Wh aBesi! s

Version40

User 6s Mart

Taking your spreadsheet beyol

1415 North Dayton Street, Chicago, lllin@8642 USA
Phone: (3129887422 Fax (312)988-9065
info@lindo.com

www.lindo.com



http://www.lindo.com/

COPYRIGHT

The What'Bestk software and its related documentation are copyrighted. You may not copy the
What'8estk software or related documentation except in the manner authorized in the related
documentation or with the written permissionLéfiDO Systems Inc.

TRADEMARKS
What'8estl and LINDO are registered trademarkd tfIDO Systems Inc. Other product and
company names mentioned herein are the property of their respective owners.

DISCLAIMER

LINDO Systems Inc. warrants that on the date of receipt of your payment, the enclosed computer
media contains an accurate reproduction of the VBegt® software and that the copy of the related
documentation is accurately reproduced. Due to the inherent complexity of computer programs and
computer models, the Whasst® program may not be completely free of errors. You are advised to
verify your answers before basing decisions on them. NEITHER LINDO SYSTEMS INC. NOR
ANYONE ELSE ASSOCIATED IN THE CREATION, PRODUCTION, OR DISTRIBUTION OF
THE WH BESG&SOFTWARE MAKES ANY OTHER EXPRESSED WARRANTIES
REGARDING THE DISKS OR DOCUMENTATION AND MAKES NO WARRANTIES AT ALL,

EIl THER EXPRESSED OR | MPLI ED, BRH&GSORMTMARE; THE WHATO
INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE OR OTHERWISE. FurthetNDO Systems Inc. reserves the right to

revise this software and related documentation and make changes to the content hereof without
obligation to notify any person of such revisions or changes.

ACKNOWLEDGEMENTS

We gratefully acknowledge Professor S8avae for his contributions to earfgleases of
Wh a Bestb.

Copyright© 2024, LINDO Systems, Inc.
Published by

1415 North Dayton Street
Chicago, lllinois60642

USA

Sales & Information: (312) 988422
info@lindo.com

Technical Support: (312) 98421
tech@lindo.com

www.lindo.com




Contents

(010 U I = N 1S T TSRS U P PPRR PRI 1
PREFACE ...ttt etttk ettt s e bt Rt s e e Rt s e e n e nn e nnre e XV
1 GETTI NG STARTED WI TH.WHATAO.SBEST.L i, 1
What i s What.s.Bes .l 2 s 1
(©]0) 0] 0]V o] d 1Y, oo 1= PSR 2
NON-OPtMIZAtION MOUEIS......ccoiiiiiieiiiie e 2
Models with Integer RESHICHONS ..........viiiiiiiii e 2
SYSIEM REQUIFEIMENTS ...eeiiiiiiieiiiiiie ettt e et e et e e e st b e e e e st b e e e e sbaeeeeaabneeeeane 3
INSEAIALION OVEIVIEW. ..ottt e e et e et e e s e e enens 4

The What 6sBest ! I nt.er.a.ct.i.v.e.. . Env.i.r.anme.nt..7
The ABCO6s: Three St.ep.s..t.o..What.ds.Best.L...9

TUTORIAL ...ttt b e st e e bt e b b e e s b et e sbb e e s b e e e be e e snreeennneas 10
The XYZ Production ProbIEM .........c.eeiiiiiiiii e 10

T N 8 A B G S i 12
What 0S5 B S b e 18
Working While SOIVING ... 19
The NeXE STEP oo 19

2 ABCb6S: THE BASI CS OF..WHATO.SBEST.L ...coiiiiinnnn. 20
AJUSTADIE. .. .. 21
MaKE AQJUSTADIE. ... e 21
ReMOVE AJUSTADIE .......ooiiieii e 22
Make Adjustable & Free or REMOVE Fre .......occuuiiiiiiiiiiiiiiie it 22

L (=TT P TR PP 23
B St i e 24
Single Objective OPtIMIZALION .............vviiiiiiiiieiieeeieiieeeeeeeeeeeeeeereeeeereeaeerererereeerererererar——————. 24
Multiple Objective (Lexico/Pre-emptive Priority) Optimization.........................c. 25
(O0] 0112 11 0| £ OO P PP PPUPP PP 28
Left Hand Side (LHS):, Right Hand Side (RHS):, and Stored in:..................ccccooe. 28
Constraint-related ProbIEmMS ... 32
Explicitly Specifying Convexity t0 the SOIVEr ..........coociiiiiii e, 33
0] 1Yo S PURRRR 34
Getting the BESE RESUILS ........ciiiiiiiii e 37
3 ADDITIONAL COMMANDS ...ttt sttt st e ebbe e e e 41
(@0 (o] TSI T o IS T0] (V=T = PSPPSR 41
I Nt €@ g eT S B NAN L. 8.0 8. e e e e et e e e stae e e e sraeeeeanes 42
S (=T £ 30 (o T PR PRPPTN 42
BINArY-WBBIN .....cooiiiiitiiiiii ettt e e e e e e e s bttt e e e e e e s e s bnbeeeeaaeeeaaannne 43
GENEIAI-WBINT ...ttt e e e ettt e e e e e s st bbb et e e e e e e aannbnbeeeeaeeaean 43
Integer Names in WOIrKDOOK ...........uuiiiiiiiiiie e 43
Runtime Concerns in Integer ProbIEMS ..o 43

I ntegersé]| Speci.al..Or.der.ed. . .Sel . 44

SEIECE ANY CEIIS ...t 44




SPECIAl OFAEIEA SEL... .ot e e e e et e e e e e e e e nbaaeeeaaaa e s 44

(0= 10 |1 o= 111 1Y PP P U PP PPPPP 45
LiSt Of SEIECIEUA CEIIS ... e e e e s ee e e e e e s e ennes 45
Place the FUNCLION IN CEIIS ....ooiiiiiiiiiiii e 45
I I =T B T o= T 1. 1 0 SR 46
Y CY = Tox Y ) 1= | PR 46
ISy ) Y= (= Tod (=T I 0= | PR PRR 47
Place the FUNCLION IN CEIIS ....ooiiiiiiiiieii e e 47
I Nt e g e rdiffEEENtA. L. L. ————— a7
OPLIONS... [GENETAL ... ittt ettt e bb e e bbr e e e s annneee s 50
Feasibility TOIEIANCE ......coi e 51
(L CST = iTo T I T o | PP PRRPR 51
RUNTIME LIMIT ..ot e e e e e e s s et e e e e e e s e e nanbeeeeaeeeesaannnes 51
CONSLIAINT DISPIAY ..ttt ettt e et e e e snbr e e e naees 51
Auto Select Free/IN/OMIt RANGES .....coii ittt 52
MiNIMIze EXCEI® 0N SOIVE ....ccooiiiiiiiie e 52
Hide Status WINAOW 0N SOIVE..........eiiiiiiiiieet e 53
LIN@ANTZATION .....eeeeee ettt ettt e e e s et e et e e e s e st e e e e e e e e e e e annbbeeeeeeeeeaannne 53
Delta COBTICIBNT. ..ottt e e e e st e e e e e e e nnnes 53
Big M COEffiCiENt ... 53
STALUS REPONIT ...t e e e e e e e e e s r e e e e e e e e e e eea s 54
o] U1 1Te] g I ST o o] AR TP PP RP R PPPPRO 54
BeginNINg OF ENd........veiiiiiiiiiee ettt 55
(D= o 10 o o =T PP PPPPP 56
L T2 T 11 o S TP PO PUPPRPPPPI 56
UPAALE LINKS .ttt et e b e e et e e e e e 57
Delete REPOIS ..o 57
OPLIONS... [LINCAI SOIVET .....eeeiiiiiiiiiee ettt e e e e e e e e e e s aaees 58
SCAIE MOUEI ...ttt e e e e e e e e e e e e e e 58
Y[ e [ T=To (U o1 1o ] o PP UPOPPUPPPPTN 58
SOIVEN METNOM ... et e e e e 58
PrICING oo 59
AsSSUME LiN€ar MEtNOT ... e e s s e e e e e e nneneeeeas 59
OPLIONS...[NONINEAI SOIVET .....ccoiiiiiiiiiiii e aeee s 61
Crash Initial Solution / Use LINDO Crash ...........cccciiiiiiiiiiiieeee e 61
ST I I = Tox 1o o SRR 61
SLP SOIVET ...t e e e e e e ra e e e e e e raaaaeaen 62
QUAArAtiC RECOGNILION ...eeiiiiiiiiiiiiie ettt e e e e e e e 62
PIESOIVE ...ttt e oottt e e e e e e s e et e e e e e e e e e b n e ateaaeeeaaaaae 62
Selective Constraint EVAlUALION ...........ueiiiiiiiiiiiiii e 62
SEEEPESE EUQE.....eeeeiieee ittt et e e e et e e e e e e beeeaaae e s 63
SEAING POINT......eeeeeei oo e e e e e e e st e e e e e e e e e b bbeeeaaee e s 63
OPtMAlILY TOIBIANCE .. ...ttt e e e e e e e e ab e eaa e e as 63
Iteration Limit fOr SIOW PrOgrESS .....cocuuiiiiiiiiie ittt e 63
=] )= 111 PSR 64
Optionsé| Binary .Bl.ack..Box..Sol.v.erl .. 64

Binary BlIACK BOX SOIVET ........ciiiiiiiieiiiii ettt e 64




[1CST = UiTo] o B T o | TP OUPPPRPPTN 65
OPLIONS...[GlODAI SOIVET ... ..o 65
(€110] o T= TS0 1Y/ = ] S PP PP PRRPR 66
TSy = U AN £ =Y 0 =PRI 66
(@711 0F= 113V PR 66
D=1 | = PR OTPRT 66
Variable BOUNG.........ueiiiiiiiiie ettt sttt e s ene e e s st e e s nnnaeee s 67
USE OF BOUNG ...ttt st s et e e s st e e e e st e e e e nneas 67
2= TaTod a1 aTo TN T (=Tt 1 o SRR 67
210D =1 1=Tox 1T o P PUPRRPR 67
AlgebraiC RefOrMUIALION..........c..eiiiiiiiii e 67
OPLIONS...|[INTEGET PrE-SOIVET ...t 68
HEUIISHICS LEVEL ...ttt e e e ettt e e e e e e s et eee e e e e e e aannnes 69
Heuristics CULOff CHItEIION ........oo it e e e e e s r e e e e e e nnenes 69
ProbinNg LEVEI ... ..ot 69
(070] 0153 1 =1 0| S O1 U1 TP PP PP PUOPPPPPPPP 70
OPLIONS...[INTEYEE SOIVEN ...ttt e e e e e e e s e e e e e e e e anees 72
Branching DIr€CtioN ... 73
INEEGIALILY ..., 73
LP SOIVET ...t e e e e e e e s e r e e e e e e e anne 74
(@01 1100 F= 111 Y TP PUPRP R PPPPRO 75
B 101 (== U Lo = PSSP 76
Usage Guidelines for K-BesSt SOIULIONS ........ccoiouiiiiiiiiiieiiiiiee ettt sreeee e 81
OPpLioNS...| SLOCNASHC SOIVET ... s 87
Stochastic MOdeliNg SUPPOIT .......vviieiiiiee e 87
Step/Tab 1 "Core MOEI" ........ooo i 88
Y (=T o I T AT~ o [ 1Y Lo o P PPPPPPPNt 89
Step/Tab 3 "distributions Or COrrelationS".............vviiviiiiiiiiiieeeeieeeeeeeee e 91
Step/Tab 4 "scenario SAMPING” ........oeiviiiiieiiieieee e eeereeeeereeeeer e 94
Tabh REPOIS ..o 96
Tab Chance-COoNSIrAINE..........uuiiiiiiiii e e e e eee s 104
Frame SpPecifiCations ... 105
Use SIiMUIAtioN FOMMAL ......ooiiiiiiiiiiiii e e e e s eee e e e e e s e snnreeeeeeeeeennnnnes 107
OptioNs...|RESEL 10 DEFAUIL. ..o e 108
AAVANCEA...[DUAL.. .eeiiiiiiiiee ettt e e et e e e e bbeeeeaae 109
FOI Cell RANGE ....ceieieteie et e b e et e e e nbeas 109
REPOIM ON TYPE .. 109
DUBI VAIUE......eeeeeeeeee ettt e e e e e e e e e e e e s nnte e e e e e e s e assteaeeaaeeeannnnnes 109
Upper Range and LOWEN RANGE .......cooiiiiiiiiiiiiieae ettt a e eee e e e e e aaeees 110
Report INFOrMEaLIoN QN .......ooiiie et e e e e e e aees 110
Usage Guidelines for DUal ValUES..........oouuiiiiiiiiiiiie e 111
Dual Value of a Constraint Cell - Shadow PriCe ........c..uviiiiiiiiiiiie s 111
Dual Value of an Adjustable Cell - Reduced COSt ..........ccoiiiiiiiiiiiiiiieeeiiiiiiee e 113
Dual Value of Zero and Multiple Optima..........ocvviiiiiiieiiiie e 116
Dual Values in Nonlinear ProblEmMS .........cccuuiiiiiiie e a e 116
Dual Values in Integer Problems .........coooiiiiiiiiii e 116

Valid Ranges for DUAI VAIUES ........ouuuiiiiiiiie et 116



Vi

CONSTAINT RANGES ..ottt e e e et e e e e e e s e bbb e e e e e e e e e sanbbaneeaaaaaeas 117
Adjustable Cell RANGES.........oouiiiiiiiii e 119
AAVANCEA. .. [OIML... .eeiieiiiiie ettt et e e st e e s bb e e e sbb e e e e sbreeeeabreeeeaae 123
OMIT Names in Workbook and Refers t0 ... 123
Usage GUIdelines for OMit ..........vuiiiiiie e e e e e e e e e e e sanraaee s 124
WHAE TO OMIL ..ttt n e e s 124
WhHat NOt TO OIMIL ...t e et e e e enes 124
YXo \VZ T aTot=Yo I [0 T aTox i o] g TR TU o] o o] o (S 125
Support Excel E or Use.ur.ds..Def.i.ned. . FEun.c.ti2®
SUPPOIt SUMIFS FUNCHONS ....coiiiiiiiiiiiiiee ettt e e sbre e e e 126
SUPPOrt LOOKUP FUNCHONS ...ttt ettt e st e e snnee e e 126
Advanced...|Statistical FUNCHONS...........ocuiiiiiiiiiie e 126
AdVaNCed...|SHNG SUPPOIT.......eiiii ittt e e e st e e e b e e e s sbreeeeaae 127
] (0[RS ] o] oo PO PP U PP P PUPPPPRPPPPPPINE 127
Maximum StriNg LENGIN .......ooii e 127
Advancedé]| Convert..Model.. .EFormatl ... 128
AAVANCEd...[SCENAIIO VIBWET ......uiiiiiiiiiiitiiie ittt e st e e e e e e s e ee s 129
Current Selected Worksheet t0 CONVEIT........cociiiiiiiiiiiiee e 130
AQVANCE...[PArameterS ......ooiiiiieiei et 131
LINDO AP| PAramMeteIS.....ccciiiiiiiiiiiiieie ittt 132
EXPOIT MOELIS ...ttt 132
o] [0 [T - 1 o RSP RRRR 133
ADbout Wh at.h.8.B .St 134
Lo Lo] ooV =1 o] o To N =TT PSR 135
I ToT= 0 = PSRRI 136
LICEBNSE KBY ..ttt ettt e b 136
LICENSE LOCALION ...ttt ettt et e e et e e e e e e ennns 138
REGIS O ... oo 139
(O =T o] oo F= (PPNt 140
(=T o U F= T [ PO 142
WHATO6 SBEST! MACROS: THE..V.BA.L.NT.EREACE..144
Usage Guidelines for Macros in VBA ... 144
I ntroduction to the VBA..lLnt.er.f.ac.e..of. . . Whéa
ODJECE BIOWSET ......eeeiiiteiee ettt ettt ettt ettt et e e e sttt e e st bt e e e aabb e e e e aaba e e e e anbneeeeanbneeeeanes 144
Y= Vo o T =0 o [ SRR 145
CalliNg PrOCEAUIES ... ..ottt e et e e sbbeeeeaaes 145
Error messages you might encounter learning VBA. ..ot 146
BEYONT VBA [ VB ittt ettt s 146
Embedding What 6sBest!! in a Visual...Ba.s.i &
Concealing and Protecting a Model from the USer ..o 147
Tutorial on the VBA INTEITACE .......eiiiiiiiiie e 148
Building and Solving a BasiC MOGEl..........c.uuuiiiiiii e 148
Solving Multiple Problems with a LOOPING MACIO ........occuiiiiiiiieiiiiiieee e 151
VBA INterface: PrOCEAUIES ........uuiiiiieee i it e e s e st e e e e s e st e e e e e e s s et eeee e e e e e s e ennreeeees 152
WDOAAAAJUSTADIESTYIE ... 153
WOAAUBESESIYIE ... ittt s e e e e s e e e e et 153

(VTN [0 JAVA =1 1Y, =T o T TR 153

ns
t 6sBes
/ Vi s



5

WA UST. ...ttt e e oottt e e e e e e a bbb et et e e e e e et bbb e e e e e e e e e nnbeeeeeas 154
117701 21T TP 155
LT ] 2 SRR PPR TP 156
WOCONSITAINT ...ttt n e e e e nanes 157
WDCONVEMOOEIFOIMAL. ... ..eiiiiieiiiie it 159
LT 0] B LY (=] = =T o 1 £ SRR 159
WDODEIEIEWBIMENU ...ttt 160
WODUBIVAIUE ...t 160
WDETTOr, @nd ErrOr COUES .....ccouiiiiiiie ettt 162
11771 1 (o TR PRSP 163
WBFREE ... .ottt ettt ettt ettt e bt e e bt e e sttt e sebe e e be e e ebbe e anbe e e snbeeanees 170
LT | SRR PP RPN 171
WIINEEOET .ttt e et e e et e s e s e e e e e 172
WHINTEGEIAIIDITT ... e 173
WIINTEGEICAIT. ...ttt e e e et e e e e 174
WBINTEGEISEMIC ..., 175
WHINEEGEISOS ..., 176
whintegerSolverKBeStREPOI.........coooe i 177
WWBOMIT ittt h e b e s et sk e e bt e s be e e s b e e se b e e e be e e br e e anbe e e nnneeennes 178
WBProgressINfOREQUEST ... 179
WDOReSetOPptioNSTODETAUIL ..........cooiiiiieie e 181
WDHSEtBINBIACKBOXOPLIONS ......vveiieiiiiiieiiieie ettt 181
WOSEtFUNCHONSUPPOIT......eeiiiiiitii ettt 182
WDSEtGENEIAIOPLIONS ...t 182
WDSEtGIODAIOPLIONS ... e 186
WDSELINTEGEIOPLIONS ...ttt nb e e e 188
whSetintegerPreSolverOpLioNS. ... 192
WBSEtLINEArOPLIONS......ccce e 195
WBSEtNONINEArOPLIONS ..o 196
WhSetStochastiCOPLIONS .......ccooiieiiei e 198
WDhSEetStoChastiCSUPPOIT ... 201
WD SELSHIINGSUPPOIT ..., 201
117050 1Y SO 202
whStochasticChanCeCONSIrAINEd .........coouiiii i 204
117053 (o Ted o F= ] 1 T T o 1o o RS 205
WDOSTOChASHICHISIOGIAM ....eeiiiiiieii e 207
WOSTOChASHICREPOIT ... e 208
WDHSIOChaSICSIAGESCENAIIO .....eeeieieiei et e 209
117010 oo F= 1= I 0| T OO PRPT PP 210
FUNCTIONS AND OPERATORS ....ooiiiiiiiie ittt sttt 211
Supported FUNCLIONS aNd OPEIALOIS ........ceiiiuuiiiiiiee ettt ee e e e e ee e e e e e e seibeeeeeae e e e aeees 211
Functions and Operators in Ex.c.el..Rec.0g211
Functions Added..by..What.bs.Bes.L. . 212
Distributions/Correlations for Stochastic Programming .........cccocceeviiieeiniiieeeniiee e, 213
T TCT T o o SO RER 214
€110 0 F= LS T Y= PR 214

RaNgE NAME USAGE ..o 215

zed

by



viii

FUNCLIONS DESCHIPLIONS ...cceiiieiiiitiiiee ettt e e ettt e e e e e e s bbb e e e e e e e e annbeaeeeas 215
WWBALLDIFF ...ttt ettt ettt e bt s bt e e skt e et e e e be e e sbee e anbe e e snbeeannes 215
WWBCARD ...ttt ettt ettt bt hb etttk bt e e bt e e s bt e e skt e eehbe e e be e e nbbe e enbe e e eabeeennes 215
WBCENSOR ..ttt stttk e et s b e st e ss e ne e e s e e nre e e e e nnnes 216
WWBDUAL ...ttt sttt b e e b e st e s e e n e b e 216
WBERLANG_B ...ttt ettt et nn e e 217
WBERLANG_C ...ttt ettt et e e ne e e nn e sne e e nnne e 217
WBEXPOINVY L.ttt ettt et ettt ne e nn e e anre e nnneenanes 218
WBINNERPRODUCT ....ooiiiiieiiie ittt sne e snneesne e s e s 218
WVBLIMTD ...ttt ettt ettt ekt ekttt a e e bt e eb b e e sttt e smb e e e abe e e ebbeeenbe e e snbeeennes 219
WBLOGABEXPX ...ttt ittt ettt ettt ettt ettt et e e sht e e s bt e e sebe e e be e e sbbe e anbe e e snbeeennes 219
WBLOGSUMAEXP ..ottt ettt ettt e s e e e s enb e e e e e 221
WBLOGSUMEXP......coiiiiiiitie ittt ettt ettt ab et e st e s et e e enbr e e e e nnenes 221
WBMULTINV ...ttt ettt ettt st e e bt e e st e e st e e ssbe e e beeesnseeanbeeesneeeennes 222
WBINORIMSL ...ttt ettt ettt sttt st e e et e e st e e st e e ssbe e e beeesbseeanbeeesnbeeennes 223
WBPOLYNOMIAL ...ttt ettt sttt et et e e ss e b e e sbn e e snbe e e snneeennes 224
WWBPOSD ...ttt ettt ettt ekttt skt b e s bRt e R b e b r e ab e nnre e 224
WBQUADPRODUCT ...ttt ittt ettt et sbee e sne e sine e b e nnn e e anbeeesnneeennes 225
WBRLIMTD .ttt ettt sttt ekttt skt e et e s b e e st e ss b e e s e e e b n e e anb e e e nnneennnes 225
WBSEMIC ...ttt etttk b et b e st e e se e e be e e br e e s b e e e nereeennes 226
WBSIGNPOWER ......oooitiiitiie ittt ettt e et e st e et e e srbeeebeeesbseeanbeeesneeeennes 226
LT 1S 11 PSPPI 227
LT 1S 1S PP P 227
LT E T 1 PP RPP 227
WBTRIAINY L.ttt ettt ettt et e e et e e st e e st e e snbe e e beeessseeanbeeeeneeeennes 228
WBUNIFINV ...ttt ettt ettt e e et e e sate e st e e emteeeneeeeneeeanseeeaneeeennes 229
WBUPPER ..ottt ettt et e e se bt e bt enbr e e st e e e nnreeennes 230
WBXPOWNDIVAB. ...ttt ettt ettt ettt et et et e e snbeeennes 230

6 OVERVIEW OF MATHEMATICAL MODELING .....ccviiiiiiiiiieiee e 231

INEFOTUCTION ..ttt ettt e e st e e s st e e e s nnn e e s nnneee s 231

Linear vs. Nonlinear Expressions and Linearization ..............cccccoei 231
Linear EXPreSSIONS ...ccccce e 231
NONINEAN EXPIESSIONS ....vveieeiiitite ettt ettt ettt e e ettt e e et e e e e et e e e et e e e e nnenes 232
[T a1 T= g4 (o] o D PP PPOTPRPP 232

The Solution Process: Determining OPLiMa .......c.oouuiieiiiiiiiiiieee e 233
Local Optima vS. GIobal OPtiMa ........vveiiiiiiiee it 233
CONVEXILY .ttt ettt e e st e e e st bt e e e sab bt e e e sabb e e e e aabb e e e e anbneeeeanbaeeeeanes 235
SMooth vs. NON-SMOOth EXPreSSIONS .......couuiiiiiiiiiee it 236

SOIULION OULCOIMES ...ttt ettt s e et e st e s e bt e e e e e e nnnes 238
Case 1: Optimization MOUEIS .......ooiuiiiiiiiie e 238
Case 2: Non-optimization MOEIS ..........ooooiiiiiiii e 239

Guidelines for Mode.l.i.n.g..wi.t.h..Wha.t.d.s.Be.s.t.240
General Modeling GUIAEIINES. .......c.uuiiiiiiie e 240
Nonlinear Modeling GUIAEINE ........coouiiiiii e 241
Scale the Model to a Reasonable Range of UNitS .........cccovieeiiiiiiiiiiiiee e 241
SIMPIify RElAtiONSNIPS ....coiiiiiiiii it reee e 242

Reduce Integer RESHICHONS. ........iii i 242




Guidelines for Stochastic MOUEING ......coiiiiiiiiiiiii e 243
Multistage Decision Making Under UNCEertainty ...........cccovveeeeiiiieeeniiiie e 243
RECOUISE MOUEIS ... e e e s e e e e e e e e e aanes 245
Defining an SP Model FStageVERampled..s.B.e.s.t..l.......... 386 m
Defining an SP Mod e |-StagmExaMpla.t..6..s.B.e.s.t..l............ 284 |
ST Taa] o] [T To J= RS od=T o F= Ty o T I - - PP 261

Guidelines for Chance-Constrained Modeling..........c.cocciiiiieiee i 262

Solving Second Order CONE PrOGraMS ........ccuuvirieieeeieiiiiiireeeeeessssstseeeeseessesnsssssneeseessnnnsnes 269
SAMPLE MODELS ... .ooiiiiiiiii ettt e e sttt e e st e e e st e e e s sntaeeessnbeeeeeanes 273

2] 0=T oo 1 0o [P TP PP PO PP PPTPPPN 277
APPHCALION PIOfIlE ... e 277

Chance-Constrained BlENTING..........coouiiieiiiiiieiiiie e 282
APPHCAION PIOfIE ... 282

BOX DBSION ettt ettt b et h et e h b e e e bbbt e e abr e e e e nnneee s 286

FIOW NetWOrk MOAEIING ......eeeiiiiiiieiiieie ettt aan e 289

Bond Portfolio Optimization ... 297
Application Profile ... 297

LOCKDOX LOCAION .......veeeeiiteee ettt ettt e e s e e e e e e s s e e s nnne e s 303

Markowitz Portfolio Problem ... 307
Application Profile ... 307

Portfolio With TranSacCtion COSES .....uuiiiiiiiiiiiiiiee e e e e e e seneeeee s 311
APPHCAION PIOfIlE ... 311

Portfolio - Minimizing DOWNSIAE RISK ..........eeiiiiiiiiiiii e 314
APPHCAION PIOfIlE ... 314

Portfolio - SCenario MO ...........ouuiiiiiiiiii e 317

Seasonal SAleS FACIONNG.......c.iiiiiiiiiiiii et 323

Exponential SMoothing............ooo 327
Application Profile ... 327

Linearization Option: Construction Cost Estimation...............ccccc, 332
Application Profile ... 332

Stratified SAMPING......oooiiiiiiiee ettt eeaa—aaa—a——————————————————————_ 336
Application Profile ... 336

(0= T o (ol oo TR PP OUPRPO 339

Y T=To IE= =101 T o o PSPPSR PRSPPI 343
APPHCAION PIOfIlE ... 343

Multi-Period INventory ManagemMent............eeiiiuiiieeiiiiie et 346
APPHCALION PrOfIlE ... 346

L (0 o (U X 1 S 349
APPLICALION Profile ... e 349

The Building BIOCK MELhOQ ...........ooiiiiiiiiie e 353
APPLICALION Profile ......e e 353

Waste Minimization in StOCK CULING ........uvviiiiiieii e 358
APPLICALION Profile ... e 358

L oYL I Yo o T S 363

Staff SCREAUIING.....ceeiiiiiiee e st e e 368
APPHCALION PIOfIlE ... 368

Staff Scheduling: Preferred ASSIGNMENT ........cooiiiiiiiiii e 372



APPLICALION Profile ... e 372

Staff Scheduling: Two Stage Fixed Shift ..........cocciiiiiiii e 379
APPHCAION PIOFIE ... e 379
Stage 1: Cost MINIMIZALION ....ccccooiiiiiiiiiic e e e e e rrare e e e e e e 379
Stage 2: Preference MaximiZation ...........cccoiiiciiiiiieee e iciiiieie e e e e s sssiire e e e e e s seraneeee e e 384

Pipeling OPtiMIZAtION .....ueeiiiiei e e e e s s e e e e e s s et e e e e e e s e sanrrnneees 388
APPIICALION Profile .....uveiiieie e 388

S a1T] o[ o T L0 1=y a2 L=To [8 o3 1o o SRR 392
APPIICALION Profile .....uveiiieie e 392

Traffic Congestion Cost MinNIMIZAtION .........ccoiiuiiiiiiiiiie e 395
APPHCALION PIOfIlE ... e 395

TPUCK LOBAING .. teeeiiteee ettt et et e e st b e e e sabb e e e e sabbeeeesnbneeeeane 398
APPHCAION PIOfIE ... 398

Crop Allocation Under UNCEIAINTY .........eieiiiiiiiiiiiieie et 402
APPHCAION PIOfIlE ... 402

PUL OPLION ... 409
Application Profile ... 409
TROUBLESHOOTING ....oiiiiiiiiiiee ittt sttt st a e st e e s st e e s snnbe e e s ennres 419

FAQ Frequently Asked QUESLIONS .........ccooiiiiiiiii 419

Error Messages & WarnNiNgS........cooo i 436

Errors from VBA COUE ....oeiiiiiii ittt et e st e e e e e e st ree e e e e e s e snnnnneees 436

U] 1] 1= A o] £ SRR 437
Errors from an embedded appliCation............cooiiiiiiiiie i 438

INvalid OULSIAE PrOCEAUIE ...ttt e e e e e e e e e s e snneeneees 438

ADDINLINK - Multiple Add-in LINKS .......ocuviiiiiiiieie e 438

AMBALM - Ambiguous Model fOr ALM .......cooiiiiiiiiiiee e 439

ARITHERR - ArtNMETIC EFTOF ....veiiiiiieiii ittt e 439

BBBSOLVERRECOM - Bin Black BOX SOIVET .........cccuuuiiiiiiiieiiiiiie e ssee e 440

BLKCELL - Blank Cell Warning ..., 440

ENTIRERANGE - Entire Range Selection.............cc.ccoiii, 440

EXLVER - EXCEI® File FOIMAL........coiiiiiiiiiiiiiiiie ettt 441

FORMULAL - FOrmula Parsing .....ccoooeeeiiiiieeeeeeee e, 441

FORMULA2 - UNsupported FUNCHONS.........coiiiiiiiieiiiiie ettt 442

FORMULAS - EXternal REfEreNCe ........coovueviiiiiie ettt 443

FUNCADDIN - Failed to Access the Add-iN .......cooiiiiiiiiiieee e 443

FUNCMACRO - Failed to ACCESS the MACIO .....cceoeieiiiiiieee e 444

FUNCSERVER - Failed t0 ACCESS the SEeIVEr ......cccuuiiiiieie et 445

HIDSNAME - Hidden SOIVErs NAMES..........uuiiiiieeeiiiiiiiiiie e e e e e ee e e e s e seaee e e e e e e e snneeeee s 445

IKBMOD - K-Best Model FOIMAL .....ccoooiiiiiiiiieiie et 447

IKBREP - K-Best WBIKB_REP FOIMMAL........ccciiiuiiieiiiiiieiiiiieesniiiieessiieeessiieeeessssaeeesnnnneee s 448

INDEX - Unsupported INAeX USAQE.......ooiuuiiiiiiieee ittt 448

INDICMOD - Indicator Model Cell REfEreNCe.........ccuuviiiiiiiiiiiee e 449

INFEASIBLE - No Feasible Solution FOUN ...........cccuuiiiiiiiiiiiiieieceee e 450

INFLARG - Large INfeasibility .........coouiiiiiiiiiie et 451

INTERRUPT - SOIVET INTEITUPDE ....eeiiiiiiiie ittt s 451

INVALBEST T INValid BESE Cell....uvieeieeeieiiiiiiieie ettt e e e e ennrenee s 452

INVALM T INValid MOEI FOr ALM ...t e et e e e e e st eeeeanans 453




INVBBB 1 Invalid Model for BBB SOIVET.........ccoiiiiiiiiiiiiiiieeeieeee e 453
INVMOD - INVAlIA MOAEI ....cooiiieeeee e e e 453
IRRECONST - Irreconcilable CONSIraiNtS........ccoeoiiiiiiiiiiiiie e 454
ITRLIM - Iteration Limit REACHEM..........cooiiiiiiiiie e 454
LICCAPL - CONSEraint LIMIL ....coveeiiiiiiiiee ittt a e nnneeee s 455
LICCAP2 - Adjustable Cell LIMit..........coviiiiiiiiiiiiee e 455
LICCAP3 - Integer Cell LIMit ......uviiiiiiee it r e e e e s s e e e e s e s e e e e e e s e sanrnneees 456
LICCAP4 - Nonlinear Adjustable Cell LIMit .........ccooiiiiiiiieee e ee e e 457
LICCAPS - Global Adjustable Cell Limit ..........coeeeiiiiiiiiiieee e e e e 457
LICKEY1 - Failed to Process LICENSE KEY .....cccuuiiiiiiiiiiiiiiiie et 458
LICKEY2 - Pending License EXPIration ............ccuueiiiiiiioiiiiiie e 458
LICKEY3 - EXPired LiCENSE KEY ....coiiuiiiieiiiiii ittt ettt 459
LICKEY4 - Pending Expiration of Option Trial..........cceeviiiiiiiiiiiiiicc e 459
LICKEYS5 - License Key Dongle REQUINEd ...........eeiiiiiiiiiiiiiiieiieee e 460
LICOPTL - Global Solver NOt LICENSEU..........cuiiiiiiiiiiiiiieee e 460
LICOPT2 - Nonlinear Solver NOt LICENSEd.........cooiiiiiiiiiiiieee e 460
LICOPTS3 - Barrier Solver NOt LICENSEA .........coiiiiiiiiiiiiiieee et 461
LICOPT4 - Mixed Integer Solver Not Licensed .............ccoooiiiiii, 461
LICOPTS - Stochastic Solver NOt LICENSEA .......cooiiiiiiiiiiiieee e 462
LICOPT®6 - Conic Solver NOt LICENSEA ..........ueiiiiaiiiiiiiieieee et 462
LOOKUP - Unsupported LOOKUP USAQJE.......ccciuiiiiiiiiiiieiiiiiee ittt 462
MATCH Unsupported MatCh USAgE .........cuueiiiiiiiiieiiiiie e 463
MBEST T MUItIPIE BESE CeIIS......eiiiiiiiiiie ittt 464
MEMORY - INSUFfICIENT MEMOIY ..ottt 464
MODERR - Parsing Cell FOIMUIA.........ccoiiiiiiiiiiie e 465
NAME - Unsupported Value inthe Name LiSt .........cooouiiiiiiiiiiiii e 465
NAMECONFLICT - Name Cell with Conflicting Properties ...........ccccccoiiii, 466
NLINCELL - NONIIN@ANHIES PreSENT .....coii ittt 466
NOADJ - No Adjustable Cells........cooo i 467
NOBEST - NO BESE CelIl.....uiiiiiiiiiee ittt sttt e st e e s st e e s nnnaeee s 467
NOCONST - NO CONStraint CellS .......cooiiiiiiiiiiiee e 468
NUMERICAL - NUMETICAI EFTOF ....uviiiiiiiiiiiiie ettt 469
OMITTED - Omitted Cell REFEIENCE ......ciie et 469
QUAPREC - QuadratiC RECOGNILION ......ivieeiiiiieiiiiie e et e e e e e e seer e e e e e s s seneeeeeeeeeesennenes 470
RUNTIME - Runtime Limit REAChEd.........c..uuvieiieei i 470
SOLVERGOP - GIOb@al SOIVEN USE.....cciiiieiiiiiiiiiiie ettt seee e e e s e sesieeee e e e e e nnneees 471
SOLVEROBJ i Multiple Objective Opt EFTOr..........uiiiiiiiiiiiiie e 471
SOLVERR = SOIVEE EITOF ...tiiiiiie e ittt e e ettt e e e e s eee e e e e e s s snntnaeeeeeeesesnnnteneeeaeeesannnne 472
SPCONFLICT - Stochastic Conflicting Declarations ...........cccccuiiiiiiiiiieie e 472
SPCORR - Stochastic WBSP_CORR FOIMMAL..........ccuviiiiiiiiiiiiiiiiieieeeeeeeeeeeesesseeseesesesenenen. 473
SPDIST1 - Stochastic WBSP_DIST 1 FOIMAL ........ccvviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeseeeeesesesenenenes 474
SPDIST2 - Stochastic WBSP_DIST 2 FOIMAL ........ccvvviiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeseeseesesesenenenes 474
SPDIST3 - Stochastic WBSP_DIST 3 FOIMAL .........covvviiiiiiiiiiiiiiieieeeeeeeeeeeeeeeseeseeseseeeeenenes 475
SPERR - StOCNASHC EITON ...eiiiiiiiiiiiiiiiiee e e s sttt e e e e s s e e e e e e s s sntnaen e e e e e s s snstnneeeeeeesnnnnnes 475
SPHIST - Stochastic WBSP_HIST FOMMAL ........ccuuiiiiiiiiieiiiiie e 476
SPRAND - Stochastic WBSP_RAND FOIMAL ........oieiiiiiieiiiiiie i 476

SPREP - Stochastic WBSP_REP FOIMAL ........coocuiiiiiiiiieiiiiee e 477



Xii

SPSTSC - Stochastic WBSP_STSC FOIMMAL........ccuuiiiiiiiiiiiiiiiieeeeieeeeeeereeeeseesssesssersrerereren. 477
SPVAR - Stochastic WBSP_VAR FOIMAL ..........cciiiiiiiiiiiiieiiee et ee e 478
STRARG - String ArgumENtS FOUNG ........coiuiiiiiiiiiieiiiee e 478
STRLIST - StrNG LISt EITO ..ceiii ettt s et e e e e e s s s aee e e e e e s e santraneeaeeesannnnes 479
STRRES - String Result of FOrMUIA ... 480
SUMIF - Unsupported SUMIF USAQE .....cccooiiuiiiiiiiee e i ittt e e e e s s siireee e e e e e s s snninaeeaeeeesnnnnnes 480
SUMIFS - Unsupported SUMIFS USAQE .......ccvuiiiieeiiiiiiiiieec e e s s sriinnee e e e e e s s sisinnne e e e e e s snnnes 481
TEMPFILE - Error Managing TemMP FIlES ...uuuviiie i 481
UNBOUNDED - Unbounded MOEL.........ccueiiiiiiiiiiiiiiiee et 482
UNDEFREF - Undefined Reference.........cccoo i 482
WBALLDIFFFORM i All-different Cell FOrmat........cccooooioiiiiiiiiieicececcceeeeeeeeeccccc e 483
WBCARDFORM - Cardinality Cell FOrMAL .........ccoiiuiiiiiiiiiieeiiiiee et 483
WBDUFORM - Dual Cell FOrMaAL.......ccooieiiiieeieeeeececeece e 484
WBPOSDFORM - Semi-definite Positive Cell Format ...........ccccveveeiiiiiiiieee e, 484
WBLOFORM - Lower Range Cell FOrMAL ..........cooiiiiiiiiiiieee it 485
WBSEMICFORM - Semi-continuous Cell FOrmMat ..o 485
WBSOSFORM - Special Ordered Sets Cell Format ..........cccoooeieiiiiiiiiiiiciicesccceeceececnn 486
WBUPFORM - Upper Range Cell FOrmMat........cooooiioiiiiiiiciiisececseese s 486
APPENDIX A: INSTALLATION DETAILLS ..ottt e e 488
1013 =11 F= 11 o] o TP PO UTPT R PPPPP 488
What'sBest! EXamMPIE FilES ........ooiiiiiiiiii e 488
STC] (0] oI Y/ o[ PP P PP PPPTPPRPP 488
What'sBest! Add-iN FileS..........oooooiii 489
Location of the Add-IN Files ... 489
Installation Related ProbIEmS ..........coiiii i 489
Settings for Microsoft® Excel® 2007, 2010, 2013, 2016, 2019 / Office365® ............... 490
Settings for Microsoft® Excel® 1997, 2000, 2002, 2003...........cevvereeererereeerereeererereeenenns 490
Yo [0 LT £ TP OO TP UPP PP 492
Location of the Add-In Files and Update LinkS..............cccooiiiii, 492
UNINSTAI FIIES oot e e e e e e s e e e e e e e e sanbrneeeas 496
DISCIAIMEN ...ttt ettt e e e e e s bbbt e e e e e e e s bbb e e e e e e e e e sanbrneeeas 497
03 10111 =T 0 Lo =0 0= o 498
APPENDIX B: CONTACTING LINDO SYSTEMS ..ot 499
WWW.IINAO.COM ... 499







Xiv

Preface

Wh at 0 ® B ears dddin to Microsoft® Excel® that allows you to build large scale optimization
models in a free form layout within a spreadsh&éh a t 6 ® Banbines the proven power of
Linear, Nonlinear (convex and naonvex/Global), Quadratic, Quadratically Constrained, Second
Order Cone, SerrDefinite, Stochastic, and Integer optimization with Excel@e most popular and
flexible business modeling environment in use tod&th at 6 ® BEOsincludes major solver
enhancements to increase speed and reliability on broad classes of models.

What 6s New ©9n Rel ease 1

C General

o Improved reproducibility when solving a problem repeatedly, particularly with the
concurrent option when solving with fastest of Barrier, Primal simplex, and Dual
simplex

o New WB functions WBPOLYNOMIAL and WBCENSOR

0 Improved error messages

o Improved handling of the Blackbox models, where either all variables are binary or
all functions in the model are linear

C Nonlinear and Global Solver Improvements
o Improved handling of IF statements and polynomials
0 Improved Multistart

C External Solvers Improvements
0 Increased support for the external solvers, including linear solvers such as COPT,
CLP and HIGHS
0 Improved support for external Nonlinear solvers such as IPOpt

Please do not hesitate to contact us if you have problems or questions. As always, we welcome your
feedback and suggestions. Tki¢h a t 6 ® Beveloprhent team wishes you tBestin all your
optimization endeavots

Copyright © 2@4, LINDO Systems, Inc.




1 Getting Started with
Wh aBedi! s

Wh at | s What OosBest !

Wh a Be&thnakes available to yolExcel® spreadsheet prograahighly developed solver capable

of performing |linear and nonlinear oPBastigivdaszati on
you access to this solver from withHixcele, and may either be run directly or called from within
Visual Basi®.

People in business, finance, s c Bestleverg day tmmaded and
and solve problems in production, financial planning, personnel scheduling, resourd#alloca
portfolio management, stock cutting, inventory c

your own application. To demonstrate some of the range of applications for Belstitsample
models are provided with the software and many are explained in Chaftangle models.
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Optimizatiddodels

Optimization helps you find the answer that yields the most desirable deshié one that attains the
highest profit, output, or happiness, or the one that achieves the lowest cost, waste, or discomfort.
Often these problems involve making the most efficient use of your res@uroegduding money,

time, machinery, staff, inventory, etc.

Optimization problems are classified as linear or nonlinear depending on whether the relationships in
the problem are linear with respect to the variables. VBgsgtscan solve both linear and nonlinear
problems, with optional integer restrictions. For more information on optimization and the solution
process, please refer@verview of Mathematical Modelingor additional reference, we recommend
the LINGO textbookOptimization Modeling with LINGQor the LINDO textbookQptimization

Modeling with LINDQ both by Linus Schragend available through LINDO Systems.

NonrOptimization Models

Non-optimization models do not havecall defining an objective function that is to be maximized or

minimized A common purpose of such mestcarifiedvalees t o sol v
that satisfy sets of equati ons Bestlcanfindvaleestpy ci r cul
accomplish a desired resdlt commonly called goal seeking or backsolving. The sample nkidei

Network Modelings an example of a neoptimization model.

Models with Integer Restrictions

Users frequently need to find answers that consist of whole (uitsvariables expressible as

integers) In personnel scheduling, for example, the most efficient use of workers may call for 2.37
persons on a shift, but i1itdéds difficult to find
Ther ef o rBestlallowb you té restrict values to be whole numbers (or geirgegjers) Binary

integer (0/1) restrictions can also be helpful in yes/no or on/off decisions.
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System Requirements

To instal | Basticheckthatyowawe thé fellowing:
Software

§ Microsoft® Windows® 1 or previous Windows® XP, Vista®, 7, 80

8§ Microsoft® Excel® 32bit 2019 / Office365®, and previous versions 2004)03, 2007,
2010, 20132016

8 or MicrosoftRExcel® 64bit versions 209 / Office365®, or older2010, 20132016with
latest Servicé?acks

8 MicrosoftRExcel®, 6PCO6 version
8 Microsoft® .NET Framework 4.0
Hardware

8§ Pentiumclass PC
8§ 500MB of RAM
§ 50 MB of free disk space

An I nternet connection i s r equiBest douctaomalsd acomactt o a d
LINDO Systems to obtain a cop#dd-ins, library and executable files from LINDO Systems are
digitally signed. Additional information can be found in thetallation Overview
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InstallatiorOverview

To get up and running quickly, first close all programs and simplyWBAWINDOWS -19.0.exeand
follow the prompts in the dialog boxes that follow (see Sedtistallation for more information on
installing withWwB-WINDOWS-19.0.zip).

The setup program offeiBefault and Specifiedinstallation. TheDefaultinstallation option analyzes
your system for the critical information required to successfully install VBests When you select
Default as the installation type in the initial dialog box, the -&ddile is copied into a directory
entitledLibrary within the mainExcel® directory.

The Specifiednstallation option is available for situations that require more information from the user
and for users who prefer controlling the details of installation. See the section dnstedthtion for
more information.

Default installation is recommended for most environments. However, we recommend you select
Specifiednstallation under the following situations:

8 You have more than one copy/release of Exaes$talled on your system.
§ Exceb is installed on aetwork server rather than a local drive.
§ Your system runs on a ndinglish version of Windows.

If you are updating from an earlier release, the location that you specify for the program files may
affect how your existing models are interpreted. Carefully read the information displayed during
installation, as well as tHeocation of theAddIn Files and Update Linksection.

As the last step in installing Whdsst! Excel will open and you will find a new toolbar
(What'8est) and menuWB!) specific to the WhatBest! program. These are discussed in Thee
What'sBest! Environment: Menu and Toollsaction. If you do not find th&/B! menu present, please
go toTools|Addinsa n d ¢ h e c KksBestiheatry 6rWihrairtstalling WhaBest!

You may be prompted for a license kihe first time the software runPleasecopy-andpastethe
license key received via emdirectly into the space provide@€tfl-C to copy,Ctrl-V to paste).

If you would liketo run a trial version of WhaBest!(150 constraints, 300 variables, and 30 integers),
no license key is requiredndjust click Trial here

If you havemisplacedyour license key, yowill needto contact LINDOSystems.




GETTING STARTED 5

You cannow start building and solving models using the WBat$!menu and toolbar, integrated in
the Ribbon bar in Excelversion 2Q6:

0O = HE il - HOGFEED ks - Excel Lindo Systems [m}
File Home Insert Page Layout Formulas Data Review  View DELSEU  \What'sBest! Q@ Tell me what you want to £ share
A &CMEkEAdJuStEmE ¢ Minimize <= Less Than +o1* [ntegers ~ 1'— Locate | BT License &:F’ Language English M
o - © .
KX Remave Adjustable |2 Maximize = Greater Than | Options = @Help | [ Register
Adjustable Best Constraints Solve
= Equal To > Advanced ~ mAbnut @& Check Update
Model Definition Settings Solers ' Information Services ~
Al g F3 v
A B c D E F G H J KL M M o] P Q R 5 [«
1 ]
2 [SWINE & ROSES Hog Farm
3
4 Nutrients Per Unit Weight of Grain Nutrients Minimum  Dual
5 | tem 1 2 3 4 Supplied Regd Value
6
7 | Nutrient A 22 34 72 15 0.0 Not >= 24 51.00
8 | Nutrient B 14 11 0.0 0a 0.0 Mot »= 07 5100
9 | Nutrient C 23 5.6 11 13 0.0 Mot == 50 5100
10 | Nutrient D 12.0 119 41.8 521 00 Mot>=_ 210  §100
11
12
13 |Cost/Bushel  $3500 $50.00 $80.00 $95.00
14
15 Percentage Unity?
16 |of Blend 0.0% 00% 00% 00% HNot=
7
18| Dual Value $1.00  $1.00 $1.00 $1.00 o
HOGFEED ® ] v
Ready 2| m - 1 + 1003
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In Excel version 2002the menu and toolbar show as foltow

E Microsoft Fxcel - HOGFEED.XLS M=
File Edit ‘\iew Insert Format  Tools  Data  Window | WEB! | Help -8 X
= Geneva 10 - B F U EEZF Adjustable. .. - i - *
GEEW 2= =9, Best...
WEMIN - v A =SUMPRODUCT(CIG:F16,C13: SETBGE Sy,
A Bl ¢ D E F G Solve KL
-] —
2 | SWINE & ROSES Hog Farm A oos >
3 Options [ 3
4 Mutrients Per Unit Weight of Grain Mutri Acvanced ,
5 | ltem 1 2 3 4 Supg - P
B Locate. ..
7 | Mutrient A 22 3.4 72 1.5 o [
8 | Mutrient B 1.4 1.1 0.0 0.8 s 0
9 | Mutrient C 23 8.6 1.1 1.3 About What'sBest! 0
1? Mutrient D 12.0 11.9 41.8 521 ToclBar [
12 Upgrade
E Cost/Bushel  $35.00 35000 $30.00  §95.00 ey
16 |Percentage Un Checklpdate
1$|nf5|end 00% 00% 00% 00% Nol 5 |anguage ,
158 | Dual Walue $1.00 .00 $1.00 F1.00
19
20 s
21 -
W 4« » »\HOGFEED / |« | Him
Ready I
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T he \Bbstlhtegrative Environment

Wh a Begtofferstwoi nt er acti ve met hods t ®estinecueasdgoolcan mmand s,
This section describes how to effectively use this interface.

In Excelp versiors 2007 and later, WhaBsst!shows an additional tab in the Ribblagout:

'|._7| = = = Bookl - Microsoft Excel |ﬂ‘é]‘
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! & Q o B ER
o K% Make Adjustable o [ Minimize ® <= Less Than «s Integers ~ U T Locate & License 3 Language English -
KX Remove Adjustable 2 Maximize »= Greater Than | | Options ~ @ Help | [E Register
Adjustable Best Constraints Solve

= Equal To 2 Advanced - B About | @) check Update

Model Definition Settings Solvers | Information Services

In Excel version 2002003

1) The WBest'inéna(WB)) is embedded in the maltxcel® menu bamland appears as
follows:

File Edit ‘iew Insert Format  Tools  Data  iindow Help

TheWB! menu contains all the commands discussel B1C 6 s : Fuicgorsiard
Additional Commands

2) T he WBest!todlibsrcan float on youscreen or be repositioned to a preferred part of
the Excel® window andappears as follows:

What'sBesk! v X
EE R M A == = |

The buttons on the toolbar correspond to the menu commdadds u s t, Eaebd,teé&
Con st r,arndfotveswhichare discussed iA B C @asic Functions
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Of these two access methods, the WBats!menu provides for full interactive use of the entire range
of What'8est!commands. For faster access, the WBat$!toolbar offers rapid onelick access to

the most commonl y u sRestltoadharealscanakes toostips aTalable. VWHearh 6 s
the function of a particular toolbar button, just move the cursor over the button for a second and a
statement of the button's function will appear as follows:

Yhat'sBest! -

x
ki kx (iz <= = = | ®
nimize

When What'Bestlis first installed, the following events should occur:

1) the WhatBest!addin is loaded;

2) the WhatBest!menu is inserted in the Excel® menu bar; and

3) the toolbar appears in floating (undocked) mode. The user may then reposition thB&gtat's
toolbar to a preferred part of the Excel® window.

To remove the toolbar from view, either go to WB!|Toolbar or to View|Toolbars on the main Excel®

menu bar and uncheck the Whagést!toolbar. Reverse the process to return the toolbar to view.

Should you wish to remove the WhBeéstlt ool bar, you would use View|To
command, select the Whdisst!toolbar, and press the Delete button. You would then have to reinstall
What'8est!in order to restore the toolbar.

Wh a Be8tkdvises the user as to its progress via the Excel® status bar displayed at the bottom of the
Excel® window. This bar normally displays "Ready", but displays other messages when either Excel®
or WBesttisperforming some activity that may be prolonged.

For further i nf Bestaddin, seethekmldins sebtien. Wh at 6 s
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Devel oping a Model
The ABCOs: WhHhBestle Steps to

There are three steps to setting up a model to be solved by Béstit'Throughout this help file,
you'll find them referred to again and again. We call them the ARG étable Best, and
Constraint$:

A. Identify Adjustable Cells. Theadjustable cellarethe cells in the worksheet that

What'8est!can adjust in its quest for a solution.nrathematical programming terms,
these are called variables. These can be defined using either the menu command

(Adj u s i) a thé teotbar buttor K5 K*)

B. Define Best: Thebest cellis the goal, or objective, of your solution. Typically, this is to
maximize or minimize an adjustable cell or some function of the adjustable cells.
What'8est!allows only onébest cell in the model. Nibest cell is needed when equation

solving or goal seeking. The menu comméBce s)toréhetoolbar button [ |*) can
be used to define tHeest cell.

C. SpecifyConstraints: Theconstraint cellsdentify any limitations in a model. For
example, "Raw materials used in production must betlessor-equatto raw materials
on hand". The constraint cells enforce these restrictions. They are defined by either the

menu comman@C o n s t r)arithe toslb@r buttons <= »= = ).

Once youdve specifi e(®))yowrworkéheedmodel gnabfind tedoest s ol v
answer to your problem
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TUTORIAL

This tutorialwill introduce you to WhatBest!by showing you how to solve a simple linear problem
called theXYZ Production Probleniou should open the sample problem K¢Z.XLSocated in the
WBdirectory in your C: drive, so you can finish formulating the model in this tutorial (The other
sample models have been completely formulated for you and are ready to solve).

Please note that the following discussion USe=l® naming conventions (such as $C$5:$D4)
throughout.

The XYZ2ProductioRroblem

XYZ Corporation builds two computer modélshe Standardand theDeluxe The Standard has a
profit per unit of $300, and the Deluxe has a profit per unit of $500. The two models are produced
from three components: ti&tandarccomputer tower, thBeluxecomputer tower, and a hard drive.

Standard Model Deluxe Mogglﬁ

\ \
Profit per Unit: $300 $500

Problem What combination of Standard and Deluxe computer towers will maximize XYZ's profit
from the components currently in stock?

Unless specified otherwise during installation, ¥¥Z. XLSile was copied to th&/Bsubdirectory. If
you havendt alr exdySsdmpefle: so, open the
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The XYZ Worksheet Before Optimization

O E H il - X¥Zxlsx - Excel LINDO Systems [ - m|
File Horm | Insert | Page | Form | Data | Revie | View | Devel | Help | Foxit | Team | What'| 2 Tell me r!:-3_ Share
Al - A v
A B C D E F G H J -
1] l)(‘r’Z COMPUTER CORPORATION PRODUCTION PLAM
2
3 :F'roduct Standard Deluxe
4 | PROFIT:
5 |Quantity to Produce: 0 0
6 | 50
? -
8 |Profit per Unit: $300 500
o
10 Product Component Reguirements
"
12 |Components: Quantity Required: Total MNumber
13 | Standard Deluxe Usage In Stock
14 |
15 | Standard Tower 1 0 0 60
16 |Deluxe Tower 0 1 0 50
17 |Hard Drive 1 2 0 120
18 |
19 -
XYz ) 1 3
Ready 3 HH - 1 + 100%

Examine the | ayout and |l ogic of the Woat!llf Yodou m
projections. For example, try to adjust Raantity to Producén bothcells(C5 and DJ, so as to

maximize profit (G6) without allowing yourotal UsaggE15:E17) to exceed the number of

components in stock (G15:G17).

For example, a sensible production plan might be to make asDwmyemodels as possible (since

these yield the highest per unit profit). Then, with what is left, make as Stangardmodels as

possible. This production plan would use alll€luxecomputer towers (E16), ZBtandardcomputer

towers (E15), and all 120 hard drives (E17) currently in stock. It would result in a total profit of

$31, 000 (G6) . However, this sBebtuti on can be i mpr
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The ABCOS

Now, | etds apply the ABCOSs tBestpgrovides yowsvyth thesbess h e e t

possible aswer.

A. Determinfdjustable Cells

In this example, we first want Whasst!to adjust the value fdQuantities to Producéor both

models of computer (in cells C5:D5). WhBest!requires that numbers be placed in all adjustable

cells. You may simply enter zeroes in these cells, although any number will suffice. Next, specify that
cells C5 and D5 are adjustable by selecting both cells and either:

1) choo®Ad | u s tfranhthe®V8! menu, and cliclOK, or

KX

[

KX
2) use heMake Adjustable =™ toolbar buttonpr to Remove Adjustable

If you use theVB! menu to access thidjustabled i al og b ox, vy cAdjdstalledialogt i c e
box has $C$5:$D$5, the current selection, entered iR#fiers Totext box. In the droglown box,

the default settinilake Adjustablés already selected, so you need only cliik What'8est

identifies an adjustable cell by applying Adjustablestyle, distinguished by a default font color of

blue (as a visual reminder) and unlocked cell status as follows:

The Adjustable Cells in XYZ

[ E H il - XYZxlsx - Excel LINDO Systems
File Hormu | Insert | Page | Form | Data | Revie | View | Dewvel | Help | Foxit | Team | What'
C5 - § 1]
A B C o E F & H
1] ¥YZ COMPUTER CORPORATION PRODUCTION PLAN
2
3 |Product: Standard Deluxe
4 FROFIT:
5 |Quantity to Produce] 0 Dl
6 50
? .
8 |Profit per Unit: $300 5500
9
10 Product Component Reguirements
"
12 Components: Quantity Required: Total Mumber
13 Standard Deluxe Usage In Stock
14
15 | 2tandard Trasar 1 n n RN

t

t

h
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B. DefinBest
XYZ Corporation's goal is to maximize profit, which may be expressed as:

Total Profit= (Quantity of Standard Models Produged
TIMES (Profit per Unit of Standard Modéls
PLUS (Quantity of Deluxe Models Produced
TIMES (Profit per Unit of Deluxe Mode)s
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This formula appears in cell G6 as =C5*C8+D5*D8. This is the sumproduct of C5:D5 and C8:D8, and
could also be entered aSBMPRODUCTC5:D5,C8:D8). This function can be especially useful

when doing similar operations on larger ranges.

To make G6 thebjective pest cell), move the cursor to that cell amither:
1) chooseBest..from theWB! menu, seledilaximize and clickOK, or
2) use heMaximizetoolbar buttor |.* .

IfyouusetheBestdi al og box via the menu, yo Bésidibloghoxt i ce t
indicates $G$6, the current selection.

The Objective (Best Cell) in XYZ

(Zxlsy - Excel  LINDO Systems O

Devel | Help | Foxit | Team | What'| 2 Tell me f!:f;_.ﬂhare

=C5*CE+D53*D3 w7

E F G H L) [-
)N PRODUCTION PLAN

PROFIT:

[ 501

rements

Total Mumber
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C. Specify Constraints

The constraints for this problem are that Tloeal Usageof components (E15:E17) must be ksan
or-equatto the number in stock (G115:G17).

The formula forTotal Usageof Standardtower components is =C5*C15+D5*D15. Cells E16 and E17
have similar formulas for the Deluxe tower and hard drives.

To specify the constraints, highlight the range F15:F17, then cl®ose s t r feom theVe¢Bé
menu, and cliclOK. Note that theConstraintsdialog box has E15:E17 enteredlLadt-hand side
(LHS), =G15:G17 entered &ightHand Side (RHSBF$15:$3F$17 entered Btore in; and <= (less
thanror-equatto), being the default, is entered as the constraint type. Alternately, you midne <=

toolbar button after selecting the range to store the constraints. ISee  Af@ @16res information on
these defaults.

Automatic Generation of a Constraint

E

10 Product Component Reguirements

11

12 |Components: (Quantity Required: Total Mumber
13 Standard Deluxe Usage In Stock
14

15 | Standard Tower 1 0 10 60
16 | Deluxe Tower 0 1 0 50
17 |Hard Drive 1 P 0 120
18

19

XYZ ) 1

Ready oo Count: 3 H M - |
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At this point, | etbds briefly summarize what we
The XYZ Worksheet Before Optimization

O @ B H#E - MZxlsx - Excel LINDO Systems 0 = | x
File Homu| Insert | Page Form | Data | Revie View | Devel | Help | Foxit | Team | What'| O Tellme ,q, Share
A21 = ke v

JEEEARE B €& | ] l E [ F | 6 | H | | J [«
1| X¥Z COMPUTER CORPORATION PRODUCTION PLAN
2
3 |Product: Standard Deluxe A
4 PROFIT: o
5 |Quantity to Produce: 0 0
6 | r 50
7
8 | Profit per Unit: 3300 5500
9
10 Product Component Requirements
11|
12 | Components: Quantity Required: Total MNumber
13 Standard Deluxe Usage In Stock
14 €
15 | Standard Tower 1 0 ¥ = 60
16 | Deluxe Tower 0 1 ¥ = 50
17 |Hard Drive 1 2 F = 120
18 |
19 -
XYZ ] : [4] r
Ready T H B3 @ - I + 100%

A. SetAdjustable cels: This lets WhatBest!know that the spreadsheet cells denoting
Quantity to Produc€C5:D5) are the variables and can therefore be adjusted as
What'8est!seeks an optimal answer.

B. Define Best As XYZ's goal is to maximize profit, the total profit (G6) was specified as
the objective of optimization. This calls for maximizing the value of the formula in cell
G6 through manipulation of the values in the adjustable cells (C5:D5).

C. Specify Constraints XYZ's limitations are simply thafotal Usageof inventory parts
(E15:E17) be lesthanor-equalto the totaNumber in StockG15:G17). These
constraints are specified by means of the formulas in F15:F17.
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Now, you are ready to solve the XYZ modéth What'8est! When you choosBolvefrom theWB!
menu or pres ¥ on the toolbarthe What'8est!solver is started and the solvéatsis window

appears like the one shown below:

#& What'sBest! ® Solver Status - 64-hit
ﬁ LINDO Systems. Inc.
Copyright @2020 - 64-bit
What'sBest!® 18,0.0.5 (May 14, 2022)
Lib.:14.0.5095.139 Lic.: Extended
Salver Status
Model Type:
State:
terations:
Infeasibility:
Objective:

Exiended Solver Status
Saher Type:
Best Obj.:
Ohj, Bound:
Steps:
Active:

Classification Statistic
Category
Murmerics:
Adjustables:
Integers/Bin_:

Current

Formulas:
Constraints:
Monlinears:
Coefficients:
Obj. Direction:

Activity

Ewxtracting Data..

Reading File

Elapsed Runtime

Q0:00:08 100

Hald ! Interrupt

Maimiuim

Help

The solver status window contains useful information about the properties of your model and the

progress of WhatBest!toward a solution. The information about model properties will also appear on
added

tab
remai

theWB! Statuswor k sheet

wi ndow doesnot

n

to yo

l ong enou

for detailed information about the solver status window.

wor kbook
f oSolvesection

ur
gh

after

t o

rea
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The worksheesoonreappeagindicatingthe highest possible profit:

The XYZ Worksheet After Optimization

) = XYZxlsx - Excel LINDO Systems @ - ] %
File Homu | Insert | Page | Form | Data | Revie | View | Devel | Help | Foxit | Teamn | What'| O Tell me ,q, Share
Al X ke ¥

A Bl € | D l E [ F | G I H | | J -
1 JYZ COMPUTER CORPORATION PRODUCTION PLAN
2
3 |Product: Standard Deluxe
4 PROFIT:
5 |Quantity to Produce: G0 30
6 | " $33,000
7
8 |Profit per Unit: $300 500
9
10 Product Component Requirements
1
12 |Components: Quantity Required: Total MNumber
13| Standard Deluxe Usage In Stock
14 |
15 | Standard Tower 1 0 60" =<= 60
16 | Deluxe Tower 0 1 30" <= 50
17 |Hard Drive 1 2 1207 =<= 120
18 |

| We! Status | WB! Solution | XYZ * i [e] v

Ready 1 H B @ - I + 100%

TheWhat'8est!solution yields the best possible profit attainable given your resources and constraints.
It also tells you the appropriate quantities to produce and the total usage of each component. Note that
profit is now $33,000considerably higher than the $31,000 attained by simply building as many

Deluxe models as possible.

What 6s Best | f

Il tds often useful t odeldronpvhrious anglgsoForrexammet whatifyoat i on m
learnthatt he 20 Del uxe comput er t Rest'ansveer fourdmboven(®6 g f r o m
E16) will be obsolete after the current production run? In that case, it might be better to maximize the
utilization of this inventory than to maximize profit. Try this by makingal Usageof Deluxe

computer towers (cell E16) yobest cell to be maximized. This is done by selecting cell E16,
choosingBest.. from theWB! menu, clickingOK and then resolving.
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What'8estlwill maximize the value of cell E16 without regard to the former objective of maximizing
Total Profit Note that the resulting production of 50 Deluxe units completely exhausts the obsolete
inventory, but that profit has dropped from $33,000 to $25,000.

Now, suppose for financial reasons profit must be at least $32,000. This constraint can be manually
entered by simply typingWB(G6,">=",32000) in a convenient cell (in this case, let's use H6)

Optimizing again with the new constraint in place results in the production of 40 units of each model, a
profit of $32,000, and a surplus of 10 Deluxe towers.

Working While Solving

This simple model solves very quickly. While larger models are solving, you may want to do other
work as you wait for your solution.

If you want to work in Excel while your model is being solved, then just minimize the model being
solved and open another copy of Exc@r whatever application you wish to you use). Simply leave
the minimized Excel icon on the taskbar at the bottom of the screen, and your model will continue to
solve in the background.

The Next Step

TheABCO s : B a s andAd¥ancadd-tinctionsextions explain the WhaBest commands in
depth. To learn more about the principles of optimization modedimg Overview of Mathematical
Modeling If you'd like to move on to more sophisticated problemsSseeple Models




2ABCOS: T h e
What 0s

This chapter describes how to use the three basic comnietdse used in building almost every

model f Bestt WWatHbds ref er {1 Adjustdble BestaGonstramts. TheBeGhdes
commands are the first commands at the top of the W&menuitem on theExcel® menu. In

addition to the menu commands, you mayBastte the <c
toolbar.

The sections below include in depth discussion of the use of these commands:

Adjustableé K% KX
Constrainté <= »= =

After you have created your $ove®) youbworksheetnodeh g up
and find the best answer to your problem.

20
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Adjustable.

Thedialog box posted by th&djustablecommandappears as follows:

Adjustable X
| Make Adjustable j
Refers to:

| sas1 =

Help | Cancel | (8] 4

[ 4

This command allows you to set properties of selected cells in your workbook. Specifically, it is used
to identify to WhatBest!t he cel |l s that may be adjusted by the
optimizes the objective cell while satisfying all constraints.

Enter the range of cells whose properties you wish to set Refers Tofield (the current selection
of cells is already entered). Next, select the property you wish to apply to the cells from thewrop
list at the top of the dialog box. You have the following options:

1) Make Adjustable
2) Remove Adjustable
3) Make Adjustable & Freer Remove Free

See below for more detail on these options. Clickigwill apply the change in properties.

Make Adjustable =

SelectMake Adjustabléo specify the range indicated in tRefers Totext box as adjustable cells.

Before What'Best!can solve a problem, it must know what cells it can change in its search for the
optimal solution. These are the adjustable cells. By default, VBeat'assumes the adjustable cells
can be set to any neregative value.

Adjustable cells, also called decision variables, usually represent quantities or activities over which
you have direct control. Traditionally, mathematicians refer to them as variables. Some examples
might be:

§ the number of televisions to produce
§ the amount of money to be spent on advertising
§ the number of shares to purchase of a particular stock
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§ the location of your next service facility
Inappropriate adjustable cells would théngs you have no control ovesch as:

§ the total demand for televisions

§ the price of advertising to be purchased
§ the risk of a particular stock

§ the local building restrictions

Cells containing equations are also inappropriate as adjustable cells.B&&@tannot rewrite an
equation (although the value returned by an equation will change, if the equation depends upon any
adjustable cells).

What'8estlwill not alter the contents of cells specified as adjustable that contain equations, text, or
blanks. In other wordghe cells must be numeri€herefore, be sure to enter a numeric value in each
of your adjustable cells.

Note: When the adjustable quality is applied to a cell, WBats$lassigns a predefineddjustable
style to the cell. This style is automatically made available to each of your Bésdt's
models and can be customizedy(, font color) as you wish.

Remove Adjustable «

SelectRemove Adjustable return an adjustable cell to its fixed (radjustable) state. By default, a

cell is fixed until it has been specified as adjustable. When you instruct Bédsittso r e move a ¢
adjustable status, thdjustablestyle is removed from the cell and you will see the font color revert

from blue (or the font color you defined for tAejustablestyle) to the original color.

After solving a model, you may wish uBemove Adjustable fix some of the adjustable cells at their
new values, turning them into constants, and solve again for the remaining adjustable cells.

Make Adjustable & Free or Remove Free

Select this to take the referenced cells and either set them as adjustable and free (capable of assuming
negative as well as positive values) or remove their free status. Making this selection and @licking

will post theFreedialog box to facilitate setting or removing the free status. For further discussion, see
the section entitle@free

Refers To

Specify the range of cells that are to be made adjustable or fixed in this text box by using the button on
the right edge to bring up a cursor for cell selection. Alternately, you can accept the currently selected
cells, which WhatBest!'has automatically placed in this box. You can also type the correct cell range
directly into the text box

Note: Adjustable cells should not be locked or hidden on a protected sheet.
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Free

The dialog box posted by selecting tlake Adjustable & Free or Remove Frm@mmand in the
drop-down list in the Adjustable dialog b@ppears as follows

Free Mames in Workbook: oK
Ranges0
Cancel
Add
Delete
Refers to:
| sas1 - Help

By default, adjustable cells are restricted to being greéateror-equatto zero. However, you may
override this default lower bound of zero on an adjustable cell by making it free. Adjustable cells that
may assume negative as well as positive values are referrettée aariables. To create an adjustable
and free cell(s), specify the cell or cell range you wish to change Retfees tofield. Then, enter a

name in th&-REE Names in Workboofield. You can choose any combination of letters for your

range name. Once this is done, pressingMiidb ut t on ¢ aBest!® assigiMWBEREErange
name to the selected cells, which will appear in the list on the Free dialog box. For instance, if you
used t he nameFREBMan&eéanlWorkbootent bdx,baeange nanwWBFREEBuySell
would be assigned to the selected cells.

If the cells are already adjustable, you can make them adjustable and free by following the steps above.
Alternately, if you are removing a free variable designation for a given cell rsingay select the
name of the range to remove, and presidletebutton.

A negative adjustable cell representing the number of televisions to produce would not be meaningful.
However, there are scenarios in which allowing an adjustable cell to assume negative values would be
appropriate. For example, if you have the ability to either buy or sell a stock, you could create a single
adjustable cell representing your decision to buy/sell shares. A positive value would represent the
amount to buy and a negative value the amount to sell.

For more information, see thajustablecommand above.
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Best...

For optimization models, you must define at least one best cell (equsaliing and goaseeking

models do not require a best cell, as discussed below). The best cell, sometimes called the objective of
optimization, is the cell whose value is to be minimized or maximized during optimization. The best
cell must be an adjustable cell or a formula depending upon an adjustable cell defining exactly what it
is you want to optimize.

The two most common objectives of optimization models are to minimize cost or maximize profit,
but you can choose to maximize or minimize any adjustable cell or any equation that depends upon
one or more adjustable cells. Other frequent targets for minimization are waste, conflict, time
required, surplus, and risk. A maximization cell could be something tangible, an equation
representing total output, or something less concrete, such as a calculation to estimate employee job
satisfaction or the effectiveness of customer service.

In a scenario with multiple goals, you can either

1 employ the multiobjective optimization feature of What'sBest! (available for linear problems
with\without integer restrictions), or

1 convert the problem to a model with one objective. To do so, consider maximizing or
minimizing one goal and constraining the others or combining goals into a single equation to
be maximized or minimized. For example, if the goals for your factory are to maximize
production output and minimize costs, there are clearly infidebetween the two goals. You
can choose to:

1) Maximize output while constraining costs to be less than some value;
2) Minimize costs while constraining output to be greater than some level; or

3) Combine your goals into a single equation and maximize total value of the output
minus the cost.

Both of the single and multiple objective cases are described in detail below.
SingleéDbjectivéptimization
If the user selects one cell, the dialog lposted by th® e s todmmand appears as follows:

Best ®

Minimize v| | sas1 =

Help | Cancel oK

This command is used to specify the cell in your model to maximize or minimize.
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Select the objective sense you wish to apply from the-down box on the left of the dialog box.
Possible direction options are:

1) Minimize

2) Maximize

3) None
Then, enter the cell you wish to setBestldefadthe text
to entering the current selection. Clicki@ will define the best cell.

Minimize or Maximize - -

SelectMinimize or Maximizeto specify whether your objective is to determine the smallest or largest
. . O "
value for the best cell, respectively. These choices may also be made usMuopitheze +— and

| A
Maximize *— toolbar buttons.

None

SelectNone to void any previously specified best cell. If no best cell is specified in a model,
What'8est! will try to find a solution that satisfies all constraints and relationships in the model
without trying to maximize or minimize any particular cell. This is referred to assge&king or
backsolving.

If you solve a model in which no best cell has been specified, a "No Best Cell Specified" warning
appears in the status report after the solution process has completed. This warning is intended to notify
the user that the specification of a best cell may have been inadvertently omitted. You may turn this
warning on or off by theNo Best Cellcheckbox in theGeneral Optionsdialog box posted by
Options...|Generatommand.

Cell range

Specify the cell to be maximized or minimized in this text box by using the button on the right edge to
bring up a cursor for cell selection. Alternately, you may accept the currently selected cell, which is
automatically selected by Whaisst! You may also type the cell range to be specified as the best cell
directly into the text box

Multiple Objedi{lLexico/Premptive Priority) Optimization

Wh aBe8ts all ows you to specify two or more objecti
we are maximizing three objectives. The Lexico optimization approach is to:
+ Maximize the 1st objective;
+ constrain 1st objective to its optimal value;
+ Maximize the 2nd objective, subject to the constraint on the 1st objective,
+ constrain 2nd objective to its optimal value;
+ Maximize the 3rd objective, subject to the constraints on the previous 2 objectives,
In Goal Programming, this kind of optimization is called-Bneptive Priority optimization.
If the user selects multiple cells, the dialog box posted bR thes todmand appears as follows
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Cijectve Cels:

Mnimze | SASL:GASS -

Cancel |
[ 52t Tolerance =

-

This command is used to specify the cells in your model to maximize or minimize and the
corresponding optimality tolerances.

Minimize or Maximize - -

SelectMinimize or Maximizeto specify whether your objective is to determine the smallest or largest

value for the best cell, respectively. These choices may also be made usMuithze - and

| A
Maximize *— toolbar buttons.

Note: In case of using th®linimizeandMaximizebuttons, you are not able to specify the tolerances
and all selected cells are considered as the best cells.

Objective Cells

Specify the range of cells to be maximized or minimized in this text box by using the button on the
right edge to bring up a cursor for cell selection. Alternately, you may accept the default range, which
is automatically selected by Whaést! You may also type the range of cells to be specified as the
best cell directly into the text box. The specified range should be a contiguous single row range or
contiguous column range of cells. If it is a row range, the optimization order is from left to right. If it
is a column range the order is from top to down. Depending upon the direction of optimization, the
row range is called either WBMAXLEX or WBMINLEX.

You are also allowed to set absolute and relative tolerances for each objective. These values play two
roles:
1) They are considered as the absolute and relative optimality tolerances corresponding to that
objective (se®ptions...|Integer Solver
2) They specify the maximum deviation allowed for this objective function from its true optimal
value in the formulation of the next subproblem. Higher values allow a wider range of
admissible solutions. Checking tBet Toleranc&ox displays the tolerance cells as follows:
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R —
| Minimize j [ $ASL:5A%54 J

Cancel |
[# set Tolerance
Optmalty Tolerance: -
Absolute: | ﬂ =
Relative: | J

Absolute:

You can specify the absolute optimality tolerance corresponding to each objective. You can select
either nothing or a range with the same size as the best cells range.

Relative:

You can specify the relative optimality tolerance corresponding to each objective. You can select
either nothing or a range with the same size as the best cells range. If you select nothing, these
tolerances are set tob§y default.

During the solve process, the status window will display the objective index being optimized, its
current value, and its bound.
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Constraints...

The dialog boxposted bythe Constraintscommandappears as foIIOV\,< =

= =

Left Hand Side (LHS): Right Hand Side (RHS):

| sceq = | == 7] | s

Stored in:

I A%l ;I Help Cancel |

— POSD-5DP

Spedfy any square range for POSD, by using the function WBPOSD. Define one symmetric range per
WEBPOSD function.

Range matrix: Place function in cell:

I ;I I ;I Insert |

This command is used to specify the resource constraints in your model.

To define a constraint, you must supply the-fefhd side of the constraint, the ridgtgnd side of the
constraint, and the host cell where the constraint should appear. These goeift Hend Side (LHS):
Right Hand Sid¢RHS); andStored in:fields, respectively.

Then, seleck= (lessthanor-equatto), >= (greaterthanor-equaitto), = (equaitto), <c= (convex),

>c= (concave)r=c (convex)in order to specify the direction of the constraint. If no type is selected,
What'8Best!will default to <= (lesghanor-equatto). SelectingNonewill clear the cell. ClickingOK

will apply the constraintsThe user can explicitly specify the constraint convexity to the Solver, by
integrating a "c" in the direction; see theage Guidelines for Constrainpart for additional
information.You need be concerned with <c= or >c= only if using the Global solver.

Note: Wh a BeStkises the loose inequality operators rather than the strict inequality operators of >
(greaterthan) and < (lesthan).

Left Hand Side (LHS):, Right Hand Side (RHS):, and Stored

Specify the cells or ranges t Besthtemptdo aummaticaliyned i n
fill in these boxebased upon what the current selection is. éiks just to the left of the currently

selected cellare entered as the Léftand Side of the constrainth& cells just to the right of the

currently selected cellsre entereds theRightHand Sideof the constraintThe currently selected

cells become the Stored in: range display®tien a row is selected, it is assumed thes ggdt above

the rowarethe lefthand side and the cejust beloware the righthand side of the equation.
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If these are not the ranges of cells you want, yowspanifythe cells orrangesy usingthe button on
the right edge of each text box to bring up a cursor for cell selemtitype the ranges itHowever,
you shoulduse the followingable when selecting cells or ranges:

If the then and the
Left-hand side Stored In Right-hand side
i nclude should hayv shoul d ha\y
single cell single cell single cell
*range same shape and size rang single cell
*single cell range same shape and size ran
range same shape and size rang same shape and size ran

*You can relate a lefhand side range to a single rigtdand side cell or a
right-hand side range to a single atind side cell.

What'8estlinserts a worksheet function callééBin the host cell(s) specified in ti8tored In:text

box (also known as the constraint cells). By clicking on one of the constraint cells and looking at the

Excel® formula box, you can see tNeB function that was created. For example, select the B1 cell,

choose th&/BIC 0 n s t r @mmainds &nd pre€3K on theConstraintsdialog box to insert the

formula=2WB( A1, i<=0, Cl) into the cell Bl1. This for mt
lessthanor-equatto that in C1. This could also be accomplished by selecting cell B1 and pressing the

<= toolbar button or typing theWB(Al,fix = 0 , C1 ) dirfeadlyrintouhe aell.

Al t hough it is typi 8estlcommarelg consgaints tao bewcreatedinh e What 6
Wh a Be8tknodel by copying or modifying existing constraints. Wia'st!will treat copied
constraint cells the same as any constraint cell created by the menu or Goribaaintscommand

Note: Itis not recommended to lock or hide constraint cells on a protected sheet.

POSESDP Constraint Range

To allow the use of the SerDiefinite Positive (SDP) capability with thdNDO Solver, specify the
selection of the range matrix to benstrained by a Positive Seeéfinite function (POSD)as
=WBPOSD(range). The range defining the matrix should be symmetric with the adjustable cells
typically set to be free type (althougot required), and greater thane cell.

A sample case is provided with the fil@/BPOSDcase.XLS¥ This case is based on a covariance
matrix, and shows the lower triangular matrix, its constraints, and thdeafanlt option keeping the
guadratic recognition on to minimize the sum of squared differences. Also, the POSD feature is not
compatible with nonlinear constraints and objective. To retrieve compatibility, the model needs to be
convex quadratic, with the adjustable cells set to be free type in the matrix, and the Quadratic
Recognition should be turned on.
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Usage Guidelines for Constraints

In the real world, decisions are always constrained in some fashion. In the steel business, for example,
you work within a budget to acquire finite amounts of ore, coke, alloy metals and power. Orders must
be delivered on time and up to specifications,or you risk losing business. Such limits to doing business
are referred to as constraints in the language of optimization modeling. With Béls#t'gou can use

the operators >= (greatdranor-equatto), <= (lesstharror-equatto), or = (equato) to express your
particular constraints.

What'8est!allows you to enter constraints using the four following methods:

1) TheConstraintdialog box.

2) The three constraint toolbar buttc

3) Manually entering constraint functions as cell formulas.

4) Using VBA to automatically enter constraint functions as cell form

The first two methods only allow the entry of cell references (The dialog box method offers an error
checking interface for outf-range and other errors). The last two methods allow you the flexibility of
entering complex expressions as well as cell references. To learn how to use VBA to enter constraints,
see the section titledbConstraint

Let's consider the following constraints: a resource limitation constraint, "Advertising expenditures
must be no more than (<=) $10,000", and a performance requirement constraint, "Advertising
exposures must be at least (>=) 100"

UsageConst
File Home Insert Page Layout Formulas Data Review W
C6 - Jf= | =WB(B6,"<=",D6)
A B C D E F
1 Advertising Projection
2 EXPEMDITURE BUDGET
3 g " <= $10,000.00
a4
b EXPOSURES REQUIREMENT
6 @ul <= _| 100
7
8
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In your What'8est!model, if an adjustable cell representing the advertising expenditure was in cell B3
and D3 was a fixed cell with a value of 10,000, you could enter the constraint formula
=WB(B3,"<=",D3) anywhere in the spreadsheet to enforce the first constraint. We've entered it in cell
C3, where it makes visual sense. Likewise, in cell C6, the form\WW&(B6,">=",D6) enforces the

second constraint.

What'8est!'would then optimize so as to satisfy these constraints. With B3 selected as the objective to
minimize, the program will select at least 100 exposures that add up to the lowest possible expenditure.
With B6 selected as the objective to maximize, the program will select the highest number of
exposures over 100 whose summed cost is less than $10,000.

Alternatively, you could do away with cell D3 and use the formW#BB3,"<=",10000). The
Constraintscommand lets you enter singtell references in the leftand side and singleell

references, singleell range names, or values in the rigand side of your formula. When entering a
constraint formula manually, you have the additional option of entering an expression (which evaluates
to a number, not an array) on either side of the Indicator, sucWB&B3-B11,"<=", D3+D11).

Constraint Display

Using theConstraintoption in theDisplaybox underth®© p t i o n s é ¢o@mamd: yoa dan set the
method of constraint display to eithedicator or Slack If you set constraint display Indicator mode
(the default), then the constraint is shown in the cell by one of the following eight visual indicators:
<=, >=, =<=, =>=, Not <=, Not >=, Not =, or=. If you set WhatBest!to display the constraint in
Slackmode, then a numeric value known asglaekis returned. The slack is the amount by which a
constraint is not violated.

For e x a mpBestwould\displdy 6osstraint values based upon the following table:

Constraint Slack Mode Indicator Mode
Tightly satisfied 0 =<=
Satisfied positive number <=
Not satisfied | negative number Not <=
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Constraint-related Problems
Constraints must be properly formulated or they can be a source of problems. Some of the problems
are discussed below.

Too Few Constraitinbounded Solutions

Let's return for a moment to the XYZ Production model presented ifiutegial of Getting Started.

Had you forgotten to include constraints in the model and tried to solve, Béstisould have given

an error message indicating Solution Status: UNBOUNDED in the WB! Status worksheet. An
unbounded solution error occurs when a model is not properly constrained. Profit could be increased
without limit by producing an infinite number of computers! Wigs'st!knows you've left out one or
more constraints and indicates that the problem is unbounded.

In an actual production situation, there may be constraints other than raw material or component
availability, such as limited plant capacity or labor supply. Excluding any of these could lead to an
unbounded solution. Also, Wha®est!might give you an unbounded error message if you maximize
the wrong cell, or maximize the objective cell when in fact you really wanted to minimize it.

Anytime What'8est!finds the objective heading toward infinity, you'll receive the Solution Status:
UNBOUNDED error message. For details, see the toplBOUNDEDIn Troubleshooting.

No Feasible Solution Found.inear

What if you add a constraint that contradicts one or more of the existing constraints? In the XYZ
problem, if you add a requirement that the number of Deluxe computers to be produced is greater than
60, What'8est!will return the Solution Status: INFEASIBLE message in the "WB! Status" worksheet.
The original constraint requires that no more than 50 Deluxe computer towers be used. However, this
new constraint requires production of at least 60 Deluxe computers, exceeding the limitation of the
first constraint.

Anytime What'8est!can't find a solution to a linear problem that satisfies all constraints, you'll see the
INFEASIBLEerror message. By examining the state of the constraints in the returned infeasible
solution, you may be able to determine how to reformulate and eliminate the source of infeasibility.

No Feasible Solution FelNwhlinear

In a nonlinear problem, thgolution Status: INFEASIBLEessage may not mean that there is no

solution that satisfies all constraints. It only indicates that none can be found from the starting values
you've entered in the adjustable cells. If you know or suspect there is a feasible answer to the problem,
enter adjustable cell values that yield a feasible orfezaible solution and try solving from that

starting point. Alternatively, using the Global Solver option may help.

One other possible course to follow is to view the constraints in slack mode rather than Indicator
mode. This helps you determine which constraints are furthest from being satisfied. Then, enter
"educated guesses" for the adjustable cells, values that cause the constraints to come closer to being
satisfied, and try solving again from these starting values.
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Explicitly Specifying Convexity to the Solver

One of the important considerations for the solver in finding a global optimum is the exploitation of
convexit.1 n | aymanés terms, if an optimization probl
Afhill c¢climbingd search algorithm (or valley find
optimum. More generally, if the feasible region is convex, then any strict local optimum can justifiably

be declared a global optimum. Our solver is fairly sophisticated in its ability to identify convex

expressions. Nevertheless, there may be some constraints that you know have convex feasible regions

but you suspect might not be identified as colvex o ur s oBestlallows sp@biabcondtmint

types, fA<c=0, fA>c=0, and A=cd to allow users to
For example, suppose we have the constraints:

X"3 - 2*x*y + y"3 <= 6;
X >=.5;
y >=.5;
The feasible region of this set of constraints happens to be convex. The user is justified in writing:
X3 - 2*x*y + y"3 <c= 6;
More generally, if(X) is any function on the left hand side and the user writes:
f(x) <c=b;

The solver will assume that the feasible set for this constraint is convex. This is true for example if
f(x) is a convex or quasionvex function. Loosely speaking, a quasnvex function is uamodal; if
you pour water into it, only one puddle would form. A convex function is also-goasex.

If you have the constraifi¢x) >= b, and you know th&(x) is a concavéunction then you are allowed
to write:

f(x) >c=b;

Finally, if you have the constraif(x) = b, and you know th&(x) is a quastonvex function then you
are allowed to write:

f(x) =c=b;

The interpretation is that we requi(®) = b, however, the feasible region to the relaxatf{x),<=Db, is
convex.

Similarly, if you have the constraif(ix) = b, and you know thd{(x) is a quastconcave function then
you are allowed to write:

-f(X) =c=-b;

The interpretation is that we requi(®) = b, however, the feasible region to the relaxatifx) <=-b,
or, f(x) >=b, is convex.
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Soleor | ®

t h eBeMItoabiard s

on

Once the ABC's (Adjustable, Best, and Constraint cells) have been specified, you are ready to solve
your model. Choosing th@olvecommand prompts the Whdsst!solver to begin examining and

solving your model. During the time that the solver is computing, it displaySdlver Statusvindow,
which appears as shown below.

s What'sBest!® Solver Status - 64-bit >
Clazsification Statiztic

JE T LINDO Systems, Inc. ]
EQ Copyright ©2018 - Gd-bit Categary Current R
What'sBest® 16.0.0.0 [Feb 13, 2018] Murmerics:

Lib:12.0.3377.32  Lic.: Extended Adjustables:

Solver Status Integerz/Bin.:

Model Type: Forrmnulas:

Shate: Constraints:

lterations: Monlinears:

Infeasibility:

reashity Coefficients:

Ohjective: o

by Direction:
Extended Saolver Status Activity
] Extracting Data...

Solver Type: R

Best Obj.: S i

Obij. Bound: Elapzed Runtime

Steps: 000001 |

Active:

Hald / Interrupt Help

The solver status window remains present for the duration of the solution process, and is updated
periodically. Once the solver completes its run, it returns to the workbook to install a new solution and
inserts a new worksheet entitlédB! StatusThis new worksheet is referred to as the status report.

The status report is an easily understood analysis of the model and solution. It provides a hard copy of
the information appearing in the solver status window. The section ei@igitithg the Best Results
discusses the information contained in the status report in further detail.

You may use thinterruptSolverbutton on the solver status window to interrupt the solver while it is
solving. If you do, you can not expect any useful information to be returned unless you have an integer
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problem. In the case of an integer problem, the best solution to the point of interruption is returned. For
linear problems and neliimear problems, the returned values will not be useful.

The definitions of the information in the Wh&tsst!solver status box are shown below.

Model Type: This shows one of six categories your model falls itteger/Quadratic,
Integer/Nonlinear, Integer/Linear, Quadratic, Nonlinear, LineBor further information on these
categories see the section entitlédear vs. Nonlinear Expressions and Linearizatio®verview of
Mathematical Modeling

State: This shows the state of the current solution. Possible states irglabally Optimal,

Infeasible, Unbounded, Feasible, Infeasible or Unbounded, Near Optimal, Locally Optimal, Locally
Infeasible, Cutoff, Numerical Error, Undetermined, Unknown Er(8eeOverview of Mathematical
Modelingfor more information on these states).

Tries: This shows the current number of tries or iterations used in solving the model. The value is
updated periodically in the course of solving.

Infeasibility: This shows the total amount by which all constraints are violated. When this value is
reported as zero, all constraints are satisfied. However, on integer models, all integer restrictions may
not be satisfied.

Objective: This shows the current value of the cell to be maximized or minimized.

Solver Type: This shows the type of specialized solver in use, if any, and will be &tbbal,
Branch-and-Bound or Multistart.

Best Obj.: This shows the objective value of best feasible solution found.

Obj. Bound: This shows the theoretical bound on the objective for integer or nonlinear programming
models. WhatBest!linitially determines this value by solving the problem without integer restrictions.
It then tightens this bound as it searches more branches of the solution tree. The objective bound is
useful information in that it is a limit on how good a value the objective can attain. Grulonigg
models, you might want to interrupt the solver once the best solution is sufficiently close to the
theoretical limit.

Steps: This shows the number of solver iterations.

Active: This shows the number of pending subproblems to be solved.

Numerics: This shows the total number of numeric cells in the model.

Adjustables: This shows the total number of adjustable cells in the model.

Integers/Bin.: This shows the number of adjustables cells with integer/binary restrictions.

Formulas: This shows the number of formula cells.
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Constraints: This shows the total number of constraint cells in the model.

Nonlinears: This shows the number of adjustable cells that appear nonlinearly in the model. We say
that a variable appears nonlinearly in a formula when that formula is nonlinear with respect to changes
in the variable. For instance, consider the nonlinear expreXsign2 This expression is nonlinear

with respect tdv, but it is linear with respect #6. Thus,Y would be included in the nonlinear count,

while X would not.

Coefficients: This shows the total number of coefficients in the best cell and all formulas dependent
on adjustable cells. Mathmaticians refer to this as the number of nonzero elements.

Obj. Direction: This shows the direction of the best cell.

Activity: After the Verifying part, this shows the stage of the solution process the solver is currently

performing.
tExtracting Dataé /| Check |l icense, copy file
{Extracting Dataé |/ Reading file
tExtracting Dataé / Storing relevant formul as
{Extracting Dataé |/ Creating Instruction List
tBuilding the Model é
t

Solvingé

i Debugying... / Finding Infeasible Cells or Finding Unbounded C#lBebugger requested

!t Writing Solutioné
During the last stage, Whd®'est!writes the solved values of the adjustable cells directly into your
spreadsheet and writes the requested tepor

Elapsed Runtime:This shows the length of time the solver has been running in hours, minutes, and
seconds.

Note: Variables or Optimizables is defined as the total number of adjustable cells, constraint cells,
and cells containing formulas dependent on adjustable cells that are used by the objective
function.
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Getting the Best Results

You can obtain the results of your call to solve the model by either examining the values displayed in
the spreadsheet or by looking at the status répdiBi Statusand/or the solution repoftVB!
Solutior).

In some cases, such as when you have a pretty good estimate of what the objective should be, you
might feel satisfied after inspecting thest cell. However, even under such ideal conditions, it is a
good idea to confirm that your model solved successfully by examining the status report. The status
report provides detailed feedback about your model and the solution outcome.

If you wish a more detailed view of your model, you may request the solution report as well. The
solution report provides a detailed analysis of the adjustable, best, and constraint cells, showing the
initial and final values, as well as the locations of the cells. The generation of the status report and
solution report is controlled by settings at the bottom of3beeral Optionslialog box.

If an error or warning situation was encountered that prevented the solver from running to completion,
then, by default, the solver opens up the status report to give you the error or warning message. This
message describes the problem the solver encountered and offers suggestions for correcting it. The
user may change the error and warning situations under which the status report is automatically opened
at the bottom of th&eneral Optionglialog box.
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The status report generated by solving the completed sample Xitde{L 9s shown below:

0O = ©- [ il - K¥Zxlsx - Excel LINDO Systems &= = O

File Home ‘ Insert | E Laym‘ Farmulas | Data | Rewview ‘ View | Developer | What'sEat| @ Tell me (Q'_ Share

AB N I MODEL INFORMATION: v
A B C D -

6 | HODEL INFORMATIOHN: |

7

8 CLASSIFICATION DATA Current Capacity Limits

9

10 Total Cells 20

1 Humeric= 17

12 Adjustables 2 Mnlimited

13 Continuous 2

14 Fre= 1}

15 Integer=-Binarie= 0.-0 Mnlimited

16 Constants 11

17 Formulas 4

18 Strings 1]

19 Constraints 3 Tnlimited

20 Honlinears a Inlimited

21 Cosfficients 16k

22

23 Hinimum coefficient walues: 1 on EYZIGH

24 Hinimum cosfficient in formula: EVZ1G6 -
WE! Status | WB! Solution | XVZ | *® 1 v

Ready [ H m - 1 + 90%

The status report is organized as follows. First, final values for the fields appearing in the solver status
window are presented. At its conclusion, the status report appends critically important information
such as the solution status. The fields in the report and the significance of the returned values are as
follows:

Classification Data
Total Cells This shows the total number of numeric cells in the model. These are the cells
useful to the model, containing the Numerics, Strings, and the Constraints.

Numerics This shows the number of cells displaying a numeric value. These are Adjustable,
Constant, and Formula cells.

Adjustables This shows the total number of adjustable cells in the model.
Continuous This shows the number of Adjustable cells with a continuous range [0, +infinity[.
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Eree This shows the number of Adjustable cells with a free ranigdinjty, +infinity[.

Integers This shows the number of Adjustable cells with integer restrictions on a range [0,
+infinity][.

Binaries This shows the number of Adjustable cells with binary restrictions [0,1].

ConstantsThis shows the number of cells containing a constant number, or an unsupported
function converted into its constant value. This does not count the constant arguments within
a formula.

Formulas This shows the number of cells containing a usefull formula to the model. This
does not count the constant arguments within a formula.

Strings This shows the number of cells containing a string of characters, or an unsupported
function converted into its string value. This does not count the string arguments within a
formula.

Constraints This shows the total number of constraint cells in the model.

Nonlinears This shows the number of adjustable cells that appear nonlinearly in the model.
We say that a variable appears nonlinearly in a formula when that formula is nonlinear with
respect to changes in the variable. For instance, consider the nonlinear expression X + Y2,
This expression is nonlinear with respect to Y, but it is linear with respect to X. Thus, Y
would be counted in the nonlinear count, while X would not.

Coefficients This shows the total number of coefficients in the best cell and all formulas
dependent on adjustable cells.

Variables This shows the total number of adjustable cells, constraint cells, and cells
containing formulas dependent on adjustable cells that influence the best cell. This
information appears after an automatic linearization.

Minimum and Maximum coefficients: These are thiargest and smalleabsolute values of
coefficientsappearing in the model. When the ratio of these two values becomes very large
the model is said to be poorly scaled. Poorly scaled models can lead to numericalffround
errors in the solver.

These values are supplied with their location to assist you in tracking them down. Note that
A<RHS>0 signifies t he Ritelotatiohgverds &dthise of a
means that no specific cell location is available and that the coefficient appears in a constraint
added to the model as part of the linearization option

Model Type: Wh a Be8texamines your model to determine which of six types your model
falls under Integer/Quadratic, Integer/Nonlinear, Integer/Linear, Quadratic, Nonlinear,
Linear. For further information on these categories, see the section ehtitkt vs.

Nonlinear Expressions and Linearization

Solution Status Thisfield givesthe status of the final solutiomhe list of possible states is
Globally OptimaJ Infeasible UnboundegFeasible Infeasibleor Unbounde¢dNear Optimal
Local Optimal, LocHy Infeasible Cutoff Numerical Error Unknown Unloaded, Loadednd
Unknown Error (SeeSolution Outcomein Overview of Mathematicaflodelingfor more
information).

C (
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Optimality Condition: This shows the optimality condition for nonlinear models, either
Satisfiedor Uncertain(SeeSolution Outcomefr more information).

Objective Value: Assuming your model contains a best cell to be maximized or minimized,
this field displays its final value

Direction: Assuming your model contains a best cell, this field displays its direction. The
direction will be listed as eithéfaximizeor Minimize

Solver Type This shows the type @nyextended solver in use over and above the standard
linear and nonlinear solvers. Possible extended solver&heal, Branch-and-Bound or
Multistart.

Tries: This shows the current number of tr{es iteration$ needed tolve the model.

Infeasibility : This shows the total amount by which all constraints are violated. When this
value is reported as zero, all constraints are satisfied. However, on integer models, all integer
restrictions may not be satisfied.

Best Objective Bound Assuming a best cell is present, this shows the theoretical bound on
the objective for integer programming models or any model solvedthétjlobal solver

Steps: This shows the number of solv&eps equired by angxtendedsolver.
Active: This shows the number of pending subproblems to be sbivedy extended solver

Solution Time: This shows the length of time the solver has been running in hours, minutes,
and seconds.

Additional detailedinformationabout your modetan be foundby generating aolution reportYou
can enable the solution report option via 8wdution Reportdrop-down box on th&eneral Options
dialogbox.




3 Additional Commands

What'8est'has a number of additional commarndsllow you to do such things as perfo

sensitivity analysis, identifintegersvariables change the type or appearance of a report, or locate a
particular type of cell. Others will wish to tailor the performance of the solvers by manipulating
various option settings. Thchapter discusses these additional commands and options

Options and Solvers

Some options in WhaBest!pertain to the overall operating parameters of the V\Begt$solvers or
to the user interface and data display. These general options (dtestatien limit or Runtime Limi}
are set in th&eneral Optionglialog box. Other options modulate the performance of a particular
solver. For exampléviodel Reductiolis a linear solver option and is set in ttieear Solver Options
dialog box.

For most models, the default option settings should offer the best performance in a standard running
environment. However, as you build more complex models, you may benefit from trying new option
settings or be required to change the sedtiogget a valid of good solutiom order to effectively use

the options, the user should understand the$olwer architecture of WhaBgst!and the types of

options that are available.

Thefour classes of solvers available in WhBgst!arelinear,nonlinear,global, andinteger. The
downloadable and solver suite versions of WBatst!are supplied with a linear solver, a nonlinear
solver, global solver, and an integer solver. Larger versions of \Bhat!are equipped with linear

and integer solvers only. A nonlinear solver and a global nonlinear solver are provided optionally for
additional fees. The linear solver generally runs in primal simplex mode, but it can be set to dual
simplex or the barrier method (if the barrier option is purchased).

What'8est!options apply only to the current model. That means options are defiiedets names
in the workbook and are not saved for other worklsodke WhatsBest!option rames usually start
wi t h 60WBaxnxdx t h u s alphabeticabyfeom the usdr éefinedames. ThdReset to Default
command resets the workbook options, but not options defined Adtrenced Parametsivindow.
The workbook options at@eneral Options, Linear Solver Optigméonlinear Solver Options, Global
Solver Optionglinteger PreSolver Optionslinteger Solver Option@andStochastic Solver

The algorithmaised by the solvers are as follows. The linear solver in VBestiises either a primal
simplex, dual simplex, or barrier method. T®aver Methodiefault setting oSolver decideselects
the primal simplex method. The Wh&#st!nonlinear solver uses a generalized reduced gradient
(GRG) algorithm The WhaBest!global solver combines a series of range bounding techniques
within a brandandbound framework to find global solutions to roanvex NLPs. Finally, the integer
solver provided in Whatest!uses a branehndbound algorithm, also referred to as the braact
bound manager.

41
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| nt e dneegeBiddry..

Thelntegers...|IntegeBinary command allows you to restrict your adjustable cells to being integers.
Wh a Bestkallows you to define integers in eith@nary or generalformat. A binary integer will

return a zero or

one

wher eas

general integer. Thimtegerdialog box appears as follows:

Integer - Binary
Refers to:

| $as1

Integer Type

" Binary - WBSIN

Integer Mames in Workbook:

=

* General - WBINT

any nonnegative,

Help

Cancal

Add

Delete

Rangel

To create an integer range, specify the cell or cell range you wish to make integeR éfiettsetotext
box. Then, enter a name in tiiteger Names in Workbootext box. Next, select thRinary - WBBIN

or General- WBINTradio button in thénteger Typeéox. Once this is done, pressing thad button

C a u s e s Be®tloadsignsAWBBINor WBINTrange name to the selected cells, which will appear

in the list on thdntegerdialog box.

If you decide later you would like to remove the integer restriction, simply selelcttédger
command, click on the name of the integer range to remove, and pr&ssatebutton. It is
important to remember that integer restrictions can increase solution times as discussed in the section

entitledRuntime Concerns

Refers to

Specify the range

of

cel

S

t h at Bestlwilt autoroatichlly ma d e

fill the Refers totext box in with the range of the currently selected cells. If this is not the range of
cells you want, you can type the correct range in or select the button on the right edge of the text box

to bring up a cursor for cell selection.

w
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BinaryWBBIN

Select theBinary radio button in thénteger Typéox to cause WhaBest!to constrain the current
range of cells specified in tHefers totext box to have a value of zero or one. Binary integer
variables (0/1) are useful in making Yes/No, Open/Close, or Buy/Sell decisions and formulating
piecewise linear functions. If a cell is specified as binary, WbesBwill find the best solution that
returns a 0 or 1 in that cell.

GeneraWBINT

Select theGeneralradio button in thénteger Typébox to cause WhaBgst!to constrain the range of

cells specified in th®efers Totext box to be a positive, whole number. General integer variables
(0,1,2¢é¢) can be useful when answers with fractio
personnel scheduling, buy/sell decisions involving round lots, and discrete loading models. If a cell is
specified as general integer, Whést!will find the best solution that returns a whole number in that

cell.

Integer Names in Workbook

What'8Best!uses range names to specify which cells in a model should be integers. You can choose
any combination of | etters for your Bestladge name.
WBBINor WBINTto the front of the name to represent, respectively, binary integers and general
integers. For instance, if you used the name "Quantity" ilntieger Names in Workbootextbox for

a general integer, a range nawiBINTQuantitywould be assigned to the selected cells and appear in

the list on théntegerdialog box.

Runtime Concerns in Integer Problems

The use of integer variables can considerably increase the time required to find optimal solutions. In
most nonlinear models that include integer variables, your chances of reaching an optimal solution in a
reasonable amount of time are diminished further, unless the problem is extremely rudimentary or
constrained in very specific ways. To improve performance, you may wish to use options such as
Toleranceand/orHurdle (Known IP) Such options can significantly decrease the solution time on

some integer problems. For details on these options, see the section Eptitted. .|Integer Solver
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| nt e pecid @rilered Set

Thelntegers...|Special Ordered Setmmand allows you to support Special Ordered Sets (SOS)
variables of type 1, 2 and 3, and Cardinality sets of variable via the following dialog box:

Special Ordered et - Cardinality

*
Select any calls (multiple selection holding m
the Cirl key):

| ses1 -]
_ Cancel
Special Ordered Sat: Cardinality:
[ Type 1 - WBS0S]1 " WBCARD

= Type 2 - WB5052

[~ Type 3 - WBSOS3
Pe Rermove

List of selected cells (select and change by

Add or Remove): oK

LI

Place the function WES0S2 in cell;
| sas1 -

Select Any Cells

This reference field allows you to select any of the AdjustabMariablecells that will be part of the

set. You can select multiple range by holding the Control (Ctrl) key. Then click on Add to store them
in the List of Selected Cells field.

Special Ordered Set
The properties of the three SOS types are, via the WBSOSx function:

SOS Type Property

WBSOS1 At mostone variable belonging ®n SOS1 set will be 6.
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WBSOS2 At mosttwo variables in a SOS2 set can beCx If two variables
are nonzero, then the variables will be adjacent to one anothe
SOS2 sets are particularly useful for implementing piecelivisa
functions in models.

WBSOS3 Exactly one variable from a given SOS3 set will be equal to 1
remaining variables will be equal to 0.

The syntax for the WBSOSx declarations is as follows, written in the selected cell of the spreadsheet:
=WBSOS1(range reference, ...)

Note: Each variable in an SOS smuns against the integer variable limit imposed in limited
versions of WhatBest!.SOS sets are supported for linear models only.

Cardinality

Related to the SOS capability discussed above, VBestkalso supports cardinality sets of variables
via the WBCARD function. The cardinality feature allows you to specify a set of variables with a
cardinality ofN, meaning that, at most| of the variables in the set will be allowed to be nonzero.

As with SOS sets, cardinaligets help the integer solver branch more efficiently, and they reduce the
number of variables and constraints in your models.

The syntax for the WBCARD declarations is as follows, written in the selected cell of the spreadsheet:

=WBCARD(number, range reference, ...)

Note: Each variable in a CARD sebunt against the integer variable limit imposed in limited
versions of WhatBest! CARD sets are supported for linear models only.

List of Selected Cells

This field will list all the cells that are part of an SOS or CARD set. You can modify the list by
clicking on Add or Remove buttons.

Place the Function in Cells
Specify the host range of cell you would like to see the SOS or CARD function to be placed in the
spreadsheet. WhaBestlautomatically fills this box with the current cell selection.

If the selection already contains a WBSOSx or a WBCARD function, then \Bast'sill display the
cells argument into the List of Selected Cells.
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| nt e denrcenénuous

Thelntegers...|Semiontinuouscommand allows you to support Seoaintinuous variables via the
following dialog box:

Semi-continuous X,

Seledt any cells (multiple selection halding Hel

the Ctrl key): F
$A31 =l

Lower Bound: [ gy _ Cancel

Upper Bound: 5051

List of selected cells {select and change by
Add or Remove):

Rem

PR

Place the functian WBSEMIC in cell:

| $a32 |

Many models require certain variables to either be 0 or lie within some nonnegative range, e.g., 10 to
20. Variables with this property are said to be seamtinuous. Modeling sertiontinuity in
What'8est!in the past meant having to add an additional 0/1 variable and two additional constraints.

The syntax for the WBSEMIC declaration is as follows, written in the selected cell of the spreadsheet:
=WBSEMIC(lower bound, upper bound, range references, ...)

This will restrict the variable in the range references, to be either 0 or to lie within the range
[lower_bound, upper_bound].

Note: Each semtcontinuous variable will be counted against any integer variable limit for your
installation.

Select Any Cells

This reference field allows you to select any of the AdjustabMariablecells that will be part of the
set. You can select multiple rargdgy holding the Control (Ctrl) key. Then click on Add to store them
in the List of Selected Cells field.
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Lower Bound, Upper Bound
This field allows you to select the lower and the upper bounds of the Adjustable cells of the set. You
can select numeric values, or cells references. These references cannot be variable numbers.

List of Selected Cells
This field will list all the cells that are part of a Seoointinuous set. You can modify the list by
clicking on Add or Remove buttons.

Place the Function in Cells
Specify the host range of cell you would like to see the SEMIC function to be placed in the
spreadsheet. WhaBest!automatically fills this box with the current cell selection.

If the selection already contains a WBSEMIC function, then \Besgwill display the cells
argument into the List of Selected Cells.

| nt e g ediffesrén| Al |

Thelntegers...|Alidifferentcommand allows you to support All Different variables via the following
dialog box:

Select any cells {multiple selection holding Hel

the Ctrl key): oelp
sas1 =

Lower Bound: SCE1 Cancel

ipper Bound: EnEl

Add
List of selected cells (select and change by
Add or Remove):
Remove
oK

Place the function WBALLDIFF in cell:

¢AS2 =]
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Many models require certain integer variables to be all different and lie within some range. Variables
with this property are said to be All Different. Modeling with all differences in WB@as$8in the past
meant having to add an additional integer variables and constraints.

The syntax for the WBALLDIFF declaration is as follows, written in the selected cell of the
spreadsheet:
=WBALLDIFF(lower bound, upper bound, range references, ...)

This will restrict the variable in the range references, and lie within the range [lower_bound,
upper_bound].

Note: Each alldifferent variable will be counted against any integer variable and constraint limits
for your installation.

Select Any Cells

This reference field allows you to select any of the Integer Adjustable or Variable cells that will be part
of the set. You can select multiple ranges by holding the Control (Ctrl) key. Then click on Add to store
them in the List of Selected Cells field.

Lower Bound, Upper Bound

This field allows you to select the lower and the upper bounds of the Adjustable/Integer cells of the
set. You can select numeric values, or cells references. These references cannot be variable numbers.

Cells reference must also be declared as Integer or Binary.

List of Selected Cells

This field will list all the cells that are part of a Alifferent set. You can modify the list by clicking on
Add or Remove buttons.

Place the Function in Cells
Specify the host range of cell you would like to see the ALLDIFF function to be placed in the
spreadsheet. WhaBestlautomatically fills this box with the current cell selection.

If the selection already contains a WBALLDIFF function, then WBats!will display the cells
argument into the List of Selected Cells.

A sample case is provided with the file "WBALLDIFF_Sudoku.xlIsb". This model shows the Sudoku

puzzle case, where the wuser fills out a 9x9 grid

a) each column,
b) each row,
c¢) each of the nine 3x3 subsquares.
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All Adjustable cells should be Integers, and some of the cell entries may-bpquiéed as constant.

Options..

The Optionscommand allows you to customize thmeoating parameters of the WisBest!solvess,
the user interface, how Whetest!runsandhow your model is displaye@here areseverakub
commands under th@ptionscommand on th&/B! menu. They are:

General...

Linear Solver...
Nonlinear Solver...
Global Solver...
Integer PreSolver...
Integer Solver...
Stochastic Solver
Reset to Default

w W W W W W W W

From the dialog boxegsosted bythese commands, you can set the options by simply selecting the

options you would like and clicking theK button. If you wish to restore the options to their default

values, youshouldusethéB! | Opti ons é| Resnemantdo t De  &dstloptions al | Wh
to their default values.
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Options...|General

The dialog box posted by tl@ptions...|Generatommand appears as follows:

General Options

Solver

Feasibility Tolerance: | 0.0000001

Help

Limits
Iteration Limit {iterations):

None Cancel

!
Runtime Limit (seconds): I Mone

Number of Threads: 1 :I [ =

Display

¥ Auto Select Free/Int/Omit Ranges

[ Minimize Excel(R) on Solve

er Decic -;I Update Links

Constraint: ® Indicator (" Slack Delete Reports

oK
| Hide Status Window on Solve

— Linearization
Degres: | Solver Decides j Delta Coefficient: 0.000001

Big M Coefficient: 100000

Reports, Debuggers and Warnings

Status Report: I Always Created j & Beginning " End
Solution Report: I Never Created ]
Debuggers: [ Infeasible Constraint [ Unbounded Variable

[ Infeasibility Value

Warnings: [ Monlinearity Present [ String Argument Present
[+ Mo Best Cell [+ Irreconcilable Constraint
[ Reference to Blank Cell [ Edit Links
[¥" Unsupported Function [ Hidden Names
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The General Optionglialog box contains options that let you control the ways in which VBests
displays, processes, and saves information. All of the options Beheral Optionslialog are saved
with the workbook and are therefore called workbook options. All workbook options are reset to
default settings every time you create a new workbook. You may also uResbtto Default
command to return all workbook options in the current model to their default values, with the
exception of the Advanced Parameters options. Discussion Gfaheral Optiongollows below.

Feasibility Tolerance

You can specify the amount of violation that wil
Feasibility Tolerancaext box. Increasing the feasibility tolerargamn allow you to find a feasible

solution to a model that was previously infeasible. For example, changing a feasibility tolerance would

be useful if you have a poorly scaled model with very large and very small coefficients that is nearly
feasible (You would know that the model is nearly feasible if you found the slack values to be small).

The best solution would be to rescale the model, but setting the feasibility tolerance offers a simpler
alternative. By entering a larger feasibility tolerance, you allow the solver to tolerate slight constraint
violation, such as a few pennies in a budget of-térthousands, in order to reach a feasible solution.

The default value for feasibility tolerance is 0.0000001.

Iteration Limit

You can specify a limit on the number of tries or iterations undertaken during the solution process with
thelteration Limit (Iterations)textbox. If this limit is encountered before a solution has been found,

then the solution search is terminated and, if the model contains integer variables, the best integer
solution found up to that point is returned. If this limit is encountered and the model does not contain
integer variables, the returned solution is meaningless. Please note that returning to any previously
established best solution may take some time.

The default value islone signifying that no iteration limit is imposed.

Runtime Limit

You can specify the maximum amount of time in seconds the solver should spend searching for a
solution with theRuntime Limit (second$gxt box. If this runtime limits encountered before a

solution has been found, then the solution search is terminated and, if the model contains integer
variables, the best integer solution found up to that point is returned. If this limit is encountered and the
model does not contain integer variables, the returned solution is meaningless. Please note that
returning to any previously established best solution might take some time.

The default value islone signifying that no runtime limit imposed.

Constraint Display
Select Slack or Indicator to prompt WhBEst!to return the slack value or indicator display for the
constraint cells.
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Indicator mode places the sign of the equation (>=, <=, =) in the constraint cell. If an indicator is
tightly satisfied (i.e., the constraint contains no slack), then Viestswill return an equal sign
before the indicator (i.e., "=<="). If an indicator is not satisfied at all, WBesBwill return a "Not"
before the indicator (i.e., "Not =").

Slack mode displays the slack value of each constraint. The slack value of a constraint tells you how
close you are to satisfying the constraint. A positive slack is the amount by which the constraint is
overly-satisfied. A zero slack value means the constraint is exactly satisfied. A negative slack is the
amount by which the constraint is violated. Computing the slack of a constraint involves simply
subtracting one side of the constraint from the other side.

The default setting is indicator mode.

Auto Select Free/Int/Omit Ranges

Check this option if you want thHeree, Integer, or Omitranges selected as you scroll through any list

of WBesttdéfised named range names (these range names begin with WB). With this option
checked (on), the range corresponding to a particular name is selected when you click on that name on
the list. This enables you to easily identify the range corresponding to a particular name.

The default setting is on.

Minimize Exe@n Solve
Check this option if you would like Exagk 0 b e mi ni mi z eBestlsolvaris minnindh e Wh at

The default setting is off.

Number of Threads

This feat ur e Bestlkdvertoeuh dbn multipke thidds sodosallocate calculation tasks
on different processes. This number can be set between 1 and 32, depending on the computer
capabilities.

The default setting is 1.

There is also a choice for the threads:

Solver Decides Use the best performing multithreading solver on average (either concurrent or
parallel) for model type when the number of threads is greater than 1; otherwise, it runs single

threaded.

Parallel Preferred Prefer parallel over concurrent, but use concurrent if an appropriate parallel solver
does not exist.

Parallel Only- The solver will run the parallel mode.

Concurrent PreferredPrefer concurrent over parallel, but use parallel if an appropriate concurrent
solver does not exist.
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Concurrent Only The solver will run the concurrent mode.

Hide Status Window on Solve
Check this option if you woul d | iBésesoltenis hi de t he
running.

The default setting is off.

Linearization

The linearizatioroptions offer significant performance gains to some nonlinear models by replacing
nonlinear operations with mathematically equivalent linear operations. An example of such
performance gains may be seen in the sample model eniitledrization Option and Construction
Cost Estimation

Degree

Many nonlinear operationsuch as abg) and mink,y), can be replaced by linear operations that are
mathematically equivalent. The ultimate goal is to replace all the nonlinear operations in a model with
equivalent linear ones, thus allowing you to use the faster and more robust linear solvers in

Wh a Be&tsWe refer to this process searization

Speci fy the ex Bestshould attempthoilimearizeWwodels @ith hegreedrop

down box. The available options here Smver Decides, Non®athematical andMathematical,

Logical. Under theNoneoption, no linearization occurs. With thdathematicalbo pt i o n BestWh at 6 s
linearizesABS() MAX(), andMIN() function references as well as any product of binary variables and

at most one continuous variable. TWathematical, Logicabption is equivalent to thilathematical

option plus it will linearizeAND(), IF(), INT(), NOT(), OR(), SIGN(), SUMIF(), VLOOKUPghd
HLOOKUP()functions and all logical operators (<=, =, >=, and <>). Unde6thlieer Decidesption,

Wh a Be8twvi | | do maxi mum | inearization if the number
Ot her wi sBest'willbtpdrférm any linearizationVh a Be&tklefaults to usingolver

Decides

The linearization process may add a considerable number of constraints and variables to the
mathematical program generated to optimize your model. The number of such constraints and
variables added is noted in théB! Statuseport.

Delta Coefficient
You can specify how closely you want the additional constraints added as part of linearization to be
satisfied with théDelta Coefficientext box.

Wh a Be8tklefaults to delta Coefficientoefficient of 0.000001.

Big M Coefficient

SpecifytheBigMv al ue t o use during | i near iBeslihearizasawi t h t |
model, it will addforcing constraintdo the mathematical program generated to optimize your model.

These forcing constraints are of the form:
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f( Adjustable Cells) = M A vy

whereM is theBig M Coefficienandy is a 0/1 variable. The idea being that, if some activity in the
adjustable cells is occurring, the forcing constraint will dgive take on the value of 1. Given this, if

we set théBig M value to be too small, we may end up with an infeasible model. Therefore, the astute
reader might then conclude that it would be smart to rBadké quite large, thereby minimizing the
chance of an infeasible model. Unfortunately, setBiggM to a large number can lead to numerical
roundoff problems in the solver resulting in infeasible oreptimal solutions. So, getting a good

value for theBig M Coefficientmay take some experimenting.

The default value foBig Mis 100,000.

Status Report

Use the Status Report option to specify under what conditions, if any, you would like a status report
created when a model is solved. The available options herdarer CreatedAlways CreatedOnly

on Error/Warning TheNever Createdelection means that Wha&esst!will not insert a status report.
The Always Createds selected by default, and WhB&st!will insert a status report worksheet
entittedWB! Statusnto the current workbook every time you solve. By selecmdy on

Error/Warning, What'8est!will insert a status report worksheet entit\B! Statusonly if an error or
warning from calculation is encountered. If there are no errors or warnings, then no status report is
inserted.

The status report contains the model's classification statistics, options selected, and any error messages
or warnings generated during the last attempt to solve the model. To view the status report, just click

on theWB! Statugab of your workbook. The information presented in the status report is discussed in

the Solvesection or th&olution Outcomesection inOverview of Mathematical Modeling

The What'Best!default isAlways Createdmeaning that a status report is created and inserted into the
workbook upon each solve.

Solution Report

Select theSolution Reportheckbox to tell Whatest!you would like a solution report created when
the model is solved. The next time you solve, WBats!will generate a worksheet call&¥dB!
Solutioncontaining different listings.

Never Createdthe solver will skip the report; this is the default selection.

Always Createdthis report tells the Adjustable/Best/Constraint cells and their locations, values, types,
and formulas, as well as a sensitivity analysis with the dual values for the adjustable cells, reduced cost
with range, and the constraint cells, shadow price with range.

Always Created Detaiffor linear models, there will be additional information for the coefficients
involved in the objective cell formula, showing the initial values and the relative ranges for sensitivity
analysis on the objective value.
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Full Report:in addition to the detailed report, the last part shows a summary of the location for the
Adjustable, the Constraint, and the Nonlinear block of cells, to ease the understanding of the model.
This part may take a few moments to be generated.

Click on theWB! Solutiortab to see the solution report.
Here's an example of the solution rep&tB! Solutiofi for the XYZ sample model covered earlier:

- L = XYZ xlsk - Excel LINDO Systems = — O
1 )

File Home ‘ Insert | Page LE}"GL‘ Formulas | Data | Review ‘ View | Developer | What'sEhst| @ Tell me P+ Share

A5 = Jx OBJECTIVE v
A B T D -

5 | OBJECTIVE | INITIAT

6 | CELL VALUE VALUE TYFE DECEE

7

8 EYZ1G6E 3.300000e+004 3. 300000=+004 HAXTIMIZE

9

10 | COEFFICIENTS

11| HEYZICE 3.000000e+002 5.000

12 | EYZIDG L. o0o0o00e+002 5.000

13

14 | ADJUSTAELE INITIAL

15| CELLS VALUE YATTE TYPE EEDUCED CoOST DECRE

16

17 | EYZICE 6.000000e+001 6&.000000e+001 0.000000e+000 +Infin

18 | EXYZIDG 3.000000e+001 3. 000000=+001 0.000000e+000 +Infin

19

20| B: Binary. C. Continuous, F: Free, I: Integer, H: Free Integer

21

22 | COHNSTRAINT

23| CELLS DUAL VALUE SLACES TYFE DECREASE INCERE ~
| WE! Status | WB! Solution | XVZ | ® 1 v

Ready 9 B B - | +  90%

Note that creating solution reports may dramatically increase runtimes on large models.

Beginning or End

Select theBeginningor Endradio button to tell Whatest!whether to place any reports (status and/or
solution report) at the beginning of the worksheet tabs (far left) or at the end of all worksheet tabs (far
right).

The deéult is to insert the reports at tBeginning
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Debuggers

There are two debuggers:

Dinfeasible Constraint this debugger will list the infeasible constraints. These constraints are
contributing to the infeasibility of the model.

D¥nboundedvariable- this debugger will list the unbounded variables. These constraints are
contributing to unbound the model.

Dinfeasibility Value- this debugger will report the infeasibility value when the model is infeasible or
unbounded.

Selecting the deiggers may increase the running time to provide a status report, since the solver has
to identify the problematic areas for the constraints and variables.

Warnings
These checkboxes allow you to select the warnings you wish to display in the status report. The
warnings are:

DRonlinearity Present warning that nonlinear functions or formulas are present in the model.
Nonlinear functions can adversely affect the speed and performance of the What'sBest! solver. When
possible, nonlinearities should be avoided. See Overviewatfidiatical Modeling for a discussion

of nonlinear relationships.

D®o Best Celt warning that no objective (best cell) is specified for the model. The omission of a best
cell may be intentional (e.g., in a goal seeking model) or unintentional (eag. optimization model).

DReference to Blank Cellwarning that blank cells are referenced in formulas. The reference of a
blank cell in a formula may be intentional (e.g., summing across a large range that contains a few
blank cells) or unintentional (@, accidentally referencing A21 instead of A12).

D¥nsupported Functionwarning that an unsupported function appears in the model. The value of a
cell containing an unsupported function will not be recalculated during the solution process.

D&tring Agument Presertwarning that a text argument appears in a function that is expecting a
numeric argument. Unexpected text arguments are treated as if they have a numeric value of zero.

Dhreconcilable Constraint warning that a violated constraint doest depend upon adjustable cells,
and, therefore, cannot be reconciled.

DEdit Links- warning that the interface will check for any suspicious-iaddhks that may be
corrupted. The user will need to reset the links via the Microsoft® Excel@naolaions, the Edit
Links feature, and the Update Links of What'sBest! before saving the file.

DHidden Names warning that notifies about names generated by Excel® or any othénsadahd
are not showing via the Name Manager menu of Excel®. These nagrgsvad with the workbook,
and may interfere with the reading of the model. They can be deleted via the menu Reset To default.

The default is to display all warnings except the Reference to Blank Cell and the Infeasible Constraint
debugger warnings.
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Update Links
Select thdJpdate Linkb ut t on t o u Bedtdunctonsir the citanaworkisook to point to
the present | oBesladdiofile (WHEA.XLAhoe WBAIKBAMY. s

When a file is opened that contains WHgd'st!functions created on a system in which the

What'8est!program files were in a different location, Exeelisplays a message about "automatic

links" and asks: "Update all Linked Information?". You may réydto this dialog box given that the

Excebl i nk update wonét u Bestatidan. Itybuemow laokakascelt o t he Wha
containing one of the WhaBsst!functions, you will see that it contains the path of the WBas{

addin file at the time the function was created. For example, a function of the form:

=WB(A1,"<=",B1)
has a prepended path and appears something like this:

= 6 \PROGRAM FILESMICROSOFT OFFICEOFFICE1O0LIBRARYWb a . x| aé! WB( A1, "<=", C1
Or in Exce® 2007:

= 0 \PROGRAM FILESMICROSOFT
OFFICEOFFICE12LIBRARY\LINDOWBWb a . x| amé6! WB( A1, "<=", C1)

The Appendixsection of this manual gives additional information on the location of theirtigs.

In the case of the sample model files, the prepended path may not coincide with the path to your
What'8est!addin file. For this reason, Exeelprompts you to update links and, after declining this,

you should use the Whadsst! Update Linkbutton (in theGeneral Optionglialog box). ThdJpdate
Linkscommand in WhatRest!finds the path to your WhaBgst!addin file and then returns the

equations to the previous form without a prepended path. If you leave the paths in their incorrect form,
then Exceb fails to find your WhatBest!addin file and it inserts an error code of #REF! into each of

the cells having an incorrect path.

After updating is completed, the workbook/sheet should be saved.

Delete Reports

Click on theDelete Reportbutton to remove thé/B! Status, th&/B! Solution WB! Stochasti@and

the WB!_Histogranreports from the workbook you have open. The next time you solve the model,
new reports will be generated according to your specifications iBtdtas Repornd theSolution
Reportdrop-down boxes. You might want to use fbelete Reportbutton if you have already solved
the model and want to save it without the Wigas!reports, especially when the reports are at the
end of many worksheets.
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Options...|Linear Solver

The dialog boxposted by th®ptions...|Linear Solvetommand appears as follows:

Linear Salver Options "

¥ 'Scale Madel v Model Reduction
Salwer Method: Solver Decldes v |

Pricing o
Dual Pricing: | Sabver Decides "|

Primal Pricing: | Slver Decides | y
K

[ Assueme Linear Method

This command allows you to set a number of options controlling the function of the linear solver.

Scale Model

Select theScale Modetheckbox to rescale the matrix coefficients, so the ratio of the largest to the
smallest coefficients is reduced. Rescaling reduces the likelihood of roundoff error and thereby
promotes numerical stability and accuracy.

The defaulsettingis to enable scaling.

Model Reduction

Enable theModel Reductiocheckbox to have the solver identify and remove extraneous variables and
constraints from the formulation before solving. In some cases, this greatly reduces the size of the
model to be solved to the userb6s benefit. | n oth
without significantly decreasing the size of the model. Beckltel Reductioran offer significant

improvement in performance, this is one of the more significant options. However, it is extremely

difficult to predict whether a model will solve better or worse with reduction, so the user is advised to

try both settings to determine which setting offers better performance.

The default is to enable reduction.

Solver Method

Indicate the method you would like the linear solver in V¢Batt!to employ using th&olver Method
drop-down box. Possible choices inclu@olver DecidesPrimal SimplexDual SimplexandBarrier.
The simplex method moves along the surface of the feasible region toward the optimal solution while
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the barrier method moves through the interior region.Sdleer Decidesettingcurrently defaults to
the primal simplex method.

As a rough guideline, primal simplex tends to do better on sparse models with fewer rows than
columns. Dual simplex tends to do well on sparse models with fewer columns than rows. The barrier
method is most effective on densely structured or very large models.

The barrier method is an optional feature in VidBatst! However, most versions ship with a-8ay

trial license for the barrier solver. If your version of Wé¢st'd o e s nét currently incl
option, you may add it at any time. Please contact LINDO Systems for information. If the barrier

solver is chosen without a license, WBést!will default to using the primal simplex method.

The default setting fosolver Methods Solver Decides

Pricing

Select the type of pricing for the dual simplex and primal simplex algorithms DutalePricing and

Primal Pricingdrop-down boxes, respectively. Pricing is a way of assessing the relative attractiveness
of variables for selection in the simplex algorithm.

Dual Pricing

One pricing algorithm for dual simplex is callBdrtial, according to which the dual simplex solver

prefers variables offering the highest absolute rate of improvement toward the objective. This
preference is acted upon regardless of how far other variables have to move in tandem with the chosen
variables. Since these other variables may quickly hit a bound, the resulting gain for the objective may
actually be quite small. The pricing mode calktdepest Edgmkes a different approach of more
painstakingly selecting variables according to the actual improvement in the objective. Because the
objectiveds gai n iSeepestEdhéewer itprationsof sbneewrattlongem wi t h
duratiori are required.

The default value fobual Pricingis Solver Decides

Primal Pricing

Forthe primal simplex algorithm, there are two primary methods.Préal methodpricesa small
subset of variables each #dion and intermittently pricesut all the variables to determine a new
subset of interesting variabld3evexprices out all columns during each iteration using a steepigs
approximation. Use of the thorough steegdge algorithm means thaevexresults in fewer overall
iterations, though each iteration is longer than it would be und@ati@l method. Devex is useful
with degenerate models, but it is generally difficult to predict in advance what method to use.

The default value foPrimal Pricingis SolverDeddes

Assume Linear Method

The Assume Linear Metho@d\LM) in Wh a Be&tsnay be useful if the workbook contaiBgcel
functions whichwh a Be8tsloes not recognize/support, but the model is nevertheless linear in the
Adjustable cells. If the model contains integrality restrictions, they are restricted to the Adjustable
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cells. In general, cells containing unsupported Excel functions are a problem only if these cells depend
upon an Adjustable cell and feed into a constraint or objective.

The ALM feature fits a linear program to the model by repeatedly trying trial values for the Adjustable
cells and measuring the effect on each constraint and the objective(s). Then a linear model is created
containing only the Adjustable, Best and Constraint cells. Two messages may be digglégadM
(Ambiguous Model) antNVALM (Invalid Model).

A linearity test is conducted on the Best cell (s
Wh a Be8tproceeds with the linear solver, taking into account any binary or integers cells. If the
model f ai | s Basthldisplays¢hdNVALMWhsaagd) meaning that the model is nonlinear.

In this failed situation, the user can uncheckAh®/ feature and the nonlinear or global solver will
attempt to solve the original model. There is a risk of solving an inaccurate model if the workbook
contains cells with unsupported functions that depend upon an Adjustable cell and feed into a
constraint or objective.

If the model is nonlinear, but all the Adjustable cells are binary, then the user may consider Binary
Black Box (BBB)option:Opt i ons é| Bi nar y BEBIpamkno rRgiritiorSoo Whick r
Excel functions are used anywhere.

Finally, if the model contains a) Adjustables that are nonbinary, and b) exotic Excel functions that
depend upon Adjustables and feed into the objective or constraints, then the user may try:
Advancedé]| FunWewara, mow8verpthabthistapproach may be very slow.

A sample case is provided with the file "ALM_KnapSimpITDV.xlIsx". This is a knapsack/loading
problem with a cell value depending upon the Excel MONTHY() function. Vestsdoes not

recognize the MONTH() function, and will return a status with Unsupported Functions. Turning on the
Assume Linear Method, allows the solver to find a correct Globally Optimal solution.

Note: TheALM feature also supports the additional WB functions, WBDUAL, WBLOWER,
WBUPPER, WBSOS1, WBS0S2, WBS0S3, and WBCARD.

The default setting foALM is unchecked, off.
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Options...|Nonlinear Solver

This command allows you to set a number of options controlling the nonlinear solver. The dialog box
posted by the Options...|Nonlinear Solver command appears as follows:

— Strategies
[ Crash Initial Soluton W Quadratic Recognition

[™ Use Lindo Crash ¥ Presclve
[¥ SLP Direction |v selective Constraint Evaluation

[~ sLP Solver [T Steepest Edge

[ Gather Information for Starting Point

Optimatility Tolerance: I 0.0000001

Iteration Limit for Slow Progress: I

Derivatives: I Solver Decides

Help | Cancel |

The nonlinear solver is an option on larger versions of \Bed You can try the nonlinear solver in

the Demo version of WhaBgst!or contact LINDO Systems to purchase a nonlinear solver license for
a larger version. For more information regarding the difference between linear and nonlinear models,
seeLinear vs. Nonlinear Expressions and Linearization

Crash Initial SolutidgseLINDCCrash

Check the Crash Initial Solution or UsNDO Cr as h checkboBesth ® mawlei Whatt 6 s
solver invokes a heuristic for generating a "good" starting point when solving a model. If this initial

point is relatively good, subsequent solver iterations should be reduced along with overall runtimes.

The two checkboxes invoke two different internal strategies for the purpose of collecting data.

The default setting for Crash Initial Solution and W§eDO Crash is off.

SLP Direction

Check theSLP Directioncheckbox to have WhaBgstb s n o n | i n esaccessivedlihearer u s e
programming(SLP) techniques to compute new search directions. This technique uses a linear
approximation in search computations in order to speed iteration times.
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In general, the number of total iterations will tend to rise when this method is used. However, runtimes
will tend to be shorter.

The default setting foBLP Directionis on.

SLP Solvre

The nonlinear solver is provided with a SLP Solver. The user is advised to try this solver which may
offer better performance for some models. This option should not be used with the Multistart feature of
the Global Solver.

The default setting for th8LP Solveis off.

Quadratic Recognition

Checkthe Quadratic Recognitiocheckboxo haveWhatsBestb s nonl i near sol ver wus
preprocessing to determine if an arbitrary nonlinear model is actually a quadratic programming (QP)
model. If a model is found to be a QP model, then it apdssed to the faster barrier or cattver.

Note that the QP solver is not included with the standard version of Béstt'out comes as part of

the barrier option.

The default setting foQuadratic Recognitiois on.

Presolve

Check thePresolvecheckbox to have WhaBgstb s nonl i near solver identifi
variables and constraints from the formulation before solving. In some cases, this greatly reduces the
size of the model, thus reducing the solving time.

The default setting fdPresolveis on.

Selective Constraint Evaluation

Check theselective Constraint Evaluatiamheckbox to have WhaBestb s nonl i near sol ver
constraints only on an as needed basis. Thus, not evestraiot will be evaluated eaderation. This

generally leads to faster solution times, but can also lead to problems in models that have functions

that are undefined in certain regions.

For example, WhaBest!may not evaluate a constraint for many iterations only to find that the solver
has moved to a point in a region where the constraint is no longer defined. In this case, there may not
be a valid point for the solver to retreat to and the solution process terminates with an error. Turning
off Selective Constraint Evaluati@iiminates these errors.

The default setting foelective Constraint Evaluatids on.
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Steepest Edge

When WhasBest!is not inSteepesEdgemode, the nonlinear solver will tend to select variables that
offer the highesabsoluterate of improvement to the objective, regardless of how far other variables

may have to move per unit of movement in the newly introduced variable. The problem with this
strategy is that other variables may quickly hit a bound resulting in little gain to the objective. When

the steepestdge option is enabled, the nonlinear solver spends a little more time in selecting variables
by looking at the rate at which the objective will improetativeto movements in the other nonzero
variables. Therefore, on average, each iteration will lead to larger gains in the objective. In general, the
SteepesEdgeoption will result in fewer iterations. However, each iteration will take longer.

The default setting fobteepest Edgs off.

Starting Point

The Gather Information for Starting Poirdption may be useful when solving nonlinear modetgs

option computes the slack values for the constraint cells and uses these values internally to compute an
improved starting pointAfter solving, the spreadsheet goes back to the original Slack/Indicator

display.

The default value foGather Information for Starting Poirig off.

Optimality Tolerance

Specify theOptimality Tolerancen this text box. The nonlinear solver operates by taking each
variable and making small changes to assess the rate of improvement in the objective function. The
nonl i ne aOptimalityTelegancéssa tolerance placed upon that rate of improvement
calculation for the objective function.

If, for a given variable, the computed value proves to betkegsor-equatto theOptimality

Tolerance t hen the solver does not attempt further
Optimality Toleranceoward zero will tend to make the solver run longer, but may lead to better
solutions to poorlyfformulated or poorlyscaled models.

The default setting foDptimality Tolerances 0.0000001.

Iteration Limit for Slow Progress

Specify an integer limit upon the number of successive iterations made without a significant
improvement in the objective function in thieration Limit for Slow Progrestext box. In other

words, if the value has not improved by i iteration (N having been set as titeration Limit for

Slow Progresk then the solver terminates the solution process. In cases when the model has a "flat"
objective function around the optimal solution, a large iteration limit may be required to allow for
sufficient iterations to move to the optimal solution.

The default setting for thigeration Limit for Slow Progress 100.
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Derivatives

Usethedrop down mento control thederivativemethod in the nonlinear solver. There are two
different methods to us&lumericalor Analyticalderivatives Numerical derivatives are computed
using finite differencesThere are two choices availab@entral DifferencesndForward
DifferencesAnalytical derivatives are computed directly ymbolically analyzing the arithmetic
operations in a constrairkgain, the two choices aiackward AnalyticalandForward Analytical

By default What'8est!uses backward analyticdérivativesHowever, different derivatives can
improve speed and precision on many nonlinear modetperimenting with the various derivative
options may be required to determine which method works the best for a particular model

The default setting for thBerivativesis 0 orSolver Decides

. , .
Optionsé| Binary Bl ac
This command allows you to set a number of options controllingitiery Black Box (BBB) solver

The dialog box posted by tl@ptions...|Binary Black Box Solveommand appears as follows:

Binary Black Box Solver Options !

[ Binary Black Box Salver

Tteration Limit: | Solver Decides

Help Cancel | oK

Binary Black Box Solver

The BBB solver may be useful if the workbook contdimxsel® functions whichWwhat'8est!does not
recognize/suppodndall the Adjustable cells are of type Binary. In general, cells containing
unsupportedxcel®functions are a problem only if these cells depend upon Adjustable cell and feed
into a constraint or objective. The BBB solver does not require that the model be linear.

The BBB solver will do a systematic search of all possible solutions, concentrating first on solutions
nearknown good solutions. The method stops when no improvement is found after a specified number
of steps, or the limit on the number of objective evaluations is reached.

The BBB solver has a specialized method for the models with "almost additively separable" objective
and no constraints, i.e., the Adjustable cells can be partitioned into small subsets of say <= 3 cells,

each subset with an associated subfunction and the objective is the sum of these subfunctions. Better
performance can be expected for such models if the user places close together, the Adjustable cells that
interact with each other in the objective. This specialized method can be enabled by adding the name
WBBBLBXSeparable (with a nemero value) to the list of Excel names.

The default setting for BBB solver is unchecked, off.
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Iteration Limit
You can specify a limit on the number of objective evaluations undertaken during the search process
with thelteration Limittextbox. The search for finding better solutions is terminated when this limit is

encountered.
The default value iSolver Decidessignifying that no iteration limit is imposed.

Options...|Global Solver

The dialog boxposted by th®ptions...|Global Solvetommand appears as follows:

Global Solver Opticns Iﬁ

Strategy
[ Global Salver

Multistart Attempts: Solver Dedides :I

Tolerance
Optimality: | 0.000001
Delta: | 0.0000001
Lirnit
Variable Bound: | 10000000000
Use of Bound: | Solver Decides |
Branching Direction: | Solver Decides j
Box Selection: | Solver Decdes j

Algebraic Reformulation: | Solver Decides j

Help | Cancel | oK

[ 4

This command allows you to set a number of options controlling the function of the global solver
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Global Solve

Check theGlobal Solvercheckbox to have thglobal solverpartitionthe orighal nonconvex/nonlinear
probleminto several convex/linear subproblems. The global solver will then use a famadbtlound
technique to exhaustively search over these subproblems for the globally optimal solution. The global
solver will rigorously find a global optimum if allowed to run to completion. But be aware that
runtimes may increase dramatically (particularly on large models) when selecting the global option

For more information on the concept of global versus local optimality refer to seottahOptima vs
Global Optima

The default setting foGlobal Solveiis off.

Multistart Attempts
Use theMultistart Attemptgext box to have the WhaBsst!s nonlinearsolver invoke a heuristic for

generating multiple good starting points. The multistart capability is useful for quickly finding better
solutions when a nenonvex model has several local optima.

Note: The multistart capability is aoptional component of the Whetest!solver and is packaged
as part of the global solver option. Your particular installation may not have the global option
enabled, in which case enabliktltistart Attemptill cause a warning to be generated
when solving. If you are interested in adding the multistart capability, please contact LINDO
Systems.

The default setting foMultistart Attemptss Solver Decides

Optimality

Specify the gl ohdetancsioth®@pémabitgextdogxinitheTaldrandebox. This
tolerance indicates that candidate solutions must beat the incumbent solution by at least this amount to
become the new best solution

The default setting foDptimalityis 0.000001.

Delta

Specifythe delté ol er ance the gl obal s dleDeltatektboxinthavexi fi ca
Tolerancebox. This tolerancés a measure of how closely the additional constraints added as part of
convexification should be satisfied

The default setting fobeltais 0.0000001.
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Variable Bound

Specify the maximum magnitude of variable bounded inthgg | obal sol verds convex
process in th&ariable Boundext box in theLimit box. Any variable bound with a magnitude in

excess of this value will be truncated to this setting. Setting this parameter appropriately helps the

global solver focus on more productive domains

The default setting fovariable Bounds 10000000000.

Use of Bound

Specify how to impose the above variab@indlimit on the model variablaa the Use of Bound
drop-down box in theLimit box. Possible values ar&olver DecidesNone All Variables or Selected
Variables

The default setting fodse of Bounds 0 orSolver Decides

Branching Direction

Specify the direction to branch first when branching on a varialitle the Branching Directiondrop-

down box The branch variable is selected as the one that holds the largest magnitude in the measure.
Possible values ar&olver DecidesAbsolute WidthLocal Width Global Width Global Distance

Absolute Violationor Relative Violation

The default setting foBranching Directionis 0 orSolver Decides

Box Selection

Specify the node selection rule for choosing between all active nodesinlthe b al sod4 ver 6s b
andbound tree irthe Box Selectiomrop-down box Possible values ar8olver DecideDepth First
Worst Boungdor Best Bound

The default setting foBox Selectioris 0 orSolver Decides

Algebraic Reformulation

Control the extent of algebraic reformulati@y., whethenc(y+x) is replaced by*y+x?) with the
Algebraic Reformulatiodrop-down box. The algebraic reformulation process is crucial in building a
tight convex envelope to enclose the nonlinear/nonconvex functions, thereby helping to improve
overall convergencéossible values ar&olver DecidedNone Minimum Medium or Maximum

The default setting foAlgebraic Reformulatioirs Solver Decides

Note: The global solver needs the nonlinear option and the mixed integer option to operate
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Options...|Integer R&olver

The dialog boxposted by th®© p t i {Integeé PreSolvercommand appears as follows:

Integer Pre-5clver Options *
R =
Cutoff Criterion: | Salver Decides j s

Probing Level: | Solver Decides| j oK
Constraints Cuts
Max Passes: Relative Limits:
| 200 | 0.75

Types

v Coeffident Reduction v Lattice

[+ Disaggregation [v Lifting

v Flow Cover ¥ Plant Location
v GCD [+ Obj. Integrality
|+ Gomory |+ Basic

I+ GUB | Cardinality

|+ Knapsack Cover |+ Disjunctive

This command allows you to set a number of options controlling theidunaf the integer prsolver.

Integer programming models are inherently difficult to solve. This is due to the many possible

combinations of values that the integer variables may assume. In fact, the possible number of
combinations growsxponentiallywith the number of integer variables. Given this rate of growth in
complexity, it doesndt take a whole I ot of integ
solve. The integer prsolver carefully examines integer models using a number of heuristic

procedures. The goal of these procedures is to reduce the number of integer variable combinations that
need to be examined. In some cases, thsppel ver can deduce a model 6s so
pass it on to the fulbblown integer solver.
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The integer presolver options available to the user are listed below.

Heuristics Level

Use theHeuristics Levetrop-down box to control the level of integer programming heuristics. These
heuristics use the continuous solution at each node in the baaddiound tree to attempt to quickly

find a good integer solution. If an integer solution better than the incumbent is found, then it is used to
fix or tighten global and local variable bounds

There are four options availablone Low, Medium andHigh. TheNoneoption disables heuristics.
The remaining three options allow you to set the level of the amount of heuristics performed to a low,
medium, or high level.

WhatsBest!defaults to performing a high level of heuristics.

Heuristics Cutoff Criterion

TheHeuristic Cutoff Criterions used to control the criterion for terminating heuristics. Choices here
areSolver DecidesTime andlterations Under the Time setting, Whadsst!terminates heuristics

after a certain amount of elapsed time. The Iterations option terminates heuristics after a certain
number of iterations. In general, the Time setting results in the fastest performance. However, due to
shifting computational loads on a machine, solution paths may change under the Time setting from one
solve to the next, potentially resulting in reeproducible solutions. If reproducibility of a runs is a
concern, then the Iterations option should be selected. Under the Solver Decides settinBe®that's
chooses the most appropriate stratégih a BeStslefaults taSolver Decides

Probing Level

Specify the level to which you would like probing applied to your model wittPthbing Levedrop
down box.Level lis the lowest level of probing, whileevel9 is the highest. Setting tHrobing
Levelto Nonewill turn probing off.

TheProbing Levebption is applicable to mixed integer linear models. Probing examines the integer
variables to deduce tighter variable bounds and-fightd side values. This process is referred to as
tightening the formulation and can result in the integer variables taking on values that are closer to
being integral when the continuous relaxation of the model is solved. Probing can often tighten an
integer model enough to dramatically speed solution times. In other cases, probing cannot adequately
tighten a model and the expense of the probing step simply slows down the overall solution time.

Settings are:

None: no probing,

Level 1: minimum, simple presolving,
Level 2: probing,

Level 3: coefficient reduction,

Level 4: elimination,

Level 5: dual reductions,

Level 6: use dual information,

w W W W W W W
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8§ Level 7: binary row presolving,
8§ Level 8: row aggregation,
§ Level 9: maximum pass.

The default setting faProbing Levelss Solver decidesyhich results in the solver setting probing to a
level it believes will offer the best result.

Constraint Cuts

The optionscontained in th€onstraint Cutdox on thenteger PreSolverdialog box:

Constraints Cuts
Max Passes: Relative Limits:
| 200 | 0.75
Types
Iv Coefficient Reduction Iv Lattice
|+ Disaggregation I+ Lifting
Iv Flow Cover Iv Plant Location
|+ GCD I+ Obj. Integrality
|+ Gomory |+ Basic
I+ GUEB | Cardinality
[+ Knapsack Cover [+ Disjunctive

can be used to influence the solver's cutsgation phase on linear models

WhatsBest!'s integer programming pisolver performs extensive evaluation of your model in order to
add constraint cuts. Constraint cuts are used to "cut" away sections of the feasible region of the
continuous model (i.e., the model with integer restrictions dropped) that are not contained in the
feasible region to the integer model. On most integer models, this will accomplish two things. First,
solutions to the continuous problem will tend to be more naturally integer. Thus, the-araHmiund
solver will have to branch on fewer variables. Secondly, the bounds derived from intermediate
solutions will tend to be tighter, allowing the solver to "fathom” (i.e., drop from consideration)
branches higher in the branehdbound tree. These improvements should dramatically speed solution
times on most integer models.

Max Passes

Set the maximum number of passes allowed by the integeioprer to any nomegative, integer
value with theMax Passegext box. The integer preolver makes iterative passes through a model
determining appropriate constraint cuts to append to the formulation. In geneban#ifitof each
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successive pass declines. At some point, additional passes will only add to the total solution time.
Thus, Béstimpoges a limit onthe maximum number of passes. The default limit is 200 passes.

Relative Limit

Set the relativeonstraint cutimit by changing it to any desired fractional value with Redative

Limits text box. Most integer programming models benefit from the addition of some constraint cuts.
However, at some point additional cuts take more time to generate than they save in solution time. For
this reason, WhaBestlimposes a relative limit on the number of constraint cuts that are generated.
The default limit is set to 0.5 times the number of true constraints in the original formulation.

Types

Enabl e or disabl e any ®&dstlusehfer geherdtifigenstraim tuts withr at egi e
the checkboxes in thEypeshox. It is beyond the scope of this help file to go into the details of the
various strategies. I nterested readers HBeaty refer
defaults to enabling all cut generation strategiefficient ReductigrDisaggregationFlow Cover

GCD, Gomory GUB, Knapsack CovelLattice Lifting, Plant Location Objective Integrality, Basic,

Cardinality, Disjunctive
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Options...|Integer Solver

The dialog boxposted by th®ptions...|Integer Solvarommand appears as follows:

Integer Solver Options X
Branching Integrality
Direction: Absolute: Relative:
Both ||| 0.000001 0.000008
Linear Solver
Warm Start: Cold Start:
Solver Decides EI Solver Decides EI
Optimality
Absolute: Relative: Time to Relative;
] 0.000001 -1
Tolerances
Hurdle: MNode Selection: Strong Branch:
Mone | Solver Decides ;l | 10
K-Best Solutions
Desired Number: [ Specify Reporting Cells
[ Load Scenario Viewer [ Create Report
[ Display Preview Window
Branch-and-Price Solver
Blocks Off :I Heuristic GPl -
Help | Cancel | oK

This command allows you to set a number of options controlling the function of the integer solver.

To understand the operation of the integer options, it is useful to understand how integer problems are
normally solved. With the default option settings, Wiss'st!solves integer problemssing the
following steps:
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1. What'8Best!begins by solving theontinuous relaxtéon (i.e. the orignal modelwith
integer restrictions raoved). This gives an optimistic bound on the objectivihef
true integer model, because the objective of the integgtricted model could never
be better than the objective of the continuous approximation.

2. After solving the continuous relation, What'Best!uses a process calledanch
and-boundto find the optimal integer solution. Branandbound implicitly
enumerates all possible integer solutions in an intelligent fashion, minimizing the
number of solutions that have to be explicitly examined. However, the number of
potential solutions grows exponentially with the number of integer adjustable cells.
Thus, models with a large number of integers may talernalong timeo solve.

Options such as theptimality toleranceset limits upon how exhaustively this braresdbound
search will be carried ouDptimality Tolerances particularly useful in some integer problems as a
means of significantly decreasing the solution time.

Branching Direction

Use theDirection drop-down box in theBranchingbox to goverrthe preferred direction of branching.
Branching occurs when the brarghdbound manager forces an integer variable that is currently
fractional to an integer value. When thi@nchingdirectionis set toUp, the branckandbound

manager will branch on a fractional integer variable by first forcing it to the next largest integer. The
reverse is true when this option is seDmwvn When the option is set #®oth, the branckandbound

manager makes an educated guess as to the best initial branching direction for each fractional variable.

The default setting iBoth

Integrality

Due to the potential for rounalf error on digital computers, it is not always possible to find exact
integer values for the integer variables. The two tolerances intdgrality box, Absoluteand
Relative control the amount of deviation from integrality that will be tolerated.

Absolute
Specify the absolute amount of violation from integrality that is acceptable Abgwutetext box.
Specifically, ifl is the closest integer value Xp X will be considered an integer if:

[X-1] <= Absolute Integrality Tolerance.

The default value for this tolerance is .000001. Although one might be tempted to set this tolerance to
0, this may result in feasible models being reported as infeasible.

Relative
Specify the relative amount of violation from integrality that is acceptable iRe¢kaivetext box.
Specifically, ifl is the closest integer valueXo X will be considered an integer if:

[X-1] <= Relative Integrality Tolerance
IX|
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The default value for the relative integrality tolerance is .000008. Although one might be tempted to
set this tolerance to 0, this may result in feasible models being reported as infeasible.

LP Solver

When solving a mixed linear integer programming model, the brandibound solver solves a linear
programming (LP) model at each node of the solution tree. You may choose between the primal
simplex, duakimplex, or barrie(assuming the barrier option was purchased with your license) solver
for handling these linear programs. The two options inLB&olverbox, Warm StarandCold Start
control this choice of LP solver based on whether there is a starting basis (warm start) or no starting
basis (cold start).

Warm Start

Use theWarm Starption to control the linear solver that is used by the bramctbound solver at

each node of the solution tree when a starting basis is present to use as an initial starting point. The
Cold Startoption, discussed below, determines the solver to use when a previous solution does not
exist. The available options are:

§ Solver Decide$ Wh a Bedtkhooses the most appropriate solver.

§ Barrieri Wh a Be8thises the barrier method, assuming you have purchased a license
for the barrier solver. Otherwise, the dual solver will be used.

8§ Primali The primal solver will be used exclusively.

8 Duali The dual solver will be used exclusively.

In generalSolver Decidesvi | | yi el d the best results.- The barr
existing solution, s@arrierusual |y wonét gi ve Dublwillbeéstathanesul t s .
Primal for reoptimization during braneandbound.

Cold Start

Use theCold Startoption to control the linear solver that is used by the brameckbound solver at

each node of the solution tree when a previous solution is not presef/arheStaroption,

discussed above, determines the solver to use when a previous solution does exist. The available
options are:

§ Solver Decide$ WhatSBest!chooses the most appropriate solver at each node.

§ Barrier T WhatsBest!uses the barrier method, assuming you have purchased a license
for the barrier solver. Otherwise, the dual solver will be used.

§ Primali The primal solver will be used exclusively.

8§ Duali The dual solver will be used exclusively.

In general Solver Decidewvill yield the best results. However, experimentation with the other options
may be fruitful.
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Optimality

The Optimalitybox contains three tolerancéssolute Relative andTime to RelativeThese

tolerancesllow youto tradeoff solution time vs. solutionquality | deal |l 'y, wedd al ways
to find the best solution to a model. Unfortunately, integer programming problems are very complex

and the extra computation requiredital an optimumsolution can be prohibitive. On larger integer

models, the alternative of getting a solution within a few percentage points of the true optimum after

several minutes of runtime, as opposed to the true optimum after several days, makes the use of these
tolerances quite attractive.

Absolute

Use theAbsolutetext box to set the absolubgtimality toleranceThis isa positive value, indicating

to the branckandbound solver that it should only search for integer solutions with objective values at

leastr units better than the best integer solution found so fandny integer programming models

there are huge numbers of branches with roughly equivalent potential. This tolerance helps keep the
branchandb ound sol ver from being distracted by branc
better than the incumbent solution.

I n general, you shouldndét have to set this toler
models, you might need to increase this tolerance slightly to improve performance. In most cases, you
should experiment with theelative optimalitytolerance (discussed below) in order to improve

performance.

The default value for thabsoluteoptimality tolerance is 0.0.

Relative

Use theRelativetext box to set the relativeptimality tolerance. This is a value ranging from 0 to 1,
indicating to the branchndbound solver that it should only search for integer solutions with objective
values at least 100% better than the best integer solution found so far. The end results of modifying
the search procedure in this way are twofold. First, on the positive side, solution times can be
improved tremendously. Second, on the negative siddéinddesolution obtained by WhaBest!may

not be the true optimal solution. You will, however, be guaranteed the solution is withirsd 60the

true optimum on linear integer models.

Typical values for theelative optimalitytolerance would be in the range .01 to .05. In other words,

you would be happy to get a solution within 1% to 5% of the true optimal value. On large integer
models, the alternative of getting a good solution within a few percentage points of the true optimum
after several minutes of runtime, as opposed to the true optimum after several days, makes the use of
this tolerance quite attractive.

The default value for theelative optimalitytolerance is 0.00@11.

Note: Generally speakingncreasingherelative optimalitytolerance is thehangehat will most
likely improve runtimes on integer models
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Time to Relative

If an integer programming model is relatively easy to solve, then we would like to have the solver

press on to the true optimal solution without immediately resorting to a relative optimality tolerance
(discussed above). On the other hand, if after running for a while, it becomes apparent that the optimal
solution wondt be immediately forthcoming, then
optimality tolerance. Th&ime to Relativéolerance can be used in this manner. This tolerance is the
number of seconds before the brasacit-bound solver begins using the relative optimality tolerance.

So, for the firsh seconds, whereis the value of th&imeto Relativetolerance, the branelindbound

solver will not use the relative optimality tolerance and will attempt to find the true optimal solution to

the model. Thereafter, the solver will use the relative optimality tolerance to confine its search.

The default value for th€ime to Relativéolerance is1 and the range for possible values isiff).

Tolerances

TheTolerancegyroup box contains three miscellaneous tolerances for controlling the branching
strategy used by the branahdbound solver. The three tolerances idtedle, Node Selectiorand
Strong BranchWe discuss each of these in the sections that follow.

Hurdle

Enter a value in thelurdle text box if you know the objective value of a solution to a model. This
value is used in the braneimdbound manager to narrow the search for the optimum. More
specifically, WhatBest!will only search for integer solutions in which the objective is better than the
Hurdle value.

Any usersuppliedHurdle value comes into play when Wh&st!is searching for an initial integer
solution. At this point, the solver can ignore branches in the search tree with objective values worse
than theHurdle value because a better solutxists {.e., theHurdle) on some alternate branch.
Depending on the problem, a goddrdle value can greatly reduce solution time. However, if you set
aHurdle valuebetterthan the optimal integer solution, WhBgst!will return an infeasible error
message because no feasible answer can satisfy the bound you have set.

Once WhatBest!finds an initial integer solution, tHéurdle tolerance no longer has an effect. At this
point, therelative optimality toleranceomes into play.

Hurdle differs from therelative optimality tolerancdf you useHurdle by itself and an integer answer
is found, it will yield the true optimal integer solution.

For example, if you're confident the best integer answer is at least 95 for a maximization problem, just
enter 95 as the value in thiardle field. What'8est!'won't consider any branch that doesn't yield an
answer of at least 95. If, in fact, the best integer answer is only 93, you will eventually get the message
"Solution Status: No Feasible Solution Found".

The default value foHurdle is None
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Note: When entering a hurdle value, be sure that a solution exists that is at least as good or better
than your hurdle. If such solution does not exist, Wrsitest!will not be able to find a
feasible solution to the model.

Node Selection

The branckandbound solver has a great deal of freedom in deciding hesdrcithe branckhand
bound solution tree. Use tiNode Selectiodrop-down box to control the order in which the solver
selects branch nodes in the tree.

If you examine the pull down list for the node selection option, you will see the following options:

8§ Solver decides This is the default option. WhaBest!makes an educated guess
regarding the best node to branch on.

§ Depth firsti What'8est!spans the braneiindbound tree using a depth first strategy.

8 Worst bound What'8est!picks the node with the worst bound.

§ Best bound What'8est!picks the node with the best bound.

In general Solver decidewiill offer the best results. Experimentation with the other options may be
beneficial with some classes of models.

Strong Branch

Use theStrong Branchext box to specify a more intensive branching strategy during the fesels

of the branckandbound tree, wherei s t he optionés settingBestDuri ng I
picks a subset of the fractional variables as branching caedid&hatBest!then performs a

tentative branch on each of the variables in the subset, selecting as the final candidate the variable that
offers the greatest improvement in the bound on the objective. Although strong branching is useful in
tightening the bound quickly, it does take additional computation time. So, you may want to try

different settings to determine what works best for your model.

The defauliStrong Branctsetting is 10 levels.
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K-Best Solutions

The Desired Numbeparameter is used to set the number of solutions desired as part eBtst K
solutions feature dfVhat'sBests mixed integer solver. THgpecify Reporting Cells used for
selecting the tradeff cells.

K-Best Solutions
Desired Mumber; Il— Spedify Reporting Cells
[~ Load Scenario Viewer [" Create Report
[~ Display Preview Window

Whenever this value is greater than 1, sayMat'sBestill return up to K unique solutions to the

model, with respect to the 0/1 variables. These solutions will have the property that they are the next
best solutions available in terms of their objective values. If there are K or less alternate optima in the
0/1 variables, then these solutions will be listed. Less than K solutions may be returned if a sufficient
number of feasible solutions do not exist. Please refer to sédsimge Guidelines for #Best Solutions

for an example of the use of theBést feature.

Select any cells to report {multiple selection
holding the Ctrl key):

| sheetiisasi =

List of selected cells (select and change by
Add or Remave):

Remove

Place the function WBIKE_REP in cell: Help
| sheetisBsi =

The defaulDesired Numbeis 1, with no reporting cells specified.
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Create Report Using the Function WBIKB_REP():

The general format is =WBIKB_REP(cells_to_be_reported), e.g.
WBIKB_REP(Sheet1!$B$1,Sheet1!$B$2), meaning the cells B1 and B2 of Sheetl will appear in the
K-Best Report. After solution, a new tab,WB! KBest, will be created. It will have one column for
every cell to be reported, and one row for every run.

Select the checkbox to tell Whaksst!you would like a KBest report created when the model is
solved. The next time you solve, WhBest!will generate a worksheet called WB!_KBest containing
a listing of the cells and their values. Click on the WB! KBest tab to see the KBest report.

Display Preview Window:

Select this preview window when you want to look at the cells value after solving, before returning to
the spreadsheet. These cells are being specified via the WBIKB_REP() functions, and can be anywhere
in the workbook. The Usage Guidelines foB€st Solutions gives an example of the output.

Load Scenario Viewer:

The scenario viewer will give the list of all the Adjustable cells, but only for the worksheet tab

currently selected, via the Advanced...|Scenario Viewer menu. This tool can be useful to scroll through
the different KBest solutions without writing additional WBIKB_REP() functions. The Usage
Guidelines for KBest Solutions shows an output of the solutions.
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BranckandPrice Solver
The BranckhandPrice (BNP) Solver contains two parameters: Blocks and Heuristic.

Branch-and-Price Solver

Elocks | Off il Heuristic P -

The BNP solver is a mixed integer programming solver for solving models with block structures like
the following:

Minimize: E c(k) * x(k)

Subject To:
E A(k) * x (k) = d (l'inking constraint
X(K) in X(k), for all k (@ecomposition structure)

where d, c(k) and x(k) are vectors and A(k) is a matrix with appropriate dimensions. x(k) contains
decision variales and X(k) denotes a linear feasible domain for x(k).

The BNP solver is a hybrid of branemdbound, column generation, and Lagrangean relaxation
methods. It can help to find either the optimal solution or a better lower bound (the Lagrangean bound)
for a minimization problem. Based on the decomposition structure, the solver divides the original
problem into several subproblems, or blocks, and solves them (almost) independently, exploiting
parallel processing if multiple cores are available.

BNP may perform better than the default MIP solver if: a) the number of linking constraints is small,
b) the number of blocks is large and they are of approximately the same size, and c¢) the number of
available processors (or cores) is large, e.g., 4 or more. Also, there may be some models for which
BNP finds a good solution and good bound more quickly than the default MIP algorithm, although it
may take longer to prove optimality.

The Blocks option for the BNP solver controls the number of subproblems, or blakihighmodel
will be partitioned into. Possible setting for the Blocks parameter are:

DDff - This will disable the BNP solver, in which case, the standard MIP solver will be used to solve
all mixed integer linear programs.

DX - A positive integer, great-thanor-equaitto 2, indicating the number of independent blocks to try
and partition the model into via one of the graph partitioning algorithms provided by Bésat'$he
actual heuristic used is chosen with the Heuristic parameter.

The default setting for Blocks is Off, i.e., the BNP solver will not be used on integer programming
models.

The Block Heuristic parameter controls the heuristic used to partition the model into blocks. You may
currently select from two graph partitioning algorithms named simply GP1 and GP2, with the default
setting being GP1.
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Usage Guidelines forBést Solutions

As an exampleyou are packing a basket for a picyigu will be taking with a friend. You've

constructed a list of items you would like to carry with you on the picnic. Each item has a weight
associated with it and your knapsack is limited to carrying no more than 15 pounds. You have also
come up with a 1 to 10 rating for each item, which indicates how strongly your friend wants to include

the particular item in the knapsack for the picnic. The information are listed in the model below,
"KNAPSACK_KBEST.xIsx".

The KNAPSACK KBESWorksheeBeforeSolving

H 0O W = Knapsack_KBest.xlsx - Excel T H - O X
HOME INSERT PAGE LAYO FORMULAS DATA REVIEW VIEW DEVELOPER Team What'sBest! Lindo Sys.. -

Al - fe A
A B C D E F G H | J -

1 |:I

2 Weight Rating Include

3 Brats 3 1 o 'WBIKB_REP

4 Brownies 3 1 ]

5 Beer 3 1 0

6 Ant Repel 7 1 0

7 Blanket 4 6 0

8 Frisbee 1 6 0

g Salad 3 10 1]

10 Watermelon 7 9 0

1 Knapsack Capacity

2 o) <= 15
13 Favorites in Knapsack' 0

4
15 | This model uses the K-Best feature via the Integer Solver.
16
17
18 -
Knapsack (€] 1 »

READY CALCULATE 29

Where:

Cell F12 has the formula: =SUMPRODUCT(C3:C10,WBBINf), where WBBINf is the range for the
adjustable binary cells in column F.

Cell E13 has the formula: =SUMPRODUCT(D3:D10,F3:F10), objective cell to maximize.
Cell G12 is the capacity constraint: =WB(F12,"<=",H12).

Say our friend's ratings of the candidate picnic items is given in the data section above, and the rating
is different than yours:
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Brats te]
Brownies (10
Beer 9
Ant Repel |2
Blanket 3
Frisbee 6
Salad 4
\Watermelon [10

If we solve the model as is, thus solely maximizing our preferences, we get the following solution:
The KNAPSACK KBESWorksheetfter Solving

H 0O ™ = Knapsack_KBest.xlsx - Excel ?T EH - O X
HOME INSERT PAGE LAYO FORMULAS DATA REVIEW VIEW DEVELOPER Team What'sBest! Lindo Sys.. =

Al - f;c w
A B C D E F G H | J -

1 :l

2 Weight Rating Include

3 Brats 3 1 ] KWBIKB_REP

4 Brownies 3 1 1]

5 Beer 3 1 ]

6 Ant Repel 7 1 0

7 Blanket 4 6 0

8 Frisbee 1 6 1

g Salad 5 10 1

10 Watermelon 7 9 1

1 Knapsack Capacity

12 13 <= 13

13 Favoritesin Knapsack' 25

14

15 |This model uses the K-Best feature via the Integer Solver.

16

17

18 =

WB! Status WE! Solution WE!_KBest | Knapsack ()] 1 3
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As indicated by the adjustable cells, a few of our favorite items are included in the optimal basket.
However, we are wondering if there isn't another combination of items that our friend might like
almost as much that includes most of our favorite items.

To investigate this question, we set the Desired Number parameter otbst ISolutions box to 5,
via theOptions...|Integer Solver

k-Best Solutions
Desired Mumber: |5_ Specify Reporting Cells
[~ Load Scenario Viewer ¥ Create Report
[~ Display Preview Window

We also define the cells to look at via the butBpecify Reporting Cells here all the Adjustable
cells: select the range of cells, or cell by cell, select the cell to refer, therdlickrou can modify
or delete an entry by clicking on the cell reference in the list.

Cell H3 has the formula: =WBIKB_REP(F3:F10)

Select any cells to report (multiple selection
holding the Ctrl key):

WBBINF =

List of selected cells (select and change by
Add or Remaove):

‘¥napsack'IWEBINT

Remove

Place the function WEIKE_REP in cell:

| sns3 =l
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This means that we would like to generate the 5 best solutions to the model. We théciok
then run the Solve command. The solver sees that-fBeskfeature is being requested, and it
automatically generates the 5 best solutions to the model.

With the "Display Preview Window" checked, we are presented with the following dialog box:

Select the Desired Run:  “alues far the Trade-aff Cells:

BN 25000000

Rur: ‘BIDTKMAPSACETFT0 1.0000
Run: RIDTEMAPSACEF3 0.0000
Rur: ‘BIDTKMAPSACEF4 0.0000
Run: BIDTKMAPSACEFS 0.0000
RIDTEMAPSACEFE 0.0000
‘BIDTKMAPSACENFT 0.0000
RIDTEMAPSACEFS 1.0000
‘RIDTKHAPSACK RS 1.0000

£

Repart zolution into the spreadshest:

Thiz Selection | Take Default

In the Preview window, we see that the solver was able to find 5 feasiblbe®tdolutions to the
model. The solutions are ranked in order by their objective values.

There is also a column labeled Traafé Cells, which lists the value in each solution of a designated
tradeoff variable. Any scalar variable in a model can be selected as the tradeoff variable. In this
example, there are 9 variables, and the objective cell WBMAX is automatically selected as a tradeoff
variable. The idea behind the tradf variable is that it allows you to weigh the traolés in a model's
objective value with a secondary goal. In this case, our secondary goal is the number of our favorite
items in the picnic basket. In particular, we see that there are three solutions with slightly worse
objective values (23 vs. 25) that include one of our favorite items.

For example, if we selected the solution "Run: 2" and pressethtbéelectionbutton, we'd see the
following solution containing one of our favorite items, Brownies (cell F4).Tidlee Default button
selects the "Run: 1", which is the solution of the objective cell.

These buttons allow you to display selected solutions returned byBesisolver. Once a final
solution is selected, all subsequent status and solution reports will be based on that particular solution.

Here's an example of the-Best report for the KNAPSACK_KBEST sample model, when the option
was selected before solving.
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O = ©- H B il - Knapsack KBestxlsx.. LINDO Systemns [l O

File Hame | Insert | Page Layou| Formulas | Data ‘ Review ‘ View | Developer | What'sBest!| Q Tell me 2_ Share

AB ~7 5 K-Best Solution Displayed in Spreadsheet: 1 v
A B C D E -

B | KE-Best Solution Displayled in Spreadsheet: 1

_II'_

8 REFORTING CELLS

9_ Fun

10 | Enapsaclk!|El3 Knap=aclk|F3 Knap=aclk|F4 Knap=ack!FS Kna

1 | WEMAX WEBEINF WEBEINF WEEINF

12|

13| - 1- 25 ] a a

14| - 2— 23 ] 1 a

15 - 3- 23 1 0 0

16 - 4- 23 0 0 1

7| - 5 22 0 0 0

18

19|

ECI- End of Report

21 -
| WE! Status WB! Solution WB!_KBest | Knapsack | ® 1 3

Ready & H m - 1 + 9%

With the "Load Scenario Viewer" checked, the user will then need to open the dialog box via the
Advanced...|Scenario Viewer menu. First select the "knapsack" tab, then select the Scenario Viewer
via the menu. The solutions are being presented for all the Adjustable cells in the currently selected
"knapsack" tab. Finally display or double click the solution to write the values directly into the
worksheet
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Viewer for K-Best or Stochastic scenario.
Select and display a scenario for the
currently open worksheet,

Worksheet currently selected:

Knapsack

WEKE. SOLUTION 1
WBKB_SOLUTION 2
WBKB_SOLUTION_3
WBKB_SOLUTION 4
WBKB_SOLUTION_5

Note: The "Preview Window" shows the values specified via the function WBIKB_REP() for any
cells in the workbook. The "Scenario Viewer" menu shows the Adjustable cells for only the
selected worksheet tab.
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Options.. $tochastic Solver

The Options...|Stochastic Solveommand allows you to support Stochastic Modeling via the series of
dialog boxes.

Note: The user can directly enter or modify the stochastic functions in the spreadsheet without
reopening the dialog box.

Stochastic Modeling Support
By checking this option, the model wil Bestbe proce
will treat the core model, even if some stochastic functions are set in the spreadsheet.

The default setting is False (unchecked).
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Step/Tab 1 "core model"

v EL.ISE Stochastic Modeling | ™ Use Simulation Format

Core ISEQE I Distribution I Scenario I Reports I Chance-Constrained

1) Design the model with its Adjustable, Best, Constraint, and

Random cells.
Help |

— Spedifications
Optimization Method: I Salver Decides d
Seed for Random Generator: I J

Common Size per Stage: I 2

[¥ sampling on Continuous Distribution Only

[~ Load Scenario Viewer

Help | Cancel |

This step simply reminds you to first for mul
Best, Constraint). A cell that represents a Random quantity is simply filled with an arbitrary number.

Cells containing equations or strings are inappropriate as random cells.B&s@tannot rewrite an
equation, although the value returned by an equation will change, if the equation depends upon any
adjustable cells. Therefore, be sure to enter a numeric value in each of your random cells.

Note: The Random cells will be identified during the Step 2 below.

at e
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Step/Tab 2 "sequencing”

[+ Use Stochastic Modeling [™ Use Simulation Format
Core Stage | Distribution I Scenario I Reports I Chance-Constrained

2) Spedfy the stage information for the Variables (Adjustables,
Formulas,

Constraints cells), and the Random cells using the set of WBSP_
Stage: Refers to:

| wesP_var ~| o | sas1 =

Flace function in cell: I $AS1 ;I Insert |

— Spedifications
Optimization Method:

I Solver Decddes d
Seed for Random Generator: I J

Common Size per Stage: I

2
[¥ sampling on Continuous Distribution Only

[~ Load Scenario Viewer

Help | Cancel |

This step provides the related pieces of the seq

The general sequence of events is as follows: Stage 0: We make initial decisions; Stage 1, beginning:
First set of random variables are observed, Stage 1, end: We make additional decision or calculations
based on observations so far, Stage 2, beginning, the second set of random variables are observed, etc..

This staging information is inserted into the sheet with the WBSP_VAR and WBSP_RAND functions
as follows.

In the dropdown list, you can select a WBSP__ function with its associated arguments.
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Variables
"WBSP_VAR"

Use this function to associate a Stage to an Adjustable, Constraint, or formula cell.

The format is =WBSP_VARtagecells_with_this_stagee.g., =WBSP_VAR(0,Sheet1!$A$2) means

cell A2 in Sheetl is in Stage 0. The entry APl ac
in a any cell in the workbook. Typically you place this information near the decision cell so that you

can quickly observe the staging information of a cell without calling up any special menus.

Randoms
"WBSP_RAND"

Use this function to associate a Stage to a Random cell.

The format is =WBSP_RANDBfage,random_cells_with_this_stage.qg.,
=WBSP_RAND(1,Sheet1!$A$2), meaning cell A2 in Sheetl will be at Stage 1.

The "NONE" choice will actually delete the selected cell.

Refers To:

Specify the random cell on which to apply the distribution. Alternately, you can accept the currently
selected cells, which WhaBsst!'has automatically placed in this box. You can also type the correct
cell range directly into the text box.

Place function in cell:

Specify the cell in which to write the WBSP__ function. Alternately, you can accept the currently
selected cells, which WhaBsst!has automatically placed in this box. You can also type the correct
cell range directly into the text box.




ADDITIONAL COMMANDS91

Step/Tab 3 "distributions or correlations"

[+ Use Stochastic Modeling [™ Use Simulation Format
Core | Stage Distribution IScenarin I Reports I Chance-Constrained

3) Spedfy the assodated distributions or correlations using the set of
WEBSP_ functions.

Refers to:
| WBSP_DIST DISCRETE SH  +| | sas1 =
Discrete values:

| sas1 =l

Flace function in cell: I $AS1 ;I Insert |

— Spedifications
Optimization Method:

I Solver Decddes d
Seed for Random Generator: I J

Common Size per Stage: I

2
[¥ sampling on Continuous Distribution Only

[~ Load Scenario Viewer

Help | Cancel |

This step provides the distributions of the random variables, so to specify the distribution information
about the random cells.

The format is =WBSP_DISistribution(parameter_cells,random_cel|«.g.,
=WBSP_DIST_LOGNORMAL(C2,D2,Sheetl!$A$2), meaning the random cell A2 in Sheetl will
follow a Lognormal distribution with the value in C2 for the Mean (argument 1), and the value in D2
for the Standard Deviation sigma (argument 2).
you to place this information in a any cell in the workbook. Typically you place this information near

the random cell(s) so that you can quickly observe the distribution information of a cell without calling
up any special menus.
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Distributions with one argument:
"WBSP_DIST_DISCRETE_SH" argument 1: Discrete values, with scenarios read horizontally

"WBSP_DIST_DISCRETE_SV" argument 1: Discrete values, with scenarios read vertically
"WBSP_DIST_CHISQUARE" argument 1: Degrees freedom
"WBSP_DIST_EXPONENTIAL"  argument 1: Rate

"WBSP_DIST_GEOMETRIC" argument 1: Success probabilities
"WBSP_DIST_LOGARITHMIC" argument 1: g~actor

"WBSP_DIST_POISSON" argument 1: Mean

"WBSP_DIST_STUDENTS_T" argument 1: Degrees freedom

Distributions with two arguments:

"WBSP_DIST_DISCRETE_SH_W" argument 1: Discrete values, argument 2: Weight
probabilities,

with scenarios read horizontally

"WBSP_DIST_DISCRETE_SV_W" argument 1: Discrete values, argument 2: Weight
probabilities,
with scenarios read vertically

"WBSP_DIST_BETA" argument 1: Shape 1, argument 2: Shape 2
"WBSP_DIST_BINOMIAL" argument 1. Sample size, argument 2: Success probabilities
"WBSP_DIST_CAUCHY"  argument 1: Location, argument 2: Scale
"WBSP_DIST_GAMMA" argument 1: Shape, argument 2: Scale
"WBSP_DIST_GUMBEL" argument 1: Location, argument 2: Scale

"WBSP_DIST_F_DISTRIBUTION"  argument 1: Degrees freedom 1, argument 2: Degrees
freedom 2

"WBSP_DIST_LAPLACE" argument 1: Location, argument 2: Scale
"WBSP_DIST_LOGISTIC" argument 1: Location, argument 2: Scale
"WBSP_DIST_LOGNORMAL"  argument 1: Mean, argument 2: Sigma
"WBSP_DIST_NEGATIVEBINOMIAL" argument 1:4Factor, argument 2: Success probabilities
"WBSP_DIST_NORMAL" argument 1: Mean, argument 2: Sigma

"WBSP_DIST_PARETO" argument 1: Scale, argument 2: Shape
"WBSP_DIST_SYMMETRICSTABLE" argument 1: Alpha, argumenB2iccess probabilities
"WBSP_DIST_UNIFORM"  argument 1: Upper limit, argument 2: Upper limit
"WBSP_DIST_WEIBULL" argument 1: Scale, argument 2: Shape
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Distributions with 3 arguments:
"WBSP_DIST_HYPERGEOMETRIC" argument 1: Population, argument 2: Defective, argument
3: Size

"WBSP_DIST_TRIANGULAR" argument : Lower, argument @pper, argument 3: Mode

Correlations
You can also specify the correlation information about the random cells. Correlation is optional.

The format is =WBSP_CORR_ correlation(matrix,random_cells), e.g.,
=WBSP_CORR_SPEARMAN(M19:N20,Sheet1!$B$13:$B%$14), meaning the random cells B13 and

B14 in Sheetl will follow a spearman correlation with the matrix defined in the range M19:N20. This
isa2columnandZ ow matrix for the 2 random cells to cor
in cell:0 allows you to place this information i
information near the random cell(s) so that you can quickly observe the correlation information of a

cell without calling up any special menus.

"WBSP_CORR_KENDALL"  argument 1: matrix
"WBSP_CORR_PEARSON" argument 1: matrix
"WBSP_CORR_SPEARMAN" argument 1: matrix

The "NONE" choice will actually delete the selected cell.

Refers To:

Specify the random cell on which to apply the distribution. Alternately, you can accept the currently
selected cells, which WhaBsst!has automatically placed in this box. You can also type the correct
cell range directly into the text box.

Place function in cell:

Specify the cell in which to write the WBSP__ function. Alternately, you can accept the currently
selected cells, which WhaBest!'has automatically placed in this box. You can also type the correct
cell range directly into the text box.
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Step/Tab 4 "scenario sampling"

[+ Use Stochastic Modeling [™ Use Simulation Format
Core | Stage I Distribution ~ Scenario IF‘.eports I Chance-Constrained

4) Enter the scenario/sampling information by using the function
WEBSP_STSC,

Select range with Column1 for Stages,
Column2 for Scenarios: I sAs1 J

Place function in cell: I £AE1 J

— Spedifications
Optimization Method:

I Solver Decddes d
Seed for Random Generator: I J

Common Size per Stage: I

2
[¥ sampling on Continuous Distribution Only

[~ Load Scenario Viewer

Help | Cancel |

This command allows you to specify the Scenario/Sampling information for the stochastic part.

The general format is =WBSP_STS€(ges_and_sample_siyes.g, WBSP_STC(B1:C3), means
range B1:B3 lists the Stages, and range C1:C3 lists sample size for each stage.

Sampling with WBSP_STSC() has to be specified if the model contains a continuous distribution.
With a discrete distribution, there is no necessary call for sampling because it takes the discrete values
directly from the discrete table. Otherwise sampling will be applied on the discrete distribution too.
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In case of a model with both distributions, continuous and discrete, so the user may want to apply

sampling only on the continuous, with the option
Stochastic Solveoptions box.

Select Range:
Select the a twaolumn range, where the columnl is for the Stage in ascending order, and the second
column for the number of scenarios associated to the stage.

Place function in cell:
Specify the cell in which to write the "WBSP_STSC" function.

Set button:
Place the function in the spreadsheet.

None button:
Delete the selected cell.
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Tab Reports

[+ Use Stochastic Modeling [~ Use Simulation Format
Core | Stage I Distribution | Scenario  Reports IChan::e—Cunstrained

5) Select the cells to appear in the Stochastic Repart.,

|¥ {Create Report Using the Function WBSP_REP! Select

[V Create Histogram Using the Function WBSP_HIST Select

— Report Information
[ Expected Value of Wait-and-See Model's Objective

[ Expected Value of Policy Based On Mean Outcome
[V Expected Value of Perfect Information

[ Expected Value of Modeling Uncertainty

[™ Print Scenarios Horizontally in Report

[ Display Preview Window

— Spedifications
Optimization Method: I Salver Decides d
Seed for Random Generator: I J

Common Size per Stage: I

I sampling on Continuous Distribution Only

[ Load Scenario Viewer

Help

The solution of an SP model can produce a lot of information. You are probably interested in only a
small portion of these results. These features allow you to specify the cells for which to report the
values in thaVB!_ Stochastiand theWB!_Histogransheets.

Create Report Using the Function WBSP_REP():

The general format is =WBSP_RERB(s_to_be_reportéde.g.
WBSP_REP(Sheet1!$B%$1,Sheetl!$B$2), meaning the cells B1 and B2 of Sheetl will appear in the
Stochastic Scenario Reporfter solution, a new taldlyB! Stochasticwill be created. It will have one
column for every cell to be reported, and one row for every scenario.
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Select the checkbox to tell Whdsst!you would like a stochastic report created when the model is
solved. The next time you solve, WhBest!will generate a worksheet call®dB! Stochastic

containing a listing of the cells and their locations, and values of the variables solution or the random
outcomes for the scenario path. Click on\WiB!_Stochastitab to see the stochastic report.

Select button:
This button will open a new window.

To create the list of reporting cells, specify the cell or cell range iBehext any cell to reporfield.

Once this is done, pressing thddbutton causes the selected cells to appear ihithef selected
cellsbox. You can decide to remove any selected cells by simply going to the list box, select the cell
reference to remove from the list of names, and click ofiRéraovéutton.

The "WBSP REP" function will be placed in the current selection of the filite the function
WBS_REP in cell:

Select any cells to report (multiple selection
holding the Ctrl key):

| sast =l

List of selected cells (select and change by
Add or Remove):

Remove

Place the function WBESP_REP in cell: Help

| sas1 =
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Here's an example of the stochastic report foiSRENEWSVENDOR sample model:

O = ©- H F‘"- il - SP_NEWSVENDORxlsx - E.. LINDO Systems Eal — O

| |
File Home | Insert | Page Layout | Formulas | Data | Review | View i Developer | What'sBest! Q Tell me ,Q‘_Share

AB - f STOCHASTIC INFORMATION: A
A B c D E F -

6 | STOCHASTIC INFORMATION:

7

B: CLASSIFICATION DATA Current Capacity Limits

g

‘10: Adjustables 1&800 Tnlimited

11 | Integers-Binaries 0 Tnlimited

12 | Constraints 1599 Tnlimited

13 | Honlinears 0 Mnlimited

14 | RANDOHS 1

15 | STAGES 2

16 | HODES 201

17 | SCENARIOS 200

18

‘19: Expected Value (EV) 2.11E+03

20 | Expected Value of Wait—and-See Hodel's Cbhjective (EVWS) 2.80E+03

21 | Expected Valus of Perfect Information (=|EVWS-EV|) 6. 90E+02

22 | Expected Valus of Hodeling Uncertainty (= |EV-EYEM| ) 2.91E+01

23

24| DEECRTTIHR CETTS -

3 | WB! Status | WB!_Stochastic | WB!_Histogram | Model | 5. (B 1 3
Ready oo B |- ] + 90%

Once created, th&/B! Stochasticeport will stay on the workbook, and the solver will just clear the
sheet during successive runs. This makes possible for other sheets to keep their cells reference from
this report for displaying a specific data.
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Create Histogram Using the Function WBSP_HIST():

The general format is =WBSP_HIST(number_of _bins,cells_to_be_reported), e.g.
WBSP_HIST(0,Sheet1!$B$1), meaning the solver decides of the number of bins, and cell B1 Sheetl
will appear in the Stochastic Histogram Repdkiter solution, a new tab,WB!_Histogram, will be
created. It will have four columns reporting the Bin Lows, Bin Highs,-Miidhts, and Bin Counts.

Select the checkbox to tell Whasst!you would like a stochastic histogram created when the model
is solved. The next time you solve, WhBést!will generate a worksheet called WB!_Histogram
containing a listing of the data, and the histogram graph for the Bin Counts against-theiM&l
values. Click on the WB!_Histogram tab to see the stochastic histogram report.

Select button:
This button will open a new window.

To create the list of reporting cells, specify the cell or cell range in the Select any cell to report: field,
and the number of bins. Once this is done, pressing the Add button causes the selected cells to appear
in the List of selected cells box. You can decide to remove any selected cells by simply going to the
list box, select the cell reference to remove from the list of names, and click on the Remove button.

The "WBSP_HIST" function will be placed in the current selection of the Réddethe function
WBSP HISTin cell:

Create the histogram for any cells, displaying the number of
bins and the mid-points, using the function WBSP_HIST().

Mumber of bins: I 0

Select any cells to report (multiple selection
holding the Ctrl key):

sAg1 =

List of selected cells (select and change by

Add or Remove):

Remove

Place the function WBSP_HIST in cell:
$a51 = .




100

CHAPTER

Here's an example of the histograepart for theSP_ NEWSVENDORsamplemodet

O = ©- H B il - SP_NEWSVENDORxisx - E.  LINDOSystems [ — O
File Home ‘ Insert ‘ Page Layout | Formulas | Data | Review | View ‘ Developer | What'sBest! | @ Tell me ,Q,_.Share

AG v b DATA HISTOGRAM: v
A B c D E a

18 708.652903 1255 . 5166819 982 084796 0.085

18 1279 344153 1838 842378 1559 093266 0.125

20 18948.826299 2414 888163 2131.857231 0.195

21 2431.076291  3002.818791  2716.947541 0.51

22

23 .

24 Histogram

25

25 0.6

27 g 04

28 202

29 2 0 . ——

30 o o P oo o o .

¥ & & @};\ &,,;m Rt o?,\%"

a2 R LR Y o B

= @ ot o R, U

34 TOT_PROF

35

2R -

3 | WB! Status WB!_Stochastic | WB!_Histogram | Maodel | S.. ® [l 3
Ready H - 1 +  90%

Once created, th&/B! Histogranreport will stay on the workbook, and the solver will just clear the

sheet during successive runs. This makes possible for other sheets to keep their cells reference from
this report for displaying a specific data.

The solver writes a series of solution in the created¥ Stochastic', and 'WB!_Histogramlith
the expected value, and displays the first default scenario, or a selected scenario, on the spreadsheet.

Please refer to the secti@uidelines for Stochastic Modelitfigr a tutorial and information on how to
use Stochastic Support effectively.

Expected Value of Objective

The Expected Value of Objective (EV$) the expected value for the model's objective over all the
scenarios, and is the same as the reported objective value for the Mudelalue is provided by
default in the report.

The expected value of a cell can be reported directly anywhere igptieadsheet by use of the
WBSP_MEANunction.Place=WBSP_MEAN(cellref, O any available cellAfter solving,the0 will

be replacedy the expected value of cellref, and this value will be displayatidncell containing
=WBSP_MEAN( .) For instance, enter =WBSRIEAN($B$22, 0) in any cell. After solving, this
function will display the Weighted Mean value of 2106.49622433202 for the objective cell in B22
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Calculation for Expected Value ed’idiee Model's Objective

The Expected Value of WaiétndSee Model's Objective (EVWS) reports the expected value of the
objective if we could wait and see the outcomes of all the random variables before making our
decisions. Such a policy would allow us to always make the best decision based on the outcomes for
the random variables, and, of course, is not possible in practice. For a minimization, it's true that
EVWS <= EV, with the converse holding for a maximization. Technically speaking, EVWS is a
relaxation of the true Stochastic Programming model, obtained by dropping the nonanticipativity
constraints. Possible flag values are Disable (False), or Enable (True).

The default setting is off, the EVWS is not calculated.

Calculation for Expected \&lBelicy Based On Mean Outcome

This Expected Value of Policy Based On Mean Outcome (EVEM) is the expected true objective value
if we (mistakenly) assume that all random variables will always take on exactly their mean values.
EVEM is computed using a twstep process. First, the values of all random variables are fixed at their
means, and the resulting deterministic modetolved to yield the optimal values for the stage 0

decision variablesNext, a) the stage 0 variables are fixed at their optimal values from the previous
step, b) the random variables are freed up, c) the nonanticipativity constraints are dropped, and d) this
wait-andsee model is solved. EVEM is the objective value from this EVWS medskible flag

values are Disable (False), or Enable (True).

The default setting is off, the EVEM is not calculated.

Calculation for Expected Value of Perfect Information

This Expected Value of Perfect Information (EVPI) is the absolute value of the difference between EV
and EVWS. This corresponds to the expected improvement to the objective were we to obtain perfect
information about the random outcomes. As such, this is a expected measure of how much we should
be willing to pay to obtain perfect information regarding the outcomes of the random variables
Possible flag values are Disable (False), or Enable (True).

The default setting is to enable calculation.
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Calculation for Expected Value of Modeling Uncertainty

This Expected Value of Modeling Uncertainty (EVMU) is the absolute value of the differenee EV
EVEM. It is a measure of what we can expect to gain by taking into account uncertainty in our
modeling analysis, as opposed to mistakenly assuming that random variables always take on their
mean outcomes. Possible flag values are Disable (False), or Enable (True).

The default setting is off, the EVMU is not calculated.

Note: The above approach for computing EM and EVMU makes unambiguous sense only for
models with a stage 0 and a stage 1. If there are later random variables in stages 2, 3, etc.,
then there are complications. For example, for decisions in later stages, we have seen the
outcomes from the random variables in earlier stages, so considering these random variables
to take on their mean value does not make sense. For models with additional stages beyond 0
and 1, EVMU will merely be an approximation of the true expected value of modeling
uncertainty.

Note: Computing these expected value statistics can be very time consuming for large models.
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Print Scenarios Horizontally in Report
This flag enables to print the scenarios along a row in the WB!_Stochastic report, so the reporting cells
will be displayed along a column. It is useful for models reporting numerous cells for a few scenarios.

The default setting is off, meaning the scenarios wpiiear vertically in the report.

Display Preview Window

Once the solver has completed the stochastic calculation, the user can have a preview of the cells to
report by selecting the scenario number. By default, the solution values of the scenario 1 will written
back into the spreadsheet, but another scenario solution can be selected. This will allow a closer look
of a particular scenario when reading the spreadsheet.

The cells are selected via the same WBSP_REP() function, for either an Adjustable, Variable, Number,
Constraint, Random Parameter, or any Dual references. All the scenarios will be anyway written in the
WB!_Stochastisheet, is this report was previously requested.

Select the Scenario; Yaluesg for the Beporting Cells:

[ Scenario 1 P 11 445663

Scenario: LOSTSALES 0.000000
Scenario: 1 5. 734823

Scenario: TOT_FROF -2201 522357
Scenario:
Scenario:
Scenano:
Scenario:
Scenario:
Scenario:
Scenario:
Scenano:
Scenario:
Scenario:
Scenano:
Scenario;

W

Digplay a zcenanio into the spreadsheet;

Thiz Selection | T ake Default
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Tab Chance-Constrained

[+ Use Stochastic Modeling [™ Use Simulation Format

Core | Stage I Distribution I Scenario I Reports Chance-Constrained

Spedfy any range for Chance-Constrained, with WBSP_CC_LT for
Lower Than, or WBSP_CC_GT for Greater Than a percentage.

| wesp_cc1T |
Percent: I i Objective weight:

Refers to: I $AS1
Flace function in cell: I $AS1

— Spedifications
Optimization Method:

I Solver Decddes d
Seed for Random Generator: I J

Common Size per Stage: I

2
[¥ sampling on Continuous Distribution Only

[~ Load Scenario Viewer

Help | Cancel |

This page is useful to setup a stochastic model in Ch@nostrained format, which is the second
major class of models in stochastic programming. The goal in Cf@ostrained Programming is to
make an optimal decision prior to realization of random data, while controlling the chance that
constraints are violated in one stage.

Extensive explanation on Chan€Genstrained Programming are given in @idelines for Chance
Constrained Modeling

Specify Chan€onstrained Using the Function WBSP_CC_LT() or WBSP_CC_GT():
The general format is =WBSP_CC_IpEfcent, weight, constraint celJavhere LT for "Lower Than",
or =WBSP_CC_GTgercent, weight, constraint cella/ith GT for "Greater Than".
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Percent:
This is the amount by whidhe constraints assigned to this set must be satisfied in the scenarios.
Otherwise, the scenario will be considered as unsatisfied, according to to the direction function.

Objective Weight:
The amount by to give priority to the objective value.

Refers To:

Specify the constraint cells on which to apply the Chabaestrained feature. You can select multiple
ranges in the same function which will be treated as being in the same set. Otherwise, specifying
different functions, the solver will treat the Char@enstrained functions as different set. The
reference ranges are entered into the text box.

Place function in cell:
Specify the cell in which to write the WBSP__ function. The reference ranges have to be entered into
the text box.

Frame Specifications
The Stochastic Solver option allows you to solve models in which some cells are random variables.
The frame posted by the Options...|Stochastic Solver command appears as follows

Spedfications

Optimization Method: | Solver Decides j
Seed for Random Generator: | J
Common Size per Stage: | 2

I+ Sampling on Continuous Distribution Only

I Load Scenario Viewer

Help Cancel oK
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Optimization Method

I ndi cates the method you wo Béstdtodmpldyasingthee st ochast

Optimization Method droglown box. Possible choices include: Solver Decides, Free, Deterministic
Equivalent, Nested Benders Decomposition, Augmented Lagrangian Decomposition, and Simple
Benders Decomposition. The Solver Decides setting currently defaults to the free method.

The default setting for Solver Method is Solver Decides.

Seed for Random Generator
This is the Seed to initialize the random number generator. Possible values are positive integers, and
can be set via a single cell reference, or a number.

The default setting for Seed is 1031.

Common Size per Stage
This is the default number of scenarios to generate per stage. Possible values are positive integers.

The logical states will behave as follow:

"Sampling on Continuous Only" "Sampling on
Checked Continuous Only”
Not Checked
Function Use of Common Size per Stage for Continuous, anjUse of Common Size|
=WBSP_STSC() Defined Table Size foDiscrete Distributions per Stage
Not Defined
Function Use of Function Argument for Continuous, and the |Use of Function
=WBSP_STSC() Defined Table Size foDiscrete Distributions Argument
Defined

The default setting for Common Sample Size is 2.

Sampling on Continuous Distribution Only

In case of a model with both distributions, continuous and discrete, this flag enables the sampling
technique only on the continuous distribution, leaving the discrete distribution with its own set of data.
Sampling can be applied with the spreadsheet function WBSP_STSC().

The default setting is omeaning sampling is applied on continuous distributions.
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Load Scenario Viewer:

The scenario viewer will give the list of all the Adjustable and Parameters cells, but only for the
worksheet tab currently selected, via the Advanced...|Scenario Viewer menu. This tool can be useful to
scroll through the different Stochastic Programming scenarii without writing additional WBSP_REP()
functions.

Viewer for K-Best or Stochastic scenario.
Select and display a scenario for the
currently open worksheet,

Worksheet currently selected:

WBSP SCEMARIOD 1
WEBSP_SCEMARIO_2
WBSP_SCEMARIO_3
WEBSP_SCEMARIO 4
WEBSP_SCEMARIO_S
WBSP_SCEMARIO_G
WEBSP_SCEMARIO_7
WBSP_SCEMARIO_G
WBSP_SCEMARIO_9
WEBSP_SCEMARIO_10
WBSP_SCEMARIO_11
WEBSP_SCEMARIO_12
WEBSP_SCEMARIO_13

Display Help

With the "Load Scenario Viewer" checked, the user will then need to open the dialog box via the
Advanced...|Scenario Viewer menu. First select the "model" tab, then select the Scenario Viewer via
the menu. The scenarii are being presented for all the Adjustable and Parameter cells in the currently
selected "model" tab. Finally display or double click the scenario to write the values directly into the
worksheet.

Note: The "Preview Window" shows the values specified via the function WBSP_REP() for any
cells in the workbook. The "Scenario Viewer" menu shows the Adjustable and Parameter
cells for only the selected worksheet tab.

Use Simulation Format

By checking this option, the model will be processed for simulation. Based on a stochastic model,
the user can set up the random parameters and their associated distributions at a stage 0, eventually
any additional formulation, and Wha&wsst!will calculate the values of the reporting cells. There is
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no need of defining an adjustable, constraint, or objective cells. This feature will be useful for
knowing the behavior of some cells along the scenarios, and to display their histograms.

The default setting is False (unchecked).

Options...|Reset to Default

This command resets all workbook options to their default values. Such options can be seen in the
I nsert| Name| Def i nmeéiuasMBxxdhamas Thid aommane does not restore
options defined in thAdvanced Parametavindow to default values. See the section enti@gdions

and Solvergor more information about workbook options.

Upon first use, th&®eset to Defaultommand displays the following dialog box:

Reset to Default Warning >

Select to: Help

[ Delete hidden names in workbook Cancel

Delete all options and names in
workbook

Remove extraneous cell styles in
workbook

"Reset the options” will remove tigBxxxnames in the workbook. These names belong to
What'8est!and were created via ti@@ptionsdialog boxes.

"Deleting hidden names" will only remove names in the workbook that are not visible or listed via the
Name Manager of Excel®.

"Deleting all names and options" will actually remove any names from the workbook.

These names could have been defined by WBest$ the user, Excel®, or other applications saving
names in this workbook file. Removing these visible or invisible names will clean up the file, and the
user has to redefine the useful names.

"Remove extraneous cell styles in workbook" will actually remove any nonibustyles from the
workbook, but keeps the "Adjustable" style. These user's defined styles seerb@a the menu

HomeA Cell Styles, and may have been duplicated by thousands, slowing down the process of adding
a new style.



mk:@MSITStore:C:/Documents%20and%20Settings/SRINNATH%20TUMU/Desktop/lindowbhelp.chm::/options_and_solvers.htm
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Advanced.Dual...

The dialog boxposted by thé\ d v a n [Dwalcémmandappears as follows:

[ Dual Li—s-r
For Cell Range: | &A%1 A
Report on Type: | Dual value j
Report Information in: | eREl A

Help | Cancel | oK
| y|

TheDual command allows for reporting of dual values for the chosen cells or range of cellsalfeyou
requesting dual values forangeof cells then the range iReport Information inshould be identical
in dimension to the range For Cell Range:

What'8est!provides three dual value optioimsthe Report on Typéox. The first,Dual Value lets

you define the dual value of a cell or range of cells. The forisH8/BDUAL (cell,0). The 0 will be
replaced by the dual value of cell after solving the model and this value will be displayed in the cell
containing=WBDUAL( ). The other twolUpper RangandLower Rangelet you define the upper and
lower ranges for dual values. The formulas=¢BUPPERcell, 0) and=WBLOWERCcell, 0). The

study of these values and their effect on the solution of the model is called sensitivity analysis. Please
refer to the sectioblsage Guidelines for Dual Valuéar a tutorial and information on how to use this
option effectively.

For Cell Range

This is the target range of cells you wish dual reporting on. Vieatswill automatically fill this box

with the cells directly to the left of the current selection of cells, or above them if the entire row is
selected. If this is not the range of cells you want, you can type the correct range in or select the button
on the right edge of the text box to bring up a cursor for cell selection.

Report on Type

Dual Value
SelectDual Valueto prompt WhatBest!to return the dual value of the adjustable or constrairg cell
specified inFor Cell Range:

To enter a dual value function, put the cursor in the cell for which you want to find the dual value and
selectDual Value Then, specify the cell in which you want the dual information displayed in the
Report Information inbox.
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Note: When taking the dual value of a constraint, be sure to specify the cell containing the
constraintfunction not the righthand side of the constraint.

Upper Range and Lower Range

SelectUpper Ranger Lower Rangédo cause What&est!to return the upper and lower valid ranges
for a dual value. That is, the upper and lower bounds of the range over which the dual value of a
constraint or adjustable cell stays the same.

Note: Calculating upper and lower ranges may significantly increase solution times, so it is good to
weigh the benefits of the additional information against the amount of extra time it will take
to get that information. This runtime consideration is particularly relevant for large models.

Report Information in

Specify the host range of cells you would like to see the dual information placedRepbe
Information intext box. WhatBest!will automatically fill this box with the current selection of cells.
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Usage Guidelines for Dual Values

Dual valuescan provide valuable sensitivity information. They can give you a feel for how sensitive a
solution is to a particular constraint cell or adjustable cell. WBedi$can provide dual information
on any adjustable cell, constraint cell, or any cell that is a function of adjustable cells

Dual Value of a Constraint Skddow Price

The dual value of a constraint is the raténgprovemenin the best cell as the righand side of the
constraint is increased@he dual value of a constraint is often referred to as the shadow price because it
foretells the price you should be willing to pay for that item.

For example, in the XYZ sample model referred to earli@eiting Starteddual values can be
specified for the constraints in cells F15:F17. These could be put in any convenient place on the
spreadsheet. We chose H15:H17 below:

D - (S = XVZxisx - Excel LINDOSystems B — o X
File Hom | Insert | Page Form | Data | Revie' ' View | Devel | Help | Foxit | Team |What'| © Tell me Q,Share
H15 o f\ v
| A |B| € | o | £ |F | 6 I I | J [

1| XYZ COMPUTER CORPORATION PRODUCTION PLAN

2

3 |Product: Standard Deluxe

4 PROFIT:

5 |Quantity to Produce: 60 30

6 | " $33,000

7

8 |Profit per Unit: $300 $500

9

10 Product Component Requirements

11

12  Components: Quantity Required: Total Number  Dual

13| Standard Deluxe Usage In Stock Value

14

15 | Standard Tower 1 0 60" =<= 60

16 | Deluxe Tower 0 1 307 <= 50

17 |Hard Drive 1 2 120" =<= 120

18 |

19 N

WB! Status | WB! Solution XYz ® <] ,
Ready #3 B B F - i + 100%
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The dual cells are insertéy highlighting the cells H15:H1¢licking on WB!|Advanced...|Dual
selecting F15:F17 for thieor Cell Rangebox, and clickingOK. When we resolve the dual values
for the stock constraints will appear as in the following.

D = ©- s XYZxlsx - Excel LINDO Systems 3] = O X
File Hom | Insert  Page | Form | Data | Revie View | Devel Help | Foxit | Team |What'| © Tellme Q,Share
H15 v A | =WBDUAL(SFS515,50) v
| A B | ¢ | D R I EENG H | [ J [«
1| XYZ COMPUTER CORPORATION PRODUCTION PLAN
2
3 |Product: Standard Deluxe
4 PROFIT:
5 |Quantity to Produce: 60 30
6 | " $33,000
7
8 |Profit per Unit: $300 $500
9
10 Product Component Requirements
1
12  Components: Quantity Required: Total Number  Dual
13| Standard Deluxe Usage In Stock Value
14
15 | Standard Tower 1 0 60" =<= 60 50
16 | Deluxe Tower 0 1 307 <= 50 0
17 |Hard Drive 1 2 120" =<= 120 250
18 |
WB! Status | WB! Solution | XYZ ® < »
Ready %3 Average: 100 Count: 3 Sum: 300 B/ B M - | + 100%

The dual value of the constraint functidfB(E15,"<=",G15) is shown in cell H15 as 50 (Note: You
must resolve your model to allow WhaBest!to update any new dual cells). This means the value of
thebest cell wouldinproveby $50 for each unit increase in the rigi@ind side of the constraint
equation. In other words, changing the cell G15 to 61 asolkeng the model would return a new
solution with a maximum profit of 8050 (assuming a valid range on the dual value of at least one).
This is also the maximum price at which you should be willing to purchase #inaaldStandard
computer tower

Note: In WhatsBest!we use the convention of having dual values on constraints retumatehef

improvement n t he objective f or a+handsidevakieApasitive dualt he c or
implies that the objective will improve when increasing the ffudnrid side, while a negative implies

that the objective will suffer. On maximization problems, as we have shown above, a positive dual

value means that increasing the rigplaind side of the constraint will cause the optimal objective to

improve, orincrease On the other hand, for minimization models, if the sign of the dual is positive,

then the optimal objective value wilecreases the righthand side increases.




ADDITIONAL COMMANDSL113

Note: If the constraint on Deluxe computer tower us#g&E16,"<=",G16) is not tight (i.e., E16 is
not equal to G16, but is less than 50), then the dual value is 0. Increasing ttandlside
from 50 to 51 would not affect the optimal solution and consequently would not change the
best cell value.

Note: When taking the dual value of a constraint, be sure to specify the cell containing the constraint
function not the righthand side of the constraint.

Dual Value of an Adjust@ele Reduced Cost

The dual valuef an adjustable cell is the ratewhichthe best cellwould bepenalizedf an

adjustable cell with an optimal value of zero were forced into the solii@m though it is not

optimal to do so. If the adjustable cell is a positive number, the dual value will always be 0. The dual
value of an adjustable cell is often referred to age¢daced cosbecause it is the amount by which the
cost of producing that adjustable item would have to be reduced in order to make it profitable.

The dual values for the adjustable cells caplaeedin the model by clicking on the cells to put the
information in, choosing\dvanced...|Dualenteringthe adjustable celis theFor Cell Rangeedit
box, and clickingOK. The dual values cdpe gacedin any convenienbcationin the spreadsheet.
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For illustration, we continue with the XYZ model, changing the available number of hard drives (G17)
to 50 and resolving, causing the number of Deluxes (adjustable cell D5) to drop to 0 and the total

profit to be reduced to $15,000. We also requested dual values on our two adjustable cells, placing the
dual values in cells C6:D6. After-solving we get the following resuits

O = ©- E d il - X¥Zxlsx - Excel LINDO Systermns | - [} x
File Homu | Insert | Page | Form | Data | Revie | View | Devel | Help | Foxit | Teamn | What'| O Tell me ,C}, Share
6 - I =WBDUAL(5CS5,0) v

| A | B c D E [ F | G I H | | J o [a]
1| X¥Z COMPUTER CORPORATION PRODUCTION PLAN
2
3 |Product: Standard Deluxe
4 PROFIT:
5 | Quantity to Produce: 50 0
B I Dual Value| 0 1001 " $15,000
Ll
8 |Profit per Unit: $300 500
9
10 Product Component Requirements
1
12 |Components: Quantity Required: Total MNumber
13| Standard Deluxe Usage In Stock
14 |
15 | Standard Tower 1 0 507 <= 60
16 | Deluxe Tower 0 1 07 == 50
17 |Hard Drive 1 2 507 =<= 50
18 |

| We! Status | WB! Solution | XYZ * i [e] v

Ready 13 Average: 50 Count 2 Sum: 100 H B M - I + 1005

The dual value oadjustable cell D5 isow 100. This means the value of thest cell wouldbe
penalized (in this case decreabg)$100 for each unit increase in D5. In other words, forcing the
number of Deluxe computers from 0 to 1 would return a new solution with a profit of $14,900
($15,000- $100) (assuming a valid range on the dual value of at leadt serthé/alid Ranges for
Dual Values section belgw
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In the window below, we show the-selved model with the Deluxe adjustable cell forced to be 1 by
putting the constraintWB(D5,"=",1) in cell D7. As you can see, the dual value is now zero because
the variable is in the solution. The quantity of Deluxe computers to produce could also be forced to
one by choosingRemove Adjustable the Adjustabledialog box or the toolbar button to make D5 into
a nonadjustable cell and entering 1 as a constant value.

O & ©- E BH & s WZxlex - Excel LINDO Systems B - O X
File Homu | Insert | Page | Form | Data | Revie | View | Devel | Help | Foxit | Teamn | What'| O Tell me ,q, Share
D7 x fe =WB(D5,"=",1) v

| A B € D E [ F | G I H | | J -
1| X¥Z COMPUTER CORPORATION PRODUCTION PLAN
2
3 |Product: Standard Deluxe
4 PROFIT:
5 |Quantity to Produce: 48 1
6 Dual Value” 0” 0 " $14,900
7] =
8 |Profit per Unit: $300 5500
9
10 Product Component Requirements
1
12 |Components: Quantity Required: Total MNumber
13 Standard Deluxe Usage In Stock
14
15 | Standard Tower 1 0 487 <= 60
16 | Deluxe Tower 0 1 17 == 50
17 |Hard Drive 1 2 507 === 50
18 |

| We! Status | WB! Solution | XYZ * i [ v

Ready B B £ - ] + 100%

Note: It is important to note that the dual value of a particular constraint or adjustable cell assumes
all other information in the model remains unchanged. That is, given the dual information,
you cannot predict the effect on thest cell of simultaneously changing tway more,
constraints.
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Dual Value of Zero and Multiple Optima

Dual values are generally positive for adjustable cells that have a zero value in the optimal solution.
An exception to this occurs when there are multijgma (.e., more than one combination of
adjustable cell values that yield the same optimal objective value) because no penalty is incurred in
moving from one optimal solution to an alternative one. If your model yields zero dual valaey for

of theadjustable cells likehbtisat there are multiple optima for your model.

Dual Values in Nonlinear Problems

Dual values in a nonlinear problem can be interpreted usefully only for small changes in thamight
side. It may not be possible to make assumptions about the effect of large changes in a nonlinear
model. You may want to investigate the effect of such changes manually by inserting proposed
changes and fsolving.

Users with knowledge of calculus can think of the dual value as a deridatthe rate of change of
thebest cell value with respect to changes in either the-tightl side of a constraint or an adjustable
cell value. As with the derivative of a linear function, a dual value in a linear model has a constant
value over a range. In nonlinear models, the dual value is similar to the derivative of a nonlinear
function- it is valid at the point where it's evaluated, but it may change immediately as you move from
that point.

Dual Values in Integer Problems

Dual values for problems with integer variables cannot be usefully interpreted because of the way the
branchandbound technique solves integer models. If a dual value is requested in an integer model,
What'8est!will return a value. However, this value is of no practical use.

Valid Ranges for Dual Values

You may also wish to determine the upper and lower ranges of any specified duaChaloging the
right-hand side of a constraint or using more or less of a resource, as described above, eventually will
cause a change in the dual value. The valid range for a dual value is the amount of change in the right
hand side of a constraint, or in resource use in an adjustable cell, that is possible before a change in the
dual value will occur.

The range over which the use or availability of a resource, or thehdgtat side of a constraint, can
decrease before the dual value changes is callddwtee range The range over which the use or
availability of a resource, or the rightand side of a constraint, can increase before the dual value
changes is called thepper range
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Constraint Ranges

For example, building on the XYZ example, an upper and lower range can be determined for the dual
values of the stock constraints. These ranges are put into the model by highlighting the cells you would
like the range to appear in, selectivdvanced...|Dualspecifically selecting the constraint cells

(F15:F17) to display ifror Cell Rangechoosingpper Ranger Lower Rangewhichever is

appropriate, and clickin@K.

Note: The default value entered in ther Cell Rangeis G15:G17 which is not the range of the
constraint cells. You must make the correction to F15:F17 in order to obtaime¢hange
values.

In the illustration below, we used cells 115:117 and J15:J17 for the upper and lower ranges respectively
and then resolved. Again, we could have placed the dual value cells in any convenient location in the
workbook.

O = ©- E d i - W¥Zxlsx - Ewcel LINDO Systems i) = 0O >
File Homu| Insert | Page Form | Data | Revie  View | Devel | Help | Foxit | Team | What'| O Tellme ,q, Share
H15 - S =WBDUAL(5F515,50) v

A | B € | D | E | F | G H | J K [«
1] X¥Z COMPUTER CORPORATION PRODUCTION PLAM
2
3 | Product: Standard Deluxe
4 PROFIT:
5 | Quantity to Produce (1] 30
6 | " $33,000
? 4
3 | Profit per Unit: 300 $500
9
10] Preduct Component Requirements
11
12 |Components: Quantity Required: Total Number Dual Lower Upper
13 | Standard Deluxe Usage In Stock  Value Range Range
14
15 | Standard Tower 1 0 60" === 60 50 40 60
16 | Deluxe Tower 0 1 " == 50 ] 20 1E+30
17 |Hard Drive 1 2 1207 === 120 250 60 40
18 |
19|
20 |
21
22 - T J x
| WB! Status | WB! Solution | XYZ ® ;4] '
Ready P9 Average: 1.11111E+29  Count: 9  Sum: 1E=30 B B [ - ] + 9%
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The ranges for the Standard computer tower stock constraint are 60 upper and 40 lower. That is, the
dual value will stay at 50 as the number in stock varies from 2046pthrough 120 (60 + 60). If the
right-hand side of the equation is increased to the limit of 120 and the modsbived, the profit
increases to $36,000 ($33,000 + (50*60)) as shown in the following:

O = ©- E d il - X¥Zxlsx - Excel LINDO Systermns | [} x
File Homu | Insert | Page | Form | Data | Revie | View | Devel | Help | Foxit | Teamn | What'| O Tell me ,q_ Share
H15 - 5 =WBDUAL[5F515,0) o
| A | B € | D | E | F | G H | J K |«

1| X¥Z COMPUTER CORFORATION PRODUCTION PLAN ]

2

3 :Prudu:t: Standard Deluxe

4 PROFIT:

5 | Quantity to Produce 120 0

6| " 236,000

? 4

8 | Profit per Unit: 5300 5500

9

10] Product Component Requirements

11

12 |Components: Quantity Required: Total Mumber Dual Lower Upper

13 | Standard Deluxe Usage In Stack  Value Range Range

14

15 | Standard Tower 1 0 1207 === 120 0 0 1E+30

16 | Deluxe Tower 0 1 0F == 50 0 50 1E+30

17 |Hard Drive 1 2 1207 === 120 300 120 0

18]

19

20 |

21

22 *

| We! Status | WB! Solution | XYZ * i [e] v
Ready Average: 2.22222E+29 Count:9  Sum: 2E=30 B B £ - ] + 9%
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Increasing the righhand side of this constraint beyond 120 exceeds the upper range for the original
dual value of 50 and a dual value of 0 is now in effect. Since the dual value is $0, changing cell G15 to
121 and resolving the model does not increase the profit beyond $36,000 as shown in the following:

D m - I:,j E il - W¥Zxlsx - Ewcel LINDO Systems i = O b4
File Homu| Insert | Page Form | Data | Revie  View | Devel | Help | Foxit | Team | What'| O Tellme ,q, Share
H15 - S =WBDUAL[SF515,0) v
A | B € | D | E | F | G H | J K [«
1 X¥Z COMPUTER CORPORATION PRODUCTION PLAM ]
2
3 | Product: Standard Deluxe
4 PROFIT:
5 | Quantity to Produce 120 0
] F 536,000
? 4
3 | Profit per Unit: 300 $500
9
10] Preduct Component Requirements
11
12 |Components: Quantity Required: Total Number Dual Lower Upper
13 | Standard Deluxe Usage In Stock  Value Range Range
14
15 | Standard Tower 1 0 1207 == 121 0 1 1E+30
16 [Deluxe Tower 0 1 0F == 50 ] 50 1E+30
17 |Hard Drive 1 2 1207 === 120 300 120 1
18 |
19|
20 |
21
|22 . . |
| WB! Status | WB! Solution | XYZ ® ;4] '
Ready P9 Average: 2.22227F+29 Count:9  Sum: 2E=30 B B [ - ] + 9%

Adjustable Cell Ranges

In the XYZ Production example, the adjustable cells refer to the production of Standard and Deluxe
computer tower models. The dual value of each of these adjustable cells is the amount by which the
profit of producing the models would have to increase in order to make it profitable to put them into
the solution. The upper and lower range of the dual of an adjustable cell is the range over which the
adjustable cell could change with its dual value remaining the same.
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We will use the example referred to earlier for the adjustable cell dual value where the number of hard
drives in stock is reduced to 50. An upper and lower range value can be put in the model by selecting
the cell to put the dual information in, selectiidvanced...|Dualselecting the adjustable cells (D5) to
enter in the~or cell range; choosingJpper Ranger Lower Rangewhichever is appropriate, and

clicking OK. In the box below, we used cells D6 and E6 for the lower and upper ranges respectively
and then resolved.

D = ©- B HE - XYZxlsx - Excel LINDO Systems (& - O X
File Hom | Insert | Page | Form | Data | Revie ' View | Devel | Help Foxit | Team |What'| © Tellme S Share

D5 > Jx 0 v
e el e D = H l S

1| XYZ COMPUTER CORPORATION PRODUCTION PLAN

2

3 |Product: Standard Deluxe

4 Dual Val. PROFIT:

5 |Quantity to Produce: 50 o 100

6 g 5" 25 " $15,000

7| Low. Rng. Upp. Rng.

8 |Profit per Unit: $300 $500

9

10 Product Component Requirements

1

12 ;Components: Quantity Required: Total Number

13| Standard Deluxe Usage In Stock

14

15 |Standard Tower 1 0 507 <= 60

16 Deluxe Tower 1 0" <= 50

17 Hard Drive 1 2 50" =<= 50

18 |

19 | I=

| WB! Status | WB! Solution | XYZ ® < »
Ready 83 Average: 32.5 Count:4  Sum: 130 BH B M - | + 100%
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The ranges for the number of Deluxe computer towers to produce are 25 upper and 5 lower. That is,
the dual value will stay at 100 as the quantity of Deluxe computers to produce varies floough

25. If cell D5 (Quantity to Produce) is increased to 15, madeadgrstable using theemove
Adjustablecommandvia theAdjustabledialog box or the toolbar button, and the model isakved,

then profit decreases to $13,500 ($15,00000*15)) as shown in the following

D = ©- B HE - XYZxlsx - Excel LINDO Systems B - O X
File Hom | Insert | Page ' Form | Data Revie | View | Devel | Help | Foxit | Team | What'| © Tell me ,O+Share

D4 v I (constant) v
_ A |P| c mmemm E | F | 6 H ! J s

1| XYZ COMPUTER CORPORATION PRODUCTION PLAN

2

3 Product: Standard Deluxe

4 (constant) | Dual Val. PROFIT:

5 |Quantity to Produce: 20 15

6 | " $13,500

7| Low. Rng. Upp. Rng

8 |Profit per Unit: $300 $500

9

10 Product Component Requirements

1

12 ;Components: Quantity Required: Total Number

13| Standard Deluxe Usage In Stock

14

15 |Standard Tower 1 0 207 <= 60

16 Deluxe Tower 0 1 1587 <= 50

17 Hard Drive 1 2 50" =<= 50

18 |

19 | I=

| WB! Status | WB! Solution | XYZ ) < »
Ready 3 Average: 15 Count:2  Sum: 15 BH B M - 1 + 100%
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Note that, since the dual value formulas now refer to aadjustable cell, WhaBestlignores these

cells and they are not changed. If the quantity of Deluxe computers to produce is decréhsed to

the model is resolved, the profit increases to $15,300 ($15,00®M0*-3)) and the number of

Standard to produce increases to 56 as shown in the following. This might occur if there are three
obsolete Deluxe models and they are taken apart for the common parts used in the Standard model.

0D B H M| - XVZxisx - Excel LINDOSystems B — o X
File Homv | Insert | Page | Form | Data | Revie' ' View | Devel | Help Foxit | Team |What'| © Tellme £ Share
D4 v S (constant) v
A [ B C emieaw E | F | 6 | H | © | d [s
1 XYZ COMPUTER CORPORATION PRODUCTION PLAN
2
3 Product: Standard Deluxe
4 (constant) | Dual Val PROFIT:
5 |Quantity to Produce: 56 -3
6 " $15,300
7 | Low. Rng. Upp. Rng
8 |Profit per Unit: $300 $500
9
10 Product Component Requirements
11
12 |Components: Quantity Required: Total Number
13| Standard Deluxe Usage In Stock
14
15 | Standard Tower 1 0 56" <= 60
16 Deluxe Tower 0 1 37 <= 50
17 |Hard Drive 1 2 507 =<= 50
18 |
WB! Status | WB! Solution | XYZ ® < y
Ready 23 Average: -3 Count:2  Sum: -3 BH B M - i + 100%

In this problem, if the original lower bound is exceeded by e the dual value is reduced to zero.
If the original upper bound is exceeded (26 or more), the number of hard drives in stock is insufficient
and the model is infeasible. Either way, the dual value changes when the range is exceeded.

In some problems, the range of a dual value may be very small or zero. When this occurs, you may
find that different starting solutions result in different dual values. This may also indicate that more
than one combination of the adjustable cells will result in the optimal value bésiheell. In this

case, your model is said to haweiltiple optima. In any event, before making use of dual values in
decisions of eamomic importance, you should investigate the range over which they're valid.

To retrieve dual values for all adjustable and constraint cells without entering dual value formulas in
the worksheet, you may request a solution report witiothet i o n s é ¢o@mamce r a |
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Advanced..Qmit...

The dialog box posted by tihed v a n |[Omitt@mmand appears as follows:

Omit =
Refers to: Help
| $As1 ]
Omit Mames in Workbook: Cancel
| Rangel
Add
Delete
K

The Omitcommand allows you to specify a range of cells on the workbook to be ignored by the
What'8est!solver while it is seeking a solution. These omitted areas do not contribute toward any
limits What'8est!imposes in restricted size versions.

If used properly, omit ranges can decrease the solution time. However, care should be exercised in
applying omit ranges. Please refer to the section entiteedje Guidelines for Omit

OMIT Names in Workbook and Refers to

What'8est!uses range names to specify the cell range to be omitted. The target cell range is indicated
in theRefers tobox. What'8estlautomatically fills theRefers tobox with the range of the currently
selected cells. If this is not the range of cells you want omitted, you can type the correct range in or
select the button on the right edge of the text box to bring up a cursor for cell selection. Next, enter any
word of your choice in thOMIT Names in Workbodbox and click on thédd button. The name you
entered should then appear in the box below withBBOMIT prefix.

If you decide later you would like to remove the omit restriction, simply go t@thidialog box,
select the name of the omit range to remove from the list of names, and clickelatebutton.
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Usage Guidelines for Omit
What To Omit

You may use thd d v a n ¢ e cc@rjm@md totremove parts of your workbook from WiBss!s
consideration, thereby decreasing the time to reach a solution. If you can identify cells with a numeric
value or equations that are extraneous to the problem being solved, then you can place them in an omit
range. For example, some cells in the spreadsheet may be used for evaluation and reporting and are not
used in finding the solution. If these cells contain unsupported spreadsheet functions, placing them in

an omit range will eliminate the error message caused by the equations. If they contain equations that
depend upon adjustable cells, placing them in an omit range can shorten the time required for solving.

What Not To Omit

What'8est! will ignore the values and equations of every cell within an omit range. Therefore, it is
very important that information pertinent to the problem is not included in an omit range. For example,
you should be especially careful not to include:

8§ Adjustable cells Any adjustable cell within an omitinge will not be adjusted during the
solution process.

§ Constraint cells Any constraint cells included in an omit range will be ignored during the
solution process.

§ Cell Precedent to Equations Outside Omit Range equation outside of any onmdnge
that references a cell within an omit range will cause the solution to be aborted with an error
message and the unsolved model will be returned.
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Advanced...|Function Support

This command allows you to set a numbgoptions controlling function support. The dialog box
posted byAdvanced...|Function Suppardtmmand appears as follows:

[ Support Excel(R) or Users' Defined Functions

¥ Support SUMIFS Functions

v Support LOOKUP Functions

Help ‘ Cancel ‘ oK

Support Excel E or Userodos De

This feature allows you to build models using not only Microsoft® Excel®-buiitinctions, but also
user defined functions. The user defined functions can be viBéros, addn file .XLA, macros
calling a user adth file .XLA, .XLAM, or a library file .XLL. This feature is useful if the user has to
develop his own function and wants these functions to be integrated in the optimization model.

By checking this option, every function will be supported in the model. OtheiWisea Begtlwill
treat user written functions as unsupported functiand,will read the cell as a constant equal to its
numeric value at the start of optimization.

This support of user functions will make the model bigger, more complex, and so may make solution
time longer.

In Microsofte Excel 2002, you may need to adjust a setting from the menu
"Tools|Options|Security|MacroSecurity|TrustedSources" so as to grant any project access. Thus grant
any project access. Check the box "Trust Access to Visual Basic Project”, save your model and reopen
Exceld.

In Microsofte Excel® 2007and lateyadjust the security setting from the Exaz€ptions, then click on
"TrustCenter|TrustCenterSettings". Enable macros and grant the same access in the "Macro Settings"
tab.

In case of your adth has been digitally signed, you will need to enable thisiadd run your model.
In some situations, a time delay may occur after enabling thénadd

Ref er t o Bestlsampl®\fireShipgiregMacroFunctions.xIsfor an example of valid user
defined function usage.
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The default setting is False (unchecked).

Support SUMIFS Functions

When this opti oBestlreads antl gracdssesBeMWWEfanttions under certain
conditions (for details on these conditions, see the seBtiMIFS- Unsupported Sumifs Usage
otherwise, these functions will be treated as unsupported functions.

The default setting is True (checked).

Support LOOKUP Functions

When this opti oBestlreads antl gracdsses MeOOKBandHEOOKUP
functions under certain conditions (for details on these conditions, see the EEXI&UP -
Unsupported Lookup Usapeotherwise, these functions will be treated as unsupported functions.

The default setting is True (checked).

Advanced...|Statistical Functions

This feature allows you to view the specific statistical functions available for \Bhat!s

List of functions: I WETRIAINY

Inverse Triangular Cumulative Distribution

=WETRIAINV(Low, High, Mode, Prob)

Help |

See the parSupported Functions and Operatfmsadditional information.




ADDITIONAL COMMANDS127

Advanced...|String Support

This feature allows you to build models using strings as arguments, e.g., in functions such as IF(),
VLOOKUP( ), SUMIF( ), and SUMIFS()

String support related settings are entered using the following dialog box:

String Support [th

[ String Support

Maximum String Length: 0 :I

Help | Cancel | oK

[ )

String Support

By checking this option, string ar gumeestivdll wi | |
treat strings as arguments with a numeric value of zero.

String support may make the model bigger so it may need more resources to be solved.

The default setting is False (unchecked), which means string arguments will be read as a 0 value
number.

Maximum String Length

This length can be set between 1 and 255. By making this setting small, you reduce the memory
required by the string support feature, however, making the max string length too small may truncate
two different strings, such as fANew_Yorko and
lead to incorrect results.

The maximum string length default value is 20 characters.

Note: If the String Supporbption is set to FALSE, then tiaximum String Lengtketting will be
disregarded

String operations are allowed only in variations of compare, such as "=", "< >" (symbol for not equal),
St st =" SUMIF(), SUMIFS(), HLOOKUP(),and VLOOKURP() functions. Any other
operations will return an error message. Also, a formula cell should return a numeric number rather
than a string value.
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Advancede| Convert Mo

This feature allows you to convernon'Wh a Be8t§ormat spreadsheet optimizatiorodelto
What'8est!format. It will try to extract any existing data or information to set the Adjustable, Best
cells, and it will create a new tAlyB!_Constraint_Sheetat the end of the workbook for inserting the
constraint functions.

Convert Model Format Lé_E-J

This feature will try to convert the model from any
other formats into & What'sBest! format, for
setting the Adjustables, Best, and to create a
"WB!_Constraint_' worksheet for the Constraints.
What'sBest! will have only one model per
workbook. The sequence of worksheet tabs may
change.

Current selected worksheet to convert:

Help | Cancel

Current Selected Worksheet to Convert

What'8est!can have one model per workbook, but other spreadsheet modeling interfaces can have
one model per worksheigt the same workbooK he user needs to select the current worksheet to
convert, then invoke the feature. The feature will apply the Adjustable Style for the decision variable
cells, the WBMIN or WBMAX Name for the Objective cell, and create the '=WB()' functions in a
separate tabWB!_Constraint_Sheetat the end of the workbook.

The user may need to reset the tolerances via the numfddit®onal Commanddialog box for the
type of the model. WhaBest!will then detect automatically the type of the model once the user starts
the solver via th&olvebutton.

For instance, the workbook has several tabs, but you want to convert the m8tiekiti"Select the
tab'Sheetl'go to Advanced... and Convert Model Format via the WB! menu, and press OK. You will
see the Adjustable cells with a bilike font, the Best cell with a blue background, and the tab
'WB!_Constraint_Sheetfor the constraints functions, suas =WB(Sheet1!Al, "<=", Sheé2l).

Note: This feature creates a new model format, but does not remove the existing format. Any cells
difference that could not be transported will be listed in the status report.
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Advanced...|Scenario Viewer

This dialog box is useful to display the different solution values for a specific worksheet tab, either for
an Integer KBest model or a Stochastic Programming model. This tool works for the Adjustable and
Constraints cells written in the same worksheet tab.

Viewer for K-Best or Stochastic scenario.
Select and display a scenario for the
currently open worksheet,

Waorksheet currently selected:

For an Integer model designed with theBKst feature via the Options...|Integer Solver menu, first
check for the Load Scenario Viewer, then run the model. After solving, select the worksheet tab
containing all the Adjustable, Constraint, and Dual functions cells, and open the Scenario Viewer
dialog box. The user will see all theBest successive solutions starting with the name
WBKB_SOLUTION_x for the specified worksheet. For instance, if there aréB&4€ solutions, the

dialog box displays WBKB_SOLUTION_1 to 5. The user can then select the solution, and the viewer
will display the values directly onto the worksheet.

Similarly, this feature works also for a Stochastic Programming model after selecting the Load
Scenario Viewer via the the Options...|Stochastic Solver menu. After solving, the dialog box displays
all the scenarii as WBSP_SCENARIO_Xx, where x goes from 1 to the maximum number of scenarii
calculated in the model. Again, first select the worksheet tab where all the Adjustable, Parameters,
Constraint, Dual or Mean functions cells are located, then invoke the Scenario Viewer.
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Current Selected Worksheet to Convert
The default worksheet shown is the current tab being selected at the opening of the dialog box. If the
user wants to display another sheet, close the dialog box, select a new tab containing the Adjustable,
Parameters, Constraint cells, then reopen the Scenario Viewer via the menu.

This feature cannot be invoked via the VBA interface, but loading the scenarii or solutions are possible
via the wbSetIntegerOptions, or wbSetStochasticOptions.
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Advanced...|Parameters

The dialog box posted by thed v a n ¢ e d é | Posnmandappears as follows

Parameters *

The Advanced |Parameters command should ol
only be used under the guidance of LINDO Help
Systems technical support.

Real valued parameters have names
beginning with "WBLS_DPARAM', while
nteger valued parameters’ names begin Cancel
with "WELS_IPARAM'. —

|

Add
Delete
Value:
oK
0
Export Models 1
Select Destination Folder: Browse

Mame: |

[~ WEFORMAT .mpi .mps .Jtx
[ WEFORMATS®
[ WBFORMATLOG

Folder Path

Select Temparary Files Folder: Browse
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LINDO API Parameters

This feature allows you to set arbitrary parameters il tN®O API, which is the solver engine used

by WiBestl fhorderto solve your model successfully, there may be rare occasions when you will
need to set an API par amet er t h 8astlintesfacelbthisisav ai | at
found to be the case, you will be provided with a list of settings by a LINDO Systems Technical
support representative after investigation of the moHatn, you should enter the parameter names

and their values in the Parameters form.

Note: TheAdv ancedé| Bommandshaule ony/ be used with guidance from LINDO
Systems technical support.

The WB!|Options|Reset to Default command will not reset the custom parameters defined in this
window. Instead, you must delete them individually using the Delete button pictured above.

There is also a hidden name that the user can setup, as WBCALCxxx with a range value, which
actually tells WhatBest!to read the cells in the range as constant values, and ignoring any formulas in
these cells. This name can be useful to bypass the reading of an external link to the model contained in
a cell, or an unsupported function, but may also break any dependencies to other parts of the model
when What'Best!reads and parses the model from the spreadsheet.

All the What'8estlnames can be defined, modified, or deleted via the Name Manager of Excel®.

Us er s ac c eBes!VianVBA édlerastcdn set customer parameters by using the standard VBA
code, for instance:

ActiveWorkbook.Names.Add Name:="WBLS_DPARAMNYPARM", _
RefersToR1C1:="=1.23"

Export Models

In addition, WhatBest!will accept two names for providing the instruction list and a parameter file in
a standard format.

1 WBFORMAT, will produce a .MPI, .MPS, or .LTX file format in the specified destination; for
instance:
"C:\Tempmodelname.mpi". The parameter file is provided as a .PAR and .CSV.

1 WBFORMATSP,will produce the formatted files related to a Stochastic Program model; for
instance:
"C:\Tempstochasticmodelname" (without extension), for .MPI, .SMPI, .STOCH, .TIME,
_1.STOCH. The parameters file is provided as _PARAM.TXT and _PARAM._PARAM.CSV.

1 WBFORMATLOG, will produce the formatted files related to an output log file from the
calculation library; for instance:
"C:\Templogname.txt".
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Folder Path

What'sBest! generates some temporary files when it solves the model and deletes them at the end of
the solution process. The default location for these temporary files is the directory containing the
model. You may not have write privileges for storing temporary files in this folder (for example when
you retrieve the model from a network drive), so you should specify another local directory for storing
these temporary file-his nondefault location is also used for your other models.

Locate...

The dialog boxposted by thé.ocatecommandappears as follows:

Locate: Adjustable =+ | cells

Using Method: | Identify One-by-One ﬂ
Across: [ Entire Workbook ﬂ
Help | Cancel | oK

Specify the type of cell you would like to find in the Locate: ddapvn box to search the worksheet or
workbook for Adjustable, Best, Constraint, Violated, Dual, WBCALC, or WBOMIT cells.

If you choose to locatAdjustable Best,Constraint Violated Dual, WBCALGC or WBOMITcells, then
specify whether you wish to simultaneously SeldtSuch Cellor Identify Oneby-Onewith the
Using Methoddrop-down box.The search can focus either across\warksheebr theWorkbook

To Identify Oneby-One What'8est!proceeds to search by rdallowing by columnuntil it finds the

first such cell. If there are more cells of the same fgress thevorksheet oworkbook, therthe
following dialog box appears:

Locabe Next, or Exit. gAS]

Mext Exit

For example, if the current cell is A1, you are searching for adjustable cells/aree, and A2 and
B1 are both adjustable cells, the next cell selected will be B1.

Finally, select whether you want Wheitest!to search across ttentire Workboolor This Worksheet
in the Across:drop-down box. If no cells of the type you requested are found in the worksheet or
workbook, then Whatest!lets youknow.
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About What 6sBest |

Thedialog box posted by th&boutWhatsBest!'commandappears afollows:

About What'sBest!(R) - 64-bit x

What'sBest!® 17.0.0.0 (Jun 19, 2020)
Copyright ©2020, LINDO Systems, Inc.
Library 13.0.40599, 185

Extended License

3

2

Capacity

Undmited  LNtegers

Morlinears

Unimited  Ysina Nonlinear solver
Unimited Using Global solver

Information:
| Linear Monlinear Barrier Conic Global Integer Stochastic

| Perpetual icense,

Licensed for commerdal use,
Single-user license,
WBFxa-17xxxx XYZ Company

Location of the add-in file: WBA. XLAM
| C:\Program Files\Microsoft Officeroot\Office 16'Library j

Location of the license file: LNDWB170,LIC
[ C:\Program Files\Microsoft Office'root\Office 16'Library :ll

TheAbout WhdaitdlsBgshdx provides inf or nBedtlyonare about
running and its capacity according to the license key you possess (If you do not have a license key, you
can run a Demonst r atBesi)nid atditionathe boxetthe bottam obtHe disiiga t 6 s
box supplies t heBestladdia file (\WBA.XbAor WBA.XLANMkith thedbnecessary
accompanying files o r u nBestYlaral thé lscation of the license fileNDWBxxx.LIG which

has to be in the same location of the-&ddl'he capacity and size for the different versions of

Wh a Be8tkare as follows:

\
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Name Constraints | Variables | Integers | Nonlinear | Global
Trial Version 150 300 30 30 5
Personal Version 250 500 50 50 5
CommerciaNVersion 1000 2000 200 200 10
Professional Version 4000 8000 800 800 20
Industrial Version 16000 32000 3200 3200 50
Extended Version Unlimited Unlimited | Unlimited | Unlimited | Unlimited

Toolkar/ Ribbon Bar

In Excel versions 20022003, use th&oolBarc o mmand t o t oBgstitbotbarbnhaed What 6 s

of f . Wh 8estlidiistalied the toolbar appears in floating (undocked) mode as follows:
What'sBest! v X
KFRE W |2 == = |8

The user may then reposition the Wi¢'st!toolbar to a preferred part of the Ex@elindow. Select
the ToolBarcommand to turn the toolbar off. Select it again to turn the toolbar back on. A checkmark
will appear next to th&oolBarcommand when the toolbar is on.

The What'Best!toolbar offers rapid onelick access to eight of the most commonly used operations.

T he Westltodlbsmr also makes tool tips available. To learn the function of a particular toolbar
button, just move the cursor over the button for a second and a statement of the button's function will
appear.

What'sBest! -

= ®

l/r:gnimize

Should you wish to remove the Whatst!toolbar, youwouldus€ i ew| Tool bar s| Cust omi
command, select the Whaisst!toolbar, and press tH2eletebutton. You would then have to reinstall
What'8est!in order to restore the toolbar.

In Excel® versions 2007 and latewhat'8est!just shows an additional tab in the Ribbon Bar layout,
with an easier access to the dialog boxes and the shortcuts:

B H e -

Home

Insert

Page Layout

Formalas

Deota

Review

Bookl - Excel

View Developer

UNDO Systems

m

L Telime

£ Make Adjustable

%2 Remove Adjustable
Adjustable Best

% Minimize

M Maomize

Model Definition

o

Conatraints

<= Less Than
2= Grester Than

= Equal To

*#+ Integers ~

Options *

2 Advanced *

Settings

©

Solve

Soivers  Information

- Locate
O rHep

5 Avout

License
7 Register

& Check Update

4 Language English

Services
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License

The dialog box posted by the License command appears as follows:

What'sBest!(R) License x
License Key
- ) o
If you have a What'sBest!{R) license key, pleass paste (Crt + V) or type it in USER ID Info
below. =
Demo

If you don't have a license key, you can select 'Demo’ to run What'sBest in
demonstration mode, In this mode you have all the features and functionality of Help
a full licensa, but there are limits on the model size.

If you'd like to evaluate a full capacity license for purchase or solve large madels ca
for educational purposes, select 'Help' for information on requesting a license. Lancel

License Location
A non-default location for the license can be specified below,

OK

o |

Use this c¢omman d Bdstlicemsa keyand sey aonodefallVtocation fer the license.

License Key

If you have already requested and received a license key, even a trial key, you magcpagte it
directly into the space provide@ifl-C to copy,Ctrl-V to paste), then sele@K.

This command can al s oBeftléo handleelargertpmblemp (@reated mimbéth at 6 s
of constraints, variables, and integers) or to add options to solve other types of problems. To
upgrade, simply obtain a new license key from LINDO Systems and enter it here, the@Kelect

The User Information File is created upon request of LINDO Systems, by clickingSE® 1D Info

button. It contains the Machine Name, the User Name, and the Disk Identification Number. This file
USERINFO.TXT can then be sent gales@lindo.comso to create the full license key for academic
purpose or a temporary Evaluation license for commercial purpose. By default, this file will be created

in the What'Best!addin folder, but a different folder can be selected, usually in the local disk drive.
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User Information File -4

Upon request of LINDO Systems, this USERINFO.TXT file is created to contain
the Machine Mame, the User Mame, and the Disk Identification Mumber ., This fie
should then be sent to LINDO Systems to create the full License Key.

Select Destination Folder: Browse | Create

C:\Program Files Microsoft Office \root\Office 16 \Library \LindoWE|

The About WhatBest!will show your license capacity currently installed.

If you have lost your license key, please contact LINDO Systems.

Selecting the Demo button putghat'8est!in demonstration mode. This mode provides all of the
features and functionality of a full license but limits the model size to 150 constraints, 300 total
variables, 30 integer variables, 30 nonlinear variables, and 5 Global variables.

What'sBest! x

Select OK to erase your previous key and create a trial key,
othenwise select Cancel,

Trial Key Capacity:
Constraints: 150
Adjustables: 300
Integers/Binaries: 30
MNonlinears: 30
Globals: 5

For the academic purpose, if you want to solve homework models, we recommend you select the
Demo button. The demonstration mode generally provides sufficient capacity for most homework
models. If you are a student or professor needing to solve larger models, you can request an
unrestricted capacity Educational Research license. To request a license, seUSERdD Info

button to create a file named USERINFO.TXT. Then, send this file as an attachment to
sales@lindo.confrom your educational email account. We will generate and send you back an
Educational Research license key.

For the commercial evaluation, if you want to What'8est! on larger models, you can request an
unrestricted capacity temporary Evaluation license. To request a temporary Evaluation license, select
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the USER ID Infobutton to create a file named USERINFO.TXT. Then, send this file as an attachment
to sales@lindo.comWe will generate and send you back a temporary Evaluation license key.

License Location

The license file, LNDWBxxx.LIC, is located by default in the same directory a@d/thet'8Best!add
in files, but you can also select a rdefault location for storing it.
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Register...

The dialog box posted by the Register commancargpadollows:

Serial Number : | WBPC1-1234567330 | Educational

License : I Linear Barrier-Conic-Monlinear-Global-Integer-Stochastic I Professional

Mame *; I

Title :

Company *;

Address :

7ip Code :

Phone *;

City I
Email *; I
What is your company's primary business ?

" Education " Consulting " Manufacturing
™ Accounting " Government ™ petrochemical
" Agricultural i Medical " Transportation
" Finandal £ Marketing " Other

" Telecommunications " Insurance

What other optimization package have you used ?

What will be your primary application of this product ?

Cormments :

*Required Field

| Reqgister Mow I Mever Register
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Use the Register command to register your version of Vl®astsonline. You will need a connection

to the Internet for this command to work. Enter the personal information you deem relevant and select
the Register button. Your information will be sent directly to LINDO Systems via the Internet.

Once your registration is complete, the following dialog box will appear on your screen:

~ Thank you.

Select the OK button to be returned to the main EBxeglvironment.

LINDO Systems is constantly working to make our products faster and easier to use. Registering your
software ensures that you will be kepttopdate on the latest enhancements and other product news.
You can also register through the mail or by fax using the registration card included with your

software package.

CheclkJpdate

Turn theCheckUpdateommand on to have Whdsst!'automatically check every time you start the
software if there is a more recent version of WBais!available for download on the LINDO
Systems websité&/ou will need an Internet connection to the Internet for this command to work

When you issue th€heckUpdateommand, or start a version of WhBgst!with CheckUpdate

enabled, WhatBBest!will search the Internet to see if an updated version of the software is available
for download. If you currently have the most recent version, then you will be returned to the main
What'8est!environment. If a newer build of the software is available, you will be presented with the
following dialog box:
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p—
i

. There is a new version available:
WY ‘What'sBest!®

A checkmark next to the command in the WB menu indicates that the command is still enabled.You
will need to download the new version of the software from the Website at the address indicated. You
can disable this option by checking off the command item.

Upon completion of downloading, you will be prompted to begin installation of the new update. Close
Exceld, and double click on the file to open the install wizard, which guides you through the setup

process t o BesthRbraybueconiimiericd wour license key will be automatically
transferred to the new version during installation.

Keeping your software up to date helps ensure that you are using the most recent version of the
software and that compatibility and operational problems are kept to a minimum.
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Language
This feature allows the user to select the language of his ohitlveut reinstalling the adoh.
| B | |
= @

# Language |English [<]
English
Chinese
Services French
Japanese
W

After selecting the language, the user can revert to the previous setting, becéarsguthge words
will stay displayed in the native langua@#ake sure that your system has installed the international
language capabilities. This can be verified via the Control Panel of the Wiadipesating system.

Note:
English (US)
Chinese (Pinyin)
French (France)
Japanese (Katakana







4\What 0sBest'!
VBA Interface

This section discusses the VBA (Visual Basicor Appl i cati onBept! ThemBAr f ace o
interface allows the wuser t o wBasticemmdrBIAByusinge or m
this interface, you can build optimization applications that utilize all the power and functionality of

Wh a Be&tkn Exceld or any other application offering VBA control.

The section entitletdsage Guidelines for Macros in VB#troduces some features of the VBA
interface such as tf@bject Browser how t 0o e mbBestimogein a VisWahBasiwd s
project, as well as how to hide the model. The procedures or functions (shdjusisBest and
Constrain) pr ov i d eBebstléredistibsadtivBA Interface: Procedured he section entitled
Tutorial on the VBA Interfacis provided to help you get started writing VBA. The rest of the section
describes the syntax, arguments, and error codes of particular procedures.

Usage Guidelines for Macros in VBA
|l ntroduction to the VBA I nt

The very first step Bestlistorcreaetairefegncato tmaVéliddstladdor Wha't

in,soyoucanusetheatldn 6s attri butes and pr Bestisdnadedys. Thi s |
checking thaVBA.XLA or WBA.XLAM box undefTools|Referencefsom within theVisual Basi®

Editor (The Visual Basi® Editor is called viaTools|Macrosrom the main Excel menu bar). If you

do not create this reference, tBestattributesson your cod
procedures Excelreturns the error messageb or Function not defined

Object Browser

Exceld ©bjectBrowsei s a wuseful tool for dBestléelhe®@gectng macr o s
Browserprovides for display of all publicly declared objects within a given unit of code, such as a

modul e o r Bestlhogin WBAXLASWBAXLAM . Once youbdve selected
the Object Browseprovides a view of all objects, procedures, and attributes that are available to any
macros you write for that objBestdaddinobjectiVBAXlEAmpl e, b
within theObject Browser you can view the parti cuBesthithatat t ri bui
you can employ in a macro.

144
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The Object Browseis a feature of th¥isual Basi® Editor and is opened from the Exeainenu by
Tools|Macro|Visual Basic EditoHaving opened th¥isual Basi® Editor, selectView|Object

Browserto start theDbject BrowserFrom theObject Browser y ou d e s iBesthaayoer Wh at 6 s
object by selectingVBA.XLAfor the Library/Workbooks (instead efAll Libraries>). If you do not
seeWBA.XLAnthedropd own | i st , t hen vy o BestaddintviathehExogdk i n t he
menubs o fToolRAdHinsormei 91 st al | Basthaddinwh at 6 s

Af t er y o uWBAXLANdhle@bfett Brawseryou should se#&/BUsersamong theClasses
|l isted. This cl ass i Bestpoocedurep. As youaselect thisclass, therigit f  Wh a
window should display all of thelemberqprocedures) available to you from that class.

Macro Recorder

Excel®d Macro Recordercan be a very valuable tool for creating macros of tasks in &xcel

Unfortunately, it generally does not work well in conjunction with Er@dins such as

Wh a Be8tsTheMacro RecordenfExcetp9 7 and | ater versi onsBestts unabl
addin commands, so we recommend you do not try to use it to generate VBA code. You can use

Excel®d ©bject Browsedescribed above to more quickly and accurately write your VBA code.

Calling Procedures

Visual Basi® for applications is quite liberal in the syntax it allows when calling procedures. For the
sake of simplicity, the calling procedures used for illustration below will stick to one or two
conventions depending upon whether or not named arguments are used. For example, to call the
procedure to set cells D8:E10 as adjustable without named arguments would be:

wbAdjust "D8:E10"
The same procedure call with named arguments would be:
wbAdjust AdjRange:= "D8:E10"

Note: VBA is caseinsensitive to the procedure name when it is called, so the procedure could
alternately be called with its name typed entirely in upper case (iWBA®JIUSTinstead of
wbAdjusj.




146 CHAPTER

Named arguments such as shown above are necessary when you are skipping over some arguments.
With some programming languages, it is possible to skip an argument by leaving it blank. This is not
possible with VBA. Named arguments must be used instead:

INVALID: wbSetGeneralOptions (,,,,,,,,,, False, True, True,,,,,,)

VALID: wbhSetGeneralOptions goStatusReport:=True, goSolutionReport:=False,
goWrnBlank:=True

When calling procedures with multiple arguments, using named arguments allows you to list the
arguments in any order you choose. Using named arguments can also make the code easier to read.

Error messages you migbbenteearningy BA.

When initially Bestusing VBAgode, the user mayhtauntdy the following
error messages, which are easily resolved:

Sub or Function not definedThis error message is often the result of not haWA. XLAchecked

as an available reference. ClBestpkoceduges availabletso a r ef e
your Visual Basie code. Instructions for setting this reference are provided at the beginning of this

section.

Invalid outside procedureThis message is often the result of using parenthesis withoG#the
keyword. Either put the keywoi@ALL in front of procedure calls where you use parenthesis or
remove the parenthesis.

Beyond VBAVB

Model developers may prefer the ability to provide the user with a more elaborate, polished interface
than can be provided usifitxcel® workbooks running/isual Basi® macros. Developers can create
such applications using the full featured development environmekisudl Basi® or Microsofte

Acces® tha run WhasBest!with Excel® running in the background. Theces® or VB application

can easily prepare the data for the optimization model, insert iairExcel® workbook, and run
WhatsBest! so thatExcel® is completely hidden from the user.

The development of the application can progress in natural stages. The optimization model can first be
prototyped and tested Excel®. Once the structure of the model is decided upsyal Basi® code

can be written to automate the process of creating the model &ithete. Finally, the code can be
incorporated into acces® or Visual Basi® project in which the WhaBest!model is built based

upon a data set provided by the application.

Embeddi ng invVédVisualoBaddleVssual Studio
Project

We again return to the XYZutorial problem to look at how it could be incorporated into a Visual
Basi® (VB) program. Assuming that Visual Basids installed on the computer, extract the WB_VB
project from the WB_VB.zip file of thevBdirectory. Start the Visual Bagior Visual Studi® and
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choosdrile|Open Projecto select the "WB_VB.sIn" project. There are WB_Modulel.vb,
WB_Forml.vb, WB_Forml.vb[Design], and the WB_VB project properties.

This sample project will demonstrate a basic dialog box with a button. A function
WB_VBBuildXYZ() will actually open Microsoft Exce, initialize the link to the What®est!addin,

and open the file ®VB\XYZ.XLSX. It will then complete the model by setting the Adjustable, Best,
and Constraint cells, then solves it. The solution will be displayed back onto the worksheet, with a
message box for the returned status. The user can then close the messages.

The code clarify the basics for opening, building, and solving a model. The user can look at this
project as a template for further developments, eventually adjusting on the platform, .NET, either 32 or
64-bit.

Concealing and Protecting a Model ftdserthe

WhatsBest!allows model developers to hide aspects of a midelmight be proprietary and protect
sections of a model from inadvertent or unauthorized modification, while allowing the user to access
and modify input data. While this does not require the usésoial Basi®, these techniques can

easily be used in conjunction with VBA.

Information in a WhasBest!model that is to be hidden from the user must reside on one or more
worksheets that are separate from the worksheet(s) to which the user has access. Similarly, information
that is to be protected must reside on one or more worksheets that are separate from the rest of the
model.

To demonstrate how to conceal and protect a model from the user, we will modify the Product Mix
model. First, we rename tiRrodmixsheet adlodel Second, we will create two new worksheets that
have all the information that the user needs: one chijattsand the other calle@utputs When we

are done, th&lodelsheet will be entirely hidden and protected from the user. It will contain data and
formulas that are considered proprietary.

We now populate theputsandOutputssheets as follows. First, we copy all of the data from A5:G6
on theModelsheet to thénputssheet. We now set throfit/ Unit for each of the products to
unlocked cells on thimputssheet. We can then protect thputssheet with th& ools|Protect Sheet
command and enter a password.

Turning to theDutputssheet, we copy and change the "Quantity to Produce” for each of the products
to formulas that reference tiModelsheet. We can then protect Datputssheet from the user, so
nothing can be changed. First, select the "Quantity to Produce” cells and Eboos¢{Cells On the
Protection tab, selettidden(leave the celltocked, so that the user can not see the formulas in these
cells. Then, choos€ools|Protection|Protect Sheahd enter a password.

On theModelsheet, we change the "Profit/ Unit" for each of the products to formulas that reference
thelnputssheet.

The last thing to do is to hide and protectMhadelsheet. To do this select the entire worksheet and
chooseFormat|Cells On theProtectiontab selecHidden Then, with the entire spreadsheet still
selected, choodeormat|Row|HideandFormat|Column|HideNext, protect the sheet by giving the
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commandTools|Protection|Protect Sheand enter a password. The final step is to hidé/theel
sheet with the commariebrmat|Sheet|Hide

Now, the user will only see tHaputsandOutputssheets. A clever user would be able to determine
that there is Modelsheet but he or she would not be able to view or modify it. In the WB
subdirectory, there is a file called PRODMIX2.XLS, which has the changes described above.

Note: It is not possible to usexceld Fools|Protection|Protect Structummmand with WhadBest!
This command does not allow ti¢B Statusor WB Solutionworksheets to be added to the
workbook.

Tutorial on the VBA Interface

This section provides a tutotian the basics of running Wheest!commands using VBAVisual
Basi® for Applications). It includes detailed discussion and-&tgstep examples of a variety of
different common applications combinidisual Basi®@a n d  VWHest!t 0 s

Note: The first step in running any Wha'sst!/from VBA is to create a reference to WhBgst!
This reference is made by checking WBA.XLAbox undefTools|Referencesom within the
Visual Basi® Editor (The Visual Basi® Editor is called viaTools|Macrogrom the main
Excel menu bar). If you do not create this referenbentany attempt to use the WHaest!
attributes or procedures will produce the error mesSapeor Function not defined

Building and Solving a Basic Model

Letds revisit the XYZ PrutrialoftGetting StatmgWNelwidd iookdi scuss
at how the ABC6s of a Visual®@a&sie. Unless spdrified stheevisd, d i ed u s
sample file nameXYZVBA.XLS! was copied to th&/B subdirectory during installation. Along with

the main XYZ worksheet, there are two VBA modules cafle8 C @ndDual.

The ABCO6s modul e h aBuildKYZweioh usp¥isual Badi@ to leudd amdrsolve t
the modelMaxDeluxe which changes the objective to maximizing the use of Deluxe computer towers
and solves the new model; aMaxDeluxe2 which uses the same objectiveMaxDeluxe but

imposes a restriction that profit must be gre#ttanor-equatto $32,000. You will notice that the code

to build the model is very straightforward. For information on the complete syntax for each of the
functions, refer to the section &mocedures

TheBuildXYZprocedure is listed below:
Sub BuildXYZ()

Dim Ing SolutionStatus As Long

'Go to line label Handler for code that handles error
On Error GoTo Handler

'Make Quantities to Produce (C5:D5) Adjustable
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wbAdjust "C5:D5"

'‘Make Total Profit (G6) the best cell to Maximize
wbBest "G6", "Maximize"

'‘Constrain Total Usage (E15:E17) to be less than Number in
' Stock (G15:G17)
wbConstraint "E15:E17", "<=", "G15:G17", "F15:F17"

'Solve the model
wbSolve Ing  SolutionStatus

'Display the results
Select Case Ing SolutionStatus
Case 1l
MsgBox "The model is: Globally  Optimal”
Case 2
MsgBox "The model is: Globally  Optimal , " &_
Range("WBMAX")
Case 3
MsgBox "The model is: Infeasible”
Case 4
MsgBox "The model is: Unbounded"”
Case 5
MsgBox "The model is: Feasible”
Case 6
MsgBox "The model is: Infeasible or Unbounded"
Case 7
MsgBox "The model is: Near Optimal"
Case 8
MsgBox "The model is: Local ly Optimal"
Case 9
MsgBox "The model is: Local ly Infeasible"
Case 10
MsgBox "The model is: Cutoff"
Case 11
MsgBox "The model is: Numerical Error"
Case 12
MsgBox "The model is: Unknown"
Case 13
MsgBox "The model is: Unloaded"
Case 14
MsgBox "The model is: Loaded"
Case Else
MsgBox "Solution status unknown"
End Select

Exit Sub
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Handler:
MsgBox "The error description is " & wbError(Err)

End Sub

In the above example, any line starting with a single quotation mark is a comment.

Note: If Excel® returns the error messageb or Function not defingthen WhasBest!needs to be
set as an available reference. To do this, chdosés|Referencefsom theVisual Basi®
Editor and checkVBA.XLAIn the list. Now, you should be able to run the procedure without
error.

The procedur8uildXYZshown above is very simple. It sets C5:D5 to be adjustable cells, makes the
Total Profitin G6 the cell to maximize, and constraifstal UsaggE15:E17) to be less than the

number in stockG15:G17). When these steps have been performed, the macro code solves the model
and displays the results.

To make this example more readahle ranges passed to the W8 st!procedures are text

references. Alternately, the ranges could also have been passed as objects to allow the developer to
work with row and column numbers instead of the text. The above code presented with object
references would look like this:

'Make Quantities to Produce (C5:D5) Adjustable
wbAdjust Range(Cells(5,3), Cells(5,4))

'‘Make Total Profit (G6) the best cell to Maximize
wbBest Cells(6,7), " Maximize "

'‘Constrain Total Usage (E15:E17) to be less than Number in
' Stock (G15:G17)
wbConstraint Range(Cells(15,5), Cells(17,5)), "=
Range(Cells(15,7), Cells(17,7)), Range(Cells(15,6), _
Cells(17,6))

The two other procedures in theB C aaule,MaxDeluxeandMaxDeluxe2 simply change the XYZ

model slightly and solve it again. TBaial module contains a couple of subroutines that demonstrate
putting dual value functions in the model.

In the examples above, none of the arguments used the named argument syntax. To do so, simply list
the argument name followed by a colon and equal sign and then the argument. To set the range C5:D5
as adjustable with the named argument syntax, enter:

wbAdjust AdjRange:= "C5:D5", AdjChoice:= "Adjustable "
Using the named argument syntax can make the code easier to read and, when calling procedures with
multiple arguments, allows you to list the arguments in any order you choose.
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Solving Multiple Problems with a Looping Macro

When automating a process using macros, you may want to run the same macro many times on
different data while storing the optimal solution for each data set. For example, you may have a
database filled with information on the return on a group of investments at a range of interest rates.
What'8estlcan be used to determine the optimal portfolio in each situation by using a looping macro.
Using thePMIXMAC.XLSsample file, which was copied to tki¢B subdirectory during installation,

let's look at how a looping macro might be created. Us¥ithel Basi® Editor to go to thé.ooping

Macro module in your workbook and your screen should look like the following:

—

Sab Macroloopi)

'This macro will increment the Profit//Unit of Product 2
"from 45-80, solve the model, copy the Total Profit and Juantity Produced
'of Products 1-6 to a table, and repeat.

Dim Count As Integer
Dim TableBRow &s Integer

'Initialize the profit of product 2 to 45
Sheets ("PRODMIK") . Select
Dange "C&") = 44

'Evaluate the effect of changing the profic on product 2 by
'increaszing it by one unit and resolving. Solwve the modsl,
'sawve the results in a table, and increnent the profit on
'product E.

For Count = 1 To 20

'Copy a new valus to the profitc of product £

Bange ("C&") = RBange ("C&") + 1

'S8olwe the current model

Application. Pun macro: ="WEUsers_whiolwe"

'Set TableBow to Count plus 2, since the table will
'start in row 3

TableRow = Count + &

'Copy the profit per unit for product £ to the table
Sheets ("PRODMIKX") . Zelect

Cell=s{TablePow, 1Z) = Bange("C&")

'Copy the solution so it can be pasted into the table
Banee ("BE:G2") . Copy

'Paste the solution to the cable. We paste in the wvalues
'only to prevent the cells.

'in the table frow being treated as Adjustable

Dange (Cells(TableRow, 132), Cells(Tablelow, 12)).PasteSpecial Paste:=xlValues
'Save the Total Profit in the table

Cell=(TableRow, 13 = Range("A3")

Next Count

Ead Sub

Lines beginning with a single quotation mark are comments.
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The macro shown here performs range analysis by incrementing the profit/unit of product 2 from 45 to
64. TheFor...Nextform of looping inVisual Basi® is used here, but other looping forms such as
Do...LoopandFor Each...Nexforms are available. Please consultigual Basi® or Excelp Help

for more information.

After running the macro, the adjustable cells andbtrs cell for each increment are copied to the

table in the range L2:S22. The row is incremented each time through the vaishldthat is always

two greater than th€ount(the iteration number). In this way, a convenient report is created providing
sensitivity analysis of the profit/unit of Product 2.

As shown here, there are changes in the optimal solution when the profit/unit for product 2 is $50 or
greater. In addition to simply having the macro increment the profit/unit for product 2 through a range,
the profit/unit values could have been read from a database or a text file.

This model is a looping version of tReoduct Mixmodel.

VBA InterfaceéProcedures

WhatsBest!provides a set dfisual Basi® Procedures that allow models to be built and automated
usingVisual Basi® for Applications (VBA commands. These procedures are the same ones that are
called when Wh&Best!commands are selected from #W8! menu or the Wha&Best!toolbar. For
example, th&olveprocedure invoked in a macro is also invoked when you pre: & idutton on

the WhatsBest!toolbar.

If you wish to automate the creatti of a WhasBest!model, orif you wish to incorporate WhaBest!

as a part of a larger application, then you will find these procedures to be invaluable. They make it
reldively easy to incorporate WhsBest!into aMicrosofte Excel® or Acces® application, or any

other application offerinyisual Basi® for Applications.

All of the following procedures with arguments requiring cells can accept either range objects or the
address of the cell(s).

Note: VBA is caseinsensitive to the procedure name when it is called, so any procedure could
alternately be called with its name typed entirely in lower case (i.e., as "wbaddadjustablestyle"
instead of "wbAddAdjustableStyle™).

Al | of Bestprodddueed available are listed below with details on their syntax, arguments,

error codes, and any return values. Some also include examples of using the procedure or remarks. The
procedures with arguments that require cells can accept either range objects or the address of the
cell(s). Argument with square brackets ([ and ]) around them are optinogalbracketed arguments

are required.




MACROS: THE VBA INTERFACES53

wbAddAdjustableStyle

This routine is used to add the adjustable style to a workbook that does not have one yet.
Syntax wbAddAdjustableStyle()

The wbAddAdjustableStyle procedure has no arguments.

Error Codes Description

Adj_CreateStyleError Error Creating an Adjustable style

RemarksBecause this procedure is called by the wbAdjust procedure, in most cases, it should not be
necessary for the developer to call it directly.

wbAddBestStyle

This routine is used to add the best style to a workbook that does not have one yet.
Syntax:wbAddBestStyle()

The wbAddBestStyle procedure has no arguments.

Error Codes Description

Best_CreateStyleError Error Creating a Best style

RemarksOnly one cell, the objective cell, should use this style.

wbAddWBMenu

This routine is used to add th¢B! menu item to th&xcekl menu.
Syntax:wbAddWBMenu()

The wbAddWBMenu procedure has no arguments.

Error Code Description

AddWBMenuError Error in adding th&V/B! menu

RemarksThis procedure and the wbDeleteWBMenu procedure allows a developer to remove and add
theWB!menu as desired.
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wbAdjust

For additional discussion of the functionality provided, see the section e#titjestable which
refers to the dialog box interface that calls this procedure.

This routine is also called with appropriate arguments by two of the toolbar buttons.

This routine is used to either set cells as adjustable or to remove the adjustable attribute. All arguments
are optional.

Syntax:wbAdjust([AdjRange], [AdjChoice], [NoErrDialog])

Argument Required Description

AdjRange No This is the range or address of the cells to be rendered adjustg
If omitted, the default value fagkdjRanges the current selection.

AdjChoice No This is a string to indicatadjustableor ResetAdjChoiceaccepts
the text "Adjust” to set thAdjRangeas Adjustable or "Reset" to
set theAdjRangeo no longer be adjustable. If omitted, the defa
value forAdjChoiceis "Adjust". For backwards compatibility with
ear | i er v e rBsst! AdjiChoiceafso adtlemstthé s
numbers 1 foAdjustableand 2 forReset

NoErrDialog | No Any argument pas s e Bestlereordalogc a U
boxes from thevbAdjustroutine to be suppressed. Instead, the
error number is delivered in this return argument. Pass an inte
to use any pos sBesbdrrer number. Usefnl end
an embedded ap@Bésttcati on of

Error Codes Description

Adj_BadAdjRangeArg Bad AdjRangeargument

Adj_BadAdjChoiceArg Bad AdjChoiceargument

Adj_ProtectedSheetError Unable to set cells as adjustable on a protected sheet
Adj_CreateStyleError Error creating ar\djustablestyle
Adj_CheckStyleUnlockedError Error checking that thAdjustablestyle is unlocked
Adj_CheckStyleProtectionError Error checking that thAdjustablestyle includes protection

RemarksAn adjustable cell must contain a number or the cell is ignored by the solvekdjust
procedure formats the cell(s) with a style cakatjustable which carries a blue font color as a visual
reminder. All adjustable cells will return naregative values unless they are WBFREErange.

Example:To set the cells D8:E10 as adjustable, enter the macro

wbAdjust "D8:E10"

or
wbAdjust Range(Cells(8,4),cells(10,5))
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To reset the cells D8:D10 to no longer be adjustable, enter:

wbAdjust "D8:D10", "Reset"

or
wbAdjust Range(Cells(8,4),cells(10,4)), "Reset"

wbBest
For additional discussion of the functionality provided, see the section eRétedvhich refers to the
dialog box that calls this procedure.

This routine is also called with appropriate arguments by the either of the toolbar buttons displayed
above.

This routine is used to creatdast cell, replacing any previously definaest cell. All arguments are
optional.

Syntax:wbBest([BestCell], [BestChoice], [NoErrDialog])

Argument Required | Description

BestCell No This is the cell or address of the cell to belibst cell. If omitted,
the default value foBestCellis the current cell.

BestChoice No This is a string to indicate whether thest cell should be
minimized or maximizedBestChoiceaccepts "MIN" or
"MINIMIZE" (upper or lower case) for minimize, "MAX" or
"MAXIMIZE" (upper or lower case) for maximize, and "NONE"
(upper or lower case) to remove any previbest cell. If omitted,
the default value foBestChoicés minimize. For backwards
compatibility wit hBesthBedtGCheice
also accepts the numbers 1 kdinimize 2 for Maximize and 3 for
None

NoErrDialog No Any argument pas s e Bestlereordalogc a U
boxes from thevbBestroutine to be suppressed. Instead, the er
number is delivered in this return argument. Pass an integer tg
any possi bl eBestlertoununmberdJsehiraan 6 g
embedded appl Besthti on of What
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Error Codes

Description

Best _BadBestCellArg

BadBestCellargument

Best_BadBestChoiceArg

BadBestChoiceargument

Best_ProtectedSheetError

Unable to set thbest cell in a protected sheet

Best_CreateStyleError

Error creating 8eststyle

RemarksOnly one cell can be specified abest cell.

Example:To set |17 as your objective to minimize, enter:
wbBest "[17", "Minimize"

To set F17 as the objective to maximize, enter:
wbBest "F17", "Maximize"

To reset

wbBest "F17", "None"

cel |

F17 to ANoneo, enter:

WBBIN

For additional discussion of the functionality provided, see the section eimitbggtr,which refers to
the Binary option button that calls this procedure.

This routine is used to build binary integer ranges naWiB8IN The adjustable cells contained in
these ranges will beesto either 0 or 1 by the WhsRest!solver.

Syntax:WBBIN(IntName, [Refers_to])

Argument Required Description

IntName Yes IntNameis a string that refers to the range being made inte

Refers_to No Refers_tas the range or address of the cells to be specifie
integer. If omitted, the default is the current selection.

Error Codes

Description

Int_BadIntNameArg

BadIntNameargument

Int_BadRefers_toArg

BadRefers_targument

Int_ProtectedSheetError

Unable to set integer cells on a protected sheet

Int_CreateError

Error setting integer cells

Remarksinteger variables can dramatically increase total solution times.
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Example:
To constrain cell F7 to be a binary integer using the range name OnOff, enter:

WBBIN "OnOff", "F7"

To Remove:

If you wish to delete &/BBINrange name using VBA instead of tbeletebutton on thénteger

Binary dialog box, you can use:

ActiveWorkbook.Names("WBBINONOff").Delete

This statement removes tiéBBINrange name, thereby returning the adjustable cells contained in the
former range to normal status.

wbConstraint
For additional discussion of the functionality provided, see the section eilestrains, which
refers to the dialog box that calls this procedure.

This routine is also called with appropriate arguments by the three toolbar buttons displayed above.
This routine inserts a constraint formula within the selected cell.

Syntax: wbConstraint(LHS, Direction, RHS, ConLoc, [NoErrDialog])

Argument Required Description

LHS Yes LHSis the lefthand side of the constraint equation.

Direction Yes This is a string to indicate what type of constraint: "<=" fles
thanor-equatto), ">=" (greaterthanor-equatto) ,"=" (equat
to), "<c=" (convex), ">c=" (concave), or "=c" (conveXjor
backward compatibil ity Besit

Direction also accepts the numbers 1 fgr", 2 for"=", and 3
for ">=", 4 for "<c=", 5 for "=c", 6 for ">c=", 7 for "None"

RHS Yes RHSis the righthand side of the constraint equation. It can |
a range or a value (see tRemarkdelow).

ConLoc Yes ConlLocis the range to store the constraints.

NoErrDialog | No Any ar gument p as Bestirrocdamlogsbexss

from thewbConstraintroutine to be suppressed. Instead, the
error number is delivered in this return argument. Pass an
integer to get an\Besfeorar aumbel.

Useful in an embedd®Bdesd appl
Error Codes Description
Con_BadLHSArg BadLHSargument

Con_BadDirectionArg BadDirection argument
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Con_BadRHSArg Bad RHSargument

Con_BadConLocArg Bad ConLocargument

Con_RangeSizeError LHS must be same size as ConLoc
Con_ProtectedSheetError Unable to enter constraints on a protected sheet

Remarksi HS and ConLoc ranges must be the same size
RHS can be a range or a value.
Example:To enter the constraint H8 >= 10 into cell 18, enter:

wbConstraint "H8", ">=", "10", "18"
or

wbConstraint Cells(8,8), ">=", "10", Cells(8,9)
To constrain H8:H10 to be ledisanor-equatto J8:J10 and store the constraints in 18:110, enter:
wbConstrain t"H8:H10", "<=", "J8:J10", "18:110"

or
wbConstraint Range(Cells(8,8),Cells(10,8)), "<=", _
Range(Cells(8,10),Cells(10,10)), _
Range(Cells(8,9),Cells(10,9))
wbConstraintPOSD

For additional discussion of the functionality provided, see the section eilestraintg , which
refers to the dialog box that calls this procedure.

This routine is also called with appropriate arguments by the three toolbar buttons displayed above.
This routine inserts a constraint formula within the selected cell.

Syntax:wbConstraintPOSD(RangeMatrix, Place_in_cell, [NoErrDialog])

Argument Required Description

RangeMatrix | Yes RangeMatrix is a cell reference for indicating the range of tl
matrix.

Place_in_cell | Yes Place_in_cell is a cell reference to specify the cell in which

write the WBPOSD function.

NoErrDialog | No Any argument p as Bestbirrocdaloghboxes
from the wbConstraintPOSD routine to be suppressed. Inst
the error number is delivered in this return argument. Pass
integer to get an\Besfeorar sumbel.
Usef ul in an embedd®Bdesd appl



mk:@MSITStore:C:/Users/Stephane/Desktop/lindowbhelp.chm::/constraints_.htm

MACROS: THE VBA INTERFACE59

Error Codes Value Description
Con_BadRangeMatrixArg Bad RangeMatrix argument
Con_BadPlacelnCellArg Bad PlacelnCell argument
Remarks:
RangeMatrixranges must be a symmetric range, more than one cell.
Example:

To enter the POSD constraint for the matrix A1:C3, and the function =WBPOSD() in cell D1, enter:
wbConstraintPOSD "A1:C3", "D1"

or
wbConstraintPOSD Range(Cells(1,1),Cells(3,3)), Cells(1,4)

wbConvertModelFormat

This routine allows you to convert a rivih a BeS§t$ormat spreadsheet optimization model to
What'8est!format. It will try to extract any existing cells in the original model to set the Adjustable,
Best cells, and it will create a new tab 'WB!_Constraint_Sheetl' at the end of the workbook for
inserting the constraint functions.

Syntax:wbConvertModelFormat()
ThewbConvertModelFormatrocedure has no arguments.

RemarksWhat'8estlcan have one model per workbook, but other spreadsheet modeling interfaces
may have one model per worksheet in the same workbook. We recommend to select the active
worksheet containing the model to convert before invoking this function. You will see the Best and
Adjustable cells with a new format, and a additional sheet for the =WB() constraints in the order they
were found in the model. Also, you may need to look at the options and other settings for tolerances
that were not converted.

wbDeleteReports
This routine is called by theeleteReportsbutton on theéseneral Optionslialog box posted by the
Opti ons éd¢o@reamc r a |

This routine i s uBsstirdportvworksheeis/ Bt StatusamdWB Bdtutiot) it the
current workbook.

Syntax whDeleteReports()

ThewbDeleteReportprocedure has no arguments.

Error Codes Value Description

Rep_DeleteReportsError Error deleting one of the reports
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wbDeleteWBMenu

This routine is used to delete tt! menu item fronExcelkd s me n u .

Syntax wbDeleteWBMenu()
ThewbDeleteWBMenprocedure has no arguments.

RemarksThis procedure, together with thdbAddWBMenprocedure, allows a developer to remove
and add th&B! menu as desired.

wbDualValue
For additional discussion of the functionality provided, see the section edtifed anc e d é | Du a l
which refers to the dialog box interface that calls this procedure.

This routine is used to build the dual formulas. All arguments are optional.

Syntax wbDualValue([DualCells], [DualLoc], [DualChoice])

Argument Required Description

DualCells No DualCellsis the range or cell that dual value information is
desired for. If omitted, the default is the offset of one cell tg
the left of the current selection.

DualLoc No DualLocis the range or cell where the information is to be
displayed. If omitted, the default is the current selection.

DualChoice No DualChoiceis a string indicating the type of information
desired Dual or Dual Valuefor dual valueUpperor Upper
Rangefor upper range, andoweror Lower Rangédor lower
range. If omitted, the default Bual. For backwards
compatibility withBestarl i er
DualChoicealso accepts the numbers 1 Bwal, 2 for Lower,
and 3 forUpper.

Error Codes Description

Dual_BadDualsCellArg BadDualCellsargument

Dual_BadDualLocArg BadDualLocargument

Dual_BadDualChoice Bad DualChoiceargument
Dual_ProtectedSheetError Unable to enter dual formulas on a protected sheet

RemarksOn integer models, dual value information is ooflyimited use
Example:To create the dual value for cell E5 in cell F5, enter:
wbDualValue "E5", "F5", "Dual Value"
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To create the upper and lower ranges for cell E5 displayed in cells F6 and F7, respectively, enter:

wbDualValue "E5", "F6", "Upper Range"
wbDualValue "E5", "F7", "Lower Range"
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wbError, and Error Codes

I't is very i mport ant Bdsterrdnisaising some farm gf the @OnsEsdr b1 e Wh a't
statement as shown in the code example below whenteraon d | i ng code i Bestt n pl ac
VBA procedure encounters an error, then your code handles the particular error. For example, you can
obtain a description of the error and provide it to the user, or perhaps provide the user with further
information, as the code example below demonstrates. However, if your code that calls the

Wh a Betprocedure does not have ert@mndling, then Excelh and | e s Best\erroitita t 6 s

a runtime error message that can sometimes disguise the error. For details, see the section entitled
Runtime Errors

Code Sample One (below) sets the selected cell(s) as adjustable and solves the model, while providing
the user with information in case there is an error setting adjustable cells on a protected sheet. The
code also displays a description of any other error.

NOTE ON CODE S A MP IBestihad\defined @fforantindbers beginning at 30001. These

error numbers should not be used in your code, since they are subject to change. Instead, use the error
codes stored in the wbErr st r ucBeallpravidesafanctorh own i n
to return the error text for these wbErr codes. This function is similar to&xeel Er r or () funct
wbError() function takes an error code or error number as an argument and returns the error text.

' CODE SAMPLE ONE

Sub mySub

On Error GoTo ErrorHandler ‘Trap any What'sBest!
error

wbAdjust '‘Make current cell
adjustable

wbSolve 'Solve the model
Exit Sub

ErrorHandler: 'Process any

What'sBest! error
If (Err = wbErr.Adj_ProtectedSheetError) Then

MsgBox "To the user: Please unprotect all the sheets in your models
using the Tools|Protect command"

Else
If Err >= 30000 Then
MsgBox "The error descriptionis " & _
wbError(Err)
Else
MsgBox "The error description is " & _

Err.Description
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End If
End If
Exit Sub
End Sub

I f you ar e Bestlwithin aV/B prdjé¢etydu 8hould use an alternative method for error
handling. This method will prevent possible WHagést!errors from being transformed into unusable
Visual Basi® runtime errors. The followin@ode Sample Twean be used as a workaround for the
Visual Basi® project file WB_VB.sIn, available in thé&/Bdirectory.

' CODE SAMPLE TWO
Sub VBABuIildXYZ

{Omitted code that created an Excel ® object named gobjExcel and
opens the problem to be solved}

Dim intError As Integer

gobjExcel.Run "wbAdjust", "C5:D5", , intError
If (intError > 0) Then

GoTo Quit

End If

{Omitted code similar to above for wbBest, wbConstraint, and
wbSolve, as well as code for displaying the results of solve}

Exit Sub

Quit:

Dim strError as String

gobjExcel.Run "wbError", intError, strError

MsgBox "Error # =" & intError & ", Description: " & _
StrError

Exit Sub

End Sub

WbError
The error numbers and the codes stored in the wbErr structure are as follows:

Number| Code
30001 Adj_BadAdjRangeArg
30002 Adj_BadAdjChoiceArg
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30003 Adj_ProtectedSheetError

30004 Adj_CreateStyleError

30005 Adj_CheckStyleUnlockedError

30006 Adj_CheckStyleProtectionError

30007 Free_BadRefers_toArg

30008 Free ProtectedSheetError

30009 Free_CreateError

30010 Best_BadBestCellArg

30011 Best_BadBestChoiceArg

30012 Best_ProtectedSheetError

30013 Best_CreateStyleError

30020 Con_BadLHSArg

30021 Con_BadDirectionArg

30022 Con_BadRHSArg

30023 Con_BadConLocArg

30024 Con_RangeSizeError

30025 Con_ProtectedSheetError

30026 Con_BadRangeMatrixArg

30027 Con_BadPlacelnCellArg

30030 Solve_UnmappedDrive

30031 Solve_NoDLL

30032 Solve_BadSolutionStatusArg

30033 Solve_BadExcelOpenArg

30034 Solve_MultipleMaxMinError

30035 Solve_ProtectedWorkBookError

30036 Solve_ReadLINDOWBRCError

30037 Solve_SaveTempFileError

30038 Solve_MinimumFileFormatError

30039 Solve_UnableToLoadSolverError

30040 Solve_ErrorRunningSolver
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30050 IntSemic_BadLowerBoundArg
30051 IntSemic_BadUpperBoundArg
30052 IntSemic_BadArgListArg

30053 IntSemic_BadRefersToArg
30054 IntSemic_ProtectedSheetError
30060 IntCard_BadCardNumberArg
30061 IntSos_BadTypeSosArg

30062 IntSos_BadArgListArg

30063 IntSos_BadRefersToArg

30064 IntSos_ ProtectedSheetError
30065 IntAlIDiff_BadLowerBoundArg
30066 IntAlIDiff_BadUpperBoundArg
30067 IntAlIDIff_BadArgListArg

30068 IntAlIDiff_BadRefersToArg
30069 IntAlIDIff_ProtectedSheetError
30070 Int_BadRefers_toArg

30071 Int_BadIntChoiceArg

30072 Int_ProtectedSheetError

30073 Int_CreateError

30080 Opt_BadFeasibilityToleranceArg
30081 Opt_BadlterLimitArg

30082 Opt_BadRuntimeLimitArg
30083 Opt_BadNumberThreadsLimitArg
30084 Opt_BadThreadChoiceArg
30085 Opt_BadSelectRefersToArg
30086 Opt_BadMinimizeExcelArg
30087 Opt_BadHideStatusArg

30088 Opt_BadConstraintindSlackArg
30089 Opt_BadLinearizationDegArg
30090 Opt_BadDeltaCoeffArg
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30091 Opt_BadBigMCoeffArg
30092 Opt_BadStatusReportArg
30093 Opt_BadReportsLocationArg
30094 Opt_BadSolutionReportArg
30095 Opt_BadInfeasConstraintArg
30096 Opt_BadUnboundVarArg
30097 Opt_BadNonlinearityArg
30098 Opt_BadNoObijectiveArg
30099 Opt_BadBlankCellsArg
30100 Opt_BadUnsupportedFunctionArg
30101 Opt_BadStringArgumentArg
30102 Opt_BadlrreConstraintArg
30103 Opt_BadSupLookupFctArg
30104 Opt_BadEditLinksArg
30105 Opt_BadHiddenNamesArg
30110 LinOpt_BadScaleModelArg
30111 LinOpt_BadReductionArg
30112 LinOpt_BadLinearSolverMethodArg
30113 LinOpt_BadDualPricingArg
30114 LinOpt_BadAssumeLinearMethodArg
30115 LinOpt_BadPrimalPricingArg
30120 NonlinOpt_BadStratCrashlnitialArg
30121 NonlinOpt_BadStartUseLINDOCrashArg
30122 NonlinOpt_BadStratSLPDirectionArg
30123 NonlinOpt_BadStratSLPSolverArg
30124 NonlinOpt_BadStratQuadraticRecognitionArg
30125 NonlinOpt_BadStratPresolveArg
30126 NonlinOpt_BadStratSelectiveConstraintArg
30127 NonlinOpt_BadStratSteepestEdgeArg
30128 NonlinOpt_BadStartingPointArg
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30129 NonlinOpt_BadOptimalityToleranceArg

30130 NonlinOpt_BadItLimitSlowProgArg

30131 NonlinOpt_BadDerivativesArg

30140 GlobalOpt_BadGIStratGlobalArg

30141 GlobalOpt_BadGIMultistartAttemptsArg

30142 GlobalOpt_BadGIlOptimalityToleranceArg

30143 GlobalOpt_BadGIDeltaToleranceArg

30144 GlobalOpt_BadGlVariableBoundLimitArg

30145 GlobalOpt_BadGIlUseBoundLimitArg

30146 GlobalOpt_BadGIBranchingDirectionArg

30147 GlobalOpt_BadGIBoxSelectionArg

30148 GlobalOpt_BadGlAlgebraicReformulationArg

30150 IntPreSolvOpt_BadHeuristicLevelArg

30151 IntPreSolvOpt_BadCutoffCriterionArg

30152 IntPreSolvOpt_BadProbingLevelArg

30153 IntPreSolvOpt_BadMaxCutsPassesArg

30154 IntPreSolvOpt_BadRelativeCutsLimitArg

30155 IntPreSolvOpt_BadCoefficientReductionCutsArg

30156 IntPreSolvOpt_BadDisaggregationCutsArg

30157 IntPreSolvOpt_BadFlowCoverCutsArg

30158 IntPreSolvOpt_BadGCDCutsArg

30159 IntPreSolvOpt_BadGomoryCutsArg

30160 IntPreSolvOpt_BadGUBCutsArg

30161 IntPreSolvOpt_BadKnapsackCoverCutsArg

30162 IntPreSolvOpt_BadLatticeCutsArg

30163 IntPreSolvOpt_BadLiftingCutsArg

30164 IntPreSolvOpt_BadPlantLocationCutsArg

30165 IntPreSolvOpt_BadObjlntegralityCutsArg

30166 IntPreSolvOpt_BadBasicCutsArg

30167 IntPreSolvOpt_BadCardinalityCutsArg
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30168 IntPreSolvOpt_BadDisjunctiveCutsArg
30170 IntOpt_BadBranchingDirectionArg
30171 IntOpt_BadAbsolutelntegralityArg
30172 IntOpt_BadRelativelntegralityArg
30173 IntOpt_BadWarmStartArg
30174 IntOpt_BadColdStartArg
30175 IntOpt_BadAbsoluteOptimalityArg
30176 IntOpt_BadRelativeOptimalityArg
30177 IntOpt_BadTimeToRelativeArg
30178 IntOpt_BadHurdleArg
30179 IntOpt_BadNodeSelectionArg
30180 IntOpt_BadStrongBranchArg
30181 IntOpt_BadKBestArg
30182 IntOpt_BadKBestLoadScenarioArg
30183 IntOpt_BadKBestReportArg
30184 IntOpt_BadKBestDisplayPreviewArg
30185 IntOpt_BadBNPBlocksArg
30186 IntOpt_BadBNPHeuristicArg
30187 IKBest_BadArgListRepArg
30188 IKBest_BadRefersToRepArg
30189 IKBest_ProtectedSheetRepError
30190 StoOpt_BadAdvStochasticSupportArg
30191 StoOpt_BadAdvSimulationSupportArg
30192 StoOpt_BadFunctionNameArg
30193 StoOpt_BadRefersToArg
30194 StoOpt_BadPercentArg
30195 StoOpt_BadObjWeightArg
30196 StoOpt_BadStageArg
30197 StoOpt_BadCellRangelArg
30198 StoOpt_BadCellRange2Arg
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30199 StoOpt_BadCellRange3Arg

30200 StoOpt_BadPlacelnCellArg

30201 StoOpt_BadCellRangelCellRange2Arg

30202 StoOpt_BadCellRangelCellRange2CellRange3Arg

30203 StoOpt_BadRangeChoiceArg

30204 StoOpt_BadArgListArg

30205 StoOpt_BadNumberBinsArg

30206 StoOpt_ProtectedSheetRepError

30207 StoOpt_BadStochasticSolverMethodArg

30208 StoOpt_BadStochasticSeedArg

30209 StoOpt_BadStochasticSamplSizeArg

30210 StoOpt_BadStochasticSamplContArg

30211 StoOpt_BadStochasticEVWSArg

30212 StoOpt_BadStochasticEVEMArg

30213 StoOpt_BadStochasticEVPIArg

30214 StoOpt_BadStochasticEVMUArg

30215 StoOpt_BadStochasticRepScenHorizArg

30216 StoOpt_BadUsePreviewWindowArg

30217 StoOpt_BadLoadScenarioViewerArg

30220 Dual_BadDualCellsArg

30221 Dual_BadDualLocArg

30222 Dual_BadDualChoiceArg

30223 Dual_ProtectedSheetError

30224 Omit_BadRefers_toArg

30225 Omit_ProtectedSheetError

30226 Omit_CreateError

30227 AdvFunc_BadAdvFunctionSupportArg

30228 AdvStr_BadAdvStringSupportArg

30229 AdvStr_BadAdvStringLengthArg

30230 Rep_DeleteReportsError
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30231 Rep_FormatError

30232 Rep_OpenError

30233 UpdateLinksProtectedError

30234 UpdateLinksHiddenError

30235 CheckAdjustableStyleError

30236 Invalid_Data_Type

30237 CleanUpFilesError

30238 AddWBMenuError

30239 ResetOptionsToDefaultError
30240 BinBlackBoxOpt_BadBBBStratArg
30241 BinBllackBoxOpt_BadBBBlIterLimitArg

WBFREE

For additional discussion of the functionality provided, see the section eftidedwvhich refers to
the dialog box that calls this procedure.

This routine build8VBFREEranges, which are areas of the worksheet where adjustable cells are
allowed to be negative

Syntax WBFREE(FreeName, [Refers_to])

Argument Required Description

FreeName Yes FreeNamas a string that refers to the range being allowed to
negative.

Refers_to No Refers_tds the range or address of the cells to be allowed to
negative. If omitted, the default is the current selection.

Error Codes Description
Free_BadRefers_toArg BadRefers_targument
Free_ProtectedSheetError Unable to setreecells on a protected sheet
Free_CreateError Error setting feecells

Example:

To allow cell G8 to be positive or negative using the range name BuySell, enter:
WBFREE "BuySell", "G8"
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To Remove:

If you wish to delete &V/BFREErange name using VBA instead of theletebutton on thd-ree

dialog box, you can use:

ActiveWorkbook.Names("WBFREEBuySell").Delete

This statement removes tiéBFREErange name, thereby returning the adjustable cells contained in
the former range to normal status.

WBINT

For additional discussion of the functionality provided, see the section eititéegly, which refers to
thelntegerdialog box having &eneraloption button that calls this procedure.

This routine is used to build general integer ranges nAINT. The adjustable cells contained in
these ranges will be set to norgatve, integral values by the WteBest!solver.

Syntax WBINT(IntName, [Refers_to])

Argument Required Description

IntName Yes IntNameis a string that refers to the range being made integel

Refers_to No Refers_tas the range or address of the cell(s) to be specified
integer. If omitted, the default is the current selection.

Error Codes Description

Int_BadIntNameArg BadIntNameargument

Int_BadRefers_toArg BadRefers_targument
Int_ProtectedSheetError Unable to set integer cells on a protected sheet
Int_CreateError Error setting integer cells

RemarksThe use of integer variables can dramatically increase total solution time.

Example:
To constrain cell F6 to be a general integer using the range name staff, enter:
WBINT "staff", "F6"

To Remove:

If you wish to delete &/BBINTrange name using VBA instead of theletebutton on thénteger

Binary dialog box, you can use:

ActiveWorkbook.Names("WBINTstaff").Delete

This statement removes tiéBINTrange name, thereby returning the adjustable cells contained in the
former range to normal status.
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wbinteger
For additional discussion of the functionality provided, see the section eifitkeebr, which refers to
theIntegerdialog box that calls this procedure.

This routine is used to build the integer rang&3BINandWBINT. Adjustable cells contained in these
ranges will be restrictet integral values by the WhsBest!solver. If you wish to delete an integer
range name using VBMstead of théeletebutton on théntegerdialog box, you can use:
ActiveWorkbook.Names("WBBINmyRange").Del€tes statement removes the integer range name,
thereby returning the adjustable cells contained in the former range to normal status.

Syntax wbinteger([IntName], [Refers_to], [IntChoice])

Argument Required Description
IntName No IntNameis a string that refers to the range being made integq
Refers_to No Refers_tds the range or address of the cell(s) to be specified

integer. If omitted, the default value is the current selection.

IntChoice No IntChoiceis a string to indicate if the cells should be binary o
general integeidntChoiceacceptsIN or BINARYfor binary
(0/1) andINT or GENERALfor general integer. If omitted, the
default is binary. For backwards compatibility with earlier

v er s i o n sBeglfintChdicealsadascepts the numbers 1
for binary and 2 for general.

Error Codes Description

Int_BadIntNameArg BadIntNameargument

Int_BadRefers_toArg BadRefers_targument

Int_BadIntChoiceArg BadIntChoiceargument
Int_ProtectedSheetError Unable to set integer cells on a protected sheet
Int_CreateError Error setting integer cells

Remarksinteger variables can dramatically increase the solution time.

Example:To constrain cell F6 to be a general integer using the rangestafienter:
wblinteger "staff", "F6", "General"

To constrain cell F7 to be a binary integer using the range ar®4f enter:
wblinteger "OnOff", "F7", "Binary"

Note: The second of these two examples could be done withotrittblroiceargument of "Binary",
which is the default.
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wbintegerAlIDiff

For additional discussion of the functionality provided, see the section eftitlet e g edifféréntA | |
which refers to the Altifferent dialog box that calls this procedure.

wblintegerAlIDiff (Procedure for VBA)

This routine is used to build the Adifferent rangeSVBALLDIFF. Adjustable/Integer cells contained

in these ranges wil|l b e r e Bastrsolvert Ifeyau wishoto delaté @ gr al v
ALLDIFF function using VBA instead of deleting it on the spreadsheet, you casektion.Clear

This statement clears the selected cell from any of its content.

Syntax wblintegerAlIDiff(LowerBound, UpperBound, ArgList, Refers_to, [NoErrDialog])

Argument Required Description

LowerBound Yes LowerBounds a number indicating the lower bound
the range.

UpperBound Yes UpperBounds a number indicating the upper bound
the range.

ArgList Yes ArgListis a string list of range or cells reference

separated by a comma.

Refers_to Yes Refers_tds the range or address of the cell(s) to be
specified as ALLDIFF.

NoErrDialog No Any argument pass e Bestleror
dialog boxes from the wbintegerAllIDiff routine to be
suppressed. Instead, the error number is delivered i
return argument. Pass an integer to use any possibl
r et ur n eBast'éithraumbes. Useful in an
embedded appl Baestati on of

Error Codes Description

IntAlIDiff_BadLowerBoundArg Bad LowerBoundargument
IntAlIDiff_BadUpperBoundArg Bad UpperBoundargument
IntAlIDiffSemic_BadArgListArg BadArgListargument
IntAlIDiff_BadRefersToArg BadRefers_targument
IntAlIDIff_ProtectedSheetError Unable to set AlIDiff cells on a protected sheet
Remarks

Integer variables can dramatically increase the solution time.
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Example
To constrain cell F6 to be a general integer using the rangestaffienter:

wblntegerAlIDiff 10, 20, "Sheet1!$B$1,Sheetl!$C$1:$C$3", "Sheetl!$A$1"
The cell Al then contains the function:
=WBALLDIFF(10,20,Sheet1!$B$1,Sheetl1!$C$1:$C$3)

wbintegerCard
For additional discussion of the functionality provided, see the section eftitel e ger é | Speci al
Ordered Setwhich refers to the Special Ordered S€ardinality dialog box that calls this procedure.

This routine is used to build the Cardinality ranges WBCARD. Adjustable cells contained in these
ranges wil|l be restri ctBes!solvar. If yon wishdordeldte axCARDues by
function using VBA instead of deleting it on the spreadsheet, you caBelsetion.ClearThis

statement clears the selected cell from any of its content.

Syntax:wblintegerCard(CardNumber, ArgList, Refers_to, [NoErrDialog])

Argument Required Description

CardNumber Yes CardNumber is an integer meaning that, at most, N
the variables in the set will be allowed to be nonzerg

ArgList Yes ArgList is a string list of range or cells reference
separated by a comma.

Refers_to Yes Refers_to is the range or address of the cell(s) to bg
specified as SOS.

NoErrDialog No Any argument pass e Bestleror
dialog boxes from the wbintegerCard routine to be
suppressed. Instead, the error number is delivered i
return argument. Pass an integer to use any possibl
r et ur n eBest'éithraumbes. Useful in an
embedded appl Bastati on of

Error Codes Description

IntCard_BadCardNumberArg Bad CardNumber argument
IntSos_BadArgListArg Bad ArgList argument

IntSos_BadRefersToArg Bad Refers_to argument

IntSos_ ProtectedSheetError Unable to set integer cells on a protected sheet
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Remarks:

Integer variables can dramatically increase the solution time.

Example:

To constrain cell F6 to be a general integer using the range name staff, enter:
wblintegerCard 3, "Sheet1!$B$1,Sheetl!$C$1:$C$3", "Sheetl!$A$1"

The cell Al then contains the function:

=WBCARD(3,Sheet1!$B$1,Sheet1!$C$1:$C$3)

wblintegerSemic
For additional discussion of the functionality provided, see the section eftittetl e g e ¥ € | S e mi
continuouswhich refers to the Sensontinuous dialog box that calls this procedure.

This routine is used to build the Senantinuous ranges WBSEMIC. Adjustable cells contained in
these ranges wil/|l be r est Basttsdlverdlf ybuavish tovdeletgar a |
SEMIC function using VBA instead of deleting it on the spreadsheet, you caBealsetion.Clear
This statement clears the selected cell from any of its content.

Syntax:wblntegerSemic(LowerBound, UpperBound, ArgList, Refers_to, [NoErrDialog])

Argument Required Description

LowerBound Yes LowerBound is a number indicating the lower bound
the range.

UppererBound Yes UpperBound is a number indicating the upper boung
the range.

ArgList Yes ArgList is a string list of range or cells reference

separated by a comma.

Refers_to Yes Refers_to is the range or address of the cell(s) to bg
specified as SEMIC.

NoErrDialog No Any argument pass e Bestlereor
dialog boxes from the wbintegerSemic routine to be
suppressed. Instead, the error number is delivered i
return argument. Pass an integer to use any possibl
r et ur n eBast'éithraumbes. Useful in an
embedded appl Bastati on of

Error Codes Description

IntSemic_BadLowerBoundArg Bad LowerBound argument
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IntSemic_BadUpperBoundArg Bad UpperBound argument
IntSemic_BadArgListArg Bad ArgList argument
IntSemic_BadRefersToArg Bad Refers_to argument
IntSemic_ProtectedSheetError Unable to set integer cells on a protected sheet
Remarks:

Integer variables can dramatically increase the solution time.

Example:

To constrain cell F6 to be a general integer using the range name staff, enter:
wblntegerSemic 10, 20, "Sheet1!$B$1,Sheetl!$C$1:$C$3", "Sheetl!$A$1"

The cell Al then contains the function:

=WBSEMIC(10,20,Sheet1!$B$1,Sheet1!$C$1:$C$3)

wblintegerSos
For additional discussion of the functionality provided, see the section eiftitiett e ger é| Speci al
Ordered Setwhich refers to th&pecial Ordered SetCardinality dialog box that calls this procedure.

This routine is used to build the SOS rangéB8SOSxAdjustable cells contained in these ranges will

be restricted to i BestsgveraflyouwsH tadelste bSOS furcton dlhgat 6 s
VBA instead of deleting it on the spreadsheet, you canSedection.ClearThis statement clears the
selected cell from any of its content.

Syntax:wblintegerSos(TypeSos, ArgList, Refers_to, [NoErrDialog])

Argument Required Description

TypeSos Yes TypeSos is an integer that refers to the type of the S
-"1" for type 1,
- "2" for type 2,
- "3" for type 3.

ArgList Yes ArgList is a string list of range or cells reference

separated by a comma.

Refers_to Yes Refers_to is the range or address of the cell(s) to bg
specified as SOS.

NoErrDialog No Any argument pass e Bestlereor
dialog boxes from the wbintegerSos routine to be
suppressed. Instead, the error number is delivered i
return argument. Pass an integer to use any possibl
r et ur n eBest'éithraumbes. Useful in an
embedded appl Bastati on of
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Error Codes

Description

IntSos_BadTypeSosArg

Bad TypeSos argument

IntSos_BadArgListArg

Bad ArgList argument

IntSos_BadRefersToArg

Bad Refers_to argument

IntSos_ ProtectedSheetError

Unable to set integer cells on a protected sheet

Remarks:

Integer variables can dramatically increase the solution time.

Example:

To constrain cell F6 to be a general integer using the rangestaffienter:
wblntegerSos 1, "Sheet1!$B$1,Sheetl!$C$1:$C$3", "Sheetl!$AS1"

The cell Al then contains the function:

=WBSOS1(Sheetl!$B$1,Sheetl!$C$1:$C$3

wbintegerSolverKBestReport
For additional discussion of the functionality provided, see the section eQjtiahs...|Integer
Solver andUsage Guidelines for #8est Solutionswhich refers to the dialog box that calls this

procedure.

This routine is used to bui/BIKB_REFunction with ranges, which are areas of the worksheet that

Wh a Bedthwill see the tradeff cells while solving. This function will need to be used in
conjunction with the optioKBestdefined via thevbSetintegerOptions

Syntax:wblintegerSolverKBestReport(ArgList, Refers_to, [NoErrDialog])

Argument Required Description
KBestName Yes ArgListis the range or address of the cell(s) to be real
Refers_to Yes Refers_tds a cell reference to specify in which to write
the WBIKB_REMunction.
No Any argument passed here cause¥\dil a BeStkerror
NoErrDialog dialog boxes fronthe wbintegerSolverKBestReport

routine to be suppressed. Instead, the error number is
delivered in this return argument. Pass an integer to |
any possi bl eBestlertonnumberdJseih
in an embedded ®3Besg.l i cati
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Error Codes

Description

IKBest_BadArgListRepArg

BadArgListargument

IKBest_BadRefersToRepArg

BadRefers_targument

IKBest_ProtectedSheetRepErroi

Unable to set KBest cells on a protected sheet

Example:

To define an KBest tradeff range F3:F10, and place the function WBIKB_REP in H3, enter:

wbintegerSolverKBestReport "F3:F10", "H3"

See sampl&napsack_KBest.xlIsx

WBOMIT

For additional discussion of the functionality provided, see the section edtifed anc e d é | Omi t
which refers to the dialog box that calls this procedure.

This routine is used to buid/BOMITr anges, whi ch ar e ar e &8sstiwillf
ignore while solving. If you wish to delete¥dBOMITrange name using VB#stead of thdelete
button on theDmitdialog box, you can use:
ActiveWorkbook.Names("WBOMITmyRangeName").Deldtis statement removes tWeBOMIT

range name.

Syntax WBOMIT(OmitName, [Refers_to])

Argument Required Description

OmitName Yes OmitNamaeis a string that refers to the range that is to be
ignored.

Refers_to No Refers_tas the range or address of the cell(s) to be ignoreq
omitted, the default is the current selection.

Error Codes

Description

Omit_BadOmitNameArg

Bad OmitNameargument

Omit_BadRefers_toArg

BadRefers_targument

Omit_ProtectedSheetError

Unable to setmit cellson a protected sheet

Omit_CreateError

Error setting omit cells

t

he

W (
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RemarksCel | s t hat are in an omit range canoét be ref

Example:
To define an omit range D10:H20 using the range naeport enter:

WBOMIT "Report"”, "D10:H20"

To Remove:

If you wish to delete &/BOMITrange name using VBA instead of theletebutton on theOmit

dialog box, you can use:

ActiveWorkbook.Names("WBOMITReport").Delete

This statement removes tiéBOMITrange name, thereby returning the adjustable cells contained in
the former range to normal status.

WHBProgressinfoRequest
This routine is used to set 1) theame ofthe user progress callbagitocedureand?2) thetime interval
betweercallbacks in seconds

Syntax:WBProgressinfoRequest(callbd¢tame [timelntervaParam])

Argument Required | Description

callbackName Yes callbackNameis a string storinghe nameof the user progress
callback procedure. See below for more details.

timelntervaParam | No frequencyParanis a positive number indicatingettime
betweercallbacks in seconds. The default value is 1 secon

Wh at 6 erilaes the user to define a callback procedure for accessing the progress information
during the solution process. iStinformation includs thatdisplayed in the status window. The
required steps to do this are:
1) A public procedure (witlnarbitrary name) without any arguments should be defined. This
procedure represents the user defined callback (seséhnerogressCallbackrocedure of
the ACust omVBAI nterface. x|l smd sample case)

2) Thenameof the callbackprocedure defined in the previous step andithe interval
betweercallbacks (optional) should be set via iIN®ProgressinfoRequesiutine.The
format is (letds say t haserAragessCallfagkt he cal | bac|
WBProgressinfoRequeitu s er Pr ogressCal |l backo

Note that thename shouldbe set before calling thebSolve procedure.

Then, the updated progress information caadmessedafelywithin the user progressithack
procedurgdefined in step )lvia the global variabledescribedbelow. The firstand secondolumrs

represent theames and types of the global variables, respectively. The third column shows the status
window itemscorresponding to each variable. For example AlREProgNumericss along variable
storing the value of the ANumericso item of the
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Variable Type Item
APIProgNumerics Long Numerics
APIProgAdjustables Long Adjustables
APIProgintegersBin Long Integers/Bin.
APIProgFormulas Long Formulas
APIProgConstraints Long Constraints
APIProgNonLinears Long Nonlinears
APIProgCoefficients Long Coefficients
APIProgObjDirection | String Obj. Direction
APIProgActivity String Activity
APIProgModelType String Model Type
APIProgState String State
APIProglterations Long Iterations
APIProglinfeasibility Double Infeasibility
APIProgObjective Double Objective
APIProgSolverType String Solver Type
APIProgBestODbj Double Best Ob;.
APIProgObjBound Double Obj. Bound
APIProgSteps Long Steps
APIProgActive Long Active

The value-999999 for the double arldngv ar i abl es and #0606 for the
corresponding itesin the status windowareblank.

The user can also interrupt the solution process via VBA interfacdo this, the value of the global
long variable APlInterrupshould be set to 1 (its default value is 0).

A sample case is provided with the fileudstomVBAlInterface.xlIsth This is a variant of the
i XY ZV B Ao saingemwhicha customized status window is displayestead of the traditional
one.This customized status windoemploysthe progress callback feature.

string
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wbResetOptionsToDefault

For further discussion of the functionality provided, see the sectioner@ifled i ons é| Res et
Default

This procedure has no arguments and resets all of the workbook options to their default values.
Syntax wbResetOptionsToDefau)t

Error Code Description
ResetOptionsToDefaultError Error in reseting options to default
whbSetBinBlackBoxOptions

This routine is used to set the WhkBest!binary black box solver options seen in Biaary Black

Box Solver Optiondialog box. For additional discussion of the options available through this routine,
see the section entitl€dptions. . . Binary Black Box Solveékll arguments are optional.
Syntax:wbhSetBinBlackBoxOptions([BBBStrat], [BBBIterLimit])

Argument Required | Default Description

BBBStrat No 0 (False) BBBStratis a True/False flag
indicatingwhether or not to
use this solver.

BBBIterLimit No 0 (Solver BBBgerlflrS!tlst_a p(:ﬁnnl{e ]
Decides) numper inaicating the limit on

objective evaluations:
0: Solver Decides
1 or more: number of

iterations.
Error Codes Description
BinBlackBoxOpt_BadBBBStratArg BadBinary Black Box Solveargument
BinBllackBoxOpt_BadBBBIterLimitArg Bad Iteration Limitargument

Example:
If one wished to set all the options, the following would work:
wbSetBinBlackBoxOptions True, 2000

To set individual options (here setting Iteration Limit to 2000), named arguments should be used:
wbSetBinBlackBoxOptions BBBIterLimit:=2000
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wbSetFunctionSupport

This routine can be used to set the Batst! function support optiomseen in thd-unction Support
dialog box.For additional discussion of the options available through this routine, see the section
entitledAdvanced...|FunctionSuppo#ll arguments are optional.

Syntax:wbSetFunctionSuppoffdvFunctionSuppofit [AdvSumifsSupport], [AdvLookupSupport])

Argument Required | Default Description

AdvFunctionSupport No 0 (False) AdvFunctionSuppotis a
True/False flag indicating
whether or not to use this
support.

AdvSumifsSupport No 1 (True) AdvSumifsSuppois a
True/False flag indicating
whether to suppoBUMIFS
functions or not.

AdvLookupSupport No 1 (True) AdvLookuBupportis a
True/False flag indicating
whether to suppottOOKUP
functions or not.

Error Codes Description
AdvFunc_BadAdvFunctionSupportArg Bad AdvFunctiorSupportargument
AdvFunc_BadAdvSumifsSupportArg Bad AdvSumifsSupport argument
AdvFunc_BadAdvLookupSupportArg Bad AdvLookupSupport argument

Example:

If one wished to set all the function support options, the simplest syntax would be:
wbSetFunction Support True , False, False

or by the named argument:
wbSetFunction Support AdvFunction Support :=True

wbSetGeneralOptions

This routi ne i s Bestgeneral dptionssThese dptiors condtitate thesmajority of the
options seen in the General Options dialog box. All arguments are optional. For additional discussion
of the options available through this routine, see the section edifetl i ons é. | Gener al
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Syntax:wbSetGeneralOptions([goFeasTol], [golterLimit], [goRuntimeLimit],
[goNumberThreadsLimit], [goThreadChoicgjpIndSlack], [goAutoSelectFreelntOmit],
[goMinimizeExcel],[goHideStatusWindow] [goLinearizationDegree], [goLinearizationDelta],
[goLinearizationBigM], [goStatusReport], [goStatusReportBegEnd], [goSolutionReport],
[goWrnInfeasConst], [goWrnUnboundVafyjoWrninfeasVal] [goWrnNonlinear], [goWrnBest],
[goWrnBlank], [goWrnFunction], [goWrnStringArg], [goWrnlrreConst], [goWrnSupLookupFct],

[goWrnEditLinks], [goWrnHiddenNames])

Argument

Required

Default

Description

goFeasTol

No

0.0000001

goFeasibilityTolis a positive number
indicating the amount of violation
tolerated in constraints.

golterLimit

No

None

golterLimitis an integer indicating
how many tries to allow in solving th
model.

goRuntimeLimit

No

None

goRuntimeLimits an integer
indicating the maximum number of
seconds to be used in solving the
model.

goNumberThreadsLimit

No

goNumberThreadsLimi$ an integer
specifying the number of threads,
between 1 and 32.

goThreadChoice

No

goThreadChoicés an integer
specifying the choice for the
threads:

0: Solver Decides,

1: Parallel Preferred,

2: Parallel Only,

3: Concurrent Preferred,

4: Concurrent Only.

golndSlack

No

1 (Indicator)

golndSlackis an integer indicating
what form to display constraints in-(]
Indicator, 2i Slack).

goAutoSelectFreelntOmit

No

1 (True)

goAutoSelectFreelns a True/False
flag indicating whether to
automatically select Free, Integer or|
Omit range names.

goMinimizeExcel

No

0 (False)

goMinimizeExceis a True/False flag
indicating whether to minimize
Excel® during the solution process.

goHideStatusWindow

No

0 (False)

goHideStatusWindovg a True/False
flag indicating whether to minimize
the status window during the solutio
process.

golLinearizationDegree

No

0 (Solver
Decides)

goLinearizationDegreé an integer
indicating the degree of linearization
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to use:

0: Solver Decides,

1: None,

2: Mathematical,

3: Mathematical, Logical.

goLinearizationDelta

No

0.000001

goLinearizationDeltds a number
indicating the Delta coefficient.

goLinearizationBigM

No

100000

goLinearizationBigMCoefficientis a
number indicating the Big M
coefficient.

goStatusReport

No

1 (Always
Created)

goStatusRepors an integer
indicating when to show the status
report:

0: NeverCreated,

1: Always Created,

2: Only on Error/Warning.

goStatusReportBegEnd

No

0
(Beginning)

goStatusReportBegErisia flag
indicating the location of the reports
in the workbook:

0: Beginning,

1: End.

goSolutionReport

No

0 (Never
Created)

goSolutionReporis an integer
indicating whether to show the
solution report:

0: NeverCreated

1: Always Created

2: Always Createdwith Details
3: Full Report.

goWrninfeasConst

No

0 (False)

goWrninfeasConss a True/False
flag indicating whether to provide
warning of infeasible constraints or
not.

goWrnUnboundVar

No

0 (False)

goWrnUnboundVais a True/False
flag indicating whether to provide
warning of unbounded variables or
not.

goWrninfeasVal

No

0 (False)

goWrninfeasVal is a True/False
flag indicating whether to return a
solution and its infeasibility value
for infeasible/unbounded models or
not.

goWrnNonlinear

No

1 (True)

Nonlinearityis a True/False flag
indicating whether to provide warnin
of nonlinear formulas or not.

goWrnBest

No

1 (True)

goWrnBests a True/False flag
indicating whether to provide warnin
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on presence of Best cell.

goWrnBlank

No

0 (False)

goWrnBlankis a True/False flag
indicating whether to provide warnin
of blank cells referenced in formulag
or not.

goWrnFunction

No

1 (True)

goWrnFunctioris a True/False flag
indicating whether to provide warnin
of unsupported functions or not.

goWrnStringArg

No

1 (True)

goWrnStringArgs a True/False flag
indicating whether to provide warnin
of string, text argument in formulas.

goWrnlrreConst

No

1 (True)

goWrnlrreConsis a True/False flag
indicating whether to provide warnin
of irreconciliable constraints or not.

goWrnSupLookupFct

No

1 (True)

goWrnSupLookupFas a
True/False flag indicating whether
to provide warning of supported
lookup functions or not.

goWrnSupLookupFct

No

1 (True)

goWrnSupLookupFds a
True/False flag indicating whether
to provide warning ofsupported
lookup functions or not.

goWrnEditLinks

No

0 (False)

goWrnEditLinkds a True/False
flag indicating whether to display
any suspicious aduh links that

may be corrupted in the workbook.

goWrnHiddenNames

No

0 (False)

goWrnHiddenNameis a
True/False flag that notifies about
names generated by Excel® or any|
other adeins, and are not showing
via the Name Managemenu of
Excel®.

Error Codes

Description

Opt_BadFeasibilityToleranceArg

Bad Feasibility Tolerance argument

Opt_BadlterLimitArg

Bad Iteration Limit argument

Opt_BadRuntimeLimitArg

Bad Runtime Limit argument

Opt_BadSelectRefersToArg

Bad Select Refers To argument

Opt_BadNumberThreadsLimitArg

Bad Number Threads Limit To argument

Opt_BadThreadChoiceArg

Bad Thread Choice argument
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Opt_BadMinimizeExcelArg

Bad Minimize Exceb argument

Opt_BadHideStatusg

BadHide Statusargument

Opt_BadConstraintindSlackArg

Bad Constraint Indicator argument

Opt_BadLinearizationDegArg

Bad Linearization Degree argument

Opt_BadDeltaCoeffArg

Bad Delta coefficient argument

Opt_BadBigMCoeffArg

Bad Big M coefficient argument

Opt_BadStatusReportArg

Bad Status Report argument

Opt_BadInfeasConstraintArg

BadInfeasible Constrainargument

Opt_BadUnboundVarArg

Bad Unbounded Variablargument

Opt_BadInfeasValueArg

Bad Infeasibility Valueargument

Opt_BadNonlinearityArg

BadNonlinearityargument

Opt_BadNoObjectiveArg

BadNo Objectiveargument

Opt_BadBlankCellsArg

BadBlank Cellsargument

Opt_BadUnsupportedFunctionArg

BadUnsupported Functioargument

Opt_BadStringArgumentArg

Bad String Argumenargument

Opt_BadlrreConstraintArg

BadIrreconcilable Constrainargument

Opt_BadSupLookupFctArg

Bad Support Lookup Functiorergument

Opt_BadHiddenNamesArg

BadHidden Nameargument

Example:

Arguments should be provided as follows:

If one wished to set all the options, the simplest syntax would be:
wbSetGeneralOptions 0.0000002, 77, B8),2, True,False False, _
1,0.2, 222222, 1, 1, 1, False, Tria)se False, False, _

False, True, False, False, Tralse, False
To set one or more options, named arguments should be used:

wbSetGeneralOptions goSolutionReport:=1, goWrnBlahkue

wbSetGlobalOptions

This routine is used to set the WisBest! global solver options seen in tii&obal Solver Options
dialog box. For additional discussion of the options available through this routine, see the section
entitledOptions. . . |Global SolveAll arguments are optional.
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Syntax wbSetGlobalOptions( [GIStratGlobal], [GIMultistartAttemptsgIDptimality Tolerancg
[GlDeltaToleranck [GlVariableBoundLimi}, [GlUseBoundLimit, [GIBranchingDirectioi
[GIBoxSelectioh, [GlAlgebraicReformulatio})

Argument Required | Default Description

GlStratGlobal No 0 (False) GlStratGlobalis a True/False flag
indicating whether or not to use thi
strategy.

GIMultistartAttempts No 0 (Solver GIMultistartAttemptss a positive
Decides) number indicating the multistart
attempts:

0: Solver Decides

1: Off,

2 or more: number of attempts.

GlOptimalityTolerance No 0.000001 GlOptimalityTolerancas a number
between 0 and 1 indicating the
optimality tolerance.

GlDeltaTolerance No 0.0000001 GlDeltaTolerancas a number
between 0 and 1 indicating the del
tolerance.

GlVariableBoundLimit No 1000000000 GlVariableBoundLimiis a positive
integer indicating the variable
bound limit.

GlUseBoundLimit No 0 (Solver GlUseBoundLimitndicates the use
Decides) of bound limit:

0: Solver Decides

1:None

2: All Variables

3: Selected Variables

GIBranchingDirection No 0 (Solver GIBranchingDirectionindicates the
Decides) branching direction:

0: Solver Decides

1. Absolute Width

2: Local Width

3: Global Width

4: Global Distance

5: Absolute Violation

6: Relative Violation

GlIBoxSelection No 0 (Solver GlBoxSelectionndicates théox
Decides) selection

0: Solver Decides

1: Depth First
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2: Worst Bound
3: Best Bound.

GlAlgebraicReformulation| No

0 (Solver GlAlgebraocReformulation
Decides) indicates the algebraic
reformulation:

0: Solver Decides

1: None

2: Minimum

3: Medium

4: Maximum

Error Codes

Description

GlobalOpt_BadGIStratGlobalArg

Bad Global Solverargument.

GlobalOpt_BadGIMultistartAttemptsArg

Bad Multistart Attemptsaargument.

GlobalOpt_BadGIOptimalityToleranceArg Bad Optimality Tolerancargument.

GlobalOpt_BadGIDeltaToleranceArg

BadDelta Toleranceargument.

GlobalOpt_BadGlVariableBoundLimitArg

BadVariable Bound Limiargument.

GlobalOpt_BadGIlUseBoundLimitArg

BadUse of Bound Limiargument.

GlobalOpt_BadGIBranchingDirectionArg

Bad Branching Directionargument.

GlobalOpt_BadGIBoxSelectionArg

BadBox Selectiomrgument.

GlobalOpt_BadGlIAlgebraicReformulationArg | Bad Algebraic Reformulatiorargument.

Example:lf one wished to set all the options, the following would work:

wbSetGlobalOptions True, 4, 0.0001, 0.000001, 100000000,

1,2,1,2

To set individual options (here settiMultistart Attemptdo 4), named arguments should be used:

wbSetGlobalOptions GIMultistartAttempts:=4

Note: The global solver needs the nonlinear option and the mixed integer option to operate.

wbSetIintegerOptions

This routine is uad to set the WhaBest!integer options displayed in theteger Solver Options
dialog box. All arguments are optional. For additional discussion of the options available through this

routine, see the section entitl€gtions. . . |l

nteger Solver
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Syntax wbSetlntegerOptions([BranchingDirection], [Absolutelntegrality], [Relativelntegrality],
[WarmsStartLP], [ColdStartLP], [AbsoluteGptality], [RelativeOptimality],
[TimeToRelativeOptimality], [HurdleTolerance], [NodeSelectionTolerance],
[StrongBranchTolerancg]KBest], [KBestLoadScenario]KBestReport],
[KBestDisplayPreview],[BNPBlockgBNPHeuristic)

Argument Required Default Description

BranchingDirection No 0 (Both) | BranchingDirectionis an integer
indicating the preferred direction of
branching:

0: Both,

1:Up,

2: Down

Absolutelntegrality No 0.000001 | Absolutelntegralitys a fractional value
indicating the absolute amount of
violation from integrality that is
acceptable for the integer variables.

Relativelntegrality No 0.000008 | Relativelntegralityis a fractional value
indicating the relative amount of
violation from integrality that is
acceptable for the integer variables.

WarmStartLP No 0 (Solver | WarmStartLPis an integer value
Decides) | indicating the linear solver to use during
branchandbound when a starting basis|
is present:

0: Solver Decides

1: Barrier,

2: Primal,

3: Dual.

ColdstartLP No 0 (Solver | ColdStartLP isan integer value
Decides) | indicating the linear solver to use during
branchandbound when a starting basis|
is not present:

0: Solver Decides

1: Barrier,

2: Primal,

3: Dual.

AbsoluteOptimality No 0 AbsoluteOptimalitys a positive value,
indicating to the branchndbound
solver that it should only search for
integer solutions with objective values ¢
leastr units better than the best integer
solution found so far.
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RelativeOptimality

No

0.00m01

RelativeOptimalitys a valuer, ranging
from 0 to 1, indicating to the
branchandbound solver that it should
only search for integer solutions with
objective values at least 10G% better
than the best integer solution found so
far.

TimeToRelativeOptimality

No

TimeToRelativeOptimalitis the number
of seconds before the branahd-bound
solver resorts to using the
RelativeOptimalitytolerance.

HurdleTolerance

No

None

HurdleTolerancds a value of a known

i nt eger s oBest!wiil anip .
search for any feasible integer solution
it is at least as good as the bound
specified inHurdleTolerancg0: None).

NodeSelectionTolerance

No

0 (Solver
Decides)

NodeSelectionToleran@®ntrols the
order in which the braneandbound
solver selects branch nodes in the tree
0: Solver Decides

1: Depth First

2: Worst Bound

3: Best Bound

StrongBranchTolerance

No

10

The StrongBranchToleranception uses
a more intensive branching strategy
during the firstn levels of the branch
andbound tree, wherei s t he ¢
setting. During these initial levels, the
solver picks a subset of the fractional
variables as branching candidates,
performs a tentative branch on each of
the variables in the subset, and selects
the final candidate the variable that offg
the greatest improvement in the bound
the objective.

KBest

No

KBestis an integer indicating the
number of solutions desired as part of
the K-Best solutions feature. The
WBKBEST function is used to specify
the tradeoff cells.

KBestLoadScenario

No

False
(Off)

KBestLoadScenariis a boolean for
loading the Scenario Window with the
K-Best solutions. The Scenario
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Window is then selected via the menu.

KBestReport No

False KBestReporis a boolean indicating the
(Off) generation of the KBest report. The

reporting cells may be defined with the
functionwbintegerSolverKBestReport.

KBestDisplayPreview No

False KBestDisplayPreviews a boolean
(Off) indicating the display of the Preview
Window for the kBest solutions upon
solving . The reporting cells may be
defined with the function
wblintegerSolverKBestReport

BNPBlocks No

Oorl BNPBIlockdss an integer indicating the
(Off) number of blocks defined with the
BranchandPrice solver, and should be
greater or equal than 2.

BNPHeuristic No

1 (GP1) | BNPHeuristicis an integer indicating
the type of heuristic to use as part of
the BranchandPrice solver, where 1

is GP1, and 2 for GP2.

Error Codes

Description

IntOpt_BadBranchingDirectionArg

BadBranchingDirectionargument.

IntOpt_BadAbsolutelntegralityArg

Bad Absolutelntegralityargument.

IntOpt_BadRelativelntegralityArg

Bad Relativelntegralityargument.

IntOpt_BadWarmStartArg

BadWarmStartargument.

IntOpt_BadColdStartArg

Bad ColdStartargument.

IntOpt_BadAbsoluteOptimalityArg

Bad AbsoluteOptimalitargument.

IntOpt_BadRelativeOptimalityArg

Bad RelativeOptimalityargument.

IntOpt_BadTimeToRelative

Bad TimeToRelativargument.

IntOpt_BadHurdleArg

BadHurdle argument.

IntOpt_BadNodeSelectionArg

BadNodeSelectioargument.

IntOpt_BadStrongBranchArg

Bad StrongBranchargument.

IntOpt_BadKBestArg

BadIntOpt BadKBestArgrgument.

IntOpt_BadKBestLoadScenarioArg

BadIntOpt BadKBestLoadScenarioAaggument.
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IntOpt_BadKBestReport4r BadIntOpt_BadKBestReportArgrgument.

IntOpt_BadKBestDisplayPreviewArg BadIntOpt_BadKBestDisplayPreviewArg
argument.

IntOpt_BadBNPBlocksArg BadIntOpt_BadBNPBlocksArgrgument.

IntOpt_BadBNPHeuristicArg BadIntOpt_BadBNPHeuristicArgrgument.

Example:

If one wished to set all the options, the following would work:
wbSetIntegerOptions 1, .000001, .00001, 3, 1, .00008, _
.01, 120, 0, 1, 20, 1, False, False, False, 0, 1
To set individual options (here setting fRelativeOptimalitytolerance to 10%), named arguments
should be used:
whbSetintegerOptions RelativeOptimality:=.1

wbSetlntegerPreSolverOptions

Thisroutine is used to set the WisBest!integer presolver options seen in thieteger PreSolver
Optionsdialog box. For additional discussion of the options available through this routine, see the
section entitle®ptions. . . |Integer Pr&olver All arguments are optional.

Syntax wbSetIntegerPreSolverOptions( [HeuristicLevel], [ProbingLevel], [MaxCutsPasses],
[RelativeCutsLimit], [CoefficientReduction], [Disaggregation], [FlowCover], [GCD], [Gomory],
[GUB], [KnapsackCover], [Lattice], [Lifting], [PlantLocation]Objintegrality], [Basic], [Cardinality]
[Disjunctive])

Argument Required | Default Description

HeuristicLevel No 3 (High) HeuristicLevekontrols the level of integer
programming heuristics used by the integer
solver. These heuristics use the continuous
solution at each node in the braresdbound
tree to attempt to quickly find a good intege
solution:

0: None

1: Low,

2: Medium

3: High.

Cutoff Criterion No 0 (Solver The Cutoff Criterionis used to control the
Decides) criterion for terminating heuristics:

0: Solver Decides

1: Time

2: lterations

ProbingLevel No 0 (Solver ProbingLevelontrols the amount of probing
Decides) that occurs in integer models. Probing
involves taking a close look at the integer
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variables in a model and deducing tighter
variable bounds and rigitand side values. Ir]
many cases, probing can tighten an integer
model sufficiently to speed overall solution
times:

0: Solver Decides

1:None

2-10: increasindevelsof probing.

MaxCutsPasses

No

200

MaxCutsPassesets the maximum number o
iterative passes through a model determinin
appropriate constraint cuts to append to the
formulation.

RelativeCutsLimit

No

0.5

RelativeCutsLimits a fractional value
imposing a relative limit on the number of
constraint cuts that are generated. The defg
limit is set to 0.5 times the number of true
constraints in the original formulation.

CoefficientReduction

No

1 (True)

CoefficientReductiois used to enable or
disable coefficient reduction cuts (False:
Disable True:Enablg.

Disaggregation

No

1 (True)

Disaggregatiorused to enable or disable
disaggregation cuts (Faldeisable True:
Enablé.

FlowCover

No

1 (True)

FlowCoveris used to enable or disable flow
cover cuts (ODisable 1: Enablé.

GCD

No

1 (True)

GCDis used to enable or disable greatest
common denominator cuts (Disable 1:
Enablé.

Gomory

No

1 (True)

Gomoryis used to enable or disable Gomor?
cuts (O:Disable 1: Enablg.

GUB

No

1 (True)

GUBIs used to enable or disable generalize
upper bound cuts (Disable 1: Enablg.

KnapsackCover

No

1 (True)

KnapsackCoveis used to enable or disable
knapsack cover cuts (Disable 1: Enablg.

Lattice

No

1 (True)

Latticeis used to enable or disable lattice cy
(O: Disable 1: Enablg.

Lifting

No

1 (True)

Lifting is used to enable or disable lifting cut
(O: Disable 1: Enablg.

PlantLocation

No

1 (True)

PlantLocationis used to enable or disable
plant location cuts ((Disable 1: Enable.
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Objintegrality No 0 (False) Objintegralityis used to enable or disable th
objective integrality cuts (Disable,
1:Enable

Basic No 1 (True) Basicis used to enable or disable the basic
cuts (0:Disable,1: Enable)

Cardinality No 0 (False) Cardinality is used to enable or disable the
objective cardinality cuts (Disable,1:
Enablg

Disjunctive No 1 (True) Disjunctiveis used to enable or disable the
objective disjunctive cuts (0: Disable, 1:
Enable).

Error Codes Description

IntPreSolvOpt_BadHeuristicLevelArg BadHeuristic Levelbrgument.

IntPreSolvOpt_BadCutoffCriterionArg Bad Cutoff Criterionargument.

IntPreSolvOpt_BadProbingLevelArg BadProbing Levelrgument.

IntPreSolvOpt_BadMaxCutsPassesArg BadMax Cuts Passesrgument.

IntPreSolvOpt_BadRelativeCutsLimitArg BadRelative Cuts Limiargument.

IntPreSolvOpt_BadCoefficientReductionCutsArg Bad Coefficient Reduction Cutsgument.

IntPreSolvOpt_BadDisaggregationCutsArg Bad Disaggregation Cutargument.

IntPreSolvOpt_BadFlowCoverCutsArg BadFlow Cover Cutargument.

IntPreSolvOpt_BadGCDCutsArg Bad GCD Cutsargument.

IntPreSolvOpt_BadGomoryCutsArg Bad Gomory Cutsargument.

IntPreSolvOpt_BadGUBCutsArg Bad GUB Cutsargument.

IntPreSolvOpt_BadKnapsackCoverCutsArg BadKnapsack Cover Cutargument.

IntPreSolvOpt_BadLatticeCutsArg BadLattice Cutsargument.

IntPreSolvOpt_BadLiftingCutsArg BadLifting Cutsargument.

IntPreSolvOpt_BadPlantLocationCutsArg BadPlant Location Cutargument.

IntPreSolvOpt_BadObjlntegralityCutsArg BadObjective Integrality Cutargument

IntPreSolvOpt_BadBasicCutsArg BadBasic Cutsargument.

IntPreSolvOpt_BadCardinalityCutsArg Bad Cardinality Cutsargument.

IntPreSolvOpt_BadDisjunctiveCutsArg Bad DisjunctiveCuts argument.
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Example:
If one wished to set all the options, the following would work:

wbSetIntegerPreSolverOptions 2, 1, 6, 20, .3, _
False, False, True, True, False, True, True, _
False, False, True, True, False, True , True

To set individual options (here setting thmbingLevelo 4), named arguments should be used:
wbSetIntegerPreSolverOptions ProbingLevel:=4

wbSetLinearOptions

This routine is usedtset the WhaBest!linear solver options, which can be seen inltimear Solver
Optionsdialog box. All arguments are optional. For additional discussion of the options available
through this routine, see the sectionentittedt i ons é| Li near Sol ver

Syntax whSetLinearOptions([LinearSolverMethod], [ScaleModel], [Reduction], [PrimalPricing],
[DualPricing] [AssumeLinearMethodl]

Argument Required Default Description

LinearSolverMethod | No 0 (Solver Decides) | LinearSolverMethods an integer
indicating the linear solver methog
to employ:

0: Solver Decides
1: Primal Simplex
2: Dual Simplex

ScaleModel No 1 (True) ScaleModels a True/False flag
indicating whether to scale model

Reduction No 1 (True) Reductionis a True/False flag
indicating whether to use model
reduction.

PrimalPricing No 0 (Solver Decides) | PrimalPricingis an integer
indicating what primal pricing
method to use:

0: Solver Decides

1: Devex

2: Partial.

DualPricing No 0 (Solver Decides) | DualPricingis an integer indicating
what dual pricing method to use:
0: Solver Decides

1: Partial,

2: Steepest Edge

AssumeLinearMethod| No 0 (Off) AssumeLinearMethod an integer
indicating whether to use or not th
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Assume Linear Method:

0: Off,
1: mthod in use.

Error Codes Description

LinOpt_BadScaleModelArg Bad ScaleModeblrgument

LinOpt_BadReductionArg BadReductionargument

LinOpt_BadLinearSolverMethodArg | BadLinearSolverMethodrgument

LinOpt_BadDualPricingArg BadDualPricingargument

LinOpt_BadPrimalPricingArg Bad PrimalPricingargument
Example:

If one wished to set all the linear solver options, the simplest syntax would be:
wbSetLinearOptions 3, False, True, 2, 2 , 0

To set one or more options, named arguments should be used:
wbSetLinearOptions Reduction:=True

wbSetNonlinearOptions

This routi ne i s Bestsianlheat solvesoptions selerein théiNantingas Solver
Options dialog box. All arguments are optional. For additional discussion of the options available
through this routine, see the section entitled O

Syntax: wbSetNonlinearOptiorfgStratCrashinitial], [StratUddNDO Crash], [StratSLPDirection],
[StratSLPSolver], [StratQuadraticRecognition], [StratPresolve], [StratSelectiveConstraint],
[StratSteepestEdge], [StartingPoint], [OptimalityTolerance], [ItLimitSlowProg], [Derivatives])

Argument Required Default Description

StratCrashlinitial No 0 (False) StratCrashlinitialis a True/False flag
indicating whether or not to use this
strategy.

StratUséINDOCrash No 0 (False) StratUs&INDOCrashis a

True/False flag indicating whether
not to use this strategy.
StratSLPDirection No 1(True) StratSLPDirectionis a True/False
flag indicating whether or not to use
this strategy.

StratSLPSolver No 0 (False) StratSLPSolveis a True/False flag
indicating whether or not to use this
strategy.
StratQuadraticRecognition | No 1(True) StratQuadraticRecognitiois a
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True/False flag indicating whether
not to use this strategy.

StratPresolve No 1(True) StratPresolvés a True/False flag
indicating whether or not to use this
strategy.

StratSelectiveConstraint No 1(True) StratSelectiveConstrailig a
True/False flag indicating whether
not to use this strategy.

StratSteepestEdge No 0 (False) StratSteepestEdgs a True/False
flag indicating whether or not to use
this strategy.

StartingPoint No 0 (False) StartingPointis a True/False flag
indicating whether or not to use thig
feature.

OptimalityTolerance No 0.0000001 | OptimalityTolerances a positive
number indicating the optimality
tolerance.

[tLimitSlowProg No 100 ItLimitSlowProgis an integer greate
than 2 indicating the iteration limit
for slow progress.

Derivatives No 0 (Solver Derivativescan take 5 values:

Decides) 0 for Solver Decides,
1 for Backward Analytical,
2 for Forward Analytical,
3 for Central Differences,
4 for Forward Differences.

Error Codes Description

NonlinOpt_BadStratCrashlinitialArg Bad StratCrashinitial argument

NonlinOpt_BadStratUsdNDOCrashArg Bad StratUseINDOCrash argument

NonlinOpt_BadStratSLPDirectionArg Bad StratSLPDirection argument

NonlinOpt_BadStratSLPSolverArg Bad StratSLPSolver argument

NonlinOpt_BadStratQuadraticRecognitionArg Bad StratQuadraticRecognition argument

NonlinOpt_BadStratPresolveArg Bad StratPresolve argument

NonlinOpt_BadStratSelectiveConstraintArg Bad StratSelectiveConstraint argument

NonlinOpt_BadStratSteepestEdgeArg Bad StratSteepestEdge argument
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NonlinOpt_BadStartingPointArg

Bad StartingPoint argument

NonlinOpt_BadOptimalityToleranceArg Bad OptimalityTolerance argument

NonlinOpt_BadltLimitSlowProgArg Bad ItLimitSlowProg argument

NonlinOpt_BadDerivativesArg

Bad Derivatives argumeén

Example:

If one wished to set all the nonlinear options, the simplest syntax would be:
wbSetNonlinearOptions True, True, True, True, True, True, False, True, False, 0.0001, 200, 1
To set one or more options, named arguments should be used:

wbSetNonlinearOptions OptimalityTolerance:=0.0001

whbSetStochasticOptions

This routine can Bestlstochastid solver opsorstseen ih Btechistia Solves
dialog box. All arguments are optional. For additional discussion of the options available through this
routine, see the sectionentit®jp t i onsé| St ochastic Sol ver

Syntax:wbSetStochasticOptions([StochasticSolverMethod], [StochasticSeed],
[StochasticSamplSize]StochasticSamplCont]StochasticEVWS][StochasticEVEM],

[StochasticEVPI][StochasticEVMU],[StochasticRepScenHofidUsePreviewWindoy
[LoadScenarioViewd)

Argument Required |Default Description
SochasticSolverMethod No 0 (Solver StochasticSolverMethod is an
Decides) integer indicating the stochastic

solver method to employ:
0: Solver Decides,

1: Free,

2: Deterministic Equivalent,
3: Nested Benders
Decompoasition,

4: Augmented Lagrangian
Decomposition,

5: Simple Benders
Decomposition.
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StochasticSeed No 1031 StochasticSeed & cell reference
or an integer greater than 1
indicating the seed value for
random generator.

StochasticSamplSize No 2 StochasticSamplSize is an integ
greater than 1 indicating the
default number of scenarios pe
stage.

StochasticSamplCont No True StochasticSamplCont is a
True/False flag indicating
whether or not to use this optiof

StochasticEVWS No True StochasticEVWSs a True/False
flag indicating whether or not to
use this option.

StochasticEVEM No True StochasticEVEM is a True/Fals
flag indicating whether or not to
use this option.

StochasticEVPI No True StochasticEVPI is a True/False
flag indicating whether or not to
use this option.

StochasticEVMU No False StochasticEVMUSs a True/False|
flag indicating whether or not to
use this option.

StochasticRepScenHoriz No False StochasticRepScenHoriz is a
True/False flag indicating
whether or not to use this optio

No False UsePreviewWindows a boolean
indicating the display of the
Preview Window for the
Stochastic scenarii upon solving
The reporting cells may be
defined with the function
wbStochasticReport.

UsePreviewWindow
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LoadScenarioViewer No False LoadScenarioViewds a boolear
for loading the Scenario Windoy
with the Stochastic scenarii. Th
Scenario Window is then select
via the menu.
Error Codes Description

StoOpt_BadStochasticSolverMethodArg

Bad StochasticSolverMethod argument

StoOpt_BadStochasticSeedArg

Bad StochasticSeed argument

StoOpt_BadStochasticSamplContArg

Bad StochasticSamplCont argument

StoOpt_BadStochasticEVWSArg

Bad StochasticEVWS argument

StoOpt_BadStochasticEVEMArg

Bad StochasticEVEM argument

StoOpt_BadStochasticEVPIArg

Bad StochasticEVPI argument

StoOpt_BadStochasticEVMUArg

Bad StochasticEVMU argument

StoOpt_BadStochasticRepScenHorizArg

Bad StochasticRepScenHoriz argument

StoOpt_BadUsePreviewWindowArg

Bad StoOpt_BadUsePreviewWindowArg
argument

StoOpt_BadlLoadScenarioViewerArg

Bad StoOpt_BadLoadScenarioViewerArg
argument

Example:

If one wished to set all the stochastic support options, the simplest syntax would be:

wbSetStochasticOptions 2, 2027, False, False, False, False, TrugFREseeFalse

To set one or more options, named arguments should be used:

wbSetStochasticOptions StochasticEVPI:=False

Note:
function in order to use these options.

The AdvStochasticSuppoargument should be set to TRUE via wigSetStochasticSupport
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wbSetStochasticSupport

This routi ne c¢an Bestlstockastid support optiert seen im the SMicreadtid s
Support dialog box. There is only one argument. For additional discussion of the options available
through this routine, see the section entitigations...|Stochastic Solver

Syntax:wbSetStochasticSupport(AdvStochasticSupport)

Argument Required [Description

AdvStochasticSupport | Yes AdvStochasticSupport is a True/False flag indicatin
whether or not to use this support. Default O (False

Error Codes Description

Sto_BadAdvStochasticSupportArg Bad AdvStochasticSupport argument

Example:
If one wished to set all the function support options, the simplest syntax would be:

wbSetStochasticSupport True
or by the named argument:

wbSetStochasticSupport AdvStochasticSupport:=True

wbSetStringSupport

This routine can be used to set the WBatst! string support option seen in t&dring Supportialog

box. The first argument is required, the others are optional. For additional discussion of the options
available through this routine, see the section entkbehnced. . . |String Support

Syntax:wbSetStringSupport(AdvStringSupport, [AdvStringLength])

Argument Required | Default Description

AdvStringSupport Yes 0 (False) AdvStringSupportis a
True/False flag indicating
whether or not to use this
support.

AdvStringLength No 20 AdvStringLengthis an integer
between 1 and 255 indicating
the maximum string length.
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Error Codes

Description

AdvStr_BadAdvStringSupportArg Bad AdvStringSupporargument

AdvStr_BadAdvStringLengthArg

Bad AdvStringLengtlargument

Examples:

If one wished to set all the string support options, the simplest syntax would be:
whbSetStringSupport True, 10

To set one or more options, named arguments should be used:
whbSetStringSupport AdvStringSupport =True

Note: The AdvStringSupporargument should be set to TRUE in order to uséAtheStringLength
argument

wbSolve

For additional discussion of the functionality provided by this routineSebe

This routine is used to solve the active model.

Synta: wbSolve([SolutionStatus], [ExcelOpen], [NoErrDialog])

Argument

Required

Description

SolutionStatus

No

SolutionStatuss a return integer on the condition of the
solution:

Globally Optimal (1), Globally Optimal(2), Infeasible(3),
Unbounded4), Feasiblg5), Infeasible or Unbounde®),
Near Optimal (7)Locally Optimal(8), Localy Infeasible(9),
Cutoff (10), Numerical Erro(11), Unknown(12), Unloaded
(13), Loaded(14), Unknown Error(other) wherel000is an
interruption from a calculation error, a@@00is an
interruption by the user.

ExcelOpen

No

ExcelOperis a True/False flag to indicate whetlieel
should remain in the open state or be minimized (True to lg
Excel® open, False to minimizéxce). If this argument is
omitted, it defaults to the value of the MinimiZ&cel® on
Solve setting in the General Options dialog box.

NoErrDialog

No

Any argument (e.g., an Bestht
errordialog boxes from the wbSolve routine to be suppress
Instead, the error number is delivered in this return argume
Pass an integer t o usBestearory
number. This is useful in an embedded application of

Wh a Bedtk




MACROS: THE VBA INTERFACEO3

Error Codes

Description

Solve_UnmappedDrive

Error on drive

Solve_NoDLL

Error on DLL to access

Solve_BadSolutionStatusArg

Bad SolutionStatus argument

Solve_BadExcelOpenArg

Bad ExcelOpen argument

Solve_MultipleMaxMinError

More than one cell is specified as the objective cell

Solve_ProtectedWorkbookError

Protection can not be on the workbook, only on worksheets

Solve_ReadLINDOWBRCETrror

Error reading temporary file LINDOWBRC.TXT

Solve_SaveTempFileError

Error saving a copy of the active workbook

Solve_SymbolinSheetNameErro

Error on sheet name

Solve_MinimumFileFormatError

The active workbook must be &xcelp 8.0 (BIFF8 orExcel®
97) format or higher

Solve_UnableToLoadSolverErro

There was a pr oblBesttsoleo adi n

Solve_ErrorRunningSolver

There was a pr oblBesthsolven nni n

Return ValueThe return value is the same of the Solution Status argument.

Example:
Sub JustSolve

On Error goto errorhandler

Dim Ing SolutionStatus as

Long

'Solve the current model

wbSolve

'‘Display the results

Select Case
Case 1

Ing SolutionStatus

Ing SolutionStatus

MsgBox "The model is: Globally Optimal"

Case 2

MsgBox "The model is: Globally Optimal, " &

Range("WBMAX")

Case 3

MsgBox "The model is: Infeasible"

Case 4

MsgBox "The model is: Unbounded"

Case 5

MsgBox "The model is: Feasible"

Case 6

MsgBox "The model is: Infeasible or Unbounded"

Case 7
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MsgBox "The model is:

Case 8

MsgBox "The model is:

Case 9

MsgBox "The model is:

Case 10

MsgBox "The model is:

Case 11

MsgBox "The model is:

Case 12

MsgBox "The model is:

Case 13

MsgBox "The model is:

Case 14

Near Optimal"
Locally Optimal"
Locally Infeasible"
Cutoff"

Numerical Error"

Unknown

Unloaded"

MsgBox "The model is: Loaded"

Case Else

MsgBox "Solution status unknown"

End Select
Exit Sub
Errorhandler:

Msgbox "Error number is " & Err & ", Description: "

wbError(Err)

End Sub

wbStochasticChanceConstrained
This routine can be used to set the stochastic support functions seeftiodhastic Suppodialog

box, at the Chane€onstrained page. All arguments are required, except for the error code, buta 0
value can be placed for unnecessary arguments. For additional discussion of the options available

through this routine, see the section entithggtions...|Stochastic Solver

Syntax:

whbStochasticChanceConstrained(FunctionName, Percent, ObjWeight, Refers_to, Place_in_cell,

[NoErrDialog])

Argument Required |Default Description

FunctionName Yes "WBSP_CC_LT" [FunctionName is a string argume
indicating the name of the functic
to implement, either
WBSP_CC_LT or
WBSP_CC_GT.

Percent Yes 0 Percent is an integer between 0
1 indicating the wether the
probability of the set is satisfied.

ObjWeight Yes 0 ObcjWeight is a number indicatin
the amont set on the objective
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value.

Refers_to Yes 0 Refers_to is the range or addres
the cell to copy the chance
constraint function.

Place_in_cell Yes 0 Place_in_cell is a cell reference {
specify the cell in which to write
the WBSP__ function.

NoErrDialog No 0 Any argument passed here caus
al | \Bédsthetrdy dialog boxes
from the
wbStochasticChanceConstrained
routine to be suppressed. Instea
the error number is delivered in
this return argument. Pass an
integer to use any possible returt
Wh a Bestkerror number. Useful
in an embedded application of

Wh a Beétk
Error Codes Description
Sto_BadFunctionNameArg Bad FunctionName argument
Sto_BadPercentArg Bad Percent argument
Sto_BadObjWeightArg Bad ObjWeight argument
Sto_BadRefersToArg Bad RefersTo argument
Sto_BadPlacelnCellArg Bad PlacelnCell argument

Examples:
To set a Chane€onstrained information to constraint cells, the simplest syntax would be:

whbStochasticChanceConstrained "WBSP_CC_LT", 0.8, 0, "A2:B3", "D4", 0

whbStochasticFunction

This routine can be used to set the stochastic support functions seeftiodastic Suppodialog

box. All arguments are required, except for the error code, but a 0 value can be placed for unnecessary
arguments. For additional discussion of the options available through this routine, see the section
entitledOptions...|Stochastic Solver

Syntax:wbStochasticFunction(FunctionName, Stage, CellRangel, CellRange2, CellRange3,
Refers_to, Place_in_ce[NoErrDialog)




206 CHAPTER

Argument

Required

Default

Description

FunctionName

Yes

"WBSP_..."

FunctionName is a string
argument indicating the name @
the function to implement.

Stage

Yes

Stage is an integer between 1 g
255 indicating the stage the cel
belongs to.

CellRangel

Yes

CellRangel is a cell reference f
indicating the value of the first
argument; used for distributiong

CellRange2

Yes

CellRange? is a cell reference f
indicating the value of the first
argument; used for distributions

CellRange3

Yes

CellRange3 is a cell reference f
indicating the value of the first
argument; used for distributions

Refers_to

Yes

Refers_to is the range or addre
of the cell to copy the stochastic
function.

Place_in_cell

Yes

Place_in_cell is a cell reference
to specify the cell in Wich to
write the WBSP function.

NoErrDialog

No

Any argument passed here cau
al | Biésthetrdy dialog
boxes from the
wbStochasticFunction routine tg
be suppressed. Instead, the err
number is delivered in this retu
argument. Pass an integer to ug
any possible returned

Wh a Be8tkerror number. Usefy
in an embedded application of
Wh a Bestk

Error Codes

Description

Sto_BadFunctionNameArg

Bad FunctionName argument

Sto_BadStageArg

Bad Stage argument

Sto_BadCellRangelArg

Bad CellRangel argument
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Sto_BadCellRange2Arg Bad CellRange2 argument

Sto_BadCellRange3Arg Bad CellRange3 argument

Sto_BadRefersToArg Bad RefersTo argument

Sto_BadPlacelnCellArg Bad PlacelnCell argument

Sto_BadCellRangelCellRange2Arg Bad CellRangelCellRange2 argument

Sto_BadCellRangelCellRange2CellRange3Arg | Bad CellRangelCellRange2CellRange3
argument

Examples:
To set a stage information to a variable cell, the simplest syntax would be:

wbStochasticFunction "WBSKAR", 1, 0, 0, 0, "A2", "A3", 0

To set a distribution to a random cell:
wbStochasticFunction "WBSB®IST _LOGNORMAL", 0, "C2", "D2", 0, "A2", "A3", 0

wbStochasticHistogram

This routine can be used to set the stochastic histogram seen in the Stochastic Support dialog box. All
arguments are required, except for the error code. For additional discussion of the options available
through this routine, see the section entitigations...|Stochastic Solver

Syntax:wbStochasticHistogram(NumberBin&iglist, Place_in_cell[NoErrDialog])

Argument Required |Default Description

NumberBins Yes 0 NumberBings an integer
between 1 and 255 indicating th
number of bins for the reporting
cell.

ArglList Yes 0 ArgListis a listing of cell
references for indicating the cel
to display in the stochastic repo|

Place_in_cell Yes 0 Place_in_cell is a cell reference
to specify the cell in which to
write the WBSPHIST function.

NoErrDialog No 0 Any argument passed here cau
al | \Bésthetrdy dialog
boxes from the
wbStochasticHistogram routine
to be suppressed. Instead, the
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error number is delivered in thig
return argument. Pass an integg
to use any possible returned
Wh a Betkerror number. Usefy
in an embedded application of
Wh a Begtk

Error Codes

Description

Sto_BadNumberBinsArg

Bad NumberBins argument

Sto_Bad\rgListArg

BadArgList argument

Sto_BadPlacelnCellArg

Bad PlacelnCell argument

Sto_ProtectedSheetRepError

Bad ProtectedSheetRep argument

Examples:

To set several reporting cells, so to display the histogram report, the simplest syntax would be:
wbStochasticHistogram 0, "Sheet1!$C$1"

whbStochasticReport

This routine can be used to set the stochastic reporting cells seerSiothastic Suppodialog box.

All arguments are required, except for the error code. For additional discussion of the options available

through this routine, see the section entithggtions...|Stochastic Solver

Syntax:wbStochasticReport(ArgList, Place_in_cell, [NoErrDialog])

Argument

Required

Default

Description

ArgList Yes

0

ArgList is a listing of cell
references for indicating the cel
to display in the stochastic repo

Place_in_cell Yes

Place_in_cell is a cell reference
to specify thecell in which to
write the WBSPREP function.

NoErrDialog No

Any argument passed here cau
al | \Bésthetrdy dialog
boxes from the
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whbStochasticFunction routine tg
be suppressed. Instead, the err
number is delivered in this retu
argument. Pass an integer to us
any possible returned

Wh a Betkerror number. Usefy
in an embedded application of

Wh a Begts
Error Codes Description
Sto_BadArgListArg Bad ArgList argument
Sto_BadPlacelnCellArg Bad PlacelnCell argument
Sto_ProtectedSheetRepError Bad ProtectedSheetRep argument
Examples:

To set several reporting cells, so to display the stochastic report, the simplest syntax would be:
wbStochasticReport "Sheet1!$B$1:$B$3,Sheet1!$C$1", "Al", 0

wbStochasticStageScenario

This routine can be used to set the stochastic stage/scenario table se@tadnlthstic Suppodialog
box. All arguments are required, except for the error code. For additional discussion of the options
available through this routine, see the section entlllptions...|Stochastic Solver

Syntax:wbStochasticStageScenario(CellRangel, Place_in_cell, RangeChoice, [NoErrDialog])

Argument Required Default Description

CellRangel Yes 0 CellRangel is a cell reference fq
indicating the range of the table.

Place_in_cell Yes 0 Place_in_cell is a cell reference
specify thecell in which to write
the WBSP STSC function.

RangeChoice Yes 0 RangeChoice is a string "SET" t

enter the function, or "NONE" to
delete the selected cell.

NoErrDialog No 0 Any argument passed here caug
al | \Bésthetrdy dialog boxes
from the wbStochasticFunction
routine to be suppressed. Insted
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the error number is delivered in
this return argument. Pass an
integer to use any possible
ret ur n eBast'ékthrat 6 9
number. Useful in an embedded
applicatiBRestl of

Error Codes

Description

Sto_BadCellRangelArg

Bad CellRangel argument

Sto_BadPlacelnCellArg

Bad PlacelnCell argument

Sto_BadRangeChoiceArg

Bad RangeChoice argument

Examples:

To set a Stage/Scenario table, the simplest syntax would be:
wbStochasticStageScenario "Sheet1!$B$1:$C$3", "D1", "SET", 0

wbUpdateLinks

For additional discussion of the functionality provided by this routine, see the descriptipdate
Linksin the section entitte®@pt i ons é| Gener al

This routine is used to update the links to the WB constraints and functions.

Syntax wbUpdateLink§)

ThewbUpdateLinkgrocedure has no arguments.

Error Codes

Description

UpdateLinksProtectedError

Unable to update links on a protected sheet

UpdateLinksHiddenError

Unable to determine if there are constraints in hidden
cells on protected sheets

RemarksThis procedure is provided becausecel® does not properly update links of aihd

functions.




5 Functions and Operator:

WhatsBest!supports many mathematical and logical functiohExcel® and also adslsome
functions of its own.

What'sBest! supports many, but not all, of the mathematical and logical functions and operators of

Exceland also adds some functions of its own. In general, If for any cell, say X1,

+ X1 does not depend upon a WB Adjustable cell, or

+ X1 depends upon a WB Adjustable cell, but does not influence (or is not a precedent of) any

WB constraint or Objective cell and X1 is declared to be in a WBOMIgageeAdvanced|Omit.),

then anyExcel® function can be used in X1. Otherwise, the user is restricted to a subset of Excel

functions as enumerated below.

Supported Functions and Operators

FunctionandOperators n

Excel

Recogni z¢

The following Excéfunctions and operators are supported by What'sBest! with limitations as
announced in notes 1 and 2:

ABS(note 1) | CHIINV INT (note 1) NORMSDIST SIGN(note 1)
ACOS COS LN NORMSINV SIN

ACOSH COSH LOG(note2) NOT(notel) SINH

AND (notel) EXP LOGINV NPV SQRT

ASIN EXPONDIST LOGNORMDIST | OR(notel) STDEV
ASINH FALSE MAX (notel) Pl SUM

ATAN FDIST MIN (notel) POISSON TAN

ATAN2 FINV MOD(notel) PRODUCT TANH
ATANH GAMMADIST MMULT (noteb) PV TRANSPOSE
AVERAGE GAMMAINV NEGBINOMDIST | ROUND(notel) TRUE
BINOMDIST | HYPGEOMDIST | NORMDIST ROUNDDOWNnotel) | TRUNC(notel)
CHIDIST IF(notel) NORMINV ROUNDUP

211
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A +

/ <=(notel)
=(notel) >=(notel)
* _

<(notel) <>
>(notel) %

The following Excel functions are supported only under certain conditions:
COUNT(note 3

HLOOKUP

INDEX(note 3

MATCH(note 3

SUMIF

SUMIFS

SUMPRODUCT

VLOOKUP

Functions Added by What 6sBe

The WBxxx functions are the ones added by What'sBest!. Note that mdrgseffunctions cannot be
used in an expression, see note 3. They can be used only by themselves in a cell.

WBALLDIFF (note3)
WBCARD(note3)
WBDUAL (note3)
WBERLANG B
WBERLANG_C
WBEXPOINV
WBINNERPRODUCTnNote3)
WBLMTD (note3)
WBLOGABEXPX
WBLOGISTIC
WBLOGISTICDENS
WBLOGISTICINV
WBLOGSUMAEXP
WBLOGSUMEXP
WBLOWER(note3)
WBMULTINV
WBNORMSL
WBPOS[Onote3)
WBQUADPRODUCTnote3)
WBRLMTD (note3)
WBSEMIC(note3)
WBSIGNPOWERnNote3)

=4 =4 =4 =4 -4 -8 -89

=2 =4 A48 -8-8-8-0-0 00000899999
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WBSOS1note3)
WBSOSZnote3)
WBSOS3note3)
WBTRIAINV
WBUNIFINV
WBUPPERnNote3)
WBXPOWDIVAB

=A =4 =4 -4 -8 -89

Note 1: The function is norsmooth. Its use may result in long solution times, and if the Global Solver
is not used, in neoptimal solutions. See the discussiorBafioothnessm Overview of Mathematical

Modeling

Note 2:LOG can support one argument assuming base 10, or two arguments.

Note 3: The function can be used only standalone in a cell, not as part of a larger expreesion.
example, =WBLMTD(X1,X2) is OK, but =X3*WBLMTD(X1,X2)"2 is not.

Note 4: All arguments must evaluate to being numeric, the second argument must be in ascending
order, the third argument refers to numeric constant, and the fourth argument is an optional

TRUE/FALSE value.

Note5: MMULT is supported only when its arguments are a row and a column.

Distributions/Correlations for Stochastic Programming

Refer to the sectio@ptions...|Stochastic Solvéar additional explanation on using these functions.

WBSP_CORR_KENDALL

WBSP_DIST_DISCRETE_SV_W

WBSP_DIST_NEGATIVEBINOMIAL

WBSP_CORR_PEARSON

WBSP_DIST_EXPONENTIAL

WBSP_DIST_NORMAL

WBSP_CORR_SPEARMAN

WBSP_DIST_F_DISTRIBUTION

WBSP_DIST_PARETO

WBSP_DIST_BETA

WBSP_DIST_GAMMA

WBSP_DIST_POISSON

WBSP_DIST_BETABINOMIAL

WBSP_DIST_GUMBEL

WBSP_DIST_STUDENTS_T

WBSP_DIST_BINOMIAL

WBSP_DIST_GEOMETRIC

WBSP_DIST_SYMMETRICSTABLE

WBSP_DIST_CAUCHY

WBSP_DIST_HYPERGEOMETRIQ

WBSP_DIST_TRIANGULAR

WBSP_DIST_CHISQUARE

WBSP_DIST_LAPLACE

WBSP_DIST_UNIFORM

WBSP_DIST_DISCRETE_SH

WBSP_DIST_LOGARITHMIC

WBSP_DIST_WEIBULL
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WBSP_DIST_DISCRETE_SV | WBSP_DIST_LOGISTIC WBSP_MEAN

WBSP_DIST_DISCRETE_SH_W WBSP_DIST_LOGNORMAL

Linearization

Many of the norsmooth functions and operators supported by \Besmay be automatically
smoothed by the solver through a process referredlioessization Linearization replaces a non

smooth function or operator with a collection of additional linear variables and constraints such that
the modified model is mathematically equivalent to the original with thesnowoth functions or
operators eliminated. Nesmooth functions and operators that may be eliminated through linearization

are:
Functions Operators
ABS <
AND <=
HLOOKUP | <>
IF =
INT >
MAX >=
MIN
NOT
OR
SIGN
SUMIF
VLOOKUP

In addition to the above, Whsiest!can also linearize products of 0/1 and continuous variables.

For more information on the linearization process, refer to the section efttifed i ons é.| Gener al

Global Solver

Functions currently supported are:

1) Standard smooth functions: x+yyxx*y, log(x), exp(x), sgrt(x), sin(x), cos(x)
2) Continuous, noismooth: abs(x), max(x,y ), min(x,y)
3) Smooth, not quite contimus: x/y, X"y, tan(x), floor(x)
4) Logical and relational operators:(i,y,z),>=, <=, ==, =, .AND. , .OR., .NOT.
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5) Probability distributions: psn(z) [Normal Distribution], psl(z) [Normal Linear Loss]

Range Name Usage

With regard to the usage of Excel Range names, the following rules apply to example cell X1: If a
range name refers to a range containing just one cell, then you may use that range name in the formula
just like a single cell reference (You might as well, however, just use the cell name itself, e.g. X2). If
the range name refers to a range with one or more cells, then that range name can be used in all the
What'sBest! recognized functions anodperators described before, e.g.,, in SUM, SUMIF,
SUMPRODUCT, WBINNERPRODUCT, etc.

Functions Descriptions
WBALLDIFF

The WBALLDIFF function is employed for modeling the All Different variables. These are the integer
variables restricted to get all different values within some range. The syntax is:

WBALLDIFF(LowerBound, UpperBound, Refers_fo

Argument Description
the number indicating the lower bound in t{
LowerBound
range
UpperBound the number indicating the upper bound in
range
the range or address of the cell(s) to be spec
Refers_to as ALLDIFF

For additional discussion and a sample case for the WBALLDIFF function, see the section entitled
Integers|Aldifferent, which refers to the dialog box interface that calls this function.

WBCARD

The WBCARD function is employed for modeling a set of variables with a cardinality of N, i.e., at
most N variables belonging to this set are able to gezramvalues. The syntax is:
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WBCARD(CardNumber, Refers_to)

Argument Description

CardNumber the .str!ctly positive integer indicating tt
cardinality

Refers_to the range or address of the cell(s) belonging tg

set

A sample case is provided with the file "WBCARIRODMIX.xIsx". This model is a variant of the
product mixproblem in which we are only allowed to produce at most two products of the first three
ones and also the same for the next three products. These cardinality constraints are modeled
employing the WBCARDOunction.

For additional discussion of the WBCARD function, see the section entitleders|Special Ordered

Set which refers to the dialog box interface that calls this function.

WBENSOR

The WBCENSOR function is employed for modeling the nested if
WBCENSOR(x,a,b¥ IF(x<a,alF(x>b,b,X)

The syntax is

WBCENSORX, a, b

Argument Description

X a range containing one cell

a a real number

b a real numbesuch thata <=b

WBDUAL

The WBDUAL function is employed for returning the dual values of the adjustable or constraint cells.
The syntax is:
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WBDUAL(Refers_to, value)

Argument Description

the reference to the adjustable or constraint
Refers_to

you want the dual value on

an arbitrary number
value value with the actual dual value after solving

model)

For additional discussion of the WBDUAL function, see the section enfiteéinced|Dual.,.which
refers to the dialog box interface that calls this function. Furthermore, a comprehensive sample case
for this function is provided iUsage Guidelines for Dual Values

WBERLANG_B

The WBERLANG_B function returns the Erl angébés | os
and an arriving load of A, no queue allowed. The result of WBERLANG_B(A, X) can be interpreted

as either the fraction of time all servers are busy or the fraction of customers lost due to all servers
being busy when they arrive. The arriving load A is the expected number of customers arriving per

unit of time multiplied by the expected time to process one customer. The syntax is:

WBERLANG_B(Load, Num_Servers)

Argument Description

the nonnegative real number indicating t

Load arriving load of the system

the strictly positive integer indicating the numg

Num_Servers
- of servers

A sample case is provided with the file "WBERLAN&RIeue.xIsx". It models an M/M/c/c system
for which we aim to minimize the number of required servers, while the fraction of lost customers is
required to be less than a given value.

WBERLANG_C

The WBERLANG_C function returns the Erlangds bt
servers and an arriving load of A, with infinite queue allowed. The result of WBERLANG_C(A, X)

can be interpreted as either the fraction of time all servers are busy or the fraction of customers that
must wait in the queue. The arriving load A is the expected number of customers arriving per unit of

time multiplied by the expected time to process one customer. The syntax is:
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WBERLANG_C(Load, Num_Servers)

Argument Description

the nonnegative real number indicating tf

Load arriving load of the system

the strictly positive integer indicating the numk

Num_Servers
- of servers

A sample case is provided with the file "QueueNservers.xIsx". It models an M/M/c service system for
which we aim to minimize the total cost including servers costs and the expected customers waiting
costs.

WBEXPOINV

The WBEXPOINV function returns the inverse of an exponential cumulative distribution for a
supplied mean and standard deviation. For examgRBEXPOINV(.5,1)eturns 0.69315. This means
that for an exponential distribution with mean 1.0, 50 percent of the outcomes dtatessequaltto
0.69315. The syntax is:

WBEXPOINV(Prob, Mear)

Argument Description

the probability (greatetharror-equatto zero and
lessthartor-equalto 1) at which you want tg

Prob evaluate the inverse of tegponential cumulative
distribution
the nonnegative real number indicating tf
Mean

arithmetic mean of the distribution

WBINNERPRODUCT

The WBINNERPRODUCT function is the equivalent of SUMPRODUCT, but the terms are multiplied
row by column and then summed instead of multiplying them row by row. The syntax is:

WBINNERPRODUCT(Rangel, Range2)

Argument Description

the cell range containing the column or r
Rangel (Rangelcan only be one dimensional and it m
be the same size and shap&asge?
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the cell range containing the column or r
Range2 (RangeZcan only be one dimensional and it m
be the same size and shap&®asge)

A sample case is provided with the file "WBINNERPRODUBRODMIX.xIsx". This is a variant of
the product mix problem in which the WBINNERPRODUCT function is employed instead of
SUMPRODUCT.

WBLMTD

The WBLMTD function represents the log mean temperature difference function. The amount of heat
exchanged between the hot stream and the cold stream in a heat exchanger is proportional to
WBLMTD(d1, d2) = (dtd2)/Log(d1/d2). The syntax is:

WBLMTD(d1, d2)

Argument Description

the number indicatinghe temperature difference

di the two streams at one end

the number indicatinghe temperature difference

d2 the two streams at the other end

A sample case for this function is provided with the file "HeatXchange_ WBLMTD.xIsx".

WBLOGABEXPX

The WBLOGABEXPX function is employed for computing the composite function
WBLOGABEXPX(x, a, b) = In(a + b*exp(x)), where x, a and b represent real values. For example,
WBLOGABEXPX(2, 3, 4pturns3.482969. The syntax is:

WBLOGABEXPX(x, a, b)

Argument Description

X a real number

a a real number
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b a real number

WBLOGISTIC

The WBLOGISTIC function returns theumulative distribution function for a Logistic distribution.

The result ofWBLOGISTIC(A, B, C) shows the probability that an observation from the Logistic
distribution with the location and scale parameters A and B is less than or equal to C. For example,
WBLOGISTIC(5,2,5)eturns 0.5The syntax is:

WBLOGISTIC(A, B, C)

Argument Description
A the number indicating the location parameter
B the number indicating the scale parameter
the number at which you want to evaluate
C : S .
cumulative distribution function

WBLOGISTICDENS

The WBLOGISTICDENS function returns the probability density function for a Logistic distribution.
The result of WBLOGISTICDENS(A, B, C) shows the probability density at C for the Logistic
distribution with the location and scale parameters A and B, respectively. For example,
WBLOGISTICDENS(5,2,3turns 0.098306. The syntax is:

WBLOGISTICDENS(A, B, C)

Argument Description
A the number indicating the location parameter
B the number indicating the scale parameter

the number at which you want to evaluate
probability density
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WBLOGISTICINV

The WBLOGISTICINV function returns the inverse of a Logistic cumulative distribution. The result

of WBLOGISTICINV(A, B, C) shows the inverse of the Logistic cumulative distribution with the
location and scale parameters A and B at the probability C. For examBleQGISTICINV(5,2,0.5)
returns 5. This means that for a Logistic distribution with the location and scale parameters 5 and 2, 50
percent of the observations are lgdsanor-equatto 5. The syntax is:

WBLOGISTICINV(A, B, C)

Argument Description
A the number indicating the location parameter
B the number indicating the scale parameter

the probability (greatethanror-equatto zeroand
lessthantor-equalto 1) at which you want tg
evaluate the inverse of theogistic cumulative
distribution

WBLOGSUMAEXP

The WBLOGSUMAEXP function is employed for computing the composite function

WEBLOGSUMAEXP(x) = In(¥%, a; exp(x;)),
where a is a nenegative vector of size n and x represents a vector of size n. The syntax is:

WBLOGSUMAEXP(a, x)

Argument Description

a cell range containing a column or row of siz
(all elements should be naregative constants)

X a cell range containing a column or row of size

WBLOGSUMEXP

The WBLOGSUMEXP function is employed for computing the composite function
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WBLDGSUMEXF’(}(} = In(X, explx;)),
where x represents a vector of size n. The syntax is:

WBLOGSUMEXP(x)
Argument Description
X a cell range containing a column or row of size

WBLOWER

The WBLOWER function is employed for returning the lower bound of the range over which the dual
value of the adjustable or constraint cell does not change. The syntax is:

WBLOWER(Refers_to, value)

Argument Description

the reference to the adjustable or constraint
Refers_to ;

you want the lower range for its dual value

an arbitrary number
value value with the actual lower range after solving

model)

For additional discussion of the WBLOWER function, see the section enfiikdnced|Dual.,.
which refers to the dialog box interface that calls this function. Furthermore, a comprehensive sample
case for this function is provided Wsage Guidelines for Dual Values

WBMULTINV

The WBMULTINV function returns the inverse of a multinomial cumulative distribution for a
supplied set of probabilities and corresponding values. For example, for the following instance
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HE92-«-20= WBMULTINV.xlsx - Microsoft Excel l
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2
Bl hd Je =WBMULTINY(0.6,A3:A5,B3:B5)
A B C D E F G H

1 WBMULTIN"JI 3!

2

3 0.2 -2

4 0.3 1

3 0.5 3

A

, WBMULTINV(0.6,A3:A5,B3:B5eturns 3. This means that the minimum observation of X, such that
60 percent of the observations are {gsstor-equalto X, is X=3. The syntax is:

WBMULTINV(Prob, ProbRange, ValueRange)

Argument Description

the probability (greatethanor-equatto zero and
lessthanor-equatto 1) at which you want tg
evaluate the inverse of themultinomial
cumulative distribution

Prob

the cell range containing the probabiliti
(ProbRangemust be a ondimensional range
(i.e., a range of cells in either a single row o
single column))

the cell range containing the values t
correspond with each probabilitvglueRange
must be the same size and shape as
ProbRang)

ProbRange

ValueRange

WBNORMSL

The WBNORMSL function represents the standard normal linear loss function which returns the
expected value of max {0,-X}, where Z is a standard normal random variable. In inventory
modeling, WBNORMSL(X) is the expected amount that demand exceeds a level X, if demand has a
normal distribution. For examplgyBNORMSL (2jeturns 0.008491. The syntax is:
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WBNORMSL (Value)
Argument Description
Value A real number

WBROLYNOMIAL

The WBPOLYNOMIAL function is employed for modeling the composite function-dégree
univariate polynomial

WBPOLYNOMIAL(x, A) = Ay + Ajx + Ajx2+ ... + Apx"
The syntax is:

WBQUADPRODUCT(x, ARange)

Argument Description
X a cell range containing one cell
ProbRange a cell range containing a column or row of size

WBPOSD

The WBPOSD function is employed for the models in which at least one matrix is restricted to be
positive semidefinite. The syntax is:

WBPOSD(Range)
Argument Description
the range of cells indicating the positive sel
Range definite matrix (Range must be symmetric w|
9 the adjustable cells typically set to be free ty
(although not required), and more than one cel

For additional discussion and a sample case for the WBPOSD function, see the section entitled
Constraints.,.which refers to the dialog box interface that calls this function.
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WBQUADPRODUCT

The WBQUADPRODUCT function is employed for computing

MWBQUADPRODUCT(x,c,Q) = x"Qx + c'x,

where x and ¢ are vectors of size n and Q represents an n by n matrix. It returns the scalar
n

iixi x;Q; '?'Zci %

i=1 j=1 i=1
The syntax is:

WBQUADPRODUCT(xRange, linRange, gRange)

Argument Description

XRange a cell range containing a column or row of size
linRange a cell range containing a column or row of size
gRange a cell range containing a matrix of size n by n

A sample case for this function is provided with the file "PortCorrVG_wbquadproduct.xIsx".

WBRLMTD

The WBRLMTD function returns theeciprocal ofthe WBLMTD function, i.e., WBRLMTD(d1, d2)
= 1/WBLMTD(d1, d2). The syntax is:

WBRLMTD(d1, d2)
Argument Description

the number indicatinghe temperature differeng

di of the two streams at one end

the number indicatinghe temperature differeng

d2 of the two streams at the other end
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WBSEMIC

The WBSEMIC function is employed for modeling the samitinuous variables. These are the
variables restricted to either be O or lie within some nonnegative range, e.g., 10 to 20. The syntax is:

WBSEMIC(LowerBound, UpperBound, Refers_to)

Argument Description
the number indicating the lower bound in f
LowerBound
range
UpperBound the number indicating the upper bound in
range
Refers_to the range or address of the cell(s) to be spec
as semicontinuous

A sample case is provided with the file "AstroCosSemic.xIs". It models a production planning problem
in which one of the products can be either produced within the company in a minimum batch size or
outsourced. This constraint is modeled using the WBSEMIC function.

For additional discussion of the WBSEMIC function, see the section erititisgers|Semi
continuouswhich refers to the dialog box interface that calls this function.

WBSIGNPOWER

The function WBSIGNPOWER is employed for computing pressure differential in a network flow
model. In these models, the pressure differential between two nodes as a function of the flow, f,
between them, and a resistance type parameter p is related to sign(f)*abs(f)*p. For electrical networks,
p = 1, and for most other fluids, 1.8 <= p <= 2. The function SIGNPOWER(f, p) returns
sign(f)*abs(f)"p. The syntax is:

WBSIGNPOWER(F,p)

Argument Description

F the number indicating the flow

the number indicating the resistance ty
P parameter

A sample case for this function is provided with the file "NetEqIxSignPower.xIsx".
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WBSO0OS1

The function WBSOS1 is employed for modeling the Special Ordered Sets (SOS) of type 1. At most
one of the variables belonging to an SOS1 set can be > 0. The syntax is:

WBSOS1( Refers_to)

Argument Description

the range or address of the cell(s) belonging tg

Refers_to SOS1 set

For additional discussion of the WBSOS1 function, see the section enhtibe@rs|Special Ordered
Set which refers to the dialog box interface that calls this function.

WBSO0S2

The function WBSOS2 is employed for modeling the Special Ordered Sets (SOS) of type 2. At most
two of the variables belonging to an SOS2 set can be > 0 and these variables should be adjacent. In
general, the SOS2 sets are applied to model the piecewise linear functions. The syntax is:

WBSOS2( Refers_to)

Argument Description

the range or address of the cell(s) belonging tg

Refers_to SOS2 set

A sample case is provided with the file "PieceWiseSOS2a.xlIsx". It models a problem in which we
need to buy a specified amount of commodity. Two vendors each offer their own price curve
(piecewise linear) and we should decide about the amount of buying from each to minimize the total
cost. The WBSOS2 function is exploited to represent piecewise linear cost curves.

For additional discussion of the WBSOS2 function, see the section eiibegrs|Special Ordered

Set which refers to the dialog box interface that calls this function.

WBSOS3

The function WBSOS3 is employed for modeling the Special Ordered Sets (SOS) of type 3. Exactly
one of the variables belonging to an SOS3 set gets the value of 1 and the other variables are restricted
to be 0. The syntax is:

WBSOS3( Refers_to)
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Argument Description
the range or address of the cell(s) belonging tg
Refers_to SOS3 set

A sample case is provided with the file "WBSQ&Signment.xIsx". This is an assignment problem in
which we aim to allocate the jobs to machines such that the total required time for processing the jobs
to be minimized. The WBSOS3 function is exploited for modeling the requirements of allocation of
only one machine to each job and vice versa.

For additional discussion of the WBSOS3 function, see the section eftbers|Special Ordered

Set which refers to the dialog box interface that calls this function.

WBTRIAINV

The WBTRIAINV function returns the inverse of a triangular cumulative distribution for supplied low,
mode, and high values. For exampBTRIAINV(1, 3, 2, 0.#eturns 2.2254. This means that for a
triangular distribution over the range [1,3] with mode 2, 70 percent of the observations-#naress
or-equatto 2.2254.

Probahility

Loy
Mode +
High 1

The syntax is:

WBTRIAINV(Low, High, Mode, Prob)

Argument Description

the number indicating the lower limit of th

Low distribution

the number indicating the upper limit of th
High distribution High must be greatethanor-equat
to Mode)
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the number indicating the mode (peak value
Mode the distribution Klode must be between theow
andHigh values)

the probability (greatethanor-equatto zero and
lessthanor-equatto 1) at which you want tg
evaluate the inverse of thidangular cumulative
distribution

Prob

WBUNIFINV

The WBUNIFINV function returns the inverse of a uniform cumulative distribution for supplied low
and high values. For exampW&BUNIFINV(.4,1,2Yeturns 1.4. This means that for a uniform
distribution on the interval [1,2], 40 percent of the observations ar¢hassr-equatto 1.4.

Frobahility

Loy
High

The syntax is:

WBUNIFINV(Prob, Low, High)

Argument Description

the probability (greatetharror-equatto zero and
lessthartor-equalto 1) at which you want tg

Prob evaluate the inverse of theéniform cumulative
distribution
the number indicating the lower limit of th
Low

distribution

the number indicating the upper limit of ti
High distribution High must be greatethanor-equat
to Low)
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WBUPPER

The WBUPPER function is employed for returning the upper bound of the range over which the dual

value of the adjustable or constraint cell does not change. The syntax is:

WBUPPER(Refers_to, value)

Argument Description
the reference to the adjustable or constraint
Refers_to ;
you want the lower range for its dual value
an arbitrary number
value value with the actual upper range after solving
model)

For additional discussion of the WBUPPER function, see the section eAtitlethced|Dual.,.which
refers to the dialog box interface that calls this function. Furthermore, a comprehensive sample case

for this function is provided ilsage Guidelines for Dual Values

WBXPOWDIVAB

The WBXPOWDIVAB function is employed for computing thanction WBXPOWDIVAB(X, a, b)=
x"al(b-x), where x, a and b represent real values and 0 <= x < b. For exai¥ OWDIVAB(2, 3,

6) returns2. The syntax is:

WBXPOWDIVAB(X, a, b)

Argument Description

X a nonnegative real number

a a real number

b a nonnegative real number such that x <b




6 Overview of
Mathematical Modeling

Introduction

The relationships in your model influence the computation time, the solution methods used by
What'8est! and the type of solution returned. This overview very briefly explains some of the
different types of expressions entailed and explores how the expression type affects the solution
search. An understanding of these basic principles is not required to useBé&thtwit it can go a
long way in helping you to use the software more effectively.

In the section entitletlinear vs. Nonlinear Expressions and Linearizatioe consider the two

expression types, linear and nonlinear, and how they influence the solution process. The section
entitledThe Solution Process: Determining optimaoduces some of the issues in finding optima.
These issues include local versus global optima and the distinction between smooth (continuous) and
nonsmooth (norcontinuous) functions. The type of outcomes generated by \Bhat!$s discussed

in the section entitle@olution Outcomes-inally, some suggestions for modeling are offered in the

last sectiorGuidelines for Modeling with What'sBeatidGuidelines for Stochastic Modeling

Linear vs. Nonlinear Expressions and
Linearization

Mathematical expressions can be classified according to their characteristics. The broadest and most
common distinction is between lineamnd nonlinear expressions. WhBest!analyzes your model and
describes it as linear or nonlinear in the status report Widdel Type

Linear Expressions

If all the terms of an equation are of the first order, the expression is said to be linear. This means the
expression doesn't contain a variable squared, cubed, or taken to any power other than one, a term
divided by a variable, or variables multiplied by each other. In other words, proportionality exists. That
is, for every unit increase or decrease in a variable, the expression increases or decreases by a fixed
amount.

In their simplestform, i near for mul as are fAstraight | ine
buying tomatoes for $1.50 per pound. The expression or function used to calcu@bsti(t in
terms of the amount of tomatoes purchaggds}

C=15*T

231
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As you might expect, a graph of this expression for cost is a straight line:
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Linear expressions can have multiple variables. For example, if you added pdeataiedq.75 per
pound and applegy] at $1.25 per pound, your cost function would become:

C=15*T+0.75*P+1.25*A

This new cost expression is lingaryou could think of it as the sum of three simpler linear
expressions.

Nonlinear Expressions

By definition, all expressions that are not linear are nonlirdamlinear expressions include

relationships in which variables are squared, cubed, or taken to powers other than one, variables that
are multiplied by each other, and many expressions using nonlinear spreadsheet function§-such as
MAX; andMIN.

Models with nonlinear expressions are intrinsically much more difficult to solve than linear models.
Unlike linear models, a badfprmulated nonlinear model may prevent Whad'st!from finding a

solution, even though one in fact exists. Another problem posed by some nonlinear models is that
What'8est!may detect a localkpptimal solution to the model that appears to be the "best", whereas a
better, but also localtpptimal, solution still exists. For more on what you can do to help minimize the
occurrence of these undesirable results, see the sectioritiddlines for Modeling with

What'8est!.

Linearization

The presence of any nonlinear expressions in the model will cause the nonlinear solver to be invoked
and the model to be classified as nonlinear. You can determine whether your model is linear or
nonlinear by the classification unddiodel Typen the solver status window or the status report. The
nonlinear models take much longer to solve than a linear model with the same number of constraints.
The process of converting a nonlinear expression to a linear expression idinedledation

WhatsBest!can perform different degrees of linearization in thegnacessing stage of the solution
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process on thABS IF, MAX, andMIN nonlinear spreadsheet functions, as well as all logical
operators. See Chapterfjnctions and Operatordor a comprehensive list.

Ideally, all nonlinear expressions would be converted to linear equivalents, so the linear solver can be
used instead of the nonlinear solver. For an example of a simple nottbrlgsrar conversion,
consider the following equation:

X1Y =10

As written, this equation is nonlinear, because of the divisiovi By simply multiplying both sides
of the equation through by, this can be converted to the equivalent linear equation:

X=10*Y

By utilizing as many nonlineao-linear conversions as possible, the nonlinear model rpig$gibly
be reduced to a linear model. When a nonlinear model can be fully linearized, the payoff can
sometimes be enormous (e.g., finding a solution where none could be found before or reducing
solution time from days to seconds). The sample miodekrization Option and Construction Cost
Estimationdemonstrates the benefits of successful linearization.

The WhatBest!linearization option cannot reduce all nonlinear models to linear models, nor does the
effort necessarily improve the solution time. In some exceptional ,dasesy be better to run
WhatsBest!with linearization disabled. For this reason, the linearization option is provided with some
useradjustable parameters that are set inGkaeral Optionslialog box. You may wish to try

different degrees of linearization to see what works best for your model.

It is highly recommended that you consider performing linearization on your own. If Béstt's
indicates that your model is nonlinear, it can be beneficial to investigate the expressions in the
nonlinear cells and determine whether any could be reformulated in a linear manner.

Note: The locations of all nonlinear cells will be displayed in the staus report, assuming that the
Nonlinearity presentvarning has been enabled in theneral Optionglialog box.

The Solution Process: Determining Optima
Local Optima vs. Global Optima

Linear and nonlinear problems are distinguishable by their different kinds of solutions. When the
What'8estllinear solver finds a solution to a linear optimization model, that solutiabést
solution. Such a solution is calledyepbal optimunbecauséhereis no better feasible solution.

By contrastconventionahonlinear solverare only able to identiflocal optima(i.e., solutions for
which no better feasible solutions can be found nearby). VBesttells you what type of solution
you have reached by returniegherGlobally Optimalor Locally Optimalin theSolution Statu§ield
of the status reporlf a model is nonlinear and tlgobal solver is not used, then the status \aillvays
be locally optimal if a solution is found.

It is a property ofonlinearoptimization models that they may have several solutions that are locally
optimal. Such locally optimal solutions to nonlinear optimization models cannot be assumed to be
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globally optimal. The following example illustrates this property and explains how you might explore
the various local optima.

Consider the following model. Cell B3 has been specified as an adjustable cell, B4 has been specified

to be minimized and contains the equation 8i843.1416*B3), and B5 contains the constraint B4 <=
6.

The following graph shows a plot of B4, the expression to be minimized, for values of B3 between 0
and 6. You can see that, if you're searching for a minimum, there are local optima at B3 values of 0,
1.564, 3.529, and 5.518 in the "valleys"If you use theaglobal solver, it will find aglobal optimum

for this problem at B3 = 5.518, since that is the last valley before 6.

Graph of B3*SIN (3.1416*B3)
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Imagine the graph as a series of hills. You're searching in the dark for the minimum or lowest
elevation. If you start your search at B3 = 3, every step to the left takes you uphill and every step right
takes you downhill. Thefere, you move to the right in your search for the lowest point. You'll

continue to move right as long as this direction leads to lower ground.

When you reach B3 = 3.529, you will notice a small flat area (slope is equal to zero). Continuing to the
right begins to lead uphill and retreating to the left leads up the hill you just came down. You are in a
valley, the lowest point in the immediate neighborhood (a local minimum), but is it the lowest possible
point? You can't determine that given the information available to you at that particular point.

This is an extreme example and not typical of i@limulated nonlinear problems. Nonlinear solvers
do their best to tackle such nonlinear models by seeking a local optimum from the starting points
supplied by the user. This provides the user with the opportunity to explore the available local optima.
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What'8estltakes the initial values of the adjustable cells as starting points in its search for a locally
optimum solution. Therefore, if you solve this model with different startadges for B3, and do not
use the Global Solver, th&fihat'8est!may return a different local minimum. Attempting to solve the
model with a starting value between 5 and 6 for B3 is likely to lead to a local minimum at 5.518,
which happens to be the global optimum. You may try other starting values to find other local optima.
For some problems, you may find that observing the results of solving the model several times with
different initial values can help you find the best solution.

Convelty

If a function is convex, theit has a single global optimurif a function is not convext may have
multiple local optima. The following example shows a convex function of a single variable:

Graph of .4*(A1-3)2 +.5
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A geometric definition of convexity states that a function is convex if for any two points on or above
the function, a straight line connecting the two points lies entirely on or above the function.

As illustrated in the preceding graphstactly convex function with no constraints has a single

minimum. That is, water drizzled on it will collect in a single puddle at the global minimum.

Therefore, minimizing amoothconvex function with no constraints will yield the global optimum
regardless of the initial value of the adjustable cells. However, if the function is not convex, there may
be more than one local optimum. In this case, the returned answer may be locally optimal, but not
globally optimal.
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Determining the convexity of a multiple variable problem is no easy task. Mathematicians call a
function convex if the maitt of second derivatives gositive definite or has all positive Eigen values.
A function is callecconcave if the maitx of second derivatives isegative definite. A function can be
concave in one section and corve another. Théollowing function is strictly concave:

A Strictly Concave Function: Graph of -(A12)
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For a mixed function, look back at the grapfX68IN (3.1416B3) in the preceding section.

Smooth vs. Nemooth Expressions

Smooth expressions have a defined first derivative (slope or gradient) at every point. Graphically, a
smooth function of a single variable can be plotted as a single continuous line with no abrupt bends or
breaks.

Nornsmooth expressions include nondifferentiable and discontinuous functions. Expressions having
one or more points for which the first derivative is not defined are called nondifferentiable. Graphs of
nondifferentiable expressions may have abrupt bends at such points. Taking the absolute value of an
adjustable cellABSA1), is an example of a nondifferentiable expression. This is illustrated in the
following graph:

Graph of ABS(A1)
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Here, there is an abrupt bend in the graph at the point of zero. This can dramatically increase solution
times. Additional norsmooth functions ar®IAX andMIN.

Discontinuous functions are even more challenging to a nonlinear solver. Discontinuous functions are
expressions whose graphs contain breaks. The spreatsHigettion with adjustable cells as
arguments is commonly used to express a discontinuous expression, as in the following:

Graph of IF(A1>0,A12,A12+100)
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In simplified terms, WhatRBest!searches along the plot of the expression to find a maximum or

minimum point representing an optimal solution. Breaks and sharp bends on the plotswioothn

functions pose challenges to the solver not posed by smooth continuous functions. It is a good practice
to avoid formulating your problem with nesmooth functions.

Solution Outcomes

The solution and analysis of the outcome of the solution process is presented in the status report
worksheet. The status report worksheet is inserted following the completion of the solution-process
unless you have disabled the status report (regarding disabling reports, Repdtte Location and
Warningsbox on theGeneral Optionslialog box posted byth®@p t i o n s é ¢o@mmand. Ttel
status report is opened by clicking 3 Statustab among youExcel® worksheets.

Unless you have imposed a limit on the number of iterations in the solution search or have interrupted
the solver by pressing théold/Interruptbutton on the Whatest!solver status window, the message
provided in the fieldSolution Statui the status report should be one of those listed below.

Case 10ptimization Models

If a cell has been specified to be maximized or minimized, there are several possible outcomes of an
attempt to solve the model:

Globally Optimal

During the solution seeh, the solver found the best possible solution that satisfies all the constraints.
The messag8olution Status: GLOBALLY OPTIMAill be displayed in the status report upon
successful solution of a linear model. There is no better answer that satisfies all constraints.

Locally Optimal

A locally optimal outcome applies to a nonlinear model when the solver has found the best solution
within a local area that satisfies all of the constraints. In other words, no better solution exists within
that local area. This means it is possible there is a locally optimal solution outside this immediate area
that provides a better answer. It may be wise to consiesglving the model with different starting

values for the adjustable cells in attempting to investigate other local optima.

Optimality Conditions in Nonlinear Models

After successfully solving a nonlinear model, in addition to reporting a solution status of locally
optimal, the status report also indicates whether the optimality conditioBa\at&FIEDor
UNCERTAIN A mathematician might refer to these optimality conditions a&theTucker
conditions. A layman, on the other hand, might prefer to think of the optimality conditions as the
"flatness" conditions.

Geometrically, for functions with no constraints, satisfaction of the optimality conditions means the
objective function is flat (the slope is zero) in the neighborhood of the returned solution (i.e., it is at the
top of the peak or bottom of the valley). Algebraically, it means that, for each variable, the partial
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derivative is zero. Explaining these conditions on models with constraints lies beyond the scope of this
help file. It suffices to say that the interpretation can be generalized to constrained models.

There are two primary reasons for the optimality conditions to be reported as uncertain. First, if the
optimum pest cell value) lies at a discontinuity or a point where the objective function-smoaoth,

the slope is undefined. At a point for which the slope is undefined, the optimality conditions cannot be
said to be satisfietl hence they are determinadcertainSecond, if in the search for a solution
What'8est!completes several iterations without making any significant improvement in the objective
function, it will stop even though the optimality conditions are not satisfied. This may be a situation in
which the objective function is very nearly flat over an unusually large region.

Whether the optimality conditions are satisfied or uncertain, if the solution is locally optimal, then
another local optimum may exist that improves on the current solution. Even though the mathematical
conditions to prove optimality may be incondles the value returned in thedt cell is locally

optimal. Therefore, you should always considesoling the model with different values for the
adjustable cells to see whether another local optimum improves the solution.

No Feasible Solution Found

The messag8olution StatustNFEASIBLEis displayed in the status report if WhBgst!'was unable

to find a solution that satisfied all the constraints. If the model is linear, then there is no answer that
satisfies all constraints. If the model is nonlinear, then either no feasible answer exists or a feasible
answer exists, but WhaBest!was unable to find it. For details, please seddpi Solution Status:

No Feasible Solution.

Unbounded

The messag8olution Status: NBOUNDED:Is returned if, without violating any constraints, the
value of the cell to be minimized can be decreased without limit or the value of the cell to be
maximized can be increased without limit. For details, please see th&tdpimn Status:
UNBOUNDED

Numerical Error
The messag8olution StatusNUMERICAL ERRORS returned if there was a serious error. For
details, please see the tofolution Status: NMERICALERROR

Case 2Nonoptimization Models

If no best cell has been specified (i.e., there is no objective function), there are only two possible
outcomes of an attempt to solve the model. WBasf either finds a feasible solution or reports that a
feasible solution was not found. As with nonlinear optimization models, if the model is nonlinear,
there may be a feasible solution that WigsSt!was unable to find. You may want to consider re
solving with different initial values in the adjustable cells.
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Guil del 1 nes f or Mo d el

General Modeling Guidelines

An example showing how to build a simple linear model is provided ifiwherial in Getting Started

In addition, theSample Modeldemonstrate how linear and nonlinear models can be constructed for a
variety of applications. As you construct your own model, it may be useful to periodically solve the
model and check the status report to determine the type of model you have (linear/nonlinear) and its
characteristics. In general, linear models are the fastest group of models to solve and nonlinear models
are the most difficult to solve. It is not unusual that a nonlinear model will take many times longer to
solve than a linear model with the same number of variables.

If a linear or nonlinear model is close to a solution (i.e., constraints are only slightly violated) then
increasing one of the feasibility tolerances may allow you to reach a solution. Tolerances are set in
both thelLinear Solver OptionandNonlinear Solver Optiondialog boxes.

For a difficult linear model, the options provided in ttisear Solver Optiondialog box may help

you to reach a solution or shorten the solution time. One of the first options you might try is turning on
(or off) Model ReductionSome linear problems will solve faster by a diffefsalver MethodThe

Barrier method may be considerably faster on big models, while the two simplex methods will tend to
be faster on smaller, sparse models.

Large integer problems can be very difficult to solve and take a great deal of time arriving at a
solution. To solve an infeasible problem or to shorten the solution time, you can try various options on
thelnteger Solver Optiondialog box. Setting a@ptimality Tolerancean improve run times

dramatically if you are happy being within a certain percentage of the optimal solution. Some
problems solve faster when tBeanching Directionis set toUp. Setting theApplicationof the

Constraint Cutgo All Nodesmay help solve some problems. SettingRine@bing Levelsnay also help
shorten solution time. We recommend setting to a level of three or lower.

Nonlinear problems are generally difficult to solve. Settirfgeasibility Tolerancer Optimality
Tolerancemay help you to reach a solution. Trying differ&ttategiesnay also be useful to reaching
a solution.

Many nonlinear problems are made unnecessarily difficult or slow to solve by the presence of
nonlinear expressions that could be rewritten in linear form.LTiesarizationoption is a tool for
automatically rewriting these nonlinear expressions in linear form. Linearization can be a great
performance boost if all nonlinear formulas in a model can be linearized, such that the final model
becomes totally linear. If linearization can only be applied to a subset of the nonlinear formulas, then
performance may erode.

The options described above for solving nonlinear problems are important aids to solving nonlinear
problems. However, if the problem is pooeftymulated, then the options can only help alleviate the
effects of poor formulation. The following section provides some suggestions for good formulation of
nonlinear problems.
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Nonlinear Model@gideline

Nonlinear models can be extremely complex to solve. It can pay off in terms of solution speed and
reliability to spend a little extra time to make sure the model is formulated in a way that is most
efficient to solve. This section gives some general guidelines to consider when building and solving
nonlinear models.

Supply Good Initial Values
The initial adjustable cell values can affect the path WB@sttakes to the solution. Starting with
initial adjustable cell values near the optimal solution can reduce the solution time.

In many situations, you may not know good initial values. However, when reasonable values are
known, they should be used. If negstimal values are not known, simply starting with values that

satisfy all constraints may be helpful. Starting from any reasonable answer may be better than starting
with zeroes in the adjustable cells.

Always start with adjustable cell values that avoid undefined values in adjudeg®#adent equations.
For example, if an equation divides by an adjustable cell, then a value of zero for that adjustable cell
makes the equation take an undefined value. Start the solve attempt with a nonzero value for that
adjustable cell.

Consider changing the initial values anesodving the model if: 1) you suspect there is an answer
better than the answer returned by WIiEss! 2) you know a feasible solution exists even though
What'8est!returns the message "No Feasible Solution Found".

Use Reasonable Bounding Constraints
Adding constraints that bound the upper and/or lower values of adjustable cells to fall within a
reasonable range of values may help shorten the solution time.

For example, assume you know that reasonable values for an adjustable cell A1 are between 500 and
1000. Values outside of this range are not mathematically imposk#ygust don't make sense. Add

the constraints?WB(A1,">=", 500) andWB(A1,"<=",1000). This ensures that Wh&t&st!won't waste
computation time investigating solutions you would view as meaningless. Similarly, adding bounds to
restrict expressions from investigating values at or very me@defined regions (i.e., division by zero)

may reduce computation time and increase the reliability of the solution.

Scale the Model to a Reasonable Range of Units

Try to model your problerso that the units involved are of similar ordersnafgnitude.
Mathematically manipulating numbers that differ in size by a large amount can increase the
computation time and may introduce problems due to radfhelrror.
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For example, consider a financial problem with equations expressing an interest rate of 8.5% (.085)
and budget constraints of $12,850,000. The difference in magnitude between these numbers is on the
order of 10 to the'9(1/100th compared to 10,000,000). A difference of 10 to therdess between

the largest and smallest units would be preferable. In this case, the budget could be expressed in units
of millions of dollars. That is, $12.85 to represent $12,850,000. This lowers the difference in
magnitude of the units of these numbers to 10 to th@/4.00th compared to 10).

Simplify Relationships

Whenever possible, use linear rather than nonlinear relationships. Some nonlinear expressions can be
reformulated in a linear manner. A simple example is a constraint on the ratio of two adjustable cells.
Consider the constraintVB(A1/B1,"<=", .25) where Al and B1 are adjustable cells that each must be
greater than zero.

The relationship A1/B1 is nonlinear. If you multiply both sides of the constraint by B1, the constraint
becomesWB(A1,"<=", .25*B1). This is mathematically equivalent to the original constraint, but it is
now a linear rather than nonlinear constraint.

As much as possible avoid nemooth expressions, notably spreadsheet functionsHiKdAX, MIN,
ABS and table lookup functions. Models with rRemooth relationships are generally more difficult to
solve. If you can, approximate the nsmooth relationship with a smooth expression.

Reduce Integer Restrictions

Minimizing the use of integer restrictions can drastically reduce the solution time. In instances
involving larger numbers, you may find that solving the model without integer restrictions and then
rounding yields acceptable answers in a fraction of the time the integer model requires.
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Guidelines for Stochastic Modeling

So far, we worked with deterministic mathematical programs where model parameters (e.g.
coefficients, bounds, etc.) are known constants. A stochastic program (SP) is a mathematical program
(linear, nonlinear or mixe¢hteger) in which some of the model parameters are not known with

certainty andhe uncertainty canebdescribedavith known probability distributionsApplications arise

in several industries:

1 Multi-period financiabportfolio planning wih uncertain prices, interest rates, and exchange
1 Exploration planning for petroleum companies,

1 Fuel purchasing when facing uncertain future fuel demand,

9 Fleet assignment: vehicle type to route assignment in face of uncertain route demand,

9 Electricity generator unit commitment in face of uncertain demand,

1 Hydro management and flood control in faxfeincertain rainfall,

1 Optimal time to exercise for options in face of uncertain prices,

1 Capacity and Production planning in face of uncertain future demands and prices,

1 Foundry metal blending in face of uncertain input scrap qualities,

1 Product planning in face of future technology uncertainty,

1 Revenue management in the hospitality and transport industries.

Multistage Decision Making Under Uncertainty

Stochastic programs fall into two major catege@@ Multistage Stochastic Programs with Recourse,
andb)Chanc€onstrai ned mMBestogpalilitres are eltbnded o solve modelsath
categories.

I n this chapter, the term éstochastic programd r
The term 6staged, 6timedé and O6perioddbdé are used i
6random parameteré and O6stochastic parameterd ar

Multistage decision making under uncertainty involves making optimal decisiong fstage horizon
before uncertain events (random parameters) are revealed while trying to protect against unfavorable
outcomes that could be observed in the future.

In its most general form, a multistage decision processWwithstages follows an alternating sequence
of decisions and random evende¢isionseventsdecisionsé -eventsdecisions.

0.1)instage O, we make adecisilp t aking into account thatée
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1.0) at the beginning of st ageulleadingtdmdlizatorsdf t ak e s

all random events in stage 1, andé
1.1) at the end of stage 1, having seen natureds
recourse decisiorl(x0,ul), taking into account that é

20)at the beginning of stage 2, 02fdddingtoreaizationssok e s a

al | random events in stage 2, andé¢
2.1) at the end of stage 2, having seen natureds
recourse decisior2 (x0,01,x1,02), taking into account that &

T.0) Atthe beginningofstage @A Nat ur eo t ak eld, leading ta nealizatonsdfalc i si on,
randomeventsinstaJe and é

T.1)attheendofstage havi ng s e elpreviolisidecisidns, asavelllas adl dus previous
decisions, we make the final recourse decigitix0, U1, x1, 12, €& ,). T

This relationship between the decision variables and realizations of random data can be illustrated as
follows:

Event
Space Qt
| )
,,,,,,,,,,, > Decision v t > Decision
-1 Xt
Stage t-1 Stage t

Each decision, represented with a rectangle, corresponds to an uninterrupted sequence of decisions
until the next random event. And each random observation corresponds to an uninterrupted sequence
of random events until the next decision point.

Note: A stage is the pair: random event, followed by a decision. The initial stage 0 is special in that
it consists only of our first decision. The final stage may be special in that it may consist of
just a random event with no explicit final decision.
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Recourse Models

The decision taken in stagkeis called the initial decision, whereas decisions taken in succeeding
stages are called 6recourse decisionsdéd. Recourse
based on the actual values the random parameters realized so far, as well as the past decisions taken

thus far. Recourse decisions provide latitude for obtaining improved overall solutions by realigning the

initial decision with possible realizations of uncertainties in the best possible way.

Restricting ourselves to linear multistage stochastic programs for illustration, we have the following
form for a multistage stochastic program wili+() stages.

Minimize (or maximize) cOx0 + E1[c1x1 + E2[c2x2é +ET[cTXT] €] ]

Such that
A0OX0 ~ b0
A(U1)10x0 +A(ul) 11x1 ~b(ul)l
AUl , é2)2x0 + A(Ul , @2)21x1 +A(Ul , é2)22x2 ~b(ul , &é2)2
: é : :
AUl , ET)TOXO+A(Ul, é ,)Tal+ é + AUl , anTTXT ~bl , anT
LO <= x0 <= U0
L(u1)1 <= x1 <= U(ul)l

LUl , &T)T<= xT <= UL, &nT

where, (11,02 , @&it) represents random outcomes from event spadte.(,Ut) up to stage,

A(ul , at)tpis the coefficient matrix generated by outcomes up to dtégeall p=1€ t , 16 T =

c ( %21, iéthémbjective coefficients generated by outcomes up to-sfageall t=1é T ,

b(ul , at}is the righthandside values generated by outcomes up to stégeall t=1¢ T ,

L(ul , abtandU(ul , at)are the lower and upper bounds generated by outcomes up ta &iage
allt=16 T,

6~6s one of the relational operators 06<=06, 06=0,
x0 andxt =x(ul, 02 , @it are the decision variables (unknowns) for which optimal values are

sought. The expression being optimized is called the cost due to-stétigd plus the expected cost of

recourse.

Note: What'8estlcan solve linear, nonlinear and integer multistage stochastic programming
problems.
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Scenario Tree

When the probability distributions for all random variables are discrete and finite, then there are only a
finite number of outcomes in each stage. With each random parameter fixed to one of its possible
outcomes, one can create a scenario representing one possible realization of the future. Enumeration of
all possible combinations of outcomes allows us to represent all scenarios in a tree, with each scenario
being a path from the root of the tree to one of its leaves. The nodes visited by each path correspond to
values assumed by random parameters in the model.

Defining an SP Mo2Stahbe ExamplaVvh at 6 s Be st

There is a relatively straightforwar dBestiAve st ep
the information about the SP features is stored explicitly/openly on the spreadsheet. The five steps are:

SteplDbef i ne a core (or deter mini st BestmodeloYdecen as a r
Aplugodo regular numbers in a random cell to check

Step 2)Specify staging information about the sequence of decisions and random events. This
information is stored dir ect Begtfuadiond. These faretiorsa d s h e e
and formats are:

Decision variable and their stages are identified by: WBSP_VAR(stage, cell_list) and

Random variables and their stage are identified by: WBSP_RAND(stage, cell_list);

Step 3)Distribution information about random cells is stored in
WBSP_DIST_distribution(table, cell_list);
where distribution specifies the distribution, e.g., NORMAL.

Step 4)Sample size for each stage is stored in
WBSP_STSC(table);

Step 5)Cells to be reported are listed in
WBSP_REP(cell_listlor WBSP_HIST(bins, cell_list);

You may type these functions in directly, or you may uséipions...|Stochastic Solvdrop-down
me n u i rBesith guideysu through the steps.

We illustrate the f or mBéshwith perhapstte simplest S’Pmonted d e | i n
possible, the one product newsvendor problem (m8BeNEWSVENDOR.XLEX his model has just

two stages. In stage 0 (half stage) we must decide how much to@taxfla single product. At the

beginning of stage 1, demand, D, is revealed. At the end of stage 1 we sell the mDj@mgjoy

our sales revenue and pay a penalty, if any uiesatisfied demand or pay a holding cost for leftover
inventory.
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The SP_NEWSVENDOR Worksheet before Optimization (part 1)

H [l = SP_NEWSVENDOR.xsx - Excel ?TEH - O X
FILE HOM IMSER PAGE FORM DATA REVIE VIEW DEVEL Tearm What' Lindo Sys. -

Al - Je Stochastic/Scenario Optimization v

A B C D E F G -

|Stnchasticf5cenariu Optimization c_lf Mewsvendor, Normal Demand
Given all costs and prices, in
Stage 0, we must decide how many newspapers to stock.

1

2z

3

4 | Btage 1, inthe beginning, unknown demand is revealedto us.

% | Btage 1, atthe end, we compute our sales and the resulting profit.
6
7
i

Step 1) Core model
CP=Purchase costlunit= 20

H=Holding costi{unit Teftover)= L1
% | P=Shortage costiiunit unsatisfied demand)= 20
10 V=revenue per unit sold= (i1
11 Q=5Stock levelistage 0 decision)= 0| ====5tage 0 decision.
12 D=Demand(stage 1 random variable)= al| ====35tage 1 random demand.
13 [S=Lostsales= 0| ====5tage 1 (recourse) decision.
14 LS==D-C{constraint) Mot == | ====Stage 1 constraint.
15 I=lnventory=0-0+L.5= -80| ====5tage 1 decision and constraint.
16 |==0{constraint)[" Mot == | ====3tage 1 non-negativity constraint.
17 TC=Total cost of goods=CP*Q= 0| ====5tage 0 cost computation.
18 TH=Tofal Holding cost=H= -400| ====5tage 1 holding cost computation.
19 TS=Total Shorage cost=P*L5= 0| ====5tage 1 shortage cost computation.
20 VI=Revenue=\"*(D-LS)= 5200 ====5tage 1 revenue computation.
21 Profit, Expected Value [To be maximized]=
22 TP=VI-TC-TH-TS= 5600| ====5Stage 1 expected value (maximiza).
23 -

Model | Scenario Tree ) 1 L
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The SP_NEWSVENDOR Worksheet before Optimization (part 2)

H [l = SP_NEWSVENDOR.xsx - Excel ?TEH - O X
FILE HOM IMSER PAGE FORM DATA REVIE VIEW DEVEL Tearm What' Lindo Sys. -

Al - I Stochastic/Scenario Optimization v
C D E F G H | J K L [l -
3 Dok, Stochastic data
4 adtous.
5 |ulting profit. Step 2) Stage information
6 |Core model @AR (Q, TC stage 0)
7
; [WESP_RAND
o
10 [WBSP_VAR
11 | ====5tage 0 decision.
12 | ==== Stage 1 random demand. Step 3) Distribution information
13 | ==== Stage 1 (recourse) decision. [WESP_DIST_NORMAL
14 | ==== 5tage 1 constraint.
15 | ==== 5tage 1 decision and canstraint. 80|Mean Demand
16 | ==== Stage 1 non-negativity constraint. 20)5tandard Deviation
17 | ==== Stage 0 cost computation.
18 | ====5Stage 1 holding cost computation. Step 4) Sample size
13 | ==== Stage 1 shortage cost computation. [WBSP_STSC
20 | ==== 5tage 1 revenue computation. Stage Scenarios
21 | 1 200]
22 | ==== Stage 1 expected value (maximize).
23 Step 5) Reporting cells
24 TVESP_REP
25 [WESP_HIST -
Model | Scenario Tree ()] 1 r

For this specific problem, the five steps mentioned earlier are:
Step 1)The core model is described numerically in column B and in words in columns A and C.

Step 2)We specify cell B11 as a stage 0 decision variable by inserting the expression:
=WBSP_VAR(0,B11)
into cell 16. We can enter this expression directly, or using the Stochastic Support dialog box.
We specify cell B12 as a stage 1 random variable by inserting the expression:
=WBSP_RAND(1,B12) into cell 18.
The cell B13 is the recourse decision adjustable at stage 1:
=WBSP_VAR(1,B13)
Step 3)We t e | BestwWiatadénéarsd has a Normal distribution with mean 80 and standard
deviation 20 by inserting the expression:
=WBSP_DIST_NORMAL(I15,116,B12) into cell 113.
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Step4)We t e | BestWbwamaryscenarios to use in each stage (i.e., the sample size) by

inserting the expression:
=WBSP_STSC(121:J21) into cell 119.

Step 5)We specify that we want a scenalg-scenario report on the amount ordered, the demand, lost
sales, and profit by placing the expression:

=WBSP_REP(B11,B12,B13,B22) in cell 124.
We request a nine bin histogram of Profit by placing the expression:

=WBSP_HIST(9,B22) in cell 125.

There is also a@ptions...|Stochastic Solvdralog box for setting various SP related options:
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[+ Use Stochastic Modeling [~ Use Simulation Format

Core Stage | Distribution I Scenario I Reports I Chance-Constrained

2) Specify the stage information for the Variables (Adjustables,
Formulas,

Constraints cells), and the Random cells using the set of WBSP_
Stage: Refers to:

| wesP_var ~| o | sas1 =

Flace function in cell: I $AS1 ;I Insert |

— Spedifications
Optimization Method:

I Solver Decddes d
Seed for Random Generator: I J

2

Common Size per Stage: I

I sampling on Continuous Distribution Only

[ Load Scenario Viewer

Help | Cancel |
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The SP_NEWSVENDOR Worksheet After Optimization

H [ = SP_NEWSVENDOR.xlsx - Excel ? B - 0O X
1N HOM INSER PAGE FORM DATA REVIE VIEW DEVEL Team What' Lindo Sys.. -

Al - I Stochastic/Scenario Optimization

A B C o E F G -

|Stn~chasticf§cenariu Optimization :_If Newsvendor, Normal Demand
Given all costs and prices, in
Stage 0, we must decide how many newspapers to stock.

1
2
3
4 | Stage 1, in the beginning, unknown demand is revealed to us.

£ | Stage 1, atthe end, we compute our sales and the resulting profit.
6

7

2

Step 1) Core model
CP=Furchase costiunit= 20
H=Holding cost{unit leftover)= L}
% | P=Shortage costiiunit unsatisfied demand)= 20
10 V=revenue per unit sold= il
11 Q=5tock level(siage 0 decision)=| 85.795| ====5tage 0 decision.
12 D=Demand(stage 1 random variablej=| 11.446| ====5tage 1 random demand.
13 [S=Lostzales= (| ====5Stage 1 (recourse) decision.
14 L53==D-C{constraint) == ==== Stage 1 constraint.
15 |=lnventory=C0-0+L5=| 74349 ====35tage 1 decision and constraint.
16 I==0{constraint)[ == ==== Stage 1 non-negativity constraint.
17 TC=Total cost of goods=CP*Q=| 2573.8| ====5tage 0 cost computation.
18 TH=Total Holding cost=H*T=F 371.7Y5| ==== Stage 1 holding cost computation.
19 TS=Total Shorage cost=F*L5= (| ====5tage 1 shortage cost computation.
20 VI=Revenue=\*(D-LS)=| 743.97|=====5tage 1 revenue computation.
21 Profit, Expected Value [To be maximized]=
prard TP=VI-TC-TH-TS=-2201.62| ==== Stage 1 expected value (maximize).
23 -
1 ¢ .. | WB! Stochastic WEB!_Histogram Model | Scer ... (+) 4 3

M -——+ 8
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The solver writes a series of solution in the created/¥di_Stochastic', and 'WB!_Histograml/ith
the expected value, and displays the first default scenario, or a selected scenario, on the spreadsheet.

The scenaridoy-scenario report is generated on WB!_Stochastitab. A portion of it appears below.

0O = - H B il - SP_NEWSVENDORxlsx - E.  LINDO Systems (i@l — O
| |
File Haome | Insert | Page Layout | Formulas | Data | Review | View [ Developer | What'sBest! | @ Tell me H.Share
AB \ Fe STOCHASTIC INFORMATIOMN: v
A B C D E F -
6 | STOCHASTIC INFORMATION:
7
8: CLASSIFICATICN DATA Current Capacity Limits
g
‘10: Adjustables= 1300 Tnlimited
11 Integers-Binaries 0 TMnlimited
12 | Constraints 1599 Unlimited
13 | Honlinears 0 Unlimited
14 | RANDOHS 1
15 | STAGES 2
16 | HODES 201
17 | SCENARIOS 200
18
19: Expected Values (EV) 2.11E+03
20 | Ezpected Value of Wait—and-See Hodel's Objective (EVWS) 2. B0OE+03
21 | Expected Valuse of Perfect Information (=|EVWS-EV]|) 6. 90E+02
22 | Expected Valuse of Modeling Uncertainty (=|EV-EVEM|) 2. 91E+01
23
24| DERARTTHR CETTC -
3 | WB! Status WE! Stochastic | WB!_Histogram | Model | 5. B 1 3
Ready HH Bo- ] +  90%

Any of the standard statistical tools in Excel can by used to analyze the scenario data.
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The histogram generated on #!_Histograntab is:

O =@ ©- H B M - SP_NEWSVENDORusk - E.  LINDO Systems [ a0
File Home | Insert | Page Layout [ Formulas | Data l Review i View i Developer I What'sBest! | @ Tell me Q'_.Share

AB - 5 DATA HISTOGRAM: e
A B | C | D | E -

18 | 708.652903 1255 516689 982. 084796 0.085

19 | 1279.344153 1838.842378 1559.093266 0.125

20 | 1848.826299 2414 888163 2131.857231 0.195

21 2431.076291  3002.818791  2716.947541 0.51

22_

23] i

24| Histogram

25|

25 0.6

27| g 04

28 | 202

29 | 20 : : . ——

0 R & &

31 & & '\‘5? & * & g7

— KA LN o o .

= o A e of R o

34 | TOT_PROF

35

28 | hd

r | WB! Status | WB!_Stochastic WE!_Histogram Model | 5. @ 4 3
Ready %3 = m - | + 90

Notice that even though the driving random variable, Demand, has a Normal distribution, the total
profit has a highly skewed, decidedly ablormal, distribution.
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The histogram graph is:

Histogram

F req ue ncy
o e o i i |
2 = a0 sl
0
4

TOT_PROF

Defining an SP M&tdge Example What 6sBest
Next we give a slightly more complex example that illustrates how to formulate an SP with more than

two stages (modé@P_INVESTMENTCOLLEGE.XLBX his example was originally given by Birge

and Louveaux in their bookgtroduction to Stochastic Programmingou want to set aside $55,000

now, hoping that it will grow to $80,000 in three periods so as to support your child in college. Only

two investments are available, Stocks, and Bonds. At the beginning of each period or stage you
(re)allocate you money between these two investments. Each year, the return on each investment is a
random variable, given by the table:

Stocks Bonds
Scenario 1 1.25 1.14
Scenario 2 1.06 1.12

Stocks have the higher expected return, so if we just wished to maximize expected return, we would
put all our money in Stocks at the beginning of each stage. Stocks, however, also have the greater
variability, so if we are concerned about achieving our goal of $80,000, then Bonds might seem more
attractive with their lower variability in return.
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The SPINVESTMENTCOLLEGE Worksheet Before Optimizati¢part 1)

H 0O = SP_INVESTMENTCOLLEGE.xlsx - Excel

Al - 5 Investment Planning for Going to College After v
A B C D E F G H | J s

1 |Investmc_lnt Planning for Going to College After 3 Periods.

2 | Two investment options each stage: Stocks and Bonds. Ref. Birge & Louveaux

3 80 = Goal for wealth at beginning of period 4

4 4 =Penalty/lunit for wealth under goal Step 2) Time stage specificatio

5 1 = Utility of wealth/unit over goal Random variables

& | Step 1) Core model

7 Growth factor  Beginning Total Investin WBSP_RAMD

g | Stage Stocks Bonds  Wealth invested Stocks Bonds WBSF_RAMND

9 0 557 Mot= = 0.0000 0.0000 0.0000 WBSF_RAMND

10 1 1.25 1147 or = 0.0000 0.0000 0.0000

11 2 125 1.14F or = 0.0000 0.0000 0.0000 Step 3) Distribution specificatio

12 3 1.25 1.14F 0 WBSP_DIST DISCRETE_SV

13 WBSP_DIST DISCRETE_SV

14 Under goal: 0 WBSP_DIST DISCRETE_SV

15 Over goal: -80 " Not == ]

16 Met utility: ™ -80 To be maximized

17

18 Step 4) Sampling specifications

19 |WBSP_STSC |

20

21

22

23 hd

HOME INSERT PAGELA FORMUL DATA REVIEW VIEW DEVELD Team What'sE  Lindo Sys.. -

Model * 1

? EH - B X
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The SP_INVESTMENTCOLLEGE Worksheet Before Optimizatigpart 2)
= 0O = SP_INVESTMEMTCOLLEGE xlsx - Excel ?T EH - O X
HOME INSERT PAGELA FORMUL DATA REVIEW VIEW DEVELO Team What'sB  Lindo Sys.. ~
Al - 5 Investment Planning for Going to College After v
G H | J K L M N o] P Q [a
4 wyealth under goal Step 2) Time stage specifications for...
5 unit over goal Random variables Decision variables
[ WHSP_VAR]
7 Investin WBSF_RAMND WBSP_ VAR
& | Stocks Bonds WBSP_RAMD WBSP_VAR|
9 | 0.0000 0.0000 WBSF_RAMND WBSP_ VAR
10| 0.0000 0.0000
11 | 0.0000 0.0000 Step 3) Distribution specifications
12 WBSP_DIST DISCRETE_SY Growth factor distribution
13 WBSP_DIST DISCRETE_SY (equally likely)
14 WBSP_DIST DISCRETE_SY Scenario  Stocks Bonds
15 A 125 114
16 B 106 112
17
18 Step 4) Sampling specifications by stage
19 |WBSP _STSC | Stage  Scenarios
20 1 2
21 2 2
22 3 2
23
24 Step 5) Reporting specifications
25 WBSP_REP
26 WBSP_HIST -
Model * 1 v

Stepping through the five steps again for this multistage example,
Step 1)The core model is described in the range A3:H16.
The growth factors for Stocks and Bonds are in columns B and C. They will be declared random in
step 2 below. The beginning wealth before each allocation decision is given in column D. At the
beginning it is a constant 55. In subsequent periods the wealth available poewesis period
investments and is given by the formulae:

D10=SUMPRODUCT(G9:H9,B10:C10)

D11=SUMPRODUCT(G10:H10,B11:C11)

D12=SUMPRODUCT(G11:H11,B12:C12)
The decision variables of how much to invest in Stocks Badds each period is in columns G and H.
The total amount invested is computed in column F and is given by:

FO9=SUM(G9:H9)

F10=SUM(G10:H10)

F11=SUM(G11:H11)
We require the amount invested each period to equal the amount available.
This is enforced by the constraints in column E:

E9=WB(D9, 60=0, F9)

E1L0=WB(D10, 0=0, F10)
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El11=wB(D11, 0=, F11)

The amount over goal at the end is computed with:
D15=D12D3+D14

The constraint in E15 constrains this to be nonnegative.
E15=WB(D15,">=",F15)

The amount under goal is in D15.

The net utility to be maximized is given by:
D16=D5*D15D4*D14

Step 2)We specify cells G9, H9 as a stage 0 (half stage) decision variable by inserting the expression:
=WBSP_VAR(0,G9,H9)

into cell L6. We specify cells B10, C10 as stage 1 random variables that are observed at the beginning

of stage 1 by inserting in cell J7 the expression:
=WBSP_RAND(1,B10,C10).

Similar expressions are in cells L7, L8, L9, J8, and J9 for the remaining stages 1 to 3.

The cell D14 is the recourse decision adjustable at stage 3:
=WBSP_VAR(3,D14)

Step 3)We t e | BestWhatahe §rewth factors have a joint discrete distribution as listed in the

scenario table S13:T14 by inserting the expressions:
=WBSP_DIST_DISCRETE_SV(M15:N16,B10,C10)
=WBSP_DIST_DISCRETE_SV(M15:N16,B811,C11)
=WBSP_DIST_DISCRETE_SV(M15:N16,B812,C12)

into cells J12, J13, and J14.

Step 4)We t e | BestWbwamaidy scenarios to use in each stage (i.e., the sample size) by
inserting the expression:
=WBSP_STSC(L20:M22) into cell J19.

Step 5)We specify that we want a scenabig-scenario report of the wealth and the allocation to

Stocks and Bonds each period, by placing the expression:
=WBSP_REP(F9,G9,H9,Wealth1,G10,H10,Wealth2,G11,H11,D12,D14,D15,D16)

into cell J25. Similarly, the cell J26 contains the function for the histogram, over 10 bins, as

=WBSP_HIST(10,D12).
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The SP_INVESTMENTCOLLEGE Worksheet After Optimization

= 0O = SP_INVESTMENTCOLLEGE.xlsx - Excel ?T EH - O X
HOME INSERT PAGELA FORMUL DATA REVIEW VIEW DEVELO Team What'sB  Lindo Sys.. ~
Al - 5 Investment Planning for Going to College After v
A B C D E F G H | J s
1 |Investmc_lnt Planning for Going to College After 3 Periods.
2 | Two investment options each stage: Stocks and Bonds. Ref. Birge & Louveaux
3 80 = Goal for wealth at beginning of period 4
4 4 =Penalty/lunit for wealth under goal Step 2) Time stage specificatio
5 1 = Utility of wealth/unit over goal Random variables
& | Step 1) Core model
7 Growth factor  Beginning Total Investin WBSP_RAMD
g | Stage Stocks Bonds  Wealth invested Stocks Bonds WBSF_RAMND
9 0 FRF = 55.0000 41.4793 13.5207 WBSF_RAMND
10 1 1.25 114" B7.26272"7 = G7.2627 650946 21681
11 2 1.06 1A2F71.42857F = 71.4286 0.0000 71.4286 Step 3) Distribution specificatio
12 3 1.25 1.147381.42857 WBSP_DIST DISCRETE_SV
13 WBSP_DIST DISCRETE_SV
14 Under goal: 0 WBSP_DIST DISCRETE_SV
15 Over goal: 1.428571"7 == ]
18 Met utility: © 1.428571 To be maximized
17
18 Step 4) Sampling specifications
19 |WBSP_STSC |
20
21
22
23 hd
WE! Status WE!_Stochastic WE!_Histogram Model *® 1 3

The solver writes a series of solution in the created¥dl_Stochastic', and 'WB!_Histogramw/ith
the expected value, and displays the first default scenario, or a selected scenario, on the spreadsheet.
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The scenaridy-scenario report is generated on YB!_Stochastital:

H ©- [l =  SP_INVESTMENTCOLLEGExlsx - Excel T EH - O %
HOME INSERT PAGELA FORMUL DATA REVIEW VIEW DEVELO Team What'sB  Lindo Sys. -

126 h Je Model!lD11 b
F G H | J K L -

19

20

21

22

23

24

25

26 Hode=1 1D10 Hodel 1510 Hodel 1H10|Hodel 1 D11 Hodel 1G11 Model |1H11| Mod=l 1D1: Mo

27 WEALTH1 STOCEINVEST1 BOHDIHNVESTL WEALTHZ STOCKINVESTZ BOHDIHVESTZ WEALTHZ UH

28] STAGE 1 STAGE 1 STAGE 1 STAGE 2 STAGE 2 STAGE 2 STAGE 3

29

)67 2627 65 . 094582 2.168138)71.428571 0 71.428571|31.428571

3M)e?. 2627 65 . 094582 2.168138)71.428571 0 71.428571 20

3267 26272 65 . 094582 2.168138)83 . 839305 83.839905 0|104.79983

33|67 26272 65 . 094582 2.168138)83 . 839305 83.839905 0|3s.870299

34159, 11124 36.743215 22.368029 64 64 0 20

35)59.11124 36.743215 22.368029 64 64 0 67 .84

36)59.11124 36.743215 22.368029|71.428571 0 71.428571|131.428571

3T)59.11124 36.743215 22.368029|71.428571 0 71.428571 20

38

39

An -

WEB! Status WE! Stochastic WEB!_Histogram Model IZ'.-E-_‘ZI [ »

AVERAGE: 4844950783 COUNT: 33 SUM: 1162788183 HH i

The scenario report we obtain is show above. Our expected utility at the end of the three periods is
1.514085. This means that there were some outcomes under which our final wealth fell short of our
target wealth of $80. This report gives complete detail on what to do each period. For example, at the
beginning we should split our $55 by investing $41.479 into Stocks and $13.521 in Bonds. Notice the
interesting policy in periddtage 2. If our wealth is well below $80, i.e., 64, or if our wealth is above
$80, then we invest all of our portfolio into Stocks. If our wealth is intermediate, i.e., 71.428571, then
we invest all portfolio into bonds. The reasoning is that if we know we are going to fall short of our
target or if we have already achieved our target, then we might as well invest in the instrument with
highest expected returns, Stocks. On the other hand, if our beginning wealth stage 2 is $71.428571,
then if we put all our money into bonds, then we are guaranteed to (just) achieve our target of $80.
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MonteCarldcSampling

In stochastic programming where one or more stochastic parameters have continuous or discrete but
infinite event space, there are an infinite number of possible scenarios, making the model
computationally intractable. For such cases Monte Carlo sampling (also calisahppéng) can be

used to approximate the problem to work with a finite scenario tree. As illustrated in the figure below,
if the model has a single stochastic parameter with a continuous distribution such as the Normal
Distribution; one can discretize the event space simply by geneMample points and construct a

finite and tractable scenario tree. This is also true for discrete distributions with infinite event space
like the Poisson distribution.

Note: Samplinga scenariareeprior to the optimizationprocesss alsocalledpre-sampling. Thisis
to distinguishthis type of samplingfrom theonethatis usedduring optimizationprocessin
What'8Best! samplingrefersto pre-samplingunlessotherwiseis stated.

SAMPLING
N EVENTS FROM Q

T Q={w:oeR?} ) - > Q={w1 ..... wN}
25
4 .
. /D P(o,) = 1/N
// _
| // //D P(mz) =1/N
: ®, _—
: P
i / -
- - = ~
Decision Decision S m 0 P(‘“m) =1/N
Oy
oy ™~ -
O Plog,) = 1/N
. P((L)N) =1/N
L
R
N
Uncountably many scenarios each with A finite set of sampled scenarios each with
a point probability of zero. a point probability of 1/N.

Note: Becausehepoint probability of eachscenaridn the original modelis zero,it is customaryto
setthe probabilitiesof sampledscenariogo 1/N. However,the usercanalwaysdefine
customizedsamplingapproacheso work with differentscenarigorobabilities.

Given the parametric distribution of each stochastic parameter, Bésttss s ampl i ng rout i n
used to generate univariate samples from these distributions efficiently. The user has the option to use
antitheticvariates or Latirhypercube sampling to reduce the sample variance.
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GeneratinDependeriamples

In certain situations, the modeler may require some of the random variables to be dependent on each
other. There ar e seveBast. Youganspeadifan ekplicithaitraryh i s i n W
discrete joint distribution table form any of:

WBSP_DIST_DISCRETE_S¥Y4ble, rand_vary (Equi-probable, sequenced vertically)
WBSP_DIST_DISCRETE_Sk#ble, rand_vark (Equi-probable, sequenced horizontally)
WBSP_DIST_DISCRETE_SV_Wble,prob,rand_vans(Weighted prob., sequenced vertically)
WBSP_DIST_DISCRETE_SH_MWHble,prob,rand_vans (Weighted prob., sequenced horizontally)

Another common way to characterize dependenai®®ng variables drawn from standard univariate
di stributions such as the Normal or B&bsuppaEten i s b
three correlation types:

WBSP_CORR_PEARSON(atrix,;rand_vary ( Pear sonds |l inear correlatio
WBSP_CORR_SPEARMANYatrix,rand_vary( Spear mandés rank correlation
WBSP_CORR_KENDALLfatrix,rand vars ( Kendal |l 86s rank correlation)

Sampling Scenaridree

For stochastic programs with infinite event space, WBesHoffers an easy to use function to create
finite scenario trees implicitly with usepecified dimensions. This is especially handy when there are
several stochastic parameters and the task of explicit sampling becomes tedious. In this context, the
user can specify the dimensions of a scenario tree by either of the following methods:

Specify the number of nodes per stagen this method, the user should provide an integer array of

lengthT (number of stages in the model) and give in each position the number of nodes to be created

in that stage. By default staffewill always one node, thus the Oth index in the array will be one. Other
positions in the array, cor r es pBlnmday takg any positivédh € n u m
integer values. In this framework, each node represents a block realization of all the stochastic

parameters in that stage amdll have a conditional probability of lit, whereNt represents the

number of nodes in stage

Specify the sample size per stochastic parametdn the method, the user should provide an integer

array of lengtts (the number stochastic parameters in the model), and give in each position the sample

size for that stochastic parameter.

In either case, WhaBgst!will automatically construct a finite scenario tree with specified
dimensions.

In a case where both stochastic parameters are normally distributed each belonging to a different stage.
Therefore, creatinyyl nodes per stage has the same effect as crédsagples per stochastic
parameter whenever there is a single stochastic parameter per stage.
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Note: Samplinga scenaridreeis notlimited to stochastigparametershatfollow parametric
distributions It is alsopossibleto usesamplingfor models which alreadyhaveafinite
scenaridree.Thisis especiallyusefulwhenthe original treeis finite butstill too big to
handlecomputationally For instance a 2-stagemodelmayhave30 stochastipparameters
with two outcomesach.Thiswill correspondo a scenaridreewith 23°= 1.0737e+009
scenariosSamplingis essentiafor modelswith scenaridreesthis big.

Guidelines for Chan€gonstrained
Modeling

The second major class of models in stochgstigramming is Chane€onstrained Programs (CCP).

A CCP model is a) similar to general stochastic programs in that the model contains random quantities
with known distributions, but b) simpler in that the model has just a single decision stage and a single
random outcome stage.

The goal in CCP is to make an optimal decision prior to realization of random data, while controlling
the chance that constraints are violated. Consider an LP with random matrix E and random right
handside w:

Min ¢ X
Exi=wii=1..m

If we required almrealizations of Bx = w to be satisfied, then we would get a very
conservative/expensive soluti@nor no feasible solution at all. The distinctive feature of CCP is that
we require that K = w be satisfied with some prespecified probability, P< 1, as opposed to it

being satisfied for all possible realizations of (E, w).

Defining a CCP Model in What 6sBest!! : Simpl e Fee

There is a relatively straightforwardsixt ep process for setti Bgst.up an S
All the information about the SP features is stored explicitly/openly on the spreadsheet, then the CCP
part. The six steps are:

SteplDef i ne a core (or deter mini st BestmodeloYdbiecen as a r
Aplugd regular numbers in a random cell to check

Step 2)Specify staging information about the sequence of decisions and random events. This

i nformation is stored dir ect Beptfuactiond. These farnctiorsa d s h e e
and formats are:

Decision variable and their stages are identified by: WBSP_VAR(stage, cell_list), where stage is 0,

and

Random variables and their stage are identified by: WBSP_RAND(stage, cell_list), where stage is 1,

Step3) Distribution information about random cells is stored in
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WBSP_DIST_distribution(table, cell_list);
where distribution specifies the distribution, e.g., NORMAL.

Step4) Sample size for the 1 stage is stored in
WBSP_STSC(table);

Stepb5) Cells to be reported are listed in
WBSP_REP(cell_list) or WBSP_HIST(bins, cell_list);

Step Chanc&€onstrainedCells to be reported are listed in
WBSP_CC_LT(percent, weight, constraint cells) for "Less Than", or WBSP_CC_GT(percent, weight,
constraint cells) for "Greater Than". One function will define one set of Chance Constraint.

You may type these functions in directly, or you may usedbions...|Stochastic Solvdrop-down
me n u i rBesith guideysu through the steps.

We illustrate the f or mul Bestvatmperhdps thersim@eBt/SE/CHP mo d e |
model possible, the Feeder Mix problem (moselFEEDERMIXCCP.XLSK This model has just 1

stage. In stage 0 (half stage) we must decide how much X1..X4. At the beginning of stage 1, Protein, is
revealed. At the end of stage 1 we minimize the Objective.

This model is an excerpt of the blending mottEDGCHANC.XLSXexplained in th&€hance
Constrained Blendingxample.
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CHAPTER 6

The SP_ FEEDERMIXCCP Worksheet before Optimization

H ©- 0O = SP_FeederMixCCP xdsx - Excel ? B — 0O %
HOME INSERT PAGELA FORMUL DATA REVIEW VIEW DEVELO Team What'se = Lindo Sys. -

Al - Jx Product/Feed Mix Problem v

A B C D E F G H | J K L -
1 |Product/F Mix Problem with Chance Constraints
2 |Van de Panne and Popp presented a CCP formulation of feed mixer proklem. Obj= 25.85
3 |The variables are defined at stage 0, the randoms at stage 1

4

5 |1) Core model 2) Stage info

& Xl X 3 L.ES Total

7 0 0 0 0" 0.0000 [WESF_VAR

g |0BL: 2455 26.75 39 405

9 |EAT: 23 56 111 13 0F Not»= 5

10 [PROTEIN: 12 115 41.8 52.1 0F Not»= 21 IWBSP_RAND

11 [UMITY: 1 1 1 1 07 MNot= 1

12

13 |3) Probability info 4) Sampling info
14 |The protein coefficients are randoem Normal. :WBSP_STSIC

15 |Means: 12 115 41.8 521 1 32
16 |5td Dew: 0.53 044 45 079

17 WBSP_DIST_NORMAL

18 WBEP_DIST_NORMAL 5) Reporting cells
19 WEBSP_DIST_NORMAL WEBSP_REP

20 WEBSP_DIST_NORMAL WBSP_HIST

21

22 |Chance-Constrained section

23 |WBSP_CC_GT 0.8 << Prob{Protein constraint satisfied} -

Feeder Mix &) 1 3
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For this specific problem, the five steps mentioned earlier are:
Step 1)The core model is described numerically in the area B7 toH11.

Step 2)We specify cell B7:E7 as a stage 0 decision variable by inserting the expression:
=WBSP_VAR(0,B7:E7)

into cell J7. We can enter this expression directly, or using the Stochastic Support dialog box.

We specify cell B10:E10 as a stage 1 random variable by inserting the expression:
=WBSP_RAND(1,B10:E10) into cell J10.

Step 3)We t e | BestWhatahe pratein coefficient has a Normal distribution with different
Means and Standard Deviation by inserting the 4 separated expressions:

=WBSP_DIST_NORMAL(B15,816,B10) into cell B17,
=WBSP_DIST_NORMAL(C15,C16,C10) into cell C18,
=WBSP_DIST_NORMAL(D15,D16,D10) into cell D19,
=WBSP_DIST_NORMAL(E15,E16,E10) into cell E20.

Step 4)We t e | BestWbwanmaidy scenarios to use in each stage (i.e., the sample size) by
inserting the expression:

=WBSP_STSC(J15:K15) into cell J14.

Step 5)We specify that we want a scenabg-scenario report on the Protein amowagainst its
cosntraint by placing the expression:

=WBSP_REP(F7,F10,H10) into cell J19.
We request a histogram of Protein Amount by placing the expression:
=WBSP_HIST(0,' Feeder Mix''F10) into cell J20.

ChanceConstrainedVe specify that we want more than 80% probability to have the Protein amount
constraint satisfied to consider the model feasible, by placing the expression:

=WBSP_CC_GT(C23,0,G10) into cell A23.

All the Expected Value calculation will be turned off in this type of model.
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The SP_FEEDERMIXCCP Worksheet After Optimization
H 0O = SP_FeederMixCCP xlsx - Excel ? H - O X
HOME INSERT PAGELA FORMUL DATA REVIEW VIEW DEVELO Team What'sB  Lindo Sys.. -
Al - S Product/Feed Mix Problem v
A B C o E F G H | J K L -

1 |Product/F Mix Problem with Chance Constraints

2 |Van de Panne and Popp presented a CCP formulation of feed mixer problem. Obj= 25.85

3 |The variables are defined at stage 0, the randoms at stage 1

4

5 |1) Core model 2) Stage info

& Xl X 3 L.ES Total

T 0.66874 0 030931 0.02135F 293696 IWBSP_VAR

3 |0Bl: 2455 26.75 39 405

9 |EAT: 23 56 111 13 5F =n= 5
10 |PROTEIN: 120484 10.8224| 50.9056| 51.9565 24.9432F o= 21 WBSP_RAND
11 [UNITY: 1 1 1 1 1F = 1
12
13 |3) Probability info 4 Sampling info
14 |The protein coefficients are randoem Normal. lWBSP_STSIC
15 |Means: 12 119 418 521 1 32
16 |5td Dew: 0.53 044 45 079
17 WEBSP_DIST_NORMAL
18 WBSP_DIST_NORMAL 5) Reporting cells
19 WEBSP_DIST_NORMAL WEBSP_REP
20 WEBSP_DIST_NORMAL WBSP_HIST
21
22 |Chance-Constrained section
23 |WBSP_CC_GT 0.8 << Prob{Protein constraint satisfied} -

WE! Status WB!_Stochastic WEB!_Histogram Feeder Mix ()] I
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The scenaridy-scenario report is generated on YWB!_Stochastitab. A portion of it appears below.

0O = ©- [ il - SP_FeederMixCCPuls..  LINDO Systems 52l

File Home ‘ Insert ‘ Page Laym.| Formulas ‘ Data ‘ Review ‘ View | Developer | What'sBest ‘

AS59 - fx CHANCE-CONSTRAINED v
L) =] [ [u] E F G -

B9 | CHAMCE-CONZTRAINED I

Bl | reeoremmem e e

E1 j SCEMARIOD ZET TTPE TARGET WEIGHT STATUS REFERENCE

82 |- + Freder Mix!G10 G 0 0 Satisfied

63 | Fecder MizIGI0

B4 |- 2 Freder Mix!G10 G 0 0 Satisfied

€5 | Fecder MizIGI0

BE | - 3 Feeder MixlG10 G 0.G 0 Eatisfied

LT Feeder MizlG10

BE -4 Feeder MixlG10 G 0.G 0 Eatisfied

B3 Feeder MizlG10

-5 Feeder MixlG10 G 0.G 0 Eatisfied

] Feeder MizlG10

72 |- B Freder Mix!G10 G 0 0 Mot zatisfied

73 | Fecder MizIGI0

-1 Freder Mix!G10 G 0 0 Mot zatisfied

75 | Fecder MizIGI0

|- 8 Freder Mix!G10 G 0 0 Satisfied

7| Fecder MizIGI0

?3: - 9 Feeder MixlG10 G 0.G 0 Met satisfied -
| WB! Status | WHB! Stochastic | WB!_Histogram | Feeder Mix | ) 4 3

Ready FH HH m - 1 + 70

Any of the standard statistical tools in Excel can by used to analyze the scenario data.
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The histogram generated on #!_Histograntab is:

0O = ©- H B @ - SPFeedertMixCCPuxls.. LINDOSystems [ = O

File Home ‘ Insert ‘ Page Laym.| Formulas ‘ Data ‘ Review ‘ View | Developer | What'sBest ‘ Q Tell me JQ'_ Share

AB - I DATA HISTOGRAM: hd
A B . C . D [ E [ F -

15 | 22117833 23266344 22.702083 0.34375

16 | 23630719 24252224  23.941471 0.125

17 | 24633869 25922873 25.280871 0.09375

18 |

19 | .

20 Histogram

21| 0.4

22| 035

23 03

24 | E‘u.zs

25_ s 02

26 | g ”ﬁ

sl C

28 0 4 . . . .

29 | 20.110564 21440004 22.702089 23.341471 25 230871

30 | PROTEIN_AMT

31

£} ] -
| we! status | WBI_Stochastic | WB!_Histogram | Feeder Mix | *® 1 ’

Ready FH B mo- 1 + 80%

Notice that even though the driving random variable, Protein amount, has a Normal distribution.

The solver writes a series of solution in the created/¥dl_Stochastic’, and '"WB!_Histogramujth
the expected value, and displays the first default scenario, or a selected scenario, on the spreadsheet.
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Solving Second Order Cone Programs

The optimization capabilities of Whasst!extend to the solution of secenddercone problems
(SOCP) of the following form

Optimize||AOX + b0 ||+c0 x

subject to:

[JAix+bi||+cix -di 20 fori=0, 1m%&,

Lj <=xj<=Uj forj=0, 1n-1¢,

Xj is integer for j in a specified C={0, é 1} n
where

Optimizeis either minimize or maximize,

Ai are matrices of appropriate dimensi@n8, € -1m

bi andci are vectors of constants,

di are constants,

x={x0, X2, é ,-1}, s ann-vector of decision variables.
"?" is one of the relational operators "<=", "=", or ">=",

Without the integrality restrictions, SOCPs are nonlinear convex problems that include linear and
convex quadratically constrained quadratic programs as special cases. Several decision problems in
engineering design and control can be formulated as SAG&'Best!solves this class of problems
using the secalledconic optimizerwhich uses an interiggoint algorithm. To solve a convex problem
using What'Best! it may be advantageous to cast the problem (e.g. a QCQP) as a SOCP and use the
conic optimizer.

To motivate the seconarder cone problems and common forms of quadratic cones, consider the
following two constraints:

X2 +y271 22 <=0,
z>=0

Geometrically, the feasible region defined by these two constraintsde aream conewith the point

of the cone at (0,0,0). The feasible region for the constxént y2 ~- 2°2 <= 0 by itself is not convex.

The feasible region consists of two ice cream cones, one right side up, the other upside down, and with
their pointy ends touching. The constrairt= 0 eliminates the upside down cone and leaves the
guadratic conéllustrated in Figure 1. Secormtder cone problems are essentially a generalization of
linear models defined over polyhedral cones to ones defined over quadratic cones.
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Dusdratic Cone 2+ »=x° +}£. z»=0

More generally, im dimensions,a simple quadratic cone (i@@eam cone) constraint is of the form:
-XON2 +XA7M2 +x272 + ex2<=0;
X0 >= 0;

Secondorder cone constraints are more general than they might at first appear. For another conic
form, consider the constraints:

-uv+x"2 <=0,
u,v>=0.

The first constraint by itself describes a nonconvex feasible region (colored blue and green) illustrated
in Figure 2. The three constraints together, however, describe a convex feasible region (colored green
only) called theotated quadratic cone




MATHEMATICAL MODELIN@71

Rotated Quadratic Cone, uv == xz. uw>=

Figure 2. Rotated Quadratic Cone

More generally,in n dimensions,the rotated quadratic cone constraint in standard form is:
S2X0 X1 +x272 +x3M"2 + é X2 <= 0;
X0, x1>= 0;

In both simple and rotated quadratic cones, a variable can appear in at most one cone cdinstraint.
naturally you would like to have a variable, s&y appear in two cone constraints, then you must
introduce an extra copy of the variable, gay, for the second cone constraint and then connect the
two with the linear constrain® - y2 = 0.

Notice, using a standard transformation, rotated quadratic cone constraints can be shown to be
equivalent to quadratic cone constraints:

y=(UuT v)/2,
z=(u+v)/2,
X2 +y"21 22 <=0,

z>=0.







/ Sampléodels

Introduction

This sectionprovidessamplemodelsfor problemsin manufacturingfinance,engineeringscheduling,
etc. Theyarerealworld problemsthatdemonstratéhe practicaluseof the elegantconceptof linear
andnonlineamprogramming.

A major strengthandadvantagef the spreadsheetnvironmentomparedo the moretraditional
method=f mathematicamodelingis the easewith which relationshipsamongdataarevisualized.

We'veassembleé wide rangeof samplespreadsheehodelsfor you to investigate Someof themare
very nearlyfull-fledgedapplications All of themclearlydemonstrat¢he principlesof modelingwith
What'8est! We'veorganizedhemin thefollowing groups.

These models are located in the default folder after installatioWWE:

Blending Models

Blending- Blendingelementswith variousqualitiesinto the lowestcostproductto meetdesignated
quality requirement§HOGFEED.XLSX).

Chanceconstrainedlending- As above but quality contentin the constituentelementssariesat
randommakingthe modelnonlinearftHOGCHANC.XLSX).

EngineeringModels

Box Design- A simplenonlinearmodelthatfinds dimensiondor a cabinetto meetvariousdesign
requirementgBOX.XLSX).

Flow Network Modeling- Calculatingflow andpressureacrossa complexnetwork
(FLOWNET.XLSX).

Financial Models

Bond Portfolio Optimization- A multi-periodmodelthatrecommend®ondpurchaseso minimize
costswhile providinga specifiedcashflow (BONDS.XLSX).

LockboxLocation- Locatingpostallockboxesto minimize"float" while still servingall customers
(LOCKBOX.XLSX).

Markowitz Portfolio Problem- Selectingassetdo meeta desiredreturnatminimumvariance
(MARKOWIT.XLSX).

273
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Portfolio with TransactiorCosts- Adjustinga portfolio of assetsn suchaway thatdesiredreturnafter
broker'sfeesandothertransactiorcostsis metwith minimumvariance(PORTCOST.XLSX).

Minimizing DownsideRisk - Purchasingagndmaintaininga portfolio of assetssoasto minimizethe
risk of losingvalue(DNRISK.XLSX).

Portolio ScenariaMiodel - Demonstratinghe differencesamongminimizing threedifferentmeasures
of risk (PORTSCEN.XLSX).

ForecastingModels

SeasonabalesFactoring- Determiningthe effectof seasonalactorson historicalsalesto improve
forecasting SEASON.XLSX).

ExponentialSmoothing Two modelsillustrating onetechniquefor usinghistoricaldatato predict
future salegSIMXPO.XLSX, SMOOTH.XLSX).

Linearization Option and ConstructionCostEstimation Models

LinearizationOptionandConstructionCostEstimationi This modeldemonstratethe performance
gainsresultingfrom usingthe What'8est!linearizationoption, andillustratesa caseof estimating
constructiorcosts(LINEARZ.XLSX).

Marketing Models

Stratified Sampling- Determiningthe leastcostly polling samplélikely to give reliableresults
(SAMPLEWB.XLSX).

CarPricing- A nonlinearpricing model- illustratinga casein which salesof productsare
interdependentPRICING.XLSX).

MediaBuying - Purchasingdvertisingmediaspaceio meetanexposurdargetat minimum cost
(MEDIA.XLSX).

ProductionModels

Multi -PeriodinventoryManagement Managinginventoryacrosamultiple periodsto minimize
holding costswhile maintainingsufficientstock(INVENT.XLSX).

ProductMix - Usingavailableresource$o manufacturea mix of productgthatyield the highestprofit
(PRODMIX.XLSX, PMIXMAC.XLSM).

The Building Block Method- Combiningproductionandshippingmodelsinto onelargemodel,a
commonapproacho problemsolving (BLOCK.XLSX).

WasteMinimization in StockCutting- Cutting sheetor coil materialsto varyinglengthswhile
minimizing waste(CUTSTOCK.XLSX).
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PlantlL ocating- Demonstratindiow to locateplantsor warehouséacilities to minimize shipping
expensesvhile meetingdemandPLANTLOC.XLSX).

Staff SchedulingModels
Staff Scheduling Meetingpersonneheedsat minimumcost(STAFF.XLSX).

Staff Sched: PreferredAssignment Coveringstaff needswhile meetingemployeepreferencesor job
or shift assignment§ASSIGN.XLSX).

Staff Sched: Two StageFixed Shift - Meetingtwo objectivesjn this caseminimizing costand
maximizingemployeesatisfactionjn scheduling FIXED1.XLSX, FIXED2.XLSX).

TransportationModels

PipelineOptimization- Moving resourceg&longrouteswith limited capacitiesat minimumexpense
(PIPELINE.XLSX).

ShippingCostReduction- Minimizing shippingcostson routeswith fixed costswhile meeting
demand SHIPPING.XLSX).

Traffic CongestionCostMinimization - Minimizing shippingcostson a networkwhoserouteshave
coststhatvary with theamountof traffic (TRAFFIC.XLSX).

Truck Loading- Packinga containemwith objectsof varyingsizesto maximizeefficiency,a
"knapsack'problem(TRUCK.XLSX).

StochasticModels

Newsvendor Stock A stochastic model to maximize net profit by deciding how much stock to hold,
over 2 stages and 1 random parameter for the dens&h8IEWSVENDOR.XLSX).

Investment Planning CollegeA multi-period stochastic model planning investments for going to
college, after 3 PeriodsSP_ INVESTMENTCOLLEGE.XLSX).

CropAllocation Under Uncertainty A stochastienodelto maximizerevenueby allocatingcropsto
grow on aspecifiedlandarea,over 2 stages and1 randomparametefor the weathercondition
(SP_CROPALLOC.XLSX).

PutOption- A stochastianodelto maximizewealthby sellinganoptionattheright time, overa
multi-stagestructureandrandomparametersor the stockreturns(SP_PUTOPTION.XLSX).

Models Showing Features
Assume Linear Method (ALM): ALM_KnapSimpITDV.xIsx, see thé M feature.
Integer Options for KBest/Knapsack: Knapsack_KBest.xlIsx, see thBdst Solutions feature.

Function Support: Shipping_MacroFunctions.XLSM, see the Function Support option.
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Chance Constrained in Stochastic Models: SP_FeederMixCCP.xlIsx, see the PageConaireéned
feature.

SUMIF function:NetFloSimple.xIsxsee the SUMIF usage restrictions.

String Support: VehicleRouting_String.xlIsx, see the String Support option.
LOOKUP functions: VlookupWBSolver.xlIsx, see the LOOKUP usage restrictions.
Constraint POSESDP: WBPOSDcase.xlIsx, see the S@mafinite Positive feature.
WBALLDIFF function: WBALLDIFF_Sudoku.xIsb, see the Abifferent feature.
WBCARD function: WBCARDPRODMIX.xIsx, see the Cardinality function.
WBERLANG_B function: WBERLANGBQueue.xIsx, see the ERLANG_B function.
WBERLANG_C function: QueueNservers.xlsx, see the ERLANG_C function.

WBINNERPRODUCT function: WBINNERPRODUGPRODMIX.xIsx, see the Inner Product
function.

WBLMTD function: HeatXchange_ WBLMTD.xIsx, see the Logarithmic Mean Temperature
Difference function.

WBSEMIC function: AstroCosSemic.xls, see the S&uantinuous function.

WBSIGNPOWER function: NetEqIxSignPower.xIsx, see the Sign Power function.

WBSOS2 function: PieceWiseSOS2a.xIsx, see the Special Ordered Set function.

WBSOS3 function: WBSOSAssignment.xIsx, see the Special Ordered Set function.
WBQUADPRODUCT function: PortCorrVG_wbquadproduct.xlsx, see the Quad Product function.
Tutorial models for the ABC case: XYZ.xIsx, and via the VBA code :XYZVBA .xlsm.

Tutorial model for the user progress callback feature: CustomVBAInterface.xlsm
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Blending

FilenameHOGFEEBLX TYPELINEAROPTIMIZATIO

ApplicatioRrofile

The manufacturef animalfeedis anexampleof a blendingproblem.The quesion is: how doyou
mix a numberof raw component$nto a minimum costfinal blendthathasspecifiedamountsof
certainingredient®

In the caseof hogfeedtheissueis vital. How canraw feedstock$e combinedto producea high
nutrition hogfeedat lowestcost?For someonavith severathousandhungryhogs,the quality of this
arswercaneasilyspellthe differencebetweenprofit andloss.Sincefeedstockpricesaretypically
volatile, the complexityof the quesion andthe daily impontanceof reliablesolutionsis evenmore
apparent.

Blendingproblemsarealsoof interestwell beyondthefield of animalhusbandryExamplesnclude
finding theleastcostly mix of oresthatwill produceanalloy with specifiedcharacteristicer deciding
onthemostefficient combinationof advertisingmediapurchaseso reachtargetaudiencepercentages
in multiple demographicgroups.

TheProblenmWords

You arethemanagenf the Swine& RoseqS&R) Hogfarmandyour hogfeednustmeetcettain
minimum requiranentsfor four nutrients, A, B, C, andD, to asurefastgrowthandlarge,robust
animals.
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Background

Thenutrientsarefoundin four differentgrains.Eachgrain containsa differentcombinationwith a

pricethatfluctuateswith marketconditions.The nutrientcontentby grainis shownin the following
graph.

Nutrient Content By Grain

GIOW
500
400 -

300

200

100 -

00 4

ObjectivefOptimization
Theobjectiveis to determinehow muchof eachgrain S&R shouldbuy att o d gncést® meettheir

nutritional requirementsat lowestcost. This alwayshasa chanceof beingwrongif pricefluctuates
unexpectedly.




SAMPLE MODELS 279

TheWorksheet
L e toesthe HOGFEEDsamplefile andlook overtheAB C 6 s .

The HOGFEED Worksheet Before Optimization

[ x| 2= HOGFEED xlsx - Microsoft Excel = B e |
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! <2 @ o H E3
Al - & A
A B C D E F G H J K|IL M ;

SWINE & ROSES Hog Farm

MNutrients Per Unit Weight of Grain Mutrients Minimum  Dual
ltem 1 2 3 4 Supplied Regd Walue
Mutrient A 22 34 7.2 1.5 0.0 Flot »= 24 31.00
Mutrient B 1.4 1.1 0.0 0.8 0.0 Flot »= 0.7 31.00
Mutrient C 23 5.6 1.1 1.3 0.0 Flot »= 5.0  31.00
Mutrient D 12.0 11.9 41.8 521 0.0 Flot>= 21.0  $1.00

Cost/Bushel  $35.00 §$50.00 $80.00 §35.00

Percentage Unity? Total
of Blend 0.0% 00% 00% 00% MNot= Cost 7 $0.00

Il

18 | Dual Value §1.00 $1.00 $1.00 §1.00

22 -
4 4 » | HOGFEED %2 nEN Il | »[1
Ready | B3 | |[EmEm 100% (o) [ 3)
A.Determiné\djustableCells

ThecellsWh a Bestls freeto changean this modelarethe Percentagef Blendcontributedby each
grain(C16:F16).

B. DefineBest

Thebestsolutionto this problemmeetsnutritional needsat the lowestcost. Total Cost J16,contains
theformulaSUMPRODUCTC16:F16,C13:F13)T h a thelPsrcentagef Blendtimesthe CostPer
Bushelfor eachgrain.

C.SpecifyConstraints

Therearetwo limitationson the solutionto this problem.First, the final mix mustcontainthe
minimumrequiredievelsof nutrients.This is enforcedby a constrainffor eachnutrient(H7:H10).
Eachconstraintwill returnthe"Not >=" indicatoruntil the minimumrequiremen{17:110) for that
nutrientis metin the NutrientsSuppliedcolumn(G7:G10).Secondthe constraintin G16forcesthe
percentages C16:F16to sumto 100%.
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The NutrientsSuppliedcell for NutrientA (G7) containsSUMPRODUCTC7:F7,$C$16:$F$16)yhich
sumsthe productof the Percentagef Blendandthe amountof NutrientA for eachgrain.Eachgrain
containsdifferentcombinationsf eachnutrient(C7:F10).

Now, | e solvethemodelwith WhatsBest!to find the optimalsolution.
The HOGFEED Worksheet After Optimization

@a 2 A= HOGFEED dsx - Microsoft Bxcel ESRRERE)
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! 2 @ o @ R
Al - I v
A B c D E F G H J K|IL M I
SWINE & ROSES Hog Farm
Mutrients Per Unit Weight of Grain Mutrients Minimum  Dual
[tem 1 2 3 4 Supplied Regd Value
Mutrient A 22 34 7.2 15 377 == 24 50.00
Mutrient B 14 1.1 0.0 0.8 1.0 7 »= 0.7 5000
Mutrient C 2.3 56 11.1 13 50 "=x= 50 (34.55)
Mutrient D 12.0 11.9 418 521 2.0 "=>= 21.0 (5017}

Cost/Bushel  $35.00 $50.00 $80.00 $95.00

Percentage Unity? Total
of Blend 68.5% 13% 302% 00% = Cost 784878

Dual Value $0.00 50.00 $0.00 $57.88

malpa ==l oo | o
SlS oo e m e R o 200N o Rl R —

22 R
4 4 » P | WBI Status | HOGFEED . %1 el wm ] »[]
Ready | 5 | (|8 M 100% (=) [} {+)

[ 4

TheWhatsBest!solutionhasa total costof $48.78perbushelof the optimalblend.Grain4, whichis
notabargainat $95perbushel,is not purchased.

D.Dualvalues
Dual valueshavebeenincludedin two locationsin thisworkshee{C18:F18andJ7:J10).

Thedualvalue entriesin cellsJ7throughJ10showthereward(i.e., how muchmoneycouldbe saved)
if eachrespectiveconstraint(H7:H10)wererelaxedby oneunit. In practicalterms,this meanghatyou
couldsave$4.55perbushelif therequiremenfor NutrientC werereducedo 4. If slightly less
sprightly hogsaretolerablein returnfor sucha savings relaxingthis nutritionalrequirementwould be
agooddecision.Likewise,if therequiremenfor NutrientD werereducedo 20, the cost/bushewould
godownby $.17.Notethatthe dualvaluesarezerofor NutrientsA andB. Loweringtherequirement
by oneunit offersno savingsbecausehereis alreadyanexcesf NutrientsA andB in your optimum
blend,sinceconstraintdd7 andH8 arenottightly satisfied.
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Theotherdualvaluesin the Swine& Rosesnodel(C18:F18)showtheamountby which the price of
anunusedyrainwould haveto bereducedbeforeit would be costeffectiveto useit in the minimum
costblend.Forexamplethedualvaluefor Grain 4 is $57.88(F18). This tells you how muchtheprice
of Grain 4 would haveto bereducedn orderfor it to appeaiin the optimalsolutionof HOGFEED,
Thisis agoodnumberto havehandywhennegotiatingto geta lower price.For moreinformationon
dualvalues,seethe sectionon Dual Valuesin Chapter3, Additional Commands
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ChanceConstrainedBlending

FilenameHOGCHANKLX TYPENONLINEABPTIMIZATIO

ApplicatioRrofile

In the previousHOGFEEDblendingexamplewe showedyou a deterministiomodeld thenutrient
contentof the differentgrainsto beincorporatedn thefinishedfeedwereknownandconstant.
However,whatif the nutrientcontentis not soreliable?Whatif the contentvariesatrandom?This
modelis nonlinearandperhapsnorelikely to occurin therealworld.

TheProbleninWords

You mustdeterminehow muchof four availablegrainsto includein blendedfeed(in circumstances
underwhich the contentof oneof the nutrientsvariesat random)to meetnutrientrequirementsvith
somedegreeof certainty.

Background

Y o u dhadseverakamplef thefour grainstestedandyou find thattheir contentof NutrientD
variesrandomlyandis normally distributed.You wantto find a newblendthatensureghe minimum
requirementgor NutrientD aremetatleast95%of thetime.

Y o u &alcalatedhe meanandvariancefor eachgrain (the contentmeansarethe sameasin the
original HOGFEEDmodel). The equationthat calculatesNutrientD now lookslike this:

(MeanNutrientD in theblend - Z*(standarddeviationNutrientD) >=21.

For 95% confidencen the contentof NutrientD, setZ = 1.645(Referto any elementarytexton
statisticsfor a discussiorof Z values).

ObjectivefOptimization
Theobjectiveis to determinehow muchof eachgrainyou shouldbuy att o d ancést® meettheir
nutritionalrequirementsatlowestcost
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TheWorksheet
L e tlodksatthe HOGCHANCworksheetssuppliedin your samplefiles.

The HOGCHANC Worksheet Before Optimization

‘ma 2= HOGCHANC.xdsx - Microsoft Bxcel ESRRERE )
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! 2 @ o @ R
Al - I v
A B C D E F G H J K | L M=
1 l
2  SWINE & ROSES Hog Farm
3
4 Mutrients Per Unit Weight of Grain Nutrients Minimum  Dual
5 | ltem 1 2 3 4 Supplied Regd Value
&
7 | Nutrient A 22 34 7.2 15 0.0 ot == 24 51.00
8 | Mutrient B 14 1.1 0.0 0.8 0.0 ot == 0.7  §1.00
9 | Mutrient C 23 5.6 11.1 1.3 0.0 ot »= 50  §1.00

10 | Mutrient D-
11 Mean Value 12.0 11.9 418 521 0.0 Mot== 210 5$1.00

12 Variance 0.3 2.2 2056 332

13

14

15 | Cost/Weight $35.00 $50.00 $80.00 $95.00

16

17 Weight Units Unity? Total

18  to Purchase 0.0% 0.0% 0.0% 0.0%" Mot = Cost " 50.00

19

20 | Dual Value $1.00 3$1.00 $1.00 F1.00

21 B
22 -
M 4 b M| HOGCHANC /%] IEN i | ]
Ready | P | |Eo D 100% (=) [ (¥)

(s -

A.Determiné\djustableCells
ThecellsWh a Betls freeto manipulaten this modelarethe WeightUnit Percentageso Purchase
for eachgrain(C18:F18).

B. DefineBest

Theoptimalsolutionto this problemis the onethatmeetsneedsat lowestcost.If you examinethe
formulain the Total Costcell (J18),SUMPRODUCTC18:F18,C15:F15)ou seethateverychangean
price or purchasejuantitieshasa directbearingon cost. Wh a Be8tkof coursejs only freeto change
the purchasejuantitiesn C18:F18.

C.SpecifyConstraints

Thelimitation to this problemis thatthe final mix mustcontainthe minimumrequiredlevelsof
nutrientsfor Swine& R o s bog@ssThis limitation is enforcedby creatinga constraintcell for each
nutrient(H7:H9, H11). Eachconstrainwill returnthe"Not >=" indicatoruntil the MinimumRequired
(17:19, 111) for thatnutrientis metin the NutrientsSuppliedcolumn(G7:G9,G11).
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Now, | e solvetheproblemwith Wh a BeStls
The HOGCHANC Worksheet After Solving

a =2 HOGCHANC xdsx - Microsoft Excel ESSEl™ )
“ Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 @ o O ES
AL - I -
A B C D E F G H J K L M=
SWINE & ROSES Hog Farm
Mutrients Per Unit Weight of Grain Nutrients Minimum  Dual
[tem 1 2 3 4 Supplied Reqd Walue
Nutrient A 2.2 34 7.2 1.5 3T = 24 5000
Nutrient B 14 1.1 0.0 0.8 09" »= 0.7 50,00
Nutrient C 2.3 5.6 1.1 1.3 5.0 "=»= 5.0 (50.97)
Nutrient D:
Mean Value 12.0 1.9 41.8 521 21.0 "=>= 21.0  ($1.59) =
Variance 0.3 2.2 20.5 33.2

Cost/\Weight $35.00 $50.00 $80.00 $35.00

PRl = ] | | | || ==
g ettt =i el et e e T S S ]

Weight Units Unity? Total

to Purchase G34% 00% 313% 53%" = Cost [§5226

Dual Value 50.00 %1162 §0.00 5000
22 -
M 4 » ¥ [ WBI Status | HOGCHANC %1 4 » [1]
Ready | B | |[ERIE @ 100% (=) [} {+)

[ 4

ThisWh a Bestksolutioncosts$52.26perbushel.l t ndosexpensiveéhanthe HOGFEEDsolution
in the previousexamplebecausegrou havecompensatetierefor thevariability in theamountof

NutrientD in thevariouscomponengrains.l t ndwnecessaryo usetherelativelymoreexpensive
Grain 4, rich in NutrientD, to reacha 95% confidencein fulfilling all your nutritionalrequirements.

D.Dualvalues
Dual valuesareincludedin two locationsin this workshee{C20:F20andJ7:J9,J11).

Thedualvaluesin cellsJ7:J9,J1khowthe shadowpricesor reward(how muchmoneyyou would
save)if eachrespectiveequiremen(l7:19, 111) is relaxedby oneunit. This meansfor example that
youwould save$.97 perbushelif therequiremenfor NutrientC is reducedo 4. A reductionto 4.9
savesyou $0.97.1f slightly lesssprightlyhogsaretolerablein returnfor sucha saving,relaxingthis
nutritionalrequirementwould be a gooddecision Notethatthe dualvaluesarezerofor NutrientsA
andB. Loweringtherequiremenby oneunit offersno savingsbecausehereis alreadyan excesf
NutrientsA andB in your optimumblendsinceconstraintdd7 andH8 arenottightly satisfied.

Theotherdualvaluesin the Swine& Roseanodel(C20:F20)showthe amountby which the price of
anunusedyrainwould haveto bereduceddeforeit would be costeffectiveto useit in the minimum
costblend.Forexamplethedualvaluefor Grain 2 is $11.62(D20). This tells you how muchthe price
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of Grain 2 would haveto bereducedn orderfor it to appeaiin the optimalsolutionof HOGCHANC
Thisis agoodnumberto havehandywhennegotiatingto geta lower price.

Note:

In nonlineamodels the rangesoverwhich dualvaluesarevalid maybevery small. Before
basinga pricing or purchasinglecisionon a dual price or reduceccostin a nonlinearmodel,
you shouldtestthereturnedvalueby makingthe specifiedchangeto the variableor
constraintusingAdjustable|Removadjustableon thevariable,andre-solving.
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BoxDesign

FilenameBOXXLX TYPENONLINEABPTIMIZATIO

TheProblenmWords
As amanufactureof electronicequipmentyou mustdesigna cabinetfor your newproductthatmeets
the specificationof variousdepartmentsvithin your organizatiorat minimumcost

Background
Your engineeringlepartmenhasdeterminedhatthe equipmentequiresa volumeof atleast1512
cubicinchesandthata minimum surfaceareaof 888 squarencheswill sufficeto dissipateheat.

Marketingwill find it easiesto sellthefinisheddeviceif thefootprint of the cabinetis no morethan
252squardnches.

Finally, your designerhavedecreedhat,for aestheticeasonstheratio of heightto width shouldbe
.618+ .1. Thatis, between518and.718,inclusively.

Thesheetmetalfrom which the cabinetwill be madecosts$.05persquaranch. Extralaborrequired
onthefront andbackpanelsraisesthe costfor thesecomponentso $.10persquardnch.

ObjectivefOptimization
Theobijectiveis to determinethe specificationof the box with the smallestproductioncost.
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TheWorksheet
L e toestheBOXsampiléfile. L e tlodksathowtherequirementaretranslatedo the spreadsheet
format.

The BOX Worksheet Before Optimization

a =2 BOX.xlsx - Microsoft Excel ESSEl™ )
“ Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 @ o O ES
AL - I v
&, B & 0 E F G H J k. :
1 el
¢ CABINET DESIGHN
3
4
5 ACTUAL LIMIT
b
7 Surface Area 60007 Mat>= 544 Length Width Height
8 1.00 1.00 1.00
] Faootprint 10007 <= 282
10
11 Yolume 1.0007 Mot>= 1512 =
12 UMNIT COST:
13 | Width f Height 1.0007 Mot<= na r $0.40
14
15 ‘Width / Height 1.0007  »= 0518
16
17
18
19
20
21 B
22 -
M4 r M| BOX . T2 4] I | ]
Ready | B | |Elo D 100% (=) [} {+)

[ ]

A.Determiné\djustableCells
Theadjustablecellsin theBOX modelarethe Length Width, andHeightin H8:J8.Thesecellsare
furtheridentifiedasranged., W, andH, respectively.

B. DefineBest
Thebestsolutionis the minimum costcabinetthatsatisfiesall the constraintsThis objectiveis
calculatedn cell 113 by meansof thefollowing formula:

2*(0.05*(Lengthr Width+Lengtht Heigh)+0.1*(Height Width))

Theinterpreationof whichis: The costof the side/top/bottonpanels* the sumof theareasof one
sideandonetop/bottompanel+ the costof front/backpanels* theareaof afront/backpanelall
multiplied by 2.
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C.SpecifyConstraints
Theconstraintareenforcedby meansof theformulasin D7, D9, D11,D13,andD15.

In D7, theformulaWB(C7,">=",E7)forcesthetotal SurfaceAreaof the cabinetin C7, calculatecby
theformula 2*(Lengthr Width+Length HeightrWidth* Heighi), to be atleastasgreatasthe lower limit
of 888squarenchesin E7.

In D9, theformulaWB(C9,"<=",E9)forcesthe Footprintin C9to be no greaterthanthe upperlimit of
252squardnchesin E9. TheFootprintis calculatedby theformulaWidthLength

In D11, theformulaWB(C11,">=", E11)forcesthe Volumein C11,calculatedoy theformulaLength*
Width* Height to be atleastasgreatasthelower limit of 1512cubicinchesrequiredto fit the
electronicequipmenin the cabinet.

Finally, in D13 andD15, theformulasWB(C13,"<=",E13)andWB(C15,">=", E15)forcetheratio of
Heightto Widthto fall between718and.518,whereC13andC15bothcalculateWidth/Height

Now,y o u @adgo solvethe modelandfind the optimumdesign.
The BOX Worksheet After Optimization

@a S a0 BOX.xlsx - Micrasoft Excel ESRRERE)
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! 2 @ o @ R
Al - I v
A B © ] E F G H J K. ;
1 1 =
2 CABIMNET DESIGMN
3
4
5 ACTUAL LIMIT
B
7 Surface Area 8880007 = 884 Length Width Height
8 23.03 687 956
a Footprint 1581237 <= 282
10
11 YVolume 15120007 =3= 1612 =
12 LIMNIT COST:
13 Width / Height 07187 =¢= n7a " 45087
14
15 | Width f Height 07187 »= 0518
16
17
18
19
20
21 B
22 -
M4 4 » M| WBI Status | BOX ¥J |I|1| Il | b m
Ready | 5 | |EEE E 1003 (=) [} (+)

(s 4

Theresulting23.03x 6.87x 9.56inch box is the lowestcostdesign($50.97per unit) thatmeetsall the
requirement®f your variousdepartments.
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FlowNetworkModeling

FilenameFLOWNEXLX TYPENONLINEAI

TheProblenmWords
You arethemanagenf anetworkof pipelinesandyou needto determinea balanceof flows along
eacharcof the networkwhile satisfyingdemancdatthe nodes.

Background

In the FLOWNETmodel,you havetwo supplynodeswith connectiondo atotal of six othernodes.
Thepressuratthe supplynodesG andH is fixed at 2401lbs/squarench (PSI).T h e raknéven
demandat eachof the six othernodesin C13:H13of the Arc ResistancevorksheetYou needto
calculatethe pressureat eachnodeandtheflow acrossacharc. Thefollowing diagramhelpsvisualize

this.

Sujaply 240 Ibs

o ‘Qﬁ g
“1:‘_}1:13 e _,FP_{ ﬁﬁ-ﬁi
A
:‘{_ﬁ ol }ﬁ_{—?}

{cfi Em
Flowy Direction & —.I E e —T Y
Arc Resistence dyo i iy AL
i

=
Supply 240 |bs
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TheWorksheet
) The FLOWNET Model Before Solving )
@l - -3 0= | FLOWNETxlsc- MicrosoftExcel oo
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! %2 e o @ R
Al - _ﬁ| v
A BI]C[DJEJFJG[H[I[J] K [ L | mE
1 ARC RESISTANCE %
| 2 | Destination
| 3 | A B C D E F G H
| 4 Origin: A
5 B 1
& C 25 1
I D 3
8 E 18
9 F 45 12
10 G 1 a0
11 H 1 1
12

13 Mode Demand 1 2 4 6 8 T
14 Mode Pressure 0 0 0 0 0 0 240 240

M 4 » M| ARC RESISTANCE - ARC FLOW . PRESS. BALANCE %] a4l w ][]

Ready EO@ o U O
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®|HW'F'EMETJM—MUM_H_EM E@u
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 9 o O ES
Al - e | v

A B[ c|D|EJFJ]G[H] I [J] kK [ L [ mE

1 ARC FLOW —

| 2 | Destination

| 3 | A B C D E F G H

| 4 | Origin: A

5 B 000

b6 C 000 0.00

I D 0.00

8 E 0.00

9 F 0.00 0.00

10 G 0.00 0.00

11 H 0.00 0.00 =

12

13 Flow Conservation: Mot = Mot = Mot = Mot = Mot = Not=

14

15

16

17

18

19

20

21

22 -

M 4 » »[ ARC RESISTANCE | ARC FLOW .~ PRESS. BALANCE . ¥J e T | »[]
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X d 9~ 2 A= FLOWNET s« - Microsoft Excel EIERECT)
“ Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 e o O ES
Al - F v
A B C D E F G H J K L M=
1 PRESSURE BALANCE —
2 Destination
3 A B C D E F G H
4 Origin: A
5 B =
B C = =
7 D =
g E =
g F = =
10 G Mot = Mot =
" H Mot = Not = =
12
13 Pressure Parameter 1
14 Flow Parameter 1
15
16 Mote: The pressure parameter equals 1 for incompressible fluids and electricity
17 and 2 for gases.
18 The flow parameter equals 1 for electricity, 1.852 for H20, and between 1.8
19 and 2 for other fluids.
20
21 B
22 -
4 4 b M| ARCRESISTANCE . ARCFLOW | PRESS. BALANCE . ¥J [Ja m ] w[]
Ready | 5 | | o m 100% (=) [ {+)

[ u

A.Determiné\djustableCells
Theadjustablecellsarethe Pressuresit eachNode(Arc Resistanc€15:H15)andthe Flow alongeach
arc(thecellsoutlinedabovein therangeC4:J110of the Arc Flow worksheet).

To facilitate modelingthe problem,nonadjustableeroeshavebeenenteredor arcswherethereis no
flow. Thisincreaseshe numberof numericcellsin themodel.In your own models,you maywantto
minimize the numberof numericcells.

B. DefineBest
No bestcell is definedin this example sinceour objectiveis simply to balancetheflows alongthearcs
andsatisfydemandatthe nodes.

C.SpecifyConstraints

The constraintsn this modelaretwofold. First, conservatiorof flow requiresthattheamountentering
anarcmustequaltheamountexiting thatarc (Arc Flow C13:H13).As anexampleh e r thefosmula
in C13:

WB(SUMC4:C11),"=","ARC RESISTANCE'IC13+SUMC4:H4))
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Secondyou mustaccounfor pressurdost alongeacharcdueto resigance.Theseconstraintare
foundin cellsC5:H11of the PressureBalanceworksheetThe formulain C5, for instancerequires
thatpressureppliedequalspressurdostonthe BY A arc:

WB('ARC RESSTANCE'l D14"$C$13 'ARC RESISTANCE'IC147$C$13,
"=", '"ARC RESISTANCE'IC5* '"ARC FLOW'l C5"$C$14)

Disregardinghe exponentswhichin this casearel, theformulais:

WB('ARC RESISTANCE'ID14- 'ARC RESISTANCE'IC14,"=",
'ARC RESISTANCE'IC5* 'ARC FLOW'! C5)

Thus,lossin pressurelongarcBY A (pressureat B minuspressuret A) mustequalresistancelong
arcBY Atimesflow alongarcBY A.

Note: ThePressureparameters 1 for incompressibléluids andelectricityand2 for gasesThe
Flow parameters 1 for electricity, 1.852for H,O, andbetweenl.8and2 for otherfluids.
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Now,y o u eadgo solvethe modelanddeterminehe balanceof flows. After solving,the WB!
Statusworksheewill openin orderto showyou the NonlinearitypresentwarningandNo BestCell
warnings.Thesewarningsmay beturnedoff from the GeneralOptionsdialogbox. Thethreemodel
worksheetsiow showthe flows asshownbelow.

The FLOWNET Model After Solving

ElEd9-c-=Z= FLOWNET.xlsx - Microsoft Excel ESRRERE)
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! < a o @ R
Al - 5 v
A B C D E F G H J K L M ;
1 ARC RESISTANCE El
2 Destination
3 A B C D E F G H
4 Crigin: A
5 B 1
6 C 25 1
7 D 3
8 E 18
9 F 45 12
10 G 1 30
11 H 1 1
12
13 Mode Demand 1 2 4 6 8 7
14 Mode Pressure 203 204 206 227 232 233 240 240
15
16
17
18
19
20
21
22 -
M4 4 » M| WBI Status | ARC RESISTANCE . ARC FLOW .~ PRESS. BALANCE - #1 a4l w ][]
Ready | P | |[EEEm 100% (=) [} {+)
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E 97 - = [T FLOWNET s © Microsoft e T = = ]
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 9 o O ES
Al - (" e | -

A B[ c|D|EJFJ]G[H] I [J] kK [ L [ mE

1 ARC FLOW —

| 2 | Destination

| 3 | A B C D E F G H

| 4 Origin: A

5 B 085

b6 C 015 2385

I D 7.00

8 E 0.25

9 F 0.13 010

10 G 12.63 0.23

11 H 8.15 6.99 =

12

13 Flow Conservation: = = = = = =

14

15

16

17

18

19

20

21

22 -

M 4 » M| WBI Status .~ ARC RESISTANCE | ARC FLOW .~ PRESS. BALANCE %3 a4l w ][]
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@|H“"FvﬁMNHJM—MmmEE;ﬂ“ El&u
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 9 o O ES
Al - (= e | v
A B[ c|D|EJF[G6[H] I []J] kK [ L [ mE
1 PRESSURE BALAMNCE —
| 2 | Destination
| 3 | A B c ] E F G H
| 4 | Origin: A
5 B =
[ C = =
7 ] =
8 E =
g F = =
10 G = =
11 H = = =
12
13 Pressure Parameter 1
14 Flow Parameter 1
15
16 Mote: The pressure parameter equals 1 for incompressible fluids and electricity
17 and 2 for gases.
18 The flow parameter equals 1 for electricity, 1.852 for H20, and between 1.8
19 and 2 for other fluids.
20
21
22 -
4 4 » M| WBI Status . ARC RESISTANCE .~ ARC FLOW | PRESS. BALANCE  #1 a4l w ][]

Ready | P @ d00% (= (+) |
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BondPortfolioOptimization

FilenameBONDXLX TYPELINEAROPTIMIZATIGNLOWNE'

ApplicatioRrofile

This multi-periodmodelis anexampleof dynamicmodeling i Dy n a mdarttidatdecisionamade
in this periodaffectnotonly thisp e r i retdnd(sr costs) butfuture decisionsaandreturrs aswell.
For this reasonmulti-periodproblemscannotbetreatedasif theyweremerelya collectionof single
periodproblems.

In manymulti-periodmodelingproblemsJiquid or cashlike assetaretreatedike othercommodities,
soholdingcashis justlike keepinginventory. Thefollowing illustratesthe majorfeaturesof multi-
periodmodelsin afinancialcontext.

TheProblenmWords

Y o u afinancialadvisorfor aninvestmenfirm. Your clientneedsnoughcashto cover
commitmentdor the nextfive years.Y o u &onsdudedthatto meetthesefinancial obligationshe
shouldinvestin somevery low-risk securitiessuchasgovernmenbonds.You mustrecommendonds
to buy to minimize his total costnow, yet coverhis cashflow requirementsThisis alsoanexampleof
howto defeasalebtd howto wipeit off thebooks.

Background
Yourc | i epedifiocashflow needsareasfollows:

Year 0 1 2 3 4

CashFlow Need($M) $17.0 $62.0 $23.0 $35.0 $62.0
In graphform, thedatalook like this:

$70.00 -

$10.00 -

$0.00 -
Year 0 Year 1 Year 2 Year 3 Year 4
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Y o u &oumrseledour clientto buy governmenbondsnotonly becausef theirlow risk, butalso
because@ bondownerreceivesafixed setof cashpayoutsFor eachyearuntil the bondmaturesyour
clientreceivesaninterestpaymentand,at maturity. He alsogetsbackthefacevalueor principal of the
bond.

Generally,a broadspectrunof suchinvestmentareavailableon agivenday.To keepit simple,l et 6 s
assumeyou comeacrosghefollowing quotationsfor nineU.S. Treasurybonds:

Year to Asking Price  Interest
Maturity (Rate/1000) Rate (%)

1Year 0.996 10.5
0.997 10.5
2 Year 0.923 10.75
0.987 11.2
3 Year 0.993 11.8
1.061 12.0
0.883 10.0
4 Year 1.102 12.6
0.889 10.2

ObjectivefOptimization

You wantto minimizeyourc | i énitidl ibvestmentwhile coveringhis cashflow needsoverthe
nextfive years.In otherwords,you wish to know the minimum amountof cashthatshouldbe
allocatedamongall the availablebonds which will maintainthe requiredcashinflow overthe next
five years.
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TheWorksheet
To getstarted] e exéamsinethe BONDSworksheetLook it overfor aminuteto seehowi t 6 s
designed.

The BONDS Worksheet (Part 1) Before Optimization

‘Wae- =2 BONDS.xlsx - Microsoft Excel ESSEl™ )
“ Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 e o O ES
Al - Jx | AVAILABLE M
A B c D E F G H =
1 [AVAILABLE Year of Asking Interest Units  Investment/ —
2 BOND OPTIONS:  Maturity Price Rate  Purchased Bond Issue Year of
3 Maturity
4 1 0.996 10.5 0.0 50.00 1
5 0.997 10.5 0.0 50.00
6 2 0.923 10.75 0.0 50.00 2
7 0.987 1.2 0.0 50.00
8 3 0.993 11.8 0.0 50.00 3
g 1.061 12 0.0 50.00 =
10 0.883 10 0.0 50.00
(il 4 1.102 12.6 0.0 50.00 4
12 0.889 10.2 0.0 50.00
13
14 TOTAL COST:-" $0.00
15
16 Year 0 Year 1 Year 2 Year 3 Year 4
17 Amount Covered 50.00 50.00 50.00 $0.00 $0.00 —
18 Mot>= 7 MNot>= 7 MNotz= " MNot== 7 HNot»=
19 Cash Flow Meed $17.00 $62.00 $23.00 $35.00 $62.00
20
21
22 -
4 4 » M| BONDS /¥3 4] I | 20
Ready | 3 | |Elo D 100% (=) [} {+)

[ ]

A.Determiné\djustableCells
Adjustablecellsarethe unitsof bondspurchasedor eachbondquoted(E4:E12).

B. DefineBest

TheBestpossiblesolutionis the particularmix of unitsof bondspurchasedhatresultin minimum
initial investmenin cell F14.Examinetheformulafor the Total Costcell: SUMF4:F12).This formula
sumstheamountinvestedin eachbondissuedfor eachof the nine bondsoffered.

C.SpecifyConstraints

The constraintsn this problem(B18:F18)requirethatthetotal cashinflows in B17:F17(i.e., from the
interestand/orprincipalincomeeachyear)remaingreatefthan-or-equatto cashoutflowsneededer
periodin B19:F19.
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ThecellsB17:F17 ,AmountCovered containsformulasthataddthe cashreceivedrom bondinterest

paymentsaswell astherepaidprincipal (whenapplicable)or eachyear.This IncomeStreamis

detailedin cellsl4:M12 andappearsasfollows:
The BONDS Worksheet (Part 2) Before Optimization

Hd9--= 002 BONDS.xlsx - Microsoft Excel ESREE™ )
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! < @ o e E2
Al - Je | AVAILABLE v
F € H I J K L M I
| 1] Investment/ Income Stream —
2 Bond Issue Year of Year 0 Year 1 Year 2 Year 3 Year 4
3 Maturity
< 50.00 1 0.0000 0.0000
5 50.00 0.0000 0.0000
6 $0.00 2 0.0000 0.0000 0.0000
7 $0.00 0.0000 0.0000 0.0000
8 $0.00 3 0.0000 0.0000 0.0000 0.0000
g $0.00 0.0000 0.0000 0.0000 0.0000 =
10 $0.00 0.0000 0.0000 0.0000 0.0000
1 $0.00 4 0.0000 0.0000 0.0000 0.0000 0.0000
12 $0.00 0.0000 0.0000 0.0000 0.0000 0.0000
13
14 F $0.00
15
16 Year 4
17 50.00 L
187 Mot »=
13 562.00
20
21
22 -
4 4 » M| BONDS -~ ¥1 4 [ i [ » 1]
Ready | B | |Eo D 100% (=) {+)

[

Forinstancesupposéhatin the beginningof year0 your clientinvestsin 10 unitsof a 10 percent3
yearU.S. Treasunpond(seethebondlistedin C10:F10)A i 1 0 wduldthenbeinsertedn cell E10.
Eachunit representa $1000facevalueor principal.

Thus,in the currentyear,your clientwill receiveaninterestpaymeniof $1.00,0r 10 units* .10rateof
interest,ascalculatedn cell 110 (E10*D10/100) Nextyearandtheyearafter,hewill continueto

receiveinterestpaymentof $1.00(J10andK10). In threeyears whenthebondmatureshewill

receivearotherinterestpaymentof $1.00andadditionallya repaymenbf the principal of 10 units, for
atotal of $11.00ascalculatedn cell L10 (E10*(1+D10/100)).
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Y o u daweeadyto solvethe modelandfind the bestpossiblesolutionto this problem.
The BONDS Worksheet (Part 1) After Optimization

Waes e E2e BONDS.xlsx - Microsoft Excel ESSEl™ )
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 9 o O ES
Al - £ | AVAILABLE v
A B c D E F G H e
1 [AVAILABLE Year of Asking Interest Units  Investment/ —
2 BOND OPTIONS:  Maturity Price Rate  Purchased Bond Issue Year of
3 Maturity
4 1 0.996 10.5 450 $44 .82 1
b 0.997 10.5 0.0 50.00
6 2 0.923 10.75 10.7 $9.90 2
7 0.987 1.2 0.0 50.00
8 3 0.993 11.8 45.6 $45.30 3
9 1.061 12 0.0 50.00 =
10 0.883 10 0.0 50.00
" 4 1.102 12.6 0.0 50.00 4
12 0.889 10.2 56.3 $50.02
13
14 TOTAL COST-" $150.04
15
16 Year 0 Year 1 Year 2 Year 3 Year 4
17 Amount Covered $17.00 $62.00 $23.00 $56.74 $62.00 —
18 F === F === F e F e F ==
19 Cash Flow Meed $17.00 $62.00 $23.00 $35.00 $62.00
20
21
22 -
M 4 » M| WBI Status | BONDS %2 4] il | » [1]
Ready | 3 | |[EE @ 100% (=) {J (+)
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Wh a Bedtlseturnsatotal costof $150.04million, with only onecashsurplusin Year3 of $21.74

million. ThelncomeStreanmfor eachbondalsoappearsn its optimizedform:

The BONDS Worksheet (Part 2) After Optimization

ol 50 |

Ellld9-C-=Z 1= BOMDS.xlsx - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 9 o @ 22
Al - £ | AVAILABLE v
F G H | J K L M M e
| 1| Investment/ Income Stream —
2 Bond Issue Year of Year 0 Year 1 Year 2 Year 3 Year 4
3 Maturity
4 $44 82 1 4.7250 497250
b $0.00 0.0000 0.0000
6 $9.90 2 1.15629 1.1529 11.8779
7 50.00 0.0000 0.0000 0.0000
8 $45.30 3 5.3834 5.3834 5.3834 51.0055
9 50.00 0.0000 0.0000 0.0000 0.0000 =
10 50.00 0.0000 0.0000 0.0000 0.0000
" 50.00 4 0.0000 0.0000 0.0000 0.0000 0.0000
12 $50.02 57387 5.7387 5.7387 57387 62.0000
13
14 $150.04
15
16 Year 4
17 $62.00 o
18 ==
19 $62.00
20
21
22 -
4 4 » M| WBI Status | BONDS . ¥J 4 | il 30
Ready | 3 | |@|§|E| 100% (=) Y (¥)
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Lockbox_Location

FilenameLOCKBOXLX TYPELINEAROPTIMIZATIO

TheProblenmWords

As acorporatecashmanagenor officer of abankwhoseclientsmustdealwith the problemof
optimizing collectionsfrom customerdocatedat largedistancegrom your homeoffice, you must
decidewhereto locatepostallockboxessothatc u s t odemositsahbe creditedwith aminimum
of expenseausedy mail delay(or i f | toi antwhde)minimizing operatingcostsassociatedvith the
locations.In addition,eachcustomemustbe assignedo exactlyonelocation.

Background

Your customerslocatedin Seattle Los AngelesHouston Philadelphig andMiami, whosedeposits
mustbe creditedwith aminimum of float time, may be assignedo potentiallockboxlocationsin New
York Atlanta Cincinnati Denver or St.Louis It mayalsobe morecostefficientto assignthemto the
homeoffice.

ObjectivefOptimization
Eachcustomemustbe assignedo a postallockbox,soasto minimize the sumof float-time expense
andmonthlyfixed operatingcosts.
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TheWorksheet
L e toensthe LOCKBOXsamplefile andlook atits designandformulas.

The LOCKBOX Worksheet Before Optimization

r 1
Fd9 -2 TE LOCKBOX.xlsx - Microsoft Excel o 50 )
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! 2 @ o @ R

Al - 5 CHOSEN LOCKBOX LOCATIONS & CUSTOMER : v
A B C D E F G H | J K L M a
1 [ CHOSEN LOCXBOX LOCATIONS & CUSTOMER LOCKBOX ASSIGHMENTS
2 Manthhy
Z Proposed Lockbox Locations Cash
4 | Customer Home Flow L
5 |Locations lew York Atlanta Cincinnal Denver Seattle  Office ™ (3000) W
6
7 Seattle 0 0 0 0 0 0 5000
] Los Angeles 0 0 0 0 0 0 5000
] Houston 0 0 0 0 0 0 5000
10 Philadelphia 0 0 0 0 0 0 5000
11 Wiami 0 0 0 0 0 0 5000
12
13 |Cpen? 0 0 0 0 0 0
14 |Cost/Month: 51,300 8575 51,000 S1,100 52,000 20
15 |Fixed Costs 20 50 20 50 20 20 20
16
17 |Variable Costs 20 50 20 50 20 20 20
18 |Daity Cost of Capital: 0.027%
19 TOTAL OPERATING COST: ¥ 50
20
21 AWERAGE MAIL DELAY BETWEEN LOCATIONS Sl
37 | Customer Home -
38 |Locations lew York Aflanta Cincinnal Denver Seattle Office Box?
39
40 Seattle === === === === === =z= F Mot == El
41| Los Angeles =»= =p= =p= =»= === =»= ¥ Nots=
42 Houston === === =>= =>= =»= =x= " Note= hd
4 4 » M| LOCKBOX %1 |I|1| il | b m
Ready | = | |[EIE @ 8o (=) Y (+)

(s -

In cell C18,the Daily Costof Capital is enteredIn this example the costwascalculatecbasedon a
hypotheticall0% annualratefor a 360-dayyear,proratedto .027%daily. This figure is importantin
calculatingthe expensalueto float time causedoy mail delay.

In H7:H11,the Monthly CashFlow from eachcustomelis shown.CellsB27:F31displaythe average
mail delay, in days,betweerncustomersitesandproposedockboxlocations.In G27:G31 theaverage
delayfrom cugomerlocationsto the homeoffice is found.Finally, in B14:G14 thefixed operating
Cost/Monthassociatedavith eachpotentiallockbox siteis enteredNotethatno fixed costspecificto
thecreditingof depositss asociatedwvith the homeoffice (cell G14),sincethisis partof theassumed
costof doingbusiness.

A.Determiné\djustableCells

The adjustablecellsindicatewhetheror not cashis to be routedfrom a given custometto a proposed
lockboxlocation(B7:G11)andwhetheror notalockboxis openedata givensite (B13:G13).These
cellsdisplayafigure to showif a customeiis assignedo alockboxlocation(1) or not (0).
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B. DefineBest

Thebestcell is the sumof all operatingandfloat costsin H19. A costsummarybrokendowninto
subtotalof fixed andvariablecostsis foundin A15:H19.L e tlodksattheformulasusedto determine
thesecosts.Corsideringfirst the variablecostsassociatedvith alockboxin New York City, the
formulain cell B17is:

(B7*B27*$H$7+B8*B28*$H$8+B9*B29*$H$9+B10*B30*$H$10
+B11*B31*$H$11)*1000*$C$18

Thus,for the NYC lockbox,the averagamail delayfrom eachcustomeiocation (B27:B31)is
multiplied by the cell indicatingwhetheralockboxhasbeenassignedB7:B11,azeroor aone),then
by theamountof cashflow from the givencustometocation(H7:H11). The sumof theseproductss
thenmultiplied by 1,000,to compensatéor thefactthatmonthly cashflow figuresareabbreviatedy
threedigits, andby the Daily Costof Capitalin cell C18.

Fixed costsarecalculatedsimply by multiplying the costper monthfor eachproposedockbox (cell
B14in thecaseof NYC) by thecell indicatingwhetherthelocationhasbeenopened B13).

Thesecostsperlocationareaddedto producesubtotalsn cellsH15andH17. The sumof the
subtotals;Total OperatingCosts appearsn H19, the objectivecell.

C.SpecifyConstraints

Theconstraintsareof two types.First, cells B40:G44preventa customeifrom beingassignedo a
locationwhereno lockbox hasbeenopenedForinstancemovethe cursorto cell B40 andobservehe
formulathere(WB (B$13,">=", B7)). It requiresthatB13,a 1 or 0 dependingon whetheror notthe
New York lockboxis openedpe greaterthanor-equatto B7, a 1 or O dependingon whetheror notthe
Seattlecustomelis assignedto the New York Lockbox. Thevaluein B7 cannotbe greaterthanthatin
B13. If the Seattlecustomeiis assignedo alockboxlocatedin New York, thelocationmustbe open
or elsethe constraintin cell B40 will beunsatisfied.

Theconstraintsn cellsH40:H44ensureghateachcustometis assignedo alockboxby requiringthat
thesumof lockboxassignmentfor a given customeibe at least1.
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With all constraintsn place,w e Oreadyto solvethemodel.

The LOCKBOX Worksheet After Optimization

r al
Fal™| =2 LOCKBOX.xlsx - Microsoft Excel o 5 )
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 @ o O ES

Al hd I CHOSEN LOCKBOX LOCATIONS & CUSTOMER : %
A B C D E F G H I J K L M a
1 | CHOSEN LOCZBOX LOCATIONS & CUSTOMER LOCKBOX ASSIGNMENTS
2 Manthly
3 Proposed Lockbox Locations Cash
4 |Customer Home Flow =
5 |Locations lew York Atflanta Cincinnal Denver Seattle Office ™ (3000) W
6
¥ Seattle 0 0 0 1 0 0 5000
(i) Los Angeles 0 0 0 1 0 0 5000
9 Houston 0 0 0 1 0 0 5000
10 Philadelphia 1 0 0 0 0 0 5000
11 Wiami 0 1 0 0 0 0 5000
12
13 |Open? 1 1 0 1 0 0
14 |Cost/Month: 51,300 8575 51,000 S1100 52,000 20
15 |Fixed Costs 51,300 5575 g0 %1100 20 20 $3,375
16
17 |Variable Costs 51,350 $1,350 20 55400 20 20 58,100
18 |Daity Cost of Capital: 0.027%
19 TOTAL OPERATING COST:-F 511,475
20
21 AWVERAGE MAIL DELAY BETWEEN LOCATIONS il
37 |Customer Home -
38 |Locations lew York Atflanta Cincinnal Denver Seattle  Office Box?
39
40 Seattle == s= == == == == T =s= %
41 Los Angeles == »= == =>= =»= =x= 7 ==
42 Houston »= P =p= =p= =p= =z= 7 === A4
4 4 » M| WBI Status | LOCKBOX ~#3 1] i | ]
Ready | B | ([EE|C & s0% (=) [} {+)
s a4

After optimization,Wh a BeStkhasreturneda minimizedcostof $11,475n cell H19 andthe optimal
solutionrecommendshatlockboxesbeopenedn New York, Atlanta,andDenver.

Note: Thismodelis anexampleof a classof modelsthatreturnsnaturallyintegeranswersven
thoughthe adjustablecellshavenot beenspecifiedasinteger.Sincethe useof 0/1 integer
adjustablecellscancausedramaticincreasesn computatiortime, it is bestto usenaturally
integermodelswhenevelpossible Spacehereprohibitsa detailedexplanatiorof this
phenomenoninterestedeadersnay referto Chapter8, Introductionsto Operations
Researchby Hillier & Lieberman,7thed.,from McGraw-Hill, andto Chapterl4,
OptimizationModelingwith LINGO, by Linus Schragefrom Duxbury PressThe lattertextis
availablefrom LINDO SystemsCall (312)988-7422for moreinformation.
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MarkowitZortfolioProblem

FilenameMARKOWIXLX TYPENONLINEABPTIMIZATIO

ApplicatioRrofile

In theMarch, 1952 issueof Journalof Finance Harry M. Markowitz publishedan article called
Portfolio SelectionIn it, hedemonstratetiow to reducethe standardieviationof returnson asset
portfolios by selectingassetsvith pricesthatd o rfléctuatein exactlythe sameways.At thesame
time, helaid down somebasicprinciplesfor establishinganadvantageouselationshipbetweerrisk
andreturn,andhiswork is still in useforty yearslater.

TheProblenmWords

Y o u éonsideringnvestingin threeassetandhistoricaldatarevealthatthereturnfrom eachasset
hasfluctuatedovertime. You wantto reducevariability, or risk, by spreading/our investmenbverthe
threestocks.

Background

Fromthe historicaldata,you havecalculatedan expectedreturn,the varianceof thereturnrate,andthe
covarianceof thereturnbetweerthe differentassetsVarianceis a measuref thefluctuationin the
returnd thehigherthevariancetheriskier theinvestmentThe covariancds ameasuref the
correlationof return fluctuationsof onestockwith thefluctuationsof another High covariance
indicateshatanincreasdén ones t o ceturdis likely to correspondo anincreasen theother.A low
covariancaneanghereturnratesarerelativelyindgpendentanda negativecovarianceneanghatan
increasdan ones t o ceturdis likely to correspondo a decreasén the other.

You haveatargetreturnof 15%.Whatpercentagesf your fundsshouldyou investin eachof the
threeassetdo achievethis targetandminimizethevariance(or risk) of the portfolio? As anadditional
safetyfeature you decideto investno morethan75%in anysingleasset.

ObjectivefOptimization
Theobijectiveis to determinethe percento investin eachassetvhile minimizing risk of the entire
portfolio.
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TheWorksheet
L e tlodksatthe MARKOWITsamplefile assupplied.

The MARKOWIT Model Before Solving

HE9 c-2E MARKOWIT xlsx - Microsoft Excel ESRRERE )
Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! 2 e o @ R
Al - J= | STANDARD MARKOWITZ PORTFOLIO PROBLEM hd
A | B C D E F G H | J K L ;
1 [STAMDARND MARKOWITZ PORTFOLIO PROBLEM —
2
3
4 Percentage Upper Covariance Matrix
5 Invested Bound Return Asset 1 Asset 2 Asset 3
6 Asset 1 01%" == 75.0% 30.0% 30 1.0 0.6
7 Asset 2 0.2%" == 75.0% 200% 1.0 20 -0.4
8 Asset 3 0.3%" == 75.0% 8.0% 0.6 -0.4 1.0
9
10 % Invested 0.6%"MNot=100.0%
11 =
12
13 Desired
14 Portfolio Return

15 Return 0.1% Mot >=  15.0%
16 Variance”  0.00

22 -
M 4 r M| MARKOWIT %2 nEN il | 1
Ready | B3 | |Eo D 100% (=) [ (¥)
A.Determiné\djustableCells

TheadjustablecellsareB6:B8, the Percentagesnvestedn eachof thethreestocks.

B. DefineBest

Thebestsolutionis the onethatminimizestherisk of theentireportfolio. In the Markowitz model,a

p o r t fvariaricas dsedasthe measuref risk. Usingthevariancegivesarelatively greatempenalty
to outcomeghatarefar from the mean.

Thevarianceof a portfolio is:

é'l'ia'inXj.S‘ij

éwher e:

X is the percentaginvestedin Asset

S, fori,] isthecovariancébetweerAssets andj

1]

fori=j isthevarianceof Asset
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Thisis computedoy meanf the following formulain cell B16:

(G6*B6"2+G7*B6*B7+G8*B6*B8)+(H6*B7*B6+H7*B7/2
+H8*B7*B8)+(16*B6*B8+I7*B7*B8+I8*B8"2)
C.SpecifyConstraints
Therearethreetypesof constraintsn the Markowitz model.Thefirst, in C6:C8,requiresthatno

percentagénvestedn anysinglestockexceedhe UpperBoundfor eachstockof 75% (D6:D8). For
example C6 hasWB(B6,"<=",D6).

Thesecondjn C15,is WB(B15,">=",D15).This requiresthatthe combinedreturnon thethreeAssets
(B15) begreaterthanor-equalto the desiredreturnin cell D15 (15%).

Thethird, in C10,is WB(B10,"=",D10). This requiresthe sumof the percentagemvestedn each
stock(B10) addupto 100%(D10).

Now, | e sobvethe model.After solving,the WB! Statusworksheewill openin orderto showyou
the Nonlinearitypresentwarning.(This warningcanbe shutoff from the GeneralOptionsdialogbox.)
Your solvedmodelnow appearsasfollows.

The MARKOWIT Model After Solving

X 2 A= MARKOWIT xlsx - Microsoft Excel BRIl )
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! < @ o e E2
Al A J | STANDARD MARKOWITZ PORTFOLIO PROBLEM A
A | B C D E F € H | J K L I
1 [STANDARMD MARKOWITZ PORTFOLIO PROBLEM —
2
3
4 Percentage Upper Covariance Matrix
b Invested Bound Return Asset 1 Asset2 Asset 3
6 Asset 1 18.3%" <= 75.0% 30.0% 3.0 1.0 0.5
7 Asset?2 24 8%" == 75.0% 200% 1.0 2.0 0.4
8 Asset3  569%" <= T5.0%  8.0% -0.5 0.4 1.0
g
10 % Invested  100.0%" = 100.0%
1 =
12
13 Desired
14| Portfolio Return
15 Return 15.0% " === 15.0%
16 Variance 042
17
18
13
20
21 B
22 -
M 4 » W[ WBI Status | MARKOWIT .~ ¥J el w ][]
Ready | 5 | |[ERIE & 100% (=) [ (+)
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Wh a Be8tseturnsa minimizedvarianceof 0.42.

An interestingexercisds to solvethis modelfor differentlevelsof DesiredReturnin cell D15,
recordingthe portfolio varianceat eachstep.A graphof theresultingdata,illustrating the tradeoff
betweerrisk andreturn,is calledthe efficient frontier.
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Portfoliowith TransactiorCosts

FilenamePORTCOSXLX TYPENONLINEABPTIMIZATIO

ApplicatioRrofile

As the expectedeturnandvariancef eachassethangethe optimalporffolio is almostcertainto
changeAdjustingyourinvestmentsvith every changemay cheerup your broker,butthe commissions
or transactioncostswill slowly erodethevalueof your portfolio. Typically,t h e amdiassociated
with eachsaleor purchaseUsingthis model,you needto takethesetransactiorcostsinto accountin
calculatinghow to adjustyour portfolio.

TheProblenmWords
Accordingto your estimatesyour currentholdingswill yield a12.2%return You areinterestedn
adjustingyour portfolio to lower the variance yet achievea returnof atleast9.5%.

Background

Your portfolio currentlyconsistsof 50% of Assetl, 30%of Asset2, and20% of Asset3. You paya
transactiorfee atthe beginningof the periodthatis a percentagef theamountboughtor sold. The
transactiorfeeis 1.0%for Assetl, 1.5%for Asset2, and2.0%for Asset3. You haveestimatedhe
expectedeturnandthe covarianceermsfor eachasset.

ObjectivefOptimization
Theobijectiveis to determinethe percentto investin eachassetvhile minimizing therisk of the entire
portfolio.
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TheWorksheet
L e tlodksatthe PORTCOSBamplefile.

The PORTCOST Model Before Solving

aee 2 A= PORTCOST.xlsx - Microsoft Excel ESRRERE )
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! 2 e o @ R
Al - J= | PORTFOLIO WITH TRANSACTION COSTS hd
A B C D E F G H | J ;
1 |PORTEOLID WITH TRANSACTION COSTS —
2
3 Transaction
4 Cost
b Return Rate  Begin Sold Bought End
6
7 Asset 1 9.0% 1.0% 50.0% 0.0% 0.0% A0.0%
8 Asset 2 135% 16% 30.0% 0.0% 0.0% 30.0%
9 Assetd 180% 20% 200% 0.0% 0.0% 20.0%
10
11 Covariance Matrix End Value Desired =
12 Asset 1 Asset 2 Asset 3 Port. + Retumn End Value
13 112.2% 7 == 109 4%
14 Asset 1 25.0 25 0.0
15 Asset 2 25 150.0 40.0 Proceeds Cost of
16 Asset 3 0.0 40,0  256.0 From Sales Buys
17 0.0%" =»= 0.0%
18 Variance” 35.54
19
20
21 B
22 -
M 4 » ¥ | PORTCOST /¥J 4] il | »[]
Ready | B3 | |Eo D 100% (=) [ (¥)

(s -

A.Determiné\djustableCells
Theadjustablecellsarethe percentagesf eachasseto be Boughtor Sold in cellsE7:F9.

B. DefineBest
Thebestsolutionminimizesthe varianceof the portfolio. Thisis accomplishedn cell B18 by means
of thefollowing formulaexplainedin the previoussamplemodel:

(G772*B14+G7*G8*B15+G7*G9*B16)+(G8*G7*C14+G8"2*C15
+G8*G9*C16)+(G9*G7*D14+G9*G8*D15+G9"2*D16)

C.SpecifyConstraints
Cell E13calculateghe valueof the endingportfolio plusthereturnoverthe periodwith the formula:
(1+B7)*G7+(1+B8)*G8+(1+B9)*G9

Theconstraintn cell F13, WB(E13,">=",G13),ensureshatthe End ValuePort. + Return(E13)is
greaterthanor-equaitto the DesiredEnd Value(G13)of 109.5%of the original portfolio value.
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The cashrequiredto buy anyassemustcomefrom sellingsomeassetThe Proceedd=rom Saless
calculatedn E17 by theformula:

E7*(1-$C$7)+ES*(:$C$8)+E9*(1$CS9)

Theconstraintin cell F17, WB(E17,">=",G17) requireshe Proceed$rom Salesto be at leastasgreat
asthe Costof Buysin G17,calculatecby theformula:

F7*(1+$C$7)+F8*(1+$C$8)+FI*(1+$C$9)

Now, | e sobvethe model.After solving,the WB! Statusworksheewill openin orderto showyou
the Nonlinearitypresentwarning.(This warningcanbe shutoff from the GeneralOptionsdialogbox.)
Your solvedmodelnow appearsasfollows:

r

(s

i d

= al=

The PORTCOST Model After Solving
PORTCOST xdsx - Microsoft Excel

| o |

“ Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2 @ o e E2

Al - F= | PORTFOLIO WITH TRANSACTION COSTS v
A B C D E F G H | J :
1 [PORTEOLIO WITH TRANSACTION COSTS —
2
3 Transaction
4 Cost
b Return Rate  Begin Sold Bought End
6
7 Asset 1 9.0% 1.0% 50.0% 0.0% 281% 781%
8 Asset2 13.5% 1.68% 30.0% 17.6% 0.0% 12.4%
9 Assetd 18.0%  2.0% 20.0% 11.3% 0.0% 8.7%
10
11 Covariance Matrix End Value Desired =
12 Asset 1 Asset 2 Asset 3 Port. + Retun End Value
13 109.5%" =»=  109.5%
14 Asset 1 250 2.5 0.0
15 Asset 2 25 150.0 40.0 Proceeds Cost of
16 Asset 3 0.0 40,0  256.0 From Sales Buys
17 284%" === 28.4%
18 Variance! 20.85
19
20
21 B
22 -
4 4 » M| WBI Status | PORTCOST .~ ¥J 4] il » [1]
Ready | B | |[FElO @ 100% (=) [} (¥)

In the optimalsolution,you areholding 78.1%o0f Assetl, 12.4%o0f Asset2, and8.7%of Asset3.

Theseamountsarepercentagesf the valueof your original portfolio. You maynoticethatthe

percentageaddto only 99.2%ratherthan100%.Thisis because8% of thevalueof theoriginal
portfolio hasgoneto the transactiorcostsrequiredto shift your investmentevels.Note alsothatthe
variancehasbeenloweredto 20.85from 35.54.
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Portfolio- MinimizingdownsideRisk

FilenameDNRISKKLX TYPENONLINEABPTIMIZATIO

ApplicatioRrofile
An obviousobjectiveandcommonstrategyin investingis to minimize therisk of losingground.This
modeldemonstratekow to accomplistthis.

TheProblenmWords
Y o u @éansideringnvestingin threedifferentassetsYou needto determinehow muchto investin
eachof threeassetso minimizetherisk of havingto sell your basebaltards.

Background

You haveforecastdor the expectedeturnof eachasseundersevenequallylikely scenario® there
is atransportatiorstrike, interestratesrise or fall, cropsfail, Cubswin the World Series,Bulls win
NBA finals, etc. You know thatif youinvest100%of your capitalin Asset2, the averagaeturnunder
all possiblescenariogyour expectedeturn)is 19.9%.

You planto live onthereturnfrom your portfolio. After figuring your living expensesyoufind thata
returnbelow11%will forceyouto startsellingoff your belovedbasebaltardcollectionto live in the
mannetto whichy o u BecoeneaccustomedCall that11%yourthresholdreturn.

Thereturnon Asse® is belowyour thresholdreturnof 11%in a coupleof scenariosandunder
Scenario/ you actuallylosemoneyon your portfoliod perhapgorcing youto sellthe entirebaseball
cardcollection.While the 19.9%returnis very appealingthe thoughtof partingwith evensomeof
yourbasebaltardsis frightening.Y o u @ecidedyouwould like anaverageor expectedeturnof at
least13% (call this your desiredreturr), butyouwantto minimizethelikelihood thaty o uhaveto
sell off someof thosevaluablecards.

ObjectivefOptimization
Theobjectiveis to investfor a profit while minimizing therisk of diminishingyour basebaltard
collection.
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TheWorksheet
L e tlodksatthe DNRISKsampiléfile.

The DNRISK Worksheet Before Solving

A.Determiné\djustableCells

Theadjustablecellsarethe percentagesf your capitalto investin eachof thethreeassetsin cells
C4:E4,andthe percentagesf DownsideRiskfor eachScenarioin cellsG6:G12.

B. DefineBest

Thebestcell is the averageof the sumof the square®f the downsiderisk percentage@19). Thesum
of squaress usedto increaseherelativepenaltyon outcomeghatarefar belowthereturnthreshold.

C.SpecifyConstraints
Therearethreekinds of constraintsn this model.

The Forcing Constraintsin 16:112 force the DownsideRiskfor eachScenario to be eitherthe
ThresholdReturnminusScenarioReturnwhenthe ScenarioReturnis lessthanthe ThresholdReturn
or zerowhenthe ScenarioReturnis morethanthe ThresholdReturn.For example the formulain 16
is:

WB(G6,">=",$E$16F6)


















































































































































































































































































































































































































































































































































































