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Parallel Nonlinear Programming Algorithms

 GAMS supports solvers which make use of multiple

threads and/or concurrent strategies
« MIP (CPLEX, GUROBI, XA, XPRESS)
« NLP (CONOPT4, MOSEK)

« GAMS Grid Computing
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Algebraic Modeling System

Facilitates to formulate
mathematical optimization
problems similar to algebraic
notation

=>» Simplified model building

Provides links to appropriate state-
of-the-art external algorithms

=>» Efficient solution process
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Traditional but fundamental concept of AMLs

Different layers with separation of

model and data

model and solution methods
model and operating system
model and interface

> Interface> Data > Model > Solver > Interface>




Current state: Model-Side

 Traditional problem format

mxin c(x) st.A(X)<b, A (x)=Dhb,

« Support for complementarity constraints

* Interactions between models possible
« Series of models
« Scenario analyses / parallelized model runs
* lterative sequential feedback
10 « Decomposition
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Current state: Solver-Side

Support of a wide collection of
established MP classes through
solver cluster!

= Tremendous algorithmic and
computational progress

LP

in fact only restricted by available memory

MIP

- Some (academic) problems still
unsolvable

- Commercial problems mostly docile

NLP/MINLP

- Predictions are problem and data
specific, global vs. local solutions

Mp
Ed wcp
TONS
\oc® %
b Z
MIP || =
al
o
LP DNLP
NLP




Non-traditional solution concepts

« MP with Equilibrium Constraints (MPEC)

» NLPEC
« Solves MPECs through reformulation into NLPs

« Solving non-integer models as MCPs

» PATHNLP
 reformulation via KKT conditions (1st and 2"d order deriv.)

« Mathematical Programming System for General
Equilibrium analysis
» MPSGE

* Indicator Constraints (CPLEX)

b’ — Alternative to conventional BigM formulations
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Non-traditional solution concepts

« Global Optimization
» BARON, LINDOGLOBAL

* Proven global optimum

> LGO, OQNLP

« Stochastic convergence to global optimum

 Stochastic Programming
» DECIS

solves two-stage stochastic linear programs with recourse
— two-stage decomposition (Benders)
— stores only one instance of the problem and generates scenario sub-

problems as needed
— solution Strategies (Universe problem/Importance sampling)
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New solution concepts

« Embedded Complementarity Systems
Disjunctive Programs

Bilevel Programs

Extended Nonlinear Programs
Variational Inequalities

» Breakouts of traditional MP classes

» No conventional syntax

» Limited support with common model representation
» Incomplete/experimental solution approaches

» Lack of reliable/any software

14



What now?

Do not:
« overload existing GAMS notation right away !
« attempt to build new solvers right away !

But:

« Use existing language features to specify additional
model features

 Distribute information as part of the production system

« Express extended model in symbolic form and apply
existing matured solution technology

- Extended Mathematical Programming (EMP)

15



I General Algebraic Modeling System

I New Solution Concepts
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Embedded Complementarity Systems

Max Up;X;; + UpXyp + Uy Xpy + UyoXyy
X12 Xop < Wyt Woyy
P1X11 T P2Xq S P11 P45

This is not an optimization model! How to solve?

18
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Embedded Complementarity Systems

, in f(x.y
* Write model as regular NLP i3 {_x y) o
gx.y) <0 (LAN=0)

with side constraints/variables -
H(x,y.A\) =0 (L y free)

$onecho > %emp.info%
* Provide the additional information | cuaeaury

dualvar A g

$offecho

Vil(x.y.\) L x free
~VaL(x.v.A\) LA=0
H(x,y.A\) =0 L y free

« EMP automatically creates the
equivalent MCP model

19
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ECS Example

ratit) ;

parameter

kterm Terminal capital stock
OTIL.. UTILITY =E= 3UM(t, 10 * dfactor(tl * L{t) * LOG(C(L)SLI(tl));
Cort).. Cit)] =E= ¥(t) - I(t):
TY(L) .. Tit] =E= phi * Lit)*¥i(l-kwvzs) * Kit)] **kvs:
EE(t).. Kit) =L= (l1-delta)*+*10 * E(t-1) + 10 % I(t-1) + Kinitc§ftcfi
TERMCALP. . kterwm =E= sumitlast, [(l1-delta)**10 * E(tlast) + 10 * Iitlastc)):

model ramsey NLP Model using parawmeter kterm fall/:
get iter Sfiterl*iterzZO/:

kterm = kinit * power (l1+4g,card(t)]):

parameter investit,iter) Investment in successive iterations
ktiiter) Terminal capital stock in successive iterations):

loop (iter,
kt (iter) = kterm:
solve ramsey maximizing UTILITY using NLE:
invest (t,iter) = I.Li(t):

kterm = sum(tlast(t), E.L(tlast) * ¥T.Li(t)/Y.L{t-11):

(Thomas F.R

4

Lutherford)
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EMP Formulation

#Substitute TERMCAD of NLD by TERMCADY [using varishle KTERMY instesd of parametler kierm)
TERMCAPY.. ETERMV =E= sum(tlast, (l-delta)**10 * Ei(tlast] + 10 * I{tlast]]:

#Fipgt—oprder—-condition for terminsgl capital stock wariable
SSTERM.. sumitlast(t),Iit)/I(t-1) - T(t)/Tit-1)) =E= 0O;:

model ramseynlpd SUTIL,CC, ¥V, EE, TERMCLPV, 33TERM/ ;
fonecho > %ewmp.info

dualeguw SS5TEEM KTERMY

foffecho

option nlp=emp:

gsolve ramseyvnlpd mwaximizing UTILITY using nlp:

Extended Mathematical Programming (EMP)
—-—— EMP Summary [(errors=0])
Adjusted Equations = 0
Dual Variasble Maps = 0
Dual Equation Map=z = 1
Bilewel Follower=s = 0O
Diszjunctions =0
21 --- The model C:‘home'distrib'tvis alpha'’\convtesthemphZZSalemp.scr will be solved by GAMS




Disjunction Example
A set of tasks is to be processed on a single machine.

* The execution of the tasks is non-preemptive (ie cannot be
Interrupted).

» Every task has a release date, duration and due date are given.

table datai(times, job)

1 2 3 :: o & 7
release & o 4 (o =
duration o B (o 4 Z 4 Z
due 10 21 15 10 o 15 22

* Objective: What is the sequence that minimizes the maximum
tardiness?

22
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Disjunction Example

gegli, 15 (ot sameas(i,j))1.. compli] =1= startij):

 Either has to hold for (i,}) or (j,i)

« How to model these disjunctions:
— BigM Formulation
— Convex Hull Formulation

— Indicator constraints (CPLEX)

« Which is adequate/best formulation for my problem?



 Bilevel Program:

min  f(x,y)

g(x,y) =0,
y solves minv(x,s) s.t. h(x,s) <0

* Additional Information:

$onecho > %emp.info%
Bilevel x min v h
$offecho

« EMP Tool automatically creates an MPEC by expressing
the lower level optimization problem through its
optimality conditions




Bilevel Model

Conejo A J, Castillo E, Minguez R, and Garcia-Bertrand R; Decomposition
Techniques in Mathematical Programming, Springer,Berlin, 2006.

variables =, ,x1,x2,x3,x4, hl, hd,ul, vz, ud, ud,vl,ve,vi,vi:;
efuations defobj,defhl,defhi, al, el ed;

defob]j.. = == sgrixli+xZ-<2) + sgri=i+xd-2);

al.. ®xl-x2 =e= 3: Outer Problem

defhl.. hl =e= sgriul-x1) + sgriuzZ-x2) + 3gr(ui-x3) + =sdgr(ud-x4) ;
el.. 3*ul + uz + 2*u3 + ud =e= a; Inner Problem 1

defhz.. hd =e= =2grivl-x1) + sgr(va-x2) + sdgriwvi—-x3) + =dr (vd-x=4);
e2.. vl + W2+ w3 + 2%vd =e= 7; Inner Problem 2

model bhilewvel / =all /

25
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EMP Information File + EMP Summary Log

option nlp=emp.

fonecho > %emp.infod
bilevel x1 x2 x3 x4
mixn hl defhil =1

min kD defk: ez
soffecho

solvre bilewvel us nlp mwmin =:

Extended Mathematical Prograrmcning (EMP)
——— EWMP Summary (errors=0)
Adjusted Equations = 0
Dual Variabhle Maps =
Dual Equation Maps =
Eilewvel Followers
Disjunctions =0
-—— The mwodel C:'home'distrib'tvis alpha’\convtesthemwp)ZZSalewp.scr will be solved by GLMI

S Ry |




Extended Nonlinear Programming

Soft penalization of constraints

min expl x
* Model: X1.X2,X3 [( 1)

s.t. log(xy) =1
3 -
X5 < 2

x1/x> =log(xz).3x1 +x0 <b.x; =2 0.x >0

* Additional information:

fonecho > %emp.info
Acljus tegu

el sgr &

es Maxs 2

foffecho

fonecho > Igams.scrdiriempinfoZ.scr
Strategy MCP

Al §ustegu

el agr &

ez Maxsd =

$offecho

« EMP Tool creates the NLP model (or the MCP via KKT) :
min  exp(x1)+5 [[log(x1) — 1||* + 2max(x; — 2.0)

X1 .X3,X3

”7 s.T. x1/x2 = log(x3).3x1 +x2 <5.x1 > 0.x = 0




EMP Library

* Distributed with
GAMS

S GAMS EMP Library

[EMPUTIL
TRANSWI
TRAFFIC
BARD511
BARD721
BARD722
BARDSS!
BARDS71
CCMG153
CCMG71
CCMG74
MIRRLEES
TARGET
TRANSECS ECs
MAKESPAN pIgy

SEOUENCE DISy

* Available on website

http://www.gams.com/emplib/emplib.htm

W1 version of the ransport model
Traffic Assignment Model
Practical Bievel Optimization E xample 5.1.1
Practical Bilevel Optimization Example 7.21
Practical Bieve! Optimization E xample 7.2 2
Practical Bilevel Optimization Example 851
Practical Bievel Optimization Example 871
Bievel Programs in ngneenng Example 153
Bievel Programs in £ ngneering E xample 7 1
Bievel Programs in £ ngneeting Example 7 4
Simple Nonconvex Blevel Programeming £ xample
Job scheding vt mé‘é dda::‘zw‘?m using embedded complementarity
Qually Ase o e the makespan
Y Assurance Test

Tralfic Assignment Model
Quen

Se Kngon 3 3')* mad“
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Conclusion

EMP

— automates symbolic reformulations to avoid error-prone
and time-consuming manual algebra (re)writing

— offers solutions where solutions couldn’t be offered before
— faclilitates to compare concurrent strategies

— free

— But: non-exhaustive
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