�b�o�t� �i�n�v�e�s�t�m�e�n�t�.� �H�e� �d�e�f�i�n�e�s� �a� �c�o�m�p�o�s�i�t�e� �s�u�r�r�o�-� 

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

�T�1�=� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �m�a�n�u�f�a�c�t�u�r�e� �o�n�e� �u�n�i�t� �o�f� �a� �p�r�o�d�u�c�t� 

�T�2�=� �t�i�m�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�a�n�u�f�a�c�t�u�r�i�n�g� �a� �p�r�o�d�u�c�t� �i�n� �b�a�t�c�h�e�s� 

�T�3�=� �t�i�m�e� �n�e�e�d�e�d� �t�o� �d�e�s�i�g�n� �t�h�e� �p�r�o�d�u�c�t�,� �p�r�e�p�a�r�e� �t�h�e� �d�r�a�w�i�n�g�s� �a�n�d� �p�r�o�c�e�s�s� �p�l�a�n�s�,� �e�t�c�.� 

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

�Q�=�n�u�m�b�e�r� �o�f� �u�n�i�t�s� �p�r�o�d�u�c�e�d� �(�a�s�s�u�m�e� �t�o� �b�e� �c�o�n�s�t�a�n�t�)� �i�n� �e�a�c�h� �b�a�t�c�h� �o�f� �p�r�o�d�u�c�t� 

�C�h�a�n�d�r�a� �a�n�d� �S�c�h�a�l�l� �(�1�9�8�8�)� �u�s�e� �t�h�e� �L�e�o�n�t�e�i�f� �i�n�p�u�t�-�o�u�t�p�u�t� �m�o�d�e�l� �a�n�d� �t�h�e� �A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� 

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

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

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

�u�n�i�t�.� 

�L�a�y� �(�1�9�8�3�)� �c�o�n�d�u�c�t�e�d� �a� �s�u�r�v�e�y� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� �f�i�r�m�s� �a�n�d� �a�s�s�e�s�s�e�d� �t�h�e� �v�a�l�u�e� �o�f� �a�n� �F�M�S� �i�n� �r�e�g�a�r�d�s� 

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

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

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

�d�u�c�t�i�o�n� �i�n� �t�h�e� �d�o�o�r�-�t�o�-�d�o�o�r� �t�i�m�e� �o�f� �w�o�r�k� �p�i�e�c�e�s�.� �S�a�l�o�m�o�n� �a�n�d� �B�i�e�g�e�l� �(�1�9�8�5�)� �d�i�s�c�u�s�s� �s�u�r�r�o�g�a�t�e� 

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

�t�i�m�e�,� �a�n�d� �p�a�r�t� �h�a�n�d�l�i�n�g� �t�i�m�e�.� 

�2�.�2�.�3� �Q�u�a�l�i�t�a�t�i�v�e� �M�e�t�h�o�d�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�2�.�2�.�4� �R�e�l�e�v�a�n�c�e� �t�o� �R�e�s�e�a�r�c�h� 

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

�a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �s�e�l�e�c�t�i�n�g� �b�e�t�w�e�e�n� �C�I�M�S� �t�e�c�h�n�o�l�o�g�i�e�s� �w�h�e�n� �t�h�e� �s�e�t� �o�f� �a�l�t�e�r�n�a�t�i�v�e�s� �i�s� �r�e�l�a�t�i�v�e�l�y� �w�e�l�l� 

�d�e�f�i�n�e�d� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e�s� �c�a�n� �b�e� �s�p�e�c�i�f�i�e�d�.� �R�e�l�i�a�n�c�e� �o�n� �t�h�i�s� �a�p�p�r�o�a�c�h� �e�x�c�l�u�s�i�v�e�l�y� �t�o� �d�e�v�i�s�e� �a� �C�I�M�S� 

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

�(�t�h�e�o�r�e�t�i�c�a�l�l�y� �a�l�l� �C�I�M�s� �w�i�t�h�i�n� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �i�n�c�l�u�d�e�d�)�,� �(�2�)� �d�e�f�i�n�i�n�g� �a� �s�e�t� �o�f� �m�e�a�n�i�n�g�f�u�l� 

�c�r�i�t�e�r�i�a� �a�g�a�i�n�s�t� �w�h�i�c�h� �a�l�l� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s� �c�a�n� �b�e� �c�o�m�p�a�r�e�d�,� �(�3�)� �s�p�e�c�i�f�y�i�n�g� �t�h�e� �i�m�p�a�c�t�s� �o�f� �a�l�l� �a�l�t�e�r�-� 

�n�a�t�i�v�e�s� �o�n� �t�h�e� �s�e�t� �o�f� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a�,� �a�n�d� �(�4�)� �i�n�c�l�u�d�i�n�g� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �i�n�t�e�r�d�e�p�e�n�d�e�n�c�i�e�s� �b�e�-� 

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�7



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

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

�2�.�3�.� �C�I�M�S� �D�e�s�i�g�n� �a�n�d� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�2�.�3�.�1� �C�I�M�S�  ��A�l�l�-�a�t� �O�n�c�e �� �D�e�s�i�g�n� 

�T�h�e� �C�I�M�S� �d�e�s�i�g�n� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �p�r�o�c�e�s�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� �i�s�:� �a�c�c�o�m�p�l�i�s�h�e�d� �i�n� 

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�8



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

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

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

�c�a�t�i�o�n�s�,� �o�p�e�r�a�t�i�n�g� �p�o�l�i�c�i�e�s�,� �e�t�c�.� �a�r�e� �d�e�f�i�n�e�d�;� �t�h�e� �I�D�E�F� �m�e�t�h�o�d�o�l�o�g�y� �(�I�D�E�F� �M�a�n�u�a�l�,� �1�9�8�1�)� �i�s� �a�n� 

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

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

�c�r�i�t�i�c�a�l� �s�u�c�c�e�s�s� �f�a�c�t�o�r�s� �(�R�o�c�k�a�r�t�,� �1�9�7�9�;� �S�h�a�n�k�,� �1�9�8�5�)� �o�f� �t�h�e� �f�i�r�m� �a�r�e� �c�o�n�s�i�d�e�r�e�d�.� �I�n� �t�h�e� �t�h�i�r�d� �s�t�e�p�,� 

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

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

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

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

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

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

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

�t�i�m�e� �a�n�d� �s�t�a�r�t� �a�n�d� �c�o�m�p�l�e�t�i�o�n� �d�a�t�e�s� �a�r�e� �s�p�e�c�i�f�i�e�d�.� �M�e�r�e�d�i�t�h� �(�1�9�8�7�a�)� �d�i�s�c�u�s�s�e�s� �t�o�o�l�s� �w�h�i�c�h� �c�a�n� �b�e� 

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

�v�i�d�e�d� �b�y� �L�a�p�e�n� �a�n�d� �J�e�f�f�r�e�y� �(�1�9�8�6�)�.� 

�2�.�3�.�2� �I�n�c�r�e�m�e�n�t�a�l� �D�e�s�i�g�n� �a�n�d� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� 

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

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

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

�H�a�r�r�i�n�g�t�o�n� �(�1�9�7�3�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �i�f� �a�n�y� �a�l�r�e�a�d�y�-�c�o�m�p�u�t�e�r�i�z�e�d� �o�p�e�r�a�t�i�o�n�s� �e�x�i�s�t� �w�i�t�h�i�n� �t�h�e� �f�i�r�m�,� �t�h�e� 

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�9



�f�u�n�c�t�i�o�n� �e�x�c�e�p�t�e�d�)�.� �T�h�e� �a�d�j�o�i�n�i�n�g� �m�a�y� �o�c�c�u�r� �w�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �p�r�o�d�u�c�t� �l�i�f�e�-�c�y�c�l�e�,� �t�h�e� �m�a�-� 

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

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

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

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

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

�c�o�s�t� �d�a�t�a�)� 

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

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

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

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

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

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

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

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

�H�a�r�r�i�s�o�n�,� �P�r�i�m�r�o�s�e�,� �a�n�d� �L�e�o�n�a�r�d� �(�1�9�8�6�)� �a�d�d�r�e�s�s� �t�h�e� �i�s�s�u�e� �o�f� �d�e�c�i�d�i�n�g� �w�h�i�c�h� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m�s� �t�o� 

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

�a�n� �e�x�i�s�t�i�n�g� �C�A�D� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �l�i�n�k�e�d� �t�o� �C�A�M� �o�r� �t�o� �a�n� �M�R�P� �I�I� �s�y�s�t�e�m�.� �K�e�s�s�l�o� �(�1�9�8�9�)�,� �r�e�a�l�-� 

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

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

�o�f� �s�y�s�t�e�m�s� �b�e�f�o�r�e� �i�n�t�e�g�r�a�t�i�o�n� �i�s� �a�t�t�e�m�p�t�e�d�.� 
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�2�.�3�.�3� �C�I�M�S� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �O�r�g�a�n�i�z�a�t�i�o�n�a�l� �I�s�s�u�e�s� 

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

�a� �C�I�M�S� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�,� �l�i�t�e�r�a�t�u�r�e� �r�e�l�a�t�i�n�g� �t�o� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �i�s�s�u�e�s� �s�u�r�r�o�u�n�d�i�n�g� �C�I�M�S� �i�m�p�l�e�-� 

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

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

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

�c�h�a�n�g�e�s� �i�n� �h�o�w� �t�h�e� �c�o�m�p�a�n�y� �o�p�e�r�a�t�e�s�.� �C�o�x� �a�n�d� �C�l�a�r�k� �(�1�9�8�4�,� �p�.� �8�1�)� �s�t�a�t�e�:�  ��T�h�e� �t�r�a�n�s�i�t�i�o�n� �i�n�-� 

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

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

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

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

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

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

�e�d�u�c�a�t�i�o�n�:� �M�a�n�y� �a�u�t�h�o�r�s� �c�i�t�e� �t�h�e� �l�a�c�k� �o�f� �a�d�e�q�u�a�t�e� �C�I�M�S� �e�d�u�c�a�t�i�o�n� �a�s� �a� �m�a�j�o�r� �r�e�a�s�o�n� �f�o�r� 

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

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

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

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

�f�o�r� �C�I�M� �f�a�i�l�u�r�e�s�.� �C�I�M�S� �s�h�o�u�l�d� �n�o�t� �b�e� �u�n�d�e�r�t�a�k�e�n� �w�i�t�h� �a�  ��l�e�t ��s� �s�e�e� �i�f� �i�t� �w�o�r�k�s �� �a�t�t�i�t�u�d�e�.� 

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�1



�1�0�.� 

�1�1�.� 

�1�2�.� 

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

�b�e� �m�a�d�e� �b�y� �a� �t�e�a�m� �o�f� �k�n�o�w�l�e�d�g�e�a�b�l�e� �e�m�p�l�o�y�e�e�s� �f�r�o�m� �a�l�l� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �d�e�p�a�r�t�m�e�n�t�s�.� �C�I�M�S� 

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

�C�I�M� �c�h�a�m�p�i�o�n�:� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �h�a�v�e� �a� �C�I�M� �c�h�a�m�p�i�o�n� �w�h�o� �w�i�l�l� �o�v�e�r�s�e�e� �t�h�e� �e�n�t�i�r�e� �i�m�p�l�e�-� 

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

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

�c�a�n� �b�e� �s�u�c�c�e�s�s�f�u�l�.� �(�M�e�r�e�d�i�t�h�,� �1�9�8�6�)�.� �T�h�i�s� �r�e�q�u�i�r�e�s� �d�e�f�i�n�i�n�g� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� 

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

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

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

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

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

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

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

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

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

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

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

�n�e�c�e�s�s�i�t�y�:� �C�I�M� �t�e�c�h�n�o�l�o�g�i�e�s� �a�r�e� �n�o�t� �a�l�w�a�y�s� �t�h�e� �b�e�s�t� �w�a�y� �t�o� �a�d�d�r�e�s�s� �t�h�e� �i�d�e�n�t�i�f�i�e�d� �n�e�e�d�s�.� �I�t� 

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

�p�r�o�c�e�d�u�r�e�.� 

�A� �d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �t�e�c�h�n�i�c�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �i�s� �g�i�v�e�n� �i�n� �H�o�l�l�i�g�u�m� �(�1�9�8�7�)� �a�n�d� �R�e�m�b�o�l�d�,� 

�U�l�r�i�c�h�,� �a�n�d� �D�i�l�l�m�a�n�n� �(�1�9�8�5�)�.� �M�e�r�e�d�i�t�h� �(�1�9�8�1�)� �p�r�o�v�i�d�e�s� �a� �s�u�m�m�a�r�y� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�g�a�r�d�i�n�g� �t�h�e� 
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�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m�s� �a�n�d� �h�o�w� �s�o�m�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �p�r�o�b�l�e�m�s� �c�a�n� �b�e� �a�v�o�i�d�e�d� �o�r� 

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

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �p�r�o�c�e�s�s� �(�1�9�8�7�a�)�.� �A�n�o�t�h�e�r� �d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n� �o�f� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s�s�u�e�s� �i�s� �d�i�s�c�u�s�s�e�d� 

�i�n� �R�h�o�d�e�s� �a�n�d� �W�i�e�l�d� �(�1�9�8�5�)�.� 

�2�.�3�.�4� �R�e�l�e�v�a�n�c�e� �t�o� �R�e�s�e�a�r�c�h� 

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

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

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

�2�.�4� �D�e�s�i�g�n� �a�n�d� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �I�n�f�o�r�m�a�t�i�o�n� �S�y�s�t�e�m�s� 

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

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

�(�i�n�t�e�g�r�a�t�i�o�n�)�.� �I�t� �m�i�g�h�t� �t�h�u�s� �s�e�e�m� �r�e�a�s�o�n�a�b�l�e� �t�o� �v�i�e�w� �C�I�M�S� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m�s� �i�n� �a�n� �a�n�a�l�o�-� 

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

�o�f� �a�n� �a�u�t�o�m�a�t�i�o�n� �p�l�a�n� �b�a�s�e�d� �o�n� �d�a�t�a� �n�e�e�d�s� �h�a�s� �b�e�e�n� �a�d�v�o�c�a�t�e�d� �b�y� �A�p�p�l�e�t�o�n� �(�1�9�8�1�)�.� 

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

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

�a�r�i�s�e� �i�n� �r�e�g�a�r�d�s� �t�o� �C�I�M�S� �d�e�s�i�g�n� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�l�s�o� �a�r�i�s�e� �w�i�t�h� �r�e�g�a�r�d�s� �t�o� �I�S�.� �F�i�r�s�t�,� �d�e�t�e�r�m�i�n�i�n�g� 

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

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

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

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

�M�u�n�r�o� �a�n�d� �D�a�v�i�s� �(�1�9�7�7�)� �p�r�o�v�i�d�e� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �t�o�p� �d�o�w�n� �a�n�d� �b�o�t�t�o�m� 

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

�S�u�t�h�e�r�l�a�n�d� �(�1�9�8�8�)�,� �K�l�e�i�j�n�e�n� �(�1�9�8�0�)�,� �M�a�t�l�i�n� �(�1�9�7�0�)�,� �C�r�o�w�e� �a�n�d� �A�v�i�s�o�n� �(�1�9�8�0�)�,� �a�n�d� �M�a�r�s�c�h�a�k� �(�1�9�7�7�)�.� 

�2�.�4�.�1� �D�e�s�i�g�n� �A�p�p�r�o�a�c�h�e�s� 

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

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

�v�i�d�e�d� �b�y� �K�o�t�t�e�m�a�n�n� �a�n�d� �K�o�n�s�y�n�s�k�i� �(�1�9�8�4�)�.� �T�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n�c�l�u�d�e�:� 

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

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

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

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

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

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

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

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

�m�e�t�h�o�d�o�l�o�g�i�e�s� �b�a�s�e�d� �o�n� �s�u�c�h� �a� �v�i�e�w� �a�r�e� �d�e�s�c�r�i�b�e�d� �b�y� �Z�a�n�i� �(�1�9�7�0�)�,� �E�i�n�-�D�o�c� �a�n�d� �S�e�g�e�v� �(�1�9�7�8�)�,� 

�R�o�c�k�a�r�t� �a�n�d� �S�c�o�t�t� �M�o�r�t�o�n� �(�1�9�8�4�)�,� �S�y�n�n�o�t�t� �(�1�9�8�7�)�,� �a�n�d� �G�e�r�s�t�e�i�n� �a�n�d� �R�i�s�m�a�n� �(�1�9�8�2�)�.� �A�n�o�t�h�e�r� 

�c�o�m�m�o�n� �v�i�e�w� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �t�h�a�t� �i�t� �i�s� �a� �m�e�a�n�s� �t�o� �r�e�d�u�c�e� �u�n�c�e�r�t�a�i�n�t�y� �(�G�a�l�b�r�a�i�t�h�,� �1�9�7�3�)�.� �B�a�s�e�d� 

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

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

�l�i�t�e�r�a�t�u�r�e�.� �(�K�e�r�n�e�r�,� �1�9�7�9�;� �Z�a�n�i�,� �1�9�7�0�;� �C�a�r�l�s�o�n�,� �1�9�7�9�)�.� �O�t�h�e�r� �v�i�e�w�s� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �i�n�c�l�u�d�e�:� �(�1�)� �t�h�a�t� 
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�i�t� �i�s� �a� �t�o�o�l� �w�i�t�h� �w�h�i�c�h� �t�o� �m�a�n�a�g�e� �i�n�t�e�r�d�e�p�e�n�d�e�n�c�e�,� �(�R�o�c�k�a�r�t� �a�n�d� �S�h�o�r�t�,� �1�9�8�9�)� �(�2�)� �t�h�a�t� �i�t� �i�s� �a� �m�e�a�n�s� 

�t�o� �r�e�d�u�c�e� �e�q�u�i�v�o�c�a�l�i�t�y� �a�s� �w�e�l�l� �a�s� �u�n�c�e�r�t�a�i�n�t�y�,� �(�D�a�f�t� �a�n�d� �L�e�n�g�e�l�,� �1�9�8�6�)� �a�n�d� �(�3�)� �t�h�a�t� �i�t� �i�s� �a� �m�e�a�n�s� �t�o� 

�f�o�r�m�  ��e�l�e�c�t�r�o�n�i�c� �l�i�n�k�s �� �w�i�t�h� �c�u�s�t�o�m�e�r�s� �a�n�d� �v�e�n�d�o�r�s� �(�B�a�r�r�e�t�t�,� �1�9�8�6�-�8�7�;� �J�o�h�n�s�o�n� �a�n�d� �L�a�w�r�e�n�c�e�,� 

�1�9�8�8�)�.� �T�h�e� �l�a�t�e�r� �t�w�o� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �d�e�s�i�g�n� �m�e�t�h�o�d�o�l�o�g�i�e�s� �(�t�h�e� �s�c�h�e�m�a�t�i�c� �v�i�e�w� �a�n�d� �d�e�s�i�g�n� �g�o�a�l�s�)� 

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

�2�.�4�.�2� �T�h�e� �I�n�f�o�r�m�a�t�i�o�n� �A�r�c�h�i�t�e�c�t�u�r�e� 

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

�t�e�c�t�u�r�e� �(�I�A�)�.� �A�n� �I�A� �r�e�p�r�e�s�e�n�t�s� �a� �t�o�p�-�d�o�w�n� �v�i�e�w� �o�f� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �a�n�d� �i�s� �c�o�m�p�o�s�e�d� �o�f�  ��t�h�e� �s�u�m� 

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

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

 ��T�h�e� �B�u�s�i�n�e�s�s�. �� �(�Z�a�c�h�m�a�n�,� �1�9�8�7�,� �p�.� �9�)�.� �T�h�e� �I�A� �t�h�u�s� �d�e�f�i�n�e�s� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �f�l�o�w�s� �w�i�t�h�i�n� �a�n� �o�r�-� 

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

�M�e�t�h�o�d�s� �f�o�r� �d�e�f�i�n�i�n�g� �t�h�e� �I�A� �m�a�y� �b�e� �f�o�u�n�d� �i�n� �L�e�i�f�e�r� �(�1�9�8�8�)�,� �B�r�a�n�c�h�e�a�u� �(�1�9�8�9�)�,� �A�p�p�l�e�t�o�n� �(�1�9�8�1�)�,� 

�Z�a�c�k�m�a�n� �(�1�9�8�7�)�,� �R�o�s�s� �(�1�9�8�7�)�,� �a�n�d� �i�n� �t�h�e� �I�B�M� �I�n�f�o�r�m�a�t�i�o�n� �S�y�s�t�e�m�s� �P�l�a�n�n�i�n�g� �G�u�i�d�e� �(�1�9�7�5�)�.� 

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

�v�i�e�w�,� �o�r� �o�n�t�o�l�o�g�y�,� �o�n� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n�.� �A�n� �o�n�t�o�l�o�g�y� �i�s� �d�e�f�i�n�e�d� �b�y� �F�l�o�r�e�s�,� �e�t� �a�l� �(�1�9�8�8�,� �p�.�1�5�4�)� �a�s�  ��a� 

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

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

�i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �i�n�c�l�u�d�e� �a� �h�i�e�r�a�r�c�h�y� �o�f� �d�e�c�i�s�i�o�n� �c�e�n�t�e�r�s� �(�R�a�m�e�s�h� �a�n�d� �S�e�k�a�r�,� �1�9�8�8�)�,� �m�a�t�e�r�i�a�l� 

�a�n�d� �i�n�f�o�r�m�a�t�i�o�n� �f�l�o�w�s� �(�H�a�r�r�i�n�g�t�o�n�,� �1�9�7�3�)�,� �r�e�s�o�u�r�c�e�s� �a�n�d� �p�r�o�c�e�s�s�e�s� �(�I�B�M�,� �1�9�7�5�)�,� �f�e�a�t�u�r�e�s� �(�H�s�u� �a�n�d� 

�S�k�e�v�i�n�g�t�o�n�,� �1�9�8�7�)� �a�n�d� �c�o�n�v�e�r�s�a�t�i�o�n�s� �(�F�l�o�r�e�s� �e�t� �a�l�,� �1�9�8�8�)�,� �A�u�r�a�m�a�k�i�,� �L�e�h�i�n�e�n�,� �a�n�d� �L�y�y�t�i�n�e�n�,� �1�9�8�8�;� 

�a�n�d� �H�i�r�s�c�h�h�e�i�m�,� �1�9�8�6�)�,� �t�o� �n�a�m�e� �j�u�s�t� �a� �f�e�w�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �a�n� �o�n�t�o�l�o�g�y� �i�s� �a� �v�i�t�a�l� �p�a�r�t� �o�f� �d�e�s�i�g�n�,� 

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

�T�h�e� �o�n�t�o�l�o�g�y�  ��.�.�.�c�l�a�r�i�f�i�e�s� �t�h�e� �p�r�e�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �w�h�a�t� �k�i�n�d�s� �o�f� �t�h�i�n�g�s� �e�x�i�s�t�,� �w�h�a�t� �k�i�n�d� �o�f� �p�r�o�p�e�r�t�i�e�s� 
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�t�h�e�y� �c�a�n� �h�a�v�e�,� �a�n�d� �w�h�a�t� �k�i�n�d� �o�f� �e�v�e�n�t�s� �a�n�d� �r�e�l�a�t�i�o�n�s�h�i�p�s� �t�h�e�y� �c�a�n� �e�n�t�e�r� �i�n�t�o�. �� �(�F�l�o�r�e�s�,� �1�9�8�8�,� �p�.�1�5�5�)� 

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

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

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

�d�e�v�e�l�o�p� �t�h�i�s� �i�d�e�a� �(�1�9�8�8�,� �p�.�1�6�6�)�:� 

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

�F�l�o�r�e�s�,� �e�t� �a�l� �e�x�t�r�a�c�t� �t�h�e� �r�e�l�e�v�a�n�c�e� �o�f� �t�h�e� �a�b�o�v�e� �d�i�s�c�u�s�s�i�o�n� �t�o� �t�h�i�s� �r�e�s�e�a�r�c�h� �b�y� �s�t�a�t�i�n�g�:�  ��T�h�e� �q�u�e�s�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

�e�a�s�y� �t�o� �i�d�e�n�t�i�f�y� �w�i�t�h� �m�i�n�i�m�a�l� �a�m�b�i�g�u�i�t�y� �2� 

�3�.� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e� �o�v�e�r� �t�i�m�e� 

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

�5�  ��r�o�b�u�s�t �� �i�n� �t�h�e� �s�e�n�s�e� �t�h�a�t� �a� �n�u�m�b�e�r� �o�f� �d�e�s�i�g�n� �g�o�a�l�s� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �b�e� �s�u�p�p�o�r�t�e�d�.� 
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�2�.�4�.�2�.�1� �T�h�e� �O�n�t�o�l�o�g�y� �U�s�e�d� �f�o�r� �C�I�M�S� �D�e�s�i�g�n� 

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

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

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

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

�a�n�d� �c�o�o�r�d�i�n�a�t�e� �a�c�t�i�o�n�.� 

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

�K�o�t�t�e�m�a�n�n� �a�n�d� �K�o�n�s�y�n�s�k�i� �(�1�9�8�4�)�.� �T�h�e�s�e� �p�i�v�o�t�a�l� �e�l�e�m�e�n�t�s� �a�r�e� �m�e�a�n�i�n�g�f�u�l� �a�n�d� �i�m�p�o�r�t�a�n�t� �t�o� �C�I�M�S� 

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

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

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

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

�d�e�r�i�v�e�d� �(�t�h�e� �o�n�t�o�l�o�g�y� �i�s�  ��r�o�b�u�s�t ��)�.� 

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

�t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e�s�e� �a�r�e� �t�h�e� �I�D�E�F� �m�o�d�e�l�i�n�g� �t�e�c�h�n�i�q�u�e� �(�I�D�E�F� �M�a�n�u�a�l�,� �1�9�8�1�)� �a�n�d� �t�h�e� �l�a�n�g�u�a�g�e� 

�a�c�t�i�o�n� �p�e�r�s�p�e�c�t�i�v�e� �(�F�l�o�r�e�s�,� �e�t� �a�l�,� �1�9�8�8�)�.� �T�h�e� �I�D�E�F� �t�e�c�h�n�i�q�u�e� �m�o�d�e�l�s� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �i�n� �t�e�r�m�s� �o�f� 

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

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

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

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

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

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

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

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

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

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

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

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

�W�i�n�o�g�r�a�d�,� �1�9�8�6�)� 

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

�I�D�E�F� �m�o�d�e�l�,� �t�h�i�s� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �w�i�t�h� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m�s� �a�n�d� �f�e�e�d�b�a�c�k� �l�o�o�p�s� �w�h�i�l�e� �i�n� �t�h�e� 

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

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

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

�2�.�4�.�3� �R�e�l�e�v�a�n�c�e� �t�o� �R�e�s�e�a�r�c�h� 

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

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

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

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

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

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

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

�A�s� �s�u�c�h�,� �d�e�s�i�g�n� �b�a�s�e�d� �o�n� �a�n� �I�S� �d�e�v�e�l�o�p�m�e�n�t� �m�e�t�h�o�d�o�l�o�g�y� �(�w�i�t�h� �i�m�p�l�i�e�d� �o�n�t�o�l�o�g�y�)� �m�a�y� �n�o�t� �s�u�p�-� 

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

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

�a�s�p�e�c�t� �o�f� �d�e�s�i�g�n�.� 
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�2�.�5� �S�u�m�m�a�r�y� �o�f� �t�h�e� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� 

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

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

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

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

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

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

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

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

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

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

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

�i�z�a�t�i�o�n� �t�o�d�a�y�.� 
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�C�h�a�p�t�e�r� �I�T�I� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� 

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

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

�3�.�1� �O�u�t�l�i�n�e� �o�f� �t�h�e� �E�v�a�l�u�a�t�i�o�n� �F�r�a�m�e�w�o�r�k� 

�S�T�E�P� �O�N�E�:� �S�e�l�e�c�t�i�o�n� �o�f� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

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

�p�l�e�m�e�n�t�a�t�i�o�n�.� 

�S�T�E�P� �T�W�O�:� �R�e�f�e�r�e�n�c�e� �S�t�r�u�c�t�u�r�e� 

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �4�0



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

�s�p�e�c�i�f�i�e�d�.� 

�S�T�E�P� �T�H�R�E�E�:� �F�u�n�c�t�i�o�n� �M�a�t�r�i�x� 

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

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

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

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

�a�x�e�s�.� �C�e�l�l�s� �f�a�l�l�i�n�g� �a�l�o�n�g� �t�h�e� �m�a�j�o�r� �d�i�a�g�o�n�a�l� �o�f� �t�h�i�s� �m�a�t�r�i�x� �a�r�e� �c�a�l�l�e�d� �f�u�n�c�t�i�o�n� �c�e�l�l�s�;� 

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

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

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

�F�u�n�c�t�i�o�n� �M�a�t�r�i�x� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.� 

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

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

�f�u�n�c�t�i�o�n�s�.� �A�n� �e�x�a�m�p�l�e� �G�e�n�e�r�a�l� �D�e�p�e�n�d�e�n�c�y� �M�a�t�r�i�x� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.� �T�h�e� �a�s�-� 

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

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

�S�T�E�P� �F�O�U�R�:� �A�f�f�e�c�t�/�I�m�p�a�c�t� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

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

�S�T�E�P� �F�I�V�E�:� �O�v�e�r�l�a�y� �M�a�t�r�i�c�e�s� 

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �4�1
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�L� �i�n�d�i�c�a�t�e�s� �a� �l�o�w� �a�m�o�u�n�t� �o�f� 
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�G�E�N�E�R�A�L� �D�E�P�E�N�D�E�N�C�Y� �M�A�T�R�I�X� 

�F�i�g�u�r�e� �3�.� �A� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �G�e�n�e�r�a�l� �D�e�p�e�n�d�e�n�c�y� �M�a�t�r�i�x� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �4�3



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

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

�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �O�v�e�r�l�a�y� �M�a�t�r�i�c�e�s� �a�n�d� �t�h�e� �F�u�n�c�t�i�o�n� �M�a�t�r�i�x� �a�n�d� �i�n� �F�i�g�u�r�e� �5� �a�n� 

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

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

�o�f� �c�o�m�p�u�t�e�r�i�z�a�t�i�o�n�.� 

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

�o�f� �m�a�t�r�i�c�e�s�,� �t�h�e� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�c�e�s�.� �T�h�e�s�e� �m�a�t�r�i�c�e�s� �c�o�n�t�a�i�n� �a� �r�e�l�a�t�i�v�e� �a�s�s�e�s�s�-� 

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

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

�c�r�i�t�e�r�i�a�.� �A�n� �e�x�a�m�p�l�e� �o�f� �a�n� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�x� �i�s� �p�r�o�v�i�d�e�d� �i�n� �F�i�g�u�r�e� �6�.� 

�S�T�E�P� �S�I�X�:� �E�v�a�l�u�a�t�i�o�n� 

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

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

�c�r�i�t�e�r�i�a�.� 

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

�d�e�r�i�v�e� �a�f�f�e�c�t�/�i�m�p�a�c�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �(�S�t�e�p� �4�)�.� �W�h�i�l�e� �g�e�n�e�r�a�l� �d�i�s�c�u�s�s�i�o�n�s� �w�i�l�l� �b�e� �p�r�o�v�i�d�e�d� �o�f� �h�o�w� �s�o�m�e� 

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

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �4�4



� � 

� � 

� � 

�_�»�  �� �N�O�O�N� 
�N�S� �S�A�S�L� �A�S� �E�V�A�L�U�A�T�I�O�N� �C�R�I�T�E�R�I�A� �#�3� 

�5� �\� �y�y� �*� �o�r�  ��~� 

�a� �b� �¢� �d� �e�  �� �f�h� �}� �j� �k� �{� 

�a�w�e� �N�O�O�N�A�N� �O�N�A�N� �O�N� �O�S�S� 
�a� �e�e� �O�e� �S�O� �a� 
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�f�u�n�c�t�i�o�n� �b� �a�r�e� �T�h�e� �i�m�p�a�c�t�s� �o�f� 

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

�i�s� �s�p�e�c�i�f�i�e�d� �.� 

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

�F�U�N�C�T�I�O�N� �C�E�L�L� �o�p�e�n�e�d�.� 
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�®� �R�S�S�R�E�R� �H�q� �N�H�S� �H�S� �o�N� �A�H�N� �N�S� �:�  �� 

�d� �S�S� �S�I�M�P�A�C�T� �S�U�M�M�A�R�Y� �M�A�T�R�I�X� 
�N�O�S�S�O� �P�e�o�n� �f�o�r� �e�a�c�h� �e�v�a�l�u�a�t�i�o�n� �e�r�i�t�e�r�t�a�)� 
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�a� �e�e� �,� �h� �N�E�S� �S�L� �S�S�E� �S�H�S� �O�N�S� �S�S� 
�T�N�T�A�E�A�T�A�I�N� �E�S�S� �S�S�E� 
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�F�i�g�u�r�e� �6�.� �A� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�x� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� 

�S�S� �F�U�N�C�T�I�O�N� �|� �M�A�T�R�I�X� �S� �S�A�,� 
�S�S�S� �S�S� �S�S�S� �S�S� �S�S� 

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

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

�M� �i�n�d�i�c�a�t�e�s� �a� �m�e�d�i�u�m� �a�s�s�e�s�s�m�e�n�t� 

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

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

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

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

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

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

�3�.�2� �S�T�E�P� �O�N�E�:� �S�e�l�e�c�t�i�o�n� �o�f� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

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

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

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

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

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

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

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

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

�C�r�i�t�e�r�i�a� �r�e�l�a�t�e�d� �t�o� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �p�e�r�f�o�r�m�a�n�c�e�:� 

�®� �p�r�o�f�i�t�a�b�i�l�i�t�y� 

�©� �~�§�=�s�c�o�s�t� 

�¢� �=� �q�u�a�l�i�t�y� 

�e� �=� �f�l�e�x�i�b�i�l�i�t�y� 

�¢� �§�=�p�r�o�d�u�c�t�i�v�i�t�y� 

�®� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� 

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

�¢� �l�o�g�i�c�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� 

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

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

�3�.�3� �S�T�E�P� �T�W�O�:� �R�e�f�e�r�e�n�c�e� �S�t�r�u�c�t�u�r�e� 

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

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

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

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

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

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

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

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

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

�t�u�r�i�n�g� �f�i�r�m�.� 

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

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

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

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

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

�(�C�/�A�)� �o�r� �r�e�q�u�e�s�t�/�r�e�s�p�o�n�s�e� �(�R�/�R�)�.� �W�h�i�l�e� �b�o�t�h� �t�r�a�n�s�a�c�t�i�o�n� �t�y�p�e�s� �c�a�r�r�y� �a�n� �i�m�p�l�i�e�d� �a�b�i�l�i�t�y� �t�o� �a�f�f�e�c�t� 
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�a�c�t�i�o�n�,� �t�h�e�s�e� �t�r�a�n�s�a�c�t�i�o�n�s� �d�i�f�f�e�r� �b�y� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �a�u�t�h�o�r�i�t�y� �v�e�s�t�e�d� �i�n� �t�h�e�m� �t�o� �d�i�r�e�c�t� �t�h�e� �a�c�t�i�v�i�t�i�e�s� 

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

�3�.�3�.�1�.�1� �T�h�e� �C�o�m�m�a�n�d�]� �A�c�t�i�o�n� �T�r�a�n�s�a�c�t�i�o�n� 

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

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

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

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

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

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

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

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

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

�F�i�g�u�r�e� �7� �d�e�p�i�c�t�s� �a� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �c�o�m�m�a�n�d�/�a�c�t�i�o�n� �t�r�a�n�s�a�c�t�i�o�n�.� 

�3�.�3�.�1�.�2� �T�h�e� �R�e�q�u�e�s�t�/�R�e�s�p�o�n�s�e� �T�r�a�n�s�a�c�t�i�o�n� 

�T�h�e� �r�e�q�u�e�s�t�/�r�e�s�p�o�n�s�e� �(�R�/�R�)� �t�r�a�n�s�a�c�t�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �o�n�e� �f�u�n�c�t�i�o�n� �r�e�l�a�y�i�n�g� �a� �r�e�q�u�e�s�t� �f�o�r� 

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

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

�t�h�e�i�r� �i�n�a�b�i�l�i�t�y� �o�r� �u�n�w�i�l�l�i�n�g�n�e�s�s� �t�o� �p�e�r�f�o�r�m� �o�r� �n�o� �r�e�s�p�o�n�s�e� �a�t� �a�l�l�.� �W�i�t�h� �R�/�R� �t�r�a�n�s�a�c�t�i�o�n�s�,� �n�o� �f�u�n�c�-� 

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

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

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

�t�r�a�n�s�a�c�t�i�o�n�.� �A�n� �e�x�a�m�p�l�e� �o�f� �s�u�c�h� �a� �r�e�q�u�e�s�t�/�r�e�s�p�o�n�s�e� �p�a�i�r� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �8�.� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �5�0



�c�o�m�m�a�n�d� �f�o�r� �a�c�t�i�o�n� �o�r� �i�n�f�o�r�m�a�t�i�o�n� 

� � 

� � � � 
� � 

� � 
�c�o�m�m�a�n�d�e�d� �c�o�m�m�a�n�d�e�r� 

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

� � 

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

� � 

�e�x�a�m�p�l�e�:� 

�P�R�O�D�U�C�T� �D�E�S�I�G�N�:� �s�e�n�d�s� �c�o�m�m�a�n�d� �t�o� �p�r�o�d�u�c�e� �a� �s�e�t� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� 
�i�n�s�t�r�u�c�t�i�o�n�s� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�e� �p�r�o�d�u�c�t� �d�e�s�i�g�n�,� �b�l�u�e�p�r�i�n�t�s�,� �B�O�M�,� �e�t�c�.� 

�M�A�N�U�F�A�C�T�U�R�I�N�G� �E�N�G�I�N�E�E�R�I�N�G�:� �c�o�m�p�l�e�t�e�s� �a�c�t�i�o�n� �o�r� �r�e�q�u�e�s�t�s� 
�c�l�a�r�i�f�i�c�a�t�i�o�n� �a�n�d�/�o�r� �m�o�d�i�f�i�c�a�t�i�o�n�.� � � � � � � 

�F�i�g�u�r�e� �7�.� �A� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �C�o�m�m�a�n�d�/�A�c�t�i�o�n� �T�r�a�n�s�a�c�t�i�o�n� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� 
�5�1



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

� � 

� � 
�r�e�q�u�e�s�t�e�d� 

�e�x�.�.� �m�a�n�u�f�a�c�t�u�r�i�n�g� � � � � 

� � 

� � � � 

� � 
�r�e�q�u�e�s�t�e�r� 

�e�x�.�.� �m�a�n�u�f�a�c�t�u�r�i�n�g� �e�n�g�i�n�e�e�r�i�n�g� 
�2� 
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� � 

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

� � 

�e�x�a�m�p�l�e�:� 

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

�t�h�e� �r�e�q�u�e�s�t�,� �o�r� �d�o�e�s� �n�o�t� �r�e�s�p�o�n�d�.� � � 
�M�A�N�U�F�A�C�T�U�R�I�N�G� �E�N�G�I�N�E�E�R�I�N�G�:� �r�e�q�u�e�s�t�s� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� 

�M�A�N�U�F�A�C�T�U�R�I�N�G�:� �r�e�p�l�i�e�s� �w�i�t�h� �r�e�q�u�e�s�t�e�d� �i�n�f�o�r�m�a�t�i�o�n� �o�r� �a�c�t�i�o�n�,� �d�e�n�i�e�s� � � � � 

�F�i�g�u�r�e� �8�.� �A� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �R�e�q�u�e�s�t�/�R�e�s�p�o�n�s�e� �T�r�a�n�s�a�c�t�i�o�n� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �§�2� 

� 



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

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

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

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

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

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

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

�i�s� �U�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �9�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �R�/�R� �t�r�a�n�s�a�c�t�i�o�n�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�c�t�i�v�e� �a�n�d� �p�a�s�s�i�v�e� �r�e�q�u�e�s�t�s�.� 

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

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

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

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

�3�.�4� �S�T�E�P� �T�H�R�E�E�:� �T�h�e� �F�u�n�c�t�i�o�n� �M�a�t�r�i�x� 

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

�g�e�n�e�r�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�i�s� �m�a�t�r�i�x� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�0�.� �D�u�e� �t�o� �s�p�a�c�e� �l�i�m�i�t�a�t�i�o�n�s�,� �t�h�e� �c�e�l�l�s� �o�f� �t�h�i�s� 

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �5�3



�c�o�m�m�a�n�d�s� �a�c�t�i�o�n� �o�r� �i�n�f�o�r�m�a�t�i�o�n� 

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

� � � � 

� � 
�c�o�m�m�a�n�d�e�d� �c�o�m�m�a�n�d�e�r� 

�e�x�.�.� �m�a�n�u�f�a�c�t�u�r�i�n�g� �e�n�g�i�n�e�e�r�i�n�g� �e�x�.�.� �m�a�n�u�f�a�c�t�u�r�i�n�g� � � � � � � � � � � 

� � 
� � 

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

� � 
�e�x�a�m�p�l�e�:� 

�M�A�N�U�F�A�C�T�U�R�I�N�G� �E�N�G�I�N�E�E�R�I�N�G�:� �c�o�m�m�a�n�d�s� �h�o�w� �t�o� �m�a�n�u�f�a�c�t�u�r�e� �a� 
�p�r�o�d�u�c�t� �v�i�a� �t�h�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�s�,� �a�l�s�o� �r�e�q�u�e�s�t�s� �i�n�f�o�r�m�a�t�i�o�n� 
�r�e�g�a�r�d�i�n�g� �m�a�n�u�f�a�c�t�u�r�i�n�g� �c�a�p�a�b�i�l�i�t�i�e�s�.� 

�M�A�N�U�F�A�C�T�U�R�I�N�G�:� �m�a�n�u�f�a�c�t�u�r�e�s� �a�s� �c�o�m�m�a�n�d�e�d� �o�r� �r�e�q�u�e�s�t�s� 
�c�l�a�r�i�f�i�c�a�t�i�o�n� �o�r� �m�o�d�i�f�i�c�a�t�i�o�n�,� �a�l�s�o� �p�r�o�v�i�d�e�s� �d�a�t�a� �r�e�g�a�r�d�i�n�g� �m�a�n�u�f�a�c�t�u�r�i�n�g� 
�c�a�p�a�b�i�l�i�t�i�e�s�.� � � � � 
� � 
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�o�|� �1�8� �|� �-� �J� �|� �l�g� 
�S�I�S�2�1�5�1�2�1� �f�e�l� �|�e� �z�l�5�/� �[�o�l� �l�e� �S�I�S�/�S�I�E�V�S�l�o�l�E�l�e�/� �8�/�2� �|�_�l�o�l� �2�1�2�1� �g�S� �1�S� �1�S� �o�|�o� �Y�I�D�L�S� �|� �v�o�l�s�!� �a�l�s� �S�I�S�1�E�1�9� �o�l�f�a�l�=� �5� �S�i�s�t�a� �e�t�e� �t�e�i�e� �t�a�l�e� �(�s�l�s�i�e�i�e�t�e�l�e�e�r�e� 
�S�I�Z�E� �S�I�S� �S�i�2�i�g� �l�e�i�s� �|�e� �S�(�(�B�l�w�(�S� �(�s�s� 
�S�l�a�l�e�l�e�l�e�l�a�l�e�l�a�l�s�i�e� �3�8� �E�l�e�i�S�l�a�l�e�|�s� 

�s�a�l�e�s�/�m�a�r�k�e�t�i�n�g� �H�|�M�/�L�I�L�/�L�I�M�I�M�|�M�I�H�|�M�/�H�{�/�M�{�I�M�I�L�I�R�T�H�I�M� 
�p�r�o�d�u�c�t� �d�e�s�i�g�n� �H� 
�m�a�n�u�f�a�c�t�u�r�i�n�g� �e�n�g�.� �M� 

�m�a�t�e�r�i�a�l�s� �m�g�m�t�.� �L� �H�j�H� 
�m�a�n�u�f�a�c�t�u�r�i�n�g� �L� �H� �H�{�H� 
�p�u�r�c�h�a�s�i�n�g� �L� �H�i� �H� 
�m�a�t�e�r�i�a�l�s� �h�n�d�l�g�.� �M� �H� 
�p�l�a�n�t� �m�a�i�n�t�.� �M� 

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

�p�e�r�s�o�n�n�e�l� �W�i� �t�h�e� �f�u�n�c�t�i�o�n�s� 

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

�u�a�l�i�t�y� �c�o�n�t�r�o�l� �M� 
 ��<� �L� �L� �i�n�d�i�c�a�t�e�s� �a� �b�w� �d�e�p�e�n�d�e�n�c�y� �b�e�t�w�e�e�n� 

�c�o�s�t� �a�c�e�.� �t�h�e� �f�u�n�c�t�i�o�n�s� 
�S�t�r�a�t�e�g�i�c� �p�i�n�g�.� �H�  ��_� 

�q�u�a�l�i�t�y� �p�i�n�g�.� �H� 
�f�i�n�a�n�c�i�a�l� �p�i�n�g�.� �M� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 

�F�i�g�u�r�e� �1�1�.� �T�h�e� �G�e�n�e�r�a�l� �D�e�p�e�n�d�e�n�c�y� �M�a�t�r�i�x�:� �A� �G�e�n�e�r�a�l� �D�e�p�e�n�d�e�n�c�y� �M�a�t�r�i�x� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �e�x�a�m�p�l�e� �r�e�f�e�r�e�n�c�e� �s�t�r�u�c�t�u�r�e�.� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �5�6



�3�.�5� �S�T�E�P� �F�O�U�R�:� �A�f�f�e�c�t�{�I�m�p�a�c�t� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

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

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

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

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

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

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

�m�i�g�h�t� �b�e� �u�s�e�d�.� 

�3�.�5�.�1� �P�o�t�e�n�t�i�a�l� �C�o�m�p�u�t�e�r� �A�p�p�l�i�c�a�t�i�o�n�s� 

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �5�7



�S�a�l�e�s�/�M�a�r�k�e�t�i�n�g� 

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

�1�.� �a� �m�a�r�k�e�t�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� �t�o� �a�s�s�e�s�s� �t�h�e� �b�u�s�i�n�e�s�s� �e�n�v�i�r�o�n�m�e�n�t� 

�2�.� �c�u�s�t�o�m�e�r� �a�n�d� �p�r�o�d�u�c�t�s� �c�o�m�p�u�t�e�r� �d�a�t�a�b�a�s�e� 

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

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

�5�.� �c�o�m�p�u�t�e�r� �a�c�c�e�s�s� �t�o� �e�x�t�e�r�n�a�l� �m�a�r�k�e�t�p�l�a�c�e� �d�a�t�a�b�a�s�e�s� 

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

�P�r�o�d�u�c�t� �D�e�s�i�g�n� 

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

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

�2�.� �s�e�r�v�e� �a�s� �a�  ��d�r�a�w�i�n�g� �b�o�a�r�d �� 

�3�.� �d�r�a�f�t�i�n�g� 

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

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

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

�M�a�n�u�f�a�c�t�u�r�i�n�g� �E�n�g�i�n�e�e�r�i�n�g� 

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

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

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

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

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

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

�5�.� �p�r�o�d�u�c�t� �c�o�s�t�s�.� 

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �5�8



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

�M�a�t�e�r�i�a�l�s� �M�a�n�a�g�e�m�e�n�t� 

�T�h�e� �c�o�m�p�u�t�e�r� �c�a�n� �b�e� �u�s�e�d� �t�o�:� 

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

�e�x�e�c�u�t�e� �s�c�h�e�d�u�l�i�n�g� �a�l�g�o�r�i�t�h�m�s� �f�o�r� �a�s�s�i�g�n�i�n�g� �l�o�a�d�i�n�g� �m�a�c�h�i�n�e�s� �a�n�d� �a�s�s�i�g�n�i�n�g� �r�e�s�o�u�r�c�e�s� �2� 

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

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

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

�M�a�n�u�f�a�c�t�u�r�i�n�g� 

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

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

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

�c�o�m�p�u�t�e�r� �n�u�m�e�r�i�c�a�l� �c�o�n�t�r�o�l� �t�o� �c�o�n�t�r�o�l� �t�h�e� �N�C� �m�a�c�h�i�n�e�s� 

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

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

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

�2� 

�3� 

�4� 

�5� 

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

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

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

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

�1�0�.� �s�c�h�e�d�u�l�e� �j�o�b�s�,� �p�r�o�c�e�s�s�e�s�,� �e�t�c�.� 

�P�u�r�c�h�a�s�i�n�g� 

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �5�9



�M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g� 

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

�1�.� �a�u�t�o�m�a�t�e�d� �g�u�i�d�e�d� �v�e�h�i�c�l�e�s� �(�A�G�V�)� �t�o� �t�r�a�n�s�p�o�r�t� �m�a�t�e�r�i�a�l�s� 

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

�M�a�i�n�t�e�n�a�n�c�e� 

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

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

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

�S�h�i�p�p�i�n�g� �a�n�d� �R�e�c�e�i�v�i�n�g� 

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

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

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

�C�u�s�t�o�m�e�r� �S�e�r�v�i�c�e� 

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

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

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

�P�e�r�s�o�n�n�e�l� 

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

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

�2�.� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �p�a�y�c�h�e�c�k�s�.� 

�A�c�c�o�u�n�t�i�n�g� 

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

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

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

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

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

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

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

�C�o�s�t� �A�c�c�o�u�n�t�i�n�g� 

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

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

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

�C�o�n�t�r�o�l� �F�u�n�c�t�i�o�n�s� 

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

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

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

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

�C�o�m�p�u�t�e�r� �L�i�n�k�s�:� 

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �6�1



�3�.�5�.�2� �E�f�f�e�c�t�s� �o�f� �C�o�m�p�u�t�e�r�i�z�a�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�d�e�r�s�t�a�n�d�i�n�g�.� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �6�2



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�a�v�a�i�l�a�b�i�l�i�t�y� �d�a�t�a� �t�o� �P�C�,� �P�C� �c�a�n� �d�e�r�i�v�e� �u�t�i�l�i�z�a�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �t�h�e�n� �m�a�k�e� �m�a�c�h�i�n�e� �a�c�q�u�i�-� 

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

�3�.�5�.�3�.� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �6�3



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

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

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

�3�.�5�.�3�.�1� �C�r�i�t�e�r�i�a� �R�e�l�a�t�e�d� �t�o� �O�r�g�a�n�i�z�a�t�i�o�n�a�l� �P�e�r�f�o�r�m�a�n�c�e� 

�Q�u�a�l�i�t�y�:� �A�l�t�h�o�u�g�h� �v�a�r�i�o�u�s� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �q�u�a�l�i�t�y� �e�x�i�s�t� �(�G�a�r�v�i�n�,� �1�9�8�4�)� �q�u�a�l�i�t�y� �a�s� �u�s�e�d� �h�e�r�e�i�n� �r�e�f�e�r�s� 

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

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

�d�e�s�i�g�n�,� �(�3�)� �m�a�n�u�f�a�c�t�u�r�e� �t�h�e� �d�e�s�i�g�n�e�d� �p�r�o�d�u�c�t�,� �a�n�d� �(�4�)� �a�s�s�e�s�s� �t�h�e� �q�u�a�l�i�t�y� �o�f� �a� �m�a�n�u�f�a�c�t�u�r�e�d� �p�r�o�d�u�c�t�.� 

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

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

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

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

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

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

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

�s�t�a�n�d�a�r�d� �(�t�h�i�s� �w�o�u�l�d� �o�v�e�r�-�e�x�t�e�n�d� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �Q�C� �f�u�n�c�t�i�o�n�)�.� 

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

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

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �6�4



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

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

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

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

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

�f�i�r�m� �c�a�n� �u�n�d�e�r�t�a�k�e� �(�B�r�i�l�l� �a�n�d� �M�a�n�d�e�l�b�a�u�m�,� �1�9�8�9�)� �a�n�d� �(�2�)� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �f�i�r�m� �t�o� �e�a�s�i�l�y� �d�i�v�e�r�t� 

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

�(�G�u�p�t�a� �a�n�d� �B�u�z�a�c�o�t�t�,� �1�9�8�9�)�.� �F�l�e�x�i�b�i�l�i�t�y� �i�s� �t�h�u�s� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �t�h�e�  ��t�e�c�h�n�o�l�o�g�i�c�a�l� �c�o�r�e �� �a�n�d� 

�i�n�f�r�a�s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �f�i�r�m�.� �(�M�a�l�o�n�e�,� �1�9�8�7�;� �M�e�r�e�d�i�t�h�,� �1�9�8�6�;� �F�r�a�z�e�l�l�e�,� �1�9�8�6�)� 

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

�a�p�p�r�o�a�c�h� �o�f� �S�t�e�w�a�r�t� �(�1�9�8�3�)�,� �t�h�e�s�e� �r�e�s�o�u�r�c�e�s� �i�n�c�l�u�d�e� �f�l�o�w� �a�n�d� �f�i�x�e�d� �r�e�s�o�u�r�c�e�s�.� �F�l�o�w� �r�e�s�o�u�r�c�e�s� �a�r�e� 

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

�i�s� �d�e�p�e�n�d�e�n�t� �u�p�o�n�:� �(�1�)� �h�o�w� �o�f�t�e�n� �d�e�m�a�n�d�s� �a�r�e� �m�a�d�e� �t�h�a�t� �u�t�i�l�i�z�e� �f�i�x�e�d� �a�n�d� �f�l�o�w� �r�e�s�o�u�r�c�e�s� �a�n�d� �(�2�)� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�3�.�5�.�3�.�2� �C�r�i�t�e�r�i�a� �R�e�l�a�t�e�d� �t�o� �F�e�a�s�i�b�i�l�i�t�y� 

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

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

�m�e�n�t�a�t�i�o�n� �s�e�q�u�e�n�c�e�s� �p�o�s�s�i�b�l�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �b�i�l�l� �o�f� �m�a�t�e�r�i�a�l�s� �(�B�O�M�)� �m�u�s�t� �r�e�s�i�d�e� �o�n� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�i�n�-�h�o�u�s�e�.� 

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

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

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

�(�1�9�8�6�,� �p�.� �6�8�)� �a�s�  ��t�h�e� �n�e�t�w�o�r�k� �o�f� �n�o�n�-�p�h�y�s�i�c�a�l� �s�u�p�p�o�r�t� �s�y�s�t�e�m�s� �t�h�a�t� �e�n�a�b�l�e� �t�h�e� �t�e�c�h�n�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

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

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

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

�C�o�s�t� �C�o�n�s�i�d�e�r�a�t�i�o�n�s�:� �A�l�l� �c�o�s�t�s� �r�e�l�a�t�i�n�g� �t�o� �a�c�q�u�i�s�i�t�i�o�n�,� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�,� �a�n�d� �c�o�n�t�i�n�u�e�d� �s�u�p�p�o�r�t� �m�u�s�t� 

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

�t�i�m�e�,� �e�t�c�.�.� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �6�7



�3�.�5�.�4� �A�f�f�e�c�t�/�I�m�p�a�c�t� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

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

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

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

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

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

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

�3�.�6� �S�T�E�P� �F�I�V�E�:� �O�v�e�r�l�a�y� �M�a�t�r�i�c�e�s� 

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

�M�a�t�r�i�c�e�s�.� �A�n� �e�x�a�m�p�l�e� �O�v�e�r�l�a�y� �M�a�t�r�i�x� �p�o�r�t�r�a�y�i�n�g� �p�o�t�e�n�t�i�a�l� �i�m�p�a�c�t�s� �o�n� �q�u�a�l�i�t�y� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�-� 

�u�r�e� �1�2�.� �A� �s�e�t� �o�f� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�c�e�s� �m�i�g�h�t� �a�l�s�o� �b�e� �d�e�v�e�l�o�p�e�d�;� �a�n� �e�x�a�m�p�l�e� �I�m�p�a�c�t� �S�u�m�m�a�r�y� 

�i�s� �p�r�e�s�e�n�t�e�d� �b�e�l�o�w� �i�n� �F�i�g�u�r�e� �1�3�.� �O�t�h�e�r� �O�v�e�r�l�a�y� �a�n�d� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�c�e�s� �s�h�o�u�l�d� �b�e� �p�r�e�p�a�r�e�d� 

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

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

�m�e�n�t�s�.� 
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�-�\�_�(�é�.� �c� �=� �;� �}� �S�I�S�P�I�S�I�E�]� �(�S�l� �1� �o�l�e� �=�/�3�|� �|�e�]�.� �|�s� �O�/�o�l�E�|� �P�=� �«�=�/�$�I�s� �s�\�s� �>� 
�E�l� �O�s� �S�/�P�I�H�l�E�/� �S�1�2� �|�-� � �P�l�e�l�e�i�a�i�a�e�t�a� 

�E�l�S�l�B�i�s�i�e�l�a�l�s�i�c�l�e�l�e� �l�e�l�e�l�o�c�l�s�i�s�i�c�i�s� 
�a�i�s�l�e� �|�s�l�e�l�s�l� �a�l�e�s�i�s� �|� �s�l�a� �s�i�e�c�l�e� �e�e� 
�=� �6�)� �5�]� �6�1� �2�1�8� �0�)� �9� �£� �S�l� �a�l�e�l�e�|�e�l�(�a�l�e�l�a�l� �a�i�s� �A�E� �e�l�s�/�8�l�e�l�e�l�e� 

�s�a�l�e�s�/�m�a�r�k�e�t�i�n�g� �C�o�n�s�t�i�n�e� �p�r�o�c�h�a�t� �b�i�o�r�m�a�t�e�n� 

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

�p�u�r�c�h�a�s�i�n�g� �c�m�e� �d�i�o�m�n� �m�a�r�e� �e�v�a�n� �0� 
�m�a�t�e�r�i�a�l�s� �h�n�d�i�g�.� �-� �3� �c�o�o�s� �p�l�a�n�t� �m�a�i�n�t�.� �e�e�n� �c�o�c�a�i�n�e� 
�s�h�i�p�p�i�n�g�/�r�e�c�.� �a�w�e� �o�o� 

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

 ��d�e� �a�d�a�t�a�h�e�c�e� �s�h�o�w�s� 

�m�a�n�a�g�e�m�e�n�t� �\�S�e�m�n�a�t� �i�o�t�r�e� �e�e�e�,� �T�w�o� 
�q�u�a�l�i�t�y� �c�o�n�t�r�o�l�  �� 
�c�o�s�t� �a�c�c�t�g�.� 

�s�t�r�a�t�e�g�i�c� �p�i�n�g�.� 

�q�u�a�l�i�t�y� �p�i�n�g�.� 
�f�i�n�a�n�c�i�a�l� �p�i�n�g�.� 

�F�i�g�u�r�e� �1�2�.� �T�h�e� �Q�u�a�l�i�t�y� �O�v�e�r�l�a�y� �M�a�t�r�i�x�:� �T�h�e� �Q�u�a�l�i�t�y� �O�v�e�r�l�a�y� �M�a�t�r�i�x� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �e�x�a�m�p�l�e� 
�r�e�f�e�r�e�n�c�e� �s�t�r�u�c�t�u�r�e� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �6�9
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�2�)� �5� �=� �o�D� �1�S� 
�a�n�e�s� �E�l�l� �g�s�  ¬�/�8�]� �|�F�/�.�/�2� 
�S�I�S�S�[�E�S�i�P�i�H�l�e�i� �S�i�?� �|�_�i�a�l� �e�l�e� �a�l�a�l�l�i�a� 
�e�l�s�i�s�i�s�i�s�i�z� �S�l�e� �|� �z�i�e� �E�l�e� �|� �S�S�I�S� �S�I�s� �t�g� 
�®� �2�|�s�l�e�l�s�|�s�i�=�e�]� �s�l�o� �a�l�c�i�£�i�c� �i�s�e� �5� �E�I�S� �T�E�L�E�l�s�i�e�l�e�l�e�l�e� �(�g�e� �e�l�s�i�g�i�s� �e�l�e� 

�s�a�l�e�s�/�m�a�r�k�e�t�i�n�g� �H�}�H�)�/�L�J�L�I�L�I� �L�I�L�]� �L�Y� �L�E�M�)� �L�Y� �L�E� �L�C�)� �A�Y�P� �e�y� �C�P�R� 
�p�r�o�d�u�c�t� �d�e�s�i�g�n� �H�}�j�H�|�M� �M� 
�m�a�n�u�f�a�c�t�u�r�i�n�g� �e�n�g�.� �L�{�M�I�H� �M� 

�m�a�t�e�r�i�a�l�s� �m�g�m�t�.� �L� �M� 
�m�a�n�u�f�a�c�t�u�r�i�n�g� �L� �I�M� �H� 

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

�s�h�i�p�p�i�n�g�/�r�e�c�.� �L� �p�n� �d�n�e�e�e�e�n�a�d�e�i�n�e�m�n�i�n�c�i�e�n�e�m�e�n�d�e�e�n�e�n�t� �7� 
�c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �M� �H� �i�n�d�i�c�a�t�e�s� �h�i�g�h� �i�m�p�a�c�t� �o�n� �t�h�e� 

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

�a�c�c�o�u�n�t�i�n�g� �L� �M� �i�n�d�i�c�a�t�e�s� �a� �m�o�d�e�r�a�t�e� �i�m�p�a�c�t� �o�n� �t�h�e� 
�m�a�n�a�g�e�m�e�n�t� �L� �e�v�a�i�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� 
�q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �H� �8� 
�c�o�s�t� �a�c�c�i�g�.� �L� �L� �i�n�d�i�c�a�t�e�s� �a� �l�o�w� �i�m�p�a�c�t� �o�n� �t�h�e� 

�.� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� 
�s�t�r�a�t�e�g�i�c� �p�i�n�g�.� �L� �i� 
�q�u�a�l�i�t�y� �p�i�n�g�.� �H� �r�r�.�)� 
�f�i�n�a�n�c�i�a�l� �p�i�n�g�.� �L� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 

�F�i�g�u�r�e� �1�3�.� �T�h�e� �Q�u�a�l�i�t�y� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�x�:� �T�h�e� �Q�u�a�l�i�t�y� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�x� �c�o�r�r�e�-� 
�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �e�x�a�m�p�l�e� �r�e�f�e�r�e�n�c�e� �s�t�r�u�c�t�u�r�e� 

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �7�0



�3�.�7� �S�T�E�P� �S�I�X�:� �E�v�a�l�u�a�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

�t�e�r�i�a�)� �a�r�e� �u�s�e�d� �t�o� �d�e�r�i�v�e� �a�u�t�o�m�a�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

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

�c�o�n�s�u�l�t�s� �t�h�e� �F�u�n�c�t�i�o�n� �a�n�d� �G�e�n�e�r�a�l� �D�e�p�e�n�d�e�n�c�y� �M�a�t�r�i�x� �a�n�d� �i�d�e�n�t�i�f�i�e�s� �a� �s�e�t� �o�f� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�i�e�s� �a�n�d� 

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

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

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

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

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �7�1



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

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

�F�r�a�m�e�w�o�r�k� �D�e�v�e�l�o�p�m�e�n�t� �7�2



�C�h�a�p�t�e�r� �I�V� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� 

�4�,�1� �D�i�s�c�u�s�s�i�o�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�a�c�t�i�o�n�s�.� 

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

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

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

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

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

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

�4�.�2� �T�h�e� �O�r�g�a�n�i�z�a�t�i�o�n�a�l� �S�e�t�t�i�n�g� 

�4�.�2�.�1� �T�h�e� �B�u�s�i�n�e�s�s� �E�n�v�i�r�o�n�m�e�n�t� 

�T�C�,� �a�n� �i�n�d�e�p�e�n�d�e�n�t� �s�u�b�d�i�v�i�s�i�o�n� �o�f� �a� �l�a�r�g�e� �e�l�e�c�t�r�o�n�i�c�s� �m�a�n�u�f�a�c�t�u�r�e�r� �s�i�n�c�e� �1�9�5�3�,� �i�s� �c�u�r�r�e�n�t�l�y� �t�h�e� 

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �7�4



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

�k�e�t�.� 

�R�e�v�e�n�u�e�s� �f�o�r� �T�C� �a�m�o�u�n�t�e�d� �t�o� �3�0�-�5�0� �m�i�l�l�i�o�n� �d�o�l�l�a�r�s� �i�n� �1�9�8�9� �w�i�t�h� �n�e�a�r�l�y� �s�e�v�e�n�t�y� �p�e�r�c�e�n�t� �o�f� �t�h�o�s�e� 

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

�i�n�d�u�s�t�r�i�e�s�.� �N�e�a�r�l�y� �8�0�0� �e�m�p�l�o�y�e�e�s� �w�o�r�k� �a�t� �t�h�e� �t�w�o� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�i�t�e�s� �c�o�v�e�r�i�n�g� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�1�5�0�,�0�0�0� �s�q�u�a�r�e� �f�e�e�t�.� �O�n�e� �s�i�t�e� �i�s� �p�r�i�m�a�r�i�l�y� �d�e�v�o�t�e�d� �t�o� �s�l�i�p� �r�i�n�g� �p�r�o�d�u�c�t�i�o�n�.� �H�e�n�c�e�f�o�r�t�h� �t�h�i�s� �c�a�s�e� 

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

�s�l�i�p� �r�i�n�g�s�.� 

�4�.�2�.�2� �T�h�e� �P�r�o�d�u�c�t�i�o�n� �E�n�v�i�r�o�n�m�e�n�t� 

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

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

�t�o�m�e�r� �o�r�d�e�r� �r�e�q�u�i�r�e�s� �t�h�e� �s�c�h�e�d�u�l�i�n�g� �o�f� �a� �n�u�m�b�e�r� �o�f� �s�e�p�a�r�a�t�e� �j�o�b�s� �w�h�i�c�h� �r�e�s�u�l�t�s� �i�n� �3�0�0�-�4�0�0� �f�i�n�a�l� �a�s�-� 

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

�a�s� �4�8�0�0� �(�4�0�0� �x� �1�2�)�.� �M�o�s�t� �p�r�o�d�u�c�t�i�o�n� �r�u�n�s� �a�r�e� �o�f� �l�o�w� �v�o�l�u�m�e�.� �E�n�g�i�n�e�e�r�i�n�g� �c�h�a�n�g�e� �o�r�d�e�r�s� �(�r�e�v�i�s�i�o�n�s� 

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

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

�A� �j�o�b� �f�o�r� �a� �n�e�w�l�y� �d�e�s�i�g�n�e�d� �s�l�i�p� �r�i�n�g� �t�a�k�e�s� �a�b�o�u�t� �3�1� �w�e�e�k�s� �o�f� �l�e�a�d�t�i�m�e� �t�o� �c�o�m�p�l�e�t�e�,� �s�t�a�n�d�a�r�d� �d�e�s�i�g�n�s� 

�t�a�k�e� �a�b�o�u�t� �1�8� �w�e�e�k�s� �l�e�a�d�t�i�m�e�.� 

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

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

�r�e�n�t�l�y�,� �j�o�b� �s�c�h�e�d�u�l�i�n�g� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �s�c�h�e�d�u�l�e�r�s� �i�n� �t�h�e� �P�r�o�d�u�c�t�i�o�n� �C�o�n�t�r�o�l�]� �(�P�C�)� �d�e�p�a�r�t�m�e�n�t� 

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

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

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �7�5



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

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

�a�n�d� �s�o� �j�o�b�s� �a�r�e� �o�f�t�e�n� �a�g�g�r�e�g�a�t�e�d� �a�n�d� �r�e�l�e�a�s�e�d� �t�o� �t�h�e� �f�l�o�o�r� �a�s� �a� �l�o�t�.� 

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

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

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

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

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

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

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

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

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

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

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

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

�m�a�t�i�o�n�.� 

�4�.�2�.�3� �T�h�e� �S�t�a�t�e� �o�f� �A�u�t�o�m�a�t�i�o�n� 

�4�.�2�.�3�.�1� �E�a�r�l�y� �C�o�m�p�u�t�e�r� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �a�t� �T�C� 

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

�s�p�e�c�i�f�i�c� �a�p�p�l�i�c�a�t�i�o�n� �a�r�e�a�s� �a�r�o�u�n�d� �t�h�e� �y�e�a�r� �1�9�7�5�.� �E�a�r�l�y� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �i�n�c�l�u�d�e�d� �p�a�y�r�o�l�l�,� �c�o�s�t� �a�c�-� 

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

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

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

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

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

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

�t�h�e� �v�a�l�u�e� �o�f� �t�i�m�e�l�y� �d�a�t�a� �f�o�r� �m�a�n�a�g�e�m�e�n�t�,� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n� �M�I�S� �w�a�s� �i�n�i�t�i�a�t�e�d� �i�n� �1�9�8�0�.� �A�l�r�e�a�d�y� 

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

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

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

�f�o�r� �t�h�e� �Q�u�a�l�i�t�y� �C�o�n�t�r�o�l� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g� �d�e�p�a�r�t�m�e�n�t�s� �a�s� �w�e�l�l�.� �W�h�i�l�e� �t�h�e� �M�I�S� �d�i�d� �s�u�p�p�o�r�t� �s�o�m�e� 

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

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

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

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

�4�.�2�.�3�.�2� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �T�h�e� �S�y�s�t�e�m� 

�B�e�g�i�n�n�i�n�g� �i�n� �1�9�8�5�,� �n�e�w� �c�o�s�t� �r�e�p�o�r�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �w�e�r�e� �i�m�p�o�s�e�d� �o�n� �a�l�l� �c�o�n�t�r�a�c�t�o�r�s� �b�y� �t�h�e� �f�e�d�e�r�a�l� 

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

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

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

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

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

�(�T�S�)�.� 

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

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

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

�o�f� �c�o�m�m�o�n� �d�a�t�a� �b�e�t�w�e�e�n� �t�h�e� �f�u�n�c�t�i�o�n�s�.� �M�o�d�u�l�e�s� �a�v�a�i�l�a�b�l�e� �i�n�c�l�u�d�e�:� 

�i�n�v�e�n�t�o�r�y� �c�o�n�t�r�o�l� 

�o�r�d�e�r� �e�n�t�r�y� 

�s�a�l�e�s� �a�n�a�l�y�s�i�s� 

�p�u�r�c�h�a�s�i�n�g� 

�b�i�l�l� �o�f� �m�a�t�e�r�i�a�l�s� 

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

�m�a�t�e�r�i�a�l�s� �r�e�q�u�i�r�e�m�e�n�t�s� �p�l�a�n�n�i�n�g� 

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

�s�h�o�p� �f�l�o�o�r� �c�o�n�t�r�o�l�.� 

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

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

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

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

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

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

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

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

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

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

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

�e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �m�a�n�u�f�a�c�t�u�r�i�n�g� �B�O�M� �A�u�g�,� �1�9�8�8� 

�p�a�r�t� �m�a�s�t�e�r� �A�u�g�,� �1�9�8�8� 

�i�n�v�e�n�t�o�r�y� �t�r�a�c�k�i�n�g� �A�u�g�,� �1�9�8�8� 

�p�r�o�d�u�c�t�i�o�n� �r�o�u�t�e�s� �A�u�g�,� �1�9�8�8� 

�w�o�r�k� �p�l�a�n�s� �D�e�c�,� �1�9�8�8� 

�s�h�o�p� �f�l�o�o�r� �c�o�n�t�r�o�l� �J�a�n�,� �1�9�8�9� 

�s�a�l�e�s� �o�r�d�e�r� �e�n�t�r�y� �A�u�g�,� �1�9�8�9� 

�p�l�a�n�n�i�n�g� �i�n� �p�r�o�g�r�e�s�s� 

�s�h�i�p�p�i�n�g� �i�n� �p�r�o�g�r�e�s�s� 

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

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

�t�o�o�]� �d�e�s�i�g�n� �J�a�n�,� �1�9�9�0� 

�r�e�c�e�i�v�i�n�g� �i�n� �p�l�a�n�n�i�n�g� 

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

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

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

�4�.�2�.�3�.�3� �T�h�e� �P�r�o�d�u�c�t�i�o�n� �P�l�a�n�n�i�n�g� �M�o�d�u�l�e� 

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

�o�f� �a� �s�t�a�n�d�a�r�d� �M�a�n�u�f�a�c�t�u�r�i�n�g� �R�e�s�o�u�r�c�e�s� �P�l�a�n�n�i�n�g� �(�M�R�P� �I�I�)� �s�y�s�t�e�m�.� �A� �h�i�g�h�l�i�g�h�t� �o�f� �t�h�i�s� �p�a�c�k�a�g�e� �i�s� 

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

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

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

�1�9�8�5�;� �O�r�l�i�c�k�y�,� �1�9�7�5�;� �C�o�x� �a�n�d� �C�l�a�r�k�,� �1�9�8�4�)� �a�n�d� �s�o� �w�i�l�l� �n�o�t� �b�e� �d�e�s�c�r�i�b�e�d� �h�e�r�e�i�n�.� �S�o�m�e� �b�a�s�i�c� �t�a�s�k�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�p�r�o�d�u�c�t�i�o�n� �j�o�b�s�.� 

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

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

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

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

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

�A�s� �w�i�t�h� �o�t�h�e�r� �M�R�P� �I�]� �p�r�o�g�r�a�m�s�,� �b�a�s�i�c� �i�n�p�u�t� �i�n�c�l�u�d�e�s�:� 

�o�r�d�e�r� �d�u�e� �d�a�t�e�s� 

�t�h�e� �b�i�l�l� �o�f� �m�a�t�e�r�i�a�l�s� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �8�0



�r�o�u�t�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�s� 

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

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

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

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

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

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

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

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

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

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

�p�i�c�k� �l�i�s�t�s� �w�i�t�h� �d�a�t�e�s� �s�p�e�c�i�f�i�e�d� 

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

�4�.�3� �T�h�e� �C�u�r�r�e�n�t� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �D�e�c�i�s�i�o�n� 

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

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

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

�i�n�c�l�u�d�e�:� �(�1�)� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �p�r�o�d�u�c�t�i�o�n� �j�o�b�,� �(�2�)� �t�h�e� �p�o�r�t�i�o�n� �o�f� �t�o�t�a�l� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s�-�s�c�h�e�d�u�l�e�d� 

�w�i�t�h� �t�h�e� �m�o�d�u�l�e�,� �a�n�d� �(�3�)� �w�h�e�t�h�e�r� �c�a�p�a�c�i�t�y� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �u�s�e�d� �t�o� �i�n�f�l�u�e�n�c�e� �t�h�e� �s�c�h�e�d�u�l�e�.� 

�A�  ��j�o�b �� �i�s� �d�e�f�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �a� �n�u�m�b�e�r� �o�f� �p�r�o�d�u�c�t�i�o�n� �t�a�s�k�s� �a�n�d� �c�o�n�s�u�m�e�d� �r�e�s�o�u�r�c�e�s� �(�i�n�v�e�n�t�o�r�y� �a�n�d� 

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �8�)



�m�a�t�e�r�i�a�l�s� �(�B�O�M�)� �f�o�r� �a� �t�y�p�i�c�a�l� �s�l�i�p� �r�i�n�g� �a�s�s�e�m�b�l�y� �s�h�o�w�i�n�g� �t�h�e� �h�i�e�r�a�r�c�h�i�c�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e�s�e� �j�o�b�s� �i�s� 

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

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

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

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

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

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

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

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

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

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

�T�C� �m�u�s�t� �m�a�k�e� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �e�x�t�e�n�t� �o�f� �u�s�e� �o�f� �t�h�e� �m�o�d�u�l�e� �i�n�c�l�u�d�e�:� 

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

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

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

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

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

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �8�2



�S�L�I�P� �R�I�N�G� �C�A�P�S�U�L�E� �~�@ �� �d�e�f�i�n�e�d� �a�s� �a� �j�o�b� 

�S�L�I�P� �R�I�N�G� �A�S�S�E�M�B�L�Y� �~�# �� �o�e� �a�o�  ��~� �B�R�U�S�H� �B�L�O�C�K� 

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

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

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

�F�i�g�u�r�e� �1�4�.� �T�h�e� �B�O�M� �o�f� �a� �T�y�p�i�c�a�l� �P�r�o�d�u�c�t�i�o�n� �J�o�b� 

�8�3� 
�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n



�4�.�4� �F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� 

�D�e�m�o�n�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �i�n� �s�i�x� �s�t�e�p�s� �a�s� �f�o�l�l�o�w�s�:� �(�1�)� �a� �s�e�t� �o�f� �r�e�l�e�v�a�n�t� 

�e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� �a�r�e� �i�d�e�n�t�i�f�i�e�d�,� �(�2�)� �a� �r�e�f�e�r�e�n�c�e� �s�t�r�u�c�t�u�r�e� �o�f� �T�C� �i�s� �d�e�v�e�l�o�p�e�d�,� �(�3�)� �a� �F�u�n�c�t�i�o�n� �M�a�t�r�i�x� 

�i�s� �p�r�e�p�a�r�e�d�,� �(�4�)� �t�h�o�s�e� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �t�r�a�n�s�a�c�t�i�o�n�s� �t�h�a�t� �w�o�u�l�d� �b�e� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �m�o�d�u�l�e� �a�r�e� �i�d�e�n�t�i�f�i�e�d� 

�a�n�d� �a�f�f�e�c�t�/�i�m�p�a�c�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �d�e�r�i�v�e�d�,� �(�5�)� �t�h�e�s�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �a� �s�e�r�i�e�s� �o�f� 

�O�v�e�r�l�a�y� �M�a�t�r�i�c�e�s�,� �a�n�d� �(�6�)� �a�l�l� �t�h�e� �a�b�o�v�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �c�o�n�s�i�d�e�r�e�d�,� �a�n�d� �a� �d�e�t�a�i�l�e�d� 

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

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

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

�4�.�4�.�1� �S�T�E�P� �O�N�E�:� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

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

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

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

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

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

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

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �3�4



�4�.�4�.�2� �S�T�E�P�S� �T�W�O� �A�N�D� �T�H�R�E�E�:� �R�e�f�e�r�e�n�c�e� �S�t�r�u�c�t�u�r�e� �a�n�d� �F�u�n�c�t�i�o�n� 

�M�a�t�r�i�x� 

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

�t�h�e� �F�u�n�c�t�i�o�n� �M�a�t�r�i�x� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�i�s� �r�e�f�e�r�e�n�c�e� �s�t�r�u�c�t�u�r�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �1�5�.� �C�e�l�l�s� �h�a�v�e� 

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

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

�4�.�4�.�3� �S�T�E�P� �F�O�U�R�:� �A�f�f�e�c�t�/�I�m�p�a�c�t� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

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

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

�M�a�t�r�i�x� �(�n�o�n�-�a�f�f�e�c�t�e�d� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �t�r�a�n�s�a�c�t�i�o�n� �r�e�m�o�v�e�d�)� �i�n� �F�i�g�u�r�e� �1�6�.� �H�e�n�c�e�f�o�r�t�h�,� �t�h�i�s� �a�b�r�i�d�g�e�d� 

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

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

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

�e�f�f�e�c�t�s� �a�r�e�:� 

�T�i�m�e�:� �T�h�e� �c�o�m�p�u�t�e�r� �r�e�d�u�c�e�s� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �a�c�c�o�m�p�l�i�s�h� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �t�r�a�n�s�a�c�t�i�o�n�s�.� 

�A�c�c�u�r�a�c�y�:� �T�h�e� �c�o�m�p�u�t�e�r� �a�c�c�o�m�p�l�i�s�h�e�s� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �t�r�a�n�s�a�c�t�i�o�n�s� �w�i�t�h� �f�e�w�e�r� �e�r�r�o�r�s�.� 

�C�a�p�a�b�i�l�i�t�y�:� �G�i�v�e�n� �t�h�e� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �o�f� �a� �t�a�s�k� �i�n� �t�e�r�m�s� �o�f� �v�a�r�i�a�b�l�e�s� �a�n�d� �l�o�g�i�c�,� �a� �t�r�a�d�e�o�f�f� �e�x�i�s�t�s� �b�e�-� 

�t�w�e�e�n� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �o�f� �a�u�t�o�m�a�t�i�o�n�,� �o�n� �t�h�e� �o�n�e� �h�a�n�d�,� �a�n�d�,� �o�n� �t�h�e� �o�t�h�e�r�,� �t�h�e� �n�e�e�d� �f�o�r� 

�s�t�r�i�c�t� �c�o�n�f�o�r�m�a�n�c�e� �t�o� �t�h�e� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �i�m�p�o�s�e�d� �b�y� �a�u�t�o�m�a�t�i�o�n�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �8�5
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�R�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� �a�n�d� �c�o�n�t�r�o�l�:� �C�o�m�p�u�t�e�r�i�z�a�t�i�o�n� �m�a�y� �a�l�s�o� �r�e�s�u�l�t� �i�n� �a� �r�e�a�l�i�g�n�m�e�n�t� �o�f� �r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� 

�a�n�d� �c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�t�h�i�n� �t�h�e� �f�i�r�m�.� 

�T�h�i�r�d�,� �t�h�e�s�e� �e�f�f�e�c�t�s� �o�f� �c�o�m�p�u�t�e�r�i�z�a�t�i�o�n� �a�r�e� �r�e�l�a�t�e�d� �t�o� �i�m�p�a�c�t�s� �o�n� �t�h�e� �s�e�t� �o�f� �s�e�l�e�c�t�e�d� �e�v�a�l�u�a�t�i�o�n� �c�r�i�-� 

�t�e�r�i�a�.� �T�h�e� �d�e�r�i�v�a�t�i�o�n� �o�f� �a�f�f�e�c�t�/�i�m�p�a�c�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �i�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s�.� �T�h�e� 

�f�o�l�l�o�w�i�n�g� �r�e�s�u�l�t�s� �a�r�e� �n�o�t� �i�n�t�e�n�d�e�d� �t�o� �a�d�d�r�e�s�s� �a�l�l� �p�o�s�s�i�b�l�e� �e�f�f�e�c�t�s� �o�f� �c�o�m�p�u�t�e�r�i�z�a�t�i�o�n� �o�r� �i�m�p�a�c�t�s� �b�u�t� 

�s�h�o�u�l�d� �b�e� �s�u�f�f�i�c�i�e�n�t� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�i�s� �s�t�e�p� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k�.� �T�h�e� �a�u�t�o�m�a�t�i�o�n� �o�f� �a�c�t�i�v�i�t�i�e�s� �i�s� 

�c�o�n�s�i�d�e�r�e�d� �f�i�r�s�t� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �a�u�t�o�m�a�t�i�o�n� �o�f� �t�r�a�n�s�a�c�t�i�o�n�s�.� 

�4�.�4�.�3�.�1� �A�u�t�o�m�a�t�i�o�n� �o�f� �A�c�t�i�v�i�t�i�e�s� 

�P�r�o�d�u�c�t�i�o�n� �C�o�n�t�r�o�l� �(�P�C�)� 

�1�.� �D�e�f�i�n�e�s� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �a�n�d� �d�e�t�e�r�m�i�n�e�s� �j�o�b� �c�o�m�p�l�e�t�i�o�n� �d�a�t�e�s�:� �U�s�i�n�g� �t�h�e� �m�o�d�u�l�e�,� �j�o�b� �c�o�m�-� 

�p�l�e�t�i�o�n� �d�a�t�e�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �c�o�n�s�i�d�e�r�i�n�g� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �p�u�r�c�h�a�s�e� �l�e�a�d�t�i�m�e�s� �a�s� �w�e�l�l� �a�s� 

�w�o�r�k�c�e�n�t�e�r� �c�a�p�a�c�i�t�y� �a�n�d� �l�a�b�o�r� �a�v�a�i�l�a�b�i�l�i�t�y�.� �S�o�m�e� �r�e�s�u�l�t�s� �m�a�y� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �T�h�e� �t�i�m�e� �t�o� �d�e�t�e�r�m�i�n�e� �r�e�a�l�i�s�t�i�c� �c�o�m�p�l�e�t�i�o�n� �d�a�t�e�s� �f�o�r� �a�l�l� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �i�s� �r�e�d�u�c�e�d� 

�A�c�c�u�r�a�c�y�:� �W�i�t�h� �t�h�e� �s�c�h�e�d�u�l�e� �d�e�v�e�l�o�p�e�d� �b�a�s�e�d� �o�n� �c�a�p�a�c�i�t�i�e�s�,� �t�h�e� �o�v�e�r�-�c�o�m�m�i�t�t�m�e�n�t� �o�f� �p�r�o�-� 

�d�u�c�t�i�v�e� �c�a�p�a�c�i�t�y� �s�h�o�u�l�d� �b�e� �e�l�i�m�i�n�a�t�e�d�.� �A�s� �a� �r�e�s�u�l�t�,� �p�r�o�d�u�c�t�i�o�n� �c�h�u�n�c�h�e�s� �s�h�o�u�l�d� 

�b�e� �r�e�d�u�c�e�d�,� �t�h�e� �n�u�m�b�e�r� �o�f� �l�a�t�e� �o�r�d�e�r�s� �(�d�u�e� �t�o� �o�v�e�r�-�c�o�m�m�i�t�t�m�e�n�t� �o�f� �r�e�s�o�u�r�c�e�s�)� 

�s�h�o�u�l�d� �d�e�c�r�e�a�s�e�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �s�p�l�i�t� �o�r�d�e�r�s� �s�h�o�u�l�d� �b�e� �r�e�d�u�c�e�d�.� �A� �m�o�r�e� �e�v�e�n� 

�s�c�h�e�d�u�l�i�n�g� �o�f� �r�e�s�o�u�r�c�e�s� �y�i�e�l�d�s� �a� �b�e�t�t�e�r� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �c�a�p�a�c�i�t�y� �a�n�d� �l�a�b�o�r� �a�n�d� �e�l�i�m�i�-� 

�n�a�t�e�s� �t�h�e� �n�e�e�d� �f�o�r� �o�v�e�r�t�i�m�e� �a�n�d� �t�o� �c�o�n�t�r�a�c�t� �o�u�t� �p�r�o�d�u�c�t�i�o�n� �w�o�r�k�.� �T�h�e�r�e� �i�s� �a�l�s�o� �l�e�s�s� 

�c�o�n�f�u�s�i�o�n� �o�n� �t�h�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �f�l�o�o�r�.� 

�C�a�p�a�b�i�l�i�t�y�:� �T�h�e� �l�o�g�i�c� �u�s�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m� �i�s� �i�n�s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �j�o�b�s� �o�r� �s�c�a�r�c�e� �r�e�-� 

�s�o�u�r�c�e�s�.� �C�o�m�p�l�e�x� �o�r�d�e�r�s� �c�a�n� �b�e� �s�c�h�e�d�u�l�e�d� �w�i�t�h�o�u�t� �d�i�f�f�i�c�u�l�t�y� �a�n�d� �j�o�b�s� �c�a�n� �b�e� �d�e�-� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �8�8



�f�i�n�e�d� �t�o� �a� �g�r�e�a�t�e�r� �r�e�s�o�l�u�t�i�o�n� �(�i�e�.�,� �s�c�h�e�d�u�l�e�d� �i�n� �t�e�r�m�s� �o�f� �t�a�s�k�s� �o�r� �s�m�a�l�l�e�r� �g�r�o�u�p�s� �o�f� 

�t�a�s�k�s�)� �b�e�c�a�u�s�e� �c�a�l�c�u�l�a�t�i�o�n�s� �a�r�e� �n�o� �l�o�n�g�e�r� �b�u�r�d�e�n�s�o�m�e�.� �T�o�o�l�i�n�g� �o�r� �a�n�y� �o�t�h�e�r� �s�c�a�r�c�e� 

�r�e�s�o�u�r�c�e� �c�a�n� �b�e� �a�l�l�o�c�a�t�e�d�.� �R�e�a�l�i�s�t�i�c� �f�e�a�s�i�b�i�l�i�t�y� �a�n�a�l�y�s�e�s� �c�a�n� �b�e� �c�o�n�d�u�c�t�e�d� �i�n� �a� 

�t�i�m�e�l�y� �m�a�n�n�e�r� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �a�c�q�u�i�r�i�n�g� �a�d�d�i�t�i�o�n�a�l� �r�e�s�o�u�r�c�e�s� �(�m�a�c�h�i�n�e�s�,� �l�a�b�o�r�,� 

�t�o�o�l�i�n�g�,� �e�t�c�.�)� �c�a�n� �b�e� �a�s�s�e�s�s�e�d�.� �B�e�c�a�u�s�e� �t�h�e� �s�c�h�e�d�u�l�e� �m�u�s�t� �b�e� �r�e�s�p�e�c�t�e�d�,� �t�h�e� �a�b�i�l�i�t�y� 

�t�o� �w�o�r�k� �a�r�o�u�n�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e� �i�s� �d�e�c�r�e�a�s�e�d�.� �I�f� �t�h�e� �f�a�c�i�l�i�t�y� �i�s� �s�c�h�e�d�u�l�e�d� 

�t�o� �f�u�l�l� �c�a�p�a�c�i�t�y�,� �t�h�e�  ��s�n�e�a�k�i�n�g� �i�n �� �o�f� �a�n� �u�n�s�c�h�e�d�u�l�e�d� �j�o�b� �m�a�y� �a�f�f�e�c�t� �t�h�e� �e�n�t�i�r�e� �p�r�o�-� 

�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e�.� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y�/�c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�s�:� �S�c�h�e�d�u�l�i�n�g� �b�y� �c�a�p�a�c�i�t�y� �n�e�c�e�s�s�a�r�i�l�y� �e�n�t�a�i�l�s� �a�l�l�o�c�a�t�-� 

�i�n�g� �p�r�o�d�u�c�t�i�o�n� �r�e�s�o�u�r�c�e�s� �t�o� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �a�t� �s�p�e�c�i�f�i�e�d� �t�i�m�e�s�.� �S�u�c�h� �l�o�a�d�i�n�g� �d�e�-� 

�c�i�s�i�o�n�s� �m�a�y� �h�a�v�e� �p�r�e�v�i�o�u�s�l�y� �b�e�e�n� �t�h�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�u�p�e�r�v�i�s�o�r�s�.� 

�A�l�s�o�,� �c�a�p�a�c�i�t�y� �a�n�d� �l�a�b�o�r� �u�t�i�l�i�z�a�t�i�o�n� �d�a�t�a� �n�o�w� �a�u�t�o�m�a�t�i�c�a�l�l�y� �p�r�o�v�i�d�e�d� �t�o� �P�C� �m�a�y� 

�e�n�a�b�l�e� �P�C� �t�o� �m�a�k�e� �d�e�c�i�s�i�o�n�s� �w�i�t�h� �t�h�i�s� �d�a�t�a� �t�h�a�t� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� �t�h�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� 

�o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g�.� �S�u�c�h� �d�e�c�i�s�i�o�n�s� �i�n�c�l�u�d�e� �m�a�c�h�i�n�e� �a�c�q�u�i�s�i�t�i�o�n�s�,� �o�v�e�r�t�i�m�e�,� �a�n�d� �t�h�e� 

�n�u�m�b�e�r� �o�f� �e�m�p�l�o�y�e�e�s� �n�e�e�d�e�d�.� 

�2�.� �P�r�o�d�u�c�e�s� �a� �t�r�a�v�e�l�e�r�,� �b�a�r� �c�o�d�e�,� �a�n�d� �d�a�t�e�d� �p�i�c�k� �l�i�s�t� 

�I�f� �t�h�e� �c�o�m�p�u�t�e�r� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�e�n�e�r�a�t�e�s� �a� �p�i�c�k� �l�i�s�t� �w�i�t�h�  ��p�i�c�k� �b�e�f�o�r�e �� �d�a�t�e�s�,� �s�o�m�e� �e�f�f�e�c�t�s� �m�i�g�h�t� 

�i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �L�e�s�s� �t�i�m�e� �i�s� �r�e�q�u�i�r�e�d� �b�e�c�a�u�s�e� �t�h�e� �m�a�n�u�a�l� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �a� �p�i�c�k� �l�i�s�t� �i�s� �e�l�i�m�i�n�a�t�e�d� 

�P�r�o�d�u�c�t�i�o�n� �i�s� �n�o�t� �h�e�l�d� �u�p� �b�e�c�a�u�s�e� �p�i�c�k� �l�i�s�t�s� �a�r�e� �n�o�t� �r�e�a�d�y�.� 

�A�c�c�u�r�a�c�y�:� �T�h�e� �p�i�c�k� �l�i�s�t� �i�s� �a�s� �a�c�c�u�r�a�t�e� �a�s� �t�h�e� �B�O�M� �f�r�o�m� �w�h�i�c�h� �i�t� �w�a�s� �g�e�n�e�r�a�t�e�d�.� �H�u�m�a�n� �e�r�-� 

�r�o�r�s� �s�u�c�h� �a�s� �t�h�e� �i�n�c�o�r�r�e�c�t� �c�o�p�y�i�n�g� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �a�r�e� �e�l�i�m�i�n�a�t�e�d�.� �T�i�m�e� �d�e�l�a�y�s� �o�n� 

�t�h�e� �f�l�o�o�r� �w�a�i�t�i�n�g� �f�o�r� �c�o�r�r�e�c�t� �m�a�t�e�r�i�a�l�s� �a�r�e� �r�e�d�u�c�e�d�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �8�9



�C�a�p�a�b�i�l�i�t�y�:� �T�h�e� �B�O�M� �m�u�s�t� �r�e�s�i�d�e� �o�n� �t�h�e� �c�o�m�p�u�t�e�r� �f�o�r� �t�h�i�s� �t�a�s�k� �t�o� �b�e� �a�u�t�o�m�a�t�e�d�.� �S�u�b�s�t�i�t�u�t�e� 

�p�a�r�t�s� �c�a�n�n�o�t� �b�e� �a�c�c�o�m�m�o�d�a�t�e�d� �u�n�l�e�s�s� �s�p�e�c�i�f�i�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� �B�O�M� 

�a�n�d� �r�o�u�t�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�s�.� 

�3�.� �R�e�s�e�r�v�e�s� �i�n�v�e�n�t�o�r�y� �f�o�r� �u�s�e� �i�n� �r�e�q�u�e�s�t�i�n�g� �j�o�b�s� 

�W�i�t�h� �t�h�e� �m�o�d�u�l�e�,� �t�h�e� �u�s�e�r� �c�a�n� �s�p�e�c�i�f�y� �t�h�a�t� �i�n�v�e�n�t�o�r�y� �o�r�i�g�i�n�a�t�i�n�g� �f�r�o�m� �e�i�t�h�e�r� �s�t�o�c�k� �r�e�s�e�r�v�e�s�,� 

�p�u�r�c�h�a�s�e� �a�c�t�i�o�n�s�,� �o�r� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �b�e� �r�e�s�e�r�v�e�d� �f�o�r� �u�s�e� �i�n� �a� �r�e�q�u�e�s�t�i�n�g� �p�r�o�d�u�c�t�i�o�n� �j�o�b�.� �T�h�i�s� 

�i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �t�a�g�g�i�n�g� �t�h�e� �p�u�r�c�h�a�s�e� �t�r�a�n�s�a�c�t�i�o�n� �o�r� �i�n�v�e�n�t�o�r�y� �d�e�p�l�e�t�i�o�n� �w�i�t�h� �t�h�e� �n�u�m�b�e�r� 

�o�f� �t�h�e� �r�e�q�u�e�s�t�i�n�g� �j�o�b� �o�r� �b�y� �c�l�o�s�i�n�g� �a� �c�o�m�p�l�e�t�e�d� �p�r�o�d�u�c�t�i�o�n� �j�o�b�  ��i�n�t�o �� �a�n�o�t�h�e�r� �j�o�b�.� �T�h�i�s� �t�a�g�-� 

�g�i�n�g� �r�e�s�e�r�v�e�s� �t�h�e� �p�a�r�t� �f�o�r� �t�h�e� �r�e�q�u�e�s�t�i�n�g� �j�o�b� �(�a�n�d� �h�e�n�c�e� �m�a�k�e�s� �i�t� �u�n�a�v�a�i�l�a�b�l�e� �t�o� �a�n�y� �o�t�h�e�r� �r�e�-� 

�q�u�e�s�t�i�n�g� �j�o�b�)� �o�r� �p�l�a�c�e�s� �i�t� �i�n� �s�t�o�c�k� �(�w�h�e�r�e� �i�t� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �a�n�y� �r�e�q�u�e�s�t�i�n�g� �j�o�b�)�.� �S�o�m�e� �e�f�f�e�c�t�s� 

�o�f� �t�h�i�s� �t�a�g�g�i�n�g� �a�b�i�l�i�t�y� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �S�i�n�c�e� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �a�n�d� �p�u�r�c�h�a�s�e�s� �a�r�e� �t�a�g�g�e�d�,� �l�e�s�s� �t�i�m�e� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� 

�e�x�p�e�d�i�t�o�r� �t�o� �i�d�e�n�t�i�f�y� �a� �h�i�g�h�e�r� �l�e�v�e�l� �j�o�b� �n�e�e�d�i�n�g� �t�h�e� �p�a�r�t� �a�n�d� �t�o� �d�e�s�i�g�n�a�t�e� �t�h�e� �p�a�r�t� 

�a�s� �r�e�s�e�r�v�e�d� �f�o�r� �t�h�a�t� �j�o�b�.� 

�A�c�c�u�r�a�c�y�:� �S�i�n�c�e� �a�l�l� �j�o�b�s� �a�n�d� �t�h�e�i�r� �d�e�m�a�n�d�s� �a�r�e� �t�r�a�c�k�e�d� �b�y� �t�h�e� �c�o�m�p�u�t�e�r�,� �n�o� �p�a�r�t�s� �a�r�e� 

�m�i�s�t�a�k�e�n�l�y�  ��t�w�i�c�e� �a�l�l�o�c�a�t�e�d�. �� �E�r�r�o�r�s� �s�u�c�h� �a�s�  ��o�r�p�h�a�n �� �j�o�b�s� �o�r� �p�u�r�c�h�a�s�e�s�,� �u�n�f�u�l�f�i�l�l�e�d� 

�h�i�g�h� �l�e�v�e�l� �d�e�m�a�n�d�s�,� �a�n�d� �c�a�l�c�u�l�a�t�i�o�n� �e�r�r�o�r�s� �a�r�e� �e�l�i�m�i�n�a�t�e�d�.� �T�i�m�e� �s�p�e�n�t� �w�a�i�t�i�n�g� �b�e�-� 

�c�a�u�s�e� �m�a�t�e�r�i�a�l�s� �h�a�v�e� �m�i�s�t�a�k�e�n�l�y� �a�l�l�o�c�a�t�e�d� �t�o� �o�t�h�e�r� �j�o�b�s� �i�s� �e�l�i�m�i�n�a�t�e�d�.� 

�C�a�p�a�b�i�l�i�t�y�:� �T�h�e� �t�a�g�g�i�n�g� �c�a�p�a�b�i�l�i�t�y� �m�a�k�e�s� �t�h�e� �t�r�a�c�k�i�n�g� �o�f� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �j�o�b�s� �a�n�d� �p�u�r�c�h�a�s�e� 

�o�r�d�e�r�s� �e�a�s�i�e�r�.� �T�r�a�c�k�i�n�g� �a�l�s�o� �o�f�f�e�r�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �a�g�g�r�e�g�a�t�e� �c�o�s�t� �d�a�t�a�.� �H�o�w�e�v�e�r�,� �i�f� 

�i�n�v�e�n�t�o�r�y� �i�s�  ��s�w�a�p�p�e�d �� �b�e�t�w�e�e�n� �r�e�q�u�e�s�t�i�n�g� �j�o�b�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �a�g�g�r�e�g�a�t�e� �c�o�s�t�s� �i�s� �l�o�s�t�.� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y�/�c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�:� �B�y� �r�e�s�e�r�v�i�n�g� �i�n�v�e�n�t�o�r�y� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �p�r�o�d�u�c�t�i�o�n� 

�j�o�b�,� �m�a�t�e�r�i�a�l� �c�o�s�t�s� �a�r�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �a�g�g�r�e�g�a�t�e�d�.� �T�h�i�s� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �n�e�e�d� �f�o�r� �i�n�-� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�0



�v�e�n�t�o�r�y� �p�e�r�s�o�n�n�e�l� �t�o� �p�r�o�v�i�d�e� �s�u�c�h� �d�a�t�a� �(�b�y� �c�h�a�r�g�i�n�g� �c�o�s�t�s� �t�o� �o�r�d�e�r�s�,� �e�t�c�.�)� �a�n�d� �f�o�r� 

�c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �p�e�r�s�o�n�n�e�l� �t�o� �a�g�g�r�e�g�a�t�e� �t�h�e� �d�a�t�a�.� 

�4�.� �O�b�t�a�i�n�s� �a�n�d� �d�e�l�i�v�e�r�s� �m�a�t�e�r�i�a�l�s� �a�n�d� �t�o�o�l�s� �t�o� �w�o�r�k�c�e�n�t�e�r�s� �B�e�c�a�u�s�e� �o�f� �b�e�t�t�e�r� �p�l�a�n�n�i�n�g�,� �t�h�e� 

�e�x�p�e�d�i�t�o�r� �h�a�s� �a� �b�e�t�t�e�r� �k�n�o�w�l�e�d�g�e� �o�f� �w�h�a�t� �m�a�t�e�r�i�a�l�s� �a�n�d� �t�o�o�l�s� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �a�t� �w�o�r�k�c�e�n�t�e�r�s� 

�a�n�d� �w�h�e�n�.� 

�5�.� �E�x�p�e�d�i�t�e�s� �o�r�d�e�r�s� 

�B�e�c�a�u�s�e� �o�f� �b�e�t�t�e�r� �p�l�a�n�n�i�n�g�,� �t�h�e�r�e� �i�s� �l�e�s�s� �n�e�e�d� �t�o� �e�x�p�e�d�i�t�e� �o�r�d�e�r�s�.� 

�6�.� �M�o�n�i�t�o�r�s� �i�n�v�e�n�t�o�r�y� 

�T�h�e� �m�o�d�u�l�e� �m�o�n�i�t�o�r�s� �i�n�v�e�n�t�o�r�y�.� �T�h�e� �p�r�o�g�r�a�m� �c�a�n� �p�o�i�n�t� �o�u�t� �o�c�c�u�r�r�e�n�c�e�s� �i�n� �w�h�i�c�h� �i�n�v�e�n�t�o�r�y� 

�i�s� �o�v�e�r�-�c�o�m�m�i�t�t�e�d�,� �a� �s�u�r�p�l�u�s� �e�x�i�s�t�s�,� �o�r� �w�h�e�n� �t�h�e� �i�n�v�e�n�t�o�r�y� �l�e�v�e�l� �f�a�l�l�s� �b�e�l�o�w� �t�h�e� �s�a�f�e�t�y� �s�t�o�c�k� 

�l�e�v�e�l�.� �T�h�e� �m�o�d�u�l�e� �a�l�s�o� �c�a�n� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�m�o�u�n�t� �o�f� �i�n�v�e�n�t�o�r�y� �t�h�a�t� �c�a�n� �b�e� �c�o�m�m�i�t�t�e�d� �t�o� �n�e�w� 

�r�e�q�u�e�s�t�i�n�g� �p�r�o�d�u�c�t�i�o�n� �o�r�d�e�r�s� �o�n� �a�n�y� �g�i�v�e�n� �d�a�y� �w�i�t�h�o�u�t� �c�a�u�s�i�n�g� �s�h�o�r�t�a�g�e�s� �f�o�r� �a�l�r�e�a�d�y� �s�c�h�e�d�u�l�e�d� 

�j�o�b�s�.� �S�o�m�e� �r�e�s�u�l�t�s� �o�f� �h�a�v�i�n�g� �t�h�e� �c�o�m�p�u�t�e�r� �p�e�r�f�o�r�m� �t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �C�o�m�p�u�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �a�c�t�i�v�i�t�y� �r�e�s�u�l�t�s� �i�n�  ��r�e�a�l� �t�i�m�e �� �u�p�d�a�t�e� �o�f� �i�n�v�e�n�t�o�r�y� �r�e�c�o�r�d�s�.� 

�A�c�c�u�r�a�c�y�:�  ��R�e�a�l� �t�i�m�e �� �u�p�d�a�t�e� �o�f� �i�n�v�e�n�t�o�r�y� �r�e�c�o�r�d�s� �p�r�e�v�e�n�t�s� �i�n�v�e�n�t�o�r�y� �f�r�o�m� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� 

�b�e�i�n�g� �a�s�s�i�g�n�e�d� �t�o� �t�w�o� �j�o�b�s�.� 

�C�a�p�a�b�i�l�i�t�y�:�  ��R�e�a�l� �t�u�m�e �� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �r�e�s�e�r�v�i�n�g� �i�s� �i�n�s�e�n�s�i�t�i�v�e� �t�o� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �t�r�a�c�k�e�d� �o�r� 

�n�u�m�b�e�r� �o�f� �j�o�b�s� �d�e�m�a�n�d�i�n�g� �i�n�v�e�n�t�o�r�y�.� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�u�r�p�l�u�s� �i�n�v�e�n�t�o�r�y� �a�l�-� 

�l�o�w�s� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�s� �t�o� �r�e�d�u�c�e� �i�n�v�e�n�t�o�r�y� �l�e�v�e�l�s�.� �I�n�v�e�n�t�o�r�y� �s�h�o�r�t�a�g�e�s� �c�a�n� �b�e� �r�e�-� 

�d�u�c�e�d�.� �A�l�l� �i�n�v�e�n�t�o�r�y� �t�r�a�n�s�a�c�t�i�o�n�s� �(�r�e�p�l�e�n�i�s�h�m�e�n�t�s� �a�n�d� �d�e�p�l�e�t�i�o�n�s�)� �m�u�s�t� �b�e� �e�n�t�e�r�e�d� 

�i�n�t�o� �t�h�e� �s�y�s�t�e�m� �i�f� �i�n�v�e�n�t�o�r�y� �r�e�c�o�r�d�s� �a�r�e� �t�o� �b�e� �a�c�c�u�r�a�t�e�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�1



�7�.� �D�e�t�e�r�m�i�n�e�s� �n�e�e�d� �d�a�t�e�s� �f�o�r� �p�u�r�c�h�a�s�e�d� �m�a�t�e�r�i�a�l�s� 

�B�a�s�e�d� �o�n� �t�h�e� �s�c�h�e�d�u�l�e�,� �t�h�e� �m�o�d�u�l�e� �d�e�t�e�r�m�i�n�e�s� �w�h�i�c�h� �m�a�t�e�r�i�a�l�s� �n�e�e�d� �t�o� �b�e� �p�u�r�c�h�a�s�e�d� �a�n�d� �w�h�e�n�,� 

�a�n�d� �i�s�s�u�e�s� �p�u�r�c�h�a�s�i�n�g� �a�d�v�i�c�e�s�.� �S�o�m�e� �r�e�s�u�l�t�s� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �L�e�s�s� �t�i�m�e� �i�s� �r�e�q�u�i�r�e�d� �t�o� �p�r�e�p�a�r�e� �p�u�r�c�h�a�s�e� �r�e�q�u�i�s�i�t�i�o�n�s� �s�i�n�c�e� �t�h�i�s� �t�a�s�k� �a�u�t�o�m�a�t�i�c�a�l�l�y� 

�o�c�c�u�r�s� �w�h�e�n�e�v�e�r� �a� �j�o�b� �i�s� �s�c�h�e�d�u�l�e�d�.� 

�A�c�c�u�a�r�c�y�:� �S�i�n�c�e� �p�u�r�c�h�a�s�e� �a�d�v�i�c�e�s� �a�r�e� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �B�O�M� �a�n�d� �p�a�r�t� �m�a�s�t�e�r� �d�a�t�a�b�a�s�e�,� �t�h�e� 

�m�a�t�e�r�i�a�l�s� �s�p�e�c�i�f�i�e�d� �a�n�d� �t�h�e�i�r� �l�e�a�d�t�i�m�e�s� �s�h�o�u�l�d� �b�e� �a�c�c�u�r�a�t�e�.� �H�u�m�a�n� �e�r�r�o�r�s� �s�u�c�h� �a�s� 

�i�n�c�o�r�r�e�c�t� �c�o�p�y�i�n�g� �o�f� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�,� �e�t�c�.� �a�r�e� �e�l�i�m�i�n�a�t�e�d�.� 

�C�a�p�a�b�i�l�i�t�y�:� �S�i�n�c�e� �t�h�e� �m�o�d�u�l�e� �a�c�q�u�i�r�e�s� �p�a�r�t� �s�p�e�c�i�f�i�c� �d�a�t�a� �f�r�o�m� �t�h�e� �p�a�r�t� �m�a�s�t�e�r� �d�a�t�a�b�a�s�e�,� �t�h�i�s� 

�i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�i�s� �d�a�t�a�b�a�s�e� �m�u�s�t� �b�e� �a�c�c�u�r�a�t�e�,� �c�o�m�p�l�e�t�e�,� �a�n�d� �u�p� �t�o� �d�a�t�e�.� �A�l�s�o�,� 

�p�u�r�c�h�a�s�e� �a�d�v�i�c�e�s� �c�a�n� �o�n�l�y� �b�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�e�n�e�r�a�t�e�d� �f�o�r� �j�o�b�s� �e�n�t�e�r�e�d� �o�n�t�o� �t�h�e� 

�s�y�s�t�e�m�.� 

�8�.� �P�e�r�f�o�r�m�s� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�i�e�s� 

�T�h�e� �m�o�d�u�l�e� �c�a�n� �p�e�r�f�o�r�m� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�i�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�a�r�l�i�e�s�t� �p�o�s�s�i�b�l�e� �d�a�t�e� �a�t� �w�h�i�c�h� �a�n� 

�o�r�d�e�r� �c�a�n� �b�e� �f�i�l�l�e�d�.� �S�i�n�c�e� �c�a�p�a�c�i�t�y� �d�a�t�a� �i�s� �c�o�n�s�i�d�e�r�e�d�,� �t�h�e� �e�s�t�i�m�a�t�e� �w�i�l�l� �b�e� �r�e�a�l�i�s�t�i�c�.� �S�o�m�e� �r�e�-� 

�s�u�l�t�s� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �F�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�i�e�s� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �v�e�r�y� �r�a�p�i�d�l�y�.� 

�A�c�c�u�r�a�c�y�:� �T�h�e� �r�e�s�u�l�t�s� �o�f� �a� �f�e�a�s�i�b�i�l�i�t�y� �a�n�a�l�y�s�i�s� �a�r�e� �a�c�c�u�r�a�t�e� �a�s� �l�o�n�g� �a�s� �l�e�a�d�t�i�m�e�s� �a�r�e� �a�c�c�u�r�a�t�e�,� 

�a�n�d� �t�h�e� �c�u�r�r�e�n�t� �p�r�o�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e� �i�s� �r�e�s�p�e�c�t�e�d�.� 

�C�a�p�a�b�i�l�i�t�y�:� �T�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �c�o�n�s�t�r�a�i�n�e�d� �r�e�s�o�u�r�c�e�s� �(�l�a�b�o�r�,� �w�o�r�k�c�e�n�t�e�r� �c�a�p�a�c�i�t�y�,� �e�t�c�.�)� �c�a�n� �b�e� 

�v�a�r�i�e�d� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e� �d�e�t�e�r�m�i�n�e�d�.� �I�f� �a� �p�a�r�t�i�c�u�l�a�r� �d�e�-� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�2



�m�a�n�d� �c�a�n�n�o�t� �b�e� �m�e�t� �b�y� �a� �s�p�e�c�i�f�i�e�d� �d�a�t�e�,� �t�h�e� �m�o�d�u�l�e� �w�i�l�l� �r�e�t�u�r�n� �t�h�e� �e�a�r�l�i�e�s�t� �p�o�s�s�i�b�l�e� 

�d�a�t�e� �a�t� �w�h�i�c�h� �i�t� �c�a�n� �b�e� �f�i�l�e�d�.� 

�9�.� �M�o�n�i�t�o�r�s� �c�a�p�a�c�i�t�y� �a�n�d� �w�o�r�k�f�o�r�c�e� �u�t�i�l�i�z�a�t�i�o�n� 

�B�e�c�a�u�s�e� �c�a�p�a�c�i�t�y� �a�n�d� �w�o�r�k�f�o�r�c�e� �u�t�i�l�i�z�a�t�i�o�n� �d�a�t�a� �a�r�e� �e�a�s�i�l�y� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �m�o�d�u�l�e�,� �s�o�m�e� 

�r�e�s�u�l�t�s� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �T�h�e� �t�i�m�e� �t�o� �a�c�c�e�s�s� �t�h�e� �d�a�t�a� �a�n�d� �p�e�r�f�o�r�m� �t�h�e�s�e� �c�a�l�c�u�l�a�t�i�o�n�s� �i�s� �r�e�d�u�c�e�d�.� 

�A�c�c�u�r�a�c�y�:� �E�r�r�o�r�s� �o�f� �c�a�l�c�u�l�a�t�i�o�n� �a�r�e� �e�l�i�m�i�n�a�t�e�d�.� �A�l�s�o�,� �s�i�n�c�e� �d�a�t�a� �f�o�r� �t�h�e�s�e� �c�a�l�c�u�l�a�t�i�o�n�s� �a�r�e� 

�o�b�t�a�i�n�e�d� �d�i�r�e�c�t�l�y� �f�r�o�m� �s�c�a�n�n�i�n�g� �b�a�r� �c�o�d�e�s�,� �d�a�t�a� �w�i�l�l� �b�e� �v�a�l�i�d� �a�n�d� �e�r�r�o�r�s� �o�f� �h�u�m�a�n� 

�c�o�m�m�u�n�i�c�a�t�i�o�n� �a�r�e� �e�l�i�m�i�n�a�t�e�d�.� 

�C�a�p�a�b�i�l�i�t�y�:� �T�h�e� �m�o�d�u�l�e� �c�a�n� �m�o�n�i�t�o�r� �u�s�a�g�e� �o�f� �a�n�y� �r�e�s�o�u�r�c�e� �f�o�r� �w�h�i�c�h� �c�a�p�a�c�i�t�y� �h�a�s� �b�e�e�n� �d�e�f�i�n�e�d� 

�s�u�c�h� �a�s� �l�a�b�o�r�,� �t�o�o�l�i�n�g�,� �e�t�c�.� �a�n�d� �c�a�n� �h�e�l�p� �i�d�e�n�t�i�f�y� �p�r�o�d�u�c�t�i�o�n� �b�o�t�t�l�e�n�e�c�k�s�.� �I�t� �c�a�n� 

�a�l�s�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�r�o�j�e�c�t�e�d� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �r�e�s�o�u�r�c�e�s� �a�n�d� �u�s�e� �t�h�i�s� �d�a�t�a� �t�o� �s�u�p�p�o�r�t� 

�e�q�u�i�p�m�e�n�t� �a�c�q�u�i�s�i�t�i�o�n�s�,� �u�p�g�r�a�d�e�s�,� �e�t�c�.� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �/�c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�:� �W�i�t�h� �P�C� �h�a�v�i�n�g� �a�c�c�e�s�s� �t�o� �u�t�i�l�i�z�a�t�i�o�n� �d�a�t�a�,� �d�e�c�i�-� 

�s�i�o�n�s� �c�a�n� �b�e� �m�a�d�e� �w�h�i�c�h� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� �t�h�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� �(�s�u�c�h� 

�a�s� �m�a�c�h�i�n�e� �a�c�q�u�i�s�i�t�i�o�n�s�,� �o�v�e�r�t�i�m�e�,� �e�t�c�.�)�.� 

�1�0�.� �C�a�n�c�e�l�s� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �a�s� �r�e�q�u�i�r�e�d� �b�y� �a�n� �E�n�g�i�n�e�e�r�i�n�g� �C�h�a�n�g�e� �O�r�d�e�r� �(�E�C�O�)� 

�S�i�n�c�e� �a�l�l� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �r�e�q�u�i�r�e�d� �t�o� �f�i�l�l� �t�h�e� �o�r�d�e�r� �a�r�e� �s�c�h�e�d�u�l�e�d�,� �c�a�n�c�e�l�l�i�n�g� �t�h�e� �o�r�d�e�r� �a�f�t�e�r� 

�p�r�o�d�u�c�t�i�o�n� �h�a�s� �c�o�m�m�e�n�c�e�d� �i�s� �c�o�m�p�l�i�c�a�t�e�d�.� �A�l�l� �n�o�n�-�r�e�l�e�a�s�e�d� �j�o�b�s� �a�n�d� �p�u�r�c�h�a�s�e� �r�e�q�u�i�s�i�t�i�o�n�s� 

�s�p�e�c�i�f�i�c�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �o�r�d�e�r� �(�t�h�r�o�u�g�h� �t�h�e� �t�a�g�g�i�n�g� �p�r�o�c�e�s�s�)� �a�r�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �c�a�n�c�e�l�l�e�d�.� 

�H�o�w�e�v�e�r�,� �a�l�l� �i�n�v�e�n�t�o�r�y� �a�l�r�e�a�d�y� �r�e�l�e�a�s�e�d� �t�o� �t�h�e� �j�o�b� �i�s� �a�u�t�o�m�a�t�i�c�a�l�l�y� �r�e�t�u�r�n�e�d� �t�o� �s�t�o�c�k� �a�n�d� 

�t�r�a�c�k�e�d� �c�o�s�t�s� �a�r�e� �l�o�s�t�.� �I�f� �t�h�e� �j�o�b� �i�s� �t�o� �b�e� �r�e�p�l�a�n�n�e�d� �l�a�t�e�r�,� �t�h�i�s� �i�s� �n�o�t� �d�e�s�i�r�a�b�l�e�.� �T�o� �g�e�t� �a�r�o�u�n�d� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�3



�t�h�i�s� �p�r�o�b�l�e�m� �w�h�e�n� �u�s�i�n�g� �t�h�e� �m�o�d�u�l�e�,� �t�h�e� �s�c�h�e�d�u�l�e�r� �m�u�s�t�  ��f�a�k�e� �o�u�t �� �t�h�e� �p�r�o�g�r�a�m� �t�o� �k�e�e�p� �t�h�e� 

�i�n�v�e�n�t�o�r�y� �r�e�s�e�r�v�e�d� �a�n�d� �c�o�s�t�s� �i�n�t�a�c�t�.� �T�h�i�s� �p�r�o�c�e�s�s� �r�e�q�u�i�r�e�s� �e�x�t�r�a� �t�i�m�e� �a�n�d� �e�f�f�o�r�t� �a�n�d� �c�a�n� �b�e� 

�c�o�m�p�l�i�c�a�t�e�d�.� 

�T�i�m�e�:� 

�A�c�c�u�r�a�c�y�:� 

�C�a�p�a�b�i�l�i�t�y�:� 

�T�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �c�a�n�c�e�l� �a�l�l� �a�s�s�o�c�i�a�t�e�d� �n�o�n�-�r�e�l�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �a�n�d� �i�n�-� 

�v�e�n�t�o�r�y� �r�e�q�u�i�s�i�t�i�o�n�s� �i�s� �i�n�s�i�g�n�i�f�i�c�a�n�t�.� �H�o�w�e�v�e�r�,� �i�f� �t�h�e�s�e� �f�o�l�l�o�w�-�u�p� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� 

�a�n�d� �p�u�r�c�h�a�s�e� �r�e�q�u�i�s�i�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �r�e�l�e�a�s�e�d�,� �e�x�t�r�a� �e�f�f�o�r�t� �i�s� �r�e�q�u�i�r�e�d� �t�o� �c�a�n�c�e�l� �t�h�e� 

�j�o�b�s�.� �E�x�t�r�a� �t�i�m�e� �a�n�d� �e�f�f�o�r�t� �i�s� �a�l�s�o� �r�e�q�u�i�r�e�d� �t�o�  ��f�a�k�e� �o�u�t �� �t�h�e� �c�o�m�p�u�t�e�r� �t�o� �p�r�e�s�e�r�v�e� 

�c�o�s�t�s� �a�n�d� �r�e�s�e�r�v�e� �i�n�v�e�n�t�o�r�y� �i�f� �t�h�e� �j�o�b� �i�s� �t�o� �b�e� �r�e�p�l�a�n�n�e�d�.� 

�J�o�b� �t�a�g�g�i�n�g� �e�n�s�u�r�e�s� �t�h�a�t� �a�l�l� �a�s�s�o�c�i�a�t�e�d� �j�o�b�s� �w�i�l�l� �b�e� �c�a�n�c�e�l�l�e�d�.� �N�o�  ��o�r�p�h�a�n �� �j�o�b�s� 

�w�i�l�l� �b�e� �l�e�f�t� �s�c�h�e�d�u�l�e�d� �f�o�r� �t�h�e� �f�l�o�o�r�.� �H�o�w�e�v�e�r�,�  ��f�a�k�i�n�g� �o�u�t �� �t�h�e� �p�r�o�g�r�a�m� �i�s� �c�o�m�p�l�i�-� 

�c�a�t�e�d� �a�n�d� �e�r�r�o�r�s� �m�a�y� �a�r�i�s�e� �i�n� �t�h�e� �p�r�o�c�e�s�s�.� 

�T�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �c�a�n�c�e�l� �p�r�o�d�u�c�t�i�o�n� �i�s� �d�e�c�r�e�a�s�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �n�e�e�d� �t�o�  ��f�a�k�e� �o�u�t �� 

�t�h�e� �p�r�o�g�r�a�m� �a�s� �c�i�t�e�d� �a�b�o�v�e�.� �I�f� �a� �j�o�b� �i�s� �p�u�l�l�e�d� �f�r�o�m� �t�h�e� �f�l�o�o�r�,� �t�h�a�t� �c�a�p�a�c�i�t�y� �i�s� �l�e�f�t� 

�o�p�e�n� �u�n�t�i�l� �a�n�o�t�h�e�r� �j�o�b� �i�s� �s�c�h�e�d�u�l�e�d� �i�n� �i�t�s� �p�l�a�c�e�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �a�v�a�i�l�a�b�l�e� �c�a�p�a�c�i�t�y� 

�m�a�y� �b�e� �f�i�l�l�e�d� �i�n� �o�n�e� �o�f� �t�h�r�e�e� �w�a�y�s�:� �(�1�)� �t�h�e� �e�n�t�i�r�e� �f�l�o�o�r� �m�a�y� �b�e� �r�e�s�c�h�e�d�u�l�e�d� �(�w�h�i�c�h� 

�w�o�u�l�d� �r�e�s�u�l�t� �i�n� �m�u�c�h� �c�o�n�f�u�s�i�o�n�)�,� �(�2�)� �t�h�e� �c�a�p�a�c�i�t�y� �m�a�y� �b�e� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �n�e�x�t� �r�e�-� 

�q�u�e�s�t�i�n�g� �j�o�b�,� �o�r� �(�3�)� �t�h�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�u�p�e�r�v�i�s�o�r� �m�a�y� �u�n�o�f�f�i�c�i�a�l�l�y� �a�s�s�i�g�n� �a�n�o�t�h�e�r� 

�j�o�b� �t�o� �f�i�l�l� �t�h�e� �o�p�e�n� �c�a�p�a�c�i�t�y�.� �I�f� �m�a�n�y� �j�o�b�s� �a�r�e� �c�a�n�c�e�l�l�e�d�,� �t�h�e� �n�e�e�d� �t�o� �u�n�o�f�f�i�c�i�a�l�l�y� 

�f�i�l�l� �a�v�a�i�l�a�b�l�e� �c�a�p�a�c�i�t�y� �a�d�d�s� �c�o�n�f�u�s�i�o�n� �t�o� �f�l�o�o�r� �o�p�e�r�a�t�i�o�n�s�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a�:� �G�i�v�e�n� �t�h�e� �a�b�o�v�e� �r�e�s�u�l�t�s� �o�f� �c�o�m�p�u�t�e�r�i�z�a�t�i�o�n�,� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� �a�r�e� 

�i�m�p�a�c�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�F�l�e�x�i�b�i�l�i�t�y�:� �T�h�e� �a�b�i�l�i�t�y� �t�o� �f�u�l�l�y� �s�c�h�e�d�u�l�e� �a�l�l� �p�r�o�d�u�c�t�i�v�e� �c�a�p�a�c�i�t�y� �a�n�d� �p�r�o�v�i�d�e� �r�e�s�o�u�r�c�e�s� �a�s� �r�e�q�u�i�r�e�d� �c�a�n� 

�i�n�c�r�e�a�s�e� �t�h�e� �n�u�m�b�e�r� �a�n�d� �t�y�p�e�s� �o�f� �p�a�r�t�s� �t�h�a�t� �c�a�n� �b�e� �p�r�o�d�u�c�e�d� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e�.� �P�r�o�d�u�c�t� 

�v�o�l�u�m�e� �a�n�d� �p�r�o�d�u�c�t� �m�i�x� �f�l�e�x�i�b�i�l�i�t�y� �a�r�e� �t�h�u�s� �i�m�p�r�o�v�e�d�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�q�u�i�r�e�d� �s�t�r�i�c�t� �a�d�-� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�4



�h�e�r�e�n�c�e� �t�o� �t�h�e� �s�c�h�e�d�u�l�e� �c�a�n� �l�i�m�i�t� �t�h�e� �a�b�i�l�i�t�y� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� �t�o� �a�d�a�p�t� �t�o� �a�n�d� �w�o�r�k� 

�a�r�o�u�n�d� �u�n�a�n�t�i�c�i�p�a�t�e�d� �e�v�e�n�t�s� �s�u�c�h� �a�s� �a�n� �E�C�O�,� �b�r�o�k�e�n� �m�a�c�h�i�n�e�,� �e�t�c�.� �F�l�e�x�i�b�i�l�i�t�y� �c�a�n� �t�h�u�s� 

�b�e� �d�e�c�r�e�a�s�e�d�.� 

�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �B�e�c�a�u�s�e� �t�h�e� �m�o�d�u�l�e� �p�r�o�d�u�c�e�s� �r�e�a�l�i�s�t�i�c� �s�c�h�e�d�u�l�e�s� �b�a�s�e�d� �o�n� �c�a�p�a�c�i�t�y�,� �o�v�e�r�-�s�c�h�e�d�u�l�i�n�g� 

�S�k�i�l�l�s�:� 

�o�f� �c�a�p�a�c�i�t�y� �i�s� �r�e�d�u�c�e�d�.� �P�a�r�t�s� �t�h�u�s� �s�p�e�n�d� �l�e�s�s� �t�i�m�e� �i�n� �q�u�e�u�e� �w�a�i�t�i�n�g� �f�o�r� �a� �m�a�c�h�i�n�e�,� �t�o�o�l�,� 

�o�r� �t�h�e� �r�e�q�u�i�r�e�d� �s�k�i�l�l�s�;� �t�h�i�s� �c�a�n� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e� �t�h�e� �t�o�t�a�l� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �f�i�l�l� �a�n� �o�r�d�e�r�.� 

�T�h�e� �t�i�m�e� �s�p�e�n�t� �w�a�i�t�i�n�g� �f�o�r� �o�t�h�e�r� �a�c�t�i�v�i�t�i�e�s� �c�a�n� �a�l�s�o� �b�e� �e�l�i�m�i�n�a�t�e�d� �b�y� �s�p�e�c�i�f�i�c�a�l�l�y� �s�c�h�e�d�u�l�i�n�g� 

�t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s�.� �T�h�e�s�e� �a�c�t�i�v�i�t�i�e�s� �i�n�c�l�u�d�e� �m�a�t�e�r�i�a�l� �d�e�l�i�v�e�r�i�e�s�,� �q�u�a�l�i�t�y� �i�n�s�p�e�c�t�i�o�n�s�,� �a�n�d� �p�r�e�-� 

�v�e�n�t�a�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e�.� �T�h�e� �n�u�m�b�e�r� �o�f� �l�a�t�e� �o�r�d�e�r�s� �a�n�d� �s�p�l�i�t� �p�r�o�d�u�c�t�i�o�n� �o�r�d�e�r�s� �c�a�n� �b�e� �r�e�-� 

�d�u�c�e�d�.� �T�h�e� �r�e�d�u�c�e�d� �t�i�m�e� �t�o� �p�r�e�p�a�r�e� �t�h�e� �p�i�c�k� �l�i�s�t� �a�n�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �s�c�h�e�d�u�l�e� �c�a�n� �a�l�s�o� 

�r�e�d�u�c�e� �t�h�e� �t�i�m�e� �t�o� �f�i�l�l� �a�n� �o�r�d�e�r�.� �K�n�o�w�l�e�d�g�e� �o�f� �w�o�r�k�c�e�n�t�e�r� �a�n�d� �s�k�i�l�l� �u�t�i�l�i�z�a�t�i�o�n� �c�a�n� �s�u�g�g�e�s�t� 

�m�a�c�h�i�n�e� �a�c�q�u�i�s�i�t�i�o�n�s� �a�n�d� �t�h�e� �h�i�r�i�n�g� �o�f� �a�d�d�i�t�i�o�n�a�l� �w�o�r�k�e�r�s� �t�o� �e�l�i�m�i�n�a�t�e� �p�r�o�d�u�c�t�i�o�n� �b�o�t�t�l�e�-� 

�n�e�c�k�s�.� �A�c�c�u�r�a�t�e� �p�i�c�k�l�i�s�t�s� �e�l�i�m�i�n�a�t�e� �t�i�m�e� �t�h�a�t� �m�i�g�h�t� �b�e� �w�a�s�t�e�d� �w�h�i�l�e� �w�a�i�t�i�n�g� �f�o�r� �c�o�r�r�e�c�t� 

�m�a�t�e�r�i�a�l�s�.� 

�S�i�n�c�e� �t�h�e� �m�o�d�u�l�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �d�e�v�e�l�o�p�s� �f�e�a�s�i�b�l�e� �p�r�o�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e�s�,� �s�c�h�e�d�u�l�e�r�s� �n�o� 

�l�o�n�g�e�r� �n�e�e�d� �t�o� �p�e�r�f�o�r�m� �s�c�h�e�d�u�l�i�n�g� �c�a�l�c�u�l�a�t�i�o�n�s�.� �S�c�h�e�d�u�l�e�r�s� �m�u�s�t� �m�a�k�e� �d�e�c�i�s�i�o�n�s� �r�e�-� 

�g�a�r�d�i�n�g� �w�h�e�n� �t�o� �r�e�l�e�a�s�e� �j�o�b�s� �t�o� �t�h�e� �f�l�o�o�r� �a�n�d� �m�u�s�t� �b�e� �v�e�r�y� �f�a�m�i�l�i�a�r� �w�i�t�h� �t�h�e� �l�o�g�i�c� �u�s�e�d� 

�b�y� �t�h�e� �m�o�d�u�l�e� �t�o� �m�a�k�e� �f�u�l�l� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �i�t�s� �c�a�p�a�b�i�l�i�t�i�e�s�.� �S�o�m�e� �c�l�e�r�i�c�a�l� �s�k�i�l�l�s� �w�i�l�l� �n�o� �l�o�n�g�e�r� 

�b�e� �n�e�e�d�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �p�i�c�k� �l�i�s�t� �a�n�d� �l�e�s�s� �s�k�i�l�l�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �t�r�a�c�k� �i�n�v�e�n�t�o�r�y�.� �F�e�w�e�r� 

�e�x�p�e�d�i�t�o�r�s� �m�a�y� �b�e� �r�e�q�u�i�r�e�d� �b�e�c�a�u�s�e� �b�e�t�t�e�r� �p�l�a�n�n�i�n�g� �r�e�d�u�c�e�s� �c�o�n�f�u�s�i�o�n� �o�f� �t�h�e� �m�a�n�u�f�a�c�-� 

�t�u�r�i�n�g� �f�l�o�o�r�.� 

�M�a�n�u�f�a�c�t�u�r�i�n�g� �E�n�g�i�n�e�e�r�i�n�g� �(�M�E�)� 

�1�.� �E�l�e�c�t�r�o�n�i�c�a�l�l�y� �c�o�o�r�d�i�n�a�t�e�s� �t�h�e� �B�O�M� �a�n�d� �r�o�u�t�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�s�:� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �i�s� �s�p�e�c�i�f�i�e�d� �i�n� �t�h�e� 

�c�u�r�r�e�n�t� �o�p�e�r�a�t�i�n�g� �p�r�o�c�e�d�u�r�e�s� �o�f� �T�C� �h�o�w�e�v�e�r�,� �i�n�t�e�r�v�i�e�w�s� �w�i�t�h� �c�o�m�p�a�n�y� �p�e�r�s�o�n�n�e�l� �r�e�v�e�a�l� �t�h�a�t� 

�t�h�i�s� �t�a�s�k� �i�s� �n�o�t� �a�l�w�a�y�s� �p�e�r�f�o�r�m�e�d�.� �I�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �B�O�M� �a�n�d� �r�o�u�t�i�n�g� �a�r�e� �o�f�t�e�n� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�5



�r�e�c�o�n�c�i�l�e�d� �o�n� �t�h�e� �f�l�o�o�r� �a�n�d� �t�h�e�n� �o�n�l�y� �i�n�f�o�r�m�a�l�l�y�.� �W�i�t�h� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �P�P� �m�o�d�u�l�e�,� 

�t�h�i�s� �e�l�e�c�t�r�o�n�i�c� �c�o�o�r�d�i�n�a�t�i�o�n� �m�u�s�t� �a�l�w�a�y�s� �b�e� �p�e�r�f�o�r�m�e�d� �p�r�i�o�r� �t�o� �r�e�l�e�a�s�e� �o�f� �a�n� �o�r�d�e�r� �t�o� �p�r�o�-� 

�d�u�c�t�i�o�n�.� �T�h�e� �m�o�d�u�l�e� �w�i�l�l� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �t�a�s�k� �s�i�n�c�e� �i�t� �p�e�r�f�o�r�m�s� �t�h�e� �c�h�e�c�k�i�n�g� �f�o�r� �t�h�e� �u�s�e�r� �a�n�d� 

�p�o�i�n�t�s� �o�u�t� �w�h�e�n� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �B�O�M� �a�n�d� �r�o�u�t�i�n�g�s� �e�x�i�s�t�.� 

�T�i�m�e�:� �T�a�s�k� �r�e�q�u�i�r�e�s� �l�e�s�s� �t�i�m�e� �s�i�n�c�e� �t�h�e� �c�o�m�p�u�t�e�r� �p�o�i�n�t�s� �o�u�t� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s�.� �T�h�e� �t�i�m�e� 

�t�o� �r�e�c�o�n�c�i�l�e� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �o�n� �t�h�e� �f�l�o�o�r� �w�i�l�l� �b�e� �e�l�i�m�i�n�a�t�e�d�.� 

�A�c�c�u�r�a�c�y�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �s�i�n�c�e� �t�h�e� �j�o�b� �c�a�n�n�o�t� �b�e� �r�e�l�e�a�s�e�d� �f�o�r� �p�r�o�d�u�c�t�i�o�n� 

�u�n�t�i�l� �t�h�e�y� �h�a�v�e� �b�e�e�n� �r�e�s�o�l�v�e�d�.� 

�C�a�p�a�b�i�l�i�t�y�:� �A�n�y� �i�n�c�o�n�s�i�s�t�e�n�t� �p�a�r�t� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �a�r�e� �n�o�t� �p�e�r�m�i�t�t�e�d� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �a�c�t�u�a�l� �d�i�f�-� 

�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �p�a�r�t�s� �m�a�y� �b�e� �o�n�l�y� �s�l�i�g�h�t� �a�n�d� �w�o�u�l�d� �h�a�v�e� �n�o� �i�m�p�a�c�t� �o�n� �c�o�s�t�,� 

�t�h�e� �p�r�o�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e� �o�r� �m�a�n�u�f�a�c�t�u�r�i�n�g� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �r�e�c�o�n�c�i�l�i�n�g� �o�f� �d�i�f�f�e�r�-� 

�e�n�c�e�s� �m�a�y� �b�e� �a� �t�i�m�e�l�y� �a�n�d� �t�e�d�i�o�u�s� �t�a�s�k�.� 

�2�.� �D�e�t�e�r�m�i�n�e�s� �a�n�d� �r�e�c�o�r�d�s� �m�a�n�u�f�a�c�t�u�r�i�n�g� �t�i�m�e� �s�t�a�n�d�a�r�d�s� 

�c�h�a�n�g�e�d� �p�r�o�c�e�d�u�r�e�:� �M�o�d�u�l�e� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�i�s� �d�a�t�a� �r�e�s�i�d�e� �o�n� �t�h�e� �c�o�m�p�u�t�e�r� �f�o�r� �s�c�h�e�d�u�l�i�n�g�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

�F�l�e�x�i�b�i�l�i�t�y�:� �n�o�t� �i�m�p�a�c�t�e�d�.� 

�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �R�e�s�p�o�n�s�i�v�e�n�e�s�s� �m�a�y� �b�e� �d�i�m�i�n�i�s�h�e�d� �s�i�n�c�e� �r�e�s�o�l�v�i�n�g� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �r�e�q�u�i�r�e�s� �t�i�m�e�.� 

�H�o�w�e�v�e�r�,� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �m�a�y� �b�e� �i�m�p�r�o�v�e�d� �i�f� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �w�h�i�c�h� �w�o�u�l�d� �i�n�t�e�r�r�u�p�t� �m�a�n�-� 

�u�f�a�c�t�u�r�i�n�g� �o�p�e�r�a�t�i�o�n�s� �a�r�e� �p�r�e�v�e�n�t�e�d�.� 

�S�k�i�l�l�s�:� �P�e�o�p�l�e� �k�n�o�w�l�e�d�g�e�a�b�l�e� �i�n� �t�h�e� �p�r�o�d�u�c�t�s� �a�n�d� �m�a�t�e�r�i�a�l�s� �o�f� �t�h�e� �f�i�r�m� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �t�o� �c�o�o�r�-� 

�d�i�n�a�t�e� �t�h�e� �B�O�M� �a�n�d� �r�o�u�t�i�n�g�s� �a�n�d� �r�e�s�o�l�v�e� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�6



�P�u�r�c�h�a�s�i�n�g� 

�1�.� �D�e�t�e�r�m�i�n�e�s� �a�n�d� �r�e�c�o�r�d�s� �p�u�r�c�h�a�s�e� �l�e�a�d�t�i�m�e�s� 

�c�h�a�n�g�e�d� �p�r�o�c�e�d�u�r�e�:� �M�o�d�u�l�e� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�i�s� �d�a�t�a� �r�e�s�i�d�e� �o�n� �t�h�e� �c�o�m�p�u�t�e�r� �f�o�r� �s�c�h�e�d�u�l�i�n�g�.� 

�M�a�n�u�f�a�c�t�u�r�i�n�g� 

�1�.� �A�l�l�o�c�a�t�e�s� �c�a�p�a�c�i�t�y� �a�n�d� �w�o�r�k�e�r�s� �t�o� �r�e�q�u�e�s�t�i�n�g� �j�o�b�s� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �/�c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�:� �T�h�e� �s�c�h�e�d�u�l�e� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� �m�o�d�u�l�e� �n�e�c�e�s�s�a�r�i�l�y� 

�a�l�l�o�c�a�t�e�s� �p�r�o�d�u�c�t�i�o�n� �c�a�p�a�c�i�t�i�e�s� �t�o� �r�e�q�u�e�s�t�i�n�g� �j�o�b�s�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �s�u�p�e�r�v�i�s�o�r�s� �m�a�y� 

�h�a�v�e� �p�r�e�v�i�o�u�s�l�y� �h�a�d� �g�r�e�a�t�e�r� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �t�h�i�s� �t�a�s�k�.� 

�2�.� �R�e�l�e�a�s�e�s� �j�o�b�s� �t�o� �t�h�e� �f�l�o�o�r� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y�/�c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�:� �M�a�n�u�f�a�c�t�u�r�i�n�g� �s�u�p�e�r�v�i�s�o�r�s� �n�o� �l�o�n�g�e�r� �p�e�r�f�o�r�m� �t�h�i�s� 

�t�a�s�k�,� �i�n�s�t�e�a�d� �t�h�e� �P�C� �f�u�n�c�t�i�o�n� �d�o�e�s�.� 

�3�.� �M�o�n�i�t�o�r�s� �p�r�o�d�u�c�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �d�e�t�e�c�t�s� �s�c�h�e�d�u�l�e� �s�l�i�p�p�a�g�e�s� 

�T�i�m�e�:� �T�h�e� �t�i�m�e� �t�o� �d�e�t�e�c�t� �a� �s�c�h�e�d�u�l�e� �s�l�i�p�p�a�g�e� �i�s� �n�o�t� �a�f�f�e�c�t�e�d� �s�i�n�c�e� �t�h�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� 

�s�u�p�e�r�v�i�s�o�r� �m�u�s�t� �s�t�i�l�l� �c�a�r�r�y� �o�u�t� �a� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �t�h�e� �o�b�s�e�r�v�e�d� �s�t�a�t�e� �o�f� �p�r�o�-� 

�d�u�c�t�i�o�n� �a�n�d� �t�h�e� �s�c�h�e�d�u�l�e�d� �s�t�a�t�e� �o�f� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �a�s�s�e�s�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�.� 

�A�c�c�u�r�a�c�y�:� �B�e�c�a�u�s�e� �t�h�e� �s�c�h�e�d�u�l�e� �i�s� �d�e�v�e�l�o�p�e�d� �o�n� �w�e�l�l� �d�e�f�i�n�e�d� �t�i�m�e� �s�t�a�n�d�a�r�d�s�,� �b�e�t�t�e�r� �i�n�f�o�r�m�a�-� 

�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �a� �s�c�h�e�d�u�l�e� �s�l�i�p�p�a�g�e� �a�c�t�u�a�l�l�y� �e�x�i�s�t�s�.� 

�C�a�p�a�b�i�l�i�t�y�:� �S�c�h�e�d�u�l�i�n�g� �j�o�b�s� �i�n� �g�r�e�a�t�e�r� �d�e�t�a�i�l� �(�f�i�n�e�r� �r�e�s�o�l�u�t�i�o�n�)� �a�l�l�o�w�s� �a� �s�c�h�e�d�u�l�e� �s�l�i�p�p�a�g�e� �t�o� �b�e� 

�d�e�t�e�c�t�e�d� �e�a�r�l�i�e�r� �a�n�d� �f�o�r� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�s� �t�o� �b�e� �t�a�k�e�n� �s�o�o�n�e�r�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�7



�4�.� �m�o�n�i�t�o�r�s� �m�a�c�h�i�n�e� �a�n�d� �l�a�b�o�r� �u�t�i�l�i�z�a�t�i�o�n� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y�/�c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�:� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �t�h�i�s� �t�a�s�k� �i�s� �g�i�v�e�n� �t�o� �P�C� �w�h�o� �a�u�-� 

�t�o�m�a�t�i�c�a�l�l�y� �r�e�c�e�i�v�e�s� �t�h�i�s� �d�a�t�a� �f�r�o�m� �t�h�e� �m�o�d�u�l�e�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

�F�l�e�x�i�b�i�l�i�t�y�:� �B�e�c�a�u�s�e� �p�r�o�d�u�c�t�i�o�n� �m�u�s�t� �c�o�n�f�o�r�m� �t�o� �t�h�e� �s�c�h�e�d�u�l�e� �d�e�v�e�l�o�p�e�d� �b�y� �P�C�,� �t�h�e� �a�b�i�l�i�t�y� �o�f� �m�a�n�u�-� 

�f�a�c�t�u�r�i�n�g� �p�e�r�s�o�n�n�e�l� �t�o� �a�d�a�p�t� �t�o� �s�u�d�d�e�n� �c�h�a�n�g�e�s� �s�u�c�h� �a�s� �a� �b�r�o�k�e�n� �m�a�c�h�i�n�e�,� �r�u�s�h� �j�o�b�,� �e�t�c�.� 

�i�s� �d�i�m�i�n�i�s�h�e�d� �a�n�d� �o�v�e�r�a�l�l� �f�l�e�x�i�b�i�l�i�t�y� �m�a�y� �b�e� �r�e�d�u�c�e�d�.� 

�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �T�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�t�e�c�t� �s�c�h�e�d�u�l�e� �s�l�i�p�p�a�g�e�s� �e�a�r�l�i�e�r� �p�e�r�m�i�t�s� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�s� �t�o� �b�e� �t�a�k�e�n� 

�s�o�o�n�e�r� �a�n�d� �m�a�y� �r�e�d�u�c�e� �t�h�e� �t�o�t�a�l� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �f�i�l�l� �a�n� �o�r�d�e�r� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �s�c�h�e�d�u�l�e� 

�s�l�i�p�p�a�g�e�s�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�t�e�c�t� �p�r�o�d�u�c�t�i�o�n� �b�o�t�t�l�e�n�e�c�k�s� �p�r�o�v�i�d�e�s� �d�a�t�a� �t�o� �s�u�p�p�o�r�t� �m�a�c�h�i�n�e� 

�a�c�q�u�i�s�i�t�i�o�n�s�,� �e�t�c�.� 

�S�k�i�l�l�s�:� �n�o�t� �i�m�p�a�c�t�e�d�.� 

�Q�u�a�l�i�t�y� �C�o�n�t�r�o�l� �(�Q�C�)� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �/�c�o�n�t�r�o�l� �r�e�l�a�t�i�o�n�s�h�i�p�:� �Q�C� �m�u�s�t� �a�d�h�e�r�e� �t�o� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e� �d�e�v�e�l�o�p�e�d� 

�b�y� �P�C� �a�n�d� �b�e� �a�v�a�i�l�a�b�l�e� �a�s� �s�p�e�c�i�f�i�e�d�.� 

�C�o�s�t� �A�c�c�o�u�n�t�i�n�g� 

�1�.� �C�o�l�l�e�c�t�s�,� �a�s�s�i�g�n�s� �a�n�d� �a�g�g�r�e�g�a�t�e�s� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �d�a�t�a� �f�o�r� �i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l� �a�c�c�o�u�n�t�i�n�g� 

�p�u�r�p�o�s�e�s� 

�c�h�a�n�g�e�d� �p�r�o�c�e�d�u�r�e�:� �T�h�e� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �f�u�n�c�t�i�o�n� �i�s� �n�o� �l�o�n�g�e�r� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �c�e�r�t�a�i�n� �c�o�s�t� �a�c�-� 

�c�o�u�n�t�i�n�g� �t�a�s�k�s�.� �L�a�b�o�r� �h�o�u�r�s� �a�r�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�a�t�h�e�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �r�e�a�d�i�n�g� �o�f� �b�a�r� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�8



�T�i�m�e�:� 

�A�c�c�u�r�a�c�y�:� 

�C�a�p�a�c�i�t�y�:� 

�c�o�d�e�s� �a�n�d� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �j�o�b� �c�o�d�e�d� �o�n� �t�h�e� �b�a�r� �c�o�d�e�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �c�o�s�t�s� �a�r�e� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �a�s�s�i�g�n�e�d� �t�h�r�o�u�g�h� �t�h�e� �t�a�g�g�i�n�g� �c�a�p�a�b�i�l�i�t�y� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� �T�h�r�o�u�g�h� �t�h�e� 

�p�r�o�c�e�s�s� �c�l�o�s�i�n�g� �o�f� �l�o�w�e�r� �l�e�v�e�l� �p�r�o�d�u�c�t�i�o�n� �j�o�b�s� �i�n�t�o� �h�i�g�h�e�r� �l�e�v�e�l� �j�o�b�s�,� �t�h�e�s�e� �c�o�s�t�s� �a�r�e� 

�f�u�r�t�h�e�r� �a�g�g�r�e�g�a�t�e�d�.� 

�T�h�e� �a�u�t�o�m�a�t�e�d� �g�a�t�h�e�r�i�n�g� �o�f� �m�a�t�e�r�i�a�l� �c�o�s�t�s� �a�n�d� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �c�o�s�t�s� �r�e�q�u�i�r�e�s� �l�e�s�s� 

�t�i�m�e�.� 

�A� �g�r�e�a�t�e�r� �a�c�c�u�r�a�c�y� �m�a�y� �r�e�s�u�l�t� �b�e�c�a�u�s�e� �c�o�s�t�s� �a�r�e� �r�e�p�o�r�t�e�d� �a�n�d� �a�g�g�r�e�g�a�t�e�d� �b�y� �t�h�e� 

�c�o�m�p�u�t�e�r� �a�n�d� �h�u�m�a�n� �e�r�r�o�r�s� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �c�a�l�c�u�l�a�t�i�o�n� �a�r�e� �t�h�u�s� �e�l�i�m�i�n�a�t�e�d�.� 

�S�i�n�c�e� �a�l�l� �j�o�b�s� �a�r�e� �t�a�g�g�e�d�,� �t�h�e�r�e� �i�s� �l�e�s�s� �c�o�n�f�u�s�i�o�n� �r�e�g�a�r�d�i�n�g� �w�h�i�c�h� �c�o�s�t�s� �t�o� �a�g�g�r�e�g�a�t�e� 

�t�o� �a� �j�o�b�.� �E�a�c�h� �j�o�b� �m�u�s�t� �b�e� �c�l�o�s�e�d� �i�n�t�o� �t�h�e� �c�o�r�r�e�c�t� �h�i�g�h�e�r� �l�e�v�e�l� �j�o�b� �f�o�r� �c�o�s�t�s� �t�o� 

�a�g�g�r�e�g�a�t�e�d� �p�r�o�p�e�r�l�y�.� �T�h�e� �f�i�n�e�r� �t�h�a�t� �a� �j�o�b� �i�s� �d�e�f�i�n�e�d�,� �t�h�e� �m�o�r�e� �c�l�o�s�i�n�g�s� �r�e�q�u�i�r�e�d�.� 

�S�c�h�e�d�u�l�i�n�g� �p�r�o�d�u�c�t�i�o�n� �i�n� �b�a�t�c�h�e�s� �d�o�e�s� �n�o�t� �r�e�p�r�e�s�e�n�t� �a� �p�r�o�b�l�e�m� �s�i�n�c�e� �a�n�y� �s�i�n�g�l�e� �j�o�b� 

�c�a�n� �b�e� �t�a�g�g�e�d� �t�o� �a� �h�i�g�h�e�r� �l�e�v�e�l� �j�o�b� �o�r� �t�o� �f�o�r�e�c�a�s�t� �o�r� �s�t�o�c�k�,� �e�t�c�.� 

�C�h�a�n�g�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �/�r�e�p�o�r�t�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�:� �M�u�c�h� �o�f� �t�h�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �d�a�t�a� �a�g�g�r�e�g�a�t�i�o�n� 

�i�s� �n�o�w� �g�i�v�e�n� �t�o� �p�r�o�d�u�c�t�i�o�n� �e�x�p�e�d�i�t�o�r�s� �w�h�o� �c�l�o�s�e� �j�o�b�s� �i�n�t�o� �h�i�g�h�e�r� �l�e�v�e�l� �j�o�b�s�.� 

�M�a�n�u�f�a�c�t�u�r�i�n�g� �p�e�r�s�o�n�n�e�l� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �g�a�t�h�e�r�i�n�g� �d�a�t�a� �r�e�g�a�r�d�i�n�g� �l�a�b�o�r� �h�o�u�r�s� 

�w�o�r�k�e�d� �o�n� �p�r�o�j�e�c�t�s�.� �T�h�e� �m�o�d�u�l�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �a�s�s�i�g�n�s� �m�a�t�e�r�i�a�l� �c�o�s�t�s� �t�o� �j�o�b�s�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

�F�l�e�x�i�b�i�l�i�t�y�:� �B�e�c�a�u�s�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �p�r�o�v�i�d�e� �t�h�e� �r�e�q�u�i�r�e�d� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �d�a�t�a� �c�o�u�l�d� �p�r�e�v�e�n�t� �T�C� �f�r�o�m� 

�p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �g�o�v�e�r�n�m�e�n�t� �c�o�n�t�r�a�c�t� �j�o�b�s�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� �p�r�o�v�i�d�e� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� 

�t�h�e� �s�e�t� �o�f� �a�c�t�i�v�i�t�i�e�s� �i�n� �w�h�i�c�h� �t�h�e� �f�i�r�m� �c�a�n� �p�a�r�t�i�c�i�p�a�t�e�.� 

�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �R�e�s�p�o�n�s�i�v�e�n�e�s�s� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �i�m�p�a�c�t�e�d� �s�i�n�c�e� �i�t� �i�s� �n�o�t� �a� �c�r�i�t�i�c�a�l� �a�c�t�i�v�i�t�y� �r�e�q�u�i�r�e�d� �f�o�r� 

�c�o�m�p�l�e�t�i�n�g� �a�n� �o�r�d�e�r�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �9�9



�S�k�i�l�l�s�:� �S�o�m�e� �c�l�e�r�i�c�a�l� �s�k�i�l�l�s� �w�i�l�l� �n�o� �l�o�n�g�e�r� �b�e� �n�e�e�d�e�d� �s�i�n�c�e� �c�o�s�t�s� �a�r�e� �a�s�s�i�g�n�e�d� �a�n�d� �a�g�g�r�e�g�a�t�e�d� 

�a�u�t�o�m�a�t�i�c�a�l�l�y�.� 

�4�.�4�.�3�.�2� �A�u�t�o�m�a�t�i�o�n� �o�f� �T�r�a�n�s�a�c�t�i�o�n�s� 

�A�f�f�e�c�t�/�I�m�p�a�c�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e�r�i�z�a�t�i�o�n� �o�f� �t�r�a�n�s�a�c�t�i�o�n�s� �f�o�l�l�o�w� �b�e�l�o�w�.� �T�h�e�s�e� 

�t�r�a�n�s�a�c�t�i�o�n�s� �f�a�l�l� �w�i�t�h�i�n� �t�h�e� �o�f�f�-�d�i�a�g�o�n�a�l� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� �F�u�n�c�t�i�o�n� �M�a�t�r�i�x�.� 

�P�C�/�P�u�r�c�h�a�s�i�n�g� 

�1�.� �R�/�R�:� �P�C� �s�e�n�d�s� �p�u�r�c�h�a�s�e� �r�e�q�u�i�s�i�t�i�o�n�s�-�i�m�p�l�i�e�d� �c�o�m�m�a�n�d� �t�o� �p�u�r�c�h�a�s�e� �m�a�t�e�r�i�a�l�s� �b�y� �s�p�e�c�i�f�i�e�d� �n�e�e�d� 

�d�a�t�e�s�:� �W�i�t�h� �t�h�e� �m�o�d�u�l�e�,� �a� �s�e�r�i�e�s� �o�f� �p�u�r�c�h�a�s�e� �a�d�v�i�c�e�s� �a�r�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�e�n�e�r�a�t�e�d� �w�h�i�c�h� �s�p�e�c�i�f�y� 

�m�a�t�e�r�i�a�l�s� �t�o� �b�e� �p�u�r�c�h�a�s�e�d� �a�n�d� �d�a�t�e�s�.� 

�T�i�m�e�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �t�i�m�e� �l�a�g� �b�e�t�w�e�e�n� �t�h�e� �t�i�m�e� �a� �m�a�t�e�r�i�a�l� �r�e�q�u�i�r�e�m�e�n�t� �i�s� �s�p�e�c�i�f�i�e�d� �a�n�d� 

�t�h�e� �t�i�m�e� �t�h�i�s� �n�e�e�d� �i�s� �c�o�m�m�u�n�i�c�a�t�e�d� �t�o� �p�u�r�c�h�a�s�i�n�g�.� 

�A�c�c�u�r�a�c�y�:� �H�u�m�a�n� �c�o�m�m�u�n�i�c�a�t�i�o�n� �e�r�r�o�r�s� �a�r�e� �e�l�i�m�i�n�a�t�e�d� �s�i�n�c�e� �t�h�e� �r�e�q�u�i�s�i�t�i�o�n� �i�s� �g�e�n�e�r�a�t�e�d� �d�i�-� 

�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �B�O�M� �a�n�d� �p�a�r�t� �m�a�s�t�e�r� �d�a�t�a� �b�a�s�e�.� �N�o� �r�e�q�u�i�r�e�d� �p�u�r�c�h�a�s�e�d� �p�a�r�t�s� �a�r�e� 

�f�o�r�g�o�t�t�e�n�.� 

�C�a�p�a�b�i�l�i�t�y�:� �A�l�l� �p�a�r�t� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �a�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �p�a�r�t� �m�a�s�t�e�r� �d�a�t�a�b�a�s�e� �i�n� �t�h�e� �f�o�r�m�a�t� 

�u�s�e�d� �b�y� �t�h�a�t� �d�a�t�a�b�a�s�e�.� �M�i�s�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �t�h�u�s� �r�e�d�u�c�e�d�.� �A�l�l� �p�a�r�t� 

�i�n�f�o�r�m�a�t�i�o�n� �m�u�s�t� �r�e�s�i�d�e� �o�n� �t�h�i�s� �d�a�t�a�b�a�s�e� �i�f� �a� �c�o�m�p�l�e�t�e� �p�u�r�c�h�a�s�e� �a�d�v�i�c�e� �i�s� �t�o� �b�e� 

�g�e�n�e�r�a�t�e�d�.� 

�2�.� �R�/�R�:� �p�u�r�c�h�a�s�i�n�g� �s�u�p�p�l�i�e�s� �a�c�c�u�r�a�t�e� �p�u�r�c�h�a�s�i�n�g� �l�e�a�d�t�i�m�e�s� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�0�0



�G�i�v�e�n� �t�h�a�t� �t�h�e�s�e� �t�r�a�n�s�a�c�t�i�o�n�s� �a�r�e� �t�o� �o�c�c�u�r� �v�i�a� �a�n� �e�l�e�c�t�r�o�n�i�c� �l�i�n�k� �o�r� �a� �c�o�m�m�o�n� �d�a�t�a�b�a�s�e�,� �e�f�f�e�c�t�s� 

�w�o�u�l�d� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �T�h�e�r�e� �w�o�u�l�d� �b�e� �n�o� �i�n�f�o�r�m�a�t�i�o�n� �l�a�g�t�i�m�e�.� �P�C� �r�e�c�e�i�v�e�s� �i�m�m�e�d�i�a�t�e� �u�p�d�a�t�e�s� �o�f� 

�l�e�a�d�t�i�m�e�s� �w�h�e�n�e�v�e�r� �p�u�r�c�h�a�s�i�n�g� �m�o�d�i�f�i�e�s� �t�h�e� �d�a�t�a�b�a�s�e�.� �T�h�i�s� �a�l�l�o�w�s� �p�u�r�c�h�a�s�i�n�g� �t�o� 

�p�e�r�f�o�r�m� �u�p�d�a�t�e�s� �w�h�e�n�e�v�e�r� �n�e�e�d�e�d� �t�o� �a�c�c�o�u�n�t� �f�o�r� �l�e�a�d�t�i�m�e� �v�a�r�i�a�b�i�l�i�t�y� �a�n�d� �P�C� �h�a�s� 

�t�h�e� �m�o�s�t� �r�e�c�e�n�t� �d�a�t�a� �f�o�r� �s�c�h�e�d�u�l�i�n�g�.� 

�A�c�c�u�r�a�c�y�:� �H�u�m�a�n� �e�r�r�o�r�s� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�r�e� �e�l�i�m�i�n�a�t�e�d� �a�n�d�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �e�a�s�e� �o�f� �m�o�d�i�-� 

�f�y�i�n�g� �a�n�d� �t�r�a�n�s�m�i�t�t�i�n�g� �d�a�t�a�,� �l�e�a�d�t�i�m�e�s� �a�r�e� �u�p� �t�o� �d�a�t�e�.� 

�C�a�p�a�b�i�l�i�t�y�:� �B�e�c�a�u�s�e� �b�o�t�h� �f�u�n�c�t�i�o�n�s� �a�r�e� �w�o�r�k�i�n�g� �f�r�o�m� �t�h�e� �s�a�m�e� �d�a�t�a�b�a�s�e� �a�n�d� �m�u�s�t� �c�o�n�f�o�r�m� �t�o� 

�t�h�e� �i�m�p�o�s�e�d� �s�t�r�u�c�t�u�r�e�,� �m�i�s�u�n�d�e�r�s�t�a�n�d�i�n�g� �i�s� �r�e�d�u�c�e�d�.� �O�n�c�e� �t�h�e� �e�l�e�c�t�r�o�n�i�c� �l�i�n�k� �i�s� 

�e�s�t�a�b�l�i�s�h�e�d�,� �o�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �b�e�s�i�d�e�s� �l�e�a�d�t�i�m�e�s� �c�o�u�l�d� �a�l�s�o� �b�e� �s�e�n�t�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

�F�l�e�x�i�b�i�l�i�t�y�:� �/�t� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �a�u�t�o�m�a�t�e� �t�h�i�s� �t�r�a�n�s�a�c�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �a�t�t�a�i�n� �t�h�e� �i�m�p�r�o�v�e�d� �f�l�e�x�i�b�i�l�i�t�y� 

�o�f�f�e�r�e�d� �b�y� �a�u�t�o�m�a�t�i�n�g� �a�c�t�i�v�i�t�i�e�s� �i�n� �t�h�e� �P�C� �f�u�n�c�t�i�o�n�.� 

�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �R�e�s�p�o�n�s�i�v�e�n�e�s�s� �m�i�g�h�t� �b�e� �i�n�c�r�e�a�s�e�d� �s�i�n�c�e� �t�h�e�r�e� �i�s� �n�o� �t�i�m�e� �l�o�s�t� �b�e�t�w�e�e�n� �t�h�e� �t�i�m�e� �a� 

�m�a�t�e�r�i�a�l� �n�e�e�d� �i�s� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �w�h�e�n� �t�h�e� �n�e�e�d� �i�s� �c�o�m�m�u�n�i�c�a�t�e�d� �t�o� �p�u�r�c�h�a�s�i�n�g�.� �S�i�n�c�e� �e�r�-� 

�r�o�r�s� �o�f� �h�u�m�a�n� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�r�e� �e�l�i�m�i�n�a�t�e�d�,� �n�o� �p�r�o�d�u�c�t�i�o�n� �t�i�m�e� �i�s� �l�o�s�t� �w�a�i�t�i�n�g� �f�o�r� �c�o�r�-� 

�r�e�c�t� �m�a�t�e�r�i�a�l�s�.� 

�S�k�i�l�l�s�:� �D�a�t�a� �e�n�t�r�y� �s�k�i�l�l�s� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �t�o� �i�n�p�u�t� �d�a�t�a�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�0�1



�P�C�/�M�E� 

�1�.� �C�/�A�:� �M�E� �t�r�a�n�s�m�i�t�s� �t�i�m�e� �s�t�a�n�d�a�r�d�s�:� �C�o�m�p�u�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �t�r�a�n�s�a�c�t�i�o�n� �v�i�a� �a�n� �e�l�e�c�t�r�o�n�i�c� �l�i�n�k� 

�o�r� �c�o�m�m�o�n� �d�a�t�a�b�a�s�e� �w�o�u�l�d� �r�e�s�u�l�t� �i�n�:� 

�T�i�m�e�:� �B�e�c�a�u�s�e� �n�o� �t�i�m�e� �i�s� �r�e�q�u�i�r�e�d� �t�o� �t�r�a�n�s�m�i�t� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�,� �t�h�e� �m�o�s�t� �r�e�c�e�n�t� �d�a�t�a� 

�s�p�e�c�i�f�i�e�d� �b�y� �M�E� �w�o�u�l�d� �a�l�s�o� �b�e� �u�s�e�d� �b�y� �P�C� �f�o�r� �s�c�h�e�d�u�l�i�n�g�.� �M�E� �c�a�n� �t�h�u�s� �e�a�s�i�l�y� 

�u�p�d�a�t�e� �t�i�m�e� �s�t�a�n�d�a�r�d�s� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �s�p�e�c�i�a�l� �c�i�r�c�u�m�s�t�a�n�c�e�s�,� �e�t�c�.� 

�A�c�c�u�r�a�c�y�:� �H�u�m�a�n� �c�o�m�m�u�n�i�c�a�t�i�o�n� �e�r�r�o�r�s� �w�o�u�l�d� �b�e� �e�l�i�m�i�n�a�t�e�d� 

�C�a�p�a�b�i�l�i�t�y�:� �B�e�c�a�u�s�e� �b�o�t�h� �f�u�n�c�t�i�o�n�s� �a�r�e� �w�o�r�k�i�n�g� �f�r�o�m� �t�h�e� �s�a�m�e� �d�a�t�a�b�a�s�e� �a�n�d� �m�u�s�t� �c�o�n�f�o�r�m� �t�o� 

�t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�a�t� �d�a�t�a�b�a�s�e�,� �m�i�s�u�n�d�e�r�s�t�a�n�d�i�n�g� �i�s� �r�e�d�u�c�e�d�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

�F�l�e�x�i�b�i�l�i�t�y�:� �1�¢� �m�a�y� �b�e� �r�e�q�u�i�r�e�d� �t�o� �a�u�t�o�m�a�t�e� �t�h�i�s� �t�r�a�n�s�a�c�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �a�t�t�a�i�n� �t�h�e� �i�m�p�r�o�v�e�d� �f�l�e�x�i�b�i�l�i�t�y� 

�o�f�f�e�r�e�d� �b�y� �a�u�t�o�m�a�t�i�n�g� �a�c�t�i�v�i�t�i�e�s� �i�n� �t�h�e� �P�C� �f�u�n�c�t�i�o�n�.� 

�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �p�r�o�b�a�b�l�y� �n�o�t� �i�m�p�a�c�t�e�d�.� 

�S�k�i�l�l�s�:� �D�a�t�a� �e�n�t�r�y� �s�k�i�l�l�s� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �t�o� �i�n�p�u�t� �t�h�e� �d�a�t�a� �i�n�t�o� �t�h�e� �c�o�m�p�u�t�e�r�.� 

�P�C�/�M�a�n�u�f�a�c�t�u�r�i�n�g� 

�1�.� �C�/�A�:� �M�a�n�u�f�a�c�t�u�r�i�n�g� �r�e�l�a�t�e�s� �p�r�o�b�l�e�m�s� �t�o� �P�C� �w�h�i�c�h� �c�o�u�l�d� �a�f�f�e�c�t� �t�h�e� �c�a�p�a�c�i�t�y� �a�v�a�i�l�a�b�l�e� �a�t� 

�w�o�r�k�c�e�n�t�e�r�s� �a�n�d� �t�h�e� �a�v�a�i�l�a�b�l�e� �l�a�b�o�r�.�:� �I�f� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �w�e�r�e� �p�a�s�s�e�d� �t�o� �P�C� �v�i�a� �a�n� �e�l�e�c�t�r�o�n�i�c� 

�l�i�n�k� �o�r� �c�o�m�m�o�n� �d�a�t�a�b�a�s�e�,� �a�f�f�e�c�t�s� �w�o�u�l�d� �i�n�c�l�u�d�e�:� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�0�2



�T�i�m�e�:� �T�h�e� �t�i�m�e� �t�o� �p�a�s�s� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �n�e�g�l�i�g�i�b�l�e�.� �A�s� �a� �r�e�s�u�l�t�,� �m�a�n�u�f�a�c�t�u�r�i�n�g� �c�a�n� 

�u�p�d�a�t�e� �t�h�i�s� �d�a�t�a� �a�s� �n�e�e�d�e�d� �(�t�o� �a�c�c�o�u�n�t� �f�o�r� �m�a�c�h�i�n�e� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �e�m�p�l�o�y�e�e� 

�a�b�s�e�n�t�e�e�i�s�m�)� �a�n�d� �P�C� �w�i�l�l� �h�a�v�e� �t�h�e� �m�o�s�t� �u�p� �t�o� �d�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �s�c�h�e�d�u�l�i�n�g� �t�h�e� 

�f�l�o�o�r�.� 

�A�c�c�u�r�a�c�y�:� �D�a�t�a� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �a�r�i�s�i�n�g� �f�r�o�m� �d�a�t�a� �s�t�i�l�l�  ��i�n� �t�r�a�n�s�i�t �� �w�o�u�l�d� �b�e� �e�l�i�m�i�n�a�t�e�d�.� �H�u�-� 

�m�a�n� �c�o�m�m�u�n�i�c�a�t�i�o�n� �e�r�r�o�r�s� �a�r�e� �e�l�i�m�i�n�a�t�e�d�.� �A�s� �a� �r�e�s�u�l�t�,� �m�a�c�h�i�n�e�s� �o�r� �w�o�r�k�e�r�s� �a�r�e� 

�n�o�t� �o�v�e�r�-�c�o�m�m�i�t�t�e�d� �d�u�e� �t�o� �i�n�a�c�c�u�r�a�t�e� �c�a�p�a�c�i�t�y� �i�n�f�o�r�m�a�t�i�o�n�.� 

�C�a�p�a�b�i�l�i�t�y�:� �B�e�c�a�u�s�e� �b�o�t�h� �f�u�n�c�t�i�o�n�s� �m�u�s�t� �c�o�n�f�o�r�m� �t�o� �t�h�e� �s�t�r�u�c�t�u�r�e� �i�m�p�o�s�e�d� �b�y� �t�h�e� �d�a�t�a�b�a�s�e�,� 

�m�i�s�u�n�d�e�r�s�t�a�n�d�i�n�g�s� �a�r�e� �e�l�i�m�i�n�a�t�e�d�.� 

�2�.� �C�/�A�:� �M�a�n�u�f�a�c�t�u�r�i�n�g� �c�o�m�m�a�n�d�s� �t�h�e� �e�x�p�e�d�i�t�o�r� �t�o� �d�e�l�i�v�e�r� �p�a�r�t�s� �a�n�d� �m�a�t�e�r�i�a�l�s� �a�s� �n�e�e�d�e�d� 

�T�h�e� �n�e�e�d� �f�o�r� �t�h�i�s� �t�r�a�n�s�a�c�t�i�o�n� �i�s� �r�e�d�u�c�e�d� �b�e�c�a�u�s�e� �m�a�t�e�r�i�a�l� �n�e�e�d�s� �c�a�n� �b�e� �a�n�t�i�c�i�p�a�t�e�d� �b�y� �t�h�e� 

�e�x�p�e�d�i�t�o�r� �t�h�r�o�u�g�h� �b�e�t�t�e�r� �p�l�a�n�n�i�n�g�.� �T�i�m�e� �i�s� �n�o�t� �w�a�s�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �t�i�m�e� �w�h�e�n� �a� �n�e�e�d� �i�s� 

�i�d�e�n�t�i�f�i�e�d� �a�n�d� �w�h�e�n� �i�t� �i�s� �c�o�m�m�u�n�i�c�a�t�e�d�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

�F�l�e�x�i�b�i�l�i�t�y�:� �J�f� �P�C� �h�a�s�  ��r�e�a�l� �t�i�m�e �� �d�a�t�a� �r�e�g�a�r�d�i�n�g� �c�a�p�a�c�i�t�i�e�s� �a�n�d� �l�a�b�o�r� �a�v�a�i�l�a�b�i�l�i�t�y�,� �m�o�r�e� �j�o�b�s� �m�a�y� �b�e� 

�a�b�l�e� �t�o� �b�e� �s�q�u�e�e�z�e�d� �i�n �� �r�e�s�u�l�t�i�n�g� �a� �g�r�e�a�t�e�r� �p�r�o�d�u�c�t� �m�i�x�.� 

�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �T�i�m�e�l�y� �f�e�e�d�b�a�c�k� �o�f� �p�r�o�d�u�c�t�i�o�n� �c�a�p�a�c�i�t�y� �a�n�d� �l�a�b�o�r� �a�v�a�i�l�a�b�i�l�i�t�y� �a�l�l�o�w�s� �m�o�r�e� �r�e�a�l�i�s�t�i�c� 

�s�c�h�e�d�u�l�e�s� �t�o� �b�e� �d�e�v�e�l�o�p�e�d�.� �T�h�i�s� �c�o�u�l�d� �p�r�e�v�e�n�t� �s�c�h�e�d�u�l�i�n�g� �b�e�y�o�n�d� �c�a�p�a�c�i�t�y� �a�n�d� �r�e�s�u�l�t�i�n�g� 

�s�c�h�e�d�u�l�e� �s�l�i�p�p�a�g�e�s�.� �T�h�e� �e�x�p�e�d�i�t�o�r� �h�a�s� �a� �b�e�t�t�e�r� �k�n�o�w�l�e�d�g�e� �o�f� �w�h�e�n� �m�a�t�e�r�i�a�l�s� �w�i�l�l� �b�e� �r�e�-� 

�q�u�i�r�e�d� �o�n� �t�h�e� �f�l�o�o�r� �a�n�d� �s�o� �t�h�e� �t�i�m�e� �w�a�i�t�i�n�g� �f�o�r� �m�a�t�e�r�i�a�l�s� �c�o�u�l�d� �b�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �r�e�d�u�c�e�d�.� 

�R�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� �t�h�a�t� �Q�C� �m�u�s�t� �b�e� �c�o�m�m�a�n�d�e�d� �t�o� �t�h�e� �f�l�o�o�r� �r�e�d�u�c�e�s� �t�h�e� 

�a�m�o�u�n�t� �o�f� �t�i�m�e� �w�a�i�t�i�n�g� �f�o�r� �t�h�e� �i�n�s�p�e�c�t�o�r�.� �B�e�c�a�u�s�e� �p�r�e�v�e�n�t�a�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� �i�s� �s�c�h�e�d�u�l�e�d�,� 

�l�e�s�s� �t�i�m�e� �i�s� �s�p�e�n�t� �w�a�i�t�i�n�g� �f�o�r� �m�a�c�h�i�n�e�s� �b�e�i�n�g� �m�a�i�n�t�a�i�n�e�d�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�0�3



�S�k�i�l�l�s�:� �D�a�t�a� �e�n�t�r�y� �s�k�i�l�l�s� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �t�o� �i�n�p�u�t� �l�a�b�o�r� �a�n�d� �w�o�r�k�c�e�n�t�e�r� �d�a�t�a� �i�n�t�o� �t�h�e� �c�o�m�p�u�t�e�r�.� 

�M�a�n�u�f�a�c�t�u�r�i�n�g� �s�u�p�e�r�v�i�s�o�r�s� �n�o� �l�o�n�g�e�r� �h�a�v�e� �t�o� �l�o�a�d� �m�a�c�h�i�n�e�s� �a�n�d� �w�o�r�k�e�r�s�.� 

�P�C�/�C�o�s�t� �A�c�c�o�u�n�t�i�n�g� 

�1�.� �P�C� �p�r�o�v�i�d�e�s� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �w�h�i�c�h� �c�o�s�t�s� �t�o� �a�g�g�r�e�g�a�t�e�:� �P�C� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�a�t�h�e�r�s� �a�n�d� 

�a�g�g�r�e�g�a�t�e�s� �m�u�c�h� �o�f� �t�h�e� �r�e�q�u�i�r�e�d� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �d�a�t�a�.� �M�a�t�e�r�i�a�l� �c�o�s�t�s� �a�n�d� �l�a�b�o�r� �h�o�u�r�s� �a�r�e� 

�e�l�e�c�t�r�o�n�i�c�a�l�l�y� �t�r�a�n�s�m�i�t�t�e�d� �v�i�a� �t�h�e� �t�a�g�g�i�n�g� �c�a�p�a�b�i�l�i�t�y� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� �C�o�s�t�s� �a�r�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� 

�a�g�e�r�e�g�a�t�e�d� �w�h�e�n� �o�n�e� �j�o�b� �i�s� �c�l�o�s�e�d� �i�n�t�o� �a�n�o�t�h�e�r�.� �S�o�m�e� �r�e�s�u�l�t�s� �o�f� �h�a�v�i�n�g� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� 

�e�l�e�c�t�r�o�n�i�c�a�l�l�y� �t�r�a�n�s�m�i�t�t�e�d� �t�o� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �i�n�c�l�u�d�e�:� 

�T�i�m�e�:� �S�c�a�n�n�i�n�g� �t�h�e� �b�a�r� �c�o�d�e�s� �a�n�d� �t�a�g�g�i�n�g� �i�n�v�e�n�t�o�r�y� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �n�e�e�d� �t�o� �s�e�p�a�r�a�t�e�l�y� 

�t�r�a�n�s�m�i�t� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g�.� �T�h�e� �a�g�g�r�e�g�a�t�i�n�g� �o�f� �c�o�s�t�s� �b�y� �P�C� 

�e�l�i�m�i�n�a�t�e�s� �t�h�e� �n�e�e�d� �t�o� �s�p�e�c�i�f�y� �w�h�i�c�h� �j�o�b�s� �a�r�e� �t�o� �b�e� �c�h�a�r�g�e�d� �t�o� �v�a�r�i�o�u�s� �o�r�d�e�r�s�.� 

�A�c�c�u�r�a�c�y�:� �T�h�e� �n�e�e�d� �f�o�r� �h�u�m�a�n� �r�e�c�o�r�d�i�n�g� �o�f� �l�a�b�o�r� �h�o�u�r�s� �a�n�d� �m�a�t�e�r�i�a�l� �c�o�s�t�s� �i�s� �e�l�i�m�i�n�a�t�e�d� �a�n�d� 

�s�o� �o�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �e�r�r�o�r�s� �a�r�e� �r�e�d�u�c�e�d�.� �T�h�e� �n�e�e�d� �t�o� �s�p�e�c�i�f�y� �w�h�i�c�h� �c�o�s�t�s� �t�o� �a�g�g�r�e�-� 

�g�a�t�e� �i�s� �a�l�s�o� �e�l�i�m�i�n�a�t�e�d�.� 

�C�a�p�a�b�i�l�i�t�y�:� �J�o�b�s� �m�u�s�t� �b�e� �c�l�o�s�e�d� �i�n�t�o� �t�h�e� �c�o�r�r�e�c�t� �h�i�g�h�e�r� �l�e�v�e�l� �j�o�b�s� �a�n�d� �b�a�r� �c�o�d�e�s� �s�c�a�n�n�e�d� �a�s� 

�n�e�e�d�e�d�.� �I�f� �j�o�b�s� �m�u�s�t� �b�e� �c�a�n�c�e�l�l�e�d� �a�f�t�e�r� �p�r�o�d�u�c�t�i�o�n� �h�a�s� �c�o�m�m�e�n�c�e�d�,� �t�h�e� �p�r�o�g�r�a�m� 

�m�u�s�t� �b�e�  ��f�a�k�e�d� �o�u�t �� �t�o� �k�e�e�p� �c�o�s�t�s� �i�n�t�a�c�t�.� 

�R�e�l�a�t�i�o�n� �t�o� �E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� 

�F�l�e�x�i�b�i�l�i�t�y�:� �T�h�e� �a�b�i�l�i�t�y� �t�o� �a�c�q�u�i�r�e� �t�h�i�s� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �d�a�t�a� �e�n�a�b�l�e�s� �t�h�e� �f�i�r�m� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �g�o�v�e�r�n�-� 

�m�e�n�t� �c�o�n�t�r�a�c�t� �j�o�b�s�.� �T�C� �i�s� �a�l�s�o� �a�b�l�e� �t�o� �r�e�s�p�o�n�d� �q�u�i�c�k�l�y� �t�o� �b�i�d�s� �a�n�d� �m�a�y� �t�h�u�s� �p�a�r�t�i�c�i�p�a�t�e� 

�i�n� �m�o�r�e� �j�o�b�s�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�0�4



�R�e�s�p�o�n�s�i�v�e�n�e�s�s�:� �N�o�t� �i�m�p�a�c�t�e�d� �s�i�n�c�e� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �i�s� �n�o�t� �a� �c�r�i�t�i�c�a�l� �p�a�t�h� �a�c�t�i�v�i�t�y�.� 

�S�k�i�l�l�s�:� �T�h�e� �n�u�m�b�e�r� �o�f� �c�l�e�r�i�c�a�l� �p�e�r�s�o�n�n�e�l� �i�n� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �c�a�n� �b�e� �r�e�d�u�c�e�d� �s�i�n�c�e� �c�o�s�t�s� �a�r�e� �a�u�t�o�-� 

�m�a�t�i�c�a�l�l�y� �a�s�s�i�g�n�e�d� �a�n�d� �a�g�g�r�e�g�a�t�e�d�.� 

�P�u�r�c�h�a�s�i�n�g�/�C�o�s�t� �A�c�c�o�u�n�t�i�n�g� 

�1�.� �C�/�A�:� �P�u�r�c�h�a�s�i�n�g� �i�n�f�o�r�m�s� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �o�f� �t�h�e� �c�o�s�t� �o�f� �p�u�r�c�h�a�s�e�d� �i�t�e�m�s�:� �T�h�e� �n�e�e�d� �f�o�r� �t�h�i�s� 

�t�r�a�n�s�a�c�t�i�o�n� �i�s� �e�l�i�m�i�n�a�t�e�d� �s�i�n�c�e� �c�o�s�t� �d�a�t�a� �i�s� �a�u�t�o�m�a�t�i�c�a�l�l�y� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �p�a�r�t� �m�a�s�t�e�r� �d�a�t�a�-� 

�b�a�s�e� �a�n�d� �a�u�t�o�m�a�t�i�c�a�l�l�y� �p�a�s�s�e�d� �t�o� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �b�y� �P�C�.� 

�M�a�n�u�f�a�c�t�u�r�i�n�g�/�Q�C� 

�1�.� �C�/�A�:� �m�a�n�u�f�a�c�t�u�r�i�n�g� �c�o�m�m�a�n�d�s� �Q�C� �w�h�e�n� �t�o� �i�n�s�p�e�c�t�:� �T�h�e� �n�e�e�d� �f�o�r� �t�h�i�s� �t�r�a�n�s�a�c�t�i�o�n� �i�s� �e�l�i�m�i�-� 

�n�a�t�e�d� �s�i�n�c�e� �P�C� �n�o�w� �d�o�e�s� �t�h�e� �c�o�m�m�a�n�d�i�n�g� �v�i�a� �t�h�e� �s�c�h�e�d�u�l�e�.� 

�4�.�4�.�4� �S�T�E�P� �F�I�V�E�:� �O�v�e�r�l�a�y� �M�a�t�r�i�c�e�s� 

�H�a�v�i�n�g� �d�e�f�i�n�e�d� �s�o�m�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �a�f�f�e�c�t�/�r�e�l�a�t�i�o�n�s�h�i�p�s�,� �t�h�e�s�e� �i�m�p�a�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�r�e�e� �O�v�e�r�-� 

�l�a�y� �M�a�t�r�i�c�e�s�.� �O�n�e� �O�v�e�r�l�a�y� �M�a�t�r�i�x� �i�s� �p�r�e�p�a�r�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� �o�f� �f�l�e�x�i�b�i�l�i�t�y�,� �r�e�-� 
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�o�r�g�a�n�i�z�a�t�i�o�n� �w�e�r�e� �t�o� �b�e� �d�e�v�e�l�o�p�e�d�,� �a�l�l� �c�e�l�l�s� �w�o�u�l�d� �b�e� �f�i�l�l�e�d� �i�n� �w�i�t�h� �t�r�a�n�s�a�c�t�i�o�n�s� �o�r� �a�c�t�i�v�i�t�i�e�s�.� 

�C�e�l�l�s� �b�e�l�o�w� �t�h�e� �m�a�j�o�r� �d�i�a�g�o�n�a�l� �c�o�u�l�d� �a�l�s�o� �b�e� �f�i�l�l�e�d� �i�n�.� 

�3�.� �W�h�i�l�e� �f�o�r� �t�h�i�s� �d�e�m�o�n�s�t�r�a�t�i�o�n� �t�h�e� �r�e�l�e�v�a�n�t� �a�s�p�e�c�t�s� �o�f� �t�h�e� �m�a�t�r�i�c�e�s� �c�o�u�l�d� �b�e� �p�o�r�t�r�a�y�e�d� �o�n� �a� 

�s�t�a�n�d�a�r�d� �s�h�e�e�t� �o�f� �p�a�p�e�r�,� �m�o�s�t� �l�i�k�e�l�y� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �a� �c�o�m�p�l�e�t�e� �r�e�f�e�r�e�n�c�e� �s�t�r�u�c�t�u�r�e� �w�i�l�l� �r�e�-� 

�q�u�i�r�e� �p�a�p�e�r� �m�u�c�h� �l�a�r�g�e�r�.� 

�B�e�c�a�u�s�e� �a� �c�o�m�p�l�e�t�e� �r�e�f�e�r�e�n�c�e� �s�t�r�u�c�t�u�r�e� �w�a�s� �n�o�t� �d�e�v�e�l�o�p�e�d�,� �i�t� �w�a�s� �n�o�t� �p�o�s�s�i�b�l�e� �t�o� �d�e�v�e�l�o�p� �t�h�e� 

�G�e�n�e�r�a�l� �D�e�p�e�n�d�e�n�c�y� �a�n�d� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�c�e�s�.� �A�l�l� �a�c�t�i�v�i�t�i�e�s� �w�e�r�e� �n�o�t� �d�e�t�a�i�l�e�d� �i�n� �e�v�e�r�y� 

�f�u�n�c�t�i�o�n� �a�n�d� �i�t� �w�a�s� �t�h�u�s� �n�o�t� �p�o�s�s�i�b�l�e� �t�o� �a�s�s�e�s�s� �d�e�p�e�n�d�e�n�c�y� �w�i�t�h� �t�h�i�s� �i�n�c�o�m�p�l�e�t�e� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� 

�s�a�m�e� �a�p�p�l�i�e�s� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �I�m�p�a�c�t� �S�u�m�m�a�r�y� �M�a�t�r�i�c�e�s�.� 

�4�.�4�.�5� �S�T�E�P� �S�I�X�:� �E�v�a�l�u�a�t�i�o�n� 

�W�i�t�h� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �p�o�r�t�r�a�y�e�d� �i�n� �t�h�e� �O�v�e�r�l�a�y� �M�a�t�r�i�c�e�s�,� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �r�e�g�a�r�d�i�n�g� �i�m�p�l�e�m�e�n�t�a�-� 

�t�i�o�n� �c�a�n� �n�o�w� �b�e� �a�s�s�e�s�s�e�d�.� �F�i�r�s�t�,� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�o�d�u�l�e� �w�i�l�l� �a�l�l�o�w� �t�h�e� �f�i�r�m� �t�o� �m�a�k�e� �f�u�l�l� �u�s�e� 

�o�f� �i�t�s� �p�r�o�d�u�c�t�i�v�e� �r�e�s�o�u�r�c�e�s� �b�y� �c�o�o�r�d�i�n�a�t�i�n�g� �t�h�e� �d�e�d�i�c�a�t�i�o�n� �o�f� �t�h�e�s�e� �r�e�s�o�u�r�c�e�s� �t�o� �n�u�m�e�r�o�u�s� �r�e�q�u�e�s�t�i�n�g� 

�j�o�b�s� �w�h�i�l�e� �a�v�o�i�d�i�n�g� �t�h�e� �o�v�e�r�-�c�o�m�m�i�t�t�m�e�n�t� �o�f� �t�h�e�s�e� �p�r�o�d�u�c�t�i�v�e� �r�e�s�o�u�r�c�e�s�.� �T�h�i�s� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �a�n� 

�o�v�e�r�a�l�l� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �j�o�b�s� �t�o� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �a�t� �a�n�y� �o�n�e� �t�i�m�e�,� �b�o�t�h� �i�n� �r�e�g�a�r�d�s� �t�o� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� 

�o�f� �j�o�b�s� �a�n�d� �t�h�e�i�r� �v�o�l�u�m�e�.� �P�r�o�d�u�c�t� �m�i�x� �a�n�d� �p�r�o�d�u�c�t� �v�o�l�u�m�e� �f�l�e�x�i�b�i�l�i�t�y� �m�a�y� �a�c�c�o�r�d�i�n�g�l�y� �b�e� �i�m�-� 

�p�r�o�v�e�d�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�1�0



�R�e�s�p�o�n�s�i�v�e�n�e�s�s� �m�i�g�h�t� �b�e� �i�m�p�r�o�v�e�d� �t�h�r�o�u�g�h� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �t�i�m�e� �a� �p�a�r�t� �s�p�e�n�d�s� �i�n� �q�u�e�u�e�.� �T�h�i�s� 

�i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �s�c�h�e�d�u�l�i�n�g� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �m�a�n�y� �o�f� �t�h�e� �r�e�s�o�u�r�c�e�s� �r�e�q�u�i�r�e�d� �t�o� �i�n�i�t�i�a�t�e� �o�r� �e�x�e�-� 

�c�u�t�e� �p�r�o�d�u�c�t�i�o�n� �t�o� �i�n�c�l�u�d�e� �m�a�t�e�r�i�a�l�s�,� �a� �w�o�r�k�e�r�,� �a� �m�a�c�h�i�n�e�,� �o�r� �a�n� �i�n�s�p�e�c�t�o�r�.� �F�u�r�t�h�e�r�m�o�r�e�,� �i�f� �j�o�b�s� 

�w�e�r�e� �t�o� �b�e� �d�e�f�i�n�e�d� �i�n� �f�i�n�e�r� �r�e�s�o�l�u�t�i�o�n�,� �s�c�h�e�d�u�l�e� �s�l�i�p�p�a�g�e�s� �c�o�u�l�d� �b�e� �d�e�t�e�c�t�e�d� �s�o�o�n�e�r� �a�n�d� �c�o�r�r�e�c�t�i�v�e� 

�a�c�t�i�o�n�s� �t�a�k�e�n� �e�a�r�l�i�e�r�.� �F�i�n�a�l�l�y�,� �r�e�d�u�c�i�n�g� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �d�e�v�e�l�o�p� �t�h�e� �p�i�c�k�l�i�s�t�,� �p�u�r�c�h�a�s�e� �o�r�d�e�r�s�,� 

�e�t�c�.� �m�i�g�h�t� �r�e�d�u�c�e� �t�h�e� �t�o�t�a�l� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �f�i�l�l� �a�n� �o�r�d�e�r�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �i�m�p�r�o�v�e�d� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� 

�m�a�y� �b�e� �r�e�f�l�e�c�t�e�d� �i�n� �a� �r�e�d�u�c�e�d� �n�u�m�b�e�r� �o�f� �l�a�t�e� �o�r�d�e�r�s� �a�n�d� �r�e�d�u�c�e�d� �t�o�t�a�l� �m�a�n�u�f�a�c�t�u�r�i�n�g� �t�i�m�e�.� �R�e�s�u�l�t�s� 

�o�f� �a�u�t�o�m�a�t�i�o�n� �t�h�a�t� �m�i�g�h�t� �l�i�m�i�t� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �o�f� �T�C� �i�n�c�l�u�d�e� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �a�c�h�i�e�v�e� 

�c�o�n�s�i�s�t�e�n�c�y� �b�e�t�w�e�e�n� �t�h�e� �B�O�M� �a�n�d� �r�o�u�t�i�n�g� �a�n�d� �t�h�e� �e�x�t�r�a� �t�i�m�e� �t�h�a�t� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �e�x�p�e�d�i�t�o�r� �t�o� 

�p�e�r�f�o�r�m� �t�h�e� �m�a�n�y� �c�l�o�s�i�n�g�s� �o�f� �j�o�b�s� �t�h�a�t� �i�s� �r�e�q�u�i�r�e�d� �o�n� �t�h�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �f�l�o�o�r�.� 

�W�h�i�l�e� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �a�n�d� �s�o�m�e� �f�l�e�x�i�b�i�l�i�t�i�e�s� �a�r�e� �i�m�p�r�o�v�e�d� �t�h�r�o�u�g�h� �s�c�h�e�d�u�l�i�n�g�,� �t�h�e� �r�e�q�u�i�r�e�d� �a�d�h�e�r�-� 

�e�n�c�e� �t�o� �t�h�e� �s�c�h�e�d�u�l�e� �d�e�v�e�l�o�p�e�d� �b�y� �P�C� �d�i�m�i�n�i�s�h�e�s� �s�o�m�e� �o�f� �t�h�e� �a�b�i�l�i�t�y� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� �p�e�r�s�o�n�n�e�l� 

�t�o� �a�d�a�p�t� �t�o� �c�h�a�n�g�e�s�.� �I�f� �a� �m�a�c�h�i�n�e� �b�r�e�a�k�s� �d�o�w�n�,� �w�o�r�k�e�r�s� �c�a�n�n�o�t� �a�r�b�i�t�r�a�r�i�l�y� �f�i�n�i�s�h� �a� �j�o�b� �o�n� �a�n�o�t�h�e�r� 

�m�a�c�h�i�n�e�;� �s�u�c�h� �a� �d�e�c�i�s�i�o�n� �m�u�s�t� �b�e� �m�a�d�e� �b�y� �P�C�.� �A� �r�u�s�h� �j�o�b� �c�a�n�n�o�t� �b�e� �e�a�s�i�l�y� �a�c�c�o�m�m�o�d�a�t�e�d� �u�n�l�e�s�s� 

�i�t� �i�s� �s�p�e�c�i�f�i�c�a�l�l�y� �s�c�h�e�d�u�l�e�d� �b�y� �P�C�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �c�a�n�c�e�l� �j�o�b�s� �a�n�d� �r�e�s�c�h�e�d�u�l�e� �t�h�e�m� �l�a�t�e�r� �a�s� �r�e�q�u�e�s�t�e�d� 

�b�y� �a�n� �E�C�O� �i�s� �d�i�m�i�n�i�s�h�e�d�.� �A�s� �s�u�c�h�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� �q�u�i�c�k�l�y� �a�d�a�p�t� �t�o� �s�o�m�e� �r�e�q�u�i�r�e�m�e�n�t�s� �i�s� �r�e�d�u�c�e�d�.� 

�S�o�m�e� �r�e�q�u�i�r�e�d� �c�h�a�n�g�e�s� �i�n� �t�h�e� �a�s�s�i�g�n�m�e�n�t� �o�f� �r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� �a�n�d� �a�u�t�h�o�r�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�t�h�i�n� �t�h�e� 

�o�r�g�a�n�i�z�a�t�i�o�n� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �P�P� �m�o�d�u�l�e� �m�u�s�t� �b�e� �a�c�c�o�m�m�o�d�a�t�e�d�.� �P�C� �m�u�s�t� �b�e� �g�i�v�e�n� �g�r�e�a�t�e�r� �r�e�-� 

�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �t�h�e� �a�l�l�o�c�a�t�i�o�n� �o�f� �p�r�o�d�u�c�t�i�v�e� �r�e�s�o�u�r�c�e�s� �a�n�d� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�u�p�e�r�v�i�s�o�r�s� �m�u�s�t� �r�e�l�i�n�-� 

�q�u�i�s�h� �s�u�c�h� �r�e�s�p�o�n�s�i�b�i�l�i�t�y�.� �A�s� �w�e�l�l�,� �q�u�a�l�i�t�y� �i�n�s�p�e�c�t�i�o�n� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �p�e�r�s�o�n�n�e�l� �m�u�s�t� �r�e�s�p�e�c�t� �t�h�e� 

�s�c�h�e�d�u�l�e�.� �P�u�r�c�h�a�s�i�n�g� �m�u�s�t� �a�l�s�o� �r�e�s�p�e�c�t� �d�a�t�e�s� �s�p�e�c�i�f�i�e�d� �b�y� �P�C� �f�o�r� �t�h�e� �d�e�l�i�v�e�r�y� �o�f� �m�a�t�e�r�i�a�l�s�.� 

�S�o�m�e� �c�l�e�r�i�c�a�l� �s�k�i�l�l�s� �w�i�l�l� �b�e� �e�l�i�m�i�n�a�t�e�d� �(�p�r�e�p�a�r�a�t�i�o�n� �o�f� �p�u�r�c�h�a�s�i�n�g� �r�e�q�u�i�s�i�t�i�o�n�s�,� �a�g�g�r�e�g�a�t�i�n�g� �c�o�s�t� �a�c�-� 

�c�o�u�n�t�i�n�g� �d�a�t�a�)�.� �M�o�r�e� �c�o�m�p�u�t�e�r� �e�x�p�e�r�t�i�s�e� �i�s� �r�e�q�u�i�r�e�d� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �s�c�h�e�d�u�l�e�r� �b�u�t� �l�e�s�s� �s�c�h�e�d�u�l�-� 

�i�n�g� �e�x�p�e�r�t�i�s�e� �r�e�q�u�i�r�e�d� �b�y� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�u�p�e�r�v�i�s�o�r�s�.� �T�h�e� �r�o�l�e� �o�f� �t�h�e� �e�x�p�e�d�i�t�o�r� �w�i�l�l� �c�h�a�n�g�e� �a�s� �t�h�e�y� 

�w�i�l�l� �b�e� �l�e�s�s� �n�e�e�d�e�d� �t�o�  ��p�u�s�h �� �j�o�b�s� �t�h�r�o�u�g�h� �t�h�e� �s�y�s�t�e�m�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�1



�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �h�e�r�e� �t�h�a�t�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� �s�e�l�e�c�t�e�d�,� �s�o�m�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �i�m�p�l�e�-� 

�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�o�d�u�l�e� �h�a�v�e� �n�o�t� �b�e�e�n� �m�e�n�t�i�o�n�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�m�p�r�o�v�e�d� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �m�a�c�h�i�n�e�s� 

�a�n�d� �l�a�b�o�r� �m�a�y� �r�e�s�u�l�t� �i�n� �l�o�w�e�r� �i�n�v�e�n�t�o�r�y� �l�e�v�e�l�s� �a�n�d� �a� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �i�n�v�e�n�t�o�r�y� �t�u�r�n�s�.� �T�h�e�s�e� �r�e�-� 

�s�u�l�t�s� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �d�e�r�i�v�e�d� �i�f� �a�n� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� �o�f� �p�r�o�d�u�c�t�i�v�i�t�y� �h�a�d� �b�e�e�n� �u�s�e�d�.� �F�o�r� �t�h�i�s� 

�r�e�a�s�o�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �d�e�v�e�l�o�p�i�n�g� �a� �c�o�m�p�l�e�t�e� �s�e�t� �o�f� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� �i�s� �e�m�p�h�a�s�i�z�e�d�.� 

�I�n� �s�u�m�m�a�r�y�,� �w�i�t�h�i�n� �t�h�i�s� �c�h�a�p�t�e�r� �e�a�c�h� �s�t�e�p� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� 

�a�n� �a�c�t�u�a�l� �C�I�M�S� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�c�i�s�i�o�n�.� �I�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�i�n�a�l� �c�h�a�p�t�e�r�,� �t�h�e� �o�v�e�r�a�l�l� �u�s�e�f�u�l�n�e�s�s� �a�n�d� 

�a�p�p�r�o�p�r�i�a�t�e�n�e�s�s� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k� �t�o� �g�u�i�d�e� �a�c�t�u�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�c�i�s�i�o�n�s� �i�s� �a�s�s�e�s�s�e�d�.� 

�F�r�a�m�e�w�o�r�k� �D�e�m�o�n�s�t�r�a�t�i�o�n� �1�1�2



�C�h�a�p�t�e�r� �V� 

�A�n�a�l�y�s�i�s� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� 

�5�.�f� �D�i�s�c�u�s�s�i�o�n� 

�W�i�t�h�i�n� �t�h�i�s� �f�i�n�a�l� �c�h�a�p�t�e�r�,� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k� �i�s� �a�s�s�e�s�s�e�d� �i�n� �r�e�g�a�r�d�s� �t�o� �h�o�w� �u�s�e�f�u�l� �i�t� 

�i�s� �f�o�r� �g�u�i�d�i�n�g� �t�h�e� �i�n�c�r�e�m�e�n�t�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �C�I�M�S�.� �T�h�e� �p�e�r�f�o�r�m�a�n�c�e� �i�s� �e�v�a�l�u�a�t�e�d� �u�s�i�n�g� �r�e�s�u�l�t�s� 

�f�r�o�m� �t�h�e� �c�a�s�e� �s�t�u�d�y� �p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �F�o�u�r� �a�l�o�n�g� �w�i�t�h� �f�e�e�d�b�a�c�k� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �c�l�i�e�n�t�.� �B�a�s�e�d� 

�o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �c�a�s�e� �s�t�u�d�y� �a�n�d� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�,� �s�u�g�g�e�s�t�e�d� �i�m�p�r�o�v�e�m�e�n�t�s� �t�o� �t�h�e� �f�r�a�m�e�w�o�r�k� 

�a�r�e� �g�i�v�e�n� �a�l�o�n�g� �w�i�t�h� �s�u�g�g�e�s�t�e�d� �a�r�e�a�s� �f�o�r� �f�u�t�u�r�e� �r�e�s�e�a�r�c�h�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �h�e�r�e� �t�h�a�t�,� �b�e�c�a�u�s�e� �t�h�e�r�e� �w�e�r�e� �n�o� �o�t�h�e�r� �f�r�a�m�e�w�o�r�k�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �t�o� 

�g�u�i�d�e� �t�h�e� �i�n�c�r�e�m�e�n�t�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �C�I�M�S� �i�n� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n�-�w�i�d�e� �m�a�n�n�e�r�,� �i�t� �w�i�l�l� �n�o�t� �b�e� 

�p�o�s�s�i�b�l�e� �t�o� �c�o�m�p�a�r�e� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �c�a�s�e� �s�t�u�d�y� �o�f� �C�h�a�p�t�e�r� �F�o�u�r� �w�i�t�h� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �u�s�i�n�g� 

�o�t�h�e�r� �f�r�a�m�e�w�o�r�k�s�.� �T�h�e�r�e� �i�s� �a�l�s�o� �n�o�  ��r�i�g�h�t� �a�n�s�w�e�r �� �a�v�a�i�l�a�b�l�e� �r�e�g�a�r�d�i�n�g� �h�o�w� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� 

�C�I�M�S� �s�h�o�u�l�d� �p�r�o�c�e�e�d�.� �F�o�r� �t�h�e�s�e� �r�e�a�s�o�n�s�,� �t�h�i�s� �f�r�a�m�e�w�o�r�k� �c�a�n� �o�n�l�y� �b�e� �a�s�s�e�s�s�e�d� �i�n� �r�e�g�a�r�d�s� �t�o� �h�o�w� 

�u�s�e�f�u�l� �i�t� �i�s� �f�o�r� �a�n�a�l�y�z�i�n�g� �t�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�c�i�s�i�o�n�s�.� �R�e�c�a�l�l�i�n�g� �t�h�a�t� �t�h�e� �i�n�t�e�n�t� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k� �i�s� 
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