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Motivation
But how... with so many type of components
. Modeling Language Environment (MLE)
(AIMMS, AMPL, GAMS, LINGO, LPL, MOSEL, MPL, OPL, OSmL)
. Solver
(Too many, e.g. Lindo)
. Analyzer/Preprocessor
(Analyzer, MProbe, Dr. AMPL)
. Simulation
(Software that does heavy computation, deterministic or stochastic)
. Server/Reqistry
(NEOS, BARON, HIRON, NIMBUS, LPL, AMPL, etc.)

. Interface/Communication Agent

(Lindo Black-Box Interface, COIN-OSI, CPLEX-Concert,
AMPL/GAMS-Kestrel, etc.)

. Low Level Instance Representation
(Lindo’s Instruction List, and others on next page) @
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Motivation

But how... with so many optimization types and repres entation formats

Linear Programming
Quadratic Programming
Mixed Integer Linear Programming

MPS, xMPS, LP, CPLEX, GMP, GLP, PuLP,
LPFML, MLE instances

Nonlinearly Constrained Optimization

Bounded Constrained Optimization

Mixed Integer Nonlinearly Constrained

Optimization

Complementarity Problems
Nondifferentiable Optimization
Global Optimization

MLE instances
SIF (only for Lancelot solver)

Semidefinite & Second Order Cone
Programming

Linear Network Optimization

NETGEN, NETFLO, DIMACS, RELAX4

Stochastic Linear Programming

SMPS

Stochastic Nonlinear Programming

None

Combinatorial Optimization

None (except for TSP input, only intended for solving
Traveling Sales Person problems.

Constraint and Logic Programming

None

Optimization with Distributed Data

None

Optimization via Simulation
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Look at the NEOS server Web site

Motivation
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Motivation
As if it's not bad enough ...
1. Tightly-coupled implementation (OOP? Why not!)
2. Various operating systems
3. Various communication/interfacing mechanisms

4. Various programming languages

5. Various benchmarking standards
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Motivation

Now...

 The key Issue Is
communication, not
solution!

e ... and Optimization
Services Is intended to
solve all the above
ISSUES.
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Web address

What is happening behind?
html form browser O/

locati
C ‘e L
CGl
Model/Data 4 OSSP --
parse to OSILES B ——
A —SM(OSTL)

\ A4

4 Web Server
\.
: OS Server
Max , “ - V1 erver
LT,
HITML |b <'92( )<-ub by
Checker ’ Google Databelsé& App

Data in f(x) can be sin(x(1))+x(x(2)) Service

HTML g,(x) can be if(x(1)>0) then x(2) else cost(x(2))

Form gz( ) can be a metric from a finite element simulation
(non-closed form black box function evaluator)
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Optimization Services

What is it? — A framework for optimization software

OR OR OR

OR Application Software Library

Optimization Services Framework

OR Application, Software, Library

I
|
I
|
I
Library :
|
I
|
I
|
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Optimization Services

What is it? — A computational infrastructure

Underlying Tools

{In Industrial and Applied <
Math and Computing)

High Level Modeling

(Various Applications in Operations

Research and Management Sciences)
_-—'—"r.“"‘—\—-_

e o —
Data Mining & Al Planning & Financial Investment Games, Decisions, Marketing
Machine Leaming Expert System Engineering Science Strategic Planning Research
Experimental & Manufacturing & Logistics & Supply Chaln Enterprise Resource
Engineering Design Production Transportation Management Planning

Middle Infrastructure
{Communications,
Interfacing, Metworking,
Registration, Discovery
Representation, etc.)

&

&

A

&

Modeling Systems and
Optimization Services

Mathematical | Computing | Probability & | Stochastic
Programming | Technology Statistics Simulation
Systems Organization Accounting Engineering Decision Game Heurstlics
Analysis Theory Principles Economics Analysis Theory
Computar Mumeric Stochastic Queuing Evolutionary Dynamic
. Programming Methods Analysis Theory Algorithms | Programming
. Mathematical] Computing Economic
Foundation - Theory Theory Theory




Optimization Services A% nEos

What is it? — The next generation NEOS A

=P

- @
- agenl
% Data In instance generated by MLE

Thick Client Communication via CORBA or XMLRPC Opinizalon

(modeling Sarver
language
ervironment)

]

Thin Client Communication via HTTP  Optimization
(browser) Sener

*The NEOS server and its connected solvers uses the OS framework.
*NEQOS accepts the OSiL and other related OSP for problem submissions
*NEOS becomes an OS compatible meta-solver on the OS network
*NEOS hosts the OS registry l:

- p—— ] agﬂn[ — __-__——-1-——'__'__ =
r " OSP (step 1) =
Thick Client C'pt.lrnllz?tu:n
{modeling “ Fragistry
language % ;

ervironment)
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Optimization Services
What is it? — The OR Internet

Web
Internet i
Browser
Intemet User | Sockel I:]’:Irrfl
Web Server
Search
Engine

Modier

Modeling
Language
Environment (MLE)
or GUI
Communication QSP
agent OSxL
Optimization
Services
registry
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Optimization Services Protocol (OSP)

What is it? — Application level networking protocol

Application
Presentation| ~77F —

— Interdisciplinary protocol between CS and OR

Application
resentation

Session

Transport

Network

Session

Transport e

Network 7p

Cnk ||
—Etherne?

Physical

Link

Physical

The {-layer 051 Model

The 4-layer Internet model

HTTF header +—

FET fxt/serwvices /ColorBequest HITP/L. 0O
Content Length: 442
Host: localhost

Content-type: text/mml; charset=ukti-8
SOAPACtion: "/Sgetlolor"

SOAF iz uzaully

g

SOAP header fr—

oap:Envelope>
LHoap: Body>

wiapped under
HTTF

O5F content

5P Protocal;

=tring solveString instance)
H——=- input string instance follow OS5Il

output string follow Ol

Ly

<50apE Body >
SOEDIEIVE LopE >
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Optimization Services Protocol (OSP)

What does the protocol involve? — 20+ OSxL languages

Optimization Services Protocol

(OSxL)

//\

-

OSiL

Representation

OSglL - general (schema)
- instance (schema)

~

Communication
OShL - hookup (wsbpL)
0OSclL - call (wsbL)

[ Registry }

OSIL - linear (reserved for LP-FML)
OSnL - nonlinear (schema;
OSrL - result (schema)

OSol - option (schema}

OSaLl - analysis (schema)
0OSsL - simulation (schema)
OStL - transformation (xs.)

OSfL - flow (sPEL")

M »

o Representation
OSqL - query (schema)
OSuL - uri (schema)

OSelL - entity (schema)

OSpL - process (schema)
OSbL - benchmark (schema}
OSyL - yellow-page (schema)

L

N

Communication
OSdL - discover (wspL)
OSjL - join (wsbL)
OSkL - knock (wsbLy

£

0OSvL - validate (w=oL)
¥,

~\

o

*08mL: a modeling language and NOT an Optimization Services Protocol
*Letters not currently used: w, z
*BPEL: Business Process Execution Language for flow orchestration.
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Optimization System Background

What does an optimization system look like?
users

__: 3. Instance Eepresentatinns.___
and Interfaces

minimize cXx
subjectto Ax=b
x=0

- ™ 2. Modeling

1. Model Maodeling
(Modelers Language .'II' EEH‘I_QUEQE ¢
start here) (MLE core) ,.'[ nVIFORMTEN

N (MLE)
modelers

8, Simulation
(or Funclion
Evaluator)




model

minimize c¢x
X

subjectto Ax=Db

20

v param f_max {j in FOOD} == f min[j],

Optimization System Background

What is the difference between a model and an insta

high-level, user-friendly
symbolic, general,
concise, understandable

| set FOOD ordered;

© parawm cost {FOOD} == 0O;

parsm £ min {FOOD} == 0, default 0O;
default Infinity:

param n min {NUTR} == 0, default 0;
param n max {i in NUTE} == n minli], default Infinity:
param amt {NUTR, FOOD} == 0;

N

minimize Total Cost: sum {j im FOOD} cost[3] * Buyljl:

===

subject to Diet {i in NUTE}:

nminfi] <= sum {j in FOOD} awmt([i,j] * Buyl[j] <= n_max[i];l
—_

tinitrize
subject to
x=20

—-x, + 23 =3 x, +4x; +51))
fi, + 7w, —8x, 20
w2l x =20x, 20

compile

Instance

nce?

Low-level, computer-friendly
explicit, specific,

redundant, convenient

o Ex

MNAME
RBOTTS
N obj
z cl
COLTIM S
xl =3 §
HE obq
HZ =3 §
4] ol
BHE

=MPS
QSECTT =),

xl xl

xl 4]

HZ HZ

x3 x3
ENDATA

=05iL=
=programDescription=

=gource=C ptimization Services, Junia's Thesis=isource=

=desc ription=Adapted from an example of Rosenbock (19607 =/description=
=phjrame=adaptedRosenhrock=robjkame=

=rmax Ol in= min =gy =
{Dbannstant}D.D 1&]
{numberObjecti\t r jectives=
=numberConstraints=2=fnumberConstraints=
=numbery ariables= 2« numbersariables=

=fprogrambDescription=
=programData=

?ipﬁmgramData}
=i 5iL=

Ol
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Optimization System Background

What's the difference between local interfacing and communication agent

AMPL Model AMPL 1l Instance o | AMPLCELEX | CPLEX Data structure
; Modeling Interface CPLEX Salver
AMPL Presentation | Enviranmeant Library CPLEX Solution

Compile Parse Solve

[nstance
Farser
Interface

Maodaling
Language
Ervironment

ModelData

L L L e e . LT L L P LSS S |
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Optimization System Background

Why is analyzer important?

~Variables ‘ ’—f(}uns'trai'nts; |
e Global - :

4 Cpsimization

Type of Variables

Nonlinear
Least
. Signares

Bound
Constrained

Programming | |Programming Constrained

_l
=l
" Constraintand | [Mixed Integer Linear ”:::I'i::*aﬂ“ Unconstrained ) &
Programming
. = . Programming P I
Nonlinear E Lol 9.-.
Equations o Integer Unconstrained B
ound O
ny Programmin Programming )
E_J 9 s {Monlinear Equations, Constrained g
o Linear Monlinear Least 7
- Programming Combinatorial '—R"W'—/ =
(] Programmin =" Generall
o Network Stochastic g . - Y %
@ =
= w
@
w

Nonlinear
Programming

Global
Optimization

Nondifferetiable
Optimization

Nonlinear

Type of Functions
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Optimization System Background

What's the difference between a server and a regist  ry

r—
Data in HTML
Thin Client Communication via HTTP
(Broamsar)

Client : _—"'-'-—-l_..---'— )
i =1\ agent
r Diata In instance generated by MLE

Thick Client Cammunication via CORBA of XMLRPC Optimization

imodeling Sarer
languane
ervironment)

=

Thick Client
(modeling
languane

erndronment)
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Optimization System Background

What's a simulation?

input

Y¥r

Simulation

y¥Yvruey

address

minimize X +2x;
X

L

output

subject to 2x, +3x, =29
X, 20,x,=20

L oy Slmulation

= value

(with hidden

Ll calculation:

minimize

X

mySimulation(x,,2, x, )

subject to 2x, +3x, 29

x, 20,x,20

mySimulation]
address = http : I somesite .com | mySimulation

input .

b
c
output .

value + confidence * 0

» confidence }

a+hc? )

http:/fsomesite.com'mySimulation
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Optimization System Background
AMPL, NEOS and Kestrel

Minos
Solver

AMPL
Model

diet mod
et dal

AMPL Madeling

Environment
madal diet.mad;
data diet.dat;
option sohver minos;

imulation fo

\ tOptimizalio

local modeling environment

Optimization
Client

Communication

AMPL
Model
diet, mod

diet dat NEQ

agent

Server

Rt

model dietmod;
data diet.dat;
option solver kestral;

networking local solving environment ampl: solve;

local modeling environment

25
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_--;5_(

. . server . .~ . 7 B
Il\ Client SD’: —— )/ [ | Communication |

Optimization System Background

Motorola Optimization System

|‘ [ W B SR,

Solver
Architecture

tistics Daa

Solver
Arclutecture

=

\ ¥ L ki L . . [
Real Opt  Opt Storage | | Surrogate Central __}._ : imization
L P J P — 9 ‘ ‘ ; g }"""i_-_f"""h Solver

erver 4

Stare refrieve
|

2 hregd” | Estimator |
[ global [Je€al | | global | local |

Central

Proces sed AT —.
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Computing and Distributed Background

What we used in our implementation

1. Java, Open Source Libraries, Object-oriented Pro  gramming
(OS library)

2. Networking Protocols: HTTP, SOAP, OSP
(OS server. Tomcat, Axis, OS library )

3. Eclipse IDE for JAVA development

4. XML Spy for XML Schema design

Jun Ma, Optimization Services, May 18, 2005
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Computing and Distributed Background

XML and XML Dialect (e.g. MathML, OSIiL)

=plement1 attrame1="valuel" attramez="value2"=

= math = MathML
=plementt .= =qapply=
pggmﬁ.-'er.l': (24, +3X,)°
=@pply =
=felerment? = s =
=plement? ... = ~apply =
=tirmess =
=felerment?= =ch=2<fchn=
=lelememnt1 = =ci=x"1=lci=
=Fapphe=
=@Apply =
=alernant .. i= “timess =
=chn=Ed=fcn=
=ci=H2=lci=
T . =fapph=
=nl IE;E'-.EE:} OSIL =fapphy =
2
=plus= (24, +34,) =cn=2=fcn=
=var idx="1" coef="2"r= =lapply =
v ar idx="2" coef="3"7= =fmath=
=iplus=
=hamiber valle=" 2=
=l o=
=fnl=
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Computing and Distributed Background

XML Schema
minirnize 100(x —x2)* +(1—-x,)* +7x,
subjectto x, +7x =10 ) ,
) I R =0 et e s e
: = D | variables S var
Toot s complexTypes L =Gz a KTl
p—— < BB LENC e e
syar =" 0" name="x0 type="Cls <y element name="var" type="var" minQccure="1" masCcoUrs="Unbounded =
avar lb="0" name="%1" type="C" ohjCoef="T.0"= ':.IIHS EEqUEnEE;
=(olumns= '
Afis:compleTypes
s elament=

=xs complexType name="var'=
=ws attribute name="name" twpe="xks string” use="aoptional"f=
=g attribute narme="int" type="xs:string" use="optional =
=xsattribute narme="type" use="optional" detault="1Z"=
=¥5 simpleTy pes=
=¥z restriction base="xs string"=
=y sienumeration value="C"r=
=¥sendmeration value="B0"r=
=y sienumeration value="1"r=
=¥sendmeration value="5"r=
=fwsrestriction=
s simpleTypes=
=fws attribute=
=xsattribute narme="Ib" type="x¥s:double" use="optional" default="0"r=
=ws attribute name="ub" type="x s doukle" use="optional’ default="IMNF"r=
=xsgttribute narme="objCoef™ type="xsdouhleg" use="optional" default="0.0""=
=g attribute name="mult" type="xs: positivelnteger use="aptional' defauk="1"r=
=f¥s complexTypes=
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Computing and Distributed Background

Other XML Technologies

1. Parsing: SAX and DOM models
2. Transformation : XSL style sheet Stocks

3. Lookup: XPath and XQuery stock: ge
2l version="1.0" encoding="LTF -8 7=

=yl stylesheat kmins: o sE" it s w3 orgl 9995 SLTransformt version="1.0"=
=gl output method="sml" version="1.0" encoding="UTF-8" indent="yes"> st CI{ ) ITlet
=5l template match="1"=
=htrl=

A stock: pg

=h1=5tocks=/hl=
==
=gl for-each select="stocks/stock "=
<fi=gtock; <xslvalue-of select="gnarme' =

=fwgl for-each=
hti=

=Ihody=

=t
2fisltemplate=
=Ml stylesheats
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Computing and Distributed Background

Web services
*Platform and implementation independent  components

*Described using a service description language (WSDL)

*Published to a registry of services (UDDI, OS Registry)

*Discovered through a standard mechanism (UDDI, OS Registry)
sInvoked through a declared API (SOAP)

Composed with other services (SOAP)

Join#

Discover Publish

Service-oriented
Architecture (SOA)

Jun



Computing and Distributed Background

Architecture View

VB
application

YE-3trugture

Envelope

SOAP
chient

Web services and SOAP

Protocol View

Java-Btructure

| Java ANY
| application | | client!
N
SQAP
AN

SOAP
Server

-_-__________._4

SOAP Envelope

SCOAP Header

SCOAP Body

- “ Payload Dociunent(s)

33

SOAP Fault

Web Service

/
SOAP

FET TP HTTP

N /

PORT

<7zml

Content Length: 103
Host: http:fuser 1#ms nwu. eduf
Content-type: texfzml; charset=utf-8

fservices/VrsioniRequest HTTP/1.0

verston="1§0" encoding="TUTF-8"?>>

<508p:
<snap:Bodys

<ty SolverVers ok equesthsg

amlns: m="ttp: {fvmerw. optirmizationservices orgisoap-methods =

</m: BolverVersionRequesthlsg =
<fzoap:Body=

Envelope 7=

<guestion Zai:type="xsd: string" =
What iz the verdon ofthe IMPACT MIMNLF solvet?
=fiuestion =

<fzoap: Envelopes

Jun Ma, Optimization Services, May 18, 2005
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Computing and Distributed Background

Web services and WSDL

edefiniions (< 7#ml version="1.0" encodiny="UTF-8"7>
mot | =vwadldefintion Operations
and : zmins; soapenc: dizchemas xmisoap orghiasdl”
heading | zminz wadisoag ey e 3 orgf2001 PaMLSchema”
“targetilamespad String getJobID()
=y adl mess _
oot . . R argument {input or output)
f| String solve (String, String) e = a set of arguments
"W OStL OSiL, OSoL ian = method or function
<hvadimes
=Sl mess
=widlj| String solve (String) e
Imerface < «hvsdimes| OSIL OSiL
ayvsdl portT 1
g : : : String solve(String asil, String osal)
«y¢| String retrieveResult (String)
=vw| OS1L JobID e
<zl Operations
shwsdl port il
* aywsdibing String analyze(Stri_ng)
OSal. OSiL = 5 Input o3 sobveRequest
EEEIl =hivadt Bind part: ozl Hﬁd:ﬂtf.ﬂ"ﬂ
ﬁgnfg 3 ayesdl service = part: osol xed: stang
e =5 Output: ossolveResponse
\ -:Msdl.:ste.rwmb part: osrl wsd: shing
=hezdl defintions=
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Computing and Distributed Background

Web services and WSDL

=7eml version="1.0" encoding="LITF-5"7=
awyadldefinitions mins os="kttp eenoe org” sandne soapenc="hip. Pachamas xmlizoap orglzoapfencoding ™
xilmEs e sdi="http Mechemas xmbsoap orgfecsdl™ omine wisdisoap="Ttipcfschemsas xmisoap orgbnsdifsosgpe™
wming: ascd="http: ftesmewe v 3 orgf2001 L Schema™ taroetilansspace="http: Marener optimizationservices.org=
~ awwasdbmessage =

wfﬂiz ’, =hvsdl messages

figure v gdl port Type =

 apvedl port Types
7 aywsdl binding name="0OptimizstionSolverServiceSoapBinding” tvpe="os OptimizationSolver Service"s
v sdlsoap binding stvle="rpc" fransport="hitpc fschemas smiscap orgsoaphtip” =

L ﬂWMhmarahm? hame.f’ 2 *solva” operation is wrapped in a soap envelopa
:ngﬁﬁ:&fpemm over the hitp protocol and using rpe style
Tmﬁﬁ vy sdlsoapbody uses"encoded” Mm‘ﬂnw.xn@m.mgﬁmﬂhmaaiW'
and < namespace="tp: Marwrw optimizadionser vices org' /=
encoding) =hrvsdlinput=
ayvvedl outputs
swedlzoap body uses"encoded” encodingSyle="tdlp: fschemas xmisoap. orgisoapiencodings
namespace="tittp Mararw optimizationservices org"fs
=hvsd output=
<hwzdl operation: The elament should be empty.
s s sdl binding= Read the comments in <!— commenis --=
swpaill 2ervice name:"ﬂpﬁnﬂz&ﬂmﬁdmﬂaﬂc&"b
sl Al piort locations, | e service LF:I ﬁ-. tiresaes e io e fourst: chymeimicalhy ici e OS5 rengistry
Service They should NOT 1o L-=- rrard cocled hatow in <waslt pofi=<w :mz poi=
Address < The followadrg: s just ahard coded example tor reference. Do nod usa—

sepadl port name="0OptimizationSolverService " binding="osCplimizafionSolver ServiceSoapBinding”
=ywadlzoap addres s ncalion="hittpc fAerans oplimizalionservices. urgm.iﬂmmieﬂmrarﬂewmm J=
=hoezdl port=
v ahvesdl services=
=roezdl defintions:=
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Optimization Services Representation
Who else did this before?

Many “standards”

All limited to problem input

*Highly fragmented and no general format

» Fourer, Lopes, and Martin’'s LPFML (OSIL)

*Kristjansson’s OptML

*Bradley’'s NaGML

*\We are the first in designing
- Systematic representation of major optimization types
- All major instance types (result, analysis, input, query, etc.)
-Web services (SOAP) based communication standards
-Optimization registry

-A universal framework

Jun Ma, Optimization Services, May 18, 2005



Optimization Services Representation

Optimization Services general Language (OSgL)

General data structures; Included in other schemas

Optimization Services instance Language (OSiL)

-Linear

-Mixed integer

-Bound constrained optimization

-General quadratic optimization

-Nonlinear unconstrained/constrained

-General mixed integer nonlinear

-General nonlinear with user-defined functions

-Global optimization

-General nonlinear with simulations (black-box functions)

-Optimization over simulation/nondifferentiable optimization

-General nonlinear with xml data (either within OSiL or remotely located)
-General nonlinear with data look up (XPath)

-Network and graph definition

-Network programming

-Constraint programming

-Semidefinite programming

-Semi-infinite programming

-Cone programming

-Complementarity problems

-Stochastic linear/nonlinear (distribution based recourse problem, scenario
based recourse problem, chance constrained)

-Combinatorial optimization/Heuristic Optimization (TSP, MST, SP, MF,
MCF, VRP, Set Covering, Coloring etc. etc.)
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Optimization Services Communication
Optimization Services hookup Language (OShL)

Hookup to solvers, and analyzers
addefinition= [ =7aml version="1.0" encoding="LITF-8"7=

oot | =vesdhdefinfionsssissssstetie o sutininstiossondoss sust
and "} xXMiNg soapencs Operations lzchemas xmisoap orghysdl
heading | =ming wedisoa; sy e org 2001 ML Schema”
- targethlamespar .

=hwoml version="1.0" I:III'_-_IL-II'|§| "UTF -8%7
Swadtdefinfions =mins; nq—"r'rﬂp:r.l'.l"n.-'ww n:-ptrnmd:lurrserw::ea n:lrg"

mins sospenc="Rtp: L~ - - Emlsoap arghvedlr
xmins:wsdlsoap="httpx @ e e : D AHMLSchema”
targethlamespace="hty WSDL) ' BPEL Process Engine
swsdtmessage ne
ey sl part nes OSfl. BPEL
=hvgdl messages document
<wsdlmessage ni J . lHE':}":-"ﬂ
=w sl part nes Eg—ﬂsl '“PutA@ d: string
«fvzdl messages Applifation allA ezponse
=wsdt po Type ne tumn ®sd: stong
<y =cli operatic
<wy sl inge
swvsdioul; |
=hvsdloperatl
=fvzdl portTypes
=y ot binding nam SimulationService"s

«l-= @ll cperatic
= hvadl: binding= Internet
: OErL Output
=ywsdl sarvice nan

40 =fvEdl defintions=
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Optimization Services Registry

— description

1 NEws

service —E
7]

1.0

PN

208y L xmins="os. optimizationservices.org" kminsxsi="http: Matata w3 orol 20010 LS chemainstan: g
wsischemalocation="os.optimzationservices. org it optimiz ationservices. org e hemas 05y Lxsd'=

=l =descriptions
(5 reqistry is & native XML data hase.
1.0 It containg & sequence of senvice, each consisting of a triplet (05el, O5pL, OShL).
#fdescription=
D5el ZHENSe
| =p| date="2005-04-06"=Impact Generalized Mixed Integer Solver joinsthe OS registry=rel=
0%el | (- el date="2005-03-20"Ziena Knitra Service joins the O3 registy</el=
=p| date="2005-0227"=Lindo MINLP Service joing the OF registry=iel-
[—— ™ 2Jneiss
Operation
pACtGIIP jws=luri=
Stl‘lﬂg kllDCk 0 teqer Salver=name:=
OSpL

SLhEpLE L sIUEpLr
=0ghl= ... =i05hLs
</service>
<service>
203el= ... =i05el-
=03pL= . .. =05pLs
20ghl= . .. =05hLs
</service>
<service>
203el= ... =i05el-
=05pL= . .. «05pLs
20ghl= . .. =05hLs
</service>

4I0%yL>

3

.



Optimization Services Registry

<7wml wersior="1.0" encodings"LITF-8"%=

=030l xmin="os.optimz ationservices.ord’ minsysi="http:d hasae w3 org 20010MLS chema-instance”

wsischemalocation="os.optimE ationservices. arg bttpcMesat ptimiz ationserdices.org schemasioSul xsd' =
“1ri=hitt st Ak orllpsoler ==

=1t matche"exact’
<1t matche" mored
<1t matche" appro
=K match="guess

InH e vannmsy oelf motilneo b o remneie o wbs =0 e

Operation

=i 50>

| oremeeanaan
Feq owner

optimizationType [

String validate (String)

error Message

OSxL

simulationType

U I henchmark

=l

<progra
</0SaL>

=fnonlinear=

=inumberConstraints=

mbery atiables num="12"=
=continuous nume"3s
<integer num="9">
=hinary nurr="0"=

=string nurr=" 0" f=

=fnumbery ariahbles=
=IrogramDesc ription=

mbatafsnalysis= . . =fprogramDatatnalysis=

<standard-

2grtity=
S

rvice=

ke ords==key=interior paint method=fkey==key=comex programming=/key==/keyWards=

=fgervice=

=0p

timizationType=
=y ariahleType=mixedinteger=/variableType=

=foptimizationType=
=lentity=
</standard>

=I0S0L>
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Optimization Services modeling Language
(OSmL)

A derived research

Open source and general purpose
Standard based (XQuery input; OSIL output)
Suitable for distributed optimization

XML data is ubiquitous

M 0SmLGUI FBEX
File Run
The Model lF'reF'arse::I Model ] ety Result ] 5L Inskance ] PastFix Inskance ] Model Solution ]

return
<mathProgram:
<0h] maxomdin="min" name="Rosenbrock"=
100% 032 - 1202 + (1 - w12
=fobj=
<constraints=
<COn=
#¥1 + %2 ==100
<fCon=
<{constraints=
</mathProgram:=

| >

| £
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Optimization Services modeling Language

=7x=ml version="1 .0" encoding="UTF-5"7=
=latSizelata=

=product productiD="1" holdCozt="1" prodCozt="7" fixedCoszt="150"= ty/capacity
#set, parameter, and variable constructior =period periodiD="1"=
param T; =demand=60=/demand=
set PROD; =fperiod=
set LlNKS:{PROD, 1T}, ~=CpE-'I’iI:Id pE:FiDd|D="2"-‘=‘
param HC { PROD} ;
param FXC {PROD} : =demand=100=fdemand=
param CAP{1..T} ; AMPL =/period=
param DEM {LINKS}; =period periodiD="3"=
param PCOST {PROD, 1.T} ; =demancd=140=/demand= OSmL
#VARIABLE DECLARATION =heriod=
var x {PROD, 1..T} >=0: =period periodiD="4"=
var | {PROD, 0..T} >=0; =demand=200=/demand=
vary {PROD, 1..T}binary; =/period=
#OBJECTIVE CONSTRUCTION =lproduct=
minimize Total Cost- =product productiD="2" haldCost="2" prodCost="4" fixedCost="100"=
sum{i in PROD} I[i, 0] + sum{iin PF =period periodiD="1"=
(PCOSTTi, f]*x[i, t] + HC[i]*I[i, t] + FX( =demand=40=fdemand=

=/period= S *I{$i}{$8])

#INITIAL INVENTORY CONSTRAIN . . _uAn
subject to Init_Inv {i in PROD}: e

I[i, 0] = 0.0; =demand=60=/demanc=
=jperiod=
# DEMAND CONSTRAINTS =period periodiD="3"=
subject to Balance {i in PROD, tin 1..T} =demand=100=/demand=
x[i, t] +1[i, t- 1] - I[i, ] = DEMI[i, ; <letiods
# FIXED CHARGE CONSTRAINTS =period periodiD="4">
subject to Fixed_Charge{i in PROD, t in =demand=40=/demand= 3) return
X[i, f] <= CAP[ t]*y[i, t]; alheriod= |- 1[{$i} {$t}] = { $demand} </con> }
=hroduct=
# CAPACITY CONSTRAINTS . .
=petiodCapacity=

subject to Capacity {tin 1..T}: ; . . .
sum {i in PROD} x{i, t] <= CAP[ ]; =capacity periodiD="1"=200=/capaciy:= SY[{$i} {$}] <= O<loon> }
=capacity periodiD="2"=200=/capacity=
=capacity periodiD="3"=200=/capacity=
=capacity periodiD="4"=200=/capacity=
ﬁ!’peril:ld':apac'rt':.-'b [$i} {$t}])<={$CAP[$]} </con>}

=NotSizelata= @
|1
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Optimization Services modeling Language

4 ways of comb

1. Use XML to represent the instance of a mathemati

ining XML with optimization

2. Develop an XML modeling language dialect

3. Enhance modeling languages with XML features suc
4. Use XML technologies to transform XML data into

cal program

h as XPath

a problem instance

05ml Madel

; preproces sor

XQuery
query
¥ b B
‘ o'
XML o I o o b s
Data *E-ﬂ
XQuery

Processor

.
e L]
'«

intermediate
XML

Instance

OSmL Engine

OSiL XML
Instance

Parser
Sl wWyriter Agemt

Communication

4,

Maodel
Analyzer

Solver 1

Solver N
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Derived Research and Business Models

The Optimization Services project
Standardization
Problem repository building
OS server software, library enhancement
Derived research in distributed systems (coordination, scheduling and congestion control)
Derived research in decentralized systems
(reqistration, discovery, analysis, control)
Derived research in local systems (OSI? OSil, OSrl, OSol?)
Derived research in optimization servers (NEOS)
Derived research in computational software
(AMPL, Knitro, Lindo/Lingo, IMPACT, OSmL, MProbe, Dr. AMPL, etc.)
Derived research in computational algorithm
Parallel computing

cel . | s Sty

Environmmant

— Ttation schemes

[ Lecal Interface

N Standardization
OS5 Communication 'pel’S

Standardization
Library developers, registry/server developers, and other auxiliary developers @

Computing on demand and “result on demand”

un Ma, Optimization Services, May 18, 2005
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End

http://www.optimizationservices.org (.net)
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