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THE DERIVATICN OF ANSWERS FROM LOGICAL FORMS
[N A QUESTION ANSKERING SYSTEM

FRED J DAMERAU

IBM Corporation
Thomag J Watson Research Genter
Yorktown Heights, New York

ABSTRACT

This paper describes how the process of genervting a
response given an vunderlying representation for an input
question 1s accomplished in the Transformational Question
Answering (TOA) system under development at IBM Researth, a
brief description of which is given.

The last formal level of representation in this system is
called a logical form. The bhasic method of evaluation of
logical forms is the generate and test" paradigm, used, for
awample in the LUNAR system (Woods, Kaplan and Nash-Webber,
1972), although the'implementation muyst be fairly efficient
in order ta be practical on a moderate size data base. The
basi¢ idea is to Kkeep track of the egquivalence relationships
between the variables in the logical forh and associated
constants, and use this information to derive from the data
base the extensions of the predicates contained in the
logical fozrm. R similar proposal has been made hy
Reiter(1976). The logical forms and the process Rhy which
candidate sets are computed from these forms @re described
in c¢onsidevable detail. We believe it should not be
necessary for a computational 1linguistics proiect to
describe operations beyond the last level of formal
representation in order f9xr an outsider to understand
exactly how a system operates sufficiently well that he.can
predict its behavior. Although we have attempted to achieve
that, we still have a considerable wayv te go.
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INTRODUCTION

This paper describes how the process of generating a
response given an underlying representaion fox an  input
question is accomplished ain the Transforpational Question
Answering (TRA) systenm under continuing development at IBM
Research. T®A has been, operatiecnal in a laboratory wmode for
several years. The system 1is now installed in the office of
the planning department of a small city where it is used to
access the file of land use for each parcel of land in the
city, (about 10,000 parcels with 40 pieces of data for each
parcel). The sysgtem 1is untergoing modifications and

improvement prior to a formal evaluation stage.

SYSTEM OVERVIEW

A generaliced flow diagram of thé T@A system is given in
Figure 1. Input, from a display device or typewriter-1like
terminal, is fed to the preprocessor, which segments the
input character string anto words and pexrforms lexical
lookRup. The process of lookup is complicated somewhat by a
provision for synonym and phrase replacement. Words like
"car" and "automobile" are changed to "auto™, and strings

like M"gas station" are fromen into single lexical units.
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The output from the lexical looKup 1s a last of trees,
each tree. containing part of svecch information, sSyntactaic
features and semantic features, as reguired A descraption.

of the lexical component, now obsalete an xts detail but
still valid ain main outlane as given in Robansan(i1¢73). The
list of trees is input to & set of gtrang transformations.
described an Plath(1974). THhese transformationa ovperate on
adjacent lexicals items to deal with patierns of classaifaiers,
oxdinal numbers, stranded prepositaons, and the liRe. The
effect of this phase 1is to reduce the number of surface
parses and the amount of work done in the transformational
cycle. The zresulting list of trees 1s input to a context

free pagser, which produees a set of surface trees, each of

which 1s fed to the transformatianal recognicer,

The recognizer attempts to find an undexlvang structure
fox each surface tree, Plath(i1973). Typically only one of
a set of surface trees will zresult. in an underlyiny
structure. This structure itself 1s input onca again to the
transformational recogniczer, using a (small) set of grammar
rules tailored to a specific data base to produce a guery
structuzxe. Query structures are similar to underlying
structures in form, but reflec¢t €the paxrticular meanirg
constraints resulting from the foxrmat and ceontent of a given
data base. The query structure tree 1s processed by a

kKnuth-style semantic interpreter, Petzick (1977), producing

a logical form. A logical form can best be thought of, in

»

b
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our- context, as a retrieval expression. which is to . be
evaluated, producing an ansuwer to the English input query.
gince the major part of this paper is concerned with
processing logical forms, discussion of theix specifics will

be deferred until later

The process of ansuwer extraction from the data base is
acegmplished by a combinatien of LISP and PL/I programs,
descrihed below, and an experimental relational data base
management system called Relational Storage System (RSS)
(Astxahan, et al. 1976). The RSS provides the capability
to denerate a data base of n-ary relations, with indexes on
any field of the zrelation, and low-level access commands
like OPEN, NEXT, CLOSE, with appropriate parameters, to

retrieve information from such a data base.

All the processing modules are under the contxol of a
driver module, which maintains comméinication with the user,
calls the processors in the correct sequence, and tests for

errxors. BAn example of the progessing of a gquestion, with

the intexmediate outputs, is given in Figure 2.

In this example, the numbers 2945, 6535, 6635, 6975 are
the numbers of milliseconds .0f computer time used up to the
point shown, on an IBM §8S/370 Model 168. The structures
printed are a bracketted terminal string zrepresentation of

structures which are stored and manipulated as trees by the

'7‘
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what are the heights of the drug stores *?
294% SURFACE STRUCTURES:

(T(WH SOME) (THING X1)) BE (THE ((HEIGHT X4)
(OF (ThE ((DRUG_STORE 591) X7)))3)) ?7)

6535 UNDERLYING STRUCTURES:

1. (BD IDENTICAXL (THE.(X&% (¥ BD HEXIGHT X4
YTHE ((DRUG_STORE 591) X7)).BD ¥))):((WH SOME)
(THING X1)) BD)

6635 QUERY STRUCTURES:

1. (THE (X4 (¥ BD HEIGHT X4 (THE ((DRUG_STORE §j91)
X7)) BD *)))

6975 LOGICAL FORM:

(setx 'X4!
"{foratleast »1 'X44y
(setx "XR7
"(testfdt
r5971
"('LucC X7 '1976)
t= ) )
(testfct
X4
"('JSTOR Xu4u '1976)
=) ) )

7995 ANSHWERS:

NUMBER

STORIES
1976

70590001610
80100000710
80100000811
90430000910

- N

Figure 2
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processing programsi The nonterminal nodes of the tree,
together with +their associated complex featyrers, represent
muclhh additional infdrmation that is not shown here. The
numbexr 591 is a land use c¢ode which. in the data base,
indicates a drug store, and thé long numbexrs in Gthe answner

are the parcel identifiers, (ward-block~lot).

Fron this brief description, it should be apparent that
the TRA system, considered as a black box, is similar to
many others. In particular, thexe is a desifnated level of
meaning representation, the logical form, which is the last
"formal construct in the systenm. The remaining processing
necessary to dexive an ansuer and to format it for
presentation to a user is accomplished py an unstructured
set of computer programs. Tuwo separate issues arise as a
result: how efficiently can the logical form be evaluated
against & real data base, and to what extent do the
processing functions #further specify meaning, beyond +that

carried by the logical form?

EVALUATION OF LOGICAL FORMS

The basic method of evaluation of lpgical forms is the

"generate and test" paradigm used, for example, in the LUNAR
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system JiJoods Kaplard and Nash-Webbex, 1972). The simple
version of this paradigm, used by WNoods and implemented in
our €arly systems, inuolves checking pre-selected Jlists of
objects ox, in the worst case, all the objects Knoun to the
system, to see. if they satisfy. the query predicates. It is
computationally impractical except for small data bases.
Our current: yariant of this method is much more efficient.
The Dbasic idea is to Keep +track of the equivalence
relatiénships between the variables in +the logical form and
associated constants, and use this information to derive the
extensions ¢f the predicates contained in the logieal form
from tne aata base, AR simjlaxr-provosal has been made by
Reitex(1976) We do not houever, maka such extensive use of

query transformations as Reiter outlined.

Logical forms

In order to describe the ewaluation process, 1t is
necessary to describe the logical form in samewhat mozxe
detail, refexrring for an example again to Figure 2. In the
first place, except ror the set-zorming function setx, which
takes as arguments a variable name and a proposition, all
other well-formed formulas are composed of predicates and
their arguments. Some of the predicates are perfectly

crdinazxy like greatérthan. Some are quantifiers, like

foratleast, which takes a limit argument n, an argument

10
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which is a set, and a proposition p, and which is true just
in case n or more elements of the specified set satisfy the
proposition p. Othexs are special application predicates
like parcel, uwhich is true Just in ease its single argument

is a parcel identifiex.

The main data base related predicate is named testfct.
Referring to Figure 2, it is seen that festfgt has three
arguments. The first is a constant oxr a variable which will
be replaced by a constant before evaluation, the second
argument is a list whose members determinie a particular
data base value, and the third is an operxator specifying the
relation which must hold betueen the zirst argument.and the

data base value determined by the second argument.

The data base can be thought of as a collection oF binary

relations, all sharing the same Kkey. In our applicatioh,
this is the parxrcel identification ¢r: account number, by
which any piece ©f p2Qpexrty ¢an be identified. The list

which is the second argument of testfct c¢consists of the
relation name and the Key which identifies @ value in the
relation. The Kkey actually has +tuwo parts. The second part
is a yedr, nouw unused, although since the files in whic¢h we
are currently interested are changed on a yearly basis, uwe
anticipate maintaining and accessing historical data. The
first part of the Key is the account number mentioned above.

In general, the second argument of testfct must be
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sufficient to identify a unique binary relat¥ion and value in

that relation.

If the logical form is itsel}f a proposition the system
will answer eithexr "yes"™ oxr "no". If the logical foxrm has a

top level setx, the system will print the members of the set

satisfying the specified proposition, perhaps along with

some identifying information:

Simplifications

A number of simplifications c¢an be, and in part have been,

carried out on logical Hforms prior to evalbiation. Some

predicates, for example, are essentially empty for purposes

of evaluation, in that they always evaluate to true. As an
egxample, the predicate dollax. for dinformation fields
referring to taxes, is empty of meaning Yecause the

processor assumes that the contents of the taxes field arxe
always dollars. A slightly less obvious example of a
possible simplification c¢an be seen in Figure 2. The set
argument of the foratleast predicate <c¢ocntains no <free
variables. It is not necessary, therxrefore, to evaluate the
inner setx function for each evaluation of +the foratleast

predicate. Instead, the setx function is evaluated as soon

as the semantic dinterpreter has discovered that i1t has no
free variadbles, using the standard evaluation mechanism, and

the value, i.e., a set, is substituted feor the setxn
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axpression. Oour system performs simplifications of this
kind in 4its normal mode (although it can also delay all
evaluations yntil a comiplete form has been built), so that
the final logical form seen by the retrieval functions
during processing is wusually that shown in Figure 3, uhere
the innex setx has been replaced hy the satisfying set
viz the parcel identifiers of the set of drug stores.?
After all the applicagble simplifigations have been done, the

resulting form is passed to the evaluation function, EVALU.

The Pre—evaluator

It might seem that since the system has bheen written in
LISP, it would only be necessary to define the appropriate
functions and then call the regular LISFr evaluator, instead
of a special evaluator like EVALU. While this would be
possible, the difficulty with such an approach can readily
be seen by considering the embedded setx® in Figure 2. The
desired set of X7s is that set of parcel identifiexs fo
which the associated land use code is "591". testfet is a
predicate which is true for the appropriate X7s, but what is
the candidate set of X7s which should be tested? At woxrst,
the system might consider the set of all objects it Knous
about. As a bhetter choice, the system could infer Ffrom the
syntax of testfect that the candidates are all members of the

set of parcel identifiers, but still thexe are almost 10,000
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what are the heaghts ox the drug stores 7
2930 SURFACE STRUCTURES:

1. (((WH SOME) (THING X1)) BE (THE ((HEIGHT X&)
(OF (THE (UDRUG_STORE 591) X7)7)3)) )

6500 UNDERLYING STRUCTURES:

1. ¢(BR IDENTICAL C(THE (X4 (¥ BY HEIGHT X4 (THE
( (DRUG_STORE 591) X7)) BR %¥))) ((WH, SOME)
(THING %X1)) RBRD)

6599 QUERY STRUCTURES:

1T (THE ¢X4 (* BDp HEIGHT X4 (THE {{(DRUG_STORE 591)
X7)) BD *)))

7176 LOGICAL FORM:

(setxr 'Xb&
'(foratleast 1 'Xuy
(90430000910 80100000811 80100000710
70590001610
(testfct
Xt
('JSTOR Xuy 1976%
'= ) ) )

7385 ANSWERS:

NUMBER
STORIES

1976

70590001610 1
80100000710 1
80100000811 2
90430000910 1

Figure 3
vf¥ those A much better approach is to attempt to compute

the extension of those predicates for which the variable

being seught 1s an argunent Again referxaing to Figure 2, a
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reasonable set (in fact the pertect set) of candidates for
X7 can be found by. looking in the data base for that set of
identifiers foxr which the land use code is 591 If the data
base is properly organized, such a search can be very zast

Not all predicates are so simple however. The remainder of

this section will describe in some detail hoew candidate sets

for more complicated predicates are ¥rived at. Once
candidate sets have been computed the EVALU function can
invoke *he LISP evaluator onv the logical form. The

alternative of including a candidate generatoxr in the setx
program and all the votential +top level predicates and then

aprlying the LISP EVAL function directly seems much less

attractive.

As a preliminary, notice that we need only insure that

candidate sets have been established for all the setx

variables in a logical form. This is so because, while each
quantifier has an associated variable, +the domain of that
quantifier is either given explicitly as a list of
constants, or implic¢itly by a.gsetx expression. Secondly.,
since the object of pre-evaluation is merely +to find
efficient, not nedesc~rily optimal, candidate sets <for the
Setx variables, we need not keep track of the structure of a
complex predicate. As an example, consider Figure 4, whicgh
is the logical form for the question,
"What drug stores are located in ward 2?7

The préddicate of the setx is "and", but for purposes o%
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(setx 'X2
'(and
(testfct
'591
*{T'LUC X2 '1976)
Y= )
(testfct

'%‘NARD X2 '19769
*= ) Y )

Figure 4

determitning a candidate set we can considexr each term of the
"and" individually. Evaluation of +the form with a given
candidate set will ensure that a particular membex

satisfies both terms of the "and".

Operation of the pre-evaluation function. Pre-evaluation
is accomplished by a functioh EVALUA, which takes a logical
form, i.e., a setx expression or a proposition as its
arxrgument. It determines the type of form with which it is
dealing and calls an appropriate specialist routine If as
in the case of the "and" of Figure 4, the logical form being
considered c¢ontains more than one c¢omponent form, EVALUA
calls itself recursively. Consequently, pre—-evaluation is a
depth-first, left-to-rimht process. The Zfunction always

returns nil, all work beiny accomplished by changes to

global variables. Among these are a LISP variable which
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contains a list of all gsetx variables in the logical form, a
LISP variable which lists each query variable for which a
value has been found, and its value, and a LISP variable
which keeps track of the equality relationships which have
been discovered between gquery variables for which a value is

vet to be found.

Operation of the algorithm can be better understood by
considering somewhat more complicated examples than those

seen previously. When EVALUA is given the logical form of

What pwrcels have an area exceeding 550000
square feet ?

7524 LOGICAL FORM:

(setxr 'X2
'(and
(foratleast 1 'X39
(setx 'X5
"(testfct
X5
*('PARARER X2 '1976)
'= ) )
'(greatexthan ¥X39 '550000) )
{parcel X2) ) )

Figure 5

Figure 5, it calls the setx specialist, which adds X2 to the

(null) list of set variables and the (null) list of query
variables, &and c¢alls EVALUA with +the associated setx

predicate, Yand”. BAs mentioned, this simply results in two
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calls to EVALUA, the first of whiech causes +the quantifierx
specialist to be invoked. (The second call, when made, will
not cause any change to the global lists of candidate values
for variables, since a candiadate set of all parcel
identifiers is not useful for purposes of retrieval.) X39
is added +to the list of query variabies, and the domain
argument of the quantifier is inspected. When this is seen

to. be an instance of setx rathexr than a list of constants,

two actions are taken. Notice that whatever +the domain, of
X39 ig, it is a subset (perhaps not a proper subset) of the
domain o¥ X5, i.e., the candidate set for X5 must jinclude at
least a¥l of the elements of X39. Further, any restrictions
which can be imposed on X39 can also be imposed on X5, since
~the proposition associated with the quantifier is the one to
be satisfied, and any candidate not meeting +this criterion
would be supertliuous. Thexrefore, wuwe ¢an 1) enter into the
list of variable zrelationships the information that for
purposes of the pre—-evaluator, X39 and X5 are equivalen and

2) call EVALUA once morxe with the setx associated with X5 as

an arxgument.

X5 is added to the 1ist of set variables, and
reinvocation of EVALUA with the setx predicate causes a call
to the specvialist for testfct. Since there are two variables
in testfct, X5 and X2, for which values are unknown, ascall
to the data base cannot yet be made. The instance of

testfet is placed.on a list of pending 1ata base c¢alls,
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preceded by the variablés which require values. (Each time a
value for a variable is f£ound, that list is inspected, and
any data base calls which can then be made are executed.)
Return is made to +the quantifier specialist, which calls
EVALURA with the predicate over whose arguments

quantification is.made, viz., greaterthan.

The specialist for numeric predicates, finding that one
argument is a variable and the other a constant, c¢auses a
shange in the variable list to show that X39 and
consequently X5 are greater than 550,000, A value 1like
">550,000" can be used by the data base component to narrow
its search just as well as a constant or list of constants,
and is therefore acceptable as the value of a candidate
list. These changes to the variable lists cause the list of
pending data base calls to be inspected and, since only one
variable is now unknown in the stacked testfct, a call to

the data base is made for those parcels with an area greatex

than 550,000 square feet.

The specialist for testfct instructs the data base search
routine to return as a value a 1list corresponding +to the
remaining variable in the forxrm, i.e., X2. In the present
example, +that is a 1list of parcel numbets, viz., those
parcels which have an area exceeding 550,000 square feet.

This list is then assigned as the valye of the candidate set

for X2.
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The stack of recursive calls to EVALUA will now unwind,
until a return is made to the evaluation function EVALU.
This function determines that candidate 1lists for all the
setx variables have been found, and oreates a hew 1list of
variable-candidate set pairs for use by the setx function
itself. Finaldly, EVALU ¢an call the LISP evaluator, with

the original logical foxrm as an argument.

The case of neqatives . The predicate "not", denoted in
pur system by not¥ to distinguish it from the LISP not,
presents special problems for the Kind of system outlined

above. X simple example of the difficulty c¢can be seen ain

What drug stores are not in traffic
=one 6 °?

5651 LOGICAL FORM:

(setx 'X3
'Cand
(notk¥
(tegstfct
'6 ‘l
'('"TRAFZ X3 '1976)
‘s ) )
{testict
'*591

*('LUC X3 '19876)
= ) ) )

Figquxe 6

Figure 6, which corresponds to the question

"What dxrug stores are not located in traffic zone 6?2



PAGE 21

and variants thereof. ‘When the testfct specialist is given
the first half of the and in this £orm, along with
information that there is a dominating not*, it could in
principle generate a data base call, since there is only one
unassigned variable. The effect would be the zretrieval of
all parcel identifiers of parcels nbt located in +traffic
sone 6. This is a substantial fraction of the data' base, and
would require inqrdinate amounts of time and storage space
to handle Notice that the other half of the and will also
provide a candidate list for the variable X3, presumabiy
much smaller in size. It appears to be the case, fxom our
so far limited ewperience, that gquestions containing only a
single negated searxch c¢lause harxdly ever occur. The
evaluatoxr therefore puts a testfct call of this type on the
stack mentioned earlier, indexed by the variable(s)
corresponding +to the parcel identifier. When the second
half of the and of Figure 6 is processed, and a value found
for X3, the deferrxed testfct will be unstacked, resuPting in
a data base call, and causing a retrieval based on that list
of identifiexs rather +than on the negated value. This data
base search 1s necessary, since we must find the traffic

zones for the parcels contained in the candidate list.

This example is also an illustration of why, as was
mentioned above, the logical form as a whole must in general
be evaluated by the LISP evaluator. In this case, the

candidate set for X3 derived from the second clause of the
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and 1is a superset of the answer set uwhicn c¢an only be
dexived by evaluating the whole conijumection. Some
efficiencies could doubtless be gained rbhy sKipping
evaluation in those cages where 4t is unnecessazy, bhut that

is purely an implemgntation decision

The AotX of Figure 7 presents a different Kind of problem

How many banks have a height not exceeding
5 floors ?

7966 LOGICAN FORrRM:

(setx 'X1
'(quantit§ X1
(setxr 'X3
'(and
(not¥
(foratlcast 1 "Xu4b
(setx 'X6
"({testifct
X0
"('JSTOR X3 '1976)
L )
Y(greatexthan X45 '5) ) )
(testfct
61T «
"('LUC X3 '1976)
= ) ) ) ) )
Figuxe 7
from the previous example. Firstly, notice that the

negative must be passed inside the quantidfijier since the
alternative of f£inding all buildings greater than 5 stories

in height and then getting the complement set with respect
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to- all buildings is extremely unattractive computationally.
in the second place, a search qualifier of "<= 5" does not
intuitively seem to ba much worse than "> 5", at least in
the absence of data base distributional statistics, One
might, therefore, gemerate & search with such a qualifier.
Our present system does this., although experience thay shouw
that all instances of testfet dominated by not¥ should be

deferred, as are the cases of*'"-=", for efficiency reasons.

Other specialists Most of the dimportant speceialist
routines in the pre-evaluator have already been mentioned.
There are a few others which should be noted. One is a
generator function which, given a predicatae, will produce
its extension. from a stored list. This featyre was heavily
used in our early system, which had a small data base, but
is currxently haxdly used at all, though it zremains
availdble., In prainciple, one could, given a predicate 1iMHe
"SCHOQL(X)Y, generate a list of schools. In the present
application, this would not be useful, but might in sone
other. The sole uses at present are a generator Ffor the
predicate RANK, for which a list of numbers from 1 to 100 is

produced, and for the predicate YEAR, which produces a list

of the numbers 1960 to 1985.

The proposition "(QUANTITY X s)" is trxue if x 'is equal ko
the cardinality of the set s: The associated specialist hkRs

the obvious function. of determining X when § is an instance
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of setx.

Equality between variables ¢an be inferred whexre the

domain of a quantified variable is aiven by agn instance of

setx, as was illustrated abeve. Certain predicates also
allow +this inference to he made . It is clear that
predicates like MEQUAL™, "SAMEREF™, (for "same reference"),
and "IDENTICAL" should belong to this class. Since

variables c¢an only refer to individuals. the predicate
"MEMBER" also is in this class, e.g., given (MEMBER X3 (SETX

cves J), a candidate set for X3 can be derxived by evaluating

the setx expression.

Further efficiency considexations. Tt has already been
noted that genexration f£rom instances of testfct with an
operator of "-=" are deferxed until enough information is
available to execute the query using a list o¢of parcel
identifiers. Some other steps have also been taken +to
reduce data bate access time and subsequent evaluation time
Foxr one thing, the semantic interpreter has a preferzred
orderaing Ffor instances of the predicate testfct. For
example, the relation "WARD" divides the pareels of the city
into 6 classes, while the relation "LUC" (Land Use Code)
divides the parcels inteo several hundred classes. If there
is no intrinsic reason for ordering the instances of testfct
differently, the one with "LUC" will occuwr earliex in the

logical form, (cf. Figure U). The pre—-evaluation specialist

4
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for testfct makes use of this ordering in tuo ways. I£ a
variable has been assigned a list of identifiers containing
fewer members than some threshold X, (x is currently set to
25, but can easily be changed), then a retrieval will always
be made using the list of identifiers rather than by a
constant compared. to data base values. In Figure 4, the
gsecond call to the testfct specialist will look up the ward
of the fourxr drug stores instead of finding the hundreds of
parcels in ward 2. In some instances, vparticularly for
relations like Land Use Code, this may result in mor2 data
base accbsses than retrieving a new set of keys depending en
value, but +the improvement cannot be large. In many other

instances, there is a big reduction in accesses.

If the candidate set is larger than .25, retrieval will be
made using the c¢onstant, but the 1length of the c¢current
candidate 1list is used te 1limit the numbexr of accesses.
Thus, if thé currents candidate list is 50, the data base
access program will terminate if it f£inds more than 590
identifiers with the value being used. A re-access is then
made using the* list of identifiers. Again, this may result
in .inefficiency in some cases wherxe searches are ended just
before normal termination, but it does provide a guarantee

against excessively long retrievals.

Any number of other efficiency measures could be adopted,

and more may be necessary than we now have. For the moment,



PAGE 26

these seem to provide acceptable retrieval times.

The Evéiluatorm

For the most part, evaluation of loyical forms is quite

straightforward. Hidden semantic effects are discussed in
the next szection; herxre we are mainly concerned with
computation.

Each instance of setx searcheas the list of

variable-candidate set pairs <to £find the candidate set
associated with its own variable and substitutes the members
of the set <foxr the variable one by one into 1ts associated
predicate. Those members of the candidate set for which the
predicate evaluates to true are prlaced in the solution set.
Opexation of the quantifier predicates is similar to that of
setx, except that, as in Figurxe 5, 1t may be necessary to

evaluate an instance of setx to f£ind the domain of the

quantification variable.

Evaluation of the ether predicates consists simply of
applying & correspording LISP function to the arguments.
Sometimes the final logical form to be evaluated b&#ars no
obvious relation to the input question, as in Figure 8. The

usual reason is that a large amourr of evaluation uwas done



Are there imoxre than 25 parcels in the Carhart
neighborhood ?

36229 LOGICAL FORM:

(greaterthah '176 '25)

Figure 8

during interpretation. because form contained

variables. The zull logical foxrm corresponding to
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no frewe

Figure 8

ARrxre there more than 25 parcels in the Carhart neighborhood. ?

15986 LOGICAL FORM:

(forall '"X115
(setx 'X38
"(quantity
X38
(setx "X34
"(and
(testict
'9
Y(*NEIGH X34 '1976)
L )
(pazxcel X34%) ) ) ) )
(greatexrthan X115 '25) )

Figure 9

isvgiven in Figure 9.
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The evaluatién of the predicate testfct is not as abvious
as that of the othe#rs One of the design goals in the
project has heen to make it relatively easy to move from one
data base to another. As part of that effért, we have
attempted te make the LISP programs, as contrasted to the

PL/I programs, insensitive to the structure of the dats

base. Our approach to this has been to define a 1list
striucture, essentially nested binary relations, into which
the xeal data structure is mapped. Restxructuring is

accomplished by the PL/I program which serves as the LISP -
RSS interface. At the same time- as the PL/XI program returns
values to the testdct specialist during the pre-evaluation
phase, it formats the corresponding data base items into the
standard struycture and writes them onto a disk file, an
effect creating a sub-data base <£or the partaicular query.
Only the sub-data base is wused during evaluation ofrlogical
foxrms, to find values corresponding to Keys in the instances
of testfgt. In addition to isolating the LISP programs from
the real data structure, this tactic makes it unnecessary
for any programs called by the evaluator to ze-access the

full data hase, with a consequent efficiency gain.

Creation of the standard LISP data base into which the
real data is translated has meant that the set of ISP
functions has undergone the least modification in our change
of data base from business statistics +to planning data.

Except for improvements made to increase the efficiency of
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programs, thesew PFoutines are almost the same as they weére

beXore.

SEMANTIC EFFECTS OF EVALUATION

In principle the processes which will bw used to compute
the answer +to a quexry should be obvious at the level of
edthexr the query structure oxr the logical form. We have
not, however, been zompletely successful in accomplishinhg
this. In some c¢ases, we c¢an see how it might be done and

have not gotten around to doing it because of more urgent

congcexrns. In other cases; we can see how to de it, but not
how to do it efficiently. In a few cases, it 1is not clear
what to do.

Approximgtion, Consider the sentence and coxresponding
logical form shown in Figure ]0. The precise system meaning
of "about" is ¢learly hidden i1n the program corresponding to
the operatoxr APPROX. In the present implementation, APPROX
of x and y is true if:

1) when y<10, x>y—-2 and x<y+2,
2) when 10<y<40, x>y-3 and x<y+3,
3) uhen y2=49, x>y—-.05y and x<y+.05y.
I.e., 5 and 8 are approximately equal to 7, 14 ahd 18 are

approximately equal to 16, and 951 and 1049 are

—

approximately equal to 1000. Whether +this definition #®s
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What parcels are assessed at about & 1000000 ?

6168 LOGICAL FORM:

(setx 'X2
{and
(testfect
1000000
"('VNCIT X2 '1976)
"APPROX )
(parcel X2) ) )

6373 ANSWERS:

ASSESSMENT-
CITY_ ¢
1976
70590002600 977,750
70430000609 1,000,000
70400000600 1;033,425
70310000602 955,900
Figurxe 10
satisfactory or not <clearly depends on a variety of

contextual factors. It should also be clear +that the
semantic interpreter could produce a logical form in which
this meaning was expressed directly. We have chosen to
express the meaning in our processing programs primarxily for
convenience, ize. it was easiest to do it in this way, and

there was no obvious reason to do it elsewherxe.

A similar kut slightly different example 1is shown in
Figure 11, whexe +the oqutput rather than the input is to be
an approximation to the +true value. In this instance, a

funrction called FUZZUP is applied to a data base value to
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About how many square feet do the, drug
stores have ?

7227 LOGICAL FORM:
(setx 'XUu
'{foratleast 1 'X52 '(18570 24814 8440
5465) '(approx X52 X4)) )

7479 ANSWERS:

PARCEL
AREA-SQ_FT

1976

70590001614 19,000
80100000714 25,000
80100000814 B,u400
90430000914 5,500

Figurxe 11.

find that number with *the maximum number of trailing =zexos
which. satisfies the APPROX relation. The fuzzed value

rather than the true value bhecomes the output.

A more subtle case is illustrated by Figure 12. It seems
¢lear that what is really wanted are those parcels with an
area of a million square feet or more, rather than exactly
1,000,000 square feet. IXf the latter result is wanted, the
question is better phrased "exactly 1,000,000"™, (and must be
pPhrased in this 6r a similar way 4in our system.) On the
other hand, a value like 1,000,205 seems to imply that exact

equality is wanted. This intuition is capturxed in our system
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what parcels have an area of
1,000,000 square feet?

8416 LOGICAL FORM:'

(sety 'X2
'(and
(foratleast 1 '"Xu5
(getnr 'X5
'(testfct
X8
'(YPARAREA X2 '1976)
's ) )
'lequal X45-'1000000) )
(paxrcel X2) ) )

8789 ANSWERS:

1: 70880000900
22 70790000100
3: 789790000100

22: 80300000101

MORE PARTICULARS DESIRED?

YES OR NO?

ves

EXPLANATIONS TO THE ANSWERS:
FOR 70880000900 MORE - 13590410
FOR 70790000100 MORE - 5977500
FOR 70790000100 MORE - 5583085

FOR 80300000.101 ALMOST-~- 958320

Figure 12

by having the testfct predicate inspect its numeric
arguments‘uith a function called ROUNDNM, which is true if
an arxgument is a round number, defined in our systam to be a
number greater than 99 in which at least the rightmost half
of its digits are 0. In the case -of round numbers, it seems

reasonable to give as an answer the identifiexr of a parcel
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whose area is only slightly less than 1,000,000 square feet,
as well as greater.. In our implementation, we use the same
lower limit as for APPROX, but this may be too 1low. In
order to insure that the answer is correctly undexrstood by
the user, the system saves the exact values retrieved and

displays them on request, as shouwn in Figuxeu12.

Equality of charactexr values. A problem analagous to that
of nunmerical approximations oc¢curs also in comparing
character string values. Consider the question and answer

pair shown in Figure 13. The contents of the OWNER field

What parcels does Shell own ?
4244 LOGICAL FORM:

(setn 'X2
"(and
(testfct
'SHELL
"('OWNER X2 '1976)
"= )

(paxcel X2) ). )

4432 ANSWERS:

OWNER
1976
70600009501 SHELL OIL COMPANY
80220003300 SHELL OIL CO
Figure 13

S — ——— o s &

have not been standardized, so that parcels could be ouned
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by "Shell 0il", "Shell 0il Co.", etc. Fortunately, for names
of persons) last names are 1listed fixst, so that the
strategy of assuming equality if the input argument and the
field value match up to a c¢omma or a blank is generxally
successful. Probhlems do arise; for example, properties
belong both to "The City of ..." and "City of «..", whexe

the left match fails to f£ind all the relevant data items.

The opposite situation, i.e., avexr-generalization, can of

— —— ——

what parcels does GlucKk own ?
4525 LOGICAL FORM:

(setxr '"X2
'(and
(testfct
'G6LUCK
"('OWNER X2 '1976)
! = )
(paxcel X2) ) )

4742 ANSWERS:

OWNER
1976
90400000100 GLUCK, DE & ORS
90410000900 GLUCK, CP
Figure 14
course also occur, c¢f. Figure 14. In any event, the

decision as to what c¢constitutes sameness of referxrence is
buried in computexr code in this instance in the PL/I

program as well as in the LISP definition »f the function
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SAMEREF.
Definitions. The extensional definition of most
predicates c¢an be derived <£rom the data base. A few

predicates are defined by the system code. Examples are RANK
and YEAR. whid¢h as mentioned above have associated
generators An additional example is LASTYEAR which 1is
defined t¢ Dbe the previous year. Many other definitions of
this kind have been &liminatedl in the current version &f the

system.

Answers. It is not always obvious what constitutes the
answer to a guestion. Consider the example in Figuxe 15.
Both the English question in its literal reading and the
logical form would seem to imply that the question would be
answered by presenting only the numbexs in the zxight hand
column of the table which is actually printed as an ansuwer.
Yet it 15 quite c¢lear that a simple list would generally be
useless without the parcel identifiexrs printed on.the left,
and indeed that identification would be expected by +the

person entering such a question. The example of Figuke 16
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what is the gross floor ared of the drug stores ?
7245 LOGICAL FORM:

(setx 'X4
(foratleast 1 'Xuy

(90430000010 80100000811 80100Q00710
70590001610
(testfct

X4

"('"PGFAREA X44 '1976)

= ) ) )

7465 ANSWERS:

GROUND-FLOOR
AREA-S@_FT
1976
70590001610 7.078
80100000710 105, 125
801000600811 6,500
90430000910 1,800

Figure 15

is less c¢lear. An enumeration of +the three wards in which
the four drug stores uwere located might have been a
sufficient answer. The answer given would be corxrxrect for

"In What ward is each drug store located?”

Moxeovexr, given the question

"What are the wards which have drxug storxes?"

it is clear that only a list of wards should be the output,
and given

"What is the combined floor area oif the drug stores?"

only a single number representaing the total 1s the desired
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{T
|
|
|

In what wards are the drug stores located ?
9403 LOGICAL FORM:!

(setr 'X3
'*{foratleast 1 'X64

'(90u430000410 80100000811 80100000710
70590001610)

"(testfct
X3
*{"WARD Xo4 '1976)
'= ) ) )

9597 ANSWERS:

WARD
1976
70590001610 2
80100000710 3
80100000811 3
90430000910 5
Figurxe 16
answer. (Our system does not as yet answer this gquestion or

its analogues, “4&lthough this is planned for later in the
year.) Since the ambiguity exhibited by +the questjon of
Figure 14 is so pervasive in an application of this kind, ue
have chosen to present a maximally general answer, including
identifications, when we are unable to resolve the ambiguity
directly. An exchange with the user could be devised to
elicit the information foxr resolution, but would apidly
became tedious for gquestions of this type.. For ves/no
questions, and for questions in which there is only one

object in +the answer set, this problem naturally does not
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arise, and the appropriate ansuer .is easdily produced..

coxcrLuistons

We have not vyet concerned ourselves with adding an
English response generateor +0 the T@A system. In the
applications envisioned at present, such a capability does
ndét seem to be critical. We are able to manage with short
ansuwers from the data base and with canned inforxrmatien and
exror messages. In spite of this omission, it should also
be avparent that our computational component has a
considexrable amount of linguistic Xnouwledge embedded in it,
more than we would like. Whether it is possible to achieve
a level ef formal representation which would make this
unnecessary is still wunclear. Moreover, even if it uexe
possible, it is not clear whether such a solution would be
efficient enough, or even if it would be more perxspicuous
than the current system HWe intend to proceed as far as uwe
are able in this direction, out of conviction ‘that
practically useful systems must bhe easily adaptable +to new
apyplications, and that such adaptation is much More
difficult when computer code, even high-level computer code,
must be changed, xather than tables. This is not to impIy
that we regard modification of a +table whose size is on the
orxdexr of a grammar as trivial; quite the c¢ontrary.

Nonetheless, we believe it is easiexr to change.a grammar or
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a semantic interpreter expressed in table forxm than it is to
change a s&special parser or a special interpreter. In
essence, we believe it should not be necessary Ifor a
computational linguistics project to describe operations
beyond the last level of farmal representation in order for

an outsider to lnderxstand exactly how 'a system operates.
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FOOTNOTES

This system was formexrly called REQUEST.

The form of Figure 3 is, in faect, subject to dnother
syntactic transformation prior to execution. Noxrmally,
foratleast needs +to be executed once for each potential
value of the setx variable. However, in the case whexe the

quantificational range of foratleast 1 4is a constant,

repeated evaluation of the quantifier is quite

inefficient. Instead, a special retrieval function called

MAPFIELD, which can accept a listjiof arguments, replaces

foxrms liKe those of Figuxre 3. In thias example the

replacement takes the form

( MAPFIELD 'x77 'JSTOR "(5043.,. ...00) '1976 ' )

Although this transformation arises- quite often in practice,
it is sufficiently non-general that we have not augmented
our inventory of logical forms by including MAPFIELD.

Instead, we look on it as an implementation measure only.
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ABSTRAGT

We describe the continuation of an earlier work on the
problem of lewmical coverage. The objective is to prove
experimentally certain mathematical conjectures concerning the
relationship between the sizes of the covering and covered sets
of words, and-the maximum length of dictionary definitions. The
data base on which the experiments are carried eut has been also
extended té the full contents of an existing dictionary of
computer terminology., The results of the previous and present
work lay the foundations for quantitative studies on lexical
valence and its relation to the frequency of usage and other
principles of dietionary selection.

Besides the inherent interest in these investigations, the
concepts dealt with and the methods of quantifying dictionary
variables may eventually lead to more efficient dictionaries with

respect to precision, compactness, and computer time and-memory

needed for processing.
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INTRODUCTION

First, we shall introduce the problem dJdefine some basic
terms and provide a brief historical account of past results, In
order to render this paper fairly self-sufficient, & brief
summary of the previous work, Findler Viil (1974), will also
have to be given.

A monolingual dictionary may be considered economical and
efficient if a small set of words are used to define a relatively
large set of entties. OQuantitative information as to what size
vocabulary is needed to cover a given number of entries is very
scarce and may be characterized by two “data points":

The New Method Encalish Dictionaryvy published by M.P, West and
J.G. Endicott in 1961 uses 1,490 self-defined hasic words to
explain some 18,000 words and 6,000 idioms, i.e., about 24,000
expressions., Thus, the size ratio is 0.062,

Oaden's Basic English, published in 1933, involves 850
English words and 50 "international" words to defihe 20,000
English words, The ratio of the covering and covered set sizes
is 0,045,

The basis of selection was the "usefulness" of the words
employed in the definitions, as opposed to the freocuency of their
occurrence in some standard texts. However, neither this concept
nor other principles of selection suggested by other researchers
have ever been quantitatively analyzed and made use of, We shall

discuss these issues later on,
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In order to approach the problem in definite terms, Findler

(1970) considered three basic variables:

(1) the coverina set, R, af size v,

(ii) the covered set, S, of size Vg

(1ii) the maximum definition leffoth, N, such that each word
in S can be defined by at most N ordered words from R.

The task was formulated to find

(a) vy @s a function of vg at different paramétric values
of N, and

(k) vg as a function of N at different parametric values
of Vg

Callina Avg/Avg increment ratio and vp/vg size ratio, the
following conjectures vere made concernina the first task:

(al) The .increment ratio is, in general, less than one,

(a2) The increment ratio, in general, decreases as vg

increases.,

(ad) For larae constant values or N, Ve approaches a

limitinc value asvmptotically as Ve in;;éases.

(all) The incremert ratio never exceeds the size ratio.

Two points need to bernoted in this connection. An excep-
tion vo ryles (al) and (a2) would occur in a dictionary system,
which does not treat polysemous words or homonyms as individual
entries, every time a new word with many meanings or homonyms- is
introduced into the covered set. Second, the cited case is an
exception to rule (al) but not to (al#). When N=1, the covering
and the covered sets are of the same size, i.e. botn the incre-

ment ratio and the size ratio egual one, However, not every word

is defined By itself only. If a new word is introduced that.al-
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ready has a synonym in the covering set, it will be defined by
that synonym. In this case, the increment ratio is 0 and the size
ratio becomes less than 1. (This will be clear with the descrip-
tion of the data base construction on page 11.)

For the second general task, (b) the following
conjectures were also made:

(b1) VR monotonically decreases as N increases.

(b2) ;;¥ any fixed wvalue of Ver VR asymptoticallv

avpfoaches a lower limit as N increases without bound.

It seems reasonable to state in a cualitative sense that in
the process of cenerating a dictionary smaller Vg values mean
smaller storage redquirements whereas smaller ifvalues tend to
reduce processinog time and output volume, In order to answer the
cuestion "What are the optimum values of vg and N for a given vg
for a certain (family of) comouter applic;;ionson a machine with
a given cost structure?' one has to consider the interrelation

of the above three basic variables and to compute three entities:

the semantic index (roughlv, the number of different meanings) of

the elements 1in the covered set, the lexical valence (roughly

the capability of being substituted for another word) of the

elements in <the coverinc set, and the freauency of dccurence of

the elements of both sets. Quantitative investigations of the
last three dictionary variables are planned to follow the

present, second stage of our study.

THE DATA BASE AND THE PROGRAM

We have extended the data base used in our previous work,
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Findler and Viil (1974). The whole contents of the dictionary on
computer technoloay, Chandor (1970), is now included in the
present study. Its structure, rather simple and uniform, is
described below. First, some ceneral principles of data hase
construction are outlined,

Every element of the covered set is considered a single
lexical item, regardléss of the number of words the oridinal
dictionary entry consists of. Also. each vord i1s coded as a
strine of at most 10 characters (containable in one CDC Cvber
computer word)., The abbreviations are still easy to Tead with
relatively short practice.

Only the dominant meaning ©of polvsemous terms was dealt
with, Each entrv has thus one meaning and one definition,

Termg in the definitions (elements of the covering get) are
also cqonsidered lexical items, i.e. even muitiword entities
appear as a sinole unit and are represented by at most 10
characters,

- The basic vocakulary, that is the covering set, consists of
elements that also appear in the covered set. In our particular
case, they are non-technical words used to aefine the technical
terms of the computer dictionarv. 2 definite distinction was

made between content woras and function words (also called

operators), The latter were not fincluded in the covéring set nor
were they ocounted in determining the 1length of definitionms.
Hencte, th€ covering set consists only of content words,

The function words indicate grammatical and loaical

relationships between the words contributing to the content,
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They belong to 11 cateaqories:

1) prepositions, e.a. of, in, to:

2) conjunctions, e.a. and, or, if;

3) the relative pronoun which:
4) combinations of prepcosition and relative pronoun, e,a. in

which, to which, by which;

5) present participles equivalent to a nreposition, e.dq.

using, containinc, representing;

6) comkbinatiens of participle and preposition, €.,

consisting of, opposed to, applied to;

7) combinations of adjective and preposition, e.q. capable

of, exclusive of, ecqual to:

8) combinations of noun and vreposition, e.c, part of; set

of, number of:

9) combinations of preposition, noun, and preposition, e.c.

in terms of, bv means of, in the form of;:

10) prepositional nvphrases associated with a following

infinitive, e€.g. used to, necessary to, in order to;f

11) other freauentlv used purely functional expressions, e.c.

for example, namelv, known as,

Actually, the function words were revlaced bhy code numbers
in the dictionary. The code numbers were assigned consecutively
as the function words.wvere needed durinag the construction of the
data base so that the order is purelv random. A complete list of
the 121 function words used, toagether with their code numbers, is

aiven in Table I.
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INSERT TABLE I ABOUT HERE

The original definitions were somewhat simplified and
sgtandardized. In this process, articles were omitted (many
languaaces do very well without them), On the other hand,
implicit relationships were made explicit. Nouns are representéd
in singular, thus avoidine anothes dictionary éntrv for plural
or, what would be worse, proorammina a “orammar®, Likewise,
finite verb forms are represented in third person plural pretent
indicative active, Avoidino the third person singular eliminates.
another diétionary entrv, and avoiding the |9vpassive veoice
eliminates a oreat manv participles, which otherwise would have
had to be entered, O0Of course, present .and past participles (the
former identical to gerund in form) could not always be avoided
and had to be entered in the dictionarv where needed. Auxiliary
verbs were automatically eliminated by avoiding gompound tenses
and the passive voice, Finally, "to do" associated with necation
was simply omitted.

Some examples will make the encodina process clear.

Original dictionary entry:

aberration A defect in the electronic lens svstem of a

cathode ray tube,
Definition in thé data base:

DEFECT (in) SYSTEM (of) FELECTRONIC LENS (6f)
CATHRAYTUB
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with
according to
applied to
depending on
to which
whose
obtained by
inherent in
through
during
where

during which
out of

at

by which
used in
without
caused by
over

not

but

extended to
SO as to

for example

represented by

along which

representing

against which

simitrar cto

TABLE I

92.
93.
94 .
95,
96.
97.
98.
99.
100,
101,
102.
103.
104.
105,
106 -
107.
108.
109.
110.
111,
112.
113.
114,
115.
116.
117.
118,
119,
120.
121.

at which 51
whether

used by

about

before

per

having

formed by
around

after

since

against

until
whereupon
except
aecermined by
over which

in relation to
belonging to
corresponding to
due to
reguired foar
type of

across

because
desigrned
indicating
produced by
outside

towards

List of Function Words
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Note that "electronic lens system" (should De:
electronic-lens svstem) means - "system of electroniq lens" (as
opposed to "electronic svstem of lens"), and this relationshir is

made explicit. Note also that "cathode fay tube" is a single

lexical item,
Original dlctionarv entry:

absolute codinc Proqram instructions which.have been vritten

in absolute code, and do nat reauive further processina
before beina intelligible to the computer,
Data-base entrv: ABSOCOBINC
Definition:
PROGRAM INSTRUCT IO (which) ONF VRITF (in)
ABSOLUCODE (and which not) REOUIRE FURTHER.
PROCESSING (before) INTELIGIBL (t6) COMPUTER
Note that the first predicate in the relative clause, thira
person plural perfect indicative rnassive, is represented by the-
singular indefinite pronoun "one" as subjeect, followed by the
standard olural active verb. The duxiliarv "do" has been omitted
and the negation is represented by a function word. The
virtually redundant "heing" has also been left out, In general,

the conula is omitted (some lanquages do veryv well without it),

Original dictionary entrv:

analytical funttion cenerator A function generator in which

the function is a physical law. Also known as natural law
function generator, natural function generator,
Data-base entrv: ANLYTFNGEN

Definition:
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FUNCGENRTR (in-which) FUNCTION PHYSICAL LAW

Note algo the omiesidén of the gloss "Also known as . . "

The stylized deéfinitions are easily understandable even to
human readers as the printout or the dictionarv demonstrates.

The data; base was constructed by selecting the first entry,
then entering all the lexical items in its definition, subseduent-
ly entering all the 1lexical items in the definitions of these.
etc. Words that were not defined in the original dictionary were
entered and defined bhv themselves; they constitute the bhasic
vocabulary, This procedure was continued until evervthina was
defined, i.e. until all the terms in the coverina set were also
in the covered set, Thén the next entry wvas selected from the
dictionary, and the above process was repeated,

The dictionary was arranged in the form of a SLIP list,
Findler et al., (1971). TIvery entrv (element of the covered set)
occupies four cells in ¢this list: (1) enkrv word _ (as
character data, usina FORTRAN format specifi&BtTon A10), (2) def-
inition length (an integer), (3) type of entry (an integer), (4)
sublist nafe.

Three types of entries were distinguished for programming
convenience: .

1) code 0 indicates that the entry itself is not used in
any definition i,e. it occurs only in the covered set and
not. in the covering set;
2) code 1 indicates that the entry occurs in both sSets and
is not an element of the basic vocabulary;:

3) code 2 indicates that the entry is defined by itself,

i.e. it belongs to tHe basic vocabulary.
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The sublist the name of which i3 in the fourth cell for

every entry in the main 1list, contains the definition, This
arrangement conveniently separates the entry words. from those in
the definitions.,

A cell in this second level contains either a word (in A10
format), i.e. an element of the covering set, or a sublist name,
The codes for function words (integers) are contained in the
cells in the third 1level, This arranaement> is convenient for
bypassing cthe function words ih wprocessina wvhen they are not

needed, The ceneral dictionarv entrv and an example thereof are

illustrated in Fiqure 1.

The fact that every dictionarv entry owns a sublist is
practical in another respect: useful information about the entry
can be collected and deposited in a description list associated
with the sublist, TFor example, if it were desired to evaluate
the definition component of the lexical valence of each lexical
item, a proaram could be developed that counts how manv times a
parttcular item occurs in the definition of ather items and
stores this information in the description list created for that
item, Invastications of this nature vill be done subsequentlv.

The task is to establish experimentallv the relationship

between N and VR for fixed values of Vg The program starts out

with the values of some fixed data point obtained in the previous

a————
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etudv, Tindler and vTral (1°78), or one calculated for the

extended data bhaae The size of the coverina set, VR ieg then

avgtematicallyv reduced: Code 1 tvre words are rerlaced hv threir
definitions of lercth 1, 2, 3, B, etc. (“ecall, code 1 means
that suc* entries ere not defined bhv therselves and occur toth in
the coverinc and the covered cet ) 2fter the Bukstitutiore are
rade in all definiticne and the worde are counted out of vir the
corresrondine N values are ascertained.» ™be rrocese 1s ggneateé
for different size covered *sets, 1.e. Vg is lert 8t dafferert
constant levels, for ea¢» run. (Te ;;te that a cuantrtatrvelw
rore ecatisfactorv ¥efirerert could have heen added to thre
dictiorarv=reduction rrocram, Fach basic tord sould re corpgred
with all the reraininc definitrons, and trctre whickt do not arvear
in ant defirition are to te eliminated. Thtis a basie word vould
occur in the dictionarv onlv if 1t 18 needed 1n a definitron,
vhaich ag the case in the ubreduced dictionarv, This tav, a moré
natural rrorortion between the bhasic torfs and others could te
restored. Fovever, in the nresent preliminars vorl, =t did not
t1sh to pav the considerablv bicher vrice for suct refihement.)
The proogram 1s verv comrley for two basic reasons., PFirst,
the definitions of words to tre replaced mav themselves contain
one or more words to te replaced., Therefore, as many as
necessarv iterations of réplacement have to be carried ocut in the
process, Second, thte huce data base rerresentinc the vhole
dictionarv tad to be subdivided into ) files onlv one of which
can he dealt with hy the proaram at a tirve, The iptermwediate

results of one run bave to te transferred to the suksecuent run,

which recmuires some. triclv oroorammina, A hrief descriptioh of
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the multi-file handline 1s qaven n the Aprpendix,

Figure 2 summarizes the results for four different levels of
the covered set. Althoush the nrocedure followed (leavinc one
and then two files out of the nine, and addusting for the bias
aintroduced) leade to cuantitative inaccuracies, the convectures
listed 1n the Tntroduction are fully corroborated.

* e @ W =B @ E oG G Qe Ep W B SR W W M W W W e, B E B W s @ W W W -

INSFRT FICURF 2 ABOUT HFPF

FINAL COMMFNTS

The data base encoded, some of the proorars used ang, most
of all, «he experience cained in dealinc vwith dictionaries and
their characteristic wvariables vill be useful in attackina the
next set Qf problers, ™he latter relate to the cuestion on what
size vocabularv is needed to cover a aiven number of dictionary
entries (without the ubimitous ctrcular definitions). The
answer should he oiven as a function of storage recmuirements and
brocessing time so that an optimum solution can te obtained for a
Familv of applicdtions on a machine vith a civen cost structure.
Such studv will involve the semantic irdex of the elements of the
covered set, the lexical valence of the elements of the coverinco

set, and the fremuencv of occurrence. of the elements of both sets,
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permission to use one of their publications as our data bhase
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APPENDIX

In the following, we aive a brief desgcrirtion of the wav
multi-file handling has been orcanized

It was noted before that the whole dictitnary could not he
fitted ir the core memorv at one time and, therefore, the data
tase had to be subdavided into @ files to re nprocessed
separately. There was a need, however, for some flow of
information between runs dealinc with the different files. Thais
was arranced ry additional files constructed durinoc nrocessina
time as well as a fewr control variable values teina read from

cards at tke becinninc of runs subsecuent te the first one.



60

The variabhle KNTPPT indicates the sectron of the dictionary
currentlv under studv, The variable INCONT 1s set to O for the
verv first run for each N value. This tells the procram to set
up new lists for Covered liest, Coverinc IList, and «o-called
Waitine UList. Tn all eubsecuent runs, it=e Yalue 1is 1 which
indicates that the prooram must brince these lists in from an
additional, external file.

The nrocrar examines the current section of the dictionarv,
entrv hv entrev, If the entrv ie an element of the hasic
vocabularv (tvpe 2), the prooram byvasses it when it deals waith
the unreduced dictionary (1t s hound to he rnrocessed as rart of
a definition later). Othertvise, this tyre of w ad is immediatelv
added to hoth the Covered List and the Coverino Iist (such word
alvavs covere itwelf), since the defiritions in vhich thev occur
may have heen eliminated,

If a wvord is not found on the Covered Iast, it 18 rmt there
and the approrriate ecounter is Jdncremented., Then all the trords
in the definition of the word 1in cuestion are nut on the Waitino
List, wvhxch 15 subsecuentlv processed, Thi=s is recessarv hecause
of the adorted rrircirle that all tre coverine rtords rust
themselves be covered. (Tabulated data are rPanincful onlv If
this condatior is satisfied,)

The vroorar eventuallv examines the Vaitaine Inst word bv
vvord, If the current vord is alreadv on the Covered List (1t mav
have cccurred earlyer Jin the @ictionary), the nrooram checks if
1t is also an the Coverine Liat (3t mav not he becanse it bae nét
vet occurred in the definrtion of another tord), If not, 2t is

put there and the arvronriate courter 1s Increaced A1)l torde on
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the ftasting Iist core from defimitions ard rust therefore he
added to the Cover'ne Tast, After a vorc har leen rrocesséd, it
12 deleted fror the fajtine Iiet (but ite procecsine mav have
caused nev entries to armear on the artina Iiet),

Tf the currert vord is not on the Covered Tist, it rust, of
course, he nut there, Tirst, hovever, the nrrooram teste {f the
mord. occurs in the section of the dictronarv cyrrently 1h core
memorv (its "numerrcal value" 1c hetween thode of the Firet and
the last tord of the saection), TUf the vord 1c not there, ite
processine 18 rostroned and the next tvnrd on the Maitine rist ia
examined hecavse it 14 more economical to nrocees  firet all the
tords available in the dictionary section present than to reed in
other sectiors of the dicticnarv as the words dictate it (merorv
s¥arpino 18 expensive),

"hen the hottor of @ non-emptv Wartine Tist 19 reached, thre
verds  remainine there must be an other sections of the
digtionarv,  Cuhsecuent dictionarv secticns are troucht 3n, to

replace the current ope, in a dvelic manrer wntil all rrocessine

18 completed,
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CONPUTATION in DEPARTHENTS of LINGUISTICS
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Department ,0of Linguistics
State University of New York at Buffalo
Buffalo, New York 14261

That computers and linguists meet, for the most part, only in the still
some vhat exotic field of computational linguistics is # sad statement about
the stiate of ordinary linguistic research The tire when computers were to
be considered only the tool of the natural scientist or the statistically
minded social sclentist is long past, 'word processing technology' is now
the specialty of a growing number of computer companies Not only can this
techirology be of great value in reducing the clerical burden of the linguist
and linguistics student, but, iinguists, as specialists who have been studying
and manipulating language for years, are in a position to be contributing to
this field Tn fact, in many areas of linguistic research the analysis of
particular languages, the search for linguidtic universals, the analysis of
discourse and text, computer technology can be of help te the linguist, and,
in many subfields of computer science automated language processing, the
design of human/machine interfaces, the structuring of data bases, linguistics
has much tc offer the computer scientist, vet up until now, relatively few
such cross contributions have been made Computer scientists have been slow
to discover the vilue of linguistics to their work, the time has come for
linguists to tahe the inaitiative and to train themselves (and their students)
to make use of and contraibute to the field of computer science,

Specialized training in the use of the corputer within a particular
discipline is not new Students in mary social sciences now find themselves
facing [ncreasing pressure and mandatory rcquirements to take computer training
within their department, linghaistics is, in fact, unusual in not having such
requirements or even oppurtunities At a time wnen graduating linguistics
students ame facing & shrinking job market, the oppurtunity to be trained iw a
‘commercially useful application of limeuistics ougat to be attractive to many

students

Today, in most universities, computing is available to linguistics
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departments only through the use of a large, central university computer which
is expected te he of service to all university departments, But, as computer
costs continue to fall, and, as large computing centers continue to be
unresponsive to the needs of their new users, it will not be uneommon to find
more and more departments purchasing their owh computing facilities and buying
or developing their own software This is already happening today, both by
externally funded individual researchers and by entire departments in need of
specialized computing facilities What kinds of computing equipment are
available *for a linguistics department trying to ®quip itself today?
My answer is structured, to some extent, by the organization of language

It is widely understood, even by non-stratificational linguists, that the
faculty of language is based on a stack of structured systems, each one building
a large number of units above from a smaller number below, i.e a handful of
phonetic features combine to form less than fifty phonemic segments which
combine to form thousands of morphemes,tens or hundreds of thousands of

words, an infinite number of sentences and texts expressing countless ideas
and concepts It will not be surprising to find that as one climbs this
stack, from phonology upward, the amount of computing power needed to perform
useful tasks and research increases in proportion to the increasing number
of units and the complexity of their structuring I will concern myself,
mostly, with the possibilities available for the study of the lower levels
This I's because the type of linguistic work being done in the study of the
semantic and cognitive levels is still primarily research and the people
involved are more likely to already know their needs and options as far as
computing goes Also, since the cost of computing in these areas is somewhat
higher, it is less likely that departments will be doing their own purchasing
for these purposes

HARDWARE FOR THE PHONOLOGIST

The student of phonology, morphology and linguistic field analysis is
concerned ,primarily with the manipulation of linguistic text, expressed as a
series of phonemic symbols or blotks of phonetic features  The task is to
identify identical or similar -ubgtiings, correlate their appearance with a
particular meaning; and segment the text into these identified substrings As
new substrings are identified, the text is often rewritten with a new orgenization
based on new understandings, so as to improve the chances of fidding new

substrings, field workers often use index cards for this purpose Problem
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after problem is solved in this way, with a pot insignificant amount of time
being spent in the reorganizing and recopying stages It is a tedidus business
because it is very mechanical 1In fact, efficient computer algorithms for
doing much of the job already exist and have been implemented on nedrly all
computers in the form of text editors, The task 18 relatively simple and even
the smallest computer available can do an adequate job

A linguistics departhent interested in providing its students with training
in the use of computers for this kind of work (and they will become standard
tools for the purpose very soon) would do well to purchase as many (one or
more) identicdl, small (hobbyist .size) computers as it can afford For
educational purposes, the very smallest microcomputers, equipped with modest
mass storage devices, such as tape cassettes or floppy discs, are just fine
Assignments in classes can be distributed on departmentally owned or student
owned tapes or discs (less that $10 each) These can be automatically duplicated
just as assignments are now mimeographed, they are reuseable and usually
contain erough room to store several assignments, including the partial
results from day tp de and final solutions For larger, research sized
projects, involving alot of tekt, or more complicated gnalyses, such as
automated analysis of phonological tactacs, the fastest microcomputers, with
larger mabs storage devices, might be more appropriate

(Imlicit in the discussion of these types of machines is the fact that
student use of them is via ah interactive terminal Microcaomputers are not
typically operated in 'batch mode', and no benefit could be derived from
doing linguistic analysis in anv but an interactive mode of operation )

While microcomputers and associated memories are relatively inexpensive,
linguists have a genuine need for sophisticated input and output devices which
are somewhat more expensive Standard computer terminals generally provide
all and only the characters available on a typewriter keyboard, some provide
only upper case letters What is needed is a terminal with the same capabilities
as the selectric style typewriter one with changeable type fonts, including the
standard phonatic symbol alphabet, with diacritics CRT terminals (cathode
ray tube tefminals) can provide this type’of operation more cheaply, more
reliably, and more flexibly than printing terminals (there is no need to stop
and change type fonts) CRT terminals which support user designed type fonts
are available, and in fact, may be the only ones on which the standard phonetic

alphabet can be currently supplied These terminals aré somewhat expensive
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(several thousand dollars'each), but since they are very flexiblel and often
support some degree of computer graphics display as well as hawgng the
potential to display texts written in any language, they are valluable
educational tools

If all or most of the terminals in a department are CRT type terminals,
it will be necessary to provide some means of producing 'hard copy' output
on paper While most interactions with a computer can take place on a screen,
some record of the results of a session will be needed for study and evaluation
Printers which can handle the flexible type fonts needed by linguists are
avajlable They are fast they operate in the éame way that copying machines
work and simply transfer the contents of the CRT screen to the paper (including
graphic materials) They are expensive However, a small department might
well find that only one of these printers is necessary to meet their ndhds,
the results of work done on any of the snall microcomputers could be moved
(either over communication lines or carried on a disc or tape) to the printer
with little or no delay

HARDWARE FOR THE GRAMMARIAN

Syntax is, perhaps, the most widely studied subject in linguistics today
Given that this is so, there is a real need for linguists, both professjonal
and student, to understand the eatreme difficulty of the task of writing
a grammar for a language That attempts are made to do this without the aid
of a computer is perhaps all the evidence one needs to see that the difficulties
are not well understood. A formal grammar, particularly one written in
the notations commonly used today, is very much like a computer program It
is a list of instructions for generating a list of strings, a computer program
is a list of instructions for performing some process (which might be
generating a list of strings) Both need to be precise, both are very complex,
both suffer from the fact that a change in one part of the ordered list may
cause an unanticipated change in the effect of another part It would be
very surprising to find that linguists were better at producing untested, yet
correct, formal characterizations of complex processes than computer
programmers I expect that testing a newly written grammar will be as
enlightening ap experience for a lihguistics student as debugging a new
comolex program is for a gomputer science student.

Furthermore, just as the computer is df use in studying phonology and
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morphology, it can also offer data organization services.to aid in the study
of syntax Automated tactic analysis of syntax is still a research project,
the software neceasary for it is not likely to be produced by a software
house, But the research 1s probably best performed in a linguistics
department

Having established a need, we must now recall a warning made earlier
Useful contributions to the study of syntan by computers requires more computing
power than is needed for similar contributioms to the study of phonology
and morphology While the need for sophisticated type fonts and input/output
devices is lower (not necessarily a good eductional syntax program would
permit the manipulatioh of syntactic trees on a graphics screen), there is
a real nced for faster processors and increased memorv capacity To
purchase the necessary computing porer, a department would have to step
up from the hobbvist microcomputer size machines to the scientific research
minicomputer (e g the middle range PDP-11 series) These machines cost
an order of magnitude more than the microcomputer and yet, when the subject
is syntax, will probably only serve a few students at a time

An alternative, available to some departments, is to use the university's
central computing facility, Money could be spent on the best available
terminals and the needed communications equipment Grammar testers have
been written by university researchers for typical university size computers
(Friedman 1971, for transformational grammars, Kehler 1976, for AIN

grammars) and are available at little or no cost

As I mentioned in the beginning, the use of the computer in the study of
sémantics and cognition is still very much a research topic and little, if
any of the work being done currently can be performed on small computers I
will not describe the requirements of such work since they vary widely depend-

ing on the nature of the work,

SOFTWARE FOR THF LINGUIST

What is missing from the computing facilities described so far 4s
software, programs which are of use in splving linguistics problems The
small computers are sold with a minimum of very traditional computer sdftware,
none of it of any use to the nonprogramming linguist 1In ract, at no level
of computing power-is there currently available commercial software which is

of use to nonprogramming linguists For large computers, as mentioned above,
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some of the results of university research work is available for some purposes
However, for the types of machines that departments are likely to purchase,
there is essentially nothing

This problem can be overcome in two ways The standard method is for
a department to hire a student programmer to design ind write the needed
software This has several advantages it 1s relatively cheap (especially
when university assistantships are available for the purpose), it is
personal ~ the student can be instructed to write exactly the kind of
program that is needed The disadvantages of this method 1ire in the quality
and durability of the systems produced in this way  Student programmers are,
in fact, students learning to program Often thear work is lacking in the
'ease-of*use' or 'humin engineering' features found in well written,
commercially produced programs, and, it is just these featuires which are
very important to users not familiar with or comfortable with computers
Furthermore, programs produced by student programmers are not well known for
their reliability, maintenance of them is difficult and usually restricted
to the period of time that the original programmer is still available Again,
to the user unfamiliar with computers, reliability is a very important feature
It is very discouraging to try to do anything with semi-operational programs

An alternative is to create sufficient demand for this type of educational
software so tnat a commercial software house or a well funded university
programming grqup would consider the investment of i1ts time and money
profitable With linguists and linguistic educators providing input at
the design level, very useful and reasonably priced software could be
produced in this way The catch, however, lies in generating sufficient

demand

A final comment about one other potential use of computers within a
linguistics department The search for language universals (cross linguistic
research) requires very large collections of information A.collection of
partial and complete grammars along with sample texts for a large representative
sample of human languages 1s a formidable amount of information The kinds
of questions posed by linguists using this information do not require immediate
interactive response In fact, they traditiocnally require weeks or months
of library research for answers It is therefore not unreasonable to comsider
the storage of this information on a small, even hobbyist size, computer

equipped with large mass storage devices The task is a difficult one, but
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of potential value to both linguists and computer scientists

Linguists need easier access to this infoimation A computerized
database, structured according to the needs of linguists, would be a very
valuable tool which could be distributed to any depittment willing to
make the necessity inve tment in hairdwaire  The datibise 14 1iige, but unlike
many other large ditibises, it 1s one 1bout who ¢ ctructure a preat deal o
known Computer scientists ire still looking {o1 \xvq to effectively and
efficiently organize ditabases, and linecuists, vith thedr dntimate knovtledse
of the structure of language, have i oppurtunity heie to provide in example
of how to use the structure of 1 bodv of information in storing it on as
computcer effcctively It is 1 tisk vhich requizes the ypert knov ledpe of
sever1l linguistic disciplines and it 1s 2 1escirch project ideawly suited to
a department of linguistics
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An Idea aqd a Problem

Contrary to a famous opinion, linearity came in with speech,
printing just let us see what we had been saying all the time
But thought 1s nonlinear, and conversation flows as print ,
cannot  With electronic publication, we wirll be able to move
through a permanent record of collective knowledge with some
of the flexibility that conversation has always allowed

But why a permanent record? Science 1s forever changing, and
so 1s art  Kuhnian revolutions, small or large, are frequent
Electronic media do not impose artificial stasis of® the flux
of 1deas that gradually eliminates errors from science and
yields pleasure in art

However, none of us have much experience in the new modes of
communication Since all need help, we must--in the famous
phrase--explain to each other what none of us understand

A Method
THE PRESS at Twin Willows 1s mostly a method

The method 1s to use printed paper, familiar to us all, and
micrQfiches, familiar to many, in shifting combinatron with
the unfamiliar electronic media

A computer will be installed in the office of THE PRESS, and
used from the beginning for administration and text prepara-
tion Editors of books and jourmals that come to THE PRESS

can submit on floppy disk, on casette, or by telephone, but

they can also submit on paper Publication can be by photo-
reproduction, rapid printing, high-quality offget, magnetic

recording to drive a compdter, or thrpugh the telephone net

Microfiches 'will be suggested for many publications

As editoxs and.readers gradually become familiar with the

new systems, teaching each other as they learn, e can expect
the contents of publications to become more and more suitable
to the new media, and less and less suitable to the old



Services

THE PRESS at Twin Willows will offer services at every step

from the author's conceptualization through advertising of
the finished work.

Editorial. For its clients, THE PRESS will help if necessary
to tind expert readers who can submit opinions and suggestions
about the content of proposed articles and books. THE.PRESS
will provide counsel on readability. THE PRESS will mark up

copy for typographic form, lay out pages, and otherwise give
traditional redactory services.

Administrative. TFor its clients, THE PRESS will maintain
tickler files dnd issue reminders to contributors and readers
when their submissions are due. It will, prepare budgets and
keep accounts. It will maintain mailing lists, membership
lists, and consultation lists. It will conduct membership
surveys and elections of officers.

Bibliographic As support can be obtained, THE PRESS will
draw on existing collections and add its own classifications
and subject labels to make bibliography availdble to clients.
Thus the preparation of a bibliography for a work in progress
can be assigned to THE PRESS, and a book buyer can follow up
references or ask for selective dissemination,

Educational. THE PRESS will shortly begin publicgtien of a
newsletter for clients and prospects: Services and how to
use them, the competition, new products in hardware and soft-
ware, publications and courses for authors and editors, and
personal notes from the field of electronic publication.

Conferences, workshops, and eourses will be organized as the
field needs them and can support them.

Handbooks, manuals, and other materials for editors will be
written or collected as feasible, catalogued, and offered
for sale or gift.

Pricing Policy

Methods and materials will be designed for each client
initially; later, a catalogue of components of the publica-
tion process will be prepared so that the client can do the
design work.

Bevond the direct cost of labor performed and materials.con-
sumed at THF PRESS and of services purchased.for the client,
the equipment used will be hilled at a rate.intended to give
rapid amortization, and a management fee of 15% added.

This policy should bring the cost of information--books, '
journals, and electronic access--within the limits of anyone s
purse,
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REVIEWS: MICRO HARDWARE, SOFTWARE

PUBLISHER: THE PRESS AT TwiN WILLOWS
May 23, 1978

To help hobbyists, householders. businesses, and
government keep up with the cquntless vendors who offer
hardware and software in the microcomputer market, THE PRESS
at Twin Willows will begin immediately to collect and

publish evaluative, analytic reviews, according to David
G. Hays, Publisher.

'""When the computing market was dominated by just a few
big companies,'" Hays says, 'it was fairly easy to decide how
to handle a computing problem. Once a buyer had settled on
a computing budget, the market might offer only two or three
main frames big enough and cheap enough to do the job. Now
the buyer can design a machine to fit a.purpose, and 'has to
choose components out of lists that run up to dozens of
alternatives. The worst part is, no one publishes thé list!"

THE PRESS intends to correct part of the problem by
making useful information about the market available in easy
language and inexpensive format. 'Before long,' Hays expects
the hardware and software reviews will be accessible online
for clients to dial in."

Where will the reviews come from? THE PRESS invites any

user of any microhardware or software to write it up; the

- nore -
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editors at THE PRESS will rewrite if necessary, make sure
that the evaluations are not illegally harsh, and eliminate
the most obvious errors. No fees are offered to reviewers
at present, but a change is contemplated. ''Everyone who
helps should be paid," as Hays puts it.

Manufacturers and software houses can send their lists
and item descriptions to be included with the evaluations.

THE PRESS, which will also publish original material in
whatever technical fields need its services, is ''mostly a
method,' Hays says. 1Its purpose is to teach information
users how te cooperate with each other, making central
publishing less relevant.

Hays, who is setting up THE PRESS, is a professor of
linguistics and of computer science in the State University
of New York at Buffalo. He moved to Buffalo from The RAND
Corporation in 1968 after 13 yedrs of research on language
and computing. Hays is honorary member of the International
Committee on Computational Linguistics, editor (1974-78) of
the American Journal of Computational Linguistics, and former
chairman of NSF's Social Science Advisory Committee.

THE PRESS offers no free literature, but is preparing
to issue a Newsletter. A $1 deposit will bring the first few
issues, inctuding more about the hardware reviews. THE PRESS
is located at Twin Willows, 5048 Lake Shore Road, Hamburg,
New York 14075; the telephone number is 716-627-5571.
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PUBLISHING AJCL

DAVID G. HAYS
THE PRESS. at Twin Willows
May 20, 1978

A letter to: ACL Executive Committee, AJCL Editorial Board

Dear Colleague:

My term as Editor expires, by my definition. at the end of
the present calendar year. The Association will choose a
new Editor; at the same time, I think that some changes in
operations are appropriate’

In the 1960s, I proposed the use of ultramicrofiches for
library development; but I said, if I did not write, that

photographic storage had a time limit; and the predicted
time is now up.

To supplement my University salary, T am organizing The Press
at Twin Willows. The enclosure describes the earliest form
of the venture; I hope for rapid evolution.

It would be to my commercial advantage to act as publisher.
for AJCL. I believe that if ACL adopts the word-processing
and lexicographic businesses as areas of applied computa- ~
tional linguistics the Association can grow and serve a sig-
nificant role in improvement of the common weal; and for The
Press to help would be very pleasant and vrofitable.

As Editor, I have contributed the use of space and equipment
that I paid for myself, and some small help that the Univer-
sity gave. The new Editor may have more to offer, making The
Press redundamt; in that case, I should like to open negotia-
tions for secondary publications extracted from AJCL.

The Press cannot offer quite so much; it will be necessary to
bill the Association for machine time and personnel costs.
But only out-of-pocket costs will appear on invoices if the
Association decides to deal with The Press.

As for member services, we can continue microfiches; offer
hard copy; move up quickly or slowly to typographic quality;
issue newsletters along with quarterly journal; and give
online access to computer files. Most of that can be done
immediately, but some of it may have to wait a few months,

It is up to the Association to say what it needs, if anything

Sincerely
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ASTS: 4lst ANNUAL MEETING
NovemBer 13 - 17
New York CiTy

THeme: THE INFORMATION AGE IN PERSPECTIVE

36 Technical Sessions in three general areas:

COLLECIION, GENERATION, AND ANALYSIS OF INFORMATION
DISSEMINATION OF INFORMATION

INFORMATION FOR DECISION-MAKING AND CONTROL

FOR MORE INFORMATION CONTACT: ASIS
1155 16th Street, N.W.
Washington, D.C. 20036
202 - 659-3644

127H AnnuaL HAWAIIL INTERNATIONAL CONFERENCE ON SYSTEMS SCIENCES
JANUARY &4 - 5
HonoLuLuy

SPONSORSHIP: College of Business Administration
Department of Electrical Engineering
Department of Information and Computer Sciences
UNIVERSITY OF HAWAII
Association for Computing Machinery

Sessions on MEDICAL INFORMATION PROCESSING will be included in the
tonference. TFor more intormation cdntact:

Dr. Bruce D, Shriver or

Dr. Terry M. Walker

HICSS-12/Medical Information Processing
University of Southwestern Louisiana
Box 44330

Lafayette, LA 70504
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LINGUISTIC STRUCTURES PROCESSING:

STupres IN LinecuisTics; COMPUTATIONAL LINGUISTICS, AND
ARTIFICIAL INTELLIGENCE

ANTONIO ZAMPOLLI, EDITOR
Director of the Linguistics Division, CNUCE
The Institute of the Italian National Research Council (CNR)

FUNDAMENTAL STUDIES IN COMPUTER SCIENCE, Volume 5

NORTH HOLL.AND, AMSTERDAM & NEW YORK, XVI + $86 PP., 1977
ISBN 0-444-85017, US $44.95/DFL. 110.00

JONATHAN ALLEN, Synthesis of Speech from Unrestricted Text

EMMON BACH, "'The Position of Embedding Transformations in a
Grammar!' Revisited

CHARLES J. FILLMORE, .Scenes-and-Frames Semantics

EVA HAJICOVA, Fotus and Negation

DAVID G. HAYS, Cognition: The Linguistic Approach

MARTIN KAY, Morphological and Syntactic Analysis

FERENC KBEFER, Some Observatidns Concerning the Differences
Between Sentence and Text

JOHN LYONS, Statements, Questions, and Commands

BARBARA H. PARTEE, John is Easy to Please

S.R. PETRICK, On Natural Language Based Computer Systems

75

YORICK WILKS, Natural Language Understanding Systems Within the

A.I. Paradigm: A Survey and Some Comparisons
TERRY WINOGRAD, Five Lectures on Artificial Intelligence
W.A. WOODS, Lunar Rocks in Natural English: Explorations in
Natural Language Question Answering
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NATURAL LANGUAGE IN INFORMATION SCIENCE
PERSPECTIVES AND DIRECTIONS FOR RESEARCH

DoNALD E. WALKER, HANS KARLGREN, MARTIN KAY, EDS.
SKRIPTOR, Stockholm, Sweden, 1977
FID Publication 551

This book presents the results of a Workshop on Linguistics and
Information Science organized by the Committee on Linguistics in
Documentation of the International Federation for Documentation (FID/LD)
and by the KVAL Institute for Information Science. It contains a series
of papers that provide perspectives on linguistdes and information
science from the vantage points of information science (F. W. Lancaster,
University of Illinois), 1library science (Derek Austin, The British
Library), quantitative linguistics (Wolf Moskovich, Hebrew University of
Jerusalen), computational 1linguistics (Naomi  Sager, New York
University), linguistics (Petr Sgall, Charles University), oomplex
semantic information processing (Teun A. van Dijk, University. of
Amsterdam), and terminology (J. Goetschaleckz, Commission of the European
Communities). The book also features a challenge paper on the
linguistics of information science (Hans Karlgren, KVAL Institute for
Information Science) that delineates major issues in this area. These
papers are bracketed by an overview of the Workshop (Donald E. Walker,
SRL 1International) and by a review of the field (Karen Sparck Jones,
Cambridge University, and Martin Kay, Xerox Palo Alto Résearch Center)
that updates the book Linguistics in Information Sclence, a
comprehensive survey prepared several years ago by Sparck Jones and Kay
under the auspices of FID/LD {Academic Press, New York, 1973).

Natural Language in Information Science will be of interest to
specialists in the areas referenced above and to anyone who wants to
know more about the potential of natural language processing for
information science. The pricé is $10.00 (U.S.) plus postage and
handling. Order as follows:

North and South Amerjca Europe, Asia. Africa, and Australia
Roberts Information Services Skriptor
8305-G Merrifield Avenue S-104 65 Stockholm 15, Sweden

Fairfax, Virginia 22030, USA
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A JCL: vourNaL oF THE ASSOCIATION rFor COMPUTATIONAL LINGUISTICS

CompuTATIONAL LINGUISTICS DEALS WITH SYSTEMS OR (OMPONENTS
OF SYSTEMS FOR:

RESEARCH ON LANGUAGE Lexicology Phonology
Dialectology Language Change
Grammar Semantics
Discourse Universals
Understanding

LABORATORY EXPERIMENTATION: Psvchology Phonetics

Sociology Neurophysiology~

PRACTICAL APPLICATION: Translation  Documentation
Instruction Lexicography
Robotics Speech Recognition

SCHOLARLY INVESTIGATION: Stylistics Content Analysis

Text Comparison

CONTENT

ORIGINAL CONTRIBUTIONS. Algorithms, programs, system designs,
experimental results. theoretical analyses

REVIEWS AND SURVEYS
ANNOUNCEMENTS: Symposia, conferences, publications, courses, grants

ABSTRACTS OF PUBLICATIONS: Wide coverage of journals, books, and
technical reports

RESEARCH IN PROGRESS

RESOURCES: A perpetual inventory of files of text, computer programs,
dictionaries, grammars, and other materials available to researchers

ADVERTISEMENTS: Announcements of books, equipment, services
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FORMNAT

The AMERICAN JOURNAL OF COMPUTATIONAL LINGUISTICS is published on

4" by 6" units, each an index card or a microfiche. For each oripinal
contribution, two units are supplied: an index card bearing an ex-
tended summary, and a microfiche containing full text, illustrations,
and related materials. Abstracts, announcements, advertisements,

and resources may appear on cards or on microfiche. The microfiche
standard is MIC-9, reduction 24x, maximum 98 pages per fiche. Each
unite supplied carries at the top a heading characterizing its con-
tent. The Journal is mailed in quarterly numbers; 15 to %5 fiche

are issued each year.

SUBSCRIPTION

Subscriptions to the AMERICAN JOURNAL OF COMPUTATIONAL:+ LINGUISTICS
are available through membership in the ASSOCIATION FGR COMPUTATIONAL
LincuisTics. For the year 1978, dues for individuals are $15; dues
for institutions are*$30. A supplementary charge for first class
mailing (U.S.) is $2; for foreign subscriptions, the air printed
charge is $4. Volumes of the AJCL for 1974, 1975, and 1976 are
available at rates of $10 individual and $25 institutional per year;
the rates for the 1977 volume are $15 individual and $30 institutional
for first class or air delivery, add $2 or $4 per year as appropriate.

Send dues, payable to the ASSOCIATION FOR COMPUTATIONAL LINGUISTICS
(or ACL), or requests for information to:

Dr. Donald E. Walker, ACL
SRI International
Menlo Park, Califernia 94025, USA
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AFIPS IN WASHINGTON

AFIPS CONVENLS CONLIRINCT ON WHITL HOUST, CONGRESSTONAL INFORMATION SYSTEMS;
SENIOR GOVERNMENT OFFICIALS ADDRF§§‘AFIP§ AUDTENCE , '

High-level Government officials last,month addressed senior members of
AFIPS 1n a special Washington briefing on White lHouse and Congressional
information systems. The AFIPS Conference on White House and Congressional
Information systems, held May 2nd in the Presidential Press Conference
Room of the 01d Executive Office Building, was attended by: Mr. Richard
Harden, special assistant to the President; Mr. Carl Calo, assistant
director for Information Systems, Office of Administration, Lxecutive
Officc of the President @EOP); Mr. Cdward Zimmerman, special assistant

to the director, Office of Administration, .EOP; Rep. Charlie Rose (D-
N.C.), chairman, House Policy Group on Information and Computers; Mr,
John Swearingen, director of Information Systems, U.S. Senate; Mr. Neal
Gregory, staft director, House Policy Group on Information and Computers;
and Mr, Boyd Alexander, director, louse Information Systems, About 70
AFIPS' individuals attended the special briefing, including officers,

members of the Board of Directors, presidents of the constituent socicties,
and committee chairmen,

WHITL HOUSE, CONGRLSSTONAL OFFICIALS ADDRESS AFIPS AUDIINCE (AFIPS/T.C. White)



Special Assistunt.to the President Richard Harden told the audicence

that there are '"long-range plans' for developing computer communications
between the White House and Capitol Hill, (Previous reports have indicated
that such communicuations could include sharing of budget information.) A
minicomputer in cvery Congressman's office (or at least clusters of

minis shared by Congressmen) were possibilities discussed by Congressional
participants in the conference.

Opening the White Houser presentation, Mr. Harden outlined the need for
improved information management within the EOP! He noted that the typical
Presidentidl adviser may be considering 30 to 40 issues with five to 10
issues of major importance being condidered at a given moment. For cach
issue, Harden said, scveral Federal agencies may be involved, as well™as

a number of Congressional committees, and other groups.

Carl Calo outlined plans for the Fxecutive Office systems as follows:

Access to various nonconfidential systems, both public and
private. These might include (1) publicly available information from
Exccutive Branch _svstems, such as: FAPRS, the Fedemal Assistance
Program Retricval System, developed by the Departmént of Agriculture;
and the Department of Justice's JURIS, the Justice Retrieval Systen (2)
Capitol Hill systems, such as: LEGIS, the legislative Information and
Status System; SOPAD, Summary of Proceedings and Debate; and SCORPIQ,
Subject/Content-Oriented Retriever for Processing Information On-Line;
and (3) commercial resources, such as: tne New Yorh Times ]nformation Bank,
Loctheed's Dialog, and Wharton Fconometric Forecasting Associates' (EFA)
economic modeling and data services.

A series of information processing utilities available to all
users. These might include correspondence control, word processing and
teat editing, project. tracking, and a document filing artd retrigval system.

Various special-purpose systems to meet specific neoeds of,
individual offices. Ixamples of present systems are: the Office of
Management and Budget's (OMB) Budget Preparation System; the White House's

Congressional Vote Analyses System; and the Office of the Vice-President's
Time Analysis System.

A request for, proposal for development of this system is expected to be

issued carly in .July, following revieWw by the General Services Administration,
it was announced at the AFIPS Conference. Until July, Mr. Calo said that

a "temporary upgrade" would be accomplished "with little or no increase in
present coxpenditures.'” He stressed that the upgrade would be replaced at

the time of the final procurement. [Ed.: At press time, it was learned

that Interdata, Inc.. Occanport, New Jersey, performed the temporary upgrade. ]

Ld Zimmerman noted that in developing the plans for the White House systems,
the.EOP has talked with the National Telecommunications and Information
Administration (NTIA), the new unit within the Commerce Department; and is
considering the »tcommendations of the Taperwork Commission. Mr. Zimmerman
also announced that a demonstration of an advanced communications information
retricval system, accessing demographic information from the Census Burcau,

is scheduled in June on Capitol Hill, and in the Old Executive Office Building.
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In the question-and-answer session on White House information systems that
followed, several individuals in the audience asked how privacy requirements
will be met in the new systems. While there will be direct access of public
data, Marden noted that private information will only be available to

the White House in summarized form, and will not include individual records.
Other questioners ashed how the quality of information retrieved by the
systems would be safeguarded. Zimmerman said that EOP would be selective

in using data, and would constantly monitor its quality, as is done in
maintaining the quality of a good library, he said.

In response to a question about the use of the systems at the very highest
levels of the White House, Harden replied that the President might eventually
use’ a CRT screen in his office.

Opening the presentation on Congressional information systems, Rep. Charlie
Rose noted that two-way cable has already been installed in all Congressmen's
offices and will permit video as well as data communication. (The House

has recently authorized members to purchase, out of their office budgets,

color televisions which could be used as display terminals.) In addition,

Mr. Rose cited the improved communications with constituents through the use

of word processing equipment. He also discussed the importance of computerized
mailing lists for Congressmen in countering inaccurate mailings by lobby groups.

Neal Gregory stated that some 230 Congressmen now use terminals to access

LEGIS, SOPAD, SCORPIO and JURIS. LEGIS provides information on bill status
in both the House and Senate; SOPAD gives an on-going account of proceedings
in both Houses; and JURIS contains numecrous Justice Deparctment legal briefs.
(Some 300 members will have terminals by the end of the year.) Mr. Gregory
cited the nced for even more advanced word processing equipment to handle

at least some of the eight million letters received cach month in the House.

Boyd Alexander noted that a detailed, three-month study of members is being
initiated to determine the need for additional information systems in the
House, He announced that an Amdahl 470V5 had just been purchased to expand
the scope of infommation services. [Ed.: An Amdahl spokesman said delivery
was expected May 15th.] According to Mr. Alexander, a list of members'
recorded votes will be added to LEGIS around July.

John Swearingen announced a new Senate study released in May, entitled
Information Sysiems for the United States (#Y. Mr. Swearingen also noted
the need for separate House and Scnate groups to oversee information systems,
stating that the situation in the two Houses is comparable to different
companies with varying rules and procedures. He added that computer usage
in the Senate is less than that in the House. According to Swearingen,

the Senate receives up to two million lettersper month, or 600 letters per
week that could be handled (at least in part) by word proeessing equipment.

In the ensuing questidn and answer session on Congressional systems, Mr.

Rose announced that the Heuse Administration Committee is close to adopting
a rule forbidding the use of members' computerized mailing lists by campaign
conmittees. (An ethics rule of the Senate incorporates a similar provision.)

JUNE, 1978
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AFIPS President Dr, Theodore J. Williams introduced the participants and
moderated the discussions, Washington Activities Committeé Chairman Keith
W. Untapher complimented AFIPS voluntecers for objectivity in providing
technical information to the Government. Mr., Uncapher noted that differing
Views can be extremely valuable to high-level policymakers who must consider
all options, The Washington Activities Committece chairman also introduced
Alexander D. Roth, recently named to head the AFIPS Washington Office,

WASHINGTON DEVELOPMENTS

APPEALS COURT ORDERS AT&T, FCC T0 IMPLEMENT PREVIOUS EXCCUNET RULING,

REFUSES TO RECONSIDER DECISION; AT&T SEEKS STAY WHILE ASKING SUPREME COURT
TO PONDER CASE

The Bell system operating companies have begun processing requests by

MCI Communications Corp., a Washington-based specialized carrier, for
local telephone connections allowing MCI to expand its long-distance
phone service, Execunet, to 12 additional cities. In April, the U.S.
Court of Appeals in Washington ordered AT&T and the Federal Communications
Commission (FCC) to implement the court's July, 1977, ruling which
authorized the Execunet service. In May, the court refused to reconsider
1ts earlier decision as requested by ATET and the FCC. At press fime,

ATGT is seeking a stay while it asks the Supreme Court to consider the
case.

Despite the 1977 appeals court ruling (which the Supreme Court would not
overrule last January), the Federal Communications Commission, in February
Csee Washington Repord, 4/78, p. 3), held that ATET was not required to
make the additional local connections required to implement Execunet.

At that time, only Commissioner Joseph Fogarty dissented from the FCC,
ruling, statimg that the commission's action nullified the 1977 appeals
court ruling. In its April ruling the court agreed, arguing that "™CI

is in effect no better off than it was during the entire course of the

litigatiom in this court. Notwithstanding our favorable decision, it is
unable to expand Execunet."

The appeals court contended that AT&T“and the. FCC "twisted the issues we
contemplated in this case beyond recognition," ATET had argued that it
would have to raise long-distance telephone rates if competition was
introduced by MCI into densely populated areas with Execunet., The FCC
held that the local connections should be denied, contingent on its
study into the effeets of competition on ATET.

Tht Execunet service, which provides voice and data communications,
involves calling a local number, then giving a code number to be connected
through MCI's network with another telephone in one of 18 cities now served
by Fxecunet. The appeals court decision is also expected to affect
Southern Pacific Communications Co.'s plans to market a service similar

to Execunet, called Sprint.
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FEDERAL RESERVE BOARD I1SSUES FINAL APFROVAL FOR NATIONWIDE ACH INTERCONNECTION

- - A B G — — e e -

The Federal Reserve Board has issued final approval for a nationwide
interconnection of automated (check) clearing houses (AClls) which, by
the end of this year, could permit the Fed's corporate customers to
debit or credit their private customers' accounts using the Federal
Reserve Communications System (FRCS) (see Washington Report, 3/78,

p. 8). In the past, thc Fed has provided ACH check processing, check
settlement, and check delivery services on a strictly regional basis.

The April decision follows a 1976 pilot program undertaken by the Fed

which was criticized by a former Whiite House Office of Telecommunications
Policy (OTP) official as a "surreptitious development of an’on-line
capability." In the interregional pilot prnogram, some of the Fed's corporate
customers filed debit or credit instructions on magnetic tape with their
local ACHs. These instructions were then transmitted with FCRS to other
regional ACHs and cveiftually to the corporate customers' banks.

In January, sceking comment on the proposed nationwide program, the Fed's
Board of Governors said that '"the probable long-run efficiencies resulting
from interconnection of all operating ACH facilities justify the Board's
action at this time to provide these services . . . Moreover, the Board
rcgands its action to interconnect the current regional ACH facilities

as a rescarch and development program that will provide technical data

and experience in the operation of the nationwide ACH facilities. The
Federal Reserve System intends to make this information available to

those in the private sector intérested in the development of alternative
systems,"

The Fed also cited recommendatigns of the National Commission on Electronic
Fund Transfers (NCEFT) (see Washington Report, 11/77, p. 2) which urged

the Fed to continue development of "ACH-1like services,'"‘while also
cncouraging private sector development in the same atea. However, the
Privacy Protection Study Commission (see Washingtom Report, 8/77, p. 2)
recommended that "no Government entity be allowed to own, opcrate, or
otherwise manage any part of an electronic payments mechanism that
involves. transactions among private parties.” The Fed has recently
implemented procedures which mandate removal of most all individual

names held in a data base after 30 days.

According to the Fed, 95 out of 121 sets of comments received since last
January endorsed the interregional ACH connection. Among those critical
of the program, the Department of Justice noted that Federal Reserve
involvement would discourage the private sector from devéloping similar
systems because the Fed does not charge for its program.

In its January announcement, the Fed added that provision of the "inter-
bank service" shwould also "enhance the opportunities open to dépository
institutions for developing improved 'retail' payments services for the
pablic.'" Although not provided for in this nationwide ACH interconnection,
a point-of-sale (POS) switch could conceivably link consumers and retailers
with ACHs and the Fed. The NCEET urged the Federal government not to

become involved "operationally" in POS switches "at present or in the
foresceable future."
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POLICYMAKING REPORTEDLY BEING CENTRALICED IN WHITE HOUSE AS GELLER HEARING
HELD ON NEW ASSISTANT SECRETARY OF COMMERCE NOMINATION

Generally recognized as the Carter Administratioh's chief potential
spokesman on telecommunication policy, Menry Geller appeared before the
Senate Committee on Commerce, Science and Transportation to answer
questions about his nomination by the President as Assistant Secrctary
of Commerce for Communications and Information. Although receiving

a friendly welcome from the Senate committee, Geller's appearance on
April 14th was overshadowed by a controversy over the failure of Barry
Jagoda, special assistant to the President for Media and Public Affairs,
to appear before the committec as requested on the same dJay.

Presidential Adviser Sald to Exceed Role in Telecommunications. Sen.
Ernest F. Hollings (D-S.C.) invited Jagoda to appear before the committee
to respond to allegations that Mr. Carter's special assistant might be
exceeding his authority as adviser to the President, thus detracting from
Geller's presumed status as chief spokesman for telecommunications policy.
In declining to appear, Jagoda wrote Hollings that (as special assistant)
his role is "advisory, and I have no decisionmaking authority in tele-
communications policy." It appears, at press time, that until Jagoda's

status is resolved to the committee's satisfaction, the Geller nominadtion
will be delayed.

HOLLINGS, COMMERCE COMMITTEE" GIVE FRIENDLY RECEPTION TO GELLER (AFIPS/P. McCarter)

Policymaking Said Being Centralized in White House. Although the President's
reorganization of computer-related bodies stressed the need for combining

the functions of the White House Office of Telecommunications Policy with

the Commerce Department's Office of Telecommunicitions in order to strengthen
Cabinet government, recent developments (including the Jagoda controversy)

indicate that the President may be centralizing policymaking in the White
House.
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Mr. Carter's aides and Cabinet met in April at Camp David reportedly to
determine procedures for centralizing long-range decisionmaking in the
White House. The apparent shift in emphasis from Cabinet government

to an increase in White House responsibility is further dramatized by
the recent appointment of Anne Wexler as special assistant to the
President. Ms. Wexler was formerly deputy undersecretary for Regional
Affairs in the Department of Commerce.

Geller Describes Working Relationship With Commerce Secretary, President.
At his Senate confirmation hearing, Assistant Secretary of Commerce-
designate Geller described his relationship with the Secretary of Commerce,
Juanita M. Kreps, and to tlie President. According to the nominee, he would
bring "important decisions" such as those concerned with common carriers
and Execunet to Secretary Kreps, with whom Geller says he has ‘''ready
access." Prior to meeting with Carter, Geller indicated he would talk
first with Mrs. Kreps. Asked how he would react on a disagreement with

the Secretary, Geller replied, simply: '"She wins."

NTIA to Formulate Position on Bell Bill.' According to the nominee, the
new National Telecommunications and information Administration (NTIA),
which Geller will head at Commerce, is formulating a position on the
Consumer and Comnmunications Reform Act, the "Bell Bill,' which F called
the "most important issue in telecommunications." Geller said .ilure to
study this issue would make NTIA "an advocate.!" He added that NTIA

is beginning its own studies on subsidies in the Bell System (Z.e.,
vhether revenues flow primarily from the private line services to the
sublic line services, as Bell claims, or vice versa). Geller also said ,
that NTIA will participate in the Federal Communications Commission (FCC)
rulemaking on message toll service (MTS) and. widé-area toll service (WATS).

Electronic Mail. Pr1vaqy Issues, Transborder Data Flow Take Precedence
Jver EFTS. In the nomipee's March interview with the AFIPS Washington
Office (see Washingtow Report, 4/78, Supplement), Geller noted that NTIA
is studying electronic mail, e=g., '"Should the U.S. Postal Service go
irfito electronic mail? . . . Are you going to give them [a] monopoly, not
likely. Will there bé an advantage if they start competing with Bell or
Satellite Business Systems?" Accordlng to the Assistant Secretary of
Commerce-designate, electronic mail, .privacy issues and transborder data
flow are "proceeding in a faster track" than electronic funds transfer
(EFTS). He told AFIPS Research Associate Pender M. McCarter: 'We have
those ahead of EFTS. We are doing electronic mail right now, looking at
what should be done. We are deeply in the midst ef privacy and will
continue. And, we have made a commitment of resources to the international
tramsborder data flow issue." Geller described NTIA as a "focal point"
on transhorder data flow, saying: 'We ought to be doing the digging and

supplying the information to the State Department, to the €ongress, and
others, as may be necessary."

Geller's Nomination Endorsed. Also appearing before the Senate committee,
in support of @eller's nomination, were: Rep. Herbert E. Harris II (D-Va.);
Ms. Valeri Byrd, staff director, Natlonal Black Media Coalition: and Mr.

Paul G. Zurkowski, president, Information Industry Association. Following
Mr, Zurkowski's presentation, Sen. lollings selicited "help from your
organization and dthers, on the cenvergence of computer and cofmunications,"
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