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ABSTRACT 

AIPS is a system for g raph ica l l y presenting 
in format ion. It promotes a high degree of 
i n t e r a c t i v i t y between a user and a knowledge base 
or knowlege-based system, and is designed to be 
utmost domain independent and ex tens ib le . This 
paper describes the concept of an Informat ion 
Presentation System (IPS), the int imate 
re la t i onsh ip between IPS goals and knowledge 
representat ion issues, and some of the arch i tec ture 
of AIPS. 

I Information Presentation 

In te rac t i ve graphics is an indispensible 
technique for pu t t ing people in touch w i th a large 
knowledge base or knowledge-based system. Graphic 
output is the best way to communicate a substant ia l 
amount of information to a human user because it 
exp lo i t s the high-bandwidth human v isua l channel. 

Graphic input ( i . e . user input which points at 
or otherwise indicates components of a graphic 
d isplay) is an extremely economical way to describe 
something; it is much easier to designate an 
ex i s t i ng dep ic t ion than to generate some other 
descr ip to r . The descr ip t iona l economy of graphic 
input promotes a fee l ing of immediacy; the user has 
the sense of i n te rac t ing d i r e c t l y w i th information 
rather than deal inq wi th an intermediary. 

For these reasons, i n te rac t i ve graphics can play 
an important ro le in larqe knowledge-based systems, 
whether at the in ter face to the end user or at the 
in ter face to the implementor or maintainer. That 
ro le is not diminished by progress in natural 
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language or even speech understanding. Graphics 
and natural language do not compete in terms of 
f u n c t i o n a l i t y ; ra ther , they complement each o ther . 

A problem which l i m i t s the use of i n te rac t i ve 
graphics is the expense of implementing such 
in te r faces . The composition of a graphic d isp lay 
involves a vast number of decisions ranging over 
issues of format, content , layout and s t y l e . 
Anyone who has prepared diagrams for a pub l ica t ion 
or a ta l k (even wi th the help of a s k i l l e d 
draftsman) understands something of the e f f o r t that 
goes in to good graphic presentat ion. 

The too ls ("graphics languages") commonly used 
for bu i ld ing in te rac t i ve graphics address t h i s 
problem only at i t s lowest l e v e l : d isplays must be 
described in terms of p r i m i t i v e elements such as 
po in t s , l i nes and regions. In e f f e c t , i n te rac t i ve 
graphics is cos t l y because the implementor is 
forced to assume the draftsman's drudgery. 
Add i t i ona l l y , the resu l t i ng in ter face is usual ly 
heavi ly involved w i th representat ional d e t a i l s of 
the system for which it is intended. Chanqes made 
to the system or i t s underlying representations 
tend to propagate d i r e c t l y i n to the graphic 
i n te r face . 

An Information Presentation System (IPS) is a 
more powerful too l for in te rac t i ve graphics. By an 
IPS, we mean a system tha t : 

1. Automatical ly qenerates displays 
according to (pr imar i ly ) content-or iented 
spec i f i ca t ions 

2. Provides a systematic basis for 
i n te rp re ta t i on of user qraphic input 

3. Functions reasonably wel l without 
demanding custom-tool ing to a pa r t i cu la r 
app l ica t ion 

4. Is eas i l y extensible to sa t i s f y domain 
and user -spec i f i c d isp lay requirements. 

This abstract ion of the d isp lay generation 
funct ion in to a broadly appl icable tool can confer 
many s ide-benef i ts because the IPS can be enhanced 
and elaborated in ways that would be impractical or 
uneconomical in a s ingle use in te r face . The 
in ter face by which the end-user cont ro ls the 
d isp lay funct ion can be b u i l t up, even to the point 
of a l lowing natura l language spec i f i ca t i on of 
d isplays [ 1 ] . A large reper to i re of d isplay 
formats can be accumulated. A high degree of 
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s e n s i t i v i t y to the human end-user can be b u i l t i n . 
Not least important, an IPS is a place to embody a 
consistent set of decisions about the human factors 
o f graphic d isp lay . 

Perhaps the best ea r l y , yet embryonic, exemplars 
of information presentat ion occurred in the 
SMALLTALK programming environment [2] and some of 
the work based on it (such as THINGLAB [3] and the 
SMALLTALK Browser [ 4 ] ) . With the exception of some 
network-map displays generated by THINGLAB, these 
displays were l im i ted to tabular formats. 
Nevertheless, they represented a d e f i n i t e step 
toward information presentation as we have defined 
it here. SMALLTALK'S class hierarchy and method 
inher i tance mechanism made it possible not only to 
def ine and apply very general presentat ion methods, 
but also to modify or extend these methods to deal 
w i th c lass d e f i n i t i o n s fur ther down in the 
h ierarchy. 

Other current work on the information 
presentat ion paradigm includes the VIEW system [5] 
under development at OCA. This e f f o r t is an 
attempt to produce an IPS which responds to queries 
by automat ical ly generating SDMS [6] d isp lays . Tt 
has also been reported in the l i t e r a t u r e [7] that 
the DBMS component of the Cedar programming 
environment for MESA [8] w i l l include an IPS as the 
basis for an application-independent user 
i n te r face . 

Our work d i f f e r s from these e f f o r t s in two 
respects. F i r s t , we are committed to generating 
(and in te rp re t i ng user input over) a wide va r ie ty 

of graphic d isp lay formats, inc luding not only 
tabular d isplays but also maps, graphs, and 
diagrams. Second, we view information presentat ion 
as fundamentally implying an extremely r i ch 
character iza t ion of the st ructure of displays and 
t he i r semantic content . 

In the remainder of th i s paper we w i l l f i r s t 
discuss the premises of our approach to information 
presentat ion, and then give a more deta i led 
descr ip t ion of our current prototype system. 

A. Foundations for Information Presentation 
The premise of information presentat ion as a 

domain-independent a c t i v i t y is that i t i s possible 
to make reasonable decisions about d isp lay 
s t ruc ture based on l im i ted knowledge about d isp lay 
content . For example, it is possible to draw a map 
of a col lege campus without knowing very much about 
what bu i ld ings are or what they are used f o r . One 
can get along wi th only the l im i ted knowledge that 
bu i ld ings are d iscre te physical ob jec ts , occupy 
f i xed regions in a two-dimensional space, have 
names, e t c . Moreover, the methods used to produce 
such a map would presumably su f f i ce for any other 
set of d iscre te physical objects having those sor ts 
of a t t r i b u t e s . If t h i s were not the case, a 
domain-independent d isp lay generation capab i l i t y 
would be impossible. 

I t is also possible to make d iscr iminat ing 
choices among a l t e rna t i ve display formats on jus t 
such l im i t ed knowledge [ 9 ] . A map is a good choice 
for showing the locat ions of physical ob jec ts ; p ie 

charts are good for depic t ing exhaustive p a r t i t i o n s 
on enumerable se ts , and so f o r t h . 

However, to apply the l im i ted "common sense" 
knowledge re l i ed on by the IPS to some par t i cu la r 
knowledge base, there must be a mechanism for 
supporting the necessary genera l izat ions. To 
continue the above example, there must be some way 
to bridge the gap between "bu i l d i ng " and "physical 
ob j ec t " . Our approach assumes that the external 
knowledge base w i l l provide t h i s in the form of a 
genera l izat ion hierarchy which, at i t s least 
spec i f i c l eve l s , matches or re la tes to the 
d i s t i n c t i o n s u t i l i z e d by the IPS. In other words, 
the subject knowledge base must include a covering 
l a t t i c e of "IS-A" l i n k s , some por t ion of which is 
also recognized by the IPS. 

For tunate ly , most current knowledge 
representat ion languages re ly on t h i s sort of 

hierarchy for organizing knowledge. Those 
languages which allow mul t ip le super-categorizat ion 
fur ther s imp l i f y the problem of connecting the IPS 
and the knowledge-base. They make possible an 
approach of generating s imp l i f i ed descr ipt ions of 
the subject domain for the spec i f i c purpose of 
d r i v i n g the IPS, e l im inat ing the requirement that 
the knowledge base incorporate exact ly the 
d i s t i n c t i o n s u t i l i z e d for information presentat ion. 

The Advanced Information Presentation System 
(AIPS) [10, 11] which th i s paper describes assumes 
a knowledge base expressed in KL-ONE [12, 13] . 
Among current knowledge representation languages, 
KL-ONE af fords a p a r t i c u l a r l y good basis for 
information presentat ion because it provides a 
r icher- than-usual general izat ion s t ruc ture ; one 
which extends to the parts or a t t r i bu tes of 
descr ip t i ve e n t i t i e s as wel l as to the e n t i t i e s 
themselves. This e x p l i c i t a t t r i b u t e inheritance 
mechanism avoids the problem of " s l o t " naming 
confusions common to most network formalisms. From 
the standpoint of the IPS, the extra st ructure 
enables more informed decisions about how to depict 
parts or a t t r i bu tes of a descr ip t ion . Without i t , 
the IPS would be e i ther dependent on a t t r i bu te 
names for making these decis ions, or would have to 
deal s t r i c t l y in terms of whole e n t i t i e s , without 
regard to the funct ional roles they play as 
const i tuents of other e n t i t i e s . 

The foregoing discussion has focused on what a 
domain-independent IPS requires in terms of the 
general s t ructure of the subject knowledge base. 
If these requirements are s a t i s f i e d , there remains 
the problem of how to make the IPS eas i l y 
extensib le to handle domain-specific d isp lay 
requirements. For example, the c l i e n t who supports 
development of AIPS desires cer ta in map and table 
formats that have an established currency in the 
domain of Naval Command and Cont ro l . S im i l a r l y , a 
knowledge-based system for ass is t ing the design of 
LSI c i r c u i t s may require special d isp lay formats 
which are roughly "maps", but which conform to the 
pa r t i cu la r conventions and requirements of that 
domain. 

A lso, the end user of a domain-tai lored IPS may 
have his or her own unique requirements for the 
format of a d isp lay . Often, these can be expressed 
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as s l i g h t va r ia t i ons on some d isp lay format already 
supported by the IPS. For example, a naval 
t a c t i c i a n might want an otherwise standard format 
s i t ua t i on map in which ships w i th a ce r ta in 
c a p a b i l i t y are given a d i s t i n c t dep ic t i on . In 
other cases, i nd iv idua ls may need to create the i r 
own formats s t a r t i n g more nearly "from scra tch" . 
For example, the implementor of a knowledge-based 
system may want a special d isp lay format that helps 
track down some spec i f i c class of bug. 

In sum, an IPS must comprise an open-ended and 
extensib le model of the d isp lay generation process. 
Moreover, the s t ruc ture of t h i s model must be such 
that addi t ions to it can make the maximum possible 
use of behavior that has already been captured. 
Accordingly, AIPS' most prominent a rch i tec tu ra l 
feature is a taxonomic hierarchy of d isp lay format 
descr ip t ions . Inheri tance of a t t r i b u t e s and 
attached procedures down the s t ruc ture of t h i s 
hierarchy allows new d isp lay formats to be 
described to the greatest possible extent in terms 
of those already represented. 

I t is possible to pursue th i s kind of approach 
using a LISP enhanced w i th an object class 
hierarchy package, such as FLAVORS [14 ] , or an 
ob jec t -o r ien ted programming language such as 
.SMALLTALK. However, that would not address a 
remaining important issue a f fec t i ng the 
e x t e n s i b i l i t y and f l e x i b i l i t y of an IPS: the extent 
to which i t s behavior is expressed as an 
i n te rp re t i ve process w r i t t en in some programming 
language. P a r t i c u l a r l y for non-programming users, 
con t ro l and modi f icat ion of the IPS u l t ima te l y 
depend on the degree to which d isp lay generation 
behavior can be dec la ra t i ve !y described. Unless 
the i n te rp re t i ve process of the IPS model is very 
genera l , changes or addi t ions to the model w i l l 
o f ten require changes or addi t ions to the 
i n t e rp re te r . 

Because we are committed to developing an IPS 
which o f fe rs maximum f l e x i b i l i t y and con t ro l to the 
non-programming end user, our view of an IPS is 
that i t is i t s e l f a knowledge-based system. 
Accordingly, we have iinplemented AIPS as a KL-ONE 
taxonomic hierarchy of d isp lay s t ruc ture 
descr ip t ions . The in terpre ter for t h i s knowledge 
base is w r i t t en in LISP, and the bulk of i t is 
d i s t r i b u t e d over the hierarchy in the form of 
i nher i tab le attached procedures. Our current 
research e f f o r t s are aimed p r ima r i l y at the 
problems of reducing the LISP component of the 
system. Our u l t imate goal is an IPS that can 
respond to the range of i n i t i a t i v e s which might be 
expressed in a d ia log wi th a human draftsman. 

B. Presentation System Arch i tec ture 
The fo l lowing provides some d e t a i l s about the 

i n te rna l arch i tec ture of AIPS in order to lend 
concreteness to the above d iscussion. The system's 
descr ip t ion s t ruc ture of d isplays and the i r 
formats, i t s character iza t ion of the information 
content of a d isp lay , and i t s use of procedural 
knowledge are described. The discussion makes 
heavy use of KL-ONE terminology, and readers 
unfami l iar w i th KL-ONE w i l l f i nd [13] useful in 
learning more. 

For the sake of c l a r i t y , we w i l l adhere to the 
fo l lowing typographical conventions. The names of 
KL-ONE Generic Concepts are pr in ted e n t i r e l y in 
bold c a p i t a l s . The names of Ind iv idua l Concepts 
are simply cap i ta l i zed (where the name is a 
compound word, sub-words w i l l a lso be c a p i t a l i z e d ) . 
The names of Roles (propert ies of concepts) are 
cap i ta l i zed and underscored. Thus, DISPLAY refers 
to the descr ip t ion of a category, Display re fers to 
an ind iv idua l of that category, and d isp lay refers 
to something seen on the screen of a graphics 
te rm ina l . 

1 . Display Descr ipt ion Structure 
As shown in Figure 1, various d isplay formats 

are represented as sub-categories of DISPLAY, which 
is the p r i nc ipa l top- leve l Concept of the 
information presentat ion model. There are two 
important themes in each such descr ip t ion : a 
character iza t ion of the information involved in the 
d isp lay , and a character izat ion of i t s v i s i b l e 
components. These are represented respect ively by 
the Appl ica t ion and Real izat ion Roles of DISPLAY. 

The Real izat ion Role is d i f f e r e n t i a t e d ( s p l i t 
i n to mu l t ip le sub-Roles) and modif ied at the 
var ious descendants of DISPLAY. For example, MAP's 
v i s i b l e components: Border, Label , Legend, I tem, 
e t c . are a l l represented as d i f f e ren t i a t i nq 
sub-Roles of DISPLAY'S Real izat ion Role (See Figure 
2 ) . 

Notice that the ValueRestr ic t ion of Real izat ion 
is the concept DISPLAYITEM, which is a super-
Concept of DISPIAY. DISPIAYITEM provides a 
character izat ion of a piece of a d isp lay in purely 
graphic terms. A t t r i b u t e Roles of DISPLAYITEM 
re la te such thinqs as the l oca t i on , o r i e n t a t i o n , 
scale, width and height of a d isp lay element. 
Because DISPIAYTEM is a super-Concept of DISPLAY, 
the eventual f i l l e r s of (sub-Roles of) the 
Real izat ion ro le in any Display may be ei ther 
simply treated syn tac t i ca l l y (as Displaylterns) or 
may in fact be Displays in the i r own r i g h t , 
car ry ing an e x p l i c i t treatment of the information 
they dep ic t . A lso, any Display i nhe r i t s a l l of the 
syntac t ic a t t r i bu tes of DISPLAYITEM, and thus can 
be described in terms of a t t r i b u t e s such as 
l oca t i on , w id th , he iqht , e t c . The advantage of 
t r ea t i ng the s t ruc tu ra l components of a d isp lay as 
Displays (and thus making an e x p l i c i t treatment of 
the i r semantic content) is that t h i s can provide a 
basis for the in te rp re ta t i on of graphic input . 

The Appl ica t ion Role of DISPLAY indicates the 
information being expressed in a given Display, 
thouqh not necessari ly a l l of the information 
involved. Rather, t h i s Role is a kind of binding 
mechanism that character izes a Disp lay 's 
app l i ca t ion to or depic t ion of spec i f i c 
in format ion, as opposed to the inherent use of 
information that might be made in the Disp lay 's 
generic d e f i n i t i o n (e .g . a sub-category of MAP 
which always labels items w i th the i r names, 
regardless of whether or not that a t t r i b u t e is 
mentioned at the App l i ca t ion . ) 

Of course, a sub-category of DISPLAY may add 
add i t iona l Roles that are sub-Roles of neither 
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descr ip t ions in the subject knowledge base w i th 
some subset of t he i r Roles. Thus, TEMPLATE has two 
ro les : GonceptGroup and RoleGroup. The f i l l e r s of 
ConceptGroup ind icate the domain model objects of 
concern In a Display; the f i l l e r s of RoleGroup 
ind icate which a t t r i b u t e s of those objects are 
invo lved. If the semantic content of a d isp lay 
does not factor in to a s ingle such cross product, 
several Templates may be used to capture the 
d i s j u n c t s . 

A Template gets i t s necessary descr ip t i ve " g r i p " 
on Concepts and Roles in the domain knowledge base 
through use of KL-ONE's meta-descript ion fea tu re . 
The Roles to be included in a Template are 
themselves treated as objects to be described. 
Ind iv idua ls of the meta-Concept ROLE are used to 
describe them. These ind iv idua ls become the 
f i l l e r s of the RoleGroup of the Template. 
Meta-descr ipt ion is used in a s imi la r way to 
ind icate the Concepts involved in a Template v ia 
the meta-Concept CONCEPT. See Figure 3 for an 
example of a Template used to meta-indicate the 
names and locat ions of two ships. 

Templates are also useful as meta-descript ions 
of d isp lay formats. For example, a Template can be 
used to ind icate the kind of information that is 
we l l depicted in a pa r t i cu la r format. 

3. Procedural Knowledge in the Presentat ion System 
The process of creat ing a d isp lay begins by 

creat ing a "blank" ind iv idua l ( i . e . none of i t s 
Roles are yet f i l l e d ) of some sub-category of 
DISPLAY and f i l l i n g i t s App l ica t ion w i th the 
Template or Templates spec i f ied by the user. If 
the user does not speci fy the desired format, AIPS 
compares the Template wi th meta-descript ions on the 
formats it knows about and selects a su i tab le 
category. From th i s po in t , d isp lay construct ion 
proceeds in three phases: de r i va t i on , l o c a t i o n , and 
drawing. Each phase is supported by i t s own set of 
procedural attachments to the knowledge base. 

During the der iva t ion phase, the descr ip t ion of 
the Display is expanded at least to the extent that 
a l l sub-Roles of Real izat ion are f i l l e d w i th some 
Displayl tem; each of these descr ip t ions is then 
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recurs ive ly expanded in the same manner. For 
example, for the case shown in Figure 4, the Legend 
Role of the Map being constructed is f i l l e d wi th an 
ind iv idua l of TABLE whose Appl ica t ion Role f i l l e r 
ind icates the set of symbols used in the map. The 
der i va t ion process then recurses on t h i s Table to 
f i l l out i t s i n te rna l s t ruc tu re . 

The der i va t ion phase procedures are attached as 
tags to the Roles for which they produce f i l l e r s . 
These tags speci fy what information must already be 
known in order to run a procedure, so that a demand 
to f i l l a Role may f i r s t resu l t in the f i l l i n g of 
other Roles on which i t s der iva t ion depends. A lso, 
the body of an attached der iva t ion procedure can 
dynamically c a l l for the der iva t ion of some other 
Role and suspend processing u n t i l the information 
is provided. Der ivat ion procedures are inher i ted 
and more than one der iva t ion procedure may be 
at tached. A t Role f i l l e r der iva t ion t ime, a l l o f 
the ava i lab le procedures are t r i e d in order from 
the more spec i f i c to the more general u n t i l one 
succeeds. 

The second or locat ion phase proceeds by means 
of messages passed among the const i tuent objects of 
the Disp lay, which were i d e n t i f i e d and constructed 
in the preceding der iva t ion phase. Displaylterns 
receive ToLocate messages which t e l l them where 
they are located re l a t i ve to the coordinate system 
of the D isp lay 's viewing surface (which e n t i t i e s by 
now have also both been completely described) . If 

the rec ip ient Disp lay l tern contains separately 
described components, the attached ToLocate 
procedure computes the locat ions of these 
const i tuents and recurses the locat ion process by 
dispatching fur ther ToLocate messages. 

The f i n a l or drawing phase is handled in a 
s imi lar manner. Display l terns receiv ing ToDraw 
messages execute ToDraw procedures which u l t ima te l y 
c a l l the drawing rout ines of a graphics package. 
Displaylterns wi th separately described components 
send fur ther ToDraw messages. 

C. Conclusions 
The version of AIPS described here runs on a 

Decsystem-20 under the I n te r l i sp -10 i n te rp re te r , 
using a bitmap graphics terminal of BBN's design. 
The BMG graphics language [15] used in th i s work 
was developed and implemented as part of the AIPS 
e f f o r t , which also made substant ia l con t r ibu t ions 
to the current implementation of KL-CNE. 

AIPS was conceived as a d isplay management too l 
su i tab le for work environments supported by fas t 
personal machines wi th large v i r t u a l memories, such 
as the MIT CADR [16 ] , Xerox PARC's Dorado [17 ] , or 
the Jericho symbolic processor developed here at 
BBBN [18, 19] . The current AIPS is a ca re fu l l y 
del imi ted prototype which barely f i t s in to 
I n t e r l i sp -10 ' s avai lable storage. We are present ly 
moving AIPS (and the I n t e r l i s p environment which 
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s u p p o r t s i t ) o n t o J e r i c h o . When t h a t has been 
accomp l i shed , w e w i l l b e i n a p o s i t i o n t o f u r t h e r 
e l a b o r a t e t h e s t r u c t u r e o f AIPS' d i s p l a y 
d e s c r i p t i o n s . 

Many o f the b e n e f i t s o f i n f o r m a t i o n p r e s e n t a t i o n 
a re a v a i l a b l e th rough l e s s p o w e r f u l and more w i d e l y 
a v a i l a b l e t o o l s than KL-ONE and L ISP, a l b e i t a t t he 
c o s t o f some g e n e r a l i t y . The b roades t impor tance 
o f our work i s t h a t i t demons t ra tes one method o f 
r a i s i n g t he l e v e l o f i n t e r a c t i o n between a 
knowledge base and i t s g r a p h i c d i s p l a y f u n c t i o n . 
We a re no t a lone in t h i s p u r s u i t . What 
d i s t i n g u i s h e s AIPS i s i t s d i r e c t a s s a u l t o n the 
i n h e r e n t knowledge r e p r e s e n t a t i o n i s s u e s . 
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