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Optimization Services

Framework for optimization in a
distributed computing environment

or in a compute cloud j ~f
inati <+—>
XML schemas for communicating _

Solvers

— instances (OSIL)
— options (OSol) . User
—  results (OSrL) interface

Implementation (COIN-OR)
Connects to COIN-OR and other
third-party linear, integer and
nonlinear solvers
—  Clp, Cbc, Ipopt, SYMPHONY, ...
- Glpk, Cplex, Gurobi, Matlab, ...
- CSDP

Corporate
databases

OR DALHOUSIE
© 2016 H.I. Gassmann UI\: IVE RSJT}Y
‘ MEIFIRE VIrns



“Core” OS and OSIL

* Problems handled * Available solvers
— Linear programs - Clp
— Integer programs - Cbe
_ MILP — SYMPHONY
~ Convex NLP = lpopt.
, — Bonmin
— Discrete NLP _ Couenne
— Nonconvex NLP ~ Glpk
— Cplex
— Gurobi
— Mosek
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OSiL - “Core” elements

F_________________j <variables

Variables

|
|
|

InstanceData T —=e—EF4 .___.___.._.

| numberOfVariables
| ="10">
<var mult="10"
ub="1000"/>
</variables>

Sets up 10 continuous
variables with [b=0
and ub=1000

Note:

______________________________

E -i linearConstraintCoefficients Name attribute iS Optional
I Variables identified by index
| (i.e., position number)
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Matrices in optimization

» Coefficient matrices in linear programming
 Jacobian and Hessian matrices, gradient vectors
 Matrix variables in positive semidefinite programming

« Constant matrices (1 3 6]
-1 0 4

 Matrix variables X (or[xl ij ?)

X, X,
 (General matrices (e.g., Hessian, Jacobian, etc.) (x* 5 0 1-In(sinx))

Vectors are matrices, too...
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Matrix representations

 Formats for sparse matrix representations
— Sparse column format (starts, indices and values)
— MPS, CPLEX LP format

— SDPA format
Static (real) values only

o« Sparsity
o Symmetry

* Block structure
+ Matrix construction, e.g., A=aa'
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Cone programming

» Constraints (and objectives) expressed in terms of cones
— Second order cones
— Cones of positive semidefinite matrices
— Orthant cones (linear cones)
— Cones of nonnegative polynomials (over some interval)

 Solvers: CSDP, SeDuMi, Mosek, Cplex, Gurobi, ...

* Unified treatment within the Optimization Services framework
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Design principles

Preserve core

Be as general as possible

Respect sparsity

Avoid painting yourself into corners

New constructs

— <matrix>

— <cone>

— <matrixProgramming>
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OSIiL: Matrix and cone extensions

Matrices

| =] attributes

| numberOfMatrices |

r - matrices

==t

1 1
r==5
]




SMatrix

[ attributez

____________ At
H

|
|
|
;-7 baseMatrix [ e.g., 5 |
|
|
|

_Ej} ------------- 1 matrix

0.=

_________________________

= =2@ig., ap + a1Xy

The <matrix>
element

|

|

e
— ccelg; |?n(sin(nxﬂ|)

|

|

r-- strinaValuedElements |

1 S
0 4
== bl
oo
1 (-

)



onstant elements (sparsity)

1 JEE

sttributes

1
' '
t-- varReferenceElements




The <cones> element

F== wiawvia |T
' [l L|—|

= atiributes

| numberOfCones |

—| nonpositiveCone

—| generalOrthantCone

|
|
|
|
| —| nonnegativeCone
|
|
|
|

E :-;’;-'-“-E-SHE- —| quadraticCone
=

—| rotatedQuadraticCone

—| semidefiniteCone

—| copositiveMatricesCone

—| completelyPositiveMatricesCone

(|I'|Stﬂl'lEE|:|ﬂtﬂ [TI:I—(—-H—:EI--E

—| hyperbolicityCone



oject XML DTD/Schema

Schema design

<matrixProgramming>

¥SL/¥Query Authentic DB Convert View Browser Tools

=

art

2r

ards
febsite

v - 4T complexProgramming

T e = S

MatrixProgramming

r-—
| Matrix\Variables

| [ sttributes |_

num e rofi

--- matrix\Variables

boooooooooooo
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x\ariables ;I—

“tObjectives ;I—

MatrixObj

Bl stiributes

| numberOfColumns |

| numberOfRows |




CSDP and SDPA

 Open-source project (COIN-OR)
« Solves max tr(CX)

tr(AX) = &
tr(A,X) = a,
tr(A,X) = a,

X = 0

« = 0: positive semidefinite
« SDPA format

» SDPLib
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Comparing SDPA and OSiL (sample.sdpa)

max tr(CX) 2 =mdim
3 =nblocks

tr(AX) = & 2 3 -2

_ 1.0 2.0

tr(A,X) = & 0111 2.0
01121.0
0122 2.0
tr(A,X) = a, 0211 3.0
X > 0 02131.0
- 0222 2.0
0233 3.0
. : 1111 3.0
Many |-m|c-)I|C|.tassumpt|ons. 1112 1.0
Maximization problem 112 2 3.0
Matrices have conformal 13111.0
. 2211 3.0
block dl-agonalstructure. S 5 55 40
Data matrices are symmetric 5 233 5.0
X is symmetric, positive semidefinite 22131.0
Matrix expressions N R
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Sample.osil (p.1)

<?xml version="1.0" encoding="UTF-8"?>
<osil xmIns="0s.optimizationservices.org"
xmins:os="o0s.optimizationservices.org"
xmins:xs="http://www.w3.0rg/2001/XMLSchema"
xmins:xsi="htip://www.w3.0rg/2001/XML Schema-instance"
xsi:schemaLocation="0s.optimizationservices.org
http://www.optimizationservices.org/schemas/2.0/OSiL .xsd">
<instanceHeader>
<name>SDPA problem sample.sdpa</name>
<descripton>Translated from SDPA format using SDPA20SIL
(C) H.Il. Gassmann 2010-2015
</description>
</instanceHeader>
<instanceData>
<objectives>
<obj maxOrMin="max" numberOfObjCoef="0"/>
</objectives>
<constraints numberOfConstraints="2">
<con Ib="1." ub="1."/>
<con |b="2." ub="2.">
</constraints>
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Sample.osil (p.2)

<nonlinearExpressions numberOfNonlinearExpressions="3">

<nl idx="-1">
<matrixTrace>
<matrixTimes>
<matrixReference idx="0"/>
<matrixVar idx="0"/>
</matrixTimes>
</matrixTrace>
</nl>
<nl idx="0">
<matrixTrace>
<matrixTimes>
<matrixReference idx="1"/>
<matrixVar idx="0"/>
</matrixTimes>
</matrixTrace>
</nl>
<nl idx="1">
<matrixTrace>
<matrixTimes>
<matrixReference idx="2"/>
<matrixVar idx="0"/>
</matrixTimes>
</matrixTrace>
</nl>
</nonlinearExpressions>

© 2016 H.I. Gassmann

DALHOUSIE
UNIVERSITY

Inspiring Minds



Sample.osil (p.3)

<matrices numberOfMatrices="3">
<matrix numberOfColumns="7" numberOfRows="7" symmetry="lower" name="F0">
<blocks numberOmBlocks="2">
<colOffsets numberOfEl="4">
<eP>0</el> <el>2</el> <el>5</el> <el>7</el>
</colOffsets>
<rowOffsets numberOfEl="4">
<el>0</el> <el>2</el> <el>5</el> <el>7</el>
</rowOffsets>
<block blockRowldx="0" blockColldx="0">
<constantElements numberOfValues="3">
<start>
<eP>0</el> <el>2</el> <el>3</el>
</start>
<index>
<el>0</el> <el mulE="2">1</el>
</index>
<value>
<eP2<lel> <el>1<fel> <el>2</el>
</value>
</constantElements>
</block>
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Sample.osil (p.4)

<block blockRowldx="1" blockColldx="1">
<constantElements numberOfValues="4">

<start>
<el>0</el>
<el mult="3" incr="1">2</el>

</start>

<index>
<el>0</el>
<el>2</el>
<el>1</el>
<el>2</el>

<findex>

<value>
<el>3.</el>
<el>1.</el>
<el>2.</el>
<el>3.</el>

</value>

</constantElements>
</block>
</blocks>
</matrix>
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Sample.osil (p.5)

<matrix numberOfColumns="7" numberORows="7" symmetry="lower" name="F1">
<blocks numberOmBlocks="2">
<colOftsets numberOfEl="4">
<el>0</el> <eP>2</el> <el>5<fel> <el>7</el>
</colOffsets>
<rowOffsets numberOfElI="4">
<el>0</el> <eP>2</el> <el>5<fel> <el>7</el>
</rowOffsets>
<block blockRowldx="0" blockColldx="0">
<constantElements numberOfValues="3">
<start>
<el>0</el> <el>2</el> <el>3</el>
</start>
<index>
<el>0</el> <el mulE="2">1</el>
</index>
<value>
<eP3<lel> <el1<fel> <el>3.</el>
</value>
</constantElements>
</block>
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Sample.osil (p.6)

<block blockRowldx="2" blockColldx="2">

<constantElements numberOfValues="1">

<start>
<el>0</el>
<el multE"2">1</el>
</start>
<indexes>
<el>0</el>
</indexes>
<values>
<el>1.</el>
</values>
</constantElements>
</block>
</blocks>
</matrix>

<matrix numberOfColumns="7" numberOfRows="7" symmetry="lower" name="F2">

<blocks numberOmBlocks="2">
<colOffsets numberOfEl="4">
<el>0</el> <el>2</el> <el>5</el>
</colOffsets>
<rowOffsets numberOfEl="4">
<el>0</el> <el>2</el> <el>5</el>
</rowOffsets>

© 2016 H.I. Gassmann
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Sample.osil (p.7)

<block blockRowldx="1" blockColldx="1">
<constantElements numberOfValues="4">
<start>
<el>0</el> <elmult="3"incr="1">2</el>
</start>
<indexes>
<el>0</el> <el>2</el> <el>1</el> <el>2</el>
</indexes>
<values>
<el>3.<lel> <el>1.<lel> <el>4.</el> <el>5.</el>
</values>
</constantElements>
</block>
<block blockRowldx="2" blockColldx="2">
<constantElements numberOfValues="1">
<start>
<el mul="2">0</el> <el>1</el>
</start>
<indexes>
<el>1</el>
</indexes>
<values>
<el>1.</el>
</values>
</constantElements>
</block>
</blocks>

</matrix>
< ices> DALHOUSIE
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Sample.osil (p.8)

<cones numberOfCones="1">
<semidefinittCone numberOfColumns="7" numberORows="7"/>
</cones>
<matrixProgramming>
<matixVariables numberOfMatrixVVar="1">
<matrixVar numberOfColumns="7" numberORows="7" IbConeldx="0"/>
</matrixVariables>
</matrixProgramming>
</instanceData>
</osil>
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Comparing SDPA and OSIiL (SDPLib problems)

|Prob|em sdpa osil Problem sdpa osil |Prob|em sdpa osil Problem sdpa osil

arch0 72656|  271503kgpp250-2 | 494,349  189,593finfd2 177206  171,941|qap? 90,1560 243,785
arch2 | 81866] 287.263lgpp250-3 | 5052220  19973dfinfp1 | 180895  173899qaps | 148866 359,825
archd | 81924]  286,991lgpp250-4 | 523573 214,245)infp2 180,853 17418dqap9 | 232427 514610
archs 81808  286993|gpp500-1 | 1,979,166]  366,771|maxG11 60679  559,094lqap10 346,981 709,137
control1 5776]  28548lgpp500-2 | 1,989,754  378570maxG32 | 161,010 1410904lqpG11 68352 575492
control2 | 45984|  133,359kgpp500-3 | 2,008,602  395230lmaxG51 | 153032  751,737|qpG51 156,139 757,854
control3 | 160,879  369,212lgpp500-4 | 2054533  432437maxG55 | 557518 3,641,732ss30 164321] 378,936
controld | 389,895  791,222khinf1 3245  16,806lmaxG60 | 705261 5,036541|thetat 21849 67464
controls | 771,116]  1,440,187hinf2 4256  18,020lmcp100 | 9035  71435theta2 88698 313,967
controls | 1,342,135 2,395296}hinf3 4204 17,969mcp124-1 | 7690  85255theta3 206,836 694,336
control7 | 2,141,737 3,697 616}hint4 41471 17899mep124-2| 11197 88492thetad 374526 1,223,092
control8 | 591344 1,899,325
controld | 4,628,035 7,498,138hinf6 4216]  18036mcp124-4| 30505  100519thetad 858,179 2,743,012
control10 | 6,404,548] 10,145,798fhinf7 4218 17,880lmcp250-1| 16852  171,966lthetaG11 267,676 1,692,671

control11 | 8616,690] 13,357, 271fhinf8 4194 1798dmcp2502| 23051 177,234 thetaG51 879,695 4,998,647
equalG11 | 67026171  598,598}hinf 41768]  17897mcp250-3| 37282 187,386ftrusst 600] 9,908
equalG51 | 11,056,977 801,060}hinf10 657711  27398mcp250-4| 61361  201,913russ2 182320 162,140
gpp100 77333 76.449hinf11 14318]  45001mcp500-1| 33661  342,084)russ3 2,811

|
|
|
|
|
|
|
|
|
|
3,207,058 5,376,565}hinf5 I 4192 17883mep124-3| 17379 92487)hetas
|
|
|
|
|
|
|
|
|
|

gpp124-1 | 117,129]  91468}hinf12 19,830  61425mcps002| 47,104 353909fruss4 1,205
opp124-2 | 1198671  94,698hinf13 50675  107,804mcp500-3| 71580  370,608)russ5 76,708
gop124-3 | 1244871 98 684hinf14 84408]  159,704mcp500-4 | 131441 407 846ftruss6 53,076
opp124-4 | 134398]  106,709hinf15 119449  213393ap5 | 25986  93527russ7 26,131|

kipp250-1 | 489484 184.341linfo1 176811 1710930aps | 50796 155617ltrusss 208,801
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Utility routines

» Common operations on matrices
— Expand constructor list
— Extract block structure

— Conversion routines
* Transpose
* Change representation
* Exploit, expand or change symmetry
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Options and results

« Options vs. instance
— Instance describes what is to be solved

Variables, objectives, relationships
One instance may be input into many solvers

— Options explain how to solve it

Solver options usually cannot be shared
Algorithm tuning

- e.g., tolerances, pricing and branching rules
Job performance

- e.g., iteration limits, CPU limits
System requirements
Other, e.g., control of output levels

— Syntax and meaning may vary

— Separation of instance and option is not universally agreed upon

« Results

e.g., starting points, basis information

Solver results
Other results

« Matrix-valued options and results
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Instance alterations

Modifications
— (e.g., Post-optimality analysis, cut/column generation)

Real-time data

Stochastic information (as distinct from deterministic equivalent)
Disjunctions

Decomposition

Common theme: Solver sees a different problem than formulated
in the modeling environment

Often change is incremental
Smaller problem representation; faster file transmission
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Modifications

» Add / delete / replace
— Variables, objectives, constraints
— Nonlinear expressions
— Linear and quadratic coefficients

» Granularity versus ease of handling
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The

* QOrdero
avoids ;

<modifications> element

=]

f substitutions, d
ambiguities based:aa:#dexing

_____




Real-time and stochastic data

* Modification only
* Timing of changes
— Real-time
« Before instance is transmitted

* Before remote solver is started
» Whenever accessed by algorithm

— Stochastic data

* Time stage structure
— Subject to modification?
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The <realTimeData> element

[ramberomatasources |
e
o <sourceXpathiss
— Written m)(,pfa,ﬂa,()gManuery language)
— Assumed fo-retamgsingle node from an XML document

=
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Stochastic data

* Scenario-based modelling
— Condensed representation of the deterministic equivalent

i |

 Distribution-based modelling

— Distribution information | [ramberomstssours
replaces SourceXPath
— Independent of algorithm

o
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Disjunctions

» variables/objectives/constraints/terms activated
or deactivated based on value of other variables

* e.g., fixed charge if x>0
» QOften solved by decomposition
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Decomposition

Extract subproblem from original instance
Often iterative procedure

Data and dimensions may be dynamic
Large portions of solver instance static

l ‘ © 2016 H.I. Gassmann
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How to get OS

Download

— Binaries
* http://www.coin-or.org/download/binary/OS
- 08§-2.1.1-win32-msvc9.zip
— 08S-2.3.0-linux-x86 64-gcc4.3.2.f9z
— Stable source
« http://www.coin-or.org/download/source/OS/

- 08-2.10.0.,gz
- 08-2.10.0.zip

— Development version (using svn)
* svn co https://projects.coin-or.org/svn/OS/releases/2.10.0
* svn co https://projects.coin-or.org/svn/OS/trunk

More information

— http://www.optimizationservices.org
— https://projects.coin-or.org/0OS

— Horand.Gassmann@dal.ca
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QUESTIONS?

http://www.optimizationservices.orq

https://projects.coin-or.org/OS

Horand.Gassmann@dal.ca

© 2016 H.I. Gassmann

DALHOUSIE
UNIVERSITY

Inspiring Minds



