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1. Introduction 
A fundamental  aspect  of the Consul system Is the way 

the organizat ion of the database defines the system's 
operat ion and unifies Its components. Accessing and 
maintaining the database Is the focus of all system 
act iv i t ies,  from parsing English to execut ing programs. 
2 .  The  Consu l  S y s t e m  

The purpose of the Consul system Is to provide 
coopera t ive  Interact ion between users and a set  of online 
tools ( for t e x t  manipulation, message handling, network 
f i le transmission, etc.). "Cooperat ive" interaction Includes 
natural  language requests for system action and 
exp lanat ion  of system act ivi t ies. In order to provide this 
kind of  Interaction, Consul must have detai led models of 
both the user's needs and the system's 
requi rements- -and must be able to translate back end 
forth be tween  them. 

The processes and divisions of knowledge In Consul are 
shown In Figure 1. The system's basic operating mode Is 
as fol lows: the user types e request into the system; the 
request  Is parsed, I.e., rendered Into the system's 
knowledge representat ion; Inference rules are used to 

• map the representat ion of the user request Into a 
descr ipt ion of some system action; If this action Is a tool 
operat ion,  the operat ion Is executed  by the Interpreter, 
thus fulf i l l ing the user's request; if the action is 
explanat ion,  the user model Is used to generate the 
appropr ia te response. There is also a mode of system 
operat ion In which Consul Incorporates a new tool, as 
descr ibed by the tool builder, into its database. In Consul, 
all o f  these system act ivi t ies--parsing, mapping, 
Interpretat ion,  explanantlon, and acquisit ion--are defined 
by their  Interact ion with the database. 
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Figure 1: The Consul System 

3. The Database 
Consul 's da tabase Is • hierarchical network structure 

Implemented In the KL-ONE formalism 2 . This formalism Is 
used to represent  the knowledge required for 
communication wi th the user about Interact ive system 
act iv i t ies :  descript ions of tool functions (at both general 
and too l -spec i f ic  levels)  and descriptions of t i l e r  
charac te r is t i cs  (including the actions end objects known 
to the user, end the English constructs used to express 
them). In order to understand how the database 
in f luences system operation, It Is necessary to have a 
more de ta i led  Idea of  Its contents end connectivi ty. 
3 .1 .  The func t i ona l  model 

Consul contains an abstract  model of the actions end 
ob jec ts  that  are found In Interact ive tools. This "systems 
model"  consists of  descript ions of basic operations such 
as delet ion,  scheduling, and display, along with the data 
s t ruc tures  these operat ions work on. 

A " too l  model"  Is a part icularization of  the aystems 
model to the actual  operations and data structures of 
some In teract ive  tool that  Is implemented In Consul. This 
too l -spec i f i c  Information Is built up as pert  of  the process 
o f  incorporat ing a new tool Into the system (see 
Acqu is i t i on  below). 

3 .2.  The user  model  
Understanding use r  requests and explaining system 

ac t l v l t l es  requires e detai led model of the user's world: 
his basic needs (e.g., "change the current envlronment"), 

2RoNIId Brachman, A Structural Pmradlgm fcw P.epreaerldlng K/towflldge, 
BBN Report No, 3605. lg78. 
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his actions and objects (e.g., "remove an object", the scope of this piper3). The fact that 
"message"), and his English language expressions of RemoveRequestAct.1 is then seen to be In the class 
those actions and objects (e.g., "Get rid of message 6"). RemoveRequestAct (shown by double lines), 
3.3. The dynamic environment MessageNumberLIst.1 in the class List, and so on, allows 

In order to set up appropriate execution sequences Rule 1 to be applied as shown, resulting in the 
and construct certain explanations, Consul must have a redescrlptlon shown at the right of the figure. 
model of the time course of events, Therefore, all system / ~ . / ~  - - . .. 
and user activit ies are modelled as events in time, i.e,, j . ~ J l ~ ) ' ~ . . . ~ L "  
invocations of the actions defined in the user and tool ~(coml, tion) ( ~ , s l o n ) ~ .  
m°dels" This event m°del serves as a dynamic : ~ "  ~ ' ~ i ~  / 
environment for expressing the behav io r  of the user and t 
the system. , ~  ~ / 
3.4. Connections 

It should be clear from the above discussion that the 
various aspects of Consul knowledge are closely 
, o , o . r o , . , o 0  0 . , . 0 . .  ,o , ,oc,  
these relationships in such a way that the various 
components of the system can utilize relevant knowledge 
and see Its Impact on overall system operation. 

The primary connectivity In the database Is (as is often 
the case) inheritance relationships defined by a 
hierarchy. • That is, all operations which are kinds of 
delete operation inherit the characteristics defined for 
"delete operation" (see Figure 2). This inheritance 
relationship serves not only to concentrate shared 
characterist ics In a single location; it also serves to 
e n f o r c e  the defined pattern of characteristics on all 
elements in the lineage. That is, each element must 
expl ic i t ly  account for all inherited characteristics, 
showing that the pattern of Inheritance Is satisfied by the 
features of Its own structure. This explicit use of 
Inheritance relationships to establish the legality of 
classif ication Is the basic operating principle of the Consul 
system, as we will see below. 

Figure 2: Inheritance Relationships 
The second kind of connectivity is implicit linkage 

through Inference rules. Rules specify the possibility of 
transforming one data structure into another. The 
transformation is expressed as an explicit linkage 
between c lasses  of information. The Implicit linkage 
occurs between objects that are in those classes, as 
determined by the obJect's position In the network 
database. For example, "Rule 1" in Figure 3 expresses 
the possibil ity of redeacrlblng requests to remove l i l ts  of 
things as a sequence of delete operations. When "Smith" 
types In • request to "Get rid of messages 4, 9, and 1 1", 
the resulting parse, shown as the structure headed 
"RemoveRequestAct.lX in Figure 8, Is positioned in the 
network as shown (the details of this process ere beyond 

Figure 8: Rule Application in Consul 

The final kind of connectivity in the Consul database 
has already been mentioned: explicit relationships in the 
dynamic environment. The events in the dynamic 
environment represent occurrences in the real world of 
the system, that is, the act of making requests, the 
I n v o c a t i o n  of operations. As shown in Figure 4, these 
events give rise to • completely separate (non-inherited) 
set  of links between data structures baaed on the 
position of those structures in time. 
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: Figure 4: The Oynamic Environment 

4 .  Using The Database 
The database organization is basic to the methodology 

of eli system processes; mapping, explanantion, end 

3see W;lliam Mark, "Rule-Based Inference In Large Knowledge Bases', 
Proceedings of the Natlonml Conference on Artificial Intelligence, 1980. 
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acquis i t ion wil l  be described below. The parser 
methodology also depends heavi ly on the database 
organizat ion,  but the detai ls of this dependency ere 

beyond the scope of  this discussion 4. 

4 .1.  Mapping 
Mapping In Consul is the process of taking an exist ing 

descr ipt ion In the database, redescrlblng it In accordance 
wi th an Inference rule, and then reclassifying It In the 
database.  A key aspect  of Consul mapping Is that 
In ference rules ere also represented in KL-ONE in the 
database,  as shown In Figure 3; the same process of 
c lass i f icat ion that determines the "legal position" of a 

data structure also determines the applicabil i ty of e rule 5. 
Rules are applied until some redescrlptlon Is found that 
can be classi f ied as a tool operation or an explanation 
action. For example, rules would be applied until the 
s t ructure headed "Sequence1.1"  in Figure 3 could be 
descr ibed as a sequence of the actual tool operations 
which de le te  messages--rather than a sequence of 
unknown "DeleteOperat lonlnvocat lons" as shown In the 
f igure. 

The mapping process therefore determines rule 
appl icabi l i ty  by finding class relationships, and applies 
rules by redescrlbing the sat isf ied condition In terms of 
the conclusion. The entire process consists of the 
ut i l izat ion of database connect ivi ty:  Inheritance links to 
f ind opportuni t ies for redescrlptlon, and rule links to 

actua l ly  c reate  redescrlpt lon 6. 

4.2.  Exp lana t ion  
Explanat ion Is the process of using connections 

be tween  the functional model and the user model to 
construct  answers to user questions. This Involves use of 
h ierarchical  Inheritance, Inference rule, and dynamic 
environment links to establish the relationship between 
the concept  the user Is questioning (some action, object, 
or event ) ,  and the system's representat ion of that 
concept .  The same sort of links must then be used to find 
data structures In the user model related to the system's 
model of the concept  In quest ion-- to serve as the basis 
for the answer to the user. For example, If the user asks 
"Which messages were just deleted?",  Consul must find in 
terms of system e f fec ts  what it thinks the user means by 
"de le t ing  messages";  find the kinds of system events 
that  give rise to those ef fects ;  find the particular system 
events  that  caused the particular e f fec ts  In question (i.e., 
recen t  message deletions); find the particular 
user - in i t ia ted event  (I.e., the user's last relevant request) 
that  caused those system events; find the particular 
e f f e c t s  (In this case, message deletions) ultimately 
caused by that part icular event;  redescribe those e f fec ts  
In user terms. All of this involves mapping back and forth 

aSee Rusty Bobrow lad Bonnie Weld:)er, "PSI-KLONE: PKlinll ~ Slcmntic 
Interwetation I1~ the BBN Natural L4mIF~ile Understahdinli Dyatem', 
Proceedings of the f980 Conference of the CamMllaln ~klclMy for 
Computational StuflleJ of Intelligence, 1980. 

$Compare Richard Fikes and Gary Hendrix, "A Network-Based Knowledge 
Representation and its Natural Deduction System', Proceedings of the Fifth 
International Joint Conference on Artificial Intelligence, 1977. 

6See also Mark, op. cir.. 

b e t w e e n  the user and system models, the re levant  
o b j e c t s  being determined by links In the dynamic 
envi ronment (see Figure 4), and the relevant explanatory 
act ions being determined by mapping rules and Inheritance 
relat ionships. 
4 .3.  Acqu is i t ion  

Acquisit ion Is the process of Incorporating knowledge 
about  an Individual tool into the exist ing model of system 
funct ional i ty .  The knowledge of what any individual tool 
can actua l ly  do (send a message, move a block of tex t ,  
e tc . )  Is en tered Into Consul by the tool-builder tn terms of 
the p r o c e s s  s c r i p t  programming formalism. Process 
scr ip ts  consist  of two parts: a procedure and some 
descr ip t i ve  Information about that procedure. The 
descr ip t i ve  part  consists of a small number of procedure 
charac ter is t i cs  that Consul has predetermined to be 
re levant .  A simple process script to Implement a 
" m e s s a g e  delet ion"  operat ion Is shown In Figure 5. 

Consul's acquisit ion mechanism uses Inheritance 
re lat ionships to classi fy an Incoming process script 
descr ip t ion as some known description of an operation. 
As ment ioned earl ier, this can also be v iewed as 
en forcement  of the constraints of Consul's systems 
model. A simple example is shown In Figure 2: if the 
process scr ipt  DeleteMessege Is to be understood as a 
"De le te  Operation", Its Input specif icat ion 
MessageNumber In Figure 5 must be describable In 
Consul 's database as s valid Input for a "Delete 
Operat ion".  When other aspects of the DeleteMessage 
process scr ipt ( the other descriptors and certain features 
of  the procedure body) are appropriately classif ied, 
Consul wil l have the DeleteMessage operation 
"model led"- - i .e . ,  understood in terms of its built-in model 
of  In terac t ive  systems. Thus, in Consul, acquisition is 
tantamount  to classif ication, and Is str ict ly a database 
access  and update methodology. 

ProcessScript OeleteMessage; 
I n p u t  mn~MessageNurnber; 
Output None; 
PTecon(:litions None; 
SideEffects MessageOeletedSV(mn) ,: True; 
U n d o  UndeleteMessage(mn ) | 
Error Conditions Errorf,Error2; 
Body 

beg,n 
x ,: FlndFIlePolnter(mn)l 
if Null(x) then fail with Errorf; 
if not Oeletable(x) then fail with Error2~ 
MarkOeleted(x )l 

end; 

Figure 5: A Process Script 

5 .  Conc lus i on  

In the Consul system, the database unifies the 
ac t i v i t i es  of the system components--not simply because 
they  ell use the same database, but because their 
behavior  Is actual ly def ined by the organizational 
charac ter is t i cs  of that database. To the ex ten t  we have 
found possible at this stage of development, Consul's 
know-how Is In the objects of the database and their 
connect iv i ty .  The act ive processes that supply system 
fac i l i t ies  are straightforward programs based on a 
"da tabase  user" methodology. 
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