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Background and Motivation

GAMS Examples

MCPs and MPECS

www.gamsworld.org

Future

Introduction
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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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Supported Platforms
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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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New Technologies

• Second order derivatives:

•CONOPT3 multi-method NLP solver

•PATHNLP solves NLP as an MCP 

• GAMS Data Exchange (GDX) provides 
platform independent data transfer and mapping 
facilities.  

• MCP and MPEC model types
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CONOPT3 Performance 
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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
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•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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Thin or Zero client modeling 

• Model and modeling system reside on 
application server

•Prototype user and data interfaces with Excel 
style data exchange

•Model submission via e-mail or web

•Model results delivered via the web and e-mail 
with Excel style attachements 
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Excel Data
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Data Interface inside GAMS
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Excel Data
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Data Interface inside Excel
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E-mail Submission
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Web Submission
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Job Info Via e-mail
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Less Than 0

0 - 199

200-1000

1000-3000

Increase in Ktons Per Year

Result Presentation
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GAMS World Home Page
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…a web site aiming to bridge the gap between academia and industry by 
providing highly focused forums and dissemination services in 
specialized areas of mathematical programming. 

Substantial progress in the 1980s and 1990s …. application of these tools  
less than expected …. abstraction, expression, and translation of real 
world requires highly specialized and domains specific knowledge … 
process of acquisition and dissemination of this knowledge is complex 
and poorly understood…process of transforming a new algorithm into a 
reliable and effective solution system is a slow and expensive…helping 
with the collection and dissemination of domain specific information and 
knowledge that is outside the established channels because of its content 
or form. 

Purpose of GAMS World
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MINLP World Home Page
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MPEC World Home Page
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Performance Home Page
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Translation Services
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Global World Home Page
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The solvers differ in the methods they use, in whether they find
globally optimal solution with proven optimality, and in the size of 
models they can handle, and in the format of models they accept.

BARON. Branch-and-Reduce algorithm from N. Sahinidis, 
University of Illinois Urbana-Champaign

LGO. Lipschitz Global Optimization from Pinter Consulting 
Services, Canada 

OQMS. OptQuest/NLP algorithms by OptTek Systems and
Optimal Methods 

GAMS/GLOBAL Solvers
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BARON is a computational system for solving non convex 
optimization problems to global optimality. Purely continuous, 
purely integer, and mixed-integer nonlinear problems can be 
solved with the software. The Branch And Reduce Optimization 
Navigator derives its name from its combining interval analysis 
and duality in its reduce arsenal with enhanced branch and bound
concepts as it winds its way through the hills and valleys of 
complex optimization problems in search of global solutions. 

BARON
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LGO combines rigorous statistical methods with traditional 
mathematical programming methods to find solutions within 
well defined bounds. Tailored versions of LGO have been 
applied successfully in number of large scale special purpose 
applications. 

LGO
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OQMS. This system combines existing the robust nonlinear 
optimization technologies with OptTek's state-of-the-art
metaheuristic search procedures, including Tabu Search, 
Neural Networks, and Scatter Search, into a single composite 
method. 

OQMS
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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 


