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Abstract

This final report is intended to be a summary of the research
on Natural Languaqé Data Rase Query performed at Dartmouth College
supported by the Office of Naval Kesearch since 1973, It has been
the goal of this research to determine a minimal set of techniqiues
sufficient to provide a nractical natural langnage capabilitv for
Jata base query. lhis renort summarizes the baslc reqguiremants for
such a capability and sujggests techniques for meetingy these
requirements. As such, this report is in effact, a specification

of the minimal functionality for a practical natural language data
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Introduction

rthen research undar this contract began in 1973, the state of
the art in practieal natirral language .fata hase query was
essantially non-sxistent, All of the then existing research
systems (and ninv of tnday’s systems) were semanticallv linited to
1 single domiyin of diseconrse., The primary requisite of 3
“practical™ query capahility is that it be "apnlication
independent". Achieving this aprlication independence reqiiires 2
fundimental conuitient throughout the design of the system, It is
encaoitraging to see that the research comminitv as a whole has

started movinn in this “direction,

This rennrt aonsists of a summary deseaription of the ninima}
requirements for 2 nractical query capability. The techniques
daevelopeacd Lo meat thaan rogquirenentas are ot cad Inbo s foan
mjor eomponents of operation that make np the nrocessing cyaln of
? rejuest, These components are the lexical antlyzer (the
icanner), the syntictic analyzer (the narser), the Aata basn

structure analyzer (the navigator) and the Aata processing modile,

2
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I'he Lexical Analyzer == The Seanner

The basie function of the scanner is to determine what the
individual words n; toteans are. The secanner hreaks the input
stream into a seqguence of tokens, A modification of the finite
amtonaton scanner nsed in compilers is sufficiant for this task,
the mnodifications are rejuired to deal with phrases and
recojnition of special numeric tokens. Phrases siich as “Vice
rresident® or “.lew York" must be recognized as sinnle tokens evnn
thouyh they contain a space. Mumerical strings sueh as "60/01/31"
nust be recognivel as a single token (representing a date) wherens
*1/3% must be reronizet ns three tokens representing “one civicard

Dy thnree,

Scanners with these capabilities are commonplace amony Al

natural languaage systems., The most common pitfall is to imbed
spellingy detection, or worse yel, spellina correction within the
scanner, oth spelling eorrection and spellinn detection require
advance knowledie of all words that can be employet hy nsere, [his
is prohibative in 2 domain independent apprnach, since this set

of words must clearly contain all the words in the data base,
Iherafore, the scanner must accept words ahout which it knows
nothing == which could ba, of course, potentially misspellad

aorde, The datection of 2 spalling arror is hest made as nart of

e o et e BT PP AT | T e S s g e A T PRI D, N AT, YOV R

e e

Yoy



et —— e e+ e

[ U |

Pane

the wo0st mortam when n santence fails to he unlerstood Hv the
systam, this apnroiach satisfies the domain independence criterion
15 w2ll as nllowiny valid requests with no spelliny erros that
nertain to data values nnt actuanlly in the data bhase to be handlead

sroperly,

12 Syntactic Analyzer == The Parsger

The parser is the hrart of the natural languaje component of
the system., Its role is to syntactically relate the comnonents of
the request, This nrocess drives the construction nf ths semantic
structures that represent the meaning of the request. There are
several computing oaradigms for natural language parsers, In the
early part of o'r research, we successfully emnlovyed a top~down
context-free parser. Later we switched to an Augmented Transitinn
detwnrk parser (AT1). {e feel there are several advantages Lo the
AfH approach that mike it far more convenient to use, allhoimgh
successful cantaxt-free narsers could be built as well, Recently
sevaral new parsing schemes have been reported in the literature,
so that it may well be the case that the AIll tachnnlogy is now
rdated, However, it seems clear that the choice of parsing

algorithm is less important than the mechanism by which thas syntax

controls the generation of the required semantic structures,

A
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Ambi ity

The definitive prohlem of this type is that of ambigquity,
savaral distinct ~zmantic representations st be nenerated from a
single input strini, The difficulty here is not how to o it, but
now to limit tive aaneration of too many interpretations. 'fany
researchers hav~ chosen to limit the parser to generating only one
interpretation nd stopping. This approach makes the decision of
whicihh parse to nursue 3 verv critical one., Tt 1lso makes dealing

witn truly awbijnons requests very difficult.

Our recommendation is to solve the prohlem from the olher and
nf tne spectrum by non-rleterministically generating all possibla
interpretations. lhis transforns the isstue fron one of trvinig tn
decide on a relativa hasis which of two partial parses look%s more
nromising, to one of trying .to decide on an ahsolite basis which
nf two comnlete parses is more meaningful. fhera is also a nroblen
nf afficiency in roapiny with the potential expnnential numher of
interpretations. It should be clear that decisions made on an
absolute basis after the parse should be more acctirate than

decisions made on A relative basis during the narse. The effacts

of the remaininjy portion of the input have had a chance to impant
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he declisinn in thy forner case, bt not in Lhe latter. However,
Lthe probhlem of axponential growth must be (lealt with very
carefully. Fortrnately it seems that, at least for natural
languaye query, lhis can be dealt with by tuning the parser to
reduyce the non-determinism. Fortunately the length of the innmnt is
usually very small (less than 20 tokens) and the number of

fecisions is “reasnnablv" small,

3inding vValues to rields

One type of amhiguity that arises freguently in data bhase
‘meries is that of choosing the field to which a gliven value is
related, Most research systems solve this problem with dictionary
definitions., This, of course, is clearly a violation of domain
indenendence sincn it requires entmerating all unique data base
valuas in the lexinn, Onr approach has been to dynamically
determine this fron indices maintained by the NBMS. In addition
to this, we allow three levels of strength in :lefining data
valuas in the Aictionary. Ihey can be tightly bound, weaklv honnd
or unbound, This allows for sufficient generality at the same time

it permits definitions that could 1imit the non-determinism,

g oy
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ligh-Level Semantic Entities
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Another important component in the relating of syntax to

with entities that themselves

semantics is the ability to deal

imply a significant semantic striucture. This involves both complex

definitions in the dictionary, as well as the ability to den)

izxamnles of this would ba

wit.,i these definitions in the parser.

terms like “bachelor® or "nrofit margin"., The first specifies a

complex description whereas the second specifias a formula for

calculating profit margin from other entities that are more

directly available. It is of critical importance for a natural

language system to he able to deal with such termns Airectly,

rather than forcinj the user to continually define them,

2ronouns

Another type of word that implies a substantive body nof

fhe distinction here is that the

senantics is the nronotn,

“meaning" of the pronoun is not to be found in the dictionarv bat

In adidition, there mav he some

in the context of the dialog.

ambijuity that arises in determining what the pronoun refers to,

A wide variety of solutions appears in the literature for this

problen, Our apnroich is to maintain two context registers
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Liining the semanlie struclnres of orevinns queries, n2 je the
orevious request, Lhe other js the request that the previous
reqrest may have rafarrad to, In addition, intra-ssantential ¥
wronn references are 3lsn allowed,

wa have found this apnroacl, to be sufficiant for rasojvin
the vast majority of prononn references in datayr base qreries,
including the -lifficult sequencet “jhat is the maximum salarv in
1'f fissouri?" “who eanrns it?%, Contrary to popilar haliaf, the
aronoun "it" dnas not Just refar to the answer of the first
regiast, If it i, the second reqguast wonld ganerate all nenple

2arning that salars, aven thase outside "Miesouri.

Ambiguous pronoun raferences are dealt with in the sane wav

1s othar ambignities, All of the possihle roferents are considerad

nd non=determinilic Interpretations are creatard for each
snssibility., Th=2se interpnretations are then coipared on a Jlnhal
nasis later along with other interpretations ecreated hv oather
tyrnas of ambinguitv. @e have found a Ysearch lojic antimizer” ta he

invaluable in weediny ont undesirer interrratatinns created hy

improper pronoun raferences, The optimizer Jetects the laoqgical

contra-lictions that often jet created in this way,
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Una foranlisn that fors ereen intn patural)l Janannsae rats bhaca

jmaries is that of arithnetic oxyneassinns, Jde aave foun i the

“racarsive descontt fore ' lanjvane aonroach far parsing

1rithmetic exnreaainns to he complaetely consialent «with the AT'I

iraasanr, Howaver, =~artaln non=-formal forms nf Yrithinetic
viprassions 2aaear in aatural lanonage quaries. For exannles "How

wmich Is ais sl and hiie comnission?® llera wa see "an i ngad ag

Slus (oarhang) an i the arononn "his" hreaking up the ovarand-

wperitar-operand saguence, tefinements to the bhasic recursive

inscent ajproac are ragpiired to deal with these problens,

deernansa liangriastias

e hiave found several henristiecs necessary in deternining thae

ironer rasponse for a given ipery, These are primarily fue to the
infarmal phrasing of gueries that occur in natural lanaunce,
Jften uisers do not explicitly ask to he qgiven Informatinn that
they quite obviously need to interpret the answers and guite
rightfully expect the system to provide, For example, the request
"Print the salary of Snith‘and LLawler" implies the printing of

name even though 1 literal interpretation would not print it,

~ rvr s ey e
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Altaoul printing Lw>'n11»c e el oae the salarieg, i1 aneneng
impassible for the nsar to delar “ine wAich sal ey yaes with whial
namoa,

similarly, astaral Lananaie reguests can trigyar rathar «illy
saswngas 1 they are inlerpreted too Litevslive Tae gquery Y iho is
siiwn? illusirates this polnt, 1t Lha systan wera Lo aachanically
intecprat "uho* as an indication Lo print nane, it wonl i respon
“omith" to the reguest., Clearly, heuristiecs oust bz emnlaved to
fatect such situations and to determina what Lo proper respanea
shonld be. The activation of «nch heuristics mist vitiwately be
nindar user control, otheorwise the systam may e perceivad as
wverhearing since Lﬂe~u:nr loses Lhe ability to preciselv control

the responsa in those situations where it is inportant for the

st Lo o agactly wnnat it is told,
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The Navigator

After the auery is narsed, the semantic structure must be
projected onto the database scneme resultingy in a strateqy for
extracting the desired information from the database. The
fifficulty of the navigation problem can range from trivial to
arbitrarily comnnlex depending on data morel employed by the HP",

and how well the given data base is organized,

For single flat file organizations, navigation is at its
simplest. But even for single flat files, ifficulties can arise

if the file was created by flattening out a hierarchy or a
network. In these cases, the notion of a record corresponding to a

real world entity is lost. Hence the navigator must take a-vant-an
of the fact that the file was originally non-flat to construect the

poroper means of access into the file,

For the more structured data models siich 8s relational,
network and hierarchical, the naviontion proceds tikos an greal
importance. Determininy the proper entry point into the structire

as wall as the proper linking relationships can critically affect

the contents of the final response, not to mention the impact on

efficiency. In this regard, the relational model’s greatest asset

is its closed form expression of a query. This makaes it at least

o ey
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nossible to express naviyation in a high~level language like
JEQUEL. For hierarchies and networks no such closed form
axpression is used by the DBYS and therefore it is impossible to

eXprass navigational choices withont resorting to a nrocedural

12

reprasentation. This is the essence of the reason why no qood high-

level query lan junges, aven of a formAal natiure, exist for network

and hierarchial Dit15%s, Some intermediate level renresentation is

clearly neeried herea,

Even for the relatinnal systems we have not been uniformly
satisfied with SEQUEL as an intermediate langiiage. [he
navijational linkaje is specified in an unduly intricate fashion,
and the functionalitv is incomplete. This latter point is
indicative of the fact that muech of SEOUEL’s power is misdirected
in tarms of the neords of A nalve end user of a natural language
systam, at least in terms of aur experience. lWhereas SENUFL
arovides no assistance in answering many of the difficult natural

lanjuage requests we encounter, its power in intricate cyelic

navijation is too subtle to be useful in a natural langiaqe

Settingo
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Naviaational Untimization

Another asnect of navigation is query optimization. The
navijational choices made have a profound effect on the efficienay
nf generating tne answer., %t even when denaliny with a singlna
relation (or a sinjle flat file database), there is a significant
amount of query optimization that can be Aone. For examnle,
Jquestions asking from the maximum, the minimum, or unique listings
can be answered directly from the DBMS indices if they are
available, These ontimizat;ons can change a sevaral minute'
resnonse into an instantaneous response. These kinds of
optinizations require knnwledge of how the data is goiny to he
nroczssed after retrieval as well as knowledge of and access to

the NBMS indices,

Knowledge of the N3G indices is Aalso a critical factor in
navigation because it determines how long the DBMS will take to
responi, Clearly we want to optimize the work Adone hy the NRYS and
nrefer to generate requests that make use of indices or hash
coding rather than file pass searches. But, given the variety of

ways in which DBMSs behave on mixtures of keyed and non=keyed
searches, it is clear that the interface must have its own abhility

to perform the functions of searching and sorting, There is a nice

meshing of thasa functions that makes it possible ta avaid any
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WS restrictions in this area and at the same time qgivas the
interface control of the situation so that expensive requests can
he trapperd. In jeneral, aonce the NBYS gets control, the user must
walt until the JF'!S has finished processing the request, which mav
we qiuite A while, Ry selectively sharing some of the searching anAd
sorting work, it is possible to maintain control and warn the user

vhen things gel exnensive,

This flexibility is achieved only hy added conplexity. Mot
only must the interface have the searching and sorting
functionality but it must also be prepared to represent the

partitioned workloa:d{ and, of course, compute the partition that

will effect the oreatest efficiency., With some DRYSs, this
rapability is only an efficiency ontion, With other DRSs that do
not support non-keved searching or sorting at all, this

capahility bhecones critical in terms of heing able to answer the

requast at all,

security

Another aspect of the navigation problem is how security is

taken into acronnt. It is clear that for nalve end ticers of a

natural language ouery system that security from unatthorized

14
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1ccess i1s a critienl issune, Our original hope in this regard was
that we could merely relv on the DRYS sitbschema to provide the
aecassary security. Unfortunately, we found the aranularity of the
subschema security to be too large-—i.e. access is granted on a
field=-by=field basis. [his is fine for application programs bhut

ton restrictive for data base query. ke have proposed that

security also he defined on A record=by-record hasis so that a
nuser might have access to certain fields only for a specific set

of racords,

The implication of All of this on navijation is that the

navijational choices made by the system must bes a function of

7hat data 1is available to the rurrent user, For some users,
#ithout access to all relations, this may require less direct
paths than would ntherwise be required., It is nup to the navigator
to fin< the baest path to relate all the neceqéary Aata withont

] ' violating any of the security constraints along the way, 1

The final issue related to navijation is one that is
currantly unresnlve:! at this time., This issue is the mechanism hy

which the parser communicates to the navigator the explicit

P

"relationship” information that the user included in the request,
In general, the navigator must be prepared to work in the ahsence

of such Information making use of predefined "natural paths", f
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However, in those cases in which the nser wishes to aoverride
these predefined paths hy explicitly mentioning another
relationship, the system must be prepared to act acecordingly. For
axamnle, in a database of professors and students related by hoth
a “teaches" and an Yadvises" relationship, the two request: "tho
are Professor llarris’? students? is different in a navigational
sense from "Jho are Professor Harris’/ advisees?" or "iho does
Professor !larris alvise?" It is clear that for this simnle rnase
the use of the word "advises" or “ardvisees" iniicates to the
navijator which relationship to employ. But in more complex casns
shere the same two relations must be joined more than once in a
request, it is not eclear that all such relationshins should he
controlled by the eaxplicit use of one relationshin words, Of
cotirse i1f not all such relationship choices are impacte-l, then we
nust decide which ones are and which ones are not, presumably on
the basis of the original syntax, Howeﬁer. at this point, it is
not clear that tnglish syntax could (or even should) provide this

kind of information., This remains an open issue at this point in

time,
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fhe DHata Processing and Pormnteing Solule

After a query 1is procoseed by the 05485 ! adiitional
searching or sorting is perfornmed Ly the inlevface itself, we
eventually arrive at a sinjyle tenporary relatlon that answars the

nser’s request, This data still must ba procecsed to provide the

o e B it ——— et e =

iser with the information suammarized or forasttes in the degire
Way. On the one hand, this Hint of Jdaty prececsing seans very
commonnplace-~coymting subtotals, formatting repocts, atce, On the
other hand, thiis mo-tiile would idenlly bSe canaliie of carrving out
an arbitrary sequence of processinag, In tiiis cige il benomns the
wtonatic progranmming probhlen, Lome interncdi-on laval of

capability 1s sonaht,

Tha placement of vnrions Jtnections curty o total, minimam and
aaxinumy, ete, can often he in sither the DL IS Hr in the Interface,
Miis represents another aexample of how the wortload can he
sharad, Similarly the datla processing nodala wuat wore intlacdlely
vith other aspects of the interface that maintain the npyononn
context, This is trune becaiise it is not until the end of
procaessing the data that we really know all the contexts to which
stibsaquent pronouns might refer. It 15 certainly conceivable that

b some processes wWill restrict even further the set of records

1isplayed for the user on the basis of some arbitrary predicate,
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rrom the user?s point of view, a pronoon is livsly Lo rafer onlv

to the set of records actually printed, Since the interface has no
Lnowledge of what the arbitrarv predicate is, it wonid be
Impossible for it tn aenerate a high—-level representalion of what
subsaquent pronouns may refer to., 1The iwplications of this are
quita profound, Since the system no longes has a high-lave|
representation of the nronoun refeyant, it hecomes dirficult to
"achn® the meaning to the user or to even tall abont

interpretation in clarification dialogs.

On the pnsitive sida, the low-level reaoraoscntation of a
aronoun reference that is nacessitated by all this can speed up
all pronoun refarences. lhis is particularly noticeabille whan the
result of a non~keyac search is reference”? by a pyonoun, If only
1 high-level prononn representalion is maintained than the rostly
search must be recomputed, If hoth a high-level ani low-leval
pronoun represantation is maintained, then the system can describa
the query to the user with the high-level representalion and
{irectly access tha desirecd records withoul scaich using the low-
levael representation. Thies has the effect of huil-diny an index for

n arbitrary set on the fly and using it to speed np subsequent

1ccesses to the same set,
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iwith regard to the data proceesing routines themselves, there
is an interesting relationship to syntactic quantification. There
is a2 direct semantic connection hetween the category specifiration
amployed by the nrocaesses on certain types of quantification,
consider the request “How many salesmen are over 170 percent of
quota in each region?%" The quantification *in each region"
semantically definnas the categories to he emploved by the connting

nrocess. This gives an interesting simplified representation for

this kind of guantification,
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<conclusion

We have summarized the results of the OHR snpported research
on natural language database query. It is interesting to note the
chanje in expectations about datahase query that have taken nlace
iuring the life of this research contract. At the outset, peaple
regarded practical natural language systems as a futuristic
notion: something that would not be available for 10-20 years, The

current atmosphere is one in which a few real world applications

are just making it into actual procduction,
\

It is fair to say that the issues considered most important
at the outset of this research (the natural languiage analysis) is
no longer the limiting factor. As is evident from the discrssion
given in this report, the navigational and processing functions
provide the most fertile ground for future research. As such, the
aroblem of providing practical natural language acrcess to
rlatabase is no lonjer to be considered a primarily natural
language analysis problem, but also a theoretiral Adatabnse
sroblem with overtones of automatic prograhminﬂ. For this reason,
it is not likely that more sophisticated parsing techniques will

impact current capahilities as much as more general Al research

related to database semantics is likely to do.




