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Traveling Salesman Problem

(TSP)

Problems involving ordering or permutations
of choices are very difficult to model using
conventional constraints, even with integer

variables

An example is the famous Traveling Salesman
Problem (TSP), where a salesman must

choose the orc
minimize trave

er of cities to visit so as to
time (or distance), and each city

must be visited

exactly once
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return to New York:
m What is the order of your visits ?
m What is your total mileage ?
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m Starting in New York, visit each city only once and

A B
1 ity Mileage to Next
2 NG e
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6 ..
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| 11 Back to NYC
12 Total



How many possible routes
are there ?
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Permutations (order counts) of 9
Cities
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Do not look ahead !




Traveling Salesman Problem (con’t

Dallas

e

i3 -

- Miami

Rich 330 - 10 1165 1266 1211 M20 T4 2110
Atlanta 41 510 - B8535 75 TTad 1964 674 1878
Kiami 1308 1165 G55 - 1329 1308 1526 1300 2532
Dallas 1552 1266 TOS 1320 - 257 1221 a7 1242
Tulsa 1344 1211 TrE 1308 257 - 1222 G623 1172
Las Vegas £548 24248 1964 1526 1221 1228 - 1rva 423
Chicago g0z 748 674 1300 a7 683 1772 - 1300
Salt Lake City 2182 2110 1878 2532 1242 172 423 1390 -




Initial Heuristic Solution
Rule: start at home (NYC) , go to closest city




Modified Heuristic Solution

Rule: no crossing any connection, no backtracking




TSP setup as LP

Let x; equal 1 if the path goes from city i to city j, and O otherwise,
for cities O, ..., n. Let u;fori =1, ..., n be the sequence that the
nodes are being visited, and c; let be the distance from city I to city |

L T
min E E Ci T4

i=0 j#i,j=0
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r;; Integer 1,7 =0,...n
n
E Itj_l j:DJ"'!ﬂ

i=0,its See next slide =2
n
E xi; =1 =1, LT

F=0,j7i

There is a new “all different” constraint in Excel to facilitate this last constraint.
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Sum Of Every Column And Row Is 1

To
NYC | Richmond | Atlanta | Miami | Dallas Tulsa | Las Chicago | SLC
Vegas
NYC 1

Rich. 1

Atlanta 1

Miami 1

Dallas 1

Tulsa 1

Las 1
Vegas

Chicago 1
SLC 1
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Excel 1teger, binary, all different
Constraints

A constraint such as A1:A5 = integer, where Al1:A5 are decision
variable cells, requires that the solution values for Al through A5
must be integers or whole numbers, such as -1, 0 or 2, to within a
small tolerance (determined by the Constraint Precision option).

A constraint such as A1 = binary is equivalent to specifying Al =
Integer, A1 >= 0 and Al <= 1. This implies that A1 must be either O
or 1 at the solution; hence A1 can be used to represent a “yes/no”
decision, such as whether or not to build a new manufacturing
plant.

A constraint such as A1:A5 = alldifferent, where A1:A5 are
decision variable cells, requires that these cells must be integers in
the range 1 to N (N =5 in this example), with each variable
different from all the others at the solution. Hence, A1:A5 will
contain a permutation of integers, such as 1,2,3,4,5 or 1,3,5,2,4.
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TSP vs Ebay
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Further LP Extensions

14

Revised Simplex Method
Sparse Matrices
= The constraint matrix A (in AX < D ) is mostly zeros

= Computational techniques for only storing and operating
on the non-zero elements

Interior Point Methods
Quadratic Programming

= The objective function can have quadratic functions of
the variables, but the constraints are still linear

Non-linear Problems

= The constraints and/or object function is non-linear
Goal Programming



Revised Simplex Method

The standard version of the simplex method updates the entire simplex tableau
at each iteration

However, not all of the numbers in the tableau are actually needed in each
iteration

What is needed is enough of the tableau to choose a variable to enter the
current basis and a variable to leave the basis

Choosing the entering basic variable requires (in terms of the tableau) only the
numbers in the row of objective function coefficients

Choosing the leaving basic variable then requires (again, in terms of the
tableau) the numbers in the column corresponding to that entering basic
variable and the numbers in the right-hand side of the tableau

That's only one row and two columns out of the entire mxn tableau

The revised simplex method uses the right matrix implementation and rules for
avoiding inverting the basis matrix at every iteration to calculate only the
numbers in this row and two columns

By doing so it can speed up the performance of the simplex method
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Interior Point Methods

Interior point methods are a relatively new class of algorithms to
solve linear and nonlinear convex optimization problems

These algorithms have been inspired by Karmarkar's algorithm,
developed by Narendra Karmarkar in 1984 for linear programming

Contrary to the simplex method, it reaches an optimal solution by
traversing the interior of the feasible region instead of examining the
vertices

Karmarkar's breakthrough revitalized earlier studies of interior point
methods and barrier problems, showing that it was possible to create
an algorithm for linear programming characterized by polynomial
complexity and, moreover, that was competitive with the simplex
method

The class of primal-dual path-following interior point methods is now
considered the most successful; Mehrotra's predictor-corrector
algorithm provides the basis for most implementations of this modern
class of methods
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Interior Point Methods (con’t)
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Nonlinear Programming

The methods seen so far have assumed that the objective
function and constraints are linear

Terms such as X3, 1/X,, log X3, or 5X,X, are not allowed

But there are many nonlinear relationships in the real
world that would require the objective function, constraint
equations, or both to be nonlinear

Excel can be also used to solve these nonlinear
programming (NLFP) problems

One disadvantage of NLP is that the solution yielded may
only be a local optimum, rather than a global optimum

= In other words, it may be an optimum over a particular
range, but not overall



Local and Global Optimums

Global Optimum
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Quadratic Programming Example

The Great Western Appliance Company sells two
models of toaster ovens, the Microtoaster (X1) and
the Self-Clean Toaster Oven (X2)

They earn a profit of $28 for each Microtoaster no
matter the number of units sold

For the Self-Clean oven, profits increase as more
units are sold

The profit function for the Self-Clean oven may be

expressed as: 4;1
21X, + 0.25X,2 A




Quadratic Programming Example (con’t)

The objective function is nonlinear and there are two
linear constraints on production capacity and sales time
available.

Maximize profit = 28X, + 21X, + 0.25X,2
subject to X;  +X, £1,000 (units of production
capacity)
0.5X; +0.4X, £ 500 (hours of sales time
available)

When an objective function contains a squared term and the problem
constraints are linear, it is called a quadratic programming problem



Quadratic Programming Example (con’t)

Excel Solver Solution for Quadratic Problem

A B C ] E F e
1 |Great Western Appliance
2 Micro Self-Clean
3 Variables X1 x2
4 Values 1] 0
o
]
7 | Terms X1 X2 x2°
& |Calcvalues 1] 0 (1] Profit
9 | Profit 28 21 0.25 (0]
10
11 Constraints LHS Sign RHS
12 |Capacity 1 1 0 < 1000
1= Hours 0.5 0.4 0 < SO0
14

Note that X22 is just another variable



Quadratic Programming Example (con’t)

LN e T o e e R o o I e & N

=
[}

11
12
13
14

A B C D E F G

Great Western Appliance
Micro Self-Clean

Variables X1 X2
Values 0 0
Terms X1 X2 X2*
CalcValues =B4 =C4 =C4"2 Profit
Profit 28 21 0.23 =B3*B9+C8*C9+DE*DY
Constraints LHS Sign RHS
Capacity 1 = BA*B12+(4*C12 < 1000
Hours 0.5 04 = B4*B13+C4*C13 < 500
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uadratic Programming Example (con’t)

s Ny
Solver Parameters | Z2 |
T set Ohjective: SESS ER= 1
To: @ Max © Min © Value Of: 0 | -
By Changing Variable Cells: I
5E54:5C54 = |
Subject to the Constraints: |
SE512 <= 5G512 - [ ] |
SES13 <= 5G513 add I

[ Change ] |

[ Drelete ] I

[ Beset All ] I

- [ Load/Save ] I

Make Unconstrained Variables Mon-Megative I
Select a Solving Method: GRG Monlinear EI [ Options ] |
Solving Method |
Select the GRG Monlinear engine for er Problems that are smooth nonlinear, Select the LP |
Simplex engine for linear Solver Probl ., and select the Evolutionary engine for Solver ¥
problems that are non-smooth. |
Help [ Solve ] [ Close |

L -
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Great Western Appliance

Micro Self-Clean
Variables X1 x2
Values 0 1000 Build all self-cleaning ovens
Terms %1 %2 %2
Calc Values 0 1000 1000000 Profit
Profit 28 21 0.25 271000 Max profit
Constraints LHS Sign RHS
Capacity 1 1 1000 < 1000
Hours 0.5 0.4 400 < 500

Hours constraint is non-binding
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Max profit i1s 271000; at x1=0 & x2=1000

Constraints

Prod Sales Isoprofit X1's

X1 X1 100000 200000 250000
1000 1000 3571.43 7142.86 8928.57
200 240 3064.29 6635.71 2421.43

600 630 1842.86 5414.29 7200.00 Isoprofit line
400 520 -92.86 3478.57 5264.29

200 360 -2742.86 828.57 2614.29

0 200 -6107.14 -2535.71 -750.00

10000
BOOD
6000
4000

2000

ﬂ

Feasible region 0 200 400 600

X2

5000 0 1200

-4000
-6000
-8000
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Nonlinear Objective Function and
Nonlinear Constraints

The annual profit at a medium-sized (200-400 beds)
corporation hospital depends on the number of
medical patients admitted (X,) and the number of
surgical patients admitted (X,)

The objective function for the hospital is nonlinear
They have identified three constraints, two of which
are nonlinear

= Nursing capacity - nonlinear

= X-ray capacity - nonlinear

= Marketing budget required
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Nonlinear Objective Function and
Nonlinear Constraints (con’t)

The objective function and constraint equations
for this problem are:

Maximize profit = $13X; + $6X, X, + $5X, + $1/X,
subjectto 2X,%2+4X, <90 (nursing capacity in
thousands of labor-days)
X, + X,3 <75 (x-ray capacity in thousands)
8X, —2X, <61 (marketing budget required in
thousands of $)




Nonlinear Objective Function and
Nonlinear Constraints (con’t)

Excel Solution for Hospicare’s NLP Problem

A B C D E F G H |1 [ ) ]
1 Hospicare Corp
2
3 Variables _X1 X2
4 Values {60663 4.1003 |
-
6 Terms X1 X12 X1*X2 X2 X2° 1/x2 —
7 Calculated Values 6.0663 36.7995 24.8732 4.1003 68.9337 0.2439 Total Profit
8 Profit 13 0 6 5 1 248.8457
9
10 Constraints LHS Sign RHS
11 Nursing 2 4 90.00 < 90
12 X-Ray 1 1 75.00 < | 75
13 Budget 8 3 40.33 < | 61

H B C D E F G

8 =SUMPRODUCT(SBS$7:5GS7,B8:G8) 7 =B4 =B4"2 =B4*C4 =C4 =C4"3 =1/C4




Linear Objective Function and Nonlinear
Constraints

Thermlock Corp. produces massive rubber washers
and gaskets like the type used to seal joints on the
NASA Space Shuttles

It combines two ingredients, rubber (X,) and oil (X,)

The cost of the industrial quality rubber is $5 per
pound and the cost of high viscosity oil is $7 per
pound

Two of the three constraints are nonlinear
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Linear Objective Function and Nonlinear
Constraints (con’t)

The firm’s objective function and constraints are:

Minimize costs = $5X; + $7X,
subjectto 3X;+ 0.25X,%+ 4X,+ 0.3X,>? = 125
(hardness
constraint)
13X, + X3 > 80 (tensile
strength)

0.7X; + X, = 17 (elasticity)




Linear Objective Function and Nonlinear
Constraints (con’t)

_Excel Solution for_ Thermlock NLP P.roblemu

A B c D E F | 6 [H] 1

1 Thermlock Gaskets

2

3 Variables X1 X2

4 Values 3.325 14.672 | Total Cost

5 Cost 5 7 119.333

6

7 X1 X12 X13 X2 XZZ ]

_8_Value 3.325 11.058 36.771 14.672 215.276

__LConstraints LHS Sign RHS

10 Hardness 3 0.25 4 0.3 136.012 > 125

11 Tensile Strengt 13 1 80 > 80

12 Elasticity 0.7 1 17 > 17
e [

D G

5 =SUMPRODUCT(SBS$4:5C$4,B5:C5) 10 =SUMPRODUCT(SBS8:5F58,B10:F10)

B & D E F

8 =B4  =B4A2 =BAA3 =C4 =(4/) (N



Exercise

Woodchuck’s Carpentry Inc. produces tables and
chairs

The profit from selling tables (x,) is 100 X,-2 X,? and
the profit from selling chairs (x,) is 200 X,- X,?

Woodchuck faces one constraint, as he only has
1000 units of mahogany wood available, and he

needs 2 units for each table, and 3 units for each
chair

How many tables and chairs (as integers) should
be produce ? Formulate objective function and
constraints first.

Copyright — Dan Brandon



Do not look ahead !




Variables & Constraint

Subject to:
=2 X;+3 X,< 1000

Now solve in Excel
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Do not look ahead !




Excel Setup

A B C D E F G | H
1 Variables
2 X1 X2

5 Terms X1 X1’ X2 X2’

6 Calculated Values -=g3 =832 =C3 (32

Objective 100 -2 200 -1 =B6*BT+C6*CT4DE*DT+EG'ET  MAX
Constraint 2 3 =B6*B3+DE*DA <= 1000

|

s
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Solver

F7 - (2 fx | =B6*B7+CE*CT+DE*DTHEG*ET
A | B | C | D E G H
Variables
X1 X2
o 0
Terms X1 X1? X2 X272
Calculated Values (4] 0 0
Objective 100 -2 200 -1 ol mMax
Constraint 2 3 0 . == 1000

Solver Parameters

Set Target Cell:

Equal To: @ Max T Min 1 value of: |U |

By Changing Cells:

| SBS3:8CS3

Subject to the Constraints:
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Solver Options
[do not check “assume linear’

b

A B C D E F G H
1 Variables
2 X1 X2
3 0] 0]
it
2 2
5 Terms X1 X1 X2 X2
& Calculated Values 0 0 0 0
7 |Objective 100 -2 200 -1 ol max
8 Constraint 2 3 0 <= 1000
£ A Solver Options ﬁ
|l 10 |
11 1| Max Time: jBp] | seconds [ 0K ]
12 | _
12 Tterations: 100 ( Cancel ]
14 Precision: 0.000001 | LoadModel... |
15 A | Tolerance: 5 % [ Save Model... ]
16
i 17 : Convergence: 0.0001 [ Help ]
15 1| [C] Assume Linear Model [7] use Automatic Scaling
13 | [] Assume Mon-Hegative [] Show Iteration Results
20 | Estimates Derivatives Search
21 | @ Tangent @ Forward @ Mewton
22 | ) Quadratic ) Central () Conjugate
i 23
24
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Solver Results

F7 -~ fe | =B6BT7+C6=C7+DE"DT+EG™E7
A B i D E | F | & H

1 Variables

2 p ol x2

3 25 100
|2

s Terms X1 x1? X2 x22

& Calculated Values 25 625 100 10000

7 Objective 100 -2 200 -1 11250' MLAX

e

2 Constraint 2 3 350 == 1000

9 . )
(10 Constraint not binding

11

L= Solver Results

13

14 Solver has converged to the current soluton. All

15 constraints are satisfied. Reports

16 Answer

& it Sensitivity

| = ? iKeep Solver Solution: Limite

15 ) Restore Original Values

19 [ ] o ] [ Cancel ] [ Sawve Scenario...

20
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C

1 Variables
2 X1 X2
3 | 25 100
a
s Terms X1 x1? X2 x2?
6 Calculated vValues 25 625 100 10000
ﬂobjective 100 -2 200 -1Ezsnn MAX
g Constraint 2 3 350 <= 1000
=2 Constraint not binding
A B Z ] E F G
1 Constraint Isoprofit X2's
2 X1 2 11246 11247 11248 11249 11250
3 24 217.232232 101.4142 101 1'Dﬂr HEMNUM! i HNUM!
4 24 .2 217.2 101.6492 101.2115 lﬂﬂ.E-tl-E.Sr HEMNUM! i HNUM!
[ - 244 317.0667 101.8111 101.51 101.1314 100.52‘3-2r HENUM!
0 & 24.60 316.9333 101.9183 101.6371 101.2961 1ﬂﬂ.8245: H#NUM!
| 7 24.8 316.8 101.9799 101.7088 101.3856 100.9592 #HNUM!
I 8 25 316.6667 102 101.7321 101.4142 101 100
I Q 25.2 316.5333 101.9799 101.7088 101.3856 lﬂﬂ.ﬂﬁﬂir HENUM!
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Excel Solver Algorithms

Simplex Method

= Revised simplex method for regular LP problems
Auto switch to dual simplex

= For integer or binary uses branch and bound

GRG Nonlinear — Generalized Reduced
Gradient

Evolutionary Method

= Uses a variety of genetic and local search
methods
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Excel Solver Algorithms (con’t)

B

Solver Parameters

Set Objective: | 5AS1

To: @Max O Mn () vaueof: |0

By Changing Variable Cells:

Subject to the Constraints:

I|E
[ Rl

Change

Delete

Reset Al

Load/Save

Make Unconstrained Varizbles Non-egative

Select a Solving Method:

a0

GRG Nonlinear El Optians

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select
the LP Simplex engine for linear Solver Problems, and select the Evolutionary engine
for Salver problems that are non-smoath,

Solve Close

SR

Options o - -

=

All Methods IGRG Monlinear I Evolutionary I

Constraint Precision: G.CHJDOD1|

Use Automatic Scaling

[ show Iteration Results

Solving with Integer Constraints

|:| lgnore Integer Constraints

Integer Optimality (%2): 1

Solving Limits

Max Time (Seconds):

Iterations:

Evolutionary and Integer Constraints:
Max Subproblems:

Max Feasible Solutions:

Cancel
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Other Excel Solvers

I l LINDO SYSTEMS

HOME DOWNLOADS ORDER CONSULTING-TRAINING CONTACT Us SEARCH

QOur Optimization Software:

What'sBest! lets wyou build lnear, LINGO is a comprehensive tool LINDO API creates optimization

COMPANY nonlinear, and integer models in Excel. designed to help you build and solve applications. It allows you to plug the
Models are easy to build and understand = linear, optimization models quickly, power of the LINDO solver right into
NEWS using standard spreadsheet equations. @ easily, and efficiently. =>more customized applications that you have
>>more written. »>more
PRODUCTS
DOWNLOADS
ORDER
HELP
ARCHIVES
CAREERS LINDO Systems - Optimization Software: Integer Programming, Linear Programming,
Nonlinear Programming, Global Optimization
Introducing LINGO 12.0 Enhancements B
LINDO Systems is proud to introduce LINGO 12.0. The new release includes a powerful new feature to allow users to incorporate
uncertainty into their optimization models. In addition, the new release has a number of solver performance enhancements.
Introducing What'sBest! 10.0 Enhancements
The most powerful optimization add-in for Excel is now even stronger. Thousands of users have found the ease and flexibility of the
Excel coupled with the industrial erade solvers in What’sBest! to be the perfect combination for their optimization modeling. And
with this new release, What'sBest! just got better.
Introducing LINDO AP 6.0 with New Stochastic Programming Features
LINDD Systems has begun shipping a new release of LINDO AP| that includes new features to allow users to incorporate uncertainty
into their optimization models. LINDO API 6.0 also includes enhancements to the linear, integer and global solvers.
2
Cone & Internet #g | ®io0% -
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Other Excel Solvers (con’t)

Solver tutorials

Learn to use optimization for

resource allocation. and

Monte Carlo simulation for
risk analysis of your model.

What's new

Which product
is best for me?

Excel users
Developers
MATLAB users
Macintosh users
Government users
Professors
Students

Press | Analysts

Privacy policy

®

® e 8K

Do Y®

Solver.com

From Frontline Systems, developers of the Excel Solver.

|[ Search ]

Home Products Examples Support Pricing Download Order

Upgrade the Excel Solver -- Here's What to Expect When You Upgrade

=

Allocate resources via optimization with Premium Solver Flatform — from
the developers of the Solver in Microsoft Excel.

Analyze risk via Monte Carlo simulation with Risk Solver —from the
developers of Extreme Speed in Oracle's Crystal Ball.

Find robust optimal decisions with Risk Solver Platform — integrate
optimization and simulation to deal with uncertainty and risk.

D [

See What's New in V9.6, Working outside Excel? Use Saolver Platform SDK to add optimization
and simulation to your C++, _NET, Java, or MATLAB programs.

= Linear Programming, Quadratic Programming, Mixed-Integer Programming
= Monlinear Optimization, Global Optimization, Genetic Algorithms

» Risk Analysis with Monte Carlo Simulation

» Robust Optimization, Stochastic Programming. Simulation Optimization

These powerful methods are easy to use with our tools. tech support. and consulting.

Login

Contact

To Learn More:

For instant access to our white
papers, example models, full-text
User Guides, and to download
free 15-day trial versions of our
software products whenever you're
ready, register now with no
obligation.

User type |Please Select
ol |
address
7 I
First Last
precee IR
University

Tnal version passwords are sent to
the above email address. Our
Privacy Policy protects you.

@ 0 Inkernet
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Other Excel Solvers (con’t)

SolverStudio for Excel

An integrated environment for optimisation using modelling languages within Excel

SOLVERSTUDIO  SCREENSHOTS — DOWNLOAD B INSTALL  USING SOLVERSTUDIO  LANGUAGES ¥ DEVELOPMENT  HELP B FEEDBACK

= ; : .
!'/D-) - ~ SohverStudio.dse - Microsoft Excel = - = x
Home Insert Fage Layout Formulas Data Review  View Developer Team W - = x
i i == £ ] =] mm [=H idation = 3 = '\ i
B ‘@ |_j Connedions a1 ;L‘ f T -\ - o R |= pata Vﬁlmahon ¥ Group * : ‘Z*S«nhrer I.:::) Sn-aw Model Show/Hide Data
X T Properties % Reapply jj = [Em Consolidate A Ungroup = 7= e Edit Data Show Data in Color
Get External | Refresh o Z] sort Filter Testts Remove i = Sakve )
Dala- M- = Edit Link 0p ntvancsd || Columns Duplicates =P What Anatysie = 1] subtotsl Model AUt Solverstudio
Connections Sort & Filter Data Taals Outline o Analysis Sohvertudio

SolverStudio

SolverStudio 0.5.4 (2013.06.25) has been released, with numerous bug fixes and improvements. This alse includes an experimental all-user installation setup. Many thanks to Ted Ralphs for using SolverStudio in his classes and
giving me extensive feedback that has improved this release.

Major New SolverStudio Release SolverStudic 0.5 has been released for beta testing. This is a2 major new release which adds support for the COOPR/ Pyomo modelling environment, the Python simulation tool SimPy, sclving of
both AMPL and now GAMS models (thanks, GAMS, for providing the GDX DLL"s) using the cloud optimisation service NEOS, and batter support for Gurobi (including the ability to use Gurobi medels without installing Python and 2
new license manaager — thanks, Gurabi, for help with this). There are also numerous small improvements, as documented in this post. All feedback is welcomed.

Welcome to SolverStudio

SolverStudio is an add-in for Excel 2007 and 2010 on Windows that allews you to build and solve optimizsation models in Excal using either of the following optimisation modelling languages:

1. PulP, an cpen-source Python-based COIN-OR modelling language developad by Stu Mitchell, PuLP is included with SolverStudic.
2. COOPR/Pyomo, an open source COIN-OR modelling language for Python which extends Pulp with abstract models, support for stochastic programming, and a larger range of solvers.
3. AMPL, a commercial modelling language. OpenSalver either requires AMPL to be instzlled by the user, or can install a free trial version of AMPL that allows up to 300 variables and

300 constraints. We have a tutorial on using AMPL with SolverStudio. ‘
We also support running AMPL medels in the cloud using the excellent NEDS server; sez2 AMPL on NEOS.
4, GMPL (GNU MathPreg Language), an open source AMPL lock-alike developad as part of GLPK {BNU Linear Programming Kit). GMPL is included with SolvarStudia. ARNMPL

5. GAMS, a commercial modelling language. SclverStudio requires GAMS to be installad by the user. GAMS provide a free trial version. Support for solving GAMS models using tha

MEDS server is working in our new bata version.
6. Gurobi, a commercial solver which can be accessed from SchverStudic using the Gurobi Python modelling interface. This requires the Gurobi sohver be installed. SolverStudio provides a license

manager to help manage Gurobi licenses, G U R O B |
7. SimPy, an open source Python simulation language, which is now included with the SolverStudio download. OPFTIMIZATION
8. Any cther Python software that runs under either IronPython or standard Python, both of which are included in SclverStudio.
3, We hope to add Zimpl in the nzar future, and allow GMPL to be used with CBC,

SolverStudio allows you to create and edit your optimisation medel without l=aving Excel, and to save your model inside your workbook. You can alse easily link data on your spreadsheet to sets, parametars, constants and varizbles
used in the model. SelverStudia can run the model to solve the problem and then put the answer back onto the spreadsheet,
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Goal Programming

The line between ST

objectives and - - ( ‘",‘,,ii':‘:”

constraints may not Smemt ~;,,§9
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v 2] 1({')_ .

When there are Y T ('A

many objectives, S

' L7 57 557
some of them may . |

be treated as e [
;
constraints /L:\M /
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Goal Programming Example

A company needs to develop an advertising
campaign

They would like to reach three groups of
customers:

m High income women (HIW)

m Teenage boys from affluent families (TB)

m Middle age or retired men (RM)

They can advertise on TV or in magazines and
their budget is $600,000

What is the product the company makes ?
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Ad Reach (millions) and

Cost
HIW B RM Cost
TV 7 10 5 $100,000
per spot
Magazine 3 5 4 $60,000

per ad
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Goal Programming (con’t)

oroblem would be easier to solve

~or example, if they did not need to be

f there was only one group of customers, the

concerned about TB and RM, then the problem
could be solved by direct linear programming:

= Maximize z = 7x + 3y
= Subject to:
100x + 60y <= 600

Maga=zine

HIwvv

-

3

Cost

ppppp

= Where x = # of TV spots, and y = # of ads

m With solution: x = 6, y=0, z = 42




Goal Programming (con’t)

We could take each of the individual
objectives as “goals” and introduce a
variable (deviational variable) which
indicates how much we fall short (s’s) of
our goals:

m /X + 3y +s1l=42 (42 is the optimal just for HIW, from
last slide)

= 10x + 5y + s2 = 60 (60 is the optimal just for TB)
m 5X + 4y +s3 = 40 (40 is the optimal just for RM)




Goal Programming (con’t)

Then we want to minimize the overall shortfall,
where we score the shortfalls relative to each
other, for example:

m Minimize: z = 200s1 +100s2 + 50s3

® [n goal programming, the objective function is
written in terms of the goal variables

m Where we value HIW twice as much as TB, and TB
twice as much as RM — we are prioritizing our goals

Still with the budget constraint:
= 100x +60y <= 600

And the equality constraints on the previous
slides involving x1, x2, s1, s2, s3
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Goal Programming (con’t)

The solution here is:

= X =6 (we still spend all our money on TV)

mY=0

m S1=0

m S2=0

= S3=10
Thus we meet the first two goals and fall short
on the third

We could change the weights and may get
another solution

Thus goal programming involves the solution of
several nested linear programming models



Excel LP Formulation

=
L =

A B C D E F H
TVSpots Mag Ads Shortfalls Sign RHS
X ¥ 51 52 53

Variables 0 0 0 0

Objective 200 100 100 0 MIN

Budget 100 60 0= 600
HIW ] 3 1 = 42
TB 10 3 1 0= 60
RM 5 4 - a0

Copyright — Dan Brandon



Excel LP Formulation (con’t)

1

B C D E F G H
TV Spots Mag Ads Shortfall FX Sign RHS
X / 31 8 3
Variables 0 0 0 0 0
Objective 20 100 100 ESUMPRODUCT[Dd:Fd,DS:FS) MIN
Budget 100 i SUMPRODUCTIBACAB6CH] <= 60
HIW ! ] 1 =SUMPRODUCT(BAFABTFT] = i
18 10 5 1 =SUMPRODUCT(BAFA BRFE] - il
RM 3 4 1 =SUMPRODUCT(BAFABSF| - 0
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Excel LP Formulation (con’t)

A B C D E F G H J K L Y N 0 P Q R
I
2 TV Spots Mag Ads Shortfalls [5'¢ Sign RHS Solver Parameters
3 X ¥ 51 52 53
4 |Variables 0 0 0 0 0

abl I Set Objective: 363 1
5 Objective 00 100 w000 OIMIN sa H
i} Budget 100 a0 0== 600 Ta: O Max @ Min O Value Of: |E' ‘
7 HIW 7 3 1 = 42
g TB 10 5 1 = 60 By Changing Variable Cells:
o RM 5 4 1 = 0 | sEsasess
10
1 subject to the Constraints:
8556 <= §I56

E SG57 = 8I57 Add
13 5058 = 5I58
7 §G59 = 5159 Change
15
16
17
18 Reset All
1k Load/5ave
20
21 Make Unconstrained Variables Non-Negative
2 Sglecta Solving | Simplex LP Options
23 Method:
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Excel LP Formulation (con’t)

Fa¥ B Z (] E F L] H |
|
TV Spots Mag Ads Shortfalls FX sign RHS
x A 51 52 53
Variables G o o o 10
Objective 200 100 100 i 1000 NI
Budget 100 50 i 500 <= 500
HIWW 7T 3 1 42 =
B 10 =1 1 B0 =
R 5 a 1 A0 =
Solver Results s

Solver found a solution. All Constraints and optimality

conditions are satisfied. Reports
Answeer
(=} Keep Solver Sclution Sensitivity
Limits

O Restore Original Walues

e S et
mmqmmpwm_ﬁ‘jmmMmmhwr\Jd

20 ] return to Scolver Parameters Dialog [ outline Reports

21

22 F §

23 =] | | Cancel ] Sawve Scenario...

24

25 Solver found a solution. All Constraints and optimality conditions are satisfied.

26

>F When the GRG engine is used, Solver has found at least a local optimal solution. When Simplex LP
is used, this means Salver has found a global optimal soluticn.

28

29
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Overages

Sometimes one has situations were there
may be “overages” such as over production
or over time hours

In this situation overage variables can be
used, and there will normally be penalty rates
for overages

In some problems there may be penalties for
both overages and shortages

Overage and shortage variables are often
called “deviational” variables
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Over/short Example

A company produces two types of wind
gauges

The labor required to produce gauge 1
IS 4 hours and the profit contribution is

$5

The labor required to produce gauge 2
IS 3 hours and the profit contribution is

$2
32,000 hours of labor are available

= A $2 penalty is incurred for each hour
of overtime labor (over 32,000)

= A $1 penalty is incurred for each
unused labor hour (under 32,000)




Over/short Example (con’t)

At least 7000 units of gauge 1 must be produced and
10,000 units of gauge 2 produced to met minimum
demand

For each unit of either product by which production

falls short of minimum demand there Is a stockout loss
of $5

The organization’s goals are:

1. Have $48,000 in profit

2. Not exceed 32000 hours labor
3. Meet demand for gauge 1

4. Meet demand for gauge 2
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m\What are the objective function
variables ? Decision variables ?

m\What are the constraints ?
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Do not look ahead !




Over/short Example (con’t)

The decision variables are X1 and X2 (# of
each gauge type)

The goal (deviation) variables are the overages
and shortages for each goal (G1 thru G4):

Glo — goal one overage
G1s — goal one shortage
G20 — goal two overage
G2s — goal two shortage
G30 — goal three overage
G3s — goal three shortage
G40 — goal four overage
G4s — goal four shortage

/‘-‘-,\,
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Over/short Example (con’t)

The objective function (to minimize) in terms of
the goal variables is the sum of:

= G1ls — under $48,000 in profit

= G20 — overtime (at $2/hr)

m G2s — unused labor (at $1/hr)

= G3s — not meeting demand for gauge 1 (at $5 per
unit)

= G4s — not meeting demand for gauge 2 (at $5 per
unit)

All goals are equal priority and measured in $

Min Z = G1s+2*G20+G2s+5*G3s+5*(GG4s
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Over/short Example (con’t)

Constraints (variables in red not needed):
= Definition of over/short:
Profit: 5*x1 + 3*x2 + G1s — G1o = 48000
Labor: 4*x1 + 2*x2 + G2s — G20 = 32000
= Demand:

Gauge 1: x1 + G3s — G30 = 7000
Gauge 2: x2 + G4s — G40 = 10000

= Non-negative:
X’s and G’s are >= zero
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Spreadsheet Formulation

1

2
:

4 Variables
5 Ohjective
6 Profit

7 Labor

B Gaugel

9 Guage?

Gauge 1 Gauge 2 Over/short

Al

[ TR ==y N |

Al Gls G G5 G G
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Using Solver

B - fe | =DA*DS+EA*ES+FA*F5+GATG5+HA™HS
A B | ¢ | o | e | r | & H I J K
Gauge 1 Gauge 2 Over/short
X1 X1 Gils G2o G2s G3s G4ds

Variables 0 o o (1} (1} 0 0

Objective 1 2 1 5 SE ﬂg MM RHS

Profit 5 2 1 ] = 43000

Labor ) 3 -1 1 0] = 32000
| & |Gauge 1 1 1 o = FOO0

Guage 2 1 1 (1] = 10000

| Solver Parameters u
| Set Target Cell: IS5 | [EDIT]
: E;yuzlh;i; . CEI I:-S:rn_qax @ Min ) value of: |U—|
 IREEEED [ guess |

Subject to the Constraints:

$B$4:5HS4 >= 0 ~] [ add ]

1 SIS5 = SKEE
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Optimal Solution

U= = = R R S I S ]

A B C D E F 6] H
Gauge 1 Gauge 2 Over/short
X1 X1 Gls G2o G2s G3s Gds
Variables 5600 10000 1] 20400 0 1400
Objective 1 2 1 5
Profit 5 2 1
Labor 3 -1 1
Gauge 1 1 1
Guage 2 1
Solver Results |_|
Solver found a solution. All constraints and optimality
conditions are satisfied. Reports
Answer
@ . Sensitivity
@ Keep Solver Solution Limits

() Restore Qriginal Values

[

Ok ] [ Cancel ] [ Save Scenario...

J |

Help
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32000
FO00
10000
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FO00
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Homework

Textbook Chapter 10

Quiz on these slides and Chapter
9&10

Discussion Questions to be
answered: 3, 4, 5, 6, 8 from
Chapter 10

Project Eight -
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Project 8

The school system has been given a grant of 6
million dollars to expand its service facilities

Four different types of facilities have been
requested by parents and students:

= Gymnasiums |
= Athletic fields
= Wi-FI hot spots
= Student lounges bl

The following table shows the demand for each,
the capital cost, the monthly maintenance costs,
and the expected usage (students/week)
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Project 8 (con’t)

Facility Capital Maintenance
Cost ($1000/mo)
($10,000)
Gymnasium 80 4 1500 7
Athletic Field 24 8 3000 10
Wi-Fi hot spot 15 3 500 8
Student 40 5 1000 12

lounge

Copyright — Dan Brandon



Project 8 (con’t)

[We will now have our public comments

segment of the meeting
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Project 8 (con’t)

The school board has located 50 thousand dollars in their monthly
budget for maintenance although more might be found

The school board has set the following list of prioritized goals and
weights:
= 1. The total grant must be spent (weight=100)
= 2. The facilities should be used by 20,000 or more students per
week (weight=75)
= 3. If more maintenance dollars are needed, the additional amount
should be limited to 10 thousand per month (weight=50)

= 4. The board would like to meet the wishes of the students and
parents in terms of the number of facilities, however this priority
should be weighted according to the people expected to use each
facility (weight=25)

How many of each type facility should be built ?
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