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PREFACE xiii

Preface

Wh a Bedt® 15.0 makes available to your Microsoft® Excel® spreadsheet program a highly
developed solver capable of performing linear, integer, quadratic, coniedsénite, general
nonlinear, global, and stochastic optimization on the most difficult of problems. \B@ést® gives

you access to this solver from within Excel®, and may either be run directly or called from within
Visual Basic®.

The earliest BesskEsheoaamé ahaitldabl e i n BeS®@has for Vi

been under continuous déve® p ment since then. Mo Best®shatbolve e b e en
problems in virtually every field of professional endeavor. The Sample Models are provided to
demonstrate the rangBestof applications for Whatods

Wh a Be8t® 15.0 includes major deer enhancements to increase speed and reliability on broad
classes of linear, integer, quadratic and general nonlinear models. Other significant enhancements

include an improved global solver, an updatedgmiger, and greater user control over the tsmtu
process.

C Additional Functionalities All -Difference

o Al-Di fferent AALLDIFFO constraint type for
values, with the function =WBALLDIFF()

C Performance Improvements
o Symmetry killing for integer programs
0 Global sdver: Improved performance on heat exchanger network models.
0 Substantially improved performance on Markowitz portfolio problems with

constraints on either the minimum bought of a stock, or the total number of stocks
bought.

o0 New NLP solver option for larggparse models.

0 Multiple corrections for supporting models developed with previous versions of
What'8est!



Xiv
Other Valuable Features

C Scenario Viewer

This dialog box is useful to display the different solution values for a specific worksheet tab,
either br an Integer KBest model or a Stochastic Programming model. This tool works for the
Adjustable, Constraints, and Dual function cells written in the saonksiveet tab

C Convert Model Format

The solver will assist you to convert a model made via compsgirepdsheet modeling interfaces
to a What'Best!format. It will extract any existing data or information to set the Adjustable, Best
cells, and Constraint cells from the default selected spreadsheet tab. Then just click on Solve to
see the Whatest!Results.

C Support of Excel® .XLSX, .XLSM, .XLSB file formats

The solver module has been redesigned to suppdd-date platforms and operating systems
(Windows® XP, Vista®, and 7, 8 with Microsoft® Egl® 2002 to 2015 .  WBest!tad gin
models saved wh the new workbook format ".XLSX", ".XLSM", or ".XLSB" with the maximum
size of 16384 columns and 1048576 rows. WBatstlis also provided as a @it version for
Excel® 2010 to 201664-bit.

C Select Display Language to be English, Chinese, French, dspanese

This feature allows the user to select the language of his choice to be either English, Chinese,
French, or Japanese without reinstalling the-iad@he language selection makes easier the
project for companies working in a muttilltural enviroment.

C Simulation Support

Based on a stochastic model, the user can set up the random parameters and their associated
distributions, andWh a Be&tswill calculate the values of the reporting cells. This feature is useful
for simulating the behavior obsne cells along the scenarios, and to display their histograms,
without defining an adjustable, constraint, or objective cells.

C Multithreading Support

This includes multcpu extensions to take advantage of computers with multicore processors. The
extensons are of two types: concurrent solvers and parallel solvers. A concurrent solver runs two
or more different algorithms simultaneously on the same problem. As soon as one solver finishes,
all solvers are stopped. Concurrent solvers tend to give higheatidn of multiple cores but

may not give reproducible results, e.g., if there are alternate optima. A parallel solver (repeatedly)
splits the task of solving a problem into two or more subtasks and then allocates these subtasks
over multiple cores. Agrallel solver will generally give reproducible results but may not achieve
100% utilization of all available cores.

TheWh a Be&t® development team wishes you the Best in all your optimization endeavors!

Copyright © 2017 LINDO Systems, Inc.
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1 Getting Started with
Wh aBedi! s

Wh at | s What OosBest !

Wh a Be&tknakes available to yolExceld spreadsheet prograahighly developed solver capable
of performing linearand onl i near opti mi zation on Bdstgivenost di f

you access to this solver from witHixcelp, and may either be run directly or called from within
Visual Basi®.

People in business, finance, science, math, and many othenfislds VBesiévérysday to model

and solve problems in production, financial planning, personnel scheduling, resourdéalloca
portfolio management, stock cutting, inventory c
your own applicatin. To demonstrate some of the range of applications for \Blest'ssample

models are provided with the software and many are explained in Chaftangle models.
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Optimizatiddodels

Optimization helps you find the answer that yields the most desirable deshé# one that attains the
highest profit, output, or happiness, or the one that achieves the lowest cost, waste, or discomfort.
Often these problems involve making the neffitient use of your resourcés including money,

time, machinery, staff, inventory, etc.

Optimization problems are classified as linear or nonlinear depending on whether the relationships in
the problem are linear with respect to the variables. VBeg!scan solve both linear and nonlinear
problems, with optional integer restrictions. For more information on optimization and the solution
process, please refer @verview of Mathematical Modelingor additional referengeve recommend

the LINGO textbookOptimization Modeling with LINGQor the LINDO textbookQptimization

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

NonrOptimization Models

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

minimized A common purpose of such nmMestleardfedvallees t o sol v
thatsati sfy sets of equations or Beathcdn§infl yaluesior cul ar
accomplish a desired resdlt commonly called goal seeking or backsolving. The sample niddel

Network Modelindgs an example of a neoptimization model.

Models with Integer Restrictions

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

integers) In personnel scheduling, for expla, the most efficient use of workers may call for 2.37
persons on a shift, but itdés difficult to find
Ther ef o rBesflallowé you td restrict values to be whole numbers (or geirdegjers) Binary

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

To instal |l BasticheckthatyoWaee thé fellowing:
Software

§ Microsoft® Windows® 10 or previous Windows® XP, Vista®, 7, 8
8§ Microsoft® Excel® 32bit 2016, and previous versions @ 2003, 2007, 2010, 2013
§ or MicrosoftRExcel® 64bit versions 2016, or old&010, 2013 with latest Serviétacks

Hardware

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

An Internet connection is required to dowrdoat he | at e st BestleYoucénalso canfact Wh at 6 ¢
LINDO Systems to obtain a copfdd-ins, library and executable files from LINDO Systems are
digitally signed. Additional information can be found in thetallation Overview
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InstallationOverview

To get up and running quickly, first close all programs and simply run setup.exe from the Windows®
desktop, or from the CD, or from the USB thumb drive, and follow the prompts in the dialog boxes
that follow.

The setup program offeBefaultandSpecifiednstallation. TheDefaultinstallation option analyzes
your system for the critical information required to successfully install VBsts When you select
Defaultas thenstallation type in the initial dialog box, the adtdfile is copied into a directory
entitledLibrary within the mainExcel® directory.

The Specifiednstallation option is available for situations that require more information frormstire u
and for users who prefer controlling the details of installation. See the section énstidhtionfor
more information.

Defaultinstallation is recommended for most environments. However, we recommend you select
Specifiednstallation under theoflowing situations:

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

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

As the last step in installing Whad'sst! Excel will open and you will find a new toolbar
(What'8est) and menyWB!) specific to the WhatBest!program. These are discussed inThe
What'sBest! Environment: Menu and Tt section. If you do not find thé/B! menu present, please
go toTools|Addinsa n d ¢ h e c KsBestiheatry 6rWhhreirtstalling WhaBest!

You may be prompted for a licea keythe first time the software runs. You will find your

Wh a Be&tHicense key enclosed with your CD. Please enter the license key exactly as it appears,
including all hyphens. If you have requested and received a license keynei gou may copyand
paste it directly into the space providé&ir{-C to copy,Ctrl-V to paste).

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

If you havemisplacedyour license key, yowill needto contact LINDOSystems.
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You cannow start building and solving models using the WBats! menu and toolbar, integrated in
the Ribbon bar in Excelversion 2A6:

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

Ed Microsoft Excel - HOGFEED, XLS

B[(=1E

File Edit ‘iew Insert  Format  Tools  Data  Window | WE! | Help -0 X
= ¥ Geneva ~10 - B I U EE = Adjustable... ~A- 2
KW A== =8 _ Eest...
WEMIN v A =SUMPRODUCT(C1G:F16,C13: Constraints. ..
A B C D E F 3 Solve KL=
-1 —
2 | SWINE & ROSES Hog Farm IEETE oos "
3 Optians 3
4 Mutrients Per Unit Weight of Grain Mutri Ad 4 R
5 | ltem 1 2 3 4 Supy e »
3 Lacate. ..
7 | Mutrient A 22 3.4 7.2 1.5 - 0
A | Mutrient B 1.4 1.1 0o 0s i 0
9 | Mutrient C 23 56 111 1.3 Abiout What'sBest! 1]
1? Mutrient O 120 1.9 41.8 52.1 ToolBar 0
12 Uparade
E Cost/Bushel  §35.00 §50.00  §50.00  $95.00 Recister
16 |Percentage Un Checklpdate
12 |of Blend 00% 00% 00% 00% Mol O Lanquage »
18 | Dual walue $1.00 H.00 $1.00 H1.00
19
20 i
21 -
M 4 » W}HOGFEED / | <] | Bim

Ready

MM
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T he \Bbslhtéractive Environment

Wh a Bestoffers twointeractive methods to access commandst h e Bedfimaniu ansl toolbar.
This section describes how to effectively use this interface.

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

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

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

Model Definition Settings Solvers | Information Services

In Excel version 2002003

1) The WBest'ména(WB)) is embedded in the maktxcel® menu bamand appears as
follows:

File Edit ‘iew Insert Format  Tools  Data  iindow Help

TheWB! menu contains all the commands discussedl B1C 6 s : Fulctonsiard
Additional Commands

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

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

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

the most commonly used operations. Tk a Bedtdoolbar also makes tool tips available. To learn
the function of a particular toolbar button, just move the cursor over the button for a second and a
statement of the button's function will appear as follows:

Yhat'sBest! -

x
ki kx (iz <= = = | ®
nimize

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

1) the WhatBest!addin is loaded;

2) the What'Best!menu is inserted in the Excel® menu bar; and

3) the toolbar appears in floating (undocked) mode. The user may then reposition th8&gtat's
toolbar to goreferred part of the Excel® window.

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

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

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

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

For further information om h e \Bhs#addirs see theAdd-ins section.
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Devel oping a Model

The ABCOGs: WhHhbhBedtle Steps to
There are three steps to segtup a model to be solved by WhBest! Throughout this help file,
you'll find them referred to again and again. We call them the AB@métable Best, and
Constraint$:
A. Identify Adjustable Cells. Theadjustable cellarethe cells in the worksheet that
What'8est!can adjust in its quest for a solution.nathematical programming terms,
these are called variables. These can be defined usingtegh@enu command

(Adj u s ) a thé teotbar buttor K3 K

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

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

C. Specify Constraints: Theconstraint cellsdentify any limitations in a model. For
example, "Raw materials used in production must bethessor-equatto raw materials
on hand". The constraint cells enforce these restrictions. dileegefined by either the

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

Once youdve specifi e(®))yowrworkdheedmodel anafind tedest s ol v
answer to your problem
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TUTORIAL

This tutorialwill introduce youto What'8est!by showing you how to solve a simple linear problem
called theXYZ Production ProbleniYou should open the sample problem K¢Z.XLSocated in the
WBdirectory in your C: drive, so you can finish formulating the modehimtutorial (The other
sample models have been completely formulated for you and are ready to solve).

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

The XYZ2ProductioRroblem

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

Standard Moqel Deluxe Moggl

=
=

Profit per Unit: $300 $500

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

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

‘®d EOE XVZxdsx - Microsoft Excel ESEEEAT )
“ Home Insert Page layout Formulas Data Review View Developer Team What'sBest! =2 e o eH &2
Al - F v
A B & D E F G H e I vy
1 XYZ COMPUTER CORPORATION PRODUCTION PLAN —
2
3 Product: Standard Deluxe
4 PROFIT:
5 Quantity to Produce: 0 0
6 50
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 0 60 N
16 Deluxe Tower 0 1 0 50
17 Hard Drive 1 2 0 120
18
19 L
WA W xyz 2 IER [ | » ]
Ready | P | |[Eo @ 100% =) [ (+)
Examine the layout and logic of the model. Youmigla n't t o e x p er i Wieatt

projections. For example, try to adjust Qaantity to Producén bothcells(C5 and D%, so as to
maximize profit (G6) without allowing yourotal UsaggE15:E17) to exceed the numludr
components in stock (G15:G17).

For example, a sensible production plan might be to make asDalmyemodels as possible (since
these yield the highest per unit profit). Then, with what is left, make as 8tangardmodels as

possible. This productioplan would use all 50eluxecomputer towers (E16), ZBtandardcomputer
towers (E15), and all 120 hard drives (E17) currently in stock. It would result in a total profit of

$31,000

(G6) .

However,

t hi

s sBebtuti on can

Iwfi & th

be

vV a

mpr
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The B CO s

Now, | etds apply the ABCOs tBestlgrovides yosvith teesbelss heet t
possible aswer.

A. Determirfdjusable Cells

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

models of computer (in cells C5:D5). WhBest!requires that numbers be placed in all adjustable
cells. You may simply enter zeroes in thesdéscelthough any number will suffice. Next, specify that
cells C5 and D5 are adjustable by selecting both cells and either:

1) choogAdj u s tfranhthe®V8! menu, and cliclOK, or
KX KX
2) use heMake Adjustable =™ toolbar buttonpr ¥~ to Remove Adjustahle

If you use th&VB! menu to access thdjustabled i al og b ox, vy cAdjdstaldledialogt i ce t h
box has $C$5:$D$5, the current selection, entered iRéfiers Totext box. In the droglown box,

the default settingylake Adjustablés already selectedps/ou need only clickOK. What'8est

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

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

The Adjustable Cellsin  XYZ

[ FH= = = ¥¥Z sk - Microsoft Excel
m Home Insert Page Layout Formulas Data Review WView Develog
C5 - K| 0
A B C D E F
1 AYZ COMPUTER CORPORATION PRODUCTION PLA
2
3 |Product: Standard Deluxe
4 PF
5 |Quantity to Produce] i U!
6
7
8 Profit per Unit: 5300 5500
9
10 Product Component Requirements
11
12 Components: Quantity Required: Total M
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B. DefinBest
XYZ Corporation's goal is to maximize profit, which may be expressed as:

Total Profit= (Quantity of Standard Models Produged
TIMES (Profit per Unit of Standard Modéls
PLUS (Quantity of Deluxe ModelsrBduced
TIMES (Profit per Unit of Deluxe Mode)s
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This formula appears in cell G6 as =C5*C8+D5*D8. This is the sumproduct of C5:D5 and C8:D8, and
could also be entered aSHMPRODUCTC5:D5,C8:D8). This function can be especially useful

when doing similapperations on larger ranges.

To make G6 thebjective pest cell), move the cursor to that cell aither:
1) chooseBest..from theWB! menu, seledvlaximize and clickOK, or

If you use theBestdialoglo x vi a t he menu, youdl | Bestidlogleoxt hat
indicates $G%$6, the current selection.

The Objective (Best Cell) in XYZ

.
licrosoft Excel | (=] |ﬁ

ew View Developer Team What'sBest! 2 e = e E3

‘08 R

F & H J 7

RODUCTION PLAN —

PROFIT:

o [0

nts

otal Mumber

t
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C. Specify Constraints

The constraints for this problem are that Tlital Usageof components (E15:E)Tust be lesshan
or-equaitto the number in stock (G115:G17).

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

To specify the constraints, highligite range F15:F17, then chod@® n s t r faom theVeBé
menu, and cliclOK. Note that the&Constraintsdialog box has E15:E17 enteredLadt-hand side
(LHS), =G15:G17 entered &ightHand Side (RHSBF$15:$F$17 entered Btore in; and <= (less
thanror-equaito), being the default, is entered as the constraint type. Alternately, you midng <=
toolbar button after selecting the range to store the constraints. ISee  Af@ @éresinformation on
these defaults.

Automatic Generation of a Constraint

|:“1 FOH | MYT ¥
Ready | = |

Y

10 Product Component Requirements

1

12 |\Components: Quantity Required: Tatal Mumber
13 Standard Deluxe Usage In Stock
14

15 |Standard Tower 1 0 < 0 60
16 | Deluxe Tower 0 1 0 50
17 |Hard Drive 1 2 0 120
18

19

Count: 3 ||EB|[O ] 100%




16 CHAPTER1
At this point, |l etés briefly summari ze what
The XYZ Worksheet Before Optimization
‘mWa -2 0= XYZ.xdsx - Microsoft Excel ESREl™ =)
m Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! < @ o e &R
A21 - I v
A B C D E F G H J =
1 K¥Z COMPUTER CORPORATION PRODUCTION PLAN e
2
3 Product: Standard Deluxe A
4 PROFIT:
5 Quantity to Produce: 0 0
6 i $0
7
8 |Profit per Unit: £300 §500 =
g
10 Product Component Requirements
il
12 Components: Quantity Required: Total MNumber
13 Standard Deluxe Usage In Stock
r —© }
15 | Standard Tower 1 0 " == 60
16 Deluxe Tower 0 1 o == 50
17 |Hard Drive 1 2 4" <= 120
18
19 .
M4y r| XvZ T nER il | » ]
Ready | P | |[ElomE 100% (=) [ (¥)

¥

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

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

G6 through manipulation of the values in the adjustable cells (C5:D5).

C. SpecifyConstraints XYZ's limitations are simply thafotal Usageof inventory parts
(E15:E17) be lesthanor-equatto the totalNumber in StockG15:G17). These
constraints are specified by means of the formulas in F15:F17.

we

h
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Now, you are ready to solve the XYZ modéth What'8est! When you choosBolvefrom theWB!
menu or pres ¥ on the toolbarthe What'8est!solver is started and the solvéatsis window

appears like the one shown below:

- LIMDO Sypstems, Inc.

21 [W]| Copyright ©2017 - Bd-bit
wWhat'sBest® 15.0.0.1 [Mar 16, 2017)
Lib:11.0.3301.188  Lic.: Extendsd

Solver Status

Model Type:

State:

|terations:

| nfeasibilitw:

Objective:

— Clazzification Stahiztic

Cateqary Current

[ =

MHurnerics:

Adjustables:

Inteqerz/Bin.:

Farmulaz:

Constraints:

M aonlinears:

Coefficients:
by Direction:

Extended Salver Status

Saolver Tupe:

Best Oby.:

— Activity

Reading Filz

Extracting D ata...

— Elapzed Runtime

Steps:

| 00c00:02 |

|
|
Obj. Bound: |
|
|

Active:

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

progress of What2est!toward a solution. The information about model properties will also appear on
added to

theWB Statuswor k sheet tab
wi ndow doesnot remai

n

your

wor kbook

after

|l ong enough etheSolvesection t o r ea
for detailed information about the solver status window.
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The worksheesoonreappeasindicatingthe highest possible profit:

The XYZ Worksheet After Optimization

‘I “E0Als XVZ.xsx - Microsoft Excel ESREl™ )
“ Home Insert Page Layout Formulas Data Review View Developer Team What'sBest! %2 @ = gP 2R
Al - F v
A B & D E F G H e I vy

1 XYZ COMPUTER CORPORATION PRODUCTION PLAMN —
2

3 Product: Standard Deluxe

4 PROFIT:

5 Quantity to Produce: 60 30

6 " $33,000

7

8 Profit per Unit: 5300 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 60" =<= 60 B
16 Deluxe Tower 0 1 307 <= 50

17 |Hard Drive 1 2 1207 =«= 120

18

19 L
H 4« » W] WBI Status . WB! Solution | XvZ %3 Mal_m___ ] »[]
Ready | P | |[EmEm 100% =) [ +)

(.

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

Deluxe models as possible.

What 6s

ltds often
learnthatt he 20

Best | f

useful
Del

uxe

to explore
computer

your

t Best'ansveer fourdralbovenG16 g

opti ypduzati on

E16) will be obsolete after the current production run? In that case, it might be better to maximize the
utilization of this inventory than to maximizedggit. Try this by makingrotal Usageof Deluxe

computer towers (cell E16) yobest cell to be maximized. This is done by selecting cell E16,
choosingBest.. from theWB! menu, clickingOK and then resolving.

m

from



GETTING STARTED 19

What'8est!will maximize the value of ceE16 without regard to the former objective of maximizing
Total Profit Note that the resulting production of 50 Deluxe units completely exhausts the obsolete
inventory, but that profit has dropped from $33,000 to $25,000.

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

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

Working While Solving

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

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

The Next Step

TheABCO s : B a s andAdWVancadd-tinictionsextions explain the WhaBest commands in
depth. To learn more about theénmiples of optimization modelingee Overview of Mathematical
Modeling If you'd like to move on to more sophisticated problemsSseaple Models







2ABCO S T h e
What 0s

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

model f Bestt WWathds r ef er {1 Adjustable, BestaGonstrants. TheBeGhdes
commands are the first commandste top of the maiitVB! menuitem on theExcel® menu. In

addition to the menu commands, you mayBaestte the ¢
toolbar.

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

Adjustableé K% Ex
Constrainté <= »= =

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

21
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Adjustable.

Thedialog box posted by th&djustablecommandappears as follows:

Adjustable X
| Make Adjustable j
Refers to:

| sas1 =

Help | Cancel | (8] 4

[ 4

This command allows you to set properties of selected cells in your workbook. Specifically, it is used
to identify to What'Best!the cellsthatmap e adj usted by the solver in i
optimizes the objective cell while satisfying all constraints.

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

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

See below for more detail adhese options. Clickin®@K will apply the change in properties.

Make Adjustable =

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

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

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

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

§ the total demand for televisions

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

§ the local building restrictions

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

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

Note: When the adjustable quality is applied to a cell, WBats$lassigns a predefine&djustable
style to the cell. This style is automatically made available to each of your Bésit's
models and can be customized(, font color) ag/ou wish.

Remove Adjustable <

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

cell is fixed until it has been specified as adjustable. Wioenistruct WhatBestlt o r emove a ¢
adjustable status, thedjustablestyle is removed from the cell and you will see the font color revert

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

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

Make Adjustable & Free or Renewe Fr

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

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

Refers To

Specify the range of cells that are to be made adjustalfileed in this text box by using the button on

the right edge to bring up a cursor for cell selection. Alternately, you can accept the currently selected
cells, which WhatBest!'has automatically placed in this box. You can also type the correchogé r
directly into the text box

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

The dialog box posted by selecting tlake Adjustable & Free dRemove Freeommand in the
drop-down list in the Adjustable dialog b@ppears as follows

1 Free [-Lhr

- )
Free Mames in Workbook: oK
Cancel
Add
Delete
Refers to:
st o] tee
[ )

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

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

range name. Once this is done, pressingitifitbutton causes Wt Bési!to assign AVBFREErange
name to the selected cells, which will appear in the list on the Free dialog box. For instance, if you
used t he nameFREBMNan&anlWorkboatent bdx,haeange nanwWBFREEBuySell
would be assigned to thelscted cells.

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

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

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

The dialog boxposted bythe Best..command appears as follows:

[ Best [-Lhr
| Minimze ~| | sas1 =

Help | Cancel oK

[= -]

This command issed to specify the cell in your model to maximize or minimize.

Select the objective sense you wish to apply from the-domm box on the left of the dialog box.
Possible options are:

1) Minimize

2) Maximize

3) None

Then, enter the cell you wish to set in tBgt box on the right of the dialog box WHBast!defaults
to entering the current selection. Clicki®K will define the best cell.

Objective

Minimize or Maximize - *-

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

For optimization models, you must definbest cell (equatiosolving and goaseeking models do not
require abest cell, as discussed below). Thestcell, sometimes called the objective of optimization,

is the cell whose value is to benimized or maximized during optimization. Thest cell must be an
adjustable cell or a formula depending upon an adjustable cell defining exactly what it is you want to
optimize.
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The two most common objectives of optimization models are to minimizecosximize profit, but

you can choose to maximize or minimize any adjustable cell or any equation that depends upon one or
more adjustable cells. Other frequent targets for minimization are waste, conflict, time required,
surplus, and risk. A maximizatiocell could be something tangible, an equation representing total

output, or something less concrete, such as a calculation to estimate employee job satisfaction or the
effectiveness of customer service.

You may specify no more than one cell to be max@tiar minimized. Whenever you designatmeat
cell, any previously specifigloest cell retura to being a nowoptimized cell

In a scenario with multiple goals, you should consider maximizing or minimizing one goal and
constraining the others or combiniggals into a single equation to be maximized or minimized.

For example, if the goals for your factageto maximize production output and minimize costs, there
are clearly trad®effs between the two goals. You can choose to:

1) Maximize output whileconstraining costs to be less than a desired level.

2) Minimize costs while constraining output to be greater than a desired level

3) Combine both goals into a single equatiomuatfputminus total cost and maximize the
single equation.

None

SelectNoneto void any previously specifidaest cell. If nobest cell is specified in a model,
What'8est!will try to find a solution that satisfies all constraints and relationships in the model
without trying to maximize or minimizany particular cell. This is referred to as geaéking or
backsolving.

If you solve a model inwhichnme st cel | has been specified, a fANo
appears in the status report after the solution process has completed. This wamérgled to notify

the user that the specification obast cell may have been inadvertently omitted. You may turn this

warning on or off by thé&lo BesiCell checkbox in th&eneral Optionglialog box posted by
Options...|Generatommand.

Cell range

Specify the cell to be maximized or minimized in this text box by using the button on the right edge to
bring up a cursor for cell selection. Alternately, you may accept the currently selected celliswhich
automaticallyseleced by What'Best! You may also type the cell range to be specified abekbiecell
directly into the text box.




ABCs 27

Constraints...

The dialog boxposted bythe Constaints commandappears as follow <=

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

| sceq = | == 7] | s

Stored in:

I A%l ;I Help Cancel |

— POSD-5DP

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

Range matrix: Place function in cell:

I ;I I ;I Insert |

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

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

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

>c= (concave)z=c (convex)in order to specify the direction of the constraint. If no type is selected,
What'8est!will default to <= (lesghanor-equaitto). Selectirg Nonewill clear the cell. ClickingOK

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

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

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

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

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

currently selected cellsre entereds theRight-Hand Sideof the constraintThe currently selected

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

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

If the then and the

Left-hand side Stored In Right-hand side
include should hav shoul d ha\

single cell single cell single cell
*range same shape and size rang single cell

*single cell range same shape and size ran
range same shape and size rand same shape and size ran

*You can relate a lefhand side range to a single rigtand side cell or a
right-hand side range to a single {efind side cell.

What'8estlinserts a worksheet function call@dBin the host ell(s) specified in th&tored In:text

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

Excel formula box, you can see tN€B function that was created. For example, select the B1 cell,

choose th&VBIC 0 n s t r eommainds &nd pre§3K on theConstraintsdialog box to insert the

formula=2WB( A1, i<=0, Cl) into the cell Bl1. This for mt
lessthanor-equatto that in C1. This could also be accomplished by selecgfid@1 and pressing the

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

Al t hough it is typi Bestlconymarelg sonswaints tao bewcreadedinh e What 6
Wh a Be&tknodel by copying or ndifying existing constraints. WhaBgst!will treat copied
constraint cells the same as any constraint cell created by the menu or Goyibaaintscommand

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

POSESDP Constraint Range

To allow the use of the Serbiefinite Positive (SDP) capability with tHdNDO Solver, specify the
selection of the range matrix to benstrained by &ositive SembDefinite function (POSD)as
=WBPOSD(range). The range defining the matrix should be symmetric with the adjustable cells
typically set to be free type (althdugot required), and greater thane cell.

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

In the real world, decisions are always constrained in some fashion. In the steel business, for example,
you work within a budget to acquire finite amouot®ore, coke, alloy metals and power. Orders must

be delivered on time and up to specifications,or you risk losing business. Such limits to doing business
are referred to as constraints in the language of optimization modeling. With Béiséit'gou can ge

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

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

1) TheConstraintdialog box.

2) The three onstraint toolbar buttor

3) Manually entering constraint functions as cell formulas.

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

The first two methods only allow the entry of cell references (The dialog box methosl aiferror

checking interface for owdf-range and other errors). The last two methods allow you the flexibility of
entering complex expressions as well as cell references. To learn how to use VBA to enter constraints,
see the section titledbConstraint

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

UsageConst
File Home Insert Page Layout Formulas Data Review W
C6 - Jf | =WB(B6,"<=",D6)
A B C D E F

Advertising Projection
EXPENDITURE BUDGET

r

5 - <= $10,000.00

1
2

3

4

5 EXPOSURES REQUIREMENT
6 @ul’ <= _| 100
7
8
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In your What'8est!model, if an adjustable cell representing the advertising expenditure was in cell B3
and D3 was a fixed cell with a value of 10,000, you could enter the constraint formula
=WB(B3,"<=",D3) anywhere in the spreadsheet to enforce the first constraint. \Wieeveckit in cell

C3, where it makes visual sense. Likewise, in cell C6, the formWWE&(B6,">=",D6) enforces the

second constraint.

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

Alternatively, yai could do away with cell D3 and use the formWaB{B3,"<=",10000). The
Constraintscommand lets you enter singtell references in the leftand side and singleell

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

Constraint Display

Using theConstraintoption in theDisplaybox underth®© p t i o n s é ¢o@reamc: yoa dan set the
method of constraint display to eithedicator or Slack If you set constraint display Indicator mode
(the default), then the constraint is shown in the cell by one of the faljpgight visual indicators:

<=, >=, =<=, =>=, Not <=, Not >=, Not =, or=. If you set WhatBest!to display the constraint in
Slackmode, then a numeric value known asglaekis returned. The slack is the amount by which a
constraint is not violated.

For e x a mpBestwould\display 6omstraint values based upon the following table:

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

Too Few Constraimitinbounded Solutions

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

Had you forgotten to include constraints in the model and tried to solve, Béstiwould have given
an error message indicating Solution Status: UNBOUNDED in the WB! Status worksheet. An
unbounded solution error occukien a model is not properly constrained. Profit could be increased
without limit by producing an infinite number of computers! Whas'st!knows you've left out one or
more constraints and indicates that the problem is unbounded.

In an actual productioritaation, there may be constraints other than raw material or component
availability, such as limited plant capacity or labor supply. Excluding any of these could lead to an
unbounded solution. Also, Whasst!might give you an unbounded error messag®if maximize

the wrong cell, or maximize the objective cell when in fact you really wanted to minimize it.

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

No Feasible Solution Found.inear

What if you add a constraint that contradicts one or more of the existing constraints? In the XYZ
problem, if you add a requirement that the number of Deluxe computers to be pradgiesatér than

60, What'8est!will return the Solution Status: INFEASIBLE message in the "WB! Status" worksheet.
The original constraint requires that no more than 50 Deluxe computer towers be used. However, this
new constraint requires production of @s$t 60 Deluxe computers, exceeding the limitation of the

first constraint.

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

No Feasible Solution FeiNwhlinear

In a nonlinear problem, thgolution Status: INFEASIBLEessage may not mean that theneois

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

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

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

One of the important considerations for the solver in finding a global optimum is the exploitation of
convexity. | n | aymano6s ter ms, if an optimization probl
Ahild] c | i w=igoritmg(dr valleg fandirg For a minimization problem) will find a global

optimum. More generally, if the feasible region is convex, then any strict local optimum can justifiably

be declared a global optimum. Our solver is fairly sophisticated in its/abiidentify convex

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

but you suspect might not be identified as contvex o ur s oBestlallows spétiabcondtimint
types,fsficceds,0,and fi=cd6 to allow users to identify
For example, suppose we have the constraints:

X"3 - 2*x*y + y"3 <= 6;
X >=.5;
y >=.5;
The feasible region of this set of constraints happebg convex. The user is justified in writing:
XN3 - 2*x*y + y"3 <c= 6;
More generally, if(x) is any function on the left hand side and the user writes:
f(x) <c=b;

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

If you have the constraiffigx) >= b, and you know thd(x) is a concavéunction then you are allowed
to write:

f(x) >c=b;

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

f(x) =c=b;

The interpretation is that we requi(&) = b, however, the feasible region to the relaxati¢x),<=Db, is
convex.

Similarly, if you have the constraif(x) = b, and you know thd{(x) is a quasconcave function then
you are alloweda write:

-f(X) =c=-b;

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

Once the ABC's (Adjuable, Best, and Constraint cells) have been specified, you are ready to solve
your model. Choosing th&olvecommand prompts the Whadsst!solver to begin examining and
solving your model. During the time that the solver is computing, it displaySdler Statusvindow,
which appears as shown below.

— Clazzification Stahiztic

- LIMDO Sypstems, Inc. ]
EE Copyright ©2017 - Gd-bit Categary Current R

What'sBest® 150,01 [Mar 15, 2017] Murmnerics:
Lib.:11.0.3301.188  Lic.: Extended Adjustables:

Salver Statuz Integers/Bin.:

Model Type: C Faormulas:
State:

Constraints:

|terations:

C M aonlinears:

| nfeasibility:

I:T;am_ " o Coefficients:
ective: .
! by Direction:

Extended Sokver Status——————— [~ Activity

ez T Extracting D ata...

Best Oby.:

: Reading File
Obj. Bound: | - — Elapzed Runtime

|

|

Steps: | 00:00:02 |

Active:

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

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

You may use thénterruptSolverbutton on the solver status window to interrupt the solver while it is
solving. If you do, ya can not expect any useful information to be returned unless you have an integer
problem. In the case of an integer problem, the best solution to the point of interruption is returned. For
linear problems and nelimear problems, the returned values wibit be useful.
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The definitions of the information in the Wh&ést!solver status box are shown below.

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

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

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

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

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

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

Solver Type: This shows the type of specialized solver in usenyf and will be eitheGlobal,
Branchand-Bound or Multistart.

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

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

Steps: This shows the number of solver iterations.

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

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

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

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

Formulas: This shows the number of formula cells.

Constraints: This shows the total number of constraint cells in the model.
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Nonlinears: This shows the number of adjustable cells that appear nonlinearly in the model. We say
that a variable appearsminearly in a formula when that formula is nonlinear with respect to changes
in the variable. For instance, consider the nonlinear expreXsigh2 This expression is nonlinear

with respect tdr, but it is linear with respect #. Thus,Y would be inclided in the nonlinear count,
while X would not.

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

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

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

Extracting Dataé |/ Check license, copy fil
Extracting Dataé |/ Reading file
Extracting Dataé |/ Storing relevant for mul
Extracting Dataé [/ Creating Instruction Li
Buil ding the Model é

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

Writing Solutioné

During the last stage, Whd'sst!writes the solved values of the adjustable cells directly into your
spreadsheet and writes the requested tepor

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

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

e

as
st
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Getting the Best Results

You can obtain the results of your call to solve the model by either examining the values displayed in
the spreadsheet or by lookingthé status repofWB! Statuyand/or the solution repoftvB!
Solutior).

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

If you wish a moradetailed view of your model, you may request the solution report as well. The
solution report provides a detailed analysis of the adjustable, best, and constraint cells, showing the
initial and final values, as well as the locations of the cells. Thergigoe of the status report and
solution report is controlled by settings at the bottom of3baeral Optionglialog box.

If an error or warning situation was encountered that prevented the solver from running to completion,
then, by default, the solvepens up the status report to give you the error or warning message. This
message describes the problem the solver encountered and offers suggestions for correcting it. The
user may change the error and warning situations under which the status regorhéiaally opened

at the bottom of th&eneral Optionglialog box.
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The status report generated by solving the completed sample ¥¥de{L Ss shown below:

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

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

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

6 | HODEL INFORMATIOHN: |

7

8 CLASSIFICATION DATA Current Capacity Limits

9

10 Total Cells 20

1 Humeric= 17

12 Adjustables 2 Mnlimited

13 Continuous 2

14 Fre= 1}

15 Integer=-Binarie= 0.-0 Mnlimited

16 Constants 11

17 Formulas 4

18 Strings 1]

19 Constraints 3 Tnlimited

20 Honlinears a Inlimited

21 Cosfficients 16k

22

23 Hinimum coefficient walues: 1 on EYZIGH

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

Ready [ H m - 1 + 90%

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

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

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

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

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

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

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

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

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

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

Nonlinears This shows the number of adjustable cells that appear nonlinearly in the model.
We say that a variable appears nonlinearly in a formula when that fosmdalinear with
respect to changes in the variable. For instance, consider the nonlinear expression X + Y2,
This expression is nonlinear with respect to Y, but it is linear with respect to X. Thus, Y
would be counted in the nonlinear count, while X woudbd.

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

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

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

These values are supplied with their location to assist you in tra¢ctiéngdown. Note that
A<RHS>0 signifies t he Rithelotatiohgiverdis &athse of a
means that no specific cell location is available and that the coefficient appears in a constraint
added to the model as part of the linearizatiption

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

Nonlinear Expressions and Linearization

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

C

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

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

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

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

Tries: This shows the current number of tr{es iteration3 needed tsolve the model.

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

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

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

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

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







3 Additional Commands

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

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

Options and Solvers

Some options in WhaBgst!pertain to the overall opating parameters of the Wha&kst!solvers or
to the user interface and data display. These general options (dtertatien limit or Runtime Limi}
are set in th&eneral Optionglialog box. Other options modulate the performance of a particular
solve. For exampleModel Reductiolis a linear solver option and is set in ttieear Solver Options
dialog box.

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

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

options that are available.

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

and integer solvers only. A nonlinear solver and a global nonlinear solver are provided optionally for
additional fees. The linear solver generally runs in primal simplex nidédt, can be set to dual

simplex or the barrier method (if the barrier option is purchased).

What'8est!options apply only to the current model. That means options are defikedets 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 @efinedames. Thdreset to Default
command resets the workbook options, but not options defined Adtrenced Parametewindow.
The worlbook options ar&eneral Options, Linear Solver Optigi¢onlinear Solver Options, Global
Solver Optionsinteger PreSolver Optionsinteger Solver OptiongndStochastic Solver

41
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The algorithmaised by the solvers are as follows. Tihear solver in WhatBest!uses either a primal
simplex, dual simplex, or barrier method. T®elver Methodiefault setting oSolver decideselects
the primal simplex method. The Wha&#&st!nonlinear solver uses a generalized reduced gradient
(GRG) aporithm The WhatBest!global solver combines a series of range bounding techniques
within a brandandbound framework to find global solutions to rRoonvex NLPs. Finally, the integer
solver provided in WhatBestluses a branehndbound algorithm, atsreferred to as the branemd
bound manager.
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| nt e dneegeBiddry..

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

return a zero or one, wher eas any nonnegative, w
general integer. Thimtegerdialog box appears as follows:
5 a ]
Integer - Binary Lihj
Integer Mames in Workbook: Ok
Cancel
Add
Delete
Refers to:
$AS1 = =t
Integer Type
(" Binary - WEBIN * General - WEBINT
[ ]

To create an integer ranggecify the cell or cell range you wish to make integer irRibiers totext
box. Then, enter a name in thieeger Names in Workbootext box. Next, select tHginary - WBBIN

or General- WBINTradio button in thénteger Typdox. Once this is donergssing théddd button

C a u s e s BeWlbadsignsAVBBINor WBINTrange name to the selected cells, which will appear
in the list on théntegerdialog box.

If you decide later you would like to remove the integer restriction, simply selelcttéuger

command, click on the name of the integer range to remove, and pr&sddtebutton. It is

important to remember that integer restrictions can increase solution times as discussed in the section
entittedRuntime Concerns
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Integer Names in Workbook

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

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

the list on thdntegerdialog box.

Refers to

Specify the range of <cel |l s t hatBest!wilbautomaticihe made i
fill the Refers totext box in with the range of the currently selected cells. If this is not the range of

cells you want, you can type the correct range in or select the button on the right edge of the text box

to bring up a cursor for cell seleatio

BinaryWBBIN

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

GeneraWBINT

Select theseneralradio button in thénteger Typebox to cause WhaBest!to constrairthe range of

cells specified in th®efers Totext box to be a positive, whole number. General integer variables
(0,1,2¢é) can be useful when answers with fractio
personnel scheduling, buy/sell decisionsoiring round lots, and discrete loading models. If a cell is

specified as general integer, Whagst!will find the best solution that returns a whole number in that

cell.

Runtime Concerns in Integer Problems

The use of integer variables can considerably increase the time required to find optimal solutions. In
most nonlinear models that include integer variables, your chances of reaching an optimal solution in a
reasonable amount of time alieninished further, unless the problem is extremely rudimentary or
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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 solutioa tin
some integer problems. For details on these options, see the section Eptithets..|Integer Solver

| nt e pecia @rilered Set

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

L2 ]
Special Ordered Set - Cardinality X
Spedal Ordered Set: Cardinality:
{* Type 1-WBSOS1 " WBCARD

™ Type 2 - WBSOS2

™ Type 3 - WBSOS3

Select any cells (multiple selection holding

the Ctrl key):
oK
$AS1 =
List of selected cells (select and change by . |
Add or Remove): =Ance
Add
Remaowve
Place the function WBSO051 in cell:
| sast =) Hee

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

SOS Type Property

WBSOS1 At mostone variable belonging @n SOS1 set will be 6.
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WBSOS2 At mosttwo variables in a SOS2 set can beGx If two variables
are nonzero, then the variables will be adjacent to one anothe
SOS?2 sets are particulathgeful for implementing piecewidmea
functions in models.

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

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

Note: Each variable in an SOS s®tunt 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 discussed above, VBestkalso supports cardinality sets of variables
via the WBCARD function. The cardinality feature allows you to specify a set of variables with a
cardinality ofN, meaning that, at mos\| of the variables in the set will be allowed to be nonzero.

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

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

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

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




ADDITIONAL COMMAND$&7

Select Any Cells

This reference field allows you to select any of the AdjustabMariablecells that will be part of the
set. You can select multiple range by holding the Control (Ctrl) key. Then clickidrioAstore them
in the List of Selected Cells field.

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

Place the Function in Cells
Specify the hasrange of cell you would like to see the SOS or CARD function to be placed in the
spreadsheet. WhaBest!lautomatically fills this box with the current cell selection.

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

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

r

Semi-continuous

Lower Bound: eps1  _ | UYpper Bound:

Select any cells (multiple selection holding

the Ctrl key):

$AS1 =

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

Cancel

Remove

Flace the function WBSEMIC in cell:

| sB51 =

Help

1S

)

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

The syntax for the WBSEMIC declaration is as follows, written in the selected cell of the spreadsheet:

=WBSEMIC(lower bound, upper bound, range references, ...)

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

Note:

Each semtontinuous variable will be counted against any integer variable limit for your

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

Select Any Cells

This reference field allows you to select any of the Adhlstar Variablecells that will be part of the
set. You can select multiple rarsgey holding the Control (Ctrl) key. Then click on Add to store them
in the List of Selected Cells field.

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

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

If the selection already contains a WBSEMIC function, then WBasgwill display the cells
argument into the List of Selected Cells.
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| nt e g ediffsrén|{ Al |

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

Lower Bound: |81 - pper Bound:

Select any cells (multiple selection halding
the Ctrl key):

| ss1 =]

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

Remove

Place the function WBALLDIFF in cell:
| sas1 = =

Many models require certain integer variables to be all different and lie within some range. Variables
with this property are sdito be All Different. Modeling with all differences in Wha@#sst!in the past
meant having to add an additional integer variables and constraints.

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

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

Note: Each alldifferent variable will be counted against any integer variable anst@int limits
for your installation.
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Lower Bound, Upper Bound
This field allows you to select the lower and the upper bounds of the Adjustable/Integer cells of the
set. You can select numeric values, or cells references. These references caanableevimbers.

Select Any Cells

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

Cells reference must also be declared as Integer or Binary.

List of Selected Cells

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

Pace the Function in Cells
Specify the host range of cell you would like to see the ALLDIFF function to be placed in the
spreadsheet. What'sBest! automatically fills this box with the current cell selection.

If the selection already contains a WBALLDIRECtion, then What'sBest! will display the cells
argument into the List of Selected Cells.

A sample case is provided with the file "WBALLDIFF_Sudoku.xIsb". This model shows the Sudoku
puzzle case, where the user fills out a 9x9 grid with the digitsél, 2, 9 so each di git

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-bpquiéied as constant.

a
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Options..

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

General...

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

w W W W W W W w

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

options you would like and clicking th@K button. If you wish to restore the options to their default
values, you shouldusetiéB! | Opti ons é| Resnemantdot De f &dstioptions a | | Wh
to their default values.
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Optiors...|General

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

General Options ﬁ

Solver

Feasibility Tolerance: | 0.0000001 oK
Limits

Iteration Limit (jterations): | Mane Cancel

Runtime Limit {(seconds): | Mone -

Mumber of Threads: | 1 il | J Help
Display

Constraint: {* Indicator " Slack Update Links
lv Auto Select Free/Int/Omit Ranges

| Minimize Excel(R) on Solve Delete Reports

| Hide Status Window on Solve

Linearization

Degree: Solver Decdes j e 0.000001
Big M Coeffident: 100000

Reports, Location and Warnings

Status Report: | Always Created ﬂ {* Beginning " End
Solution Report: | Mever Created j
Warnings: Iv¥* Monlinearity Present [+ Irrecondlable Constraint
Iv Mo Best Cell | Infeasible Constraint
| Reference to Blank Cell | Unbounded Variable
I Unsupported Function [+ Support Lookup Functions

Iv String Argument Present [ Edit Links
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The General Optionglialog box contains options that let you control the ways in which Viests
displays, processes, and saugformation. All of the options in th8eneral Optionslialog are saved
with the workbook and are therefore called workbook options. All workbook options are reset to
default settings every time you create a new workbook. You may also URedbeto Diawult
command to return all workbook options in the current model to their default values, with the
exception of the Advanced Parameters options. Discussion Gfeheral Optiongollows below.

Feasibility Tolerance

You can specify the amount of violatibnh at  wi | | be tolerated in a mode
Feasibility Tolerancaext box. Increasing the feasibility tolerarean allow you to find a feasible

solution to a model that was previously infeasible. For examp#sging a feasibility tolerance would

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

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

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

The default value for feasibility tolerance is 0.0000001.

Iteration Limit

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

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

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

Runime Limit

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

solution has been found, theretbolution search is terminated and, if the model contains integer
variables, the best integer solution found up to that point is returned. If this limit is encountered and the
model does not contain integer variables, the returned solution is meaniRgase note that

returning to any previously established best solution might take some time.

The default value islone signifying that no runtime limit imposed.

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

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

The default setting is indicator mode.

Auto Select Free/Int/Omit Ranges

Check this option if you want tHeree Integer, or Omitranges selected as you dttbrough any list

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

The default setting is on.

Minimize Exe®n Solve
Check this option if you would like Exaet 0 b e mi ni mi z eBkstlsolvaris minnindhe What

The default setting is off.

Number of Threads

Thisfeat ur e wi | | Bestesdlver totrun en mivikipde tthéeads, so to allocate calculation tasks
on different processes. This number can be set between 1 and 32, depending on the computer
capabilities.

The default setting is 1.

There is also a choider the threads:

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

threaded.

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

Parallel Only- The solver will run the parallel mode.

Concurrent PreferredPrefer concurrent over parallel, but use parallel if an appropriate concurrent
solver aes not exist.




56 CHAPTER 3

Concurrent Only The solver will run the concurrent mode.

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

The default setting is off.

Linearization

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

Degree

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

Wh a Be&tsWe refer to this process searization

Speci fy t he e x Besthshould atempthoilicelrizeodels with thegreedrop-

down box. The available options here 8aver Decides, Non®athematical andMathematical,

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

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

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

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

Decides

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

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

Wh a Be8tklefaults to delta Coefficientoefficient of 0.000001.

Big M Cdécient

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

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

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

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

value for theBig M Coefficienimay take some experimenting.

The default value foBig Mis 100,000.

Status Report

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

on Error/Warning TheNever Createdelection means th&that'8est!will not insert a status report.
The Always Createds selected by default, and Whatst!will insert a status report worksheet
entitledWB! Statusnto the current workbook every time you solve. By seledDndy on

Error/Warning, What'8est will insert a status report worksheet entitB! 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 statisfitions selected, and any error messages
or warnings generated during the last attempt to solve the model. To view the status report, just click
on theWB! Statugab of your workbook. The information presented in the status report is discussed in
the Solve section or th&olution Outcomesection inOverview of Mathematical Modeling

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

Solution Report

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

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

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

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

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

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

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

A5 = Jx OBJECTIVE v
A B T D -

5 | OBJECTIVE | INITIAT

6 | CELL VALUE VALUE TYFE DECEE

7

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

9

10 | COEFFICIENTS

11| HEYZICE 3.000000e+002 5.000

12 | EYZIDG L. o0o0o00e+002 5.000

13

14 | ADJUSTAELE INITIAL

15| CELLS VALUE YATTE TYPE EEDUCED CoOST DECRE

16

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

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

19

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

21

22 | COHNSTRAINT

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

Ready 9 B B - | +  90%

Note that creating solution reports may dramatjcaitrease runtimes on large models.

Beginning or End

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

The default is to insert the reports at Beginning
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Warnings
These checkboxes allow you to select the warnings you wish to display in the status report. The
warnings are:

Nonlinearity Present warning that nonlinear funaths or formulas are present in the model.
Nonlinear functions can adversely affect the speed and performance of theBégi&tdver.
When possible, nonlinearities should be avoided.Bamview of Mathematical Modelirfgr a
discussion of nonlinear rgionships.

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

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

Unsupported Enction- warning that an unsupported function appears in the model. The va
a cell containing an unsupported function will not be recalculated during the solution proce

String Argument Presentwarning that a text argument appears in a fundtiat is expecting a
numeric argument. Unexpected text arguments are treated as if they have a numeric valu

Irreconcilable Constraint warning that a violated constraint does not depend upon adjustal
cells, and, therefore, cannot be redtatt

Infeasible Constraint warning that the debugger feature will list the infeasible constraints. -
constraints are contributing to the infeasibility of the model.

Unbounded Variable warning that the debugger feature will list the unboundethbles. These
constraints are contributing to unbound the model.

Support Lookup Functionswarning that the Lookup functions will be read and processed;
otherwise, these functions will be treated as unsupported functions.

The default is to displagll warnings except thReference to Blank Cedhd theinfeasible Constraint
debuggemarnings.

Update Links
SelectthdJpdate Linkdb ut t on t o u Bedtdunotionsain the coranaviokizook to point to
the present | oBesdladdiofile (WEA.XILAhoe WBAIXBAMJ. s

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

What'8estlprogram files were in a different location, Exaelisplays a message about "automatic

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

Excell i nk update wono6t u Bestatddn. Itybuenow laokakascelt o t he Wha
containing one of the WhaBgst!functions, you will see that it contains the path of\tfiteat'8est!

addin file at the time the function was created. For example, a function of the form:
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=WB(AL,"<=",B1)

has a prepended path and appears something like this:

= 6 \PROGRAM FILESMICROSOFT OFFICEOFFICE1Q0LIBRARYWb a . x| a6 ! 'V@B)( A1, " <
Or in Exce® 2007:

= 6 \PROGRAM FILESMICROSOFT
OFFICBOFFICE12LIBRARY\LINDOWBWb a . x| amé! WB( A1, "<=",C1)

The Appendixsection of this manual gives additional information on the location of thei\tiigs.

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

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

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

the cells having an incorrect path.

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

Delete Reports

Click on theDelete Reportbutton to remove the/B! Status, th&/B! SolutionWB!_ Stochastiand

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

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

5 |
Linear Sclver Options Iﬁ

¥ Scale Model [v Model Reduction oK
Solver Method: | Solver Deddes j
Pricing Cancel |
Dual Pricing: | Solver Deddes j

Primal Pricing: | Salver Deddes j |
Help
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This command allows you to set a number of options 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. Rescaling reduces the likelihood of roundoff error and thereby
promotes numerical stability and accuracy.

The defaulsettingis to enable scaling.

Model Reduction

Enable theMlodel Reductiocheckbox to have the solver identify and remove extraneous variables and
constraints fom the formulation before solving. In some cases, this greatly reduces the size of the

mod el to be solved to the userds benefit. I n oth
without significantly decreasing the size of the model. Becklgizel Reductioncan offer significant

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

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

try both settings taetermine which setting offers better performance.

The default is to enable reduction.

Solver Method

Indicate the method you would like the linear solver in VéBatt!to employ using th&olver Method
drop-down box. Possible choices includgolver DecidesPrimal SimplexDual SimplexandBarrier.

The simplex method moves along the surface of the feasible region toward the optimal solution while
the barrier method moves through the interegion. TheSolver Decidesettingcurrently defaults to

the primal simplex method.

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

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

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

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

The default settingofr Solver Methods Solver Decides

Pricing
Select the type of pricing for the dual simplex and primal simplex algorithms DuthlePricing and

Primal Pricing drop-down boxes, respectively. Pricing is a way of assessigethative attractiveness
of variables for selection in the simplex algorithm.
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Dual Pricing

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

prefers variables offerqnthe highest absolute rate of improvement toward the objective. This

preference is acted upon regardless of how far other variables have to move in tandem with the chosen
variables. Since these other variables may quickly hit a bound, the resultingrghia ébjective may

actually be quite small. The pricing mode calitdepest Edgakes a different approach of more
painstakingly selecting variables according to the actual improvement in the objective. Because the

o bj ect niyhighes pegitaration witBteepest Edgéewer iterationsof somewhat longer

duratiori are required.

The default value fobual Pricingis Solver Decides

Primal Pricing

Forthe primal simplex algorithm, there are two primarytimoels. ThePartial methodpricesa small
subset of variables each i¢ion and intermittently pricesut all the variables to determine a new
subset of interesting variabld3evexprices out all columns during each iteration using a stéeplge
approximation. Use of the thorough steegadge algorithm means thaevexresults in fewer overall
iterations, though each iteration is longer than it would be undé&ati@l method. Devex is useful
with degenerate models, but it is generalfficllt to predict in advance what method to use.

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

This command allows you to set a number of options controlling the nonlinear Sdteatialog box
posted by th®ptions...|Nonlinear Solvarommand 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 \Begt You can try the nonlinear solver in

the Demo version dlVhat'8est!or contact LINDO Systems to purchase a nonlinear solver license for
a larger version. For more information regarding the difference between linear and nonlinear models,
seeLinear vs. Nonlinear Expressions and Linearization

Crash Initial Soan/ UseLINDOCrash

Check the Crash Initial Solutionor USNDO Cr as h checkboBesth® mawlei Whart 0 s
solver invokes a heuristic for generating a "good" starting point when solving a model. If this initial

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

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

The default setting for Crash Initial Solution and WHEDO Crash is off.
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SLP Direction

Check theSLP Directioncheckbox to have WhaBgestb s n o n | i n esaccesswedlihearer u s e
programming(SLP) techniques to compute new search directions. This technique uses a linea
approximation in search 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 shorter.

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 be used with the Multistart feature of
the Global Solver.

The dédault setting for theSLP Solvers off.

Quadratic Recognition

Checkthe Quadratic Recognitiocheckboxo haveWhatsBestb s nonl i near sol ver us
preprocessing to determine if an aréiy nonlinear model is actually a quadratic programming (QP)

model. If a model is found to be a QP model, then it gapdssed to the faster barrier or cattver.

Note that the QP solver is not included with the standardoveos What'8est! but comes 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

variables and constraints from the formulation before solving. In some cases, this greatly reduces the
size of the model, thus reducing the solving time.

The default setting faPresolveis on.

Selective Constraint Evaluation

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

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

that are undefined in certain regions.

For example, WhaBest!may not evaluate a constraint for many iterations only to find that the solver
has movedo a point in a region where 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 enrs.

The default setting foBelective Constraint Evaluatids on.

Steepest Edge

When WhasBest!is not inSteepesEdgemode, the nonlinear solver will tend to select variables that
offer the highesabsoluterate of improvement to the objective, regardless of how far other variables
may have to move per unit of movement in the newly introduced variable. The problem with this
strategy is that other variables may quickly hit a bound resulting in little gaie wbjective. When

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

The default setting fobteepest Edds off.

Starting Point

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

The default value foGather Information for Starting Poirg off.

Optimality Tolerance

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

If, for a given variable, the computed value proves to bethegsor-equatto theOptimality
Tolerance then the solver does not attempt further adjustmentatbthvar i abl eds val ue.
Optimality Toleranceoward zero will tend to make the solver run longer, but may lead to better
solutions to pooriformulated or poorlscaled models.

The default setting foDptimality Tolerancés 0.0000001.
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Iteratbn Limit for Slow Progress

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

words, if the value has not improved by ti iteration  having been set as tlteration Limit for

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

The default setting for thikeration Limit for Slow Progresis 100.

Derivatives

Usethedrop down mento control thederivativemethod in the nonlinear solver. There are two
different methods to us&umericalor Analyticalderivatives Numerical derivatives are computed
using finite differencesThere are two choés availableCentral DifferencesindForward
DifferencesAnalytical derivatives are computed directly §ymbolically analyzing the arithmetic
operations in a constraimkgain, the two choices aiackward AnalyticalandForward Analytical

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

The default setting for thBerivativesis 0 orSolver Decides




68 CHAPTER 3

Options...|Global Solver

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

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















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































