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This paperexplainshow regular expressionscanbe usedwhensearchingor
morphologcal structurein the TIGER treebankwith the TIGERSeach querytool
(Lezius,2002). It is assumedhatthe readerhassomebasicfamiliarity with the
syntaxof the TIGER querylanguag€Konigetal.,2003;KonigandLezius,2003)
aswell aswith theencodingof grammaticaktructurein the TIGER treebankand
can formulatesimple queries. For introductory information on the encodingof
linguistic information in the treebank,seeSmith (2003). Regular expressios
are a powerful tool andwill prove to be extremelyusefulin the formulation of
queries. The main advantagethat we will seein themis that compactregular
expressiongandescribeaninfinite setof possibé formsthatwould beimpossble
to enumerateThey will prove extremelyusefulwhensearchindgor Lexemesthat
sharean affix or a setof affixes, or in searchingfor wordformswhich sharea
commoninflectionalmarker or setof marlers.

Regular expressionsare a form of notationfor regularlanguages.They can
be usedto definesetsof strings Here, an introductian to the basic syntaxof
regularexpressios will begiven. Thisis followedby examplesof the useof reg-
ularexpressionsvhichinvolve searchindor particularclasse®f morphobgically
complex Germanword forms. Theintroducton is informal andis targetedat the
linguist who doesnot yet have experiencewith usingregular expressions After
readingthe introductia, it shoutl be possble to composethe typesof regular
expressiongnostcommony neededby languageresearchey. Furthermorethe
readershouldthenbe ableto follow the technicaldocumentatio availableelse-
where. A formal definition of the classof regular languagesanda comparison

1Someof thequeiesin this paperassumeversia of thetreebak with word-level anndation
of morphologial informationandlemmatisatiorsuchasthe TIGER SampleCorpts. Versionl of
thetreebak doesnotinclude this information,which we arecurrerily anndatingandwhich will
beavailablewith version2.



of the propertiesof regularlanguagesvith otherlanguagessuchas,e.g.,context
freelanguage®r contet sensitve languagesganbefoundin Parteeetal. (1987,
p. 451-453,464-473 562-563). The syntaxof regular expressios asusedin
the TIGER languages compatibé with the syntaxusedin version5 of the Perl
programmindanguaggWall etal., 1996).

One possibé useof regular expressims would be to describean infinite set
of word forms which sharea commonendingor a setof commonendings. In
this way, regular expressios canprovide the functionality of rhyming dictionar
ies, which have long beena populartool for linguists interestedn suffixation.
Examplesof commaly usedGermarrhyming dictionariesareMater (1983)and
Muthmann(1991). Regular expressionscan also be usedto describea set of
word formswhich sharea commonbeginning, makingpossilte a searchfor pre-
fixed words. The traditionaltool for linguistsinterestedn prefixesis a normal
dictionary Regular expressiongan provide the functionalty of a rhyming dic-
tionary anda normaldictionarysimultaneosly. A regularexpressiondescribing
all Lexemeswhich begin with the string "Be" andendwith the string "ung"”
would, for exampk, be of interestto a linguist interestedn the distribution of
nominalizatonsof verbscontainingthe prefix be- In contrastto the commony
useddictionaries,regular expressionsare not restrictedto word boundaries. It
is, for exampk, a simple taskto formulate a regular expressionwhich can be
usedto retrieve all compoundsn which a non-finalelementis a deverbalnoun
in which a verb with the suffix -ieren hasbeensubjectto nominalzation with
the suffix -ung and openedfor corversionwith the linking element-s-, such
as Antidiskriminierurgspolitk or ZentrlisierungstendenzenThe linguist needs
simply to understandhe graphematistructureandthe syntaxof regular expres-
sions.

In the TIGER languageyegular expressionsan be usedas descriptionsof
featuresn feature-aluepairs. Includinga regularexpressiorasa descriptiorfor
the featureword or the featurelemma in a featureconstraintgivesthe linguist
full control over the graphematicashapeof the wordformsor the lemmasto be
matched. Including a featuredescriptionof this type in a node descriptionto-
getherwith featuredescriptios for word classandinflectionalcateyoriesresults
in a powerful tool for researchergvestgating areasof grammarwhereaspects
of derivatioral or inflectionalmorphdogy play a role. Embeddingsuchnodede-
scriptionsin queriesdescribingrelationsbetweermodesenableghe formulation
of sophisicatedqueriesfor investgatingthe interactionof syntaxandmorphol-

ogy.



1 The Syntax of Regular Expressions

This sectiondescribeghe syntaxof regular expressionsintroducirg a setof no-
tationalcorventionsimmediatelyusefulto linguists. Standardhotationfor strings
and setswill be usedhere. Stringswill be enclosedn doublequotes. The set
consistingof thetwo strings"a” and"aa" will bewritten{"a", "aa"} .

Two differentperspectiesarecommonlytakenin discussion of regular ex-
pressionsandstrings Both will be usedhereasappropriate.Thefirstis a more
formal perspectie, in which it will be saidthat a regular expressionis a nota-
tion for a grammarwhich definesa languageconsistimg of a setof strings. This
perspectie will be familiar to linguists interestedin phrasestructuregrammar
formalisms. The secondis a more pragmaticperspectie commonin contexts
involving compuger programmingor databaseearching.Accordingto this per
spectveit canbesaidthata stringanda particularregularexpressiormatch.The
regular expressionis sometimesreferrad to as a patternand referenceis made
to patternmatching. This secondperspectie will frequentlyprove more useful
here: The mostconceptuallysimple way to understandvhy a complec regular
expressionmatchesa particularstring is often by breakingthe expressionrdown
into simpler sub-epressionandunderstandingpow thesesub-epressios match
particularsubstring.

1.1 The Operator for Digunction

This sectiondescribedbasicpatternmatchingandintroduceghe operatorfor dis-
junction. The simplestpossibleregular expressim consiss of a singlecharacter
anddefinesalanguageconsistng of a singlestringwhich containghatcharacter
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Eachof theregularexpressiosin (1) definesalanguageconsistng of asingle
string(2); upperandlower casecharactersredistinct. Regularexpressionganbe
concatenatedWhentwo regular expressios are concatenate{a), the resultirg
expressiordefinesalanguageconsistingof all possibé concatenationef a string



in the first languageand a string in the secondlanguage(4b). Longerregular
expressionganbeformedby concatenatinghortersub-expressons(3b-c).

3) a. ab
b. abc
c. Hund

4) a. {"ab" }
b. {"abc" }
c. {"Hund" }

Fromtheperspectie of patternmatchirg, we canthink of aregularexpressio
consistingsimply of a sequencef charactersas matchingan equivalentstring.
Eachof theregularexpressonsin (3) matchegheequialentstringin (4).

(B) a. a
b. b
c. alb

(6) a. {"a"}
b. {"b"}
c. {"a", "b"}

The operatorfor disjunction (] ) is usedto definea languageconsistingof all
the stringsin the languageadefinedby the regular expressioro theleft of the op-
eratorandall the stringsin the languagedefinedby the regular expressiorto the
right of the operator While the regular expressionin (5a) definesthe language
in (6a),andtheregularexpressionn (5b) definesthe languagen (6b), the regu-
lar expressionin (5c¢) definesthe languagg6c), the union of the languageg6a)
and(6b). Fromthe perspectre of patternmatching we canthink of the expres-
sion (5¢) matchinga string consisting of eitherthe charactera or the character
b.

(7) a. (D|d)e r
dies(e |er|es)
. (VIv)o (n|m)

o T

(8) a. {"Der", "der" }
b. {"diese ", "diese r", ‘"dieses" }
C. {Ilvonll’ "VOI’]", "Vom" , uvomll }



Somesimpe examplesof regular expressios that could be usedto search
for wordformsof Germanaregivenin (7) togethemwith the wordformsmatched
by themin (8). The expressionin (7a) demonstrateshe useof disjunctian to
searchfor wordformsirrespectve of the capitalizationof the initial letter. It can
be broken down into the sub-epressons(D|d) , which matcheghe substring
"D" and"d" , andthe sub-epressioner which matchesthe substring“er"”
Similarly, the expressionn (7b) demongtatesthe potental for searchingor par
ticular inflectionalendings.It canbe brokendown into the sub-epressiordies
which matcheghesubstrind'dies” andthesub-epressiofe|er|es) which
matchesary of the substrings'e” , "er" or"es" . Theregularexpressionin
(7c) canbe usedto searchfor the prepositim vonaswell asit’s fusedform vom
irrespectve of capitalization:the sub-epressiao (V|v) matchesitherthe sub-
string"V" orthesubstrind'v" , thesub-epressbono matcheghesubstrimg "0" ,
andthe sub-epressionnjm) matchesitherthe substring'n” or the substrimg
"m" .

In casessuchasthosein (7), it is of coursealso possibleto list the forms
to be searchedor. Someonewell-versedin regular expressios will be ableto
formulatetheexpressio in (7c) morequickly thanto typethelist in (8c),someone
juststartingoutwith regularexpressimsmaybeableto typethelist morequickly.
In the next sectionwe will seehow regularexpressionganbeusedto definesets
of stringswhich cannotbelisted,simply because¢hey areinfinite.

1.2 Operatorsfor Concatenation

This sectionintroduceghreeoperatorgor concatenationFromthe point of view

of regular expressionglefininglanguagestheseoperatorgefinelanguageson-
sistingof stringswhich areconcatenationef stringsof thelanguageo whichthe

operatorapplies.Fromthe point of view of patternmatching theseoperatorsare
often referredto asoperatordor repetition. The regular expression,or pattern,
thatthey areappliedto is seenaspotentially matchingrepeatedly The following

examplewill illustratewhatis meanthere.

(9) a. a*
b. a+
c. a?
(10) a. {™, "a", "aa", 'aaa", ‘"aaaa" , .. }
b. {"a", "aa", "aaa", "aaaa", .. }
c. {", "a"

Theregularexpressionn (9a)useshe operatorfor unrestrictedconcatenation
(*). Theexpressior(9a)defineghelanguagg10a),thesetof all stringsconsistimgy
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of zeroor moreconcatenationsf thestring"a" . Theregularexpressiorn(9b)uses
anotheioperatoifor concatenatiot+) whichindicatesoneor moreconcatenations
anddefinesthe languagg10b). Thelanguagdn (10a)differsfrom the language
in (10b)in thattheformer containsthe emptystring. The regularexpression9c)
usesanoperatoffor zeroor oneconcatenation§?). Thelanguagelefinedcontains
two elementg10c).

Fromtheperspectie of patterrmatching theexpressiornn (9a)canbethought
of asmatchingzeroor moreinstance®f thesubstrig "a" , theexpressiamin (9b)
canbe though of asmatchingone or moreinstancesf the substring'a” , and
the expressim in (9¢) canbethough of asmatchingzeroor oneinstance®f the
substring'a” . We now turn to somemore complex examplesinvolving combi-
nationsof operatorandthe useof parentheses.

(11) a. ab+
b. (ab)+

(12) a. {"ab", "abb", "abbb" , "abbbb" , "abbbbb ", .. }
b. {"ab", "abab", "abab ab", "abababa b", ... }

In the regular expressionin (11a)the operatorfor one or more concatena-
tions appliesto the previous expressiam. The expressiorab is composedf two
sub-epressions andb. The expressionmmediatelyprecedingthe operatoris
thenb; thelanguagedefinedis (12a). In orderto applythe operatorto the entire
expressiorab, parenthesesiustbeusedasin (11b),definingthelanguagg12b).

Fromtheperspectie of patternmatching theexpressionn (11a)matcheone
instanceof thesubstrig "a" followedby oneor moreinstance®f the substrimy
"b" , andthe expressionn (11b) matchesoneor moreinstance®f the substrimy
"ab" .

(13) a. a|b+
b. (alb)+

(14) a. {"a", "b", "bb", "bbb", "bbbb", “"bbbbb " .. }
b. {"a", "b", "aa", "bb", "ab", "aaa", "aab" .. }

Theexpressionn (13a)usesthe operatorfor oneor moreconcatenationand
the operatorfor disjunctionanddefinesthe languagen (14a),which containsall
stringsdefinedby the languagea or the languageb+. In the regular expressio
in (13b),the parenthesedenotethat operatorfor concatenatioris appliedto the
entireregularexpressioma|b . Thelanguagedefinedby the expressia is the set
of all possble concatenationsf stringsdefinedby the languageal|b , givenin
(14b).



From the perspectie of patternmatching,the expressionin (13a) matches
eitheroneinstanceof thesubstring'a” , or oneor moreinstance®f thesubstrim
"b" , andthe expressionin (13b) matcheszero or more instancesf eitherthe
substring'a” or"b" ,in ary order

(15) a. Lowen?
b. Mensch(en)?
(16) a. {"L owe", "L owen"}
b. {"Mensc h", "Menschen "}

In the expressionin (15a),the operatorfor zeroor oneconcatenations ap-
plied to the sub-epressiom, yielding an expressionwhich matcheghe formsof
the lexeme Lowewith andwithout the inflectionalending-n (16a). In (15b)we
seea similar expressim yielding the forms of the lexerme Mens& with andwith-
out the inflexional ending-en In this caseit is necessaryo useparentheseso
thatthe operatorfor concatenatiomppliesto the subexpressionen.

1.3 TheWildcard Operator

Thissectionntroduceghewildcardoperatox. ), whichmatchesry characterin
thecontext of searchindor lexemesor wordformsi,it is highly usefultogethemvith
anoperatorfor unrestrictecconcatenatiofior matchingunspecifiedsubstrings

17) a. .

b. .*

c. .+
(18) a. {'a", "b", "c", .."AY "B", "C", .. }

b. {"™, "a", "aa", .., "ab", .., "az", .. }

c. {"a", "aa", .., "ab", .., "az", ... }

Theexpressiorin (17a)matchesll stringsconsistingof onesinglecharacter

Theexpressim in (17b)matchesll stringswhicharezeroor moreconcatenations
of arny stringin (18a). Theexpressio in (17b)is highly usefulasa sub-epressio
which matchesary substringjncludingthe emptystring. Theexpressiorin (17¢)
is similarly usefulanddiffersfrom (17b)only in thatit doesnot matchthe empty
string.

(19) a. .m
b. (VIv)v er*
C. .*ung



(20) a. {"am", "Am", "im", "Im", "um", "Um", .. }
b. {"Vera" , "verabr edet', "Verab redungen" , .. }
c. {"Abbil dung", "Abfal Ibeseitig ung", .. }

The expressionin (19a) matchesall stringsconsising of ary characterfol-
lowed by the charactem (20a). The expressionin (19b) definesthe list of all
stringsbeginning with "ver" or "Ver" (20b). The expressionn (19c)defines
thelist of all stringsendingwith "ung" (20c).

The stringslisted in (20) arewordformsof Germanwhich actuallyoccurin
the TIGER Treebank Theregularexpressionslo of coursematchotherstringsas
well, inlcuding stringswhich in principal cannotbe wordformsof German such
as"verbtd g" or"sdtlu ng". Thefactthattheseexpressios overgeneratas
notusuallyof concerrto alinguistsearchingor datain a corpus.To thecontrary
if theonly concernis matchingwordformswhichactuallyoccurin thecorpusthe
taskof formulating queriesis muchsimplerthanit would be werethe taskto be
usingregularexpressios to generatgossitbe wordforms.

1.4 Listsof Charactersand Character Ranges

This sectiondescribesotationalconventionsfor specifinglists of characterand
characteranges. Thesecornventions have numeroususes. They provide more
control thanthe wildcard operatordiscussedn section1.3. They areusefulin
expressinggraphotacticonstraintsmakingit easierto formulatecertainclasses,
suchasgraphemesor vowels,consonantspr subclassethereof.

(21) a. [ptk][ ieaou][pt K]

b. [[A AEIOOWaaeio oul][a aei odoul][’a aeio duu]
(22) a. {"tat",  “tot",  "tut" , .. }

b. {"Bad", "bad", "Bar" , "Bay", "BaR", .. }

Theregularexpressiosin (21) usea notationaldevice for alist of characters

to be matchedalongwith a negationalvariant. The expressionin (21a)canbe
broken down into threesub-epressionseachof which consistsof charactersn
squarebraclets. Thefirst (andlast) sub-epresson, [ptk] , matchesa substrimg
consistingof any of the singlecharacterg, t ork. The secondsub-epression
[ileaou] , matchesasubstringconsistng of ary of thesinglecharactesi , e, a,
0 or u. Theexpressionn (21a)matcheghe stringsin (22a). The expressio in
(21b) usesa notationalconventionfor negatedcharactetists, in which anaccent
circonflex is preposedo thelist. The sub-&pression["a &aeio odul] matches
substringconsistingof any single characterexceptthe characters, a, e, i , 0,
0, u or u. Theregularexpression21b) matcheghe wordformsin (22b), which
all conformto the graphematigatternconsonantyowel, consonant.
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(23) a. [0-9]*
b. [A-Z]*
c. [a-z]*

Thequeriesn (23) illustratea notationalcorventionfor rangesof characters.
In generalregular expression®f this type areinterpretedn termsof the coding
systemusedon a particularcomputermlatform. In orderto usecharacteranges,
it is thusimportantto befamiliarwith the codingsystemusedfor aparticularcor-
pus,e.g.,ANSI or UNICODE. Thequeriesin (23) will beinterpretedasfollows
in commonencodingsystemsincluding thatusedfor the TIGER Treebank.The
expressionin (23a) matchesall stringsconsistingof a sequencef digits. The
expression(23b) will matchstringsconsising solely of uppercaselettersof the
Latin alphabetwithoutdiacritics. Theexpression23c)will matchstringsconsist-
ing solelyof lower casedettersof the Latin alphabetwvithout diacritics.

(24) a. [a-zA- Z]*
b. [ a0uRa-z]
c. [ AQUA-Z][R adua- z]+

It is possibleto usemorethanonerangeof charactersasin the expressio
(24a) will matchstringsconsising of upperandlower caselettersof the Latin
alphabetwithout diacritics. It is possibleto useboth a list of charactersanda
rangeof charactersvithin squarebraclets,in which casethelist mustcomefirst,
e.g.,theexpressionn (24b),whichwill matchall lower casecharactersative to
Germanorthography The expression(24c) will matchstringsconsistingsolely
of charactersative to Germanorthographywhich have anuppercaseharactein
first position

1.5 TheEscape Character

In the previous sectionswe have seenthe useof a numberof operators.It is of
coursepossibé that one might wantto searchfor wordformscontaininga char
acterequalto oneof thoseoperators.In suchcasest is necessaryo preposea
backslash, to the characterto be searchedor. The backslashs saidto be an
escapeharacterThe characteto whichit is preposeds saidto be escaped.

(25) a. [word= /.+ \./]
b. [word= /.+ \-.+/]

For example,onemightwantto searchor abbreviationsendingwith a period
(25a). Or one might want to searchfor hyphenatedvordforms (25b). In the
contet of usingregular expressios in TIGERSeach, operatorsof the TIGER
languagemustalsobe escaped.



2 Using Regular Expressionsin Queries

This sectionwill explore variouspossble usesto which regular expressionsan
be put whenformulatingqueriesin TIGERSearch.The regular expressionsare
usedto restrictquerieso wordformsor lexemeswhich potentally containpartic-
ular morpholaical or graphematicastructuresWhenusedin a nodedescription
in a TIGERSearb query regular expressionsnustbe enclosedn slasheseg.g.,
[lemma=/. *ung/]

Thefirst exampleshowns how a concatenatiomf aninitial string,a wildcard,
andafinal stringcanbeusedto searcHor stringswhich have agraphematishape
whichis compatiblewith a classof wordswhichshareacomman prefixandsuffix.

(26) a. Be.+un g
b. [pos = "NN" & lemma = /Be.+un ¢/]
c. "Berec hnungen", "Befragu ng", "Begeiste rung"

Theregularexpression26a)matchedemmaswith agraphematicshapecom-
patiblewith nominalizedverbscontainingthe prefix be-andthe suffix ung This
expressiorcouldbeembeddedn a nodedescriptionsuchas(26b). The stringsin
(26c)areamongthoseretrievedfrom the corpusby thequery(26a).

(27) a. [pos=" NN" & word=/Be rge?/]
b. [pos=" NN" & word=/Be rge?s?/]
c. [pos=" NN" & word=/Be rg(e|en)? /]
d. [pos=" NN" & word=/Be rg(e?s?|e n)/]
e. [pos=" NN" & word=/Be rg(e?s?le n)?/]
(28) a. "Berg" , "Berge"
b. "Berg" , "Berge" , "Bergs" , "Berges "
c. "Berg" , "Berge" , "Bergen "
d. "Berge ", "Bergs ", "Berge s", "Berg en"
e. "Berg" , "Berge" , "Bergs" , "Berges ", "Berge n"

In (27), the operatorfor zeroor oneconcatenation§?) is usedin regular ex-
pressiongn TIGERSearb queriesvhichcouldbeusedo accessiodescontainirg
forms of the nounBemy. The queryin (27a)would accessnodescontainirg the
stringsin (28a), the operatorfor zero or one concatenatiorapplyingto e. The
queryin (27b)containsaregularexpressiorwith two operatorgor concatenation,
oneapplyingto e andthe otherto s, yielding the stringsin (28b). In (27c), the
operatorappliesto the sub-epresson in parenthesese|en . The queryin (27d)
yieldsonly inflectedforms. The queryin (27e)yieldsthefull paradigm(28e).
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(29) a. [pos
b. [pos
c. [pos

"ADJA" & word = /[.+en /]
"ADJA" & word [[.+em /]
"ADJA" & word [.+(e nlem)/]

Thequeriesn (29)find formsof adjectvescontaininga nasaliinflectionalsuf-
fix: thoseendingwith thesubstmg"en" (29a),thoseendingwith the substrimy
"em" (29b),andthoseendingwith eitherthesubstring'en” or"em" (29c).

(30) a. [pos=" NN" & morph=/. *Dat.Pl/ & word=/. *['n]/]
b. [pos=" NN" & morph=/( Masc|Neut ).Gen.Sg
& word=/ *['s]/]

Theregularexpressio in (30a)canbe usedto accessommonnouns(NN in
datie pluralthatdonotendin thesubstring'n” . It useghenotaticnal corventian
for negatedcharactetistsin thesubquery™n] . In asimilar way, thequery(30b)
canbeusedtio accessnasculineor neutralcomman nounsin genitive singdar that
do notendin thesubstrimy s.

(31) a. [lemma =/Ver.+un ¢/]
b. [pos=" NN" & lemma=/V er.+ung/]

Certaintypesof regular expressionssuchasthosecontaininga combinatian
of awildcard(. ) andanoperatorfor unlimited concatenatioi+ or *), arecom-
putationallyexpensve. Oftenit is possibleto constructa queryin TIGERSearch
thatlimits thenumberof wordsthatneedto be checledfor amatch.If, for exam-
ple, oneis interestedn deverbalnounscontainingthe prefix ver- andthe suffix
-ung, thenrestrictingthe nodedescriptionto nounswill resultin significanttime
savings, asonly nounsneedto be checled for matches.The query (31b)is ap-
proximatelyfive timesfasterthanthe query(31a)in theversionof TIGERSearch
availableat thetime of writing. In queriesmakingheavy useof regular expres-
sionsthis degreeof time saving canbe substantl.

The useof regular expressios in featuredescriptionsaddssignificantpower
to TIGERSearchqueries.It is importantto remembethatregular expressimsin
gueriescannotaccessnorphologcal structureof words,but rathercanbe usedto
imposeconditionson graphematicashape. Togetherwith word form classand
morphologcal specificationsthey can significantly narrav a search,making it
easierto find desiredstructures.
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