ZEERT - FANEHBRATI IHEERMANM (ZXWR)

s =24 3
ZEFFIE (B101)

(] BE@ER -S. AR (Frederick S. Hillier)
AF/RME - J FIAS (Gerald J. Licberman) =

Introduction to Operations Research (Tenth Edition)

EERSEHIRA



EEERT -FRAYEFHEAS IHEERFABM (FXHR)

EEFFIE
(%5 1045)

[i]#%%Eﬁpsuﬁﬂm(ﬁwmws.mmm) =
RFI/RE - J.F{BE2 (Gerald J. Lieberman)

Research

AEREE et

=¥



Frederick S. Hillier, Gerald J. Lieberman

Introduction to Operations Research, 10" Ed.

EISBN: 9780073523453

Copyright © 2015 by McGraw-Hill Education.

All rights reserved, No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including without limitation photocopying, recording, taping, or any database, information or retrieval system, without
the prior written permission of the publisher.

This authorized English reprint abridgement edition is jointly published by McGraw-Hill Education and Tsinghua University Press
Limited. This edition is authorized for sale in the People’s Republic of China only, excluding Hong Kong, Macao SAR and
Taiwan.

Copyright © 2015 by McGraw-Hill Educalion and Tsinghua University Press Limited.

AU AT o AL RS IS TRNVF el XS A H RS AT A0 88 20 ASEF AT Aol Jy o st 40 S0 sl A b 4 AR (AR A By
(1 R S TSV R AR W€ T L R -:kHJ TR RS

ASFZRCNE SCRE TR 11y A ik 9545 25 LD 0FT IR ZS w) B 1 IOt LR AT PR 2 ) G et IR RR AN 28 452 LA B 1
NI ARIE A CANL R b i T8 T AT B A7) At e

FAL©201S [HAZRE S5~ 8 QIR B AR 2 0] 153 e Rt A A7 B 2 W] T 7

15 Ry &AL I G S B 01-2014-7909

A-BHENME McGraw-Hill Education A8 BHi{4RE, TIREETEHEE,
MIALERE, B3, EREHEIE. 010-62782989 13701121933

EBEMSEGE (CIP) #iR
8T : S it: Y 10 Jii=Introduction to operations research: %5 ¥/ ( 32) A5 ) 2% (Hillier,F.S.), ( J5) FI{(1% ( Lieberman.G.J.)
o lats TETREH UL, 2015
C IR A2 b6 57 -5 2 0T L2 vl 1 5 PSOO9Sk
ISBN 978-7-302-39291-0
1. @ig- 1. @Ay @F) 1. QIEFE— 2 8 —H—9E 3 IV, ©022
R R ASIE BT CIP #0644 7-(2015) 55 024553

FE&HE: L

HE&t: WEE

FEEH . KA

HAREZ AT R A IR

| HE: http://www. tup. com. cn. http://www. wqbook. com

2] sk e b ST R F AR A B BB 4% 100084

# B H. 010-62770175 B M. 010-62786544
BBS5IEERS: 01062776969, c-service@ tup. tsinghua. edu. en

R B K . 010-62772015, zhiliang@ tup. tsinghua. edu. cn

B O T #H: hup://www. tup. com. cn,010-62770175 &% 4903

s WA REEED N T

. A e s

. 203mm X 260mm Ep 3. 39.5

e 2015 4F 1 A4S 1 B . 2015 4F 1 H 481 B ED R
#. 1~4000

#r: 69.00 JG

bit,

-
g

S &FHN D
5

FEEhER S . 062308-01



PENPSEREHEAEVIRNEN, —BEF Y. BAAN, RINMZERESRSHH, X
AR R RIRERI TERE ETERREINIR. AEINIEREM, SURHEE, FRERRPE
BN EE,. FAEENEMSIAN, RESEESEAG CERIR. fIE. XEHFER, BBELS
SEERAE FTEEREMNEM, FIE, PENRWESTEREBINE T, TEEIHM TFEEI)
HESEEC SR, OXMBER T, MBS H—LIMRAIEM . —, ATRERMNFZEDFTK;
N, BT RIMREMOEERRSAR; =, ABIDECISREHFEI R

1EH(T 2004 FEARNBHEEN TIEMRIN, HGRFABR, ZENARHEBETHED “BA". KBS
FHAENBRINAR, KEHRCEULRRRT, T AEDRERE, BIEWSoRE, TEEEN
ErSR SR SRS REEHRENAR, FSHEFRNASFNR, I REZRR. X—UJEzE
NTBEHEMABERSHABREEHAT .

B, BHEASZERM SEEERT-FREBHRATNEIE, SHBRXE “BiRhRk" BI5R3
TEEEBEM, h2RIDX—IES, NEINRNERSHEFENR, BHEDUNHSFRR, FHER
EERESES, BAaANEASARIELSSEHEKYE, ReF4EEREmBESIINGSFEIRE
KAGVRES IR, HMEsBRELARNERSEE N, Xe—HEFEARNH I F.

ERCS HHERR 7 T A SIBHRFTREN, e 5 s HAEHEM RAFRRNEANSE, R
N “ERRFEEREERE” N TEBNR: —EEF TR EARNHRRSERTH—F, Bk
AP—H, —SETEHFRANKRBREHZ LI ER THEIE, B EEEMNEFRETFER.

BE N, BAEERRNIRED, TRABENBEAR: REEERS (Course Management
System, CMS), B THSHENRSE, HNTLUSHT B BINRIEANSE RIKIEE —T ARG
W E, EESEEE TSI PPT. =122 (Lecture Notes), 7EZR[ISERA, MUKOISHM. BEMA
FREEAIEES, DBORESEMFREECIRIRAELRICs BBS, MG, BRAESRTE, &
SHZEASHITARE, oNIM, ELIBREN, e, EtiPUDITRS. X—IEMHDA
A, SEEfRR TN TFECHSEASURNREA RFEAIIENMB BT EENTGM, Ha2R
S, SMER, X TELSYSES (BlackBoard, WebCT, eCollege) FAATFEARSESRECHA
NS EESENETRE. (RN ANNNREEERTS, BEMRARFIROE: Bl “X
" IIHBEHFASHERTM, WANHBNERERE LRSI S,

2004 FENEZHHE, DEARASEZ 247 (200, BTE 364 [ WFEEHE L, 2000 22754
LMY, S8 T AR S —I7EFEY FH “HEEH” . FTSFEETIN T RSER=505],




24 2BEME T REMFINCHE R, Bal, BREFROVET, EEWMNERNEE Sz RIERGRET
2 RS REAEESEH, A9 BlackBoard ZEEBYRSEEIS MG

REHZENBILESEELE, REHEHR THOUPR, G VEhRE TEE 3 #3
Mo [HERANZIET -FBNHBEHRATRENDXFPIE, EENREBHM M S 5188
MENEEE: RIS ASM 87, HAR—HETEY. BENSEM : SRy, RRME. BHRN=S
ASHEIN L, BTREMRRESREIN L; EIRREMMIERBAZETASEE, ST
2. ZIND, RKOTEHMES IS, BIFEINVAS. @Y, i IEEMIEVEE RN
BE ‘&, BEINANB LEETEITNG, ENSHSMBEATRAEEAIE; HAFanzs
LeRtes@iox, RHEBVYSHAERANAS “F98”, 7LeXKMA BlackBoard B WebCT 5
8, HIESIUMBREMNRAERERNHFZRRE, NECKBNFMENEEIEEMIG, SIS
BUELE 000

=2, BEEED, PFNFRIESED. RiNEED LEBEHFAER NS0T, KR
FRANRESL, BRIINFERFRSERENHEE. NHit, BRIMUBEHNXBHMNEIMES
7, ESMITARMNEEE, SBMNFRNRRHERIRRE]; SIS EAIMNILRFREIAL,
ROSHOI TN ZM . STHiZKIEBAVER, FRTHEBENERIHRAZEEKE; RINEEXENFHTEIE
S EENERRMT B BEMREENES £, BRENET LTEESEBHBTTEEAN. SIRaGEEHZ, &
2 MBA. EMBA #HZHERE,

FH: “BFMNI2, MY, EXiz8EEnd, RITEEANEBIGHEVAZEIE, 1
PEN L EEBEHEHEOHER R

|
b BAE RS



= T T T RO PO PPSSTTPRR SR XVii
EE L EE ZED eerererersmerersostsnsnessiscsentesentusacnsssssnsassetstsssoniasssassssnsssssssssssasssssssssssstonstssnsatetosssstsnmesnsesesesesstasenssssassssssasassass 1
1.1  JBEEERAFYT - ooevreeererrosssnnresacissssiorsassnsinssosaianssnnasassacassusasasnansssnsasassssessasassssasssatasessassssasss sassssessusasas 1
1.2 BRI JTL - vveeemerreneereme et s e et e e s s e s e s e s s 2
1.3 IBEZESHTIE IR - verrereerrmeee et ee s s e 3
B v P Pt 5
1.5 VLT OR COULSEWALE =++rs+wsesssesurtrtctsismatiiisriomimssistorissisitesssssssstsssstessssssssssssssssossssasssesssssssatseasssassos 7
e I T PP 9
3 T L PP 9
% 2E BRI LRI e e s s SR 10
2.1 SR RIS EEFAE - vveeemmeeeme et 10
2.2 B R A e s 13
B T I v R ITs w15
R 5 = 1 PP 18
2.5 AR I AL TR e s s 19
I 4 T 20
2.7 G woreerrere e e 21
e A ] N T N 21
53 23
SR I I - == ] T T 25
B BTG v vesoosvenvosnsesromsssionssnasissnrassssissesossmnsnssaringmunbonsastpoaansassorsossantossasbessrbonstonsarassss sesusshosnssanruss 26
3.2 AR I R AL TR e 32
3.3 AGIREE MM BRI IR AAE o eeeeerreermee s 38
T B 1 T 44

vii



3.5 R TR ST RTRAR A MR T crvvevvverereneeneesens s secsessessessessse s 62

3.6 BT KT R I R R T o e 71
T - 79
SRR oo ms e AR SRS B SRR S s A B e A A SRR AR NSRS B 79
B DL TR E LT R T T ITITR NP 81
Z= 44 ﬁiﬁm .......................................................................................................................................... 90
% 4= ﬁﬁﬂﬁ‘tﬁﬂtﬂlﬂﬂ—ﬁ%ﬁ%i ..................................................... - 93
A1 B T [ S T vveeereneeesmsneenn st 93
4.2 R Tl JEo 7 e 98
4.3 fﬁ?@ﬂ?/im'ﬂﬁ ............................................................................................................................. 101
4.4 PRAT TR FRRE T I o 107
4.5 T R AR R GE I oveereererse e 112
4.6 Mot Pﬁ'ﬂﬁ*ﬁy%iﬁ ............................................................................................................. 115
BT A A ST A AT - veermeeeenmeeen et 133
I o | o e e 141
4.9 SRAFLEVE LI ) [ PR e ee e s 143
4.10 gﬁl/b\ ................................................................................................................................................ 147
[ N LINDO Fil LINGO [RJAT G -eveeenerereessesnimsonmsieiiisiinsinis s st 147
’/57%)\(@\ ................................................................................................................................................. 151
R ottt 152
I T L ok 1 160
H=T5E %ﬁﬁ;ﬁ;ﬁiﬁ .................................................................................................... 163
5.1 -‘ﬁ%%/};%mﬂ ................................................................................................................................. 163
52 ggg.h;g&:ﬂ{];my;}f;ﬁ ..................................................................................................................... 174
53 %ﬁmrmmﬂl ..................................................................................................................................... 183
54 Eﬁllﬂiqégfﬁﬂﬁfi: ................................................................................................................................. 186
55 ?ﬁl«ﬁ ................................................................................................................................................ 189
;’;ﬁ%iﬁk ................................................................................................................................................. 189
53 LT 190
Tl o 1 o 197
I 13 R {0 5 197
LD G LT E 2oy 1 = 205
6.3 L‘ﬁl'ﬂﬂ%ﬁﬁ J] KBLAT KE ZR wovesvesnesnenssmmnss et 208
6.4 OS] T BRI EUIL IK, cvoevrerreereseeserssss sttt 213

viii



6.0 I s et 220
BRI TR <o 220
S BT e e e e e s 221
% 7 E K%i%#?ﬂ@l%ﬁ%ﬂ!ﬂ] .................................................................................................................... 225
71 i@lfgﬁ*ﬁmi}ﬁ ......................................................................................................................... 226
) ﬁjfﬁiﬁ&fﬁ'ﬁ'*ﬁ ............................................................................................................................. 233
73 iR T RAB AT RIBE SP AT errerererresrsrsssstsssssrasssnssssssnsssssssssessssesssisssssssssssessssssssasssnsassassesesess 250
7.4 %Hiﬁﬁﬂi ......................................................................................................................................... 264
7.5 *[L%g/.]ﬁ ......................................................................................................................................... 268
7.6 ﬂ?%f{%#llﬁﬁ*ﬂfmiu ......................................................................................................................... 271
7.7 g:rl‘:l(@ ................................................................................................................................................ 276
e A1 NP0 S PO 276
EJE'E ......................................................................................................................................................... 277
245 }%%U?’ELF]% ................................................................................................................................ 288
% 8 ’5_% Wmumg{mg;ﬁ ............................................................................................................................. 290
8.1 ﬁ{%ﬁfi?ﬂé}fﬁ/i ................................................................................................................................. 290
8.2 gﬁgﬁ:ﬂﬂl‘tu ................................................................................................................................. 294
8.3 I T crerr s s s s e s nba A es s e s s s e e s b s SRS e S e e e s e s S e s e an e ns 299
8.4 [j;]ﬂj‘ﬁ/£ ......................................................................................................................................... 301
8.5 BETD crevemresssrassinniantitensiisissesin st it s sesss s a b ettt e e a s e e s ens s e s e s et R et s sa tesa s s s e s bR e d e e ae e s an s 312
FRIL TR ooonsvecostesnntinssessucuorsinsanrenasnnseisssoastnssssnsesssssonantsss sassshssvssharmnsiessesstsssaranvsrnsssessnneesassasaresserentosssssens 313
Z]Eﬁ_; ......................................................................................................................................................... 314
% 9= B T I [ [ TR 318
9.1 @.%lﬁ]@ ......................................................................................................................................... 319
9.2 ﬁﬁ?@ﬁ@ﬁﬂﬂi@@%& ............................................................................................................. 333
L0 e T = T =] . SRRSO 348
9.4 SRAFEFEUR ) BB R B < oooeee et s 356
L T -4 =, TV O N I S COPE R 360
%":%J'Cﬁik ................................................................................................................................................. 361
S R vssnavivsvrensninsasssnesssvosssosanunsaanssensossornsanssoonssaseatonsssnnsessahsossvons sesmrnanssasysanssorensatasiossssasessesrssanivastnsnananns 362
B2 AR T IRIBR AT oo rsssrmsisamsanssiassassansassssvssssveisrmomnes sovsmssussesses sesesssemerensomasossssssmmmemssmsnssersaresssasnas 370



L0 BT 1 D 373
10.2 Mggjq%_ ....................................................................................................................................... 374
10.3 %%EE%,?%MEE ............................................................................................................................... 377
10.4 BB/ ZHI A oo orreveressessosmsomssonssssstssesiontssasessasssssstssmmsstsnsssnensssssnsspasssssnsssosasssssarsssesmnsssasassssss 382
10.5 %kﬁ]ﬁ]@ ................................................................................................................................... 387
10.6 T/ N BT Y AI I sessseeosenssssssosonsnissassirossrissassssassssonssnssonstnsnsssssassiasissatonssssonssuatorsnsnssanstrrassnssnssassassns 395
10.7 PR B JIo 7 onneeeemmreemne s 403
10.8 — AN B BE] — 28 FH BT IR AL B PR LR AT oocononsssummonsioresssnmessnsnonsssasanssasassassossestsnsssnssansssasassssess 413
10.9 gﬁi@ .............................................................................................................................................. 424
é%%jtiﬁk ................................................................................................................................................. 425
}jﬁ‘ﬂ ......................................................................................................................................................... 426
Z 4 ﬁﬁ@g&b ........................................................................................................................................ 434
% TLEE THZSHIE -evereereeemrrenen e 438
111 BHASTH BRI TFITEAT] -evveenmrerme et 438
11,2 ZHAS IR ) BBUIRIRAE «eeeeeeereremsmmemnsssesss st 443
11.3 ﬁﬁiﬂﬂ‘lﬁzﬂ IJS%MMJ ........................................................................................................................... 445
11.4 pﬁ*ﬂ:ﬁzﬁ;&;ﬂﬂ] ........................................................................................................................... 462
11.5 gg}/a .............................................................................................................................................. 468
é%;%—jcﬁk ................................................................................................................................................. 468
B e L 469
% 12 E w-ﬂ] ............................................................................................................................................... 474
T2.1 T woreeeenmemmsmmm e 475
122 0-1 %ﬁjﬂhﬂﬁ@ﬁzﬂq ..................................................................................................................... 478
123 0-1 gﬁé%ﬂ;*ﬁ@*@@c}:ﬁ@ﬁﬂ%@ﬁﬁ ............................................................................. Ve ey 483
12.4 %%@*ﬁg,ﬂ$ ............................................................................................................................... 489
12.5 *%%ﬁ%ﬂﬁﬂ M@[}g%“q:@tﬁ .................................................................................................... 497
12,6 433758 Ty Jo HEAE SR AR 0-1 FEBOM LI P RIREF --evereeemesmemismssssss s 501
12.7  HF RS IEHM R 20 S T8 TR - ovveeeeseeseer st 513
12.8 Xﬁﬁ’: 0-1 %ﬁ%ﬂtumﬁi_wﬁu& ............................................................................................ 519
12,9 [FIZY TR RI KT GE By -oeeeveeereseesemsemseos st s 525
LT L ittty 531
FE T LRR -veeveeeeene et 532
ST BT «vemesemenen e 534

BEM]  FFHE ST EFED +veeveesssessessssssssomsssssussssussesusssesssssassstasesosmsiasssse s ssss s R R bR 0 543



BE TGRS winsnemiscsisiratssssustvinsssiossssnessessormans esesoa s4ss3ea Lo Smssess AN S o NS S S SR 682

16.1 Jﬁ%{ﬁ@'} ....................................................................................................................................... 683
16.2 Z{ﬁ,’ﬁﬁtgﬁm{kﬁg ....................................................................................................................... 684
16.3 ﬁﬁﬁ%ﬁm&%%ﬂﬁ ............................................................................................................... 690
16.4  PREEIR coversarsorissosmsssansimnirssnsnnsuessesansersosarosasessans sosessanansssarastesonanssnnsssssovasesessshorasannsesvasasbnsnsasisassnian 696
16.5 FHE TR BLIRHAT RIBUBE S P o orersvrversssossstsssavsssossnsssssnssnsnssnsnesnssnsssssesassenssrasnasesssssanss 700
16.6 P BHD cemsassanioccssisiosssssnsasisasivssisisronnnet onsesssnssossentssvananrasiosssnsoasanassasessssonisnsssnvarsanos vene sesssvsssonnensvs 707
16.7 BrE AT I SEBR B csreesesarsisncacssinissnsisassiunssnsssosivassssnassuanesssessinessssssasssssnsosssssinmnsssonesvessnansossassss 715
16.8 i"rjﬂ@ ............................................................................................................................................. 716
%}%S‘Lﬁﬁ ................................................................................................................................................. 716
gﬂ ......................................................................................................................................................... 718
BRI JEBETRLG onovossiosrsusnsonvssonsssonssummssossosansusasvsneresssisndhs s s sess suasees sty saadsnsamnvs sisss crsanans snsassansasispasaiasvies 728
PR
4, FERE L A EIT AL - orvererrrnrorrssossstorussasussionsnnssesnesosnessansassasssssonsastonssnssenessstsssane st ssasssasansorasensessanassenasssnnes 962
5. ﬂ:_l;ggﬁq‘ﬁzi ......................................................................................................................................... 967
%Bﬁﬁ@%fi ................................................................................. 969

Xi



Introduction

.1 THE ORIGINS OF OPERATIONS RESEARCH

Since the advent of the industrial revolution, the world has seen a remarkable growth in the
size and complexity of organizations. The artisans’ small shops of an earlier era have
evolved into the billion-dollar corporations of today. An integral part of this revolutionary
change has been a tremendous increase in the division of labor and segmentation of man-
agement responsibilities in these organizations. The results have been spectacular. How-
ever, along with its blessings, this increasing specialization has created new problems,
problems that are still occurring in many organizations. One problem is a tendency for the
many components of an organization to grow into relatively autonomous empires with
their own goals and value systems, thereby losing sight of how their activities and objec-
tives mesh with those of the overall organization. What is best for one component fre-
quently is detrimental to another, so the components may end up working at cross
purposes. A related problem is that as the complexity and specialization in an organization
increase, it becomes more and more difficult to allocate the available resources to the vari-
ous activities in a way that is most effective for the organization as a whole. These kinds of
problems and the need to find a better way to solve them provided the environment for the
emergence of operations research (commonly referred to as OR).

The roots of OR can be traced back many decades,' when early attempts were made to
use a scientific approach in the management of organizations. However, the beginning of
the activity called operations research has generally been attributed to the military services
early in World War II. Because of the war effort, there was an urgent need to allocate scarce
resources to the various military operations and to the activities within each operation in an
effective manner. Therefore, the British and then the U.S. military management called
upon a large number of scientists to apply a scientific approach to dealing with this and
other strategic and tactical problems. In effect, they were asked to do research on (military)
operations. These teams of scientists were the first OR teams. By developing effective
methods of using the new tool of radar, these teams were instrumental in winning the Air Bat-
tle of Britain. Through their research on how to better manage convoy and antisubmarine
operations, they also played a major role in winning the Battle of the North Atlantic. Sim-
ilar efforts assisted the Island Campaign in the Pacific.

'Selected Reference 7 provides an entertaining history of operations research that traces its roots as far back as

1564 by describing a considerable number of scientific contributions from 1564 to 2004 that influenced the sub-
sequent development of OR. Also see Selected References 1 and 6 for further details about this history. 1
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CHAPTER 1T INTRODUCTION

When the war ended, the success of OR in the war effort spurred interest in applying
OR outside the military as well. As the industrial boom following the war was running its
course, the problems caused by the increasing complexity and specialization in organiza-
tions were again coming to the forefront. It was becoming apparent to a growing number of
people, including business consultants who had served on or with the OR teams during the
war, that these were basically the same problems that had been faced by the military but in
a different context. By the early 1950s, these individuals had introduced the use of OR to a
variety of organizations in business, industry, and government. The rapid spread of OR
soon followed. (Selected Reference 6 recounts the development of the field of operations
research by describing the lives and contributions of 43 OR pioneers.)

At least two other factors that played a key role in the rapid growth of OR during this
period can be identified. One was the substantial progress that was made early in improving
the techniques of OR. After the war, many of the scientists who had participated on OR teams
or who had heard about this work were motivated to pursue research relevant to the field;
important advancements in the state of the art resulted. A prime example is the simplex method
for solving linear programming problems, developed by George Dantzig in 1947. Many of the
standard tools of OR, such as linear programming, dynamic programming, queueing theory,
and inventory theory, were relatively well developed before the end of the 1950s.

A second factor that gave great impetus to the growth of the field was the onslaught of
the computer revolution. A large amount of computation is usually required to deal most
effectively with the complex problems typically considered by OR. Doing this by hand
would often be out of the question. Therefore, the development of electronic digital com-
puters, with their ability to perform arithmetic calculations millions of times faster than a
human being can, was a tremendous boon to OR. A further boost came in the 1980s with
the development of increasingly powerful personal computers accompanied by good soft-
ware packages for doing OR. This brought the use of OR within the easy reach of much
larger numbers of people, and this progress further accelerated in the 1990s and into the
21st century. For example, the widely used spreadsheet package, Microsoft Excel, pro-
vides a Solver that will solve a variety of OR problems.Today, literally millions of individ-
uals have ready access to OR software. Consequently, a whole range of computers from
mainframes to laptops now are being routinely used to solve OR problems, including some
of enormous size.

1.2 THE NATURE OF OPERATIONS RESEARCH

As its name implies, operations research involves “research on operations.” Thus, opera-
tions research is applied to problems that concern how to conduct and coordinate the
operations (i.e., the activities) within an organization. The nature of the organization is
essentially immaterial, and in fact, OR has been applied extensively in such diverse areas
as manufacturing, transportation, construction, telecommunications, financial planning,
health care, the military, and public services, to name just a few. Therefore, the breadth of
application is unusually wide.

The research part of the name means that operations research uses an approach that
resembles the way research is conducted in established scientific fields. To a considerable
extent, the scientific method is used to investigate the problem of concern. (In fact, the term
management science sometimes is used as a synonym for operations research.) In particu-
lar, the process begins by carefully observing and formulating the problem, including gath-
ering all relevant data. The next step is to construct a scientific (typically mathematical)
model that attempts to abstract the essence of the real problem. It is then hypothesized that
this model is a sufficiently precise representation of the essential features of the situation
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that the conclusions (solutions) obtained from the model are also valid for the real prob-
lem. Next, suitable experiments are conducted to test this hypothesis, modify it as needed,
and eventually verify some form of the hypothesis. (This step is frequently referred to as
model validation.) Thus, in a certain sense, operations research involves creative scientific
research into the fundamental properties of operations. However, there is more to it than
this. Specifically, OR is also concerned with the practical management of the organization.
Therefore, to be successful, OR must also provide positive, understandable conclusions to
the decision maker(s) when they are needed.

Still another characteristic of OR is its broad viewpoint. As implied in the preceding
section, OR adopts an organizational point of view. Thus, it attempts to resolve the con-
flicts of interest among the components of the organization in a way that is best for the
organization as a whole. This does not imply that the study of each problem must give
explicit consideration to all aspects of the organization; rather, the objectives being sought
must be consistent with those of the overall organization.

An additional characteristic is that OR frequently attempts to search for a best solution
(referred to as an optimal solution) for the model that represents the problem under con-
sideration. (We say a best instead of the best solution because multiple solutions may be
tied as best.) Rather than simply improving the status quo, the goal is to identify a best pos-
sible course of action. Although it must be interpreted carefully in terms of the practical
needs of management, this “search for optimality” is an important theme in OR.

All these characteristics lead quite naturally to still another one. It is evident that no
single individual should be expected to be an expert on all the many aspects of OR work or
the problems typically considered; this would require a group of individuals having diverse
backgrounds and skills. Therefore, when a full-fledged OR study of a new problem is
undertaken, it is usually necessary to use a team approach. Such an OR team typically
needs to include individuals who collectively are highly trained in mathematics, statistics
and probability theory, economics, business administration, computer science, engineering
and the physical sciences, the behavioral sciences, and the special techniques of OR. The
team also needs to have the necessary experience and variety of skills to give appropriate
consideration to the many ramifications of the problem throughout the organization.

1.3 THE RISE OF ANALYTICS TOGETHER WITH OPERATIONS RESEARCH

There has been great buzz throughout the business world in recent years about something
called analytics (or business analytics) and the importance of incorporating analytics 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 con-
cept of analytics in the January 2006 issue of the Harvard Business Review with an article,
“Competing on Analytics,” that now has been named as one of the ten must-read articles in
that magazine’s 90-year history. This article soon was followed by two best-selling books
entitled Competing on Analytics: The New Science of Winning and Analytics at Work:
Smarter Decisions, Better Results. (See Selected References 2 and 3 at the end of the chap-
ter for the citations.)

So what is analytics? The short (but oversimplified) answer is that it is basically oper-
ations research by another name. However, there are some differences in their relative
emphases. Furthermore, the strengths of the analytics approach are likely to be increas-
ingly incorporated into the OR approach as time goes on, so it will be instructive to
describe analytics a little further.



CHAPTER 1 INTRODUCTION

Analytics fully recognizes that we have entered into the era of big data where massive
amounts of data now are commonly available to many businesses and organizations 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 email, Web
traffic, and social networks. As indicated by the following definition, a primary focus of
analytics is on how to make the most effective use of all these data.

Analytics is the scientific process of transforming data into insight for making better
decisions.

The application of analytics can be divided into three overlapping categories. One of
these is descriptive analytics, which involves using innovative techniques to locate the rel-
evant data and identify the interesting patterns in order to better describe and understand
what is going on now. One important technique for doing this is called data mining (as
described in Selected Reference 8). Some analytics professionals who specialize in
descriptive analytics are called data scientists.

A second (and more advanced) category is predictive analytics, which involves using
the data to predict what will happen in the future. Statistical forecasting methods, such as
those described in Chap. 27 (on the book’s website), are prominently used here.

The final (and most advanced) category is prescriptive analytics, which involves using
the data to prescribe what should be done in the future. The powerful optimization tech-
niques of operations research described in many of the chapters of this book generally are
what are used here.

Operations research analysts also often deal with all three of these categories, but not
very much with the first one, somewhat more with the second one, and then heavily with
the last one. Thus, OR can be thought of as focusing mainly on advanced analytics—
predictive and prescriptive activities—whereas analytics professionals might get more
involved than OR analysts with the entire business process, including what precedes the
first category (identifying a need) and what follows the last category (implementation).
Looking to the future, the two approaches should tend to merge over time. Because the
name analytics (or business analytics) is more meaningful to most people than the term
operations research, we might find that analytics may eventually replace operations
research as the common name for this integrated discipline.

Although analytics was initially introduced as a key tool for mainly business organi-
zations, it also can be a powerful tool in other contexts. As one example, analytics
(together with OR) played a key role in the 2012 presidential campaign in the United
States. The Obama campaign management hired a multi-disciplinary team of statisticians,
predictive modelers, data-mining experts, mathematicians, software programmers, and OR
analysts. It eventually built an entire analytics department five times as large as that of its
2008 campaign. With all this analytics input, the Obama team launched a full-scale and all-
front campaign, leveraging massive amounts of data from various sources to directly
micro-target potential voters and donors with tailored messages. The election had been
expected to be a very close one, but the Obama “ground game” that had been propelled by
descriptive and predictive analytics was given much of the credit for the clear-cut Obama
win. Based on this experience, both political parties undoubtedly will make extensive use
of analytics in the future in major political campaigns.

Another famous application of analytics is described in the book Moneyball (cited in
Selected Reference 10) and a subsequent 2011 movie with the same name that is based on
this book. They tell the true story of how the Oakland Athletics baseball team achieved
great success, despite having one of the smallest budgets in the major leagues, by using
various kinds of nontraditional data (referred to as sabermetrics) to better evaluate the
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potential of players available through a trade or the draft. Although these evaluations often
flew in the face of conventional baseball wisdom, both descriptive analytics and predictive
analytics were being used to identify overlooked players who could greatly help the team.
After witnessing the impact of analytics, many major league baseball teams now have
hired analytics professionals. Some other kinds of sports teams also are beginning to use
analytics. (Selected References 4 and 5 have 17 articles describing the application of ana-
lytics in various sports.)

These and numerous other success stories about the power of analytics and OR
together should lead to their ever-increasing use in the future. Meanwhile, OR already has
had a powerful impact, as described further in the next section.

1.4 THE IMPACT OF OPERATIONS RESEARCH

Operations research has had an impressive impact on improving the efficiency of numerous
organizations around the world. In the process, OR has made a significant contribution to
increasing the productivity of the economies of various countries. There now are a few
dozen member countries in the International Federation of Operational Research Societies
(IFORS), with each country having a national OR society. Both Europe and Asia have fed-
erations of OR societies to coordinate holding international conferences and publishing
international journals in those continents. In addition, the Institute for Operations Research
and the Management Sciences (INFORMS) is an international OR society that is headquar-
tered in the United States. Just as in many other developed countries, OR is an important
profession in the United States. According to projections from the U.S. Bureau of Labor
Statistics for the year 2013, there are approximately 65,000 individuals working as opera-
tions research analysts in the United States with an average salary of about $79,000.

Because of the rapid rise of analytics described in the preceding section, INFORMS
has embraced analytics as an approach to decision making that largely overlaps and further
enriches the OR approach. Therefore, this leading OR society now includes an annual
Conference on Business Analytics and Operations Research among its major conferences.
It also provides a Certified Analytics Professional credential for those individuals who sat-
isfy certain criteria and pass an examination. In addition, INFORMS publishes many of the
leading journals in the field, including one called Analytics, and another, called Interfaces,
regularly publishes articles describing major OR studies and the impact they had on their
organizations.

To give you a better notion of the wide applicability of OR, we list some actual appli-
cations in Table 1.1 that have been described in Interfaces. Note the diversity of organiza-
tions and applications in the first two columns. The third column identifies the section
where an “application vignette” devotes several paragraphs to describing the application
and also references an article that provides full details. (You can see the first of these appli-
cation vignettes in this section.) The last column indicates that these applications typi-
cally resulted in annual savings in the many millions of dollars. Furthermore,
additional benefits not recorded in the table (e.g., improved service to customers and bet-
ter managerial control) sometimes were considered to be even more important than these
financial benefits. (You will have an opportunity to investigate these less tangible bene-
fits further in Probs. 1.3-1, 1.3-2, and 1.3-3.) A link to the articles that describe these
applications in detail is included on our website, www.mhhe.com/hillier.

Although most routine OR studies provide considerably more modest benefits than
the applications summarized in Table 1.1, the figures in the rightmost column of this table
do accurately reflect the dramatic impact that large, well-designed OR studies occasionally
can have.



An Application Vignette

FedEx Corporation is the world’s largest courier delivery
services company. Every working day, it delivers many
millions of documents, packages, and other items through-
out the United States and hundreds of countries and terri-
tories around the world. In some cases, these shipments
can be guaranteed overnight delivery by 10:30 am.
the next morning. :

The logistical challenges involved in providing this
service are staggering. These millions of daily shipments
must be individually sorted and routed to the correct gen-
eral location (usually by aircraft) and then delivered to
the exact destination (usually by motorized vehicle) in an
amazingly short period of time. How is all this possible?

Operations research (OR) is the technological engine
that drives this company. Ever since its founding in 1973,
OR has helped make its major business decisions, includ-
ing equipment investment, route structure, scheduling,
finances, and location of facilities. After OR was credited
with literally saving the company during its early years, it
became the custom to have OR represented at the weekly

senior management meetings and, indeed, several of the
senior corporate vice presidents have come up from the
outstanding FedEx OR group.

FedEx has come to be acknowledged as a world-
class company. It routinely ranks among the top compa-
nies on Fortune Magazine’s annual listing of the
“World’s Most Admired Companies and this same maga-
zine named the firm as one of the top 100 companies to
work for in 2013.” It also was the first winner (in 1991) of
the prestigious prize now known as the INFORMS Prize,
which is awarded annually for the effective and repeated
integration of OR into organizational decision making
in pioneering, varied, novel, and lasting ways. The
company’s great dependence on OR has continued to the
present day.

Source: R. O. Mason, J. L. McKenney, W. Carlson, and
D. Copeland, “Absolutely, Positively Operations Research: The
Federal Express Story,” Interfaces, 27(2): 17-36, March—April
1997. (A link to this article is provided on our website,
www.mhhe.com/hillier,)

M TABLE 1.1 Applications of operations research to be described in application vignettes

Organization Area of Application Section Annual Savings

Federal Express Logistical planning of shipments 1.4 Not estimated

Continental Airlines Reassign crews to flights when schedule 2.2 $40 million
disruptions occur

Swift & Company Improve sales and manufacturing 3.1 $12 million
performance

Memorial Sloan-Kettering Design of radiation therapy 34 $459 million

Cancer Center

Welch's Optimize use and movement of raw materials 3.5 $150,000

INDEVAL Settle all securities transactions in Mexico 3.6 $150 million

Samsung Electronics Reduce manufacturing times and inventory levels 4.3 $200 million more revenue

Pacific Lumber Company Long-term forest ecosystem management 7.2 $398 million NPV

Procter & Gamble Redesign the production and distribution system 9.1 $200 million

Canadian Pacific Railway Plan routing of rail freight 10.3 $100 million

Hewlett-Packard Product portfolio management 10.5 $180 million

Norwegian companies Maximize flow of natural gas through offshore 10.5 $140 million
pipeline network

United Airlines Reassign airplanes to flights when disruptions occur 10.6 Not estimated

U.S. Military Logistical planning of Operations Desert Storm 11.3 Not estimated

MISO Administer the transmission of electricity in 13 states 12.2 $700 million

Netherlands Railways Optimize operation of a railway network 12.2 $105 million

Taco Bell Plan employee work schedules at restaurants 12.5 $13 million

Waste Management Develop a route-management system for trash 12.7 $100 million
collection and disposal

Bank Hapoalim Group Develop a decision-support system for 13.1 $31 million more revenue
investment advisors

DHL Optimize the use of marketing resources 13.10 $22 million

Sears Vehicle routing and scheduling for home 14.2 $42 million

services and deliveries
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# TABLE 1.1 Applications of operations research to be described in application vignettes (contd)

Organization Area of Application Section Annual Savings

Intel Corporation Design and schedule the product line 14.4 Not estimated

Conoco-Phillips Evaluate petroleum exploration projects 16.2 Not estimated

Workers’ Compensation Manage high-risk disability claims and rehabilitation 16.3 $4 million

Board

Westinghouse Evaluate research-and-development projects 16.4 Not estimated

KeyCorp Improve efficiency of bank teller service 17.6 $20 million

General Motors Improve efficiency of production lines 17.9 $90 million

Deere & Company Management of inventories throughout a 18.5 $1 billion less inventory
supply chain

Time Inc. Management of distribution channels for magazines 18.7 $3.5 million more profit

InterContinental Hotels Revenue management 18.8 $400 million more revenue

Bank One Corporation Management of credit lines and interest rates 19.2 $75 million more profit
for credit cards

Merrill Lynch Pricing analysis for providing financial services 20.2 $50 million more revenue

Sasol Improve the efficiency of its production processes 20.5 $23 million

FAA Manage air traffic flows in severe weather 20.5 $200 million

1.5 ALGORITHMS AND OR COURSEWARE

An important part of this book is the presentation of the major algorithms (systematic solu-
tion procedures) of OR for solving certain types of problems. Some of these algorithms are
amazingly efficient and are routinely used on problems involving hundreds or thousands of
variables. You will be introduced to how these algorithms work and what makes them so
efficient. You then will use these algorithms to solve a variety of problems on a computer.
The OR Courseware contained on the book’s website (www.mhhe.com/hillier) will be a
key tool for doing all this.

One special feature in your OR Courseware is a program called OR Tutor. This pro-
gram is intended to be your personal tutor to help you learn the algorithms. It consists of
many demonstration examples that display and explain the algorithms in action. These
“demos” supplement the examples in the book.

In addition, your OR Courseware includes a special software package called
Interactive Operations Research Tutorial, or IOR Tutorial for short. Implemented in
Java, this innovative package is designed specifically to enhance the learning experience of
students using this book. IOR Tutorial includes many interactive procedures for executing
the algorithms interactively in a convenient format. The computer does all the routine cal-
culations while you focus on learning and executing the logic of the algorithm. You should
find these interactive procedures a very efficient and enlightening way of doing many of
your homework problems. IOR Tutorial also includes a number of other helpful proce-
dures, including some automatic procedures for executing algorithms automatically and
several procedures that provide graphical displays of how the solution provided by an algo-
rithm varies with the data of the problem.

In practice, the algorithms normally are executed by commercial software packages.
We feel that it is important to acquaint students with the nature of these packages that they
will be using after graduation. Therefore, your OR Courseware includes a wealth of mate-
rial to introduce you to four particularly popular software packages described next.
Together, these packages will enable you to solve nearly all the OR models encountered in
this book very efficiently. We have added our own automatic procedures to IOR Tutorial in
a few cases where these packages are not applicable.



