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Preface

We have been very gratified by the warm reception to the first six
editions of our textbook. It seems clear that instructors do not want
major changes in the material in the sixth edition, except for the usual
updates and refinements. We have heard and honor this message.

However, we also have concluded that the time has come to add
some important new material as a complement to the current
contents. The nature and rationale for this new material is described
below.

ADDING BUSINESS ANALYTICS AS A
COMPLEMENT TO MANAGEMENT SCIENCE

For well over a decade now, we have seen a growing analytics
revolution. As we have entered the era of big data, analytics (including
data science) now plays a key role in dealing with numerous
managerial concerns. Business analysts who analyze these problems
no longer can depend primarily on using the techniques of
management science. The discipline of business analytics now needs
to be used as well. To meet this need, business schools now have
substantially increased their coverage of business analytics. In fact,
many business schools now offer a master's program in business
analytics.

Therefore, without reducing the coverage of management science,
we now are providing an introduction to business analytics as well to
clarify the close relationship between these two disciplines. This is



done mainly in the first three chapters (plus Chapter 4, which was
Chapter 10 in the sixth edition). Chapter 1 is partially new in
describing business analytics and its relationship to management
science. Chapter 2 is completely new in providing an overview of a
major study that draws on the techniques of business analytics and
management science working together. Chapter 3 is completely new
in presenting some basic kinds of models for performing predictive
analytics. Just as in the sixth edition, Chapter 4 (formerly Chapter 10)
presents another type of predictive analytics, namely, using historical
data to make a forecast of what the value of some future quantity will
turn out to be. Therefore, students now can gain a much better
understanding of how business analytics and management science
complement each other.

However, Chapter 5-15 (plus the Web chapters) present
essentially all of the management science material that was in the
sixth edition. Therefore, this gives management science instructors
considerable flexibility in how to use this book. If they don’t have the
space or inclination to provide a significant coverage of business
analytics, they can go directly from Chapter 1 to Chapter 5-15. If they
want to include an overview of how business analytics and
management science can work together, Chapter 2 can be included
as well. If they want a fuller introduction to business analytics while
still providing a more thorough introduction to management science,
Chapter 3 and perhaps Chapter 4 can be included as well.

Master’'s programs in business analytics typically include a course
that is devoted mainly to presenting the techniques of management
science and operations research. This textbook should be well suited
for such a course.

As discussed in the following three subsections, we continue to
believe that a modern introductory management science textbook
should have three key elements. As summarized in the subtitle of this
book, these elements are a modeling and case studies approach with
Sspreadsheets.



SPREADSHEETS

The modern approach to the teaching of management science clearly
IS to use spreadsheets as a primary medium of instruction. Both
business students and managers now live with spreadsheets, so they
provide a comfortable and enjoyable learning environment. Modern
spreadsheet software, including Microsoft Excel used in this book,
now can be used to do real management science. For student-scale
models (which include many practical real-world models),
spreadsheets are a much better way of implementing these models
than traditional algebraic solvers. This means that the page x
algebraic curtain that used to be prevalent in traditional

management science courses and textbooks now can be lifted.

However, with the current enthusiasm for spreadsheets, there is a
danger of going overboard. Spreadsheets are not the only useful tool
for performing management science analyses. Occasional modest use
of algebraic and graphical analyses still have their place and we would
be doing a disservice to the students by not developing their skills in
these areas when appropriate. Furthermore, the book should not be
mainly a spreadsheet cookbook that focuses largely on spreadsheet
mechanics. Spreadsheets are a means to an end, not an end in
themselves.

A MODELING APPROACH

This brings us to the second key feature of the book, a modeling
approach. Model formulation lies at the heart of management science
methodology and also plays a basic role when applying business
analytics. Therefore, we heavily emphasize the art of model
formulation, the role of a model, and the analysis of model results. We
primarily (but not exclusively) use a spreadsheet format rather than
algebra for formulating and presenting a model.

Some instructors have many years of experience in teaching
modeling in terms of formulating algebraic models. Some of these
instructors feel that students should do their modeling in this way and
then transfer the model to a spreadsheet simply to use the Excel



Solver to solve the model. We disagree with this approach. Our
experience (and the experience reported by many others) is that most
business students find it more natural and comfortable to do their
modeling directly in a spreadsheet. Furthermore, by using the best
spreadsheet modeling techniques (as presented in this edition),
formulating a spreadsheet model tends to be considerably more
efficient and transparent than formulating an algebraic model. Another
benefit is that the spreadsheet model includes all the relationships that
can be expressed in an algebraic form and we often will summarize
the model in this format as well.

Another break from past tradition in this book (and several
contemporary textbooks) is to virtually ignore the algorithms that are
used to solve the models. We feel that there is no good reason why
typical business students should learn the details of algorithms
executed by computers. Within the time constraints of a one-term
management science course, there are far more important lessons to
be learned. Therefore, the focus in this book is on what we believe are
these far more important lessons. High on this list is the art of
modeling managerial problems on a spreadsheet.

We Dbelieve that training business students in spreadsheet
modeling will provide them with two key benefits when they later
become managers. First, this will give them a powerful tool for
analyzing small managerial problems without requiring outside help.
Second, this will enable them to recognize when a team of business
analysts could be very helpful for analyzing more complicated
managerial problems.

Formulating a spreadsheet model of a real problem typically
involves much more than designing the spreadsheet and entering the
data. Therefore, we work through the process step by step:
understand the unstructured problem, verbally develop some structure
for the problem, gather the data, express the relationships in
quantitative terms, and then lay out the spreadsheet model. The
structured approach highlights the components of the model and the
different types of spreadsheet cells used for each. Consequently, the
emphasis is on the modeling rather than spreadsheet mechanics.



A CASE STUDIES APPROACH

However, all this still would be quite sterile if we simply presented a
long series of brief examples with their spreadsheet formulations. This
leads to the third key feature of this book—a case studies approach.
In addition to examples, every chapter includes a case study
patterned after actual applications to convey the whole page xi
process of applying management science and business
analytics. In a few instances, the entire chapter revolves around a
case study. By drawing the student into the story, we have designed
each case study to bring that chapter’'s technique to life in a context
that vividly illustrates the relevance of the technique for aiding
managerial decision making. This storytelling, case-centered
approach should make the material more enjoyable and stimulating
while also conveying the practical considerations that are key factors
in applying these kinds of techniques.

We have been pleased to have several reviewers of the first six
editions express particular appreciation for our case study approach.
Even though this storytelling approach has received little use in some
other management science textbooks, we feel that it is a real key to
preparing students for the practical application of the relevant
technigues. Some of the reviewers have highlighted the effectiveness
of the dialogue/scenario enactment approach used in some of the
case studies. Although unconventional, this approach provides a way
of demonstrating the process of managerial decision making with the
help of management science and business analytics. It also enables
previewing some key concepts in the language of management.

Every chapter also contains full-fledged cases following the
problems at the end of the chapter. These cases usually continue to
employ a stimulating storytelling approach, so they can be assigned
as interesting and challenging projects. Many of these cases were
developed jointly by two talented case writers, Karl Schmedders (a
faculty member at the IMD Business School for Management and
Leadership in Switzerland) and Molly Stephens (formerly a
management science consultant with Andersen Consulting). The
authors also have added some cases, including several shorter ones.



We are, of course, not the first to incorporate any of these key
features into a management science textbook. However, we believe
that the book currently is unique in the way that it fully incorporates all
three key features together.

OTHER SPECIAL FEATURES

We also should mention some additional special features of the book
that are continued from the sixth edition.

Diverse examples, problems, and cases convey the pervasive
relevance of management science and business analytics.

A strong managerial perspective.

Learning objectives at the beginning of each chapter.
Numerous margin notes that clarify and highlight key points.
Excel tips interspersed among the margin notes.

Review questions at the end of each section.

A glossary at the end of each chapter.

Solved problems (problems with complete solutions provided) at the
end of each chapter.

Partial answers to selected problems in the back of the book.

Extensive supplementary text materials (10 supplements to book
chapters and 7 additional chapters) are available on the website,
www.mhhe.com/Hillier7e.

A SPECIAL SOFTWARE PACKAGE

This edition continues to integrate Excel and an impressive more
recent product of Frontline Systems called Analytic Solver®. The
downloaded software works only with Excel for Windows. However, a
cloud-based version of this software is also available at
AnalyticSolver.com. The cloud-based version works along with Excel
(on either Mac or Windows) and is designed to look and feel as much
as possible like the downloaded Analytic Solver add-in for Excel. It
offers comprehensive features for prescriptive analytics (optimization,
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simulation, decision analysis) and predictive analytics page xii
(forecasting, data mining, text mining). Its optimization
features are upward compatible from the standard Solver in Excel.
Analytic Solver includes:

A more interactive user interface, with the model parameters always
visible alongside the main spreadsheet, rather than only in the Solver
dialog box.

Parameter analysis reports that provide an easy way to see the effect
of varying data in a model in a systematic way.

A model analysis tool that reveals the characteristics of a model
(e.g., whether it is linear or nonlinear, smooth or nonsmooth).

Tools to build and solve decision trees within a spreadsheet.
A full range of time series forecasting and data mining models.

The ability to build and run sophisticated Monte Carlo simulation
models.

An interactive simulation mode that allows simulation results to be
shown instantly whenever a change is made to a simulation model.

The Solver in Analytic Solver can be used in combination with
computer simulation to perform simulation optimization.

If interested in having students get individual licenses for class
use, instructors should send an email to support@solver.com to
get their course code and receive student pricing and access
information as well as their own access information. Note that
this software is not free with the purchase of this text, but low-cost
student licenses are available.

A CONTINUING FOCUS ON EXCEL AND ITS
SOLVER

As with all the preceding editions, this edition continues to focus on
spreadsheet modeling in an Excel format. Although it lacks some of
the functionalities of Analytic Solver, the Excel Solver continues to
provide a completely satisfactory way of solving most of the
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spreadsheet models encountered in this book. This edition continues
to feature this use of the Excel Solver whenever either it or the
Analytic Solver could be used.

Many instructors prefer this focus because it avoids introducing
other complications that might confuse their students. We agree.

However, the key advantage of introducing Analytic Solver is that it
provides an all-in-one complement to the Excel Solver. There are
some important topics in the book (including decision analysis and
computer simulation) where the Excel Solver lacks the functionalities
needed to deal fully with these kinds of problems. Multiple Excel add-
ins—Solver Table, TreePlan, Senslt, RiskSim, Crystal Ball, and
OptQuest (a module of Crystal Ball)—were introduced in previous
editions to provide the needed functionalities. Analytic Solver alone
now replaces all of these add-ins.

To further enhance a continuing focus on Excel and its Solver,
McGraw Hill's Connect® Instructor Resources includes all the Excel
files that provide the live spreadsheets for all the various examples
and case studies throughout the book. In addition to further
investigating the examples and case studies, these spreadsheets can
be used by either the student or instructor as templates to formulate
and solve similar problems. This website also includes dozens of
Excel templates for solving various models in the book as well as a
Queueing Simulator for performing computer simulations of queueing
systems (used in Chapter 14).

NEW FEATURES IN THIS EDITION

We have made some important enhancements to the current edition.

A New Section Introduces Business Analytics The business world
has come to recognize the key role that business analytics can play
in managerial decision making. This new Section 1.2 describes the
three categories of business analytics and also introduces the role of
data science, machine learning, and artificial intelligence.

A Largely New Section Describes the Relationship Between



Management Science and Business Analytics Both management
science and business analytics are disciplines that provide a _page xiii
scientific approach to guiding managerial decision making

by using sophisticated techniques that draw on the mathematical
sciences, including data science. Section 1.3 describes how these
are overlapping disciplines that complement each other extremely
well.

A New Chapter Provides an Overview of the Analysis Process
When Using Business Analytics and Management Science
Chapter 2 describes the overall process when teams of business
analysts apply business analytics and management science to
conduct major studies for management. After emphasizing the need
to work with management to carefully define the problem of concern
to management, the chapter describes and illustrates the several
steps needed to perform each of the three stages of analytics
(descriptive, predictive, and prescriptive). Business analytics and
management science play complementary roles throughout this
overall process.

A New Chapter Presents Several Popular Models for Performing
Predictive Analytics A considerable number of models have been
developed for performing predictive analytics. Some of these are
classification models, which expresses its prediction of an outcome
simply by classifying it as likely to fit a particular class of outcomes.
Others are prediction models, which actually predict a numerical
value for the outcome. Chapter 3 presents several popular models of
both types.

A New Section Extends Queueing Models to Consider Human
Behavior When customers join a waiting line to receive some
service from a server, queueing models (the subject of Chapter 13)
can be used to predict how long the customers will need to wait.
However, these models are based on simplifying mathematical
assumptions about how the customers and the server will behave.
Recent research has been developing an alternative approach called
behavioral queueing theory that instead considers the typical
behavior of human servers and customers. The new Section 13.10



presents this alternative approach.

New Introductions to the Five Parts of the Book Provide Better
Perspective Now that the book occasionally goes back and forth in
discussing management science and business analytics, we have
broken the book into five parts, where each part consists of a few
chapters that have a common theme. To help maintain perspective
about the current theme, we have provided an introduction to each
part at the beginning of the first of its chapters.

We Now Are a Multi-Color Book to Further llluminate the
Material Past editions have been one-color books. We now are
delighted to have full color available to better highlight the material.
For example, descriptive analytics makes heavy use of color and we
now can fully illustrate this. Color also will highlight the different
components of spreadsheet models.

A Thorough Updating Throughout the Book. Given that the writing
of the first edition occurred more than 20 years ago, it is inevitable
that some of that writing now is somewhat outdated. Even though the
descriptions of management science techniques may still be
accurate, the numbers and other details describing their application
In certain problems, cases, and examples may now seem quite
obsolete. Wage standards have changed. Prices have changed.
Technologies have changed. Dates have changed. We have done
some updating with each new edition and we again made a real
effort this time to thoroughly update numbers and other details as
needed to reflect conditions in 2022.

Additional Links to Articles that Describe Dramatic Real
Applications. The sixth edition included 26 application vignettes that
described in a few paragraphs how an actual application of
management science had a powerful effect on a company or
organization by using techniques like those being studied in that
portion of the book. The current edition adds eight more vignettes
based on recent applications of management science and/or
business analytics (while deleting four outdated ones). We continue
the practice of adding a link to the journal articles that fully describe
these applications (except that the vignette for Section 1.5 doesn’t



require a link), through a special arrangement with the Institute for
Operations Research and the Management Sciences (INFORMS®).
Thus, the instructor now can motivate his or her lectures by having
the students delve into real applications that dramatically page xiv
demonstrate the relevance of the material being covered in

the lectures. The end-of-chapter problems also include an
assignment after reading each of these articles.

We continue to be excited about this partnership with INFORMS,
our field’s preeminent professional society, to provide a link to each
of these articles describing spectacular applications of management
science and/or business analytics. INFORMS is a professional
society for students, academics, and practitioners in analytics,
operations research, and management science. Information about
INFORMS journals, meetings, job bank, scholarships, awards, and
teaching materials is available at www.informs.org.

A Word-by-Word Review to Further Increase Clarity in Each
Chapter. A hallmark of each edition has been a particularly heavy
use of certain techniques to maximize the clarity of the material: use
cases to bring the material to life, divide sections into smaller
subsections, use short paragraphs, use bullet points, set off special
conclusions, use italics or boldface to highlight key points, add
margin notes, never assume too much about understanding
preceding material, etc. However, we have doubled down with this
approach in the current edition by using a word-by-word review of
each chapter to further increase clarity while also taking into special
account the input provided by reviewers and others.

REFLECTING THE DIVERSE WORLD AROUND
us

McGraw Hill believes in unlocking the potential of every learner at
every stage of life. To accomplish that, we are dedicated to creating
products that reflect, and are accessible to, all the diverse, global
customers we serve. Within McGraw Hill, we foster a culture of
belonging, and we work with partners who share our commitment to
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equity, inclusion, and diversity in all forms. In McGraw Hill Higher
Education and for Introduction to Management Science and Business
Analytics, this includes, but is not limited to the following:

Refreshing and implementing inclusive content guidelines around
topics including generalizations and stereotypes, gender,
abilities/disabilities, race/ethnicity, sexual orientation, diversity of
names, and age.

Enhancing best practices in assessment creation to eliminate
cultural, cognitive, and affective bias.

Including more diverse voices in the development and review of our
content.

THIS EDITION ALSO INCLUDES A SPECIAL
TEACHING AND LEARNING PLATFORM

McGraw Hill's Connect® is a teaching and learning platform that is
proven to deliver better results for students and instructors. It
empowers students by continually adapting to deliver precisely what is
needed when they need it, and how they need it, so their class time is
both engaging and effective.

Available with this edition, Connect includes multiple-choice
guestions for each chapter to be used as practice or homework for
students. It also includes SmartBook® (described in the next section)
as a personal tutor for students, as well as instrucstor resources
(including a test bank) and student resources. For access, visit
connect.mheducation.com. Instructors also can contact their
McGraw Hill sales representative.

After describing SmartBook, various details about Connect are
presented next and then later as well.

SMARTBOOK®

Proven to help students improve grades and study more efficiently,
SmartBook contains the same content within the print book, but


http://www.connect.mheducation.com

actively tailors that content to the needs of the individual. SmartBook’s
adaptive technology provides precise, personalized instruction on
what the student should do next, guiding the student to master and
remember key concepts, targeting gaps in knowledge and offering
customized feedback, and driving the student toward comprehension
and retention of the subject matter. Available on desktops and tablets,
SmartBook puts learning at the student’s fingertips—anywhere,
anytime.
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PROCTORIO
REMOTE PROCTORING & BROWSER-
LOCKING CAPABILITIES

[ connect + @ proctorio

Remote proctoring and browser-locking capabilities, hosted by
Proctorio within Connect, provide control of the assessment
environment by enabling security options and verifying the identity of
the student.

Seamlessly integrated within Connect, these services allow
instructors to control students’ assessment experience by restricting
browser activity, recording students’ activity, and verifying students
are doing their own work.

Instant and detailed reporting gives instructors an at-a-glance view
of potential academic integrity concerns, thereby avoiding personal
bias and supporting evidence-based claims.

(&) READANYWHERE

Read or study when it's convenient for you with McGraw Hill's free
ReadAnywhere app. Available for iOS or Android smartphones or



tablets, ReadAnywhere gives users access to McGraw Hill tools
including the eBook and SmartBook 2.0 or Adaptive Learning
Assignments in Connect. Take notes, highlight, and complete
assignments offline—all of your work will sync when you open the app
with WiFi access. Log in with your McGraw Hill Connect username
and password to start learning—anytime, anywhere!

OLC-ALIGNED COURSES

IMPLEMENTING HIGH-QUALITY ONLINE
INSTRUCTION AND ASSESSMENT THROUGH
PRECONFIGURED COURSEWARE

In consultation with the Online Learning Consortium (OLC) and our
certified Faculty Consultants, McGraw Hill has created pre-configured
courseware using OLC’s quality scorecard to align with best practices
in online course delivery. This turnkey courseware contains a
combination of formative assessments, summative assessments,
homework, and application activities, and can easily be customized to
meet an individual's needs and course outcomes. For more
information, visit https:/lwww.mheducation.com/highered/olc.

TEGRITY: LECTURES 24]/7

Tegrity in Connect is a tool that makes class time available 24/7 by
automatically capturing every lecture. With a simple one-click start-
and-stop process, you capture all computer screens and
corresponding audio in a format that is easy to search, frame by
frame. Students can replay any part of any class with easy-to-use,
browser-based viewing on a PC, Mac, iPod, or other mobile devices.

Educators know that the more students can see, hear, and
experience class resources, the better they learn. In fact, studies
prove it. Tegrity’s unique search feature helps students efficiently find
what they need, when they need it, across an entire semester of class
recordings. Help turn your students’ study time into learning moments
immediately supported by your lecture. With Tegrity, you also increase
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intent listening and class participation by easing students’ concerns
about note-taking. Using Tegrity in Connect will make it more likely
you will see students’ faces, not the tops of their heads.

TEST BUILDER IN CONNECT

Available within Connect, Test Builder is a cloud-based tool that
enables instructors to format tests that can be printed, administered
within a Learning Management System, or exported as a Word
document of the test bank. Test Builder offers a modern, streamlined
interface for easy content configuration that matches course needs,
without requiring a download.
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Test Builder allows you to:

access all test bank content from a particular title.

easily pinpoint the most relevant content through robust filtering
options.

manipulate the order of questions or scramble questions and/or
answers.

pin questions to a specific location within a test.

determine your preferred treatment of algorithmic questions.
choose the layout and spacing.

add instructions and configure default settings.

Test Builder provides a secure interface for better protection of
content and allows for just-in-time updates to flow directly into
assessments.

WRITING ASSIGNMENT

Available within Connect and Connect Master, the Writing Assignment
tool delivers a learning experience to help students improve their
written communication skills and conceptual understanding. As an



instructor you can assign, monitor, grade, and provide feedback on
writing more efficiently and effectively.

CREATE YOUR BOOK, YOUR WAY

McGraw Hill's Content Collections Powered by Create® is a self-
service website that enables instructors to create custom course
materials—print and eBooks—by drawing upon McGraw Hill’'s
comprehensive, cross-disciplinary content. Choose what you want
from our high-quality textbooks, articles, and cases. Combine it with
your own content quickly and easily, and tap into other rights-secured,
third-party content such as readings, cases, and articles. Content can
be arranged in a way that makes the most sense for your course and
you can include the course name and information as well. Choose the
best format for your course: color print, black-and-white print, or
eBook. The eBook can be included in your Connect course and is
available on the free ReadAnywhere app for smartphone or tablet
access as well. When you are finished customizing, you will receive a
free digital copy to review in just minutes! Visit McGraw Hill Create®
—www.mcgrawhillcreate.com—today and begin building!

INSTRUCTOR RESOURCES

The Instructor Resource Library within Connect is password-protected
and a convenient place for instructors to access course supplements
that include ten supplements to chapters in the print book and 7
supplementary chapters. Resources for instructors include the
complete solutions to all problems and cases, PowerPoint slides
which include both lecture materials for nearly every chapter and
nearly all the figures (including all the spreadsheets) in the book, and
an expanded Test Bank. The test bank contains almost 1,000
multiple-choice and true-false questions, all tagged according to
learning objective, topic, level of difficulty, Bloom’s taxonomy and
AACSB category for filtering and reporting, and in delivered in the
following ways:

— As a Connect assignment for online testing and automatic
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grading; can be used for actual exams or assigned as quizzes or
practice;

— In TestGen, a desktop test generator and editing application for
Instructors to provide printed tests that can incorporate both McGraw
Hill's and instructors’ questions;

— As Word files, with both question-only and answer files.

STUDENT RESOURCES

As described above, SmartBook provides a powerful tool to students
for personalized instruction. For the additional convenience of
students, we also are providing the website,
www.mhhe.com/Hillier7e, to provide the full range of resources of
interest to students. In addition to providing access to supplementary
text material (both supplements to book chapters and additional
chapters), this website provides solutions to the “solved _page xvii
problems” (additional examples) that are included at the end

of each chapter. For each spreadsheet example in the book, a live
spreadsheet that shows the formulation and solution for the example
also is provided in the website for easy reference and for use as a
template. (At the end of each chapter, the page entitled “Learning Aids
for This Chapter” lists the Excel files and other resources that are
relevant for that chapter.) Information about accessing the book’s
software is provided. In addition, the website includes a tutorial with
sample test questions (different from those in the instructor’'s test
bank) for self-testing quizzes on the various chapters. It also provides
access to the INFORMS articles cited in the application vignettes as
well as updates about the book, including errata.

AN INVITATION

We invite your comments, suggestions, and errata. You can contact
either one of us at the e-mail addresses given below. While giving
these addresses, let us also assure instructors that we will continue
our policy of not providing solutions to problems and cases in the book
to anyone (including your students) who contacts us. We hope that
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you enjoy the book.

Frederick S. Hillier
Stanford University (fhillier@stanford.edu)

Mark S. Hillier
University of Washington (mhillier@uw.edu)

January 2022
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PART 1 (Chapters 1-2

Science and Business Analytics

CHAPTER 1

Introduction

This book has five parts. Chapters 1 and 2 comprise Part 1, which has
the theme of presenting the essence of management science and
business analytics. To clarify the role of Chapter 1 in this endeavor,
we begin by providing an introduction to Part 1, after which we will
focus on presenting Chapter 1.

Introduction to Part 1 (Chapters 1 and 2) | The Essence of
Management Science and Business Analytics

This book provides an introduction to two closely related disciplines—
management science and business analytics—that provide a scientific
approach to improving the management of business firms around the
world. The greater emphasis will be on management science, and
indeed, the final 11 chapters (Chapters 5-15) will present its major



techniques. However, before focusing on management science, the
first four chapters will include significant coverage of the
complementary roles of management science and business analytics,
followed by presenting some key techniques of business analytics
(including those that are sometimes given different names such as
data science, data mining, machine learning, and so forth).

Because of the dual coverage of management science and
business analytics, we have divided the book into five parts to clarify
the focus within each part and to provide perspective about how this
focus relates to the rest of the book. Thus, Parts 3, 4, and 5 will focus
on three different categories of the techniques of management
science. Part 2 (Chapters 3 and 4) will be devoted to presenting the
techniques of business analytics for performing predictive analytics.
To lay the groundwork for all of this, Part 1 (Chapters 1 and 2) will
focus on describing the essence of management science and
business analytics, as discussed below.

Management science (often called operations research outside
of business schools) was first developed in the middle of the 20th
century and has had a major impact ever since. Business analytics
Is much younger, dating back to near the turn of the century, but now
Is riding high as a prominent part of the analytics revolution. Both
disciplines have their own unique strengths but also share some major
strengths as well. They complement each other extremely well. When
a major study is needed to aid managerial decision making, the
combination of the two disciplines provides real strength at every
stage of the study.

business analytics

The art and the science of transforming data into insights for making better business
decisions. (Section 1.2)

Chapter 1 describes the special features of management science
and business analytics separately and then emphasizes the close
relationship between these two disciplines. The chapter includes a
description of the three stages of analytics: (1) descriptive analytics



(analyzing data to create informative descriptions of what has
happened so far), (2) predictive analytics (using models to create
predictions of what is likely to happen in the future), and (3)
prescriptive analytics (using decision models, including the
optimization models of management science, to prescribe the best
options for managerial decision making). The business analytics
discipline has special strength for the first two stages. The
management science discipline also has considerable strength for
performing predictive analytics, but its special strength is for
performing prescriptive analytics. Since teams of business analysts
performing a major study for management frequently need to include
all three stages of analytics, such teams often make heavy use of the
techniques of both business analytics and management page 2
science. Chapter 1 also describes how this kind of

approach has had an impressive impact on improving the efficiency
and profitability of numerous businesses around the world.

descriptive analytics
Analyzing data to create informative descriptions of what has happened so far. (Section 1.2)

predictive analytics
Using models to create predictions of what is likely to happen in the future. (Section 1.2)

Chapter 2 further emphasizes this close relationship between
business analytics and management science. The chapter provides a
thorough overview of the analysis process for conducting major
projects to study complex business problems by using both
disciplines. Section 2.3 is of special interest because it is the one
place in the book that provides a detailed step-by-step description and
illustration of how descriptive analytics is performed. Some tools are
illustrated for reframing raw data to enable clearly visualizing the
message being conveyed by the data. Sections 2.4 and 2.5 also
provide detailed step-by-step descriptions and illustrations of what is
needed to be ready to perform predictive analytics and prescriptive
analytics, respectively.



What this overview of the analysis process does not do is provide
much detail about the specific techniques that then are needed to
actually perform predictive analytics and prescriptive analytics. In
particular, it is necessary to develop a model that fully defines the
problem and provides an algorithm (a systematic solution procedure)
for applying the model. Part 2 will focus on some popular models for
performing predictive analytics. Parts 3 and 4 then will focus on some
models needed for performing prescriptive analytics. Part 5 will
present some traditional uncertainty models for performing predictive
analytics or prescriptive analytics when future events are particularly
uncertain.

model
An approximate representation of something. (Section 1.1)

Before focusing on these models, one goal of Part 1 is to provide
the broader context of the work that needs to be done first to prepare
for applying these models. Another goal is to provide future managers
and future business analysts with a good understanding of the great
Impact that management science and business analytics together can
have.

The book’s website also includes additional information about Part
1. In particular, Chapter 1 has a supplement there entitled “An
lllustration of the Management Science Approach: Break-Even
Analysis.”

Resumption of Chapter One

Learning Objectives
After completing this chapter, you should be able to

Define the term management science.

Describe the nature of management science.

Describe mathematical models and spreadsheet models.
Define the term business analytics.



Describe the nature of business analytics.
Describe the three categories of business analytics.

Describe the relationship between management science and
business analytics.

Identify the levels of annual savings that management science
sometimes can provide to organizations.

Identify some special features of this book.

The introduction to Part 1 points out that the focus of this book is on
providing a thorough introduction to management science while also
introducing the basic concepts of business analytics that play a
complementary role. This chapter begins this process by describing
the general nature of these closely related disciplines.

The reason for introducing these two disciplines together is that
they complement each other very well. They both use a scientific
approach to improving the management of business firms. They both
use basic tools from such fields as mathematics, statistics, computer
science, and information technology. They both are dedicated to
aiding managerial decision making. Indeed, any major study being
conducted to aid managerial decision making commonly draws from
the special techniques of both disciplines. As the toolkits of the two
disciplines continue to merge, the distinction between these
disciplines continues to diminish. Therefore, it now makes sense to
provide an introduction to these complementary disciplines together.

A specialist in either or both of these disciplines requires having a
good background in mathematics and related fields. This can cause
anxiety to some students who fear that they may not have page 3
an adequate mathematical background for this kind of
course. However, rest easy. We realize that most readers of this book
are aspiring to become managers, not mathematicians. Therefore, the
emphasis throughout is on conveying what a future manager needs to
know about management science and business analytics. Yes, this
means including a little mathematics here and there, because it is a
major language of the field. The mathematics you do see will be at the
level of high school algebra plus (in the later chapters) basic concepts



of elementary probability theory. We think you will be pleasantly
surprised by the new appreciation you gain for how useful and intuitive
mathematics at this level can be. However, managers do not need to
know any of the heavy mathematical theory that underlies the various
techniqgues of management science and business analytics.
Therefore, the use of mathematics plays only a strictly secondary role
in the book.

One reason we can deemphasize mathematics is that powerful
spreadsheet software is available for applying management science
and business analytics. Spreadsheets provide a comfortable and
familiar environment for formulating and analyzing managerial
problems. The spreadsheet takes care of applying the necessary
mathematics automatically in the background with only a minimum of
guidance by the user. This has revolutionized the use of management
science and business analytics. In the past, business analysts with
substantial training in management science and/or business analytics
were needed to carry out significant studies for management. Now
spreadsheets are bringing many of the tools and concepts of these
disciplines within the reach of managers for conducting their own
analyses. Although busy managers will continue to call upon business
analysts with extensive training in management science and/or
business analytics to conduct major studies for them, they are
increasingly becoming direct users themselves through the medium of
spreadsheet software. Therefore, since this book is largely aimed at
future managers and business analysts, we will emphasize the use of
spreadsheets for applying management science and business
analytics.

This book maintains a primary focus on management science,
while also introducing the complementary role of business analytics.
What does an enlightened future manager need to learn about these
topics?

Gain an appreciation for the relevance and power of management
science and business analytics. (Therefore, we include many
application vignettes throughout the book that give examples of
actual applications of these disciplines and the impact they had on



the organizations involved.)

Learn to recognize when these disciplines can (and cannot) be
fruitfully applied. (Therefore, we will emphasize the kinds of problems
to which the various techniques can be applied.)

Learn how to apply the major techniques of management science
and business analytics to analyze a variety of managerial problems.
(Therefore, we will focus largely on how spreadsheets enable many
such applications with no more background in these disciplines than
provided by this book.)

Develop an understanding of how to interpret the results of a

management science and business analytics study. (Therefore, we
will present many case studies that illustrate such studies and how
their results depend on the assumptions and data that were used.)

Obtain a thorough introduction to the major techniques of
management science while also introducing a few key techniques of
business analytics that illustrate how this discipline complements
management science.

The objectives just described are the key teaching goals of this
book.

We begin this process in the next five sections by introducing the
nature of management science and business analytics, as well as the
Impact that these disciplines are having on many organizations. (This
process will continue throughout the remaining chapters as well.) In
particular, Section 1.1 describes the nature of management science
and Section 1.2 does the same for business analytics. Section 1.3
then discusses the relationship between management science and
business analytics. Section 1.4 provides an illustration of a typical
application of business analytics and management science (choosing
an advertising budget). Section 1.5 focuses on the impact of
management science and business analytics. Section 1.6 then points
out some of the special features of this book that you can look forward
to seeing in the subsequent chapters.

page 4



1.1 THE NATURE OF MANAGEMENT
SCIENCE

What is the name management science (sometimes abbreviated MS)
supposed to convey? It does involve management and science or,
more precisely, the science of management, but this still is too vague.
Here is a more suggestive definition.

Management science is a discipline that attempts to aid
managerial decision making by applying a scientific approach
to managerial problems that involve quantitative factors.

management science

A discipline that attempts to aid managerial decision making by applying a scientific
approach to managerial problems that involve quantitative factors.

Now let us see how elaborating upon each of the italicized terms in
this definition conveys much more about the nature of management
science.

Management Science Is a Discipline

As a discipline, management science is a whole body of knowledge
and techniques that are based on a scientific foundation. For example,
it is analogous in some ways to the medical field. A medical doctor
has been trained in a whole body of knowledge and techniques that
are based on the scientific foundations of the medical field. After
receiving this training and entering practice, the doctor must diagnose
a patient’'s illness and then choose the appropriate medical
procedures to apply to the illness. The patient then makes the final
decision on which medical procedures to accept. For less serious
cases, the patient may choose not to consult a doctor and instead use
his own basic knowledge of medical principles to treat himself.
Similarly, a management scientist must receive substantial training



(albeit considerably less than for a medical doctor). This training also
Is in a whole body of knowledge and techniques that are based on the
scientific foundations of the discipline. After entering practice, the
management scientist must diagnose a managerial problem and then
choose the appropriate management science techniques to apply in
analyzing the problem. The cognizant manager then makes the final
decision as to which conclusions from this analysis to accept. For less
extensive managerial problems where management science can be
helpful, the manager may choose not to consult a management
scientist and instead use his or her own basic knowledge of
management science principles to analyze the problem.

Although it has considerably longer roots, the rapid development of
the discipline began in the 1940s and 1950s. The initial impetus came
early in World War Il, when large numbers of scientists were called
upon to apply a scientific approach to the management of the war
effort for the allies. When the war ended, the success of this approach
in the war effort spurred interest in applying it outside the military as
well. By the early 1950s, substantial applications of management
science were being seen in a variety of organizations in business,
industry, and government. Courses presenting the techniques of
management science also began to be introduced in some colleges
and universities.

Another landmark event in the history of management science was
the discovery by George Dantzig in 1947 of the simplex method for
solving linear programming problems. (Linear programming is the
subject of several chapters.) Considerable progress in developing the
other techniques of management science also occurred throughout
the middle of the 20th century. However, the very limited
computational power available at that time (whether when doing the
computations by hand or with the relatively primitive electronic
computers of the day) prevented applying these techniques except to
small problems. Fortunately, another factor that gave great impetus to
the growth of the discipline ever since that time was the onslaught of
the computer revolution. Even massive problems usually can be
solved now with today’s powerful computers.



The traditional name given to the discipline (and the one that still is
widely used today outside of business schools) is operations
research. This name was applied because the teams of scientists in
World War Il were doing research on how to manage military
operations. The abbreviation OR also is widely used. This
abbreviation often is combined with the one for management science
(MS), thereby referring to the discipline as OR/MS. According to
estimates from the U.S. Bureau of Labor Statistics in 2021, there were
approximately 105,000 individuals at that time working as operations
research analysts in the United States (some with just a B.S. degree)
with a median annual salary of about $85,000. The Bureau also
forecasted that this number of individuals working as operations
research analysts would grow by 25 percent over the subsequent
decade.

operations research

The traditional name for management science that still is widely used outside of business
schools.
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As discussed in the next two sections, another discipline that is
closely related to management science is business analytics. Like
management science, business analytics attempts to aid managerial
decision making but with particular emphasis on three types of
analysis: (1) descriptive analytics—the use of data (sometimes
massive amounts of data) to analyze trends to date (perhaps using
some of the techniques described in Section 2.3), (2) predictive
analytics—the use of data to predict what will happen in the future
(perhaps by using the forecasting techniques described in Chapters 3
and 4), and (3) prescriptive analytics—the use of data to prescribe the
best course of action (frequently by using the optimization techniques
described in many chapters of this book). Broadly speaking, the
technigues of the management science discipline provide the
firepower for prescriptive analytics and, to a lesser extent, for
predictive analytics, but not so much for descriptive analytics. (Section



1.3 will further describe the relationship between management science
and business analytics.)

One major international professional society for the management
science discipline (as well as for business analytics) is the Institute for
Operations Research and the Management Sciences (INFORMS).
Headquartered in the United States, with well over 12,000 members,
this societyholds major conferences in the United States each year
(including a Business Analytics Conference and the annual INFORMS
Meeting) plus occasional conferences elsewhere. It also publishes
several prominent journals, including Management Science,
Operations Research, Analytics, and INFORMS Journal on Applied
Analytics (formerly entitled Interfaces before 2019). (Articles
describing actual applications of management science are featured in
this last journal, so you will see many references and links to this
journal throughout the book.) In addition, a few dozen countries
around the world have their own national operations research
societies.

Thus, operations research/management science (OR/MS) is a truly
international discipline. (We hereafter will normally just use the name
management science.)

Management Science Aids Managerial

Decision Making

The key word here is that management science aids managerial
decision making. Business analysts employing management science
don’'t make managerial decisions. Managers do. A management
science study only provides an analysis and recommendations, based
on the quantitative factors involved in the problem, as input to the
cognizant managers. Managers must also take into account various
intangible considerations that are outside the realm of management
science and then use their best judgment to make the decision.
Sometimes managers find that qualitative factors are as important as
guantitative factors in making a decision.

When business analysts employ management science and other techniques to make



recommendations to management, it is managers (not the business analysts) who make the
decisions.

A small informal management science study (or management
science and business analytics study) might be conducted by just a
single individual, who may be the cognizant manager. However,
management science teams normally are used for larger studies. (We
often will use the term team to cover both cases throughout the book.)
Such a team often includes some members who are not management
scientists but who provide other types of expertise (such as specialists
in business analytics) needed for the study. Although a management
science team often is entirely in-house (employees of the company),
part or all of the team may instead be consultants who have been
hired for just the one study. Consulting firms that partially or entirely
specialize in management science and related techniques (such as
business analytics) currently are a growing industry.

Although we use the word study throughout the book to describe
the work being done by teams of business analysts who are applying
management science and other techniques, these teams often are
engaged in full-fledged projects being guided by management. Rather
than simply presenting a report or presentation to a manager, the
team often works closely with management and the managerial staff
to gather the needed data and define management’s objectives for the
project. Once management has used the team’s input to guide its
decisions about a new system, the team may then be heavily involved
with making sure that management’s desires are being implemented

properly.

Management Science Uses a Scientific
Approach

Management science is based strongly on some scientific fields,
including mathematics, statistics, and computer science. It also draws
on the social sciences, especially economics. Since the field is page 6
concerned with the practical management of organizations, a

management scientist should have solid training in business



administration, including its various functional areas, as well.

To a considerable extent, a management science team will attempt
to use the scientific method in conducting its study. This means that
the team will emphasize conducting a systematic investigation that
includes careful data gathering, developing and testing hypotheses
about the problem (typically in the form of a mathematical model), and
then applying sound logic in the subsequent analysis.

When conducting this systematic investigation, the management
science team typically would follow several (overlapping) steps that
include defining the problem, gathering relevant data, formulating a
mathematical model, determining how to solve the model, testing and
refining the model, applying the model to develop recommendations
for management, and then helping to implement the recommendations
adopted by management. Chapter 2 is devoted to fully describing
each of the steps for conducting a complete study, including
performing descriptive analytics, predictive analytics, and prescriptive
analytics (the latter is where management science plays a particularly
key role).

Management Science Considers Quantitative

Factors

Many managerial problems revolve around such quantitative factors
as production quantities, revenues, costs, the amounts available of
needed resources, and so on. By incorporating these quantitative
factors into a mathematical model and then applying mathematical
procedures to solve the model, management science provides a
uniquely powerful way of analyzing such managerial problems.
Although management science is concerned with the practical
management of organizations, including taking into account relevant
qualitative factors, its special contribution lies in this unique ability to
deal with the quantitative factors.

mathematical model
An approximate representation of, for example, a business problem that is expressed in



terms of mathematical symbols and expressions.

The supplement to this chapter at www.mhhe.com/Hillier7e
provides a case study that illustrates the management science
approach to considering quantitative factors. The specific problem
being addressed involves break-even analysis, which leads to
determining the break-even point of a new product, defined as the
minimum sales level required before the product becomes profitable.
Both a spreadsheet model and a mathematical model are formulated
to conduct the analysis. Several problems and a case requiring break-
even analysis also are included.

Review Questions

When did the rapid development of the management science
discipline begin?

What is the traditional name given to this discipline outside of
business schools?

What does a management science study provide to managers to aid
their decision making?

Upon which scientific fields and social sciences is management
science especially based?

What are some quantitative factors around which many managerial
problems revolve?

1.2 WHAT IS BUSINESS ANALYTICS?

There has been great buzz throughout the business world over the
last couple decades about business analytics and the importance of
incorporating it into managerial decision making. The primary impetus
for this buzz was a series of articles and books by Thomas H.
Davenport, a renowned thought-leader who has helped hundreds of
companies worldwide to revitalize their business practices. He initially
introduced the concept of analytics in the January 2006 issue of the


http://www.mhhe.com/Hillier7e

Harvard Business Review with an article, “Competing on Analytics,”
that now has been named as one of the 10 must-read articles in that
magazine’s 90-year history. Thomas Davenport soon followed up this
article with two best-selling books entitted Competing on Analytics:
The New Science of Winning (published in 2007 with a new edition
published in 2017) and Analytics at Work: Smarter Decisions, Better
Results (published in 2011). (Jeanne Harris also was a co-author of
both books and Robert Morison was an additional co-author of the
second book.)

So, what is business analytics? Here is a succinct definition.

By using a variety of innovative techniques to analyze the
available data, business analytics can be defined as the art
and the science of transforming data into insight for making
better business decisions.
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While developing a considerable number of its own innovative
techniques in its relatively short history, business analytics also has
drawn on various other quantitative decision sciences, including
management science, mathematics, statistics, computer science,
information technology, industrial engineering, etc. For example, it
draws heavily on statistics and computer science when the focus is on
making sense of vast amounts of data while also exploiting an
explosion in computational capability needed to do this.

Business analytics draws on management science and various other quantitative decision
sciences.

Thus, any application of business analytics draws on any of the
guantitative decision sciences that can be helpful in analyzing a given
problem. Therefore, a company’s business analytics group might
include members who collectively have considerable training in all of
the quantitative decision sciences listed above, as well as the solid



background in business administration needed by any business
analyst.

Business analytics has grown in prominence over the past couple
decades largely because we have entered into the era of big data
where massive amounts of data (accompanied by massive amounts of
computational power) are now commonly available to many
businesses to help guide managerial decision making. The current
data surge is coming from sophisticated computer tracking of
shipments, sales, suppliers, and customers, as well as e-mail, web -
traffic, social networks, images, and video. A primary focus of
business analytics is on how to make the most effective use of all
these data.

big data

Refers to the era of big data we have entered in recent decades where enormous and
increasing amounts of transactional data commonly are available for analysis.

The era of big data has created new challenges that require the use of business analytics.

The Three Categories of Business Analytics

The application of business analytics can be divided into three
overlapping categories. Each of these categories will be discussed in
depth in subsequent chapters. Meanwhile, here are the traditional
names and brief descriptions of these categories:

Category 1: Descriptive analytics (analyzing data to create informative descriptions
of what has happened so far)

Category 2: Predictive analytics (using models to create predictions of what is likely
to happen in the future)

Category 3: Prescriptive analytics (using decision models, including the
optimization models of management science, to prescribe the best options for
managerial decision making)

prescriptive analytics
Using decision models to prescribe the best options for managerial decision making.

The first of these categories, descriptive analytics, requires dealing



with perhaps massive amounts of data. Information technology is used
to store and access the data on what has happened in the past, as
well as to record what is happening now. Descriptive analytics then
uses innovative techniques (including algorithms) to explore the data,
locate and extract the data that are relevant, and then identify the
interesting patterns and summary data. Innovative performance
metrics also may be calculated to more vividly describe performance
to date. A key tool of descriptive analytics is data visualization. After
exploring the data to identify the insights, the goal of data visualization
Is then to communicate those insights clearly and efficiently to
managers and other users through the careful selection of the most
effective visual graphics. (Section 2.3 will focus on descriptive
analytics.)

data visualization

After exploring the data to identify the insights, the goal of data visualization is then to
communicate these insights clearly and efficiently to managers and other users through the
careful selection of the most effective visual graphics. (also see Section 1.4)

An important goal of business analytics, including especially
descriptive analytics, is to track down and connect the relevant parts
of all the available data with the business problems and issues of
current interest. This provides guidance into what kinds of data
summaries and visualizations (as well as the specific types of
predictive and prescriptive models) should be constructed in order to
be most valuable for the business.

For all parts of business analytics, but especially for descriptive
and predictive models (which typically produce vital inputs for
prescriptive models), considerable resources and effort go into data
preparation. This is a significant part of every data scientist's job as
well.

Predictive analytics often involves applying statistical models to
predict future events or trends. For example, Chapter 4 (Predictive
Analytics Based on Time-Series Forecasting) is devoted to developing
various forecasting models for predicting a future quantity of some
type based on the historical pattern of that quantity. (Management



scientists have used these models from the field of Statistics for many
decades and now they also are key tools in the business analytics
toolkit.) Chapters 14 and 15 will describe how computer simulation
(using a computer to simulate the operation of a system) also can be
very useful for demonstrating future events that can occur. (Computer
simulation is another traditional management science technique.)
These powerful management science techniques (with roots in
statistics and computer science) have been incorporated into a much
larger business analytics toolkit for performing predictive analytics.

forecasting models

Models for predicting a future quantity of some type based on the historical pattern of that
guantity, as described in Chapter 4.

computer simulation

Using a computer to simulate the operation of an entire process or system, as described in
Chapters 14 and 15.
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An Application Vignette

IBM (International Business Machines) is an American international
technology company with operations in over 170 countries. It is one
of the world’s largest employers with (as of 2020) over 345,000
employees. It produces and sells computer hardware, middleware,
and software, while also providing hosting and consulting services
for numerous clients. It also is one of the world’s leading research
organizations and is a leader in implementing innovative business
practices.

IBM Global Technology Services (GTS) operates and manages
some of the world’s largest data centers for its clients. Because of
the high cost and disruption caused by incurring server downtime
due to needing maintenance or replacement, special attention



needs to be given to reducing server downtime. A traditional
approach for attempting to do this is to automatically replace a
server when it reaches a certain age, say, five years. IBM has
developed a much better approach by using the innovative
techniques of predictive analytics to better predict when a server
should be upgraded.

IBM’s methodology for doing this is called Predictive Analytics
for Server Incident Reduction (PASIR). PASIR uses a sophisticated
version of a popular technique of predictive analytics called
machine learning (a form of artificial intelligence) to collect, classify,
and analyze vast amounts of information (including over 6 million
reports of undesirable incidents with some server) about the
historical record of the various specific types of servers. High-
impact problems involving server outages are correlated with
problematic server configurations. This enables developing the best
available predictions of future problems and the recommendations
of the most appropriate modernization strategy for each server.

Since 2013, IBM has applied PASIR to more than 840,000 client
servers in more than 360 client environments, resulting in much
more precise upgrade spending, as well as environmental benefits.
It is conservatively estimated that this application of predictive
analytics is providing IBM’s clients with average savings of $1
billion per year.

This dramatic application of predictive analytics resulted in IBM
winning the prestigious honor of being one of the five worldwide
finalists for the 2020 Franz Edelman Award for Achievement in
Advanced Analytics, Operations Research, and Management
Science.

Source: J. Bogojeska, I. Giurgiu, G. Stark, and D. Wiesmann, “IBM Predictive Analytics
Reduces Server Downtime,” INFORMS Journal on Applied Analytics 51, no. 1 (January—
February 2021): 63-75. (A link to this article is provided on this book's website at
www.mhhe.com/Hillier7e.)

In addition, the emergence of the analytics revolution soon after
the turn of the century has led the business analytics community to


http://www.mhhe.com/Hillier7e

achieve dramatic advances in further developing and refining
techniques for performing predictive analytics. Sometimes, rather than
predicting the future quantity of some type based on the historical
pattern of that quantity (such as when using forecasting models), the
goal may be to predict a yes-or-no outcome (or perhaps one of a small
set of possible outcomes). For example, a business often is interested
in predicting the behavior of a prospective customer. Will that
customer go ahead and purchase a product that is being offered?
How should this kind of question be addressed?

The business analytics community has made great advances in developing powerful
techniques for performing predictive analytics after the turn of the century.

When trying to predict a yes-or-no outcome like this, rather than a
numeric outcome, it is commonly referred to as classification rather
than prediction. A basic approach for addressing this kind of
classification question is to collect data involving the characteristics
and behavior of previous customers. Then, determine a subset of the
previous customers whose characteristics are most similar to the
prospective customer. Then classify the prospective customer as likely
to purchase (or not) the product being offered based on the past
behavior of this subset of previous customers.

classification

Using models to predict a yes-or-no outcome (or perhaps one of a small set of possible
outcomes).

Although this example of how to classify the likely behavior of a
prospective customer may seem quite intuitive, we have not spelled
out a number of detailed procedures that are needed to implement this
methodology as effectively and efficiently as possible. Much of
Chapter 3 revolves around applying or modifying this methodology to
fit a variety of situations. Because these and some other methods of
predictive analytics are quite sophisticated, this category of analytics
tends to be more advanced than the first one (descriptive analytics).

Prescriptive analytics uses powerful techniqgues drawn mainly from management science to
prescribe what should be done in the future.



Prescriptive analytics is the final (and most advanced) category of
analytics. It involves applying decision models to the data to prescribe
what should be done in the future. The powerful techniques of
management science described in many of the chapters of this book
(including a wide variety of decision models for finding optimal
solutions) commonly are used here. The purpose is to guide
managerial decision making, so the name decision analytics also
could be used to describe this category.
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Having introduced some of the basic traditional terminologies of
business analytics (descriptive, predictive, and prescriptive analytics),
we should point out that the terminology in this young field continues
to change at a rapid pace due to innovation and lots of market activity.
For example, business analytics is sometimes referred to as data
science (see below), as well as data analytics or decision analytics.
(Business intelligence also is a traditional name for descriptive and
predictive analytics.) Additional changes in terminology probably lie
ahead.

The Role of Data Science

Business analytics is sometimes referred to as data science because
it focuses so much on the science of transforming data into useful
insights. However, in fact, business analytics and data science are two
distinct, albeit closely related, disciplines. Recall that business
analytics was defined at the beginning of this section as the art and
the science of transforming data into insight for making better
business decisions. Note that the definition of data science below is
quite different.

data science

An interdisciplinary field that uses scientific methods, processes, algorithms, and systems to
extract knowledge or insights from even massive amounts of data in various forms.



Data science is an interdisciplinary field that uses scientific
methods, processes, algorithms, and systems to extract
knowledge or insights from even massive amounts of data in
various forms.

Although business analytics also is interdisciplinary and uses
scientific methods, the important differences in these definitions are
that data science is more interdisciplinary, more based on scientific
methods, more applicable to various areas in addition to business,
and more concerned with how to deal with even massive amounts of
data in various forms.

Numerous universities now offer degree programs in either
business analytics or data science (or both). There are distinct
differences between these two types of programs. The business
analytics programs normally are offered in business schools (typically
at the master’s level) because the focus is on the analysis of mostly
structured business data to make key business decisions. The data
science programs often are in STEM departments and go deeper into
the foundational areas such as statistics, computer science, and
relevant technologies (such as the two introduced in the next two
subsections). This interdisciplinary approach enables applications in a
variety of areas rather than just mainly business applications.

Data science is based on a strong background in statistics, computer science, and relevant
technologies.

Because of its emphasis on the application of science to the
analysis of data, highly trained practitioners of data science frequently
are given the title of data scientists. Specialists in business analytics
occasionally have earned this title, but less often since their emphasis
IS more on using a deep understanding of business administration to
make strategic business decisions. However, business analytics
teams often will include at least one data scientist on the team.
Although business analysts have a good background in mathematics,
statistics, and computer science, the stronger background of a data
scientist in these areas frequently can be helpful for a business



analytics team. A stronger background in computer technology also
can be helpful when the team wants to apply either of the powerful
human-like technologies described below.

data scientist

A common title given to highly trained practitioners of data science or business analytics
who mainly focus on the application of science to the analysis of data.

The Role of Machine Learning

Computers now are so powerful that they can process enormous
amounts of information and calculations in seconds that would be far
beyond the capacity of any human being. This gives computer
systems (the “machine”) the ability to automatically “learn” from the
patterns in the data and thereby do such things as progressively
improve performance on a specific task.

The goal of machine learning is to allow computers to learn
automatically from historical relationships and trends in the
data in order to do such things as making data-driven
predictions.

machine learning

A technology that allows computers to learn automatically from historical relationships and
trends in the data in order to do such things as making data-driven predictions.

A few of the applications of machine learning include self-driving
cars, practical speech recognition, effective web search, image
recognition, medical diagnosis, and a vastly improved understanding
of the human genome.

To illustrate the machine learning process, consider the case of
how specially trained physicians (radiologists) use pattern recognition
to diagnose a specific disease. They read images from routine x-rays,
computed tomography, MRI, ultrasound, and other imaging modalities.
This is done only after several years of training in a radiology



residency, plus perhaps additional training in a subspeciality. Progress
now is being made with using machine learning to assist page 10
radiologists with performing this pattern recognition. This

involves approximating the training process of human radiologists by
creating a digital “neural net” which can learn to recognize patterns by
being fed with huge numbers of training images accompanied by the
“correct answer.” The resulting computer application then provides the
radiologist with a “second opinion” to help improve the diagnosis (the
prediction regarding a specific disease).

What does this radiology example have to do with business
analytics? Nothing directly, but a great deal indirectly. Business
analytics frequently is involved with using pattern recognition in other
contexts. Some examples include looking for patterns in financial
histories to detect fraud, looking for patterns in e-mail messages to
detect spam, or looking for patterns in the buying behavior of past
customers to make additional purchase recommendations to a new
customer. (You will see a variety of similar applications of predictive
analytics in Chapter 3.)

Machine learning is a popular method for applying predictive analytics by performing pattern
recognition.

The Role of Artificial Intelligence

Although the term artificial intelligence (Al) was first coined way back
in 1956, the big buzz about Al came early in the 21st century and is
continuing to grow. There were some important breakthroughs in
image recognition in the early 2010s and advances in natural
language processing came a little later. Exciting research continues,
but we still have a long way to go to fully realize the goal of artificial
intelligence.

The goal of artificial intelligence (Al) is to build intelligent computer programs and
machines that can simulate human thinking capability and behavior.

artificial intelligence

The goal of artificial intelligence is to build intelligent computer programs and machines that
can simulate human thinking capability and behavior.



However, one famous example of artificial intelligence dates back
to before the turn of the century. In 1997, a computer called Deep
Blue was able to apply artificial intelligence to defeat the world
champion chess player (Garry Kasparov) in a match consisting of six
chess games. Deep Blue could generate and evaluate about 200
million chess positions per second. Therefore, it was able to look
ahead a considerable number of moves to evaluate various
combinations of moves by itself and its competitor. Chess players do
this all the time, but even Chess Grandmasters cannot do this as well
as Deep Blue. Therefore, Deep Blue was simulating human thinking
capability and behavior, but doing this more effectively than a world
champion because of the power of Al.

Machine learning (ML) and artificial intelligence (Al) are closely
related technologies. The terms often are used interchangeably, but
ML actually is just one important part of Al. Because its focus is on
automatically learning from historical relationships and trends in the
data, ML provides an ideal platform for performing Al. The difficult part
then is taking the next step to use this platform to truly simulate
human thinking capability and behavior.

Machine learning provides an ideal platform for performing artificial intelligence.

Some practitioners (including many consultants) now use Al as a
broad umbrella term that encompasses management science,
operations research, analytics, machine learning, and so forth.
However, the algorithms being used generally have been developed
based on human intelligence rather than artificial intelligence. The full
promise of Al should gradually come later.

Review Questions

What are some quantitative decision sciences that are drawn upon by
business analytics?

What is meant by the era of big data and what role did it play in the
origin of business analytics?

What does descriptive analytics involve doing?



What does predictive analytics involve doing?

What does prescriptive analytics involve doing?

What is data science and how does it differ from business analytics?
What is machine learning and how does it relate to business
analytics?

What is artificial intelligence and how does it relate to machine
learning?

1.3 THE RELATIONSHIP BETWEEN
MANAGEMENT SCIENCE AND
BUSINESS ANALYTICS

Section 1.1 has introduced the discipline of management science and
Section 1.2 has done the same for business analytics. They have
many similarities. Both disciplines use data and quantitative factors to
perform sophisticated analyses that aim to aid managerial decision
making. These are overlapping disciplines that complement each
other extremely well.
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An Application Vignette

The Intel Corporation is an American multinational technology
company headquartered in Silicon Valley. It is the world’s largest
semiconductor chip manufacturer by revenue. It ranked No. 45 in
the 2020 Fortune 500 list of the largest U.S. corporations with a
revenue of nearly $78 billion. Its integrated circuits have been a
driving force of the information revolution for over 50 years. More
recently, Intel-driven computers have enabled the advent of cloud
computing, big data, and the practical resurgence of artificial



