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What is a Model?

g

« Mathematical Programming (MP) Model
— List of Equations

e Collection of several intertwined MP Models

— Data Preparation
— Data Calibration
— “Solution” Module (e.g. sequential, parallel, loop)

— Report Module




A Transportation Model
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Variables
¥{1,7) shipment guantities in cases
z total transportation costs in thousands of dollars ;

Positive Variable x ;

Equations
cost define objective function

supply (1) observe supply limit at plant 1
demand {]) satisfy demand at market 7] ;

cost .. =e= sum{(i,]), ci(i,])*x{di,]))

supply (i) .. sum{j, x{i,])) =1= afi) :

demand {J}) .. sum{i, ={(i,3)) =g= bi{]) :

Model tCransport /fall/

Insert
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A few Word about GAMS Syntax
e Symbols:

Sets burameters

Parameters /

Variables Variables

Equations  weaer
File

Models
ASCII Output Files

e Statements

Declarations
Data Assignments
Equation Definition

xii,73) shipmwent quantitiez in cases;
supplyii)l chserwve supply liwit at plant i
transport fall/ :

£= gome file / ‘cihthtext.txtt [/

Parameter ci(i,]):

cii, 3y = £ * dii,j) / 1000 :
supply (i) sum (], x(i,73])
Joop (i, put £x i.tl):

option reslimw=10;

=l=

Programming Flow Control

Option statement

i canning plants / geattle, san-diego /:
ali) capacity of plant 1 in cases
seattle 350

gan-diego 600 f;

ali):



Demo! Transportation Model

E GAMS Model Library Version 27.0
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Description

Blencing Problem |
4 Praduction Mix Problem

Simple Warehouse Problem

OrrthesJob Training

The Shortest Route Problem

Stigler's Nutition Model

Aircratt Alocation Under Uncertain Demand
APEX - Production Scheduling Model
ARCNET - Production Distibution and Inventory
UIMP - Praduction Scheculing Problem
Magic Power Scheduing Problem
Eqypt - Static Fertizer Model

Eqypt - Dynamic Fertlizer Model

Mesica Stesl - Small Static

Mevica Stee - Smal Dynanic

Merica Steel - Large Static

Weapons Assignment

Bid Evaluation

Alkylation Process Optimization
Chenical Equilibrium Problem

Structural Optimization

Linear Fegression with Yariaus Ciiteria
Nonlinear Aegression Problem
Masimum Likelihood E stimation

Chance Constiained Feed Mix Problem
Stratified S ample Design

Optimal Pricing and Estraction for OPEC
Relational Datahase Example
Wistoriscz Manne Fertiizer Model 1951
ol Aluminum Madel

Mini 0il Refiring Model

Management Science and OR
003 | PRODMIX  Management Science and OR
004 |WHOUSE  Management Science and OR
005 | JOBT Management Science and OR
00 |SROUTE  Management Science and OR
o7 DIET Micro Econamics
003 | AIRCRAFT  Management Science and OR
009 | PRODSCH  Management Science and OR
010 PO Management Science and OR
01 UMP Management Science and OR
02 | MAGIC Management Science and OR
M3 FERTS Micro Econamics
014 FERTD Micio Econamics
015 MEXSS  Micra Economics
016 MEXSD  Micia Econamics
017 | MEXLS Micra Economics
018 |WEAPONS  Management Science and OR
ms BID Micro Econamics
020 |FROCESS  Chemical Enginesing
021 |CHEM Chenical Engineering
022 [SHIP Engineering
023 |UNEER  Economeics
024 LEAST Econometrics
025 LKE Ecanometrics
02 |CHANCE  Agricultural Econemics
027 (SAMPLE  Statistics
028 | PINDYCK  Energy Economics
023 |ZLO0F Management Science and OR
030 VIETMAN  Micra Ecanomics
031 ALUM Intermational Trade
032 |MARCO  Micro Economics
A Transportation Problem

(TRNSPORT, SEQ=1]




Modifications to the transport model




Types of Variables

¢ Continuous Variables
— Free/Positive/Negative
— Lower and/or upper bound

Binary Variables
— EitherOor1l

Integer Variables
— Any integer number

Semicont/Semiint Variables
— 0 or above a given minimum

Special Ordered Set Variables (SOS1, SOS2)
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Binary Variables

« Powerful Tool to model yes/no decisions

« Models with discrete variables (MIP)
— Solved using Branch-and-Cut algorithms (lots of LPs)
— Theoretically difficult problem class
— Practical:
* mixed bag
« Art of Modeling

« Example: Minimum Shipment
— Ship at least 100 tons or don’t ship
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Binary Vars: Minimum Shipment

Continuous Variable x (shipment)

Binary Variable ship (decision whether to ship or not):
— ship=1ifx>100 A -
— Ship=0ifx=0

Costs

Coupling Constraints:
— X >100 * ship
— X < bigM * ship

How big do we have to make bigM?



Implement Min/Max Shipments (MIP)

Parameter repl(i,j,*) Shipments between plants a nd markets
rep2(*) Objective value;

repl(i,j,'Ip") = x.I(i,j);
rep2(lp) =z.;

Scalars mins /100 /

bigm /325/;
binary variables ship( i,j ) decision variable to ship
equations minship(i,j) minimum shipments

maxship(i,j) maximum shipments ;

minship(i,j).. x(i,j)) =g= mins*ship(i,j);
maxship(i,j).. x(i,j) =I=  bigm*ship(i,j);

model m2 min shipments / all /;
solve m2 using mip minimizing z;
repl(i,j,'mip") = x.I(i,j);

rep2('mip’) =z.l;

option mip=coincbc

solve m2 using mip minimizing z;
repl(i,j,'mip-coincbc’) = x.1(i,j);
rep2(‘'mip-coincbc’) =zl
display repl,rep2;
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Cost

Demo! NL-Model: Economy of Scales

Cost= const¥/olumd?®
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factor>1
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10 factor<1
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Volume



Implement Nonlinear Cost (NLP)

* nonlinear cost
equation nlcost nonlinear cost function;
scalar beta;

nicost.. z =e= sum((i,j), c(i,j)*x(i,j)**beta);
model m3 / nlcost,supply,demand /;

beta = 1.5;

solve m3 using nlp minimizing z;
repl(i,j, nlp-convex’) = x.I(i,));
rep2('nlp-convex’) =z.l;

beta = 0.6;

solve m3 using nlp minimizing z;
repl(i,j,'nlp-concave’) = x.I(i,);
rep2('nlp-concave’) =z.l;

option nlp=baron;

solve m3 using nlp minimizing z;
repl(i,j,'nlp-baron’) = x.1(i,);
rep2('nlp-baron’) ==zl

display repl,rep2;
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Implement Min/Max and Nonlinear (MINLP)

* min/max and nonlinear objective
model m4 / nlcost,supply,demand,minship,maxship /;

option minlp=baron,;

solve m4 using minlp  minimizing z;
repl(i,j,'minlp-bar’) = x.I(i,j);
rep2('minlp-bar’) = z.l;

option minlp=lindoglobal;

solve m4 using minlp minimizing z;
repl(i,j,'minlp-lin‘) = x.I(i,j);
rep2('minlp-lin’)y = z.I;

display repl,rep2;
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Data Connectivity

» Data Import/Export from Standard Applications
Text files
Gams Data eXchange (GDX)
« MS Office, Databases, ...

e Capture an Instance
— Reproducibility of Model/System Bugs
— Problems: Life Database/different Platforms
convert
dumpopt
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Demo! Put Utility

set help(*);
option help<repship;

file fx /results.txt/;

put fx 'Results of different models created on' system.date
PUL '==mmmmmmmm e e oo oo e e oo 11
loop(help,

put 'Model:' help.te(help) /;

pUt '-=-memmememeeeenaes "1

put 'Objective value:' repcost(help) / /;
loop((i,j))$repship(i,j,help),
put 'Shipment from 'i.te(i):10' to 'j.te(j):10" is: 'repship(i,j,help) /;
);
put//
);

putclose;

/;



GDX and GDXXRW

e execute _unload ‘'all.gdx’;

e gdx=all2

gdxdiff

e execute_unload 'reports.gdx' repcost, repship;
execute 'gdxxrw reports.gdx par=repcost cdim=1 rdim=0 rng=Report!cl’
18 execute 'gdxxrw reports.gdx par=repship cdim=1 rdim=2 rng=Report!ad’
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Capture an Instance

« GAMS “solver”: convert
— gams mymodel modeltype=convert
or
— option minlp=convert;
solve m4 using minlp minimizing z;

anonymized scalar model gams.gms and dictionary
dict.txt

translation into format required by other tools

- mps

- mpli

- om|
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Starting a model from a spreadsheet
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Contacting GAMS

USA

GAMS Development Corp.

1217 Potomac Street, NW
Washington, DC 20007
USA

Phone: +1 202 342 0180
Fax: +1 202 342 0181
http://www.gams.com

sales@gams.com
support@gams.com

Europe

GAMS Software GmbH
Eupener Str. 135-137
50933 Cologne

Germany

Phone: +49 221 949 9170
Fax: +49 2219499171
http://www.gams.de

info@gams.de
support@gams-software.com




