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Preface

This book emphasizes a quantitative a}_‘lprum‘h o solving |.')I'U|_‘f]l;‘.ll‘l._%.]'l.‘l..llil.‘.d
to designing and operating supply \'[1I.1|n.-'. Importantly, ll'l.(\LIH-].I, |1‘ Jl?_«lllmil.-\laT
"miwu"' in its focus that the perspective on the 1'.-|1‘§_J‘,v!' business |1|n_ _".I.‘Il'l“-;.:.‘-f
lost, nor is it s0 “macro” in its t.rn;-a:t.rm-nl' of lh.:\l business context _ll‘klw.t il I.l”l s
to develop st udents’ ;1p!_“1|'1'.t'iz1ti-.1?) for, and r&l.xl]lH. to :?tml\'t*, the l.iIL|!f. d|l pu.: >-
lems that must be addressed in L'H{fclivul_\_f managing flows nfﬂ}inmlra 1.u. h..l‘lplﬂz
chains. Economists often speak of the need to understand “first p"“mI'?.l""H
before one can understand and solve larger pl‘uhlvn:n:s. We share .tlwt.\- iew,
and we have therefore structured the book to |)I'11V1.l_1t' a grmmdmg in l_hv
“first principles” relevant to the broad and challenging lwnhlg.ﬂmlui :l;l(lll.‘ll‘l:g!’;l
ing a supply chain that spans the globe, We ._fvvl Hll't?H%};]}" lh.(" I.‘-allfl;.( fn ] ‘n'
supply chain engineering are best hc-.r'\-’uf‘cl by f’."‘“"' dew;h“mw_ ..-1 -<= id .um..u;ll—.
standing of, and a quantitative toolkit for, tactical decision making in areas
such as demand forecasting, inventory mann:.;lmmns, nnlcl lmmpnrmn_nn
management—in both an intralirm and firm-m.-hr’m (dyadic) %‘.()nlzmt— before
making any attempt to “optimize | he supply chain,’ a task [‘Fmt isclearly mu.d]
easier said than done, or to optimize large swaths of any given supply d.l-i.l“,l.
§till, the idea of optimization is indeed prevalent thrm:};huglt' the I.mc.rk. I. his
book is careful and deliberate in its approach to supply chain (}|‘_Tll1'l"lt/illl_.(nl.
Indeed, the perspective taken is one that is well knmlvn to 't‘l\}_"lll.t'l:'l"ﬁ ol '1.”
types, namely, the perspective of design. Engineers ckjs'.l‘u,n ihm;;.?a. Sumr_s Ivng:—
neers design discrete physical items, and some dumgn collections t')!‘ items
that operate together as systems, Engineers that cILrs-';lg.l.W .t-.;'llppl_y chains take
on the latter challenge. But, in the same way that it is dl!lu‘.ultll'u say I-l1;1!. an
engineer that designs automotive suspension systems that .-uT'h lt.‘\f't‘l‘] P;‘]!‘IIIL'U-
lar set of objectives is in some way “optimizing the automobile, 1l.l.r& d.1|{n‘luil
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 manages that 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 that is connected to that distribu-
tion center. .
Thus, a devotion to mathematical precision and optimization is evident
throughout the book. Each chapter is presented from this rn.'\llu-n_ml]ml per-
spective, and in each chapter, specific mathematical pre >b[ct.'nr¢ are Im‘_l_mlldlml
and solved. In addition, in the latter half of the text; specifically in C ]'Iu'l[ﬂ..{'l'.‘-%
6 through 8, we address another important issue in desi’gljr.ing 5.L:|1ply chains
and their supporting systems, namely, the issue of conflicting c;';h.'rza. Indeed,
a key issue in designing anything—be it an automotive suspension or a net-
work that connects sources of supply to points of final consumption—is the
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Preface

This book emphasizes a quantitative approach to solving pruhle-‘n'n—«‘ related
to designing and operating supply chains. Importantly, though, it is not SO
smicro” in its focus that the perspective on the larger business ]"T'U]"]l'”l_."{'lh
lost, nor is it so “macro” in its treatment of that business context that it fails
velop students” appreciation for, and skills to solve, [!'u‘ tactical prob-
lems that must be addressed in effectively managing flows of goocla in supply
chains. Economists often speak of the need to understand “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. We .’-'L'l;‘l strongly that .‘-;1'}1(]&.’[11& ol
supply chain engincering are best served by first developing a solid under-
standing of, and a quantitative toolkil 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 any attempt to “optimize the supply chain,” a task that is clearly much
casier said than done, or to optimize large swaths of any given supply chain.

Still, the idea of optimization is indeed prevalent throughout the book. This
book is careful and deliberate in its approach to supply chain optimization.
Indeed, the perspective taken is one that is well known to engineers of all
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 way that it is difficult to say that an
engineer that designs automotive suspension systems that 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 manages that 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 that is connected to 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 the latter half of the text, specifically in Chapters
6 through 8, we address another important issue in designing supply chains
and their supporting systems, namely, the issue of conflicting criteria. Indeed,
a key issue in designing anything—be it an automotive suspension or a net-
work that connects sources of supply to points of final consumption—is the

to de
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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 way that identifies the best combined outcome, and this is the
province of multicriteria decision making (MCDM).

Formally incorporating MCDM in supply chain design and decision mak-
ing is one of the un ique aspects of this book. Therefore, we include an appen-
dix on MCDM that discusses important principles from this area of applied
mathematics. This appendix serves as an important resource to Chapters
6 through 8, where we integrate MCDM into the process of designing and
managing portions of the supply chain. This fresh perspective, utilizing
MCDM in supply chain management and design, is particularly important
to our treatment of supplier selection in Chapter 6 and supply chain risk
management in Chapter 7.

Other unique aspects of the book are as follows:

* 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 examples 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 make significant 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.

We devote an entire chapter to managing risks in the supply chain,
emphasizing risk quantification models and risk mitigation strate-
gies, and presenting important problems that extend beyond the tra-
ditional treatment of supply chain management,

* We include an entire chapter on the effects of globalization on man-
aging supply chains.

I'he flow of the book proceeds from a basic overview that 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 some unique ways, as we discussed earlier, Then, we establish the link to
MDCM through a series of chapters that address topics that are not often coy-
ered in the level of depth that we devote in this book, namely, supplier selec-
tion, supply chain risk management and mitigation, and global supply chain
management. Each chapter concludes with a section that presents a collection
of further readings, extending from, and beyond, the concepts discussed in
the chapter. This is followed by a series of end-of-chapter exercises, Each set

X1X
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sk - . ive nroblen s
ercises includes 5-6 cone eptual questions, 5-6 quantitative | roblem

{ 1-2 “mini case studies” An instructor’s manual, with solutions to the
and == ;

111.1'.1nti|.dliv|->
the book for clasgsroom use.

The book is targeted to serve in the following contexts:

ol ex

problems and mini case studies, is available for those adopting

o A textbook for graduate-level and advanced undergraduate-level
courses in industrial engineering

o A textbook for, or reference book to support, advanced MBA ele.ctlve
courses in operations management, logistics, management science,
or supply chain management that emphasize quantitative analysis

o A reference for technical professionals and researchers in 1ndustr1.al
engineering, operations management, logistics, and supply chain
management

Ihis book grew out of two sources. One is a E;radlmw lf(.)l.II'SF.' i.n_ 51.rp‘!.‘l_v
chain engineering taught in the industrial ‘.md f]l;‘illlliilcl_ltll‘ll‘ll‘;i_"]L;rl;lgli'lt?t‘.:.lll‘fg
department at Pennsylvania State University wuu_t_' lllu- I.1!1 ._l_l. ;_ hl: mes {_;_
The other is a comprehensive chapter on .c.n|‘-p_l.l_\_-.¢l1‘11|1 manage 1:-;:]1!‘ ‘:.:,i .
ten for the Operations Reseatch and Management Science .I_'h'”fr“’rlii."u _.{'__U[.b’ . '\(
Press), which itself was based on materials Lll‘\!“-.lnlwd .!Kur )_’,!'tltllld.l‘t' it‘ﬂll.!.hi .HI,
one in supply chain management, taught at the Smeal (_nlle‘u,:_-- of I:L_llz.lm 54 a :
Penn State, and one in logistics managemen t,‘tiILlI}_".hl' at the Poole Lnllu_::;,lv n{
Management at North Carolina State University. The book voas t_lllv B Lot
a realization by the authors—one of whom wrote the comprehensive chapter
while the other edited the volume in which it appears: -I:|m|l there was (‘.I{_'.a r
value in combining these two pools of content .u.'nd organizing them .l-t\lU
a targeted textbook that uses the precise tools of t;'l'l}._‘;‘lH{‘_l.-‘l'II\'k!. ;lrml_\;mhl o
address broad and challenging problems in supply chain management. 1 he
result, we believe, fills a gap that has resulted from various l.t',\il.mnkﬁ on
these topics focusing only on one or the other of thg:w PL‘.‘I‘SP&‘.CI!I\!L‘?«. ‘ |

Thus, the book is organized to present each of the elemental problems
undergirding supply chain management, building up the rnlndm:’.«: _U_‘”jt_("]?l_
knowledge before finally tackling broad issues I'l:'li]tl"l.i to managing ac .1 n:!:-,s,
company boundaries and country boundaries. T !Hh "l[‘|"|‘.t1ilu..'ll has been influ-
enced l1lv other textbooks utilized in our teaching. Ultimately, ﬂ‘i(]!l};_h, we
found that the books that are best at framing the important strategic issues
in supply chain management fail to :auI'I'icit_‘.nltll)-' bullln"l T.h‘v -;Innl.w uf‘ f;lul.l‘.« m
modeling and analysis that we believe are ¢ ritical ['n.r C I'l't’?t’tl\'L_‘ I_m.‘l.mil deci-
sion making, while the books that are best at presenting quunlll'la tive _l_l]\Ti.ll.?.lH
for tactical decision making generally fail to place those i'nudleiuwg efforts in
a larger context that aids in students’ understanding of the important stra-
tegic issues in supply chain management. This book hlvn_d.ta the ‘!.wsi ol l!m:?u
two perspectives, “bookending” the text, as it were, with an introductory
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discussion that lays out the st rategic framewaork

for effective desi 1
¢ slen. ay ‘ [ve design of the
supply chain and its supporting policies nt

then studying th e

4P ! studs e elemental prob-
lems one by one, and finally pulling this content knowledge I
context of managing the global supply chain. The 1 s
to be a comprehensive treatme :

logether in the
. result is what we believe
2 a Siy nent of the subject that we hope will serve many
students and practitioners of the science of designing
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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 must briefly clarify the concept of a system. While the prevailing notion
of a system is that it is “more than the sum of its parts,” we can perhaps be
a little clearer than that. One of the most concise and useful definitions of
a system, in our minds, was offered some years ago by the Nobel-prize-
wiu‘n'mlg economist Herb Simon, who stated that a system is comprised of a
“number of 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 leads to the “more than the sum of its parts” notion of how a 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 produce a desired outcome. In
some cases, those systems are comprised of 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.
[E-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. Our focus in this book is on the design of the supply
chain system, which involves connecting many such production and distribu-
tion systems, often across wide geographic distances, in such a way that the
businesses involved can ultimately satisfy consumer demand as efficiently
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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BC analysis
CBA, 100
divide and conquer approach, 99
inventory
plot, 100101
results, 100
Pareto principle, 99
The Aberdeen Group, 466
Analytic hierarchy process (AHP), 494
model steps
consistency index, 325
consistency ratio, 325
degrec of importance scale, 323
final criteria weights, 324-325
pair-wise comparison of
criteria, 324
sub-criteria weights, 325-326
supplier ranking, 326-327
total score, 326
principles, 322
supplier criteria, 323
Annual order cost (AOC), 258
Auto regressive integrated moving
average (ARIMA) method,
81-82

B

Bi-criteria linear program (BCLP),
501-502
Borda count, 315, 423
individual supplier rankings,
421-422
MCDM, 315, 423
ranking method
Criterin wej ghts, 491-492
faculty recruiting, 492-494
supplier selection models and
methods, 314-315
BPO, s¢p Business Process Offshoring
(BPO)

Bullwhip effect

ad hoc, 157

base-stock ordering policy, 159

base-stock policy, 162

centralized vs. decentralized
control, 140

consumer demand, 161-163

CPFR, 163

definition, 154

demand forecast, 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

C

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
CPEFR, see Collaborative planning,
forecasting and replenishment
(CPFR)

D

Decision criteria and risk assessment
binary variables, 474

criteria weights and preferences, 470
customer service criterion, 471
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decision criteria hierarchy, 470471
facility risk rating, 471-472
| group weights for criteria, 473
MILP model, 474
preemptive goal programming
model, 474
sample criteria ratings, 472-473
' sample criteria weights, 472-473
WACC, 471
Disruptive events detectability
Markov chain properties, 410
MFEPT
concept, 409-410
I disruption risk quantification,
411-412
matrix computation, 410-411
Distribution of demand over lead time
plus review period (DLTR)
distribution, 123, 126
Distribution requirements planning
(DRP)
adjustments, 131-132
average per-period cost, 131, 133
distribution centers (DCs), 128
dynamic-programming solution, 131
EOQ computation, 131
human intervention, 131
make-to-stock product setting, 127
ordering and holding costs, 131, 133
records for MeltoMatic Snow
Blowers, 128-130
ROP-OQ method, 127-128

E

Economic order quantity (FOQ)
computation, 124, 131
formula, 255, 260
model, 19, 112-114
sawtooth pattern, 141
Element percentile method (EPM), 386
Extreme value theory (EVT)
MLT type risks, 393
risk quantification models, 381
VaR type impact function, 382

F

Free and secure trade lane (FAST), 466

G

GDP, sce Giross domestic product (
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Generalized extreme value diStl‘ibution
8

(GEVIN

impact function, 383

PWM, 384, 386

risk impact functions, 384-38¢

risk measures, 403

VaR
disruption risk function, 387-389
type impact function, 383-384
type risk caleulations, 431-43)

GEVD, sce Generalized extreme valye

distributions (GCEVD)

Global products

“American 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 (sec Gross domestic product
(GDP))
globalization history, 449-450
globalization impacts
globalization risks, 454-455
global products (see Global
products)

U.S. manufacturing, 453-454
world economies, 450—451
globalization strategics, 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
international logistics, 466467
logistics cost, 477
logistics network flexibility, 478
outsourcing companics, 478
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cesilient global supply chain

design

decision ¢ riteria and risk
assessment (see Decision
criteria and risk aAssessment)

design decision, 467

ani.(.-l features, 470

nuliti-t"l‘ilt-rm analysis, 475 477

nmlli-i‘rih'ria selection

techiigques, 468
'|-7rnl\1m-n background, 468469
srofit maximization model
results, 474-475
Goal programming (GP)
formulation, 500-502
methodology ‘
reneral goal programming
model, 335-336
MCMP problems, 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-making 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, 266267
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 (GDF)
decision criteria and risk
assessment, 472
globalization history, 450
U.S. manufacturing, 454
world economy, 451

High demand variability, 467

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 micro strategies, 461
volume-timing technique, 462463
logistic issues, 463
manufacturing practices, 463-464

strategic issues, 464-465

[nterpretive strucht jral modeling (1I5SM),298

[nventory management, 19-20

cost minimization, 152
decision framework
administrative costs, 98
constant-W P systems, 97
le1n'|ldt-|'it-1iem(1|u| items, 96
iudq.‘:cruh-n'r—denmml items, 95, 97
stationary/non-stationary
demand, 97
multi-echelon inventory systems
arborescent system, 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-stage serial 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 (sce 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
newsvendor problem, 109
non-stationary demand
(see Distribution requirements
planning (DRP))
optimal inventory policy, 119
optimization software
packages, 119
order-up-to system, 125126
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)
replenishment lead time, 116
safety stock, 115
sample inventory profile, 125
single-point/-season demand
cost tradeoffs, 105
critical ratio, 105
demand and cost, 101
marginal analysis, 104
newsvendor demand, 103
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newsvendor model applicatior,
and problem, 102

optimal order quantity, 104

safety stock, 108

service measures, 105106

shortage costs service impact,
106-108

supply chain safety
inventory, 153
ISM, see Interpretive structural

modeling (ISM)
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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-ATL rate tariff, 194-195
power function estimate, 198
published tariff discount
annual transportation cost,
200, 202
CzarLite-based rate 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
power function estimate,
206207
producer price index, 200
rate estimation function, 199
rate function, 205
replenishment lead 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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rvice general rate model
3 data-intensive and ‘
compulationally-intensive
roach, 211
Ka;ﬂ/}\)/arhi ng estimation function,
3-214
Ka}%-]Warsing LTL. rate rpodel, 212
rate alternative estimation,
213-214
rate function, 212
rate tariffs, 211 .
transportation cost elmlalysw, 211
mear p ramming maocle
Lu&:—;lnlﬁzc’igand “level” stralegies, 65
constraints, 66
decision variables, 66
demand data, 65
demand/inventory balance, 67-68
production capacity, 68
training, 67
workforce assignment, 67
orkforce size, 66
LinV:ar weighted point (LWP) method
ranking suppliers, 346 ‘
rating/scoring method, f%l'l
single sourcing methods, ﬁfl!?—SOl
Location and distribution 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
warehouse location, 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

integer programming modéls, 230
network design multiple criteria
models, 279-280
real-world applications
AT&T, 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 o
supply chain network oplimization
(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)
Mean first passage time (MFP.T)
disruption risk quantification,
411-412
Markov chain analysis, 409-410
matrix, 410-411
risk detectability and recovery,
414-415
Miss-the-target (MtT) risk models
L-type
beta distribution, 396
impact function, 393-394
risk function, 398
-type
" é’e}?uchy distribution, 400
Cauchy PDF, 400—401.
generalized hyperbolic
distribution, 396-397
impact function, 393-394, 401
mathematical form, 398-399
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normal cases, 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)
methods classification, 498
problems, 494-495
bi-criteria linear program, 495-496
decision space and objective
space, 496497
dominated solution, 495
efficiency test, 497-498
efficient set/efficient frontier, 495
GP, 334-335
solution determination, 497
Multi-criteria mixed integer linear
programming
decision criteria and risk
assessment, 474
resilient global supply chain
design, 469
single objective problem, 474
Multiple ¢riteria decision making
(MCDM), 2
applications, 505-506
Borda count (see 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
MCMP (see Multi-criteria
mathematical programming
(MCMP))
MCSP
“best solution’ concept, 489-490
dominated alternative, 490
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ideal solution, 490

non-dominated altern

ative, 49q
methods, 419

multi-crileria ranking methodg
AHP, 494
rating method, 491
preemptive goal programs
partitioning algorithm
integer goal programs, 502
linear goal programs, 502
nonlinear goal programs, 502503
ranking methodls, 437
rating/scoring method, 313
resilient global supply chain
design, 469
risk-adjusted supplier selection
problem, 416, 437
software, 506
supplier order allocation, 348
supply chain optimization, 13
Multiple criteria selection problems
(MCsP)
‘best solution” concept, 489-490
dominated alternative, 490
ideal solution, 490
MCMP problem, 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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ransportation plO. i
: (sec Transportation problem)
ARIMA method, 81 -.‘\'_'.'_'
Bullwhip offect, 8485
CIPFR, 85 .
Croston’s methoci. 2
dr‘m‘illd forecasting, 81
demand management, 83~.84 .
forecast accuracy monitoring, 57-5
forecasting errors, 54
bias, 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—2?
multiple periods forecasting
constant level, 51
seasonality, 52
seasonality and trend, 53-54
trend, 52-53 ‘
pre yduction planning
decisions, 83
3-64
process, 6 .
qualitative forecasting methods
customer surveys, 31
Delphi method, 30
exefutive committee consensus,
29-30
sales force survey, 30-31 |
quantitative forecasting methods
averaging method, 34—.35
constant level forecasting
methods, 33-34 . .
exponential smoothing method,
38-39
last value methodl, 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

515

regression a nd Box-Jenkin’s ARIMA
methods, 82
SCM demand forecasting, 27-28
asonality in forecasting
- ‘Zeseasgnalized demand data, 40
deseasonalized forecast, 41-42
exponential smoothing
forecasting method, 41
naive method, 42
4-quarter moving average, 42
scasonality index, 39-40
seasonality indices, 41
software, forecasting
automatic software type, 59-60
manual software type, 60-61
semi-automatic software type, 60
user experience, 61
static seasgnality indices, 47-48
survey results, 62—-63
trend, forecasting
Holt's method, 4546
simple linear trend model, 43-44
Winters’ method
Computations, 50-51
Holt’s method, 49
periodicity, fl9d -
easonality index,
Probalsaility weighted moiner\t.s (PWM)
GEVD parameters estimation,
384, 386
moment estimates, 388—389
VaR type risk calculations, 432
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233-235
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application, 236° '
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Reorder point-order quantity (ROP-OQ)
model
control methods, 127-128 ,
cost of holding invenlory, 111-11
cycle stock, 113
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completely deconsolidated
distribution network,
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regional demands, 262-263
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distribution options, 264-265
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Pr;_u'lit'a! applications, 265-266
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supply chain
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Scaling criteria values
ideal value method, 317-318
ideal value scaling, 320
L, norm, 321-322
L, norm usage/vector scaling, 318
s;imp!u linearization/linear
normalization, 318, 320-321
simple scaling, 317, 319-320
supplier criteria matrix, 317
suppliers, 318-319
Serial supply chain
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stochastic demand and negligible
fixed ordering costs
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multi-criteria optimization
models
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model objectives, 424-425
multi-criteria models, 424
organization decisions, 423
two-phase method, 416-417
value path approach, 435-436
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Supplier selection models and
methods, 21
global sourcing
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multi-criteria ranking methods
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process (AHP))
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rating/scoring method, 312-314
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ranking)
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supplier selection process, 297
single sourcing methods
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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
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supplier selection factors, 293-294

supplier selection process,
294-295
suppliers pre-qualification, 299
Suppliers ranking
cost criteria, 310
experience criteria, 310
miscellaneous criteria, 310
multiple criteria ranking
methods, 310
organizational criteria, 309
performance criteria, 310
quality criteria, 310
selection criteria, 30Y
supplier criteria values, 310-311
Supply chain and financial metrics
business financial measures
cash-to-cash cycle, 15-16
return on assets, 15
working capital, 15
inventory measures
days of inventory, 14
inventory capital, 14-15
inventory turns, 13-14
Supply chain decisions
operational decisions, 67
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

optimization, 13
responsiveness-efficiency tradeoff
frontier, 10
supply chain responsiveness, 12
supply chain risk, 10, 12
planning production, 19 (see nlso
Planning production)
risk management, 21 (sce also Risk
management)
SCM definition, 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




Index mdex
3-stage supply chain, 249 private carriers and for-hire o-stage serial system Value path approach
unit shipping cost, 249-250 carriers, 185 TWCCI ” ralized control multi-objective problems, 343
warehouse capacities and railroads, 185 Axsater’s algorithm, 144-145 properties, 344
investment cost, 249-25() service characteristics ang cost, 184 continuous first-order supplier selection case study,
warehouse location, 241-242 shippers and carriers, 184 condition, 144 344-345

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

water-borne freight, 185-1g¢
goods in-transit risk, 219
lead-time demand, 220
LTL service

echelon holding costs, 143
inventory cycle lengths, 143

decentralized control

trade-offs demonstration, 344
value path results, 345-346
VaR and MtT type risks combination

T average installation inventory, 141 all suppliers o
‘class-based” rating system, 199 installation and echelon stock, 142 MtT type combination, 408
TCO, see Total cost of freight charge formalizag ion, 194 VaR type combination, 408

ownership (TCO)
Time series forecasting
constant level
and seasonality, 31-32
and trend, 31-32
systematic and random

general rate model and mode
(see Less-than-truckload (LTL)
mode)

NMEFTA, 190

OAK-ATL lane, 191

rate tariff, 191

U

inventory cycle length, 141
order cycle, 143
stage-optimal policy, 141
total cost, 142

different suppliers
MLT type risk combination,
407-408
VaR type combination, 407
same supplier
MtT type risk combination,

component, 31 rate weight breaks, 192-193 United Parcel Service (UPS), 277-278 406-407 .
trend and seasonality, 31, 33 shipment freight charge, 193194 VaR type risk combination,
Total annual inventory-related cost total shipment charge, 192 405-406

(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

motor carrier freight
continuous-review cost, 178
cost-based formulation, 176
goods in transit (see Goods in transit)
truckload computations, 177-178
truckload freight transportation

cost, 179

truckload optimization, 180
truckload service, 176

A%

Value-at-risk (VaR) models

GEVD parameters estimation

EPM, 386

maximum likelihood, 384

method of moments, 384

PWM, 384

Sherman test and Kolmogorov—
Smirnov statistic, 386

VaR disruption risk function
annual loss disruption distribution
function, 392-393

excel spreadsheet, 390-391

occurrence function, 390

risk distribution, 390

simulation approach
GEVD, 388-389
Kolmogorov-Smirnov statistics,

Trailer-on-flatcar/container-on-flatcar
(TOFC/COFC), 215

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

389-390

GEVD risk impact functions, 384-386
plotting positions, 389

impact function

"Transportation decisions
customer-supplier negotiations, 219
freight rates general models

rail carload, 214
rail to motor freight results, 215-216
solver-driven solution, 215

disruptive events, 382
Euler—Mascheroni constant,
383-384

PWM method, 388-389
steps, 387

Vehicle routing problem (VRP),

distance- vs. -transit time TOFC/COFC, 215 EVT, 382 205,220
relationship, 190 truck-based shipments, 215 GEVD parameters, 383
line-haul costs, 189 shipper, 175 Gumbel distribution, 383-384 w
shipment quantity, 188 VRE, 205, 220 VaR disruption risk function (see VaR .
shipping distance vs. lead Transportation problem disruption risk function) Weighted average cost of capital
time, 189 cost, 72-73 VaR occurrence functions, 386-387 (WACC), 471
terminal/accessorial costs, 189 decision variables, 75
truck-based freight rates, 188 greedy algorithm, 77

truckload service, 187
freight transportation
airfreight, 185
intermodal, 186-187
LTL quantity, 184
motor freight, 185

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

pipeline, 186

73-74




