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Preface

Wh at 6 ® B ars daddin to Microsoft® Excel® that alows you to build large scale optimization
models in a free form layout within a sposheetWh a t 6 ® Banbine$ the proven power of
Linear, Nonlinear (convex and naonvex/Global), Quadratic, Quadratically Constrained, Second
Order ConeSemiDefinite, Stochastic, and Integer optimization with Excel@&e most popular and
flexible busness modeling enkdnment in use todayWwh at 6 ® B&Gsincludes major solver
enhanceents to increase speed and reliability on broad classes of models.

Wh a tNévwsin Release 17

C Support for Multiple O bjective Optimization
0 Support has been added to dlenmultiple objectives for linear aridteger models
using a strategy known as Lexicographic/Preemptive optimizafihe feature
allows the user to spegifan ordered list of objectiveg/h a t 6 sviB sequentially
solve the model by optimizing the lajective, then constraining the 1dijective
to its optimal value and optimize the 2nd objective, then constgathe 1st and
2nd objectives and optime the 3rd objective, and so on down the objedibt.

C Improved Support for using Network and Cloud Drives
o A feature has been added thow users to more easily solve models stored on
network and cloud drives.

G Improved Support for Excel® Functions
0 Support for the SUMIFS() formula has been added.
0 Support for the SUMIF() formula has been extended.

C Improved User Interface
0 The format and layout of many dialog boxes have bs&mmplified with smarter
choice of defaults but with no loss of functionality.

C Simplified and Improved Installation Process
0 The new smart installation process checks fobB2/s 64-bit Excel® and installs
the appropriate version automatically.
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C Support for User VBA Progress Callback

0 This feature has been added to allow userddime a callback procedurévia the
VBA interface)for accessing the progesformationduring thesdution process

C Global Solverlmprovements
o Improvedperformance for models with converncave functions

0 Models with ratio/fractional terms, including MIRend to solve fastegometimes
order of magnitude.

o Non-convex quadratically constrained models solved substantial faster.
o Improved recognition and exploitation of convexity of various composite functions,

e.g,

In(a+ b * exp(x)) WBLOGABEXPX
In(as * exp(xy) + ... tan * exp(X,)) WBLOGSUMAEXP
In(expky) + ...+ expk)) WBLOGSUMEXP
xNd(b - X) WBXPOWDIVAB

C Significant Speed Improvements on Quadratic/Caic Models
0 Support has been addfmd exponential and power cones.
0 The models witle* andx* terms ae solvedfaser.

C Integer Solver Improvements

0 Better performance on many integer models has bebevad through improved
selection of default settingsrfout generation and solution hréstics.

C Improved Performance on Linear Models
o Enhancements to tH&implex solves allow linear models with many more variables
than constraints to solve in a friaat of the time previous releases required.

o Performance febeen improved for lirle madels when using multiple cores with
concurrent execution of Primal, Duand Barriersolvers.

Pleag do not hesitate to contact us if yoave problems or questions. As always, we welcome your

feedback and suggesti®. TheWha t 0sH® development team wishes you tBest in all your
optimization endeavs!

Copyright ©2020, LINDO Systems, Inc.






1 Geting Sarted win
Wh aBedi! s

Whats Whad 0 s Be st ! ?

Wh asBe&t!makes avaable to youlExcel® spreadkeet prograna highly developed seér capable
of peforming linea and nonlinear optimmation on tke most difficult of prold ms .  BAstived s

you acess tahis solver from withinExcel®, and mayeither berun drectly orcalled from within
Visual Basic®.

People in business, finanagience, math,mMmany othef i el d s Bestevaliagat ndodel

and solve problemin productionfinancial plaaning, persamnel scheduling, resource alldican,

portfolio managementtock cutting, inventorycanr ol é 1t 6 s a | wilhwanttoiadklt t o wi
your own appication. To demonstta sane of tre range of application®f What'8est! sample

modelsare pravidedwith the software and many arepdained inChaper 8, Sampé models.
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Optimizatiddodels

Optimizaton hdps youfind the answer that yids the most desible resuld the ore tha attains the
highest profit, outpt, or hajpiness or the o that achieves the lowesbst, waste, or discomfort.
Often trese problems invee making themost efficient usefoyour resoucesd including money,
time, machinery, sff, inventoy, etc.

Optimization problems are classified bnear @ noninear depeding on whether the relatiships in
the problem are linear viitrespect to thearables. WhésBest!can solve bth linear andhonlinear
problems, withoptional integerestrictions For nore nformation on optimization and tlselution
proces, pleasedfer to Overview of Mathematal Modeling Foraddtional reference, we recommend
the LINGO textbook, Optimization Modehg with LINGO, or the LINDO textbookOptimization
Modeling with LINDO, bath by LinusSchrageand available through LINDO Sysns.

NonrOptimizatioMoels

Non-optimizationmodels do nbhavea cel defining an objective functiorhat is tobe maxmized or
minimized A common purposefeuch models is to solve an eqoati .  \VBls#ldarffisd values
that satisfy sets afqudions orsatisfy circular refereges. Similarly, Wi a BeStkan find values to
accomplish a desired resdlt commonlycalledgoal seekig or backsolving. The samgpmodelFlow
Network Modelings anexample of a howptimizationmodel.

Models witimteger Restimbs

Users frequenyl need tdind answers thatonsist of whole unité.e., variables expressible as
integes). In personnescleduling, fa example, the mosffici ent useof workers may call for 37
persons on ahift, but i s iadli td fihd .37 of a person who isgable of neanindgul work.

Ther e f or Bestlalwsybudosrestrict values to be whalembers (or gemal integes). Binary
intege (0/1) restrictions can also belp#il in yes/no o on/off decisons.
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System Requirements

Toinstall and run Vi a BeBtscheck that yau have the following:
Software

§ Microsoft® Windows®10 or prevous Windows® XP, Vista®, B

§ Microsoft® Excel®32-bit 2019 / Office365®, and previous versions 2002003, 2007,
2010, 20132016

8 or MicrosoftRExcel® 64bit versions 219 / Office365®, or older2010, 20132016with
latestServie Packs

8 MicrosoftRExcel®, PCoversion
8 Microsoft® .NET Framework 4.0
Hardware

8§ PentiumclassPC
8§ 500MB of RAM
§ 50 MB of free diskspace

An Internet conaction is rguiredtodom | oad t he | at eBedt! Yauean d&so acomtacto f Wh a
LINDO Systems to obtain aopy. Add-ins, library and executablfiles from LINDO Systems are
digitally signed. Addional information can be found in &installation Owerview
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InstallatiorOverview

To get up and running quickly, firstose all programs and simply riiB-WINDOWS-17.0.exeand
follow the prompts in the dlog boxes that follow (see Sectitmstallation for more information on
installing withWB-WINDOWS-17.0.zip.

The setup ppgramoffers Default and Spedfied instalation. The Default instdlation option analyze
your sy$em for the critical informatbn requred to successfully install Wha®est! When you selet
Default as the insallation fpe in the initial dialog box, the aduh file is copied into a directory
entitled Library within the man Excel® directory.

The Specifiednstallaion option is available for situations that requimore infomation from he user
and for uses whoprefer controlling the details ohstallation. See the section eted Installation for
more information.

Default installaton is recommended for most einonmerts. However, we recommend you select
Spediied installation under he following situatons:

8 You have more than one copy/releat&xcel installed on your syste.
§ Excel is installed orangwork server rather than a latdrive
§ Your system runs on a ndinglish versio of Window®.

If you areupdatingfrom an arlier release, the location that you sggedor the program files may
affect tow your existing moels ae interpreted. @refully read the information displayedduring
installation, as well as tHeocation of tle AddIn Files and Updaté.inks section.

As the last step in installing WhaBest! Excd® will open and you will finda nev toolbar
(What'8ed!) and menu(WB!) speific to the WhatBest progran. These are discussed in thee
What'sBst! Environnent: Menu andToolbarsection. If you do not find tWWB! menu present, pleas
goto Tools|Addinsa n d ¢ h e c ksBestiheatry 6rWihrainstalling WhaBest!

You may be ppmpted for alicense ley the first time the softwareuns Pleasecopy-andpastethe
license key received via eihdirectly into the spacprovided (Ctrl-C to copy,Ctrl-V to paste)

If you would liketo run a trialversion of WhaeBest! (150 constraints,(® varidles, and 30 integers),
nolicense key isequred, and just click Trial here

If you havemisplacedyour license key, yowill needto contact LINDOSystems.
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You cannow startbuilding and stving models usig the What'Best!menu ad toolba, integrated in
the Ribba bar in Exced verdon 2Q16:

HOGFEED xlsk - Excel Lindo Systems m]

g_ Share

0O = HE®E -

File Home Insert Page Layout Formulas Data Review View Developer What'sBest! Q Tell me what you want to

U &CMEkEAdJuStEmE U |« Minimize U <= Less Than +o1* [ntegers ~ &:F’ Language English M
K¥ Remove Adjustable |2 Maximize = Greater Than | |¥/ Options ~ [# Register
Adjustable Best Constraints
= Equal To > Advanced ~ @& Check Update
Model Definition Services ~

Al g F3 v

A B c D E F G H J 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 12.0 119 418 521 00 Mot>= 210  $1.00
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 m - 1 + 1003
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In Excd® version 2002the menu and tobbr show as follow

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 h e \BbhsHlhtabastive Environment

Wh a Bestwofferstwo interacive methodd¢o accesscoma n d s , t Best!mewhaad tabsir.
This section descrés hav to effectively use this terface.

In Exce® versiors 2007 and later, Wa'sBest!showsanadditional tab in th®ibbonlayout:

'|._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 versian 20022003

1) TheWh a Be&!snenu(WB)) is embedded in the nraExcel® menu balandappears as
follows:

File Edit ‘iew Insert Format  Tools  Data  iindow Help

The WB! menu comains all the cormards discussed iA B C @asicFunctions and
Additional Canmands

2) TheWhai Best!toolbarcan float on youscreeror be repositioned to a gegred part of
the Excel® window andappeas as follows:

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

Thebuttons on théoolbar correspod to the menu commandsijustableé , Besé ,
Con st r,ard Sotveswhichare dscussedn A B C @asic Functions
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Of these two aass methods, the Whasst meru provides for full interadte use ofthe entire range
of What'8est!commands. For fagr access, the WhaBgst!toolbaroffersrapid oneclick access to
the mosttonmonly ugd operations T h e B&Stiteolbad also mads tool tips available. Tiearn
the function of a particutdodbar button, just move # cursor overtte button for asemnd and a
statement ofthe buton's function will appeaas follows:

Yhat'sBest! -

x
ki kx (iz <= = = | ®
nimize

WhenWhat'8Best! is firstinstalled, the following event$isuld occur:

1) the WhatBest!addin is loaded;

2) the What'8est!menu is inserted ithe Excel® meun bar; and

3) thetoolbar appears in fldmg (urdocked)mode. The user mafen repositiorthe What'8est!
toolbarto a preferred part of the Excel@ndow.

To remove the tdbarfrom view, either go to WBToolbar orto View|Toolbars orthe main Exced
menu bar andncheck the WhatBest!toobar. Reverse he process to retnithe toolbar taview.
Shoubl you wish toremove the WhatBest!toolbar, you would use View|ToolbaGjistani z e é
command, select the VitiBest!toolbar, and pres&ié Delete butto. You would the have to reinstall
What'8est!in orderto restore the tobhr.

Wh a Be8tadvises tle user as tdts progress via the Excel® statinar displayed at the bottoof the
Excel® window. This banormadly displays "Ready", buflisplays othemessages wheritker Excel®
or WBesttispasformingsome activity thaimay be prolonge

For further informato n o n t Bestladdtim,aseebesAddins section.
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Develpinga Mo d e | I n What

T he sABrédtepsWh aBest!s
There are lhree steps tsetting up a model to be solved What'8est! Throughouthis help file,
you'll find them eferred toagain and again. Weall them theABC's Adjustabé, Best, and

Constraint$:
A. Identify Adjustable Cells. Theadjustable cellsarethe cells inthe waksheet that

What'8est!can adjust ints quest for aalution. In mathematical ppgrammnig terns,
these are calledariables. Thes can be deifned using ¢her the menu command

(Adj u s ) a thé teotbar buttor K3 K

B. Define Best: Thebest cellis thegoal, or objectve, of your solution. Tyggally, this isto
maximize or minmize an adjustdé cell or some functionof the adjustable cells.
What'8Beg! allows only onébest cellin the model. Ndest cell is rededvhenequation

solving orgoal seekingThe menu comman(Be s ) of thetoolbar baton ([’ ) can

beused to define thieest cell.

C. SpecifyConstraints: Theconstrairt cels identify any limitationsn amodel For
example, "Rawnaterials useth production mstbe lessthanor-equalto raw maerials
on hand". The conaint cells endrcethese estrictions.They are defined by either the

meru commandC o n s t r)arithetbotbar buttons <= »= = ).

Onceyw 6 gpecf i ed t he ca#nBdbe& ) youravarksheet mdeland find the best
ansver to yar probdem.

(
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TUTORIAL

This tutorial will introduceyou to What'Best!by showing yothow to solve a simple lirae problem
called theXYZ Produdbn Problem. You should operhie sample probimfile XYZ.XLSocated inthe
WBdirectary in your C: drive so you can firsh formulaing the modein this tutorial (The other
sampé models have been complgtéormulated for you and are réyato solve).

Please note thahe followingdiscussion useExcel® naming conventiongsuch & $C$5%$D4)
throughout.

The XY 2roductioProblem

XYZ Corporationbuilds two computer modelsthe Standardand theDeluxe The Stadardhas a
profit per unt of $300, andhe Deluxe haa pofit per unit of $500The twomodelsare produced
from three componentshe Standad computer éwer, theDeluxecomputer tower, rzd a hard drive.

Stndad Modgl Deluxe Mogglﬁ

\ \
Profit per Unit: $300 $500

Problem Wha combinationof Standard and Deluxe cqmter tavers wil maximize XYZ's pofit
from the ompments carently in sbck?

Unless specified otherwise ding installation, theX'YZXLSfile was copied to theé/B suldiredory. If
y o u h a vadyndodne soagmtheXYZXLSsame file:
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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 |Product: Standard Deluxe
4 PROFIT:
5 |Quantity to Produce: 0 0
6 50
7
8 |Profit per Unit: 5300 5500
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
15
19 -
XYZ ) q 3
Ready 3 HH - 1 + 100%

Examire the layout antbgic of the model. Youmight want to experiment with variu $vh &t |
projections. For exmple try to adjust theQuantty to Producen bothcells(C5 and D5), so as to
maximize proft (G6) without allowing yaur Total UsaggE15E17) toexceed the nonber of
components in stock (G151@3).

For example, a sensdproduction plan might be to makasmanyDeluxemodels as paible (since
thes yield the hjhest per unit profit). Ten, withwhat & left, make as marStandardmodek as
possibe. This prodetion plan would use all SDeluxecomputer towers (E16), Z2Bandard computer
towers (E15), ad al 120hard drives (E17)wrently in stek. It would resilt in a total profit of
$31,000 (536). However, this solutin can be improw by using Wha t Bésd!.

f

?0
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The ABCOS

Now,lesap | v t he ABCdéskeetbd otwh ih ® wBgsfipmidéssou wth the best
possble arswer.

A. DetermeAdjustable Cells

In this examplewe first want WhatBest!to adjust the value foQuantitiesto Produce for both
models ofcomputer (in ells C5:D5). WhésBest!requires that nutrers beplacedin all adjustable
cells. You may snply enter 2roes in thes cells, although any number wslliffice. Next, specify that
cells C5 and D5 are adjustablg sekcting both cells and dier:

1) choo®Adjus t a bfilora the WB! menu, and cliclOK, or
KX KX
2) usetheMake Adjustable =™ todbar buttonor ¥~ to Remoe Adjustable

If you use theV/B! menu to accedhe Adjustabledialog box,y o lundtice that theAdjustabé dialog
box has $C$5:$D$5, ehcurrent seldion, entered ithe Refers Totext box.In the dop-down box,
the defaulsettingMake Adjstable is dready sele@d, so you need only clicRK. Wha'sBest
identifies an adjstable cell by applying ar\djustble style, distinguished by default font olor of
blue (asavisual reminder) and Uocked @l 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
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B. DefinBest

XYZ Corporation's goal is to maximizgrofit, which may be expresset:

Total Proft = (Quantity d Sandard Models Producéd
TIMES (Profit per Unit of Standrd Model3
PLUS (Quantity of Deluxe Moels Producejl
TIMES (Profit per Unit of Deluxe Models
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Thisformula appears in cell G6 as §€8+D5*D8. This is the sumpuduct of C5:D5 ad C8:D8, and
could also be entered aSEMPRODUCTC5:D5C8:D8). This funcon can be espeadly useful
when doing gnilar operations on larger ranges.

To make G6 thebjective pest cell), movehe arsorto that cell anckither:
1) chooseBest..from theWB! menu, seledviaximize and clik OK, or
2) use heMaximizetoolbar buttor |.* .

If you usetheBestdidl o g box vi a t hesthante night textypaxutite Bestdialog bok ¢
indicates £$6,the arrent selection.

The Objective (Best Cell) in XYZ

(Zxlsy - Excel  LINDO Systems O

Devel | Help | Foxit | Team What'| © Tellme & !

L

=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 congraintsfor this problem ee that theTotd Usageof components (E&:E17) must be lesthan
or-equatto the number in stock (G5X517).

The formula forTotal Usaye of Stardard tower componerstis =C5*C15+D53D 15. Cells E1GndE17
have similar formlas forthe Delixe tower and hardrives.

To spedy the congtints, highight the range F15:F17, then che@o n s t r feom theVeBé
meny and clickOK. Note that tk Constraintsdialog box has E5:E17 enteredsLeft-hand sig
(LHS), =G15:G17 enteredsRightHand Sde (RHS)$F$15:$817 entered iBtore in:, ard <= (less
than-or-equatto), being the defaylis entered as the constrtype. Alternately, you may eshe <=

toolbar button afteredecting the rage to store theonstraints. Se& h e  Af@® @idre 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 v 0 60
16 |Deluxe Tower 0 1 of” 50
17 |Hard Drive 1 2 of” 120
18

19

XYZ ) 1

Ready oo Count: 3 H M - |
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Att hi s poi nt mmdrze ivatsve Haveidené darf s u
The XYZ WorksheetBefore 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 céls: This les What'Best know that he spreadsheet cells denoting
Quartity to Producg(C5:D5) arethevariables and can therefdoe adusted as
What'8est!seés an optimal asver.

B. Define Best As XYZ'sgoalis to maximize prdf, the total pofit (G6) was specified a
the objective of optimization.His calls for maximizing thvalue of the formula in cell
G6through nmanipulation of the alues in the gdstable cellsC5:D5).

C. Specify Constrants: XYZ's limitations ae simplythat Total Usageof inventory parts
(E15:E17)be lessthanor-equatto the total Number in StockG15:G17) These
constraints are spe#fd by means ahe formulas irF15:F17.
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Now, you are rady to slve the XYZ modelwith What'8Best! Whenyou chooseSolve from theWB!
menu or pres ¥ on the toolbg the What'8est!solver s stated and the solvetatus window

appears like the one shivn below:

2T LINDO Systems. Inc.
21[W]| Capyright ©2018 - 54-bit

Lib.;12.0.3977.32
Salver Status
todel Type:
State:

Iterations:
|nfeazibility:

O bjective:

Extended Solver Status
Salver Type:

Best Obij.:

Oby. Bound:

Steps:

Active:

e What'sBest!® Solver Status - 64-bit

What'sBestl® 16.0.0.0 [Feb 19, 2018)
Lic.: Extended

Classification Statistic
Category Current
Mumerics:

Adjustables:
Integers/Bin.:
Farrnulas:

Constraints:

Monlinears:
Coefficients:

Ohbj. Direction;

Activity
Extracting Data...

Reading File
Elapzed Runtime

00:00:01 |

Hold / Interrupt

pod

b airnuam

Help

The solver statusvindow contains useful iofmationaboutthe properties ofgqur model and th
progress 6What'8est!toward a solution. The informaticabout model properties Mlvalso appear on

theWB! Statusworksheettab added to your wkbook after te model is solvd,s o

donét worry

window dees n @nhain fong enouglof you to readhte nformaton it contairs. See th&olvesection
for detaled information about theokser status window.
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The workshet soon reappeas indicatingthe highest podsie profit:
The XYZ WorksheetAfter Optimi zation

) = 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 possilpeofit attainable given yauesurces and constraints.
It also tellsyou the appropriatquantities to ppduce and theotd usage of each compaomte Notethat
profit is now $33,00- considerably highethan the $31,000 attained by simply building as many
Deluxe models as possible.

What 61 Bes

I t s of t epioreyosireoptimization maeldrom various agles. For example, what if you
learnthatthe 20 Deluxe computer towers remainfrgmt h e  VBbhsH#answer foundbowe (G16-
E16) will be obslete after thewrrent productiomun? In that case, it might lbetter to maximize the
utilization of this irventory than to maximize profit. Try this by makiiigtal Usageof Deluxe
computertowers (cell E16) youbest cellto be maximized. This is dongy selecting c¢lE16,
choosingBest...from theWB! menu, clickhg OK and then resolving.
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What'8est!will maximize the value of cell E16 without regard to the former objective of maxgnizi
Total Profit. Note that the multing production of 50 Deluunits completgl exhausts the clolete
inventory, but that profihas dropped from $33,0@6 $25,000.

Now, suppose for financial reasons profit must be at least $32,000. This constrdietroamually
entered by simply {ying =WB(G6,">=",32000) in a@nvenient cell (i this case, let'use H6)

Optimizing again wit the new constraint in @te results in thproduction of 40 units of each model, a
profit of $32,000, and a surplus of 10 Det owers.

Working While Solving

This simple model solves very quicklWhile larger models arglving, you may wat to do other
work as you wait for your solution.

If you want to work in Exca while your model is being solvethenjust minimize the modelding
solved and pen another copgf Excel (or whatever applicatih you wish to you use).ir8ply leave
the mirimized Exceb icon on the taskbar at the bottom of the screen, and your modebwitue to
solve in the backgund.

The Next Step

The A B G:@asic FunctioeandAdvanced Functionsectiors explain the What&est commands in
depth.To learn more about the principles of optimization modekeg, Overview of Mathetical
Modeling If you'd like b mowe on to more sophisticateoroblems, seBample Models
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This chapter describes how to uke tiree basic commandkatareusedin building almost every
model f Bestt WWaHd o 1t dfeenr asAdjudabde, Bef, Cdnstraints. The three
commands i@ the first commands at the top of the malB! menuitem on theExcd® menu. In

addition to themenucommands, you may use tberresponding tolbar buttonsoh h e \VBhs#t 6 s
toolbar.

The setions below include in geth discussion ofie use of these commands:

Adjustableé K% KX
Constrainté <= »= =

After you have cread your model by setting up the B C,&/su canSolve % your waksheet model
andfind the best aswer to your problem.

20
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Adjustable.

Thedialog box posted by th&djustablecommandappers & follows:

Adjustable X
| Make Adjustable j
Refers to:

| sas1 =

Help | Cancel | (8] 4

[ 4

This commandllows you to seproperties of slected cells in your workbookpecifically, it is used
to identify to WhatBest!t he cel Il s t hat may be adjustettht by t he
optimizes the objective celhile satisfying all constrats.

Enter the rage of cells whos properties you wish to settime Refers Tofield (thecurrent selection
of cells is already entered). Next, select the property you wish to apply tokhé&ae the dropdown
list at the topof the dialog box. You &wve the followingoptions:

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

Seebelow for more detail on these options. ClickiDi will apply the change in pragpties.

Make Aljustable =

SelectMake Adjustbleto specify the range indited in theRefers Totextbox as adjustableells.

Before What'Best!can solve a problem, it must know what cells it camgkan its search for the
optimalsolution. These are the adpable cells. By dfault, What'Beg! assumes the adjustable cells
can be set to any neregdive value.

Adjustable cells, also called decision variables, usually represent quantities oliester which
you have direct autrol. Traditionally, mathematians refer toliem as variableSome examples
might be:

§ the nunier of televisions to pratte
§ the amount ofmoney to be spent on advertising
§ the number of shares to purchase of a particitak
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§ the location of your nebsewice facility
Inapproprige adjustable ck would bethings you have no control ovesuchas:

§ the total demand faelevisions

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

§ the local buildng restrictions

Cells containingequdions are also inappropite as adjustablzells. What'Beg! cannot rewrite an
equation (khough the value returnday an equation wilchange, if the equation depends upon any
adjustable cells).

What'8est!will not alter the contents of cells spéed as adjustable that coiieequations, tetx or
blanks. Inother wordsthe cells must beumeric Therefore, be sutt® enter a numeriealue in each
of your adjustable cells.

Note: When the adjustable quality is djgal to a cell, WhatBest!assigns apredefinedAdjustable
style to the cell. Tis style is autmatically made available to eaohyour What'8est!
modek and can be custdred €4g., font color) as you wish.

Remove Adjustable «
SelectRemove Adjustable reurn an adjustableell to its fixed (nonadjustable) state. By dailt, a

cell is fixed unti it has been spefiéd as adjustable. When you instruct WHzd'st!t o r emove a
adjustable stus,the Adjustablestyle is renovedfrom the cell and you wlisee the font dor revert

from bue (or the font color you defed for theAdjustablestyle) to the originatolor.

After solving a model, you may wish uBemove Adjustable fix some of tie adjustable cells at their
new \alues turning them into conants, and solvegain for the remiaing adjustable cells.

Make Adsgtable & Free or Remove Free

Select tlis totake the referenced cellacether set them as adjustaland free (capde of assuming
negative as well as positive vals) or remove their fregadus. Making thiselection and clickin@K
will post theFreedialog box to facilitate setting oemoving the free status. For fher dscussion, see
the sectia entitledFree

Refers To

Specify therange of cells thadre to be made adjustable or fixed in this text box by using the button on
the right edge to bring up a cursor foell selection. Alternatelyyou can accept thcurrently selged

cells, which WhatBest!'hasautomatically placed irhis box. You can ab type the correct cell range
directly into the text box

Note: Adjustable cellsisould not be lockd or hidden on protected sheet.
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Free

The dialog box posteby selecting th&lake Adjustable & Free or Remove Fre@ymand in the
drop-down list h theAdjustable dialog borppeas as follows

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

By default, adjstable cells are restréxl to being greate¢hanor-equatto zero. However, you may
override this default lower bound of zeyo an adjustable cell by makinigfree. Adjustable cells that
may assume nege¢ as well as paitive values are referred to fasevariables. To crde an adjustable
and free cell(s), specify the cell or cell range you wish to ghamthe Refers tofield. Then,ente a
name in th&-REE Nams in Workbookfield. You can chage any combination of lettersrfgour
range name. Onceithis done, pressintheAddb ut t on ¢ aBest!® assighiMWBEREErange
name to the selectalls, which will appear in thadt on the Free dialog box. Finstance, if ya

us ed t hBeu ynSeenhd F&EE Namest in Wkbook:text box, a rangaameWBFREEBuySell
would be assigned to the selected cells.

If the cells are already adjustable, yeanmake them adjustable anddrbyfollowing the steps above
Alternately, ifyou are removin@ free variable designation fargiven cell rangesimply select the
name of the range to remove, and presPidletebutton

A negative adjustable cell negserting the number of telesions to produceould not be meangful.
However, there are scemas in which allowing aradjustable cell tassume negative values would be
appropriate. For example, if you have the abiliteither buy or sell a stock, yocodd create a single
adjustble cell repres#ing your decigin to buy/sell shares. A posiéiwalue would representeh
amount to buy and negative value the amount to sell.

For more information, see thejustablecommandabove.
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Best...

For optimization models, you must def at least one best cgkbquationsolving and goalseeking
models do not require a best cell, as discussed below). The besbostimes cadld the objectivefo
optimization, is the dewhose value is to be minimized or maximized during optimizatitime best

cell must be amdjustable cell oa formula depending upon an adjustable cell defining exactly what it
is you want to opimize.

The twomost common objaives of optimization moels are to minimize cost or maximize profit,
but you can choose tmaximize or minimize angdjustable cell oany equation that depends upon
one or more adjustable cells. Other frequent targetsmioimization ae waste, confligttime
required, surplus,and risk. A maximization cell could be something tangible, anatau
representing totaludput, or somethingess concrete, such as a calculation to estimate employee job
satisfaction or the eftdiveness of cusmer service.

In a scenario with multiplgoals, you can either

1 employ the multi-objective optimization faare of What'sBest! (avaible for linear prblems
with\without integer restrictions), or

1 convert the problemot a model with one géctive. To do so, consider maxiing or
minimizing one @al and constraining the others or combining goals into a singiatien to
be maximized ominimized. For exmple, if the goals for your factory are to maximize
production oybut and minimize cost there are clearly traddfs between the two goals. You
can choose to:

1) Maximize output while constraining costs to besldsan some value;
2) Minimize costs while consdining output to be greater thaome level; or

3) Combine your goals into a single eqoatand maximize total value ofi¢ output
minus the cost.

Both of the single and multiple objective cases are describaetail below.

SingleObjedtiveOptimization

If the user selects oreell, the dialog boxposted by th® e s todmand appears as follows:

Best ®

Minimize v| | sas1 =

Help | Cancel oK

This command is used to spkydhe cell in your modeo maximize or minmnize.
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Select the objective sense you wish to apply from the-dommn box on the left fothe dialog box.
Possible direabn options are:

1) Minimize

2) Maximize

3) None
Then, enter theellyouwishtoet i n the text box on Bdstdefauitsght of
to entering theurrent selection. Clickin@K will define the best cell.

Minimize or Maximize - -

SelectMinimize or Maximizeto specify wiether your objectivesitodetermine the smialst or largest
. . : I
value for the best cell, respectively. These choices may also be miagethie Minimize +— and

| A
Maximize *— toolbar buttons.

None

SelectNone to void any peviously specified best cell. If no besell is specified in a nuel,
What'8est! will try to find a ®lution that satisfies all constraints and relationships in the model
without trying to maximize or mimize any particular celThis is referred to agoalseeking or
backsolving.

If you solve a model in which no bestll has been spiied, a "No BestCell Specified" warning
appears in the status report after the sofugirocess has completed. Thismiag is intended to ndii
the user that the spéication of a best cell may have beemdwertently omitted. You ay turn this
warning on or off by theNo Best Cellcheckbox in theGeneral Optionsdialog box posted by
Options...|Generatommand.

Cell range

Specify the cell to benaximized or minimized in this text bdy using the button on ¢hright edge to
bring up a cursor for cell selection. Alternately, you naagept the currently selectedllc which is
automatically selged by WhatBest! You may also type the cell raego be specified as the best cell
diredly into the text box

Mutiple ObjecéyLexico/Premptive Priority) Optimization

Wh a Be8tallowsyoutos peci fy two or mobtexiobp eOpi vppessead dt h &
we are maximiing three ofectives. The Lexico optimization approach is to:
+ Maximize the 1sbbjective;
+ constrain 1stlgjective to its optimal &lue;
+ Maximize the Bd objective, subject to the constraintthe 1st objective,
+ constrain 2nd obgdive to itsoptimal value;
+ Maximize the 3rd objective, subject to the consteagnt the previous 2 objectives,
In Goal Programming, thisind of optimization is alled Preemptive Priority optimization.
If the user selects mutlie cells, the dialg box postedy theB e s todmand appears as follows
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Cijectve Cels:

Mnimze | SASL:GASS -

Cancel |
[ 52t Tolerance =

-

This command is used to spacithe cells in your model to mawize or minimize and the
corresponding optimalitiolerances.

Minimize or Maximize - -

Selet Minimize or Maximizeto specify whether yauobjective § to determine the smallest or largest

value for the best cell, respectiyeThese choices may also be deausing theMinimize - and

| A
Maximize *— toolbar butbns.

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

Objectiwe Cells

Specify the range of #e to be maximized or mimized in this text box by usinthe butte on the
right edge to bing up a cursor for celieletion. Alternatly, you may accept the default range, which
is automatically selected by Wha&é&st! You may also type the range délis to be specified afe
best cell directly into theekt box. Tte specified range shoultk a contiguous singleow rarge or
contiguais column range of cells. If it is a row range, the optimization order is from leghto If it

is a column rangéhe order is from top tdown. Depending upon the diremti of optmization, the
row ranges called either WBMAXLEXor WBMINLEX.

You are also allowed to set absolute and relative tolerances for each objective. Thesplaylves
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 objecfunction from its true optimal
value in the fomulation of the next subproblem. Higher values allow a wider range of
adnissible solutions. CheckintheSet Toleranc&ox displays the tolerance cells as follows:
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R —
| Minimize j [ $ASL:5A%54 J

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

Absolute:

You can specify the absolutptimality tolerance correspaing to each objective. You can select
either nothing or a range with the same size asattecblls range

Relative:

You can specify the relative optimality tolerance corresponding to each objective. You can select
either nahing or a range with the sanmsze as the best cells range. If you seleching, these
tolerances are set taby defadt.

During the sole proces, 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 folles <=

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 canmandis used to spefyi the resource constraints in your model.

To define a costraint, you must supply the léftnd side of theconstaint, the righthand side of the
constraintand the host cell where the abraint should appear. These go ialleft Hand Side (LHS):
RightHand SidgRHS); andStored in:fields, respectively.

Then, seleck= (lessthanor-equatto), >= (greaer-than-or-equal-to), = (equaitto), <c= (convex),
>c= (concave)z=c (convex) in order tospedfy the direction oftieconstraint. If no type is selected,
WhatsBest!will default to <= (lesghanor-equatto). SelectingNonewill clear tke cell. ClickingOK
will apply the onstraints.The user can explidit specify the constraint convexitg theSolver, by
integratirg a“c" in the direction; see thgsage Guilelines for Coatraintspart for additional
information. You needbe corcerned vith <c= or >c= only if using the Ghal solver.

Note: Wh a BeSthkises the loose inequality operators mitlthan the strict inequaty operators of >
(greaterthan) and < (lesthan).

Left Hand Side (LHS):, Right HandR%i#®):, and Stored in

Specify the cells or ranges to be constraifrethese texb o x e s . BeSthtrmpids automécally
fill inthes boxedased upon what the current seleti® Thecells just to the lefof the currently
selected cellare eteral asthe LeftHand Sieé o the constraint. fie cells just to theght of the
currently selected cellare enteredsthe RightHand Sideof theconstraint The currently selected
cells become the Stored in: rangesplayed When a row is selected,ist assume the cel$ justabove
the rowarethe lefthand side and #hcelk just bdow are the righthand side of the egtion.
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If these & not he ranges of cells you want, you capecifythe cells orrangesy usingthe button on
the right edge ofachtextbox to bring up &ursor for cell selectiowor type the rangs in However,
you shoulduse the followingable when selectingcellsor rangs:

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

*You can relate a lefhand sile range to a single rightand sidecell or a
right-hand sideange to a single lefhand side cell.

WhatsBest!insertsa worksheet function called/Bin the host cell(s)specfied in the Stored In:text
box (also knowres the constraint cells). By ckiig on one of the constraint cellsdhlooking at the
Excel® formula box, you can see thW¥B function thatwas created. & example, select the B1 cell,
choo® the WB|Constaintsé commanl, and pres®K on theConstraintsdialog box to insert the
formulasWB( A1, fi<=0, C1) isfomul@inditates thatitevhlle inB\1 should he
lessthanor-equatto that in C1This could also be accomplished ®esting cellB1 andpressitg the
<= toolbar button or typing theWB(Al,fix = 0 , C1 ) direadlyrintouhe aell.

Although itis typically eaiert o u s e Bdsteeomhnald, dorssints can be eated in a
Wh a BeS8tsnodel by copyig or modifying exiging corstraints. WhatBest!will treat coped
constraint cells the same asy constraint cell created by themeortoolbar Constraintscommand

Note: Itis not recommendetb lock or hide constraint cells ompeotected shet.

PCSDSDP ©nstraint Range

To allow the use of #h SenitDefinite Positive (BP) capability with theLINDO Solver, spedy the
selection of the range matrix to kmonstraired by a Positie SenitDefinite function (POSD)as
=WBPOSD(range). The range defigithematiix should be symmtric with the adjustable cells
typically st to be freeype (althoup not required), and grea than one ell.

A samplecase is provided with the fil@WBPOSDcase.XLSX. This case is basexh a covariance
matrix, and shows thlower tiangular matrixjts constraints, and the natefault optiorkeeping the
guadratic recognition on to minimizedlsum of squagd diferencesAlso, the POSD feature is not
competible with nonlinear constraintnd objective. To retrieve compatityi, themodel needs to be
convex quadratic, with the adjustable sedet to be fretype in the matrix, and the Quadicat
Recognitionshout be tuned on.
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Usage Guidelines for Corstits

In the real world, decishs ae alvays constraineth some fashion. In the steel business,eikample,
you work within a budget to acquire finismounts of oe, cole, alloymetals and power. Orders must
be déivered on time and up to speciitions,or you risk losing busine&uchlimits to doing busines
are referred to as constraints in thegaage of optinzation modeling. With What®est! you can use
theoperdors >=(greaterthanor-equatto), <= (lesstharror-equatto), or = (equato) to express your
particular constriats.

WhatsBest!allows yau to enter constraints using the four fellmg methods:

1) TheConstraintdialog box.

2) Thethree constiat toolbar butons

3) Manually entering constint functions as cell formulas.

4) Using VBA to automatically enteronstaintfunctions as céformulas

The first two methods only lalw the entry écell references (The dialog box rhed offers arerror
checkinginterface for oubf-range and othreerrors). The last two methodiaav you the flexibility of
enteringcompkx expressions as wedlscell references. To learn how to use /B enter consaints,
see the section titlegbCorstraint.

Let'sconsder thefollowing constraints: a resourcerlitation constraint, "Advertisingxpenditures
must be no more than£x$10,000, and a performacerequirement constraint, "Advertising
exposures must bat 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 WhatsBest!model,if an adjustéle cell representing the advertigiexpenditure was in cell B3
andD3 was a fixed cell with a value 0000Q youcould enter theorstraint formula
=WB(B3,"<=",D3) anywherén the spreadseet to enforce the first constraidie've enteredt in cell
C3, where it makes visual sense. Likew in cell C6, the formulaWwB(B6,">=",D6) enforces the
second consaint

Wha'sBest!would thenoptimize so as to satisfy these constimi With B3 skected as the objective to
minimize,the program wi select at ast 100 exposures that add up wlolvest possible expenditure.
With B6 selected as the objective toximaize, the program will skect the highest number of
exposures overQD whose summecbst is less than $10,000.

Alternatively, you coutl do avay with cell D3 and use the formula/#B(B3,"<=",10000). The
Constraintscommand lets you enter singkeell referecesin the lefthand sideandsinglecell
references, singleell rarge names, or Vaes in the righthand side of yourdrmula. When etering a
congraint formula manually, you havedladditional option of enteringneexpression (which evaluates
to a number,notan array) on eitkr side of the Indicator, such a¥#8(B3-B11,"<=", D3+D11)

Constraint Display

Using theConstiint option inthe Displaybox underthd© p t i o n s é ¢o@raam,eyouadn set the
method of consaint display to eitheindicator or Slad. If you set constrat display Indicator mode
(the default), tbn the constrat is shown in the cell by one of thallowing eicht visual indicators:

<=, >=, =<=, =>=, Not <=, Not >=, Not =, or=. If you set Wh#sBest!to display the constraint in
Slak mode, then a numeriealue known as thelackis returned. Thelack is the ammunt by which a
constraint is not viated.

For example,Wh a Beétlsvould display constraint valudmsed upon the following table:

Constraint Slack Mode Indicator Mode
Tightly satisfied 0 =<=
Saitsfied positive number <=
Not satisfied | negative numhe Not <=
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Constraint-related Problems
Constraints must be propgformulated or they can be a soe of problems. Some of the problems
arediscussed below.

Too EwConstraintdJnbounded Solutions

Let'sreturn for a mment to the XYZ Production model peesed in theTutorial of Geting Started.
Had you forgotten tonclude constraints in the modeidtried to solve, WhaBest!would havegiven
an error messagedicating Solution Status: UNBOUNDED ihe WB! Status wrksheet. An
unbounded solution erraccurs when anodelis notproperly constrained. Profit couléncreased
without limit by prodicing an infinite number of computéi/hat'sBest! knows you'vdeft out one or
more constraints and indies that the mblem is unbounded.

In an actual pragction situaton, there maybe constraints other than raw madkor component
availability, sut as limited plant capacity or labsuppl. Excluding any of tesecould lead to an
unbounded solution. Ab, What'Best!might give you an unbounded error seagge if you naximize
the wiong cell, or maximize the objectivell when in fact you really waatl to minimize it.

Anytime What'8ed! finds he objective headg toward infinity, you'll receive the Salion Status:
UNBOUNDED error message. For detase the topidJNBOUNDED in Troubleshooting.

No Feasible SolutiofFound- Linear

What if you add aonstraint that contradicts one oora d the existing constrmts? In the XYZ
problem, if you add a redpement that te number of Deluxe computers to bedrced is gregr than
60, What'8est!will return the SolutiorStatus: INFEASIBLE message in tHé/B! Status" worksheet.
The originalcongraint requires that @ more than 50 Deluxe computer towers beduHowever, tis
new constraint requires productiohat least 6 Deluxe compters, exceeding the limitation ofeh
first constraint.

Anytime WhatsBest!can't find a solution to adearproblem that satisfieall constraints, you'll see the
INFEASIBLEerror messagddy examining the state of the corasiits in the eturnal infeasble
solution, you may be able totdemine how to reformulate andrainate the source of infeasibility.

No Feasilte Solution Foundonlinear

In a nonlinear problem, thedution StatusINFEASIBLEmessage may not mean tlisre is no
sdution that séisfies all constraints. It only indates that none can be foundnfrthe starting values
you've entereth the adjstable cells. If/ou know or suspect there is a feasiblewaer to the prolem,
enter adjustable cell valuesatlyield a feaible or neaffeasible solution and try solvingoin that
starting point. Alternatiely, using the Global Solver optionay relp.

One other possiblourse to follow is to view the constragnin slack mod rather than Indicator
mode. This hips you deterrime whch congraints are furthest from being sigéd. Then, enter
"educated guees" for the adjustable cells, valubatcau® the constraint® come closer to being
satisfied, and trgolving agairfrom these starting values.




ABCs 33

Explicitly Specifying Convexity to the Solver

One of the important esiderations for the solver imfiling a global optimum is the explaiton of

convexity. Inlaymardb s t er ms , i f an convexithen aarafully impilemented bl em i s
Ahill cdaichalgethmga valleyfinding for a minimization problemyill find a global

optimum. Moregenerally, if the feasible region@®nwex, hen any strict loal optimum can justifiably

be declared algbal optimum.Our solver is fairly sophisticated its ability © identify convex

expressions. Nevertheless, theray be some constraints that ymow have convex feasible regions

but you susgect might not bédentified as conveby ours o | v e r BestMllowestsgeaal constraint

types,fik ¢ = 0, afin>dc =i lldwasers to identify constraintedt have convex feasible regions.

For example, suppose we have thest@ints:

X"3 - 2*x*y + y"3 <= 6;
X >=.5;
y >=.5;
The feasike region of this set of constrairtigppens to beonvex The ugr is justified in writing:
X3 - 2*x*y + y"3 <c= 6;
More gererally, if f(x) is any function on th left hard side and the aswrites:
f(x) <c=b;

The solvewill assume thathe feasible set for this constrais convex. Tis istrue fa example if
f(x) is a convex or qusxconvex function. Loosely speialg, a quasconvex function is uamodal; if
you pour water ird it, only one puddle would form. A convéxnction is ale® quasiconvex.

If you have the congintf(x) >=b, ard you krow thatf(x) is a concavéunction then you are allosd
to write:

f(x) >c=b;

Finally, if you have the constint f(X) = b, and you know th&{(x) is aquasiconvex finction then you
are allowed to write

f(x) =c=b;

The nterpretation is that we requifx) = b, however, the feasible regi to the relaxatiorf(x) <=b, is
convex

Similarly, if you hawe the constrairf(x) = b, and you knowvthatf(x) is aquastconcave function then
you are Howed to wrik:

-f(X) =c=-b;

The interpretation is @t we requiref(x) = b, howeverthe feasible region to the relaxatjoef(x) <=-b,
or, f(x) >=b, is convex.
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Soleor | ®

t h eBedtVtoalbiard

on

Once he ABC's (Adjustable, Best, and Ctnadnt cells) have been specifiggbu are ready to solve
your model.Choosng the Solvecommandprompts the WhatBest!solver to begin exaining and
solving your model. During the time thtte solver iscompuing, it displays theSolver 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 gresfor the duration of thedution process, and is updated
periodicdly. Once the slver completes its run, it returnsthe workbookto install anew solution and
inserts a new workeet entitledV/B! StatusThis nev worksheet is referred to as thetstaeport

The status rgort is an easily understood analysis of thodel and sation. It provides a hard copy of
theinformation @pearng in tre solver status window. The sectientitled Getting the Best Results
discusses the information contairiache staus report in futher detail.

You may use thinterruptSoher button on tle solver status window to interrupetsolver whik it is
solving. If you do, you can not expect angeful information to be returdaunless you have an integer
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problem.In the cae of an integeproblem, the best solution to the pointinferruption isreturned. For
linear problems and melinear probéms, he retuned values will not be useful.

Thedefinitions of the informatiomi the WhatBest!solver status boxra stown below.

Model Type: This shows one of six categories your rabfalls into:Integer/Quadratic,
Integer/Nonlinear)nteger/Linea, Quadratic, Nonlinear, Linear For further infomation on these
categories see ¢hsection entitledlinear vs. Nonlinar Expressons and Lineariationin Overview of
Mathematical Modeling

State: This fiows the state of the current solati®ossible sttes ncludeGlobally Optimal,
Infeasible, Unbounall, Feasible, Infeasible or Unbaded, Near Optimal, Locally Optimalpcaly
Infeasible, CutoffNumerical Error, Undetermined, Unknown @in. (SeeOverview of Mathematical
Modelingfor moreinformation onthesestates)

Tries: This shows the current mber of tries or iterations useadl solving the model. The value is
updatedperiodically in the ourse of solving.

Infeasibility: This shove the total amant by which all constraints are vaséd. When ths valie is
reported as zero, all constraints aeisied. However, on integer mets, all integer restrictions may
notbe atisfied.

Objective: This shows the current value of the celbedmaximized bminimized.

Solver Type: This showghe type of pecialzed soVer in use, if any, and will be e#hGlobal,
Branch-and-Bound or Multistart.

Best Obj.: This shows th@bjective value of best fasble solution found.

Obj. Bound: This hows the theot&al bound on the objective for irger or nonlin&r prayramming
models. WhatBest!linitially detemmines this value by solving thegblem without integer restrictions.
It then tightens this boundsit searches more branches of the solutree. The gective bound is
useful informationn that it is alimit on howgood a value the objective can attadn longrunning
models, you nght want to interrupt the solver onttes bestsolution is sufftiently close to the
theoretical limit.

Steps: This showshe number of solver iterations.

Active: This shavs thenumberof pending subproblems to be solved.

Numerics: This shows the totalumber of humeric cells in the model.

Adj ustables: This showstietotal number of adjustable cells in ttreodel.

Integers/Bin.: This shows the number of agfables cellsvith integerbinary restrictions.

Formulas: This shows the number of formula c=ll
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Constraints: This shows the totalumber of constraint cellsn the model.

Nonlinears: This shows theumber of adjustble cells that appear nonlinearlytire model. Wesay
that a vaiable appears nonlinearly in a foula when that formula is nonlineaith respect to changes
in the varable.Forinstance, consiadehe nonlinear expressiofit-Y”2 This expession is nontiear
with respect tdv, but it is linear with respet to X. Thus,Y would be included in the nonlineeount,
while X would not.

Coefficients: This shows the total numbef coefficients in the basell and all formulas dependent
on adjusable cells. Maimaticians refer to this as the numb&nonzero Eemens.

Obj. Direction: This shows the directioof the best cell.

Activity: After the Verifying part, this shows tlséage ofthe solution proessthe solver is currently
performing.

! Extractg Dataé / Check | icense, copy file
{Extracting Dataé |/ Reading file

Extracting Dataé / Storing relevant formul as
Extracting Datrmtbonlist Cr eating | nst

Building the Model é
Solvingé
i Debugying... / Hnding Infeasible Cells or Finding Uhounded Cellsf Debugger requested
!t Writing Solutioné
During the last stage, Whd®'sst!writes the solved values of the askjable cells directly into your
spreadsheet and writes the requestpois.

§
§
§
§

Elapsad Runtime: This shows the length afte the solver has been running in hours, minutes, and
seconds.

Note: Variables or Optimizables is defined as the total numbadpfstable cells, constraint cells,
and cells containing formulas dapdent on adjutable cells that are used by the alijee
function.
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Getting the Best Results

You can obtain the results of your call to solve the modelitner examining the values displayed in
the spreadsheet or by loogiatthe statuseport(WB! Statusand/or the solution repoftvB!
Solutior).

In some cases, such as when you have a pretty good estimatet dievbbjective should be, you

might feel satisfied after inspectinigetbest cell. hwever, even under such ideal coralis, it is a

good idea to confirm that your model solved successfully by examining the status report. The status
report provides detkid feedback about your model and the solution outcome.

If you wish amoredetailed vew of your model, you may requestetsolution 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.geémeation of he status report and
solution reports controlled by settings at the bottom of General Optionslialog box.

If an error or warning situation was encountered that ptedethe solver from running to completion,
then, by default, the sadv gqpens up thetatus report to give you the er@rwarning message. This
message describes the problem the solver encountered and offers suggestions for correcting it. The
user may bange the error and warning situations under which the status repddraticallyopened

at the bottom of th&eneralOptionsdialog 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 Brganized as follows. First, final values for the fields appearitigesolver statis
window are presented. At its coaslon, the status report appends critically important information
such as the solution status. The fields in the report and theicigtié of the returned values are as
follows:

Classification Data
Total Cells This shows thtotal number of numeric cells in the model. These are the cells
useful to the model, containing the Numerics, Strings, and the 1@onst

Numerics This shows the number of cells displaying a numealoe. These a Adjustable,
Constant, and Formulalts.

Adjustables This shows the total number of adjustable cells in the model.
Continuous This shows the number of Adjustable celith a continuous range [0, +infinity[.
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Free This shows the numbef Adjustable ells with a free range;ihfinity, +infinity][.

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

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

Congans: This shavs the number of cells containing enstant 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 usefuthfdato the moel. This
does not count the constanguments within a formula.

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

Constraints This shows the totalumber 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 thatlfismonlineamwith
respect to changes in the vét@ For instance, consider the nonlinear expression X + Y~2.
This expression is nonlinear with respect to Y, but it is linear wiheet to X. Thus, Y

would be counted in the nonlinear count, while ¥uld not.

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

Variables This shows the total number of adjustat¥#dls, constraint cells, and cells
containing formulas dependent orjustable cellghat influence the best cell. This
information appears after an automatic linearization.

Minimum and Maximum coefficients: These g thelargest and smalleabsolute values of
coefficientsappearingn the model.When the ratio of these two valuecbmes 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 tigagieém down. Note that
A<RHS>0 s i gnlHahd Sidse of & dorstrali thge fotation given i§ é gthis
means that no specific cell location is available and that the ceetffigppears in a constraint
added to the model as part of the lineatian option

Model Type Wh a Beét!®xamines your model to determine which of six types your model
falls under Integer/Quadratic, Integer/Nonlinear, Integer/LineQuadratic, Nonlinear,

Linear. For further information on these cateigs see theection entitled_inear vs.
NonlinearExpressions and Linearization

Solution Status Thisfield givesthe status of the final solutiomhe list ofpossible states is
Globally OptimaJ Infeasible UnboundegFeasible Infeasibleor Unbounde¢dNear Optimal
Local Optima, Locdly Infeasible Cutoff Numerical Error Unknown Unloaded, Loadednd
Unknown Error (SeeSolution Outcomein Overview of MatematicalModelingfor more
information).
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Optimality Condition: This shaws the optinality condition for nonlinear modelsither
Satisfiedor Uncertain(SeeSolution Outcomefr more information).

Objective Value: Assuming your madel contains a best cell to be maximized or minimized,
this field diplays its finalvalue

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 @nyextened olver in ug over and above the standard
linearand nonlinear solvers. Possible extended solvers&dodal, Branchand-Bound or
Multistart.

Tries: This shows the cuent number of trieor iteration$ needed tolve the model.

Infeasibil ity : This shows the totaimount by which all constraints are violated. When this
value is reported as zero, all constraints are satisfied. However, on imedels, all integer
restrictions may not be satisfied.

Best ObjectiveBound: Assuming a bestell 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 angxterdedsolver.
Active: This shows te number of pending subproblems to be solegdny extended solver

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

Additional detailedinformationabout your modetan be foud by generating aolution reportYou
can enable the solution report option via 8wdution Reportirop-down box on th&eneral Optbns
dialogbox.




3 Additional Commands

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

sensitivity analysis, identifintegersvariables change the pe or appearance of a report, or locate a
particular type of cell. O#trswill wish to tailor the performance of the sotgeby manipulating
various option settings. Thchapter discusses these additional commands and options

Options and Solvers

Some options in WhaBest!pertain to the overabipeating paraeters of the WhaBest!solvers or
to the user interface and data display. These general options (dtetatien limit or Runtime Limi}
are set in th&eneral Optios dialog box. Other options modulate the performance of a particular
solver. For example, Model Reductiolis a linear soler option and is set in thenear Solver Options
dialog box.

For most models, the default option settings should offer the bestmparice in a standard running
environment. However, as you build ma@@ngdex modelsyou may benefit from trying new opti
settings or be required to change the sedtiogget a valid of good solutiom order to effectively use
the options, the usehsuld understand the fogolver architecture of WhaBgst!and the ypesof
optionsthat are available.

Thefour classe®f solvers available in WhaBgst!arelinear,nonlinear,global, andinteger. The
downloadable and solver suite versions of WBats! are supplied with a linear solver, a nonlinear
solver, global saler,and an intger solver. Larger versions of WisBest!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 simpledegbut it canbe set to dual

simplex or the barriemethod (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 worklso®ke WhatsBest!option rames usually start
wi t h 60WBaxnxdx t h u s alphabeticabyfeom the usdr éefinedames. ThdReset to Default
command resets the workbooktioms, but not options defined in thelvanced Parametsmindow.
Theworkbook optiors areGeneral Options, Linear Solv@ptions Nonlinear Solver Options, Global
Solver Optionglinteger PreSolver Optionslinteger Solver Option@andStochastic Solver

41
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The algorithmsused by the solvers are as followselinear soher in What'8est!uses either a prinha
simplex, dual simplex, or barrier method. T®aver Methodiefault setting oBolver decideselects
the primal simplex method. TR&hat'8est!nonlinear solver uses a generalized reduced gradient
(GRG) algorithm The WhatsBest!global solver combineaseries of range bounding techniques
within a brandandbound framework to find global solutions to roonvex NLPs. Finally, the iager
solver provided in WhaBest!luses a branehndbound algorithmalso referredo as the braneand
bound manager.




ADDITIONAL COMMAND$3

Int e g ;tegerBinary..

Thelntegers...|IntegeBinary command allows you to re&tt your adjustable cells to being integers.
Wh a Bestkallows you b ddine integes in eithetbinary or generalformat A binary integer will

return a zero or

one

wher eas

general integeiTheIntegerdialog 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 rge, specify thecell or cell range you wish to makateger in theRefers totext
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 d@) pressing théddd button

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

in the list on thdntegerdialog box.

If you decide later yo would like to remove the integer restriction, simply selectrteger
command, dtk on the name of the integer rartgeremove, and press tBeletebutton. It is
important to remember that integer restrictions can increase solution times as disttissagction

entitledRuntime Concerns

Refers to

Specify the range

of

cel

S

t h at Bestiwdl autooatitally ma d e

fill the Refers totext box in with the range of the currently selectedscéi this is not the range of
cells you wantyou 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 seldon.

w

I
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BinaryWBBIN

Select theBinary radio button in thénteger Typéox to cause WhaBest!to constrain the current
rangeof cellsspecified in theRefers totext box to have a value of zero or one. Byniateger
variables (0/1) are useful in makiNgs/No, Open/Close, or Buy/Sell decisions and formulating
piecewise linear functions. If a cell is specified as binaryatest!will find the best solution that
returns a 0 or 1 in that cell.

GeneraWBINT

Select theGeneralradio button in thénteger Typebox to cause WhaBest!to constain the ramgye of
cells specified in th&efers Totext box to be a positive, wholeimber. General integer variables

( 0, 1, 2 éysefut whan abseers with fractions are of limited or no value. Some examples are
personnel scheduling, buy/sell decisiamgolving rourd lots, and discrete loading models. If a cell is
specified as generaiteger, WhatBest!will find the best solutionthat returns a whole number in that
cell.

Intege Names in Workbook

What'8est!uses range namesgpecify which cells in a model should be integers. You can choose

any conbination of letters for your range name. Whearthan ge name | 8eglcadds at e d,
WBBINor WBINTto the front of the name to represent, respectively, binary integers andlgene
integers. For instance, if you used the name "Quantity" ilntiegerNames in Workbookextbox for

a general integea range namé/BINTQuantitywould beassignedd the selected cells and appear in

the list on théntegerdialog box.

Runtime Concerns in Integer Problems

The use of integer variables ceansiderably increase the time required to find optimal solutions. In
most nonlinear models that include integer variables, your esasfaeaching an optimal solution in a
reasonable amount of tineeediminishedfurther, unless the problem is extremalgimentary 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 saiutine on
someinteger problems. For details on these @i see the section entitl@ptions..|Integer Solver

Wi
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| nt e dpecidsOedered Set

Thelntegers...|Special Ordered SEimmand allowgou to sipportSpecial 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 cells (multiple selection halding
the Cirl key):

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

= Type 2 - WB5052
[~ Type 3 - WBSOS3

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

Place the function WES0S2 in cell;
| sas1 -

E =

Cancel

Rermove

v 4

LI

Select Any Cells

This reference field allogvyou to select any of the AdjustaloleVariablecells that will be parof the

set. You can select multiple range bydiog the Control (Ctrl) key. Then clickn Add to storeahem
in the List of Selected Cells field.

Special Ordered Set
The properties of the three SOS types are, via the WBSOS#dun

SOS Type

Property

WBSOS1

At mostone varisle belonging taan SOS1 set will be 6.
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WBSOS2 At mosttwo variables in a SOS2 set can beCx If two variables
are nonzero, thethe variables will be adjacent to one another.
SOS2 sets are particulp useful forimplementing piecewisénea
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 theteeleell of thespreadsheet:
=WBSOS1(range referes, ...)

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.

Cadinality

Related to the SOS capability dissed above, WhaBest!also supports cardinality sets of variables
via the WBCARD function. The cardinality feature allows you to Bpecset of variables with a
cardinality ofN, meaning that, at mos\, of the variabés in the set will be allowed to benzero.

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

The syntaxor the WBCARDdeclarations is as follows, writién the selected cell of the spreadsheet:

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

Note: Each variable in a CARD sebunt agairst the integer variable limit imposed in limited
versions of WhatBest! CARD sets arsupported 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 onAdd or Remove buttons.

Place the Function in Cells
Specify thehod rangeof cell you would like to see the SOS or CARIEtion to be placed in the
spreadsheet. WhaBestlautomatically fills this box with the current cell selection.

If the selection akady contains a WBSOSx or a WBCARD function, then WBas#dwill display the
cells argument into the List of SelectedI€&
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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
$A$1 -

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 variable either be 0 or lie within some nonnegative range, e.g., 10 to
20. Variables with this property are said to be seamtinuous. Mdeling semicontinuity in
What'8est!in the past meant hawdrto add an dditional 0/1 variable and two additional coraitts.

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

This will restrict the vagablein the arge references, to be either 0 or to lie witthia range
[lower_bound, upper_bound].

Note: Each semtcontinuous variable will be counted against any integer variable bmytafur
installation.
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Select Any Cells

This reference field allows you select any of the Adptéble or Variablecellsthat will be part of the
set. You can select multiple rared®y holding the Control (Ctrl) key. Then click on Add to store them
in theList of Selected Cells field.

Lower Bound, Upper Bound
This field alows you to sebct the lower and the upper boundshaf Adjustable cells of the set. You
can select numeric values, or cells references. These references cannot be variable numbers.

Listof Selected Cells

This field will list all the cells thatra part of a ®mi-continuous 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 funtiibe placed in the
spreadsheet. WhaBestlautomatically ills this boxwith the current cell selection.

If the selectio already contains a WBSEMIC function, then WHg'st!will display the cells
argument into the List of Selected Cells.
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| nt e Akkdiffereént

Thelntegers.. All-differentcommand allows you to support All Different vables via the following
dialog box:

Select any cells {multiple selection holding Hel

the Ctrl key): o=
$AS1 =

Lower Bound: grEl Cancel

pper Bound;: EDE1

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

Place the function WBALLDIFF in cell:

| sas2 =]

Many models require certain integer variables to be all differedtlie within some range. Variables
with this property arsai to be Al Different. Modeling with all differences in VéisBest!in the past
meant having to add an additional integer variables and constraints.

The syntax for the WBALLDIFF declaration as follows, written in the selected cell of the
spreadshde
=WBALLDIFF (lower bound, upper bound, range referencss, ...

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 variamteaanstraintlimits
for your installation.
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Select Any Gl

This reference field allows you to select any of the Integer Adjustable or Variable cells that will be part
of the set. You can ssdt multiple ranges by holding the Control (Ctrl) key. Then click on Adstdre
themin the List ofSelected 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 referencetsbeavamiable nurbers.

Cells reference mustsal be declared as Integer or Binary.

List of Selected Cells

This field will list all the cells that are part of a Allfferent setYou can modify the list by clicking on
Add or Remove buttons

Place thedhction in Cells
Specify the host range of cglbu would like to see the ALLDIFF function to be placed in the
spreadsheet. WhaBsst!lautomatically fills this box with the currenell selection.

If the selection already contains a WBALLEHN function, hen What'Best!will display the cells
argumeninto the List of Selected Cells.

A sample case is provided with the file "WBALLDIFF_Sudoku.xIsb". This model shows the Sudoku
puzzlecase, where the user fills out a 9x9 grid with the digis, &, ,  @ch digit appears once in:

a) each column,
b) each row,
c¢) each of the nine 3x3 subsquares.

All Adjustable cells should be Integers, and some of the cell entries may-geegified as constant.
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Options..

The Optionscommand allows you to customittee gerating parameters of the WisBest!solvess,
the user interface, how Whetest!runsandhow your model is displaye@hereareseverakub
commands under th@ptionscommand on th&/B menu. They &e:

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 bythesecommands, you can set the options by simply selecting the

options you wold like and clicking théOK button. If you wishto restore the options to their default
values, you shoulduse t¢B! | Opti ons é| Resmenanido t De I &dstloptions a | | Wh
to their default values.
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Opions...|Genedl

The dialogbox posted by th®ptions...|Generatommand appears as follows:

General Options

— Solver
Feasibility Tolerance:

| 0.0000001 Help

— Limits
Iteration Limit (jterations):

Runtime Limit (seconds):

I Nune| Cancel

Mumber of Threads: I 1 i’ I T

SQIVET _:-.EE-;I deatELirlkE

— Display
Constraint: ¢ Indicator

¥ auto Select Free/Int/Omit Ranges
[ Minimize Excel(R) on Solve

[ Hide Status Window on Solve

" Slack Delete Reports

— Linearization

Degree: Solver Decides

;I Delta Coeffident: I 0,000001

Big M Coeffident: I 100000

— Reports, Debuggers and Warnings

Status Report: I Always Created

LI ¥ Beginning " End

Solution Report: I Mever Created

=

Debuggers: [~ Infeasible Constraint [ unbounded Variable
Warnings: ¥ Monlinearity Present ¥ Irrecondlable Constraint
¥ Mo Best Cell ¥ Support Lookup Functions
[~ Reference to Blank Cell [ EditLinks
¥ Unsupported Function [ Hidden Names

v String Argument Present
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The General Optionglialog box contains options that let you cohthe ways in which WhaBest!
displays, processes, aravss information. All of the options in th&eneral Optionslialog are saved
with the workbook and are therefore called workbook options. All workbook options are reset to
default settings everynie you create a new workbook. You may also usdrimet tdefault
command to return all workbook options in the currembdel to their default values, with the
exception of the Advanced Parameters options. Discussion Gfgheral Optiongollows below

Feasibility Tolerance

You can specify the amount of vidlat thatwillbe t ol erated in a model s cor
Feasibility Tolerancdext box. Increasing the feasibility tolerargamn allow you to find a feasible

solution to a model that was previously infeasible. For exanthinging a éasibility tolerance would

be useful if you hava poorly scaled model with very large and very small coefficients that is nearly

feasible (You would know that the model is nearlgsible if you found the slack values to be small).

The bessolution wouldbe to rescale the model, but setting the fabitsittolerance offers a simpler

alternative. By entering a larger feasibility tolerance, you allow the solver to tolerate sliginhicins

violation, such as a few pennies in a budget of-tédrthousandsin order to reach a feasible solution.

The defait value for feasibility tolerance is 0.0000001.

Iteration Limit

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

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

The default vale isNone signifying that no iteration limit is imposed.

Runtme Limit

You can specify the maximum amount of time inaets 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, th#ée solutionsearch is terminated and, if the model contameger

variables, the best integer solution found up to that point is returned. If this limit is encountered and the
model does notantain integer variables, the returned solution is mearsadgMease nathat

returning to any previously establishessbsolution might take some time.

The default value islone signifying that no runtime limit imposed.

Constraint Display
Select Slak or Indicator to prompt WhaBest!to return the slack Vae or indicabr 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 constraindigtains no slack), then Whaasst!will return an equal sig

before the ndicator (i.e., "=<="). If an indicator is nogtsfied at all, WhatBest!will return a "Not"
before the indicator (i.e., "Not =").

Slack mode displays the slack value of eachsteaint. The slack value of a constraint tells you how
close you are to dtisfying the constraint. A positive slack isstamount by which the constraint is
overly-satisfied. A zero slack value means the constraint is exactly satisfied. A negative #exck i
amount by which the constraint is violated. Computhmslack of aconstraint involves simply
subtracting one sidef the constraint from the other side.

The default setting is indicator mode.

Auto Select Free/Int/Omit Ranges

Check this option iffou want theFree, Integer, or Omitranges selected as yorrdl throughany list
of WBesttdéfised named range nas(ghese range names begin with WB). With this option
checked (on), the range corresponding to a particular name is selected windiokyon that name on
the list. This enables you to easitleitify the range corresponding to a particular name.

The defalt setting is on.

Minimize Exe@n Solve
Check this option if you would like Exagk 0 b e mi ni mi z eBestlsolvdr isrenniigh e

The default setting is off.

Number of Threads

Thisfeature willte | | t hBest!'¥8lvex to éus on multiplenteads, so to allocate calculation tasks
on different processes. This number can be set between 1 and 32, depending on the computer
cgpabilities.

The default setting is 1.

There is also a chogfor the theads:

Solver Decides Use the best performingultithreading solver on average (either concurrent or
parallel) for model type when the number of threads is greater than 1; othatwims single

threaded.

Parallel Preferred Prefer paallel over corturrent, but use concurrent if an appropriateafsl solver
does not exist.

Parallel Only- The solver will run the parallel mode.

Concurrent PreferredPrefer concurrent overgpallel, but use parallel if an appropriate concurrent
solve does not exdt.

What
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Concurrent Only The solver will run theancurrent mode.

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

The default setting is off.

Linearization

The inearizationoptions offer significant @formance gains to some nonlinear models by replacing
nonlinear operations with mathematically equivalent linear operations. An &xafrguch
performance gains may be seen in the sample nestiééd Linearization Option and Construction
Cost Estimatio.

Degree

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

Wh a Be&tsWe refer to this process searization

Specify the extenttav h i ¢ h Ba#t!shoufid sttempt to linearize models witte begreedrop

down box. The available options here &averDecides, NonaMathematical andMathematical,
Logical. Under theNoneoption, no linearization occurs. With thMathematicalbption,Wh a Begtks
linearizesABS() MAX(), andMIN() function refeences as wells any product of binary variables and
at mostone continuous variable. Tidathematical, Logicabption is equivalent to thilathematical
option plus it will linearizeAND(), IF(), INT(), NOT(), OR(), SIGN(), SUMIF(), VLOOKUP&nd
HLOOKUR() functions ad all logical operators (<=, =, >=, and <>). dém theSolver Decidesption,

Wh a BeStsvi | | do maximum | inearization if the number
Otherwie ,  WBeat!widl 150t perform any linearizationVh a Be&! slefaults tousingSolver
Decides

The linearization processay add a considerable number of constraints and variables to the
mathematical program generated to optimize your model. The nurhdectoconstraints and
variables added is noted in théB! Satusreport.

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

Wh a Be8tklefaults to aDelta Coefficientoefficient of 0.000001.

Big MCodficient

Specify the Big M value to use during linearizatizvi t h 't hi s t e x BestHimearizes&'hen Wh
model, it will addforcing constraintdo the mathematical program generated tinoige your model.

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

whereM is theBig M Codficientandy is a 0/1 variable. The idea being that, if some activity in the
adjustable cells is occurring, the forcing constraiititdvive y to take on the value of 1. Given this, if
we setthe Big M value to be too small, we may end up with an infiel@smodel. 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 alarge nunber can lead to numerical
roundoff problems inHe solver resulting in infeasible or sobtimal solutions. So, getting a good
value for theBig M Coefficientmay take some experimtamng.

The default value foBig Mis 100,000.

Status Report

Usethe Statufkeport option to specify under what conditiofigny, you would like a status report
created when a model is solved. The available options herdarer CreatedAlways CreatedOnly

on Error/Warning TheNever Createdelection means #t\What'8est!will not insert a status report.
The Always Cratedis selected by default, and WhB&st!will insert a status report worksheet
entittedWB! Statusnto the current workbook evetiyme you solve. By selectingnly on

Error/Warning, What'8est will insert a status report worksheet entittB! 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 titatisptionsselected, and any error messages
or warnings geerated during the last attempt to solve the model. To view the status report, just click
on theWB! Statugab of your workbook. Thenformation presented in the status report is discussed in
the Solve sectia or theSolution Outcomesection inOverview & 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 Rpat checkboxto tell What'8est!you would like a solutiongport created when
the model is solved. The next time you solve, WBats!will generate a worksheet call&¥dB!
Solutioncontainingdifferent listings.

Never Createdthe solver will skip theeport; thisis the default selection.

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

Always Created Detaiffor linear models, there will be additional information for the coefficients
involved in the objective celbfmula, showing the initial values and the relative rangesehsitivity
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 Nonlinbkock of cells, to ease the understanding of the model.
This part may t&e a few moments to be generated.

Click on theWB! Solutiontab to see the solution report.
Here's an example of the solution rep&ktB! Solutiori for the XYZ sample model coveregrlier:

- 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 drangljcincreaseuntimes on large models.

Beginning or End

Seled the Beginningor Endradio button to tell What&est!whether to place any reports (status and/or
solution report) at the beginnirad the worksheet tabs (far left) or at the end of all woekstabs (far
right).

The default is to insert the reportsfa¢ Beginning
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Debuggers

There are two debuggers:

Dinfeasible Constraint this debugger will list the infeasible constrginThese constraints are
contributing to the infeasibilitgpf the model.

D¥nbounded Variable this debugger will listhe unbounded variables. These constraints are
contributing to unbound the model.

Selecting the debuggers may increase the rurtimgyto provide a status report, since the solver has
to identify the prdolematic areas for the constraints and variables

Warnings
These checkboxes allow you to select the warnings you wish to display in the eypaitisThe
warnings are:

DRorlinearity Present warning that nonlinear functions or foutasare preset in the model.

Nonlinear functions can adversely affect the speed and performance of the What'sBest! solver. When
possible, nonlinearities should beoided. See Overview of &thenatical Modeling for a discussion

of nonlinear relationships.

D&o Best CB - 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 modenintentional (e.g., ian optimization model).

DReference to Blank Cellwarning that lank cells ae 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
blark cells) or unintentional (g., accidentally referencing A21 instead of A12).

D¥nsupported Enction - warning that an unsupported function appears in the model. The value of a
cell containing an unsupported function will not be recalculated duringplliéon process.

D3tring Agument Presentwarning that a text argument appears in a fundtiat is eyecting a
numeric argument. Unexpected text arguments are treated as if they have a numeric value of zero.

Dhreconcilable Constraint warningthat a violated constraint doaet depend upon adjustable cells,
and, therefore, cannot be recibed.

DBupport Lookup Functions warning that the Lookup functions will be read and processed,;
otherwise, these functions will be treated as unsuppantexdions.

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

DHidden Nameswarning that notifies about names generated by Exoekiy otheraddins, and
are not showing via the Name Manager menu of Excel®. These names are saved with the workbook,
and may interfere with the readinfithe model. They can be deletéd the menu Reset To default.

The default is to display all waimgs excepthe Reference to Blank Cell and the Infeasible Constraint
debugger warnings.
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Update Links
SelectthdJpdate Linkdb ut t on t o u BedtHuhotionsin the ciranavrolosk to point to
the present | oBesladdiofile WHEA.XLAhoeWBAIXIBAM §. 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, Ex@elisplays anessage about "automatic
links" and asks: "Update all Lked Infomaion?". You may replyNo to this dialog box given that the
Excebl i nk update wonét u Bestatddin. Itybuemow laokakascelt o t he
containing one of the WhaBgst!functions, you will see that it contains the path of\ttfeat'8e4!

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 \EROGRAM HRLES\MICROSOFT OFFICEOFFICE1QLIBRARYWb a . x| adé6 ! VB)( Al, " <=
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 locatidhe Addin files.

In the case of the sample modelsil¢he prpended pathmay 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! Updite Linksbutton (in theGeneral Optionglialog box). ThdJpdate
Links commandn What'8est!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 thesctrfoom,
then Exceb fails to find your WhatBest!addin file and it insers 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 Reprts button to remove thé/B! Status, th&/B! Solution\WB!_ Stochatic and

the WB!_Histogranreports from the workbook you have open. The next time you solve the model,
new reports will be generated accordingénir specifications in th8tatus Repornd theSolution
Reportdrop-down boxa. You might want to use tHeelete Reportbutton if you have already solved
the model and want to save it without the WigaS!reports, especially when the reports arénat t
end of many worksheets.

Wh a
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Optiors...|LineaiSolver

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

Linear Solver Options >
v Scale Model v Model Reduction Help
Solver Method: | Solver Decides j

Pricing Cancel

Dual Pricing: | Solver Decideg| ﬂ

Primal Pricing: | Solver Decides j ok

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

Scde Model

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

The defaulsettingis to enable scaling.

Model Reduction

Enable theModel Reductiomheckbox to have the solverldtify and remove extraneous variables and
constraints fom the fomulation bebre solving. In some cases, this greatly reduces the size of the
model to be solved to the userbés benefit. |In
without signficantly decreasing the size of the model. BecadsdelReductiorcan offer sgnificant
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 wétluction, so the user is advised to
try both settings toleterminewhich settng offers better performance.

The default is to enable reduction.

Solver Method

Indicate the method you would like the linear soive¥WhatsBest!to employ using th&olver Method
drop-down box. Pasble choies include:Solver DecidesPrimal SimplexDual SimplexandBarrier.
The simplex method moves along the surface of the feasible region toward the optin sdiile

ot

h



ADDITIONAL COMMANDS61

the barrier method moves through the interegion. TheSolver Decdessettingcurrently 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 simpletends to do well on sparse models with fewer columns thas. Tte 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 Whggs! d o e sumréntly include the barrier
option, you may add it at any time. Please contact LINDO Systems for information. If the barrier
solver is chosen without a license, Wést!will defaultto using the primal simplex method.

The default settingar SolverMethodis Sdver 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 assessimgelativeattractiveress
of variables for selection in the simplex algorithm.

Dual Pricing

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

prefers variables offerinthe higlest absoluterate 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 othariables may quickly hit a bound, the resulting gaintifie obgctive may

acdually be quite small. The pricing mode calgttepest Edgmkes a different approach of more
painstakingly selecting variables according to the actnptévement in the objective. Because the

obj ect nighegbeper geaaton with Steepest Edgéewer iterationsof somewhat longer

duratiori are required.

The default value fobual Pricingis Solver Decides

Primal Pricing

For the primal simplex algorithm, there are two primarytimoels. ThePartial method pricesa 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 sté¢auee
appoximation. Use of the thorough steepextge algorithm means thaevexresults in fewer overall
iterations, though each iteration is longer than it would be undé&atimal method. Devexs useful
with degenerate models, but it is generalfficult t o predict inadvance what method to use.

The default value foPrimal Pricingis SolverDeddes
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Options...|Nonlinear Solver

This command allows you t@sa number of options controlling the nonlinear solVée dial@ box
posted by th®©ptions...|Nonlinear Solverommand appears as follows:

— Strategies
[ Crash Initial Solution W Quadratic Recognition

[ Use Lindo Crash [ Presclve
[¥ SLP Direction [¥ 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 \Bedt You can try the nonlinear solver in

the Demo version dfVhat'8eg! or contactLINDO Systems to purchase a nonlinear solver license for

a larger version. For more information regarding the difference between linear and nonlinear models,
seelLinear vs. Nofinear Expressions and Linearization

Crash Initial Stoan/ UseLINDCOCrash

Check the Crash Initial Solution or USNDOCr as h checkboBesth ® mawlei What 0 s
solver invokes a heuristic for generating a "goodttstg point when solving a model. If this initial

pointis relatvely good, slbsequent solver iterations should be reduced along with overall runtimes.

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

The déault setting for Crash Initial Solution and UsiNDO Crash is of.
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SLP Dirdmn

Check theSLP Directioncheckbox to have WhaBgstb s n o n | i n esaccessivedlihearer u s e
programming(SLP) techniques to aapute new search directions. This technique uses a linea
approxingtion in seach computations in order to speed iteration times.

In general, the number of total iterations will tend to rise when this method is used. However, runtimes
will tend to be shaer.

The default setting foBLP Directionis on.

SLPSolve

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 bewitbetthe Multistart feature of
the Global Solver.

The déault seting for theSLP Solveris off.

Quadratic Recognition

Checkthe Quadratic Recognitiocheckboxo haveWhatsBestb s n o n Ivér mse agebraic o |
preprocessing to determine if an aréiy nonlhnear model isactually a quadratic programming (QP)
model. If a model is found to be a QP model, then it @apdssed to the faster barrier or cautver.
Note hat the QP solver is not included with the standardaisf Wha'sBest! butcomes as part of
the barrier option.

The default setting foQuadratic Recognitiois on.

Presolve
Check thePresolvecheckbox to have WhaBsstb s nonl i near sol ver identi fi

variablesand constraits from the formulation before solving. In some cases, this greatly reduces the
size of the model, thus reducing the solving time.

The default setting faPresolveis on.

Seletive Constraint Evaluation

Check theSdective Constraint Evaluatiooheckbox to have WhaBestb s nonl i near sol ver
constraints only on an as needed basis. Thugvasy castraint will be evaluated eaderation. This
generallyleads to fasr 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 foany iterations only to find that the solver
has movedo a pointin a regionwhere the constraint is no longer defined. In this case, there may not
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be a valid point for the solver to retreat to and the solution process terminates with an error. Turning
off Selective Constraint Evaluati@liminates these ens

The default settig for Selective Constraint Evaluatids on.

Steepest Edge

When WhagBest!is not inSteepesEdgemode, the nonlinear solver wiknd to select variables that

offer the highesabsoluterate of inprovement tahe 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 variasd may quickly hit a bound resulting in little gain e bbjectve. When

the steepesedge 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 awege, eacliteration wil 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 foSteepest Edgs off.

Starting Point

The Gather Information for Starting Poirption may be useful when solving nonlinear modetss
option computes the slackluas for the constraint cells and uses these valuasailgto compute an
improved starting pointAfter solving, the spreadsheet goes back to the original Slack/Indicator
display.

The default value foGather Information for Starting Poiri$ off.

Optmality Tolerance

Specify heOptimalty Tolerancdn this text box. The nonlinear solver operates by taking each
variable and making small changes to assess the rate of improvement in the oijective. The
nonl i ne aOptimality I Teleeancéssa tolerace placed upn that rate of improvement
calculation for the objective function.

If, for a given variable, the computed value proves to betkegsor-equatto theOptimality
Tolerance then the solver does not attempt further adjustmentsatovdriabéés value. Dereasing the
Optimality Toleranceoward zero will tend to make the solver run longer, but may lead to better
solutions to poorlyformulated or poorhscaled models.

The defaulsetting forOptimality Tolerancés 0.0000001.

Iteratbn Limitok Slow Progss

Specify an integer limit upon the number of successive iterations made without a significa
improvement in the objective function in thieration Limit for Slow Progesstext 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 s@n process. In cases when the model has a "flat"
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objective fundion aroundtte 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 Sow Progresss 100.

Derivatives

Use thedropdown menuo control thederivativemethod in the nonlinear solver. There are two
different methods to us&lumericalor AnalyticalderivativesNumerical derivatives areomputed
using finite differencesThere are two choes availale: Central DfferencesandForward
DifferencesAnalytical derivatives are computed directly ggmbolically analyzing the arithmetic
operations in a constrairkgain, the two choices aiackward Aalytical, ard Forward Analytical

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

The default setting for thBerivativesis 0 orSolver Decides
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Options...|Global Solver

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

Global Solver Options Iﬁ

Strategy
| Global Solver

Multistart Attempts: Solver Dedides :I

Talerance
Optimality: | 0,000001
Delta: | 0,0000001
Limnit
Variable Bound: | 10000000000
Use of Bound: | Solver Decides |
Branching Direction: | Solver Decides j
Box Selection: | Solver Decides j

Algebraic Reformulation: | Salver Decides j

Help | Cancel | oK

[ F

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

Globhal Solve

Ched theGlobal Solvercheckbox to have thglobal solvepartitionthe orighal nonconvex/nonlinear
probleminto several convex/linear subproblems. The global solver will then issnahand-bound
technique to exhaustively search otrese suproblems forthe 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 (jpartarly on large models) when selecting the globaioop

For more informdion on the concept of global versus local optimality refer to settieal Optima vs
Global Optima

The default setting foGlobal Solveiis off.
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Multistart Attempts

Use theMultistart Attemptdext box to have the Whaest!s nonlinearsolver invoke a heuristic for
generating multiple good starting points. The multistart capability is useful for quickly finding better
soluions when a norgonvex model has several local optima.

Note: Themultistart apability is anoptional component of the WheR'est!solver and is packaged
as part of the global solver option. Your particular installation may not have the global option
enaled, in which case enablingultistart Attemptwill cause a waring to be gaerated
when solving. If you are interested in adding the multistart capability, please contact LINDO
Systems.

The default setting favultistart Attemptss Solver Decides

Optmality

Speci fy t he pgnalityadetancs io th@pdmalitygextdox in therolerancebox. This
tolerance indicates that candidate solutions must beat the incumbent solution by at least this amount to
bemme the new best solution

The default setting foDptimality is 0.000001.

Ddta

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

The default setting fdDeltais 0.0000001.

Variable Bound

Specify the maximum magnitude of variable bounded intheg | o b a | solverb6s convex
process in th&/ariable Boundtext box in the Limit 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 omore productive domains

The default setting fovariable Bounds 1000000000.

Use of Bound

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

The default setting fodse of Bounds O orSolver Decides
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Branching Direction

Specify the direction to branchr8t when branching on a variabléth the Branching Drection drop-

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

Absolute Violationor Relative Violation

The default setting foBranching Directionis 0 orSolver Deides

Box Selection

Spedfy the rodeselection rule for choosing between all active nodes igtheo b al s ot ver 6s
andbound tree inhe Box Selectiomrop-down box Possible values ar&olver DecideDepthFirst,
Worst Boundor Best Boud.

Thedefault setting foBox Selectioms 0 orSolver Decides

Algebraic Reformulation

Control the extent of algebraic reformulati@y., whethenc(y+x) is replaced by*y+x?) with the
Algebrac Reformulatiordrop-down box. The algebraic reformulation process is crucial in building a
tight convex envelope to enclose the nonlinear/nonconvex functions, thereby heipipgaee

overall convergencéossible values ar&oler Decids, Nong Minimum Medium or Maximum

The default setting foAlgebraic Reformulatioiis Solver Decides

Note: The global solver needs the nonlinear option and the mixed integer option tteopera

br
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Options..Ihteger ReSdver

Thedialog boxposted by th®© p t i {IntegeéPreSolvercommand 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 optm#rolling the fundbn of the integer prsolver.

Integer prgramming modés 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 gywsexponentiallywith the number of integer varialsleGiven hisrate of gowth in
complexity, it doesndt take a whole I ot of integ
solve. The integer prsolver carefully examines integer models gsinnumber of heuristic

procedures. The goal of thgsecedursis to redue 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 avéble to heuser areibted below.

Heuristics Level

Use theHeuristics Levetrop-down box to control the level of integer programming heuristics. These
heuristics use the continuous solution at each notteeibranb-and-bound teeto 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 boda

There are four options availablone Low, Medium, andHigh. The Noneoption 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 prforming a high level of heuristics.

Heuristics Cdftcriteon

TheHeurigic Cutoff Criterionis used to control the criterion for terminating heuristics. Choices here
areSolver DecidesTime andlterations Under the Time setting, Whasst!termindes heuristics

after a certain amount of elapsed tirfibe Iteations optionterminates 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 maudy, solution paths may change under the Time sefitimg one

sdve to thenext, potentially resulting in neneproducible solutions. If reproducibility of a runs is a
concern, then the Iterations option should be selected. Under the Solver Decidgs\Wiitdest!

chooses the most appropriate stratégih a Bed! slefaults b Solver Decides

Probing Level

Specify the level to which you would like probing applied to your model wittPthbing Levedrop
down lox. Level 1lis the lowest level of probing, whileewel 9 is the highest. Sting theProbing
Levelto Nonewill turn probing off.

TheProbing Levebption is applicable to mixed integer linear models. Probing examines the integer
variables to deduce tigit variable bounds and rightind side values. Thisqress iseferred to &
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 solvednBrcdn often tighten an
integer model enough to dratitally speed solutiontimes. In other cases, probing cannot adequately
tighten a model and the expense of the probing step simply slows down the overall solution time.




ADDITIONAL COMMANDS71

Settings are:

None: no probing,

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

Level 3: odficient redudion,

Level 4: elimination,

Level 5: dual reductions,

Level 6: use dual information,

Level 7: binary row presolving,

Level 8: row aggregation,

Level 9: maximum pass.

w W W W W w ww w w

The defaulisetting forProbing Levelss Solver decidesyhichresults inthe solver gtiing probing to a
level it believes will offer the best result.

Constraint Cuts

The optionontained in th€onstraint Cutdox onthe Integer PreSolverdialog box:

Constraints Cuts
Max Passes: Relative Limits:
| 200 | 0.75
Types
Iv Coefficient Reduction v Lattice
[+ Disagoregation [+ Lifting
¥ Flow Cover v Plant Location
v GCD [+ Obj. Integrality
[+ Gomaory [+ Basic
v GUB [ Cardinality
v Knapsack Cover v Disjunctive

can be used tmfluencethe lver'scutgeneration phase on linear models

WhatSBest!'s integer programming pigolver performs extensive evaluation of your model in order to
add constraint cuts. Constraint cuts ased to "cut" away sections of the feasible regibtie

continuaus modeli.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 thisgs. Fir
solutions to the continuous problem will tendo®more aturdly integer. Thus, the branclandbound
solver will have to branch on fewer variables. Secondly, the bounds derived from intermediate
solutions will tend to be tighter, allowing the solter'fathom” (i.e., drop from consideration)
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branchesigher inthebranchand-bound tree. These improvements should dramatically speed solution
times on most integer models.

Max Passes

Set the maximum number of passes allowed by tlg@rtpresolver to any nomegative, integer

value with theMax Passestextbox. The integer prsolver makes iterative passes through a model
determining appropriate constraint cuts to append to the formulation. In geneband#itof each
successivpass declines. At some point, additional passeowijl addto the totalsoluion time.

Thus, Béstimpoges a limitonthe maximum number of passes. The default limit is 200 passes.

Relative Limit

Set the relativeonstraintcutlimit by changing it to any desired fractionallue wih the Relative

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 th@y satuéion time. For

this reason, WhaBestlimposes a rative limit on thenumber 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

Enableord sabl e any of t he Beastdsésdor granaing corstraiat tues gvithe s  Wh at
the checkboxes in thEypeshox. It is beyond the scope of this help file to go into the details of the

various strategies. Interested readers may referto anytgeodt on i nt eger Begtr ogr amm
defaultsto enabliy all cut gereration strategiesCoefficient ReductigrDisaggregationFlow Cover

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

Cardinality, Disjunctive
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Options...|Intege&3olver

The dialog boxposted bythe Options...|Integer Solvarommand appears as follows:

— Branching ———— Integrality
Direction: Absolute: Relative:

Both =l | 0.000001 0.000008

— Linear Solver
Warm Start: Cold Start:

I Solver Decides ;I Solver Decides ;I

— Optimality
Absolute: Relative: Time to Relative:

| 0.00001

— Tolerances
Hurdle: Mode Selection: Strong Branch:

Mone I Solver Decides ;I I

— K-Best Solutions

Desired Mumber: I 1 Spedify Reporting Cells

[ Load Scenario Viewer [~ cCreate Report

[ Display Preview Window

— Branch-and-Price Solver

Blocks I Off j Heuristic
Help | Cancel |

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

To understand the opaion of the integer options, it is useful to ursland howinteger probemsare
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 relaxéon (i.e. the eiginal madd with
integer lestrictions renoved). This gives an optimistic bound on the objectivihef
true integer model, because the objective of the integgtricted model could never
be better thathe objective of the continuous approximation.

2. Aftersolvingthe ontinuaus rdaxation, What'Best!uses a process callbdanch
and-boundto find the optimal integer solution. Branandbound implicitly
enumerates all possible integer solutions in &glligent fashion, minimizing the
number of solutins that hae to be expicitly 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 talayalong timeo solve.

Options such as theptimalty tolerancesset limits upn how exhaustively this bran@mdbound
search will be carried ouDptimality Tolerances particularly useful in some integer problems as a
means of significantly decreasitige solution time.

Branching Direction

Use tle Directiondrop-down box in theBranchingbox to goverrthe preferred direction of branching.
Branching occurs when the branrghdbound manager forces an integer variable thatriseotly

fractional to an integer value. When tranchingdirectionis st 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
manaer makes aneducded 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 pbksto find exact
integer values for the integer variables. The two tolerances iintiegrality box, Absoluteand
Relative control the amount of deviation from integrality that will be tolerated.

Absalte
Specify the absolute amountwblation fromintegrdity that is acceptable in thbsolutetext box.
Specifically, ifl is the closest integer value Xp X will be considered an integer if:

[X-1] <= Absolute Integrality Tolerarmc

The default value for this tolerance is .00008thoughone might betempted to set this tolerance to
0, this may result in feasible models being reported as infeasible.

Relative
Specify the relative amount of violation from integnathat is acceptable in thiRelativetext box.
Speifically, if | is theclosest integer value t&X, X will be considered an integer if:

[X-1] <= Relative Integrality Tolerance
IX|
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The default value for the relative integrality toleranc®@008. Although one might be tempted to
set this blerance d 0, this mayresut in feasible models being reported as infeasible.

LP Solver

When solving a mixed linear integer programming model, the brandibound solver solves a linea
programming (LP) model at each node of the sotutiee. You may choosebetween the primal

simplex, duakimplex, or barrie(assuming the barrier option was purchased with your license) solver
for handling tlese linear programs. The two options in tfeSoher box, Warm Stat andCold 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 Stat option to control the linear solver that is ussdthe banch-and-bourd 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 tawnem a previous solution does not

exist. The availble optiors are:

§ SolverDecidesi 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 etlual solver will be used.

8 Primali The primal soler will be usedexclusvely.

8 Duali The dual solver will be used exclusively.

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

Cold Start

Use theCold Startoption to control the linear solver that is used by the bramgfbound solveat

each node of the solution tree when a prevanlstion s notpresent TheWarm Starbption,

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

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

§ Barrier T WhatsBeg! uses tle barier mehod,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.

§ Duali The dual solvewill be used exclusively.

In general Solver De@eswill yield the besresdts. However, experimentation with the other options
may be fruitful.
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Optimality

The Optimalitybox contains three tolerancéssolute Relative andTime toRelative These

tolerancesllow youto tradeoffsolution tme vs.soluion quality. |l deally, web6d al ways
to find the best solution to a model. Unfortunately, integer programming problems are very complex

and the extra computation requiredind an optimumsolution can be prohibitive. Dlarger nteger

models thealternative 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 hmalsesdf these

tolerances quite attractive.

Absalte

Use the Absolitetext boxto set the absolutgptimality toleranceThis isa positive value, indicating

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

leastr units better than the best intggsolution foundso fa. In many integer programming models

there are huge numbers of branches with roughly equivalent potential. This tolerance helps keep the
branchandbound solver from being distractedy br anches that cantlgt of fer
bette thanthe ircumbert solution.

I n general, you shouldndét have to set this toler
models, you might need to increase this tolerance slightmpodve performance. In most cases, you

should expament with therelative optimality tolerance (discussed below) in order to improve

performance.

The default value for thabsoluteoptimality tolerance is 0.0.

Relative

Use theRelativetext box to set theelativeoptimality tolerance. This is a valueranging fom 0 o 1,
indicaing to the branctandbound solver that it should only search for integer solutions with objective
values at least 100% better than the best integer solution found so far.efgeresults of modifying

the search procedure tinis way &e twofold. Frst, on the positive side, solution times can be

improved tremendously. Second, on the negative siddéinddesolution obtained by WhaBest!may

not be the true optimal solutiorou will, however, be guaranteed the solutiowighin 100°r% of the

true opimum 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 witHi% to 5% of the true optimal value. On largegsr
modek, the alterrative 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, makesf the use
this tolerance quite attractive.

The default vlue for trerelaive optimality tolerance is 0.00001.

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

If an integer pogrammingmodelis rektively 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®n the other hand, if after running for a whikhécomespparert thatthe gtimal
solution wondt be immediately forthcoming, then
optimality tolerance. Th&ime to Relativéolerance can be usedtinis manner. This tolerance is the

number of seaeds beforéhe banchand-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 waitempt tdfind the trie 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 is 108econds.

Tolerances

TheTolerance group b contains three miscellaneous tolerances for controlling the branching
strategy used by the branahdbound solver. The three tolerances idtedle, Node Selectiorand
StrongBranch We discuss each of these in the sectibas follow.

Hurde

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 searchtfi@ optimum. More
specifically, WhatBest!will only seart for integersoluions 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 ths point, the solver can ignore branches in tteedetreewith oljective valles worse
than theHurdle value because a better solutxists {.e., theHurdle) on some alternate branch.
Depending on the problem, a goddrdle value can greatly reduce stibn time. However, if you set
aHurdle valuebeter than heoptimal integersolution, What'Best!will return an infeasible error
message because no feasible answer can satisfy the bound you have set.

Once WhatBestl!finds an initial integer solutiorthe Hurdle tolerance no longer has an effect. it
point, therelative optimality tolerancecomes into play.

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

For example, if you're conféht the bstinteger arswer & 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. ifj fact, the best integer answer is only 93, yall@ventually get themessag
"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 Igastias better
than your hurdle. If such solution does noexist, WhatSBest!will not be able to find a
feasible solution to the model.

Node Selection

The branckandbound solver has a great deal of fremda deciding how tsearchthe branckand
bound slution tree UsetheNode Skectiondrop-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 willlseéotlowing options:

8§ Solver decide$ Thisis thedefadt option. What'Best!makes an educated guess
regarding the best node to branch on.

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

8§ Worst bound What'8est picksthe rode wih the worst bound.

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

In general Solver decidewiill offer the best results. Experimentation witte other options may be
beneficial with some clags of modls.

Strong Branch

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

of the branckandbound tee, whereni s t he opt i on 6 sinitialé&eves, WngBedtOur i ng |
picks a subset of the fractional variables as branching caedidathatBest!then performs a

tentative branch on each of the variables in the subset, selecting as thenfiliddizathe variable that

offers the greatest impvement irthe baind onthe djective. 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 determimehat works best for your model.

The defauliStrongBranchseting is 10 kvels.
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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 thdradeoff cells.

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

Wheneverthis value is greater than 1, say\What'sBestWill return up to K unique solutions to the
model, with respect to the 0/1 variables. These solutions will have the propettyethare the next

best solutions available inrtas of thér 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 sotions do not exist. Please refer to sectimageGuidelines for K-BestSolutons

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 gerral format is =WBIKB_REP(cells_to_be_reportedy.e
WBIKB_REP(Shetl!$B51,Shetl!$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 cellto be reported, and one row for every run.

Selectthe checkox to tell What'8Best!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 thecells and their values. Click on the WB!_KBest talsee tk KBestrepott.

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 specifiade/d/BIKB_REP() functions, and can be anywhere
in the worklook. The Usag@ Guictlines for kBest 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 workistieet
currently selected, via the Advanced...|Secendiewer menu.This ool 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 tledusions.
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BranckandPrice Solver
The BranckhandPrice (BNP)Solver contans 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( kngconstraintsy (link
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 slver is a hybrid of branchndbound, 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 structugesdiver divides the original

problem into several subproblems, or blocks, and solves them (almost) independently, exploiting
parallel processing if multiple cores are available.

BNP may peform better than the default MIP solver if: a) the number ofitigkconstraints 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. Al® tnay be some models for which

BNP finds a good solution anagd 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 thivéks 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, indicathg the number of independent blocks to try
and partitin the model into via one of the graph partitioning algorithms provided by \Bhat!SThe
actual heuristic used is chosen with the Heuristic parameter.

The default sting 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 ndrsienply GP1 and GP2, with the default
setting being GP1.
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Usage Guidelines forBéstSolutions

As an exampleyou are packing a basket for a picyigu will be taking with a friend. You've
constructed a list of items you woulléd to carry with you on the picnic. Each item has a weight
associated with it and yolkinapsack 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 wantsidie inc

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

The KNAPSACK KBESWorksheeBeforeSolving

H 0O = Knapsack_KBest.xlsx - Excel T H - O X
HOME INSERT PAGE LAYO FORMULAS DATA REVIEW VIEW DEVELOPER Team What'sBest! Lindo Sys.. ~
Al - 5 v
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 ]
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 (€] < »

READY CALCULATE 29




ADDITIONAL COMMANDSS3

Where:

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

Cell E13 has the formula: =SUMPRODU®3: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 givemeinlata section above, and the rating
is different than yours:

Brats
Brownies
Beer

Ant Repel
Blanket
Frisbee
Salad
\Watermelon |10

AO|WIN|O[=]00
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If we solve the model as is, thus solely maximizing our preferences, we get the following solution:

The KNAPSACK_KBESWorksheetAfter Solving

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

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

1 |:I

2 Weight Rating Include

3 Brats 3 1 ] ‘WBIKB_REP

4 Brownies 3 1 ]

5 Beer 3 1 ]

6 Ant Repel 7 1 0

7 Blanket 4 6 0

8 Frisbee 1 6 1

g Salad 3 10 1

10 Watermelon 7 9 1

1 Knapsack Capacity

12 137 <« 15

13 Favorites in Knapsack' a5

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 celldeav 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 mch that includes most of our favorite items.

To investigate this question, we set Besired Number parameter of theB€st Solutions 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 Celk, here all the Adjustable
cells: select the range of cells, or cell by cell, seleetcell to refer, then clickdd. You 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 meas that we would like to generate the 5 best solutions to the model. We thebKlikd
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 feasibieesbgolutions to the
model. The solutions are ranked in order by their objective values.

Thereis also a column labeled Traa# Cells, which lists the value in each solution afesignated
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 ceMWRB is automatically selected as a tradeoff
variable. The idea behind the tradf variable is that it allows you to weigh the trad#s 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 solutiongghtth slorse

objective values (23 vs. 25) that include one of our favorite items.

For example, if we selected the solution "Run: 2" and presseththéelectionbutton we'd see the
following solution containing one of our favorite items, Brownies (Ed). TheTake 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 solutiontsepill 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 lialo@ the
Advanced...|Scenario Viewer menu. First select the "knapsack" tab, then select the Scenario Viewer
via the menu. The solutions are being presented for alldhestable cells in the currently selected
"knapsack" tab. Finally display or doulikck 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 fathenly
selected worksheet tab.
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Options.. $tochastic Solver

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

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

Stochastic Modeling Support
By checking this option, the model will be processed as a stochas mo de |l . OBehktler wi s e,
will treat the core model, even if some stochastiwfions 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 formulate a standard détetmh st i ¢ ficor ed model
Best, Constraint). A cell that represents a Randoamtity is simply filled with an arbitrary number.

Cells containing equations or strings are inappropriate as random cells.B&s@tannot rewrite an
equation, althogh 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.
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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 sequencing ofadecisiand r andom event s,

The general sequence of events is as follows: Stage 0: We make initial decisions; Stage 1, beginning:
First set of random variableseanbserved, Stage 1, end: We make additional decision or calculations
based on obsertians 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 WBND R#ctions
as follows.

In the dropdown list, you can select a WBSP__ function withdssociated 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_VARtagecels_with_this_stage e.g., =WBSP_VAR(0,Sheet1!$A$2) means
cellA2in SheetlisinStag 0. The entry APl ace function in
in a any cell in the workbook. Typically you place this information near the decisiordhHtsyou

can quickly observe the staging information of a cell without calling ypspacial 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" choicewill actually delete the selected cell.

Refers To:

Specify the random cell on which to apply the distribution. Alternately, you can accept the currently
selected cellsyhich What'8est!'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 ells, which WhatBest!'has automatically placed in this box. You can also type theao
cell range directly into the text box.

cel
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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, setfy the distribution information
about the random cells.

The format is =WBSP_DISWistribution(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 withhe value in C2 for the Mean (argument 1), and the value in D2

for the Standard Deviai on si gma (argument 2). As before, the
you to place this information in a any cell in the workbook. Typically you place thigniatan near

the random cell(s) so that you can quickly observe the distribution iafmmof 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 reaizdatally

"WBSP_DIST _DISCRETE_SV" argument 1: Discrete values, with scenar&ed vertically
"WBSP_DIST_CHISQUARE" argument 1: Degrees freedom
"WBSP_DIST_EXPONENTIAL"  argument 1: Rate

"WBSP_DIST_GEOMETRIC" argument 1: Succegsobabilities
"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: Discretealues, 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 Irgument 2: Shape 2
"WBSP_DIST_BINOMIAL" argument 1. Sample size, argument Z&ss 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: Loation, argument 2: Scale
"WBSP_DIST_LOGNORMAL"  argument 1: Mean, argument 4gfa
"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" arguntd 1: Alpha, argument Buccess probabilities
"WBSP_DIST_UNIFORM"  argument 1: Upper limit, argument 2: Upper limit
"WBSP_DIST_WEIBULL" argument 1: Scalergument 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. Correlatistioisab.

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 Sheetwill 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:0o allows you t o phewakbook. Typicallyyon placethisat i on i
information near the random cell(s) so that yan 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 W actually delete the selected cell.
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Refers To:

Specify the random cell on which to apply the distribution. Alternately, you can accept the currently
selected cellsyhich What'8est!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 ells, which WhatBest!'has automatically placed in this box. You can also type theao
cell range directly into the text box.

Step/Tab 4 "scenario sampling"

¥ Use Stochastic Modeling [ Uze Simulation Format
Core | Stage | Distribution ~ SCenario IReports | Chance-Constrained

4) Enter the scenariofsampling information by using the function
WEBSP_STSC.

Select range with Column1 for Stages,
Caolurmn2 for Scenarios: I gasg1 J

Flace function in cell: I £AE1 J

— Specifications
Optimization Method: I Solver Decides j
Seed for Random Generator: I J

Commaon Size per Stage: I

¥ sampling on Continuous Distribution Only

[™ Load Scenario Viewer

Help | Cancel |
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This command allows you to specify the Scenario/Sampling information for the stochastic pa

The general format is =WBSP_STS&(ges_and_sample_siyes.g, WBSP_STC(B1:C3jneans
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 continstiltion.
With a discrete distribution, there is no necessary call for samplingfedaakes the discrete values
directly from the discrete table. Otherwise sampling will be applied on the discrete distribution too.

In case of a model with both ditutions, continuous and discrete, so the user may want to apply
samplingonlyonthe ont i nuous, with the option fASampling o
Stochastic Solveoptions box.

Select Range:
Select the a twaolumn range, where the colathis for the Stage in ascending order, and the second
column for the number of scet@s 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.

Nae button:
Delete the selected cell.
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Tab Reports

[+ Use Stochastic Modeling [™ Use Simulation Format
Core | Stage I Distribution I Scenario  Feports IChan::e—Cnnstrained

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 2

[¥ sampling on Continuous Distribution Only

[~ Load Scenario Viewer

Help | Cancel |

The solution of an SRodel 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 wreplotiotihe
values in thaVB!_Stochastiand theWB!_Histogransheets.

Create Report bigithe Function WBSP_REP():

The general format is =WBSP_RER(|s_to_be_reportgde.g.
WBSP_REP(Sheet1!$B$1,Sheet1!$B$2), meaning the cells B1 and B2 of Sheetl vaitliaghe
Stochastic Scenario Reporfter solution, a new tallyB! Stochasticwill be created. It will have one
column for every cell to be reported, and one row for every scenario.




ADDITIONAL COMMANDSI9

Select the checkbox to tell Whdesst!you would like a stochastic ref created when the model is
solved. The next time you solve, WhBest!will generde a worksheet called/B! Stochastic

containing a listing of the cells and their locations, and values of the variables solution or the random
outcomes for the scenariath. Click on theVB!_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, pressittge Addbutton causes the selected cells to appear ihishef 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 thefunction
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 @ the workbook, and the solver will just clear the
sheet during successive runs. Timiakes 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 generaformat is =WBSP_HIST(number_of _bins,cells_to_be_reported), e.g.
WBSP_HIST(0,SheetlB$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, wilke
created. It will have four columns reporting the Bin Lows, Bin Highs,-Midhts, ad 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, WhBaégst!will generate a worksheet called WB!_Histogram
containing a listing of the data, and thetbggam graph for the Bin Counts against the JRmints

values. Click on the WB!_Histogram tab to see the stochastic histogram report.

Select button:
This button will opera new window.

To create the list of reporting cells, specify the cell or cell ranglee 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 dslbox. You can decide to remove any selected cells by simply going to the

list box, ®lect 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 Rieldethe 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 = .
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Here's an example of the histograepaort fa the SP_ 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 o

31 & & 47 & & &

= RO CIN PN S S &

a3 b & LI .

34 TOT_PROF

35

2R -

3 | WB! Status WB!_Stochastic | WB!_Histogram | Maodel | S.. ® [l 3
Ready £ B {oo- ] +  90%

Once created, th&/B! Histogranreport will stay on the workbook, and the solver will just clear the
sheet during successive runsisimakes possible for other sheets to keep their cells reference from
this report fordisplaying a specific data.

The solver writes a series of solution in the created¥ Stochastic', and 'WB!_Histogramlith
the expected value, and displays thstfilefault scenario, or a selected scenario, on the spreadsheet.

Please refer to theectionGuidelines for Stochastic Modelitfigr a tutorial and information on how to
use Stochastic Support effectively.

Expected Value of Objective

The Expected Value foObjective (EV)is the expected value for the model's objective over all the
scenarig, and is the same as the reported objective value for the .niddelvalue is provided by
default in the report.

The expected value of a cell can be reported directijwhere in thespreadsheet 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 displaythe Weighted Mean value of 2106.49622433202 for the objective cell in B22
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Calculatiofor Expected Value of fadSee Model's Objective

The Expected Valuef Wait-andSee Model's Objective (EVWS) reports the expected value of the
objective if we couldvait and see the outcomes of all the random variables before making our
decisions. Suta policy would allow us to always make the best decision based outtioenes for
the random variables, and, of course, is not possible in practice. For a minimitattone that
EVWS <= EV, with the converse holding for a maximization. Technicadlyaking, EVWS is a
relaxation of the true Stochastic Programming maalgthined by dropping the nonanticipativity
constraints. Possible flag values are Disable (Fatseinable (True).

The default setting is off, the EVWS is not calculated.

Calculatn for Expected Vabii€olicy Based On Mean Outcome

This Expected Valuef 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 randomabéet are fixed at their
means, and the resulting deterministic moetolved to yield the opnal values for the stage 0

decision variablesNext, a) the stage 0 variables apeefi at their optimal values from the previous
step, b) the random variallare freed up, c) the nonanticipativity constraints are dropped, and d) this
wait-andsee modeis solved. EVEM is the objective value from this EVWS mogeissible flag

values ardisable (False), or Enable (True).

The default setting is off, the EVEM not calculated.

Calculation for Expected Value of Perfect Information

This Expected Value oPerfect Information (EVPI) is the absolute value of the difference between EV
and EVWS This corresponds to the expected improvement to the objective weoeolain perfect
information about the random outcomes. As such, this is a expected measwenufi¢ctowe should

be willing to pay to obtain perfect information regarding the outcoofiehe random variables

Possible flag values are Disable (False), matite (True).

The default setting is to enable calculation.
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Calculation for Expected Valueddiikly Uncertainty

This Expected Value of Modeling Uncertainty (EVMU) is the absolstieie of the difference EV
EVEM. It is a measure of what we can expeagain by taking into account uncertainty in our
modeling analysis, as opposed to mistakendyiasng that random variables always take on their
mean outcomes. Possible flag valaes Disable (False), or Enable (True).

The default setting is off, the BWU is not calculated.

Note: The above approach for computing EM and EVMU makes unamhsgsense only for
models with a stage 0 and a stage 1. If there are later randomlesitabtages 2, 3, etc.,
then there are complications. For example diwisions in later stages, we have seen the
outcomes from the random variables in earlier staggespnsidering these random variables
to take on their mean value does not make seRee models with additional stages beyond 0
and 1, EVMU will merely ban approximation of the true expected value of modeling
uncertainty.

Note: Computing thes expected value statistics can be very time consuming for large models.
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Print Scenas Horizontally in Report
This flag enables to print the scenarios alamgw in the WB!_Stochastic report, so the reporting cells
will be displayed along a column. & useful for models reporting numerous cells for a few scenarios.

The default settings off, meaning the scenarios wilbpear vertically in the report.

Dispdy Preview Window

Once the solver has completed the stochastic calculation, the user carphexieva of the cells to
report by selecting the scenario number. By default, theisolualues of the scenario 1 will written
back into the spreadsheet, lnbther scenario solution can be selected. This will allow a closer look
of a particular scenariwhen reading the spreadsheet.

The cells are selected via the same WBSP_REP() fundtoeither an Adjustable, Variable, Number,
Constraint, Random Pararaetor any Dual references. All the scenarios will be anyway written in the
WB!_Stochastisheetjs 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




106 CHAPTER 3
Tab Chance-Constrained

[+ Use Stochastic Modeling [™ Use Simulation Format
Core | Stage | Distribution | Scenario | 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 isiseful to setup a stochastic model in Cha@oestrained format, which the second
major class of models in stochastic programming. The goal in C{@ostrained Progmming is to
make an optimal decision prior to realization of random data, whileattmgrthe chance that
constraints are violated in one stage.

Extensive gplanation on Chane€onstrained Programming are given in @idelines for Chance
Constrained Mdeling

Specify Chan€onstrained Using the Function WBSP_CC_LT() or WBSP_CC_GT():
The general format is =WBSP_CC_IpEfcent, weight, constraint celJsvhee LT for "Lower Than",
or =WBSP_CC_GTgercent, weight, constraint célla/ith GT for "Greater Thn".
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Percent:
This is the amount by whidhe constraints assigned to this set mustdtisfied in the scenarios.
Otherwise, the scenario will be considersdiasatisfied, according to to the direction function.

Objective Weight:
The amount by to giverjority to the objective value.

Refers To:

Specify the constraint cells on which fopdy the Chancé&€onstrained feature. You can select multiple
ranges in th 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 etdered i
the text box.

Frame Specifications
The Stochastic Solver option allows you tovgoiodels in which some cells are random variables.
The frame posted bye¢ 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

Indicateste met hod you woul d | i k eBedtlto empleytusimgltha st i ¢
Optimization Method droflown box. Possible choices include: Solver Decidesg FDeterministic
Equivalent, Nested Benders Decomposition, Augmented Lagrangian Decompeasgitddimple
Benders Decomposition. The Solver Decides setting currently defaultsftee¢hmethod.

The default setting for Solver Method is Solver Decides.

Seed for Random Genetrator
This is the Seed to initialize the random number generator. Possibés\aak 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 éfault number of scenarios to generate per stage. Possible values are positive integers.

The logtal states will behave as follow:

"Sampling on Continuous Only" "Sampling on
Checked Continuous Only”
Not Checked
Function Use of @mmon Size per Stage for Continuous, andlUse d Common Size
=WBSP_STSC() Defined Table Size foDiscrete Distributions per Stage
Not Defined
Function Use of Function Argument for @tinuous, and the  |Use of Runction
=WBSP_STSC() Defined Table Size foDiscrete Distributions Argument
Defined

The default setting for Common Sample Size is 2.

Sampling on Continuous IRigtsn Only

In case of a model with both distributions, continuous and discretdlathienables the sampling
technique only on the continuous distributitegving the discrete distribution with its own set of data.
Sampling can be applied with the sprisheet function WBSP_STSC().

The default setting is omeaning sampling is appliech @ontinuous distributions.

sol v
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Load Scenario Viewer:

The scenario viewewill give the list of all the Adjustable and Parameters cells, but only for the
worksheet tabwrrently selected, via the Advanced...|Scenario Viewer menu. This tool can be aiseful t
scroll through the different Stochastic Programming scenarii withdtingradditional 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 Wit need to open the dialog box via the
Advanced...|Scenario Viewer menu. First sefleet"model” tab, then select the Scenario Viewer via
the menu. The scerigare being presented for all the Adjustable and Parameter cells in the currently
selected "moel" tab. Finally display or double click the scenario to write the values direatlytiat
worksheet.

Note: The "Preview Window" shows the values sjpiedi via the function WBSP_REP() for any
cells in the workbook. The "Scenario Viewer" menu shtwesAdjustable and Parameter
cells for only the selected worksheet tab.

Use Simulation Format

By checking this option, the model will be processed for simarlaBased on a stochastic model,
the user can set up the random parameters and their assowsaibdtobns at a stage 0, eventually
any additional formulation, and Wha&sst!will calculate the values of the reporting cells. There is
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no need of definigan adjustable, constraint, or objective cells. This feature will be useful for
knowing the behéor of some cells along the scenarios, and to display their histograms.

The default stting is False (unchecked).
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Optons...|Reset to Default

This command resets all workbook options to their default values. $dicim® can be seen in the

I nsert| Name| Def i nmeéiuadMBxxdhamae Thvtamnemd&aes not restore
options defined in thAdvanced Parametavindow to default values. See the section entithgations
and Solvergor more information about workbook options.

Upon first ug, theReset to Defaultommand displays the following dialog box:

Recet 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 reove theWBxxxnames in the workbook. These names belong to
What'8est!and were creatkvia theOptionsdialog boxes.

"Deleting hidden names" will only remove names in the workbook that are not visible onistido:
Name Manager of Excel®.

"Deleting all names and options” will aally remove any names from the workbook.

These names could have been defined by V\Bexts theuser, Excel®, or other applications saving
names in this workbook file. Removing tleegsible or invisible names will clean up the file, and the
user has toedefine the useful names.

"Remove extraneous cell styles in workbook" will actually remove amybiltin styles from the
workbook, but keeps the "Adjustable"” style. These useflaetl styles can bseen via the menu

HomeA Cell Styles, and may have lreduplicated 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
mk:@MSITStore:C:/Documents%20and%20Settings/SRINNATH%20TUMU/Desktop/lindowbhelp.chm::/options_and_solvers.htm
mk:@MSITStore:C:/Documents%20and%20Settings/SRINNATH%20TUMU/Desktop/lindowbhelp.chm::/additional_commands.htm
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Advanced.Dual...

The dialog boxposted by thé d v a n [Dwalcémmandappears as flws:

Dual Lihj |
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 rangdsoffogbu are
requesting dual values forangeof cells then the range iReport hformation in:should be identical
in dimension to the range For Cell Range:

What'8est!provides three dual value optioimsthe Report on Typéox. The first,Dual Valueg 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 duablue 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 valueBhe formulas areWBUPPERCcell, 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 Gidelines for Dual Valuefor a tutorid and information on how to use this
option effestively.
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For Cell Range

This is the target range of cells you wish dual reporting on. Vieastsvill automaticallyfill this box

with the cells directlyto the left of the current selection of cells,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 thextebox to bring up a cursor for cellection.

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 functiopuyt the cursor in the cell for which you wantfied the dual value and
selectDual Value Then, specify the cell in which you want the dual information displayed in the
Report Information inbox.

Note: When takinghe dual value of a constraint, beeto specify the cell containing the
constraintfunction not the righthand side of the constraint.

Upper Range and Lower Range

SelectUpper Ranger Lower Range¢o cause What&est!to return the uppeand lower valid ranges
for a dual value. Thas, 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 mayngigantly increase solution times, &as good to
weigh the benefits of the additial information against the amount of extra time it will take
to get that information. This runtime consideration is particularly relevant for large models.

Report Infoathion in

Specify the host range of cells you would likese the dual information placed in RReport
Information intext box. WhatBest!will automatically fill this box with the current selection of cells.
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Usage Guidelines for Dual \éalu

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. WBedtscan provide dual information
on any adjustable cell, constraint cell, or any d¢hbt is a function of adjustable cells

Dual Value of a Constraint Skddow Price

The dual value of a consint is the rate aimprovemenin the best célas the righthand side of the
constraint is increased@he dual value of a constraint is often referred to as the shadow price because it
foretellsthe price you should be willing to pé#or that item.

For example, in the XYZ sampiaodel referred to earlier iBetting Starteddual values can be
specified for the constraints in cells F15:F17. These could be put in any convenient place on the
spreadkeet. 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 duwl cells are insertetly highlighting the cell$115:H17,clicking on WB!|Advanced...|Dual
selecting F15:F17 for thieor Cell Rangebox, and clickingOK. When we resolve the dual values
for the stock constraints wihppear 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 QShare
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 ©) < 3
Ready %3 Average: 100 Count:3  Sum: 300 B/ B M - | + 100%

The dwl value of the constraint functioWB(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 wouldinprowe by $50 for each unit increase in thight-hand side of the constraint
equation. Imther words, changing the cell G15 to 61 andaokving the model would return a new
solution with a maximum profit of 8050 (assuming a valid range on the dual vafus teast one).
This is also the mawium price at which you should be willing to phase an adiibnal Standard
computer tower

Note: In WhatsBest!we use the convention of having dual values on constraints retumatehef

improvemenin the objec e f or an i ncr ergktband side valheA positovandudl r ai nt 6
implies that the objective will improve when increasing the riggnid side, while a negative implies

that the objective will suffer. On maximization problems, as we have shbawre, a positive dual

value means thiancreasing the righbhand side of the consira 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 objectivealue will decreases the righthandside increases.




116 CHAPTER 3

Note: If the constraint oiDeluxe computer tower usaiy¢B3(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 optil solution and consequently would not chatige
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 theanstraint.

Dual Value of an Adjust@ele Reduced Cost

The dual valuef an adjustable cell is thateat whichthe best cellwould bepenalizedf an

adjustable cell with an optimahlue of zero were forced into the soluti@ven 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 oftegferred to as theeduced cosbecause it iste 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 caplaesdin the model by clicking on the dslto put the
information in, choosing\dvanced.|Dual, enteringthe adjustable celis theFor Cell Rangeedit
box, and clickingOK. The dual values cdpe gacedin any convenienbcationin the spreadsheet.
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Forillustration, we continue with the X& model, changing the available number of hdrigles (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 @dlizds on our two adjustable cells, gitey 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 D&.dther words, forcing the
number of Deluxe coputers 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 thewindow below, we show the +&lved model witlthe 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 safion. The quantity of Deluxe compusdp produce could also be forced to
one by chosingRemove 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: Itis impartant to note that the dual value oparticular constraint or adjustable cell assgsm
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 Valuef Zero and Multiple Optima

Dual values are generally positive for adjustable cells that have a zero vdiaeojstimal solution.

An exception tohis occurs when there are multigptima (.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 atternative one. If your model yieldgro dual values faany

of theadjustable céd, likehbtisat there are multiple optima for your model.

Dual Values in Nonlinear Problems

Dual values in a nonlineargislem can be interpreted usefully only for shedlanges in the rigkitand
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 effetsuch changes manually by insertprgposed

changes and fsolving.

Users with kmwledge of calculus can think of the dual value as a derivatitke rate of change of
thebest cell value with respect to changes in either the-Hghtl side of a cotraint or an adjustable
cell value. Aswith the derivative of a linear function, aawalue 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 pint where it's evaluated, but it malgange immediately as you move from
that point.

Dual Values in Integer Problems

Dual values for problems with integer variables cannotdedully interpreted because of the whg
branchandbound technique solves integaodels. 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 dualCbelnging the
right-hand side of a constraint or usimpre or less of a resource, as dématiabove, eventually will
cause a change indtdual 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 pafsitdealthange in the
dual value willoccur.

The range over which the use or availiépbf a resource, or the rigitand side of a constraint, can
decrease before the dual value changes is callddwee range The range over whictine use or
availability of a resourceyr the righthand side of a constraint, cartiease before the dual value
changes is called thepper range
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Constraint Ranges

For example, building on the XYZ ample, an upper and lower range cambtrmined for the dual
values of the stock ostraints. These ranges are put into the model by highlighting the cells you would
like the range to appear in, selectihdvanced...|Dualspecifically selecting the catngint cells

(F15:F17) to display ifror Cell Range choosingUpper Ranger Lower Range whichever 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. Yomust make the correction to F15:F17iler to obtain th&ue range
values.

In theillustration 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 cellsyircanvenient 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 tosteck 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-hard side of the equation is increasedtte limit of 120 and the model is-solved,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 righihand side of this constraint beyond 120 exceeds the upper range twoigthal
dual value of 50 and a duahlue of 0 is now in effect. Since the dwalue 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 Productiorexample, the adjustable cells refer to thedpiction 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 haieincrease in order to make it pitafble to put them into

the solution. The uppeand 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 examplreferred to earlier for the adjustalzell 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, selectisdvanced...|Dualsekcting the adjustable cells (D5) to
erter in theFor cell range; choosingJpper Rangeor 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 cangp towers to produce are 25 upper andviéeio 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 1adennoradjustable using theemove
Adjustablecommandvia theAdjustabledialog tox or the toolbar button, and the model isodved,
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 valuefimulas now refer to a neadjustable d& What'8Bestlignores these
cells and theyare not changed. If the quantity of Deluxe computers to produce is decrea3ehtb
the model is resolved, the profit increases to $15,300 ($15,00®M0*-3)) and the nmber of
Standard to produce increase$6 as shown in the following. This mightcur 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 igaeeded by one®), the dual value iszduced to zero.
If the original upper bouwhis 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 dudlieamay be very small or zero. When thiswsgyou 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 reisuibe optimal value of theest cell 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 tiveyide

To retrieve dual values forladjustable and constraint cells withoatexing 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 thhelv a n ¢ |@rdit€omman 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. Thesaitted areas do not contribute toward/
limits What'8estlimposes in restrictesize 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 ahtitdage 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 celé radigated

in theRefers tobox. WhasBestlautomatically 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 rightgadof the text box to bring up a curdor cell selection. Next, enter any
word d your choice in th©MIT Names in Workbodbox and click on thédd button. The name you
entered should then appear in the box below withBBOMIT prefix.

If you decide lagr you would like to remove the omitsteiction, simply go to th@®©mitdialog 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 Omi

You may use thd d v a n c mitt@rim@nd to remove parts of your workbook from WiBss!s
consideration, thereby decreasing the time to reach a solution. If you can identify cells with a numeric
valueor equations that are extraneous ®phoblem being solved, then you can pléoem 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 contaisupported spreadsheet functions, pladimem in

an omit range will eliminate therror 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.

WhaNot 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 amdinrange. For example,
you should bespecially careful not to include:

8 Adjustale cells- Any adjustable cell within an omiainge will not be adjusted during the
solution process.

§ Constraint cells Any constraint cells included in an omit range W@ ignored during the
solution process.

§ Cell Precedent to Equations Outside Omange- An equation outside of any ontange
that references a cell within an omit range will cause the solution to be aborted with an error
message and the unsolved moddl be returned.
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Advanced...|Functioru®oort

This featureallows youto build models using not only MicrosaefExcel® built-in functions, but also
user defined functiondhe user defineduhctions can be VBA macros, adldfile .XLA, macros

calling a user ad¢h 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.
The function support and a€id namesareentered using the following dialog box:

Function Support &J

| Support Excel® or Users' Defined Functions

Help | Cancel | oK

[ -

Function Support

By checking this option, every funct iBestwilwi | | be
treat user written functions asaupported functions, and will read thell as a constant equal to its
numeric valie 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 Excelp 2002, youmay need to adjust a setting from thenu
"Tools|Options|Security|MacroSecuritwistedSources” 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
Excel®.

In Microsofte Excelr 2007and lateyadjug the security setting from the ExeeDptions, 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 signedoy will need to enable this add to run your model.
In some situations, a timeatdy may occur after enabling the aidd

Ref er t o Bestlsanpl®\fieghipdirg_MacroFunctions.xIsfor an example of valid user
defined function usage.

The defaulisetting is False (unchecked).
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Advancd...|Statistical Functions

This feature allows you to view the specific statistical functions available for \Bhat!s

List of functions: I WETRIAIMY

Inverse Triangular Cumulative Distribution

=\WETRIAINV(Low, High, Mode, Prob)

Help |

See the paiBupported Functions and Operatfinsadditionalinformation

Advanced...|String Suppo

This feature allowyou to build models using strings as arguments, e.g., in functions such as IF(),
VLOOKUP( ), SUMIF( ), and SUMIFS()

String support related settings are entered usinéptloeving dialog box:
String Support ﬁ]
r String Support

Maximum String Length: I 0 j

Help | Cancel | oK

[ -

Strig Support

By checking this option, stringag u me nt s wi | | be support 8estwilln t he
treat strings as arguments with a numeric value of zero.

String support may make the modejder so it nay need more resoees to le solved.

The default setting is False (unchecked),alihineans string arguments will be read as a 0 value
number.
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Maximum String Length

This length can beset between 1 arigb5. By naking this setting small, you reduce the memory

requirel by the string support feature, however, making the max string length too small may truncate
two different strings, such assappdaetdeidémicakand a n d
lead to ncorrect results.

The maximum string length default val is 20 characters.

Note: If the String Supporbption is set to FALSE, then tidaximum String Lengtketting will be
disregarded

String operations are allodenly in vaiations of compag, such a"=", "< >" (symbol for not equal),

">t st =" SUMIF(), SUMIFS(), HLOOKUP(),and VLOOKUP() functions. Any other
operations will return an error message. Also, a formula cell should return a numeric number rather
than a string/alue.

i N

Advancedeée| Convert Mo

This feature allow you to converanonWh a Be8t§ormat spreadsheet optimizatiorodelto
What'8est!format. It will try to extract any existingath or iformation to set the AdjustagiBest

cells, and it will create a new tAlyB!_Constaint_Sheetlat the end of the workbook for inserting the
constraint functions.

Caonvert Model Format &J

This feature will try to convert the model from any
other formats into a What'sBest! format, for
setting the Adjustables, Best, and to create a
"WB!_Constraint_' worksheet for the Constraints.
What'sBest! wil 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 worklkodut oherspreadsheet modeling intaces can have

one model per worksheit the same workbook he user needs select the current worksheet to
convert, then invoke the feature. The feature will apply the Adjustable Style for the decision variable
cdls, theWwBMIN or WBMAX Name for the Ofective cell, and create the '=WB()' functions in a
separate tabWB!_Constaint_Sheetlat the end of the workbook.
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The user may need to reset the tolerances via the nunfddit®nal Commanddialog box for the

type of themodel. What'8est!will then detect automatically the type of the model once the user starts
the solver ia theSolvebutton.

For instance, the workbook has several tabs, but you want to convert the m8tiekiti"Select the
tab'Sheet]'goto Advaned.. and Convert Model Formata the WB! menu, and press OK. You will
see the Adjustable cells with aubllike font, the Best cell with a blue background, and the tab
'WB!_Constraint_Sheetfor the constraints functions, duas =WB(Sheetl!Al'<=", SheeR!C1).

Note: This feture creates a new model format, but does not remove the existing fomyatels
difference that could not be transported will be listed in the status report.
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Advanced...|Scenario Viewer

Thisdialog box is useful to dplay the different dation 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 warket 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 desigd with the KBest fature 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, ddal fundions cells, and open the Seeipb Viewer
dialog box The user will see all the-Rest successive solutions starting with the name
WBKB_SOLUTION_x for the specified worksheet. For instance, if there aréB&4€ solutions, the
dialog box display$VBKB_SOLUTION_1 to 5. The user can therlect the solutiorgnd 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 Gpns...|$ochastic Solver menu. Afteolving, the dialog boxdisplays

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 AdjustablestBraam
Constaint, Dual or Mean functits cells are locatedhen 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 dispyaanothersheet, close the dialog bosglect a new tab coritang 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 solutionssibéep
via the wbSetlintegerOptions, abSetStochasticOptien

Advanced...|Parameters

The dialog box posted by tiled v a n ¢c e d é | Bommandappears as follows
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Parameters

The Advanced|Parameters command should

only be used under the guidance of LINDO belp
Systems technical support.
Real valued parameters have names
begirning with "WBLS_DPARAM', while
integer valued parameters’ names begn Cancel
with "WBLS_IPARAM',
Add
Delete
Valua:
oK.
0
Export Models
Select Destination Folder: Browse
Mame: |
[~ WBFORMAT .mpi .mps _lix
[ WBFORMATSP
[ WBFORMATLOG
Folder Path
Select Temporary Files Folder: Browse
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LINDO API Parameters

This feature allowyou to set arbitrary parameters in tH&lDO API, which is the solver engine used
by WiBestl fherderto solve yaumodel sucessfully, there may be rare occasions when ydlu wi
need to set an API parametertti|anotavailable through the norm¥Vh a BedtEnterface. If this is
found to be the case, you will be provided with a list of settings by a LINDO Systeoisical
support representative after investigation of thedeloThen, you should enter the pareter ames
and their values in theaRameters form.

Note: TheAdv ancedé| Bommandshaule ony/ be used with guidance from LINDO
Systems technical support.

The WB!|Options|Reseto Default command will not reset the custom parameters defimehis
window. Instead, you must e them individually using the Delete button pictured above.

There is also @idden name that the user can setup, as WBCALCxxx with a range value, which
actually tels What'8est!to read the cells in the range@mstant alues, and ignoring any fornasl 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 nmedgo break my dependencies to other parts of the model
whenWhat'Best reads and parses the modelnfi the spreadsheet.

All the What'8estlnames can be defined, modified, or deleted via the Name Manager of Excel®.

User s ac c eBes!vianVBA niélaas tab setustomer parameters by using the standard VBA
codk, for ingtance:

ActiveWorkbook.Names.Add Name:="WBLS_DPARAMANYPARM", _
RefersToR1C1:="=1.23"

Export Models

In addition, WhatBest!will accept two ames for providing the instruction list and agraeter file in
a standardormat.

1 WBFORMAT, will produce a .MP].MPS, or .LTX file format in the specified destination; for
instance:
"C:\Tempmodelname.mpi". The parameter file is provided &4R and .GV.

1 WBFORMATSP,will produce the formatted filelated to a Stochastiadyram nodel; for
instance:
"C:\Tempstochasticmodelname" (without extension), for .MPI, .SMPI, .STOCH, .TIME,
_1.STOCH. The parameters file is provided as _ PARAM.TXT dP8RAM._PARAM.CSV.

1 WBFORMATLOG, will produce the formattedéds related to an outpldg file from the
calculation libraryfor 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 locatiom fhesetemporary files is the direatp 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 directooyrifuy st

these temporary files.
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Locate...

The dialog boxposted by thé.ocatecommandappearss follows:

Locate; Adiustzble | cells

Using Method: | Identify One-by-One j
Across: [ Entire Workbook ﬂ
Help | Cancel | oK

Specify the type of cell you would like to firin the Locate: droglown box to search the worksheet or
workbook for Adjusable, Bet, Constraint, Violated, DualWVBCALC, or WBOMIT cells.

If you choose to locatadjustable Best,Constrant, Violated Dual, WBCALGC or WBOMITcells, then
specify whether you wish to simultaneously SeldtSuch Cellor Identify Oneby-Onewith the
Using Methoddrop-down box.Thesearch can focus either across\Werksheeor theWorkbook

To Identify One-by-Oneg What'8est!proceeds to search by rdallowing by columnuntil it finds the

first such cell. If there are one cells othe sameype across thewvorksheet oworkbook,thenthe
following dialog box appears:

Locabe Next, or Exit. &gl

Mext Exit

For example, if the current cell AL, you are searching for adjustable cells-bgeone, and A2 and
B1 are both adjustable cells, the next cell settetd be BL

Finally, selectwhether you want WhaBest!to search across thntire 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 WhatBest!lets youknow.
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Abo u t

Besth t 0 S

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 13.0.4099, 185 ok

Extended License —
Capacity

Unfmited Adustables
Unmited Integers

— Monlinears

Unimited  Ysina Nonlinear solver
Unimited Using Global solver

Information:

[ Linear Monlinear Barrier Conic Global Integer Stochastic

| Perpetual license,

Licensed for commerdal use,
Single-user license,
WEBPX5-17xxxx XYZ Company

Location of the add-in file: WEA. LAM

[ C:\Program Files\Microsoft Officeroot\Office 16'Library :I'
Location of the licanse file: LNDWB170,LIC
=1

[ C:\Program Files\Microsoft Office'root\Office 16'Library

==l
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TheAbout Whdialod oBprosides information about which version of V@gst!you are
running and is capacity according to thedinse key you possess (If you do not have a license key, you
canrunaDemonstat i on/ Tr i al Bests madditon, the hox attheabbtidra of the dialog
box supplies the location ofah WhBedt &ddin file (WBAXLA or WBA.XLAN) with the neessary
accompanying files o r u nBestYlaral thé lscation of the licenfile (LNDWBxxx.LIG which

has to be in the same location of the-audrhe capacity and size for the different vensiof
Wh a Be&tkreas follovs:

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 Vesion Unlimited Unlimited | Unlimited | Unlimited | Unlimited
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Toolkar/ Ribbm Bar

In Excel versions 20022003, use th&oolBarc o mmand t o t oBgstitbotbarbnhaed What 6 s
of f . Wh &8estliditis@leddtisetoolbarappears in floating (undockrhode as follows:

¥What'sBest! v X

KIRE W A== = | B

The user may then reposition the Wi¢'st!toolbar toa preferred part of the Ex@eWindow. Select
theToolBarcommand to turn the toolbar off. Select it again to tuenttiolbar bak on. A dheckmark
will appear next to th&@oolBar command when the toolbar is on.

The What'Best!toolbar offers rapid onelick access to eight of the most commonly used operations.
T he WBestltodlbar also makes tool tips available. [Earn the fuction ofa partialar toolbar
button, just movehe cursor over the button for a second and a statement of the buttontnfwrilct
appear.

What'sBest! v X
KX KX 13 = >= = 5

l/r:gnimize

Should you wish to remove the Whatst!toolbar, youwouldus€i ew| Tool bar s| Cust omi
commandselect theVhat'8est toolba, and press thBeletebutton You would then have to reinstall
What'8est!in order to restore the toolbar

In Exce® versions 2007 and lateWhat'8est!just shows an additional tab in the Ribbon Bar layout,
with an easieaccess tthe dialogboxes ad the shortcuts:

D @ [ = B - UNDO Systems I3
File Home Insert Page Layout Formalas e Help Fouit POF Team L Telme
© E5 Make Adjustable 9 1 Minimae @ ClesTn oot ((,-) £ Locate .| B License ¥ Language Englizh
%2 Remove Adjustable |2 Macmize 3= Grester Than Options + @ Hep 7 Register
Adjustable Best Conatraints Solve
= Equal To 2 Advanced « B avout & Check Update

Model Definition Settings Soivers  Information Services ~
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License Ke¥ntry

The dialog box posted by thécense command appears as follows:

What'sBest!(R) License Key Entry x
i |
E‘E rﬂn: have a What'sBest! (R) license key, please paste (Crtl + V) or typeitin USER ID Info
Dema
Help
If you don't have a bcense key, you can select Demo' to run What'sBest in Cancel
demonstration mode. In this mode you have all the features and functionality of
a full icense, but there are limits on the model size, oK

If you'd like to evaluate a full capadty license for purchase or solve laros models
for educational purposes, select Help' for information on requesting a license,

Use this c¢ommand Basticemsekeyyt your What 6s

If you have alreadyequested and receiva license keygeven a trial key, yomay copyandpaste it
directly into the space provide@ifl-C to copy,Ctrl-V to paste), then sele@K.

This command can al s oBeftlé handleelargertpmblemp (@reatashmber Wh at 6 s
of constraints,variables, and itegers) or to add ojans to solve other types of problems. To

upgrade, simply obtain a new licerigy from LINDO Systems and enter it here, then seld<t

The User Information File is created upon request of LINBYStems, by clickinghie USERID Info

button. It contains th Machine Name, the User Name, and the Disk Identification Number. This file
USERINFO.TXT can then be sent sales@lindo.comso to create the full license key for academic
purpose or a temporaBvaluation license focommecial purpose. By default, thfde will be created

in the What'Bestladdin folder, but a different folderan be selected, usually in the local disk/@ri

User Information File *

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 file
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 \LindoWs|
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Also, you may need to verify where your license key is storad. license fileLNDWBxxx.LIG is
located inthe same direcr y a s  BdsttaddWitiilast 6 s

The About WhatBest!will show your license capacity currently installed.

If you have lostour license key, please contact LINDO Systems.

Selecting the Demm b utt on psin denoidtrationérodeeThis modequides all of the
features and functionality of a full license but limits tin@del size to 150 constraints, 300 total
variables 30 integer variables, 30 nonlinear variables, and 5 Global vasiabl

What'sBest! 4

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 acaduic purpse, if you want to solve homerk models, we recommend you select the
Demo button. The demonstration modengrally provides sufficient capacity for most homework
models. If you are a student or professor needing to sohgerdamodels, you can geest an
unrestricted capacity Educatial Research license. To request a license, seledd®tR ID Info
button to create a file named USERINFO.TXT. Then, send this file ams attachment to
sales@lindo.confrom your educational emaaccount. We will geerate ad send you back an
EducationaResearch license key.

For the commercial evaluation, if you want to try WhatBe st on | arger model s,
unrestricted apacity temporary Evaluation license. To request a tempénaaiuation license,edect

the USER ID Infobutton to creata file named USERINFO.TXT. Then, send this file as an attachment

to sales@Indo.com We will generate and send you back a temporasjuaiion license key.
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Register...

The dialogbox posted byhe Regster canmand appars agollows:

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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Usethe Register command to register your version of WBesgonline. You wil need a connection

to the Internet for this command to work. Enter the personal information you deem relevarneeind se
the Registebuton. Yourinformation will be sent diretly to LINDO Systems via the Internet.

Once your registration is completaetfollowing dialog box will appear on your screen:

~ Thank you.

Select the OK button to be returned to the main EBxeglvironmaent.

LINDO Systens isconstany working to make our produsfaster and easier to use. Registering your
software ensures that you will Bept upto-date on the latest enhancements and other product news.
You can also register through the mail or by faingthe registationcard induded with your

software packge.

CheclkJpdate

Turnthe CheckUpdateommand on to have Whd'sst!automatically check every time you start the
software if there is a merrecent versiorof What'8Best available for download on ¢1L.INDO
Systems websitéXou will need an Internet connection to the Interntdr this command to work

When you issue th€heckUpdateommand, or start a version of WhBgst!with CheckUpdate
enalted, What'8est!will search the Internet to see if apdeted version of the software is available
for download. If you currently hasthe most recent version, then you will be returned to the main
What'8est!environment. If a newer build of the sefireis availabé, youwill 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 indicateshthatammand is still enabled.You
will need to download the new version of the software from the Website at the dddiested. You
can disble ths option by checking off theommand item.

Upon completion of downloading, you will be prompted to begitaitetion of the new update. Close
Exceld, and double click on the file to open the install wizard, which guideshyough the setup
processtoud at e Beéhktla-br§amir cornenience, your license key will be automatically
transferred to the new versi@uring installation.

Keeping your software up to date helps ensure that you are using the most recent version of the
software and tht conpatibility and operational problemsedeept to a minimum.
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Language
This feature allows the ust select the language of his choigithout reinstalling the aduh.
| B | |
= @

# Language |English [<]
English
Chinese
Sernvices French
Japanese
W

After selecting the language, the user aaret to the prgioussetting,because thianguage words
will stay displayed in the native langualytake sure that your system has itisththe international
language capabilities. This can be verified via the Control Panel of the Wiadipesating syem.

Note:
Endish (U
Chinese (Pinyin)
French (France)
Japanese (Katakana




4\What 0sBest'!
VBA Interface

This section disusseghe VBA (Visual Basi® for Applications)i nt er f a c RestloThe VBA at 0 s
interface allows the usertowrite VBAa e or macr os Best@dmmandseByusing What 6
this interface, you can build optimization applications thgize all thepowerand furctionality of

Wh a Be&tkn Excd® or any other application offering VBA control.

The section entitletdsage Guidelines for Macros in VBiAtroduces some features of the VBA
interface such as th@bject Browserhow to embegour Wh a Be&tsnodelin a Visual Basi®
project, as well show to hide the model. The procedures or functions (sué&upst Best ard
Constrain) pr ov i d eBbstlérgdistibsadtiBA Interface: ProcedureJhe section entitled
Tutorial on theVBAInterfaceis provuded tohelp you get started writingBA. The rest of the section
describes the syntax, arguments, and error cadesrticular procedures.

Usage Guidelines for Macros in VBA
Introduction to the VBA InterfAte®df0 s Be s t |

Theveryfirst step in creating a macro for WigeBestlis to create a reference to the Wha'st!add
in,soyoucanuse¢haddi n6s attributes and pr Bestisdnadedys. Thi s |
checking thaVBA.XLA or WBA.XLAM box unde Tools|Refeencesfrom within theVisual Basi®

Editor (The Visual Basi® Editor is called viaTools|Macrosrom the main Excel menubar). If you

do not create this reference, tBestattributesson your <cod
proceduesExcel retums theerror messageésub or Function not diefed.

Object Browser

Excel6 ©bject Browsers a usefut o o | for devel opi rBgst! mhe@bjedds t hat r
Browserprovides for display of all publicly declared obfgwithin a given unt of code, such as a

module or the Wha Best!laddin (WBA.XLAorWBA.XLAN) . Once youbdbve selected
the Object Browseprovides a view of all objects, procedures, and attributes that are available to any
macros you writdor that object Forexampleb y s e | e c t iBesfadd-ihobjeciNkBA XI6As

within the Object Browseryou can view the particulart t r i but es and Bpstltbat edur es
you can employ in a macro.

147
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The Object Browseis a feature of th¥isual Basice Editor and 5 openedrom the Exced menu by
ToolgdMacro|Visual Basic EditarHaving 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 sadcting WBA.XLAfor theLibrary/Workbooks (instead ofAll Li braries>). If you do not
seeWBA.XLAINn the dropdown list, then you mustchlec i n t Bestlaihnavit hhesExced

menubs o fToolRAdHinsormei 91 st al | Basthaddinwh at 6 s

Afteryo u 6 v e ed8VBAXeAdntthe Object Browseryou shouldsee WBUsersamong theClasses
listed. This class is your primary source of &vtB@ést!procedures. As you select this class, the right
window should display all of thelemberqprocedures) availde to you fromthat dass.

Macro Recorder

Exceled Macro Recordercan be a very valuable tool for creating macromsks in Exced.

Unfortunately, it generally does not work well in conjunction with Er@dins such as

Wh a Be8tsTheMacro Reorderof Exceld 97 and later versionsisulat o r ec or dest he Wha
addin commands, so we recommend you do notdryse it to generate VBA code. You can use

Exceled ©bject Browsedescribed above to more quickly and accuratelyemour VBA code

Caling Proedures

Visual Basi® for applications is quite liberal in the syntax it allows wiealling procedures. For the
sake of simplicity, the calling procedures used for illustration below will stick t@otveo
conventons d@endingupon whether or not named amerts are used. For example, to call the
procedure to set cells D8:E10 as atifible without named arguments would be:

wbAdjust "D8:E10"
The same procedure call with named arguments waaild b
wbAdjust AdjRange:='D8:E10"

Note: VBA is caseinsensitive to the procedure name when it is called, so the procedide co
alternately be called with its name typed entirely in upper case (iWBA®JIUSTinstead of
wbAdjusj.
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Named aguments such ashownabove & necessary when you are ki over some arguments.
With some programming languages, it is possibléip an argument by leaving it blank. This is not
possible with VBA. Named arguments must be used instead:

INVALID: wbSetGened®ptions (,,,,,,,,,, False, Tru&rue, ,,,,,)

VALID: wbhSetGeneralOptions goStatusReport:=True, §dbmReport;=False,
goWrnBlank:=True

When calling procedures with multiple arguments, using named arguments allowedigbthe
argumens in anyorder you choose. Using namaguments can also make the code easier to read.

Error messages you migtiuntetearniny BA.

When initially Bestusing VBAgod, tte useunmagndédurertthéfsliowing
error messages, whi@re easily resolved:

Sub or Function not definedThis error message is eft the result of not havirng/BA.XLAchecked
as an available reference. ClBestpkroteduges aitabletos a
your Visual Basi® code. Instructinsfor 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 puthekeywordCALL in front of procedure calls where you ugsarenthesis or
remove the parenthesis.

Beyond VBAVB

Model developers may prefer the ability to provide the user with a more elaborateeginlisrface
than carbe provded usingexcel® workbooks running/isual Basi® macros. Developers can create
such applicatins using the full featured development environmenidsifal Basi® or Microsofte
Acces® tha run WhatsBest!with Excel® runningin the background. Thacces® or VB application
can easily prepare the data for the optimization modedrtiftsntoan Excel® workbook, and run
WhatsBest! so thatExcel® is completely hidden from the user.

The developmet of the appli@ationcan progess in natural stages. Thetiogzation model can first be
prototyped and tested Excel®. Once the struate of the model is decided updrisual Basi® code
can be written to automate the process of creating the modéh witbele. Finaly, the code an be
incorporated into alccesse or Visual Basi® project in which the WhaBest!model is built based
upon a data set provided by the application.

Embeddi ng inVaVisualBascB/eVsualStuds
Projet

We again return to the XYZutorial problem to look at howt could be inorporded intoa Visual
Basi® (VB) program.Assuming that Visual Basicis installed on the computer, extract the WB_VB
project from the WB_VB.zip file of th&/Bdirectory. Start the Visual Bagior Visual Studi® and

refe
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chooserile|Open Prgectto selecthe "WB_VB.sIn" project. There are WB_Moduleb,
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 Micrsoft Excels, initialize the Ink to the WhatBest!addin,
and open the file GWB\XYZ.XLSX. It will then complete the model by settiniget Adjustable, Best,
and Constraint cells, then solves it. The solution will be displayed back onto the worksheat, wit
message bofor the returred status. The user can théose the messages.

The code clarify the basics for opening, building, anglisgla model. The user can look at this
project as a template for further developments, eventually adjusting oratfeerp) .NET, ether 2 or
64-bit.

Concealing and Protedikipdel from thdser

WhatsBest!allows model developers to hide aspects of a midelmight be proprietary and protect
sedions of a nodel fom inadvertent or unauthorized modifiton, while allowing the user to access
and modify input data. While this de not require the use \gfsual Basi®, these techniques can
easily be used in conjunction with VBA.

Information ina WhatsBest!model that is tobe hidden from the user muside on one or more
worksheets that are separate from the worksheet(s)ithwie user has access. Similarly, information
that is to be protected must reside on one or more worksheets thafmete fromthe res of the

model.

To demonstrate how tmnceal and protect a model from the user, we will modify the Product Mix
modéd. First, we rename therodmixsheet adlodel Second, we will create two new worksheets that
have all the informatio that the useneedsone caled Inputsand the other calteOutputs When we

are done, th&lodelsheet will be entirely hidden and proted from the user. It will contain data and
formulas that are considered proprietary.

We now populate theputsandOutputssheetsas folows. Fist, we copy all of the datadm 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|Rotect Sheet
command and enter a passa:

Turning to theOutputssheet, we copy and change the "Quantity to Preltiior each of the products
to formulas that reference tiModelsheet. We can then protect Batputssheet from theise, so
nothing canbe changd. First, select the "Quantito Produce” cells and chooBermat|Cells On the
Protection tab, selettidden(leave the cell&ocked, so that the user can not see the formulas isethe
cells. ThenchooseTools|Rotection|Protect Sheeind etera password.

On theModelsheet, we change the "Profit/ Unit" for eachited products to formulas that reference
thelnputssheet.

The last thing to do is to hide and protect Mhedelsheet To do this sedct tre entireworksheet and
chooseFormat|Galls. On theProtectiontab selecHidden Then, with the entire spreadshetdt s
selected, choodeormat|Row|HideandFormat|Column|HideNext, protect the sheet by giving the
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commandrools|Pitedion|ProtectSheetand ener a password. The final stegto hide theModel
sheet with the commariebrmat|Sheet|Hide

Now, the usewill only see thdnputsandOutputssheets. A clever user would be able to determine
that there is Modelsheet buhe or she wouldchot ke able ¢ view or modify it. In the WB
subdirectory, there is a file called PRODMIX2.XLS, which has the changesilbied@bove.

Note: It is not possible to usexceld Fools|Protection|Protect Structummmand with WhadBest!
This canmand doesat allow theWB! Statusor WB Solutionworksheets to be added to the
workbook.

Tutorial on the VBA Interface

This section provides a tutotian the basics of running VeisBest!commanmls ushg VBA (Visual
Basi® for Applications). It includes detailed discussion and diggstep examples of\aariety of
different common applications combinidisual Basi®@a n d  VWHest!t 0 s

Note: The first step in runnigmany WhatBest!from VBA is to create a reference to WhBgest!
This reference is made by checking YWBA.XLAbox under Tools|Reérence from within the
Visual Basi® Editor (The Visual Basi® Editor is called viaTools|Macrofrom the main
Excel meru bar). If you do not create this referendesrt any attempt to use the WHaest!
attributes or procedures will pitacethe error nessagesub orFunction not defined

Buildingnd Solving a Basic Model

L e t 0 sit the XYW Production problem discussed in Thetorial of Getting StartingWe will look
at how t haenodelBaD despecidefl usirg Visual Basi®. Unless spediédotherwise, a
sample file name&YZVBA.XLS! was copiedo theWB subdirectory during installation. Along with
the main XYZ worksheet, there are two VBA modules cafle8 C @ndDual.

The AB C 6 sduleha three procedures in BuildXYZ, which use¥/isual Basi® to build and solve

the modelMaxDeluxe whichchanges the objective to maximizing the use of Deluxe computer towers
and solves the new model; aMaxDeluxe2 whichuseshe same gbkctive asMaxDeluxe but

imposes a restriizin that profit must be great¢hanor-equatto $32,000. You will notice thahe code

to build the model is very straightforward. For information on the complete syntax for each of the
functions refer to the ectionon Procedures.

TheBuildXYZprocedure is listed below:
Sub BuildXYZ()

Dim Ing Solutio nStatus As Long

'Go to line label Handler for code that handles error
On Error GoTo Handler

'Ma ke Q uantities to Produ ce (C5:D 5) 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)
wbConstrain t"E 15:E17","<= ", "Gl 5:G17", "F15:F17"

'Solve the nodel
wbSolve Ing  SolutionStatus

'Display the results
Select C aselng 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 m odel 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"
Casel 4
MsgBox " The mode | is: Loaded"
Case Els e
MsgBox "Solution status unknown"
End Select

ExitSu b
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Handler:
MsgBox "The error description is " & wbError(Err)

End Sub

In the above example, any line startinghnasingle quoationmark isa comment.

Note: If Excel returns the error messagaib or Function not definethen WhasBest!needs tde
set as an available reference. To do this, chdosés|Referencefsom theVisual Basi®
Editor and checkVBA.XLAIn the list. Nav, youshouldbe able to run the proceduréthout
error.

The procedur@uildXYZshown above is very simple. It sets C510%e adjustable cells, makes the
Total Profitin G6 the cell to maximize, and constrairstal UsaggE15:E17) to béess than the
numberin stock(G15:G17). When these stepa/h 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. Alternatelyheranges cou alsohave ben passed as objects to alltve developer to
work with row and column numbers instead of the text. The@@lsode presented with object
references would look like this:

'Make Quantities to Produce (C5:D5) Adjustable
wbAdju st Range(Cel 1s(5,3 ), Cells (5,4))

‘Make Total Pro fit (G6) the best cell to Maximize
wbBest Cells(6,7), " Maximize "

'C onstrain Total Usage (E15:E17) to be less than Number in
' Stock (G15:G17)

wbConstraint Range(Cells(15,5), Cell s(17 ,5)), "<=", _
Range( Cells(15,7), Cells(17,7)), Ra nge(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. TBeial module contains aoude of subrotinesthat denonstrate
putting dual value foctions in the model.

In the examples above, none of the arguments used tedrergument syntax. To do so, simply list
the argument name followed by a colon and equal sign and then the arghossttthe rang C5:0b
as adjistable with the named arguntepntax, enter:

wbAdjust AdjRange:= "C5:D5", AdjChoice:= "Adjustable "
Using he named argument syntax can make the code easier to read and, when calling procedures with
multiple arguments, allowgou to list theargurrents inany order you choose.
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Solving Multiple Problems with a Looping Macro

When automating process using macros, you may want to run the same macro many times on

different data while storing the optimal st for each dta set For example, you may have a
databaséilled with information on the return on a group of investments at a rarigeecdst rates.

What'8estlcan be used to determine the optimal portfolio in each situation by using a looping macro
Using thePMIXMAC.XLS sample file, whth was copied to th#&VB subdirectory during installation,
let's look at how #oping macro might be created. Use Yfisual Basi® Editor to go to thé.ooping

Macro module in your workbook and yo screen shouldbok like thefollowing:

—

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 beginningvith a single quotation mark are comments.
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The macro shown here performs rarapalysis by incrementing the profit/unit of product 2 from 45 to
64. TheFor...Nextform of looping inVisual Basi® is used here, it other looping forms such as
Do...LoopandFor Each...Nexforms are available. Please consultigual Basi® or Excd® Help

for more information.

After running the macro, the adjustable cells andbtst cell for each increment arepied to the

table inthe rame L2:S22. The row is incremi&d each time through the variablablethat is always

two greater than th€ount(the iteration number). In this way, a convenient report is created providing
sensitivity analysis of the profithit of Product2.

As shown lere, there are changes in thgimal solution when the profit/unit for product 2 is $50 or
greater. In addion to simply having the macro increment the profit/unit for product 2 through a range,
the profit/unit values coultlavebeen readrbm adatabaser a text file.

This model isalooping version of th&roduct Mixmodel.

VBA InterfaceéProcedures

WhatsBest!provides a set d¥isual Basi® Procedures that allow models to be built anadanated
usingVisual Basic® 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 meois also inv&ed wten you pess the &3 button on

the WhatsBest! toolbar.

If you wish to automate the creatti of a WhasBest!model,or if you wish to incorporate WhaBest!
as a part of a larger application, then you will find these proceduredrivadeable. Thg makeit
reldively easy to incorporate WtsBest!into aMicrosofte Excel® or Acces® appication, or any
other application offerinyisual Basi® for Applications.

All of the following procedures with argumisrequiring cdls can acceptkither range objects or the
address of the cell(s).

Note: VBA is caseinsensitive to the procedure name wiliteis called, so any procedure could
alternately be called with its name typed entirely in lower case (i.e., asifatpastablestyd”
instead of'wbAddAdjustableStyle").

Allofth e WBestipfosedures available are listed below with details on #ygitax, arguments,

error codes, and any return values. Some also include examples of using the procedure or teenarks. T
procedures wh arguments hat require cells can acceptier range objects or the address of the

cell(s). Argument with square bradkd[ and ]) around them are optioralon-bracketed arguments

are required.
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wbAddAdjustableStyle

Thisroutineis used to add the adjustalstgle to a workbook that does not have one yet.
Syntax wbAddAdjustableStyl@

The wbAddAdjustableStyle procedure has no arguments.

Error Codes Description

Adj_CreateStyleError Error Creating a Adjustable stie

Remarks:Because this procedure is cdlley the wbAdjust procedure, in most cases, it should not be
necessary for théeveloper to call it directly.

wbAddBestStyle

This routine is used to add the best style wmekbook that des nothave o yet.
Syntax:wbAddBestStylé)

The wbAddBestStyle procedure has no arguments.

Error Codes Description

Beg CreateStyleError Error Creating a Best style

RemarksOnly one cell, the objective cell, should use this style.

wbAddVBMenu

This routine is used to add th¢B! menu item to th&xcekl menu.
Syntax:wbAddWBMenu()
The wbAddWBMenu proedure has no arguments.

Error Code Description

AddWBMenuError Error in adding th&V/B! menu

RemarksThis procedurerad the wbDeleteVBMenuprocedue allows a developer to remoaed add
theWB!menu as desired.
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wbAdjust

For additional disussion of the functionality provided, see the section entittfdstable which
refers to the dialog box interfadeet calls this pocedue.

This routine is also called widppropriate arguments by two of the toolbar buttons.

This routine is used tdtber set cells as adjustable or to remove the adjustable attribute. All arguments
are optional.

Syntax:wbAdjust([AdjRang], [AdjChoice], [NoErrDidog])

Argument Required Description

AdjRange No This is the range or address of the cells to be rendejestaiole.
If omitted, the default value fagkdjRanges the current selection.

AdjChoice No This is a string to indite Adjustableor Resé AdjChoiceaccepts
the text "Adjust'to set theAdjRangeas Adjustable or "Reset" to
set theAdjRangeo no longetbe adjustable. If omitted, the defau
value forAdjChoiceis "Adjust". For backwards compatibility with
earlier verionso f  WBaeat!t Allj€hoicealso accepts the
numbers 1 foAdjustableand 2 forReset

NoErrDialog | No Any argument passed here cauz€s | Bidstetrdy dialog
boxes from thevbAdjustroutine to be suppressed. Instead, the
error number is delivered this return agumen. Passan integer
to use any possiblet u r n e dBeStbretnénsber. Useful in
an embedded apgBésttcati on of

Error Codes Description

Adj_BadAdjRangeArg Bad AdjRangeargument

Adj_BadAdjChoiceArg Bad AdjChoiceargumen

Adj_Protecte®heetlror Unable to set cells as adjustaluie a protected sheet
Adj_CreateStyleError Error creating ar\djustablestyle
Adj_CheckStyleUnlockedError Error checking that thAdjustablestyle is unlocked
Adj_CheckStyleProtectionError Error checking thathe Adjustablestyle includes protection

Remarks: An adjustable cell must contain a number or the cell is ignored kyother. TheAdjust
procedure formats the cell(s) with a style caketjustable which carries a blue font color aviaual
reminder All adjustabé cells will return nomegatie values unless they are iIWdBFREErange.

Example:To set the cells D8:E18&s 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 nholonger be djustale, ener:

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 erBitdwhich refers to the
dialog box hatcalls this pocedue.

This routine is also called witlppropriate 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([BesCell], [BestCloice], [NoErrDialog])

Argument Required | Description

BestCell No This is the cell or address of the celb® thebest cell. If omitted,
the default value foBestCellis the current cell.

BestChoice No This is a string toridicate whethethe best cellshould be
minimized or maximied. BestChoiceaccepts "MIN" or
"MINIMIZE" (upper or lower case) for minimizé MAX" or
"MAXIMIZE" (upper or lower case) for maximize, and "NONE"
(upper or lower case) to remove any previbestcell. If omitted
thedefaultvalue forBestChoicés minimize. For backwards

compatibility wit hBesthBedtChae
also accepts the numbers 1 kdinimize 2 for Maximize and 3 for
None

NoErrDialog No Any argument passed herauss a | | Begtllereotdidlsg

boxes from thevbBestroutine to be suppressed. Instead, the er
number is delivered in this returngament. Pass an integer to g¢
any possi bl eBestlertoununmberdJsehiraan 6 g
embedded application of NVasBe&t!
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Error Codes Description

Best BadBestCellg BadBestCellargument

Best_BadBestChoiceArg BadBestChoiceargument

Best ProtectedSheetError Unable to set thbest cell in a protected sheet

Best_CreateStyleError Error creating 8eststyle

Remarks:Only one @Il canbe specified as best cell.

Exanple: To set |17 as your objective to minimize, enter:
wbBest "[17", "Minim ize"

To set F17 as the objective to maximize, enter:
wbBest "F17", "Maximize"

To reset cel | F17 to ANoneo, enter :
wbBest "F17","Non e"

WBBIN

For additional discuson of the functionality provided, see the section entitlédger,which reers to

the Binary option button that calls this procedure.

This routine is used to build binary integer ranges naviiB8N. The adjstablecells ontained in

these ranges wille set to either 0 or 1 by the WhsRest!solver.

Syntax:WBBIN(IntName, [Reérs_to])

Argument Required Description

IntName Yes IntNameis a string that refers to the range being made inte

Refas_to No Rekrs_tois therange or address of the ceitsbe specified as
integer. If omitted, the default is the current selection.

Error Codes Description

Int_BadIntNameArg BadIntNameargument
Int_BadRefers_toArg BadRefers_targument
Int_ProtecedSheetError Unabk to seinteger cells on a protectesteet
Int_CreateError Error setting integer cells

Remarksinteger variablesan dramatically increase total solution times.
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Example:
To constrain cell F7 to be a binary integer using the raage OnOff, ener:

VBBIN "On Off", "F7"

To Remove:

If you wish to delete &VBBINrange name using VBA instead of tbeletebutton on tle Integer
Binary dialog box, you can use:

ActiveWorkbook.Names("WBBINONOff").Delete

This statement removes tiiéBBINrange name, theby returningthe adjustable cells contathen the
former range to normal status.

wbConstraint
For additional discussion of the functionality provided, see the section er@itiestrains, which
refersto the dialog ba thatcalls his procedure.

This routine $ also called with appropriate arguments by the three toolbar buttons didhyee.
This routine inserts a constraint formula within the selected cell.

Syntax: wbConstraint(LHS, Direction, R&l, GonLoc, [NoErDialog])

Argument Required Description

LHS Yes LHSis the lefthand side of the constraint equation.

Direction Yes Thisis a string to indicate what type of constraint: "<=" (lesg
thanor-equatto), ">=" (greaterthanor-equatto) ,"=" (equal-
to), "<c=" (convex), ">c=" (concave), or "=c" (convexFor
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 right-hand &le of the constraint equatiort can be
a range or a value (see tRemarkdelow).

ConLoc Yes ConLocis the range to store the constraints.

NoErrDialog | No Any ar gument p as Bestirrocdamlogsbexss

from thewbConstrait routine to ke suppressed. Instead, the
error number is delivered in this return argument. Pass an
integertogetanypesi bl e r et Bestlar@rchumiér.g

Useful in an embedd®Bdesd appl
Error Codes Description
Con BadLHSArg Bad LHSargument

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 @fgcted sheet

Remarls: LHS and ConLoc ranges must be trare size
RHS can be a range or a value.
Example:To enter the constraiit8 >= 10 into cell I8, enter:

wbConstraint "H8", ">=", "10", "18"
or

wbConstraint Cells(8,8), ">=", "10", Cells(8,9)

To canstrain H8:H0 tobe lessthanor-equatto J8:J10 and ste the constraints in 18:110, enter:

wbConstrain t"H8:H10", "<=", "38:J10", " 18:110"
or
wbConstraint Range(Cells(8,8),Cells(10,8)), "<=", _
Range(Cells(8,10),Cells(10,10)), _
Range(Cells(8,9) ,Cel 1s(10,9))
wbConstraintPOSD

For additional discussion of the functionality provided, see the section enfitledtraintg , which
refersto the diabg boxthat cdls this procedure.

This rouine is also called with appropriate arguments by the three toolbar butspitesyeid above.
This routine inserts a constraint formula within the selected cell.

Syntax:wbConstraintPOSD(RangeM&, Place_in_ell, [NoErrDidog])

Argument Required Description

RangeMatrix | Yes RangeMatrix is a cell reference for indicating thegewof the
matrix.

Place_in_cell | Yes Place_in_cell is a cell reference to specify the cell in which
write the WBROSDfunction.

NoErrDialog | No Any argument passed caus#s/ih a Bedtkerror dialog boxes

from the wbConstraintPOSD routine to be siggsed. Instead,
the error number is delivered in this return argument. Pass
integer to get any possible returnedh\&sBedt!errornumbe:.
Usefd in an embedded applicatio Wh a Bebts
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Error Codes Value Description
Con_BadRangeMatrixArg Bad RageMatrix argument
Con_BadPlacelnCellArg Bad PlacelnCell argument
Remarks:
RangeMatrixxanges must be a symmetrenge, more tan onecell.
Example:

To enter the PED constraint for the matrix A1:C3, and the function =WBPOSD() in cell DE¥rent
wbConstraintPOSD "A1:C3", "D1"

or
wbConstraintPOSD Range(Cells(1,1),Cells(3,3)), Cells(1,4)

wbConveMalelFormat

This routine albws you to convert a neWh a Be§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 cellsandit will create anew tabWB!_Constraint_Sheetl' at tleed of the workbook for

inserting the constraint functions.

Syntax:wbConvetModelFormat()
ThewbConvertModelFormatrocedure has no arguments.

RemarksWhat'8estlcan have one model per woddk, but other preadbeet moeling interfaces
may have onenodel per worksheet in the same workbook. We recommend to select the active
worksheet contaiing the model to convert before invoking this function. You will see the Best and
Adjustable cells witta rew format, ad a aditiond sheet for the =WB() constras in the order they
were found in the model. Also, you may need to lookatdptions andther settings for tolerances
that were not converted.

wbDeleteReports
This rouineis called ly the DeleteReportsbutton on theéseneral (otionsdialog box posted by the
Opti ons éd¢o@reamc r a |

Thisroutineisusetl 0 d e |l et estrapprt witkshdetdB StatusandWB! Solution in the
current workbook.

Syntax wbDeleteRepots()

ThewbDeleteReportsprocedure has no arguments.

Error Codes Value Description

Rep_DeleteReportsError Error deleting one of theeports
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wbDeleteWBMenu

This routine is used to delete td! menu item fromExced s menu.
Syntax wbDeleteWBlenu()
ThewbDeleteWBMenprocedure has naguments.

RemarksThis procedure, together with thdbAddWBMenprocedure, &ws a developer to remove
and add th&B! menu as desired.

wbDualValue
For additional discussioof the functionéty provided,see the section entitlesdvanc e d € | ,Du a |
which refers to the dialog box interface that s#flis procedure.

This routine is used to build the dual formulas. All arguments are optional.

Syntax wbDualValue([DualCells], [Dualoc], [DualChdce])

Argument Required Description

DualCells No DualCellsis the range or cell that dual value informatisn
desired for. If omitted, the default is the offset of one cell tg
the left of the current selection.

DualLoc No DuallLocis the rage orcell 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
Range for upper rang, andLoweror Lower Rangédor lower
range If omitted, the default iBual. For backwards
compatibility with earlierves i ons ®@éstt What 6
DualChoicealso accepts the numbers 1 Bwal, 2 for Lower,
and 3 forUpper.

Error Codes Description

Dual_BadDual<CellArg BadDualCellsargument

Dual_BadDualLocArg BadDualLocargument

Dual_BadDualChoice Bad DualChoiceargument
Dual_ProtectedSheetError Unable to enter dual formulas on a protected sheet

RemarksOn integer models, dual valugféormation is oty of limited use
Example:To create the dalivalue for cell E5 in cell F5, enter:
wbDualValue "E5", "F5", "Dual Value"




164 CHAPTER 4

To create the upper and lower ranges for cell E5 displayed in cells F6 and F7, respectively, enter:

wbDualValue "E5", "F6 ", "Upper Ra  nge
wbDualVa lue "E5", "F7", "Lower Range"
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wbError, and Error Codes

I't is very i mport ant Basterrdisasing some farm gf thp©nsEEsar bl e Wh a't
statement as shown ihg @de exampldelowwhen eror-handling code isin placéf. a Wéstht 6 s

VBA procedure encounters an error, then your code handlgsttieular error. For example, you can

obtain a description of the error and provide it to the user, or perhapd@toviuser wittfurther

information, as the code exampldd®& demonstrates. However, if your code that calls the

Wh a Betprocedure des not have errdrandling, then Excelh and | e s Best\erroitita t 6 s

a runtime error message that can somesirdsguise the reor. For detés, see the section entitled

Rurttime Errors

Code Sample One (below) sets the selected cell(s) as ddfuatal solves the model, while providing
the user with information in case there is an error setting adjustableralisrotectedheetThe
cock also displays a descriptiohany other error.

NOTE ON CODE S A MP IBestihad\defined @fioantinérs beginning at 30001. These

error numbers should not be used in your code, since they are subject to changk.sestba error
codesstoredin the wbErr structure,asslko i n t he e x a mpebt'proviesla furetion Wh at 6 s
to return the erroreixt for these wbErr codes. This function is similarto Exées Er r or () funct
wbError() function takes an errcade or erronumberas an egument and returns the ertext.

' CODE SAMPLE ONE

Sub mySub

On Error GoTo ErrorHandler ‘T rap any What'sBest!
error

wbAdjust '‘Make current cell
adjustable

wbSolve 'Solve the model
Exit Sub

Er rorHandler: 'Process any

What'sBest! error
If (Err = wbErr.Adj_ProtectedSheetError) Then

MsgBox "To the user: Please unprotect all the sheets in your models
usingt he Tools|Protec tcomm and"

Els e
If Err >= 30000 Then
MsgBox "The error description is " & _
wbError(Err)
Else
MsgBox "The error descriptionis " & _

Err.Description
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End If
End If
Exit Sub
End Sub

I f you ar e Bestlwithin aVB projébt, ydu 8hoid usean altenative method for error
handing. This method will prevent possible WhBgst!errors from being transfored into unusable
Visual Basi® runtime errors. The followin@ode Sample Twean be used as a workaround for the
Visud Basic® projectfile WB_VB.sIn, available in th&VBdirectay.

' 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", , int Error

If in tError >0)Th en

GoTo Quit

End If

{Omitted ¢ ode similar to above for wbBest, wbConstraint, and
wbSolve, as well as code fo r displaying the results of solve}
Exit Sub

Quit:

Dim strError as String

gobjExcel.Run "wbError", intError, strError

MsgBox "Error # = "&i ntError &", Description: " & _
StrError

Exit Sub

End Sub

WbError
The error numbers and the codes storatiénwbErr 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 INtAIIDIff_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_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

30129 NonlinOpt_BadOptimality ToleranceArg
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30130 NonlinOpt_BadItLimitSlowProgArg
30131 NonlinOpt_BadDerivativesArg
30140 GlobalOpt_BadGIStratGlobalArg
30141 GlobalOpt_BadGIMultistartAttemptsArg
30142 GlobalOpt_BadGIOptimalityToleranceArg
30143 GlobalOpt_BadGIDeltaToleranceArg
30144 GlobalOpt_BadGlVariableBoundLimitArg
30145 GlobalOpt_BadGlUseBoundLimitArg
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_BadObjIntegralityCutsArg
30166 IntPreSolvOpt_BadBasicCutsArg
30167 IntPreSolvOpt_BadCardinalityCutsArg
30168 IntPreSolvOpt_BadDisjunctiveCutsArg
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30170 IntOpt_BadBranchingDirectionArg

30171 IntOpt_BadAbsolutelntegralityArg

30172 IntOpt_BadRelativelntegralityArg

30173 IntOpt_BadWarmsStartArg

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_BadBNPBIlocksArg

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

30199 StoOpt_BadCellRange3Arg
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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
30231 Rep_FormatError
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30232 Rep_OpenError

30233 UpdateLinksProtectedError

30234 UpdateLinksHiddenError

30235 CheckAdjustableStyleError

30236 Invalid_Data_Type

30237 CleanUpFilesError

30238 AddWBMenuError

30239 ResetOptionsToDefaultError
WBFREE

For additional discussion of the functionality provided, see the sectiotedfiiee, which refers to
the dialog box that calls this procedure.

This routine build8VBFREEranges, which are areafthe workshet whee adjusable cells are
allowed to benegative

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 rmnge or addss ofthe cels to be allowd to ke

negatiwe. If omitted, the default is the current selection.

Error Codes

Description

Free_BadRefers_toArg

Bad Refers_targument

Free ProtectedSheetError

Unable to setreecells on a protected sheet

Free_CreateErro

Error settirg freecells

Example

To allow cell G8 to be positive or negative using the range name BuySell, enter:

WBREE "BuySell*, "G8"

To Remove:
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If you wish to delete &VBFREErange name using VBA instead of theletebutton on tle Free
dialog b, youcan use

ActiveWorkbok.Nanes("WBFREBuySell").Delete

This statement removes tiéBFREErange name, thereby retimg the adjustable cells contained in
the former range to normal status.

WBINT

For additional discussi d the functbnality provided, see the stéon entitled Intege, which refers to
theIntegerdialog box having &eneraloption button that calls this procedure.

This routine is used to build general integer ranges nAINT. The adjustableels containedn
these rangs will be seto nonnegatve, integral values by the WHsBest!solver.

Syntax WBINT(IntName, [Refers_t

Argument Required Description

IntName Yes IntNameis a string that refers to the range being made integer

Refersto No Refers_tds the rangeor address ofte cel(s) to ke specified as
integer. If omitted, the default is the current selection.

Error Codes Description

Int_BadIntNameArg BadIntNameargument
Int_BadRefers_toArg BadRefers_targument
Int_ProtecedSteetError Unable toset ineger cells on arotected shee
Int_CreateError Error setting integer cells

RemarksThe use of integer viables can dramatically increase total solution time.

Example:
To constrain cell F6 to be a general integer usiegahge name stg enter:
WBINT "staff", "F6 "

To Remove:

If you wish to delete WBBINTrange name using VBA instead of theletebuttan on thelnteger
Binary dialog box, you can use:

ActiveWorkbook.Names("WBINTstaff").Delete

This statement removesatdVBINT range nane, trereby réurning the adjstabé cells ontained in the
former range to normal status.
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wbinteger

For additional discussion of the functionality provided, see the section entitlger, which refers to
theIntegerdialogbox that clis this procelure.

This rouine is used tduild the integer rangd&/BBINandWBINT. Adjustable cells contained in these

ranges will be restricted integral values by the WhsBest!solver. If you wish to delete an integer
range namesing VBA instead 6the Deletebutton a thelnteger dialog box, you can use:

ActiveWorkbook.Names("WBBINmyRange").Del€tds statement removes the integer range name,

thereby returning the adjustable cells contained in the former rangentalistatus.

Syntax wbintege([IntName], [Rders_b], [IntChoice])

Argument Required Description

IntName No IntNameis a string that refrs to the range being made integer

Refers_to No Refers_tds the range or address of the cell(s) to be specified
integer. If omited,the defalt value is tle curent seletion.

IntChoice No IntChoiceis a string to indicate if the cells should bedsy or

general integeidntChoiceacceptsIN or BINARYfor binary
(0/1) andINT or GENERALfor general integer. Ibmitted, the
default is binary For backwardsompdibility 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

BadRefes_toargumant

Int_BadIntChoiceArg

BadIntChoiceargumaet

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.

Examge: To constain cell F6 © be a generahtege using he range namstaff, enter:

wblinteger "staff", "F6", "General"

To constrain céF7 to be a binary integer using the range n&@néff enter:
wblinteger "OnOff", "F7", "Binary"

Note: The second afhes two examps cold be dme without thdntChdce argurrent 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 Altdifferent didog box that cls this procedre.

wblintegerAlIDiff (Procedure for VBA)

This routine is used to build thd! -different rangeSVBALLDIFF. Adjustable/Integer cells contained
in these ranges will be restricted to integral eally t h e Bésfihsalverfifyou wish todeletea
ALLDIF F function using VBA instead of deleting it on the spreadsheet, you cafaleetion.Clear
This statement clears the selected cell from any of its content.

Syntax wblintegerAlIDiff(LowerBound,UpperBound, Ardiist, Refers_o, [NoErrDialod)

Argument Required Description

LowerBound Yes LowerBounds a number indicating the lowbound in
the range.

UpperBound Yes UpperBounds a number indicating the upper bound
the range.

ArgList Yes ArglListis a stringlist of rangeor cells referace

separated i a comma.

Refers_to Yes Refers_tds the range or address of the cell(shpé¢o
specified as ALLDIFF.

NoErrDialog No Any argument pass e Bestleror
dialog boxes from the kintegerAlIDiff routine to be
suppressed. Itsad,the erromumber is delivered in th
return argument. Pass an integer to use anylgessi

r et ur n eBast'éithraumbes. Useful in an
embedded appl Baestati on of

Error Codes Description

IntAlIDiff_BadLoweBoundArg Bad LowerBoundargunent
IntAlIDiff_BadUpperBoundArg Bad UpperBoundargument
IntAlIDiffSemic_BadArgListArg BadArgListargument
IntAlIDiff_BadRefersToArg BadRefers_targument
IntAlIDIff_ProtectedSheetError Unable to set AllIDif cells on a potectal sheet
Remarks

Integer vaiables @n dramatically increase the solution time.
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Example
To constrain cell F6 tbe a general integer using the range nata#é enter:

wblintegerAlIDiff 10, 20, "Sheet1!$B$1,Sheetl!$C$1:$CEBheetl!$AS1"
The cdl Al then contains th&nction:
=WBALLDIFF(10,20,Sheet1!$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 theSpeciaOrderal Set- Cardindity dialog boxthat calls this procedure.

This routine is used to build the Cardinality gas WBCARD. Adjustable cells contained in these
ranges wil|l be restri ctBest!solvar If yomwish tpadeled a OARD ues by
function usingVBA instead ofleleting it on the spreadsheet, you can 8séection.ClearThis

statementlears the selected cell from any of its content.

Syntax:wblintegerCard(CardNumber, ArgList, Refers_to, [NoErrDialog])

Argument Required Description

CardNumber Yes CardNumber isan integer meaning that, at most, N o
the variables in the set will be alled to be nonzero.

ArgList Yes ArgList is a string list of range or cells reference
separated by a comma.

Refers_to Yes Refers_to ighe range or a@dress of theall(s) to be
specified as SOS.

NoErrDialog No Any argument pass e HBestlereor
dialog boxes from the wbintegerCard routine to be
suppressed. Instead, the error number is delivered i
retum argumentPass a intege to use any pssible
returnedWh a BeStkerror number. Useful in an
embedded appl Bastati on of

Error Codes Description

IntCard_BadCardNumberArg Bad CardNumber argument
IntSos_BadArgListArg Bad ArgList argument

IntSos_BadRefem 0Arg Bad Reérs_to argument

IntSos_ ProtetedSheetError 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 usiiegange nametaff, enter:
wblintegeCard 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 furandity provided, seethe setion entitledintegegé | S e mi
continuous which refers to the Sensontinuous dialog box that calls this prdoee.

This routine is used to build the Senantinuous ranges WBSEMIC. Adjustable cells contained in
these ranges Wibe restrictedo integral \alues by the W t BésH solve. If you wish to delete a
SEMIC function using VBA instead of deleting it tre spreadsheet, you can uSelection.Clear
This statement clears the selected cell from any of its content.

Syntax wbintegerSemi@LowerBound, LpperBound, Argist, Refers_to[NoErrDialog])

Argument Required Description

LowerBound Yes LowerBound is aaumber indicating the lower bound i
the range.

UppererBound Yes UpperBound is a number indicating the upper boung
therange.

ArgList Yes ArgList is a strindist of range o cells reference

separated by a comma.

Refers_to Yes Refers_to is the rang® address of the cell(s) to be
specified as SEMIC.

NoErrDialog No Any argument pass e Bestlemrr
dialog boxedrom the wblrtegerSemic roiurte tobe
suppessed. Instead, the error number is delivered in
return argument. Pass areger to use any possible
r et ur n eBast'éithraumbes. Useful in an
embedded appl Bastati on of

Error Codes Description

IntSem¢_BadLowerBoundirg Bad LowerBaind argument




MACROS: THE XBNTERFAE 179

IntSemic_BadUpperBoundArg Bad UpperBound argument
IntSemic_Bad#AgListArg Bad ArgList argument
IntSemic_BadRefersToArg Bad Refers_to argument
IntSemic_ProtectedSheetError Unable tosetinteger cdb ona proteted sheet
Remaks:

Integer vaiables can dramatically increase the solution time.

Example:

To constrain célF6 to be a general integer using the range name staff, enter:
wblintegerSemic 10, 20, "Sheet1!$B$1,Sheetl!$6$$3", "Sheet1$A$1"

The cellAl then contais thefunction

=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 tle Spedal Ordered Set Cardinality dialog lox that calls this procedure.

This routine is used to build the SOS rangé8SOSx Adjustable cells contained in these ranges will

be restricted to i Bestsgveralflyuwshltodeles a 3y funttimeaisingdh at 6 s
VBA insteadof deleting it on the spreadsheet, you can Wsaection.ClearThis statement cleatke

selected cell from any of its content.

Syntax:wblintegerSos(TypeSos, ArgList, Refers_to, [NoErrDialog])

Argument Required Description

TypeSos Yes TypeSos is minteger thatrefers to the type of the SO
-"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_o isthe range paddess of he cell(s) to b
spedfied asSOS.

NoErrDialog No Any argument pass e Bestlereor
dialog boxes from the wbintegerSos routine to be
suppressed. Instead, the error number is delivered i
return argumet. Pass an intger touse anypossible
retumed Wha t Béss!error number. 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_BadRefersTarg

Bad Refers d argument

IntSos_ Protectedt&etEror

Unabkto set integer cells on a protected sheet

Remarks:

Integer variables can @matically increase the solution time.

Example:

To constrain cell F6 to be a general integer using the rangestafnenter:
wblintegerSod, "Sheet1!$B$Sheet!$C$1:$GE3", "Sheetl!$SA$1"

The cell Al then contains the function:

=WBSOS1(Sheetl!$B$Sheetl!$C$1:$C$H3

wbintegerSolverKBestReport
For additional discussion of therfctionality provded,see thesection entitld Options...|Ineger
Solver andUsage Guidelines for 8est Solutionswhich refers to theidlog box that calls this

procedure.

This routine is used to buiM/BIKB_REFunction with ranges, which are areddtee worksheethat
Wh a Be&!swill see thetradeoff cells while solving. This function will need to be used in
conjunction with the ajon KBestdefined via thevbSetintegerOptions

Syntax:wblintegerSolverKBestReport(ArgList, Refers_to, [NoErrDialog])

Argument Required Description
KBestName Yes Arglistis therange or address of the cell(s) to be read
Refers_to Yes Refers_tds a cdl reference to specify in which to write
the WBIKB_REMunction.
No Any argument passed here causé¥\dla tBést!emror
NoErrDialog dialog boxs fromthe wbhtegeSolverKBatReport

routine to be suppressed. Instead, the error number is
delivered in lhis return argument. Pass an integer to u
any possi bl eBestlertonnumberdJseih
in an embedded apgpht on o BBestVh at &
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Error Codes

Description

IKBest_BadArgListRepArg

BadArgListargument

IKBest_BadRefersToRepArg

BadRefers_¢ argument

IKBest_ProtectedSheetRepErroi

Unable to set KBest cells on a protected sheet

Example:

To define an K@sttradeoff range F3F10, aml place the fuction WBIKB_REPin H3, enter:

wbintegerSolverKBestReport "F3:F10", "H3"

See sampl&napsack_KBest.xlIsx

WBOMIT

For additional discussion of the functionality provided, see the secttitted d v a n |[Omitl &
whichrefersto the dalog box that calls this procedure.

This routine is used to buid/BOMITrang e s, whi ch ar e ar easBestwillt he

ignore while solving. If you wish to delete¥dBOMITrangenare using VBAinstead of théelete
button onthe Omitdialog box, you can use:
ActiveWorkbook.Names("WBOMITmyRangeNameTeteeThis statement removes tWeBOMIT

range name.

Syntax WBOMIT(OmitName, [Refers_to])

Argument Required Description

OmitName Yes OmitNameis astring that redrs tothe rang that is to be
ignored.

Refers_to No Refers_tas the range or address o&thell(s) to be ignored. If

omitted, the default is the current selection.

Error Codes

Description

Omit_BadOmitNam&rg

Bad OmitNameargunent

Omit_BadRefers_tody

BadRefers_o argument

Omit_ProtectedSheetError

Unable to setmit cellson a protected sheet

Omit_CreateError

Error setting omit cells

wor
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RemarksCel | s t hat ar e i mefaencedhy ayicdlloutsideof@greomitragedt b e

Example:
To define an omit range D10:H20 using the range nReygort enter:

WBOMIT "Report", "D10:H20"

To Remove:

If you wish to delete &/BOMITrange name using VBA instead of theletebutton on theDmit
dialog box, yu canuse:

ActiveWorkbook.Bmes(WBOMITReprt").Delete

This statement removes tiéBOMITrange name, thereby returnitite adjustable cells contained in
the former range to normal status.

WHBProgressinfoRequest
This routine is usttto setl) thenameof the useprogresscallback procedureand?2) thetime interval
betweercallbacks in seconds

Syntax WBProgressinfoRequest(callbatlame [timelntervaParam])

Argument Required | Description

callbackName Yes callbackNameis a string storingthe nameof the userprogress
callback procedure. See below for more details.

timelntervaParam | No frequencyRBramis a positive numbeindicating tle time
betweercallbacks in seconds. The default value is 1 sgcon

WhatsBestlenables lhe user to diéne acallback pocedure for accessing the progress information
during thesolution pocessThisinformation hcludes thatdisplayed in the status windowhe
required steps to do this are:
1) A public procedure (withan arbitrary nameyvithout any argunents should be deféd. This
proceduraepresentsheuser defined callback (see thgerProgressCallack procedureof
thefiCustomVBAInterface.xIsimsample cage

2) Thenameof thecallbackprocedure defined ithe previous stepnd thetime intewal
betweencallbacks (optiond should besetvia theWBProgressinfoRequesiutine The
format is(letés say the name diie callback procedures userProgressCaliéck):
WBProgressinfoRequediuserPrgressCallback

Note that thename show be se beforecalling thewbSolveprocedure

Then theupdatedorogress informationan beaccessedafelywithin the user progressithack
procedurgdefined in step )lvia the global variableslescribedbelow. The firstand secondolumrs
representhe names and types of theobhl variablesrespectively. The third column shote datus
window itemscorrespondng to each variable. For example, thBIProgNumericss along variabé
storing thevalue of theiNumeric® item of the status widow.
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Variable Type Item
APIProgNunerics Long Numerics
APIProgAdjustables Long Adjustables
APIProgintegersBin Long Integers/Bin.
APIProgFormulas Long Formulas
APIProgConstraints Long Constrains
APIProgNonLinears Long Nonlinears
APIProgCoefficiers Long Coefficients
APIProgObjDirectbn 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 Obj.
APIProgObjBound Double Obj. Bound
APIProgSteps Long Steps
APIProgActive Long Active

The value-999999 for the double arldngv ar i abl es and flés showhatthe h e
corresponding itesin the status windowareblank.

The user can also interrupt the solution process A Wterface.To do this, the value of the global
long variable APInterruptshould be set to it$ default value is 0).

A sampe casas provided with the file CusomVBAInterface.xIsmi. This is a variant of the
fXYZVBA.xIsmod samplein whicha customized status window is displayestead of the traditional
one This cusomized status windowmploysthe progress calback feature.

string
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wbResetOptionsTeaut

For further dicussion of the functiaality provided, see the sectionentit®d t i ons é| Res et
Default

This procedure has no angents and resets all of the workbookiops b their default values.

Syntax wbRes¢OptionsToDefaul)

Error Code Description
ReseDptiorsToDefaultError Error in resé¢ing options to default
wbSetFunctionSupport

This routinecan be used to set the WBBEst! function sypport ogion seen in théunction Supprt
dialog box.There is only onargument requied. Fo additional discussionf the options available
through this routine, see the section entidelyanced...|Functid®upport

Synta: whSdFunctimSupport(AdvFunctionSupport)

Argument Required | Default Description

AdvFunctiorsuppot Yes 0 (False) AdvFuntionSupportis a
True/False flag indicating
whether or not to use this

support.
Error Codes Description
AdvFunc_BadAdvFunctionSuppArg Bad AdvFunctiorSupportargument

Examge:

If one wished to set all tHeinction supporptions, the simplest syntaxould be:
wbSetFunction Support  True

or by the named argument:
wbSetFunction Support AdvFuncti onSupport :=True

Note: The AdvFunctionSpportargumentshould be set to TRUE in order use the other arguments

To
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whbSetGeneralOptions

Thisrawt i ne i s us e 8esttgeneral eptions. These aptioastcdnstitute the ritgjof the
options seen in the Gene@ptionsdialogbox. All arguments are optiohdor additional discussion

of the gtions avaible hrough this routine, sethesection entitedpt i ons é. | Gener al

Syntax:wbSetGeneralOptions([goFeasTol], [goltariii], [goRuntimeLimit],
[goNumberThreadsmit], [goThreadChoice]][golndSlack], [goAutoSelectFreelntOmit],
[goMinimizeExel], [goHideStatusVindow], [goLinearizatonDegee], [goLinearizationDelta],
[goLinearizationBigM], [goStatusReport], [goStatusRepedgBnd], [goSolutionReport],
[goWrnInfea£onst],[goWrnUnboundVar], [goWrnNonlinear[goWrnBest], [goWrnBlank],
[goWrnFundion], [goWmStringArg], [goWrnlrreConst], [goWrnSupLookupFct], [goWrnEditLinks],
[goWrnHiddenNames])

Argument Required Default Description

goFeasTol No 0.0000001 goFeasiblityTol is a paitive number
indicating the enount of violation
tolerated in onstaints.

golterLimit No None golterLimitis an integer indicating
how many tris to dlow in solving the
model.

goRuntimeLimit No None goRuntimeLimits an integer

indicating the maximum rumber of
seconds to be usedsolving the
model.

goNumberThradsLimit No 1 goNumbeThreadsLimitis an integer
specifying the number of threads,
between 1 and 32.
goThreadChoice No 0 goThreadChoicés an integer
specifying the choice fahe
threads:

0: Solver Decides,

1: ParallelPreferred,

2: Parallel Only,

3: Concurent Prefered,

4: Concurrent Only.

golndSlack No 1 (Indicator) | golndSlackis an irteger indicating
what form to display constrainis (1-
Indicator, 2i Slack).
goAutoSkectFreelntOmit No 1 (True) goAutoSelectFreet is a True/False
flag indicatirg whether to
aubmatially select Free, Integer or
Omit range names.
goMinimizeExel No 0 (False) goMinimizeExcels a True/False flag
indicating whether to minimize
Excel during thesolution process.
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goHideStatusWindow

No

0 (False)

goHideStatusWindoig aTrue/False
flag indicating whether to minimize
the status window during thelation
process.

golLinearizationDegree

No

0 (Solver
Deddes)

goLinearizationDegreés an intege
indicating the degree of linearization
to use:

0: Solver Decides,

1: None,

2: Mathematical,

3: Mathematical, Logical.

goLinearizationDelta

No

0.000001

goLineaizationDeltais a number
indicating the Delta coeffieint.

golLinearizationBigM

No

100000

golLinearizdionBigM Coefficientis a
number indieting the Big M
coefficient.

goSatusReport

No

1 (Always
Created)

goStatusRepoit an integer
indicating when tolsow the status
report:

0: NeverCreated,

1: Always Creded,

2: Only on Error/Warning.

goStatuReportBegEnd

No

0
(Beginning)

goStatusReport®Endis a flag
indicating the lgation of the rports
in the workbook:

0: Beginning,

1. End.

goSolutionReport

No

0 (Neve
Created)

goSolutionReporis an integer
indicaing whether to show the
solution report:

0: Never Creaed,

1: Always Created

2: Always Createdwith Details
3: FullRepat.

goWrnlrfeasCamst

No

0 (False)

goWrninkasCostis a True/False
flag indicating whether to provide
warning of infeasible constratis or
not.

goWrnUnboundVar

No

0 (Fal®)

goWmUnbound/ar is a True/False
flag indicating whether to provide
warningof unbounded vaablesor
not.

goWrnNonlinear

No

1 (True)

Nonlinearityis a True/False flag
indicating wretherto provide warning
of noninear formulas or not.

goWrnBest

No

1 (True)

goWrnBestis a True/False flag
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indicating whether to provide warnin
on preence of Bestell.

goWrnBlank No

0 (False)

goWrnBlankis a True/False flag
indicating whether to pragle waning
of blank cells refeznced in formulas
or not.

goWrnFunction No

1 (True)

goWrnFunctionis a True/False &
indicating whether to providearnng
of unsugortedfunctions or not.

goWrnStringArg No

1 (True)

goWrnStringArgs a True/False flag
indicatng whether to provide waing
of string, text argument in formuga

goWnlrreConst No

1 (True)

goWrnlrreConsis a True/False flag
indicatingwheter to provile waning
of irreconciliable constraints or not.

goWrnSupLookupFRc No

1 (True)

goWrnSupLookupFds a
True/False flagridicating whether
to provide warning o$upporéd
lookup functions or not.

goWrnSupbokupFct No

1 (True)

goWrnSupLoakpFa is a
Truefalseflag indicating whether
to provide warning ofsupported
lookup functions or not.

goWrnEditLinks No

0 (False)

goWrrkEditLinksis a True/False
flag indicatirg whetter to display
any suspicious aduh links that
may be corrupted in the@orkbook.

goWrrHidderNames No

0 (False)

goWrnHiddenNameis a
True/False flaghat notifies about
names generated by Excel® or any
otheraddins, and are not showing
via the Nane Managr menuof
Excel®.

Error Codes

Description

Opt_BadFeasibilityToleanceArg

Bad Feaibility Tolerance argument

Opt_BadlterLimitArg

Bad Iteratin Limit argument

Opt_BadRuntimeLimitArg

Bad Runtime Limit argment

Opt_BadSelectRefersToArg

Bad Selet Refes To agument

Opt_BadNumberThreadshitArg

Bad Number Threads Limitoragument

Opt_BadTheadChoiceArg

Bad Thread Choice argument
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Opt_BadMinimzeExcéArg

Bad Minimize Exceb argument

Opt_BadHideStatusg

BadHide Statusargument

Opt_BadConstratind9ackArg

Bad Constraint Indicator arguemt

Opt_BadLinearizationDegArg

Bad LinearizationDegree argument

Opt_BadDeltaCoeffArg

Bad Delta coefficienargument

Opt_BadBigMCoeffArg

Bad Big M coefficient argument

Opt_BadStatusReportArg

Bad Status Repbargurrent

Opt_BadInfeasConstraintArg

BadInfeasible Constrainhrgument

Opt_BadJnboundVarAg

Bad Unbounded Variablargument

Opt_BadNonlinearityArg

BadNonlinearityargument

Opt_BadNoObjectiveArg

BadNo Objectie argument

Opt_BadBlankCellsArg

BadBlank Cels argument

Opt_BadUnsupportedFunctiéng

BadUnsupported Functioargument

Opt_BadStingArgumentArg

Bad String Argumenargument

Opt_BadlrreConstraintArg

BadIrreconcilable Constrainargument

Opt_BadSupLokupFctArg

Bad Support Lookup Functitsargumen

Opt_BadHiddenNamesArg

BadHidden Nanesargument
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Example:

Argumerts shouldbe provided as follows:

If one wished to set all the options, the simplest syntax would be:
wbSetGeneralOptions 0.00002, 77, 881, 0, 2, True,False False, _
1,0.2, 222222, 1, 1, 1, FalsEue, False, False, _

Fals, True, Falg, False, True, False, False

To set one or more options, named arguments should be used:

whbSetGeneralOptions goSolutigeport:=1, goWrnBlankFrue

whbSetGlobalOptions
This routine is used to set the WhsRtest! global solver gtions seen inthe Global Solver Options
dialog box. For additional discussion of the options available through thisi@psee the section
entitledOptions. .. |Global Soler. All arguments are optional.

Syntax whSetGlobalOptbns( [GIStratGobal], [GIMultistartAttempts], GIOptimalityTolerancg
[GlIDeltaToleranck [GlVariableBoundLimi}, [GIUseBoundLimif], [GIBranchingDirectiof
[GIBoxSeletion], [GlAlgebraicReformulatio})

Argument

Required

Default

Description

GlIStratGlobal

No

0 (False)

GlStraGlobalis a True/False flag
indicating whether or not to use thi
strategy.

GlMultistartAttempts

No

0 (Solver
Decides)

GlMultistartAttemptss a paitive
number indicating the multistar
attempts:

0: Solver Decides

1: Off,

2 or more:numbe of atempts.

GlOptimalityTolerance

No

0.000001

GlOptimalityToleranceas a number
between 0 and 1 indicating the
optimality tolerance.

GlDeltaTolerance

No

0.00m001

GlDeltaTolerancas a number
between 0 and 1 indicating the delt
tolerance.

GlVariableBoundLinit

No

1000000000

GlVariableBoundLimiis a positive
integer indicating the variable
bound limit.

GlUseBoundimit

No

0 (Solver
Decides)

GlUseBoundLlmit indicates lhe use
of bound limit:
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0: Solver Decides

1:None
2: All Variables
3: Selectd Variables
GIBranchingDirection No 0 (Solver GIBranchingDirectionindicates the
Decides) branching direction:

0: SolverDecides

1: Absolute Width
2: Local Width

3: Global Width

4: Global Distance
5: Absolute Vblation,
6: Relative Violation

GIBoxSelection No 0 (Solver GlBoxSelectionndicates thdox
Decides) selecton:

0: Solver Decides

1: Depth First

2: WorstBound

3: Best Bound.

GlAlgebraicRedrmulation | No 0 (Solver GlAlgebraocRefanulation
Decides) indicates he algebraic
reformulation:

0: Solver Decides

1:None

2: Minimum

3: Medium

4: Maximum
Error Codes Description
GlobalOpt_BadGIStratGlodlArg Bad Globd Solverargument.
GlobalOpt BadGIMultistartAttemptsArg Bad Multistart Attemps$ argument.
GlobalOpt_BadGIOptimalityToleranceArg Bad Optimality Toleranceargument.
GlobalOpt_BadGIDeltaToleranceArg Bad Delta Toleranceargument.
GlobalOpt_BdGlVaiiableBoundLimitArg BadVariable Bound.imit argument.
GlobalOpt_BadGlideBaindLimitArg BadUse of Bound Linit argument.
GlobalOpt_BadGIBranchingDirectionArg BadBranching Directionargument.
GlobalOpt_BadGIBxSelectionArg BadBox Selectiomrgumen
GlobalOpt_BadGlAlgebraicReformulationArg | Bad Algebraic Reformulatiorargument
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Example:lf onewishedto setall the options, the following would work:

wbSetGlobalOptions True, 4, 0.0001, 0.000001, 100000000,
1,2,1,2

To set individual options (lne seting Multistart Attemptgo 4), named iuments should be used:
wbSetGlo balO ptions GIMul  tistar  tAttempt s:=4

Note: The global solver needs the nonlinear option and the mixed integer option to operate.

wbSetintegerOptions
This routne is ugd to set the WhaBest!integer options displayed in tHateger Solver Optios

dialog box.All arguments are optional. For additional discussion of the options available through this
routine, see th section entitle@ptions. . . |IntegeSolve.

Syntax wbSetIntegerOptions([BranchingDuton], [Absoluielntegality], [Relaivelntegrality],
[WarmStartLP], [ColdStartLP], [AbsoluteQptality], [RelativeOptimality],
[TimeToRehtiveOptimality], [HurdleTolerance], [NdeSeletionTolerance],
[StrongBranchToleran¢g[KBest], [KBestLoadScenario]KBestReport],
[KBestDisplayPeview][BNPBlocks][BNPHeuristic)

Argument Required Default | Description

BranchingDirection No 0 (Both) | BranchingDirectionis an integer
indicatingthe peferreddirection of
branching:

0: Bath,

1: Up,

2: Down

Absolutelegrality No 0.000001 | Absoluténtegrality is a fractional value
indicating the absolute amount of
violation from integrality that is
accepable for the integer variables.

Relativelntegality No 0.000008 | Relativelntegralityis a fractional value
indicatingtherelative anount d
violation from integrality that is
acceptable for the integer variables.

WarmsStartLP No 0 (Solver | WarmSartLP is an integer value
Decides) | indicating tte linea solverto use during
branchandbourd when a starting basis
is preset

0: Solver Deides

1: Barrier,

2: Primal,

3: Dual.
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ColdStartLP

No

0 (Solver
Decides)

ColdStartLP isan integer value
indicating tte linear solver to use during
branchandboundwhen a tarting basis
is notpresent:

0: Solver Decides

1: Barrier,

2: Primal,

3: Dual.

AbsolueOptinality

No

AbsoluteOptimalitys a positive value,
indicating to the branehndbound
solver that ishould only search for
integer solution with objective values at
leastr units betér than the best integer
solutionfound so far.

RelativeOptimdity

No

0.00001

RelativeOptimalitys a value, ranging
from 0 to 1, indicating to the
branchandbound soler that it should
only search for integr soldions wih
objective values at leasfQ*r% better
than the best integedution foundso
far.

TimeToRehtiveOptimality

No

100

TimeToRelativeOptimalitis the number
of seconds before the branahdbound
solver resorts to using the
RelativeOptimality tolerance

HurdleTolerance

No

None

HurdleTolerances a value of a knon
integer soluon. Wh a Be&!swill only
search for any feasible integer solution
it is at least as good as the bound
specified inHurdleTolerancg0: None).

NodeSelectiondlerane

No

0 (Solver
Decides)

NodeSelectiondlerancecontrols the
order in whch the branckand-bound
solve selets branch nodes in the tree:
0: Solver Decides

1: Depth First

2: Worst Bound

3: Best Bound

SrongBranchTolerance

No

10

The StrongBranchToleanceoption uses
a more intensive breghing strategy
during the firsin levels of thebranch
andbouwnd tree, whereni s t he ¢
setting. During these initial levels, the
solver picks a subset of the ftmmal
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variables as branching candidates
perfams a tatative branch on each of
thevariables in the subset, and st¢ms
the finalcanddate thevarieble that offers
the greatest improvement in the bound
the objective.

KBest No

KBestis an integr indicating the
number of solutions dred & part d
the K-Best solutions featur&@he
WBKBEST function is used tspeify
the trale-off cells.

KBest.oadScenario No

False
(Off)

KBestLoadScenaris a boolean for
loading the Scenario Window with the
K-Best solutions. The Scenario
Window isthen €lectedvia the menu.

KBestReport No

False
(Off)

KBestReporis a bwlean indicatingthe
generatio of the K-Best report. The
reporting cells may be defined with the
functionwbintegerSolverKBestReport.

KBestDisplayPreview No

False
(Off)

KBesDisplayPreviewis a boolean
indicating the diplay of the Preview
Window for the K-Best solutbns umn
solving . The reporting cells may be
defined with the function
wblintegerSolverKBestReport

BNPBIlocks No

Oor1l
(Off)

BNPBIlockss an integer indicatopthe
number of blocks defined with the
Branch-andPrice solver, and shouldeb
greater or eqal 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 br GP2.

Error Codes

Description

IntOpt_BadBranchingDirectionArg

BadBranchingDirecton argument.

IntOpt_BadAbsolutelntegralityArg

Bad Absolutelntegralityargument.

IntOpt_BadRelativelntegralityArg

Bad Rehtivelntegralityargument.
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IntOpt_BadWamStarfirg

BadWarmsStartargument.

IntOpt_BalColdStartArg

Bad ColdStartargunent.

IntOpt_BadhbsolueOptimadityArg

Bad AbsoluteOptimalitargument.

IntOpt_BadRelativeOptimalityArg

Bad RelativeOptimalityargument.

IntOpt_BadTimeToRelative

Bad TimeToRelatve argument.

IntOpt_BadHurdleArg

BadHurdle argument.

IntOpt_BadNodeSelectiArg

Bad NodeSkection argumaent.

IntOpt_BadStrongBranchArg

Bad StrongBranchargument.

IntOpt_BadKBestArg

BadIntOpt BadKBestArgrgumenh

IntOpt_BadKBestLoadScenarioArg

BadIntOpt_BadKBestloadScenarioArgrgument.

IntOpt_BadKBestReportAyr

BadIntOpt BadKBestReportArgrgunent.

IntOpt_BadKBestDisplayPreviewArg

BadIntOpt_BadKBestDisplayPreviewArg
argument.

IntOpt_BadBNPBlocksArg

BadIntOpt_BadBNPBlocksArgrgument.

IntOpt_BadBNPHerristicArg

BadIntOpt BadBNPHeuristicAy argument.

Example:

If one wishedto set allthe ogions, he folowing would work:
wbSetIntegerOptions 1, .000001, .00001, 3, 1, .00008, _

.01, 120, 0, 1, 20, 1, Fals

e, False, False, 0, 1

To set individuabptions(here gtting theRelativeOptimalitytolerance to 10%), named argunsent

should be used

wbSet Intege rOptions RelativeOptimality:=.1
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wbSetIntegerPreSolverOptions
Thisroutine is used to set the WisBestlintegerpre-soler options seen in tHatege Pre-Solver
Optionsdialog box.For additionaldiscusion ofthe ogions available through this routine, see the
section entitledptions. . . |Integer PrSolver All arguments g optianal.

Syntax wbSetlIntegerPreSolverOptis( [HeuristicLevel], [Probingével, [MaxCutsRasses]
[RelaiveCusLimit], [CoefficientReduction], [Disaggregation], [FlowCover], [GCD], [Gomory],
[GUB], [KnapsackCovdr [Lattice], [Lifting], [PlantLocation] [Objintegrality], [Basic], [Cardinality]

[Disjunctive)

Argument

Required

Default

Description

HeuristicLevel

No

3 (High)

HeuristicLevelcontrols the level of integer
programming heuristics used by the integer
solver. These heuristics use the continuous
solution at eat node in the braneand-bound
tree to attempt to quickly find good integer
solution:

0: None

1: Low,

2: Medium

3: High.

Cutoff Criterion

No

0 (Solver
Decides)

The Cutoff Criterionis used taontrol the
criterion for terminating heristics:

0: Sdver Decides

1: Time

2: Iterations.

ProbingLevel

No

0 (Soher
Decides)

ProbingLe\el controls the amount of probing
that occurs in integer models. Probing
involves taking a close look at the integer
variables in a model and deducing tighte
variable bourds and righthand side values$n
many cases, probing can tighan integer
model sifficiently to speed overall solution
times:

0: Solver Decides

1:None

2-10: increasindevelsof probing.

MaxCutsPasses

No

200

MaxCutsPassesets theanaximumnumberof
iterative passes throughmdel determining
appropriate costraint cuts toappemn to the
formulation.

RelativeCutsLimit

No

0.5

RelativeCutsLimits a fractional value
imposing a relative limit o the number of
constraint cuts that ageneragd. Thedefault
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limit is set to 0.5 tnes the number of true
constraitts in the origiral formulation

CoefficientReduction

No

1 (True)

CoefficientReductiois used to enable or
disable coefficient reductiocuts (False:
Disable True:Enablg.

Disaggregtion

No

1 (True)

Disaggregatiorusedto enable or disable
disaggregabn cuts (FalseDisale, True
Enalde).

FlowCover

No

1 (True)

FlowCoveris used to enable or disable flow
cover cuts (ODisable 1:Enable).

GCD

No

1 (True)

GCDis used to erae ordisablegreatest
common denominator tsi1(0:Disable 1:
Enablé.

Gonory

No

1 (True)

Gomoryis usedo erable or disable Gomory
cuts (0:Disable 1: Enable.

GUB

No

1 (True)

GUBis used to enable or disalgeneralized
upper bound cuts (Risable 1: Enable).

KnapsackCover

No

1 (True)

KnapsackCovetis used to enable oishte
knapsaclcovercuts (0:Disale, 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 b enableor disable lifting cuts
(O: Disable 1: Enablg.

PlantLocatbn

No

1 (True)

PlantLocationis usedo enable or disable
plant location cuts ((Disable 1: Enable.

Objintegrality

No

0 (False)

Objintegrality is used to enable or disable th
objectve intgyrality cuts (ODisable,
1:Enable)

Basic

No

1 (True)

Basicis u®d to enabler disable tle bast
cuts (0:Disable,1: Enable)

Cardinality

No

0 (False)

Cardinality is used to enable or disable the
objective cardinality cuts (Disable,1:
Enabk)

Disjunctive

No

1 (True)

Disjunctiveis used to enable or disalhe
objective dsjunctve cuts(0: Disable, 1:
Enable).
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Error Codes

Description

IntPreSolvOpt_BadHeuristicLevelArg

BadHeuristic Levelrgument.

IntPreSolvOpt_BadCutoffCriteanArg

Bad Cutdf Criterion argument.

IntPreSolvOpt_BadProbingLevelArg

BadProbing Levelargument.

IntPreSolvOp_BadMaxCutsPassesArg

BadMax Cuts Passeargument.

IntPreSolvOpt_BadRelativeCutsLimitArg

BadRelative Cuts Limitargument.

IntPreSolvOpt_Ba@oeffidgentRedationCutsArg

Bad Coefficient Rduction Cutsargument.

IntPreSIvOpt_BadDisaggegationCutsAg

BadDisaggregation Cutargument.

IntPreSolvOpt_BadFlowCoverCutsArg

BadFlow Cover Cutargument.

IntPreSolvOpt_BadGCDCutsArg

Bad GCD Cutsargumant.

IntPreSolOpt_BadGomoryCutsArg

Bad Gomoly Cutsargument.

IntPreSolvOptBad@JBCutsArg

Bad GUB Cutsargument.

IntPreSolvOpt_BadKnapsackCoverCutsArg

BadKnapsack Cover Cutargument.

IntPreSolvOpt_BadLatticeCsifrg

BadLattice Cutsargument.

IntPreSdvOpt_BadLiftingCutsArg

BadLifting Cutsargument.

IntPreSolvOpt_BadPlantLationCutsArg

BadPlant Location Cutsargument.

IntPreSolvOpt_BadObijlntegralityCutsArg

Bad Objective Integrality Cutargument

IntPreSovOpt_BadBasicCutsArg

BadBasic Cutsargurmnent.

IntPreSoVvOpt_BadCardinalityCutsArg

Bad Cardinality Cutsargument.

IntPreSIvOpt_BadDsjunctveCutsAg

Bad DisjunctiveCuts argument.

Example:lf 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, Tr ue, False, True , True

To setindividual options (here setting tiReobingLevelo 4), named arguments should be used:

wbSetIntegerPreSolv

erOptions ProbingLevel:=4
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wbSetLinearOptions

This routine $ used 6 set the WhaBest!linearsolver optons, which canbe sen in theLinear Solver
Optionsdialog box. All arguments are optional. For additional discussioheobptions available
through this routingsee lhe sectn entittedOp t i ons é |lveri near So

Syntax: wbhSetLinearOptions([LinearSoverMethod], [ScaleModel], [Reduction], [PrimalPricing],
[DualPricing])

Argument Required Default Description

LinearSolverMethod | No 0 (Solver xcides) | LinearSlverMethods an integer
indicating the linear solver methodg
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
indicatingwhether 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 (Solher Dectles) | DualPricing is an integer indicatg
what dual pricing method tase:
0: SolverDecides,

1: Partial,

2: Steepest Edge

Error Codes Description
LinOpt_BadScaleModelArg Bad ScaleModebrgument
LinOpt_BadReductionArg BadReductionargument

LinOpt BadLinearSolverMethodArg | BadLinearSdverMethodargument

LinOpt_BadDualPricingArg Bad DualPricingargument

LinOpt_BadPrimalPricingArg BadPrimalPricingargument
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Example:lf one wished to set all the lineaolver options, the simplest syntax udbe:
wbSetLin earOptions 3, False, True, 2, 2

To set one or more options,madarguments sbuld be used:
wbSetL inearOptions Reduction:=True

whbSetNonlinearOptions

Thisroutineisusetl 0 s et BehtlaonlWdaiasbl\iersptionsseen inthe Nonlinear Solver

Options dalog box. All arguments are ophd. For additonal discussbn ofthe options available

through this routine, see the section entitled O

Syntax wbSetNonlinearOptioifStratCrashlinitl], [StratUsé. INDOCrash], [StratSLPDirectidn
[StratSLPSolver], [StratQuaaliicRecognition] [StratPresale], [StratSelectiveConstraint],
[StratSteepestEdge], [StartingPoint], [OptimalityTolerance], [ItLimitSlovgr[Derivatives])

Argument Required Default Description

StratCrashlnitial No 0 (Fdse) StratCrashlnitialis a Trie/Fdse flag
indicating whethe or not to use this
strategy.

StratUs&INDOCrash No 0 (False) StratUs&INDOCrashis a

True/False flag idicating whether o
not to use this stragy.
StratSLPDOrection No 1(True) StratSLMirectionis a True/False
flag indicating whetheor rnot to ue
this strategy.

StratSLPSolver No 0 (False) StratSLPSolveis a True/False flag
indicating whether or rtdo use this
strategy.

StratQuadraticReognition No 1(True) StratQuadraticRecogniinis a

True/False flag indicatg whether or
not touse thisstraegy.

StratPresolve No 1(True) StratPresolvés a True/False flag
indicating whether or not to uskis
strategy.

StratSelectiveConstraint No 1(True) StratSelectiveConstrainsg a

True/False flag indicating whether
not to use tis stategy.
StratSeepestEdge No 0 (False) StratSteepestEdde 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 this
feaure

OptimalityTolerance No 0.00@m001 OptimalityTolerances a positive

number indicating the optimality
tolerance.
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[tLimitSlowProg No 100 [tLimitSlowProgis an integer grear
than 2 indicating the iteration limit
for slow progress.

Derivatives No 0 (Solver Derivativescantake 5 values:

Decides) 0 for Solver Decides,

1 for Backward Analytical,
2 for Forward Analytical,
3 for Cental Differences,
4 for Forward Differences

Error Codes

Description

NonlinOpt_BadSatCrashinitialArg

Bad StratCraslnitial argumen

NoninOpt_BadStraUsd INDOCrashArg

Bad StratUseINDO Crash argument

NonlinOpt_BadStratSLPDirectionArg

Bad StratSLPDirgton argument

NonlinOpt_BadStratSLPSolr4rg

Bad Strat3. PSolver argument

NonlinOpt_EdStratQuadraticRecognitionArg

Bad SratQuadrattRecogition agumen

NonlinOpt_BadStratPresolveArg

Bad StratPresolve argument

NonlinOpt_BadStratSelectiveConstraintArg

Bad StratSelectiveConstraint argument

NonlinOpt BadStraSteepestEdgeArg

Bad StratStgeestEdge argument

NonlinOpt_BadtatingPointArg

Bad Sartinghoint agument

NonlinOpt_BadOptimalityToleranceArg

Bad OptimalityTolerance argument

NonlinOpt_BadItLimitSlavProgArg

Bad ItLimitSlowProg argument

NonlinOpt_BadDervativesArg

Bad Derivatives angmert

Example:

If one wishedo set all thenonlinear optons, he simplest syntax would be:

wbSetNonlinearOptions True, True, True, True, True, True, Fhitse, False, 0.0001, 200, 1

To set one omoreoptions,named arguments should be dise

wbSetNonlinearOption®ptimalityTolerance:$.0001
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whSetSbchasticOptions

This routine

c a n Best!stockaictsolveramptisns seentinttiBochasticc olvers
dialogbox. All arguments are optiohdor additional discussion tiieoptions avdablethroughthis
routine, see the sectionentitl®p t i ons é| St ochastic

Sol ver
Syntax:wbSetStochasticOptions([StochiaSiolverMethod], [StochasticSeed],
[StochasticSanplSize] [StochasticSamplCont]StodhasticEVWS],[StochasticEVEM],

[StothasticEVPI] [StochasticEMMU], [StochasticRepScenHo}iZUsePreviewWindoyy
[LoadScenarioViewd)
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Argument

Required

Default

Description

SochasticSdverMethod

No

0 (Solver
Decides)

StachasticSolverMethod is an
integer indicating the stochastic
solver method to emjoy:

0: SolverDecides,

1: Free,

2: Deterministic Equivalent,
3: Nested Benders
Decomposition,

4: Augmented Lagrangian
Demmpositian,

5: Smple Benders
Decomposition.

StochastSeed

No

1031

StochasticSeed & cell reference
or an integegreder than 1
indicaing theseed alue for
random generator.

StochasticSamplSize

No

StochasticSamplSize is an inte(
greater than indicating the
defaultnumber of scenarios per
stage.

StochasticSamplCont

No

True

StochasticSamplCont is a
True/Fale flag indicatiny
whether or rot touse this option.

StochasticEVWS

No

True

StochasticEVWSs a True/False
flag indicating whether or nao
use his opton.

SbchasticEVEM

No

True

StochastEVEM is a True/False
flag indicating whether or not to
use thisoption.

StochaticEPI

No

True

StochasticEVPI is a True/False
flag indicating whether or not to
use this option.

StochasticEVMU

No

False

StochaticEVMU is a True/False
flag indicating whdter or not to
use this option.
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StochasticRepScenHoriz

No

False

StochasticRep&nHoiz is a
True/Ralse flag indicating
whether or not to use this optio

UsePreviewWindow

No

False

UsePreviewWindous a boolan
indicating he display of the
Preview Winaw for the
Stochastic scenarii upon solving
The reporting cell mgy be
definedwith the fundion
whbStochasticReport.

LoadScenarioViewer

No

False

LoadScenarioViewds a boolear
for loading the Scem Window

with the Stotastic scenarii. The|
ScenarioVindow is then selecte

via the menu.

Error Codes

Description

StdOpt_BadStochasticlverMetodArg

Bad StochasticSolverMethod argument

StoOpt_BadStochasticSeedArg

Bad StochasticSeed argument

StoOpt BadStochaticSanplContArg

Bad StochasticSamplCont argent

StoOpt_BadStochasticEVWSArg

Bad StochasticEVWS argument

SoOp_BadStochatcEVEMArg

Bad StochasticEVEM argument

StoOpt_BadStochasticEVPIArg

Bad StochasticEVPI argument

StoOpt_BadStochasticEVM A

Bad SochasttEVMU argument

StoOpt_BadStochasticB&cenHorizArg

Bad StochasticRepScenHoriz argument

StoOpt_BadUdereviewWindowArg

Bad SoOpt_BaUsePeviewWindowArg
argument

StoOpt_BadlLoadScenarioViewerArg

Bad StoOpt_BadLoadScenarioViewerArg
argument
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Example

If one wishedto set all the stochastic qugrt options, the simplest syntax would be:
wbSetStochagtOptions 2, 202, Fake, Fals, Fate, False, True, FalsEalse, False

To set one or more options, named arguments should be used:
whSetStchasttOptionsStochasticEVPI:=False

Note: TheAdvStochasticSuppoargument should be set to TRUE th& wbSetStochaisSupport
functionin order to use these options.

wbSetStochasticSupport

This routine ca be usedo setthe Wha Best!stochastic support ¢ipn seen in the Stochastic
Support dialog box. There is only ®@agument. Foadditional disussia of the options available
through this routine, see the section entithggtions...|Stochastic Solver

Syntax wbSeBtochasicSupport(AdvStochasticSuppprt

Argument Required |Description

AdvStochasticSupport | Yes AdvStochagicSupport $ a Tue/Falsdlag indicating
whether or not to use this support. Default 0 (False

Error Codes Description
Sto_BadAudStochastSuppotArg Bad AdvStochasticSupport argunten
Example:

If one wished to set all the function support opsiche simplessyntaxwould be:
wbSetStochasticSupport True
or by the named argument:

wbSetStochasticSupport AdvStochastipfort:=True

whSetStringSupport

This routine can be used to set the \WBagst! string supprt option seerin the String Suppot dialog
box. The first argument is required, the others are optional. For additional discussienoptitns
available thraugh this routine, see the sieat entitledAdvanced. . . |String Support

Syntax:wbSeStringSupportAdvStringSupport, [AdvStringLength])
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Argument Required

Default

Description

AdvStringSupport Yes

0 (False)

AdvStringsupportis a
True/False flag indicating
whetter or not to use this
support.

AdvStringLength No

20

AdvStringlengh is an intger
between land 2% indicating
the maximum string length.

Error Codes

Description

AdvStr_BadAdvStringSupportArg

Bad AdvStringSipportargument

AdvStr_BadAdvStringLengthArg

Bad AdvStringLengtlargument

Examples:

If one wished to set kthe string suport gotions,the smplest syntax would be:

whbSetStringSupport True, 10

To set one or more options, named arguments steulced:
wbSetSt ringSup port AdvStringSupport

:=True

Note: The AdvStringSupporargument should be set to TRUE in artieuse theAdvString_ength

argumert.

wbSolve

For additional discussion of the functionality provided by this routireSséve

This rouine is used to solve the aatimodel.

Synta: whSolve([SolutionStatus], [ExcelOpen], [NoErdbag])

Argument Required Description
SolutionStatus | No SolutionStatuss a return integer on the condition of the
solution:

Globally Optimal (1), Globally Optimd (2), Infeasible(3),
Unbouncad (4), Feasiblg5), Infeasible or Unbounde®),
Near Optimal7), Locally Optmal (8), Locdly Infeasible(9),
Cutoff (10), Numerical Errof(11), Unknown(12), Unloaded
(13), Loaded(14), Unknown Eror (othel), where 1000is an
interruption from a caldation error, an@000is an
interruption by the user.
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ExcelOpa No ExcelOperis a Tue/Falsdlag to indicate whetheExcel®
should remain in the open state or be minimized (True to lg
Exceld open,False taminimize Excelp). If this argument is
omitted, it defaults to the value of the Minimixcel® on
Solve seinhg in the Geneal Opfons didog bax.
NoErrDialog No Any argument (e.g., an Bestt

errordialog boxes fom the wisolve outine b be suppressed,
Instead, therror number is delivered in this return argumen
Pass an integy o use any pssiblereturnal Whab Best!error
number. This is useful in an embedded application of

Wh a Bests

Error Codes

Description

Sole_UnmapedDrive

Error on drive

Solve_NoDLL

Error on DLL to access

Solve_BadSolutionStatusArg

Bad Solution®atus argument

Solve BadExceDpenAg

Bad ExcelOpen argument

Solve_MultipleMaxMinError

More than one cell is specified as the objectiek c

Sohe_ProtetedWorlbookError

Protection can notdon the workbook, only on worksheets

Solve_ReadLINDOWBRCEtrror

Error reading tenporay file LINDOWBRC.TXT

Solve_SaveTempFileError

Error saving a copy of the active workbook

Solve_SymbolinSheetNamedrr

Erroron sheename

Solve_MinimumFileFormatError

The active workbook must be &xcelp 8.0 (BIFF8 orExcel®
97) farmator higher

Solve UnableTd.oadSdverError

There was a pr oblBestitsoeo adi n

Solve_ErrorRunningSolver

There was a ptdem runiing theWh a Beétlsolver

Return ValueThereturn value is the same of the Solution Status argument.

Exampge:

Sub JustSolv e
On Errorg otoer

rorhandler
Dim Ing SolutionStatus as

Long

'Solve the current model

wbSolve

'D isplay th

Sel ect Case
Case 1

e resul

Ing SolutionStatus

ts

Ing SolutionStatus

MsgBox "The model is: Globally Optimal"
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Case 2
MsgBox "T he mod elis: G loball y Optimal, " &
Range("WBMAX")

Case 3

MsgBox "The model is: Infeasible"
Case 4

MsgBox "The modeli s:Unbou nded"
Case 5

MsgBox " The model is: Feasible"
Case 6

MsgBox "The model is: Infe asible or Un bounde d"
Case 7

MsgBox "The model is: Near Optimal"
Case 8

MsgBox "The model is: Locally Optimal”
Case 9

MsgBox "The  model is: Locally Infeasible"
Case 10

MsgBox "The model is: Cutoff"
Case 11

MsgBox "The m odeli s:Numer ical E rror"
Case 12

MsgBox "The model is: Unknown "
Case 13

MsgBox "The model is: Unloade d"
Case 14

MsgBox "The model is: Loaded"
Case Else

MsgBox "Solution status unknown"

End Select
Exi t Sub

Errorh andler

Msgbox "Erro r numberis " & Err & ", Description: "
wbError(Err)

End Sub

wbStochasticChanceConstrained

This routine can be used set the stochastic support functions seen irstbehasticSupmrt dialog

box, atthe Chace Constrained page. All arguments are required, except for the error code, but a 0
value can be placed fonnecesary argiments.For additional discussion dfi¢ options available
through this routine, see the section éediDptions...|$ochagic Soher.

Syntax:

whbStochasticChanceConstrained(FunctionName, Percent, ObjWeight, Refers_to, Place_in_cell,
[NoErrDialog])
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Argument

Required

Default

Description

FundionName

Yes

"WBSP_CC_LT"

FunctionName is a string argumg
indicaing the nare of he funcion
to implement, either
WBSP_CC LT or
WBSP_CC_GT.

Percent

Yes

Percent is an integer between 0
1 indicating he wetler the
probability of the set is safied.

ObjWeight

Yes

ObcjWeight is a number indicatin
the anontset on the bjective
value

Rekrs_to

Yes

Refers_to is the range or addres
the cell to copy the chance
constraint function.

Place_in_ell

Yes

Plaee_in_cell is a cell referente
specify the cell in which to write
the WBSP__ function.

NoErrDialog

No

Any argunent passd hee causes
al | \Bédsthetrdr dialog boxes
from the
wbStochasticChanceConstrained
routine to be suppssed. Iatead,
the err@ number is delivered in
thisreturn argument. Pass an
integer to use any possible returt
Wha t Béss!errornumber Useful
in anembedded application of
Wh a Bests

Error Codes

Description

Sto_BadFunctionNameArg

Bad FunctionMme argurant

Sib_BadPecentArg

Bad Percent argument

So_BadObjWeightArg

Bad ObjWeight argument

Sto_BadRefersToArg

Bad RefersTo argment

Sto_BadMacelnCellArg

Bad PlacelnCell argument
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Examples:

To set a Chane€onstrained information to constraint selthe sinplestsyntax would be:
wbStochasticChancef@istrained "WBSP_CC_LT", 0.8, 0, "A2:B3", "D4", 0

whStochastichuaction

This routine can be used to set the stochastic support functions seeftiodh&stic Suppodialog

box. All argunents arerequired, except for the emoode, but a 0 value can be placed for unnecessary

arguments. &r additional dscussbn of the optons available through this routine, see the section
entitledOptions...|Stochastic Solver

Syntax:wbhStochastFuncton(FungionName, Stage, CellRangelgliRange2, CellRange3,
Refers_to, Place_in_ce[NoErrDialod)

Argument

Required

Default

Description

FunctionName

Yes

"WBSP_..."

FunctionName is a string
argument indicating the name o
the function 6 implemant.

Stge

Yes

Stage is an integer betwegmand
255 indicating the stage the cel
belongs to.

CellRangel

Yes

CellRangels acell referenceor
indicating the value of the first
argument; used for distributions

CellRange2

Yes

CellRangeds a cellreference for
indicating the value of therft
argument; used for distributions

CellRange3

Yes

CellRang3 k a cell reérencefor
indicating the value of the first
argument; used for distributions

Refers_to

Yes

Refers_to is the range address
of the &l to copy the stochastic
function.

Place_in_cell

Yes

Place_in_cell is a cell reference
to specifythecell in which to
write the WBSP_ function.

NoErrDialog

No

Any argument passed here cau
al | \Bésthetrdy dialog
boxes fromthe
wbStachasti¢-unctionroutine to
be suppressed. liead, the error
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number is delivered in this retu
argument. Pa&saninteger touse
ary possilte reurned

Wh a Betkerror number. Usefy
in an embedded application of
Wh a Begtk

Error Codes

Description

Sib_BadFunctionNameArg

Bad FunctionName argumen

Sto_BadStageArg

Bad Stage argument

Sto_BadCellRangelArg

BadCellRangel arguent

So_BadCdRange2Arg

Bad CellRange2 argument

Sto_BadCellRange3Arg

Bad CellRange3 argument

Sto_BadRefersToArg

Bad RdersTo agument

Sto_BadPlacelnCellArg

Bad PlacelnCelargument

Sto_BadCellRangelCellRange2Arg

Bad CellRangelCellRaeg agument

Sto BadCdRangeXellRange2CellRange3Arg

Bad CellRangelCellRange2CellRange3
argument

Examples:

To set a stage information ¢ovarialte cell the simplest syntax would be:
wbStbchasticFunction "WBSPVAR", 1, 0, 0, 0, "A2", "A3", 0

To seta distribution b a random cell

wbStochasticFunction "WBSBIST_LOGNORMAL", 0, "C2", "D2", 0, "A2", "A3", 0

whbStochasticHistogram

This routine can be used ta siee stochastic histogram seen in the Stochastic Support diakogll
argumats ae requied, exept for the error code. For additional discussion of the options available
through this routine, sdbe sectin enttled Options...|Stochastic Solver

Syntax: wbStochasticHistogram(NumberBimsiglist, Place_in_cell[NoEmrDialog])

Argument Required |Default

Description

NumberBins Yes 0

NumberBings an integer
between 1 and 255 indicating th
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number otbins forthe reprting
cell.

ArgList Yes 0

ArgListis a listing of cell
references for indicating the cel
to displgy in the stochasc report.

Place n_cell Yes 0

Place_in_cell is a cell reference
to specify the cell in which to
write the WBSPHIST function.

NoErrDidog No 0

Any argument passed here caal
al | \Bésthetrdy dialog
boxes from the
wbStochasticHistgramroutine
to be supressedinstead, the
error number is delivered in thig
return argument. Pass an integg
to use any possible retuiche

Wh a Beét'emror numter. Useful
in an embedded agpétion of
Wh a Beétk

Error Codes

Description

Sto_BadNumb@&insArg

Bad NumlerBinsargumen

Sto BadArgListArg

BadArgList argument

Sto_BadPlacelnCellArg

Bad PlacelnCell argument

Sto_ProtectedSh#RepError

Bad Potected®eetRep argument
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Examples:
To set several reporting cells, so to display the histogram tigpersimplessyntaxwould be:
wbStochasticHistogram 0, "Sheet1!$C$1"

whbStochasticReport

This routine carbe usedd set he stoclastic reporting cells seen ihe Stochastic Suppodialog box.

All arguments are requiredxeep for the eror cade. Foradditional discussion of the options available
through this routine, see the section entitigations...|Stohastic ®lver.

Syntax: wbStochasticReport(ArgList, &e_in_cell, [NoErrDialog])

Argument Required |Default Description

ArgList Yes 0 ArgList is alisting of cell
references for indicating the cel
to display in the stochastic repo

Place_in_cell Yes 0 Place_in_cellis a cdlreference
to specify thecell in which to
write the WBSPREP function.

NoErrDialog No 0 Any argument passelerecauseg
all What Best!error dialog
boxes from the
wbStochasticFunction routine tg
be suppressed. Instead, the err
number § delivered inthis return
argument. Pass anteger to use
any possible returned

Wh a Betkerror number. 9efd
in an embdded gplication of

Wh a Bestk
Error Codes Description
Sto_BadArgListArg Bad ArgList argument
Sto_BadPlacelnCellArg Bad PlactnCell argument
Sto_ProtectedSheetRepError Bad ProtectedSheetRep argument
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Examples:

To set several reportincdls, so to dsplaythe st@hastc report, the simplest syntax would be:
wbStochasticReport "Sheet1!$B$1:$B$3,Sheet1!$C$1", "Al", 0

wbStochastStagé&cenario
This routine can be used to set the stochastic stagefEctide seenn theStochast Support dialog
box. All arguments are required, except for the error code. For additional discussieropfiors
available thiough this routine, see the sea entitledOptions...|Stochastic Solver

Syntax:wbStochastiStageScenario(QéRangel, Plae_in_ell, RangeChoice, [NoErrDialog])

Argument Required Default Description

CellRangel Yes 0 CellRangel is cell eferene for
indicating the range of the tabl

Place_in_cell Yes 0 Place_in_cell is a cell reference
speify thecell in which to write
theWBSP_STSC function.

RangeChoice Yes 0 RangeChoice is a string "SET" t
enter the function, or "NONEb
deletethe séected ell.

NoErrDialog No 0 Any argument passed here caus
al |l Bsthetrdr dialog boxed

from thewbStochastiFuncton
routine tobe suppressed. Insteac
the error number is delivered in
this return argument. Pass an
integer to usany poskble
returned VWh a BeStkerror
number. Usefuin an embedded
applicat iRestlt of

Error Codes

Description

Sto_Bad@lIRargelArg

Bad CelRangel argument

Sto_BadPlacelnCellArg

Bad PlacelnCell argument

Sto_BadRangeChoiceArg

Bad RangeCho&argumen
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Exanples:
To set a Stage/Scenario tablee simplest syntax would be:

wbStochasticStageScenario "ShégB$1:$C$3", "DT, "SET", 0

wbUpdateLinks

For additional discussion of the functionality provided by this routiee tlse dscription of Update
Linksin the section etedOpt i ons é]| Gener al

This routine is used to update the lirilkthe WB congtintsand furctions
Syntax wbhUpdateLink§)

ThewbUpdateLinkprocedure has no arguments.

Error Codes Description

UpdaeLinksPotectedkrror Unable to update links on a peoted sheet

UpdateLinksHiddenError Unable to determine if thewreconstraintsn hidden
cels onprotected sheets

RemarksThis procedure is provided becauseael® does not properly update links adidin
functiors.







5 Functions a@arOrators

WhatsBest!supports many mathematical and logical functiohExcel® and also adslsome
functions of its own.

What'8est! supports many, butot all, of the mahematical ad logcal functions and operators of
Exceland also adds some functions of its own. In general, If for any cell, say X1,

+ X1 dees not etpend upon a WB Adjustable Ledr

+ X1 depends upon a WB Adjustabldlcbut does nbinfluence (oris not a precedent of) any
WB constraint or Objective cell and X1 is declared to be in a WBOMIgageeAdvarced|Omit..),

then anyExcel® function can be used in X1. Otiwése, the useis restrictedo asubset oExcel
functions as enumerated below.

Supported &nctions and Qeratas

FunctionandOperatorsn Excel Recognized by @Bet!

The following Excéfunctons and operators are supported by WBatsd! withlimitations as
announced in not&l and2:

ABS(note 1) | CHIINV INT (notel) 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 PV TRANSPOSE
AVERAGE GAMMA INV NEGBINOMDIST | ROUND(notel) TRUE
BINOMDIST | HYPGEOMDIST | NORMDIST ROUNDDOWN(notel) | TRUNC(notel)
CHIDIST IF(notel) NORMINV ROUNDUP

216
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AN

+

/ <=(notel)
=(notel) >=(notel)
* _

<(notel) <>
>(notel) %

The following Excel functions are gyported only udercertain conditions

=4 =4 =4 =4 -4 -8 -89

COUNT(note 3
HLOOKUP
INDEX(note 3
MATCH (note 3
SUMIF

SUMIFS
SUMPRODUCT
VLOOKUP

Functionadaekd by WhaBest!

The WBxxx functions arehe ones added by What'sBest!. Note that martliede functionsamot be
used in arexpression, see r@B. They can be used only by themselvesdala

=2 =4 A48 -8-8-8-0-0 00000899999

WBALLDIFF (note3)
WBCARD(note3)
WBDUAL (note3)
WBERLANG B
WBERLANG_C
WBEXPOINV
WBINNERPRODUCTnote3)
WBLMTD (note3)
WBLOGABEXPX
WBLOGISTIC
WBLOGISTICDENS
WBLOGISTICINV
WBLOGSUMAEXP
WBLOGSUMEXP
WBLOWER(note3
WBMULTINV
WBNORMSL
WBPGOSD(note3)
WBQUADPRODUCT(note3)
WBRLMTD(note3)
WBSEMIC(note3)
WBSIGNPOWERnNote3)
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WBSOS1note3)
WBSOSZnote3)
WBSOS3note3)
WBTRIAINV
WBUNIFINV
WBUPPERnNote3)
WBXPOWDIVAB

=A =4 =4 -4 -8 -89

Note 1: The function is noAsmooth. Its use maeault in long solution times, and if the Global Set
is not usedin nonoptimalsoluions. See the discussion ®foothnssin Overview of Mathematical

Modeling.

Note 2: LOG can support one argument assumtmagse 10, or tworguments.

Note 3: The function canbe used only standalone in a celit as part of a larger expressidror
example, =WBLMTD(X1,X2) is OK, butX3*WBLMTD(X1,X2)"2 isnot.

Note 4. All arguments mustwaluate to being numeric, the second argumentt ineisn ascendig
order, the third gument refers to numeric constant, and the fourth argument is an optional

TRUE/FALSE value.

Distibutiog/Correlainsfor StochastiPrggramming

Refer to thesectionOptions...|Stochastic Solvéar additional explanation on using these functions.

WBSP_CORR_KBEDALL

WBSP_DIST_DISCRETE_SV_W

WBSP_DIST_NEGATIVEBINOMAL

WBSP_CORR_PEARSON

WBSP_DIST_EXPONENTIAL

WBSP_DIST_NORMAL

WBSP_CORR_SPEARMAN

WBSP_DIST_F DISTRIBUTION

WBSP_DIST_PARETO

WBSP_DIST_ETA

WBSP_DIST_GAMMA

WBSP_DIST_POISSON

WBSP_DIS_BETABINOMIAL

WBSP_DIST_GUMBEL

WBSP DIST_STUDENTS_T

WBSP_DIST_BINOMIAL

WBSP_DIST_GEOMETRIC

WBSP_DIST_SYMMETRICSTABLE

WBSP_DIST_CAUCHY

WBSP_OST_HYPERGEOMETRC

WBSP_DIST_TRIANGULAR

WBSP_DIST_CHISQUARE

WBSP_DIST_LAPLACE

WBSP_DIST_UNIFORM

WBSP_DIST_DISCRETE_SH

WBSP_DIST_LO@RITHMIC

WBSP_DIST_WEIBULL

WBSP_DIST_DISCRETE_SV

WBSP_DIST_LOGISTIC

WBSP_MEAN

WBSP_DIST_DISCRETE_SH_W|

WBSP_DIST_LOGNDRMAL
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Linearization

Many of the norsmooth furtions and operators supported by Wigs'st!may be automatically
smaothed by the solver through a proces®ferred to ainearization Linearization replaces a non
smoothfunction or ogrator with a collectin o additional linear variables and consirisi such that
the modified model is mathematically equivalent to ttigisa with the non-smooth functionsr
operators efinated. Nonsmooth functions and operators timaday be eliminatd through linearizatin
are:

Functions Operators
ABS <
AND <=
HLOOKIP <>
IF =
INT >
MAX >=
MIN

NOT

OR

SIGN

SUMIF
VLOOKUP

In addition to the above, WhsBest!can also linearizeroducs of O/ and continous variables.

For moreinformation on thdinearization process, refer to thecgen entitledOp t i ons é.] Gener al

GlobaBolver

Functions currently supportede:

1) Standad smooth functionsx+y, x-y, x*y, log(x), exp(x), sqrt(x), sin(x)cos(x)

2) Continuos, nonsmooth:abs(x), max(x,y ), migx,y)

3) Smooth, not quite contimus: x/y, Xy, &n(x), floor(x)

4) Logical and relational operators:(¥,y,z),>= <=, ==, I=, .AND. , .OR., .NOT.

5) Prokability distributions: psn(z) [Normal Disfibution], psl(z) [Normal Linear Lcss]
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Range Name Usage

With regard to the usage &xcel Range names, the following rules apply to example cell ¥la
range nararefers to a range containing justexell, thenyou may use that range name in thariula
just like a single cell refereee (You might as well, however, just use the cathe tself, e.g. X2). If
the range name refers to a range witle or more cellsthen that range name can be usedllitthe
WhatsBest! recognized functions andpemtors described before, e.g., in SUM, SUMIF,
SUMPRODUCT, WBINNERPRODUCT, etc.

Functions Bscriptions
WBALLDIFF

The WBALLDIFF function is employed for modiag the All Different variables. These are the integer
variablesresticted to get all diffeent values whin some range. The syntax is:

WBALLDIFF(LowerBound, UpperBound, Refers_fo

Argument Description
the number indicating the Wwer bound in the
LowerBound
range
UpperBound the number initating the uppr bound m the
range
the range or addref the cell(s) to be specifig
Refers_to as ALLDIFF

For additional discussion and a sampésefor the WBALLDIFF function, see the section ersitl
Integers|Aldifferent, which refers tdhe dialog box interfacthatcalls this function.

WBCARD

The WBCARD function is employed for modelirsgset of vaiables with a cardinality of N, i.e., at
most N variables belonging to this set are ablgdt norzerovalues. The syntax is:

WBCARD(CardNumber, Refers_to)

Argument Description

the stictly positive integer indicatg the

CardNumber cardinaity
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the range or address thfe cell(s) belonging to th

Refes_to
set

A sample casés provided wih the file "WBCARDPRODMIX.xIsx". This model is a variant of ¢h
product mixproblem in which we are onlgllowed to prodce at mostwo products of the firsthree
ones and also the same for the next thremdycts. Thesecardinality constrairst are modeled
employing the WBCARDunction.

For additonal discussionfahe WBCARD function, see the section det Integers|Special Ordered
Set which refers to tl dialog box iterface that calls thifunction.

WHOUAL

The WBDUAL function is employed foreturning the dual values of the adjustable argraint cells.
The syntax is

WBDUAL (Refers_to, valie)

Argument Description

the referencdo the adjustable oromstraint cell

Refers_to you want the dual valueno
an arbitrary n ueplaces this
value value with the actdadual value afér solving the

model)

For additionaldiscussion of the WBDUAL function, see the sewctentittiedAdvanced|Dual.,.which
refers to the dialog box intiace that cas this function. Furthermore, amprehensive sapile case
for this function is provideth UsageGuidelines foiDual Values

WBERLAG B

The WBERLANG_B function returns te r | a lnosg @robability for a service sgm with X servies
and an arriving load of A, no queue allowed. Thesult of WBERLANG_B(A, X) can be interpreted
as déther the fradon of time all serves are busy or the fraction of customers lost due toealless
being busy when they arrive. Theiging load A isthe expected nutmer of customers arriving per
unit of time multipliedby the expected time to processeeacustomer. Téasyntax is:

WBERLANG_B(Load, Num_Servers)

Argument Description

the nonnegative real number indicating tf
Load -

arriving load of thesystem
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the strictly positve integer indicating the numbg

Num_Servers
- of servers

A sample case iprovided with the file"WBERLANGB-Queue.xIsx". It models an M/M/c/c system
for which we aim to rfimimize the number of required servers,iletihe fractionof lost customers is
required to bedss than a given value.

WBERLANG

The WBERLANG C function returns 8@ Er | angds busy probability
servers and an arriving Idaof A, with infinite queue allowd. The result 8 WBERLANG_C(A, X)

can be interpreteds either the fraction of time all servers aresywr the fradgon of customers that
must wait in the queue. The arriving load A is the expected number of custonirgy grer unit of

time multipliedby the expectedime to process one customer. Thetayris:

WBERLANG_C(Load, Num_Servers)

Argument Description

the nonrnegative real number indicating t

Load arriving load of the system

the strictly positive irgger indcating the numbr

Num_Servers
- of servers

A sample case is praled with the file "QueueNservers.xIsx". It modals M/M/c servce system for
which weaim to minimize the totacost including servers costs and the expected customers waiting
Ccosts.

WBEKPOINV

The WBEXPROINV function returns the inversef an exponential cumulative distribution for a
suppled mean and ahdard deviationfFor example WBEXPOINV(.5,1yeturns 0.69315. This mesn
that for an exponential distribution with mean 1.0, 50 perottite outcomesare lessthanor-equatto
0.69315 Thesyntax is:

WBEXPOINV(Prob, Mean)

Argument Desciption

the profability (greaterthanor-equatto zero and
lessthanor-equatto 1) at which you want tq
evaluate the inverse ofdlexponential cmulative
distribution

Prob
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the nonnegative red number indicating thg

Mean arithmetic meamf the distrilution

WBNNERPRODUCT

The WBINNERPRODUCT function is the equivalent of SUMPRODU®Tit the terms are multiplied
row by column andhien summed instead of multjpng themrow by row. The syntax is:

WBINNERPRODUCTRangel, Range?

Argument Description

the cell range containing ¢hcolumn or row
Rangel (Rangelcan only be one dimensional and itsh
be the samei®e and shape @ange?
the @l range comaining the column or row
Range2 (RangeZcan only be one @nensional and it mus
be the same size and shap&asge)

A sample casés provided with the file "WBINNERPRDUCT-PRODMIX.xIsx". Thisis a variant of
the product mix problem in which the WBINNERPRODUCT ffigtion is emplged instead of
SUMPRODUCT.

WB.MTD

The WBLMTD function represents the log nme@mperature difference function. The amounhed
exchangedbetween the bt stream and the coldream in a heat exchanges proportional to
WBLMT D(d1, d2) = (d1-d2)/Log(d1/d2). The gntax is:

WBLMTD(d1, d2)

Argument Description

the number indiating the temperature differenad

d1 the two strems at one end

the number indicatigpnthe temperature diffence of

d2 the two $reams athe other end

A sample case fahis function is provided with the file "HeatXchange_ WBLMTD.xIsx".
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WBLOGABEXPX

The WBLOGABEXPX function is emplogd for computing the comgsite functio
WBLOGABEXPX(X, a, b) = In(a + b*exp(x)), whene, a and b rem@sent real values. Fexample,
WBLOGABEXPX(2, 3, 4pturns3.482969. The syntax is:

WBLOGABEXPX(x, a, b)

Argument Description

X ared number

a areal number

b areal number
WRB.OGIST

The WBLOGISTIC functon retums thecumulative distribution functtin for a Logistic distribution.
The result ofWBLOGISTIC(A, B, C) shows the probability that an observatioonfr the Logistic

distribution with the location and scale pareters A and B is lessah or equal tcC. For example,

WBLOGIFIC(5,2,5)returns 0.5The syntax is:

WBLOGISTIC(A, B, C)

Argument Description
A thenumber indicating the lation parameter
B the rumber indicatinghe scale parameter
the number atvhich you want to evake the
C : o ;
cumulative distrilition function

WRB.OGISTIOENS

The WBLOGISTICDENS function returns the probability denéitgiction fa a Logistic distribution.

The result of WBLOGISTICDENS(A, B, C)shows the probability dengi at C for the Logistic
distribution with the location and scale parameters A and B, respectively. For example,
WBLOGISTICDENS(5,2,3¢turns 0.098306Lhe syntaxs:
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WBLOGISTICDENS(A, B, C)

Argument Desciiption

A the number indiating te location parameter

B thenumber indicating the ate parameter

c the number at which you want to evaluate
probability density

WBLOGIBCINV

The WBLOGISTICINV functio returns theanverse of a Logistic cumulativeistribution. The result
of WBLOGISTICINV(A, B, C) shows the inverse of the Logistizimulative distribution with the
location and scale parameters A andtBha probabiliy C. For exampleWBLOGISTICINV(5,D.5)
returns 5This meanghat for a Logistiaistribution with the location and scafgarameter$ and 2, 50
percent of the obsertians are lesshanor-equatto 5. The syntax is:

WBLOGISTICINV(A, B, C)

Argument Description
A thenumber indicatinghe location parameter
B the rumber hdicating the scale parameter

the probability (greatethanor-equatto zeroand
lessthartor-equalto 1) at which you want tg
evaluate the werse of thelLogistic cumulative
distribution

WBLOGOGMAEXP

The WBLOGSUMAEXP fundbn is employedor computing the coposite function
WBLOGSUMAEXP(x) = In(E/%, a; exp(x;)),

where a is a nenegative vector of size n and x represents a vector of size n. The syntax is:
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WBLOGSUMAEXP(a, ¥

Argument Desciiption

a a cell range containing a column or ravsize n
(all elements should be nmegative constants)

X a cell range containing a column or row of size

WBLOGSUMEXP

The WBLOGSUMEXP functioris employed for computing the compesiunction

WBLDGSUMEXF’(}(} = In(X, explx;)),
where x represents a vector of sizel'he syntaxs:

WBLOGSUMEXP(X)
Argument Description
X a cell range containing a column or row of size

WBLOVER

The WBLOWER function is employed for teirning the bwer boundof the range over which the dual

valueof the adjusthle or constraint cetioes not bange. The syntax is:

WBLOWER(Refers_to, value)

Argument Description

the rekrence to the audstable or consaint cll
Refers_to ;

you want be lower range for its dli@alue

an arbitary number Wht 6 sBest ! s
value value with the actual lwer range after solving th

model)

For additional discussion of the WBLOWER functiong sihe section ditled Advanced|Dual.,.
which refes to the dilog box interfice that calls this fiction. Furthermore, a comprelsére sample

case for this function is provided Wsage Guidlines for Dual \alues
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WBMVILLTINV

The WBMULTINV function returrs the inverse of a mltinomial cumulativedistribution for a
supplied set of probalities and corresponding values. For example, for the following instance

|‘._—’,|' [ = = WEMULTIMY xlsx - Microsoft Excel
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! &2
Bl - 5 =WBMULTINY(0.6,A3:A5,B3:B5)
A B C D E F G H

1 WBP'.-"IULTIN"JI 3!

2

3 0.2 -2

4 0.3 1

3 0.5 3

A

, WBMULTINVY0.6,A3:A5,B3:B5)returns 3This mears that the minimum observation &f, such that
60 pecent of the obervations are leghanor-equatto X, is X=3. The syntax is:

WBMULTINV (Prob, ProbRange ValueRang¢

Argument Description

the pobability (greatetthanor-equatto zero and
lessthanor-equatto 1) at which you wat to
evaluae the inverse of the multinomial
cumulative distribution

the cell range awaining the probabilids
(ProbRangemust be a ondimensional range
(i.e., a range of cells imither a sigle row or a
single column))

the cell range contaiing the values tha
correspond with each probabilityValueRange
must be the same z& and shape as tf
ProbRang)

Prob

ProbRange

ValueRange

WBNORMSL

The WBNORMSL finction represents theastdard normallinear loss function which retns the
expectedvalue of max {Q Z-X}, where Z is a sandard normal random variable. In inventory
modeling, WBNORMSL(X) is the expected amount that demand exceeds bXgvédemand bs a
normal distributionFor example WBNORMSL (2)eturns 0.008491The syntax is:
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WBNORMSL(Value)
Argument Desciiption
Value A real number

WBPOSD

The WBPOSD function is employed for the models in whitHeast one niex is restricted to be
postive semidefinite. The syntax is:

WBPOSORange)
Argument Description
the range of cells indicating the poegdi semi
Range definite matrix (Range must be symmetric w|
9 the adjustable cells pycally set to ke free type
(although norequired), aad more than one cell)

For additional discussip and a samplease for theWBPOSD function, see the section entitled
Constraints...which refers to the dialog box &rface that cadithis fundion.

WBQUALRODICT

The WBQUADPRODUCT function is empjed for computig

MWBQUADPRODUCT(x,c,Q) = x"Qx + cTx,
where x and ¢ areectors ofsize n and Q represents an n by n matrix. itrret the scalar

n n n
% % X I'J'QU' T % C; X
i=1

i=1 j=1
The syntax is:
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WBQUADPRODUCT(xRinge, linRangegRange)

Argument Description

xRange a cell range aataining a olumn or row ofsize n
linRange a cdl range containing a column or row size n
gRange a cell range containing a matrik €ize n by n

A sample cas for this funditon is provided with the filéPortConrVG_wbquadproduct.xIsx”.

WBRLMTD

The WBRLMTD fundion returnghereciprocal of the WBLMTD function, i.e., WBRLMTDd1, d2)
= 1/WBLMTD(d1, d2). The syntax is:

WBRLMTD(d1, )

Argument Description

the number indating the temperature differeng

di of the two streams ane end

the number indicatinghe temperature diffeence

d2 of the two streams at the other end

WBSEMIC

The WBSEMIC function is employeidr modeling tke semicontinuous variable§hes arethe
variables restricted to either be O or lighin some nonagative range, e.g.0%o 20. The syntax is:

WBSEMIC(LowerBound, UpperBound, Refers_to)

Argument Description

the number indtating the lowerbound in tle
range

LowerBourd
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the number indicating the upper bouid the

UpperBound range

the range omddress of the cell(s) to be specifi

Refers to : .
- as semcontinuous

A sample case is provided with the filsstroCosSemic.ls". It models groduction planing problem
in which one of the products can leéther produced withithe company im minimum batch sizer
outsourced. This constraint is modeled using the WBSEMIC function.

For additional discussion die WBSEMIC funtion, see the stion entitledintegers|Semi
continuouswhich refers tahe didog box interice that calls this function.

WBSIGNPOWER

The function WBSIGNPOWER is employed for computing pues differentid in a network flow
model. Inthesemodels, the pressure differential between two natea functiorof the flow,f,
betwea them, and aesistance type parameteis related to sigrif*absf)*p. For electrical networks,
p =1, and for metother fluids,1.8 <=p <= 2. The functiorSIGNPOWER(f, p) returns
signf)*absf)™p. The syntax is:

WBSIGNPOWER(F, )

Argument Description

F the number indicating the flow

the number indicating the resistance ty
parameter

A sample case fohts furction is provided witlthefile "NetEqIxSignPowekxIsx".

WBSOS1

The function WBS@1 is employed for mading the Special Ordered Sets (SOS) of type Indst
one of the variables belonging to an SOS1 set can be >Gsyhitax is:

WBSO0S1( Refers_to)

Argument Description

the range or addres$ the cell(s) elonging to the

Refers_to SOS1 st
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For additional discussion of the WBSOS1 function, see the section ehidggrs|Special Ordete
Set which refers to the dialog box interface that callsfiinction.

WBSO3

The function WBSOS2 is employed for modeling the Special Ordered Sets (SOS) of type 2. At most
two of the variables beloinp to an SOS2e can be > 0 and these vdriesshoud beadjacat. In
general, the SOS2 sets are lggapto modéthe piecewise linear fictions. The syntax is:

WBSOS2( Refers_to)

Argument Description

the range or address thie cell(s) bainging to the

Refers_to SOS2 set

A samplecaseis provided with the fié "PieceWiseSOS2a.xIsXt.models a poblem in whit we
needto buy a specified amount of commodity. Two vendors each offer their own price curve
(piecewise linear) and we sHdulecide abouthe amount of buying fromageh tominimize the total
cost. TheWBSOS?2 function is explted torepresat piecewisdinear cet curves.

For additional discussion of the WBSOS2 function, see the section efibegrs|Special Orded
Set which refers to the dialogox interface that callghis function.

WBSOS3

The function WBSOS3 is employed for modeling the Special Ordered Sets (SOS) of type 3. Exactly
one of the variablelgelonging to ar5OS3 set gets the value dbfandthe dher variables are restricted
to be 0.The syntas:

WBSOS3( Rfers_to)

Argument Description

the range orddress of the cell(s) belonging to t

Refers_to SOS3 set

A sample case igrovided with he file "WBSOS3assignmenklsx”. Thisis an assignment problem in
which we aim to alloatethe jobs ® machines such thate total required mie for processing the jobs
to beminimized. The WBSOS3 function is exploited for modeling tlipineements of &bcation of
only one machia to ech job and vice versa.

For additional discussion dfi¢ WBSOS3 fundbn, see the sectiomgtled Integers|Special Ordered
Set which refers tdhe dialogbox interfacehat calls this function.
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WHBIRIAIN

The WBTRIAINV function returns thinverse ofa tiangula cumulative dstribution for supplied low,
mode, ad high values. For examp/BTRIAINV(1, 3, 2, 0.7eturns 2.2254. This meatisat for a
triangular distribution over theange[1,3] with mode 2, 70 percent of the observationsl@ssthan
or-equatto 2.2254.

Probahility

Loy 4
Mode +
High 1

Thesyntax is:

WBTRIAINV (Low, High, Mode Prob)

Argument Description

the number indicating théower limit of the
Low

distribution
the rumber indicating the upper limit of the
High distribution High must be greatethanor-equat

to Mode)

the number indicating the mode (peak value
Mode the distribution ode must be between theow
andHigh valueg

the profability (greaterthanor-equakto zeroand
lessthanor-equatto 1) at which you wantto
evaluate thenverse of thetriangular cumulative
distribution

Prob

WBUNIFINV

The WBUNIFINV function returns the inverse of a uniform aulative distribdion for supplied low
and hgh vdues.For exampleWBUNIFINV(.4,1,2yeturns 1.4. Thisneans that foa uniform
distribution on the interval [,2], 40 percent of the observations are-kbssror-equatto 1.4.
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Frobahility

g iy
g £
The syntax is:
WBUNIFINV (Prob, Low, High)
Argument Desciiption
the probability (greatethanor-equatto zero and
lessthantor-equalto 1) at which you want to
Prob : . .
evaluate the invee of theuniform cumulative
distribution
the rumber indicating the lowetimit of the
Low S
distribution
the numberindicating the upper limit of he
High distribution High must ke greateithanor-equat
to Low)

WBWPER

The WBUPPER function is employéalr returning the upper bound of the range over Wwhie dual

value of the adjstable or constraint cetloes t 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 numbe ( What 6 sBestd
value value with the actual upper range after solving t
model)
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For additioral discussion of the BUPPER function, see ¢hsection entitleéd\dvanced|Dual.,.which
refers b thedialog boxinterface that calls thisinction. Furthermore, a comprehensive sample case
for thisfunction is praided inUsage Guidelines for Dual Values

WBXPOWDIVAB

The WBXPOWDIVAB functon is employedor computing thdunction WBXPOWDIVAB(X, a, b)=
x"a/(b-x), where x, a and b represeatl values ah0 <= x < b. For exaple, WBXPOWDIVAB(2, 3,
6) returns2. The syntax is:

WBXPOWDIVAB(x, a, b)

Argument Description
X a nonnegatve realnumber
a areal number

b a ron-negative real number such that x <b




6 Ovenaw of
MathemicalMoaling

Introduction

The relationships in your modelfinence the comgation time, the solution methods ddzy
WhatSBest! and tle type of solution retued. This ovenew very bridly explains some of the
different types of expressions entailed and exploms the expressn type affects the solution
seach. An understading of these basic principles is neqjuiredto use WhatBest!, but it can go a
long way in helpilg you to useéhe oftware more effectively.

In the section entitled.inear vs. Nonlinear Bpressias andLinearization we consider the tav
expression typs, linear and nonlinear, and how thiefluencethe solutiorprocess. The section
entitled The Soluton ProcessDetermining optimaintroduces some dhe issues in finding optima.
These issuginclude locdversus global optima and thestinction betwer smooth (continuous) and
nonsmooth fion-contiruous) functios. The type of outcomeggerated by WhaBest!is discused
in the section entitle@oltion OutcomesFinally, some suggestiofisr moceling ae offered in the
last sectiorGuidelines for Modling with What'sBestitndGuidelinesfor Stochatic Modeling

Linear vs. Nonlinear Expresss and
Linearization

Mathematial expressionsan be classified according to theirahcterisics. The broaést and most
common distiction is betwen linearard nonlinea expressions. WhaBest!analyzes your model and
describes it asrear ornonlinear in the status report unddodel Type

Linear Expressions

If all the tams of an equation are dfe first order, the expression is saicb&inear. Ths means the
expression doesn't otain a variablesquared, cubed, or taken to any powtrer tha one, a term
divided by a variable, orariables muiplied by e&h other.In other words, proportiotidy exists. That
is, for every unit incrase ordecreas in a variable, the expressiorcieases or deeases by a fixed
amount.

In their sinplest form linear formulasa r e  f dine"rredatiogships. For example, suppose you're
buying tomatoes for $1.50 per pound. Theresson or function used to calculate t@og (C) in
terms d the amount of tomatoes purchas&ylis:

C=15*T

235



236 CHAPTER
As you might expect, a graplf this expressin for costis a graight line:

H60

550 +
TR
0

2§30 1
Ugan d

10 +

§0 } } } } f f
2} 10 14 20 28 30 35 40

Tomatoes Purchased (lbs)

Linear expressins can have multiple variables. For exdeng you aded potatoesR) at $0.75 per
pourd and applesA) at $1.25 per pound, your cost functizwould beome:

C=15*T+0.75*P+1.25*A

This new coséexpressiondlineard you could think of it ashe sum of three simpler linear
expressions

Nonlinear Expssms

By definition, all expressionghat are nolinear ae nonlinearNonlinear expressions inaa
relaionshps in which variables are squaredbed, or take to powers other than one, variabthat
are multiplied by each other, and many exgstons using ndinear spradshee functions such al-,
MAX, ard MIN.

Models with nonlinear expressionge#ntrinsicaly much more difficult to solvehtanlinear modes.
Unlike linear models, a badfprmulated nonhear model maprevent WhatBest!from finding a
solution, everthoughonein fact exists. Another pblem posed by some nonlinear models & th
WhatsBest!may detect a localkpptimal soltion to the mod that appears to be the "best", wdeas a
beter, but alsdocally-optimal, solutiorstill exists.For more orwhat you can do to help minimize the
occurrence of these undesirable resulis tise sectiontitled Guidelines for Modeling ith

What'8est!.

Linearization

The presence of any nonlinear psessions in th model willcausethe nonlinear solver to be imked
and the model to be classified as hoear.You can determine whether your modelliisear or
nonlinear by the classification undétodel Typein the solver stats window or the statugport. The
nonlinear modelsakemuchlonger to solve than a iBar model with the same number of constisi
The procas of converting a nonlinear exsson to a liner expression is calleihearization
WhatsBeg! can perforndifferent degrees of ligarization intie preprocessng stag of the solution
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procesodn theABS IF, MAX, andMIN nonlinear speadshet fundions, as well as all logical
opegators. See Chagr 6, Functions and Operatordor acomprehenise list.

Idedly, all nonlinear expresions would b&onverted tdinea equivalents, so the linear b@r can be
used instead of the nonlinesntver. For anexample of a simple nonlinets-linear conversin,
consider the following equation:

X1Y =10

As written, ths equation is nonlineabecause of thdivision byY. By simply multiplying both sides
of the equation through by, this can beonveried to he equivalent linear equation:

X=10*Y

By utilizing as many nonlinedo-linear conersions agpossible, theonlinear model mighpossibly
be redued to a linar model. When a nonlinear model céme fully linearized, the payoff can
sometimes beenormos (e.g., finding a solution whermne could bedund before or reducing
solution timefrom daysto seconds). fie sample modélinearizaion Option andConstructia Cost
Esimationdemonstates the beneits of successful linearization.

TheWhatsBest!linearization option cannot reduce radinlinearmodels to lirar models, nor does the
effort necessdy improve the sdution time. In some exceptioheasesit may be better to run
WhatsBeg! with lineaiization disabled. For this reasdhe linearizabn option is provided with some
useradjustableparameters tit are set in th&eneralOptionsdialogbox. You mg wishto try

different degrees ofriearization to see what works best for ymodel

It is highly recommended that you cahear performinglinearization on your own. If WhaBsst!
indicaes that youmodel is nonlinear, it cabe beneficiato investigte the expressions in the
nonlinearcells and determine whether any could 6emmulated ina linear manner.

Note: The locdions of all notinear cells will be displayed in tisgaus repd, assuminghat the
Nonlinearity presntwarning haseen enabkkin the General Optionglialog box.

The Solution Process: Determining Optima
Local Opima vsGlobal Optima

Linear and ronlinear problems are disguishable by their different kinds of stibns.When he
What'8estllinear solver fing asolution toalinear optimization model, that sdion isabest
solution.Such a solution is calleaglobal optimumbecauséhereis no beter feasible solution.

By contrastconvenionalnonlinear solversare only able to ideify local optima(i.e., solutiongor
which no better feable solutions can be faoul nearby). WhigsBest!tells you what type of solution
you havereached by returningitherGlobally Optimal or Locally Optimalin theSolution Statusield
of the statis report.If a model is nonlinear anithe globd solver is na used, then the statusihalways
be lbcally optimal if a sdution is found.

It is a poperty ofnorlinearoptimization models that thy may have several solutions that breally
optimal. Suchdcally optimal solution$o nonlinear ofimization nodelscanrot be assumed to be
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globdly optimal. The following example illusites ths property and explains how you mightgore
the varias local optima.

Consider the followig model. &Il B3 has bewe specified as an adjusie cell, B4 ha been spefied

to beminimized and contains thegjuation B35IN(3.1416*B3), and B5 contas the constrant B4 <=
6.

The following graptshows a plot 0fB4, the expression to be minimizedr f@mlues ¢ B3 between 0
and 6. You can see thd#tyou're seathing for aminimum, there are local optima at B&lues of 0,
1.564, 3.529, and 5.518 in the "valleys". If you use thealobal solver, it will find a global optimum
for this problem at B3 £.518, sirce that is théast valley before 6.

Graph of B3*SIN (3.1416*B3)
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Imagie he graph as a series oflkilYou're searching in the dark for thenfmum or lowest
elevation. If you start youresch at B3 = 3gvery step to the left takes you upland evey step right
takes you downhill. Thefere, you moveo the righ in your search for the lowest pointou'll
continue to move right as long #és drection leads to lower ground.

When ya reach B3 = 3.89, you will notice a small flat arg@lope isequal to zera)Continuing to the

right begins to leadiphill andretreaing to the left leads up thdlhyou just came down. You are in a

valley, thelowestpoint in the immediate neighborbd(a local minmum), but is it the lowest possible
point? You @n't determinghat given the informadin available toyou at thaparticular point.

This is an extremexample and not typical of weibrmulated nonlinear poblems. Nonlinear solvers
do ther best to tacklesuch nonlinear models by seeking adboptimun from the steting points
supplied bythe user. Thiprovides thauserwith the opportunity to explorthe available local optima.
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What'8estltakesthe intial values of the adjustable tehs starting pints in its search for a locally
optimum solutdn. Thereforeif you solve this modelith differentstarting \alues for B3, and do not
use the Globabolver, thenVhat'8est!may return a dferentlocal mnimum. Attempting to solve the
modd with a stating value between 5 and 6 for B3iisdly to lead to a locaiinimum at 5.518,
which happens to béne global oimum.You may try other starting vaés to find other local optima.
For some pblems you may find that observing the ressikf solving themodel several times with
different iritial values can help yofind the best solution.

Convelty

If a functionis cornvex, thenit has a single globalpimum. If a function is not convexit may hae
multiple local optima. The followingexample shows eonvex funtion d a single variable:

Graph of .4*(A1-3)2 +.5
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A geometric definition bconveity states that a function is convexfdfr any two pants on or above
the function, a stralg line cannecting thewo points lies entirely o or above théunction.

Asillustrated in the preceding grapastrictly convex function with no consiras ha a sigle
minimum. That is, water dritzd on it will collect in a single puddle at the gldainimum.
Therefore, miimizing asmoothconvexfunction with ro constrairg will yield the global optimum
regadless of the initial value of the adjustaleells. However, if the function is not conxethere may
bemore than one local optimum. In thiase, the eturned answeamnay be locally optimabut not
globally optimal.
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Determining the convexity of a multlg variable problem is no easy task. Matlagcians calla
function convex if the maitt of second deriviives ispositive definite or has aflositive Egen values.
A function is callecconave if the natrix of second derivatives igsegatve definite. A function can be
concave irone setion ard conve in another. Théollowing function is stictly concave:

A Strictly Concave Function: Graph of -(A12)
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For a mided functionJook backat the graph oX* SIN (3.1416*B3) in the preceding section.

Smooth vs. Nenooth Expressis

Smooth expressiortgave a definedirst derivaive (slope or gradient) at every pui Graphically, a
smooth function of a sgle vaiable can be plotted as a single comwtins line with ro abrupt bends or
breaks.

Nonsmath expressions includendifferentiabé and discoiinuouws functions. Expressions having
one or more points for which the firstrilative is na defined are called nondifferéale. Graphs of
nondifferentiable expressions may leabrupt lends at suchgints. Taking the absoletvalue of an
adjustable ck, ABSAl), is an example of a noritBrentiable expression. This is illusedin the
following graph:

Graph of ABS(A1)
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Here, there isn abrupt bend in the graph at theémiof zep. This can dxmatically increase solon
times. Addtional norsmooth functions areMAX andMIN.

Discontinuous functions are even more chaiiag toa noninear solver. Discontinuous fumghs are
expressns whose graphs contain breaks. §heeadshedF functionwith adjustable cells as
arguments is aamonly usedo expressa discontinuous expressiaas in the following:

Graph of IF(A1>0,A12,A12+100)
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In simplified terms, WhatRest!seaches alonghe plot of the expression to find a mimum or
minimum point epresenting an optimal lstion. Breaksand sharp beds onthe plots of nonsmooth
functions pose challenges to the solver not ddsesnooth catinuous functions. It is a gogqatectice
to avod formulating your problem with neamooth functons.

Solution OQutcomes

The ®lution and analysis of the outcome of 8mdution pro@ss is presented in the statusae
worksheetThe status report worksheet is insdrtellowing the completin of the solution proces
unless you hae disabledhe statusreport (regarding disablinreports, see thReports Location and
Warningsbox onthe General Optionslialog box skd by theOpton s é | G ecoremaid). The
status reprt is opaed by clickig theWB Statustab amog yourExcel® worksheets.

Unlessyou have imposed a limit on @mumber of iterations in the solution sefaorhave irterrupted
the solver by pressintpe Hold/Interruptbutton o the WhasBest!solverstatus window, the megga
provided inthe field Sdution Statusin the status report shld be one of those listed below.

Case 10ptineatiorModels

If a cell has ken specified to be maximized or miniped, thee are severglossible outcomes of an
attempt to solveéhe model:

Globally Optimal

During the solution seeh, the solverdund the lest possibledution that satisfies bthe constraits.
The mesage Sdution Status: GLOBALLY OPTIMAWill be displayed in the status reportamp
sucessfulsolution of a linear model. Thergno better aswer that satisfies all constraints.

Loally Optimal

A locally optimal outcome appligs a nalinearmodel when the solver has foutig best solutio
within a local area that satisfieB af the constraints.n other words, no betteplution existavithin
thatlocalarea. This means it is poss#there is a locally optimal solution oude this immedate area
that provides a bett@msver. It may le wise to consider rgolving the modeewith different startig
values for the adjustébcells in attmpting to mvestgateother local optima.

Optimaly Conditions Monlinear Models

After successfully duing a nonlin@r model, inaddition to reporting a solution dtas of locally
optimal, the status repceitso indicateswhether the optimality conditienae SATISFIEDor
UNCERTAIN A mathematician might fer to thee optimalityconditions as th&uhn-Tucker
condtions A layman, on the other hanehjght prefer to think of the optimality onlitions as tle
"flatness" conditions.

Geometically, for functions with no constraints, satisfactiof the gtimality condtions means the
objective function is fat (the sipeis zerg in the neighborhood of #returned solution (i.e., it is at the
top of the peakor bottom of the valley). Algebigally, it meansthat, for each variable, the partial
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derivatie is zero. Eglaining these conditionen models wittconstraintdiesbeyand the scope of this
help file. It suffices to say that the interpatidn can be gneralized to constrained models.

There are two pmary reasons for the optimality catidns tobe reported asncertain. First, if the
optimum pestcell value)lies @ adiscontinuity or a point wére the objective function is nesmooth,
the slge is uindefined. At a point for which thdope is undehed, the optimality conditions canniog¢
said b be satisfied hence they are detem@duncertainSecond, if n the seach for a solution
What'88eg! completes several iterations withoutkitgy ary significant improvement in the objeug
function, itwill stop even though the optimalitprditionsare not satiséd. This may be a situan in
which the objectivefunction is very nearly flat over amnusually large region.

Whether the optimléy conditions are satisfied or uncertain tiife solution islocally optimal, then
another local ofimum mayexist that impoves on the current salan. Even thogh the mathmaical
conditions to prove optimaljitmay be inconcluse, the value returneith thebest cd is locally
optimal. Thereforeyou should alwgs consider resolving the model witldifferentvalues for the
adjustable cells to seehether anotheocal optinum improves the solution.

No Fesible Solution Found

The messageSolution StatustNFEASIBLEIs displayed in the status repdri¥hatsBest!was unable
to find a solution thiasatisfied allthe constraints. If the model is linedhen tlere is no anser that
satisfies all costraints. If tle model is pnlinear, then either no feasible amer exists or a feasible
answer exists, hWhatsBest!was unable to find it. For detajlplease see #&topic Solution Status:
No Feasible 8Slution.

Unbounded

The messag8olutionStatus: INBOUNDEDiIs returnedif, without violating any constraintd)e
value of thecell to be minimized can be decreaseithout limit or the valie of the cell to be
maximized can be icreased withut limit. For details, please seeettopic Solution Status:
UNBOUNDED

Numerical Emro
The messag8olution StatusNUMERICALERRORS retuned if there wa a seriougmor. For
details, please see thepto Solution Status: NMERICALERROR

Case2: Nonoptimization Models

If no best cell has been speetfi(i.e., there is no objective functiomhereare ony two possible
outcomes of an aitnp to solve tie model. What'Best!either finds a fesible solition or repots that a
feasible solutin was not foud. As with ronlinear gptimization models, if thenodel is nonlinear,
there may be a feasésoluion tha What'8est!was unable to findvou may want taonsider re
solving with different iitial values in the adjstable cells.
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Guidelinedor Modelingwt h  Wstlat 0 s

GenerbBModeling Guidelines

An exampleshowing how to build a simple lineanodel is povided in theTutorial in Getting Stated

In addition, theSampé Modds demonstrate how linear andminear models can be constructed for a
variety of applcations. As you construct younm model, it maybe useful to periodically solve the
model and beck the statireport to determine thgpe of modelyou have (Ihear/nonlinear) and its
characteristis. In general, linear models are the dgstsfjroup of nodels to solve and nonlinear mdsle
are the modtifficult to solve. It is not unusudhat a notinear model wll take many times longeto
solve thara linear mad with the same number of variables

If a linear or nonlinear model is closga sdution (i.e., constraints are only sliti violated) tren
increasing one of the feasibilitplerancesnay allow youto reach a solution. Talances are sét
both theLinear Soler OptionsandNonlinear ®lver Optionsdialog boxes.

For a difficuk linear mode| the options provided in tHeénear Solver Optims dialog box may help
you to reach aolution a shorten thesolution time. One of thrst optionsyou might ty is turning on
(or off) Model Redudbn. Some linear problems will solve fastey adifferent Solver MethodThe
Barrier methodmay be conslerably faster on big models, whilegbwo simpgex methods wi tend to
be faster onmaller, sparsenodels.

Large integerproblems can be very diffilt to solve and take a great deal of tiamgving at a
solution. To solve an infeasibpgoblem or to korten the solution time, you can trgrious opions on
thelnteger Solver Optiondialog box. Settig anOptimaity Tderancecan improve run times
dramatically if you are happy being withércertan perentage of the optimal solutiono®e
problems sale faster when th8ranching Directionis set toUp. Setting he Applicationof the
Corstraint Cutsto All Nodesmay help sdve some problems. Settirlige Probing Levelsnay also help
shorten slutiontime. We recommend setting to a levéltbree or lower

Nonlinear problems are generallyfititilt to solve. Setting Feasibility Tolerancer Optimality
Tolerancemay helpyouto reach a solution. TryindifferentStrategiesnay also be usefubtreacting
a olution.

Many nonlinear problemare made unneesarily difficult or slow to solve byhe presece of
nonlinea expressions that coulzk rewritten idinear form The Linearizationoption is a toofor
automatically rewriting these nonlineexpressionsn linear form. Linearization cabea great
performance boost if all nonlinear formglan a moakl can be linarized, such that the fshmodel
becoms totally linear. If linearization can only be plied to a subset of the nonlinear formsldnen
perfomance may erode.

The options desibed above fosolving nonlinear problems are impontaaids tosolving nonlhear
problems. Howeverf the problems poorlyformulated, then the options can only lpealleviate the
effects of poor formuladin. Thefollowing section provides some suggdess for good fomulation of
nonlinear problems.
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Nonlinear MddegGuideline

Nonlinear models can be extremely complesadlve It can pay off in terms of solution sgdand
reliability to spend a little extra time to ke sure tk model is fomulated in a way that imost
efficientto solve. Tlis sedion gives some general guidedis to consider when building and solving
nonlinear modés.

SupphGad Initial \Haes
The initid adjustable ell values can affect thgath WhatBeg! takes tathe sdution. Starting with
initial adjustable el values neathe optimal solution can redutiee solution tme.

In many situations, you may nobdw good hitial values However, when reasonablalues are
known, they shald beusa. If nearoptimal values i@ not known, simply starting with valudsat
saisfy dl constraints may be helpful. &ting from anyreasonable answer may be better thanting
with zeroes inhe adjustable cells.

Always start withadjustable ell valuesthat avoid undefined valgén adjustabledependent equations.
For example,if an equation divides by an adjustaloi@l, then a véue of zero for that adjustable cell
makes the guation take i undefined value. Statfte solve attet with a nmzerovalue for that
adjustable cell.

Consider changing the initial values amesolving themodel if: 1) you suspect therg &n answer
beter than the answer returned by Whaést!; 2) you know a feable solution exists evetihough
What'8est!returnsthe nessge "No Feasible Solution kEod".

Use Reaswble Bundingonstraints
Adding constraits that bound the uppend/or lower valies of adjutsble cells to fall within a
reasonale range of values may help shorten theitsan time.

For example, assume you know thegisonable vales for an adjustable cell Al are betene500 and
1000. Valuesutside of this range aret mathematiglly impossble-they just don't make sense. Add
the constraintsWB(A1,">=", 500) andWB(A1,"<=",1000). This ensures that Whasst!'wont waste
computaiton time investigating solutions youowld view as meaninglesSimilarly, adding boursito
restrict expressionsrbm invesigating values at or veryear unddined egions(i.e., division by zero)
may redge computationime and increase the reliability ofetkolution

Scale the Mel to a Reasonable Rarfdénits

Try to model your problerso hatthe units ivolved are of similar orders @hagnitude.
Mathemattally manipulaing numberghat dffer in size by a large amouoén increase the
computation time and maptroduce prdolems due to roundff error.
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For example, congler a financial problem with equatioexpressig an interestate of 8.5% (.085)
and ludget constraits of $12,89,000. Thedifference in magnitude b&een these numbers is on the
order of 10to the 9" (1/100th compared to 10,000,000) diference of 1@o the 4" or less between
the largesand smadest units wold be preferable. In thisase, the budg could beexpresedin units
of millions of dolars. That is, $12.85 to represent $12,880. This lowers the difference in
magnitude bthe units of hese numbers to 10 to th& 41/100thcomparedo 10).

Simpfy Relationships

Whenever possible, adinear rather than nonlinear relationshiSorre nonlhear expressions can be
reformuldedin a linearmanner. A simple example is a consitadn theratio of two aljustable cells.
Considerthe constraintWB(A1/B1,"<=", .25)where Al and B1 are adjusta cells that each must be
greater thanero.

The relgionship A1/B1 is nonlinear. Ifgu multiply bothsides of the constraint by B1, thenstraint
becomesWB(A1,"<=", .25*B1). This is méhematically egivalent tothe ofiginal constraint, but it is
now a linear rather than nonlinear consttain

As much agpossible avoid nosmooth expressns, notably spadsheet functions likd=, MAX, MIN,
ABS andtable lookup @inctions. Models with nesmooth relatiaships are greraly more difficult to
solve. Ifyou can, approximate the n@mooth relatinshipwith asmooth expression.

Reduce teger Restrictions

Minimizing the use of intger restridbns @n dastically reduce the soloh time. In instances
involving larger nunbers,you mayfind that solving the model withutinteger resictions and then
rounding yields acq#able anwers in a fration of the time the intger model reques.
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Guidelines for Stochtas Modeling

So far, we worked with deterministimathematical prgrams where model parameters (e.g.
codficients,bounds, etc.are known constants. Acchastic progam (SP) is anathamatical program
(linear, nonlirear or mixedinteger) in which some of theodelparametrs are not known with
certaintyandthe uncertaity can be describedith known probabity distributions. Applications arise
in seveal industries:

1 Multi-period finarcial portfolio planning wih uncertain prices, interest rates, and exgjerates
1 Exploration planning for petroleum companies,

1 Fuel purchasing when facing uncéntéuturefuel demand,

9 Fleet assignment: veléctype to routassignmentni face é uncertain route demand,

9 Electricity generator unit commitment iade é uncertain demand,

1 Hydro management and flood contiolface of uncertain rainfall,

1 Optimal timeto exercisedr options in face of urgtain prices,

1 Capaciy and Poduction planning in face afncertain future demands and prices,

1 Foundrymetal blending in face of uncertain input scrap qualities

1 Product planning in face of fute techntogy uncertaity,

1 Revenue managementthe hospitaty and tranport industries.

Multistage Decisidaking Under Uncertainty

Stochastic programs fall into two majortegories a) Multistage StochastioBrams wih Recourse,
and b) ChanceConstrained P o g r a m s Best!Wdbadbiliies areextended to solve models lioth
categores.

In this chapter,th t er nms tdéisd omxrhag r mutistage stoftastic modelvith resourse.
The termméédtagddppéti odd aunlesothervese is stated.dhmedemesn ge a b |
6random parameteré and O6stochaliyti ¢ parameterd ar

Multistage decision making undencertainty irnolves makiig optimaldecisions for &-stage hazon
before uncertain events (random parter®are revealed while trying to protect against unfavorable
outcomes that could be observed in the future.

In its mostgeneral form, a multistge decision praess withT+1 stagesdllows an alternating segonee
of decisions and random eventde¢isiors-events-decisionsé -eventsdecisions.

0.1) in stage 0, we make a deciskiy taking into account thaé
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l0)attt begi nni nHatod r & dset of @mkddrglecidmsul, leading to realizatits of
all random events in stage 1, andé

11)a the end of stage 1, having seen naturebs dec
recouse decisionx1(x0, ul), takinginto@a count t hat &

2.0) atthe leginningo f st age 2, asdt df abdom dedsiotRal&adirgy to ralizaions of
al | random events in stage 2, andé¢

2.1) at the end of st agaswdlasobpevidundgcisiorns,eavaakenaat ur e 6 s
recourse dcisionx2 (x0, U1, x1, U2), taking into accourt hat &

T.0) At the beginningofstage @A Nat ur eo t ak eld, leading ta nealizatonsdfalc i si on,
random events irstageT, and é

T.1) at theend of stagd, having seerll of na t u T @revisus decisionas well as all our previous

decisions, weanakethe final recourse decisiofT(x0, U1, x1, 12, €& ,). T

This relationship between the decision varsthnd realizeons of random data cdre illustrated a

follows:

Event
Space Qt
| )
,,,,,,,,,,, > Decision v t > Decision
-1 Xt
Stage t-1 Stage t

Each dedion, represented with a rectangle, coroegjsto an uninterrupted sequence of decisions
until the next random event. And each random observationspanmnes to anninterrupted sequence
of random events uihthe nextdecisionpoint.

Note: A stage $the pair: random event, followed by a @#en. The initial stage 0 is special in that
it consists only of our first decision. The final stage magexial in thait may consist of
justa random event ith no expligt final decision.
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Recourse Model

The decision takeim stageO is called the initial decision, whereas decisions taken in succeeding
stages are catdi ®idouws @ecisidisrae@npreted as coective actiosthat ae
based on the actual vakitae random parameters realized so fawek as the past decisions taken
thus far. Recourse decisions provide latitude for obtaining improved bselaions byrealigning the
initial decision with posible realizéions ofuncertainties in the besbgsible way.

Restricting ourselves to kar multistage stochastic programs for illustration, we have the following
form for a multistage stochasticqgram with T+ 1) stages.

Minimize (or maximize) cOx0 + E1Jclx1 + E2[c2x2é +ET[cTXT] €] ]

Suchthat
A0OX0 ~ b0
A(U1)10x0 +A(ul) 11x1 ~b(ul)l
AUl , é2)2x0 + A(U1 , @2)21x1 + A(ll , é2)22x2 ~b(ul , &2)2
: é : :
AUl , ET)TOXO+A(Ul, é ,)Tal+ é + AUl , anTTXT ~b(l , anT
LO <= x0 <= U0
L(u1)1 <= x1 <= U(ul)l

L(UL,6 OMT<= xT <= U@L , &n)T

where, (11,02 , @&it) represents random outoes fom event spacdXl,...,Ut) up to stage,

A(ul , at)tpis the coefficient matrix generated by outcenup to stagéfor allp=1é t , 16 T =

c ( %21, iéthelbbjgctivecoefficients generated by outcomesta staget for allt=1é T ,

b(ul , at)tistheright-handside values generated by outcomes up to stégeall t=1¢ T ,

L(ul , ébtandU(ul , at)tare the lower ad upper bounds generatieg outcomes upo staget for
allt=16 T,

0 ~ione oftherebonal operators 6<=6, 6=6, or 06>=0;

x0 ard xt =x(u1, 02 , @it are the decision variables (unknowns) for which optimal values are
sought. Thexgpression beig optimized is called theost due to iftial-stage plis the e&pected cost of
recourse.

Note: What'8estlcan solve linear, noimlearand integer multistage stochastic programming
problems.
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Scenario Tree

When the probability distriitions for allrandom variables are dite and finitethen therare onlya

finite number of outcomes each stage. With each random paranféeted to one of its possible
outcomes, one can create a scenario representing one possible realizatidatoféahEnumeation of

all possible cmbinations of otcomes allowsis to epresent all scenarios irtree, with each scenario
being a path fronthe oot of the tree to one of its leaves. The nodes visited by each path correspond to
values assumed by @om parameterns the model.

DefiningraSP Model in Wh 6 s BrnepkE2tStage Exafple

There is a retively straightforward five stepprocefyset t i ng up an B&tAhodel in
the information about the SP features is stored explicitlylypen the spgadsheet. The five stepee:

Step 1)Define a cordor deteministic) model asareguld et e r mi n iBest model. Wiu aan 6 s
Aplougegul ar numbers in a random cell to check re

Step 2)Specify staging information about the seqce of decisns and random eventshig
informationis stored diectly onthe spreadsheet using spktVh a Bedtgunctions. These functions
and formats are:

Decision variable and their stages are identified by: WBSP_VAR(stage, cell_list) and

Random wariables andheir stage are identifidoy: WBSP_RAND(tage, cell_Igt);

Step 3)Distribution informaton about random cells is stored in
WBSP _DIST_distribution(table, cell_list);
where distribution specifies the distribution, e.g., NORMAL.

Step 4 Sample sizdor each stage is storéu
WBSP_STSC(tdk);

Step § Cellsto be reported are listed in
WBSP_REP(cell_listlor WBSP_HIST(bins, dk li st);

You may type these functions in directly, or you may uséons...|Stochastic Solvdrop-down
menu in Whéa Best to guide you though the steps.

We illustrae the brmulation of an SP model Wh a Bedtwith perhaps the simplest SRodel
possible, the one product newsvendor problem (m8BeNEWSVENDOR.XLEX his model has just
two stagesln stage 0 (alf stage) we must decid®w much to stek, Q, of a sngle poduct. At the
beginning of tage 1, demand, D, is revealed. At the efdiage 1 we sell the minimu(Q), enjoy
our sales revenue and pay a penalty, if any uiesatisfied denra or pay a hlding cost for leftover
inventory.
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The _NEWSVENDORWorksheg before Optimization (par)

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 beforptitmization (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 0] -
3 Dok, Stochastic data
4 adtous.
5 |ulting profit. Step 2) Stage information
6 |Core model @AR (Q, TC stage 0)
7
6 [WESP_RAND
o
10 [WESP_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 -
Meodel | Scenario Tree (+) 1 3

For this specific problem, the five steps mentioned earlier are:
Step 1)The core modl is describé numerically in column Bind in words ircolumns A ad C.

Step 2)We specify cell B11 sa stage 0 decision variable by insertihg expression:
=WBSP_VAR(0,B11)
into cell 16. We can enter this expression directly, or using theh&gtic Suppardialog box.
We specifycell B12 as a sige 1 randommariableby inserting the expression
=WBSP_RAND(1,B12) into cell 18.
The cel B13 is the recourse decision adjustable at stage 1:
=WBSP_VAR(1,B13)
Step 3)We t e | BestWiataden@rsthas a Normal distributiowith mean 80 ath standard
deviation 20 by inserting the expressi
=WBSP_DIST_NORMAL(I15,116,B12)nto cell 113.




MATHEMATICAL MODELIN®53
Step4)We t e | BestWbwamaiyscenarios to use in each stage (i.e., the sampleysize) b

inserting tlke expression:
=WBSP_STSC(121:J21into cell 119

Step5) We specify that we warascenarieby-scenario report on the amowrteed, the demand, lost
sales, and profit by placing the expression:

=WBSP_REP(B11,B12,B13,B22) aell 124.
We request a nine bin histaamn of Profit byplacing the gpressim:

=WBSP_HIST(9,B22) in cell 125.

There isalsoan Options...|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 WorksheteAfter Optimizaion

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 wites a series of solution in the creatal'WVB!_Stochastic', and 'WB!_Histogranwijth
the expected value, and displays the first default scenarioselectedcenario, on the spreadste

The scenao-by-scenarm reportis generated on th&/B!_Stahastictab. A portion of it appears below.

0O = - H B il - SP_NEWSVENDORxlsx - E..  LINDO Systems &l — O

| |
File Hame | Insert | Page Layout | Formulas | Data | Rewiew | = [ Developer | What'sBest! Q Tell me H.Share

Ab \ 5 STOCHASTIC INFORMATIOMN: v
A B C D E F -

6 | STOCHASTIC INFORMATION:

i

8: CLASSIFICATICN DATA Current Capacity Limits

g9

‘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 | SCEHARIOS 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 ] BEEECARTTIH: CETTS -

3 | WB! Status WE! Stochastic | WB!_Histogram | Model | 5. B 1 3
Ready 3 H M - 1 +  90%:

Any of the standard statistical tools in Excel can by used to analyze the scenario data.
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The hisbgram generateon theWB!_Histogramtab 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

Noticethat even thugh thedriving random variable, Deand, 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 S®o d e | sBest! : Wikbtage Exagole

Next we givea slightly more compex example that illustratdsow to formulate an SP with more than
two stags (modelSP_INVESTMENTCOLLEGE.XLBX his example was originally given by Birge
and Louveaux in their lok, Introduction to Stochastic Programing. You want toset aside $5000
now, hoping that it will growto $80,000 in three periods so as to supgotr child in college. Only
two investments are available, Stocks, and Bonds. At the beginning of eamh qrestage yo
(re)allocate you monelyetween these twinvestmentsEach year, the return on each irsiment is a
random variable, given by thatile:

Stocks Bonds
Scenaio 1 1.25 1.14
Saenario 2 1.06 1.12

Stocks have the higher expedtraurn, so if we just wished to maximize expected return, we would
put all our money in Stocks at the beging of eactstage. Stocks, howevetsa have the geer
variability, soif we are concerned abouthaeving our goal of $80,000, then Bonds htigeem more
attractive with their lower variability in return.
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The SPINVESTMENTCOLLEGE Worksheet Befe Optimizatia (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_INVESTMENTCOLLEGEWorksheet Baifre Optmization(part 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

Steppig through the five steps again for this ltistage example,
Step 1)The core model is described in the range A3:H16.
The growth factors for Stocks aBbnds are ircolumns B and C. They wibe declared redom in
step2 below. The beginning wealth befoeach allocation decision is given in colarD. At the
beginning it is a constant 55. In subsequent periods the wealth available poewesis period
investments ahis given by the formuka

D10=SUMPRODUCT(G9:9,B10:C10)

D11=SUMPRODUCT(G@:H10,B11:C11)

D12=SUMPRODUCT(G11:H1,B12C12)
The decision variables of how much to invest in Stocks Badds each period is in columns G athd
The total anount invested is computén column F ad is given by

FO9=SUM(G9:H9)

F10=SW(G10:H10)

F11=SUM(G11:H11)
We requie the amount invested each period to equal the amount available.
This is enforced by the constraints inwaoin E:

E9=WB( D9, 0=0, F9)

E10=WB( DR10), 60 =0
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Ell=wB(D1 1, 0=, F11)

The amount overal at the end is computed with:
D15=D12-D3+D14

The constraint in E15 constrains this to be nonnegative.
E15=WB(D15,">=",F15)

The amountinder goal isn D15.

The net utility b be maximizeds given by:
D16=D5*D15-D4*D14

Step 2)We specify cells G9, H9 as a stage 0 (ha#gst)decision variable by inserting the expression:
=WBSP_VAR(0,G9,H9)
into cell L6. We specify cellB10, C10 as sige 1 random variablesathare observedt the beginimg
of gage 1 by inserting in cellr the expression:
=WBSP_RAND(1,B10310).
Similar expressions are in cells L7, L8, L9, J8, and J9 for the remaining stages 1 to 3.
The cell D14 $ the recoursdecision adjustable atagye 3:
=WBSP_VAR(3,D%)
Step3)We t e | BestWhtatéhé grasvth factors have a joint discretstdbution as listed in the
scenario table S13:T14 by inserting the expressions:
=WBSP_DIST_DISCRETE_ \3#M15:N16,B10C10)
=WBSP_DIST_DSCRETE_SV(M15:N6,B11,C11)
=WBSP_DIST_DISCRETE_SV(M15:N1B12,C12)
into cells J12, J13, and J14.

Stp 4)We t e | BestWbwamaidy scenarios to use in each stage (i.e., the sample size) by
inserting the epression:
=WBSP_STSC(L20:M22) o cell J19.

Step 5)We speify that we want a scenariby-scerario report of the wealth and the allocatito

Stocks and Bonds each period, by placing the expression:
=WBSP_REP(F9,G9,H9,Wealth1,G10,H10,Wk2)G11,H11,D2,014,D15,D16)

into cellJ25. Similarly the cell J2&ontainsthe function for the histogm, over 10 bins, as

=WBSP_HIST(10,D12).




262 CHAPTER
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 theated tabWB! Stochastic', and 'WB!_Bliogram',with
the expectedalue, ard displays the first defaustenario, or a selected scenario, on fhreasheet.
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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

Thescenario repa we obtain is show abev Our expectedtility at the end ofthe three periods is
1.51485. This means that there were some out®omler which our final wealth fell short of our
target wealth of $80. This report gives complete detaivbat to do edt period. For example, #ie
beginning ve should sptiour $5 by investing $41.479 int8tocks and $13.521 in Bonds. Notice the
interesing policy in periodistage 2. If our wealth is well below $80, i.e., 64, or if our wealth is above
$80,then we invesall of our portfolio inb Stocks. If ouwvealth is inermediae, i.e., 71.428571, then
we invest all portfolio into bonds. The reasag is that if we know we are going to fall short of our
target or if we have already achieved our tardnentwe might sawell invest in the insiment with
highest expectedeturns,Stocks. On the other hand our beginning wealth stage 2 is $71.4285

then if we put all our money into bonds, then we are guaranteed to (just) achieve our target of $80.
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MonteCarldSampling

In stochastic pggramming wherene or moretechastt parameters have continuaarsdiscrete but
infinite event space, therarean infinite number of possible scenarios, making the model
computationally intractable. For such cabtnte Carlo sapling (also called prsampling) can be
used to appramate he problem to work with affite scenario tree. As illustrated in thgure below,

if the model has a single stochastic parameter with a continuous distribution such as the Normal
Distribution;one can discretize theent space simplby generatig N sanple points and construct a
finite and tractable scenario tree. Thislsotrue for discrete distributions with infinite event space
like the Poisson distribution.

Note: Samping ascenariareeprior to the optimizationprocesss alsocdled pre-sampling. Thisis
to distinguishthis type of samplingfrom theonethatis usedduring optimizationprocessin
What'8Best! samplingrefersto pre-samplirg unlessotherwiseis staed.

SAMPLING
N EVENTS FROM Q

P((x)l) =1/N
/: P(o,) = 1/N
_—

0 Plo,) = 1/N

Decision S

Decision

0 Pe

1)) = 1/N

P(o,) = 1/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 modé is zero,it is customaryto
setthe probabilitiesof sampledscenariogo 1/N. However,the usercanawaysdefine
customizedsamplingappro&hesto work with differentscenarioprobabilities.

Given the paametric distribution of each stochastic parete, What'8estb s sampl ing routin
used to generate univariate samples from these distribufiiciergly. The user has the option trse
antitheticvariates or Lan-hypacube sampling to reduce te@mple variance.
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GeneratinDependeriampes

In certain situations, the modeler may require some of the random variables to be dependent on each
othe. There areeveral ways of doing this n ~ WBeatt Yos can speify an explicit, arbitrary
discreteoint distribution table form any of:

WBSP_DIST_DISCRETE_SVable, rand_vark (Equi-probable, sequenced vertically)
WBSP_DIST_DISCRETE_SHk#ble, rard_varg (Equiprobable, sequenced hoohntally)

WBSP DIST_DISCRETESV_W(table,prob,rand_vars(Weightel prob., sequenced vertically)
WBSP_DIST_DSCRETE_SH_W(able,prob,rand_vans (Weighted prob., sequenced horizontally)

Another common way to charadier dependenes among variables drawinom standard nivariate
distributions such as the Normal or Bain is by standard correlation measures W BeStsupports
three correlation types:

WBSP_CORR_PEARSONf{atrix,rand_var} ( Pear s on O6datioh)i near corr
WBSP_CORR_SPEARMANIatrix,rand varg (Spearma@é s r a fakon)c or r e
WBSP_CORR_KENDALLfatrix,rard vary ( Kendal |l 86s rank correlation)

Samphga Scenaridree

For stochastic programs with infinite event space, WBesHoffers an easy to usenction to ceate
finite scenario tres implicitly with userspecfied dimensions. This is especialhandy when there are
several stochastic pametes and the task of explicit sampling becomes tedious. In this context, the
user can specify the dimens®of a scen& tree by either of théollowing method:

Specify the numbe of nodes per stagein this method, the user should provide an integygay of

lengthT (number of stages in the model) and give in each position the number of nodes todak creat

in that stge. By default stagé will always one nde, thus théth index in the array will be onelther

positions in the array, corresponditagh e number of n oldlenmmy take ang gositigee s 1, 2
integer values. In this framework, each aagdpresents lalock realization of althe stochastic

parameters ithat sage andwill have a conditbnal probability of 1Nt, whereNt represets the

number of nodes in stage

Specify the sample size per stochastic parametdn the method, the usshould providean integer

array of lengh S(the numbestochastic prametes in the model), and give gach position the sample

size for that stohasic parameter.

In either case, WhaBgst!will automatically construct a finite scenario tree withcfied
dimensons.

In a case where boistochastic pameters areormally distributed each belonging & different stage.
Therefore, creatiniyl nodegper stage has the same effect as credisgmples per stochastic
parameter whenever there is a sirgjtichastic pa@ameter per stage.
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Note: Samplinga scenaridree is notlimited to stochastigaranetersthatfollow parametric
distributions It is alsopossibleto usesamplingfor models which alreadyhaveafinite
scenaridree.Thisis especialy usefulwhenthe original treeis finite but still too big to
hande compusationally. For instancea 2-stagemodelmayhave30 stochastigparamegrs
with two outcomesach.Thiswill correspondo a scenaridreewith 23°= 1.0737e+009
scenariosSamplirg is essentiafor modelswith scenaridreesthis big.

Guidelinesdr Chane-Constrained
Modeling

The ®cond major class of models in stochagtiogramming is Chane€onstrained Programs (CCP).
A CCP model is a) simitao general ®chastic programs in théhe model corains random gantities
with known distributionsbut b) simpler in that the model has jusiage decision stage and a single
random outcome stage.

The goal in CCP is to make an optimal decisidoro realizaion of random data, wtel controlling
the chance thatonstrants are violated. Considen LP with random matrix E and random right
handide w:

Min ¢ X
Exi=wii=1..m

If we required almrealizations of Bx = w to be satisfied, #n we would gea very
conservative/exgnsive solutiorx, or no featble soution at all. The distinctigfeature 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 gsible realizdons of (E, w).

Defining a CCP Modeln  Wh a t 6 SinBpe Beed Mixer Example
Thereis a relatively straightforward setep poces f or setting up aBestSP/ CCP
All the information about the SP features is storedieitly/openly on the spreadsheet, thiére CCP

part. The six stepsre:

Step 1)Define a core (or detministic) model as a regular deterministWha 8est model. You can

Aplugd regular numbers in a random cell to check

Step 2)Specify stamng informatian about the sequence adasions and ratom events. fis

information is stored directlyrot he s pr eads h e et Bestfunciogs. Thegseefenctians What 6

and formats are:

Decision variable and their stages are identified by: WBSP_\agés cell_li§), where stage is 0,
and

Random variable and their tage ard@dentified by: WBSP_RAND(she, 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 distribign, e.g., NORMA..

Step4) Sample &e for the 1 stage is staté
WBSP_STSC(table);

Stepb5) Cells to ke reprted are listed in
WBSP_REP(cell_list) or WBSP_HIST(bins, cell_list);

Step Chanc&€onstrainedCellsto be reportedre listed in
WBSP_CC_LTpercent, weightconstraintells) for "Less Than", or WBSP_CC T&ercent, weight,
constraint cells) for "@ate Than". One function will define one set of Chance Constraint.

You may type these functions in dirggtor you mayuse theDptions...|Stochstic Solvedrop-down
menu h Wh a Be8tdo guide you throughhe steps.

We illustrate the formulationf@anS P/ CCP mo d 8ést witmperiddpsathie 8implest SP/CCP
model possible, the Feeder Mix problem (reb8P_ FEEDERMXCCP.XLSX This model hajust 1
stageln stage O (Hf stage) we must decide how mucHLXX4. At the beginning of stage 1, Protgis
revealed. At the end of stage 1 we minimize the Objective.

This model is an excerpt of the blendingdeh HOGCHANCXLSX explained in th&€hance
Constrainedlendingexamnple.
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The SP_ FEEDERMIXCCP Worksheet before Optiratzon
H ©- 0O = SP_FeederMixCCP xlsx - Excel ? B - 0O %X

HOME INSERT PAGELA FORMUL DATA REVIEW VIEW DEVELO Team What'sB  LindoSys.. -

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 describ@umericallyin the area B7 toH11.

Step 2)We specif cell B7:E7as a stge 0 decision variable byserting the expression:
=WBSP_VAR(OB7:E?)

into cell J7. We can enter this expression directly, or using the Stochastic Support dialog box.

We specify cell BIQE10 as a stage 1 randasriable by insging the expession:
=WBSP_RAND(1,B10:E1pinto cell J10.

Step 3)We t e | BesMHatahie pratein coefficient has a Normal distribution with different
Means and Standard Deviation by iging the 4 sparated expressions:

=WBSP_DIST_NDRMAL(B15,B16B10) irto cell B17,

=WBSP_DBT_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 tell Whab Best how many scenarioto use in eacktage (i.e.the sarple size) by
inserting the epression:

=WBSP_STSC(J15:K15) intcell J14.

Step 5)We specify that we want a scenabg-scenario report on the Protein amowagainst its
cosntraint byplacing the expression:

=WBSP_REP¥7,F10,H10)to cellJ19.
We request a histograafi Protein Amount by placing the expressio
=WBSP_HIST(0,' Feeder Mix''F10) into cell J20.

ChanceConstrainedVe specify that we want more th&0% probabity to have the Proteinnaount
constraintsatisfied toconside the model feasible, by plng the expression:

=WBSP_CC_GT(C2®,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 Ofimization
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 sceario-by-scenario report igenerated on th&/B!_Stochastitab. A porion o 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 saatari




272 CHAPTER

The histogam generated dime WB!_Hist@ramtabis:

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 thah the driving random variable, Protein anmt,has a Normal distribution.

The solver writes a series of solution in the created/Wd_Stochastic'and 'WB!_Hisbgram',with
the expectedalue, and didays the fir$ defaut scenario, or a selectedesario, on the spreadsheet.
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Solving Secon@rde Cone Programs

Theoptimization @apabilities of WhatBest extend to thesolution of ®condordercone problems
(SOCP) ofthe 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 ina specified C={0, é 1} n
where

Optimizeis either minimize or maximize,

Ai are matrices of appropriate dimensi@n8, € -1m
bi andci are vectos of constants

di are constants,

x={x0, X2, é ,-1¥, s ann-vecta of dedsion variables.
"?" is oneof the relational operators "<=", "=", op£".

Without the integrality restrictions, SOCPs are nonlinear convex problems that include linear and
convexquadraticallyconstrained quadratic ggrams as spediaases. Seval decsion problems in
engineeringlesign and control can be formulated asCEFONhat'8est!solves this class of problems
using the secalledconic optimizerwhich uses amterior-point algorithm. To solve aanvex problem
usng What'8egd!, it may be advantageous to cds problem (e.g. a QCQP) as a SOCP ancthise
conic optimizer.

To motivate the seconarder cone problems and common forrg@adratic caes, consider the
following two constraits:

X2 +y271 2"\2 <=0,
z>=0

Geometrically, he feasible region defined by these two stants is arice cream conewith the point
of the cone at (0,0,0). The feasible region for the constx@nt y2 ~- 2°2 <= 0 by itself is not@nvex.
The feadile region caosists @ two ice cream cones, onigint side up, the other upside down, anthwi
their pointy ends touching. The constraart= 0 eliminates the upside down cone and leaves the
guadraticconeillustrated in Figure 1. Seconarder cone problas are esseialy ageneralization of
linear moa!s defined over polyhedral cones to onefirikd over quadratic cones.
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Dusdratic Cone 2+ »=x° +}£. z»=0

More generally, im dimensions,a simple quadratic cone (i@@eam cone)anstraint is 6the form:
-XON2 +X1M2 + X272+ exn\2<=0;
X0 >= 0;

Seond-order cone constraintseamore general than they might at firspaar.For another conic
form, consider the constraints:

-uv+x"2 <=0,
u,v>=0.

The first constraint by self describea nonconvex feasible rig (colored ble and greenjlustraed
in Figure 2. The threeoostraints together, however, describe awaxfeasible region (colored green
only) called theotated quadratic cone
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Rotated Quadratic Cone, uv == xz. uw>=

Figure 2. RotateQuadratic Cone

More gererally, in n dimensions,the rotaied quadratic cone constraintstandard form is:
-2X0 X1 +x272 +x3M2 + € + X2 <= 0;
X0, x1>= 0;

In both simple and rotated quadratic cones, a variable can appear in anmoshe constint. If
naturally youwould like to hae a variablesayx2, appear in two cone conaints, then you must
introduce an extra cgpof the variable, say? , for the second cone constraint and then connect the
two with the linear constrainx2 - y2 = 0.

Notice, using a standatthnsformationrotated quarhtic cane constraints can be shotabe
equivalent to quadratic cone congttai

y=(UuT v)/2,
z=(u+v)/2,
X2 +y"21 22 <=0,

z>=0.







/ Sampléodels

Introduction

This sectionprovidessamplemodek for problemsin manufacturingfinance,engineeringscheduling,
etc. Theyare red-world problemsthatdemonstratéhe practicaluseof the elegantconceptof linear
andnonlineamprogamming.

A major strengthandadvantagef the spreadsbetenvironmet compaedto the moretraditional
methodsof mathematicamodelingis the ea with which relationshipsamongdataarevisualized.

We'veassembleé wide rangeof samplespreadsheehodds for you to investigate Someof themare
very nearlyfull-fledgedapplicaions. All of themclearly demonstratethe principlesof modelingwith
WhatSBest! We'veorganizedhemin thefollowing groups.

These models are located in the default folderaffistallation: "C\WB"

Blending Models

Blending- Blendingelements with variousqualitiesinto the lowestcostproductto med designated
guaity requirement§HOGFEED.XLSX).

Chanceconstrainedlending- As above butqudity contentin the constituat elements/ariesat
randommakingthe modelnonlinea (HOGCHANC.XLSX).

EngineeringModels

Box Desim - A simplenonlinearmocdel thatfinds dimensiondor a cabinetto meetvariousdesign
requirementgBOX.XLSX).

Flow Netwak Modeling- Calculatingflow andpressureacrossa complexnetwork
(FLOWNET.XLSX).

Financial Models

Bond Portfolio Optimization- A multi-periodmodelthatrecommend®ondpurchaseso minimize
costswhile providinga specifiedcashflow (BONDS.XLSX).

LockboxLocation- Locatingpostallockboxes to minimize"float" while still servingall customes
(LOCKBOX.XLSX).

Markowitz Portfolio Problem- Selectingassés to meeta desredreturnatminimumvariance
(MARKOWIT.XLSX).

277
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Portfolio with TransactiorCosts- Adjustinga portfolio of assetdn suchaway thatdesiredreturnafter
broker'sfeesandothe transation costsis metwith minimum variancePORTCOST.XLX).

Minimizing DownsideRisk - Purchasingandmaintaininga portfolio of assetssoasto minimizethe
risk of losingvalue(DNRISK.XLSX).

Portolio ScenariaMiodel - Demonstratinghe differencesamongminimizing threedifferentmeasures
of risk (PORTSCENXLSX).

Forecastng Models

Seasona$balesFactoring- Determiningthe effectof seasonafactorson historicalsalesto improve
forecasting SEASON.XLSX).

Exponentia Smoothing Two modelsillu strating onetechniquefor usinghistorical datato predict
futuresalegSIMXPO.XLSX, SMOOTH.XLSX).

Linearization Option and ConstructionCostEstimationModels

LinearizationOptionandConstructionCostEstimationi This model demonstratethe performaice
gairs resultingfrom usingthe What'sBest!linearizationoption, andillustratesa caseof estimating
constructiorcosts(LINEARZ.XLSX).

Marketing Models

Stratified Sampling- Deternining the leag-costly polling sampléikely to give reliable resuls
(SAMPLEWB.XLSX).

CarPricing- A nonlinear pricing model- illustratinga cas in which salesof productsare
interdependentPRICING.XLSX).

MediaBuying - Purchasingdvertisingmediaspaceto meetan exposurdargetat minimum cost
(MEDIA. XLSX).

Production Models

Multi -PeriodinventoryManagemert Managinginventoryacrosamultiple periodsto minimize
holding costswhile maintainingsufficientstock(INV ENT.XLSX).

ProductMix - Usingavailableresourcesto manufacturea mix of productgthatyield the highestprofit
(PRODMIX.XLSX, PMIXMAC.XLSM).

The Building Block Method- Combiing productionandshippingmodelsinto onelargemodel,a
commonapproacho problemsolving (BLOCK.XLSX).

WasteMinimizationin StockCutting- Cutting sheetor coil materias to varying lengthswhile
minimizing waste(CUTSTOCK.XLSX).




SAMPE MODES 279

PlantlL ocating- Demonstratindiow to locateplantsor warehouséacilities to minimize shipping
expensesvhile meetingdemand PLANTLOC.XLSX).

Staff SchedulingModels
Staff Schediling - Meeting persmnelneedsat minimum cost(STAFF.XLSX).

Staff Sched: PreferredAssigmment- Coveringstaff needswhile meetingemployeepreferencesor job
or shift assignment§ASSIGN.XLSX).

Staff Sched: Two StageFixed Shift - Meeting two objectives, in this caseminimizing costand
maximizingemployeesatisfactionjn scheduling FIXED1.XLSX, FIXED2.XLSX).

TransportationModels

PipelineOptimization- Moving resourceglongrouteswith limited capacitiesat minimumexpense
(PIPELINE.XLSX).

Shipping CostReduction - Minimizing shippingcostson routeswith fixed coss while meeting
demand(SHIPPING.XLSX).

Traffic CongestionCostMinimization - Minimizing shippirg costson a networkwhoserouteshave
coststhatvary with theamountof traffic (TRAFFIC.XLSX).

Truck Loading - Packinga containemwith objectsof varyingsizesto maximizeefficiency,a
"knapsack'problem(TRUCK.XLSX).

StochasticModels

Newsvendor $tck - A stochastic model to marize net proit by deciding how muchtsck to hold,
over 2 stagesra 1 rardom parameter for the dema(@P_ NEWSVENDOR.XLSX).

Investment PlanninGollege- A multi-period stochastic model planning investments for going to
cdlege, after 3 PeriodsSP_INVESTMENTCOLLEGEXLSX).

CropAllocation Under Uncertainty A stochast modelto maximizerevenueby allocating cropsto
grow on aspecifiedland area,over 2 stags and1 randomparametefor the weathercondition
(SP_CROPALLOC.XLSX).

PutOption- A stochatic modelto maximizewealthby selling anoptionattheright time, overa
multi-stagestructureandrandom parametersor the stockreturns(SP_PUTOPTION.XLSX).

Models Showing Features
Integer Options for KBest/Knapsack: Knapsack_KBest.xIsx, see thBdst Solutios feature.
Function Suppd: Shippirg_MaaoFunctions.X.SM, seethe Function Support option

Chance Constrained in Stochiadflodels:SP_FeederMixCCP.xlsx, see the Page Ch&westrained
feature.
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SUMIF function:NetFloSimple.xIsxsee he SUMIF usageestictions.

String SupportVehicleRoding_String.xIsx,see theString Support option.

LOOKUP functions: VlookupWBSolver.xls see the OOKUP usage restrictions.
Corstraint PO®-SDP: WBPOSDcase.xlIsx, see the S@mniinite Positive feature.
WBALLDIFF function: WBALLDIFF_Sudoku.xIsbhsee the AHDIff erent feature
WBCARD function;: WBCARDPRODMIX.xIsx, see the Cardinality function.
WBERLANG_B function: WBERLANGBQueue.xIsx, see the ERLANG_B function.
WBERLANG_ C function: QueueNservers.xlIsx, see the ERLANG_Ctifonc

WBINNERPRODUCT funtion: WBINNERPRMUCT-PRODMIX.xIsx, se the Inner Product
function

WBLMTD function: HeatXchange_ WBLMTD.xIs)see the Logarithmic Meahemperature
Difference function.

WBSEMIC function: AstroCosSemic.xls, see the Se@ointinuous funtion.

WBSIGNPOWER functin: NetEqlxSignBwer.xIsx, se the Sgn Powe function.

WBSO0S2 function: PieceWiseSOS2a.xlIsx, see the Spe&aidered Set function.

WBSOS3 function: WBSOSAssignment.xlIsx, see the Special Ordered Set function.
WBQUADPRODUCT functon; PortCorrVG_wbquadprat.xlsx, £e tke Quad Produdunction.
Tutorial models for th&BC case: XYZ.xIsx, and via the VBA cod¥YZVBA.xIsm.

Tutorial model for the user progress callback featGrestomVBAInterface.xlsm




SAMPE MODES 281

Blending

Filename HOGFEEBLX TYPELNEAROPTMIZATION

ApdlicatiorProfile

The manufacturef animalfeedis anexampleof a blendingproblem.The question is: how do you
mix a numberof raw component$nto a minimum costfinal blendthathasspecifed amouris of
certan ingredient®

In the caseof hogfeedtheissueis vital. How canraw feedsocksbe combinedto producea high
nutrition hogfeedat lowestcost?For someonavith seveal thousandhungry hogs,the quality of this
arswercaneasilyspell the differencebetweenprofit andloss.Since feedstockpricesaretypically
volatile, the complexityof the quesion andthe daily impontanceof reliablesolutionsis evenmore
apparent

Blendingproblemsarealso of interestwell beyondthefield of animalhusbandryExampksinclude
findingthe leastcostly mix of oresthatwill produceanalloy with specifiedcharacteristicor deciding
on themostefficient combinationof advetising mediapurchasego reachtargetaudiernce percetiages
in multiple demographicgroups.

TheProblemnWords

You arethemanagenf the Swine& RoseqS&R) Hogfarmandyour hogfeednustmeetcettain
minimumrequiranens for four nutrients, A, B, C, and D, to assure fastgrowth andlarge, robust
animals.
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Backgrond

Thenutrientsarefoundin four differentgrains. Eachgrain containsa differentcombinationwith a
pricethatfluctuateswith marketcondtions. The nutrientcontentby grainis shownin thefollowing
graph.

Nutrient Content By Grain

GIOW
500
400 -

300

200

100 -

00 4

ObhectiveofOptinzation
Theobjectiveis to determire how muchof eachgrain S&R shouldbuyatt o d gncést® meetther

nutritional requirementsat lowestcost. This always hasa charce of beingwrongif pricefluctuaes
unexpectedly
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TheWorksheet
L e topasthe 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 | P | |[EEEm 100% (=) [ {+)
A.Determia AdjustableCels

ThecellsWh a Bestls freeto changein this modelarethe Percentge of Blendcontributedby each
grain(C16F16).

B. DefineBest

Thebestsolutionto this probdem meetsnutritional needsat thelowestcost. Total Cost J16, contains
theformulaSUMPRODUCT(C16:F16C13:F13. T h a the®Psrcentagef Blendtimesthe Cog Per
Bushelfor eachgrain.

C.SpecifyConstraints

Therearetwo limitationson the solutionto this problem. First, thefinal mix mustcontainthe
minimumrequitedlevels of nutrients.This is enforcedby a constraintfor each nutrient(H7:H10).
Each constraintwill returnthe"Not >=" indicatoruntil the minimumrequirement(17:110) for that
nutrientis metin the Nutrients Suppied column(G7:G10).Secondthe constrairt in G16forcesthe
percentages C16:F16to sumto 100%.
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The NutrientsSuppledcell for NutrientA (G7) containsSUMPRODUCTC7:F7,$C$16:$F$16)yhich
sumsthe productof the Percentageof Blendandthe amountof NutrientA for eachgrain.Eachgrain
cortainsdifferentcombinationf 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!solution hasa total cost of $48.78perbushelof the optimal blend.Gran 4, whichis
notabargainat $95perbushel,is not purchased.

D.Dual Values
Dual valueshavebeenincludedin two locationsin this workshee{C18:F18andJ7:J10).

The dualvalue entriesin cellsJ7throughJ10showthereward(i.e., how muchmoneycouldbe saved)
if eachrespectiveconstraint(H7:H10) wererelaxedby oneunit. In practicalterms,this meanghatyou
could save$4.55 perbushelif therequirenentfor NutrientC were reducedo 4. If slightly less
sprighty hogsaretolerablein returnfor sucha savingsrelaxingthis nutritionalrequirementwould be
agooddecision.Likewise,if therequirementor Nutrient D were reducedo 20, the cost/busel would
godownby $.17. Notethatthe dualvaluesare zerofor NutrientsA andB. Loweringtherequirement
by oneunit offersno savingsbecausethereis alreadyan excesf NutrientsA andB in your optimum
blend, sinceconstraintsH7 anrd H8 arenottightly sdisfied.
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Theotherdualvaluesin the Swne & Rosesnodel (C18F18) showtheamountby which the price of
anunusedrainwould haveto bereducedeforeit would be costeffectiveto useit in theminimum
costblend.For examplethe dualvaluefor Grain 4 is $57.88(F18). This tells you how much theprice
of Grain 4 would haveto bereducedn orderfor it to appearin the optimalsdution of HOGFEED,
Thisis agoodnumberto havehandywhennegotiathgto getalower price.For more informationon
dualvalues,seethe sectionon Dual Valuesin Chaper 3, Additional Commands
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ChanceConstraind Blending

FilenameHOGCHANKLX TYPENONLINEABPTIMIZATIO

AppicatiorProfile

In the previousHOGFEEDblendingexample we shovedyou a deterministiomodeld thenutrient
contentof the differentgrainsto beincorporatedn thefinishedfeedwereknownandconstant.
Howewer, whatif the nutrientcontentis not soreliable?What if the contentvariesatrandom?This
modelis noniinearand perhapsnorelikely to ocaur in therealworld.

TheProbleninWord

You mustdeterminehow muchof four available grainsto includein blendedfeed(in circumstaces
underwhich the contentof oneof the nutrientsvariesat random)to meetnutrientrequirementawith
some degreeof certainty.

Background

Y o u dhadseverakamplef thefour grainstestedandyou find thattheir contentof NutrientD
variesrandomly andis normally distributed You want to find a newblendthatensureghe minimum
requiranentsfor NutrientD are metatleast95%of thetime.

Y o u &alcalatedhe meanandvariarce for eachgrain (the contentmeansarethe sameasin the
origind HOGFEEDmodel). The equatia tha calcubatesNutrient D now lookslike this:

(MeanNutrientD in theblend - Z*(stardard deviationNutrientD) >=21.

For 95% confidencen the contentof Nutrient D, set Z = 1.645(Refer to any elementarytexton
statgtics for adiscussiorof Z value3.

ObjetiveofOptimization
The objectiveis to detemine how muchof eachgrainyou shouldbuy att o d gncést® meettheir
nutritiond requirementsatlowestcost
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TheWaksheet
Le t I6ok atthe HOGCHANCworksheetssuppliedin your sampiléfiles.

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
Thecels Wh a Betls freeto manipulag in this modelarethe Weigh Unit Perceriagesto Purchase
for eachgrain(C18:F18).

B. DefineBest

Theoptimalsolutionto this problemis the onethatmeetsneedsat lowestcost.If you examinethe
formulain the Totd Costcell (J18),SUMPRODUCTC18:F18,C15-15), you see thatevery changean
price or purchasequantitieshasa directbearingon cost. Wh a BeS8tkof coursejs only freeto change
the purchasejuanttiesin C18:F18

C.SpecifyCorstraints

Thelimitation to this problemis thatthe final mix mustcontainthe minimum requiredlevelsof
nutrientsfor Swine& R o s bog@ssThis limitation is enforcedby creatinga constraintcell for each
nutrient (H7:H9,H11). Eachcongraintwill returnthe "Not >=" indicatoruntil the MinimumReaired
(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

This Wh a Bestksolutioncosts$52.%6 perbushel.l t ndosexpersivethanthe HOGFEEDsolution
in the previousexamplebecausegou havecompensatetierefor thevariability in theamountof

NutrientD in thevariouscomponehgrans.| t ndwsnecessaryo usetherelatively moreexpensive
Grain 4, rich in NutrientD, to reach a 95% confidencein fulfilling all your nutritional requirenents.

D.Dualvalues
Dual valuesareincludedin two locationsin this worksheet(C20:R20 andJ7:J9,J11L

Thedualvaluesin cells J7:J9,11 showthe shadowpricesor rewad (how muchmoney you would
save)if eachrespectiverequiremen(17:19, 111) is relaxed by oneunit. This meansfor example that
youwould save$.97perbustel if therequirementor Nutrient C is reducedo 4. A reductonto 4.9
savesyou $0.97.1f slightly lesssprichtly hogsaretolerablein returnfor sucha saving, relaxingthis
nutritional requirementwould be a gooddecision Notethatthe dualvaluesarezerofor NutrientsA
and B. Loweringtherequrementby one unit offersno savingsbecaisethereis alreadyan excesof
NutrientsA andB in your optimumblendsinceconstraintdd7 andH8 arenottightly satisfied.

Theotherdualvaluesin the Swine & Roseanodd (C20:F20)showthe amountby which the price of
an unusedyrainwould haveto bereducedbeore it would be costeffectiveto useit in the minimum
costblend.For exampe, thedualvaluefor Grain 2 is $11.62(D20). This tells you how much the price
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of Grain 2 would have to bereduedin order for it to appeaiin the optimalsolution of HOGCHANC.
Thisis agoodnumberto havehardy whennegotiatingto geta lower price.

Note:

In nonlineamaodels the rangesoverwhich dualvaluesarevalid maybevery smell. Before
basng a pricing or purchaing decisionon adualprice or reducedcostin a noninearmodel,
you shouldtestthe returnedvalueby making the specifiedchangeto the variableor
constraintusingAdjustable|Removadjustableon thevariable,and re-solving.
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BoxDesign

FilenameBOXXLX TYPENONLINEABPTMIZATION

TheProblenm Words
As amanufactureof electronicequipment,you must designa cabinetfor your newproductthatmeets
the specifiatiors of varousdepartmentswithin your organiationat minimumcaost.

Backgound
Your engineeringlepartmenhasdeterminedhatthe equipmemrequiresa volumeof atleag 1512
cubic inchesand thata minimum surfacearea of 888 squaeinches will sufficeto dissipateheat.

Marketingwill find it easiesto sdl thefinisheddeviceif thefootprint of the cabinetis no morethan
252squardnches.

Finally, your designerdavedecredthat,for aestheticeasonstheratio of heightto width shouldbe
.618+ .1. Thatis, between518and.718,inclusively.

The sheetmetalfrom which the cabinetwill be madecosts$.05persquaranch. Extralaba required
onthe front andback panelsraisesthe costfor thesecomponentso $.10persquae inch.

ObjectivefOptimization
Theobjectie is to determinethe specificationf the box with the smallestproducion cost.
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The Worksheet
L e toenstheBOXsampiléfile. L e tlodksathow the requilementsare translatedo the spreadkeet
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
Theadjwstablecellsin theBOX modelarethe Length Width, andHeightin H8:J8.Thesecellsare
furtheridentified asranged., W, andH, respectively.

B. DefineBest
Thebestsolutionis the minimum costcabinetthatsatisfiesall the constaints. This objectiveis
calaulatedin cell 113 by meansf thefollowing formula:

2%(0.05*(Length Width+Lengtt Height+0.1*(Height* Width))

Theinterpreationof whichis: The costof the side/top/bottonpanels* the sumof theareasf one
sideandonetop/bottompanel+ the costof front/back panels* theareaof afront/backpané all
multiplied by 2.
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C.SpecifyConstraints
Theconstraintsare enforcedby meansof theformulasin D7, D9, D11,D13,andD15.

In D7, theformula WB(C7,">=",E7)forcesthetotal Surfece Areaof the cabinetin C7, calculatecby
the formula 2*(Length*Width+Length HeightrWidth* Heighi), to be at leastasgreatasthe lower limit
of 888squarenchesin E7.

In D9, theformulaWB(C9,"<=",E9) forcesthe Footprintin C9to be no greaer-thanthe upperlimit of
252squardnchesin E9. The Footpiint is calculatedby the formulaWidth* Length

In D11, theformulaWB(C11,">=", E11)forcesthe Volumein C11,calculatedoy theformulaLength*
Width * Height, to be atleastasgreatasthelower limit of 1512cubic inchesrequiredto fit the
electronicequipment in the cabinet.

Finally, in D13 andD15, theformulasWB(C13,"<=",E13) andWB(C15,">=", E15)forcetheratio of
Heightto Widthto fall betveen.718and .518,whereC13 andC15both calculde Width/Height.

Now,y o u @adgo solve the 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

Theresuling 23.03x 6.87x 9.56inch box is the lowestcostdesign($50.97per unit) thatmeds all the
requrementf your variousdepartments
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FlowNetworkModeing

FilenameFLOWNEXLX TYPENONLINEAI

TheProblenmWord
You arethe managenf anetworkof pipelines andyou needto determinea balanceof flows along
eacharcof the netwak while satisfyingdemandatthe nodes.

Background

In the FLOWNETmodel, you havetwo supplynodes with connectiongo atotal of six othernodes.
The pressureatthe supply nodesG andH is fixed at2401bs/squarench (PSI).T h e rakndvwm
demandat eachof the six othernodesin C13:H13of the Arc Resstan@ worksheetYou needto
cdculatethe pressureat eachnodeandtheflow acrasseacharc. 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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@9 -2 00 FLOWNET.xsx - Microsoft Excel 1 0 e
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 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 = MNot = 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.Ddermne Adjustatte Cells
Theadustablecellsarethe Pressuesat eachNode(Arc Resistanc€15:H15)andthe Flow alongeach
arc (thecellsoutlinedabovein therangeC4:J110of the Arc Flow worksheet).

To facilitate modeling the prodem, nonadjustale zeroeshavebeenenteredfor arcs wherethereis no
flow. Thisincreaseshe numbe of numericcellsin themodel. In your own models,you maywantto
minimizethe numberof numericcells.

B. DefineBest
No bestcell is definedin this example sinceour objectiveis simply to balanceheflows along thearcs
andsatisfy demandatthe nodes.

C.SpecifyConstrants

The constraintsn this modelaretwofold. First, conservabn of flow requresthattheamountentering
anarcmust equaltheamountexiting thatarc (Arc Flow C13:H13. As anexampleh e r teefosmula
in C13:

WB(SUMC4:C11),"=","ARC RESISTANCE'!l C13+SUMC4:H4))
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Secondyou mustaccounfor pressurdost along eat arcdueto resigance.Theseconstraiis are
foundin cellsC5:H11of the PressureBalance worksheetThe formulain C5, for instancerequires
thatpressue appliedequalspressire lostonthe BY A arc:

WB('ARC RESISTANCE'ID14"$C$13 'ARC RESISTANCE'IC147$C$13,
"=", '"ARC RESSTANCE' C5* '"ARC FLOW'! C5"$C$14)

Disregardinghe exponentswhichin this casearel, theformulais:

WB('ARC RESISTANCE'ID14- 'ARC RESISTANCE'IC14,"=",
'ARC RESISTANCE'! C5* 'ARC FLOW'! C5)

Thus,lossin pressurelongarc BY A (pressureat B minuspressuretA) mustecual resistaie along
arcBY Atimesflow alongarcBY A.

Note: ThePressureparameters 1 for incompressibléluids andelectricityand2 for gasesThe
Flow parameters 1 for electricity, 1.852for H,O, andbetweenl.8 and2 for other fluids.
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Now, y o u @adgo solve the modelanddeterminehebalanceof 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% (= (+) |




SAMPE MODES 301

BondPorfolio Optimization

Filenane:BONDXLX TYPELINEAROPTIMIZAONFLOWNE

ApplicatioRrofile

This multi-periodmodelis anexampleof dynamicmodeling. i Dy n a mearctidatdecisionamade
in this periodaffectnotonly this period éreturns(or costs) butfuture decisionsandreturrs aswell.
Forthisreasonmulti-periodproblemscannotbetreatedasif theyweremerelya collection of single
periodproblems.

In manymulti-periodmodelingproblems liquid or cashlike assetsre treatel like othercommodities,
soholdingcashis justlike keepinginventory. Thefollowing illustratesthe majorfeaturesof multi-
periodmodelsin afinancialcontext.

TheProblenmWords

Y o u afinancialadvisorfor an investrentfirm. Your clientneedsnoughcashto cover
commitmentdor the nextfive years.Y o u &onsdudedthatto meetthesefinancial obligationshe
shouldinvestin somevery low-risk securitiessuchasgoverrmentbonds.You mustrecommendoonds
to buy to minimize his total costnow, yet coverhis cashflow requirementsThisis alsoanexampleof
howto defeasalebtd howto wipeit off thebooks.

Background
Yourc | i epetfidcashflow needsare asfollows:

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, but also
becausabondownerreceivesafixed setof cashpayouts.For eachyearuntil the bondmaturesyour
clientreceivesaninterestpaymentand,at maturity. He alsogetsbackthefacevalueor principal of the
bond.

Generally,abroadspectrunof suchinvestmentareavalable onagivenday.To keepit smple,| 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
1.061 120
0.883 100
4 Year 1.102 12.6
0.889 10.2

ObjectivefOptimization

You wantto minimizeyourc | i énitidl ibvestmentwhile coveringhis cashflow needsoverthe
nextfiveyears.In otherwords you wish to know the minimumamount of cashthatshouldbe
allocatedamongall the availablebonds which will maintainthe requiredcashinflow overthe next
five years.
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TheWorksheet
To getstarted] e exéaninethe 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 eachbond quoted(E4:E12).

B. DefineBest

The Bestpossiblesolutionis the particularmix of unitsof bondspurchasedhatresultin minimum
initial investmenin cell F14.Examinetheformulafor the Total Costcell: SUMF4:F12).This formula
sumsthe amountinvestedin eachbondissuel for eachof the nine bondsoffered.

C.SpecifyConstraints

The constraintsn this problem(B18:F18)requirethatthetotal cashinflows in B17:F17(i.e., from the
interestand/orprincipalincomeeachyear)remaingreaterthan-or-equatto cashoutflowsneededer
periodin B19:F19.
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CHAPTER 7

ThecellsB17:F17 ,AmountCovered containsformulasthataddthe cashreceivedrom bondinterest

paymentsaswell astherepaidprincipal (whenappicable)for eachyear.This IncomeSteamis

detailedin cells 14: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 yea 0 your clientinvestsin 10 unitsof a 10 percent3
yearU.S. Treasunpond(seethebondlistedin C10:FL0).A i 1 @ wduldthenbeinsertedn cell E10.
Eachunit representa $1000facevalueor principal.

Thus,in the currentyear,your clientwill receiveaninterestpaymeniof $1.00,0r 10 units* .10rateof
interest,ascalculaedin cell 110 (E10*D10/100).Nextyearandtheyearafter,hewill continueto

receiveinterestpaymentof $1.00(J10andK10). In threeyears whenthebondmatureshewill

receivearotherinterestpaymentof $1.00andadditiorally arepaymenbf 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
r 7
HE9-e-=200= BONDS.xlsx - Microsoft Excel o 5 )
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 =
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 B44 82 1
5 0.997 10.5 0.0 50.00
6 2 0.923 10.75 10.7 $9.90 2
7 0.987 11.2 0.0 50.00
8 3 0.993 11.8 45.6 54630 3
9 1.061 12 0.0 50.00 =
10 0.883 10 0.0 50.00
11 4 1.102 12.6 0.0 50.00 4
12 0.889 10.2 56.3 $50.02
13
14 TOTAL COST:T  $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 e F e ==
19 Cash Flow Meed $17.00 $62.00 $23.00 $35.00 $62.00
20
21
22 -
M 4 » ¥ [ WBIStatus | BONDS %3 ] I | 20
Ready | 3 | |[EE @ 100% (=) {J (+)
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Wha t Beést!returnsatotal costof $150.04 million, with only onecashsurplusin Year3 of $21.74

million. ThelncomeStreanmfor eachbondalsoappearsn its optimizedform:

The BONDS Worksheet (Part 2) After Optimization

Hd9-c-2 00 BONDS.dsx - Microsoft Excel ESREE™ )
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 .
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

FilenameLO&BOXXLX TYPELINEAROPTIMIZATIO

TheProblenmWords

As acorporatecashmanagenor officer of abankwhoseclientsmustdealwith the problemof
optimizing collectionsfrom cusbmerslocatedat largedistancegrom your hone office, you must
decidewhereto locatepostallockboxessothatc u s t odemositsahbe creditedwith aminimum
of expenseausedy mail delay (orfi f | toi antwhde)minimizing operatingcostsassociatdwith the
locations.In addition,eachcustaner mustbe assignedo exactlyonelocation.

Background

Your customerslocatedin Seattle Los AngelesHouston Philadelphig andMiami, whosedeposits
mustbe creditedwith aminimum of floattime, maybe assigné to potentiallockboxlocationsin New
York Atlanta Cincinnati Denver or St.Louis It mayalsobe morecostefficientto assignthemto the
homeoffice.

ObjectivefOptimization
Ead customemustbe assgnedto a postl lockbax, soasto minimize the sumof float-time expense
andmonthlyfixed operatingcosts.
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TheWorksheet
L e toPensthe LOCKBOXsampe file andlook atits designandformulas.

) The LOCKBOX Worksheet Before Optimization .
= R = = LOCKBOX xlsx - Microsoft Excel o] B

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 === = B= = === =z= F Mot == El
41| Los Angeles =»= =p= =p= =»= === =»= ¥ Nots=
42 Houston === === === === === === ¥ Not== b
4 4 » M| LOCKBOX %1 |I| 4| il | b |I|
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 expensealueto float time caugd by mail delay.

In H7:H11,the Monthly CashFlow from eachcustomelis shown.CellsB27:F31displaythe average
mail delay, in days,betweerncustomersitesandproposedockboxlocations.In G27:G31 theaverage
delayfrom cusome locationsto the homeoffice is found. Finaly, in B14:G14, thefixed operating
Cost/Monthassociatedavith eachpotentiallockbox siteis enteredNotethatno fixed costspecificto
thecrediing of depositss asociatedwvith the homeoffice (cell G14), sincethisis partof theassumed
costof doing busines.

A.Determiné\djustableCells

The adjustablecellsindicatewhetheror not cashis to be routedfrom a given custometto a proposed
lockboxlocation(B7:G11)andwhetheror notalockboxis openel ata givensite (B13:G13). These
cellsdisplayafigure to showif a customeiis assignedo alockboxlocation(1) or not (0).




SAMPE MODES 309

B. DefineBest

Thebestcell is the sumof all operatingandfloat costsin H19. A costsunmary brokendown into
subtotalsof 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$8+B9I*B29*$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 the amountof cashflow from the given custometocation(H7:H11). The sumof theseproductss
thenmultiplied by 1,000,to compensatéor thefactthatmontHy cashflow figuresareabbreviatedy
threedigits, andby the Daily Costof Capital in cell C18.

Fixed costsarecalculatedsimply by multiplying the costper monthfor eachproposedockbox (cell
B14in thecaseof NYC) by thecell indicatingwhetherthelocationhasbeenopened B13).

Thesecostsperlocationare addedto producesultotalsin cellsH15andH17. The sum of the
subtotals;Total OperatingCosts appearsn H19, the objectivecell.

C.SpecifyConstraints

The constraintsareof two types.First, cells B40:G44preventa customerfrom beingassgnedto a
locaion where no lockbox hasbeenopenedForinstancemovethe cursorto cell B40 andobservehe
formulathere(WB (B$13,">=", B7)). It requiresthatB13,a 1 or 0 dependingon whetheror notthe
New York lockboxis opened be greaterthanor-equatto B7, a 1 or O dependingon whetheror notthe
Seattlecustomelis assignedto the New York Lockbox. Thevaluein B7 cannotbe greaterthanthatin
B13. If the Seattle customeiis assignedo alockboxlocatedin New York, thelocationmustbe open
or elsethe constrant in cell B40 will be unsatisfied.

Theconstraintsn cellsH40:H44ensureghateachcustometis assignedo alockboxby requiringthat
thesumof lockboxassignmentfor a given customeibe at least1.
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With all constraintsn place,w e 6ready to solve themodel

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
solutionrecommendshatlockboxesbe openedn New York, Atlanta,andDerver.

Note: This modelis anexampe of 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,
Optimizaion Modelingwith LINGO, by Linus Schragefrom Duxbury PressThe lattertextis
availablefrom LINDO SystemsCall (312)988-7422for moreinformation.
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Markowi PortfolioProblem

FilenameMARKOWIXLX TYPENONLINEABPTIMIZATIO

ApplicatioRrofile

In theMarch, 1952, issueof Journalof Finance Harry M. Markowitz publishel anarticle called
Portfolio Selecton. In it, hedemonstratetiow to reducethe standardieviationof returnson asset
portfoliosby seleting assetwith pricesthatd o rfldctuatein exactlythe sameways.At thesame
time, helaid down somebasicprinciplesfor establishinganadvantageouselationshipbetweerrisk
andreturn,andhiswork is still in useforty yearslater.

TheProblenm Words

Y o u éonsideringnveding in threeassetard historicaldatareved thatthereturn from eachasset
hasfluctuatedovertime. You wantto reducevariability, or risk, by spreading/our investmenbverthe
threestods.

Background

Fromthe historicaldata,you havecalculatedan expectedreturn,the varianceof thereturnrate,andthe
covarianceof thereturnbetweerthe differentassetsVarianceis a measuref thefluctuationin the
returnd thehigherthevariancetheriskier the investmentThe covaianceis ameasureof the
correlatbn of return fluctuationsof onestockwith the fluctuationsof another High covariance
indicateshatanincreasdén ones t o cetur is likely to correspondo anincreasen theother.A low
covariancaneanghereturnratesare relatively indeperdentanda negativecovarianceneanghatan
increasdan ones t o ceturdis likely to correspondo a decreasén the other.

You haveatargetreturnof 15%.Whatpercentagesf your fundsshoutl you investin eachof the
threeas®tsto achievethis targetandminimizethevariance(or risk) of the portfolio? As anadditional
safetyfeature you decideto investno morethan75%in anysingleasset.

ObjectivefOptimization
Theobjective is to deteminethe 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.DetemineAdjustableCells

TheadjustablecellsareB6:B8, the Percentagesnvestedn eachof thethreestocks.

B. DefineBest

Thebestsolution is the onethatminimizestherisk of theentireportfolio. In the Markowitz modd, a
portfoliod sariarceis usedasthe measuref risk. Usingthe variancegivesarelatively 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*B3)+(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 anysinglestockexceadthe UpperBoundfor eachstockof 75% (D6:D8). For
example C6 hasWB(B6,"<=",D6).

Thesecondjn C15,is WB(B15,">=",D15).This requiresthatthe combinedreturnon thethreeAssets
(B15) begreaterthanor-equatto 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 Nonlinearitypresent warning.(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 acdiasso@ted
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. DefheBest
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), ensureghatthe 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$8)+FI1+$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:

The PORTCOST Model After Solving

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.
























































































































































































































































































































































































































































































































































































