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OBJECTIVE

Investigate the technological capabilities demonstrated by LADDER. Provide insights
into advanced concepts contribut ing to the enhancement of query systems in general.

RESULT S

I. Maintaining large lists of proper names in a grammar is unnecessary and wasteful
because of the specificity of operational contexts. It is more logical to base the placement of
ident itie rs in the grammar on user-system interactions. supporting particular contexts as
required.

2. Adaptation of grammatical constructs and internal views of data base structure
can be developed to reflect user-oriented contexts. Interactive and automatic generation of
profiles for information re t rieval tasks can assist the user by anticipating his information
requirements.

3. Development of software to profile an individual’s capab ilities and approaches
tor solving problems in specifi c tasks can further assist the user. Such software can provide
a “user friendly” env ironment one that is tailored to each individual — in which to per-
form those tasks.

4. Taken together , these conc lusions form the basis for conceptualization of
“intelligent” query systems or “intelligent assistants ” that can de lineate the scope of an in-
formation retrieval tas k, can perform routine , preliminary footwork to estab lish situation
contexts for t he user , and can prov ide assistance to user interactions and query processing
through intelligent guidance and organization of information.

RECOMMENDATIONS

I. Use LADDER as a tool to investigate these concepts in experiments with
actual users .

2. Conduct such investigations to validate the theoretical foundation for these
concepts and to examine resulting effects on performance of information retrieval tasks.

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _  _ _ _ _
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INTROI)UC~ION

During Fl ~~~~. the LADDER (Language acces s to distributed data with error re-
eo~er\ 1 natural language query s stem was evaltla ted in the Advanced Command and
(‘ontrol ,.~r~f~it~~ttira l Testhed (A(’CAT’I fac il ity at NOSC San Diego. The operational
utility of LADDER with respect to command and control applications was assessed in an
ex periment using Navy officers as subjects (re f I 1. A second effort , the subject of this
report,consi~kred the technological capabilit ies elenionstrated by LAI)I)ER and provided
insights into advanced concepts contributing to the enhancement of query systems in
general.

The Use’ of natural language for querying data bases has been a widely researched
issue for a number of years (see natural language bibliography ~ . Although several experi—
men tal sy s te m s have resulted from this researc h (ref 2-4 ). JeW have been applied to the
operationa l needs ot’ specit ic users . One exception is the LADDER (language ;iccess It )
distributed data with error recover y 1 s y s t e m ,  which wa s developed as a management aid
It) Na~ ~ elcels ion makers by SRI Internat ional (ref ~ 1.

Underlying capabiliti es of LAI )DER. however , exhibit a range of application much
broader than it was designed for. LAI)lM R ‘, therefo re t ise t  of for the evaluation of query
s~ stem feature s in general as we ll as natural language syste ms .

NOS( . San I)iegu. performed rallier exten s ive t e s t  and eva luation of the !.AI)DF R
s stem during El ‘S js part of the A(’CAT project , .join t l~ funded 1w l)ARI’A and
NAV 1 LI X. The evaluation progressed along two mutuall supportive ;issessmuents ( I l  the
operational uti lit~ of l.ADI)F R w ith respect It ) Is interactions with Navy users , and ( 2 )
current and ad~ anced c ,ap.ahil it ies oI~ LAI)DF R dee nm ed appropriate to ~ ;iv V command con-
trol s t stems.  Flie f i rst assessment I ref 1) provided valuab le insights into the utiImt ~ of a
n;ittirj l language system and indicated unex pected eccentricities in the man—computer
dialogue. flmis report focuses on t he second ;Issv ’ssIflCn I . It addresses a number of Issues
that could ultiin;itelv enhance the operational use of L Al)I)l R. In fact . nian~ features
discussed herein ,irc not restricted to LAI)DER , or even to natural-language-based s\ ste rns .
( oncept s of particular interest deal with user interactions , certa in grammatica l constru cts .
and data  .access techniques . These concepts iInpl~ a query s~. stem design which e’nt phasiies
mise r supportive responsibi lities of the query s~ stem a nd of the data base management
s\ stein .

NI.)S(’ Code S32 I l it Ipi , Pello ri nalice ~ t a Natural Lan guage Que’r~ Svslem in a Simulated Corn.
mand C ‘ in n wl l nvironment . k llG Miller . RI IICISIIIThII . and RT Kelly. ~Ia~ I ‘)‘ S .

2. RI QI I S I A \.a tural I anguage QIicsIion-Answcring System. b~ Wi Plath : l~ .~ Journat of Research
and I)eve IopInenn . ~‘l ‘(1 . Jul% I ‘)7~i, p 3 2h-335.

3. An I oglish 1 .IIngtIage Question Atns ~s cm t in e S~ st ein for a I arge Relational l)atabase . hv Ut \~ a lt , .
(‘onlmlinicatilnls ot Ilie A ( M , vol 2 1  no 7. July I’)’S . r S ’ (~.S~~ )

4. BItN Report 237S t he I unar Sciences Natuta l language lntorIllation 5% %R’ nml Final R eport.
WA \~o~~ls , RA Kap Lan. and B \,Ish %~chhcI . Bolt. B’IaI)eL and \C~~ in ta T i . Inc. ( alnhudge t i t .
I’ )72 .

~~. l inat Technical Report . Protect 47~3 . Mec hanical tntdhgence: Research and Applications. 1w I I)
Sacerdoti (ed’I; SRI International. Menlo Park (‘A. Ikcenihel ~~~~

-. — .-.-----‘ ~~ 
.. =-

~~
.—- 

-~~~~--..-.-.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



—r— .:..: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . . ..-
~~~~ --_~_— -_ -

I his report i s  eoilLL ’ptua l at id is not to be construed as a pre l i It t t nar~ sta tem ent  of
hiiictiona i spc ’ e i l i ca t io t i s  for ,t \.i~ q(ier~ s\ stein . Ilowi.’~er , a fundamental goal of
A( (‘A I’ is to ‘‘shape and influence the researc h and development of appropriate
i t i for imiat ion proee~~ing tee linolog~ suc h that it is potentia l ly transferable to t Im e Na~for cot im ina n d control .app lie.ai otis ’’ ( re f  ~ 1. Op inions of li m e operatio na l cofl hil lt intt :.
need to be shared wi th researchers ti m roughotit the eva luation r ro c Lss . l it is report is

one at tempt to till t hat need.
LAI ) I)I R has been eslablisl ieci as an e’et re me l~ fle x ib le’ tool for Ilie’ ii i% c’ sI igaIioml

of query ~ ‘.1 ciii features. It w a l l  be used in future experi m ents ~ it ii operational personnel
~n tes t a l ternat ive s to a purely natural lannzuaec ’ front end. Nearl kil l of tI me f i’~lt Lire’s amid cmi—

1LJIKe’Imic ’fl ts desc ribed herein are considered to be wit  hin the s l a te  t )f the art in art i f i c ia l
inte lligence .ind information processl t ig am id could eoiie ei \ abi~ he deinonst rated h~ using t ime
[..~ i)l)l R s~ s t e m.  lAs will he explained , SOnIC of these featur es have al re ’ae l~ been demon-
strated. 1 Nlt icim of E.. ’~l) l)L~ R’s evolutionary g iowth hjs been in response to e\pe riuientai
results a mi d ohscr~at ions f rom NOS( analysts, i l lustrating that  in tera ct ion bet st e e’ii i c s c . I t .  Ii
an d oper.it ion.il co mm nu ni t ie ’s in t he ea r ls stages of s ’, stern development cart pros e
bene ficial.

IN TEL L IGENT IN T E R P R ETA T ION OF USER I N P I l S

A natural language s~ s t e t mi suc h as LADI)! R I aces . m u c h ~t c, i lem challenge in
rect I~ interpreti ng Lis er inputs titan. d O  ti me menu select , f t i i l e ’t i t ) i i  ke~ or sl ru~ lured l migiis lt
approaches, in which ti me range of input is gerterallv well—de fi ned anti can he re.ielIi\ a i i l ic i—
pated by t he st e in. Flie inherent flex ihilit~ of natural language prohibtts ti me s~ s t e ’ill t roum
knowing ~v hat to ex pect when a user tt iit iallv int eracts with the s~ stein t n t  .15 lii’ proceeds
from one query to the next .  i cii though LAI)DFR is concerned ~ t Im .a s p e c I f i c  ctn imc ep t t aa l
domain Nas command and control an d there b it imi i ts  ci Lic ’ry c~oIite\t  somes% f iat . t lic~
structure of user inputs is see m ingly endless. vary ing from si i mipi i st  i c ‘‘i i im natu t. i l’’ queries
( “WIIAT N.\ lION PECOS” f to m ote compl icated s t r t l c t n l r e ’s t ’’W I l.\ I Si lIPS WI 1111 N
500 MILES OF T ilt PI:COS liA\ I A IX)(’I’OR ..\ I3OA RI) ” I ( r e f  I) .  I \I)l)I R dc’se lopers
attempted 10 ose ’re~Oi1ic’ t i t i s  pro ble m h~ providing ( I 1 a reasonab lc ’ cot ei .igi of i is e t sym i lax
wit h respect to the given context  (se ’ iiia mmt ica liy— o rie ’t i te e l grammar (ref ~ If and I 2 1 time c . i ~~.i

hility t’or gra mm a r  e x pa nsion , to incorporate s pecif i c user—idio sy ncratic ’ constru cts . riie ’sc ’
two provisions together provide time t iser w i th  total  s~ n tac t te  eove’r.igc . a lt h ou gh for com m ip lex
structures he must have’ cons iderable knowledge of ti le’ generative miiet imodoIog~ for t h e ’
granmm ar. (1m m such cas es personnel responsible for svstet ii t i id if ltc’t iJt iee generall\ .Ire’ called
upon for ass ist ati ce 1 \ Iax iiii titil S\ iitJ~’t Ie’ c~O’terage can best he provided I iirougii c~\ tensive p
svs t t,’mn testing at operational com mand and ~oiitrtil cent e rs , w here t i5c ’ t s  it ) t e ’I.ic t \s if ii t i le ’

system in their owm i j argon am id t ask—related terms. ( ;rai ninaf ic ’~iI i i moci i f i c a l io m ms would t imc ’n
reflect user—s pc ’ cI lme requ irements. ..\I though it wou ld he desirable for such tc ’st ing to b~’ clone
in simulated conn mammd and control cente rs 1 m m t h e ’ NOS( ’ A( ~

( . .\ I l,tciI it~ , I im e ic is no st a~
It ) duplicate the variet y ~)I si luat inn i l s  and inform nat m on retrieval requ ests that o~cur t i n t he
actua l environment.

One iniplememitatton issue facing L :~ I ) I ) l  R as ‘tell .as other que’r~ svs t e t i i s  (p.Irt nctm-
larly those’ providing some form of automati c \ .i iielatiot i t i f  tis c ’r input l i s  the immc ’ iu isio mm of
proper names ( sh ips , ports , aircra ft t \  pc ’ s . surfa ce ’ t i ,ic ks , c l e f  or ieic nI it ic.I t io m l cod es in t u e  h
grammar itself. Spccif ’ic’atiorm of un met ue ident if ie rs  5cr’. i’ s .i n u m ber t il Lise ’tL i i  purposes .
Examples:

Incorrect s pellings of ’ten c, i l i  he rec ogm mmicd .tnci t o t

( . ~0S( (‘ode’ ~~ I lit rpt . Ad’ ..a m iee ’ef ( omiimmi , Imief anti (~o T i t m o l Ai~l i imeeti i ial  It ’~il’ ’,l ( t t i l t ep i  ~
Operations Plan , vol I , Juts I °

4
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Time com mt ext of the query can he deduced h~ recogn izing the classification or
category to which the identifier belongs.

Implicit assignment of context based on the interpretation of identi liers emiharices data re-
trieval by support ing the translation of ’ use r input to commands understood by the data base
management system. The context designates what files are to be accessed and what attributes
or fields are to he retrieved. For exa mple. although the attribute. MAXIMUM SPEED. is ap-
plicable to bot h ships and aircraft , each tile might have its owt m name (eg MAXSP EFD in time
aircraft tile. MCSF in the ship file). Recognition of ti me’ object provides t he appropriate con-
text t’rorn which the data base query can he generated. Wi thout this inf’ormation. the query
s stem would be t’orced to search several tiles for the specified identif ier. If the grammar is
to recognize ident ifie rs , however , it must maintain lists containing potentially thousands of
such items. This places a tremendous burden on the system developers and the computing
resources. Moreover , provision must he made (or time updating of dynatnic elements ( flights .
surface tracks , air tracks . et e ) either through direct interaction with the data base mammage—
ment system, in response to the presence of ’ certain “alert ’’ criteria , or through operator
action based on other sources of information or on operator knowledge of values stored in
the data base. The latter method places considerable burden on the user and increases the
likelihood that inconsistencies could arise between time data base’ amid the grantimar ’s
knowledge.

An apparent dichotomy exists: the grammar simoti lcl be smart enough to recognize
and understand (ie determine t he context for) proper namnes of static and dynamic obj ects .
but should not have to maintain gigantic lists of such namne’s. that is . to remember what the ob-
jects are and what they are called. A partial resolution of this problem is suggested by con—
sicientmg the user environment in which LAI)I)FR or So mime other query system might be
e’mnployed. Ver simply. mU.) operator will require into rmnat ion on all oh~ects in the data base
at any one timne ( if ’ ever l . Instead . eac h command ami d control center is concerned with a
specif ic area of ’ imiterest amid wit im a limited subset of im a f ’ormnat ion contained iii time data base .
Suppose . then. t imat time query system has no a priori knowledge of object identifie rs but will
kanm them t hrough inte raet iomm with the user . For exam m ip ie . aim operator m a y  ask . ‘ \\  lii RE
IS THE CONSTELLATiON?” In LADDER , the query cannel be parsed unless the name is

in the grammar. More appropriately , time query system could respond as follows:
TilE IDE NTIFWR . CONSTELLATION . IS NOT
RECOGNIZED BY THE SYSTEM.
DOES IT DEFINE A

• A. SHIP’~
B. PORT’~• C. AIR TRACK ’
D. SURFACE TRACK ’ h

The user theti speci f ies the’ intended initerpretat Io’ l . w imc’reupom i t ime system can properly
eategorite the mia me amid formulate d ata retrieval et imim nat mds f’or processing b the d ata base
management syste m. The id entifier would beconme a pe’rnm am me’nt element in the grammar
(at least for the duration of time current transaction ), available for use in subsequent queries
without t’urther specif ication.

S
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Query respo nses a lso e om mta i mm im mlo rm i m a ti tn mm relat iii! to I lie User ’s cciii Ic xl - II atm Opc’F-

ator as ks ‘‘WI i..\T SHIPS API- WI l l  u N  500 MIII S 01: N ,\Pl I S~’’ lie’ is enbv ic nui s l~ t imc l i~a tm m ig
so imme iimtere st iii time sit lp i m a mmme s Wh ich Vt ill he returned. t his l is t  ~if mm a mmme ’s cai i he iimle rcc ’ptc ’d
brie f1~ b~ the query s\ s t e i n .  It ) imm eo rpo rate timese ’ t ia mmi e ’s l im b I lie gra mu tmmar. liic’ tm passc’d o m m to
tile ’ user. i3y these I’ .’ . o tmmeti moc ls Interae itmmg w i t h  a liSe’i In ) provid e t im te ’ r p ret at i t n m m of t i i i—

Lmmown e n bte ’c t mm ,i iues and pre sl imm l it mg that response im mfo rmmmati o m l retle’c ts  t ime use rs  scope of
interest a com m t e ’\ (ua i tra m t i e ’wo r k i s  get ic ’ rate d me mt im imm t i t e ’ g ra m i lmnc ’r loi t haI i art ieu i la r tra n s—
action. l im is mimo d ifiec i e r .i mimi t mar will be referred te n is a ‘ce n mi tc ’\ t uial ’ ’  g r , i i i i i mm ar . Iiis tc ’aci c it
liii ’ grammar ’s ima vi t mg to be so gemmer a l .is to require im tn i i tii ita im , iss is tj i icc  iii tl i ic f c ’ rs t a mm dt t lg
queries , tile ’ s~ st ciii becomes adaptive ’ . mespoime ling to time m ccd s of spe’ci f ic tise’rs or c lasse s of
users . Onee c lef i mme ’el . .i coi ite ’mtuai grain mar can be prcse’r’. e’cl for la t e r  re fc ’rc ’ m m cc ’ , A cot l m
mnan d i aimel coiilroi c enter could etn ime ’e’ ivab lv posse ss a imhra r~ of su c h g r a itmitm ,irs . c’ae im a p—
propriate to specific ¶~~ ks tn t indivtc luaf users lee! rot itmimc ’ mep o rt s or brief i t l g s f  oi to c n’ .ei.i ll

i m i s s i e n m m s  ,tssi g iie ’d to a s ta f f  t n t  users ce! transit p latimim m mg. sear c h amid rescue opciat io i is . e’ Ic (
Cenmi te x t t i a l gra mm mma rs are fun ciamim eim t a l te n  ti me com leept of i l i s s l e n t i  profi les , to be d i s c u s s e d
hater iii t h is sect un i l .

Some prob lemns are ant ic ipate d iii immm p lem nc ’ mmti ng a im a cl apt t me ’ graiim ii iattc .i l scf ieiiie’ , is

intro d uced above. i i is t  . time specitiec i i m a m im e in a dl uer\ (cc! ( )“sS Ii 1.1 AT ION’’ I m m m i g im t not
be .i vali d miamne in time ’ d a t a  base. l e n  iiit ist rate t h is s i t u a t i o n  . suppose a ulser Inquire’s about
t i le’ carrier JOi IN F. Ki NNh I)Y . althenug ii time nam im e st oreei i tt time d a t a  h,isc is rc ’all~

N Ni- DY iF’’ or even ‘‘JFK - 
‘‘ Ihle’ dat. i  base mi iaiiagen ment s\ stei n ~‘. otilci he uima hle Ic ’

t imid aim s- d ata for time ’ ‘‘JUl IN i .  KI N N  i l)\ . ’’ A possible soiutioim is to create a lisi c l  trai ls—
Iatio rms fr o m m m ‘‘ s ’ . mlo it s i i i s  ten proper d a ta  base’ va lues . Al l lmotigi i I imis list ol ass ociate d name’s

~ouiel com mceiv abls become quite l.irnc in contrast to time gra m m ar it i m mas be desira ble to
create ’ lust one such file for all names its relative st abi l i ty  Vt e n t i fe l  permit e f f t c t e ’ Il t s tm u ie tum r —
t u g  of time chit a fo r rapid acce ss e)f .iiiv reco rd. t ’ imc ’e)Iliiliot m . u is c r— s pc ci  lie ’ s\ l ic ) i i \  I l ls  S h e ’ll as
‘‘MYBo,.v r’’ for ‘‘( UNS I i -  l.l..-~ l ION could be define d in tIme gratn im iar i ts e lf 1 .\l)l)I R
has timis capabi ltt~ I. so that aim i m m it i a l  trans lation t i n  a ce) iiit l iOil mi:ime caim c ’ cct i m Vt he’ii time ’
query is parsed . \Io rever. following im mter a cti on ‘ .vit im the dat a h.tse mn am m age n mmen t s\ stein . t ite ’
actual eiata base value could be suib sti lt i tecl for tim e ’ c’ c n im i l i t e n i m iiaiimc ’. hire n’. cling a om ie’—s le ’p Im ami s—
latie ) m m to a va lue consi s te nt  wit im t i le ’ data.  l hm is  proced ure’ ‘.vtitilei prese’r\ e’ tI me ’ s ta h l l i t >  of time ’
tile of ,iss c nc i ,i tc d name’s. mmou iei same ’ query pro~css ine t ime fo r luit u ire ’ rc lc re nce s to t l mat  nanie ’.
and wou ld c o mm t ribute to time eo m mcept e)f gr a m nim mati cal adaptat ion to t i l e ’ user ’s spce i tic t ie e ’ eis .

A second problemm i 1mm’ . olves time c let in it io m) enf app re nprmate quc’rs s\ nt .i\es t h at mm otiicl
imlcd )rporate um m ki iov. ii or it i ci e t i m m ite patterns . W hemi the input is p.nrseel , the’ pre’se’ m mc ’e of t i ic ’s e’

pattern s wouldi cause the s~ s t e i n  to im m it i a te interaction with time user to determine the proper
interpretation of unknowm i identi f iers. Immve st igat ions at N( )S( ‘U ( \ r  have c le t i to imstrat c ’d
the feas ib i l i ty  o f th is  approac h t imrougim clef imli t i e ) mI of .i to p—i e’vel pat tern in F ,~l)l)i R

KV ~ i i .-~ ~ (131:> (ATrRl l3UfF)  (OF” ~iNI)i - F N A M I  “

where INDi :F. N..~M I ~m he t n at e ’i meel h~ a a riet s e n t Vt c n r c l s  or phrase ’s . Su tc ’ i i is

t I )  a known lie’ already liste’ei i m m time g rai nn ima r i ship. port. tra~’k , flight . CI c ’

I 2) \ I SS1 I mmam ne
FLIGIII’ number
rRA CK NI. \l BE R idem itit ier
Here, time m ma i mme or ielent itier is qualified hs an c’x phic ’it ele’sc r tp to r .  If t i l e ’ m m a mmm e ’

is not knowmm to time ’ grat umnar. i t  is a u t e n nma t i~’all ad d ed to tIm e appropriate list.)

I 3) an arbi I rars Vt ord or pim rase

- . - _~~-~~~~_ _  _



In Item I I)  ti n interaction wi th  time ’ user is necessary time object miame has been def ined pre—
v ious ly - In ite m ( 2 )  time sa m e is true if time object name is knowtm to time gra m m ar: otherwise .
the svs tet i l  may wammt to ask fn .nr eom mfir mnatio mi from time user (in case of spelling error) before
placing time nam e into its pmoper category . To imand le ite m ( 3 ) .  the syste m interacts with time
user in a ma n n e r  similar to that shown e~’ ~er. Grammatical modifications used to perfo rm
these ac tiom ms are given iii appendix A

rime saimme princip le app lies to au indef inite namm me that occurs in time interior of a
query IeL~ “HOW FAR IS X YZ FROM i1ONOLULU~”i. In LA1)DFR. tile parser wo u ld be
unable to comitinue past time word “X Y Z . ” assuming it is not part of time grammar. At that
point , it may he possible to presen t the query tail ‘.\Y7 FROM HONOLULU ” to the operator ,
to ask him to enter time word (Or phrase) lie intended to use as t u e  object name , to ask for
definition (categorization ) of t u e  object name, to enter the name into the appropriate ca te—
gory , to remove time word (s ) from time left end of the tail , then to proceed with the parsing.
Although the programmitmiiiig details are not trivial. this approach appears feasible. Top—level
syntaxes (at least 1mm a I.Al )DER—hike syste m ) would become more general. with context—
specifi c patterns leg (Sh IP) amid (PORT)) replaced by (INDEF.N,AME) prodctctiom ms in this L
resp ect. the grammimar nay become easier to modify amid maintain.

lii the above discussion , it was contended that recognition of context faci litates trans-
lation of 115cr inputt into the lamigutage of time data base mnam magement system In LADDER .
user queries are ac tua lly translated to art imitermediate latiguage. called time IDA I lm mte hl ige mit
l)ata Access ) query language, which is timert used 1w time II)A subsystem to generate Data—
language ( r e f  5. 7 . 5) Unless time context is recog nized , t ime  query  “W h AT IS THE SPLI:D
OF X ’m ’Z ’? ’’ i:s eliff ’ie’uit It) trami s late it’ \YZ  is a knowim ship. for example , the query should be
translated to time lI)A eluery

(7 PTS ) (NAM EQ ‘XYZ ’
To obtain time answer . the rest m itimmg b)atalatiguage would calculate t h e  join of time SHIP ami d
TRACKHIST relations by using the common attribute of FIC (Unit Identification Code) or
V(’N (Ves sel Comitrol Number) . If XYZ is aim air track identifier . on the oth er hand, a second—

t arv trans lation of attribute PTS (the only grammatical translatioti of the word “SPEED” ) is
mmecessary to access attrtbut e SPEED of time AIRTRAC K relation Thus . alt imougim IDA miia~receive time query

~ PTS) (ATRACK EQ ‘XYZ’ ).
it (currently ) will not generate correct Datalanguage. even timough IDA knows that SPEED
is t ue  synonym for PTS in time A IRTRACK relatiom i. If time frotmt —etid granimliar were to he—
com ime more aware ot’ the context , time problem coutid lie avoided completely by issui mmg time
pr oper qu e ry

1? SPEE D) ( \TRACK EQ ‘XYZ’ )

to IDA. expli c it lY indicating what file to access to obtaimi the respon se.
Ambiguity resolution c learly represem its one of the most difficut lt prohlenm areas in a

natural language syste m . Given a qu ery satisfyimmg more timan one inm terpretation , LA DDER
does imave time capability of displaying possible interpretat ions to the user , wimo cami t lmere —
upon select the correct one for processing. LADDER does iiot normally operate in t imis mimode.
however , since determiiiatiomi of’ all possible interpretatiotms is titim e— commsum imi mmg. Moreover , it

7. Datacompu ter Version 5 User Manual: Com put er Corporati om m of America . Cambridge MA . ic i ly
d)75

S . The Dataconmput e r A Network Data Utility, by T Marili and D Stern: AFIPS Conference
Proceedings . vol 44 , May ht ) 7 5 . p 35c), 3~)~
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i s  as s utm ie’ul t hat (t i e ’ i l i c o r m e c  I re’ s l l c i rm se ’ V. iii ‘ i l c t t I l i , i t ’ L t i le ’ use r It i  re ’ l n l i r ase h ut s  t lue ’s t iot i  l~’~s
a u mm biguemusis - Ih au mc l la rce .  time first i imt e rpre ’ tat i entm ge mi cr . i te el I~ time s \ stein is t h e  best a m m ’.\ ii\
pre ’s u mmm a hlv, l i t t le  wenuldi b~’ g aim mc ’t l ins the ex t r a  i) rc n Li ’ss iii~ tun ic en t l ime ’ a l t e ’r mm a le ’ i i i t n e he ’ . t h i s
tra e le—en f ’t is umia ’ .oie fa ble. at lej sl u m mt i l  t ime ’ mm a tur a l lamt g u:iee cpic ’r\ ~ sie i im has i ’ e t te ’r u m me i~’ r—
s t , i i i c ! i i ic of ce n i mtc ’’.l a i mei l h i I ~ t i i c e ’ s e nf u ime ’ a m m i m i g Si nc e tins eh iscuss ioi i  is  p”itihl1i1~ c t i l l e e ’ rmie ’ei
Vt ilit m t me n ehi fie ’a t i t nj i s  In n I .\l)i ) i- P ‘hi,il ii ivenl ve immoderat i ’ e’t f o r t  buit are ite npcd to result i i i  s i i l t_
sI .i i it i .i l  tmm mp r e n m e ’ m m t e i t m s  tim e’ pe’ rdt icn i ia l  u t i l i ty . a m tm t n i g u i i t s  nc’scn lu t iom m rc’mi l aii is an enpe’ m m issu e ’ .

\ l t i me n u i g h m a imatur al  laim i~ui age’ s~ s te m c am i m ie n t  t i m ge’mie ’l~iI ,iiiI ic i pate I i ~ i’ t  d lu ier ies . the ’ie
.irc e i r c u i mm s ta i m e e ’s for ‘ .v i lt e f i  it c~iil. I :n ex amp le. aim tnp e’ ra to r t i ta s ask ‘ ‘W i l , - \ I Shi l l ’S .\ Rl
\~ i I’illN S Ot ) \ I i l i - S  Ui l i i i-  P1 ( 05 ‘ ‘ ‘  l e t  e lete’ n m im i i me ’ t ime ’ re’x pommsc ’ . t ime ’ s’ns l e ’iil lii iefs f i rs t
t i me ’ pe n s i l i e n mi  t n t  t Ime ’ Pf - ( ’US . the’n ti m e pens it oims tn t  all oIlier ships . I or each s it ip. t ime eh t x l an ec ’
ten t ime ’ l’i (~~~S is  c . t ld ’hi l , ite ’el l l i t ts e m e i t i m i mi  5(J() nmi ies ,Ire’ s te t i e ’el i i i  t i le ’ re’spo m m se ’ l ist  St i l ee ’ . i i i

t iu’~ c , ise ’ . Oii d a ta  n ,ns e i m iaml, i g c m t m e ’im t ss s ienl hjs Inn ic~ i’ss 
~~~ 

posit t us ni Ihe ’ I R.\( K il l S I
f ’ile’ . t i i e ’nn,’ is ! i t t l e ’ cost  lie ’ j ulie’ I inve ni ’ .e’ci iii ,iisen retr ie ’’. 1mg .iu xih ia rs  i m i t c n r i i m a t i c n t i  “ h i t  .t\

ct’urs n’ ,imie f s pe’eel fr o mmm t it , it  t i le ’ . l u i r thm e nime nr e . time Si lip re’la t io i m mvas also ,icce ’ss eeh ten d e t er—
t i l l t i e ’ s h i p iia~lics will ti me pensi t i o m ial  i m l t c i r mi i a t R ) mi .  I lR .- \ ( Ki hIS I u ses sh ip t i ( ’ am id \ ( \ . fle lt
t i le ’ ship mmammme pe’r s e )  ihe ’re’f o re data trom n that  f il~’ coui leh be ad d ed i t t  l ime ’ au x t l tar s  buil ler
tscuc lm .us ship cI , iss im. i t i o i mai i ts allel t \ p e  1 . l Ime e’\ t r a  a t t r i bu te s  ,u re’ p.irl t n t  t i l e ’ tup l~’s a lre’,icls
lc n e’at c ’eh for the ess emmt ia l  m n t or n imat ie n i m : h o  e \ t r a  se’ ,irchlj i ig t u n e  is imeecs ”~ r\ te n t i m i d  t h ese maine ’s .
V. heti (lie uise’r is prc’sem ite e l  ‘ .vit im time ’ re’t l uc s ( c ’d ei ,u t .i. ‘~lk ’h , is s imn p l~ .i l ist ot ship miai ntes i mm l Im e ’
abt nm e’ ex amimpie ’ . t h e ’ ss st elll co u ilef .usk ‘‘1)0 ‘t O t  (‘ARE it )  Si I \ fORi IN I ( )R\I \ Fit )N ’’ ’
It time use’r at isw e’rs ‘‘ s es ’’ ( lii’ s\ stein would e lis plas (lie ’ . uimm p h i ls  t u g  i i i f c n nmn at i ou l  i l i t i l i e ’e ha te ’i\
Vt i t hm ou u t hm avtm g te n pass a ne’.’. I l) .A query to ti le’ d a ta base’ l m man, ige iuie ’nt ss ste ’mn fenr proce ’ssul i ~
i:e r  gert e ral e luertes . t ime s~ ste in would l ia me t~ he m uch m m m c ’ se’k’c t i s e  t e n emmsu i re 4 1 that  t ime
.ililp l i t v lmm g im i f o rm m m a t i e n t m  does mm e nt repe ’at e l . t . i  col l I~u mme e f iii the ’ eli,Ie’rV respen imse l e\ c e p t  for
iel et i t i l ieat ie ’n cit t ime oh iects  iii clue’s tm o i l  I amid I 2 )  thaI  t ime ae ieh t t io mm al  e la la re late ’ to  the cor—
re’ct o bj ec t s  I those’ cc nt. i i m iee f in time re’spo mms e ’ I ral lier th mam m to im mt e ’ni iie ’di ,u Ic aluie ’s uus e ’ei to
ca lculate or qua i i ts tIm ,’ resu i!t I on e\a inple ’ . it time ci se r ~~~ ‘ ‘W i i , \ i si lips API -  I \S I i-  R
l i h .-\N I’ LIE lAS ii S i  t S  51 13 ’ ’ ’ , m Ie n am m mp l i t \  im ig in ton m mi a t io n  sime nu lei be’ re’ tn ic ’ e’d to r  t i le ’
“i .\ S II S i  IS  S I B”

I .\I)l)i- R has tim e e’a Nibillt\ to refe r to a pR’S i O h t s  ci ie r r  t e n re’soi’.e pronom imma l re’ te ’ r—
e’i m c e ’s aiie l e l hp t ica l .  or nccn m np le ’ t e ’. queries A deht iot iahiv ,  a pre’’. iouis quie’r\ . m m u um ube iec i  h’. t~ic’
IN I i  R E ISP ss s tem im , e’iim l be ree m mter ec h atmel processe d bs uis ii mg t im e Ri 1)0 eonm m nam m el , spe c if\ —

tng t ime query numimber em ram mge of ’ quers n u u m mi hers to be’ ‘‘re’e l om mc ’ - 
‘‘ ( See re’ f C) t o t  a eles e r ipt ienmi

d )f t ime ’ Rl I)O c om i m m imand I For t h is e’apa bilitv to be truly usetu i l , t ime ’ o p e r a t o r  would ile’e’ei t o
preserv e earlier port ions o f h i s  t ra mls a c ’t ienm i 0mm hiarc l cops ten re’fer to th ose ’ mi umbe’rs lie—
quie hm t lv uuse’el e lt ie ’ni e ’s or a e’onip iie’at e d serie s of q iie’st iomis cam i h~’ cle’ l im m ech . s i sim mg le que’r’m by
usimig time nma e ’ ro—parap im rase’ feature of ’ LADI)E R Fur  e x a m mmp le’. liii’ fe i l lowim ig eluest ions
nmight comimm imon is lie’ ,i~k~’~h im i a seare’h m am id rese’ue ope ra t i on  iii wim ie i m P i( ’US is as sutm m ie’ei to
he time mia imm e of a ci tst essee i m esse ’i:

\Vl IAT Si III’S -\RF WITH IN 501) \l I IFS OF Ii Ii i’l (05 ’
Wi1 AT IS T IIEIR REA DIN1:SS7
W h iCh OF rili:SI: SHIPS Ii,A\ i- \ l)OCTOR .\B()ARl)~
1 10W LON( \VOt i.i) IT ‘I’ .~ K 1 1 . 111 - S I - Shi l l’S I’O R i -A ( ’ l  I i i  i i -  PE( ’0S7

T he’ s im mmp le s t , i tcm imemmt ‘ ‘S-\ RSl I’tJ ..~ l ION AR () I. NI) Ph ( ( ) S ’  eat i be’ ehe ’ f ine ’ei a~ a parap lmr. isc
of time givemm se’ries of ’ qu u e’ mt iomms ~.I ore t ’s en lime e i lic ’ s t t e) ul is i lOt rest rid eel Iti I lie’ Ph (‘OS: il

fi IN  Ii REISI’ Re’fe’re’mic ’e’ \la miual , 1w W I e’ i t el i t ia i i : \e ’\ P,ilo \Ii~’ i~ c’ se’ ,il ~~Il ( e ’iiiC i l ’ t ~’ \ l to ( ‘ -\
E)e’ccmm m her l ’ i7S

S
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aimy other simip uiamime is uSedl . LADDER will nmake time appropriate substitutions . Th is capa-
bility is aimalogous to time stored quiery capability of time operatiomm ah NWSS (Naval WWM CCS
Sot’tware Standard ization ) Query Module (ref 10), In that system , queries composed in
fixed for immat cart be placed into a Stored Query File for future use, When recalled , the
queries may be modified and/or passed to the Query Module for processing. In eacim of time
above requests . LAD[)ER recomnpuites time distances t’rom all ships to time PECOS to satisfy
the prormormm it mal ic ’fe re rm c es to “ Si-lIPS WITHIN 500 MILES OF TI-IL PECOS. ” It would he
more efficiemi t f ’or time query system to p lace time actual silq) namm ies satisfying the given qual-
ification into its memory and to use that list to determm u in e the responses to subsequent
re t ’e re flees

The features just discussed comprise t u e  ability of time query system to remember
prior immteract ions and to provide recall so as to siniphify operator composition of new or
repeatedl queries. Elliptical ammd protmominal re ferences represent an immediate recall of the
u s e r ’s imiputs: niacr O— eXp am mSiol iS (ie store d queries in time Query Module co mitext ) are a rmi ore
permnatient recohiectio im of’ the user ’s informatiomi re t rieval needs. When elliptical and pro—
nom inal ret ’eretmces are used in conjunction with time grammatical modifications discussed
previously, a query system can be envisioned tlmat wouiid no longer be a passive reci pient of
user requests hut amm active , imiteihigent assistant t imat aids the uiser imi the perfor nmam uce of his
dltities. Based omm a g ivemm task . an appropriate gra mm a r  would he selected. c itimer autom nat ic—
ally or by time user , to profile the user ’s inf’orniatiomi requests Simch a missiomi profile would
be detitied by time con text uta l grammi mnar and by stored imiacro—expa nsio ims. Time hatter would
allow time user to easily obtain general. task—oriented int ’or mnatiom u typically of im mi port to time
givemi mission. Aeldlition’aliy, amp lifying infortmiatioti would be stored t’or time user ’s attention
should lie desire to view it . The gr a mma r itself would ftm rtimer adapt to time relevant coimtext
throuighout time itmter acti oui by deter imm ummiiig wim at ships or aircraft are involved . wh at sensor
data are miecessary . what tracks are pertinent . etc. Iii short , the query system wouiiei provide
the environment , or m ission profile , by wimic h the uuser could easily amid! e fficiently acco mmmp—
hisim his informat ion retrieval tasks. The user would retaimi time option of askim ig ad hoc queries
in order to obtain furt imer insiglm t i h itO the given situatiomi , to retrieve dlata unt related to time
current commtext. or to establish a tm ew context aitogetimer With the traits of adaptability , cd)ii—
textual awareness , and flexibility thus itmcorpora tedl . time query svst e m n becomes res poum si s e to
the user ’s needs. timerehy providing t h e  intelligent interpretatiom i of ’ his redlum .’s ts c’ssentia l to
e ffective ut ilization of time system.

- 

INTELLIGENT DATA ACCESS

Beyond having time “intelligeumce ’’ to commiprehend user imiputs . a qumery svstenm
‘ can exercise sommme degree ot’juidgimm cmit in time actual access am id retrieval of data 1)ata

discrimination (providing only wimat is asked for) atmd optional response a m p lification, as
introdluced iii time preceding sect iomm , are two exammiples of such lud lgti me mm t . Time li)A su hsv s—
tenis of LAI)I)ER imave heetm f’ound to lie adlequate f’or a mmunm ber of ’ a pp l icat iom ms . but so t i me ’—
w imat difficult to utse wimemi applied to time Navy d a t a  base’ resielet it imm time NOSC/A (’ ( ’ -\ I

syst e mmm . This beca m mm e apparent dumrimm g et ’forts at NOSC/ACC~ I’ to expamid both time front’i’nd
grat mm nmar am md time IDA schema ( I DA’ s imo t io umal mmmode l of (lie e la f a bask’ sI rtI e ’t t ire ’ ) t’rom tIme
Iimmmit ed view suipporteel by time Bluefile data base ( ret ’ I I)  to a mimore co mmm pl ete Navy commtext

10 . NAV(’OSSACT l)oc ument O7A OOt A UM.04 , Navy WWMCCS So ftware Sta u m da rdi ,at i on : Book 3
Quer y Modu le User Man ual: Naval Com imman md S s l u m s Support A c t i v m i v . Ma~ I

I I  . NOS(’ (‘ tide’ S321 h r  rpt , lIme Rcia ti om mal Model for time i3luief ile l).uia h3ase ( Revised ). Nove’miihe’r I ) i n .
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represe umted l by aim at—sea conmmmm au id atmd l control center d a t a  base (ref I 2) . ‘rime prohld’t ims
e imcou tm f e red eit iri t mg timo s e ’ e f fo r ts  will he discussed in timis section. Furt hmer nmmore , possible
approac h e s  to data access to solve th ese problems will he suggested.

Currently, h I)A cont a imms a very strai ghmtforward algorit imnm for de’ter rmmining what tiles
( ie relations) are to be useei to obtai t m time data requested iim a query . (As dhiscussed previously,
time user ’s query is tram islated to hl )A query form at h)y time front—end grammar. ) At eac h it e r—
at ion of’ the algori t iiumi , t ime systemmi possesses a list of relations already ch osen (emimpty in the
firs t iteratiorm ) arid a list of fm eldl s ir m time query wtmic lm imave not yet been covere d by chosen
relations , ie timat ca imnot be fouumd iii tIme attrib uute lists of ’ time re lations already selected. Time
next uncovered t’ield in the query is selected , and the algorithm att e mmmpts to find a relation
that

I ) covers the selected fieldl .
(2 )  has a elirect l immk (via a co u mmm mmon attribut e) to a relatio um already chosen (if one

exists ) .  amid
( 3 )  covers as nmant y ummcovere d fields as possible.

I l)A processes f im e query f ’romm i ief ’t to rig imt . atte n mpti u mg to i mminim i mi z e time niu immber of relat ions
wimic hi will umeed to be accesse d . For example . given time relations (and associated attributes )

SHIP: (NAME CLASS TYPE PTP TP1) CONVOY )
ShIll ’CLAS S: ((‘ LASS TYPE LGII l)RAFT)

IDA accesses omm ly time SIIIPCLASS relation to deterimmimm e
( ?  LGIU (CLASS EQ ‘BELKNAP’)

( ie WHA T IS TilE LENGTH OF BELKNAP CLASS SHIPS?), since hot lm LGII anel CLASS
are t’ouuimd imm timat t’ile. For time I i)A quuery

( ‘? LGI-I) ( NAME EQ ‘FOX’ )
t ie WHAT IS Ti-I F LENGTH OF THE’ FOX’?), IDA generates two retrieval requmests to
time d a ta  base . t’or si imip iicitv also s imowmm in ll)A query Iatmg uage fonnat , of tIme form

IN SHIP RELATION: (NAME EQ ‘FOX’) (?CLASS )
IN SIIIPCLASS RELATION: (? LGH ) (CLASS EQ ~BELKNAP’ ).

where (C LASS EQ ‘BELKNA P’ ) was time respons e to the im i itia l d luery. In timis example, hI )A
builds a reference to botim time SHIP am md Sh-IIPC LASS relations , essential ly generating time join
of th ese two relations over time common attrih umte CLASS. Th is tile linkage inforimiatioim is
also coimtained in time structuiral scime umma ktiown to hl)A. In actual system testiuig. hmow ever . it
wa s t’ounel thm at ll)A eioes ho t  always commsider tiles Imavim ig direct himmkag e to ones already
cimoseum . but suumiply selects aumy file commm iected to time cimoseum file andl commtaining time redluested
he idi. Time current IDA does not determniuie time slmortest pathm to use f’or data retrieva l. hut
irmstead selects wimatever patim it t’iumds first (whether it is a dlirect patim or amm iuidirect one
timrougim several intermediate nodes). Although an optimization procedure in such a case mmma v
lie ti lmie—comisummiing , processimig time spent for th at purpose immay lie considerably less timan time
el’ ita retrieval tim ime timat results t’roumm a long access path in wlmicim time values of inte rmmmediat e
links mus t  a lso he f’oum id in time data.

l’ime source of t lmis probienm relates to problem ims diiscusseul ium time previous section.
Wimen time tr oumt —e mid l grammmnm a r is givem m time request “ Wh AT IS THE SPEED OF X”m ’Z’~’’ the
attri hu ite’ ‘‘SI’i El) ’’ is translated to a specif ic fiekl uma umie used in time data bas e. For exa u m i ple ,
12 , NOSC Cende 832 1 lIr rpt , Expanded Relational Models for tim e Fleet Coummniand Center and At-Sea

Coum mummander ’s Data bases , March I 977 .
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if XYZ is a ship, time current speed of XYZ is found in attribute PTS of the TRACKHIS’ I

relation. (The exatmmp les to follow will refe r to a ummodi f’med Bluef’ule data base structure
created at NOSC/ACCAT. ) Without a context-dependent translation , the gramm ar rmm akes
the same translation for SPEED (ie to attribute PTS) if XYZ is art aircraft type or a flight
number. Context-spec ific pattern s, on t he other imand , would ensure that aircraft attr ibute
names would be associated with aircraft , flight attributes with flights , siiip attributes with
ships, and so on. The trade—o ff is in the simplicity of a generalized grarmmnmar , as compared to
problenms of development and maintenance of a context-specifi c grammar. Omme attenmpt at
a compronmise is ex hibited! by reconsiderimig the above example. If XYZ has been imiterp reted
as aim aircraft type . IDA is given time query

C? PTS) (AIRNAME EQ ~XYZ’) .
In t ime IDA schemima, PTS is defimied as an attribute belonging to relations TRACKI-IIST and
A IR(’RAFT , but imavi umg a synonyimm of, say, MA XSP FF I) in time AIRCRAFT relation. Timis
allows IDA to make time umecessary traums iation to time co mmtext-specific attribute. Operation-
al ly. imowever , hl)A h as been found to he in error ium siimmi lar sit t uations. iuicorrect ly answer-
iumg time query

( ‘? PTS) (NAM EQ ~
X Y Z’ )

(whmen XYZ is a shmip ) by accessing time AIRCRAFT file for PTS . Siuice time attribute PTS is
not found in t Ime SHIP relation , t ime first relation found to cover t h e  field is selected , rather
than time fi rst relation directly linked to time otme couitai iming tim e specified field. If ’ time order
of the query is chamiged to

(NAM EQ ‘XYZ ’ ) (‘? PTS)

it will he processeul correctly , suggestiuig a immodification to tIme a lgorit lmumm wimere by relations
coveriuig quahifiedl fields are selected first , relations limmked to timose selected by a connnmon
attribute are mmext chec ked for uncovered f’ields. timeti re latiotms im md hir ect l y iimmke el t imro umg im one
or more inter rmmed iate relations are checked f’or remainiumg uncovered attributes. By
appropriate search procedlures . it ummay be possible to actual ly dietermine time simortest access
paths to the required data in terms of ’ time imumber of relatiomis accessed , includimmg immtermediate
relations.

If time context is recognized by time grammar (eg a specified aircra ft name is associated
to “AIRNAME” in time IDA query). time simplest solution may still be to pert’orumi time umeces—
sary translat ion of time attribute category (eg SPEED) to specifi c attribute labels associated
with the idemitit ied comitext. T he translation could occur before or after IDA is called to
process the IDA query language translation of the user’s input. Nonetlmeless . t ime above dis-
cussion covers a more general situation : no matter imow well time query context is specified.
multiple file accesses tlmrougim oume or more intermediate relations will always be a possibility.
Fft icieimt deterummination of the slmortest access path s would enh ance systenm operatiom i in all
cases.

Grammat ical adaptation to use r couitext , as proposed in time previous sectio rm . leads to
consideration of time possibility of dynaimmic data base coimformity to user requirements. At
least , time query system ’s “view ” of thme data base structure could adapt to co uitext by con—
centratiumg strictly on thmose access pat hs recogmmized as satisfyi umg time user ’ i:mfon mmation imeeds .
By restricting time imuniher of relatio ums used. simortest pat im deter immimmatior - hecoumme coumsiderably
more efficient, pat ’ticu lar ly wime u m t h e  total nuimmber of re latiomis imm time data base is large . Fur—
timermore , time d ata base rem ains unchanged: only the internal model of the data base
structure c imanges. 1mm tIme IDA context, time systetil WOuIdl cot mst rtmct a data suiummodel on time
basis of user queries . gradually shilling fromim time total structural model to time submnodei as
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t i me la t ter  hed’oum mes u tm e nr i ’ capable of e’ove ’r muig all f ’uek hs of ’ tim e uI~e’ F ’ s reel nests. t s imm g a rimod i’
t ie d e’ove’rhuig a lgor i ti uui m , as e iise’usseel ~hove ’. uime le’Iiuie’d iiuiks or a t t r i bu te ’s euld ’ouuilerd’dI e l un t u m e
pre n ee ’s si umg wo u ld siguial a im ti ie’oui mp le’ie rep reserifaf uomi of t ime str ue ’ture’ Ui t h e ’ subunotlel .
wli eue ’f n~ t h e ’ to ta l  mnode’l wdnuld l be used to eleter ui liuie’ ( hid’ res hmou ms e’ Limiks , re’lal ioi ms , ~m iie l
attri butes iii time tota l  tmm ode’i used to geu ierate’ t h e ’ que’ry res poum s e huf umot e’t iuid’t) rpo ratetl
umto tim e’ suhnmendel wonIti t tme ’im be’ add ed 10 time ’ Su builodte’I, prov ie l l u g  a ii u’oade’r e’overage’ lor
suhseeiue’ rm t dtuenies. lime resultant stu ’ue’t une’ wou ld support the s~ e’eu t~t e ~ iim l ’omii mal iom m retrie ’s at
task elef iuie’ei b t i me ’ user As w t t i i  e’ommt e xlu ia l gra u mm u imau s . e’t n uh t e ’\ t s In e’e i f i e  s u ub umi o eie l s of t h e ’
data  hase’ st m ’ u i e ’ture prov id e  t’tutiel a m mie ’ mi ta l buile lim ig blene ’ks ci t t ime ’ m ilussi e ni t  pro file conmc’e’p( -

.\ ui e’ \ e ’T m imm u ne’ atu ib ut ue n us goa l us t t n create a e’ou ite’\ t _ s i n e’e i t u e  p . i r t ut icnui  of t ime ’ d a t a  base
i tse l f  e’ it i me ’r a pii~ ste ahh \ separate su uh is tru ie ’t t i re ’ cnn a e’tnl le’e’ lt t nui tnt  poiu ife ’N t h a t  allow rapid
auid ehi te’e’f , Ie e e ’Ss to p dnrt i enu m s of t lie’ dala base dnf iu mt e’rest ten time mise’r. h u e ’ l u st a l ternative
requires creat ion of sutb s t au mtua l  upe lat i umg te ’af tire’s to e’uiStite’ ti me ’ ium ( eg n um \  of data ti m t ime ’ se’l) .I-
rate pa rttt ioui l’ii us is simim i lar  to the uipela te prohle’ imm for a imetwork tnf ehis t ribu he ’d d a ta  hiases ,
u m maum v t n t ’ wi it e’ii h ave’ e’e’ rtai im da t a  e’ie’uiie’ umt ’ s iui d’o u lmt liou m Ma im m t a ium iu me d a t a  i i m t e ’u~nut ~ at md e’ur—
reum c ’\ iii a et i s t r i b d i ted i  data base’ us a mmont ri~ j al pro bl e m mm - l ime ’ Qtte ’r~ 3 s\ s t e ’i ii , W i i i d ’i i is .1
s t i’tie ’tti i’ e’tl 1’ t m gh is i m query svs te ~uii .* d’ ueat e ’s a ‘‘st iaps hiot ’’ of .i po rli o mm tnt t i t e ’ ei at .i base’ hn~
cop iimg e’ui t ire’ t uple’s of ’ a u’e’Iat i tnum .15 spe’e’ t f ’iedl by t h e ’ user Nen at teu up is tm m a e ie ’ t o ke’e’p
t ime va lue’s of t h ose e leimme ui ts e’ti rre’!i f \~‘ t t  Ii t ime ’ u m a i um e iat a base. imowe ’ver. l ime ’ see’en t me l a l t e ’ n um a —
t ive’ e he ’ mm m a u m d s a great deal ot kimow lee lge ’ oum t ime ’ pail o! lIme qu ue ’r\ sys te ’ u mm. slne’d’i tie’all\ ~ i t h m
re’garei to time ’ piiysical location of ’ ela fa i i i  (lid’ umm ae ’Iit ne’. au me i re’e h u i rd’s a eie’f aile’e! iimt e ’rt ’~ie’e’ c’~ mmi i
t h e ’ data h.i~ ’ t i iat iage ’ t i m e’ mmt  s \ s t e ’ut i .  h u e ’ ael~- am mt age ’. tnt course’, is t ima t  a l f l t c nu ug lu ehat . i  are’ im tn t
chmatm geei or e’tn pie’eI , e’\ ii lte ’ t t  a C ce ss  pat h s t e n  t ime ’ data tnt  i i mte ’re ’sf are’ e’ reate ’ei . gue ’at I~ u’e’duic ’iumg
h i d ’ b u g  Se’ai’e’ii au th me ’( nie’~ al tummies  sc lt Ie ’ hi ca l m  occ ur  for  large’ f i l e ’s . hrmm p l eu t i d ’ m mt a t i t n u m t l e ’ la i ls
tot sucim a se’ t md’m m m e .ue’ hey one! tile’ sco pe’ of ’ ibis paper , part icuii;in!~ wi t h regard t t n  spd’e’i t i~~.t -

t i t n rm t nt ’ uie’e’essar~
- it mt e ’rae ’ t i o i m s betw ee ’u m im i t i t is  e.usu ’ I \I)l)l R au mei l ) a t a e ’cnu im l n u i te ’r. h ue ’

c’onme ’e’pt do e ’s aphn e’ar wont Im~ ot mu m ~ e’~ t igat mcii i  prior to tie’ t i t miug t u t u c t cu en \ ~\ ~te’tit te ’qu it re’t m ue ’ umt s
for Nas c’o uii ma ume i a m t d e’Ot iti ’ ti h (use ’

INTI’LLIGFNT SLJ PI’ORl’ Oh’ IJSI’ R I N I ’ L R ACF I O NS

I’hie’ iire~ ie~us I We ) si ,’ e’t louis ii. i~ e’ discussed t hiree ’ u m met iioels b~ su t iu e ’ im .1 q u ier ~ s~ ~t e ’ i im
c an ass ist a user sei mma mmti ca lly : bs c’orre’e’iI~ iu mterpreti um g time ’ u m m e aui ium g of h i s  mu m h uts . hn~ t a e i f u ’
t a t uu m g time retrieval of ’ eie ’su m ’eel data , am i d by c’rea t m mm aim e’ nv iro umu i me ’ u mt to fu i lf i l l  Sp e c i f i c  i i i is\ i tn i t
or task—r e lat ed iii f~n nm m ma ttcnu m re’eluire’ n m ieumts lime dl~Sd’U55~Ofl5 ele’ ,tIt wi t tm imow t ime ’ ss sie’i m m is  to
proe ’e’ss queries . t iie’rehiy fo e ’ uts im m g on time i imt e ’rnal tu u um e ’t touis of t i l e ’ e lue ’r % s\ s t e’t il - iii th is  s ee
ti di um . time empii ,isms shifts to tim e ’ s y s t e ’ ui i ‘ ‘ front e’u m e i , ’ ( hid’ use r -s\ stein uu i t e ra e ’ t t ou m i t s e l f .
alt h ough tim e prc’se’ tm t at iou m doe’s not add ue ’ss tI m e phm~ sic ’ai mmm aum ’ u m i ae ’ h mutme ’ i um l e ’ r t ~ie ’ e’ t i e ’ l iu nw
thud ’ user m ntera e ’ts s~it iu the’ le ’ nt m i i umal ) , I low t h e ’ s~ s ( e ’ mm i  i m m t e i . ~c t s  w i t h  a uu se ’r is t nt pri imia r~d’o ne ’ e’ rum si i ie’ d’ it ehe’te ’ rum m iiies how d’tl i ii f or mable ’ t ime ’ u is e ’r c~ ill be’ ~t i th t  ld ’ sp e’e’I to m is
e’uiiot ioum al aumd ui meumta l  s t a t e ’ c i i ’ u mmiumd. M ,tuu s f e a tu re ’s can be’ i u i d ’ u i r p t i m , l i d ’ dh t O c’ re ’~t t c ’ a

us’r— t’rteimelly envmt’oniime’u mt , Stie ’ ii as proumm ph iulg, Iii ton al . i ss is t . i  ic e ’ . (ise ’ r’ s f i c’ e’ u f i d ’ el fo r uu m .i t
hei r out pu t  responses, t u me’anungl’tul ant I p recise ’ e’t i OF t t i . ig mm o st he ’ s . hnno te .e’I ‘ou m .i c.ui ims t
system failure’, auxiliary te’t ’umtinal ;%e ’ t i \ i t ~ duintig b u g  t l tie ’ r\ f~Foc e’ssum ue ,imid iet r uc ’~a1

te ’ i S i t i i i  ot ’ Qtie’s~ .1 is  ut ’s ielc ’ m i t omi t hit ’ t i i ivc ’ isui ~ of Soiit hue ’ m i i ( , ihut , ’ m uu i a h i uto m uuta t i omi S~~ic ’fl~~’ s
Insti m iume ’ S~ Cte ’ i ui I l)l ( ’ KI 2(1 4(1 ( A RPA uioek’ I lu ’  ) . oui iuiit’ elt ,e’ uuim m u ’ m ttahui iuu i s  ,us a u l,ihhe’ out
i h a t  s~ Ste ’ uui
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delays, and so on. Simmce combinations of such f’eatures can be found in near ly any use r-
interactive systeum . the imphc’ation exists that making the environrmient more benign enhauices
svs tet m i utility. ‘ruiis contention is not argued here : it is accepted as intuitively obvious.

(‘outceivab ly, t ime user-system im iii teraction could become even m ore friendly if it
could cimaracte nite time capabi lities of each user iii some way arid, on tIme basis of thmis charac-
terizat ion, could! provide a level of assistance arid guidance couiitmmensurate w ith time preceived
abilities and limitations of time user. Time c imaracte rizati oum . or ‘‘profile” th ence . “user protile ).
would be genera ted fron t previous interactions with time user. Evaluation criteria could he
defined to asses s t h e  user ’s capab ilities with respect to various aspects of’ system operation
and h is kumowledge of ’ system featuires. Using this nmmodel of time user ’s capabi lities, t ime system
would control certain portions of the user-systemmi itmt eractio n, such as pron’iptutmg. tutorial
ass istance, and oth er areas t’or wimic im time system kumows that time use r requires aid. Time
pro file. thm ere fore . would! miot only re flect specifi c f’eatures desired by and f’or the user m m  time
traditiotmal sen se . but would also e’oumtai um t ime system ’s uumderstam mdt img of ’ time user ’s current
level of proficiency , t’req uermc y of use ito deterim mine w imet lmer a refresher course is warrantee!

at ’ter a long period of’ in activity ) aumd other chmar acteri stics.
The user protile is clearly eiistinct from time concept of immi ssioum profile in that time

former characterizes time user and hmis prefe rences and abilities . whmerea s t ime latter cimaracter-
izes the user ’s areas of’ coimcern, data access patims . atidl query gram uimmme’r appropriate to specific
ummissiorms armd retrieval tasks. Time’ use r profile comicept mim av lie expa umeleel e’V em t t’urt hmer: if

may he possible for time system to generate’ a mmmdcl of ’ time conceptual approacim to a prob-
leumm as exim ihited by a user. particularly with rega rd to specif ’ic types of imm mss uoi ms or tasks
pert ’ormeel t’requemitly by time user. Repetitiorm of tasks Provides a stati stical base t’rom wimicim
to generate time profile. By observing time user s prohlemii-solvirmg rmietimodology aum d by creat umig
a model of ’ these processes. t ime syste mmi would become aim iimtelligent assista n t irm subsequent
tas ks , promptimmg for int’ormation or atttomatica lly presenting diata j im time logical sedjuenee
appropriate to th at maser ’s conceptual outlook. Together witim mmmissio um profiles. ti meum , time
syste umm would contaimi persomma lized problem—solving approachmes for time ’ accoi’nplisimuimeti t of ’

specifi c tasks . adlaptiuig to cimamiges in the use r’s donmaium of interest as well as to t mm od l ific a t iomm s

of the user’s analytica l approacim.
Time ac imieveumment of ’ ummissiom i amme l user profiles , as described lmere irm . certa iu m iv faces

mmmore rigid cot mstrai umts timaum time reaches of ’ oime ’s immmagi t matio n. Time ’ umature’ of ’ t hose

constraints , however , has imot yet been determii ined. At present. ium iplemmmentatio um of nmissuou’u
and user profile concepts. at least on a preliminary level, is coimsidered to he wit h in
current commm puting capabilities. Withm im m arm exper inme umt al eumviro umm eum t . sucim as timat provudeel
by time ACCAT facility, time ’ utility of suclm app hi cat iomm s of artit ic’ial irmte lhi ge umce to que ry

processimig iii a Navy coummummand ammd control en mvironum meumt can he mmmeasuree i armd evaluated .
thereby supporting time generation of f’unctiommal req ui ire mmment s for f’uture sv st cm mm~.

CONCLUSIONS 

. 

I

LADDE R has been fouumd to he aim extremely use ful tool botim in ekterumuining time
uti lity of natural language query systems for iumlornmat ioui retrieval iii a co umm immat md amm e l con-
trol env iro mmrncmmt armdi f’or study iumg user—supportive (‘eat cures wlmic lm n m a~ cnimai mc’e’ time uti Itt~
of’ any query system. Timese features induce the concept of ’ aim intelligent assi s taumt : a quer\
system whic h actively aids tIme informat iorm re t rieval procc’ss by ( I )  de limmeat itmg time scope’ ol’

the probletmi . (2 )  performing time routine , prel iminary t’ootwor k that establish es the’ cou mte’xl
for the user , and (3) assisting time use r’s interact ions and qduery processi nmg throttghm iumte ihge’nt
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APPENDIX A: MODIFICATIONS FOR DEMONSTRATING FEASIBILITY
OF ADAPTIVE GRAMMAR CONCEPTS

‘rimis appendix simows the m odifications nmade to time LADDER grarnum mar to demon-
strate the feasibility of time adaptive granmnmar concepts. No attempt is nmade to describe
precise ly imow the modifications accomplish the desired effects, since this would require
substant ial discussion of thm e orgaimizat ional structure of ’ the grammar as we ll as the process-
ing logic performed by LADI)ER. For details of the mechanics of these operations . see
LADDE R elocunnemflat iomm or conta ct NOSC/ACCAT analysts l’amiliar with these
procedures.

Henmdrix ( ( . Techuucal Note 138 . the LIFER Manual: A Guide for Building Practical Natural Language
Interfaces , SRI Artificial Intelligence Center , Menlo Park CA , February 1977 .
Fmumal Technical Repenrt . Project 4763 , Mechanical Intelligence: Research anmd App lications , by ED
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