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Background & Motivation

GAMS/Conveat — scalar modd tools

— GAMS -> other formats/languages
— Why not MPEC -> NLP?

Function libraries

Solid suite of NLP solvers

Existing reformulation work

— Tin-Lol, Que

— Scholtes, Billups, C-M, F-B, Anitescu
— Hamish Mac-MPEC



| ntroduction

Background and motivation

MPEC reformulation

— Strategies & variations
— Function libraries

NLPEC & testing environment
Computational experiments



M PEC Definition

min  f(x,y)
st. g(xy) 230, xlIC
y solves MCP (h(x,x), B)

« The NLP constraints are |eft alone
e Forceasolutiony of MCP(h,B) viareformulation



M CP Definition

Let B={y={y.. Y,  Ys}|
a £y.,Y, £b,,a5 £y; £Dbg}.

y solves MCP (h(x,* ), B)
U
yl B
W, = hL(X’ Y), W = hJ (X1 Y), Wg - Vg = hB(X1 Y),
(W, Y -a)=0 (v,h, - ¥,)=0, w30 v30
(Wg, Vg - 85) =0, (Vg,b5- ¥5)=0, Wy 3 0, vz 30



Alternative M CP

y solves MCP (h(x,>), B)
vyl B
(h(xy),y -a)Em h(xy)20
Chy)by - y)Em - h(xy)3 0
Wy - Vg =h(Xy), wy 20, vg3 0
<WB’yB_ aB>£m <VB’bB_ yB>£m



|nner Product Reformulation

Assumeyin B

Summation vs. componentwise
—Sum{i=1.M, <>} =0

-<>=0, i=1.M

Equality vs. inequality

Parameter on RHS

Double-bounded pairs are a specia case



Slack Variables

e We can use dack variables for h(x,y)
— Bounded or not
— One or two slacks per h,

e Computationally, slacks are significant



Scholtes Refor mulation

hy " agfyzfh

K«

N\

yl B
(h(xy).y -a)Em "il
m

B
-hy).b-y)Em "il B



Smoothed NCP-functions

« An NCP-function has the following property:
j (r,s)=0U r30,s30,rs=0

 Various smoothed NCP-functions proposed

j FB(r,s):\/r2+s2+2m- r-s

j o (r,S) =1 - min(1+ exp(r'—ms»
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Billups Refor mulation

* NCP-functions assume the single-bounded case
« Can be adapted to handle the double-bounded case

hy ~ azf£ygfhy

K

i (v.-a,j-h(xy).,b-y))=0 "il B
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Special Functions

Consider | ., (r,s)=r- min1+ eXp(r_—mS))

As m® O, "S® ¥ and exp(g) overflows
m m

» 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 NL P solution
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GAMS/NLPEC

M PEC modéd

Reformulate, set initial point

Recover MPEC solution

NLP Model

Cal NLP solver

NL P Solver

Read NLP solution
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NL PEC 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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GAMS

MPEC Lib

Address Iﬂj https f fviae, gamsworld, org/mpec/mpedibforedits, bkm

| P |Links o

Hll TE Jiang H Eehoe, T Eennington T T Elepeis, T L -l
L, TH Luo Ilater, G MWcZeal O M Meyer, T A —
Mumphy, FH Happd, & Hemhauzer, G L Miem, 5 Cutrata, J W
Pang Pardalos, P I i1 L Cuandt, EE Ealph
savard, 3 cavelsbersh, MW P scholtes, = cohwelser, C A cheral, HD
soyster, AL Stohr, I Tin-Lot, F Townsley, E. Tricl, M A
Westerbere, &AW Wichmann, = J Zowe, ]
Credit List:
Adjiman, C §:
s Floudas, C A, Pardalos, P M, Adpman, C =, Espostto, W E, Gumus, £ H, Harding, 5 T, Elepets, T L, Mever, C A and
mohweiger, C A, Handboolk of Test Problems m Local and Global Optimuzation. Eluwer Academic Publishers, 1999
e Dfodels:
oex? 1 lm
oex? 1 2m
o ex? 1 5m
o ex? 1 dm hd
|&] I_ I_ I_ 4 Internet i
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GAMS

Editorial Board

PerformanceLib

Performance Tools

Performance List

Related Links

Search

Contact

Performance World

Performance World

Welcome to the Performance World!

Performance World 15 a forum for discussion and dissemination of mformation and tools about all aspects of perfornmance testing
of mathematical programming problems. This world has been established m response to user demands for mdependent and
reproducible performance results.

COwerall performance highly depends on problem formulation, solver, and tuning parameters. Our performance tools are designed
to serwe the different needs of our user cornmunity. One user may be interested in finding the meost reliable way to solve a
proprietary of classified model. On the other hand, an academic researcher may be mterested in testing a new algonthm aganst a
set of existing test problems and competing approaches. The main features are:

s Uniform access to a comprehensive set of established and new test problems
s Automation tools for collecting performance measurements
s Tools for analyzng and wisualizng test results

What's New:

« Try our online PAVER Server for automated perfortance analysis and batch file creation
+« Mew tools for analvane non-conves or discrete models
s MIMNLE type models from the MINLE "World have been added to the Performancelib A tutorial (August, 2002)
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PTools; Performance Profiles

o Cumulative distribution function for a
performance metric

e Performance metric: ratio of current solver time
over best time of al solversfor “success’

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

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

Pt) fort =1

imP(@) ast ® ¥

o Compact graphs summarize all information
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Fercent 0f Models Solwed

18@

xample Profile

Ferformance Frofile

Soluer A

Salver B ——
Soluer C ——
CAM_SOLVE ——

1 1 1 1 1 1 1

1@ 1aE 1aaa

Time Factor



GAM SExaminer

* Independent check of solution accuracy
e Check feasibility and optimality

— Can check a subset of these

— User can set tolerances used, etc.

 Runsin between GAMS and a solver
— Actsas aslent observer
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Sample Experiment ||

e 92 modelsfrom MPECLIB
e Run“al” NLPEC reformulations - 52

— NLP solvers: CONOPT, MINOS, SNOPT.

— Use Examiner to verify

e Compare performance using:
— GAMS
— PTools.
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Feasibility %

Conopt MINOS SNOPT anysolv

erl.0 76 41 83 87
erl.l 71 23 66 83
er2.0 67 40 75 87
er2.1 72 45 76 89
er3.0 75 41 83 87
erd.1 72 23 64 83
er4.0 70 67 75 89
erd.1 57 63 78 87
er5.0 77 o8 12 92
er5.1 59 40 60 80
er6.0 75 58 72 92
er7.0 76 63 76 90

er8.0 66 40 61 86



Notable Reforms

* Reforms
— 1: <> =, bndsdacks forL,U,B
— 2: <> <=, bndslacks forL,U,B
— 3:<,> =, bnddacksforL,U + Scholtes,slack
— 5 <> ,uss = M, nodacksfor L,U, bnd slack for B
— 21: <> .8 <=M, bndsacksforL,U,B
— 22: F-B, =0, bdddacksforL,UB
e Optionfiles
— 1: initmu = .01, numsolves =5, finamu =0
— Liintmu=1, numsolves=>5, finaimu =0
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Summary statistics ||

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

— reform 5.0 - 92%

— 6 reforms >= 90% , 28 reforms >= 80%
e “Bedt” technique for optimality:

— reform 21.5 or 22.5 - 74%

— 5 reforms >= 70%, 15 reforms >= 60%
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Success rate
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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://ww. gans. com present ati ons



