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ICS Meeting News
Flash!

Bruce Golden, S. Raghavan and Ed
Wasil have agreed to chair the bi-
annual ICS meeting, which will be
held in Annapolis Maryland during the
first week of January 2005. The
dream-team co-chairs have tenta-
tively scheduled the conference for
January 5 through 7 (Wednesday
through Friday) at Loew’s Annapolis.
January 2005 is sooner than you
think! Put it on your calendar. It will
be a great meeting.

| ntroduction to Extensible Markup
L anguage (XML) with Operations
Resear ch Examples

Gordon Bradley
Naval Postgraduate School

Operations research applications are driven by data and
increasingly that dataisavailablein xml documents(and over the
web). | liketo characterize operationsresearch asthefield that
uses models to turn data into information. Because xml has
emerged as the de facto standard for sharing data among
applications, we should look to usng xml inour applicationsand
research. The power toolsto read, write, access, process, credte,
validate, and transform xml documents should be asmuch of a
part of our computational toolbox as are spreadsheetsand data
anayssprograms.

Thisshort introductionwill discussthe usesand benefitsof xml,
the congtruction of xml-based languages, thevalidation of xml
documents, the use of softwaretoolsto construct, validate,
process, and transform xml documents, and software API’sto
access, manipulate, and transform datafrom xml documents
within computer programs. Includedisabrief discussion of
ongoing usesof xml in operationsresearch.

Extensible Markup Language and Related
Technologies

The Extensible Markup Language (xml) and the set of related
technologies are platform and language independent open
standards to represent, structure, validate, process, archive,
transform, and present data. Thedriving motivation behindxml is

XM.: conti nued on page 8
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L etter From the Editor
By David L. Woodruff

ICSChair and Acting Newd etter Editor
http://faculty.gsm.ucdavis.edu/~diw/

Technically, spring lastsuntil June21. | mention thisbecause, technically, weare ontimewith the spring
newdetter. Thechangefrom aprinted to an e ectronic newdetter waspretty easy, realy. Last timeweheld
the pressesin hopes of making an announcement concerning the bi-annual ICSmeeting. Inthisissueweare
dedlighted to announcethat Bruce Golden, Ed Wasil and S.
Raghavan are organizing themeeting in Annapolisin January
of 2005. That seemslikealong way away, butitisnot!
Mark your calendar andyou' |l see; the mesting istentatively
scheduled for Wednesday, January 5 through Friday the
seventh.

We haveagreat feature piecein thisnewdetter on XML.
Gordon Bradley hasdoneanicejob of providing
background information aswell asciting emerging OR
applications. The computing society remainsat theforefront
of thegpplication of emerging computationd technologiesin
Operations Research and Management Science. Peoplelike
Karen Aardal have put usthere. Sheisadirector of the
society and the subject of our member featurethismonth.

|CStrack for theINFORM S meeting to be held in October in Atlantaisafull date of diverseand
interesting sessions. Kudosto ArielaSofer for putting it together! Her term and vice-chair and chair-elect
will end at the Atlantameeting when shetakesover aschair of the society.

M Probe Version 4.0 Released

MProbeisagenera tool for analyzing the properties of mathematical programs, e.g. the convexity and
effectivenessof congtraints, finding near-feasible pointsetc. Version4.0isnow availablefor download at
http://www.sce.carl eton.calfacul ty/chinneck/mprobe.htm

New featuresinclude:

- anew PointsWorkshop which permits exchange of pointswith external programssuch assolvers,
analysisof points, etc.

- amethod for finding approximately feasible points, evenfor nonconvex feasibleregions
- the ability to read and manipulate M PSfilesdirectly
- anew method for shrinking variable bounds

- improved feasibility bootstrapping


http://faculty.gsm.ucdavis.edu/~dlw/
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Member Profile: Karen Aardal

Karen Aardal obtained her PhD from C.O.R.E, Universite’ CatholiquedeLouvain, Belgiumin 1992. Her
main researchinterest isinteger programming, and in particular algebrai c approachesto integer
programming. Additionaly sheisasointerestedin combinatorid optimization, inparticular infacility
location. Beforejoining GeorgiaTechin October 2002 Karen held positionsat the University of Essex, UK;;
and ErasmusUniversty, Tilburg University and Utrecht University inthe Netherlands.

In additionto serving on the Council of the Mathematical
Programming Society, MPS,and currently the Publications
Committee Chair of MPS, Karen also served on variousother
committeesof MPS, such asthe Symposium Advisory
Committee and the Web Committee. Shehasbeenan
INFORM S member since 1989, andisparticularly interested
intheactivitiesof the Computing Society. In January 2003 she
became amember of the Board of Directorsof ICS.

: Sheisan associate editor of Operations Research Letters,
4 INFORM S Journa on Computing, and Mathematical
{ Programming Series B, and wasapreviouseditor of
OPTIMA - The Newdetter of the Mathematical Programming
j f h Society.
What Karenfeelsisparticularly attractive about ICSisthat it
providesabroad forumto exchangeideasonbasicaly al
aspectsof computing related to OR. To have one such broad forum increases the understanding between
areas such ascomputer science, OR, and mathematicsand is clearly enhancing both the computational and

theoretical sdesof OR. Better theoretical insight |eadsto better agorithmsand implementations, and good
computational studies prompt new theoretical questions.

When Karen am not at work sheloves spending timewith her daughter Elisabethwhois4 yearsold and
shevery recently had asecond child, little Jacob. She used to driveaBMW motor bike, but right now sticks
to more*“responsible’ hobbies such asphotography and music. Karenisproud of her vintage Hassel blad
cameraand her threeclarinets.

MathOptimizer Professional for ContinuousGlobal and Convex Optimization

Janos D. Pintér , PCS Inc. and Dalhousie University
and
Frank J. Kampas, WAM Systems, Inc.

Global Optimization

The objective of global optimization (GO) isto find the best solution of nonlinear decision modelsthat may have
amultitude of global and local optima. GO has significant existing and potential applicationsin many fieldsof the
sciences, engineering, econometrics, and finances. As of 2003, over ahundred books, many thousands of articles,
and dozens of web sites are devoted to the subject: consult, e.g., Horst and Pardalos (1995) or Pardalos and
Romeijn (2002).
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LGO and MathOptimizer Professional

The LGO software servesto solve a broad range of nonlinear optimization models, making use of arobust and
efficient suite of global and local scope solvers. The LGO software development is based on award-winning
research (Pintér, 1996). LGO has been developed and maintained for over a decade: consult also e.g., Pintér
(2001). The software has been peer-reviewed (Benson and Sun, 2000), and it is used by agrowing clientelein
education, research, and industry.

MathOptimizer Professional (Kampas and Pintér, 2003) combines the power of Mathematica (Wolfram, 1999)
with the external L GO solver engine. This combination provides significantly enhanced modeling capabilities
(supported by Mathematica), and a solver performance that is comparable to other compiler-based solver
implementations.

Supported complier platformsfor using MathOptimizer Professional currently include: Borland C/C++, Lahey
Fortran 90/95, and Microsoft Visual C/C++. Various further personal computer and workstation platform
implementations can be made available upon request. (Mathematicaitself can be used acrossarange of hardware
platforms and operation systems.)

The MathOptimizer Professional software product is devel oped and supported by Pintér Consulting Services,
Inc., and by Dr. Frank J. Kampas. Please contact <jdpinter @hfx.eastlink.ca> and <fkampas@msn.com> for
furtherinformation.

Acknowledgement

FJIK and IDPwishto thank Dr. Mark Sofroniou (Wolfram Research, Inc.) for making availible his Format.m
package used in the course of the MathOptimizer Professional development project.
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London.

Pintér, J.D. (2001) Computational Global Optimizationin Nonlinear Systems. Lionheart Publishing, Inc.,
Atlanta, GA, 2001
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“Handbook of Applied Optimization”
named an AAP Outstanding
Professional and Scholarly Title of
2002.

TheAssociation of American Publishers
Professional/Scholarly Publishing (PSP) Division
hassingled out Handbook of Applied Optimization,
co-edited by Panos M. Pardal os (Center for
Applied Optimization, Universty of Florida,
Gainesville) and Mauricio G. C. Resende (Internet
and Network Systems Research Center, AT& T
LabsResearch, Florham Park) asan* Outstanding
Professiond and Scholarly Titleof 2002” inthe
computer science category. The PSPAwardsare
givenannually to acknowledge excellencein book,
journal, and electronic publishinginall the
disciplinesrepresented by professional, scholarly,
and reference publishing. Only two awvardsare
presented in each category. Panosand Mauricio
wereinvited to edit thishandbook by Oxford
University Press, Inc., which published the book.

The handbook provides abroad spectrum of
advancesin applied optimization with afocuson the
agorithmic and computationa aspect of thefield.

L eading expertsin applied optimization contributed
to thevolume, whichisgeared towardsengineers,
scientists, operationsresearchers, and other
applications specialistswho arelooking for the most
appropriate and recent optimization toolsto solve
particular problems. The book isdividedinto three
main parts: agorithms, gpplications, and software.
Inthea gorithmssection, theimportant agorithmsin
themajor fieldsof optimization are described.

The section on applicationsisdesigned to provide
the practitioner with adescription of therelevant
optimizationissuesinanumber of specific
gpplicationareas. Theauthorsinclude overview
articlesdiscussing broad problem types, such as
scheduling, vehiclerouting, network design, bin
packing, inventory management, traveling slesman,
satisfiability, location and assignment problems, as
well assomeexamplesof applied optimizationin
specific areas. These applicationscover abroad
spectrum of fields, such astransportation,

| NFCRVB Conput i ng Soci ety Newsl etter

agriculture, manufacturing, aerospace,
telecommunications, energy, biology, finance, andthe
environment.

Thetoolsof applied optimization are described inthe
software section, with an emphasison practica
details. how toimplement and test optimization
agorithms, how to useexisting optimization packages
and the Internet, and how to use modeling languages
to build optimization systems.

For more on Handbook of Applied Optimization,

vigt: http://AMmmw.research.att.com/~mgcr/hao.html.

Special Issues of the INFORMS Journal
on Computing coming up or in
development:

— Special Issueon Mining Web-based Datafor e-
Business Applications, guest co-edited by Alex
Tuzhilinand LouigaRaschid, to appear asVol. 15 No.
2 (Spring 2003); see http://joc.pubs.informs.org/
WebDM.html and http://joc.pubs.informs.org/
ForthcomingPapers.html for moreinformation.

— Specid Issueon Computational Molecular
Biology/Bioinformatics, guest-edited by Harvey
Greenberg; call for papersat http://
joc.pubs.informs.org/Cal Specid | ssueCompBio.html
(submissiondeadline August 1, 2003).

— Specia Issue on Operations Research in Electrical
and Computer Engineering, guest-edited by John
Chinneck; call for papersat http://
joc.pubs.informs.org/Call Specia | ssueORINECE. html
(submission deadline October 31, 2003).

Member Announcements
Donad Hill retired from Marathon Ashland Petroleum

LLCinAugust, 2002. Heand apartner haveformed
aconsaulting firm: GPSSAnaysisLLC. Hemay

becontacted at: donhill3752@msn.com or
2620 Springmill Rd.
Findlay, Ohio 45840




Spring 2003 7

CALL FOR PAPERS
Computers & Operations Research
Focused Issue on Operations Research and Data Mining

Guest Editor

Sigurdur Olafsson
lowaState University
olafsson@iastate.edu

The field of data mining has seen an explosion of interest from both academia and industry and this interest
continues to grow at a rapid rate. In this context, we use the term data mining to refer to all aspects of an
automated or semi-automated processfor extracting previously unknown and potentially useful knowledge and
patterns from large databases. This process typically involves several steps ranging from data collection and
integration to interpretation of the output, but we note in particular that the success of the processrelies heavily
on the availability of computer algorithms that can be effectively applied to large data sets to extract useful
information.

The operations research community has recently made significant contributionsin thisareaand in particular to
the design and analysis of data mining algorithms. For example, mathematical programming formulations of
support vector machines have been used for feature selection and data clustering. M etaheuristics and evol utionary
methods have al so been introduced to solve these and other datamining problems, and the opportunitiesfor using
both exact and heuristic optimization algorithmsfor data mining are extensive. Thisincludesbut isnot limited to
data mining problems such as feature and instance selection, classification, association rule discovery and data
clustering, and OR methodol ogi es such as mathematical programming, evolutionary methods, and metaheuristics.

However, theintersection of OR and data mining isnot limited to algorithm design and datamining can play an
important rolein many OR applications. Applicationsin areas such ase-commerce, transportation and logistics,
supply chain management, planning and scheduling, and inventory control often generate vast amounts of data
and data mining can be used to extract structural information and insights from these datasets. An example of
this that has been studied in the past is the use of data mining to learn when a particular dispatching rule is
appropriatein production scheduling environments.

Finally, while the data mining process is usually effective for generating insights and patterns from large data
sets, itisamodel free approach and theinsights aretypically unstructured and require substantial interpretation.
Thus, optimization methods can potentially be applied to the output of the data mining processto optimize the
desired objectivewhileaccounting for relevant business constraints. Again, al of the methodol ogies or application
areas mentioned above are relevant in this context as well.

This focused issue aims to broadly explore the synergy between the fields of operations research and data
mining. We are therefore interested in receiving papers focusing on either applications or methodology and
dealing with any aspect of the intersection between these two fields, including but not limited to the three
perspectives described above.

Thedeadlinefor submissionisDecember 31, 2003 but early submissionsare encouraged. Prospective authors
should send apostscript (.ps) or pdf formatted file containing their paper asan email attachment to the guest
editor at olaf sson@iastate.edu. Any questionsregarding thisfocused issue should a so bedirected to theguest
editor. All submitted paperswill be peer reviewed according to the usua standards of aleading international
journd.
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XML.: continued from page 1

to provideinteroperability of different systemsthrough the sharing of valid data. Thishasbeenaproblemlong
beforetheintroduction of computers, but the recent increasein the volume and variety of data, networksto
quickly transfer information, theweb to alow universa accessto dataacrossdifferent computersand computer
systems, and requirementsfor multipleviewsof datahave madeit amuch morechallenging issue.

Itisdifficult to grasp theenormity of the changesthat havetaken place sincetheintroduction of theWorld Wide
Web only tenyearsago. Theavailability of large numbersof inexpensive, powerful computersconnectedina
world wide network was a more continuous, and thus more predictable, development over the past few
decades. But theintroduction of asmall number of protocols(URI, HTTR, HTML) that enabled theweb was
amore sudden and disruptive deve opment whose power andimplicationsareyet to befully seen and understood.
Onereasonthat it isdifficult to grasp thisimpact isthat theideaof easy interoperability of valid datawaslong
activeintheimagination of computer users. However, itisonly inthelast few yearsthat that thetechnology to
fully achievethishasbeen available. Theinitia standardsfor xml wereonly formally finished fiveyearsago.
Whiletheweb protocols providethe connectivity, it isthexml standardsthat have provided the open source
standardsfor the universd interoperability of valid data.

Other approachesto representing computer datahave ofteninvolved computer specific binary representations,
propriety formats, and few, if any, open standards. Thisgreetly impedestheinterchange of informationwithin
an organization to say nothing of the movement of dataamong different organizationswith different hardware
and software systems. The cooperative devel opment of licensefree, open standardshasalowed therapid
development of datainteroperability.

Relational databasesand SQL arethe defacto standardsfor datastorage and dataaccess; xml isthedefacto
standard for sharing dataamong applications. Thusrelational databases and xml are complementary rather
than competing datatechnol ogies. Thisdistinctionisnot alwaysclear becausethere are native xml databases,
xml can bestored in relational databases, and database access can be used to exchange data. |n spite of the
overlay of thetechnol ogies, databasesand xml technol ogieseach haveadistinct contribution. Xml technologies
areoften characterized asthe glue between different systemsand applications. Whilethisisby no meansthe
only useof xml, itiscurrently the most widespread use.

Thegenerd areasthat havethusfar seenmost of the gpplicationsof xml arebusinessto business (for example,
supply chain), construction of booksand reports, e-commerce, database access, scientific datatransfer, and
configurationfiles.

Thelanguagefor web pages, HTML, isthe markup language that most people are familiar with. For this
reason, Xxml isoften compared to HTML.. Thiscomparisonisvery mideading because xml isametalanguage
(that is, aset of rules) for creating xml-based languages each of which defines documentsthat areinstances of
thelanguage. The confusion of comparing xml to HTML ismade greater because HTML documentsdo not
conformtoxml rulesand thusHTML isnot an xml-based language and thetechnol ogiesand tool sfor processing
xml do not apply toHTML documents.

Theterm“language’ isjudtified snce each xml-based language hasaspecified syntax and grammar and weare
abletoemploy arangeof formal computer languagetools. Anxmi-based language (dso caled atag set, anxml
vocabulary, adocument type) definesaset of eement and attribute names, astructurefor includingthemina
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document, and constraints on the values of datain the document. There are many, many examplesof these
xml-based languages.

e MahML isalanguagefor representing mathematical formulas(for searching, indexing, evaluation) and
their presentation (for example, in web pages, books). MathML issupported in computer algebra
systems such asMathematica, Maple, and Mathcad aswell asin mathematical typesetting systems
such asTex and Latex.

e ScdableVector Graphics(SVG) isalanguagefor describing two-dimensiona graphics(for example,
points, lines, and curves).

Extensible BusinessReporting Language (XBRL ) isfor describing company financial reports.
Synchronized Multimedialntegration Language (SMIL) isfor creating multimediapresentations.

Each xml-based language hasaformal specification (called aschema) that definesthe structure and content of
documentsinthelanguage. Anxml document isaninstance of aparticular xml-based languageif it conformsto
the schemathat definesthat language. Given aschema, there are validating parsersthat can determineif a
document adheresto the particular scheme (it may a so add defaultsand do other processing on the document).

The process that developed xml and the related technologiesis very interesting and is perhaps the best
demonstration of the power of license free software and open standards. In 1994 the World Wide Web
Consortium (W3C) www.w3.org wasformed to further the devel opment and evol ution of the Internet by
improving HT TPand HTML and devel oping new standardsto ensureinteroperability. Any company or individud
canjoinand participatein their ongoing construction of standards (called “recommendations’). Thework that
lead to the devel opment of xml began with the effort to addressthelimitationsof HTML. Inparticular it was
seenthat HTML focused on presentation of datarather than the content of the data. Thebasic god of xml isto
separate datacontent (held in xml) from presentation (heldinHTML, XHTML, or other formats).

There hasbeen arush to define many xml-based |anguagesto facilitate the easy interchange of datain specific
domains. The characteristics of the domain often determinethetype of organization that developsan xml-
based |anguage. Business oriented languages are devel oped by groupsof software professionasfrom different
companiesworking together through anon-profit organi zation such asW3C and The Organization for the
Advancement of Structured Information Standards (OASI S) www.oasi s-open.org while being paid by their
company. Some bus ness-oriented languages are devel oped by the employees of asingle company that may
then makeit availablelicensefree, under license, or embedded in acommercial product. Languagesfor
government use or devel oped by governments for widespread use are constructed by employees of the
government entity. Volunteer softwareworkersaretypical for the standards devel oped for research domains
and hobby domains. Thegodl of interoperability isachieved only if all the partiesinterested in aparticular data
domain usethe samexml-based language. Thusthework of devel oping asuccessful xml-languageisbased on
careful technical work, review and acceptance by potentia users, and tradeoffsand compromisesthat assure
that thelanguage will be widely adopted and carefully adhered to. Thishaslead theinterested partiesto
cooperateinthe construction of languagesthey al then commit to. Tolocatexml work going oninaparticular
area, aweb searchisusualy quite effective.

Anxml-based language is defined by specifying and then publishing aschemafor thelanguage. With the
schemaanyone can construct xml documents based on the language and verify that they conform to the
language (using avalidating parser). Most of theselanguagesare publicly available, open source, and license
free. In addition most are controlled by an organi zation that has operating proceduresfor making changesthat
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assures users of thelanguagethat they have protection for theinvestment they madeto put the datainto the
particular language.

The Basic Ideas

The processof adding meaning to symbolsisachallengethat hasbeen around asleast aslong aslanguage. The
recent development of xml and the set of rel ated technol ogiesisbased on asmall number of basicidesas:

1. Data should be encoded using international standards that are independent of computer hardware,
system software, and applications software.

XML documentsaretext based (as opposed to binary) and conform to anumber of 8-bit and 16-bit Unicode
http://Amww.unicode.org/ standards. The UNICODE standards alow for easy and efficient encoding of English
and other European language character setsand also cover thefull range of encoding that embracesall the
languages of theworld including, for example, Japanese, Tibetan, and |anguages of the I ndian subcontinent.
TheUnicode standards currently include over 95,000 individua characters.

Even though the vast majority of xml documents are constructed and processed exclusively by machine,
because of their text based encoding, xml documentsare usually referred to asbeing * human readable.” Using
established standardsfor encoding guaranteesthat al computationa devicesand software have unambiguous
accessto datawith no concerns about binary formats, word lengths, proprietary formats, licensefees, big-
endian andlittle-endian, etc. Thecommercia power of thedriveto open standardstext based encoding of data
isevidenced by the announcementsthat Microsoft Office documentsand Adobe pdf documentswill soon be
represented inxml (and thus abandoning the special encoding of these documentsthat hasimpeded their
accessand construction).

2. Metadata (that is data about data) should be embedded in the same document with the data.

Thisisachieved by use of “markup” that providesboth structure and partial description of the content of the
document. Theideaof markup of datahasalong history in publishing. Xml isbased on the Standard Generdized
Markup Language (SGML ) developedinthelate 1970'sand early 1980’ sthat inturnisbased onthe Generdized
Markup Language (GML) developed in thelate 1960's. Data documents without markup need separate
documentation to specify how to interpret the content of the datadocument and thisdescription must be coded
into any softwarethat processesthe datadocument.

Thexml markup isalso encoded to be human readabl e so it can include well-chosen namesthat can help
document the data.contents. Thishaslead to the claim that xml documentsare*self describing”. Thisisnot
completely true. For example, whilethedata: House 7 2 ismademoreunderstandableby: <Name
feet = “7” inches = *2”>House</ Nane> itisstill not clear whether thisisatall person or
ashort building. Only further context for the datayieldsacompl ete description.

Theseideascan be seenin asmplexml-based languageto specify network optimization problems. A common
dataformat for network optimization problemsisshowninFigure 1.
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Figurel

#nodeattributetime (int), arc attributeslength(fl oat), cost(int)
Al 2
A27 8
B2 5
BS 4
Ci3 7
Al B2 52 8
B2 C13 00 5
Al A27 63 234
Al B5 53 3
A27 B5 4333 12
BS Cl13 333 21

Figure 2 showsthe datacontent after it hasbeen “marked up” in an xml-languagethat isdefined inthe
schemacontained inthefile network.xsd.

Figure2

<?xm version="1.0" encodi ng="UTF-8"7?>
<Net wor k xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance”
xsi : noNamespaceSchenaLocat i on="net wor k. xsd” arcs="di rect ed”
nane="deno for | NFORMS- Conputing Society”>
<NodeSet >
<Node nane="Al" tine="2"/>
<Node nane="A27" time="8"/>
<Node nane="B2" tine="5"/>
<Node nane="B5" tine="4"/>
<Node nane="Cl3" time="7"/>
</ NodeSet >
<Ar cSet >
<Arc tail="Al" head="B2">
<Lengt h>5. 2</ Lengt h>
<Cost >8</ Cost >
</ Arc>
<Arc tail="B2" head="Cl3">
<Lengt h>0. 0</ Lengt h>
<Cost >5</ Cost >
</ Arc>
<Arc tail="Al" head="A27">
<Lengt h>6. 3</ Lengt h>
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Figure?2cont.

<Cost >234</ Cost >

</ Arc>

<Arc tail="Al1" head="B5">
<Lengt h>5. 3</ Lengt h>
<Cost >3</ Cost >

</ Arc>

<Arc tail ="A27" head="B5">
<Lengt h>4. 333</ Lengt h>
<Cost >12</ Cost >

</ Arc>

<Arc tail="B5" head="C13">
<Lengt h>3. 33</ Lengt h>
<Cost >21</ Cost >

</ Arc>

</ Ar cSet >
</ Net wor k>

Figure2 xml document (networ k Figur e2.xml)

The contentsof an xml element i s contai ned between the start tag and the matching end tag, for example:
<Lengt h>5. 2</ Lengt h> or inthekey-valuesattribute pairs, for example: t ai | =" B2"

head="C13".

3. All xml documents are structured as root trees.

All elementsin an xml document must have astart tag and amatching end tag and the elements must be
correctly nested, that i, any start tag must be matched withitsend tag inside any enclosing element. Each xml
document must have aunique “root” element. The rooted tree structure that the markup imposes on the
document makesit easy to construct software (for example, parsersand processors) that can work on any xml
document. Thismeansthat once datais embedded in an xml document, there are anumber of powerful
computer language toolsthat can be used to processthedata. Thetree structure allows namesof dataitems
to bedefined relativeto their positioninthetree; thislocal name scoping allowsnamesto havetheir meaning
fixed relativeto their location in thetree structure. Thetree structure also allows easy composition of xml
documents. Itisalso possibletoinclude someadditiona relationships between elements, giving theoptionto
imposeagraph structurewithinxml documents.

4. Xml is not a programming language, but the formal structure of the documents make it easy to
read, modify, process, create, and write xml documents inside a programming language.

TheW3C recommendationsto support processing of xml documentshave been specified ascomputer language
Application Program Interfaces (APl s). Thissupportsthedesign of softwareto parseand processxml documents
indifferent programming languages. Extensive software hasbeen devel opedin Java, C, Perl, Com, and other
languages. Thetwo primary API’sare Document Object Model (DOM) and Simple API for XML (SAX).
DOM readsan xml document and constructsin memory atree structurethat allows* random” accessto any
part of thedocument. Thisiseffectiveaslong asthedocument issmall enough to represent inmemory. SAX is
anevent driven AP that processesthe document fromtop to bottom. SAX efficiently processeslargedocuments,
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however, the organi zation of the document (that isthe design laid out in the schema) must be suchthatitis
effectiveto processitina“singlepass.” Thedesignsof the programming interfacesarevery object-oriented
and most of thelicensefree, open source software has been devel opedin Java.

5. Schemas are used to give a formal definition of an xml-based language.

Thereare severa different schemasfor defining an xml-based language. The W3C supportstwo schemas:
Document Type Definition (DTD) and the XML Schema. Thereare severa other schemasdevel oped by
other groups. The schemasdiffer intheir syntax and the kind and power of constraintsthey canimposeon
xml document structure and content. Themore recently developed XML Schemaallows considerably more
structure and dataconstraintsthan DTD schemas. XML Schemahasawell-devel oped notion of datatypes
that can be applied to the contents of elementsand to the values of attributes. There are datatypesfor
integer, double, Boolean, string, times, dates, URI’s, etc. Thereare a so further restrictions of thesetypes,
for example, positive, negative, and nonnegativeinteger. Inadl thereare 44 datatypeswith capabilitiesfor a
user to usethe base datatypesto build others. For valueswith astring datatype an enumerated list can be
specified. Alsofor string valuesregular expressionscan be specified. Theregular expression capability is
built on the Perl regular expressions. Inadditionto these*smple” datatypesthereare”complex” datatypes
that allow any subtreeto be specified asatype. Complex datatypes have object-oriented language
capabilitiesthat alow derived datatypes. Thereareaso ID/IDREF and KEY /KEY REF propertiesto allow
ead er compatibility with relational databases.

The XML Schema, network.xsd, for the network shownin Figure 2 specifiesthat the xml document must
have one or more nodes, zero or more arcs, thetwo namesthat definethe head and tail of each arc must be
thename of anode, the node attribute“time’ must beanonnegativeinteger, thearc element “ Length” must
beadouble, thearc dement “Cost” must be anonnegativeinteger, “ Cost” and “time” arerequired,
“Length” isoptional, and the names of the nodes must begin with theletter A, B, or Cfollowed by oneor
twodigits. All theserestrictionsare enforced by avalidating parser. Construction of network xml documents
can be supported by an editor (based on the schema) that could, for example, when entering an arc provide
pull down menusfor the head and tail nodethat would only include nodesthat have already been defined.

Thedesigner of anxml-based language strivesto include asmany constraintsaspossibleinthe schemasince
thiswill enable many dataerrorsto be detected automatically by avalidating parser (thiscan greatly reduce
but does not usually eiminate the data checking that must be done by other means). For example, inthe
schemathat includesa“LastName” e ement, aschemacould usearegular expressionto specify that aname
must beginwith aletter and contain only lettersand dashes, however, thiswould not flag “ fly-by-night” as
beinganinvaidlast name. Indl thedifferent natural languagesencoded in xml thereisawell-defined
character set with letters, digits, and other characters, thusit ispossibleto construct similar constraintsin

any naturd language.

Thedesigner who usesthe XML Schemahasextensiveflexibility to specify an xml-based languagethat is
tightly defined. Validation allowsthe creator of anxml document and any user of that document to be assured
that the dataval ues conform to the constraints defined in the schema. Thisis particularly important when
documentsare automatically produced and processed and when they moveautometically acrossorganizationd
boundaries. Many applicationsthat have adopted xml for datainput and output have seen adramatic decrease
intheamount of code necessary to do dataerror checking. Similar to the effect of using adatabase, xml can
move nearly all the*datamodeling” outsidethe application; thisallows use of the powerful xml toolsand
directly supportsinteroperability of dataamong applications.
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6. For documents that are based on an xml-based language that is defined by a schema, there are

power tools to automate many important tasks.

For example, given aschemathereissoftwareto:

Congtruct an xml document with therequired structure and including optiona dataitems.
Construct documentation to describe the xml-based language.

Congtruct an editor for creating an xml document that alowsonly vaid datato be put into the documen.
Transform an xml document based on onexml languageto an xml document based on adifferent xml

language.

Transform anxml documentintoan HTML or XHTML document for display in aweb browser.
Transforman xml document into adocument of any type(that is, not necessarily HTML or another xml

document)
Convert thexml schemainto arelational database schema(andthereverse)

Other Related Technologies

| NFCRVB Conput i ng Soci ety Newsl etter

Therearere ated technol ogiesto transform an xml document to another xml document, toan HTML document,
or to adocument that isneither (for example, abook or report). Extensible Stylesheet Language (XL Sand
XSL-FO), XPath, and Extensible Stylesheet Language Transformations (XSLT) are used for these
transformationsof xml documents. An X SLT transformation can be based on the schemafor aparticular xml-
based |anguage; thusthe transformation appliesto any xml document that isvalid with respect to the schema
Transformation viaX SLT isan alternativeto using aprogramming languageto read the document, processit,
and write out thetransformed document.

Figure3 AnXSLT document: |etter.xd

<?ml verson="1.0"?>
<xd:stylesheet version="1.0" xmlns:xs =" http://www.w3.0rg/1999/X SL /Transform” >

appliedto anxml document: | etter.xml

<xd:template match="/L etter”>
Dear <xsl:value-of select="Addressee/Title"/>
<xsl:value-of select="Addressee/Last”/>:
<p>We are writing to offer you anew credit card....
</p>
</xd:template>
</xgl:stylesheet>

<xml version="1.0"?>
<L etter>
<Addressee>
<First>John</First>
<Last>Doe</Last>
<Title>Mr.</Title>
</Addressee>
</Letter>
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Thedocument showninFigure3yidds:
Dear M. Doe:

W are witing to offer you a new credit card....

XSLT isanxml-based languagethat isal so aprogramming language. It isafunctional language asopposed to
procedural languages such as Javaand C. X STL matchestemplates against the xml document. Like other
functional languages (such asLisp and Scheme), XSLT hasno variablesand no assignment statement. One of
thebenefitsclaimed for XSLT isthat itiseasy for non-programmersto master (1 havefoundinmy xml course
that theinitia learning curveissteep for programmersand non-programmersalike). Whileitistruethatitis
possibleto do some simpletransformations much moreeasily thaninaprocedura programming language,
complex operations can bedifficult (for example, to sum acolumn of numbersyou need to userecursion).
Sincethetransformation can be based on the schemafor an xml-based |language, thereare very powerful tools
that allow the construction of the XSLT using adrag and drop interface; these systemsallow the construction
of complex transformationswith thedetail slargely hidden from the user.

Fromthe very beginning of the development of xml, therewasastrong focusto separate the content of the data
from how it should be presented (in abook, report, web page, PDA, cell phone). Thenotionisthat therewill
bexml documentsto hold the dataand potentially many different waysto present it (somexml, other not).
XSLT and programming language processing arethetwo waysto perform thesetransformations. Thechoice
depends on the application and the skill set of the user, however, the constant improvementsin thetools
availablefor processing xml documentshaskept thisadifficult choice. New (and often free) toolscan dramaticaly
improve some portion of thetask and thus suggest amore efficient approach.

Becausethere aremany powerful toolsto transform data content from one xml-based languageto another,
oftenthelargest cost of adopting xml isinitially getting datainto an xml-basedlanguage. Thisofteninvolves
designing aschemafor anew xml-based |anguage and then constructing each xml document. The cost of
thisand thedivision of effort between design and construction depends on theform and volume of thedata.
Most dataformats, evenflat files, areaready in someform of tree structure, so theinitial moveto anxml
document isoften straightforward. Thereare powerful toolsto support theseefforts, especidly if thedatais
inarelational database. There aretool sto automate the transformation from adatabase schemato an xml
schema (and thereverse). Notethat for large applicationsthe design of an effectivexml schemaisasmuch
work as constructing an effective database schema. Even with the same datathe xml schema (tree structure)
can be organized quite differently from the database schema (table structure).

Designing an xml-based languageisequiva ent to creating acomputer language; the availablexml
softwaretoolsautomatically and instantaneoudly create softwarethat isequivalent to constructing acompiler
for that |anguage. The combination of thetree structure of al xml documentsand the powerful computer
languagetrand ation tool s devel oped over thelast three decades has made possi ble powerful xml tools.
Thesetoolsa so guaranteethat the validity checksin the schemacan be used to protect thedatavalidity at
each step of the process.

Thetoolsfor xml include capabilitiesto support object-oriented programs by generating objects
directly fromxml documents (thisiscalled databinding). Becausexml was devel oped the sametimeas Java
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and because much of the open source softwareiswrittenin Java, thereisgood support for transferring data
between xml documents and object-oriented programs.

Operations Research Examples

Theapplicationsof xml technol ogiesto operationsresearch problemsthat | have beeninvolved with demondtrate
afew of thexml capabilitiesthat were discussed above.

1. Xml technologies are effective for data input and output.

Xml isbeing widely used to format datathat is shared among applications; today more and more of those
applicationsarein different systemson different computers connected by anetwork. Asdiscussed above,
xml-based languages have been devel oped to support thisinteroperability of data. M ost computer applications
also havedatainput that isused to configure the application. Thisallowsthe application to be customized via
datarather than using codethat would have to be recompiled whenit ismodified. External configuration data
also supports user operationsto set and save options. Xml isbeing used widely for configuration software
replacing flat filesof dataor fileswith listsof key-vaue pairs (often caled property lists). Thereareanumber
of benefitsthat comefromusingxm:

The datafilescan beformatted in atree structure with human readable namesto describethe data
Thereare API’sfor popular programming languagesthat can readinand, if needed, write out the data.
A schemato define an xml-based |anguage for the data can be constructed.

Using the schema, documentation can be constructed automatically.

Using the schema, an input editor can be constructed that facilitatestheinput of the data.

Using the schema, anyonewho constructsthe datafile canimmediately validateit.

Using the schema, the program that readsthe data can validate the data (thus €liminating most, if not
all, of the necessary datachecking).

e Theschemamakesit easy to reusethexml-based datalanguageinwholeor in part in other gpplications.

These advantages have lead many computer applicationsto convert from application specific dataformatsto
xml.

ArnieBussand I, together with anumber of masters’ students, have constructed an “ Extensible Analyst
Toolbox” to support therapid construction of military planning systemsfrom pre-existing components. The
projected user of thissystemisan operationsresearch andyst whoisplanning military operationsfor aparticular
locale. Theuser first identifiesthe maps, images, satellite photos, datasources, road networks, terrain data,
drawings, etc. that are associated with the areaof operation. Thisdataisspecifiedin xml filesthat areloaded
into the planning system aslayers. The user hasthe opportunity during theanalysistoload oneor morelayers
of varioustypes (images, graphs, drawings, road networks, terrain, line-of-sight, etc.) Each planning situation
isunique, soit cannot be anticipated what dataand layerswill be needed. Theanayst constructstherequired
system by “loosely coupling” pre-existing components. One use of xml isto construct the configuration files
that specify the user interface (menus, toolbars, tool tips, buttons, combo boxes, etc.) for the system. Each
component layer hasitsown xml configuration file; the analyst can use adataeditor constructed from the
schemato specify the content and look of the user interface. The user-friendly dataeditorsand thevalidation
of thedatafilesmakeit easy for theanalyst to construct the layer interfaces.
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M ontereyM enu.xsd isthe schemafor the main window menu bar and M ontereyMenu.xml isan instance
document based on the schema. M ontereyM enuSchemaDiagram.docisagraphical view of theschemathat is
constructed by XML SPY (aproprietary xml integrated devel opment environment from Altova, Inc.) Note
that thetree structure of the menusiseasily captured in xml. When we switched to xml, the codeto construct
theinterfacefor each layer wasreplaced by asinglegeneric method to read them dl. Thevalidation of thexml
eliminated the previous data checks and the generic codeto construct all theinterfacesis shorter than the
previous codefor each layer. Thisapproach can bereused in any application. Our programiswrittenin Java;
we used the open source JDOM API and the A pache Software Foundation xerces parser. (Thisfollowsour
software maxim to maximizethe code written by othersand minimizesthe codewritten by us.)

2. Scenario specification for simulations

Themost time consuming part of executing military smulationsisthe data preparation to specify the scenarios
tobeandyzed. Highresolution military smulationsrequiredetailed and extensveinformeation onterrain, wegpons,
and plans. Thesecaninvolvetensor hundredsof thousandsof datavalues. Some of thedatamust be generated
by the analysts running the s mulation. Other datais gathered from other organizations; thisinformationis
increasing available over theweb and oftenin an xml document. Reuse of scenario datafrom previousanalysis
isoftendifficult especidly if itisnot possibleto easily accessand automatically processthe data

If the scenarioisvalidated by hand (that is, “by eye’) then alargefraction of the ssmulation codeand alarge
fraction of theanalysistimeisdevoted toidentifying and correcting errorsinthe data. Oftenthesmulationis
used to debug dataasin “theseresultscan’t beright, there’' ssomethingwronginthedata’.

The Combined ArmsAnaysisTool for the21st Century (COMBAT X XI) isarecent large-scale ssmulation
project that was developed in Javawith al the scenario databeing specified inxml. Itisahigh-resolution,
analytical combat ssmulation focused ontactical combat. It isbeing devel oped by theU.S. Army TRADOC
AnaysisCenter-White SandsMissile Range (TRAC-WSMR) and the Marine Corps Combat
Development Command (MCCDC). When the project was begun five yearsago it was on the cutting edge
asthexml technologiesevolved. Intheinitia version of the project they had custom build codeto generate
system objectsfrom datain xml files. When xml technology evolved to automatic, generic construction of
objects (databinding) they were ableto redesign their system and achieve an order of magnitude reduction
inthe number of linesof Javacode. Thisdemonstratestheimpact of the power toolsthat arebeing
developed (they are especially powerful for object-oriented designs). The use of thefree, open source,
genera purpose, and thoroughly tested tool sto replace application specific codeisavery effectiveway to
reduce devel opment costs, time, and risk.

Several masters thesis research projects at the Naval Postgraduate School have used xml for scenario
specification. Theinitialization of asimulation writtenin an object-oriented language such as Javainvolves
reading in datava uesfrom the scenario datafilesand then instantiating the many objectsassociated withthe
scenario.

TheMulti-Agent Robert Swvarm Smulation (MARSS) system developed by Aligtair Dickietakesainnovative
approach to using xml in an obj ect-oriented simulation. MARSS s an agent based simulation of unmanned
aerid vehicles, itincludesa2-dimensional and 3-dimensiond viewer that presentsthe positionsof thevehicles
asthesimulation unfolds. Thethesis, apower point presentation, and the xml schemas can be downl oaded
from hisweb ste. You can a so download thes mulation that automaticaly instalsitself and any necessary Java
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code needed to execute the code. http://diana.or.nps.navy.mil/~ajdickie/marss’. Currently the 3-dimensional
viewer softwareisavailableonly onWindowsoperating systems.

In MARSSIn addition to the scenario data val ues, the xml filesinclude the names of the Javaobjectsto be
constructed and the parametersthat are necessary to instantiate them. Parametersto instanti ate objects may
be objectsthemsel vesthat must first beinstantiated with parametersthat may be objectsetc. etc.; thusitis
necessary towrite codeto construct arbitrary Javaobjectsthat are specified in thexml document. Theschema
to specify the xml-based language and the Java code to read the xml isby necessity generic (worksfor any
Javaobject) and recursive, however, itisdramatically less code than writing code to construct each needed
Javaobject. The structure of the xml documentstogether with validation using schemasallows ageneral

solutionto what wasprevioudy longer and very problem specific.

TheMARSS gpproachtoinitializing s mulation objectsfrom external filesisademonstration of the power of
xml ideasand xml toolsto directly addressone of themost pressing problemsof running large-scdesmulations.
Aswith other usesof xml, custom data editorsand validation provideimportant functiondity. Theextensive
datamodeing and datavdidation using xml technol ogiesalowsthe separation of datamodeling and smulation
logic that supportsreusein both.

3. Xml-based language for network optimization

| have been working to develop an xml language to represent and validate network and graph problems.
Designing anxml languagefor aparticular domain involvesfollowing certain design patternsand managing
somedifficult tradeoffs. For network optimizationit isnecessary to follow the xml principle of separating
content and presentation. Animportant part of the designisto support capabilitiesto generate displaysof the
networksand graphs; however, thisshould be accomplished only by transformation of thexml documentsthat
hold the network topology and node and arc properties. A difficult tradeoff isbetween validation and generdlity.
If the standard putsrestrictionson the naming of properties (aswasdonein Figure 2 ), then stronger validations
are possible, but the standards can be applied to fewer networks. Another tradeoff isbetween readability
(long descriptive names) and the size of thexml file (most network and graph models havelarge amounts of
data). Another issueisthedivision of 1abor between the xml validation and datachecking within areader, that
is, validationsthat aredifficult or impossibleto specify inthe schemamay be performed in adatareader that
can be considered as part of thetotal datamodeling. Thisisawork in progress, for thelatest refer to: http://
diana.or.nps.navy.mil/~ghbradle/xml/index.html.

4. Other use of xml in operations research

A. Leon Lopesand Bob Fourer have devel oped SNOML to provide an xml representation of stochastic
programming problem datafor problem instances. http://senna.iems.nwu.edu/xml

B. Bjarni Kristjansson has proposed the xml-based language Optimization Markup L anguage (OptML).

http:/Mmww.maxima-usa.com/dides

C. The Compuitational Infrastructurefor Operations Research (COIN-OR) hasprovided aforumfor
researchersinterested in devel oping open-source xml-based |languagesfor optimization to work together.

http://Mmww-124.ibm.com/devel operworks/opensource/coin/
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D. Kipp Martin has shown how XSLT and X Path can be used to generate xml documentsthat contain an
instance of amixed integer linear programming problem. He shows how to go directly from thedatafor a
particular problem to thexml document bypassing the use of traditional algebraic modeling languages. His
work demongtratesthefeasibility of devel oping an xml-based languagefor probleminstancesandusng XSLT
transformationsto construct thexml documentsthat contai n the probleminstances. If thisxml-based language
was adopted asan input standard for optimization solvers, therewould be awell-defined, open source, open
standards path from theworld of datainxml to the solution of optimization problems. Heal so discussesthe
accessof probleminstance datafrom xml datadocuments, relational databases, spreadsheets, and flat files.
http://gsbkip.uchi cago.edu/xdt/pdf/xmlmodeling.pdf

Final Comments

Itisobviousthat the operationsresearch examples mentioned heretouch on only afew of themany possible
applications. In addition, they utilize only some of the xml technol ogies discussed earlier in the paper. For
example, they don’t show the use of xml editorsthat can be automatically generate from xml schemas, the
constructing of XSLT transformations, or stylesheetsto construct dynamic HTML or XHTML pages, theuse
of technology for client/server applicationsover theweb, accessto databases, automatic construction of xml
and database schemasfrom other schemas.

| have been careful not to “ oversell” xml as*“self describing” dataor asthe ultimate answer for knowledge
management. Thereare other technol ogiesunder devel opment that arefocused on taking the next siep tomore
fully describe dataand the context inwhichitisembedded. The W3C isworking on the Resource Description
Framework (RDF) andthe“semanticweb.” Researchersinartificial intelligence and knowledge management
areworking on ontologiesfor particular domains. Xml isanimportant contributor to thiswork becausethese
more powerful capabilities can be constructed ontop of xml.
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