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ARSTRACT

Intelligent question-answerina nroarams do more than retrieve "raw" data; they make
deductive inferences in order to return all wvalid resnonsnas, Thev renort loaical
inconsistencies, nmnossibly at the data inobut nhase, Similarlv, more information is
requested from the user if a question asked nroves to he amhiruous.

A question-answerinea svstem of the above tyne has hean desgiened and imolementeAd,
Resides retrievina exnlicit and implicit temnoral relations, the svstem discovers
potentially causal relationshins which alsn satisfv different time restrictions.
Questions concernine a ageneralized concent of co-existence can also bhe answered, It is
hooed that nrograms of a similar nature will hecome of much nracmatic use to researchers
in nhysies, chemistry, bioloav, and so on, in evaluatine comnlex, interrelated
exverimental data. Several additional annlications for this tvoe of nroarams are
mentioned, ranaina from nroblems in criminoloav to air traffic control. The Associative
Memorv, Parallel Processina Lanquage, AMPPL-II, was found rather satisfactory for the
project.

It is finallyv suaaested that the svstem beina described could serve as a comnonent
to a comnlex coanitive mechanism,

INTRNDUCTINON conditions, The loaic of the conceot of
causalitvy reauires that the scientist
There is an overwhelmina abundance of should, first of all, sort out
comnlex events in "real”™ life. One miaht nredecnassor-successor relations, *** It
look unon science as a mechanism to help seerms obvions when huce masses of time-
escape from the unexplained chaos. The relevant dAata are to be analvzed, the
basic assumntion of the reductivist is commuter should come to the scientist's
inherent in all scientific investiaations aid in this non-trivial task. Yet, the
-=- the existence of (simnle) 1laws that nassaade of time, one of the most salient
govern natural nhenomena. of human exneriences, has received
In the internretation of scientific relatively  little studv in question-
data, workina hypotheses are formed that ans'rerina nroarams. The time variable is
are based on orima facie relations between at the heart of oractically all
patterns of “cvents. The discovery of ohysical, bioloaical, and osycholoaical
causality calls for the testina of these events., Tt is, therefore, the fundamensal
workina hyootheses under a wide variety of variable in everv “nrocess-descriotive®

model, #***

*The work reported here was sunnorted bv the *ational Science Foundation Grant G7-
58,

**Both authors worked on the desion of the svstem, The first author (M.V.%,)
suaggestead and elaborated the subject matter and was resnonsible €or the writine of this
paper, ‘lany refinements and imnrovements are due to the second author (D.C.), who has
also done all the proarammina. An enlaraed version of this wor¥, in the form of a
Master's Project, will be submitted to the State Tiniversitv of New Vork at Ruffalo in
partial fulfilment of the requirements of David Chen's M.S. Adearee.

*#**Certain paradoxical results of the theorv of relativityv, that would be of no
concern- to us here, render it possible to send simnals into the past. See, for examnle,
Y. P, Terletskiy: Paradoxes in the Theorv of PRelativity (Transl. B. Hoffmann; Plenum
Publ. Corp.: New York, 1968).

****According to the usual distinction made by Systerms Theorvy (see, for examnle,
Simon [U4]), systems can often be described bv two tvnes of models, The state-
descrintive model tells how a system behaves now, whereas the nrocess-descrintive model
provides information as to how and through what staaes it has develoned from an initial
configuration to the current one. The latter is usuallv more valuahle, not onlv because
it enables the researcher to extrapolate to the future but, also, because it aives
insight into the mechanisms operatina within the svstem.
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The present work 1is aimed at all
possible temnoral relations between time-
dependent events =- an exnandahle but
well-defined universe. The framework of a
cateocorical structure is built Aurina the
inobut phase, As more and more questions
are asked, this framework is filled un
with directly agiven and inferred data, and
relations between them. This €fact and
many other aspects of the project are in
analoagv with human coanition althouah no
attemot was made to simulate the latter.
Inconsistencies and missina information
are discovered and reported back to the
user, (Missina information is manifested,
in an indirect manner, bv returnina a
larager set of answers.) The objectives of
this work were briefly described in [1).

Finally, we note that we do not wish
to enter the realm of philosonhy in this
work, The meanina and the role of time,
in the abhstract sense, are beyond the
score of these investigations.

oN TIME-NDEPENDENT FYENTS
RELATINNS

AND TFEMPNORAL

We shall not be concerned here with
stochastic ohenomena. (As Einstein said:
"The dAear God does not nlay with dice",)
The blurrina effect of nrobability
distributions is replaced by the followina
paradiam:

startina time
relevant

Event E has duration

i irrelevant

finishino time

where members of the second bracket may
assume either attribute of the first
bracket. ™eaninaful examnles_ can be €found
for each of the eisht (=27 ) nossibhle
cases., The distinction between relevancy
and irrelevancy is indeed useful since
chronological data in real life are often
incompletely Aefined because of a lack of
information, measurement errors,
conflictina data sources, etc.

Turther, mnartial snecification of
chronological data can be aiven in the
'‘irrelevant' case b’ savina

be fore
fully
Evant f._ioccutred durinag|event E
martiall -
after
Let us now define two tvnes of
events:

., (1) A n»oint event takes nlace
momentarily. However, 1its effect, which
is not necessarily contiauous to the
event, may be lastina., For examnle, 'to
wake un' is a pboint event (althouagh some
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peonle mav Aisaaree with this...) and its
effect 'to be awake' is 1lastina. Nr,
'John starts readinc' is, acain, a wopoint
event which is followed by a lastina
action, It is more difficult to find a
point event with no subsequent effect. A
moot one is, for example: ‘'He decided not
to do anythina'.

(2) A duration
startinea and finishina
duration hetween the two. There are a few
excentions. Exnlicit or implicit: truth
statements often do not have startina and
finishine times, Unless one accents
reliainus teachines or the Ric Rana theorv
of cosmoloav, the "worlA"™ has no startina
time,

In order to he realistic ahout
simultaneitv, we have assumed a quantized
time scale. In the comnuter oroaram
describer later, one minute is the
shortest measurable time interval. (This
renresents no restriction because a
definable, arhitrarv .time unit is also
available; see 1later,) Further, we have
consifered the time co-ordinate unhounded
in both Airections.

For the sake of some Aiscussion, let

event has distinct
times, and a

us adont in this section the convention
that 1lower case letters vrefer ¢to time
points and unmner case letters to time

intervals. The 1letter 'e' will have a
smecial sienificance, e will denote a
noint event andA £ a duration event.

Sunnnse ey takes nlace at ty and
e’ at t,. We can then say

hefore
simultaneonslv with
ejoccurs exiff
at ahout the same time as t
after
Sunnnse hoth 24 ani e occurreq

durine T, that is t;, t,€ T, Then e,,
related to t,, m™ust have occurred durina
T if (weaVv conAditinn)

B1ifnsts o HEHZLEs

Also, 31 nrecedes Ty iff
£, < t, for all ¢, € Ty and all t, € T,.
When Tq is neither before T, nor

after T,, there is a wmartial or full
overlan  between them, Let s denote
startine times, f finishina times and D
durations. "e then have with these events

K3 . = €
Si + Dy i

for i =1 and 2

Partial
and R, {¥¥

overlan is found between FE,

t14¢ts]
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sy < sj < fi and £y < 61,

for (i,3) = (?,2) or (2,1)

(Some of the < sians could be renlaced
selectively bv < or % but we shall
ignore this now for the sake of notational
simnlicity.)

Full overlan occurs iff

si < sj < fj < fi
for (i,3) = (1,2) or (2,1)
The two events are contiquous iff

si < f = s_J < £;

i J
for (i,3) = (1,2) o (2,1)
Finally, 51 and [2 are disjoint iff
fi < s_j
for (i,9) = (1,2) or (2,1)

In the ahove Aefinitions, all
varameters aopear to be time-relevant. In
the case of annroximate time
snecifications, whether ahsolute or

relative to other events, the system must
make obrover allovances for the changes in
the retrieval loagic.

Mme can estahlish a simmle loaical
svstem, on the basis of the nrevious
definitions, wusina standard first-order

predicate calculus nlus axioms with reaarAd
to transitivity, irreflexivit, ani
existence of predecessors and successors,
This enabhles the systam to make
simnlifications on anA inferences
concernina temnoral relations between anv
two of three or more events.

THF PRNGRAM

It has been our intention to allow a
most aeneral innut mode. The Adata to bhe
used should be checkeAd for consistencv at
a staae as early as nossible, At the
heainnina of the nroaram, the skeleton of
a comnlex, hierarchical and relational
Aata structure is estahlished, This would
then be filled in as need arises throuah
the Auestions asked. "e have not frowneAd
uoon redundancv in stored information
whenever it shorteneAd or simnlifieAd
nrocessina,

“lanv difficult decisions had to he
made in reaard to 1innut mnde, internal
renresentation, data manioulation, search
orocesses, etc, Several times, we had to
agive un a certain avenue and start on
another one. The followina renresents the
current state of affairs, which we rmrav
imnrove and exnand vet.
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The ovprooram is divided into three
major comnonents, the innut nhase, the
Aata structurine nhase, and the question
ansverina nhase, These will now be
discussed hrieflv,

(1) The innut nhase 1is concerned
with three tvnes of information:
(a) The user Aefines the symbolic

comnonents of an event in the form
(FUTPNM FVTMAM, STRMTM FTNMIM, LENAT)

rUmMm jg a reserved word to denote
svmholic snecificatinn; FYTMAM, STPTT™,
BINTIM, LFNATH  are svmholic names of the
event, its startine and €finishine time,
and its Auration, resnectivelw,

(b) The user also sets un
temnoral relations hetween symholically
defineA time Aquantities hv the nredicates

where

(AMPF,™1,72,73,... Tn)
(EQ"T,T1,72,T3,...Tn)
(CFQUT,T1,T2,T3,...Tn)

Here, the first statement means that
1 ie tha antnacedent of T2, which is
tRe antecedent ¥ T3, etc.; the saconAd
one means that T, ™, T3, ... are
emitemnnral; and tRe third one that T1,
T T3, ... are circa-ennitemnoral. (The
F¥s refear onlv to tima noints in case of
me L)

(c) Finallv, the innut nhase bhinAs
the time narameters of the ewvents, alreadv
svmbholicallv snecifieA, tn numerical
values, Several nnssihilities exist here.
We can either use "natural” units (for a
time nnint, for examnle, 1977 = DFCFEMRFP -
31 - 11 o'clock - 1" minntes, written in
the nroner €fnrmat), or "defined" units the
zero mnoint and  leneth of which are
arbitrarily set hbv the user to suit, say,
narticnlar evnerimental conditions (a time
neriod, €or evamnle, 87N units lona). In
on~ bodv nf information, the two cannot bhe
mixeAd,

Further, twhather natural or defineAd
units are use?, a time quantity can be
numericallv snecified either directlv, in
ahsnlute terms, or indirectly, i.e.
relative to another time aquantitv,
erhbalize? avamnles of this are: 'Tvent
A started 15 nnits hefore time noint TO',
or 'Fvent C is 42 Aavs lonaar than
interval D5'T

Some Gomments are nnndnd here, Since
tha nurmher n€ Aavrs in a vear (cf., lean
vears) and  tha numhar Af Aave in a month
arn not constant, rThenever a time intnarval
is tn he Airactlr snacifie? in  combineAd
units (sav, vears, mnanthas, Aavs, honurs,
minutes), the nsar must A~fine a  Aummy
avent with startine and finishina times sn
Anterminad  that {ts Anratinn is the riacht
ona,
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There are eiaht modes of indirect
snecification, as 1indicated bv an innut
parameter. The relative time lenath that
has to be added to or subtracted from
another time quantity can be aiven in

minutes,

hours,

days,

months,

years

packed year-month-day-hour-minute mode,
packed month-davy mode, and

packed dav-minnte rode,

In the last three cases, the addition
or suhtraction starts at the riahtmost
unit and oproceeds to the left, for the
sake of unamhiaquity. Proner care has been
taken of the transition between the Tulian
and Greaorian calendars, the "missina"
year bhetween 1 B,C., and 1 A,D,, and
similar idiosyncrasies.

T™here is an immortant,
reserved word, NCLTA. In the innut nhase,
it denotes an  irrelevant time quantitv,
for which no numerical snecification is to
be exnected., We would out, for evamnle,
for time noints TA and T3

multinurnnse,

(EQUT,DELTA,TA,™3)

savinn that they both are irrelevant (but
not equitemnoral !) DFLTA can also he nut
®rectly, in lieu of any s'mholic narme of
an ev2nt beinag asked about. Examnles to
follow will make this moint clear.

Nested snecifications are also
possible. A verbalized eyamnle of this
is: 'Event A started 20 minutes hefore
the event ended that started at 8% a,m,'

The first staoce of checkina for
inconsistencies 1is done as soon as
possibhle durina the innut nhase.
Contradictions ma’ occur within or hetween
the svmholicly and numericallv aiven Aata.
If found, these are reported hack to the
user and the proqram aborts.

Finallv, if one of the three tire
quantities, characterizina a dAuration
event, startina time, finishino time and
lenoth, is missing, it {is commated and
recorded at this stasme. 7Tn the cases in
which nartial chronological information is
given in terms of restrictions, lonaest or
shortest possihle time lenaths are
comnuted and anoronriately marked whenever
possible,

(2) The data structuring phase
transforms the 1inout information into an
exnandahle format, which is wnarticularly

suitable for the last phase, durina which
questions are asked and answered.

Some of the SLIP 1list structures
estahlished initially are exnmanded, some
others are transcribed into a sequence of
content-addressable and narallel-
processable AMPPL-IT Relations (see [2] or
[3]) and then destroyed. Fvents are
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chararterizen, in'ividually anA
cnllactivaly, dn rafarenecn tno each other,
lumarical an? srmhnliec Aata are us=2?  to

aenarate infAarences ann, amain,
inconsistrncinsg are Aiscovered anAd
ronnrtn” hac: to the user,

(3) The question-ansverina nhase

consists o0f &0 narts. The €first one 1is
the AMALYZFP, It diszects each Auestion
and eynands it inte its elementarv
comnonents, The AMAIV?TD js essentiallv a
recursive nromedure in wviewrw of the fact
that comnlev, neste? mi~stions can also be
aslke, The secon? nart is an execntive
routine that calls in snerial functinns
for aach question commnnent, Threse
functinans can Y Aividad intn five crouns:

(a) ™n roatrieva the sgumhaliec names
n¥ thn startine time, Finishine time anA
lenath 0f a aiven evant,

(b) ™6 establish vhethar a
nartienlar rnlation haturen  twn  time
mquantities (moints or Auratien) or tn
events is trun, ™e nassihle relations
are as “ollovs, ’

(i) batrreen two time noints:
one tima naint is heare, at the same time
as, or at ahont the same time as the other
one;

(ii) ®»etwrecn t'ro time Aurations:
one time Auration is lonaer than, of equnal
lencth as, o€ about equal lenath as, or
shorter than the other one;

(iii) bhetween a time noint anAd an event:
the time noint is evactlv or ahout at the
same time as the event's startine,
finishinea noint; it occurre”? be€ore,
durinea or after the event;

(iv) bhetween a dAuratimn and an event:
the Auration is 1loneer than, of enual
len~th as, or of ahout emal lencth as, or
shorter than the evant;

(v) hetwenn t1o events:

one event is nartiallvy, comnletely
antecedent 0f the other; it co-exists with
(i.e., martially or comnletelv overlans),
covers the other; 1{t is contiecuous to,
identical to, about iAantical to, loncer
than, of emual lencoth as, of about equal
lenath as, or shorter than the other one.

If one of the time muantities or
events 1is snecified as DNFLT™A, then all
entities, either on a 1list snecifie? bv
the user or in the universe of the svstem,
are searched €or those that satisfy the
agiven relation. On the other hand, if a
relation is snecified as DFLTA then all
valid relations between the aiven entities
are retrieveAd,

(c) To find the extremum (extrema)
of certain conditions. e latter can bhe

earliest, latest;
lonocest, shortest;
closest.
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The first two refer to the possible
rance of (irrelevant) time ovoints. The
next two refer to time Adurations or events
with one or two irrelevant limitina end
points. The last condition, ‘closest',
mav refer to time points, in which case
there is no ambicuity. However, the user
may also look for an event (or events)
whose lenaoth is the closest to a gqiven
dAuration. Nr else, he may specifv one
event and look for another one that has
the maximum lenath of overlan with the
agiven event. If there are several, which
for example completely cover the latter,

the system can select the shortest event
of these.
In general, all potentially

acceptable answers are returned when the
information available is not sufficient to
decide on their acceptabilitv,

(d) To establish chains of events
where the mode of chainina must satisfy
certain restrictions, such as

the successive events must be
contigquous, i.e. the finishinag time of the
antecedent 1is the startina time of the
successor;

the successive events must
or comnletely overlao each other;

either the startino or the finishina
times, sovecifiable by parameters, must be
consecutive with successive events;

the same as ahove but certain time
Adurations at least must elanse between
consecutive startina or finishing times
(cf. problems of causality);

(e) To answer questions concernina a
generalized conceot of co-existence. There
are, say, three sets of events given. The
proagram will finAd a subset of the first
set, each member of which must co-exist
(partial or comolete overlan) with at
least one member of the second set of
events and must not co-exist (disjoint
events) with any member of the third set.
Or, more generally, we can look for a

nartially

subset of the €first set, each member of
which must co-exist with at least one
member of an arbitrary number of sets and

must not co-exist with anv sinagle member
of another arbitrary number of other sets
of events.

Finally, we note two additional tyves
of side conditions that can be sovecified
for the results. These are

the logical conditions:

for all on a 1list

specified or

anywhere in the system (cf. the universal
quantifier),
find one (ct. the existential

quantifier),”

Boolean AND, OR and NOT of sets of
events; and

the time conditions:

the resulting time quantity or event
must occur before or after a certain time
point, ‘

before, during or after an event,

within a certain time lenagth.
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EXPFRPIFMNCFE WITH THE PROGRAM

Proarammina was done on a CNC 64nn,
with which SLT® and AMPPL-IT have been
resident on the svstem disk. 0Nnlv those
subnroarams are called into the core that
are needed in the nrooram. The total code
occunies 1less than 15% core memorv, The
runnina time, of course, denends on the
size of the data bhase and on the
comnlexity (levels of nestina) of the
questions askeAd,

With a moderatelv sized data hase and
aquestions of the tvne helow, an answer was
ohtained on the averaae in less than half
a second i€f the information was directly

available, Howvever, i€ loaical inferences
concernina nested qunestions had to be
made, and the Aata structure had to be

undated, the time required for an answer
mav take as lonag as 4N seconds (see
later).

To illustrate the notation
emnloved by the user, we aive a 1list of
simple questions and a few nested ones.
We note that the same question can often
be formulated in several different ways.

to be

(1) Could the
cause event 52 2

start of event E,
(RFLTRUF , BEFARE, P, (STARTTM,E1) ,F,F2).

Here P means that the startina time
of event E, is a time point and E means
that F, T4 an event. -

T3) Dpoes event E, co-exist (partial
or comnlete overlan) witu event E, ?
(RFLTRUF,CAEXTST,E,E1,E,E2).

(3) Could the comoletion of event E,
immediatelv cause event E, ? -

(RELTRUF,, CANTTGUF,F,E1,E,E2) .

(4) Is event E, lonaer than event
E,? - a

=2
(RELTRUF,, LINGER,E,E1,E,E2) .
(5) Which events are such that
(a) their start could cause event E,?
(RELTPUE , REF@IRF, P, (STARTIM,DELTA) ,E,E1) ;
(b) they co-exist with event 51?
(RFLTRUF, CAEXIST,E,DFLTA,E,E1);

(c) their commletion could

event §1?

cause

(RELT®RUF,, BEF@RF, P, (FINTIM,DFLTA) ,E,E1) ;

(d) their duration is
that of event 51?

lonager than
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( (RELTRUE , LNGER,E,DELTA,E,E1) . (10) From amona a set of events {na};
(E1,. Eq2¢+- 4 which event lasts closest to
(6) Are there sequences of events a time interval?
[(a) only consecutive, (b) onlv
contiquous, or (c) also overlaooina)] that (EXT®R™UM,E,CLASEST,D,R, (F11,E12,...)),
lead to event E4, and if so, which ones?
(N.B. chain of causally connected events.) where R is the name of a certain time
duration™anA D indicates dyration.
(a) (CHAIN,C@NSECUTIVE,FINTIM,STARTIM,E1); (11) We Can restrict pot¥ential causal
relationshios between two events, E, anAd
(b) (CHAIN,C@NTIGUE,E1); bv savinea that Fp must start or
?gniqh at least tq9 time units after Eq
(c) (CHAIN,BVERLAP,E1). starts or finishes, Cunnose there is a
: matrix of restrictions aiven, | ti4] .,
(7) Given three sets of events, where the element £ is the mln mum
time Auration that mus elavse between,
{E13 : {E11, F12, oo Eqpl, for examle, the finishina time of event
{E2Y : {E24, E22, «.. FEon}, E; and the startinc time of E. for the
{E3} * {F39, E33 ... Fap}s E%o events to he causallv connected, The
followina will n»nroduce all ovotentially
find a subset {Fu} of {F1} such that each causal chains of ¢this tvpe 1leadinao to
of its members co-exists (partial or event R,
comolete overlao) with at least one member
of {E,}  and does not co-exist with anv (CHAIN,DFFINFD,FINTIM, STAPTTM, (R1,E2,E3,

member of §3}. Notationally,

{Ead = {ed @ {ro} ~o{£3}

(CPEXISTENC, (F11,E12,...), (F21,E22,...),

eee),(T12,713,...T1R,T21,T23,...T2R,...T31,
T32,...T3R,.e.),R).

(e note that work is not comnleted on the

(BUTN@T,E31,E32,...) answer to this tyme of question.)
(12) Which events take blace between
or the end of event F4 and the start of
event E,? -

({(F1,B11,E12,004¢) 5 (E2,E21,B22 ;4 44) 5 (F3,B31,

( (TNTSECTT#N (RELTRIUF,, ANTF, P, (FINTIM,E1) ,P,
E32,...), (CAEXISTENC,E1,E2, (BUTN@T,E3)))

(STARTT™,DFI,™A) ), (REL™PIF , AFTFR, P,

(8) From amona a set of events fE1}:

{£49, Eq2, ...}, which events last (STARPTTM,E2) ,F,DFL™A)))
shortest and longest?

or
(RXTREMIM,E, LANGEST, (F11,E12,...));

( (PEL™PUF ,REFART D (FINTTHM F1) ,F,DTLTA,
and

(PELTPIIF , ANTT B (FTNTTHM DFLTA) ,P,
(EXTPEMUM,E, SHARTEST, (E11,E12,...)).

(STARTT F2)))).

(9) From amonqg a set of events{E1}

{E11, Eq9 ...}, which event starts or (13) Which is the lonoest event that
finishes earliest or latest? lies between the €inishine time of event

Eq anAd the startina time of event E5?
(FXTREMUM, P, EAPLIEST, ( (STARTIM,E11), - -
( ) (EXTREMUM, F, LANGFST, (PFI™PUT , REFARF,, P
STARTIM,E12),...)):

(*IM™T™M,E1) ,E,DRLTA, (RTLT™RUT , BEFARE, P,
(FXTREMUM, P, LATEST, ( (S™ARTTM,E11),

(FTN™I* DNL™A) ,P, (STARTTM,E2)))).
(STARTIM,E12) ,...)):

(14) Suménose there are two sets of

(FXTREMUM, P,EAPLIEST, ( (FIMT™IM,E11), events, memhers of which co-exist with
events Fq4 and E,, resnectivelv, *inA
(FINTIM,E12),...)); the temnoral “relation  between  the
finishina time 0f the latest event (i.e.
(EXTREMU™,P ,LATEST, ( (FTNTIM,E11), the one that ends the latest) in the first
set and the startine time of the earliest
(PINTTIM. E12) s e6:) ) s event (i.e. the one that starts the

earliest) in the secon? sect.
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PELTRUF ,DFLTA,P, (FINTI™, (FXTRFEMUM,E
( ' P 2 L retrieves numerical values of an

indefinite numher of time points and/or
durations, The svmbolic names of these
may be refarenced inAdirectlvy in a nested
form., For examnle, if ve wish to finA the
duratinns of events T1 and T2, and the
times of occurrence of those noint events
that hannened? before noint event P1, we
out

LATFST, (PELTRUE,CAEXTIST,F,DFLTA,E,E1))),
P, (STARTIM, (EXTREMUM,E,FAPLIES™, (RFELTRUE,
C@EYIST,E,DELTA,E,E2)))).

A few more noints are to be noteAd
here. The sat-theoretic functions
INTSECTIAN and  UNIAM (VALUT,T1,T2, (RRLTPIT, ANTF, B, DTLT™,P,P1))

“henever exact valuns are not
availahle, a set of routines is called
unon to comute thn nossihle time rance of
the tome noints or Auratinns involveAd,

™he €nllovine Aiarram and eycernts
from a comuter outmmt renresent a run
with a small Aata hase:

can be nested 1in any of the question
forms,
The function

(YALUT,TA,™R,...)

g o ) &

SA | ‘FA
- & 5
sctT T T °° 'rc
sp T T -T--- e.. FD
SE *““jéa“‘*rs
SF *“‘gEL——*PP
509 —800 ~300 —2n0 100 D 100 200 300

Event names are encirled. There are three point events, PA, PR, and PC, and six
duration events, EA, EB, EC, ED, EF, and E¥, The followina svmbolic and numerical
specifications are to be aiven to the system:

ANTE: (PA,SA); (SD,FA,SB,PB); (FF,PC); (SD,SC,FA).
EQUI: (FB,FD,SE); (FE,SF).

CEQUI: (FA,SB).

PA=-500, PB=0, FB=100*%*, FC=250, FD=100%, SE=100,
FE=200, LE=100%*, SF=200%, FF=300%*, LF=100.

(Those marked with an asterisk are values computed by the svstem, )

THE FOLLOWING FACTS ARE GIVEN TC THE SYSTEM 8

SIX EVENTS AND THREE TIME POINTS ARE INVOLVED IN THE FOLLOWING EXAMPLE.
THE QUESTIONS ARE NOT NECESSARILY MEANINGFUL, THEY ARE USED TO CEMONSTRATE

WHAT THE SYSTEM CAN DO.

(WHICH, IN THE LIST FORM, IS 8)

(() (EVENT,EA,SA,FA,LA) (EVENT ,EB,SB,FByLB) (EVENT ,EC,SC, FCy LC)
(EVENT,ED,S0,FD,LD) (EVENT,EE, SE,FE,LE) (EVENT,EFySF,FF,LF) )*

(The SLIP system requires an asterisk at the end of everv list structure to be inputted.)



538 Seasion No. 13 Computer Understanding II (Representation)

WE WANT TO INPUT THE LEAST AMOUNT OF INFORMATION OMLY. IN ORCER TO SEE HOMW
THE SYSTEM COMBINES ABSTRACT (SYMBOLIC) AND NUMERICAL INFORMATICN, SOME OF VTHE
ENTITIES WILL BE GIVEN NUMERICAL VALUES.

WE DEFINE 3 TIME POINTS PA, PB, AND PC FOR REFERENCE. PA ANTECEDES THE
STARTING TIME OF EVENT EA. TIME POINT SO ANTECEOES FA THAT ANTECEDES SB THAT
ANTECEDES P8, THE FIMISHING TIME OF EVENT EF OCCURS BEFORE PC. FB, FD, AND SE
ARE EQUI-TEMPCRAL TIME POINTS, FA AND SB ARE CIRCA-EQUI-TEMPORAL. FE IS EQUI-
TEMPORAL TO SF. TIME POINTS SD, SCy, AND FA ARE IN THIS CHRONOLOGICAL ORDER.
SE, FEy, FC, LF, PA, AND PB WILL BE GIVEN NUMERICAL VALUES.

(WHICH, IN THE LIST FORM, IS 3)

((PA,PB,PC)(ANTE,PA(STARTIH,E‘))(ANTE,SD,FA,SB,PB)(ANTE,(FINTIH,EF)PC)
(EQUI,FB,FD,SE) (CEQUI,FA,SB) (ECUI,FE,SF) (ANTE,SD,SC,FA) g

THE FOLLOWING IS THE TABLE OF RECOGNIZED EVENTS.

EVENT EA HAS BEEN DEFINED WITH STARTIM SA, FINTIM FA AND LENGTH LA,
EVENT EB HAS BEEMN DEFINED WITH STARTIM SBy FINTIN FB AND LENGTH LB,
EVENT EC HAS BEEN DEF INED WITH STARTINM SC, FINTIM FC AND LENGTH LC,.
EVENT ED HAS BEEN DEFINED WITH STARTIM SD, FINTIM FD AND LENGTH LO.
EVENT EE HAS BEEMN DEFINED WITH STARVIM SE, FINTIM FE AND LENGTH LE.
EVENT EF HAS BEEN DEFINED WITH STARTIM SF, FINTIM FF ANC LENGTH LF,

Pollowing this, the system prints out five 1list structures: ANTE (precedence
ordering), LSTEQ (equitemporal), LSTCFO (circa-equitemporal), TPL (recoanized time
points), and TDL (recognized time durations). For the sake of brevity, these are
omitted here. The relevant temporal relations are then transferred to the Simulated
Associative Memory.

THE FOLLOWING ASSIGNMENT OF NUMERICAL VALUES IS RECOGNIZED.

PA R PB =500

SE 100
SE HAS VALUE 100.

FE 200
FE HAS VALUE 200,

FC R PA 750

SF R SF 0

LF 100
LF HAS VALUE 100.

PB 0

PB HAS VALUE 0.
PA HAS VALUE -500.
FC HAS VALUE 250.
NO-MORE -0
IT IS FOUND THAT FB HAS VALUE 100.
IT IS FOUND THAT FD HAS VALUE 100.
IT IS FOUND THAT SF HAS VALUE 200,
IT IS FCUND THAT LE HAS VALUE 100.
IT IS FOUND THAT FF HAS VALUE 300.

The above is partly the echo of the input, partly values inferred by the system,
Next, a chronological ordering of time points (list NAL) is orinted but is omitted here.
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THE NEXT QUESTION IS 3

539

FIND POSSIBLE CHAINS OF NON-OVERLAPPING AND CONSECUTIVE EVENTS THAT LEAD TO

EVENT EF.
(WHICHy, IN THE LIST FCRM, IS 38)
( (CHAIN,CONSECUTIV,FINTIM,STARTIM,EF) )*

ONE OF THE POSSIBLE CHAINS IS 3
EA, EF,

ONE OF THE POSSIBLE CHAINS IS 1
EA, EBy EF.

CNE OF THE POSSIBLE CHAINS IS 1
ED, EF.

NC MORE CHAIN,
WE HAVE SPENT 27.7940 SECONDS ON THIS QUESTICN.
THE NEXT QUESTION IS
FIND POSSIBLE CHAINS OF CVERLAPPING EVENTS THAT LEAD TO EVENT EF.
(WHICH, IN THE LIST FORM, IS 1)
(  (CHAIN,CVERLAF,EF) )%

CNE OF THE POSSIBLE CHAINS IS 3
EDy ECy EF.

NC FORE CHAIN,
WE HAVE SPENT 18,0680 SECONDS ON THIS QUESTION.
THE NEXT QUESTION IS 3
FIND POSSIBLE CHAINS OF CONTIGUOUS EVENTS THAT LEAD YO EF.
(WHICHy, IN THE LIST FCRM, IS 8)
( (CHAIN,CONTIGUE,EF) ) *

ONE OF THE POSSIBLE CHAINS IS 8
EBy EE, EF.

ONE OF THE POSSIBLE CHAINS IS 8
EDy SEy EF,

NC MORE CHAIN.
WE HAVE SPENT 42,7980 SECONDS ON THIS QUESTICN.

THF NEXT GUFeTIAM IS ¢

LreT aLL TIMF POINTS THAT ANTECENE PC ANn ARE ANTEREDEN By Pa,
(WHICHy IN THE | 1ST FORM, IS 1)
( (RFLTRUE,ANTEWPIDELTA4PPCo (RELTRUEaNTE,P,PAa,psDE) TA) ) )
THE FOLLGWI~G T& THE ANSWER !
PBy FFe SFe FEy <Es FU, FCy FBy gRy FA, SA,

WE HAVE SPENT 91,5220 SECONDS ON THIS QUESTION,
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THE NEXT QUESTION IS 3

FROM AMCNG EVENTS EC,EB,EE,EC,EA, AND EF, SELECT THOSE THAT CO-EXIST WITH EB
OR EC. FROM THIS GROUP, DELETE THE EARLIEST CNE CF THCSE THAT ARE COMPLETELY

ANTECECED BY EVENT EA.

(WHICH, IN THE LIST FORM, IS )

( (NOT (CCEXISTENC (EC,EB,EE,ED,EAEF) (EB,EC)) (EXTREMUM,EARLIEST,Ey (RELTRUE,
COMPANTE 4E,EA,E,DELTA) ) ))*

THE FOLLCWING IS THE ANSWER
EF, EA, ED, EE, EC.
WE HAVE SPENT 37.8020 SECONDS CN THIS QUESTION.

THE NEXT QUESTICN IS 3

FIND THOSE EVENTS THAT START AFTER STARTING TIME OF EA AND WHOSE FINISHING
TIME IS COVEREC BY EVENT EC. ;

(WHICH, IN THE LIST FCRM, IS )

( (INTSECTION (RELVRUE,BEFORE,P(STARTIM,EA)E)DELTA) (RELTRUEyBETHWEEN, P(FINTIN,
DELTA),E,EC) ) )*

THE FOLLOWING IS THE ANSHER 8
EE, EB.
hE HAVE SPENT 1€.88€0 SECONDS ON THIS QUESTICN.

THE NEXT GQUESTION IS
FIND THE LONGEST ANC THE SHORTEST EVENTS OF EBJEC,EE,EFy, AND ED.
(WHICHy, IN THE LIST FORM, IS )
( (EX4EB,EC,EEHEFyED) (UNION (EXTREMUM, LCNGEST,E,EX) (EXTREMUMySHORTEST ,EZEX) ))*
THE FOLLOWING IS THE ANSKER 13
EF, EE, ED, EC.

WE HAVE SPENT 5.5760 SECONDS ON THIS QUESTION.

THE NEXT QUESTION IS 3

FIND VALUES OF TIME PCINT FA, OF THOSE TIME POINTS THAT OCCUR AFTER PA, AND OF
THOSE TIME DURATIONS THAT ARE EQUAL TO OR LONGER THAN LE (THE LENGTH OF EVENT

EE).
(WHICH, IN THE LIST FORM, IS %)

( (VALLE,PA, (RELTRUE,ANTE,P,PA,P,DELTA) (RELTRUE,EQUAL,D,LE,D,DELTA)
(RELTRUE o LONGER,D,DELTA,D, (LENTH,EE) ) ) )*
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THE FCLLCWINGS ARE THE ANSHWERS 8

THE VALUE OF PA IS -500.

THE RANGE OF VALUE OF SA IS FROM -500 T0O 0.

THE RANGE OF VALUE OF FA IS FROM =500 TO 0.

THE RANGE OF VALUE OF SB IS FROM =500 TO 0.

THE VALUE OF FB IS 100,

THE RANGE OF VALUE OF SC IS FROM -INFINITY TO 0.
THE VALUE OF FC IS 250.

THE RANGE OF VALUE OF SD IS FROM =-INFINITY TO 0.
THE VALUE OF FD IS 100.

THE VALUE OF SE IS 100,

THE VALUE OF FE IS 200

THE VALUE OF SF IS 200.

THE VALUE OF FF IS 300.

THE VALUE OF PB IS 0.

THE RANGE OF VALUE OF PC IS FROM 300 TO INFINITY.
THE VALUE OF LE IS 100,

THE VALUE OF LF IS 100,

THE RANGE OF VALUE OF LB IS FROM 100 TO 600.

THE RANGE OF VALUE OF LC IS FROM 250 TO INFINITY.
THE RANGE OF VALUE OF LD IS FRCM 100 TO INFINITY.

WE HAVE SPENT 11,7780 SECCNCS CN THIS GUESTICN.

THE NEXT GUESTION IS 38

FROM AMCNG EVENTS EA, EC, ED, EE, AND EF, SELECT THOSE THAT CO-EXIST WITH
EVENTS EC OR EC AND DO NCT CC-EXIST WITH EVENT EE,

(WHICHy IN THE LIST FORM, IS 8)

( (COEXISTENC,(EA,EC,ED,EE,EF) (ED,EC) (BUTNOT,EB) ) )*
THE FOLLOWING IS THE ANSHWER 8
EF, EE, EC, EA.

WE HAVE SPENT 43,6560 SECCNDS CN THIS QUESTION.

THE NEXT QUESTION IS 8

THIS EXAMPLE DEMCNSTRATES SCME FURTHER USE OF THE FUNCTIONS EXTREMUM AND
UNION.

(WHICH, IN THE LIST FORM, I> 8)

( (UNION (EXTREMUM,LONGEST,0, (RELTRUE,LONGER,D,0ELTALELEF) ) ,
(EXTREMUM,E ARLIEST 4P, (SA, (STARTIM,EC) (FINTIM,EF),SD,SB) ) (EAHEF,EB) ) ye

THE FOLLOWING IS THE ANSWER 38
EB, EF, EA, SA, LD, LC, LB,

WE HAVE SPENT 2.4400 SECONDS CN THIS GUESTION.

NC MORE RUESTICN, FRCCESS TFRMINATES.

To 1illustrate aate-time snecification, a data base similar to the one in the
first example was used with different values. We have, for instance,

SE

1960 01 01 (Januarv 1, 1960), FF = 1960 12 31, LE = 365 (comnuted; 1960 leao year)
SF

1960 12 31, FF = 1971 5 1, L® 3772 Aavs (eiaht reaular and two lean year%,‘the

five first months in 1971)
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THE FOLLOWING ASSIGNMENT CF MNUMERICAL VALLES IS RECOGNIZEC.

FB 1¢4001010000 8
PA HAS VALUE 19400101C000.

PB 195001010000 8
PB HAS VALLE 135v0101000C.

FC 1¢70061010000 8
FC HAS VALLE 197001010000,

SE 196001010000 8
SE HAS VALLE 1360010100GC.

FE 1396312310000 8
FE KAS VALLE 12€01221000C.

FF 1¢710€010000 8
FF HAS VALUE 19710€010000.

NO=-MORE -0 *

IT IS FOUND THAT FB HAS VALUE 1€€001010000.
I7 IS FCUNC THAT FC HAS VALUE 19€¢CC101C00G.
IT IS FOUND THAT Sk FAS VAOLLE 1€€012310000.
IT IS FCUND THAT LE FAS VALLE 3es0CC0.
IT IS FOUND THAT LF HAS VALUE 377200030,

THE NEXT QUESTION IS 3

FINC VALLES CF TIME FCINT FRA, CF THCSE TIME PCINTS THAT CCCUR AFTER FA, ANC CF
THOSE TIME CURATIONS THAT ARE ECUAL TC CR LCNGER THAMN LE (TFE LENGTH OF EVENT
EE).

(RHICH, IN THE LIST FCRM, 1S ?)

( (VALUE,FPA,(RELTRLE ANTE,P,PA,P,CELTA) (FELTRUE,EQUAL,D,LE,D,CELTA)
(RELTRUE , LONGER,DyDELTA,Cy (LENTH,EE) ) ) ) *

THE FCLLOWINGS ARE THE ANSKERS 13

THE VALUE CF FA IS 194001010000,

THE RANGE OF VALUE CF SA IS FRCF 1<4001010000 TC 1950061010000,
THE RANGE OF VALUE OF FA IS FROM 194001010000 TO 195001010000,
THE RANGE OF VALUE CF SB IS FRCM 194001010000 TO 195CC1010000.
THE VALUE OF FB IS 1€€001010000.

THE VALUE CF FC IS 1970010100C0.

THE VALLE OF FD IS 126001010000,

THE VALUE CF SE It 19€0010100060.

THE VALUE OF FE IS 1¢€0123510000.

THE VALLE OF SF IS 196012310000.

THE VALUE OF FF 1S 187105010000.

THE VALUE OF PR IS 18001010000,

THE RANGE CF VALUE CF FC IS FRCH 197105010000 TC INFINITY,

THE VALUE OF LE IS 3€e50000.

THE RANGE OF VALLE CF LB IS FRCM 36530C00 TO 730£0000.
THE RANGE OF VALUE OF LC IS FFRCe 73050000 TC INFINITY.

THE RANGE OF VALUE OF LD IS FROM 3€520000 TO INFINITY,

THE VALUE OF LF IS 37720000,

WE HAVE SPENT 1€.15¢20 SECONJS CN TRIS QLESTICN,

NO MORE QUESTION, PROCESS TERMINATES.
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FURTHER RESEARCH PLANNED

Besides tidying up some parts of the
code, other things can yet be done. There

appears to be two interesting lines of
attack within the framework of this
project.

First, we could investigate
statistically defined associative
structures. In other words, the more

often a particular pattern of events is
followed by another pattern of events, the
more likely it is that a causal
relationship connects the two. Positive
and negative reinforcement processes could
lead to hypotheses of different strenaths.
Cycliec or near-cyclic events should also
be at work.

The second area of possible further
investigations would be with reference to
natural lanquage input/output in a
reasonably large subset of Enalish. Some
preliminary studies have already been
conducted by Adrian Walker and one of the
present authors (N.V.F.). It is, however,
too early to report on these now.

As possible apolications, a number of
interesting ideas have come to our mind.
Many crimes are committed with, and their
‘temoorary success depends on, split second
precision (at 1least according to v
writers). Alibis may also devend on
certain critical, highly time-devendent
events. One might use this tvme of
program to prove whether a particular
crime could have been committed by a
certain individual or several crimes by
the same person, etc.

Turninga to more mundane ideas, air
traffic control must be exercised under
dynamically chanaing conditions. The
program at hand could serve as a component

to a computerized system. The on-line
optimization of traffic light timing in a
metropolitan environment may also
incoroorate some of our ideas. The

scheduling of reconnaissance missions is
another potential area of apnlication.

We also note here that this project
is closely related to the oprohlems of
Critical Path Methods and PEPT., (See, for
example, [5].) We may sometime look into
the possibility of establishing a 1link
between the two fields of study.

Finally, it should be nointed out
that intelligent machines will necessarily
have to evaluate dynamically chanaging
environments. In order to act in an
optimum manner, they must make hypotheses
on causal relationships. It is suagested
that the cognitive structure of such
machines would contain processes similar
to those described in this paver.
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APPFMDIX

The Second Great Train Robherv

Chief Insmector Joshua Haagertv of
Scotland Yard 1looked straight into the
face of his Proarammer-Analyst, Miss
Eleanore Lanalev, He could hardly

confound his frustration:
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= All right, we are stuck. This is into the airconditionine duct of the
the first time my intuition has failed ¢to armoured carriace. As a resmonse to the
give any b..... sional at all. If vou threat of exnlodina the whole train with
think it may help to have a run of that its passenmers, the auards released the
Findler-Chen program with our data, I snecial doors that could be opened only
don't care - let's try it. . from inside. Two other aganasters

- Listen carefully. I am givina you transferred aonarentlv onlv the real
all the essential information we are bullions to a waitine lorry at a terrific
certain about. Well, let me tell it ¢to sneed So that the train was able to

you from the beainnina,
- The Bank of England was to transfer

continue its journey at R:28 o.m,

Luckily, the enaineer of the train

some gold bullions, worth the sum of memorised the license plate number of the
B40,000,000, to its secret ™Manchester holdun lorrv. It was found abandoned some
vaults. The armoured lorries, under the 150 miles awav in a little forest. The
expert leadership of the newly hired condition of the roads leadina to this
security chief, Mr. H. McNaughton, picked snot is such that the lorrv could not have
up the shipment at 4:25 p.m. Some of the reached the nlace in less than 3 hours and
lorries, carrying a fake .load of l}aht 17 minutes. Thev should have transferred
metal, went direct to Victoria Station. the loot here into a biaaer bus, <dudging
They stopped on the way for exactly 14 bv the tyre orints. But, lo and behold,
minutes in order to synchronize their we found there nothina else than another
arrival at the station with the other

group of lorries that followed a carefully
designed indirect route. However, as Mr.
McNaughton tells us, the second aqrouo got
into a bit of a traffic jam and arrived at
Victoria Station only at 6:28 p.m., nine
minutes later than scheduled.

- By 6:37 p.m., both the real and the
fake loads were safelv sitting in the
armoured carriage under the close watch of
McNauchton's ten toughest quards.

The exoress train 1left riaght on
time, at 6:49 p.m., to reach Manchester at

set of fake bullions!

added the

studies.

We

Chie®

with

minutes

Oh, another niece of information -
Insnector
anorehension in his voice.
have made some time-and-motion
It takes at least R

some

to

transfer the real stuff from one lorrv to

another while the lighter, fake
be shifte” in ahout 5 minutes.

That is all T know and T doubt vou
can aet more sense out of this

bloomina arev hoxes.

with

load

can

your

) . Miss Lanalevy 1looked unverturbed and
9:17 o.m. However, exactly six minutes ootimistic. She sat down at the keyounch
after the train rolled out of Birmingham to bproduce a few cards, which she then
station, at 8:23 p.m., it screeched to a attached to the end’ of small box of
sudden stop. Two masked aangsters held up punched cards and submitted the lot to the
the loco enaineer at qun point. At the Scotland VYard's friendly comouter. Out

same time, one of them poured tear gas

THE FOLLCWING FACTS ARE GIVEN TO THE SYSTE

(WHICH, IN THE LIST FORM, IS 3)

came the answers:

L I |

( (DAY-OF-ROB) (EVENTySHIFT-REAL,DELTA,DELTA,L-SFT=-REAL)

(EVENT,SHIFT-FAKE,DELTA,DELTA

sL=SFT=FAKE)

(EVENT, LCRY-REA L, S=LCRYREALyF =L ORYREAL 4L =L ORYREAL)
(EVENTyLORY=F AKE yS=LORY FAKE y F=L ORY FAKE yL=LCRYFAKE)
(EVENT,DELAY-LORY,DELTA,DELTA,L=DELALORY)

(EVENT, HCLD-UP, S=HCLDUP,F=HCLCUP,L=-HOLDUP)

(EVENT yWAIT=VICT,S=WAIT,F=NAIT,L=WAIT

) (EVENT,SFT-ON-TR,S-SFT-CNyF=-SFT-0ON,L=-SFT=-0ON) )*

THE FOLLCWING IS THE TABLE OF RECOGANIZED EVEATS.

EVENT SHIFT-REAL HAS BEEN OEFINED WITH STARTIM DELTA 9 FINTIM DELTVA AND LENGTH L=SFT-REAL
EVENT SHIFT-FAKE HAS BEEN DEFINED WITH STARTIM DELTA 9y FINTIM DELTA AND LENGTH L=SFT=FAKE,
EVENT LORY-REAL HAS BEEN OEFINED WITH STARTIM S-LORYREAL, FINTIM F-LORYREAL AND LENGTH L-LORYREAL.
EVENT LCRY-FAKE HAS BEEN DEFINED WITH STARTIM S=-LORYFAKE, FINTIM F-LORYFAKE AND LENGTH L=LORYFAKE,
EVENT DELAY-LCRY HAS BEEN CEFINED WITH STARTIM DELTA 9 FINTIM DELTA AND LENGTH L-DELALORY,
EVENT HOLOD-UP HAS BEEN DEFINED WITH STARTIM S-HCLOUP , FINTIM F=-HOLDUP AND LENGTH L=HOLOUP .
EVENT WAIT-VICT HAS BEEN DEFINED WITH STARTIM S-HWAIT 9y FINTIM F-WAIT AND LENGTH L-NWAIT .
EVENT SFT-ON-TR HAS BEEN DEFINEC W1TH STARTIM S-SFT-ON , FINTIM F-SFT-ON AND LENGTH L=-SFT-ON ,
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THE FOLLOWING AS

DAY-0F=-R0OB
DAY-0F-RCB
L-SFT=-FAKE
L-SFT-FAKE
L-SFT-REAL
L-SFT-REAL
S-LCRYREAL R
S-LORYREAL
F-LORYREAL R
F-LORYREAL
S-LORYFAKE R
S-LORYFAKE
F-LOR YFAKE R
F-LORYFAKE
L-DELALORY
L-JELALCRY
S-HOL DUP R
S-HOLOUP
F-HOLOUP R
F-40L0UP
S-WAIT R
S-HAIT
F-WAIT R
F-WAIT
S-SFT=-0ON R
S-SFT-0ON
F=SFT=-ON R
F-SFT-ON
NC-MORE
IT IS FOUND THAT
IT IS FOUND THAT
IT IS FOUND THAT
IT IS FOUND THAT
IT IS FOUND THAT

THE NEXT GQUESTICN I

WHEN COLLD TRANSFER OF REAL BULLIONS TAKE PLACE )

(WHICHy IN THE LIST

SIGNMENT OF

HAS VALUE
HAS VALUE

HAS VALUE
CAY-0F-ROB
HAS VALUE
DAY-0F=-R0B
HAS VALUE
DAY-0F=-ROB
HAS VALUE
DAY-0F-R0B
HAS VALUE

HAS VALUE
DAY-0F-ROB
HAS VALUE
DAY-Q0F-RCB
HAS VALUE
DAY-0F-R0B
HAS VALUE
DAY-0F-ROB
HAS VALUE
DA Y-0F -R0B
HAS VALUE
DAY-0F-R0B
HAS VALUE

L-LCRYREAL
L=-LORYFAKE
L-HOL OuP
L-WAIT
L-SFT-0ON

S

FORM, IS 3

NUMERICAL VALUES IS RECOGNIZED.

197901010000

197901010000,
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