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Tha Transformational Question Answaring (TQA) system
was developad over a period of tima beginning in the
early part of tha last daecade and continuing to the
prasant. Its syntactic component is a transformational
grammar parser [1, 2, 3], and its semantic componant is
a Knuth attribute grammar (4, 5]. The combination of
thesa components provides sufficient generality,
conveniaence, and efficiency to implement a broad range
of linguistic modals; in addition to a wide spactrum of
transformational grammars, Gazdar-typa phrase
structure grammar (6] and lexical functional grammar
71 systems appear to ba cases in point, for exampla.
The particular grammar which was, in fact, developad,
howaver, was closest to those of tha genarative
samantics variaty of transformational grammar; both tha
undarlying structures assigned to santancaes and the
transformations emploved to affect that assignmant
traced their origins to the generativae samantics model.

The system works by finding tha underlying structures
corresponding to English queriaes through the use of thae
transformational parsing facility. Thosa undarlying
structures are than translated to logical forms in a

domain relational calculus by tha Knuth attributa
grammar component. Evaluation of logical forms with
raespect to a given data basa complates the

quastion~answaering procuss. Our first logical form
avaluator took the form of a toy implementation of a
ralational data basa system in LISP. Wa soon replaced
the low levael tuple retrieval facilities of this
implamentation with the RSS (Ralational Storaga Systam)
portion of tha IBM System R [8]. This version of logical
form avaluation was the one emploved in the fiald
testing to be dascribaed. In a more recant version of the

systam, howevaer, it has been replacad by a translation
of logical forms, first to equivalent logical forms in
a sat domain relational calculus and then to

appropriate axprassions in the SAL languaga, System R's
high lavel query language.

The first data basa to which the system was applied was
ona concerning business statistics such as thae sales,

earnings, number of amployaes, atc. of 60 larga
companias over a five~year paeriod. This was a toy data:
basa, to be sure, but it was usaful to us in developing

our system. A latar data base contained the basic land
identification raecords of about 10,000 parcals of land
in a city neaar our research centar. It was developed for
usae by members of the city planning department and
(lass fraquently) othar departments to answer quastions
concarning the information in that file. Our purpose in
making tha . system available to thosa city aemployaeas
was, of coursa, to provide access to a data base of real
intarest to a group of usaers and to fiald tast our
system by avaluating thair usa of it. Accordingly, the
TQA systam was tailored to the land usa filae
application and installed at City Hall at the end of
1977. It remained thare during 1978 and 1979, during
which time it was used intermittantly as the need arose
for ad hoc guaery to supplement the raeport genaration
programs that were slready availabla for the extraction
ot information.

Total usage of the system was lass than we had expaectaed
would be tha case whaen we mada tha decision to proceed
with this application. This resulted from a number of
factors, including a changa in mission for the planning
dapartmant, a reduction in tha numbaer of paopla in that

department, a daecision to rebuild the offica space
during tha paeriod of usage, and a daegrea of
obsolascenca of the data due to tha langth of time

batween updates (which were to have beaen suppliaed by
the planning dapartment). During 1978 a total of 788
quariaes waera addressed to thae system, and during 1979
the total was 210. Damerau [9] givaes thae distribution
of thaesa quariaes by month, and he also breaks them down
by month into a number of diffarent catagoriaes.

Damarau's report of tha gross paerformanca statistics
for the year 1973, and a similar, as yvaet unpublished
report of his for 1979, contain a wealth of data that [

will not attampt to includa in this brief nota. Evan
though his reports contain a large aquantity of
statistical parformanca data, howaevar, there ara a lot

of important observations which can only be made from a

datailed analysis of the day-by-day transcript of
systam usage. An analysis of saquences of related
quastions is a casea in point as is an analysis of the

attempts of usars to phrase new queriaes in response to
failure of the systam to procass certain santancaes. A

papar in preparation by Plath is concerned with
treating thaesa and similar issues with the care and
datail which they warrant. Time and spaca

considarations limit my contribution in this note to
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just highlighting soma of tha major findings of Damarau
and Plath.

Considar first a summary of the 1978 statistics:

Total Queriaes 788
Tarmination Conditions:
Complated (Answer raached) 513 [}
Aborted (System crash, etc.) 53
User Cancelled 2l

Program Error
Parsing Failurae
Unknown

Qthar Ralavant Evants:
Usar Commaent
Opaerator Massage
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User Massage 11 .
Word not in Laxicon 119 15.
Lexical Choica Resolved by User 119 15.
"Nothing in Data Basae™ Answar 61 .

The paercaentaga of succassfully procassad santancas is
consistent with but slightly smallar than that of such
othar investigators as Woods (10], Ballard and Biarman

[11], and Hershman et al (12]. Extrema care should be
exercised in intaerprating any such ovarall numbers.,
howavar, and even mora care must be axaercised in

comparing numbaers from different studies. lat ma just
mantion a faw considarations that must ba keet in mind
in intarpreting the TQA rasults above.

First of all, our usars' purposas variaed tremendously
from day to day and even from gquaestion to quaestion. On
ona occasion, for axampla, a sassion might be davotaed
to a serious attempt to extract data needed for a
fadaral grant proposal, and either the query complaxity
might bae relatively limited so as to minimize the
chanca of arror, or else tha quastions might ba
assentially repetitions of the sama query, with minor
variations to salect differant data. On another
occasion, howavar, tha sQssion might ba a
damonstration, or a serious attempt to datermina tha
limits of thae system's undarstanding capability, or
aven a frivolous auary to satisfy the user's curiosity
as to the computer's response to a quastion outsida its
area of axpertise. (One of our failuras was the
santanca, "Who killed Cock Robin2".)

Qur users variad widely in tarms of thair familiarity
with thae contants of tha data basa. None knew anything
about the internal organization of information (a.g.
how the data was arrangaed into relations), but some had
good knowladga of just what kind of data was stored,
somae had limited knowladge, and some had no knowledgae
and aevaen falsqe expactations as to what knowladge was
included in the data base. In addition, thay variaed
widaly with respect to tha amount of prior experiencae
thay had with tha system. Initially wa provided no
formal training in the usa of thq systam, but somae users
acquired significant knowledga of tha system through
its sustainaed usa over a pariod of tima. Somathing over
half of tha total usage was madaq by tha individual from
the planning department who was raesponsible for
starting the system up and shutting it down each day.
Usagae was also mada by other maembers of tha planning
department, by maembars of othar departmaents, and by
summer intarns,

It should also ba noted that the TQA systaem itsalf did
not stay constant ovar the two-year pariod of tasting.
As problams wara encountared, modifications were mada
to many componants of the systam. In particular, the
laxicon, grammar, samantic intarpratation rulaes
(attribute grammar rules), and lagical form evaluation

functions all avolved over the pariod in question
(continuously, But at a decreasing rata). The parsar
and the semantic interpretar changed littla, if any. A

rerun of all saentences. using tha vaersion of tha
grammar that axisted at the conclusion of the field
tast program showad that 50 % of tha sentaences which
praviously failed wera processed correctly. This is
impressiva when it is observed that a large percentaga
of the remaining 50 % constitutae sentencas which are
ai thar ungrammatical (somatimes sufficiently to
praclude human comprahansion) or elsa contain
raferaences to samantic concapts ocutside our universa of
(land usa) discourse.

On thae whole, our usars indicated thay ware satisfied
u?th the performanca of tha systam. In a confaranca
with them at onae point during the field tast, thay
|n§ic§tod thay . would praefar us to spand our time
bringing more of thair files on lina (a@.g., the zoning
board of apmeals filae) rather than to spend mora tima



providing additional syntactic and associated semantic
capability. Those instances whare an unsuccessful
quary was followad up by attempts to rephrase thae quary
s0 as to parmit its procassing showed few instancas
wharae success was not achievaed within threa attempts.
This data is obscured somawhat by the fact that usars
called us on a faw occasions to gat advice as to how to
reword a query. On other occasions the terminal message
facility was invoked for the purposa. of obtaining
advica, and this left 8 record in our automatic logging
facility. That facility preserved a raecord of all
traffic baetwaen the user's tarminal, the computer, and
our own monitoring taerminal (which was not always
turned on or attended), and it included a time stamp for
avary line displaved on the usaers' taerminal.

A word is in order on tha real time performanca of the
system and on the amount of CPU time required. Damerau
[9) inciudes a chart which shows how many querias
required a givan number of minutes of real time for
complate procassing. Tha total alapsed time for a
query was typically around three minutes (58% of the
sentencas were processed in four minutas or less).
Elapased time dependad primarily on machina load and
usar behavior at tha terminal. The computaer on which
the systaem operatad was an IBM Syatem 370/168 with an
attached procassor, 8 megabytes of mamory and extensive
peripharal storaga, oparating undaer tha VM/370
oparating system. Tharae were typically in excass of 200
users compating for resourcas on the systoem at the
times when tha TQA systam was running during the
1978-1979 field tasts. Besides queuing for the CPU and

memory, this system devalopad quaeuaes for the IBM 3350
Mass Storaga System, on which the TQA data base was
stored.

Users had no complaints about real time responsa, but
this may have been due to thaeir procaedurae for handling
ad hoe quaries prior to the installation of tha TQA

system. That procedure called for ad hoc queries to be
codad in RPG by members of the data procaessing
dapartmant, and tha turnaround tima was a matter of

days rathaer than minutes. It is likely that the real
time performance of the system caused users somatimes
to look up data about a spacific parcael in a hard copy
printout rather than giving it %o tha systam. Quarias
wera most oftan of thae type requiring statistical
procassing of a set of parcels or of the type reauiring
a search for the parcal or parcals that satisfiaed given
search critaria.

The CPU requirements of the system, broken down into a
number of catagoriaes, are also plotted by Damerau (9].
Thae typical time to process a santence was ten saconds,
but sentencaes with large data basa retriaval demands
took up to a minute. System hardwarae improvaments made
subsaquent to the 1973-1979 field tests have cut this
procassing time approximataly in half. Throughout our
davaloemant of thae TQA system, considarationg of spead
have been secondary. We have idantified many arqas in
which recodirng should produce a dramatic incresse in
spead, but this has beaen assigned a lasser priority
than basic aenhancemant of the system and the coverage
of English provided through its transformational
grammar,

Our axperimeant has shown that field testing of guastion
answaring systems provides cartain information that is
not otherwise available. The day to day usage of the
systam was different in many raespects from usagae that
results from controlled, but inaevitably somewhat
artificial, experiments. We did not influence our users
by the wording of problems posad to them because wae gave
them no problems; their requaesats for information were
solely for thair own purposas. OQur sample queries that
wa initially exhibited to city employeaes to indicata
the system was ready to be teasatad were invariably
greatad with mirth, due to the improbability that
anyone would want to know the information requaestad.
(Thay askad for reassuranca that the syatem would also
answer "real™ gquastions). lWe also obtained valuable
information on such mattars as how long users persist
in rephrasing queries whan thay ancounter difficulties
of various kinds, how succaessful thay are in correcting
arrors, and what new errors are likely to be made whila
correcting initial arrors. I hope to discuss these and
ather matters in more detail in thae orsl version of this
paper.

Valuable as our field taests are, they cannot provide
certain information that muast be obtained from
controlled experimaents. Accordingly, wa hope to cenduct
a8 comparison of TQA with several formal query languagas
in tha near futurae, using the latest enhancad varsion
of the system and carefully controlling such factors as
user training and problam statement. Aftar teaching a
course in data basa management systams at Quaans
Collage and the Pratt Institute, and aftar running
informal experiments therae comparing students' relative
success in using TQA, ALPHA, relational algabra., QBE,
and SEQUEL, I am convinced that even for educated,
programming-oriented wusars with a fair amount of
exparience in learning a formal query language, tha TQA
svstem offers significant advantages over formal query

38

languagas in ratrieving data aquickly and corractly.
This remains to ba provad (or dismroved) by conducting
appropriata formal axperimants.
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