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Incoming facts are organized by the time specia1ist to fadlit&te inference. Events are 
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Kenneth ·Kahn 

.. knowledge of time.I To•J C!ffecttvm ~ith ev~!J,~.~~~·~P.Wf$·~·ih&p1f~~u 

.·.· .. 'are related to ane~r in .time and,·-.ow;~'*':~~~'~,:".~WJl.f:~ ~temporal 

. charactertstics of theJe occurences. The,,pa.r~t,~~.t~. l\Ktl,~11 .... ~ing plays 
• ··, ' ·• ,,., • ~· '•~4~'',.•·o<TP. .. 1"!•-·:~•,,,,.,, _.,. •·,!;.1 ... ~,. '. 1•• •,f" '~""'''~· '•J; , . 

. in human problem selving argues forcefully that ·114> computer .,...™JI:~ ,bit :~~pnt,• if It 

lacks a sophisticated ~al sense. Jn this ryPOrt• I wjJl COft...,,"'.,ff~~.Qf eppptng a 

De~pite the isnportance of an underuand~.,~.,t~,,:in ""1J .. ,P.~~~~tng-siC.U~Uons. 

... research on mechanized intetligence conducted_ within the.·artitcial.~ ~y .. Jargely 

, . has ignored the ~I characteristtcs ~.problem•~ 2 Tt,e ~1~:P.ff. ~,Q.iosen 

deliberately to illuminate only , particu1'r aspects Qf a cprrent . thf011 of klt,iJjp~. Thus for 
. . . "/ ' -·· ', ' 

example, the so 'ca11ed world of •toy blocks• has received consklerabte attention, not so much 

because artificial intelligence researchers are enamoured of blocks, but because they thought that 

the rather cleatet ~ia• of tha, wrld 'ts a more suitabfe vehicle for testing rudimentary 

theories of ·tn~ ·acquWtkm, organization, and application. 9Kause•the consideration of time 

' 
within such settings would lead to rather messy problems, resarchers tn artificial intelligence 

I Much of this chapter is Identical to the paper, 9M'echanizing Temporal Knowledge• by Kenneth 
Kahn and G. Anthony Corry. 

2 The two exceptions known to the author are the work of Bruce [Bruce 1972] and the work of 
Findler and Chen [Findler 19731 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. F-or example, neither work considers in any detail iftte"als of time, the funiness 
of temporal references, or the use of various organizing structures. 
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Introduction And Overview Chapter I Kenneth Kahn 

generally have factored temporal considerations out of the problem domain in question 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 tQ 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 ttme 

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 tdtot 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 domain in question. The role of 

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

Figure I. 

9 
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Introduction And Overview Chapter I . . 

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

(I) Three weeb ago john-had a cold. 
(2) John was born June 6, 1966. 
(3) Two !or- th tee ytiti arm- graduattrlg~ · joh'rt 'Wer1f back'-rC, schOol. 
(i) A few months from now, John will finish his thesis. 
(S) After his cold, john died. 
(8) :john ..W Mtl., •'While ago. 

,> - :" - ~ 

:' -_ / 

In any temporal specification, some relation is given berWeen at Wst t~ e~irl~ each of whi~h:~n 

be considered a point in time. We dealt exclusivflf '~~ case'i>f two even&, ~u~ temporal 

specifications with more events can be represented ~; • ·•lft ~~-~tsi ~~i~g: dnly 4 t~ 

events. The more primary event is called the •event;• and ttte ·.bther~' 1ft.~ 1 ~ret~rence ·event.• 

. ·Sometirnea, -u m sentenee (I), the: r«erent!' mnr"'~ ·u: t-_npiJ(~ _ tffi~~j~'\•~ _rJ t~ ~ord 
f.. ' ~~ • , ...... ( \'"; :. - ;,( ;; . : ~, - ',. • __ , \ - .·.. - ~ 

calendar in use. 

No attempt was made to deal with what is commord~- ca~led ,'9~~~~, ~~·- '~- _I ,devOled 
; - . ,, . : 

relatively little attention to the linguistic prob~; ~U;OCia~ _ wit_h .. ,~~~OOf"!J· '~. ·~~I 
··- , ,,1} • ' ' . .' -. -.__... . ... 

temporal specifications in natural language. Within these constraU,l~ • .,h.9~~v~, we (\id llflp~, a 
• I '•. '•. '~' J .;,.; • - ' • _, ' c ' ' ,· •• 

rather extensive program for understanding and answ!rtrpg gu~,~ !~t,t~t ..,r~ces. 
- ... \ . - - _, ~ - , ' . '·' 

~ -, ) 

To test the ·notion that such a program would be useful in a variety of probfem-sOlving 

applications, I undertook an lnlUal assessment of its use in understanding the tempOral upects or 

some everyday occurences, dtsease scenarios used in medical diagftoslt;lncfH~vei storlft. 
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KellMttt Kahn 

The following is a session with the tPtle specialist. Fm ~· of -.-Uton. I have translated 

the stiked langual'! 3 required by the pragrl.m into . ~. Mthallgh .. this has substantially 

(Ul) User: I was 1'om January '25, 1952. When :1 was 't fww¢._. dtl:J 1*4 Mt .,.,.don. I began 
grade school when I was 5. I graduated grade school in June 1965. I went to England two years 
later. I stayed·• ~nd -_for •·or t week$. ,, 

(U2) :user: How (Jfd wu<~ ·when I Wt £~? . 

(SO System:_&?> _J4!an gwe or ··ran· 1:6 months 

(US) User: Explain_ your answer. 

(S!)System:_.The-.·ef•the end of ~:.tfMt~·~······~:-61·P.«take,Y.IWlths 
and the ttme f>f birth l&Friday, January 25, 1962. 

(U.f) User: How long ago did I go to England? 

(53) Syst~: Between 8 and 8.3 years ago 

(U5) User: 'What happened before I was 10? 

Cs<f) System: 'The beginning of grade school, the operation, and birth 

(U6) User: I Was born· May 5, 1955. 

(SS) System: 1 thOughtthe tame of birth is January 25, IM2 not May 5, 1955, are you ref erring to the 
same birth? 

(U7) User: Yes 

(SS) System: Is May 5, 1955. correct? _ 

(US) User: Yes 

3 For example, the first two sentences are given to the time specialist as •(time-of (beginning-of llf e) 
(date (1952 1 2S) (fuu nnm· and ·{ume-of (all-of operation)) (after (beginning-of ltf e) (fuzzy­
amount (nil a-few weeks)))).• The meaning of ·ruzz• and "fuzzy-amount• wlU be discussed below. 
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Introduction And Overview Chapter I Kenneth Kahn 

(S7) System: Earlier I was asked how old the person ~as at end of .th'-,t~ip to tng1and, and I 
replied 15.5 years gtve or tale 1:6 months. However, my reasoning was baled on the fact that the 
birth was January 25, l952, which you now say is incorr~. We cpuld. either. forg~ .it,OJ;,J could 
ansWet·the question again: Shall I re-run it? · · · · · ·. · 

• (U9) User: Yes 

(S8);System: The answer is now i2.3 years give or take 1.6 months• 

As can be ~n by the user's story (UI), the time specialist can accept facts in many different 

·. f or"'s. Some of the statements specify the dates of e~ents. The others give ttte time of one event 

relattve to some other event. Portions of the date can be missing as in 'j~ne 1965." In addition to 

• • • ' < ' ,,. ~..,,, 

accepting time intervals in terms· such as "'Z yt&rs• or ~ween 8 and 9'weet:s•·the specialist accepts 

time intervals stated in vague termsluch' as "several days~· "nearly a m0nth,• or •a f~w weeks• ~sin 

UI. The time specialist afso can answer questions about events Whose time was not explkitly given. 

Q.uestiOns that require the time specialist to search for evenu' that oCcUrted at a specified time 

expression such as "before I was 10• (U5 and S-t) also are accepted.· 

The time specialist checks incoming facts for contradictions with previously entered facts. 

The statement "I was born May S, 1955" (U6) is inconsistent with a previous statement. The Ume 

specialist begins to resolve the contradiction, first by making sure the same event is being referred 

to (S5). Then it asks whether the new fact 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, ·1 was born January 25, 1952* is invalid, the time specialist 

attempts to correct the situation. It marks the old fact as "not to be believed" and searches for fa~ 

that were deduced from that fact and doubts those 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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Introduction And Overview Chapter I Kenneth Kahn 

In what follows, I will discuss the operation of the program in terms of its three major 

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 deductions concerning these 

statements can be made by a program that knows only about the temporal characteristics of the 

knowledge involved. Finally, I will discuss the problems of maintaining a consistent set of 

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

Sect~~~:',!=~J~', R~~f~~'lf'~~,'?f,, ~~41fJ,~ ". 

I~ is natural' -first co approath die :pf'ObWm\ oi··1t1p1esintfftl(1~ li1iOIYing ·~1 

references through the use of a single representation into which all such statements are convertt!d. 

For example, each occurrence can be associated with the date on whkh t~ lt began and the date 

of tts conclusion. All events that happened during a particular tUne interval, then, can be retrieved 

simply from a date-line, a list of events sorted into chronologtcll 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: '1:vent A was after event B 

by four months· and •Event 8 wu before event C by ux weeks.• Surelf one would like the time 

specialist to be able to answer the question of how much later A wu than C through the obvAoUs 

means of subtracting six weeks from four months. To force the convemon of these expressions to 

ones involving dates seems inappropriate, even if the dates of A. B, and C are known or 

computable. 

Another problem with using dates (or any point estimates) u the only means for specifying 

temporal items is that it is difficult to preserve the inexactness or ryul!!!!S of statements such as •A 

few weeks ago I had a cold.• If :the time speciali# converts such a sta.,_t to one involving a 
I . 

date and an associated Interval (the latter.reflecting the 1uncertainty about the precise ttme). tt may 

lose much of the original information. If asked, for example, "When did the patient have a cold?" 

it may not be able to produce the reasonable answer ·1 rew weeks ago.• 

For reasons such as these, the time specialist was constructed t9 deal with dtft'erent kinds of 

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

19 



Introduction And Overview Chapter I Kenneth Kahn 

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. 

20 
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'';,'; 

The manner In wMch the' ttme 1Pfdlk «Pftizes tW"-lnc.'bminl statenldts ts Important. 

because 1t may marked1y jnftutnc:e the eftlcilftty:· ._.. wKtctb ; ........ ·cu be 'a~ A 

temporally ,J011«1 ·4ate-li~ Witt· "'ake the teft'iff&I ut : tWlif ieterdl: Which· occurred "'i'lhln a 

particular mrervat··ltoth- ltlnplt.and· fa1t .. «~-..iatlwt..,ipNftrfld.' ~~· lf,>Miny 

claen are unkt1own or clt#erenc·typesof ..... ,.,., ...... ,,i~;ttie tiiie;lfMid*1ist 

has- wverat ditfMM'wayi ot °'l ......... ~·tie events· tit ID'-IMfROt'f•' f"M'tftol1t•ef7wtatth·'Cltlllftlllng 

A) Organizinr by Dates 
;.· ., '- ' 

One way in which the time specialist carr organlle events, ,ts by thetr dates. If it hu been 
d ... '. ;. "·,,•·' ;.t.~<'J.·:.'_iV:: 'i H ,,·i,.; ~f,_ ,;_ ~:·~ ~ ,;'. ~',.~ ::. 

requested to do so, the time spectalist checks new facts to see lf they are •du.• types. and if they 
•.'.; !~r;:"i ;:.~ •· ·., -~~, ~;·; ,>~'~!~L~/,' f'·"'·.'·~~, ,f'.'~'>' ,:"!,r~',;·~::w 

are, lt inserts them tnto the date-line in an appropriate chronolagicaf posttton. The date-line ts 
' · .-'.-~·~ . >.:-·.,: 1. tn., .-,,: 1 ;: L'i~·~ ::~" · ,··,_- ... , · ~ " ' · ~.t 

represented by a list of event speciflcattons, each including a date and a pointer to the time 
' " ., ':<"!! ~ ,(; ;'. .. ' ..... ?(.-: ·:,. . -. : .. :·;, 

specification from which the date was obtained or inferred. Thus the date-line can be revised 

when the fact in question is no longer to be believed. 
! 

If the illCOIRMg f•ct (GllffatkJ a dlte and tn 1tnp1Cit rutty-~ (~.~ · • ju~e; 11659), then 
. i 

the upper and lower bOUnds fot the date ate cernpumd;:•rict;•1t';fr,;lnterted inttf tM .. date-tlne. 

marking an interval for the event. When no date:ti-OtiYloUs'YCW~.ttme spedftdt~; the'tlme 

specialist can invoke a program that witf attempt \ia'~fsc:ovtr the a~ l*' ttle event so the event can 
~~' "·· ' ,,;:\~,, ~;~e·. - •<' ~: ~-: < ~-: 

be placed properly in the date-line. This program ts ~'Of tW~I! tfflich will be discussed 
• - 'p' ~ .. ' •. {i'.'·! ... ~ .~·, 

below. 

21 
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B) Organtling by :Ws~~i~t·~~'l~dG1t'' 
~r '· , 

Another way the time specialist has ,of orpn41tng ··f•ctl~ ta ·in terms of yeci!I reference 

• , ·.-cle by;~;-.rlQf'•:tltnt;~H.lt,vbut -.timtilf*illid ~ic-fd~lnllke.,such1tleeittons after 

Arl~ticli,.ft~test~;:~1cf•h~8"nff:._.re:1'f'fJ'1"f41.,.. . ._:b,.......itv.tllta.~;t:'Jl>ia~· thei'ltme 
' 

reference evimt found it added tot"; data ;tlJlse..cc!hus. ift• .. tenns:Gf·. tK pr:e•• example, tf the 

incoming.~ is ~Ev.-t B l>egan:when I wa&·l6"!~· S1*fn ~n uae the "the:day.of 

f;.irth• as a special refer~ e'tftlt: to fin~ the ·relatiqn.~ A~ B,·. 

Another form Qf org•nization employed by the Cime ~ uses the .notion of "before-

after· chains. Such a. chain occurs often· in a .story where the··priMip41 neats form a euence. 

For example, suppose the $ystem ha.d been told 

(I) Event A was a week before ev.em l. . 
(%) Event B was three weeks betore event C. 
(3) · E¥ent .c was a month before aent .o. 
(4) Event A was two months bet.we event D. 

The time specialist would create a chain •(Event A, Event B, Event C, Event D)• and a chain 
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•(Event A. Event D)" to reflect t.he two ~t~~~1·,.~~ ,~~f~ this ser•es of events. Such paths 
"~,',.: - ,,..,-,..-,-·O•• _.,,...,, 

often are useful in answering questions about the time of events in the chain. panicularly when 
... '. 

D) Analyzinr an Incoming Statement 

When _a fact is added to the system, t~~; t~~e ~X-~r~ "'~~"~.i~1Jses brought to bear 

on it by the time specialist depending 4;Ml ~he ~;~~:~~~~;~v~ .. program. We have 

indicated the three major ~es in the. above ditcusston, na_rnetJ t~ ~~tora. ~ a d~~ for the 
·:··.:~. :···::.: f· '.·:•, ~ ··,.:.·i':f:t~ ..::·q L_, "f!iH·· .... i<·J'., ':,;H:.·)!~"'" ... ,-; - r_~ ·.-i·. ·-· }r! 

_facts, the association of' the event to the.n~~-=.st.,~~a1.,f1f'1~ ':?~'}·~,, :'~~~~""1!Ji ,C,he 

event into an appropriate before-after chain. Any or 111 of the.le f~_s ~l.'!e aPP,I~ ~.a 
•. ~-: ;"": . ·1~. ~ ' ·_,..-: .-.· --,~ ;.-... ;.~ :' '· "'· . '·. 'f: ~->.:.; ·•.• ! - - .; ~,-· '' ' 'i 

given event. It is not necessary, however, that the methods .l>e app~--~.t~.,,time th!t ~~ .~v~~ ts 
·"':· . " .;: '. ....... ~ .. ~:. iv .. ·~'! t~! _:_:,. __ t:~-~~- ·j·.-;-_ ~·<:.{~···-;'-: -~1.t"'' ._ .. 

ent~red. The time SP,«ialist leaves .a recordw~~~~c,~ ~~,~!J' ~~t~~~,tp.,! f•ct, lf~.~~,a 
- - '- - - ' ~ . 

later time. the hig~~level sy~~ w~~ts_a~ .~ ~~.~':!:~"t~~'f' ~-~~·it ii ~J to 

do so. For example. if the higher-level program decide that a .date--J!ft!. would be ,aleful. lt ~n 
, · ~ .- ·.-··_ . ,.---~ ·.' ~:c 1~·:J,:1~:1 ""J~~:-"·~~~:t"~ :·. (,'.· ·5"'·~r:? . . ::-~· ~~_._ r.-". ·: ~:· .. {- i"';: ·. 

use. 



Ttt. tl#Wspect~:f;~ 1a~~:1~~1~ ~ ~-1~~~~j~~~~~--~· 

These types ar•r stdtctenc· for tM representa«on or the· ... _. or a. Wide variety or superftciaUy 

.. , ·.·::·'ffi~; qU~~~~~Ja~t~noft~ui~s~~; ~: ~~,ntn~·~i:·~~'~ pr~~s 

·~·~N~f~w1\~'1tdilF ~''tiii;FJf'.1i~'~i~~~)t.:t~pi~~ ~~r,~hkh ~~ft~·i. 

'·~rtkt\i~j~~'rij!~~i~'~ r~.cl~(~.-.•='1;~~.t: .~
1

~
1

* 
::~:, o;. ;~c:~"~J" R;i;J~ ''r~t~~;f ~~ ~-1 '¥~:(:;~" ~i a :1:~i;~ 

riia·;~;n~etfa<ili~rJ~~ r~ ~~~~~1-..-!~:r*~ ,.~·~!;~<;~~ 

i:i~~~l'i~tt1'f~d~(if =~-~0.it~'~~~~j;;~~ ':Jjr;:>i~.,1t~e 
.·• ,. , " .• t."L.'.''"' .. ;" .. ,·•. i·,1:,, .... iv '".·.·.~.·:.'-r"t.\ t,• ·,·.";d', .. '"h;·)'1:·, ''''" .. l"''"1'.\ i9v9i-.·:':Hi .. 111n "'.rli ·11 ,:.k1ffi£:<::1 ic·l .').:: ob 
··9,~ oa•:··~Pbt ... ~.rfiet~··is·a ~·Wiffdt ti·~difllped roitawer questtGns about dates by 
!)·T~c; /<TrL; z.~it(!~ .. ;,1~·rzu.:. :11ld 1 

.. '.h~b s-rlJ ~~A£n·1· 01 ~.;:nt.i .. ~J;;b ~iti t!1~"JV~tzno~; d:)it~\.t: no.~jJf~L·l 11jf\1 $l£':'~'J~~£ 
mak1ng ·use or a date-ffM': In ttris sectiOft I Wilt rev-. brtffly d# var.taus methods employed by 

· . .i · . ... 1., L .. ,... • ~ · ,. •o·-· ·· 'l'" ·-i·•r··1""'~' 
1 1~~~~.i~P" .. ~i~ii·~~{i~t~.~)f~ ft~.f ~~5~ =w; ~~;1k'.1:1eii~;t~.~~· ~- ' 1.~ 

A) Equwalent Temporal Specifications 

The sitnplest way a question can be answered by the time spectatist is that the fetcher finds 

that the aMwer is already known explicitly or that a fact ewivaJ!nt to the a_nswer is known. For 

example. sup~ the system had been told that Event A was: three or four days after Event B. If 

later it was as~ed if Event B was about a half a week belore Event A. the time specialist should 

know the answer. 
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The time specialist employs a method· to setFlf an;·equtv11em1:iftelns of expressing the 

requested item ts already known; In. usnsing dR epatn11nce af qtwO rfAtllnp'1ll!al spectflat..._ 1'6J 

well as the meanings of the various time units. It may be possible to make the required assmsment 

with only rather 1trat1htforward converliol'fs. .If the items· ve,dtff.-;>,..,......uon types, 

however, (for example, one in cennsof ihe fu111.·.,.tt• anCl •ttM·~,-~.-rra ol an_.ms) 

translation of one •tem into the type ef the oih.-, is.,...... W• M' a,.atcatAol1.,4 "fie 

equivaleme tests. i 

B) Deduc~ion in Q.uestion Answering 

When the fetcher fails to ftnd an equivalent expression in the data base, it must invoke other 

1. Using Dates 

Many questions can be answered using dates. In the case where the dates are stored in the 

system, then the question can be answered simply. For example, if the time specialist is asked what 

events occurred within a particular time interval, then I it wiJl .. ~ ·1• .uon ot the date-line 

<i There is one prob,lem in ttM.aasessment of equivalence, ifdJe;pattertt~ng used.to retriev.e teems 
from the data base has a ·fuuiness• 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 whkh 

... ~uces· the,·pecentap:.r,-o~lap~~ween'.• rew-.t ..,.,_.,*~-"lch np•••ll lhe 
"'" ..... fll:Yolved.' Th• ·NUtinet,.Jea\WitMihiltcl • .., ..... ~--~·--- die ........ 
matched the item retrieved from the data base. · '"i ,,. . 
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·"- faUa •wfJllhlbl:da,C..Qf tbe.:• po;.ncs,u·the,ilnervat. ·'·A.ftematt.velJ, if the· ttme specialist 

is u.Md •hetber GKJunt occurredWore:an.th~; a campartm Gf·thf 'date of the event wtff be 

...... t/ l:twe ~U.M>f ~O'datei '.jS~sul&citnt tor ....... ~··'about the- relationship 

·,• I'> 

'tlatoate• Uilf1d ttiat'it ts·often WOttltwhate: .. mantnr·'.fM·datt or;an "~when Ohe is 

ftat'·tJYen. Zftre:tlM>:.petlaU$t bu $'Mkilrct·"*'*1'f0t:Mferr'fn~''the date·Of an event Using 

-tttfMttWe.v-..· .,,,_ ·Jdea'tS 5iritpte;·to ftnd ttte dite"tf'''IW'evtn~'fiml :a·reta?m time expms•0n 

for the event tn questiOA and lOok for the dilte ot thlt time exprasion's ref erenO! etenf : 'If' that 

date ts found, then the date or the arlgtnat event can be determifted. For example, suppose the 
' ' ~· r ,.~· I - , ; 

system had·'-" previously· told: 

(I) A week after the sore thr~t·I h1.d·headaches: 
(2) The sore thf'oat was M~ 21; 1~ . • • 

To answer the questten. •When Wer:e the headaehe!t i nferffod·· Wdllfct Ind the ftrst fact. Once the 

date of the reference event, the sore throat, is retrieved, it is a simple matter to produce a date for 

the headaches. If the date of the reference event ts not knm¥n;'tlle'Clate-ftnding method can be 

recursi ve&y applied to try to find lt. 

2. Using Relative Expressions· 

Suppose the time specialist has been told .,.hree weeks ago I had a cold and two weeks ago 

it was over.· and later it is asked "How long did my cold last?" It seems natural to simply subtract 

two weeks from three weeks and respond "One weel," l'Mfter·dtaftito'~ the dates ot !he 

-. ------- ---·-. -~ ----
· .. & Tms' reh'Aeval can ;a;ISO;tncoJpeAt• fhe · .a1ted lrO!ft' ...... tO 11•;:8Gt'tfiM·'ffeftf wMth 
·,ue,not.::Of ttae·.---·:type. 1 At·preRMith1.u1nec.~...-·-.~•'-C"'*''ev..r·'1om'dtffennt 
groups into different·c:tate-:Unes .. ·· .·· ''"->:-::-r ·,i<:i' ,,:1 .·\·:·.:'f· >• 1:.e.">.1' .·., ... ,, ,,. '" "· 
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beginning and the end of the cold and then to subtract tJte dates. furttter..ttaere ~r~.'J'.llPJ,5'.ICh 
' ., "' .~ > .: ._. li.. :-.;·;- ''· - ·:-::::~· j~ . ;; ; " -., - . . :w.~··· 

cases where one does no_c _have the choice of ~titJ dat,s. . : .. 
. . ' . 

The fetcher possesses a method which tries to deal with such ~ ~~'. .~~l)en- :.~ ~ 

concerning the ~elaUonship between two event~_!s ~-· ~~i~ ~ !~~ ~,6,rl4 .f~cts in a 
~~ • ' • ' < - ' - • ' • ' 

data base which relate the events to a c~ '*ial.~er~ ev,~ }f~.~~,·~~" .J$, ~~ ..,..,, 
'. ' - ,_ -. ' ' '. . . ' 

determine the temporal relatioosMp among ~~~ne~ents l~ ..-~. ~ ~f,Jt fai~1;*! ~~}O fi~lwo 
·. . . '. 

special reference even~ linked to one another which)~ .. t~-~ ~~J9't~'~'"~~JQ .... 0(1 •.. F,or 
• , < > - .... ~ • ,•; • • • - ·' .- v • 

example, consider 'Three years ago I g~~u_at~.~rom ~~~'~'1J~~~t~·"·t'1~ !JI,,~~.~• 

In order to determine how much time_ was ~t~~.~·. t~ ~;;~!f~ -~ uae .. tJae special 
,~ ' '• ' "• ' ;_ • w' ' ) j,. ' < 1,, , .. ', ' ~. ., •" , ~ • r 

referen~e even.t l~n~ from ·the begi~~-~~~ of,~~ ~,.,b!rth,'"~;d ~~~ ~~;~!IJk '""'it~ ~ .. qr 
', -. ". ...... .. , .·. ,_ ' . .. 

_college to now. Because ,'~ knows th~ •di~~· ~ ,t~: ~~ rf~:~f'(~, t:V• ln,.JAUI 

case age, it can answer the question. TypicaHy such links ~•n ~I l'f~ even~ .~.,•Qt 
., ~· ~ .;.. ~: .. ·,,,. , · .. ?; ·~:~f»·~::· _., ,,_,_~~,.., -~-4~>.:,:1 1,.a;)~h:~. ~. i ··-· . ·' 

because of the importance of these events in ans~i~~ a. ;~~r.~r,ft ,,~, .,~ _ 
. ·- . ..:, •' . . ... 

J. Usin1 Before-an.rGllnt· 

The fetcher also employs the before-after chains in trying to ~·' .f~t~~~ ~ween 

events. Basically it seeks a chain that contain~,-~~}~ ~~Jn,~~':-~ t~,.;~ppts to 
. i " •• L 

find the shortest path .betw~ ~h~ ,r,wo e~1~t~,~~,,,the,.ch~i~~; ~~ .~~~~~ ;ta~~~~, .. ~~Jf!i~. ,. ·\. .·. . .' . 

the time specialist uses the intervals of each Un~}'? 1C.~, c~A'!J~ ~11'~.'!YJ:f'U .t~~'M~~I 
' • • • > • • : ~ ; c - ' ,, ~ _ _, .... - ... •• - .• 

. ,·. 
' ,' 

-- ------. - --- -------
• There ·ts '~r· wmernJf this metftad·~tliat ulft ihf ·rull pOwei- ot' i~ 'r.ktier to try to establish 
such links if they do not exist. This met~~ ·~~I '!ot}'J~.~~~{~'*"~9tll.~~'~ 
because it does not apply to quesiions that' etpftdtfy IMfitioft a speaarreterence eftht. 
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and the ttfliie specialist ii later c'*I mat A ii W~ C '1f _. amount, theft in determining the 
.. 

tntervaf between A and D then it only needs to c:.ombine the •dtstance" between A and C and the 

"dtstance" bet._. C :lftd· · D. 

TM fetdM!f caflnot: be confident ot the imervals detennined from a long befcn-after chain, 

becauw in combiMtk>n .of fuzzy information, considerable inaccuracy is introduced. Links between 

spet\al reference evenu. ~~er. often an known With great accuracy. (For example, the 

"distance" between birth and now). Therefore, whenever possible the fetcher lftks to "jump over" 

segmem~ of a before.after chain through comrections '~n two specia1 reference events. 

The before-after chains are .also useful in several adler contexts. For example, if the 

question pattern requires only the relative order of the evenu, net the temporal distance between 

ttmn, theft ftttdmg a befot?-after chain may solve the preblllln. Simi1arty, tf the question requests 

atf events of a particular group which accumd betwem two specified events, then finding the 
·. . 

specified events In before-aft~r chains win yield at last some of tlte required answer. Of course In 

this latter case it may be necessary to ftker the events by a group,~. 

When ·aft• odter methods fail, a breadth..ftnt •rch can be inYekecl as a last resort. The 

search fallows aft dlams away from the ev•t until the n!ferena event in question is found or 

attttt t1te dtaff1 aenntnales. This methGd could be used for aH f«Ches1 but of course It would be 

~iy stow. Because of its computational inefftctency, it is used only sparingly. Another 

problem with the.me Gf this method is that althoug-h a chain bttween two events may be found, 

the chain may mc1ude so many events with fuzzy specifac:a.tiom ~ She onrall time. interval may 

be'SO uncertain u to mate tfte answer virtually meaAingless. 
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5. Selecting a MethCNJ f~ Applicati~n 
, I • ~.;. ';- . . . 

When the fetcher Is called with a question pattern, it must decide which methods It will 

employ in triing tO provid"e an answer. Currently its 'ihOice depend.I tin '·;t'wo :factors. First, It 

•e • ', ~ ;j 

events are specified or whether evenu are required to. ftt within a certain 'time expression. Once 
I ' .. • 

these determination has been made, it is a simple matter tO ~~,~ ~~ of • available methodi 
,· :,, •::"' " . ,. 

for application. For example, If the questiOn askeci' wh~t''e~enu ;&:i:uHtd 'between two dates, then 

the ~'that uses the date-line and the methOd that chkls ir actfkridw~· evJnt oceurred. within 

the htterv'al woutd be selected ..• The seiectirln or tppriijjt1ate )~fificts "&(ij11J· ac:Complishect,' :6ut 

the order in which the methods shoutd be appttf4·r~ins'a··phjb~ P~tly tfie ofder'ci'd.e 

methods ts ·cftitermtnid by a static fttimatf ot theft liehhuodS or ~--'In a rrtore advanced 

'·~. of course, other factOrs sudt l1 the characttrlsua or 't1'e1iMil';in the data base and Statlstta 

·on the past sUcriSsof~inethods would lnltUence the det\uk order:• • 
.\ : 

The·efl'ort the caller wants~m put into ttte tasi tl·~·'in me··ule Of the selected. methods. 

Clafrly ttte·ume sp!CiaHst cannbrknaw 110\Y tmportatttanj partlctltar·tttch Is to~ higher W~et 

prcM!fn.sol'V'tng program: Yor this reasdn an etfart rnta.Ute' dil: btiJ piiss«l .to the 'fetcher a·roftg 
I 

With the question· pattern.' ·P~ly this eft'ort mediJ ta .. a'pptOXimattd 6f the amourif Or ·cpu 

1tfne necessary to·coinptea!·a·retch: 
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In addttton ·.to acaptiftg temporal· specificatiam, ~ ~. ~.C. ~ ;to. •-.U· U.. 

ptaustbltity of a·,atttculai· Dtement and jtl ~J.'*" ~tl.~1 *" ti-. ~fa but. 

Consider tw~ngfaas: 

(I) TM·~ end«l last Wftk. 
(2) Three~s ago tlaere was a pany. 
(S) A UNple of ~Y,S af• .the~;~;~ fftCltcL · .. 

. . - . . ' f 

If the same c:eld and party are beinf ref errect ~~Jta.. "f~· °" thetf ex~s JJ .not 

.suflctently great"to atcount for the dbcrepancy .,_, • ---~ w, ~ ltlr-~ • time 

specialist to recogntze ttUa •"4. '9' correct the·~ if'..,...fe. 
, ___ ,.._, . -

The module that detects tltisJund.rl;~J·.!IU~J·,tD~"bJ ~Ing. use of' 

other portions of the time spec~"5t·. The·~~••• its ...-~wer.ing ku1Gd9!ft,,,fia . . ,., ' ., ,. ·-

check the consistency of the latest fatt wieh f'aeta pm~ ~· ,f& .MU ti,e .ffS:Cber whether 

the latest fact is true; Th,_ QUta>m• ,.._ pauible for dtis .....-. ~tile. fact abaclJ may be 

known. There may be tns-..ftietem information. to~•·tJtt, ~ .. ,in, wWGh,~&fte,f• ts 

accepted .. Of ~it may " cqnt~~-t tat&. The tbir4·PQ1td>mtf is,,~.,tllOUl9'· ~ k...,. ·to 
. ·i , ' ' . . . ' -

determin~ th~t the new £•ct is in~lfstAnt with.ftill1PY_, ...... ~.~ ..- appaNDt 

inconsistency need not be a real one. It may he that the eveat.L ...... "__. to are. kl_,,,._ 

different events •than the ones krtOWfl in the data base. Thut tn.the above example, the party that 

is referenced may be a different party in the two statements. 

When an iftmnsistency is detected, the normal course for the time specialitt is to engage in a 

conversation with the user to ascertain whether the events in cplestion are the events currently 
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known to the time specialist. If they are ind~ ~·~~~t-~~~ thtn the new item can be added to 

the data base, but the time specialist must store with it a reminder· tha~ the new event 11 dilf'erent 

·rrom the event& tt previausty:'knew abC>Ot ~wtifn the ·~JM& a~'~' sari, then the 'apparent 

tnconsistency ii exp1ained ri>' the~' ahd.'th~ tl~li aded if tWi~·~a~'is wrong. rt',tt is, then 

. _ , _ . __ ·::· _· :-f.._ 1 • ~.,~ ·:.f,, .r~""'~ ·,- _~J11 _~,..~~ -~! ; .. ;·;.;--: -~·,·,_,- ·: :-;~; ;r:"~ 

.. the fact· ts "'J!tted and the user t'f rree·to adCI a rev'ised. version dt' it. It. the' new fact ts correct. 

then the user is asked' abotif~C:h of :ih~'0the.. ri$ wh~~, a~11·b.;'C>fv«td··,~ .,t~ apparent 

' ' .• '•. - , __ ._;; '- -... ' -·.=·- ·-,:- -,~ !,--~lt.._ ·,:.::-'; : .. ·~_;.<,'.,:•:- _;-h}:~ ><·\~. -.-. '1 

Contradiction. If thfl..11« asserts that eaetrraa ii' correct, then t&e iRCGnabtency is allowed to stand 

. and a certain atnounf 'of 'indeterminism has'~ ihirtlduc.d'-~td ~ ~ ~~: ''1(: --~ev~.' a;.. 
""of the oft'endinj items ts l\o loftget tb bf' beltevea!· 'tlilttitfl&iril ~«t: and the ~ 

. ' '~f . '., .. , . 

', 

~: ,- j ' 

.. '· : 

• • - - • -.-.. - • • - • ·.- •.• ~-- • • ·~ · .··, ·: .... , :'t_''<:·.·•"' .. ·•'· •. ·~.:~ .- ;: 1r;_.,'ist;'\~·~ .. ·-.~i ~ ... ~:·~.·.~_.· :, ', -.,..:: .. 

7 Of course, this rather' simpJe·approach wilt not"IOtve aA''p~ °"' inconllJtenCy that it will 

,6~~:=~:!11·~td:t~':iffr•fri'~·~~~:t~~=~ 
questions. Notice, however, that in Ume-t,.avel storia. dsU nonnalty oti•iOua c:onstr&int ii not alwaJI 
valid. It should not be applied to time trips. 

31 
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It i$ one tlttng_to.reject in• thU.~s-to ~-~Qr .._~_with 

knowledge iR the ~ .,_,. ~ tt b an •kdf .,,... ...,_ • ~ - -~ 91 hav.qag 
', ; • >]'• c, . .· ' • : ,. . 

btlie-ved ~· ~•1· . Thus when it ' ~ ~~c:,f.;~~: ~~~. f,Kt. is no• tq. be 

dou.bted, the time Sf*iali$t. fa~ a ~ ~ ~lerJt; ,.-~ ..... factJ may haYe been 
,;.\ ' . ,~ .. - . . - .. 

deduced from the~ fact.~ these, -.._per;.,.~~''''ISL¥ ~ 1¥~· On. &he. other 
~ . . ;·· ' ' . . - . 

program, but itMlf_.~y llave been ded~ (fll'R Qt~ f.actJ,. .\lJ•)these.-~hl( fl(tl.~.be 

doubted. but at othel' times tbe Ql'tg.,.i f'45 ~-~ •. 1-~. wwers tQ p~,joUs 
: . ' " • '· . ' .. ., -~- ' J • .• '.- • . 

questions now btcome S\ISpect when the ~ empb?td the~ fact. 

For example, when a previouu.y accepted fact a no ..... to be belteY«I, the before-after 

chains whkh refereme this fact should be corrected. AllUIM the time specialist has formed the 

chains •(Event A. Event a. Event C, Event. Dr and •(£vet A. Ev,ent D): and it subsequently is 

told to doubt that ·Event 8 is before Event c: The pt'Oltam pneralty wm destroy those chajns 

containing both i:v·erus a and C. If a chain Cat\ be •UlJ a"9. however, (as when both or the 

events in question are at the beginning or both lpre· at the end of a chain), then the chain is 

shortened. in the appropriate manner. Notice that wwe the chalfl iEv•t A. Event D>9 based on a 

When it· makes deductions, the time specialilt NtaJns Wormation about which facts were 

used in the process.. Then ,l'ben it is to.Id to~ !'~~ J-...tJ. ~-d...,.,~ whether eam 
~- "•t. - . . . . -. . '· '; •'- ·. ~, .,;_ . ' <. .. ' 

of the dedUced · f actS; te«nams canSistfitt ·with the racu ltnoWA in 'the data· base. SOm. of th~ . - . . .--~ . - _,... 
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deduced facts will come under suspicion, and the entire,,pr,ec,as .will b' at>P!~ recursively to the 

newly-doubted facts. Q.uite understandably this process requires a considerable amount of 

computation; it will, however, maintain the data base in ~'c0nsistent·f~shi0n .. ' " 
~ • ' . . • ·. ' • ~ , ·' 1,...<• i :· > : '';.. t • . . '."·~ i 

As noted above, the fact under suspicion may-· have caused .the. time specialist to answer 

questions incorrectly. Unfortunately the ume specialist Qnnot know what has -~n d0ne with the 

answers it provided, but tt can interact with the user, if it no longer believes an ans~er 'rOr'merty 

given. To discover which answers should be doubted, th~ time spedalt~t uses. ~~ments ·wt 

behind by the fetcher that tndicate what facts were used ir1 ~n-s'Yieri~c a· :particutar quesu~. The 
higher level program is given an opportunity to ask each such q~estiorr again. 

Although these solution$ are not ·complete, they do ~lloW the ti~ specialiSt to undo mo~t- of 

the effects of incorrectly believ~ facts. Clearly Muth more work ·~ l'~ulred to solve this problem 

. in a general way. The complexity of the problem is such that in·s0me<Clrcumstan~ the 1tmplest 

and most efficient solution may be to cbang~ the fact in question and to' ~i;e&rn :the wh~te set of 

facts that are affected. 
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An earlier version of the time specialist was connected to a crude parser of English sentences 

and questmm about the times of events. Using UNeOL, ([p,_ 19751 IJtd £Pratt 1975]) a syntactic 

parse tree was obtained. At aH nodes on the tree small progra!ftS tried to identify component$ of. a 

temporal speci&ation · such as the reference event, the units. the fuu. ek.· These suggestions were 
, ' ~ .. 

then combined to produce a time specification under$C&Adable by the t• specialist. The present 

v~sion, however, dors not include a pantr .. 

Despite the lack of a parser, the relationship between the aspects of time that this research 
' . . ·~ " . 

covers and that ava11able in everyday English needs to be darifted. l~~lly~ all ~nglish temporal 

specifications should be mapable into the langµage of the time specialist. There are some smtmces. 

however, that the time specialist cannot, at present •. handle. Some ~t~ces are n.ot intelhgtble to 
,'. . . 

the time specialist because of minor deficiencies in the repratl\tation of daces and amounts. For 

example, the time specialist does not ·understand• the llftits of time Im than one day. 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 i1 described in Section 1-£ of Chapter II. 

One might think that since the representation of time presented herein is concerned With 

ev.ents of no significant duration that occurences with duration would not be understood by the 

time specialist. This iJ clearly not the case. For example. the sentence, lhe 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. 
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Other kinds of temporal specifications that cannot be handled are a more serious problem. 
. ' ··{ f ~ '! ·, ,' '' •. , ~' ..... ·. 

Sentences that depend upon •real world• knowledge cannot properly,.be h~~led by the time 
.· .· •, L~:; .. ·,, , ;;!:'; .. , ·:~;·· ,,_ :: •.e_';,,)',· .· :, ~· ':">:. ., ;~ .. 

specialist. Examples are sentences containing phrases such as •nrcent1y• or •after the ball_ ga~.· 
\ t ~::~+ .. ' ~·, ,,....~ :;: ·~-·~\ :/: ·~~~;'' ; ; ¢:. 

Were certain facts such as the duration of ball games or the frecpaency of the event that pccurred 
' 't. . ' • ;. ' .. - .{•'. . :···. ·.·•·. !t..i.,) .. "'"":-~.-··: ~:<{··· ,,.... - • •• ·_ .. ·,,,-'!' 

•recently• known, then they could be used to transform the $8Rtence into one that can '->e 
~ ' · , -·· ·: ,, . . 1"<·,_;:.} .;··!?.'!.;~~'; f"· · 1 · ,· .-..,,r,·-~ "":"~c 

understood by the time specialist. The time of the event after the ball '-'~ miJh.t_ ·'?.e assuf!M!Cf .. to 
- • • • • ; .. ~ : ~ 1 ' ~ • • •. . , - • .. ' . ,• 

be Within a few hours of the end of the ball came and thus rtpres,tnta.ble. T~e pro.b~.,of 
. . .· . .• ', . ,· - ·•; ., .... ,,: ~ .-/! - . :- < . . . .,, ' 

determining which such assumptions should be made ar,d when. wei:e 11~ inv4!1tipted. 
;'··;, :. - .. - ,.. . ", ·:.- '."::"'._. -_ ' ' :'~~ {.;-'~;':.. ; -, 

Interesting problems relating to meanings of context-dependmt exprasl~~ like ·~- whi~ aio" 
·- H : ·_: 

or "intermittent" are difficult to resolve. The meaning of •a while ago• -va"* with the cqntext and 
,' • ~· '•' . .'i:"'..; \~--~->::.. ' - '"; ','_i~· ~)·:" ~-~ ,: ., " 

frequency of the event being referred to. For example, if someone.~ to saYt."Mary saw ~s;l- a 
. . " ·.. ' .. ·' -. _;; .. :· .• <"l" ,,,., . . . ' . . ' 

while ago,· then the length of the interval involved ~s ,on .~. often they see each ~~er. 
'·'._ ' -~·- ,-· '.. , · ' ". '· ~~:;_.., ~-;~ ---~~·1'; ' E ,. ' : - ·,_ 

whether the s~ker and hearer of the ~t~~e .~~ ~~·. ~~ Marr. ,~I! ' few hours, ag~., ~~ 

Expressions like "last Friday• are interesting became they also ~re interaction between t~ time 
, ' - - • .' ~ ~'·--~+-, :.~· "'. ~~·· ··- _i-;'~·/•! .. -~ - .. -. ; . 

specialist and real world knowledge. The expression •1ast Friday• is ~tguous if "today• '!«re 
. ', · · . · ,•' ·· .. · ,,_,..·y;.'ti_.• :'::,~::~--\ ·: "i .:~>.i- ~., ~-"' " 

Saturday for it can mean •one day ago" or •etght days 11,0.• H~~·-~~ht days a19• ts what 
- -~; _. \ ;, ·-.· . ~. • .. ~-.·. ·-'.' :·~').~ ·.'. ,, . 

should be "parsed" since the word "yesterday" would ha ye p~bly ~,used if it. d'~ h~p~ ~ 

day ago. 
· 1 r:, .. f ·",, 

The remaining type of sentence that causes problems for .the time ~list are thc>Je ~hat are 
.·., .. ~t!i''."tti'4~· f:'-·t· ~~ ;.·t;·: c ·, ' ·~~· ~.,1,.1 

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 clau 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 seruenc:es tttey iWf '.·•1tnkt tit· n•,_. . .,,....., •' w ·URful. Suppose that the 

f011ow1ng S!ltt~ was •so we Wtter not sctlt!dult the ..._ on Friday,• then we can saf-ely assume 

that a cyttic event et$rttirg on Fridays was being referred to . 
• i ',· .~ ,, 

· Hotic~ thM both me ambtguous and tM · CC!hteXt-dependeftt sentences become inrefligible to 

the ume specialist when enough other mf0rmati0n is breught to balr to produce a precise enough 

meantng. Whitl! it is ciear that the time specialist shoutd be able Jo help combine the informatton 

to constrain the nwantngs of such sentence, ttwse ptel>tena are Or P.a1 interest to .Al natural 
. ' . - ·" . -.... ',{:.,;.-r- "~ .. : :·. ( , ' 

language researehfts and are removed from the centraf pteb1erit addressed tn this research --

uttderstandmg tiitfe. 

, - . . . . 

When ·~h!ftt •r· .utety .titMS for•-*· aft: . ..._. ilftb. thte ''""' tt.e ttme specialtst 

.....UW ask the pn!er to doublt check ia- llfttwer. .~-the - wfw4! a. lime specification was 

parst'd imtk-&ttRg·tfW~ of an ~-- afte ·its end• Here the time-specialist WHld 
• : 0 • 

ftk t!R· plWrlet if it is ttltt Of ta ctlntlvsioft; dkl k fRiK ·up the ntai~ ~ent and ~erence event? 

These questions, and thoR conctming the rote of -.....while~. were not investigated. 
' ~ ,·' ~ • < • .- :'Ji .. 

T~ mvene pr~ of mapping front the ..,_, reprelematton of temporal specifications 

to English was infftftgattd to a linilt«t extent Very simple. heurtstia w.ere used to generate' 

English statements that are adequate for the purpose of communicating wkh the user. This is 
·r • - -. <"";· , ·~ (; . 

described- in more· detail in Appendix D. 
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In phUosophy or Al, people occasionally ~~r.~Jlet~~ ~.41 ~r'>' 1qrcular. cyclic. 

hierarchical. or spacial. Does. ti~. have a d~r~ipn? Is t~ prima•l·W ~ It secondary• sptce? 
. ' - . ~ . ' - . . . ' \ -' ..... - ' 

, Does time play a s~ial " in the structure of ~J .~ 4ti~ fl';~t;I'·~~ of "".,.y ~ 
with location, motive. participants, and desir,ai)~~ity?rJio,w .~ sm.,jl!l:tf.n. ~ Clbjec:Uve :ti,....~? 

< • ~ : • • - •• • • 

What is the relationship between time and causality? 
. - . . •. . ' . ' - '. ~ . : -·. ' -·-' ' 

These are aH inter~sting qljestiQns whi~h s~pukl ~~c~ .~ d~iQg ~ ~~*"~ 

of time. One must make a commitment to answers to some of thfteJIU'SCiOO~. A.,s,,prnendy 

concieved the time specialist •thinks• of time in the following ways: 

' ... i " . : <.. ' ·' '· '.. i' 
I) as linear, as evidenced by lu •elate line• 

2) as hierarchical, in"that it will accept stat.ts a~t perk.els. unfortunately it does not 

maintain sp~ci~I str~c~~~s for .. dea,Uni ~~f,~ ~~·:·· :• · m'Yi;,: · . 

3) as explicit, in that the basic data ba~ expJtci~JJ,,,ljU>~}~~ ~of events 
' • < •• , •• ,,,,( 

i) as implicit, in}hat in "before-after• ai-.i~$ tf\~~j~ 1pf ,n .• il)llcli~ed: by tl)eir 
relative postuan· 

5) objective; mept that the ume #,~hit ,a~::m.~ .. ~1~9f <4~~qg .wuta many 
aspecu of sUbjecttve time (t'hat ii the·ti111e ~~,•v~ti .~~·~· loS: ~r to told 
about) · · ' ·.. · "·· ' · · · · · 

6) unt-dtmensionat, in that its reasoning applies e'luaQf( ~·JP 4;-~s 

7) as a lattice, where the nodes are even.ts.. and the 1 ~l qr~er-ng .is based on the 
temporat •distance• between them · . . . · . 

' - ~ ,' ~ "-'. • I . ; j ' ' .• 

Since both people and the time specialist can ,,in~. ~ .. ~ '~ .!'JJ1Ulti-ff,c~ed concept. it 

seems reasonable to answer the philOsophtr's questlijn{w(til"~~~. -\'~:.~ ~)A~~r. •yes• .time ls 

hierarchical, ·yes· time is a primitive .... Time is what people think it &.s. . 
I,· f 

,., 
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As mentioned eartter an important thesis of this reselrch is that once a specialist 

knowtedgabte about time is d*vetaped, it can be Ylild as a ~- of diverse problem solvers. 

The prot>flmt ofi fting · medieaf dla.gnmis was chosen as an natftple l'O demonstrate the general 

·apptllcabiJity of the time Specialist. Tbe compfkated "time c.une• ol a dtsme is often important in 

"- '> 

diagnosis. An "hypotbesil matcher" that matches· a patiMt~s hiitery. against the time course of a 

suspected diw&H was implemented· Md ttsted ·on a descr.,.._· Or ·.AcuN Peststreptococcal 

Gtamerulonephritts f ACN). 

A) The TU. Spw:ialis'5 Role ia H,,.._. ........ 

Many of tJM acti¥ities of dw mne speddlt aa llil W.-1 a, U. of an. ~ pattern 

matcher. In medical diagnosis, for examptf; one cu view the t~ time. C8W'se of a disease as a 

complex pattern agafllit wflidt one Wtsl\eS tomatdt the patient's..-,,. For example, in a chapter 

on ACN; by Sctnvarti and kliSt'ref [Schwartz 1971] there an these sentenc:es: 

Between the onset of a _str@fXococcal i~~- attd. the. d4w,~ of symptoms 
or SifRS of au.~ t ...... ~ .. ·~ . .-'"l"~.Jfat......., .ranges 

· b~ one uid:two ·weeks and that averages IO days. 

Latent periods shorter than a week are not uncomroan •. lao.we.Y'1', ~ occur in as 
man.y as one-if.th Of the cases. · 

Oniy m an c>ccalional patient does ~ .....,. ... .,,.,... ...... _.. tong as 
three to four weeks aft« the inciting infection. · · 

Latent periods of more than one month have not tieett noted, and it is doubtful 
whether atl infection that p~e$ the .omet o.fc ftlaal _..,.,.....,.,,,bf Midi.a pedod 
has a refation to subMquent renal disease. 

While the patient may have said: 
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1 , 1 .. ~ 

"I had a bad sore throat a couple weeks ago. And I ftrst f ~~'. ~JJ ~~,·~.~~ :~~ '~i~ the day 

before my last visit." 

Assuming the doctor ~new that the P,ati~'s preyi~s Visit ~s.11¥ Wedn~~f..he-,o,t:-~he 
~ - ,• \ ~-, < : ~;-. ~ t; .-,'~:;t_>: ",j'l~ . (::J>i~_·' ... ~ ' ,. ·.: ... ~. l •' ' ·:·· '•-'' .'~t> -.J, .. 

could safely assume that,the. patient's _h~~ry ~!~h~c-~,~~ ~_tn}he ,.~G~ ~~~~~· 
:.- __ ... , • , ~ \." ~&::--t • : ,~, •r· . -..... '~·~ -".'"01 i_t\., .. _,,,·"'~t,· ... ~, .... , .... ~ .. _,, ~ - -- , · -

Yet for a computer to do the same many prob~ of representation, mtallin&~ of words (~~.as 
' · .• _; f · .. {',-.,, . "·1 _.· -...;: ~,I:1_:'·,.,--;~ ,. ~." 1-.tj ~::~.~j;_:; :-·:~· :"-!':· .:.. ·,z_· ! _, .. _ "": ,:-;.< .-

"couple weeks," "last Wednesday," etc.) and inference must be solved. 

B) How the Time Specialist was AppUetho:tH*I'*-'• 

I. Some Problem5 

not to do medical dla~osis. It was d~1~d~ th~t t~. ~y~ .~~ ~~}>~ w~!~~ as if lt 

were a module of a larger present illness system. Problems of'~irig<tt, far ~atfipte, the 

patient's red urine indicates hematuria, were assumed 'lirtaCif'resit'8. ~,,.. ~.~-: btd the major 

symptoms and phases are the inputs to the program. The main ]W6rti1eth' with d~tgning the 

hypothesis · mateher it· to: have it do enough' to 'dtmonattl~: ttfe u'ierutife.s "tif ttirie ~ta list In 

Aliathermajorpratitan. ~ the hypotlWsts ~is &eCldlHg)...,..''good· a match one·has, 

or "scoring.~ The time' 'spetialtst· dOes remarl'1as- to''ho'W''#efFalt mdtv~uat ;tempofa1 exf>«tatl6n 

matches the Ntts in the tl•ta 1'aW.''h01ifevtr; it ~·aoe1 nof piifili itn.Jt.s :CW c:Orntifning t ... 
' . ;· .. . . .·' ')' 

measures of goodness of fit into an aggregate score. The hypothesiJ_ matcher does this aggregating 

in a rather ad It« manner; it was considered a problem the present tftliesa system must resolve and 

that there are no features of the problem special to time. 
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TM ·~ 1'18«1hw ft.-:gtv• an hypothesis and an effort measure; it will then either 

accept,' a«ept· Wtltt r•HatfOIU, reject tie.·~.• lldirect .the matching. In addition, it 

'· . ' . ,...""*' .,, ,.._.. for tu 1'ecommendattGR tlf dait ue a IUMMll'J of Its activities in a data 

2) accept the pat1ent!s htstwy 

~) go through the f~as of 'ttte ltorf seeing. what ex,p«atiorathey meet or fail to meet 

4) ast ·about dJea~~ that are Unpettant and for whidt aat enough iftformati• ts 
available to cottft!:M or deny 

5) note those facts that are ~t over• 

6) summarize findmgs 

The time specialist is essential for. the opera~on of the hJp,pthesis .matcher. A few 

modifications to the ume specialist were necessa.ry for this a,pl.icat• ~nd were irapllment«l. The 
. 

hypothesis matcher can handle a complex story. , ask the ~ ~s and. give a 

reasonable evaluation. In dQing all these tasks the time specialist 14 ctftl!IJ ca~ UPQD. A more 

detailed description of the applkation of the time speP&IW eo ~ical diagnosis is g•ven tn 

Chapter IV. 
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In order to test the vart~s functions of the time sPitia'ftst and ·~. ~ whether they were 

sufftcterit to deal with a varteij of temparal rererenies. r<;ipplMd ~t ... tfrtli';speciaHst to th~ problem 

'": <;'c ·-ur';'' wf'\::·: ·~', · .'.'«,_,-. :-:.~· .... -~- .. :.;. ·,· --•·. · - .-~>~ 
esoteric, it ts, nonetheless, one w1itch provides a goOO exerase'Of ·tt.e ttme specialist's capabtffties . 

• ' ·-~. ·., \ ' • - .' ':•~,~ '•if'1~;-''. ·~·-·) ·;·'.·-_.:..,· :1~1. -

TM! very fact that travel throtigh tlme pertriits a number or ·C>Stenilbf!'ttfnporal pa..-doxes to exist 

- ' , • " ·. '. .-.',, ; 7-._,; J~ : "t~'s, -~; ~- -:;~~~\- '; 1,..:~i'"~~ ·, :,- :_ ' '., .. ) 

exposes vlrtualty the fulf range of assumf)tlons iinpliCit in -the prcigram. Of course, an imp0rtant 

aspect or ume-travet 1tor1es ·is that some 0r these a~m;,tkiiir~:-ti:'" cfbll>led ir t1'e sk>~y ts! to 

travel story at a pottit in tirM which is ~oie hls birth. ·- · · · f';'n 
1 

· 

. • .-1. ~ <--.. '\r: 1;"1.J."'"" ~ - - . ->·~ . ':: ;.l1 ~-~ ' ,~ 

Often the plots· of Urne--travel ··stortei· htnge "on die· readfl''s ablltty to 
~-·- ·' ·1~ 

make temporal 
. ·- ~ . . .• - . ! ~.~ )0:.. ·-·-.· .. ->rr~~::, :r-:·:·· t.,.:., r:~-. , \ ~,- . · .. --~ 

1rtrerences from dtff'erent frames or reference such as the time hveaer's and the •real world's.· 
'· ,' • •. "·.4° ·, , '.-''.··~;::·~···:: w·~z.·t .. ;fJ_j;:,.,:' •. :'.J.':·~)•)J,,; ··.~;::h;,j ·~£~ .' • ~~::~.~-~~·· 

. Ofte such story, ·•An Vdtl 'Zombies• by Rbl>ert ffetnletn; [hein1eln 19Ml wu chosen as a test of the 

time specialist. The time specialist demonstraielits0 J~stancttrC ..;If bj· ~~sw.Jiftg ~t;,.,s 
posed to it. A more complete time-travel understander would be cap&bte of deciding what the 

interesting questions are, but from the time specialist's point of vtew there LI no essential dtff'ennce. 

The story is about a man who had grown up in an orphanage as a ctrl, had a baby and 

became a male. His baby was stolen and he meets a time traveUer who offers to bring him to the 

thief. He finds a girl instead who he gets pregnant. The time traveller manages to recruit him 

into the time service. Through various clues, some of them tempOra~ the reader can Inf er that the " 

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

•• 



•. , •.. 
Tbs r• .is fllapd;hJ.·'*' .-·..-.hct 

To .deaJ.,.- ~·v.el ....-.. 1 O.d ••~ .. the •biliijes of the ttme.ipecialist 

wnewhat. Tile ~·,~t·~.'~·-"•*-'•·Wi••f•t•h"-•Wlf"~ .. .,..at 

facts :from ••hfferent.~ts:.of vMw. ... t~.latptiaJ.·Jlf .. ,a-...- '!vniufal• ;paint ef 
' ' '.•, . • . ··''-""<, - . 

YieW in .whidt.~ f~ttaMA¥i, ~;.~-~--•. ~~1 ... ~·of. VieW.'lfhe 

exper,ieffM .r r1tet•tr~.Yeter:ue~·"*'~; .... ~'~' -.lf .,1~·11«..,.••--·~., 

understand ·~ ~ it 'JINUt :be~le ......... ~,,._ of v.ie¥f .of the time-traveler 
, . ~ . . ' . ' . ·, ' ' .. 

himself. from ·this pomt of view, paadoK# ·~,- the. ~..--enllt4.and leaves .the linear 

course of time at w•U. Therefore, in order to ~ ~ions..,_ ~ravel SCDrieS. the time 

specialist must assume an appropri~te .pt)int ef view. ·:~or th;~.·~ the . .ender.standing of such 

stories presents an interesting test ~ jn whic~ the ~Ii!*~ !If .~ ~ ~list ... ~ be 

mvesUgated. The. t~ specialist i5 taf>..Ole of~·~,_,.,~.~ ~-,iog .. the 

temporal aspect of the story as is shown in Chapter V ..... 
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Other tests of the ttme special&t Wete·tonsidered, but n« :MWpll!mented., One cou1d go on 

trying out the time specialist ad tnjnt.tu:m. 'Two applkltlciHs' p1U1·a1t4eWicfeQ tcw'~·applttatlbns 

al'e' hopetutty adequate to demoristrate the feasibility« •'tune spedjtlt •P,Ptkible t0 many diverse 

domains. ~·. I ' 

A) Reminder Syatem 

One problem domain for testing the time specialist that was considered was a remlnc~er 
' . ~ - : ; .· : . : ,, • ,; ~ j;' ~' "' ' '' : ' ...,,, . . .; ; . ,,-

system. It would accept statements as to what was ping to happen, and what recularly occurs and 

would answer questions and more importantly remind the user of .,,om..,·lt th~approprlate 

time. ThtHlme ·spectafhr WOUid have to be'atended ftflaand1e<~g nents as described In 

S«tlon 1-E of Chipter U. It would also need nietllGds' thti ~·'many de\aiptions of the time 

or an event to f1'rm a more rd~-'delcrtprton. ''hct ~Uiiri wdOWI' hUe ro lndude the 

'importance and flexibility otthe sehed~ eYeritno answfi-'·usett..f~iOfts ltU, tin i squeeze in 

an hoUr .on Friday?" This sy~ would ftt 1n1Wry weft Wifh die ·~al assllUnt• pr0;!ct at' the 

MIT Al Laboratory £Winston tml 

B) Date-finding System 

Another application of the time specialist that was considered was a date-ftnding 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 t~e user last saw a particular friend. The system would 

contain many heurtstta for asking the right questions of the user to obtain information to deduce 



the aiii'Nt!r. 1'or ~;'lt~~-~~;ifh!'-hlr,er·M day of the week 

.. or an ~t. ·Witttou.t1~rtng the'Jf'r.~ ..... «1•.~ltll•·«· . .-.a:tyttem'.1'0Uld 

_.;p1rhaps .. prov.a~ ••·jRU):tttaftllh··•~· 

Ttte $R~..-1tst •afti 'w·caw ·~,.--.1~•• wtnu:,.,...,.:,_,.. ., ..... s 

to narrow down the ~ 'ttmes ·of the ·fWlllt in ·'qUetion~ .:ft ·-.tct ·nttd to -.e -~~ to 

ihtkrd' ·~1tMIWs ··mac tntlude targiQl·opM• .. ,.... ....... :tt •descttbed·ita· 8«tJon IV ... in 

Chapm- 11. 'Ttth 'll'filicadah ~,,"be tt~ f-.·tt..,_. ·'ffl'ht dte ·rtftre ~ttst always 

A system. that woutd help 4nt? plan a trip- was •IM c:cmidt,fed •. It--~ .be thoupt of· as a 

modvle · in a. larger hy,-..etiGal ~t~wl ·••• 1,-m.. . C1lal1y .an ·underataftding of rime is 

necessary to plafl. a trip .. Tbe more in~ ,..a fct«'·-~sicteritc thi~ application is that for a 

limited class of trips the time $f*lalist with few modlic:.atioa» qutd be~ into a •distance· 

specialist. For the trip. to be •atme·like" tltere must be. .no sttu.a .... whlcJt, depend upon the second 

or third spacial dimensions. For· ef(ample, the trip from A to I·• C to A ~ithcMU going back thru 

B would require a more sophisticated distance sptcialiit than a slightly modified time specialist 

This problem is interesting in that two different specialists; t-lme and distance, woutd be interacting. 

8 Unfortunately this problem was overlook-ed, though dearly the time specialist should be able to 
•intersect• :many partial specifications of dte time of a single event. 
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stated. ;Qbv-iO&s lfMl8b;lerm £-olfow fJom ,_.. ........ lJlldae ~- :-5 the .IGle means .of 

rementbermg !fiaas m ·a'WhiM. if4rnlpl\Taliqp ·it11H .. n·•••llJ .the tame .dtiqg ._kt not be 

equal -aNJI r«Ae\tiat ,tJeted on ·partial 1*nfwmatimn ........ ·Jft ..... k,, ~:G>ne. Mllllk -~ ,.CQonkal 

rep~MtHatien (or a ;few .. -caftOftkal rtpNlllRWionS) thtt•· ........ ~l:...,._:fpat "5 fft&ppecl 

into. Th.e1ifM'8blems .des.,_. ud -mg•:.~ •te.4...-i;tl this....... lltduded is 
~ . ' . ' . ' ' .- (,,_, ,- . ~ ~· . 

a descriptkm ,of -ttte.:.£.our mltjer ~tlien ·tftM$.·fhe,~ qr l'IQIRPW'"en&f. and the 

represencauen ef -~. Also, the ,;pmbllfns•ef·~~.~--~ .... Mon 
.. , " ,- - ·~·. . 

types and ·the equt---Gf .f...,..l~ltJ·,,..119..,-. ~ ... ,_. . .,,fD~f'I to~« 
fTOm -Eng·lifh.·a:nd ·t1f1!:ta..,..Of dle1titfte'.,......,ate>Mt •Hld1Nd. 



. ' -·· ··.·· ----
• "> ., • ~~·';t>.~ .... ;· ... \'"'."~---· _. •• ~' 

Repreaentation of Temporal References 
"\... -

Chaptgr 11 .. - ,, _; - l. -".' ''··; 

A tecnporat spedfitatton ts a statement that parti~Df ~· ·•n D.ne mann~. the ti~ of 

·on. or more events. Examples are: 
. ".- " ~ ~ . ' , ~ ~· 

(I) Three.weeks' ap j6h1rh1d 'a told. 
(2) john wa~ born June 6, 1966. . . .. .. , ... ·· .. .., . · .. , 

.· <'1 TWa df-tttrM! Y.rt·met"gtMl~dng;' john went &act to sdiOof.: 
(-t) A few months from now, John wiU finish his t~~ts'. ~.· < :. 

(S) After his cold, John died. · .. · • ~! .·· ·· · 

(6) John saw Mary a while ago. 

' ,,_. 

~- ; 

Despite the variety in t_he form of t~mporal s~.·~~t~~ ,,.!1'8~~$"'1~1'tions about 

them. In any temporal sPec:iftµtion, .. ~~~. ~n.' a~. ~1t~.C? ~~~-~ Jlf~~~.lcfl:t~n • .~.~ 

as points in time, and some relation between thole ~~ iJ .CiYf:!~ ,) W#}J, ~J:~"·~~Y,_Y ;'~~ ~tbe 
: .. · , ,: ~ ~ ~'( ·,:!' \ ; •·*'"'~, ·': } -'.; '•V.' ' --~ \·' "• ',. · r 

'·~ries of ~tatements concern~~ onl~ ~~ ~~~t~ ~ .~~~~~-~ ~~~~·lhe ·~en( ~1~ 
·. ;:;" . . 

other, the ·reference event.• Sometimes. as. in sentence_~~). t• ~~v~~t, ·~· i~ i~icit 
., '" • ' • • . ' . : ' '" • . . •.i. ·.,, '; ;, '"' ' ; " . ,r, ~ ·" " ·' . ''. . -' . . . 

(through the use of the word •ago;. In ~t~,,exP~~· -~:,~' ~~ ,<~!'· ~ ~~~e event 
'>' ' ' '; '\_, < ... •' • F < " 

in not obvious. Dates basically mean some amount of time af~. ~: ~~~.,'flr·o: a~t>itr~~~· ... ~ 

upon, •zero point." Julian dates, which represent the date ~ the number of ~JS since ·d~J 0. • are 
,J'·: ·-.1,!r·, ·.:: ._., ~ .. ~~-?~'1~·~\-..J.·>·· '--~'(L.~n1~· ~- >~1,lr ·,;,, . ,-) . , . 

th~ clearest example of this view.of dates. 

The representation of the time of events as ~n~ _ tn ~ iJ .a4,.~.te f 9" '" t~,._1 
• '.•_• , ,'. •I, --~· ;"~~-•. ····, ', ; ·.: f ~.'c::":• ;> :::,,·'!-; 1 ,. ,'" ,._, ·. . ' 

occurrence's end. Q.uestions as to whet~r an ~V!f1t ~'!eel ,~!',r*nJ .0~ a~ aJlS!"ed by 
: '* ' 

paraphrasing the question as, •did an event occur after the besinninl of same occurrence and 

before its end?" One of the advantages of breaking any happentna of UpUicant duration into two 
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e'HftU C'Ofmpendinf • its betiMMng met_, il'·tllllttt. t1iutw of a temporal representation is 

aster to· represMt; Each •pmnt• in tQe can ...._ a flmy teterval \Vhidt is ~ as the 

e¥ent occurred dttrinf this· interval. The amowtt that dw end follawa the lteginning mif,ht au be 

funy, and by a d:iif-erent amount This situation is nu .difkt* to t:epreJtnt ~I events with 

durations. The more important reason for cholinJ ~ ov~ . iQler11&1J is dtat it timplifies the 

methods and thoaghtt of the time spemlbt. 

We could defme a tiJM specification as foNows: 

Which means that a time--speciftcatkJn is defined u, (deaored by •-> i, an event, followed by a 

relation~ foftowtd. &>y· a referertCHffftt; and fina:lly an: optjOnal (deneted by the ·n; amount. For 

ttw sake of unif armity and· cattveBieftce of· procmmg. a d._ form was chosen. A marker 

· catted· "TiME-OF' ts inserted in the begiARing, so this object's type ii easily asc:ertained. More 

structure. was intnJclucect, and ror tlw time spedlfbt ti. format ddrtlticln of a ttme specification ls: 

tt,,.,.s/lfCtfntton ••> (T/Mi.-OF <nntt> <t'11W"n#l'IUlon>} 

As stat~ earlier. the time specialist considers events to be fM*lts in time. Any occurrence 

with a duration greater than the minimum unit of interestl is broken down into two events, one 

corresponding to the biginning oft~ occurrencr, the adH!I' its end. This is expressed as: 

IW'nt ••> (<ftll1lt-t1fH> <1vtnt·d1scrt;tton>) 

l In most of the applications considered, this minimum is a unit of time of one day. 
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tvtnt·t'jpt ••>BEGINNING-OF I END-OF I ALL-OF.2 

The representation of the "event-description," while a problem of intefe# to.Al J:~•·· is not 
• • • ? 

' ?'.""./ ' ., 

directly related to this research, and rflerefore it is usuallJ ;"'~"'°'ltd in. J.O.~.lt/lt .fash'911. 

A) Date.s 

Although dates can be expressed in the basic r·r~~ti"1t ff)(' C91lven•q; anct naturalness 

a special representation for date-expreS$ions was de$ped'.tt .• ~·:d~ ~lot.,ws: 
ttwtt·txprtsston ••> <datt·txprtsston> 
datl-t:t/Jrlsston ••> (DATE <datf'> <fi1.zz~nJ>r1uton>} · 
date ••> (<11ar> <inont~> <da'j>). 

·Fuzz-expression" will be explained later. The "parsing" of th,c ~· ~qQed qrJ4er, •john 

was born June 6, 1966; is: 

f TIME·Of' (IEQINNIH-OF (JOHN'S LIFE)) 
(DATE (1966 6 6) (FUZZ NIL))). 

B) The "Relative" Representation Types 

The "by-amount" repr.-.tton type, along with thf "Mt~far tYPI and the "fuuy1mount• 

type. correspond to ttme-expreStlOns or the rorrn: 

!l°he' three Fepl'esentatton :types differ only in the :form';tit die: "imo.lnt•'p<ntton. 'the by-amount 

type is an interval of time, plus or minus some fuzz factor. The amount in the interval. ty~ ls 

represented by two intervals of time, which ts lnterp~ed as die everit Ocfurred sometime between 

those intervals. The amount in the fuzzy-amount type. is an tntei~itq( ~·· expr~· hi vacue 
• ·• . ' •i 

terms such as "a few,• "several,• "nearly one,• et~'.· 

2 The "all-of" marker is simply used to easily determine t!te type ,of. ~""'ent, Jn~ could . ._.tly " 
~. ' . ' .. ' 



.,,...,._,., '6J1 IWt 

bJ-amount -> (BY-AMOUNT <lnt1Tval> <f~frtf:SJIOn>) 
11*nlfll ~--t> 1f<""*"tdt#> <~, . 
ttmt·wtlt -> DAYS I WEEKS I MONTHS I YE.+RS J 

Example (l), 'Tm. weeks ago john had a cold,• is "PffM"ted as. 

(TIME·OF (All•OF (JOHff'S COLO)) 
·f,IEPOI£ tALL4 1'0DAV:) 

{tl•MOUHT (we!«S 3) (FUZZ (DAYS 4).)))) 

The interval representation type is defined as, 

amount_,, tltlnoaf-G11tount 
lntn'Nl-amou11t -> UNTEIW AL <tnt'Rf14l> q,un.,P) 

.. · " 
graduating, john went back/to school." This sentence is rep1esented.u. 

(TDtf•Of ·(ALL-• (JOHtVS GOJNG-.tA••to.~u 
(AFTER ( ALL·Of ( JOHN"S &RADUATlffG.)) 

( DlUVAL (um 2;) .('WMS auu 

need not be two separate types. There are two types. ........ becu• the f41114Gpf...,. ln the 

b1·amounts type is consid«Jd only a crude appro&imatkln to what .. ~1mant bf iy._• or .'lack or 

exactness." 

The fuzzy-amount representation is defined as follows: 

amount••> fuzrramount 
fuzzy-amilllnt -> (FUZZY·AMOUNT <fuz%1"a1WrsJtmt>) 
fuzzy-txf'rtsston ••> (<qualtfar> <fuz'lfJ"n.Um/Hr> <t~Dq>) 
qualtfar ••> ABOUT I.NEARLY I SOMEWHAT·LESS·THAN I 

J Extenc:Ung the ttme spedalnt to "undmcand" hours., mtnuces and seconcls would not be very 
dttkuk. 

so 
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The ruiry-amount representati0n type is int*'1i:lecf"fo ·suftlCi ro.. temporal speelfic&tiains such u 

· example (4), •A Tew months fram now, john wi11 ftnish.: hi~ theSb:4 ~hkh &I r,P~ '~ · 

(·TIME-OF (EMD,:OF (JoffN'S- vdRK'JNG-ON .THESISf) 
(AFTER (All-Of. TODAY) 
: . , . fl:·uzzy'.:;~ {NIL A'·FEV 'Mdrinfs'fj)). 

The qua1ifters and the fu-zzy-~~mbers are.npllined }ri' ci$il 'j~::;Appendix-A. 

_ C) The Reprtsentation ~f Fuzz 

·Fuzz• is a term that describe~ t~e uncert~inty ,a~~tfX~~tlr'.w~f~,1~~~µr~.-~he 

unce~tainty of ~he event ha vi~. occurred at all. The f~~1~~~ Js .. ~11.9( .. ~.,_ ~dat'~ •fld ... :'JIY­

.. •mount• fel?resen~tion types. The fuiz-exp~1• is}~~ as, . . 

fu.zz-nprtsslf!n _ ••> (FU_ZZ.~Jntn~) . . ~ :, ' -. .::,.; 

. This is interpreted by the_ time spec~list as the ex~, e~~~i ~"1· ~t t~ .~m Ip the "by-
. ~ ' . . ' " 

amount• type or the date in the •date.• ~~~tat~ t:'~:~~·~*'~e. ,T~s,1~ a s~rnple al)Cl 

useful scheme.i 

.,~ ..• -~~-~:,.• ··:. ~-.:..,.. !~' \ ·:. ',, ~ ; '. 

Regardless of the representation chosen, howtver, diete 'Medi to'be i wafto combine fuzz 

from dtfterent temporal references. In tOb-ingl'cham• ii' t\.ehll;tot'.~jW.,1t!:C>ne nftd~a way or 

combining the rufr of each' expression. 1ft tM" di~ i~tatfo6~thifts dorte in the' simplest 

manner, -ttaefuzz1xprmlons are'.'st.Hplf added. t<»jittler. Thil-teftct•· to "o•etestimate 'the''(tiiz. 

however, this is seldom imp0rtant 'enoiagh to"pfoaUct ans~s''h~'dllt~ i~ "h~rrians• .... 
· ·- .. - · -~ .... ~ .• ; . . ,{~:. , ·:.'.:' ·-:-·..;:,;.;;-r- ~-~- t'it;-.~~~·, • -- ·.::_ --~~--~', .. :r, 

Probability curve representitions solve this probteni'in that:j)rocedum exJSt for combining such 

curves in a ·rational• manner. 

t More complex schemes ·involving· ptOb~bility ~:i~t,~ibut~s~ ~~~le ,a~~tiv~. 
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D)C•re•":J ~·T• ...... $f•ll••• 
-. of ttw ·hfntlwd scope of this ~.aertlilt· 11mps:at spectftcattons ._re unm.tettilil>le 

. ' . . . . . . 

to the tu. speaak Ewnple~~ "Jahn .., Marr a "'* ap" il ane such temporal specification. 

The f>'obh!m it dlat· die pttrHe "a white ap. t6 tt _._,., . ...-.t1fepndent. Fer Qatnple ... if 

john and Mary ltw ropther, dw meaniftC ii ..-·•iff-.~f&f t~liv.e in dtferent countries. 

The frequency of their betnf tagecher it GBly OM .. ,......., if the ...-•• and ~er both 

had seen John and Mary a few houn Wore the sMtetNt wu speken, a different tManing should 

be inferred tt.an if dtar wss not the case. Mao, IC ..,. M to ·pUt f/Jt Until u late u possible the 

evaktanon of th tnterl.at iftvotv«t, stftGe. maN may be fllrftfct ._ the c:ontat after accepting 

the sentence but Wont ftftdmg ft for any w---. In ..,. .... the time spectallat can handle 

example <&> by · paraphrumg tt. serttlftce·· as, ,.._ aw Mary wore now• and making no 

auumptiGns about the tnterval concemecl. Thil ts. .-.ei. Onft. a parUal solutlan since there are 

cases wMl't ·a person wm male cei'taift- ......,.._. aitout. ·•· taM1.¥at (usUally wtth a large fuu 

I) The R .... ntatiea ef Rtet1rfinl Events 

One very commo1r and useful Ir.ind of..,..., .-*lkat'8" Js ttJe.dtlGription of the time of 

recurring evenn. Thll- type. of ~.~ "!'. ~~ t(lcorporated into the Ume 

specialiat. Thts is considered. an i"'f1tOVetneftt. Of tllt ~ ~.should be ~ although non.e of. 

the applkattom of the ttme specialist ,wfrich were -.-.... .. ~ ~ ._,~ muc;h from lt. Tttls 

ability would be crucial ~ other applications, MIC" as ~ r•~, ~ d,i,lcuued at the end of 

Chapter I. 

5 There are many such P.hr.ases, a few of which are ~~ty.• "a lone time ago," •tn • whi~.· 
·orien,• •near• (SOIM eftfff). and •jbst after" (Jame ~erit). 

I 
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A representation was developed foi l'IOlll'utc;~ ---... ~JY to the time .. · ' ·'· - - '. ' .. : 

~laUst.were C9f1Sider~. l!}S "!J '1irA~ ~~~c ~"""'~·'"'lf .• l~,,..,_,. ~.~te . . ' . -

into the implementation. The representation desilned is. 

tl'tM-SJHttfaatton ••> occurs·s/*tfecuon . ,... ; .. , , 
O«Urs·sJl«tftatton. ••> (OCCURS <IVlftklaP ~'fl ;, i ..• 

nwnt-cl~ ,••'?:· ~ .· : ,.. , , , .: ,,. ,; ; 'i,:~· \•:. .. . 
otcurs·nJwtsston • .;.> <tt,,.,.n;r11sto11> 

1. i·; ~- '., :~: ·"' -..... • '.·: ._') \"'"'°"' ·.·:_'
1 

, : •• • ••• ·~~~~ ... i·i·::., ,;: .. "'-f_-~_.,;fi'..,J~ .. , ·-, 

This if nOt veifdtfterent than for thf other representations. however, the dtft'ennca become 11191'8 . 

: :_ : ... ·,.::"'·: ,;;1J;::(~ ·-;"',, nl ;:;·:.· >~. ::";",)'~: ~~" :.~.,,.,r ~- ~·~ 

apP.rent inside the date-ftpresslon~ ·. Date-expreulom are extended u fC)llows. 
• ·~ • :~.· ~·; ~/- .::-· ·' ."·,:~ ·.:·;"):·:-, ~; ~"">~"t: .~J.~'.JV- ~~ 

dcu1.ft;r11sion ••> (bAT! <4l4tl> <fai-n;r.sltw>J 

:::~;;,=:~i!j~~r:~~;.,_'ilfl.,.~i .. 
71tHlla·!fl!c.t~to·~,,.~ ~,JMIJ'c~1C/lf~ . .. ;.: .... , 
d,,,.sptdfaatlon ••> <nuJllhr> I ANY I </wf"'41P . 

·· L .. ... r~· '.-¥ t> ·.f.·-~·~ ,. _ ){~ J.i'.''-·,h; ·_}_,, • '> ~ ;~.{;i.··.-~ 

be interpretect as matching anything, ·an example ""Id lie IM .-.... "ChrilemU is on 
' ;,' 

December 25th,• whose R,,resentatton ~ 
' '•,, • ~ " ' e ' 'A-.,,.'«::.,~, ;,;~: .'' .' .. , •: ' ... "". ' ~ ,• ,. ·-- .:'·<~!... :!'., • 

(OCCURS (ALL·OF C•ISni'As) (IAlE (MY 12 2.1) (FUU UL))) 
\ :: .. ~:.~ ' ... _~ •• ~,.- . •• ':··' •-_,!~ ... ~. :., • ~ 

The •predic&te• an be any LISP predicate 'thaf can be applied to that position in an Item being 
'..:' ~ 1!' -:-- ~.. /_,'!.~ ·,:Li··.:- ',' ~~; } ' ,,~ 

~ ,._ ' l. + 

matched. Examples are: 

tl@aioris are the.ftrst 'fuesday tn Nov~. ', ,, .. 

. ·(OCCUR,, (Al..~-OF ~t.~~T~ti<~r .... 1(A~y 1~. (f.!JPT J~·w~•·U.J'(J~i JIL)l) 

Every Monday john goes t~,~~Ss. 'r'i 

(OCCURS (All•OF (JOHN'S GOING-TO CLASS)) 

.;. ' ·, 



tDAff .tMJ·MY .t .. YU '~-JU'L)H 

in additlQit a·arW\...,taokulw.iM"'~t.''·;·"4·.-.w ~~ .... tw ·rcw 
. . I , · . · . -.. ~ ~..,.,.,. , , , . a ·-·-. . . ..,r-9 

·-··. 

,Mm's~•h4a.J..J•,cx~ct~.9Gf fll00Jt1ar.- Qr ..... 
~ "'• : .. '. 

(OCCURS (All-OF (JONVS:·tl118MV)} <., ,, , 

(AFT~ (M.l .. Clf Qltl$11M$) (BY ..... T (llQllTffS 1) .tnn Mll.>l>) 
·· :•'.}:··~1~';.,'n< ··.'>';,":'·;~~~ ·f "" : -. •· · •• , ' • 

' 

T~e, repr~~lon ts ~tleu_.Qn~it .~ ·:~:{~{)~:~·; ~- ~·~·}~ ~~ve 

examples had been added to. the data base. Then if the _time specialist were asked, say, ~hen is 
.-. _;: .··. ,.~' ;~.-D~·(''>:::o .. , ~·., -~~>~-:~·~?.~1·~--~' .. , . ··-·: ;-- - , 

Christfn¥ th~ ~r?: Jt ,_,ld ~ ~~~~~~Jl't:t~~}!·,.~J,,~·-~~ the date 
• - ~ '.:·" • ' ...... l- :-- " ,.j : - - < "-- • -~ ., 3 ,- • - . ' ~ - -•• 

in the oc: r ....... ~·-• ·f'\.);; • · ·W.&aWff*'"''~>W "ttlPJt.•*-'M.\• Jr asked 
. . . gu' ef1C:e-~~- .. "'nl'I~, '.~~1""{'~.,'f~j';,~~~.,;!' .:l~~·-::.'t ~}'.'. . I 

•Could john ~v' '°"'to ·ca"'P °" ~~~w;i;~ff~'.~f(~ -~~-~ ·1'- feccher 

WOllld mred to be exten,ded tp! Jn !lckUtiQP tp doqJl .. f-1t, • f:•1' f~ any .time m>resslon 
, ".,_ • ·• ~-. ., ~-,. ~·: -_t'F , • ~~w ,, . .,,. ~·· ,-·,.1:~~~'.ii:.f:.~D~ ·~J -:·;.""~ .,Hz1.'1~~:- .. ~~.---,:r."f·n ~-~~; ,v~ ~ 

•IJ9ut john. betng ·'-1 ~.and then. ~U the equivalence and mntatnment modules, discussed in the 
"';•- . . ,"-" '-.. <~- ~ :-; .--· ');,~'"'· ._ 'd·f'-t t!:' ;·;::·~- ~~';!/:} - . ·:·: _·-·i, '" ': 

next section. Thete · mQdules ,..Id .OCld U. be chtni4d s. ~JO -.e if a predl?te, !J in the d'te 
- . . J! ~'i-~-~;.tt:f:.-~:.:~·;~/-~.~~~:~;.-f" ,: --~ ·_/'~':~- ',-. ~'-

a,nd if so Clpply that pr~~e ~!J~ ~.alue in t~ c:m:t~~~· In this examr~· It would 

resuk in the predtc;ate _.,..,,_1&96p l967)• ~ ~ ~ it1_·(~ n,spondtnc ·~.· 
:. _.:~ -~;"f'<' - •, , ¢ .--~ ~ . .:~·- ". ·:. ;t, _'.}:.': ~>'.'~ -J1~~:-: .. ~:.} .. ;~~~. ~;:.:. ~-.3 ':·-~& "' .. :·._·;, .- •> 

This scheme would· treat recurring events as virtual statenents of all the times ttae ev,m can _.,.. . :_ . '· ' 

occur. Of course, in general, one can not add _these,_~,!~· ~t; b'. t~ ,~~,Qf t~ -~~·~~es 

discussed above, ttti• Gin;bf 'Si~ted. • ~ rk• tfflf~ ·~;' ;hdd1c1'·neec1· ~y changes. 

due to the addition of "'°'rring events. l'e,'~~~~;~vec:~,.,.,.,~i~ r~ 

They could be left a1one,~wpii:l'ibrchir1'Wf~~~~~~~td,f~~ K~ ~h· 
'- \;':.?.,,' .~ .. ~;,r -~·.:: {, •:,-· - ,,· ··-,.- '" - ,'...,. 

1Uch. method should be changed aM 'itMthet lte~"st-~~1~ t~';juist ~his type of 
. '.- · :_ ~ ~::,.;G,..,.,i ::-~/1_f ~·L ~~,:~-::i~-,"1f l~~~n:J.:~·~;:·. ~-- ', . 

statements is not clear. Also translation between this tJPf ud tile others .,uld be a usefµI 
.. ;_j ·;-~ 1::+:·--- - .·· ' : :: " 

extension of the system. 
' -~ 
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' '' • • ~· ' .; " ' ".'; JC,.', ~ ') ". J : : ...,_' -~:.' ... ,, :.: - .' ' ' • " ' • 

Clearly, the time specialist needs to know when tWo temporal spectftcations are equivalent. 

. ', ··. i ... ··_,. . ·, :; ~~, ~,:.,;:·~!;, ._; . f ,' .... , ·1 .. -~-' ' ,: '·~,'· ·f-f ... -- "> 
Equality, testing is provided by the LISP language, hOwever the tollotrihg non-equal expressions 

are c:omtderecf roughly •li'alent by tfle time sPfdalist · · · · · 

· C 1l (TM •OF (All ·of COLD> · 
(B~~E (All•OF TODAY) . .. . . ; . . 

;. (IY-MOUtiT (WEBS 3') (FUZZ. (MYS l)l))) 

(2) (TIME-OF (ALL-OF TODAY) 
(AFTER (ALL-Of' C.OLD)_ . ·.. . . , , ... . . . : .··.,. 

. . (BY-..,,. (DAYS 21 f (i:Utz cwms· h nn . 
(3) (TIME-OF (AtL;.Qf' tOLD) . 

(BEFORE ( Al..L ·Of TODAY) . . . . . 
. . . . 'tIWMYAi (dS '2r<bs'4})U. 

(4) (TIME·• CALL·OF cOlDl 
(BEFORE (All-OF TODAY) . . .. . . . .... 

(INTERVAL (WEEKS 4) (wEEKS 2} jj) 

( 5) (TIME-Of (All•Of t0tD) ' 
(BEFORE (All ·Of TODAY) . . . . . .. , . 

(FUZZY-MOUNT (ABOUT A-FEV ~BS)))) 
. '. .(~ \ - .. , . 

(6) (TIME-Of (ALL·OF COLD) . . . 
( BEFoRE' ( ~L-OF TOOAY f ' . . 

(fUZZ!~ ..... T C.A·l~T.~~~ A~ Jtqtt:tff$)))) 
\ - " - ' - - ".. ' --· . ~ ~ '· : . - . ) ·. ' . . - . .. . ' 

here as with English. It is not the case, t.e>weyer, attd tt.e tiroe .,..bat c:an ~- ~ily, d•rnine 
• • ' ~ • " ' .: ,• ' '· ._ _,; ~ •• ' • ' to-, ' ' '. - ' ' ' 

the equivalence of these expr~s. 

The first step to solving this equivalence problem iS to .,.._k ~.f~""9, dowtp jfato part.I. 



the cold ca.neither be before today or, equ!valently. today.can~ ~~)he cold-."'1 add~~al part 

of the problem is that there may be synonyms for the .SUte eve1;1t in,""· items. A,nother part of die 
'.' - ' , .. ' . ' •' 

to seven days. Another part is that two expressions can be. tn diff..-i ~r~Uen types. This 
• >. •,,, ( r " 

is resolved by the translation of one item into th .~~ i .~ tfi:''tit~ and then testing ror 
" . ,, 

equivalence. 

There is another aspect to equivalence that. is.·~ with the notion of ruzL If the 

pattern being used to retrieve items in the data base hu. ~ f~.~~ theft ~ would like to 
' ·-- . ' ' ... ., ~' . ,-

' kw . •, -~~ ~ . ' ·1 •)(\' <:' ' 
mnsidtt those events that ~red~ ~~·.that~.~I u matching. This test of 

. ,,, , -- . 

containment is intimately connected with the test of •*"~· . f9' .. ~naple. if searching for 

events whose time of occurrence matched, 

•(BEFORE (ALL-OF TODAY) (INTERVAL (WEEKS 2) (~S,~)))~ 

the time specialist would accept the items, 

•(BEFORE (All-OF TODAY) (INTERVAL (DAYS 20) (DAYS Z~J))• and 
•(BEFORE (AU.-OJ TODAY) (IV-AMOUNT (DAYS Ut (FU~Z i,~>U" . 

In addition, a· near miss ls tratfcl· ~~r\h'an bel"I• tu apart ift time. 

. . :-. •. ' .•. ·,, l:·, .. :·: . . 
This contalltment testing is always ®Re in the. Sllnlt ~ type. If dilf erent types 

are invof•; one is t.-.nslated to the other type~ Tttc nta:jol'ity Of 'd.e ~t telling ~e 1$ 

dependent on. which type lJ 16\tolved. ly-amaUnl· ·~a1, and :daUt rep~tation types are 

handled by computing the percentage of overlap that the retrieVed ~ has wtth' the pattern of the 

retrieval For exarnp1e; tht pattern 

(TIME-Of 1 (BEFORE (ALL-OF TODAY) 
(BY·AltOUNT (WEEKS 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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When many different repreientatioh types exist wuttitt a syuem, the need to translate or map 
',_,.; 

one type into MOther exists.6. Thu cou4d be dene·by ....-moclules .tftat ca~ translate from one 

types times one less than that number of different translating modules, or twelve in this case. Thls 

was cut in half by implementing only those moduJes that translate to or from the "by-amount• 

representation type. The other translations ue done by simply translating the item to by-amount 

type and then translating the result into the desired representation type. 

The translation between. the by-amount type and the interval type is trivial. The translation 

between the fuiry'1lmount and by-amount types is bued on tlte meanings of the fuzzy-numbers 

and qualifters.7 The translation between dates and by-ameunt type represensations provided the 

most trouble. Shou:ki the translation of, say, 

(TIKE·OF (ALL-of COLD) (DATE (1175 6 15) (FtlZZ NIL))) 

into the. by•amount type be, 

(TDfE-GF (All·OF COLD) 
lAfTU (ALL•OF (OAY·ZERO)) 

(BY·MOUNT (YEW 1975.53) (FUZZ •It))))? 

I think not. The notion of "day-zero" is rather~ clearly not something that the usual person 

mes. Explanatiens based on this concept, without tranllatjan to the more normal representation, 

would be strange to most people. On the other hand it would provide a uniformity to the 

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

7 More detail can.be feund in Appendix A. 
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representation by being able to treat ~date$• aJ rJQJmal rJ,~ive expressions when desirable. A 
"~. :':'~ • _, \; <; . • { . ~ < "'" 

reasonable extension to the system is provide both k.inds of translation. 

It was decided that the translation . modutes, that . lftapl to and' FtOm dates, w0uld ask the 

fetcher for help. The ttanslatidn 'ftorrt dates to a'~llttve· b·~ftt''~I ij>eclftcatlon II 

~a rerereh« event. ~above trartslatlon'to by"""6un('\Vftt. rita)Mct··to, li:y: •tacfa,W'ilould 

be, 

(TIME-OF (All-OF COLD) 
(BEFORE (All-OF TODAY) ''-. 

(BY•AtlOUNT (WEE~S 1) (FUZZ NIL)))) 
assuming that, 

. " ·'- .. . . . . - : " .. ~ ; '; .. 

<TIME-OP <At.L·OF TODAY> roAre 001s,;l:nf <Fuzz wrt>h 
js in the data base. If no ref!~ ev~t is provided; tcf't~ ~ .. ~. ·at wiU pick the ~ial 

flefentn<=e·e¥ent closest to the etent of the·tim' beihf'ttattslated. Ti~"trin•ter can opefate in.tWo 

·modes, one where it onty wtffdo stmple·fltctfS to ~'the ~t..iftd'fhe;ather where the 

T.fte tratts1atton· m the ottt«''dirticdon, rn.m by-amaunt 1Jpe to da~ :·type, passes· the "buck• to 

the fetcher. The fetcher is asked fat the date ot'rM'lnfltt1·6' ttW~lfehfW;be transl&ted and what 

·the fetcher rentrns · 11 what the trlnsla.tUt l'ftUms: 

·". 
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Q.uestions also need to be represented so that the f•~r .. knoM what i$ being a$ked. Ideally, 

the syntax of the q~lons would be identical to f~ -. t:. -.r~s _.icating the unknown 

or partially restricted ~rts. This was accomplished Jn tbe ~titian, •·a law .• .,._., 

noted below.8 

A) The Normal Q.uettien Pattma.1 

Q.uestion patterns are interpreted by the fetcher. If the pattern contains no .missing .parts, 

indicated by a "'?," then tbe .question is intf(preted as "f;s dlis ~I ~ijj(ation correct?• For 

example, the que~ion, "Did John have a cold three W«ks acor .-aki be represented the same as 

the sentence, •John had a cold three weeks ago.• TM. d~~ bit,.,,_. them is..,.,., in what1&1te 

time specialist is told to.do with them, "believ~· it or •yriy• it. The~ in tQm. ii.simply the 

same item back again, or "nil,• which has two meanings, one ii, that the answer tp the .,..Uon ts 

•no• and th,e other is tha~ the answer is i don't know.• In the <a-. "where one.nfld1 te distinguish 

~tween these cases, on~- can easily inspe(t the amwer contexts. 

Q.uestions of the form "When did some even} happenr i..ve tlle ·~·on· position 

ftlled by a .? ... Q.uestions, that are slightly more specific, like "What date did some event occur at?,• 

or •How long ago did some event happen?,• are represented by partially completed •time-

expressions: For example, the question, •How long ago did John have a co1c1r is represented by. 

(TIME-OF (ALL-OF (JOHN'S COLD)) 
(8£FORE (All·OF TODAY) ?)) 

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)) . 
( 8EFott' {Atll.;.of' TODAY) (FUZZY-MtouNT '))) 

q 

A variant of this type of qUestion, is of the '.r0rm, -Oid event'-a ~r after ~ent-b?," where the 

amount of time between the events ls of· no conceril ·to' the ~ner. · n'li · ~ .;~~ted as, 

( TIME-OF ( Mftl'-A') (AFTER ( EVl#T .;9 t)) 
':. {; ... ,_ 

Another common form of question is, "What happened during some interval of time't' This 

ts ·the •an• etents ~ fetdt ·described 'later' In s~ ii Gt Ciajjter 1lt 'This' 1$· ,'sometimes 

representable following this scheme, tor' damp le, the questiOh, ~t occurfed. betw~· 2 .. ·and. ' 

weeks ago?" is represented as, 

( nME •OF ? (BEFORE (ALL-OF TOOA') (INTERVAL 
1

( WEED 2). ( VEfis 3) )) ) 

There are cases, however, Whith this scheme cannix hind~. a.Id· an'-~,~·~·· the question 

represmtation to cope with those cale5 ts diseuued m· the ~t· Section. ., · 

B) A Fuller Q.uestion Patte~n 

There are three t~ of questions that requife ·~~ens~qn1 .~}h' repr.ea,en~~i,On: of quesUOos. 

to be answerable. One of _them is for questions w~~h • ~r~ ~· of~ ie,Y,ent.t (4Jse~ later in 

Section II in Chapter Ill). The ~ond ty~ requi~ the u~ of.the, ~f'!lUV~.~Jadle!:-(ha~·.and 

•Later-than.• And the last type requires the logical operators "And,• •or.· and "Not.• 

The comparatives are _used tp r'l>re$ellt qu~ions_ li._e "Wu .event :At ;U'ter:-.turJling 131• This 

question would be representecl as, 
•.· 

(TIME-OF (ALL·QF EVENT-A) 
' (om •THAN ' ' -J 

(AFTER (BEGINNING-OF LIFE) 
(BY•AHOUNT (YEARS 13.) (FUZZ NIL))))) 
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The way in which it »••«S, iJ tCl.'~~.-;~~~~~rresponding to the 

point in time when the. person in quest_ton was IS~ t""1 doiRJ •.MMtd•rd ftldl .of the fe>rm: 
. ; ' .\ . - ,'' 

(TI"E·OF (ALL:-Of EY,ENT-AJ (AFTER (ALL-OF E~NT-137))). 

This construct becomes more useful when used in.c.,.~~ the-~ operators described 

below. · 

Logical operators ~re IJ9'Cied to ansW~ questions of.~ .... type,. amcJl;'I· many others •. "What 

happened betwnn. ~wo event~..g That would. be ••tl!d at.. 

(AND (TIME-OF ? (AFTER <EVENTl>)) 
( T lltE·-oF 'l (IEfORE <EV£112 >H) 

If, instead _of .,,,_J Ute questifM,J's form.. was, "Wlaat hap~~- two.time spressions?,• 

then the compantt!fl deJCrit>ed at;»ove would ~ 'IN., .M .,_ ---~-~ Jlw QIGrUflg ef 
., .. _. ' - / . ' - : '· ,· 

•And," "Or" and "Nat" differ greatly. depel1pi~ OIJ. wtm ..... J.,. ...... 1Ja$. tfle event specihd or 

not. With the evtAt spedAed they have their usual logical meaning (which corresponds very 

closely. to 1,.ISP's "AN.0." "OR," aRd "NOT;. However when t' ~.~is nof ~ifted (as in the 

example above)· t!Mar- meaning ~· tu Ht ep:ntors of •1mersectaon: "union,• and 

•comp1ement• respecttvely. n.... Mt· ~s apply te1 the events. nat: the time expressions, of 

course. ·comp~ ts defined ln -.terms of' the giaup 'given or die total list or events known to 

the system. 

Thele extensions to the question pattern c:oUtd proiifatity be ttteftded to the representation of 

declaratives. The compara.tivea •Earlier-than• and •Later-than" WC>Uld be convenient, how~ver, by 

creating intermediate events one can always operate· without them. _!f\e, -~I, operator •And• Is 

9 A common special tase of this type of question is, '"l)id eventl occur during event2?" The two 
events in this case are the beginning and end of event2. 
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would require significant changes to the system, to be able to maintain these disjunctions .. The 

issue of how complicated the time specialist reasoning should be -.lloWed to be, appears here-· 

would an explanation in terms of many disjunctions combined in cam,~: ways be und~standable? 

The negation ~rator "Not• would be very useful, the medical hypot~uis- matcher· (described . in 

Chapter IV) does have to occasionally re-compute things, Since a negatioriot an item can~ be 

added to the data base.10 This extension would require chanpl ~!'.many parts ·or the system, 

: ' ' ·~l ' .~·.;. '} 

however, it would not create such complex explanations as ·o...- wauld;-

.. 
. · .. ~ ., . 

., 

IO The addition of an item with the status "not to be believed• wlb not wort. It does Rot mean 
~:·:,~:~ system should believe the negation is true only that it ·~~ ~.,,~teve, th~_.~t to 
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The time specialist performs three major funct.lom. Firat. it~ new twnpora1 references, 

checking that the new facts are consistent and updating special -... · structur.es. The llCOftd 

function of the time specialist is to answer questiom about the (acts in die . ..._ ...._. l>y f«chiag 

item$ from the data base and making inferences. The time ....... , QA answer three: types or 

questions. These types are sufficient for the representadop of die..._ of a wide variety of 

superficially different requests. The three basic tJpa are: 

l) Did event X happen at time expression t? I 
2) When did event X _happen? 
3) What happened at time expression t? 

AJ we shall see later, the first two types of fetchel are dealt with Jn a JknUar mann,er. wNle the last 

one requires special methods and data structures. The third .functiclli of the time Sf*i•list ls to 

undo the effects of having believed those items whose status is put in doubt. 

The performance of these functions is greatly improved by orpmitng the facts. .The time 

specialist organizes facts primarily in the following three ways: 

l) by dates and a temporaHy-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 these special data structures to answer questions, other methods maintain 

these structures and others correct them when a fact is no longer beNeved. These organizations for 

the times of events are also a means of conceptually organizing the methods or f unctlons of the 

time specialist. 

l The time expression is varied enough to cover diverse questions such as. "How long did X last?• 
or ·what happen~ between x and v1· 



The Structure of the Time Specialist .. Chaptg:Jll 
, 1 ~ ' I ~ : . '· 

The question-answering ability of the tiJ:ne spec~US! , is ~~~ jn a 5't . of. ~rograms 
,. " ~ . . t' '-· ~. ~ . • ' . ". . ..... , 

collectively called the fetcher. The tasks of the fetcher are to accept a pattern which speclftes 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 fetcher has a rather large 

number of methods at its disposal. Each method is an independent program which is designed to 

answer a parricular kind of question by making use of a particular orpniZation of facts in the 

data base. For example, there is a method which is designed to answer 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, the other 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 later only those methods that were 

not applied previously are applied. The methods that are to be applied 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 believecS-

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 organiied by 

the special data structure they are associated with is visually deptcted in Figure 4. Before these 

methods are described a slight digression discussing the ways in which open questions are handled 

is presented. 
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put figure 4 on organization of facts and functions here 
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The Structure of the Time Speclall•t 

~. I call· open questions ot'dlWctJPlfi','Whtt'eMl•~uid-~tatte eipr~itr- •aft* e•er.u 
type fetches. They are answered bf'N(~V~ ... il~ i~·"anil --~titN~a11-

events-known.· An •an• evenu type fetch ls slightly ambigUGUI; in that the caller may want all 

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 .,..uon. "What were all the 

events that happened between, say, two dates?" One does not ltceraHy mean ·a11• 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 evenu from •ny different semantic domains. 

Two diff'erent mechanisms were developed to cope with these problema. One ls to consider 

the fetcher for these types of questions aa a Process that f«Ums What ach method ftnds as it finds 

it and can be resumed 'to invoke other methods. For example, the rnettlod "Use-chains• may be 

invoked by the fetcher to find events that match the time npreu&on of the pattern. Its answers 

will be returned to the caller, who can ask the same question apln, in which case another method, 

if any are left, will try to find events and return those found. The other mechanism, special to "all" 

type questions, makes use of what group the evenu are to came from. Depending on the method, 

the time specialist would call a (hypothetical) group specialist uking If an. event was ln the group 

in question or what events are in this group. The group specialist ma1 in turn call on the time 

· specialist to help it grbup evenu on a temporal basis but this would be ex~al. As an example 

of event grouping, the question may have been, "What sign• and symptoms occurred ln the last two 

weeks?" "Going to a friend's birthday party.• even if lt occurred wtthm the lut 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 simp~. wal to. ~ns~er -~ fet~h :is. te»},_,~,,t .. :t~~;,ef'~lJ. ~J., . "[~method 

'"Known-alread( handles this ca,se. It d~ ,(.l'.t~~~ JR': ~~~-...~~ •P"-flinl,~ PflM 

· .. thi,ng in one stat~ent. . For ~xample, if t~ 1ystern knq'fJ ~~i J:v .. +,1'·:~~ ~v~t ,l~J. ~qs;/t 

days, then "Kn,own-al~d(.W$>U~ be~,~ ~os~(~1t~1~tf1n,.;w~;~!"'~-~~-1J~ ~"'' 
' " . ' - . ' ' • ,_,~, ..... _.,. ~-·~·~'~$ 

about a half a week?• In additAen, this mtth~1.U~e.MMtul~~~1.~ ,,..,,.,,or 
_,, .. ..., • •' 'l'. ~- •'' , . ' 

the event names. For exa~~, ~.~ begiflJli".'t ~ :~~~;~,"'~ ~~:'~~1~~-f~ ~!I . 

. t~e ":'d of the~~ infect~·,,,;{~i" is dift'~rent f'Y'»r,""'l~ t"lif~'h,Afl''Y*'R M~e 

the tem~ral. relation ts ·~~aa. • .. IC ~- ~J~"'.'J. ;~. ,¥J11f'~i~' "n,e :da.Y ~'" ~ 

infecUon ~~n·:~~!s d~s n.ot_.~ t~~,~.~e.fl,Mi!IJ~·fM~·~·~MlifHl-QfzcR·.,, 

infection are the same, only that they occurred at roughly _..., pointt. ln • a~~'~I 
. . . ._;.· , 

di~~~ ~ithin the si'em ~.·~~Qt,""'~~~~~'··~ ,._.\tpmporal 

~~uon ·same-as•can i~~~,t~fun.~uncerwn~,.rMJ-~~~--·-­

This method like ,tb~ °'~s .. )lftU,!rwla• ~rdtf~A·.-~---:~; .... r~:·•~ 
",• ~-: . ' ' . . . ,• . . . . . ' . -

t ";' < 

! 

'' ' 
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···S••-~W::f!,.....,,.._ 

OnP wa'Y ·tttat' peopte·iand tfie- nme: sfM!C*ist otpftt• events il by their· dates. When a time 

of an event whos. date ls not expli~ttty known is entered into the syscem and ·the time specialist Is 

so directed. then it attempts r:o discover the date. 1f a date is found: it is added to the data base 

and to a mnpota1ty sorted d@=Uf!!;. Dates are very usef"Ul for eUilfdttermining·the time of event 

relative to some other event. The date-line ls uRd to answer .-ions about what happened 

during a particular· interval (the •air events type fetch): The .cla~ were it complete (te. the 

dates ·or all events are either known or cOinputed), would provide.~-· fast acceSs to all events that 

occurred wUhin a sp«iftfd interval Unfortunately the datf'-line ~suaHy is not complete and so 

' . , . • . . - - '.)! ~ '. : ' • .• : 1<. . ; • 1 • ' ' • ' r ,\ ""', • • 

provides access to many, but not:d1,"efents and orfter metfiods am:l data structures are necessary for 

questions or this type. 

The' f onowtng sec:rlbrts describe the l'nethods fof :~mwering questiOns involving dates, 

mett'tOds fot ~tadng ·•ts atttf mltftt&intng the d-.lifte; :Ind • ~. for correcting the dat~ 

lin~ tf ft ts-:IJasecf··OW·ne ~ibefkWed f2~ lt·ifrOiJld bl'·~ that enough information 

to deduce dates is not .always available, in which cue the fetcher wtll use other methods and 

organizing structure. 

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 thereby allowing other methods a chance at solving the problem. 

This method does a simple fetch {the same as what the "Known-already• method above does) of 

the dates of the event and reference event and then subtracts them. Like many others, this method 



. 'l)e Stru_~uare of the 'rime Spect1Ust , . StbY&ar1 Ill 
,. . .. . ... -. . ~ ' ., ~ " 

_has a version which enhances th_is sirnple f~f~,.bJ,,~~~ ~; ~¥~~ .,.,,._ o{ '.~"' f~er 

recursivetr·.; Because. ttte tl~ .. ~;!'lst is ~r.~J,.~l-1~,;~-,,#ln1r~:~: ~ve 
.. ~· . ~\ "\.'d r ~:.·~--:.··;i "~, ":; ~:; ... f~ ":·;-.',~'., .~·--· < . 1~ 

methods, however they need not can tbem'lelve5 riCU?i~eti: ~t¥:artlP1r:~~·· .... ,,,, during 

the second can to the r~~: 'Try·~ing-QJ~~ .~~;~~.)"i'iW*'•:.~"'4f;~J~' ~ 
, • ·. ., ~ • -- ' • • : ' ,. I , , . , : . '• ' ;. •' • ~ ' , , 

... k>gic as ·Know-date•; ~owever~ ;n l~1i~ 7t~e ~~~.i~ ~-·~".'1~ {i~}~jth)~ . .­

'probleml of finding the~~tes_or.~.~-~v'!'t and, ~~-~~ .. J:Jtf,,~"~~,J· ~ 

_sy~. but will n~,be cal~,.~i>Ot' .~ .. ~'i~r~·!t.,~t~ ~-~Pr:~~~e~e·,~ 

expression fetches (those,; ~i,fh both an ev!':'~ anda ref~~) .•• W.~,~ ..... ~,,._ .. , 
. . ., . ·-- - ,,. '' 

will succeed in ftndi!'.lg the dates. 
~ .. :~." ,.,._ ~~ :.'!".:'i<J 

' -· 
BJ TM "Compare.id1!W' M'ethOd 

Thts l'Mthod applfs· onty· wt.en •·ac.· not'C:are abOUt('th.' .... tidistances -~ 

events, only about the temporal ordering between the ""'t\(.'J1\"i~~::~~~-4he date 

of the event and the date of -~~ .. r~er!'ce e!e.t'.',,•,.,~~r~ift~ ~~: ~ ~ter (or 
. ; ~ • - ' . - - - . . I , 

earlier). This is similar to •Kn,ow~a~· ~Cfl~, !~~~.the-~~ ~~:o~~ .~ .. th•n 5'1~~~· 
- . ~ .' ~ ' ·. ' \ . ./:' . . ,.. . ,. . _, ·~ . . . 

There are two. v~rieUes~ ,one c;l~ ~.·•~!' r~~f,~ l~'.,~· ~~~~7tQ JlAd Mlf1._,. 

of. the events. Nottce that ~~ts fn!!t~ ~Id. ha~e ~ -~~1 If. ~lt'C, ~-... 
'· ... .,, . . . . . I'· ., 

I 

then. throwing aw~y the a~n~, howeYertha;t·~!?;~ ~---~-~~,t~~,~~~tor:,_c .... w~to 
solve the problem. 

C) The -.iild-eYellt~iml·ref'erence-nfiat·tf..._tor-dit~" ·Metraed ,,. '' •' · 

Thts ~-ts 11tv0k"1'0nly tt 'tHI dtte Or ari'~~hs'~:r The actu ii simpte; t~ aftd 
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' .: "\ 

IOoft fdr' the~~- t• tiftw •prmt•'s ref'eret'lee' event aml add or subtract the amount of the 

~.·,~·nprm•rfot:aampit~~ ttw·1,-.w·.-i••~s'.ft, .. \~ <~did~>.· 
~y~:~!~~1t ... ~~·~lW ,,, 

Te amwer tfte· ...-., ---·date were 'die '"'8f: ~· .,......,_;_._.,.l'lf~vent-times .. 
. ~~ 

ttJNlare• Wodf.· Ms: at. .. rm. then look ,_ ~ ctaW ·., the' - drroat aml ftnd the second 

· f'ai. It ·woUid t.hetf ad'd w ~ m ttw-aw:or tkr .... ~ ind rltum the answer. There are 

tour vartatmns"'d tMr ~ On. Wflere al d.e fldie anr -...~ OfllJt where the ftndtng of the 

'dat• of. i~ ttferente'.'nent rem~ ·ffi.'····· one .~· th.:'ftncii~, ~' t~e original time 

expression recurses the system and one where both fetches are· r«unive. The latter two are of 

dub_ious value since they usually require much computatM:.lr) ..,. .... ref_.,._ ,e.tnt is not 

specified requiring ttn>se m«hods that sarch th11MJ11' lb._f "tire -.,_ bQe .to be called upon. 

; '. : ... :,.... .. ,..,·,:_ ', ; .·'.Jc~·.·.; ,.., •• , Y:.~·::'·, >. ,'·~·; 1 ':,~ ·"," ~;,, '' •• 

To answer an a11• evenu type fetch "UM-date-line• tries to calculate the dates involved in 

":: -~ r' . .,,, , '.:-~ ,~,--· "· . ) , .. : •' ~- :~··~:""',,-~ ~;'. :_,.,· .. ·:.,.'"·,) ,_~".'·;L ·' i; n··.· ..: '-; .. _,. 

the pattern (if t1'ey are not already there) and then 1o0ks tor the portion of the date-line that lies 
. . -:. 

~ . ~ .. , . ~ ~ '. . -'.:':' ". ·.;. •• , . '.1 ' . .• _: • • "." , ... · ... , •• ·.,: :0 .;.~tt \ ~·:'::·- ~··' !•\\, -·;" .. ". ' ' ' 
'tiefween ~ data. Far ~atnf>re. it ai1l.t, -What happeri«I Since the sore throat?" "Use-date-line· 

l· . •. , •. < .. --~····· .·>··.' ··;,. ·'..:.r ,, "-\·· _ :.- ... > ... , ,.,. .. )-: . .,.,•'. ~.,..Jf~ .~ . • t· • '· · · •· .. "-~~-· ··,,~ 
'"1f tty to find' the dlt!' at the'b!ginning Oft~ sore'tttioat and tOday's dare and then reply wtrh 

., . : I . .. ·, .. ,1: ·i::,. ··~~ ,~ '.!~ .;··-~·· ,.i, it .. , ... ..:--· ';, ,·.:,·"h'. 

·itteeven'ts that ;ne·~' thoW.peinu on ttte 11da ... ~'- It then throws away events that are in 
~ • • ' • ~ f ... 

that· portion of the •date-line• that are not of the c:orrea group (if there is one). This is 

unfortunate since it is more natural and efticte,it never tQ. tsm CQQS¥:l~ thole ,.-tJ. One 
• '. ' •• 0 •• •·,· • ·' 

solution is to have t~. ·~atnt~in-date-line· metho,d ~ttteract- "ldt • .f.l'OUP_-~Ust. thereby 

enabling the construction of many •c1ate-Unes, • ea<h ~tntng ~ .an'1 of. the same (or closely 

related) 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-pref erred-type" which adds to the data base items corresponding to the incoming 

' 
items, except they have been translated to a pref erred type. If the pref erred typed is •dates,• the 

translator 2 calls the fetcher and the date is obtained by one of its methods. The pref erred 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 language 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 

the date are computed and each are inserted 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. 
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C) The -,+,.•t..tbw' Mtthect 

Tfrts mtthOd is invoked by the error corrector to keep the date-line correct when a fact's 

status is chang«l to •not~ecr. Stw one of the elements of an entry in the data-line is a 

pointer to the· fact· that tt depends on. "Fix......._• Clft mi1J update the date-fine. It goes 

through the date-line looking for entries whole fact petmer· correspends to the doubted fact, 

removtng them. "Fhese pointers were induded in the date-lifte ror ease in me, however. in. this case 

and in· many others, it ts clear that keeping die basil far • cteducttan · ii very useful when old facts 

become dOubted. 
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Another way of organizing the time of events in one's memory is to link the evenu to 
> •• ! \ '~ : . " 

• ~ • - ... ' ~.· • ·~ ~· ' ' -' > • 

special reference events. Special reference events are events that are often referred to in giving 
•. ,-~: n,;,: .. ~' •- , 

the time of another event. Common special reference events are "birth• and •now•. Each 
.. ..: ~ .~'. '· ~- -.' ' 

application wtn typically have its own special reference events, such u the onset or the illness In 
. '• - ; ~ ' ' ;· ·~;. ;,_ ' {"• •"; • "I•-.: :··:, .,, (', :", .I ~ 

nM!dtcat applications. The methOd · "Try-uiing-sp«ial-ret'erence-events• tries to use these common 

links in answering fetches. The fact organizer's inethocf•Add1Peciakerer~ce-f!vent-Unk11 creates 

these links so that they wilt be even more common. Tfi~t choice of 'whkh even~ are , special 
' "' ~ 

reference events is preseritty· made by t'h'e user of the 'time ~ttit. The ·list ~ special rerermce 
" . . . . ~ - .• ' ~ \ ' . - "~ .; ··i . -. '1, 

evenu could, hown'er, easily be determined by the time specialist based on . how often events are 

ref erred to by other events. 

There is an lntereSting analogy between the time specialist's special reference events and 

Minsky's notion· or capto:h dfSalssed, in h1s frame' ,,;pef cMins\y 197~1 H~ makes the analogy 
. .r 1.' ~ • •• • , • • • • -. • , • r ~.:I 

between a frame system' and the roads or airline routes. '0ne'·does not in .general know how to set 

from one place (event) to anather (refetence event) directly.'insteacf\,M knoWI hoW to gee: from one 
j . .· ', 1~··. ;~· ~ . ·'.· (.t~ •. ~.>, ·~. ' ' 

place to a major •capbr':(special )'eference event) and hOW top betWeei1 major capitals. 

A) The 9Try-usinr-:sp,ecial-~fflltt~ve,nts• r.let~od 
) ' ' '. ,. ' 

Suppose the system had be tokl, 'Three weeks ago John had a ~1cl. and t,wo Wit~ .a1e; it 

was over.· To answer the question, "How long did his cotd last?• it seems natural to simply subtract 

two weeks from three weeks and respond ·0ne' ~k•' rath~r"than calculating the dates of the 

beginntng and end of rhe cold and then subtracting the dites:' And ~h;;1y there ~re. many CUG 
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unknown. 

"Try-using-speciaf..reference--events• tries to find a reference link (using a simple.fetch like 

•Known-alreadyi from both the event and the reference ev~t (o tfte.same specjal reference event 

and then subtracts the amounts involved. If it fails in doing this, it looks for anr special reference 

event 1mt. -and then tries: to .find die' dittata bttwten)~ p!eill ref~ links. For example, one 

may know that, •r.hfft'JeU' ·ago. jdnt·graduared from c:otqe, UNI joha•rted college at the age 

of ta•. Then •determine how muehtime Joh,n .,.. ~·we~ die specal.refer.ence 

event link between the btginning of cOl~e and bi~·•,;~ ~ J*ween the 8fld of college 
' _· - ., . . . ' 

and now. We next try to find the distance betwe,n .~. t'9 ,_., ref~.nents, age in this 

ca~. T1pically the liBks between special ref'ertftCe:aents lie exist·~ of:·dle ·importance of 

each. 

There is a ·recur~ive· ver~ of "Try-uu~...,.,~~ which. il caJled, "Try­

ftnding·special-ref ere~ce-event-links•. . This one rect1rses t~e •Jltt.m to ~~ the relationships 

between the events and the special reference even,~ and .if ·~. ~ .~ionsbip between two 
f'' -

of the special reference·.~vents. This could at the W?fst resu~in twp~U.. Jtw number of speictal 

reference events plus one number of calls to the fetcher. So that this method will not be called 

recursively on the second call to the fetcher thi~ methOd wtlt riot be aP;Ju*1 when °one of the events 

8) The ·A~keferenCNYeat• Medaod 

This method cteates links to special ref ennce, ~enq if "°""' ,,,qst. •Add-special-ref er~ 
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event• ftrst checks to see if the event of new fact beinc. ret,t~~ , into the system ts already 
'. '-: ,· < ~ ' > ' f 'O·y ii: :- '·• 

referencing some special reference event If it is not, then it attempts to ftnd the special reference 

ffeftt nearest to the evtiM Of the' entering fact~,. tf•i\dif~ial-rei'~v~t· ~. then that 

tint ii added to rh• datl bl•. Notice that tbii rll«fia14 wdl not aphtifeaariiv~ arter it adds the 

new link to the data base. since this new link already ~ al{'·'rtf~~ rient. 

·'"··; 

'· 

·., ,., .,.,. . 
: ~, ~ . 

.!' )' \ 

.. " ·~ y . ~ 

,. - ~ ., 

' . ------. ·-- ------- --··-
S 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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Another form of organi~tion .~ by .the ~'~ ~ .. th;e AMion . .r "tMf..-~ 

after" chains. Such a dta~ occurs ofc.n tn • '°'1 ............ ~~fena •......,_.·For 

example, suf~ ttte 51st~ had hen told 

I) Event A was a week before event B. 
~)·Event B· was tht'H wteks WON! nwat· C. 
~) Event C wu a menflt before fflftt D; 
4) Event A was twO ,,.,.....,_ tm!ftt l>. 

The time speclatbt ..ufd. ttMte the chain "(E'ltftt A, Event I, Evfftt C. Event D)• and would note 

that in f oHowtng the chain it can take the short eut from Iv• A to Event D. 

In the time specialist the construction of chains ii performed by the method "Maintain­

chains". Various methods of the fetcher u• theM ehlma; drey are·-rry-foftowlftg-chatns." "Look· 

at-chains." and "Use-chains". The ftrst two are aw. io wwer ·.,..aons where the event is 

apectfted, the last one crtes to discoYer ane of the tfffttl that occurred during a given time 

expression. 

events. Its bask opffation ts to look for a dtam that cantaiM _.. the event and the reference 

event, then try to And short cuts in f ollowtng that dam. bltween the events. and then combine the 

temporal amounts between success4ve events in the chain. There ate baskaHy two kinds of short 

cuts. One ts wtten the system had been told about, or deduced, a ·llnlt between ev..u in the chain 

such as the link between Event A and Event D in the previous example. The other .1hort 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 Jink. 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 relati.ve order of 

events not the temporal distance between them. This method simply looks 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 ii 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 wants 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 tho5e of the wrong group type). If the time expression of 
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the.questiennis not;of·ttte "betWeen two:events• t~'tiUf'is ~·-time expressioos4 then one 

could• tfftte ttmpor1;-iv.1••ents th•t are·deftnel to ·Wvthilttutt'~!Cf •t' .... ·time ~~presllons, add them 

tct-ttttt·da•,ba•·;aftd.i1h•~-use,ttte ab'ov~ ~ure .. i-rhtl'~s nc)t't.hp~tt.d in the pr~t 

versiorvaf th• time', speotaltSt 'Wea Ute "temparary• ritnts wdaWI; etther 'fin up befott-after chains 

(and other special data strUctures) with events or Ority lifftited lntereSt or require the creation of 

·. temporary copieS of these structures for each question or this type. This method would perform 

better if the chains were grouped ~ther semantically by the tOllowin' method, "Maintain-

chains,· interacting with a group specialist. 

D) The ·Maintain-chains• Method 

This is the·. most · compticat«I method of the fad organizer. lf' maintains a structure of 

before-after chaitts that is ralized in the Computer by a lilt Of· lists. Each list is of the form: 

(<event-I> <event-2> ... <evettt-n>) 

where event-i either immediately precedes event~l•I, temporally, or the two events occurred at the 

•same• time. In addition, 'there is a data' base context catftid . •Jump-links•. that contains links 

between events in the same chain that are far apart ltt terms of the previous example "Maintain-, 

chains" would have created the chain, "(Event-A Event-B Event-C Ivent-D)". The item "(jump~ 

link Event-A Event-D)" would have been added to the "Jump..Jinks• ~xt. ·These jlmp-links are 

useful for finding the shortest path between two events in a chain. 

Maintaining this structure is complicated, however, the task has little intellectual interest . 

. Procedures must create new chains, merge old chains, insert events into chains. break apart old 

. ---- - ---------- ~ -- -
'i 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, and 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 previous example, suppose 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 a.re 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-tinks baaed on it would be destroyed. The *'Plier approach of destroying chains, 

however, ts the one mat was taken. The unnecesary destruction of a few chains will, at the worst. 

resu1t in only sttghtty fess eftleient f«ches. 

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 rhe Un-ks between successive "1!1en\ents of the chain, and tbe accuracy that one needs to 

know the retation betwttn far apart events. Also there is the question of when to ask, when the 

ftrst fact comes in that makes the chain too vague, or when one needs 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 VUs 1,ast iewts 

When all else fails there are two "brute-force• methods left. •All-out-search• does a 

"breadth-first• search to find the time of an event relative to another' event. When asked.for those 

events that occurreef 'within a particular. interval, the •co-c:hru-all-known~vents•. method a~ka the 

fetcher whether an event occurred within the interval for 'au krlown eVents~ hth of these methods 

are very slow with normal data bases. Only if.., ....... ,&&.~MW,tbf,,otlaer methods have 

failed shouldthey be.used. 

A) The •An-out-search• Method 

The •AH-out-search• method initiatei an all out b~th-ftrst ~rch5 from the event, and 

continues until the reference event is reached (or there are no more paths to search). Were it not 

for the peculiarities of the "Date• r~resentation type, th ts methcd ;.,..Id be adequate for all 

f etches.6 If there is someway to get from here (the event) to ~here (;he ref~en~ event), it will ftnd 

.,. ;. , ., . .._, ~·: ~ :·· .. , ~· ··'.F»·/~' ~ . ·'.. ·. ., .. 

it. The chain that it finds, while it will be among the shortest possible, may be less than optimal. 

One objection to the chain is that it may follow much inore fuzzy umtn 
1

1inks than other 
':f<·· 

methods resulting in such a vague answer that it may be worthless. Another objection is that the 
I· . . .. . '' . . 

' chain need not be a natural path for humans. It may go from same event to an0ther that would 
'c • ' r :'-t; ',/;..' •··, .• • 

seem Odd to any human observer. •At1-out-search1s• explanations may be a little bizarre if tt follows 

a chain that is far from obvious, and the events in: t~ ·chah, have no ·natural ftow from one to 

!S A breadth-first search in this case means to fin~t-1tthe ,even~ lhf.t -au, tin~ tA;l .tlM event. and 
then for each of them find what they ·ire linked tO. ~ .~ ~t , .. ~ .9' thoM ~CJ ,fllJWld. 

G lt may, however, run very slowly, expJofJng many dead-.xl:~ .... tt'.,.:F,.,h . 

• 
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another. This Is the only method tfHR' -..a "'~:triNft hiaman behavior, as a consequence its 

reasoning can often be peculiar. Evatuating the Worth of this ~hpd brings up of the issue as to 

what extent the time spec~list should mimic humans.? Clftrly at .times all one cares about i.s the 

answer, and if this method can deliver when others cannot, it shoukl be used. but if explanations 

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

This method is quite unlike the other methods for "ala- 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 already considered by previous methods (t~picallJ. ·use-date-line• and "Use-

chains") and then one by_ one goes through that list~ events rt!CUB,i"J :the fetcher with each event 

(or reference event) specified in turn. In the case that the nun')ber (lf events in the group is rather 

small this method is quite reasonable, however when ~e group is large (or unspecified indicati!'I 

' 
all known events) it is very slow and often partial comp~tions w~hin each individual fetch are 

repeated since the fetcher does not know about what is to come, and does not make much use or 

what came before. 

For example, suppose the fetcher was asked fer all symptor:ns that occurred. in the last w"k. 
' , : ,. " ', ·', 

•co-thru·all·known-events• would then recurse the system for each symptom known (typically it 

would also· subtract those symptoms already discover~ by . otiter methods). If the remaining 

-- - - -- -- .. - --- .... ---· ...... 
7 It should be pointed out that I designed the time specialist to reason, Whefl possible, in ways that 
l. thflitt ··humans dO: · Tttm are several rftJOrU for tftls dedik>n; among th.~. are inteUigible 
explanations and jUStiftc3ttons of answers, ease of undmtatftting, debugging' and ) moclifiabiUty, 
many problems are such that a "right• answer is judged qnly by wf,lether: people accept it or. not. 
and the possibility or·~ng SOMe" light 'Oft· how huFAanfpetorm·fheieUsks. · 
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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. 
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specialist is the use of periods. History .bcloks are a goad .-., J._, dais f orw, ~ 
1
Gf1.,,ization. 

, , ;· "'~ •.. : '., .. , .. ;,. -. -~~'·?.:: ·r:·:~~ ~·' ·~. "? .,·* ""- ~t--'-) ···~· ~:f~f : ~ .,., , ..... -... . ~ . - . . .-.-. 

Events att grouped mm periods whkh in tum are -often g~ into. larger per:iods (sometimes 
. . ;: . ' '. ,, . ,, ., .. ' 

called •ages;. Statements can be made about the tempora' rela~ betweeo ll'QUPS at the same 

level. Th~ ·higher-levet temporal spedfica;tians can be ·wed in inf~ about the lower level 
, . \ . ' ,. . . 

facts. For example, one may be told that john brok~ his leg, wf1en ~ ,•~ a child . .,nd again "hen 
• ' ; 1 

he was a middle-aged man. If, in addition, it is kncnm that ~ikl~ ,J.I ~~lly from 0 to, say, 18 
\ . ·, '~":. ' \ 

years of age and that middle age occun between 40 Md S theft ane 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 

problem without periods, however, special structures for representing the hierarchical structure of 

the situation should aid in avoiding unnecessary sarchtng and deductions ln many cases. The 

way a method designed to make use of periods would solve this problem is by noticing that both 

times John's leg was brok.~ were within periods. So the problem is rephrased in terms of these 

periods. Since periods are often used to answer questiOns and they are few in number if can be 

profitable to have already made many deductions about the relattons between the periods. In the 

previous example. it may be that 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 



The Structure of the Time Specialist Chaaur 111 

events in other periods should oat be con~. P"f»le-w~ faced with questions, for example, 

about their childhood do not usually even think about events that occurred later in life. Clearly 
I 

there is a need for another speeial data structure to capture the structure of periods. 

' ·~' : " . '· ·.: 

As described in Chapter IV on medical diagnosis this use or periods is very common In 

medicine. Symptoms occur within phases, and phases occur within diseases. Had the time 
.... 

· specialist been extended to include methods thatlQl4,~ • ..- qr,,_...-,aed ma•iftc·..-111 data 

structures for periods the sfAtem WQ\lld p~ably have.,(~ ~.,fnQl'e eftiU.dJ. Thts 

extension to the ti'"' specialist, holft\'er; lfill nqt ~ "" ~!If,. .. ,,........ &be tlw apecialllt 

can solye, only lt$ perf~n~ in.~hose jt -lr-J,4AMIWe. 
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•. •. j ~ '-~ ' ' ' 

The fetcher must invoke the appropriate ~~ f~ ~; (8i;tifu_._r q';'.~!~, i~ sqme or~r. 
-· , '\ : ~ ·. , ' ~' ~ ; , •, . ,\ ; ti '· .-.' : i> ~ ·- ~ ' -- < l-· , .. ~ ' I . '•'• 

. The prob,lems of det~~g t~t order_a~e ~.,~~;i ~~Jbat~~'~i}l~tsiqo of how 
' . ~ . '· ' -· 

the methodi cauld interact and the benefits that would result. 

A) The 0 .... of ttw llttMd's Appliatfon 

When the time speaaltst ·is asked t questtan, ·various methods. are a val1ab1e. The ftrst 

' ' 

dedstoft to· he made is whidr ·ana are apprapritre. 'ta ttte·c:U1~'~tion this choice ts 

dependent on two things. One is the ~'!type or ·Che· ....... ··ti'ttem and the orher 

criterion is whether the events are specifted in the pattern or if the events fitting the time 

expression are desired (i.e. •a11• events type questions). The next preblem ls to. determine the order 

in which the methods are to be tried. Presently the decision is based. Simply on a default order.a 

Other factors, such as regularities in the data bait and whkh of the fact organizer's methods are 

in effect, would, in an ideal system, inftuence the dtfauk order of the methods. In a more 

intelligent system, the question pattern would be analyzed more. fully, __ and based on what is known 

about the events in the question pattern, the order of the methacb would be changed for each 

fetch. 

Another criterion for deciding which methods should be considered appropriate is the eff'ort 

the caller wants put into a task. Clearly, the time speqalist can not know how important any 

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

8 Modifications to the time specialist so that it changes the default order based on its estimate of 
the cost effectiwneu of tM various methods are desirable. This wu not done because of the 
difficulties in debugging code whose behavior changes in such a waJ. 
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effort measure is approximated by the amount of CPU ~ime ~ry ~o (pmplete a f etch.9 This 
'. 'I!. (~ ·: !>. ,'·:·:.; :-_~'."' 

would clearly be useful, for example in the present illness application, stnce certain expectations 

assoctated wtth a dlsea~ are rather ·unimportant (such a's thi duratiori,.of albumia in< AON) and 

others are so important tftat the system shautd ~ ah .it can to. cohftrm c()i. disprove (such u. the 

duration of the latent phase of· AON). 

B) Possible Interactions between Methods 

The various methods that the time specialist invokes to a!"swer qq~~s, do not ~µni'-te 
• . . ; ., ' ' ''<' .• , ·." . 

with each other. The efficiency of the tjme specialist could be signifiQ.ntly lf\lproved, h_qwev"·~. if 
• .. . ' '" • . ~ '.. ~' I • : ' . ; •· , . , , ' 

subsequent methods could make use of what previ~$, ~~-~ly ~f~' ~hods ha~;~~v~. 

For example, methods need not recompute partial an!~~ if pr_~~~t~hods .~lrradJ, bave 

computed them. Also, the previously-invoked ,_~1,nay ~~ve ~v~ SP.II>' c;h.~raCl,erisUc or 
. ', s ' . . . . ~ 

the data base indkating that the order of the method &11v~~-~ be-~~ for,~hi1 

problem. 

The pitfall that must be avoided in allowing met~s ~C:- ~~"!f&le. is that JbJJ-!W'St 

remain independent to preserve the modularity and modifta~i,lity of. t,~ t;~:spedalist~ Tbt: .i~~I 
"" ' - 1·· . ·' ' 

medium of communication is the •an~wer-tree• contexts. The method~ normally h!a,ve commf!.11ts 
<' ' I ' • > '· • , • • ~ 

here about their success or reasons for failure. They could easily leave con:unents ab(JUt ~rd.al 
:'i;.; ··0-.,.f . ' -

answers that other methods could look at. No method need necessarily leave comments nw look at 
', : .. ~·.·. - . . ' ' .· 

the comments of others, and modularity is prese~ed sin~~- tfte 'M,f~~~. ~n, .r,nake use or ~he 

information without regard to which method disco~ered it 
, .'• : ~ 

9 Other more sophisticated measures can easily be imagined, taking into account other machine 
resources and real time response. 
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When a fac:t is added to t.he system. man.y dif erent methods can be applied to . that fad. 

Which ones should be determined by the applicatton. bf the ~v.e, f·~J of •retches· and 

•adds; and by a'fty ·tmaes to certain representation types or org«llA&ati~I 5trUCtUres For "ample. 

an application of the time specialist that required very many fetches and where dates were very 

common would have the methods that maintain the dare-tine and deduce the date of the event of 

the entering time spectftation activated. These methods of the fact organizer are ordered. though 

the ordering ·ne'e!d only be a partial ordering. The "Matnta-in-date·line• method. for example. 

should always 'be applied after the "Add-clate11 method, though "Maintain-chains· and ·Add­

pref erred-type1• can·~ applied in any order. 

Pfr'haps ttte most important method that is applied to incoming facts is "Look·for­

incottsis~nd8• which lboks for inconsiStencies that the incoming fact mtght have with previously 

accepted facts. Before-after chains, the event-list, the date-ltne, and statistics are maintained by 

their respective metltods. 1"he three dtff'erent types of time specifications that can be deduced and 

added to t'he data base are the pref erred type, the duration, and rhe event relative to the nearest 

special reference event. In addition there is the method •chatn-roo-vague• that complains when a 

before-after chain beconfes too vague. 

White these methods were designed with the idea that they be applied when the fact is being 

entered into the system, this need not be the case. After each method finishes it notes that it has 

been applied to that fact. At any time later the higher level system can ask the time specialist to 

think about a fact, and those methods that were not done earlier 1'il1 then , be invoked. For 
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example, if some module decided that a date-lipe would be very u"'1ul, jt.cqJJld turn on •Ma•ntajn-
- • ; j ; - - ., .. '~ 

date-line" and re-think all the old facts so that the date-line wiU be as complete as possible. This 

seems reasonattty common in hutnan thinking, that·tt.e trnpntarkl'lht ·a ;taet are Se>mettmes made 

tong after betng torcr aboUt ttla:t tact, and yet not 1n resf>ori~ to any partteu1ar qiiesr1on. Atso in an 

application where the system would have spare time, it could use that'dn\e to dlduce things that 

will speed up the fetcher later. Notice that this mechanism Of-~·· tbat 1, ... hod was 
, , ·. : ·, r · «\ ··. ,·,o • -.. - • .: • ·, , 

already applied to partkular fact needs some iri'tell&ge'nd! 'to be sure ttlat1 hie> •'kt has not ~hanged 

·sufficiently to warrant the method being reapplie'd, Each Method ts' resporistble 'tor ditermJning ·if 

it shoUld be reapplied to~a particular fact lrlha't tact' 1a''.tAftte1ed lntO; .. ;system: 
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lectiolt XI: Maintaining the CoMisteftty Or die Data lase 

In addition to accep~ing temporal ... spedftcationa. die .ttnw. ~- aitempts to assea the 

plausibility of an incoming statement and jts con~ wittl ......... y in ,the .data laue· 

Consider the following facts: 

{I) The cold ended last ~k. 
(2) Three weeks ago there was a party, 
(3) A coup1- days after th, party t,. cold ended. 

' ' ' 

If the same cold and party are being ref~ tq.. t~ ·raaUiatM· fl( the ~r8SS:iofU ii. not 

sufficimtly great to account for the discr:epancy ~ t~ ata .... cs. Wa woal1d like th• time 

specialist to recognize and correct the situation if possible. In the following sections, I wiH describe 

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

those found. 

The detection of incoruiltencies like the one above is simple to implement. All •Look-for-

in~onsistencies" needs do is caH 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 indjcates that the fact wu already known, two, that it 

didn't know enough 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 last case, 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 "Lool<-for-beginning-end-problems" 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 agrees with this view and in 

the case of "beginning end" problems has a reasonable alternative. There are at least three times 

that this le.ind 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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con•ersation Witft, user. First it tries to ascertain w.hether the lame event ts being referred to in 

both cases. If ttrtey art!' different events t
1

heft the addition of the new item into the data base ts 

aborted, and tM item- is modi&ed to have a unique event name and is then re-entered into the 

lft t!R! case where the events are indeed the same; then the situation is explained to the user 

and the user is ask«! if the new item ts wrong. It Se, tile addition ol the neW item to the data base 

b aborted. If the new one is right. then the user it uUd ahout each of the facu that are 

mponsible for the·ina.sistent assertion.to If alt art! fine. then the Inconsistency is allowed into the 
. . 

data base, and a certafft ameoot of indeterminism is introchtced intO the data base. If, however. 

one of the items att no longer to be believed, tken its sratus is cftanted to •n.0t to be believed; and 

the error corrector' I methods are invoked to undo the cansequtACts of having believed that fact. 

D) Plausibility Checking 

Ideally the time speciatist should complain about. implausible items .being entered into the 

system. A cold cannot have a duration of several hundred years. someone cannot gain twenty 

pounds in an hour, a person cannot do something before being born (if one ls not considering time 

travel stories). But how can the time specialist detect such .implausible or impossible Items? 

The time specialist alone cannot be expected to discover anomalies as those above, however. 

it could be expected to help. To discover that a several hundred year long cold ls anomalous the 

--- --- - --- --- ~ --. -- -I 

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. 

96 



. - ';!::·'t-,,-. 

The Structure of the Time Spec:iali5t 

time specialist could, when thinking about the d~t!on of an ~VCIJt.. ~ ~· ~er. module, 
. . . . . ' ' . 

perhaps a cold expert in this case, what the longest ,P~Jbt, cl~~~9",th.e:.eY~t 1',, ,and then 

complain if the duratiQl'I is longer than that. To find fauk "" P~t;t,•pg .~""'' ~nds IJJ,,~e 

hour, •.hypothetical rate sp«iaUst would ask the time s~iaU~ ~_het.~~-.t~e,~u~tA9g ofth,.~t 

gain is greater than the minimum interval possible and thtn .~in if it. is .. ~ Jmall°' To 
• • ,·-t.,:' . -· 

consider someone doing something before they were born as. I~, ,apfn ~ t)me speclaHlt 
, . ; - • ' • "1. ' • ' ; ,t. ·. -~ • . • 

would be called by some other module, perhaps ~n ex_pert on the.~~'.a,tes.ftf antmJt~ ·jec:tJ.;~O 
.--.. . ·/ .. ' ' ·, ~ . ' . . . . , ' . . . 

determine if the time of the person's activity i1 before that person'• b~, '-l'd tr ,so ~na. , · 
- , ' - : . ..:.;·, -- ·, .. -;'-· . ' .·:· .:-,· ,l. ' 

None of this has been implemented, it should be ~ed ... It ~~ ~dllllr "~' the,51t p~·billey 
.: . ' , . -· ,, ' - . ,, ". 

checks should be done, there may be too many to handle at the, .ti,.w of ,""'1, pf .th~ it~ If the 
• ' ' • \ • • ' ·-~" . ;; '' ' ( ') : + ' '.. . • 

system is having problem.I, ~ange answers are being ~"u~t ~~,,~~'fl ~~~s O,f ttt. ~· 
responsible may be called for. Few of these plausibi~_ity c~ecks, if anJ, s~J4 ~- in,t~~t~,;by :-fhe 

' ) . - ,, . . .. '. ' 

time specialist, instead the appropriate expert must do the chec~ing~.&skV.. the~ ~1 .. 1.-
. - - ' . . : • i • ~)~. . . ' ' ' ·' .... ' . '': . . . ' . 

help when needed. In the case where the time spec~,l~t sho,uld. •."~"'~- t~ .chec._s, .,a .-b,.. 
•ctteck·plausibiUty• can be provided by the user. The point. i~ .. ~~~'~' .~~.· ~t ol ·the 

plausibility of a new item ii to. a large extent a >(u~~ 9f' tltf ~jgb« "9Y~l.,ps:~~ving 
'" ', ', 

program, and the time specialist can only be expected_ .to pro1kte ~ppc>rtJ;pr thJs.,acthdty. 
.. . ~ ·_ ! .; f ~· • i • : - . • ",, 

E) The•Re-thtntt• Methods 

A very dffticu1t pt'Oblem is keeping the data base consiltei1f when old facts are doubted. 

Vartous ot-her tacts may h•vet>een deduced using the d~bted fact ~rid t6ey;~hould, perhaps. ~lso ~ 

t.t doubted. This ts· handled f)y the err0t'cortect0r-S methOd °'RHflAnk'~hOse-depend~t-on-it•. 
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Alio the· doubted f~ .._ rltifht ·nor If: *'1,.-. b-..f.:~--i W·· W-emd from other facts. 

These facts should be reconsidered and the method •Re-think~those-it-depends-on" performs that 

function. In addttlon, answers to previous fetches become circumspect when the reasoning of the 

answer was based on, among othen, the doubted fact. This last tuk is handled by the method 

"Re-think-answers-dependent-on-it•. 

These tasks are greatly simplified by the fact that when the time specialist makes deductions 

that are added to the data base, such as those done by the methods, •Add-pref erred-type; •Add­

duration," and "Add-special-reference-event-link," it riotes those facts that were used in deducing 

the deduction. When the '"Re-think• methods are invoked they look to see what facts were deduced 

from the doubted tact and the premises of the doubted fact, and then asks "Look-for­

tnconsistencies· tO check out these facts. It may tum out that they are all consistent with the rest of 

the data base and an is fine; however, often the inconsistency handler will be called again, and 

some of those facts wtll be doubted, and the process will recurse by '"Re-thinking• those newly 

doubted facts. Q.uite understandably, this entire doubting process can be quite slow. However, lt 

will keep· the data base consistent. 

The method "Re-think-those-answers-dependent-on-it" behaves differently. It has no facts to 

doubt, only answers. The time specialist cannot know what was done with its answers, but it can 

interact with its caller, if the time specialist no longer believes its .old 111swer. To dita>ver 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 o1d wwer in doubt, il 41eda to ,. whet the 

caller was. If the cal,ler was the 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 same 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 

corrections 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 

implement wen, and more incorrect answers would Row 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 difficult 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 major symptoms 

and phases of a disease; the problem of determining those symptoms and phases is left for others.I 

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 Glomerulonephritls as an Example 

To test the hypothesis matcher it was given a description of the time course of Acute 

Poststreptococcal 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 1 and 4 days, and occasionally between 10 
days and 1 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 
·1arent 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 • 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. 

l [Gorry 1974] describes how one might indeed attack these problems. 
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., ,,. <' 

Medical literature describing the diseases is .;ust. as v,gue- •!Ki fuzzy. Tll~ fQllQwilll ue a 
' . , .i . . ' ! ~' ' "!-. ~ ' ,ij j ~ ,. '• ' 

few ef the ·many sentences 1n·•·a 'Chlptei an AON by SdtaWz.adcf )t.:lstrfl' ~~wartz ~.~~at 
'· . , ., ,;. . 'I 

contain references to Ume (my comments are in italics}. 

Whether or not speciftc antibiotic th~py ~- Jiv,n, ~P"a.~f symp~;and _ 
fever disappear aftet Ii ftw days, anctihe'jlttiilt'feels lritfNly' Wfll."'T'AU II a 11fJfttil 
namplt of tM fuzztn1ss of tltt tnnporal asf>«t of ,,.,dttal lr.notllttlp. . . 

., , , j ·:.~ : ~, r '- , "· 

After a few days, during which manifestations of the dileue remain intena,, the 
signs and symptoms gradually abate. W laat tlots oru Nan ., •r"""""1 .,,. att4 ·Aolu '. 
sAou.Ld tt H 11pr1s111tld1. 

Demonstrable type-specific antibody often disappears from the bloodst.~m. 
within a few months, but fl' •J pentst ft'r \friaftf.J9rt'..,., dif1'Mtdidhg' lrifectiOn ·· · 
has occurred. Tltt utirlabllti, of tM d"ratton of nps and 11"'/l'OWU Is ~ft111 frtClt. 

- :;'. ·~ ~ ·~·· ,. ,.._ ;~.;~;·"-;:·~~~;r .. ~·~;, ,·· ~ :··, ' 

Thettme.mune er dilmes is·varied linct-~;t;i'ACN ttcilfficult torepi'esent·bea~se'of 
( . , \; ,, ,' . '~ 

the many forks in the ti~ course and its fuuinesl. The problem of uridtritandkir 'Uicl 

..,..esentmg kMWledge •ctt,u thii 1i~ --- to :-lftlltetM'1iUti olDcQn M M1nJ ott.er domains 

C) A Scenario 

During diagnosis a physician must ask questions and match the' responses to the time course. 
' ; .. i - , : .,,, ~ , .. ' ' - - .. ~ ;¢ :· t· - .· ": -! ' i, 

Decisions must constantly be made as to whether the patient's history is matching the phystctan's 

expectations, and if not whether some other hypothesis or dileue should be considered. The 
·,. ·\ ' ,,, ,', ' :;-i 

following is a scenario (which one should imagine took place on July 'ti, 1975) in whkh. a 
;: ,• ~ ,,'"''.'; ~--.:~3 '. ; . ,· -

' ~' 

consultant is asked by a doctor to confirm or deny the diagnosis of AON (the conyersat_. ll 
,; < < ' :.<'. . < : ' • ,, 

limited to the time aspect of the diagnosis and is.in a stilted style.~~~ c•ly to the 
" ~ - ! . l :' ; , . '; t ;- . • 

performance of the medical hypothesis match~r). 

Consultant: What is the patient's history? 
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Doctor: The patient was barn an May 21. IN. 1lte patient ·Int Mtiald the symptoms associated 
with the •acute,...,_. of ACN 1*1'.ly a -wtelr. .._ ~--,WllM blf.Or.e6e.GJllllt d the ~acute 
pt.ate• the patient pt .... ird'«tmn. 

Consultant: When dtd the "latent pttaie• .,...? 
Dettor: The ""latent !)hue• bepft 5 QI' 6 4-.ys.aher .the.,._ ...... 

Comu,ltant: Is the AON acute -phase over? 

Doctor:.No 

Consultant: When was the strep exposure? 

Consultant: The AO"N hypethesis matchs the patient's hbalry. ·tloweffr strep exposure probably 
did not occur 1Mhen JtUed. Theit:ofthe.~;'*: .......... ··,a,petfecdp, .... The flt 
or the .duration of ·tt.e strep inf«tioft is petfCtty ..... T11e· It ct the dtnattoft of the •acute 
phue• is-. not tao bad. 

Withthe.Gceptien of underst.anrdiltg the-..,..,ef ,t19t,.._,aelrypachais matdter can 

play the rote of the consultant in the scenario. :t.W,hfptida•s ........ "9fies ·Muity en th~ time 

specialist to match the patient's history to the time course of AON, to make inferences as to when 

the various symptoms occurred and their temporal relationship and to be sure that the temporal 

aspect of the patient's history W.s consistent. 

Neither tt.e hypothesis matcher nor the time specialist is able to understand English, so the 
.. 

doctor's responses must be entered In a very stylized language. For example, wken the doctor said, 

~he patient first noticed the symptoms auociated with the acute phase of AON about nearly a 

week ago; this was entered into the computer as, 

(TIME-OF (IESIHIIG·OF AIN-ACUTE•PMASE) 
(BEFORE (All-OF TODAY) 

(FUZlY·NtOUNT (NEARLY ONE WEEKS)))) 
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Sometimes the process of converting from English to the language of the time specialist, 

called parsing, is complicated. For example, when the doctor said, "The .strep exposure was two 

days after the patient's birthday," the system was told, 

(TI"E-OF (ALL-OF STREP-EXPOSURE) 

and 

(AFTER (ALL-OF (THIRTY-FOURTH BIRTHDAY)) 
(BY-AMOUNT (DAYS Z) (FUZZ NIL)))) 

(TIME-OF (ALL-OF (THIRTY-FOURTH BIRTHDAY)) 
(AFTER (BEGINING-OF (PATIENT/S LIFE)) 

(BY-AMOlmT (YEARS 34) (FUZZ NIL)))) 

For a mechanical parser to this conversion, it would need to ask the time 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 hundred times. Some of these 

calls are to match particular expectations against the patient's history. Many are initiated by the 

time specialist itself, to check for inconsistencies or make common inferences based on the new 

facts. During 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 h'5tory of the patient are 
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tmportant'wn..-na'Of'ltfie td. Vf ·medtcal 4iagnalls. To ·dmiionstrate the usefulness of the time 

tpeetalist'tn··tttts·,ltlftaftt dumatn, ·the ·stmpte rnedbl hJPl'hftis ·matcher was tmptefnented. Thts 

matcher should be thought of as a componeAt Of a .,.em· that Is ~tin taking the present 

tltness of a .pa&ilnt. This ~t ls giY«I an ·~~to in...,.te and then Its 

recommendation (e.g. •accept but ... •, •reconsider only ff"nathmg.better'tums up1 ts returned. Since 

the purpose· of this implementation of· the·hypothesis matther ts to use the time speciaftst, medical 

knowledge that does not directly relatt to .tune WQ ·~'. .·1- are.giMn in terms of majOr 

symptomS. though clearly in • ~present fitness prog~tn this M,uld not be the case. 

The t.ypatleis ·matther ts a priJcess that · w~ ·given .. ~ hJPUthesis. an effort measure, and 

certain minimums for the quabty of matches, for the num&er of matches and for the importance of 

the expemtnm··lt shoU1d ask about, it Wifl either ampt, ac:apt with mervations, reject the 

hypothesu, or sagpst another hypothesis. In addilian, it rm~s the reasons for its 

recotmneml•tion in- detail and a summary of its acttvittes in a dac'a base context It also saves the 

ate 1)f the·exploratton so ·that the exploration of the hypochesiS can be re'sumed. 

The basic step5 of the ·ttjpothftts mateher are: 

I) htitialtze·or resume old·exptOratton 

2) accept the pat•t'S ·history 

S) go through the facts of the story -seelng what expeCtations they meet or fail to meet 

'f) ask about those expectations that are irnportlnt and r0r Whk:h not enough information ia 
available to confirm or deny 

5) note those facts that are unaccounted for 

6) summarize ftftdtngs 
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If at any point during the matching a UQ)t .. paccet-tl ~iater.fl$h1ai.UlertnliHd .. gnosls ts 

matched, then the prqce~ is·~ and a new hy"'-""'·~--1for fWCber exploration. For 

exploration of the AG~ hJPOthesis is stop~,a,nd-t~-Qironic'.·~•hJPothtsb is 

suggested for explo.-atJOf'I, Wheo an~ essenUal c~)~ not .,.. r.M ~ tsrJ,t4ipped Mlith 

an appropriate ~e _and it can only .be ,.....,. ;f0t..that ~·,if, Che 1f.-. ••1'11 revlled. 
; . ' . ' • .• "! •,. ' '. .. ' 

The Jlrocess is also StQJ»f*l .,whe,n the aggi:,.._ matcJaing SCfn.,~ too ..,_u,,wilh.»t•e 

suggestion not to rec9')~der.,unless there-is '9,beUeJ'. alt~ve. ;~the fll'OG'Sl;_.at,... 

and finally, accepts the hypoth~is, with or wjtbout~~~-

E) Some Problems with the Design of the Hypothesis Matcher 

The purpose of the hypothesis matcher ts to demonstrate the usefulness of the time specialist. 

not to do medical diagnosis. It was decided that the hypothesis matcher should be written u if le 

were a module of a larger present illness system. Problems of determining if~ for example. the 

patient's brownish urine indicates hematuria, were assumed alrady resolved. The division 

between the time aspect of diagnosis, the medical aspect, and common sense is artiftcial. The main 

problem wtth designing the hypothesis matcher ts to have it do enough to demonstrate the 

usefulness of the time specialist in mediQI diagnosis without attempting to solve the entire present 

illness problem. 

Another major problem with the hypothesis matc;her is deciding how good a match one hu, 

or "scoring". This was done in a rather ad /toe manner; it was considered a problem the present 

illness system must resolve and that there are no Jf>'Cial scoring f eMQres in matching the time 

course. 
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f) lhpna1nteti•4' TiaeCaurses of D..._ 

In'*- prev:Jlus •flWs. representalicm scheme! for tllhporal · speciftcationJ were described. 

The repreJentatton of more complex objects, such as the time course of a, disease, introduces new 

problems. ~It . .,. an visuali1e the timt cOinst' of, say.-ACN u *as done in Figure 5. As 

can be IMl the time ceune can easily be broken·~· four pht• the strep exposure, th~ strep 

infection, the 1atent phase and the acute phase. The length of the phases are variable, with rough 

probabilttiei assifned: te variOtlS inservals. This portjon of the diagnoWs process can be visualized 

as trymg . co ftt the patH!tlt's syftlptGms• course WitlJ ·UM pnml time C!Obr.se of the disease. A 

pictorial representation of the history or the patltAt ill tale scenario· is gi'Yen in Figure 6. 
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Unfortunately, 0ne cannot simply hand·,.,-'1 dia~\ ta a cemputer program (or a 

physician for that matter) and ask if the patient's ·~· .fits the disease's. Some of the 

problems are: 

I) Some of the patient's *diagram• is often unknown, ar only partially known. 

2) Some parts of the titne course ef a .dimse are ~ ttapartan~ .anC'l others are only 
incidental. Looking at the diagrams wouldlaily be ~·~·ill this ~ 

S~ Everything need not match perfectly., ·-In order for the'~d~ eo:_be positive, but 
deciding hew well tt need match is a cempttK ~ . 

'"'"· 

These problems were partially resof¥ed bf·•representllt(tlte Ame course as a frame system. 

similar to Minsky's concept of frames.2 Frames pro•jde a mdn& t0·"chank• knowledge, to put all 

the facts about. say. AGN's latent phase, into one place. Expectations. tnducUng their importance 

and lilehhood, are the main ingredient of the medat hyputhesis matcher's frames. OccasionaU, 

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

include. the fellowing adYice, •tr the duration of the latent phase is too short (less than two days) 

then start considering Chronic Olomerulonepbritis instead. 

C} An Example of a .,,. .. ,. 

The knowledge about the time course of AON was structured into about 5 or 6 chunks or 

frames. The most important frame beifll the one that delcribes A.ON using the other frames as 

sub frames. For example, this frame includes the statement: .,._t It is very important to confirm 

that the •acute phase• expectations are met. This eff«tively paints to the sub-frame for the •acute 

phase· which must be canftrmed. The •acute phase• frame eo11tatnt statements about the likelihood 

2 CM insk y J97i] d~scribes these ideas in detail. 
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of various duratioru for the :phue. Th"' f rameJ ar•. Qlt~ Sif,Rftle, aad much .iftf 01'1'91Ltton 
' . . ·.;,-

that would be needed by a complete present illness system Is left out. 

{, 

(GOBBLE AGN ;ACN. is. lM.natne- o( t~ {~tme,;~~ 
(SYNONYMS (BEGINNING-OF AGN·LATENT-PHASE) 

(ENO-OF STREP·INFECTiottl)n i)' -:'-'.• 

(SYNONYMS (END·OF AGN•LATENT ... PffASE) 

(IEG.llllJG~~ ~-~~J) . 

· Thb says to consider li~t! ~i.f1:ninJQf i ... ;-~·,~trt¥itlJMle;en411f~the:::tlrep 
inteetton and th~t.th•"d.qf,tbelatent~~r~~lac"'1Wlf,,,_._,11._., ·· ... · 

(IMPORTANCE 
(PAl\T-9F ~Ci,N AGN~~T~NT~PHASE) , 
ESSENtlAL} . - . . . . 

This states that it is essential ~t.9'18 ~r• &lit#~ -~--~-:With• reasonable 
duration .. The latent ph~J$i.V::a:tta~.· · · 

• ~,.. •• • • • •• • ' .... • " > 

(IMPORTANCE 
(~ART-C>F .AG.ft .AGN-ACUTE-eHASE.) . VER y.:1filPOitt~'r) . ',," ,• 

It is very important that the acute ph~se of the ACN be established to conftrm AON. 

( LikELIHOOD 
(• DURATION ALBUMIA . 
. .. ·· 'htrfbiVAt1

' (VE~ks 3. ) ( HON'l'HS 6. ) ) ) 
US~ALLY) . 

( DtPortfANCE * NoT-ttRf~DtPORTANT) 

( LikELIHOOo 
(* TIME-OF (A~~:Of ~l,.J\E~;;E~U~~1.:,.,;·, , . 

(IE,ORE (BEGINIIN&·OF STREP•INFECTION) 
' (Jftr£RV~L (~ t+,) .(ws,;z~~~,)) 

USUALLY) 
(IMPORTANCE* PRETTY·I"PORTANT) 
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The expecta.t·ton, "'lite t• or the U;PO$Ur,e to U. 9tt,,ep tnrection ts usually 
between Z and 7 days before the onset of sYt1Pte1u• ts pret\:y 1MpOrtant. 

( llk£LIHOOO 
(• TltilE,..Cf tAtt•OF STREP•EXPOSuRE) · 

SOMETittES) 

(BEFORE (BEGINNING-OF STilEP·INFECTION) 
c1iT11tM. ·<••s; t. r ;ff'dNTtG 1. > > > > 

( 11tPORTANCE • PRETTY-IMPORTANT} .. 

The expectation, •the ttft of th nposure W Ute strep 1nfectton is SOMt1111es 
between I week and I 1110nth before the onset of •Y11Ptou• 11 also pretty 

\ - •••• • ',• < ~: ·.; • ' • • ' ' ". 

i11POl"tMt. (lote that 'the ebove st•teMntl about stritP· exposure could have been 
part of tlM <Str.,-11tfectien fr- ·or »ut ·to#thr .1n 1 •11 tr-..) 

( IMPORTMCE (PART-OF AGN STREP·Uf£CT10lt) VBY•BIPOllTMT) 

It ts very t111>ortant to establtsh that 1 strep' tnr8ctton ·occurtJd at the proper 
t1M in d1agnos1s1ng AGN. 

( DIFfER!NTIAL•1JIA8NOSIS CHRONIC•&tetau•Ntlns 
(DURATION Alif.itA'l'ftri~f!atOD 

(IIT£1VAl (MY• O) (DAYS 2)))) 

This says, •if the durat 1on of the latent pttue is .less ~h•n. 21,.~1 U..n consider 
Chronic Glomeru1onephr1tts. · · 

H) Evaluation and Fttrther Work 

An interesting q41estion is whether the time ~~list WJ.SJGll'"1. a.deq\iate for the task. Some 

minor dmciencies and oversi1hts were corrected. The data'.,bale ts often ,..,n.iAc;antly modified 

when an inconsistency is discovered, .confirmed and C()frected,. So that t~ .. '!ypoth,si~ matcher cculd 

be aware of suth changes, a communication mecftlnjsm Wl$ imp~~ that lefves ~he ~lg.her 
' .. . " ., .. , \ ... ' .. 

level system a note about such changes. Minor modtfk;ations in the time ~,.a.list te> improve the 

measure of the quality of a match were necessary. ~~ ,iftffljq~ ~ere necessary because the 
' t ,,- •• o-_,r- •, ' ;- ' ' 

time specialist, as imp~. lacks the abiftty to use negations and d,isjunctives of time 
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apeciftcations, though it can answer quest~s consbtinJ . of t~ 9~1 ~tor" . ~Q,~her 
deficiency of the time specialist is its lack Of u~ing, of ~11'l,~J ~~ts. ~ d~ . ' ' ' 

earlier, this understandtng Q>Uld be incorporated into the present structure of the time, Jfeda~lt 

without significant revisions. As recurring events play a very small role in AON this caused no 

problems for the test: case. Because the time specialist was developed wJth medical diagnosis 

problems in mind, it is very good for this application, but this does not help support the claim that 

It is 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 recocnition of recurrent symptoms ll essential 

for diagnosis. The time specialist cannot n!CO(nlze the lntermlttmt occurrence of an event and 

would need to be extended for diagnosing such diseases. The determination of the Ume of the 

beginning or end of a phase based on the times of the events that compose it Is a problem not 

dealt ·with by the hypothesis matcher or time specialist. For uample. the beginning of the amte 

phase of AGN Is usuany marked by the onset of anorexia, hematurta. week.nm. oliprta. 

protelnuria, hypertension, periarbital edema and headaches. The problem that the time speclalilt 

cannot handle is what if only IOI!" of these syrnptoma are known to be present. and those that are 

begin at different times. In many: other domains this ability to group e,,.,ts into phues a~d make 

Inferences about the group based on what is known about some of the events is also needed. 

Assumptions about the events based an the lf9UP also cannot be made by the time specialist. but 

are clearly useful. A deficiency of the hypothals matcher ii that It cannot recagnize sy....UC 

change. For instance It Is sometimes important to. observe that a parttcular symptom is gradua, 

abating. Perhaps this should be handled by an hypathettc:al •rate~. specialist that is helped by the 

HS 
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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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In order to test: the various functions of the time sped~list and to al*S whether tbey are 

sufficient to deal with a variety of temporal ref~ the time specialist wa& applied to the 

problem ·or understanding time-travel stories. The time ~tatiat was te$ted an ilS· ability to 

understand a time-travel story in which time plays a very isnponant,~~- Ctear.Jy a system that can 

undentand the temporal aspect of time-travel stories can also understand more canventlonal •ories. 

TilnHravel stories have one special k.tnd of event that cannot be understood well by the 

time specialist as described. It is the trips through tkne, of caune. that require spectal mechanism. 

Consider the problem of representing the statement, "On July 1, W1'7, john travel1ed to I066." The 

simplest way to handle this is to consider "John travelled to I066" as the "name• of an event with 

no special characteristics. However, if the next statement was, "He then saw a battle," then the time 

specialist would assume incorrectly that the battle was in 19'1'7. 

Another_ way we can try to handle this problem ts 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 bft'ore they end is disabled for these events. This· works ftne, except what if the time 

specialist were asked what is John's age when he saw the battle? The time specialist might reason 

the following nonsense, "the date is 1066 and he was born in 19't5 so he must be negative 879 years 

old." The problem is that from the time traveller's physical point of vtew,I very little time passed 

from the beginning to the end of the trip. 

This last problem was resolved by extending 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 One should not confuse the traveller's physical viewpoint with what he or she think.s. The 
viewpoints are primarily important for handling questions about age. 
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)$ 

.··-· .l". 

. ' 

(I) the •universe• in which time ftows its "9rf7'~1 m-.nd•ne ~ne. . \ 
(2)' the set of''tllni ti •elllfs tal'fftg a· ttlp' EC;gtili« "' · '; ~ " : ·. . ·' · 
(S) the complement of the set of time traveHen of each trip 2 · · 

. ., 

Both facts and questtOns have a '*"PGtll~ ~he d.,f~"!tJ,w"1titw ~~jv~~··· 

•' .. - ~ > :' ~ ~, h-~·~t' "-''f·~~~-it _,, ';" ~ .-:~··" .·' ,·,,·' 
Time travel stories were chosen ala t'5t ot the ·appakabiHty Of the.um'e specialist to diverse 

. . _ ··". . ... _·_ . _;. < . .·-, ,. ~·-< ~ -:.~.:~ . ~···'1 ;·; t.i.P'.,),; 1%f.~:"'-· ·.- -·~.' h:-_.··~ ·.:_ .. ·~· 
problems ~~use they tontail).,all tbe,elemen~ <( ~-~ ~ ... p ... £9"11..,.esttng 
• ' ' • ' •• j, ~ ~---·~- •• ...:·""-...... ," .j.:;·.;t.· ·.;.:~-·!, ; ,- ~ ·• ':·~-.. ~· 

addirlOn of trlfS ,!hl'ou(h time. People ~rt ,jndera(tCl~~.f~~!f, ...... ;· w&W partkUlar 
• . '-"' •r ... ~: :·-~.... ··'!"·~~ _., -· tr·~ni~. :·~·; :~:"'-~-~ ft"'i .. ;..! ~)~---~. ?'t: __ '.'J'i-;.'. ;f.:. :., 

difftcu~, 50 i~wascons.~.~-a-~t1i(ien~ftha!·t~~!tni(~~1~~ ~;,~,~ 
., . . . .. "'i .·. , . ·'~~· ~·~;.':~,~ ·( "·-t: ·~·~;,. e·.; / : .. , . ~:. ';;, ',·-\ 

of even~?!~ln playl ~--~ i~n~~~d .~ ~;¥1~~~~ .... ~~~-'° more 

normal stories. One such story, •An You Zombies: by Robert Hemlein; Cheinleln 1959] was chosen 

temporal inferences. 

. A reason for chosing fictional stories is that the facts the system must deal with are not at tbe 

discretion of the researcher, but are given in the story. If there were any deftdendes in the time 

specialist's representation or inference mechanism, then they are more Wtely to be detected than If 

the facts were created by the researcher. Indeed certain deficiendes were discovered in representlnc 

•All You Zombies" that are discussed later. 

C) The Story Used to Tat the Time Speci11i1t 

The following is a very condensed version of the story, •All You Zombta. • It Is a 

paraphrasing of what the time specialist is told. My apoloftes to Robert 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 ls equivalent to the •universe• •tewpoint. 
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On November 7, 1970 the Un~ MClther. C8ltl!IS tata'•.Pop'$JUau.• He is 25 
years old. Hf tells the story: · ·· 

I was left at an orphanage. in .. 19'tS at . a month old. I 
was girt and It lt'f wu ptaced u .:-.......... ,helper* and 
then I met a •ctty slicker.• Then one night •my pants did come 

~~ b!= ia;;,::,.:;: .• to. ~'11,('~..! 
operation. Four weeks later .the ~ •s S!'atdted· 

To help find the man whe 5tM rhe Unwed Mar"'1;'s babydhe bartender offers 
to ·take htm bad in time.·. They ttavef te ~ !, Iii~. ·TJ.e bartender goes off to 

March 10, 196i. The ,un~-tnat~ .~a •nke;l'rlr:7 ~ hF. i~ prepant. T~e 
bartender steals ·a _., · aftd · rakes ··it to ~ 10, lttl ancf atiatldOfts it at an 

orphanage. He. then pes ~ .Af~il ti, _,, ~-· .. ~~ ~,... Yn~ :MqcJwr. He 
recrultes Mm wo tM tiRW sifvtte and laves' ·aum· oil Ill · AUgiuat 12, llM. The 

=~~::.::,~u:~~~ ... ~~~~r:t· .. ~:::~':·. 
scar.) 

The story is presented visually in Fipre 7. 
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The original story was read to a coUege class of about 2! students. Most people realized that 

the •ntce gtrt• the male Unwed Mother met was himSelf Jftf'S earlier. Fewer concluded that the 

bartender was the Unwed Mother after beiftg In the ..._. lef'Vke and that the baby that the 

bartender stole was the Unwed Mother. Of c:oUne rfl\v •1 Is long«, (about H pages) so the 

students had to COftt@hd With many details and had dtft\GUlty I et~ing. aU the facts. 

D) The Time Specialist's UnderstandiRJ of the Story 

The following ts a paraphrasing of a question-amwering session after the story was entered 

into time specialist. The answers to the •why• questions ar.f greatly pared down. 

User: How old ts the bartender at the end of the si'ory? (This is from the bartender's point of' 
view.) 

System:. I don't know enough. 

User: Assume that the bartender's recruitment is synonymoUt with the Unwed Mothlr's n!Cl'Uitment 

and that the birth of the bartender is synonymous With the birdt1'Jf'"tlltrurt• mother. 

System: SS years give or take 2.! yean. 

User: Why? 

System: It has bttn 30 years since the bartender was recruited, which occurred at the same time as 
the end of the ftfth 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 ts 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 .t.~' ,Vnwed, M~ber bei"I ...,-r~.th•o~•U. ~ u the time of the 
bartender's. abandonment of the baby? 

. . . . . . " . . . ' ·; .. . ' 
System:· Yes, the Unwecf'Mother was. lef't at the orphanage 9.4 months before the bartender 
abandon~}~ b~l;)y JtV' or tJk! SJ. ~ths. '·' · · ;, · ' 

User: Why? 

System: The bartend"er ~~andooed. ~J,t ~y Rn -~'1!1~. ac>..1• Md· thf ~-.Mother was left 
at the orphanage about June 7, 1945 give or take a 6.9 months. 

User: What is the relat·i~ between the meeting.':,( ~~ (female) i.Jn~ ·~other and the •caty 
slicker• and the meeting of the (male) Unwed Mother and the ...... ., , .. · . · · · · · · <i · ·] r· 

. System: The Unwed Mother~ tbe ·~ty su~·,U>ti~ror ,takf~IJrJtaffafter ....... the •ntce 
g1rr 

The last answer is evidence for the need· for the tnclu~~ . ~. fuu ~ the temporal 
~. ~ ; <.)- 4 '": 

representation of events. Once the hypothesis that all the characters of .the story art the same 
' . • ' . -.'· ' - ' :~ " , :( ·:_. .I:· ~ '! <i 

person ts entertained by a higher level understanding system,' tt may want to confirm that it is 

p0sslb1e that rtte •nice girl• ts the O~wed Mather at an earlier ~ge, ;net ,~t t~~ •ctty slkk~·. is also 
. ' •}< ', !!( :~~ <:~!~~ .. -~ .. , . , . 

1he Onwed Mother. The time that the Unwed Mother met the •aty sllcker,• however, 11 vaguely 
. ·~ .. ' :, ' 

given in the story as sometime after becoming a mother's helper whkh was when she was 18. Also 

until it is concluded that the baby that the bartender abandoned was the Uftwed 111.-~. the date 

of birth of the Unwed Mother il only known to fall ;~Jthin:a ~~ qne JtlU interval. Were 

one to consider only the most probable time of occurrence of ~-e;v~,~ s,IM. met-cbe •aty 

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 art'Swer the time specialilt pve is to the queltion about how long ago the 

! This r61e was 'performtld by the author. fbe problem,of -4" ........ -chat'PfGCtll it beymd the 
'scope ·ot this research. · 
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easily corrected. The problem is that the time specialist deduces that the bartender was born in 

1945. since he was 25 in l9'10. However. he was born In ·19&1 and as a one month old infant was 

taken to ~s.• The problem is that age is p0orly represented for this application of the time 

•pedalist Normatly. the time spemltst ts jdsdfteti'tn tep1a!nttqg ·age as time since birth. Because 

of the limited vakae of a $pedal representation of age to handle time-travel stories no changes to 

the time specialist were Uttdtrak~. 

One·prob1em;nat:pecultar to ttnie'-t19ve1 stories, that.became apparent while representing the 

story is that one often uses real world knowledge to infer some of the intervals of time. 

Commonly. a rime of an event ls known, a series of events follow it without any information about 

their duration. To guess the interval between the two end events, one often ftlls in normal 

durations for the activities that intervene. Fortunately, in situations where so little infonnatjqfl ls 

available. only rough approximations to the interval are usuaffy necessary. These fOUlh. very 

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

E) Flffther Worlt 

The time specialist was faund adequate for understanding the story. The modifications to 

the time ~pedatist that are desirable for this applkation are: 

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

2) An extension of the units of time acceptable to the time S.p«ialist to include hours and 

of Notice that telling the story. in this manner; 'iving the date. of the biath ftrst. follo~ by the 
time· trip. wodld mU5e this,prObfent ·to vanish. le 1'0Uld also vantsh ff· the question . referred to the 
birth of the baby. 
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minutes.5 

3) A mechanism to permit the time specialist to use genera1 facts. For example, using the fact 
that the time between the onset of pregnancy and birth is usually nine mon~h.$ t~ 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 ~ed for ~hi• ~d WPUld be 
provided by some other mechanism that the time specialist woUld eaH upon. . . .. . 

If one were interested in improving the time-travel story understander, 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 •An You Zombift. • an intelligent system 

would have noticed the coincidence of, for example, time of the Unwed Mother meeting the •ctty 

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 understanding 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 events could perhaps be 

discovered in a similar manner. The problem here is to control sue~ searching for coincidences so 

that too much time is not wasted. 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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Extensions Chapter VI 

'l ~ ~ 

The design· and implementation of a time 'Specialist, useful· if! many different· problem 

i. . . - ·' , '. 1· .. '.•\•·:"lit-} :··, ;1~~ _;: !- •.• ·• . ~'.,'. ;\..,~:·''. . . .;r~ 
1emp0ral elerneftt of probfetns can help larger more generaf piOblem solvers waa demonltrated for 

. . -. --': ',:'•' .r.··., --i°~":<:t·~~-;1.': ::.·~·(',•;- .... :::; ~'.". -- .- -· · ! .-\ : . 

two examples, medical dtagftoals and ttMe-travet stOry urideritaniUng. The major task.a of the time 

Sf*ialttt •te the r~.on-ot· new r•cB. the an .... ng Or·~·'. by' r~aklng lnf~ ~~ ~he 
- -- - - ·.- < ' .. ! .~ '. :< -1:. it . . ,j.- ( ~ ;t)~ _ .. - - ~. ~~, >S'": 

kaplng or a COMiStent data ·bfse: These ta41 are·" the 'lame talks required of' an intelligent 

• . -·. ··--· .·-·., ,: :i~~ .•• :: .• ·.·"~/'O,.rj·· ~ .. _'?~1r:-·rr 1.~:~~~1,.:··~~:"·, :,,-· f-4f0;...-:: 1·---,_ 

memory. An analdgf bet!Wlt!I\' 'the time spedallSt•s· runctiOns;'and Af languages which contain 

.. :·,y '~.:~ t;; 

A representation of temporal statements and questions WU developed. The variety of wa,. 
of expressing temporal specifications and questions ia reftected in the. four major repreMntatton 

types and the variety allowed Within each type. The fuutness or iMX&ClMSS of the time of many 

events was handled differently depending on the representation type. The ways that the Ume 

specialist handles the interactions between the various representations was described. 

Different ways of organizing temporal statements were presented. They include the use or 

dates, before-after chains, periods, and special reference ~ents. Each of these methods or 

organization has its own special data structures and routines to maintain those structures. Many of 

the methods to answer questions are based on partkular organizations al facts. The importance of 

organizing principles for f.acts was indicated. 

The time specialist programs, which were dtscussed 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 hightl' .. leftl probtlm-90lving systems. Certainly, the initial 

investigations of the use of the time specialist in. several dift'erer,t problem .. .s support this 

hypothesis. On the other hand, it is fair to say that a final a~t of the usefulness (Jf 5'1Ch an 

approach must await more extensive testing. This testing, in tum, will depend upon the 

construction of rather elaborate problem-solving erograms. because it is only within the context of 

such programs that the time specialist can be properly exercised. Theinc..,..~of a revised Yefsion 

of the time specialist in some rather larg~ prog~ deaigned to $Give medal dectUon~maMng 

problems is intended.I These programs will require extensive know~ about time and, therefore, 

it should be possible to gain much more inf°""'tton UGJit the .... -term uaefulne.N or this 

approach. 

I This is being planned by the Clinical Decision Making Group at MIT under which this research 
was carried out. 
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this point to ldent~,fy ~ number. of prd>len)_. areas ~ft- t* ,...,?.....,._ Itself., Miifty 

modifications to the time specialiJt that •ovkl Jig11i~·impn>M>itl·...,arw.tK8;were dlleUMd 

. earlier. These Jov_91v, '~teoilQJls o('.)he)ilne . ...,,~;:,ffP:.nwcl •!llbr· the illll.lic,ttrUcblre·was 

discovered. Some of these extensions to the.~ $p1Cialistare:,,,,!, · 

l) Th~ ,ex~~~;~ .. ¥":~ ,rep~.~ ~~-,,.:\lfrinl~4'--. Al desctribediearlier the 
main problem here is bow to incorporate the use of arbitrary predicates Within dates into the 
methqds and •t~®C~·.,~ tbe:~~;;~\ · . ·" , · ~, .,, • 

2) The ab.i,litJ ;tp ;¥fl. fJ(ES ~t ~.of ev~to --1~ o( partiallar inlbinctslof 
the class. This requires a module separate from the time specialist that ts an expert in classa 
and t11stan~~'•· . ". . . . ,,, : . .. " ,,c ; ;i·: •n:· .,.,-, ·· .• f 

3) T~~ inteJt.aUon 9' .. ~f>'fi~~·Jn!O th,t;~: .... i#,UM....,llg•bl ... petaotpl&· .. Tttts 
is similar to the previoUs item except that time specialist should not require another module•s 
help,. Th~ ~"m,e,~U. ..., tJe .. an _,.lilkd!Mln- ~---t-. GWM.-e 
temporal.' ·· 

, •. , ,- •,, .Y. '« ·' ., , ., , ., 

i) The break-down ·CJ( the date-line and bef0re-after chains into smaller units whose events 
are -~ntKJJlJ l!Aked. Ti.. . .-nanCic: gi-.pittg.4 -..~._..._;profjdedi-, a --.nt 
specialist. · · 

5) The use of more comp~e analysis of questions to determine the appropriate methods to 

be u~ it'l ~DJ.'f .... ~-- "{'.be~6',q>~MJ1••,.._ alii••l{W...._, 
. would be useful and how the various methods would benefit from the analysis. · 

6) The dynamic feordering ·of the methods in accordance wirh an estimate of their relative 
cost effectiveness. Statistics as to t'he performance of the various methods ili~t'\10 a~ 
estimate of the cost effectiveness of the methods is easily obtainable. A better measure would 

take. in.~~: a~.coul'!t t)le J~S ff¥,,f~!~ ~l+..:ift!~~-llfJll'.:Ofi~·•votved. 
The measure would also be improved by use of tfle analysis ot the quadon discussed in the 
previous Uem, , ,, _. · _ · .. · ~ ',, . 

7) lmpro~.~t of. the. mechanism by wJN,ch ~ .~._ that ·falh:1 methcKt· can ·teun 
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 lncleptndent One problem 
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here is how·the mecltocb. ~~-~w:-..~tl....,. . ....._ betoming more complex 
programs. 

I} A:morf Nftnect~tion of fu~ and betternales tor c:ombtning fuziy expressions. 

The last. ftve .. ~ Will tmprove the performance or· the tilrie apecialist on problems It 

already caa _,totff,ud. ~odltn will~ ;dte .... Of 1.M prob11im that ttte' time specialist can 

handle; The later ii enlfttiilt for some ~ of' tlW tHni '~ that were considered. 

namely, the reminder system and the date-ftftdtftg system. 

One:NSea1'Ch questiat is·hoW tefliridW~t .. depencteui:tauyexp~~ How should •a 
~ • ' • • : •• ' " ii ' .. , ~. ' : • i; ! ~. 

while ago," for instance, be represented? How dOes tat WOt1d knowie.dli ·c0n~in the meanings 

of.such n.preuions?. A relMecl-pnJbtem-·is hOw'td·hlftdltn~tmaam._sud. 'is ·"the· accident· we saw 

a few minutes ago," where the time expression is used to identify an e•ent w'hOse time is already 

Jlnown te :the; spater and •m. A Y«f inltfesttnc -~ b"1how ·the· paner and the time 
.·:.· ' ,. ,'.. - ~·:·::,;<··:f .. ··~" -:·i·,;:~~ ·,,.,,1·'.·_; ; 

· tpee#.alist should mteract amt what SM .ofiiftW'ace thej ._.. .... e: The parsing of' temporal 

specifications and questions in a natural language into the langu&ge of the time spePilist is a 
• ~ ·! . I·. : ". ~ ' . ' 

problem is to determine the Unguistic clues that influence the vagueness or fuzz. For eK•mple. how 
• - . • ~ - . ~ -· ;· '!' -.- ' ' ' .:, ' ' 

ways in which the use of tense influence the representation of ~· ls an Interesting r'5Grch 
. ~,. . ' -. ,., ·; ', . 

pNblem tn itself. 

Another, more-speculative, tesm'ch problem is 'to'delittntne how sO~jective tirne differs from 
' . . - .. ' ,- ' . ' ,; t'' ' . ~ ,,, ~ i ;: ' - ' 

the time of the time specialist. When e>ne remembers events that one perceived (as opposed to 
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time specialist use the lensth_ of such a ch~ifl in ,,sse~iOJ th~? cllJ.._~io~V>f tt'e subjective sequence 
#' - _., '._ ' • ',_.. , • .' _.~ ..... " 

of events in question? Surety. the matter is not simple, but perhaps a good start on the problem 

may be made in this way. 

Finally, the construction of' specialists of other common ·'elements of prOblems, such as 

distance and rates, presents many interesting pombiffttes. · The structure and knowledge or these 

specialists will probably have many interesting similarities and differences. 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 community of 

specialists, experts in important aspects of problem solving. 

·~ 
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A) Why Fuzzy Arithmetic 

In everyday conversation one often uses •fuzzy numbers• when specifying the time of an 

event. Examples are, "That happened a flfll weeks ago" or "Man, days later he died." In the 
' • ", :t ~ ' ' 

medical application of time specialist, I for example, both the medical knowledge of the time course 

of diseases and the patient's history are often described using fuzzy numbefs like, •a CC>llple" and 
r t ~ 

"several." The "fuzz-expression" portion of a "by~amount" type temporal specifi~tion can be used 

to handle these words. For example, the word •several" caQ be translaled into "i plus or minus 2.• 

Or the "interval" representation type can be used, and ~several" would be r'J>resented 11 11etween 2 

and 6." Indeed some people seem to deal with fuzzy numbers by translating to on.e of the.se t;>ther 

types.2 

I believe that sometimes people do operate directly on these "fuzzy numbers." If john is 
• ' ' ; I~ • ' 

given a few apples and then a few more, the answer, "John now hu several 'f>j>les," is reasonable. 

The problem solver who answers "several" is not aware of, nor gives any evidence that, he or she is 
' .... f < ;, ' 

. ~ 

solving this problem by converting ~o regular numbers, possibly ma,intaining an uncertainty or f.uzz 

factor, and then converting back to fuzzy numbers. Even if this kind of process~ng is happening at 

an unconscious level, it still seems reasonable to model the gr05;5 bt!havior of adding •a few" to •a 

few" and getting "several." 

B) The Fuzzy Arithmetic Module 

A prototype fuzzy arithmetic module was developed, and is ustll by th'e time specialist when 

I See Chapter IV for more details 

2 More details can be found in Appendix B. 
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reasoning about ttme-ex.pressions of the "fuzzy--amount" representatlen type. This module can add 
.. 

and subtract "fuuy words: it can compue "fuzzy time intervals," and it can translate between 

•ruzzy time intervals" and normal ones. This .is accamplished by a combination of arithmetic 

tables and algorithms. 

For example, suppose one were told, "A few days ago I had a sore throat, and nearly a half a 

weel before that I had a cokt." Then to determine hoW lung ago the cold was, one needs to add "a 

few-days"' to •near'f a half a wtek." The fuuy arithmetic nwxt.ile would respond, "several days• to 

this problem. 'The mmputatlan of this answer is cOmplicatld by the qualifier "Marty" and by the 

need to choose appi'Gpfiate units to •think" in. (Jn this cue, the choice is be&ween "days• and 

"weeks.") 

This problem of ·adding ".a few days" to "nearly a halt a week• is solved by the ~uzzy 

arithmetic moduli! as follows: 

I) First the appropriate unit of time is determined. If the fuuy number of the expression 
. . ' ~) 

with the smaller units, after being converted to the units one greater, is less than one then the 

' ., , . . 
JMaller units are chosen, otherwise the larger units. The expresston with the smaller units, a few 

days," is converted to weeks, obtaitting "a half a week" by a procea described later. Since "a half" ls 

less than "one," the smaller units, days, ls chosen. 

2) Then the expressions are converted to this dtollQ .mt.'° that "Marly a half week• ls 

converted to its 'fl'Jivalent in .daJS, "a~few 4111. • 

3) Next the qualifiers involved are conlidered; in this cue none remain. If there were some 

involved, they would be combined in a manner descrtbed later. 

4) Next a table of sums of fuzzy words ts consulted and the entry ·a few plus a few about 

equals several" is used. 
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5) The last result, •about several days• would then be modified by any qualifiers, howev.er 
• ~ .,., ' 1 , • 

there were none remaining in this example.s 

The conversion to desi~ed units is aided by a table of each of the fuzzy word~ and itl 

. ' 
equivalent one unit greater. For example, •several days is equivalent_ to ~·.blt more th~n one wee,k• 

is in this table, but •many days is equivalent to about a half a month• is not. The last entry is 
; . . 

computed, by converting ·many days• to •about a couple weeks• which is turn converted to •about 

a half month.• Here, as in the addition routines, qualifiers are not in the tables and they need to 

be combined after the table look. up. 

· The combining of qualifiers such as. •nearly,· •about,• and •'°'""'hat more than• ii ab,o 
.··; ,• '. : . ' ··, ' ,. 

aided by tables. If the quantities involved are close, such u •several days• and ·or1e week: then 

the qualifiers are combined using a table. If, however, the qualifiers are, for example, •somewhat 
,, . . . 

more than· and a few •a bit more thans• then· the resulting qualifier might be ·somewhat leu than• 
• ~~· I '~-1 ~ ',,,;. ~ ' • > ~ 

and the fuzzy mitwber is shifted up one. For example •s0rnewhat more than a few• p!'Js 

•somewhat more than a few• equals •somewhat less than many days.• If one of the amounts is 
'•' ' 

•much• or ·very much• greater than the other then only that amount's qualifier is used. For 

example, •somewhat more than many days• plus •nearly one day• equals •somewhat more than 
f -~ 

many days.• 

This last example, points out an unust.1al property of funy arithmetic; it is not associaUve. 

As an extreme example. suppose that ten •one da(s are added to •many days.• •one• plus •many• 

is •many• so if the order of addition is to add each •one day• to the •many days• the result is 
,•; '« , 

S If different tanitl were-daind., for example, IUppOle dit ••en wu, "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 ls 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 1$) plus •many• is not •many.• Strange 

results due to this property are avoided by the time sf,ecialist. The time specialist saves up all the 

fuzzy expressions and then sends them all oft' to the fuzzy arithmetic module at once. The fuuy 

arithmetic module sorts the expressions, smallest ftnt, and then. adds the smallest remaining 

expressions to the partial sum, thus allowing the frequent small factor to have some effect. 

The comparison of fuzzy expressions ls done by consulting 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 greater than," •much greater than," •greater than,• itttle 

greater than" and •not comparable.• To determine the relation between two fuzzy 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 therd'ore in the table. The relation •not comparable" ls needed because 

of the fuzzy number called •plural." It corresponds to the quantity in a sentence like, "I 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 fuzzr-amount expressions 

match. 

The translation of fuzzy expressions to. by-amount type expreisions which consist of a mean 

and a fuzz factor, is accomplished by using two very small tables. One table corresponds to what 

. . 

tht fuzzy words mean in by-amount terms. For example, an entry states that •many• translates to 

eight plus or minus four. The other table consists of the "meanings" of the qualtfters in terms of 

"by-amount• expressions. Basically the qualifiers are conaklered as percentages that modify the 

mean found in the other table. For example, ·nearlJ a-few• tranllates :to "SJ5 plus or minus L • 
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This ts because "a·f ew" means "S.5 plus or minus 1• and "n•1x• ~l~Jtle i~· .~. mu~''-"'' 
• i , •. ' ,. J ' ·' 

by .9. The qualifier "about" behaves differently, it incr~ the_ ~J!1 a,Jaqor •. of)~.JAlve 

percent. 

The translation in the other direction-·from by·~mount ~·~~ .t~. fuµy ,x.,repions u1e1 
. . . ' -. ' . . ._, :'- .. 

the same tables but is a little more complicated. first t~e t,..~ 'b1" for: f~J.iJ .. ~--~· ls 
' - ''. • . - ~·-· ' • - . i ~ . < 

used to ftnd the mean that differs the least (percentage-.wise) ftom;~ ~nttfl ttJe,~y-amount 
' . . . ' . '. .. "' - . . -- ·<-~. • ' . ) l • -· ·. ; , 

expression. If the amount in the by-a~nt exp""*°" ~ :~. ~'I or too la~'". th,n the . ' . -~ ' . '·- : '" ,' . ' ' ·, : .. : ' ~ ~ ' ' ~ 

expression is converted.to better units if poss~b~ and t~e t~~~~~;i~.t~~i:m#"r N•x.F.U..:fu,uy 
' - • . ·:. ' - t 

number corresponding to the mean closest. to, t~e a~~t .. b ·!~~ct ... !"'-rf"Kt p~~ .~~ c~~og 
. . . : ' . . 

an appropriate qualifier. T~e entry in ... ~he q1:1aU~er t~n~~i~ ~'~~:~•.~~II" that ,ls 

cl~sest to the ratio of th~ a~n~ if' the by-ainoµnt ~prtsfi~- anct~ ~ .~ ,ICJ'.IMt;l.1fer ·~5 µ; µ,e 

ratio is very close to one then t~e ~roblern is wh~he,r: t~cppy1~.·~~,:; ... ~~.~~QAt.be 

chosen. This is decided depending on whether the fuzz of the by-amount expression :is at least 

twenty five percent greater than. th~ norm for the fui~y ?~>~ 

C) An lv&luatlon of th~ Fuzzy Arithmetic MOdule 

One may wonder how realistic thfs fuzzy arlf1Wnetic ·11: ~'lt diirespond. in any way. to 

the way humans dnl with ·tUny'eXptelitons?. otif ·criddm1 Of tfitflnocJ~~ ls 'that it ~in too 

. ·heavily on tables. There are only sev .. fu'ztfnuntl>fri and' siX qtaalifier~' Doesn't the size or the 

table grow very fast when 'nfw fui~y numberf0r qualifierS-a¥e'~dd~?' The- ~niwer is 'y~s they do, 

bat very few additions are realOt'l'abte. Maytie twti;ot''thf~·hiW'''f~ti{.iuinbers' ~tiould IM/~dd~. 

such' as "an awful tot,• "a 'Clny tift1' amf"Sorne." The nu~ Of' concetV\bie· new qualifte~s Is even 
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sma1ler--why add "almost .. when •nearty• means about the same thing. Why add "I think that• 

when •about" l"ttahS atiout' the same? The tables are small and in a fuller system would not be 

much larger. 

Another criticism of the fuzzy arithmetic module is that is doesn't use tables enough. It does 

too much computing to be a model of humans. It should have table entries for •almost a few· and 

•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 ror fuzzy 11umbets and qualtfters separa~ly, would be proportional to the number of fuzzy 

expression squared. The number of fuzzy elpressions is equal to the number of fuzzy numbers 

times the number or qualifiers. To equal the abifittes of the present system more than one thousand 

entries for each table would be necessary. Abo, these huge tables do not match my intuition as to 

how I sc>lve these problems. I think I add the fuzzy numbers independently and then combine the 

qua lifters. 

One may criticize the fuzzy arithmetic module as not treating fuzzy numbers as more 

ftexible, 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 •oeofP .Justboufht a few watermelon1" then 

one could safely assume that John ate fewer watermekx,s than CieorJe bought. A related problem 

is that fuzzy numbers are often used to identify things and when sou~ have even more leeway. 

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

it occurred a half hour ago. These are all instances of other kROWledge,playing an important role 

in the meanings of fuzzy expressions. Because of the strong dependence on other knowledge, the 

fuzzy arithmetic module cannot handle these kinds of expressions. 
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Another criticisiy pf. the, ft.1zzy arit~ic ~~ii t"-~ it - .. be so symbolic. As 

pointed out in papers by Zadeh, [Zadeh 1973] one can do fu11y arithmetic using numbers and 
.... ;,, .. \ i ,..:J,. r.; .. , · .- . ·. ' ·_ ". : 

Constructs similar to probability distributiom. Prectse mathefttatical rules are, available for 

operating on these entitles and many fewer tables are neceisary.'
1

.,y'vt.w'J thb approach is that 
-~··1_·.., ,,.:.i>-:·., -~ -.,~~Jt~--··-~·-- ;_~~ir ... -.... ~ ...; 

tt is ·overkill.• One does not need a precise mathematical theOrj''ot "fuzzy arithmetic. Fuzzy 

symbolic approach to fuzzy arithmetic works, why crunch arrays of numbers? 

A final criticism of the fuuy arithmetic module is that the rules and tables are too arbitrary. 

Why, for example, does •a few" translate into "S.5 plus or minus t." why not "of plus or minus I.I"? 

The tables and rules, however, are not arbitrary, they correspond to my intuition. If the fuzzy 

arithmetic module performs in way similar to a human with a normal understanding of fuz:zy 

expressions then it is a success. People do diff'er as to particulars of the table,• however, they do 

manage to communicate using fuizy expressions. That is because the differences in jUdgem.nu 

about the table entries are small compared to the leeway that is implicit in the use of fuzzy 

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

ls all that is required. 

of Appendix B contains more on this. 
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A) People Doinr Similar Problems 

Many of the questions that the time spec~aH~ can an~wer do 119':,bav' ~~rect·-,~9$. The 
' -. ' ' ':, ~ - - '.- '' - • -J ~ . ,_,. 

usual p~edure for determining •correctness• of "'~werJ ~~·.,,·~·· tJ>c'-}'~rch . 'W .~~~ 
- ~ ' - . ' ' .. 

happened a few days before that, th~ did the latter even~~·~~,~ VI'• .. . "qt.tite a few 
~ ' - : - _. ' . . ~ 

days ago,• ·about a week ago,• •a little leSs than a week_ag, .. _·a, ~~~~or what? Tr..,.Ctg-:,,..1 
~ ; . -· i ' ' : - . . .. ;· ' -

intuition is sufficient to d~ermine if an answer is ~-~~,a ~~a~ ~chJ•40 

ask many people. . 

With this in mind ~ computerized '~a~ ~¥,,~l~~~: O~" ~J~ g~lem. in tlae 
·: -_ ! .. - ,:: " : ' ' '. '•' : • , ~ ' ' ,, 

questionaire was to rea~ a story and an~\Yer ~tton': _ ;t'~ ,~ }~.}~&f ,, a. ,~~le .f~~J 

arithmetic problem. Unfortunately, only II subjlctS ~ t~ ~-t· .. ~~ .of::~~ ~•J>.(J)'a• '""mr• 
- _· ~ '-\'.·11 "}' - . .:~· .. · .-,.._-.· .. i ...... ,,,,. "·)' _. 

about half of which were connected to Computer Science and _At., ;N~~s,, some, ~~·~ 

informal observations were made. 

8) People Uawatandtilf stoties 

Two stories were •preented-:tftd after sch one several ~---were ulted. The ....... 

were always available to the subject. All the questkJnr .... i'fM .Wtinnr~: Ttte qu~~s were 

presented ot1t at a time ud thflr order was randonltted. bj the eonp..t!J:;>, -
:' ~ " . . ~ '" - ' . : ~ . ~ /. 

~ ' . . ~ ' , ~ - ' .. , : 

One story was intentionally faff of fuzzy numWts.· The tWO modes of organization in the 

ICOry were before--after ChaUIS· al'id the \IR of •no.w• u l -speetat ret~'ev~t. -_The story. wa~·. - . 

John met Mary -seYl!rat n\Onthi qo. They i:iated a -,~~:,i~s ·1ater. Aftft ·a·· 
couple of months Mary moved t~ CaHforn,~'.-~ ,~'! (~.,, :~-;Cff,paflfq({Ji,a 
Wefts later .. Ttaey bN\~;tafHncf'left C.lltomta a ftit more·~n a couple (I weeks ago. 

, ... ·-r•; 1 :.' .·-. _ --1 ~ •••. 1 .·)c . i·i«. ·', \ 1 

I -It: need not have --tteen· eocnputeriled, the compe:tter only pert'Ormed bookkeeping and timing 
functions. 
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', •r"'' 

First, the most obvious ftnding is that this is a hard story to understand. The question, "How long 

ago did M'lry move our fo C&tifomia?,*' t~ example. typicall, .. ·~ than half a minute and 

..... 
people would sometimes temment ·on the difficulty of these queatians. It probably ls not the fuzzy 

Words 'that cau• the tftilculty. ·ror as we shall seie .... ha~ dilkulty with the other story which 
. . 

contakts . only OM fdny word. Ofte interesting questian that the answers to these questions shed 

light on is whether peopft operate upon funy numbtrS or tf they CQnVert to numbers or intervals 

first. A 11ttte over a half of the ans-.,s • were fuuy up-s, very few were intervals or 

maximums, and the rest were normal ,mbers. An inter~- fact is that those questions that 
. ) . ' . '. ' ' . '<'. J .. ' ' 

Involved opefa:tlOns on the fuzzy numl>et •a-coup1e• had praporttanaAy more normal numbers u 
I ' .. 
f .. < ' , ~· 

answers, than the average. Tltis happened ca1tsist1Rdy thfOU1hout the questionaire. indicating that 
! 

perhaps some .people do not consider •a-couple• as fuuy, but rather operate upon It as if it were 

the number "2.• Aho the answers appeared to be rather ~sistent with each other, the largest 

variance apparently due ~ a difference of opinion as to what ·severar means. M to be expected. 

before-after chains to 9befor4t ~·type$ of faas. ~~-_,..wer. 

The other _story con~S,t~"I of many Mi•vals ~ 

When I was 8 or 9, I went to r~ ~for ~ fkJtiitM.: ~ for the.nnt ! w · 
6 summers I returned. -The next ft!w 'summers I stayed in the city. I think that the last 
time that I W~t to the dunes WU whell l YI~ 2P,,_.,.., r. 22 .... 

This. story appeared to lJI! more difficult for ~· It * • ~ _orpnj&ed. aince there are two 

·special reference events, 'birth• and ·now,7 .and only a~ ..-~r•thain. MsC> the type of 

the amounts changes from ihterva~~ to f&IJZJ nu~ r., ·!••f "_.• (perhaps wM:h implJdt 

' 
fuu). The questions whose answers varied 1reUJ ...... "'°'8 .. £hal.,... facts of dtffelWlt 

,• ~. ' . ·'" 
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types.2 The question that gave the most .. ~ifftcu~J ~~, ·~ ;~·fWY was, written today, 

which summers did I _spend in the city?• T~is .p~letJt rt.fliJ'.el ,.,19, ~&--rent: types of facts. 

including dates. 

C) Fuzzy Arithmettc 'PrOblema 

The thrw· ifhds Of runy arithmetic problefnl that were praentecfto the subjects are •won1 

prdblems,• addUlon and subtraction prob'"'5, ·and comf,aiison p~. : ~· ex~mPle of a ~word 

pr6blem" is "ff I gave you a· coUpte Of apples arilfthen'.'.eave You.,~,.f~ mo'fe, how'· ~~y apples 

would you have?• The arithmetic problems' wet~ ci~the-.iort, "f•ifnO.t'~ yar) ··~·~many months) • ?" 

The comparison problems asked the subjeet to compare say, ·ca haJf a 'mqQ!tV + (a coup1' weeks)" 
·,•-\"I•• • 

with •(nearly one month).· Most of the observations are ~!le .. ~~.as)tJrlSe g~ven ~·· The 
, . ' ' '. '"'. -· ·' ,. _, , -

answers are generally close to one another, the largest variation due.~ ,the f,~~~1, "~·-~~v~t • 
, _ , ~ I·. _: l ' , - . • t ,: " · -. . ~ . ..,,... · . ~ • · , · · . 

One can deduce that some people consider ·several• as •,_.r s• •hile ,G_t~! think, ~:·it as ., or ~.· 
": ' ' . ' .' ' . ':-: ) . ' ~ .• . - ·' . ; ; .. -' ·: . . ' 

for example, one subject replied, •g days• to the problem, •(~rly, a, ~~ day~)" + ~about . 5',Y,ral 
. - . • . . . - . , - • - . , - ··, ' •,. ·, i ~ ~ . . i· ' ., - )-. 

days).• At other times the subject treated •a coupl( as. very t;~. ~ ,'-0..~ JO we ~.r.s.nably 
, • ,. . " +· ·. ·. '.t• ,.,_·,, -

conclude that •several• is roughly 8 fqr this. 5t.1'1_..s_ 9,, Jhe °'ber 1'J~,; • :Ai,lfennt ~~~ 
,· - • ' •• •, - '.-;,\,'.,, - ., J , •• ' • • • • • ., -

answered that a couple plus a few equals 5. Since no subjects considered ·a.~·· ~- le$\,...,an .two. 

we must conclude that •severat• to this subject is roughly S. 

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

3 When possible these conjeetures as to what a fuzzy number meani to a particular subjeet .were 
checked for consistency with other answers of that subject Not.Jee· that the numerical 
approximations Of fuzzy numbers cannot be inferred when the subject answers With fuuy 
numbers. In this case only consistency can be checked. 
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D) Comparison with the Time Specialist's Answers . 

The time spectaltst 'Wis presented wtth many of the problems in the questionaire. Its answers 

were not distinguishable f tom the other's answers. Some people answered with fuzzy numbers; so 

did the time specialist. Some people consider •severat• to be~ ·a few• and •many," roughly 

4 or 5; so does the ttme specialist. People had difftcul~y with problems where the facts were 

organized by diffefft'lt principles and were of different types; the time specialist took longer on 

those problems, too. The only reasonable criterion for correct1M1S of answers ls that It not disagree 

much with what people answer and it was fuffU1ed by the time specialist. 

E) Further Work 

Ideally one would Uke the observations discussed above to be based on a larger, more 

representative sample. Other quesUonaires could be designed to explore In more detail these 

findings. Q.uesttonaJres could be writtft'I that determine the extent to which people are self­

consistent in dealing with fuzzy numbers. The numerical approximatiOns to fuzzy numbers could 

he determiii~ by questionaires designed for this purpose. Clues as to how people organize facts 

temporany. could be found by presenting stories to people and then at various times later ask for a 

restatement of the story. 

142 



Interface Mechanism Appendix C Kenneth Kahn 

TABLE OF CONTENTS APPENDIX C 

A. The Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 

B. An Implemented Partial Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145 

C. Spin-off Benefits of the Interface Mechanism .................................... 1i5 

D. Ex tensions to the Interface Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 

E. A "Better" Interface Mechanism..................................... . . . . . . . . . li7 

143 



- laterfac:e Mechanism Appendix c 

A) The Problem- · 

One of the problems of building specialists independent of the progra~s that will use them 

is keeping the representation scheme, or language, of the specta1tats compatible with tf;ae 9vera1I 
, ,:, •• ; r .' ';. • .• "· 

system that uses the specialists. The. usefulness of the time specialist wauld be __ ..,ed if it was 
' ), • • - ')· ; ,~. ":i·~ • ~. . 

based on a different representation scheme than the system that WI:' using it Of course. the time 
\; ~;, : : . . 

specialist must make some assumptions about the way in which facts are represent.eel. It does 

assume that items in the data base are represented as lilts and they can be retrieved by partially 

specifying the list.I The time specialist does not2 make assumpttons about the order of elements in 

any list, or sub-Ust. It does, unfortunately, make asaumptianS 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 spectftcation, which is 

deftned as, 

tnnporal·sp1ctfaatton ••>(TIME-OF <lf1f7tt> <tm&1-nJ,,.1Ssum>) 

However, the representation, 

may be more consistent with the representation principles of the system that ts ustng the time 

specialist. The prOblem is how to implement the time specialist so that such changes in the 

representation can easily be accommodated. 

I 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 minor exceptions, however, these are due to historical accidents and laitness. 
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B) An Implemented Partial Solution 

An interface mechanism enables the time specialist to be independent of the particulars of 

the representation'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 

interface. 

In addition to providing macros for selecting the desired portion of an 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,• lime­

expression, and "Construct-temporal-specification.• "Construct-temporal-specification" expects two 

inputs and produces a list whose 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.oft' 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 above 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 and 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 interfac~ ~nism, tbe todf ta.t _... ....,. in the answer contexu would 

need to be re-written for each application that used a different rtpresentatton scheme. This was 

not a problem wtth the applications of ttie time ~I.- d~bed itt this thesis. because they uJe 
-. 

•• < • 

a representation scheme consistent with the time Jpeeieli#'J. 
~ . ~~ .. ,, 

The only aspect of the implementati~ that alleviates the problem of representing the notes 
~ "". . ! ~ . . . ;~ •;', ·. 

; and explanations of the time specialist ii the use of a routine' ~lled '1temember. to add notes to an 
' . ,. - ;:~ h ;; ~ '"" :· ~ \. ~ 

answer context. To integrate the time specialist intO a -larger s,..n. there are two akemattves. . 
·one, change the code where each call to "Rerneinber;·~~ ~modify "R~··to translate 

' 
to the desired representation before adding to the answer context. 

E) A "~tter lntert;ace ... ec:Jl•i~ 

A more radical solut.ion ~CLtb4s,lQterface.~,~,t>- •Jttal1lhe knowledp about dtt 

ek!menu of a temporal~ and how .. ·tc>~~~,,..,.-...._,,.,_,)R~~-.....-1 

speciftcatton itself. This actor-tikeS view of temporal speci&catJons. ...-. to ~'...-::of d.le 

problems of keeping the time ~ rep~~ ,e( ~""'~\...,..,,_.... .tu user's 

~resentation scheme. 

,..l' .. ,' 

3 See [Hewitt 1973] for more details 
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Clearly, when interacting with humans, the time spedalbt shautd .. not say things like, 
• ~ ' . ·., ~ . • • •" -- ' .,, ' : ~ .'~ ' "1-'.' 1: • • '· ·.;, • j 

(TI"E·OF (All·Of COLO) (DAT£ (1975 6 11) (FUZZ Ill))) 
. NOT (DATE (1975 S t) (FUU (Mft~3f tll' . .· ,, 

ARE YOU R£FEnM TO THE SME ( All4 COl8) ? 

Instead it should say something ltke, -rt.e· date of the cold.~• -~acdJ M~y, June.16, 1975 not 

about Friday, Mays. lt"IS give or take 3 d~ys, ar.~.!"'~.to ~he same caklr. T"IJ protplem. 

like the inverse problem of traltllating from linglish • an ~I rtpmentation, Is ~~at 
- , . ,,·. ,. . ' ... ~· -' r· · .. ~ '>.< ._· - . , -' ' . ~ . : . . . 

the fringes of the scope or this research. 

The simple pneratjon systen incorporated iftto the time specialist Is surprisingly adequate 

for most cases. The baste idea is that the relatian, or ttwlttt~ Of ttety llst or sai~st of an 

ttem •houtd ltftow "°"' te•r•'I~ lt'i'~ 11Ht.rnjm~ *"k. or etse the· flltt e&emmts 

· f/1-thetn ~ u.ew .. '._.te'iaf thdt-paws;·¥dt{~·at11·p1~ fl "Eftclilhlfytng• 

part·or'tfleo a:txWe natnptt; 

(TDE-OF' fM.l-oF ecllDf· tDATE {1'75 5 ·tt ('Fttlr (MYS 3)))). 

First "T1me-or• is asked how to generate, and it does a little spectat cue checking to see If it Is a 

question or statement and if the type iS •c:1ate• or not. It respaJds....,.. date of <arg> II <Value>•, 

where •<arg>• is the Encttsh version of the arg, •(all-of coldr, •"<Value>• ii the Engltth version 

of value, •(date (1975 5 9) (fuzz (da15 :J)))•. To get the £nsllh venJon of the arg, •An-or• II asked 

to generate and it resPoncts with its arg, •cold". Then •c1ate• ts uked to generate, and it takes Its 

arg without ·Engllshifymg• it. and computes the day of the week ustng an alprtthm for a 

perpetual calendar, and looks up the name of the mondt. k also checb to • If the "value" II nil. 
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in which case it precedes what the value returns with •exactly•. ~ Jt prececl• it with 

•about•. It lets tu value, •(ruiz (days 3))9 decide how to pnerate EnJlish on tu own.· and. ptaca 
. ,,,··" 

what it returns ~ th~ end .. "F~u· Is ~hen ukfA lq \....,.~ and •Mf'DI• w• ~gtve or 
, - - ' - .,.._,.•' .. .,, .. - '· ·- - "" -

,_ :·_,-;,,' 

take <arg>•. Then "Days• ts asked to generate and it ._ ~,'~~;,,~ •. ancl .~ it iAIO a 

•prettier• number. that is one that has none, or only a few dedmal placel, and · mak•· ...... 

fra~~ons l~ke '112• wt:J~~PPNPt.t.te. "°";.a~ qhtpi.,P •M~-.,~~·:~tha~.l,,and-~;ID 
• ' : ~".. .~.'.~"'-'' -~~-:· •""> • •• ,,,' .•. r ,.,_ ._.,,,.-~-·--•~.· ,,~-...· ""' .·• ,,___ . • ~-.. ·~· 

returns the pretty number followed by •day•, otherwise it is f~"-"'1/'clap•. Ttw -. . .;, •• 

this is. 9The date of cold ts Friday. May 9, 1975 pYe or take 3 days•. Thu .......... ..._. ii 
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