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Preface

This book emphasizes a quantitative approach to solving problems related

to designing and operating supply chains. Importantly, though, i ig DOERO

micro” in its focus that the perspective on the larger business aera

lost, nor is it so “macro” in its treatment of that business context ca ee

to develop students’ appreciation for, and skills to solve, the wane

lems that must be addressedin effectively managing flows ofgoods i sipp y

chains. Economists often speak of the need to u nderstand first principles

before one can understand and solve larger problems. Weshare that view,

and we have therefore structured the book to provide a grounding in the

“first principles” relevant to the broad and challenging preee cana:

ing a supply chain that spans the globe. Wefeel strongly ae ans ot

supply chain engineering are best served by first developing a He id under

standing ol, and a quantitative toolkit for, tactical decision making in areas

such as demand forecasting, inventory management, and transportation

management—in both an intrafirm and firm-to- firm (clyacic) context— before

making any attempt to “optimize| he supply chain,” a task that is clearly much

easier said than done, or to optimizelarge swathsof any given supply chain.

Still, the idea of optimization is indeed prevalent throughout the book. This

book is careful and deliberatein its approach to supply chain optimization.

Indeed, the perspective takenis one that is well known toLeng Ret of all

types, namely, the perspective of design. Engineers design th ings. Sonic engi-

neers design discrete physical items, and some design collections of items

that operate together as systems. Engineers that design supply chains take

on the latter challenge. But, in the same way that it is difficult to say that an

engineerthat designs automotive suspension systems that ach ievea particu-

lar set of objectives is in some way“optimizing the automobile, itis difficult

to say that an engineer who formulates a decision to locate a distribution

centerin orderto achieve a particularset of objectives forthefirm that owns

and/or managesthat distribution center is somehow“optimizing the supply

chain.” Whatthat engineeris doing, however,is critically important tothe

function of the portion ofthe supply chain that is cormected to that distribu-

tion center.

Thus, a devotion to mathematical precision and optimization is evident

throughout the book. Each chapteris presented from this mathematical per-

spective, and in each chapter, specificmathematical problems are formu latecl

andsolved. In addition, in thelatter half of the text, specifically in C hapters

6 through 8, we address another important issuein designing supply chains

and their supporting systems, namely, the issueof conflicting criteria. Indeed,

a key issue in designing anything—beit an automotive suspensionora net-
work that connects sources of supplyto points offinal consumption—is the
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Preface

his book emphasizes a quantitative approac h to solving, problemsrelated

to dessigning and operating supply chains. Importantly, though, it is not so
t

in its focus that the perspective on the larger business problemsiis
“micro”

lost, noris it so “macro”inits treatment of that business context that it fails

to develop Gate nts’ appreciation for, and skills to solve, the tactical prob-

lems that must be addressed in e ffectively managing flowsofgoodsiin supply

chains. Economists often speak of the need to undewstand “first principles”

before one can understand and solve larger problems. We share that view,

and we have therefore structured the book to provide a grounding in the

“first principles” relevant to the broad and challenging problem of manag-

ing a supply chain that spans the globe. Wefeel strongly that students of

supply chain engineering are best served byfirst developing a solid under-

standing of, and a quantitative toolkit for, tactical decision making in areas

such as demand forecasting, inventory management, and transportation

management—in both an intrafirm and firm-to-firm (dyadic) context—before

making anyattemptto “optimizethe supplychain,”a task that is clearly much

easier said than done, orto optimizelarge swaths of any given supplychain.

Still, the idea of optimizationis indeed prevalent throughoutthe book. This

book is careful and deliberate in its approach to supply chain optimization.

Indeed, the perspective taken is one that is well knownto engineers ofall

types, namely, the perspective of design. Engineers design things. Some engi-
neers design discrete physical items, and some design collections of items
that operate together as systems. Engineers that design supply chains take
on the latter challenge. But, in the same waythatit is difficult to say that an
engineer that designs automotive suspension systemsthat achieve a particu-
lar set of objectives is in some way “optimizing the automobile,”it is difficult
to say that an engineer who formulates a decision to locate a distribution

center in order to achieve a particular set of objectives for the firm that owns
and/or managesthat distribution center is somehow “optimizing the supply
chain.” What that engineer is doing, however,is critically important to the
function of the portion of the supply chain thatis connectedto that distribu-

tion center.
Thus, a devotion to mathematical precision and optimization is evident

throughout the book. Each chapter is presented from this mathematical per-
spective, and in each chapter, specific mathematical problems are formulated
and solved. In addition, in thelatter half of the text, specifically in Chapters
6 through 8, we address another importantissue in designing supply chains
and their supporting systems, namely, the issue of conflicting criteria. Indeed,
a key issue in designing anything—beit an automotive suspension or a net-
work that connects sources of supply to points of final consumption—is the
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notion of trade-offs. Often, design objectives are in conflict. For example, it
is generally not possible to achieve the fastest fulfillment of demand at the
lowest transportation cost. This trade-off between speed and cost must be
resolved in a waythat identifies the best combined outcome, and this is the
province of multicriteria decision making (MCDM).

Formally incorporating MCDMin supply chain design and decision mak
ing is one ofthe uniqueaspects of this book. Therefore, we include an appen-
dix on MCDMthat discusses important principles from this area of applied
mathematics. This appendix serves as an important resource to Chapters
6 through 8 where weintegrate MCDMinto the process of designing and
managing portions of the supply chain. This fresh perspective, utilizing
MCDMin supply chain managementanddesign,is particularly important
to our treatment of supplier selection in € hapter 6 and supply chain risk
management in Chapter7.

Other unique aspects of the book are asfollows:

° An emphasis on contemporary techniques and a focus on realism
in modeling. These are evident, for example, in Chapter 4, where we
extensively utilize publicly available data on truck transportation
rates in building various exa mples to illustrate the effects of incor-
porating transportation cost in inventory decision models.

¢ Our emphasis on contemporary techniques is also evident in
Chapter 5, where we makesignificant use of the concept of risk
pooling in identifying whether more centralized or more decen-
tralized networks are preferred, based on the relevant supply
chain costs.

° Wedevote an entire chapter to managing risks in the supply chain,
emphasizingrisk quantification models and risk mitigation strate-
gies, and presenting important problemsthat extend beyondthe tra-
ditional treatment of supply chain management.

° Weincludeanentire chapter on the effects of globalization on man-
aging supply chains.

l'he flowofthe book proceeds fromabasic overviewthat defines supply chain
engineering and establishes the book’s emphasis on design, and then pres-
ents several topics addressed by nearly all books on supply chain manage-
ment (forecasting, inventory, transportation, and network design), although
in someunique ways, as wediscussedearlier, Then, we establish the link to
MDCMthroughaseries of chapters that address topics that are not often cov-
eredin the level of depth that we devote in this book, namely, supplier selec-
tion, supplychainrisk management and mitigation, and global supplychain
management. Each chapter concludes witha section that presents a collection
of further reaclings, extending from, and beyond, the concepts discussed in
the chapter. This is followedbya series of end-of-chapter exercises. Each set

XIX
Preface

i 6 conce ‘stions, 5 antitative problems,of exercises inc ludes 5-6 conceptual questions, 5-6 quant |

{ [2 “mini case studies.” An instructor’s manual, with solutions to the
wie — : ” ee “ mn ”

intitative problems and mini case studies, is available for those adopting
cL Like

the book for classroom use.

The book is targeted to serve in the following contexts:

¢ A textbook for graduate-level and advanced undergraduate-level

courses in industrial engineering

e A textbookfor, or reference book to support, advanced MBA elective

courses in operations management,I gistics, management pelence,

or supply chain management that emphasize quantitative analy bis

e A reference for technical professionals and researchers in industrial

engineering, operations management, logistics, and supply chain

management

[his book grew out of two sources. Oneis a graduate course in supply

chain engineering taught in the industrial and manufacturing engineering

department at Pennsylvania State University since the fall aia ee

The other is a comprehensive chapter on supply ¢ hain mianspemerr yee

ten for the Operations Research and Management Science Handbook 2008, C a

Press), Which itself was based on materials developedfor graduate COURSE S,

ege of Businessal onein supply chain management, taught at the Smeal Col . iat

Penn State, and one in logistics managemen t, taught at the Poole Coleg of

Management at North Carolina State University. The book was the Egon ‘ol

a realization bythe authors—oneof whom wrote the comprehensivechapter

whilethe otheredited the volumein which it appears: that there was lear

value in combining these two pools of content and organizing theminto

a targeted textbook that uses the precise tools of engineering analysisto

address broad and challenging problemsin supply chain management. rhe

result, we believe, fills a gap that has resulted from various textbooks on

these topics focusing only on oneorthe other of these perspectives. . |

Thus, the book is organized to present each of the elemental problems

undergirding supply chain management, building up the reader 5 cen

knowledgebeforefinally tackling broadissues related to managingac nORS

company boundaries and country boundaries. This approach has been influ.

enced by other textbooks utilized in our teaching. Ultimately, though, we

foundthat the booksthat arebest at framing the important strategic issues

in supply chain managementfail to sufficiently build the kinds ae in

modeling and analysis that we believeare ¢ ritical tor e fective tactical deci-

sion making, while the books that are best at presenting quantitative models

for tactical decision making generally fail to place those modeling efforts in

a larger context that aids in students’ understandingof the important stra-

tegic issues in supply chain management. This book blends the best ol mipae

two perspectives, “bookending” the text, as it were, with an introductory
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lis "uSSsiON é iS LT i
cliscussion that lays out the strategic framework for effective desion of thesupply chain andits supporting policies, then studying the elemental protlems onebyone, andfinally pulling this content knowled sr in the
context of managing the global supply chain. Theres |
to be a comprehensivetreatmentof the subject th
students ‘actitioners of i ieni

ents and practitioners of the scienceof designing effective supply ch 1insfor many years to come. - | a

ge together in the
sult is what we believe

at we hopewill serve many

A. Ravi Ravindran
University Park, Pennsylvania

Donald P. Warsing,Jr.
Raleigh, North Carolina
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Introduction to Supply Chain Engineering

At its heart, this is a book about design. This stands to reason since a

srominent word in its title is “engineering.” Design is the province of

much of engineering. While some engineers design physical products(e.g.,

computers, automobiles, bridges), others design systems. Having said that,

we mustbriefly clarify the concept of a system. While the prevailing notion

of a system is that it is “more than the sum ofits parts,” we can perhaps be

a little clearer thanthat. One of the most concise and useful definitions of

a system, in our minds, was offered some years ago by the Nobel-prize-

winning economist Herb Simon, whostated that a system is comprised of a

“numberof parts that interact in a non-simple way.” The “nonsimple-ness”

(i.e, complexity) of the interaction of the parts is the hallmark of a system,

and what leadsto the “more than the sum ofits parts” notion of how sys-

tem operates (Simon, 1962).

Indeed, the design focus of some engineers goes beyond individual, dis-
crete products to deal with systems, which are, collections of discrete entities

that interact—often in “non-simple” ways—to producea desired outcome. In
some cases, those systems are comprisedof entities that are physical and tan-
gible, like the heating and air conditioning system designed by a mechani-
cal engineer. In some cases, some aspects of the systems being designed are
more conceptual in nature. Industrial engineers (IEs) design such systems.
IE-related systems are typically comprised of a mix of tangible and intan-
gible components. For example, production systems take physical inputs

(e.g., materials and labor) and conceptual inputs (e.g., projected consumer
demand, short-term and long-term business plans) to achieve an output of
physical products that ultimately are sold to satisfy customers. Moreover,
distribution systems take as their input the products generated by the pro-
duction system and, along with labor and other plans related to business
goals and customer demand, coordinate the movement, storage, and trans-

port of those products to ultimately satisfy that demand, hopefully on-time
and in the right quantity. Ourfocus in this book is on the design of the supply
chain system, which involves connecting many such production anddistribu-
tion systems, often across wide geographic distances, in such a way thatthe
businesses involved can ultimately satisfy consumer demandasefficiently

as possible, resulting in maximum financial returns to those businesses con-

nected to that supply chain system.
Having established that this book is about design, let us be clear about

another important issue, specifically that design always involves tradeoffs.  
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A

BC analysis

CBA, 100

divide and conquer approach, 99

jnventory
plot, 100-101

results, 100

Pareto principle, 99

The Aberdeen Group, 466

Analytic hierarchy process (AHP), 494

model steps

consistency index, 325

consistency ratio, 325

degree of importance scale, 323
final criteria weights, 324-325

pair-wise comparisonof
criteria, 324

sub-criteria weights, 325-326
supplier ranking, 326-327
total score, 326

principles, 322
suppliercriteria, 323

Annual order cost (AOC), 258

Auto regressive integrated moving
average (ARIMA) method,

81-82

B

Br-criteria linear program (BCLP),

501-502
Borda count, 315, 423

individual supplier rankings,
421-422

MCDM,315, 423
tanking method

criteria weiphts, 491-492
faculty recruiting, 492-494

Supplierselection models and
methods, 314-315

Business Process Offshoring
(BPO)

BPO,see

 

Bullwhip effect

ad hoc, 157

base-stock ordering policy, 159
base-stock policy, 162

centralized us. decentralized

control, 140

consumer demand, 161-163

CPFR, 163

definition, 154

demandforecast, 157, 160

example, 156-157

four-stage supply chain, 155
manufacturer and base-stock order,

161, 164-165

scale-driven costs, 155

super-linear function, 158

supply chain management, 155

two-period lead time, 158-159

updated base-stock orders, 159-161

Business Process Offshoring (BPO), 453

Cc

Charlie’s Bavarian Automotive (CBA), 100

Cluster analysis (CA)

hierarchical clustering algorithms, 327
partitional clustering algorithms, 327

procedure, 328-329

research, 326
Collaborative planning, forecasting and

replenishment (CPFR), 85, 163

Constant-work-in-process (WIP)

systems, 97

CPFR, see Collaborative planning,
forecasting and replenishment

(CPFR)

D

Decision criteria and risk assessment

binary variables, 474

criteria weights and preferences, 470
customerservice criterion, 471  
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decision criteria hierarchy, 470-471

facility risk rating, 471-472

group weights for criteria, 473

MILP model, 474

preemptive goal programming

model, 474

samplecriteria ratings, 472-473

samplecriteria weights, 472-473

WACC,471

Disruptive events detectability
Markov chain properties, 410

MEFPT

concept, 409-410

disruption risk quantification,

411-412

matrix computation, 410-411

Distribution of demandoverlead time

plus review period (DLTR)

distribution, 123, 126

Distribution requirements planning

(DRP)

adjustments, 131-132

average per-period cost, 431, 133

distribution centers (DCs), 128

dynamic-programming solution, 131

EOQ computation, 131

humanintervention, 131

make-to-stock productsetting, 127

ordering and holding costs, 131, 133

records for MeltoMatic Snow

Blowers, 128-130

ROP-OO method, 127-128

E

Economic order quantity (EOQ)

computation, 124, 131

formula, 255, 260

model, 19, 112-114

sawtooth pattern, 141
Element percentile method (EPM), 386

Extreme value theory (EVT)

MtT type risks, 393

risk quantification models, 38]

VaR type impact function, 382

F

Free and secure trade lane (FAST), 466

 

Index

G

GDP, see. Gross domestic product (Cop

Generalized extreme value distributj
(GEVD) “ons

impact function, 383

PWM,384, 386

risk impact functions, 384—386
risk measures, 403

VaR

disruption tisk function, 387-389

type impact function, 383—384

typerisk calculations, 431-432

GEVD,see Generalized extreme value
distributions (GEVD)

Global products

“Ametican car,” 452

automobile production, 451
BPO,453
China’s share, 452-453

offshore manufacturing, 453

smart phone, 452

Global supply chain management, 21-22
enterprise transformation,

outsourcing strategies, 478
GDP(see Gross domestic product

(GDP))
globalization history, 449-450
globalization impacts

globalizationrisks, 454-455
global products (see Global

products)

U.S. manufacturing, 453-454

world economies, 450-451

globalizationstrategies, 457-458

global risk factors, 455

global sourcing

benefits and barriers, 459-460

international supplier selection

(sce International supplier

selection)

issues, 460-461

tools, 465-466

global supply chain strategies,

456-457

internationallogistics, 466-467

logistics cost, 477

logistics network flexibility, 478

outsourcing companies, 478
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silient global supply ehain
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design
decisioncriteria and risk

assessment (see Decision

criteria and risk assessment)

design decision, 467

model features, 470

multi-criteria analysis, 475-477

multi-criteria selection

techniques, 465

pre sbleni background, 468 —469

srotit maximization model

osults, 474-475

Goal programmin
g (GP)

formulation, 500-502

methodology

reneral goa) programming

model, 335-336

MCMPproblems, 334-335

multiple criteria optimization

problems, 334

real constraints and goal

constraints, 334

Goods in transit

annual in-transit inventory cost, 183

consignee, 181

decision-makin
g firm, 182

freight charges, 181

freight transportation

cost, 180

terms, 181

in-transit holding cost

computations, 183

re-supply lead time, 182

TAC expression, 182

Gravity model, 266-267

facility location, 270-271

iterations, 270

limitations, 271

three-stage supply chain,

268-269

total distribution cost, 269

Green Lane program, 466

Gross domestic product (GDP)

decision criteria and risk

assessment, 472

globalization history, 450

US. manufacturing
, 454

world economy, 451

H

High demandvariability, 467

I     Individual supplier rankings

Borda count weights, 421-422

candidate suppliers evaluation,

420-421

decision makers attribute

weights, 420

Industria] engineers (IEs) design, 1

International supplier selection

criteria, 461-462

financial issues

currency exchange fluctuations, 461

financial risk reduction, 463

macro and microstrategies, 461

volume-timing technique, 462-463

logistic issues, 463

manufacturingpractices, 463-464

strategic issues, 464-465

Interpretivestruct iral modeling (ISM),298

Inventory management, 19-20)

cost minimization, 152

decision framework

administrative costs, 98

constant-WIP systems, 97

dependent-demand items, 96

independent-demand items, 95, 97

stationary/non-stationary

demand, 97

multi-echelon inventory systems

arborescentsystem, 137-138

assembly system, 136-137

centralized vs. decentralized

control, 139-140

distribution system, 136-137

echelon inventory, 138
|

echelons, 137-138
|

four-stage serial system, 136

general arborescent network,

137-138

management, 137

serial supply chain (see Serial

supply chain)

two-stageserial system (sec

‘Two-stage serial system)
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multi-item inventory models

coordinated replenishment, 135
joint-ordering TAC model, 133
joint replenishment, 134-135
“must-order” and “can-order”

levels, 134

ordering cost, 133

preliminary modeling issues
ABC analysis (see ABC analysis)

critical tasks, 98-99

production scheduling, 154

single-item, multi-period problems

base-stock system, 126-127

constant-demand setting, 116
continuous-review system, 109
cycle service level, 118

DLTR, 126

in-stock probability, 118
inventory level, 115

inventory system optimization, 120
lead-time demand, 117

newsvendorproblem, 109

non-stationary demand
(see Distribution requirements

planning (DRP))

optimal inventory policy, 119
optimization software

packages, 119

order-up-to system, 125-126
penalty cost, 117

perpetual-demand model,
115, 118

probability distribution of
demand, 108

reorder point-order quantity
model (see Reorder point-order
quantity model)

reorder-point-order-up-to models
(see Reorder-point-order-up-to
models)

replenishmentlead time, 116
safety stock, 115

sample inventory profile, 125
single-point/-season demand

cost tradeoffs, 105

critical ratio, 105

demandandcost, 101

marginal analysis, 104
newsvendor demand, 103

Index

newsvendor model application
and problem, 102

optimalorder quantity, 104
safety stock, 108
service measures, 105-106
shortagecosts service impact,

106-108
supply chain safety

inventory, 153
ISM,see Interpretive structural

modeling (ISM)

L

Less-than-truckload (LTL) mode
inventory decision model

advantage, 195

linear approximation, 195
linear regression, 197
lower per-unit rates, 195
LTL effective rates, 196-197
non-linear curve-fitting

process, 196
OAK-ATLrate tariff, 194-195
powerfunction estimate, 198

publishedtariff discount
annual transportation cost,

200, 202

CzarLite-basedrate tariff, 199
CzarLite rate tariff block, 206
logistics-related costs, 204

OAK-ATL vs. NYC-ATL

shipments, 209-210
optimal inventory decision

model, 201, 204

optimization problem, 201

optimization results, 207-208

powerfunction estimate,

206-207

producerprice index, 200
rate estimation function, 199

rate function, 205

replenishmentlead time, 205

shipment decision, 207

TL optimization, 199

total annual cost function, 199
transportation cost, 202-203
traveling salesman problem, 205
vehicle routing problem, 205
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computa tionally-intensive

roach, 211

KayWarsi ng estimation function,

214

ayeWarsi LTL. rate model, 212

rate alternative estimation,

213-214

rate function, 212

rate tariffs, 211

transportation costae 211
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Ceid “level” strategies, 65

constraints, 66

decision variables, 66

demand data, 65

demand/inventory balance, 67-68

product ion capacity, 68

training, 67

workforce assignment, 67

rkforce size, 66

Fincar weighted point (LWP) method

ranking suppliers, 546

rating/scoring method, 312

single sourcing methods, 300-301

Location anddistribution decisions

binary variables

capital budgeting problem,

230-231

fixed charge problem, 231-232

nonlinear integer programs,

236-238

quantity discounts (see Quantity

discounts)

right-hand-side constants,

232-233

set covering models(see Set

covering models)

set partitioning models, 240

warehouselocation, 240

case studies, 282

continuous location models

gravity model (see Gravity

model)

iterative method, 267-268

multiple facility location, 271-272

decision making, 229
facility location decisions, 281
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integer programming models, 230
network design multiple criteria

models, 279-280

real-world applications
AT&I, 277
BMW,276-277
Ford motor company, 275-276
Hewlett-Packard (HP), 276

multi-national consumer products

company, 273-274
Procter and Gamble (P&G),

274-275
UPS,277-278

risk pooling (see Risk pooling)

supply chain network

management, 229 —

supply chain network optimization

(see Supply chain network

optimization)

LTL mode, see Less-than-truckload

(LTL) mode

LWP, sce Linear weighted point (LWP)

method

M

MCDM,see Multiple criteria decision

making (MCDM)

MCSP, sce Multiple criteria selection

problems (MCSP)

Meanfirst passage time (MFPT)

disruption risk quantification,

411-412

Markov chain analysis, 409-410

matrix, 410-411

risk detectability and recovery,

414-415

Miss-the-target (MIT) risk models

L-type

beta distribution, 396

impact function, 393-394

risk function, 398

-type

‘ Cauchy distribution, 400

Cauchy PDF, 400-401

generalized hyperbolic

distribution, 396-397

impact function, 393-394, 401

mathematical form, 398-399
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normalcases, 399

parameters, 401-402

special cases, 400

S-type
gamma distribution, 395-396
impact function, 393-394
risk function, 397-398

Taguchi's loss functions, 394-395
Multi-criteria mathematical

programming (MCMP)
methodsclassification, 498
problems, 494-495

bicriteria linear program, 495-496
decision space and objective

space, 496-497

dominatedsolution, 495
eciency test, 497-498
efficient set/effici iopee ficient frontier, 495

solution determination, 497
Multi-criteria mixed.integerlinear

programming
decision criteria and risk

assessment, 474
resilient global supply chain

design, 469

single objective problem, 474
Multiple criteria decision making

(MCDM), ?
applications, 505-506
Borda count(sce Borda count)
compromise programming, 504
data analysis, 417

decision criteria and risk

assessment, 472

distance metric, 503

goal programming
formulation (see Goal

programming(GP),

formulation)
real constraints and goal

constraints, 499
interactive methods, 504-505
MCMFP(see Multi-criteria

mathematical programming
(MCMP))

MCSP

‘best solution’ concept, 489-490
dominated alternative, 490

Indy.

ideal solution, 490
non-dominated alte .

7 ma

methods, 419 tive, 499

msoar ranking methods

rating method, 491
preemptive goal programs

partitioning algorithm
integer goal programs, 502
linear goal programs, 502
nonlinear goal prograx ram.

ranking methods, sage 902-503
rating/scoring method, 313
resilient global supply chain

design, 469
risk-adjusted supplier selection

problem, 416, 437
software, 506

supplier order allocation, 348
7 supply chain optimization, 13

ultiple criteria selectioeae mn problems

“best solution’ concept, 489—490
dominated alternative, 490
ideal solution, 490

MCMPproblem, 494

non-dominated alternative, 490

N

National Motor Freight Transportation
Association (NMFTA), 190

Nonlinear programming model
changing production cost, 70
inventory/shortage cost, 71-72
production cost, 70

P

Planning production
aggregate planning

greedy algorithm, 78-80

linear programming(see Lineat
programming model)

nonlinear programming
(see Nonlinear programming
model)

problem, 64-65
Strategies, 80
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transportation prob
lem

(see Transportation problem)

ARIMA method, 81-82

pullwhip effect, 84-85

CPFR, 85
Croston’s method, 82

demand forecasting, 61

demand management, 83-84

forecast accuracy monitoring, 57-59

forecasting errors, 54

pias, 55

forecasting method selection, 57

mean absolute deviation, 55

mean absolute percentage

error, 56

mean squared error, 55

standard deviation, 55

uses, 57

forecasting process, 28-29

multiple periods forecasting

constant level, 51

seasonality, 52

seasonality and trend, 53-54

trend, 52-53

production planning

decisions, 83

process, 63-64

qualitative forecasting methods

customersurveys,31

Delphi method, 30

executive committee consensus,

29-30

sales force survey, 30-31

quantitative forecast ing methods

averaging method, 34-35

constant level forecasting

methods, 33-34

exponential smoothing method,

38-39

last value method, 34

linear programming model,

36-37

simple moving average

method, 35

time series forecasting (sec Time

series forecasting)

weighted moving average

method, 35

real world applications, 61-62
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regression and Box-Jenkin’s ARIMA

methods, 82

SCM demand forecasting, 27-28

seasonality in forecasting

deseasonalized demand
data, 40

deseasonalized forecast, 41-42

exponential smoothing,

forecasting method,41

naive method, 42

4-quarter moving average, 42

seasonality index, 39-40

seasonality indices, Al

software, forecasting

automatic software type, 59-60

manualsoftware type, 60-61

semi-automatic software type, 60

user experience, 61

static seasonality indices, 47-48

survey results, 62-63

trend, forecasting

Holt’s method, 45-46

simple linear trend model, 43-44

Winters’ method

computations, 50-51

Holt’s method, 49

periodicity, 49

seasonality index, 50

Probability weighted mo
ments (PWM)

GEVDparameters estimation,

384, 386

moment estimates, 388-389

VaR type risk calculations, 432

Q

Quantity discounts

“allaunit” quantity discounts,

233-235

application, 236

graduated quantity discount,

235-236

R

Reorder point-order quantity (ROP-OQ)

model

control methods, 127-128

cost of holding, inventory, 11-112

cycle stock, 113
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EOQ
cost curve, 114-115
cost estimation, 114

per-unit holding cost, 112
reorder point-order quantity

Inventory policy, 113
total annual cost, 113

infinite-horizon and perpetual
demand setting, 111

Inventory position, 110
Inventory system levels, 110
per-unit holding cost, 112

ke weig ited averapecost of capital, 111
order-point-order-up-

ABCanalysis, 121 spromodes
approximate periodic-review

solution, 124
computational approxi i
DLTR distribution,3a
inventory system parameters

computation, 125
less intensive management, 121
ordering and holding inventory

cost, 123
periodic-review reorder point, 123
sample inventoryprofile, 121-122
stochastic dynamic

programmin
Risk risers Bi

actions, 372

chance constrained
. programming, 437

disruption and operationalrisks., 437
industry practices :

Federal express, 378-379
Hewlett-Packard (HP), 378
Johnson and Johnson, 380
strategic and i7aed Operationallevels,

Teradyneinc., 377
Wal-Mart, 379-380

MCDM model, 437
MtTrisk models (see Miss-the-target

(MIT)risk models)
multiple criteria optimization

models (see Supplier selection
_ Mcorporating risk)

multiple sourcing model, 437-438
plan development, 374-375

Inde,

real world risk events a ndim
market capitalization, 366°8
pull-and push-typesup

chains, 365 my
supply chain disruptions, 366_-
supply chain “glitches,” 365 867
supply chainof companie %

risk assessment
risk mapping, 370-371
tisk prioritization, 371379

risk detectability ok

S, 364

:
andrecovery

aisruptive events detectability '
Disruptive events detectabilityeyexponential model, 416

just-in-time framewo
amatrix,te we
risk recoverFate y conceptual model,

»tersupply chain, 413-414
ransition probabili i
transitionedmanne 41g

risk identification, 368-369
risk measures
maximum loss, 402
MIT typerisk measures, 404
VaR disruption risk function

402-404
risk quantification models

impact severity and occurrence
frequency, 380-381

VaR and MtT type risks, 381-382
Strategies, 373-376
supply chain risk, 363-364
supply chain risk quantification and

management
conceptual models, 439
disruption planning, 440
manmade and natural

disasters, 439
mathematical models, 438-439
risk managementon, 440
survey, 440-443

supply chain risk sources, 367-368
VaR models (see Value-at-risk (VaR)

models)

Risk pooling
advantages and drawbacks, 259-260
AOC, 258
average inventory, 255, 257   
 

jndex

definition, 230

demand correlation matrix, 263

demand uncertainty

completely deconsolidated

distribution network,

260-261

regional demands, 262-263

risk pooled/consolidated

network, 261-262

distribution options, 264-265

THC, 257

numberof orders, 256-257

optimal order quantity, 255

practical applications, 265-266

3-stage supply chain network,

253-254

supply chain

metrics impact, 254

network design, 254

safety stock, 265

time between orders, 256

weekly demands, 263

S

Scaling criteria values

ideal value method, 317-318

ideal value scaling, 320

L, norm, 321-322

L,, norm usage/vector scaling, 318

simple linearization, linear

normalization, 318, 320-321

simple scaling, 317, 319-320

supplier criteria matrix, 317

suppliers, 318-319

Serial supply chain

deterministic demand andfixed

ordering costs, 140-141

fixed costs and stochastic demand,

151-152

stochastic demand andnegligible

fixed ordering costs

echelon holding costs, 146

echelon j-truncated system,

148-149

installation inventory

position, 150

inventory holding and backorder

penalty costs, 146
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multi-echelon base-stock policies,

149-150

newsvendor-typefractiles, 147

optimal echelon base-stock

level, 148

Set covering models

integer programming, 239

set covering matrix definition, 238

set covering problem, 239-240

Steady demand, 467

Supplier order allocation

demand data, 340-341

fixed supplier cost, 340

fuzzy goal programming, 343

goal programming, 339-340

lead-time data, 341
non-preemptive goal

programming, 342

preemptive goal programming

solution, 342

supplier quality data a nd production

capacity data, 341

Tchebycheff goal programming, 343

unit price and price break, 340

Supplier selection incorporatingrisk

data description

MtTtyperisk calculations,

430-431

VaR typerisk calculations, 431-432

phase 1 experiment result

criteria ranking, 418-419

decision makers comparison,

419-420

group supplier rankings, 422

individual supplier rankings

(see Individual supplier

rankings)

methods comparison, 419

multiple criteria ranking

methods, 423

hase 2 modelresults

fuzzy GP solution, 434

non-preemptive GP

solution, 433

preemptive GPsolution, 432-433

Tchebycheff GP solution,

433-434

phase| model/short-listing

suppliers, 417-418
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phase 2 results comparison, 434—435
solution methodology

fuzzy GP model, 429

non-preemptive GP model,

427-428

preemptive GP model, 426-427

Tehebycheff (min-max) GP model

428-429

supplier sourcing, risk adjusted
multi-criteria optimization
models

model constraints, 425-426
model objectives, 424—425
multi-criteria models, 424

organization decisions, 423

two-phase method, 416-417

value path approach, 435-436
VaR and MIT typerisks(see

VaR and MIT typerisks
combination)

Supplier selection models and
methods, 21

global sourcing

global competition, 349

uncertainty, 350-351
multi-criteria ranking methods

AHP (sce Analytic hierarchy
process (AHP))

Borda count, 314-315

cluster analysis (see Cluster

analysis (CA))

group decision making, 329-330

L, metric, 311-312

pair-wisecriteria comparison, 316
ranking methods comparision, 330
rating/scoring method, 312-314

scaling criteria values (see Scaling
criteria values)

suppliers ranking (see Suppliers
ranking)

multi-objective supplier allocation
model

fuzzy goal programming, 339

goal programming methodology
(see Goal programming (GP),

methodology)

non-preemptive goal

programming, 337-338

notations, 331

,

 

Indey

order allocation problem, 332.393
preemptive goal programming

136-337 :
supplier orderallocation (see

Supplier order allocation)
Tchebycheff (min-max) goal

programming, 338

value path approach (sce Value
path approach)

multiple sourcing methods
average lead-time

requirements, 305

constraints, 306-307

decision variables, 306

mathematical programming
models, 303

objective function, 306
optimalorderallocation, 308
product demand, 303-304
productprices, 305

products lead-time, 303-304
products quality, 303-304
supplier capacities, 303-304
total cost minimization, 303

ranking suppliers, 346-347

selection criteria

ISM, 298

key criteria, 298-299

purchasing agents and managers
survey, 297

relative importance, 297-298

supplier selection process, 297

single sourcing methods

LWP, 300-301

TCO, 301-303

sourcing strategy, 296-297

supplier order allocation
goal programming, 349
linear programming, 349
multi-criteria linear goal

programming model, 349

multi-criteria models, 348-349

pre-qualification, 347

single objective models, 347-348
supplier risk, 351

supplier selection problem
in-house/outsource, 295-296

supplier base pre-qualification/
pre-screening, 296

Jndex

supplier selection factors, 293-294

supplier selection process,

294-295

suppliers pre-qualification, 299

suppliers ranking

cost criteria, 310

experience criteria, 310

miscellaneouscriteria, 310

multiple criteria ranking

methods, 310

organizational criteria, 309

performance criteria, 310

qualitycriteria, S10

selection criteria, 309

supplier criteria values, 310-311

Supply chain and financial metrics

business financial measures

cash-to-cash cycle, 15-16

return onassets, 15

workingcapital, 15

inventory measures

days of inventory, 14

inventory capital, 14-15

inventory turns, 13-14

Supply chain decisions

operational decisions, 6-7

strategic decisions

information technology, 6

network design, 5

production and sourcing, 6

tactical decisions, 6

Supply chain engineering

decisions(sce Supply chain

decisions)

definition, 2

drivers

facilities, 9

inventory, 8

suppliers, 9
transportation, 8-9

enablers, 7-8

flows, 4

location and distribution decisions,

20-21 (see also Location and

distribution decisions)

network, 3

performance assessment and

management

efficiency, 10-11
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optimization, 13

responsiveness-efficiency tradeoff

frontier, 10

supply chain responsiveness, 12

supply chain risk, 10, 12

planning production,19 (see also

Planning production)

risk management, 21 (sce also Risk

management)

SCMdefinition, 4

Supply chain management (SCM)

definition, 4

operations research models, 18

supply chain disruption, 17

supply chain efficiency, 16

supply chains top 25, 17-18

transportation decisions, 20

(see also Transportation

decisions)

Supply chain network optimization

distribution planning

strategic decision, 242

tactical decision, 242

transportation problem,

243-244

location-distribution, dedicated

warehouses

dedicated warehouse

problems, 247

formulation, 248-249

multiple deliveries, 247

supply constraint, 248

location-distribution problem

location decisions and

distribution decisions, 244

mixed integer program, 247

optimal distribution plan, 245

supply chain network, 245

supply constraint, 246

warehouse data, 245-246

supply chain network design

annual demand, 249-250

binary and continuous

variables, 250

constraints, 251

multi-state supply chain

network design problem,249

objective function, 251-252

optimal solution, 252  



 

 

3-stage supply chain, 249
unit shipping cost, 249-250
warehousecapacities and

investmentcost, 249-250
warehouse location, 241-242

Supply chain operations reference
(SCOR) model, 22-23

T

TCO,see Total cost of

ownership (TCO)
Timeseries forecasting

constant level

and seasonality, 31-32
and trend, 31-32

systematic and random

component, 31
trend and seasonality, 31, 33

Total annual inventory-related cost
(TAC) expression, 182, 219

Total cost of ownership (TCO)

ideal value scaling, 320

L, norm scaling, 321-322
scaling criteria values, 318-319

simple scaling, 319

single sourcing methods,

301-303

supplier order allocation, 348-349
Trailer-on-flatcar/container-on-flatcar

(TOFC/COFC), 215

Transportation decisions

customer-supplier negotiations, 219
freight rates general models

distance- vs. -transit time

relationship, 190

line-haulcosts, 189

shipment quantity, 188
shipping distance vs. lead

time, 189

terminal/accessorial costs, 189
truck-basedfreight rates, 188
truckload service, 187

freight transportation
airfreight, 185

intermodal, 186-187

LTL quantity, 184

motor freight, 185

Pipeline, 186

Index

private carriers and for-hire
carriers, 185

railroads, 185

service characteristics and
shippers and carriers, 184
water-bornefreight, 185—1g¢

goodsin-transit risk, 219
lead-time demand,220
LTL service

“class-based” rating system, 199
freight charge formalization, 194
general rate model and mode

(see Less-than-truckload (LTL)
mode)

NMFTA,190

OAK-ATL lane, 191

rate tariff, 191

rate weight breaks, 192-193
shipmentfreight charge, 193-194
total shipmentcharge, 192

motorcarrier freight
continuous-review cost, 178
cost-based formulation, 176
goodsin transit (see Goodsin transit)
truckload computations, 177-178
truckload freight transportation

cost, 179

truckload optimization, 180
truckload service, 176

rail and air cargo
NYC-ATL lane, 217-219
rail carload, 214

rail to motor freight results, 215-216
solver-driven solution, 215
TOFC/COFC, 215

truck-based shipments, 215
shipper, 175

VRP, 205, 220

Transportation problem
cost, 72~73

decision variables, 75

greedyalgorithm, 77
linear programming formulation, 73
standard transportation problem, 73
standard transportation table, 74-75
transportation formulation, 77
transportation table, 75-78
unbalanced transportation problem,

73-74

COst, 184

Index

qwo-slage serial system

U

centralized control

Axsater’s algorithm, 144-145
continuousfirst-order

condition, 144

echelon holding costs, 143

inventory cycle lengths, 143
decentralized control

average installation inventory, 141

installation and echelon stock, 142

inventory cycle length, 141
order cycle, 143

stage-optimalpolicy, 141
total cost, 142

United Parcel Service (UPS), 277-278

Vv

Value-at-risk (VaR) models

GEVD parameters estimation

EPM,386

maximum likelihood, 384

method of moments, 384

PWM,384

Shermantest and Kolmogorov—

Smirnovstatistic, 386

GEVDrisk impact functions, 384-386

impact function
disruptive events, 382

Euler—Mascheroniconstant,

383-384

EVT, 382

GEVDparameters, 383

Gumbel distribution, 383-384

VaR disruption risk function (see VaR

disruption risk function)

VaR occurrence functions, 386-387
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Value path approach

multi-objective problems, 343

properties, 344
supplier selection case study,

344-345

trade-offs demonstration, 344

value path results, 345-346

VaR and MtT typerisks combination

all suppliers

MtT type combination, 408

VaR type combination, 408
different suppliers

MtT type risk combination,
407-408

VaR type combination, 407
same supplier

MtT type risk combination,
406-407

VaR type risk combination,

405-406

VaR disruption risk function
annualloss disruption distribution

function, 392-393

excel spreadsheet, 390-391

occurrence function, 390

risk distribution, 390

simulation approach
GEVD,388-389

Kolmogorov—Smirnovstatistics,

389-390

plotting positions, 389
PWMmethod, 388-389

steps, 387

Vehicle routing problem (VRP),
205, 220

WwW

Weighted averagecost of capital
(WACC), 471

 


