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About XML

Softwarelengineeringseems(fo be riddenWithhypes:[someoneTaunches/d"new" idea, dlot 0f
noiselismadeldver thatl[in[the[Variousjournals[whicheadsthel¢asual (teader [orlistener fo
believelthatlall[previousideaslare[Very [wronglorat[least[completely [ancient[andtherefore
useless. The mew [idealinspires the dreation or(resurrection (0fla Bunch(6f TLAs and FLAs *(and
otherbuzzwords. Butlafter[alwhilethe Thypelis[goneandthe mew[idealis either forgotten or
becomesanlold[and morelorless Wwell understoodfool [Mone oflmanyand Mmotlonelinstead [0f
many.

Aldouplelofiyearsiagolitiwasthefurnfor XML Textensible markup Tanguage. Tn(litselfmothing
new alscaled[down[version 0fTSGML[dnd[dmore[systematic kin[of(HTML. Nevertheless it
was$eenlaslal"'silverbullet": [itsmagictould[Solveall'communication [problemsbetween
computerprograms becausedatain (XML [format[canHetinderstood By any (XML parser.The
hypelledfolsuchlabbreviations[as[DTD, XSLT, DOM [and[SAX,[XPath[andmanyothers. Tt
also(led [tb mumerous welknown [ibraries(in C, @nd(eéspecially [C++[and Javalto read [and write
these(files.[NonelappearedforuselinFortran[programs, whichmeantthisMtechnology" [Was
notldasilyaccessible for[Fortran[programmers.

This paper(aims [fo Clarify theconcept[of XML [and[fodescribe How fit[can Be fised [in[@Fortran
environment. [Asthereldre(atTeastthree((public)implementations [0f XML [parsers(inFortran,
many [practical[0bstacleshavelgone. Also[theThypelaround XML seems[folhavelsettled:[it[is
now [possible to discuss its Benefits and limitations in a rational (tanner.

What does XML lookilike?

Firstland[foremost, (XML [is(a(file format(that(¢an [be[¢characterised [as hierarchical. [Herelis(a
smalllexample(adapted[from [the [documentation(oflan openlsource project, BLplot):

<?xmlllversion="1.0"72>
<chapterllid="BIBLIOGRAPHY">
[N<title>Bibliography</title>

<para>
Thesellarticlesllarelldescriptionsliofll..
</para>

<bibliography><title>References</title>

<bibliomixed>

[l<bibliomsetllrelation="article">

OO0 <surname>Someone</surname>Kfirstname>A.</firstname>,
COff<titlellrole="article">Justllalmatterllofllcommon/lsense</title>,
[</bibliomset>

[J'<bibliomsetllrelation="journal">

OO0 <title>Mylljournal</title>,

'[E(mailladdress: arjen.markus@wldelft.nl

?[Three letter and four [letter @bbreviations

3 Mitheant(the somewhat sarcastic tone [0fTthe introduction mot for XML [itself, But for the inbounded
enthousiasmlandlack(ofrealism/thathasbeen part(ofthany [a/discussion @nd [presentation(on this
subject.



DJ0000<pubdate>1996[lDecember</pubdate>
[I</bibliomset>
</bibliomixed>

<bibliomixed>

[M<bibliomsetllrelation="article">

o000 )< surname>Nobody</surname>I<firstname>B.</firstname>,
<titlellrole="article">Nothingllnew lunderllthellsun
</title>,

[I'</bibliomset>
O<bibliomsetllrelation="journal">
OO0000<title>Mylljournal</title>,
UU0000<volumenum>6</volumenum>,

U000 <pagenums>1</pagenums>,
O0000<pubdate>1999</pubdate>

[I'</bibliomset>

</bibliomixed>

</bibliography>
</chapter>

Aslyouldansee(from thisexample:

o Thelinformationlinlan[ XML (file ¢onsists[oflopening [Mtags" [(text[between[X[and[>)[and
matching(closing Mtags" [(thesestartWwith["</")

e Inlbetween(the[openingland[¢losingfags,[Youl¢anhavel¢character(stringsbutlalso other
tags.[Thishesting[tangoonlindefinitely, (makingupCahierarchy Cbfl tags[and[their
associated [character(strings.

e Openingltagsmayholdattributes, [Suchlthe id[forlthe chapteritag.

Because(the format(ofTthefagsisfixed, Youldanhise(d[Singlelset[6froutines o Splitithe[datalin
the XML [filelinto tags, [@ttributes@and raw [strings, without knowinglthemeaninglorarderingof
thelitems. Thislis[the[simple(thagic (0f XML ffiles.

The full standard [for XML (files ((W3C,[2003*)[ismore éxtensive and defines ways 0f linking
an[XML[file[fo[external [documents[that[describeltheldesired[structure((solthat(validation(is
possibleMithis[istheTole[0f[DTDs, documentifypeldefinitions)or(to[Sethip [formattingmethods
(XSLT:extensible[stylesheet fransformations)[whichMautomatically"[convert[fags and[their
attributes(into[dther[fypes(ofifiles, [Suchds[HTML [files [for viewingthe[contents inan(Internet
browser.

Forlthis paper, however, litlis[more iimportant to'See liow XML [can be hised [toread inhputlinto’d
program, (as[thatlis[the basic fequirement for(any [@pplication.

Twolmethods:(ISAXand DOM

Therelare foughly [Speakingtwo methods[foread lan XML file:
e Theléventbasedethod[(also knownlas[SAXMsimplelA Pl for XML)
o Thelfreebasedmethod(orMOM [Mdocumentldbjectmodel)

With[the[firstmethod, [éxemplified forlinstance by [the ost[famous[ XML [parser, [Expat[by
James[Clark[(Clark,2003)[youltead [an (XML [fileloralpart[ofisuch@file, (passthaton[fothe
parserland(viala callbacklimechanismyourlown Tfoutines[dre ¢alled atparticularpointslinthe
parsingprocess(so [thatlyourprogram/canHandlelthelihformation. Forlihstance:

e onelfoutine thay Belcalled whenlanew(opening(taglisléncountered

e another(is/dalled whenraw(dataldre found

*[A Handy Overview (is available [TEckstein and (Casablanca, 2001



Theseltoutines haveltobeltegistered [beforelthe parser tanldolits[Wwork.[Usuallyyoulcan
registertoutines for (many [different["events", [but[the[mechanismMmeansthat[yourhaveno
controliover(thereading, Tike youWwould hiave WwithanMordinary" file.

TheSecond method(is hased[on thelideathatthecontentsoflan XML ffile is linfact[structured
asl@aMtree"[datalStructure[(Aholét[al.[1987).So, Mibraries [0fTthis fype simplyteadinthe whole
fileland[store fhelinformationlin[somelgeneric(freelstructure. [This[makesthe Heading[process
itselflverySuccinct.

Oncelyoulhavelteadtheinformation [into [this[datalStructure, [the difficulty (begins, (however:
youlwilllhave[to [éxtract(the tightValues [for[whatever(tasks(youhavelin[your(program Tlthere
ismothing magicalleft.[Y ouHieed[fo give @propereaning fo(all thesefagsyourself.

Inlsomelindustries(standard electronicldatalsheets areusedland[these[providethe[semantics
thatlis[dtherwiselacking.Thefagshavelapredefined theaning, theattributes theylcanhavelare
limitedfandtheWhole structure 0 flthefreelis prescribed. [Iflthis is the¢ase, then(a validating
parser[¢anlautomatically[¢heck [ifTthe [$tructure of[the [ XML filelis[inlaccordance[Wwith[this
standard. (It may [also [be[possible fo[find [teady ade[Mevent handling" [foutines [to [fransfer(the
datalin[@an XML filefo theprogram proper.

Inlotherlareasnolsuchl(standardlexists(and[then[you Wwill (need [fo program thedata tetrieval
yourself. 'Whether[a[SA X orIDOM [approachlis best, [depends partly [on [the Size [dfthefiles yyou
needtoMHandle:

e [fTthelfile's[¢ontents¢anbelloaded[intoMmemory, then therelishomeed fo extractlall
informationlat[once.[Youlc¢can[uise[theltree[structurelas alhierarchical[datal[base, to[be
searchedwhen there(is[ameed for(such(data.

e I[flitsknowninladvancewhichldatalitems/arerequired, youlcan(simply scanthefile[dnce
and[extractlall(theldatalyoumeedduringthatonepass. There Wwould bemomeed o keep
thedontents(around after [that.

Limitationstothe XML concept

Whatldoes motbecome(clearin[most/publicationson XML [is[that(it[presumes(any [structure [in
theldatalis[¢aught[by tagsandattributes. This makes XML [tatherfawkward o [uisefor the
storage((or fransfer) (0fllarge multidimensionalldrrays. Herefis alsimple€xample:

Supposelalprogrammust(tead altwoldimensional Carray [of[10Cby 20 mumbers (that[is:20
groups[ofl10mumberseach).[Thefirst[thing [thatmustbelagreed upon[ishow foldefinethe
dimensions. In[C [for instancelthelleftmost/dimension wouldbe 20, [the rightmostwould e [10:

C: floatlarray[20] [10]0);
Fortran: real,lldimension (10,20): :[Jarray

One Possibility [fo [dapturethis ih[@an XML formatlis:

<arrayllrows="20"[columns="10">
...[12000numbers, [Iseparated byllallspacell..
</array>

wherelthelattributes rowsland columnsmustbeinderstood(as(giving[the mumberloflgroups

and[the humberofTdatalin[each groupltespectively.Animportant drawback[is that[the

numbers[themselvesappearasan[unstructured(inthe[sense of TXML)long[string "of
characters: [@very [program Will have [fo (provide[its[own [parser for[splitting ip [these Mumbers [T
something that/goes@gainstthe XML [philosophy.

Analternativethat(is[@bitlengthier Butthakes(the[grouping(clearer(is:



<arraylrows="20"lcolumns="10">
(< row>
...Ufirstlgroupldl0numbers, [Iseparatedllbyllallspacell..
o</ row>
OO0<row>
....Usecondllgrouplll10lnumbers, [Iseparatedlbyllallspacell.
0</ row>
Hod..anotherlJ18rows
</array>

where [the[dttributes rowsland columns(danbeised[to [check[thatthe mumber oftowsdnd(the
numberlofidolumns(is(in/dccordance with(the[dctual data.

This structure Wwould probably [give Tess [frouble tinderstanding, (butfit still Tequires [the Teading
program(fo interpretfhestrings0ficharactersiaslanlarray [0f mumbers.

Thellast[possibility [1[want[to[presentherelsolves(even[that, atthe costlof[becoming Very
lengthyfindeed:

<arrayllrows="20"lcolumns="10">

O0<row>
<column>.[lfirstlinumber(].</column>
<column>..Jsecondlnumberl]..</column>
.remainingll8columns(]..

Jod</ row>

OO0<row>
<column>.[lfirstlnumberll.</column>
<column>..[IsecondInumberl]..</column>
.Hremainingli8lJcolumnsll..

o0</ row>

[I...anotherl118[blockslllikellthisll..

</array>

So, lthelpricelyoulpay [forstoring largeamounts(of"homogeneous" [datain[an (XML filelis 'that
youlust[provideleitheral$pecial (parserfor(the ¢haracterstrings/that ¢ontain[theltelevant
information [or thatyoulmustprovideladditional 'structure.

Herelislanotherldrawback: (XML [files(are, [despitefoolslike (XML [editors, moredifficult o
read by humanbeings[thanlaplainfext(file.[Thefags getlin[the[Wayland[the Whole file[is
ratherverbose. XML [has[simply motbeen(designed for(this[purpose.

What[ XML islgoodlat, s thelstoragelofThighly structured data, suchlasthe bibliographical
references from(the firstléxample, orhetaldatalabout/afile[containing the [Hesults[from(alarge
computation[(which[Version[oflthe program/wasised, [(Whichlinput/datawereised, wholdid
the[GomputationandWwhen).

Reading XMLlin'a Fortran program

Somefimelago 1 wroteasmall Tibraryfo [(prove thatlit[is[possiblefotead XML files mising
Fortran[as[the[implementation[language[ (Markus,[2003). This[libraryuses[al SAX[like
approachbutthe differencelisthat[you domot register[¢allback TFoutines. [Insteadthe main
reading[Toutine(teadsuip[tothemext taglandStores the data{attributes and characterdata
between [tags)lin(thevariables[supplied by thelcalling program.Solthe[dpproachlis thuchmore
classic:

programllreadfile

Ul0uselJxmlparse



[0character (len=60) J: :[Jtitle
[character (len=20)[l: :[lfname
[0character (len=20) J: :[Ustructname
U00logicallOOOOOOIO D : s Omustread
d0type (XML _PARSE) L: :Hinfo

[l0character (1len=80) ODOO0OOOOOOODDOOC0O00 : s Utag
U001logicallJO0OO0OODOODOOODOO00O0OOODDODO000 : :Dendtag
[lcharacter (1en=80) ,[ldimension (1:2,1:20)[]::[Jattribs
DDDinteger\HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH\::Dno_attribS
[lcharacter (1en=200) ,[Jdimension (1:100) [ ]: :[Jdata
DDDinteger\HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH\::Dno_data
O00integer00000000CCOOOO000000ODDOOOOO00O0O s : 04

WHgetlnamelloflIXMLI 1 filell (storellinllfname)

[mustreadll=[1.true.
d0callllxml open (Linfo,fname, mustread)

ood!
[0 Checkllforllerrors
ood!
UO0if(Oxml error (info)l)lthen
..[lhandlellthellerrors
H00else
0ooooo!
poooo Ostartlreadinglthellfile
0ooooo!
UO00O0calllxml options (Uinfo,ignore whitespacell=llign whitespacell)

Oooo00do
HOooO0000calllxml get (Hinfo, Utag, Uendtag,lattribs,[lno_attribs,lldata, &
\HHHHHHHHHHHHHHH\HHHHHHHno_dataD)
DOOOOOO001L £0 (Hxml - error (info) ) [then
..Llhandlellthellerrors

OOO00000endi £

o000 OJustliwritelloutllthelltag, [itsllattributesliland lthellcharacter
Hoooooo0d! datallwellfound

OO0 write (20, *0) Dtag, Hendtag

OO0 OEo0Ndolil=01, no_attribs
oo wreite (20, *) U1, L' >, Hattribs (1, 1) ,0'<=",Utrim(attribs (2,1))
HOOBEEOHenddo

COOOEE 0 wreite (20, *) (4, 00'>" , trim(data (1) ) ,['<',[]i=1,no_data)
Hooooooodi £ (. not L xml ok (info) ) Hexit

L lenddo

[endif

dlcallllxml close (Llinfoll)

H00stop
endllprogram

WithTthisTibrary, feading [@an[ XML [file means [youdanisethe Same Programming [fechniques

aswith[ordinary (files:

e Readlalpieceloflthefile

e Identify[whichlactions(fotake[(trivial [in[the[above[case, but(dtherwiseyou could branch
onlthefagiame)

e Takeltheseldctions

o Readlthemextlpieceintil thelend oflthefile

Drawbacks[ofTthis@pproachare:



Youlhavelfolsupplyeénough(string [drrays/(dynamiclallocationis[possiblelin [principle, but
ithasmotBeenimplemented [in [thislibrary [yet)

Lineslin(thefile[are[dssumed [fo be[somemaximum [length[(again, [this[limitation[¢an be
overcome, but/has Mot Been considered [So[far)

Theladvantagelis,however[that[the [programmer(¢ancontinueto use the[very [familiar[pattern
outlinedlabove.[$till, [thisMmay [be unsatisfactory: [the Weading [process[staysintermingled With
theprocessing(dfithe datalandyoulonly haveldccessfo theldataalready read. [TheSolutionis of
courselfoise(a treeldatalstructure. ThatWway[youldan [Separatethe [fiwo [parts:

Infallooplyoulread [the[full XML [file[and[storelits [contents[inthe [tree Mithisis[independent
oflthelinterpretation(ofithe(data.

Afterthat[CyoulTretrieve[the relevantdatalfrom “thetree [structure [whenever[this[is
convenient. Infact, JJoudomotmeed foldeal With [fthe factthattheldataldamefrom@an XML
filel@anymore[[Iyoudanlihstead hise [this fechnique With 0ther(datalsources [@s well.

Herefis [an(éxcerptiofioneiimplementationoflalgeneral free dibrary linBortran (the full Codefis [@
bitdengthy, butfitfis Part0fmy XML Tibrary):

TheTibrary [defines theldatalstructures thatakethefree:

type ITREE DATA

0character (len=1)
[ll0character (len=1),lldimension

,[Jdimension ,UpointerH0HO0O0O0: :[lnode _name

(2)

(:),HpointerlIOCNNN: :Inode_data
d0Ocharacter (len=1) ,[dimension (:) ,UpointerJ0LOOO0N: :[node_data type
L0type (TREE _DATA PTR),[ldimension(:),[Jpointerl]::[Jchild nodes

endltype

typel/TREE DATA PTR
Hd0type (TREE_DATA) , pointerHOOOOOOOOONH: s Onode_ptr
endlItype

Eachmodehas(a name,lit[canhavela valuelandfitholdsithe type oflthe value(as/alstring).

New modes((branches)folany(existingmodelin theltree or [to [the [treeitselflare created with(a
subroutinelike this[(aModelis found bylits name):

subroutinelltree create node ([ltree,lIname,[Inodell)
[Icharacter (len=*) ,intent (in) 0: :[name
L0type (TREE _DATA) , [pointer[UONNM: :[tree
d0type (TREE_DATA) , LpointerlIUUOMN: :[node

[0type (TREE DATA PTR),lldimension(:),lpointerl)::[Ichildren

U00integerJ00000000DOO0OO00000O0000 : :Jerror
00integerD00000000O00000000000000 : :[Inewsize

goo
pot!Createllallnewl node, [lstorellitlJinllthellarraylloflichildlinodes
o0 Oforlthisll (sub) tree

aooe

Ldcalllltree create ([lname, [lnodell)

HOOifl (Hassociated (lnodell) L) Uthen
OO0 news izel =11

HooHodif (Hassociated (Utree%schild nodesll) ) then
HoooOoOlOnewsizel =010+ size (treeschild nodesl])
0000 enddi £

.Uincreasellthellarrayllofl!"child"llnodesllandlkeep

OOt thelloriginalllinformation



L0000t reeschild nodesl=>[ichildren
LOOOOtree%child nodes (newsize) $node ptril=>[node
Uoooo...

O00endif

endlsubroutinelltree create node

Most(oflthe(codelhas(foldoWith[checking for[possible érrors@nd maintaining [the [information
thatfisalreadypresent.

Theltricky[partlis[that Fortran((90/95)[doeshot[havela["polymorphic" [dataltype. Storing
character(strings (0f[different Tengths, [ds Well(ds[drrays[offintegers, [dsiell [ds dny Wser[defined
derived fypelinlthelSame generic(structure WouldSeemlimpossible.'Well,thereis[a[frick:the
function transfer()¢an(iold[arbitrary datalinto any type.[Solfo(storethe[datalin[amode, use
thisToutine:

subroutinelltree put data([ltree,lldata,l/data type,[llsuccessl])
UO0Otype (TREE_DATA) ,UpointerHOOOOO0: :Utree

[0character (len=1) ,lldimension (:)[]: :[ldata
Hd0Ocharacter (len=*) ,Hoptionalllll00: :[data type
00 1ogical, lintent (out) ,optionallll: :[Isuccess

0000integer0000000000000000000000000 : :Derror
.Hcleanllupllanyllexistingtldata

Hd00allocate (Htree%node data(l:size(data)),Ustatl=lerrorl])

UOOO1 0 (Herrorld. eq.[000) Uthen

LOOOO00tree%node _datall=[ldata

o000 allocate (Dtree%node data type(l:len trim(data type)), L&
JOo00000000statd=Oerrorl)

UOOO0001 £0 (Herrorld. eq. 00) Hthen
LOOOOdO0d0tree%node_data typell=lltransfer (Udata type,ltree%node data typell)
OO0000Dendi £

O00endif

Hooa...

endllsubroutinelltree put data

and/(dalllitlike [this:

[usellTREE_STRUCTURES
[d0type (TREE_DATA) , [pointerlll]: :[tree

L0type (TREE DATA) ,[lpointerll]: :[Inode
[lJinteger,ldimension (1:100)0: :[array
[Ilcalllltree create ([I"TREE",[Itreel])

LftfCreatellallnewllnodellandllusellthellvariablell"node value"ll(definedllin
! thellmodule) tolltransferlithelldatallaslthellproperlitype

[dlcalllltree create node ([ltree, J"NODELIA", [Inodell)

d0calllltree put data(llnode, transfer(array,node value), "INTEGERL/ARRAY"L])

Forlspecificltypes ofldatalitlis[bestfol¢reate[small Wwrapper[toutines,(so[that[the niser is mot
bothered With the ise/6flthe Transfer function.



With(thisadditional hodule, [youdan mow [store the [dontents 0flan XML [file for laterise. The
translation(ofldfagWith[its attributes/andlits ‘character(dataTo(a free Withmodes thatfiold [only
onepieceoflinformationdanbeldonelasfollows:

Thefragment

<arrayrows="20"[columns="10">
<row>[11231413678910</row>
<row>Ll.. Z/row>

</array>

becomes(dftreellike:
"array", fype="string", value=""
haslsubnodes:
"rows", [fype="attribute", walue="20"
"columns", [type="attribute", Walue="10"
"row",[fype="string", Value="123 456789 10"
"row", fype="string", Walue=""[..["
etc.

Note(thatthesubnodesidomotMmeedfo haveldafinique mame. This Makes Fetrieving the Correct
nodelalbitlmorelinvolved. Thelalternative isto[¢reate niquemnamesf‘onlthe[fly”, but[the
drawback isthat(the(tags in[the[ XML file[and[the[tags(in theprogrammo lbongeratchlexactly.

Availablellibraries

Likelsaidin thelintroduction, there(arelatthis Mmoment(dteastfhreepublicimplementations
of (XML [parsers[inFortran. If[youldomotmindinterfacingfo, forinstance, [a[Clibrary,[éven
more(dptions Become(dvailable. Theladvantage(ofithe latter[dpproachisthatyoucanichooseld
very tatureand Wenerable Tibrary, [suchlas Expat.

TheFortran libraries that [lamaware(dflare:

e Mylown,lasTHaveljust/described:

Itfisfalsmall Tibrary With[some[important(limitations, (but(it[allows Both [d[IDOM approach
and@[SAXikemethod. TherelisMo[supportforvalidation.

e Alrather/completelimplementation by MartRentmeester(2003):

This(particular(library (has[support(for[different(character(éncodings((so that[ion [Western
alphabets[canbellised) and comes[Wwith[al varying[length[ string(module. Thelreading
methodi8[SAX, Wwhereoneluser(defined Foutinehandles all [events.

e  The'thirdimplementation, by [Alberto[Garcial(2003),can Bemised mot[onlyinthecontext
of(Fortran/butlalso(in[the [dontext[oflthe [subset(F.[This[can [be [an(dttractive [feature, (ds F[is
alcarefully(designed(sublanguageldaimed (at safelprogramming(techniques. t(offersbothla
SAXlapproachlandlaMOM lapproach.

Ofldourse, anlarticlelike(this[¢anmot[provide an answer to [important/questionslike: Mshould
weuse[ XML filesfrommowon?" [Such[questionsmeed [fo Belconsidered [carefully MMbeware [0f
hypes! Butltherelis fio Tongerany feason notltodonsiderthe combination XML land Fortran.
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