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Preface 
WhatôsBest!® 15.0 makes available to your Microsoft® Excel® spreadsheet program a highly 

developed solver capable of performing linear, integer, quadratic, conic, semi-definite, general 

nonlinear, global, and stochastic optimization on the most difficult of problems. WhatôsBest!® gives 

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

Visual Basic®. 

 

The earliest version of WhatôsBest!È became available in 1984 for VisiCalcÈ, and WhatôsBest!® has 

been under continuous development since then. Models have been built for WhatôsBest!® that solve 

problems in virtually every field of professional endeavor. The Sample Models are provided to 

demonstrate the range of applications for WhatôsBest!. 

 

WhatôsBest!® 15.0 includes major solver 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 updated pre-solver, and greater user control over the solution 

process.    

 

Ç Additional Functionalities All -Difference 

o All -Different ñALLDIFFò constraint type for enforcing distinct/different integer 

values, with the function =WBALLDIFF().  

 

Ç Performance Improvements 

o Symmetry killing for integer programs. 

o Global solver: Improved performance on heat exchanger network models. 

o Substantially improved performance on Markowitz portfolio problems with 

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

bought. 

o New NLP solver option for large sparse models. 

o Multiple corrections for supporting models developed with previous versions of 

What'sBest! 

 

 

 



xiv         

 

Other Valuable Features  
 

Ç Scenario Viewer 

This dialog box is useful to display the different solution values for a specific worksheet tab, 

either for an Integer K-Best model or a Stochastic Programming model. This tool works for the 

Adjustable, Constraints, and Dual function cells written in the same worksheet tab. 

 

Ç Convert Model Format 

The solver will assist you to convert a model made via competing spreadsheet modeling interfaces 

to a What'sBest! 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 What'sBest! Results. 

  

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

The solver module has been redesigned to support up-to-date platforms and operating systems 

(Windows® XP, Vista®, and 7, 8 with Microsoft® Excel® 2002 to 2016). WhatôsBest! can run 

models saved with the new workbook format ".XLSX", ".XLSM", or ".XLSB" with the maximum 

size of 16384 columns and 1048576 rows. What'sBest! is also provided as a 64-bit version for 

Excel® 2010 to 2016, 64-bit.  

 

Ç Select Display Language to be English, Chinese, French, or Japanese 

This feature allows the user to select the language of his choice to be either English, Chinese, 

French, or Japanese without reinstalling the add-in. The language selection makes easier the 

project for companies working in a multi-cultural environment.   

 

Ç Simulation Support 

Based on a stochastic model, the user can set up the random parameters and their associated 

distributions, and WhatôsBest! will calculate the values of the reporting cells. This feature is useful 

for simulating the behavior of some cells along the scenarios, and to display their histograms, 

without defining an adjustable, constraint, or objective cells.  

 

Ç Multithreading Support  

This includes multi-cpu extensions to take advantage of computers with multicore processors. The 

extensions 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 higher utilization 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. A parallel solver will generally give reproducible results but may not achieve 

100% utilization of all available cores.  

  

 

The WhatôsBest!® development team wishes you the Best in all your optimization endeavors! 

  

 

Copyright © 2017, LINDO Systems, Inc. 
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1 Getting Started with 
WhatôsBest! 

What is WhatôsBest! ? 
WhatôsBest! makes available to your Excel® spreadsheet program a highly developed solver capable 

of performing linear and nonlinear optimization on the most difficult of problems. WhatôsBest! 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 WhatôsBest! every day to model 

and solve problems in production, financial planning, personnel scheduling, resource allocation, 

portfolio management, stock cutting, inventory controlé Itôs 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 ð 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 ð 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. WhatôsBest! can find values 

that satisfy sets of equations or satisfy circular references. Similarly, WhatôsBest! can find values to 

accomplish a desired result ð 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 itôs difficult to find .37 of a person who is capable of meaningful work. 

Therefore, WhatôsBest! 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 WhatôsBest!, check that you have the following: 

Software 

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

§ Microsoft® Excel® 32-bit 2016, and previous versions 2002, 2003, 2007, 2010, 2013 

§ or Microsoft®Excel® 64-bit versions 2016, or older 2010, 2013 with latest Service Packs 

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 WhatôsBest!. 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 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 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 óWhat'sBest!ô entry or try reinstalling What'sBest!. 

You may be prompted for a license key the first time the software runs. You will find your 

WhatôsBest! license 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 key via e-mail, you may copy-and-

paste it 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: 
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In Excel® version 2002, the menu and toolbar show as follow: 
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The WhatôsBest! Interactive Environment 
WhatôsBest! offers two interactive methods to access commands, the WhatôsBest! 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: 

 

 

In Excel® version 2002-2003: 

1) The WhatôsBest! menu (WB!) is embedded in the main Excel® menu bar and appears as 

follows: 

 

The WB! menu contains all the commands discussed in ABCôs: Basic Functions, and 

Additional Commands.  

2) The WhatôsBest! toolbar can float on your screen or be repositioned to a preferred part of 

the Excel® window and appears as follows: 

 

The buttons on the toolbar correspond to the menu commands Adjustableé, Besté, 

Constraintsé, and Solve, which are discussed in ABCôs: 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 WhatôsBest! 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: 

 

 

 

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|Customizeé 

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. 

 

WhatôsBest! 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 WhatôsBest! is performing some activity that may be prolonged. 

 

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

The ABCôs: Three Steps to WhatôsBest! 
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. Identify  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 

(Adjustableé) or the toolbar button ( ). 

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 (Besté) or the toolbar button ( ) 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 (Constraintsé) or the toolbar buttons ( ). 

Once youôve specified the ABCôs, 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$5:$D4) 

throughout.  

The XYZ Production Problem 
XYZ Corporation builds two computer models ï 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 havenôt already done so, open the XYZ.XLS sample file: 
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The XYZ Worksheet Before  Optimization  

 

Examine the layout and logic of the model. You might want to experiment with various ñWhat If?ò 

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 WhatôsBest!. 
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The ABCôs 
Now, letôs apply the ABCôs to this spreadsheet to show how WhatôsBest! 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 Adjustableé from the WB! menu, and click OK, or 

2) use the Make Adjustable   toolbar button, or    to Remove Adjustable. 

If you use the WB! menu to access the Adjustable dialog box, youôll 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 
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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, youôll notice that the right text box on the Best dialog box 

indicates $G$6, the current selection. 

The Objective (Best Cell) in XYZ 
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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 Constraintsé 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 ABCôs for more information on 

these defaults. 

Automatic Generation of a Constraint 
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At this point, letôs briefly summarize what we have done so far: 

The XYZ Worksheet Before Optimization   

 

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  on the toolbar, the What'sBest! solver is started and the solver status  window 

appears like the one shown below: 

 

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 donôt worry if the 

window doesnôt 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 

 

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. 

Whatôs Best If 
Itôs 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 WhatôsBest! 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 ABCôs: 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. 
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2 ABCôs: The Basics of 
WhatôsBest!  

This chapter describes how to use the three basic commands that are used in building almost every 

model for WhatôsBest!. Weôll refer to them as the ABCôs ï 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 WhatôsBest! 

toolbar.  

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

Adjustableé 
 

Besté 
 

Constraintsé 
 

After you have created your model by setting up the ABCôs, you can Solve 
 
your worksheet model 

and find the best answer to your problem. 
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Adjustable...  
The dialog box posted by the Adjustable command appears as follows: 

 

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 itôs 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  

§ the risk 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. 

 

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 cellôs 

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:  

 

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 WhatôsBest! 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 ñBuySellò 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...  
The dialog box posted by the Best... command appears as follows: 

 

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

Select the objective sense you wish to apply from the drop-down 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 the text box on the right of the dialog box. WhatôsBest! defaults 

to entering the current selection. Clicking OK will define the best cell. 

 

Objective: 
Minimize or Maximize  

 

Select Minimize or Maximize to specify whether your objective is to determine the smallest or largest 

value for the best cell, respectively. These choices may also be made using the Minimize  and 

Maximize  toolbar buttons.  

For optimization models, you must define a 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. 
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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. 

You may specify no more than one cell to be maximized or minimized. Whenever you designate a best 

cell, any previously specified best cell returns to being a non-optimized cell. 

In a scenario with multiple goals, you should consider maximizing or minimizing one goal and 

constraining the others or combining goals into a single equation to be maximized or minimized.  

For example, if the goals for your factory are to maximize production output and minimize costs, there 

are clearly trade-offs between the two goals. You can choose to: 

1) Maximize output while constraining 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 equation of output minus total cost and maximize the 

single equation.  

None 
Select None to void any previously specified best cell. If no best cell is specified in a model, 

What'sBest! will try to find a solution that satisfies all constraints and relationships in the model 

without trying to maximize or minimize any particular cell. This is referred to as goal-seeking or 

backsolving. 

If you solve a model in which no best cell has been specified, a ñNo Best Cell Specifiedò warning 

appears in the status report after the solution process has completed. This warning is intended to notify 

the user that the specification of a best cell may have been inadvertently omitted. You may turn this 

warning on or off by the No Best Cell checkbox in the General Options dialog box posted by 

Options...|General command. 

Cell range 
Specify the cell to be maximized or minimized in this text box by using the button on the right edge to 

bring up a cursor for cell selection. Alternately, you may accept the currently selected cell, which is 

automatically selected by What'sBest!. You may also type the cell range to be specified as the best cell 

directly into the text box. 
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Constraints... 

The dialog box posted by the Constraints command appears as follows : 

 

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

To define a constraint, you must supply the left-hand side of the constraint, the right-hand side of the 

constraint, and the host cell where the constraint should appear. These go in the Left Hand Side (LHS):, 

Right Hand Side (RHS):, and Stored in: fields, respectively. 

Then, select <=  (less-than-or-equal-to), >=  (greater-than-or-equal-to), =  (equal-to), <c= (convex), 

>c= (concave), =c (convex), in order to specify the direction of the constraint. If no type is selected, 

What'sBest! will default to <= (less-than-or-equal-to). Selecting None will clear the cell. Clicking OK 

will apply the constraints. The user can explicitly specify the constraint convexity to the Solver, by 

integrating a "c" in the direction; see the Usage Guidelines for Constraints part for additional 

information. You need be concerned with <c= or >c= only if using the Global solver. 

Note: WhatôsBest! uses the loose inequality operators rather than the strict inequality operators of > 

(greater-than) and < (less-than). 

Left Hand Side (LHS):, Right Hand Side (RHS):, and Stored in: 
Specify the cells or ranges to be constrained in these text boxes. WhatôsBest! attempts to automatically 

fill in these boxes based upon what the current selection is. The cells just to the left of the currently 

selected cells are entered as the Left-Hand Side of the constraint. The cells just to the right of the 

currently selected cells are entered as the Right-Hand Side of the constraint. The currently selected 

cells become the Stored in: range displayed. When a row is selected, it is assumed the cells just above 

the row are the left-hand side and the cells just below are the right-hand side of the equation.  
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If these are not the ranges of cells you want, you can specify the cells or ranges by using the button on 

the right edge of each text box to bring up a cursor for cell selection or type the ranges in. However, 

you should use the following table when selecting cells or ranges: 

If the 

Left -hand side 

includes aé 

then 

Stored In 

should have aé 

and the 

Right-hand side 

should have aé 

single cell single cell single cell 

*range same shape and size range single cell 

*single cell range same shape and size range 

range same shape and size range same shape and size range 

*You can relate a left-hand side range to a single right-hand side cell or a 

right-hand side range to a single left-hand side cell. 

What'sBest! inserts a worksheet function called WB in the host cell(s) specified in the Stored 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 the WB function that was created. For example, select the B1 cell, 

choose the WB|Constraintsé command, and press OK on the Constraints dialog box to insert the 

formula =WB(A1, ñ<=ò, C1) into the cell B1. This formula indicates that the value in A1 should be 

less-than-or-equal-to that in C1. This could also be accomplished by selecting cell B1 and pressing the 

 toolbar button or typing the =WB(A1, ñ<=ò,C1) formula directly into the cell. 

Although it is typically easier to use the WhatôsBest! commands, constraints can be created in a 

WhatôsBest! model by copying or modifying existing constraints. What'sBest! will treat copied 

constraint cells the same as any constraint cell created by the menu or toolbar Constraints command. 

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

POSD-SDP Constraint Range    
To allow the use of the Semi-Definite Positive (SDP) capability with the LINDO Solver, specify the 

selection of the range matrix to be constrained by a Positive Semi-Definite function (POSD), as 

=WBPOSD(range). The range defining the matrix should be symmetric with the adjustable cells 

typically set to be free type (although not required), and greater than one cell. 

 

A sample case is provided with the file ñWBPOSDcase.XLSXò. This case is based on a covariance 

matrix, and shows the lower triangular matrix, its constraints, and the non-default option keeping the 

quadratic recognition on to minimize the sum of squared differences. Also, the POSD feature is not 

compatible with nonlinear constraints and objective. To retrieve compatibility, the model needs to be 

convex quadratic, with the adjustable cells set to be free type in the matrix, and the Quadratic 

Recognition should be turned on. 
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Usage Guidelines for Constraints 

In the real world, decisions are always constrained in some fashion. In the steel business, for example, 

you work within a budget to acquire finite amounts of ore, coke, alloy metals and power. Orders must 

be delivered on time and up to specifications,or you risk losing business. Such limits to doing business 

are referred to as constraints in the language of optimization modeling. With What'sBest!, you can use 

the operators >= (greater-than-or-equal-to), <= (less-than-or-equal-to), or = (equal-to) to express your 

particular constraints. 

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

1) The Constraints dialog box. 
2) The three constraint toolbar buttons. 
3) Manually entering constraint functions as cell formulas. 
4) Using VBA to automatically enter constraint functions as cell formulas.  

The first two methods only allow the entry of cell references (The dialog box method offers an error-

checking interface for out-of-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 titled wbConstraint. 

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".  
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In your What'sBest! model, if an adjustable cell representing the advertising expenditure was in cell B3 

and D3 was a fixed cell with a value of 10,000, you could enter the constraint formula 

=WB(B3,"<=",D3) anywhere in the spreadsheet to enforce the first constraint. We've entered it in cell 

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

second constraint. 

What'sBest! would then optimize so as to satisfy these constraints. With B3 selected as the objective to 

minimize, the program will select at least 100 exposures that add up to the lowest possible expenditure. 

With B6 selected as the objective to maximize, the program will select the highest number of 

exposures over 100 whose summed cost is less than $10,000. 

Alternatively, you could do away with cell D3 and use the formula =WB(B3,"<=",10000). The 

Constraints command lets you enter single-cell references in the left-hand side and single-cell 

references, single-cell range names, or values in the right-hand side of your formula. When entering a 

constraint formula manually, you have the additional option of entering an expression (which evaluates 

to a number, not an array) on either side of the Indicator, such as =WB(B3-B11,"<=", D3+D11). 

Constraint Display 
Using the Constraint option in the Display box under the Optionsé|General command, you can set the 

method of constraint display to either Indicator or Slack. If you set constraint display Indicator mode 

(the default), then the constraint is shown in the cell by one of the following eight visual indicators: 

<=, >=, =<=, =>=, Not <=, Not >=, Not =, or =. If you set What'sBest! to display the constraint in 

Slack mode, then a numeric value known as the slack is returned. The slack is the amount by which a 

constraint is not violated.  

For example, WhatôsBest! would display constraint values based upon the following table: 

 

Constraint Slack Mode Indicator Mode 

Tightly satisfied 0 =<= 

Satisfied positive number <= 

Not satisfied negative number Not <= 



ABCs        31 

 

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 Constraints - Unbounded Solutions 
Let's return for a moment to the XYZ Production model presented in the Tutorial of Getting Started. 

Had you forgotten to include constraints in the model and tried to solve, What'sBest! would have given 

an error message indicating Solution Status: UNBOUNDED in the WB! Status worksheet. An 

unbounded solution error occurs when a model is not properly constrained. Profit could be increased 

without limit by producing an infinite number of computers! What'sBest! knows you've left out one or 

more constraints and indicates that the problem is unbounded. 

In an actual production situation, there may be constraints other than raw material or component 

availability, such as limited plant capacity or labor supply. Excluding any of these could lead to an 

unbounded solution. Also, What'sBest! might give you an unbounded error message if you maximize 

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

Anytime What'sBest! finds the objective heading toward infinity, you'll receive the Solution Status: 

UNBOUNDED error message. For details, see the topic UNBOUNDED in Troubleshooting. 

No Feasible Solution Found - Linear 

What if you add a constraint that contradicts one or more of the existing constraints? In the XYZ 

problem, if you add a requirement that the number of Deluxe computers to be produced is greater than 

60, What'sBest! will return the Solution Status: INFEASIBLE message in the "WB! Status" worksheet. 

The original constraint requires that no more than 50 Deluxe computer towers be used. However, this 

new constraint requires production of at least 60 Deluxe computers, exceeding the limitation of the 

first constraint.  

Anytime What'sBest! can't find a solution to a linear problem that satisfies all constraints, you'll see the 

INFEASIBLE error message. By examining the state of the constraints in the returned infeasible 

solution, you may be able to determine how to reformulate and eliminate the source of infeasibility.  

No Feasible Solution Found - Nonlinear 
In a nonlinear problem, the Solution Status: INFEASIBLE message may not mean that there is no 

solution that satisfies all constraints. It only indicates that none can be found from the starting values 

you've entered in the adjustable cells. If you know or suspect there is a feasible answer to the problem, 

enter adjustable cell values that yield a feasible or near-feasible solution and try solving from that 

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

One other possible course to follow is to view the constraints in slack mode rather than Indicator 

mode. This helps you determine which constraints are furthest from being satisfied. Then, enter 

"educated guesses" for the adjustable cells, values that cause the constraints to come closer to being 

satisfied, and try solving again from these starting values.  
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Explicitly Specifying Convexity to the Solver  
One of the important considerations for the solver in finding a global optimum is the exploitation of 

convexity.  In laymanôs terms, if an optimization problem is convex, then a carefully implemented 

ñhill climbingò search algorithm (or valley finding 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 ability to identify convex 

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

but you suspect might not be identified as convex by our solver. WhatôsBest! allows special constraint 

types, ñ<c=ò, ñ>c=ò, and ñ=cò to allow users to identify constraints that have convex feasible regions. 

For example, suppose we have the constraints:  

       x^3 - 2*x*y + y^3 <= 6; 

       x >= .5; 

       y >= .5;  

The feasible region of this set of constraints happens to be convex. The user is justified in writing:  

       x^3 - 2*x*y + y^3 <c= 6; 

More generally, if f(x) is any function on the left hand side and the user writes:  

       f(x) <c= b; 

 The solver will assume that the feasible set for this constraint is convex. This is true for example if 

f(x) is a convex or quasi-convex function. Loosely speaking, a quasi-convex function is uni-modal; if 

you pour water into it, only one puddle would form. A convex function is also quasi-convex.  

If you have the constraint f(x) >= b, and you know that f(x) is a concave function then you are allowed 

to write:  

       f(x) >c= b;  

Finally, if you have the constraint f(x) = b, and you know that f(x) is a quasi-convex function then you 

are allowed to write:  

       f(x) =c= b;  

The interpretation is that we require f(x) = b, however, the feasible region to the relaxation, f(x) <= b, is 

convex.   

Similarly, if you have the constraint f(x) = b, and you know that f(x) is a quasi-concave function then 

you are allowed to write:  

       -f(x) =c= -b;  

The interpretation is that we require f(x) = b, however, the feasible region to the relaxation, -f(x) <= -b, 

or, f(x) >= b, is convex.  

 

  



ABCs        33 

 

Solveé         

Once the ABC's (Adjustable, Best, and Constraint cells) have been specified, you are ready to solve 

your model. Choosing the Solve command prompts the What'sBest! solver to begin examining and 

solving your model. During the time that the solver is computing, it displays the Solver Status window, 

which appears as shown below. 

 

  

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 entitled WB! Status. This new worksheet is referred to as the status report.  

 

The status report is an easily understood analysis of the model and solution. It provides a hard copy of 

the information appearing in the solver status window. The section entitled Getting the Best Results 

discusses the information contained in the status report in further detail. 

 

You may use the InterruptSolver button on the solver status window to interrupt the solver while it is 

solving. If you do, you can not expect any useful information to be returned unless you have an integer 

problem. In the case of an integer problem, the best solution to the point of interruption is returned. For 

linear problems and non-linear problems, the returned values will not be useful.  
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The definitions of the information in the What'sBest! solver status box are shown below. 

 

Model Type: This shows one of six categories your model falls into: Integer/Quadratic, 

Integer/Nonlinear, Integer/Linear, Quadratic, Nonlinear, Linear. For further information on these 

categories see the section entitled Linear vs. Nonlinear Expressions and Linearization in Overview of 

Mathematical Modeling. 

 

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

Infeasible, Unbounded, Feasible, Infeasible or Unbounded, Near Optimal, Locally Optimal, Locally 

Infeasible, Cutoff, Numerical Error, Undetermined, Unknown Error. (See Overview of Mathematical 

Modeling for more information on these states).  

 

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

updated periodically in the course of solving. 

 

Infeasibility:  This shows the total amount by which all constraints are violated. When this value is 

reported as zero, all constraints are satisfied. However, on integer models, all integer restrictions may 

not be satisfied. 

 

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

 

Solver Type: This shows the type of specialized solver in use, if any, and will be either Global, 

Branch-and-Bound, or Multistart. 

 

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

 

Obj. Bound: This shows the theoretical bound on the objective for integer or nonlinear programming 

models. What'sBest! 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 value the objective can attain. On long-running 

models, you might want to interrupt the solver once the best solution is sufficiently close to the 

theoretical limit. 

 

Steps: This shows the number of solver iterations. 

 

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

 

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

 

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

 

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

 

Formulas: This shows the number of formula cells. 

 

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 appears nonlinearly in a formula when that formula is nonlinear with respect to changes 

in the variable. For instance, consider the nonlinear expression X+Y^2. This expression is nonlinear 

with respect to Y, but it is linear with respect to X. Thus, Y would be included in the nonlinear count, 

while X would not. 

 

Coefficients: This shows the total number of coefficients in the best cell and all formulas dependent 

on adjustable cells. Mathmaticians refer to this as the number of nonzero elements. 

 

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

 

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

performing. 

        Extracting Dataé / Check license, copy file 

        Extracting Dataé / Reading file 

        Extracting Dataé / Storing relevant formulas 

        Extracting Dataé / Creating Instruction List 

        Building the Modelé 

        Solvingé 

        Debugging... / Finding Infeasible Cells or Finding Unbounded Cells if Debugger requested 

        Writing Solutioné 

During the last stage, What'sBest! writes the solved values of the adjustable cells directly into your 

spreadsheet and writes the requested reports. 

 

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

seconds. 

 

Note:     Variables or Optimizables is defined as the total number of adjustable cells, constraint cells, 

and cells containing formulas dependent on adjustable cells that are used by the objective 

function. 
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Getting the Best Results 
You can obtain the results of your call to solve the model by either examining the values displayed in 

the spreadsheet or by looking at the status report (WB! Status) and/or the solution report (WB! 

Solution).  

In some cases, such as when you have a pretty good estimate of what the objective should be, you 

might feel satisfied after inspecting the best cell. However, even under such ideal conditions, it is a 

good idea to confirm that your model solved successfully by examining the status report. The status 

report provides detailed feedback about your model and the solution outcome. 

If you wish a more detailed view of your model, you may request the solution report as well. The 

solution report provides a detailed analysis of the adjustable, best, and constraint cells, showing the 

initial and final values, as well as the locations of the cells. The generation of the status report and 

solution report is controlled by settings at the bottom of the General Options dialog box. 

If an error or warning situation was encountered that prevented the solver from running to completion, 

then, by default, the solver opens up the status report to give you the error or warning message. This 

message describes the problem the solver encountered and offers suggestions for correcting it. The 

user may change the error and warning situations under which the status report is automatically opened 

at the bottom of the General Options dialog box. 
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The status report generated by solving the completed sample model XYZ.XLS is shown below: 

 

The status report is organized as follows. First, final values for the fields appearing in the solver status 

window are presented. At its conclusion, the status report appends critically important information 

such as the solution status. The fields in the report and the significance of the returned values are as 

follows: 

Classification Data:  
Total Cells: This shows the total number of numeric cells in the model. These are the cells 

useful to the model, containing the Numerics, Strings, and the Constraints. 

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

Constant, and Formula cells. 

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

Continuous: This shows the number of Adjustable cells with a continuous range [0, +infinity[. 
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Free: This shows the number of Adjustable cells with a free range, ]-infinity, +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]. 

Constants: 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 formula to the model. This 

does not count the constant arguments within a formula. 

Strings: This shows the number of cells containing a string of characters, or an unsupported 

function converted into its string value. This does not count the string arguments within a 

formula. 

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

Nonlinears: This shows the number of adjustable cells that appear nonlinearly in the model. 

We say that a variable appears nonlinearly in a formula when that formula is nonlinear with 

respect to changes in the variable. For instance, consider the nonlinear expression X + Y^2. 

This expression is nonlinear with respect to Y, but it is linear with respect to X. Thus, Y 

would be counted in the nonlinear count, while X would not. 

Coefficients: This shows the total number of coefficients in the best cell and all formulas 

dependent on adjustable cells. 

Variables: This shows the total number of adjustable cells, constraint cells, and cells 

containing formulas dependent on adjustable cells that influence the best cell. This 

information appears after an automatic linearization. 

Minimum and Maximum coefficients: These are the largest and smallest absolute values of  

coefficients appearing in the model.  When the ratio of these two values becomes very large 

the model is said to be poorly scaled.  Poorly scaled models can lead to numerical round off 

errors in the solver.   

These values are supplied with their location to assist you in tracking them down.  Note that 

ñ<RHS>ò signifies the Right Hand Side of a constraint. If the location given is ñéò, this 

means that no specific cell location is available and that the coefficient appears in a constraint 

added to the model as part of the linearization option. 

Model Type: WhatôsBest! examines your model to determine which of six types your model 

falls under: Integer/Quadratic, Integer/Nonlinear, Integer/Linear, Quadratic, Nonlinear, 

Linear. For further information on these categories, see the section entitled Linear vs. 

Nonlinear Expressions and Linearization. 

Solution Status: This field gives the status of the final solution. The list of possible states is 

Globally Optimal, Infeasible, Unbounded, Feasible, Infeasible or Unbounded, Near Optimal, 

Local Optimal, Locally Infeasible, Cutoff, Numerical Error, Unknown, Unloaded, Loaded and 

Unknown Error. (See Solution Outcomes in Overview of Mathematical Modeling for more 

information).  
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Optimality Condition:  This shows the optimality condition for nonlinear models, either 

Satisfied or Uncertain (See Solution Outcomes for more information). 

Objective Value: Assuming your model contains a best cell to be maximized or minimized, 

this field displays its final value. 

Direction: Assuming your model contains a best cell, this field displays its direction. The 

direction will be listed as either Maximize or Minimize. 

Solver Type: This shows the type of any extended solver in use over and above the standard 

linear and nonlinear solvers. Possible extended solvers are: Global, Branch-and-Bound, or 

Multistart. 

Tries: This shows the current number of tries (or iterations) needed to solve the model. 

Infeasibility : This shows the total amount by which all constraints are violated. When this 

value is reported as zero, all constraints are satisfied. However, on integer models, all integer 

restrictions may not be satisfied. 

Best Objective Bound: Assuming a best cell is present, this shows the theoretical bound on 

the objective for integer programming models or any model solved with the global solver. 

Steps: This shows the number of solver steps required by any extended solver. 

Active: This shows the number of pending subproblems to be solved by any extended solver. 

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

and seconds. 

Additional detailed information about your model can be found by generating a solution report. You 

can enable the solution report option via the Solution Report drop-down box on the General Options 

dialog box. 
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3 Additional Commands 
What'sBest! has a number of additional commands to allow you to do such things as perform 

sensitivity analysis, identify integers variables, change the type or appearance of a report, or locate a 

particular type of cell. Others will wish to tailor the performance of the solvers by manipulating 

various option settings. This chapter discusses these additional commands and options. 

Options and Solvers 
Some options in What'sBest! pertain to the overall operating parameters of the What'sBest! solvers or 

to the user interface and data display. These general options (such as Iteration limit or Runtime Limit) 

are set in the General Options dialog box. Other options modulate the performance of a particular 

solver. For example, Model Reduction is a linear solver option and is set in the Linear Solver Options 

dialog box.  

For most models, the default option settings should offer the best performance in a standard running 

environment. However, as you build more complex models, you may benefit from trying new option 

settings or be required to change the settings to get a valid of good solution. In order to effectively use 

the options, the user should understand the four-solver architecture of What'sBest! and the types of 

options that are available. 

The four classes of solvers available in What'sBest! are linear, nonlinear, global, and integer. The 

downloadable and solver suite versions of What'sBest! are supplied with a linear solver, a nonlinear 

solver, global solver, and an integer solver. Larger versions of What'sBest! are equipped with linear 

and integer solvers only. A nonlinear solver and a global nonlinear solver are provided optionally for 

additional fees. The linear solver generally runs in primal simplex mode, but it can be set to dual 

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

What'sBest! options apply only to the current model. That means options are defined as Excel® names 

in the workbook and are not saved for other workbooks. The What'sBest! option names usually start 

with óWBxxxò and thus are separated alphabetically from the user defined names. The Reset to Default 

command resets the workbook options, but not options defined in the Advanced Parameters window. 

The workbook options are General Options, Linear Solver Options, Nonlinear Solver Options, Global 

Solver Options, Integer Pre-Solver Options, Integer Solver Options, and Stochastic Solver. 
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The algorithms used by the solvers are as follows. The linear solver in What'sBest! uses either a primal 

simplex, dual simplex, or barrier method. The Solver Method default setting of Solver decides selects 

the primal simplex method. The What'sBest! nonlinear solver uses a generalized reduced gradient 

(GRG) algorithm. The What'sBest! global solver combines a series of range bounding techniques 

within a brand-and-bound framework to find global solutions to non-convex NLPs. Finally, the integer 

solver provided in What'sBest! uses a branch-and-bound algorithm, also referred to as the branch-and-

bound manager. 
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Integersé|Integer-Binary... 
The Integers...|Integer-Binary command allows you to restrict your adjustable cells to being integers. 

WhatôsBest! allows you to define integers in either binary or general format. A binary integer will 

return a zero or one, whereas any nonnegative, whole number {0,1,2,3é} will be returned for a 

general integer. The Integer dialog box appears as follows: 

 

To create an integer range, specify the cell or cell range you wish to make integer in the Refers to: text 

box. Then, enter a name in the Integer Names in Workbook: text box. Next, select the Binary - WBBIN 

or General - WBINT radio button in the Integer Type box. Once this is done, pressing the Add button 

causes WhatôsBest! to assign a WBBIN or WBINT range name to the selected cells, which will appear 

in the list on the Integer dialog box. 

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

command, click on the name of the integer range to remove, and press the Delete button. It is 

important to remember that integer restrictions can increase solution times as discussed in the section 

entitled Runtime Concerns. 
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Integer Names in Workbook 
What'sBest! uses range names to specify which cells in a model should be integers. You can choose 

any combination of letters for your range name. When the range name is created, WhatôsBest! adds 

WBBIN or WBINT to the front of the name to represent, respectively, binary integers and general 

integers. For instance, if you used the name "Quantity" in the Integer Names in Workbook: textbox for 

a general integer, a range name WBINTQuantity would be assigned to the selected cells and appear in 

the list on the Integer dialog box. 

Refers to 
Specify the range of cells that are to be made integer in this text box. WhatôsBest! will automatically 

fill the Refers to: text box in with the range of the currently selected cells. If this is not the range of 

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

to bring up a cursor for cell selection. 

 

Binary-WBBIN 
Select the Binary radio button in the Integer Type box to cause What'sBest! to constrain the current 

range of cells specified in the Refers to: text 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, What'sBest! will find the best solution that 

returns a 0 or 1 in that cell. 

General-WBINT 
Select the General radio button in the Integer Type box to cause What'sBest! to constrain the range of 

cells specified in the Refers To: text box to be a positive, whole number. General integer variables 

(0,1,2é) can be useful when answers with fractions are of limited or no value. Some examples are 

personnel scheduling, buy/sell decisions involving round lots, and discrete loading models. If a cell is 

specified as general integer, What'sBest! 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 are diminished 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 

Tolerance and/or Hurdle (Known IP). Such options can significantly decrease the solution time on 

some integer problems. For details on these options, see the section entitled Options...|Integer Solver. 

Integersé|Special Ordered Set 
The Integers...|Special Ordered Set command allows you to support Special Ordered Sets (SOS) 

variables of type 1, 2 and 3, and Cardinality sets of variable via the following dialog box: 

 

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

SOS Type Property  

WBSOS1 At most one variable belonging to an SOS1 set will be > 0. 
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WBSOS2 At most two variables in an SOS2 set can be > 0. If two variables 

are nonzero, then the variables will be adjacent to one another. 

SOS2 sets are particularly useful for implementing piecewise-linear 

functions in models. 

WBSOS3 Exactly one variable from a given SOS3 set will be equal to 1. All 

remaining variables will be equal to 0. 

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

=WBSOS1(range reference, ...)   

Note:        Each variable in an SOS set counts against the integer variable limit imposed in limited 

versions of What'sBest!. SOS sets are supported for linear models only.  

Cardinality 
Related to the SOS capability discussed above, What'sBest! also supports cardinality sets of variables 

via the WBCARD function. The cardinality feature allows you to specify a set of variables with a 

cardinality of N, meaning that, at most, N of the variables in the set will be allowed to be nonzero.  

As with SOS sets, cardinality sets help the integer solver branch more efficiently, and they reduce the 

number of variables and constraints in your models. 

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

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

Note:        Each variable in a CARD set counts against the integer variable limit imposed in limited 

versions of What'sBest!. CARD sets are supported for linear models only. 
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Select Any Cells 
This reference field allows you to select any of the Adjustable or Variable cells that will be part of the 

set. You can select multiple range by holding the Control (Ctrl) key. Then click on Add to store them 

in the List of Selected Cells field.  

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

clicking on Add or Remove buttons.  

Place the Function in Cells 
Specify the host range of cell you would like to see the SOS or CARD function to be placed in the 

spreadsheet. What'sBest! automatically fills this box with the current cell selection. 

If the selection already contains a WBSOSx or a WBCARD function, then What'sBest! will  display the 

cells argument into the List of Selected Cells. 
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Integersé|Semi-continuous 
The Integers...|Semi-continuous command allows you to support Semi-continuous variables via the 

following dialog box:  

 

 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 semi-continuous. Modeling semi-continuity in 

What'sBest! in the past meant having to add an additional 0/1 variable and two additional constraints. 

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

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

This will restrict the variable in the range references, to be either 0 or to lie within the range 

[lower_bound, upper_bound]. 

Note:        Each semi-continuous variable will be counted against any integer variable limit 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 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 Adjustable or Variable cells that will be part of the 

set. You can select multiple ranges by holding the Control (Ctrl) key. Then click on Add to store them 

in the List of Selected Cells field.  

List of Selected Cells 
This field will list all the cells that are part of a Semi-continuous set. You can modify the list by 

clicking on Add or Remove buttons. 

Place the Function in Cells 
Specify the host range of cell you would like to see the SEMIC function to be placed in the 

spreadsheet. What'sBest! automatically fills this box with the current cell selection. 

If the selection already contains a WBSEMIC function, then What'sBest! will display the cells 

argument into the List of Selected Cells. 
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Integersé|All-different 
The Integers...|All-different command allows you to support All Different variables via the following 

dialog box:  

 

 

Many models require certain integer variables to be all different and lie within some range. Variables 

with this property are said to be All Different. Modeling with all differences in What'sBest! 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 all-different variable will be counted against any integer variable and constraint 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 cannot be variable numbers. 

 

Select Any Cells 
This reference field allows you to select any of the Integer Adjustable or Variable cells that will be part 

of the set. You can select multiple ranges by holding the Control (Ctrl) key. Then click on Add to store 

them in the List of Selected Cells field. 

 

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 All-different set. You can modify the list by clicking on 

Add or Remove buttons. 

 

Place the Function in Cells 
Specify the host range of cell you would like to see the ALLDIFF function to be placed in the 

spreadsheet. What'sBest! automatically fills this box with the current cell selection. 

 

If the selection already contains a WBALLDIFF function, then What'sBest! will display the cells 

argument into the List of Selected Cells. 

 

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

puzzle case, where the user fills out a 9x9 grid with the digits 1, 2, é , 9 so each digit appears once in: 

 

  a) each column, 

  b) each row, 

  c) each of the nine 3x3 subsquares. 

 

All Adjustable cells should be Integers, and some of the cell entries may be pre-specified as constant. 
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Options... 
The Options command allows you to customize the operating parameters of the What'sBest! solvers, 

the user interface, how What'sBest! runs and how your model is displayed. There are several sub-

commands under the Options command on the WB! menu. They are: 

§ General... 

§ Linear Solver... 

§ Nonlinear Solver... 

§ Global Solver... 

§ Integer Pre-Solver... 

§ Integer Solver... 

§ Stochastic Solver 

§ Reset to Default 

 

From the dialog boxes posted by these commands, you can set the options by simply selecting the 

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

values, you should use the WB!|Optionsé|Reset to Default command to return all WhatôsBest! options 

to their default values. 
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Options...|General 
The dialog box posted by the Options...|General command appears as follows: 
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The General Options dialog box contains options that let you control the ways in which What'sBest! 

displays, processes, and saves information. All of the options in the General Options dialog 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 use the Reset to Default 

command to return all workbook options in the current model to their default values, with the 

exception of the Advanced Parameters options. Discussion of the General Options follows below. 

Feasibility Tolerance 
You can specify the amount of violation that will be tolerated in a modelôs constraints with the 

Feasibility Tolerance text box. Increasing the feasibility tolerance can allow you to find a feasible 

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

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

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

The best solution would be to rescale the model, but setting the feasibility tolerance offers a simpler 

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

violation, such as a few pennies in a budget of tens-of-thousands, 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 

the Iteration Limit (Iterations) textbox. If this limit is encountered before a solution has been found, 

then the solution search is terminated and, if the model contains integer variables, the best integer 

solution found up to that point is returned. If this limit is encountered and the model does not contain 

integer variables, the returned solution is meaningless. Please note that returning to any previously-

established best solution may take some time.  

The default value is None, signifying that no iteration limit is imposed. 

Runtime Limit 
You can specify the maximum amount of time in seconds the solver should spend searching for a 

solution with the Runtime Limit (seconds) text box. If this runtime limit is encountered before a 

solution has been found, then the solution search is terminated and, if the model contains integer 

variables, the best integer solution found up to that point is returned. If this limit is encountered and the 

model does not contain integer variables, the returned solution is meaningless. Please note that 

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

The default value is None, signifying that no runtime limit imposed. 

Constraint Display 
Select Slack or Indicator to prompt What'sBest! to return the slack value or indicator display for the 

constraint cells.  
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Indicator  mode places the sign of the equation (>=, <=, =) in the constraint cell. If an indicator is 

tightly satisfied (i.e., the constraint contains no slack), then What'sBest! will return an equal sign 

before the indicator (i.e., "=<="). If an indicator is not satisfied at all, What'sBest! will return a "Not" 

before the indicator (i.e., "Not =").  

Slack mode displays the slack value of each constraint. The slack value of a constraint tells you how 

close you are to satisfying the constraint. A positive slack is the amount by which the constraint is 

overly-satisfied. A zero slack value means the constraint is exactly satisfied. A negative slack is the 

amount by which the constraint is violated. Computing the slack of a constraint involves simply 

subtracting one side of the constraint from the other side.  

The default setting is indicator mode. 

Auto Select Free/Int/Omit Ranges 
Check this option if you want the Free, Integer, or Omit ranges selected as you scroll through any list 

of WhatôsBest! defined named range names (these range names begin with WB). With this option 

checked (on), the range corresponding to a particular name is selected when you click on that name on 

the list. This enables you to easily identify the range corresponding to a particular name. 

The default setting is on. 

Minimize Excel® on Solve 
Check this option if you would like Excel® to be minimized while the WhatôsBest! solver is running. 

The default setting is off. 

Number of Threads 
This feature will tell the WhatôsBest! solver to run on multiple threads, 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 choice for the threads: 

 

Solver Decides - Use the best performing multithreading solver on average (either concurrent or 

parallel) for model type when the number of threads is greater than 1; otherwise, it runs single 

threaded. 

 

Parallel Preferred - Prefer parallel over concurrent, but use concurrent if an appropriate parallel solver 

does not exist. 

 

Parallel Only - The solver will run the parallel mode. 

 

Concurrent Preferred - Prefer concurrent over parallel, but use parallel if an appropriate concurrent 

solver does not exist. 

 



56        CHAPTER 3 

 

Concurrent Only - The solver will run the concurrent mode. 

Hide Status Window on Solve 
Check this option if you would like to hide the Status Window while the WhatôsBest! solver is 

running. 

The default setting is off. 

Linearization 
The linearization options offer significant performance gains to some nonlinear models by replacing 

nonlinear operations with mathematically equivalent linear operations. An example of such 

performance gains may be seen in the sample model entitled Linearization Option and Construction 

Cost Estimation. 

Degree 
Many nonlinear operations, such as abs(x) and min(x,y),  can be replaced by linear operations that are 

mathematically equivalent. The ultimate goal is to replace all the nonlinear operations in a model with 

equivalent linear ones, thus allowing you to use the faster and more robust linear solvers in 

WhatôsBest!. We refer to this process as linearization.  

Specify the extent to which WhatôsBest! should attempt to linearize models with the Degree drop-

down box. The available options here are Solver Decides, None, Mathematical, and Mathematical, 

Logical. Under the None option, no linearization occurs. With the Mathematical option, WhatôsBest! 

linearizes ABS(), MAX(), and MIN() function references as well as any product of binary variables and 

at most one continuous variable. The Mathematical, Logical option is equivalent to the Mathematical 

option plus it will linearize AND(), IF(), INT(), NOT(), OR(), SIGN(), SUMIF(), VLOOKUP(), and 

HLOOKUP() functions and all logical operators (<=, =, >=, and <>). Under the Solver Decides option, 

WhatôsBest! will do maximum linearization if the number of adjustable cells doesnôt exceed 12. 

Otherwise, WhatôsBest! will not perform any linearization. WhatôsBest! defaults to using Solver 

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 the WB! Status report.  

Delta Coefficient 
You can specify how closely you want the additional constraints added as part of linearization to be 

satisfied with the Delta Coefficient text box. 

WhatôsBest! defaults to a Delta Coefficient coefficient of 0.000001. 

Big M Coefficient 
Specify the Big M value to use during linearization with this text box. When WhatôsBest! linearizes a 

model, it will add forcing constraints to the mathematical program generated to optimize your model. 

These forcing constraints are of the form: 
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       f( Adjustable Cells) = M Å y 

where M is the Big M Coefficient and y is a 0/1 variable. The idea being that, if some activity in the 

adjustable cells is occurring, the forcing constraint will drive y to take on the value of 1. Given this, if 

we set the 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 make Big M quite large, thereby minimizing the 

chance of an infeasible model. Unfortunately, setting Big M to a large number can lead to numerical 

roundoff problems in the solver resulting in infeasible or sub-optimal solutions. So, getting a good 

value for the Big M Coefficient may take some experimenting. 

The default value for Big M is 100,000. 

Status Report 
Use the Status Report option to specify under what conditions, if any, you would like a status report 

created when a model is solved. The available options here are: Never Created, Always Created, Only 

on Error/Warning. The Never Created selection means that What'sBest! will not insert a status report. 

The Always Created is selected by default, and What'sBest! will insert a status report worksheet 

entitled WB! Status into the current workbook every time you solve. By selecting Only on 

Error/Warning, What'sBest! will insert a status report worksheet entitled WB! Status only if an error or 

warning from calculation is encountered. If there are no errors or warnings, then no status report is 

inserted. 

 

The status report contains the model's classification statistics, options selected, and any error messages 

or warnings generated during the last attempt to solve the model. To view the status report, just click 

on the WB! Status tab of your workbook. The information presented in the status report is discussed in 

the Solve section or the Solution Outcomes section in Overview of Mathematical Modeling. 

 

The What'sBest! default is Always Created, meaning that a status report is created and inserted into the 

workbook upon each solve. 

Solution Report 
Select the Solution Report checkbox to tell What'sBest! you would like a solution report created when 

the model is solved. The next time you solve, What'sBest! will generate a worksheet called WB! 

Solution containing different listings. 

 

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

 

Always Created: this 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 Detail: for linear models, there will be additional information for the coefficients 

involved in the objective cell formula, showing the initial values and the relative ranges for sensitivity 

analysis on the objective value. 
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Full Report: in addition to the detailed report, the last part shows a summary of the location for the 

Adjustable, the Constraint, and the Nonlinear block of cells, to ease the understanding of the model. 

This part may take a few moments to be generated. 

 

Click on the WB! Solution tab to see the solution report. 
 

Here's an example of the solution report "WB! Solution" for the XYZ sample model covered earlier: 

 

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

Beginning or End 
Select the Beginning or End radio button to tell What'sBest! whether to place any reports (status and/or 

solution report) at the beginning of the worksheet tabs (far left) or at the end of all worksheet tabs (far 

right). 

The default is to insert the reports at the 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 functions or formulas are present in the model. 

Nonlinear functions can adversely affect the speed and performance of the What'sBest! solver. 

When possible, nonlinearities should be avoided. See Overview of Mathematical Modeling for a 

discussion of nonlinear relationships. 

 

No Best Cell - warning that no objective (best cell) is specified for the model. The omission of a 

best cell may be intentional (e.g., in a goal seeking model) or unintentional (e.g., in an 

optimization model). 

 

Reference to Blank Cell - warning that blank cells are referenced in formulas. The reference of a 

blank cell in a formula may be intentional (e.g., summing across a large range that contains a few 

blank cells) or unintentional (e.g., accidentally referencing A21 instead of A12). 

 
Unsupported Function - warning that an unsupported function appears in the model. The value of 

a cell containing an unsupported function will not be recalculated during the solution process. 

 
String Argument Present - warning that a text argument appears in a function that is expecting a 

numeric argument. Unexpected text arguments are treated as if they have a numeric value of zero. 

 
Irreconcilable Constraint - warning that a violated constraint does not depend upon adjustable 

cells, and, therefore, cannot be reconciled. 

 
Infeasible Constraint - warning that the debugger feature will list the infeasible constraints. These 

constraints are contributing to the infeasibility of the model. 

 
Unbounded Variable - warning that the debugger feature will list the unbounded variables. These 

constraints are contributing to unbound the model. 

 
Support Lookup Functions - warning that the Lookup functions will be read and processed; 

otherwise, these functions will be treated as unsupported functions. 

The default is to display all warnings except the Reference to Blank Cell and the Infeasible Constraint 

debugger warnings. 

Update Links  
Select the Update Links button to update all WhatôsBest! functions in the current workbook to point to 

the present location of the WhatôsBest! add-in file (WBA.XLA  or WBA.XLAM ). 

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

What'sBest! program files were in a different location, Excel® displays a message about "automatic 

links" and asks: "Update all Linked Information?". You may reply No to this dialog box given that the 

Excel® link update wonôt update the links to the What'sBest! add-in. If you now look at a cell 

containing one of the What'sBest! functions, you will see that it contains the path of the What'sBest! 

add-in file at the time the function was created. For example, a function of the form: 
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       =WB(A1,"<=",B1) 

has a prepended path and appears something like this:  

       =ôC:\PROGRAM FILES\MICROSOFT OFFICE\OFFICE10\LIBRARY\wba.xlaô!WB(A1,"<=",C1) 

Or in Excel® 2007: 

       =ôC:\PROGRAM FILES\MICROSOFT 

OFFICE\OFFICE12\LIBRARY\LINDOWB\wba.xlamô!WB(A1,"<=",C1) 

The Appendix section of this manual gives additional information on the location of the Add-in files. 

In the case of the sample model files, the prepended path may not coincide with the path to your 

What'sBest! add-in file. For this reason, Excel® prompts you to update links and, after declining this, 

you should use the What'sBest! Update Links button (in the General Options dialog box). The Update 

Links command in What'sBest! finds the path to your What'sBest! add-in file and then returns the 

equations to the previous form without a prepended path. If you leave the paths in their incorrect form, 

then Excel® fails to find your What'sBest! add-in 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 the Delete Reports button to remove the WB! Status, the WB! Solution, WB!_ Stochastic and 

the WB!_Histogram reports from the workbook you have open. The next time you solve the model, 

new reports will be generated according to your specifications in the Status Report and the Solution 

Report drop-down boxes. You might want to use the Delete Reports button if you have already solved 

the model and want to save it without the What'sBest! reports, especially when the reports are at the 

end of many worksheets. 
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Options...|Linear Solver 
The dialog box posted by the Options...|Linear Solver command appears as follows: 
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This command allows you to set a number of options controlling the function of the linear solver. 

Scale Model  
Select the Scale Model checkbox 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 default setting is to enable scaling. 

Model Reduction  
Enable the Model Reduction checkbox to have the solver identify and remove extraneous variables and 

constraints from the formulation before solving. In some cases, this greatly reduces the size of the 

model to be solved to the userôs benefit. In other cases, reduction only adds to the solution time 

without significantly decreasing the size of the model. Because Model Reduction can offer significant 

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

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

try both settings to determine which setting offers better performance.  

The default is to enable reduction. 

Solver Method  
Indicate the method you would like the linear solver in What'sBest! to employ using the Solver Method 

drop-down box. Possible choices include: Solver Decides, Primal Simplex, Dual Simplex, and Barrier. 

The simplex method moves along the surface of the feasible region toward the optimal solution while 

the barrier method moves through the interior region. The Solver Decides setting currently defaults to 

the primal simplex method.  

As a rough guideline, primal simplex tends to do better on sparse models with fewer rows than 

columns. Dual simplex tends to do well on sparse models with fewer columns than rows. The barrier 

method is most effective on densely structured or very large models.  

The barrier method is an optional feature in What'sBest!. However, most versions ship with a 30-day 

trial license for the barrier solver. If your version of What'sBest! doesnôt currently include the barrier 

option, you may add it at any time. Please contact LINDO Systems for information. If the barrier 

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

The default setting for Solver Method is Solver Decides. 

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

Primal Pricing drop-down boxes, respectively. Pricing is a way of assessing the relative attractiveness 

of variables for selection in the simplex algorithm. 
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Dual Pricing 
One pricing algorithm for dual simplex is called Partial, according to which the dual simplex solver 

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

preference is acted upon regardless of how far other variables have to move in tandem with the chosen 

variables. Since these other variables may quickly hit a bound, the resulting gain for the objective may 

actually be quite small. The pricing mode called Steepest Edge takes a different approach of more 

painstakingly selecting variables according to the actual improvement in the objective. Because the 

objectiveôs gain is higher per iteration with Steepest Edge, fewer iterationsïof somewhat longer 

durationïare required.  

The default value for Dual Pricing is Solver Decides. 

Primal Pricing 
For the primal simplex algorithm, there are two primary methods. The Partial method prices a small 

subset of variables each iteration and intermittently prices out all the variables to determine a new 

subset of interesting variables. Devex prices out all columns during each iteration using a steepest-edge 

approximation. Use of the thorough steepest-edge algorithm means that Devex results in fewer overall 

iterations, though each iteration is longer than it would be under the Partial method. Devex is useful 

with degenerate models, but it is generally difficult to predict in advance what method to use. 

The default value for Primal Pricing is Solver Decides. 
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Options...|Nonlinear Solver 
This command allows you to set a number of options controlling the nonlinear solver. The dialog box 

posted by the Options...|Nonlinear Solver command appears as follows: 

 

The nonlinear solver is an option on larger versions of What'sBest!. You can try the nonlinear solver in 

the Demo version of What'sBest! 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, 

see Linear vs. Nonlinear Expressions and Linearization. 

Crash Initial Solution / Use LINDO Crash  
Check the Crash Initial Solution or Use LINDO Crash checkbox to have WhatôsBest!ôs nonlinear 

solver invokes a heuristic for generating a "good" starting point when solving a model. If this initial 

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

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

 

The default setting for Crash Initial Solution and Use LINDO Crash is off.  
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SLP Direction  
Check the SLP Direction checkbox to have What'sBest!ôs nonlinear solver use successive linear 

programming (SLP) techniques to compute new search directions. This technique uses a linear 

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 for SLP Direction is on. 

 

SLP Solver  
The nonlinear solver is provided with a SLP Solver. The user is advised to try this solver which may 

offer better performance for some models. This option should not be used with the Multistart feature of 

the Global Solver. 

The default setting for the SLP Solver is off. 

 

Quadratic Recognition  
Check the Quadratic Recognition checkbox to have What'sBest!ôs nonlinear solver use algebraic 

preprocessing to determine if an arbitrary nonlinear model is actually a quadratic programming (QP) 

model. If a model is found to be a QP model, then it can be passed to the faster barrier or conic solver. 

Note that the QP solver is not included with the standard version of What'sBest!, but comes as part of 

the barrier option. 

The default setting for Quadratic Recognition is on. 

 

Presolve  
Check the Presolve checkbox to have What'sBest!ôs nonlinear solver identifiy and remove extraneous 

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 for Presolve is on. 

Selective Constraint Evaluation  
Check the Selective Constraint Evaluation checkbox to have What'sBest!ôs nonlinear solver evaluate 

constraints only on an as needed basis. Thus, not every constraint will be evaluated each iteration. 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, What'sBest! may not evaluate a constraint for many iterations only to find that the solver 

has moved to a point in a region where the constraint is no longer defined. In this case, there may not 
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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 Evaluation eliminates these errors.  

The default setting for Selective Constraint Evaluation is on. 

Steepest Edge  
When What'sBest! is not in Steepest-Edge mode, the nonlinear solver will tend to select variables that 

offer the highest absolute rate of improvement to the objective, regardless of how far other variables 

may have to move per unit of movement in the newly introduced variable. The problem with this 

strategy is that other variables may quickly hit a bound resulting in little gain to the objective. When 

the steepest-edge option is enabled, the nonlinear solver spends a little more time in selecting variables 

by looking at the rate at which the objective will improve relative to movements in the other nonzero 

variables. Therefore, on average, each iteration will lead to larger gains in the objective. In general, the 

Steepest-Edge option will result in fewer iterations. However, each iteration will take longer.  

The default setting for Steepest Edge is off. 

Starting Point  
The Gather Information for Starting Point option may be useful when solving nonlinear models. This 

option computes the slack values for the constraint cells and uses these values internally to compute an 

improved starting point.  After solving, the spreadsheet goes back to the original Slack/Indicator 

display. 

The default value for Gather Information for Starting Point is off. 

Optimality Tolerance  
Specify the Optimality Tolerance in 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 

nonlinear solverôs Optimality Tolerance is a tolerance placed upon that rate of improvement 

calculation for the objective function.  

If, for a given variable, the computed value proves to be less-than-or-equal-to the Optimality 

Tolerance, then the solver does not attempt further adjustments to that variableôs value. Decreasing the 

Optimality Tolerance toward zero will tend to make the solver run longer, but may lead to better 

solutions to poorly-formulated or poorly-scaled models. 

The default setting for Optimality Tolerance is 0.0000001. 
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Iteration Limit for Slow Progress  
Specify an integer limit upon the number of successive iterations made without a significant 

improvement in the objective function in the Iteration Limit for Slow Progress text box. In other 

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

Slow Progress), 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 the Iteration Limit for Slow Progress is 100. 

Derivatives  
Use the drop down menu to control the derivative method in the nonlinear solver. There are two 

different methods to use: Numerical or Analytical derivatives. Numerical derivatives are computed 

using finite differences. There are two choices available: Central Differences and Forward 

Differences. Analytical derivatives are computed directly by symbolically analyzing the arithmetic 

operations in a constraint. Again, the two choices are Backward Analytical, and Forward Analytical. 

By default, What'sBest! uses backward analytical derivatives. However, different derivatives can 

improve speed and precision on many nonlinear models.  Experimenting with the various derivative 

options may be required to determine which method works the best for a particular model. 

The default setting for the Derivatives is 0 or Solver Decides. 
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Options...|Global Solver 
The dialog box posted by the Options...|Global Solver command appears as follows: 

 

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




















































































































































































































































































































































































































































































































































































































































































































































































































































