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DEVELOPMENT OF GAMS

Phase 2 (1979)

- The system can generate and solve

nonlinear programs

- The system will provide links to
special-purpose algorithms for econo-

metric problems, network problems, etc.

- Appropriate extensions to the language

will be made as the need arises



DEVELOPMENT OF GAMS

Phase 3 (?)
- Automatic structure recognition

- Internal generation of exact point-

derivatives

- Improved data-base design with e.g. unit
analysis, and links to existing data

bases
- Availability of GAMS on different machines

- World-wide availability of the system so
that it can be used as a market for

testing models and algorithms



GAMS Overview

Started as a Research Project at the World
Bank 1976

GAMS went commercial in 1987

Opened European Office in Cologne,
Germany 1996

10,000s of customers 1n over 100 countries



Basic Principles

» Separation of model and solution methods
*Models 1s a data base operator and/or object

» Balanced mix of declarative and procedural
approaches

* Computing platform independence

*Multiple model types, solvers and platforms
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Multiple model types

LP Linear Programming

MIP Mixed Integer Programming

NLP Nonlinear Programming

MCP Mixed Complementarity Programming
MINLP Mixed Integer Nonlinear Programming
MPEC NLP with Complementarity Constraints
MPSGE General Equilibrium Models

Stochastic Optimization



EDMLFP

CONOPT

CPLEX
DECIS
DICOPT
MILES
MINOS
MPSGE
OSL
OSLSE
PATH
SEB
SNOPT
XA

XPRESS

Supported Solvers

LF solver that comes with any GANS system

Large scale NLP solver from AREI Consulting and Development

High-petformance LE/WIE solver from Hog

Large scale stochastic programming solver from Stanford TTmversity

Framework for solving BMINLE models. Meeds both an MLE solver and a IMIP solver. From Carnegie v
WP solver from Umniversity of Colorado at Boulder that comes with any GADE system

HLE solver trom Stantord University

Maodeling Enwronment for CGE models from Thiversity of Colorade at Boulder

High petformance LP/AIP solver from TBI

5L Stochastic Extension for solving stochastic models

Large scale MCP solver from Uriversity of Wisconsin at IMadison

Branch-and-Bound algonthm from AREI Consulting and Development for solwng MIMLE models, requ
Large scale SOQP based WLP solver from Stanford University

Large scale LP/MIP system from Sunset Software

High petformance LP/AIP solver from Dash



BARON
CONVERT
LGO
MOSEK
NLPEC
OOQMS
PATHNLP

Beta Solvers

EBranch-And-Eeduce Optirmization Nangator for proven global solutions from The Optirization Firm
Frame worlk for translatng models into scalar models of other languages

Lipschitz global optimizer from Pinter Consulting Serwices

Large scale LP/WIFP plus conc and convex non-hinear programeming system from EEA Consulting
MMPEC to MLP translator that uses other GANLS LE solvers

Multi-start method for global optmization from Optimal Methods Inc.

Large scale NLP solver for convex problems from Uhiversity of Wisconsin at Madizon

Contributed Plug& Play Solvers

Framework for using ANPL solver for GANSE models

Large scale Data Envelop Analysis Solver from TTversity of Wisconsin at IMadison
Framework for using remote NEOS solvers with a local GANS system

Quadratic programming m GATS



GAMS

BE Transport Example
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GAMS Implementation

Using the GAMS IDE to build a model
Data Entry

Max/Min Shipments

Nonlinear Cost

MCP Formulation

Flexible Demand



GAMS

e GAMS IDE

%gamside: C:5 WINNT ' gamsdir' exxon.gpr
File Edit Search Windows Help

E‘l | q";“J-EEl v Q;h j ﬂ@ I-;rd:-c=datl

ﬁ C: WINNT gamisdirh dat1.gms

mﬁgmslmIgmslmEgmslngmslm%gmslm&gms dmlgmal

F——— data entry

Sets 1 / geattle, zan-diego /
1 ¢/ new-york, chicago, topeka / ;

Parameters as(i) / =zeattle 350, =zan-diego OO0/
b(3) / new-vork 325, chicago 3200, topeka

Table d(i,]) distance in thousandz of miles

new-york chicago topeka
gseattle 2.0 1.7 1.9
gan-diedgo 2.5 1.2 1.4 ;

scalar £ freight in deollars per case per thousand miles

Parameter rate(i,]J); rateii,j) = £ * dii,3) / 1000 ;

275

80/

li

L



GAMS

Model m1.gms

@E:"-.,WINNT"-.,gamsdir"-.,ml.gms

mbB.grms ngmﬁ|m2gm5|migmslm%gmslmEgmsldmlgms

sets 1 canning plants
7 markets
parameters a(1i) capacity of plant 1 in cases
<i{i,]) transport cost in thousands of dollars per case
ki) demand at market j in cases
Variables x(i,Jj) shipment gquantities in cases
= total transportation costs in thousands of dollars

Positive Variable x ;

Equations cozt define objective functicon
supply (1) chzerve supply limit at plant 1
demand (7] cgatiz=fy demand at market 7j ;

cost .. z =e= sum((i,j), ci(i,3)*=(i,3)) ;

supply (1) .. alfi) =g= sum{j, =i(i,])) ;

demand (j) .. sum (i, =(i,j)) =g= bij);

Model ml /all/ ;

11



Model m1.gms (cont.)

dodel ml /all/ ;

Scall gams datl gdzx=datl

Sgdxin datl

Sload 1 ] a b c=rate

#A——— solve LP and =tore reszults
Solve ml us lp min = ;

parameter repii,j,*) Summary EReport;

rep(i, ], "1lpT™) = =.1{1,7);
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Min/Max Shipments

* min and max shipmenst
option limcol=0,limrow=0;
scalars xmin / 100 /
xmax / 275 /;
binary wvariables ship (i, ]) decision variable to ship
equations minship(i,j) minimum shipments

maxship (i, j) maximum shipments ;

minship(i,Jj) .. x(i,]) =g= xmin*ship (i, J)

maxship(i,j) .. x(i,73) =1= xmax*ship (i, J);

model m2 min shipmenst / cost, supply,demand,minship,maxship /;

solve m2 using mip minimizing z;

rep(i,J, 'mip') = x.1(i,]J); display rep;

13



Nonlinear Cost

* nonlinear cost

equation nlcost nonlinear cost function; scalar beta;

nlcost.. z =e= sum((i,]j), c(1i,3j)*x(1i,]) **beta) ;

model m3 / nlcost, supply,demand /;

beta = 1.5; solve m3 using nlp minimizing z;

rep(i,J, 'nlp-convex') = x.1(1,73);

beta = 0.6; solve m3 using nlp minimizing z;

rep(i,J, 'nlp-non') = x.1(i,73);

option nlp=baron; solve m3 using nlp minimizing z;

rep(i,J, 'nlp-baron') = x.1(i,7); display rep;
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Min/Max and NL objective

* min/max and nl obj

model m4 / nlcost,supply,demand, minship,maxship /;
option minlp=baron; solve m4 using minlp minimizing z;
option nlp =snopt; option optcr=0;

option minlp=sbb; solve m4 using minlp minimizing z;

rep(i,J, 'minlp') = x.1(i,7J); display rep;
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MCP Formulation

* lp as mcp

positive variables w(i) shadow price at supply node
p(jJ) shadow price at demand node;

equations profit(i,j) zero profit condition;

profit(i,j) .. w(i) + c(i,J) =g9= p(J);

model m5 / profit.x, supply.w, demand.p /;

solve m5 using mcp;

rep(i,J, 'mcp') = x.1(1i,3J); display rep;
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Flexible Demand

* flexible demand
parameter pbar(j) reference price
esub (j) price elasticity
/ new-york 1.5, chicago 1.2, topeka 2.0 /;
equation flexdemand(j) price responsive demand;
flexdemand(j) .. sum(i, x(i,3j)) =g= b(j)*(pbar(j)/p(j))**esub(j) ;
model m6 / profit.x, supply.w, flexdemand.p /;

pbar(j) = p.1(jJ); solve mb6 using mcp; rep(i,Jj, 'mcp-flex') = x.1(1i,7);

17



* counter factual

c('seattle',j) = 2.
solve m5 using mcp;
solve m6 using mcp;

display rep;

$libinclude xldump

Counter Factual

O*c('seattle',j);

rep(i,j,'cft-fix' ) = x.1(1i,73);
rep(i,j,'cf-flex') = x.1(i,73);
rep rep

18



GAMS

EA4 Microsoft Excel

Summary Result

JEiIe Edit View Insert Formak Tools Data Windaow Help

IDEE SRY BRI o o (@3 A 45 0BHww: -2, | -0 ~| B
A - =
Efjrep.xls
A B E E H I J K L
1 ! Ip mip nip-convex nlp-non  nlp-baron  minlp mcp mcp-flex  cf-fix cf-flex
2 |zeattle news-york 300 2000 1441625 325 225 300 300
3 |seattle chicago 1001 99. 76905 25 100 300
4 |zeattle  topeka 967654 275
5 |san-diego new-yark 25 125 180.8375 325 100 25 25 325 2448657
b |san-diego chicago 300 2000 2002305 275 300 200 300 300 202 446
/ |san-diego topeka 275 275 1782316 275 275 275 275 275 152 BBER
g
9
10
11
12
13




GAMS

| Definition of MCP

Find y such that
My) Lye B={y | a <y<b}

The variable y “complements™ the function h

Exactly one of
(a) a; < Y; < b@ and hz(y)
(c) y; = b; and h;(y)

20



GAMS

] Special Cases

Nonlinear equations:

a;=—00,b;=+00 = h;i(y) =0
Nonlinear complementarity:

a;=0,b;,=+00 = 0<y,; hi(y)
yihi(y) =0

Key: either y; =0 or h;(y) =0

> 0



GAMS

BN GAMS Model

* data specified i,j,A,b,c,g
positive variables p(i), z(]J):
equations S(i), L(3j):

S(i).. b(i) + sum(j, A(i,j)*z(]3))

- c(i)*sum(k, g(k)*p(k)) / p(i) =g= 0;

L(j).. - sum(i, p(i)*A(1i,]3)) =g= 0;
model walras /S.p, L.z/;

solve walras using mcp;

22



GAMS

BB Definition of MPEC

minimize f(x,y)
such that g(z,y) <0

Add complementarity to definition of h; parameter x

h(z,y)

y € B

Theory hard; no constraint qualification

23



GAMS

B NCP Functions

Definition : ¢(r,t) =0 0<r L t>0

Example : ¢pin(r,t) = min{r,t}

Example : ¢p(r,t) = Vr2+t2—r—1t

Componentwise definition : ®;(z,y) = ¢(hi(x,y),y;) =0

¢(z,y) =00 h(z,y) Ly>0

24



GAMS

Implicit:

MPEC Approaches

min {(X,y(x))

*Auxiliary variables: s = h(x,y)

*NCP functions: dO(s,y) =0
*Smoothing: Du(s,y) =0
*Penalization: min f(x,y) + u {s’y}

*Relaxation:

techniques

S’y <=1

*Different problem classes require different solution

25



Parametric algorithm

NLPEC
Equreform = 1
‘Initmu = 0.01 NLP (@) : min f(z, y)
<

Numsolves = 5 g(%y) =0

s = h(x,y)
Updatefac = 0.1 0<s,y>0
eFinalmu = 0 SiYi = U
eTnitslo = 0

Reformulate problem and set up sequence of solves
26



GAMS

| Running NLPEC

*Create the GAMS model as an MPEC
*Setup nlpec.opt

*Reformulated automatically

*Results returned directly to GAMS

27



GAMS

BB Benefits/Drawbacks

*Easy to adapt existing models
*Large-scale potential
*Customizable solution to problem
*Available within GAMS right now
*Models hard to solve

*Local solutions found

*Scarcity of MPEC models

28



GAMS

*Find all or multi

Frontiers

vle equilibria

—Use nlp=baron ;

parametrically

eStructural 1dentification

—Inverse problems

*Optimal tariff ca

lculations

—Large-scale datasets

*Stackelberg (leader/follower) games

29



What is a Model?

» List of Equations
— Mathematical Programming (MP) Model

* Collection of several intertwined (MP) Models
— Data Preparation and Calibration
— “Solution”” Module
— Reporting Module

» Categorization of Models by answering:
— Who 1s the User of a Model?

30



Who is the User of a Model?

(Academic) Researcher
— One time use (Research Paper)

Domain&Model Expert
— Model Results used for Consulting

Black Box User

— Model integrated in (Optimization) Application

Each Category has its own needs
— Development & Deployment

31



Research Models

95% of Model Source 1s (Equation) Algebra

Declarative Modeling
Set of (Benchmark) Problem Instances

Modeling Language Differences: Few

Taste (Syntax, Development Environment,...)

Platform, Model Type, Solver

32



Supported Platforms

Solver/Platform availability - 20.7 June 14, 2002

Intel Sun Spare HP 9000 DEC Alpha IBMRS-6000  SGI

Windows Linwx ~ Solaris HP-UX 10 Digital AIX 43 IRIX
95/98/Me/INT/2000/XT Unix 4.0

BDMLP 4 4
CONOPT 4
CPLEX 75
DECI5
DICOPT
MILES
MINOS
MPSGE

O5L V3
PATH

SBB

SNOPT

XA

XPRESS 13.02
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Model Types

GAMS 15 able to formulate models in many different types of problem classes. That means
switching from one model type to another can be done with a mummum of effort. You can
even use the same data, variables, and equations in different types of models at the same
time.

GAMS supports the following basic model types:

LP Linear Programming

NLP Non-Linear Programiming

DNLP Non-Linear Programming with Discontimious Derivatives
MIP Mixed-Integer Programming

MINLP  Mixed-Integer Non-Linear Programming
MCP Mixed Complementarity Problems
CNS Constrained Nonlinear Systems

MPEC Mathematical Programs with Equilibrium Constraints



BARON
BDMLP
CONOPT
CPLEX
DECIS
DICOPT
LGO
MILES
MINOS
MOSEK
MPSGE
OONLP
NLPEC
OSL
OSLSE
PATH
PATHNLP
SEB
SNOPT
XA

XPRESS

Supported Solvers

Branch-And-Eeduce Optimization Nawgator for proven global solutions from The Optrmzation Firm
LP zolver that comes wath any GAMS system

Large scale NLP solver from ABEI Consulting and Development

High-performance LB/ solver from Jlog

Large scale stochastic programiming solver from Stanford University

Frameworlk for solving MIMNLE models. Needs both an HLP solver and a WP solver. From Carnegie Iellon University
Lipschitz global optinizer from Pinter Consulting Services

MCTE selver from UTmversity of Colorade at Boulder that comes with any GADE system

NLF zolver from Stanford Tversity

Large scale LE/IIP plus conc and convex non-lnear progratmrming system from FE A Consulting
Mo deling Environment for CGE models from Tversity of Colorado at Boulder

Iulti-start method for global optimization from Cptinal Methods Inc.

MPEC to HLP translator that uses other GAMS NLP solvers

High performance LE/WIE solver from IB

051 Stochastic Extension for solnng stochastic models

Large scale MCP solver from University of Wisconsin at IMadizon

Large scale NLP solver for convex problems from University of Wisconsin at Madison

Branch-and-Bound algorithm from ARET Consulting and Development for solwng MINLE models, requires an NLE solver

Large scale SQF based HNLP solver from Stanford Uiversity
Large scale LP/MIP system from Sunset Software
High performance LP/MIE solver from Dash



Solver Links

* Supported Solvers:
— GAMS Support includes Solver Support

— Standardized Solver Interface
* Return Codes, Limits, Interrupts, ...

— Common Solver Attributes (e.g. time) through GAMS
options
— Specific Solver Options through Option”file”

o Standardized Solver Interface allows “hassle free”
replacement of solvers:

option nlp=conopt;
* 10 Library (C, Fortran, Delphi) provides access to

— Matrix, Function/Derivative Evaluator, ... 36



Solver Links — Cont.

Linking your Solver to GAMS
THE COMPLETE NOTES

Don't Panic !!



Available Solvers

Growing number of
MP Solvers (often out
of Academic Labs)

NEOS: >40 Solvers

Impractical to have
Interface to all
Modeling Languages

“Solution’:
Model Translation

NEOS (# JSolvers

¢ Nulti-solvers

¢ Semi-infinite Optimization

¢ Mixed Integer Nonlinearly Constrained Optimization
¢ Mixed Integer Linear Programming

¢ Nonlinearly Constrained Optimization

¢ Semidefinite & Second Order Cone Programming

¢ Linear Programming

¢ Bound Constrained Optimization
¢ Unconstrained Optimization

¢ Linear Network Optimization

¢ Complementarity Problems
¢ Nondifferentiable Optimization

# Stochastic Linear Programming
¢ Global Optimization

¢ Application-specific Optimization
¢ Miscellaneous

¢ Administration




Model Translation

[ GADLS World Home | GIVIS2XX Translator | Search | Contact |

Instiuctions

In order to use the GIE2X X translation serwmce whach 15 based on the "solver" GAMNS/CONVEET wou have to attach yvour
model to an email and send it to our translation server at pmsdsm@eamswotld org. Y ou specify the language in the subject
line, for example

cubject: GAMS
At the moment we supportt the following lansuages:

« AWPL

« BAROH

o CplexlP

o CplexMPS

o GADE

« LGO

« LINGO

o MINOPT

o ATL (thiz creates scalar wersions of all supported languages, listed abowe)



Model Translation — Cont.

 Translation of MP Model into Scalar Model
— List of Variables/Equations

* Advantages:

— Syntax for Scalar Models almost 1dentical for
different Modeling Languages (easy Translation)

— Hides proprietary Information

» Seamless Modeling System Connection
— For example: GAMS/AMPL with Kestrel (NEOS)

40



Set I Products /P1*P2/
J Cutting Patterns /C1*C2/;

Parameter c (J) cost of raw material /Cl 1, Cc2 1/
cc (J) cost of change-over of knives /Cl 0.1, C2 0.2/
b (I) width of product roll-type I /Pl 460, P2 570/
nord (I) number of orders of product type I /P1 8, P2 7/
Bmax width of raw paper roll /1900/
Delta tolerance for width / 200/
Nmax max number of products in cut / 5/
bigM max number of repeats of any pattern / 15/;
Variable vy (J) cutting pattern
m(J) number of repeats of pattern j
n(I,J) number of products I produced in cut J
obj objective variable;

Binary Variable y; Integer Variable m, n;

Equation defobj, max width(J), min width(J), max n sum(J),
min order (I), cut exist(J), no_cut(J);

defobj.. sum(j, c[jl*m[j] + cc[jl*y[3]) =e= obj;
max_width (j) sum (i, b[i]*n[i,J]) =1= Bmax;

min width (J) sum (i, b[i]*n[i,]j]) + Delta =g= Bmax;

max n sum(j) .. sum (i, nf[i,J]1) =1= Nmax;

min order (1) sum(j, m[jl*n[i,J]) =g= nord[i];
cut exist(j) .. yIlJ] =l=m[J];
no_cut (j) .. m[7] =1= bigM*y[]];
m.up[j] = bigM; n.upl[i,J] = nmax;

model trimloss /all/;
solve trimloss minimize obj using minlp;



*  MINLP written by GAMS Convert

Variables

bl,b2,i3,1i4,1i5,1i6,17,18,x9;

Binary Variables bl,b2;

Integer Variables i13,i4,15,16,17,18;

Equations

el,e2,e3,ed,e5,e0,e7,e8,e9,el0,
ell,el2,el3;

# MINLP written by GAMS Convert

var bl binary;

var b2 binary;

var 13 integer >= 0, <= 15;
var 14 integer >= 0, <= 15;
var 15 integer >= 0, <= 5;
var 16 1integer >= 0, <= 5;
var 17 integer >= 0, <= 5;
var 18 integer >= 0, <= 5;

minimize ob]j:

0.

1*bl + 0.2*b2 + 13 + 14;

subject to

eZ2: 460*15 + 570*17 <= 1900;
e3: 460*1i6 + 570*%18 <= 1900;
ed: 460*1i5 + 570*17 >= 1700;
eb: 460*1i6 + 570*18 >= 1700;

el.. 0.1*bl + 0.2*b2 + i3 + 14 - x9
=E= 0;

e2.. 460*i5 + 570*i7 =L= 1900,
e3.. 460*i6 + 570*i8 =L= 1900,
ed.. 460*1i5 + 570*17 =G= 1700;
eb.. 460*1i6 + 570*18 =G= 1700;
e6.. 15 + 17 =L= 5;

e7.. 16 + 18 =L= 5;

e8.. 13*i5 + i4*i6c =G= 8;

e9.. 1i3*i7 + 14*i8 =G= 7;

elO0.. bl - 13 =L= 0;

ell.. b2 - i4 =L= 0;

el2.. - 15*bl + i3 =L= 0;

el3.. - 15*b2 + i4 =L= 0,

* set non default bounds

i3.up = 15; id4.up = 15; 1i5.up = 5;
i6.up = 5; i7.up = 5; 1i8.up 5;
Model m / all /;

Solve m using MINLP minimizing x9;

e6: 15 + 1i7 <= 5;

e’: i6 + 18 <= 5;

e8: 13*1i5 4+ id*i6c >= 8;
e9: 1i3*1i7 4+ 1i4*i8 >= 7;
el0: bl - i3 <= 0;

ell: b2 - id4 <= 0;

el2: - 15*bl + i3 <= 0;
el3: - 15*b2 + i4 <= 0;




Consulting Models

Model 1s Tool for Problem Analysis

10% of Model Source 1s (Equation) Algebra

User: Domain & Modeling Expert (not
necessary the same person)
Living Model (changes with the problem)
— Lifecycle: At least 10 years
— Technology Change (Platform, Solver, ...)

43



Example: Hill & Associates

o« L4111 & ASSOCIATES .. Annapolis MD, USA
* Consulting Company: Coal/Electricity

 Products:

— Electric Generation, Coal and Emissions
Forecasting System (Annual, Multi-Client)

— International Coal Trade Study (Annual, MC)
— Individual Coal/Electricity related Studies

» Staff: Economists & Engineers

44



Hill Models

UFEM — Utility Fuel Economics Model
— Coal Supply/Choice, Clean-up Investment
— 3000 lines of GAMS code

NPM — National Power Model
— Dispatch of Power Plants, Wheeling of Power
— 2200 lines of GAMS code

ICT — International Coal Trade
— Demand/Supply/Transport of Coal worldwide
— 1000 lines of GAMS code

Challenging LP/MIP Models (several million NZ)

45



Figure 1-1

Hill and Associates, Inc.
Electric Generation, Coal and Emissions Forecasting System

Generation Seasonal
Database —Pp|Dispatch Costs,
(all units) Emission Rates

Generation

* Dspatch Economics
* 90+ Control Areas
* Seasona VT OD Prices, Flow & Gen.

Plant/Areaby TOD
* Generation

* Power Flows

* Marginal Prices
* Emissions

:

Cost Supply Coal Plant
Models Costs
e New Build &Egslesczgl ;
e Gas & Ol
Forecast
e Unit Info Generation
* Transp. Rates Database

» Compliance
Costs

(coal units)

Strategies for
* SO2
* NOx

* Particulates

Generation
Compliance
Models

Coal Plant Energy Demand

Utility Fuel

Economics Model
* Fuel Switching

* Clean-up Equip Choices

* Alowance Trading

Intemational Coal
Trade Model

ational Power Model™

GDP
Weather
Electric Intensity

Regional Emission Limits
* SO2, CO2, NOx

Transmission

* Bi-Directional Simultaneous Flows
» Seasonal Limits

* Time-of-Day Rates

Coal Supply Curves
* Cash Cost by Mine
» All Regions

* By Coal Type

Demand
* Industrial

Coal Marginal

I-2

 Commercial
» Residential

Cost Models
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Hill Computing Environment

* Diversity!!!
* Development
— Linux&Emacs, DOS&kedit, Windows&IDE

* Deployment
— Process driven by Technology&Experience

— 5 years ago: Receipe/Walk-through (Human
Intervention after each Step)

— Today: Semi-automated Scripts
— PC: DBase, MS Office, MapInfo (Model&Presentation)
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Modeling System
Requirements

Survive 1n such a diverse Environment
Compatibility

— 10 year lifecycle

Data Connectivity/Exchange

— Programs and People

Support for Analysis/Reporting

— Modeling System Tools and external Program
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Data Connectivity

» Data Import/Export from Standard Applications
— MS Office, Database, Text files, ...

» Capture an Instance of a Model Failure
— Reproducibility of Model/System Bugs
— Problems: Life Database/different Platforms
* Definition of Data Interface

— Gams Data eXchange (GDX)
— Separation of Responsibility for Data and Model
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Gams Data eXchange

* Gams Data eXchange (GDX):

I [
Application ﬁ. GAMS

* Complements the ASCII text data input

* Advantages:
— Fast exchange of data
— Syntactical check on data before model starts
— Compile-time and Run-time Data Exchange
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GDX Tools

IDE GDX Viewer

GDX \ / gdxsplit
API " /

gams < GDX
gdxmerge
gdxxrw / I dxdump
(MS Office)

sdxdiff
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Data Contract in GAMS

$onecho > dbf2txt.prg

use plt_data

copy to plt_data. txt type delimited fields PLT_CODE3,UTILABBR, ;
MWPLANT, GASMILES, CONGEST, LOCALE, SLUDGEMIL , MINGRIND, MINSULF, ;
HEATRATE, FPALAW _ON, EPA_SIPSO2, TONS_HG for MWPLANT>I000

$offecho

$call =dbase dbf2txt|.prg

$if errorlevel 1 $abort 'Problems with DBASE'

* Process the delimited files From DBASE

$call cat plt_data.txt | cut -d, -fl1l,3- | sort | un1q > pdata.txt
$call cat plt_data.txt | cut -d, -fl | sort | uniq > plant.txt
set p /

$include plant. txt

table pdata(p,*)
$ondelim

$include pdata. txt
$offdelim



Data Contract in Excel

Ed Microsoft Excel - ickdw_basecase.xls =10 x|
|E] File Edit Wiew Insert Format Tools Data Window Help Acrobat == x|
DZEHEGRY sdREI o- @ A8 @1 2= - 7|5
BB
Al Aj =||r:T5etupE= _ —

 [ICT Setup] B
: | Type GAMS Name Rng Dim Rdim

s PAR Cdata CDATAIA13 9

s | PAR CPar CPARIA1TY 3

s SSET I Exporters 1

: | SSET J Importers 1

s | SSET K Flavors 1

4|4 p M Setup /SETS £ cOATA £ CPAR £ DDATA £ GLOBRATE #HR / MDATA DELTAK: | 4 |

Ready




SETS I

J

K

L

/ Met Metallurgical
Thr Thermal [

R JS 1%6 f

Parameter

Data Contract in Excel — cont.

-
-

data (1,k,1,3,r)
Ppar (i,1,r)

¥ Get data Ffrom the Excel File

$call gdxxrw i1ct.xls o=1ctin.gdx index=ictparms

¥ pata include From GDX

$gdxin 1ctin.gdx

$1oad

I J K Ccdata CPar
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GDX used as a Database

» Data passed through GDX Interface 1s also
captured in a GDX file (extention .gdx)

e Contains Structured GAMS Data: Sets,
Parameters, Variable- and Equation values
(not algebra)

- Wariables dirm dinn dirn.3 dirnd walle -
- Equations LSEL LYOLMET 1 PRICE 19.7 —
51 Parameters LSEL LyOLMET 1 RESERVES 115
- Cdata USEL LYOLMET 1 PSCALE 0.2
- CPa LSEL LYOLMET 1 OSCALE 0.2
LISEL LyOLMET 1 STRCH 0.02
LSEL LYOLMET 1 LIFE 7
LISEL LYOLMET 1 CAPACITY 35
LISEL LyOLMET 2 FRICE 27
B\t LSEL LYOLMET 2 RESERVES 21,79
Moren USEL LyOLMET 5 PSCALE 0.2
Aios A oseL LYOLMET 7 STRCH 0,02 =l




Capture Failure Instance

» Capture Input Files
— Multiple Files 1n different directories
— Requires similar Computing Environment
— Life Database
 GAMS option: dumpopt
— gams mymodel dumpopt=11
— mymodel . dmp with all source and data
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GAMS

wp Capture Failure Instance — cont.

* This File was written with DUMPOPT=11 at 04/23/03 05:31:18
w

4 INPUT = C:\HILLGDX\ITCT\ICT_011.GMS

4 puMPp = Cc:\HILLGDX\TCT\TCT_011.DMFP

>

#AF CALL gdxxrw ict.xls o=ictin.gdx index=ictparms
#AA GDXTIN C:\ATLLGDX\ICT\ICTIN. GDX

Set I(I) Exporters /
USEL,USEB,USEN,USGM, USGO, USNB, USSEB, USWE , ALAS, CANW,
CANP, QABBR, QGLA, QHAY , NKEM, NWTH, COLB, COLO, COLM, VENZ,
RSAF,INDO, GERM,UNIK,POLA,RUSS,RUSE, OEUP, PRCH, OTHR, COLD /;

sSet 1(J1) Importers [
BEL,BRA,CAN,DEN, FRA, GER,HON,IBE, IND,IRL,ISR,ITA, JAP,
KOR, MAL, MED, MEX, NET, OAS, OEE, OLA,OTH, OWE , PHI,SCA, TAIL,
TUR,UKI,USA,PAC /:

Set K(K) Flavors [/
LVvOLMET , MVOLMET , HVOLMET , SEMISCC,LS-LBTU,LS-HBTU,M5-LBTU,
MS-HBTU,HSSTEAM, VLOWBTU /;
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Model Support/Analysis

* “Although I didn’t change the data I get
different answers”

* “Why 1s this run so different from the one I
did last week™

* “My ‘back on the envelope calculation’
says this number should be close to x. Why
1s 1t y?”’
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Analysis with GDX Tools

* Visual Inspection
— GAMS IDE (Integrated Developers Environment)
— gdxdump (Simple ASCII dump)
— GDX Viewer

* Scenario Management Support

— gdxmerge, gdxsplit combine and separate GDX files
resulting from different scenarios of the same model

— gdxdiff compares two GDX files
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Example: Compare Inputs

* ICT Model reads data from Excel spreadsheet and
creates a GDX file called ictin.gdx that captures

all immputs to the model.
* Compare ictdw basecase and ictdwl230c:

gams ict_011 --xIsfile ictdw_basecase.xls
copy i1ctin.gdx basecase.gdx

gams ict_011 --xIsfile ictdwl230c.xls
copy ictin.gdx 1230c.gdx

gdxdiff basecase.gdx 1230c.gdx

gamside diffile.gdx
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%gamside: C:% Documents and Settings’, Adn

E File Edit Search Windows LEilif=e—k-l=ls
gamside: )\ Docurments and Setir

E@ﬂﬂiﬂ =]
I

Frodmin (Far

Cfmaxdat Far 4 200
Cfmindat [Far 4 30
CGimaxdat Far 4 b

1.43 1.05

5 oo -~ O n

Cimindat |[Far
-j

| 159: 1 [Modified Insert ]

Decimals

1|h||‘v15:-:




GDXDIFF Results

» gdxdiff creates a summary of differences:

Summary of differences:
Ddata Data is different
I Data 1s different
Mdata  Keys are different

» odxdiff creates a GDX file diffile.gdx with
details

— 1ns1 refers to a record in filel which 1s not 1n file2

— dif1/dif2 refer to different values for a record
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Reporting

 Integrated Standard Reporting Facilities
— MS Office, text files, ...

* Specialized Reporting
— Scenario Management/Data Cube: VEDA
— Geographical Information System: MaplInfo

— Visualization with MATLAB
* Provide Help Interfacing with GAMS
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- YEDA: Hill

File

Tables  View Results  Tools Help

Sl

~ Table Definition [ Attribute T Elack 1 Chrea T Cérealo T Fuel d
T_423200343628PM =] [ WalueType Year 1 Sol/al 1
f Region T Scenario T Seazon T State T TimeDfDay ]
C::' T—4232_DD343528PM NERLC T MO=A T DOperator T Flant T Pallutant
e O Abtribute
0 Black "0 ROCHESTER B
0 Chrea - ROCHPU
0 ChreaTo o RUSTOMNWAT
w0 Fuel -~ SACRAMEMNTO
o MERLC - SAFEHAREO
b MORR L0 SALTRMMER
e Dperato =1of x|
i em SOUTHWESTE i
0 Pl RB B @3- H 3] % S E
L O Pollutant : 5 T
-0 Region v Do not save changes whils closng
i Seenario '—TL"L"""T""L"'I
- Season | |
i State - ; S z
.0 TimeOfDay Active Umt:iﬁ Original Units:
g $Z!;ET}'DE *Block” J Fegion J MERLC J MO =R J Operator J Scenario J Chrealo J “Bittribute’” JYear J
B0 Solal ValueType | ‘
@ Ry Plant __|State_[Fuel _|Chiea _|Season CAPFRACT |DISP_COST |LB_HG
Zlei3g00|=lar  |=lcoal | =Icsw |Fal : ; 111454 21.43 6m
Spring 2340920.00 1114.54 21.43 g
Summer 2340920.00 138315 21.43 1:
Winter 2290030.00 1331.70 21.43 1
=le12900| =11 | =lcoal [=lcsws [Fal E346431.00 1044.85 24.84 2
Spring FO227E6.00 1044.85 24.84 2 J
Summer TO22765.00 1317.90 24.84 3
Winter BE70097.00 1214.61 24.84 &
=lranzool =T |=lcoal [=lcsw [Fall 294380700 10:21.34 13.66 2
Spring 2976156.00 1021.34 13ER 2 L
Summer 2976156.00 12594.35 13.EE o —
== TEMPORARY MAME... This table will n Winter 2311452.00 124230 1366 e LI ®
unless the name iz modified = ﬂ_l L”_J
— | TS I j
T able Layout | Aggregation Details | Yiew

| Ready

;mﬁtart”j o @ Q) || @] @pa] S | @] BEa..| it | [ | e | @ | @ |[Ecu.

‘ Rezults: C:\Pragram Filez\WEDAZE \databazezhnpm I Adrin

Mednesda}l, Aprl 23, 2003, 04:38 P

ARG =T =R Y

4368 PM



GAMS

) GAMS/Maplnfo
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Black Box Model

Innocent User

Bulletproof Optimization Application
— No failures: e.g. No Infeasible Models

Model embedded 1n larger System:

Optimization * Application
Takes Longer than * Real Time
one is willing to wait  « Always need a

It will eventually fail Solution to Problem
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Scheduling US Military
Academy West Point

“ ... each student’s daily activities are a
carefully regimented balance of academic,
military, and physical requirements.”




An Optimization Model

min Z(plm ¥ Tl
ro
Z Le,ro
0
Z Leyro
r

—0 — 74, < Z Legro — Z Leyro

T0 on day-1

)3

C freshmand&zathlete

TO on day-2

Lero

Z Lero

C
Tepo — 0.0 Z Le,ro
¢

P2ro * 7T2ro) + Z(p?’c * 3. + pde * 774(:)
¢
1 (for all 8TAP entries)

1473, (for all cadets ¢ for all time slots o)

o+ 14, (for all cadets c)

0 (for all ¢, ro where ¢ has activity at o)

capro + wly, (for all course hours ro)

20 (for all course hours ro)

70



Problems MP Model

* There 1s no solution subject to all constraints/rules
for real data

 Infeasibilties
— Individual Cadet Infeasibilities
— System Infeasibility (e.g. Capacity)

* Goal Programming:

— Relax constraints/rules by penalizing violations
— How to Select penalties for constraint violations
— Penalty depend on individual Cadet
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Two-Stage Approach

* Pre-Scheduling
— Filter cadets with no feasible schedule

— Overcome 1nfeasibility by waiving constraint or
data changes

* Scheduling

— All individual constraints/rules are hard
constraints

— Find assignment that does not exceed capacity
(or penalize overloads)
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GAMS

Pre-Scheduling

One cadet at a time

Thousands of small
MIPs

If infeasible produce
several infeasible
schedules

Human accepts
infeasible schedule or
modifies data

Pl Scheduler AYT 2001-2 3 ]

Run Time :

| 00 Hours | 13 Mins 16 Seconds

Schedules o be Produced | 4078
Schedules Created | 1]

Schedules with Conflict=r Violations

Schedules without Conflicts! Viclations

Pre_Schedule Schedule

................................

i Moue PS5 Data IN - Move 5 Data IN

View Errors Cancel




Cadet Schedules with Constraint Violationz, AYT 2001-1

Header Information

Select Constraint Type: |3 FREE HOUR COMSTRAINT ﬂ Free Hour Violations: 13 =
Fitter . | ﬂ Design Group Yiolations: 4 —

Unbalanced Schedule Yiolations: i —
Cadets With Schedule Violations FREE HOUR. CONSTRAINT

Course | Total Enrollment | Mame S5 | Grad¥r | Reviewed | =
EM3624]  |BASS,WILLEC 158-84-7173 | 2002 | (W | | Details
FH3ES BRCWM, JARMEY & 275-TB-0461 2002 [ —
EM362A BLINTING, BRIAN M. 720-17-7180 | 2002 B A
Em301A CHOMCWSKL, DANID P J51-68-9536 2002 [ o
Em30Z COOPER, GRAIG W, 242-31-2882 2002 [
EM301A CLILLUMEER, CR&IG M. 217-13-9287 2002 B
EMIG2A DOMMELL, TYLER R. 131-62-6935 2002 B
EmM3IG2A EDGAR, BEMJAMIN T. 411-45-8430 2002 [ ﬂ
Cadets: 43
FOS1 ] Civil Engineering Major [ FOS2:
Eng Seq CIVIL EMGINEERIMNG
Activity
Codeizy| ©5" (3) 1Day TQAPA|2.414 COPA] 2699 (3) 2 Day
Hour Course YWiolation Crverride Hour Course Yiolation Chverride Schedule
A FE310 £ Hour 5 a5307
B MA3IE4 H HI301
Z FL300 [ EmM3IGE4A
D FL300 J EmM3IG4A
E | Em3s2a K R OK
F EmM3IEZA L Close




Modeling System
Requirements

Reliable System
Using Third Party Software (Solver)

— Keep Resource Usage of Solver in check
— Solver will eventually crash

Possibility to Implement Simple Heuristics
Platform Choice

Less important: Data Import/Export

— IT does not want Modeling System to mess with DB
— Simple/Thin Interfaces (text files, XML)
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Future Directions

Value Added Applications
Solution Service Providers
Distributed System Architectures
New Solution Approaches

Continued Changes 1n the Modeling
‘Industry’
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Contacting GAMS
Development

GAMS can be contacted at this address:

GANS Development Corporation
1217 Fotomac Street, W
Washington, DC 20007

T=4

Phone:  (202) 342-0180

Fax (202) 342-0181

Iyou prefer e-mail, here are some mmportant addresses:
General Information and Sales: salesi@zams. com

Customer Suppott: suppottif@lzams cotn
W ebmaster: webmaster(@oams. com

In Europe vou can contact us at this address:

FANE Software GmbH
Eupener Str. 135-137
20933 Cologne

Germaty

Phone: (+49) 221 945-9170
Faxz (+49)221945-9171

The central e-mnal address for our European office 15: info@zams de
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