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* A four-stage investment problem
» OSIL format
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Why a standard?

Benchmarking

Archiving

Algorithm development
Distributed computing
Sharing of problem instances
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Why XML?

» Existing parsers to check syntax
 Easy to generate automatically

* Tree structure naturally mirrors expression trees for
nonlinear functions

* Arbitrary precision and name space

» Automatic attribute checking (e.g., nonnegativity)
* Querying capabilities via XQuery

* Encryption standards being developed

* Easy integration into broader IT infrastructure
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Stochastic programs

min (X)) + f, (X, X))+ + f (X, X(oeee s X))

st Gy(%) ~ b,
Ri(xo) Al
G, (Xgs %) a by
G (Xgs Xgyenvy Xg) a b,
| ,< X, < U

l<x <u,t=1..,T

Any data item with nonzero subscript may be random
(including dimensions where mathematically sensible)
~ stands for arbitrary relations (s, =, 2)
A means ~ with probability 1
or with probability at least [
@ or with expected violation at mostyv
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Problem classes and time domain

» Single-stage problems
— Mean-variance problems (Markowitz)
— Robust optimization
— Chance-constrained problems

— Reformulated and solved as deterministic nonlinear
problems
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Problem classes and time domain (cont’d)

 Two-stage problems with recourse
— Solved by

* Deterministic equivalent methods
 Benders decomposition

« Stochastic quasigradient methods

» Stochastic decomposition (Higle and Sen)

* Monte Carlo sampling (Shapiro and Homem-de-Mello)
* Regression approximation (Deak)

— Distributions
* Known
* Approximated (by scenario generation)
* Partially known (moments, distribution type, support, etc.)
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Problem classes and time domain (cont’d)

» Multi-stage recourse models
— Deterministic equivalent
— Nested Benders decomposition
— Progressive hedging

— Multistage stochastic decomposition

— Probabilistic constraints and risk measures can be
added as “linking constraints’
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Problem classes and time domain (cont’d)

* Horizon problems (Grinold, Sethi)
» Markov reward processes
» Continuous time problems
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Example (Birge)

maxi ps (Ws - Bus)

s=1
I
S.tD) Xy =B
i=1
I |
ZaOisXOi _lejs = O’SDQ
i=1 i=1
| |
D i Ko ~ D % =0sl§,t=2..,T-1
i=1 i=1
|
ZaT—l,i,SXT—l,i,a(S) +us _Ws = R’SD SF
i=1
Xtis’us’Ws = O
= §1 A I=2,T=3,B=55 R=80,

a,, = {1.25, 1.06},
a, = {1.14, 1.12}
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Markup languages

* Intersperse text (data) and information about it
(formatting, etc.)

» Examples
— TeX (extensible through user \def)
- HTML
- VRML
- XML
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OSiL Schema

» Written in XML

* Very flexible

* Intended to handle as many types of
mathematical programs as possible
— Linear and integer

— Nonlinear
— Stochastic
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OSiL Schema - Header information

O5iL

-

InstanceHeader
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instanceData
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Header information — Example

<?xmlversion="1.0"encoding="UTF8"?>
<osil xmlns="os.optimizationservices.org"
xmins:xsi=http://www.w3.0rg/2001/XMLSchemainstance
xsi:schemalLocation="0SiL.xsd">
<instanceHeader>
<name>FinancialPlan_JohnBirge</name>
<source>
Birge and Louveaux, Stochastic Programming
</source>
<description>
Three-stage stochastic investment problem
</description>
</instanceHeader >
<instanceData>

</instanceData>
</osil>
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OSiL Schema - Deterministic data

T 1

InstanceData

I============ A

r--: variables
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L--1 nonlinearExpressions
t--! cones
L parameters
instanceData EI——(EEFF disjunctivelnformation
[ B — [
A B B
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Instance data -
Variables, objectives, constraints

<variables numberOfVariables="8">
<var name="invest01" type="C" |b="0.0"/>
<var name="invest02"/>
<var name="investl1"/>
<var name="investl12"/>
<var name="invest21"/>
<var name="invest22"/>
<var name="w"/>
<var name="u"/>
</variables>
<objectives numberOfObjectives="1">
<obj maxOrMin="max" numberOfObjCoef= "2" |b="0.0">
<coef idx="6"/>1.</coef>
<coef idx="7"/>=-4.</coef>
</obj>
</objectives>
<constraints numberOfConstraints="4">
<con name="budget0" |Ib="55" ub="55"/>
<con name="budgetl" Ib="0" ub="0"/>
<con name="budget2" Ib="0" ub="0"/>
<con name="budget3" |1b="80" ub="80"/>

</constraints>
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Instance data -

Core matrix (sparse matrix form)

<linearConstraintCoefficients
numberOfValues="14">

<start>
<el>0</el>
<el>2</el>
<el>4</el>
<el>6</el>
<el>8</el>
<el>10</el>
<el>12</el>
<el>13</el>
<el>14</el>

</start>

3

<rowldx>
<el>0</el>
<el>1</el>
<el>0</el>
<el>1</el>
<el>1</el>
<el>2</el>
<el>1</el>
<el>2</el>
<el>2</el>
<el>3</el>
<el>2</el>
<el>3</el>
<el>3</el>
<el>3</el>

</rowldx>
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<value>

<el>1l</el>
<el>1.25</el>
<el>1l</el>
<el>1l.14</el>
<el>1l</el>
<el|>1.25</el>
<el>1</el>
<el>1.14</el>
<el>1</el>
<el|>1.25</el>
<el>1</el>
<el>1.14</el>
<el>1</el>
<el>-1</el>

</value>
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OSiL Schema - Dynamic structure

Bl aftritutes |

| numberOfsStages |

1.0

|
|
|
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|
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|
|
|
|
|
|
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Dynamic information — Example

<stages numberOfStages="4">
<stage>
<variables numberOfVariables="2" startldx="0" endIdx="1"/>
<constraints numberOfConstraints="1" startldx="0"/>
</stage>
<stage>
<variables numberOfVariables="2" startldx="2" endIdx="3"/>
<constraints numberOfConstraints="1" startldx="1"/>
</stage>
<stage>
<variables numberOfVariables="2" startldx="4" endIdx="5"/>
<constraints numberOfConstraints="1" startldx="2"/>

</stage>

<stage>
<variables numberOfVariables="2">
<var idx="6"> <var idx="7">

</variables>
<constraints numberOfConstraints="1" startldx="3"/>
</stage>
</stages>
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Explicit and implicit event trees

| decisionBEventSequence |

(Stu[:hasticlnfurmatiun [%]— — scenarioTree

— nodalTree i

L implicitTree [+]
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OSiL Schema - Scenario trees

O sttributes

| numberOfScenarios |

__________________________

StochasticScenarioTreeRootScenario

B sttributes

rootScenario [ | stage

DALHOUSIE
UNIVERSITY

Inspiring Minds

© 2007 H.l. Gassmann




Scenario tree — Example

<stochasticInformation
decisionEvenSequence="DecisionAfterEvent'>

<eventTree>
<scenarioTree numberOfScenarios="8">
<rootScenario prob="0.125" stage="0"/>
<scenario prob="0.125" stage="3" parent="0">
<linearConstraintCoefficients>
<el rowldx="3" colldx="4">1.06</el>
<el rowldx="3" colldx="5">1.12</el>
</linearConstraintCoefficients>
</scenario>
<scenario prob="0.125" stage="2" parent="0">
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Node-by-node representation for
stochastic problem dimensions

=] attributes |_
prob
E base
nodalTree EI—(—H-—:EI— AsHode !
! o a0sil i
E At = ;
BEPEE L P R changes
- - —: ———— -
-_-ﬁ.-_-..-E_ : ________________
0. oo - a3cenariodode !
+i'_'_'_'_'_'_'_'_'_'_'_'_"L:__'_'
. 0. .co
sHm:IE +
e
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Node-by-node — Example

<stochasticInformation
decisionEvenSequence="DecisionAfterEvent">

<eventTree >
<nodalTree>
<sNode prob="1" base="coreProgram'>
<sNode prob="0.5" base="coreProgram'>
<sNode prob="0.5" base="coreProgram'>
<sNode prob="0.5" base="coreProgram"/>
<sNode prob="0.5" base="firstSibling">
<changes>
<el rowldx="3" colldx="4">1.06</el>
<el rowldx="3" colldx="5">1.12</el>
</changes>
</sNode>
</sNode>
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| E
1}

Distributions (implicit tree)

| StochasticUnivariateDistribution

|

| Dian:reteDis*tril::uutinnGr-:uup |
DistributionGroup [SH — 83 |

|

|

|

CDFI‘tiI‘IL-IDLJSDiStFihLﬂiDFIGFI:Iup

ageneralbDistribution

-3 - StochasticMubltivariateDistribution

B akritutes |

| numberflimensions

—| mukltivariate [

ageneralbDistribution

|
|
|
|
MubtiDimensionalDistributionGroup :E|—|:—"’EEI— |
|
|
|

-]
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Discrete random vector

<distributions>
<multivariate>
<distr stage="1">
<multiDimensionalDistributionGroup>
<multivariateDiscrete>
<scenario>
<prob>0.5</prob>
<el>1.25</el>
<el>1.14</el>
</scenario>
<scenario>
<prob>0.5</prob>
<el>1.06</el>
<el>1.12</el>
</scenario>
</multivariateDiscrete>
</multiDimensionalDistributionGroup >
</distr>

</multivariate>
</distributions>
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General distribution (incomplete information)

aitvibute s

GeneralDistributionRandomYariables (=xtension)

=l sttribates |

| numberofMlarginals |

r'IBan-Braalll.'lisatril:lnl.rtirl:l-nF-'.aamvl:lr|:|-m1|.|l'ﬂriill:|-IIB

aitributes

I:General[listrihutinn [{]—

N ==

ot -
o
c
-]
2
)
#
1t

___________ |
; R |
e, I L correlations |
r-4 jointDistribution {854 U

:———E covariances
:

___________________
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Transformations

« Random variables (e e S
separated from model B attriputes
entities

* Linked to stochastic [stoshastiorioments B+
problem elements by |
transformations (linear or |
nonlinear) | =

I
|

|
|
|_ | numberfElements |
|
|

param [4

Lo

L,
k'-IJ
1]

o Useful for factor models and
other stochastic processes
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OSiL schema - Linear transformations

StochasticLinear Transformation

rStD[:hﬂs‘til:LiI'IEﬂrTrﬂnsfﬂrmﬂtiﬂnMﬂtriHCDEfﬁtiEﬂ‘tS

=l attributes |

numberifralues

[
|
|
|
|
|
|
|
|
|

| |
| |
| |
| |
—{ matrixCoefficients El—r —| =tart [ |
| |
| |
| |
| |

rowldx 3
—p|-CEx
colldx [
! linearTransformation E]—I-[ e EH L value []
E S | |
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Linear transformation — Example

<stochasticTransformation> <rowldx>
<linearTransformation> <el>0</el>
<stochasticElements <el>1</el>
numberOfElements="6"> <el>2</el>
<el rowIdx="1" colldx="0"/> <el>3</el>
<el rowIdx="1" colldx="1"/> <el>4</el>
<el rowIdx="2" colldx="2"/> <el>1</el>
<el rowldx="2" colldx="3"/> </rowldx>
<el rowldx="3" colldx="4"/> <value>
<el rowldx="3" colldx="5"/> <el mult="6">1.0</el>
</stochasticElements> </value>
<matrixCoefficients </matrixCoefficients>
numberOfElements="6"> </linearTransformation>
<start> </stochasticTransformation>

3

<el>0</el>
<el>1</el>
<el>2</el>
<el>3</el>
<el>4</el>
<el>B</el>
<el>6</el>
</start>
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PenaJties and probabilistic constraints

StochasticSoftConstraints

| StochasticPenalties (extension) |

| B attritutes |

| numberOfPenalties |

r-- probabilisticObjectives

[sonConstraines H(ER Y e —

StochasticChanceConstraints (extension)

| Bl aitriputes

| numberOfChanceConstraints |

_______________________________

-----------------------------

| I
\
h
| :
H \
' [—} 4
| 1 1
1
\
h
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Nonlinear expression —
(2%9 = X2)% + (1 = X)?

<plus>
<power>
<minus>
<var coef="2.0" idx="0"/>
<power>
<var coef="1.0" idx="1"/>
<number value="2"/>
</power>
</minus>
<number value="2"/>
</power>
<power>
<minus>
<number value="1"/>
<var coef="1.0" idx="0"/>
</minus>
<number value="2"/>

</power>
< > DALHOUSIE
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Capabilities

Arbitrary nonlinear expressions
Arbitrary distributions

Scenario trees

Stochastic problem dimensions
Simple recourse

Soft constraints with arbitrary penalties
Probabllistic constraints

Arbitrary moment constraints
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Further work

Internal data structures (OSlInstance)
OSiLWriter: SMPS = OSIL

Library of problems (netlib, POSTS,
Ariyawansa and Felt, Watson, SIPLib,...)

Readers
Solver interfaces
Buy-in
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QUESTIONS?

http://www.optimizationservices.orq

http://myweb.dal.ca/gassmann
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