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Abstract

The SIS (Software I nf ormat ion Syst em) pr oject i nves t i gat ed a new appr oach t o one par t of t he
s of twar e r eus e pr oblem. The pr obl emi s how t o �nd and us e a r eus abl e component f r oma r e

t or y. The appr oach i s ( 1) t o pr ovi de a knowl edge r epr es ent at i on s ys t emt hat a
t he component s i n t he r epos i t or y wi t h us er - de�ned s emant i c cat

capabi l i t i e s i n t hi s knowl edge r epr es ent at i on s ys
( 3) t o compl ement t he f ormal qu

achi eve eas e of u
knowl
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4 1 INTRODUCTI ON

1 Int roduct ion

The software component reuse problemcan be spl it i nto two parts: (1) how to create and col l ect
reusabl e components and (2) howto actual l y reuse them. The SIS project was onl y concerned wi th

the second part.

The probl emof how to reuse components can be further spl i t i nto three parts: (a) howto �nd a
abl e component for a gi venprobl em, (b) howto adapt i t f or the probl em, i f necessary, and (c) how
l y use i t correctl y. The SIS proj ect attempted to bui l d a systemthat mai nl y addresses (a),
nts are onl y partl y covered. Thi s systemi s cal l edYAKR.

subsecti ons descri be the assumpti ons YAKR i s based on, the requi rements that fol l ow
ti ons and howthese requi rements are shaped i nto a concrete systemdesi gn.

ssumpti ons

ons that underl y the desi gn of YAKR:

oki ng for a reusabl e sof tware component for a certai n task, of tenno compl ete
functi onal i tyof that component i s avai l abl e; the user's concepti onof what

a component needed for a taskX i n a termi nol ogy that i s not f romthe

f tware components i nstead of reusi ng exi sti ng ones, unl ess reuse

l be mai ntai nedwi thenough care i n the l ong run, i f the database
be kept consi stent wi th a compl i cated schema.

bservati ons of many sci enti sts i n the area of sof tware
2]), al though especi al l y A4 i s of ten not addressed at
systems.

owi ng requi rements as gui del i nes f or the desi gn

i al and i naccurate speci �cati ons.

the same request.

onents must be easy to use.

S proj ect, we pi cked one of them
utl i ned i n the fol l owi ng
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1. 3 Basi c Desi gn

R1 i s real i zed wi th a speci al l y desi gned knowl edge representati on l anguage, YAKS (Yet Another
Knowl edge representati on System1), whi ch has simi l ari ti es to KL-ONE [ 8] . The constructs of the

l anguage are di rectl y targeted to the descri pti on of sof tware components and al l owto de�ne sui tabl e
termi nol ogy for sof tware f romany domai n. Thi s termi nol ogy i s arranged i n a taxonomy, whi ch al l ows

ompl ete as wel l as i naccurate queri es to be answered: they just retri eve el ements that are more
l i n respect to the taxonomy.

i s�edbya natural l anguage i nterf ace. Natural l anguage i s the most versati l e wayof expressi on.
atural l anguage i nterf aces have the di sadvantage that they are expensi ve to construct and
a newdomai n. We have found a way to mi nimi ze the work that i s needed to construct
ce: onl y short annotati ons to each de�ni ti on i n the termi nol ogy are needed.

he natural i nterf ace, too. Si nce natural l anguage i s the easi est way for a
on, especi al l y i f i ts concepti on i s sti l l f uzzy, the tendency not to use the
zed.

o mai ntenance probl ems i n our system: Fi rst, i t must be easy to add
ts. Thi s i deal i s approached by l etti ng the knowl edge represen-
ogi cal part and an asserti onal part. The termi nol ogi cal part
d rel ati ons of a domai n, but does not state any speci �c
descri bes the actual obj ects i n the reposi tory i n terms
al case when addi ng newsof tware components i s
terms of the termi nol ogy that has once
the domai n that has not yet been
ts i s compl i cated. Thus,
e base i s easy; the
or a reposi tory.

nts. Thi s
nl y a
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Instances
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for the
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Inflection dictionary
query
in NL

YAKS
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= dataflow during
  start-up time

= dataflow during
  query processing

answer

Role table

(just a formatter
 today)

Fi gure 1: Basi c archi tecture and dataowof YAKR

secti on di scussi ng rel ated work and a secti on that summari zes our resul ts f ol l ow. Several appendi ces
provi de addi ti onal detai l s.

2 The YAKS Knowledge Repr es ent at i on Sys t em

The YAKSknowl edge representati onl anguage (i na former versi onnamedKRS [ 1, 17] ) has wel l de�ned
model -theoreti c semanti cs and di sti ngui shes between asserti onal and termi nol ogi cal knowl edge. The

terminological knowl edge de�nes a \vocabul ary" to be used to express f acts. The assertional knowl edge
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compri ses f acts about individual s i n the appl i cati on domai n.

The termi nol ogi cal knowl edge consi sts of concept de�ni ti ons and rol e de�ni ti ons. Aconcept can be
thought of as an abstract set of i ndi vi dual s. The concrete i ndi vi dual s that bel ong to a concept are

cal l ed the instances of that concept. Arol e i s a bi nary rel ati on f roma concept A to a concept B, i . e. ,
a set of pai rs of i nstances. A i s cal l ed the domain of the rol e and B i s cal l ed the range of the rol e.

Concepts are de�ned wi th constructors that each descri be a subset of the set of al l possi bl e i ndi vi -
dual s. Each constructor thus represents a restri cti on that an i nstance must adhere to i n order to
ong to the concept that i s de�ned by the constructor. Rol es are de�ned wi th constructors, too.
a di sti ncti on between primi ti ve concepts or rol es (parti al descri pti ons, descri bi ng condi ti ons
necessary), de�ned concepts or rol es (exact descri pti ons, descri bi ng condi ti ons that are both
and su�ci ent), and deri ved concepts or rol es (descri bi ng condi ti ons that are su�ci ent, but
).

anguage i n YAKS i s qui te expressi ve, al l owing val ue restri cti on, number restri cti on for
{val ue maps, conjuncti on, di sjuncti on, and negati on. The concepts f orma hierarchy
pl e i nheri tance. The rol e l anguage al l ows conjuncti on, di sjuncti on, domai n
cti on, negati on, and i nversi on.

k at the fol l owi ng de�ni ti ons, excerpted f romthe l arger exampl e on page 11:

ons = AND(Functions SOME(reads)).

a-Objects;).

s = Objects.

owi ng:

d concept, i . e. exactl y al l those i nstances that obey the restri cti ons
i on bel ong to the concept.

that i nstances must obey, i n order to bel ong to the concept Input-
to the concept Functions and (b) they must have at l east one

at l east Input-Functions and whose range contai ns at
of the rol e at other concept de�ni ti ons may modi fy

ose i nstances that obey the restri cti ons gi ven
but we can not knowwhether they real l y

Objects (whose de�ni ti on i s not shown

rol es. The most important
determi nes whether a
l d descri pti ons al l
ct pl acement of a
uperconcepts
oncepts
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i t bel ongs to. Fi nal l y, retri eval determi nes f or a gi ven concept descri pti on the set of al l i ndi vi dual s
that are i nstances of the concept. Retri eval i s anal ogousl y de�ned for rol es, produci ng a set of pai rs
of i nstances. The resul ti ng taxonomy af ter cl assi �cati on of al l concepts and real i sati on of al l i nstances
f or the l arger exampl e on page 11 i s shown i n �gure 2 on page 13. Si nce the YAKS l anguage i s so

powerful , the i nf erences are not compl etel y computabl e. Yet, we have not found a si ngl e case where
thi s has been a probl emi n practi ce.

As a simpl e deducti on exampl e, l ook at the fol l owi ngde�ni ti on, al so excerpted f romthe l arger exampl e
page 11:

TANCE fgetc = AND(Functions

VALUES(reads, [character-c])

VALUES(has-Parameter, [filepointer-stream])

VALUES(has-synonym, ["fgetc"])).

de�ni ti on means the fol l owi ng:

fgetc i s an i nstance (i ndi vi dual ).

fgetc bel ongs to the concept Functions .

getc has the i nstance character-c (whose de�ni ti on i s not shown, but whi ch bel ongs to the
t Data-Objects) as �l l er of the rol e reads .

as the i nstance �l epointer-stream(whose de�ni ti on i s not shown, but whi ch bel ongs to
Data-Objects) as �l l er of the rol e has-Parameter .

ri ng i nstance \fgetc" (whi ch need not be de�ned, because i t i s a stri ng) as �l l er
ynonym.

wYAKS to i nf er that fgetc bel ongs not onl y to Functions but al so to Input-
al l both restri cti ons gi ven i n the de�ni ti on of Input-Functions and
(i . e. any i nstance that adheres to al l restri cti ons gi ven i n the
ong to the concept).

del i ng (descri bi ng concepts and rol es) and queryi ng, i . e. ,
ncept or rol e can al so be used to query for one. Thus,
KS more expressi ve than a rel ati onal database.
uage i nterf ace, because the query l anguage
be i nterpreted and howthey can be
oml imi tati ons of the model i ng

stages: Fi rst, de�ne the
ond, create the actual
nol ogy that has
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Thi s process resembl es obj ect-ori ented desi gn of a sof tware system: Fi rst the cl asses (concepts) have
to be descri bed, i . e. , \�nd out whi ch ki nds of obj ects exi st and whi ch of themare speci al cases of

whi ch others". The better thi s model i ng i s, the easi er the second stage wi l l be: De�ne al l the actual
obj ects (i nstances) by pi cki ng a cl ass (concept) f or each of themand i nstanti ating al l i ts attri butes
(assi gni ng i ts rol e �l l ers).

In practi ce, just as i n obj ect-ori ented desi gn, some backtracki ng wi l l usual l y be necessary i n order to
get the termi nol ogy ri ght. Our experi ence i ndi cates that model i ng i n YAKS i s about as di�cul t as

cl ass desi gn i n an obj ect-ori ented programming l anguage: If the task i s compl i cated, model i ng i s a
chal l engi ng task. But once the model i ng i s ri ght, everythi ng l ooks simpl e and cl ear.

Ati ny exampl e of what a YAKS model l i ng may l ook l i ke wi l l be gi ven bel owi n secti on 5.

1 Our Experi mental Model i ng

To l earn about howmodel i ng actual l y works and howgood our systembehaves on a medi um-si zed
have model ed a part of the i nternal vi ewof the NIH Cl ass Li brary [ 19] , whi ch i s wri tten
compl i cated part of thi s task was to model the constructs of the C++ programming

g termi nol ogy contai ns about 160 concepts and 130 rol es i n 40 Ki l obytes of
knowl edge base for NIH-CLmodel s onl y the top three cl asses of the
(and the rest very roughl y), but neverthel ess contai ns almost

oncepts i n 105 Ki l obytes of YAKS source code.

model , al though i t must be menti oned that YAKS was
as wel l as changi ng. We al so �rst had to l earn

epti ons and desi gn aws turned out to be

t part of the i nstance descri pti ons
ecl arati ons and cross ref erences.
on C++ programs. It generates
of C++. Onl y the purpose
actabl e f romthe source

header �l es (140
mentati on
o f eed al l
mati on

r ot ec t ed, dec l ar es - pr i vat e ,

de�nes - pr ot ect ed, de�nes - publ i c , ends - i n- l i ne , ex-

, has - bas e - �l e , has - bas et ype , has - cas t , has - c l as s - t ype , has - cons t r uct or ,

e , has - dat at ype , has - de f aul t , has - der i ved- c l as s , has - des cendant - c l as s , has - des t r uct or , has -

di mens i on, has - di r ect or y, has - enumer at or , has - f r i end, has - f unct i on- cal l , has - i mpl ement at i on, has - i ni t i al

has - i nner - bl ock, has - l engt h, has - l i nkage , has - l i nkaget ype , has - l ocal - var i abl e s , h

name, has - number , has - out er - bl ock, has - owner , has - par amet er , ha

pr ot ect ed- member , has - publ i c - bas e - c l as s , ha
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has - s pec i �cat i on, has - s pec i �er , has - s ubc l as s , has - s uper c l as s , has - s ynonym, has - vi r t ual - bas e - c l as s

c l udes , i nher i t s , i s - dat at ype- of , i s - dec l ar ed- i n, i s - de�ned- i n, i s - enumer a

i s - f r i end- of , i s - i nc l uded- by, i s - i nher i t ed- by, i s

c l as s - of , i s - pr i vat e - m

f
ca

cannot

However,
broad compared

Noun phrases wi th d
simpl e conjuncti ons and

questi ons, decl arati ves, imp
dal verbs, immedi ate rel ati v

ses starti ng wi th a conjuncti o
general numbers, general qu

Case f rame parsers convert wri tt
ti on; no surface structure i s gener

f rames, representi ng semanti c knowl e
represents an utterance by i ts central co

each of whi ch descri bes (a) a certai n seman
rel ati on (the �l l ers). There are verbal case f ra

and nominal case f rames descri bi ng noun phrases (wi t
a whol e cl ass of utterances, because some of the cases may

i n any order, each case can have several di �erent possi bl e �l l ers,
several di �erent possi bl e grammati cal representati ons.

In our system, case f rames are never expl i ci tl ywri ttenby a user. Inste
of YAKS to bui l d a correspondi ng case f rame hi erarchy (there are al so case f

whi ch cases are impl i ci tl y i nheri ted. Asimi l ar techni que i s used for the �l l
words, concepts are statedas al l owed�l l ers. Wi thany concept al l of i ts superc

are l egal �l l ers, too. For each of these concepts, a whol e set of words or phrases ca
l anguage representati ons. Case f rames can be nested when parsi ng: If , f or exampl e, t

i n a case f rame i s a noun that has a case f rame associ atedwi th i t, a compl ete i nstanti ati
f rame can be �l l ed i nto that case. The grammati cal representati ons that are possi bl e f or

semanti c rel ati ons are l i sted i n a separate case tabl e. Entri es i n thi s case tabl e have separat
occurrences of the case i n nominal and i n verbal context, i f appl i cabl e, whi ch enabl es to parse

compl ete sentence or the correspondi ng nominal i zati onwi th the same case f rame. Thi s representati
avoi ds tedi ous repeti ti on and makes the representati on compact and almost f ree of redundancy.
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5 SARAKnowl edge Acqui s i t i on

One reason why most natural l anguage i nterf aces are not successful i s that i t requi re too much work
to adapt themto a newdomai n. In the desi gn of YAKR, we thus pai d speci al attenti on to the probl em

of knowl edge acqui si ti on for the natural l anguage i nterf ace: Ideal l y, nothi ng more shoul d be necessary
to acqui re than the words whi ch can be used to ref er to each concept, rol e or i nstance. If thi s i deal
not approximated cl osel y enough, i t i s necessary to speci f y compl ex grammati cal descri pti ons; A4
us that i n thi s case the natural l anguage i nterf ace wi l l not be successful i n practi ce.

AKR i s very cl ose to the i deal : The knowl edge acqui si ti on for the natural l anguage i nterf ace i n
emconsi sts of addi ng short annotati ons to each concept de�ni ti on or rol e de�ni ti on i n the
ase. There are three mai ntypes of i nformati onpresent i n the annotati ons: (1) i nformati on
words, (2) i nformati on about cases, and (3) i nformati on about expl i ci t i nheri tance

associ ates each concept or rol e wi th i ts natural l anguage synonyms and wi th
nt thi s concept or rol e. The vari ety of the phrases covered by the annota-
s i ncreased by usi ng an i nheri tance mechani smto deri ve parts of these
perconcepts or expl i ci tl y stated syntacti cal superrol es of X .

the generati on of the case f rames themsel ves. It descri bes whi ch
ames. Thi s annotati on i s needed for rol es onl y. Nothi ngmore
gi ven, si nce the set of case f rames to put the case i nto
erti on can be deduced f romthe YAKS model i ng.

sed for rol es and for deri ved concepts i n order
phrases f or these concepts or rol es, al though
erconcept) f romwhi ch the nouns coul d be

the fol l owi ng exampl e. It shoul d be
showhowYAKR works. It does
y up-to-date) descri pti on
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AT-DOMAIN(attribut) ).

PRIM-CONCEPT Functions = Objects.

NOUN(unterprogramm funktion prozedur).

ROLES(has-Parameter : Data-Objects;

NOUN(parameter) ).

DEF-CONCEPT Input-Functions = AND(Functions

SOME(reads)).

PREFIX(eingabe einlesen lesen input)

SYN-CASE((zweck reads))

ADJECTIVE(einlesend lesend).

ROLES(reads : Data-Objects;

VERB(lesen (lesen ein))

NOUN(lesen eingabe einlesen input) ).

DEF-CONCEPT Output-Functions = AND(Functions

SOME(writes)).

PREFIX(ausgabe ausgeben schreiben output)

SYN-CASE((zweck writes))

ADJECTIVE(ausgebend).

ROLES(writes : Data-Objects;

VERB(schreiben (geben aus))

NOUN(schreiben ausgabe ausgeben output) ).

PRIM-CONCEPT Data-Objects = Objects.

NOUN(daten)

PREFIX(daten).

DEF-CONCEPT Parameters = AND(Data-Objects

SOME(is-Parameter-of)).

NOUN(argument parameter)

ADJECTIVE(uebergeben).

ROLES(is-Parameter-of = INV(has-Parameter); ).

PRIM-CONCEPT Characters = Data-Objects.

NOUN(zeichen char character).

PRIM-CONCEPT Lines = Data-Objects.

NOUN(zeile).

PRIM-CONCEPT Files = Data-Objects.

NOUN(datei file).

INSTANCE character-c = Characters.

INSTANCE string-s = Lines.

INSTANCE filepointer-stream = Files.

INSTANCE fgetc = AND(Functions
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VALUES(reads, [character-c])

VALUES(has-Parameter, [filepointer-stream])

VALUES(has-synonym, ["fgetc"])).

INSTANCE fputc = AND(Functions

VALUES(writes, [character-c])

VALUES(has-Parameter, [character-c filepointer-stream])

VALUES(has-synonym, ["fputc"])).

INSTANCE fgets = AND(Functions

VALUES(reads, [string-s])

VALUES(has-Parameter, [string-s filepointer-stream])

VALUES(has-synonym, ["fgets"])).

INSTANCE fputs = AND(Functions

VALUES(writes, [string-s])

VALUES(has-Parameter, [string-s filepointer-stream])

VALUES(has-synonym, ["fputs"])).

Note that the concepts actions and Cal l -Actions and thei r accompanyi ng rol es are not real l y used
thi s exampl e; they are present for expl anati on purposes onl y.

The hi erarchy that resul ts f romthi s exampl e i s depi cted i n �gure 2. The rol es cal l s and with are not
shown i n thi s pi cture, because they are not actual l y used i n the exampl e anyway.

anything

Objects actions

Call-ActionsFunctions Data-Objects

Lines Files Characters ParametersInput-Functions Output-Functions

string-s filepointer-stream character-cfgetc fgets fputc fputs

reads

writes

has-Parameter

Fi gure 2: Taxonomy of the exampl e knowl edge base

5. 1 Informati on about Indi vi dual Words

The simpl est f ormof annotati on to a concept or rol e X i s the synonyml i st: The VERB and NOUN

annotati ons gi ve a l i st of verbs and non-compound nouns, respecti vel y, that can denote the concept or
rol e X they annotate. The same wordcanannotate mul ti pl e concepts or rol es, resul ti ng i n ambi gui ti es
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f or that word. For i nstance, the german words Funktion (fu n ct i o n ) and Un t erpr o gr amm ( su bp r o g r am)
both ref er to the concept Functions . Simi l arl y, le s e n ( t o r e a d) and e i n l e s e n ( t o r e a d i n ) ref e

reads . e i n l e s e n i s a verb wi th a separabl e pre�x and i s theref ore gi ven i n two parts.

Of ten nouns can be speci al i zed by pre�xi ng an adj ecti ve. The ADJECTIVE annotati on to X
thi s pre�xi ng: It l i sts a number of adj ecti ves that can be used to speci al i ze a noun i n order t

X . The sui tabl e nouns for thi s speci al i zati on are al l nouns that annotate any superconcept of X
ADJECTIVE annotati on shows one of the ways i nheri tance i s used i n the constructi on of case f rame

Whenever an annotati on to X speci �es a part P of a natural l anguage construct to be added to
another construct A , then A i s i nheri ted f romthe superconcepts or superrol es of X . For i nstance,

l e s e n d e Fu n k t i o n ( r e a d i n g f u n c t i o n ) ref ers to Input-Functions , where Fun k t i o n i s i nher
annotati on of the di rect superconcept Functions . The word l e s e n d i s a present parti ci
be used as an adj ecti ve i n our system. The nouns that can be used need not be annotated at

superconcepts: l e s e n d e s Ob je k t ( r e a d i n g o b j e c t ) coul d be used as wel l to denote Inp
real knowl edge base thi s phrase woul d most probabl y be ambi guous, because l e s e n d m

other subconcepts of Objects as wel l , but ambi gui ty a good resul t i n thi s case, because the
i ndeed very vague.

Compound nouns are wri tten as a si ngl e word i n German, so they coul d al l be put i nto the di cti onar
and just annotated i n the NOUN l i st. However, thi s woul d be extremel y tedi ous, si nce compound nouns

are very versati l e and ubi qui tous i n German. To sol ve thi s probl em, the PREFIX annotati on to X
l i sts possi bl e pre�x nouns that can be prepended to the nouns annotated wi th the superconcepts of

X i n order to forma ref erence toX . Thi s annotati on i s anal ogous to the ADJECTIVE annotati on. For
i nstance, Le s e f u n k t i o n ( r e a d f u n c t i o n ) ref ers to Input-Function. Onl y the words Le s e n 2 and Fun k t i o n

need to be i n the di cti onary, the compound i s al gori thmical l y broken i nto these components by the
parser. As wi th adj ecti ves, i nheri tance i s possi bl e f romconcepts that are more than one l evel above.

Instead of usi ng an adj ecti ve or noun pre�x to speci al i ze a noun, i t i s of ten possi bl e to use a pre-
posi ti onal phrase that i s pl aced ri ght behi nd the noun. Thi s possi bi l i ty can be expressed wi th the

SYN-CASE (synonymcase) annotati on to X : It gi ves a case (wi th a �l l er) that, when used together
wi th a noun that i s annotated to a superconcept of X , denotes X . Thi s annotati on i s an extensi on

of the usual case f rame formal i sm, because i t produces a case that does not get i nserted i nto a case
rame i nstanti ati on, but modi �es a �l l er or head i nstead. For i nstance Fun k t i o n zumLe s e n ( f u n c t i o n f o r

r e a d i n g ) ref ers to Input-Functions. The possi bl e grammati cal f orms for thi s ref erence are l i sted i n the
case tabl e entry zweck (see appendi x A. 2); i ts rel evant entry for thi s phrase i s \preposi tion z um with

dative case". Thi s type of annotati on need not be used, because the same handl i ng capabi l i ty can be
achi eved by i ntegrati ng an addi ti onal rol e i nto the model : z we c k means purpose and coul d have been

model ed wi th a rol e has-purpose that has Functions i n i ts domai n. But a model may be somewhat
i n some parts; then the SYN-CASE annotati on i s a simpl e way to i ncrease the coverage of

anguage i nterf ace.

rmati on about Cases

e annotati ons merel y descri be phrases that represent pure concepts or rol es; no case f rames
hem. The source of cases f or the case f rames are the rol es. Informati on about cases i s
onl y and tel l s what cases to i nsert where.

nt case annotati ons: AT-DOMAIN(sc) at a rol e R creates a case i n the case f rame
f R. The al l owed�l l er f or thi s case i s the range concept of R; i t has to appear

nt to have the verb lesen in the dictionary, because its nominal ization is automatical ly
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i n a grammati cal f ormdescri bed by the rol e tabl e entry sc (see appendi x A. 2). The dual f
annotati on i s AT-RANGE(sc). Gi ven at a rol e R, the AT-RANGE annotati on creates a case i n

f rame of the range concept of R. The al l owed �l l er f or thi s case i s the domai n concept of R; i t
appear i n a grammati cal f ormdescri bed by the rol e tabl e entry sc. Exampl es can be found i n secti o

6. 1. Note that the cases are i nheri ted by subconcepts of the concepts they ori gi nal l y target at.

Not al l cases i n al l case f rames are created f romsuch annotati ons. Some cases can be added wi thout
annotati ons and some case f rames can be bui l t compl etel y automati cal l y. These detai l s are expl ai ned

i n secti on 6. 1 bel ow.

5. 3 Inf ormati on about Expl i ci t Inheri tance of Words

Si nce rol es are not arranged i nto a hi erarchy i n YAKS, there are no superrol es f or a rol e and i t i s
not di rectl y possi bl e to use the PREFIX and ADJECTIVE annotati ons, because they rel y on i nheri tance.

Asimi l ar statement i s true for deri ved concepts, because, si nce a deri ved concept D i s descri bed by
condi ti ons that are su�ci ent but not necessary, no concept canever be guaranteedto be a superconcept

of D (i . e. to i ncl ude al l i nstances that D i ncl udes). To overcome thi s probl em, there i s the SUPERR

annotati on to rol es (and the anal ogous SUPERC annotati on to concepts). To annotate SUPERR(S) at a
rol e R means, that the rol e R shal l i nheri t nouns f romS. Al though thi s f ormof annotati onmay seem
unsati sf actory, i t i s sti l l much better than expl i ci t annotati on of compl ete phrases, because i t i s
more compact and retai ns as much of the usual way the annotati ons work as possi bl e. SUPERR

nnotati ons are not i nheri ted, i . e. they cannot be used across mul ti pl e l evel s.

r at i on of YAKS and SARA

ove, the knowl edge acqui si ti onfor the natural l anguage i nterf ace i nour systemconsi sts
ns to the knowl edge base. In thi s secti on we descri be howthese annotati ons are
e f rames and howi nstanti ated case f rames are converted i nto a YAKS query

mponent i n YAKR f or each of these tasks: The case f rame generator
the annotati ons and the YAKS knowl edge base i tsel f . The case
e f rames as produced by the parser i nto queri es that are
pe, answers are the resul ts of such queri es.

base and the annotati ons are used to generate
generated case f rames l ook l i ke.

nce, concepts descri bi ng a property
s head, whi l e other concepts do not. Thus
gory of a concept or rol e; the fol l owi ng

g or integer , respecti vel y; no case
eci�ers. Al l other concepts are
e categoryaction-or-object

ave actions as thei r
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domai n. The theme rol es have verb synonyms. Al l these condi ti ons are necessary and su�ci ent
(otherwi se the model i ng i s i ncorrect). The has-action-or-object rol es have actions or objects as thei r

range.

For each of these categori es there are �xed rul es that descri be whi ch cases and case f rames must be
generated; the case f rame generator modul e impl ements these rul es. Acase f rame consi sts of a head
set of cases. Here are two exampl es:

ctions [C-Call-Actions] (

t has-agent (C-Functions),

a calls (C-Functions),

ibut with (C-Parameters),

nnung has-synonym (C-Call-Actions))

rameter_HAOd [R-has-Parameter] (

t DR (C-Functions) (21),

a RR (R-has-Parameter) (21))

ctions and has-Parameter HAOd are the name of the �rst and second case f rame, respec-
ll-Actions/has-Parameter i s the head of the �rst/second case f rame (marked to be a
Each of the i ndented l i nes i s one case. The components of a case are, i n the order

ti cal rol e (i . e. the name of an entry i n SARA' s rol e tabl e; see appendi x A. 2), the
used to generate that part of the YAKS query f romthe i nstanti atedcase f rame
(i f i t i s �l l ed), the l i st of al l owed �l l ers f or thi s case (whi ch most of ten
and opti onal l y the pri ori ty mark, whi ch i s 20 (and not shown then) by
e as mandatory, i . e. i t must appear i n an i nstanti ati on or el se that
di x Bfor a compl ete l i sti ng of the case f rames that are generated

concept and rol e categori es what cases and case f rames are

s

acti on-or-obj ect concept AO. It contai ns at l east one case of

-AO)

a noun i n phrases such as d i e Fu n k t i o n \f ", where i t catches
due to AT-DOMAIN/AT-RANGE annotati ons: Al l rol es R wi th an
acti on-or-obj ect concept as thei r domai n and a concept rng

GE(sc) annotati on that have an acti on-or-obj ect concept
n generate a case of the form

e f rame.

same way as acti on-or-obj ect concepts, but usual l y no rol es wi th
ute concept as thei r domai n and no rol es wi th an AT-RANGE
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annotati onhave an attri bute concept as thei r range. Thus there are usual l y no cases i n the case f rame
of an attri bute concept except the one to catch a name.

6 . 1 . 3 Has - Ac t i o n - o r - Ob j e c t Ro le s

For each has-acti on-or-obj ect rol e three case f rames are generated. These are named
wi th addi ti onal su�xes HAOa, HAOc, and HAOd3. As an exampl e, assume the domai nFunctions

of the rol e has-Parameter has been annotated wi th the noun Fun k t i o n , the range Data-Objects wi th
Da t e n o b j e k t , and the rol e i tsel f wi th Pa r ame t e r , then

� the has-Parameter HAOa case f rame serves to parse nomi nal phrases that menti on the rol e i tsel f
as a rel ati on such as d e r Pa r ame t e r \X" v o n Fun k t i o n \ f " ,

� has-Parameter HAOc parses to-be phrases of the ki nd d e r Pa r ame t e r i s t d a s Da
(usi ng has-Parameter HAOa to catch the Pa r ame t e r ), and

� has-Parameter HAOd parses to-have phrases of the ki nd d i e Fu n k t i o n \ f " h a
(usi ng has-Parameter HAOa to catch the Pa r ame t e r \P" ), whi ch i s the

of the rel ati on descri bed by the rol e i tsel f .

Of course the actual i nputs wi l l usual l y not be decl arati ve sentences. The R
rol e R wi th domai n d o m and range r n g uses the rol e i tsel f as i ts head and has t

benennung has-synonym (C-r n g )

gen von INV(R) (C-d o m)

The RHAOc case f rame of a rol e R wi th range r n g uses the word s e i n as i ts he
has the two cases

agent RR (R-R) (21)

definition RR (C-r n g ) (21)

Where the al l owed �l l er of the agent case means that the RHAOa case f rame of the s
be used and the syntacti c rol e de�nition stands for the grammati cal case \nominati ve". Bot

are mandatory (i . e. must be �l l ed for an i nstanti ati on to be l egal ). The RHAOd case f rame of a rol
R wi th domai n d o m uses the word h a b e n as i ts head at parsi ng time and has the two cases

agent DR (C-d o m)

thema RR (R-R)

Where the al l owed �l l er of the thema case means that the RHAOa case f rame of the same rol e must
be used and the syntacti c rol e thema stands for the grammati cal case \accusati ve". DR stands for

\domai n restri cti on" and RR f or \range restri cti on"; the i nstanti ated case f rame i s transformed i nto a
rol e expressi on by the query generator.

6 . 1 . 4 Ha s - At t r i b u t e Ro l e s

has-attri bute rol es are handl edmuchas has-acti on-or-obj ect rol es wi ththe fol l owi ngdi �erences: (a) the
su�xes of the case f rame names are HAa, HAc, and HAd and (b) si nce concrete speci �ers usual l y

appear as adj ecti ves, the de�nition case i n the HAOc case f rame i s not always su�ci ent to catch
the range of the rol e; i t i s theref ore compl emented by another case wi th the syntacti c rol e adj adv

(adj ecti ve or adverb) and exactl y one of these two cases must be �l l ed by an i nput sentence.

3Once upon a time, a HAOb case frame existed, too, but it has been merged into the HAOa case frame now.
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6 . 1 . 5 The me Ro l e s

Theme rol es generate one simpl e case f rame that contai ns exactl y two cases: one for the domai n D
of the rol e and one for i ts range R. These cases have always the same syntacti cal rol es and YAKS

expressi ons associ ated wi th them; they l ook l i ke the fol l owi ng:
agent DR (C-D)

thema RR (C-R)

Agai n, DR stands for \domai n restri cti on" and RR f or \range restri cti on".

6 . 1 . 6 Syn o n y ml e s s Ro l e s

As thei r name says, synonyml ess rol es have no word annotati ons. Thus i t i s not possi bl e f or a case
f rame of such a rol e to be acti vated by a certai n word i n an i nput sentence. Consequentl y there are

no case f rames for synonyml ess rol es, but a synonyml ess rol e always has an AT-DOMAIN annotati on to
i nsert a case i nto the case f rame of an acti on concept.

6. 2 Generati on of Queri es

Thi s subsecti on descri bes howthe i nstanti tated case f rames generated f roman i nput sentence by the
parser are transl ated i nto YAKS queri es. Adetai l ed descri pti on of thi s transl ati on can be found i n

[ 9] .

General l y speaki ng, the head of a case f rame i nstanti ati on, as wel l as al l of i ts �l l ers are consi dered
restri cti ons. These restri cti ons are computed and combi ned i nto a query expressi on| inmany cases

simpl y by appl yi ng the AND operator to them. The computati on of the restri cti ons i s recursi ve; the
ursi on ends at i ndi vi dual words (to be preci se: at those el ements of a case f rame i nstanti ati on that
romi ndi vi dual words) that denote a concept, rol e, or i nstance.

e two possi bl e f orms of queri es: concept queri es and rol e queri es. Fi rst of al l i t must be
d whi ch of these types shoul d be generated f romany gi ven case f rame. Rol e queri es can
formati on, si nce they showassoci ati ons of obj ects i n the answer. We thus try to
s as of ten as possi bl e, i . e. , whenever we have an i dea about whi ch pai rs mi ght be
es are generated f rom(a) al l case f rame i nstanti ati ons that have s e i n or h a b e n
l wh-questi ons, and (c) pure simpl e noun phrases that are annotated at a rol e,
AOa and HAa case f rames that have no case �l l ed.

ecursi ve process of bui l di ng a query are the fol l owi ng:

ati ons transl ate i nto themsel ves.

ns transl ate i nto themsel ves, except for i nstanti ati ons of HAOa and
and for the range of the rol e whenever any cases are �l l ed or the
So i f the i nput consi sted of nothi ng more than a synonymof

ery, i nstead of a query for the range of that rol e, because

d YAKS expressi on has-synonym, i . e. a case �l l ed by

ansl ated i nto
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5. Any other case wi th YAKS expressi on expr and �l l er X i s transl ated i nto
SOME(expr, X)

Somewhat di �erent handl i ng i s necessary for rel ati ve cl auses and for the constructi on of appropri ate
rol e queri es f or Wh-questi ons. Thi s handl i ng i s sketched i n the fol l owing paragraphs.

The restri cti on that i s de�ned by a rel ati ve cl ause has to be put i nto the restri cti on that i s returned
for the noun to whi ch the rel ati ve pronoun ref ers. Thi s i s strai ghtforward i f the rel ati ve cl ause maps
nto a concept expressi on. But i f i t woul d normal l y map i nto a rol e expressi on (because the head of
stanti ati on for the rel ati ve cl ause i s a rol e R), i t has to be converted i nto a equi val ent concept
si on. It i s possi bl e to do so, because we knowwhether the rel ati ve pronoun �l l ed (a) a case
thDRor (b) one marked wi th RR: Let the transl ati on of the �l l er of the other case i n the
be F , then return
F ) f or (a), or
(R), F ) f or (b).
be empty, we use the most general concept anything i nstead.

t i s necessary to def er the generati on of the query terms that correspond to the
unti l the rest of the query i s known. We theref ore propagate markers f or the

r F towards the uppermost l evel of the recursi ve process. There we can then
query f romR, F , and the rest Q of the query restri cti ons as
)

htly more e�ci ent equi val ent speci al i zed form

i bl e to bui l d correct queri es f romexpl i ci t questi ons for pai rs, between
n the model i ng by composi ng the two rol es that the questi on asks for.

Li mi t at i ons

nnotated, su�ci entl y bi g database the useful ness of YAKR f or an end-user i s
eposi torywi th a short query that i s easy to formul ate wi thout masteri ng
The recal l of such a query i s usual l y hi gh, si nce a taxonomy and
e preci si on i s not hi gh enough i n the �rst attempt, i t can be
(e. g. addi ng or speci al i zi ng an attri bute), whi ch i s easy

wever, i s reduced, because the syntacti c and semanti c
out i n [ 5] , a l imi ted natural l anguage i nterf ace

way of expressi ng the thi ng wanted and the user
he user can easi l y l earn the restri cti ons of

Howwel l these condi ti ons are met by our
gh experi ence yet.

hi sti catednatural l anguage
r more compl ex natural
exampl e, the re-
ery l anguage
eful .
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sophi sti cated i n thi s respect, wi thout any need to change the annotati ons at al l . On the other hand,
i t wi l l , f or exampl e, be di�cul t to descri be cl asses of paraphrases by annotati ons.

7. 2 Practi cabi l i ty

The practi cabi l i ty of the impl ementati onof a systemsuch as YAKR i s good: The sof tware i s of moderate
si ze and coul d be produced by a smal l teami n some months. It took about 4 person years (i ncl udi ng

the desi gn); a re- impl ementati on coul d probabl y done i n hal f the time. Even our prototype i s nei ther
too buggy nor too sl owto use i t.

he practi cabi l i ty of the database mai ntenance i s di�cul t to predi ct i n general . If addi ti ons to the
abase are homogeneous i n the sense that they do not requi re changes i n the termi nol ogy, they are
m; mai ntenance i n thi s case i s about as di�cul t as f or any other database wi th a nontri vi al
the other hand, components wi l l be added that requi re newtermi nol ogy, some experti se
o keepthe termi nol ogycl eanandcoherent. Another probl emi s the masterabi l i ty
whi ch i s needed i f the database contai ns adequate descri pti ons of sof tware
nt ki nds.

acceptance of a systemsuch as YAKR woul d be hi gh as far as the
ned, but may be l owas far as the practi cabi l i ty of database
vi ous secti ons). It may, however, make sense, to use the
re or l ess �xed knowl edge base.

edby the restri cti ons of i ts syntacti c and semanti c

too di�cul t to master a bi g termi nol ogy; we do not
val al l ows to keep both preci si on and recal l
emanti cal l y and can be di �erenti atedwi th
xonomi es tend to growmore i nwi dth
he number of i nstances that
l si ze of the knowl edge

we currentl y use a
brary we have
between
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some human-readabl e documentati on for them. The reposi tory we target consi sts of components f or
whi ch no formal i nput/output speci �cati on i s avai l abl e andwhi chdo not necessari l y use common data

uctures, common processi ng model s, or common modul ari zati on strategi es. Thus the i nformal i ty
ormation that i s avai l abl e about the components shows up i n our systemi n the i nformal i ty
i nterf ace we use.

nd, reuse coul d al so take pl ace i n a more control l ed and formal i zed envi ronment,
and catal ogi zati on) of reusabl e components and the producti on of newsof tware
by a common formal f ramework. In thi s case other methods to access
ght be superi or, namel y those that use the i nformati on that i s
Even i n thi s case, however, YAKS may be a good tool to
shoul d be extended.

nd what i s usual l y understood as sof tware reuse:
he process of changi ng a sof tware system, too.
ems coul d of course be consi dered sof tware

�nd reusabl e components. There i s of
�erent approaches. Thi s secti on
oach taken i n YAKR.

mponents i s that
e components:
y one of a
ty of
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The sof tware i nformationsystemthat i s most simi l ar to ours i s LaSSIE/CODE-BASE[ 14, 32] . LaSSIE
ori gi nal l y used a f rame based knowl edge representati on l anguage cal l ed KANDOR, whi ch was l ater

ed by a l anguage cal l ed Cl assi c. In LaSSIE al l i nf ormati on i n the knowl edge base had to be
In LaSSIE' s successor, CODE-BASE, a l ot of i nformation i s acqui red by an automati c
PREF, and i s then stored i n a database whi ch i s queri ed on demand. The user
sts of a natural l anguage parser pl us a graphi cal browser f or navi gati ng

ts desi gn, some powerful constructs are mi ssi ng; f or exampl e
ti onof two rol es, the i nversi onof rol es, uni on of concepts or
Thus KANDOR' s expressi ve power i s consi derabl y smal l er
educed wi th the use of Cl assi c; but some gaps
i s al l owed onl y for rol es wi th at most one
f rol es, negati on of concepts or rol es, and

has not and avoi ds stori ng the whol e
o LaSSIE/CODE-BASEi s
si on of the LaSSIE

[ 39] . They
he com-
m
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syntacti c coverage; the other knowl edge sources have to be updated for a newdatabase. The l exi con
contai ns word i nformati on for morphol ogi cal , syntacti c, and semanti c processi ng. The conceptual

schema consi sts of sort i nformati on and constrai nts on the arguments of nonsort predi cates. Fi nal l y,
e database schema consi sts of i nformati on that enabl es the mappi ng of the i ntermedi ate represen-
to a query expressed i n a rel ati onal query l anguage.

si ti on process di �ers f romthe one we use. Our approach rel i es on speci f yi ng l exi cal and
l knowl edge i n the l exi con and annotated knowl edge structures. In TEAM, l exi cal and
i s acqui red by means of an acqui si ti on di al ogue usi ng menus and wi ndows. The
nowl edge structures and the answers of the user. Verbal case f rames are
e gi ven by the knowl edge engi neer and questi ons about correctness
Thi s ki nd of acqui si ti on i s moti vated by the aimthat non-

adapt the i nterf ace to a newdatabase. Simi l ar acqui si ti on
s are currentl y more di�cul t. However, bui l di ng such

of TEAMdoes. Furthermore, i nf ormati on
e deduced when usi ng YAKS. For
c �el ds just as rel ati ons
on process requi res l ess

i cted syn-
ori cal
c



24 1 0 FURTHER WORK

4. The practi cal e�ci ency of the deducti ons vari es muchwi tha l arge knowl edge base: Manyqueri es
return wi thi n l ess than a second, some others take mi nutes.

5. It i s possi bl e to bui l da natural l anguage i nterf ace f or a speci �c knowl edge base wi thonl ymi nimal
addi ti onal work (l ess than 10 percent) f or the knowl edge engi neer.

6. Anatural l anguage i nterf ace to a reposi tory of sof tware components i s useful to have, even i f i t
i s syntacti cal l y restri cted.

0 Fur t her Work

here are obvi ousl y a l ot of possi bi l i ti es to improve our system. The most important ones woul d be
ment the capabi l i ti es of the natural l anguage i nterf ace (syntacti c and semanti c), to compl ement
l anguage i nterf ace wi thmenu andwi ndowi ng techni ques (f or i nstance to access the source
ti on �l es), to speed up those deducti ons that are nowvery costl y, and to avoi d
edge base i nto vi rtual memory. We do not currentl y pl an to fol l owany of

stri ki ng importance: Is thi s semanti c model i ng pl us natural l anguage
nts real l y better than, f or i nstance, much cheaper i nformati on
keyword search on documentati on �l es of the components ?

hi s i ssue: Apart of the programs descri bed i n chapter 1
onandrecal l of our systemwi l l thenbe compared
se programs. We expect that the resul t of
qui val ent queri es" and \unsuccessful
pportuni ti es f or \near mi sses".
ss gi ve us an i dea where our

al so impl emented
nted
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A Other knowl edge s our ces of YAKR

Apart f romthe YAKS speci �cati on of the knowl edge base, there are two other sources of knowl edge
to the system, both needed by the parser: the di cti onary of word forms and the tabl e of syntacti c rol e

f orms. Thei r f ormats and semanti cs are descri bed i n the fol l owing two subsecti ons.

A. 1 SARAdi ct i onary

The di cti onary contai ns al l the words that SARAshal l be abl e to recogni ze. It i s impl emented partl y
ful l f ormdi cti onary and partl y wi th al gori thmi c word formanal ysi s. The i nformati on i t del i vers
parser are (where appropri ate): part-of -speech l abel , time, casus, numerus, genus, person,
on, and contai ned pre�x. For most types of words, di cti onary i nformati on rarel y needs
see the �l e saralib/sara.std). But for verbs, nouns, and adj ecti ves addi ti ons are
ntl y, al though the di cti onary al ready contai ns about 10000 words wi th about 25000
orms pl us several times as many impl i ci tl y recogni zabl e wordforms. The format
descri bed here. Al l expl anati ons are by exampl e for ease of understandi ng.

de�ned i n the �l e saralib/sara.uverben, thei r f ormat can be deduced f rom
mat for regul ar verbs as descri bed bel ow.

col l ected i n the �l e saralib/sis.wb.v and may l ook l i ke

xe (be) :halbpraefixe () :ung }

xe (-) :halbpraefixe (auf) :rm }

xe (- inter re) :halbpraefixe () :rm }

xe (ver) :halbpraefixe (an ab aus vor) :ung }

he name of the di cti onary entry and must be the i n�ni ti ve f ormof the

he part-of -speech.

esi zed l i st of bl ank- or comma-separated pre�x word parts i s
the same stempart (i n the exampl e a c k e r n and b e a c k e r n ).
f or pre�xedverbs: a c k e r n ! g e a c k e r t but b e a c k e r n !b e a c k e r t

The dash desi gnates the empty pre�x that has the meani ng \do not prepend g e
a d d i e r t i nstead of g e a d d i e r t . It can be gi ven even where other pre�xes

usual l y necessary for verbs wi th forei gn ori gi n.

f ol l owing parenthesi zed bl ank- or comma-separated l i st of separabl e pre�xes i s
es even more other verbs wi th the same stempart (i n the exampl e f e r t i g e n
�erence between separabl e pre�x and ful l pre�x i s that a separabl e pre�x i s cut
b formi n present tense, e. g. , i c h f e r t i g e e t wa s a b but not i c h a b f e r t i g e e t wa s
the Parti zi p II f ormi s agai n di �erent for verbs wi th separabl e pre�x (except i f the empty
present) because the g e i s i nserted between the pre�x and the stem: f e r t i g e n !g e f e r t i g t
n f e r t i g e n !a n g e f e r t i g t (and not g e a n f e r t i g t ). The dash i n the :praefix l i st el imi nates the g e

al so i n the Parti zi p II f orms wi th separabl e pre�x, e. g. , a u f a d d i e r t i nstead of a u f g e a d d i e r t .
Onl y the Parti zip I and Parti zp II f orms of verbs wi th separabl e pre�x are expl i ci tl y generated i n the

di cti onary as ful l f orms; al l others are recogni zed vi a al gori thmic word formanal ysi s.
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The l ast part of a verb entry i s ei ther :rm (whi ch i s an abbrevi ati on for the al so possi bl e
:regelmaessig) or :ung. :rm desi gnates the verb as a regul ar one. :ung does the same, but ad-

di ti onal l y resul ts i n the generati on of another nominal i zati on: For al l verbs (whether regul ar or not),
the i n�ni ti ve f ormi s automati cal l y put i nto the di cti onary as a noun, too (e. g. a c k e r n !d a s Ac k e r n ).

For :ung verbs second noun entry i s made, i n whi ch the e n endi ng of the i n�ni ti ve f ormi s repl aced
by u n g , e. g. , f e r t i g e n !d a s Fe r t i g e n ,d i e Fe r t i g u n g .

The Parti zi p I and Parti zi p II f orms of al l verbs are automati cal l y al so avai l abl e as adj ecti ves and as
adverbs.

A. 1 . 2 No u n s

Entri es f or nouns may l ook l i ke

{ abschnitt :substantiv :typ (Ss, Pe) }

{ adresse :sub :typ (S, Pn) }

{ bild :sub :geschlecht (s) :typ (Ss, Per) }

{ algorithmus :sub :geschlecht (m) :typ (S) }

{ algorithmus :sub :stamm algorithmen :geschlecht (m) :typ (P) }

{ solo :sub :geschlecht (s) :typ (Ss, Pi) }

{ zeichensatz :sub :stamm zeichens@atz :typ (Ss, PUe) }

The �rst part of the entry i s the word name, whi ch must be the base formof the noun. :sub (or
al ternati vel y :substantiv) i s the key word that assi gns the part-of -speech.

The keyword :typ precedes the l i st of i necti onal types of the noun. The avai l abl e types are S, Ss,

Sn, P, Pe, Pn, Pen, Per, Ps, Pss, Pi, Pue, PU, PUe, PUen, PUer. The S- types descri be how
the geni ti ve si ngul ar i s f ormed f romthe base form: ei ther by appendi ng nothi ng (S), as i n d i e

Ad r e s s e !d e r Ad r e s s e , by appendi ng s or e s (Ss), as i n d a s Bi l d !d e s Bi l d ( e ) s , or by ap
n or e n (Sn), as i n d e r Me n s c h !d e s Me n s c h e n . Fromthi s S-type assi gnment al l si ngul

can be (and are) entered i nto the di cti onary (nominati ve, geni ti ve, dati ve, and accusati ve

The P- types descri be howthe nominati ve pl ural i s f ormed f romthe base form:
for P/Pe/Pn/Pen/Per/Ps by appendi ng nothi ng/e /n / e n / e r / s ,

f or PU/PUe/PUen/PUer by turni ng the �rst or @{marked vowel i nto the correspondi ng Uml aut p
appendi ng nothi ng/e / e n / e r 5,
f or Pss by turni ng an endi ng s i nto s s e ,
f or Pi by turni ng the l ati n endi ng o or u s i nto i , and
for Pue by turni ng the l ati n endi ng um i nto e n .

Al l nouns wi th si ngul ar type S are automati cal l y assumed to be f emal e, al l others are assumed to
mal e. These heuri sti cs �nd the correct gender f or about 80 percent of al l nouns. For the rest, gender

can be announced expl i ci tl y wi th the keyword :geschlecht f ol l owed by a parenthesi zed l i st (!) of the
l etters m (f or mal e), w or f (f or f emal e), and s or n f or neutral . Mul ti pl e genders can be assi gned to a
si ngl e word.

If the noun i s i rregul ar, i t may be necessary to assi gn di �erent stems for si ngul ar and pl ural f orms.
Howto handl e thi s case i s shown wi th the exampl e a l g o r i t hmu s above.

5e.g. der Zeichensatz, di e Zei chens�atze



A. 2 S ARA r o l e t a b l e 27

A. 1 . 3 Adj e c t i ve s

Entri es f or adj ecti ves may l ook l i ke

{ absolut :adj }

{ bedeutend :adj :steigerungsstaemme (bedeutend, -,

(bedeutenst, bedeutendst)) }

{ public :adj :ungebeugt }

The �rst part of the entry i s the word name, whi ch must be the base formof the adj ecti ve. :adj (o
al ternati vel y :adjektiv) i s the key word that assi gns the part-of -speech. If the comparati on endi ngs

are not e r , e s t , the compl ete base forms for posi ti ve, comparati ve, and superl ati ve can be gi ven as a
l i st of words (or word l i sts f or al ternati ve forms) af ter the keyword :steigerungsstaemme. It i s al so
possi bl e to speci f y that the word shoul d be consi dered to be an adj ecti ve i n an i nput sentence even i f

i t appears wi thout a i necti onal endi ng by gi vi ng the keyword :ungebeugt i n the entry l ast. Thi s i s
needed to handl e german usage of engl i sh adj ecti ves.

Inected adj ecti ves are anal yzed al gori thmical l y and are not put i nto the di cti onary as ful l f orms. Al l
adj ecti ves are automati cal l y al so avai l abl e as adverbs.

A. 2 SARArol e tabl e

The rol e tabl e associ ates the names of syntacti c rol es wi th a set of grammati cal constructi ons anda set
of questi on phrases that can be used to ref er to thi s syntacti c rol e. The standard set of syntacti c rol es
resi des i n the �l e saralib/sara.std and has 33 entri es. Al though i t does not need to be changed

very of ten, i ts f ormat i s descri bed here.

Avery general exampl e of a rol e tabl e entry i s the fol l owi ng:

<< agent "das Subjekt"

:nur_aktiv

:nominativ ;'ich' schlage keinen Hund

:nur_passiv

:dativ von ;'von mir' wird kein Hund geschlagen

:dativ vom ;'vom Nachbarn' werden alle Hunde geschlagen

:akkusativ durch ;'durch mich' werden keine Hunde geschlagen

:nur_nominal

:genitiv ;das Klagen 'des Nachbarn'

:dativ von ;das Klagen 'von mir'

:dativ vom ;das Klagen 'vom Nachbarn'

:akkusativ durch ;das Klagen 'durch den Nachbarn'

:fragen

:nur_aktiv

:frage (wer) ;'wer' fragt mich

:frage (was) ;'was' krabbelt meinen Ruecken hinauf

:nur_passiv

:frage (von wem) ;'von wem' werde ich gefragt

:frage (von was)

:frage (durch wen)

:frage (durch was)

:frage (wo) ;(sinnvoll, wenn die Agenten SW-Objekte sind.)

>>
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Thi s entry can be read as fol l ows: agent i s the name of the entry (as to be used i n AT-DOMAIN and
AT-RANGE annotati ons). The fol l owi ng stri ng i s merel y a f ree f ormdescri pti on of the entry. Al l of the

fol l owi ng i s opti onal , except the keyword :fragen.

:nur aktiv means \the fol l owi ng appearance forms are val i d for verbal phrases (i . e. cl auses) i n acti ve
voi ce onl y". :nominativ means \one possi bl e appearance of the agent rol e i s a noun i n pure nomi -

nati ve case (i . e. wi thout a preposi ti on)". The part of the l i ne af ter the semi col on i s a comment and
gi ves an exampl e for thi s appearance form.

nur passivmeans \the fol l owi ng appearance forms are val i d for verbal phrases i npassi ve voi ce onl y".
iv von means \one possi bl e appearance of the agent rol e i s a noun i ndati ve case preceded by the
on v o n ". Agai n, the part of the l i ne af ter the semi col on i s a comment and gi ves an exampl e
arance form. The expl anati ons for the other appearance entri es are anal ogous.

means \the fol l owing appearance forms are val i d for nomi nal phrases onl y". There
ance cases before the :nur aktiv keyword. Thi s had meant that they shoul d
. e. acti ve and passi ve verbal phrases as wel l as nomi nal phrases.

-opti onal l y) needed for purel y syntacti c reasons, to ease parsi ng the

we r at the begi nni ng of a sentence i ndi cates that the sentence maybe
ymanyquesti onwords maybe gi ven andmust al l appear i n exactl y
rm.

i n the :fragen secti on of the entry.

as We l c h e Fu n k t i o n are impl i ci tl y deri ved f romal l the
keyword, that are val i d for verbal phrases.

e Fr ames

erated f romthe exampl e model i ng on page 11. The l i sti ng

ons))

)

s))

tions),

s))

))
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adj_adv ?? (C-anything) (21),

agent ?? (C-anything) (21))

Data-Objects [C-Data-Objects] (

benennung has-synonym (C-Data-Objects),

gen_von INV(has-Parameter) (C-Functions))

has-Parameter_HAOd [R-has-Parameter] (

agent DR (C-Functions) (21),

thema RR (R-has-Parameter) (21))

has-Parameter_HAOc [R-has-Parameter] (

agent RR (R-has-Parameter) (21),

definition RR (C-Data-Objects) (21))

has-Parameter_HAOa [R-has-Parameter] (rollensynonym) (

benennung no-KRS-role (C-Data-Objects),

gen_von INV(has-Parameter) (C-Functions))

Files [C-Files] (

gen_von INV(has-Parameter) (C-Functions),

benennung has-synonym (C-Files))

sein1 [W-sein] (

definition ?? (C-anything) (21),

agent ?? (C-anything) (21))

Objects [C-Objects] (

benennung has-synonym (C-Objects))

GF [C-anything] (

definition no-KRS-role (C-anything) (21),

agent no-KRS-role (C-anything) (21))

Input-Functions [C-Input-Functions] (

benennung has-synonym (C-Input-Functions))

Output-Functions [C-Output-Functions] (

benennung has-synonym (C-Output-Functions))

haben1 [W-haben] (

thema ?? (C-anything) (21),

agent ?? (C-anything) (21))

writes [R-writes] (

agent DR (C-Output-Functions),

thema RR (C-Data-Objects))

Lines [C-Lines] (

gen_von INV(has-Parameter) (C-Functions),

benennung has-synonym (C-Lines))

actions [C-actions] (

benennung has-synonym (C-actions),

agent has-agent (C-Functions))

Characters [C-Characters] (

gen_von INV(has-Parameter) (C-Functions),

benennung has-synonym (C-Characters))

Fallschablonen zu 'sein' : (GF, has-Parameter_HAOc)

Fallschablonen zu 'haben': (has-Parameter_HAOd)
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sein1, sein2, and haben1 are the case f rames that are used i nternal l y to parse al l i nputs wi th s e i n or
h a b e n as mai n verb. Instanti ati ons of these case f rames are then converted i nto i nstanti ati ons of the
appropri ate HAOc, HAOd, HAc, and HAd case f rames by a uni �cati on al gori thm. Thi s method i s

used to avoi d the extremel y l ong runni ng time of the parser that woul d resul t i f al l sei n/haben case
rames were di rectl y used for parsi ng. GF i s the so cal l ed general frame that i s used to parse i nputs of
f ormWe l c h e A s i n d B where both Aand Bare obj ect concepts.

Us er i nt er f ace commands

The hel p page of the SARAcommand i nterpreter l ooks l i ke thi s:

- Quit. Beende die Sitzung

- Rufe eine Shell auf

- Lese SARA-Wissensbasis (kann #krsinclude enthalten)

- Lese reine YAKS-Wissensbasis

,k - Zeige Woerterbucheintraege/Konzepte

,f - Zeige Rollen/Fallschablonen

- Teste die Wissensbasis auf Konsistenz

- Erzeuge die Fallschablonen

- Anfragen anzeigen (ein/aus)

,i - Charts/Instanziierungen anzeigen (ein/aus)

- Frage nach Ausgabedateinamen bei w,k,K,r,f,t (ein/aus)

- Dateinamen aendern

,I - Charts/Instanziierungen auf EDGE-Datei schreiben (ein/aus)

- Konzepthierarchie einmal auf EDGE-Datei schreiben

- Lenke die Standardeingabe um

- Dump der Wissensbasis nach |less

- wiederhole letzten Eingabesatz

- YAKS-Kommandointerpretierer aufrufen (Verlassen mit 'quit')

- Einlesen des binaeren Woerterbuches aus ~/tmp/sara.wb.bin.Z

me of these commands are descri bed now.

ts f or a �l ename and reads that �l e as a SARAknowl edge �l e, whi chmay contai n(a) di cti onary
e tabl e entri es, (c) #include of other SARA�l es, and (d) #krsinclude of YAKS �l es.
n as a �l e name and denotes the standard i nput.

and reads that �l e as a YAKS knowl edge base �l e.

x and di spl ay, respecti vel y, the correspondi ng di cti onary entri es, concepts,
rames f romthe SARAknowl edge base. The output shoul d be more or l ess
n the output are pre�xed by ei ther R-, C- or I- to di spl ay that
or i nstance, respecti vel y, i n YAKS. Rol e concepts are further
r ? to di spl ay that the rol e i s a synonyml ess, theme, has-
e, respecti vel y. Concept concepts may be further pre�xed
ncept i s an acti on-or-obj ect, attri bute, or other concept.
wi th a questi onmark, al l obj ects whose names contai n

If the stri ng i s compl etel y empty (i . e. j ust a
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\<" reads the bi nary formof the di cti onary f roma �l e whose name i s gi ven i n the �l e .sararc; thi s
i s very much faster than to parse the source formof the di cti onary, but i s onl y possi bl e as l ong as the

di cti onary i s compl etel y empty. Thi s i s usual l y the very �rst command i ssued i n a sessi on.

\ >" wri tes the compl ete di cti onary onto a �l e whose name i s al so gi ven i n the �l e .sararc, f or l ater
use wi th the command <. To avoi d acci dents, i t i s cl ever not to have the same name i n .sararc f or
utput �l e as f or the i nput �l e.

Exampl e Ses s i on

s secti oncontai ns a short exampl e sessi onwi thYAKR, usi ng the exampl e knowl edge base f romabove.
utput i s i n this typeface whi l e user i nput i s i n this typeface. Comments are i ndented.

n bei YAKR ? fuer Hilfe

.wb.bin.Z : sis.wb......./.....................

Nowthe SARAdi cti onary has been read i n.

ssensbasis ein.

r SARA-Wissensbasis: bsp

ark: The contents of the �l e bsp are

clude "sara.std"

sinclude "daten/bsp_yaks"

s poi nt a l ot of output i s generated that shows the names of the obj ects i n the
base as they are created whi l e the knowl edge base �l e i s bei ng read. Thi s
hown here.

ates announces that al l knowl edge �l es have been read i n and generates
a l ot of output not shown here i s generated that shows the names
created.

n?
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Thi s commandtoggl es the di spl ayi ng of the i nstanti atedcase f rames and the YAKSqueri es
generated f romthem.

SARA: Funktionen, die ausgeben

"Funktionen, die ausgeben" -->

[:I L3 G4 C-Functions,

[Gw Fngda Np P3 substantiv funktion]

[:I L2 G24 R-writes, Relativsatz Np, P3, (aktiv,praesens,indikativ,Nebensatz)

[:rolle L2 G2 agent/DR

[:I L2 G2 C-Functions,

[Gw Fna Np P3 substantiv funktion]]]]]

Q-CONCEPT ?cvar = AND(Functions

SOME(writes)). /* Concept */

fputc fputs

SARA: q

Tschuess !

E Pos s i bl e Probl ems wi t h Nat ur al Language I nt er f aces

The fol l owi ng hypotheti cal di al og may serve to i l l ustrate some of the di�cul ti es that may ari se i n the
use of i ntel l i gent systems wi th natural l anguage i nterf aces. Actual l y, thi s proj ecti on was made i n the

year 1973, so the setti ng i s wi th a sl owpri nti ng termi nal . Pl ease take care to understand the i ni ti al
i nstructi ons.

He l l o , I a m Yo u r u t i l i t y s e r v i c e c o mp u t e r . To p r o v i d e t h e b e s t p o s s i b l e s e r
p r o g r a mme r s h a v e g i v e n me t h e c a p a p b i l i t y t

l e a r n .
En t e r y
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Cr e d i t c a r d n umb e r v a l i d a t e d .
Wh a t ma y I s e r v e y o u , Mr . Ro g e r s ?

/ / Do y o u p r o v i d e l i b r a r y r e f e r e n c e s e r v i c e s ?

Ye s . I h a v e a c c e s s t o 1 . 2 7 * 1 0 E+7 v

/ / 1 .
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Do y o u wi s h t h e l i s t i n g s i n r a n d o m o r d e r , a l p h a b e t i c o r d e r b y t i t l e , a
INTERRUPTED***

/ / By d a t e o f p u b l i c a t i o n !

Ea r l i e s t o r l a t e s t � r s t ?

/ / L a t e s t !

Fi r s t o r l a s t ?

/ / Ei t h e **

/ / F i r s

!
?

!
/



35

Pu b l i s h e d h a r d b o u n d a n d u n d a t e d p a p e r b a c k r e f e r e n c e s f o r s u b j e c t \ g y p s u
p a p e r b a c k p u b l i c a t i o n s a r e i n c l u d e d i n ma g

/ / I d o n ' t wa n t t o k n o w a
/ /
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For ful l enjoyment, nowstart again and read carefull y.
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