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Computation   
Past

• Algorithm limits 
applications 

• Problem representation 
is low priority

• Large costly projects
• Long development 

times
• Centralized expert  

groups
• High computational 

cost, mainframes
• Users left out

Model         
Present

• Modeling skill limits
applications

• Algebraic model 
representation

• Smaller projects
• Rapid development
• Decentralized modeling 

teams
• Low computational 

cost, workstations
• Machine independence
• Users involved

Application
Future

• Domain expertise 
limits application 

• Off-the-shelf graphical 
user interfaces

• Links to other types of  
models

• Models embedded in 
business applications

• New computing 
environments

• Internet/web
• Users hardly aware of 

model

Change in Focus
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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 in over 100 countries
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Basic Principles

• Separation of model and solution methods

•Models is 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 typesMultiple 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
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Supported Solvers
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Beta Solvers
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Transport Example

Minimize Transportation cost
subject to Demand satisfaction at markets

Supply constraints

San Diego
325

275

300
Seattle

New York

Topeka

Chicago

600

350
2.52.5

1.71.7
1.81.8

2.52.5
1.41.4

1.81.8
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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
• call GAMS IDE
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GAMS IDE 
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Model m1.gms
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Model m1.gms (cont.)
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*  min and max shipmenst
option limcol=0,limrow=0;
scalars xmin / 100 /

xmax / 275 /;
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= xmin*ship(i,j);
maxship(i,j).. x(i,j) =l= xmax*ship(i,j);

model m2 min shipmenst / cost,supply,demand,minship,maxship /;
solve m2 using mip minimizing z;

rep(i,j,'mip') = x.l(i,j); display rep;

Min/Max Shipments
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Nonlinear Cost

* 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; 
rep(i,j,'nlp-convex') = x.l(i,j);

beta = 0.6; solve m3 using nlp minimizing z;
rep(i,j,'nlp-non') = x.l(i,j);

option nlp=baron; solve m3 using nlp minimizing z;
rep(i,j,'nlp-baron') = x.l(i,j); 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.l(i,j); display rep;
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MCP Formulation

* lp as mcp
positive variables w(i) shadow price at supply node

p(j) shadow price at demand node;

equations profit(i,j) zero profit condition;

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

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

solve m5 using mcp;

rep(i,j,'mcp') = x.l(i,j); 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,j)) =g= b(j)*(pbar(j)/p(j))**esub(j);
model m6 / profit.x, supply.w, flexdemand.p /;

pbar(j) = p.l(j); solve m6 using mcp; rep(i,j,'mcp-flex') = x.l(i,j);
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Counter Factual

* counter factual
c('seattle',j) = 2.0*c('seattle',j);

solve m5 using mcp; rep(i,j,'cf-fix‘ ) = x.l(i,j);
solve m6 using mcp; rep(i,j,'cf-flex') = x.l(i,j); 
display rep;

$libinclude xldump rep rep
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Summary Result
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The variable y “complements” the function h

Find y such that
h(y) ⊥ y ∈ B = {y | a ô y ô b}

Exactly one of
(a) ai < yi < bi and hi(y) = 0
(b) yi = ai and hi(y) õ 0
(c) yi = bi and hi(y) ô 0

Definition of MCP
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ai = à∞, bi = +∞ ⇒ hi(y) = 0
Nonlinear equations:

ai = 0, bi = +∞ ⇒ 0 ô yi, hi(y) õ 0
yihi(y) = 0

Nonlinear complementarity:

Key: either yi = 0 or hi(y) = 0

Special Cases
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* data specified i,j,A,b,c,g
positive variables p(i), z(j);
equations S(i), L(j);
S(i).. b(i) + sum(j, A(i,j)*z(j)) 

- c(i)*sum(k, g(k)*p(k)) / p(i) =g= 0;
L(j).. - sum(i, p(i)*A(i,j)) =g= 0;
model walras /S.p, L.z/;
solve walras using mcp;

GAMS Model
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Theory hard; no constraint qualification

minimize f(x, y)
such that g(x, y) ô 0

h(x, y) ⊥ y ∈ B

Add complementarity to definition of h; parameter x

Definition of MPEC 
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Definition : þ(r, t) = 0⇔ 0 ô r ⊥ t õ 0

Example : þmin(r, t) = min{r, t}

Example : þF(r, t) = r2 + t2
√ à rà t

Componentwise definition : Φi(x, y) = þ(hi(x, y), yi) = 0

Φ(x, y) = 0⇔ 0 ô h(x, y) ⊥ y õ 0

NCP Functions
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•Implicit:                        min f(x,y(x))

•Auxiliary variables: s = h(x,y) 

•NCP functions:              Φ(s,y) = 0

•Smoothing: Φµ(s,y) = 0

•Penalization:                 min f(x,y) + µ {s’y}

•Relaxation: s’y <= µ

•Different problem classes require different solution 
techniques

MPEC Approaches
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•Equreform = 1
•Initmu = 0.01
•Numsolves = 5
•Updatefac = 0.1
•Finalmu = 0
•Initslo = 0

NLP(ö) : min f(x, y)
g(x, y) ô 0
s = h(x, y)
0 ô s, y õ 0
siyi = ö

Reformulate problem and set up sequence of solves

Parametric algorithm 
NLPEC
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•Create the GAMS model as an MPEC

•Setup nlpec.opt
•Gams modelfile mpec=nlpec optfile=1
•Reformulated automatically

•Results returned directly to GAMS

Running NLPEC



28

•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

Benefits/Drawbacks
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•Find all or multiple equilibria
–Use nlp=baron parametrically

•Structural identification 
–Inverse problems

•Optimal tariff calculations
–Large-scale datasets

•Stackelberg (leader/follower) games

Frontiers
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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 is the User of a Model?
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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
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Research Models

• 95% of Model Source is (Equation) Algebra
• Declarative Modeling
• Set of (Benchmark) Problem Instances
• Modeling Language Differences: Few
• Taste (Syntax, Development Environment,…)
• Platform, Model Type, Solver
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Supported Platforms
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Model Types
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Supported Solvers
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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”

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

option nlp=conopt;
• IO Library (C, Fortran, Delphi) provides access to

– Matrix, Function/Derivative Evaluator, …
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Solver Links – Cont.

Linking your Solver to GAMS
THE COMPLETE NOTES

Don't Panic !!
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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
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Model Translation
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Model Translation – Cont.

• Translation of MP Model into Scalar Model
– List of Variables/Equations

• Advantages:
– Syntax for Scalar Models almost identical for 

different Modeling Languages (easy Translation)
– Hides proprietary Information 

• Seamless Modeling System Connection 
– For example: GAMS/AMPL with Kestrel (NEOS)



Figure 1

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

Parameter c(J)    cost of raw material                  /C1 1, C2 1/
cc(J)   cost of change-over of knives         /C1 0.1, C2 0.2/
b(I)    width of product roll-type I          /P1 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  y(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[j]*m[j] + cc[j]*y[j]) =e= obj;
max_width(j)..   sum(i, b[i]*n[i,j])            =l= Bmax;
min_width(j)..   sum(i, b[i]*n[i,j]) + Delta    =g= Bmax;
max_n_sum(j)..   sum(i, n[i,j])                 =l= Nmax;
min_order(i)..   sum(j, m[j]*n[i,j])            =g= nord[i];
cut_exist(j)..   y[j]                           =l= m[j];
no_cut(j)..      m[j]                           =l= bigM*y[j];

m.up[j] = bigM; n.up[i,j] = nmax;

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



*  MINLP written by GAMS Convert
Variables  
b1,b2,i3,i4,i5,i6,i7,i8,x9;
Binary Variables b1,b2;
Integer Variables i3,i4,i5,i6,i7,i8;
Equations  
e1,e2,e3,e4,e5,e6,e7,e8,e9,e10,

e11,e12,e13;

e1..  0.1*b1 + 0.2*b2 + i3 + i4 - x9 
=E= 0;
e2..  460*i5 + 570*i7 =L= 1900;
e3..  460*i6 + 570*i8 =L= 1900;
e4..  460*i5 + 570*i7 =G= 1700;
e5..  460*i6 + 570*i8 =G= 1700;
e6..  i5 + i7 =L= 5;
e7..  i6 + i8 =L= 5;
e8..  i3*i5 + i4*i6 =G= 8;
e9..  i3*i7 + i4*i8 =G= 7;
e10.. b1 - i3 =L= 0;
e11.. b2 - i4 =L= 0;
e12.. - 15*b1 + i3 =L= 0;
e13.. - 15*b2 + i4 =L= 0;

* set non default bounds
i3.up = 15; i4.up = 15; i5.up = 5; 
i6.up = 5;  i7.up = 5;  i8.up = 5; 

Model m / all /;
Solve m using MINLP minimizing x9;

#  MINLP written by GAMS Convert
var b1 binary;
var b2 binary;
var i3 integer >= 0, <= 15;
var i4 integer >= 0, <= 15;
var i5 integer >= 0, <= 5;
var i6 integer >= 0, <= 5;
var i7 integer >= 0, <= 5;
var i8 integer >= 0, <= 5;

minimize obj: 
0.1*b1 + 0.2*b2 + i3 + i4;

subject to

e2:  460*i5 + 570*i7 <= 1900;
e3:  460*i6 + 570*i8 <= 1900;
e4:  460*i5 + 570*i7 >= 1700;
e5:  460*i6 + 570*i8 >= 1700;
e6:  i5 + i7 <= 5;
e7:  i6 + i8 <= 5;
e8:  i3*i5 + i4*i6 >= 8;
e9:  i3*i7 + i4*i8 >= 7;
e10: b1 - i3 <= 0;
e11: b2 - i4 <= 0;
e12: - 15*b1 + i3 <= 0;
e13: - 15*b2 + i4 <= 0;
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Consulting Models

• Model is Tool for Problem Analysis
• 10% of Model Source is (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, …)
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Example: Hill & Associates

• Hill & 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
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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) 



International Coal
Trade Model

Coal Marginal
Cost  Models

National Power Model™
• Dispatch Economics
• 90+ Control Areas

• Seasonal/TOD Prices, Flow & Gen.

Demand
Model

GDP
Weather
Electric Intensity

Transmission
• Bi-Directional Simultaneous Flows
• Seasonal  Limits
• Time-of-Day Rates

Regional Emission Limits
• SO2, CO2, NOx

Generation
Database
(al l units)

Generation
Cost  Supply

Models

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

Utility Fuel
Economics Model

• Fuel Switching
• Clean-up Equip Choices

• Allowance Trading

Generation
Compliance

Models

Strategies for
• SO2
• NOx
• Particulates

Demand
• Industrial
• Commercial
• Residential

Generation
Database

(coal units)
Coal Supply Curves
• Cash Cost  by Mine
• All Regions
• By Coal  Type

• New Build
• Gas & Oil
   Forecast

Coal Plant  
Costs

&Emissions
Forecast

Plant /Area by TOD
• Generation
• Power Flows
• Marginal Prices
• Emissions

• Unit Info
• Transp. Rates
• Compliance
   Costs

Coal Plant  Energy Demand

Seasonal
Dispatch Costs,
Emission Rates

I-2

Figure I-1



47

0.0

10.0

20.0

30.0

40.0

50.0

60.0

1998 2003 2008 2013 2018 2023

P
E

R
C

E
N

T

COAL-ACD COAL-NAQ GAS -ACD GAS -NAQ
NUCLEAR HYDRO COAL-CO2

Fuel Shares
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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 in 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):

• 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

Application GDX 
GAMS
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GDX Tools

GDX 

gdxxrw 
(MS Office)

gams

IDE GDX Viewer

gdxdiff

gdxdump

gdxmerge

gdxsplitGDX
API
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Data Contract in GAMS
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Data Contract in Excel
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Data Contract in Excel – cont.
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GDX used as a Database

• Data passed through GDX Interface is also 
captured in a GDX file (extention .gdx)

• Contains Structured GAMS Data: Sets, 
Parameters, Variable- and Equation values 
(not algebra)
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Capture Failure Instance

• Capture Input Files
– Multiple Files in 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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Capture Failure Instance – cont.
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Model Support/Analysis

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

• “Why is 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 
is it 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 inputs to the model.

• Compare ictdw_basecase and ictdw1230c:

gams ict_011 --xlsfile ictdw_basecase.xls

copy ictin.gdx basecase.gdx

gams ict_011 --xlsfile ictdw1230c.xls

copy ictin.gdx 1230c.gdx 

gdxdiff basecase.gdx 1230c.gdx

gamside diffile.gdx
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GDXDIFF Results

• gdxdiff creates a summary of differences:
Summary of differences:

Ddata   Data is different
I   Data is different

Mdata   Keys are different
…

• gdxdiff creates a GDX file diffile.gdx with 
details
– ins1 refers to a record in file1 which is not in 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: MapInfo
– Visualization with MATLAB

• Provide Help Interfacing with GAMS
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GAMS/MapInfo

Less Than 0

0 - 199

200-1000

1000-3000

Increase in Ktons Per Year
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GAMS/MATLAB
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Black Box Model

• Innocent User
• Bulletproof Optimization Application

– No failures: e.g. No Infeasible Models
• Model embedded in larger System:
• Optimization 
• Takes Longer than 

one is willing to wait
• It will eventually fail

• Application 
• Real Time
• Always need a 

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.”
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An Optimization Model
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• There is 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

Problems MP Model
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Two-Stage Approach

• Pre-Scheduling
– Filter cadets with no feasible schedule
– Overcome infeasibility 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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Pre-Scheduling

• One cadet at a time
• Thousands of small 

MIPs
• If infeasible produce 

several infeasible 
schedules

• Human accepts 
infeasible schedule or 
modifies data
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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)



76

Future Directions

• Value Added Applications
• Solution Service Providers
• Distributed System Architectures
• New Solution Approaches
• Continued Changes in the Modeling 

‘Industry’
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Contacting GAMS 
Development 


