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Abstract Aside from this dif ference in emphasis, KL-ONE 
and HPRL contain a similar set of representat ion 
tools. The init ial representation components were 
both developed at approximately the same time -
1977. Cur ren t l y KL-ONE is being extended to 
allow for the expression of logical relations among 
elements in a separate syntax (Brachman and 
Levesque, 1982). HPRL has gone the route 
described in this paper of in tegrat ing reasoning 
and representat ion wi th in a declarative semantics. 

This paper describes an extension of FRL 
(Frame Representation Language) which supports 
the encoding of reasoning knowledge wi th in a 
frame-based formalism. The extension is called 
HPRL (Heur ist ic Programming and Representation 
Language). The declarat ive representation of 
reasoning knowledge in the same formalism that is 
used to represent domain knowledge results in a 
powerful tool for the construct ion of expert 
systems. Reasoning knowledge is easy to descr ibe, 
examine and modify. Rules can be ref lex ive, 
allowing the construct ion of powerful meta-rules. 
HPRL runs on a Vax 11/780, and on the HP-9836. 
It has been used for various exploratory projects 
at Hewlet t -Packard, inc luding a program to 
diagnose faul ts du r ing IC manufactur ing, a 
program for analyzing dual-channel ECG 
information to diagnose ar rhy thmias, and a 
program for analyzing spectra from in f rared and 
mass spectrometers. 

1. INTRODUCTION 

The Applications Technology Department of the 
Computer Research Laboratory of Hewlett-Packard 
has been pursu ing the development of "heur is t ic 
programming languages". As part of this e f fo r t , 
we have bui l t an integrated language for the 
representat ion of knowledge and for reasoning 
about that knowledge. The language uses a 
single decarat ive formalism for represent ing 
domain and reasoning knowledge, inc luding 
knowledge about the reasoning process itself ( ru le 
in te rp re te rs , agendas, decision t rees, e t c . ) . 

Di f ferent representat ion languages emphasize 
d i f fe rent features. In HPRL we have t r ied to bui ld 
a language that is a good tool for bu i ld ing expert 
systems. To do so, we embodied such design 
cr i ter ia as a uniform declarat ive representat ion, a 
par t icu lar syntax for group ing related information 
in frames, and so on . Other languages have 
emphasized d i f fe rent features. KL-ONE 
(Brachman, 1977), for example, emphasizes the 
epistomological signif icance of the par t icu lar 
features which its representation tools prov ide the 
user. HPRL, by contrast , emphasizes the tools 
themselves. HPRL does not claim to embody the 
" r i g h t " theory of how to represent knowledge. 
Instead, HPRL is presented as a tool wi th in which 
the user can construct his own model. 

There are at least two other languages with 
similar goals to HPRL: RLL (Greiner and Lenat, 
1980) and AGE (Ni i and Aiel lo, 1979). RLL is a 
frame-based representat ion-language language 
whose goal is to allow the user to modify the basic 
representat ion capabi l i t ies. HPRL does not provide 
this degree of freedom. However, HPRL allows 
reasoning knowledge to be expressed in the 
representat ion language, and provides methods for 
extending and modifying . the reasoning 
capabi l i t ies. AGE is a language whose goal is to 
provide tools that allow a user to emulate d i f ferent 
problem solving archi tectures such as EMYCIN, or 
HEARSAY- I I I . In this respect it contains a well 
developed set of tools. However, HPRL allows a 
user to design and bui ld his own tools, as well as 
use exist ing ones. 

MRS (Gensereth, Greiner and Smith, 1981) is a 
knowledge representation system designed to 
provide a single language for stat ing facts , while 
stor ing those facts in a var ie ty of d i f fe rent 
representat ions. Unlike MRS, HPRL does not give 
the user control over the pr imi t ive datatypes and 
processes that underl ie the language. Thus a user 
stores information in frames, but does not know 
how frames are implemented. He does not have 
the opt ion, as in MRS, of def in ing how classes of 
information should actually be implemented ( i . e . in 
a r rays , l is ts , e t c . ) . 

HPRL can be compared to older reasoning 
languages l ike EMYCIN (VanMelle, 1980). HPRL is 
at least as powerful as these languages, since it 
contains the abi l i ty to do fo rward and backward 
chain ing, as well as use meta-rules. In addi t ion, 
HPRL separates out the notion of reasoning 
contexts from the semantics. EMYCIN makes 
contexts do double d u t y , as a separate 
representation component does not ex is t . As a 
result the abi l i ty to represent knowledge is 
compromised. 
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2. THE LANGUAGE 

HPRL is an extension of FRL (Frame 
Representation Language (Goldstein and Roberts, 
1977)), which provides the basis fo r the 
representation tools in HPRL. FRL, in t u r n , is 
based on Minsky's (1975) notion of frames. In 
various incarnations it is st i l l in use as a 
representation language (Winston, 1980; Engelman, 
1980). FRL provides a hierarchical ly organized, 
frames-based semantics wi th inher i tance, 
procedural attachment and slot descr ip t ions. The 
frame representat ion in HPRL (adopted from FRL) 
allows the user to organize domain knowledge 
according to user-selected semantic and ontological 
relat ions. 

HPRL extends FRL by using frames to represent 
reasoning as well as domain knowledge. A core set 
of Lisp funct ions prov ide funct iona l i ty by 
execut ing rules according to the direct ions in a 
frame-based rule in te rp re te r . This results in a 
uni form knowledge representat ion for data, ru les, 
the rule in te rp re te r and the in terpretat ion 
process. The f i r s t three are represented d i rect ly 
as frames. The in terpretat ion process, which 
involves the manipulation of agendas, the creation 
of port ions of various decision t rees, the 
recording of suf f ic ient information to enable 
back t rack ing , etc. is done pr imar i ly (bu t not 
en t i re ly , for reasons of ef f ic iency) th rough 
frames. 

The use of a declarat ive representat ion means that 
reasoning knowledge is exp l ic i t , and can be 
examined and modified by other reasoning 
knowledge. This makes the reasoning knowledge 
more easily understood and bu i l t than if a 
procedural format were employed. Reasoning 
knowledge can be augmented wi th addit ional facts . 
For instance, a rule can have, besides a condit ion 
and act ion, an a rb i t r a r y amount of addit ional 
informat ion, such as caveats and suggested uses. 

Rules are represented as frames in HPRL. To be 
usefu l , a rule must be in terpre ted in an 
environment called a Rule Domain (which is i tself 
a f rame) . This rule domain indicates how to 
in te rp re t the rule frame. HPRL provides an 
ini t ia l set of tools for the in terpretat ion of ru les. 
These include a capacity fo r fo rward cha in ing, 
backward chain ing, meta-ru les, and 
meta- in terpre ta t ion . 

More powerful reasoning strategies can be 
const ructed th rough the use of meta-ru les. One 
typ ica l way in which meta-rules are used in an 
exper t system for the diagnosis of IC wafer flaws 
is the fo l lowing: heur ist ic rules exist which 
examine what is known at any given t ime, and 
when possible generate hypotheses. A meta-rule 
exists wh ich , whenever it notices that a 
hypothesis is appl icable, changes the agenda to 
cause evaluation of that hypothesis f i r s t . Such a 
meta-ru le allows the user to do bes t - f i r s t search 
in cases where he has heur ist ics that can generate 
good hypotheses. This use of meta-rules allows 
local optimization of the reasoning whenever 
suf f ic ient evidence is accumulated. 

Meta-rules in HPRL consist of a condit ion 
composed of a logical conjunction of (a) domain 
knowledge and (b) reasoning knowledge. The 
most important reasoning knowledge is that which 
ref lects on the reasoning process i tsel f , such as 
( i ) when a goal gets placed on the agenda, ( i i ) 
when a goal succeeds, and ( i i i ) when a goal fa i ls . 
Other reasoning knowledge can be used, such as 
which rules are being considered, or are 
avai lable, and whether a par t icu lar rule has 
succeeded. A small set of pr imit ives allow 
meta-rules to alter the agenda. A meta-rule can 
examine the in te rpre ter i tsel f , and change its 
composit ion. For instance, given the fa i lure of a 
goal represent ing a given s t ra tegy , a meta-rule 
might change the component of the rule 
in te rp re te r that applies ru les, going from one 
bes t - f i r s t search method to another. 

Meta-reasoning can occur by having reasoning 
about the cu r ren t rule domain go on in a separate 
rule domain. For instance, given evidence for a 
bad component of an IC wafer, it is possible to 
use the knowledge of the s t ruc tu ra l relations and 
manufactur ing processes embodied in the domain 
knowledge to decide what goals to pursue next . 
Such reasoning occurs in a separate meta-domain. 
The rule in te rp re te r can be set to always choose 
its next goal based on the outcome in the 
meta-domain. In fact , th is would be very 
wastefu l , since only some cases benefi t from this 
k ind of reasoning. Instead, we use meta-rules to 
notice when such situations ex is t . These 
meta-rules then d i rect ly invoke the meta-domain. 

To use rules which are represented declarat ive ly , 
it is necessary to prov ide a procedural invocat ion. 
In HPRL, this is done by creat ing a Rule Domain. 
A rule domain contains a set of rules (al though 
rules can be part of more than one domain), and 
a set of inst ruct ions for i n te rp re t ing the ru les. 
The default case for the rule set is the ent i re 
rule database. The rule domain is itself 
represented as a frame. 

HPRL provides two pre-def ined domains 
backward cha in ing , and forward chain ing. The 
user can construct o thers , ei ther from scra tch, or 
as sub-domains of these two. If a new domain is 
const ructed which is subordinate to one of the 
ex is t ing domains, i t wi l l inher i t the rule 
in terpre ta t ion of its parent domain, if new 
ins t ruct ions are not speci f ied. The rules used 
would be those specif ied in th is new domain, 
together wi th any rules specif ied in the parent 
domain. Rule domains which are subordinate to 
the basic domains have the effect of par t i t ion ing 
the rule set. This means that rule domains can be 
used to par t i t ion problems into sub-problems and 
associated rules. This is useful when 
sub-problems can be ident i f ied and a res t r ic ted 
set of rules is known to be suf f ic ient . Within each 
domain, the rules wil l be h igh ly relevant to the 
problem. This avoids excessive search th rough a 
large set of ru les. It also faci l i tates the 
s t r u c t u r i n g of problems in terms of psychological ly 
meaningful contexts . In an exper t system under 
development at Hewlett-Packard which attempts to 
diagnose dual-channel ECG's, an in i t ia l 
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c a t e g o r i z a t i o n o f t h e bea t i s used to p a r t i t i o n t h e 
s o l u t i o n p r o c e s s i n t o f i f t e e n s e p a r a t e d o m a i n s . I n 
t h i s case al l domains had i d e n t i c a l r u l e 
i n t e r p r e t e r s . T h e d i v i s i o n i n t o s e p a r a t e domains 
p r e s e r v e d a c o n c e p t u a l p a r t i t i o n i n g , and a l lowed 
smal l sets o f r u l e s to be a p p l i e d in r e l e v e n t cases . 

A l t e r n a t i v e l y , r u l e domains can be used to 
r e p r e s e n t d i s t i n c t i o n s in c o n t r o l . A u s e r can 
cus tom ize a domain by e x a m i n i n g t h e r u l e 
i n t e r p r e t a t i o n i n s t r u c t i o n s , and t h e n w r i t i n g o r 
c h o o s i n g a spec ia l f u n c t i o n f o r t h e componen t 
w h i c h d e f i n e s t h e a p p r o p r i a t e f e a t u r e o f t h e 
i n t e r p r e t a t i o n p r o c e s s . M o d i f y i n g a r u l e 
i n t e r p r e t e r is no t a t r i v i a l t a s k . H o w e v e r , i t i s 
made eas ie r t h r o u g h t h e use o f a d e c l a r a t i v e 
f o r m a t f o r t h e r u l e i n t e r p r e t a t i o n f e a t u r e s , 
i n h e r i t a n c e o f s h a r e d f e a t u r e s , w h i c h loca l izes a n d 
min imizes t h e changes r e q u i r e d , a n d t h e use o f 
" c a n n e d " o r p r e d e f i n e d componen ts and too ls f o r 
m o d i f y i n g f e a t u r e s . 

3 . W H A T C U R R E N T L Y E X I S T S 

H P R L r u n s i n PSL ( G r i s s , Benson a n d M a g u i r e , 
1982) on t h e V A X and t h e HP-9836 , a 68000-based 
m a c h i n e . H o w e v e r , al l new d e v e l o p m e n t w o r k i s 
o c c u r i n g in PSL on t h e 9836, and t h e o t h e r 
v e r s i o n s a re becoming o b s o l e t e . T h e PSL v e r s i o n 
has been r e c o d e d f o r speed and e f f i c i e n c y . I t 
t a k e s a d v a n t a g e o f t h e PSL c a p a b i l i t y t o w r i t e 
mach ine leve l code t o op t im i ze f r e q u e n t l y 
p e r f o r m e d o p e r a t i o n s . 

4 . A P P L I C A T I O N S 

H P R L has been d e v e l o p e d in t h e c o n t e x t o f 
m u l t i p l e a p p l i c a t i o n doma ins . T h e s e i n c l u d e 
e x p e r t sys tems f o r f a u l t d i a g n o s i s i n I C 
m a n u f a c t u r i n g , f o r t h e ana l ys i s o f ECG 
a r r h y t h m i a s , and f o r t h e a n a l y s i s o f s p e c t r a f r o m 
i n f r a r e d a n d mass s p e c t r o m e t e r s . HPRL is also 
b e i n g used as p a r t o f a n a t u r a l l a n g u a g e 
p r o c e s s i n g s y s t e m . None o f t h e s e a p p l i c a t i o n s i s 
" c o m p l e t e " , a l t h o u g h some o f t hem d e m o n s t r a t e 
s u b s t a n t i a l a b i l i t y . Each e x e r c i s e s d i f f e r e n t 
a s p e c t s o f H P R L . 

We p lan to c o n t i n u e to t e s t and d e v e l o p HPRL in 
a n e n v i r o n m e n t o f m u l t i p l e a p p l i c a t i o n s . T h e 
a p p l i c a t i o n s d r i v e t h e d e v e l o p m e n t b y s h o w i n g u s 
s h o r t c o m i n g s i n t h e c u r r e n t v e r s i o n . A t t h e same 
t i m e , m u l t i p l e a p p l i c a t i o n s e n s u r e t h a t HPRL i s no t 
o p t i m i z e d f o r j u s t one t y p e o f t a s k . M u l t i p l e 
a p p l i c a t i o n domains a r e more l i k e l y t o r e s u l t i n 
g o o d r e p r e s e n t a t i o n a n d r e a s o n i n g p r i n c i p l e s . 

5 . C O N C L U S I O N S 

A l t h o u g h s e v e r a l e x p e r t sys tems a r e i n v a r i o u s 
s tages o f d e v e l o p m e n t in H P R L , i t i s s t i l l t oo 
e a r l y t o t e l l i f t h i s a p p r o a c h w i l l p r o v i d e 
s i g n i f i c a n t a d v a n t a g e s i n v e r y d i f f i c u l t t a s k s . W e 
d o no t y e t k n o w i f t h i s d e c l a r a t i v e a p p r o a c h t o 
i n t e r p r e t a t i o n w i l l p r o v e t o b e i n e f f i c i e n t o r 
c l u m s y f o r i m p l e m e n t i n g some d e s i r a b l e c o n t r o l 
a r c h i t e c t u r e s . I n a d d i t i o n , t h e r e a r e q u e s t . o n s o f 
s i ze a n d e f f i c i e n c y w h e n HPRL i s used to 

w h i c h we c a n n o t 

y e t a n s w e r . H o w e v e r , i n i t i a l r e s u l t s w i t h t h e 
c u r r e n t a p p l i c a t i o n s a re e n c o u r a g i n g e n o u g h t h a t 
we p lan t o c o n t i n u e d e v e l o p m e n t o f H P R L . 
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