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' What is a Model?

Mathematical Programming (MP) Model
— List of Equations

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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trnzpoart. grns

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




A few ord about GAMS Syntax

Symbols:

SetS s:::meters
Parameters /
Variables Variables
Equations  eser
Models File

ASCII Output Files

Statements

Declarations
Data Assignments
Equation Definition

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

seattle 350

gan-diego 600 f;

xii,73) shipmwent quantitiez in cases;

supplyii)l chserwve supply liwit at plant i
transport fall/
£x gome £ile / ‘cihvthitext.oHt’ S

Parameter ci(i,]):

cii, 3y = £ * dii,j) / 1000 :
supply (i) .. sum(j, x(i,31) ~=1=
Joop (i, put £x i.tl):

option reslimw=10;

Programming Flow Control

Option statement

ali):



E GAMS Model Library Version 27.0

Edit Search Windows LUtilities Help

Hew
Open

Reopen

Project

Run
Compile

Save
Save as

Close

Options
Print
Frevious
Exit

Openin Editor
Openin project direckory

Openin New Window
Wiew in Explorer

Save in Unix format

Chrl+h
Chrl+0

Al+R
Shift+Ctrl4+0

Open User Madel Library

Fa
Shift+Fa

Chrl+5

LT L

1 CiiProgram FilesiGamMs2z2, Siwtoolslibiwtaols. glb
2 Ci\Program FilesiGAMSZ2 Slgtestlibltestlib.glb

010

ma

PRODMIX
WHOUSE
JOBT
SROUTE
DIET
AIRCRAFT
PRODSCH
FDI

UIMP
MAGIC
FERTS
FERTD
ME=SS
MEXSD
MEXLS
WEAPONS
BID
PROCESS
CHEM
SHIP
LINEAR
LEAST
LIKE
CHANCE
SAMPLE
PINDYCK
ZLOOF
VIETHMAN
ALUM
MARCO

Application Area

Management Science and OR
Management Science and OR
Management Science and OR
Management Science and OR
Management Science and OR
Micro Econamics
Management Science and OR
Management Science and OR
Management Science and OR
Management Science and OR
Management Science and OR
Micro Econamics

Micio Econamics

Micro Econamics

Miero Econamics

Micra Economics
Management Science and OR
Micro Econamics

Cheical Engineering
Chenical Engineering
Engineering

Econometrics

Econometrics

Ecanometrics

Agricultural Economics
Statistics

Energy Economics
Management Science and OR
Micra Economics
Intermational Trade

Micro Economics

NLP

DNLP

GAMS

MIP
LF

Contributor

Dantzig. G B
Dantzig, G B
Dantzig, G B
Dantzig, G B
Dantzig, G B
Dantzio, G B
Dantzig. G B
coc
ARCHNET
Ellison, E F
Garver, LL
Chksi, & M
Choksl. A M
Kendiick. D
Kendrick. D
Kendiick, D
Bracken,
Bracken, J
Bracken. J
Bracken. J
Bracken. J
Bracken, J
Bracken,
Bracken, J
Bracken, |
Bracken. J
Pindyck, Fi &
Zlook. M M
Marne, & 5
Brown, b
Aronofsky, J

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

(£

tmsport.gms  bmsport. st

~
Parameters
afi) capacity of plant 1 in cases
! seattle 350
san-diego 500/
hij) demand at market j in cases
/- new-york 325
chicago 300
topeka Al
Table dii,]) distance in thousands of miles
newv-york chicago topeka h
seattle 2.5 1.7 1.8
san-diego 2.5 1.8 1.4
Zgalar £ freight in dollars per case per thousand wiles /90
Parameter ci(i,]) transport cost in thousands of dollars per case
v
|

% No active process

tmspart }

—--— Job trnsport.gms Start 07/03/07 10:25:45

GAMS Rev 148 Copyright (C) 1987-2007 GAMS Development. A1l rights res:

Licensee: Jan-Hendrik Jagla GO70418/0001C]
GAMNS Software GmbH D

——- Starting compilation

trnsport.cms (69) 3 Mb

Starting execution =

——- trnsport.gms (45) 4 Mb

——- Generating LP model transport

——- trnsport.gms (66) 4 Mo

6 rows 7 columns 19 non-zeroes
Executing CPLEX

GAMS/Cplex Jun 1, 2007 WIN.CP.CP 22.5 034.037.041.V¥IS For Cplex 10
Cplex 10.2.0, GAM3 Link 34

L Transportation Problem

(TRNSPORT, SEQ=1]

Close Openlog | I Summaryonly W Update
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Modifications to the transport model




« Continuous Variables

— Free/Positive/Negative
— Lower and/or upper boun

Binary Variables
— FEither 0 or 1

Integer Variables
— Any integer number

Semicont/Semiint Variables
— 0 or above a given minimum

Special Ordered Set Variables (SOS1, SOS2)
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Binar 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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Demo! Binary Vars: Minimum Shipment

« Continuous Variable x (shipment)

 Binary Variable ship (decision whether to ship or not):
— Ship=1if x> 100 A -
— Ship=0ifx=0
N
(/)]
+ Coupling Constraints: &
— x>100 * ship
— X < bigM * ship

« How big do we have to make bigM?
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' Implement Min/Max Shipments (MIP)

Parameter repl (i, j, *) Shipments between plants and markets

rep2 (*) Objective value;

repl(i,j, 'lp')
rep2('lp')

x.1(1i,3);
z.1;

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,3j) =1= bigm*ship (i, j);

model m2 min shipments / all /;
solve m2 using mip minimizing z;
repl(i, j, 'mip') = x.1(1, j);

rep2 ('mip') =z.1;

option mip=coincbc

solve m2 using mip minimizing z;

repl (i, j, 'mip—-coincbe') = x.1(1i, j);
12 rep2 ('mip—-coincbce') =z.1;

display repl, rep2;



factor

Cost = const -Volume

30
factor>1

25

20 -

15 factor=1

Cost

10 — |factor<1

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Volume
13
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Implement Nonlinear Cost (NLP)

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

nlcost.. 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.1(1i, j);
rep2 ('nlp—-convex') = z.1l;

beta = 0.6;

solve m3 using nlp minimizing z;
repl (i, j, 'nlp—-concave') = x.1(1i, j);
rep2 ('nlp—-concave') = z.1l;

option nlp=baron;

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

14
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.1(1i, j);
rep2 ('minlp-bar’') = z.1;

option minlp=lindoglobal;

solve m4 using minlp minimizing z;
repl (i, j, 'minlp-1in') = x.1(1i, Jj);
rep2 ('minlp-1in') = z.1;

display repl, rep2;

15
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Data Connectivity

« Data Import/Export from Standard Applications
> Textfiles
» Gams Data eXchange (GDX)
- MS Office, Databases, ...

« Capture an Instance
— Reproducibility of Model/System Bugs
— Problems: Life Database/ditferent 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 /;

put '-——— "/
loop (help,

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

put '-———————— "/ /;

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

putclose;

17
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Demo! GDX and GDXXRW

« execute_unload 'all.gdx’;

« gdx=all2

> gdxdiff

EY-e-w -
)
Home Insert Page Layout Formulas Data

Entry |Symbal |Type | Dim |Mr Elem

reports.xls - Microsoft Ex

rep1
Plane Index (empt
lp mip [nlp-convex ‘nlp—nnn‘nlp—baron|min|p—har ‘minlp—lin‘
seattle  |new-york 150/ 142.384077867313 99.9999999993 100
chicago 300 200 130.9299354558408 300 300 200 200
topeka 76.68598667 27732
san-diego [new-york | 275 175 182.615922132182 325 325 225 225
chicago 100/ 1659.070054540592 100 100
topeka |275|275 198314013327 227 275 275 275 275

3 * = \A‘ N ] = Wrap Text || General

P S B I U -~ 5 A= =| | [ Merge & - vy e

- Format Painter L e = = = ge & Center $ Afamimen|| %

G ] ]
030 - e |

4 A B e D E. E G H 1 J K
i Ip mip nlp-convenlp-non  nlp-baron minlp-bar minlp-lin
2 153.675 154.575 1983.555 15.58477 15.58477 19.27396 19.27396
3
4 Ip mip nlp-convenlp-non  nlp-baron minlp-bar minlp-lin
5 |seattle  new-york 50 150 142.3841 100 100
6 |seattle | chicago 300 200/ 130.9299 300 300 200 200
7 |seattle  topeka 76.68599
8 san-diego new-york 275 175 182.6159 325 325 225 225
9 |san-diego chicago 100 169.0701 100 100
10 |san-diego topeka 275 275/ 198.314 275 275 275 275
11
12
132
14
15

« execute_unload 'reports.gdx' repcost, repship;
execute 'gdxxrw reports.gdx par=repcost cdim=1 rdim=0 rng=Report!c1’;

18

execute 'gdxxrw reports.gdx par=repship cdim=1 rdim=2 rng=Report!a4’;
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Demo! 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
- mpi
- oml
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Demo! Starting a model from a spreadsheet

T il ™ JE |
A B C D E F H | | K LM N 0

1 Distance Mew-York Chicago Topeka Supply
P |Seattle 2.5 1.7 1.8 350 350
2 | San-Diego 2.5 1.8 1.4 600 300
il

250
5 Demand 325 300 275
5 200

W seattle
7 |Freight cost 90 150
M San-Diego

& 100
P 50
L0 SHIPMENT Mew-York Chicago Topeka
1 Seattle 0 ' '
2 |San-Diego MNew-York Chicago Topeka
|3
4]
= Clear Solution
16
| 7
|2 GAMS Directory:  |c:\program files\GAMS23.2Y
|9 Working Directory: |c:\tmp',
'0 Solver: CPLEX
al
el
B SOLVE LP SOLVE MIP
'
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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: +49 221 949 9171
http://www.gams.de

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




