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CS14.1

CS14.1.1

Application Overview and Model Development

The simplex method is one of the most popular methods to solve linear programming
problems. These types of problems consist of optimizing a linear objective function subject
to a set of linear constraints. In this application, we animate the simplex method to solve a
user-defined linear programming problem.

Model Definition and Assumptions

The simplex method, developed by George Dantzig in 1947, maintains a basic feasible
solution at every step. Given a basic feasible solution, the method first applies the
optimality criteria to test the optimality of the current solution. If it does not fulfill this
condition, then the algorithm performs a pivot operation to obtain another basis structure
with a lower or the same cost. The simplex method repeats this process until the current
basic feasible solution satisfies the optimality criteria. We will now describe the simplex
algorithm using a numerical example.

Let's consider the following linear programming problem in which we seek to maximize a
value written in terms of four variables. This objective is limited by three constraints and a
non-negative variable requirement.

Maximize: Z=2X1 + X2 + 5X3 - 3X4

subject to: X1+ 2x2+4X3-X4 <6
2X1 + 3X2 - X3 + X4 <12
X1+ X3 + X4 <4
X1, X2, X3, X4 20

The problem must first be modified to canonical form before the simplex method can be
applied. The addition of slack variables and the transformation to canonical form restates
the problem as follows:

Maximize: Z = 2Xq + Xo + 5X3 - 3x4 + Ox5 + Oxg + Ox7

subject to: X1+ 2X2+4X3-Xa + X5 =6
2X1 + 3Xo - Xz + X4 + Xg = 12
X1+ Xs+Xg+XxX7=4
X1, X2, X3, X4, X5, Xg, X7 = 0

Note that there are now seven variables and three constraints and that adding the slack
variables has not changed the value of the objective function or constraints. The
coefficients of all of the variables in the objective function and constraints can now be
written as a matrix, or tableau. Here is a representation of the initial tableau:

Z | Xy | Xo | X3 | Xa | X5 | X6 | X7 | RHS
z|1/-2|-1]-5/3|0|0]|0 0
xs 0] 112411100 6
X6 101213 |-1|1[0]|1]0]| 12
Xx7/0/110(1|[1[0]0]1 4
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CS14.1.2

CS14.1.3

The coefficient values of the constraints’ slack variables form an identity matrix. This
tableau is used to perform the pivot operations for each iteration of the simplex method.
These operations identify a nonbasic entering variable that has the largest negative value
(for maximization problems) or the largest positive value (for minimization problems) in the
objective function. The applicatoin then compares the ratios of the corresponding column
coefficients to the RHS column coefficients to find the basic variable with the minimum
ratio. This variable is the leaving variable. Then, the application performs pivot operations
to make this column have 0 and 1 coefficient values (to become part of the identity matrix)
such that the 1 coefficient value is in the row of the leaving variable. The leaving and
entering variables are then switched to complete the iteration.

For example, the first iteration of the simplex method for the problem defined above
selects x3 as the entering variable since it has the largest negative coefficient in the
objective function (-5). It then compares the ratios of 6/4, -12/1, and 4/1; excluding the
negative ratio, the 6/4 ratio can be declared as the minimum ratio, thus identifying xs as
the leaving variable. Pivot operations is then performed and the variables are switched to
yield the resulting tableau for the first iteration:

z X1 Xo | Xz | Xa X5 | Xs | X7 | RHS
z|1]-075]15 |0 [1.75 125 |0 |0 |7.5
X3/0]025 |05 |1 [-025]/025 |0 |0 |15
X¢ | 0225 (35 |0 [0.75 |025 |1 |0 |13.5
Xx7|10(1075 |-05|0 |125 |-025|0 |1 |25

This application requires that the linear program is stated in canonical form. It allows the
user to select the entering nonbasic variable while the minimum ration and leaving
variable are determined. The application automatically checks for the unboundedness of
the optimal solution. For more details on the simplex method, see Introduction to
Operations Research by Winston.

Input

The input for this application is the following:

" Initial tableau

u Number of variables (after transformation to canonical form)
u Number of constraints

- Maximization or minimization objective

u Entering variable for each iteration

Output

The output for this application is the following:

" Leaving variable for selected entering variable

u Tableau for each iteration

u Objective function value for each iteration

u Final tableau

= Chart of change in objective function over all iterations

u Table of entering variable, leaving variable, minimum ratio, reduced cost, and

objective function value for each iteration



CASE STUDY 14 B Animating The Simplex Method 4

Worksheets

This application requires four worksheets: the welcome sheet, the input sheet, the
example sheet, and the report sheet. The welcome sheet contains the title, the description
of the application, and the “Run Demo” and “Start” buttons. (See Figure CS14.1.) The
“Run Demo” button takes the user to the input sheet and creates the initial tableau from
the example sheet. (See Figure CS14.3.) The “Start” button takes the user to the input
sheet to create his or her own initial tableau.

22004 Hanna, Ahuja, Winston

| ANIMATING SIMPLEX METHOD |

Simplex method is one of the most popular methods to solve linear
programming problems. A linear progr ing probl ists of
optimizing a linear objective function subject to a set of linear “t — Y
constraints. N ¥

| Simplex method, developed by George Dantzig in 1947, is an
iterative method and maintains a basic feasibl n 2y .k b
iteration. The method first identifies an entering o Tais
using a pivot n i . *
ratio rule

Figure CS14.1  The welcome sheet.

The input sheet instructs the user how to create the initial tableau and animate the simplex
method iterations. A navigational form, which is always available to the user on the input
sheet, provides several options for performing the iterations. (We will discuss this process
in detail in the next section.) The user can also view the example sheet for guidance in
constructing the initial tableau by clicking the “See Example” button.

The example sheet contains an example of a linear programming problem. (See Figure
CS14.3.) It reveals how to transform a problem into canonical form by adding slack
variables. It also provides the initial tableau for this problem, which is the same initial
tableau used for the demo option.

The report sheet displays a summary report of the iterations performed. (See Figure
CS14.4.) A table lists the entering variable, the leaving variable, the minimum ratio, the
reduced cost, and the objective function value for each iteration. Additionally, the sheet
contains a chart of the objective function values over all the iterations.
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The application will always select a nonbasicvariable with the greatest violation as the entering variable. However, you can select a different
entering variable by selecting the variable you wish to enter

Initial Tableau
z | xl2 3 ¥ % w o |RHS
z |12 4 5 3 0 0 050
¥ 071t 2 4 4 1 0 068
(072 3 4 1+ 0 1 012
0t 0 1 1t 0 0 14

Figure CS14.2  The input sheet.

5

Using the Simplex Method to solve & Linear Programming problem. End

n
Apply simplex method to your LP. The LP example must be given below in a specific farmat To see an example of the farmt, click on See
Example. Afier you are familiar with the format, either click on Show Each Iteration or Show Final Solution. In either case, you will be asked to See Example
specify the number of variables and the number of constraints, and whether you wish to maximize or minimize the objective function. Once you
specifythese, a simplextableau of appropriate size will be constructed for you where you can enter the datain the required format L

Navigation Bar

Show Each Iterati
Show Final Solution

The application automaticall selects an
entering variable. You may change the
selection by cicking on a different:
nonbasic varable. Then, click on Show
Next Iteration.

’ Ent;rin_g:;ariablé: -
 Mininun ratio: |
.

Example ‘ |

Return to Tableau I

. |

Original Problem:

subjectto: x1 + 2x2 + 4x3 -x4 <=6
2x1 + 32 -x3 + x4 ==12
X1 +x3+xd==4
x1, %2, %3, x4 ==0

Maximize: z=2x1 + x2 + 5x3 - 3x4 + 0x5 + Ox6 + Ox7

subjectto: x1 +2x2 +4x3-x4 +x5=86
2%1 + 3x2 -x3 + x4 + x6 =12
X1 +x3+xd+x7 =4
x1, x2, x3, x4, x5, x6, x7 == 0

Initial Tableau:

z x1 x2 x3 x4 x5 x6 xf | RHS
z 1 -2 -1 -5 3 0 0 0 0
x5 0 1 2 4 -1 1 0 0 5]
xB 0 2 3 -1 1 0 1 0 12
X7 0 1 0 1 1 0 0 1 4

Figure CS14.3 The example sheet.

“Wertex normal
Face normal
-

Maximize: z = 2x1 + x2 + 5x3 - 3x4 N oL
</ T >
b y T
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<

Addition of Slack Variables and Transformation to Cancnical Form:



CASE STUDY 14 H Animating The Simplex Method 6

Final Report =
Raturn to Tableau
Iteration | Entering | Leaving Reduced | Objective
Number | Variable | Variable |MinRatio| Cost |Function Value
0 0.00
1 2 1 150 500 750

2 0 3 33 075 1000

Figure CS14.4  The report sheet.

Contains the application description and the “Run Demo” and
Welcome sheet o -
i Start” buttons.
[$ Inpbut sheet Where the user provides the initial tableau and other input
Summary P through the available forms; the iterations are then performed.
Contains an example linear programming problem and the
Example sheet initial tableau; where the transformation to the canonical form

occurs.

Contains the summary table for each iteration and the chart of
the nhiectivve fiinctinn valiie nver all the iteratinne

Report sheet

oRNime] User Interface

For this application’s user interface, we use navigational buttons and two user forms. The
input sheet contains a navigational form that is always shown. (See Figure CS14.5.) Itis a
dynamic floating form with several different buttons appearing as options, which are made
available to the user. When the user first arrives at the input sheet, the navigational form
appears, as shown in Figure CS14.5(a). Here, the main two options available to the user
are “Show Each lteration” and “Show Final Solution.” When these buttons are clicked, the
user’s initial tableau is checked and a second form appears.
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Navigation Bar MNavigation Bar
:Show Each Iteration
View Report
Show Final Solution |
The application automatically selects an The application automatically selects an
entering variable. You may change the entering variable. You rmay change the

selection by clicking on a different
| nonbasic variable. Then, click on Show
‘ Next Iteration.

Entering voriable: | |
Ctinmun rato: W
L

Figure CS14.5 (a) Figure CS14.5 (b)
Figure CS14.5 The navigational form.

selection by clicking on a different
* nonbasic variable. Then, click on Show
‘ Mext Tteration.

Entering variable:
Em

Leaving variable:

Change in the
objective function:

This second form is the input form. (See Figure CS14.6.) Here, the user inputs the number
of variables (including the slack variables) and the number of constraints in the problem.
He or she also specifies if the problem has a maximization or minimization objective.

Input Form

Please enter the following information
about your problem:

Number of variables: e
L Number of constraints:

{* Maximization problem

" Minimization problem

Figure CS14.6  The input form.

If the user selects to view each iteration, then the navigational form changes to display a
“Show Next lteration” button. As the iterations are performed, the user can select an
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=

Cd

(&

Summary

entering variable by clicking on the variable name on the current tableau; the
corresponding minimum ratio and the leaving variable values are displayed on the
navigational form along with the change in the objective function. (See Figure CS14.7.)
When the optimal solution is found, the navigational form changes again to display a
“View Report” button. [See Figure CS14.6(b).] This button takes the user to the report
sheet. We discuss the “Re-solve” button in Section CS24.5.

Using the Simplex Method to solve a Linear Programming problem, End
Apply simplex method ta your LP. The LP example must be aiven below in a speciicfomat To see an example of the format, click on See
Example. After you are familiar with the farmat either click on Show Each ieration or Show Final Solution. In either case, you will be asked to | See Example
speciy the number of variables and the number of canshiaints, and wheiher you wish to maximize or minimize the objective funcion. Once you
specifythese, a simplex tableau of appropriate size wil be constructed for you where you can enterthe data in the required format —
Navigation Bar
The application will always select a nonbasicvariable with the greatestvialation as the entering variable. However you can select a different
entering variable by selecting the variable you wish o enter
:Show Next Iteration
Initial Tableau
7l 0 B oW B % RS The application autornatically selects an
. entarng varible. You may change the
e[t/ 2 41 4573 0 0 0]0 Ratio. selection by cicking on 2 diferent
w0t 2 4 4 1 0 0|6 1 nonbasic varable, Then, cick on Show
@102 3 4 1 0 1 0l i Next Tteration.
|0 |1 0 1 0 0 1 4 40 - |Entering variable:
Haiun o ff 35 |
Iteration: 1 Leaving variable;
z |l 3 d b 6 A |RHS
[0 15 0 15 E 0 0 [75] R b_chat_ngefintltue W
R 0[0% 05 1 4505 0 0|15 0 Bl
w0256 35 0 075 0% 1 0 (135 il
W0 ]0m 05 0 1505 0 1|25 33

Figure CS14.7  The input sheet during the simplex method animation.

The “End” button on the input sheet and the report sheet takes the user back to the
welcome sheet. The “See Example” button takes the user to the example sheet, and the
“Return to Tableau” button on the example sheet and on the report sheet returns the user
to the input sheet.

“Start” and “Run Demo” on the welcome sheet; “End” on the
input sheet and report sheet; “See Example” on the input
sheet; “Return to Tableau” on the example sheet and report
sheet.

A dynamic form with several user options; it is always
displayed when the user is on the input sheet.

Navigational buttons

Navigational form

Input form Prompts the user for the problem parameters.
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OLNWiR  Procedures

We will now outline the procedures for this application beginning with the initial sub
procedures and the variable definitions. (See Figure CS14.8.) The Main procedure, which
is called from the “Start” button, calls the ClearPrevious procedure and takes the user to
the input sheet. The Demo procedure calls the Main procedure and copies and pastes the
demo initial tableau on the input sheet; it also initializes the problem parameters so the
input form does not need to be shown.

Cption Explicit

Public StartCell As Range, GraphData ks Range, NVer As Integer, NConst RAs Integer, _
Max As Boolean, Tebleau(] As Double, BestCost As Double, CurrentCost As Double, _
ReducedCost As Double, EntVar As Integer, LeavVer As Integer, Ratioc Zs Double, _
MinRetic As Double, i Rs Integer, j As Integer, k &s Integer, NIlterations As Integer, _
Mult As Doukle, ObjFunc As Doukle, Infeasikle As Boolean, BesicVar As String,
ChangeInObj Zs Double, PivotElement As Double, Cenonical A3 Boolean, Optimal As Boolean,
Default As Boolesn, ShowEach Rs Boolean, ReSolve As Boolesn

0,

Sub MAIN{) "this sub is celled when the user clicks the Start button

Call ClearPrevious

Worksheets ("Tableau Sheet") .Visible = True
Worksheets ("Welcome™) .Visikle = False
StartCell . Offset (-1, 0).Select

End Sub
Sub Demo() 'this sub czlled from Run Demo buttaor
Call MAIN
Worksheets ("Example™) .Range ("Example”) .Copy

Worksheets {"Tebleau Sheet") .Activate
ZrotiveSheet.Paste Destinstion:=Range("Bl3")
Default = True

WWar = 7

HConst = 3

Max = True
End Sub

Figure CS14.8 The variable declarations and the Main and Demo procedures.

The ClearPrevious procedure clears any previous data and initializes several variables.
(See Figure CS14.9.) It also initializes the input sheet formatting as well as the
navigational form buttons and default values.

The navigational form has several procedures. (We will discuss the “Re-solve” button
procedures in Section CS24.5.) The “Show Each lteration” button procedure begins by
displaying the input form. (See Figure CS14.10.) It then updates the buttons on the form
and calls the CreateData, Check, and DetermineEnteringVar procedures.

The procedure for the “Show Final Solution” button also begins by showing the user the
input form and updating the buttons on the form. (See Figure CS14.11.) It then also calls
the CreateData and Check procedures. Next, it performs a loop in which the iterations
occur until the solution is optimal. These iterations involve calling the
DetermineEnteringVar, DetermineLeavingVars, PerformPivotOps, and NewTableau
procedures. Once the optimal solution has been determined, the form buttons are again
updated and a message box is displayed to the user.
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Sub ClearPrevicus()
Epplication.Screenlpdating

Set GraphData

Infeasible False
Canonical = True
Cptimal = False

'MewInput = Fzlse

.Clear

-NurberFormat mom
End With

Range (StartCell.0ffset (0,

If RelSolve = False Then
Renge (StartCell.

Range (StartCell . 0ffset|
With Bange (Startlell.
-Clear
-Interior.ColorIndex =
-HorizontalRlignment =
-NurmberFormat = "0"
End With

With frmNavBar
-txtEnteringVar = ™"
-txtMinRatio
.txtleavingVer = ""
-txtChangelbjec

End With

End If

End Sub

Figure CS14.9

Sub cmdReSolve Click()

BeBolve = True
Range ("B13").felect
Call MAIN

End Sub

'clears

With Range (StartCell . Offset(4,

-Interior.ColorIndex = 37
.HorizontelAlignment = xlCenter

0,

Worksheets ("Finzl Report") .Range (GraphData,

Epplication.ScreenlUpdeting =

ous

False

Set StartCell = Worksheets("Tebleau Sheet™) .Range ("D14™)
Worksheets("Final Report™).Range ("BE")

NIterations = 1
With frmNavBar 'set initizl buttons on Nav Bar
-cmdViewReport.Visible False
-cmdShowNext . Visible = False
-emdShowEach.Visible = True
-cmdShowFinal.Visible = True
End With
Worksheets ("Tzblezu Sheet”) .Reotivete ‘clezr =211

"RZ1000™)

-2,

StartCell.Offset (4,

0), StartCell. et

=Z), StartCell. set (4,
set(0, 8), StartCell.Offset(4, 100)
37
xlCenter

'default velues empty

True

The ClearPrevious procedure.

)

100} ) .Interior.ColorIndex
not resolving then clesr

(4, 100)).ClesrContents
=2Z) ) .ClearContents

GraphData.0f£set (100,

except initizl tsklezu

= 37

initizl teblezu also

&) ) .ClearContents

10

Sub cmdShowEach Click()
ShowZach = True

frmInput . Show
End If

cndShowtext . Visible = True
cndShowEach.Visible = False
cndShowFinal . Visible = False

Czll CreateDatz

Czll Check

If Infezsible Then Exit Sub
Czll DetermineEnteringVar

End Jub

If Default = False And Relolve =

'check for infeasibilicy, art

"thiz sub is celled from the Sho
'note each iteration should be sho
False Then

'collect number of

il

'hide Show Each and Show Finel butt

'create Tzblesu array

'give defzult value for Entering

rigbles end co

h Iteration butto

st

3 &

igkle

on the N

rzints and if problem is max or min

nd unhide Show Next button

iel varizbles, end Identity matrix

Figure CS14.10 The navigational form cmdRe-solve_Click and cmdShowEach_Click

procedures.
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Sub cndShovFinal Click() thiz sub called from Show Finel Solution button on Nev Bar

If Default = False And ReSnlve = False Then

frmInput . Show 'collect rumber of verizbles and constraints end if problem is mex or min
End If
Application. Screenlpdating = False

crdfhowEach.Visible = False

cedShowFingl.Visible = False

(21l Createlatz 'create T
(zll Check 'check for infezsib
If Infezsible Then EZxit Sub

Do While Not Optimal 'repest these subs until Cptimel solution found
Call DetermineEnteringVar
If Optimel Then Exit Do
Czll DeterminelesvingVars
Czll PerformPivot(ps
Call NewTableau
NIterations = Nlterations + 1
Loop

crdViewReport.Visible = True unhide View Report button

Application.Screenlpdating = True

Startlell.Select

MsgBox "Current Solution is Optimal"
End Sub

Figure CS14.11 The navigational form cmdShowFinal_Click procedure.

If the user initially selected the “Show Each lteration” button, then the procedure for the
“Show Next lteration” button is used. (See Figure CS14.12.) Note that this procedure is
called after the user selects the entering variable and a corresponding leaving variable
has been determined. This procedure therefore begins by updating the objective function
value and reporting the current iteration values on the report sheet's summary table. It
then calls the PerformPivotOps and NewTableau procedures to progress to the next
iteration. The DetermineEnteringVar procedure selects a default entering variable, and if
no entering variables are found, then the solution is optimal and the report sheet is
updated.

As the user selects an entering variable on the input sheet, the
Worksheet_SelectionChange procedure displays it on the navigational form. (See Figure
CS14.13.) As this form text box is changed, a procedure for the navigational form is
called; it calls the DetermineLeavingVars procedure and updates the minimum ratio and
leaving variable text boxes on the form. (See Figure CS14.14.) The input sheet and
navigational form also have procedures to ensure that the navigational form is always
displayed when the input sheet is active and hidden if the form is closed. (See Figures
CS24.13 and CS24.14.) The procedure for the “View Report” button simply takes the user
to the report sheet. (See Figure CS14.14.)
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Sub crdShowlext Click() "this sub called from Show Next Iterstion button on Nev Bar
Ipplication.Screenlpdating = False
(bjFunc = CbjFunc + ChengeInChj
With GraphData

.Offset (WIterations, 0) = Nlterations
{Offzet (WIterations, 1) = EntVar
.Offset (WIterations, Z) = LeavVar
t(NIlterations, 3) = MinRatio
set (NIterations, 4) = ReducedCost
.Offset (NIterations, 5) = ObjFunc
End With

Call PerfomPivotOps
Call NewTableau
WIlterations = NIterations + 1

Call DetermineEnteringVar 'default Entering verizble found
Lpplication.Screenlpdating = Trus

If Mot Optimal Then Exit Sub 'user will heve to click Show Next egein until optimel solution found
MagBox "Current Solution is Optimel”

Application.Union(Renge (GraphData.0ffzet(0, 0), GraphData.Offzet(NIterstions, 0]), _
Range |GraphDatz.0ffset (0, 5), GraphDatz.0ffzet(NIterations, 5))) .Neme = "ChartData"

Worksheeta("Final Report").ChertCbjecta("0FChart") .Activate

BetiveChart SetSourcelata Source:=Range("ChartData")

cmdShowlext . Visible = False
emdViewReport.Visible = True

ShowEach = False
Worksheets("Tebleau Sheet").RActivete
StartCell. Select

End Sub

Figure CS14.12 The navigational form cmdShowNext_Click procedure.

Option Explicit

Private Sub Worksheet Activate()
frufiavBar. Show
End Sub

Frivate 3ub Worksheet Deactivate()
frofavBar. Hide
End S

il Worksheet 3electionChange (ByVal Target L3 Range)
If ShowBach And Not Optimal Then
If (Max And ActiveCell,Offzet(l, 0).Value < 0) Or (Mot Max And AetiveCell.Offszet(l, 0).Value > 0) Then
frullavBar . txtEnteringVar. Value = AeciveCell.Value
Elze
MsgBox "This is a non-eligible entering vatishle.”
End If
End If
End Sub

Figure CS14.13 Procedures for the input sheet.
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Sub cmdViewReport Click()
Worksheets("Final Report").Visible = True
Worksheets("Tzeblesu Sheet") .Visible = False

Range ("A1") .Select
Znd Sub

Sub txtZInteringVer Change()
If ShowEach Then
Czll DeterminelesvingVars
End If
End Sub

Private Sub UserForm Terminate()
Worksheets ("Welcome") .Visible = True

End Sub

|

Figure CS14.14 The navigational form cmdViewReport_Click, UserForm_Terminate, and
txtEnteringVar_Change procedures.

The CreateData procedure is initially called to populate an array with the values provided
by the user in the initial tableau. (See Figure CS14.15.) It is then called for each iteration
to update this array with the new tableau values. The DetermineEnteringVar procedure
finds the default entering variable by scanning the objective function coefficients. (See
Figure CS14.15.) If no coefficient is found that meets the entering variable criteria for the
maximization or minimization problem, then the solution is considered to be optimal.

The DetermineLeavingVars procedure finds the leaving variable for the selected entering
variable by determining the minimum ratio. (See Figure CS14.16.) If no minimum ratio is
found, then the user is notified that the problem is unbounded. Otherwise, the change in
the objective function is determined, and this value along with the minimum ratio and
found leaving variable are displayed in the navigational form.

The PerformPivotOps procedure performs the pivot operations to switch the entering
variable and leaving variable in the tableau. (See Figure CS14.17.)

The NewTableau procedure creates the new tableau for the next iteration. (See Figure
CS14.18.) It enters the new values found after the PerformPivotOps procedure is
completed.

The Check procedure checks the feasibility of the initial tableau entered by the user. (See
Figure CS14.19.) It ensures that the RHS values are non-negative, that any artificial
variables are the initial basic variables, and that these artificial variables form an identity
matrix in the constraint coefficients. If the tableau does not reflect a canonical problem
format, then the tableau is transformed for the user.
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fub Createletz() 'fill in Tableau array
forksheets ("Tableay Sheet") Activate
Relim Teblezu(NConss, Wiar)

For 1 =0 To NConst
For § =10 To WVar
Tebleeu(i, j) = StartCell.Offzet(i, j).Value
Next J
Hext 1

ObjFunz = Tablesu(0, NVar)

GraphData.0ffzet(0, 0) =10

GraphData.0ffzet (0, 5) = Cbjfunc
End Sub

14

Sub DetermineEnteringVar() 'find entering variable
Bestlost = 0
'for Max problem want largest reduced cost, for Min want smallest
For =0 To Wer - 1
CurrentCost = Tebleau(l, )
If [Mex And CurrentCost < BestCost) Or (Hot Mex And CurrentCost » BestCost] Then
BestCost = CurrentCost
IntVar = j
End If
Hext J

For 3 =0 To Wer - 1
If (Mex And StartCell.Offzet(0, 7).Velue < 0) Or (Not Max And StartCell.Offset{0, j).Velue » 0) Then
StartCell.0ffset(0, j).Interior.ColorIndex = 3¢

flae
StartCell.0ffset(0, j).Interior.ColorIndex = 37

End If

Hext J

If BestCost = 0 Then 'implies no other reduced costs were considered
Optimel = True

Ind If

Hith ErnNavBar 'display entering varizble name
.tutinteringVar = StartCell.Offset(-1, IntVar)

Ind Hith

StartCell.0ffset (-1, EntVar).Select

End Sub

Figure CS14.15 The CreateData and DetermineEnteringVar procedures.
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Sub DetermineleavingVars() 'find min ratios
MinRatio = 100000
If ShowEach Then
For j = 0 Toc NMVar

If StartCell.Offset(-1, j).Value = frmMNavBar.txtEnteringVar.Value Then
EntVar = j 'cepture user-selected wvelue
End If
Hext ]

End If

StartCell .O0ffset (0, NVar + Z).Value = "Ratio"

StartCell . Q0ffset (0, NVar + Z)_Font.Bold = True

With Renge (StartCell.Cffset (0, WWVar + 2}, SteartCell.Offset (HConst, NVar + Z))
-Borders (x1InsideHorizontel) .Weight = x1Thin

-HurberFormat = "0.0"
-HorizontelAlignment = xlCenter
End With

For i = 1 To NConst
'min retic is smellest walue smong 211 BHS diveded by column coefficients
If Teklesu(i, EntVer) > 0 Then
Ratio = Tablesui{i, NVar) / Tableau(i, EntVar)
StartCell Offset(i, NVar + Z).Value = Ratio
If Ratioc < MinRatio Then
MinRatic = Ratic
LeaviVar = i

End If
Elze
StartCell Offsetii, NVar + Z).Value = "-"
End If
Next i
If MinRatioc = 100000 Then 'implies no Min Retio found

MsgBox "The given linear program has an unkbounded optimal sclution.™
Worksheets ("Welcome™) .Visible = True
Worksheets ("Tableau Sheet") .Visikle = False

End
End If
ReducedCost = Tableau(d, EntVar)
ChangeInCkj = -MinRatioc * BeducedCost 'chenge in ckjective function czleulated
With frmNavBar 'display walues found in this sub
_txtMinRatic Value = (MinRatio - MinRatioc / 100)
-tatleavingVar = StartCell . Offset (LeavVar, -2
.txtChengelfbjec = (ChangeInlbj - ChangeInCbj / 100)
End With
End Sub
Figure CS14.16 The DetermineLeavingVars procedure.
Sub PerformPivotOps() 'perform piwvot row operations &nd change in okj func

BivotElement = Teblezu (LeavVar, EntVar)

For j = 0 To NVar
Tebleau(LeavVar, j) = Teblezu(LeavVar, j) / PiwvotElement
Hext j

For i = 0 To NConst
If i <> LeavVar Then
Mult = Tebleauili, EntVar)
For j = 0 To NVar
Tebleaui(i, j) = Tablesu(i, j) - Teblezu{LeawvVar, j) * Mulc
Hext 3
End If
MNext i
End Sub

Figure CS14.17 The PerformPivotOps procedure.
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HWorksheets ("Tableau Sheet") .Activate
With Worksheets ("Tableau Sheet™)

For i = 0 To NConst
For j = 0 To NVar

Hext j
Next 1

End With
End Sub

StartCell Offset(-Z, -2Z) _Font._Bold = True

StartCell Offset (i, j)} = Tableauli,

&

StartCell Offget (LeawWVar, -Z) = StartCell Offset(-1,

Sub NewTableaul) 'creete taeblesu for next iteration

.Renge (StartCell.Offseti(-1, -Z), StartCell.0fiset (NConst,
ActiveSheet .Paste Destination:=5tartlell O£
Set StartCell = S5tartCell Offset (HConst + &,
StertCell.Offset (-2, -2).Value = "Iterstion:

NVar)) .Copy
faet (WConst + 5, -2}

NIteraticns

EntVar)

Figure CS14.18 The NewTableau procedure.

Sub Check() 'checks infeasibility, =
For i = 1 Tc NConst
If Teblesuli, NVer) < 0 Then

Infeasikle = True
Exit Sub
End If
Hext 1

For i = 1 Tc NConst
BasicVer = StertCell Offset(i, -Z)
Ver - 1

'For j = 0 To NConst

For j = 0 To NVer

If Teblesuil, Jj) <> 0 Then
Cancnical = False
Tzblezuil, j) =0

End If

For k = 1 Toc NConst

"your dete and resolve."
Infezsible = True
Exit Sub

"your dete and resolve."
Infezsible = True

Exit Sub

End If
Hext k
End If
Hext j
Hext i

If Cancnical = Felse Then
"transformed to cancniceal form."™

For § = 0 To HVar
StercCell.Q0ffset (i, j) = Tableau(i, j)
Hext jJ
Hext i
End If
End Sub

If StertCell.0ffset(-1l, j) = BasicVer Then

If k = i End Teblezulk, j) <* 1 Then
MsgBox "Identity Matrix incorrect. Plezse re-enter "

Elself k <> i &Znd Tablezulk, j) < 0 Then
MsgBox "Identity Matrix incorrect. Plezse re-enter "

For i = 0 To NConst 'overwrite transformed tzblezu

MsagBox "Your problem is infeasible. The RHS welues should be

"non-negative. Please re-enter your Initial Teblesu."

'Identity

and Identity matrix

'Identity matrix

r initiel

"o
&

'ertificizl wvesrisble check

&

MsgBox "Basic Varieble Costs should be 0. Your teblesu will now be " & _

teblezu

check

Figure CS14.19 The Check procedure.

The procedures for the input form simply record the number of variables and constraints

and the type of objective function. (See Figure CS14.20.)
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Unloed Me
End
End Sub

Sub cmdCencel Click()

Sub emdOE_Click()

Unloed Me
End Sub

'from Input Form - this sub in form code

NVar = txtNumberVarizbles
NConst = txtNumberConstraints

If optMax Then Max = True
If optMin Then Max = False

optMax Value =
End Sub

Sub UserForm Initialize()
True

Figure CS14.20 The input form procedures.

The navigational procedures are for the “Return to Tableau” buttons, the “See Example”
button, and the “End” buttons. (See Figure CS14.21.)

Subk ReturnToTabkleaul)

End Sub

Worksheets ("Teblezu Sheet").Visible = True
ActiveSheet.Visikble

False

Sub SeeEx()

End Sub

Worksheets ("Example™) .Wisible = True
Worksheets ("Tekleazu Sheet™) .Visikble = Falase

Sub EndProg()
BeSolwve = False

Unload frmNavBar
End Sub

Worksheets ("Welcome™) .Visible = True
ActiveSheet Visible

False

Figure CS14.21 The navigational procedures.

Main

f? RunDemo

Summary | clearPrevious

Navigational form
procedures

Input form procedures
CreateData
Check

DetermineEnteringVar
DeterminelLeavingVars

PerformPivotOps

NewTableau

Input sheet procedures

Navigational
procedures

Initializes application and takes user to input sheet.

Takes user to input sheet and copies initial tableau from
example sheet.

Clears previous tableau values and initializes variables,
formatting, and default values.

Procedures for “Show Each lteration”, “Show Final Solution”,
“Show Next Iteration”, “View Report”, and “Re-solve” buttons.

Records problem parameters.
Stores tableau values.

Checks if initial tableau is feasible and in canonical form.
Finds default entering variable and determines if current
solution is optimal.

Finds minimum ratio, leaving variable, and change in objective
function for selected entering variable.

Performs pivot operations for current entering and leaving
variables.

Creates tableau for next iteration with updated values.
Records entering variable selected by user.

For “Return to Tableau”, “See Example”, and “End” buttons.
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oYM Re-solve Options

To re-solve this application, the user can press the navigational form’s “Re-solve” button,
which clears all tableaus except for the initial one. The user can then change some or all
of the values in the initial tableau and re-solve the problem. The user can also change the
number of variables or constraints in the tableau; the input form is redisplayed so he or
she can enter these new parameter values and change the objective.

&2

'@ “Re-solve” Clears all the iterations and allows the user to modify
the initial tableau and re-solve the problem.
Summary

YN  Summary

u This application animates the simplex method to solve a user-defined linear
programming problem.

" This application requires four worksheets: the welcome sheet, the input sheet,
the example sheet, and the report sheet.

= We use navigational buttons and two user forms for the user interface.

u Several procedures in this application initialize and perform the simplex method
iterations.

u The user can re-solve the application by pressing the “Re-solve” button on the

navigational form to clear all iterations and modify the initial tableau.

Oy Mrd Extensions

= Allow the user to solve this problem with the dual simplex method.
" Perform sensitivity analysis for the user.
= Create a graph of the user’s problem and animate the selection of all the extreme

points as the iterations are performed.



