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The design and implementation of a coliection of computer programs knowledgable about
time “in general”, catled the wv is described. The thesis that this time specialist can be
placed in the service of.hrger more general problem: solvers is demonstrated for two examples,
medical diagnosis and the understanding of a time-travel story. o
events. These mdude dates, vague terms such as "a few m igo“'. and two kinds of intervals.
The “fuzziness” or( iuencmess of the time of events is htndbd di!femﬂy for each of the
representation types. A The time specialist mnum routines that compare, combine and translate
btheen these vﬁnoﬁs repriumation types. |

| The time specialist attempts bto maintain a consistent data base. As facts are entered into the
system, they are checked. for their consistency with previeusly accepted facts. The time specialist
corrects, to the extent possible, the data Base after previously believed facts are doubted.

Incoming facts are organized by the time spechlist to facilitate inference. Events are
orgaﬁized by their dates, Sy their position in a sequence of events, and by their relation to other
very common events such as “now” and “birth". Rmtm that Mmmtain. correct and use.
these organi;atlona! structures are described. The impomm'e.of organizing principles for facts is

indicated.”

Thesis Supervisor: G. Anthony Gorry
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Coapter T " Kenneth Kashn
Section 1: introductim

In a wide variety of situations, problem solving, requires, a rather exunsive and detailed

_knowledge of time' To deal eﬁ”ectively‘ with everyday life. a nd hew revents

_.are re!awd to m*anoﬁm in time and ‘how: phuﬁbie mm:mbemw from the temporal

., characteristics of these occurences. The paramaum nce. that such an understanding plays

LatRALL

_in human problem selving argues forcefully that no. computer program can be intelligent,” if it
lacks a sophisticated Wal sense. ‘In ﬁhis repon, _l w_m mmghgpmmnfequipmng a

~ computer wi,th-wth-{&n*tm[ﬁ!mnding. / B S R S T

. _research on. mechanized mtellagcnce conducted within the miﬁchl inteligey

_ bas ignored the eemponl characteristics of probluns, 2 The app tion. 3

_ deliberately to illuminate only particular aspects of a current theory of intelligence. Thus for
example, the so- called world of “toy blocks™ has received considerable attention. not so much
because artificial mtelugenoe researchers are enamoured of blocks. but because they thought that
the rather clearvest “physics™ of this werld s a more suitable vehicle for testing rudimentary
theories of ‘knowledge ‘a'équisitm, organization, and application. ‘Because the consideration of tlme;
within such settings would lead to rather messy problems, murc&rs in artificial tnulligencé

1 Much of this chapter is identical to the paper. “Mechanizing Temporal Knowledge™ by Kenneth
Kahn and G. Anthony Gorry.

2 The two exceptions known to the author are the work of Bruce [Bruce 1972] and the work of
Findler and Chen [Findler 1973]. The former primarily is concerned with the computational
linguistic aspects of temporal reference, and neither work deals with the full range of problems
considered here. For example, neither work considers in any detail intervals of time, the f uzzincss'
of temporal references, or the use of various organizing structures.

N 8




Introduction And Overview Chapter 1 Kenneth Kahn

generally have factored temporal considerations out of the problem domain in questioh or
deliberately have treated them in rather cursory fashion. \

This paper considers one way in which knowledge about time can be incorporated into
problem-solving programs. Our hypothesis is that such knowledge, in large part, can be embodied
in'a set of problem-solving routines which collectively will be referred to as a time specialist. The
time specialist then can be placed in the service of a larger problem-solving program to deal with
the temporal questions that arise in the domain dealt with by the latter. Having given the time
specialist statements involving temporal references (in a language that is determined by the time
specialist), the problem-solving program can ask it to make a variety of deductions and to answer a
variety of questions concerning these statements. Thus the time specialist is an tdiot savant, a
program that can answer questions about temporal matters (provided that the questions are framed
appropriately), but that otherwise knows nothing of the problem dom;;n in question. The role of

the time specialist, both with respect to its external users and its self-use, is visually depicted in

Figure 1.
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To test the idea, I undertook the construction of a rydimentary time specialist program to

understand temporal specifications. A temporal specification is a statement that partially specifies,

- in some manner; the time of ohe-ormore evenits, ‘Examiples 4re

(1) Three weeks ago John had-a cold. '~ :

(2) John was born June 6, 1966. ' '

(3) Twe 'or thiee yeiifs atter graduating, John went back to school

(4) A few months from now, John will finish his thesis.

(5) After his cold, John died.

- «'(6) John saw Mm ' while ago
ln any temporal specuﬁcanon some relation is given beétween at Ieist two evénts. each of whlch can
be considered a point in time. We dealt exclusively" With the case of two events, because temponl
By e PR R R AT A ;"‘,Lj«'{»"‘ R

specifications with more events can be represented 4% k" series of statements concerning only two

events. The more primary event is called the “event” and the other. ‘the “reference event."

 Sometimes, a5 i sentence (), the referente event nbw” is tmpucnfti‘
"ago”). In date expressions such as sentence (2), ther de.ge?ce"m“ me.m.pam for e
calendar in use. i

No attempt was made to deal with what is commonly called wave?m. and I.devoted
relatively little attention to the linguistic problemauoctand wiEh i uMmgrnQ;ng andgenerat;ng
temporal specifications in natural iang;nge. Within these cmstramu,h?weva,we did implement a
rather extvensivcy program for m@ers;gnding and answeriﬂsﬂ“m’ 'M‘Wa'”f“eﬂm
To test the notion that" such a program would be useful in a variety of problem-solvlng
applications, I undertook an initial assessment of its use in understanding the temporal aspects of

some everyday occurences, disease scenarios used in medical diagniosis; zndthnve! storles.
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The following is a session with the time spechﬁa, ,.rm;m, oiuposmm, I have translated

the stilted Ianguage required by the pmgnm into. Engudt Although. tht: has substantially
improved the form of the conversation, it has not akeved thc mat the: xnmmons.
(un User 1 was ‘born January 25, 1952. When'1 wasa fow: mksﬁidhd an-operation. I began
grade school when I was 5. | graduated grade schnol in }une ISS. l went to Enghnd two yurs
tater. I'sayed in England for 8 or 9 weeks. T |
(U2):User: How old was 1 when 1 ieft England?
(S1) System: 155 years give or take 16 months
(U3) User: Exphin‘yw‘r answer.

(52) Systeny: The time of the end of the:tzip to m#mﬂ; ‘167 give or take 16 months
and the time of birth is Friday, j:muary 25, 1952.

(U4) User: How long ago did I go to England?

(53) System: Between 8 and 83 years ago

(US) User: What happened before [ was 10?

(S4) System: The beginning of grade school, the operation, and birth
 (UB) User: I was born May 5, 1955. | |

(S5) System: I thought the time of birth is ]anuary 25, 1952 not May 5, lﬁb are you referring to the
same birth?

(U7) User: Yes
(S6) System: Is ng 5, 1955: correct?

(U8) User: Yes

- e e .. mew e = e w=--- -

3 For example, the first two sentences are given to the time specialist as "(time-of (beginning-of life)
(date (1952 1 25) (fuzz nil)))" and “(time-of (all-of operation)) (after (beginning-of life) (fuzzy-
amount (nil a-few weeks))))." The meaning of "fuzz” and “fuzzy-amount” will be discussed below.

12
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(S7) System: Earlier I was asked how old the person was at end of the trip to England, and I
replied 155 years give or take 16 months. However, my reasoning was based on the fact that the
birth was January 25, 1952, which you now say is lncorrect We could either forget it or I could
answer the question again. Shall I re-run it?
+(U9) User: Yes
(S8):System: The answer is now "12.3 years give or take 1.6 months”®
As can be seen by the user's story (Ul), the time specialist can accept facts in many different
" forms. Some of the statements specify the dates of events. The others give the time of one event
relative to some other event. Portions of the date can be missing as in "June 1965 In addition to
© accepting time intervals in terms such as "2 yéars” or "between 8 and 9‘%;’1?3" ‘the specialist accepts
time intervals stated in vague terms Such as “several days.” *nearly a month,” or “a few weeks" as in
UL The time specialist also can answer questions abﬁutiév'entystwh&e tl_fﬁ:e was not explicitly giv?n. '
Q,uestions. that requii'e the time speci§list to search for events' that occurred at a speclﬁed time
expression such as "before [ was 10" (U5 and S4) also are accepted. .’ o
| The time specialist checks incoming facts for contradictions with previously entered facts.
The statement "I was born May 5, 1955" (U6) is inconsistent with a previous statement. The time
specialist begins to resolve the éontradiction, first by making sure the same event is being referred
to (S5). Then it asks whether tlig new fa;:t is correct (S6). (If more than one old fact had been
involved in the contradiction, then the time specialist would have asked about each one in turn.)
After finding that the old fact, "I w‘a; born January 25, 1952" is invalid, the time specialist
attempts to correct the situation. It marks the old fact as “not to be belle‘ired" and searches for facts

that were deduced from that fact and doubts thosg in turn. For example, it had deduced that the

end of the trip to England was August 17, 1967 and it found that this deduction was partially based

13
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Original Story in the Data Base:

Operation ;iLqévé' ' -
‘/,);oiv ~ Grade Scheol England
a feu B A _
Birth ~“weeks - f . . Today
8 or Szzmeks T _
Jan., 25 YU 7L August 8
1952 S years 1975
- Beginning of go to
Grade School England
Before-After Chains:
- Birth Operation Beginning of End of Go to  Leave " Today
O— O S S — -0 A SR e —~0 .
Grade Schooi Grade School England = England

Special Reference Events:

~ Operation
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0
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Birth

Grade School
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Today

Organizational Structures for the Facts in the Scenario

Figure 2
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The Date-Line:
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. ]

1 1 L L
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In what follows, 1 will discuss the operation of the program in terms of its three ma jor
functions. These functions of the time specialist are depicted schematically in Figure 3. First, I
will consider how statements of knowledge which embody some reference to time can be
represented in a consistent way. Second, I will discuss how plausible deduttions concerning these
statements can be made by a pl;ogram that knows only about the temporal characteristics of the
knowledge involved. Finally, I will discuss the problems of maintaihlng a consistent set of

temporal references by detecting inconsistent or potentially contradictory pieces of knowledge.

17
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Section I The Re oresentatios

g S,
I ER e i

......

its involvihg temponl

references through the use of a single representation into which all such statements are converted.

It is natural first to approach the ‘problem: of répresentifiy ddeé

For example, each occurrence can be associated with the date on which thc it began and the date
of its conclusion. All events that happened during a particular time interval, then, can be retrieved
simply from a date-line, a list of events sorted into chronological order.

In many situations, however, the date of an event is unknown or irrelevant. Suppose for
example the following two statements were given to the time specialist: "Event A was after event B
by four months” and "Event B was before event C by six weeks.” Surely‘bne would like the time
specialist to be able to answer the question of how much later A was than C through the obvious
means of subtracting six weeks from four months. To force the conversson of these cxbressiom to
ones involving dates seems inappropriate, even if the dates of A, B, nnd C are known or
computable. |

Another problem with using dates (or any point es,ttmates).u the only means for specifying
temporal items is that it is difficult to preserve the inexactness or fm of ‘ itatemenu such as "A
few weeks ago I had a cold.” If the time specialist coﬂvem such a meement to one involving a
date and an associated interval (the latter reflecting the' unceminty about the precise time). it may
lose much of the original information. If asked, for example, "When dtd the patient have a cold?”
it may not be able to produce the reasonable answer "d few weeks ago.”

For reasons such as these, the time specialist was constructed to deal with different kinds of

temporal specifications. The time specialist has routines that can compare time expressions of

19.
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different kinds, translate between them, and combine time expressions in making inferences. The

complete specification of statements accepted by the time specialist is given in the next chapter.
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Section IV: Or, anizing T

The manner in which: the time specmm orginizes thé“incoming statemerits i3’ important,
i A

because # may markedly infisence the efficiency With which “qéestions can’be ‘answer
temporally .sorted -dxte-line will: make the retrieval of ‘those mmsmh ‘occurred within a
- particular interval -both. simple and: rauwmaamwmmm.m. if ‘many
datms are unkniown o different types of questions ate:anticipiited.  Therefore; the tisie spectatist
has severai diffevent 'ways of orgamiting. the events in its:memory.- Fhecholoe-of> Which ofganiting

schemes are employed is:under the contret of: the user.::. STSTS ST

A) Organizing by Dates

One way in which the time speciaust can organue events ls by thur duu. lf it hu been :

requested to do so, the time spechnst checks new facts m see lf they are dm types. and fif they

. are, it inserts them into the date-line in an approprme chromhghi posmon The date-line is
represented by a Ilst of event :peclﬂcaﬂons, each inchndlng 2 dete and 2 pointer to the tlme |
specification from which the date was obtamed or inferred. Thus the date-line can be revlsed
when the fact in question is no longer to be believed |

“ I the incoming fact colmﬁu & date and m”impﬁ&' fiﬁfr etrpl!uion (eg., "Jurie, 19657), then
: tﬁeupper and lower bounds for the date arecomptmd,- and-exch' s ‘inserted into the-date-line,
marking an interval for the event. When no date’ i!obvmfa“taﬂm ‘spacificitioh; the'time

specialist can invoke a program that wrﬂ"aﬁempt to ﬂmver the am of tﬁe event so the event can

be placed properly in the date-line Thls programis drdé»o!‘ the

below.
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B) Organizing by 'Speciai«kefmym 'Bf"‘f
Another way the time spemtm has af argaamng faeu is h terms of ml reference
E events, events {eg., "bmh md mw‘) thax aften are referred o (perhm lmplicmy) in givmg the
time. of -particutargoecumfooe <The chmﬁ%hhfﬂwmwuﬁwmwmts is
. .- mpade by:the:user of  the-time specialist, but mm:mm itself: conldd:make:such decisions after
- Anspecting. statistics;on witich evenis.are r!mmd mﬁmhm avents> Typically, the:time
--of a-special ref ermmn known.quite precisely... Thetefore, it.can be:used-te: asmess the time of
ev?nts related to it.  For axa‘mpte., the time of the event:"A" ean -be-determined  with considerable
confidence from the statement "Event A happened a.few days after my twelfth bmbday If & new
event entering the system does not refer to-some: ;pechl seferenee evem then the time specialist
~ -attempts to ﬁnd one. for it. Lf it succeeds. a m mwun the lneomu‘g event and the special
reference evem found is added to zhe data base. Thus. n tema o£ the prewious example if the
incoming . sta:emem s 'Evem B bogan when 1 was. lb‘{hen the symm can use the "the day.of

- birth” as a special reference event:to find the rela.mm between A &nd B;

| "“‘é)i'ﬁfgﬁnww"*b'efm“" aterChain® .
Ancther form of organization employed by the time speeulmuses the notion of "befere-
after” chains. Such a.chain occurs often in a story where the principal events form a sequence.
For example, suppose the system had been. told
| (1) Event A was a week before event B.
(2) Event B was three weeks before event C.
- {3) Event C was a month before event D.
(4) Evem A was two months before event D.

The time specialist would create a chain "(Event A, Event B, Event C, Event D)" and a ‘chaln
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"(Event A, Event D)" to reflect "‘F two f'tergpgrglf ,E“!“ thro%h this series of events. Such paths
often are useful in answering questions about the time of events in the chain, partlcularly when

its o’f'tifi cﬁlln

*‘;ddmomi temporal chatacteristics are knowi for someé fen

‘D) Analyzing an Incoming Statement

When a fact is added to the system then there ma] be a number of q.nalyses brought to bear

FOAPTRYR

'(

on it by the time specialist depending on the cornnﬁﬁﬁ? ffﬂ‘ﬁmgi ghet-je
“ indieated the three maprones in theabﬁove dlxusion,mg;ae}!ty;the‘dgduglggpf a date for the
yfacts. the assodation of the event to the nearest Special reference evg?g, Qnd the insertion of .the
Aevent into an appropmte before-after cham Any or an of thue functtons may | be appjted 0 a
given event. lt is not necessary. however. that the methods be app!ted at the ume that the event is
entered The ttme spectahst leaves a record wnenever a given method is egpued to a f;ct. lf at a
later time. the htgher-level system wants aaother mttmd a@!nd to the !act in question it is easy to
wdo so. l-'or example |f the higher-level program ¢ deddes that a d&te-}me wou!d be tmful it can

¥ ks

actlvate the functton whtch oonstructs the date-ltne to make the date iine 'eurrent Thus. the tlme

‘,;7 £

use.
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ﬁiﬁé Fetbifer and t‘he way it which they ar® used to answer various kinds of questions.

* A) Equivaient ijmﬂ Specifications
The simplest vwa’y a question can be answered by the time specialist is that the fetcher finds
that the answer is already known explicitly or that a fact equivalent to the answer is known.. For
example, suppose the system had been told that Event A was three or four days after Event B. If
later it was asked if Event B was about a half a vmkbefore Evem‘ A, the time specialist should

know the answer.
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The tim? speclaiiu~anpbys a method to see if an-equivilent meins of expressing the
 requested item is already known. In assessing the equivatence of twotemporal specifications, !;nls
method uses knowledge of the meanings of such relationships asv@’bét‘ofl_f"'fw;" and “same a3,"as
“well as the meanlng§ of the various time units. It may be possible to make the required assessment
with only rather straightforward conversions, If the items: md&ﬁmnpmum types,
however, (for example, one in. terms. of the fuzzy notation and H\eﬂtbﬂah*m of intervais)
- translation of one item into the type of thé ather: is required betaum application--of the

_equivalence tests. 4

B) Deduction in Question Answermg
When the fetcher fails to find an equivalent expression in the data base. it must invoke other
methods to try to deduce the answer to the quutm As mmd abon. ;luu mhods are spechlized

.%o particular kinds of questions and to.particular kinds.of. erganizations of the facts.

L Using Dates‘ |

Many questions can be answered usmg dates. In the case where the dates are stofed in the

system, then the question can be answered slmply For example if thc tlme speclahst is asked what

events occurred within a particular time interval, then it will mtmm of the date-line

|

4 There is one problem in the.assessment of equivalence, if the pattern heiag used to retrieve items
from the data base has a "fuzziness” within it. Currently, the test of whether one fuzzy event
occurs within the interval specified by another fuzzy event depends on which type of
representation is involved. Each representation has associated with- it a specialized program which

.. Computes: the-percentage ‘of -overiap-between.a rettieved mmmmummeh -represents the
-question-involved: These routines-lenve: behind -comments: on: m mwmm the qneubn
matched the item retrieved from the data base. st

25
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~that falls between:the dates.of the.end points-of the interval. 5 ‘Alternatively, if the time specialist
is asked whether ome.exent occurred-before another, a comparison of the dates of the event will be
- -sufficient. 'ttumbmtmnf two: dated is-sufficient for answering questions sbout the nﬁu&mp
“Dates ate 30 useful that it is:often worthwhile:determining ‘the date of an- event when one is
not-given. mm:zm.pezmmmfaw.fmmrmwmmgf the date of an event using
“Tefevence events. "The ifleais simple; fo find the dite uf ‘ati ‘event, il a ‘relative time expression
for the event in question and look for the dite of that time expression’s reference event. 'If that
date is found, then the date of the original event can be detfrmihad For example.suppose the
syszem had been previously told: i e -

(1) A week after the sore threat I had' hudaches
(2) The sore thfoat was March 2 }915’

To answer the quemon wm were the huaucha"' a met?uod wﬁ&‘ﬂﬂﬂ the first fact “Once the
date of the reference event, the sore throat, is retrieved, it is a simp’le matter to produce a date for
the headaches. If the date of the reference event is not knowfi; the date-finding method can be

‘recursively applied to try to find it.

2 Using Relative Exprcssions‘ | | | _ N

Suppose the time specialist has been tuld 'Three weeks ago I had a cold and two weeks ago
it was over,” and later it is asked "How long dld my cold Iast?" It seems natural to simply subtract_
two weeks from three weeks and respond "one meﬁ" mﬁer m to"cakeulite: the dates of the

--------------------

<5 This retrieval can aiso. mmme the so-catied Ww ‘Atter ‘0ut these- everits whith
-are.not:of the desired type: ktpreum thmw*ﬁﬂgw evm%fmn dﬂmnm
groups into different date-lives. .- - T

.‘26.
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beginning and the end of the cold and then to subtractthe data. Further thet'e are many, such
: cases where one does not have the choice of computing dates.

| The fetcher possesses a method which tries to deal with such 2 g?,bllm When a question
concermng the relationshtp between two events ls posed thl; method attempts to find facts in a
data base whnch relate the events to a common special reference event. I it succeeds, it can ea.,stly

detetmine the temporal rehtlonshtp among the events in questton If lt fails, it attempts to find two

£ at the age of 18.°
In order to determine how much time was spent at coliege the ume :Pectthst can use the special

;exampie constder "Three years ago I graduated f rom cellege, and I s?rt%t}, colleg

: l.et‘erence event link from the begmmng of col!ege o btrth ;nd I{lﬁm algh l;nkf from the end of

college to now. Because tt knows the dtstance between the two. ggu:lq M grence avents, in this

case age, it can answer the quemon Typiuhy such unks between spede reference events do exist,
6

because of the tmportance of these events in amwering a vamty of |

PR T

3. Using Before-afterChalng. -~ =~ = TR
The fetcher also employs the before-after chains in trying to find relationships between
events. Baslcally it seeks a chain that contams both the events in W » and then attempts to

find the shortest path between the two events in the cham Whegt thu path hhas.been determined,

the tlme spectalm uses the intervals ot‘ eech ltnk in the cha%n to com she overall time ioterval

between the two events. For example if the before-after chain A B, C. D);- is in the data base,

6 There is-another version-of this methiod that uies the full pawer of the’ fetcher to try to estabmh
such links if they do not exist. This method will not be invol%gd on M%m qll 19 the. fetcher,
because it does not apply to questions thst expftdtfy iehition a spetft

P4
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and the time specialist is fater toki that A is before C by some amount, then in determining the
interval between A and D then it on!y needs to combine the “distance” between A .aﬁd Cc andb the
“distance” between C and D. | R

The fetcher cannot be confident of the intervals determined fm a: long before-after chain,
bimu’s;! in cormbination of vf‘uzzy information, dﬁ\sid&abk imccm';cy‘is introduced’.‘ l;inks between
~ spedial reference events, however, often are known with gmr accuracy. (For examp!e the
"distance” between birth and now). Therefore, whenever possibie the f etcher seeks to jump over”
ngmems of a before-after chain through connections b«m two speciai reference events.

The before-after chains are also useful in nvml uther oontexts l-'or examp!e if the
question pattern requires only the relfative order of thc events, not the temporal distance between
them, then finding a before-after chain may solve the prebbm Sumlarly if the questton requests
aff evenits of a partkular group which accumd bawm two specxﬁed events, then ﬁnding the
specified events in before-after chains wifl yield at least some of the required answer. Of course in

this latter case it may be nécessary to filter the events by a group speciatist. .

_ Whien alf other methods fail, a breadth-first search can be invoked as a last resort. The
ﬁrch foltows. all dﬁtm away from the event unt the refem evmt in question is found br
uhtil the chain terminates. This method could be used for all fetches, but of course it would be
excoedingly siow. Because of its mﬁumml inefficiency, it is uwod only séaringly. Anott;er
problem with the use of this method is that although a chain between two events may be found,
thg chain may include so many events with fuzzy specifications that Ehe onmn time interval may

be:so uncertain as to make the answer virtually meaningless. -
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5. Selecting l_M?“!l‘fg.f?Ml_?P"C?ﬁ?“ | -

When the fétclier is called with a questioﬁ pattern, it must decide which methods it wl“
employ ‘in trying to provide an answer. Currently its choice depends on two factors. First, it
considers the type of time specnﬁcation which occurs in the pattem Seoond it determlnes whether
events are speciﬁed or whether events are required to fit within a omain tlme expresslon. Once
these determination has been 'made, itis a simple mttcr tn Iec;a a;bset oi thg available methods
for application. For example, if the question asked whateventsoomrred Between two dates, then
the metfitd that uses the date-line and the method that checks if eachkndwn event occurred within
the Interval would be selected.” The selection of appropriate fethods is éasily accomplished, but
the order in which the methods should be appﬂeﬂnmﬂns aprﬁblﬁm. Presently the order of the
‘methods is determined by a static estimate of their likelihoods of success. “In 'a more advanced

i the data base and statistics

“Jystem, of course, other factors such a3 the characteriitics of the'ité
o the pas succeis of methods woul influence the defauk order.

The effort the caller warits'to put into the task I reiscéd ‘i the use of the selected methods
Clearly the time specialst cannét know How importint any particolar Teich i to somé higher level
problemsoiving program For thi reason an effort measirt ci be passéd to the fetcher wlong
it the queion patern: Preseny this ffot mesid i Spptoximated by the arount of CPU

time necessary to completea fetch.
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In addition o accepting temporal. specifications, the time specialist atempes to assess the
plausibility of a pasticular-atement and s consistency wkh sajments aiready i the daia base.
Comider the fallowing facts: |

(1) The cold ended fast week.

(2) Three weeks ago there was a party.

(8) A couple of days aftar the party the cold ended..
If the same coid and party are being refered o, the. Tumsipen” of these expressions s ot
Sufficiently great to account for the discrepancy among these satements. We would like the time
specialist to recognize this and to correct the situation if. possible. |

The module that detects this kind of inconsistency was easy.to implement. by making. use of
other portions of the time specialist. Thc time specialist invokes its question-answering function.to
vvcheck the consistency of the latest fact with facts pmmmiymm ltasluthcfmher whether
the latest fact is true. Three cutcomes are passible for this request, .The fact already may be
known. There may be ing&ﬁicteﬂ‘t‘infqmauon to answer the question, in. which. case. the fact is
accepted. Of course it may be contradicted laer.. The third possibility is-that.enough. is: knawn to
- determine that the new fact is inconsistent with. factspreviously learned. Netice that an apparent
inconsistency need not be a real one. 1t may be that the events being referred to ars in.fact
different events than the ones known in the data base. Thus in the above example, the party that
is referenced may be a different party in the two statements.

‘When an»iamnsisteﬁcy is detected, the normal course for the time specuust is to engage in a

conversation with the user to ascertain whether the events in question are the events currently
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known to the time specialist. If they are lndeed dlffgmt eyenu. then the new item can be added to
the data base, but the time speciahst must store with it a reminder that thc new event is different
“from the events it previvusly knew about.  Wheén the évents are the same, then the apparent
 Inconsistency is explained  the sér, and the usét it asked If the niew fact s wrong. IF It Is, then
“the fact is rejected and ‘the User is free to 544 & revised version of it 1 the ‘new fact is correct,
"then the user is asked ibout each of the other fam which an{;n;ﬁed in the apparent
‘contradiction. If the user asserts that éich Tact is correct, then the tnconmtency is anowed to mnd
“and a certain amodnt of indeterminism has Been ihtroduced into the dita Base. 1f, however, one
*of the offending ftems is ho longer to be'believed, then ks satus is thangcd and the entire

“'ethanism for andoing’ the cofrsequénce: ofhaving believed that fsct is invoked ¥

Eoppa

7 Of coutse, this rather simple approach ‘will not Solve ail probhms. One tncommency that it will
not_discover is that the beginning of an evg)t [y, m,gm 0 R, ATjer. 11t 0, Dt . this
‘Inconsistency can be detécted easily by asking the queuinu wering program somewhat different
questions. Notice, however, that in time-travel stories, this normally obvious constraint is not always
valid. It should not be applied to time trips.

3




It is one thing to reject an item. that appears to be implausible or inconsistent with
knowledge in the mm but i is..an._ entirely different matter. tg. undo ﬂmﬁmaj‘luvmg
elieved something incorrectly. Thus when it is told that 3. previeysly ascepted, (act. is now to. be
doubted, Qm time specialist faces a rather complicated problem. Other facts may have been

deduced from the suspect fact, and these, too, perhags. she

hand, the Wmﬂé fact may not have come directly from the higher:ievel problem-solving
program, but itself may have been deduced from ather facts. AL times, these gther facts should. be
doubted, but at other times the original facts should remain. In addition, answers to. previous
questions now become suspect when the reasoning employed the doubted fact.

For example, ufhzn a previously accepted fact is no longer to be believed, the before-after
chains which reference this fact should be corrected. Assume the time specialist has formed the
chains “(Event A, Event B, Event C, Event D)" and “(Event A, Event D)," and it subsequently is
told to doubt that "Event B is before Event C." The program gemnuy will destroy those chains
containing both Evenis B and C. If a chain can be easily saved, however, (as when both of the
events in question are at the beginning or both are at the end of a chain), then the chain is
shortened in the appropriate manner. Notice that were the chaip (Event A, Event D)" based on a
fact that in turn was based on the doubted fact it too would be destroyed. - |

When it- makes deductions, the time specialist m; information about which facts were
used in the process. Thenwhen it is told to dnubn,pmtmh:tmu mdmmine whether eaeh'

of the deduced facts remains consistent with the facts known in the data base. Some of these



Introduction And Overview - Chapter I .. .. Kenneth Kahn

deduced facts will come under suspicion, and the entire process will be apptted recursively to the
newly-dﬁubted facts. Quite understandably this process requires a &nﬁidtnbk amount of
computation; it will, however, maintain the data base m acohslstentfashlon o

As noted above, the fact under suspiclon mayhave causedthzeumespecialist to answer
questions incorrectly. Unfbrtﬁnately' the time speciaiisi: cannot knowwhat has beendone with the
answers it provided, but it can ‘inferactvwitl{‘the user, ifit nolonger bclieves an answer formerly
given. To discover which answers should be doubted,'tﬁékt‘it'r;ed specialistuses comments Teft
behind by the fetcher that indicate what facts were used in answeringa :p;}ticuﬁf questton The
higher level program is ‘giveﬁ an opportunity to ask each such question afiihL o

Although these solutions are not complete, they do allow the time specialist to undo most of

the effects of incorrectly believed facts. Clearly much more work is required to solve this problem

In a general way. The complexity of the problem is such that in 'some ¢ircumstances, the simplest

and most efficient solution may be to changé the fact in question and to re-learn the whole set of

‘facts that are affected.
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An earlier version of the time specialist was connected to a crude éarser of Eng!isﬁ sentences
apd questions about the times of events. Using LINGOL. ({P-ragt_ 1978) and [Pratt 1975)) a syntactic
parse tree was abtained. At all nedes on the tree small programs tried to identify components of a
terpg?ral specification such as the referenoe event, the units, the fuu, etc.. Thcse suggestions were
then cqmbined to produce a time spaiﬁcatipn 'understandable by the time specialist. The present
version, hqweverl,‘ does not include a parser.

Despite the Iﬂtk of a parser, the relationship pgtweq;‘thf aspects of time that this research
covers and that available in everyday English needs to be chrmed Ideally, all English temporal
specifications should be mapable into the language of tbemne specialist. There are some sentences,
‘however, that the time specialist cannot, at present, handle. Some sentences. are not intelligible to
the time specialist because of minor deficiencies in the representation of dates and amounts. For
example, the time specialist does not "understand” the unitsl of time less than one d'ay.i These
problems can be easily remedied by slight modifications of the time specialist and are of little
theoretical interest. Sentences about recurring events are often unintelligible to the time specialist,-
however, an extension-of the system to cover these cases is described in Section I-E of Chapter II.

One might think that since the representation of time presented herein is concerned with
events of no significant duration that occurences with duration would not‘.be understood by the
time specialist. This is clearly not the case. For example, the scntence "The cold lasted a few
days,” is represented internally as, "the beginning of the cold was a few days before the end of it."
This transformation can always be done with no loss (or gain) of information. It is one of the tasks

of the parser and as such is transparent to the human interacting with the system.

3
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Other kinds of temporal speciﬁcatlons that cannot be handled are a more serious problem
Sentences that depend upon real world knowledge cannot propeﬂy be handled by the tlme
speclalist. Exampies are sentences containtng phrases such as recently or after the ball game.
Were certain facts such as the duratton of ball games or the frequency of the event that Joccurred
recently known, then they could be used to transform the sentegce into one that an be
understood by the time specxalist The time of the event after the ball game rmght be assumed to
’ be within a few hours of the end of the ball game | and thus representable The problems of
determlmng whtch such assumptions should be made and when were not invemgated
lnterestlng problems relating to meanings of context-dependmt expressions Iike a whﬂe ago”
or lntermittent are dnﬂicult to resolve The meaning of a while ago vaﬂee with the context and
f requency of the event being referred to. Por exomple if someone were to say, f'Maty aw john a
’.while ago, then the Iength of the interval invotved depends on bow often they see each other.

whether the speaker and hearer of the sentence saw John and Mary togeth er a few honrs ago, ¢ etc..

g

Expresstons like “last Fnday are mteresting bemuse they also requmvlntenction between the time
speclalist and real world know!edge The expresuon "last l-‘riday is ambiguous lf 'today were
Saturday for it can mean one day ago or eight days ago However. etght days ago is what
should be parsed since the word yesterday would have probably been used if it dld happen one
day ago |

The remaining type of sentence that causes problems for the tu}le spec&allst are those that are

' SR e Rt el
ambiguous. For example, the sentence, "John works on Friday,” by itself, does not contain enough
information to decide whether a particular event or a recurring class of events is being referred to.

These kinds of sentences are not very useful for answering questions, however, combined with
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other sentences they my Wnstraif tﬁe mesning mmm w be meful Suppose that the

foltowlng séritence was "so we bétter not scheﬂu?e the m on Priduy, then we can safely assume
| that a cyclic event ecmmng on Fridays was being referred to. T o h
Netice thtt both me amb&gtmus and me mxt-dependm sentences become ime}hglble to
the time specsaﬁst when enough other mformttm is breugm to betr to pruduce a precise enough
meaning. Wklk it is clear that the time spechﬁst shwkl be abie m heﬁa combme the inf ormation
to constrain the meanings of such sentences, these problems are, of general interest to AI natural
language researchers and are removed fm tﬁe cemni pmb!ah uddressed in this reeearch ;--‘
‘understanding time. | S
Clearly eﬁmﬁhﬁxﬁuﬂ between the parser :mtmapecuﬂst shnuki be in both directions.
HWhen inconsistent or wnlikely times. ferevmmenm mﬂnsystem. the time specmm
| should ask the parser 1o double check it answer. Comids thefm»wh«e a time spe‘ciﬁcation was
parsed m&uﬂng mugmm of an ocourrence was atm ieuné Hereme tm ipecialist mld
ask the parser if it is stire of i conclusion; i it mix up the main event and reference evem?
These questions, and those eamemmg the role uf teme, whﬂe mmmmg were not invesﬂgated
" The inverse probelem of mnppmg from the iamml represenmion of temporal speciﬁcations
to English was mveuigated- to a limited- extent. Very s&mph henrmics were used to generate
English statements that are adequate for the purpose of commnicatmg with the user. This 1s

GrEre oy e

described: in more dmu in Appendix D
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Section 1X: Comments About Philosop

In ph-ilosophy or Al peop)e occasionally mqr{grh“h“ m*g linear,. ciscular, cyclic,
hie,rarch'ical. or spacial. Doesumehave a direction? Is. time primary.or.is it secondary: to space?
Does time pla_\y a spggi‘al'rq:lg_tin ﬁthe 's,trruc_turg of memoty or. th{ mmhcrmect of events along
with location, motive, participants, and desmbxlity’l'{w do subjective and objective time. differ?
What is the ;‘elatiqns!!ipi between time and causality? |

These are all intergstiﬂg questions which should be c

in designing a representation

(6 SR

of time. One must make a commitment to answers to some of these questions. As presently
concieved the time specialist "thinks" of time in the following ways
1) as linear, as evidenced by its ‘date line"

2) as hierarchical, in"that it wilf accept stateniems about peﬂods. unfortunately it does not
maintain specnl structures for dealing wi;h ggrigdg :

R8BSR IR
x,_»hs{;e»_ k

3) as expliclt. in that ;he basnc data base explicitly represents the time of events

4) as implicit, in that in "before-after ¢hains. the ;imu of evemxu indicated by their
relative position

5) ob jective, except that the time speciafist also’ seer mggqacg ﬁqx dealing with many
aspects of subjective time (that is the time of; vents gs;pcrimmd as_ opposed. to told
about) o

3

6) uni~dimensional, in that ts reasoning applies equally well to dmances

7) as a lattice, where the nodes are events. and the . partial. ordermg is based on the
temporat “distance” between them' : P v

Since both people and the time specialist can think of time as _;,jnmulgi-{gcgted concept, it
seems reasonable to answer the philosopher’s questiénsﬂth'yes."?es't}me tshnear. "yes" time is

hierarchical, “yes" time is a primitive... Time is what people think it is.

)
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As mentioned earﬁer an important thesis of this research is that once a specialist
' kmwkdgabk about timn is deéveloped, it can be used as a c«npmem of diverse pmblem solvers
‘Fhe probiem of dohgmedicat diagnesis was chosen as. an‘ example to demonstrate the genenl
appﬁc‘abmty of the ttme specialist. The complicated "time course” of a disease is often important in
diagnosis. An "hypothesis matcher” that matches a patient’s history igafnn the time course of a
suspected disease s implemented and tested on a dwip&nofm:m Poststreptococcal

Glomerulonephritis (AGN).

A) The Time Specialist's Role in Hypothesis Matching
Many of the activities of the time specialiaz can be mm as that of an intelligent pattern
matcher. In medml diugnmls. for examplé; one can vﬁw the typm mconrse of a disease as a
complex pattern against which one wishes to match the patiem: Immry For exampb in a chapter
on AGN by Schwartz and Kassirer [Schwartz 1971] there are these seutenus. o
Between thc onset of a streptacoccal infection and the deuhpmm of symptoms

or signs of acute glow i thamtma;mmwwu
‘betweenmmndtwoweeksmdzhatavmgeswdan

Latent periods shorter than a week are not uncommen, homver. and occur in as
many as one-fifth of the cases.

Oniy in an occasional patient dmmgmmbmdeuhpuhngu
three to four weeks after the inciting infection.

Latent periods of more than one month have not been noted, and it is doubtful

whether an infection that precedes the onset of renal abnormalities. by such.a period
has a refation to subsequent renal disease.

~ While the patient may have said:
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"I had a bad sore throat a couple weeks ago. And I first f e3tbn§¥ andhag red urine the day

before my last visit - e 1
Assummg the doctor knew that the patlengs previous visst was last Wednesday, he or she
{ could safely assume tiiat the P,mem{hft?f’, matcwi:eéd the norm pfesented in the AGN chgpter

Yet for a computer to do the same many problems of representation meanings of words (such as

coupie weeits," “last Wednesday. etc) and tnference must be solved.

w1t

B) How the Time Specialist was Appiieﬂo’biqnosis i

1. Some Problems
The purpose of the hypothem matcher is to demonsmte the usef qine;s of the time specialist
gy

not to do medical diagnosis It was decided that the hypothesis matdm shogid be wntteq as if it

were a module of a larger present iliness system. Problems of &etefmlning if, for example the

patient’s red urine indicates hematuria, were assumed ’ilr‘&dy‘ m ‘fht “fithes of the ma jor

symptoms and phases are the inputs to the program. The main ﬁ'bbﬁihwithdésigning the.

‘hypothesis ‘matcher is to have it do enough to-démonstrite’ the niefulﬁeisbf time specialist in

it o

‘iedicat diigmesis without trying‘to solve thie entire present ifffiess ptobk

« Anidther major prob&mwﬁh the hypottiésts m:tichei'is ﬁecidﬁ@Wgood a match one has,
or "scoring.” The 'tim’e‘*speciaiist‘*doet remark 'is mhowweﬂlﬁiiﬁ’ividualtmponl expectation
“matches the ficts in the data base; however, it “does not provide n“metnsof combining these
measures of goodness of fit into an aggregate score. The hypothesis macher does thisaggregatit;g
in a rather ad Aoc manner; it was considered a problem the present illness system must resolve and

that there are no features of the problem special to time.
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2. The Hypotinesis Matcher -

The ypothesis matcher ts-given an hypothesis and an effort measure; it will then either
accept, accept with reservations, reject the W or redirect the matching In addition, it
refembers the ressons for its recommendation mwwz mryof usa:tivmes in a data
base context. It atio-saves the sate of mespmummmmmumofmehmmm
be resunmed. |

The basic steps of the hypothesis matcher ace:.. . -

1) initiatize or resume-old exploration

2) accept the pum": ‘histery

3) go :thi'ough-‘the‘ facts of the story seeing what expectations they meet or fail to meet

1) ask Mmmthumummm forwbichnﬁmh information is
available to conﬁrm or deny

5) note those facts that are “left over”

6) summarize findings

The time specialist is essential for the openuon of the hypothesis matcher. A few
~ modifications to the time specialist were necessary for this application and were implemented. The
hypothesis matcher can handle a complex swry,,uk. the appropriate questions and give a
reasonable evaluation. ,I,n’d,oving all these tasks the time speciimt is aften called upan. A more
detailed description of the application of the time speglaust to _medical diagnosis is given in

Chapter IV.
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- Section XI: L

In order to test the varlous functions of the time spéciafist and tousess :wﬁéth’eryq they were
sufﬂdent to deal with a varlety of temporal references, I applied the time 3peclalm to the problem
- of understanding a ttme-travei story. Although this npplkation may m somewhat fﬂvolous and
 esoteric, it is, nonetheless, one which provides a gosod’ exércise of the time specialtsts capabmtlcs.
" “The very fact that travel through time pernits a number of ostensibl’et;nponlpandoxes to exist
exposes virtually the fult range of assurhptions implicit in the prgg;tﬁli:Of course, an importzm ‘
aspect of time-travel stories is that some of theseassumptionsncedwt;e&tiubhdif thestory isto
‘be understood properly. “For example, it is clurly the cise that a pmm éan be altve in a tlme-
" travel story at a point in time which is béfore his birth. IR e

" Often the plots of time-travel “stories hlnge&’n the reader's abmty to mke tempo;al
inferences from different frames of reference such as the time fraveler's and mé‘&i worid .
‘One such story, “All You Zombies® by Robert Heinlein, fheinlein w] wu!c;men asa test of the
time specialist. The time specialist demonstrates nts undermndmg only by answeﬂng qnestions
posed to it. A more complete time-travel understander would be qpabie of deciding what the
interesting questions are, but from the time specialist’s point of view the@'ls'm-es'sentlal difference.

The story is about .a man who had grown up in an orphanage as a girl, had a baby and
became a male. His baby was stolen and he meets a time travetier who"o!fm to bring hlm to the
thief. He finds a girl instead who he gets pregnant. The time tnvelkr Magu to recruit him

into the time service. Through various clues, some of them temporal, the reader can infer that the -

baby, the girl, the guy, and time traveller are all the same person with different ages. To provide

4
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support for these infesences one needs 10 confizmthat the cemain veats oscurred simultaneousty.
This role is plaged by she time specialist.

To deal mmmm 1 bad 1o axiend the capabilities of the time specialist
mewhat The mos: impartant-exiension was 1o0quip, the time spacialis with mww 10 Joak at

facts fmmmdsﬁarmmuofvm The frst point of ¥iew i the mormal "universal” .point of

ing. paopienss, Bet if the.time.specialist is 1o truly
understand time-travel staries, it must be able 102

experiences of the time-traveler 3F€ 300023 SreA)

ecinte the point of view of the time-traveler
himseif. From this point of view, paradoxes vanish and the traveler enters and leaves the linear
@ru of time at will. Therefore, in order to amwer questions aboyt time-travel stories, the time
specialist mﬁst assume an hpp:dpr'gg;te.pgint of vxew Fof “'“mm.m ,und&mnéipg of such
ories presets an inweresing 15 case in which the supabllte of the time specialist can be

investigated. The time specialist is capable of answering many interestis

§ questions concerning the
temporal aspect of the story as is shown in Chapter V. ‘
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Other tests of the time apecialist were tonsidered: but #t implemented. One could go on
trying out the time specialist ad n finstum. “Twb applicatiots pls a'few idexs for Other ‘ippﬂ&tiﬁm
are hopefully adequate to demonstrate the feasibility of a’time spectifitt applicadle to many diverse

" domains.

A) Reminder System

One problem domain for testing the time speciaustthat wascomidered was a rg;nlnger
system. It would accept statements as to what wa.s going t; happen. and what regularl'y occurs and
would answer questions and more importantly remind the user of Wnﬁﬁéﬁi‘itiﬁ‘fappropmte

g evems as described in

time. The time spectalist wotld have to be ‘extended 1o handle ré

Section I-E of Chapter 11 ‘It would also nieed methods thit coifbitrie fiany deberiptions of the time

tHin wouM have to include the

of an event to form a more refined ‘description. The Tepres
“importance and flexibility of ‘the scheduled events to answér useful Qiestions Hke, “Can T squeeze in
an hour on Friday?® This system would At in ‘Very welt with tﬁe‘p«mmlmisunt' project at the

MIT ‘Al Laboratory [Winston 1978).

B) Date-l-'lnding Sy‘st‘em

Another» application of the time specialist that was eonsidered was a date-finding system.
The user would be trying to remember the date of some event in his or her life, perhaps the first
opera the user ever attended, or when the user last saw a partkuhffrfend. The system would

contain many heuristics for asking the right questions of the user to obtain information to deduce
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the ariswer. ‘For exavipie, Tt woutd WWW@MWM,«M day of the week

. of an event, Wﬁmmrﬁtg the year. An gralpsis ammam a:systemn woukd
. perhapspmvtﬁemmm insight into fiuman- memery.

“Ttie time:specialist would ‘be catled upon often %0 help combioe various pastial specifications
to narrow down the possibie times of the €évent in ‘question ‘It would need to-be extended to
include declaratives that include togical operators. “Phis mmmu described in Section IV-B in
Chagter . This ‘apﬁlmﬁuh wotrkl ‘be differetit Trom the others in: tlm tbe time speciatist always

 has the sarme task: thdmdrmemmm

C) Trip le

A system.that would help ene plan a trip was also md«ed luhnuld be thought of as a
module in a larger hypotheuml “travel agent” system. . cumy ok undarmnding of time is
‘necessary to plan a trip. The more interesting mtmfmcouudﬂm this appﬁanon is that for a
~ limited class of trips the time specialist with few modiﬁanms could be turned into a “distance”
specialist. For the trip, to be "time-like" there must be no situations which- depend upon the second
or third spaciﬂ d»hnénsions. For example, the trip from A to B-t0 C to A without going back thru
B would require a ‘more sophisticated distance specialist than a slightly modified time spedalist.

This problem is interesting in that two different specialists; time and dimnce would be imeractmg

8 Unfortunately this problem was overlooked, though clearly the time specialist should be able to
“intersect” many partial specifications of the time of a single event.

S ‘(“
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Qne could w Mmmm mmm ;‘mdts ‘they were originally
stated. ‘Obvious jprablems follow from asing .English surface structure as the .sole means -of
remembering facts in 2 machine. ‘Paraphrasings:that-mean assentially the same thing would. not be
equal and retrieval ‘based ‘on partial informatien weukd be difficult.  One nesds a canonical
g2 input is mapped
into. The;problems designing and using a representation are.discussed in this chapter. Included is
a description of .the:four major Ww :wes,mesrqpmmm of recurring events, and the
representation of -questions. Also, the ;problems:of muy g Detwemn the Gﬁtﬂm representation
types and the equivalence of temporal specifications i3 discinsed. Tve puoblems of translating to-or

~

representation (or a-few canonical representations) that m&guﬂm! sngus
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k_‘_Sectl n_‘_l: T : l‘_

A temporal specification is a statement that partiafly specifiés, in some manner, the time of

o L

~ one or more events. Examples are:

(1) Three weeks ago Jéhn'had a cold.
(2) John was born June 6, 1966. | e
" (%) Two of three jears after graduating, johin went back to school.”
(4) A few months from now, John will finish lm thesls
(5) After his cold, John died.
(6) John saw Mary a while ago.

Despite the variety in the form of temporal specifications one can make ge;nerg!tzatims about
~them. In any temporal speciﬁcatlon, there are at least two even Q,,bgth J!f ,yhkh ¢an he cpwdemd
" as polnts in ume. and some rehuon between thou events is given l wsa degl e:;dusl,vely wlth the
L‘case of two events, because temporal spectﬁcattons with more events gn usty be represented as a

series of statements conoeming only two events. lcatl the more | event the “event” and the

other. the reference event.” Sometimes. as in sentenoe (I) the referena event “now” is implic

(through the use of the word ago") In date expresstons stigh_ag @unce (2). th‘ refere%e event
in not obvious. Dates basically mean some amount of time after a plnkuhr. arbitrary. agreed
upon, “zero point.” Julian dates, which represent the date et the number of days stnce day 0" are

B
the clearest example of thls view of dates. e |
The representatnon of the trme of events as  points_in time is adeqpate for all temporal
speuﬁcations The duration of an occurrence ts repmemed a the lntervgl its beginnlqg to the |
occurrence’s end Questtons as to whether an event occurred durlgt; ;mather are answered by

paraphrasing the question as, "did an event occur after the begltming of some occurrence and

before its end?” One of the advantages of breaking any happening of significant duration into two
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;éns corresponding to its beginning and end wmmm of a temporal representation is
easier to represent. Each “point” in time mbme a fuazy interval which is interpreted as the
event occurred durhg this interval. The amount that the end follows the beginning might also be
fuzzy, and by a different amount. This situation is mare dificult to represent using ‘events with
durations. The more important reason for chosing paints nvei intervals is that it mﬁﬁes the
methods and thoughts of the time specialist. B ,
We could define a time specification as follows:
time-s pect feation ==> (<cvent> <relation> <reference-event> {<amount>})
Which means that a time-specification is defined as, (denated by “we>"); an event, followed by a
relation, followed by arefmvau, and finally an optional (denoted ‘by;}the "{}7) amount. For
the sake of unifarmity and convenience of processing, a different fm was chosen. A marker
called “TIME-OF" is inserted in the begi.nmﬁg. 30 this object’s type is éaSily ascertained. More
structure was ir_modmeé;md for the time specialist the formﬂ definition of a tl;m specification ls.
unﬁp«t frmm ==> (TIME-OF <event> «m-«pmm» | |
where tmexpm'bﬁ defined as, N
time-expression ==> (<relation> <reference-event> {<dmunt;}).
As stated earlier, the time specialist considers events to be pohts in time. Any occurrence.
with a duration greater than the minimum unit of interest! is broken down into two events, one
corresponding to the beginning of the occurrence; the other its end. This is‘expressed as: |

event ==> (<event-type> <event-description>)

--------------------

I In most of the applications considered, this minimum is a unit of time of one day.
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event-type ==> BEGINNING-OF | END-OF | ALLOF2
The representation of the “event-description,” while a problem of interest to Al researchers, is not

directly related to this research, and therefore it is uwatjy hmdted in maqlbc fashlgn

A) Dates | o | |

Although dates can be expressed in the basic fep;e;epga;ign. for convenience v_an_d\. naturainess
a special representation for date-expressions was desxgnedlts;deﬁoqd ufolbm

time-expresston --; <date-expresston> .‘

date-expression ==> (DATE <date> <fuzz-expression>)

date ==> (<year> <month> <day>).

dluussed earlier, " John

D TS CRR T

“"Fuzz-expression” will be explained later. The “parsing” of the sen
was born June 6, 1966,” is: | .
(FIME-OF (BEGINNING-OF (JOWN’S LIFE))
(DATE (1966 6 6) (FUZZ NIL))).
B) The 'Relative Representation 'l‘ypes
The "by-amount” representation type, along wlm the "mcemr‘ type and the fuuy-amoum

type carrespond to time-expressions of the form:

: o . . , WA LT
Hmeekpression =w> (<relatton> <reference-event> <amount>).

“The:three representation types differ only in the form bf the "amount portion. The by-amount

type is an interval of time, plus or minus some fuzz factor. The amoun' t‘in the intervalyty'ﬁe‘“ls

represented by two intervals of time, which is interpreted as the évent. oocurred sometime between
those intervals. The amount in the f uz;y-amount_type, is an lntervﬂdttme exp;‘essed kln vague
terms such as "a few,” “several,” "nearly one,” etc.. |

2 The "all-of " marker is simply used to easily determine the type of ln evem, and could mtly be
deleted :

19




The by-amount representation type is defined as,

amonRt w=> byemount

by-amount ==> (BY-AMOUNT <interval> <fuzz-¢:ﬁr¢mm>)

intervil wa> {<timesunit> <number>)

time-unit ==> DAYS | WEEKS | MONTHS | YEARS 3
Example (1), "Three weeks ago John had a cold,” is represented as,

(TIME-OF (ALL-OF (JOHN’S COLD))

(BEFORE (ALL~OF TODAY)
(BY-AMOUNT (MEEKS 3) (FUZZ (DAYS 4)))))

The size of the interval in the fuzz-expression is difficult mtm,md is discussed later.

The interval repr'esématim type is defined as,

amount ==> tnterval-amount
dnterval-gmaunt ==> (INTERV AL <tntml> Wnub)

This repm,entmon was designed to represent sentences such .as, "Two -or three years after
graduating, John went back to school" This sentence is represented as,

{ TIME-OF (ALL-OF (JOHN’S GOING-BACK-TO SCHOOL))

(AFTER (ALL-OF (JOHN”S GRADUATING))
(IMTERVAL (YEARS 2) (YEARS 3))))

The interval Irepmentmon is very similar to the by-amount r@pmmion.somada so that there
need not be two ‘separate tjpes. There are two types, however, because the fuzz-expression in the
_by-athounts type is considered only a crude approximation to what.is. meant by "fuzz” or "lack of
exactness.”

The fuzzy-amount representatian is defined as follows:

amount ==> fuzzy-amount

fuzzy-amount =w> (FUZZYV-AMOUNT <fuzzy-expmuan>)

fuzzy-expresston ==> (<quall fer> <fuxzy-number> <timeuntt>)

qualt fer ==> ABOUT | NEARLY | SOMEW HAT-LESS-THAN |

--------------------

3 Extending the time spadaust to uﬂdemmd hours, minutes and seconds would not be very
difficult.
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SOME-WH AT-MORE-THAN | A- BIT- M ygjm INIL
fuzzy-number m=> A-HALF | ONE | ACOUPLE'| A-F ERAL | MANY ] PLURAL

The fuzzy-amount representation type is mtcndd to suﬂ!ce for tamponl spectﬁcatiom such as

" example (4), "A'few months from riow, john will finish his thesis, which ls represenned n. ’

(TINE-OF (END-OF (JOHN’S WORKING-ON THESIS)) A
(AFTER (ALL-OF TODAY)
' (FUZZY-AMOONT (NIL A-FEV MONTHS)}))

The qualifiers and the fuzzy-numbers are exphihed in déﬁﬂ inAppuvdix A

_C) The Representation of Fuzz
“Fuzz” is a term that describes the uncertainty about exactly when ansvegg occurred, pot the

uncertainty of the event having occurred at all. The f uzz-exp is part of ,‘,l,hg_?'datgf: and"hy-

BB AN

‘amount” repre’;ent‘?atrionv types. The fuzz-expression is definedas, =
- fuzvexpression ==> (FUZZ anterwgb). .
- This is interpreted by thetimespeclallst astheextremes. plus%z my!gs that the amount in the "by-
| amount” type or the date in the “date” representatm can Eombly devhte Tgusnastmple md
useful scheme.t |

Regardiess of the representation chosen, howézv&,' there Medstébeaw:yto combine fuzz
from different temporal references. In following chains of évents; Tor exampie, Gne needs a way of

* combining the fuzz of each expression. 1 the curent impkémentation; this is done in the simplest

manner, the fuzz-expressions are ‘simply added togéther. This tehids’ to overestimate the fuzz,

however, this is seldom nmportant enougﬁ to produce answers that di'ﬁer from ‘humans’ remus. |

8l
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D) Cuerently Unrep bie Temporai Specifeations
to the time specialist. Bumpb(ﬁ). "Jobn saw Mary 2 uhﬂugo" is one such temporal specification.
The problem is that the phrase "a while age.“ﬁ is extrenely context-dependent. For example, if
John and Mary live together, the meaning is quite different thmif tm Mve i different countries.

The frequency of tieir being together is only one consideration; if the speaker and listener both
had seen John and Mary a few hours before the sentence was spoken, a different meaning should
be inferred than if that was not the case. Ao, it seems best to put off until as late as possible the
evatuation of the interval involved, since more may be lesrned sbout the context after accepting
“the sentence but before needing it For any inferences. In some serse, the time specialist can handle
éxample (6) by paraphrasing the sentence as, “Jobm aw Mm before now” and maklng‘ no

assumptions about the interval concerned. This is, however, mﬁapmhl solution since there are

* cases where a person will make certain assumptions sbout the interval (Mﬂy with a large fuzz
_fm)aadﬁntMawmmmmﬂhgm | |

E) The Representation of Recurring Events

One very common and useful kind of temparal specification is the description of the time of
recurring events T‘m; type of W{m wes tet, however, incorporated into the time
;pgclalist, This is mﬁsidzred an improvement of the system that should be dwe, akhough none of,
the applications of the time specialist which were implemented would benefit much from it. This
ability would be cmcnl to other &pphmm such as the m ) discussed at the end of

L T T T e R

5 There are many such phrases, a few of which are “recently,” "a bngttme ago,” "in a while,"
“often,” "near” (some everit), and “just after” (some event). -
. : /




 changes necessary to the time
into the implementation. The representation designed is, ' s

A representation was developed for recutring sventy

B faeriily

time-spect fration ==> occurs-spect featton . .

occurs-spect feation ww> (OCCURS <event-class> Wm
event-class me2. <spgn> .

occurx-exﬁnman s> <tzmc-¢xpm:ton>

" This is'not very‘ diﬁ‘erem than for the other represenuums, homar the dlffm bemme more

< i ¥ a ‘( P4 -
T T E RS 3= T BEFOIEL & ST A~

' apparem inside the' date—expresslona Date-expreutom afe extended u'fbfbws.

FaeE Ry W‘Aésmﬁp A

' datc-cxfmsmn an> ( DATE <dat¢> <fuzmpmnon>)

date-ma> (33087-5 flect fiation>smenth %WM)L
year-spect feation e=> <number> | ANY |<pr¢dtam>
~ mouth-spect feation ==> <number | ANY>) <prodicgter .
day—s[m:l ﬁ:cmm m=> <number> | ANY 1<Mcu> '

7 The ma jor modifications are the ‘additions o the ward "ANY md a predicaia 'ANY‘ s 0

| be interpreted as matching anythlng an ?xampk mﬁ! be m ma. "Chrhlmu ls on

“December%th whosenpmenmionts, SR G |
 (OCCURS (ALL-OF cmuvﬂs) (ﬁm (m 12 zs) (suzz nnm |

The predicate can be any LISP predlute that an be applhd to that pounm in an lum betng

" matched. Examples are R EEL A R

Elections are the first Tuesday in November : T
. (OCCURS, (ALL-OF ELECTIONS) (DATE.(ANY 14 (Hxsr TUESPAY) ) | (gyzz MIL)))

John was at camp every sum

Smlm% VL eI o
(OCCURS (BEGINNING=( |

JOHN’S BEING-AT cmn
. (DATE, ((BETWEEN 1960, 1967) 6.21). AFUZZ. (WONTHS, LX) -,
(OCCURS (END-OF {JOWN‘S BEING-AT CANP))

.. ANETER (BEGINNING-OF. (JOWNS. BEJNG-AT CANPY). -
C (BY-AMOUNT (mrus a) (fm (ms mm

’Every Monday ]ohn goes to chss\ o
(OCCURS (ALL-OF (JOHN’S GOING-TO CLASS))

B8
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(DATE (AWY:ANY (HONOAY)) (FUZE MDY

example,

John's bixthday is.exactly one month after Christmas.
(OCCURS (ALL-OF (JONN’S SIRTWDAY)) * =

(Anr.a mu.-or CHRISTMAS) (BY-AMOUNT AMONTHS 1) (ﬁitz unm) |

The reprmnmm b pomtless unms it o he uped by the s

S Q‘J‘E df‘e "g:sq'?\:’v ks

all the .abgve
‘examples had been added to the data base Then if the‘ time speciaust were asked say, "When is
Christmas this mr’ it mld need to mcggg infmﬁm ﬁm;x thig s!?’ is, say, | “1975 and the date
in the occurrence fication for Christmas, TANY 12 g (s

"Could John have gone to camp on J’m W ﬁﬁ yes.

‘mld need to be extended tg. ln addmon t.,o doing a mch »feu:h fof any time q;pnmon

THE wdt s n

:“about )uhn bemg a: camp and then can the equivalmjand muinmem modules, discussed in the
vyncxt section. These modum wauld nm to.be changed w‘chpek to m*lf a prediute is in the dau.-
and if so apply that predima to the value in the comsgondm“poamm In tbis example it would
| mult in the predtute "(betmen MO 1967) bﬂﬂgm o m md mponding true

This scheme would treat recurrlng events as virtual statements d‘ all the times the event am

occur. Of course, in genenl one can not add theu expudfty bnt by the use of the predicates

statements is not clear Also mnshuon between t!us type aad m othm would be a usefu!

extension of the system
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Clearly, the time speciallst needs to know ‘when two tanponl speciﬁatlom are equlvalent.
~ Equality- testing is provided by the LIsP hngulge. however the fouwm:g non—equal expresstom
are considered roughly equivalent by the time xpedalm. B
(1) (TIME-OF (ALL-OF COLD) ’
(BEFORE (ALL-OF TODAY) . o
' (8Y- -AMOUNT (WEEKS 3) (FUzZ (DAYS 7)))))
(2) (TIME-OF (ALL-OF TODAY)
(AFTER (ALL-OF COLD)
~ (sv-nﬁm (DAVS 21) (miz (wﬂ-:xs m)))
(3) (TIME-OF (ALL-OF COLD) -
(BEFQE (ALL-OF TODAY)
TINTERVAL (VEEKS 2) (VEEKS mn
(4 (TINE-OF (ALL-OF cOLD) '
(BEFORE (ALL-OF TODAY) : o
(INTERVAL (WEEKS 4) (wmts z))))
(5) (TINE-OF (ALL-OF €OLD) |
(BEFORE (ALL-OF TODAY) .
(FUZZY-AMOUNT (ABOUT A-FEW weeksn))
(6) (TIME-OF (ALL-OF COLD) R
(BEFORE' (ALL-OF TOOAY)
' (FUZZY-MOUHT (A-B{JM =THAN AW MIHS))))
The number of equ‘ivvakiept expressions of the same fact, "The cold was three .weeks ago,” is very
large. One may wonder if the problem of determining the equivalence of paraphrasings is as bad
here as with English. It is not the case, however, and the time specialist can rather easily determine
‘the equivalence of these expressions.

The first step to solving this equivalence problem is to break thg@mh!un dows into. pam.
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One part is based on-the mesning of mmm'm‘w “same-as.” For example,
the co|d can either be before today or, gquwalently, today can be after the cold. An additional part
of the problem is thax there ‘may be synonyms for the same eveut in, the items. Another part of the
equlvalence problem is concerned with the meanings of the time umts. e.g.. one week. is equjvalent

to seven days Another part is that two expressions can be in difmenz tgprmma types. This

is resolved by the tnns!ation of one item into tl}e type of tﬁe othef and then testing for
equivalence. |

There is another aspect to equ_iﬁalenu thn_tf’ ismngcted with ’me ‘notion of fuzz. If the
pattern bemg used to retrieve items in the data base has a fuzz. x‘m then one would like to
consider those events that occu,rred sometime du:mg t%m tmg; merval as m:tchmg This test of
containment is mtlmately connected with the test of eqnivam Eo: mmpk. if searching for
events whose time of occurrence matched, | e

'(BEFORE (ALL-OF TODAY) (IﬂTERVAL (WEEKS 2) (UEEKSqﬂ))'

the time specialist would accept the items, .

"(BEFORE (ALL-OF TODAY) (INTERVAL (DAYS 20) (DAYS 22)))* and
"(BEFORE (ALL-OF TODAY) (BY-AMOUNT (DAYS 15) (FUZZ L) (SP LI

In addition, a near mtss is treated diﬁemnt!y ‘than !ning far apaft in time

This containment testing is always done in the same tepmmm type. If different types
are involved, one Is translated to the other type. The majority of the mumt mung code is
dependent on which type is ifivolved. By-amount, interval, and date representation types are
handled by computing the percentage of overlap that the retrieved itemt has withthe paitern of the
retrieval. For exampk; the pattern |

(TIME-OF ? (BEFORE (ALL-OF TODAY) :
(BY-AMOUNT (UEEKS 3) (FUZZ (WEEKS 1)))))
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will match

(TIME-OF (ALL-OF COLD) (BEFORE (ALL-OF TODAY)
(INTERVAL (WEEKS 1) (WEEKS 3))))

with an overlap of fifty percent. The fuzzy-amount representation type is handled differently as
described in Appendix A. These routines also leave behind comments about how well the items in

question matched.
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Section 11 The Transeten of Torpers} Secicatons

Wiven mny di‘fferem mpfcmtbn types exist mthm a syshm the need to translate or map
one type into anather exists® This could bedmbymmmedummat can mnshw from one
“representation: type to a different ene. This mld vqutre the fmmber of different nprummton
types times one less than that number of different translating modules, or twelve in this case. This
was cut in half by implementing only those modules that translate to or from the "by-amount”
representation type. The other translations are done ny simply translating the item to by-amount
type and then translating the result into the desired ré,pmenution type.

The translation between the by-amount type and the interval type is triﬁal. The translation
between the fuzzy-amount and by-amount types is based on the meanings of the fuzzy-numbers
and qi:aliﬁers.7 The translation between dates and by-amount type representations provided the
most trouble. Shourﬂ the translation of, saf, _

(TIME-OF (ALL-OF COLD) (DATE (1975 6 15) (FUZZ NIL)))
into the by-amount type be,

(TIME-OF (ALL-OF COLD)

{AFTER (ALL-OF (DAY-ZERO)) |
- (BY-AMOUNT (YEARS 1975.53) (FUZZ NIL))))?
I think not. The notion of "day-zero” is rather strange, clearly not something that the usual person
uses. Explanations based on this concept, without translation to the more normal representation,
would be strange to most people. On the other hand it would provide a uniformity to the

I I T T S .

6 One would like translation to be performed as seldom as possible. In that way, the computation
could be performed in the representation type of the question and facts involved.

7 More detail can be found in Appendix A.
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representation by béing able to treat "qutis'.tagsqgﬁmal relative expressions when desirable. A
‘reasonable extension to the systemvis‘érovki;both l;il;ds of vtran‘shtion. '

It was decided that the translatioh modules, that fap' to and from dates, would ask the
. ant temporal specification 1s
 supptied a referehce event. The above tramstation'to by-amount. with mpectto.say "today” would

fetcher for help. The transtation ‘from dates to & ‘Yelative by-ame

be,

(TIME-OF (ALL-OF COLD) |

(BEFORE (ALL-OF TODAY)
(BY MOUNT (UEEKS 1) (FUZI NIL))))

assuming that, )

(TINE-OF (ALL-OF TODAY) (DATE (1075 §°22) (Fuzz WIL)))
is in the data base. If no reference event is provided'to the trastator, it will pick the special
reference-event closest to the event of the item beifg transtited. “THe trnshter can operate in two
modes, one where it oty Will'do simple fetchies to detertine the amount, and the other where the
"Full power of the fetcher {5 utilized. a |

The tranistation in the other' diréction, from by-amotint type to daté type, passes the “buck® to
the fetcher. The fetcher is asked for the date of Thé event of thé item to be translated and what

‘the Fetcher returns is what the transidtor retarns.
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" Secti “:2 : L

Questions also need to be represented so that the fetcher knows what is being asked. Ideally,
the syntax of the questions woukl be identical to facts, except for markers indicating the unknown
or partially restricted Qart,s. This was accomplished in the implementation, with. a faew exceptions

noted below.8

A) The Normat Question Patterns

Question patterns are interpreted by the fetcher. If tﬁe‘ pattern contains no missing parts,
indicated by ; "?," then tlje Question Is interpreted as "Is this temporal specification correct?” For
example, the question, "Did John have a cold three weeks ago?” wamd be reprumtcd the same as
the sentence, "John Vhadi a cold three weeksk ,‘8°-. The,'di_ggm between them is only in what:the
time specialist is _toldr to do with them, "believe” it or "verify” it. Theamwer in tum is simply the
sime item back again, or "nil,” which has two meanings, one ia.that the answer to the question is
_"no” and the other is that the answer is "I don’t knaw.” In the cases, ﬁnhmvone»r'neds to distinguish
pgtween these 'ca;es, one can easily inspect the answer contexts.

Questions of the fonﬁ “When did some event happen?” have the “time-expression”™ position
filled by a "?". Questions, that are slightly more specific, like "What date did some event occur at?,”
or "How long ago did some event happen?,” are represented by 'p;nlaﬂy completed “time-
expressions.” For examplé. the question, "How long ago did John have a cold?" is represented by,

(TINE-OF (ALL-OF (JOHN’S COLD))

(BEFORE (ALL-OF TODAY) 7))
if the, say, "fuzzy-amount” type is indicated, then it is,

8 There is no claim being made that this can always be done, only that for those types of questions
which the time specialist needs to answer for the applications considered it was possible.
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(TIME-OF (ALL-OF (JOHN’S COLD))

(BEFORE " (ALL-OF TODAY) (FUZZY-AMOUNT 7)))

A variant of this type of question, is of the f'orm, *Did event-a occurifter éveﬁi-b?," where the

amount of time between the events is of no concerh 1o the cafler. Tﬁlsisrepruented as, R

© (TIME-OF (EVENT-A) (AFTER (EVENT-B)))

Another common form of question is, "What happened during some interval of time?" This

15 the "all” events type fetch described Tater in Sectioh 11 of CHapter TIL. "This " is ‘sometimes

representable following this scheme, for efamiple, the question, "What octuired between 2 and 3

weeks ago?” is represented as,

(TIME-OF ? (BEFORE (ALL-OF TODAY) (INTERVAL (WEEKS 2) (WEEKS 3))))
There are cises,” however, which this scheme cannot hin&fe. and antxtemlon to "the .;;ue‘s’tlon

representation to cope with those cases is discussed in the next section.

B) A Fuile; Question Pattern ,

There are three types of questions that require extensions of the representation. of questions
to be answerable. O‘ﬂ_e' of them is for questions with a restricted st of events(dlseussed later in
Sect:‘i’on I in Chapter HI). The second type requires the ;u_»s,fg,_,of; the cmnpargﬂva'ﬁarller*hln'wd
“Later-than.” And the last type requires fhe logical operators “And,” "Or,” and “Not.”

kT»‘he comparatives are used to represent questions like "Was event A v,aifter,,turqing 137" This
question would be represented as,

(TINE-OF (ALL-OF EVENT-A)

(LATER-THAN =

(AFTER (BEGINNING-OF LIFE) _
(BY-AMOUNT (YEARS 13.) (FUZZ NIL)))))
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The way in which it it answered. is to creste ab, Ipthph

point in time when the person in question was I3 and then doing 3 standard fetch of the form:
(TIME-OF (ALL-OF EVENT-A) (AFTER (ALL-OF EVENT-137))).
This‘construct becomes more usef ul when used in conjunction. with the logical operators described
below. . ‘

Logical operators ére needed to answer que:ttons of the type, among many others, -"What
happened l;_etwVceh,v;imev‘em;s?"9 That would be represented as:

(AND (TIME-OF ? (AFTER <EVENT1)))
" (TINE-OF ? (BEFORE CEVENT2))))

If, instéad of events, the qmtmn's form was, "What happened between two. time expressions?,”
then the companﬂvu»demibed above would be used. As ome might suspect the meaning of
not. With the event specified they have their usual logical meamng (which corresponds very
closely to LISP’s "'AND."I"OR." and "NOT"). However when the event is ndf"s;e’ciﬁed'(as in the
~example above) their meaning becomes the set operators ‘of “intersection,” "union,” and
"complement” respactively. These tet operators apply 1o the events, not the time éxi:réssions. of
course. "Compltmem"lséeﬁmdm terms of the group given of the total list of events known to
the system. | | | o |

These extensions to the question pattern could proﬁttﬁ!y be extended to the representation of
declaratives. Th‘evcgmpantives "Earlier-than” and "Later-than" would be convenient, however, by
creating intermediate events one can always operate without them. Thelqml opentor "And" is

--------------------

9 A common special case of this type of question is, “Did eventl occur during event2?” The two
events in this case are the beginning and end of event2. :
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implicitly what connects all the facts in the, daxa baag The upera;or Or ‘would be useful, but
would require signiﬁcant changes to the system, to be able to malnmn thue disjunctions. The
- issue of how complicated the time specialist reasoning should be allofw_ed to be, appears here—-
would an explanation in terms of manf disjunctions combined in compkt ways be h&iérmndaﬁe?
The negation operator "Not” would be very useful, the medical hypotﬁesismatcher(d&ﬂbedin
* Chapter IV) does have to occaﬁonaily re-compute things, since a negation of an item cannot be
“added to the data base!® This extension would require changes to'many parts of the ;ystem.

however, it would not create such complex explanations a3 "Or" would.

I I T I N e T ]

‘10 The addition of an item with the status "not to be believed” wlll“h& work It does not mean
that the system should believe the negatlon is true only that it shoukl not hclieve th&.wt to
‘ive true.
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Section s Overview

The time specialist performs three ma jor functions, First, it accepts new temporal references,
checking that the new facts are consistent and updating special data  structures. The second
function of the time specialist is to answer questions about the facts in the data base by fetching
items from the data base and making inferences. The time specialist: can inwet three types of
questions. These types are sufficient for the representation of the essence of a wide variety of
superficially different requests. Tﬁe three basic types are:

1) Did event X happen at time expression t? !

2) When did event X happen? v

3) What happened at time expression t? |
As we shall see later, the first two typei of fetches are dealt with in a similar manner, while the last
one requires spécia, 'mhod; and data structures. The third function of. thg time specialist is to
undo the effects of having believed those items whose status is put in doubt,

The performance of these functions is greatly itﬁprovad by organizing the facts. The time
specialist organizes f acts primarily in the following three ways: |

‘1) by dates and a temporally-sorted "date-line”

2) by special reference events such-as "now” and "birth"

3) by before-after chains or sequences of events
Various methods use theie special data structur;s to answer qugstlom, other methods maintain
these structures and dhm correct them when a fact is no longer believed. These organizations for
the times of events are also a means of conceptually organizing the methods or functions of ‘the
time specialist.

1 The time expression is varied enough to cover diverse questiom such as, "How long did X last?”
or "What happened between X and Y?*
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The question-answering ability of thetlme specialist is embodied in a 4,s¢_t_,,o£,_grograms ,
collectively called the fetcher. The tasks of the fetcher are to accept a pattern which specifies a
particular question, to interpret the pattern to determine the type of question involved, and to select
one or more appropriate methods for answering the question. The fetch?r has a rather large
number of methods at its disposal. Each method is an independent prdgrirh which is designed to
answer a particular kind of question by making use of a particular vorgamuuon of facts in the
data base. For example, there is a method which is designed to msﬁer questions about dates by
making use of the date line. If more than one method is available then they are applied one at a
time until one of them can answer the question.

When the user wants to add a temporal specification to the data base the inconsistency
checking methods are applied to that item, and if they accept it, tt_n'otﬁer methods of the fact
organizer are applied one at a time. Associated with each fact are the names of those methods that
were applied, so that were the same temporal specification added hter'only those methods that were
not applied previously are applied. The methods that are to be appﬁed are ordered in a list so it is
very easy to enter an item into the data base and have only some of the permissible methods
applied and in whatever order desired. If the item’s status is later changed to “not to be believed”
then those methods of the error corrector that undo the effects of the methods applied to that item
are invoked together with more general error correcting methods. In the following sections the
various methods of the time specialist are discussed. Many of these functions can be organized by
the special data structure they are associ;ted with is visuallj depicted in Figure 4. Before these
methods are described a slight digression discussing the ways in which open questions are handied

is presented.
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put figure 4 on organization of facts and functions here
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I cail: open questions of the: type, "Whit ‘events occurred httite aimsmn‘t?' "aft* evénts
‘nd *Go-thid-an-

events-known." An "all” events type fetch is slightly ambiguous; in that the caller may want all

type fetches. They are answered by the

events that fit that pattern or only a few to think about and maybe more later. Even more of a
problem is that there doesn't seem to be a human equivalent to the question "What were all the
events that happened between, say, two dates?” One does not literally mean "all" events; one
generally means all or some events in some sort of semantic group, for example, medical symptoms.
One normally does not expect an answer including events from many different :em.antic‘domalm.
Two different mechanisms were developed to cope with these problems. One is to consider
the fetcher for these types of questions as a gr_p_cg thai returns what uch method finds as it finds
it and can be resumed to invoke other methods. For example, the method "Use-chains” may be
invoked by the fetcher to .fmd events that match the time expression of the pattern. Its answers
will be returned to the caller, who can ask the same question again, in which case another method,
if any are left, will try to find events and return those found. The other mechanism, spechl to “all®
type questions, makes use of what group the events are to come from. Depending on the method,
the time specialist would call a (hypothetical) group specialist asking if an event was in the group
in question or what events are in this group. The group specialist may in turn call on the time
- specialist to help it grbup events on a}temporal basis but this would bek exceptional. As an example
of event grouping, the question may have been, "What signs and symptoms occurred in the last two

weeks?” “Going to a friend’s blrthday party,” even if it oocurrod within the last two weeks would
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not be an appropriate answer to this question. As described in the following sections some methods
will be greatly aided by the group filtering of events while others will use it only to throw away

inappropriate events already found to fit the question pattern.
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The simplest way to answer a fetch is to kmt{ithﬁ-”‘&w%w already. The,method
"Known-already” handles this case. It dwch«m fr equivalent. meany of expressing the same
thing in one statement. For example, if the system knows that Event, Mmfm Event B by 3.0r.4
days, then "Known-already” would be able to answet the,questiog _jwnimkwmﬁw Aby
o, chcks for syvanyans.of
the end of the strep infection. This is different from expressing thiz.A3.2 Hime expression where
»Vthe temporal refation is "same-as” If someane says,.’l-had ap, gxam.the same day my. stigp
inection began” his does not mean tha the having of. the exam.and.the hegigning of the srep
infection are the same, only that they occurred at roughly similar points in time. , The operation:

about a half a week?" In additien, this n?thgnq,b_ll&evgtg!{;pggtw -maghs

PR 4

i

differences within the system are significant, the mogt i

refation “same-as” can increase the fuzz or uncertainty.of an, inferencs.

_This method like the oshers will transiate between;different representation
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One- way that pedple-and the rime: specialist organize events s by their dates. When a time
of an event whose date is not explicitly known is entered into the sym and the time specialist is
L diretted ther it ammpts to discover the date. If a date is t‘ound it is added to the data base
and to a temporatly somd’ date-lire. Dates are very useful for e?uﬂy d«ermmmg‘the time of event
refative to some other event. The date-line is used to answer questiom about what happened
during a particular nmerval (the "ali™ events type fetch) The dzw-ﬁne, were lt eomplete (ie. the
dates of all events are elther known or computed), would prbvi’dez fast access to all events that
occurred within' a specified interval. Unfortunately the date-tine uwally is not complete and so

provides access to many, but ot a1, ‘events and other methods and data structures a'f'e'?’;\eces\sary for

“questions of this type.

The following sectionis describe the methods for answering questions involving dates,

methods for deducing dutes and’ mainthining the dite-line; and a methods for correcting the date-

line If it 1$'bused ot 1o tomger befieved Facts. It shoifld b reinemibéred that enough information

to deduce dates is not always available, in which case the fetcher will use other methods and

organizing structures.

A) The "Know-date” Method

When the time of an event relative to another event is desired the “Know-date” method will
quickly deduce the answer or fail fhcreby allowing other niethods a chince at solving the problem.
This method does a simple fetch (the same as what the ';Kno\énﬁlriady' method above does) of

the dates of the event and reference event and then sﬁbtratts them. Like many others, this method
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has a version which enhances this simple feich, by applying the. £yl power of .the fescher
recursively Because the time. specxalist is recursed by these mm lhey Are. called . recurpive

mMm applisable during

methods, however they need not call themseives recu;unel; for thy

the second call to the fetcher. “Try-inding dates o,

‘ logic as Know-date however ln gettll\g the dates i{ recurs

. problems of fmding the dates of the event and referma event, 'l:m; ethod recyrses. the \vhalc
| szmm but will not be ca“ed upon a secongl Mme since it q%m&y{q te!;tpgc Mime

vvvvv

wm succeed in ﬁnding the dates

© B} The "Compare-datés™ Method
~ This rmthod apphies only wheﬁ one’ does not ‘care about” the wnporaFdistances between
Bayall _ﬂm m};gd%m»che date

There are two_varleties one does a simple f‘etch and the qmq

3 then throwing away the amount, however that didnt uem to be 2 very natyral or eﬁcm way to

of the events. Nouce that tms method could have bcen mp

solve the problem.‘

aaaaa
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fook for the-date of that titve enpression’s reference event and add or subtract the a&ﬁa&mt of the

*thitie éxpression: For example, wppmthtsym Mp«vmiyﬁm ‘oM (or dtduced)
(I) A week after the sore. thrm[hldhm“hu,am :
m»mmzm Warets 21, 1978,

To answer tie M “What date were tfn teaed M 'FMM«Wvamvum

for-date” would find: mm faet, then iaok fwthtdmof thlmthfmt and ﬁnd the second
| 'fm It woirld: therr add oe week to the-date-of the sare throas and return the answer. There are
four variations‘of mm Ore where wmrm msmpk ome where the ﬁnding of the'
date of ‘the reference event recurses the sym "oe where the ﬁnding of the origmal “time
expression recurses the system and one whm both feu:hes are rmmive The latter two are of
dubnous value since they uwany reqmre much compum bmn thc refcrm event is not

speclﬁed reqmrmg those methods that sarch thmgh the mure d:n bue to. be called upon.

D) The"Use-dafe-ﬁm"’ Method

“To answer an’ all" events type fetch "Use-date-ine” tries to akulate the dates involved in
‘the pattem Gf they are not already there) and then Iooks for the pomon of the date-line that lies
“between those dates. For example, lf asked, "What happened sineeﬂtﬁe sore th throa:?" "Use-date-line
“will try to find the dw! of the beginning of the sare thrutt znd tcdays date and then rcply with
the events that Tie betwen those “points on the *daee-ﬂm It then throws 3 amy evems that are in
that portion of the date-une that are not of the ‘correct group (lf there is one). Thls ls
unfortunate since it is more nam;al and emcteut never to. hm mﬁm thon gmu One
solution is to have the "Maintain-date-line” method intenct \mh a ;roup qu:iaust. thereby
enabling the construction of many “date-lines,” each containing events only of the same (or closely

refated) groups.

"
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E) The "Add-date” Method

The function of deducing and adding the date of an event to the data base is performed by
the method "Add-preferred-type” which adds to the data base items corresgonding to the incoming
items, except they have been translated to a preferred type. If the preferred tybped is "dates,” the
translator 2 calls the fetcher and the date is obtained by one of its methods. The preferred type is
chosen by the ‘user of the time specialist. If an "Add-date” method is desired then the preferred
type merely needs to be set to "date” and the "Add-preferred-type” method activated. The function
of adding preferred types could have been performed by the parser in most cases. In the interests
of modularity, however, it was decided that the parser should choose the representation type on the
basis of the natural Iahgu_age input. If, for example, the input contained the expression, "a few

weeks” then "fuzzy-amount” would be a reasonable choice of representation type.

F) The "Maintain-date-line” Method

The date-line is represented by a list of lists. Each list consists of a date, a pointer to the time
specification that indicated that date, and the event type. To maintain this date-line new facts
when entered into the system, are checked to see if they are "date” types. If they are and they have
not already been entered into the date-line then "Maintain-date-line™ creates an item or two and
inserts them into the date-line. When the incoming fact is fuzzy the upper and lower bounds for
fhe date are computed and each are iinserted into the date-line. Thus fuzzy dates are essentially
represented as an “interval” as opposed to a point on the date-line. Items are inserted into the date-

line so that the date-line is always temporally sorted.

2 A description of the translator can be found in Section III of Chapter II.

7
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C) The "Fix-dateline” Method

This method is invoked by the error corrector to keep the date-line correct when a fact’s
status is changed to "not-to-be-believed”. Since one of thcehmemsof an entry in 'tﬁe data-line is a
pointer to the fact that it depends on, "Fix-dateline® an casily update the date-line. It goes
through the date-iine looking for emtries whose fact pointer corresponds to the doubted fact,
removing them. These pointers were included in the date-line for ease in use, however, in this case
and inmany others, it is clear that keeping the basis for a deduction is very useful when old facts

become doubted.
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‘ vSec ion V:

Another way of otganlzlng the time of events in one's metmry is to link the evem; to
“special reference events®. Special reference events are events that are often referred to in glvlng
the time ‘of another event. Common special reference events are "'birtb and “"now". Each
-application will typica"y have its own speclal reference events. such a the onset of the illneu in
medical applications. The method "'l'ry-using-spechl-refemcmenu “tries to use these common
links in answering fetches. The fact organizer’s method’ Add'specnhefermoe-event-link creates
these links so that they will be even more common. The chokce of whtch events are speclal
. -reference events is preseritly made by the user of the time spedam The list of specm refcrence
events could, however, easily be determined by-the, time spedalm based on 'how often events are
referred to by other events. | e |

There is an interesting analogy between the time specialist’s special reference events and

Minsky's notion of capiﬁls discussed in his frame paper (Minsky 1994 He makes the analogy
between a frame system and the roads of airline routes. 'One does not in ,genenl kno\_v how to get
- from one place (event) to another (reference event) dlre&lylmteadwknows how to get fromone

_place to a major “capital® (special gret"ei?ence event) and how togo between major ‘&p“itals:

A) The "Try-u‘singgsg\ecigl-égfmqu-gventfs' Method

Suppose the system ﬁad be told, “Three weeks ago John had a.cold, and two waeks ago: it
was over.” To answer the question, "How long did his cold last?” it seems natural to slmply subtract
two weeks from three weeks and respond "one week " rather thm cak:uhtmg the dates of the

beginning and end of the cold and then subtracting the dates. And cle;nrl_y there are many cases
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where one does not have-a.cheice wmwmw sentence was spokeﬁ is
unknown.

’Try-usmg-specnal-referenceevents tries to find a referencc link (using a simple.fetch like

Known—already') from both the event and the reference event to the same special reference event

and then subtracts the amounts involved. lf it fails in doing this, it looks for any special reference
event %mk and M tries !o ﬁnd medhtmbamen the special reference links. For example, one
may know that, 'Three ‘years ago, jdmgmdmwd from college, and John.started college at the age
of 18". Then to-determine how much time john spent at roliege; we notice the special reference
event link between the beginning of college and birth, and another link between the end of college
and now. We next try to find the distance betwesn the two special reference ewents, age in this
case. Typkast&y’the links between special reference events do exist because of the impartance of
each. | N |

There is a "'re_cur«,i,iVe" version. of Try—uﬂng»mbmfmm‘ which. is ca&l?d, "Fry-
‘&ndmg-s'pecial-rgferepce-eventjlinksf‘. _-This_one recurses the system to find the relationships
| between the events and the special reference events and if mceswythgreh.tmshlp between two
of the spe;ia| reference‘ évmts. This could at the worst result in two.times the number of spmtai '
reference events plus one number of calls to the fetcher. So that this method wm not be called
recursively on the second call to the fetcher thls method wm not be appltéd when one of the events

isa special reference event.

B) The "Add-special-reference-event” Method

This method creates links to special reference evem;i{mc exist. "Add-special-reference-
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event” first checks to see If the event of new fact being emeted lnm the system is already
referencing some special reference event. lf it is not, then it attempu to ﬁnd the special reference
* event nearest to the event of the entering fact> If'Add-‘s’p‘e‘dalore!efmce_-event succeeds then that

tink is added to the data base. Notice that this miéthiod will not opérate recursively after it adds the

new link to the data base, since this new link already referetices ferences & ‘SpEctiT reference event. e

N IR IR

R R I B R e R

3 Chosing the special reference event by its vicinity to the event of the entering fact is an heuristic
that is usually right, but clearly other semantic features should be taken into account.

™
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7 Another form of érgani;mi‘mp employed Iry the time. spe
after” chains. Such a chain 'pg:curs often in & sory where. the principel-events form a sequence. For
example, suppose the system had been told |

1) Event A was a wcek before event B.

2) Event B was three weeks before event C.

3) Event C was a menth before event D.

4) Evenit A was two months Sefore event D.

The time speciatit would creste the chain "(Event A, Event B, Event C, Event D)" and would note
that in following the chain it can take the short cut from Event A to Event D.

In the time specialist the construction of chains is performed by the method "Maintain-
chains”. Various methods of the fetcher use these mm@; they are “Try-follewing-chains,” “Look-
at-chains,” and “Use-chams“ The first two are able to answer questions where the event is
specified, the last one tries to discover some of the events that occurred during a given time

expression.

A) The “Try-following-chains" Method

"‘i"’r‘y*foﬁowing-aﬁa‘im‘ tries to use these before-after chains to and' relationships betw?en
events. Its ‘basicbpemiénb is to look for a chain that contains both the event and the reference
_ event, then try to find short cuts in following that chain between the events, and then combine the
temporal amounts between successive events in the chain. There are basically two kinds of short
cuts. One is when the symm had been toid about, or deduced, a Hnk between events in the chain

such as the link between Event A and Event D in the previous example. The other short cut.makes
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use of the special reference event concept. "Try-following-chains® looks for links to special
reference events along the chain and tries to find a path that links to a special reference event and
then back to the chain. If the linking back to the chain fails then a link from the special reference
to another special reference event is searched for and another attempt to link back to the chain is
made. One reason why linking through special reference events is important is that in following
long chains with fuzzy information considerable inaccuracy is introduced. Links between special
reference events, however, are often known with great accuracy. (For example, age, the “distance”

between birth and now, is one such link.)

B) The "Look-at-chains™ Method

This method is. appropriate only when the question pattern asks about the relative order of
events not the temporal distance between them. This method simply llooks at the before-after
chains for a chain with both the event and the reference event. It then does a special check for
the case that the chain consists of only events that occurred at the roughly the same time. If it is
not the case, the answer to the fetch is implied by which event comes first in the before-after chain.
This method is similar to "Try-following-chains” but is not concerned with computing the distance

between the events.

C) The "Use-chains” Method

In a similar manner to "Use-date-line” one can use before-after chains to help find some of
the events that occurred within an interval. In the case that one wanﬁ to know what happened
between two events, this method finds all the chains that contain both events and then returns

those events between those events (minus those of the wrong group type). If the time expression of

8l
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the.question:is not-of e "between two events” form but'is bqtménmume expressions? then one
could create temporaty events thut are defined to Kave aéurred at those time expressions, add them
w-»‘the"daw’-rhn%avid:;*’theﬁi%usei the above procsture. This Was nat irhplémented in the 'prés;nt
version-of the time. specialist-because “temporary” evénits woul éither fill up before-after chains
(and other special data structures) with events of orily limited interest or require the creation of
* temporary copies of these structures for each ques‘ﬁon of this type. Tﬁis' method would perform
better if the chains were groupedvtogether semantically by the following method, "Maintain-
chains,” in'teracting wit;\ a group specialist.

D) The "Maintain-chains” Method

This is thaamo;u'cpmpﬁmed method of the fact organizer. It maintains a structure of
before-after chains that is vealized in the computer by a 1ist of lists. Each list is of the form:

(<eventd> <event2> .. cevent-n>) |

where evént-i either immediately precedes event-i+J; temporally, or the two events occurred at the
"same” time. In addition, there is a data base conitext aﬂéd"]ump-nnks"itﬁat contains links
between events in the same chain that are far apa.r'L' In terms of the p}ev'ious example "Maintain-
chalns_" would have created the chain, "(Event-A Event-B Event-C Event-D)". “The item *(Jump-
link Event-A Event-D)" would have been added to the "Jump-links® context. - These jump-links are
useful for finding the shortest path_ between two events in a chiin.

Mlaintaining this structure is complicated, howgve& the tgsk has little intellectual interest.
Procedures must create new chains, merge old chains, insert events In;o :chains. break apart old

L I . . TR T R

4 Before (or after) one time expression can be considered a special case of two time expressions
where the missing time expression is either the beginning or end of time.
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chains, aﬁd add to the "Jump-links® context. As implemented this method has the property that
the structure of chains it creates may differ depending on the order in which the facts are told to
the system. This is a consequence of its local thinking (i.e. only what event immediately precedes
or succeeds another). Were it to follow its own chains in deciding whether to link up old chains,
the structure it creates would be identical for all permutations of the incoming facts. One defense
of the present version is that humans, when building chains are influenced by the order of the

facts. Another defense is that it avoids many costly deductions.

E) The "Fix-chains" Method

When a previously accepted fact's status is changed to "no longer believed correct,” among
other things, the chains should be corrected. This is handled by the error corrector’s method "Fix-
chains”. In our pfevious example, supposé later that "Event-B is before Event-C" is doubted then
"Fix-chains” will destroy those chains containing both Events B and C. If the chain can be easily
saved as in the cases where both of the events in question are at the beginning or both are at the
end of a chain, then the chain is shortened in the appropriate manner. If the events formed a
"jump-link" then that also would be destroyed.

A slightly better way of correcting chains is to break each chain involved so that the chain
from the beginning to the first event in the doubted fact and the chain from the second event to
the end of the chain remain. In our example, this would leave the chains (Event A, Event B)”
and "(Event C, Event D)" and the jump-link would be unaffected. Were it the case that a jump-

link or a resulting chain was based on a fact that was deduced using the doubted fact, then that

fact would also be doubted (as described in the last section of this chapter) and the incorrect chains
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and jump-links based on it would be destroyed. The simplier approach of destroying chains,
however, is the one that was taken. The unnecessary destruction of a few chains will, at the worst,

‘resutt in only slightly less efficient fetches.

F) The "Chain-too-vague” Method

If someone were to tell a story where one event happened after another after another to a
rather long length and one expects to need to know the amount of time between two events far
apart on this chain, it would seem reasonable to ask the story teller to provide a few extra links.
The point at which one considers the chain too vague is dependent on the length of the chain, the
fuzziness on the links between successive elements of the chain, and the accuracy that one needs to
know the refation between far apart events. Also there is the Que'stidn: of when to ask, when the
first fact comes in that makes the chain too vague, or when one neeés to use the chain and decides
that is is too vague, or both. As presently implemented this method is very simple, it only applies
when a fact is entered or re-entered causing a chain to grow and the criterion for vagueness is only

the length of the chain.
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Section VII: Last Resorts

- When all etse fails there are two "brute-foreef methodsleft :‘ ";\Il-out-search" doer a
“breadth-ﬁrst' search to find the time of an event relitlre to anotherf"event.» When nsked‘for' those
events that occurred within a particular'tnterva.l, the"':(’}o-thyrnQa‘ll-known‘-.e\rents;method aeks the ,
fetcher whether an event occurred within the interval for all knowneun“ Both of these methods
are very slow with normal data bases. Only if an answer ummtmm methads have

failed should-they be,userl.

A) The "All-out-search" Method

The "All-out-search” method inlthte: an all out breadth-ﬁrst eeerr:h5 from theevent‘ and
continues untit rhe reference event is reached (or there ere no more paths to search) Were it not
for the pecullarittes of the "Date” representation type, this method would be adequate for all _
fetchesB If there is someway to get from here (the event) to there (the reference event). tt wlll ﬁnd
it. The chain that it finds, whtle'it will be among the xhortest pombie. my be le:s than optimal.
One objection to the chain is that it may follow much more fuzzy uncermn links than other
methods resulting in such a vague answer that it may be worthless. Another ob jectton is that the
' chain need not be a natural path for humans. It may go from some event to another that would
seem odd to any human observer. "All-out-search’s” exphnatlom may be a Iittle blurre if it follows

a chain that is far from obvious, and the events in the chain have no natun-l ﬂow from one to

5 A breadth-first search in this case means to ﬁnd all. the evenc thatm linked to the event, and
then for each of them find whar they are tinked to, and then repeqt for each o! those events found.

6 It may, however, run very slowly, exphrtng many dud-end pahs in- themph
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another. This is the only methiod thet seéms 1o depadt from human behavior, as a consequence its
reasoning can often’ be peculiar. Evaluating the worth of thnsmethpd brings :“.P of the‘vissue asto
what exte‘mt’ ‘t;w A‘ﬁmé spectahst should mimic tumans.] Ckﬁrly at Atimes{_ all one cai:és about is the
answer, and if this‘ method can deliver when others cannat, it should be used, but if explanations

or efficiency are important in the application, then this mgthod\ should be used sparingly.

B) The "Geo-thru-ail-known-events™ Method

This method: is quite unlike the other methods for "ali® events type questions. The others are
driven by the question pattern, this one is driven by the “event” pattern. It finds all events in the
group subtracts those aiready considered by previous mhcds‘(typi'qllyv'llse-da‘:'e-hne' and “Use-
chains”) and then one bf‘one goes througfa that list of events rawmng the fetcher with each event
~or reference e‘vvem) speciﬁcd in turn. In the{;a:e that the-qumﬁq;gf events in the group is ra;her
small this method is quite reasonable, however when the group is 'hrkg‘eﬁ {or‘ unspecified indicaupg'
all known event's)rit is-véry slow Vand often partial computations within each individual fetch are
repeated since thg f et}_c!\:er‘does not know abput what is to come,_gnd does not make much use"vof
what came before.

Fbr example, suppose the fetcher was asked for alt symptoms that occurredin the last week.
-G&thm-a|l;knwn-gymts- would then recurse the‘systet_q for uch symptom known (typically it

would also- subtract those symptoms already discovered by other methods). If the remaining

.....................

7 It should be pointed out that | deslgned the time specialist to reason, when possible, in ways that
I think -humans do. Tlere are several reasons for this decision; among them are intelligible
explanations and justifications of ‘answers, ease of understabding, debugging and modifiability,
many problems are such that a “right” answer is judged only by whether people accept |t or.not,
and the possibility of ‘shedding some light on how humans perfoin Fhese tasks.

2
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symptoms were "sore throat” and “"edema,” then the recursive calls to the fetcher would be, "Did the
"sore throat” occur within the last week?" and "Did the "edema” occur within the last week?” These
recursive calls to fetcher would be handled by other methods, since "Go-thru-all-known-events” is

not applicable to questions where the events are specified.

87



Kennéth Kahn

e ke T

One uufui method of orgmizatwn of ml facts tm; m aot kworpputed into the time

: specaahst is the use of periods History books m a!g:mz mdel fa: th;s fwm of prgamutm
Events are grouped into periods which in m are often grouped into larger periods (sometimes
called ages") Sutements can be made about the temporal relation between groups at the same
level These hlgher-level temporal speclﬁcatium an be used in inferences about the lower level
facts For exampk one may be tald that jutm broke hts leg when he was a child_and again when
he was a m:ddle-aged man. If, in addmon. it is kneum that cmldlwod is umlly from O to, say, 18
years of age and that middle age occurs between 40 m‘d 63 then some vague answers to questions
about the temporal relation between the two times that John broke his leg can be made by
~considering the periods involved; The specialist as presently implemented can easily handle this
pr_oblem without -éeriods. however, special structures for repmentmg the hierarchical structure of
the situatlon.shbuld aid in avoiding unnecessary searching and.deductions in many cases. The
way a method des‘igned to make use of periods would solve this problem is by noticing that both
times John's leg was broken were within periods. So‘the problem is rephrased in terms of thcse
periods. Since periods are often used to answer questions and they are few in number it'can be
profitable to have already made many deductions about the relations between the periods. In the
prevliou; example, it mﬁy be th.;u the relation between childhood and middle age has already been
discovered. | |

Another use of periods is to restrict the search while answering questions. If it can quickly

be determined from analyzing the question that only one or two periods need be considered then
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events in other periods should not be considered. People when: faced with questions, for example,
about their childhood do not usually eveﬁ think about eveﬁu that occurred later in life. Clearly
there is a need for /5nother special data structure to capture the stmcmre of periods

As described in Chapter 1V on medical diagmus this use of pmods ls very common in
medicine. Symptoms occur within phases, and phases occur withm dlmses Had the time
- specialist been extended to include methods that made, use of. periede and maintained: special data
structures for periods the system \mu‘!d probably. have. funciioned muehmore efficiently. This
extension to the time specialist, however, will nat increase thq ;mp!pﬁ p:obhms the time speciadist

can solve, only its. p:rformancp in.those it alrugymm _,.
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The problems of determumg that order are dixtmed ext. l-',_ lowin h;\tl!atf_‘ isa anussim of how

the methods cnuld mtmct and the beneﬁts that would mult.

A) The Order of the Methed's Application

When the time specialist is asked quem various methods are avaitable. The first
decision to- be made is which omes are ippmpﬂtu m themrm lmphmmtition this choice is
dependent on two thmgs. One is the Wﬁ&m type of the W pattern and the other
criterion is whether the events are specified in the pattern or if the events fitting the time
expression are desiréd (i e. "all” events type Wﬂ. The next problem is to determine the order
in which the methods are to be tried. Presemly the decnion is based simply on a default order8
Other factors, such as regularmes in the data base and which of the fact organizer’s methods are
in effect, would, in an ideal system, influence the default order of the methods. In a more
intelligent system, the question pagt&n would be analyzed more fully, and based on what is known
about tbe_ events in the question pattern, the order of the methods would be changed for each
fetch. |

Another crrite'rion-'fdr deciding which methods should be considered appropriate is the effort
the caller want$ pu.t‘ in';o'a task. Clearly, the time specialist can not know how important any

particular fetch is. For this reason, an effort measure can be passed to the fetcher. Presently this

8 Modifications to the time specialist so that it changes the defaukt order based on its estimate of
the cost effectiveness of the various methods are desirable. This was not done because of the
difficulties in debugging code whose behavior changes in such a way.

"
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effort measure is approximated by the amount of CPU time necessary to cpmplete a fetch? This
‘would clearly be useful, for example in the present mnus application. since certain expectations
associated with a disease are rather unimportant (such as the durationi ‘of albumia in AGN) and
others are so important that the system should do ail it can to confirm ordisprove (such as the

~ duration of the latent phase of AGN). SR

B) Possible lnter»'a»ctions between’M‘gtho’ds
The various methods that the time specialist invokes to answer questions do not communicate
with each other. The efﬁc’.iencyA of the time specialist cou!dbesigniﬁcantly improved, hqwevgg;,, if
:subsequent methods could make use of what previous. pmhlly sumfut methods had, discovered.
For exampk- methods need not recompute partial answers if prgvious fmethods already. have
computed them. Also, the previously-invoked methods may have duqovered some characieristic of

the data base indicating that the order of the method_ invacation shoq;d be_altered for. this
| problem.

The pitfall that must be avoided in allowing methodsto communicate is tﬁa_tg;p_gy_gglust
remain independent’toﬁpresen;e‘ the modularity and medifiability of the time. specialist, The ideal
medium of communication is the “'an,swer-;ree" contexts ~The methods normally leave comments

| here about their success or reasons for failure. They couldunly leave comments about partial
answers that other methods could look at. No method need neccmrllyluve comments nor look at
the comments of otheﬁ, and mpdu!;rlty is pr?sgrygd since thennﬂ??odscan make use of the
information without regard to which method discgyverefiﬂit. N

--------------------

9 Other more sophisticated measures can easily be imagined, taking into account other machine
resources and real time response.

9l
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Section X: More about the Mt ads -

When a fact is added to the system, many different methods can be applied to that fact.
Which ones should be \Mrmined by the application, by the relative. frequency of “fetches” and
"adds,” and by any biases to certain representation types or erganizational structures For example,
an application of the time specialist that required very many fetches and where dates were very
common would have the methods that maintain the date-line ind deduce ’thejdate of the event of
the entering time specification activated. These methods of the fact orgihiiér are ordered, though
the ordering need ‘oﬁ?y ‘be a partial 'brdering.b The "Maihmn-dak-ﬁne" method, for eximple.
should always be applied after the "Add-date” method, though "Maintain-chains™ and “Add-
preferred-types” can be applied in any order. |

?@rﬁa’ps the m ‘important method that is applied to incoming facts is "Look-for-
' inconsistencies” which Tooks for inconsistencies that the incoming fact might have with previously
accepted facts. Beforc-;fter chains, the event-list, the date-line, and statistics are maintained by
their respective methods. The three different types of time specifications that can be deduced and
added to the data tjmiSc are the preferred type, the duration, and the évént_ relative to the nearest
special reference eveﬁt, In addition there is the method 'Chninidd-ﬁ:gué"that complains wheh a
before-after chain becomes too vague.

While these methods were desigﬁed with the idea that bth‘ey be applied when the fact is being
entered into the systemn, this need not be the case. After achmethod ﬁnish?s it notes that it has
been applied to that fact. At any time later the higher level sym can isi& the time specialist to

think about a fact, and those methods that were not done earlier will then be invoked. For
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example, if some module decided that a dgtczlipe would be very useful, ltm;uld turn on "Maintain-
date-line” and re-tﬁink all the old facts so thba‘t‘ tﬁe dtte-line’will be as complete as possibE. This
seems reasonably common in hutman thinking, that the implications of a Tact are sometimes made
long after being told about that fact, and yet not in respoise to any particular question. Also in an

application where the system would have spare time, it could use that time to deduce things that

~ will speed up the fetcher later. Notice that this mechanism of intthatlmethod was
already applied to particular fact needs some iitelligénce to be sure that'fhe workd has not changed
‘sufficiently to warrant the method being reapplied, Each method is résponsible for determining if

it should be reapplied to'a particular fact If ‘that fact is f&entered into the system.
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Section XI: Maintaining the Cbauneaq'éf the Data Base

In addition to accepting temporal_ specifications, the time specialist attempls to assess the
~ plausibility of an in'comigg statement and its consistency with statements already in the data base.
Consider the following facts: |

(1) The cold ended last week,

(2) Three weeks ago there was a party,

(3) A couple days after the party the cold ended.
If the same cold and party are being referred tq, the “fuzzipess” of the expressions is. not
sufficiently great to account for the discrepancy among these statements. .We would like the time
specialiit to recognize and correct the situation if possible. In the following sections, I will describe

the methods that search for inconsistencies and the way the methods of the error corrector handles

those found.

A) The "Look-for-inconsistencies” Method

The detection of inconsistencies like the one above is simple to implement. All "Look-for-
ln;oﬁsistencies" needs do is call the fetcher with the pattern being the new fact (this must be done
before the new fact has been entered into the data base or deductions are based on it). Three
outcomes are possible, one that the fetcher indicates that the fact was aiready known, two, that it
didn't know enoﬁgh to answer the fetch and the fact is accepted (it may be contradicted later but
that should be detected by the application of this method at a later time or by the fetcher), and the
third outcome is that enough is known to determine that the new fact is inconsistent with what is
already known. In this la_stvcase. the inconsistency handler is called. Notice that an inconsistency
need not be a real one, it may be that the events are being referred to are different than the ones

known in the data base.
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B) The "Look-for-beginning-end-pfoblems" Method

Another possible inconsistency that the above check will not catch is that the beginning of
an event cannot be after the end of that event. This is handled by.asking the fetcher if the
beginning of the event of the new fact is before the end of that event, and the results are
interpreted as with "Look-for-inconsistencies™. Notice that this method, like all the methods of the
fact organizer, is optional and, in the time travel story understanding application, should not be
applied to time-travel trips. Also the larger problem solving system using the time specialist may
decide that time should not be spent checking for inconsistencies without reason for being
suspicious.

This kind of explicit consistency checking has been criticized because such problems should
be discovered while doing something constructive. The author fully agfees with this view and in
the case of "beginning end” problems has a reasonable alternative. There are at least three times
that this kind of inconsistency can be found in the process of doing some constructive reasoning.
For example, while adding a new event to the before-after chains or date-line it would be very
easy to consider the event's type and check while building these structures for this problem. An
even more appealing example is letting the "Add-duration” method handle this. This method tries
to determine the duration of an event and could very easily call the inconsistency handling routines
if it discovers a negative duration. Notice that using a scheme such as these makes it more difficult
to selectively “turn off” such checking. For example, if a trip through time caused an inconsistency
of this type then the “error™ would be noticed. A reasonable thing for the time-travel story
understanding system to do in such a case is to ignore the complaint. A harder problem is how the
more general kind of inconsistency discussed in the previous section can be detected in a
“constructive” manner.
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C) The Handling of Inconsistencies
~ After an inconsistency is detected the normal course for the time specialist is to engage in a
conversation with-user. First it tries to ascertain whether the same event is being referred to in
both cas?s. W they are different events then the addition of the new item into the data base is

aborted, and the item is modified to have a unique event name and is then re-entered into the

- system.

In the case where the events are indeed the same; then the situation is explained to the user
and the user is asked if the new item is wrong. If so, the addition of the new item to the data base
is aborted. If the new one is right, then the user is asked zbout each of the facts that are

responsible for the inconsistent assertion!0 If all are fine, then the inconsistency is allowed into the

"data base; and a certain ameunt of indeterminism is introduced imto the data base. If, however,

one of the items are no longer to be believed; then its status is chmged to "not to be believed,” and

the error corrector’s methods are invoked to undo the consequences of having believed that fact.

D) Pl’kausibility Checking

Ideally the time specialist should complain about implausible items ;bging entered into the
system. A cé:ld cannqt have a duration of several hun_dreci years, sbmeone cannot gain twenty
pﬁunds in an hour, a person cannot do something before being born (if one is not considering time
travel stories). But hdw can the time specialist detect such implausible or impossible items?

The time specialist alone cannot be expected to disﬁover anomalies as those above, however,
it could be expected to help. To discover that a several hundred year long cold is anomalous the

--------------------

10 Since the time specialist associates with each deduced fact those facts used in the deduction, it is
easy to find those facts to ask about.

%
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time specialist could, when thinking about the duration of an event, ask some other module,
perhaps a cold expert in thls case, what the longest posslble dmtl%of the event is,-and then

complaln lf the duratlon is longer than that To ﬁnd l‘ault wlm galnlpg twenty pounds in one

hour, a hypothetlcal rate speclallst would ask the tlme speclallst whether the dumtloo of the weight
galn ls _greater than the minimum interval possible and then complaln if it is too small. To
consuder someone doing somethmg before they were born as lmponlble agaln the time specialist
would be called by some other module, perhaps an expert on the aotlvl;les of animate ob jects, to
determine if the tlme of the person s activity is befm tlm person’ 's bmh md if so compiains.

~ None of this has been implemented, it should be noted.. It is mgt clear when.these plausibility
checks slsould be dooe, there may be too many to handle al the time ofen;ry of the item. If the
system is havmg problems strange answers are belng deduced then plauslbillg checks of the. items

responslble may be called far. Few of these plauslblllty checks, if any, shopld be lnltlated by the

‘tlme specialist, mstead the appropnate expert must do the checking, asking the time spmalltt for

'help when needed. In the case where the time speclellst should mmm the checks, a rosthod -

Check-plauslbillty can be provided by the user. The point l! .th;at‘ the assessment of the
plauslblhty of a new ltem is to 2 large extent a fum:tlon of the hlgber Jevel problem-solving

program, and the time specullst can only be expected to proylde support for this. actlvltyl ‘

E) The "Re-think" Methods
A very difficult problem is keeping the data base consistent when old facts are doubted.
Various other facts may have been deduced using the ddubted fact and theyshould, perheps. also

be doubted. This is handled by the error corrector’s method “Re-think-those-dependent-on-it".
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Alio the doubted fact's: Source might not Be the: user, but. was: iself inferred from other facts.
.These f&cts should be reconsidered and the method 'Re-think-thoie-it—dépénds—on" performs that
function. In addition, answers to previous fetchu ber.ome drcumspect when the reasoning of the
answer was based on, among others, the doubted fw, T'hu Iut task is handled by the method
"Re-think-answers-dependent-on-it".

These tasks are greatly simplified b’y the fact that when thé ume specialist makes deductions
‘that are added to the data base, such as those. done by the methods. Add'preferred-type." "Add-
duration,” and Add-special-reference—evem Imk it notes tho& facts that were used in deduclng
the deduction. When the "Re-think” methods are invok‘ed'they M to see what facts were deduced
from the doubfed fact and thé premises of the doﬁbted fatt. | and | ,then. asks 'Lool;-fof-
incons’i_sten'cies’ to check out these facts. It may turn out that they are all &msistent with the rest of
the data base and all is fine; however, often the inédnsistency Mndﬁr will be alled again. and
some of those facts will be doubted, and the process will recurse by "Re-thinkingk' those névn;ly
doubted facts. Quite understandably, this entire doubting process can be quite slow. However, it
wui keep the data base consistent.

The method T&thmk-thm-answers-dependem-on-it" behaves diﬁ‘erently. It has no facts to
doubt, only answers. The time specvialistv cannot know what was done with its answers, but it can
interact with its caller, if the time specialist no longer believes its old answer. To discover those
answers that are in doubt, it uses comments the fetcher left behind in the answer context indicating\
what facts the answer depends on. When it finds an old answer in doubt, it checks to see wha the
caller was. If the caller was ;he user, a dialog is initiated, explaining the anomaly, asking if the

fetch should be re-run, and re-running it if desired. If the caller was the time specialist, or a
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higher level module, the fetch is re-run, and if the result is different than the old answer, a
comment is left to the caller in a context with the samé name as the caller. The various
components of the time specialist that call the fetcher do not, at present, use this comment, however,
the medical hypothesis matcher does.

One may wonder how reasonable it is to have the error corrector do such a thorough job.
The amount of computation involved in removing all the conclusions of no longer believed items
is typically very large. Maybe it would be better to do only the easy most obvious kinds of
co‘rrections and let the system detect the rest as it goes. Clearly, this matches my intuition as to how
people react to such situations. The system could fix a few important aspects and "keep an eye out
for™ various contradictions as it performs its normal tasks. When a contradiction is discovered the
first thing to do would be to see if any of the facts involved depend upon a no longer believed
fact. Then the error corrector could be called and the computation resumed. This is difficult to
implemént well, and more incorrect answers would flow from the fetcher, however, it may be the
case that with reasonable size data bases the scheme the time specialist currently follows would be

too computationally expensive, requiring a compromise.
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A) Introduction

Time is an important component of the problem of taking the present illness of a patient.
Many diseases have complicated time courses. Deciding whether or not a patient’s history matches
the time course of a suspected disease is a difficuit problem. Of course, a physician does not isolate
the temporal component when asking questions or making conclusions. For research and
demonstration purposes, a medical hypothesis matcher was implemented. It uses the time specialist
heavily, however, its medical knowledge is very limited. Its inputs are the times of ma jor symptoms
-and phases of a disease; the problem of determining those symptoms and phases is left for others.!

The purpose of this hypothesis matcher is to demonstrate the usefulness of the time specialist, not

to propose a solution to the problem of automating medical decision making.

B) Acute Poststreptococcal Glomerulonephritis as an Exa_lmple

To test the hypothesis matcher it was given a description of the time course of Acute
Posfstreptococcal Glomerulonephritis (AGN) and various concocted patient histories. AGN was
chosen because it has a complex time course that is important in its diagnosis. AGN is a kidney
disease that follows a prior streptococcal infection. The usual time course of the AGN can be
summarized as:

AGN usually begins with a strep infection. The strep infection usually lasts
between 4 and 10 days, sometimes between | and 4 days, and occasionally between 10
days and I month. It is preceded by strep exposure that is usually between 2 and 7 days
before the onset of the infection, sometimes it is as much as a month before. The
“latent phase” of AGN, which begins when the strep infection ends, usually lasts a
week or two, rarely lasts less than a week and occasionally lasts between 2 and 4 weeks.
This phase is immediately followed by the "acute phase”. The "acute phase” usually
lasts several days, sometimes between one and a half and three weeks, and rarely less
than 3 days or more than 3 weeks.

1 [Gorry 1974] describes how one might indeed attack these problems.

iot
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Med'ical Iiterature describing the diseases is 'just, as vague and fuuy. The fqlloulg_lg are a
~ few of the many sentences in'a chtpter on AGN by Scfhwam m& Kamrer LSchwartz 1971] tbat
oontain references to time (my comments are in ltalics)-

Whether or not specific antibiotic therapy is given, respiratory symptom,s and
fever disappear after & -few days, and the piittént feels entirely well. Thts fs a typtcal
example of the fuzziness of the temporal aspect of medtcal knowledge.

After a few days, during which manifestations of the disease remain intense, the
signs and symptoms gradually abate. WhAar dm one mean by (radnlly abate” and how
should tt be represented?. S |

Demonstrable type-specific antibody often disappars from the bloodstream
within a few months, but & may persist Tor ‘many years-after the' iittiting’ infection
has occurred. The wzabm:, of m duratton of stgns ¢nd mﬂm ts oﬂm great.

The time eourse of dueses is vamd m eowlﬁex AGN irdmwh to repfesem bemm of
the many forks in the time course and its fuzziness. The problem o? understanding ‘and
‘representing knowledge such:as this is-not limited to Mhedieive>but: oéeuts in many other domains

such as human-social activities:or iong-teem plinning. -

Q) A Scenarlo

During diagnos:s a physician must ask quemom and mtch the\mpomes to the time course.
Decisions must constantly be made as to whether the patlems history is matching the physk:un s
‘expemtions. and if not whether some other hypothesis or dueue should be considered. The
following is a scenario (which one should imagine took phce on july 21, 1975) in whlch a
consultant is asked by a doctor to confirm or deny the dhgnosls of AGN (the conyersatlon is
limited to the time aspect of the diagnosis and ina ’_"’f"d, styhe_2 to cofreopond more elosely to the
performance of the medical hypothesis matcher). |

Consuitant: What is the patient’s history?

[
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Doctor: The patient was born on May 27, 194l. memm‘Wmmum
with the "acute phase” of AGN nearly a week ago. About twp weeks bafore the onset of the “acute
phtse the patient got a strep infection. _

Consultant: When did the “atent phase” begin?

Doctor: The “latent phase” began 5 or 6 days after the infection began.

Com.u,!tant: Is the AGN acute phase over?

Doctor: No

Consutltant: When was tiye strep exposure?

Doctor: The strep exposure was two days after the patient's birthdsy.

Consultant: The AGN hypothesis matchs the patient’s history, however strep exposure probably
did not occur when stated. The fit of the duration-of :the-Tatent. phase™ is perfectiy goed. The fit
of the duration of the strep lnfecﬁmkperﬁucﬂym mmd‘medumm& the “acute
phase” is not too bad. ‘

With. the exception of understanding the English of the-dector, the hypothesis matcher can
play the role of the consuitant in the scenario. Tha hypothesis mascher relies heavily on the time
specialist to match the patient’s history to the time course of AGN, to make iﬁferences as to when
the various symptoms occurred and their wmpml relationship and to be sure t!m the temporal
aspect of the patient’s history was consistent.

Neither the hypothesis matchcr nor the time specialist is able to understand Engltsh so the
doctor’s responses must be entered in a very styllnd language For enmple when the doctor said,
"The patient first noticed the symptoms associated with the acute phase of AGN about nearly a
week ago,” this was entered into the computer as,

(TIME-OF (BEGINNING-OF AGN-ACUTE-PHASE)

(BEFORE (ALL-OF TODAY)
(FUZZY-AMOUNT (NEARLY ONE VEEKS))))
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Sometimes the process of converting from English to the language of the time specialist,
called parsing, is complicatéd. For example, when the doctor said, "The strep exposure was two
days after the patient’s birthday,” the system was told, |

(TIME-OF (ALL-OF STREP-EXPOSURE)

(AFTER (ALL-OF (THIRTY-FOURTH BIRTHDAY))
(BY-AMOUNT (DAYS 2) (FUZZ NIL))))
and
(TIME-OF (ALL-OF (THIRTY-FOURTH BiRTHDAY))
(AFTER (BEGINING-OF (PATIENT“S LIFE))
(BY-AMOUNT (YEARS 34) (FUZZ NIL))))
For a mechanical parser to this conversion, it would need to ask thev‘tlme specialist how old the
patient was, and perhaps call on a simple "birthday expert” for help.

A somewhat surprising fact is that for the hypothesis matcher to function as the consultant
in the previous scenario, the time specialist is called upon about one hundr.ed times.v Some of these
calls are to match particular expectations against the patient’s history. Many are initiated by the
time specialist itself, fo check for inconsistencies or make common inferences based on the new
facts. Duﬂng the entire session, about seven or eight complicated methods of making temporal
inferences were used repeatedly, several different organizing methods were applied to new items,
and two different kinds of inconsistencies were checked for. The time specialist also recorded all

these activities. These records are useful for handling inconsistencies, for improving the selection

of the methods for inferencing, and for explanations.

D) The Medical Hypothesis Matcher

Clearly an understanding of the time course of a disease and the history of the patient are
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mnmemmmﬁtﬁeuﬁ of ‘medics] diagnosis. To demonstrate the usefulness of the time
*apecialist in-this Sificakc domain, the simple medical hypothesis matcher was implemented This
matcher should be thought of as a component of a systern ‘that ts mpetent in taking the present
tliness of a .patient. ’r‘hls component s given a hypotm to inumgate and then its
recommendation (eg. "accept but .."°, reconskierouiy it"nuhmg better turns up”) is returned. Since
the purpose of this implementation of the hypothesis matcher is to use the} time spcciaﬁst. medical
knowledge that does not directly reigte to timewas!xchsdqd. Eam areglven in térms rof ma jor
symptoms, though clearly in a complete present iliness program this woukl not be the case.

The hypotlmsts ‘matcher is a process ttnt'wim;-gtﬁt an hyputhesis. an éﬂ'ort, measure, and
certain minimums .for thevquamy of matches, for the number of mtches md for the Impostaﬁce of
the expectations it should ask about, it will either mpt accept with reservations, re pct the
' hypothesls or suggest another hypothesis. In addition, it ﬁmembers the reasons for its

“recommendation -in d‘eml and a summary of its activities in a data base context. It also saves the
- state of the exploration 3o that theexplontion of the hypothesis can be resured.
The basic steps of the: hypothesis matcher are: |
1) initialize or resume old exploration
- 2) accept the patient’s history
3) go through the facts of the story seeing what expecmions they meet or fail to meet

4) ask about those expectations that are important and for which not enough informatlon is
‘available to confirm or deny

5) note those facts that are unaccounted for

6) summarize findings
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If at any point during the matching a time pattern associated with a:differentiat-diagnosis is
matched, then the process is stopped and a new. hypathesis is suggested.for fusther exploration. For
'example,. if, while exploring AGN, the duration ofthchtgatphm&cw days ot less then the

phritis: hypothesis is

expioratiqn of the AGN hypothesis is stopped and the Chronic.Glomeruion
suggested for exploration,. When any mennalgxpem&mis not met: the ptmumped ‘with
~ an appropriate message and it can only be resumed for. that hypothesis if. the:facts are revised.
The process is also stopped when the aggregate maiching mmm small: with. the

_suggestion not to reconsider unless there is po better alternative. .Qtherwise the progess continues

and finally, accepts the hypothesis, with or witbon; reservations. . .- o

E) Some Problems with the Desig;i of the Hypothesis Matcher _

The purpose of the hypothesis matcher is to demonstrate the usefuiness of the time specialist,
not to do medical diagnosis. It was decided: that the hypothesis matcher should be written as if it
were 2 module of a larger present iliness system. Problems of determining ‘lf". for example, the
patient’s brownish urine indicates hematuria, were assumed already resolved. The division
between thé time aspect of diagnasis, the medical aspect, and common sense is artificial. The main
problem with designing the hypothesis matcher is to have it do enough to demonstrate the
 usefulness of the time specialist iﬁ medical diagnosis without attempting to solvé the entire ‘prese‘nt
iliness problem.

Another ma jor problem with the hypothesis matcher is deciding how good a match one has,
or "scoring”. This was done in a rather ad Aoc manner; it was considered a problem the present
iliness sysltem must resolve and that there are no special scoring features in matching the time

course.
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F) Represantation of Time Courses of Diséases.

In-the. previous chapters, representation schemes for ternporal specifications were described.
The repmsentatlot'\ of more complex ob jects, such as the time course of a- disease, introduces new
problems. Pictoriafly, one can visualize the time course of, say, AGN as was done in Figure 5. As
can be seen the time course can easily be broken into four phases, the strep exposure, the strep
infection, the fatent phase and the acute phase. The length of the phases are variable, with rough
- probabilities assigned to various intervals. This portion of the diagnosis process can be visualized
-~ as trying to At the pam's symptoms' ‘course with the general time course of the disease. A

pictorial representation of the history of the patient in the scenario is given in Figure 6.



about tuo ueeks

Birthday ) Strep Infection

Strep Exposure begins ends

2

two days

nearly a ueek

The History of the Patient in the Scenario

Figure B

188



Application of the Time Specialist To Medidine _Chapter IV | Kenneth Kahn

Unfortunately, one cannot simply hand- wh éhgﬂfm to a computer program (or a
physician for that matter) and ask if the paueut's dhsmn fits the disease’s. Some of the
problems are:

l) Some of the patient’s “diagram” is often unknown, or only parti_auy known.

2) Some parts of the time course of a disease are very impomnt. and others are only
incidental. Looktng at the diagrams wwid“mly be Miﬂg‘h this relpett.

3) Everything need not match perfectly, in. onkr fof the: awu to_be positive, but
Mimngmmnmdmuhaaww«m

These problems were partially resolved by reprumﬁngm ﬂme course as a frame system,
similar to Minsky’s concept of f rames.2 Frames provide a mexns m‘*‘cbtmk" knowledge, to put all
the facts about, say, AGN's latent phase, into one place. Expectations, including their importance

and likelihood, are the main ingredient of the medical hypdﬂoests matcher’s frames. Ocasionally

~ advice as to what to do when a mismatch occurs is provided. For example, the ACN frame,

includes the following advice, "if the duration of the latent phase is too short (less than two days)

then start considering Chronic Glomerulonephritis instead.

G) An Example of a "Frame”

The knowledge about the time course of AGN was stuctured -into about 5 or 6 chunks or

frames.  The most important frame being the one that describes AGN using the other frames as

sub frames. For example, this frame includes the statement that it is very important to confirm
that the "acute phase” expectations are met. This effectively pdau to the sub-frame for the "acute

phase” which must be confirmed. The "acute phase” frame contains statements about the likelihood

2 [Minsky 1974] describes these ideas in detail.
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of various durations for the phase. These frames are. iatemogﬂ; simk md mush Mormauon

W

that would be needed by a complcte present mness system is Ieft out
The following is part of the frame used. hyﬂm hypaumlsmm MaAGN is suspected

(GOBBLE AGN AGN is the name oE tbgfume hmg;dcfmed
(SYNONYMS (BEGINNING-OF AGN-LATENT- PHASE)
(END-OF STREP-INFECTION))::a- ...
(SYNONYMS (END-OF AGN-LATENT-PHASE)

(BEGINNING-QF AGH-MUIE«RMSH ):

'This says to consider thc bqinning of the, la.;qmphau ;mmgmtl;m end ‘of thc«urep
infection and that the end qf the Jatent pmmry u;e mmmm mphm (R
(IHPORTANCE ' ‘
(PART-OF AGN AGN-LMEM—PHASE)
- ESSENTIAL)

This states that it is essential that one confiros Gm the kmm mm wigh: 2 reasonable
duration. The latent phqglsmeif af;amg. S

( IHPORTANCE
(PART-OF AGN AGN-ACUTE- PHASFJ L Y T , ‘

It is very important that the acute phase of the AGN be established to confirm AGN.

(LIKELIHOOD
(% DURATION ALBUNIA
‘CINTERVAL (WEEKS 3.) (MONTHS 6. )))
USUALLY) .
( TMPORTANCE = nor-vsnv-mmmn

‘Ihe above expressions mean that the duration of albumia is usually between 3

. weeks and 6 months, however, this sxpactation is nok.wery impartant.. Pleass. note

“that were 1t important it probably would deserve to bo a mb-frm
* (LIKELIHOOD o
(* TINE-OF (ALL-OF STREP-EXPQSURE),. '
(BE?M (BEGI“ING'W STREP-I“FECTION)
* (INTERVAL (DAYS 2.) (DAYS.7.3)))
USUALLY)
{ IMPORTANCE = PRETTY-IMPORTANT)

W



Application of the Time Specialist ToMadicine ' Chapter IV ~ Kenneth Kahn
The expectation, “the time of the exposure to the strep infection is usually
between 2 and 7 days before _ttye onset of_sygptens'ﬂis prcgty 1n_portant.

(LIKELIHOOD '

(m TIME-OF {ALL-OF STREP-EXPOSURE)

(BEFORE (BEGINNING-OF STREP-INFECTION)
’ (tamm WSEKS i ) m | ))))
SOMETIMES) ,
( IMPORTANCE = PRETTY-IMPORTANT)

. The expectation, "the time of the exposure to the strep InTection 1s sometimes
between 1 week and 1 month before the onset of smtm' is also pretty
important. (Note that the above statements about :trip exposure could have been
part of the strep-infection frame or put together in a small frame.)

( IMPORTANCE (PART-OF AGN STREP-INFECTION) VERY-IMPORTANT)

It is very important to establish that a 3ti‘dpi%i§aﬁétiéﬂ ’:oc,cuf‘i'pd at the proper
time in diagnosising AGN.

{DIFFERENTIAL-DIAGNOSIS mmc-st.mutonamxm
(DURATION AGN-LATENT-PERIOD
(INTERVAL (DAYS 0) (DAYS 2))))

This says, "if the duration of the latent p!us. 1; Tess tlmn 2 days then consider
Chronic Glomerulonephritis.

H) Evaluation and Further Work L

An interesting question is whether the time specialist was found adequate for the task. Some
minor deficiencies and oversights were corrected. The data_base is often significantly ‘modified
when an inconsistency is discovered, confirmed and corrected, So that the hypothesis matcher could
be aware of such changes, a communication mechanisnwasimplememed ‘that leaves the hlg!ier
level system a note about such changes. Minor modifications in the time specialist to improve the
measure of the quality of a match were necessary. Cemio Iinefficiencies were necessary because the

time specialist, as implemented, lacks the ability to use negations and disjunctives of time
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specifications, though it can answer questions oonsi;ting of these Iogial opentors.@nothﬂ

deficiency of the time specialist is its lack of understanding of recumng events, As described

earlier, this understanding could be incorporated into the present structure of the time specialist .

without significant revisions. As recurring events play a very small role in AGN this caused no
problems for the test} case. Because the time specialist was deveioped with medical diagnosis
problems in mind, it is very good for this application, but this does not help support the claim that
itis useful in many different domains. |
The hypothesis matcher application addresses only some of the interesting roles that time
plays in’ medicine. For example, in many diseases the recognition of recumnt symptoms is essential
for diagnosis. The time specialist cannot recognize the lntémﬁttem oocurrence of an event and
would need to be extended for diagnosing such diseases. The determination of the time of the
beginning or end of a phase based on the times of the events that compose itisa prdbhm not
dealt ‘with by the hypothesis matcher or tm specialist. For eumplt. the beginning of the acute
phase of AGN is usually marked by the onset of anorexh. hematuria, weekness, oliguﬂa.
proteinuria, hypertension, periorbital edema and headaches. The problem that the time specialist
cannot handle is what if only some of these symptoms are known to be me and those that are
| begin at different times. In many other domains this ability to group events into phases and make
inferences about the group baséd on what is known about some of the events is also needed.
Assumptions about the events based on the group also cannot be made by the time specialist, but
are clearly useful. A deﬂcliﬁcy of the hypothau matcher is that it cannot recognize systematic
change. For instance it is someumes important to observe that a particular symptom is gradually

abating. Perhaps this should be handled by an hypothetical “rates” spacialist that is helped by the

s



Application of the Time Specialist To Medicine Chapter 1V Kenneth Kahn

time specialist. Despite these deficiencies the need to handle time effectively in medical diagnosis is
evident, and the advantages of using a time specialist were demonstrated, though further testing is

desirable.
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A) The Problems of Understanding Time Travel Stories

In order to test fhe various functions of the ttme ;pe;l;list and to assess whether they are
sufficient to deal with a variety of temporai references, the time specialist was applied to the
problem of understanding time-travel stories. The time specialist was tested on its ability to
understahd a timﬁvd story in which time plays 2 very important.role. Clearly a system that can
understand the temporal aspect of time-travel stories can also understand more conventional stories.

Time-travel stories have one special kind of event that cannot be understood well by the
time specialist as descriﬁed. It is the trips through time, of course, that require special mechanism.
‘Consider the problem of representing the statement, "On July 7, 1977, John traveiled to 1066." The
simplest way to handle this is to consider "John travelled to 1066° as the "name” of an event with
no speci;l characteristics. However, if the next statement was, "He then saw a battle,” then the time
specialist would assume incorrectly that the battle was in 1977.

Another way we can try to handle this problem is to consider the trip as beginning in 1977
and ending in 1066. We would need to be sure that the inconsistency check for occurrences
beginning before they end is disabled for these events. This works fine, except what if the time
specialist were asked what is John'’s age when he saw the battie? The time specialist might reason
the following nonsense, "the date is 1066 and he was born in 1945 so he must be negative 879 years.
o)d." The prébiem is that from the time traveller's physical point of view,! very little time passed
from the beginning to the end of the trip. |

| This last problem was resolved by eﬁtending the time specialist to take into account the point

of view of a fact. The three kinds of viewpoints that the time specialist handles are:

I T R T T T e e

I One should not confuse the traveller's physical viewpoint with what he or she thinks. The
viewpoints are primarily important for handling questions about age.

]
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m the “universe” in which time flows its mrmal mund;ne cqum
~ (2) the set of tiiné travellers taking a trip togéther -

(3) the complement of the set of time travellers of each trlp 2

Both facts and questions have a viewpoiut, the detatm l;elng,thg umvme

Time travel stories were chosen as a tat of the applicabﬂlty of the time speclalm to diverse

WG eV O 92

ndrianding mw«m the inseresting
addition of trtps th"rough ume Pnople can unémund"’zmm m wiq-.qu pamcular |

problems because they contain,,ﬂl the. element,s of ]

difficuly, o it was considered a"déficiency that the fime peciabit okl et
of events often plays & mofe lmomm and X mpared.
normal stories. One such story, "All You Zombies,” by Robert’ Hmhtn [heinlein 1959] was choun
as a test of time specialist because the point of tﬁé"s‘tofy ‘depeilds mongiy ‘on some comp&x
temporal inferences. | '

. A reason for chasing fictional stories is that the facts the system ﬁust_ deal with are not at the
discretion of the researcher, but are given in the story. If there were nn-j dc&denctes in the time
.speclalist’s representation or inference mechanism, then they are monbmwly to be detected than if
the f. acts‘ were created by the researcher. Indeed certain deficiencies mdimovend tn‘represenun‘

"All You Zombies" that are discussed later.

C) The Story Used to Test the Time Specialist
The following is a very condensed version of the story, "All You Zombies." It is a

- paraphrasing of what the time specialist is told. My apologies to Robut Heinlein.

2 If the story contains only one time traveller or if it there are many and they only travel together,
then this point of view is equivalent to the "universe” viewpoint. '

w
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On Nevember 7, 1970 the Unwed Mmmm PnpsPha He is 25
years old. He tells the story

I was left atanorphanageml%atamomh old. I
wnsgtdmdﬂl&!mphudut‘mshdp« and
then I met a “city slicker.” Then one night "my pants did come
off.” I got pregnant and gave birth to a baby girl I
underwent'a Ciesarian and was thanged to & malé during the
operation. Four weeks later the baby wes smatched. -

To help find the man who stole the Unwed Mother's baby, the bartender offers
to take him back in time. - They tiavel to April 3, 1963. The bartender goes off to
March 10, 1964. The Unwed-mother meets a "nice, gtrL whom he gets pregnant. The

‘bartender steals a baby and’ takes it mw% 1948 and abandons it at an
orphanage. He then goes to April 24, 1963 and re-joins the Unwed Mather. He
recuites him into the time service and leaves him off in August 12, 1985. The
bartendergmbackmjanuarylzmmma . It occurs to him that its. .
been 30 years since he was recruited. f!-ﬁmmdaad loks at his Caesarian
scar.) \ .

The story is presented visually in Figure 7.



- gives

birth »

birth " at ‘ “now”

| "Pop’s

. Place" -

|

ji\\v////’rv pregnant Nov. 7 Jan. 12 1993

left at mother’s 1970 - reecrui ted o

Orphanage - helper : baby ; . S
is stolen

Bar tender and *Unwed mother“‘

P

go to April 3, 1963

Bar tender

M
goes to March 18, 1364

Bartender and Baby go to Sept. 20, 1945
- ‘

Bar tender goes to April 24, 1963
e —

Bartender and "Unwed mother"”

¢

go to August 12, 1985

Bar tender

.

- goes to Jan. 12 1993

The "Time Line" of "All You Zombies" .
Figure 7
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The original story was read to a college class of about 25 students. Most people realized that
the “nice girl” thermale Unwed Mother met was himself yem earlier. Fewer concluded that the
bartender was the Unwed Mother after being in the time service and that the baby that the
bartender stole was the Unwed Mother. Of course the stary is longer, (about 14 pages) so the

students had to contend with many details and had difficaky rermmbermgat! the facts.

D) The Time Specialist’s Understanding of the Story

The following is a paraphrasing of a question-answering session after the story was entered
into time specialist. The answers to the "why" qnestion:aré: greatly pared down.
User: How old is the bartender at the end of the story? (This is from the bartender’s point of
view.) '
System: I don't know enough.

User: Assume that the bartender’s recruitment is synonymous with the Unwed Mother's recruitment
and that the birth of the bartender is synonymous with the birtl-of the uriwed mother.

System: 56 years give or take 2.5 years.

User: Why?

System: It has' been 30 years since the bartender was recruited, which occurred at the same time as
the end of the fifth time trip which occurred at the same time as the beginning of the fifth time
trip ... which occurred at the same time as the beginning of the first time trip which was between 25
and 26 years after birth. -

User: How many years have passed since he was born? (This is the same question as before except
it is asked from the “universe’s” viewpoint.)

System: 48 years give or take 6 months
User: Why?.

System: Because birth was May 7, 1945 give or take 6 months and it is now January 12, 1993
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User: Was the time of the Unwed Mother being Jeft at the orphanage the same as the time of ‘the

bartender’s abandonment of the baby?

System: 'Yes, the Unwed Mother was left at the orphanage 34 months before the bartender

” abandoned the baby glve or take 63 months . .

User: Why? ' , o I T

~ System: The bartender abandoned the baby on Sepiember 20, 1945 and: rhe Unwed Mother was left

at the orphanage about _]une 7, 1945 give or take a 8.3 months.

User: What is the relauon between the meetmg of the (fermle) Unwed Mother and the city
slicker” and the meeting of the (mate) Unwed Mother and the “pige-girh? - L angran

System: The Unwed Mother met the “city slicker™:L5.give.or take. a.lm after meeting the "nice

" ogirl”

The last answer is evidence for the need for the inclus!on of fuu in the temporal

representation of events. Once the hypothesis that all the characters of the story are the same

e

person is entertained by a higher level understandlng system,s It may want to conﬁrm that it is

© possible that the "nice girl® is the Unwed Mother at an earlier age. and rhat the ctty slicker is also

the Unwed Mother. The time that the Unwed Mother met the city sllcker. however, u vaguely
given in the story as sometime after becoming a mothers helper which was when she was 18 Also
until it is concluded that the baby that the bartender abandoned was the ﬂn\ndeMr. the date
of bmh of the Unwed Mother is only known to fall within a, pamcuhr one year interval. Were
one to consider only the most probable time of occurrence of these events, then she. met the “city
slicker” later than he met the “nice girl" It is only when the fuzz is considered that one can
conclude that the events could have occurred simultaneously. |
Another interesting anwer the time specialist ;gay've is to the quesuon about»how long ago the

8 This role was performed by the author. The probm af ouMag that peooess is be'fond the
‘scope of this research.
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" bartender ‘was borni. “Fhie.dnswer-is' incorrect:@id within the fiamewo

k presented it cannot be
asily corrected The probiem is that the time specialist deduces that the bartender was born in
.1915 slnce he was 25 in 1970. However, he was born in 1964 and as a one month old infant was
taken to 1915.* The problem is that age is poorly repmemed for this application of the time
-spectalist. Normaily, the time specialist is justified tn representing age as time since birth. Because
of the limited value of a special representation of age to handte time-travel stories no changes to
~ the time specialist were Mxm.

Onepmbkm;mtrpecuﬁar to ttme-travel stories, that became apparent while representing the
story is that one often uses real world knowledge to mfer some of the intervals of time
Commonly, a time of an event is known, a series of events follow it without any information about
their durauon To guess the interval between the two end events, one often fills in normal
durations for the activities that intervene. Fortunately, in situations where so little information is
ava.ulable,ﬁonly tough -appro_xiﬁﬁti;ms to the interval are usuaily necessary. These rough, very

fuzzy intervals were provided by the author in entering the story above.

E) Further Work
The time specialist was found adequate for understanding the story. The modifications to

‘the time speciafist that are desirable for this application are:

I) The addition of a special representation for age (discussed above)

2) An extension of the units of time acceptable to the time specialist to include hours and

R T T T T S U e Py

4 Notice that telling the story in this manner; giving the date of the birth first, followed by the
time trip, would cidse this problem to vanish. It would also vanish if the questlon referred to the
birth of the baby.
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minutes3

3) A mechanism to permit the time specialist to use general facts. 'Fnr example, using the fact

that the time between the onset of pregnancy and birth is usually nine months to infer that

the onset of pregnancy was about nine months before a particular birth. The ability to

_recognize a particular event as an instance of a class would be needed for this and would be

provided by some other mechanism that the time specialist would cafl upon.

If one were interested in improving the time-travel story understnnder,'rather than the time
specialist that it uses, then many problems present themselves. One problem of more general
applicability is the problem of noticing temporal coincidences. The most common kind of
coincidence is events that occur roughly simultaneously. In "All You Zombies,” an intelligent system
would have noticed the coincidence of, for example, time of the Unwed Mother meeting the “city
slicker” and the time of the Unwed Mother meeting the “nice girl." “This function could be
performed by a method that, when desired by the higher-level undentandlng system, looks to see if
any other event occurred at roughly the same time as the event of the incoming statement. More
complex coincidences such as equivalent intervals between many ,ev'enn @H perhaps be
‘discovered in a similni manner. The problem here is to control such senrnhing for coincidences so
that too much time is not wast?d. Of course, in a more complete time-travel understander, many of

these coincidences would be suggested by other clues, and the temporal aspect would interact with

the rest.

--------------------

5 When they were needed for the understanding of the story, the appropriate fraction of a day was
used.
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The design and implementation of a time speciahst useful in many dlfferent problemv
domains has been descrlbed ‘The thesis that a speculist whou knowledge is Hmmd to the
“temporal element of ‘problems can help larger more general probkm solvets was denmstnted for
~ two examples, medical diagniosis and time-travel sto‘r-y undem:ndmg ‘The ma jor mks of the time
specialist are the receptton—o? new facts, the answering of quesdons by maklng lnferences. and the
‘keeping of a consistent data base. These tasks are the same tasks required of an tnuelligem

a4’ T ;‘ LR

memory. -An tmlogy ‘betweeri ‘the time speciallit’s’ functions ‘and Ai hnguages whlch conum

PR I SE AR5 S 1

primitives for building intelligent methories can be drawn.

A representation of temporal statements and questions was developed The variety of w:ys
of expressing temporal specifications and questions is reflected in the four major represenutm _
types and the variety allowed within each type. The fuztiness or inexactness of the time of many
events was handled differently depending on the representation type The ways that the time
specialist handles the interactions between the various representations was described.

Different ways of organizing temporal statements were preaeuwd.' They include the use of
dates, before-after chains, periods, and special reference events. Each of these methods of
organization has its own special data structures and routines to maintain those stru&ures. Many of
the methods to answer qum@s are based on partkuhr organizations of facts. The importance of
organizing principles for facts was indicated. o

The time specialist programs, which were discussed above, were designed to test the

hypothesis that it is possible to encode knowledge about time "in general” in procedures which can
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be invoked in the service of higherdevel problem-solving systems. Certainly, the initial
investigations of the use of the time spet;ialist in several different problem settings support this

ﬁypothesis. On the other hand, it is fair to say that a final assessment of the usefulness of such an
approach must await_ more extensive;testing. This testing, in turn, will depend upon the
construction of rather elaborate pr;:blenrsolving programs, because it is only within the context of
such programs that the ti?nespecialist can be properly exercised. The inclusion of a revised version
of the time specialisf in some rather large programs designed to solve medical decision-making
problems is interpded’.'A These programs will require extensive knowledge about time and, therefore,
/it should be po-ssibblre to gain much more information about the long-term usefulness of this

approach.

- . w e e e - ee --m- .- .-

1 This is being planned by the Clinical Decision Making Group at MIT under which this research
was carried out. ‘
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tion II: Future

A_lthqugh a final ev,alu,;ttton of the time specialist mmmtumqm, it-is: possible at
‘Nthis, point to tdmtt[y a_number of problem areas within ;the mrapednust ‘Reelf. Many
modifications to the time specialist that would significantly- monh performance: were discussed
.v.earlier These invglve extenslons of the time W P, med mm the ;basic: structuire: whs
discovered. Some of these extensions to the.time spesialistare..:: - : |

1) The extension of ‘the representation io include, pecurring: eyemts. -As dumu -earlier the
main problem here is how to incorporate the use of arbttnry predtcates wtthin dates into the

methods and "thoughts® of the time specialist.....

2) The ability to wse facts ahoutdwes of events.to infsr: thedime: of particalar instances of
~ the class. This requires a2 module separate from the time spedaltst that ls an expert in classes
and tnstance; e k ’ I 2 T T TR ST T T

3) The integration of “periads” into the. time. specialist.as m«m peinciple. This
is similar to the previous item except that time specialist should not require another module's

help. The time. specialist shoukd be an experd:in: ciases and mm:m chuises ire
temporal. :

1) The b'rea‘k-dow.nk of’ tﬁe date-ltme’a’lrld before-after ‘Hcttatrts 'inte smaller units whbse evertts
~ are semantically linked. The semantic grouping of *ventswould-ba provided by a difféfent
specialist.

~5) The use of more complete analysis of questions to determine the appreprtate methods to
be used in answering | tbem.; The problemhere-is tp dewemine mhab mn.\,umm
-would be useful and how the various methods would benefit fmm the analysta

6) The dynamic reordermg of the methods in accordance with an estimate of thetr relative
cost effectiveness. Statistics as to the performance of the various methods isikept so = ctude
estimate of the cost effectiveness of the methods is easily obtainable. A better measure would
take into account the reasons for.failure of 3. method: and. shitype of question. dnvolved.
The measure would also be improved by use of the analysts of the questkm discussed in the
previous item. _ v R ST SERTETE

7) Improvement of the mechanism by which methods interact-s0 that ‘eash; method can learn

more about the causes of other methods failures. It was proposed earlier that this mechanism
be a data base context, so that the methods remain modular and independent. One problem
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here is how the methods mhake: aite of the info
programs. '

without becoming more complex

8): A msore refined sepresentation of fuzz and better rules for combining fuziy expressions.
The last five improvemenits will improve the performance of the timie specialist on problems it
aiready can.solve.and the.ochers will increase the-scopé of the probléiiis that the time specialist can
t that were considered,

handle. The later is essential for some appfications of the time ipecta

namely, the reminder system and the date-finding system.
One research questiea is: hmv to lmidl‘! wnnext-dmﬁm fuzly exprembm, How should "a

'while ago. f or lnstance. be represented? How dees reat’ \vm'ld knowledge eunﬂnln the meanings

' essions md\ © "tbe accident we saw
a few minutes ago,” where the time expresion is used to identify an event whose time is already
known to the. spuk«mdtmm A mymmmqnem uam thcparser and the time
-v;apecmia shauld - mtm and what sort or interface they shiould hive! The plrslng or ‘temporal |
speciﬁcatxons and questions in a mtural hngmgve mto the hngmge of the time specialist is a

difficuk problemt’mmedstobenwlndiftheﬁmwaﬁa i tb be truely useful. One sub
problem is to detcrmlne the unguistu: clues that inﬂucnct the vaguerms or f uzz. For example how

does the cxprmien ’x m preceding the statement inﬂoem:e the det;"ff,f

on of the fuzz. The
ways in which the use of tense influence the repmenmion of mtmcesu an interesting research
preb!an in melf — | .

Another, more- spewlzﬂve, research- probtem isto det%rmlne how sub jective time differs from
the tlme of the timc specialist When one remembers events that one pemelved (as opposed to

being told about: them) are they represented i a wiy similar to ‘t‘:jéfmfter_dum? }If ‘so_.,an the
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time specialist use ;he ‘_len’gvt:h_ o_fﬂsqghv. a chg@p,, m T;;;eﬁ_s‘sirq_g‘ ;hg? qlura.uqnof the sub jective seqﬁence
of events in question? .S;l;'ély. the"matter is not slmple, but perhapsa good start on the problem
may be made in this way.‘ |

Finally, the construction of specialists of other comimon 'elements of problems, such as
distance and rates, ;;resents many interestinfg possibilities. - The st‘mct"ure: and knowledge of these
‘specialists will probably have many interesting similarities and dlfferences. These specialists may
interact in interesting ways. The most important possibility, however, is that the task of building
intelligent machines will be eased significantly by the availability of a small cocnniunity of

specialists, experts in important aspects of problem solving.
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A) Why Fuzzy Arithmetic

In everyday conv?mtion one often uses “fuzzy numbersl' when spgcifying the time of an
event. Examples are, "That happened o fow weeks ’ag’o" or "Many days later he died.” In the
medical application of time specialist,! for example, Wh the medical knowledge of Ft‘he time course
of diseases and the patient’s history are often described using fuzzy numbers like, “a couple” and
“several.” The "f uzz-expressiqﬁ" portion of a"’by-‘avmojunt_" type temporal specification can be used
to handle these words. for example, the word "several” can be translated into "4 plus or minus 2.”
\Or the “interval® representation type can be used, and "several” would be rgpk?unted as "between 2
and 6." Indeed some people seem to deal with fuzzy’numbevrs by translating to one of these other
types.2 | |

I believe that sometimes people do operate directly on thggeﬁ'.'fvuuy numbers.” If John is
given a few apples and then a few more, the answer, * John now has seygr;l apples,” is rea;onable.
The problem solver who answers "several” is not aware of, nor g!yes any evidence that, he or she is
solving this problem by convﬁrting to regular nu;rybers, possibly ma}ntatninggan uncertéinty or fuzz
| factor, and then converting back to fuziy numbers. Even if this kind of processing is happening at
an unconscious level, it §til| seems reasonable to model the gross _bg.-,haviorvof adding "a few" to "a

few" and getting "several.”

' B) The Fuzzy Arithmetic Module

A prototype fuzzy arithmetic module was developed, and is used by the time specialist when

1 See Chapter IV for more details
2 More details can be found in Appendix B.

181



Fuzzy Arithmetic Appendix A : ’ Kenneth Kahn

reasoning about time-expressions of the “fuzzy-amount” representaﬂen type. Thls modulc can add
and subtract “fuzzy wm'ds it can eompafe "ftmy time mmnls md it can mnslate between
“fuzzy time interva.ls and normal ones. Thisyts m&shed .by a combination of arithmetic
tables and algorithms. | | - -

For example, suppose one were told, "A few diys ago I had a sore throat, and nearlj a half a
week before that | had a cokd” Then to determine how long ago the cold was, one needs to add "a
few days” to "nearly a half a week." The f uxlyjarithﬁiveﬁt:v module would respond, "several days” to
this problem. The computation of this answer is oumpﬂnad by the qualiﬁer "nearly” and by the
need to choose ippmpkiaté units to “think” in. (ln this case, the choice is between 'dajs' and
"weeks.") -

This pfoblem ﬁ"a&dihg "a few days” to "mrly a half a week" is solved by the fuzzy
arithmetic module as 'foib‘ws- o .

l) First the approprme unit of time is detcrmlned If the fnzzy number of the express!on
with the smaller units, after bemg converted to the units one gmter is lets than one then the
sthaller units are chosen otherwise the hrger units. The expremon with the smaller units, "a few
days," is converted to iweeks, obtaining "a half a week" by a procéss descﬂbed hter Since "a half "is
less than “one,” the smaller units, days, is chosen. | )

2) Then the expressions are converted to this chosen unit, so that “mearly a haif ‘week"” is
converted to its equivalent in days, "a few ,gay;.“

3) Next the qu@liﬁers involved are considered; in this case none remain. If there were some
involved, they would be combined in a manner described later.

4) Next a table of sums of fuzzy words is consulted and the m&y "a few plus a few about
equals several” is used. | . |
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5) The last result, "about several days would then be rnodlﬁed by any quallﬁers. however
there were none remaining in thls example3

The conversion to desired units is aided by a table of each of the fuzzy words ’antl its
equlvalent one unit greater. l-'or example, “several darysﬁ is equlvelent';to a bit more than one vweek'
is in this table, but "many dnys is equlvralent to about ; lull‘ a montl\" is not. The last entry is
computed by converting “many days to “about a couple weeks whlch ls turn oonverted to about
a half month.” Here as in the addition routines, qualiﬁers are not ln the tables and they need to
be combined after the table look up. |

- The comblnlng of quallﬁers such as, nurly, bout.l and :omewhat more than is also
aided by tables. If the quantltles involved are close such as sevenl days and “one weelt then
the quallﬁers are combined using a table ll‘ however, the quallﬁers are, for example somewhat
more than” and a few a blt more thans” then the resulting qnallﬁer rmght be somewhat less than
and the l‘uuy number ls shlfted up one. For example somewhat more tlun a few" plus
"somewhat more than a few equals somewhat less than many day& If one of the amounts is
"much” or very much greater than the other then only that arnounts quallﬁer ls used For
example somewhat more than many days” plus "nearly one day equals somewhat more tlun
_many days.” |
This last example pomts out an unusual property of fouy arlthmetlc. lt is not assoclatlve '

As an extreme example suppose that ten “one day s are added to many days." “One” plus many

is "many” so if the order of addltton is to add uch “one day to the many days the result is

3 If different units were:desived, for example, suppose the question was, "How many weeks ago was
the cold?” then "several days” would be converted to "a bit more than a week.”
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many days This is not the case if the "one days are added together first and then added to
"many days" since "several” (or whatever the sum of ten ones is) plus many is not "many." Strange
results due to this property are avoided by the time specialist The time specialist saves up all the
t‘uzzy expressions and then sends them all off to the fuuy arithmetlc module at once. The fuzzy
arithmetic module sorts the expressions. smallest ﬂrst and then adds the smallest remaining
'expressions to the partial sum, thus allowing the frequent small faoeor to have some eﬁ'ect.

The comparison of fuzzy expresslons is done by consuiting a small table of the relationships
between each fuzzy number and the fuzzy number greater than it. There are ﬁve types of
relationships in this table, “very much grenter than, much greater than,” grenter than,” "little
greater than" and “not comparable” To determine the relatlon between two l‘uzzy numbers. ﬁrst
the module checks to see if the numbers are identical If not. then one of the numbers must be
greater than the other and therefore in the table. The relation "not comparable is needed beause
of the fuzzy number cafled plural" It corresponds to the quantity ina sentence Ilke. "1 had a cold
weeks ago.” It is not comparable with “a few several" or many These different degrees of
inequality are used by the time specialist to determine how well two. l‘uzzy-;mount expresslons
match. ‘

~ The translation of fuzzy expressions to by-amount type expressions which consist of a mean
and a fuzz factor, is accomplished by using two very smsll tables. | One tnble oorresponds to what
the fuzzy words mean in by-amount terms. For example an entry states that many transhtes to
eight plus or minus four. The other table consists of the munings of the qualiﬁers in terms of
"by-amount” expressions. Basically the qualifiers are considered as percentages that modify the

mean found in the other table. For example, "nearly: a-few” transiates to "3.5 plus or minus 1"
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This is because "a-few” means "85 plus or mlnui I" and "nearly” modifies the "3.5" by multiplying
by 9. The qualifier "aﬁout" behaves differently, it increases the fuzz by a factor. of twenty.five
percent. |
The trﬁnslatlon‘ in the other direction—-from by-amount expression to fuzzy expressions uses
the same tables buf is a little more complicated. First the mn,sh;ionubb for furzy gu@pqs‘ls
~used to find the mean tﬁ;t differs the least (percentage-wise) fromthe amountln the by-amount
: expression. If the ’amﬁunt in the bf—amgqn;_ expression lstoo;mall or too hu;gg, _then the
exkpressioq is coﬁverted,to better units if possibteand the tnmlatioqlst:t,qd agajn, Next the fuzzy
number cérygsponding to the mean igzlvovsle'st‘tqé ;hq amount is found. Thg epgxt problem chhno;mg
_an appropri;te qua‘\liﬁ’er». ‘The entry in the qualifier translation table that has a percentage, that is
closest to the ratio of the amount in the by-amount expression and the mean, s lgoked for. . If the
’ntlo is very close to one then the problem is whether the qualifier 'abm;"shwklm should. not be
chosen. This is decided depending on whether the fuzz of the by-amount expression is. at least

twenty five percent greater than the norm for the fuzzy number chosen. L

C) An Evaluation of the Fuzzy Arithmetic Module

One may wonder how realistic this fuzzy arithmetic is; Doesit correspond, in any way, to
the way humans deal with fimzzy expressions? Ohe criticism of this module is that it refies too
‘heavily on tables. There are only seven fiizzy numbérs and six qualifiers. Doesn't the size of the
table grow very fast when new fuszj numbers or qualifiers are added? ‘The answer is yes they do,
but very few additions are reasoriable. Maybe twobrthreeniiwf“uizyi ‘umbers should be added,

such as "an awful 1ot" *a tiny bi* and “lome.” The nuriiber of conceivable new qualifiers is even
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smaller—why add “aimost” when "neérly" means about the same thing. Why add "I think that®
when "about™ means about the same? The tables are smail and in a fuller system would not be
much larger.

Another criticism of the fuzzy arithmetic module is that ix doesn’t use tables enough. It does
too much corhput‘mg to be a model of humans. It should have table entries for "almost a few” ahd
"a ‘bit more than one” The tables, however, would grow quite large if one were to avoid
computation. The size of the tables for fuzzy expressions, as opposed to the present scheme of
tables for fuzzy numbers and qualifiers separately, would be proportional to the number of fuzzy

-expression squared. The number of fuzzy expressions is'equal to the number of fuzzy numbers
times the number of qualifiers. To equal the abilities of the present systém more than one thousand
entries for each table would be necessary. Also, these huge tables do not match my intuition as to
how I solve these problems. 1 think I'add the fuzzy numbers independently and then combine the

- qualifiers. : |

One may criticize the fuzzy arithmetic module as not tmtidg fuzty numbers as more

flexible, context-dependent expressions. For example, consider the expressions, "a few peas” and a

"few watermelons.” Most people would agree that there are more peas than watermelons. If

someone said, "John just ate a few watermelons” and "/G,eorge_,‘ just bought a few watermelons” then
one could safely assume that john ate fewer watermelons than George bought. A related problem
is that fuzzy numbers ﬁr_e often used to identify things and when so used have even moare Vleeway.

For example, one can reasonably say, “remember that accident we saw a few minutes ago,” even if

it occurred 5 half hour ago. These are all instances of other knowledge playing an important role
in the meanings of fuzzy expressions. Becaﬁse of the strong dependence on other knowledge, the
fuzzy arithmetic module cannot handle these ‘kmds of expressions.
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Another criticism of the fuzzy arithmetic quuglg is that it ngt be so symbolic. As

pointed out in papers by Zadeh [Zadeh 1973] one can do fuuy arithmetic using numbers and
’cOnstnrcts similar to probability distributions. Precise mathematiui rules ‘are. available for
operating on these entities and many fewer tables are necessary My vicw oi‘ this approach is that
it is “overkill." One does not need a precise mathematical theory af fuzzy arithmetic Fuzzy
-<:ritlimetic is.only performed in situations where pret:ision is unhecesmy. I'a sirﬁpie. intuitivc
symbolic approach to fuzzy arithmetic works, why crunch arrays of numbers? B

A final criticism of the fuzzy arithmetic module is that the rules and tables are too arbitrary.
Why, for example, does “a few” translate into 35 plus or minus 1,” why not "4 plus or minus 1.5
The tables and rules, however, are not arbitrary, they correspond to my intuition If the fuzzy
arithmetic module performs in way similar to a2 human with a normal understanding of fuzzy
expressions then it is a success. People dci differ as to particulars of the ‘ta'b!e,*‘however, they do
manage to communicate using fuzzy expressions. That is because the;difi‘erences in judgements
about the table entries cre small compared to the leeway that is implicit in the iise of fuzzy

numbers. Fuzzy expressions are used because precision is not needed; being in the right ball park

is all that is required.

4 Appendix B contains more on this.
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A) People Doing Similar Problems |
Many of the questnons that the time specialist can answer do not | have mrect answers. The
usual procedure for determining correctness oi‘ apswers while dgiglg tl)la t?elearch was whether |
they looked right For example if somethmg happened a few deys ggo, and something. else
happened a few days before that, then did the latter event occur :evenl days ago.” "quite a few
days ogo" ";about a iveek ago," "a little less than a week ago." “six day? ago, or what? Trugting.my

intuition is sufﬁuent to determine if an answer is amm. however amo satisfactory approach jsto

ask many people o o

With this in mmd a oomputerized questimaire wgs written' One type of problem in_the
questionaire was to read a story and answer quertiona The other fype was 2 Siple fuzzy
s o{ the auth,g'

about half of which were connected to Computer Science and AI Nanethdgs» some interesting

| arithmetic problem Unfortunately, only ll sub Jects took the tegt ali of tltem frient

inf ormal observations were made

B) People Understanding Stofies

fons were asked. The stories

Two stories were:presented ‘And after each one several ques
were always available to the subject. All the questions' reqaired some 'infetence. The questiom were
presemed oneata tlme md their ort‘ler \m randomizeti by the oomputer

One story was mtentionaliy full of fuzzy numbefs. The two modes of organization in the
story were before-after chains arid the use of "now" as a special reference event. The story was: -

© John met Mary several months ago. They dated a few weeks lter. After a

couple of months Mary moved to California. And John f her qut to Califarnia
weeks later. ‘They breke up-and ‘left California 4 it more’flun a oouple of weeks ago.

- e E e -w e =" ---=- ==

1 It need not have been computerized, the computer only perl‘ormed bookkeeping and timing
functions.
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First, the most obvious finding is that this is a hard stury to understand The question, "How long
ago did Mary move out to Caiifomia?  for example, typiaﬂy m more tiun ha!f a minute and

people would sometirties comment on the di!ﬁcuity of time quutms. It probably is not the fuzzy

‘words that cause the diﬁmky. for as we shall see penple have My with the other story which

contains only one fdzzy word One intemtiﬂg qneuim that the answers to these questions shed

light on is whether people operate upm fuuy numbers or if ihey mnven to numbers or intervals
first. A little over a half of the answers ‘were fuzzy expmsims, very few were intervals or
maximums, and the rest were normal m?mbers. An inmuziag fact is that those questions that
involved operatiom on the ﬂmy number a-oauph ‘had prepomemliy more norml numbers as
answers, than the average. This huppened comimnﬂy thrwghout the quemamire. indicating that
perhaps some penple do not consider a-coupln" as ﬁmy. bet mim nperate upon it as if it were
the number "2° Aho the answers appeared to be rather consistent with each other, the largest
variance apparently due to a difference of opinion as to what "severai" means. As to be expected,

those questions that required more facts to be combined, and: these: that.required shifts from

kbefore—;ft}ei’ chains to "before now" types of facts were more difficuli. to.answer.

_ The other story consisting of many intervals is:

thnlwszmQIwemwghedumform&stm Then for the.next S or
6 summers | returned. The next few summers I stayed in the city. I think that the last
~ time that I went to the dunes was when | was 20 years oid. Fm 22 now.

'This‘story appeared to be more difficult for people. It is not well organized, since there are two

"special reference events, "birth and " now,” and only a. shnn before-afier chain. Also the type of

the amounts changes from mtervals to f‘nzzy numhgm te m mwcn {perhaps with implicit

fuzz). The questions whose answers varied greatly, were those that. required facts »d' different
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types.2 The question that gave the most difficukty was, “Assuminy

P

the. story was written today,
which summers did I‘s’pend‘ in the city?" ‘I‘his problem requires man; different. types of facts,

~ including dates.

C)"thzy Arithmetic Problems

 problems,” additibn and subtractioh problems, and comparim problems ‘An example of a word
problem” is “if 1 gave you a couple of apples and then gave you a few more, how many applu
would you have?” The arithmetic problems were of the’ sprt, aimost ; ynf) (many _months) -
The comparison problems asked the subject to compare say, “a half amgntqg + (2 couple weeks)”
with "(nearly one month)" Most of the observations are the same asﬁ those givm, above. The
answers are generally close to one another the largest variation due to the f fuzzy number, gvml.'
One an deduce that some people con.nder several a near 6" while othgrs think of_.it as '3 or4.°
For gxample. one sub pct replied, "8 dqys to the g;qbkgrf. | (nearly ) ooupkdays)' . ‘(a‘bou,t,ic!gl’l'
| days). At ather times the sub ject tmted " couple as. very close to "M; o we can. reasenably
conclude that several" is roughly 8 for thls suh‘lm:ts On the other hlnq. a. duferem. subject
.answered that a couple plus a few equals 5. Since no sub jects considered " couple” as less than two,

we must conclude that "several” to this sub ject is roughly 3.

2 This observation holds when the number of facts needed to infer the answer is about the same
for the questions being compared.

3 When possible these con jectures as to what a fuzzy number means toa particular sub ject were
checked for consistency with other answers of that subject Notice- that the numerical
approximations of fuzzy numbers cannot be inferred when the subject answers with furzy
numbers. In this case only consistency can be checked.

4
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D) Comparison with the Time Specialist’s Answers .

| The time specialist was presented with many of the pfdblems in the questionaire. Its answers
were not distinguishable from the other’s an'swersf Some people answered with fuzzy numbers; so
did the time specialist. Some people consider “several” to be between "a few" and "many,” roughly
4 or 5 so does the time specialist. People had difficulty with problems where the facts were
organized by different principles and were of different types; the time specialist took longer on
those problems, too. The only reasonable criterion for correctness of’ answers is that it not disagree

. much with what people answer and it was fulﬁlled by the time spechlis&

E) Further Work

Ideally ﬁne would' like the observations discussed above to be based on a larger, more
representative 'sam\ple'. Other 'questionaifes could be desiéﬁed to ‘explore in ‘more detail these
findings. Questionaires could be written that determine the extent to which people are self-
consistent in dealing Qith. fuzzy numbers. The numerical approxlmatlom to f uizy numbers could
be determinad by questionaires designed For this purpose. Clues as to how vpeople organize facts
temporally, could be found by presenting stories to people and then at various times fater ask for a

restatement of the story.
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A) The Problem . -

One of the problems of building specialists independent of the programs that will use them
is keeping the representation scheme, or hnguage; of thespeciaum oomputible with the overall
| sttem that uses the specialists. The usefulness of the mw wouid beleuened if it was
based on a different repmenﬁtian scheme tf\an th? syswjé that wausing it. Of course, the time
specialist must make some assumptions about the ﬁy in\vhichfacts are represented. It does
assume that items in tﬁe data base are represented as lists ;nd they can be retrieved by partially
specifying the Ilst.l The time specialist does not? make assumptions about the order of elements in
any list, or sub-list. It does, unfortunately, make assumptions about the structure of the items. As
shall be explained soon, this need not have been the case.

'Take as an example of this problem, the top level of a temporal specification, which is
:deﬁned as, |

temporal-spect feation ==> (TIME-OF <event> <um-¢:ﬁmsm>)

However, the representation, |

temporal-:pcci feation ==> (<event> OCCURS-AT <time-expresston>)
may be more consistent with the representation principles of the system that is using the time
specialist. The problem is how to implement the time specmlst so that such changes in the»

representation can easily be accommodated.

....................

1 The items need not be only lists, for example, packagers in PLASMA (see [Hewitt 1973] and
{Smith 1975] for more details) are also compatible.

2 There are a few mihm exceptions, however, these are due to historical accidents and laziness.
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B) An Implemented Partial Solution

An interface mechanism enables the time specialist to be independent of the particulars of
the représentation's syntax. This mechanism allows one to declare the representation’s syntax, and
it provides macros that allows one to access the parts of a temporal specification by name. For
instance, it allows access to the event of a temporal specifications using the macro called "Event.”
The time specialist was implemented using such macros, so that if, for example, the change in
representation mentioned above is desired, one need merely make different declarations to the
intérface.

In addition to providing macros for selecting the desired portion of ﬁn item, the interface
routines write macros that allow one to construct new items. For example, the declaration which
could be paraphrased as, "to construct a temporal speciﬁcation, insert the atom 'time-of” in the front
followed by the 'event’' and the ‘time'expression" will write three macros, "Event," “Time-
expression, and "Construct-temporal-specification.” "Construct-temporal-specification™ expects two
inputs and produces a Iistrwhose first element is the atom "Time-of" and the next two are the
arguments to it. A more complete version, would also provide the two macros, “Replace-event” and
"Replace-time-expression.” When "Replace-event” (or "Replace-time-expression”) is passed a
temporal-specification and an "event” (or "time-expression®) it returns a new temporal-specification

with the new “event” (or "time-expression”).

C) Spin-off Benefits of the Interface Mechanism
Two side effects of the use this interface mechanism are more readable code and optional

type checking. The better looking code is due to the use of names to select parts, rather than using
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LISP functions, such as "CADDR." The type checking is possible because the macros can be
written by the interface to check if they are passed what they expect. The macros check to see if
all constant atoms, like "Time-of,” in the abo;re example, are in the correct location, and that the
length of the list is what is expected. The interface module can produce macros that do no

checking, which is advisable after a module is debugged, since it will run faster without checking.

D) Extensions to the Interface Mechanism

One desirable modification of the time specialist would be improvement of the interface
mechanism. Two problems with the present version should be resolved. One is that while the
implementation is insensitive to the order of the elements, it is dependent upon the structure of the
representation. For example, many routines expect, “temporal-specifications” as inputs, others
expect “time-expressions” and others "amounts.” Unless the alternate representation schemes have
these constructs as entities, the time specialist will be unable to function.

The other problem with the interface mechanism is that it does not handle the representation
of other sorts of knowledge. The answer contexts that contain the record of each attempt to
answer a fetch, for example, are represented in a rather ad hoc manner. Many of the items are
usable only for explanations to humans; in a better system, however, they would be usable by the
overall system using the time specialist. It is important that the system that users of the time
specialist understand its comments. The system should know, for example, why a particular fetch
failed, If any inconsistencies in that data base were discovered and, if so, what was done about
them. In order for these comments #nd notes to be usable by the overall system, they should be

represented in a manner consistent with the representation scheme for the entire system. Since this
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is not handled By the interface me;hamsm,,the code that makes notes in the answer contexts Qould
need to be re-written for each application that used a dmerent reprmnuuon scheme. This was
not a problem with the applicatlom of the time spedalut ducribcd in thts thesls. because they use
a representation scheme consistent with the time ;peculut' el et

The only aspect of the implementation that anevmes the problcm of repre;enting the notes
“and explananons of the time specialist is the use of a routine cal!ed "Remember no add notcs to an
answer context To integrate the time specmist imo a larger sys;un;. there are two altemat!ves.

'One, change the code where each call to 'Remember occurs, two, modlfy "Remember to transhw

to the desired representation before adding to the answer context.

“E) A "Better” Interface Mecmién |

A more radical solution tq this interface problem would be 10 put;the knowledge sbout the
elemens of 2 temporal specificaion and ow. 0 el and. consnuct tham Jaside the tompors!
ipeciﬁation itself. This actor-like> view of temporal specifications, seems. to solve. mest. of the
problems of keeping the time specialists representation o@‘gmmemm\ﬂﬂl its user’s

representation scheme.

3 See [Hewitt 1973] for more details
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Clearly. when intencnng with humans, the time :pedalht M not say things like,
(TIHE-OF (ALL-OF COLD) (DATE (1975 6 10) (FUZI HII.)))
"NOT (DATE (1975 5 9) (FULLZ (DAY 3)))) -
MEYOU!EFEMMTOT!EM(ALL—OFC&B)? |
| Instead it should say methlng uke. "The date of the cold B exmiy Monday, June.I6, 1975 not
about Fnday May 5, MS give or take 3 days, are you nfmk‘_ to the same cdd?" This problem,
Hlike the inverse probiem of mmlaﬂng from English to an mml upusemation is considered. at
the f rlnges of the scope of thls murch
The simple generation system hmrpofated into the time :pechlist is surprisingly adequate
for most cases. The basic idea is that the relation, or MWW& every Tist or m’tﬂis& of an
ftem should know Now to-say it's-pares: It'S parts in-torn ase‘sither atomic, or else the first elements

of them recursively know.hew to say thelr pits. For skaiiié take the problé of “Englishifying”

part-of the above examp&; .
(TIME-OF (ALL-OF COLD) (DATE (1975 5 §) (FEZZ (BAYS 3)))).

First "Tite-of” is asked how to generate, and it does a little special case checking to see If it Is a
question or statement and if the type is "date” or not. It responds “The dtte of <arg> is <value>",
~ where "<arg>" is the English version of the arg, "ail-of coki)”, and "<value>" is the English version
of value, “(date (1975 5 _9) (fuzz (days 3)))". Té get the English version of the arg, "All-of" is asked
to generate and it responds with its arg, "cold”. Then “date” is asked w generate, and it takes its
arg without “Englishifying” it, and computes the day of the week using an algoﬂthm for a

perpetual calendar, md looks up the name of the month. it also checks to see if the "value® is nil,

148



Generation of English ' Appesdix D  Kenneth Kahn

in which case it precedes what the value returns with “exactly”, umueu precedes it with
“about”. It lets its value, (fuzz (days 3))" decide how to generate English on its own, and phm
what it returns on the end 'l-'un s then uked, to generate, Engiish and mdt th. 54\'0 or

take <arg>". " Then “Days” is askad to generate and it takes its “arg i"‘"'” 'S" 'and mm; lt into a |
“prettier” number, that is one that has none, or only a few dncuml phou. and tmku Mh
fractiom like "l/2 whep 3ppmgrhte. 'Dq -abo. mw mg llnqrgu huftlnn L nad l %
returns the pretty number followed by “day”, otherwise it is fow Ay’ d&p Thv rewhﬂf all
this is, “The date of cold is Friday, May 9, 1975 give or take 3 days Thu genenﬂm m is

both simple and modular, however, no. smulmty:om f eation-ia chlmod
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