An Algorithmic Approach to English PluralizationDamian ConwaySchool of Computer Science and Software EngineeringMonash UniversityClayton 3168, Australiamailto:damian@csse.monash.edu.auhttp://www.csse.monash.edu.au/~damianAbstractThis paper discusses some of the issues involved indesigning robust and comprehensive algorithms whichconvertsingular English nouns, verbs and adjectives totheir appropriate plural forms. Four such algorithms aregiven: one for each part of speech which inflects in theplural, and a unified algorithm for all such parts ofspeech. A word comparison algorithm that can identifywords that differ only in their grammatical number isalso given. Finally, an overview is given of a fullimplementation of the various algorithms in the Perl [1]programming language.The problem of English pluralsThe English language is overburdened with idiosyn-cratic grammatical features, a legacy of its eclecticaccretion over 1500 years [2,3]. One unfortunate con-sequence of this otherwise admirable richness is thatautomatically generating correct English is fraught withdifficulty. Composing the simplest of sentences mayrequire quite sophisticated semantic understanding toenable the correct syntax to be chosen. Even at thelexical level it can be a complex matter to correctlyinflect the individual words of a sentence to reflect theirnumber, person, mood, case, etc.The use of English plurals in synthetic sentences is acase in point. In computing applications, for example, itis quite common to encounter error messages which jarbecause they do not correctly inflect for grammaticalnumber:Compilation aborted: 1 errors were foundIndividually, such inelegances are easily overcome (or,more accurately, the inelegance may be transferredfrom the interface to the code):print "Compilation aborted: $count ",($count==1? "error was": "errors were")," detected.\n";Unfortunately, in attempting to generate more complextext, some less tractable problems arise, notably thediversity of plural forms available in English. Considerthe difficulty faced by a text generation system(machine or human) in forming plural versions of thefollowing:Her criterion differs from mine.Analysis of this aquarium’s fish failed to determine itsgenus.That phalanx suffered a trauma.This paper presents an algorithmic approach that pro-vides (nearly) automatic plural inflections for suchexamples.Coping with English plurals in synthetictextExisting techniques for dealing with plural inflectionsin generated text fall into a four categories: indiffer-ence, evasion, explication, and automation. The fol-lowing sections briefly describe each of these.Ignoring the problemIgnoring issues of pluralization has a long and glorioushistory in certain synthetic text generation contexts.Typically, when this approach is used, the programmersimply assumes that the number required will always benon-singular and that any cases where a singular doesappear will be written off by the user as a "computerglitch" or tolerated as a flaw in the interface. Hence thefamiliar There were 1 errors message.One might argue that this approach is economicallyrational, in that the extra cost and complexity involvedin identifying and coding around that one special caseoutweighs the benefit of correctly handling it. This, ofcourse, is the perennial excuse for ugly and ungainlyinterfaces, and quite unassailable in the estimation ofthe utilitarian mind.Avoiding the problemEnglish is sufficiently flexible that programmers, facedwith the task of generating text of a changeable number,may easily enough recast their synthetic prose into"number-inclusive" forms. The simplest approach is tostructure the text so that the grammatical number of thevarious parts of speech in a sentence is fixed, regardlessof the actual number of items being referred to. Hence:Number of errors: 1Number of errors: 10

A common (if somewhat clumsy) alternative is to betboth ways and structure the sentence so that it will readcorrectly in either grammatical number:1 error(s) found.10 error(s) found.Evasion techniques such as these solve the problem of"canned" synthetic text, but do so either by craving thereaders’ indulgence (of threadbare English) or theircomplicity (in ignoring the inappropriate sense of aschizophrenic construction). However, in general textgeneration, such terse and artificial structures may beinappropriate or simply unachievable.A "manual" schemeOne variation on the "each-way bet" approach is for theprogrammer to explicitly provide both singular andplural forms and then have the system select the correctform according to the actual number required, Forexample, consider a subroutine:sub select_pl($$){my ($word, $count) = @_;$word =~ s{\(([^)/]*)/([^)]*)\)} {$count==1 ? $1 : $2 #ge};return $word;}which allows the programmer to code synthetic textgeneration as follows:print $count, select_pl(" error(/s) w(as/ere)",$count), " found\n";This approach neatly solves the problem of correctlyinflecting "canned" text for number, but is not easilyadapted to handle the more general problems encoun-tered when the text is not pre-determined.Pluralizing algorithmsThe simplest algorithm for generating arbitrary Englishplurals is simply to add -s to each word (clam fi clams,storey fi storeys, bag fi bags, etc.). Of course, thisapproach fails miserably on many special cases (classfi classes, story fi stories, box fi boxes), and on thehundreds of irregular plural English nouns (criterion ficriteria, stigma fi stigmata, ox fi oxen). Nor does itcater for verbs (classifies fi classify, stores fi store,bobs fi bob) or adjectives (my fi our, her fi their,Bob’s fi Bobs’).More complex algorithms that cope with specificsuffixes (-ss fi -sses, -y fi -ies, etc.) can be specified,but pure suffix-based approaches will still be prone toexceptions and meta-exceptions. For example: -y be-comes -ies, except after a vowel (when it becomes -ys),except for soliloquy (which takes -ies).A usable pluralization algorithm must therefore copewith three categories of plural formation: universaldefaults, general suffix-based rules, and specific ex-ceptional cases. The following section examines each ofthese categories in more detail.Categories of English pluralsUniversal rulesAlthough described here first, and encountered mostfrequently, the universal rules of plural inflection arethe "last resort" in an algorithmic sense. That is, theserules only apply when all other more specific rules orspecial cases (see below) are inapplicable.The rules themselves are well-known and need noelaboration. By default:¥Nouns are made plural by appending -s.¥Verbs are made plural by removing any trailing-s (and otherwise do not change).¥Adjectives and adverbs do not change whenmade plural.Suffix categoriesThere are, however, an enormous number of exceptionsto these defaults [4]. Most such exceptions are stillregular (in the sense that they occur in predictablepatterns), but are specific to a particular word suffix.For example, nouns that end in -ss universally become-sses in the plural (and vice versa for verbs). Likewise,nouns which end in a vowel followed by -y almostalways become -ies in the plural.Certain types of adjectives also inflect in this way. Forexample, possessive adjectives that end in -’s or -’ in thesingular are made plural by forming the plural of theroot word and appending an apostrophe (unless theroot’s plural does not itself end in -s, in which case -’s isappended). Hence cat’s becomes cats’, axis’ becomesaxes’, whilst child’s becomes children’s.Other suffix categories arise because words of foreignorigin (most commonly Ancient Greek or Latin) haveretained a non-anglicized plural inflection. Hencecriterion becomes criteria, nucleus becomes nuclei, andmatrix becomes matrices. Dealing with such categoriesis complicated by the fact that many other imports havebeen wholly or partially anglicized. Hence althoughcriterion always forms its plural with -a, ganglion maytake either -s or -a (ganglions or ganglia), whilst bastionis always inflected with -s. Occasionally the anglicizedand "classical" plural forms of a word may both be incommon use, but with distinct meanings. Thus a copy-editor might remove appendices, whereas a surgeonwould remove appendixes.The correct inflection of words derived from Latin canbe particularly complex, since the same suffix mayform different Latinate plurals depending on thedeclension (or sometimes the part of speech) of the

Singular suffixAnglicized pluralClassical pluralExample

-a(none)-aealga fi algae

-a-as-aenova fi novas/novae

-a-as-atadogma fi dogmas/dogmata

-an-en(none)woman fi women

-ch-ches(none)church fi churches

-eau-eaus-eauxchateau fi chateaus/chateaux

-en-ens-inaforamen fi foramens/foramina

-ex(none)-icescodex fi codices

-ex-exes-icesindex fi indexes/indices

-f(e)-ves(none)life fi lives

-ieu-ieus-ieuxmilieu fi mileus/milieux

-is(none)-esbasis fi bases

-is-ises-idesiris fi irises /irides

-ix-ixes-icesmatrix fi matrixes/matrices

-nx-nxes-ngesphalanx fi phalanxes /phalanges

-o-oes(none)potato fi potatoes

-o-os(none)photo fi photos

-o(none)-igraffito fi graffiti

-o-os-itempo fi tempos/tempi

-on(none)-aaphelion fi aphelia

-on-ons-aganglion fi ganglions/ganglia

-oo--ee-(none)foot fi feet

-oof-oofs-ooveshoof fi hoofs/hooves

-s-s(none)series fi series

-s-ses(none)atlas fi altases

-sh-shes(none)wish fi wishes

-um(none)-abacterium fi bacteria

-um-ums-amedium fi mediums/media

-us(none)-eragenus fi genera

-us(none)-istimulus fi stimuli

-us-uses-eraopus fi opuses/opera

-us-uses-iradius fi radiuses/radii

-us-uses-oracorpus fi corpuses/corpora

-us-uses-usstatus fi statuses/status

-x-xes(none)box fi boxes

-y-ies(none)ferry fi ferries

Table 1: Major English suffix categories.

original. Thus the plural of stimulus (second declension)is stimuli, and that of genus (third declension) is genera.Status (fourth declension) is traditionally unchanged inthe plural, whilst ignoramus (a first person plural Latinverb) has been wholly anglicized and becomesignoramuses.The only practical way to deal with such complexitiesin an algorithm is to categorize words by both suffix.and inflection, and to allow for both anglicized andclassical variants. Table 1 illustrates such categoriesGeneral and user-defined exceptionsSome categories of words contain only a singleexample, and are more appropriately treated asexceptions to more general rules. Table 2 lists the mainoffenders.SingularformAnglicizedpluralClassicalplural beefbeefsbeeves brotherbrothersbrethren child(none)children cowcowskine ephemeris(none)ephemerides geniegeniesgenii moneymoneysmonies mongoosemongooses(none) mythos(none)mythoi octopusoctopusesoctopodes ox(none)oxen soliloquysoliloquies(none) trilbytrilbys(none)

Table 2: Irregular English pluralsThis table is surprisingly comprehensive, thoughcertainly not exhaustive. Indeed, specific dialects ofEnglish may define much larger sets of irregular pluralsand may not recognize some of the entries in Table 2.Hence it is important that any algorithmic approach topluralization be both extensible and adjustable, so thatits output may be easily expanded or trimmed for aspecific audience.A pluralizing algorithm for EnglishThis section first presents algorithms for formingplurals of English nouns, verbs, and adjectives. It thendescribes how these three algorithms may be mergedinto a single inflection procedure that is applicable toany part of speech. Finally, the limitations of thisunified algorithm are discussed.The algorithms are based on the rules of Englishinflection described in the Oxford English Dictionary[5] (OED), Fowler’s Modern English Usage [6], and APractical English Grammar [1]. Where these sourcesdisagree, the OED is taken to be definitive.A note about user-defined inflectionsAll four algorithms presented below allow for user-defined inflections that override the normal rules ofEnglish plural formation. Such user-defined inflectionsmight be specified as an ordered table of <singularform> fi <plural form> pairs (much like the variousenumerated tables for irregular plurals listed inAppendix A). For example:VAX fi VAXenTo extend the power of this mechanism, each singularform can be specified as a (case-insensitive) regularexpression, rather than a literal word to be matched.This allows the user to specify families of commoninflections. For example, one might specify that allnouns ending in -x will be inflected to -xen (oxen,boxen, suffixen, etc.), regardless of the normal rules ofEnglish:(.*)x fi $1xenFurthermore, if the user-defined table preserves asuitable ordering (perhaps "first-defined, last-tried"),then exceptions to such user-defined generic rules canalso be specified. For example:(.*)x fi $1xenfox fi foxesAs a final generalization, the plural form allows twovariants (an anglicized plural and a "classical"alternative), separated by some delimiter - say "|". Insuch cases, the plural selected would depend onwhether classical or anglicized plurals had beenrequested. For example, the previous generic rule mightbe rewritten to cater for "classical" usages:(.*)x fi $1xes | $1xenfox fi foxesox fi oxenNote that, where only one plural form is specified, it isused in both "anglicized" and "classical" modes.NomenclatureIn the algorithmic descriptions below, the followingconstructs are used:suffix(<suffix>)This predicate returns true if the word beinginflected ends in <suffix>. Note that standardregular expression conventions are used after the"-" that introduces the suffix.

category(<singular>,<plural>)This predicate returns true if the word beinginflected belongs to the set of English wordswhose suffixes inflect from <singular> to<plural> when pluralized.inflection(<singular>,<plural>)This function returns the word being inflected,after replacing its current suffix (which must be<singular>) with the suffix <plural>.stem(<suffix>)This function removes the specified suffix(<suffix>) from the word being inflected andreturns the remaining stem. If the word does notoriginally end in the specified suffix, a special"undefined" value is returned."the (user-)specified plural form"This phrase is used whenever a word has beenfound to belong to an enumerated category. The"specified plural form" is the appropriateanglicized or classical plural form of the word,as it appears in the category table.Algorithms for forming plural nouns, verbs andadjectivesAlgorithm 1 takes the singular form of an English nounand returns its plural.Algorithm 2 takes the singular form of a conjugatedEnglish verb and returns its plural form. English verbinflections are more regular than noun inflections andhence the verb inflection algorithm is considerablysimpler.Algorithm 3 takes the singular form of an Englishadjective (or article or genitive pronoun) and returns itsplural form. Note that only a very few Englishadjectives inflect with number.A unified algorithmHaving specified an algorithm for each particular partof speech, it is a relatively simple matter to combinethem and construct a single algorithm that correctlyhandles any of these parts of speech (but see "Issuesand Limitations" below). The general approach takenhere is to treat a word being pluralized as if it were anoun, unless it can be unambiguously recognized as averb or adjective. Hence the unified pluralizationalgorithm (Algorithm 4) first honours any user-definedinflections, then seeks to apply a subset of the stepsfrom the verb- and adjective-specific algorithmspresented above and, if they fail, finally applies theentire noun-specific algorithm to the word. Note that,since the complete noun algorithm handles all words,the untried steps of the verb and adjective algorithmswill never need to be invoked.Note that algorithm presented represents a particularcompromise in the face of inherently ambiguous input.Other compromises (which might perhaps more heavilyfavour the verb sense of a word) may also be defined,by selecting different subsets of the three algorithms orby changing the order in which the subsets are used.Issues and limitationsHomographs of heterogeneous caseThe singular pronoun it presents a special problembecause its plural form can vary, depending on itsgrammatical case. For example:It ate it fi They ate themAs a consequence of this ambiguity, the noun andunified algorithms cannot guarantee to inflect itcorrectly without additional context. This could beprovided by an extra parameter (one which specifies therequired case), or by simply defaulting to thenominative (it fi they) and accepting a small number ofincorrect inflections.Of course, where the necessary context is alreadyprovided (for example, when forming the plural of adative or ablative: to it, from it, with it, etc.), the nounalgorithm detects this (in step 3) and correctly returnsthe accusative plural form: to them, from them, withthem, etc.)Homographs of heterogeneous personIn the conjugation of most English verbs, the 1st and2nd person singular forms are identical (I eat, you eat; Isee, you see), as are the corresponding plural forms(we eat, you eat; we see, you see).However, if a verb were to take common singular formsbut different plurals (for example, the atrophyingBritish usage: I will fi you shall, you will fi you will),then the algorithms presented above would be unable todetermine the correct inflection without additionalcontext (such as an extra "person" parameter).The author is not currently aware of any other verbs inEnglish which present this problem, but is not willing toassume ipso facto that none exist.Other homographs with heterogeneous pluralsOne context in which intent (rather than content)sometimes determines plurality, is where two distinctmeanings of a word require different plurals. Forexample:I put the mice next to the cheese.I put the mouses next to the keyboards.Three basses were stolen from the band’s trailer.Three bass were stolen from the band’s fishpond.Several had thoughts of leaving.Several had thought of leaving.

1.Check if the user has defined an inflection for the noun, and , if so, accept that...if the word matches a user-defined noun,return the user-specified plural form2.Handle words that do not inflect in the plural (such as fish, travois, chassis, nationalitiesending in -ese etc. - see Tables A.2 and A.3)...if suffix(-fish) or suffix(-ois) or suffix(-sheep)or suffix(-deer) or suffix(-pox) or suffix(-[A-Z].*ese)or category(-,-),return the original noun3.Handle pronouns in the nominative, accusative, and dative (see Tables A.5), as well asprepositional phrases...if the word is a pronoun,return the specified plural of the pronounif the word is of the form: "<preposition> <pronoun>",return "<preposition> <specified plural of pronoun>"4.Handle standard irregular plurals (mongooses, oxen, etc. - see table A.1)...if the word has an irregular plural,return the specified plural5.Handle irregular inflections for common suffixes (synopses, mice and men, etc.)...if suffix(-man), return inflection(-man,-men)if suffix(-[lm]ouse), return inflection(-ouse,-ice)if suffix(-tooth), return inflection(-tooth,-teeth)if suffix(-goose), return inflection(-goose,-geese)if suffix(-foot), return inflection(-foot,-feet)if suffix(-zoon), return inflection(-zoon,-zoa)if suffix(-[csx]is), return inflection(-is,-es)6.Handle fully assimilated classical inflections (vertebrae, codices, etc. - see tables A.10,A.14, A.19 and A.20, and tables A.11, A.15 and A.21 if in "classical mode)...if category(-ex,-ices), return inflection(-ex,-ices)if category(-um,-a), return inflection(-um,-a)if category(-on,-a), return inflection(-on,-a)if category(-a,-ae), return inflection(-a,-ae)7.Handle classical variants of modern inflections (stigmata, soprani, etc. - see tables A.11 toA.13, A.15, A.16, A.18, A.21 to A.25)...if in classical mode,if suffix(-trix), return inflection(-trix,-trices)if suffix(-eau), return inflection(-eau,-eaux)if suffix(-ieu), return inflection(-ieu,-ieux)if suffix(-..[iay]nx), return inflection(-nx,-nges)if category(-en,-ina), return inflection(-en,-ina)if category(-a,-ata), return inflection(-a,-ata)if category(-is,-ides), return inflection(-is,-ides)if category(-us,-i), return inflection(-us,-i)if category(-us,-us), return the original nounif category(-o,-i), return inflection(-o,-i)if category(-,-i), return inflection(-,-i)if category(-,-im), return inflection(-,-im)

8.The suffixes -ch, -sh, and -ss all take -es in the plural (churches, classes, etc)...if suffix(-[cs]h), return inflection(-h,-hes)if suffix(-ss), return inflection(-ss,-sses)9.Certain words ending in -f or -fe take -ves in the plural (lives, wolves, etc)...if suffix(-[aeo]lf) or suffix(-[^d]eaf) or suffix(-arf),return inflection(-f,-ves)if suffix(-[nlw]ife),return inflection(-fe,-ves)10.Words ending in -y take -ys if preceded by a vowel (storeys, stays, etc.) or when a propernoun (Marys, Tonys, etc.), but -ies if preceded by a consonant (stories, skies, etc.)...if suffix(-[aeiou]y), return inflection(-y,-ys)if suffix(-[A-Z].*y), return inflection(-y,-ys)if suffix(-y), return inflection(-y,-ies)11.Some words ending in -o take -os (lassos, solos, etc. - see tables A.17 and A.18); the resttake -oes (potatoes, dominoes, etc.) However, words in which the -o is preceded by a vowelalways take -os (folios, bamboos)...if category(-o,-os) or suffix(-[aeiou]o), return inflection(-o,-os)if suffix(-o), return inflection(-o,-oes)12.Handle plurals of compound words (Postmasters General, Major Generals, mothers-in-law,etc) by recursively applying the entire algorithm to the underlying noun. See Table A.26 forthe military suffix -general, which inflects to -generals...if category(-general,-generals), return inflection(-l,-ls)if the word is of the form: "<word> general",return "<plural of word> general"if the word is of the form: "<word> <preposition> <words>",return "<plural of word> <preposition> <words>"13.Otherwise, assume that the plural just adds -s (cats, programmes, trees, etc.)...otherwise, return inflection(-,-s)

Algorithm 1: Plural inflection of nouns

1.Check if the user has defined an inflection for the verb, and , if so, accept that...if the word matches a user-defined verb,return the user-specified plural form2.Check if the verb is being used as an auxiliary and has a known irregular inflection (hasseen, was going, etc. See Table A.8 for irregular verbs)...if the word has the form "<auxiliary> <words>"and <auxiliary> belongs to the category of irregular verbs,return "<specified plural of auxiliary> <words>"3.Handle simple irregular verbs (has, is, etc. - see Table A.8)...if the word belongs to the category of irregular verbs,return the specified plural form4.Verbs in the regular 3rd person singular lose their -es, -ies, or -oes suffix (she catches fithey catch, he tries fi they try, it does fi they do, etc.)...if suffix(-[cs]hes), return inflection(-hes,-h)if suffix(-[sx]es), return inflection(-es,-)if suffix(-zzes), return inflection(-es,-)if suffix(-ies), return inflection(-ies,-y)if suffix(-oes), return inflection(-oes,-o)5.Other 3rd person singular verbs ending in -s (but not -ss) also lose their suffix...if suffix(-[^s]s), return inflection(-s,-)6.Handle ambiguous simple verbs that might also be nouns (thought, sink, fly, etc. - see TableA.4)...if the word is in the ambiguous category,return the specified plural form7.All other cases are regular 1st or 2nd person verbs, which don’t inflect...otherwise, return the word uninflected

Algorithm 2: Plural inflection of verbs

1.Check if the user has defined an inflection for the adjective, and, if so, accept that...if the word matches a user-defined adjective,return the user-specified plural form2.Handle indefinite articles and demonstratives...if the word is "a" or "an", return "some"if the word is "this", return "these"if the word is "that", return "those"3.Handle possessive pronouns (my fi our, its fi their, etc - see Table A.7)...if the word is a personal possessive,return the specified plural form4.Handle genitives (dog’s fi dogs’, child’s fi children’s, Mary’s fi Marys’, etc). The generalrule is: remove the apostrophe and any trailing -s, form the plural of the resultant noun, andthen append an apostrophe (or -’s if the pluralized noun doesn’t end in -s)...if suffix(-’s) or suffix(-’),if suffix(-’), let the noun <owner> be inflection(-’,-)otherwise, let the noun <owner> be inflection(-’s,-)let the noun <owners> be the noun plural of <owner>if <owners> ends in -s, return "<owners>’"otherwise, return "<owners>’s"5.In all other cases no inflection is required...otherwise, return the word uninflected

Algorithm 3: Plural inflection of adjectives1.Handle user-defined cases...try step 1 of Algorithm 3try step 1 of Algorithm 2try step 1 of Algorithm 12.Handle known adjectives...try steps 2 through 4 of Algorithm 33.Handle known verbs...try steps 2 through 5 of Algorithm 24.Handle singular nouns ending in -s (ethos, axis, etc. - see Tables A.2, A.3, A.16, A.22, andA.23)...if word is a noun ending in -s,try steps 2 through 13 of Algorithm 15.Handle 3rd person singular verbs (that is, any other words ending in -s)...try steps 4 and 5 of Algorithm 26.Treat the word as a noun...try steps 2 through 13 of Algorithm 1

Algorithm 4: Unified plural inflection of nouns, verbs, and adjectives

The algorithms presented above handle such words intwo ways:¥If both meanings of the word are the same partof speech (for example, bass is a noun in bothsentences above), then one meaning is chosen asthe "usual" meaning, and only that meaning’splural is ever returned by any of the inflectionsubroutines.¥If each meaning of the word is a different part ofspeech (for example, thought is used as both anoun and a verb), then the noun’s plural isreturned by the noun and unified algorithms andthe verb’s plural is returned only by the verbalgorithm.Such contexts are (fortunately) uncommon, particularlyexamples involving two senses of a noun. An informalstudy of nearly 600 "difficult" plurals indicates that theunified algorithm can be relied upon to chooseappropriately in about 98% of cases (although, ofcourse, ichthyophilic guitarists may experience higherrates of confusion).Finally, if the choice of a particular "usual inflection" isinappropriate for a particular application, it can alwaysbe changed by specifying an overriding user-definedinflection."Number-insensitive" comparisonsThe need for "number-insensitive" comparisonsAnother task which is complicated by the irregularinflections of many English plurals is that of indexingor cross-referencing text. Consider the followingextracts from Ambrose Bierce’s estimable dictionary[7]:ChildAn accident to the occurrence of which all theforces and arrangements of nature are speciallydevised and accurately adapted.GeniusAny degree of mental superiority that enables itspossessor to live acceptably upon his admirers,and without blame be unbrokenly drunk.SelfThe most important person in the universe.Any reliable indexing algorithm for such terms willneed to be able to identify text containing the variousirregular plural forms of these words. Furthermore,since a small number of Bierce’s definitions are forplural terms (aborigines, footprints, kine, relations, etc.),cross-referencing the collection requires checks in bothdirections (singular text to plural term, and plural text tosingular term). Worse still, the need to cross-referenceterms like kine (to the words cow and cows) means thatwords which are alternate plural forms of a commonsingular must also be identified.An algorithmThis section presents an algorithm for equality testbetween two words. The algorithm returns whichreturns true if:¥the two words are identical, or¥one word is a plural form of the other, or¥the two words are distinct plural forms of someother word.It should be noted, however, that two distinct singularwords which happen to take the same plural form arenot considered equal, nor are cases where one (singular)word’s plural is the other (plural) word’s singular. Hencebase is not "number-insensitively" equal to basis, eventhough they both have the plural form bases. Likewise,opus does not compare equal to operas even thoughopus has the plural opera and opera has the pluraloperas.Note that, because steps 2 to 3 do not specify whichpluralizing algorithm is used, Algorithm 5 is genericand may be readily adapted to deal with only nouns,verbs, or adjectives, or with all three at once. Suchadaptations merely involve selecting the appropriatealgorithm (Algorithms 1 through 4 respectively) withwhich to generate the "appropriate plural" forms. Wherethe algorithm is adapted to a particular part of speech,one or both of steps 4 and 5 may be omitted entirely, ifinappropriate.A Perl implementationThis section briefly summarizes a freely available Perlimplementation of the pluralization algorithmspresented above (Lingua::EN::Inflect) . The moduleand full supporting documentation are available fromthe Comprehensive Perl Archive Network (viahttp://www.perl.com), or directly from the author:http://www.csse.monash.edu.au/~damian/CPAN/Lingua-EN-Inflect.gz.tarThe various subroutines of Lingua::EN::Inflectprovide plural inflections for English words. Pluralforms of most nouns, many verbs, and some adjectivesare provided. Where appropriate, "classical" variantsare also provided. The module also offerspronunciation-based selection of indefinite articles (aand an), but discussion of those facilities is beyond thescope of this paper.Inflecting plurals - the PL_...() subroutinesLingua::EN::Inflect provides four exportablesubroutines (prefixed PL_...) which implement thenoun-, verb-, adjective-, and unified pluralizationalgorithms described above. All of the PL_...()subroutines take the word to be inflected as their first

1.Check for simple equality...if <word1> equals <word2>, return true2.Check for number disparity using standard inflection...using anglicized plurals...if the appropriate plural of <word1> equals <word2>,return trueif the appropriate plural of <word2> equals <word1>,return true3.Check for number disparity using "classical" inflection...using classical plurals...if the appropriate plural of <word1> equals <word2>,return trueif the appropriate plural of <word2> equals <word1>,return true4.Handle two variant plurals for the same noun (brothers and brethren, for example) bychecking if there exists a category <c> and a word <w>, such that <word1> and <word2> endin the distinct plural suffixes of category <c>, and word <w> can inflect to both <word1> and<word2>...if the words are nouns,for each noun category <c>...let <ss> be the singular suffix for category <c>let <sa> be the anglicized plural suffix for <c>let <sc> be the classical plural suffix for <c>if <sa> differs from <sc>,let <stem1> be stem(<sa>) of <word1>if <word2> equals inflect(-,<sc>) of <stem1>,return truelet <stem2> be stem(<sa>) of <word2>if <word1> equals inflect(-,<sc>) of <stem2>,return true5.Handle distinct plural genitives (cows’ and kine’s, for example) by removing any -’s, -s’, or -’inflection and comparing the underlying nouns...if the words are adjectives,let <word1a> be stem(-’s) or stem(-’) of <word1>let <word2a> be stem(-’s) or stem(-’) of <word2>let <word1b> be stem(-s’) of <word1>let <word2b> be stem(-s’) of <word2>for each defined <w1> in (<word1a>, <word1b>)...for each defined <w2> in (<word2a>, <word2b>)...apply step 4 to <w1> and <w2>if step 4 returns true,return true6.All other cases corresponding to an equality...otherwise, return false

Algorithm 5: "Number-insensitive" comparison argument and return the corresponding inflection. Notethat all such subroutines expect the singular form of theword. The results of passing a plural form are undefined(and unlikely to be meaningful).The PL_...() subroutines also take an optional secondargument, which indicates the desired grammaticalnumber of the word. If the "number" argument issupplied and is not 1 (or "one" or "a", or some otheradjective that implies the singular), the plural form ofthe word is returned. If the "number" argument doesindicate singularity, the (uninflected) word itself isreturned. If the number argument is omitted, the pluralform is returned unconditionally.The various subroutines are:PL_N($;$)PL_N() takes a singular English noun or pronounand returns its plural.PL_V($;$)PL_V() takes the singular form of a conjugatedverb (one which is already in the correctgrammatical person and mood) and returns thecorresponding plural conjugation.PL_ADJ($;$)PL_ADJ() takes the singular form of certaintypes of adjectives and returns the correspondingplural form.PL($;$)PL() takes a singular English noun, pronoun,verb, or adjective and returns its plural form.Where a word has more than one inflectiondepending on its part of speech, the (singular)noun sense is generally preferred to the(singular) verb sense. Of course, the inherentambiguity of such cases suggests that, where thepart of speech is known, PL_N(), PL_V(), andPL_ADJ() should be used in preference to PL().Note that all these subroutines ignore any whitespacesurrounding the word being inflected, but preserve thatwhitespace when the result is returned. For example,PL(" cat ") returns the string " cats ".Modern vs classical inflectionsLingua::EN::Inflect can differentiate betweenmodern and classical plural variants via the exportablesubroutine classical(). If classical() is called withno arguments, it unconditionally invokes classicalmode. If it is called with an argument, it invokesclassical mode only if that argument evaluates to true. Ifthe argument is false, classical mode is switched off.In classical mode, the non-anglicized plural form of aword (if one exists) is preferred. Hence, whereasdogma is normally inflected to dogmas, if classicalmode is active it becomes dogmata.User-defined inflections - the def_...() subroutinesLingua::EN::Inflect provides three exportablesubroutines which allow the programmer to override themodule’s pluralizing behaviour for specific cases:def_noun($$)The def_noun() subroutine takes a pair of stringarguments: the singular and plural forms of the nounbeing specified. The singular form specifies a pattern tobe interpolated (as m/^(?:$first_arg)$/i). Any nounmatching this pattern is then replaced by the string inthe second argument. The second argument specifies astring which is interpolated after the match succeeds,and is then used as the plural form. The secondargument string may also specify a second variant ofthe plural form, to be used when "classical" plurals havebeen requested. The beginning of the second variant ismarked by a ’|’ character:def_noun ’cow’ => ’cows|kine’;def_noun ’(.+i)o’ => ’$1os|$1i’;If no classical variant is given, the same plural form isused in both normal and "classical" modes. If thesecond argument is undef instead of a string, then thecurrent user definition for the first argument isremoved, and the standard (algorithmic) pluralinflection is reinstated.def_verb($$$$$$)The def_verb() subroutine takes three pairs of stringarguments (that is, six arguments in total), specifyingthe singular and plural forms of the three grammaticalpersons of verb. As with def_noun(), the singularforms are specifications of run-time-interpolatedpatterns, while the plural forms are specifications of (upto two) run-time-interpolated strings:def_verb ’am’ => ’are’, ’ar(e|t)’ => ’are", ’is’ => ’are’;def_adj($$)The def_adj() subroutine takes a pair of stringarguments, which specify the singular and plural formsof the adjective being defined. As with def_noun() anddef_verb(), the singular forms are specifications ofrun-time-interpolated patterns, whilst the plural formsare specifications of (up to two) run-time-interpolatedstrings:def_adj ’dat’ => ’dose’;def_adj ’red’ => ’red|gules’;Numbered plurals - the NO() subroutineThe PL_...() subroutines only return the inflectedword, not the count that was used to decide its inflection. Thus, in order to output the plural formI saw 3 ducks, it is necessary to use:print "I saw $N ", PL_N($what,$N), "\n";Since the usual purpose of producing a plural is to makeit agree with an explicit preceding count,Lingua::EN::Inflect provides an exportablesubroutine (NO($;$)) which, given a word and anoptional count, returns the count followed by thecorrectly inflected word. Hence the previous examplecan be rewritten:print "I saw ", NO($what,$N), "\n";In addition, if the count is zero (or some otherexpression which implies zero, such as "zero", "nil",etc.), the count is replaced by the string "no". Hence if$N had the value zero the previous example would printthe somewhat more elegant:I saw no ducksrather than:I saw 0 ducksReducing the number of counts required - the NUM()subroutineIn some contexts, the need to supply an explicit count tothe various PL_...() subroutines makes for tiresomerepetition. For example:print PL_ADJ("This",$errors), PL_N(" error",$errors), PL_V(" was",$errors), " fatal.\n";Lingua::EN::Inflect therefore provides anexportable subroutine (NUM($;$)) which may be usedto set a persistent "default number" value. If such avalue is set, it is subsequently used whenever anoptional second "number" argument of a PL_...()subroutine is omitted. The default value thus set cansubsequently be removed by calling NUM() with noarguments:NUM($errors);# SET DEFAULT NUMBERprint PL_ADJ("This"), PL_N(" error"), PL_V(" was"), "fatal.\n";NUM();# CLEAR DEFAULT NUMBERBy default, NUM() returns its first argument, so that itmay also be "inlined" in contexts like:print NUM($errors), PL_N(" error"), PL_V(" was"), " detected.\n";print PL_ADJ("This"), PL_N(" error"), PL_V(" was"), "fatal.\n"if $severity > 1;Interpolating inflections in strings - The inflect()subroutineBy far the commonest use of the inflection subroutinesis to produce message strings for various purposes.Unfortunately, as the above examples demonstrate, theneed to separate each PL_...() subroutine call oftendetracts from the readability of the resulting code.To ameliorate this problem, Lingua::EN::Inflectprovides an exportable string-interpolating subroutine(inflect($)), which recognizes calls to the variousinflection subroutines within a string and interpolatesthem appropriately. Using inflect() plurals can beinterpolated directly into a string as follows:NUM($errors);print inflect"NO(error) PL_V(was) detected\n";print inflect"The PL_N(error) PL_V(was)" fatal\n"if $severity > 1;Comparing "number-insensitively" - ThePL_..._eq() subroutinesLingua::EN::Inflect also implements the number-insensitive comparison algorithm described above,providing the exportable subroutines PL_eq($$),PL_N_eq($$), PL_V_eq($$), and PL_ADJ_eq($$).Each of these subroutines takes two strings, andcompares them using the corresponding plural-inflection subroutine (PL(), PL_N(), PL_V(), andPL_ADJ() respectively).The actual value returned by the various PL_..._eq()subroutines encodes which of the three equality rulessucceeded: "eq" is returned if the strings were identical," s : p " if the strings were singular and pluralrespectively, "p:s" for plural and singular, and "p:p"for two distinct plurals. Inequality is indicated byreturning an empty string.ConclusionCapturing the English plural inflection in reliablealgorithms proves to be a feasible, if challenging, task.The robustness of such algorithms depends heavily onencoding general rules (categories of inflection), ratherthan attempting to enumerate many hundreds ofexceptions to the universal defaults.It is possible to cater for differences in major usagepatterns (for example, modern and classical inflections)and for local differences in dialect (via user-definedinflections). It is also possible to make use of thepluralization algorithms to efficiently detect pairs ofwords which differ only in grammatical number.A free implementation of these algorithms is available,and provides additional features such as conditionalpluralization (depending on a numerical parameter),setting of default number values, and interpolation ofthe various subroutines into strings.

References[1]Wall, L., Christiansen, T., & Schwartz, R.L.,Programming Perl, 2nd Edition, O’Reilly &Associates, 1996.[2]McCrum, R., Cran, W., & MacNeil, R., The Storyof English, Penguin Books, New York, 1986.[3]Bryson, B., The Mother Tongue: English and howit got that way, William Morrow, New York, 1990.[4]Thomson, A.J., & Martinet, A.V., A PracticalEnglish Grammar, Fourth Edition, OxfordUniversity Press, Oxford, 1986.[5]The Oxford English Dictionary, Second Edition,Oxford University Press, Oxford, 1989.[6]Fowler, H.W., Modern English Usage, SecondEdition, Oxford University Press, Oxford, 1965.[7]Bierce, A. The Devil’s Dictionary, Doubleday,New York, 1911.Appendix A - Plural categoriesTable A.1: Irregular nounsSingular formAnglicizedpluralClassicalplural beefbeefsbeeves brotherbrothersbrethren child(none)children cowcowskine ephemeris(none)ephemerides geniegeniesgenii moneymoneysmonies mongoosemongooses(none) mythos(none)mythoi octopusoctopusesoctopodes ox(none)oxen soliloquysoliloquies(none) trilbytrilbys(none)

Table A.2: Uninflected nounsbisonflounderpliers breamgallowsproceedings breechesgraffitirabies britchesheadquarterssalmon carpherpesscissors chassishijinkssea-bass clippershomeworkseries codinningsshears contretempsjackanapesspecies corpsmackerelswine debrismeaslestrout diabetesmewstuna djinnmumpswhiting elandnewswildebeest elkpincers

Table A.3: Singular nouns ending in -sacropolischaoslens aegiscosmosmantis aliasdaismarquis arthritisdigitalismetropolis asbestosencephalitisneuritis atlasepidermispathos bathosethospelvis biasgaspolis bronchitisglottisrhinoceros caddishepatitissassafras cannabishubristonsillitis canvasibistrellis

Table A.4: Ambiguous words (nouns or verbs)actfightrun bendfiresaw bentlikesink blamelooksleep copymakethought cutmightview drinkreachwill

Table A.5: Personal pronouns (nominative,accusative, and reflexive)1st Person2nd Person3rd Person

I fi weyou fi youthou fi youshe fi theyhe fi theyit fi theythey fi they me fi usyou fi youthee fi youher fi themhim fi themit fi themthem fi them myself fiourselvesyourself fiyourselfthyself fiyourselfherself fithemselveshimself fithemselvesitself fithemselvesthemself fithemselvesoneself fioneselves

Table A.6: Possessive pronouns1st Person2nd Person3rd Person mine fi oursyours fi yoursthine fi yourshers fi theirshis fi theirsits fi theirstheirs fi theirs

Table A.7: Personal possessive adjectives1st Person2nd Person3rd Person my fi ouryour fi yourthy fi yourher fi theirhis fi theirits fi theirtheir fi their

Table A.8: Common irregular verbs1st Person2nd Person3rd Person am fi areare fi areis fi are was fi werewere fi werewas fi were have fi havehave fi havehas fi have

Table A.9: Uninflected verbsatehadsank couldmadeshall didmustshould foughtoughtsought gaveputspent

Table A.10: -a to -aealumnaalgavertebra

Table A.11: -a to -as (anglicized) or -ae (classical)abscissaformulamedusa amoebahydranebula antennahyperbolanova auroralacunaparabola

Table A.12: -a to -as (anglicized) or -ata (classical)anathemaenemaoedema bemaenigmasarcoma carcinomagummaschema charismalemmasoma diplomalymphomastigma dogmamagmastoma dramamelismatrauma edemamiasma

Table A.13: -en to -ens (anglicized) or -ina (classical)stamenforamenlumen

Table A.14: -ex to -icescodexmurexsilex

Table A.15: -ex to -exes (anglicized) or-ices(classical)apexlatexvertex cortexpontifexvortex indexsimplex

Table A.16: -is to -ises (anglicized) or -ides(classical)irisclitoris

Table A.17: -o to -osalbinofiascomanifesto archipelagoghettomedico armadilloguanooctavo cantoinfernophoto commandojumbopro crescendolingoquarto dittolumbagorhino dynamomagnetostylo embryo

Table A.18: -o to -os (anglicized) or -i (classical)altocontraltosoprano bassosolotempo

Table A.19: -on to -aaphelionhyperbatonperihelion asyndetonnoumenonphenomenon criterionorganonprolegomenon

Table A.20: -um to -aagendumdatumextremum bacteriumdesideratumstratum candelabrumerratumovum

Table A.21: -um to -ums (anglicized) or -a (classical)aquariuminterregnumquantum compendiumlustrumrostrum consortiummaximumspectrum craniummediumspeculum curriculummemorandumstadium dictummilleniumtrapezium emporiumminimumultimatum enconiummomentumvacuum gymnasiumoptimumvelum honorariumphylum

Table A.22: -us to -uses (anglicized) or -i (classical)focusnimbussuccubus fungusnucleolustorus geniusradiusumbilicus incubusstylusuterus

Table A.23: -us to -uses (anglicized) or -us(classical)apparatusimpetusprospectus cantusnexussinus coitusplexusstatus hiatus

Table A.24: - to -iafreetafritefreet

Table A.25: - to -imcherubgoyseraph

Table A.26: -general to -generalsAdjutantLieutenantQuartermaster

BrigadierMajor