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ABSTRACT

This study develops and empirically tests a model for effective operations 

management by integrating market-based objectives, decisions of operations managers, and 

operating system constraints. This study builds on the constrained-optimization theory of 

management science; is based on constructs from operations management (POM), 

econometrics, and marketing; uses a number of quantitative techniques (conjoint analysis, 

discrete-choice experiments, latent segment analysis, simulated annealing, and 

optimization); and enables managers to make better decisions regarding product/service 

design, process improvement, and production.

Empirical data for this study were collected from the customers and managers of 

the pizza delivery industry. First, discrete-choice experiments were used to identify 

choice patterns of customers in different market segments. Next, managers were asked 

to predict the choice patterns of customers. The managers also responded to a series of 

conjoint experiments and rated the relative difficulty in meeting customer demand under 

specific operating conditions. The managers also predicted the production cost. Finally, 

the information gathered from the empirical experiments was used in the optimal product 

design and optimal operating configuration design procedure.

This research contributes equally to POM, marketing, and management science 

academic and practitioner literatures because it incorporates market information into
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product design and operating decisions and can be easily translated from theory to 

practice. The proposed model can be used as a constructive feedback in positioning 

operations according to market needs and operating constraints. The model identifies 

binding constraints in operating system. The managers can concentrate on breaking these 

binding constraints for effective implementation of continuous improvement or process 

reengineering projects. The proposed work contributes earlier work in product 

development by including cost of production into the analysis and identifies the operating 

configuration which facilitates the production o f "profit-maximizing" produces).

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

To Mitu and Pooja

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Solving mathematical puzzles without worry concerning context can 

provide, for some, a satisfactory exercise. But the science and art of 

management calls for more. An application is when the context is 

understood, the theory is relevant and the decision process is influenced. 

Theory may become a waste of time for all but the theorists when there is 

no concern for relevance or application beyond the self-perpetuation of the 

chib.

Shubik, 1987.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

TABLE OF CONTENTS

ABSTRACT........................................................................................................ iv

LIST OF TABLES.............................................................................................  x

LIST OF FIGURES...........................................................................................  xu

ACKNOWLEDGMENTS............................................................................. xiii

1. INTRODUCTION.............................................................................................  1

1.1 Background..........................................................................................  1
1.2 The Purpose of This Study..................................................................  5
1.3 Scope of This Study............................................................................  6
1.4 Summary ............................................................................................  18

2. LITERATURE REVIEW...............................................................................  19

2.1 Management Science Philosophy.......................................................  19
2.2 Manufacturing and Service Operations Strategy...............................  23
2.3 Incorporating Customer Preferences into Operating Decisions.. 47
2.4 Process Improvement.........................................................................  54
25. Summary............................................................................................. 60

3. RESEARCH DESIGN...................................................................................... 63

3.1 Research Questions...........................................................................  63
3.2 Empirical Data Collection.................................................................. 67
3.3 Development of Discrete-Choice and Conjoint Experiments.... 69
3.4 Data Analysis Procedure....................................................................  77

4. RESULTS.........................................................................................................  93

4.1 Analysis o f Aggregate Customer Choice Data.................................. 93
4.2 Analysis of Discrete-Choice Data Collected from Managers.... 99
4.3 Customer Models Compared to Manager Models...........................  103
4.4 Market Segmentation Results...........................................................  106
4.5 Operating Cost and Difficulty Results............................................... 115

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

4.6 Optimal Product/Process Design Results................................... 119

5. CONCLUSIONS.....................................................................................  126

5.1 Discussion.................................................................................... 126
5.2 Contributions of This Study........................................................ 137
5.3 Limitations and Directions for Future Research........................  145

APPENDICES

A. CONSTRAINED-OPTIMIZATION THEORY...............................  150

B CUSTOMER DATA COLLECTION PACKET...............................  156

C. MANAGER DATA COLLECTION PACKET.................................  165

D. PROGRAM FOR LOG-LIKELIHOOD ESTIMATION...................  191

E. PROGRAM FOR SIMULATED ANNEALING BASED LATENT
STRUCTURE PROCEDURE FOR MARKET SEGMENTATION 193

REFERENCES.............................................................................................  218

ix

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

LIST OF TABLES

Tible

3.1

3.2

3.3

3.4

3.5

3.6

3.7

4.1

4.2

4.3

4.4

4.5

4.6

4.7

Page

List of pizza delivery establishments in Salt Lake
metropolitan area....................................................................... 70

Pizza delivery company attributes used to design discrete*
choice experiments....................................................................  73

Experimental design matrix for the discrete-choice experiments 74

Operating system attributes used to design conjoint experiments 76

Experimental design matrix for the conjoint experiments
(Profiles 1 - 16).......................................................................  78

Experimental design matrix for the conjoint experiments
(Profiles 17 - 32).......................................................................  79

Simulated annealing-based latent structure procedure (SALS) 87

Multinomial logit main effects model for all customers. 95

Multinomial logit main effects and selected interactions
model for all customers............................................................  97

Multinomial logit model for customers of Company Z   98

Multinomial logit model for all managers.............................  101

Multinomial logit model for managers of Company Z   102

Summary report for Gumble scale hypothesis test for all
customers and managers.......................................................... 104

Summary report for Gumble scale hypothesis test for
customers and managers of Company Z .................................. 105

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

4.8 Two-segment model.................................................................. 108

4.9 Three-segment model................................................................. 109

4.10 Four-segment model.................................................................. I l l

4.11 Five-segment model...................................................................  113

4.12 Market share calculations based on actual pizza attributes  114

4.13 Operating difficulty model for Company Z ..............................  117

4.14 Production cost model for managers of Company Z ............... 118

4.13 Optimal product/process design results.....................................  121

xi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

LIST OF FIGURES

Figure Page

1.1 Customer decision-miking process.......................................... 8

1.2 The gap between customers' actual tradeoff patterns and
managers1 perceptions of customer tradeoff patterns  11

1.3 Operating decisions................................................................... 13

1.4 Optimal product/process design...............................................  15

1.5 The model for effective operations management................... 17

4.1 Optimum profit and operating difficulty.................................... 123

4.2 Market share and operating difficulty...................................... 124

4.3 Operating cost and operating difficulty.................................... 125

A. 1 Linear programming (graphical method)................................  153

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

ACKNOWLEDGMENTS

I would like to think Professor Gary Thompson for his guidance during my entire 

Ph.D. program. I would also like to thank Professors Jordan Louviere, William Moore, 

Don Wardell, and Scott Young from whom I learned several important concepts and 

techniques. I would also like to thank Professors Susan Chesteen, Jim Gardner, and Steve 

Reynolds for their help during my course work.

I learned a lot about research, teaching, professional development, and teamwork 

by interacting and working with feUow Ph.D. students at the David Eccles School of 

Business (DESB). I would especially like to thank John Goodale, Mellie Pullman, Brad 

Baird, and Ravi Anshuman. I would also like to thank Sharon Lee and Annamarie 

ShotweO, Department of Management, Kirk Dorothy, DESB staff member, Jeff Heskett 

and Jerry Carvahlo, DESB Computer Center consultants, Donna Faux, Ph.D. program 

director, and Merilyn Owens, foreign student advisor, for helping me throughout my 

student days at the University of Utah.

Special thanks to the Smha family, Selvam, Venka, Patankar, Pant, Balaji, Pawar, 

Alan, Asfaish, and Supriya fin making my stay in Salt Lake a pleasant and memorable one. 

Finally, I would like to thank to my wife Mhu for providing moral support and 

encouragement and my daughter Pooja for arriving in this world ON TIME.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

CHAPTER 1

INTRODUCTION 

1.1 Background

Many times, in the histoiy of science, a situation arises in which the existing 

knowledge in a particular field or subject is no longer satisfactory. When this happens, 

often a movement is witnessed which can be described as a paradigm shift. Production 

and operations management (POM), a discipline encompassing the management of 

conversion processes, is currently experiencing a similar paradigm shift [37] [40] [93] 

[132]. Businesses all over the world are facing dynamic and intense global competition. 

This competitive environment has led both academics and practitioners to conclude that 

POM matters [23] [47] [70] [74] [121] [122]. It matters to the economy as a whole, and 

it matters to the individual businesses. The belief that POM is an important ingredient in 

corporate and national success has spurred the development of operations strategies in 

manufacturing and service firms seeking competitive advantage around the world [70] 

[71]. In the broadest sense, this movement can be summarized as a paradigm shift from 

cost-based competition to time and customer service-based competition [11] [123] [126].

Over the last 23 years, management researchers have emphasized the importance 

of effective operations management in improving the performance of a firm and have
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shown that production competence affects business performance [25] [114] [140], A 

literature review on operations strategy suggests that proper strategic positioning or 

aligning of operations capabilities can significantly impact competitive strength and 

business performance of an organization [9]. Chase, Kumar, and Youngdahl [22] suggest 

that manufacturing managers should not view POM as activities far removed from 

customers and argue that factory-based customer service will be the next form of 

competition among manufacturers. Wheelwright and Hayes [145] developed a four-stage 

model of manufacturing operations' strategic role in the overall support of corporate goals. 

Their four stages -  internally neutral, externally neutral, internally supportive, and 

externally supportive — categorize manufacturing in terms of its strategic importance and 

contribution to the firm. Chase and Hayes [21] have developed a similar four-stage 

(available for service, journeyman, distinctive competence achieved, world-class service 

delivery) model for service firms. The papers cited above are just a sample of a large 

number of published articles and books that highlight the importance of effective POM in 

improving the competitive position of a firm. With the development of the operations 

strategy paradigm, both academic researchers and practitioners are now beginning to agree 

that in order to meet market demands, the operations function of a firm must satisfy 

nultiple and often conflicting objectives [20] [22] [64] [70] [109] [114]. These objectives 

can be broadly divided into the following customer-oriented dimensions: cost, product 

quality, service quality, delivery, and flexibility. However, often it is not possible to 

achieve the same amount of success in all operations objectives [19]. Managers have to 

make tradeoffs because of operating constraints [70] [119] [121] [122].
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Management scholars have suggested several approaches to meet conflicting 

operations objectives in the presence of system constraints. For instance, Skinner [120] 

argues that a conventional factory attempts to do too many conflicting production tasks 

within one inconsistent set of manufacturing policies. He suggests the focused factory 

approach, which offers the opportunity to stop compromising each element of the 

production system and to build on competitive strengths. Similarly, the theory of con

straints recommends concentrating on activities which help in achieving only one objective: 

making money now and in the future [46][47]. It suggests a five-step approach to identify 

and eliminate production bottlenecks (or binding constraints) for improving the 

performance of the firm: identify the system constraints; decide how to exploit the system 

constraints; subordinate everything else to the above decision; elevate the system 

constraints; if in the previous steps, a constraint has been broken, go back to the first step.

The continuous improvement philosophy approaches the challenge of improving 

operations' performance as a never-ending process of achieving small wins [19][113]. 

Though pioneered by US firms, this philosophy has become the cornerstone of the 

Japanese approach (called kaizen) to POM and is often contrasted with the traditional 

western approaches of relying on technological or theoretical innovations to achieve big 

win improvements [19][113]. Business process reengineering on the other hand 

recommends radical or breakthrough changes in a business process [60][61]. It begins 

with a clean sheet of paper and makes changes in the business processes involving 

operations management, product development, and customer service to increase the 

performance improvement rate several orders of magnitude higher than present [60][61],
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The publications cited in the above paragraphs suggest several approaches — 

strategic positioning and alignment of operations, production competence, focused factory, 

theory of constraints, continuous improvement, process reengineering — to improve the 

performance of operations. At the same time, other POM and marketing researchers have 

focused their attention on reducing the gap between the marketing and operations 

functions of organizations to improve their competitive positions. For example, Crittenden 

[28] suggests that by working together, manufacturing and marketing can better appreciate 

each other's constraints and become more willing to make tradeoffs in their own functions. 

Deane, McDougall, and Gargeya [34] have illustrated the importance of the interaction 

between manufacturing and marketing decisions in predicting new venture firm success. 

Roth and Velde [110] presented a competitive service paradigm and argue that operations 

can be used as a success factor in marketing.

Other researchers have attempted to directly incorporate customer preferences in 

the design and development of new products by means o f quality function deployment 

(QFD), also known as the house of quality approach [15][54][58][59][65]. Kim, 

Moskowitz, Dhingra, and Evans [78] present fuzzy multicriteria methodologies which 

allow the product designer to consider tradeoffs among various customer attributes, while 

considering the inherent fuzziness in the associated relationships.

There has also been a fair amount of research on the topic of optimal product 

design and market positioning of products. These publications attempt to identify the 

bundle of attributes for an existing product or a new product which maximizes market 

share or a profit function. Most of these articles utilize multidimensional scaling procedure
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or conjoint analysis-based customer preference data, identify the market segment of 

interest, and use a set of optimization or heuristic procedures to search for the best 

combination o f attributes for the product. For example, Green and Krieger [54][56] have 

presented a variety of strategies for effective positioning of products in a target market 

segment, and Green, CarroQ, and Goldburg [49] developed a general approach to product 

design optimization via conjoint analysis. Reviews of research on this topic are presented 

in Shocker and Srmivasan [116][117] and Green and Krieger [52][54].

1.2 The Purpose of This Study

The objective of this research is to develop a model for effective operations 

management by integrating market-based objectives, operating decisions, and operating 

system constraints. The model combines the essential elements of the production process 

with consumer evaluations and choices in the marketplace and enables managers to make 

better decisions regarding product or service design and production. The study also shows 

how the model can be applied to a particular service industry.

Specifically, the research reported herein builds on the constrained-optimization 

theory of management science (MS) and uses customer- or market-based criteria to 

identify and assign weights to different operations objectives. Identification of relative 

weights for market-based objectives will help in positioning operations according to 

customer demand patterns. Next, for given sets of customer demand patterns, binding and 

nonbinding constraints in operating system are identified. Since the binding constraints 

limit the performance of a system, operations managers can focus their attention on
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breaking these particular constraints to improve further the operating process. Finally, 

optimization procedures are used to identify the product and operating system 

configuration which maximizes profit in target market segments. Appendix A describes 

the constrained-optimization theory in detail. Several concepts of constrained- 

optimization theory are explained using a graphical solution procedure to a linear 

programming problem having two variables. The example shows why it is important to 

concentrate on breaking the binding constraints. Breaking binding constraints means 

somehow changing the characteristics of one or more binding constraints so that the 

performance of the system increases beyond the present optimum performance.

1.3 Scope of This Study 

The following sections summarize the four parts of the research project and present 

the model fin effective operations management. The first section describes how customers 

make tradeoffs and choose a product or a service. The importance of identifying gaps 

between customers' actual product/service choice patterns and operations managers' 

perceptions of customers' choice patterns is described in the second section. The third 

section presents a model o f operating decisions based on managers' perceptions of 

customer choice patterns and operating system constraints. The fourth section describes 

the procedures utilized m identifying optimal product configurations for the target market 

segments. It also describes the approach used in identifying operating configurations 

which enable die production of customer-based optimal products. Finally, the fifth section 

integrates the ideas presented in the previous four sections.
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Hie empirical data for this research were collected from a fast food industry (pizza 

delivery industry). The fast food industry is specifically chosen because it has the 

characteristics of both manufacturing and service businesses. The output of a fast food 

establishment contains tangible products in combination with intangible services. Hence, 

the tradeoff patterns of customers and the operating decisions o f managers are influenced 

by a broad spectrum of variables.

For the sake of simplicity, in this dissertation the finished output is referred to as 

products. Even though service is not explicitly mentioned, h is implied as a part of the 

product.

1.3.1 Customer Choice Patterns

In order to meet customer demand in a dynamically changing competitive 

environment, it is important to listen carefully to the voice of the customer. Past research 

shows that customers choose from a set of alternatives, the product that has the highest 

utility for them [10][84][83]. After acquiring information and learning about the 

alternatives, consumers define a set of determinant attributes to use, and then compare 

products in a particular product class. The process by which customers compare products 

on sets of determinant attributes and make choices is complicated. Psychophysical 

judgments involve subjective perceptions of physical reality, in which individuals form 

impressions about the position of each considered product with respect to each 

determinant attribute based on a number of physical characteristics [10][84]. Figure 1.1 

graphically shows a simplified model of the consumer decision-making process.
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After consumers form impressions of the positions of various alternatives on the 

determinant attributes, they make value judgments and combine information to form 

overall impressions of the products. In order to do so, they have to make tradeoffs among 

different product attributes. This evaluation process can be modeled as the integration of 

information about different determinant attributes to form an overall utility score for each 

product [7][8][10][84][85].

Understanding customer tradeoff or choice patterns for different product attributes 

will allow managers to design operations in a way which best meets customer demands. 

Hence, the first part of the proposed work involves understanding customer tradeoff 

patterns for a product. A number of publications in marketing research, transportation, 

and other social sciences have shown that discrete choice analysis (DCA) is the most 

effective methodology for identifying the tradeoff patterns in complex decision-making 

situations [10]. Therefore, in this research, DCA is used to identify customer tradeoff 

patterns for various product attributes.

The marketmg-research and operations strategy literatures suggest that demand 

patterns can be better understood by using market segmentation analysis, which identifies 

groups of customers having similar tradeoff patterns [29][35][45][55]. In the past, a 

number of statistical and non statistical procedures have been used to segment customers 

based on their response to numerical scales. A recent study, however, identified a 

discrete-choice analysis-based latent structure (LS) procedure as the most effective market 

segmentation technique [98]. Therefore the LS procedure is used to identify market 

segments.
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1.3.2 Managers' Perceptions o f Customer Choice Pittems

Often operations managers do not interact closely with their firm's customers; 

hence, gaps may exist between their perception of customers' tradeoff patterns and the 

actual patterns. Similar gaps might exist between different functional departments of a 

firm [ 120]. Identifying such gaps is key to a successful process improvement, because h 

suggests how managers' perceptions are different from their customers. Smaller gaps 

imply a better understanding of customer needs. Therefore, the objective of the second 

part of this research is to identify the gaps between managers' perceptions of customer 

tradeoff patterns and customers' actual tradeoff patterns. Figure 1.2 shows the gap 

between the actual tradeoff patterns of the customers and the operations managers' 

perceptions of these tradeoff patterns. A statistical hypothesis testing procedure based on 

the DCA is used to identify the gap [130].

It is postulated that the tradeoff patterns of customers are based on their subjective 

evaluation of product attributes. Managers' perceptions of customer tradeoff patterns are 

also based on the same product attributes. The dashed line in Figure 1.2 shows that 

identifying the gap between customer choice and managers' perceptions can be a very 

constructive feedback mechanism and can help firms design and produce better products.

L3 J-Qpgritmg Decisions

The operations function of an organization can be viewed as one very large 

constramed-optimization problem. In general, operations managers in a firm have to 

satisfy multiple (and often conflicting) objectives (product quality, service quality, cost,
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deliveiy, and flexibility) in the presence of operating system constraints [70], These 

constraints limit operations managers' attempts to achieve a global optimum. The system 

constraints can either be binding or nonbinding, and can dynamically switch between 

binding and nonbinding as shown in Figure 1.3 [46][47].

An operations managers objectives are based on his/her perceptions of customers' 

tradeoff patterns for different product attributes. Since only the binding constraints limit 

the objective, h is proposed that process reengineering, continuous improvement, or 

product development efforts should be directed towards breaking binding constraints. 

Efforts directed towards breaking nonbinding constraints will be wasted and hence the 

process reengineering, continuous improvement, or product development approach will 

not be effective. The dashed line m Figure 1.3 shows that breaking binding constraints will 

be effective and breaking nonbinding constraints will be ineffective.

It is also important to realize that different professional managers try to optimize 

the performance o f their respective departments or subdepartments according to their 

background and training, while considering only a few objectives and/or a few constraints 

[120]. Also, not all objectives and system constrains are relevant to managers in different 

departments of a firm; hence, the end result might be a sum of several local optima which 

is usually worse than the global optimum

The influence of operating constraints and customer choice patterns on managers' 

decisions is identified by conducting two sets of conjoint experiments [52][84][85]. In 

these experiments, the managers indicate the relative difficulty in meeting a given demand 

scenario under a specific operating condition.
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The demand scenario contains information about customer choice patterns and total 

demand. The operating condition contains specific information about different operating 

variables (example — supplier lead time, capacity of the facility, number o f employees, 

wage rates). The managers also estimate the cost of producing products with the given 

operating configuration.

1.3.4 Optimal Product/Process Design

In the last 20 years or so, marketing research literature has witnessed an increasing 

interest in optimal product design models. Most of the past research have utilized conjoint 

analysifrbased customer preference data at individual or at market segment level to identify 

optimal product or product lines configurations [44][49][56][116][117][128|. In most of 

these studies, products and customer preferences are represented by point locations in a 

multiattribute perceptual space. Customer preferences are also located in the same 

multiattribute space. The actual choice of a product or the probability o f its selection 

depends on its proximity to the customer's ideal product location and its relative position 

with respect to the other alternatives. Generally, optimum search heuristics are utilized 

to identify the product configuration which maximizes a revenue or profit function or 

market share.

This study extends previous research by incorporating operating constraints and 

cost of production into the optimal product design procedures. Figure 1.4 shows a 

simplified diagram of the proposed approach. It shows that empirical data from both 

customers and operations managers are needed for identification of optimal product and
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operating configuration. The discrete-choice experiments are used to identify customer 

choice patterns for different product attributes. Cost of producing a product and operating 

difficulty, are estimated by data collected from the operations managers (section 1.3.3). 

Finally a nonlinear optimization procedure is used to find the products which maximize 

profit.

1.3.5 The Model for Effective Operations Management

Figure 1.5 connects the four parts of this research project described earlier and 

presents the model for effective and customer-based operations management. This figure 

combines actual customer choices of products and the operating decisions of operations 

managers. The model shows that actual customer choice patterns are a result of product 

quality, service quality, cost, delivery, and flexibility attributes of the product. It also 

shows that operations managers' perceptions of customer choice patterns are also based 

on the same attributes.

The operating decisions are based on managers' perceptions of customer choice 

patterns and the binding and nonbinding constraints present in the operating system The 

dashed lines in Figure 1.5 suggest that managers can get constructive feedback from 

understanding customer choice patterns and can concentrate only on breaking binding 

constraints for process improvement and design of optimal product and operating 

configuration.
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1.4 Summary

A brief review of POM and marketing research literature presented in this chapter 

suggested the need for proper positioning of operating capabilities according to customer 

needs. A need for connecting operating information into optimal product/process design 

procedure was also recognized and a model for effective operations management was 

developed. This chapter also briefly discussed the empirical data collection and analysis 

procedure.

The remaining four chapters are organized in the following manner. Chapter 2 

presents a detailed literature review of management science, manufacturing strategy, 

service operations strategy, product design, and process improvement literatures. 

Research questions, experimental design and data analysis procedures are presented in 

Chapter 3. Chapter 4 summarizes the results of analyzing data collected from the 

customers and the managers. Chapter 3 discusses the results with respect to the research 

questions, identifies limitations of the study, and provides directions for future research.
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CHAPTER 2

LITERATURE REVIEW

This study builds on past research in several functional areas within business 

administration. This chapter presents a review of relevant literature in these fields. The 

chapter is divided into five sections. The first section presents a review of recent trends 

in management science (MS). A review of operations strategy literature in manufacturing 

and service industries is presented next. The third section reviews research on 

incorporating customer preferences/choice patterns into operating decisions. The fourth 

section reviews strategies for improving operating systems, including continuous 

improvement and process reengineering philosophies. The fifth section summarizes the 

literature review presented in the previous four sections.

AO five sections review relevant literature and show how this work builds on and 

addresses the concerns o f past research. For the sake of clarity, the study conducted by 

the author o f this dissertation will be referred to as "the current research" in this chapter.

7 I M w .yWMBt Philn^iphy

The current research builds on the constrained-optiinization theory of management 

science. Recently, however, several articles have shown concern about the usefulness of
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MS theories like constrained-optimization [1]. This section discusses the development of 

MS approaches and shows how the proposed work incorporates MS philosophy and 

addresses some of the concerns of leading MS philosophers. Churchman, AckofF and 

Amoff [24] defined MS as the application o f scientific methods, techniques, and tools for 

optimization.

Following the success of MS tools during the World War D, a large number of 

industrial organizations started using those techniques to solve complex business problems. 

Several MS techniques like linear programming, dynamic programming, simulation, and 

project management have found wide applications in production planning, inventory 

control, capacity planning, resource allocation, transportation, scheduling and other 

business functions [41] [42]. hi the current research, the constrained-optimization theory, 

the basis of several MS techniques, is used. Appendix A describes the concepts behind the 

constrained-optimization theory.

Turbab [136] and Thomas and DaCosta [134] conducted surveys o f large 

corporations and found that nearly half of the companies had a special department that was 

engaged mainly in MS activities. Fabozzi and Valente [42] found that the most important 

area o f application of mathematical programming techniques of MS was to POM. The 

results of the above mentioned and several other surveys show that MS techniques are 

extensively used to solve complicated business problems [6] [41] [42] [62] [80] [115] 

[134] [136].

Even though these surveys show that MS techniques are widely used in industry, 

m recent years, the academic literature has shown a growing concern about the future of
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MS. Based on a literature review of articles published in Harvard Business Review and 

Sloan Management Review, Corbett and Wassenhove [27] concluded that either top level 

managers are not interested in MS literature and/or the MS research community is no 

longer paying attention to managerial literature. Several leading researchers believe that 

MS is being only used to solve narrow tactical problems and not the strategic problems of 

business organizations [ 1 ].

According to AckofF [1], MS was originally a market-oriented profession, 

practiced by scientists and engineers in different disciplines to solve a variety of military 

and corporate problems. Because of the interdisciplinary nature o f MS, these scientists 

used a variety of techniques to solve complex problems. Over time, operations researchers 

found that they could solve some types of recurring problems more effectively. Most of 

these problems evolved statistically stable systems in which human choice and purposeful 

behavior had virtually no role. The theories in MS that deal with human behavior are 

abstract and oversimplified and hence have little or no real applications. Therefore, AckofF 

[1] believes that traditional MS tools are not helpful in solving complex and strategically 

important problems of today’s businesses.

According to Corbett and Wassenhove [27], MS developed as management 

engineering in World War n. The goal of management engineering or the original 

management science was to solve the practical problems for which it was necessary to 

adapt existing tools or to use existing tools in innovative ways. The aim was to increase 

managers' understanding and thereby sharpen their intuition by eliminating irrational 

elements. In the 1950s and 1960s, MS rapidly expanded in theory and practice. As the
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outcome of this expansion, MS developed as management science and management 

consulting, in addition to management engineering. The goal of management science is 

to conduct fundamental research and develop new techniques. Management consulting 

solves someone's practical problems using existing standard MS methods. Corbett and 

Wessenhove [27] believe that in last 25 years, the original MS has expanded a lot in the 

management science and management consulting areas, but management engineering is left 

underdeveloped. According to Corbett and Wessenhove [27], virtually no research is 

being conducted to adapt the techniques developed by the fundamental research of 

management science in innovative ways to solve complicated problems of the present and 

future. Hence, they believe that the development of management engineering is essential 

if MS is to continue to be a useful science in the future.

Corbett and Wessenhove [27] suggest that MS scientists should use a new set of 

tools to address real problems. They suggest using MS in marketing terms as a means of 

providing value-added service to the client. Miser [96] suggests developing a more 

coherent and realistic view of science and professional practice. Pierskalla [106] states that 

MS must incorporate human behavior and should reach out to new areas o f knowledge.

The current research addresses several of the concerns of leading MS researchers. 

The constrained-optimization theory, one of the MS approaches, in combination with 

several techniques new to the field o f MS and POM are used to incorporate customer 

choice patterns in operating decisions. The current study is an attempt to integrate "new" 

tools with existing theories of MS. Issues related to complex human behavior are built 

into the techniques used. Binding and nonbinding constraints in the operating system are
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also identified through customer choice patterns. Additionally, the concepts presented in 

the proposed work can be easily translated from theory to practice.

2.2 Manufacturing and Service Operations Strategy 

Research in operations strategy has identified several issues which should be 

carefully addressed if an operating system is to be improved to meet market demands. This 

section elaborates on the development of operations strategy concepts and explains how 

they relate to the current study. Most of the concepts in operations strategy emerged from 

detailed studies of manufacturing industries. Hence, a review of manufacturing strategy 

literature is presented first. Since almost every product has a service component attached 

to it and similarly almost every service has tangible product(s) attached to it, a review of 

service operations strategy is necessary to understand unique characteristics of services. 

Therefore, the second part of this section presents a literature review of service operations 

strategy. Finally, a review of literature related to operations objectives and competitive 

priorities is presented. Several of the constructs used in this study build on past research 

on operations objectives and competitive priorities.

2 2 1 Manufacturing Strategy

Manufacturing can give the firm a competitive advantage by improving operations 

to meet the needs of the market. Hence, for the last 25 years or so, managing 

manufacturing from a strategic point of view has captured the attention of researchers and 

practitioners alike. Broadly speaking, the literature describes the need for manufacturing
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strategy, explains how to integrate manufacturing strategy with corporate or business 

strategy, and analyzes competitive priorities in manufacturing. A detailed review of 

operations strategy literature is presented by Anderson, Cleveland, and Schroeder [9], 

Swamidass [131] also compiled a bibliography of selected business strategy and 

manufacturing strategy publications. The following section presents a review of the 

articles that have had a significant impact on the development of manufacturing strategy.

Manufacturing strategy has received wide attention since the publication of 

Skinner's [119] landmark article in 1969. According to Skinner [119], top management 

had avoided involvement in manufacturing policy making because manufacturing had been 

dominated by technical experts and specialists. Skinner [119] argued that because 

companies fail to recognize the connection between the firm's business strategy and 

manufacturing strategy, the production system becomes noncompetitive. Skinner [119], 

for the first time, sketched out the relationship between business strategy and 

manufacturing strategy, called attention to tradeoffs in production system design, 

commented on the inadequacy of technical specialists in dealing with production tradeoffs, 

and suggested a strategic approach to manufacturing management.

Skinner [120] [121] [122] [123] in his subsequent publications elaborated on 

several of his ideas, most of which are still topics of active research in POM. He 

suggested that companies should concentrate on finding better ways to compete instead 

of concentrating on increasing productivity or reducing costs. He claimed that 

productivity improvement plans overemphasize short-term objectives and cost-cutting
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measures, thereby reducing a firm's competitive strength. Skinner [120] suggested the 

focused factory approach as a means of regaining competitiveness. The concept of the 

focused factory is based on the ideas that there are many ways to compete besides 

producing at low cost; that a factory cannot perform well on every yardstick; and that 

simplicity and repetition breed competence. Skinner [120] feels that a lot of companies 

attempt to do too many things within one plant. Additionally, professionals in different 

departments within a plant attempt to achieve goals that, although valid and traditional in 

their own fields, are often incompatible with the goals of other departments. Skinner [ 120] 

suggested developing an explicit statement of corporate objectives and strategy and 

translating them into manufacturing terminology.

The 1970s and 1980s saw the development of the manufacturing strategy 

paradigm. The research by Abernathy, Clark, Hayes, and Wheelwright built on earlier 

efforts of Skinner and emphasized how manufacturing can and should be used as a 

strategic competitive weapon [68] [69] [70] [71] [142] [143] [145]. The manufacturing 

strategy paradigm identified the ways in which the so-called five Ps (people, plants, parts, 

processes, and planning and control) o f operations management can be analyzed as 

strategic and tactical decision variables [19]. The core idea behind these publications is 

the notion of manufacturing tradeoffs and the concept of factory focus.

According to Hayes and Wheelwright [70], a collective pattern of the following 

interrelated decisions determines the strategic capabilities of a manufacturing firm: capacity 

(amount, timing, type); facilities (size, location, specialization); technology (equipment, 

automation, linkages); vertical integration (direction, extent, balance); workforce (skill
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level, wage policies, employment security); quality (defect prevention, monitoring, 

intervention); production planning/materials control (sourcing policies, centralization, 

decision rales); and organization (structure, control/reward systems, role of staff groups). 

Although individual decisions are usually driven by, and in support o f  specific products, 

markets, or technologies, the primary function of manufacturing strategy is to guide the 

business in putting together the set of manufacturing capabilities that will enable it to 

pursue its chosen competitive strategy over the long term

hi their subsequent publications, Hayes and Wheelwright [71] [145] identified four 

stages in manufacturing's strategic role in a corporation. The role of manufacturing is to 

minimize its negative potential in the internally neutral stage (the lowest stage). During 

the externally neutral stage (second stage), the firm follows the industry manufacturing 

practice. Manufacturing investments are screened for consistency with the business 

strategy during the internally supportive stage (third stage) of manufacturing's strategic 

role. Finally, a firm pursues a manufacturing-base competitive advantage in the externally 

supportive stage. These stages in manufacturing's strategic role outlined above Sail along 

a continuum and suggest the path a company might follow as it seeks to enhance the 

contribution of its manufacturing function.

Hayes and Wheelwright [69] [70] proposed linking the manufacturing process with 

the product life cycle to match market requirements. They proposed a product and 

process matrix which suggests how to choose manufacturing processes to meet the 

demands of products in different stages o f product life cycle.
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Hill [74] provided an approach to manufacturing strategy that emphasizes the 

essential requirement of linking the marketing and manufacturing perspectives in order to 

determine the best strategies for the business as a whole. Hill's approach to manufacturing 

strategy serves to link the corporate objectives, marketing strategies, and manufacturing 

structure and infrastructure through the assessment of how different products win, qualify 

for, or lose orders in the market-place.

Mathe and Shapiro [90] suggest integrating service strategy into manufacturing 

strategy because the traditional definition of a product is no longer valid. Their definition 

of product comprises its physical aspects (the tangible product as determined by its 

production process -- the traditional definition of a product), the portfolio of services 

associated with the physical product, and the time dimension as the product and its 

services evolve over time, as customers needs change or as the tangible product 

deteriorates. Quinn, Doorley, and Paquette [109] make similar arguments about service- 

driven product strategy. Mathe and Shapiro [90] propose a service mix concept which is 

intended to identify and organize various combinations of services according to customer's 

needs for a given physical object or set of objects based on the different usage possibilities 

over a product's lifetime. Potts [107] suggests that manufacturing companies should 

concentrate on a product's service life cycle for generating additional profits.

Chase and Garvin [20] and Chase, Kumar, and Youngdahl [22] suggest that 

factory-based services will become the next form of competition among manufacturers and 

hence manufacturing executives should have a clear understanding of the service 

capabilities of their plants. Chase, Kumar, and Youngdahl [22] define information,
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problem solving, sales, and support as factory-based services and suggest that these 

services should be considered in developing manufacturing strategy. Chase and Garvin 

[20] propose that the factory can be used as a laboratory, consultant, showroom, or 

dispatcher to gain competitive advantage.

Lovelock [88] suggests that customer perceptions of value and quality are often 

strongly influenced by the customer service accompanying the core product. Creating an 

ef&ttive customer-service function that will enhance the firm's competitive posture 

requires a good understanding of the tasks to be performed, a clear definition o f employee 

responsibilities, and attention to detail.

The articles cited in the previous paragraphs played a very effective role in the 

development of a manufacturing strategy paradigm. However, all these articles were 

based on case studies, and/or personal experiences of the authors. Recently , other 

researchers have attempted to verify the ideas of the manufacturing strategy paradigm 

using empirical data.

Schroeder, Anderson, and Cleveland [114] conducted a survey of manufacturing 

managers to identify the content o f business and manufacturing strategy. They proposed 

interactive links between business strategy, manufacturing mission and distinctive 

competence, manufacturing objectives, and manufacturing policies. The results of this 

study indicate that business strategies typically are expressed in market or product terms.

Anderson, Cleveland, and Schroeder [9] proposed that a proper strategic 

positioning or aligning of operations capabilities can significantly affect competitive 

strength and business performance of an organization. Effective positioning and aligning
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of operations implies an organization designed within the context and purpose of the wider 

business.

Cleveland, Schroeder, and Anderson [2S] proposed that production competence 

is a measure of the combined effects of a manufacturer's strengths and weakness in certain 

key performance areas and is related to manufacturing strategy. They defined production 

competence as manufacturing capability or set o f capabilities that a firm possesses relative 

to its competitors and might wish to exploit in developing a competitive advantage. 

Cleveland, Schroeder and Anderson [251 identified the following nine key areas in which 

they believed strength or weakness could mean the success or failure of the business plan: 

adaptive manufacturing, labor cost-effectiveness, delivery performance, logistics, 

production economies of scale, process technology, quality performance, throughput and 

lead time, and vertical integration. The company's business performance was measured 

by combining manufacturing performance (measured by quality, cost, delivery, and 

flexibility), marketing performance (measured by market share and growth rate), and 

financial performance (measured by return on assets). Results ofthis exploratory empirical 

study indicated a potential relationship between business performance and production 

competence. Vickery, Dorge, and Markland [140] proposed a more comprehensive 

measure o f production competence that assesses the level of support that manufacturing 

provides for the strategic objectives of the firm. They hypothesized that production 

competence is related to financial performance of the firm and tested it with empirical data 

from a sample of 65 firms in the furniture industry.
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St. John and Young [124] were the first to use empirical tests the patterns of 

priorities and tradeoffs among operations managers. The results of their exploratory 

research suggest that day-to-day decision making within operations is not guided by the 

firm's competitive priorities. Their survey of IS firms showed that agreement among 

operations managers on competitive priorities is related to agreement on long-run strategic 

tradeoff decisions and not to agreement on short-run tradeoffs. They also found that 

short-run actions of operations managers were often in conflict with stated competitive 

priorities.

The publications cited above suggest that there is a growing awareness of the 

importance o f taking a strategic view of manufacturing, but there are still many 

unanswered research questions. It is not clear how manufacturing operations can be 

managed strategically or how manufacturing can move from Hayes and Wheelwright's first 

stage to their fourth stage. Hie focused factory concept and its derivative "plant-wtthin-a- 

plant" idea show a lot of promise but are contradictory to the idea of expanding the role 

of the factory to include services.

The current study incorporates several concepts in manufacturing strategy 

described earlier. Understanding the tradeoff patterns of customers and operations 

managers will help in strategic positioning or aligning of operations. The current study 

identifies market segments (based on product and service attributes) which can be helpful 

to managers formulating an overall business strategy and consistent manufacturing and 

marketing strategies. The focused factory concept, as such, is not tested in this study, but 

actual customer tradeoff patterns and market segmentation analysis may be helpful to
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operations managers should they decide to follow the focused factory strategy. The 

relative weight of the service aspect of products is also analyzed in the current study. 

Statistical significance of these relative weights empirically test if customers indeed value 

services attached to primary products.

Past research in manufacturing strategy identified important constructs and made 

general recommendations. The results of the current research specifies which aspects of 

operations need change for process improvement or reengineering.

2.2.2 Service Operations Strategy

The empirical data for the current study are collected from a service industry (a 

fast-food industry); hence it is important to review the past research in service 

management. The literature review presented in this section shows that there has been a 

lot of theoretical work in the area of service management but only a relatively small 

number of theories have been empirically tested. Also some o f  the theories proposed by 

earlier researchers appear to be contradictory in nature.

Service industries have more than 70% o f the total employment and account for 

more than 80% of the gross domestic product o f the United States [39]. It has been 

predicted that the service sector will account for more than 88% of the workforce by the 

year 2001 [39]. Service industries represent a broad range of businesses, from 

professional service to retail sales to recreational, activities. Broadly speaking, service 

encompasses all business activities, except for the production of goods. Services are 

generally characterized as having intangible output; immediate consumption; labor
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intensiveness; a high degree of customer contact; customer participation in the conversion 

process; and difficulty with quality, productivity, and performance measurement [39] 

[129].

The first volume of the Journal o f Operations Management contained two articles 

emphasizing the need for fixture research in the area o f service management. In one of the 

articles, Chase [17] reviewed and classified the topics covered in the four major research 

journals which had historically dealt most extensively with POM-related topics. Chase 

found that only 7% of the articles published were in the people/macro category, which 

includes topics such as service delivery systems. Buffa [14], in an another article, also 

raised the concern that more research is needed in service operations management. Buffa 

[ 14] stated that service systems are uncharted territory and virtually everything needs to 

be done.

The diversity of the service sector often makes it difficult to come up with 

managerially useful generalizations concerning the management of service organizations. 

Lovelock [86] classififid services in five different two-by-two matrix forms and suggested 

how the specific nature of services in a particular class affects operations and marketing. 

Lovelock's classification scheme addresses the following questions: (1) What is the nature 

o f the service act? (2) What type of relationship does the service organization have with 

its customers? (3) How much room is there for customization and judgment on the part 

of the service provider? (4) What is the nature of demand and supply for the service? and 

(S) How is the service delivered? Lovelock proposed that his classification scheme 

addressing the above five questions can help managers in obtaining a better understanding
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of their business. Additionally, by recognizing the common characteristics of their service 

business with other and often unrelated service businesses, the managers can identify ways 

to improve their own business.

Chase [16] proposed that if there is less direct customer contact in the service 

system, then the service system is more likely to operate at its peak efficiency. Conversely, 

the system is less likely to operate at its peak potential with high direct customer contact. 

Chase [18] proposed the "customer contact model" which classifies services on the degree 

of contact. Mersha [94] proposed a broadened definition of customer contact and 

differentiated between active and passive contact. Based on these distinctions, Mersha 

[94] extended the customer contact model and addressed several earlier concerns about 

this classification scheme.

Schmenner [112] expanded Chase's classification scheme and categorized services 

on two dimensions: labor intensity and customer interaction with service customization. 

Labor intensity is defined as the ratio of the labor cost incurred to the value o f the plant 

and equipment. A high labor intensive business involves relatively small plant and 

equipment and considerable worker time, effort, and cost. The second dimension in the 

classification scheme combines two distinct concepts: customer interaction and 

customization. A service with a high level o f interaction is one in which the customer can 

actively intervene in the service process. A service with high customization will work to 

satisfy an individual's particular preferences. The joint measure has a high value when a 

service exhibits both a high level of interaction and a high level of customization for the
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customers. He proposed a two-by-two service process matrix that classifies services as 

service factory, service shop, mass service, and professional service.

Levitt [81] [82], in one of the early works on service operations strategy, argued 

that since services are thought of in humanistic terms and manufacturing is thought of in 

technocratic terms, manufacturing is efficient and forward-looking, whereas services, in 

comparison, are primitive and inefficient. He further argued that if companies stop 

thinking of service in humanistic terms, they will be able to make drastic improvements in 

quality and efficiency. He suggested that service should be viewed as manufacturing in the 

field with a production line approach. Thomas [133], on the other hand, believes that 

because manufacturing has been the dominant economic force of the last century, most 

managers have been educated through experience and/or formal education to think about 

operations strategy in product terms. He believes that a large part of manufacturing 

experience is irrelevant to the management of service operations because services are very 

different from manufacturing. Thomas [114] recommends using economies of scale, 

proprietary technology, and service differentiation to build barriers in the service industry.

Lovelock [87] suggests an integrated approach to service management. He 

suggests using a combination of marketing, operations, and human resources perspectives 

for effective service operations management. Lovelock defines the marketing concept as 

creating relationships with specific types of customers by delivering a carefully defined 

service package of consistent quality that meets their needs and is perceived as offering 

superior value. He defines the human resource concept as recruiting, training, motivating, 

and retaining managers and other employees who can work together to balance the twin
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goals of customer satisfaction and operational effectiveness. The operations concept is 

defined as using specific operational techniques and strategies, executed by personnel with 

the necessary skills and supported by appropriate facilities, equipment, and information 

technology to create and deliver the specified service package to target customers, while 

consistently meeting quality and productivity standards. Key tools for examining service 

situations from this multifunctional perspective include identifying different types of 

service processes, analyzing of service systems, breaking down service products into core 

and supplementary elements, and flowcharting service delivery to establish linkages 

between front stage and back stage activities [87].

Sullivan [129] also advocates an integrated approach to service management. He 

suggests that POM researchers should include organizational behavior and marketing 

constructs and techniques to address service operations problems adequately. An 

interdisciplinary nature of service management was also recommended by Bowen and 

Cummings [12]. They propose that service management effectiveness affects and is 

affected by human resource management, strategic management, marketing, and 

operations management.

According to Lovelock [89], the challenge for service managers is to search for 

compatibility among the following four basic forces in a service business: (1) What does 

management want? (2) What do employees and suppliers want? (3) What do customers 

want, and (4) What is the organization actually capable of doing? Lovelock proposes that 

both operational efficiency and customer satisfaction are required to answer the above 

questions successfully. Hence, he suggests that operations and marketing should work
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together and leant to appreciate the other's perspective. He discusses the following 11 

operational issues that are relevant to both marketing and operations managers: 

productivity improvement, make versus buy, facilities location, standardization versus 

customization, batch versus unit processing, facilities layout and design, job design, 

learning curve, management of capacity, quality control, and management of queues.

According to Davidow and Uttal [32], developing a service strategy is an essential 

step toward choosing an optimal mix and level o f service for different customer sets. 

Customers will leave if they get too little service or the wrong kind of service, but the 

company will go broke or have a noncompetitive price if they provide too much. Hence, 

Davidow and llttal [32] suggest using market segmentation analysis to determine service 

strategies for different segments of customers. They suggest that by segmenting markets, 

companies can better match supply and demand.

Heskett's [73] strategic service vision consists of the identification of a target 

market segment, development of a service concept to address targeted customers' needs, 

codification of an operating strategy to support the service concept, and design of a 

service delivery system to support the operating strategy. Heskett believes that the 

following elements are common to many of the successful service companies: close 

coordination between marketing and operations; a strategy buih around elements of a 

strategic service vision; an ability to  redirect the strategic service inward to focus on vital 

employee groups; a stress on the control of quality based on a set of shared value, peer 

group status, generous incentives, and, when possible, a close relationship with the 

customer; a cool appraisal of the effects of scale on both efficiency %d effectiveness; the
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substitution of information for other assets; and the exploitation of information to generate 

new business.

Hut [64] advocates using unconditional service guarantee and suggests that it can 

be a very powerful strategy for service business. An unconditional service guarantee 

pushes the entire company to focus on the customer's definition of good service and not 

on any executive's assumptions. It sets clear performance standards and generates reliable 

data when performance is poor. It forces an organization to examine its entire service- 

dehvery system for possible failure points and builds customer loyalty, sales, and market 

share.

Similar to Hayes and Wheelwright's [71] four-stage model for manufacturing 

organizations, Chase and Hayes [21] developed a four-stage model for strategic 

importance of service operations in a firm. The motivation behind this classification is to 

pinpoint the key elements that must be addressed in the strategy development process. 

This classification can also help position a firm's operations relative to its competitors and 

provide a current perspective and future vision that can be communicated to the company's 

employees. During the lowest strategic stage, available for service, service firms tend to 

consider their operations as necessary evils. These firms assume that if operations 

managers can do what they are supposed to do, without major disruptions, the firm will 

be profitable. Hence, management pays little attention to how other firms, whether direct 

competitors or not, design and manage similar service delivery systems. During the second 

stage, journeyman, the operations goal becomes not letting the competitors gam too much 

advantage. Hence, the firm begins to adopt industry practice in its operations. In a stage
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3, distinctive competence achieved, senior management has a clear vision of what creates 

value in customers' eyes and hence operations is designed to deliver that value. To reach 

the fourth and the final stage, world class service delivery, the company must develop 

capabilities and credibility of its operations organization to the point where operations 

becomes proactive, forcing higher performance standards on the whole company, 

identifying new business opportunities, and helping redefine the firm's competitive strategy. 

Rather than simply investigating customer needs and attempting to fulfill them, stage 4 

companies seek to create needs, establish expectations, and continually expand those 

expectations. They define the quality standards by which their competitors are judged.

Even though services have received a lot o f attention by academicians and 

practitioners, so far only a handful of service operations management articles containing 

empirical data have been published in POM-related journals.

Roth and Velde [110] presented a competitive service strategy paradigm which 

explicitly considers the strategic role of service operations management as a competitive 

weapon. Their service strategy paradigm draws upon the prevailing manufacturing 

strategy literature in its definition of strategic operations choices and critical factors. 

Using a sample of 117 retail banks, the authors link competitive priorities with operations 

strategy contents of structure, infrastructure and integration choices. They empirically 

show that the patterns of operations choices vary by competitive priorities. Roth and 

Velde [110] propose that manufacturing strategy framework can be adopted in service 

delivery system design.
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Davis [33] studied the tradeoff between customer waiting time and operations 

efficiency. He presented and applied a total cost model to a major fast-food chain, using 

data collected at several locations. This model has several implications in the design of a 

service system which is efficient and, at the same time, satisfies customer needs.

Undsley, Blackburn, and Elrod [83] studied the tradeoff between time and product 

variety in the book distribution industry. They concluded that both time and variety are 

critical success factors. Hence, they recommended that managers should be aware of 

relative values of time and variety in their distribution strategy for better service 

management.

Haynes and Thies [72] linked the successful implementation of technology to three 

key factors. They recommend the following: (1) the process must be well defined and its 

characteristics must be identified before its implementation, (2) the goals of marketing and 

operations functions must be coordinated with respect to implementation strategy, and (3) 

technology implementation must consider the customers' needs and potential tangible 

benefits, so that customers will utilize the new system at volume levels that justify the 

initial expense of the technology implementation.

The above literature review suggests that in the last 15 years or so there have been 

many theoretical developments in the area of service operations management. Several 

researchers have proposed a variety of theories for effective service operations 

management. Lovelock [86], Chase [16], Mersha [94], and Schmenner [112] presented 

a number o f service classification schemes and provided specific recommendations for 

effective operations management within a class of firms. Although these classification
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schemes have value, they cannot suggest how a particular firm in a given industry may 

achieve comparative advantage. On the other hand, the current work studies specific 

firms, identifies their strengths and constraints, and suggests a guideline for process 

improvement.

Some of the proposed theories in service operations management are contradictory 

in nature. For instance, Levitt [81] proposed a production line approach to services, 

whereas Thomas [133] believes that services should not be managed like a manufacturing 

operation. No large scale empirical studies support or discount either of these theories. 

The current research indirectly addresses the above issue by identifying weights for 

different operations objectives. For example, these market-based weights can indicate if 

traditional manufacturing-type variables like waiting time or cost are more important than 

the quality of customer service.

The multifunctional nature of service management is stressed by several authors 

[32] [73] [87] [129]. The current research builds on marketing and operations-based 

approaches to service management and uses an MS approach to optimize the process. 

Additionally, the affect of novel ideas like unconditional service guarantees on customer 

choice patterns can be easily tested by empirical experiments conducted in the current 

work.

2.2.3 Operations Objectives and Priorities

This section reviews the literature associated with objectives and competitive 

priorities of operations managers. An understanding of operations objectives and
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competitive priorities is essential for effective operations management, since they should 

be aligned with customers’ choice patterns to better meet market demand.

Hayes and Wheelwright [70] identified cost or price, product quality, delivery 

performance (or dependability), and flexibility as the set of market-based performance 

measures for manufacturing. Cost is identified as the first competitive dimension but is not 

the only basis on which a business can compete. In some businesses the basis of a 

competitive advantage is superior product quality achieved either by providing higher 

product reliability and/or performance in a standard product. The third competitive 

dimension identified by Hayes and Wheelwright [70] is delivery performance. This 

objective includes delivery lead time and the reliability of delivery (% on-time delivery).

Product and volume flexibility is identified as the fourth competitive dimension. A 

business that competes on the basis of product flexibility emphasizes its ability to handle 

difficult, nonstandard orders and takes the lead in development and introduction of new 

and innovative products. Volume flexibility emphasizes a firm's ability to accelerate or 

decelerate production very quickly and juggle orders so as to meet demands for unusually 

rapid delivery. According to Hayes and Wheelwright [70], firms have to make tradeoffs 

among these four dimensions to position themselves in the marketplace.

Ferdows and Meyer [38] studied tradeoffs among quality, cost, delivery, and 

flexibility objectives and argued that unless there is slack in the system, improvement in 

one of the objectives is possible only at the expense of the others. Hence, it will be 

difficult for a company which is operating its manufacturing system at industry standards 

to improve on two or more objectives simultaneously. Ferdows and Meyer's [38] sand-
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cone model is developed on the premise that excellence in manufacturing is built on a 

common set of fundamental principles which are easier to get in place starting with one 

particular type of activity and then pursuing other activities that expand and enrich this set 

o f principles. The sand-cone model suggests improving quality first. When the efforts on 

quality improvement continue and expand, the company should also start focusing on 

dependability (delivery performance) of the production process. Next, when the previous 

efforts are expanded, managers should also pay attention to improving the flexibility of the 

process. Finally, after all the above three objectives are met, then direct attention to cost 

efficiency is justified.

Schroeder, Anderson, and Cleveland [114] conducted an empirical study to identify 

operations objectives. In response to an open-ended question, operations managers 

identified quality, delivery, cost, and flexibility as the top four operations objectives. The 

respondents, however, added capacity, volume, people concerns, nonunion status, trained 

workforce, productivity, inventory, equipment utilization, safety, and technical support 

also as operations objectives. On average, managers listed about six objectives each. 

Hence, Schroeder Anderson and Cleveland [114] believe that the Hayes and Wheelwright's 

standard list of four objectives (quality, cost, delivery, and flexibility) for operations is not 

adequate to describe practice.

Recently, it has been suggested that providing a package of customer service (in 

addition to primary product/service) should also be considered a manufacturing objective 

because competitive advantage can be gained by integrating service strategy in manufac

turing [20] [22] [90]. Chase, Kumar, and Youngdahl [22] and Chase and Garvin [20]
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believe tbit operations objectives should contain factory-based services as an additional 

dimension of operations objectives. Hence, they suggest opening the technical core of 

manufacturing to customers by providing factory-based services. Information, problem 

solving, sales, and support are identified as four components o f factory-based services. 

Quinn, Doorley, and Paquette [109] and Potts [107] also advocate using value-added 

services as operations objectives.

The management of quality in products and services recently has captured the 

attention of both practitioners and academicians. The teachings of quality gurus Deming, 

Crosby, Garvin, and others have started a new revolution, known as total quality 

management (TQM), in western industries. The TQM literature is rich and is full of 

theoretical articles, empirical results, case studies and implementation consequences. 

Because quality (both product and service) has been identified as a major operations 

objective, it is necessary to review the fundamental research in quality management which 

explores the meaning of quality itself At the same time, presenting a detailed literature 

review of quality management is beyond the needs of this chapter. Therefore, the next few 

paragraphs present a review of two major research projects in quality management. The 

research by Garvin [43] and Parasuraman, Zeithaml, and Berry [102] [103] [104] explored 

the multidimensional nature of product and service quality, respectively, and provided a 

framework for quality management research.

According to Garvin [43] quality means pleasing the customer and not just 

protecting them from annoyances. Garvin proposed the following eight critical dimensions
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or categories of product quality: performance, features, reliability, conformance, durability, 

serviceability, aesthetics, and perceived quality.

Performance refers to a product's primary operating characteristics [43], Garvin

[43] defines features as bells and whistles of products -  the characteristics that supplement 

the basic functioning of a product. Reliability reflects the probability of a product 

malfunctioning or failing within a specified time period. Conformance is the degree to 

which a product's design and operating characteristics meet established standards. A 

measure of product life, durability has both economic and technical dimensions. 

Technically, durability is defined as the amount of use one gets from a product before it 

deteriorates. Ahemativeiy, durability can also be defined as the expected cost, both dollars 

and inconvenience, of future repairs against the investment and operating expenses of a 

newer and more reliable option. Garvin [43] defined serviceability, the sixth dimension of 

product quality, as ease and speed of repair and courtesy and competence of repair 

personnel. The final two dimensions o f quality are the most subjective. Aesthetics 

measures how a product looks, feels, sounds, tastes, smells, etc. Perceived quality 

measures a product or brand's reputation. It is a measure of customers’ perceptions of 

product's quality.

Parasuraman, Zeithaml, and Berry (PZB) [102] defined service quality as a 

measure of how well the service level delivered matches customer expectations. PZB 

believe that delivering service quality means conforming to customer expectations on a 

consistent basis.
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PZB [102] studied four service businesses (retail banking, credit card, securities 

brokerage, and product repair and maintenance) and developed a conceptual model for 

service quality. They conducted a series of focus group and executive interviews and 

concluded that a set of key discrepancies or gaps exists regarding executive perceptions 

of service quality and the tasks associated with service delivery to consumers. These gaps 

can be major hurdles in attempting to deliver a service which consumers would perceive 

as being o f high quality. PZB [102] identified 10 determinants of service quality which 

form the basis of the gaps between executives and customers. These dimensions are 

reliability, responsiveness, competence, access, courtesy, communication, credibility, 

security, understanding/knowing the customer, and tangibles.

Reliability involves consistency of performance and dependability. It means that 

the firm performs service right the first time and honors its promises. Responsiveness 

concerns the willingness or readiness of employees to provide service. It involves the 

timeliness of service. Competence means possession of the required skills and knowledge 

to perform the service. It involves the knowledge and skills of the contact personal, 

support personnel, and the research capability in the organization. Access consists of 

approachability and ease of contact. It includes, for example, convenient hours and 

location of operation and waiting time to receive service. Communication means listening 

to the customers and keeping them informed in language they can understand. This means 

that a company might have to adjust its language for different customers -  increasing the 

level of sophistication with a weB-educated customer and speaking simply and plainly with 

a novice. Credibility involves trustworthiness, believability, and honesty. It includes
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having customers best interests at heart. Security means freedom from physical or 

financial danger, risks, or doubt. It also includes confidentiality of the service. 

Understanding/knowing the customer involves making an effort to understand a customer's 

specific requirements, for example, providing individualized attention and recognizing a 

regular customer. Finally, tangibles include the physical evidence of service (physical 

facilities, appearance of personnel, tools and equipment used to provide the service, 

physical representation of the service, and other customers in the service facilities). PZB 

[103] [104] in their subsequent publications developed a service quality survey instrument, 

SERVQUAL, to measure the customer's perceptions of service quality.

The articles cited in the previous paragraphs identify operations objectives as 

quality, cost, delivery, flexibility, and customer service. The theory of constraints (TOC), 

on the other hand, suggests that the goal of an industrial organization is to make money 

in the present and in the future [46] [47]. Hence, according to the TOC, the operations 

should be to continue performing activities that make money. This operations objective 

assumes that an organization can "make money" in the present and in the future only by 

keeping customers happy, by providing good service, by making high quality products, and 

so on.

The main logic behind the TOC approach is to achieve a global optimum by 

aligning operations towards one focused goal and then concentrating and breaking 

production bottlenecks (binding constraints) to improve processes. The TOC approach 

has been identified as an application of the constramed-optimization theory, which is also 

the main logic behind the current study [140].
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The current study builds on previous research on operations objectives and 

priorities. Hie operations objectives identified by Hayes and Wheelwright [70]; Ferdows 

and Meyer [38]; Schroeder, Anderson, and Cleveland [114]; Chase, Kumar, and 

Youngdahl [22]; Chase and Garvm [20]; Quinn, Doorley, and Paquette [109]; Potts [107]; 

Roth and Velde [110]; Garvin [43]; and PZB [102] [103] [104] are the theoretical basis 

for the attributes used in the design of the discrete-choice and conjoint experiments. The 

current work identifies weights for operating variables based on the above objectives.

2.3 Incorporating Customer Preferences into Operating Decisions 

One of the strengths o f the current study is that it incorporates customer 

preferences into operating decisions. This idea is not new, however, and has been 

suggested and implemented in previous articles in marketing, operations management, and 

new product development. The approaches used to quantify customer choice patterns can 

be divided into two broad categories: first, incorporating customers into operating 

characteristics and, second, identifying customer tradeoff patterns for different product 

attributes. This section presents a brief review of both types of articles.

2.3.1 Quality Function Deployment

Quality function deployment (QFD) is a structured approach for integrating the 

voice of the customer into the product development process [59] [65] [138]. The purpose 

of QFD is to insure that customer requirements are factored into every aspect of the 

process from product planning to the production floor. QFD uses a series of matrices,
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which look Hke houses, to deploy customer input throughout design, manufacturing, and 

delivery of products. The main matrix relates customer choices and their corresponding 

technical requirements. Generally, additional features are added to the basic QFD matrix 

to broaden the scope of the analysis. Typical additional features include customer 

preference weights for different product attributes and competitive evaluations.

Generally, QFD uses four houses to present data [38] [39], The first house, called 

the house o f quality, links the voice of the customer to the design attributes. The voice 

of the customer is a hierarchical set of customer needs in which each need or set of needs 

is assigned a priority which indicates its importance to the customer. Design attributes are 

engineering measures of product performance. The second house of QFD links these 

design attributes to the actions the firm can take. The third house links actions to 

implementation decisions. The final house of QFD links the implementation decisions to 

production planning.

Griffin and Hauser [39] focused their research on identifying different ways of data 

collection to identify customer preferences. The results of their study indicate that 

approximately 90% or more of the customer needs can be identified by interviewing about 

30 customers. The authors present a review of different techniques for collecting 

customer preferences about these needs.

Kim, Moskowitz, Dhingra, and Evans [78] presented a decision support system for 

QFD using fuzzy multicriteria methodologies. The relationships between the customer 

attributes and the engineering characteristics and among the engineering characteristics are 

typically vague and imprecise in practice because of the general fuzaness in the system
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[78]. Hence Kim et al. [78] propose a fuzzy modeling approach to QFD by developing 

and illustrating various fuzzy, muhiobjective models to aid a designer in choosing target 

values for engineering characteristics. These models allow the product designer to 

consider tradeoffs among various customer attributes, as well as to consider 

simultaneously the inherent fuzziness in the associated relationships.

Chakraborthy and Ghose [15] show the use and need of system-theory-related 

paradigms for developing quantitative and qualitative models for tracking product/process 

interactions in QFD. The basic idea behind their research is to construct a frontier of the 

engineering feature values using data envelopment analysis and to use this frontier to 

predict engineering feature values for the development of a new product.

The current research draws on the QFD literature cited above. Connecting 

customer choices to operating characteristics is based on basic concept behind QFD. The 

current work contributes to the QFD literature by incorporating operating constraints and 

customer choice patterns.

2.31  Optimal Product Design

Designing new products and modifying the attributes of existing products to satisfy 

the needs of customers in different market segments have captured the attention of several 

researchers in marketing and other disciplines. The current research extends the earlier 

work on the above topic by incorporating operating constraints and cost of production into 

the analysis. This section presents a brief review of relevant work on the topic of optimal 

product design. For a detailed review of the different aspects of product development,
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the reader is referred to the texts by Urban and Hauser [138] and Moore and Pessemier 

[98].

Previous work on optima! product design has extensively used multidimensional 

scaling technique and conjoint analysis based muhiattribute data collected from the 

customers [117]. In the simplest version o f these models, brand preferences for a 

particular consumer are assumed to be inversely related to increasing distance of the 

brands from the consumer's ideal point. It is assumed that consumer chooses the brand 

closest to his/her ideal point. Alternatively, it might also be postulated that the probability 

of selection of a particular brand by a consumer decreases as its distance from the 

consumer's ideal point increases. Most of the earlier work on the topic only used the 

above approaches (deterministic or probabahstic) to estimate the market share for existing 

products [48] [57] [67] [77] [99] [105] [116] [137]. The optimal product design problem 

however requires procedures not only for estimating the value o f the objective function for 

each point location of interest but also for searching the muhiattribute space systematically 

to find the location that results in the optimal objective function value.

Shocker and Srinivasan [117] formalized the problem of optimal product design 

by using multidimensional scaling technique derived muhiattribute space of current brands 

and consumers' ideal points. Even though Shocker and Srinivasan suggested some 

possible solution strategies for both deterministic and probabalistic version of the problem, 

no specific algorithm was presented. Subsequently, several explicit solution techniques 

for deterministic version of Shocker and Srinivasan's [117] model were presented [4] [5]
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[44] [147], For example, Gavish, Horsky, and Srikanth [44] examined the problem of 

positioning a new product in an existing product class. They formulated the problem as 

a mixed integer nonlinear program assuming that both the consumer and the firm are 

involved in a two-stage decision process. The consumer first decides on the budget for 

the product class and second evaluates the subset of competing objects which have prices 

approximately equal to the budget constraint. The firm is assumed to identify a set of 

promising products positions in muhiattribute space which would attract a large number 

of customers. It is then assumed to evaluate these product positions in terms of costs and 

resulting profits. Gavish, Horsky, and Srikanth [44] presented an exact algorithm for 

problems with small sample sizes and an efficient heuristic procedure for problems with 

large sample sizes.

A number of more recent publications have expanded the earlier work in optimal 

product design by considering probabalistic version of the problem or by attempting to 

incorporate cost or technological constraints in the formulation. For example, Houser and 

Simmie [66] characterized the problem as probabalistic in nature and explicitly considered 

cost and prices. However they did not discussed the actual problem of measuring the cost.

Zufiyden [147] for the first time used conjoint analysis-based customer preference 

data for product design optimization. He formulated the problem as a zero-one integer 

programming model using conjoint analysis-based data. Zufryden's model assumes that 

the consumer compares the utility of the test product with that of one's current brand 

favorite and determmistically chooses the one with the highest utility. Zufiyden however
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did not present any numerical examples of his approach nor any suggestions for 

implementation.

Green, Carroll, and Goldberg [49] presented a general approach to product design 

optimization via conjoint analysis. These authors developed a comprehensive system of 

programs, POSSE, consisting of procedures for carrying out the experimental design and 

stimulus construction, utility function estimation, deterministic or probabalistic choice 

simulation, objective function optimization, optimization, sensitivity analysis, and time path 

forecasting. Recently Green and Krieger [54] [56] have developed another product design 

and optimization model (SIMOPT) based on the similar ideas. They discuss strategies for 

modifying buyer perceptions, ideal-level preferences, and attribute importance that are 

attractive for a firm's existing product line. They then consider long-term strategies for 

modifying the current product's attribute levels.

Page and Rosenbaum [102] report the use of conjoint analysis in the design and 

development of new appliances. Their article contains detailed information about the 

design attributes, alternative product designs, market segments, and competitive positions 

of the firm and its competitors. They developed a simulation model that predicts the 

market share of alternative product-line configurations before the actual development of 

these products.

Sudharshan, May, and Shocker [128] compared several algorithms for optimal new 

product design. They tested the algorithms under a number of simulated market 

environments. They found that the algorithms developed by Albers [22] and Gavish, 

Horsky, and Brockhoff [44] outperform the other procedures.
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A number of articles have extended the ideas behind optimal product design to the 

selection of optimal product lines. These articles attempt to find an optimal subset of 

products which maximize an objective function based on market share or profit. For 

example, McBride and Zufiyden [91] developed an integer programming approach to the 

optimal product line selection problem; Green and Krieger [51] developed a consumer- 

based approach to designing product line extensions; and Dobson and Kalish [36] 

addressed the problem of positioning and pricing a product line to maximize profits. Since 

the current research only addresses the problem of optimal product design and not the 

product line selection, the reader is referred to an article by Green and Kreiger [50] which 

presents a review of different models and heuristics for product line selection problem.

The current work builds on and extends the previous research in optimal product 

design. Even though several of the earlier models mention the importance of cost of 

production in the analysis, none have tried to estimate these costs. The optimal product 

design procedure developed in the cunent work, on the other hand, is based not only on 

the customer preference data but also on the cost of production data collected from the 

operations managers Hence, one hopes that the current approach will be able to identify 

the product designs which maximizes profit. The current work further extends the work 

on optimal product design by incorporating operating constraints into the analysis. The 

operating configuration which can facilitate the production of a product with optimal 

design attributes is also identified.
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2 4 Process Improvement 

It is hoped that the current research will contribute to a firm’s ability to utilize of 

resources for improving the operating process efficiently. This section reviews two major 

approaches for operating process improvement: the continuous improvement philosophy 

and business process reengineering. It is shown how the outcomes of the current work 

can contribute to these approaches.

2 4 1 Continuous Improvement

Continuous improvement (Cl) is a philosophy that seeks to improve any and all 

factors that are related to the process of converting inputs to outputs [ 19][ 127]. It covers 

equipment, methods, materials, and people. A key part of the Cl philosophy is the belief 

that improvement efforts should never stop. Even though Cl originated in the United 

States, until recently it did not receive much attention from American managers [113]. 

Japanese companies, on the other hand, have used this approach to improve their 

processes for years. The term kaizen, Japanese for Cl, is an essential element of 

operations management in Japanese companies [127].

Based on a review of several Cl programs, Melcher, Acar, Dumont, and Khouja 

[92] identified essential features that differentiate Cl systems from traditional systems. In 

a traditional system, management sees performance standards as essentially fixed by the 

constraints o f technology and the existing organization. These constraints appear 

unbreakable without a major innovation in technology or production approach. In Cl 

systems, management views the performance level of the firm as something to be
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continuously challenged and incrementally upgraded. Cl uses a holistic analysis approach, 

focuses on the role of the workforce in problem identification, takes a long-term focus, and 

attempts to address root causes of problems. Generally, information flows in Cl systems 

are both horizontal and vertical. Suggestions for improvements come from employees and 

flow upwards to management. Solutions are generally communicated horizontally for 

deployment in several departments within the firm.

According to Stevenson [127], successful continuous improvement systems must 

have both the support and involvement o f management at all levels o f the organization. 

Schroeder and Robinson [113] list five requirements for the success of Cl programs. First, 

managers should understand that improvements require a learning period before they yield 

benefits. Second, labor and management must trust each other to generate the free flow 

of ideas that drive the Cl effort. Third, a reward system must be instituted to promote 

interdepartmental cooperation. Fourth, continuous employee training is costly but a 

required element of Cl programs. Finally, a Cl program requires an efficient system to 

handle improvement ideas and administer the reward process.

far practice, Cl plans range from very simple programs utilizing suggestion systems 

to sophisticated programs utilizing a variety of statistical tools. Generally a structured Cl 

program includes the following three components: the plan-do-check-act (PDCA) cycle, 

problem structuring and analysis of the facts, and standardization [19].

The PDCA cycle, also known as the Deming Wheel, conveys the sequential and 

continual nature of the Cl process [19] [126]. The plan phase of a Cl process identifies 

problem areas in the process. The do phase deals with the implementation of the change.
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The check phase deals with evaluating data collected during the implementation. Finally, 

during the act phase the improvement is codified as a standard procedure and replicated 

throughout the organization. This PDCA cycle continuous on to identify new problems 

after completing a cycle.

The outcomes of the current research can aid continuous improvement projects in 

several ways. An effective PDCA cycle starts with the identification of an important POM 

problem. Conjoint experiments conducted in the current work identify the weights for 

different operating constraints (or problems). Managers can focus their attention on 

breaking the binding constraints in their Cl projects. The conjoint experiments can be 

repeated after the implementation of the solution to quantify the influence of that change. 

These future conjoint experiments will identify new binding constraints for the changed 

system and prompt a new PDCA cycle. In other words, the current work offers a 

systematic and scientific way of identifying problems and analyzing the effect of 

changing/breaking these constraints on market-based performance measures.

2.4.2 Business Process Reengineering

Business process reengineering (BPR) can be defined as the use of modem 

information technology to radically redesign business processes [60][61]. This well 

publicized definition of BPR has been revised and further expanded by a group of 

academic researchers and practitioners at the Boston University Manufacturing Electives 

Forum [96] as a radical or breakthrough change in a business process. Reengineered 

process designs seek dramatic orders of magnitude, as distinguished from incremental
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improvement in business value. Key value creation processes involving manufacturing 

operations include order fulfillment (the customer supply chain process), product 

development, order creation (selling and configuration), and customer service (post 

product delivery processes).

BPR, also known as business process innovation or business process improvement, 

has attracted increasing attention from both practitioners and academics. As an increasing 

number of companies have started to use reengineering for process improvement, several 

books and academic papers have begun to appear on the topic [60] [61] [63] [95]. This 

section presents the mam ideas behind BPR and their relationship to the current study.

The expbcit objective of BPR is to improve business value significantly [60] [61]. 

This effort generally begins with a clean sheet of paper, uses systematic, customer-oriented 

process analysis; and is managed as a project with definite start and end points. 

Reengineering is revolutionary in nature, with both significant expected payoffs and risks. 

Some researchers also believe that reengineering can create a negative impact on the 

organizational culture [96]. BPR generally starts with the recognition of the need for 

change. Both opportunity and crisis can be the needed driver for change [95].

BPR attempts to improve corporate performance by changing business processes, 

organization and human resources, and information technology. Built around new 

technologies and motivated workers, process reengineering begins with a commitment to 

a strategic vision from senior management. Its scope is vast and crosses multiple business 

functions.
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BPR is based on the process view of the business. A process is defined as a 

structured, measured set of activities designed to produce a specified output for a 

particular customer or market. It implies a strong emphasis on how work is done within 

an organization. Taking a process approach implies adopting the customer's point of view. 

Processes are the structure by which an organization does what is necessary to produce 

value for its customers Hence an important measure of a process is customer satisfaction 

with the output of the process. Since a process perspective implies a horizontal view of 

the business that cuts across the organization, adopting a process-orientated structure 

generally means deemphasizing the functional structure of the business [31].

According to Harrington [63], the main objective of BPR is to ensure that the 

organization has business processes that eliminate errors, minimize delays, maximize the 

use of assets, promote understanding, are easy to use, are customer friendly, are adaptable 

to customer's changing needs, provide the organization with a competitive advantage, and 

reduce excess labor.

Harrington [63] describes the five phases of BPR. The objective of the first phase 

called organizing for Improvement is to ensure success by building leadership, 

understanding, and commitment. This phase comprises establishing an executive 

improvement team, appointing an BPR campaign, providing executive training, developing 

an improvement model, communicating goals to the employees, reviewing business 

strategy and customer requirements, selecting the critical processes, appointing process 

owners, and selecting process improvement team members.
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The objective of the understanding the process phase (second phase) is to 

understand all the dimensions o f the current business process [63], This objective is 

accomplished by defining the process scope and mission; defining the process boundaries; 

providing team training; developing a process overview; defining customer and business 

measurements and expectations for the process; flow diagraming the process; collecting 

cost, time, and value data; performing process walkthroughs; resolving differences; and 

updating process documentation.

Streamlining (third phase) attempts to improve the efficiency, effectiveness, and 

adaptability of the business process [63]. It provides team training, identifies improvement 

opportunities, eliminates bureaucracy, eliminates no-value-added activities, simplifies the 

process, reduces process time, error-proofs the system, upgrades and standardizes the 

equipment, automates and documents the process, and selects and trains the employees to 

accomplish the above goal.

Implementation of a system to control the process for ongoing improvement is 

accomplished during the measurements and controls (fourth phase) phase of BPR [63]. 

Finally, continuous improvement phase implements the Cl process. The goals of the last 

two stages of BPR are achieved by developing in-process measurements and targets, 

establishing feedback systems, auditing the process periodically, defining and eliminating 

process problems, evaluating the impact of change on the business and on customers, 

benchmarking, and providing advanced training.

According to Cypress [30] BPR and MS share many common principles: a bias for 

overall optimization of business process performance and the organizations which perform
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them; an acknowledgment of the fundamental interactions among people, processes, and 

information technology; and a search for optimal solution strategies. Cypress [30] feels 

that the first generation of BPR currently used by most of the companies has led to 

significant improvement in corporate performance but is now reaching a plateau. This is 

happening because, even though the main objective of BPR is to achieve a global 

optmum, MS tools are not used in reengineering. Hence, Cypress [30] suggests using MS 

theories and optimization tools in combination with current BPR techniques to improve 

the process further.

Several of the conclusions of the MS approach (Appendix A) can be easily 

identified in the five-stage BPR approach described by Harrington [63]. For example, 

BPR attempts to identify critical processes or binding constraints, then to find a way to 

break these binding constraints by means of information technology and organizational 

changes. The effect of breaking the binding constraints is evaluated, and the process of 

continuous improvement is continued. Based on the above ideas, it is hoped that the 

outcomes of the current work will help in implementing effective BPR projects.

2.5  Summary

The current study builds on past research summarized in this chapter and takes an 

interdisciplinary approach to develop a model for effective operations management. This 

chapter presented a review of previous research in the areas o f management science, 

manufacturing and service operations strategy, customer-based operations management, 

and process improvement.
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The development and usefulness of MS theories and techniques were discussed 

also. Recently however, several leading MS researchers have shown concern about the 

future of MS. For example Ackoff [2] believes that MS is only being used to solve narrow 

tactical problems and not the strategic problems in business organizations. The current 

study addresses those issues by incorporating new mathematical techniques (conjoint 

analysis, discrete-choice experiments, latent segment analysis) within the existing MS 

paradigm and by taking a muhidisciplinaiy approach to solve a complex business problem.

The detailed review of manufacturing and service operations strategy literature 

presented suggests that operations can provide competitive advantage to the company by 

aligning itself to meet market-based objectives. A review of publications addressing the 

issues related to the multidimensional nature of operations objectives (quality, cost, 

deliveiy, flexibility, and customer service) and priorities was also presented. The current 

study identifies the relative weights and statistical significance of the market-based 

objectives. Managers can use the results of the study to better position their operations.

The current study incorporates customer preferences into operating decisions and 

identifies the gap between customer choice patterns and managers' perceptions of 

customer choice patterns. The approach presented here builds on previous research in 

marketing research, quality function deployment, and related areas by integrating the voice 

of the customer into the elements o f production process.

The current work extends earlier work in optimal product design by incorporating 

operating constraints and cost of production into the analysis. It not only identifies the
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product design which maximizes profit but also finds the operating configuration which 

facilitates the production o f products with optimal design.

Finally, this chapter reviews two major approaches for operating process 

improvement— continuous improvement philosophy and business process reengineering. 

It is suggested that the results of the current work will enable managers to utilize their 

efforts and company resources effectively for process improvement projects.
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CHAPTER 3

RESEARCH DESIGN

This chapter builds on the theoretical base developed in the previous two chapters 

and explains the research design. The chapter is divided into five sections. The first 

section proposes and discusses research questions. The data collection procedures are 

explained in the second section. The approach employed in the development of discrete- 

choice and conjoint experiments is presented in the third section. The fourth section 

discusses data analysis procedures. Finally, the fifth section summarizes the main ideas 

presented throughout the chapter.

3.1 Research Questions 

The literature review presented earlier suggests that customers choose a product 

from a set of alternatives that has the highest utility [10] [84]. After gathering information 

about the alternatives, customers use a set of determinant attributes to compare different 

products [10] [84]. Past research also suggests that customers form impressions o f the 

positions of various alternatives on the dctcrmmant attributes, make value judgments, and 

combine information to form overall impressions of the products [7] [8]. A review of 

manufacturing and service operations strategy literature suggests that these determinant
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attributes can be broadly classified into the categories of product quality, service quality, 

cost, delivery, and flexibility [ 16] [25] [111]. In other words, these articles suggest that 

customers tradeoff quality, cost, delivery, flexibility, and customer service attributes in 

choosing a product. However there is virtually no published empirical study which 

explains how customers make tradeoffs between these attributes. The following research 

question proposes to investigate the customer tradeoff patterns for different product 

attributes:

3.1.1 Research Question 1

How do customers tradeoff product quality, service quality, cost, delivery and 

flexibility attributes in choosing a product?

A review of operations strategy literature presented earlier suggests that 

managers’ priorities should be driven by customer-based objectives for proper positioning 

or aligning of operations according to market needs [9]. However, often the operations 

function in an organization is far removed from the customers, and it is difficult for the 

managers to predict customer choice accurately because the operations managers do not 

always interact closely with the customers [120]. The following research questions 

explore the above issues:

3.1.2 Research Question ff

What are managers' perceptions o f customer tradeoff patterns for quality, cost, 

delivery, flexibility and customer service attributes of a product?
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3.1.3 Research Question m

Are managers' perceptions of customer tradeoff patterns for product quality, 

service quality, cost, delivery, flexibility, and customer service attributes of a product the 

same as the customers' actual tradeoff patterns for those attributes?

The tnarketing-research and operations strategy literatures suggest that demand 

patterns can be better understood by segmenting the market and identifying customers 

having similar tradeoff patterns [29] [35] [45] [55]. Since the objective of this study is to 

develop a customer-based operations management model, it is important to identify the 

nature and relative sizes of customer groups with similar choice patterns. Therefore the 

following research question is relevant:

3.1.4 Research Question IV

What are the characteristics and relative sizes o f customer groups with similar 

tradeoff patterns?

It is proposed that the operations function in an organization can be viewed as a 

large constrained-optimization problem with operations managers attempting to achieve 

market-based objectives. Earlier, it was suggested that an operations manager's ability to 

satisfy the market-based objectives depend on his/her perceptions of customer choice 

patterns and operating system constraints. It was also proposed that production cost is 

affected by customer demand patterns and operating constraints. The following research 

question investigates the above ideas:
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3.1.5 Research Question V

How do customer tradeoff patterns and operating system constraints affect 

managers' ability to meet market demand?

3.1.6 Research Question VI

How do customer tradeoff patterns and operating system constraints affect 

production cost?

This study extends the earlier research in optimal product design by including 

production cost and operating constraints into the analysis. Specifically, the following 

research questions are investigated:

3.1.7 Research Question VII

How should the product quality, service quality, cost, delivery, and flexibility 

attributes associated with existing product and/or new products be changed to maximize 

the net profit obtained from all the products offered?

3.1.8 Research Question Vffl

What operating configuration facilitates the production of profit-maximizing 

products?
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3.2 Empirical Data Collection 

The research questions presented earlier are based on the model for effective 

operations management presented in Chapter 1. The following section explains the data 

empirical collection procedure used to demonstrate the usefulness of the proposed model 

and explore the research questions for one service industry.

The data for this work are collected from the Pizza Delivery Industry. The pizza 

delivery industry is chosen because it has the characteristics of both manufacturing and 

service businesses. The tradeoff or choice patterns of customers in this industry are 

expected to be influenced by several operating variables (example -  waiting time, service 

reliability) in addition to cost and other product attributes (example — types of pizza crust, 

food temperature).

The empirical work involved collecting data from both managers and customers 

of companies. The following section describes the data collection procedure.

3.2.1 Customer Data

The customer data collection procedure involved two phases. First, a small number 

of a random sample of customers were interviewed. There were two reasons for collecting 

this form of qualitative data. First, the academic literatures in operations management and 

marketing provide a detailed list of attributes (product quality, service quality, cost 

delivery, and flexibility) that customers consider when choosing products. However, it is 

possible that some of these attributes are not relevant for a particular type of product. 

Second, it is also possible that some unique characteristics of the Pizza Delivery Industry

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

68

are not represented in the variables identified by previous research. Another reason for 

collecting qualitative data is to develop a "short-listM o f the number and levels of attributes 

because the experimental designs are based on them.

Phase 2 consisted o f collecting customers' responses to a set of discrete-choice 

experiments by a self-administered mail survey. Customer data ware collected from 

residents o f the Salt Lake metropolitan area. The total population of this area is more than 

500,000. Initially it was proposed that the study would utilize a telephone random digit 

dialing procedure developed by Waksberg [ 143]. However the Waksberg procedure was 

not used for the final data collection process because it was found to be very inefficient. 

Out o f first 150 numbers generated by the Waksberg procedure, 108 yielded no response, 

and 14 were business establishments. Out of 28 residential numbers contacted, only 12 

agreed to participate in the study. Therefore the Waksberg procedure was not used to 

contact any more customers.

The 1994-95 edition of the Salt Lake City Regional Telephone Directory contains 

628 pages (numbers 201 through 828), and approximately 400 telephone numbers per 

page o f residential telephone numbers. Five hundred telephone numbers were selected 

from the directory by using the following procedure: first, randomly select a page number 

between 201 and 628; second, randomly select a column number between 1 and 4; and 

third, select the telephone number from the top ofthe page (between 1 and 100).

Survey instruments along with a cover letter from the researcher, a forwarding 

letter from the chairperson, Department of Management, University of Utah and a self- 

addressed postage paid business reply envelope were mailed to 500 residential addresses
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selected from the telephone directory. Appendix B contains a copy of the data collection 

packet mailed to the customers.

3.2.2 Manager Data

The Salt Lake metropolitan area contains a large number of pizza delivery 

establishments. Table 3.1 presents a list of such businesses with two or more 

establishments in the Salt Lake Metropolitan area. Businesses with only one establishment 

were excluded from the study because they only deliver pizza in a limited area and/or 

charge extra for pizza delivery and/or offer gourmet pizzas. Since approximately 100 

managers in the pizza delivery industry in Salt Lake Metropolitan area represent a small 

population, managers of all the establishments with two or more shops were contacted and 

invited to participate in the study.

A data collection packets mailed to the managers of establishments contained a 

cover letter from the researcher, a forwarding letter from the chairperson, Department of 

Management, University of Utah, a self- addressed postage paid business reply envelope, 

and two survey instruments (Appendix C). As an incentive for responding to the surveys, 

the researcher's cover letter promised to provide the managers a summary o f results and 

included two cinema tickets (a S3 value).

3.3 Development o f  Discrete-Choice and Conjoint Experiments

The following section explains the attributes and the experimental design used in 

generating the survey instruments. Empirical data from the managers were collected by
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Table 3.1: List of pizza delivery establishments in 
Sah Lake metropolitan area

Name ofthe Company Number o f Shops

Ambassador Pizza 11

Domino's Pizza 17

Free Wheeler Pizza 02

Godfather's Pizza 05

Pizza Hut 19

TOTAL 54
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discrete choice and conjoint experiments. Customer data were collected only by a discrete 

choice experiment.

3.3.1 Heriyn nf nigcrete Choice Experiments

Discrete choice analysis was used to identify customer tradeoff patterns for 

different product attributes and managers' perceptions of customer tradeoff patterns. Both 

sets of experiments contained the same attributes and were based on the same 

experimental design. A discrete choice analysis is an implementation of the multinomial 

logit model [10]. The subjects are asked to choose an alternative from a choice set 

containing two or more alternatives. The attribute levels of all the alternatives in a choice 

set are experimentally designed by the researcher. The choice task is repeated several 

times (based on experimental design used) and the data collected are used to estimate 

parameters for the multinomial logit model Section 3.4 explains the multinomial logit 

model in detail.

The operations strategy literature suggests that market-based objectives can be 

classified into the following broad categories: product quality, service quality, cost, 

delivery and flexibility (product quality can be further divided into eight dimensions and 

service quality can be further divided into 10 dimensions. These dimensions of product and 

service quality are defined in Chapter 2). Even if one variable is used for every market- 

based objective, the number of variables in the experimental design will be more than 20. 

Such a large number of variables considerably increases the dimensionality of the 

experimental design. If the number of variables is large, then a large number of
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experimental profiles are needed to estimate accurately the effects of all variables. 

Therefore qualitative data collected from IS randomly selected customers were used to 

generate a "short-list" of seven variables. These variables are price, discount on second 

pizza, promised delivery time, actual delivery time, pizza variety, pizza temperature, and 

unconditional moneyback guarantee.

Next a fractional factorial design procedure was used to generate a 16 profile 

orthogonal experimental design (27'1 = 2* = 16 profiles) [27]. This experimental design can 

estimate all main effects and six selected two-way interactions. The design was assigned 

to the seven variables such that all two-way interactions between price, promised delivery 

time, actual delivery time, and pizza variety could be estimated. Management has control 

over these variables; hence any significant interactions among these variables will be a very 

useful information. The experimental profiles were generated assuming two levels for 

every variable. The attribute levels reflect the actual market values.

Table 3.2 presents the attributes, their two levels, and experimental design codes 

for all the variables. The experimental design matrix is presented in Table 3.3. The 

experimental design matrix presented in Table 3.3 was used to generate discrete choice 

experiments for customers and managers. In both the experiments the 16 profiles 

presented in Table 3.3 were paired with their respective "foldover” design. The attribute 

levels in a foldover design are the opposite ofthe original design. For example, the design 

code for all variables in the first profile is -1; therefore the foldover design code for all 

variables will be +1. The discrete choice experiment for customers asked them to choose
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Table 3.2: Pizza delivery company attributes used to design 
discrete-choice experiments

Attribute Design Code = -1 Design Code = +1

Price of First Large Pizza $12 $18

Discount on Second Pizza none half price

Promised Delivery Time 20 minutes 40 minutes

Actual Delivery Time same as promised 15 minutes late

Pizza Variety 1 type of crust 3 types of crust

Pizza Temperature warm steaming hot

Unconditional Money 
back Guarantee

no yes

Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

74

Table 3.3: Experimental design matrix for the discrete-choice experiments

Profile
Attribute

1 2 3 4 5 6 7 8 9 1 1
1

1 1 1
4

1 1
6

Price o f First 
Large Pizza

-l •1 •1 -1 •1 -1 • 1 • 1 1 1 1 I 1 1 1 1

Discount on 
Second Pizza

•1 -1 •1 1 1 1 1 -1 -1 •1 •1 1 1 I 1

Promised 
Delivery Time

-1 -1 1 I •1 •1 1 1 • 1 -1 1 1 -1 -1 1 1

Actual
Delivery Time

-l 1 -1 1 -1 I -1 1 -1 1 -1 1 -1 1 -1 1

Pizza Variety -1 1 1 -1 -1 1 1 • 1 1 -1 •1 1 1 -1 -1 1

Pizza
Temperature

1 1 -1 1 -1 -1 1 -1 1 1 • 1 I -1 -1 1

Unconditional 
Money back 
Guarantee

-1 1 1 1 1 -1 -1 1 1 -1 -1 -1 -1 1 1
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between a company with attributes presented in Table 3.3, its foldover design company, 

or neither. The customers made 16 separate choices. The discrete choice experiment for 

managers was similar to the experiment for customers. However the managers were asked 

to predict the choice of their customers.

3.3.2 Design of Conjoint Experiments

The model for effective operations management (Figure 1.5) suggests that 

manager^ ability to meet market needs and production cost depend on customer tradeoff 

patterns and operating system constraints. Therefore, customer choice patterns and the 

characteristics o f the operating system (constraints) were used to design the conjoint 

experiment which estimated production cost and managers' perceptions of difficulty in 

meeting customer demands. Price, discount on second pizza, promised delivery time, 

actual delivery time, pizza variety, pizza temperature and money back guarantee were used 

to represent customer demand patterns (Table 3.2).

Based on qualitative information collected from five managers of different pizza 

delivery companies, seven operating variables were selected to represent operating system 

constraints. These variables are daily demand rate, customer order similarity, number of 

pizza delivery personnel, number of cooks and in* store employees, average wage rate, and 

supplier delivery frequency. Table 3.4 shows the operating system attributes and their 

levels. Again, the attribute levels reflect the actual market values.

An orthogonal fractional factorial design procedure was used to generate 32 

experimental profiles with 14 attributes (Tables 3.2 and 3.4) [27], The design allows the
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Table 3.4: Operating system attributes used to design conjoint experiments

Attribute Design Code = -1 Design Code = +1

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity mostly small size orders a mix of small and large 
size orders

Number of Pizza Delivery 
Personnel

3 7

Number of Cooks and In- 
Store Employees

3 7

Average Wage Rate $3 per hour $8 per hour

Pizza Preparation and 
Cooking Time

10 minutes 20 minutes

Supplier Delivery 
Frequency

once a week every other day
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estimation of all main effects and all two-way interactions between the following variables: 

price of first large pizza, actual delivery time, daily demand rate, number of pizza delivery 

personnel, number of cooks and in-store employees, and average wage rate. The 

experimental design matrix is presented in Tables 3.5 and 3.6.

3.4 Data Analysis Procedures 

A number of techniques are utilized to analyze discrete choice and conjoint 

analysis-based data collected from managers and customers and to address the eight 

research questions. These techniques include logit regression for analyzing discrete choice 

data, a sinailated annealing-based latent structure procedure for market segmentation, least 

square regression for analyzing conjoint data, and nonlinear optimization for optimal 

product/process design. The following section describes these techniques except the least 

square regression, because, in past, ordinary least square (OLS) regression has been used 

for numerous POM studies and therefore is well known.

3.4.1 Logit Regression

The appropriate statistical procedure for analyzing discrete choice-data collected 

from customers and managers is the logit regression procedure which is based on an 

econometric model called the multinomial logit model [10]. A multinomial logit model 

represents the probability of selecting an alternative from a possible choice set. The 

multinomial logit model is expressed as

Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

78

Table 3.5: Experimental design matrix for the conjoint experiments (Profiles 1-16)

Profile
Attributes

1 2 3 4 5 6 7 8 9 1 1
1

1
2

1 1 1 1

Price of First Large 
Pizza

-i -i •l -1 •I •1 •l -l l 1 1 l l l l l

Discount on 
Second Pizza

•i l 1 •1 l l 1 l •l -l l l

Promised Delivery 
Time

-i I l -1 1 I -i l -1 I i i

Actual Delivery 
Time

•l -l -1 i l l l •1 -l >l l l l i

Pizza Variety •i I 1 l 1 •l -l •1 1 l l l

Pizza Temperature -i 1 1 I 1 -I •l 1 1 -1 •I l l

Money back 
Guarantee

-i 1 •I 1 I •1 I -1 1 1 •1 1 I

Demand Rate -i l 1 •l l l •1 l I i I

Order Similarity •i I l •1 l •1 •l l -1 1 1 •l l i

Number of Delivery 
Personnel

-i l -l 1 -l 1 -l l -1 1 l l l

Number of In-Store 
Employees

-i l l -1 l -1 -l l l l I l -i

Average Wage 
Rates

•l -1 -1 -l •l •1 •1 >1 -l

Pizza Coolring 
Time

•l l •l 1 l •1 1 •l •1 1 •1 l 1 i •i

Supplier Delivery 
Frequency

•i -l -1 -1 l 1 l i l 1 1 l •l •l
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Table 3.6: Experimental design matrix for the conjoint experiments (Profiles 17-32)

Profile
Attributes

1 1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

3
1

3
2

Price of First Large 
Pizza

-i •I •l -l -l -l -i •l l 1 1 1 1 l 1 l

Discount on 
Second Pizza

i j -l •l l l •l -l -l •1 1 l •l -l 1 I

Promised Delivery 
Time

i l -l •l l 1 -i i -l •l 1 l •I -1 I

Actual Delivery 
Time

•I -l -l l i I I •l •1 •1 •1 1 I 1 l

Pizza Variety i l •1 -1 -l •l 1 l l 1 •1 -1 -l 1 l

Pizza Temperature -l l l l l •l •I l 1 >1 -l •l l i

Money back 
Guarantee

i -l I l -l I -l l -1 1 -1 l I

Daily Demand Rate •i l l •i -l l i -l -l l 1 •i 1 l

Order Similarity l l •l l •l •l I -l 1 1 -1 1 •l l

Number o f Delivery 
Personnel

i •l l -l l -l l -l 1 •1 1 l l

Number o f In- 
Store Employees

l -i •l l -l i I •1 -i 1 1 •l l •l l

Average Wage 
Rates

l i l l l i 1 i l l 1 l l l 1 l

Pizza Cooking 
Time

l -I l -l •l l •l l l -1 1 •l -l i •1 l

Supplier Delivery 
Frequency

i i l l -I -l -i -i •i -l •l -l l i l l
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P <J"
£ *  -  I .  AT e

(3-1)

where Pv represents the probability of selecting an alternative /  from the J* choice set 

containing K  possible choices [10]. Vv in equation (3.1) represents the systematic utility 

of alternative /  in choice set j .  Utility can be defined as judgments, impressions, or 

evaluations that consumers form of products or services, taking all the determinant 

attribute information into account [83]. The multinomial logh model assumes that the 

errors are independent and identically distributed according to a Gumble distribution with 

a scale parameter p [10]. The multinomial logit model assumes that the probability of 

selecting an alternative depends on the decision maker's perceptions of the relative 

attractiveness or utilities ofthe alternatives [10]. Representing a product or service as a 

bundle of its attributes and assuming an additive utility function, an alternative's utility can 

be calculated in the following manner:

= E/-/.1 P/*#r (3-2)

where x0 is the level of attribute / of alternative I  in choice set j  and 0, is the relative utility 

weight (part-worth utility) associated with attribute /  [10]. The total number of attributes 

is L. There are a number of general approaches to finding (3 parameters; however, in 

practice the maximum likelihood estimation procedure is used most often. A maximum
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likelihood estimator is the estimated value o f the P parameters for which the observed 

sample is most likely to have occurred [10]. Therefore the likelihood function for M  

subjects can be represented as

I L - m  IL -/./ I (3.3)

if subject m chooses alternative I  in choice set j  

= 0 otherwise.

Several individual-level goodness-of-fit statistics can be calculated for the 

multinomial logit model. An asymptotic t-statistic (similar to a t-test in the OLS 

regression) can be calculated for estimated P parameters. Several likelihood ratio tests 

(similar to the F-test in OLS regression) can be used to test the overall model. A log- 

likelihood ratio test is based on the differences between the natural logarithm of the 

likelihood function (equation 3.3) under two conditions. First the likelihood ratio is 

calculated assuming equal probability o f choosing all the alternatives in a choice set or 

assuming all P parameters to be zero. This natural logarithm of the likelihood (log- 

likelihood) value is represented as 11(0). Next, the likelihood ratio is calculated again, 

assuming the estimated p parameters. This log-likelihood value is called ii(B). Then, the 

log-Hketihood ratio test is defined as

Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

X2 = -2 [ 22(0) ■ 22(B)]

82

(3.4)

with the degrees of freedom equal to the number of P parameters [10], Other goodness- 

of-fit measures called Akaike Information Criteria or AIC and Consistent Akaike 

Information Criteria or CAIC are defined in the following manner [10]:

AIC = *2 [ 21(B)- number o f P parameters] (3.S)

CAIC = -2 [ 22(B)-number of P parameters (1 + In A/)] (3.6)

For a "good" model both AIC and CAIC should be positive [10]. McFadden's p2 and

adjusted p2 measures (similar to R2 and adjusted R2 in OLS regression) are defined in the 

following manner [10]:

p2 = 1 - [ 22(B) / 22(0) ] and 0 s  p2 s 1 (3.7)

Adjustedp2 = 1 - [(22(B)-numberofpparameters) /22(0>]

and 0 s Adjusted p2 s 1 (3.8)

For this study, the NTELOGIT program was used to estimate the P parameters 

[102]. NTELOGIT calculates the P parameters for an aggregate sample data using the
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maximum likelihood estimation procedure. The P parameters calculated for aggregate 

data are the same as the P parameters for the individual level data (equations 3.1, 3.2 and 

3.3), but the aggregate lf(B ) and iJ{0) values are not the same as the individual level 22(B) 

and 21(0) values. This happens because errors at the individual level might get "canceled" 

at the aggregate level For example, it is difficult to predict a person's choice with a 

multinomial logit model, but for a large group h is possible to predict the fraction of 

individuals choosing a particular alternative. Since the individual-level goodness-of-fit 

measures provide more complete information, a FORTRAN program was developed to 

calculate the individual level goodness-of-fit measures described above (equations 3.1 

through 3.8) using P parameters estimated by the NTELOGIT. For the sake of 

comparison, the aggregate level McFadden's p2 and adjusted McFadden's fi measures 

calculated by NTELOGIT are also reported. Appendix D contains a copy of the 

FORTRAN program used to calculate the individual-level goodness-of-fit measures. The 

above procedure was used to estimate the tradeoff patterns of customers (Research 

Question I) and managers (Research Question II).

Research Question III suggests that there might be a gap between actual tradeoff 

patterns of customers and managers' perceptions of customer tradeoff patterns. In order 

to investigate this research question, the p parameters for the customers and managers 

need to be compared. However just comparing P for customers and managers will be 

erroneous because the multinomial logit model contains a Gumble scale parameter (p), 

which might not be same for the two models. An appropriate statistical procedure for 

comparing two multinomial logit model is a Gumble scale hypothesis test procedure
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developed by Swah and Louviere [131]. This procedure first rescales the Gumble scale 

parameters and then compares the models using the following x2 statistic with L+1 degrees 

of freedom (L is the number of attributes) in the following manner:

X2 = -2 [11̂  - (ii, + ii,)] (3.9)

where i l x and are the log-Hkehhood values of the two multinomial logit models without 

any rescaling and IAU is the log-likelihood value for the joint model with a rescaling 

parameter p. NTELOGIT first finds the optimum scaling parameter p and then tests two 

nailtinomial logit models by calculating the aggregate estimates for the three log-likelihood 

values specified in equation 3.9. In this study, however, the individual level estimates of 

the three log-likelihood values were used. The Gumble scale test based on the Individual 

level log-Hkehhood estimates are more conservative than the same test based on the 

aggregate level estimates.

3 4 2 Simulated AtineaKng-Rafied Intent Structure Procedure

As mentioned earlier, this study uses a latent structure procedure to identify the 

size and nature of different market segments. The latent structure procedure is a 

simultaneous segmentation and estimation methodology which maximizes the probability 

of on an individual belonging to a particular segment [99], This procedure assumes that 

each individual belongs to one and only one segment.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

85

If Um represents the probability that an individual belongs to segment n, then the 

likelihood function (3.3) can be modified as

= IX»-/.jV £»-/■>' Um IX-/./ IX-/.-/ P-IO)

where represents the probability of selecting alternative i in the choice set j  assuming 

that the individual belongs to segment n. Equations 3.1 and 3.2 can be modified for 

calculating Pt  by using a segment level probability estimate (P^) in the following manner

Py = L u c  \.N U„ Pijn = Ln e J. N U„ —-----------— (3-11)
I t e  l . A T «  * •

and

^  = (3.12)

The likelihood function represented by equation 3.10 does not have a closed form 

solution and therefore it is solved iteratively. Each iteration consists o f two steps. First, 

P parameters are estimated for the segments assuming some segment membership. Once 

the parameters have been estimated, the probability of membership in segment n, based on 

observed data, is calculated. In the second step, the individuals are reassigned to the 

segment that maximizes their probability of being in a segment. Then new p values are 

calculated and people are relocated to the segments. This procedure is repeated until the
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segment membership stabilizes and the likelihood function (equation 3.10) is maximized. 

The procedure described above will be referred to as the basic latent structure (BLS) 

procedure.

Since BLS is an iterative procedure the final solution depends on the starting 

solution. The individuals are reassigned according to the P values calculated in the 

previous iteration; therefore it is possible that the global optimum might not be obtained 

even after a large number of BLS iterations. In the past, simulated annealing (SA), a 

systematic random search procedure, has been found to be very effective in getting a near 

global optimum solution in a variety o f optimization problems [80].

The basic ideas behind SA are based on a physical process known as annealing, 

which means the cooling of metal in a heat bath. If solid material is heated past its melting 

point and then cooled back into a solid state, the structural properties of the cooled solid 

depend on the rate o f cooling. The SA algorithm simulates such cooling process by a 

probability function. SA has been applied to a number of POM problems [13] [17] [77] 

[114] [136]. Therefore a SA heuristic-based latent structure procedure (SALS) was 

developed to further improve the solutions obtained by the BLS procedure. Table 3.7 

presents an overview of the SALS procedure. Simulated Annealing allows the BLS 

procedure to assign customers from several starting points. Because SA sometimes 

prefers a current worse solution over the previous solution (step 9 in Table 3.7), the BLS 

procedure searches a larger region in the solution space and hence has a better chance of 

finding the global optimum solution. Therefore this study uses the SALS procedure for 

the market segmentation analysis.
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Table 3.7: Simulated annealing-based latent structure procedure (SALS)

Step Procedure

1 Randomly assign customers to the segments.

2 Select t, a and number of iterations

3 Reassign customers according to BLS procedure, calculate P values and the 
likelihood function value (II,). Copy the solution to the INCUMBENT solution.

4 Randomly reassign a few (from 5% to 30%) customers. Calculate new p values 
and likelihood function values (IIj). This is a TRIAL solution.

5 Calculate 6 = 11, - H i

6 If 6 < 0 then copy the TRIAL solution to the INCUMBENT solution.

7 If likelihood function value corresponding to the INCUMBENT solution > 
likelihood function value for the BEST solution then copy the INCUMBENT 
solution to the BEST solution.

8 If 6 2 0 then generate a uniformly distributed random number X between 0 and 1.

9 If X < e then copy the TRIAL solution to the INCUMBENT solution.

10 Repeat steps 4 through 9 N-SAME-T number o f times.

11 t = a *  t

12 Repeat steps 4 through 11 N-REDUCE-T number of times.

13 Stop.
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Chapter 4 provides the results of the market segmentation analysis using SALS and 

also explains how Simulated Annealing parameters t, a, N-SAME-T and N-REDUCE-T 

were selected. Appendix E contains a FORTRAN code of the SALS procedure.

3.4.3 Optimal Product/Process Design Procedure

An overview of the optimal product/process design (OPPD) approach developed 

in this study was presented earlier in Figure 1.4. This approach combines customer choice 

and market segment information collected from the customers and production cost and 

operating difficulty information collected from the managers to identify profit maximizing 

product and process attributes. The OPPD approach presented in this section assumes 

that the management of a particular company (say Company Z) can change one or more 

product attribute(s) and/or one or more operating system attribute(s). It also assumes that 

the product attributes of the competitors of Company Z do not change.

As shown in Figure 1.4, the OPPD approach involves identification of relative 

weights of product attributes for customers in different market segments. The relative 

weights (or part-worth utilities) are estimated by a multinomial logit model developed for 

customers and the number, sizes and natures of market segments are identified by the 

SALS procedure. As shown in Figure 1.4 conjoint analysis-based data collected from the 

managers are used to calculate production cost and operating difficulty. Next, profit 

maximizing product and process attributes are identified by a grid search procedure. The 

OPPD approach can be formulated for a company (say Company Z) as a nonlinear 

optimization problem in the following manner:
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Maximize:

M  * MS, * (Pt - C,) (3.13)

Subject to:

M S -. = I . - . . ,  S  ‘  ~ (3.14)
L , ' . l . T e

Zn-l.N = M  (3.15)

= Y.I-I, L Pi»Xu Vn,t (3.16)

Q  = L - l . l  ♦ / , + L-/.C <►* y,r (3.17)

= - 1.l 5/f X,t + (3.18)

D,min s D, * D(max (3.19)

s X,, iX „m ax  V / (3.20)

min s r „  iY ^m ax V q  (3.21)

where
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P, = price of product offered by Company Z 

X„ -  product attribute / of company /

Y„t = operating system attribute q of Company Z 

are the decision variables and 

M  = total market size 

Ms, = market share of Company Z

C, = operating cost for Company Z 

S„ = size of market segment n

N = total number of market segments 

T = total number of companies 

VmM = utility of company t in market segment n 

L = total number of product attributes

= weight of product attribute / in market segment n 

Q = total number of operating system attributes

4>,f = weight for product attribute /  in production cost function for Company Z

D, = operating difficulty for Company Z

= weight for operating attribute q in cost function for Company Z 

£s, -  weight for product attribute / in operating difficulty for Company Z 

= weight for operating attribute p  in operating difficulty for Company Z 

are the input variables.

Hie objective function (equation 3.13) maximizes the total profit for Company Z 

by finding profit per product (P, - Cf) and by multiplying it by the expected number of
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products sold in a market of size M. The market share for Company Z, MSC is calculated 

by applying multinomial logit model to the actual number of alternatives (number of 

companies offering products) available to the customers. Since products offered by 

different companies may have different price, quality, and other attributes, their utility will 

not be same for the customers. In other words, customers in different segments might 

prefer products from different companies. Equation 3.14 calculates the expected market 

share for Company Z by adding the expected market share per segment weighted by 

segment sizes. Equation 3. IS ensures that the sum of the segment sizes equals the total 

market size. The utility for all the companies in different market segments (equation 3.16) 

is calculated by the logit regression equation incorporating actual attributes of the 

companies and estimated P parameters for all the segments.

Equations 3.17 and 3.18 represent production cost and operating difficulty for 

Company Z. These models are developed by collecting conjoint analysis-based data 

collected from the managers. The managers rate the operating difficulty on a scale (1 = 

lowest difficulty level; 10 = highest level) and estimate the production cost for given 

customer demand patterns and operating condition. Each manager responds to 32 

experimentally designed profiles represented in Tables 3.S and 3.6. The data collected 

from all the managers in Company Z are combined, and the OLS regression is used to 

develop a production cost and an operating difficulty model.

The model for effective operations management presented in Chapter 1 suggests 

that the ability to meet ciutomer demand depends on the operating difficulty or constraints 

levels. In other words, the model suggests that the optimal product and operating
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attributes will change if the operating difficulty level changes. Hence equation 3.19 puts 

an upper and a lower bound for operating difficulty level. The OPPD model can be 

optimized for different lower and upper Dz bounds (Dz min and Dz max) and hence the 

effective operations management model can be tested. Finally equations 3.20 and 3.21 

constrain the product attributes (X) and operating attributes (V) based on their possible 

ranges.
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CHAPTER 4

RESULTS

This chapter presents the results and analysis of empirical data collected from 

managers and customers of the Pizza Delivery Industry. The chapter is divided into six 

sections. The first section presents the results of customer choice data. The second 

section describes the managers' perceptions of customer choice patterns. The third section 

compares customer choice patterns with managers' perceptions of customer choice 

patterns. The market segmentation results are presented next. The fifth section develops 

production cost and operating difficulty models. Finally, the sixth section presents the 

results o f the optimal product/process design procedure.

4 1 Amtvrifi o f Aggregate Customer Choice Data 

Customer choice survey instruments were mailed to 500 randomly selected 

customers in the Salt Lake metropolitan area. Fifty-six surveys were returned because of 

incomplete address or because the resident had moved to a new location without any 

forwarding address. Sixteen individuals returned the survey unanswered because they 

either don't eat pizza or because they didn't want to participate in the study. One hundred 

and forty-five surveys were returned out o f which 17 were less than 23% complete and
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hence were not considered. Therefore the effective response rate was 31.1%.

Table 4.1 presents the results of the logit regression for customer choice data. 

The regression coefficients represent the relative weights or pait-worth utilities of the 

attributes. Table 4.1 shows that all the attributes are statistically significant. The 

numerical signs for price, promised delivery time, and actual delivery time are negative, 

which means the that probability of selecting a pizza delivery company decreases if there 

is an increase in the value o f any of the above attributes. The numerical signs for all the 

other attributes are positive. This means the probability of selecting a company will 

increase if  they offer discount, more variety, steaming hot pizza, or a money back 

guarantee. In other words, the results of this experiment show that customer choice of 

pizza delivery company depends on the product quality (variety, pizza temperature), 

service quality (promised and actual delivery time, money-back guarantee), cost (price), 

delivery (promised and actual delivery time), and flexibility (variety) -based attributes. The 

numerical signs for the attribute parameters are as expected.

Table 4.1 shows that relative weight for price is highest followed by pizza 

temperature, pizza variety, money back guarantee, discount, and delivery time. A high 

weight for price and low weight for discount suggests that a company might be able to 

increase its market share and profit by reducing price and discount at the same time. It is 

interesting to note that pizza temperature has the second highest weight. Currently most 

o f the companies do not deliver steaming hot pizza. This suggests that there is an 

opportunity to increase market share and profit by delivering steaming hot pizza.
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Table 4.1: Multinomial logit main effects model for all customers

Variable P
Price of a Large Pizza -0.614 *

Half Price for Second Pizza 0.222 *

Promised Delivery Time -0.179*

Actual Delivery Time -0.125*

Pizza Variety 0.273 *

Pizza Temperature 0.341 *

Money back Guarantee 0.236 *

Intercept 0.726 *

Individual level Li{0) -2249.957

Individual level ii(B) -1770.358

-2 [i/(0) - ii(B)] (x2 with 8 d.£) 959.198*

AIC 3524.716

CAIC 3634.349

Individual level p2 0.213

Individual level p2 (adjusted) 0.209

Aggregate level p2 0.871

Aggregate level p2 (adjusted) 0.858

* P value < 0.05
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Table 4.1 also presents several goodness-of-fit statistics. The likelihood ratio for 

this model is 959.198 which is x2 distributed with 8 degrees o f freedom and is statistically 

significant at the 5% level The aggregate p2 is 0.87 and adjusted p2 is 0.86, which means 

the multinomial model can predict the aggregate customer choice patterns very well. The 

individual level p2 is 0.213 an adjusted p2 is 0.209 which means that approximately 21% 

of an individual customer's choice can be accurately predicted by the choice model. The 

individual level p2 value reported above also suggests that the model fits the data well [10], 

The individual level p2 is low relative to the aggregate level p2 simply because it is a very 

difficult to predict a person's exact choice pattern.

The experimental design for the customer choice experiment can estimate six two- 

way interactions between price, promised delivery time, actual delivery time, and pizza 

variety. Therefore, another multinomial logit model was developed which contained the 

seven main effects, six interactions, and an intercept. Table 4.2 presents the results of 

“main effects and six two-way interactions” model for all customers. However none of 

the interactions were statistically significant at the 5% level Comparing the 11(B) values

from Table 4.1 and Table 4.2, it is clear that the “main effects and selected interactions” 

model does not improve the solution over the “main effects only” model. The difference 

in the log-likelihood value for the two models is only 2.538 which is statistically not 

significant (x2 with 6 degrees of freedom). Therefore only the "main effects" model (Table 

4.1) is used for subsequent analysis.

The multinomial logit model for the customers of Company Z is presented in Table 

4.3. This model was developed for 56 customers who ordered pizza from Company Z.
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Table 4.2: Multinomial logit mam effects and selected interactions 
model for all customers

Variable P
Price of a Large Pizza -0.611 *

Half Price for Second Pizza 0.214 *

Promised Delivery Time -0.176*

Actual Delivery Time -0.122 *

Pizza Variety 0.287 *

Pizza Temperature 0.338 *

Money back Guarantee 0.221 *

Price X Promised Delivery Time 0.054

Price X Actual Delivery Time 0.097

Price X Pizza Variety 0.108

Promised Delivery Time X Actual Delivery Time -0.087

Promised Delivery Time X Pizza Variety -0.022

Actual Delivery Time X Pizza Variety -0.007

Intercept 0.745 *

Individual level 11(0) -2249.957

Individual level IL{ B) -1772.896

-2 [ZZ(0) - (x2 with 14 d.£) 954.122*

AIC 3572.972

CAIC 3709.649

Individual level p2 0.216

Individual level p2 (adjusted) 0.206

Aggregate level p2 0.878

Aggregate level p2 (adjusted) 0.856
* P value <0.05
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Table 4.3: Multinomial logit model for customers of Company Z

Variable P
Price of a Large Pizza -0.318*

Half Price for Second Pizza 0.009

Promised Delivery Time -0.032

Actual Delivery Time -0.040

Pizza Variety 0.131 *

Pizza Temperature 0.197*

Money back Guarantee 0.356 *

Intercept 0.922 *

Individual level £1(0) -984.357

Individual level £J(B) -851.443

-2 [i2(0) - ii(B)] (x2 with8d.£) 265.828 *

AIC 1718.886

CAIC 1783.292

Individual level p2 0.135

Individual level p2 (adjusted) 0.127

Aggregate level p2 0.550

Aggregate level p2 (adjusted) 0.524

* P  value <0.05
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The model fils the data very well. The model is statistically significant at the 5% level. 

It is interesting to note that money back guarantee and price have high coefficient values 

but discount is not statistically significant. Additionally, promised delivery time and actual 

delivery times are not significant. Pizza temperature and pizza variety have the second and 

third highest coefficients, respectively; however Company Z currently does not deliver 

steaming hot pizza. Therefore by offering steaming hot pizza and more variety Company 

Z can increase the utility for its customers and increase its market share and profit. The 

p2 value fin* the customers of Company Z is 0.135 which is lower than the p2 value for all 

the customers (p2 = 0.213). This result suggests that the data collected from the 

customers o f Company Z is less homogeneous than the data collected from all the 

customers, hi other words, the above resuh shows that not all customers Company Z for 

the same reason.

4.2  Analysis o f Discrete-Choice Data Collected from Managers 

Survey instruments were mailed to the managers of all the pizza delivery 

establishments listed in Table 3.1 in April 1995. Regional corporate managers o f all the 

pizza delivery companies were contacted and requested to participate in the study. 

However, only one national pizza chain (Company Z) agreed to participate in the study. 

Only five completed discrete-choice surveys were returned by the end of May 1995. 

Therefore another set of survey instruments were sent to the managers o f Company Z in 

June 1995 through the regional corporate manager. A follow-up letter was mailed to the 

managers of other pizza delivery establishments in June 1995 requesting them to respond
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to the survey. Finally, a total sample size of 23 was obtained. However four surveys were 

less than 25% complete and were not considered. Of the 19 usable surveys 11 managers 

were from Company Z. Therefore the effective response rate is 38%.

The multinomial logit model developed for data collected from all managers is 

presented in Table 4.4. The goodness-of-fit statistics presented in Table 4.4 suggest that 

the model fits the data well and is statistically significant at the 3% level. Except pizza 

variety, all other attributes are statistically significant at the 5% level (the p-value for pizza 

attribute is slightly more than 0.05). In other words, according to the managers, pizza 

variety is not significantly related to customer choice for pizza delivery companies at the 

5% level. It is also interesting to note that pizza temperature has a high P value for the 

manager model (Table 4.4) even though none of the companies deliver “steaming hot" 

pizza. The numerical value of the coefficient for promised delivery time (0.44) is much 

higher than the coefficient for the actual delivery time (0.17). This suggests that managers 

perceive that the influence of promised delivery time is higher than the influence of the 

actual delivery time on customer choice for a pizza delivery company.

The results of the multinomial logit model developed fin* the managers of Company 

Z are summarized in Table 4.5. The likelihood ratio o f94.052 (x2 distributed with 8 d.f.) 

suggest that the model is statistically significant at the 5% level. Table 4.5 shows that 

except pizza variety all variables are significantly related to managers’ perceptions of 

customer choice at the 5% level. Again it is interesting to note that the numerical value 

ofthepiaea temperature is the highest. The numerical value of promised delivery time is 

the second highest followed by price, discount and actual delivery time.
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Table 4.4: Multinomial logit model for all managers

Variable P
Price of a Large Pizza -0.559 *

Half Price for Second Pizza 0.441 *

Promised Delivery Time -0.404 *

Actual Delivery Time -0.171 *

Pizza Variety 0.160

Pizza Temperature 0.460 *

Money back Guarantee 0.259 *

Intercept 1.488 *

Individual level 11(0) -333.978

Individual level SMfi) -253.907

-2 [ZZ(0) - 11(h)) (x* with 8 d.f) 160.142*

AIC 523.814

CAIC 570.925

Individual level p2 0.240

Individual level p2 (adjusted) 0.216

Aggregate level p2 0.726

Aggregate level p2 (adjusted) 0.676

* P value <0.05
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Table 4.5: Multinomial logit model for managers 
of Company Z

Variable P
Price of a Large Pizza -0.368 *

Half Price for Second Pizza 0.328 *

Promised Delivery Time -0.523 •

Actual Delivery Time -0.262 *

Pizza Variety 0.197

Pizza Temperature 0.537 •

Money back Guarantee 0.225 *

Intercept 1.744*

Individual level 22(0) -193.356

Individual level 22(B) • 146.330

•2 [22(0) • 22(B)] (x2 with 8 d.f.) 94.052 *

AIC 276.66

CAIC 347.026

individual level p2 0.243

Individual level p2 (adjusted) 0.202

Aggregate level p2 0.671

Aggregate level p2 (adjusted) 0.597

* P value < 0.05
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The following section presents a comparison of customer choice models (Tables 

4.1 and 4.3) and managers' perceptions of customer choice models (Tables 4.4 and 4.S) 

using the Gumble seals hypothesis testing procedure. The choice model for all customers 

is compared with the choice model for all managers. Next, the choice models for 

customers and managers of Company Z are compared.

4.3 Customer Models Compared to Manager Models

Table 4.6 summarizes the results of comparing choice models for all customers 

with choice models for all managers. The individual-level log-likelihood values were used 

to calculate x2 which is 26.05 and is statistically significant at the 5% level. Therefore the 

null hypothesis of equal parameters with varying Gumble scale parameters is rejected. In 

other words, this test shows that the managers' perceptions o f customer choice patterns 

are not the same as the customers' actual choice patterns.

The results presented in Table 4.6 might be biased because 11 out of 19 (58%) 

managers were from Company Z but the actual proportion of managers working for 

Company Z is less than 35%. Hence another test was conducted only for the managers 

and the customers of Company Z. The results of this test are presented in Table 4.7. The 

X2 statistic for this test is 21.226 (with 9 d.C) which is statistically significant at the 5% 

level. Hence it can be concluded that the managers' perceptions o f customer choice or 

tradeoff patterns are not same as customer^ actual choice or tradeoff patterns for 

Company Z. One might argue that the results presented in Tables 4.6 and 4.7 show the 

gap between what customers “say they do” and what managers think customers do which
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Table 4.6: Summary report for Gumble scale hypothesis test for 
all customers and managers

Parameter Estimated Value

Optimum p 1.1834

ZZ(B) for All Customer Model = ZZ, -1770.358

Zi(B) for All Manager Model = ZZ, -253.907

ZZ(B) for Joint Model After Rescaling = ZiM -2037.29

-2 [.LI* - (ZZ, + ZZ,)] (x2 with 9 d. £) 26.05 (p < 0.05)
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Table 4.7: Summary report for Gumble scale hypothesis test for 
customers and managers of Company Z

Parameter Estimated Value

Optimum p 1.3835

11(B) for All Customer Model = ILX •851.443

11{B) for All Manager Model = •146.330

U{B) for Joint Model After Rescaling = •1008.386

-2 - (LLX + l i f t  (x1 with 9 d. £) 21.226 (p <0.05)
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is not same as the gap between what customers “actually do” and what managers think 

customers do. However the market segmentation results show that the customer models 

predict market share with very small enor. Therefore it is reasonable to assume that what 

customers “say they do" is the same as what customers “actually do.” In other words 

there is indeed a gap between customer tradeoff patterns and managers’ perceptions of 

customer tradeoff patterns.

The results presented in Tables 4.6 and 4.7 support the model for effective 

operations management (Figure 1.5) and suggest that customer feedback is necessary for 

proper positioning of operations according to market needs.

The following section presents summarized results of the market segmentation 

analysis. The discrete choice data collected from all customers was used by the SALS 

procedure to develop segment-level multinomial logit models.

4.4 Market Segmentation Results 

The simulated annealing-based latent structure (SALS) procedure for market 

segmentation requires four parameters for the simulated annealing heuristic: t, a, N- 

SAME-T and N-REDUCE-T. These parameters are used in the following manner: e'1 is 

used to calculate the initial probability of accepting a worse solution; t is reduced by a 

factor a  after completing N-SAME-T number of iterations; N-REDUCE-T represents the 

number oftimest is reduced by a . For this study, the SALS procedure was implemented 

for two different t values: 1.0 and 5.0. The a  was fixed to 0.91, N-SAME-T was fixed 

to 100 and N-REDUCE-T was fixed to 10. Prior to selecting the above values several
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other "trail" values were used. A higher t value makes the probability of accepting a 

worse solution very small; hence the SALS procedure is essentially reduced to the BLS 

procedure. The values of a, N-SAME-T and N-REDUCE-T are similar to other POM 

studies with simulated annealing [13] [136].

The SALS procedure was used to develop two- through five-segment models. 

Additional higher order models were not developed because the total sample size was only 

128, which means some segments might have a very few (<15 or so) individuals. The 

statistical reliability of such a segment might be suspect.

Table 4.8 presents the results of the two-segment model. The xz statistic is 

statistically significant at the 5% level. Additionally Table 4.8 shows that the individual 

level p2 value is 0.34 which is higher than aggregate model (presented in Table 4.1) fi 

value of 0.21. Hence it can be concluded that the two-segment model improves on the 

aggregate model. All the attributes are statistically significant for segment 2a but actual 

delivery time and pizza temperature are not significant for segment 2b. Table 4.8 shows 

that segment 2a consists of approximately 67% of customers and has high weight for pizza 

temperature and pizza variety. In other words segment 1 appears to be a "high quality.” 

Segment 2b appears to be a represent the "price sensitive” group of customers. The 

coefficients for price, discount, and money back guarantee have the three highest 

numerical values.

Table 4.9 summarizes the results of the three-segment model. The model is 

statistically significant at the 5% level and improves the fit with respect to the two segment 

model (p2 value of 0.38). The coefficients for pizza variety, price, and discount are the
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Table 4.8: Two-segment model

Variable
Segment 2a 
Size = 85

Segment 2b 
Size = 43

Price of a Large Pizza -0.264 * -2.120*

Half Price for Second Pizza 0.213 * 0.622 *

Promised Delivery Time -0.154* -0.733 *

Actual Delivery Time -0.133* -0.127

Pizza Variety 0.404* 0.338 *

Pizza Temperature 0.513 * 0.233

Money back Guarantee 0.317* 0.517*

Intercept 0.486* 0.846*

Goodness for Fit Statistics:

Individual level 2/(0) -2249.957

Individual level U  (B) -1478.39

-2 [U  (0) • I I  (B)] 
(X2 with 17 d.£)

1543.1 •

AIC 2924.78

CMC 3144.045

Individual level p2 0.343

Individual level p2 (adjusted) 0.336

* P value < 0.05
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Table 4.9: Three-segment model

Variable
Segment 3a 
Size = 44

Segment 3b 
Size = 42

Segment 3c 
Size = 42

Price of a Large Pizza -0.301 * -0.570 * -2.249 *

Half Price for Second Pizza 0.442* 0.049 0.416*

Promised Delivery Time -0.191 * -0.103 -0.609*

Actual Delivery Time -0.174* -0.136* -0.21

Pizza Variety 0.716* -0.093 0.198

Pizza Temperature 0.240 * 1.037 * 0.207

Money back Guarantee 0.141 * 0.741 * 0.681 *

Intercept 0.408 * 0.473 * 0.361 *

Goodness of Fit Statistics:

Individual level IS. (0) -2249.957

Individual level SI (B) -1402.28

-2 [11 (0) - I I  (B)] 
(X2 with 26 d.£)

1695.4 *

AIC 2756.56

CAIC 3085.458

Individual level p3 0.376

Individual level p3 
(adjusted)

0.366

* Pvnh»e<0.05
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three highest for the customers in segment 3a. All attributes are statistically significant 

for segment 3a. Pizza temperature, money back guarantee, and price are the three most 

important attributes for customers in segment 3b. Discount, promised delivery time, and 

pizza variety are not significant for segment 3b. It appears that segment 3a and 3b emerge 

from segment 2a (from 2 segment model; Table 4.8) because the size of segment 3c is 

approximately the same as segment 2b. The three largest attribute utilities for segment 3c 

are price, discount, and money back guarantee. The three most important attributes for 

segment 2b (Table 4.8) were also price, discount, and the money back guarantee.

Table 4.10 presents the four-segment model. The log-likelihood ratio for the 

model is 1769.03 which is x2 distributed with 32 degrees of freedom and is statistically 

significant at the 3% leveL The p2 value is 0.39 and therefore this model improves on the 

three segment model presented in Table 3.9. The nature and size of segment 4b remain 

similar to segment 2b and 3c. In other words, it appears that the "price sensitive" group 

of customers remains together in segment 4d. Actual delivery time, pizza variety, and 

pizzM temperature are not significant for customers in segment 4d. Twenty-three percent 

of customers are in segment 4a. Pizza variety, price, and discount appear to be the three 

most important factors for customers in segment 4a. All attributes except pizza 

temperature, are statistically significant for segment 4a. However, pizza temperature, 

price and actual delivery time appear to be the three most important factors for segment 

4b. Segment 4c consists of 16% of the customers. Only four attributes, money back 

guarantee, promised delivery time, pizza variety, and pizza temperature are statistically 

significant for segment 4c.
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Table 4.10: Four-segment model

Variable
Segment 4a 
Size = 30

Segment 4b 
Size = 37

Segment 4c 
Size = 20

Segment 4d 
Size = 41

Price ofa Large Pizza -0.975 * -0.467 * -0.119 -2.287 *

Half Price for Second 
Pizza

1.169* 0.003 -0.007 0.341 *

Promised Delivery 
Time

-0.053 -0.032 -0.410 * -0.465 *

Actual Delivery Tone -0.687 * -0.399 • 0.102 •0.206

Pizza Variety 1.323 * 0.251 * 0.282 * 0.161

Pizza Temperature 0.071 1.055 * 0.303 * 0.174

Money back Guarantee 0.365 * 0.376 * 0.449* 0.862 *

Intercept 0.722 * 0.348 * 0.032 0.458 *

Goodnes of Fit 
Statistics:

Individual level 11(0) -2249.957

Individual level 11 (B) -1365.43

-2 [11 (0) -11 (B)] 
(X2 with 35 d.£)

1769.1 *

AIC 2794.86

CAIC 3105.39

Individual level p3 0.393

Individual level p2 
(adjusted)

0.378

* P value <0.05
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The five-segment results are presented in Table 4.11. The x2 (with 40 d.£) value 

of 1930 suggests that the model is significant at the 5% level. This model improves the 

four-segment model even further ( p: value is 0.43). The "price sensitive" customers 

remain together in segment Se (approximately 31%). Price, discount, and money back 

guarantee are the three most important factors for customers in this group. Price and 

discount are also important for customers in segment 3a. However for segment 3a, actual 

delivery time is equally important. Pizza temperature and price are the two most important 

factors for segment Sb which consists of approximately 20% of the customers. Money 

back guarantee and promised delivery time are the two most important factors for segment 

Sc which consists of 18% of the customers. Segment 3d is made up of approximately 14% 

of the customers who are quality sensitive.

Several conclusions can be drawn from the market segmentation results presented 

inTables4.8through4.il. The overall fit of the multinomial logit model increases as the 

number of segments increase. The p2 value increased from 0.21 for the aggregate model 

to 0.43 for the five-segment model. Therefore predictions based on the five-segment 

model should yield better results.

Table 4.12 presents the actual attributes o f pizza delivery companies specified in 

Table 3.1. The researcher contacted the managers of these five companies and asked them 

about their price, discount, variety, and money back guarantee. The promised and actual 

delivery time were calculated from the customer data. The average promised and actual 

delivery time were calculated for the customers who have ordered pizza from these 

companies. Next, expected market shares for these companies was calculated by the
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Table 4.11: Five-segment model

Variable

Segment
Sa
Size = 21

Segment
Sb
Size = 26

Segment
Sc
Size = 23

Segment
5d
Size = 18

Segment
5e
Size = 40

Price of a Large Pizza -0.626 * -0.988 * -0.344 * -0.187 -2.383 *

Half Price for Second 
Pizza

0.846* 0.364* 0.026 0.299 • 0.745 •

Promised Delivery 
Time

-0.145 -0.364 * -0.464 * -0.024 -0.913 *

Actual Delivery Time -0.686 * -0.162 0.014 0.224 -0.05

Pizza Variety 0.466* 0.289 * 0.146 1.703 * 0.286 *

Pizza Temperature 0.344* 1.659 * 0.338 * 0.463 * 0.396

Money back Guarantee 0.276 * 0.232 0.891 * 0.112 0.513 *

Intercept -0.232 0.277 0.732 * -0.245 0.694 *

Goodness of Fit 
Statistics:

Individual level I t  (0) -2250

Individual level 11 (B) -1284.7

-2 [ t l (0) -11 (B)] 
(X* with44d.£)

1930.4 *

AIC 2649.48

CAIC 3037.64

Individual level p2 0.429

Individual level p2 
(adjusted)

0.411

* P  value <0.05
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Table 4.12: Market share calculations based on actual pizza attributes

Attribute Value Ambassa 
dor Pizza

Domino's
Pizza

Free-
Wheeler
Pizza

God
father's
Pizza

Pizza
Hut

Price of a Large 
Pizza

$13 $14.33 $13.60 $16.10 $14.00

Discount on the 
Second Pizza

half price half price none half price half price

Average Promised 
Delivery Time

33 mins 31 mins 40 mins 32 mins 32 mins

Average Actual 
Delivery Time

39 mins 31 mins 40 mins 33 mins 35 mins

Pizza Variety 1 type of 
crust

3 types 
of crust

1 type of 
crust

2 types 
of crust

3 types 
of crust

Pizza Temperature warm warm warm warm warm

Money back 
Guarantee

yes yes yes yes yes

Market Share 
(2 segment model)

0.1922 0.2926 0.0701 0.1355 0.3095

Market Share 
(3 segment model)

0.2301 0.2627 0.1109 0.1183 0.278

Market Share 
(4 segment model)

0.1923 0.2968 0.1036 0.1075 0.2969

Market Share 
(3 segment model)

0.2137 0.2999 0.0545 0.1077 0.3252

Actual Market Share 
(number of shops)

0.2037 0.3148 0.037 0.0926 0.3518
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aggregate, two-, three-, four- or five-segment multinomial logit. Table 4.12 also presents 

a measure o f the actual market share for these pizza delivery companies. The actual 

market share calculation is based on the relative number of pizza delivery establishments 

per company. This assumption was judged to be reasonable because all of the 

establishments deliver approximately 200 pizzas per week day. It is clear from Table 4.12 

that a five-segment model predicts the market share very accurately.

An interesting result was observed regarding the market segmentation techniques 

SALS and BLS. It was observed that the BLS procedure sometimes does not converge 

to a solution and hence SALS was essential for market segmentation. Another interesting 

result was that approximately 33% of the customers always remain in the "price sensitive" 

segment. All the other segments emerge from segment 2a of the two-segment model.

4.5 Operating Cost and Difficulty Results 

Hie model for effective operations management presented earlier suggests that the 

operations managers' abilities to satisfy market needs depend on the customer choice 

patterns and operating constraints. The model also suggests that production cost depends 

on the same customer and operating variables. Therefore two conjoint experiments were 

conducted to test the above ideas.

Fourteen managers from Company Z responded to 32 profile conjoint experiments 

by estimating production cost and operating difficulty. Follow-up letters were sent to the 

managers of the other companies. However only five other managers responded to the 

survey instrument. Several managers were also contacted by telephone and requested to
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respond to the survey instrument without any success. The main reason for non

participation was the proprietary nature o f production cost information. Hence only the 

data collected from the managers of Company Z were analyzed by the OLS regression.

Fourteen managers of Company Z responded to the 32 profile conjoint experiments 

and estimated operating difficulty on a scale 1 to 10 (1 = least difficult; 10 = most 

difficult). Of the possible 448 (14 x 32) responses, only 428 were obtained because of 

a few incomplete surveys. Table 4.13 presents the operating difficulty model for the 

managers of Company Z based on 428 responses. The regression model is statistically 

significant at the 5% level, R2 is 0.37 and the adjusted ft is 0.3S. Six variables are 

statistically significant at the 5% level. They are promised delivery time, actual delivery 

time, daily demand rate, number o f cooks and in-store employees, number of pizza 

delivery personnel, and pizza preparation and cooking time. The numerical signs for the 

daily demand rate and pizza preparation and cooking time are positive. Therefore the 

operating difficulty level increases with an increase in demand rate or with an increase in 

pizza preparation and cooking time. The numerical signs for the other statistically 

significant variables are negative. Overall, it appears that the variables related to the 

demand volume and speed of delivery determine operating difficulty.

The OLS regression output for the production cost estimation is summarized in 

Table 4.14. Four of fourteen managers o f Company Z did not complete this part of the 

survey. The regression is statistically significant at the 5% level, the R2 is 0.18, and the 

adjusted ft2 is 0.14. Only four variables are statistically significant at the 5% leveL They 

are daily demand rate, number o f  pizza delivery personnel, number of cooks and in-store
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Table 4.13: Operating difficulty model for Company Z

Parameter Estimated
Value

R2 0.369

Adjusted R2 0.347

Standard Error 2.45

F-Ratio (d.f. 14,413) 17.21 *

Price of a Large Pizza •0.084

Half Price for Second Pizza •0.049

Promised Delivery Time -0.600 *

Actual Delivery Time -0.319*

Pizza Variety 0.04

Pizza Temperature 0.149

Money back Guarantee 0.053

Daily Demand Rate 0.840*

Order Similarity •0.092

Number o f Pizza Delivery Personnel -1.346 *

Number o f Cooks and In-Store 
Employees

-0.270 *

Average Wage Rate 0.007

Pizza Preparation and Cooking Time 0.507 *

Supplier Delivery Frequency 0.126

Intercept 6.604*

* P value < 0.05
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Table 4.14: Production cost model for managers of Company Z

Parameter Estimated
Value

R2 0.177

Adjusted R2 0.137

Standard Error 144.85

F-Ratio (d.f. 14, 287) 4.4101 •

Price of a Large Pizza 3.723

Half Price for Second Pizza 3.722

Promised Delivery Time -1.176

Actual Delivery Time 6.863

Pizza Variety 13.573

Pizza Temperature 12.998

Money back Guarantee 2.671

Daily Demand Rate -23.756 *

Order Similarity 8.327

Number of Pizza Delivery Personnel 17.990 *

Number of Cooks and In-Store 
Employees

30.253 *

Average Wage Rate 45.188*

Pizza Preparation and Cooking Time -2.285

Supplier Delivery Frequency 7.739

Intercept 617.651 *

* P value < 0.05
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employees, and the average wage rate. A relatively lower R2 value suggests that several 

other variables affect product cost.

The experimental design used for the conjoint experiments was capable of 

estimating the two-way interactions between the following variables: price of first large 

pizza, actual dehveiy time, daily demand rate, number of pizza delivery personnel, number 

of cooks and in-store employees, and average wage rate. However none of these 

interactions were statistically significant for either production cost model or the operating 

difficulty model

Overall, the production cost and operating difficulty results show that a customer- 

based variable and several operating variables determine production cost and operating 

difficulty in the pizza delivery industry. These results will be used in the optimal 

product/process design procedure described in the following section.

4 6 Optimal Product/Process Design Remits 

The five-segment customer choice model was used in the OPPD procedure because 

it predicts the market share better than the other models. The production cost and 

operating difficulty model for Company Z, estimated in section 4.S was also required. A 

nonlinear optimization procedure was used to find the optimal level of product and 

operating process attributes at various difficulty levels [110]

The nonlinear optimization procedure finds the market share and profit for several 

different levels of product and process attributes. The current implementation assumed 

the following attribute ranges: price $12 to $18; half price for the second pizza either
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available or not available; promised delivery time 20 to 40 minutes; actual delivery time 

either on-time to IS minutes late; pizza available with 1, 2, or 3 crusts; pizza temperature 

either warm or hot; money back guarantee either available or not available; the daily 

demand rate between 200 and 400; and the order either all small sizes or a mix between 

small and large sizes. The other operating attributes were number o f delivery personnel 

from 3 to 7, number of cooks and in-store employees from 3 to 7, average wage rate from 

$5 to S8 per hour, pizza preparation and cooking time 10 to 20 minutes, and supplier 

delivery frequency either once a week or every other day. The total market size was fixed 

to 1000 pizzas per day.

The profit calculation (equation 3.13) will change if a company offers discount for 

the second pizza. Therefore for accurate profit calculation it is necessary to estimate the 

actual proportion of customers who order two pizzas at a time. The researcher asked the 

regional manager of Company Z and was informed that the number of customers who 

order two or more pizzas at a time varies according to the time of the day, location of the 

shop, and day of the week. However no estimate of order size was provided by Company 

Z. Therefore, the OPPD procedure was implemented assuming all customers order one 

pizza at a time.

Table 4. IS presents the optimal results. The nonlinear optimization procedure was 

implemented by a spreadsheet program called QuattroPro [110], The table shows the 

optimal profit, market share and cost for a difficulty range. It is clear from Table 4.15 that 

the profit increases and production cost decreases as the operating difficulty level 

increases. The management science philosophy presented in Appendix A is consistent with
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Table 4. IS 

Optimal product/process design results

Difficulty Level 2.5 3 3.5 4 4.5 5 6 7 8 9 10

Optimum Profit ($) 24601 3655.7 4263.0 4849.3 5238.7 5598.2 5911.7 6094.6 6165.7 6277.8 6349.4
Market Share (%) 22.1 52.8 57.3 61.4 64.2 65.5 67.3 67.8 68.0 68.3 68.5
Com (S/Pizza) 6.8 6.9 6.9 6.9 6.8 6.2 5.8 5.5 5.4 5.2 5.1

Priced) 18.0 13.8 14.3 14.8 14.9 14.7 14.5 145 14.4 14.4 14.4
Discount on Second Pizza yes yes yes yes yes yes yes yes yes yes yes
Promised Delivery Time (mins) 40.0 35.4 26.8 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Actual Delivery Time (mins) 55.0 50.4 41.8 32.6 20.7 21.8 20.0 20.0 20.0 20.0 20.0
Pizza Variety (Types of cnist) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 30 3.0 30 3.0
Pizza Temperature hot hot hot hot hot hot hot hot hot hot hot
Moaevback Guarantee no yes yes yes yes yes yes yes yes yes yes
Daily Demand Rate 200.0 200.0 200.0 200.0 200.0 200.0 287.0 400.0 400.0 400.0 400.0
Older Similarity mix mix mix mix mix mix similar similar similar similar similar
Number of Drivers 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.0 4.0 3.0
Number of Cooks 7.0 7.0 7.0 7.0 7.0 3.0 3.0 3.0 3.0 3.0 3.0
Average Wag* Rated) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 50 5.0
Pizza Cookina. Time (mins) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 105 137 10.3 135
Suoolier Delivery Frequency/week once once once once once once once once once once once
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this result which suggests thit by "breaking" binding constraints higher objective function 

values can be obtained. Hence if a company is able to operate at the higher difficulty leveL 

it should obtain higher profit.

Figure 4.1 shows the increase in optimal profit level with the increase in the 

difficulty leveL This figure shows that profit increases with decreasing rate with increase 

in the difficulty leveL Figure 4.1 shows that relatively big increase in profit if difficulty 

level increases from 3.0 to 3.0 but a relatively small increase in profit when difficulty level 

changes from 7.0 to 9.0. The market share corresponding to optimum profit as a function 

of operating difficulty is presented in Figure 4.2. The market share changes are similar to 

changes in profit.

Figure 4.3 shows the changes in operating cost with respect to operating difficulty. 

The cost does not change when difficulty level increases from 2.3 to 4.0. The operating 

cost decreases with the decreasing rate when difficulty level increases from 4.0 to 10.0.

Overall the OPPD results show that market-based and operating attributes are 

necessary for optimal product design. The results show that operating difficulty has an 

effect on optimal product and process attributes and that profit increases if a firm manages 

to operate at the higher difficulty leveL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

123

7000

6000 -

5000

4000

3000

2000
2 104 6 8

Operating Difficulty Level

Figure 4. lrOptimum profit and operating difficulty

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

M
ar

ke
t 

Sh
ar

e

124

60 f

50 f

30 f

20 J
2 4 6 8 10

Operating Difficulty Level

Figure 4.2: Market share and operating difficulty

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

125

6.5

1

I
5.5 -

2 4 6 8 10
Operating Difficulty Level

Figure 4.3: Operating cost and operating difficulty

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

CHAPTER 5

CONCLUSIONS

This chapter discusses the results presented earlier, draws conclusions and provides 

directions for future research projects. First the experimental results are discussed with 

respect to the eight research questions. Second, the contributions of this study to the 

academic and practitioner literatures are presented. Finally limitations o f the study are 

presented with possible directions for future research.

5.1 Discussion

Eight research questions were presented in Chapter 3. The research questions 

were based on the model for effective operations management presented in Chapter 1. 

The following sections discuss the results with respect to these eight research questions.

$. 1.1 Customer Choice Patterns

Based on past research in POM and marketing, research question I suggested that 

customer tradeoff patterns depend on product quality, service quality, cost, delivery, and 

flexibility attributes of a product. Seven attributes were selected to represent product 

quality (pizza variety and pizza temperature), service quality (money back guarantee,
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actual delivery time), cost (price of a large pizza, discount for the second pizza), delivery 

(promised delivery time, actual delivery time), and flexibility (pizza variety) attributes in 

the pizza delivery industry. Tables 4.1 and 4.2 presented the results of customer tradeoff 

data for 128 randomly selected customers. These results support the ideas presented by 

research question I which states that customers tradeoff quality, cost delivery and 

flexibility attributes. All seven attributes were found to be statistically significant. A 

similar result obtained for the customers of one company is presented in Table 4.3. The 

goodness-of-fit statistics showed that the models fits the data very well.

Hence, based on discrete choice data collected from randomly selected customers, 

it can be concluded that customer tradeoff patterns for pizza delivery industry depend on 

product quality, service quality, cost, delivery, and flexibility attributes. The results show 

that a pizza delivery firm’s utility increases with a decrease in price; promised and actual 

delivery time, and an increase in discount, pizza variety, pizza temperature; and a money 

back guarantee. As mentioned earlier, pizza temperature was found to be statistically 

significant even though none of the companies offer steaming hot pizza.

The numerical sign tor attribute coefficients are consistent with intuitive reasoning. 

For example, customer choice for a product almost always increases for a decrease in price 

and increase in quality. The strength of the study is the multinomial logit model which can 

predict customers’ choices. The model diows both the relative weight and direction of the 

influence of a product attribute on customer choice which in turn determine market share 

(and hence profit). Hence, the effect o f changing one or more attributes can be easily 

evaluated, and the model can be used as a decision-support tool by the managers.
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5.1.2 Managers’ Perceptions of Customer Tradeoff Patterns

Hie managers o f pizza delivery establishments were asked to predict the tradeoff 

patterns of their customers. Table4.4 presented the results for all managers and Table 4.S 

presented the results for the managers of one specific company. The models are 

statistically significant and fit the data well. Therefore, it can be concluded that the 

managers’ perceptions of customer tradeoff depends on product quality, service quality, 

cost, delivery, and flexibility attributes. It is, however, interesting to note that pizza 

variety is not significant at the 5% level. Therefore it can be concluded that the managers 

do not feel that customer choice for a pizza delivery is influenced by variety.

The multinomial logit model for the managers of Company Z presented in Table

4.5 shows that absolute value of weight for promised delivery time is much higher than 

absolute weight for actual delivery time. In other words, the managers believe that 

customer choice for a pina delivery company can be influenced by reducing the promised 

delivery time but actually delivering the pizza late. However, past research suggests that 

providing late service will reduce the likelihood of selecting the company again [101]. In 

other words, multinomial logit models presented in Tables 4.4 and 4.5 show that managers 

perceptions of customer tradeoff patterns might not be the same as the actual customer 

tradeoff patterns.

5.1.3 Comparison Between Customer and Manager Model

The model for effective operations management presented in Figure 1.5 and 

research question m  suggests that there is a gap between actual customer tradeoff patterns
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and managers’ perceptions of customer tradeoff patterns. A Gumble scale hypothesis 

testing procedure was used to test if indeed the two models are different from each other. 

Two tests were conducted: first, a test for all customers and all managers, and, second, a 

test for the customers and managers of a specific company. The results presented in tables

4.6 and 4.7 show that multinomial logit models for the customers are not same as the 

models for the managers.

In other words, the results show that operating decisions based on "what managers 

think customers want” will not be effective. For example, the absolute weight for pizza 

price is higher than that of pizza temperature for the customers of Company Z (Table 4.3). 

However, the managers of Company Z perceive the weight for pizza temperature to be 

higher than the weight for price (Table 4.3). Hence the decisions based on managers’ 

perceptions of customer tradeoff patterns might not result in an expected increase in sales. 

The Gumble scale hypothesis test result suggests that there is indeed a gap between 

customer tradeoff patterns and managers' perceptions of customer tradeoff patterns. 

Hence, constructive feedback from customers is essential for evaluating any changes in 

operations and for effective product/process design or improvement.

3.1.4 Customer Groups with Similar Tradeoff Patterns

Research question IV proposed the need for identification of customer groups with 

similar tradeoff patterns. A simulated annealing-based latent structure (SALS) procedure 

was developed to identify size and nature of market segments (or customer groups with 

similar tradeoff patterns). This procedure maximizes the probability of a customer being
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in a particular market segment.

The results presented in Tables 4.8 through 4.11 show that the SALS procedure 

can be successfully used to identify customer groups with similar tradeoff patterns. The 

SALS procedure developed in this study is based on the basic latent structure (BLS) 

procedure developed by Moore, Gray-Lee, and Louviere [98]. The BLS procedure solves 

the segmentation problem from one starting point but the SALS procedure solves it for 

several starting points based on a probability distribution function (Table 3.6). Therefore, 

the SALS procedure has a very high probability of identifying the best combination of 

customer groups. Additionally, BLS is an iterative procedure; therefore if a bad starting 

point is used to start assigning customers, the P values might not converge. It is also 

possible that for a particular starting point, the solutions might not improve even after a 

large number of BLS iterations. Since the SALS procedure is based on multiple starting 

points, it overcomes the above limitations of the BLS procedure.

Tables 4.12 compared expected market segments based on the SALS results to the 

actual market segments of five pizza delivery companies. All the models predict actual 

market share very well. The accuracy of the prediction, however, increases when the 

number of segments is increased from 2 to 3,4 and S. This result should be expected for 

any good segmentation technique because the number of parameters in the multinomial 

logit model increases with the increase in number o f segments. For example, the two 

segment model has 17 parameters (eight P values each for segments 2a and 2b and one 

parameter for the size o f the segments); the five-segment model, on the other hand, has 

44 parameters (eight P values each for segments Sa, Sb, Sc, Sd, and 5e and four
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parameters for the size of the segments). Hence the five-segment model should be used 

as a decision support tool because its predictions are most accurate.

Tables 4.8 through 4.11 presented the weights and statistical significance of 

attributes for different market segments. It is interesting to note that approximately 33% 

of the customers always remain in the same segment. The tradeoff patterns of customers 

in this segment (2b, 3c, 4d, or Se) are very sensitive to the price of pizza. The other 

segments in 3,4, and 3 segment models emerge from segment 2a. The size and nature of 

the segments are different from each other as expected. For example, the three most 

important attributes for segment 3a are discount, actual delivery time, and price; for 

segment 3b they are pizza temperature, price, and discount/promised delivery time; for 

segment Sc they are money back guarantee, promised dehvety time, and price; for segment 

Sd they are pizza variety, pizza temperature, and discount; and for segment 5e they are 

price, promised delivery time, and discount.

Overall, however, it appears that the cost of pizza in some form (price, discount, 

money back guarantee) is important for customers in all segments. Not all the other 

attributes (delivery time, variety, temperature) are important for all the segments. This is 

a very valuable piece of information for the managers because (based on the nature of a 

segment), they can design specific products to meet the needs of customers in a particular 

segment.

The market segmentation results show that the delivery time is statistically 

significant for most of the segments. Therefore an effective utilization of labor resources 

is a must for improving operating performance. The delivery time can be hypothesized to
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depend on several other operating variables (number of pizza delivery personnel, pizza 

preparation and cooking time, the size of the pizza delivery area). In other words, by 

improving the design of the service delivery system, pizza delivery time should be reduced 

which will lead to an increase in sales.

Pizza temperature and pizza variety were found to be important for all segments. 

Therefore, a firm's utility will increase if they offer more variety and/or steaming hot pizza. 

Currently steaming hot pizza is not offered by any company. The model predicts a 

significant market share gain from investing in pizza delivery containers which can keep 

pizzas steaming hot until delivered.

Overall, the market segmentation results provide very valuable information for 

designing a pizza delivery system. They provide constructive feedback to the managers 

for improving operations.

3.1-5 Operating Difficulty

The model for effective operations management and research question V suggests 

that managers' abilities to meet market needs depends on operating constraints. The OLS 

regression model developed for conjoint analysis-based data collected from operations 

managers of Company Z is statistically significant and hence supports the proposed model 

for effective operations management.

Table 4.13 shows that the number of pizza delivery personnel, the number of cooks 

and in-store employees, and pizza cooking and preparation time (representing operating 

constraints) are statistically significant. It appears that operating variables related to the
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ability to deliver pizza on time determine operating difficulty. Hence, efficient labor 

scheduling appears to be necessary for effective process improvement.

It is interesting to note that supplier delivery frequency is not significant. In other 

words, the managers do not perceive the raw material delivery every other day to be more 

helpful in meeting demand than raw material delivery once a week. This result is 

surprising because the pizza delivery establishments deliver approximately 200 pizzas per 

day during the weekday and approximately 400 pizzas per day during the weekends. 

Hence, a once a week supplier delivery frequency will require storing enough raw material 

for approximately 1800 pizzas. Perhaps the pizza delivery stores have large storage areas 

and the managers do not feel the need to get fresh supplies every other day.

The following market-based variables are statistically significant: promised delivery 

time, actual delivery time, and daily demand rate. These variables also represent the 

influence of a manager's ability to deliver pizza on time on operating difficulty level. For 

example, if the demand rate increases from 200 to 400 or if delivery time is reduced from 

40 minutes to 20 minutes, it will be more difficult for the managers to satisfy the needs of 

the customer.

The managers do not perceive pizza variety, pizza temperature, and pizza order 

similarity to be related to operating difficulty. Ibis is also a very interesting result because 

it suggests that manager can provide a higher quality pizza (for example, more variety) 

without increasing operating difficulty.

The OLS regression model presented in Table 4.13 connects the customer tradeoff 

patterns and operating constraints with managers' abilities to meet market needs. The
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results suggest that the managers should focus on both the operating and customer-based 

attributes for effective operations management.

S. 1.6 Production Cost

Research question VI suggests that production cost is a function of market-based 

and operating variables. Table 4.14 presented the production cost model for all the 

managers of Company Z. The overall OLS regression model was statistically significant 

at the 3% level. However coefficients for only four variables were significant. They are 

daily demand rate, number of pizza delivery pers inel, number of cooks and in-store 

employees, and the average wage rate. The variables related to delivery time and other 

attributes are not perceived as determinants of production cost.

The R2 for the production cost model is only 0.18. The model is based on data 

collected from several managers; therefore, it is possible that the managers had no 

agreement on the determinants of production cost. It is also possible that many 

determinants of production cost were not included in the experimental design. The overall 

model however is statistically significant and shows that some product and operating 

attributes are related to production cost. Therefore this model was used for the optimal 

product/process design (OPPD) procedure.

5.1.7 Optimal Product/Process D eapi

Research questions 7 and 8 concentrate on identifying profit maximizing product 

and operating attributes levels. Assuming that all product and operating attributes can be
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changed within the prespecified range, optimal attribute levels were identified (Table 4.15).

The results show that the total profit increases as the operating difficulty level 

increases. The result is consistent with the constrained optimization theory of management 

science (Appendix A) which suggests that the objective function value can be increased 

by breaking the binding constraints. Hence this result supports the model for effective 

operations presented earlier and suggests that operations managers should focus on 

breaking the binding constraints for effective product design and process improvement. 

If managers can organize the operation such that it functions efficiently at the high 

difficulty level, a higher profit can be obtained. Consider a simple example: Table 4.15 

shows that seven delivery personnel and seven in-store employees represent a low 

difficulty level for a daily demand rate of 200 and three delivery personnel and three in

store employee represent high difficulty level for demand rate o f400. The total profit for 

the low difficulty level is $2460 and is $6349 for the high difficulty level. However, in 

order to get higher profit, the managers will have to design the service delivery system 

more efficiently because the number of employees is lower and the demand rate is higher. 

In other words, the OPPD results provide a guideline for managers for designing profit 

maximizing products and operating system attributes.

The results also show that production cost decreases as the difficulty level 

increases. At the high difficulty level managers have to use production resources 

effectively and hence the production cost declines. This is very valuable information for 

managers. Often operations are organized as cost centers. Hence if  the operating system 

is designed efficiently such that it can operate at the high difficulty level, the product cost
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will be reduced.

The attribute levels for all variables do not change when difficulty level is 

increased. For example, in Table 4.IS pizza variety, pizza temperature, discount, and 

supplier delivery frequency remained the same for the four difficulty levels. This result 

suggests that not all variables need to be changed when the operating system is re-designed 

to operate at a higher difficulty level.

The OPPD procedure finds the optimal attribute levels within the prespecified 

range. Therefore if a particular attribute (for example, pizza delivery time) cannot be 

changed, the procedure will find the best combination of other attributes at the specified 

difficulty level

The results presented in Table 4. IS assume that the attributes of other companies 

do not change when Company Z changes its attributes. However, the mathematical 

formulation of the OPPD procedure is very flexible in nature and any changes in the 

attributes of other companies can be easily incorporated. For example the market share 

calculation can be adjusted if one company always reduces the price by the same amount 

as Company Z, or always offers the same discount. The OPPD procedure will take such 

changes into account through the market share calculation and then find the best 

combination of attributes.

M.8 SumiMiy

Based on past research in POM, management science, and marketing, a model for 

effective operations management (Figure 1.5) was proposed. This study demonstrated the
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use of several aspects of the proposed model for one service industry; the pizza delivery 

industry. The results show that product quality, service quality, cost, delivery, and 

flexibility-based attributes determine customer choice or tradeoff patterns for pizza 

delivery companies. It was shown that there is a gap between customer tradeoff patterns 

and managers' perceptions of customer tradeoff patterns. The study developed a 

procedure for market segmentation (the SALS procedure) which predicts market share 

very accurately. Finally, production cost and operating difficulty models were developed 

for the operations managers which were used in the optimal product/process design 

procedure.

3.2 Contributions of This Study 

The research presented in this thesis was interdisciplinary in nature building on 

several streams of literature within business administration. This section summarizes the 

contributions of this study to operations strategy, quality function deployment, optimal 

product design, management science, and marketing literatures.

3.2.1 Contribution to Operations Strategy Literature

Past research in operations strategy has focused on improving the strategic 

importance o f operations in a firm by effectively managing available tradeoffs [71]. A 

number of theoretical articles have presented various tradeoff decisions made by 

operations managers. These decisions include identifying the relative importance of 

operations objectives (product quality, service quality, cost, delivery, and flexibility) and
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identifying the relative importance of various operating variables for product/process 

design and importance. The operations strategy literature also focuses on finding ways to 

position operations capabilities according to market needs.

The proposed model combines the above themes in operations strategy by 

connecting customer tradeoff (or choice patterns) with operating constraints. Several 

aspects of the model were tested for one specific service industry. For example, past 

research in operations strategy had suggested that customer choice depends on quality, 

cost delivery and flexibility variables; however no empirical work had been published [71], 

This study empirically tests how customers in one service industry tradeoff product 

quality, service quality, cost, delivery, and flexibility-based attributes.

A number of published articles had argued about improving the service component 

o f a product for increasing market share. This study used two variables to test such an 

approach. The variable actual delivery time measures service reliability by measuring delay 

in delivering pizza with respect to promised delivery time. Another variable, money back 

guarantee, is similar to warranty for a tangible product. These variables were found to be 

statistically significant for the aggregate models and for several segments. In other words, 

this study empirically tested the value of the service component attached to a tangible 

product.

Several POM articles published in the last 10 years or so have argued that 

operations capabilities should be aligned according to market needs if operations 

management is to become a competitive weapon in a firm. However, none of the articles 

suggest how to position operating capabilities. This study proposed that the gap between
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customer tradeoff patterns and managers' perceptions of customer tradeoff patterns can 

be used as constructive feedback for positioning operating according to market needs. 

Using Gumble scale hypothesis testing this study showed that such a gap indeed exists and 

that managers' perceptions of customer tradeoff patterns are not same as customers' actual 

tradeoff patterns.

Several articles have emphasized the need for effective operations management in 

the service industry. These articles classify services and present a list o f managerially 

important activities for different groups. However none of the articles emphasize how 

operations can improve for a particular company in a given industry. This study 

contributes to the service operations strategy literature by identifying the attributes that 

determine operating difficulty in one industry. The managers can focus their efforts on 

improving the performance of these attributes for effective service operations management.

This study proposed and showed that managers' abilities to meet customer needs 

depends not only on customer demand patterns but also on operating variables. 

Production cost was also shown to be related to marketing and operating variables. These 

results provide insight into the complex issue of effective coordination between marketing 

and operations functions of a firm. It shows that both marketing and operating issues are 

important for successfully satisfying customer needs. In other words, this study provides 

empirical support to an integrated approach to service operations management proposed 

by Lovelock, Sullivan, Husket, and other researchers.

A lot o f  research has been done on customer waiting time and its effect on 

customer satisfaction [33]. This study further emphasizes impact o f waiting time. The
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customer-based utility o f a company decreases if waiting time (promised delivery time) is 

increased or service (diability (actual delivery time) is reduced. The model shows how the 

number of customers for a company will increase in given market segments if waiting time 

or service reliability is changed. Hence the relative weight of waiting time it can be used 

as input to a simulation model which evaluates different service delivery configuration 

and/or labor schedules.

The results of this study contribute to the knowledge of operations management 

by testing past theories/ideas. They provide directions for improving operations 

effectively. Both continuous improvement and business process reengineering approaches 

can benefit from the approach proposed in this research. Continuous improvement 

philosophy is a holistic approach and focuses on problem identification and continuously 

working towards a solution. The model for effective operations management identifies 

important customer-based and operating variables which need attention. For example, the 

results for Company Z showed the variables related to pizza delivery time were the 

determinants of operating difficulty. Therefore the management can focus their attention 

on improving labor schedules to  effectively address the problem. In other words, the 

results for this study can be used as a starting point for implementation of a process 

improvement approach. The results also provide a starting point for process reengineering 

because it identifies the determinants o f operating cost and difficulty. Hence the process 

reengineering efforts should be directed towards the processes dependent on statistically 

significant operating and product-base variables.
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5.2.2 Contributions to Quality Function Deployment Literature

Quality function deployment (QFD) provides a structured approach for integrating 

customer preferences into product design process. QFD uses a series of matrices, which 

look like houses (called the House of Quality) to integrate customer requirements 

throughout design, production, and delivery of products. This study contributes to the 

QFD literature by developing effective methodology for identifying relationships between 

product and operating attributes.

The discrete-choice approach can be used to identify relative weights for product 

attributes from the customer’s point o f view. The discrete-choice weights provide more 

information than a ranking or a rating scale because discrete-choice weights are based on 

the multinomial logit modeL Therefore the effect o f changing a particular attribute level 

on expected sales level can be identified. For example if P represents the relative weight 

for an attribute which has been changed from XI to X2 then the customer utility for the 

product will change by e * 011' X2). The rating or ranking scores only inform the relative 

importance of the attributes; however, no additional analysis can be performed. 

Additionally, a rating scale in QFD considers only one attribute at a time and therefore 

only provides absolute importance of an attribute which is not the same as relative 

importance of an attribute with respect to others. For example, the rating scale can inform 

that both price and delivery time are important for the pizza delivery industry but it cannot 

calculate the relative importance of one over the other. Since the discrete choice weights 

are based on a multinomial logit model the relative weights o f attributes can be easily 

calculated by e x / e *2 Y, where X and Y represent levels of two attributes and p i and
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P2 represent their corresponding discrete-choice weights.

The house of quality uses a matrix which connects customer attributes with 

operating attributes. The correlations between the two sets of variables are represented 

in the matrix. This matrix provides very valuable information but does not provide any 

causal information. For example, the house of quality can inform that pizza delivery time 

is correlated to the number of pizza delivery personnel However it cannot predict delivery 

feasibility or delivery cost if delivery time and/or the number of pizza delivery personnel 

are changed. This study shows that conjoint analysis can be successfully used to connect 

customer preferences with operating variables. The OLS regression model for production 

cost and operating difficulty not only shows the relative weight of different attributes but 

can also predict product feasibility and cost if one or more attributes are changed. 

Additionally, conjoint studies with large number of profiles can be used to calculate 

selected two-way interactions between the attributes, in addition to the main effect of the 

variables. In other words, this study shows that the use of conjoint analysis in a house of 

quality matrix might provide more information than just using correlation.

5.2.3 Contributions to Optimal Product Design Literature

Past research in optimal product design has used conjoint analysis based customer 

preference data to identify product characteristics which satisfy the needs of customers in 

a particular market segment. Most of these attempt to find the product configurations 

which maximize market share. A few studies have incorporated variable cost in the 

optimal product design formulation; however, no attempt has been made to estimate
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production cost as a function of product or operating attributes. Additionally, none of the 

formulations explicitly consider market segmentation results in the optimal product design 

procedure.

This study contributes to optimal product design literature by addressing several 

of the issues above. The study diows that production cost can by estimated by a conjoint 

analysis with product and operating attributes as independent variables. Therefore the 

study shows how to identify the attribute levels which maximize profit, not just the market 

share. Additionally, the results show that optimal product design changes with changes 

in operating difficulty. In other words, this study finds the attribute level for products 

which are best under specific operating conditions.

This study, for the first time, uses discrete choice analysis>based data in the optimal 

product design procedure. The advantage of using such a procedure is that market share 

for a particular product configuration can be estimated very accurately by using the 

nailtinomial logit modeL This study also uses the latent structure procedure for identifying 

market segments which further increase the accuracy o f market share calculations.

The main strength of the optimal product design formulation presented in this study 

is its flexible nature. The approach can find the best combination of attributes levels within 

possible ranges. The formulation can be easily modified from finding one optimal product 

to finding optimal product line configuration by representing product variety as one of the 

attributes.
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5.2.4 Contributions to Management Science Literature

Recently several articles have shown concern about the usefulness of management 

science (MS) theories in the future [3]. Several researchers believe that purposeful human 

behavior is not included in most of the published MS research [27] [96]. Some MS 

philosophers also fed that the management engineering component of MS (innovative use 

of MS theories) is lagging behind.

This research addresses some of the above concerns by building on the 

constnined-optimizatxm theory of MS. The approach uses the constrained-optimization 

theory in combination with a customer’s actual tradeoff patterns. Therefore purposeful 

human behavior is built into the study.

The study uses simulated annealing (an optimization heuristic) in combination with 

econometric models (latent structure procedure, multinomial logit model) for identification 

o f the market segments. Additionally a grid search optimization procedure identified 

optimal product/process attributes. Therefore the study contributes to the MS literature 

by the innovative use of constrained-optimization theory and by combining optimization 

procedures with customer tradeoff patterns.

5.2.5 Contributions to Marketing Literature

This study contributes to marketing literature by extending the scope of customer 

research into design and improvement of operations. Since the approach presented in this 

dissertation is interdisciplinary in nature, building on past research in operations 

management and marketing, both functional areas benefit from the integrated approach.
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One of the objectives of marketing research is to identify customer needs. This study finds 

what customers prefer and then identifies the product configurations that will satisfy 

customer preferences. Additionally, conjoint analysis has been used for several marketing 

applications. This study showed that conjoint analysis can be used to integrate marketing 

and operating variables.

A specific contribution to marketing research is the development of the SALS 

procedure for market segmentation. The SALS procedure improves the BLS procedure 

developed recently by Moore, Gray-Lee, and Louviere [97]. It has been shown that the 

BLS procedure is better that several other market segmentation approaches. Therefore 

the SALS procedure is a definite contribution to marketing research literature.

The above sections have shown that the research reported in this dissertation 

contributes to the knowledge of business administration. However, this study is not free 

from limitations. The following section elaborates on these limitations and provides 

directions for future research.

5.3 Limitations and Directions for Future Research 

The objective o f this study was to develop and empirically test an approach for 

effective operations management by integrating market-based variables and operating 

characteristics. The study does provide valuable insights into the complex process of 

business management and does have several limitations which should be addressed in 

future research projects. This section elaborates on several of these limitations.

The usefulness of the proposed model for effective operations management was
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demonstrated for only one industry. It is possible that results are different for other 

manufacturing and service businesses. For example, identification of customer-based 

attributes might not be easy for professional services because of customized demand 

patterns. Implementation of such an approach will be equally difficult for manufacturing 

operations because interdependence of resources are often very complicated. Therefore 

one conjoint experiment trying to integrate different aspects of manufacturing might not 

work. Hence the scope of the model, experimental design, data collection procedure, and 

analysis schemes needs to be extended to obtain generalizable results.

The customer sample size for this study was very small (128 customers and 25 

managers); hence the reliability of some results might be low. Therefore, future research 

projects should be conducted with larger sample sizes. Additionally, the response rate 

from the customers and the managers are 31% and 38% respectively. However non

response bias tests were not performed. Future projects should either perform non

response bias analysis and/or identify ways for increasing the response rate.

The study proposed that customers tradeoff product quality, service quality, cost, 

delivery and flexibility attributes in choosing a product or service. Several of these 

constructs are multidimensional in nature; however only seven attributes were used in the 

experimental design. Future research should include more product attributes the avoid the 

possibility of missing important attributes. Detailed qualitative data collection by 

interviewing customers or by focus groups or by other similar means might be needed to 

identify all relevant attributes.

The experimental design used in data collection was based on two levels for every
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attributes. Such an experimental design reduces the number of profiles needed in data 

collection but assumes a linear relationship between the attribute and the dependent 

variable. It is not possible to identify any higher order relationships between the variables 

with a two-level experimental design. For example, it is possible that the true relationship 

between customer choice is and delivery time is quadratic in nature and customer choice 

fin company is not effected by a 5 minutes change in delivery time but is strongly effected 

by a 20 minutes change. The experimental design used in this study cannot identify such 

nonlinear relationships.

The experimental design used was capable of estimating a selected number o f two- 

way interactions between the attributes; however none of the interactions estimated were 

statistically significant. This result suggests that the concct set of variables was not used 

m the experimental design for identifying interactions. The interrelationships between the 

attributes should be closely studied before designing experiments in future research 

projects.

The conjoint analysis-based data collected from operations managers were used 

to develop an operating cost modeL However the R2 for the model was very low, 

suggesting that several variables affecting production cost were not present in the model. 

The accurate production cost calculation is essential because o f its use in the identification 

of optimal product and process attribute levels. Hence, future projects should identify 

other attributes affecting production cost.

The conjoint design profiles used for developing production cost and operating 

difficulty models were capable of estimating a selected number of two-way interactions.
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However none of the estimated interactions were statistically significantly suggesting that 

the wrong set of variables was used in experimental design for estimating interactions.

One of the objectives of the study was to identify binding constraints in the 

operating systems; however the question of how to break these constraints is not 

addressed. In other words, the approach provides the answer to "what to change for 

process improvement" but does not provide any guideline to "how to implement" these 

changes. For example, this study identified pizza delivery time related variables to be 

significantly related to operating difficulty. However the approach cannot provide 

guidelines for how to efficiently reduce the delivery time. Therefore, future research 

should be directed towards implementing continuous improvement or process 

reengineering projects and break the binding constraints followed by an evaluation of the 

performance of the remodeled operations Then the empirical experiments can be repeated 

to compare the performance of remodeled operations with respect to the original operating 

configuration.

This study does not incorporate the accounting implications of breaking the 

binding constraints Because of interdependence of resources in a firm, it is possible that 

some additional constraints might be hidden behind the apparent binding constraints. 

Hence, future research should incorporate financial/accounting implications of changing 

the operating system.

The OPPD procedure calculates market share for the companies with given 

attribute levels, but in order to estimate the profit, the size of the market information is 

essential. Information about the size of the market is needed for calculating daily' demand
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rate. Daily demand rate is an independent variable in production cost and operating 

difficulty models. Therefore future analyses should tiy to identify market size.

Empirical studies with large sample sizes and broadly-designed conjoint and 

discrete-choice experiments across different industries should result in more generalizable 

remits. Conjoint analysis and discrete-choice experiments are based on fractional factorial 

design of experiments. Hence, only the main effects and a limited number of interaction 

effects of the independent variables on the dependent variables could be identified. Future 

research projects with more general designs and larger sample sizes should be undertaken 

to overcome this limitation.
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CON STRAINED-OPTIM1ZATION THEORY

Management science (MS) is commonly described as a scientific approach to 

decision making that involves the operations o f organizational systems. In particular, the 

process begins by carefully observing and formulating the problem and then constructing 

a scientific model that attempts to abstract the reality. It is then hypothesized that this 

model is a sufficiently precise representation of the essential features of the situation, so 

that the conclusions obtained from the model are also valid for the real problem.

Another characteristic of MS is its broad viewpoint. Since MS adopts an 

organizational point of view, it attempts to resolve the conflicts o f interest among the 

components of the organization in a way that is best for the organization as a whole [75]. 

hi other words, the MS approach is a search for global optima. Detailed discussion of MS 

philosophy can be found in the texts by Churchman, Ackoff and A noff [24]; Ackoff & 

Sasieni [3]; Ackoff and Rivett [2]; and Hillier and Lieberman [75], among others.

Die MS approach uses the following steps in problem solving and decision making:

1 Identify and define the problem.

2 Determine the set o f alternative solutions.

3 Determine the criteria that will be used to evaluate the alternatives.
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4 Evaluate the alternatives.

5 Choose an alternative.

6 Implement the selected alternative.

7 Evaluate the results and determine if a satisfactory solution has been

obtained.

The above steps are fairly general in nature. Different management scientists might 

disagree on the exact steps described above, but they will all agree on the same focal 

theme: identification and selection of the alternative which results in best objective.

The constraned-optimization (CO) philosophy of MS is based on a total system's 

approach. A CO model represents the causal relations between one or more objectives 

and the factors that change the attainment of objectives (also known as constraints). 

Usually, a set of mathematical equations models the objectives and constraints. Forty 

years or so of advancement in MS has led to the development of algorithms and heuristic 

procedures to solve a variety of problems represented by CO.

Since the CO approach is based on a model of the true system, it is important to 

have a very good representation of the system of analysis. This implies a clear definition 

of the system's objective^). It is also important to identify all variables (at least all the 

important ones) affecting the performance of the system. Identification of correct causal 

relationships between variables is also necessary. Additionally, all constraints, their 

interrelations, and their relation with the objective function need to be represented in the 

model [75]. In theory, the objective and the constraints can take any functional form. It 

is also possible to model stochastic or probabilistic systems.
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A simple example might be helpful in explaining some conclusions of the CO 

approach. Figure A 1 shows the Linear Programming (or LP, one type of CO) 

representation o f product-mix problem. Straight lines Cl, C2, and C3 represent three 

constraints (capacities of three machines) present in the system. The Line OF represents 

the objective function (a profit function, in this case). Graphical solution of this LP 

problem shows that comer point A represents the optimal solution.

The simple LP problem illustrated in the previous paragraph can be used to 

understand several conclusions obtained in the CO approach of system analysis:

1 There are two type of constraints: binding and nonbinding. Constraints C1 and C2 

represent binding constraints and C3 represents a nonbinding constraint in Figure 

A.1.

2 Binding constraints limit the attainment of the objective and hence should be

utilized as much as possible. For example, constraints represented by Cl andC2 

in Figure A 1 should be utilized as much as possible. IfC l and C2 are not utilized 

completely then the profit obtained will be less than the optimal profit.

3 Nonbinding constraints should not be utilized completely. If a nonbinding

constraint is utilized entirely, then a part of its utilization will not contribute 

anything to the objective function. For instance, comer point A requires full 

utilization ofCl and C2 but only partial utilization of C3. Since A represents the 

best value of objective function in the feasible solution space, additional utilization 

of C3 will not generate more profit than point A

4 Only by considering all constraints simultaneously can the best solution be
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C 1 Objective Function (OF)

Feasible 
Solution Space

/
C3

. * 0 C2

Figure A. 1: Linear programming (graphical method)
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obtained. Considering a few constraints at a time will only give rise to local 

optima which might or migbt not be same as the global optimum. In fact, summing 

of local optima is never better than and usually worse than the global optimum. 

For example, only considering C1 and C2 will give the same solution (point A), but 

by considering Cl and C3, the result will be E (out of feasible solution space); by 

considering C2 and C3, the result will be B (out of feasible solution space).

5 It is implicitly assumed that all interdependence of variables, resources, and 

objective is represented in the model.

6 Variability in the system can and should be modeled. The example problem 

(Figure A.1) is deterministic in nature, but it is possible to model stochastic 

systems. Several procedures attempt to obtain near-optimal solutions for 

stochastic problems.

7 Further improvement in the system's performance can only be achieved by breaking 

the binding constraints. Breaking nonbinding constraints will not change the 

performance of the system. Hence, in this LP example, additional profit (more 

than A) can only be obtained by breaking C 1 or C2. This can be done either by 

changing the slope or the intercept or both for lines Cl and/or C2. For example 

if  it is possible to completely remove C l then the new optimal solution will be 

represented by point B. Point B represents a profit higher than point A. On the 

other hand, removing or changing constraint C3 will not always increase or 

decrease the profit of the system. It is possible, however, for C3 to change the 

performance of the system in some special cases; for example, if C3 is changed so
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much that it intersects C 1 at point A. This change in C3 would have completely 

changed the system and now C3 would be a binding constraint. But, as long as C3 

is a non-binding constraint, performance of the system cannot be changed by 

changing C3.

Conclusion (7) above is consistent with the continuous improvement philosophy 

of POM This philosophy argues that an organization should always attempt to improve 

by identifying ways by which performance can be improved, but this does not mean that 

changing any characteristic of the system will improve the performance. For example, one 

may want to improve profit o f the plant represented in Figure A. 1. Will it help if one 

makes the resource represented by C3 more efficient? If one does, then it will finish the 

same task in say Q% utilization and Q < present utilization, but does that change the 

position of point A (maximum profit point)? The answer is that it does not. However, a 

more efficient Cl and/or C2 will move point A in a direction (away from the origin) which 

will increase the profit.

This brief review of MS philosophy shows that an accurate CO model cannot only 

help achieve the best performance currently but also act as a guideline to change and 

improve the process. The advantage of using the CO approach is actually even more 

broad. Even if it is not possible to get an accurate mathematical model of the system, the 

general problem-solving steps identified earlier will help achieve better performance.
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APPENDIX B

CUSTOMER DATA COLLECTION PACKET

[ON UNIVERSITY OF UTAH LETTERHEAD]

Dear Friend,

The quality of many services is thought by many consumers to have reached a 
critically low point. Tonight Show host Jay Leno recently remarked that when he 
reminded a supermarket cashier that she had forgotten to say "Thank you," she replied, 
"It's printed on your receipt."

Perhaps an important reason for poor quality o f services is that few people who 
experience poor service get an opportunity to provide constructive feedback. As a result, 
information of great value to service providers is lost and poor service is perpetuated. To 
do our small bit to counter this phenomenon, we at the David Eccles School of Business, 
University of Utah are conducting a study of Pizza Home Delivery Industry. The results 
of this study will be used to provide constructive feedback to the managers so that they 
can improve their operations to better meet consumer needs.

The study involves understanding choice patterns of several randomly selected 
consumers like yourself Therefore we request you to respond to all the sections of this 
survey. It will take you about 10 to 15 mins to complete the survey.

We assure you o f complete confidentiality. You will not be identified under any 
circumstances. You will notice that there are no serial numbers and/or identification marks 
on the survey.

This project has been approved by the Institutional Review Board (581-5382) and 
has been endorsed by the Department of Management (581-7415) at the University of 
Utah. Please feel free to contact them if you need any clarifications regarding this study. 
Please contact the Project Director if you wish to receive a copy of the results.

Thank you for your help.

Sincerely,

ROHIT VERMA
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This information will ONLY be used to compare groups of consumers with different 
demographic characteristics.

l

3

Aga

Your Education

Are You

2 Your Sex  Male

 Lesa than High School
 Some College
 Maatera

 Employed Full Time
 Not Employed Outaide Home
 Retired

Female

5 How Many People Live In Your Houaehold?.

6 Pretax Yearly Houaehold Income

 Leca than SI5,000
 $30,000 to $45,000
 $60,000 to $80,000
 More than $100,000

 High School
 4-Year College Degree
 Doctorate

 Employed Part Time
 Currently Unemployed

Full-Time Student

$15,000 to $30,000 
$45,000 to $60,000 
$80,000 to $100,000

7 How Often Do You

in Last 6 Months Approximate number 
of Pizzas/Order

Get P isa  Home Delivered

Get Pizza Delivered at Work

Get Pizza Delivered for Partiea, etc.

Go To a Dine-In Restaurant For Pina

Carry-Out Pizza Meals
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5 How Often Have You Ordered Pizza From Theae Companies (at Home, at Work, for Parties etc)

in Last 6 
Months

Number of 
Pisa/Order

Price of s 
Large Pizza

Promised
Delivery
Time

Actual
Delivery
Time

Ambassador Pizza

Domino's P isa

Free Wheeler P isa

Godfather'a Pizza

P isa  Hut

Other?

The following pages contain 16 choice sets of pizza delivery companies. Assuming you 
are "In the Mood for Pizza" and that you want your pizza delivered, please choose the 
pizza delivery company from which you would like to order pizza. For the sake of 
simplicity, the choice sets contain information about only some of the attributes of the 
companies. Assume that all other attributes (not specified) are same for both companies. 
For example, even though the choice sets show the price of large pizza only, you can 
assume that both companies also offer small, medium, and large size pizzas at prices lower 
than their large pizzas.

The following example illustrates a possible response:

Choice Set Company #1 Company #2

Price of First Large Pizza $12.00 $18.00

Discount on Second Pizzas none 1/2 price

Promised Delivery Time 20 mtns 40 mins

Actual Delivery Time IS mins. late same as promised

Pizza Variety 1 type of crust 3 types of crust,

Pizza Temperature when 
delivered

warm steaming hot

Money Back Guarantee no yes

I Would Order Pizza From ✓ Neither?

In the above example a consumer decided to order pizza from  Company #2.
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The following pages contain 16 similar choice sets. Please use you own criteria to
choose p isa  companies. Remember there are no right or wrong answers.

Please respond to aH the choice sets because incomplete response makes the data 
analysis very difficult. The profiles of pizza companies are generated by a scientific 
procedure and therefore it is necessary to receive your response to all the choice sets.

Choke Set *1 Company #1 Company #2

Price o f First Large Pizza SI8 S12

Discount on Second P iss 1/2 price none

Promised Delivery Time 40mins 20mins

Actual Delivery Time up to 15 mini late same as promised

P isa  Variety 3 types of crust 1 type of crust

Pizza Temperature When Delivered steaming hot warm

Money Back Guarantee yes no

/  W ould Order P itta  From = »> Neither?

Choice Set #2 Company #1 Company #2

Price o f First Large Pizza SI2 S18

Discount on Second Pizza 1/2 price none

Promised Delivery Time 40 mini 20 mins

Actual Delivery Time up to 15minslate same as promised

Pizza Variety 1 type of crust 3 types of crust

Pizza Temperature When Delivered warm steaming hot

Money Back Guarantee no yes

I  W ould Order Pitxa From  = » > Neither?
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Choice Set M3 Company #1 Company #2

Price o f First Large Pizza SI2 S18

Discount on Second P isa none 1/2 price

Promised Delivery Time 40 mini 20mins

Actual Delivery Time same as promised up to ISminslate

Pizza Variety 1 type of crust 3 types of crust

Pizza Temperature When Delivered steaming hot warm

Money Back Guarantee yes no

/  W ould Order P tao From  = » > Neither?

Choke Set #4 Company #1 Company #2

Price o f First Large Pizza S18 S12

Discount on Second Pizza none 1/2 price

Promised Delivery Time 20mins 40 mins

Actual Delivery Time up to IS mins late same as promised

Pizza Variety 1 type of crust 3 types of crust

P isa  Temperature When Delivered steaming hot warm

Money Back Guarantee no yes

1 W ould Order Pizza From  = > » Neither?

Choke Set #5 Company #1 Company #2

Price of First Large Pizza S12 $18

Discount on Second Pizza 1/2 price none

Promised Delivery Time 40 mins 20 mins

Actual Delivery Time same as promised up to IS mins late

P isa  Variety 3 types of crust 1 type of crust

Pizza Temperature When Delivered warm steaming hot

Money Back Guarantee yes no

/  W ould O rdtr P hto  From  = » > Neither?
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Choice Set #6 Company #1 Company #2

Price of Firit Large Pizza $18 S12

Disemmt on Second Pizza 1/2 price none

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time up to 15 mins late same as promised

Pizza Variety 3 types of crust 1 type of crust

Pina Temperature When Delivered warm steaming hot

Money Back Guarantee no yes

/  Would Order P ina  From  = > » Neither?

Choke Set #7 Company #1 Company #2

Price of First Large Pizza $18 $12

Discount on Second Pizza none 1/2 price

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time same as promised up to 15 mins late

Pizza Vsriety 3 types of crust 1 type of crust

Pizza Temperature When Delivered steaming hot warm

Money Back Guarantee yes no

/  Would Order P itta  From  = » > Neither?

Choke Set OR Company #1 Company #2

Price of First Large Pizza $18 $12

Discount on Second Pizza none 1/2 price

Promised Delivery Time 40 mins 20 mins

Actual Delivery Time same as promised up to 15 mins late

Pizza Variety 3 types of crust 1 type of crust

Pizza Temperature When Delivered warm steaming hot

Money Back Guarantee no yes

/  Would Order P iaa  From ==»> Neither?
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Choice Set #9 Company #1 Company #2

Price of Firct Large P isa S12 S18

Diacoimt on Second Pizza 1/2 price none

Promiaed Delivery Time 20 mine 40 mins

Actual Delivery Time up to 15 mins late same as promised

Pizza Variety 1 type of crust 3 types of crust

Pizza Temperature When Delivered ■teaming hot warm

Money Back Guarantee yea no

I Would Order Pizza From  = > » Neither?

Choice Set #10 Company #1 Company #2

Price of First Large Pima $12 $18

Discount on Second P isa none 1/2 price

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time up to 15 mins late same as promised

Pizza Variety 3 types of crust 1 type of crust

Pizza Temperature When Delivered warm steaming hot

Money Back Guarantee yes no

/  Would Order Pizza From  = > » Neither?

Choice Set #11 Company #1 Company #2

Price o f First Large Pizza $18 $12

Discount on Second Pizza none 1/2 price

Promised Delivery Time 40 mins 20 mins

Actual Delivery Time can be up to 15 mins 
late

same as promised

Pizza Variety 1 type of crust 3 types of crust

P isa  Temperature When Delivered warm steaming hot

Money Back Guarantee yes no

/  Would Order Pizza From  = » > Neither?
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Choke Set #12 Company #1 Company #2

Price of First Large Pizza SI8 S12

Diicount on Second Pizza 1/2 price none

Promised Delivery Time 40 mins 20 mins

Actual Delivery Time same as promised up to 15 mins late

P isa  Variety 1 type of crust 3 types o f crust

P isa  Temperature When Delivered steaming hot warm

Money Back Guarantee no yes

/  Would Order Pizza From = » > Neither?

Choke Sot #13 Company #1 Company #2

Price of First Large Pizza $12 $18

Discount on Second P isa 1/2 price none

Promised Delivery Time 20 mins 40 mins

Actus! Delivery Time same as promised up to 15 mins late

P isa  Variety 3 types of crust 1 type of crust

Pizza Temperature When Delivered steaming hot warm

Money Back Guarantee no yes

/  Would Order P itta  From  = » > Neither?

Choke Sot #14 Company #1 Company #2

Price of First Large P isa $18 $12

Discount on Second Pizza 1/2 price none

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time same as promised up to 15 mins late

Pizza Variety 1 type of crust 3 types of crust

P isa  Temperature When Delivered warm steaming hot

Money Back Guarantee yes no

/  Would Order Phza From  = > » Neither?
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Choke Sat #15 Company #1 Company #2

Price o f First Large Pizza S12 SI8

Discount on Second Pizza none 1/2 price

Promised Delivery Time 40 mins 20 mins

Actual Delivery Time up to IS mins late same u  promised

Pizza Variety 3 types of cruat 1 type of crust

Pi&a Temperature When Delivered steaming hot warm

Money Back Guarantee no yes

/  Would Order P itta  From  = » > Neither?

Choke Set #16 Company #1 Company #2

Price of First Large Pizza S12 $18

Discount on Second Pizza none 1/2 price

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time same as promised up to IS mins late

Pizza Variety 1 type of crust 3 types of crust

P isa  Temperature When Delivered warm steaming hot

Money Back Guarantee no yes

/  Would Order P tsu  From  = > » Neither?

THANK YOU FOR YOUR HELP 

Fleaae Return the completed survey in the enclosed postage paid return envelope.
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APPENDIX C

MANAGER DATA COLLECTION PACKET

[ON UNIVERSITY OF UTAH LETTERHEAD]

Hunk you for participating in the University o f Utah Research Project on the Pizza 
Industry. Hie results of this study will be used to provide constructive feedback to the 
managers and for academic research.

The success of this project depends of you and others like you who have been 
randomly selected to represent the Pizza Industry Managers in the Salt Lake Valley. 
Therefore we request you to respond to all the sections of this survey. It will take you 
about lOto IS mins to complete the survey. There are no right or wrong answers to any 
questions.

We assure you o f complete confidentiality. You will not be identified under any 
circumstances. We will combine your response will several other managers like yourself 
and analyze the combined data (you will notice that there are no serial numbers and/or 
identification marks on the survey).

Please respond to all the sections of the survey because the data analysis becomes 
very difficult for an incomplete response. If you wish to receive a copy of the results or 
need any other information regarding this project please feel free to contact us.

Thank you very much for your help.

Sincerely,

ROH1T VERMA
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This information will ONLY be used to compare groups of managers with different 
demographic characteristics.

1 Your A g e  years

2 Your Sex  Male  Female

3 Your Education  Less than Ugh School  High School
 Some College ___College Degree
 Masters ___Doctorate

4 Your Total Work Experience in the Phza Industry______ years

3 About the Company were you currently work

Name:___________________________________________

Total # of Employees During the Weekdays______________

Total # of Employees During Weekends________________

Wage Rates (please complete the following table)

Wage Rate/Hour # of Employees

between $4.00 to $5.00

between $5.00 to $6.00

between $6.00 to $8.00

between $8.00 to $10.00

between $10.00 to $15.00

more than $15.00

Average # of Pizzas Sold on a Typical Weekday___
Average U of Pizzas Sold on a Typical Weekend Day
Approximate Pizza Preperation Time____________
Approximate Pizza Delivery Time______________
Supplier Delivery Frequency___________________
Your Work Experience In This Company________
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The Following pages contain 16 choice sets of Pizza Delivery Companies. Each set 
contains the profiles o f two pizza delivery companies.

Assuming that YOUR CUSTOMERS are "In the Mood for Pizza" and that they want the 
pizza delivered, please choose the pizza delivery company from which you think the 
customers would like to order pizza. For the sake of simplicity, the choice sets contain 
information about only some of the attributes of the companies. Assume that all other 
attributes (not specified) are same for both companies. For example, even though the 
choice sets show the price of large pizza only, you can assume that both companies also 
offer small, medium and large size pizzas at prices lower than their large pizzas.

Note: If you think your customers won't like any of the two pizza delivery companies in 
a particular choice set, then choose neither.

The following example illustrates a possible response:

Choice Set Company #1 Company #2

Price of First Large Pizza S 12.00 $18.00

Discount on Second Pizza none 1/2 price

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time IS mins. late same as promised

Pizza Variety 1 type of crust 3 types o f crust

Pizza Temperature when 
delivered

warm steaming hot

Money Back Guarantee no yes

I Think My Customers Would 
Order Pizza From ✓ Neither?

In the above example a manager thinks that his/her customers would order pizza from  
Company U2.

The following pages contain 16 similar choice sets.

Please respond to all the choice sets because incomplete response makes the data 
analysis very difficult. The profiles of pizza companies are generated by a scientific 
procedure, and therefore it is necessary to receive your response to all the choice sets.
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CMh Sm II Caafaay #1 CwpwylO

Pnca of Hnt L > |i Pirn Sit S12

ftfBMrt aa Siond h n 1/2 pan BOB*

Promiaad Dak vary Tima 40 an* 20 nil*

Actaal DakvaryTima opto IS miailata ■am* aa promiaad

Pizza Vabaty 3t]fp**afclB*t 1 typaofcrmat

Pins Taopanhm Wk« Dakvand ataamngkot warm

Maaay Back G m la a y* ■0

/  Tkimk My Cmtttmm Wmld Order 
Pium Frwm - » >

Naitfcar?

Chain Sat #2 C aapaiytl Caw^aiy #2

P in  of Rial Largo Pina $12 $11

Diannitai SacndPizza 1/2 pan ■01*

Premiaad Dak vary Tima 40 nil* 20 mil*

Actmai DakvaryTima op to IS miaalata now a* promiaad

Pizza Vabaty 1 typaofcnut 3 typo* of cniat

Pizza Tamparatur* Whai Dakvarad want ■teaming hot

Moiay Back O ianitn ■o y»*

/  fhinA My Cmtttmm WmU Order 
PiOM Frem • » »

Neither?

Chain Set #3 Campaay #1 Cawgiaiy 42

P in  of Rnt Largo Pina SI2 SIS

D unnton Sacnd Pizza ■01* 1/2 p in

Promiaad DakvaryTima 40 nil* 20miaa

Actmai DakvaryTima ■am* a* promiaad op to 15 naailate

Pizza Vabaty 1 typaofcnut 3 typa* of crmat

Pisa Tanparatna Wfcaa Dakvarad Uaammgkot warm

Maaay Back Giarailn y** ■0

/  Tkimk h tf Cttm tmtn WmM Order 
Plum Frem - » >

Naitfcar?
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C M ctM lH Ctafaajf #1 Catopaay 42

Pom of Hrat Larga Pisa SIS SI2

Diacooatoa StcadK ia aaaa 1/2 pnca

Promuad DakvaryTima 20 naaa 40 aaaa

Actaal Daiivary Tima apto 15 miaalala aamaaa promiaad

Pisa Vabaty 1 typaofcraal 3 typasaf era*

Pisa Tampwaw Wfcaa Dakvarad Oaanaaghot wann

Maaay Back Oaaraataa aa yaa

/  nUa* My Cmmmm WtmUOtdtr 
Pkxm Fnm  « > »

Naitfcar?

Cfcalca Sat#5 C iapaayll Caa*aay42

Plica of Krat Larga Pizza S12 SIS

Diacaaataa Sacaad Pisa l/2pdca aaaa

Promiaad Dafcvary Tinaa 40 aaaa 20 aaaa

Actaal DakvaryTima •ama aa promiaad apto 15 miaalata

Pizza Variety 3 typaa of cnut 1 type of cnut

Pisa Tamparatura Wfcaa Dakvarad warm ateamiaghot

Maaay Back Oaaraataa y»a ao

/  Think My Cmmtrnttn WauU Ordtr 
Pkxm Frtm  - » >

Naitfcar?

Choice Set 4 f Campaay 41 Caa^aay 42

Pnca of firat Larga Pisa SIS S12

Diacaaataa Sacaad Pizza 1/2 piica aoao

Pmoaaad Dakvaty Tiow 20 naaa 40 aaaa

Actaal DakvaryTima apto 15 miaalata aamaaa promiaad

Pizza Vanaty 3typaaofcnut 1 typaofcraal

Pizza Tamparataia Wfcaa Dakvarad warm ataaoaaghot

Maaay Back Oaaraataa ao >•«

I  Thmk My CmWmtrt WamU Onltr 
Pkxm Frmm *■>»

Naitfcar?
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Chain Sat #7 Company Ml CaagaayW

Pnca of First Larga Pizza SIS S12

PkflM aaaa 1/2 pnca

Promiasd Dakvary Tima 20 ana 40 aaaa

Actaal Dthvaiy Tima m o m  a s  p ro m u a d apto 15 aaaa lata

Pizza Vanaty 3 type* of crast 1 typaofcraal

Pizza Tmparatora Wkaa Dakvarad ataanaagkot wann

Maaay Back Ganantaa >•• ao

/  Tkimk My Cmrntmm WuuUOHUr 
Pkxm Frmm -> »

Naithai?

ti1

CanpaayMl Canpaay M2

Pnca of First Largs Pizza SIS S12

Diacaaataa Sacaad Pina aaaa 1/2 pnca

Promiaad Dakvary Tima 40tma 20 naaa

Actaal Dahvaty Tina asms as promiaad apto 15 miaalsto

Pizza Vanaty 3 typaa of croat 1 typa of croat

Pizza Tamparatara Whan Dakvarad warm staanangkot

Maaay Back Gaaraataa ao 5*a

J Thimk My C um m tn W nU O t4tr 
Pkxm Frtm  -» >

Nadhof?!

Chain Sat #9 Canpaay #1 Canpaay M2

Pnca of Firat Larga Pizza S12 SIS

Diacooatoa SacoadPizza 1/2 pnca aaaa

Promiaad Dakvary Tima 20 aaaa 40 naaa

Actaal Dahvaty Tima apto IS miaalala aamaaa promiasd

Piza Vabaty 1 typa of croat 3 typaa of craat

Pizza Tamparatara Whn Dakvarad ataamiagkot wann

Maaay Back Guraalaa yaa ao

/  Tkimk My Caataaw WtmUOrdtr 
Pkxm Fnm  - » >

Naitfcar?
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C M n M ili Cm faijf 01 Catapaay#2

Pnca of Fint Larga Pixra S22 SIS

DuCABBl4ft SlMidKllA aaaa 1/2 pnca

Promiaad Dakvary Tima 20min* 40 nan

Actaal DakvaryTima apto ISaaaalata rama aa promiaad

Pisa Vanity 3 typaaof era* 1 tjpaafctaat

Pima Tamparatara Wkaa Dakvarad warm ataanaagkot

Maaay Back Oaaraataa y* ao

I  Think My CmMamm IPmU Order 
PftU  Fr»m - > »

Naitfcar?

CM caSatdll Canyaaydl Cany any <2

Plica of Pint Larga Pima SIS S12

Diacaaataa Sacaad Pizza aaaa l/2poca

Promiaad Dakvary Tima 40 aaaa 20 aaaa

Actaal Dakvary Tima apto 13 miaalata mom aa promiaad

Pima Vanaty 1 typo of croat 3 typaaof cnut

Pima Tamparatuia Whan Dakvarad watm ataaaanghot

Maaay Back Oaaraataa y»« ao

/  Tkimk My CmMnmtn WmmU Ot4tr 
Pkt0 Fr*m - » >

Nntfcar?

CMmSat«12 Cany any #1 Company#2

Pnca of Fint Larga Pima SIS S12

Diacooatoa Sacaad Pima 1/2 pnca aaaa

Proaaaad Dakvary Tian 40 aaaa 20 naaa

Actaal Dakvary Tima aama aapranaaad apto IS aaaa lata

Pima Vanaty 1 typaafciaat 3 typaaof canal

Pima Tamparatara Whan Dakvarad ataanaagkat warm

Menay Back Oaanataa ao

/  Tkimk My CaOwm SM K M ir  
Pktm Fr0m -> »

Naitfcar?
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C M n M fl) CiafaajrlH C any ay 02

Pnca of Firat Larga Pizza S12 SIS

Diaaoaaton SaaaadPina i/2 pnca BOBO

Promiaad Dakvary Tim* 20 naaa 40 ana

Actmai Daiivory Tima aama aa praniaad opto IS naaa lata

Pizza Vabaty 3 typaaof cnut 1 typa of crmat

Pina Tamparatmra Wk« Dakvarad ataamia|koC wann

Maaay Back Gmaraataa

i  Tkimk My CmMumttn WamUOrktr 
Pkxm Frum ■>>»

Naithar?

Chaim Sat #14 C a y  any #1 Camp any #2

Plica of Firat Larga Pizza SIS SI2

Diacaaataa 1/2 pnca aaaa

Promiaad Dak vary Tima 20 miai 40 mias

Actmai DakvaryTima aama aapromiaod apto IS naaa lata

Pisa Vanaty 1 typa of croat 3 typar of croat

Pizza Tamparatura Whan Dakvarad warm ataammg hot

Maaay Back Gmaraataa y»* ao

I  Tkimk My CwtMmtn WomMOMtr 
Pkxm F nm  - » >

Naithar?

Chain Sat #1S C a y  nay #1 C a y  any #2

Prica of Firat Larga Pizza SI2 SIS

Diacooatoa Second Pizza aoao l/2prico

Promiaad Dakvary Tima 40 aaaa 20 miaa

Actaal DakvaryTima opto IS miaalata aama aa promiaad

Pizza Vanaty 3typaaofcnat 1 typa of crmat

Pizza Tamparatara Whan Dakvarad ataanaaghot warm

Maaay Back Gmaraataa ao J*

/  Tkimk My CuM—mm  WtmU Order 
Pkxm F nm  « > »

Naithar?
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C W n M IK Canpacy01 Canyaay #2

Prica of Fint Larga Pizza $12 sis
DwvMi mi Pubs naaa 1/2 piica

Promiaad Dakvary Tim* 20 miui 40 nuai

Actual Mivwy Tims aamaaapmauiad apto 15 naaa lata

Pina Vanaty 1 typa of cnut 3 typaaof cnut

Pizza Tamparatara Wku Dakvarad warn •taanaaghot

Mouay Back Guarautaa ao ) «

/  Tkimk My CuMomtn Would Order 
Hum From -> »

Naitfcar?

THANK YOU FOR YOUR HELP

Flense Return the completed survey in the enclosed postage paid return envelope.
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The Following pages contain 32 situations of pizza delivery companies. Each situation 
contains the profile of a pizza delivery company and customer demand pattern.

(1) Estimate the cost of producing and delivering the pizza specified
(2) Estimate the relative difficulty in meeting customer demand in the specified 

situation (1 = Very Easy; 10 = Very Difficult).

For the sake of simplicity, the situations contain information about only some of the 
attributes of the companies. Assume that all other attributes (not specified) are same for 
all the companies. For example, even though the situations show the price of large pizza 
only, you can assume that all companies also offer small, medium and large size pizzas at 
prices lower than their large pizzas.

The following example illustrates a possible response:

i > I

PricaofBnt Largo Pima S12

Dina—t oa AddHi m l Pinaa Noaa

Pra—aad Dahvaty Tima 40 naaa

Actual Dab vary Tima aama aa promiaad

Pina Vanaty 3 typaaof croat

Pina Tamparatara whao dabvorod warm

Maaay Back Oaaraataa BO
lI

Daily Damaad Rata approximately 200 pizzae/day

Ofdor Similarity A Mix of SmaO and Larga Sin 
Ordara

Nombar of Pina Daiivary Paraoaaai 7

Numbor of Coolu tc. Other la-Stora Employee# 3

Avenge Wafa Rata For All Empioyaaa SS

Pina Preparation tt  Cookzag Tima 10 naaa

Sappear Daiivary Frequency avaty othar day

Uadar the given eperabag caaddiaa, what wiD ba the coat of 
dakvadag a pina ftdfiad abova •> $7.00
What will ba tha relative cKfficaMy ia maatiag caatomer damaad 
aa dor the gjvaa coaditiaa? 1 -  Moat Eaay, 10 -  Mon Difficak 6

ft  dhft nri f h  m mmagt r tkimk* tkm  m/prŵ mdmg « dtUrtrmg apkx* m S7.00 mud aprrwting difficulty a  6.
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P isa  Attributes Situation 1 Situation 2

Price of First Large Pizza $12 $18

Discount on Second Pizza 1/2 price 1/2 price

Promised Delivery Time 40 mms 40 mins

Actual Delivery Time can be up to 15 mins 
late

same as promised

Pizza Variety 1 type of crust 1 type of crust

Pizza Temperature When 
Delivered

steaming hot warm

Money Back Guarantee no no

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity Mostly Small Size 
Orders

Mostly Small Size 
Orders

Number o f Pizza Delivery 
Personnel

7 7

Number o f Cooks & In-Store 
Employees

7 3

Average Wage Rate $8 $8

Pizza Preperation & Cooking Time 20 mins 10 mins

Suppber Delivery Frequency Once a Week Once a Week

Estimated Pizza Cost?

What win be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 * Most Easy 10 = Most 
Difficult = »
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Pizza Attribute* Situation 3 Situation 4

Price of First Large Pizza S18 $18

Discount on Second Pizza none none

Promised Delivery Time 40 mins 20 mins

Actual Delivery Time same as promised up to IS mins late

Pizza Variety 3 types of crust 1 type of crust

Pizza Temperature When 
Delivered

steaming hot steaming hot

Money Back Guarantee yes no

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity Mostly Small Size 
Orders

Mostly Small Size 
Orders

Number of Pizza Delivery 
Personnel

3 3

Number of Cooks & In* Store 
Employees

3 7

Average Wage Rate $8 $5

Pizza Preperation & Cooking Time 20 mins 20 mins

Supplier Delivery Frequency Once a Week Once a Week

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult * »
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Pizza Attribute* Situation 5 Situation 6

Price of First Large Pizza $12 $18

Discount on Second Pizza none none

Promised Delivery Time 40 mins 40 mins

Actual Delivery Time same as promised up to IS mins late

Pizza Variety 1 type of crust 1 type of crust

Pizza Temperature When 
Delivered

warm steaming hot

Money Back Guarantee yes yes

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity Small &  Large Size 
Orders

Small & Large Size 
Orders

Number of Pizza Delivery 
Personnel

7 7

Number o f Cooks & In-Store 
Employees

7 3

Average Wage Rate $5 $5

Pizza Preperation & Cooking Time 20 mins 10 mins

Supplier Delivery Frequency Once a Week Once a Week

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult ”»
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Pizza Attributes Situation 7 Situation 8

Price of First Large Pizza $12 $12

Discount on Second Pizza none 1/2 price

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time same as promised up to 15 mins late

Pizza Variety 1 type o f crust 1 type of crust

Pizza Temperature When 
Delivered

steaming hot warm

Money Back Guarantee yes yes

Daily Demand Rate 400 pizzas/day 400 pizzas/day

Order Similarity Mostly Small Size 
Orders

Mostly Small Size 
Orders

Number of Pizza Delivery 
Personnel

7 3

Number of Cooks & In-Store 
Employees

7 3

Average Wage Rate $8 $5

Pizza Preperation & Cooking Time 10 mins 20 mins

Supplier Delivery Frequency Every Other Day Every Other Day

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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P izu  Attributes Situation 9 Situation 10

Price of First Large Pizza $18 $12

Discount on Second Pizza 1/2 price 1/2 price

Promised Delivery Time 20 mins 20 mins

Actual Delivery Time up to 15 mins late same as promised

Pizza Variety 3 types of crust 3 types of crust

Pizza Temperature When 
Delivered

warm warm

Money Back Guarantee yes no

Daily Demand Rate 200 pizzas/day 200 pizzas/day

Order Similarity Mostly Small Size 
Orders

Mostly Small Size 
Orders

Number of Pizza Delivery 
Personnel

7 3

Number of Cooks & In-Store 
Employees

7 7

Average Wage Rate $5 $8

Pizza Preperation & Cooking Time 10 mins 20 mins

Supplier Delivery Frequency Once a Week Every Other Day

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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Pizza Attributes Situation 11 Situation 12

Price o f First Large Pizza S18 $12

Discount on Second Pizza 1/2 price 1/2 price

Promised Delivery Time 20 mins 20 mins

Actual Delivery Time same as promised same as promised

Pizza Variety 1 type of crust 3 types o f crust

Pizza Temperature When 
Delivered

steaming hot steaming hot

Money Back Guarantee no yes

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity Small & Large Size 
Orders

Mostly Small Size 
Orders

Number of Pizza Delivery 
Personnel

7 7

Number of Cooks &  In-Store 
Employees

3 3

Average Wage Rate $3 $3

Pizza Preperation & Cooking Time 20 mins 20 mins

Supplier Delivery Frequency Every Other Day Once a Week

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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P is a  A ttribute! Situation 13 Situation 14

Price of First Large Pizza $18 $12

Discount on Second Pizza none none

Promised Delivery Time 20 mins 20 mins

Actual Delivery Time same as promised up to 15 mins late

Pizza Variety 3 types of crust 3 types of crust

Pizza Temperature When 
Delivered

warm steaming hot

Money Back Guarantee yes yes

Daily Demand Rate 400 pizzas/day 200 pizzas/day

Order Similarity Small & Large Size 
Orders

Small & Large Size 
Orders

Number of Pizza Delivery 
Personnel

3 3

Number o f Cooks & In-Store 
Employees

3 7

Average Wage Rate $5 $5

Pizza Preperation & Cooking Time 10 mins 20 mins

Supplier Delivery Frequency Every Other Day Every Other Day

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult »
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Pizza Attributes Situation 15 Situation 16

Price of First Large Pizza $18 $12

Discount on Second Pizza 1/2 price none

Promised Delivery Time 40 mins 40 mins

Actual Delivery Time same as promised up to 15 mins late an 
be

Pizza Variety 1 type of crust 3 types of crust

Pizza Temperature When 
Delivered

steaming hot steaming hot

Money Back Guarantee yes no

Daily Demand Rate 200 pizzas/day 200 pizzas/day

Order Similarity Mostly Small Size 
Orders

Mostly Small Size 
Orders

Number of Pizza Delivery 
Personnel

3 7

Number of Cooks & In-Store 
Employees

7 3

Average Wage Rate $5 $5

Pizza Preperation & Cooking Time 10 mins 10 mins

Supplier Delivery Frequency Every Other Day Every Other Day

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 * Most Easy 10 = Most 
Difficult »
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Pb z i Attributes Situation 17 Situation 18

Price o f First Large Pizza $18 $12

Discount on Second Pizza none 1/2 price

Promised Delivery Time 40 mins 40 mins

Actual Delivery Tims can be up to IS mins 
late

same as promised

Pizza Variety 1 type of crust 3 types o f crust

Pizza Temperature When 
Delivered

warm steaming hot

Money Back Guarantee no no

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity Small & Large Size 
Orders

Small & Large Size 
Orders

Number of Pizza Delivery 
Personnel

3 3

Number of Cooks &  In-Store 
Employees

7 7

Average Wage Rate $8 S5

Pizza Preperation &  Cooking Time 10 mins 10 mins

Supplier Delivery Frequency Every Other Day Once a Week

Estimated Pizza Cost

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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Pizza Attributes Situation 19 Situation 20

Price of First Large Pizza S18 $12

Discount on Second Pizza none none

Promised Delivery Time 20 mins 20 mins

Actual Delivery Time up to 15 mins late up to 15 mins late

Pizza Variety 1 type of crust 3 types of crust

Pizza Temperature When 
Delivered

warm warm

Money Back Guarantee yes no

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity Mostly Small Size 
Orders

Small &  Large Size 
Orders

Number of Pizza Delivery 
Personnel

7 7

Number of Cooks & In-Store 
Employees

3 3

Average Wage Rate $8 $8

Pizza Preperation & Cooking Time 20 mins 20 mins

Supplier Delivery Frequency Every Other Day Once a Week

Estimated Pizza Cost

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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P in a  Attributes Situation 21 Situation 22

Price of First Large Pizza $12 $18

Discount on Second Pizza none none

Promised Delivery Time 40 mins 20 mins

Actual Delivery Time same as promised same as promised

Pizza Variety 1 type o f crust 3 types of crust

Pizza Temperature When 
Delivered

steaming hot steaming hot

Money Back Guarantee no no

Daily Demand Rate 400 pizzas/day 200 pizzas/day

Order Similarity Small & Large Size 
Orders

Small & Large Size 
Orders

Number o f Pizza Delivery 
Personnel

3 7

Number o f Cooks & In-Store 
Employees

3 7

Average Wage Rate $8 $8

Pizza Preperation & Cooking Time 20 mins 10 mins

Supplier Delivery Frequency Every Other Day Once a Week

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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Pizza Attributes Situation 23 Situation 24

Price of First Large Pizza $18 $18

Discount on Second Pizza 1/2 price 1/2 price

Promised Delivery Time 40 mins 40 mins

Actual Delivery Time up to 15 mins late up to 15 mins late

Pizza Variety 3 types of crust 3 types o f crust

Pizza Temperature When 
Delivered

warm steaming hot

Money Back Guarantee no yes

Daily Demand Rate 200 pizzas/day 400 pizzas/day

Order Similarity Small & Large Size 
Orders

Small & Large Size 
Orders

Number o f Pizza Delivery 
Personnel

3 7

Number o f Cooks & In-Store 
Employees

3 7

Average Wage Rate $5 $8

Pizza Preperation & Cooking Time 20 mins 20 mins

Supplier Delivery Frequency Once a Week Every Other Day

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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P isa  Attributes Situation 25 Situation 26

Price o f First Large Pizza $12 $12

Discount on Second Pizza 1/2 price 1/2 price

Promised Delivery Time 20 mins 20 mins

Actual Delivery Time up to IS mins late up to 15 mins late

Pizza Variety 1 type o f crust 1 type of crust

Pizza Temperature When 
Delivered

warm steaming hot

Money Back Guarantee no yes

Daily Demand Rate 400 pizzas/day 200 pizzas/day

Order Similarity Small & Large Size 
Orders

Small & Large Size 
Orders

Number of Pizza Delivery 
Personnel

7 3

Number o f Cooks &  In-Store 
Employees

7 3

Average Wage Rate $5 $8

Pizza Preperation & Cooking Time 10 mins 10 mins

Supplier Delivery Frequency Every Other Day Once a Week

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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P ina Attribute* Situation 27 Situation 28

Price o f First Large Pizza S18 S12

Discount on Second Pizza 1/2 price none

Promised Delivery Time 20 mins 20 mins

Actual Delivery Time same as promised same as promised

Pizza Variety 1 type of crust 1 type of crust

Pizza Temperature When 
Delivered

warm warm

Money Back Guarantee yes no

Daily Demand Rate 400 pizzas/day 200 pizzas/day

Order Similarity Small & Large Size 
Orders

Mostly Small Size 
Orders

Number of Pizza Delivery 
Personnel

3 3

Number of Cooks & In-Store 
Employees

7 3

Average Wage Rate $8 $5

Pizza Preperation & Cooking Time 20 mins 10 mins

Supplier Delivery Frequency Once a Week Once a Week

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

189

Pizza Attributes Situation 29 Situation 30

Price o f First Large Pizza $18 $12

Discount on Second Pizza none 1/2 price

Promised Delivery Time 40 mins 40 mins

Actual Delivery Time same as promised same as promised

Pizza Variety 3 types of crust 3 types of crust

Pizza Temperature When 
Delivered

warm warm

Money Back Guarantee no yes

Daily Demand Rate 400 pizzas/day 200 pizzas/day

Order Similarity Mostly Small Size 
Orders

Small & Large Size 
Orders

Number of Pizza Delivery 
Personnel

7 7

Number of Cooks &  In-Store 
Employees

7 3

Average Wage Rate $5 $8

Pizza Preperation & Cooking Time 20 mins 10 mins

Supplier Delivery Frequency Every Other Day Every Other Day

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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Pizza Attributes Situation 31 Situation 32

Price of First Lar^e Pizza $18 $12

Discount on Second Pizza 1/2 price none

Promised Delivery Time 20 mins 40 mins

Actual Delivery Time up to IS mins late up to 15 mins late

Pizza Variety 3 types of crust 3 types of crust

Pizza Temperature When 
Delivered

steaming hot warm

Money Back Guarantee no yes

Daily Demand Rate 400 pizzas/day 400 pizzas/day

Order Similarity Mostly Small Size 
Orders

Mostly Small Size 
Orders

Number o f Pizza Delivery 
Personnel

3 3

Number o f Cooks & In-Store 
Employees

3 7

Average Wage Rate $8 $8

Pizza Preperation & Cooking Time 10 mins 10 mins

Supplier Delivery Frequency Every Other Day Once a Week

Estimated Pizza Cost?

What will be the relative difficulty 
in meeting customer demand under 
the given operating condition?
1 = Most Easy 10 = Most 
Difficult = »
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PROGRAM FOR LOG-LIKELIHOOD ESTIMATION

C  T H I S  P R O G R A M  C A L C U L A T E S  L O G L I K E L Y H O O D  V A L U E S
C  I N P U T :  C H O I C E  P A T T E R N S  &  E S T I M A T E D  B E T A  W E I G H T S

d i m e n s i o n  c d a t a ( 1 3 0 , 5 0 ) ,  x ( S 0 , 2 0 )  
d i m e n s i o n  b e t a ( 5 , 2 0 ) ,  y l ( 5 , 5 0 ) ,  r l ( 5 )  
d i m e n s i o n  r l o g l i k e ( 5 )  
o p e n ( 2 0 , f i l e * ' o u s t . a t e ' )  
o p e n ( 2 1 , f i l e * ' c d a t a . d a t ' )  
o p e n ( 2 3 ,  f i l e = : ’ b e t a .  i n ' ) 
w r i t e ( 5 , * )  ' N u m b e r  o f  S e g m e n t s  =  ? '  
r e a d ( 5 , * )  n s e g  
r e a d ( 5 , * )  n d  
n s u b  =  1 9  
n o  »  4 8  
n d l  ■  n d - 1  
d o  1 0 1  i  -  l . n s u b
r e a d ( 2 1 , 9 0 1 )  i d ,  ( c d a t a ( i , j ) , j = l , 4 8 )

9 0 1  f o r m a t ( i 3 , 4 8 f l . 0 )
1 0 1  c o n t i n u e

d o  1 0 2  i  -  l , n o
r e a d ( 2 0 , * )  ( x ( i , j ) , j * l , n d )

1 0 2  c o n t i n u e
d o  1 0 5  i  »  l . n s e g  
r e a d ( 2 3 , « )  ( b e t a ( i , j ) , j * l , n d )

1 0 5  c o n t i n u e
n c s  *  1 6  
n c o  =  3  
d o  5 2  i  =  1 , 5  
r l ( i )  -  0  
d o  5 3  j  -  1 , 5 0  
y l ( i , j )  ■  0  

5 3  c o n t i n u e
5 2  c o n t i n u e

d o  4 1  k  •  l , n s e g  
d o  4 2  i  -  1 , n o  
d o  4 3  j  «  l , n d l
y l ( k , i )  »  y l ( k , i )  +  x ( i , j )  •  b e t a ( k , j )

4 3  c o n t i n u e
j  -  j  ♦  1
y l ( k , i )  *  y l ( k , i )  ♦  b e t a ( k , j )
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d o  4 4  i  =  l , n o
y l ( k ,  i )  =  e x p ( y l ( k , i ) )

4 4  c o n t i n u e
i  =  0
d o  4 5  i l  =  l . n c s  
s u m  =  0
d o  4 6  i 2  =  l , n c o  
i  =  i  1
s u m  *  s u m  ♦  y l ( k , i )

4 6  c o n t i n u e  
i  =  i  -  3
d o  4  7  i 2  «  l , n c o  
i  «  i  ♦  1
y l ( k , i )  «  y l ( k , i )  / s u m

4 7  c o n t i n u e
4  5  c o n t i n u e
4 1  c o n t i n u e

d o  4 8  i s u b  ■  1 ,  n s u b  
d o  4  9  i s e g  =  1 ,  n s e g  
r l ( i s e g )  •> 0  
d o  5 0  i n o  =  l , n o
r l ( i e e g )  «= r l ( i s e g )  ♦  a l o g ( y l ( i s e g , i n o ) ) » c d a t a ( i s u b , i n o )

5 0  c o n t i n u e
4  9  c o n t i n u e

i f  ( n s e g . e q . 5 )  t h e n
a m  *  a m a x l ( r l ( 1 ) , r l ( 2 ) , r l ( 3 ) , r l ( 4 ) , r l ( 5 ) )  
e n d i f
i f  ( n s e g . e q . 4 )  t h e n
a m  =  a m a x l ( r l ( 1 ) , r l ( 2 ) , r l ( 3 )  ,  r l ( 4 ) )
e n d i f
i f  ( n s e g . e q . 3 )  t h e n
a m  =  a m a x l ( r l ( 1 ) , r l ( 2 ) , r l ( 3 ) )
e n d i f
i f  ( n s e g . e q . 2 )  t h e n
a m  -  a m a x l ( r l ( 1 ) , r l ( 2 ) )  
e n d i f
i f  ( n s e g . e q . l )  t h e n
a m  «  r l ( 1 )
e n d i f
d o  S I  k  >  l . n s e g  
i f  ( r l ( k ) . e q . a m )  t h e n  

k l  =  k
e n d i f

5 1  c o n t i n u e
c  s e g ( i s u b )  »  k l

r l o g l i k e ( k l )  »  r l o g l i k e ( k l )  +  r l ( k l )  
t o t a l  ~  t o t a l  *  r l ( k l )

4 8  c o n t i n u e
w r i t e ( 5 , » )  t o t a l ,  ( r l o g l i k e ( i ) , i = l , n s e g )
s t o p
e n d
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APPENDIX E

SIMULATED ANNEALING BASED LATENT STRUCTURE 

PROCEDURE FOR MARKET SEGMENTATION

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

D I F F E R E N T  M A R K E T  S E G M E N T S

d i m e n s i o n  s e g ( I 3 0 ) , c d a t a ( 1 3 0 , S O ) , x ( 5 0 , 2 0 )
d i m e n s i o n  f r e q ( 5 , 5 0 ) , b e t a ( 5 , 2 0 ) , v l l ( 5 ) , v i ( 5 )
d i m e n s i o n  s e g b ( 1 3 0 ) , b e t a b ( 5 , 2 0 ) , v l l b ( 5 ) , v i b ( 5 )
d i m e n s i o n  s e g o ( 1 3 0 ) , b e t a o ( 5 , 2 0 ) , v l l o ( 5 ) , v i o ( 5 )
d i m e n s i o n  s e g s i z e ( 5 ) , g r o u p ( 5 0 )
d o u b l e  p r e c i s i o n  t o n e ,  t t w o
o p e n ( 1 1 , f i l e - ' c u s t . a t t ' )
o p e n ( 7 , f i l e - ' c d a t a . d a t 1 )
o p e n ( 9 , f  i l e = ' s e g d a t a . d a t ' )
o p e n ( 1 4 , f i l e - ' c m d . f i l ’ )
o p e n ( 1 5 , f i l e - ' g r o u p . i n ' )
o p e n ( 2 1 , f i l e - ' f i v e . o u t ' )
o p e n ( 2 2 , f i l e - ' l s s t e p . o u t ' )
o p e n ( 2 3 , f i l e - 1 f i v e l . o u t ' )
o p e n ( 2 4 , f i l e - ' f i v e 2 . o u t ' )
o p e n ( 2 5 , f i l e - ' f i v e 3 . o u t ' )
o p e n ( 2 6 , f i l e - ' f i v e 4 . o u t ' )
o p e n ( 2 7 , f i l e - ' f i v e s . o u t ' )
w r i t e ( 5 , * )
w r i t e ( 5 , * )  ' G i v e  I B I G  a n d  N R E P '  
r e a d ( 5 , • )  i b , n r
w r i t e ( 5 , * )  ' ! ! ! ! ! ! ! ! ! !  P L E A S E  W A I T ! ! ! ! ! ! ! ! ! ! '
n s e g  -  5
n s u b  -  1 2 8
n o  -  4 8
n d  »  8
n d l  -  n d - 1
d o  1 0 1  i  -  l . n s u b
r e a d ( 7 , 9 0 1 )  i d ,  ( c d a t a ( i , j ) , j - 1 , 4 8 )

9 0 1  f o r m a t ( i 3 , 4 8 f l . 0 )
1 0 1  c o n t i n u e

d o  1 0 2  i  -  l , n o
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r e a d ( 1 1 , * )  ( x ( i , j ) , j « l , n d )
1 0 2  c o n t i n u e

c a l l  a s g n s e g ( n s e g , n s u b , s e g )  
v i t b  =  - 2 5 0 0 0 0 0 0  
t e m p  *  5
c a l l  £ r e q s e g ( n a e g , n e u b , s e g , c d a t a , f r e q )  
c a l l  m o d e l ( n e e g , n o , n d , £ r e q , x , b e t a ,  v l l )
c a l l  I s ( n s u b , n s e g , n o , n d , s e g , c d a t a , f r e q , x , b e t a ,  v l l , v i , v i t ) 
c a l l  c a o l u ( e e g o , b e t a o , v l l o , v i o , v i t o , s e g , b e t a , v l l , v i , v i t ) 
d o  1 0 6  i b i g  •  l , i b  
d o  1 0 5  n r e p  -  l , n r
C A L L  G E T T I M  ( I H R ,  I M I N ,  I S E C ,  1 1 0 0 )
C A L L  G E T D A T  ( I Y R ,  I M O N ,  I D A Y )
T O N E  =

D F L O A T ( 8 6 4 0 0 * I D A Y + 3 6 0 0 * I H R + 6  0 * I M I N + I S E C ) + D F L 0 A T ( 1 1 0 0 ) / 1 0 0  . 
c a l l  n e w ( n s u b , n s e g , n o , n d , s e g , c d a t a , f  r e q , x , b e t a , v l 1 , v i , v i t ) 
w r i t e ( 2 2 , • )  ' I B I G  =  ' ,  i b i g ,  • N R E P  =  • , n r e p  
w r i t e ( 2 2 , * )  v i t b , v i t o , v i t  
i f  ( v i t . g t . v i t b )  t h e n

c a l l  c s o l u ( s e g b , b e t a b , v l l b , v i b , v i t b , s e g , b e t a , v l l , v i , v i t ) 
e n d i f
d e l t a  =  v i t o  -  v i t  
i f  ( d e l t a . l t . 0 )  t h e n

c a l l  c s o l u ( s e g o , b e t a o , v l l o , v i o , v i t o , s e g , b e t a ,  v l l , v i , v i t ) 
e l s e

c a l l  r a n d o m ( r a n d )  
r p r o b  »  e x p ( - d e l t a / t e m p )  
i f  ( r a n d . l t . r p r o b )  t h e n

c a l l  c s o l u ( s e g o , b e t a o , v l l o , v i o , v i t o , s e g , b e t a , v l l , v i , v i t )  
e l s e

c a l l  c s o l u ( s e g , b e t a , v l l , v i , v i t , s e g o , b e t a o ,  v l l o , v i o , v i t o )  
e n d i f  

e n d i f
w r i t e ( 2 2 , * )  v i t b , v i t o , v i t  
w r i t e ( 2 2 , * )  ' * « * * * * * * • » * • '
w r i t e  ( 5 ,  * )  ' I B I G  =  ' ,  i b i g ,  '  N R E P  =  \ n r e p  
C A L L  G E T T I M  ( I H R ,  I M I N ,  I S E C ,  1 1 0 0 )
C A L L  G E T D A T  ( I Y R ,  I M O N ,  I D A Y )
T T W O  =

D F L O A T  ( 8 6 4 0 0 * I D A Y + - 3 6 0 0 *  I H R + 6 0 * I M I N * I S E C )  + D F L O A T  ( 1 1 0 0 )  / 1 0 0 .  
w r i t e ( 5 , * )  ’ T i m e  «  ' ,  t t w o - t o n e  
w r i t e ( 5 , * )

1 0 5  c o n t i n u e
t e m p  »  0 . 9 1  *  t e m p

1 0 6  c o n t i n u e
d o  1 0 7  i i  «  l , n s u b  
i s e g  -  s e g b ( i i )
e e g s i z e ( i s e g )  «  s e g s i z e ( i s e g )  *  1

1 0 7  c o n t i n u e
w r i t e ( 2 1 , * )  ' S e g m e n t  S i z e  a n d  B e t a  W e i g h t s '  
d o  1 0 8  i i  «  l , n s e g
w r i t e ( 2 1 , 9 0 3 )  s e g s i z e ( i i ) ,  ( b e t a ( i i , j j ) , j j = l , n d l )
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1 0 8
9 0 3

9 0 4

9 0 5
110

1 2 0

1 3 0

1 4 0

I S O

c o n t i n u e
f o r m a t ( f 4 .  0 ,  l x ,  1 4  ( f  5  . 2 ,  l x )  )
w r i t e ( 2 1 , * ) ' T o t a l  a n d  I n d i v i d u a l  L L  V a l u e s '  
w r i t e ( 2 1 , 9 0 4 )  v i t b ,  ( v i o ( i i ) , i i = l , n e e g )  
w r i t e ( 2 1 , * )
w r i t e ( 2 1 , * )  ' S e g m e n t  M e m b e r s '
w r i t e ( 2 1 , • )
f o r m a t ( 6 ( f l O . 2 , l x )  )
w r i t e ( 2 1 , * )  ( e e g b ( i i ) , i i » l , n s u b )
c a l l  f r e q e e g ( n a e g ,  n e u b , e e g b , c d a t a , f r e q )
r e a d ( 1 5 , « )  ( g r o u p ( i ) , i = l , 4 8 )
i  -  1
d o  1 1 0  j  ■= 1 , n o
w r i t e ( 2 3 , 9 0 5 )  f r e q ( i , j ) ,  ( x ( j , k ) , k = l , n d )  ,  g r o u p ( j ) 
f o r m a t ( 1 0 f 4 . 0 )  
c o n t i n u e  
i  =  2
d o  1 2 0  j  «  l , n o
w r i t e  ( 2 4  ,  9 0 5 )  f r e q ( i , j ) ,  ( x  ( j  ,  J c )  ,  k = l ,  n d )  ,  g r o u p ( j )  
c o n t i n u e  
i  =  3
d o  1 3  0  j  =  l , n o
w r i t e ( 2 5 , 9 0 5 )  f r e q ( i , j ) ,  ( x  ( j  ,  k )  ,  k = l ,  n d )  ,  g r o u p ( j ) 
c o n t i n u e
i  e  4
d o  1 4  0  j  =  1 , n o
w r i t e  ( 2 6 , 9 0 5 )  f r e q ( i , j ) ,  ( x ( j , k ) , k = l ,  n d )  ,  g r o u p ( j ) 
c o n t i n u e  
i  =  5
d o  1 5 0  j  =  l , n o
w r i t e ( 2 7 , 9 0 5 )  f r e q ( i , j ) ,  ( x ( j , k ) , k = l ,  n d )  ,  g r o u p ( j ) 
c o n t i n u e

s t o p
e n d

c  • » * * • * * * • * * * • # * • • • * * * * • • * * « * # • • « « * » • * * # * • • • * » « * • * * « • # « » * « • • •
s u b r o u t i n e  c s o l u ( s e g b , b e t a b , v l l b , v i b , v i t b , s e g , b e t a , v l l , v i , v i t ) 
d i m e n s i o n  s e g ( 1 3 0 ) , b e t a ( 5 , 2 0 ) , v l l ( 5 )  ,  v i ( 5 )  
d i m e n s i o n  s e g b ( 1 3 0 ) , b e t a b ( 5 , 2 0 ) , v l l b ( 5 ) , v i b ( 5 )
d o  8 1  i  >  1 , 1 3 0
s e g b ( i )  =  s e g ( i )

8 1 c o n t i n u e
d o  8 2  i  =  1 , 5
d o  8 3  j  -  1 , 2 0
b e t a b ( i , j ) •  b e t a

8 3 c o n t i n u e
8 2 c o n t i n u e

d o  8 4  i  -  1 , 5
v l l b ( i )  -  v l l ( i )
v i b ( i )  ■  v i ( i )

8 4 c o n t i n u e
v i t b  «  v i t
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r e t u r n
e n d

c
c  # • * * • # • • • # • • • • * * » * • • • • * • • « • # • * • • • * • • • • • * • • • « • • • • • • • • • • • • • • • •

e u b r o u c i n e  n e w ( n e u b , n e e g , n o , n d , s e g , c d a t a , f r e q ,  x , b e t a , v l l , v i , v i t ) 
d i m e n s i o n  s e g ( 1 3 0 ) , c d a t a ( 1 3 0 , 5 0 ) , f r e q ( 5  ,  5 0 )  
d i m e n s i o n  x  ( 5 0 , 2 0 ) , b e t a ( 5 , 2 0 )  ,  v l l ( 5 )  , v i ( 5 )  
r e a l * 8  c h i s  
c a l l  r a n d o m ( r a n d )  
i a s g n  -  4 2  ♦  r a n d * 1 1 2  
d o  7 1  i  ■  1 , i a s g n  
c a l l  r a n d o m ( r a n d )  
r a n d n o  -  r a n d  *  n s u b  
i s u b  *  r a n d n o  *  1  
c a l l  r a n d o m ( r a n d )  
r a n d n o  =  r a n d  *  n s e g  
i s e g  =  r a n d n o  ♦  1  
s e g ( i s u b )  =  i s e g  

7 1  c o n t i n u e
c a l l  f r e q s e g ( n s e g , n s u b , s e g , c d a t a , f r e q )  
c a l l  m o d e l ( n s e g , n o , n d , f r e q , x , b e t a , v l l )
c a l l  I s ( n e u b , n s e g , n o , n d , s e g , c d a t a , f r e q . x , b e t a , v l l , v i , v i t )
r e t u r n
e n d

c  • • • * • * * * * • * • • • * * * * • * * • * • » * « * * # * • * * • * * • « * » • # • * * • • * « » « * » • * * « » •
c

s u b r o u t i n e  I s ( n s u b , n s e g , n o , n d , s e g , c d a t a , f r e q , x , b e t a , v l l , v i , v i t )
d i m e n s i o n  s e g ( 1 3  0 ) , c d a t a ( 1 3 0 , 5 0 ) , f r e q ( 5 ,  5 0 )
d i m e n s i o n  x ( 5 0 , 2 0 ) , b e t a ( 5 , 2 0 ) , v l l ( 5 ) , v i ( 5 )
d i m e n s i o n  y l ( 5 , 5 0 ) , r l ( 5 ) ,  s e i z e ( 5 )
r e a l * 8  c h i s
i n t e g e r  n s u b , n s e g , n o , n d , n d l , n c s , n c o  
n d l  »  n d - 1  
n c s  •> 1 6  
n c o  »  3
d o  4 0  i t e r  *  1 , 1  
v i t  =  0  
v i t  *  0  
d o  5 2  i  «  1 , 5  
s e i z e d )  -  0  
r l ( i )  -  0  
v l l  ( i )  =  0  
v i ( i )  •  0  
d o  5 3  j  -  1 , 5 0  
y l ( i , j  )  »  0  

5 3  c o n t i n u e
5 2  c o n t i n u e

d o  4 1  k  ‘  l , n s e g  
d o  4 2  i  *  l , n o  
d o  4 3  j  *  l , n d l
y l ( k , i )  »  y l ( k , i )  ♦  x ( i , j )  *  b e t a ( k , j )

4  3  c o n t i n u e
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4 2  c o n t i n u e
d o  4 4  i  *■ l , n o  
y l ( k , i )  ■= e x p  ( y l  ( k ,  i )  )

4 4  c o n t i n u e
i  =  0
d o  4  5  i l  =  1 , n e e  
Bum = 0
d o  4  6  i 2  «  l , n c o  
i  =  i  ♦  1
s u m  =  s u m  ♦  y l ( k , i )

4  6  c o n t i n u e
i  =  i  -  3  
d o  4 7  i 2  «  l , n c o  
i  «  i  ♦  1
y l ( k , i )  =  y l ( k , i )  / s u m  

4  7  c o n t i n u e
4  5  c o n t i n u e
4 1  c o n t i n u e

d o  4  6  i s u b  =  1 ,  n s u b  
d o  4  9  i s e g  «  1 ,  n s e g  
r l ( i s e g )  =  0  
d o  5 0  i n o  =  l , n o
r l ( i s e g )  «  r l ( i s e g )  ♦  a l o g ( y l ( i s e g , i n o ) ) ’ c d a t a ( i s u b ,  i n o )

5  0  c o n t i n u e
4  9  c o n t i n u e

a m  =  a m a x l  ( r l  ( 1 )  ,  r l  ( 2 )  ,  r l  ( 3 )  ,  r l  ( 4 )  ,  r l  ( 5 )  ) 
d o  5 1  k  =  l . n s e g  
i f  ( r l ( k ) . e q . a m )  t h e n  

k l  =  k
e n d i f  

5 1  c o n t i n u e
s e g ( i s u b )  =  k l
v i ( k l )  -  v i ( k l )  ♦  r l ( k l )

4 8  c o n t i n u e
c a l l  f r e q s e g ( n s e g , n s u b , s e g , c d a t a , f r e q )  
c a l l  m o d e l ( n s e g , n o , n d , f r e q , x , b e t a ,  v l l )  

c  w r i t e ( 5 , * )  ' I T E R A T I O N  =  ' . i t e r
d o  5 4  i j k  =  l . n s e g
v i t  =  v i t  +  v i ( i j k )
v i t  «  v i t  ♦  v l l ( i j k )

5 4  c o n t i n u e

c  d o  8 0 1  i l O  =  1 , n s u b
c  i i s e g  -  s e g ( i l O )
c  s s i z e ( i i s e g )  -  s e i z e ( i i s e g )  +  1
c 8 0 1  c o n t i n u e
c  d o  8 0 2  i l O  -  l , n e e g
c  w r i t e ( 5 , 7 0 2 )  s s i z e ( i l O ) ,  ( b e t a ( i l O , j j ) , j  j  =  1 ,  n d l )
c 7 0 2  f o r m a t ( f 4 . 0 , 2 x , 7 ( f 8 . 4 , l x ) )
c 8 0 2  c o n t i n u e
c  w r i t e ( 5 , * )
c  w r i t e ( 5 , * )  v i t , v i t
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4  0  c o n t i n u e
r e t u r n  
e n d

c * * * ■ • ■ ■ • • • ■ • • * • • • • • • • • * • * • • • * » « » • • * • * • • « * * * •
c • t t t t O t t l t t t t t t t t t t l t t t t t O K K O t t t t t t t l t t

s u b r o u t i n e  m o d e l ( n s e g , n o , n d , f r e q , x , b e t a , v l l ) 
d i m e n s i o n  b e t a ( 5 , 2 0 ) , v l l ( 5 ) , b ( 2 0 )  
d i m e n s i o n  x ( 5 0 , 2 0 ) , f r e q ( 5 , 5 0 )  
r e a l * 8  c h i s
i n t e g e r  n s e g , n d , n d l , n o  
n d l  «  n d  -  1
o p e n ( 9 , f i l e = ' s e g d a t a . d a t 1 )
o p e n ( 1 4 , f i l e = ' c m d . f i l ' )
d o  3 1  i  *> l , n s e g
r e w i n d  9
r e w i n d  1 4
d o  3 2  j  =  1 , n o
w r i t e ( 9 , 3 0 )  f r e q ( i , j ) ,  ( x ( j , k ) , k = l , n d )

3 0  f o r m a t ( 9 f 4 . 0 )
3 2  c o n t i n u e  

r e w i n d  9  
r e w i n d  1 4  
n 9  =  9
c a l l  f l o g ( n 9 , b , c h i s )  
d o  3  3  j  =  l , n d l  
b e t a ( i , j ) =  b  ( j )

3 3  c o n t i n u e  
v l l ( i )  =  c h i s

3 1  c o n t i n u e  
r e t u r n  
e n d

c  • • • * » • • * * * * • • * * * • • * * # • * • • * • * « * » » * * • « * • * • » » • *
c  • * • * • * * • * * • • • • • * • • * * • » * • * * * * • * * • • * • • * • « • * » * *

s u b r o u t i n e  f r e q s e g ( n s e g , n s u b , s e g , c d a t a , f r e q )  
d i m e n s i o n  s e g ( 1 3 0 ) , c d a t a ( 1 3 0 , 5 0 ) , f r e q ( 5 , 5 0 )  
i n t e g e r  n s u b , n s e g  
d o  1 1  i  -  1 , 5  
d o  1 2  j  =  1 , 5 0  
f r e q d ,  j )  ■= 0

1 2  c o n t i n u e
1 . 1  c o n t i n u e

d o  1 3  i  =  l , n s u b  
j  =  s e g ( i )  
d o  1 4  k  =  1 , 4 8
f r e q ( j , k )  =  f r e q ( j , k )  +  c d a t a ( i , k )

1 4  c o n t i n u e
1 3  c o n t i n u e  

r e t u r n  
e n d

c  * • * * • * * * • • * « * * # » * * * * • » * • # * • * » • • • * * • • * * * • * • • «

c  * * * * * * * * * * * * * * * * # # * * * * * « * * * * • * * * * * • • * * » • * • * «
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s u b r o u t i n e  a s g n s e g ( n e e g , n s u b ,  s e g )  
d i m e n s i o n  s e g ( 1 3 0 )  
i n t e g e r  n s e g ( n s u b  
d o  1  i  «  1 ,  n s u b  
c a l l  r a n d o m ( r a n d )  
r a n d n o  «  r a n d  *  n s e g  
i r a n d n o  ■  r a n d n o  ♦  1  
s e g ( i )  =  i r a n d n o  

1  c o n t i n u e
r e t u r n  
e n d

S U B R O U T I N E  F L O G ( N R E A D 1 , B 1 , L R C H I S )
P A R A M E T E R  ( N V A R M A X - 2 7 0 ,  N A L T M A X = 2 4 )
D I M E N S I O N  B l ( l l )
R E A L * 8  Z P Z ( N V A R M A X * ( N V A R M A X - 1 )  / 2 )  , Z ( N A L T M A X , N V A R M A X )  ,

♦  B E T A ( N V A R M A X - 2 ) , Z T O T ( N V A R M A X - 1 ) , X P B ( N A L T M A X ) ,
♦  P H A T ( N A L T M A X ) , T O L E P S , C V G E P S , L R C H I S , L R C H 1 ,
*  R B U F ( N V A R M A X )

I N T E G E R  V A R P T R ( N V A R M A X ) , S W E P T ( N V A R M A X - 1 ) , A L T P T R ( N A L T M A X ) , C M D U N T ,
♦  D A T U N T ,  A L T M A X , N V A R S , J G R P , J F R Q , D F E R R , N Z P T R ( N V A R M A X ) ,
♦  P A G E N O , L O G U N T , L S T U N T , P A G S I Z , R O W P A G , C O L P A G , N D E L ,
♦  D M A S K ( N V A R M A X ) , N S E T S

C H A R A C T E R * 8  V A R N A M ( N V A R M A X ) , D E L N A M ( N V A R M A X )  , R J V N A M ( N V A R M A X )  
C H A R A C T E R * 1 2 7  E R R M S G  
C H A R A C T E R * 5 1 2  D A T F M T
L O G I C A L  E R R O R , C O N V R G , C O V M A T , C O V R 4 T , P O I S O N  
D A T A  C M D U N T , L O G U N T , L S T U N T / 1 4 , 6 , 6 / ,

#  T O L E P S , C V G E P S , M A X I T R / 1 . D - 1 0 , 1 . D - 6 , 2 0 / ,
#  P A G S I Z , R O W P A G , C O L P A G / 5 8 ,  5 3 ,  6 /

D A T U N T  »  N R E A D 1  
2 0 0  I T E R  *  0  

L O G U N T  =  6  
L S T U N T  -  6  
E R R O R  -  . F A L S E .
A L T M A X  «  N A L T M A X  
D O  3 0 0  K = 1 ,  N V A R M A X - 1  

S W E P T ( K )  =  1  
3 0 0  C O N T I N U E  

N V A R S  *  0  
N D E L - 0
D O  3 1 0  K * = l ,  N V A R M A X - 2  

B E T A ( K ) - 0 . 0 D 0  
3 1 0  C O N T I N U E

C A L L  C M D I N P ( C M D U N T , D A T U N T , D A T F M T , N V A R M A X ,
#  N V A R S , V A R N A M , V A R P T R , B E T A , E R R O R , E R R M S G ,
#  L O G U N T , L S T U N T , P A G S I Z , R O W P A G , C O L P A G , C O V M A T ,
#  C O V R 4 T , P O I S O N , N D E L , D E L N A M , D M A S K )

I F  ( E R R O R )  G O  T O  9 0 0
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c write (6, •) ' Commands input

1 0 0  C A L L  W C S S P ( D A T U N T , D A T F M T , V A R P T R , A L T M A X , N V A R S , R B U F , B E T A , Z P Z ,
#  L R C H I S , D F E R R , Z , Z T O T , X P B , P H A T , A L T P T R , P O I S O N , E R R O R ,
#  ERRMSG,NZPTR,NDEL,DMASK,LRCH1.NSETS)

I F  ( E R R O R )  G O  T O  9 0 0

c  w r i t e  ( 6 , * )  '  W C S S P  r e t u r n e d  s u c c e s s f u l l y . '

C A L L  U P D A T E ( Z P Z , B E T A , N V A R S , V A R P T R , T O L E P S ,  C V G E P S , M A X I T R , 
I T E R , C O N V R G , S W E P T , E R R O R , E R R M S G )

I F  ( E R R O R )  G O  T O  9 0 0

w r i t e  ( 6 , * )  '  U P D A T E  r e t u r n e d  s u c c e s s f u l l y . '

I F  ( L O G U N T . N E . 6 )  W R I T E  ( 6 , 1 1 0 )  I T E R , L R C H I S  
W R I T E  ( L O G U N T , 1 1 0 )  I T E R , L R C H I S  

F O R M A T  ( ' O ' , 5 X , ' I T E R A T I O N :  ' , 1 3 ,
' ,  L O G - L I K E L I H O O D  V A L U E :  ’ , F 1 6 . 8 )

W R I T E  ( L O G U N T , 1 1 1 )
F O R M A T  ( ’ 0 • , 5 X ,  1 C U R R E N T  B E T A  V A L U E S : ’ / )

W R I T E  ( L O G U N T , 1 1 4 )  ( B E T A ( J J ) , J J = 1 , N V A R S - 2 )
F O R M A T  ( 8 X , E 1 3 . 7 , 1 X , E 1 3 . 7 , 1 X , E 1 3 . 7 , 1 X , E 1 3 . 7 , 1 X , E 1 3 . 7 )

I F  ( . N O T .  C O N V R G )  G O  T O  1 0 0

C A L L  R E P O R T ( Z P Z , N V A R S , V A R N A M , V A R P T R , L R C H I S , L R C H 1 , D F E R R ,
#  L S T U N T , P A G E N O , B 1 )

c  p r i n t  c o v a r i a n c e  m a t r i x  i n  r e g u l a r  f o r m a t  
I F  ( C O V M A T )  T H E N

C A L L  P R T M A T ( Z P Z , N V A R S , R J V N A M , V A R N A M , V A R P T R ,
#  L S T U N T , R O W P A G , C O L P A G , P A G E N O , P A G S I Z )

E N D I F
C  W R I T E  ( L S T U N T ,  '  ( '  ’ 1 "  ) ' )
c  p r i n t  c o v a r i a n c e  m a t r i x  i n  R 4 T N  f o r m a t  

I F  ( C O V R 4 T )  T H E N
w r i t e  ( l s t u n t , * )  '  '
w r i t e  ( l s t u n t , * )  '  '
w r i t e  ( l s t u n t , * )  '  C o v a r i a n c e  M a t r i x  i n  f o r m a t  f o r  R 4 T N  '  
w r i t e  ( l B t u n t , * )  '  '
W R I T E  ( L S T U N T , * )  • • * * • • • * * * * •
W R I T E  ( L S T U N T ,  '  ( 1 6 , 1 1 2 )  ' )  N V A R S - 2 , N S E T S  
D O  1 7 1  J J - 1 , N V A R S - 2

W R I T E  ( L S T U N T , * )  B E T A ( J J )
1 7 1  C O N T I N U E

W R I T E  ( L S T U N T , * )  • • • * * • • • « * * •
D O  1 7 2  1 = 3 , N V A R S

W R I T E  ( L S T U N T , * )  (  Z P Z ( ( I - 1 ) * ( 1 - 2 ) / 2 + J - 1 )  ,  J = 3 , I )
1 7 2  C O N T I N U E

W R I T E  ( L S T U N T , * )  > • * « » • • * • * • '
E N D I F  
G O T O  9 1 0
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9 0 0  W R I T E  ( L O G U N T , * )  '
W R I T E  ( L O G U N T , ' ( 6 X . A 7 2 ) ' )  E R R M S G  
I F  ( L O G U N T . N E . 6 )  T H E N

W R I T E  ( * , • ( 1 X . A 7 2 ) ' )  E R R M S G  
E N D I F

9 1 0  C O N T I N U E
C L O S E  ( D A T U N T , S T A T U S = ' K E E P ' )
I F  ( L O G U N T . N E . 6 )  T H E N  

C  C L O S E  ( L O G U N T ,  S T A T U S = ' K E E P ' )
C  E N D I F
C  I F  ( L S T U N T . N E . 6 )  T H E N
C  C L O S E  ( L S T U N T , S T A T U S - ' K E E P • )
C  E N D I F

C  I F ( . N O T . E R R O R )  G O  T O  2 0 0
C  C L O S E ( C M D U N T , S T A T U S - ' K E E P ' )

R E T U R N  
E N D

C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C  C O M M A N D  I N P U T  S U B R O U T I N E
C
C  C A R O L  G I L B E R T
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . .

S U B R O U T I N E  C M D I N P ( C M D U N T , D A T U N T , F O R M A T , N V M A X ,
#  N V , V A R N A M , V A R P T R , B E T A , E R R O R , E R R M S G ,
#  L O G U N T , L S T U N T , P A G S I Z , R O W P A G , C O L P A G , C O V M A T ,
#  C O V R 4 T , P O I S O N , N D . D E L N A M , D M A S K )

*

*

L O G I C A L  E R R O R , T E S T , C O V M A T , L S T P T R , L O G P T R , G R P S E T , F R Q S E T , B E T S E T  
L O G I C A L  N O D A T A ,  C O V R 4 T , P O I S O N
I N T E G E R  C M D U N T ,  D A T U N T ,  L O G U N T ,  L S T U N T , P A G S I Z , R O W P A G , C O L P A G ,

#  V A R P T R ( 1 ) ,  K ,  N V ,  N D ,  D M A S K ( 1 )
C H A R A C T E R * 1  B U F A R R ( 5 1 2 ) , C H R
C H A R A C T E R * 8  V A R N A M ( 1 ) , S T A T S ( 7 )  , K E Y W R D , G R P V A R ,

#  F R Q V A R , D E V I C E , D E L N A M ( l )
C H A R A C T E R * 2 0  P T R N A M
C H A R A C T E R * 5 1 2  F O R M A T , B U F S T R  
C H A R A C T E R * 1 2 7  E R R M S G  
R E A L * 8  B E T A ( 1 )

»
E Q U I V A L E N C E ( B U F S T R , B U F A R R )

t
E R R O R - . F A L S E .
T E S T - . T R U E .
L S T P T R - . F A L S E .
L O G P T R - . F A L S E .
C O V M A T - . F A L S E .
C O V R 4 T - . F A L S E .

6 / 1 7 / 8 6
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PO IS O N *. FA L SE . 
G R PSE T *. FA L SE . 
FR Q SET*. FA L SE . 
B E T SE T *. FA L SE . 
NODATA-. TRUE. 
NV-0 
ND* 0 
10-0

OPEN (14  , F IL E * ' CMD. F I L ' )  
OPEN (1 5  , F IL E * ' D A T 1 F IL ' ) 

REWIND (1 4 )

GO TO 101

K E Y W O R D
1 0 1  R E A D ( C M D U N T , ' ( A S ) • ) K E Y W R D  

C A L L  U P C A S E ( 7 , K E Y W R D )
W R I T E < * , * )  ' p r o c e s s i n g  K E Y W R D  
I F ( K E Y W R D . E Q . ' C O M M E N T  ' ) G O  T O  1 0 1  
I F ( K E Y W R D . E Q . ' N V A R S  ' ) G O  T O  1 1 0  
I F ( K E Y W R D . E Q . ' V A R N A M S  • ) G O  T O  1 2 0  
I F ( K E Y W R D . E Q . ' F O R M A T  ' ) G O  T O  1 3 0  
I F ( K E Y W R D . E Q . ' G R O U P  ' ) G O  T O  1 6 0  
I F ( K E Y W R D . E Q . ' F R E Q V A R  ' ) G O  T O  1 7 0  

I F ( K E Y W R D . E Q . ' L I S T  ' ) G O  T O  1 8 0
I F ( K E Y W R D . E Q . ' L O G  ' ) G O  T O  2 0 0

I F ( K E Y W R D . E Q . ' S T A T S  ' ) G O  T O  2 1 0  
I F ( K E Y W R D . E Q . ' N D E L E T E  ' ) G O  T O  2 2 0  
I F ( K E Y W R D . E Q . ' D E L E T E  ' ) G O  T O  2 3 0  
I F ( K E Y W R D . E Q . ' B E T A S  • ) G O  T O  2 4 0  
I F ( K E Y W R D . E Q . ' S T O P  ' ) G O  T O  2 5 0  
I F < K E Y W R D . E Q . ' E X E C U T E  ’ ) G O  T O  2 6 0  
I F ( K E Y W R D . E Q . ' C V G E P S  • ) G O  T O  2 7 0  
E R R O R * . T R U E .
E R R M S G * '  U N R E C O G N I Z E D  K E Y W O R D :  ' / / K E Y W R D  
R E T U R N

* BRANCHING TO APPROPRIATE ACTION BASED ON KEYWORD
•

« NVARS
1 1 0  BACKSPACE(CMDUNT)

READ(CMDUNT,' ( 8 X . I 4 ) ' ) NV 
IF ( (N V .G T .N V M A X ).O R .(N V .L T .l) ) GO TO 11 2  
GO TO 101  

1 1 2  ERROR*.TRUE.
ERRM SG-' NUMBER OF VARIABLES I S  TOO B IG , OR LESS THAN 1 ' 
RETURN
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•  V A R N A M S
1 2 0  B A C K S P A C E ( C M D U N T )

I F ( N V . E Q . 0 )  G O  T O  1 2 5
R E A D ( C M D U N T , • ( 0 X , A 8 , I X , A 8 , I X , A 8 , I X , A 8 , I X , A 8 , I X , A 8 , I X , A 8 , I X , A 8 ) ' ,

#  E R R - 1 2 7 ) ( V A R N A M ( I ) , 1  =  1 , N V )
T E S T - . F A L S E .
G O  T O  1 0 1  

1 2 5  E R R O R = . T R U E .
E R R M S G - '  N V A R S  M U S T  A P P E A R  B E F O R E  V A R N A M S  I N  C O M M A N D  F I L E *
R E T U R N  

1 2 7  E R R O R - . T R U E .
E R R M S G - '  C O M M A N D  F I L E  V A R I A B L E  N A M E  R E A D  E R R O R '
R E T U R N

#
•  F O R M A T  -  E x t e n d e d  F O R M A T  t o  5 1 1  c h a r a c t e r s  -  b e r  8 9 . 0 6 . 0 5

1 3  0  B A C K S P A C E ( C M D U N T )
K  =  0
D O  1 3 2  1 = 1 , 5 1 2  

B U F A R R ( I ) = '  '
1 3 2  C O N T I N U E
1 3 3  R E A D ( C M D U N T , ' ( 8 X . 7 2 A 1 ) ' . E R R - 1 3 6 ) ( B U F A R R ( K * 7 2 + J ) , J - 1 , 7 2 )

R E A D ( C M D U N T , ' ( A 8 ) ' ) K E Y W R D
B A C K S P A C E ( C M D U N T )
I F ( K E Y W R D . N E . '  ' ) T H E N

F O R M A T - B U F S T R  
G O  T O  1 0 1  

E N D I F  
K  =  K  ♦  1
I F  ( K  . L E .  6 )  G O T O  1 3 3  

1 3 6  E R R O R - . T R U E .
E R R M S G - ' F O R M A T  S T A T E M E N T  I S  I N C O R R E C T .  M U S T  B E  L E S S  T H A N  5 0 4  C H A R  

f c A C T E R S  A N D  I N  (  ) . '
R E T U R N

«

•  G R O U P
1 6  0  B A C K S P A C E ( C M D U N T )

I F ( T E S T ) G O  T O  1 6 6  
G R P V A R - '
R E A D ( C M D U N T , ' ( 8 X , A 8 ) ' ) G R P V A R  
G R P S E T  =  . T R U E .
D O  1 6 5  1 - 1 , N V

1 6 5  I F ( G R P V A R . E Q . V A R N A M ( I ) ) G O  T O  1 6 7  
E R R O R - . T R U E .
E R R M S G - '  I N  C O M M A N D  F I L E ,  G R O U P  N A M E  D O E S  N O T  M A T C H  A N Y  V A R N A M  ( C  

+ H E C K  D E L E T E D  V A R I A B L E  L I S T ) '
R E T U R N

1 6 6  E R R O R - . T R U E .
E R R M S G - '  I N  C O M M A N D  F I L E  V A R N A M S  M U S T  A P P E A R  B E F O R E  G R O U P  A N D  F R E Q  

f c V A R '
R E T U R N

1 6 7  J G R P - I
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GO TO 101
*

•  F R E Q V A R
1 7 0  B A C K S P A C E ( C M D U N T )

I F  ( T E S T ) G O  T O  1 6 6  
F R Q V A R - ’
R E A D ( C M D U N T , ' ( 0 X , A 8 ) • ) F R Q V A R  
F R Q S E T  =  . T R U E .
D O  1 7 5  1 = 1 , N V  

1 7 5  I F ( F R Q V A R . E Q . V A R N A M ( I ) ) G O  T O  1 7 9  
E R R O R = . T R U E .
E R R M S G *  • F R E Q V A R  D O E S  N O T  M A T C H  A N Y  V A R N A M E  ( C H E C K  D E L E T E D  L I S T )  ' 
R E T U R N  

1 7 9  J F R Q - I
G O  T O  1 0 1

•

•  L I S T
C  1 0 0  C O N T I N U E  
C  B A C K S  P A C E ( C M D U N T )
C  D A T F I L -
C  ♦ '
C  R E A D ( C M D U N T , ' ( 8 X . A 6 4 ) ’ , E R R = 1 8 2 )  D A T F I L
C  L S T U N T - 1 5
C  O P E N  ( 1 5  , F I L E - ' D A T 1 F I L ' )
C  G O T O  1 0 1
C  1 8 2  E R R O R - . T R U E .
C  E R R M S G - '  L I S T  F I L E  N A M E  I N P U T  E R R O R '
C  R E T U R N
*

*  S T A T S
2 1 0  B A C K S P A C E ( U N I T - C M D U N T )

R E A D  ( U N I T - C M D U N T , F M T - ' ( 8 X , A 8 , 7 ( I X , A 8 ) ) ' )  ( S T A T S ( I ) , 1 = 1 , 7 )
D O  2 1 2  1 - 1 , 7

C A L L  U P C A S E ( 7 , S T A T S ( I ) )
I F ( S T A T S ( I )  . E Q .  ' C O V B E T A ' )  C O V M A T - . T R U E .
I F ( S T A T S ( I )  . E Q .  1 C O V R 4 T N ' ) C 0 V R 4 T - . T R U E .
I F ( S T A T S ( I ) . E Q .  ' P O I S S O N ' )  P O I S O N - . T R U E .

2 1 2  C O N T I N U E  
G O T O  1 0 1

*

*  N D E L E T E  -  d i s c a r d  u n w a n t e d  v a r i a b l e s  o n  i n p u t  -  b e r  8 8 . 0 6 . 1 4
•

2 2 0  B A C K S P A C E ( C M D U N T )
I F ( ( N V . E Q . 0 ) )  G O  T O  2 2 1  
R E A D ( C M D U N T , ' ( 8 X , 1 4 ) ' )  N D  
W R I T E ( 6 , * )  ' N D E L E T E - ' , N D  
W R I T E ( 6 , * )  '  '
I F ( ( N D . G T . N V - 2 ) . O R . ( N V . L T . l ) ) G O  T O  2 2 2  
G O  T O  1 0 1

2 2 1  E R R O R - . T R U E .
E R R M S G - '  N V A R S  m u s t  a p p e a r  b e f o r e  N D E L E T E '
R E T U R N
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222 ERROR-.TRUE.
E R R M S G - '  N u m b e r  o f  v a r i a b l e s  t o  d e l e t e  m u s t  b e  b e t w e e n  1  a n d  N V A R  

+ S - 2  '
R E T U R N

t

*  D E L E T E  *  N a m e s  o f  u n w a n t e d  v a r i a b l e s  t o  b e  d e l e t e d  o n  i n p u t  -  b e r  8 8 . 0
•

2 3  0  B A C K S P A C E ( C M D U N T )
I F  ( ( N D . E Q . O ) )  G O  T O  2 3 8  
I F  ( G R P S E T . O R . F R Q S E T )  G O  T O  2 3 7
R E A D  ( C M D U N T ,  • ( 8 X ,  A 8 ,  I X ,  A 8 ,  I X ,  A 8  ,  I X ,  A 8 ,  I X ,  A 8  ,  I X .  A S  .  I X .  A 8  ,  I X .  A 8 ) '  ,

#  E R R - 2 3 9 ) ( D E L N A M ( I ) , I - l . N D )
D O  2 3 4  1 = 1 , N V

D M A S K ( I )  -  I  
2 3 4  C O N T I N U E

D O  2 3 1  1 = 1 ,  N D  
D O  2 3 2  J = l ,  N V

I F  ( V A R N A M ( J )  . E Q .  D E L N A M ( I ) )  T H E N  
D O  2 3 3  K - J + l ,  N V

V A R N A M ( K - l )  •  V A R N A M ( K )
D M A S K ( K - l )  =  D M A S K ( K )

2 3 3  C O N T I N U E
N V  =  N V  -  1  
G O T O  2 3 1  

E N D I F
2 3 2  C O N T I N U E

W R I T E C , * )  ' W A R N I N G ,  u n a b l e  t o  d e l e t e  1 ,  D E L N A M  ( I )  ,
♦  '  N O T  i n  V A R N A M S  l i s t ,  e x e c u t i o n  c o n t i n u e s  . . . '

N D  =  N D  -  1
2 3 1  C O N T I N U E  

G O  T O  1 0 1
2 3 7  E R R O R - . T R U E .

E R R M S G - '  D E L E T E  m u s t  a p p e a r  b e f o r e  G R O U P  a n d  F R E Q V A R '
R E T U R N

2 3 8  E R R O R - . T R U E .
E R R M S G - '  N D E L E T E  m u s t  a p p e a r  b e f o r e  D E L E T E  a n d  a f t e r  N V A R S '
R E T U R N  

2 3  9  E R R O R - . T R U E .
E R R M S G - '  D E L E T E  r e a d  e r r o r '
R E T U R N

•

*  B E T A S  -  S p e c i f y  s t a r t i n g  v a l u e s  f o r  c o e f f i c i e n t s  M F F  2 5  A u g  8 9
•

2 4 0  B A C K S P A C E ( C M D U N T )
I F ( ( N V . E Q . 0 ) )  G O  T O  2 4 1
R E A D  ( C M D U N T , • ( 8 X , D 1 3 . 7 , I X , D 1 3 . 7 , I X , D 1 3 . 7 , I X , D 1 3 . 7 , I X , D 1 3 . 7 ) •  

f c  , B R R - 2 4 2 )  ( B E T A ( J ) , J - l . N V - 2 )
B E T S E T - . T R U E .
G O  T O  1 0 1

2 4 1  E R R O R - . T R U E .
E R R M S G - ’ N V A R S  m u s t  a p p e a r  b e f o r e  B E T A S '
R E T U R N
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E R R M S G - '  B E T A  v a l u e  i n p u t  e r r o r  f r o m  C o m m a n d  F i l e '  
R E T U R N

t
♦  S T O P  * * • *  A d d e d  1 4  N o v .  1 9 6  9  M F F

2 5 0  C O N T I N U E
E R R O R  =  . T R U E .
E R R M S G  =  '  E n d  o f  C o m m a n d  F i l e  r e a c h e d  '
R E T U R N

•  C V G E P S  A d d e d  1  D e c .  1 9 9 2  M F F
*

2 7 0  B A C K S P A C E ( C M D U N T )
R E A D ( C M D U N T , • ( 8 X , D 1 3 . 5 ) • )  C V G E P S
I F ( ( C V G E P S . L T . l . D - 4 0 ) . O R . ( C V G E P S . G T . l ) ) G O  T O  2 7 1  
G O  T O  1 0 1

2 7 1  E R R O R - . T R U E .
E R R M S G - '  C V G E P S  V A L U E  O U T  O F  R A N G E '
R E T U R N

•

•  E X E C U T E  * * * •  C h a n g e d  1 4  N o v .  1 9 8  9  M F F
•

2 6 0  C O N T I N U E  
C  I F  ( N O D A T A )  T H E N
C  E R R O R - . T R U E .
C  E R R M S G - '  N o  D A T A F I L  s t a t e m e n t  i n  C o m m a n d  F i l e '
C  R E T U R N
C  E N D I F

V A R P T R ( 1 ) - J G R P  
V A R P T R ( 2 ) - J F R Q  
J V - 0
D O  2 6 4  J B - l . N V - 2

I F ( . N O T .  B E T S E T )  T H E N  
B E T A ( J B ) - 0 . D 0 0  

E N D I F  
J V - J V + 1
I F ( ( J V . E Q . J G R P )  . O R . ( J V . E Q . J F R Q ) ) T H E N  

J V - J V + 1  
E N D I F
I F ( ( J V . E Q . J G R P )  . O R . ( J V . E Q . J F R Q ) ) T H E N  

J V - J V + 1  
E N D I F
V A R P T R ( J B + 2 ) - J V  

2 6 4  C O N T I N U E

RETURN

END
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c WCSSP (WEIGHTED, CENTERED SUMS OF SQUARES AND PRODUCTS) *
c IN P U T S :
c DATUNT S UNIT NUMBER OF DATA F IL E
c DATFMT m DATA FORMAT
c VARPTR e VECTOR OF POINTERS TO G RO U P,FR EQ ,X ( 1 ) , . . ,X (BETD IM ) •
c ALTMAX e MAXIMUM NUMBER OF ALTERNATIVES IN  ANY GROUP •
c NVARS s NUMBER OF VARIABLES (INCLUDING GROUP AND FREQ) *
c BETA M CURRENT PARAMETER VECTOR
c OUTPUTS:
c ZPZ « WEIGHTED Z 'Z  IN  TRIANGULAR STORAGE MODE
c DFERR * DEGREES OF FREEDOM FOR ERROR
c NSETS s NUMBER OF CHOICE SETS IN  DATA F IL E
c WORK ARRAYS:
c Z = WORK AREA FOR DATA SUBMATRIX
c ZTOT = WORK AREA FOR RUNNING TOTALS
c XPB S WORK AREA FOR X ' BETA
c PHAT = WORK AREA FOR FITTED  PR O B A BILITIES
c ALTPTR 8 WORK AREA FOR ALTERNATIVE POINTERS
c NZPTR S WORK AREA FOR NONZERO ELEMENT POINTERS
c ERROR REPORTS:
c ERROR 8 ERROR FLAG (LOGICAL)
c ERRMSG ■ ERROR MESSAGE ASSOCIAGED WITH ERROR FLAG

S U B R O U T I N E  W C S S P ( D A T U N T , D A T F M T , V A R P T R , A L T M A X , N V A R S , R B U F , B E T A ,
#  Z P Z , L R C H I S , D F E R R , Z , Z T O T , X P B , P H A T , A L T P T R , P O I S O N ,
#  E R R O R , E R R M S G , N Z P T R , N D E L , D M A S K , L R C H 1 , N S E T S ) 

L O G I C A L  E O D , E R R O R , P O I S O N
I N T E G E R  N V A R S , V A R P T R ( N V A R S ) , A L T M A X , D A T U N T , D F E R R , A L T P T R ( A L T M A X ) ,

#  A L T E R N , B E T D I M , I Z O L D , I Z , I Z P Z , I A L T , J Z , J G R P , J F R Q ,
#  J C , J R , J B , J C O L , J R O W , J C B A S E , N A L T , N Z  P T R ( N V A R S )  , N N Z ,
#  N D E L , D M A S K ( N V A R S ) , N R E A D 1 , N S E T S  

R E A L * 4  G R O U P , L S T G R P
R E A L * 8  Z P Z ( N V A R S * ( N V A R S - 1 ) / 2 ) , Z ( A L T M A X , N V A R S ) , B E T A ( N V A R S - 2 ) ,

#  Z T O T ( N V A R S - 1 ) , X P B ( A L T M A X ) , L R C H I S , L R C H 1 , R F A C T ,
#  P H A T ( A L T M A X ) , P T O T , F T O T , F H A T , Z R O W , Z C O L , W T O T , R B U F ( N V A R S ) 

C H A R A C T E R * 5 1 2  D A T F M T
C H A R A C T E R * 1 2 7  E R R M S G

I N I T I A L I Z E  
D A T U N T - 9  
R E W I N D  ( D A T U N T )
E O D  *= .  F A L S E  .
G R O U P  -  - 9 9 9 9 .
A L T E R N  •  0
I Z O L D  -  0
B E T D I M  «  N V A R S  -  2  
J G R P  -  V A R P T R ( 1 )
J P R Q  =  V A R P T R ( 2 )
D F E R R  -  - B E T D I M  
L R C H I S  -  0 . D 0 0
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L R C H 1 =  O . O D O O  
N R E A D  =  N V A R S  ♦  N D E L  
N S E T S  =  0

D O  9 0  I Z P Z  =  1 , N V A R S * ( N V A R S - 1 ) / 2  
Z P Z ( I Z P Z )  -  O . D O O  

9 0  C O N T I N U E

•  P I L L  D A T A  B U F F E R  U N T I L  G R O U P  N U M B E R  C H A N G E S
1 0 0  L S T G R P  «  G R O U P

I Z  -  M O D ( I Z O L D , A L T M A X ) * 1

C  A d d  t h e  c a p a b i l i t y  t o  d e l e t e  u n w a n t e d  v a r i a b l e s  f r o m  i n p u t  s t r e a m
C  -  B E R  8 9 . 0 6 . 0 4

C
C  R e a d  t h e  e n t i r e  d a t a l i n e ,  d e l e t e  t h e  u n n e c e s s a r y  d a t a
C

I F  ( N D E L  . G T .  0 )  T H E N
R E A D  ( D A T U N T , 1 2 , E N D « 1 1 0 , E R R = 1 1 0 )  ( R B U F ( J ) , J = 1 , N R E A D )

1 2  F O R M A T  ( 9 F 4 . 0 )

DO 1 05  J= l,N V A R S
Z ( I Z , J )  =  R B U F ( D M A S K ( J ) )

1 0 5  C O N T I N U E
E L S E

C
C  U s e  a l l  t h e  d a t a ,  D E L E T E  o p t i o n  N O T  s p e c i f i e d ,  a v o i d  u n n e c c .  p r o c e
C
C  W R I T E ( * , * )  ' B e f o r e  r e a d  . . .  •

R E A D  ( D A T U N T , 1 2 , E N D - 1 1 0 , E R R - 1 1 0 )  ( Z ( I Z , J ) , J = 1 , N V A R S )
C  W R I T E ( * , * )  ' A f t e r  r e a d ,  I Z  =  ' , I Z

E N D I F

C  I F  N O T  A T  E N D  O F  D A T A  F I L E  T H E N
G R O U P  =  Z ( I Z , J G R P )

C  I F  ( M O D ( I N T ( G R O U P ) , 1 0 0 0 0 ) . E Q . 0 )  W R I T E ( 6 , « )  ' P r o c e s s i n g  ' . G R O U P
c  W R I T E  ( 6 , * )  ' P r o c e s s i n g  ' . G R O U P

I F  ( L S T G R P  . E Q .  G R O U P )  T H E N  
I Z O L D  =  I Z  
A L T E R N  »  A L T E R N + 1  
I F  ( A L T E R N  . G T .  A L T M A X )  T H E N  

E R R O R  =  . T R U E .
E R R M S G  *  '  P r o b l e m  i n  D A T A F I L E :  T o o  m a n y  a l t e r n a t i v e s '  
R E T U R N  

E N D  I F
A L T P T R ( A L T E R N )  -  I Z  
G O  T O  1 0 0  

E N D  I F  
G O T O  1 2 0

C  E L S E  ( A T  E N D  O F  D A T A  F I L E )
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n o
c

120

1 2 5

1 3 0

1 4  0

E O D  =  . T R U E .  
E N D  I F

INCREMENT Z ‘ Z MATRIX 
IZOLD -  IZ  
NALT = ALTERN 
I F  (NALT .G T . 0) THEN 

NSETS = NSETS + 1 
DFERR = DPERR ♦ NALT - 1 
PTOT = O.DOO 
FTOT = 0 .
WTOT = O.DOO

DO 1 25  JZ  = 1 ,  NVARS 
Z T O T (JZ ) -  O.DOO 

CONTINUE

DO 1 4 0  IALT = 1 , NALT 
IZ  = ALTPTR( IALT)
X PB ( IALT) = O.DOO 
J B  « 0
DO 1 3 0  JB  -  l.B E T D IM  

JZ -V A R PT R (J B + 2 )
X PB ( IALT) * X PB (IA L T ) ♦ Z ( IZ ,J Z )» B E T A (JB )

CONTINUE
PH AT(IA LT) = DEXP(XPB( IA L T ))
PTOT * PTOT ♦ PHA1 (IA LT)
FTOT -  FTOT ♦ Z ( IZ ,J F R Q )

CONTINUE

LRCH1-LRCH1 ♦ RFACT(FTOT,PO ISON ) - FTOT«DLOG(FLOAT(NALT)) 
LRC H IS-LR CH IS ♦ RFACT(FTOT,PO ISON )
DO 190  IALT -  1 ,  NALT 

I Z  = ALTPTR(IA LT)
PHAT( IA L T ) -  PHAT( IA LT) / PTOT 
FHAT = FTOT*PHAT(IALT)
LRCHIS ■= LRCHIS - RFACT (Z ( IZ .J F R Q )  , POISON)

+ Z (IZ ,JF R Q )* D L O G (P H A T (IA L T ))
LRCH1 -  LRCH1 - R FA C T (Z ( I Z ,J F R Q ) , POISON)
Z ( I Z .J F R Q ) « X PB (IA L T ) + Z (IZ .J F R Q )/F H A T  - 1 .
WTOT » WTOT + FHAT

JCBASE = -1  
NNZ -  0
DO 1 8 0  J C  » 2 ,  NVARS 

JCOL -  VARPTR(JC )
JCBASE « JCBASE ♦ JC  - 2 
ZCOL -  Z (IZ ,JC O L )* F H A T  
I F  (ZCOL .N E . 0) THEN 

NNZ « NNZ 1 
NZPTR(NNZ) = JC
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ZTOT(JCOL) = ZTOT(JCOL) ♦ ZCOL 
DO 17 0  JNZ = 1 , NNZ 

JR  = N ZPTR(JN Z)
JROW * VARPTR(JR)
IZ PZ  * JR  ♦ JCBASE
Z P Z (IZ P Z ) = Z P Z (IZ P Z ) * Z (IZ ,JR O W )*Z C O L  

170  CONTINUE
END IF  

1 80  CONTINUE
190  CONTINUE

JCBASE -  -1  
DO 2 1 0  JC  = 2 , NVARS 

JCOL = VARPTR(JC)
JCBASE « JCBASE ♦ JC  - 2 
ZCOL -  ZTOT(JCOL)/W TOT 
DO 2 0 0  JR  -  2 ,  JC  

JROW = VARPTR(JR)
IZ P Z  < JR  ♦ JCBASE
Z P Z (IZ P Z ) = Z P Z (IZ P Z ) - ZTO T(JRO W )• ZCOL 

20 0 CONTINUE
2 1 0  CONTINUE

END I F

I F  (.N O T . EOD) THEN 
ALTERN = 1
ALTPTR(ALTERN) = IZOLD 
GO TO 100  

ELSE 
RETURN 

END I F  
END

C UPDATE
C UPDATES THE BETA VECTOR. *
C IN PU T S:
c ZPZ (MODIFIED) «
c BETA (MODIFIED) *
c NVARS
c VARPTR
c TOLEPS, CVGEPS TOLERANCE AND CONVERGENCE EPSILONS *
c MAXITR MAXIMUM NUMBER OF ITERATIONS *
c ITER (MODIFIED) *
c OUTPUTS:
c CONVRG . TRUE. WHEN BETA CONVERGES *
c ERROR,ERRMSG

SUBROUTINE UPDATE (ZPZ,BETA ,N V A RS,V A RPTR,TO LEPS,CV G EPS,
# MAXITR,ITER,CONVRG,SWEPT,ERROR,ERRMSG)

INTEGER NVARS,VARPTR(NVARS), M A X ITR ,ITER ,SW EPT(N V A R S-1 ) ,JF IV O T  
REAL*8 ZPZ (NVARS* (N V A R S -D /2 )  , BETA(NVARS-2) , TOLEPS, CVGEPS,
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( ♦ D E L T A ,  M O D D L T  
L O G I C A L  C O N V R G , E R R O R  
C H A R A C T E R * 1 2 7  E R R M S G

C O N V R G  *  . F A L S E .
I T E R  -  I T E R  ♦  1

D O  1 0  0  J P I V O T  =  2 , N V A R S - 1
C A L L  S W E E P ( Z P Z , N V A R S - 1 , J P I V O T , S W E P T , T O L E P S , E R R O R , E R R M S G )  
I P  ( E R R O R )  R E T U R N  

1 0 0  C O N T I N U E

c  w r i t e  ( 6 , * )  '  U P D A T E :  S t e p  1 . . . . . . . . . . . . . . . '

C  T E S T  F O R  C O N V E R G E N C E  
M O D D L T  =  O . D O O  
D O  1 1 0  J B  =  1 ,  N V A R S - 2  

D E L T A  «  B E T A ( J B )
J Z P Z B  -  J B * ( J B + l ) / 2 * 1  
J Z P Z V  =  J Z P Z B  4  J B  
B E T A ( J B )  =  - Z P Z ( J Z P Z B )
D E L T A  *  ( D E L T A - B E T A ( J B ) ) * * 2 / Z P Z ( J Z P Z V )
M O D D L T  -  M O D D L T  ♦  D E L T A  

1 1 0  C O N T I N U E
M O D D L T  -  D S Q R T ( M O D D L T / ( N V A R S - 2 ) )

c  w r i t e  ( 6 , * )  '  U P D A T E :  S t e p  2 . . . . . . . . . . . . . '

I F  ( M O D D L T  . L E .  C V G E P S )  T H E N  
C O N V R G  =  . T R U E .

E N D  I F

I F  ( I T E R  . G T .  M A X I T R )  T H E N  
C O N V R G  =  . T R U E .
E R R O R  *= .  T R U E .
E R R M S G  -  ' M A X I M U M  I T E R A T I O N S  E X C E E D E D . '

E N D  I F

R E T U R N
E N D

SUBROUTINE SW E E P(Z ,IO R D ER ,IP ,SW E PT ,EPS,E R R O R ,E R R M SG )
C « • • • • * * • * * • • * • • • • • * • • • • • » * * » • • • * • « • • * * • » • • • * » • • • * • • • * • • • * • • •
C REVERSIBLE UPPER TRIANGULAR SWEEP PROM J . H .  GOODNIGHT,
C THE SWEEP OPERATOR: IT S  IMPORTANCE IN  STA TISTIC A L COMPUTING 
C
C GEORGE WOODWORTH 6 / 3 / 6 5
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

DOUBLE PRECISIO N  Z ( 1 ) , E P S ,B ,C ,D  
INTEGER SWEPT(1 )
LOGICAL ERROR
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C H A R A C T E R * 1 2 7  E R R M S G  
I Z P  =  I Z A D R ( I P , I P )
D  =  Z ( I Z P )
I F  ( D  . L T .  E P S )  T H E N  

E R R O R  =  . T R U E .
E R R M S G  -  ' D E S I G N  M A T R I X  I S  S I N G U L A R . '  
R E T U R N  

E N D I F

D O  1 0 0  I R  -  1 .  I O R D E R  
I F  ( I R  . N E .  I P )  T H E N  

I Z B » I Z A D R ( I R , I P )
B  »  Z ( I Z B ) / D
I F  ( I R  . G T .  I P )  T H E N

B  =  S W E P T ( I R ) ‘ S W E P T ( I P ) * B  
E N D I F
D O  9 0  I C  =  I R ,  I O R D E R  

I F  ( I C  . N E .  I P )  T H E N  
I Z C  »  I Z A D R ( I C , I P )
C  =  Z ( I Z C )
I F  ( I C  . L T .  I P )  T H E N

C  »  S W E P T ( I C ) ‘ S W E P T ( I P ) * C  
E N D I F
I Z  >  I Z A D R ( I R ,  I C )
Z ( I Z )  -  Z ( I Z )  -  B ‘ C  

E N D I F  
9 0  C O N T I N U E

E N D I F  
1 0 0  C O N T I N U E

D O  2 0 0  I R  -  1 ,  I O R D E R  
I F  ( I R  . N E .  I P )  T H E N  

I Z  -  I Z A D R ( I R ,  I P )
Z ( I Z )  =  Z ( I Z ) / D  
I F  ( I R  . L T .  I P )  T H E N  

Z ( I Z )  -  -  Z ( I Z )
E N D I F  

E N D I F  
2 0 0  C O N T I N U E

Z ( I Z P )  *  1 / D
S W E P T ( I P )  -  - S W E P T ( I P )

R E T U R N
E N D

F U N C T I O N  I Z A D R ( I I , 1 2 )

R E T U R N S  R O W - M A J O R  U P P E R  T R I A N G U L A R  A D D R E S S  F O R  R O W  I I ,  C O L  1 2 .  

C  G E O R G E  W O O D W O R T H  6 / 3 / 8 5
C - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ..
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I R - M I N O ( I I ,12)
IC -M A X O (I I ,12)
IZ A D R -IR * ( I C * ( I C - 1 )  ) /2
RETURN
E N D

SUBROUTINE REPORT(ZPZ,NVARS, VARNAM,VARPTR,LRCHIS, LRCH1,
# DFERR, LSTUNT, PAGENO, B 11)

»
CHARACTER• 8  VARNAM(NVARS) , VAR
INTEGER VARPTR(NVARS), DPERR,LSTUNT,PAGENO
REAL*8 Z P Z (N V A R S * (N V A R S -1 )/2 ), L R C H IS,L R C H l.M O D C H I, C O E F ,S E ,T  
REAL*8 RHOSQ, RHOSQB 
DIMENSION B l l (1 1 )

*

•W RITE FRONT PAGE HEADINGS

PAGENO-1
C W R ITE(LSTU N T,1 2 0 ) PAGENO

120 F O R M A T ( ’ I ' , / / 1 0 X ,  ' M U L T I N O M I A L  L O G I S T I C  R E G R E S S I O N ' , 16X,
# 'PAGE ' , 1 1 )

C W R ITE(LSTU N T,1 2 2 ) VARNAM(VARPTR( 2 ) )
122 FO RM AT(/IOX ,'DEPEND ENT VARIABLE: ’ ,A 8)

C W R ITE(LSTU N T,13 2 )
132  F O R M A T (/IO X ,'V A R IA B L E ', 5 X , ' C O E F F IC IE N T ', 5 X , ' STD ERROR '

# 5X, ' T ' )

* WRITE PARAMETER ESTIMATES 
ICOUNT=13 
DO 1 5 0  J-3 ,N V A R S  

ICOUNT-ICOUNT*1 
K« ( J - l ) * ( J - 2 ) / 2  + 1 
L » J *  ( J - l )  /2  
VAR=VARNAM(VARPTR(J )  )
C O E F --Z P Z (K )
SE -D SQ R T ( Z P Z (L) )
T -C O E F /S E  
B l l ( J - 2 ) ” C0EF

C  W R I T E ( L S T U N T , 1 4 2 ) J - 2 , V A R , C O E F , S E , T
1 4 2  F O R M A T ( 6 X , 1 3 , 2 X , A 8 , 6 X , E 1 3 . 6 , 5 X , E 1 3 . 6 , 5 X . F 1 0 . 4 )

I F  ( I C O U N T . E Q . 8 6 )  T H E N  
P A G E N O - P A G E N O * 1  

C  W R I T E ( L S T U N T , 1 4 6 )  P A G E N O
1 4 6  F O R M A T ( ' 1 ' ,  / / 1 0 X , '  M U L T I N O M I A L  L O G I S T I C  R E G R E S S I O N ' , 1 6 X

#  ' P A G E  ' , 1 1 )
C  W R I T E ( L S T U N T , 1 4 8 )

1 4 8  F O R M A T ( / 1 0 X ,  ' V A R I A B L E ' , 5 X ,  ' C O E F F I C I E N T ' , 5 X ,  ' S T D  E R R O R  '
#  5 X ,  '  T  ' )

I C O U N T - 1 1
E N D I F  

1 5 0  C O N T I N U E
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C WRITE ST A T IS T IC S

I F  (ICOUNT .G T . 57) THEN 
PAGENO= PAGENO*1 

C W R IT E(L ST U N T ,1 5 4 ) PAGENO
154 FORMAT( ' 1 ' , / / I O X ,  1 MULTINOMIAL LO G IST IC  REGRESSION \  16X , 

# 'PAGE ’ ,1 1 )
E N D I F

C W RITE(LSTUNT, 1 5 6 )
156 FORMAT ( / / 1 0 X ,  ' S T A T IS T IC S ' , / )

C W R IT E(L ST U N T ,1 5 8 ) LRCH1
158 F O R M A T (15X ,' L (Z E R O ): ’ ,F 8 .2 )

C W R IT E(L ST U N T ,1 5 9 ) LRCHIS
R C H IS-LR C H IS

159 FORMAT( 15X , ' L(BETA) : \ F 8 . 2 )
M O D C H I--2 . 0D 0*(LR C H 1-LR C H IS)

C W R IT E(L ST U N T ,1 6 0 ) MODCHI,NVARS-2
160 FORMAT( 1 5X , ' - 2 ( L ( 0 ) - L ( B ) ) : ' , F 8 .2  , ' D . F . :  ’ ,1 5 )

R H O SQ =l. O DO -(LRCH IS/LRCH1)
R H O S Q B -l.O D O -( ( LRCH IS-N VA RS*2) /LRCH1)

C W RITE( LSTUNT,1 6 1 )  RHOSQ
161  FORMAT( 1 5X , '  RHOSQ: ’ ,F 8 .5 )

C W R IT E(L ST U N T ,1 6 2 ) RHOSQB
162 FO R M A T (15X ,' ADJUSTED RHOSQ: ’ ,F 8 .5 )

ICOUNT=ICOUNT*9

RETURN
END

SUBROUTINE PRTMAT(M,NVARS,RJVNAM,VARNAM,VAR PTR, 
* LSTUNT,ROWPAG,COLPAG,PAGENO,PAGSIZ)

c
c * PRINT A LOWER TRIANGULAR MATRIX •
c * M : ADDRESS OF MATRIX TO BE PRINTED «
c * NVARS : NUMBER OF VARIABLES (N OF PARMS *2) »
c • VARNAM : VECTOR OF VARIABLE NAMES •
c
/■* * VARPTR : ADDRESSES OF VARIABLES IN VARNAM ARRAY *
Vv

c * LSTUNT : UNIT NUMBER OF LIST FILE •
c • ROWPAG COLPAG : ROWS/COLS PER PAGE •
c • PAGENO : PAGE NUMBER OF PREVIOUS PAGE •
c
c
c

* PAGSIZ
•

: PHYSICAL PAGE SIZE (NUMBER OF LINES) *

INTEGER FSTROW,NVARS,VARPTR(NVARS),LSTUNT,ROWPAG,COLPAG,PAGENO 
INTEGER PAGSIZ,NROWS
INTEGER ROWBAS,COLBAS,ROWMAX,COLMAX,LNG,LSTCOL,TOTLNS,HDRLNS 
REAL*8 M(l),MAXM
CHARACTER•8 VARNAM(NVARS),PAGNAM,RJVNAM(NVARS)
CHARACTER*10 STR 
CHARACTER*20 MATFMT
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H D R L N S - 6  
N R O W S  ■ N V A R S -  2  
F S T R O W - 3  
M A X M - O . D O O
D O  8 0  I - F S T R O W , F S T R O W * N R O W S - 1  

D O  7 0  J - F S T R O W ,  I
M A X M  -  D M A X 1 ( M A X M , D A B S ( M ( ( I - 1 ) • ( 1 - 2 ) / 2 * J - 1  ) ) )  

7 0  C O N T I N U E  
8  0  C O N T I N U E

I F ( M A X M . L T . l . D - 6 ) M A T F M T - ( 6 X , A S , 1 0 ( I X , G 1 0 . 0 ) )
I F ( M A X M . L T . 1 . D 0 0 ) M A T P M T - ( 6 X , A 8 , 1 0 ( 1 X , F 1 0 . 8 ) )
I F ( M A X M . G E . X . D 0 0 ) M A T F M T - ( 6 X , A S , 1 0 ( I X , F 1 0 . 7 ) )
I F ( M A X M . G E . 1 . D 0 1 ) M A T F M T - ( 6 X , A 8 , 1 0 ( 1 X , F 1 0 . 6 ) )
I F ( M A X M . G E . 1 . D 0 2 ) M A T F M T - ( 6 X , A 8 , 1 0 ( 1 X , F 1 0 . 5 ) )
I F ( M A X M • G E . 1 . D 0 3 ) M A T F M T - ( 6 X , A S , 1 0 ( 1 X , F 1 0 . 4 ) )
I F ( M A X M . G E . 1 . D 0 4 ) M A T F M T = ( 6 X , A S , 1 0 ( 1 X , F 1 0 . 3 ) )
I F ( M A X M . G E . 1 . D O S ) M A T F M T - ( 6 X , A 8 , 1 0 ( 1 X , F 1 0 . 2 ) )
I F ( M A X M . G E . 1 . D 0 6 ) M A T F M T = ( 6 X , A S , 1 0 ( 1 X , F 1 0 . 1 ) )
I F ( M A X M . G E . 1 . D 0 7 ) M A T F M T - ( 6 X , A S , 1 0 ( 1 X , F 1 0 . 0 ) )
I F ( M A X M . G E . 1 . D O S ) M A T F M T = ( 6 X , A S , 1 0 ( I X , G 1 0 . 0 ) )

DO 90 I-FSTROW,FSTROW+NROWS-1
CALL RJNAME(VARNAM(VARPTR(I)) , RJVNAM(VARPTR( I ) ) )

90 CONTINUE

ROWBAS-FSTROW-1 
COLBAS=FSTROW-1

TOTLNS=PAGSIZ 
100 ROWMAX-MIN(ROWBAS+ROWPAG,FSTROW-fNROWS-1)-ROWBAS 

COLMAX-MIN(COLBAS♦COLPAG, FSTROW+NROWS- 1 ) - COLBAS

I F  ( PA G SIZ -T O TL N S-2 .L T . ROWMAX+HDRLNS) THEN 
PAGENO-PAGENO+1 
CALL NTOSTR( PAGENO, STR, LNG)
PAGNAM-' PAGE 1/ /S T R ( 1 : LNG)
WRITE (LSTUNT, • ( • ' 1  "  /1 3 X ,1 0 A 1 1 )  •)

• ( '  ' , J = l ,C O L P A G - l ) , PAGNAM
TOTLNS-O

ELSE
WRITE (L S T U N T ,' ( I X ) ' )
WRITE (LSTUNT, • (IX ) ' )
TOTLNS-TOTLNS+2

ENDIF

WRITE (LSTUNT,
'  ' ( "  MULTINOMIAL L O G IST IC  REGRESSION,
• "COVARIANCE MATRIX OF PARAMETER E S T IM A T E S '' / ) ' )

WRITE (L S T U N T ,' ( 1 4 X ,1 0 ( 3 X ,A 8 ) ) ' )
• (RJVNAM (VARPTR ( J )  ) , J-CO LBA S+ 1 , COLBASt-COLMAX)
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WRITE (L S T U N T ,' ( "  ............1 0 A 1 1 ) ' )
* ( ' ............................. ' , J«l,C O L M A X )

TOTLNS- TOTLNS♦HDRLNS

C I  I S  THE VARIABLE NUMBER, 1-GROUP, 2=DEPENDENT (FREQENCY) 
C 3 THRU NVARS=INDEPENDENT

HOWEVER, THE M ARRAY IS  ADDRESSED AS FOLLOWS:
ROW, COL*1 I S  THE DEPENDENT VARIABLE 

C ROW ,COL-2 THROUGH NVARS-1 ARE THE INDEPENDENT VARS IN
C THE ORDER THEY APPEAR ON THE VARIABLE L IS T .
C V A R PTR (I) POINTS TO THE NAME OF THE IT H  ROW,COL
C »•

DO 110 I - ROWBAS ♦ 1 , ROWBAS+ROWMAX
LSTCOL-MAX( 0 , M IN ( I , COLBAS+COLMAX)- COLBAS)
I F  (LSTCOL .G T . 0) THEN

WRITE(LSTUNT,MATFMT) VARNAM (VARPTR(I)) ,
* (M( ( I - 1 ) • ( 1 - 2 ) / 2 * J - 1  ) ,
* J-C O L B A S + 1, COLBAS+LSTCOL)

TOTLNS-TOTLNS*l
EN D IF 

1 1 0  CONTINUE

ROWBAS- ROWBAS ♦ ROWPAG 
IF  (ROWBAS .G E . FSTROW+NROWS-1) THEN 

COLBAS-COLBAS♦COL PAG 
ROWBAS-COLBAS 

ENDIF
IF  (ROWBAS .L T . FSTROW+NROWS-1) GOTO 10 0

RETURN
END

SUBROUTINE NTOSTR(NUMBER, STRIN G , LENGTH)
INTEGER NUM BER,N,Q,R,LENGTH 
CHARACTER*10  D IG IT S , STRING 
DATA D I G I T S / '0 1 2 3 4 5 6 7 8 9 '/
S T R IN G -'Z Z Z '
LENGTH-3 
N-NUMBER 
LENGTH-0

1 0 0  IF  ((N  .L E . 0 ) .O R. (LENGTH .G E . 1 0 ) )  GOTO 1 05  
LENGTH-LENGTH*1 
Q -IN T (N /1 0 )
R -N -1 0 * Q
S T R IN G ( 1 1 - LENGTH: 1 1 - L E N G T H )-D IG IT S (R +1 : R+1)
N -Q
GOTO 100  

1 0 5  CONTINUE
DO 110  1 - 1 ,  LENGTH
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S T R I N G ( 1 : 1 )  =  S T R I N G ( 1 0 - L E N G T H * I : 1 0 - L E N G T H + I )  
1 1 0  C O N T I N U E  

R E T U R N  
E N D

S U B R O U T I N E  R J N A M E ( L J U S T , R J U S T ) 
C H A R A C T E R * 8  L J U S T , R J U S T  
I N T E G E R  L N G

L N G - 8
1 0 0  I F  ( ( L J U S T ( L N G : L N G )  . N E .  • ' )  . O R .  ( L N G  . E Q .  0  ) )  G O T O  1 1 0

L N G - L N G - 1  
G O T O  1 0 0

l i n  R J U S T = '  '
I F  ( L N G  . G T .  0 )  R J U S T ( 9 - L N G : 8 ) - L J U S T ( 1 : L N G )

R E T U R N
E N D

S U B R O U T I N E  U P C A S E ( L E N , L E T T E R ) 

I N T E G E R  L E N
C H A R A C T E R * 1  U C A S E ( 2 6 ) , L C A S E ( 2 6 )  
C H A R A C T E R * 1  L E T T E R ( L E N )

D A T A  U C A S E / ' A ' , ' B ' , '  C ’ ,  ' D '  , • E  • ,  • F  • , 1 G  '> v j  i ■ H ' ,  ' I ' , ' J ' , ' K 1 , ' L
+  ,  ' N ' ,  ' O '  , ■ p .

.  ' Q '  , ' R ' , ' S '  , » T  *
r A ,, ' U * ,  - V ,  ’ W ’ ,, ’ X ’ , • Y

D A T A  L C A S E / ’ a ' , ' b ' , ' c ' .  ’ d >  , ' e ' , ' f - ' g ' - , ■ h  ■ ,  '  i ' '  i  '< J  i '  R ' , ' 1
♦  , ' n ' , ' o ' , ’ P ’ .  ' q' - • r ' , ' s ' , , ' f , ' u ' ,  ’ V ' ,  ' w ' , • x ' , 'y

D O  1 0 0  N - l , L E N  
D O  1 1 0  J - l , 2 6

I F ( L E T T E R ( N ) . E Q . L C A S E ( J ) ) L E T T E R ( N ) - U C A S E ( J )  
1 1 0  C O N T I N U E  
1 0 0  C O N T I N U E  

R E T U R N  
E N D

R E A L * 8  F U N C T I O N  R F A C T ( V A L , P O I S O N )  
R E A L * 8  V A L  
L O G I C A L  P O I S O N

R F A C T - 0 . 0 D 0
I F  ( . N O T . P O I S O N . A N D . V A L . G T . 1 . S D 0 )  T H E N  

D O  1 0 0  N - 2 , I N T ( V A L + O . 5 D 0 )  
R F A C T - R F A C T + D L O G ( F L O A T ( N ) )

1 0 0  C O N T I N U E  
E N D I F  
R E T U R N  
E N D
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