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(ABSTRACT) 

A critical part of a proposal for the development of a 

complex system is its cost. One important element of this 

cost is the effort to perform the systems engineering 

function. The prevalent method for estimating these costs is 

a "bottom-up" engineering estimate based on the experience and 

judgment of the estimator. In some cases, analogy to actual 

costs of previous, Similar programs is employed. Neither of 

these methods provide the accuracy, consistency, or 

defensibility needed. 

Various methods and models are used to assist in 

estimating costs in other disciplines across differing 

applications. These methods were evaluated for suitability in 

estimating systems engineering costs for a computer based 

electronic defense system. The requirements and conditions, 

both technical and organizational, for developing a cost model 

are delineated. Considerations for automating the model are 

discussed.



Major findings are: 

© Models used in conjunction with traditional 

estimation methods can improve the overall systems 

engineering cost estimation process, 

Activity based parametric and analogy models show 

the most promise in the near term due to the 

reasonable accuracies achievable, the high speed 

and low cost with which estimates are generated, 

and their adaptability to automation, and 

Before a model can be developed and be a useful 

tool within an organization a number of conditions 

must exist, primary among which are the adoption of 

a standard cost structure for bidding and managing 

systems engineering efforts, the creation and 

maintenance of a cost/parameter database to allow 

entry and analysis of actual program cost data, and 

management acceptance and commitment of adequate 

resources.
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Chapter 1 

1.0 Introduction and Background 

1.1 Introduction 

As the size and complexity of systems has increased to 

the large, high-tech, highly interactive systems of today, a 

need for an orderly, systematic process for bringing these 

systems into being was recognized. Nowhere is this more true 

than in the development of military/defense systems. "The 

complexity of modern day weapon systems requires conscious 

application of systems engineering concepts to ensure 

producible, operable, and supportable systems that satisfy 

mission requirements." [43] 

Although a wide variance exists in the understanding of 

what constitutes systems engineering, the definition to be 

used herein is: 

"The effective application of scientific and 

engineering efforts to transform an operational 

need into a defined system configuration through 

the top-down, iterative process of requirements 

definition, functional analysis, synthesis, 

optimization, design, test, and evaluation." [5] 

Figure 1 is a simplified depiction of the systems engineering 

process.
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Not only is the performance of systems engineering 

advisable in these circumstances, it is typically a 

contractual requirement imposed by the government, frequently 

through the prescription of standards such as MIL-STD-499 [29] 

and/or DOD-STD-2167 [13]. 

To be awarded a contract to develop a system, a 

corporation must submit a proposal to the government, a major 

constituent of which is the costing data. Here, the 

contractor provides the customer with his estimate of how much 

it will cost to perform the requested efforts and deliver the 

requested products to the stated requirements. One 

Significant element of this cost is the cost of performing the 

systems engineering function. 

Experience, observation, and research have shown that in 

estimating the cost of systems development, a wide range of 

methods are used. These range from "seat of the pants" 

guesses to the application of elaborate parametric models, 

with more tending towards the former. The various disciplines 

or functional areas involved in the system development 

typically possess their own technigues for generating their 

contributions to the total project cost. For example, 

software development cost estimates are frequently based on 

the COnstructive COst MOdel (COCOMO) [7], which has been 

incorporated into a number of automated support tools.



One area where cost estimating methods are weakest is 

systems engineering. Why is this? Of any discipline, systems 

engineers should appreciate the use of a systematic means of 

analyzing a problem and coming up with a logical and 

repeatable solution. 

It is the purpose of this research to investigate 

possible cost models that may be applied to the systems 

engineering effort, to evaluate the utility of the most likely 

candidates, and to describe the requirements for implementing 

the recommended approach. 

1.1.1 Research Objectives 

The goal of this project is to develop an approach for 

estimating systems engineering costs associated with the 

development of a computer based electronic defense system. 

The costs to be so estimated have been limited to those 

connected with the systems engineering tasks typically 

performed by a government contractor during the advanced/full 

scale development phase of a moderately large system 

development. 

Other supporting objectives are to: 

O Determine the "state-of-the-art" in engineering 

cost estimation,



oO Identify possible, and evaluate the most likely, 

cost estimating techniques for application to the 

estimation of systems engineering costs, 

O Provide a concise, but complete, delineation of the 

tasks which together compose the total systems 

engineering effort with a brief description of 

each, 

O Identify the parameters which affect the costs 

associated with each of these tasks, 

oO Recommend an approach, and 

oO Describe the organizational and technical 

prerequisites for implementing the approach. 

The intent is to provide a framework that may be of 

assistance to an organization interested in developing a cost 

model for improving their performance of systems engineering 

cost estimates. The information and guidance provided 

constitutes a starting point for further development in the 

future. 

The cost estimation has been focused on manhours by labor 

category (level) as opposed to dollars, as this measure 

provides more utility and flexibility, avoiding the necessity 

for, and complication of, indexing. The calculation of total 

cost by applying current/average salary figures, time value of 

money, and inclusion other cost factors such as materials and 

burdening is already a well understood and documented process.



1.1.2 Challenges 

One dilemma associated with the estimation of up-front 

costs is a “chicken or the egg" situation in which to develop 

a "bottom-up" approximation for system engineering tasks for 

the various stages of system development presupposes that the 

information generated in the early stages (such as 

requirements analysis) is already available. In fact, during 

the pre-proposal stage, a preliminary systems engineering 

effort must be undertaken in order to generate enough insight 

into what the system will ultimately be, to support the 

proposal and costing process. Typically, this will begin with 

mission/requirements analysis and progress until a preliminary 

system architecture is selected and hardware and software 

configuration items have been identified. 

1.2 Description of the Approach 

The approach chosen to accomplish the objectives of this 

project consists of three echelons - information gathering, 

analysis, and synthesis. A diagram of this approach is 

presented in Figure 2. 

To evaluate candidates for a systems engineering cost 

model first requires a review of the available literature to 

develop a comprehensive listing of the lower level systems 

engineering tasks that may need to be performed, along with a 

description of each. Note that for any given project, a
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subset of these tasks may actually be required. These tasks 

were then analyzed and logically grouped. 

Another area of research involved the examination of 

existing methods and techniques for performing cost 

estimation, particularly as applied to engineering in general 

and systems engineering specifically. Available cost models 

have been identified and an initial assessment of their 

applicability made. A survey of existing tools (i.e., 

automated models) was conducted to determine if any suitable



products already exist or could be modified to perform the 

desired function. 

Historical cost data, along with available data 

describing system and development characteristics, for ten 

actual, completed programs was compiled and analyzed. The 

data was then restructured into a common cost structure. 

A questionnaire was developed to ascertain from the field 

what cost estimation methods/models are in use, what their 

input parameters are, and what their effectiveness has been. 

Where possible, personal or telephonic interviews with systems 

and cost engineering "experts" were conducted. 

From the questionnaires and cost data analyses, a 

preliminary identification of variables influencing cost for 

each major task was attempted. The available cost models were 

then screened for applicability. Those determined to be the 

most likely candidates have been evaluated in further detail. 

Throughout this process, a list of assumptions and 

Simplifications was maintained, and issues documented for 

further study. 

Based on the above research, requirements for the 

development and implementation of a model were deduced. In 

addition to the technical requirements, the organizational 

environment necesSary to produce and maintain it are 

considered. An approach is suggested.



1.3 Problem Analysis 

In order to constrain this research to manageable 

proportions, the application which the system engineering cost 

model will address has been scoped to a well-defined, 

easily expanded, problem. Bounding conditions are: 

a. Computer based electronic defense type system 

b. System scale - moderate 

c. Advanced/full scale development phase 

d. Limited strictly to systems engineering tasks 

yet 

(no 

related specialty engineering efforts will be addressed; 

however, the SE interface to these tasks/groups and the 

SE products provided to them are covered) 

e. Systems engineering tasks typically performed by the 

Government or its consultants are not included. 

f. Emphasis will be on the evaluation of front-end costs 

(requirements analysis through hardware/software 

development) and testing. System production through 

disposal are omitted. 

As previously stated, diversity exists in the definition 

and implementation of the systems engineering process. Since 

the cost of performing this process is closely tied to its 

composition, a baseline description is used for purposes of 

this research (see Section 2.2 and Appendix A).



Research has been limited to the identification and 

evaluation of alternative models and methods. No attempt is 

made to actually develop a new model; however, the information 

provided is intended to assist in the preparation for doing 

So. 

Empirical research is limited primarily to a single 

corporate entity. This is because within the highly 

competitive defense contracting environment, there is an 

inherent inhibition of corporations to release any information 

providing insight into the costing practices of their 

organizations. Although not ideal conditions for a study of 

this type, the company chosen is considered to be typical 

within the defense business. 

1.4 Redirection of Research 

In naivety, the original intent of this research was to 

actually develop an automated model for estimating systems 

engineering costs. After a thorough review of the literature 

and, more importantly, attempting to compile and use existing 

historical cost data, the enormity of the task and inherent 

difficulties involved became apparent. At this point, the 

course of the project was altered to the analysis and 

delineation of the requisites for developing such a model. 

From this perspective, the preceding exercise provided an 

10



excellent platform for’ the further conduct of this 

investigation as well as for future research. 
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Chapter 2 

2.0 Review of the Literature 

2.1 Introduction 

The escalating complexity of systems has resulted in an 

associated increase in the complexity of the processes used to 

develop them and in the difficulty of estimating their costs. 

This difficulty is underscored by the many well publicized 

cases of substantial cost overruns on government contracts. 

Most of these overruns can be traced to either poor 

development processes or inadequate cost estimating practices, 

or both. In actuality, a link exists between these functions 

Since cost is (or should be) a critical design parameter. 

Past failures, in many cases, are due to inattention given to 

future cost issues during early program development. [14] 

The systems engineering discipline evolved as a response 

to improve the development process. Standards such as MIL-~ 

STD-499 and DOD-STD-216€7, along with many others, have helped 

to systematically guide both customers and developers through 

the steps necessary to achieve a successful program. 

Likewise, the sophistication of cost estimation, 

accounting, and control systems has expanded. The government 

now typically requires that a standard Cost/Schedule Control 

System (C/SCS) be used and prescribes the use of a standard 

cost structure. The Work Breakdown Structure (WBS) is a 

12



hierarchial organization of hardware, services, and data cost 

elements which together define the total effort and products 

comprising the program. Although originally arranged along 

functional lines (i.e., design, fabrication, test, etc.), a 

product-oriented structure is now used. 

In the late 1960’s, the government found that a complete 

cost data bank for one program could be usefully employed in 

estimating the costs of other similar items. [40] However, to 

do so requires that similar cost structures and reporting 

methods be used. 

MIL-STD-881, originally issued in 1968, establishes the 

criteria governing the preparation and employment of work 

breakdown structures for use in defense acquisitions. This 

Standard provides a summary of the upper 3 WBS levels. Figure 

3 depicts these levels for an electronic system. In 73, the 

Secretary of Defense introduced the Contractor Cost Data 

Reporting (CCDR) system to improve consistency among programs. 

However, no systematic procedure exists for applying these 

policies. At the lower levels of the WBS, structures diverge 

and many different approaches can be found in costing the work 

element. [8] 

13
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2.2 Systems Engineering 

Systems engineering emerged as a discipline in the late 

1950s and early 1960s primarily as a result of the space 

program. As alluded to earlier, systems engineering is a top- 

down, integrated, life-cycle approach to system design and 

development which when properly applied can serve to mitigate 

the possibility of programmatic disasters, which invariably 

manifest themselves in the form of excess costs. 

However, the system engineering function itself is a 

program cost element which can suffer from the same costing 

afflictions as the program as a whole. It is the estimation 

of these costs that is the subject of this paper. 

To address the costs associated with the systems 

engineering function, it is essential to understand the 

activities or tasks which compose this process. It is 

beneficial to examine these activities in the context of the 

system/development life cycle. Note, however, that one of the 

hallmarks of the systems engineering process is its iterative 

nature. Therefore, although activities may be discussed or 

depicted as if they occur in a sequential fashion, this is not 

usually the case. 

The system life cycle can be broken down into several 

distinct phases. Although numerous different 

characterizations are in use, the divisions used herein are 1) 

requirements definition and analysis, 2) conceptual design, 3) 

15



System design, 4) detailed specification, 5) system 

development, 6) integration and test, and 7) production, 

operation, and support. This breakout tends to emphasize the 

"front-end" systems engineering activities, which are the 

primary focus of this research. 

During the requirements definition and analysis phase, a 

complete understanding and description of the users’ needs is 

developed. Feasibility analyses are undertaken to assess 

alternative technologies that may be applied and research that 

needs to be initiated. The preliminary operational, 

maintenance, and support concepts are determined. Functional 

analyses decompose what the system is to do. 

The conceptual design phase begins to look at how the 

system is to perform its functions. Trade studies are 

conducted to evaluate possibilities. A preliminary system 

architecture is selected. 

In the system design phase requirements are allocated to 

hardware, software, and the various system components. 

Simulation, modeling and prototyping support the evaluation 

and optimization process as the design is refined. 

Detailed specification involves the definition of 

requirements for all configuration items and supporting items. 

From these specifications, the hardware and software can be 

designed. 

16
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�e�x�i�s�t�s� �i�n� �w�h�i�c�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �o�n�e� �a�c�t�i�v�i�t�y� �m�a�y� �n�e�c�e�s�s�i�t�a�t�e� 

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

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

�A� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �e�a�c�h� �o�f� �t�h�e� �t�a�s�k�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �F�i�g�u�r�e� 

�4� �i�s� �l�o�c�a�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�2�.�3� �C�o�s�t� �E�n�g�i�n�e�e�r�i�n�g� 

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

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

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

�1�7



�S
�s

�s
�0

�0
�i�g

� 
�H

�b
�u

�t�z�s�e
�u

�t�b
�u

�y�q
� 

�s�w
�u

�e
�y�s�A

�s� 
�a�u�l� 

�"�p� 
�o

�a
�n

�b
�t�g

� 
�
 
�
 

�S
�N

�T
�S

�S
�V

�a
� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 

�
 
�
 

�
 
�
 

� � 

� � � � � 

� � � 

� � � � 

� � 
� � 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 

�
 
�
 

�
 
�
 � � � � 

�
 
�
 

� � 
� � 

�N
�O

�L
�L

�O
�N

�d
�O

�W
�d

� 
�N

�O
�I�S

�3
�0

� 
�N

�O
�I�S

�S
�0

� 
�W

�I�T
�S

�d
�d

� 
�G

�3
�L

�V
�O

�O
�T

�I�V
� 

�A
�W

�N
�O

�I�L
�L

�O
�N

�N
�A

� 
�S

�.�L
�N

�3
�W

�I�Y
�I�N

�O
� 

�3
�H

� 

�a
�J

�N
�p

�S
�e

�o
�o

�s
� 

�B
�U

�O
�l� 

�i�d
�e

� 
�U� 

�U
�e

�W
� 

�i�t� 
�i�o

�e
�d

� 
�x

�u
�l�e

�y
�\� 

�i�n�:� 

�a
�v

�o
�n

� 
�.� 

�1�6�0�1� 
 �� 

�o�u�d�o�r�o�n�e�c�e� 
 ��s�o�.� 

�s�u�o�v�e�A
�c�q�n�a�n�u�o�i�e�n�y� 

�v
�e

�t�s
� �.� 

�n
�a

�s�e
� 

�
a
�
e
�
 �i�d�e�a�u�e�'�y� 

�w
�i�g

� �w
�e

�y� 
�a�6� 

�S
�L

�O
�N

�G
�O

�d
�d

� 

�e
�e

�e
� 
�e

�e
�s

� 
�t�e�n�e� �a

� 
�M

�O
�A

�R
� 

�M
�O

�I�A
�G

�Y
� �M

�O
�l�A

�B
�y� 

�M
�e�I�A

�B
�Y

� 
�M

�O
�I�A

�G
�Y

� 
�M

�O
�L�A

�G
�Y

� 
�u�p�n�y� �B�o

�o
�n

� 
�e

�h
�i�a

�y�o
�u

�n
�a

� �S
�R

�O
�U

�I�P
�E

�G
�Y

� 
�1�8�8�,� �U

�S
�C

� 
�[�I�N

�D
� �U�S

�Q
� 

�W
�I�I�G

� �2�a�d�¢�g� 
�A

�A
�S

�/�M
�H

� 
�u�b�i�s�a�g� 

�s�f�s� 
�s�i�u�i�b�y� �s�A�g� 

�S
�M

�G
�W

�S
�Y

� 

�=
� 

�|� �o�n�a�n� 
�N

�N
� 

�t� 
�T� 

�t� 
�t� 

�(� 
�l�O�N�U�C�D� 

�P�u�e� �B�u�v�o�y�u�o�y� 
�s�n�y�e�\�g�j�u�e�s�,� 

�A�r�e�u�i�d�i�o�s�i�p�i�a�y�y�y� 
�a�y�y� �J�O� �U�O

�R�B�U�I�P�0�D�D� 
�]� 

�T
�e

� 
�T

�i�s
� 

�o
�d

� 
�1� 

�1� 
�i� 

�o
�T

� 
�j�O�y�j�u�o�y�)� �a�G

�H
�u�e�Y

�O
�/�u�O

�g�e�m
�n�B

�y�u�o�D
� 

�i�r� 

�o
�e

� �b�o� 
�|� 

�(� 
�u�o�g�e�z�i�m

�i�a�d�g� 
�9� �U�O

�q�e�E�N�e�A�g� 
�}� 

�|� 
�:� 

�|� 
�f� 

�T� 
�Y� 

�[� 
�u�o�g�n�o�s�a�y� 

�p�u�e�  ��B�u�n�j�o�e�s�,� 
 ��B�u�g�i�o�d�a�y� 

�w�a�g�q�o�,�g� 
�}� 

�{� 
�j� 

�i� 
�|� 

�|� 
�.� 

�|� 
�(� 

�u�o�g�e�s�e�d�a�i�g� 
�9� �S

�A
�I�N

�D
�a�0�1�Y

� 
�S�9�8�]� 

�j�i� 
�(� 

�B�u�l�u�u�e�l�y� 
�1�S�3�L� 

�}� 
�S

�o
�d

� 
�\�d�a�o�u�0�5� 

�S�s� 

�_
� 

�:� 
�S�U�O�R�O�I�P�A�l�d� 

�W
�H

� 
�J�)� �C

�v
�s

�)
� 

�|� 
�y� 

�w�a�l� 
�]� 

�i� 
�|� 

�s�s�f�e�u�y� 
�1� 

�|�;� 
�[�o�u�e�i�d�a�o�o�y� �!� 

�}�(� 
�S�u�a�u�a�u�n�b�a�y� 

�>�)� �|� �C�u�o�g�e�n�u�i�s� 
�p�u�e� �B�u�y�e�p�o�y�y� 

�s�o�u�e�w�u�O�e�d�)� 
�|�  �� �|� �j�e�u�o�g�o�u�n�g� 

�|� 
�/� 

�i�.� 
�|�|� 

�P�e�a� �s�e�l� 
�f�y� 

�,� 
�:� 

�=�.� 
�S� 

�i� 
�(�s�a�y� �s�s�a�n�g�)� 

�|� 
�A�u�n�o�a�g� �|� �|� 

�S�I�S�A�L�Y�U�A�S� �|� 
�e�u�n�j�p�a�M�u�o�r�y� 

�;� 
�t�e� 

�1�]� �S�g� �u�o�g�o�n� 
�|� 

�W�a�y�S�A�S� 
�|� 

�!� 
�S� 

�"�a�o�e� 
�B�u�i�d�A�o�j�o�l�d� 

�,� 
�(�M

�e
�u

�)� 
�|� 

�1� 

�(�R
�e�)� �|� �(�u�e�r�n�a�u�t�o�g�)�'�|� �s�t�s�u�e�a�i�n�s� �|� 

�=� 
�|� 

�'� 
�;� 

�|� �Y�o�m�e�s�B�a�y�u�)� 
�U

�o�R
�E

�U
�a�U

�N
�o�O

�d� 
�;� 

�S� �H�o�a�n� 
�|�{� �S�u�y�s�e�u�i�6�u�3� 

�a�n�i�e�n� �p�u�k�e� �1�S�0�4�-�0�}�-�u�b�i�s�a�q� 
�j�t� 

�W
�A� 

�|� 
�1� 

 �� 
�|� 

�a�s�e�q�e�i�e�q� �|� �|� 
�U�O�Q�E�I�O�I�Y� 

�9� 
�s�j�u�a�u�a�o�u�e�u�u�g� 

�|� 
�'� 

�(�s�y�B�n�a�u�y�e�m
� 

�)� �-� 
�;� 

�u�a�W
�w�a�n�i�n�b�a� 

�s�i�s�h�e�u�y� 
�O

�O
�1� 

�|�;� 
�V�v� 

�|� �(�s�u�a�u�e�o�u�e�w�a�)� 
�i� 

�(�u�s�a�r� �1�0�8�0�)� �i� �|� 
�y�e�c�a�g� �|� 

�}�}� 
 �� 

�a�a�e�v�e�m�y� �|�|� 
�(�S�u�e�u�e�u�n�b�e�d� 

�)� 
�|� 

�|� 
�a�r�e�m�p�i�e�y� �|� �|� 

�|� 
�|� 

�s�o�u�r�u�u�o�p�e�g� 
�)� �!� 

�|� 
�S�A�I�P�N

�S� 
�q�u�a�u�i�s�s�a�s�s�y� 

�)� 
�|� 

�s�i�s�A�f�e�u�y� 
�a�q� �\�!� 

�a
� 

�B
�I�E

�M
�Y

�O
�S

� 
�W

�O
�-�O

�P
�R

�I�L� 
�O

�A
�e�W

�w
�a�l�l�y� �|� 

�S
�j�u�a�w

�a�u�n�b�e�y� 
�W

�w�a�y�s�h�S� 
�s�s�a�s�s�y� 

�|� 
�|� 

�u�o�R�e�s�D�a�I�U�I� 
�-�-� �a�u�y�a�q� 

�|�}� 
�|� 

�a�e�M
�Y�y�o�s�/�a�J�e�m

�p�l�e�H
� 
�
A

�
 �e

�d
� �|� 

�}� 
�{� 

�|� 
�1� 

�T� 
�t� 

�t� 
�f� 

�¥� 

�L
�H

�O
�d

�d
�N

�S
� 

�O
�N

�Y
� 

�W
�N

�Y
� 

 ��N�O
�U�V�u�a�d�o� 

�|� 
�«�A�S�S�L� 

�O�N�Y� �|� �I�N
�A�N

�d�O
�T�S�A�G

� 
�|� 

�N�O�L�L�V�O�S�I�D�a�d�S� 
�:� 

�N�5�I�S�a�d� 
�|� 

� �N�e�I�S�3�G� 
�|� 

�a�N�Y� 
�n�o� �U�N�w�a�q� 

�|� 
�3�S�v�H�d� 

 �� 
�|� 

�|� 
�|� 

�N
�O

�L
�L

�O
�N

�G
�O

�H
�d

� 
�|� 

�N
�O

�L�L�V
�H

�O
�S

�L�N
�I� 

�|� 
�W

�a
�A

�L
�S

�A
�S

� �|� 
�a�Q

�s�1�v�i�s�a� 
�|� 

�W
�A

�L
�S

�A
�S

� 
�|� 

�W
�n

�N
�L

�d
�3

�S
�O

�N
�O

�O
� 

�(� 
�S

�I�N
�A

�N
�S

�H
�I�N

�O
�S

�Y
� 

�1�8



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

�a�n�a�l�y�s�i�s�,� �p�l�a�n�n�i�n�g�,� �a�n�d� �s�c�h�e�d�u�l�i�n�g�.� �[�4�,�1�8�]� �L�i�k�e� �s�y�s�t�e�m�s� 

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

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

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

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

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

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

�t�h�e� �1�9�5�0�s�,� �t�h�i�s� �a�r�e�a� �o�f� �e�n�g�i�n�e�e�r�i�n�g� �h�a�s� �i�n�c�r�e�a�s�e�d� 

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

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

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

�i�n� �t�h�i�s� �s�u�b�j�e�c�t�.� �[�1�4�]� �"�A�s� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �s�o�c�i�e�t�y� �a�d�v�a�n�c�e�,� �i�t� 

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

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

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

�t�h�e� �a�w�a�r�d�,� �a�n�d� �e�n�d� �i�n� �d�i�s�a�s�t�e�r�.�"� �[�2�0�]� 

�F�o�u�n�d�e�d� �i�n� �1�9�5�6�,� �t�h�e� �A�m�e�r�i�c�a�n� �A�s�s�o�c�i�a�t�i�o�n� �o�f� �C�o�s�t� 

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

�c�e�r�t�i�f�i�e�d� �c�o�s�t� �e�n�g�i�n�e�e�r� �(�C�C�E�)� �a�n�d� �c�e�r�t�i�f�i�e�d� �c�o�s�t� �c�o�n�s�u�l�t�a�n�t� 

�(�C�C�C�)� �p�r�o�g�r�a�m�s�.� �I�n� �1�9�8�3�,� �t�h�e� �A�A�C�E� �h�a�d� �o�v�e�r� �6�0�0�0� �m�e�m�b�e�r�s�,� �w�i�t�h� 

�o�v�e�r� �6�0�0� �C�C�E�/�C�C�C�s� �d�e�s�i�g�n�a�t�e�d�.� �A�t� �t�h�a�t� �t�i�m�e�,� �c�o�l�l�e�g�e� �l�e�v�e�l� 

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

�p�r�o�g�r�a�m�s� �u�n�d�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� 
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�2�.�4� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n� 

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

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

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

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

�s�y�s�t�e�m� �c�o�s�t�s�.� �"�D�e�s�p�i�t�e� �t�h�e� �n�o�t�i�o�n� �t�h�a�t� �c�o�s�t� �e�s�t�i�m�a�t�i�n�g� 

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

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

�S�t�a�r�t�e�d�.�"� �[�3�4�]� �"�T�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �t�h�e� �c�o�n�c�e�p�t� �e�s�t�i�m�a�t�o�r ��s� �j�o�b� 

�i�s� �t�o� �d�e�v�e�l�o�p� �a� �r�e�a�s�o�n�a�b�l�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �p�r�o�d�u�c�t�.�"� �[�4�6�]� 

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

�d�a�t�a�b�a�s�e� �c�o�m�p�i�l�e�d� �f�r�o�m� �p�a�s�t� �e�x�p�e�r�i�e�n�c�e�.� �[�8�]� �C�o�n�c�e�p�t� 

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

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

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

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

�n�o�n�l�i�n�e�a�r� �c�u�r�v�e�s� �a�n�d� �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�.� �[�3�4�]� 

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

� � 

�b�y� �t�y�p�e� �a�s�:� 

�T�Y�P�E� �A�C�C�U�R�A�C�Y� 

�O�r�d�e�r� �o�f� �m�a�g�n�i�t�u�d�e� �-�3�0� �t�o� �+�5�0�%� 

�B�u�d�g�e�t� �-�1�5� �t�o� �+�3�0�%� 

�D�e�f�i�n�i�t�i�v�e� �-�5� �t�o� �+�1�5�%� 

�2�0



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

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

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

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

�p�r�o�j�e�c�t�s� �s�i�z�e�,� �t�h�e� �c�o�s�t� �o�f� �p�r�e�p�a�r�i�n�g� �a�n� �e�s�t�i�m�a�t�e� �i�n�c�r�e�a�s�e�s� 

�a�b�o�u�t� �f�i�v�e�f�o�l�d� �a�s� �t�h�e� �a�l�l�o�w�a�b�l�e� �e�r�r�o�r� �i�s� �r�e�d�u�c�e�d� �f�r�o�m� �+�3�0�%� 

�(�s�t�u�d�y�)� �t�o� �+�1�0�%� �(�d�e�f�i�n�i�t�i�v�e�)�"� �[�1�7�]� �T�h�u�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

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

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

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

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

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

�2�.�4�.�1� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n� �T�e�c�h�n�i�q�u�e�s� 

�A� �m�a�j�o�r� �t�a�s�k� �i�n� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�s�t� 

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

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

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

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

�i�n�t�r�o�d�u�c�e�d� �b�e�l�o�w�.� 

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

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

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

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

�f�a�c�t�o�r�s� �f�o�r� �s�c�a�l�i�n�g� �p�u�r�p�o�s�e�s�.� �T�h�e� �g�e�n�e�r�a�l� �e�q�u�a�t�i�o�n� �u�s�e�d� �i�s�:� 
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�C�y�p� �=� �C�y� �*� �U�R�S�,� 

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

�c�o�s�t� �o�f� �t�h�e� �i�t�®� �e�l�e�m�e�n�t� �f�o�r� �t�h�e� �p�a�s�t� �p�r�o�g�r�a�m�,� �Q�
O�)

� 

�I� 
�B�,� �=� �t�h�e� �j�'�®� �s�c�a�l�i�n�g� �f�a�c�t�o�r� 

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

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

�[�8�]� �H�o�w�e�v�e�r�,� �i�n� �o�r�d�e�r� �t�o� �d�e�v�e�l�o�p� �a� �r�e�l�a�t�i�v�e�l�y� �a�c�c�u�r�a�t�e� �c�o�s�t� 

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

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

�S�i�m�i�l�a�r�,� �s�y�s�t�e�m�s� �i�s� �r�e�q�u�i�r�e�d�.� �[�1�0�]� 

�G�r�a�s�s� �R�o�o�t�s�.� �T�h�i�s� �i�s� �a�l�s�o� �k�n�o�w�n� �a�s� �a� �b�o�t�t�o�m�-�u�p� �e�s�t�i�m�a�t�e� 

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

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

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

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

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

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

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

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

�o�t�h�e�r� �m�e�t�h�o�d�s� �m�a�y� �b�e� �u�s�e�d�.� �A�  ��s�u�b�j�e�c�t�i�v�e� �e�s�t�i�m�a�t�e �� �i�s� �a� 

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

�e�d�u�c�a�t�e�d� �g�u�e�s�s�.� �[�1�0�]� 

�2�2



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

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

�a�n�a�l�o�g�y�.� �[�8�]� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�a�n� �i�m�p�a�c�t� �o�n� �t�h�e� �c�o�s�t� �o�f� �t�h�a�t� �i�t�e�m�.� �[�1�0�]� 

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

�C�,� �=� �a�x�?� �,� �w�h�e�r�e� �C�,� �=� �c�o�s�t� �o�f� �i�t� �t�a�s�k�/�e�l�e�m�e�n�t� 

�x� �=� �v�a�l�u�e� �o�f� �p�a�r�a�m�e�t�e�r� 

�a� �=� �c�o�e�f�f�i�c�i�e�n�t� 

�b� �=� �e�x�p�o�n�e�n�t� 

�2�3



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

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

�c�u�r�v�e� �f�i�t�t�i�n�g� �t�e�c�h�n�i�q�u�e�.� 

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

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

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s�.� �I�n� �a�n� �a�r�e�a� �w�h�e�r�e� �t�h�e�r�e� �a�r�e� �c�o�n�s�t�a�n�t� 

�c�h�a�n�g�e�s� �i�n� �t�e�c�h�n�o�l�o�g�y�,� �t�h�e� �C�E�R�S� �m�a�y� �b�e� �i�n�v�a�l�i�d�a�t�e�d� �f�a�s�t�e�r� �t�h�a�n� 

�n�e�w� �o�n�e�s� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d�.� �[�8�]� �T�h�i�s� �t�e�c�h�n�i�q�u�e� �h�a�s� �b�e�e�n� �u�s�e�d� 

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

�a�n�a�l�y�s�i�s�,� �a�n�d� �i�n�t�e�r�v�a�l� �e�s�t�i�m�a�t�e�s�.� �[�3�3�]� 

�L�i�n�e�a�r� �P�r�o�g�r�a�m�m�i�n�g�.� �T�h�i�s� �i�s� �a� �m�a�t�h�e�m�a�t�i�c�a�l�,� �o�p�e�r�a�t�i�o�n�s� 
� � 

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

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

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

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

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

�Z� �=� �C�,�X�,� �+� �C�X�,� �+� �.�.�.� �+� �C�,�X�,� �=� �Z�L� �C�.�X�.� 

�A�,�,�X�,� �+� �A�,�X�,� �+� �.�.�.� �+� �A�,�X�,� �=� �2� �A�,�X�,� �=� �B�,� �,� �i� �=�1�,�2�,�.�.�.�,�;�m� 

�w�h�e�r�e�:� �Z� �i�s� �t�h�e� �t�o�t�a�l� �c�o�s�t� �(�t�o� �b�e� �o�p�t�i�m�i�z�e�d�)� 

�X�,� �i�s� �t�h�e� �a�m�o�u�n�t� �o�f� �r�e�s�o�u�r�c�e� �j� 

�C�;� �1�s� �t�h�e� �c�o�s�t� �p�e�r� �u�n�i�t� �o�f� �r�e�s�o�u�r�c�e� �J�j� 

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

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

�2�4



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

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

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

�s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s�.� �[�2�0�]� �I�t� �a�l�s�o� �p�r�o�v�i�d�e�s� �s�h�o�r�t� �r�a�n�g�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�c�a�n� �b�e� �u�s�e�d�.� 

�A�s� �a�n� �e�x�a�m�p�l�e�,� �c�o�n�s�i�d�e�r� �a� �c�o�s�t� �e�l�e�m�e�n�t� �e�x�p�r�e�s�s�e�d� �a�s� �C� �=� 

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

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

�L�L�:� 

�2�5



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

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

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

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

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

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

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

�r�i�s�k� �a�n�a�l�y�s�i�s� �p�u�r�p�o�s�e�s�.� 

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

�s�y�s�t�e�m�s� �(�K�B�S�)�.� �K�B�S�,� �a�l�s�o� �k�n�o�w�n� �a�s� �a�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� 

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

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

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

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

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

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

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

�h�u�m�a�n� �e�x�p�e�r�t�"�.� �[�3�3�]� �T�h�e� �d�o�m�a�i�n�s� �o�f� �i�n�t�e�r�e�s�t� �i�n� �t�h�i�s� �c�a�s�e� 

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

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

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

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

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

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

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

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

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

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

�C�,� �=�a� �*� �C�;� 

�w�h�e�r�e�:� �C�i� �a�n�d� �C�j� �a�r�e� �t�h�e� �i�t�?� �a�n�d� �3�5 ��?� �c�o�s�t� �e�l�e�m�e�n�t�s�,� �a�n�d� 

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

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

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

�o�f� �a� �=� �1�.�6�.� �I�n� �t�h�i�s� �c�a�s�e�,� �a�c�c�u�r�a�c�i�e�s� �o�f� �+� �2�0�%� �c�a�n� �b�e� 

�e�x�p�e�c�t�e�d�.� �[�1�7�]� 

�L�e�v�e�l� �o�f� �E�f�f�o�r�t� �(�L�O�E�)�.� �T�h�i�s� �i�s� �a� �s�u�b�j�e�c�t�i�v�e� �e�s�t�i�m�a�t�i�n�g� 

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

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

�c�o�s�t� �e�l�e�m�e�n�t�s� �s�o�m�e�t�i�m�e�s� �f�o�l�l�o�w�s�.� 

�B�a�c�k�-�c�a�l�c�u�l�a�t�i�o�n� �f�r�o�m� �G�o�a�l�.� �T�h�i�s� �i�n�v�o�l�v�e�s� �s�t�a�r�t�i�n�g� �f�r�o�m� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�e�f�f�o�r�t�s� �o�f� �c�o�n�c�e�r�n�.� 

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

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

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

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

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

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

�h�i�g�h�e�r�.� 

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

�T�a�b�l�e� �1�.� 

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

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

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

�S�t�a�t�e�m�e�n�t�s� �t�o� �t�h�e� �c�o�n�t�r�a�r�y�,� �g�u�e�s�s�t�i�m�a�t�i�n�g� �h�a�s� �n�o�t� �d�i�s�a�p�p�e�a�r�e�d� 
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�T�a�b�l�e� �1�.� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n� �C�a�t�e�g�o�r�i�e�s� 
�e�t� �c�e�e� �r�r� �r�e� �r�r� �e�e� �r�e� �c�e� �e�m�e�r� �r�e� �e�e� �e�e� �m�e� �m�e�e� �e�e� �e�s� �m�e� �e�r�r�r� �a� �m�e� �r�e�e� �r�e�e� �r�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�s� �e�e� �e�e� �e�e� 

�C�A�T�E�G�O�R�Y� �M�E�T�H�O�D�S� �A�P�P�L�I�C�A�T�I�O�N�S� 

�E�x�p�e�r�i�e�n�c�e� �H�e�u�r�i�s�t�i�c� �P�r�e�d�i�c�t�i�o�n� 
�B�a�s�e�d� �A�I� �D�e�c�i�s�i�o�n� �m�a�k�i�n�g� 

�S�i�m�u�l�a�t�i�o�n� �M�o�n�t�e� �C�a�r�l�o� �U�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s� 
�D�e�t�e�r�m�i�n�i�s�t�i�c� �C�o�n�t�i�n�g�e�n�c�y� �p�l�a�n�n�i�n�g� 

�"�W�h�a�t�-�i�f�"� �s�c�e�n�a�r�i�o�s� 

�P�a�r�a�m�e�t�r�i�c� �R�e�g�r�e�s�s�i�o�n� �P�r�e�d�i�c�t�i�o�n� 
�B�a�y�e�S�i�a�n� �R�i�s�k� �a�n�a�l�y�s�i�s� 

�V�a�r�i�a�n�c�e� �a�n�a�l�y�s�i�s� 

�D�i�s�c�r�e�t�e� �S�t�a�t�e� �L�i�n�e�a�r�/�G�o�a�l� �R�e�s�o�u�r�c�e� �a�l�l�o�c�a�t�i�o�n� 
�O�p�t�i�m�i�z�a�t�i�o�n� �P�r�o�g�r�a�m�m�i�n�g� �S�c�h�e�d�u�l�i�n�g� 

�N�e�t�w�o�r�k�/�G�r�a�p�h� �S�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� 
�T�h�e�o�r�y� 

�E�l�e�m�e�n�t�a�r�y� �A�n�a�l�o�g�y� �E�s�t�i�m�a�t�i�o�n� 
�G�r�a�s�s� �R�o�o�t�s� 

�m�m� �e�m� �r�e� �e�e� �m�r� �e�e� �e�e� �e�e� �a� �m�e� �e�e� �e�e� �e�e� �e�e� �e�e� �e�n� �e�e� �i� �e�e� �a� 

�f�r�o�m� �t�h�e� �c�o�s�t�-�e�s�t�i�m�a�t�i�n�g� �s�c�e�n�e�.� �N�o�r� �h�a�s� �i�t�s� �s�u�b�s�t�i�t�u�t�e�,� 

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

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

�t�h�e�s�e� �e�x�t�r�e�m�e�s� �i�s� �a� �p�r�e�f�e�r�r�e�d� �c�o�u�r�s�e� �o�f� �a�c�t�i�o�n�.� �"� �[�3�4�]� 

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

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

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

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

�A�c�c�u�r�a�c�y�/�U�n�c�e�r�t�a�i�n�t�y�.� �T�h�e� �a�c�c�u�r�a�c�y� �n�e�e�d�e�d� �w�i�l�l� �g�r�e�a�t�l�y� 

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

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

�2�9



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

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

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

�e�s�t�i�m�a�t�e� �t�h�a�n� �t�o� �k�n�o�w� �t�h�e� �e�s�t�i�m�a�t�e�d� �v�a�l�u�e� �o�f� �t�h�e� �c�o�s�t�.� �[�1�7�]� 

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

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

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

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

�i�m�p�o�r�t�a�n�t� �t�r�a�d�e�-�o�f�f� �c�r�i�t�e�r�i�o�n�.�"� �[�1�5�]� 

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

�O�r�i�g�i�n�a�l� �h�o�m�e� �e�n�v�i�r�o�n�m�e�n�t� �(�i�.�e�.�,� �t�h�a�t� �w�i�t�h�i�n� �w�h�i�c�h� �i�t� �w�a�s� 

�c�r�e�a�t�e�d�)�,� �a�d�j�u�s�t�m�e�n�t�s� �m�u�s�t� �b�e� �m�a�d�e�.� �E�v�e�n� �t�h�e�n�,� �a�d�j�u�s�t�m�e�n�t�s� 

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

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

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

�w�i�l�l� �n�o�t� �l�e�a�d� �t�o� �a�c�c�u�r�a�t�e� �r�e�s�u�l�t�s�.� �[�2�4�]� 

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

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

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

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

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

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

�a�n�d� �h�a�v�e� �a�n� �a�p�p�l�i�c�a�b�l�e� �d�a�t�a�b�a�s�e�.� �[�2�8�]� 

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

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

�a�s�k�e�d�.� �[�1�4�]� 

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

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

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

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

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

�r�e�j�e�c�t�i�o�n�.�"� �[�1�4�]� 

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

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

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

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

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

�r�e�c�o�r�d� �o�f� �b�o�t�h�.�"� �[�1�4�]� 

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

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

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

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

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

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

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

�t�o� �e�a�r�l�y� �c�o�s�t� �a�n�a�l�y�s�i�s� �i�s� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �w�h�a�t� �i�s� �n�o�t� �k�n�o�w�n� 

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

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

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

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

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

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

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

�e�s�t�i�m�a�t�i�n�g� �a�r�e�:� 

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

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

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

�2�)� �M�a�n�a�g�e�m�e�n�t� �m�a�y� �v�i�e�w� �p�a�r�a�m�e�t�r�i�c�s� �a�s� �a�n�y� �e�s�t�i�m�a�t�i�n�g� 

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

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

�a�n�o�t�h�e�r�.� 

�3�)� �A� �d�i�f�f�e�r�e�n�c�e� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �p�r�i�c�i�n�g� �(�w�h�i�c�h� �i�n�c�l�u�d�e�s� 

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

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

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

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

�p�r�i�c�e�-�s�e�t�t�i�n�g� �e�x�e�r�c�i�s�e�.� 

�4�)� �S�o�m�e� �o�f� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �e�r�r�o�r�s� �m�a�d�e� �i�n� �c�o�s�t� �e�s�t�i�m�a�t�e�s� 

�a�r�i�s�e� �f�r�o�m� �t�h�e� �f�o�l�l�o�w�i�n�g� �[�2�7�]�:� 

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

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

�r�e�s�o�u�r�c�e�s� 

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

�3�2



�O�o� �F�o�r�g�e�t�t�i�n�g� �s�e�t�-�u�p�/�p�r�e�p�a�r�a�t�i�o�n� �t�i�m�e� 

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

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

�o�f� �d�e�s�i�g�n� �c�h�a�n�g�e� 

�o� �M�i�s�j�u�d�g�i�n�g� �c�o�o�r�d�i�n�a�t�i�o�n� �t�i�m�e� �r�e�q�u�i�r�e�m�e�n�t�s� 

�2�.�4�.�3� �A�p�p�l�i�c�a�t�i�o�n�s� 

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

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

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

�c�o�m�p�e�t�i�t�i�o�n�.� �[�3�4�]� �I�n� �s�h�o�r�t�,� �t�h�e� �f�i�n�a�n�c�i�a�l� �p�e�r�f�o�r�m�a�n�c�e� �(�a�n�d� 

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

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

�n�o�t� �s�u�r�p�r�i�s�i�n�g�.� 

�A�n� �e�x�t�e�n�s�i�v�e� �r�e�v�i�e�w� �o�f� �a�c�a�d�e�m�i�c�,� �b�u�s�i�n�e�s�s�,� �a�n�d� 

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

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

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

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

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

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

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

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

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

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

�2�.�4�.�3�.�1� �S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n� 

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

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

�w�i�t�h� �t�h�e� �w�o�r�k� �o�f� �B�o�g�e�r� �a�n�d� �L�i�a�o� �[�8�]� �i�n� �t�h�e�i�r� �r�e�s�e�a�r�c�h� �i�n�t�o� 

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

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

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

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

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

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

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

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

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

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

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

�e�x�i�s�t�i�n�g� �i�n� �a�n� �a�n�a�l�y�z�a�b�l�e� �(�i�.�e�.�,� �c�o�n�s�i�s�t�e�n�t� �a�n�d� �c�o�m�p�a�r�a�b�l�e�)� 

�f�o�r�m�.� �[�8�]� �A�n�o�t�h�e�r� �c�o�n�t�r�i�b�u�t�i�n�g� �f�a�c�t�o�r� �i�s� �t�h�a�t� �f�r�e�q�u�e�n�t�l�y� �a� 

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

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

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

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

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

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

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

�S�t�a�g�e� �[�1�0�]� �o�r� �w�h�i�l�e� �t�h�e� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �p�r�e�l�i�m�i�n�a�r�y� 

�s�y�s�t�e�m� �d�e�s�i�g�n�s� �a�r�e� �s�t�i�l�l� �e�v�o�l�v�i�n�g� �[�1�5�]�.� �"�T�h�e� �i�n�f�o�r�m�a�t�i�o�n� 

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

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

�o�n� �t�h�e� �o�t�h�e�r�.�"� �[�1�7�]� 

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

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

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

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

�s�c�a�l�i�n�g� �f�a�c�t�o�r�s� �f�o�r�:� 

�O� �P�r�o�g�r�a�m� �t�y�p�e� �(�d�e�v�e�l�o�p�m�e�n�t�,� �p�r�o�d�u�c�t� �i�m�p�r�o�v�e�m�e�n�t�,� 

�n�o�n�-�d�e�v�e�l�o�p�m�e�n�t�a�l� �i�t�e�m�)� 

�o�O� �S�u�p�p�o�r�t� �c�o�n�c�e�p�t� �(�o�r�g�a�n�i�c�,� �c�o�m�m�e�r�c�i�a�l�,� �i�n�t�e�r�i�m�)� 

�o�O� �S�y�s�t�e�m� �t�y�p�e� �(�e�l�e�c�t�r�i�c�a�l�,� �m�e�c�h�a�n�i�c�a�l�)� 

�o�O� �N�u�m�b�e�r� �o�f� �L�S�A� �c�a�n�d�i�d�a�t�e�s� 

�o�O� �C�o�m�p�l�e�x�i�t�y� �(�l�o�w�,� �a�v�e�r�a�g�e�,� �h�i�g�h�)� 

�O� �L�i�f�e� �c�y�c�l�e� �p�h�a�s�e� �(�p�r�e�-�c�o�n�c�e�p�t�,� �c�o�n�c�e�p�t�,� 

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

�p�r�o�d�u�c�t�i�o�n�)� 

�A�l�t�h�o�u�g�h� �o�r�g�a�n�i�z�a�t�i�o�n�a�l�l�y�,� �L�S�A� �i�s� �f�r�e�q�u�e�n�t�l�y� �c�o�n�s�i�d�e�r�e�d� �a�n� 

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

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

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

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

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

�c�o�s�t�s� �b�y� �p�h�a�s�e�,� �s�u�b�s�y�s�t�e�m�,� �a�n�d� �f�u�n�c�t�i�o�n� �[�3�9�]�.� �T�h�i�s� �i�s� 

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �5�.� 

�2�.�4�.�3�.�2� �D�e�s�i�g�n� �t�o� �C�o�s�t� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�e�v�a�l�u�a�t�i�o�n�s� �o�f� �t�h�e�i�r� �d�e�s�i�g�n�s� �i�n� �a� �c�o�n�c�u�r�r�e�n�t� �e�n�g�i�n�e�e�r�i�n�g� 
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�e�n�v�i�r�o�n�m�e�n�t�.� �A� �d�e�s�i�g�n�e�r� �c�o�m�m�i�t�s� �7�5�-�8�5�%� �o�f� �t�h�e� �e�v�e�n�t�u�a�l� 

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

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

�t�h�e�i�r� �d�e�s�i�g�n�s� �o�n� �a� �c�o�s�t� �b�a�s�i�s�.� �[�1�2�]� 

�2�.�4�.�3�.�3� �O�t�h�e�r� �U�s�e�s� �o�f� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n� �a�n�d� �M�o�d�e�l�i�n�g� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �u�s�e� �i�n� �q�u�o�t�a�t�i�o�n�s� �a�n�d� �D�T�C�,� �o�t�h�e�r� �p�u�r�p�o�s�e�s� 

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

�B�i�d�/�n�o� �b�i�d� �d�e�c�i�s�i�o�n�s�.� �D�e�s�p�i�t�e� �t�h�e� �l�a�c�k� �o�f� �p�r�e�c�i�s�i�o�n�,� �t�h�e� 

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

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

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

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

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

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

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

�s�y�s�t�e�m� �d�e�s�i�g�n�s� �a�r�e� �i�n� �a� �c�o�n�s�t�a�n�t� �s�t�a�t�e� �o�f� �f�l�u�x�.�"� �[�1�5�]� �M�o�d�e�l�s� 

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

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

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

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

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

�p�r�o�g�r�e�s�s�e�s�.� �E�s�t�i�m�a�t�e�s� �t�o� �c�o�m�p�l�e�t�e� �(�E�T�C�)� �/�e�s�t�i�m�a�t�e�s� �a�t� 

�c�o�m�p�l�e�t�i�o�n� �(�E�A�C�)� �b�e�c�o�m�e� �a�n� �i�t�e�r�a�t�i�o�n� �o�f� �c�o�s�t� �r�i�s�k �� �a�n�a�l�y�s�i�s�,� 

�n�o�t� �a�n� �i�t�e�r�a�t�i�o�n� �o�f� �t�h�e� �b�o�t�t�o�m�-�u�p� �e�s�t�i�m�a�t�e�.� �[�1�4�]� �T�h�i�s� �c�a�n� �a�i�d� 
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�i�n� �e�a�r�l�y� �d�e�t�e�c�t�i�o�n� �o�f� �p�o�t�e�n�t�i�a�l� �c�o�s�t� �p�r�o�b�l�e�m�s� �l�a�t�e�r� �o�n� �i�n� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t�.� 

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

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

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

�i�m�p�a�c�t� �t�o� �t�h�e� �b�a�s�i�c� �c�o�n�t�r�a�c�t�.� �[�1�5�]� 

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

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

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

�R�e�a�s�o�n�a�b�l�e�n�e�s�s� �c�h�e�c�k�s�.� �M�o�d�e�l� �r�e�s�u�l�t�s� �c�a�n� �b�e� �u�s�e�d� �a�s� �a� 

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

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

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

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

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

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

�o�v�e�r�l�o�o�k�e�d�"�.� �[�2�4�]� 

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

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

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

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

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

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

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

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

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

�t�h�e� �i�t�e�m� �b�e�i�n�g� �o�f�f�e�r�e�d�.� 

�S�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�e�s�.� �A�n�o�t�h�e�r� �a�d�v�a�n�t�a�g�e� �i�s� �t�h�e� 

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

�d�e�t�e�r�m�i�n�i�n�g� �f�a�c�t�o�r�s�.� �[�2�4�]� 

�2�.�5� �T�o�o�l�s� �A�v�a�i�l�a�b�l�e� 

�A� �r�e�v�i�e�w� �o�f� �t�h�e� �a�u�t�o�m�a�t�e�d� �(�c�o�m�p�u�t�e�r� �b�a�s�e�d�)� �c�o�s�t� 

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

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

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

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

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

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

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

�d�e�v�e�l�o�p�m�e�n�t� �c�o�s�t�s� �i�n�c�l�u�d�e� �P�R�I�C�E�-�S�,� �S�L�I�M�,� �S�E�E�R�,� �C�O�C�O�M�O�,� 

�E�s�t�i�m�a�c�s�,� �B�e�f�o�r�e� �Y�o�u� �L�e�a�p� �(�B�Y�L�)�,� �S�P�Q�R�/�2�0�,� �B�I�S�/�E�s�t�i�m�a�t�o�r�,� �F�A�S�T�-� 

�E�,� �S�y�s�t�e�m�-�3�,� �a�n�d� �S�O�F�T�C�O�S�T�-�R�.� �S�o�m�e� �o�f� �t�h�e�s�e� �u�s�e� �s�o�f�t�w�a�r�e� �l�i�n�e�s� 

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

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

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

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

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

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

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

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

�(�C�S�C�I�)� �t�e�s�t�i�n�g�.� 

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

�t�h�o�s�e� �f�o�r� �s�o�f�t�w�a�r�e�.� �P�R�I�C�E�-�H� �a�n�d� �S�E�E�R�-�H�,� �P�R�I�C�E�-�H�L�,� �a�n�d� �P�R�I�C�E�-�M� 

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

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

�C�A�D�/�C�A�M� �t�o�o�l�s� �i�n�c�l�u�d�e� �s�o�m�e� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �c�a�p�a�b�i�l�i�t�i�e�s� �a�n�d� 

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

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

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

�I�n� �t�h�e� �I�L�S� �a�r�e�a�,� �t�o�o�l�s� �s�u�c�h� �a�s� �C�A�S�A�,� �L�C�C�C�,� �E�D�C�A�S�,� 

�L�o�g�T�o�o�l�S�e�t�,� �O�S�A�M�M�,� �O�R�L�A�,� �a�n�d� �o�t�h�e�r�s� �a�r�e� �a�v�a�i�l�a�b�l�e�.� �T�h�e�s�e� 

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

�c�y�c�l�e� �c�o�s�t�,� �s�p�a�r�e�/�r�e�p�a�i�r� �c�o�s�t�s�,� �L�S�A� �t�a�s�k�s�,� �a�n�d� �f�o�r� �o�p�t�i�m�i�z�i�n�g� 

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

�o�v�e�r�l�a�p� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �t�h�e� �I�L�S� �a�n�d� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� 

�f�u�n�c�t�i�o�n�s�.� 

�2�.�6� �A�n� �E�a�r�l�y� �P�a�r�a�m�e�t�r�i�c� �M�e�t�h�o�d� 

�I�n� �1�9�7�1�,� �S�i�l�v�e�r� �[�4�0�]� �d�e�s�c�r�i�b�e�d� �a� �t�e�c�h�n�i�q�u�e� �f�o�r� �e�s�t�i�m�a�t�i�n�g� 

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

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

�1�)� �P�r�e�p�a�r�e� �W�B�S� �f�o�r� �n�e�w� �p�r�o�g�r�a�m�.� �A�s� �f�a�r� �a�s� �p�o�s�s�i�b�l�e�,� 

�p�a�t�t�e�r�n� �i�t� �a�f�t�e�r� �t�h�e� �e�x�i�s�t�i�n�g�/�s�t�a�n�d�a�r�d� �W�B�S�.� 

�2�)� �D�o�c�u�m�e�n�t� �s�y�s�t�e�m�/�p�r�o�g�r�a�m� �d�i�f�f�e�r�e�n�c�e�s�.� �A�n� �e�n�g�i�n�e�e�r� 

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

�s�p�e�c�i�a�l�i�s�t� �d�o�c�u�m�e�n�t�e�d� �s�c�o�p�e� �c�h�a�n�g�e�s� �i�n� �L�O�E� �t�a�s�k�s�.� 

�3�)� �I�d�e�n�t�i�f�y�/�s�e�l�e�c�t� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �e�a�c�h� �t�a�s�k�.� 

�4�)� �C�r�e�a�t�e� �f�a�c�t�o�r�s� �f�o�r� �e�a�c�h� �p�a�r�a�m�e�t�e�r�,� �w�i�t�h� �a�s�s�o�c�i�a�t�e�d� 

�w�e�i�g�h�t�s�.� 

�5�)� �S�c�o�r�e� �e�a�c�h� �f�a�c�t�o�r� �f�o�r� �e�a�c�h� �t�a�s�k� �(�r�e�l�a�t�i�v�e� �t�o� �t�h�e� 

�b�a�s�e�l�i�n�e�,� �i�n� �w�h�i�c�h� �=� �1�0�0� �p�o�i�n�t�s�)� �a�n�d� �m�u�l�t�i�p�l�y� �b�y� �w�e�i�g�h�t�.� 

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

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

�j�u�d�g�m�e�n�t�s� �o�f� �e�x�p�e�r�t�s�)�.� 

�7�)� �A�p�p�l�y� �u�n�i�v�e�r�s�a�l� �p�a�r�a�m�e�t�e�r�s� �(�i�.�e�.�,� �n�o�r�m�a�l�i�z�e� �f�o�r� �i�n�d�e�x�,� 

�q�u�a�n�t�i�t�y�,� �t�e�c�h�n�o�l�o�g�y�,� �e�t�c�)�.� 

�A�l�t�h�o�u�g�h� �t�h�i�s� �t�e�c�h�n�i�q�u�e� �w�a�s� �d�e�s�c�r�i�b�e�d� �o�v�e�r� �2�0� �y�e�a�r�s� �a�g�o� �f�o�r� 

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

�t�o�d�a�y�.� 

�4�2



�C�h�a�p�t�e�r� �3� 

�3�.�0� �R�e�s�e�a�r�c�h� 

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

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

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

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

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

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

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

�e�n�g�i�n�e�e�r�i�n�g� �c�o�s�t�s�.� 

�3�.�1� �C�o�s�t� �E�s�t�i�m�a�t�i�n�g� �P�r�a�c�t�i�c�e�s� 

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

�e�s�t�i�m�a�t�i�o�n� �p�r�a�c�t�i�c�e�s�,� �a�n� �e�x�p�e�r�t� �q�u�e�s�t�i�o�n�n�a�i�r�e� �c�o�n�s�i�s�t�i�n�g� �o�f� �2�7� 

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

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

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

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

�U�n�i�t�e�d� �S�t�a�t�e�s� �a�n�d� �o�n�e� �i�n� �C�a�n�a�d�a�.� �A� �t�o�t�a�l� �o�f� �f�i�f�t�e�e�n� 

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

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

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

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

�s�e�c�t�i�o�n� �m�a�n�a�g�e�r� �w�i�t�h� �2�1� �y�e�a�r�s� �o�f� �e�x�p�e�r�i�e�n�c�e�,� �h�a�v�i�n�g� �w�o�r�k�e�d� �o�n� 
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�1�6� �d�i�f�f�e�r�e�n�t� �p�r�o�g�r�a�m�s� �a�n�d� �h�a�v�i�n�g� �p�r�e�p�a�r�e�d� �6�3� �q�u�o�t�a�t�i�o�n� 

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

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

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

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

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

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

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

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

�(�w�i�t�h� �9�3�%� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �c�i�t�i�n�g� �t�h�i�s� �m�e�t�h�o�d�)� �a�n�d� �l�e�v�e�l� �o�f� 

�e�f�f�o�r�t� �(�w�i�t�h� �8�7�%� �u�s�a�g�e�)�.� �M�o�s�t� �(�5�5�%�)� �f�o�u�n�d� �t�h�e�i�r� �e�s�t�i�m�a�t�e�s� �t�o� 

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

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

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

�e�n�g�i�n�e�e�r�i�n�g� �e�s�t�i�m�a�t�e�s�.� �I�n� �t�h�e� �f�i�v�e� �y�e�a�r�s� �s�i�n�c�e� �t�h�e�s�e� 

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

�e�s�t�i�m�a�t�e�.� 

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

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

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

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

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

�T�h�i�s� �a�p�p�e�a�r�s� �t�o� �b�e� �a� �"�C�a�t�c�h�-�2�2�"� �s�i�t�u�a�t�i�o�n�.� �T�h�e� �l�a�c�k� �o�f� 

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

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

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

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

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

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

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

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

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

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

�A� �m�a�j�o�r�i�t�y� �(�7�9�%�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e�y� �h�a�d� �e�x�p�e�r�i�e�n�c�e�d� �s�i�t�u�a�t�i�o�n�s� 

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

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

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

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

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

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

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

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

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

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

�t�h�e�m�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�f�i�r�s�t� �t�o� �b�e� �c�u�t�.� 

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

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

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

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

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

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

�m�o�d�e�l�,� �m�a�n�y� �a�d�d�e�d� �r�e�m�a�r�k�s� �e�v�i�d�e�n�c�i�n�g� �a� �"�w�a�i�t� �a�n�d� �_� �s�e�e�"� 

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

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

�e�s�t�a�b�l�i�s�h�e�d�.� 

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

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

�c�h�e�c�k�s�,� �e�a�r�l�y� �R�O�M� �e�s�t�i�m�a�t�e�s�,� �f�e�a�s�i�b�i�l�i�t�y� �a�s�s�e�s�s�m�e�n�t�s�,� 

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

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

�e�s�t�i�m�a�t�e�.� 

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

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

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

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

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

�t�h�e� �s�t�r�u�c�t�u�r�e� �s�h�o�u�l�d� �p�o�s�s�e�s�s�.� �S�o�m�e� �f�e�l�t� �t�h�a�t� �t�h�e� �s�a�m�p�l�e� �W�B�S� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�p�r�e�c�e�d�e�d� �a� �p�r�o�g�r�a�m�.� 

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

�p�r�a�c�t�i�c�e�s� �o�f� �o�t�h�e�r� �c�o�r�p�o�r�a�t�i�o�n�s�;� �h�o�w�e�v�e�r�,� �t�h�o�s�e� �t�h�a�t� �w�e�r�e� 

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

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

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

�g�e�n�e�r�a�l�i�z�a�t�i�o�n�.� 

�3�.�2� �E�v�a�l�u�a�t�i�o�n� �o�f� �H�i�s�t�o�r�i�c�a�l� �D�a�t�a� 

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

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

�b�e�t�w�e�e�n� �1�9�8�0� �a�n�d� �1�9�9�0� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �a�n�a�l�y�z�e�d�.� �P�r�o�g�r�a�m�s� 

�e�v�a�l�u�a�t�e�d� �r�a�n�g�e�d� �i�n� �s�i�z�e� �f�r�o�m� �$�1�.�9�M� �t�o� �$�2�9�.�7�M�,� �c�o�n�s�i�s�t�i�n�g� �o�f� 

�a� �S�i�n�g�l�e� �e�q�u�i�p�m�e�n�t� �i�t�e�m� �u�p� �t�o� �2�0�8� �r�a�c�k�s� �o�f� �e�q�u�i�p�m�e�n�t�,� �a�n�d� �f�r�o�m� 

�O� �t�o� �1�6�5�K� �l�i�n�e�s� �o�f� �n�e�w� �s�o�f�t�w�a�r�e� �c�o�d�e�.� �A�l�l� �w�e�r�e� �c�o�m�p�u�t�e�r� �b�a�s�e�d� 

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

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

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

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

�w�e�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �m�o�r�e� �s�o�f�t�w�a�r�e� �i�n�t�e�n�s�i�v�e�;� �h�o�w�e�v�e�r�,� �s�o�m�e� 

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

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

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

�w�o�r�k� �b�r�e�a�k�d�o�w�n� �s�t�r�u�c�t�u�r�e� �(�W�B�S�)� �f�o�r� �t�h�e� �p�r�o�g�r�a�m�,� �t�h�e� �W�B�S� 

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

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

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

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

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

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

�A�p�p�e�n�d�i�x� �D�.� 

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

�d�a�t�a�,� 

�b�e�l�o�w�:� 

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

�L�a�c�k� �o�f� �c�o�n�s�i�s�t�e�n�c�y� �i�n� �c�o�s�t� �s�t�r�u�c�t�u�r�e�s� �u�s�e�d� �b�e�t�w�e�e�n� 

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

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

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

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

�w�e�r�e� �n�o�n�-�c�o�m�p�a�r�a�b�l�e�.� 

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

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

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

�l�e�v�e�l�,� �b�u�t� �"�m�a�n�a�g�e�d�"� �a�t� �a� �h�i�g�h�e�r� �l�e�v�e�l� �(�e�l�e�m�e�n�t�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�c�o�d�e� �(�S�L�O�C�)�,� �h�a�r�d�w�a�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �i�t�e�m�s� �(�H�W�C�I�s�)�,� 

�e�t�c�.� 

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

�s�o�m�e� �c�a�s�e�s�,� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �t�h�e�m�s�e�l�v�e�s� �w�e�r�e� 

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

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

�d�o�c�u�m�e�n�t�s� �(�s�u�c�h� �a�s� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�)� �i�n� �w�h�i�c�h� �m�a�n�y� �o�f� 

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

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

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

�v�a�l�u�e�s�.� 

�M�a�n�y� �k�e�y� �p�e�r�s�o�n�n�e�l� �a�s�s�i�g�n�e�d� �t�o� �p�a�s�t� �p�r�o�g�r�a�m�s� �a�r�e� �n�o� 

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

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

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

�p�r�o�g�r�a�m�/�s�y�s�t�e�m� �p�a�r�a�m�e�t�e�r�s�.� 

�U�s�e� �o�f� �g�e�n�e�r�i�c� �s�t�y�l�e� �W�B�S� �e�l�e�m�e�n�t� �d�e�s�c�r�i�p�t�i�o�n�s�.� 

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

�b�r�i�e�f� �e�n�t�r�y� �i�n� �t�h�e� �W�B�S� �d�i�c�t�i�o�n�a�r�y� �w�h�a�t� �s�p�e�c�i�f�i�c� 
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�1�0�.� 

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

�c�o�s�t� �e�l�e�m�e�n�t�.� 

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

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

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

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

�l�e�v�e�l� �e�n�g�i�n�e�e�r�i�n�g� �e�f�f�o�r�t�.� 

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

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

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

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

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

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

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

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

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

�e�x�i�s�t�e�d� �i�n� �a�r�c�h�i�v�e�s�,� �a�n�d� �t�h�i�s� �w�a�s� �l�o�c�a�t�e�d� �i�n� �a�n� 

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

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

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

�N�o� �m�a�s�t�e�r� �c�r�o�s�s�-�r�e�f�e�r�e�n�c�e� �o�f� �j�o�b�s� �t�o� �a�c�c�o�u�n�t� 

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

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

�A�c�c�o�u�n�t�i�n�g� �O�r�d�e�r� �(�A�O�)� �n�u�m�b�e�r� �w�a�s� �n�e�e�d�e�d�.� �T�o� �o�b�t�a�i�n� 

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

�1�2�.� 

�1�3�.� 

�1�4�.� 

�t�i�t�l�e� �w�a�s� �n�e�e�d�e�d�.� �I�t� �w�a�s� �d�i�f�f�i�c�u�l�t� �t�o� �l�i�n�k� �A�O� 

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

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

�v�a�l�u�e�s�.� �A�t� �o�n�e� �p�o�i�n�t�,� �a� �S�e�n�i�o�r� �E�n�g�i�n�e�e�r� �w�h�o� �h�a�d� 

�b�e�e�n� �c�l�a�s�s�i�f�i�e�d� �a�s� �a� �l�e�v�e�l� �3� �w�a�s� �c�h�a�n�g�e�d� �t�o� �a� �l�e�v�e�l� 

�2�.� �A�f�t�e�r� �t�h�i�s� �p�o�i�n�t�,� �t�h�e� �r�a�t�i�o� �o�f� �l�e�v�e�l� �2� �t�o� �l�e�v�e�l� 

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

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

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

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

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

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

�e�n�g�i�n�e�e�r�i�n�g�/�d�e�f�i�n�i�t�i�o�n� �a�n�d� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �a�n� 

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

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

�(�N�o�t�e� �t�h�a�t� �p�e�r� �M�I�L�-�S�T�D�-�8�8�1�,� �e�n�g�i�n�e�e�r�i�n�g� �d�a�t�a� �i�s� 

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

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

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

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

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

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

�o�l�d�e�r� �p�r�o�g�r�a�m�s�.� 

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

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

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

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

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

�L�i�a�o� �[�8�]�,� �w�h�o� �p�e�r�f�o�r�m�e�d� �a� �s�i�m�i�l�a�r� �s�t�u�d�y� �c�o�n�c�e�r�n�i�n�g� �n�o�n�-� 

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

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

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

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

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

�v�a�r�i�a�b�l�e�s�,� �a�n�d� �W�B�S�s� �w�h�i�c�h� �d�o� �n�o�t� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �r�e�c�u�r�r�i�n�g� 

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

�a�l�s�o� �p�r�e�v�i�o�u�s�l�y� �b�e�e�n� �r�e�c�o�g�n�i�z�e�d�.� �[�3�7�]� �A� �n�u�m�b�e�r� �o�f� �p�r�o�g�r�a�m�s� 

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

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

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

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

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

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

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

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

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

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

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

�a�b�o�v�e�,� �w�i�t�h� �o�n�e� �e�x�c�e�p�t�i�o�n�,� �i�t� �w�a�s� �n�o�t� �p�o�s�s�i�b�l�e� �t�o� �c�o�m�p�i�l�e� 

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

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

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

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

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

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

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

�e�n�g�i�n�e�e�r�i�n�g� �c�o�n�t�e�n�t�.� �N�o�t�e� �a�l�s�o� �t�h�a�t� �L�S�A� �a�n�d� �L�C�C�A� �v�a�l�u�e�s� �a�r�e� 

�s�u�m�m�e�d� �i�n�t�o� �t�h�e� �I�L�S� �l�i�n�e� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� 

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

�e�n�g�i�n�e�e�r�i�n�g� �g�r�o�u�p�.� 

�A�t� �t�h�i�s� �p�o�i�n�t�,� �t�o�t�a�l� �l�a�b�o�r� �h�o�u�r�s� �w�e�r�e� �u�s�e�d�.� �N�o� �a�t�t�e�m�p�t� 

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

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

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

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

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

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

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

�e�x�a�m�p�l�e�,� �l�e�v�e�l� �3� �e�n�g�i�n�e�e�r�)� �a�n�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �o�t�h�e�r� �l�e�v�e�l�s� 

�b�a�s�e�d� �o�n� �a� �r�a�t�i�o�.� 

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

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

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

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

�c�o�l�l�e�c�t�i�o�n� �f�o�r�m�s� �b�a�s�e�d� �o�n� �t�h�e� �w�o�r�k� �o�f� �F�a�d� �[�1�4�]� �w�h�i�c�h� �i�n�d�i�c�a�t�e�d� 

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

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

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

�i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n�,� �2�)� �t�h�e� �i�n�t�e�r�v�i�e�w�e�r� �w�a�s� 

�a�v�a�i�l�a�b�l�e� �t�o� �c�l�a�r�i�f�y� �t�h�e� �i�n�t�e�n�t� �o�r� �c�o�n�s�t�r�a�i�n�t�s� �o�f� �t�h�e� 
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�q�u�e�s�t�i�o�n�s�,� �a�n�d� �3�)� �i�t� �e�n�s�u�r�e�d� �t�h�a�t� �t�h�e� �d�a�t�a� �w�a�s� �p�r�o�v�i�d�e�d� �w�h�e�n� 

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

�f�o�r�g�o�t�t�e�n�.� �E�v�e�n� �s�o�,� �t�h�e� �a�n�s�w�e�r�s� �t�o� �s�o�m�e� �q�u�e�s�t�i�o�n�s� �w�e�r�e� �n�o�t� 

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

�l�a�t�e�r� �t�i�m�e�.� 

�T�h�e� �f�o�r�m� �u�s�e�d� �b�y� �t�h�e� �i�n�t�e�r�v�i�e�w�e�r� �i�s� �p�r�o�v�i�d�e�d� �i�n� �A�p�p�e�n�d�i�x� 

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

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

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

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

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

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

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

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

�v�i�a�b�l�e� �p�a�r�a�m�e�t�r�i�c� �C�E�R� �m�o�d�e�l�s� �f�o�r� �n�o�n�r�e�c�u�r�r�i�n�g� �c�o�s�t�s�.�"� �[�8�]� 

�T�a�b�l�e� �3� �p�r�e�s�e�n�t�s� �t�h�e� �m�a�j�o�r� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �t�e�n� 

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

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

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

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

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

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

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

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

�r�e�g�r�e�s�s�i�o�n� �a�g�a�i�n�s�t� �s�m�a�l�l� �s�e�t�s� �o�f� �(�2�-�3�)� �p�a�r�a�m�e�t�e�r�s�;� �h�o�w�e�v�e�r�,� �a� 
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�T�a�b�l�e� �3�.� �P�r�o�g�r�a�m� �P�a�r�a�m�e�t�e�r� �M�a�t�r�i�x� 

�Q�U�E�S� �P�A�R�A�M�E�T�E�R� �V�A�L�U�E�S� 
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�N�o�t�e�:� �L�e�t�t�e�r�s� �r�e�f�e�r� �t�o� �c�h�o�i�c�e�(�s�)� �f�r�o�m� �f�o�r�m�,� �r�e�a�d� �f�r�o�m� �t�o�p� �t�o� �b�o�t�t�o�m�,� �t�h�e�n� �l�e�f�t� �t�o� �r�i�g�h�t�.� 
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�S�L�O�C� 
�X�-�A�X�I�S� �=� �S�O�F�T�W�A�R�E� �L�I�N�E�S� �O�F� �C�O�D�E� �(�1�0�0�0� �L�O�C�)� 
�Y�-�A�X�I�S� �=� �E�F�F�O�R�T� �(�M�H�)� 

�F�i�g�u�r�e� �6�.� �C�o�r�r�e�l�a�t�i�o�n� �o�f� �C�o�s�t� �t�o� �L�i�n�e�s� �o�f� �C�o�d�e� 
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�v�a�r�i�a�b�l�e�s�.� �C�o�r�r�e�l�a�t�i�o�n� �c�o�u�l�d� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �o�n� �a�g�r�o�s�s� �l�e�v�e�l� 

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

�c�o�s�t�/�e�f�f�o�r�t� �v�e�r�s�u�s� �p�a�r�a�m�e�t�e�r�.� �F�i�g�u�r�e� �6� �i�s� �a�n� �e�x�a�m�p�l�e� �o�f� �s�u�c�h� 

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

�s�p�e�c�i�f�i�c�a�t�i�o�n� �c�o�s�t�s� �v�e�r�s�u�s� �n�e�w� �S�L�O�C� �f�o�r� �a�p�p�l�i�c�a�b�l�e� �p�r�o�g�r�a�m�s� 

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

�a�p�p�r�o�x�i�m�a�t�i�o�n�.� 

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

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

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

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

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

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

�i�s� �p�r�e�m�a�t�u�r�e� �a�t� �t�h�i�s� �t�i�m�e�.� 

�3�.�3� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �P�o�t�e�n�t�i�a�l� �C�o�s�t� �D�r�i�v�e�r�s� 

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

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

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

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

�"�P�i�c�k�i�n�g� �t�h�o�s�e� �p�a�r�t�i�c�u�l�a�r� �v�a�r�i�a�b�l�e�s� �w�h�i�c�h� �c�a�n� �p�r�e�c�i�s�e�l�y� 

�m�e�a�s�u�r�e� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �a� �(�)� �s�y�s�t�e�m� �i�s� �a� �d�i�f�f�i�c�u�l�t� �t�a�s�k�.�"� 

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

�f�o�l�l�o�w�i�n�g�:� 

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

�[�8�]� 

�o� �L�e�v�e�l� �o�f� �r�i�s�k� �d�u�e� �t�o� �t�e�c�h�n�i�c�a�l� �a�d�v�a�n�c�e�m�e�n�t� �[�8�]� 

�o� �W�h�e�t�h�e�r� �t�h�e� �p�r�o�g�r�a�m� �i�s� �j�o�i�n�t� �o�r� �s�i�n�g�l�e� �s�e�r�v�i�c�e� �[�8�]� 

�o� �W�h�e�t�h�e�r� �t�h�e� �s�y�s�t�e�m� �i�s� �s�i�n�g�l�e� �o�r� �m�u�l�t�i� �p�u�r�p�o�s�e� �[�8�]� 

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

�p�r�o�d�u�c�t�i�o�n� �r�a�t�e�/�p�r�o�d�u�c�t�i�v�i�t�y� �[�8�]� 
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�o� �N�u�m�b�e�r� �o�f� �c�o�m�p�o�n�e�n�t�s�,� �t�e�c�h�n�o�l�o�g�y� �a�s�s�u�m�p�t�i�o�n�s�,� �a�n�d� 

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

�p�a�c�k�a�g�i�n�g� �[�4�6�]� 

�o� �L�e�v�e�l� �o�f� �u�s�e�,� �d�e�g�r�e�e� �o�f� �i�n�h�e�r�i�t�a�n�c�e�,� �a�m�o�u�n�t� �o�f� �R�&�D�,� 

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

�l�o�c�a�t�i�o�n� �[�3�9�]� 

�o� �S�t�a�t�e� �o�f� �d�e�v�e�l�o�p�m�e�n�t�/�m�a�t�u�r�i�t�y� �l�e�v�e�l� �[�1�5�]� 

�o� �P�r�o�c�e�s�s� �f�l�o�w� �[�1�7�]� 

�o� �W�e�i�g�h�t�,� �s�i�z�e�,� �r�e�l�i�a�b�i�l�i�t�y�,� �i�n�t�e�g�r�a�t�i�o�n� 

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

�r�e�q�u�i�r�e�m�e�n�t�s�,� �f�u�n�c�t�i�o�n�/�m�i�s�s�i�o�n�,� �t�e�c�h�n�o�l�o�g�y� �[�4�0�]� 

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

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

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

�c�o�n�s�i�d�e�r�a�t�i�o�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�s�e� �i�n�t�e�r�a�c�t�i�o�n�s�.� �S�i�z�e� �i�n� 

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

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

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

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

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

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

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

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

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

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

�H�W�C�I�s�;� �s�i�m�i�l�a�r�i�t�y� �w�i�t�h� �p�r�e�v�i�o�u�s� �j�o�b�s� �a�n�d� �e�x�p�e�r�i�e�n�c�e� �l�e�v�e�l� �o�f� 

�t�h�e� �t�e�a�m�;� �a�n�d� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �S�O�W�/�s�p�e�c�i�f�i�c�a�t�i�o�n� �r�e�c�e�i�v�e�d� 

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

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

�F�r�o�m� �t�h�i�s� �s�a�m�e� �m�a�t�r�i�x� �c�a�n� �b�e� �a�s�c�e�r�t�a�i�n�e�d� �w�h�i�c�h� �a�c�t�i�v�i�t�i�e�s� 

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

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

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

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

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

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

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

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

�t�h�e�s�e� �i�t�e�m�s�.� 

�W�h�e�n� �a�s�k�e�d� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �t�a�s�k�s�/�a�c�t�i�v�i�t�i�e�s� �w�h�i�c�h� �c�o�s�t� 

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

�f�o�l�l�o�w�i�n�g�:� 

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

�O�o� �S�p�e�c�i�f�i�c�a�t�i�o�n� �d�e�v�e�l�o�p�m�e�n�t�/�d�o�c�u�m�e�n�t�a�t�i�o�n� 

�o� �T�e�s�t� �p�e�r�f�o�r�m�a�n�c�e� 

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

�p�r�o�t�o�t�y�p�i�n�g�)� 

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

�o� �I�n�t�e�g�r�a�t�i�o�n� 

�o� �R�e�v�i�e�w�s� �a�n�d� �a�u�d�i�t�s� 

�o� �P�l�a�n�n�i�n�g�,� �m�o�n�i�t�o�r�i�n�g�,� �a�n�d� �c�o�n�t�r�o�l� 

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

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

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

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

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

�c�o�s�t�s�:� 

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

�o� �I�n�t�e�g�r�a�t�i�o�n� �a�n�d� �t�e�s�t� 

�o� �D�o�c�u�m�e�n�t�a�t�i�o�n� 

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

�N�o�t�e� �t�h�a�t� �e�l�i�m�i�n�a�t�i�n�g� �P�r�o�g�r�a�m� �B� �(�w�h�i�c�h� �w�a�s� �a�n� �a�n�a�l�y�s�i�s� �a�n�d� 

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

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

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

�g�r�o�u�p�e�d�.� 
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�C�h�a�p�t�e�r� �4� 

�4�.�0� �M�o�d�e�l� �E�v�a�l�u�a�t�i�o�n� 

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

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

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

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

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

�t�o�o�l� �m�a�y� �b�e� �g�e�n�e�r�a�t�e�d�.� 

�4�.�1� �A�p�p�l�i�c�a�b�i�l�i�t�y� �C�o�m�p�a�r�i�s�o�n� 

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

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

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

�C�h�a�p�t�e�r� �2� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.� �T�h�e� �c�u�r�r�e�n�t� �g�r�a�s�s� �r�o�o�t�s� 

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

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

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

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

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

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

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

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

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

�m�a�t�r�i�x� �o�f� �T�a�b�l�e� �5�.� �I�n� �t�h�i�s� �a�s�s�e�s�s�m�e�n�t�,� �s�i�m�i�l�a�r� �t�y�p�e�s� �o�f� 

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

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

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

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

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

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

�o�r�d�e�r�i�n�g�:� 

�o� �A�n�a�l�o�g�y� 

�O�o� �P�a�r�a�m�e�t�r�i�c� 

�o� �G�r�a�s�s� �R�o�o�t�s�/�S�i�m�u�l�a�t�i�o�n� 

�o� �H�e�u�r�i�s�t�i�c� 

�o� �G�o�a�l� �P�r�o�g�r�a�m�m�i�n�g� 

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

�m�e�t�h�o�d�s�.� 

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

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

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

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

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

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

�p�r�o�c�e�s�s� �p�h�a�s�e�.� 

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

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

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

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

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

�a�p�p�l�i�e�d� �t�o� �t�h�e� �n�e�w� �p�r�o�j�e�c�t�.� 

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

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

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

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

�s�y�s�t�e�m�/�p�r�o�g�r�a�m�.� �"�B�a�s�e�d� �o�n� �m�y� �e�x�p�e�r�i�e�n�c�e�,� �I ��d� �s�a�y� �t�h�a�t� �t�h�i�s� 

�j�o�b� �i�s� �a�b�o�u�t� �1� �1�/�2� �t�i�m�e�s� �a�s� �c�o�m�p�l�e�x� �a�s� �o�u�r� �l�a�s�t� �o�n�e�.�"� �T�h�e� 

�c�o�m�p�l�e�x�i�t�y� �f�a�c�t�o�r�,� �8�,� �i�s� �t�h�u�s� �a�s�c�e�r�t�a�i�n�e�d� �t�o� �b�e� �1�.�5� �a�c�r�o�s�s� �t�h�e� 

�b�o�a�r�d�.� 

�I�n� �o�t�h�e�r� �c�a�s�e�s�,� �8�&�8� �i�s� �d�e�t�e�r�m�i�n�e�d� �o�n� �a� �m�o�r�e� �o�b�j�e�c�t�i�v�e� �b�a�s�i�s� 

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

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

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

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

�I�n� �t�h�e� �b�e�s�t� �s�i�t�u�a�t�i�o�n�,� �8� �i�s� �m�a�t�h�e�m�a�t�i�c�a�l�l�y� �c�a�l�c�u�l�a�t�e�d� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�i�n�t�u�i�t�i�v�e�l�y� �m�a�k�e�s� �s�e�n�s�e�.� 

�M�c�N�e�i�l�l� �[�2�7�]�,� �h�o�w�e�v�e�r�,� �p�o�i�n�t�s� �o�u�t� �s�o�m�e� �p�o�t�e�n�t�i�a�l� �e�r�r�o�r�s� 

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

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

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

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

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

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

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

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

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

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

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

�c�o�s�t�s� �c�a�l�l�e�d� �t�h�e� �E�s�t�i�m�a�t�i�o�n� �D�e�c�i�s�i�o�n� �S�u�p�p�o�r�t� �S�y�s�t�e�m� �(�E�D�S�S�)� 

�d�e�v�e�l�o�p�e�d� �a�t� �I�m�p�e�r�i�a�l� �C�o�l�l�e�g�e�,� �U�K�,� �i�n�c�o�r�p�o�r�a�t�e�s� �a�n� �a�n�a�l�o�g�y� 

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

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

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

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

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

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

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

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

�e�x�t�e�n�s�i�v�e� �d�a�t�a�b�a�s�e� �i�s� �n�e�e�d�e�d�.� �T�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �E�D�S�S� �s�y�s�t�e�m� 

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

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

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

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

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

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

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

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

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

�p�r�o�p�o�r�t�i�o�n� �t�o� �s�i�z�e�.�"� �[�1�7�]� �O�f� �c�o�u�r�s�e�,� �t�h�e�s�e� �m�o�r�e� �c�o�m�p�l�i�c�a�t�e�d� 

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

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

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

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

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

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

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

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

�c�o�r�r�e�l�a�t�i�o�n� �m�e�a�s�u�r�e�s� �[�s�u�c�h� �a�s� �t�h�e� �R�*� �s�i�g�n�i�f�i�c�a�n�c�e� �t�e�s�t� �o�f� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�]�.� �N�e�x�t�,� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �p�a�r�a�m�e�t�e�r�s� �a�r�e� 

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

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

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

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

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

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

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

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

�e�x�p�r�e�s�s�i�o�n� �f�o�r� �t�h�i�s� �m�e�t�h�o�d� �i�s� �k�n�o�w�n� �a�s� �t�h�e� �C�E�R� �(�c�o�s�t� 

�e�s�t�i�m�a�t�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�)� �.�"� �[�3�9�]� 

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

�s�y�s�t�e�m�s� �[�1�5�]�,� �n�u�c�l�e�a�r� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s� �[�3�0�]�,� �e�l�e�v�a�t�o�r� 

�d�e�s�i�g�n� �[�2�3�]�,� �a�n�d� �f�o�r� �v�a�r�i�o�u�s� �a�s�s�e�m�b�l�e�d� �c�o�m�p�o�n�e�n�t�s� �o�r� �p�r�o�d�u�c�t�s� 

�[�1�2�]�.� �I�n� �r�e�c�e�n�t� �y�e�a�r�s�,� �t�h�e�i�r� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �a�r�e�a� �o�f� 

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

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

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

�a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �p�r�o�p�o�s�a�l� �q�u�o�t�e�s�.� �[�1�4�]� 

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

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

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

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

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

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

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

�e�s�t�i�m�a�t�e�s� �t�h�a�t� �a�r�e� �o�b�t�a�i�n�a�b�l�e� �w�i�t�h� �a� �m�o�d�e�l� �o�n�l�y�.�"� �[�2�4�]� �H�e� 

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

�(�a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�)� �s�i�n�c�e� �t�h�i�s� �v�a�l�u�e� �c�a�n�n�o�t� �b�e� �a�c�c�u�r�a�t�e�l�y� 

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

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

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

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

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

�p�a�r�a�m�e�t�e�r�s�.� 

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

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

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

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

�p�o�s�s�i�b�l�e�.�"� �[�8�]� 

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

�c�o�s�t�s� �i�n�t�o� �r�e�l�a�t�i�v�e�l�y� �h�o�m�o�g�e�n�e�o�u�s� �g�r�o�u�p�s� �o�f� �c�o�s�t� �i�t�e�m�s� �f�o�r� 

�d�a�t�a� �a�c�c�u�m�u�l�a�t�i�o�n� �p�u�r�p�o�s�e�s�.� �W�i�t�h� �a� �c�o�n�s�i�s�t�e�n�t� �d�a�t�a�b�a�s�e� �a�n�d� 

�r�e�l�a�t�i�v�e�l�y� �h�o�m�o�g�e�n�e�o�u�s� �c�o�s�t� �i�t�e�m�s�,� �a� �p�a�r�a�m�e�t�r�i�c� �m�o�d�e�l� �f�o�r� �e�a�c�h� 

�g�r�o�u�p� �m�a�y� �b�e� �c�o�n�s�t�r�u�c�t�e�d� �w�i�t�h� �a� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� 
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�o�b�s�e�r�v�a�t�i�o�n�s�,� �a� �t�y�p�i�c�a�l� �c�o�n�s�t�r�a�i�n�t� �i�n� �m�a�j�o�r� �w�e�a�p�o�n� �s�y�s�t�e�m�s� 

�c�o�s�t� �e�s�t�i�m�a�t�i�o�n�.�"� �[�8�]� 

�T�o� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �p�a�r�a�m�e�t�e�r�s� �s�e�v�e�r�a�l� �a�c�t�i�o�n�s� �c�a�n� �b�e� 

�t�a�k�e�n�.� �F�i�r�s�t�,� �a�n�a�l�y�s�e�s� �c�a�n� �b�e� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�r�o�o�t�(�s�)� �o�f� �e�a�c�h� �p�a�r�a�m�e�t�e�r� �s�o� �t�h�a�t� �o�n�l�y� �t�h�o�s�e� �w�i�t�h� �i�n�d�e�p�e�n�d�e�n�t� 

�r�o�o�t�s� �(�1�.�e�.�,� �t�h�o�s�e� �t�h�a�t� �a�r�e� �n�o�n�-�c�o�l�l�i�n�e�a�r�)� �a�r�e� �r�e�t�a�i�n�e�d�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �i�n� �t�h�e� �e�l�e�v�a�t�o�r� �p�r�o�b�l�e�m�,� �e�l�e�v�a�t�o�r� �t�r�a�v�e�l� �h�e�i�g�h�t�,� 

�n�u�m�b�e�r� �o�f� �f�l�o�o�r�s�,� �a�n�d� �e�l�e�v�a�t�o�r� �s�p�e�e�d� �a�r�e� �a�l�l� �f�u�n�c�t�i�o�n�s� �o�f� 

�b�u�i�l�d�i�n�g� �h�e�i�g�h�t� �a�n�d� �m�a�y� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �c�o�s�t� �e�q�u�a�t�i�o�n� �b�y� 

�t�h�i�s� �v�a�r�i�a�b�l�e�.� �[�2�3�]� �A� �s�e�c�o�n�d� �p�r�o�c�e�d�u�r�e� �i�n�v�o�l�v�e�s �� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �a� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� 

�p�a�r�a�m�e�t�e�r�s� �m�o�s�t� �S�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t� �c�o�s�t�,� �e�l�i�m�i�n�a�t�i�n�g� �t�h�o�s�e� 

�t�h�a�t� �d�o� �n�o�t�.� �T�h�i�s�,� �h�o�w�e�v�e�r�,� �i�s� �n�o�t� �a� �t�r�i�v�i�a�l� �e�x�e�r�c�i�s�e�.� 

�T�h�e� �t�h�i�r�d� �o�p�e�r�a�t�i�o�n� �i�s� �m�o�r�e� �p�r�a�c�t�i�c�a�l� �t�h�a�n� �t�h�e�o�r�e�t�i�c�a�l� �-� 

�t�o� �o�m�i�t� �t�h�o�s�e� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �c�a�n�n�o�t� �b�e� �e�a�s�i�l�y� �o�r� �a�c�c�u�r�a�t�e�l�y� 

�m�e�a�s�u�r�e�d�.� �A�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �a�n�a�l�o�g�y�,� �t�h�e� �m�o�s�t� �p�r�e�c�i�s�e� �m�o�d�e�l� 

�i�s� �f�o�r� �n�a�u�g�h�t� �i�f� �r�e�l�i�a�b�l�e� �i�n�p�u�t�s� �c�a�n�n�o�t� �b�e� �h�a�d�.� 

�4�.�2� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �M�o�d�e�l� �D�e�v�e�l�o�p�m�e�n�t� 

�W�h�e�t�h�e�r� �a�n� �a�n�a�l�o�g�o�u�s� �o�r� �p�a�r�a�m�e�t�r�i�c� �m�o�d�e�l� �a�r�e� �t�o� �b�e� 

�d�e�v�e�l�o�p�e�d�,� �a� �n�u�m�b�e�r� �o�f� �t�e�c�h�n�i�c�a�l� �a�n�d� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� 

�p�r�e�r�e�q�u�i�s�i�t�e�s� �e�x�i�s�t�.� �T�h�e�s�e� �a�r�e� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

�H�i�s�t�o�r�i�c�a�l� �C�o�s�t� �D�a�t�a�b�a�s�e�:� �M�o�s�t�,� �i�f� �n�o�t� �a�l�l�,� 

�O�r�g�a�n�i�z�a�t�i�o�n�s� �m�a�i�n�t�a�i�n� �r�e�c�o�r�d�s� �o�f� �e�x�p�e�n�d�i�t�u�r�e�s� �f�o�r� �e�a�c�h� 

�p�r�o�j�e�c�t�.� �G�o�v�e�r�n�m�e�n�t� �c�o�n�t�r�a�c�t�o�r�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �d�o� �s�o�.� 
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�H�o�w�e�v�e�r�,� 

�i�n�i�t�i�a�t�e�d�,� 

�u�n�l�e�s�s� �a� �c�o�n�c�e�r�t�e�d� �e�f�f�o�r�t� �h�a�d� �p�r�e�v�i�o�u�s�l�y� �b�e�e�n� 

�t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �s�u�f�f�i�c�i�e�n�t� �d�a�t�a� �e�x�i�s�t�i�n�g� �i�n� �a� 

�u�s�e�a�b�l�e� �f�o�r�m� �i�s� �l�o�w�.� �"�T�h�e� �k�e�y� �e�l�e�m�e�n�t� �i�n� �s�u�c�h� �a� �s�y�s�t�e�m� �w�i�l�l� 

�b�e� �t�h�e� �p�r�o�v�i�s�i�o�n� �o�f� �c�o�n�s�i�s�t�e�n�t� �a�n�d� �c�o�m�p�a�r�a�b�l�e� �d�a�t�a�b�a�s�e�s�.�"� �[�8�]� 

�T�h�e� �n�e�c�e�s�s�a�r�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �d�a�t�a�b�a�s�e� �a�r�e�:� 

�0� �I�t� �m�u�s�t� �c�o�n�t�a�i�n� �e�n�o�u�g�h� �p�r�o�g�r�a�m�s� �t�o� �a�l�l�o�w� �f�o�r� 

�S�t�a�t�i�s�t�i�c�a�l�l�y� �v�a�l�i�d� �a�n�a�l�y�s�e�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d�.� �T�h�e� 

�p�r�o�g�r�a�m�s� �s�h�o�u�l�d� �b�e� �o�f� �s�i�m�i�l�a�r� �t�y�p�e� �f�o�r� �c�o�m�p�a�r�i�s�o�n� 

�p�u�r�p�o�s�e�s�.� 

�I�t� �m�u�s�t� �b�e� �c�o�n�s�i�s�t�e�n�t� �i�n� �c�o�n�t�e�n�t� �a�c�r�o�s�s� �a�l�l� 

�p�r�o�g�r�a�m�s�.� �T�h�i�s� �i�m�p�l�i�e�s� �t�h�e� �u�s�e� �o�f� �a� �s�t�a�n�d�a�r�d� �c�o�s�t� 

�s�t�r�u�c�t�u�r�e� �t�o� �t�h�e� �d�e�g�r�e�e� �p�o�s�s�i�b�l�e�.� �I�t� �i�s� �r�e�c�o�g�n�i�z�e�d� 

�t�h�a�t� �a�l�l� �p�r�o�g�r�a�m�s� �a�r�e� �u�n�i�q�u�e� �a�n�d� �t�h�a�t� �c�u�s�t�o�m�e�r� 

�i�m�p�o�s�e�d� �c�o�n�s�t�r�a�i�n�t�s� �m�a�y� �d�e�t�e�r� �f�r�o�m� �t�h�i�s� �g�o�a�l�;� 

�h�o�w�e�v�e�r�,� �t�h�e� �s�t�a�n�d�a�r�d� �s�t�r�u�c�t�u�r�e� �c�a�n� �b�e� �t�a�i�l�o�r�e�d� �t�o� 

�a�c�c�o�m�m�o�d�a�t�e� �t�h�e�s�e� �s�i�t�u�a�t�i�o�n�s�.� 

�C�o�s�t� �d�a�t�a� �m�u�s�t� �b�e� �m�a�i�n�t�a�i�n�e�d� �t�o� �a� �s�u�f�f�i�c�i�e�n�t� �l�e�v�e�l� 

�o�f� �d�e�t�a�i�l�.� �"�T�h�e� �l�e�v�e�l� �o�f� �c�o�s�t� �d�a�t�a� �(�m�u�s�t� �b�e�)� 

�s�u�f�f�i�c�i�e�n�t�l�y� �l�o�w� �(�l�e�v�e�l� �7�)� �t�o� �p�e�r�m�i�t� �f�u�l�l� 

�v�i�s�i�b�i�l�i�t�y� �o�f� �d�e�t�a�i�l�e�d� �p�a�r�t�i�c�l�e�s� �b�y� �t�h�e� �c�o�s�t� 

�a�n�a�l�y�s�t�s�.�"� �[�4�0�]� �C�o�s�t�s� �f�o�r� �T�a�s�k�-�A� �c�a�n�n�o�t� �b�e� 

�e�s�t�i�m�a�t�e�d� �f�r�o�m� �d�a�t�a� �m�a�i�n�t�a�i�n�e�d� �o�n�l�y� �a�t� �t�h�e� �t�a�s�k� 

�g�r�o�u�p� �o�r� �f�u�n�c�t�i�o�n� �l�e�v�e�l�.� �T�h�i�s� �a�g�a�i�n� �s�u�g�g�e�s�t�s� �t�h�e� 

�u�s�e� �o�f� �a� �s�t�a�n�d�a�r�d� �c�o�s�t� �s�t�r�u�c�t�u�r�e�.� 
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�o� �D�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �w�h�a�t� �i�s� �a�n�d� �i�s� �n�o�t� 

�i�n�c�l�u�d�e�d� �i�n� �e�a�c�h� �c�o�s�t� �e�l�e�m�e�n�t� �m�u�s�t� �e�x�i�s�t�.� 

�P�r�o�g�r�a�m� �P�a�r�a�m�e�t�e�r� �D�a�t�a�b�a�s�e�:� �A�l�o�n�g� �w�i�t�h� �t�h�e� �c�o�s�t� �d�a�t�a�,� 

�i�n�f�o�r�m�a�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m� �a�n�d� 

�t�h�e� �p�r�o�g�r�a�m� �m�u�s�t� �b�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �m�a�i�n�t�a�i�n�e�d�.� �T�o� �d�o� �t�h�i�s� 

�a�s�s�u�m�e�s� �t�h�a�t� �t�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�.� 

�I�n�i�t�i�a�l�l�y�,� �i�t� �m�a�y� �b�e� �e�x�p�e�d�i�t�i�o�u�s� �t�o� �h�y�p�o�t�h�e�s�i�z�e� �a� �r�e�a�s�o�n�a�b�l�e� 

�S�u�p�e�r�s�e�t� �o�f� �p�o�s�s�i�b�l�e� �p�a�r�a�m�e�t�e�r�s� �(�p�e�r�h�a�p�s� �i�n� �a� �b�r�a�i�n�s�t�o�r�m�i�n�g� 

�s�e�s�s�i�o�n� �a�n�d�/�o�r� �u�s�i�n�g� �t�h�e� �d�e�l�p�h�i� �m�e�t�h�o�d�)�.� �L�a�t�e�r�,� �a�f�t�e�r� �a� 

�s�u�f�f�i�c�i�e�n�t� �a�m�o�u�n�t� �o�f� �a�s�s�o�c�i�a�t�e�d� �c�o�s�t� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e�,� 

�s�e�n�s�i�t�i�v�i�t�y� �a�n�d� �o�t�h�e�r� �a�n�a�l�y�s�e�s� �c�a�n� �p�e�r�m�i�t� �t�h�i�s� �l�i�s�t� �t�o� �b�e� 

�t�r�i�m�m�e�d�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r� �d�a�t�a� �a�r�e�:� 

�o� �E�x�p�l�a�n�a�t�o�r�y� �v�a�r�i�a�b�l�e�s� �s�h�o�u�l�d� �b�e� �w�e�l�l� �d�o�c�u�m�e�n�t�e�d� �a�n�d� 

�c�o�m�p�l�e�t�e�.� 

�o� �P�a�r�a�m�e�t�e�r�s� �s�h�o�u�l�d� �b�e� �m�a�i�n�t�a�i�n�e�d� �i�n� �a� �d�a�t�a�b�a�s�e�.� 

�T�h�i�s� �m�a�y� �o�r� �m�a�y� �n�o�t� �b�e� �t�h�e� �s�a�m�e� �d�a�t�a�b�a�s�e� �i�n� �w�h�i�c�h� 

�t�h�e� �c�o�s�t� �d�a�t�a� �i�s� �l�o�c�a�t�e�d�.� 

�O�o� �P�a�r�a�m�e�t�e�r�s� �s�h�o�u�l�d� �b�e� �c�o�l�l�e�c�t�e�d� �f�o�r� �a�l�l� �p�r�o�g�r�a�m�s� �f�o�r� 

�w�h�i�c�h� �c�o�s�t� �d�a�t�a� �i�s� �t�o� �b�e� �u�s�e�d�.� �A�l�t�h�o�u�g�h� �s�i�m�i�l�a�r� 

�t�y�p�e�s� �o�f� �p�r�o�g�r�a�m�s� �a�r�e� �n�e�e�d�e�d�,� �a� �g�o�o�d� �c�r�o�s�s� �s�e�c�t�i�o�n� 

�o�f� �p�a�r�a�m�e�t�e�r�s� �i�s� �u�s�e�f�u�l�.� �T�h�i�s� �w�i�l�l� �p�e�r�m�i�t� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� �C�E�R�s� 

�a�c�r�o�s�s� �t�h�e� �r�a�n�g�e� �o�f� �a� �g�i�v�e�n� �p�a�r�a�m�e�t�e�r�.� 

�M�a�n�a�g�e�m�e�n�t� �A�c�c�e�p�t�a�n�c�e� �a�n�d� �S�u�p�p�o�r�t�:� �T�h�i�s� �e�l�e�m�e�n�t� �m�a�y� �b�e� 

�t�h�e� �m�o�s�t� �c�r�i�t�i�c�a�l� �p�r�e�r�e�q�u�i�s�i�t�e� �o�f� �a�l�l�.� �F�i�r�s�t� �o�f� �a�l�l�,� 
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�m�a�n�a�g�e�m�e�n�t� �m�u�s�t� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �a� �d�e�f�i�c�i�e�n�c�y� �e�x�i�s�t�s� �i�n� �t�h�e� 

�c�u�r�r�e�n�t� �e�s�t�i�m�a�t�i�o�n� �m�e�t�h�o�d� �o�r� �a�t� �l�e�a�s�t� �t�h�a�t� �r�o�o�m� �e�x�i�s�t�s� �f�o�r� 

�i�m�p�r�o�v�e�m�e�n�t�.� �T�h�e�y� �m�u�s�t� �a�l�s�o� �b�e� �c�o�n�v�i�n�c�e�d� �t�h�a�t� �i�t� �i�s� �c�o�s�t� 

�e�f�f�e�c�t�i�v�e� �f�o�r� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �t�o� �b�e� �u�n�d�e�r�t�a�k�e�n� �(�n�o�t�e� �t�h�a�t� �w�h�e�r�e� 

�a�d�e�q�u�a�t�e� �m�e�t�h�o�d�s� �a�r�e� �i�n� �p�l�a�c�e�,� �t�h�i�s� �m�a�y� �n�o�t� �b�e� �t�h�e� �c�a�s�e�)�,� �a�n�d� 

�t�h�a�t� �t�h�e� �r�e�s�u�l�t�i�n�g� �m�o�d�e�l� �o�r� �m�e�t�h�o�d� �w�i�l�l� �a�d�d�r�e�s�s� �t�h�e�i�r� �n�e�e�d�s�.� 

�O�n�c�e� �t�h�i�s� �o�c�c�u�r�s�,� �a� �s�i�n�c�e�r�e� �c�o�m�m�i�t�m�e�n�t� �i�s� �n�e�e�d�e�d� �t�o� 

�a�c�c�o�m�p�l�i�s�h� �t�h�e� �o�b�j�e�c�t�i�v�e�.� �T�h�i�s� �c�o�m�m�i�t�m�e�n�t� �s�h�o�u�l�d� �b�e� �e�x�p�r�e�s�s�e�d� 

�n�o�t� �o�n�l�y� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �s�u�p�p�o�r�t�i�v�e� �a�t�t�i�t�u�d�e�,� �b�u�t� �b�a�c�k�e�d� �b�y� 

�a�n� �a�d�e�q�u�a�t�e� �c�o�m�m�i�t�m�e�n�t� �o�f� �r�e�s�o�u�r�c�e�s� �a�n�d� �a� �w�i�l�l�i�n�g�n�e�s�s� �t�o� �a�d�a�p�t� 

�f�r�o�m� �"�t�h�e� �w�a�y� �w�e� �h�a�v�e� �a�l�w�a�y�s� �d�o�n�e� �t�h�i�n�g�s�"�.� 

�T�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �c�o�s�t� �a�n�d� �p�a�r�a�m�e�t�e�r� �d�a�t�a�b�a�s�e�s� 

�d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �w�i�l�l� �r�e�q�u�i�r�e� �p�a�r�t�i�c�i�p�a�t�i�o�n� �a�c�r�o�s�s �� �t�h�e� 

�o�r�g�a�n�i�z�a�t�i�o�n�.� �F�i�r�s�t�,� �p�r�o�g�r�a�m� �m�a�n�a�g�e�r�s� �m�u�s�t� �b�e� �w�i�l�l�i�n�g� �t�o� 

�i�n�c�o�r�p�o�r�a�t�e� �t�h�e� �s�t�a�n�d�a�r�d� �c�o�s�t� �s�t�r�u�c�t�u�r�e� �o�n� �n�e�w� �p�r�o�g�r�a�m�s� �t�o� �t�h�e� 

�e�x�t�e�n�t� �p�o�s�s�i�b�l�e� �a�n�d� �t�o� �a�s�s�i�s�t� �i�n� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �p�a�r�a�m�e�t�r�i�c� 

�d�a�t�a� �d�u�r�i�n�g� �t�h�e� �p�r�o�g�r�e�s�s� �o�f� �t�h�o�s�e� �p�r�o�g�r�a�m�s�.� �C�o�o�r�d�i�n�a�t�i�o�n� �w�i�t�h� 

�t�h�e� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �d�e�p�a�r�t�m�e�n�t� �w�i�l�l� �b�e� �n�e�e�d�e�d� �f�o�r� �a�c�c�e�s�s� �t�o� 

�a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �a�c�t�u�a�l� �c�o�s�t� �d�a�t�a�.� �R�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �t�h�e� 

�c�r�e�a�t�i�o�n� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� �p�a�r�a�m�e�t�r�i�c� �d�a�t�a� �w�i�l�l� �n�e�e�d� �t�o� 

�b�e� �a�s�s�i�g�n�e�d� �a�n�d� �c�o�m�p�u�t�e�r� �r�e�s�o�u�r�c�e�s� �a�l�l�o�c�a�t�e�d� �f�o�r� �t�h�i�s� �p�u�r�p�o�s�e�.� 

�R�e�f�i�n�e�m�e�n�t� �o�f� �b�o�t�h� �t�h�e� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �o�v�e�r�a�l�l� 

�q�u�o�t�a�t�i�o�n� �e�s�t�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�e�s� �m�a�y� �a�l�s�o� �b�e� �a�d�v�i�s�a�b�l�e� �d�e�p�e�n�d�i�n�g� 

�o�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�a�t�e� �o�f� �t�h�o�s�e� �f�u�n�c�t�i�o�n�s�.� 
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�A�s� �a�n�a�l�y�s�i�s� �a�n�d� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t� �e�f�f�o�r�t�s� �p�r�o�g�r�e�s�s�,� 

�f�e�e�d�b�a�c�k� �s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d� �a�n�d� �a�s�s�i�s�t�a�n�c�e� �r�e�n�d�e�r�e�d� �w�h�e�n� �n�e�w� 

�c�o�s�t� �e�s�t�i�m�a�t�e�s� �a�r�e� �d�e�v�e�l�o�p�e�d�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �a�n� �a�t�m�o�s�p�h�e�r�e� 

�o�f� �m�u�t�u�a�l� �c�o�o�p�e�r�a�t�i�o�n� �a�n�d� �e�x�c�h�a�n�g�e� �o�f� �d�a�t�a� �a�c�r�o�s�s� �t�h�e� 

�o�r�g�a�n�i�z�a�t�i�o�n� �i�s� �k�e�y�.� �T�h�i�s� �i�n�t�e�r�a�c�t�i�o�n� �a�m�o�n�g� �t�h�e� �a�f�f�e�c�t�e�d� 

�p�a�r�t�i�e�s� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �a�c�c�e�p�t�a�n�c�e� �o�f� �t�h�e� �i�n�i�t�i�a�t�i�v�e� �a�n�d� �w�i�l�l� 

�f�a�c�i�l�i�t�a�t�e� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�l� �i�n�t�o� �t�h�e� �p�r�o�c�e�s�s� �l�a�t�e�r� 

�o�n�.� �E�v�e�n� �t�h�e�n�,� �a� �c�l�o�s�e� �w�o�r�k�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�l�l� �b�e� �n�e�e�d�e�d� �t�o� 

�e�s�t�a�b�l�i�s�h� �a� �t�r�a�c�k� �r�e�c�o�r�d� �a�n�d� �e�n�h�a�n�c�e� �c�r�e�d�i�b�i�l�i�t�y� �o�f� �t�h�e� 

�m�e�t�h�o�d�o�l�o�g�y� �a�n�d� �m�o�d�e�l�.� 

�4�.�3� �T�o�o�l� �R�e�q�u�i�r�e�m�e�n�t�s� 

�W�h�a�t� �s�e�t� �o�f� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �d�e�s�c�r�i�b�e� �t�h�e� �i�d�e�a�l� �a�u�t�o�m�a�t�e�d� 

�c�o�s�t� �m�o�d�e�l�?� �I�t� �s�h�o�u�l�d�:� 

�o� �E�n�h�a�n�c�e� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �e�s�t�i�m�a�t�e�s�.� 

�o� �P�r�o�v�i�d�e� �v�i�s�i�b�i�l�i�t�y� �i�n�t�o� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �o�f� �t�h�e� 

�e�s�t�i�m�a�t�e�.� 

�o� �B�e� �i�n�t�u�i�t�i�v�e�l�y� �u�n�d�e�r�s�t�a�n�d�a�b�l�e� �t�o� �t�h�e� �p�r�o�j�e�c�t� 

�m�a�n�a�g�e�r�,� �s�u�p�p�o�r�t�i�n�g� �h�i�s� �n�a�t�u�r�a�l� �e�x�p�e�r�i�e�n�c�e� �a�n�d� 

�i�n�c�l�i�n�a�t�i�o�n�s�.� 

�o� �R�e�d�u�c�e� �t�h�e� �c�o�s�t� �o�f� �p�r�e�p�a�r�i�n�g� �a�n� �e�s�t�i�m�a�t�e�,� �e�i�t�h�e�r� �b�y� 

�d�e�c�r�e�a�s�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �n�e�e�d�e�d� �o�r� �b�y� 

�S�i�m�p�l�i�f�y�i�n�g� �t�h�e� �p�r�o�c�e�d�u�r�e�.� �[�1�7�]� 
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�o� �B�e� �a�d�a�p�t�i�v�e� �i�n� �t�h�a�t� �a�s� �n�e�w� �h�i�s�t�o�r�i�c�a�l� �c�o�s�t� �d�a�t�a� 

�b�e�c�o�m�e�s� �a�v�a�i�l�a�b�l�e�,� �i�t� �c�a�n� �b�e� �i�m�m�e�d�i�a�t�e�l�y� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �m�o�d�e�l�.� �[�1�5�]� 

�o� �S�h�o�u�l�d� �n�o�t� �b�e� �m�a�d�e� �t�o�o� �d�e�t�a�i�l�e�d� �l�e�s�t� �i�t� �b�e�c�o�m�e� 

�u�n�m�a�n�a�g�e�a�b�l�e�,� �y�e�t� �i�t� �s�h�o�u�l�d� �n�o�t� �b�e� �m�a�d�e� �t�o�o� �g�e�n�e�r�a�l� 

�l�e�s�t� �i�t� �b�e�c�o�m�e� �i�n�s�e�n�s�i�t�i�v�e� �t�o� �S�i�g�n�i�f�i�c�a�n�t� 

�p�a�r�a�m�e�t�e�r�s�.� �[�3�9�]� 

�o� �B�e� �e�a�s�y� �a�n�d� �q�u�i�c�k� �t�o� �u�s�e� �f�o�r� �b�o�t�h� �b�e�g�i�n�n�e�r�s� �a�n�d� 

�e�x�p�e�r�i�e�n�c�e�d� �u�s�e�r�s�.� 

�o� �H�a�n�d�l�e� �v�a�r�y�i�n�g� �d�e�g�r�e�e�s� �o�f� �e�s�t�i�m�a�t�i�o�n� �a�c�c�u�r�a�c�y� �a�s� 

�n�e�e�d�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �p�u�r�p�o�s�e�s�.� �[�1�1�]� 

�o� �S�u�p�p�o�r�t� �m�u�l�t�i�p�l�e� �e�s�t�i�m�a�t�e�s� �b�a�s�e�d� �o�n� �d�i�f�f�e�r�e�n�t� 

�m�e�t�h�o�d�s�,� �a�s�s�u�m�p�t�i�o�n�s�,� �o�r� �g�o�a�l�s� �a�n�d� �a�l�l�o�w� �f�o�r� 

�s�e�l�e�c�t�i�o�n� �o�r� �a�v�e�r�a�g�i�n�g� �o�f� �t�h�e� �r�e�s�u�l�t�s�.� 

�O�o� �E�x�e�c�u�t�e� �o�n� �a� �p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r� �(�P�C�)� �u�s�S�i�n�g� �e�i�t�h�e�r� �a� 

�l�o�c�a�l� �d�a�t�a�b�a�s�e� �o�r� �v�i�a� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k� �(�L�A�N�)� 

�a�c�c�e�s�s� �t�o� �a� �c�e�n�t�r�a�l� �d�a�t�a�b�a�s�e�.� 

�o� �E�n�a�b�l�e� �r�e�s�u�l�t�i�n�g� �e�s�t�i�m�a�t�e�s� �t�o� �b�e� �d�i�r�e�c�t�l�y� �f�e�d� �i�n�t�o� 

�t�h�e� �c�o�s�t� �a�c�c�o�u�n�t�i�n�g� �s�y�s�t�e�m� �f�o�r� �i�n�c�l�u�s�i�o�n� �w�i�t�h� �t�h�e� 

�t�o�t�a�l� �p�r�o�g�r�a�m� �e�s�t�i�m�a�t�e�.� 

�4�.�4� �A�p�p�r�o�a�c�h� 

�A�f�t�e�r� �r�e�v�i�e�w�i�n�g� �c�u�r�r�e�n�t� �m�e�t�h�o�d�s� �a�n�d� �p�r�a�c�t�i�c�e�s� �a�n�d� 

�e�v�a�l�u�a�t�i�n�g� �c�a�n�d�i�d�a�t�e� �t�e�c�h�n�i�q�u�e�s�,� �a�n� �a�p�p�r�o�a�c�h� �h�a�s� �b�e�e�n� 

�f�o�r�m�u�l�a�t�e�d� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �e�m�p�l�o�y�m�e�n�t� �o�f� �a� �s�y�s�t�e�m�s� 
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�e�n�g�i�n�e�e�r�i�n�g� �c�o�s�t� �e�s�t�i�m�a�t�i�n�g� �m�o�d�e�l�.� �A�l�t�h�o�u�g�h� �d�e�s�c�r�i�b�e�d� �i�n� 

�t�e�r�m�s� �o�f� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n� �c�u�r�r�e�n�t�l�y� �p�e�r�f�o�r�m�i�n�g� �a�d� �h�o�c� �s�y�s�t�e�m�s� 

�e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �u�s�i�n�g� �g�r�a�s�s� �r�o�o�t�s� �e�s�t�i�m�a�t�i�n�g� �m�e�t�h�o�d�s�,� �t�h�e� 

�a�p�p�r�o�a�c�h� �i�s� �n�o�t� �l�i�m�i�t�e�d� �t�o� �s�u�c�h� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n�.� 

�A� �f�i�v�e� �p�h�a�s�e�d� �a�p�p�r�o�a�c�h� �i�s� �p�r�o�p�o�s�e�d�,� �p�r�e�c�e�d�e�d� �b�y� �a� 

�p�l�a�n�n�i�n�g� �p�e�r�i�o�d�.� �T�h�i�s� �i�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �7�,� �w�i�t�h� �e�a�c�h� 

�S�t�a�g�e� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� �I�n� �e�s�s�e�n�c�e�,� �t�h�i�s� �a�p�p�r�o�a�c�h� �e�n�t�a�i�l�s� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s� �t�o� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t�/�i�m�p�r�o�v�e�m�e�n�t� �o�f� �t�h�e� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �"�s�y�s�t�e�m�"�.� 

�P�l�a�n�n�i�n�g� �s�t�a�g�e�.� �B�e�f�o�r�e� �a� �c�o�m�m�i�t�m�e�n�t� �i�s� �m�a�d�e� �t�o� �i�n�i�t�i�a�t�e� 
� � 

�a� �c�h�a�n�g�e� �i�n� �c�u�r�r�e�n�t� �c�o�s�t�i�n�g� �m�e�t�h�o�d�s�,� �s�o�m�e� �p�r�e�p�a�r�a�t�i�o�n� �i�s� 

�r�e�q�u�i�r�e�d�.� �T�h�e� �f�i�r�s�t� �a�c�t�i�o�n� �s�h�o�u�l�d� �b�e� �a�n� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� 

�S�t�a�t�e� �o�f� �t�h�e� �c�u�r�r�e�n�t� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s� �a�n�d� �c�o�s�t� 

�e�s�t�i�m�a�t�i�n�g� �p�r�a�c�t�i�c�e�s�.� �T�h�i�s� �w�i�l�l� �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� 

�t�h�e� �d�e�f�i�c�i�e�n�c�y� �t�o� �b�e� �a�d�d�r�e�s�s�e�d� �o�r� �i�m�p�r�o�v�e�m�e�n�t� �t�o� �b�e� �s�o�u�g�h�t�.� 

�I�f� �n�o� �w�e�l�l� �d�e�f�i�n�e�d� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s� �i�s� 

�f�o�l�l�o�w�e�d�,� �i�t� �i�s� �a�d�v�i�s�a�b�l�e� �t�o� �i�n�s�t�i�t�u�t�e� �o�n�e�.� �T�h�i�s� �d�o�e�s� �n�o�t� 

�i�m�p�l�y� �t�h�a�t� �a� �r�i�g�i�d�,� �f�o�r�m�a�l� �p�r�o�c�e�d�u�r�e� �b�e� �e�n�f�o�r�c�e�d� �o�n� �e�v�e�r�y� 

�p�r�o�g�r�a�m� �w�i�t�h�o�u�t� �d�e�v�i�a�t�i�o�n�,� �b�u�t� �t�h�a�t� �a� �s�t�a�n�d�a�r�d� �p�r�o�c�e�s�s� �b�e� 

�d�o�c�u�m�e�n�t�e�d� �t�h�a�t� �w�i�l�l� �s�e�r�v�e� �a�s� �a� �b�a�s�i�s� �f�o�r� �t�a�i�l�o�r�i�n�g� �t�o� �f�i�t� �t�h�e� 

�u�n�i�q�u�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �e�a�c�h� �p�r�o�g�r�a�m�.� �T�h�i�s� �p�r�o�c�e�s�s� �a�l�s�o� 

�f�o�r�m�s� �t�h�e� �b�a�s�i�s� �f�o�r� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n�.� �I�t� �m�a�y� �b�e� �t�h�a�t� �g�o�o�d� 

�s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �i�s� �c�u�s�t�o�m�a�r�i�l�y� �p�r�a�c�t�i�c�e�d�,� �b�u�t� �h�a�s� �n�e�v�e�r� 

�b�e�e�n� �e�x�p�l�i�c�i�t�l�y� �d�e�f�i�n�e�d�.� �I�n� �t�h�i�s� �c�a�s�e�,� �i�t� �m�e�r�e�l�y� �n�e�e�d�s� �t�o� �b�e� 

�d�o�c�u�m�e�n�t�e�d� �i�n� �s�o�m�e� �f�o�r�m�.� �H�o�w�e�v�e�r�,� �i�t� �m�a�y� �b�e� �b�e�c�a�u�s�e� �n�o� 
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�s�t�a�n�d�a�r�d� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s� �i�s� �f�o�l�l�o�w�e�d� �t�h�a�t� �b�u�d�g�e�t� 

�p�r�o�b�l�e�m�s� �o�c�c�u�r� �r�a�t�h�e�r� �t�h�a�n� �b�e�c�a�u�s�e� �o�f� �p�o�o�r� �e�s�t�i�m�a�t�i�n�g� 

�p�r�a�c�t�i�c�e�s�.� �I�n� �t�h�i�s� �c�a�s�e�,� �a�t�t�e�n�t�i�o�n� �s�h�o�u�l�d� �f�i�r�s�t� �b�e� �f�o�c�u�s�e�d�o�n� 

�i�m�p�r�o�v�i�n�g� �t�h�e� �b�a�s�i�c� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s�,� �t�h�e�n� �o�n� 

�e�v�a�l�u�a�t�i�n�g� �t�h�e� �c�o�s�t� �e�s�t�i�m�a�t�i�n�g� �f�u�n�c�t�i�o�n�.� �R�e�m�e�m�b�e�r� �t�h�a�t� 

�w�h�a�t�e�v�e�r� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �m�e�t�h�o�d� �o�r� �m�o�d�e�l� �i�s� �u�l�t�i�m�a�t�e�l�y� 

�d�e�v�e�l�o�p�e�d�,� �t�h�e� �c�o�s�t� �e�l�e�m�e�n�t�s� �w�i�l�l� �b�e� �c�l�o�s�e�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�t�h�e� �p�r�o�c�e�s�s� �a�c�t�i�v�i�t�i�e�s�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�h�a�t� �t�h�e�s�e� 

�a�c�t�i�v�i�t�i�e�s� �b�e� �d�e�f�i�n�e�d� �a�n�d� �u�n�d�e�r�s�t�o�o�d�.� 

�B�a�s�e�d� �o�n� �t�h�i�s� �s�e�l�f�-�a�s�s�e�s�s�m�e�n�t�,� �t�h�e� �n�e�e�d� �f�o�r� �a�c�t�i�o�n� �s�h�o�u�l�d� 

�b�e� �d�e�t�e�r�m�i�n�e�d�,� �a�n�d� �g�o�a�l�s� �a�n�d� �o�b�j�e�c�t�i�v�e�s� �f�o�r� �t�h�e� �i�n�i�t�i�a�t�i�v�e� 

�S�h�o�u�l�d� �b�e� �i�d�e�n�t�i�f�i�e�d�.� �A� �p�l�a�n� �o�f� �a�c�t�i�o�n� �o�r� �p�r�o�p�o�s�a�l� �s�h�o�u�l�d� 

�t�h�e�n� �b�e� �d�e�v�i�s�e�d� �f�o�r� �a�c�c�o�m�p�l�i�s�h�i�n�g� �t�h�e�s�e� �g�o�a�l�s�.� �T�h�i�s� �p�l�a�n� 

�s�h�o�u�l�d� �a�d�d�r�e�s�s� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �f�i�v�e� �p�h�a�s�e�s� 

�b�e�l�o�w� �a�n�d� �i�n�c�l�u�d�e� �a� �s�c�h�e�d�u�l�e� �a�n�d� �a�n� �e�s�t�i�m�a�t�i�o�n� �o�f� �r�e�s�o�u�r�c�e�s� 

�r�e�q�u�i�r�e�d�.� �T�h�e� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �i�m�p�r�o�v�e�m�e�n�t� �p�r�o�g�r�a�m� �s�h�o�u�l�d� �b�e� 

�t�r�e�a�t�e�d� �a�s� �e�x�a�c�t�l�y� �t�h�a�t� �-� �a� �p�r�o�g�r�a�m� �-� �a�n�d� �m�a�n�a�g�e�d� �a�c�c�o�r�d�i�n�g�l�y�.� 

�T�h�e� �n�e�x�t� �s�t�e�p� �i�s� �t�o� �o�b�t�a�i�n� �m�a�n�a�g�e�m�e�n�t� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� 

�i�n�i�t�i�a�t�i�v�e�.� �T�o� �d�o� �t�h�i�s�,� �t�h�e� �e�m�p�h�a�s�i�s� �s�h�o�u�l�d� �b�e� �p�l�a�c�e�d� �o�n� �t�h�e� 

�e�x�p�e�c�t�e�d� �b�e�n�e�f�i�t�s� �t�o� �b�e� �d�e�r�i�v�e�d� �f�r�o�m� �s�u�c�h� �a�n� �e�n�d�e�a�v�o�r�.� �T�h�e� 

�o�b�j�e�c�t�i�v�e� �h�e�r�e� �i�s� �t�o� �r�e�c�e�i�v�e� �a�p�p�r�o�v�a�l� �a�n�d� �c�o�m�m�i�t�m�e�n�t� �o�f� 

�r�e�s�o�u�r�c�e�s� �t�o� �p�r�o�c�e�e�d� �t�h�r�o�u�g�h� �c�o�m�p�l�e�t�i�o�n� �o�f� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n�.� 

�(�A�t� �t�h�i�s� �p�o�i�n�t�,� �a� �r�e�v�i�e�w� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�c�o�s�t� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �c�o�n�t�i�n�u�i�n�g� �t�h�e� �p�r�o�j�e�c�t�.�)� 

�8�4



�P�h�a�s�e� �I� �-� �P�r�e�p�a�r�i�n�g� �t�h�e� �E�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� 

�t�h�i�s� �p�h�a�s�e� �i�s� �t�o� �p�u�t� �i�n�t�o� �p�l�a�c�e� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �a�n�d� 

�i�n�f�r�a�s�t�r�u�c�t�u�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �p�r�o�v�i�d�e� �t�h�e� �r�e�q�u�i�r�e�d� �i�n�p�u�t� �d�a�t�a� 

�a�n�d� �t�o� �o�t�h�e�r�w�i�s�e� �s�u�p�p�o�r�t� �t�h�e� �n�e�w� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �m�e�t�h�o�d�o�l�o�g�y�.� 

�I�f� �n�o�t� �a�l�r�e�a�d�y� �i�n� �p�l�a�c�e� �a�n�d� �f�o�u�n�d� �t�o� �b�e� �a�d�e�q�u�a�t�e�,� �a� 

�S�t�a�n�d�a�r�d� �c�o�s�t�i�n�g� �s�t�r�u�c�t�u�r�e� �s�h�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �a�d�o�p�t�e�d� �f�o�r� 

�u�s�e� �o�n� �a�l�l� �p�r�o�p�o�s�a�l�s� �a�n�d� �n�e�w� �s�t�a�r�t� �p�r�o�g�r�a�m�s�.� �A� �c�a�n�d�i�d�a�t�e� �f�o�r� 

�t�h�i�s� �p�u�r�p�o�s�e� �i�s� �t�h�e� �W�B�S� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �8�,� �w�h�i�c�h� �c�a�n� �b�e� 

�a�d�a�p�t�e�d� �a�n�d�/�o�r� �e�x�p�a�n�d�e�d� �a�s� �n�e�e�d�e�d� �t�o� �b�e�s�t� �f�i�t� �b�o�t�h� �t�h�e� �s�y�s�t�e�m�s� 

�e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s� �i�n� �u�s�e� �a�n�d� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� 

�t�y�p�i�c�a�l� �p�r�o�g�r�a�m�.� �O�n�c�e� �a� �s�t�a�n�d�a�r�d� �i�s� �a�d�o�p�t�e�d�,� �h�o�w�e�v�e�r�,� 

�t�a�i�l�o�r�i�n�g� �f�o�r� �u�s�e� �o�n� �i�n�d�i�v�i�d�u�a�l� �p�r�o�g�r�a�m�s� �s�h�o�u�l�d� �b�e� �p�e�r�f�o�r�m�e�d� 

�s�p�a�r�i�n�g�l�y�.� �I�n� �g�e�n�e�r�a�l�,� �t�a�i�l�o�r�i�n�g� �s�h�o�u�l�d� �c�o�n�s�i�s�t� �o�f� �t�h�e� 

�e�l�i�m�i�n�a�t�i�o�n� �o�f� �c�o�s�t� �e�l�e�m�e�n�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�c�t�i�v�i�t�i�e�s� �w�h�i�c�h� 

�w�i�l�l� �n�o�t� �b�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �p�r�o�g�r�a�m� �a�n�d� �o�f� 

�a�l�i�g�n�i�n�g� �t�h�e� �c�o�s�t� �e�l�e�m�e�n�t�s� �i�n� �s�u�c�h� �a� �w�a�y� �a�s� �t�o� �f�i�t� �w�i�t�h�i�n� �a�n�y� 

�c�u�s�t�o�m�e�r� �s�p�e�c�i�f�i�e�d� �c�o�s�t�i�n�g� �s�t�r�u�c�t�u�r�e�.� �I�t� �s�h�o�u�l�d� �n�o�t� �c�o�n�s�i�s�t� 

�o�f� �r�o�l�l�i�n�g� �u�p� �c�o�s�t� �e�l�e�m�e�n�t�s� �i�n�t�o� �a� �s�i�n�g�l�e� �h�i�g�h�e�r� �l�e�v�e�l� 

�a�c�c�o�u�n�t�.� �T�h�e� �p�r�o�g�r�a�m� �b�u�d�g�e�t�s� �s�h�o�u�l�d� �t�h�e�n� �b�e� �m�a�n�a�g�e�d� �w�i�t�h�i�n� 

�t�h�e� �s�a�m�e� �s�t�r�u�c�t�u�r�e� �u�s�e�d� �f�o�r� �e�s�t�i�m�a�t�i�n�g�.� 

�I�f� �n�e�c�e�s�s�a�r�y�,� �e�f�f�e�c�t� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �c�u�r�r�e�n�t� �c�o�s�t� 

�a�c�c�o�u�n�t�i�n�g� �s�y�s�t�e�m� �o�r� �m�e�t�h�o�d�s� �t�o� �s�u�p�p�o�r�t� �t�h�e� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�,� 

�a�c�c�e�s�s�,� �a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n� �t�h�a�t� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �t�o� �p�e�r�f�o�r�m� 

�f�u�t�u�r�e� �a�n�a�l�y�s�i�s�.� �C�a�r�e� �m�u�s�t� �b�e� �t�a�k�e�n�,� �o�f� �c�o�u�r�s�e�,� �t�o� �m�i�n�i�m�i�z�e� 

�c�h�a�n�g�e�s� �a�n�d� �d�i�s�r�u�p�t�i�o�n� �t�o� �o�n�g�o�i�n�g� �b�u�s�i�n�e�s�s�.� �E�x�a�m�p�l�e�s� �o�f� 
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�d�e�s�i�r�e�d� �c�h�a�n�g�e�s� �m�i�g�h�t� �b�e� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �n�e�w� �s�u�m�m�a�r�y� �a�c�c�o�u�n�t�s� 

�a�c�r�o�s�s� �f�u�n�c�t�i�o�n�a�l� �a�s� �w�e�l�l� �a�s� �p�r�o�d�u�c�t� �l�i�n�e�s� �o�r� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�d�o�w�n�l�o�a�d� �c�e�r�t�a�i�n� �c�o�s�t� �f�i�l�e�s� �i�n�t�o� �a�n�o�t�h�e�r� �s�y�s�t�e�m� �f�o�r� �f�u�r�t�h�e�r� 

�a�n�a�l�y�s�i�s�.� �B�e�c�a�u�s�e� �t�h�e�s�e� �t�y�p�e�s� �o�f� �c�h�a�n�g�e�s� �m�a�y� �b�e� 

�c�o�s�t�p�r�o�h�i�b�i�t�i�v�e�,� �i�t� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�f�e�r� �t�h�e�m� �t�o� �a� �l�a�t�e�r� 

�p�h�a�s�e� �a�n�d� �i�n�s�t�i�t�u�t�e� �w�o�r�k�-�a�r�o�u�n�d� �s�o�l�u�t�i�o�n�s� �i�n� �t�h�e� �i�n�t�e�r�i�m�.� �A�s� 

�a� �m�i�n�i�m�u�m�,� �a� �w�a�y� �t�o� �m�a�i�n�t�a�i�n� �t�h�e� �d�a�t�a� �f�o�r� �c�l�o�s�e�d� �o�u�t� �p�r�o�g�r�a�m�s� 

�m�u�s�t� �b�e� �i�m�p�l�e�m�e�n�t�e�d�.� 

�T�h�e� �h�i�s�t�o�r�i�c�a�l� �c�o�s�t� �a�n�d� �p�a�r�a�m�e�t�e�r� �d�a�t�a�b�a�s�e�s� �d�e�s�c�r�i�b�e�d� �i�n� 

�4�.�2� �a�b�o�v�e� �s�h�o�u�l�d� �b�e� �e�s�t�a�b�l�i�s�h�e�d� �a�n�d� �m�a�i�n�t�a�i�n�e�d�.� �I�n� 

�p�a�r�t�i�c�u�l�a�r�,� �a�d�e�q�u�a�t�e� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �w�o�r�k� �p�e�r�f�o�r�m�e�d� �u�n�d�e�r� �e�a�c�h� 

�W�B�S� �e�l�e�m�e�n�t� �s�h�o�u�l�d� �b�e� �c�o�m�p�i�l�e�d�,� �p�a�r�a�m�e�t�r�i�c� �d�a�t�a� �c�o�l�l�e�c�t�e�d� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� �a� �f�i�l�e� �o�f� �b�a�s�i�c� �p�r�o�g�r�a�m� 

�i�n�f�o�r�m�a�t�i�o�n� �o�r�g�a�n�i�z�e�d�.� �T�h�i�s� �f�i�l�e� �m�i�g�h�t� �c�o�n�t�a�i�n� �s�u�c�h� �t�h�i�n�g�s� �a�s� 

�t�h�e� �n�a�m�e�s� �o�f� �k�e�y� �p�e�r�s�o�n�n�e�l� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �p�r�o�g�r�a�m�,� �o�r�i�g�i�n�a�l� 

�c�o�s�t� �e�s�t�i�m�a�t�e�s�,� �s�y�s�t�e�m� �b�l�o�c�k� �d�i�a�g�r�a�m�s�,� �s�o�f�t�w�a�r�e� �a�r�c�h�i�t�e�c�t�u�r�e�,� 

�d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s�,� �a� �l�i�s�t� �o�f� �C�D�R�L�s�,� �e�t�c�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� 

�w�i�l�l� �a�s�s�i�s�t� �t�h�e� �a�n�a�l�y�s�t� �w�h�e�n� �a�t�t�e�m�p�t�i�n�g� �t�o� �m�a�k�e� �c�o�m�p�l�e�x�i�t�y� 

�a�s�s�e�s�s�m�e�n�t�s�.� 

�T�o� �f�a�c�i�l�i�t�a�t�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �p�a�r�a�m�e�t�r�i�c� �d�a�t�a�,� �a�t� �t�h�e� 

�b�e�g�i�n�n�i�n�g� �o�f� �e�a�c�h� �n�e�w� �p�r�o�g�r�a�m�,� �t�h�e� �p�r�o�j�e�c�t� �e�n�g�i�n�e�e�r� �s�h�o�u�l�d� �b�e� 

�p�r�o�v�i�d�e�d� �w�i�t�h� �a� �d�a�t�a� �s�h�e�e�t� �o�r� �i�n�f�o�r�m�a�t�i�o�n� �i�n�d�i�c�a�t�i�n�g� �w�h�a�t� 

�p�a�r�a�m�e�t�e�r�s� �a�r�e� �o�f� �i�n�t�e�r�e�s�t� �a�n�d� �s�h�o�u�l�d� �b�e� �t�r�a�c�k�e�d�.� �T�h�i�s� 

�i�n�f�o�r�m�a�t�i�o�n� �m�a�y� �t�h�e�n� �b�e� �c�o�m�p�i�l�e�d� �a�t� �6� �- �� �1�2� �m�o�n�t�h� �i�n�t�e�r�v�a�l�s�,� �o�r� 

�d�u�r�i�n�g� �a�n�  ��e�x�i�t� �i�n�t�e�r�v�i�e�w�"� �a�t� �t�h�e� �c�l�o�s�e� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� �T�h�e� 
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�p�e�r�i�o�d�i�c� �m�e�t�h�o�d� �i�s� �p�r�e�f�e�r�r�e�d� �b�e�c�a�u�s�e� �s�o�m�e� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �m�o�r�e� 

�c�l�o�s�e�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�f�f�o�r�t�s� �a�t� �t�h�e� �e�a�r�l�y� �o�r� �m�i�d� �s�t�a�g�e�s� �o�f� 

�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �i�f� �n�o�t� �c�o�l�l�e�c�t�e�d� �t�h�e�n�,� �m�a�y� �n�o�t� �b�e� �a�s� �a�v�a�i�l�a�b�l�e� 

�l�a�t�e�r�.� �A�l�s�o�,� �p�e�r�i�o�d�i�c� �c�h�e�c�k�s� �p�r�o�v�i�d�e� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� 

�v�a�r�i�a�t�i�o�n� �o�f� �e�a�c�h� �p�a�r�a�m�e�t�e�r� �o�v�e�r� �t�i�m�e�.� 

�A�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �s�t�e�p� �i�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 

�p�r�o�m�u�l�g�a�t�i�o�n� �o�f� �a� �s�e�t� �o�f� �c�o�s�t�i�n�g� �g�u�i�d�e�l�i�n�e�s�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� 

�t�h�e� �g�u�i�d�e�l�i�n�e�s� �s�h�o�u�l�d� �b�e� �k�e�p�t� �a�s� �c�l�o�s�e� �a�s� �p�o�s�s�i�b�l�e� �t�o� �c�u�r�r�e�n�t� 

�p�r�a�c�t�i�c�e�s� �w�h�i�l�e� �i�n�c�l�u�d�i�n�g� �t�h�o�s�e� �c�h�a�n�g�e�s� �n�e�c�e�s�s�a�r�y� �t�o� �e�n�s�u�r�e� 

�t�h�a�t� �a�d�e�q�u�a�t�e� �d�a�t�a� �i�s� �o�b�t�a�i�n�e�d�.� �T�h�i�s� �m�a�y� �r�e�d�u�c�e� �t�o� �m�e�r�e�l�y� 

�d�o�c�u�m�e�n�t�i�n�g� �m�e�t�h�o�d�s� �c�u�r�r�e�n�t�l�y� �i�n� �u�s�e� �o�r� �m�a�y� �e�n�t�a�i�l� �m�o�r�e� 

�e�x�t�e�n�s�i�v�e� �e�f�f�o�r�t�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �i�s� �t�o� �e�s�t�a�b�l�i�s�h� �c�o�n�s�i�s�t�e�n�c�y� 

�a�n�d� �r�e�p�e�a�t�a�b�i�l�i�t�y�.� �C�o�s�t�i�n�g� �g�u�i�d�e�l�i�n�e�s� �s�h�o�u�l�d� �i�n�c�l�u�d�e�:� 

�o� �A� �g�e�n�e�r�a�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �w�h�a�t� �a�n�d� �h�o�w� �t�o� �e�s�t�i�m�a�t�e� 

�o� �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� 

�o� �T�h�e� �s�t�a�n�d�a�r�d� �W�B�S� �w�i�t�h� �e�l�e�m�e�n�t� �d�e�s�c�r�i�p�t�i�o�n�s� �a�n�d� 

�t�a�i�l�o�r�i�n�g� �g�u�i�d�e�l�i�n�e�s� 

�o� �C�h�e�c�k�l�i�s�t�s� 

�o� �M�e�t�r�i�c�s� �c�o�l�l�e�c�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� 

�o� �I�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �w�h�e�r�e� �t�o� �o�b�t�a�i�n� �h�i�s�t�o�r�i�c�a�l� 

�i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �g�u�i�d�a�n�c�e� �o�n� �h�o�w� �i�t� �s�h�o�u�l�d� �b�e� 

�a�p�p�l�i�e�d� 

�o� �R�u�l�e�s� �o�f� �t�h�u�m�b� 

�o� �W�h�e�r�e� �t�o� �g�o� �f�o�r� �a�s�s�i�s�t�a�n�c�e� 
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�I�f� �i�t� �d�o�e�s� �n�o�t� �a�l�r�e�a�d�y� �e�x�i�s�t�,� �c�o�n�s�i�d�e�r� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� 

�o�f� �a� �c�o�s�t� �e�n�g�i�n�e�e�r�i�n�g� �g�r�o�u�p�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �r�e�l�i�a�b�l�e� �c�o�s�t� 

�e�s�t�i�m�a�t�i�n�g� �a�n�d� �t�h�e� �s�o�p�h�i�s�t�i�c�a�t�i�o�n� �o�f� �t�h�e� �t�a�s�k� �w�a�r�r�a�n�t�s� �a� 

�d�e�d�i�c�a�t�e�d� �f�u�n�c�t�i�o�n� �r�a�t�h�e�r� �t�h�a�n� �r�e�l�e�g�a�t�i�o�n� �t�o�  ��o�t�h�e�r� �d�u�t�i�e�s� �a�s� 

�a�s�s�i�g�n�e�d�.�"� �"�A�n� �e�s�t�i�m�a�t�o�r� �i�s� �f�o�u�n�d� �i�n� �o�r�g�a�n�i�z�a�t�i�o�n�s� �w�h�o�s�e� 

�d�e�v�e�l�o�p�m�e�n�t� �h�a�s� �m�a�t�u�r�e�d�,� �e�s�p�e�c�i�a�l�l�y� �t�h�o�s�e� �o�r�g�a�n�i�z�a�t�i�o�n�s� �w�h�e�r�e� 

�e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �d�e�s�i�g�n� �a�r�e� �i�m�p�o�r�t�a�n�t�.�"� �[�3�4�]� �"�C�l�e�a�r�l�y�,� 

�e�s�t�i�m�a�t�i�n�g� �t�h�e� �[�p�a�r�a�m�e�t�e�r�s�]� �r�e�q�u�i�r�e�s� �t�h�e� �s�e�r�v�i�c�e�s� �o�f� �a� 

�p�r�o�f�e�s�s�i�o�n�a�l� �w�h�o� �i�s� �f�a�m�i�l�i�a�r� �w�i�t�h� �t�h�e� �c�u�r�r�e�n�t� �s�t�a�t�e�-�o�f�-�t�h�e�-�a�r�t� 

�t�e�c�h�n�o�l�o�g�y� �a�n�d� �h�a�s� �s�o�m�e� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e�s� 

�o�f� �t�h�e� �s�y�s�t�e�m� �c�o�n�c�e�p�t�.�"� �[�4�6�]� �M�e�m�b�e�r�s� �o�f� �s�u�c�h� �a� �m�e�t�r�i�c�s� �g�r�o�u�p� 

�a�r�e� �s�p�e�c�i�a�l�i�s�t�s� �i�n� �m�e�a�s�u�r�e�m�e�n�t� �a�n�d� �e�s�t�i�m�a�t�i�n�g� �a�n�d� �a�c�q�u�i�r�e� 

�t�h�e�i�r� �s�k�i�l�l�s� �o�v�e�r� �m�a�n�y� �p�r�o�j�e�c�t�s�.� �[�2�2�]� �T�h�e� �c�h�a�r�t�e�r� �f�o�r� �s�u�c�h� �a� 

�g�r�o�u�p� �w�o�u�l�d� �i�n�c�l�u�d�e� �s�u�c�h� �f�u�n�c�t�i�o�n�s� �a�s� �c�o�s�t� �a�n�d� �p�a�r�a�m�e�t�e�r� 

�d�a�t�a�b�a�s�e� �m�a�i�n�t�e�n�a�n�c�e�,� �t�r�e�n�d� �a�n�a�l�y�s�i�s�,� �m�o�d�e�l� 

�d�e�v�e�l�o�p�m�e�n�t�/�e�v�a�l�u�a�t�i�o�n�,� �m�e�t�r�i�c�s� �c�o�l�l�e�c�t�i�o�n�,� �p�r�o�d�u�c�t�i�v�i�t�y� 

�d�e�t�e�r�m�i�n�a�t�i�o�n�s�,� �q�u�o�t�e� �r�e�v�i�e�w�s� �a�n�d� �c�r�o�s�s� �c�h�e�c�k�s�,� �c�a�l�c�u�l�a�t�i�o�n� �o�f� 

�r�e�l�a�t�i�v�e� �c�o�s�t�s� �o�f� �d�e�s�i�g�n� �a�l�t�e�r�n�a�t�i�v�e�s�,� �e�t�c�.� �"�O�r�g�a�n�i�z�a�t�i�o�n�a�l� 

�p�l�a�c�e�m�e�n�t� �a�n�d� �s�u�p�p�o�r�t� �a�r�e� �c�r�i�t�i�c�a�l� �t�o� �a�c�h�i�e�v�i�n�g� �t�h�e� �b�e�n�e�f�i�t�s� 

�a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �p�a�r�a�m�e�t�r�i�c�s�.� �A�t�t�a�c�h�m�e�n�t� �o�f� �t�h�e� 

�r�e�s�p�o�n�s�i�b�i�l�i�t�y� �t�o� �t�r�a�d�i�t�i�o�n�a�l� �f�u�n�c�t�i�o�n�s� �l�i�k�e� �f�i�n�a�n�c�e� �a�n�d� 

�S�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �i�n�t�r�o�d�u�c�e�s� �c�o�n�f�l�i�c�t�s�.� �A�n� �i�n�d�e�p�e�n�d�e�n�t� 

�d�e�p�a�r�t�m�e�n�t�,� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �n�e�w� �b�u�s�i�n�e�s�s� �d�e�v�e�l�o�p�m�e�n�t� �m�a�n�a�g�e�r�,� 

�i�s� �a�n� �i�d�e�a�l� �p�l�a�c�e� �f�o�r� �t�h�e� �p�a�r�a�m�e�t�r�i�c� �f�u�n�c�t�i�o�n�.�"� �[�1�4�]� �T�h�e� �s�i�z�e� 

�o�f� �t�h�e� �g�r�o�u�p� �w�o�u�l�d� �b�e� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �s�i�z�e� �o�f� �t�h�e� 
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�o�r�g�a�n�i�z�a�t�i�o�n�.� �O�n�e� �o�r�g�a�n�i�z�a�t�i�o�n� �i�n�t�e�r�v�i�e�w�e�d� �h�a�d� �e�s�t�a�b�l�i�s�h�e�d� �a� 

�c�o�s�t� �e�n�g�i�n�e�e�r�i�n�g� �s�e�c�t�i�o�n� �s�t�a�f�f�e�d� �w�i�t�h� �a� �c�o�u�p�l�e� �o�f� �p�e�r�m�a�n�e�n�t� 

�c�o�s�t� �e�n�g�i�n�e�e�r�s� �a�l�o�n�g� �w�i�t�h� �o�t�h�e�r� �m�e�m�b�e�r�s� �s�e�l�e�c�t�e�d� �f�r�o�m� �a�m�o�n�g� 

�t�h�e� �b�e�s�t� �p�r�o�g�r�a�m� �e�n�g�i�n�e�e�r�s� �t�o� �s�e�r�v�e� �f�o�r� �t�e�r�m�s� �o�f� �o�n�e� �t�o� �t�w�o� 

�y�e�a�r�s� �o�n� �a�e� �r�o�t�a�t�i�o�n�a�l� �b�a�s�i�s�.� �I�n� �t�h�i�s� �w�a�y�,� �t�h�e� �c�o�s�t� 

�e�n�g�i�n�e�e�r�i�n�g� �g�r�o�u�p� �w�a�s� �k�e�p�t� �a�b�r�e�a�s�t� �o�f� �c�u�r�r�e�n�t� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� 

�p�r�o�g�r�a�m� �p�r�a�c�t�i�c�e�s� �a�n�d� �t�h�e� �e�n�g�i�n�e�e�r�s� �t�o�o�k� �v�a�l�u�a�b�l�e� �c�o�s�t� 

�e�s�t�i�m�a�t�i�o�n� �k�n�o�w�l�e�d�g�e� �a�n�d� �e�x�p�e�r�i�e�n�c�e� �b�a�c�k� �t�o� �t�h�e� �p�r�o�g�r�a�m� �a�r�e�a�s� 

�w�i�t�h� �t�h�e�m�.� 

�P�h�a�s�e� �I�I�  �� �A�n�a�l�y�s�i�s�.� �O�n�c�e� �s�u�f�f�i�c�i�e�n�t� �d�a�t�a� �h�a�s� �b�e�e�n� 

�c�o�m�p�i�l�e�d�,� �i�t� �c�a�n� �b�e�g�i�n� �t�o� �b�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �s�t�a�t�i�s�t�i�c�a�l� �a�n�d� 

�m�a�t�h�e�m�a�t�i�c�a�l� �t�e�c�h�n�i�q�u�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�a�j�o�r� �c�o�s�t� �d�r�i�v�e�r�s�,� 

�t�h�e�i�r� �g�e�n�e�r�a�l� �p�a�t�t�e�r�n�s� �o�f� �v�a�r�i�a�t�i�o�n�,� �t�h�e� �e�l�e�m�e�n�t�s� �a�n�d� �f�o�r�m� �o�f� 

�t�h�e� �c�o�m�p�l�e�x�i�t�y� �f�a�c�t�o�r�(�s�)�,� �c�o�s�t� �a�n�d� �p�a�r�a�m�e�t�e�r� �s�t�a�t�i�s�t�i�c�s�,� �a�n�d� 

�p�r�o�d�u�c�t�i�v�i�t�y� �f�a�c�t�o�r�s�.� �E�x�a�m�p�l�e�s� �o�f� �p�r�o�d�u�c�t�i�v�i�t�y� �f�a�c�t�o�r�s� �f�o�r� 

�s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �d�o�c�u�m�e�n�t�a�t�i�o�n� �d�e�v�e�l�o�p�m�e�n�t� �m�i�g�h�t� �b�e� �t�h�e� 

�a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �p�a�g�e�s� �f�o�r� �e�a�c�h� �t�y�p�e� �d�o�c�u�m�e�n�t�,� �a�v�e�r�a�g�e� �n�u�m�b�e�r� 

�o�f� �m�a�n�h�o�u�r�s� �p�e�r� �p�a�g�e�,� �a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �c�o�m�m�e�n�t�s� �r�e�c�e�i�v�e�d� �p�e�r� 

�d�o�c�u�m�e�n�t�,� �a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �s�u�b�m�i�t�t�a�l�s�,� �r�a�t�i�o�s� �o�f� �l�a�b�o�r� �l�e�v�e�l�s� 

�u�s�e�d�,� �e�t�c�.� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �c�o�s�t� �e�s�t�i�m�a�t�i�n�g� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �i�s� �a� �k�e�y� �o�u�t�c�o�m�e� �o�f� �t�h�i�s� �p�h�a�s�e�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�i�n�s�i�g�h�t� �i�n�t�o� �w�h�i�c�h� �t�a�s�k�s� �t�e�n�d� �t�o� �b�e� �o�v�e�r�b�i�d� �o�r� �u�n�d�e�r�b�i�d� �c�a�n� �b�e� 

�g�a�i�n�e�d� �a�n�d� �a�d�j�u�s�t�m�e�n�t�s� �m�a�d�e� �a�c�c�o�r�d�i�n�g�l�y�.� 

�I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �k�n�o�w� �h�o�w� �m�u�c�h� �a�n�a�l�y�s�i�s� �i�s� �e�n�o�u�g�h�.� �T�o�o� 

�l�i�t�t�l�e� �a�n�a�l�y�s�i�s� �i�s� �l�i�k�e�l�y� �t�o� �r�e�s�u�l�t� �i�n� �a� �p�o�o�r� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� 
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�o�f� �r�e�a�l�i�t�y� �w�h�i�l�e� �t�o�o� �m�u�c�h� �a�n�a�l�y�s�i�s� �m�a�y� �r�e�s�u�l�t� �i�n� �l�o�w� �m�a�r�g�i�n�a�l� 

�b�e�n�e�f�i�t�s�.� �"�A� �t�r�u�l�y� �c�o�m�p�l�e�t�e� �a�n�a�l�y�s�i�s� �w�o�u�l�d� �e�n�t�a�i�l� �i�s�o�l�a�t�i�n�g� 

�a�l�l� �t�h�e� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �s�y�s�t�e�m� �o�n� �a� �g�l�o�b�a�l� �b�a�s�i�s�,� �d�e�t�e�r�m�i�n�i�n�g� 

�t�h�e�i�r� �l�i�m�i�t�s�,� �t�h�e�i�r� �f�u�n�c�t�i�o�n�s�,� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �w�e�i�g�h�t�s�,� �t�h�e�i�r� 

�i�n�t�e�r�d�e�p�e�n�d�e�n�c�e�,� �t�h�e�i�r� �t�i�m�e� �r�a�t�e�s� �o�f� �c�h�a�n�g�e� �-�-� �i�n� �s�h�o�r�t�,� �a�n� 

�i�m�p�r�a�c�t�i�c�a�l� �i�f� �n�o�t� �c�o�m�p�l�e�t�e�l�y� �i�m�p�o�s�s�i�b�l�e� �u�n�d�e�r�t�a�k�i�n�g� �t�h�a�t� 

�w�o�u�l�d� �b�e� �i�n� �i�t�s�e�l�f� �t�h�e� �p�o�o�r�e�s�t� �o�f� �c�o�s�t�-�e�f�f�e�c�t�i�v�e�n�e�s�s� �p�r�a�c�t�i�c�e�,� 

�S�i�n�c�e� �t�h�e� �c�o�s�t� �a�n�d� �t�i�m�e� �r�e�q�u�i�r�e�d� �f�o�r� �s�u�c�h� �f�u�t�i�l�e� �a�t�t�e�m�p�t�s� �i�n� 

�a�l�l� �l�i�k�e�l�i�h�o�o�d� �w�o�u�l�d� �b�e� �p�r�o�h�i�b�i�t�i�v�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� 

�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�s�.� �M�o�s�t� �c�o�s�t�-� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �m�o�d�e�l�s� �t�h�e�r�e�f�o�r�e� �a�r�e� �s�u�b�o�p�t�i�m�i�z�a�t�i�o�n�s� �a�t� �b�e�s�t� 

�a�n�d� �u�s�u�a�l�l�y� �w�i�l�l� �n�o�t� �b�e� �f�o�u�n�d� �t�o� �c�o�n�t�a�i�n� �a�n�y� �s�e�c�o�n�d�-� �o�r� �h�i�g�h�e�r� 

�o�r�d�e�r� �t�e�r�m�s�.� 

�"�S�i�n�c�e� �t�h�e� �o�p�t�i�m�u�m� �s�o�l�u�t�i�o�n� �i�s� �n�o�t� �a�t�t�a�i�n�a�b�l�e� �i�n� �t�h�e� 

�l�i�m�i�t�,� �t�h�e� �r�e�s�u�l�t�s� �m�u�s�t� �a�l�w�a�y�s� �b�e� �a� �r�e�l�a�t�i�v�e�l�y� �i�m�p�e�r�f�e�c�t� 

�s�o�l�u�t�i�o�n� �a�t� �b�e�s�t�.� �I�t� �i�s� �i�n� �t�h�e� �a�t�t�a�i�n�m�e�n�t� �o�f� �a�n� �a�p�p�r�o�p�r�i�a�t�e� 

�d�e�g�r�e�e� �o�f� �s�u�b�o�p�t�i�m�i�z�a�t�i�o�n� �t�h�a�t� �t�h�e�r�e� �w�i�l�l� �a�l�w�a�y�s� �b�e� �f�o�u�n�d� �a� 

�c�o�n�s�i�d�e�r�a�b�l�e� �e�x�e�r�c�i�s�e� �o�f� �j�u�d�g�m�e�n�t�.� �L�i�k�e� �i�t� �o�r� �n�o�t�,� �j�u�d�g�m�e�n�t� 

�i�s� �n�e�e�d�e�d� �t�o� �a�r�r�i�v�e� �a�t� �w�h�a�t� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o�o� �m�u�c�h� 

�a�n�a�l�y�s�i�s� �v�e�r�s�u�s� �w�h�a�t� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o�o� �l�i�t�t�l�e� �a�n�a�l�y�s�i�s�.� 

�I�n� �t�h�e� �f�i�n�a�l� �a�n�a�l�y�s�i�s�,� �t�h�e� �b�e�s�t� �t�h�a�t� �c�a�n� �b�e� �h�o�p�e�d� �f�o�r� �i�n� 

�a� �w�o�r�l�d� �f�u�l�l� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �i�s� �a� �g�o�o�d� �c�o�m�p�r�o�m�i�s�e� �w�i�t�h� �t�h�e� 

�u�n�a�t�t�a�i�n�a�b�l�e�.�"� �[�3�9�]� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �a�n�a�l�y�s�i�s� �c�a�n� �b�e� �u�s�e�d� �t�o� �r�e�f�i�n�e� �t�h�e� 

�c�o�s�t� �s�t�r�u�c�t�u�r�e� �a�n�d� �d�a�t�a�b�a�s�e� �c�o�n�t�e�n�t� �a�s� �n�e�e�d�e�d�.� �C�o�s�t� 
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�e�s�t�i�m�a�t�i�n�g� �g�u�i�d�e�l�i�n�e�s� �a�n�d� �p�r�o�c�e�d�u�r�e�s� �s�h�o�u�l�d� �b�e� �u�p�d�a�t�e�d� �a�t� �t�h�i�s� 

�t�i�m�e� �a�l�s�o�.� 

�D�u�r�i�n�g� �t�h�i�s� �p�h�a�s�e�,� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� �o�f� �t�h�e� �m�o�d�e�l� 

�S�h�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d�.� �T�h�i�s� �e�n�t�a�i�l�s� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�n�a�l�y�s�i�s�,� �a� �f�e�a�s�i�b�i�l�i�t�y� �e�v�a�l�u�a�t�i�o�n�,� �a�n�d� 

�a�l�t�e�r�n�a�t�i�v�e� �a�s�s�e�s�s�m�e�n�t�s�.� �T�h�e� �e�n�d� �p�r�o�d�u�c�t� �o�f� �t�h�i�s� �e�f�f�o�r�t� �w�i�l�l� 

�b�e� �a� �f�u�n�c�t�i�o�n�a�l� �s�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �m�o�d�e�l� �a�n�d� �a� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n� �a�s� �t�o� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�o� �p�r�o�c�e�e�d� �w�i�t�h� �i�t�s� 

�d�e�v�e�l�o�p�m�e�n�t�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� �a� �r�e�v�i�e�w� �s�h�o�u�l�d� �b�e� �h�e�l�d� �t�o� 

�e�v�a�l�u�a�t�e� �t�h�e� �d�e�s�i�g�n� �a�n�d� �t�o� �m�a�k�e� �t�h�i�s� �d�e�c�i�s�i�o�n�.� 

�P�h�a�s�e� �I�I�I� �- �� �M�o�d�e�l� �D�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� 

�a�n�a�l�y�s�e�s�,� �t�h�e� �c�o�m�p�i�l�e�d� �d�a�t�a�,� �a�n�d� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �s�p�e�c�i�f�i�c�a�t�i�o�n� 

�c�a�n� �n�o�w� �b�e� �u�s�e�d� �t�o� �c�r�e�a�t�e� �a� �t�h�e�o�r�e�t�i�c�a�l� �c�o�s�t� �m�o�d�e�l�.� �A�n� 

�i�t�e�r�a�t�i�v�e� �c�y�c�l�e� �o�f� �s�y�n�t�h�e�s�i�s� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �s�h�o�u�l�d� �o�c�c�u�r� 

�a�s� �t�h�e� �m�o�d�e�l� �i�s� �e�v�a�l�u�a�t�e�d� �a�g�a�i�n�s�t� �a�c�t�u�a�l�s�;� �i�t�s� �a�c�c�u�r�a�c�y�,� 

�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� �a�s�s�e�s�s�e�d�;� �a�n�d� �i�t�s� �f�e�a�t�u�r�e�s� �a�n�d� 

�p�e�r�f�o�r�m�a�n�c�e� �o�p�t�i�m�i�z�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �i�t�s� �s�p�e�c�i�f�i�e�d� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� �m�o�d�e�l� �s�h�o�u�l�d� �t�h�e�n� �b�e� �e�m�p�i�r�i�c�a�l�l�y� �v�a�l�i�d�a�t�e�d� 

�i�n� �t�w�o� �w�a�y�s�.� �F�i�r�s�t�,� �b�y� �c�o�m�p�a�r�i�n�g� �e�s�t�i�m�a�t�e�d� �t�o� �a�c�t�u�a�l� �c�o�s�t�s� 

�u�s�i�n�g� �h�i�s�t�o�r�i�c�a�l� �i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� �s�e�c�o�n�d� �b�y� �u�s�i�n�g� �t�h�e� �m�o�d�e�l� �i�n� 

�p�a�r�a�l�l�e�l� �w�i�t�h� �c�u�r�r�e�n�t� �m�e�t�h�o�d�s� �a�n�d� �c�o�m�p�a�r�i�n�g� �r�e�s�u�l�t�s�.� 

�W�h�e�n� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �s�u�i�t�a�b�l�e� �f�o�r� �u�s�e�,� �b�a�s�e�d� �o�n� �a� �d�e�s�i�g�n� 

�r�e�v�i�e�w�,� �c�o�s�t�i�n�g� �p�r�o�c�e�d�u�r�e�s� �s�h�o�u�l�d� �a�g�a�i�n� �b�e� �u�p�d�a�t�e�d�.� �T�h�e� 

�r�e�v�i�s�i�o�n� �s�h�o�u�l�d� �i�n�c�l�u�d�e� �"�h�o�w� �t�o�"� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�c�e�r�n�i�n�g� �t�h�e� 

�u�s�e� �o�f� �t�h�e� �m�o�d�e�l� �a�s� �w�e�l�l� �a�s� �g�u�i�d�e�l�i�n�e�s� �a�s� �t�o� �t�h�e� �r�o�l�e� �i�t� 
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�S�h�o�u�l�d� �p�l�a�y� �i�n� �t�h�e� �o�v�e�r�a�l�l� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �u�n�d�e�r� �w�h�a�t� �c�o�n�d�i�t�i�o�n�s� �w�i�l�l� �i�t� �b�e� �u�s�e�d� �a�s� �t�h�e� �p�r�i�m�a�r�y� 

�s�o�u�r�c�e� �o�f� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �v�a�l�u�e�s� �a�n�d� �u�n�d�e�r� �w�h�a�t� �c�o�n�d�i�t�i�o�n�s� 

�w�i�l�l� �i�t� �b�e� �u�s�e�d� �a�s� �a� �c�r�o�s�s�-�c�h�e�c�k� �o�n� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �u�s�i�n�g� 

�o�t�h�e�r� �m�e�t�h�o�d�s�?� 

�P�h�a�s�e� �I�V� �-� �A�u�t�o�m�a�t�i�o�n�.� �D�u�r�i�n�g� �t�h�i�s� �p�h�a�s�e�,� �a� �c�o�m�p�u�t�e�r� 

�b�a�s�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �m�o�d�e�l� �i�s� �g�e�n�e�r�a�t�e�d�.� �T�h�i�s� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� 

�a�s� �f�o�r� �a�n�y� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t�.� �A�l�t�e�r�n�a�t�i�v�e� �h�a�r�d�w�a�r�e� 

�a�r�c�h�i�t�e�c�t�u�r�e�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �a�n�d� �a� �p�l�a�t�f�o�r�m� �s�e�l�e�c�t�e�d�.� 

�S�o�f�t�w�a�r�e�,� �i�n�t�e�r�f�a�c�e�,� �M�M�I�,� �a�n�d� �d�a�t�a�b�a�s�e� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� 

�s�p�e�c�i�f�i�e�d�.� �T�h�e� �s�o�f�t�w�a�r�e� �d�e�s�i�g�n�,� �c�o�d�i�n�g�,� �a�n�d� �t�e�s�t� �a�r�e� 

�p�e�r�f�o�r�m�e�d�.� �I�n�t�e�g�r�a�t�i�o�n� �t�e�s�t�i�n�g� �i�s� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� 

�o�p�e�r�a�t�i�o�n�a�l� �e�n�v�i�r�o�n�m�e�n�t�,� �e�n�s�u�r�i�n�g� �i�n�t�e�r�o�p�e�r�a�b�i�l�i�t�y� �w�i�t�h� 

�a�s�s�o�c�i�a�t�e�d� �s�y�s�t�e�m�s�.� �V�a�l�i�d�a�t�i�o�n� �a�n�d� �u�s�e�r� �t�e�s�t�i�n�g� �i�s� �c�o�n�d�u�c�t�e�d�.� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �u�s�e�r�s� �m�a�n�u�a�l� �f�o�r� �t�h�e� �s�y�s�t�e�m� 

�i�s� �e�s�s�e�n�t�i�a�l�.� 

�A�l�t�h�o�u�g�h� �t�h�i�s� �p�h�a�s�e� �i�s� �s�h�o�w�n� �a�s� �f�o�l�l�o�w�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�p�h�a�s�e�,� �i�n� �a�c�t�u�a�l�i�t�y� �i�t� �m�a�y� �b�e� �p�e�r�f�o�r�m�e�d� �i�n� �p�a�r�a�l�l�e�l�.� �I�n� �f�a�c�t�,� 

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �m�o�d�e�l�,� �i�t� �m�a�y� �b�e� �e�n�t�i�r�e�l�y� 

�t�o�o� �c�a�l�c�u�l�a�t�i�o�n� �i�n�t�e�n�s�i�v�e� �t�o� �b�e� �u�s�e�d� �m�a�n�u�a�l�l�y�.� �I�n� �t�h�i�s� �c�a�s�e�,� 

�a�n� �a�u�t�o�m�a�t�e�d� �p�r�o�t�o�t�y�p�e� �m�a�y� �b�e� �d�e�v�e�l�o�p�e�d� �a�l�o�n�g� �w�i�t�h� �t�h�e� 

�a�l�g�o�r�i�t�h�m�s� �a�n�d� �s�e�r�v�e� �a�s� �t�h�e� �t�e�s�t� �b�e�d� �f�o�r� �m�o�d�e�l� �e�v�a�l�u�a�t�i�o�n� �a�n�d� 

�o�p�t�i�m�i�z�a�t�i�o�n�.� �I�n� �t�h�i�s� �w�a�y�,� �a�s� �c�h�a�n�g�e�s� �o�r� �a�d�d�i�t�i�o�n�s� �a�r�e� 

�i�n�c�o�r�p�o�r�a�t�e�d�,� �t�h�e� �e�f�f�e�c�t�s� �c�a�n� �b�e� �q�u�i�c�k�l�y� �a�s�c�e�r�t�a�i�n�e�d�.� 
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�C�o�s�t�i�n�g� �p�r�o�c�e�d�u�r�e�s� �s�h�o�u�l�d� �o�n�c�e� �a�g�a�i�n� �b�e� �r�e�v�i�s�e�d� �t�o� 

�d�e�l�i�n�e�a�t�e� �a�p�p�r�o�p�r�i�a�t�e� �u�s�a�g�e� �o�f� �t�h�e� �a�u�t�o�m�a�t�e�d� �m�o�d�e�l�,� �i�t�s� 

�p�r�e�f�e�r�r�e�d� �r�o�l�e� �i�n� �t�h�e� �e�s�t�i�m�a�t�i�n�g� �p�r�o�c�e�s�s�,� �a�n�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� 

�f�o�r� �o�p�e�r�a�t�i�o�n�,� �c�a�l�i�b�r�a�t�i�o�n�,� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �s�u�p�p�o�r�t�.� �W�i�l�l� �i�t� 

�b�e� �u�s�e�d� �o�n�l�y� �b�y� �t�h�e� �c�o�s�t� �e�n�g�i�n�e�e�r�i�n�g� �g�r�o�u�p� �o�r� �w�i�l�l� �i�t� �b�e� 

�a�c�c�e�s�s�i�b�l�e� �t�o� �p�r�o�g�r�a�m� �e�n�g�i�n�e�e�r�s�?� �H�o�w� �c�a�n� �r�e�s�u�l�t�s� �b�e� �u�s�e�d� 

�d�u�r�i�n�g� �c�o�n�t�r�a�c�t� �n�e�g�o�t�i�a�t�i�o�n�s�?� �W�h�a�t� �a�r�e� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�e� 

�m�o�d�e�l�?� 

�P�h�a�s�e� �V�_�~�-� �U�s�e� �a�n�d� �S�u�p�p�o�r�t�.� �A�S� �w�i�t�h� �a�n�y� �n�e�w� �a�u�t�o�m�a�t�e�d� 

�t�o�o�l�,� �t�h�e� �n�e�w� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �c�o�s�t� �m�o�d�e�l� �s�h�o�u�l�d� �b�e� 

�g�r�a�d�u�a�l�l�y� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �i�n� �a� �m�a�n�n�e�r� �w�h�i�c�h� 

�M�i�n�i�m�i�z�e�s� �d�i�s�r�u�p�t�i�o�n� �a�n�d� �h�o�s�t�i�l�i�t�y�.� �T�h�e� �t�o�o�l� �s�h�o�u�l�d� �n�o�t� �b�e� 

�i�n�t�r�o�d�u�c�e�d� �u�n�t�i�l� �a� �d�e�g�r�e�e� �o�f� �m�a�t�u�r�i�t�y� �i�s� �r�e�a�l�i�z�e�d�.� �I�t� �i�s� 

�c�o�u�n�t�e�r�p�r�o�d�u�c�t�i�v�e� �t�o� �r�e�l�e�a�s�e� �t�h�e� �m�o�d�e�l� �p�r�e�m�a�t�u�r�e�l�y�,� �e�s�p�e�c�i�a�l�l�y� 

�i�n� �o�r�d�e�r� �t�o� �m�e�e�t� �a�n� �a�r�b�i�t�r�a�r�y� �d�e�a�d�l�i�n�e�,� �w�h�e�n� �a�l�l� �t�h�e� �b�u�g�s� �a�r�e� 

�n�o�t� �y�e�t� �o�u�t�.� 

�T�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �t�h�e� �m�o�d�e�l�,� �a�t� �l�e�a�s�t� �i�n�i�t�i�a�l�l�y� �i�f� 

�n�o�t� �a�l�w�a�y�s�,� �b�e� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �c�u�r�r�e�n�t� �g�r�a�s�s� �r�o�o�t�s� 

�e�s�t�i�m�a�t�i�o�n� �m�e�t�h�o�d�s�.� �I�t�s� �i�n�t�r�o�d�u�c�t�i�o�n� �s�h�o�u�l�d� �b�e� �p�r�e�c�e�d�e�d� �b�y� 

�e�d�u�c�a�t�i�o�n� �a�n�d� �t�r�a�i�n�i�n�g�,� �t�a�r�g�e�t�e�d� �t�o� �b�o�t�h� �u�s�e�r�s� �a�n�d� �m�a�n�a�g�e�r�s�.� 

�M�a�n�a�g�e�r�s� �s�h�o�u�l�d� �b�e� �b�r�i�e�f�e�d� �o�n� �w�a�y�s� �i�n� �w�h�i�c�h� �t�h�e� �t�o�o�l� �c�a�n� �b�e� 

�u�s�e�d� �t�o� �s�u�p�p�o�r�t� �t�h�e�m� �(�s�e�e� �p�a�r�a�g�r�a�p�h� �2�.�4�.�3�.�3�)�.� �U�s�e�r�s� �s�h�o�u�l�d� 

�k�n�o�w� �w�h�a�t� �i�n�p�u�t� �d�a�t�a� �i�s� �r�e�q�u�i�r�e�d� �a�n�d� �b�e� �t�a�u�g�h�t� �t�o� �u�n�d�e�r�s�t�a�n�d� 

�t�h�e� �g�e�n�e�r�a�l� �e�f�f�e�c�t�s� �o�f� �t�h�a�t� �d�a�t�a� �o�n� �t�h�e� �r�e�s�u�l�t�i�n�g� �e�s�t�i�m�a�t�e�.� 

�A�s�s�i�s�t�a�n�c�e� �s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d� �i�n� �i�n�s�t�a�l�l�i�n�g�,� �u�s�i�n�g�,� �a�n�d� 
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�m�a�i�n�t�a�i�n�i�n�g� �t�h�e� �t�o�o�l�;� �i�n�t�e�r�p�r�e�t�i�n�g� �r�e�s�u�l�t�s�;� �a�n�d� �f�o�r� �g�e�n�e�r�a�l� 

�S�u�p�p�o�r�t�.� �A�n� �u�n�s�u�p�p�o�r�t�e�d� �t�o�o�l� �w�i�l�l� �n�o�t� �b�e� �u�s�e�d�.� 

�F�o�l�l�o�w�i�n�g� �i�n�t�r�o�d�u�c�t�i�o�n�,� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �m�o�d�e�l� �s�h�o�u�l�d� 

�b�e� �m�o�n�i�t�o�r�e�d�.� �R�e�f�i�n�e�m�e�n�t�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �a�s� �n�e�c�e�s�s�a�r�y�.� �A� 

�t�r�a�c�k� �r�e�c�o�r�d� �s�h�o�u�l�d� �r�e�s�u�l�t� �e�s�t�a�b�l�i�s�h�i�n�g� �a� �l�e�v�e�l� �o�f� 

�c�r�e�d�i�b�i�l�i�t�y�.� �F�e�e�d�b�a�c�k� �f�r�o�m� �u�s�e�r�s� �s�h�o�u�l�d� �b�e� �c�o�l�l�e�c�t�e�d�,� �a�n�d� 

�i�m�p�r�o�v�e�m�e�n�t�s� �a�n�d� �a�d�d�i�t�i�o�n�a�l� �f�e�a�t�u�r�e�s� �i�n�c�o�r�p�o�r�a�t�e�d�.� 

�I�t� �i�s� �i�m�p�e�r�a�t�i�v�e� �t�h�a�t� �t�h�e� �m�o�d�e�l� �b�e� �p�e�r�i�o�d�i�c�a�l�l�y� 

�c�a�l�i�b�r�a�t�e�d� �a�s� �t�h�e� �b�a�s�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�l�l� �c�h�a�n�g�e� �o�v�e�r� �t�i�m�e� 

�b�a�s�e�d� �o�n� �c�h�a�n�g�e�s� �i�n� �t�e�c�h�n�o�l�o�g�y�,� �p�r�o�d�u�c�t�i�v�i�t�y�,� �a�n�d� �o�t�h�e�r� 

�f�a�c�t�o�r�s�.� 

�4�.�5� �L�i�m�i�t�a�t�i�o�n�s� 

�A�l�t�h�o�u�g�h� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �m�a�n�y� �b�e�n�e�f�i�t�s� �e�x�i�s�t� �w�i�t�h� �t�h�e� 

�u�s�e� �o�f� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �m�o�d�e�l�s�,� �l�i�m�i�t�a�t�i�o�n�s� �a�l�s�o� �e�x�i�s�t�.� �"�T�h�e� 

�e�n�g�i�n�e�e�r� �u�s�i�n�g� �t�h�e� �c�o�m�p�u�t�e�r� �m�u�s�t� �s�t�i�l�l� �p�o�s�s�e�s�s� �a� �t�h�o�r�o�u�g�h� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �w�h�a�t� �i�t� �i�s� �p�r�o�v�i�d�i�n�g� �h�i�m� �a�n�d� �j�u�s�t� �a�s� �h�e� 

�r�e�a�l�i�z�e�s� �i�t�s� �b�e�n�e�f�i�t�s�,� �h�e� �m�u�s�t� �a�l�s�o� �b�e� �a�b�l�e� �t�o� �i�d�e�n�t�i�f�y� �a�n�d� 

�c�o�p�e� �w�i�t�h� �i�t�s� �l�i�m�i�t�a�t�i�o�n�s� �i�n� �h�a�n�d�l�i�n�g� �c�o�s�t� �e�s�t�i�m�a�t�e�s� �o�f� 

�f�a�c�i�l�i�t�i�e�s� �w�i�t�h� �u�n�i�q�u�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.�"� �[�1�7�]� 

�A�l�l� �m�o�d�e�l�s� �p�e�r�f�o�r�m� �b�e�s�t� �i�n� �t�h�e�i�r� �"�h�o�m�e�"� �e�n�v�i�r�o�n�m�e�n�t�;� �t�h�a�t� 

�1�s�,� �u�n�d�e�r� �s�i�m�i�l�a�r� �c�o�n�d�i�t�i�o�n�s� �t�o� �t�h�o�s�e� �i�n� �w�h�i�c�h� �i�t� �w�a�s� 

�d�e�v�e�l�o�p�e�d�.� �W�h�e�n� �u�s�e�d� �i�n� �a� �f�o�r�e�i�g�n� �e�n�v�i�r�o�n�m�e�n�t�,� �r�e�s�u�l�t�s� �a�r�e� 

�m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �p�r�e�d�i�c�t�.� �"�A� �d�i�f�f�e�r�e�n�t�- ��c�o�n�f�i�g�u�r�a�t�i�o�n� 

�S�i�t�u�a�t�i�o�n� �c�o�n�t�a�i�n�s� �a� �l�a�r�g�e�r� �r�a�n�g�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �t�h�a�n� �d�o�e�s� �a� 
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�l�i�k�e�-�c�o�n�f�i�g�u�r�a�t�i�o�n� �s�i�t�u�a�t�i�o�n� �.�.�.� �a�n� �u�n�f�a�m�i�l�i�a�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�p�o�s�e�s� �a� �s�u�b�s�t�a�n�t�i�a�l� �c�h�a�l�l�e�n�g�e� �t�o� �t�h�e� �e�s�t�i�m�a�t�o�r� �-�-� �a� �c�h�a�l�l�e�n�g�e� 

�w�h�i�c�h� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �f�o�r�m�i�d�a�b�l�e� �w�h�e�n� �a� �d�e�t�a�i�l�e�d� �e�n�d�-� 

�i�t�e�m�-�o�r�i�e�n�t�e�d� �c�o�s�t� �d�a�t�a� �b�a�n�k� �i�s� �u�s�e�d�"� �[�4�0�]� �T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� 

�i�m�p�o�r�t�a�n�t� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �(�t�y�p�e� �o�f� �s�y�s�t�e�m�,� �s�i�z�e� 

�o�f� �s�y�s�t�e�m�,� �e�t�c�)� �t�o� �w�h�i�c�h� �t�h�e� �m�o�d�e�l� �a�p�p�l�i�e�s� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�a�s�s�u�m�p�t�i�o�n�s� �m�a�d�e� �d�u�r�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�.� 

�A�s� �p�r�e�v�i�o�u�s�l�y� �c�a�u�t�i�o�n�e�d�,� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �o�u�t�p�u�t� �o�f� �a� 

�m�o�d�e�l� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �q�u�a�l�i�t�y� �o�f� �i�t�s� �i�n�p�u�t�s� �a�n�d� �u�p�o�n� �t�h�e� 

�S�k�i�l�l� �o�f� �t�h�e� �u�s�e�r�.� �T�h�e� �q�u�a�l�i�t�y� �o�f� �a�n� �e�s�t�i�m�a�t�e� �h�a�s� �l�e�s�s� �t�o� �d�o� 

�w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c� �e�s�t�i�m�a�t�i�n�g� �t�o�o�l� �t�h�a�n� �w�i�t�h� �t�h�e� �s�o�u�n�d�n�e�s�s� �o�f� 

�t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �u�s�e�d� �t�o� �d�r�i�v�e� �t�h�e� �t�o�o�l� �a�n�d� �t�h�e� �c�o�n�s�i�s�t�e�n�c�e� �o�f� 

�i�t�s� �a�p�p�l�i�c�a�t�i�o�n�.� �"�M�o�d�e�l�s� �c�a�n� �b�e� �n�o� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �p�e�o�p�l�e� �w�h�o� 

�o�p�e�r�a�t�e� �t�h�e�m� �a�n�d�,� �p�e�r�h�a�p�s� �m�o�r�e� �i�m�p�o�r�t�a�n�t�l�y�,� �t�h�o�s�e� �w�h�o� 

�i�n�t�e�r�p�r�e�t� �a�n�d� �p�r�e�s�e�n�t� �t�h�e� �r�e�s�u�l�t�s�.�"� �[�1�4�]� 
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�C�h�a�p�t�e�r� �5� 

�5�.�0� �C�o�n�c�l�u�s�i�o�n� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�A� �n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �m�e�t�h�o�d�o�l�o�g�i�e�s� �w�e�r�e� 

�e�v�a�l�u�a�t�e�d� �f�o�r� �a�p�p�l�i�c�a�t�i�o�n� �t�o� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �s�y�s�t�e�m�s� 

�e�n�g�i�n�e�e�r�i�n�g� �c�o�s�t�s�.� �A�t�t�e�m�p�t�s� �w�e�r�e� �m�a�d�e� �t�o� �u�t�i�l�i�z�e� �h�i�s�t�o�r�i�c�a�l� 

�c�o�s�t� �d�a�t�a� �f�r�o�m� �a�c�t�u�a�l� �p�r�o�g�r�a�m�s� �t�o� �i�d�e�n�t�i�f�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� 

�b�e�t�w�e�e�n� �c�o�s�t�s� �a�n�d� �e�x�p�l�a�n�a�t�o�r�y� �v�a�r�i�a�b�l�e�s�.� �E�x�p�e�r�t�s� �w�e�r�e� �q�u�e�r�i�e�d� 

�t�o� �a�s�c�e�r�t�a�i�n� �c�u�r�r�e�n�t� �p�r�a�c�t�i�c�e�s�,� �j�u�d�g�e� �t�h�e� �m�e�r�i�t�s� �o�f� �d�i�f�f�e�r�e�n�t� 

�a�p�p�r�o�a�c�h�e�s�,� �a�n�d� �s�u�b�j�e�c�t�i�v�e�l�y� �r�a�n�k� �c�o�n�t�r�i�b�u�t�o�r�s� �t�o� �c�o�s�t�.� �F�r�o�m� 

�t�h�e�s�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�s�,� �a�n� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

�s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �m�o�d�e�l� �w�a�s� �f�o�r�m�u�l�a�t�e�d�.� 

�5�.�1� �C�o�n�c�l�u�s�i�o�n�s� 

�T�h�e�r�e� �i�s� �a� �n�e�e�d� �t�o� �i�m�p�r�o�v�e� �t�h�e� �c�o�n�s�i�s�t�e�n�c�y�,� �a�c�c�u�r�a�c�y�,� �a�n�d� 

�d�e�f�e�n�s�i�b�i�l�i�t�y� �o�f� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �c�o�s�t� �e�s�t�i�m�a�t�e�s�.� �A� �m�o�d�e�l� 

�c�a�n� �h�e�l�p� �t�o� �d�o� �t�h�i�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �w�h�e�n� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� 

�w�i�t�h� �o�t�h�e�r� �m�e�t�h�o�d�s�.� �P�a�r�a�m�e�t�r�i�c� �a�n�d� �a�n�a�l�o�g�y� �m�o�d�e�l�s� �a�p�p�e�a�r� �t�o� 

�b�e� �t�h�e� �m�o�s�t� �s�u�i�t�a�b�l�e� �i�n� �t�h�e� �n�e�a�r� �t�e�r�m�;� �h�o�w�e�v�e�r�,� �b�o�t�h� �r�e�q�u�i�r�e� 

�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �c�o�m�p�a�r�a�b�l�e� �d�a�t�a�b�a�s�e� �o�f� �c�o�s�t�s� �a�s� �w�e�l�l� �a�s� 

�c�o�s�t� �d�r�i�v�e�r�s�,� �w�h�i�c�h� �t�a�k�e�s� �s�o�m�e� �t�i�m�e� �t�o� �e�s�t�a�b�l�i�s�h�.� 

�P�r�e�l�i�m�i�n�a�r�y� �f�i�n�d�i�n�g�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �l�e�a�d�i�n�g� �c�o�s�t� �d�r�i�v�e�r�s�,� 

�a�l�l� �o�f� �w�h�i�c�h� �a�r�e� �a� �m�e�a�s�u�r�e� �o�f� �s�y�s�t�e�m� �c�o�m�p�l�e�x�i�t�y�,� �a�r�e�:� 
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�a�n�a� �t�h�a�t� 

�o�O�o� �N�u�m�b�e�r�/�t�y�p�e�s� �o�f� �i�n�t�e�r�f�a�c�e�s�,� 

�o� �N�u�m�b�e�r�/�d�i�v�e�r�s�i�t�y� �o�f� �f�u�n�c�t�i�o�n�s�,� 

�O�o� �N�u�m�b�e�r� �o�f� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� 

�r�a�n�k�i�n�g�s� �o�f� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �t�a�s�k� �a�r�e�a�s� �b�y� 

�r�e�l�a�t�i�v�e� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �c�o�s�t� �a�r�e�:� 

�o� �I�n�t�e�g�r�a�t�i�o�n� �a�n�d� �t�e�s�t�,� �a�n�d� 

�o� �D�e�s�i�g�n� �a�n�d� �s�p�e�c�i�f�i�c�a�t�i�o�n�.� 

�A� �n�u�m�b�e�r� �o�f� �c�o�n�d�i�t�i�o�n�s� �m�u�s�t� �e�x�i�s�t� �b�e�f�o�r�e� �a� �m�o�d�e�l� �c�a�n� �b�e� 

�d�e�v�e�l�o�p�e�d� �a�n�d� �b�e� �a� �u�s�e�f�u�l� �t�o�o�l� �w�i�t�h�i�n� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n�.� �C�h�i�e�f� 

�a�m�o�n�g� �t�h�e�s�e� �a�r�e�:� 

�O�o� 

�O� 

�E�x�i�s�t�e�n�c�e� �o�f� �a� �d�e�f�i�n�e�d� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s� 

�I�n�s�t�i�t�u�t�i�o�n� �o�f� �a� �s�t�a�n�d�a�r�d� �c�o�s�t� �s�t�r�u�c�t�u�r�e� �f�o�r� 

�b�i�d�d�i�n�g� �a�n�d� �m�a�n�a�g�i�n�g� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �e�f�f�o�r�t�s� 

�E�s�t�a�b�l�i�s�h�m�e�n�t� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �a� �c�o�n�s�i�s�t�e�n�t� �a�n�d� 

�c�o�m�p�a�r�a�b�l�e� �c�o�s�t� �a�n�d� �p�a�r�a�m�e�t�e�r� �d�a�t�a�b�a�s�e� 

�M�a�n�a�g�e�m�e�n�t� �s�u�p�p�o�r�t� �a�n�d� �r�e�s�o�u�r�c�e� �c�o�m�m�i�t�m�e�n�t� 

�5�.�2� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�A�n�y� �o�r�g�a�n�i�z�a�t�i�o�n� �w�h�i�c�h� �p�e�r�f�o�r�m�s� �l�a�r�g�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� 

�o�r� �i�n�t�e�g�r�a�t�i�o�n� �p�r�o�g�r�a�m�s� �r�e�q�u�i�r�e�s� �a� �h�e�a�l�t�h�y� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� 

�f�u�n�c�t�i�o�n� �a�n�d� �a� �m�e�a�n�s� �o�f� �e�s�t�i�m�a�t�i�n�g� �t�h�e� �c�o�s�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�t�h�i�s� �f�u�n�c�t�i�o�n�.� �F�o�r� �t�h�o�s�e� �o�r�g�a�n�i�z�a�t�i�o�n�s� �w�h�i�c�h� �h�a�v�e� �e�x�p�e�r�i�e�n�c�e�d� 

�d�i�f�f�i�c�u�l�t�i�e�s� �i�n� �p�r�e�d�i�c�t�i�n�g� �t�h�e�s�e� �c�o�s�t�s�,� �t�h�e� �a�p�p�r�o�a�c�h� �o�u�t�l�i�n�e�d� 
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�i�n� �S�e�c�t�i�o�n� �4�.�4� �m�a�y� �p�r�o�v�i�d�e� �a� �p�r�a�c�t�i�c�a�l� �m�e�t�h�o�d� �f�o�r� �a�d�d�r�e�s�s�i�n�g� 

�d�e�f�i�c�i�e�n�c�i�e�s� �i�n� �c�u�r�r�e�n�t� �e�s�t�i�m�a�t�i�n�g� �p�r�a�c�t�i�c�e�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� 

�w�i�l�l� �n�o�t� �b�e� �o�n� �o�v�e�r�n�i�g�h�t� �p�r�o�c�e�s�s�.� �I�t� �w�i�l�l� �r�e�q�u�i�r�e� �t�h�e� 

�c�o�m�m�i�t�m�e�n�t� �o�f� �t�i�m�e� �a�n�d� �r�e�s�o�u�r�c�e�s� �t�o� �r�e�a�c�h� �t�h�e� �e�n�d� �r�e�s�u�l�t� �-� �a� 

�r�e�l�i�a�b�l�e� �a�n�d� �c�o�n�s�i�s�t�e�n�t� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�.� 

�B�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �m�e�t�h�o�d� �e�v�a�l�u�a�t�i�o�n�,� �t�h�e� �m�o�d�e�l� 

�S�h�o�u�l�d� �b�e� �b�a�s�e�d� �o�n� �e�i�t�h�e�r� �t�h�e� �a�n�a�l�o�g�y� �o�r� �p�a�r�a�m�e�t�r�i�c� �t�e�c�h�n�i�q�u�e� 

�O�r� �o�n� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s�.� �F�o�r� �q�u�o�t�a�t�i�o�n� 

�e�s�t�i�m�a�t�e�s�,� �t�h�e� �m�o�d�e�l� �s�h�o�u�l�d� �b�e� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� 

�t�r�a�d�i�t�i�o�n�a�l� �g�r�a�s�s� �r�o�o�t�s� �m�e�t�h�o�d�s�.� �T�h�e� �m�o�d�e�l� �a�l�o�n�e�,� �o�n�c�e� 

�v�a�l�i�d�a�t�e�d�,� �m�a�y� �b�e� �u�s�e�d� �f�o�r� �o�t�h�e�r� �p�u�r�p�o�s�e�s� �s�u�c�h� �a�s� �e�a�r�l�y� �R�O�M� 

�e�s�t�i�m�a�t�e�s� �f�o�r� �f�e�a�s�i�b�i�l�i�t�y� �a�s�s�e�s�s�m�e�n�t�s� �o�r� �b�i�d�/�n�o� �b�i�d� �d�e�c�i�s�i�o�n�s�.� 

�"�T�h�e�r�e� �c�a�n� �b�e� �s�o�m�e� �p�r�e�s�s�u�r�e� �t�o� �h�a�v�e� �t�h�e� �p�a�r�a�m�e�t�r�i�c� 

�e�s�t�i�m�a�t�e� �s�u�p�p�o�r�t� �t�h�e� �c�o�n�s�e�n�s�u�s� �e�s�t�i�m�a�t�e�.� �T�o� �y�i�e�l�d� �t�o� �t�h�a�t� 

�p�r�e�s�s�u�r�e� �i�s� �a� �m�i�s�t�a�k�e�.� �I�t� �i�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �p�o�i�n�t�e�d� �o�u�t� �b�y� 

�t�h�e� �p�a�r�a�m�e�t�r�i�c� �e�s�t�i�m�a�t�e� �t�h�a�t� �p�r�o�v�i�d�e�s� �t�h�e� �r�e�a�l�,� �l�o�n�g�-�t�e�r�m� 

�b�e�n�e�f�i�t�.�"� �[�1�4�]� 

�5�.�3� �F�u�t�u�r�e� �w�o�r�k� 

�A�s� �m�a�y� �b�e� �o�b�v�i�o�u�s�,� �m�u�c�h� �w�o�r�k� �r�e�m�a�i�n�s� �t�o� �b�e� �d�o�n�e� �i�n� �t�h�e� 

�f�i�e�l�d� �o�f� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �c�o�s�t� �e�s�t�i�m�a�t�i�o�n�.� �S�o�m�e� �s�u�g�g�e�s�t�e�d� 

�a�v�e�n�u�e�s� �f�o�r� �f�u�t�u�r�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d� �b�e�l�o�w�.� 

�o� �C�o�n�t�i�n�u�e� �r�e�s�e�a�r�c�h� �i�n�t�o� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �m�a�j�o�r� 

�c�o�s�t� �d�r�i�v�e�r�s� �(�i�.�e�.�,� �p�r�i�m�a�r�y� �c�o�n�t�r�i�b�u�t�o�r�s� �t�o� 

�c�o�m�p�l�e�x�i�t�y�)� �a�n�d� �c�o�s�t� �e�s�t�i�m�a�t�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� 

�9�9



�R�e�f�i�n�e� �t�h�e� �p�r�o�p�o�s�e�d� �c�o�s�t� �s�t�r�u�c�t�u�r�e� �b�a�s�e�d� �o�n� 

�f�e�e�d�b�a�c�k� �d�u�r�i�n�g� �u�s�a�g�e�.� 

�E�x�p�a�n�d� �t�h�e� �s�t�u�d�y� �t�o� �e�n�c�o�m�p�a�s�s� �a� �l�a�r�g�e�r� �n�u�m�b�e�r� �o�f� 

�o�r�g�a�n�i�z�a�t�i�o�n�s� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �a� �b�r�o�a�d�e�r� �c�r�o�s�s� 

�s�e�c�t�i�o�n� �o�f� �p�r�a�c�t�i�c�e�s� �(�t�h�i�s� �m�a�y� �b�e� �p�o�s�s�i�b�l�e� �i�f� 

�p�e�r�f�o�r�m�e�d� �b�y� �a� �f�u�l�l� �t�i�m�e� �a�c�a�d�e�m�i�a�n� �w�h�o� �h�a�s� �n�o� �t�i�e�s� 

�t�o� �a�n�y� �p�a�r�t�i�c�u�l�a�r� �c�o�r�p�o�r�a�t�e� �e�n�t�i�t�y�)�.� 

�T�r�a�c�k� �n�e�w� �W�B�S� �i�n�i�t�i�a�t�i�v�e�s� �r�u�m�o�r�e�d� �t�o� �b�e� �i�n� �p�r�o�g�r�e�s�s� 

�w�i�t�h�i�n� �t�h�e� �g�o�v�e�r�n�m�e�n�t�.� 

�P�e�r�f�o�r�m� �a�n� �a�n�a�l�y�s�i�s� �o�f� �p�r�o�p�o�s�e�d� �c�o�s�t�s� �t�o� �a�c�t�u�a�l� 

�c�o�s�t�s� �t�o� �i�d�e�n�t�i�f�y� �t�r�e�n�d�s�.� 

�A�n�a�l�y�z�e� �l�a�b�o�r� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �e�a�c�h� �t�a�s�k�.� 

�D�e�t�e�r�m�i�n�e� �p�r�o�d�u�c�t�i�v�i�t�y� �f�a�c�t�o�r�s�.� 

�"�M�o�r�e� �r�e�s�e�a�r�c�h� �n�e�e�d�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d� �b�y� �c�o�s�t� 

�e�n�g�i�n�e�e�r�s� �i�n� �i�n�t�e�g�r�a�t�i�n�g� �d�e�s�i�g�n� �a�n�d� �c�o�s�t� 

�e�s�t�i�m�a�t�i�o�n�.�"� �[�1�2�]� 
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�R�e�f�e�r�e�n�c�e�s� 

�A�h�u�j�a�,� �H�i�r�a� �N�.� �a�n�d� �W�a�l�s�h�,� �M�i�c�h�a�e�l� �A�.�,� �S�u�c�c�e�s�s�f�u�l� �M�e�t�h�o�d�s� 

�i�n� �C�o�s�t� �E�n�g�i�n�e�e�r�i�n�g�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �N�e�w� �Y�o�r�k�,� �1�9�8�3�.� 

�A�p�g�a�r�,� �H�.�E�.� �a�n�d� �D�a�s�c�h�b�a�c�h�,� �J�.�M�.�,�  ��A�n�a�l�y�s�i�s� �o�f� �D�e�s�i�g�n� 

�T�h�r�o�u�g�h� �P�a�r�a�m�e�t�r�i�c� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n� �T�e�c�h�n�i�q�u�e�s�"�,� 

�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�n� 

�E�n�g�i�n�e�e�r�i�n�g� �D�e�s�i�g�n� �-� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�g�r�e�s�s� �o�n� �P�l�a�n�n�i�n�g� 

�a�n�d� �D�e�s�i�g�n� �T�h�e�o�r�y�,� �V�o�l�.� �2�,� �p�p�.� �7�5�9� �-� �7�6�6�,� �1�9�8�7�.� 

�A�p�p�l�i�e�d� �S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g�,� �R�.� �S�m�i�t�h�,� �C�o�m�p�a�n�y� �'�X ��,� 

�u�n�p�u�b�l�i�s�h�e�d� �c�o�u�r�s�e� �n�o�t�e�s�,� �1�9�9�1�.� 

�B�l�a�c�k�,� �J�a�m�e�s� �H�.�,� �C�o�s�t� �E�n�g�i�n�e�e�r�i�n�g� �P�l�a�n�n�i�n�g� �T�e�c�h�n�i�q�u�e�s� �f�o�r� 

�M�a�n�a�g�e�m�e�n�t�,� �M�a�r�c�e�l� �D�e�k�k�e�r�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�,� �1�9�8�4�,� 

�B�l�a�n�c�h�a�r�d�,� �B�e�n�j�a�m�i�n� �S�.�,� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r�i�n�g� �M�a�n�a�g�e�m�e�n�t�,� 

�J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�,� �1�9�9�1�.� 

�B�l�a�n�c�h�a�r�d�,� �B�e�n�j�a�m�i�n� �S�.� �a�n�d� �F�a�b�r�y�c�k�y�,� �W�o�l�t�e�r� �J�.�,� �S�y�s�t�e�m�s� 

�E�n�g�i�n�e�e�r�i�n�g� �a�n�d� �A�n�a�l�y�s�i�s�,� �2�n�d� �E�d�i�t�i�o�n�,� �P�r�e�n�t�i�c�e�-�H�a�l�l� 

�I�n�c�.�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�.�J�.�,� �1�9�9�0�.� 

�B�o�e�h�m�,� �B�a�r�r�y� �W�.�,� �S�o�f�t�w�a�r�e� �E�n�g�i�n�e�e�r�i�n�g� �E�c�o�n�o�m�i�c�s�,� 

�P�r�e�n�t�i�c�e�-�H�a�l�l� �I�n�c�.�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�.�J�.�,� �1�9�8�1�.� 

�B�o�g�e�r�,� �D�a�n�,� �C�.� �a�n�d� �L�i�a�o�,� �S�h�u� �S�.�,� �"�O�n� �t�h�e� �F�e�a�s�i�b�i�l�i�t�y� �o�f� 

�C�r�e�a�t�i�n�g� �a� �C�o�m�p�a�r�a�b�l�e� �D�a�t�a�b�a�s�e� �f�o�r� �N�o�n�r�e�c�u�r�r�i�n�g� �C�o�s�t� 

�A�n�a�l�y�s�i�s� �U�n�d�e�r� �D�u�a�l� �S�o�u�r�c�e� �C�o�m�p�e�t�i�t�i�o�n�"�,� �N�a�v�a�l� �P�o�s�t� 

�G�r�a�d�u�a�t�e� �S�c�h�o�o�l�,� �M�o�n�t�e�r�e�y�,� �C�A�,� �1�9�8�7�.� 
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�[�1�0�]� 

�[�1�2�]� 

�B�u�s�s�e�y�,� �L�y�n�n� �E�.�,� �T�h�e� �E�c�o�n�o�m�i�c� �A�n�a�l�y�s�i�s� �o�f� �I�n�d�u�s�t�r�i�a�l� 

�P�r�o�j�e�c�t�s�,� �P�r�e�n�t�i�c�e�-�H�a�l�l� �I�n�c�.�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�.�J�d�.�,� 

�1�9�7�8�.� 

�C�h�r�y�s�l�e�r�,� �E�a�r�l�,�  ��I�m�p�r�o�v�e�d� �M�a�n�a�g�e�m�e�n�t� �o�f� �I�n�f�o�r�m�a�t�i�o�n�"�,� 

�J�o�u�r�n�a�l� �o�f� �S�y�s�t�e�m�s� �M�a�n�a�g�e�m�e�n�t�,� �V�o�l�.� �3�1�,� �N�o�.� �3�,� �p�p� �6� �-� �1�3�,� 

�1�9�8�0�.� 

�C�o�w�d�e�r�o�y�,� �A�.�J�.�C�.� �a�n�d� �J�e�n�k�i�n�s�,� �J�.�0�O�.�,�  ��C�o�s�t�-�E�s�t�i�m�a�t�i�o�n� �b�y� 

�A�n�a�l�o�g�y� �a�s� �a� �G�o�o�d� �M�a�n�a�g�e�m�e�n�t� �P�r�a�c�t�i�c�e�"�,� �I�E�E� �C�o�n�f�e�r�e�n�c�e� 

�P�u�b�l�i�c�a�t�i�o�n�,� �n�.� �2�9�0�,� �p�p� �8�0�  �� �8�4�,� �1�9�8�8�.� 

�C�r�e�e�s�e�,� �R�o�b�e�r�t� �C�.� �a�n�d� �M�o�o�r�e�,� �T�e�d�,� �"�C�o�s�t� �M�o�d�e�l�i�n�g� �f�o�r� 

�C�o�n�c�u�r�r�e�n�t� �E�n�g�i�n�e�e�r�i�n�g�"�,� �C�o�s�t� �E�n�g�i�n�e�e�r�i�n�g�,� �V�o�l�.� �3�2�,� �n�.� �6�,� 

�p�p� �2�3� �-� �2�6�,� �1�9�9�0�.� 

�D�O�D�-�S�T�D�-�2�1�6�7�A�,� �D�e�f�e�n�s�e� �S�y�s�t�e�m� �S�o�f�t�w�a�r�e� �D�e�v�e�l�o�p�m�e�n�t�,� �2�9� 

�F�e�b�r�u�a�r�y� �1�9�8�8�.� 

�F�a�d�,� �B�r�u�c�e� �E�.� �a�n�d� �S�u�m�m�e�r�s�,� �R�o�y� �M�.�,� �"�P�a�r�a�m�e�t�r�i�c� �E�s�t�i�m�a�t�i�n�g� 

�f�o�r� �N�e�w� �B�u�s�i�n�e�s�s� �V�e�n�t�u�r�e�s�"�,� �E�n�g�i�n�e�e�r�i�n�g� �C�o�s�t�s� �a�n�d� 

�P�r�o�d�u�c�t�i�o�n� �E�c�o�n�o�m�i�c�s�,� �V�o�l� �1�4�,� �p�p�.� �1�6�5� �-� �1�7�6�,� �1�9�8�8�.� 

�F�a�g�a�n�,� �T�h�o�m�a�s� �L�.�,� �"�A� �C�o�m�p�u�t�e�r�i�z�e�d� �C�o�s�t� �M�o�d�e�l� �f�o�r� �S�p�a�c�e� 

�S�y�s�t�e�m�s�"�,� �A�n�n�a�l�s� �o�f� �A�s�s�u�r�a�n�c�e� �S�c�i�e�n�c�e�s�,� �V�o�l�.� �8�,� �p�p� �8�5� �-� 

�8�9�,� �1�9�6�9�.� 

�F�e�r�e�n�s�,� �D�.�V�.�,� �"�S�o�f�t�w�a�r�e� �P�a�r�a�m�e�t�r�i�c� �C�o�s�t� �E�S�t�i�m�a�t�i�o�n�:� �W�a�v�e� 

�o�f� �t�h�e� �F�u�t�u�r�e�"�,�.� �E�n�g�i�n�e�e�r�i�n�g� �C�o�s�t�s� �a�n�d� �P�r�o�d�u�c�t�i�o�n� 

�E�c�o�n�o�m�i�c�s�,� �V�o�l�.� �1�4�,� �p�p� �1�5�7� �-� �1�6�4�,� �1�9�8�8�.� 

�G�e�e�v�e�r�s�,� �N�e�i�l� �a�n�d� �D�e�r�u�c�h�e�r�,� �K�e�n�n�e�t�h� �N�.�,� �"�A�s�s�o�r�t�e�d� �M�e�t�h�o�d�s� 

�o�f� �C�a�p�i�t�a�l� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n�"�,� �C�i�v�i�l� �E�n�g�i�n�e�e�r�i�n�g� �f�o�r� 
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�[�1�8�]� 

�[�1�9�]� 

�[�2�2�]� 

�P�r�a�c�t�i�c�i�n�g� �a�n�d� �D�e�s�i�g�n� �E�n�g�i�n�e�e�r�s�,� �V�o�l�.� �2�,� �p�p�.� �2�4�1� �-� �2�5�1�,� 

�1�9�8�3�.� 

�H�u�m�p�h�r�e�y�s�,� �K�e�n�n�e�t�h� �K�.� �a�n�d� �W�e�l�l�m�a�n�,� �P�a�u�l�,� �B�a�s�i�c� �C�o�s�t� 

�E�n�g�i�n�e�e�r�i�n�g�,� �2�n�d� �E�d�i�t�i�o�n�,� �M�a�r�c�e�l� �D�e�k�k�e�r�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�,� 

�1�9�8�7�.� 

�I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g�,� �C�o�m�p�a�n�y�  ��x�X ��,� 

�u�n�p�u�b�l�i�s�h�e�d� �t�r�a�i�n�i�n�g� �m�a�t�e�r�i�a�l�,� �1�9�8�6�.� 

�J�e�l�e�n�,� �F�r�e�d�e�r�i�c�k� �C�.� �a�n�d� �B�l�a�c�k�,� �J�a�m�e�s� �H�.� �(�E�d�i�t�o�r�s�)�,� �C�o�s�t� 

�a�n�d� �O�p�t�i�m�i�z�a�t�i�o�n� �E�n�g�i�n�e�e�r�i�n�g�,� �M�c�G�r�a�w�-�H�i�l�l� �B�o�o�k� �C�o�.�,� �N�e�w� 

�Y�o�r�k�,� �2�n�d� �E�d�i�t�i�o�n�,� �1�9�8�3�.� 

�J�e�n�k�i�n�s�,� �A�.� �M�i�l�t�o�n�,� �N�a�u�m�a�n�n�,� �J�u�s�t�u�s� �D�.�,� �a�n�d� �W�e�t�h�e�r�b�e�,� 

�J�a�m�e�s� �C�.�,� �"�E�m�p�i�r�i�c�a�l� �I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �S�y�s�t�e�m�s� �D�e�v�e�l�o�p�m�e�n�t� 

�P�r�a�c�t�i�c�e�s� �a�n�d� �R�e�s�u�l�t�s�"�,� �I�n�f�o�r�m�a�t�i�o�n� �&� �M�a�n�a�g�e�m�e�n�t�,� �V�o�l�.� �7�,� 

�N�o�.� �2�,� �p�p� �7�3� �-� �8�2�,� �1�9�8�4�.� 

�K�a�n�a�b�a�r�,� �V�.�,�  ��A�n� �I�n�t�e�g�r�a�t�e�d� �M�o�d�e�l� �f�o�r� �A�u�t�o�m�a�t�e�d� �P�l�a�n�n�i�n�g� 

�a�n�d� �E�s�t�i�m�a�t�i�o�n�"�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�7�t�h� �A�n�n�u�a�l� �A�C�M� 

�C�o�m�p�u�t�e�r� �S�c�i�e�n�c�e� �C�o�n�f�e�r�e�n�c�e�,� �p�.� �4�8�0�,� �1�9�8�9�.� 

�K�a�r�s�h�e�n�a�s�,� �S�a�e�e�d� �a�n�d� �Y�o�u�s�u�f�,� �Z�a�f�a�r� �S�.�,� �"�P�r�e�d�e�s�i�g�n� 

�E�s�t�i�m�a�t�e� �o�f� �E�l�e�v�a�t�o�r� �C�o�s�t� �i�n� �M�u�l�t�i�s�t�o�r�y� �B�u�i�l�d�i�n�g�s�"�,� 

�T�r�a�n�s�a�c�t�i�o�n�s� �o�f� �t�h�e� �A�m�e�r�i�c�a�n� �A�s�s�o�c�i�a�t�i�o�n� �o�f� �C�o�s�t� 

�E�n�g�i�n�e�e�r�s�,� �p�p� �B�.�8�.�1� �-� �B�.�8�.�4�,� �1�9�8�5�.� 

�K�u�s�t�e�r�s�,� �R�.�J�.�,� �M�.�J�.�1�I�1�.�M�.� �v�a�n� �G�e�n�u�c�h�t�e�n�,� �a�n�d� �F�.�J�.� �H�e�e�m�s�t�r�a�,� 

�"�A�r�e� �S�o�f�t�w�a�r�e� �C�o�s�t�-�E�s�t�i�m�a�t�i�o�n� �M�o�d�e�l�s� �A�c�c�u�r�a�t�e�?�"�,� 

�I�n�f�o�r�m�a�t�i�o�n� �a�n�d� �S�o�f�t�w�a�r�e� �T�e�c�h�n�o�l�o�g�y�,� �V�o�l�.� �3�2�,� �n�.� �3�,� �p�p�.� 

�1�8�7� �~� �1�9�0�,� �A�p�r�i�l� �1�9�9�0�.� 
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�M�a�l�s�t�r�o�m�,� �E�r�i�c� �M�.� �(�E�d�i�t�o�r�)�,� �M�a�n�u�f�a�c�t�u�r�i�n�g� �C�o�s�t� 

�E�n�g�i�n�e�e�r�i�n�g� �H�a�n�d�b�o�o�k�,� �M�a�r�c�e�l� �D�e�k�k�e�r�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�,� 
� � 

�1�9�8�4�.� 

�M�a�u�r�o�,� �C�h�u�c�k�,� �"�P�r�i�c�e� �S�L�"�,� �I�E�E�E� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� 

�N�a�t�i�o�n�a�l� �A�e�r�o�s�p�a�c�e� �a�n�d� �E�l�e�c�t�r�o�n�i�c�s� �C�o�n�f�e�r�e�n�c�e�,� �V�o�l�.� �2�,� 

�p�p�.� �6�6�3� �-� �6�6�4�,� �1�9�8�1�.� 

�M�c�N�e�i�l�l�,� �T�h�o�m�a�s� �F�.� �a�n�d� �C�l�a�r�k�,� �D�o�n�a�l�d� �S�.�,� �C�o�s�t� �E�s�t�i�m�a�t�i�n�g� 

�a�n�d� �C�o�n�t�r�a�c�t� �P�r�i�c�i�n�g�,� �A�m�e�r�i�c�a�n� �E�l�s�e�v�i�e�r� �P�u�b�l�i�s�h�i�n�g� �C�o�.�,� 
� � 

�I�n�c�.�,� �N�e�w� �Y�o�r�k�,� �1�9�6�6�.� 

�M�e�i�s�l�,� �C�l�a�u�s� �J�.�,� �"�T�e�c�h�n�i�q�u�e�s� �f�o�r� �C�o�s�t� �E�s�t�i�m�a�t�i�n�g� �i�n� �E�a�r�l�y� 

�P�r�o�g�r�a�m� �P�h�a�s�e�s�"�,� �E�n�g�i�n�e�e�r�i�n�g� �C�o�s�t�s� �a�n�d� �P�r�o�d�u�c�t�i�o�n� 

�E�c�o�n�o�m�i�c�s�,� �V�o�l� �1�4�,� �p�p�.� �9�5� �-� �1�0�6�,� �1�9�8�8�.� 

�M�I�L�-�S�T�D�-�4�9�9�A� �(�U�S�A�F�)�,� �E�n�g�i�n�e�e�r�i�n�g� �M�a�n�a�g�e�m�e�n�t�,� �1� �M�a�y� �1�9�7�4�.� 

�M�I�L�-�S�T�D�-�8�8�1�A�,� �W�o�r�k� �B�r�e�a�k�d�o�w�n� �S�t�r�u�c�t�u�r�e�s� �f�o�r� �D�e�f�e�n�s�e� 

�M�a�t�e�r�i�e�l� �I�t�e�m�s�,� �2�5� �A�p�r�i�l� �1�9�7�5�.� 

�M�I�L�-�S�T�D�-�1�5�2�1�B� �(�U�S�A�F�)�,� �T�e�c�h�n�i�c�a�l� �R�e�v�i�e�w�s� �a�n�d� �A�u�d�i�t�s� �f�o�r� 

�S�y�s�t�e�m�s� �E�q�u�i�p�m�e�n�t�s�,� �a�n�d� �C�o�m�p�u�t�e�r� �S�o�f�t�w�a�r�e�,� �4� �J�u�n�e� �1�9�8�5�.� 

�M�R�S�A�P� �7�0�0�-�1�1�,� �C�o�s�t� �E�s�t�i�m�a�t�i�n�g� �M�e�t�h�o�d�o�l�o�g�y� �f�o�r� �L�o�g�i�s�t�i�c�s� 

�S�u�p�p�o�r�t� �A�n�a�l�y�s�i�s� �C�E�L�S�A� �G�u�i�d�e�,� �M�a�t�e�r�i�a�l� �R�e�a�d�i�n�e�s�s� �S�u�p�p�o�r�t� 

�A�c�t�i�v�i�t�y�,� �L�e�x�i�n�g�t�o�n�,� �K�Y�,� �D�e�c�e�m�b�e�r� �1�9�8�8�.� 

�N�t�u�e�n�,� �C�e�l�e�s�t�i�n�e� �a�n�d� �M�a�l�l�i�k�,� �A�r�u�p� �K�.�,� �"�A�p�p�l�y�i�n�g� 

�A�r�t�i�f�i�c�i�a�l� �I�n�t�e�l�l�i�g�e�n�c�e� �t�o� �P�r�o�j�e�c�t� �C�o�s�t� �E�s�t�i�m�a�t�i�n�g�"�,� �C�o�s�t� 

�E�n�g�i�n�e�e�r�i�n�g�,� �V�o�l�.� �2�9�,� �N�o�.� �5�,� �1�9�8�7�.� 

�O�s�t�w�a�l�d�,� �P�h�i�l�l�i�p� �F�.�,� �C�o�s�t� �E�s�t�i�m�a�t�i�n�g�,� �P�r�e�n�t�i�c�e�-�H�a�l�l�,� 

�I�n�c�.�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�.�J�.�,� �2�n�d� �E�d�i�t�i�o�n�,� �1�9�8�4�.� 
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�[�4�1�]� 

�P�a�l�a�s�z�e�w�s�k�i�,� �B�.�A�.�,� �"�E�l�e�c�t�r�i�c� �P�r�o�p�u�l�s�i�o�n� �C�o�s�t� �E�s�t�i�m�a�t�i�o�n�"�,� 

�A�I�A�A� �P�a�p�e�r� �A�I�A�A�-�8�5�-�2�0�4�4�,� �1�9�8�5�.� 

�P�r�i�c�e�-�H� � �U�s�e�r ��s� �R�e�f�e�r�e�n�c�e� �M�a�n�u�a�l�,� �G�e�n�e�r�a�l� �E�l�e�c�t�r�i�c� 

�C�o�m�p�a�n�y�,� �M�a�y� �1�9�9�0�.� 

�R�e�e�d�,� �E�m�m�a�,�  ��T�i�m�e� �S�h�e�e�t� �A�c�c�o�u�n�t�i�n�g�"�,� �J�o�u�r�n�a�l� �o�f� �S�y�s�t�e�m�s� 

�M�a�n�a�g�e�m�e�n�t�,� �V�o�l�.� �3�0�,� �N�o�.� �1�,� �p�p� �3�2� �-� �3�5�,� �1�9�7�9�.� 

�R�e�q�u�i�r�e�m�e�n�t�s� �M�a�n�a�g�e�m�e�n�t� �P�r�o�c�e�s�s� �M�a�n�u�a�l�,� �K�.� �R�a�w�l�i�n�s�o�n�,� 

�C�o�m�p�a�n�y�  ��X ��,� �u�n�p�u�b�l�i�s�h�e�d� �d�r�a�f�t�,� �1�9�9�2�.� 

�S�e�i�l�l�e�r�,� �K�a�r�l� �I�I�I�,� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�y�s�t�e�m�s� �C�o�s�t �� 

�E�f�f�e�c�t�i�v�e�n�e�s�s�,� �W�i�l�e�y�-�I�n�t�e�r�s�c�i�e�n�c�e�,� �N�e�w� �Y�o�r�k�,� �1�9�6�9�.� 

�S�h�a�y�,� �M�.�R�.�,� �"�A� �S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �C�o�s�t� �A�n�a�l�y�s�i�s� 

�C�a�p�a�b�i�l�i�t�y� �f�o�r� �U�s�e� �i�n� �A�s�s�e�s�s�i�n�g� �N�u�c�l�e�a�r� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� 

�S�y�s�t�e�m� �C�o�s�t� �P�e�r�f�o�r�m�a�n�c�e�"�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �l�s�t� �A�n�n�u�a�l� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �T�o�p�i�c�a�l� �M�e�e�t�i�n�g� �o�n� �H�i�g�h� �L�e�v�e�l� �R�a�d�i�o�a�c�t�i�v�e� 

�W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t�,� �P�a�r�t� �2�,� �A�S�C�E�,� �p�p� �1�3�7�0� �-� �1�3�7�3�,� �1�9�9�0�.� 

�S�i�l�v�e�r�,� �H�y�m�a�n�,�  ��U�s�e� �o�f� �a�n� �E�m�p�i�r�i�c�a�l� �P�r�o�d�u�c�t�- ��O�r�i�e�n�t�e�d� �C�o�s�t� 

�D�a�t�a� �B�a�n�k� �f�o�r� �P�r�e�d�i�c�t�i�n�g� �a�n�d� �N�e�g�o�t�i�a�t�i�n�g� �F�u�t�u�r�e� �S�a�t�e�l�l�i�t�e� 

�S�y�s�t�e�m�s� �C�o�s�t�s�"�,� �P�r�o�g�r�e�s�s� �i�n� �A�s�t�r�o�n�a�u�t�i�c�s� �a�n�d� �A�e�r�o�n�a�u�t�i�c�s�,� 

�V�o�l�.� �2�6�,� �p�p�.� �5�0�3� �-� �5�2�0�,� �1�9�7�1�.� 

�S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �(�C�o�u�r�s�e� �3�4�8�)�,� �L�a�r�m�a�n�,� �L�e�a�r�n�i�n�g� �G�r�o�u�p� 

�I�n�t�e�r�n�a�t�i�o�n�a�l�,� �R�e�s�t�o�n�,� �V�A�,� �1�9�9�1�.� 

�S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �H�a�n�d�b�o�o�k�,� �C�o�m�p�a�n�y�  � ��X ��,� �u�n�p�u�b�l�i�s�h�e�d� 

�d�o�c�u�m�e�n�t�,� �J�a�n� �1�9�8�9�.� 

�S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �M�a�n�a�g�e�m�e�n�t� �G�u�i�d�e�,� �D�e�f�e�n�s�e� �S�y�s�t�e�m�s� 

�M�a�n�a�g�e�m�e�n�t� �C�o�l�l�e�g�e�,� �F�t�.� �B�e�l�v�o�i�r�,� �V�A�,� �1�9�9�0�.� 
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�[�4�4�]� 

�[�4�5�]� 

�[�4�6�]� 

�S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �M�a�n�u�a�l�,� �C�o�m�p�a�n�y�  ��X ��,� �u�n�p�u�b�l�i�s�h�e�d� 

�d�o�c�u�m�e�n�t�,� �1�9�9�0�.� 

�S�y�s�t�e�m� �E�n�g�i�n�e�e�r�i�n�g� �P�r�o�p�o�s�a�l� �P�r�e�p�a�r�a�t�i�o�n� �G�u�i�d�e�l�i�n�e�s�,� 

�C�o�m�p�a�n�y�  ��X ��,� �u�n�p�u�b�l�i�s�h�e�d� �d�o�c�u�m�e�n�t�,� �1�9�8�8�.� 

�T�a�y�l�o�r�,� �T�h�e�o�d�o�r�e�,� �H�a�n�d�b�o�o�k� �o�f� �E�l�e�c�t�r�o�n�i�c�s� �I�n�d�u�s�t�r�y� �C�o�s�t� 

�E�s�t�i�m�a�t�i�n�g� �D�a�t�a�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �N�e�w� �Y�o�r�k�,� �1�9�8�5�?� 

�T�h�e� �A�r�t� �o�f� �C�o�s�t� �E�s�t�i�m�a�t�i�n�g� �-� �T�h�e� �P�R�I�C�E� �W�a�y�,� �G�E� �P�r�i�c�e� 

�S�y�s�t�e�m�s�,� �p�r�o�d�u�c�t� �b�r�o�c�h�u�r�e�,� �1�9�9�1�.� 

�U�r�i�e�g�a�s�-�T�o�r�r�e�s�,� �C�a�r�l�o�s�,� �"�S�t�a�t�i�s�t�i�c�a�l� �T�e�c�h�n�i�q�u�e�s� �i�n� �C�o�s�t� 

�E�n�g�i�n�e�e�r�i�n�g�"�,� �T�r�a�n�s�a�c�t�i�o�n�s� �o�f� �t�h�e� �A�m�e�r�i�c�a�n� �A�s�s�o�c�i�a�t�i�o�n� �o�f� 

�C�o�s�t� �E�n�g�i�n�e�e�r�s�,� �p�p�.� �B�.�7�.�1� �-� �B�.�7�.�9�,� �1�9�8�1�.� 
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�A�p�p�e�n�d�i�x� �A� 

�S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �T�a�s�k� �D�e�s�c�r�i�p�t�i�o�n�s� 
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�S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �T�a�s�k� �D�e�s�c�r�i�p�t�i�o�n�s� 

� � 

�R�e�q�u�i�r�e�m�e�n�t�s� �A�n�a�l�y�s�i�s�:� �C�o�n�t�r�a�c�t�o�r� �p�e�r�f�o�r�m�s� �a�n�a�l�y�s�i�s� �o�f� 

�c�u�s�t�o�m�e�r�s� �s�t�a�t�e�d� �r�e�q�u�i�r�e�m�e�n�t�s�.� �I�n�c�l�u�d�e�s� �e�x�t�r�a�c�t�i�o�n�,� 

�d�e�c�o�m�p�o�s�i�t�i�o�n�,� �o�r�g�a�n�i�z�a�t�i�o�n�,� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�,� �a�n�d� �a�s�s�e�s�s�m�e�n�t�.� 

�A�m�b�i�g�u�i�t�i�e�s�,� �g�a�p�s�,� �c�o�n�f�l�i�c�t�s�,� �a�n�d� �t�e�s�t�a�b�i�l�i�t�y� �i�s�s�u�e�s� �a�r�e� 

�i�d�e�n�t�i�f�i�e�d�.� �A� �d�i�a�l�o�g�u�e� �w�i�t�h� �t�h�e� �c�u�s�t�o�m�e�r� �a�n�d� �u�s�e�r�s� �i�s� 

�m�a�i�n�t�a�i�n�e�d� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �i�n�t�e�n�t� �o�f� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �h�a�s� 

�b�e�e�n� �i�n�f�e�r�r�e�d�.� �O�n�c�e� �u�n�d�e�r�s�t�o�o�d� �a�n�d� �c�a�t�e�g�o�r�i�z�e�d�,� �i�m�p�l�i�e�d� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �s�p�e�c�i�f�i�e�d� �a�n�d� �l�o�w�e�r� �l�e�v�e�l� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� 

�d�e�r�i�v�e�d�.� �G�e�n�e�r�a�l�l�y�,� �o�r�i�g�i�n�a�l� �a�n�d� �m�a�n�i�p�u�l�a�t�e�d� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� 

�m�a�i�n�t�a�i�n�e�d� �i�n� �a� �d�a�t�a�b�a�s�e� �o�f� �s�o�m�e� �s�o�r�t� �f�o�r� �t�r�a�c�e�a�b�i�l�i�t�y� 

�p�u�r�p�o�s�e�s�.� 

�F�e�a�s�i�b�i�l�i�t�y� �S�t�u�d�i�e�s�:� �T�h�e� �e�a�r�l�y� �i�n�v�e�s�t�i�g�a�t�i�o�n�,� �a�n�a�l�y�s�i�s�,� �a�n�d� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �p�o�s�s�i�b�l�e� �t�e�c�h�n�i�c�a�l� �d�e�s�i�g�n� �a�p�p�r�o�a�c�h�e�s� �i�n� 

�r�e�s�p�o�n�s�e� �t�o� �a� �d�e�f�i�n�e�d� �n�e�e�d� �f�o�r� �a� �n�e�w� �s�y�s�t�e�m�.� �T�h�i�s� �i�n�c�l�u�d�e�s� 

�e�v�a�l�u�a�t�i�o�n� �a�n�d� �c�o�m�p�a�r�i�s�o�n� �o�f� �n�e�w� �t�e�c�h�n�o�l�o�g�i�e�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�a�c�c�o�m�p�l�i�s�h�m�e�n�t� �o�f� �a�p�p�l�i�e�d� �r�e�s�e�a�r�c�h� �i�n� �a�r�e�a�s� �w�h�e�r�e� �a�d�d�i�t�i�o�n�a�l� 

�k�n�o�w�l�e�d�g�e� �i�s� �d�e�s�i�r�e�d�.� �[�5�]� 

�R�i�s�k� �A�n�a�l�y�s�i�s�:� �A�n� �i�t�e�r�a�t�i�v�e� �p�r�o�c�e�s�s� �w�h�i�c�h� �i�d�e�n�t�i�f�i�e�s� 
� � 

�p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m� �a�r�e�a�s�,� �q�u�a�n�t�i�f�i�e�s� �t�h�e� �p�r�o�b�a�b�i�l�i�t�i�e�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�s�e� �p�r�o�b�l�e�m�s�,� �a�s�s�e�s�s�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e�s�e� 
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�r�i�s�k�s�,� �a�n�d� �g�e�n�e�r�a�t�e�s� �a�l�t�e�r�n�a�t�i�v�e� �a�c�t�i�o�n�s� �t�o� �r�e�d�u�c�e� �r�i�s�k�s�.� 

�R�i�s�k� �m�a�n�a�g�e�m�e�n�t� �f�u�r�t�h�e�r� �i�n�c�l�u�d�e�s� �c�o�n�t�i�n�g�e�n�c�y� �p�l�a�n�n�i�n�g�,� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �r�i�s�k� �m�i�t�i�g�a�t�i�n�g� �s�t�r�a�t�e�g�i�e�s�,� �a�n�d� �c�o�n�t�i�n�u�a�l� 

�m�o�n�i�t�o�r�i�n�g� �o�f� �r�i�s�k� �l�e�v�e�l�s� �a�n�d� �s�o�u�r�c�e�s�.� �[�4�3�]� 

�P�l�a�n�n�i�n�g�:� �T�h�e� �e�f�f�o�r�t� �t�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �t�h�e� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� 

�t�a�s�k�s� �w�i�l�l� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �a�n�d� �c�o�n�t�r�o�l�l�e�d� �t�o� �m�e�e�t� �p�r�o�g�r�a�m� 

�o�b�j�e�c�t�i�v�e�s�.� �T�h�e�s�e� �a�r�e� �d�o�c�u�m�e�n�t�e�d� �i�n� �t�h�e� �S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� 

�M�a�n�a�g�e�m�e�n�t� �P�l�a�n� �(�S�E�M�P�)�.� �T�h�e� �p�l�a�n� �s�h�o�u�l�d� �i�d�e�n�t�i�f�y� �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�,� �f�u�n�c�t�i�o�n�s�,� �a�n�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s�;� �a�l�l� 

�a�c�t�i�v�i�t�i�e�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d�,� �m�a�n�a�g�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�s�,� �a�n�a�l�y�s�e�s�,� 

�t�r�a�d�e� �s�t�u�d�i�e�s�,� �a�n�d� �T�P�M� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �w�i�l�l� �b�e� �e�m�p�l�o�y�e�d�;� �a�n�d� 

�s�c�h�e�d�u�l�e�s� �a�n�d� �r�e�s�o�u�r�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�F�u�n�c�t�i�o�n�a�l� �A�n�a�l�y�s�i�s�:� �A� �s�t�e�p�w�i�s�e�,� �t�o�p�-�d�o�w�n� �t�e�c�h�n�i�q�u�e� �f�o�r� 

�a�n�a�l�y�z�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�/�f�u�n�c�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �b�y� �p�r�o�g�r�e�s�s�i�v�e�l�y� 

�d�e�c�o�m�p�o�s�i�n�g� �f�u�n�c�t�i�o�n�s� �i�n�t�o� �d�i�s�c�r�e�t�e� �t�a�s�k�s� �o�r� �a�c�t�i�v�i�t�i�e�s�.� �A�l�l� 

�s�y�s�t�e�m� �f�u�n�c�t�i�o�n�s� �(�i�.�e�.�,� �W�H�A�T� �t�h�e� �s�y�s�t�e�m� �i�s� �t�o� �d�o�)� �a�r�e� �d�e�f�i�n�e�d� 

�a�n�d� �r�e�f�i�n�e�d� �a�t� �e�v�e�r� �i�n�c�r�e�a�s�i�n�g� �l�e�v�e�l�s� �o�f� �d�e�t�a�i�l� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �a�c�t�i�o�n�s�/�t�a�s�k�s� �t�h�e� �s�y�s�t�e�m� �m�u�s�t� �p�e�r�f�o�r�m� �t�o� �s�a�t�i�s�f�y� �u�s�e�r� 

�n�e�e�d�s�.� �T�h�i�s� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �t�h�r�o�u�g�h� �a� �s�e�r�i�e�s� �o�f� 

�f�u�n�c�t�i�o�n�a�l� �b�l�o�c�k� �a�n�d�/�o�r� �f�l�o�w� �d�i�a�g�r�a�m�s�.� 

�O�p�e�r�a�t�i�o�n�a�l� �C�o�n�c�e�p�t�:� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 

�o�p�e�r�a�t�i�o�n�a�l�/�m�i�s�s�i�o�n� �c�r�i�t�e�r�i�a� �a�s� �i�n�p�u�t� �t�o� �t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s�,� 
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�t�o� �i�n�c�l�u�d�e� �p�l�a�n�n�e�d� �d�e�p�l�o�y�m�e�n�t�,� �m�i�s�s�i�o�n� �p�r�o�f�i�l�e�/�s�c�e�n�a�r�i�o�,� 

�p�e�r�f�o�r�m�a�n�c�e� �p�a�r�a�m�e�t�e�r�s�,� �u�s�a�g�e� �f�a�c�t�o�r�s�,� �e�f�f�e�c�t�i�v�e�n�e�s�s� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �s�y�s�t�e�m� �l�i�f�e�t�i�m�e� �(�i�n�v�e�n�t�o�r�y� �p�r�o�f�i�l�e�)�,� �a�n�d� 

�o�p�e�r�a�t�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�.� 

�M�a�i�n�t�e�n�a�n�c�e� �C�o�n�c�e�p�t�:� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�u�p�p�o�r�t� �c�r�i�t�e�r�i�a� 

�a�s� �i�n�p�u�t� �t�o� �t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s�.� �T�h�i�s� �i�n�c�l�u�d�e�s� �l�e�v�e�l�s� �o�f� 

�m�a�i�n�t�e�n�a�n�c�e� �(�p�r�e�v�e�n�t�i�v�e�/�c�o�r�r�e�c�t�i�v�e�,� �o�r�g�a�n�i�z�a�t�i�o�n�a�l�,� 

�i�n�t�e�r�m�e�d�i�a�t�e�,� �d�e�p�o�t�)�,� �r�e�p�a�i�r� �p�o�l�i�c�i�e�s�,� �s�u�p�p�o�r�t� 

�r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s�,� �l�o�g�i�s�t�i�c� �s�u�p�p�o�r�t� �e�l�e�m�e�n�t�s�,� �e�f�f�e�c�t�i�v�e�n�e�s�s� 

�r�e�q�u�i�r�e�m�e�n�t�s� �(�f�o�r� �s�u�p�p�o�r�t� �c�a�p�a�b�i�l�i�t�y�)�,� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e�/�s�u�p�p�o�r�t� 

�e�n�v�i�r�o�n�m�e�n�t�.� 

�C�o�o�r�d�i�n�a�t�i�o�n� �o�f� �t�h�e� �I�n�t�e�r�d�i�s�c�i�p�l�i�n�a�r�y� �T�e�a�m�:� �T�h�e� �i�n�t�e�g�r�a�t�i�o�n� 

�o�f� �p�e�r�s�o�n�n�e�l� �f�r�o�m� �t�h�e� �v�a�r�i�o�u�s� �f�u�n�c�t�i�o�n�a�l� �a�r�e�a�s� �(�s�u�c�h� �a�s� 

�h�a�r�d�w�a�r�e�,� �s�o�f�t�w�a�r�e�,� �p�r�o�d�u�c�t�i�o�n�,� �t�e�s�t�,� �e�t�c�.�)� �a�n�d� �f�r�o�m� �s�p�e�c�i�a�l�t�y� 

�e�n�g�i�n�e�e�r�i�n�g� �(�t�o� �i�n�c�l�u�d�e� �r�e�l�i�a�b�i�l�i�t�y�,� �m�a�i�n�t�a�i�n�a�b�i�l�i�t�y�,� �s�a�f�e�t�y�,� 

�h�u�m�a�n� �e�n�g�i�n�e�e�r�i�n�g�,� �E�M�I�/�E�M�C�,� �e�t�c�.�)� �t�o� �f�o�r�m� �a� �t�e�a�m�.� �T�h�e� 

�c�o�o�r�d�i�n�a�t�i�o�n� �o�f� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� 

�t�h�e�s�e� �p�a�r�t�i�c�i�p�a�n�t�s� �e�n�s�u�r�e�s� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �a�l�l� �f�a�c�t�o�r�s� �i�n� 

�t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s�,� �t�o� �r�e�s�u�l�t� �i�n� �a�n� �o�p�t�i�m�u�m�,� �b�a�l�a�n�c�e�d� �s�y�s�t�e�m� 

�d�e�s�i�g�n�.� �T�h�i�s� �e�f�f�o�r�t� �a�l�s�o� �i�n�c�l�u�d�e�s� �t�e�a�m� �m�e�e�t�i�n�g�s� �a�n�d� �p�e�e�r� 

�r�e�v�i�e�w�s�.� 
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�S�t�a�t�u�s� �M�o�n�i�t�o�r�i�n�g� �a�n�d� �C�o�n�t�r�o�l�:� �T�h�o�s�e� �e�f�f�o�r�t�s� �t�o� �a�s�s�e�s�s� 

�p�r�o�g�r�e�s�s�;� �i�d�e�n�t�i�f�y� �d�i�s�c�r�e�p�a�n�c�i�e�s� �w�h�i�c�h� �c�o�u�l�d� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t� 

�c�o�s�t�,� �s�c�h�e�d�u�l�e�,� �p�e�r�f�o�r�m�a�n�c�e�,� �o�r� �e�f�f�i�c�i�e�n�c�y�;� �a�n�d� �m�a�k�e� �n�e�c�e�s�s�a�r�y� 

�a�d�j�u�s�t�m�e�n�t�s�.� 

�T�r�a�d�e�-�O�f�f� �S�t�u�d�i�e�s�:� �E�x�a�m�i�n�a�t�i�o�n� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �p�o�s�s�i�b�l�e� 

�d�e�s�i�g�n� �a�l�t�e�r�n�a�t�i�v�e�s� �w�h�i�c�h� �a�r�e� �p�e�r�f�o�r�m�e�d� �t�h�r�o�u�g�h�o�u�t� 

�d�e�v�e�l�o�p�m�e�n�t�.� �I�n�i�t�i�a�l�l�y� �u�s�e�d� �i�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m� 

�c�o�n�c�e�p�t�/�a�r�c�h�i�t�e�c�t�u�r�e�,� �t�h�e�n� �l�a�t�e�r� �t�o� �d�e�c�i�d�e� �i�t�e�m� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� 

�a�n�d� �d�e�s�i�g�n� �d�e�t�a�i�l�s�.� �A�l�t�e�r�n�a�t�i�v�e�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �o�n� �a� �m�u�l�t�i�-� 

�a�t�t�r�i�b�u�t�e� �b�a�s�i�s�,� �"�t�r�a�d�i�n�g�-�o�f�f�"� �v�a�r�i�o�u�s� �c�r�i�t�e�r�i�a� �s�u�c�h� �a�s� 

�p�e�r�f�o�r�m�a�n�c�e�,� �e�f�f�e�c�t�i�v�e�n�e�s�s�,� �c�o�s�t�,� �a�n�d� �s�c�h�e�d�u�l�e� �t�o� �a�r�r�i�v�e� �a�t� 

�t�h�e� �b�e�s�t� �s�e�l�e�c�t�i�o�n�.� 

�D�e�s�i�g�n� �t�o� �C�o�s�t�:� �T�h�e� �i�n�c�l�u�s�i�o�n� �o�f� �c�o�s�t� �a�s� �a� �d�e�s�i�g�n� �p�a�r�a�m�e�t�e�r� 
� � 

�e�a�r�l�y� �i�n� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�y�s�t�e�m� �d�e�s�i�g�n� �p�r�o�c�e�s�s�.� �A�s� �s�u�c�h�,� 

�q�u�a�n�t�i�t�a�t�i�v�e� �c�o�s�t� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �a�l�l�o�c�a�t�e�d� �d�o�w�n� �f�r�o�m� �t�h�e� 

�s�y�s�t�e�m� �l�e�v�e�l� �t�o� �t�h�e� �v�a�r�i�o�u�s� �p�r�o�g�r�a�m� �e�l�e�m�e�n�t�s� �a�n�d� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�i�t�e�m�s�.� �T�h�e� �D�T�C� �f�i�g�u�r�e�-�o�f�-�m�e�r�i�t� �m�a�y� �b�e� �s�p�e�c�i�f�i�e�d� �i�n� �t�e�r�m�s� �o�f� 

�l�i�f�e�-�c�y�c�l�e� �c�o�s�t�,� �d�e�v�e�l�o�p�m�e�n�t� �c�o�s�t�,� �u�n�i�t� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�,� �o�r� 

�o�t�h�e�r� �c�o�s�t� �v�a�l�u�e�.� �G�o�v�e�r�n�m�e�n�t� �c�o�n�t�r�a�c�t�s� �s�o�m�e�t�i�m�e�s� �c�o�n�t�a�i�n� �t�h�i�s� 

�r�e�q�u�i�r�e�m�e�n�t�,� �o�r� �i�t� �m�a�y� �b�e� �i�m�p�o�s�e�d� �i�n�t�e�r�n�a�l�l�y�.� 

�V�a�l�u�e� �E�n�g�i�n�e�e�r�i�n�g�:� �T�h�e� �s�y�s�t�e�m�a�t�i�c� �u�s�e� �o�f� �t�e�c�h�n�i�q�u�e�s� �w�h�i�c�h� 

�i�d�e�n�t�i�f�y� �t�h�e� �r�e�q�u�i�r�e�d� �f�u�n�c�t�i�o�n�s� �o�f� �a� �s�y�s�t�e�m�,� �e�s�t�a�b�l�i�s�h� �v�a�l�u�e�s� 

�l�i�l



�f�o�r� �t�h�e�s�e� �f�u�n�c�t�i�o�n�s�,� �a�n�d� �p�r�o�v�i�d�e� �t�h�e� �f�u�n�c�t�i�o�n�s� �a�t� �t�h�e� �l�o�w�e�s�t� 

�o�v�e�r�a�l�l� �c�o�s�t� �w�i�t�h�o�u�t� �a� �l�o�s�s� �o�f� �p�e�r�f�o�r�m�a�n�c�e�.� �[�2�0�]� 

�L�i�f�e� �C�y�c�l�e� �C�o�s�t� �A�n�a�l�y�s�i�s�:� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�o�t�a�l� �s�y�s�t�e�m� 

�c�o�s�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�c�q�u�i�s�i�t�i�o�n� �a�n�d� �o�w�n�e�r�s�h�i�p� �o�f� �a� �s�y�s�t�e�m� 

�t�h�r�o�u�g�h�o�u�t� �i�t�s� �f�u�l�l� �l�i�f�e� �t�o� �i�n�c�l�u�d�e� �r�e�s�e�a�r�c�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�,� 

�d�e�s�i�g�n�,� �p�r�o�d�u�c�t�i�o�n�,� �o�p�e�r�a�t�i�o�n�,� �m�a�i�n�t�e�n�a�n�c�e�,� �s�u�p�p�o�r�t�,� �a�n�d� 

�r�e�t�i�r�e�m�e�n�t�.� �T�h�e�s�e� �a�n�a�l�y�s�e�s� �a�r�e� �c�o�n�d�u�c�t�e�d� �p�e�r�i�o�d�i�c�a�l�l�y� �t�o� 

�s�u�p�p�o�r�t� �c�o�s�t� �e�f�f�e�c�t�i�v�e�n�e�s�s� �a�s�s�e�s�s�m�e�n�t�s� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� 

�d�e�c�i�s�i�o�n�s�.� �[�5�,�2�9�]� 

�L�o�g�i�s�t�i�c� �S�u�p�p�o�r�t� �A�n�a�l�y�s�i�s�:� �T�h�e� �p�r�o�c�e�s�s� �e�m�p�l�o�y�e�d� �o�n� �a�n� 

�i�t�e�r�a�t�i�v�e� �b�a�s�i�s� �t�h�r�o�u�g�h�o�u�t� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �t�h�a�t� �a�d�d�r�e�s�s�e�s� 

�t�h�e� �a�s�p�e�c�t� �o�f� �s�u�p�p�o�r�t�a�b�i�l�i�t�y� �i�n� �d�e�s�i�g�n�.� �I�t� �i�s� �u�s�e�d� �i�n� �t�h�e� 

�e�v�a�l�u�a�t�i�o�n� �o�f� �a� �g�i�v�e�n� �o�r� �p�r�o�p�o�s�e�d� �c�o�n�f�i�g�u�r�a�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �d�i�r�e�c�t� �i�m�p�a�c�t� �o�f� �t�h�e� �s�y�s�t�e�m�/�e�l�e�m�e�n�t� �o�n� �t�o�t�a�l� �l�o�g�i�s�t�i�c� 

�S�u�p�p�o�r�t� �a�n�d� �t�h�e� �f�e�e�d�b�a�c�k� �e�f�f�e�c�t�s� �o�f� �t�h�e� �s�u�p�p�o�r�t� �s�y�s�t�e�m� �u�p�o�n� 

�t�h�e� �s�y�s�t�e�m� �d�e�s�i�g�n�.� �[�6�]� �T�h�i�s� �l�e�a�d�s� �t�o� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �s�y�s�t�e�m� 

�S�u�p�p�o�r�t� �n�e�e�d�s� �t�o� �i�n�c�l�u�d�e� �m�a�n�u�a�l�s�,� �t�r�a�i�n�i�n�g�,� �s�p�a�r�e�s�/�r�e�p�a�i�r� 

�p�a�r�t�s�,� �s�u�p�p�o�r�t� �e�q�u�i�p�m�e�n�t�,� �a�n�d� �t�o�o�l�s�.� �[�4�3�]� 

�S�u�r�v�i�v�a�b�i�l�i�t�y�/�V�u�l�n�e�r�a�b�i�l�i�t�y� �A�s�s�e�s�s�m�e�n�t�:� �E�a�r�l�y� �a�s�s�e�s�s�m�e�n�t� �o�f� 

�t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m� �t�o� �p�e�r�f�o�r�m� �c�r�i�t�i�c�a�l� �f�u�n�c�t�i�o�n�s� �i�n� 

�m�a�n�-�m�a�d�e� �h�o�s�t�i�l�e�/�t�h�r�e�a�t� �e�n�v�i�r�o�n�m�e�n�t�s�.� �S�u�r�v�i�v�a�b�i�l�i�t�y� �f�r�o�m� �a�l�l� 

�t�h�r�e�a�t�s� �f�o�u�n�d� �i�n� �s�p�e�c�i�f�i�e�d� �l�e�v�e�l�s� �o�f� �c�o�n�f�l�i�c�t� �s�h�o�u�l�d� �b�e� 
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�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s�.� �T�h�e� �a�n�a�l�y�s�e�s� �i�n�c�l�u�d�e�s� 

�v�u�l�n�e�r�a�b�i�l�i�t�y� �a�s�s�e�s�s�m�e�n�t� �u�n�d�e�r� �a�l�l� �o�p�e�r�a�t�i�n�g� �c�o�n�d�i�t�i�o�n�s�,� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�e�s�t� �m�e�t�h�o�d�s� �t�o� �v�e�r�i�f�y� �s�u�r�v�i�v�a�b�i�l�i�t�y� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �a�n�d� �u�s�e� �o�f� �a� �t�h�r�e�a�t� �m�o�d�e�l� �t�o� �d�e�t�e�r�m�i�n�e� 

�S�u�r�v�i�v�a�b�i�l�i�t�y� �l�e�v�e�l�s�.� �[�2�9�]� 

�C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n�:� �I�n�c�l�u�d�e�s� �a�c�t�i�v�i�t�i�e�s� �w�h�i�c�h� �r�e�s�u�l�t� �i�n� �a�n� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �p�r�o�b�l�e�m� �a�n�d� �i�t�s� �r�e�q�u�i�r�e�m�e�n�t�s�.� �S�u�c�h� 

�a�c�t�i�v�i�t�i�e�s� �r�e�s�u�l�t� �i�n� �t�o�p� �l�e�v�e�l� �c�a�n�d�i�d�a�t�e� �s�o�l�u�t�i�o�n�s� �w�i�t�h� 

�a�t�t�e�n�d�a�n�t� �a�s�s�i�g�n�m�e�n�t� �o�f� �l�o�g�i�c�a�l� �a�n�d� �p�h�y�s�i�c�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �t�o� 

�s�p�e�c�i�f�i�c� �e�l�e�m�e�n�t�s� �i�n� �e�a�c�h� �c�a�n�d�i�d�a�t�e� �(�i�.�e�.�,� �a� �p�r�e�l�i�m�i�n�a�r�y� 

�s�y�s�t�e�m� �a�r�c�h�i�t�e�c�t�u�r�e�)�.� �[�4�4�]� 

�P�e�r�f�o�r�m�a�n�c�e� �M�o�d�e�l�i�n�g� �a�n�d� �S�i�m�u�l�a�t�i�o�n�:� �T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d�/�o�r� 

�m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �s�y�s�t�e�m� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �(�p�h�y�s�i�c�a�l�,� �a�n�a�l�o�g�,� 

�s�c�h�e�m�a�t�i�c�,� �o�r� �m�a�t�h�e�m�a�t�i�c�a�l�)� �i�n� �o�r�d�e�r� �t�o� �e�c�o�n�o�m�i�c�a�l�l�y� �p�r�e�d�i�c�t� 

�i�t�s� �p�e�r�f�o�r�m�a�n�c�e� �u�n�d�e�r� �v�a�r�i�o�u�s� �i�n�p�u�t� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �p�r�i�m�a�r�y� 

�u�s�e� �o�f� �s�u�c�h� �s�i�m�u�l�a�t�i�o�n� �i�s� �t�o� �e�x�p�l�o�r�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�a�l�t�e�r�n�a�t�i�v�e� �s�y�s�t�e�m� �d�e�s�i�g�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�n� �s�y�s�t�e�m� 

�p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h�o�u�t� �a�c�t�u�a�l�l�y� �p�r�o�d�u�c�i�n�g� �a�n�d� �t�e�s�t�i�n�g� �e�a�c�h� 

�c�a�n�d�i�d�a�t�e� �s�y�s�t�e�m�.� �[�6�]� 

�T�e�s�t� �P�l�a�n�n�i�n�a�:� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �d�o�c�u�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� 

�m�e�t�h�o�d� �b�y� �w�h�i�c�h� �e�a�c�h� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t� �i�s� �t�o� �b�e� �t�e�s�t�e�d�,� 

�w�h�e�r�e�,� �b�y� �w�h�o�m�,� �r�e�s�o�u�r�c�e�s� �r�e�q�u�i�r�e�d�,� �p�a�s�s�/�f�a�i�l� �c�r�i�t�e�r�i�a�,� �e�t�c�.� 
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�E�v�a�l�u�a�t�i�o�n� �a�n�d� �O�p�t�i�m�i�z�a�t�i�o�n�:� �E�f�f�o�r�t�s� �p�e�r�f�o�r�m�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �c�y�c�l�e� �t�o� �s�e�l�e�c�t�,� �d�e�s�i�g�n�,� �a�n�d� �p�r�o�d�u�c�e� �t�h�e� �s�y�s�t�e�m� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �t�h�a�t� �b�e�s�t� �s�a�t�i�s�f�i�e�s� �p�r�o�g�r�a�m� �r�e�q�u�i�r�e�m�e�n�t�s� �s�u�c�h� �a�s� 

�p�e�r�f�o�r�m�a�n�c�e�,� �c�o�s�t�,� �s�c�h�e�d�u�l�e�,� �r�e�l�i�a�b�i�l�i�t�y�,� �m�a�i�n�t�a�i�n�a�b�i�l�i�t�y�,� 

�r�e�a�d�i�n�e�s�s�,� �e�t�c�.� �T�h�i�s� �i�n�v�o�l�v�e�s� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 

�o�b�j�e�c�t�i�v�e�s�,� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �c�a�n�d�i�d�a�t�e�s�,� �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�,� �c�o�m�p�a�r�i�s�o�n�/�s�c�o�r�i�n�g�,� �a�n�d� �r�a�n�k�i�n�g�.� �[�5�,�1�9�]� 

�C�o�n�f�i�g�u�r�a�t�i�o�n�/�C�h�a�n�g�e� �C�o�n�t�r�o�l�:� �T�h�e� �s�y�s�t�e�m�a�t�i�c� �m�a�n�a�g�e�m�e�n�t� �o�f� 

�a�l�l� �c�h�a�n�g�e�s� �t�o� �t�h�e� �s�y�s�t�e�m� �d�e�s�i�g�n�.� �I�t� �i�s� �t�h�e� �p�r�o�c�e�s�s� �b�y� �w�h�i�c�h� 

�t�h�e� �f�u�n�c�t�i�o�n�a�l� �a�n�d� �p�h�y�s�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �a� 

�s�y�s�t�e�m�/�e�l�e�m�e�n�t� �a�r�e� �i�d�e�n�t�i�f�i�e�d�,� �c�h�a�n�g�e�s� �t�o� �t�h�e�s�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �m�o�n�i�t�o�r�e�d� �a�n�d� �c�o�n�t�r�o�l�l�e�d�,� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� 

�1�S� �p�r�o�v�i�d�e�d� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �s�t�a�t�u�s� �o�f� �c�h�a�n�g�e� �a�c�t�i�o�n�s�.� �O�n�c�e� �a� 

�b�a�s�e�l�i�n�e� �i�s� �e�s�t�a�b�l�i�s�h�e�d�,� �a� �c�u�r�r�e�n�t� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �a�n�y� 

�d�e�v�e�l�o�p�i�n�g� �i�t�e�m� �a�n�d� �i�t�s� �t�r�a�c�e�a�b�i�l�i�t�y� �t�o� �p�r�e�v�i�o�u�s� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �a�v�a�i�l�a�b�l�e�.� �[�4�3�,�4�4�]� 

�R�e�q�u�i�r�e�m�e�n�t�s� �A�l�l�o�c�a�t�i�o�n�:� �T�h�e� �t�o�p�-�d�o�w�n� �d�i�s�t�r�i�b�u�t�i�o�n�,� �o�r� 

�a�p�p�o�r�t�i�o�n�m�e�n�t�,� �o�f� �s�y�s�t�e�m� �l�e�v�e�l� �r�e�q�u�i�r�e�m�e�n�t�s� �t�o� �t�h�e� �s�u�b�s�y�s�t�e�m�,� 

�e�q�u�i�p�m�e�n�t�,� �s�o�f�t�w�a�r�e�,� �u�n�i�t�,� �o�r� �b�e�l�o�w�,� �t�o� �t�h�e� �d�e�p�t�h� �n�e�c�e�s�s�a�r�y� 

�f�o�r� �p�r�o�v�i�d�i�n�g� �c�r�i�t�e�r�i�a� �a�s� �a�n� �i�n�p�u�t� �t�o� �d�e�s�i�g�n�.� �I�t� �i�n�c�l�u�d�e�s� 

�a�l�l�o�c�a�t�i�o�n� �o�f� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�a�c�t�o�r�s�,� �d�e�s�i�g�n� 

�c�r�i�t�e�r�i�a�,� �a�n�d� �s�y�s�t�e�m� �s�u�p�p�o�r�t� �r�e�q�u�i�r�e�m�e�n�t�s�.� �I�n�i�t�i�a�l�l�y�,� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �a�l�l�o�c�a�t�e�d� �t�o� �c�a�t�e�g�o�r�y� �(�i�.�e�.�,� �h�a�r�d�w�a�r�e�,� 
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