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Linear Programming

e Primal and dual in canonical forms
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Example in Textbook 2.5.2

e Consider a problem of deciding how to allocate a
budget for municipal services between police and fire
protection. In the simple model, each police patrol
costs $200,000 per year and each fire truck costs
$1,000,000 per year including the cost of the fire
station. The city has only $5,350,000 to allocate to
the combined police and fire budgets. In addition,
contracts with the unions representing the two city
services stipulate that there must be at least|.5 times
as many police patrol units as there are fire trucks
and that there cannot be more than 7.5 times as
many police units as there are fire units.

e The goal is to maximize the number of lives saved
over a year.We expect 0.2 lives saved per year per
police patrol unit and 0.65 lives saved per fire truck.



2.5.2 Formulation

Max 0.2-Police +0.65- Fire
st. 200-Police+1000- Fire <5350
—1.0-Police+1.5-Fire<0
1.0-Police—7.5-Fire<0
Police >0
Fire>0



Solving the Problem in

e Build model in Excel

OO =] 0 T e L P

b

B C O E E
Inputs
Cost{Police 2 in$100,000
CostFire 10 in $:100,000
Eudget 5.5 in $100,000
Mlin PolicelFire 15
Max PolicedFire fil
LivesfPolice nz
Live!Fire 0.65

Decision Variables

Folice Fire
Chjective
Objective nz2 0.ER
Mazimize Lives Saved 0

Constraints

Falice »=Min FolicelFire"Fire

0= ]
Folice <=Maz PolicelFire"Fire

0 <= ]
Budget

0 <= B1E

Excel



Solving the Problem in Excel

e Name the cells

> Formulas -> Create from Selection

=) B C ] E F G H | J k. L v
1
2 Inputs Create Mames from Selection | ¥ 23
3
4 CostiPolice £ in 100,000 Create names from values in the:
5 CiostiFire 10 {in $100,000 i
3 Eudget B2.5 |in $100,000 [T Top row
T fdlin PolicelFire 15 —
5 Max PolicefFire 75 ¥ Left column
3 ["] Bottom row
0 Live=/Police nz R
1 LivelFire 0.65 || Right column
12
13 Decision Variables [ K ] I Comd ‘
14
15 Folice Fire !

e Edit the cells with formulas (using names)



Solving the Problem in Excel

 Setup solver (File->Options->Add-Ins-
>Solver Add-In)

Excel Cptions |. ? !
r
Popul 3 _ ) ) ) |
opular _@% View and manage Microsoft Office add-ins. Add-Ins :EI] 28

Formulas
Proofing Add-ins Add-Ins available:
Save Mame Lacation Type = :l Al'lElI'!.l'SiS ToolPak o
Aavanced Active Application Add-ins || Analysis ToolPak - VBA

Microsoft Visual Studio 2008 Tools for Office Design-Time Adaptor for Excel 2003 C\.aptor.dil  COM Add-in = A
Customize Microsoft Visual Studio 2008 Tools for Office Design-Time Adaptor for Excel 2007 aptordll  COM Add-in :‘ Conditional Sum Wizard

PDFComplete cepdf.dll  COM Add-in :l Euro Currency Tools

Add-Ins Privacy Manager Add-in

POfci.dll  COM Add-in
Privacy Manager Encryption Provider

POfckdll  COM Add-in :l Internet Assistant VBA B N
Trust Center Privacy Manager Signature Provider POfc.dll  COM Add-in :l Ll:ll:lkl.ll:l Wizard Orowse. ..
v
NS32XLL  Excel Add-in

Send to Bluetooth office.dll COM Add-in E =
#] er Add-n )
Automation...
EM.XLAM - Excel Add-in

Resources Solver Add-in C\LERXLAM  Excel Add-in
IFMLAM  Excel Add-in 2

Inactive Application Add-ins
Analysis ToolPak
Analysis ToolPak - VBA
Conditional Sum Wizard
Custom XML Data
Date (Smart tag lists)
Euro Currency Tools
Financial Symbaol (Smart tag lists)
Headers and Footers
Hidden Rows and Columns
Hidden Worksheets
Internet Assistant VBA
Invisible Content
Add-in: Solver Add-in -
Publisher: Solver Add-in

Location: C\Program Files\Microsoft Office’\Officel 2\Libran\SOLVER\SOLVER. XLAM

.RHD.DLL  Document Inspector
{OFLDLL  Smart Tag

JOLYLAM - Excel Add-in
JLOFLDLL - Smart Tag

.RHD.DLL  Document Inspector
.RHD.DLL  Document Inspector
RHD.DLL  Document Inspector
MLXLAM  Excel Add-in
.RHD.DLL  Document Inspector ™

Tool for optimization and equation solving

Description:  Tool for optimization and equation solving

Manage: | Excel Add-ins |z|




Solving the Problem in Excel

 Setup solver

HH9-E-F - - T hooeor Excdl = )
“ Home Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat & e o B ER
z b FED Ny L T &l Connections 5 [Tz P f Clea Ed = | ey @1 ¢’-—E| ¢'-'—E| r{j =z P Solver
1 =) ] 1 I N — ] HE EH HE= L4
aeE &E & REeum Y _ BHE &= B= # = ' 8 o
From From From From Other Existing Refresh il Sort Filter \; ) Textto  Remove Data Consolidate What-If Group Ungroup Subtotal B
Access Web Text Sources™  Connedions Aljr. == 5 A& Advanced | Columns Duplicates Validation ~ Analysis = = X
Get Bxternal Data Connections Sort & Filter Data Tools Cutline M| Analysis
Solver Parameters | & 4
]
Set Objective: sCez2 |
Tor @ Max ) Min () Value OF: 0
By Changing Variable Cells:
|scsi6:3ps815 _ i
Add Constraint EE
Subject to the Constraints: |
§CS28 »= SES28 B Cell Reference: int:
0832 <— seen2 Constraint:
SC836 <= SES36 o= IEI
| ok | | Add

Make Unconstrained Variables Non-MNegative

e e B

Select the GRG MorMinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are

non-smoath,

e ) [ om




Solving the Problem in Excel

A E C

Inputs

Min PolicefFire 15
Mlax PolicefFire TE

00 =) 0 e L =

Solver found a solution. All Constraints and optimality ]
conditions are satisfied. Reports 10 Lives!Falice nz
A B 1 LivefFire 0.ER

(%) Keep Solver Solution Sensitivity

! Limits 13 Decisicn Variables

{_} Restore Criginal Values

15 Palice Fire
18 1605

[ return to Solver Parameters Dialog O outline Repoas 17
1 Objective

Cancel Save scenario... 20 Objective 0.z

22 Marimize Lives Saved 4 601

Solver found a tion. All Constraints and optimality conditions are 23

satisfied. s
24 Constraints
When the GRG engine is used, Solver has found at least a local optimal 75

solution. When Simplex LP is used, this means Solver has found a global o6
optimal solution. a7

28 1605 ==

Folice »=Min PolicefFire"Fire

a0 Folice < =Max PolicelFire"Fire
a2 1605 <=
a4 Budget

36 B35 <=

CostiPolice 2 i 100,000
CostFire 10 in $1000,000
Budget 535 in $100,000

21

321

16.05

535



Solving the Problem in Excel

e Answer report

A B C D E F G

1 Microsoft Excel 12.0 Answer Report

2 Worksheet: [Labl.xlsx]Sheetl

3 Report Created: 9/1/2011 4:23:15 PM

4

3

6 Target Cell (Max)

7 Cell Mame Original Value Final Value

2 S5C522 Maximize Lives Saved Police 4.601 4.601

9

10

11 |Adjustable Cells

12 Cell Mame Original Value Final Value

13 5C516 Police 16.05 16.05

14 5D516 Fire 2.14 2.14

15

16

17 |Constraints

18 Cell Mame Cell Value Formula Status Slack
19 $c$28 Police 16.05 5C528>=3ES28 NotBinding 12.84
20 5C532 Police 16.05 $C532<=5E532 Binding 0
21 $C%36 Police 53.5 $CS$36<=5E536 Binding 0

22



Solving the Problem in Excel

* Sensitivity report

Al B C D E F G H

1 Microsoft Excel 12.0 Sensitivity Report

2 Worksheet: [Labl.xlsx]Sheetl

3 Report Created: 9/1/2011 4:22:59 PM

4

5

6 Adjustable Cells

7 Final Reduced Objective Allowable Allowable
B Cell Mame Value Cost Coefficient Increase  Decrease
9 . 5C516 Police 16.05 0 0.2 1E+30 0.07
10 SD516 Fire 2.14 0 0.65 0.35 2.15
11

12 |Constraints

13 Final Shadow Constraint Allowable Allowable
14 Cell Mame Value Price R.H.Side Increase  Decrease
15 SCS28 Police 16.05 0 0 12.84 1E+30
16 SC%32 Police 16.05 0.028 0 26,75 24.69230769
17 5C536 Police 53.5 0.086 23.5 1E+30 23.5

13



2.5.2 Mixed Integer Program

Max 0.2 - Police +0.65- Fire

st. 200-Police+1000- Fire <5350
—1.0-Police+1.5-Fire<0
1.0-Police—7.5-Fire<0

Police integer

~1re integer

Police >0

Fire>0




Add Integer Constraints

Select “int”

Add Constraint H :
Cell Reference: Constraint:
SCE16:8D516 5| it E integer B

Cancel

Decision variables

Don’t ignore
integer constraints

Options | ¥
All Methods IGRG Monlinear | Evoluticnary
Constraint Precision: 0.000001
] use Automatic Scaling
[ show Iteration Results
Solving with Integer Constraints
D lgnore Integer Constrainis
/lﬂtEEEF Optimality (%) 5
Solving Limits
Max Time (Seconds): 100
Iterations: 100
Evolutionary and Integer Constraints:
Max Subproblems:
Max Feasible Solutions:
oK cancel
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