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Tne apility to unaerstand wNatural Language has 1long been a goal of
Artificial Intelligence research, and it is still far from being solved.

dowever, in tne early 19/vu's
certain applications

several systems sucn as PLANES[1l],

the AI research techniques reached a point whereby
became feasible for
LIFER[2],

Since that time,
have been built

first time.
and ROBOT([3,4,5]

tne

tnat nave demonstrated tnat the current state of the art is sufficient for quite

Jooa natural lanjuage data vase Juery.

rne implementation of the RO30I system has been jeared for high performance

and installapility in actual real world environments.
researcn comaunity some insight into tne aifficulties
tne current AI tecnnology in tne nands of people in the real world.

it offers the AI
when putting
This paper

As such,
encountered

uiscusses tne unexpectea linguistic and semantic difficulties encountered in the

l¢ commercial applications
and a nalf.

Lnere are many differences petween
natural language 3ystems developeu for
researcn anu natural language 3ystems
gyevelopea for proauction. Not tne least
of tnese wuirferences is tne fact tnat
tne prouucclon systems are eventually
used in tne aosence of tne uevelopers of

tne system. As sucn, valuaole insights
into the problem of natural 1language
processing can oe gained. In spite of

tne fact tnat all of us speak English,
none of us kKnow exactly what the user is

jJoing to type. deyond tnils, we don't
Know how tne wuser's Juestions will
cnange after several montns of use.
Inis 1s valuable information that only
systeas tnat nave actually been
installeu for long periods of time in

tne user's environment can provide.

rne rUBJLl system has peen applied
to lc uifterent applications during tne
past lo wmontns. In eacn case, tne
systeim nas been "turned over" to users
ror evaluatlion. Tne pnrase "turneda
over" 1is jargon of tne software inuustry
weanlinyg tnat tne progyram is now
completely 1n ctne nanas of tne users.
1ils 1S pacticulariy difficult to ao for
natural language Systems, silnce 30 .nucn
applilcation-specific tuning i3 reguired.
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to which rUBOT nas been applied during the last year

But the system must be officially turned

over if we wish to observe the
unencumbered user. Naive users, 1in
particular, are greatly influenced when

technicians or researchers are observing
tneir use of a computer system. It is
only after the system 1is completely in
their hands that we can begin to gain
accurate data on how well the system
satisfies their needs.
2. THE 12 APPLICATIONS
ROBOT has  now
turned over to users
companies: Bigelow-Sanford Carpet,
Commercial Union Assurance, Du Pont
Chemical, Planning Research Corporation,

been completely
at the following

vunn and Bradstreet and Software Ag of
Nortn America.
The following 1is a 1list of the

different data bases to which ROBOT has

been applied in these installations ==
8y ROBOT development staff: Customer
file, Homeowner's Insurance file,
Employee relations file, Car file,
Employee file, Data dictionary,
Financial file and budget control; by
local staff: Sales file, Membership

file, Accounting file and Planning file.



fne variation in tne different discourse
domains of tnese applications
illustrates the importance of the
domain-independent parsing technigues
employed oy RUBUT (see [5]). The sizes
tne applications range from 1,uuu
records in tne test files to over 2.4
million records.
3. ACIUAL useK reQUESTS

rne followinyg Juestions were
selected from loyg files in response to a
survey reguesting interesting Jueries
cnac nave oeen asked oy local users tnat
rJdJL was aole to answer. Altnough tais
sample 1s opiasea towards reguests that
rudJl can nandle, it adoes demonstrate
tne level of supnistication tnat users
expect rrua tue system.
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4. PoUduorlo cNCUUNLEREY

AlCiluuga tne overall experilience
wlicn susdvl dat all of cnese s1tes nas
veen yulce Jovu, tnere nave nonecneiess

of
cnat

veen several very ulrricult proolems
d 11n4dlstlc Or 3emanclc nacdre

nave 3Surtraceu. e remalnaer of  tnis
paper JylsCusses cnese proolems ana
pucentlar soluclons for taem. A proolem
13 uerined as any uesirea response co a
feguest tnact cannoc oe proauced oy
approprlace uictionary decrinitcions.
wote ctnac tnis 13 a ratner strict
gerinition since it presuwes tanat tane
parser and tne set of primitives tnat
can ve useu to create aictionary
aefinitions are fixeu. gven tne
3implist cnange to tne ALN Jrammar 1s
considereu a major proplem oecause tnis
cannot be aone vy local staff at the
site. A solution is aqefineu to be a
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domain-independent extension to ROB0T
and/or the dictionary utility that
allows tne desired response to oe
proauced oy appropriate dictionary
definition. I'ne 1importance of tne
domain-inaependence of tae solution
snould oe clear from tne variety of
applications that RUBOT currently deals
witn. It is also clear tnat researcners
wno aa not snare our concern for doamain-
inuepenuent solutions may find the
following proolems very easy to solve in
any Jgiven application. with this
aisclaimer we can.now pegin discussing
tne proolems known as:

I'ne "ME Or IN" Problem,

Tne snowmobile Problem,

Ine Matrix Proolem, and

Thne Summnary Problem.

4.1 The "de Ik IN" Proolem

This problem arises as a result of
coded data 1in the data Dbase. The
dictionary must contain enough

information aoout tne coding scheme so

tnat it can be made transparent to tne
user. JIypically, users want to nave the
flexipility of referring to tne data in

the coded form.
state field, tne

eitner tne long form or
For example, in a coded
user .way want to refer to New dampsnire
eitner as Nd or wnNew dampshire. Tne
specific proolem arises wnen a coded
item 1intersects with otner words. For
exaaple, tne aporeviation for saine is
Me, and tne aporeviation of JUregon is ux
ana tne aooreviation for Inuiana is Iw.
It 1s parcicularly nard for tne parser
to tell in some uses of tne wora Iw
wnetner its tne preposition "in" or
Inaiana. rRIBVI normally deals witn
lexical amoiguity oy considering all
interpretations and tnen naeuristically
selecting tne oest one. I'nis approach

is fine in most circumstances, obut does
not wor k very well whe one
interpretation 1is much wmore common taan
tne otner.. For example, the reguest
"PRINT FUK Mg Tde NAMES OF ALL
SECrELARIES . " would oe detected as
amoiguous. Does it refer to all
secretaries or just those 1in Maine?
Wwhen you are aware of the information

tne proyram has to work witn, it's nard
to fault it for entering into a
clarification dialog witn tne user in
cases like tnis. 3ut wnen you are
constantly pbadgered oy tne system to
nelp weed out such obscure
interpretations, it can Jjet very

tiresome.



3olution

e proper Lor tnis
pLovlen  3seens tv oe an ilmproveda
neurlstlc tnac 13 pernaps a liccle .nore

rucaless 1n  weeulny vut lnterprecations
u3lng Coued uata iceums. Jnrortunately
tne enviconuent aoes not provide tne
norwal clilues, sucn as capltalization,
cnac  nelp people make tnls aistinccion.
Al130 tne ctypewritten form of expressions
tenus to exacervate tne proolem since
people ctenu to use coueud references
ratner freguently as a way of reaucing
typing. I'ne current, aadamittedly snort
term, solution of ruBUL 1is to restrict
Selecteu coueu data items so tnat they

cannot e usea as words in a reguest.
rnis allows tne person that ouilas tne
aiccionary to aecide wnetner tne

amvlyguous
rals nas

meaning is desiraole or not.

tne effect of forcing users to
refer to inuliana, Jregyon anu saine 1in
taeir fuli form, wnere otner scates can
ve referenceu eitner way.

4.4 10 onowawooile rroolem

£1ls proolenm arose 1n tne context
vL  cne guesclon "dow .aany snowamowoiles
dre tnere?". 1'nl1s yudestlon was ulreccea
cuwaras a aomeovwner lnsurance rile tanac
1nciuueu 1nformation on 3nowmowvlle

cuveragye. lue lnterprecactivn nudllL gave
Cu CNls reguest was "now wany poticies
anave snowwmowollie coveragdge?". wneeuless to
Say, tile auswers cu tnese guesclons are
very ulfrerenc. I'ne suotlety of tais
provlew isn't so auca linguiscic as it
13 1n tne uata reprasentaclon. If tne
tiie ovelnyg yueried woulu have containea
one recoru for eacn snowmooile, tanen
ruBUL would nave answerea it properly.
dut tne file containea one recora per
policy and a field containing tne numoer
of snowmoolles coverea oy tnat policy.
rUsUL's ailctionary definea tne meaning
OrL SnowwODlle to De any numoer Jreater
cnan v in tnis field. From this it
snould pe cilear wny RUB0r first rouna
tae policles wica at least one
3nowaovlle anu tnen countea tae
pollicles.

fne polnt 13 tnac tne computation
VL Cne answer uepenus ONn NOw tne uaca is

scoreu. I'ne syncacclc struccture of tae
fegyuest 13 oL llttle aelp 1n riguring
wildC CompdCdclon 1s regulreu O answer
tie reguesc. conslaer cue roliowinyg
reguescs:
"uow wany snowwvwlles are cnere?"
"dow wany secrecaries are taere?"
"uOow wany salarles are tnere?"
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These are all syntactically
identical. One might even argue that
they are semantically homomorphic. But
each request reguires that the answer be
computed in a totally different way. We
have already seen that the snowmobile
request requires summing the contents of
tne snowmobile field. Assuming that
secretary is an instance of a job title,
then tne number of secretaries is
computed by counting the number of
records witn secretary occurring in the
job field. The proper response to the
rejuest about salaries may well be to

give the numper of different salaries
tnat occur in tne file. Needless to
say, the algoritnm reguired to compute
tnis 1is very different from the otner
"dow many" questions. ROBOT is
currently Dbeing fitted with enough
domain-independent facilities to permit

tne inclusion of enough domain-specific
knowledge to know which algorithm to
employ in each case.

4.3 The Matrix Problem

"Tnis problem arises because there
are many ways of referring to data
aggregates. For example, one of the
applications had historical data in
several fields such as profit and total
sales. Thus, users could to refer to
tne profit in 19/6 or the 1972 total
sales. In many reJuests the year
specifier would refer to several fields.
For example, "In 1972, what were the
profits and total sales." In otner cases
several years migat apply to one field.

For example, "Give me tne total sales
for 1lvis and 1v/3."
I'nese Juestions could not oe

processea oecause tney rejuire combining
tne syntactic information gainea from
tne parse witn aomain-specific
information about tne data oase. I'ne
answers to tnese Juestions are generatead
in wuifferent ways depending on whetner
tne years themselves are stored as data
items. In the particular instance in
wnicn tnis proplem was first
encountered, ROB0T rejuired very direct
scoping of tne time referent. For
example: "List tne 1v/2 profits and the
19/2 total sales?", or "List tne 1972
total sales and the 1973 total sales."
Because this was perceived as a
ratner severe linguistic limitation,
RO30TI's dictionary facility now allows
tne specification of how the time
referents and tne periodic fields are
related. Tnis information can tnen pe



tne syntactic
oy tane parser to
of fields wpeing
In fact, one of the actual
reguests ctnat appearea 1in tne user
survey reguirea tnis facility. Ine
pnrase "tne July ly/o sales dolliars and
sales yuantities" could not have oeen
unuerstooa witnout it.

wita
Jeneractea
tne set

incegyracea
1ncocwmation
aecerulne

reterenced.

4.4 I'ne sumnary Proolem

“Ine sumaary proolem arises because
tnere may ©oe two auifferent ways to
answer tne same Juestion witnin the same
data ovase. Tnis often occurs because a
certain amount of summarization may
occur as a uata wvase is being prepared
ror Juery oy extracting it from a larger
prouuction fiie. For example, if a file
concalning information on all sales tnat
COOK place in tne previous montn 1s to
oe yuerleu, it is often extracteu from a

sarger ftile containing all sales.
wuring tuals eLtraction process, it inay
ve ueslravole co calculate certain
SJdauialy ScdClstlcs anu add tnem to the
£lle. 1aus all of tne total saies may
ve cuupuceu for eacn saiesawan.

fie prowled oOccurs wnen a pecrson

swmnarized
"wnat are tne

asks Lor a
inforwation. or example,
tocal sales for salesman switn?" Lne
Jyeslfeu res3ult 1S gyulte oovious. fne
pLOyraw Snoulu werely print tne already
compdteu result ratner tanan computing it
ajain from tne raw aata. 1ne reason
taat tals is ditfficult 13 oecause tne
users reguest is inuepenaent of the fact
tnat tne suawnarizea information already
e£1sts, and taus tne parser Jenerates an
1nterpretation £for computing tne total
from tune raw uata. In tne example, tais
woulu reguire retrieving all of tne
detail recorus for tne salesmen J3mith
anu auuing up tne sales amounts. J3ince

plece of

cais woulu ve proanlvitive in Large aata
vases, some way of avolding tais
recaiculaclon musc oe tounda.

Lc cne aulcclonary containea a

Sewantle uescriptlon of wnat sumwarizeu
larvrmatlon was precalculateu, tnen tane
3ejlantlc scruccure LOr tne reg4uest would
Ve COmpdlfeu agalnst taese templates.
wWien a watcn occurcfeu, tne recrieval ot
a slngyle riedu coulu ceplace tne
ComputCaclonal portivn oL tae 3emantic
sccuccure  Lor cae reguest. r'nis
dpplLoacn woulu regyulre tue uverinltion ot
S0oue relacively conplex semantic
scruccures witaln cae uicclonary, since
tue Su.wnarlzed inrocrmacion coulua oe of
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aroitrary
dictionary
be ennanced
description

complexity. ROBOT's

building facility will soon

to allow tnhne semantic

of summarized information.
5. SUMMARY

Tne RU30T first

into

system is the
natural i1anguage system to pe put
production wuse in a variety of real
world environments. I'ne problems
encountered in these applications are of
interest to tne researcn community
because in wmany cases tney cnallenge tne
funuamental principles on which
virtually all current natural language
Juery systems are pased.
we nave presented
proolems in tnis paper that were
motivated oy actual field experience
with rROBOI. As such, they oegin to form
a minimal specification for tne actual
reguired. functionality of a natural
language data oase guery system. These
proolems are among the first difficult
issues tnat future systems must be able
to solve if they are to pe of
significant use in the real world.

four such
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