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This paperexplainshow regularexpressionscanbeusedwhensearchingfor
morphologicalstructurein theTIGERtreebankwith theTIGERSearchquerytool
(Lezius,2002). It is assumedthat thereaderhassomebasicfamiliarity with the
syntaxof theTIGERquerylanguage(Königetal.,2003;KönigandLezius,2003)
aswell aswith theencodingof grammaticalstructurein theTIGER treebankand
can formulatesimplequeries. For introductory informationon the encodingof
linguistic information in the treebank,seeSmith (2003)1. Regular expressions
area powerful tool andwill prove to be extremelyuseful in the formulationof
queries. The main advantagethat we will seein them is that compactregular
expressionscandescribeaninfinite setof possibleformsthatwouldbeimpossible
to enumerate.They will proveextremelyusefulwhensearchingfor Lexemesthat
sharean affix or a setof affixes, or in searchingfor wordformswhich sharea
commoninflectionalmarkeror setof markers.

Regular expressionsarea form of notationfor regular languages.They can
be usedto definesetsof strings. Here, an introduction to the basicsyntaxof
regularexpressions will begiven. This is followedby examplesof theuseof reg-
ularexpressionswhichinvolvesearchingfor particularclassesof morphologically
complex Germanword forms. Theintroduction is informal andis targetedat the
linguist who doesnot yet have experiencewith usingregularexpressions. After
readingthe introduction, it should be possible to composethe typesof regular
expressionsmostcommonly neededby languageresearchers. Furthermore,the
readershouldthenbe ableto follow the technicaldocumentation availableelse-
where. A formal definition of the classof regular languagesanda comparison

1Someof thequeriesin thispaperassumeaversion of thetreebank with word-level annotation
of morphological informationandlemmatisationsuchastheTIGERSampleCorpus. Version1 of
thetreebank doesnot include this information,which we arecurrently annotatingandwhich will
beavailablewith version2.
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of thepropertiesof regularlanguageswith otherlanguages,suchas,e.g.,context
freelanguagesor context sensitive languages,canbefoundin Parteeet al. (1987,
p. 451–453,464–473, 562–563). The syntaxof regular expressions asusedin
the TIGER languageis compatible with thesyntaxusedin version5 of the Perl
programminglanguage(Wall et al., 1996).

Onepossible useof regular expressions would be to describean infinite set
of word forms which sharea commonendingor a setof commonendings. In
this way, regularexpressions canprovide thefunctionalityof rhyming dictionar-
ies, which have long beena populartool for linguists interestedin suffixation.
Examplesof commonly usedGermanrhyming dictionariesareMater(1983)and
Muthmann(1991). Regular expressionscan also be usedto describea set of
word formswhich sharea commonbeginning, makingpossible a searchfor pre-
fixed words. The traditionaltool for linguists interestedin prefixes is a normal
dictionary. Regular expressionscanprovide the functionality of a rhyming dic-
tionaryanda normaldictionarysimultaneously. A regularexpressiondescribing
all Lexemeswhich begin with the string "Be" andendwith the string "ung"
would, for example, be of interestto a linguist interestedin the distribution of
nominalizationsof verbscontainingtheprefix be-. In contrastto thecommonly
useddictionaries,regular expressionsare not restrictedto word boundaries.It
is, for example, a simple task to formulatea regular expressionwhich can be
usedto retrieve all compoundsin which a non-finalelementis a deverbalnoun
in which a verb with the suffix -ieren hasbeensubjectto nominalization with
the suffix -ung and openedfor conversion with the linking element-s-, such
asAntidiskriminierungspolitik or Zentralisierungstendenzen. The linguist needs
simply to understandthegraphematicstructureandthesyntaxof regularexpres-
sions.

In the TIGER language,regular expressionscan be usedasdescriptionsof
featuresin feature-valuepairs.Includinga regularexpressionasa descriptionfor
the featureword or the featurelemma in a featureconstraintgivesthe linguist
full controlover the graphematicalshapeof the wordformsor the lemmasto be
matched. Including a featuredescriptionof this type in a nodedescriptionto-
getherwith featuredescriptions for word classandinflectionalcategoriesresults
in a powerful tool for researchersinvestigating areasof grammarwhereaspects
of derivational or inflectionalmorphology play a role. Embeddingsuchnodede-
scriptionsin queriesdescribingrelationsbetweennodesenablesthe formulation
of sophisticatedqueriesfor investigatingthe interactionof syntaxandmorphol-
ogy.
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1 The Syntax of Regular Expressions

This sectiondescribesthesyntaxof regularexpressions, introducing a setof no-
tationalconventionsimmediatelyusefulto linguists. Standardnotationfor strings
andsetswill be usedhere. Stringswill be enclosedin doublequotes. The set
consistingof thetwo strings"a" and"aa" will bewritten {"a", "aa"} .

Two differentperspectivesarecommonlytaken in discussions of regularex-
pressionsandstrings. Both will beusedhereasappropriate.Thefirst is a more
formal perspective, in which it will be said that a regular expressionis a nota-
tion for a grammarwhich definesa languageconsisting of a setof strings. This
perspective will be familiar to linguists interestedin phrasestructuregrammar
formalisms. The secondis a more pragmaticperspective commonin contexts
involving computer programmingor databasesearching.Accordingto this per-
spective it canbesaidthatastringandaparticularregularexpressionmatch.The
regular expressionis sometimesreferred to as a patternand referenceis made
to patternmatching. This secondperspective will frequentlyprove moreuseful
here: The mostconceptuallysimpleway to understandwhy a complex regular
expressionmatchesa particularstring is often by breakingthe expressiondown
into simplersub-expressionsandunderstandinghow thesesub-expressionsmatch
particularsubstrings.

1.1 The Operator for Disjunction

This sectiondescribesbasicpatternmatchingandintroducestheoperatorfor dis-
junction. The simplestpossibleregular expression consists of a singlecharacter
anddefinesa languageconsistingof asinglestringwhichcontainsthatcharacter.

(1) a. a

b. b

c. A

d. B

(2) a.
�
"a" �

b.
�
"b" �

c.
�
"A" �

d.
�
"B" �

Eachof theregularexpressions in (1) definesa languageconsistingof asingle
string(2); upperandlowercasecharactersaredistinct.Regularexpressionscanbe
concatenated.Whentwo regularexpressionsareconcatenated(3a), theresulting
expressiondefinesa languageconsistingof all possibleconcatenationsof astring
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in the first languageand a string in the secondlanguage(4b). Longer regular
expressionscanbeformedby concatenatingshortersub-expressions(3b-c).

(3) a. ab

b. abc

c. Hund

(4) a.
�
"ab" �

b.
�
"abc" �

c.
�
"Hund" �

Fromtheperspectiveof patternmatching,wecanthink of aregularexpression
consistingsimply of a sequenceof charactersasmatchingan equivalentstring.
Eachof theregularexpressionsin (3) matchestheequivalentstringin (4).

(5) a. a

b. b

c. a|b

(6) a. {"a"}

b. {"b"}

c. {"a", "b"}

Theoperatorfor disjunction(| ) is usedto definea languageconsistingof all
thestringsin thelanguagedefinedby theregularexpressionto theleft of theop-
eratorandall thestringsin the languagedefinedby theregularexpressionto the
right of the operator. While the regular expressionin (5a) definesthe language
in (6a),andtheregularexpressionin (5b) definesthe languagein (6b), theregu-
lar expressionin (5c) definesthe language(6c), the union of the languages(6a)
and(6b). Fromtheperspective of patternmatching, we canthink of theexpres-
sion (5c) matchinga string consisting of either the charactera or the character
b.

(7) a. (D|d)e r

b. dies(e |er|es)

c. (V|v)o (n|m)

(8) a.
�
"Der", "der" �

b.
�
"diese ", "diese r", "dieses" �

c.
�
"Von", "von", "Vom" , "vom" �
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Somesimple examplesof regular expressions that could be usedto search
for wordformsof Germanaregiven in (7) togetherwith thewordformsmatched
by them in (8). The expressionin (7a) demonstratesthe useof disjunction to
searchfor wordformsirrespective of thecapitalizationof the initial letter. It can
be broken down into the sub-expressions(D|d) , which matchesthe substrings
"D" and "d" , and the sub-expressioner which matchesthe substring"er" .
Similarly, theexpressionin (7b) demonstratesthepotential for searchingfor par-
ticular inflectionalendings.It canbebrokendown into thesub-expressiondies
whichmatchesthesubstring"dies" andthesub-expression(e|er|es) which
matchesany of the substrings"e" , "er" or "es" . The regular expressionin
(7c) canbeusedto searchfor thepreposition vonaswell asit’ s fusedform vom,
irrespective of capitalization:thesub-expression (V|v) matcheseitherthesub-
string"V" or thesubstring"v" , thesub-expressiono matchesthesubstring "o" ,
andthesub-expression(n|m) matcheseitherthesubstring"n" or thesubstring
"m" .

In casessuchas thosein (7), it is of coursealsopossibleto list the forms
to be searchedfor. Someonewell-versedin regular expressions will be able to
formulatetheexpression in (7c)morequickly thanto typethelist in (8c),someone
juststartingoutwith regularexpressionsmaybeableto typethelist morequickly.
In thenext section,wewill seehow regularexpressionscanbeusedto definesets
of stringswhichcannotbelisted,simplybecausethey areinfinite.

1.2 Operators for Concatenation

This sectionintroducesthreeoperatorsfor concatenation.Fromthepointof view
of regularexpressionsdefininglanguages,theseoperatorsdefinelanguagescon-
sistingof stringswhichareconcatenationsof stringsof thelanguageto which the
operatorapplies.Fromthepoint of view of patternmatching,theseoperatorsare
often referredto asoperatorsfor repetition. The regular expression,or pattern,
thatthey areappliedto is seenaspotentially matchingrepeatedly. Thefollowing
examplewill illustratewhatis meanthere.

(9) a. a*

b. a+

c. a?

(10) a.
�
"", "a", "aa", "aaa", "aaaa" , ... �

b.
�
"a", "aa", "aaa", "aaaa ", ... �

c.
�
"", "a" �

Theregularexpressionin (9a)usestheoperatorfor unrestrictedconcatenation
(* ). Theexpression(9a)definesthelanguage(10a),thesetof all stringsconsisting
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of zeroor moreconcatenationsof thestring"a" . Theregularexpression(9b)uses
anotheroperatorfor concatenation(+) whichindicatesoneormoreconcatenations
anddefinesthe language(10b). Thelanguagein (10a)differs from the language
in (10b)in thattheformercontainstheemptystring. Theregularexpression(9c)
usesanoperatorfor zerooroneconcatenations(?). Thelanguagedefinedcontains
two elements(10c).

Fromtheperspectiveof patternmatching,theexpressionin (9a)canbethought
of asmatchingzeroor moreinstancesof thesubstring "a" , theexpression in (9b)
canbe thought of asmatchingoneor moreinstancesof the substring"a" , and
theexpression in (9c) canbethought of asmatchingzeroor oneinstancesof the
substring"a" . We now turn to somemorecomplex examplesinvolving combi-
nationsof operatorsandtheuseof 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-
tionsappliesto thepreviousexpression. Theexpressionab is composedof two
sub-expressionsa andb. Theexpressionimmediatelyprecedingtheoperatoris
thenb; thelanguagedefinedis (12a). In orderto applytheoperatorto theentire
expressionab , parenthesesmustbeusedasin (11b),definingthelanguage(12b).

Fromtheperspectiveof patternmatching, theexpressionin (11a)matchesone
instanceof thesubstring "a" followedby oneor moreinstancesof thesubstring
"b" , andtheexpressionin (11b)matchesoneor moreinstancesof thesubstring
"ab" .

(13) a. a|b+

b. (a|b)+

(14) a.
�
"a", "b", "bb", "bbb", "bbbb", "bbbbb " ... �

b.
�
"a", "b", "aa", "bb", "ab", "aaa", "aab" ... �

Theexpressionin (13a)usestheoperatorfor oneor moreconcatenationsand
theoperatorfor disjunctionanddefinesthelanguagein (14a),which containsall
stringsdefinedby the languagea or the languageb+. In the regular expression
in (13b), theparenthesesdenotethatoperatorfor concatenationis appliedto the
entireregularexpressiona|b . The languagedefinedby theexpression is theset
of all possible concatenationsof stringsdefinedby the languagea|b , given in
(14b).
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From the perspective of patternmatching,the expressionin (13a) matches
eitheroneinstanceof thesubstring"a" , or oneor moreinstancesof thesubstring
"b" , and the expressionin (13b) matcheszeroor more instancesof either the
substring"a" or "b" , in any order.

(15) a. Löwen?

b. Mensch(en)?

(16) a.
�
"L öwe" , "L öwen" �

b.
�
"Mensc h", "Menschen " �

In theexpressionin (15a),theoperatorfor zeroor oneconcatenationsis ap-
plied to thesub-expressionn, yieldinganexpressionwhichmatchestheformsof
the lexeme Löwewith andwithout the inflectionalending-n (16a). In (15b)we
seea similar expression yielding theformsof the lexeme Mensch with andwith-
out the inflexional ending-en. In this caseit is necessaryto useparenthesesso
thattheoperatorfor concatenationappliesto thesubexpressionen .

1.3 The Wildcard Operator

Thissectionintroducesthewildcardoperator(. ), whichmatchesany character. In
thecontext of searchingfor lexemesor wordforms,it ishighly usefultogetherwith
anoperatorfor unrestrictedconcatenationfor matchingunspecifiedsubstrings.

(17) a. .

b. .*

c. .+

(18) a.
�
"a", "b", "c", ..."A", "B", "C", ... �

b.
�
"", "a", "aa", ..., "ab", ..., "az", ... �

c.
�
"a", "aa", ..., "ab", ..., "az", ... �

Theexpressionin (17a)matchesall stringsconsistingof onesinglecharacter.
Theexpression in (17b)matchesall stringswhicharezeroor moreconcatenations
of any stringin (18a).Theexpression in (17b)is highly usefulasasub-expression
whichmatchesany substring,includingtheemptystring.Theexpressionin (17c)
is similarly usefulanddiffersfrom (17b)only in thatit doesnotmatchtheempty
string.

(19) a. .m

b. (V|v)v er.*

c. .*ung
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(20) a.
�
"am", "Am", "im", "Im", "um", "Um", ... �

b.
�
"Vera" , "verabr edet", "Verab redungen" , ... �

c.
�
"Abbil dung", "Abfal lbeseitig ung", ... �

The expressionin (19a)matchesall stringsconsisting of any characterfol-
lowed by the characterm (20a). The expressionin (19b) definesthe list of all
stringsbeginning with "ver" or "Ver" (20b). Theexpressionin (19c)defines
thelist of all stringsendingwith "ung" (20c).

The stringslisted in (20) arewordformsof Germanwhich actuallyoccur in
theTIGERTreebank.Theregularexpressionsdoof coursematchotherstringsas
well, inlcudingstringswhich in principalcannotbewordformsof German,such
as"verbtd g" or "sdtlu ng" . Thefact thattheseexpressions overgenerateis
notusuallyof concernto a linguistsearchingfor datain acorpus.To thecontrary,
if theonly concernis matchingwordformswhichactuallyoccurin thecorpus,the
taskof formulating queriesis muchsimplerthanit would bewerethetaskto be
usingregularexpressions to generatepossible wordforms.

1.4 Lists of Characters and Character Ranges

This sectiondescribesnotationalconventionsfor specifinglists of charactersand
characterranges. Theseconventionshave numeroususes. They provide more
control thanthe wildcard operatordiscussedin section1.3. They areuseful in
expressinggraphotacticconstraints, makingit easierto formulatecertainclasses,
suchasgraphemesfor vowels,consonants,or subclassesthereof.

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

b. [ˆA ÄEI ÖOÜUaäeio öuü][a äei oööuü][ˆa äeio öuü]

(22) a.
�
"tat", "tot", "tut" , ... �

b.
�
"Bad", "bad", "Bar" , "Bay", "Baß", ... �

Theregularexpressionsin (21) usea notationaldevice for a list of characters
to be matchedalongwith a negationalvariant. The expressionin (21a)canbe
broken down into threesub-expressions, eachof which consistsof charactersin
squarebrackets.Thefirst (andlast)sub-expression, [ptk] , matchesa substring
consistingof any of thesinglecharactersp, t or k . Thesecondsub-expression,
[ieaou] , matchesasubstringconsistingof any of thesinglecharacters i , e, a,
o or u. Theexpressionin (21a)matchesthestringsin (22a). The expression in
(21b)usesa notationalconventionfor negatedcharacterlists, in which anaccent
circonflex is preposedto the list. The sub-expression[ˆa äeio öuü] matches
substringsconsistingof any single characterexceptthecharactersa, ä, e, i , o,
ö, u or ü. The regularexpression(21b)matchesthewordformsin (22b),which
all conformto thegraphematicpatternconsonant,vowel, consonant.
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(23) a. [0-9]*

b. [A-Z]*

c. [a-z]*

Thequeriesin (23) illustratea notationalconventionfor rangesof characters.
In generalregularexpressionsof this typeareinterpretedin termsof thecoding
systemusedon a particularcomputerplatform. In orderto usecharacterranges,
it is thusimportantto befamiliarwith thecodingsystemusedfor aparticularcor-
pus,e.g.,ANSI or UNICODE. Thequeriesin (23) will be interpretedasfollows
in commonencodingsystems,including thatusedfor theTIGER Treebank.The
expressionin (23a)matchesall stringsconsistingof a sequenceof digits. The
expression(23b)will matchstringsconsisting solelyof uppercaselettersof the
Latin alphabetwithoutdiacritics.Theexpression(23c)will matchstringsconsist-
ing solelyof lowercaselettersof theLatin alphabetwithout diacritics.

(24) a. [a-zA- Z]*

b. [ äöüßa-z]

c. [ ÄÖ̈UA-Z][ß äöüa- z]+

It is possibleto usemorethanonerangeof characters,as in the expression
(24a)will matchstringsconsisting of upperand lower caselettersof the Latin
alphabetwithout diacritics. It is possibleto useboth a list of charactersanda
rangeof characterswithin squarebrackets,in whichcasethelist mustcomefirst,
e.g.,theexpressionin (24b),which will matchall lower casecharactersnative to
Germanorthography. The expression(24c) will matchstringsconsistingsolely
of charactersnative to Germanorthographywhichhaveanuppercasecharacterin
first position.

1.5 The Escape Character

In the previous sectionswe have seenthe useof a numberof operators.It is of
coursepossible that onemight want to searchfor wordformscontaininga char-
acterequalto oneof thoseoperators.In suchcasesit is necessaryto preposea
backslash� to the characterto be searchedfor. The backslashis said to be an
escapecharacter. Thecharacterto which it is preposedis saidto beescaped.

(25) a. [word= /.+ � ./]

b. [word= /.+ � -.+/]

For example,onemightwantto searchfor abbreviationsendingwith aperiod
(25a). Or one might want to searchfor hyphenatedwordforms(25b). In the
context of using regular expressions in TIGERSearch, operatorsof the TIGER
languagemustalsobeescaped.
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2 Using Regular Expressions in Queries

This sectionwill explorevariouspossible usesto which regularexpressionscan
be put whenformulatingqueriesin TIGERSearch.The regular expressionsare
usedto restrictqueriesto wordformsor lexemeswhichpotentially containpartic-
ular morphological or graphematicalstructures.Whenusedin a nodedescription
in a TIGERSearch query, regular expressionsmustbe enclosedin slashes,e.g.,
[lemma=/. *ung/] .

Thefirst exampleshows how a concatenationof an initial string,a wildcard,
andafinal stringcanbeusedto searchfor stringswhichhaveagraphematicshape
whichiscompatiblewith aclassof wordswhichshareacommon prefixandsuffix.

(26) a. Be.+un g

b. [pos = "NN" & lemma = /Be.+un g/]

c. "Berec hnungen", "Befragu ng", "Begeiste rung"

Theregularexpression(26a)matcheslemmaswith agraphematicshapecom-
patiblewith nominalizedverbscontainingtheprefix be-andthesuffix ung. This
expressioncouldbeembeddedin anodedescriptionsuchas(26b).Thestringsin
(26c)areamongthoseretrievedfrom thecorpusby 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?|e 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), theoperatorfor zeroor oneconcatenations(?) is usedin regularex-
pressionsin TIGERSearchquerieswhichcouldbeusedtoaccessnodescontaining
forms of the nounBerg. The queryin (27a)would accessnodescontaining the
stringsin (28a), the operatorfor zeroor oneconcatenationapplyingto e. The
queryin (27b)containsaregularexpressionwith two operatorsfor concatenation,
oneapplyingto e andtheotherto s , yielding thestringsin (28b). In (27c), the
operatorappliesto thesub-expression in parentheses:e|en . Thequeryin (27d)
yieldsonly inflectedforms.Thequeryin (27e)yieldsthefull paradigm(28e).
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(29) a. [pos = "ADJA" & word = /[.+en /]

b. [pos = "ADJA" & word = /[.+em /]

c. [pos = "ADJA" & word = /[.+(e n|em)/]

Thequeriesin (29)find formsof adjectivescontaininganasalinflectionalsuf-
fix: thoseendingwith thesubstring "en" (29a),thoseendingwith thesubstring
"em" (29b),andthoseendingwith eitherthesubstring"en" or "em" (29c).

(30) a. [pos=" NN" & morph=/. *Dat.Pl/ & word=/. *[ˆn]/]

b. [pos=" NN" & morph=/( Masc|Neut ).Gen.Sg
& word=/ .*[ˆs]/]

Theregularexpression in (30a)canbeusedto accesscommonnouns(NN) in
dativepluralthatdonotendin thesubstring"n" . It usesthenotationalconvention
for negatedcharacterlistsin thesubquery[ˆn] . In asimilar way, thequery(30b)
canbeusedto accessmasculineor neutralcommon nounsin genitivesingular that
donotendin thesubstring s .

(31) a. [lemma =/Ver.+un g/]

b. [pos=" NN" & lemma=/V er.+ung/]

Certaintypesof regularexpressions,suchasthosecontaininga combination
of a wildcard(. ) andanoperatorfor unlimitedconcatenation(+ or * ), arecom-
putationallyexpensive. Oftenit is possibleto constructa queryin TIGERSearch
thatlimits thenumberof wordsthatneedto becheckedfor amatch.If, for exam-
ple, oneis interestedin deverbalnounscontainingthe prefix ver- andthe suffix
-ung, thenrestrictingthenodedescriptionto nounswill resultin significanttime
savings,asonly nounsneedto be checked for matches.The query(31b) is ap-
proximatelyfive timesfasterthanthequery(31a)in theversionof TIGERSearch
availableat the time of writing. In queriesmakingheavy useof regular expres-
sionsthisdegreeof timesaving canbesubstantial.

Theuseof regularexpressions in featuredescriptionsaddssignificantpower
to TIGERSearchqueries.It is importantto rememberthatregularexpressions in
queriescannotaccessmorphological structureof words,but rathercanbeusedto
imposeconditionson graphematicalshape.Togetherwith word form classand
morphological specifications,they can significantly narrow a search,making it
easierto find desiredstructures.
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