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Meåsure EeDte¡cet ete e.g."Sve¡ is 12 years old"rSwedinhr
"Sven åu 12 år gaurural"r"!he boet it 12 feet long", Swedish"

"BÊteu år 12 fot lång", "Ihe Eione has a weight' of LZ kilos",
Swedish:"Steneu he¡r eD vikù åv 12 kiJ.o", "How nuch is fhe
cår?", SwediEh¡"Hur rnycket kosÈår bilen?"' Such sentences
are part of the core grennår and g].ay aa importaat role i¡
the uee of uatural lenguåge i¡ cor¡¡nunicaüiot¡. They have

attracüed the intereEt of ].inguists because they indicate how

långuages express fundanental coglitive dincngious ald uauy

linguists have noted that "old" i¡ "How old ig Sveo?" does

not presuppose thet Sveu is o1d, while "Horrl young is Bvc¡?"
preEupposeB thåt Sve! i5 young. It hås algo bee¡ troted theù
the sentence "Sven iE o1d " nea¡s ùhat Êiven is o1d for a naa

and that evetr the abEolute use of adjectives inpJ.ies a

cornparison wit'h a standard. Conparative coagtrustione such

ag "Sven is five years older than Lisa " hðve ådded to the
interest in neasure adjeotives. There is a lrrge body of
Literature on adjectives and comparatlve¡{cf .Rusiecki.r19g5}.
These works will not be revlewed in this Peper, whiah ainE at
illustrating how such faots appear in a oonpuùer progren
which oa¡ "underEtånd" DeåEure end conÞåråüive senteuoeg and

enswer correspoudiug questions.
This paprr will present the bäsic syDtåctíc e¡d ser¡åntic

features of SwediEh ¡neesure and conparative seate¡ces. The

Swedish expressions will be trauglated and oonpariton with
the equivalênt EûgliÉh expressions wilL thus be possibJ.e.

The cornputer progråÍtr written ia Prolog, is constructed wlth
this båckgrouud. Various liuitaÈiong have been introduced i¡
order to get a progran which catr be uÉ€d fot denonstratíon
purPoEieÉ,
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The prograo cå¡ peïse ¡ wide range of neagure a¡d
conparative se¡teuces. If, it iE asked to åcrept a se¡tence
it adds the faot to itg data base and returnE ',Jåhâ., (OK).
If it is asked to åDswer a guestion it returns a[ åus$rer if
o¡e is available.The progrrn kDons the equivaleuce of
sentences such es,'The boat is B0 fect long'.r,'The boat has å
leagth of 30 feet"r"Thc lrngth of the boat is 30 feet,, aad
"The boat neasures 30 feet., and is able to use aocepted
i¡forr¡atfou i¡ a¡swers to several types of questÍoas. It
u¡derståads that it is reasonabl.e to caLl e pêrson who ig
ovcr 50 old. fhe progran uDde:isùåDdË that Sven is older than
Bil]. if it has k¡r¡t that Sve¡ is older üha¡ ti¡a and Liea
is older than 8i11. It u¡deretåDds that, Lisa ie S years
youDger thaa Sve¡ if it has lear¡t that Bve¡ iË J y¡trs o].der
ùha¡ Lisa. ft uaderstands that Sve¡ iE double åÉ old ås LiÊr
if iü has learnt that Lisa is half as old ¡rB Svo¡¡. In gone
veriäDtE of the progrån explanations of the co¡cluEions ¡rc
also added.

the progran uay be of i¡ùereet to tho¡c who eonstruct
expert systens, where variaaùE of neåEiure seDtêDoes ofteu
play eD inportent role. Thr frrgnent discussed cån perheÞs
be enbedded i¡ a nore conprehensiv€ Eyrte'. gone throreticår
ud psyeholluguistio issues will be touched upoa as the
prog¡am forces the desigaer to deoide where differeat types
of liDguistio a¡d eaoyclopedic kuowledge is to be put. The
choice of logioal represeutatio¡s is algo a¡ interestiug
theoretlo¡l issuc. g€vereL have to be choee¡ in order to
håûdÌe the problens and peoulariüies dlr¡ousged above. Oue
night suggc¡t thaü e.g. only the unnarked representation is
stored ilr the Dernory ("Eiven is bigger that Liga,. ¡ot,,LiEa lg
snaller than Sve¡") ¡nd thåt inferencee always, or
preferably, are done on u¡narked (positive) representaùlous.
this idea oan easily be inplenenüed in a versio¡ of the
Drogråm to get a nodel whiah can €xplai¡ why subjects catr
verbalize the unnarked adjective f¡¡tcr than the narked one(big
before Enålt) as has been found {Schriefeúsr19BS}.

thc differences between Eiwedish and English evoke sone
connents and saise questlous ¿bouù neasure and oonparative
se¡te¡cee i¡ the lauguages of the world - üypologícal
questlone which wilJ. not be treated i¡ this peper.
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Thr ryatax of ¡¡eaEure Eentences

Four nain types of neåture seBt€trces så[ be distiaguished:
The adjeotivål type (Eiven år fe¡o år gåDDel)¡the noninal. type
(Sve¡ har eu åtder ¡v fer¡ år) rthe ge¡itive type (Sveus åIdrr
år fen år) a¡d the verbal type (Sven våger tüettio
ki.lo;Iacking for the dine¡gio¡ age).

the syntacüic stzuature of the first type ca¡ be

it1urtråted by the followiug regresentatiou:
Dp ( gvetr ) r cop ( år ) r pf (Df ( trut ( f ern ) r unit ( lr ) ), å ( gånoel ) ),

where pf nears predicative phrasêr nf nea¡g ¡¡easure phråser a

uc¡ns (¡¡easu¡re) adjectiver a¡d the other abbrrviatio¡g
should be evideat . fhr characteristia feeture 1s the coPule
and bhe adjective a¡d i¡ the Prolog Progrårû oDly the prescnt
teuse "år" (is) and sone con[¡o¡ edjecüiv€g are uted. The

sanple subiect Dounlr åre chogen ¡ot to creåte e¡y varirtioD
iu egreeBe[t.ff e.g."bårD€t"(the child) is also iuo].uded the
ending -t would have to be added to the prcdicative adjective
ag "ba¡ueù " has aeuter geuder.("Barnet år tre år gannalt").It
is quite possible to haudle such problens in the Prolog
defi¡ite cJ.ause gren¡ner fornelien used, buù for our purpose

it iB inportanù ¡ot to cluüter up the progran by thr
additioual nachÍnery.

Ore equlvålent questioû is:
pf (nf(hur), a(ga¡¡nal) ) r cop(år) rnp(svel)?(How o1d is

Sveu?), and an ångwer could be¡"(9vcu år) fern år (gannal)."
It wou]-d also be poesib].e to augwer such a question withouù a

Dc¡sure phrase by Eåyiûg:"Han år nycket, gamnal."(He is vcry
old. ) Thls case iE ¡ot covered by our progråD. Àaother
equiveleDt questioD is!
pf (¡0f (nun (hur nånga ) ,unit(år ) ) ¡ r(gernnal ) ) , ooP(år ) ,np(sven) t

but the otr].y accêpteb1€ enEwer ir that case is a ¡unerical
angwer subEiituting for "hur r¡ånga"(how ne¡Y)r r.9."{Sven år)
fen(år gannet)". lhe usual way of puttiug this quesious ig in
fact only:"Hur uânga år år Sven?" vthere "gannal" is deletedt
probebly ås beiug redu¡dånt whe¡ "år" (yeårs) is ne¡tlo¡rd.
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Sente¡ces without D€åÉurË phrases are sinilar üo this
tyge. But ås n¡Dy linguist,s håve noted the meaniag of gone

Eeesure edjectives is quite differ.DÈ If used with a neåsure
phrase. "Bven le five years old,' doeg not nea¡ thet hè iE
o1d, BDd that ls why it is not too strangc to co¡tiaue¡,,lle
is not old". For bagic dinen¡fotE there is å¡ ådjective which
c¡D bè uerd i¡ thie neutr¡l way¡an cxceptÍon is the dinengioa
welghü. As iu Euglish oae cannot say:"Svea år fen kiJ.o tung,
Dor "feD kilo låüt.,,(Svc¡ 1g five kilos heavy/lÍght), One
has to say thatr"sveu våger nyckêt,,(SveD weighs a 1ot) or
"Svens vikt år hö9"(Sven,s weight fs grÉat), ,'Sven år fen
kilo tuug" is straage, but it has an iuterpretaùioa, which we
rnight waat our progr¡ro to be abLe to ha¡dle.(A versioD doee).

The secold type of Deåsurê gentenceE is the [onlBel
type, which ney be lllustrated byr

Dp ( SvèD ), vp ( har ), Dp ( o! rr¡ ( ålder ), av rnf ( f en, âr ) )
where the characteristic feåturc ts ,,har', plus ühe neåEuxe
DouD (Da) followed by a neasure phrase.

the equivalent questiou i¡ ,,Vllke¡ âlder har Bvet?,,
(Whet age iE Sver?). Thie coustruotioa is slightly fornal.

The third type of D€åËure senüe¡ce iB ch¡råcterized
by a subjeot where the be¡rrr of the property iE i¡ the
geuitive r¡d the property is de¡oted by a ne¡iure nou[.
It aa¡ bo illurtrated by:

up(Sveusrnn(å1der) ! r cop(år) rrûf(feDrår). The equivaleut
questioa is "Vilke¡ år gvea€ åJ.der?,, It ig aot possible to
fry ovilke! ålder år SvenE?,, ldhich erould rather be a¡
equivalent to the straagr Euglish gentence .Whlch age betougs
to Sven?". It is, however, åIs{r possibLe to Båy (Dore
infornally) "Vad år gvens âLder?', À ¡ative is hardly aware of
which kind of neagure coDstruotio¡ he uses.

there 1g a related ¡oniual aonstruotioa:',Sveu har hög
ålder"(Bv¡u has high age) a¡d a rclated geaiÞiva
constructiou:"Elvens ålder å¡ högF(gveD,r age is highl. lrle

¡oüe that hðg(high)r1åg(lowl can be uged wlth Eoúe dineDgionß
e. g. AJ.der, kvål itet, kvåatitet, hö 5d, hast t ghet ( speed ),
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The fourth type of neaËure oonrtructiou is cher¡oterized
by the fast ühat the verb denotes the dirnetslonr but therr
rre only a few such verbs availabl.e. lhe constructlon ca¡ be

illustrated byr
up ( giIeD ) r vp (kogter ) rDf ( 8000 r kroDor )

The verb "kostar"(oost) deaotes the Prlce dinensio¡!,
"vågèr" de¡otee ùhe weight dine¡sio¡ (¡où "ty¡ger", whioh

nea¡E prëEs down)."Rynner" r"inaehåller"(coBtåiDs) de¡otê thå
voLunc dineasion, but other neåsute verbs ¡re hard to cone

by. Sone thåt cone to nitd e.g."rnåter"(¡¡eagure)r"råklar"(coulf)
Eeeu ofte¡ to hrvc less acceptability and they are uot
associated with o¡ly oue dine¡glo¡. It seems possible to
åDswer thr question "llur Et'or år salen"(How big is the ha11?)

by "Den nåter 1000 kved¡atneter", but also by e.g. "Den

råknar 1000 stol¡r". Iü is al'so possible to tBke "stor" to
indicate volune eDd eûswêr "Dea rynmer 500 personer".(It cs¡
take 500 persoDs, It ceu geat 500 persoos). The verb

"onfattar" r'rou].d fit i! å seute[cê gt¡ch as "Den onf,aütar 1o

sektio¡er"(It ÍDêludes 1O seations). It is possible to
auswer the question "Hur IåDg å¡ båte¡?" (How long is the
boEt?o by "Den år 3O foi 1å49", but also by "Den nåier 30

fot". The question "Hur bred år båten?" (How wide i5 fhê
boaü?" can possibly also be r¡¡w¡¡ed by a phrase ooatefntlg
the verb "rnåter" e.g. "Dea nåter tvâ neter" (It neasureg two

neters). the English verb Deesure tstt[lE to cerry siDilår
styJ.istic velues.

Therr is e relåted co¡structlon without å rneåsure

phrasel"Bile¡ kostar nyckêt" (Îhe car oost'g uuch), where

the word "nyoket," is au equivåleut of "a lot". It i5
sonet,i¡¡eg possible to utè the verb alone (iu a gregnant
sense):"Det koetar", neani¡g "That cottB a lot". ID the sårDê

wåy sÕme dinergional DouDÉ oåû be ustd ia a preguanÈ seuse,
e.g."Svea har üyngd" (Sve¡ has weighü), but in that o¡se thr
neaaing is abstract:Sve¡ is of inportance/oarries tteight.

Thr prlse dir¡e¡Eion can also be denoted by "betingar".
It nay algo cot¡biue ltith the noun¡"Biletr betiugar ett högù

pris /5000 kronor"(The oar costs å lot/5000 kroDot)'
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Conparative sentenceÉ

Buperlative seltencer cå¡Dot lornally take neaeure phrases as
illustrated by the folJ.owiag Éente¡ces and ungrannåticel
exp¡DÉio[s: "Êiven år å].dst av pgjkrrDa"(8ve¡ is (the) oldest
of the boys)¡ ¡t"6ve¡ år 5 år åldst av pojharna"(Sven is 5

years (thr) oldest of üh€ boys). ft is, however, possible to
use e t¡o!,-¡ruoerical nodifie¡ eB e.g iD "Sve¡ år klart åldsÈ
av poJkeraa"(Eiven ie olrarJ.y/by far thr oldest of the boys).
Superlative ¡entr¡oeE ar¡ ¡ot iucluded in the fragnclt of
Swodieh oovered by our prograltr, buù it ir fnterertiug to
speculate about the r€åsonËi why natural. la¡guage(g) - et
Ic¡gt' ¡ot Ewedish ätd EDgllrh - do ¡ot offer superl¡tlves for
DumsricåI guantlfication of the diffcrence betwee¡ aB object
and the group of obJeots it is Eingled out fron o¡ the basiE
of a oertai¡ dinensio¡. If SvêD lr 5 years older than a
oettàiD group of boys this fast ls readered by a conparative
conetruoùio¡ nherê he ig not co¡Eidered to be a nenber of a
grouÞr"Svr¡ lr 5 år åldrê äD pojkerDè,'(gvèD is S yeere older
than the boys).

there are dlffcrrni types of conparative co¡struotion.
Sone types will be discussed below, but ¡11 are ¡ot covered
by the Prolog progråD. He nay distiaguish betrreÊ¡ adJectiv¡l
typæ, where the couparative forng digcuesed by so ¡r¡åDy

linguÍsts appcår, e.g. "8v€¡ år 5 kilo tyngrc ån lie¡,, (Bve¡
1¡ 5 kilos heavier than Lisa), verbal tyDes, e.g. "gver våger
5 kilo ner ån tÍsa" (Sv€D wcighs 5 kilos nore than Lisa), a¡d
¡oni!¡J. typcs e.g. "8vels vikt år 5 kilo högre å¡¡ tisaE,'
(gven's weight is 5 kilos greåt€¡. th¡û tiså,s)¡ ',Even har eu
frn kilo högre vikt ån Ltea.' (Eive¡ has a S kilos greater
roeight than Lisa).
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Conparative seutenoes nay also bc divided ilto €quålity
(conparativê) sent€¡crr e.g. "Bve¡ å¡ like tr¡¡g gom Per"
(svÕD is equelly heåvy er Per, Sveu is es heevy es Per) rDd

diffêrètrce (conparative) Ee[teût€s. Difference seateaces may

be divided iato additio¡a1 (a¡d ¡ubtracùio¡e1) teDte[cëst
e.g. "Sven år 3 k1lo tyagre å¡ Liga" (Sve¡ ls 5 kilos hcåvier
thån Liså) end uultiplicationel (dfviåioûål) se¡teDcctr r.9.
"SveD år tvâ gânger eå gannal som Tim¡ Sve¡ år dubbelt Bå

grnnal sorn TinrEveu år två gåager (dlubbelt) åldre åu Îin"
(Bvca lE two tines (twice) ae o1d as Tin). lhe divisional
conparative typr is illustreted by "Tin år håLfte¡ så gannal

son Sven" (Tin is half as old as Sve[). It ie Elgo posrlblr
t,o co¡obine these types and verbalise an euqaüion as fn "Bve¡
år dubbêJ.t sâ gånmålsom Rutr nfaus 2 år" (Bveu ig double ag

old as Rut, nlnus Z yeårs) r but suoh conplex coustrucüio¡s
wi}l not be handled by our deno¡stratloo progran.

the eyntactic etrucüure of an evalu¡tivc conparative
co¡gtruction without å neesure phrase quåDtifyitrg the
difference can be illu¡tretcd by the follovriag Ee¡tenoe.

up(sve¡) rcop(år), conpar(åIdre) rpp( prep(åa) rsPiLisa) )

Sven is older thå¡ LIr¡
Equivaleat questions are e.g. "Är SveD åIdre ån Liga?"

(Is SveD older than Lisa?), "Ven år åldre ån LiEa?" (Hho is
older tha¡ Lisa?).

The syniaciic struotu¡e of a relatcd eontùructio¡ where

a rneåsure phråsë is includêd can be illuetrated by thr
following gentenoe.

Dp(gve¡l rcop(år) rnf{nun(5) ruDlt(år) ) ¡ con¡rar(å1drr)
Svea is 5 years older
PP(PreP(¡n) ¡Þ(Ll3r' )

tha¡ tisa
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there er¡ ¡rvrr¡L ways of asking equivalent qucstions
dependiug on how tna¡ry woÍds are noved to the fro¡t of the
sc¡tcnoe¡"Hur nånga âr år Sve¡ åldre åu tiså?"(How uany years
is S¡veu older th¿n Llsa?), ',l{ur nånga år å].dre år Svcu ån
Lf¡a?" (How nany years older ir SveB tha¡ Lisa?), ,'Hur nlnga
år åIdre å¡ LiEê år Sve¡?" {How na¡y yêers older than Lisa is
Eveu?). Euglish EèenB üo have the sane styl.istic optionr. The
unit(år) h¡¡ to go wlth the questio¡ word (hur nåuga), which
su¡rports the neasure phrase (nf) as a sotstitueut. Thc
preporltiou{åal hae to go with the ûouû(Lise), whioh supports
the pr€Epoitio[ål ph¡r¡¡c ¡s ¡ co¡Etitur¡t. But the
aonparative(åIdre) caa br noved with ühe r¡easure phrase or be
gtr¡¡drd with the preposltfourl phraee aad this facÞ speaks
against åssuning å con¡titue¡t includiug the coroparaùive forn
a¡d the preposiùiolal phren.

Multlplicatiolrl oonparative constructionE cåD be given
a syatactic representatfo¡ as illuEtrated by the following
It¡teuce.

ap ( Svrn ), cop ( år ), gf ( nun ( 5 ), gånger ), ad j ( åldrn )

Even ig 5 tines older
PP(PrêP(¡D' Dp(TiD) )

. ühan Tin
Wiþh dubb¡lt (double) the oo¡gtrucüio¡ illustraüed

by 'Sveu år dubbelt så gannal Eom Tin,, is gelcrally used, but
i¡ other orrrs both the eoustrustion with ùhe oonparative
foro and the construotio¡ ',sâ ådJ sorû" are graunatical. This
paper does not attenpt to pinpolnt all such idiosylcratic
facts, however.

Equfvelent questioDÉ support the colrtituent åDalysis
ruggested above. One oay ¡ek:,'Hur nånga gânger å¡ Sven åIdrc
åu Tin?"(How nauy tines fs Bve¡ older than Tin?), ,,Hur nlnga
gâBger åLdre år Sven å¡ Tin?', (How nany tines older is Sve¡
thrn Tln?)¡ "Hur nåDge gånger ål.dre ån Tin år Eve¡?,,(How nany
üines older than Tin is Sven?). Àn answer could be¡,,Dubb¡lt
Bå gånnål" (Double ås old), ,Tre gânger så gannaI,, (Three
times as old) or "Tre gånger åldre,, (Three tineg o].dêr). Th¡
wordiug of th¡ åDswer is Dot depeadent o¡ the rrordilg of the
question, ouJ.y oa the Eeå¡ing of the gueEtfou.
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Sy¡o¡yby relåtiong

AÉ noted above there are often (alnoet) equivåIcnf
adjectival, ¡oEinðI a¡d verbal e*pressioas. lhe followiag
t¡blc lists the nost inportaut o¡ics, where there are ¡t
least two word cLasseg to chooge fron whe¡ a dine¡sio[ is to
be de¡otrd together with a tnêesure phråEe.

Verb Adjective lfou¡

nåter (meåsureB )

rynner (co¡tai¡s)
råkaar ( couats )

våger (weighr)

ro]ter ( costs )

betirgar ( eosts )

grnual (old)
lå¡g(1o¡g)
stor (bfg l
stor ( big )

hög ( hish )

dJup ( drep )

bred (wide )

tJock ( th i ck )

varn(warml

å1dËr ( ¡ge )

Iångd(length )

volyn ( voluoc )

storlek ( gi ze )

vikt (weight' )

hðJd ( hetght )

dJup(depth )

bredd(depth )

tjocklek {thick¡erÉ}
temperatur
kortnid, pris ( aoet )

kosünad, pris (cost )

Therè årè very few verbs vrhich have a dine¡sio¡al neaning aad

can be oonbiaed wlth a neåsure phraee. A¡d sone are
anblguous es [oüed. There exíst only a few ¡díectlvee whieh
cåD ocrur with a Dee:;ure phrase a¡d have a dinea¡lonàL
meanirg in ordiarry lalguage. DineDsÍo[a1 DouDs oåD always
be forned, eÊpeciåIly i¡ rûorr øpeclfic or scie¡tific
language. We Eight ray bhat an object h¡s flexibfliti 5, the
colour resiste¡ce 3 etc.This is do¡r i¡ co¡suners tests. But
even if scaler dine¡sioaE err thus devised one cåD only use

the Iroun, not ùhe equivaleat adjective. One may say that
sor¡€thing hrs a flexibility of 5 flex u¡iùr, but hardly that
it is 5 (flexl units flrxible or that it flexes 5 u¡ifs.
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Logical repzeseatatloas

thr loglo¡1 rcprecentation of o€esure sertenoes with neasure
phrases iE 1(XrDrNrU) or l(XrDrE) r where XrDrErNrU are
va¡iableg. X is the objc{rt haviag the property. D is
e.g.ågê, the nåne of the property(di[etrEion). E t¡dicates åtr

evaluatio¡ a¡d takes otr the velue nore({}ri¡dioating norc
thatr the staDderd for Éu€h objects or less(-), indicatirg
legs than the ete¡dard for eush objectg. The våtiåblc N

coverÉ nuBbêrË and the variabLe U covers uaftB of dlffere¡t
fype. e.g. year, neter. À typloal rc¡te¡oe yrith e neåsure
phrase e.g. gveu lE 5 years old would be representetl by

1(rvcurage ,Sryeare). Tinc ts disregarded.
The seute¡oe Eiven is old would bc represented by the fornule
l($v€DfBg€rnorelrwhrrc the ev¡lurtÍo¡ variable is set at oore
neauing that Elve¡ has a high age (but ùhc nunber and unlt
variabh¡ rr¡ u¡know¡), Diffcre¡t fornats erè thuE uged for
the two ty¡re6 of seltcDões, a¡d ¡ornally eveluåtion ir
inconpetible with a speatficatiou of ¡unber ¡¡d units. It is
sometines possibleralthough å bit strå¡rgerto givr bofh åD

ev¡lurtion and a nunber of u¡itg and say c.g. Sven is fifty
yeårs you¡g, iadiceting that Even is youag for his age aad

such c¡eeç o¡¡ br hr¡dled if tlro f¡cts are added to the data
base, which ca¡ be do¡e i¡ various nåys. But if this way

of co¡¡truotlon ls DcrDittêd ¡nd co¡sidered as grarnnatical
the grenner w111 be overgenerating.
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The following teble iudlcates how eome contsot¡ Écntencee

will be represented itr our logical fornaf.

Bente¡ces Logical forn

1 ( gve¡, height, 2 rmeter l

1(sveDrege.50rår)

1( rvel rtrelght. To r kilo ]

Sven år 2 net'er lâog.

Sven år 50 år gannal.

Svea våger 70 kilo.

Bílen koÉt8r 5000 kronor. 1(bilenrcostr3000rhroDor)

Liga har e¡ ålder av 40 å¡. 1(].fgåråg€r40rår)

BiIeD år hö9. 1 (bileurheightrnor¡l

Bilen år lått' 1 ( bilen,weight, LGss)

Per år 70 år ung.

Ferg ålder år ?0 år,

1 (perrage, 70 rår ) rf (perragerlegsl
(in sone versions of proglan)

1(perrager?0rår)

Certaiu questio!É ask for aunericåI details, e.g."Hur nånga

år(gannal) år Bve¡?" and they have ùo a¡ewered by aållilg the
longer 1ogica3. forn aud glving the v¡3.ues of the last two
variables. EveD the questiol "Hur gåBnåI år Sve¡?" has to be

aaswered by givlug the values of the lest two variables. The

typical cases whe¡ the evaluatiou v¡riable is to be làoked
for ere yes/no questionE such as "Är Sven gammal-?". An

ånserer could be "Ja" a¡d if ¡unerisaL valueg are available
the augwes could be expauded 1nto "Ja, han år 75 år".(Not
do¡e i¡ this progran).Olher questfous of this ùypc are:"Är
bileu dyr?" (Is the car expensive?)¿ "Koster bileD nycket?"
(Is ühe ear expensive?).
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togical re¡rreseutatio¡e of oornparative sentelces ere
established sinilarly. l{e will represelt ,,gveD år åtdrê år
Lisa" by 1(svenragernorcrlise) oÍ Borê generrlly l(XrDrEry),
wherc X ðDd Y are the two objcotg oonpared (X is i¡ focus), D

is the dlnenelo¡ of oonparisou, E is the ev¡luative våriåble,
whioh nay be norc(wi.th age represeating otder), or less
(with age reprcreuting youuger). This reprr*cutatiou
couldria fact, algo be used for abgolute cåics, such as ',Sven
år gruorl"(Sveu iE old)r if we assign å st¡rderd to y.

For the Eente¡oe ¡,X år lika garûr¡åJ. som y" (X is as old
re Y) th¡ rrprcreatatfoD 1(Xregêrnorerlikery) is used and for
the sente¡ce "X år lika ung son Y" (X is es yor¡Bg år y) the
rrpreeeatatioa 1(llragerlessrlikeryl ig us¡d. The differe¡oe
betwee¡.thoge two genteaces is ùh¡È with ,'uug,,(youog) the
pttrous erê pr€sßupposed to be you¡gr while with '.gtnnel,'
(old) no evåluåtlo¡ is inplied (gåDnel_ beÍng the ¡eutråJ.
u¡n¡rked tc¡¡¡). Meybe thir presuppoeftio¡ should rether be
r¡prcEcDted åE å reperåte fåot, hoqrever.

The quantifled aonperative ¡o¡t¡¡css Dccd nore oooplex
rcpr€re[tåtio¡s. For the additio¡al cåse i].luEt,råted by
"8ve¡ år 5 âr åldrc å¡ Lig¡" (Bve¡ ii E yc¡rs older thau
Lis¡) we write 1(svcurågernorersrycersrlieå)r where the forth
¡rd fifth arguneats ¡re the nunberg and the units,
respectively. Changiag ¡oore into Lees allowg us to repreaeat
the entonyns (oldÊrryoungerrheavierrlighterretc. ). fhe case
where th¡ dlffereuce is give¡ ia nultipllaåtlnuål tcros is
lllustr¡ted by the folloeriDg tråEet
l(svenragerrnorerSrtinesrlisa) ¡ whlch is the logical
irrugl¡tio¡ of "Eiven år 5 gåager så gannel son/åldrë å¡ Tin..
(Sven is 5 tlneg as old eE/ol.der thaa Ttn).

the logical represcntatio¡g uEed are ad hoc and it ig not
cJ.eer how thr ghouJ"d be integrated i¡ a fulJ. Eenantics.
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Sone inplicåtionÉ ånd iDferenccs

Speåkers of Eaglish drrett the co¡clusion that Sveu weighs 5O

kilos, that hiE weight is 50 kilos and that he håB a weight
of 50 kilos if they have learnt thaü he weighs 50 kilos. They

do not, in fåct, consider these cÕDclusions as co¡sclusfons
rather ê¡gi Eynonymy re].etions. This is e reåÉon for t'reating
then in the way it is do¡e in our progr¡nr idhere all these
expressions ere repres€nted by (tra¡slated itrto) the såne

J.ogical represeniatio¡, Once one of the expressions has beea

¡nentioned the others are autonatically truê âtrd guestions
bååed on thè other fornuLationE åre aDBnered in the
affirnative. The choice betwee¡ adjectival, noninal or
verbal expression does uot íDvolve any logical i¡fere¡ces i¡
our progråm. The borderline betweet¡ verbal Eyûotryny ånd

logioal inferences is of theoretical lnterest, but fü wiLl
not be disougsed in this pepêr.

À genuine í¡ference nay be illustraüed by deriving "Lisa
is you¡ger thaa Sven" from "Svetr is older tha¡ Lisa". He uay
call. this inference the "antonyn conparatíve iaference". I¡
our Prolog progren such infererces ere ha¡dled by variants of
the foll.owing ruleE.
l(Xf DrnorerY) :- 1(YrDrlessrX)
1(llrDrJ.essrY) ¡- 1(YrDrnorerX)

Sinilarly the inference Lisa is S years youDg€r

then Sver¡ can be d¡iår.rn fron þhe fact that Sve¡ ie 5 years
older than Lisa, if the f,oLlowing rules are included in the
progreD.
1(XrDrnorerNrUrY) ¡- l(YrDrlessrNrUrlll
1(XrDrJ.essrNrUrY) :- 1{YrDrnorerN.UrX)

these frnplioations and inferenceÉ are handled i¡ e

Epeciå1, sectiol of the progråm whiah can be extended furthlr.
Presently þhis section also includes an equivalence i¿ference
1(XrDrrnorerlikerY) !- 1(yrDrnorerlikerll)

This rule states thåÈ gvéD ÍE as tall as Tin if Tin¡ is eB

tal1 as Sven. If we want to cover that Sven iE as small as

Tin if it is known that, Tir¡ is as big as Even we could add

a ruLe v¡1th lesE iustead of nore. A speeia]. v¿riable raDgiBg
over ¡norerlegs could algo be used.
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Multiplicational iuferèDc€E cår be handl.ed by the
followiug rule.
1(XrDrnore¡1/NrtinesrY) r- L(yrDruorerNrüinesrX).

This i¡fere¡ce iÉ illustrated by:Tln is 1/S as oLd ås
Even if Even is 5 tines as old es Tin. It is to be noted that
ouly the ¡unbers (N) are i¡verted in such clages, ¡ot the
ånto¡y¡nB. fü is ¡ot oorrect to coDolude that Tin is 1/S as
youDg aEi Bve¡ ae that would inply that Sve¡ was kuowD to bê
your¡9.

À¡ infere¡ce based on the trånsitivity of the dinensione
i¡volved nay be expressed in the followiug way. I(XrDrnorerZ)
l- I (XrDrnorerV) rl (yrDrnorerZ)

this sinply neans that if X has the dine¡Eio¡ i¡ a
higher degüee tha¡ Y a¡d Y has iü in a higher degree þhan Z
than !l (also) has it in a higher dêgree(DoÌe) tha¡ Z. The
oes¡ erhere uunerical values are i¡cluded fs ¡ bit nore
oouplicated. The followlng ruleg covers e.g. the following
cege:If, X i¡ 5 years older ùhen y and y is 5 years older tha¡
Z tha¡ X is 10 years older tha¡ Z. l(XrDrnorerNrU¡Z) :-
1 (X, D, nore, M I U, Y ), 1 (Y, D rrnore rp rV tÈr, N=M+F

Ne are ¡ow e¡teriug ålgebraic operations ånd further
el¡bor¡ùious eould inply solviug equatious, which would
definitely take us i¡te the vrorld of Artifioial Intel1lgence.
the age of Sve¡ Day for i¡gta¡ce be conpuùed if it is know¡
that he is twice as oJ.d as per, who is 6 years older than Bo,
who ig half as old as Bilt. who is 60. But we do not wa¡t to
pr€pere our progran for suëh conputations. They caD herd].y
be i¡cluded i¡ the set of "¡atural. inplioatioas".

Certai¡ i¡feÍé¡ces dealiug wiüh evaLuative sentences
nay be establÍshed although they are ,,flzzy.'. If e person is
over 60 he nay be called old, ald if he is u¡der ZO he nay be
callcd youDg, buù this varies with oultureg and ùir¡es,
Sinilarly a prioe nay be call¡d high and the object expeneive
if it is ebove a certåil figure, but thiE figurè al¡o veries
with culÈures. tines - and, of courãe, with the type of
obJeot.
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Conne¡ts o¡ the progråra

The progran ls designed to be shört and rlnple.It is nea¡t to
deno¡rstråte one ¡ray of, trrating the soalar ead conparativc
sonstructions conneuted on by so Etåtry linguirte. the progran
run¡ oD a VÀX/VMS Versio! V4.2 ¡ud u5ê5 a Prolog version
v¡hich the Departneut of Liuguistics Luud has obtaiued by

Eourtesy of the department of Cognitive Scienceg 8us¡or
(susÉêx POPLOG Prolog (Vërsion 10)11985). I an iadebted to
Robin Cooper for teåohing ne baEis Prolog and to Mrtr
À¡dersgon for iroproving r¡y ptogr¡n.

The firsü part of the progran haadles the parslng of
declarativr a¡d interrogative ÉeDtences of thc typeg
discu=ged above. the predioate gcnÈ takeg four arguneats: a

varlable which is d for deolaråtive etrd q for questious, a

syntactic t¡ee ¡tructure, the sentence(list) to be parsed
aad the enpty list. the rules show vthich types of drcl¡r¡tive
end interrogeùive clausÊs the progråD car he¡dle. The rules
B¡re writteD in the defl¡ite c}åuse gra¡¡nåt fornaliro(DCG).The
Éyrrtåctic rÞprcsèntetion is sinp].ified ead ûeny of the usual
categoriel labels have bee¡ left out lD thls regtricted
grannar.

The lexico¡ rules allow ihe i¡Èertion of orrt¡ir defi¡ite
Douns, which are Eo¡-¡euteÍ Dot to conpllcate i¡flexioa by

agreeDeDt (neuter and pluzal). Thc grnitive forn of.¡ou¡s is
ao¡structed by adding an -s ('r) and that is haudled by eone

ru1€s below Dps. Certain dinensio¡rl r¡ou¡s åre allowedt ald
Eone dimensio¡¡I verbs. Sone nu¡nerals and al]. iategers are
Ellowed ås DurD iD the rû€esu¡e phrases ånd r nunber of scalar
uuits lJ.l.ustrate what ca¡ be accepted by the güåmrnå¡¡.

The nealing of, the words ¡¡e givel by the prèdicet€ b
(for betydelserneånitrg). The neaniag is gÍven by Eaglish
words, We distinguish the dinenElo¡al Do¡Dlrg of e,g. ganrnal,

which is age ,b(gannalrage). frou the evaluative neaaiag of,

gannalrwhlch is b(gannalragerDore), tlote that ¡bsolute and

conparative forns are assigaed the Eårne neanlng hcre.
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Thr ¡yDteõtic structure deriv¡d through the parsing is
tranglated into logical rcpreaentaùionsre.g. for cornparaiive
I(XrDrErNrUrY) where ll fs thc object which has the propcrty,
D fs the saue of the propertyrE is the evaLuation variable, N

is thr ¡urneral value a¡d U ie the unit.y is the conpared
object. |[he v¿lues of D and E are derived by the neanlug
relatio¡s (b).

the pzogran c¡¡not eccept straage settenceg suoh es
"Elvea år 10 nêter garnrnal,"(Even ir 10 neters otdl. The
knowledge thaù oertein u¡itE are egsoolaü€d with certåiD
dinensio¡g i¡ co¡gidrrcd to bc eacycloprdls ead ¡ot to be
i¡aluded l¡ thr ExBD¡oer rulcg. The ¡atural place for thesc
coagtr¡intg g¡en to be i¡ the tr¡nglation lnto logical foxu,
thuB prohtbitiûg surre¡lfstio ge¡üe¡ces ¡6 the o¡r ¡bove.

VåriouE ingltcationE are i¡cLuded i¡ ¡ spociel eeatiou.The
progree h¡¡dlr¡ thc fact thåt a ¡rèrBo¡ who iE over 50 ycars
old nay be o¡Il¡d old. The predicetr êx¡, inE€rùs the valur
Dore eB {he E if th¡ dl¡¡agio¡ iE egê ¡Dd thc nunber of yeårr
erceode 60 (an epDroxfnetio¡).

The i¡ter¡ctlvr predlc¡tes al.low edding of i¡forn¡tfo¡ üo
ühe data base. thc predicate acoept(X) parser the scntcnae,
drrlveB the equivalcat logtoel cleuse eDd stores it. It
rêturÁi the word "J¡ha"(OK) as a stgaal. The lexiaal ¡¡d
sy¡tåcttc dctrll¡ of the sentenoeg årÈ thu3 ûot Etored, whiêh
is possibl.y a featurc of psycholiaguistic reality. The facts
¡rc stored wiühout ohcoklng i¡oolsisisteuor5, The iûfèïeDce
ruJ.cs ¡rr us€d only t¡ answeriag queetloue.

lher¡ ¡re aray dfffer€¡t wrys of rsklug, whioh oan b.
sroa 1D ùhe dif,feroot drfi¡itiong of answor(X). À typlcal
qucrtioa t¡ 'Hur gannal år Eive¡?" a¡d thl¡ l¡ h¿ndled if
å¡¡ïtrr(fhurrgannalraerrsvear?J ] ir typed to the conput€r.
the progren w1].l ühcn parse the så¡tcD6e rccordilg to the
syr¡tåctfo rules aud derivc the value q, and the tree
strucùure r¡(svet¡ , [aer] .nf ( thurl ) r gann¡l ] . The logic¡l
fo¡m l{sve¡ragerlf rU) will be aelhdraud at Last the valuc¡ of
ll and U wfll bc Drf¡tcd. In Eonc cårcÉ å lolgcr ¡¡swer ls
ge¡eråted on the begig of the loglcal. Tèpresentåtioa. If
there is no iaf,orn¡ttou evåilåble, if DothiDg håE becn Eåid
which allows åny ëolclusions, the atswer will be "vet i¡te".
ff there is a oo¡ùr¡dictory fåot the a¡¡serer will, be,'¡rJ,,.

206



fhe ilteråctive nodule of the ¡trogrêr¡ includes å fuloùiol
TEXT(X) which printg a text (Éeries of se¡tcnces! telliag
about X. It wiII give all poeeible, €ven syno¡ynoust
verbalisationg (with ådJectiverDouDrvrrbl of the fåcts süorèd
iD the detå båse. The te:rt oftel gêts a bit verbose. but the
fuDotion TEXT allows oheckiDg the prog¡en a¡d whåt is sto¡ed
curreltly iu the data bage. The connatd LOSIC{X} priats the
logioal (senanüic) represeniation of the geatence X. Questio¡s
do not have logioa]" represeatatioug f¡ the preseDt Bytùen
(See Eugdahl., 1985, for suggestio¡g).

The conmaud ANSWER(X) pertes thê Eeltelce end gives et1

ar¡swer.Thè cornna¡d SAY generates a senùence sccording to the
grårû¡når, priBts it end addg the correspondiug fact to the
dåt¡ båse. This connand sinulateg the siùuatior whore ¡
speaker seyE sonethiag and e listeûer slores lt. The conuand
ACCEPT(X) is sonewhat nore conplex aE ühe storing ic folLowed
by e beckëhannel iten¡ which is "Jaha"(OK) if the f,act ig ¡ew

aad "Jag vet" (I k¡ow) if the fact is known already. The

comma¡d ÀEiK generates a quêstion which is also griated. these
conna¡dg aa¡ be sonbined i¡ differe¡t vråys iD otder to
Einulate conversatio¡. Oue way of doiag thls is show¡ by

the êonneDd DIAL. this eonneDd calles the othcr EonnrDdÉ

iú order to get ¡ew declarative seDteDoÊE, qu€stions,
backahanuel iteug ¡¡d åDsqters' Thesê conu¡¡ds o¡¡ be uEcd

in nore ådvåc¡rced ginulatious of connunication, where two
parts really exchatgc i¡fornation
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Coaclugio¡. A z-nodul¡r nodel of the language user

The progrenniug J.aaguage Prolog offere a feirly co¡venie¡t
means for writing prograrns whieh pårre a¡d, .,uuderstaad'l

sente¡oeE. It ie also very suiteble for iavertiag the
process and geaerating sentelces on the basig of the Eåne
rulee.It fo¡oes the linguist to nakc hig iderg abouü syutax,
lexicon, norphology¡ senantios, pragnatics and logio nore
preclse, The workiug of the progrån ir e proof that the
ala].yris is oorreot, but ¡ot that the solutiotr is the on].y
pocrlble, th¡t it is the best, thrt it refleotg the
psyoholiaguietic proccsscs of å Ëpc¡k€¡r/hearer or that lt
would be ruiteble for the rest .of thr lruguage. Às sä¡ be
¡eel fuom our progrån even such a snalJ. fraction as the
De¡sure ald conparetlve ¡antenccs rcquires a big p¡.ogrån.

the oo¡structio¡ of this progran haadJ.ing neasure a¡d
oonpårative s.Dte¡ceE has lcrd to the establi¡hne¡ù of Eeven
integrated Dodulêr. Thc wholc nodnl nay be oalled
Iatcgrativr greno¡r, beceuse ühe granrnar is inùegråted anoag
the 7 rûodules ¡eeded in I full oodel of a language ueer.
l.CåtÊgorfål oonbiDetion rules. These rules tell whioh
cetegories or iudividual words oa¡ oonbine. They have to be
expaaded wlth egrrencDt coDditio¡s i¡ order to handle oonoord
phenomcae, nhich thê rules iD the progran do not. Thesê
ruleB ¡¡rd the håDdliDg of transfor¡¡s of Ee¡teDtrèe, gaps eto
have been the focug of nuch liugulstic diEcuggio¡ during the
1å6t dècåder. Thr cetegorial rules of corobiûåtio¡ aleo bulld
trees i¡ whioh the structure nay be oede nore rcgular (.,deep
BttuotureEr ) rnd they give iafornatio¡ about se¡tenoeg node
(deo1a¡ative aad questioD) iD a special veriable. These
ru1¡g o¡a be pareed by an builti¡ necha¡lsn in prolog, which
ie ¡ot discussed at all here. This nodule is traditioaally
orlled Syntax.
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2,Word categozy rules.
These ruleE tell whioh vtords fit inÈo ühc categories
mcatioued in the categorial conbtnetion rules. flhis nodule

is traditionelly called lexicon and ig naínly a list i¡ thc
progråm.

In additlor¡ to the lists there are rules which ney be

called category detivaüion ¡ules. these rules state that if a

certaiu ytord belöngs to å ccrt¡l! categoryra certain variåDt
of it beloDgs to a ce¡tain other category. thus thê åddition
of ån -s nekes a ¡oul vthich belo¡gs to the ëåtegory genitive,
a¡d the addition of, å! -ere to a¡ adjective nakes a word

rchich beLoDgs to the category conparative. lhese geDere].

ruler do not cover all oases aad a ¡unber of words have

therefore to be liEted sepåråtelyr e.g. the irrëgulår coDPeråtíves

tytrgre, niudre etc. ). The oonùents of this nodule has

traditio¡ally beeu treated u¡der thc title Word fornrtioD or
(DerivationåI) norphology. They get a aaturel pLåoe iu
iDtegråùive greDDer.

3. Word neaning rules. fhese suJ.es sùete Èhat å cert¡ia
wo¡d (forn) has a certain neaning, nay decompoged ag i¡ the
dinenional adjectiveg u¡¡der discugsio¡. Our progran gives
Etåtenênts guch as for gannal b(ganualragernore)¡ where b is
short for betydelee/bedèutuDg. A tradítional eutry ia a

dicùionary would give thc infornatiol ¿bout a¡ e¡ùry (a forn)
at one place. These pieon of iufornåtion ere ecPåt¡ùed iD

our Püogtåtl¡.
Just a¡ vrord s¡tegory rules åre suPPlenented with word

category derivatioral rules¡ the word rûÊeni¡g ru].es åre
suppleneuted with neaning derivatio¡al ruleE. The neaning of
a oonparative forn is thug derived fron the neaniag of the
correspoûding adjectivål fo¡¡D by special. rules.
4. Natural language-to-Logia ruleÉ (Nf,L rulesl Oar ratio¡ale
for translating thc ryatactic and lexioal i¡fornatlo¡ info
logic zepresentatfo¡ is thåt inferring caa be expressed nuch

Dore eoononicallyr if it is done with logical representatlong
inrteåd of uatural 1ålEuege (surfåce) Eeute[ces. l{e wil]. uot
díãcurs all ihc problene of senantic representatlons here.
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5. Iufere¡ce rule6
Infere¡ce rulès cåD be divided iato e¡cyalopcdia rulåB åDd
(purëly) Iogiaal rules. Thè e¡cyclopËdic ruler stete that ê
persoD vrho l¡ sbovè EO nay be oålled old, ühat ä tor,rn
(geleralty) hes streets, that a cer (ge[erally) has wheels
etc. Loglcål rules are illustråted by the tra¡sitivity rules
ia the progrÈrnf rules telli¡g that X has nore of sonethiDg
than Z, if X h¡s Dorë thåE y. aad y has nore thån Z, or thåt
X has nore thaa Z if ll has nore than y e¡d y the såDê er Z.

It see¡¡s the i¡ferô¡ce rules ca¡ be elaboråted uuch if the
oouvÊrse fer¡ns a¡re tekea i¡rto åëcou¡t fully. The relåtio¡s
bctwèen pårê¡t e¡d ohlld, Bel,l end buy å¡re ofteD roeDtioDèd,
but thêre ere lte¡y other predicates of this type in languages
aad they cen also be used i¡ infere¡ce aules (See further
Ëigurdr1975) r c.g. teecher-studeat, doctor-pêtle¡t,
lewyer-oti¡¡t, LikÊ-pleåse, kDow-fe¡¡ilat.
5. Data bage (nenory) All liagulstic ilterectio! prcEupl¡osee
thst thê s¡'e¡ker h¡g ¡ data baEe (nenory) in whioh he stores
whet he lear¡s a¡d which is befug coDsulted, when he å¡swers
qu€stioDs. ID the pre=ent syEtêe facts are Etored by neaas
of the built-iu predicåtê asre¡.t. How the Iaërno¡ry lt
rtructu¡.ed e¡d åoeerEed is e well-kuown psycholtDguiEtia
PtobleD. SoEe reåctioa tir¡e experinente (gchriefersrlggs)
indioåte thåt uDD.rkcd ¡dJectiveB cåE be produced faste¡ thar
uerked (¡egåtivê) ones, lad this interesting facts cau
e¡tiry be rcfrected iu the design of the detå besc, A¡other
probleE is tehether uegative facts aLso should be stored, as
indicåted by idees iu eituetioa Eenåntics (CoÞpetrl9B,l¡1.
7. Iutcr.otivè (prðgBåtic) rul€r The interactive oourands of
thc l¡st sertioD Þf the progr.o Bfnületes iDteråctive
aotions, yrhich äre triggèred by the Eodê siguåIs iu speech.
A declarativ€ BèDte¡o€ triggers ê båck_cheD¡c.l itrB (OK etc. )
åud e question trigg€,.r åD åDswer. The stüuÞtut G of this
setrtioD is elaboratrd iD Sigural(1988) a¡d hag bee¡ the objêat
of nuch research under the heading speech åct theory. The
preseüt sygt€D has a place for thrEe linguistic featurcs aE
well.

The oonoLuslon to be drer,v¡ froo the presê¡t prolog
progrÈrn for å frägDe¡t of natural language is that all the z
nodule= åt¡d thei¡. iuter¡atio¡ håve to be eIåboråted å¡d
studied t.kltrg into accou¡t theoreticðl.typol,ogicaJ. a¡d
ÞsyëholiDguiEticg faots. Sanple l¡tèråëtion with thr ¡'rogrånis illustråted in au appetdix. Extråëts of the prograu is
elso giveD ia en eppeudix,(The whole ¡rrogråD is åveileble on
request., 
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APPENDTX I
SAMPLE DTALOG (SIMPLIFIED;TDEALIZED)

U(SCT): SVEN HAR EN ÂIUNN EV 70 ÂR. (SVEN HAS AN AGE OF 70 YEARS)

C(omputer): JAHA (OK)

U: ÄR SVEN GAMMAL? (IS SVEN OLD?)

C: JA. (yES)

U: HUR GAMMAL iiR SVnTq: (HOW OLD IS SVEN?)

c: 70 Ån. (70 YEARS)

u: vAD iin svens Âr,onn: (lvHAT rs svEN's AcE?)
C: 70 ÂR. (70 YEARS)

U: SVEN ÄN Ä ,PNS ÄN T.Tsa. (SVEN IS OLDER THAN LISA)
C: JAHA. (OK)

U: LISA ii,N ÄT,ONT ÄT¡ peR. (LISA TS OLDER THAN PER)

C: JAHA. (OK)

U: LISA iin T,Txe GAMMAL SoM HÀNS. (LISA IS As oLD AS HANS)

C: JAHA. (OK}

U: ÄR SVEN Jir,one ÄN prnr (IS SVEN OLDER THAN PER?)

c: JA. (YES)

U: ÄR SVEN ÄLDRE ÄN HANS? (TS SVEN OLDER THAN HANS?)

C: JA. (YES)

U: ¡iR PER YNGRE ÄN HANS? (IS SVEN YONGER THAN HANS?)

C: JA. (YES)

U: ÄR HANS LIKA GAMMAL SoM PER? (TS HANS AS oLD AS PER?)

c: NEJ. (No)

U: HUR MYCKET VÃGER HANS? (HOW MUCH WEIGHS HANS?)

C: VET 1¡15. (DON'T KNOW)

U: LTSA ÄN :S ÂN GAMMAL. (LTSA IS 35 YEARS oLD)
C: JAHA. (OK)

U: HUR MÅNGA ÂR iiN SVSW Ä¡,ONS ÄN LTSA? (HOW MANY YEARS TS SVEN

C: 35 år. (35 YEARS) oLDER THAN LrsA?)
U: HUR MÂNGA GÅNGER ÄLDRE ÄR L]SA ÄI¡ SVNUA (HOW MÂNY TTMES IS LISA
c: 1/2 Gå,NGER. (1/2 TIMES) 6LDER THAN SVEN?)

u: pER Än HäLrrru sÅ cAMMAt soM HANS. (pER rs HÀLF Às oLD AS HANS)

C: JAHA. (OK)

U: HUR GAMMAL ÄN PCNE (HOW OLD ]S PER?)

ci 17 ,5 ÅR. ( 1 7.5 YEARS )

U: ÄR PER GAMMAL? (Ts PER oLD?)
C: NEJ. (NO)
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U: HANS VÃCEN ¡4EN iiN T,TSA. (HANS WEIGHS MORE THAN LISA)

C: JAHA. 1OX)

u: vTLKEN VIKT HAR LÏSAâ (ÌÍHAT Wn'r?nt u.¡is r,r'see")'

C: VET TNTE. (DONIT KNOVÍ)

U: ¡iR LTSA TYNGRE JiM ¡N¡¡ST (IS LTSA HEAVIES' THAN HANS?)

c: NEJ. (No)

U: TEXT(SVEN).

C: SVEN iiN ZO ÂN GAMMAL. SVEN HAR EN ÂLDSR AV 70 ÂR. SVENS

År,orn Än 70 ÂR. svEN ¡iR Är,onu än r,rBa- svEN HAR EN HöGRE

'År'nen ¡iN trsA' svnNs Âr'onn än HÖGRE Äu r'rses'

U: SAY.

c: svEN Än st¡nx. (SVEN Is SAROÑe)'

U: MSAY.

c: svEN AR ge¡,1 Ân ca¡ruer,. (svEN rs FrvE YEA'RS or,D)

U: CSAY.

C: SVEN Än re¡4 ÂR ÄLDRE ä¡¡ prn. (SVEN IS FIVE YEARS OLDÈR THAN PER)

U: CONV.

c: svEN än srenx.
JAHA.

;iR svEN är,Pne ¡iN r,rsar
VET INTE.
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/,t SYNÎÀX 'tl APPENDIX II:Fragment of program

sent(d, s(X/ faerl. Y)) --) np(X), faer], a(y), f.
l.
sent(d, s(X, Y, l(Z)l) --) np(X), mv(y), í(n, t.l

sent(d, s(X, fharJ, id(Y), Z)) --> np(X), tharl, id(Y), ¡nn(Z), t.f .
sent(d. s(X, faerl, Y, Z)) --) np(X), faerl, mf(y)
, a(z) , t. l.

__ .sent(d, s.(X, fharl, y,_Z)) --) np(X), fharl, fenJ,
nn(Y), favJ, mf (Z) , 1.1.

sent(d, s(X, Y, faerl, Z)) --> nps(X). mn(Y), faer
J, urf (Z), Í".7.
sent(d, s(X, Y, Z)) --> np(X), rnv(Y),nf (Z) , L.A.
sent(d, s(X, faerJ, Z, Laenf, W)) --) np(X), faerl
, compar(Z), faenJ. np(W), t.J.
sent(d, s(X, Y, Z. (.aenf, Íù) ) --) np(X). rnv(y), co
npar(Z), faenJ, np(W) , t.l.
sent(d, s(X, faerl, Y, Z, taenJ, W)) --) np(X), fa
erJ, uf (Y), cornpar(Zl , taen7, np(W), t.l.
sent(d, s(X, Y, tlikal, frnycketJ, fson], Z)) --) np(X), ¡¡rv(Y), f likal, fmycketJ, f soml , nplZ) , f .j.
sent(d, s(X, faerl. flikal, Y, fsornJ, Z)) --) np(X
) , LaerJ, flikal, a(Y) , fsonl , np(Z) , t. l.
sent(d, s(X, faerJ, !, lgg_saa), Z, fsomJ, W)) --)
np(X), faerJ, nu¡n(Y), fgraanger], f saal , a(Z), Cso

nl , np(W), t.).
sent(d. s(X, faerl , Y, Í.gg), Z, Eaen), W)) --) np(
X), faerJ, nun(Y), fgaangerl, co¡npar(Z), f.aenJ, np(w), f .1.
sent(q, s(X, Caerl, mf(hur), Y)) --) fhurf, a(y),' faerf , np(X) , {.?l-
sent(q, s(X, faerl, nf(hur_naanga, y), Z)) --) thu
r_raaangal, unit(Y), a(Z), laerJ, np(X), t?J.
sent(q, s(X, Y, mf (hur_¡naanqa, Z) ) ) --) fhur_rnaang
aJ, unit(Z), nv(Y), np(X) , t_?J.
sent(q, s(2, Y, X)) --) rnf (X), nv(y), np(Z), l?3.sent(q, s(X, Y, rnf (hur_rnycket) ) ) --) Lhur_nycketJ,
mv(Y), np(X), f?1 ,

sent(q, s(X, Y, nf(vad))) --) fvadl, mv(y), np(X),
f?r.

sent(q, s(X, fharJ, Y. rnf(vilken) ) ) --) fvilkenl,
mn(Y), fharl, np(X), f?J.
sent(q, s(X, Y, faerJ, ¡nf(vad))) --) fvadJ, faerf,
nps(X), nn(Y), t?1.

sent(q, 6(X, Y, faerJ, nf(vilken))) --) fvilk€nl,
EaerJ, nps(X), rnn(Y) , l?).
sent(q, s(X, faerl, Y)) --) faerl, np(X), a(y), t?
l.
sent(q, s(X, Y, ílZ))) --) mv(Y), np(X), i(Zr, L?J

sent(q, s(X, Y, Z)) --> mv(Y), np(X), nf (Z) , L?l .
sent(q, s(X, faerl, y, Z) ) --) faerl, np(X), mf(y)
, a(z) , c?J.
sent(q, s(X, fharJ, id(Y) , Z)) --> tharl, np(X), i
d(Y), nn(Z), f?1.
sent(q, s(X, faerJ, Z, taen7, W)) *-) faerJ, np(X)
, compar(Z), faenJ, np(W) , f?f.
sent(q, s(X, Y, Z, taenJ, ti) ) --) nv(V), nprX), r,'r.r
mpar(Z), Laenl , np(tù), t.?-!.
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/'t lexikon */
np(X) --) fXJ, Iisn(X)].
isn( sven) .

1sn(Iisa).
isn ( Etolen )

isn(bilen).
isn( stenen) .

isn(¡nannen).
nps(X) --> CXl, Iisns(X)].
i sns ( Ìrans ) .
qen(hans, hans).
isns(Y) :- isn(X), gen(X, Y).
tãn{x, v) :- nane(x; Y), na¡ne(s, zl, append(Y, Z,
W), na¡ne(V, Ûil).
nn(X) --) tXl, Iisnn(X)].
isrnn(bredd).
isnn(hoejd).
isrnn( tJocklek) .

is¡nn( storlek) .

i snn ( tyngd ) .
isnn(vidd).
Ísmn( laengd ) .
isnn( kvalitet ) .
isrnn( styrka) .

is¡nn( kvantitet ) .

isnn(vikt).
i s¡nn ( aalder ) .
isnn(kostnad).
isnn(volyn).
Ísrnn( temperatur ) .
a(X) --) tXl, tisa(X)l-
isa( stark) .
isa(d jup) .
isa( svag) .
isa(klok).
isa(dun).
i6a(tung)
isa( laett)
isa(bi11ig).
isa(dyr).
isa(snabb).
isa(bred).
isa(sr¡a1 ).
isa( laang) .

isa( kort ) .
isa( stor) .
Ísa( liten) .

isa(hoeg).
isa( Iaâg) .

isa( tJock) .

isa(garnmal).
isa(ung).
i sai varn )

isa( kaI1 ) .
Ísa(bra),
isa(dåalig).
i(X) --) tXl, tisi(X)]-
isi(nycket).
isi( lite).
isi(foega).
id(X) --) tXl' tisid(X)1.
isid( stor) .
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/^ dimension-unit rel-ations */
du( lengt,h, meter ) .
du(height,, meter).
du(height. fot).
du(depth, meter).
du(tenperature, grader) .
du(cost, kronor).
du(weight, kilo).
du(age, aar).
du(volume, 1j.ter).
du(tine, tintnar).
du(t1ne, ¡ninuter).
/,+ di¡aenslonal neaning of certain adjectives (tran
slatíons ) ^/b(hoeg, height).
b(ga¡nnal , age).
b( laang, length).
b( stor, size) .
b(varn, temperature).
b(bred, width).
b(djup, depth).
b(tJock, thickness).
/,t derivation of dimenionaL(un¡narked) adjective */
b(X, D) :- b(X, D, more), isa(X).
/'t dinenional neaning of certain verbs 'tlvb(kostar, cost).
vb(vaeger, weight).
vb(raeknar, size).
vb( rymner, volune) .
vb(nae¿er, length).
/,t rûeaningr of certain nouns ^/b( kostnad, cost) .
b(vikt., weight).
b( storlek, size) .
b( laengd, length) .
b(hoejd, height).
b(aaIder, agre).
/,t derivatj.on of form and neaning of conparatives
cb(tyngre, weight, more).
cb(aeldre, aqe, nore).
cb(yngre, age, Iess).
cb(laengre, Length, more).
cb(stoerre, size, more).
cb(mindre, size, Iess).
cb(hoegre, height, more).
cb(ner, size, nore).
cb ( Iaegre, helght, l"ess ) .
cb(X, Y, Z) :- aLocornpar(fù, X), b(tù, y, Z).conpar(X) --) fxl, fiscompar(X)1.
atoconpar(X, Yl ¿ - isa(X), nane(X, Z), narne(are. tù), append(Z, W, V), name(y, V).
iscompar(Y) :- isa(X), atoconpar(X, y).
iscorupar(aetdre) .
iscompar(tynqre).
iscompar ( stoerre ) .
isconpar(ì.aengrre).
lsconpar(laegre).
isconpar(hoegre) .
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/* transLation into loqic ,\/
to_log(F, L) :- F=s(X, faerl ¡ \), L=L(X, D, E), b(
y, D, E).
to_1og(F, L) :- F=s (X, y, l(Z) ) , L=l(X, D, E), vb(
Y, Dr,lb(z, E).
to_log(F, L) :- F=s(X, fharl, id(Y) , Z) , L=l(X, V,
E), ib(Y, E), b(2, v).

to_log(F, L) :- F=s(X, fharl, Y, ¡nf (2, î4) ), t=I(X,
V, 7,, 14) , b(Y, V), du(V, M).

to_J.og(F, L) :- F=s(X, faerl , mf (2, M), U), L=l(X,
Y, Z, lt) , b(U, Y), du(Y, M).

Lo_log(F, L) :- F=s (G, y, ÍaerJ, mf lZ, 14) ), L=l(X,
v, Z, l4t , gen(X, G), b(Y, V), du(V, M).

to_log(F, L) :- F=s(X, \, r¡f (2, U)). t=l(X, D, Z,
U), vb(Y, D), du(D/ U).
to_J-og(F, L) : - F=s (X, f aerl , Z, Laenf , Y) , L=l(X,
D, E, Y) , cb(z, D, E).

to_log(F, L) :- F=s(X, Y, I, faenJ, Z), L=I(X, D,
E, Z), vb(Y, D), cb(I, D, E).
to_J-og(F, L) :- F=s(X, faerl, ¡¡¡f (Y, ì,1), Z, faenl,
W), L=l(X, D, E, U,11, W), cb(2, D, E), du(D, M).
to_logr(F, L) :- F=s(X, faerl, tlikal, Y, (somJ, Z)
, L=1(X. D, E, Iike, 21, b(Y, D, E).
to_Iog(F, L) :- F=s(X, faerl , f ì.ika1 , Y, lsom], Z)
. L=I(2, Ð, E, Iike, X), bly, D. E).
to_ì.og(F, L) :- F=s(X, y, tlikal, fnycketJ, fsonl,
Z), L=L(X, D, rnore, like, Z), vb(\, D).

to_log(F, t) :- F=s(X, faerJ, Y, fgg_saal, Z, tsom
l, W), L=1(X, D, E, Y, tirres, Vl), b(2, D, E).
to_log(F, L) :- F=s(X, faerl , Y, tggl , Z, Eaen), Vl

), L=L(X, D, E, Y, tines, Vl), cb(z, D, E).
/* inplicational rule about old and age for Ìrumans

exp(X, D. E) :- 1(X, D, E), !.
exp(X, D, E) :- l(X, age, Y, _), Y)60, human(X), E
=more.
human(sven).
human(hans),
human(l-isa).
/* inferences */
/* transitivity J'/

exp(X, D, E, Z) :- L(X, D, E, Y), 1(Y, D, E, Z), p
rint(fas, X, has, E, D, than, Y, and, Y, E, than,
27) .
exp(X, D, E, Z) :- I(X, D, E, Y), exp(Y, D, E, Z),
print(fas, X, has, E, D, than, Y, and, Y, E. than

, zJ).
exp(X, D, E, Z) :- 1(X, D, E, Y), exp(Y, D, E, lik
e, Z), print(fas, X, has, E, D, than, Y, and, Y, i
s, J.ike, 27).
exp(X, D, E, Z) :- exp(X, D, E, like, Y), I(Y, D,
E, Z), print(fas, X, is,like, Y, and, Y, has, E,
D, lhan, ZJ).
exp(X, D, E, like, V) :- l(X, D, E, Iike, Y), !.
exp(X. D, E, l'íke, Z) :- I(X, D, E, like, Y), 1(Y,
D, E, like, Z), prínL(fas, X, is,like, Y, and, Y

, is, like, Z)).
exp(X, D, Ê, l-íke, Z) :- l,(X, D, E, like, Y), exp(
Y, D, E, like,2). print(fas. X, is, like, Y, and,
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/* interactive comrnands ,\/
logic(X) :- sent(T, F, X, tl), to_tog(F, L), print
(L), nI.
synt(X) :- sent(T, F, X, Cl), print(F), nl.
accept(X) :- sent(1, F, X, tl), to_1ogr(P, L), asse
rt,(L), print( jaha), nI.
answer(X) :- sent(T. F, X. tl) , T=9, F=s(Y, faerl,

rnf (hur_naanga, Z), W), 1(y, D, ñ, Z), b(Íù, D), pr
int(CN, Z)), nL.
answer(X) :- sent(T, F, X, fl), T=q, F=s(Y, Z, mf(
hur_naanga, t¡) ), 1(Y, D, N, ì.1). vb(z, D), print(tN
, MJ), nl.
answer(X) :- sent(T, F, X¿ fl), T=q, F-s(Y, fharf,
Z, rnf(vilken)), 1(Y, V, N, U), b(2, V). print(fN,
Uf), nI.

anseter(X) :- sent(T, F, X, f l) , T=q, F=s(Y, Z, mf I
hur_nycket)), 1(Y, D, N, U), vb(Z, D), print(fN. U
1), nI .
anseter(X) :- sent(T, F. X, fl), 1=9, F=s(Y, Z, mf (

vad)), 1(Y, D, N, U), vb(z, D), print(tN, Ul), nl.
answer(X) :- sent,(T, F, X, tl), T=q, F=s(Y, faerl,
nf (hur), Z), L('l , D, N, U), b(2, D), print(tN, U,
ZJ), nI.

answer(X) :- sent(T, F, X, tl), T=9, F=s(Y, Z, tae
rJ, mf (vad)), I(C, D, N, U), b(2, D), gen(G, Y), p
rint(fN, Uf), n1.
answer(X) :- sent(T, F, X, fl), T=5, P=s(Y, Z, tae
r1 , nf (v1lken)), I(G, D, N, U), b(2, IJ), gen(G, Y)
, print(fN. Ul), nI.
answer(X) :- sent(T, F, X, tl), T=q, F=s(Y, faerJ,
Z), exp(y , V, E), prj.n¿( ja), b(2, Y, E), nl ,

ans¡¡er(X) :- sent(T, F, X, f l) , T=5, F=s(Y, faerJ,
Z), exp(\, V, P), P\=E, b(2, V, E), print(nej), n

1.
ansrter(X) :- sent(T. F, X, tl) , T=q, F=s(Y, Z, i.(W
)), vb(Z, V), ib(W, E), exp(Y. v, E), print( ja), n
1.
answer(X) :- sent(T, F, X, tl), T=5, F=s(Y, Z, i(W
)), vb(Z, V), ib(W, more), exp(Y, V, Iess), prÍnt(
nej ) , nl.
anseter(X) :- sent(Î, F, X, fl), T=q, F=s(Y, fharl,
id(Z't, V), b(V, D), 1b(2, E), exp(Y, D, E), print

(ja), n1 .
ansrrer(X) :- sent(T, F, X, fJ), T=5, F=s(Y, Z, mf (

V, ¡.¡)), L(y, D, V, 9{), vb(Z, D), print( ja), n1 .
answer(X) :- sent(T, F, X, tl), T=q, F=s(Y. faerJ,

mf (v, H), zr, I(Y, D, V, t4), b(2, D,, print( ja),
nl.
answer(X) :- sent(T, F, X, fl), T=q, F=s(Y, faer],
Z, taen), W), exp(Y. D, E, W), cb(Z, D, E), print

( Ja) , nl.
ansr¡er(X) :- sent(Î, F, X, tl) , T=q, F=s(Y, faer],
fhur_nycket7, Z, CaenJ, I,{), 1(y, D, E, N, M, W),

b(Z-, D, E), print(N, M), nI.
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