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I ABSTRACT 

Work in A r t i f i c i a l I n t e l l i g e n c e on knowledge 
based technology has produced a v a r i e t y of p r a c t i ­
ca l app l i ca t i ons whi le data management systems are 
used in almost every commercial en te rp r i se of any 
s i g n i f i c a n t s i z e . Despite the advances in both data 
base and knowledge base technologies there is s t i l l 
a large gap between the c a p a b i l i t i e s of these too l s 
and the "paperwork and in fo rmat ion exp los ion" tha t 
faces modern soc ie t y . Concern w i th t h i s in fo rmat ion 
access problem in the United States has lead to the 
c rea t ion of the new f i e l d of In format ion Resources 
Management and to Federal laws and execut ive orders 
aimed at reducing paperwork and promoting more 
e f f e c t i v e management of i n fo rma t ion . 

In t h i s paper we o u t l i n e the nature of t h i s 
in format ion management problem and descr ibe c e r t a i n 
AI and database technology tha t may help to close 
t h i s in fo rmat ion access gap. We int roduce the 
not ion o f " I n t e l l i g e n t Ass is tants" f o r In format ion 
Resources Management(IRM) and descr ibe how work on 
current approaches to "Knowledge Management" may 
lead to the technology necessary f o r the eventual 
c rea t ion o f such i n t e l l i g e n t a s s i s t a n t s . 

II THE NEED 

A. In fo rmat ion Resources Management 

During the past 5-7 years considerable 
i n te res t has ar isen in managing in fo rmat ion as a 
resource of la rge o rgan iza t ions . General ly the 
analogy is drawn w i th managing o ther , more t r a d i ­
t i o n a l resources such as people, money, or f a c i l i ­
t i e s . Just as we p lan , budget, and monitor the 
a c q u i s i t i o n and d i s p o s i t i o n of those resources, so 
too should we manage the resources involved w i th 
c o l l e c t i n g , s t o r i n g , processing, t r a n s m i t t i n g , and 
using in fo rmat ion . As a r e s u l t , a new d i s c i p l i n e 
of In format ion Resources Management (IRM) has 
appeared[2,3l - Many large organ iza t ions in govern­
ment and indust ry are es tab l i sh ing corporate IRM 
programs to monitor i n fo rma t i on - re la ted expendi­
tures ( i nc lud ing system development e f f o r t s ) and to 
i d e n t i f y ways to improve the o v e r a l l corporate 
p o s i t i o n w i th regard to in fo rmat ion resources. 

In 1980 the U.S. Congress enacted the Paper­
work Reduction Act of 1980 (P.L . 96-511) [4 ] which 
embraces the IRM concept openly and mandates tha t 
every Federal agency adopt the IRM approach. As a 

r e s u l t , in a t tempt ing to implement the prov is ions 
of the Act , the Federal Government is beginning to 
grapple w i th some d i f f i c u l t management issues such 
as developing techniques f o r cos t ing and va lu ing 
in fo rmat ion , dea l ing w i th quest ions of data owner­
sh ip , and l oca t i ng p o t e n t i a l l y re levant in fo rmat ion 
from vast data hold ings co l l ec ted by d i f f e r e n t 
par ts of the o rgan iza t ion f o r d i f f e r e n t purposes. 

Several too ls are under development to ass i s t 
organizat ions in managing t h e i r in format ion 
resources. The U.S. Of f i ce of Management and 
Budget is cons t ruc t ing a Federal In format ion Loca­
to r System (FILS) to serve as a cen t ra l d i r e c t o r y 
of in fo rmat ion holdings throughout the Federal 
Government [ 5 ] . Other agencies and corporat ions 
are developing in format ion resource d i r e c t o r i e s 
which mainta in pe r t i nen t data about the data e l e ­
ments, f i l e s , data bases, programs, systems, 
hardware, communication networks, people, funds, 
and other resources re la ted to in fo rmat ion 
[ 6 , 7 , 8 , 9 , 1 0 , 1 1 ] . Metadata bases such as these are 
the f i r s t steps in the p o t e n t i a l l y long process of 
p rov id ing support to the newly appointed informa­
t i o n resources manager. 

Concurrent w i th the development of the IRM 
approach, and in la rge part responsib le fo r i t , has 
been the development of d i s t r i b u t e d in fo rmat ion 
systems and the d e c e n t r a l i z a t i o n of the systems 
development f u n c t i o n . 

B. I n t e l l i g e n t In fo rmat ion Resources Ass is tant 

The IRM movement, in i t s r e l a t i v e in fancy , has 
begun to address the need to i d e n t i f y and cata log 
the var ious in fo rmat ion flows in he lp ing the end-
user i d e n t i f y what in fo rmat ion is a v a i l a b l e . But 
p rov id ing assistance in understanding how to use 
the var ious resources e f f e c t i v e l y is a new problem 
which the IRM f i e l d has yet to address. Tools and 
mechanisms are needed to provide the user w i th a 
cons i s ten t , i n t e l l i g e n t i n t e r f a c e to the d isparate 
in fo rmat ion resources at hand. An I n t e l l i g e n t 
In fo rmat ion Resources Ass is tant ( I IRA) is requi red 
to serve as l i b r a r i a n , research a s s i s t a n t , secre­
t a r y , and s t a f f member w i th regard to using i n f o r ­
mation resources. The IIRA would help the end-user 
f i n d re levant i n f o rma t i on , se lec t s u i t a b l e process­
ing mechanisms, r es t r uc tu re the data f o r the 
selected processors, and combine the r esu l t s from 
var ious sources or processes i n t o meaningful i n f o r ­
mat ion. 
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I l l THE TECHNOLOGY 

A. A Knowledge Management System 

A n i m p o r t a n t i f n o t e s s e n t i a l t o o l f o r t h e 
deve lopment o f an ITRA is a sys tem f o r knowledge 
management. In "Manag ing Knowledge as a C o r p o r a t e 
Resource ' ' 12 ] B e r r y and Cook d e s c r i b e knowledge (as 
opposed to d a t a o r i n f o r m a t i o n ) as a b a s i c r e s o u r c e 
o f an e n t e r p r i s e and o u t l i n e a s e r i e s o f s t e p s t o 
a c h i e v e a c o r p o r a t e knowledge management c a p a b i l ­
i t y . I n "Knowledge Management: A P r a c t i c a l Amalgam 
of Knowledge and Data Base T e c h n o l o g y " [ 1 3 ] , K e l l o g g 
d e s c r i b e s a s t r a t e g y f o r t r a n s i t i o n i n g f rom c u r r e n t 
Data Management to f u t u r e Knowledge Management Sys ­
tems. 

At SDC we have c o n s t r u c t e d a s e r i e s of 
i n c r e a s i n g l y more p o w e r f u l and e f f i c i e n t Deduc­
t i v e l y Augmented Data Management (DADM) sys tems . 
The e a r l i e s t system was d e s c r i b e d a t t h e Very 
La rge Database Confe rence in 1976 [14 ] . 

F i g u r e 1 i l l u s t r a t e s t h e b a s i c components o f 
our system a r c h i t e c t u r e . To a s e a r c h i n g eng ine 
( p r e f e r a b l y b u t n o t n e c e s s a r i l y a r e l a t i o n a l d a t a 
management sys tem) and a s s o c i a t e d da tabase we add a 
r e a s o n i n g eng ine ( d e d u c t i v e p r o c e s s o r ) and a 
knowledge base o f a p p l i c a t i o n s p e c i f i c e x p e r t i s e . A 
u s e r may access t h i s combined system t h r o u g h a 
h i g h l e v e l i n t e r f a c e t h a t a c c e p t s knowledge and 
q u e s t i o n s i n t h e form o f l o g i c s t a t e m e n t s and 
r e t u r n s answers and e x p l a n a t i o n s f o r t hose answers 
a s d e r i v e d f a c t s and p r o o f s r e s p e c t i v e l y . 

The current vers ion of our Knowledge Manager (KM-1) 
prototype is i l l u s t r a t e d in Figure 2. KM-1 is com­
posed of a logic-based deductive engine rea l ized on 
a L isp machine tha t plans and executes s t ra teg ies 
fo r s o l u t i o n of deduct ive, database search, and 
compute problems re la ted to answering a user 's 
request f o r i n fo rmat ion . KM-1 can simultaneously 
access an ex te rna l database and a l o c a l (L isp 
machine) database to f i nd and combine in format ion 
necessary to create answers and explanat ions of 
those answers. 

A user i n t e rac t s wi th KM-1 v ia the Xerox 1100, 
bit-mapped d i sp lay , mouse, and keyboard. A VAX 
11/780 is used mainly as a f i l e and p r i n t server 
f o r the 1100 and a Br i t ton-Lee IDM-600 r e l a t i o n a l 
database machine is used to access la rge databases. 
The IDM-600 can provide access to as many as 50 

s e p a r a t e r e l a t i o n a l da tabases c o n t a i n i n g a maximum 
o f 10 g i g a b y t e s o f d a t a . Communicat ion betVeen t h e 
Xerox -1100 and the VAX is by means of E t h e r n e t . 
D i r e c t commun ica t i on between t h e 1100 and t h e IDM-
600 i s a c h i e v e d by a s e r i a l RS-232 i n t e r f a c e . 

B. An_ I n t e l l i g e n t A s s i s t a n t f o r Managers 

W e w i l l i l l u s t r a t e t h e o p e r a t i o n o f a n a p p l i ­
c a t i o n c u r r e n t l y imp lemented w i t h i n KM-1 : The 
Manager ' s A s s i s t a n t . 

The Manager ' s A s s i s t a n t c o n s i s t s o f : 

* A knowledge base c o m p r i s i n g m a n a g e r i a l e x p e r ­
t i s e 

• A m a n a g e r - s p e c i f i c da tabase of p lanned 
charges t o p r o j e c t s 

d> A g e n e r a l MIS da tabase of a c t u a l cha rges to 
p r o j e c t s 

6 A l i b r a r y o f compu tab le p r o c e d u r e s f o r d a t a 
a n a l y s i s 

C u r r e n t l y t h e M a n a g e r ' s A s s i s t a n t c o n t a i n s 
knowledge abou t such c o n c e p t s a s " s t a f f i n g " , 
" p l a n / a c t u a l d i s c r e p a n c i e s " , " p e r s o n n e l t u r n o v e r " 
and many o t h e r n o t i o n s t h a t may be u s e f u l i n 
a s s i s t i n g managers i n t h e i r p l a n n i n g and p r o j e c t 
m o n i t o r i n g t a s k s . 



172 C. Kellogg 

Consider the case of a Manager who needs to 
f i n d out if there are employees ava i l ab le who may­
be candidates fo r t r ans fe r from one p a r t i c u l a r pro­
j ec t (PV) to another (CAD). This quest ion may be 
input to the Manager's Ass is tant as f o l l o w s : 

(FIND EMP-1 IS ASSIGNED TO PV AND EMP-1 
CAN BE ASSIGNED TO CAD) 

One employee is located (White) who meets these 
cond i t i ons . Figure 3 i l l u s t r a t e s the Informat ion 
displayed on the Xerox 1100 as a r esu l t of deduc­
t i v e l y guided database search. To ob ta in t h i s 
in format ion the system f i r s t creates a 
"search/compute" plan cons is t i ng of t h i r t e e n con­
s t ra ined r e l a t i o n s . Ten of the r e l a t i o n s comprise 
a database access s t ra tegy tha t is d i s t r i b u t e d to 
the two database systems. The remaining r e l a t i o n s 
are computed v ia L isp procedures appl ied to tuples 
returned from database search. 

Figure 3. Manager's Ass is tant Response 
to the query " f i n d erapioyees assigned 
to PV who can be assigned to CAD". 

d isp lays the two top l e v e l conclusions (White is 
assigned to PV and he can be assigned to CAD) and 
lower l e v e l conclusions (White can be assigned to 
CAD because he is q u a l i f i e d and a v a i l a b l e ; he is 
ava i lab le because h is p ro jec t is ove rs ta f f ed , he is 
not a key person on the p r o j e c t , and he is under-
q u a l i f i e d fo r h is cur rent p o s i t i o n ) . 

C. An_ I n t e l l i g e n t Ass is tant f o r In fo rmat ion 
Resources Managers 

The manager's ass is tan t described above 
includes exper t ise designed to support l i n e 
managers in budget ing, p lann ing , and p ro jec t moni­
t o r i n g as we l l as s t a f f assignment. An i n t e l l i g e n t 
ass is tan t f o r IRM w i l l requ i re s i m i l a r exper t ise to 
support budget ing, p lann ing, and moni tor ing of the 
use of in format ion resources. Much a d d i t i o n a l 
exper t ise w i l l have to be encoded about q u a l i t a t i v e 
and q u a n t i t a t i v e a t t r i b u t e s of var ious in fo rmat ion 
sources to support reasoning about the va lue , c red­
i b i l i t y , and u t i l i t y o f those sources f o r meeting 
s p e c i f i c k inds of needs. 

IV SUMMARY 

We have ou t l i ned some of the issues involved 
in achiev ing be t t e r computer-aided management of 
paperwork and other k inds of in fo rmat ion resources. 

Current approaches to knowledge management and 
deductive quest ion answering provide the beginnings 
of a set of too ls to support t h i s en terpr ise but 
much remains to be done in captur ing and u t i l i z i n g 
the exper t ise necessary to create computer-based 
IRM ass i s tan t s . 
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