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Abst ract 

In the course of a normal day, people e f f o r t -
l e s s l y r e c a l l past events and episodes from t h e i r 
l i v e s . A reasonable goal in the design of computer 
programs is to const ruct a memory w i th tha t same 
c a p a b i l i t y . To f a c i l i t a t e such r e t r i e v a l of events 
from a computer memory, we must f i r s t spec i fy a 
reasonable memory o rgan iza t i on . We must then 
design updating and r e t r i e v a l processes to b u i l d up 
and access tha t i n fo rmat ion . This paper w i l l 
present such a theory , and w i l l describe a computer 
program named CYRUS which implements the theo ry . 

1 . ' I n t r oduc t i on 

How can a large memory be searched 
e f f i c i e n t l y ? This is one of the b iggest problems 
fac ing the designers of large systems, yet one 
which has been sorely neglected. While there has 
been a l o t of work done on problems of knowledge 
representat ion and inference processes, the assump-
t i o n of most research p ro jec ts has been tha t the 
necessary In format ion would be ava i lab le when 
needed wi thout search. Without a w e l l - s t r u c t u r e d 
memory o rgan i za t i on , however, t h i s w i l l not always 
be t r u e . This paper addresses the problem of 
organiz ing and r e t r i e v i n g events from a computer 
memory. There are three major quest ions to answer: 

1. What are the prooesses for r e t r i e v i n g 
events from memory? 

2. What memory o rgan iza t ion do the 
r e t r i e v a l processes imply? 

3. What are the processes for adding new 
events to memory, and how does memory 
o rgan iza t ion change as new events are 
added? 

These quest ions cannot be independently ans
wered. The organ iza t ion of memory cons t ra ins the 
types of r e t r i e v a l and updating processes the 
memory oan have. On the other hand, memory 
o r g a n i z a t i o n , and there fo re procedures fo r adding 
in format ion to memory, must be based on r e t r i e v a l 
requirements. 

In consider ing these problems, I w i l l present 
CYRUS, a computer system tha t r e t r i e v e s events from 
memory and automat loa l l y reorganizes I t s e l f as new 
events are added to i t . CYRUS (Computerised Yale 
Re t r ieva l and Updating System) stores and r e t r i e v e s 
episodes in the l i v e s of former U. S. Secre ta r ies 
of State Cyrus Vance and Edmund Muskie. CYRUS can 
answer quest ions posed to i t in Engl ish about the 
events i t s t o res . 

CYRUS can be seen as both a model of human 

memory and an i n t e l l i g e n t in format ion r e t r i e v a l 
system. As an in format ion r e t r i e v a l system, 
however, i t bears l i t t l e resemblance to cur rent 
systems. In format ion r e t r i e v a l systems have based 
t h e i r memory organ iza t ions on keywords and not on 
conceptual ca tegor ies . Because they do not 
organize t h e i r contents according to s i m i l a r i t i e s 
of meaning, they cannot apply meaning-based 
h e u r i s t i c s fo r r e t r i e v a l o r fo r category reo r 
gan i za t i on . 

Wi th in psychology, long term memory has been 
described as a recons t ruc t i ve process ( e . g . , [9]. 
[5]). The processes tha t have been described by 
psycho log is ts , however, have been described in very 
general terms, independent of a memory o rgan iza t ion 
or a desc r i p t i on of the knowledge gu id ing the 
processes. This research, which exp la ins a memory 
organ iza t ion and p a r t i c u l a r r e t r i e v a l processes, 
can be thought of as complementary to the 
psychological research. 

2, The nature of a long term memory f o r events 

There are a number of fea tures of human memory 
which are des i rab le in a computer system designed 
to r e t r i e v e events. People lea rn new th ings every 
day, but they do not get slower at remembering [ 8 ] . 
In a computer system, t o o , r e t r i e v a l should not 
slow down s i g n i f i c a n t l y as new events are added to 
memory. This requirement const ra ins both the 
r e t r i e v a l processes and the memory o r g a n i z a t i o n . 
I t has been c e n t r a l to development of the memory 
processes t ha t w i l l be presented. 

Re t r ieva l from any category must be able to 
happen wi thout enumeration of the category. Wi th in 
computer sc ience, the t r a d i t i o n a l so lu t i on to t h i s 
problem is to index items w i t h i n ca tegor ies . In 
adopting t h i s s o l u t i o n , we must spec i fy how to 
choose ind ices fo r an event in a p a r t i c u l a r 
category. I f events are indexed in a category by 
a l l o f t h e i r features which are s a l i e n t to the 
category, then s p e c i f i c a t i o n of an Indexed fea ture 
w i l l enable d i r e c t r e t r i e v a l o f i tems w i th t ha t 
f ea tu re . 

The r i che r the index ing , however, the more 
spaoe is needed for s torage. Index ing must be 
c o n t r o l l e d so t h a t memory does not grow 
exponen t i a l l y . S i m i l a r i t i e s between events oan be 
used to con t ro l i ndex ing . I f memory keeps t rack of 
the s i m i l a r i t i e s between events w i t h i n a category , 
then indexing can be l i m i t e d to the d i f f e rences 
between events. I t i s the d i f f e rences which w i l l 
d i sc r im ina te events from each o t h e r . A long term 
memory should be able to main ta in i t s e l f . I t must 
be able to ooapute ind loes fo r new events , c rea t i ng 
new conceptual categor ies when necessary and b u i l d -
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ing up requi red general ized i n f o m a t i o n . 
Slnoe people seem to be good at remembering, 

we have turned to people to t r y to f i n d e f f i c i e n t 
a lgor i thms fo r r e t r i e v a l and o rgan i sa t i on . In 
previous research ( [9 ] ( 7 1 ) , I t has been proposed 
t h s t people remember by recons t ruc t lng what must 
have happened. The r e t r i e v a l process can be seen 
as a propose of spec i f y ing and e labora t i ng contex ts 
f o r " search. In terms of the computer 
Implementst ion, to r e t r i e v e any p a r t i c u l a r t a rge t 
event , i t Is necessary to (1) spec i fy a memory 
category t ha t the event might be found i n , and (2) 
compute d i f f e r e n t i a t i n g features of the event 
w i t h i n t h s t cs tegory . I n order t o exp la in t h i s 
process I n more d e t a i l . I t I s f i r s t neoesssry t o 
g ive sn overview of the memory o rgan i sa t i on . 

3* An overview of the o rgan isa t ion 

The memory o rgan isa t ion we are assuming Is 
bssed on conceptual categor ies f o r events . These 
categor ies index s i m i l a r episodes scoordlng to 
t h e i r d i f fe rences and keep t rack of t h e i r 
s i m i l a r i t i e s . These categor ies w i l l be r e fe r red to 
ss Episodic Memory Organisat ion Psokets (E-MOPs), 
or gene r l c s l l y ss "MOPs". These s t ruc tu res ere 
re la ted to Schank's [ 6 ] HOP* and to Lebowi ts 's [ 4 ] 
S-MOPs, but the concerns in d e f i n i n g MOPs snd 
S-MOPs were d i f f e r e n t than those in de f i n i ng 
E-MOPs. 

Sn E-MOP is s net In which esch node is e i t he r 
an E-MOP or an event. Each E-MOP has two important 
aspects — (1) genera l i ted in fo rmat ion c h a r a c t e r i s 
ing i t s episodes, snd (2) t r e e - l i k e s t ruc tu res t h s t 
index those episodes by t h e i r d i f f e r e n c e s . An 
E-MOP's norms Include in format ion descr ib ing i t s 
events , suoh as t h e i r usual p a r t i c i p a n t s , 
l o c a t i o n s , and t o p i c s , and t h e i r ususl 
r e l e t i onsh ips to other events. 

An E-MOP's ind ices can index e i t h e r i n d i v i d u a l 
episodes or speo ls l lsed E-MOPs. When an E-MOP 
holds only one episode w i th s p a r t i c u l a r index, 
t h a t index w i l l po in t t o the i n d i v i d u a l episode. 
When two or more episodes in an E-MOP shsre the 
same f e a t u r e , i t s corresponding index w i l l po in t to 
s spec is l i sed sub-MOP ( w i t h the s t r u c t u r e j u s t 
described) which organises the events w i t h t h s t 
f ea tu re . In t h i s way, MOP/sub-MOP h ie ra rch ies are 
formed. The MOP below is pa r t of CYRUS' 
"d ip lomat ic meetings* E-MOP. "D ip lomat ic meetings'* 
holds genersl ised in fo rmat ion about "d ip lomat i c 
meet ings", whi le MOP2 snd MOP3 index "meetings w i th 
Begin" snd "meetings about the Camp David Aooords" 
respec t i ve l y . 

Indexing i s t w o - t i e r e d , where the f i r s t t i e r 
indexes types of fea tu res , and the second indexes 
vslues fo r the fes tures themselves. Thus, by f o l 
lowing the index fo r " p a r t i c i p a n t s " , snd from there 
fo l l ow ing the index fo r Begin, the sub-MOP o r g a n i s 
ing "meetings wi th Begin" osn be found* Fo l lowing 
ind ices for " t o p i c " and from there the index f o r 
"SALT", one a r r i ves st the i n d i v i d u a l event EV2, 
the only meeting about SALT indexed in t h i s MOP. 

This o rgsn lsa t lon provides r i o h oross- index ing 
of events in memory. S p e c i f i c a t i o n of any 
d i sc r im ina t i ng set of event features w i t h i n an 
E-MOP al lows r e t r i e v a l of the corresponding event . 
Using s r l o h l y indexed o rgan isa t ion suoh as t h i s , 
enumeration of s memory category should never be 

neoesssry fo r r e t r i e v s l . I ns tead , r e t r i e v a l 
s t r a teg ies osn be used to expend on quest ion com
ponents, thereby i n f e r r i n g re levent psths through 
the memory s t r uc tu res . In t h i s wsy, sesroh is 
d i rec ted only to ostegor les snd sub-ostegor les 
whose events are re levan t . 

*. se t r lev lmg an event from an E-MOP 

Given appropr ia te features of sn event , i t s 
r e t r i e v s l from an E-MOP is ra ther t r i v i a l . 
Conalder, fo r example the fo l l ow ing ques t ion : 

(Q1): Have you ever attended a 
d ip lomst ic meeting about the Camp 
David Aooords w i t h Daysn? 

The answer to (00) cn be found e i t he r by t r a v e r s 
ing the ind ioes fo r "has Dayen as s p a r t i c i p a n t " or 
by f i r s t f o l l ow ing the indioes fo r "has t op i c the 
Camp David Aooords", snd then from there t r a v e r s i n g 
those for "has Dayan as s p a r t i c i p a n t " . E i the r 
way, EVS would be found. 

This r e t r i e v a l process oan be character ized as 
• t r s v e r s s l prooess, s process of f o l l o w i n g 
appropr ia te indioes down s t ree u n t i l sn event is 
found. An event to be re t r i eved from an E-MOP is 
ca l l ed a t a rge t event. 

Rich cross- index ins of events in E-MOPs 
t a b l e s d i rec ted seerch of memory. To ensure 
d l reo ted sesroh, the f i r s t step o f t r s v e r s s l must 
be s p e c i f l e s t l o n of paths to t r ave rae , or se leo t i on 
o f ind ioes for t r a v e r s a l . 

Index se leo t ion is bssed on fes tu res speo l f ied 
in the ta rge t event. Ind ices ohoeen f o r t r s v e r s s l 
to f i n d any t a rge t event should be fea tures t ha t 
would have been chosen ss ind ioes fo r t h s t event i f 
i t had p rev ious ly been Indexed in the E-MOP. Thus, 
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the same Index se lec t ion process is used both when 
adding an event to memory and dur ing r e t r i e v a l . 
Index se lec t i on w i l l be discussed in sect ion 5 . 1 . 

Traversa l is a recurs ive process i n v o l v i n g 
choloe of lnd loes and t r ave rsa l of those Ind i ces . 
It stops when an event is found, or when there are 
no add i t i ona l spec i f ied Indices to be t r ave rsed . 
Thus, i f there Br% m u l t i p l e paths to a ta rge t 
event , i t w i l l be re t r i eved from the shor tes t path 
w i th a l l o f i t s lndloes spec i f ied i n the t a rge t 
event . We can th ink of t r ave rsa l as a breadth-
f i r s t search which implements p a r a l l e l t r a v e r s a l o f 
a l l appropr ia te i nd i ces . 

4.1 The need f o r e labora t ion 

Re t r ieva l of a ta rge t concept which spec i f i es 
an event fea ture or combination of features which 
are both Indexed and unique can be done e a s i l y 
through t r a v e r s a l . When a ta rge t concept spec i f i e s 
an unindexed feature or does not spec i fy a unique 
combination o f f ea tu res , the t r a v e r s a l a lgor i thm 
presented above w i l l f a i l , as in the example below: 

(Q2): Have you ever attended a meeting 
in Jerusalem? 

Answering t h i s quest ion requ i res t ha t a meeting in 
Jerusalem be found. Using the a lgor i thm and MOP 
above to answer (Q2) , there are no features 
spec i f i ed by the quest ion tha t can be used d i r e c t l y 
to f i nd an event. The t rave rsa l process described 
must abor t , even though there are events in the 
E-MOP which might have occurred in Jerusalem. 
Although we have outlawed enumeration in the normal 
case, there must be a way of r e t r i e v i n g events from 
an E-MOP even when indexed features are not 
spec i f i ed in the ques t ion . 

The t r ave rsa l process can be continued if 
p laus ib le lnd loes can be computed. Since M0P1 
Indexes events by " t o p i c " and " p a r t i c i p a n t s " , i f 
e i t h e r of those could be i n fe r red fo r a meeting in 
Jerusalem, then actua l meetings could be r e t r i e v e d 
from the MOP. We c a l l the process of spec i f y i ng 
a d d i t i o n a l features of a t a rge t event e l a b o r a t i o n . 

The prooesses CYRUS uses fo r e labora t ing on a 
r e t r i e v a l s p e c i f i c a t i o n are ca l led i n s t a n t i a t i o n 
s t r a t e g i e s . They use in format ion spec i f i ed in a 
t a rge t concept and in format ion associated w i th the 
E-MOPs the ta rge t conoept f i t s i n t o to be t t e r 
spec i fy t a rge t ooncept fea tu res . The f o l l ow ing is 
one of CYRUS* i n s t a n t i a t i o n r u l e s : 

I n f e r - P a r t i c i p a n t s 

I n f e r p a r t i c i p a t i n g people by r e t r i e v i n g 
representa t ives of spec i f i ed o rgan iza t i ons , members 
of known groups, representa t ives of known 
coun t r i es , or persons associated w i th known 
o rgan isa t i ons , groups, o r coun t r i es . 

Sinoe a "d ip lomat i c meeting" is a p o l i t i c a l 
event whose p a r t i c i p a n t s are p o l i t i c a l d i g n i t a r i e s , 
t h i s r u l e can be used to i n f e r t ha t poss ib le 
p a r t i c i p a n t s in a "meeting in Jerusalem" would have 
been important I s r a e l i d i g n i t a r i e s . A s i m i l a r 
s t ra tegy associated w i t h " t o p i o s " would a l low the 

"Camp David Acoords" to be i n fe r red as a possib le 
top ic fo r such a meet ing. 

CYRUS uses these s t ra teg ies to e laborate "a 
meeting in Jerusalem" in the fo l l ow ing way: 

"a meeting in Jerusalem w i t h Begin, 
Day an, or Weismarm, w i t h probable t o p i c 
the Camp David Acoords" 

I t then attempts t r ave rsa l o f the appropr ia te 
l nd loes . EV4 would be found in t h i s way and would 
then be checked to make sure it had happened in 
Jerusalem. MOPM would also be reached dur ing 
t r a v e r s a l , and add i t i ona l e laborat ion would be done 
to t raverse i t s i nd i ces . We oan env is ion the 
e n t i r e process as f o l l ows : 

4.2 Context cons t ruc t i on 

In order to search memory, a category f o r 
search must f i r s t be chosen — in CYRUS, an E-MOP. 
S t ra teg ies in CYRUS which choose i n i t i a l categor ies 
fo r search are ca l l ed component-to-oontext 
i n s t a n t i a t i o n s t r a t e g i e s . These s t r a t eg i es use 
event in fo rmat ion associated w i th quest ion com
ponents to i n f e r p laus ib le E-MOPs. Consider, f o r 
example, the f o l l ow ing ques t ion : 

(Q3): Who have you ta l ked to about SALT? 

In answering t h i s ques t ion , CYRUS uses in fo rmat ion 
about SALT to i n f e r the context of a " p o l i t i c a l 
meeting*1, and searches memory for " p o l i t i c a l 
meetings w i th t op i c SALT". I t is able to make t h i s 
lnferenoe because "SALT" is an " i n t e r n a t i o n a l 
oon t rae t " and " i n t e r n a t i o n a l con t rac ts " are known 
to be the top ios o f " p o l i t i c a l meet ings" . In t h i s 
case, the s t ra tegy " I n f e r - f r om-Top io " does tha t 
work: 

In fe r - f rom-Top ic 

If the event is an MTRANS, and i t s t o p i c (MOBJECT) 
is s p e c i f i e d , then p red lo t oommunlcatory contexts 
associated w i th the t o p i c . 
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4.3 A l te rna te -con tex t aearoh 

In using e labora t ion to answer (Q2) , we s ts ted 
tha t 'EV* would be found, and tha t MOP4 would be 
found, but add i t i ona l e labora t ion would be needed 
to t raverse i t s i n d i c t s . Suppose tha t there was 
not enough in fo rmat ion ava i l ab le to do the 
add i t i ona l e labora t ion neoessary for t r a v e r s a l o f 
HOP*, or a l t e r n a t i v e l y , t h a t the on ly meeting whloh 
had taken place in Jerusalem waa the one indexed in 
"d ip lomat ic meetings" as S "meeting about 
Jerusalem". In e i t he r o f those osses, e l sbo rs t i on 
would not s u f f l o e to snswer the ques t ion . 

Events, however, occur in the contexts of 
other events snd re fe r to those re la ted events, an 
event can be found by f i n d i n g an epiaode it was 
re l s ted t o . When s r e l s t e d event is found, i t s 
context csn be sesrched for the t a r g e t . Thus, to 
search for s meeting in Jerusalem, i t might be 
appropr ia te to r e c a l l a t r i p to I s r a e l o r 
nego t ia t ions i nvo l v i ng I s r s e l whloh might hsve 
included such a meeting in i t s sequenoe of events. 
Since t r i p s snd nego t i s t l ons are less common than 
d ip lomat ic meet ings, they might be easier to 
r e t r i e v e [ 7 ] . 

Contex t - to -con tex t i n s t a n t i a t i o n s t r a t e g i e s 
are used to const ruct s l t e r n s t e oontexts f5F 
sesrch. In order f o r poss ib le re la ted oontexts to 
be In fe r red from s ta rge t event, E-MOPs must 
spec i fy both the types of episodes (o ther E-MOPs) 
they are o f t en re la ted t o , and how those episodes 
sre r e l s t e d , i . e . , how t h e i r r o l es correspond to 
those of the re l s ted E-MOP. A d ip lomat ic t r i p 
re la ted to a meeting in Jerusalem, f o r example, can 
be i n fe r red to have been to I s r s e l . 

Sesrch s t r s t e g l e s d i r e c t search f o r a l t e rna te 
contex ts . They hsve the fo l l ow ing s teps : 

1. choose a context to be searched f o r , 
snd c s l l appropr ia te i n s t a n t i a t i o n 
s t r s t e g l e s to const ruc t and e laborate 
tha t context 

2. r e t r i e v e corresponding events from 
memory 

3. sesrch fo r the ta rge t event in the 
surrounding contexts of the events 
re t r i eved 

In sesrchlng fo r "d ip lomat ic meetings In 
Jerusalem", a searoh s t rs tegy whloh searches fo r 
episodes sn event could have been mart of would (1) 
const ruc t contexts fo r "d ip lomat i c t r l p a t o 
I s r a e l , " and "nego t ia t i ons concerning an I s r a e l i 
I ssue , " (2) t raverse memory searching fo r eeoh of 
those, and (3) searoh the sequenoe of events of 
each epiaode found fo r an appropr ia te d ip lomat ic 
meet ing. The fo l l ow ing la an example from CTRUS 
Which i l l u s t r a t e s the r e t r i e v a l process: 

>Who hsve you discussed SALT wi th? 
i n f e r r i n g p o l i t i c a l meeting — sM-MEETING 

sesrchlng memory fo r quest ion concept 
a d d i t i o n a l in fo rmat ion needed 

meeting could have oocurred In USSR or USA 
searching fo r meeting in USSR 
sesrchlng fo r meeting in USA 

searching memory f o r episodes meeting could 
have occurred in 

searching for I-NEGOTIATE 
searching I NEGOTIATE f o r meeting 

sesrchlng fo r conferences about SALT 
aearohlng fo r d ip lomat ic t r l p a to USSR 

sesrohlng memory for standard types of meetings 
sesrohlng fo r d ip lomat ic meetings about SALT 
searching fo r b r i e f i n g s about SALT 
searching fo r pub l ic r e l a t i o n s meetings 

CARTER, BREZHNEV, GRONYKO, OTHER AMERICAN AND 
RUSSIAN DIPLOMATS, AND MUSTAFA KHALIL. 

Th is r e t r l e v s l process t rades speed of 
r e t r i e v a l fo r memory spaoe. I t i s f s s t e r than 
enumeration would be, but needs more memory. I t is 
a lso less accurate than enumeration would be. I f 
cues necessary to choose an appropr ia te oontext are 
not ava i l ab le a t the t ime of r e t r i e v a l , then 
r e t r i e v a l w i l l f a l l . S i m i l a r l y , i f the knowledge 
necessary to do appropr ia te e labora t ion is not 
a v a i l a b l e , then r e t r i e v a l w i l l f a l l . What t h i s 
soheme does s i low Is (1) r e t r i e v a l in most oases 
t h a t is f as te r than enumeration and (2) r e t r i e v a l 
of general ised in fo rmat ion in exac t ly the same way 
ac tua l events are found. 

5. Ma in ta in ing memory o rgsn i xs t i on 

In order for re t r levs l to work consistently as 
new events ^9 added to memory, memory'a organisa
t ion must be maintained. When a new event la added 
to an E-MOP, it must be Indexed so that it can 
later be retr ieved. New E-MOPs must be created aa 
neoessery, and generalised information neoesssry to 
aid ret r ieval must be bu i l t up. 

The f i r a t step in adding a new event to an 
E-MOP la to ohoose appropriate feat urea of the 
event for indexing. Each feature ohosen oan have 
one of four relatlonahlps to the E-MOP [ 2 ] : 

1. There is nothing yet Indexed in the 
E-MOP with that feature 

230 



2. There is one other item w i th t ha t 
fea ture indexed in the E-MOP 

3. There is an E-MOP Indexed by tha t 
fea ture 

4. i t is on of the E-MOP's norms. 

When there is not already an index fo r a 
fea ture (1), a new index is b u i l t , and the event is 
indexed at tha t p o i n t . When there is one other 
event w i th a p a r t i c u l a r feature (2), a new E-MOP is 
formed based on the s i m i l a r i t i e s between the new 
event and the previous one w i th tha t f ea tu re , and 
the two events are indexed in tha t E-MOP. When 
there is already an E-MOP Indexed by a p a r t i c u l a r 
feature ( 3 ) , the new event is integrated i n t o t ha t 
E-MOP. That i n t e g r a t i o n includes r e f i n i n g the 
E-MOP's general ized in format ion and indexing the 
event . I f the fea ture is one of the E-MOP's norms 
( 4 ) , no indexing is done. The remainder of t h i s 
sect ion w i l l descr ibe index s e l e c t i o n , and b u i l d i n g 
up general ised in format ion dur ing processes 
associated w i th (2) and (3) above. 

5.1 Index se lec t i on 

Index se lec t ion is par t of both r e t r i e v a l and 
memory update. It takes an event and an E-MOP as 
i n p u t , and produces a subset of the even t ' s 
features to be used for indexing the event in the 
MOP (dur ing update) or fo r t r a v e r s a l (dur ing 
r e t r i e v a l ) . 

Index se lec t i on in a p a r t i c u l a r E-MOP depends 
on the MOP's norms. In genera l , to ma in ta in 
d i s c r l m l n l b l l l t y between events, normal aspects of 
a s i t u a t i o n should not be indexed, whi le weird and 
d i f f e r e n t aspects of a s i t u a t i o n should . Indexing 
by a norm would supply memory w i th unneeded redun
dancy, and v i o l a t e economy of s to rage. D i f fe rences 
between events, on the other hand, d i f f e r e n t i a t e 
them from each o t h e r , p rov id ing d i s c r i m l n a b l l l t y . 
Organising events according to d i f f e rences al lows 
events to be recognixed i n d i v i d u a l l y . I f a unique 
d i f f e rence from a norm is spec i f i ed in a r e t r i e v a l 
key, the event t ha t corresponds to t ha t s p e c i f i c a 
t i o n can be r e t r i e v e d . 

Another important proper ty ind ices should have 
is p r e d i c t i v e power. A feature which is p r e d i c t i v e 
o f ten co-occurs w i th some other event f e a t u r e . The 
n a t i o n a l i t y o f p a r t i c i p a n t s in a d ip lomat i c 
meet ing, f o r example, ls usua l l y the same as one 
par ty to the oont rac t being d iscussed. Thus, in a 
"d ip lomat i c meetings" MOP, the n a t i o n a l i t y of 
p a r t i c i p a n t s can he lp p red ic t the meet ing 's t o p i c , 
and la a good p r e d i c t i v e fea ture fo r i ndex ing . 

P red ic t ions t ha t a p a r t i c u l a r fea tu re or set 
of fea tures can make are used dur ing r e t r i e v a l fo r 
e l abo ra t i on . During r e t r i e v a l , s p e c i f i c a t i o n o f 
the value of a p r e d i c t i v e proper ty w i l l a l low 
inferenoe o f the p roper t i es i t p r e d i c t s . I f the 
fea tu re " p a r t i c i p a n t s are Russian" oo-ooours w i t h 
" t o p i c is usua l l y arms l i m i t a t i o n s " , then knowing a 
meeting was w i t h a Russian w i l l a l low ln ferenoe of 
the meeting's t o p i c 

Of course , we oan*t t e l l f o r sure , the f i r s t 
t ime we see a p a r t i c u l a r f e a t u r e , whether or not i t 
w i l l l a t e r be p r e d i c t i v e . Pred lc t lveness o f 
f ea tu res , however, can be judged by previous 
exper ience. I f a type o f index ( e . g . , n a t i o n a l i t y 

of part ic ipants, sides of a contract) has been 
useful previously for similar events, then there is 
a good ohance it w i l l be useful for the current 
event. This implies that as new events are added 
to memory, the re lat ive predictive power of 
d i f ferent types of indices must be tracked. 

The predictive power of a feature depends on 
the context in which H is found. Thus, E-MOP 
indices must make context-related predictions, 
i . e . , predictions about MOP-specific features. 
These c r i t e r i a suggest the following algorithm for 
index selection: 
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6. CYRUS I t s e l f 

CYRUS has two data bases — one each fo r 
former U.S. Secretar ies of State Cyrus Vanoe and 
Edmund Muskle. CYRUS takes oonceptual 
representat ions of episodes as Inpu t . Thus, 
representa t ions of episodes must be b u i l t before 
sending them to CYRUS. CYRUS has two modes of 
rece iv ing representat ions of s t o r i e s . In one mode, 
the s t o r i e s are analyzed and the representa t ions 
encoded by the human reader before being in tegra ted 
i n t o CYRUS' memory. In i t s second mode of 
ope ra t i on , CYRUS is connected to FRUMP [ 1 ] to form 
a complete in format ion r e t r i e v a l system c a l l e d Cyf r 
[ 3 1 . FRUMP reads s t o r i e s from the UPI news w i r e , 
and sends conceptual summaries of s t o r i e s about 
Muskle and Vance to CYRUS. CYRUS then adds the new 
events to i t s memory and answers quest ions about 
them. CYRUS' Muskle memory has been b u i l t up 
e n t i r e l y from FRUMP-processed s t o r i e s . I t s Vanoe 
memory is b u i l t p a r t i a l l y o f FRUMP-processed 
s t o r i e s and p a r t i a l l y of s t o r i e s encoded by hand. 

The f o l l ow ing is a s to ry CyFr has processed 
about Muskle. FRUMP produoed the summary, and sent 
I t s oonceptual representa t ion to CYRUS. A f te r 
adding the events to i t s memory, CYRUS answered the 
quest ions: 

Carter begins going from the United States to 
I t a l y and Yugoslavia to t a l k . Secretary o f State 
Edmund Muskle w i l l go from the United States to 
Asia t h i s month to have t a l k s w i th ASEAN. Muskle 
w i l l have t a l k s w i th NATO in Ankara in June. 

The Vanoe and the Muskle memories s t a r t out 
the same, but a f t e r adding events to the two data 
bases, t h e i r o rgan iza t ions d i f f e r in four ways: 
(1) The ind ices are d i f f e r e n t . (2) The types of 
indloes are d i f f e r e n t . While the Vance E-MOP has 
top ic lnd loes and la rge r episode ind ices, the 
Muskle E-MOP haa ne i the r of those. (3) The norms 
o f t h e i r corresponding E-MOPs are d i f f e r e n t , ( i . e . , 
d i f f e r e n t genera l i sa t i ons have been made). (4) The 
Vanoe E-MOP indexes most ly sub-MOPs, and the Muskle 
E-MOP Indexes most ly i n d i v i d u a l events . 

Three f ac to r s oon t r i bu te to these d i f f e r e n c e s . 
F i r s t , the experienoes the two men have had are 
d i f f e r e n t . This is the reason fo r d i f f e rences 
between lnd loes in corresponding E-MOPs. Second, 
the data entered into the Vanoe data base is much 
more de ta i l ed than t h a t entered i n t o the Muskle 
memory. Th is fao to r aooounts fo r the d i f f e rences 
in the types of lnd loes in the two memories. 
Because the Muskle memory is not usua l l y aware of 
the t op i cs o f Muskle's meet ings, f o r example, i t 
oannot index them by aspeots of t h e i r t o p i o s . 

The t h i r d fao to r whioh aooounts f o r 

d i f fe rences between the two memories is the degree 
of s i m i l a r i t y between the events. The f i r s t ten 
events added to the Vance E-MOP, fo r example, were 
very s i m i l a r to each o ther . Eight of them were 
meetings about the Camp David Accords. On the 
other hand, except fo r three meetings w i th Gromyko 
the meetings entered i n t o the Muskle data base had 
very d i f f e r e n t p a r t i c i p a n t s and l o c a t i o n s . 

This fac to r accounts fo r d i f fe rences (3) and 
(4) above. The more s i m i l a r i t i e s between events in 
an E-MOP, the more f i l l e d out the MOP's general ized 
in format ion can be. In a d d i t i o n , the more s i m i l a r 
events in an E-MOP a r e , the more sub-MOPs w i l l be 
indexed in the MOP than i n d i v i d u a l events. The 
extent of new category c r e a t i o n , t hen , is a func
t i o n of the degree of s i m i l a r i t y between items 
added to an E-MOP, and not on the number of i tems 
i t organizes. 

CYRUS I t s e l f is no longer being developed as a 
computer system. Many of the problems i l l um ina ted 
by work on CYRUS are being inves t iga ted in the 
context of other research p r o j e c t s . The g e n e r a l i t y 
of CYRUS* r e t r i e v a l and o rgan iza t iona l s t r a teg ies 
is being examined in two new areas — a world 
a f f a i r s expert and a medical d iagnosis program. We 
are i n v e s t i g a t i n g more soph is t i ca ted methods for 
index se lec t i on and new category c r e a t i o n , and 
memory reorgan iza t ion based on r e t r i e v a l . The 
behavior of r econs t ruc t i ve memory as a memory 
o rgan iza t ion fo r expert domains is also being 
exp lo red . 
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