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Abs t ruc t . ' I li t airu of lhj~ pal'cr j!'l to pre-cut .1PO!'~ilJ)f' help prototype for lBi\ l
SAA Laugu ..tJ!.f:A n -l.'!'I" - : 1 uat urnl Ianguage query interface to relational datab..L..c:"Io .
TI.,. I"ule of )wlp i .. t o iI""i .. t the u ver in Iorruularing queries . It i.. done by ext rncting
ili itl preseutiug iuforruntiou , "yllt ilr:tic and scmnnt ic, about natural language tenus
:tlld lilt: COll e" p h Lehind t hern Irom a conccp tunl -o-he ma wh ich links t he natura l
1;U1 g11"g~ to tahle.. in a particular database. The presented help Iunctious have b~~11

prnlolyp'·. ) u ..iug IBf\.1 Prolog.

I. INTROD UCTI ON

'1') )(' recent yea rs have sec u .\11 ex t raordin a ry accelerat io n of interest ill the
appli ca l,ioll of natural lalJgllagt.~ pro cessing to rela t ion al databases inqu iry, Nat ura l
lall~lIap;I ' qlll~ril's a clli t'\'I ' a high (It'g fP(' o f nccr-ptun ce, part.icularly alJlong users

who a re - 1I0t Ilff'pafPtl t o Iparn t lu- sy ntax of formal query languages , nloreover , in

order tn o bta in infornrat ion from relnt ional datahases , t.he user must he fa llJiliar
with dataha:-; t~ s t ru rt u n- . l]~ i ng L1ll' nut.urul langunge interface ill a database system
frl 'f 's t lu- IISI '!' Iroru l-aruiug th- syn tax of formal qllery languages and details of t.he
datahasl ' st ru rt ur».

A:-- d at a ha~I ' sy:, I " I IIS ar" of wide-spread IISC, res('arcll 0 11 tlu- nat ural languug«
iur erfao- has Ilou rislu-d durin g t he past yea rs (1) . All exa u rp le is tilt" known I B ~I

SA ,\ L all gll agl 'r\ rn's~ - a mnlul iugual natural lallguage «uery interface to I B ~I

rr -lat ioual dat a hases UIl:! and SQI./DS [2J. The product is developed at IU~I

Nord ic Lahorat or it·s ill roope ra t iou with IB:\1 research laboratories all o ver t.he
world . Lallgll agl' ,\ r cl'ss translates a natural language ClUNy into SQL st a l f.· I IIt' !I ts

which ar» 11 ...11 iuu-rpretvd ill ll\l' IIslI,,1 way.

110\\'('\'(' 1' , t lu- n -ceiviug ad\'tlnt agt' to have tlr e natural or hUIIlHlllanguagt' query
uu-rh nn isrn IIl1l st hf ' paid oll. Word» of a naturul luugu agr- are inherently v01gll(, mHI
r..fll sl' forlll al d..li llil ion , ThC' phrases ill a nat.ural language are often ambiguous
a lld ch-a r tIlJdl 'rst alldillg c1f'IH'lIds 011 it largi' amount of contex tu a l information . For
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this reason , some autho rs have cla imed that a real natural lan guage qu ery interface
to a relat ional dur.abase requires an almost co m plete array of the ca pa b ilit.ies of
hUIIH\Il in te lligence t.o succeed [3].

The a im of t.he pa per is to h righten o ne s pecific as pect of t he natura l lan

,!.!; lI agl· illl.f> r fafl· problem , t.o portray a Help fun cti on wh ich ca n assist th e user ill

fo rming correct na l ura l l a n gll ag~ queries . A prototy pe of t his Help fnn rt. ion for
ex t.rnct ing a nd proscnt.in g info rma ti on about natu ral la llgllage te rms tha t. can he
nsr-d ill q llt' ries a nd na tu ral lan g\l agt' fr ngmcn ts ba sed 0 11 t hes« term s , is presen t

ed . TIlt' pa pr-r is orga uizcd ill the following way. In th e next sec tion a n overview
of Lnug uagcA cccss fea tu res wi ll Iw' given brietl y . Section three d escr ib-s t.h e (' 115

t.o ruizu tiuu p ro cess which is th e task of li nking th~ vocab u la ry that will be used in
ua t.ur al lall~ lI ag,~ queri es with database tables. The co nc e p tu a l schema, as the out
p ut of t he cust.o ru iz.u iou p rocess , wil l he described . Sect ion four is d evot ed 10 th e
11 "1 ,, luuctious . The ro le of IIPI" wi ll he deruonstrn ted us ing a uurul .er of exa ru ples .
Particular au entio u is paid to thp specification and design of Help Iuu rt.ions .

:l. AI\ OVEltVIE\\, DESCIUI'TION or NAT UltAL LANC UAGE INT EIU'AC E
TO ItELATI ON,\ L nATA 13 ,\SE IN l.a ng ungcA ccess

\ Vitli Lang uugeA ccess t he user can retrieve database informat ion ill his OWl!

lan guage. The nSN does \1 0 1. need to learn either the syntax of SQL sta tements or
da taha~l' str uc t u re d eta ils . For exa m ple, consider a case of a relat.ional databas e
cover ing em ployees i ll a fir m . I II o rder 10 retri eve in formation ab ou t m an agers wh o
mau ag. more th an len e m ployees by 1IH.' 01I1 S of SQL , t.he user of database system has
to look at t he s t. rur tu n- of t he da t.ahase E,\ I I' LOYEE au d co nst ruc t the following
SQL s t.atcmcnt

SEL ECT NA,\IE , SA1. ,\ ItY
FnOM E;\II'L OYEE
WHERE NlJ ;\ IBEB. =

SELECT ;\ I(; B.
F IIOM E;\ II ' LOYEE
GRO UP IlY ;\I C;lt
HAVING ('O UNT( ' ) > 10

1I 00\',' ver ! hy us in g Lnugu ageAccess the USer can ge t. t.he sa me information in a

mo re Friendly way, s uch as: Lis! the nalll (' aud sa lary of th c m ana!l cr," who mana!l c
tlLU 1'C iha n tcu (' mll/ogc es.

To int er p re t s uc h a sen tence a very com plex system is required . l. nng u nge A c
cess ha s three related pa r t.s : a cus to u iiznt ion 1.0 01, a natural langu age eng ine and a

query iuterface . We shall briefly ex pla in each of them [.'i ].
I) The cu s t u m izutiou tuu l. Each application IIIl1st be cus to mized before

t he user ca n USt' Laugu ngeA cccss . The t.ask of custo m iz.u.io n is 1.0 link uat.ura l
language words a nd phrases to a predefi ned set of dntnbase tabl es whi ch app ear
in t.lr e app lica tion doma in . C us tou iiznt. ion is d one from t.he user-Fri end ly g rap hica l
in terface' ill t he cus to u riza t ion tool [6].
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2) The natural language e ngine. It is th e kernel of th e sys tem whi ch
interprets question s using a linguistic analysis com ponent and produces the SQL
sta tements with infonuatiou abo ut the requested form of the answer; chart, report ,
etc ,

The processing stages of th e natural language engine are presented in Figure I .
T heir tasks are:

- The input sente nce is parsed in the syntac t ic ana lysis stage. T ill now, anal
ysis grammars for a nmnher of languages have been prototyped : Eng lish, German ,
French , Spa nis l», It. alian and Swedish. LanguageAccess is co mmerc ia lly available
for Engli sh and ( :erlJlan.

- Sema nti c analysis produces a n interpretat ion of the input question whi ch
st ill has no references to database organiza t ion hu t is determined by facts asser ted
during the cust omization process .

- Genera tion of the SQ L sta te ment

- (; eneration of natural language paraphrases for the interpretations of the
question . If the input question is ambiguous, one paraphrase for each in ter pretarion
is produced. The user selec ts the paraphrase which represents the desired meaning
of the question, For example, the question ; U'hicf, ,') cuiar manager.s uiork at th e
head office? is pa rap hrased as : Find senior mana9crs that work at departm ents
nam ed head ofjicr, Each interpretation is converted to one or more SQL sta tements .
After selec t ing a paraphrase, t he corres ponding SQ L statem ent is executed .

syntactic analysis

1
semantic analysis

paraphrasing generation of the

SQL statement

Fi ";lU't! 1. PI01.--L~~j ll ~ s tages in the natural language engine

Look ing at the engine str uc tu re, two pa rts ca ll be distinguished: th e language
dependent pa rt! such as ana lysis gr;, mmar, generation grarnmar used ill paraphras
er , and a language independent part. Th is gives the multi lingual capability of th e

•engine.

:1) T Ile ' I"ery in terface lets users enter question" in natu ra l language, con
firming intcrp ret. a ti o ns and viewing th e answer. A very interesting and useful fea

ure of La nguageAccess i1'" resolution of pronouns , bot h int er- and inlra.-sent entially.
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The lat u -r enab les the user 1. 0 lise a pronoun instead of the 11 01111 referred 1. 0 ill the
previou s sc ute nce . For exa m ple, the user ra n ask: List r m p{oyrc$ of th e Co uum t
n ' Sr u-nre Drpnrtmr nt , After gelting the a nswer the user ca n co n t inue with the'
qu estion : lI'110 v. tlicir m an aqrr] rela t ing theu: to th e subject of t he preceding
qu estion .

Bl~S j d l's the ques t.io ns concern iug t he datah:t.sl· co nte nt, t he use r r a n ask ,
thro ug h uat uru l laug uagc , abou t the database tabl es t lu-rnsel ves . For cxa r.rp lc,
t ilt' user r a il ask : wh ich database tabl es exist, who is their crea tor about words
a nd t heir pa rt, o f s peech. etc Th is met a-knowledge is s tored a uto uratical ly in

relat ional d"t" I)",,' tables during t he custom iznt ion process a nd beco m es part of
La llg ll a~eA r r ('ss appli cati on . .

:I . ( ' USTO~ I IZATIOi\ I'I W C ESS A;,\O CO i\ C EI'TlJAL SC IIE ~IA

A co ncept unl sche llJ a is a co llcct iou of facts created as a resul t of t he cus
toiuizut.io u process . T he sc he m a defin es the words that ca n be used in natural
};lII g lla~p questions in o rder to retrieve parti cul ar dat.a from t.he dat.ahase.

, ' 1 1 1t~ co nce ptu a l S d W III H is used hy various part s of th e engine t.o an al yze q ues
ti on s ill uat ura l lung uage, interpre t them and ge nerate paraphrases a nd SQL s t.a te
iucu t s. T he conce p t ua l schema is used by th e hel p func t io n , also . A description of
t il t' mai n s tages of the concep tu a l sc hem a will be presen ted .

Til t:' cus tou rizution process is a ccouiplished ill all intera ctive way through t.hree
st.nges [GJ . The fi rst st.agf' describes th e pla lluing stcps of t.he cus tom iz ut ion process.
These pla uui ng st.eps an' :

- ldent ifl ca t.i ou of til l' user alld t.he d a t.auasf' t ha t. co n ta ins t.he iuforrnat.ion
ti ll' user is int-rested for.

- List i ll~ ti lt' questions th e user wa nts to as k.

Df-'t.f'rlllinat. ioll o f t.h e uu m her of concept ual sc lu-m ns. Mor« th an o ne con
c-ptuul sche ma is Ill'edl'd jf ditlerc ut groups of users want to as k th eir own q uestions
or some users request iufo r tnat. ion that othe r users do not ha ve the a ut ho rity to
access

Listing I he words that each conceptual sc he m a must contai n.

- AII ,dy~i:-; of the darabaso tahh..s whic h incl udes spec ifica t io n of: t.ahl es ' keys,
illChlSIOII dt.·pf·IHlt'lIcil's all ll Join paths between tables and exc lusio n of t he cohu uus
cOlllaillillg dat a t he user will IIOt wa nt to ask quest ions a bout.

-- Anrlysi. for tl ... entit ies t.h a t t he conceptual schema will contain. An entity
is rt'prl"s l ' lI l a l iun of all object ill till' doruain of t.he a pplicat ion . To e<tcll eut.ij.y DIU'
or 1II0rt> tt' f1 I1S are assigtl('d . A t errn is t he word or phrase i ll t he na tura l language
which will be used ill t he q uest ions .

T he object ive in the second s tage of t he custorn izution p rocess is to do wnload
informat ion [rom t he da ta base, to select the tables a nd colum ns t. ha t the conceptual
sc he m a will use a nd define dependencies a mong colum ns.
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In the third s lage of t he custom ization process the concept ua l schema is de-
veloped . The m ain s teps in develop ing the conceptua l schema are:

I N
. .

. A~ I I NG ent it les.

:1 . C LASS IF YIN (; each ent ity as a subclass or instan ce of at leas t one ot he r
class . A classi fi ed ent ity is added 1.0 the hierarchy of classes which conta ins both
bui lt- in and custorn izer defined classes .

:3 . C REATlN l ; TER MS for each ent ity that users want 1.0 refer to. T he firs t term
assoc ia ted wit h t he ent ity is cons idere d as the primary term which will appear in
the paraphrase of t he quest ion . The other terms a re sy no ny ms 1.0 the primary term
and ilia)' Iw used ill ques ti ons , too,

Each 1."1111 belongs to one of the fou r possible ca tegories: 11 llllll , verb , adjec
t iv« or proper nruuu .

a ) Noun. Each table or co lII mil used in the conceptual schem a is an ent ity
whi ch belongs to t he ca tegory nou n , becanse it represen ts peo ple or things . Other
uou ns ill the conceptu a l schem a rep resent:

- co m posite ent it ies co nsisti ng of two or more entit ies . For exam ple, the noun
inter'view consis ts of two enti t ies: firs t nam e and last uam e. Cons t it uent. enti t ies
spec ify the order of the cor res pond ing data va llies which can be used in quest ions
or given in paraphrnscs if the question concerns the com posite ent ity.

- An SQ L exp ression performed on one or more collinuis. For exa m ple, the
1101111 durati on represents end dale minus start dat e.

After spec ify ing terms for t he noun , t he cus tom izer is asked to define the noun
gra lJ lI JJa r: s ingula r and plural forms of the nou n a nd p rOJlOII IlS which refer to it .

h) Vor-l». A verb represents an action or event which is linked to a nou n, For
exam ple, the verb work is linked to the noun w II, /oyee . The cus tom izer spec ifies
t.he verb gra ll llllar i.e . foriliS of t.ra ns it ivity of the verb.

c) Adjuct ive. All adjec tive represent s a ca tegory that. applies to a noun entity.
For exa m ple , adj ective se nior applies to a ll cmploycr if the age of ex perience is
greate r t.h au a g iven number of years,

d ) Proper W'IIl<!. A propl'r name is a category which design ates a part icular
hei nl\ or thin g , typi call y enco ded da ta valu es, lI eail- Quarters ( IIQ), instan ce of
depa rt.iueu; with a predefined nu mber. is all exa mple of a prop er nam e.

4 . S pecifying SYNTAX for ent it ies . Syntax prescribes the usage of terms ill a
uat ural lau guage ques tion. It is ob ligatory for verbs a nd opt iona l for ot he r ca te
gories, We shall hrielly d iscuss ver b sy ntax .

T he synta x for the verb determines how the verb will be used ill quest ions. III
English , a verb phrase call be used without a direct obj ect, with one or two direct
objec ts or wit h one direct a nd one ind irect object. For some verb phrases it is
a lso poss ible to select prepos itions which will he used with the verb . For exa m ple,
suppose tha t the verb work has to be used in the contex t: em ployee works f or
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11 01111:": mauagel' a nd dqlfl1'fHlcllf . J/ rl1ltlgu' and depart", r"f h a ve noruiuat.ive and
a rcus a t. ive roll' , respectivc ly, to verh Hlfwagc, The acc usa t.i ve role of "qlflrt", cllf is
inheri ted hy its iust an ce llQ. Rela t ionsh ips between wo r k, em p l oyee und ma""9r1'

arc already expla iucd in t.he paragraph about vl-rh syutax , E rtl J1 loyCf is CO II IIl'c t l'd

to .salary via relationship HH'flsll1'rd by, There is relationship ]'osse."scs 1> ('1.W('PII

r Ul ]) /oycr and drpurtnicul, and vice versa .

""".",,,,.

Figure 3, All example of conceptual schema

The co ncept ua l schema contains word spec ific to one a pplication. However I

t here a re words wh ich lila)' be useful in a ll app lications regard less of their domains ,
like preamb les a nd polite words , m easure words , pronouns , etc. As an exa m ple,
preamb les a nd polite words like: call you, please, wo uld you etc . a re suitable 10 be
used in many qu estions . The ent it ies representing such words are already defined
and kept in t he so ca lled base schema. Similarly, the m eta schem a con tains words
whi ch can he used to obtain the meta-knowledge about da t abases themselves . The
two la tter schell las are a n in corporated part of the engi ne .

4. T il E II ELI' FUNCTIONS

The user is not co m pletely free in formnlating quest ions in natural language.
The co ncept ua l schem a determines the forms of t he ques t ions 1he user can ask .
Only terms associated with ent it ies in the concep tual schem a a nd general t errns
from the base a nd m et.a schema are allowed to be used in ques tions in the context
whi ch is specified by the definition of ent it ies a nd rela t ionships between t hem ,
This is not a st rong res trict ion , because a proper custom iznri ou results in a wide



va riet y of p o:-; :-; ihlt· qu.-s t.iou». Th» requi red a nswe r ca ll usua lly h e retrieved t h ro ugh

sY1I1a ct icnlfy dilr, 'n'nt qIlP:-.tioll:-' .

III o rder to ask correc t (1'It'S t.i O Il S , ti ll' user ofte n needs help . The purpose of t.he
hf'lp is t.o ill [or r II t.l n- IISl'r abou t the co nten ts o f the concep tu a l sche m a ill a form

o f a lIa tura l lallgll a;.';t ' n-po rt.. This help is hasl'd 0 11 a sophist ica ted sf'a rr h through

ti lt' [arls of CHIICl'p t lI al Sr lH' llI a guided by IhI' rueauiug o f th ese facts .

II t' lp r a il hl-' invoked hy t ilt' use-r ill two cases:

I ) hefon- ask ill ~ t lIP quest ion if t he user need s 1If' Ip ill as king a cor rec t qu est ion .

~ ) artt' r a,:.; k ill~ a ll incorrer t question if t he user want s assistan ce to d t't ('c t th e

sou rce of t lIP ('rrOT

Six II d p rllll (·t iou - were proposed :

I . Ti lt , III Iun ct io n finds ge lle ra l terillS from the hase aud met.a s rherua . T..-rms

ar t' r1assi lif 'd in t o a 1I111111 )('r o f ca l.('gor ies: 1I01l1lS, adj ectives , adverbs , prr-p osit iOIlS,

)H O IIOIIIIS , pte. .

'2 , TI lt' 11 '2 fuucr iou lisl:-. krillS froi u tI lt' concept ual sclw lll a which belong to a

st'lt'ctl 'd ca lf·:.!;ory 1101111, v-rb, adjPcti n', proper narucr or all of them .

:L T IIf' pur po-«: of til t' 11 :1 fuu ct.iou is 10 lin d a ll relatio ns hips which con nec t
a ll input I .'rlll wirh o t lu-r II 'r IlIS. If t il ... inp ut te r ru is a ver h o r is r el at ed t o a

verb , o t her n-Ia t iu ushi ps as-ocia ted wi t h t he verb a re a lso g iven . For ex a m p le, if
th e input t er u : is u-ork , th e o u t.p u t is r UII,loYf r s ILwrJ.: j01' m nll agC1"S in stead of j us t
one rel a tionsh ip : f Ul l l l o/l n '!,; //,0,.1.: . The o u t p u t o f this fun ction co nsis ts o f natural
lall gllagl>fra ~lIlt'lIt , s ha:·wd n il I IIf' relat.i ouships found . The propos...d frn gmcnt s show

t lu- user lin' co u texts ill wh ich t. he input t er ru r a il Iw used .

·1 The ~oa l of t he 11 ,1 fuu ct ion is 10 1...1" 1111' user 10 join two t errns ill the
(plf' ril's . T IIP 0111 put of t lu- fun ct ion is a list. o f na t u ral language frugmeuts wh ich. .
couuu ns 1\\ '0 11I1'111 t er ms .

If t h--r» arf' 11 0 rela t ious hi ps wh ich CO II III'Ct. ha th terms , t.he user ca ll as k for the
list-, of 1't' la llOlIshil':-' as:-.oc ial!'d with eac h t er rn separn tely. These lists are a ctua lly
l i lt' o u t pu t of li lt' II : ~ fuur t iou .

;). 'l"11l' IIG f u u ct io n o lll' rs 1,!Ie user s ru u plc queries h a~f'd 0 11 t.lu- input natural

lall gll agl' fragu ll' lI l pr oduced by the 11 3 flllJft. ioll . Salll ple queri es an' b ased 0 11

pallf' r ll:-' which pn'se lll di llorcut typ es o f poss ib le queries . These q ueries ca n he
prucl'sst'd hy IIIf' i1l1a lysis gra ll ll ilar.

G. TIlt' II G Iu uct iou Iwlps the user ill the case the query ca n no t. he pro cessed .
,\ li:-. t of qllt>ry t erms wh ich b elong to t.lu- concept ua l schcm a is g iven t o the USe r ,

By invoking the 11 :\ fu nct io n the user wil l be informed abo ut tl ... con tex t ill whi ch
t.lw:-.t ' I Pr I Ii S ca n l)t· used .

TlIt-'SI' pro posed fu n ct ions an' des cr ibvd ill m ore details below .

III fun ct iou. Bas t' a nd u n-t u vo cabulary ter m s arc described by base and

m eta sc he m a facts. T he II I funct ion exatu ines these fa cts aud gen erat e t he b ase
and meta te rms .



• 11 2 fuurriou. Fun ci ion II:.! co llects all "''''"S which 1' l'l olI~ lu Ih" 11I1'111
ca tegory from tilt' concep t ua l :-: r1 If'III <l fact :':' .

• 11 3 fun ct.iou. Func ti on II:~ se a cr !lpl" throu gh co ucr-p t ual sc hema ra rt s i ll
o rde r to li nd a ll c'lItiti t.'s which a rc conuectc d through relationship» with lite «nt it.y
rdat ed tu tilt' inp ut krill. Bt':-> id..-s rclat ions hips t'xplir it ly prt's('lIt t 'd by couo-pt ual
sc hema [a c1:';. , all inherit ed rela t ionships han' 10 1)(' t aken into accou nt . Belatioll

ships are pick"d III' hy IIsillg I he l ' ro logs bu cktrnckin g facility. C ollect ..d ,,''''1;011 
s h ips are jln.·s t'lIl c·d to the lISt'C ill the form o f natural langu age fragnu-nts . For
eac h :-,('1 of relat ion-hips . syn t.ar t if patkens of the natural language' fragillt'nls a n.'
defined hy a linguist

0111Pllt of II", 11 :\ Iuur t ions COIiSiS ls of:

list o f S V IIO II VI IIS fo r the t errus. .

1) na tural l a l1 ~lIag(' frngruent ,

2) used ill fraguu-uts .

:l) list of [art s, either from tlu- conceptual schema or inherit ed OIl l'S , which
der cnuine t.ln- fr" g,1I1cllt..

TIl<' following exam ples should clarify Ihe IHOst iiuport.nnt inheritaucc rules
a nd present some patt erns for na tural language fragJlI l' ut s . Examples an' based all
the co nce p t.ua l sri Willa p; iW'll ill Figure :1.

EX /\~II'LE I . Inp u t tenu is .u ljcc t ive .5C111 lH·.

SC "i07' mod ifies no uns CWp["Yf C, clerk an d I1UI1Hl9t.,.. '1'1 11..' fo llow ing nat.urnl lau
g uagl' frngrucnts arc pro posed to the user :

• cHl p/oyccs Itlay be .'1 CUIO r,

• clerks way bc 8fJlWr',

( ,o;ol io 1' m odi lies clerks - subclass o f (mp/pycc) ,

• Hlfllwg crs may be ,'1 eUIO r,
( "': f uw r' m odifies Wtl Jla gc,. - subclass of emptoga).

EX "~lP1.E 2 . lu pu t t.er rn is verb mallflgt .

Verb pa tte rns j o in t wo o r more rela t io nsh ips assig ned to the ve rb to Iorru a m ean
ingfu l na t ural language Irugruent ,

In o u r -xa.upl«, the user r a il use t he following fragment:' ill this questions :

• 1Il 'U1Il9; 1 .~ managf dqmr IUlf Ul .s,

• m fu w 9t' r ... ",arwJc I1q,
( I1 () is successor of dc pn rtm ent a nd inh er its rela t ionships ~tssio ll ed io it) ,

• dcpn rtnu nts nrr ,,!all!l ycd,
• l/(j is llln"!Iyrd.

EXAMPLE:~ luput term is noun m anagfT',

Searching fo r t.he relat ionships assigned to the input noun is o rga n ized 1lI two par ts .
IIJ thp flrs l. part [roru t.he rel at ionshi ps wh ich con nect t he 11 01111 lllalla!lt" t.u o ther
nou ns , t.he fo llowin g fragments a re gt' ncra t.ed:



• IIlflllflyf ' ".. h a r« c",,,loIICt ''',

• tlll/IIOl/ t t .. lin rc HlfWflYf 1'., .
• II/ ,/"agf 1'." h"r)t dr pnrl tn» uls ,

(rl'lalioll:-ohip illht'ritt'd fra ilI cmplourc - of III,wager) ,

• dfptll'hunlls luu« /IlfWflYfT.';,

• mfllltlycn /j(lfJf ,." d il n e ..

( r" la l ;o llsh;p iulu-rit ed [rom fllIl/loyre) .

III 11.,· "'co,,, 1 part II", 11:1 fun ction sea rches for the verbs related to the input
nouu . Noun IIlfw a9fr r a il lit' lI :-ot·d with the verbs '('(H'!' and manage in the following
co uu-x t:

• 111 (11"'91'1'·.. Hllwag( (it' l' fl rl lllf ll l... .

• III ll1!(/9tT" III(1""Y(' IIq ,
• r mld l/ l/n ... IIw1'/.: for HWI/flycr,,, ,

• clrrl:.. WO I' ~' f or ",mlt/!!l rs
( r!f rk... iulu-r it s n -l at ionships assigllt'd to its ancest or - rlllldoyce ).

• 11 4 f'u uct ion. '1'1 ", II~ fuu ctiou propo,,', naiurul language fragment s whi ch
contai n two illPlI1 Iprill s . lraguu-nts an" Iortued ill t wo ways :

I ) :L' II re out put of 11:\ Iuu ct ion ,

:l ) II)' rOlica tl' lI a t ing two fragu IPlIl s produced as th e output of 11 :1 fun ction .

'1'1 u- following -x.uupl .. should denr oust.rnt.e I he us..fuluess of II ~ fuuctio u . Let
II:'; a:"SIIII W "hal. t.ln - following qllPry is asked : List nil drpart mrnl... which code in
/' rolog [co ucep t. un] :-od H' llla eut it it,:; art' g i VI' 1I ill Figur« 01 ). Tilt, query is composed
of co rrect II'fl lI :" hut ca nno t Ilf' proressed because th ere arf' no relationships between
j'nl il it's H'lall'd In ti(/,a rtlllt II I and code. Addition al relationships associated to the
-ut iti»-, re la tt ·d to t ln- ter ius ill t ilt' qu ery m ust be included so that t he query r a n
hI p ror--ssed . TIll ' use r s hou ld invoke tilt' II-I Iun ct ion with dqJa,'tml'Jlt and rode
a.... inp ut ir-rms . Tho 11 ·1 fun ction will concntcna te two frngments associa ted with
tit /, I11'1111 1'"t all d code:

• tiqmrhlll "l~ haor proyra'UH! Cr8 and
• II1 (1Y" '" l1"" " '~ f od( 11I I 'roloq

ali t! wil l forru lil t r' ·slllt.illg Irngurcnt :
• tit I",,'tlllt nl .. ha,'( 1'7 09rrllll PlIf , •., that rode iii l 'roloq.

• 11[, f ll ll l"t ilJ ll . ,\ st'l. nf :"'\'c ral quor ies pau erus is assigned hl each pattern
of nalural lall,~uagt frngur-nt .

For »xar upb-. fpr t hr- na tnra l language fr < I~ II I (,ll t :

• r/llWtH/f t -v UUUln9t .It l'ar/Ul (' II t...

t hI' olltp ut is t.h» following list of q ueries:

.. H'/' re}, "'flIIII!!'1"\ 1/ifUIfIY" drport m cnts'!
• U'h I dtl,uI tmc n] fl'a" ma'l(l yed hy maunger"?

• I f " '"l "/''ch "' (lUll/It'" uWlIllqr "tJ)fldmt'uf - .



Jl(J $SeS ~': 5

employee . • department

F fgu re 4 . ('o n t·(' t question La-ed u n tlre cUIH'C'p I IMI ~chC'llla is : List flff dt'pflJ'l lll nds
whi ch JIiHf 1l r ogramlllt"r s t h a t code in IJroloq.

• H G fuu ct.iou. T he II G fun ction IISl' S th e I' ro log facilit y to II "I II ip ulat « strillgs
a n d list.s . The input st.riug whi ch presents a q uery is t. ruusfo ruied into a list of
words , I II o rder 1. 0 fin d t erms. com posed of o ne o r 1I10 H ' words , which belong t.o t.h e
co ucc p t.ua l SCIl CIlIa , the list is exa m ine d ill a recu rsi ve 111<\11 1)(.'r .

G. C O NC LUS IO N

T his pa pe r presc..'lIted a Help fuu ct.i o u for a na turnl Ia ngn ag« interface to rela
t io nal datahasos . The modular des ign of t he pro posed Iunct ions and the choice of
Prolog as a prog ra nuuing langu age g ive many advantages lik e: rapid p rot otypiug ,
addit ional tunillg aud ro bust ness o f code .

The design and pro totypin g was made for the English lan guage. It Sf'l' IlIS that
vcry sim ila r II d p ca ll hl' made for o ther narurnl languages by cha llg ing the pat rcrns
o f natural langllagt' fr ugment s ,

A ckno w h -d jn -m uu t. , Th is work was performed whil e t.he a u t hor was with
I U ~I Nordic la borat ory ill Lid in go , Stockholm , a rra nged through IA CST C - the
ln tem a t ional Asso ciation for t.he Exchauge o f Students for Techni cal Experien ce.
Specia l thanks for helpful advice and va luable snggest io lls go to Dr. Moha uu nnd
Sauarun«] - Proj ect ~ lanag('r ill Natura l Language Department , Brian \\'hite and
J a ne Brown - who provided the linguisti c help .
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