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Preface

What'sBest!® is an add-in to Microsoft® Excel® that allows you to build large scale optimization
models in a free form layout within a spreadsheet. What’sBest/® combines the proven power of
Linear, Nonlinear (convex and non-convex/Global), Quadratic, Quadratically Constrained, Second
Order Cone, Semi-Definite, Stochastic, and Integer optimization with Excel® -- the most popular and
flexible business modeling environment in use today. What’sBest!/® 17.0 includes major solver
enhancements to increase speed and reliability on broad classes of models.

What’s New in Release 17

O Support for Multiple Objective Optimization
o Support has been added to handle multiple objectives for linear and integer models
using a strategy known as Lexicographic/Preemptive optimization. The feature
allows the user to specify an ordered list of objectives. What’sBest! will sequentially
solve the model by optimizing the 1st objective, then constraining the 1st objective
to its optimal value and optimize the 2nd objective, then constraining the 1st and
2nd objectives and optimize the 3rd objective, and so on down the objective list.

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

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

O Improved User Interface
o The format and layout of many dialog boxes have been simplified with smarter
choice of defaults but with no loss of functionality.

U Simplified and Improved Installation Process
o The new smart installation process checks for 32-bit vs 64-bit Excel® and installs
the appropriate version automatically.
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U Support for User VBA Progress Callback

o This feature has been added to allow users to define a callback procedure (via the
VBA interface) for accessing the progress information during the solution process.

O Global Solver Improvements

o Improved performance for models with convex-concave functions.

o Models with ratio/fractional terms, including MIP, tend to solve faster, sometimes
order of magnitude.

o Non-convex quadratically constrained models are solved substantial faster.

o Improved recognition and exploitation of convexity of various composite functions,
e.g.
In(a + b * exp(x)) WBLOGABEXPX
In(as * exp(xy) +. .. +an * exp(xn)) WBLOGSUMAEXP
In(exp(xy) + ...+ exp(xn)) WBLOGSUMEXP
x"al(b - x) WBXPOWDIVAB

U Significant Speed Improvements on Quadratic/Conic Models
o Support has been added for exponential and power cones.
o The models with e* and x* terms are solved faster.

O Integer Solver Improvements

o Better performance on many integer models has been achieved through improved
selection of default settings for cut generation and solution heuristics.

O Improved Performance on Linear Models
o Enhancements to the Simplex solvers allow linear models with many more variables
than constraints to solve in a fraction of the time previous releases required.

o Performance has been improved for linear models when using multiple cores with
concurrent execution of Primal, Dual, and Barrier solvers.

Please do not hesitate to contact us if you have problems or questions. As always, we welcome your

feedback and suggestions. The What’sBest!® development team wishes you the Best in all your
optimization endeavors!

Copyright © 2020, LINDO Systems, Inc.






1 Getting Started with
What'sBest!

What is What’sBest! ?

What’sBest! makes available to your Excel® spreadsheet program a highly developed solver capable
of performing linear and nonlinear optimization on the most difficult of problems. What’sBest! gives
you access to this solver from within Excel®, and may either be run directly or called from within
Visual Basic®.

People in business, finance, science, math, and many other fields use What’sBest! every day to model
and solve problems in production, financial planning, personnel scheduling, resource allocation,
portfolio management, stock cutting, inventory control... It’s a long list to which you will want to add
your own application. To demonstrate some of the range of applications for What'sBest!, sample
models are provided with the software and many are explained in Chapter 8, Sample models.
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Optimization Models

Optimization helps you find the answer that yields the most desirable result — the one that attains the
highest profit, output, or happiness, or the one that achieves the lowest cost, waste, or discomfort.
Often these problems involve making the most efficient use of your resources — 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. What'sBest! can solve both linear and nonlinear
problems, with optional integer restrictions. For more information on optimization and the solution
process, please refer to Overview of Mathematical Modeling. For additional reference, we recommend
the LINGO textbook, Optimization Modeling with LINGO, or the LINDO textbook, Optimization
Modeling with LINDO, both by Linus Schrage and available through LINDO Systems.

Non-Optimization Models

Non-optimization models do not have a cell defining an objective function that is to be maximized or
minimized. A common purpose of such models is to solve an equation. What’sBest! can find values
that satisfy sets of equations or satisfy circular references. Similarly, What’sBest! can find values to
accomplish a desired result — commonly called goal seeking or backsolving. The sample model Flow
Network Modeling is an example of a non-optimization model.

Models with Integer Restrictions

Users frequently need to find answers that consist of whole units (i.e., variables expressible as
integers). In personnel scheduling, for example, the most efficient use of workers may call for 2.37
persons on a shift, but it’s difficult to find .37 of a person who is capable of meaningful work.
Therefore, What’sBest! allows you to restrict values to be whole numbers (or general integers). Binary
integer (0/1) restrictions can also be helpful in yes/no or on/off decisions.
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System Requirements

To install and run What’sBest!, check that you have the following:
Software

¢ Microsoft® Windows® 10 or previous Windows® XP, Vista®, 7, 8

¢ Microsoft® Excel® 32-hit 2019 / Office365®, and previous versions 2002, 2003, 2007,
2010, 2013, 2016

¢ or Microsoft®Excel® 64-bit versions 2019 / Office365®, or older 2010, 2013, 2016 with
latest Service Packs

¢ Microsoft®Excel®, ‘PC’ version
¢ Microsoft® .NET Framework 4.0
Hardware

¢ Pentium-class PC
¢ 500 MB of RAM
¢ 50 MB of free disk space

An Internet connection is required to download the latest version of What’sBest!. You can also contact
LINDO Systems to obtain a copy. Add-ins, library and executable files from LINDO Systems are
digitally signed. Additional information can be found in the Installation Overview.
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Installation Overview

To get up and running quickly, first close all programs and simply run WB-WINDOWS-17.0.exe and
follow the prompts in the dialog boxes that follow (see Section Installation for more information on
installing with WB-WINDOWS-17.0.zip).

The setup program offers Default and Specified installation. The Default installation option analyzes
your system for the critical information required to successfully install What'sBest!. When you select
Default as the installation type in the initial dialog box, the add-in file is copied into a directory
entitled Library within the main Excel® directory.

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

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

¢ You have more than one copy/release of Excel® installed on your system.
¢ Excel® is installed on a network server rather than a local drive.
+ Your system runs on a non-English version of Windows®.

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

As the last step in installing What'sBest!, Excel® will open and you will find a new toolbar
(What'sBest!) and menu (WB!) specific to the What'sBest! program. These are discussed in the The
What'sBest! Environment: Menu and Toolbar section. If you do not find the WB! menu present, please
go to Tools|Add-ins and check the “What'sBest!” entry or try reinstalling What'sBest!.

You may be prompted for a license key the first time the software runs. Please copy-and-paste the
license key received via email directly into the space provided (Ctrl-C to copy, Ctrl-V to paste).

If you would like to run a trial version of What'sBest! (150 constraints, 300 variables, and 30 integers),
no license key is required, and just click Trial here.

If you have misplaced your license key, you will need to contact LINDO Systems.
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You can now start building and solving models using the What'sBest! menu and toolbar, integrated in
the Ribbon bar in Excel® version 2016:

HOGFEED xlsk - Excel Lindo Systems m]

g_ Share

0O = HE®E -

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

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

Al g F3 v

A B c D E F G H J P Q R 5 [«
1 ]
2 [SWINE & ROSES Hog Farm
3
4 Nutrients Per Unit Weight of Grain Nutrients Minimum  Dual
5 | tem 1 2 3 4 Supplied Regd Value
6
7 | Nutrient A 22 34 72 15 0.0 Not >= 24 51.00
8 | Nutrient B 14 11 0.0 0a 0.0 Mot »= 07 5100
9 | Nutrient C 23 5.6 11 13 0.0 Mot == 50 5100
10 | Nutrient D 12.0 119 418 521 00 Mot>= 210  $1.00
11
12
13 |Cost/Bushel  $3500 $50.00 $80.00 $95.00
14
15 Percentage Unity?
16 |of Blend 0.0% 00% 00% 00% HNot=
7
18| Dual Value $1.00  $1.00 $1.00 $1.00 o

HOGFEED ® v

Ready m - 1 + 1003
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In Excel® version 2002, the menu and toolbar show as follow:

E Microsoft Fxcel - HOGFEED.XLS M=
File Edit ‘\iew Insert Format  Tools  Data  Window | WEB! | Help -8 X
= Geneva 10 - B F U EEZF Adjustable. .. - i - *
GEEW 2= =9, Best...
WEMIN - v A =SUMPRODUCT(CIG:F16,C13: SETBGE Sy,
A Bl ¢ D E F G Solve KL
-] —
2 | SWINE & ROSES Hog Farm A oos >
3 Options [ 3
4 Mutrients Per Unit Weight of Grain Mutri Acvanced ,
5 | ltem 1 2 3 4 Supg - P
B Locate. ..
7 | Mutrient A 22 3.4 72 1.5 o [
8 | Mutrient B 1.4 1.1 0.0 0.8 s 0
9 | Mutrient C 23 8.6 1.1 1.3 About What'sBest! 0
1? Mutrient D 12.0 11.9 41.8 521 ToclBar [
12 Upgrade
E Cost/Bushel  $35.00 35000 $30.00  §95.00 ey
16 |Percentage Un Checklpdate
1$|nf5|end 00% 00% 00% 00% Nol 5 |anguage ,
158 | Dual Walue $1.00 .00 $1.00 F1.00
19
20 s
21 -
W 4« » »\HOGFEED / |« | Him
Ready I
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The What’sBest! Interactive Environment

What’sBest! offers two interactive methods to access commands, the What’sBest! menu and toolbar.
This section describes how to effectively use this interface.

In Excel® versions 2007 and later, What'sBest! shows an additional tab in the Ribbon layout:

. 1
& =0 Bookl - Microsoft Excel (E=Hcl™ >
Home  Insert  Pagelayout  Formulas  Data  Review  View  Developer  Team | What'sBest! 2@ o@ =
o K% Make Adjustable o 1 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 R Solve
= Equal To 2 Advanced - B About | @) check Update

Model Definition Settings Solvers | Information Services

In Excel® version 2002-2003:

1) The What’sBest! menu (WB!) is embedded in the main Excel® menu bar and appears as
follows:

File Edit ‘iew Insert Format  Tools  Data  iindow Help

The WB! menu contains all the commands discussed in ABC'’s: Basic Functions, and
Additional Commands.

2) The What’sBest! toolbar can float on your screen or be repositioned to a preferred part of
the Excel® window and appears as follows:

What'sBesk! v X

KXEX || |2 4= = = | &

The buttons on the toolbar correspond to the menu commands Adjustable..., Best...,
Constraints..., and Solve, which are discussed in 4BC’s: Basic Functions.
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Of these two access methods, the What'sBest! menu provides for full interactive use of the entire range
of What'sBest! commands. For faster access, the What'sBest! toolbar offers rapid one-click access to
the most commonly used operations. The What’sBest! toolbar 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'sBest! is first installed, the following events should occur:

1) the What'sBest! add-in is loaded;

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

3) the toolbar appears in floating (undocked) mode. The user may then reposition the What'sBest!
toolbar to a preferred part of the Excel® window.

To remove the toolbar from view, either go to WB!|Toolbar or to View|Toolbars on the main Excel®
menu bar and uncheck the What'sBest! toolbar. Reverse the process to return the toolbar to view.
Should you wish to remove the What'sBest! toolbar, you would use View|Toolbars|Customize...
command, select the What'sBest! toolbar, and press the Delete button. You would then have to reinstall
What'sBest! in order to restore the toolbar.

What’sBest! advises the user as to its progress via the Excel® status bar displayed at the bottom of the
Excel® window. This bar normally displays "Ready", but displays other messages when either Excel®
or What’sBest! is performing some activity that may be prolonged.

For further information on the What’sBest! add-in, see the Add-ins section.
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Developing a Model in What’sBest!

The ABC’s: Three Steps to What'sBest!
There are three steps to setting up a model to be solved by What'sBest!. Throughout this help file,
you'll find them referred to again and again. We call them the ABC's (Adjustable, Best, and

Constraints):
A. ldentify Adjustable Cells: The adjustable cells are the cells in the worksheet that

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

(Adjustable...) or the toolbar button (K5 K%,

B. Define Best: The best cell is the goal, or objective, of your solution. Typically, this is to
maximize or minimize an adjustable cell or some function of the adjustable cells.
What'sBest! allows only one best cell in the model. No best cell is needed when equation
solving or goal seeking. The menu command (Best...) or the toolbar button (&’ i.*) can

be used to define the best cell.

C. Specify Constraints: The constraint cells identify any limitations in a model. For
example, "Raw materials used in production must be less-than-or-equal-to raw materials
on hand". The constraint cells enforce these restrictions. They are defined by either the

menu command (Constraints...) or the toolbar buttons ( <= »= = ).

Once you’ve specified the ABC’s, you can solve ( ) your worksheet model and find the best
answer to your problem.
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TUTORIAL

This tutorial will introduce you to What'sBest! by showing you how to solve a simple linear problem
called the XYZ Production Problem. You should open the sample problem file XYZ.XLS located in the
WB directory in your C: drive, so you can finish formulating the model in this tutorial (The other
sample models have been completely formulated for you and are ready to solve).

Please note that the following discussion uses Excel® naming conventions (such as $C$5:3D4)
throughout.

The XYZ Production Problem

XYZ Corporation builds two computer models — the Standard and the Deluxe. 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: the Standard computer tower, the Deluxe computer tower, and a hard drive.

Standard Model Deluxe Model

\\

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, the XYZ.XLS file was copied to the WB subdirectory. If
you haven’t already done so, open the XYZ.XLS sample file:
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The XYZ Worksheet Before Optimization

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

Examine the layout and logic of the model. You might want to experiment with various “What If?”
projections. For example, try to adjust the Quantity to Produce in both cells (C5 and D5), so as to
maximize profit (G6) without allowing your Total Usage (E15:E17) to exceed the number of
components in stock (G15:G17).

For example, a sensible production plan might be to make as many Deluxe models as possible (since
these yield the highest per unit profit). Then, with what is left, make as many Standard models as
possible. This production plan would use all 50 Deluxe computer towers (E16), 20 Standard computer
towers (E15), and all 120 hard drives (E17) currently in stock. It would result in a total profit of
$31,000 (G6). However, this solution can be improved by using What’sBest!.
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The ABC’s

Now, let’s apply the ABC’s to this spreadsheet to show how What’sBest! provides you with the best
possible answer.

A. Determine Adjustable Cells

In this example, we first want What'sBest! to adjust the value for Quantities to Produce for both
models of computer (in cells C5:D5). What'sBest! requires that numbers be placed in all adjustable
cells. You may simply enter zeroes in these cells, although any number will suffice. Next, specify that
cells C5 and D5 are adjustable by selecting both cells and either:

1) choose Adjustable... from the WB! menu, and click OK, or
KX KX
2) use the Make Adjustable =™ toolbar button, or ¥~ to Remove Adjustable.

If you use the WB! menu to access the Adjustable dialog box, you’ll notice that the Adjustable dialog
box has $C$5:$D$5, the current selection, entered in the Refers To: text box. In the drop-down box,
the default setting Make Adjustable is already selected, so you need only click OK. What'sBest!
identifies an adjustable cell by applying an Adjustable style, distinguished by a default font color of
blue (as a visual reminder) and unlocked cell status as follows:

The Adjustable Cells in XYZ

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

Total Profit = (Quantity of Standard Models Produced)
TIMES (Profit per Unit of Standard Models)
PLUS (Quantity of Deluxe Models Produced)
TIMES (Profit per Unit of Deluxe Models)
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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 as =SUMPRODUCT(C5:D5,C8:D8). This function can be especially useful
when doing similar operations on larger ranges.

To make G6 the objective (best cell), move the cursor to that cell and either:

1) choose Best... from the WB! menu, select Maximize, and click OK, or
2) use the Maximize toolbar button | * .

If you use the Best dialog box via the menu, you’ll notice that the right text box on the Best dialog box
indicates $G$6, the current selection.

The Objective (Best Cell) in XYZ

(Zxlsy - Excel  LINDO Systems O

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

=C5*CE+D53*D3 w7

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

PROFIT:

[ 501

rements

Total Mumber




GETTING STARTED 15

C. Specify Constraints

The constraints for this problem are that the Total Usage of components (E15:E17) must be less-than-
or-equal-to the number in stock (G115:G17).

The formula for Total Usage of Standard tower components is =C5*C15+D5*D15. Cells E16 and E17
have similar formulas for the Deluxe tower and hard drives.

To specify the constraints, highlight the range F15:F17, then choose Constraints... from the WB!
menu, and click OK. Note that the Constraints dialog box has E15:E17 entered as Left-hand side
(LHS), =G15:G17 entered as Right-Hand Side (RHS), $F$15:$F$17 entered in Store in:, and <= (less-
than-or-equal-to), being the default, is entered as the constraint type. Alternately, you may use the <=

toolbar button after selecting the range to store the constraints. See The ABC’s for more information on
these defaults.

Automatic Generation of a Constraint

E

10 Product Component Reguirements

11

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

15 | Standard Tower 1 0 00 60
16 |Deluxe Tower 0 1 of” 50
17 |Hard Drive 1 2 of” 120
18

19

XYz ® 1

Ready oo Count: 3 H M - |
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At this point, let’s briefly summarize what we have done so far:
The XYZ Worksheet Before Optimization

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

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

A. Set Adjustable cells: This lets What'sBest! know that the spreadsheet cells denoting
Quantity to Produce (C5:D5) are the variables and can therefore be adjusted as
What'sBest! seeks an optimal answer.

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

C. Specify Constraints: XYZ's limitations are simply that Total Usage of inventory parts
(E15:E17) be less-than-or-equal-to the total Number in Stock (G15:G17). These
constraints are specified by means of the formulas in F15:F17.
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Now, you are ready to solve the XYZ model with What'sBest!. When you choose Solve from the WB!

menu or press i on the toolbar, the What'sBest! solver is started and the solver status window

appears like the one shown below:

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

Lib.;12.0.3977.32
Salver Status
todel Type:
State:

Iterations:
|nfeazibility:

O bjective:

Extended Solver Status
Salver Type:

Best Obij.:

Oby. Bound:

Steps:

Active:

e What'sBest!® Solver Status - 64-bit

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

Classification Statistic
Category Current
Mumerics:

Adjustables:
Integers/Bin.:
Farrnulas:

Constraints:

Monlinears:
Coefficients:

Ohbj. Direction;

Activity
Extracting Data...

Reading File
Elapzed Runtime

00:00:01 |

Hold / Interrupt

pod

b airnuam

Help

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

progress of What'sBest! toward a solution. The information about model properties will also appear on
the WB! Status worksheet tab added to your workbook after the model is solved, so don’t worry if the
window doesn’t remain long enough for you to read the information it contains. See the Solve section
for detailed information about the solver status window.
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The worksheet soon reappears indicating the highest possible profit:
The XYZ Worksheet After Optimization

O E d il - X¥Zxlsx - Excel LINDO Systermns | - O x
File Homu | Insert | Page | Form | Data | Revie | View | Devel | Help | Foxit | Teamn | What'| O Tell me ,q, Share
Al il .ﬂ' Lo

A B| € | D l E [ F | G L H | | J -
1 JYZ COMPUTER CORPORATION PRODUCTION PLAN
2
3 |Product: Standard Deluxe
4 PROFIT:
5 |Quantity to Produce: G0 30
6 | " $33,000
7
8 |Profit per Unit: 5300 3500
9
10 Product Component Requirements
1
12 |Components: Quantity Required: Total MNumber
13| Standard Deluxe Usage In Stock
14 |
15 | Standard Tower 1 0 607 =<= B0
16 | Deluxe Tower i 1 307 <= 50
17 |Hard Drive 1 2 1207 =<= 120
18 |

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

Ready 1 H B @ - I + 100%

The What'sBest! 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 $33,000—considerably higher than the $31,000 attained by simply building as many
Deluxe models as possible.

What’s Best If

It’s often useful to explore your optimization model from various angles. For example, what if you
learn that the 20 Deluxe computer towers remaining from the What’sBest! answer found above (G16 -
E16) will be obsolete after the current production run? In that case, it might be better to maximize the
utilization of this inventory than to maximize profit. Try this by making Total Usage of Deluxe
computer towers (cell E16) your best cell to be maximized. This is done by selecting cell E16,
choosing Best... from the WB! menu, clicking OK and then re-solving.
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What'sBest! will maximize the value of cell E16 without regard to the former objective of maximizing
Total Profit. Note that the resulting production of 50 Deluxe units completely exhausts the obsolete
inventory, but that profit has dropped from $33,000 to $25,000.

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

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

Working While Solving

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

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

The Next Step

The ABC’s: Basic Functions and Advanced Functions sections explain the What'sBest! commands in
depth. To learn more about the principles of optimization modeling, see Overview of Mathematical
Modeling. If you'd like to move on to more sophisticated problems, see Sample Models.




2 ABC’s; The Basics of
What 'sBest!

This chapter describes how to use the three basic commands that are used in building almost every
model for What’sBest!. We’ll refer to them as the ABC’s — Adjustable, Best, Constraints. These three
commands are the first commands at the top of the main WB! menu item on the Excel® menu. In
addition to the menu commands, you may use the corresponding toolbar buttons on the What’sBest!
toolbar.

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

Adjustable... k¥ K%
Constraints... €= »= =

After you have created your model by setting up the ABC’s, you can Solve ¥ your worksheet model
and find the best answer to your problem.

20
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Adjustable...

The dialog box posted by the Adjustable command appears 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'sBest! the cells that may be adjusted by the solver in it’s search for a solution that
optimizes the objective cell while satisfying all constraints.

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

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

See below for more detail on these options. Clicking OK will apply the change in properties.

Make Adjustable =

Select Make Adjustable to specify the range indicated in the Refers To: text box as adjustable cells.

Before What'sBest! 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, What'sBest! assumes the adjustable cells
can be set to any non-negative value.

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

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

+ the total demand for televisions

¢ the price of advertising to be purchased
¢ therisk of a particular stock

¢ the local building restrictions

Cells containing equations are also inappropriate as adjustable cells. What'sBest! cannot rewrite an
equation (although the value returned by an equation will change, if the equation depends upon any
adjustable cells).

What'sBest! will not alter the contents of cells specified as adjustable that contain equations, text, or
blanks. In other words, the cells must be numeric. Therefore, be sure to enter a numeric value in each
of your adjustable cells.

Note:  When the adjustable quality is applied to a cell, What'sBest! assigns a predefined Adjustable
style to the cell. This style is automatically made available to each of your What'sBest!
models and can be customized (e.g., font color) as you wish.

: KX
Remove Adjustable «

Select Remove Adjustable to return an adjustable cell to its fixed (non-adjustable) state. By default, a
cell is fixed until it has been specified as adjustable. When you instruct What'sBest! to remove a cell’s
adjustable status, the Adjustable style is removed from the cell and you will see the font color revert
from blue (or the font color you defined for the Adjustable style) to the original color.

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

Make Adjustable & Free or Remove Free

Select this to take the referenced cells and either set them as adjustable and free (capable of assuming
negative as well as positive values) or remove their free status. Making this selection and clicking OK
will post the Free dialog box to facilitate setting or removing the free status. For further discussion, see
the section entitled Free.

Refers To

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

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

The dialog box posted by selecting the Make Adjustable & Free or Remove Free command in the
drop-down list in the Adjustable dialog box appears as follows:

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

By default, adjustable cells are restricted to being greater-than-or-equal-to zero. However, you may
override this default lower bound of zero on an adjustable cell by making it free. Adjustable cells that
may assume negative as well as positive values are referred to as free variables. To create an adjustable
and free cell(s), specify the cell or cell range you wish to change in the Refers to: field. Then, enter a
name in the FREE Names in Workbook: field. You can choose any combination of letters for your
range name. Once this is done, pressing the Add button causes What’sBest! to assign a WBFREE range
name to the selected cells, which will appear in the list on the Free dialog box. For instance, if you
used the name “BuySell” in the FREE Names in Workbook: text box, a range name WBFREEBuySell
would be assigned to the selected cells.

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

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

For more information, see the Adjustable command above.
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Best...

For optimization models, you must define at least one best cell (equation-solving and goal-seeking
models do not require a best cell, as discussed below). The best cell, sometimes called the objective of
optimization, is the cell whose value is to be minimized or maximized during optimization. The best
cell must be an adjustable cell or a formula depending upon an adjustable cell defining exactly what it
is you want to optimize.

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

In a scenario with multiple goals, you can either

o employ the multi-objective optimization feature of What'sBest! (available for linear problems
with\without integer restrictions), or

e convert the problem to a model with one objective. To do so, consider maximizing or
minimizing one goal and constraining the others or combining goals into a single equation to
be maximized or minimized. For example, if the go