gff’f-\-l f.[k %g%g
FEARKEIHERER K

CMBA it BOFE

A\

NS
Q\_x\\\\x
VEZT2I00////

AN

.

1
A N

AN

A\

AL

HEBER S. HHR
(Frederick S. Hillier)

AUREJ FAE
(GeraIdJ Lieberman) /%

Iba

rIntroduction to Operatlons Research
(SIXTH EDITION)

@ Ml T WK Tﬂ McGraw-Hill



MBA &\

(ESHg % 6 48)

Introduction to Operations Research

(SIXTH EDITION)

hERLE S, FAR
(Frederick S. Hillier)

z 3
ABRRE]. ABE
(Gerald J. Lieberman)

PLA T A O At



Frederick S. Hillier, Gerald J. Lieberman: Introduction to Operations Research-6th ed.
Copyright © 1995 by The McGraw-Hill, Inc.All rights reserved. Jointly published by
China Machine Press/McGraw-Hill. This edition may be sold in the People’s Republic of China
only. This book cannot be re-exported and is not for sale outside the People”s Republic of Chi-

na.
RISBN 0071163719

AR B AR B McGraw-Hill 22 5] SAUHUAR T o H4 A5 A 75 v B 4 Rl P 2 6 o
BAT, REHIREVFT, FRUEEATRDR. AR REHF LAY .
BRETE, BB,

EBEMBIZE: BF: 01-98-1027
EHEEME (CIP) i

ERHF R 6 MK /(R)BAR (Hillier, F. S. )HH . — HEM . — L3R
Tkt hsst, 1999.1

(MBA % Mk ¥ 8047 )

ISBN 7-111-06565-4

I.@ 0.%- D.Z%EEX .02

FERAFEBE CIP RBHT (98) 15284

B A: BAK (AREHEAS 28 SRS 100037)
MR 2o

W E A BXE

AT HEZ BRI EDR - BB ISR RITH BT
19994F 1 A% 1 IS 1 KR

787mmx<1092mm 1/16 - 64 Epgk

£ #ft: 98.00 T

RBAEH, mAGRK., SR, BE, hadiRTHA%



tH iR RIE

EE2REFT A ZIZESE RS, P EIEAFRHT
ik BRI 5= lbES AR SERinu <@ . Gl E
BRI & SHSE R EEBERIRNMPWSHF S5SEHKFER
—A KiK.

A THRELRIEZR R4S X ER Lo E S
. HEFFER, PLBR Tk HARFE M — S 1 5538 4 HH AR 2y
B T —#H—MA AL EE A3, HRTXE (i
HSREFRICEY. KRk E 5220 24971 B BR_L B A iAT
FIRUR R Bkt KERsr Z2XREITTEMR, B251+JLIR.
VEZEGRMSE. ZhnEF. WiiBARS 3 £ Wb Bds, &
WREANHE, 8 aTS0Eg 5550 45 22 FF SCHe s e

AT 48P ERIMBAREIR i — S B HIMBA R 51 200k4,
Pk B IEE LT B INEREFEHE YRS R ES
RIHARET «ERRiEAMBAESY 5 (EBriEHAMBAZ )
BEERGD MNBzih, o, REXmPEARKETHE
BRI, HFERRAE MBALRIIFE BB M.
CEPrEAMBAF L)Y 5 T EHIMBARLLIRER, WA
Z MBALIIE R ZEHY 81 TMBAR A REE LTy E]
RIS IR RO ERE, EASR T HBTH¥EEFEE



AHEFEMTIIEBA S RME TEEOSEMRBE. &
NPT sy, MIERIFY. MRESEE SHM . e
By, MBS 5&MEME. &i. HiEW. BESEEESTA
F5. 605 A Fh,

A TR BRI SR Bk, 3338 A 458 LA 3 S0 I PR Y
FES AR o 330RE WY LAGEE S5 DR 3890335 T 8 5 PO SCFn HH MR
IR RS, LAMELLiRE e 5k B e SRR SOR,
TESE — I AR S 5 S B R & A SUR A B 22 A A

BT EZELHS . BAHEN AR, Bk
AR AL, RN R RS B, BLEWY
LM e b RS 1, X MU B T HE AR & HHRR A 25 M 4511
B, HRMNEIBBASXE (HRSFEIHSOA HIHAR,
AE A2 @ h EPIMBARL 2k S . HEsheh R ARk IF i 2l
RSz 5.

PR T Al HH Rt
199848 H



R

Tl

257, FRE EALT ARS8 um (R AV AL, B
ELE R AP E 2, XARE L EEEHE AR FAITLE
Sikik. 4-4E9H, XEHA0004 & TR B A AR E
AR SAEHALKREET] . RS HETHESLH
ERGNEEN R BLESEAYER, ERFEIFFHIFET
RS EM LY. A aF TR EEmtL (MBA) JiH,
A E KRS F H— X — P A Wi T RAY & R
TR mEmt, BL2RFTLUHET TR EM #0565
BeAse Fr L R 2% pE SR ZE A IRl A .

65X H, MBARBZIHRRIIMRE@IHTT Z2—. 1L
7E19844EUE K, 7ZEMEXRERFEF RO BOHBT, ME
FEAEFIIRAY . EEHIRKRY¥. BB AL R AL
R AEFIR S B EARA 1 0 R B R FRI GBI U
ETEMBFEE. Sit¥. FE¥URTHEEBRRSEE
MBAIRFE. 7E19854EH K, INEARMIESRNIUET BiM4
[IMBAIRRR. X4, RIFEFHIETRXEMBARRES
Pt H TS IRIRBAES R A2 AKX G, it aE
i SRR AIRI N ERR R, M TMBABLLIR 5iEETREL
BElviy EE SERORE B SBARER M2 HL, SRS



Vi

B ngE R EARMIEFERNEMFEER L SHRIMEL T T
KHIX B 19884F %), FREIINGERFE & /IRAFEHFBeiT
&he, AEEXIMBARIRBRIEIFERT T#. 15, |G
Bl 3 E A ik B ULLY N SRR R AR SR ACHFE R R
REFEBEBAEE, XIMBARBE Z AN EREE TE
VIS RIS . b T EATHL T MREEMBAS & I EIN, 4
FO6H, R EFTHEHFIRRAKEALE TEEELE
HAEbE, HETIEZ M0 ‘RGBT IES".

SAMALEXEW T BT, FaRkbL. Fats5%s
FERIPRIR T, SCTERIRIGH SCRIM:. RIS 28 H
HACHWRFERE, aEEF4BEtHBER 58, 545
MBARIEH £, EEIMERITSORTEE %5, R824
K EEH LS4 (The American Assembly of Collegiate
School of Business, AACSB) FrA&iAHI3004x B4 BR S,
£z 7 B H=0H 4, REBIEIHAILH O S TR 5k
RIS, BHEAEH. KEZE LS HEEAHAE O
HIBCH (4, IEMBFRELR S 615 I, A~ BT b 42 T
Phik, REPRIZAT NN 5 1 L 00 eBR B R U Hb 65 & AT 5k,
IR EFFHE R ® R R A L. Fln, & 3 BE P2
BHmMbIR ., IXBERUE AR “Rema L o SeRE”, B3 em
HIEEEA (general managers), G “FRAI 1T LIV RIS
AN S iR AR A 189 T1E Lk, HZE M1 anfal 38 1 5 A e fa)
RH . BE GRS 7 161 FOSR BT 30 L HEhn R e Bl . o
FRATIE ol I 2 2% vh BR 18 52 At LUE T fifix 451 5 A Znfal 7€
SCBR B R4 100 AR 5 4nin, Mt —2 %k IR SRR
MBIt S54min.” PR B TP B R by “2k
HAMWILE", ViR atiEsS”, 81 PR
5wttt R 1S5, PR B LB i P A B e P i e o
%Efﬁﬁﬁﬁ—%ﬁﬁﬁ%ﬂgéﬂ?ﬁﬂkﬂiﬁ*ﬁ?ﬁ*bﬁy]%%‘*
H¥F, éﬁﬁﬁﬁx%ﬂ@&ﬁﬁﬂ%aﬁz%ﬁﬁvﬁﬂk%&ﬁﬁ
AT DR RAISE, EHil, IXIEAATRCIFIBIYL. ” a5 F]
HOFIFEJE TE K 5 W S Be M B i B ST 4, LIS TFRIE S
BEERSSVEES L, MR GE R B AS SFREZ 5%,
ARG AIBTR S SINLEA .

RIE iR E Ay, KHEFLAWERFIEH T A LA
LA ZKHEIR: —RELAME B R B b R A 35 o T A T
AN B9, H 1H 48 B B R 7 5 2R B Tox Fhi et
e AR S HEHAIMBA, A REEWILAIMBA, @5t



Vii

Sy Rt S EAE ML IR, E 2 Bl LUE A 4l BeC
HeeR b i B A RS TE AR Y, MiASRBEEST 1A
AR, TR RFEEEFEE AR BT LT
BN GRS, L0y MR h Rk iR R SR L L AR EE A
5. HibEREEReo R xR, RN TWE ZAIRIER
. EEBBEFERRCR ARRXFIEFF AR, 2{EZEF
BB, PEALKSEATYLIE MR EET . IBARTLINMN RS . B
Ty IRK S B PR LA AL TR R R R . Rk, &4
EE R E IR RIRLE LA B FIRAREEE A

e R EEBEMBARRBIZ AR “7fEH R RKNE
BRSSP, 4R AR AT Rt S B BB RIRE D 7
HTH B FPEMBAIRBRIR I ERER “HafRF ARG
BITHISENR, TR SITHEN . BUsfnit &3R8, LA
B S4B Ve 0 B P L SR AT hHERE. . [FIRE, “MBAIRH
WEE R A — Fh oI LASE Br 2 ST R0 iIXHE, 4 RAU¥E
He 7R A Ja LS HOED I B et Dol B (L s R b
HEH B ndb /e R . RiFE B EEBREMBARBR BRI
ek Xt H 2K RICME R IE S IEESET
etk R X — 3L EH Rk ” BHetLIEf#EEMBAREE
R AERE R L EREABEERBESIRE T
AT AR S PIBN A RS M AR EARESER.

Bz, XUEFERERUMBARERN, B, BEE
HHEETARSIRMTESIREE. ik, ZEEEETERI IR
FnEpsE. Bilin, FHEELIERTFECR FOGRIAIXRBEAL TA X
A-ERbrb .G, HAERMEE SR ERR . SR, N
2 EE S EEF AR AT &M T E. Bk, Z¥%EE
PRI Lkt 55 5 &S HELIRERFAME. Bk,
XA QB RIRRUER A, AnTREE AR BREEL R E E |
BB EHIRE, T O mFEellfE e BB 5 T4 4RI
R LR . B, BERARGMARAOT IR,
TP 5 KBRS, anddvieER . SN, Q.
EAB A SECRF R R

ERBIRIHANE L, XEEHERREE A CRE D,
A GRIS AR OIRBEEBIRE. REANE LA
—, M bt bRE. FEFEIABOLIRZA, FAEETL
IV BEYLR I FNEIRE . 76 55188 DL B 2 A B B s #f 05 3
FiRE. EECRE, B¥EEREAR LIFIRT LF¥E. it
sRBBEHT. St MH. WIHEH. SEEE. L4l



Vil

A ANDBIRETR. GREBEERLA R 2 I HIRAR. 245K,
WA B, ZINEF R FBE R AL B OIR. fELE
BRI L, BRWGBEEEEEIN, B¥BiiAd LiE®E TH, fn
B LE552 (Managerial Economics ). £rif (Accounting ) .
W35 % B (Financial Management ). Fillit (Taxation). Eog il
Fl4: (Management Science). {&.B &% (Information
Systems). HiHEH (Marketing). 14T %%
(Organization Behavior). A f7% % E (Human Resource
Management). [E|PR@§45 (International Business). SEBEEE
¥ (Strategic Management)|>), Bz 2% FLAEFH (Public Management)
Fo BARCRRMREE BRI, X T
Bl PR BLUAR B Bl U FOE RO ST TG BLASE, MR
FHEASTEREANEN TN, LGS B TR am i
He(Self Managed Track) 5% pl kith (Management Track ),
B IREHEB RGN 20 S5 EERES Y. W95 %8 i
SFHEIL. FRHEAR. MRS AHRBSHE. SHEEM
ST HEHFICENTTIR. AR 75 SRk M 4
ALERIEE T, NMRTCA%E: S R, MM A
HRAEEWAIERAR, NATLUESEEEE, fEixA
Brgeth, A M, HIMRMSEE 551 (Strategic
Management and Consulting) . = b 5 RS FF & (Product
and Venture Development). {&.8.4% A 54k 45 # (Information
Technology and Business Transformation). 4 Bh T #2(Financial
Engineering). 4% % # (Financial Management)) 5% #illig 5
izfFE(Manufacturing and Operations). iXFhi% 4T {EHEREE
HIRBRBAVHESRR, UISCRMTIHWAES, HETASEERY
FURRIER, (HRAEREIEA- G T b S e A SR
HRIEE A6,

FRE LR a2 R S e s, BAETEIR SBTEE 2
. FEIRBRIR L, 2E THEHU+-HTIRSRZASH
ETEODIRAES K. it BRI, MBAZ.L IR/
A 2B TIE BUERER. 28R, ERE LR A i
—5E# . BEMBASEMIEAR R, — LR R e S
HEBEARWERM -, 3 —BHRE0 BB R X 3 B 5 Fn
DA, WBRIFELWHE, U EERHEESHEAE
HoUEEBAL . e msig i3y TERIER, &
EHE T MERIRR L ARSI b . IX A A Ui
HIRHHR Y T 3 s a0 sk, T B Sebt o 1% 4R Y B el



X

Tk, BHAARERMEREYNHIT LRAEEEF PR RN —.
ATHRLEAERT W R ERLLZAENIREIR
it, FPFEARK¥FIAERAHERT, YL Tk
ARAEIEH T SRR AMBA RS S B0k, BURM ¥ HH
PBHaEn, HEZEBEMBARS LWV EF FHAE. EXEMN
Frp, MAVBOEFE TALEAELTTY:. REEEFER S5HN.
EEFY. MSS5&mAEE. &it. TiESUA R E S
RES 7 LAV SChREH, B X E N & & B EBE B T
I EE S WEREB . FE, FETRIMBAKA LI
HIEEAR. WRAREAFAWATLUE T Ry 311
EWETFIRIBH, ERA P =Bk,

AR, AEFEIRSFMNEBEIESS%RRT, FEINEX
fRHEMERSCILEZE . EanRIAARLE, AL EER
ek 5EE, HILH—-PIESR B4, Wb EERUEEZSS,
AL MTERZEE B2, MmEIRH P E XL 5% 5 Xt
RIZSR. ALk, REMIRS T —BEEWR SR
A Cth, HEvEFE P H. IFanE ABriH, HIIMEEA
=R, —RSWBEF L, SRR T, = RER
WA, S, FAtEe, BB EfCh, &
BEAEMBRENEHEES S k. My, 8% 83,
BARECREANXL, B EHARKREKASEMES S
Jitk. BAEFEFAESPH, MARUNFET—LEEL
i, MIFEHPFRAEE, POITHER, HWME 555
FE—DMRFBHEEBES k. 4K, mAFAEHT
FHMR S, A TEAHEMEsDhENEHEELS
o, (Rt BB C, UIRATHRER: 2, WMAEEE
B “LAFAE. HRAK. MaRE. ak—%7.

.,

§¢=V4Q -k
FEARKXSFETEFHR
FEARKFLHEE SRR K

SEMBAX TS ETLAEAR
1998 % W Fib X



About the Authors

Frederick S. Hillier was born and raised in Aberdeen, Washington, where he was an
award winner in statewide high school contests in essay writing, mathematics, debate,
and music. As an undergraduate at Stanford University, he ranked first in his engineer-
ing class, won the McKinsey Prize for technical writing, and won the Hamilton Award
for combining excellence in engineering with notable achievements in the humanities
and social sciences. Upon his graduation with a B.S. degree in Industrial Engineering,
he was awarded three national fellowships (National Science Foundation, Tau Beta Pi,
and Danforth) for graduate study at Stanford with specialization in operations research.
After receiving his Ph.D. degree, he joined the faculty of Stanford University, where he
is now Professor of Operations Research.

Dr. Hillier’s research has extended into a variety of areas, including integer
programming, queueing theory and its application, statistical quality control, and the
application of operations research to the design of production systems and to capital
budgeting. He has published widely, and his seminal papers have been selected for
republication in books of selected readings at least ten times. He was the first-prize
winner of a research contest on ‘‘Capital Budgeting of Interrelated Projects’’ sponsored
by The Institute of Management Sciences and the U.S. Office of Naval Research. He
also has served as Treasurer of the Operations Research Society of America, Vice
President for Meetings of The Institute of Management Sciences (TIMS), and Co-
General Chairman of the 1989 TIMS International Meeting in Osaka, Japan.

In addition to Introduction to Operations Research and the two companion vol-
umes, Introduction to Mathematical Programming and Introduction to Stochastic
 Models in Operations Research, his books are The Evaluation of Risky Interrelated
Investments (North-Holland, 1969) and Queueing Tables and Graphs (Elsevier North-
Holland, 1981, co-authored by O. S. Yu, with D. M. Avis, L. D, Fossett, F. D. Lo, and
M. I. Reiman).

Gerald J. Lieberman is Professor Emeritus of Operations Research and Statistics at .
Stanford University. He has served as Vice Provost and Dean of Graduate Studies and
Research, as well as Provost, at Stanford, and was the founding chair of the Department
of Operations Research. He is both an engineer (having received an undergraduate
degree in mechanical engineering from Cooper Union) and an operations research
statistician (with an A. M. from Columbia University in mathematical statistics, and a
Ph.D. from Stanford University in statistics).

His research interests have been in the stochastic areas of operations research,
often at the interface of applied probability and statistics. He has published extensively

Xi



Xl
About the Authors

in the areas of reliability and quality control, and in the modeling of complex systems,
including their optimal design, when resources are limited.

Dr. Lieberman’s professional honors include being elected to the National Acad-
emy of Engineering, receiving the Shewhart Medal of the American Society for Quality
Control, receiving the Cuthbertson Award for exceptional service to Stanford Univer-
sity, and serving as a fellow at the Center for Advanced Study in the Behavioral
Sciences. He also served as president of The Institute of Management Sciences.

In addition to Introduction to Operations Research and the two companion vol-
umes, Introduction to Mathematical Programming and Introduction to Stochastic
Models in Operations Research, his books are Handbook of Industrial Statistics (Pren-
tice-Hall, 1955, co-authored by A. H. Bowker), Tables of the Non-Central t-Distribu-
tion (Stanford University Press, 1957, co-authored by G. J. Resnikoff), Tables of the

-Hypergeometric Probability Distribution (Stanford University Press, 1961, co-

authored by D. Owen), and Engineering Statistics, Second Edition (Prentice-Hall,
1972, co-authored by A. H. Bowker).



Preface

Over the past 27 years, we have been deeply gratified by the widespread response to
our first five editions. At the outset, we never dreamed that we now would have had the
privilege of helping to introduce several hundred thousand students around the world to
our field. It has been a heavy responsibility, but we have enjoyed the challenge of
meeting the needs of new generations of students. As always, our goal for the current
edition has been to help define the modern approach to teaching operations research
effectively at an introductory level.

One key element of a modem approach now is the use of the computer. We
believe that our OR Courseware accompanying the book is helping to usher in a new
era for making effective use of the computer in a modern introductory course. This
innovative tutorial software—{featuring demonstration examples, interactive routines,
and automatic routines-—has been expanded, improved (much larger problems now can
be solved), and fully integrated with the text and problems (including a guided tour at
the end of Chap. | and documentation in Appendix 1). Many new routines have been
added, including some for the network analysis and simulation chapters, so now every
chapter after the first two introductory chapters has useful routines for aiding the
learning process.

The software now has 17 demonstration examples, thereby supplementing the
book with 17 additional examples for those who need them without adding many more
pages for those who do not. Furthermore, these demos vividly demonstrate the evolu-
tion of an algorithm in ways that cannot be duplicated on the printed page. A new
enhancement is the ability to backirack in each demo to enable quickly referring back
to a preceding screen.

The interactive routines also are a key tutorial feature of the software. Each one
enables the student to interactively execute one of the algorithms of operations re-
search, making the needed decision at each step while the computer does the needed
arithmetic. To get the student started properly, the computer also points out any mis-
take made on the first iteration (where possible). By enabling the student to focus on
concepts rather than mindless number crunching when doing homework to leam an
algorithm, we have found that these interactive routines make the learning process far
more efficient and effective as well as more stimulating. Our students say that they
cannot imagine having to do this homework by hand instead.

Perhaps the biggest improvement in the software over the preceding edition has
been in the automatic routines. Several new ones have been added, and they have been
made considerably more powerful to enable solving essentially any textbook problem
or problem encountered in a student project in an introductory course. For example, the
automatic simplex method routine now can handle up to 50 functional constraints and

XIX



XX
Preface

50 decision variables (not counting slack, surplus, and artificial variables), whereas it
previously was limited to only 6 functional constraints and 10 variables of all kinds.
The output also has been redesigned to resemble that in popular software packages
such as LINDO in order to better demonstrate what can be done with commercial
software. An open option then is to next introduce the students to a commercial soft-
ware package as a supplement to our tutorial software. With this option, whenever a
problem indicates that an automatic routine from the OR Courseware should be used,
the corresponding routine (when available) from the commercial software package can
be used instead.

One key change for this edition has been the addition of more than 250 new
problems. Some of these have been adapted from previous operations research exami-
nations given by the Society of Actuaries, which has provided a rich and diverse source
of interesting problems. Included are some sets of true—false questions to enable stu-
dents to test their understanding of key concepts. All problems now are organized and
numbered by section at the end of each chapter. The problems also are coded to
indicate when to use a helpful routine in the OR Courseware.

The new problems include six larger case problems that have been added at the
ends of Chaps. 3,4, 6, 12, 15, and 21. In contrast to the usual textbook problems, these
case problems develop relatively elaborate and realistic problem scenarios and then
require relatively challenging and comprehensive analyses with substantial use of the
computer (using automatic routines in the OR Courseware). Therefore, they are suit-
able for student projects, working either individually or in teams, and can then lead to
class discussion of the analysis.

Another key change has been the addition of some dramatic case studies of real
applications. We begin in Chap. |1 with a tabular summary of 15 award-winning studies
and the great impact that they had on their organizations. We then expand on some of
these studies throughout Chap. 2 to illustrate the operations research approach. Prob-
lems at the end of Chap. 2 involve further investigation of these studies, which can
provide the basis for class discussion. Section 3.5 then presents three case studies in
substantial detail, including the factors that contributed to the success of the studies.
These case studies should excite students about the importance and relevance of opera-
tions research.

- Another important enhancement for the current edition has been a considerable
increase in the number of formulation examples, including especially some in the first
linear programming chapter (Chap. 3) and the integer programming chapter (Chap. 12).
In fact, the latter chapter includes a new section devoted entirely to interesting formula-
tion examples.

Other additions include a greatly expanded section on recent algorithmic devel-
opments in integer programming and a new section on utility theory (from an applied
viewpoint).

As always, we have provided enough material to give thie instructor some flexi-
bility in picking and choosing what to cover. However, we do not believe that it is
appropriate for an introductory textbook to be encyclopedic in length and coverage.
Therefore, with all the additions described above, we felt that it was important to make
some difficult choices of old material to eliminate. In addition to trimming the verbiage

'in a number of places, we have deleted the following material that was in the fifth

edition: the chapter on formulating linear programming models (except for moving the
goal programming section, one formulation example, and most of the formulation
problems to other chapters), the chapter on reliability, and several sections, including



those on the transshipment problem (now treated briefly as a special case of the mini-
mum cost flow problem), multidivisional problems, and evaluating travel time for
designing queueing systems, along with the appendix on simultaneous linear equations
and tables for the chi-square and Poisson distributions.

Another option available for instructors who want to focus on linear program-
ming is to take advantage of the other Hillier-Lieberman book published by McGraw-
Hill: Introduction to Mathematical Programming (2d ed., 1995). This book is virtually
identical to Chaps. 1 to 13 (plus appendixes) of this book with the one exception that
Chap. 8 here (The Transportation and Assignment Problems) has been replaced by a
much longer Chap. 8 (Special Types of Linear Programming Problems) that also in-
cludes sections on the transshipment problem, multidivisional problems, the decompo-
sition principle, multitime period problems, multidivisional multitime period problems,
stochastic programming, and chance-constrained programming.

Outside the changes, additions, and deletions already described for this book, the
organization remains almost the same as in the fifth edition. One small change is that
the section on the dual simplex method (formerly Sec. 9.2, but now Sec. 7.1) has been
moved next to the related chapter on duality theory and sensitivity analysis (Chap. 6).
Another is that the chapter on the transportation and assignment problems (now Chap.
8) has been moved next to the chapter on network analysis (Chap. 9), with increased
emphasis on the network representations of these problems.

Every chapter has received significant revision and updating, ranging from mod-
est refining to extensive rewriting. Some areas receiving a major revision include the
chapters on the simplex method (giving more emphasis to geometric insight), decision
analysis, and Markov decision processes, as well as the sections on primal-dual forms
and continuous-time Markov chains.

The overall thrust of all the revision efforts has been to build upon the strengths
of previous editions while thoroughly updating the material and integrating the soft-
ware to fully meet the needs of students preparing for a career in the twenty-first
century. We think that the net effect has been to make this edition even more of a
“student’s book’’—clear, interesting, and well-organized with lots of helpful exam-
ples and illustrations, good motivation and perspective, easy-to-find important mate-
rial, and enjoyable homework, and without too much notation, terminology, and dense
mathematics. We believe and trust that the numerous instructors who have used previ-
ous editions will agree that this is the best edition yet.

The prerequisites for a course using this book can be relatively modest. As with
previous editions, the mathematics has been kept at a relatively elementary level. Most
of Chaps. 1 to 13 (introduction, linear programming, and mathematical programming)
require no mathematics beyond high school algebra. Calculus is used only in Chap. 13
(Nonlinear Programming) and in one example in Chap. 10 (Dynamic Programming).
Matrix notation is used in Chap. 5 (The Theory of the Simplex Method), Chap. 6
(Duality Theory and Sensitivity Analysis), Sec. 7.4 (An Interior-Point Algorithm), and
Chap. 13, but the only background needed for this is presented in Appendix 4. For
Chaps. 14 to 21 (probabilistic models), a previous introduction to probability theory is
assumed, and calculus is used in a few places. In general terms, the mathematical
maturity that a student achieves through taking an elementary calculus course is useful
throughout Chaps. 14 to 21 and for the more advanced material in the preceding
chapters.

The content of the book is aimed largely at the upper-division undergraduate
level (including well-prepared sophomores) and at first-year (master’s level) graduate
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students. Because of the book’s great flexibility, there are many ways to package the
material into a course. Chapters 1 and 2 give an introduction to the subject of opera-
tions research. Chapters 3 to 13 (on linear programming and on mathematical program-
ming) may essentially be covered independently of Chaps. 14 to 21 (on probabilistic
models), and vice versa. Furthermore, the individual chapters among Chaps. 3 to 13 are
almost independent, except that they all use basic material presented in Chap. 3 and
perhaps in Chap. 4. Chapter 6 and Sec. 7.2 also draw upon Chap. 5. Sections 7.1 and
7.2 use parts of Chap. 6. Section 9.6 assumes an acquaintance with the problem formu-
lations in Secs. 8.1, and 8.3, while prior exposure to Secs. 7.3 and 8.2 is helpful (but not
essential) in Sec. 9.7. Within Chaps. 14 to 21, there is considerable flexibility of
coverage, although some integration of the material is available.

An elementary survey course covering linear programming, mathematical pro-
gramming, and some probabilistic models can be presented in a quarter (40 hours) or
semester by selectively drawing from material throughout the book. For example, a
good survey of the field can be obtained from Chaps. 1, 2, 3, 4, 15, 17, 18, 20, and 21,
along with parts of Chaps. 9, 10, 12, and 13. A more extensive elementary survey
course can be completed in two quarters (60 to 80 hours) by excluding just a few
chapters, for example, Chaps. 7, 11, and 19. Chapters 1 to 8 (and perhaps part of Chap.
9) form an excellent basis for a (one-quarter) course in linear programming. The mate-
rial in Chaps. 9 to 13 covers topics for another (one-quarter) course in other determinis-
tic models. Finally, the material in Chaps. 14 to 21 covers the probabilistic (stochastic)
models of operations research suitable for presentation in a (one-quarter) course. In
fact, these latter three courses (the material in the entire text) can be viewed as a basic
one-year sequence in the techniques of operations research, forming the core of a
master’s degree program. Each course outlined has been presented at either the under-
graduate or graduate level at Stanford University, and this text has been used in the
manner suggested.
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book reach maturity together.
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