
Solving MPEC’s via Automatic 
Reformulation as NLP’s

S. P. Dirkse, M.C. Ferris, and A. Meeraus

GAMS Development Corporation & UW-Madison

ISMP-2003  Copenhagen
August 17-22, 2003 



2

Background & Motivation

• GAMS/Convert – scalar model tools
– GAMS -> other formats/languages
– Why not MPEC -> NLP?

• Function libraries
• Solid suite of NLP solvers
• Existing reformulation work

– Tin-Loi, Que
– Scholtes, Billups, C-M, F-B, Anitescu
– Hamish Mac-MPEC



3

Introduction

• Background and motivation
• MPEC reformulation

– Strategies & variations
– Function libraries

• NLPEC & testing environment
• Computational experiments
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MPEC Definition
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• The NLP constraints are left alone
• Force a solution y of MCP(h,B) via reformulation
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MCP Definition
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Alternative MCP
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Inner Product Reformulation

• Assume y in B
• Summation vs. componentwise

– Sum {i=1..M, <,>} = 0
– <,> = 0,   i=1..M

• Equality vs. inequality
• Parameter on RHS
• Double-bounded pairs are a special case
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Slack Variables

• We can use slack variables for h(x,y)
– Bounded or not
– One or two slacks per hi

• Computationally, slacks are significant
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Scholtes Reformulation
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Smoothed NCP-functions

• An NCP-function has the following property:

0 ,0 ,0    0),(  =≥≥⇔= rssrsrϕ

• Various smoothed NCP-functions proposed
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Billups Reformulation

• NCP-functions assume the single-bounded case
• Can be adapted to handle the double-bounded case
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Special Functions

• Functions are well-defined in spite of the overflow
• Smoothed NCP-functions implemented in GAMS
• Code shared between GAMS and solvers
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GAMS/NLPEC

• Based on scalar-mode GAMS format
• Rewrite model based on reformulation rules
• Call NLP solver
• Recover MPEC solution from NLP solution
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GAMS/NLPEC

MPEC model

NLP Model

NLP Solver

Reformulate, set initial point Recover MPEC solution

Read NLP solutionCall NLP solver
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NLPEC Options

• Set the reformulation type!
• Set parameters for penalization, smoothing
• Drive penalties down in loop
• Set initial values for slack variables
• Control parameters for automated tests
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MPEC Lib
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Performance World
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PTools: Performance Profiles

Performance Profiles (Dolan and Moré, 2002):

• Cumulative distribution function for a 
performance metric

• Performance metric: ratio of current solver time 
over best time of all solvers for “success”

• Intuitively: probability of success if allowed τ
multiples of the best time (τ=ratio)
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PTools: Performance Profiles

Interpretation (for τ=ratio, P=profile):

• Efficiency: 

• Probability of success:

• Compact graphs summarize all information
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Example Profile
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GAMS/Examiner

• Independent check of solution accuracy
• Check feasibility and optimality

– Can check a subset of these
– User can set tolerances used, etc.

• Runs in between GAMS and a solver
– Acts as a silent observer
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Sample Experiment II

• 92 models from MPECLIB
• Run “all” NLPEC reformulations - 52

– NLP solvers: CONOPT, MINOS, SNOPT.
– Use Examiner to verify 

• Compare performance using:
– GAMS
– PTools.



23
86614066er8.0

90766376er7.0

92725875er6.0

80604059er5.1

92725877er5.0

87786357er4.1

89756770er4.0

83642372er3.1

87834175er3.0

89764572er2.1

87754067er2.0

83662371er1.1

87834176er1.0

anysolvSNOPTMINOSConopt

Feasibility %



24

Notable Reforms

• Reforms
– 1: <,>i = µ,   bnd slacks  for L,U,B
– 2: <,>i <= µ,   bnd slacks  for L,U,B
– 3: <,>i = µ,   bnd slacks for L,U  + Scholtes,slack
– 5: <,>L+U+B = µ,   no slacks for L,U,  bnd slack for B
– 21: <,>L+U+B <= µ,   bnd slacks for L,U,B
– 22: F-Bi = 0,   bdd slacks for L,U,B

• Option files
– 1: initmu = .01, numsolves = 5, finalmu = 0
– 1: initmu = 1,    numsolves = 5, finalmu = 0
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Summary statistics II

• 94% of models solved by some means
• “Best” technique for feasibility:

– reform 5.0 - 92%
– 6 reforms >= 90% , 28 reforms >= 80%

• “Best” technique for optimality:
– reform 21.5 or 22.5 - 74%
– 5 reforms >= 70%, 15 reforms >= 60%
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Success = Feasibility
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Success = Feasibility
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Success = BestFound
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Success = BestFound
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Conclusions

• Reformulation a viable MPEC solution strategy.
• Special functions required for some reforms.
• Very different strategies competitive:

– Component-wise inner products
– Fischer-Burmeister
– Scholtes, Billups

• Presentation with code to reproduce results: 
http://www.gams.com/presentations


