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o ;Devglopmgnt of A User-Friendly Menu Driven ~t
; Intelligent Front-End System Fbr Large Frame Based,
J . Knowledge Engineering Tools

e
3, N + .

‘Allan Kowalski

'

As part of an effort to achieve a solution to the
classic bottleneck probleém reélated to the task of knowledge

engineerimg, a front-end system was developed that would
allow the deveiopment of a large, complex ahd dynémic‘sei of"

taxonomies and related hierarchical structures, as 'a first
- A x. . ‘.

step towards the developnent of full-scale é&xpert systems by

domain expert withdutaa‘strong A.I. or khowledge engineriné

orientation.



£~

evérlasting'support.

- ["“’
« L9
0
.
.
v —
a
-
- t i
,
“
. -
' »
-
- ‘
'
. -
# =
-
y
' 3
-
.
.
.
B
-
.
.
Lo
.
-
.

N

"

¢

.

. ’

L

.
N
-
A
. ..
‘
.
@ .
-
.
s
4 -
.
A1
&£
-
'
.
'
R »
.l
.
.
.
‘ ~

N

]

To my parents, Chaim and Chana; for their steadfast and R

~
.
]
.
A
v
-
-~ -
.
-
.
- ,
oA
.
bl
»
-
P
3 B
.



>

k4 - - ) 1' ’
G : ' . .
I wish to express my appreciation to my cq-supervisor

‘Dr. Renato DeMori for ‘his advice ‘#nd encou'agement_gnd,

academic support through the various stages of evelopment of
' & : 'g‘ t : > -
this thesis. L Yo

.

In addition I wish to thank my ¢co-supervisor, Dr. Péhlw
- (3 2
.Fazio for providing the professional and ‘cademic suppo;t

that greatly facilitated the developme t and- testing of

9

various aspects of‘this thesis.

-

Finally I also - wisg" to thank' the Centre Recherche

/) Informatique De Montreal fcr making available some* of the

“




t‘(’

L
N

[N

——

SIGNATURE QAGE
ABSTRACT

. DEDICATION
ACKNOWLEDBEMENTS .,
TABLE OF CONTENTS
LIST OF FIGURES

I. INTRODUCTION

l 1 Background

1.2 Expert Systems in Building Engineering

-~

II. KNOWLEDGE-REPRESENTATION

2.1 The Evolution of Knowledge Representation

Techniques

2.2-Tools

III INTERFACES
3 1 Interfaces

3. 2 Teiresias B

»

.~

J

"}\

3 3 Knowledge hcquisition 1n ART

7 3 4 Escher

Py

~¢v.descﬁEk‘
4.1 Escher - - . v

: 4 ﬁ‘Development Environment

“

2.3 Methodology of Expert System Development

J//

1i4

.32



LY

. . v
4.3 Architecture of Escher

« ’

L
’

« oo R

V..CONCLUSIONS
v 5.1 Test Run & ' '
~5.2 SELECT-HVAC

5.3 Future Work

5.4 Conclusion '
REFERENCES
” .
. . 'APPENDIX I '
i . ":J'
. .
‘ Pl

‘ r

b}
L C.
. @
T | |
<L Tt . ’ N
- . { !
» ~ ¢ - "
- w
\ . e
0 . ‘
- ‘ c .,
. . vil
Q - r



4.10

4.11

4.12

. 4.13

v 4.14

1

\ﬁ

L%pt of Figures

Components of\anAExperh Systenx_l
Séﬁple Rule Syntax s ;
Sample Frame ' “
‘Example of Inheritance , ’
Schematic of Teiresias Functionality.
A MYCIN Rule
Schematic of ART Studio Interface
" Ooverview of ESCHER
' Structure of ‘Screen Layout
\Command Menu Screep/~
Command Er;o; Scfeen Layout
. Structure Menu.Screen
Request For Specification .
Sample ﬁisplay Screen © °
Shm;I;—Option‘Menu
Architecture of Shell Interface
Model Builder Architecture
_Qutline of Generic Intérféce
&Schehatic of ESCHER-Acflon/St;ucthré

'-Interfacg Control Flow Structure

Schematic of Implicit Action )
Constraint ,Mechanism .

Schematie Bf~Supplementary :
Action Constraint Mechanism

&y

13
21

‘26

56
57

62

68"
72
75 -
76

78

79

81
82

- 84

87

-89

94

97

103

107

Pl



4

4,

4,

.16

17

19
20

4.21

.18

o

Schematic of Customized Supplementary
Action Constraint Mechanism

Schematic of Portable Supplementary

N‘Action Constraint Mechanism

Hierarchy of Action Constraint Checks o

Schematicr of Error-Handling Mechanism

Structure of Problem Flag and '
Action Flag

Sample Problem and Action Flagqﬁl

ﬁf/‘

-

110,

116
122

125

126

%

N

L
ir



ol

.
1 d
£~ L
.
I's
Pt N,
.
4
‘tf'
.
<
L]
.
.
.
r =
.
(4?'
\ﬂ

£y

CHAPTER 1

AR
1}
[
a~
i
-
.
o
.
-
rd
.

%

‘INTRODUCTION °

. e
Q.
-
-
\ .
.
»
u"f 8
.
.
-
-
[
o



S /0 /7/ v I' . e

{

This report describes a knowledge engineering tool

. " Engineering Resource) developed as part of a Master's Thesis
‘ in Cohputé¥ Sciéncé. The tool development wal part of a
regearch effort at the Center for Building Sgudies, under the
direction of Dg. Paul Fazio, to inéestigate the applicability

of expert system techhology in the area of building

engineering- .

@

~ . Expert <35(stems tend to fall into one of ten basic

called ESCHER (Expertise Structure, Class and Hierarcby-

categories which are:' v
: 1) Monitoriné o
— ’ '2) Interpretation
g . . , ‘'3) Prediction
| ' 4) Diagnosis o . ,
. -~ 5) Design.
S - ,6) Planning .
e - 7) Contzol
S, ' 8)c~{nstruction.
- 9) Repair , -
10) Debugging '

oy

A
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If is now a widely held belief that the intefest of the

'engineering commﬁn%}y at large in the applicability of expert

systams is extremely high [14].

Expert systems are currently being developed for many

N

industrial applications in the Construction Industry. ' The
\ -

applications raﬁge from representing fire regulations, (ACE),
sglection of an appropriate air-conditioning systems, advice
on air-to-air heat recovery, and plant fault diagnostic

routines, to name just -a“few. .

In the field 'of Computer Aided Design, the U.S. NBS

-+ (National' Bureau of Sténdards) is initiating standards for

r

the interface of Coded Standards and (C.A.D.) Packages, while
at - CarnegiesyMelon Un%X%fsity work progresses steadily bn

A

Kadbase. ) °
At -the university of Sydney, a.program to aid in
optimizing the room lay out is being déveloped and, finally,

Johnson Controls continues work on the JC/ES/4O Building

e Y

Autgmation Systems[8].
The deveIopment of ESCHER stemmed f;pm an initial study
of <the present day stfategies involved inlthe building of
large scale real—life}gxpert systems. Asspciapéﬁ with these
strategies are a Eef of probiéﬁs whichﬂgave been clearly
ident%;?%d as;%?anding.in the way of large-scale précticdl
industrial development 9f expert systems. L
. ESCHER is an attempt to addrgss someé of the key problems.

and offer a practical first step towards a solution. Such a

'Y 3 °
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solution \{s essential if expert systems are to becoﬁ§

- 5
accepted as a ceommon, practical and ‘useful tool of

{
information management and decision making.

~ *

The development of real-life expert systems is-)a"
complicated and involved endeavor +«{hat requires the
tranpsferring of knowledge frqm a human expert to_an expert
syste‘ﬂf’.‘* This transfer process is called knowleédge
engiheering aqg, even fér expertise which is already in a
structured form ([22] and Qell"suited to such a process, ig is

L4 \
a long and involved task. . '

) ‘The field of knowledge engineering Has,been,around for
mére th;n_a decade. In that\tiﬁe there.havé been many
significant developments and impréjaﬁents.

) These improveménts have, forhthe mostvpart, been in twg
areas; knéwledge repr?sentaiion and th; user inth:faco
techniques. Ihproﬁements of both naturéé are importan;‘to
the)relevanc% Ahé néture of the ESQHER'package and thereforé

A
a brief review follows.

44
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-expert.

{
.
3

Tge element which characterizes an expert system (ie.

L)

which makes it "expert") is thé expertise or knowledge of the

information related to the fie}&’about which the system is an

The issue of how best'to represent this knowledge is the

subject of much debate and study at the present time. It is

because. these sytems are: centered around_this knbwlgqge,that
. ¥ ‘

they are referred to as "knpwledge-based systems" or

' "knowledge systems" . Not only is a great deal of information’/ '\

g . .
incorporated into this knowledge, but it is information of-
* I3 e N ﬂ .
different types (ie. procedural, taxonomical, etc . .).

A Y

¢
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.collection of available knowledge which ,represents as

'accurately as poséible the domain of expertise in question.

A collection of these various kinds of knowledge is cailed a
% N . .

knowledge base. .

The first expert systems developed were not built

through the use of ‘specialized tools but rather,. with the

foremost AI language of the period, namely. lisp, Using lisp, -

various modules were created to perform all of the tasks

required. .The various major modules are shown below in fig.

2.1 . A

Tr

- \
knowledge base. 3 *

The knowledge base contains a set of .structures-or a
combination of such sets which fepresent a mo@ei of expeftise
in some area- and tend to be more or less static from one user

to the next. The knowledge :can.be said to contain the rules

of ‘expertisésof. a .particular domain.
The data base (not go'be'coﬁfused with a data ba;é

management,éyste@), is a file containing.specific information

-~ L

relating to an individual case of the particular end-user

making use of the expert-system .and, of course, differ from

one user to theé next. The data base can be said 'to coqtain

the “facts of a particular case. _ '

©

The key components are the inference engine and the

w



For‘example a knowledge base might contain information
about the various Zttributes of wines and the rules about
bl

matching certain wines with.certain meals,:whereas a data-

base would contain information. about.which wines the ,user has

in his‘nine cellar and a description of the meal "with which

he wishes to add a wine. . ‘ -

The inference engine is- that part of the system which

PR Y

processes all of the information An both the knowledge and
data base thereby makipg it possible, for the expert system
. to draw its conclusions. This is done by matching the
knowledge.available‘ against the facts of a particular case
in order to determine which parts gf the expértise\ are
relevant and should be applied. ’ ~

In addition there‘is often a user interface facility
which is responsible for controlling the means by which the
user communicates with the system (ie. inputs facts and
questions and obtains responses).

. b ! . .

“. e

-

N
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/L- i T N ~
S / ' Development Jof these early expert systems revealed the %

'//< ,usefulness of specific data  structures built for the purpose .

-// U of representing knowledge or expertise, in the database ’

% o ‘ ' .
3 ’ N - . -
// . - - [ TP Y

/ ' BREDICATE LOGIC® | SRR -

BN \ N L'

oo One of the first such stryctures which was implemented:
as the unit of expert systems development was the predicateﬂ

logic statement. Just . as sets of rules were used to define a
: ’ , \ . .
'knowledge base so, too, could a-set of such statements be .’

used. ,Systeﬁlbased onh such units developed into the PROLéG
shells of today. Although Prolog-.is very ‘useful in itself

> and was initiallyselected as the tool of choice by the
‘ Japanese for the fJ._fth.generation projec,t, lt‘ is now
generally accepted to be lacking as a complete tool.” .

Prolog offers "facts" and "rules" where rules consist of

A . oo °

o :fac‘t based premises and logical«rconneetives.' The latest *

i developments in PROLOG include;

Y
§
[l

.
- . FEUNUR
A 2

«~ interfaces to real world data-bases

.

, I’ 4 oy - 3 . " Y . .
V- concurrent: processing compatible with .parallel -

o . \ . e
-

maqhine architecture ) , T .
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-’increasingly sophisticated nabural language

1}
&

v "’ capability s ’ ‘ e

-

. = incorporation of meta-level reasoning,
D . . Yoo

A

functicnal prog;:Eming capability [20]21] -

)

4
Y

Ve S '
Prolog has been used as the basis for much work An A:I.

since it hag\some very attractive features for the building
c ; . - ' ' -

of expert systems. Such.features include ‘its ability to work

with/facts\and rules, its grammar.formalism and of course its -
' \

a¥ility t "infer" Many systems, 3uén as OSCAT [12] have

dlready been built around it ' v -

In a ition, there have been some recent attempts to

develop new '’ languages,based on predicate logic, but none have

yet gone beyond the research stage- [11], ([36],.

¢ ) . ‘ . »

4 - L]

Another of the first such structures was the 'so called

-

if/then rule similar to the if/then statement in PASCAL The »

rule consists of two parts. The first part is a premise (ie.

%
.,

tne,fF clause’with which a set of one or mogxe conditions are -

associated The'second'part of the rule, the THEN clause, 1i§

the set of actions to be implemented if all of the conditions

< —- !

11
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IF

THEN

\

p
-
rl

frcondition 1) -

| Qonditidn 2)

( condition n ) }

-

( action a)

¢

- ( action n)
4

s

"’

Fig. 2.2 Sample Rule Syntax

Vd



3

N —

Once the usefulness of rules or a specific knowledge

med

.representégion st¥icture had been established, tools,
,,Jf,r“. - 4

especiadlly geared é’n’z;process such structures were developed

[ i
as the first expept system development tools or shells. These

-

contained the previously mentioned inference engines and

user-interfaces and allowed the user to develop his own

knowledge base. ; )

The concepts of "forward chaining" gand, “hackward,
* x -

- 'y b P .
chaining" are very crucial to rule-based expert systemg and

so a basic exﬁlanation of the two opposing strategieg is

A

called for.

In forward chaining, at the start of .each cycle,a note .

is made of all facts that are known to be true. A check is
thén made through the 1list of rules to see which rules have

conditions which are satisfied by the set of facts. Of all

Ve &

. £ - p
these satisfiedf rules, one and only ohe, is chosen as t‘h.ea

< ~

rule whose actions will be executed (the selection of which
. , k N
of 4the satisfied rules will be executed usually involve

several different criteria which .depend on™ the particular
: N ' N - %
Aysten being used.This process of rule selection is refe’rred

14 -

4

“\

[
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to as conflict resolution . It is important to note that such

actions may result in new facts being true or some formerly

true facts coming untrue. After these actions are executed

—_ - -

LS ~
the cycle begins anew.

—~ % In contrast,backward chaining works in the opposit®

mannel*:. It basically invofv“es working backward from—the
desired goal to the starting point. At the start of each
" cycle, the system ‘"matches" those rules which, when
.satisfied, will give' the desired goal(ie. action). The

conditions of all those rules, then, become the new goals

-

(fne at a time). This cycle repeats itself ungil the”

conditions can be satisfied (or a dead end is reached).
\ A}
The advantages of the production rule syStem is that
i
- 8ince it allows the user to specify control of actions, it

is much better suited towards ease of user/knowledge
manipulation’ Z—ie. it is much easier-to make the system dc';\\"
what you specifically want it to do). ‘ ' |
On the other hand the 'disadvantages are that, in
contrast to frames, production .rules cannot be related to one

: ¢
another in any way (ie. there is no inheritance).Thus, ‘actual
€> +
fxisting relationships between rules cannot be accurately
‘ »

répres_ented. Furthermore, uniik,e fram’es,productiogy rule&) do

not allow for the descrdiption of domain objects.

L

The first such system was EMYCIN,"a spin-off of the

<

‘applicattion MYCIN. It captured the essence of the MYCIN
ot

inference strategy (hence the namé Essential MYCIN ). It

o

7
3

15
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dffered a package containing everything but the actual
knowledge which® was to be supplied by the developer who had
purchased the product in the form of Mycin type rules. One of

the earliest syst‘ems‘. developed in this way was SRCON

[7),[26], an expert system that acts as an advisor to the .

<

user on the use of the MARC finite element code for
. structural analysis.

- Development and improvement of rule ba’sed 'syst:.’ems
followed for over a decade res“ultincj in such. systems as
‘SPERIL;I, SPERILL-II ‘[23), aﬁd PROSéECTOR. In each case a
different approaches was taken in cies\igning the system
sp¥cific to the needs, of the individual application. 'A.s a

oo
-result, the rule approach was analyzed quite thoroughly and

e

was ‘found - to be very useful, perhaps even more so than

predicate logic. It provided a simple mechanism for the

generation of expl)‘énations and promﬁting the user [29].

However, it,lwas also found lackirng in several key areas, [1]
v} ) - h
[5] the mos'L’critical .ones being:
: o P ,
- ‘ \
r p/
1 - it was incor{enient f3r representing certain
complex structures ax@ objects
0 ] . |
2 - ite did- not allow for the separation between
- . dontrol/procedural knowledge and .domain

-

oy ~ expertise. v

o



*

N

_There 1is a definite 1limit to the amount of knowledge
e

~which can be conveniently represented in a single rule. This

means that . knowledge exceeding this amount must be .

represented by a set of rules which often leads to -confusion

 or, with an incorrect implementation, erroneous results.

In addition, rules tend to impose on a knowledge base a
structure révolving around a collection of small -homogeneous
"chunks of knowledge"w rather than something more

k) B

v
hierarchical and taxonomigal.in nature [l1]. Aside from the

inefficiency, it also allows a. greater. degree of freedom in -

modifying, adding, deleting or neglectihg to add an
individual piecé of knowledge independently of all éhe'othe;
pigces. q@?is can be an invitagion to disaster. ’

An example of this is 2alled "semantic conflict", and

\ ‘
was noted as far back as the development of MYCIN. It

" involves, aﬁfan example, the implicit contradiction of two

rules, one which copcludes the site of the culture is sterile

and one which concludes that the site of the culture is non

3

sterile. As intuitive as the contradiction may beuoit is

very difficult to represent in a general manner which will
handle ewery such occurrence. ¢
s ¢

hY F) .
amount of information that could be represented as a
a <K i

+

v b O
collection of rules. The reason for this has\to do with a

M

part of the rule matching cyclé called conflict resolution.

&

. N ! ' r‘:
Conflict resolutiog involves the selection of a rule to be
Pl > m B

- ‘

In addition,” there was a definite upper limit to, -the



\

fired from a set of rules, all of which 'have been determined

)

to be satisfied\or matched. The set of rules which are
matchied is called a conflict resolution set.
This selection follows a strategy that is particular to

both .the shell and the configuration” of the shell. Strategies

are available \ig varying degrees of complexity and

flexibility.

y

As more and more rules get added, Yhe average size of
the 'conflict resolution set gets larger and larger. As the
size '0of a conflict: resolution set Wrows it becomes

N\
increasingly difficult thcontrol, (le.to correctly predict),

for all cases, which rule WlL%\Pe selected for firing. When a .

p01nt is reached at which a correct prediction can no longer

be guaranteed, the expert system is no longer'controlled and

N ~

is of no use.
This becomes a critical issue in tg; fields where the

process of production  is especially dyngﬁﬁc, such as

“ Y = 2

architectural or building design. g ‘ ~

" Knowledge Bases assaciated with architecture will

«

inevitably be very large. The process of capturing knowled%e

P23

will involve refinement and modification, even while the
system 1s in use. An expert system must, £herefdre, be

amenable to change®”and growth over time " [27]. .

Y

An example\of the “state-of-the-art, high-gloss, rule-

I ’ °

‘Based, pc-based expert system shell is Personal- Consultant

Plus, marketed by &exas‘Instrhmegts Corp. - . >

G ‘ ~



. called the frame.

o

N
i

- —

The basic str;lcture of PC plué is the classic IF/THEN
rule, but the dev_elc;pment of these rules is aided by a
s&ophisticated editing, debugging and primitive struc‘t':uring
capability. This, at least in theory, allows the domain
expert to enter the substance of the rules witl}out wo:;r;ing'
about syntax or struc;uré. Unfortunately, the réali;y does
not bear thifs out [37). -

While%the.entering of any pigtipulai rule is relati?ei&
easy, the resulting collection of "rules does not usually end
up,producing the desired results. This is due ;ar ely to the
fact that no structgre to the rule set has been provided by
the user and the syst'\eim, using its own primitive mechanism
has provided an inappropri;te one-

In other Qords, despiig its séphisticaﬁed graphics,tﬁe
system does not aid in ‘knowledge ‘acqui'sition b_:zt,,rvather,
aids only inm knowledge entry. The need for A knowledge

/

gnginéerinq by qualifijedi personnel still remains a

° eritical element.

EFrames :

A partial solution to these problems (at l#ast in so far

-

as it reduce'3 the number of rules require‘d) came from the '

developmént of-.another knowledge represehtatiocn structure

0

e
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The frame, itself, is a data-structure used to represent

some object or concept. Each frame is associated with a set-

- of descriptive components, usually called'slot§;'that help td

describe the objecf or concept ass®ciated with the frame. In

-,

~ turn, each slot may have associated with it one or more

values that help to describe the particular value.or values
of the slot. Although the concept i ry. similar from one

system to another, the generic concept of a frame may be

associated  with one of several names (ie.. '"concepts",
» , If . ’
"prototypes™ "schema", etc . .) .

An example of a typical frame is shown below: in fig.”

2.3. In tﬁis Example,the frame represents the concept of a

building with which is associated the attributes of a ce:pain\~

number of walls, a certain number of windows, a certain

colour (on the outside of the.,building), a certain numbet of.
spofies and a certain number of roofs which isualﬁays 1. Tge ‘
frame was a significant.improvement over the standard ;ule—h

based systéms in that it allowed a method that ig much more

.

——

convenient in'representing certain types of domain knowledge. °

" [%
- -

= - Y ! 13 ©
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no of walls :

. ndof windows :

colour : .

oy

no of stories :

no of roofs: ' 1

> Fig. 2.3 Sample Frame

— '
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The frahe, in conjunction with its associated slots,

(and their associated Galues,)'allowod for the representation

and description of objects in a more convenient and
descriptive’form, whiier in conjunction with frames, it

allowed for a better and more clearly defined separation of

the two dlstlnct types of knowledge. The frame served éé one

of the ba51c representatlon structure bf such hi-key expert -

systems as XCON §originally named R1).

"A variation of'the frame structure, colled the object;
attiibnte—véiue'tnple (or O.A V), was sometimes used inétead-
The most well known examples of this are S.1 and Copernicus

Another improvement provided is the capability of
implementing constraints through such slots as " vélue class
" and "cardinality" . These constraints provide an auéomatic
mechanism to guard against erroneous doscriptions or values.

Clequy, though there’ gsmained some serious
deficiéncies, bhief amoné them, tne fact that while.rn;eo and

e

frames allowed for the representation of indiYidual pieces of

knowledge they were clumsy means of{providing @ means . of .

" representing xthe nature of the connections between these

* - Pl
individual pieces. |

"In addition, frames were ill-suited to the manipulation

of knowledge‘by the user. Ad-hoc solutions of the. past

consisted mainly of‘wr;ting commonly- used ‘procedures and

I3
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functions .in more standard languages such as 1lisp, and then
attachinq'them to slots in appropriate frames

Frames were also inadeguate from the point ofvﬁiew thatf
while capable of describing necessary attributes, they were
incomplete for-the_ task of describing suffiCient attributes
For. example, the frame, " elephant " may contain the

attributes manmal ard four-legged 'but not all four legged

~
-

- mammals are elephahts. ) N N
It was, 'thereforeﬁ\hclear thatt the representational.

capabilites of frames, slots and balhes was not‘up to the -

task of modelling the complexity of real life situationsg.
S

LI ) ' The next generation of shells contained a series of

improvements designed to address those issues. . Co-

) . . . ‘ . /a‘ . 1 '\ ¢
- ' ", ) / . - . : ,\ .
y The next generation of shells contained representational

capabilities that allowed for the implementation of semantic

networks (ie.. a, set of units connected to each other) These‘

0 -

. ‘ networks were composed of frameg that were connected to one

orlmore other frames .These connections/were referred to as
relations and the two ‘frames connected in such 'a manner are, .

'said to be related.

——

. l 4 -
Relations gqvided the means by which pieces of

¥nowledge -could 'tied together.. In addition they provided -

) the'meaas by which a relation, by being treated as knowledge
o : : | ' C
-~ : 23 N -~ ™ ' i
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itselff,Ellowed for a more reéalistic representation)of the
knowledge df ~relations between certain objects. ‘Relations

also alllowed for the feature of ;nbg:;;angg .

Inheritance is one of the most important features in

large frame—based knowledge engineering tools.

t

Most, if not all, areas of expertisepinvolve knowledge
’ -~

which is, 'in one form or another structured ‘into taxonomies,

. b
(ie.. a form,of hierarchical stucture). It is inheritance more

than anything else, which allows.the direct’construction‘of.h
taxonomies as well as other heirarchical structures In
addition, it allows “the inter—level connection— between
various taxcnomies so as to produce a representational nodel
of expertise. - - Lot

Inheritance is ‘a mechanism by which a second frame,
e

“u

related to first frame,7will "inherit" or automatically‘

pumna

- obtain the attributes of the 'first frame: In this way,

g~

certain properties can be passed - down, so ‘as‘ftb more
accuratgely (realistically) represent the domain of knowledge.

In. specialized cases, customized relations can be built to

also allow properties to be passed upwards, as required. 2
‘ﬁn\exampie is!snown below(inhfig. 2;4: in which the
frame "littLe red schopl house" is re}ated to the.frame
"building" by the is-a relation”(ie. the little red school
house is a hmilding)‘ As a result of this relation the

little red school automatically inherits the attributes ofv

4 . ~ ™~
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walls, windows, colour, .stories and 1 roof. The value red
‘- ’ ‘ - :’ . ﬂ* »

associated with the slot colour is not inheritéd but - local..
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L
- 3 ) - e U - ' t
P building . :
‘no of walls : _.. ' | B
&\ no of windows :
) 4 Q\
. & Vd \ s
Cb’#l”' . \{ - ‘
n/t/ of stories : . ,
. : "(\ ' - . ) )
y , no of roofs: 1 |
P X |
P Y
g Jlittle red schoolhouse
\ p .
e no of walls : %
. ' - no of windows : ___2
\ " - colowr : red
W T ~'| no of stories : 1
no of roofs: 1-
- Ve o
' . 7
e w “ Ty . . 4
. . - ,
s E Fig. 2.4 Example of inheritance
- - X * ,
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To be sure, there has been some,criticism of inheritqnce

as being too abso’ute, in thatf it does not distinguish
Ve

-

between cases in which inheritance is''universal and cases in

]

which it is not. In real-life, members of certain groups

. which may usually inherit all propertfes, may in certain

cases.-not do- so and such exceptions are an important part of
many domains of expertise.

‘ This produces the need for ing’ffi’cient and messy ways to
handle the distinctions and speciail casés. All in all however
inheritance 1is generally- considered -te be a very useful

feature.

aAll of tﬁese features which maké possible the building

¢

of taxonomies and various other hierarchical structures were

-

used in HI-RISE (in the area of structural engineering) [23],
' - 7

THINGLAB [24] and SKETCHPAD [25]. A collection "of these

taxonomies and inheriting related sets of frames is called a

semanti¢ network, because it expresses the semantics( ie.

. relationships petw(en objects or ideas) of the knowledge.

The largest. most sophistica;éd, shells incorporating this

# N .
philosoph?( are ART ([13] and Knowledge-Craft ([2]..

e

i

In awddition, an extention of .this approa’ch called

4

object-oriented programming, became available leading_ito,

productswsuch as KEE. [42] and LOOISS [28]. 1In ob;)eét-orienffed
programming, frames can be used to represent actual

/ Ve - , - . S~
prdcedures or eveén groups of procedures, and taxonmomies of

procedures can, thereby, be built up. In this way, an entire
s " c
‘ ~ 27 .
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set of procedural calls can be developed as part of the

"knowledge base. . ¢

r

- This representation of ‘relations is important for 2

. g . A ~
reasons: O ' o
- . : ’ ' s
o 1 - It allows for the building of taxonomies and
» ) other hierarchical structures to represent

large overall concepts. Ip other words makes '
possible the represention of the relation
of certain objects to each other.

2 - It allows for the representing of knowledge in
the form of relatjions. That is to say that
the specifications of varyisng, type of relations
is in ' itself kr;owl.edge that can now be
represented. It is this second factor that ‘
helps to differentiate the more -powerful

-

shells from rthe raest. P

. [N 4 -
The ability to build customized relations allows for
£he representation of knowledge to such a high degree of
" complexity that it becomes feasible to represent egough

N

° . 7 ~
/knowledge in a knowledgg base to make real-life applicatiuns

feasible. For ‘example, implementing a design system require

the ability to repxjesen't\ra.ry dynamic models, the state of
) which are related to various factors involved in tpe design
.process itself [31]. S _ ~

This accomplished, the J,atest state -of- the art “frame-

e , based shells now boast such sophisticated ca,pabilities as:
. - " - . Co L7
28 ’
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- customizable slots M
- customizable relations
- cus;omizable facets

Vs
« 7~

Custoﬁizable slots allgw for the specificatioh of demons,

.
inheritancg behaviour and various restrictions. For example a

slot called " material " could be customized so that the only

legal valyes which c¢ould be.assigned éo it. would be those items

which had been already described, wighinﬁthefknow%edge base, as
materials. , T —
éustomized ;elat}ohs allQ{ frames to be connected to.each
other in a variety of ways. A Customized relation is Aescr%bed
by a frame contaiping all of the specification} relating to the
relation. For exa&ple the relation " adjacent " could‘be
3reqted. to describe structures in a building Athaff were
positioned next to each other. The fact that these parts are "’
adjacent " would mean thag they share some features such as a
certain space but not others such as materjals from which they

(,e

are composed. .S i

Customized facets revolve around the nature of the’
informqpfgn\reprqsented in a value of a slot. The ‘informatiocn

- A}

B < ' - .
can be passive pr active and if active it can be customized to

suit the particﬁlar needs. For example a facet cou}d-be created

v - . \

‘to implement load constraints on a structure so as to

Q

-automatically trigger a flag if the value of the load excee?s a g
certain critical amount. . _ .
@ (/ . © /
. ""»‘ ‘ 1 5"
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The structures, used in building models of expertise,
while referred to by unique terminology, have many common
features and“employ common priniciples, to a high degree.
This is especially true for the larger féame based or object-
attribute-value based systems. ’

It is inheritance more, than anything else which allows
the "direct construction of taxonomiés and hierarcgical
;tructdres. In addition, it allows for the‘ inter—leQeI
cohnection .between various taxonomies‘ which produéés a
représentational model of expertise.

\

Hybrid Structures:

o

« k]
L 4

Given that the two general knowledge representation
strategies have strengths and weaknesses which are highly
complementary, it 1is logical to expect that some sort of

combination of the two might have the benefits of both

combined in one. Such an attempt has been made several times.

and ,often, with significant success (eg. ART ang CENTAUR).

- In such systems, frames allow for full description of
objects which are rqferred to in- the rules. In addition, the

ability .of ' frames to incorporate hierarchical strucfures

" makes it bossible to structure the rules in such a way as to
> .

facilitate the accessing of appropriate rules. In other words °

ot

the systems can be set up in such a way so as to easily,

’

‘J& . ~



control which rules are brought into play at which stage (ie.
R v

under which conditions).

In such hybrid sysfems, the production rules may be
represented either in standard condition/action form or ;n’
the form qf frames. There are several advantaées té such

frame-rules:

‘. = the rules can be easily grouped into appropriate
classes ahnd sub-classes

~ the rules can be described more fully by means of

descriptive slots ‘ . \
4

- functions or constkaints can be ‘éttaiched to
particelar slots to act as checks or alarms
which indicate special problem: cases or
situations. &

4

LY

~ These features become more important as the number of

¢

production rules grow. Rule classification can greatly aid
in ,control of rule behéviour. Rules can be organized into a

iogical'organization based on their .-functionality.

1
"

The structures used in building models of exﬁertisé,
;while referred F%/ﬁy uni&ue terminology have many pommon
. features and employ common prihc%glesi to a high deg?ee. This
is especially .true for the }arge£ ﬁéamé based or object-
attribute-yalue ﬁased sistems. Lo |

Clearly, althougﬁ there are some expert system prof@cts

in which more'generél languages such gs LISP or PROLOG are

-«
~

" i . . s
. s .
- . 5
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.
still being considered as’ the language with which to build

[30}], commercial shells now ot/er a state of power and
flexibility which approaches . much more closely the

requirements to model ' real-life si"tu'ations ‘This ‘is
‘ v

especially true in the case of modelling design functions

where the semantic network capability becomes especially

crucial [31]). This, same, previously mént ioned. power and

-

flexibility of tdday's state-of~-the art shells is at the same

.time, an achilles heel because it involves factors related to s

the methodology of building and expert system. . v

¥ ' L.
2.2 Tools:. .

In this sub-section we shall br:-iefly discuss .some -
specific examples of expert knowledge tepresentation tools
encompassging the various methods dig sseé previdusly. As
these methods have already been discussed, we will focus. our

attention (in this‘®section) on thos\e aspects unique to each”

part"icular system, ™

LY .
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Knowledge-Craft was developed at the Carnegie Mellon

Institute. SRL (Schema Representation Language) is the purely

-

N

frame-based knowledge representation system which, with OPSS5,

constitutes the inferencing mec;anigm\of Knowledge-Craft. Of

. course, it has all of the feat®Fés that typify such systems

but, 4p ‘addition, it has the following\special features and

characteristics worth noting:

- frames are referred to as "schema"

- "the approach taken in SRL is that ali
relations -are slots through which information
. .can be transferred bi-directionally" (ie. if
frame "a" is described as is-a "letter"™ then
letter will be automatically. described 8s is-
a+inv "a" and vice-versa) '

- all~éffort was made to make SRL as user
' mdefinable™ as possible (ie. user can define
relations and associated inheritance), slots,

- facets and meta-values . .
N, \‘ .
-‘ . . .

- a slot can be assigned‘any value Lwitnin the
user defined constraints) where value can be -
any lisp expression ’ ‘

x
{

- any part of a schema may have meta-information
associated with it (it is said to be
"attached") in the form of a "meta-schema" (a
schema containing only meta informat‘) ' v

1 -+
-

33



v the entire store of knowledge is structured in '
a pierachical,tree’of" mini-databases" called
contexts. Every schema must be stored in a,
context.This hierarchy allows each context to
inherit from its parent context

-
H .
. .
. . -
.
. * '

. Relations. are represented as slots. An example, is sﬁz;:\\
below - S

&,

{{ dog

i

is—A: Mammél ¥} -

N -

®

Translatéd from SRL this*méans that'ﬁdog is a mammal".

This entitles dog to inherit all of the attributes (le. slots

and their- values) associated with mammal

4

Standard functions are suppIied by SRL to perform the

commonly required tasks. Some examples are:

*

schemac - standard function used to create,
'~ -schemata ' ‘

- 34
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i ’ - .
- .schemad = checks .to see if a particular schema

exists ‘

Y

*mschema~-p- returns the meta-schema “associated
, with the specified. schema if one
exists

-° mschemad - checks to see if a meta schema
' exists which.is associated with a
specified schema ' ‘

‘' slote - creates the specified slot in the
'specified schema

slot - 1lists all slots defined in the
’ ‘ specified schema

slotd - deletes a specified slot ‘from a
‘'  specified schema. T

.
. [) ] i S
Other functions provide various types of access to

— - L] 3 M ;)‘

slots,meta-schema,meta-slots,etc..,.. so as to allow vitually

any kind of scheﬁa man&pplation a user'migﬁt ;equire.

- . . 4

SRL stores all schemata in what is talléd "contexts".
"Each context is like a separate database in which schemata

are stored". The "context mechanism" ‘provided in SRL allows
. . [ N '

.' &\
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°

the user the means to separate the various schemata into
' »

various groups and/or sub- groups according to the users
spec;fications One of the key reasons in setting up such a

feature, ‘was to allow two unique schemata with the same name

to ex1st in two different contexts.

In addition, to the features described above SRL offers
DB. "DB is \ multi ~-process database system especially
designed for SRL". Use of this daaébale'for storage and
recall  of schemata also greatly facilitates’work for the

\‘
user.

£ . .
OPSS, while perhaos not a totally rule-based system, (it

My

does wuse attribute describing data-structures resembling
prim;t;ve frames), is certainly prototypical of them It {s

typical of the rule-based systems previously’ ﬂiscussed and

has"the follpwing noteworthy points:

- it is strictly a forward chaining system .
R \ ' ) T 9
- it employs the concept of a "worﬁQes memory" in ‘
which all facts are stored so as be readily
accessiblg for matching with the rules '
* - it offers a varlety of c nflict 4@solution
strategies depending upon the needs of the user
oo
- it makes 6arﬁous logical operators available
‘for use in conditional statements .

1
~ . A .

‘\

e . <
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- lisp functions can be called from OPS5
o _’ “
- A recent updategof OPS5 called OPS83, which
greatly facilitates procedural calls, is now !
available.

¢
\-
%, . N - N

Despite the fact that OPS5 is one of the oldest rule-

‘ based shells still in use, it is still selected as the tool

of choice for many sophisticated contemporary projects [18].

a
- v
.
.

” \ 4

v ¢

'KEE, the Knowledge Engineering Environment, was
developed by Intellicorp Inc (originally Intelligenetics) in
1983 [19]. The "Knowledge Engineering Environment" (KEE) is a
hybrid system. It has most of the features which characterize
large frame-based sheils; Its feétnres especiaiix worth

noting are

k3

- there are properties associated with each slot

called facets, which permit the user to' specify

the constrnints to which a slot is subject to

both in terms of the number of values a slot

- - can have and the type of values they must be€.

CardinalityMin and CardinalityMax specify the

minimum.and maximum number of values a slot is

peqnitted to have.ValueClass specifies the
"class which a -slot value must belong to

- ) L,



- there are two methods available to implement
procedural attachment (usually LISP); "methods®
and "active values", each being appropriate for
somewhat different needs .

- frames are used to represent procedural rules
thgmsé;ves

)

. ART (Automated keasoning.Tool), is \a system produced by

¥ . .
Inference Corporation. It is neither a rule nor frame based

system but a combination of both. 'The - key features are as
follows : N . ' %

L]

- the-data structures are schemata, "facts"-and

-
L

"rules"

- aside from standard rules, there'af§>épecial
' hypotheticdl", T"constraint" and "belief"
rules (see below) 7 '

L

B Ao
ateg . o L

~ it provides “mechanisms for imblementing both
forward and backward chaining ‘

- it'pro&ides the "viewpoint mechanism" which
allows the user to consider’various alternative
models

* R

- it provides the feature of "inheritance" (as in
" SRL) .



In ART,/‘Wfacts" are used to represent general

. "background knowledge”. Each "fact" qonsists of "two parts:

AN
Ly

* Proposition - the specific piece of knowledge
itself such as "the car is red"

.
[
- M b

Extent - this is all and “any specifie

circumstances related to ' the
'bropositio A typical extent of the d
N ' above mentioned proposition might be;

"at this specific time". .

In ART, schema are frames in which the slots are filled.v
° N

’by facts, and the "schema type" repregent a class of

objects that share certain .characteristics which makes ART

very conducive to hierarchies and taxonomies.

b

-

. : oo i ; X / .
e ....The "Viewpoint Mechanism" involves the methosd in which&//«

ART represents the particular "view of the world" in a glvgn

state. It allows the user to _trace a changing scenario. As

mentioned previously,this feature allows the_user to propose

s
‘

various "hypothetical models., Basically,- it involves

" .
conjecture, whereby the outcomes result from two or more
B ~ 1

39( o
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e

possible paths from which ‘one has to be chosen. ART v;ill
Idetermine, as much asg its knowledge allows, the; outcomes of
the various routes, noting which pathg lead to dead end,s.:
This'is achieved by producing a treelike-structure of

.connected "viewpoints" each one ::epresen_ting the situation

* . L\ :

s after a hypothetical step. Such a strategy allows for

inheritance, when required. -’ - .

Ir'd

| ’
’ Rule Base: v
~~_‘_‘_‘____,__-—-—-—*—,"
i

The rules representing the "procedural information® (ie.
the eicper'; aecision-xﬂa;cing strategy) ar'e' kept in a collection |
_k’hown as_;-:t rule };a‘se. Eac;\tx rule taks,s the basic (if/then)
form described previously. As mentio“ned‘ before, in adc‘liton‘ to
standard zrules c;;f— expert:'lsie there are two other kinds of
- rules possib'le in ART. They are; "h&gothetical rules" and

- "pelief rules". N

g ‘ 1
A hypothetical rule As similar in syntax to the '
preyiously described If/Then rule, the difference being that /A
" its action "is one of hypothesizing éomethh‘ug: 'Such a rule can
"be very wuseful in_ checking for danger by associating .

A1 t
R
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conditions of malfunctions with all possible inte.:r:pretatiéns

and checking for leadé/to the possibility of serious danger../

P , .

uaser~ to specify noh-permissible
situations. It/ matches unacceptable situations to actions

specifying abandonin

a plan"). » ' ' N
W - ~
‘, .
- ' - ~ ,;'/ *"
Inplementing . Constraints -in Azt @ -
\“ . 7-.—

' As previously mentioned, in addition to the standard

-

. features of hybrid knowledge-based systems, ART has a
specific feature which when combined W#ith some of the
aforementioned- featu:;es is well suited to implementing

constraints., This feature is the ap"ility to create what are
N 5 . ° .

called "Constraint Rules". . e

.
‘e U

Constraint rules can best be understood in relation to

[~}

F0

the strategy of/'viewpoints which were previously described. _

-

These "viewpoints". represent possiblé states that would
. “ / '\§ -
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result from a certain series of events. Constraint rules act

as a check on these viewpoints so that if, and when, a

viewpoint-fie. state) is reached in which.some constraint is

violated, then theé entire hypothetical path leadiﬁgﬂag to

that situation is discarded and the nexﬁ alternative path (if.

\‘,\‘

an§ remain) can be considered. In the terminology of ART, the

viewpoint is said to be "poisoned". - '

)
¢

e

For the sake of an example, we consider a constraint,
~ ) ‘

"which %ays (in english)” that the total cost 6f the system

must nos exceed $20,000.00 . ’ -

5, -
B Vi
Syntactically the rule would look like the following

L

e
If (cost of system > $20, OOO 00 )

then (POISON the plan )) y 7

7

This is shown below as a somewhat more formally defined

ART rule involvingﬂﬁge poison command.

- el
-

e Vd
4

( Defrule Cost—linit "Keep cost under $20, 000“'
(system—cost > $20,000)

~

)(Poison “cbst > $2o,ood) ) 7

,

kS ' ) ) . . : I
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In this rule, ‘the part in do:?e quotes is merely a
e

descriptive comment. Cost-limit is name of the rule and’ .

-

Defrule is a standard art function to define a rule. However,

Va
ART makes available a special purpose function called
DefContradiction for defining constraint rules. It is used

beldw to more easily create our example ¢onstraint rule.

(DefContradiction Cost-limit "Keep cost under $20,000"

(system-cost > $20,000)) i
/ 7 e

~

Now, assuming that the cost of the system conjectured is
stored in some schema named "system"™ ifi a slot named "cost"

. the rule would then become:

-

(DefCohtra}diction Cost—‘limit "IﬁeEp cost of system < $20,000")
. (Schema System (Cost $20,009)).

A

An exampleée of a more, complex and possibly more relevant

rule is a case in which t;hél loads on a b/eam must not be

allowed to exceed a certain limit. Such a rule might 1look
' Y

something’ like this

L]

(DefContradiction Total-Beam-Load "Keep load Below legal
limit")

(Schema Load A < 1000)

;- o oo
{Schema Load B < 70))



v

Belief Rule:

-

-

L

3

Y

.~ Finally, ART allows %ules that are associated with
rd a .

~

certain hypothetical viewpoints. They specify é condition

wh¥ch, when fulfilled, confirm that the viewpoint should be

accepted. This is a cruicial feature of ART because when a .

viewpoint is believed the entire_ structure of. viewpoints

/
incompatible viewpoints are discarded.

)

becomes "restructured” to reflect the new reality and all

»

<

In addfition to all the ?eatures described above, ART

’also offers interface package to facilitate the user's work.

The package is called STUDIO anh,'ib briefly summarize,it

aids in they creation, maintenance and detetion of schemata,

rules, facts, goals and viewpdints as well as debugging and

monitoring of tesfﬁéystems. In. addition a package called

ARTIST -allows the user to create his

interfacing capabilities if required.

e
)

~

-~

own: customized

L4



The development of an Expert System, even a proto%ype,
is normally a complex task which involees a team, with one
member being the so-called domain expert, a speolalist in
the particular fieid of interest.

\

The second membe.r‘ of the team 1is the knowledg{\

engineer, a specialist in tns use of knowledge’ based syste‘ms.

and the 'tools‘ used to build them [14]. y
© - h -
Qenzentignel_Ann:Qagh : > '
- . .
R o .

8 -
o b4

v .

The increasing number of eommercially availablel shells
hbave, in. some cases, tended to give the impression that the

_developmer;t of an expert system is now a relatively routine

and straightforward process. However, the domalr% experts
usually find the procedure much more difficult ‘and'time—'

consuming than expecdted. o '“.'

-

The conventional approach o the deyelopmeﬁt of a

*

knowledge-based system 'centers ., around the trans?er of

e

knowledge and expertise from the domain expert to the
knowledqe ‘engineer. It is this transfer wh%ch represents the :
mgj.ez_.b_a_t_tlm in the building of expert' systems [6].

" The most expensive task in the development of an’
expert system .'LS generally that of formaliz:.ng the expert

knowledge'. Typically, an expert system may take several man=

' ' e . N , . "\',,1.
- - - 45 . /‘_ p L
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\

. . o .
years to develop. The simplest method of teaching an expert -
system what the expert knows is to, "literally spell it.out",

in the form of production rules ... " [27]. .
£
At the initialization of a projeét the two team members

k4

will engage in a set of preliminary meetings in order for the

knowledge engineer to obtain a grasp of the basic concepts

invol&gﬁ.xThege are followed -by an extended periecd oj/time

_{usually several months or. years) in which de ailed

information (ie. knowleége{ is explained to the knowledge
engineen 5y the domain expert. Once the knowledge endineer
has obtained enough gﬁow how, he may bégin to transfer the
knowledge into the form of knowledgé’ representation
'structures. Evenfuglly~@nough knowledge will.be transferred
t& for@ a bagic’frapew6rk for the expert system.
Such,abfquewé¥k is generally only a first step'towards
the déve;opm@nt gf-a fruly“realistig and useful knowledge
base. In the case of large systems, sevgral more months .or
even yeérg of such transfer gf expertise may, be required
followed by continual uﬁdaﬁiné of the knowlelge paé%; .7

\

- 4
3



Alternate Approach : ‘ p
An alternate approach .to the standard described abowe

involves an'emphasis on training the domain expert in the use
of the required tools and, once a thorongh mn&erstanding has
been obtained, to alloh this same expent to -perform the
knowledge‘engineering himself,

+Typical training programs' consist of two _t;eining
sessions, each a week long. Thé‘fifst'one is a mpre general
introqnctory ooutse and the .second much,more‘focused end
specific. These training-sessions arelprefented as a crgph
course—in the basics  of knowledye engineering p;%gqlples
sufficient to make prelimihary design decisions towards the
development of expert syste;s.
' Follohing this, trdinees “are - sent back to their
companies with the,reassuzance'of hotline technical support4
and service so as£to insure”the proper design and development
of the expert system.

It is in the implementation of this policy that the

high degree of complexity and sophistication of the latest
. \ .
'lAlthough this approach seems workable; in reality, the

shells becomes an achilles heel.

LN - N .
time. required - for a domain expert ,to obtain a true
understandlng of the concepts and methods of implementations "

involved in knowledge- engineering‘ is much greater than two

47 .
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0 /—1
i weeks. In other woxds, the training .0of a novice presents a

o

b_g_:_t}m Jjust ‘as formidable as does the transfer of

expertise, and it is these bottlenecks which have presented

-

a widespread indus?rial acqepfance of expért system
strétegy up £o this point. g

An additional problem involves the reéent ogservations,
by mdﬁy users, that due to thg dynamic nature of real—lffe
knowledge,‘an expért systemican be usef&i only if,lt\allows

for easy and convenient ongoing modification py the domain
expert {32, 35] .

Sinceh over an extended period of:time,%%t is }ikely
that more than one domafn expeft will be involved  with the
maintenanée and upgrading of a knowledge base, the constraint

described above translates into the requi;ement that a _novice
abase with little or no

a

Attempts to "address this problem'have led to various

attempts to design Jautomated knowledge acquisition" systems

such as; TEIRESIAS, \MORE[33] and MOCE[34]. At the time oOf

<

4 R
this. working, however, all such attempts have lacked any
substantial degree of real knowledge engineerirg qapabilit&

\n

(see section 3,2). »

NEW APPROACH : , _ ‘
One of the key apects of the Escher project is the use

of a novel strategy of implemen;ation of the transfer of

48’



\

expertise.. The solution to the bottleneck of knowledge
acquisition was found in the form of a hfbrid approach..”On.

the one hand, the transfer ‘of experfise involved was

Cu

W oy

extremely minimal because most of the domain knowledge was

entered directly by the domain expert. On the other hand, the

" training effort was also kepﬁréo a minimum by the uée of a

%font-end system which guided the AOmain expert'every step of
the way, performing on ‘'his behalf all of t’ile' reci-uired
iﬁplemen&atioﬁal.checks and opérations. Th§§ is of extreme
ﬁignificance-when,dealing with an initial prototype that is
merely représeﬂtative of a much larger aﬁount of knowledge to.
follow. With this Epproach, more knowledge can be added and;
éxisting knowledge modified gy the domain exﬁerﬁ himself as
he sees fit. | '

This front+end system is called ESCHER {Expertise,

Structure, Class and Hierarchy Engineering Resource) .

- .
)
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It is extéemely impogtapt, at the start of a review Qf
inferfaces, to outline some distipctions between the two
concépts of interfaces related to shéi;s. |

Firstly, ﬁher%,is the distinctiocn between the developer-
interface and user-interface. Not only are thesest&o to be
used by different individuals,lbut tngy are meant to be used
in a aifferent manner and for a completely different purpose..

Deﬁelopmept interfaces actfas‘an aid in the building up
of‘and the maintaigipé of a kﬁowledge-base. That is, to say,
the adding of new kﬂbwledge and deletion of erroneous or
obscolete knowledge. In addition, it  may also support
debugging fiacilities.

/

An end-user interface, on the other hand, is designed as

3
* ~

a mechanism for maintenance of the data base of'facts related
to the individual case being studied an? serve§ to allow no
direct access to the inowledqe'base. It is simply a means 6fj'
displaying pertinent questions, receiving the user-supp,l%%dr

¢

responses _and perhaps displaying explanatiohs of the
reasoping béhiﬂa the questions that it—;as,posed; |

Asy the functionality of RKscher is focused on the
manipul;tion of the knowledge b;ge, it ishEhe development

interface that shall belthe focuslof this section.

! 51
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Seéoﬁdly, one must 'distinguish beEweep the two goals,
. .
either one or foth of which may be associated with the

developer-interface.

The first goal, the more feasible and:implementable of

r

the two, is that of making available,. gn the level of

primﬂ@lve structures, any infdrmatidn desired and allowing

manipulation of these same primitive structures.

- The second, more ambitious goal, which

¥

hay be associated
with the interface, involves‘phe higher level knowledge
acquisition process. , The key difference, associated with

this process, is éhat_it involves some key decisions being

[

made by the systém and transparent to the -user in regards

‘to the 'translation of aptual'knowledge into a collection of

/

knowledge represeﬁtat}on structures. )
It is(important to clarify'which goals are addressed in

)

the case of each interface since .the approaches to the deésign

of it will be greatly determined by this. \

N .

In the 'case of Escher, NO__automated knowledge -
acquisition was intended, and it was the goal of primitive

A

structure management , pure and simple, which was addressed.

rd

Interfacés, at least those‘in relation to knowledée

engineering, tend to fall into two general classes; Graphical

-

and explanatory. ° ' - . '

7.

The concept of interfaces to frame-based shells stems

e

iniﬁiall& from the desire and ,later on, the industrial

?
°
—
(?
A
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necessity to enhance' these complex tools with a greater
- N - \

degree of user-friendliness.
' I i

The need for such dn interface was recoghized from the
start. Folldwiﬁg the. development of MYCIN it was discovered
that a user~friendly interface to ‘the knowledge-base was

* required to allow the constant maintenance and upgrading of

3

it. It was on this basis that one of the firsﬁ interfaces, a
system called ‘TEIRESIAS was built [1}, [6] (which is

‘ discussed below). Its function revolved around providing an

AY

'

english type of translation of the rules it was actﬁ%lly
C e

usiﬁg. Such a translation was referred to as an explanation.

‘The ﬁore recent high—powered-knowledge-bééé‘development.
tools all boast of the user-friendliness of their knohledge
' basg interfaces, in some cases, going so far as,to.élaim full'
natural language‘capability. Of course, as might be expected,
the products deliver gar less and problems ensue from that
point 6n\\3he user—friendiiness, it often turns out, usually

i

relapes more fo the/sophisticatéd séreepugraphics and’ text
editiné:fécilities rather than any real knowledge engineering
automation. 1In other'worq51 the interface improvements havé
been ig the manner of inputting thegtext rather than .in the
knowledge eﬁgineering itself. |

Other systems, albeit smaller ones, boast a facility for
inputting expertise which is independent of any syntax 171.
Su;h systems (such as TIMM , RULEMASTER , etc .. ) have
inegitably invoived the replacement of such syntax with SOmL

N



s

Y /. . !
variation of table building facilities which, in tﬁe end,
égain, amount to text inpum‘assistance but leave ‘the user to

\ l

his own means insofar as the knowledga\onginearing‘itself
is concerned. : W |
\Other, more recent, attempts revolve around the building”

of rule-baseh systems that will be capable o self-

modification (ie. a system that will add rules’ to|its own

W

knowledge base) [15].

A_substantial amount of work has also been done in the

area of interface but‘with more limited degree of success.

-

1

"Early attempts at user interfaces, for the most part,
revolved around some sort of énglish-type of version of the
rules present in the ' knowledge base, TEIRESIAS being a

typical example ([1], [6]. ¢ B

- /-’ ‘ v

Other, smaller systems boast- a facility for inputting
expertise which is independent of any syntax. Such systems

have inevitably involved the replacement of ,such syntax with

" some variation of table building facilities which, in the

end,” again amount ‘o text input aid but leave the user to his

own méans insofar as the knowledge engineering itself is
: o \

‘concerned. -

\ ~ b ..
“ - -

1

Sincé Teiresias, the functionality of which, is};hown,'

. £ . .
below in Fig. 3.1, was developed as an interface to EMYCIN,
. N - AY

7
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it dealt with only one kind of knowledge structure,

rules an example @f which is shown below in Fig:3.2.
. ~

4

% : 4
4 .
\(”’—, )
k]
, -
' £
-
3
\ . \ - o7 7 ¥ I
. .
.
.
J4 '
»
¥
- = ("
»
[y
R Y
o
_ ’
')’
- >
’
. B
. ' .
L
-
1)
p) . »
,/"
’ 2
%
:
- p
‘ ~
‘ ;
7
N
-
%
] R
4
//-‘ s

"
3
;



- -
- v
3
. . . P .
e ‘
- ¢ _\.
. .
- > -
. N
N e /
‘ —— 4
. ~
.
.
. .
.
’ f
P .
A
1/
~— I

. L _ .
e - le—a
; ' expert +——> ‘].‘.i:.a.‘i.ls < —> E’SXGIN
] o ‘
;f’ . -
7 -
) " Fig.3.1u Schematic of Teiresias Function#lity
\‘ , / \ . . . ~
// -
3 P . p -
4 ’ ss
’ // ! - - .
1 . ’
e wo .
. - ' .
L - ,’J
l 1
| (
- * . * ~
: - /




1

RULE 050

If .

(i) the infection is primary-bacteremia, and

2) the site of the culture 1s one of the
sterile . sites,

aqd
3).the suspected portal of entry of  the
oréanism is the gastro-intestinal tract,

~
!

Then there is suggestive evidence'(.i) that the
identity of the organism is bacteroides

PREMISE

($AND (SAME CNTXT INFECT PRIMARY-

BACTERMIA)

-

(MEMBE CNTYT SITE STERILESITES)

¢

(CONCLUDE CNT%I IDENT BACTEROIDES TALL. 7)

- r~

s 7 C

Fig.3.2° A MYCIN rule
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. developer but not to derive new knowledge on its own.

N,
3

The goal of Teiresias, as previously mentioned, was to
&

facilitate the interaction between the domain expert and the
L] 1] ’ [} *
Emycin. Such an interaction involved its use as'gbth an end-

user and development .interfacg, Hnd was intended as a means

3

with which to automate the knowledge acquisition and

knowledge engineering process, that is to say, to automate an

Winteractive transfer of expertise". It is ihportant to note

\that TEIRESIAS was designed to accept new knowledge from a

>

What Te%resias ended up as was ,at least, in so far as -

i -

the development interface was concerned, a sophisticated

rule editor along with an associated debugger( at least by

7

today's standards). )

&
»

It alloyed the démain expert to state rules in a pseudo-

’

english form. Such rules were” then checked by the system to

sgreen out certain conflicts on inconsistencies.

-

R
«New knowledge was added in the form of rules., Test

runs, with traces, allowed a developer to search out at what

T @
~ .

points the expert system was making erroneous decisions, and

allowed for addition, deletion or modifications of those

rules, as required. : .

-, . . VP
Certainly, there was a usgr—transparent back-end part to 4.»

Teiresias which was respon51b1e for "modeling" the expertise'.

ol 2

and updating it:as the nééd arose and, no doubt, this was a @

great aid in helping to structure theérules. However, the

AY R . . i . . 3

E]



oevelopment Qf customlzed data types. v s ’ e e

\ ' . A Q

»

‘influence of this tb the overall user-friendliness of the

<
Ly

systeli could be argued both for and against . '
n

L}

e fi alianalysis, it yaspetill left largely up to
the developer to break the _‘e'xpertise upkid‘nto chunks and form
them into rulea, and it is this process which, to this day,
remains largely a manual and human, onex 4 d )

“.In addition; such a strategy greatly . fac:.lltates the

.

5

L e i
Some key, concI'ﬁsions that_ were made gart of he

Teiresias group are very noteworthy and have a befrn.ng gn the
/‘
‘.
functionality of Escher' w ©
1 - In order to facilitate ;théautomation “of
knowledge engineering acquisitior} it is of
great use to' supply -the systgm with ‘some
3 \ A ]
‘ concepts, even primitive ones, in/regards to
the knowledge representatior:i structur'es which

) are being used. . . . .

2 - 'I:he ‘use qf @ higher- lev'el 'oonceptual
representation of the various structures used,
wherein each structure s an extension of the
uniform conceptual - structure allows for a -
c,learer and more compact and maintainab e
control’ mechanisﬁ\: (Note that such an approach
- is used, at least to some degree, by most of
"the large fiame-based systems, .and in the case :
of knowledge-—craft, is used to a high degree)

-t

L)



Y &

L In addition, .such a strategy greatly facilitates the.

R - development of customized data types. ” 4 "t\

3

o o

Teiresias was eventually incorporated and updated to

become part of the package known as Sf&. (marketed by the

‘o Teknowledge Corporation), and while the package as @ whole {s
oo " touted as one of the most user friendly of the large frame-
7 based shells. Yet, even after " more that .25 years of

improvements, developers without an appropriate background

- and training require careful guiding and training every step

— «

' “ " of the way, in the development of industrial scale knowledge
®»  bases. PR L .
. . . : LI
. . R L ’
v M . s “ .
AV “ o |
e ‘ In évaluating one of the more contempary shells, the

\'_ Automatic Bgasoning Tool, we find the basic strategy and

R . structure surpr131ngly Similar to that of the previgusly
B : ’
. discussed Teiresias The structure is shown below in Fig 3.3
‘6 &
= .+ Once again, the _same 3 components come up.

*—« : . . . 4 _‘{, <
= " : .\ . . " L . {‘ .
' ' 1) Facility for editing the knowledge .
» ~.”representation struttures -
-~ Ad‘ - t
2) Debugging facilities ‘
' : —
o 3) End-user interface déﬂelopment tool
)
}60 v LN,
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.As before, the editing and debugging facil;ties

constitute the mechanisms for knowledge transfer. 1In this

Ll - -

case the structures involved are more varied (rules, frames,

)

L'

~"etc...) and the graphics mechanisms much more éophisticated,
LS

incorporating menus and mouse capabilities. However, it is
still the responsibility of thexdevelopéf to deal with the

. "knowledge directly in a- premature structure level and deal

with the management of the knowledge base at th;s,levelﬂ .

s ’

*

»°
1
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. Studio

" an Interface for
examining and altering
facts,schemata,rules,
goals and viewpoints

changes can be
Incrementally
compiled and *

interactively tested

( _Execution
Monitor

2 fns.

1- allows trace
operation,break-
points etc..

2 -serves as
interface to end
user incl. windows,

~ menus, etc..

]

!

L]

62

ART Image Synthesis
Tool ‘

- sllows users to
develop graphic

displays that are °

representations of
certain Information

in the data base
A

{

o

Fig. 8.3 -'Schematic of Art Studio Interface
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3.4 ESCHER -t
-
.

‘ 8 N

3

As' a reésult of the analysis of past and ‘present”

‘”knowledgé acquisition aids, the focus of Escher as an

interface was strictly to facilitate the managémeﬂt of . the

khowledge base by the developer, on the level of briﬁitive
structures, essentially, frames, slots and .values. How this

-~

was achieved is outlined in detail, in the following section.

cr
5
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.
- .
4.1 ESCHER: N
. . .
N,

The functionality behind ESCHER (Expert}se Structure
Class and Hierarchy’Engineeriné Resource) is that it has‘three

responsabilities:

'1 -’to display availablefactions in 'a menu driven
form, thereby, avoiding the s&ntactical
restraints which normaily accompany the initial‘
use of a la;ge system (such as Knowledge~craft)

2¥-to perform various types of .procedural and™
domain constraint checks on all specified
actions

—

- - B .= - ~ . - .

3 - té‘pe:fonn " bookkeeping and. house cleaniné
functions transparent to the user (ie. such
things as préparing and setting up files for

display- or printing,'transferféng all garbagé*
frames to a junk file,etc..)

n

The concept of ESCHER {Expertise Structure Class and
Hierarchy Engineering Resource) . was to- make available to the
domain gxpert‘some means. of directiy inputting, to the
knowledge base, some of his/hﬁr expertise. Furthermare, this
facility must operate én the assumption that the'user has
little or no expefience or specialized field of knowledge
engiheering. ' ) ’

What is, therefore, required is some system'in which the

mechanism and fac;ors involved in the building of various

»

. 65
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. Ny

AN

types of knpwledge struci:ures. (including the bu‘ilding of
various types of connéctions between them)/ is implicitly
'encoded. What this effécéively’pranslates to~i§ that Escher,
itself, 1is .a type of expert systrem in the building -of
knowledge b;ses. This removes from the domain expert much of.

the overhead in the transfer of expertise to the computer.

> - e TR A

A o

For the purposesﬂof designing, building and tésting
ESCHER, the schema—basec; system of }(nowledge-Craft running on
a Vax-8650. Super mini on V.M.S. with 44 Megs of R.A.M. was>
uéed. ‘ - ‘ ) -
9 Knlowle1dge-craft,is a knowledge engineering (environment '
L' which offers two ‘structure types td represent knowiedg‘e.

These structures are, the previously discussed,  rules" and

‘schemata. .

»

' 4
A T 4

Fig 4.1 below illustrates that the basic architecture of

ESCHER consisting of three parts: z

1
x 5

[ * - { TN

- the users interface ' \

t

- the model builder

66
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'

" Shell Interface

s \
ESCHER
-
. User
'Mod_el Builder ,‘"’ Interface

4

A3

.
‘ I
‘ililili SR

fig. 4.1 Overview of ESCHER

L I




i

The part consists of modulés which are responsable for
/ .

the controlling of and communication with the user. This

means handling of all parts of the screen%land windows as

well.as the-mechanisms for allowing the user to input’ command

requests. N . . ' ' ' -~
« N
—-{“ i ("

This part‘is responsable for all interaction with the
shell.. This interaction takes placé transparent to the user

" and basically serves as a driver specific to the shell -

N

Model Builder:
q\ ] . N Al /w \‘
h vl. v -
:!';
.

“This is the. most complex part of Escher and contains all

-

o: the modules involved in the adtual creation. and

maintenance of the frames in the knowledge base

-

W ' . ‘ ‘ ‘

4 s ‘ 8 .
The user }nterface,,(ie the interface to the user of

Escherf not to be confused with the interface to the user of
e . - '
the final expert system discussed on page 49), has two

A J 5 .

69 A ' .
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respohsibilities. The first is controllihg the means of

display of information,which includes the breaking up of the
screen into various parts and the control of each part.

The second is relaying the action requests from the user
to the model buil® Once a proper menu selection has been
made, the prober checks are implemented and if no problems
are found the action is then implemented. . -

3 Thé(architectufé of the interface consists of two

distinct modules. B ] ;
1) Graphics » involves the control of the physical
display of information, design and

management of several screens,

o highlighlighting, menu control,

etc‘ . 7 » -~

v . rd

é)Usgr—Esbher-Communication - the acéual mechanism
‘ by which * Escher
allows the user to
specify the action
. ‘requested y . -

, @ . ,
' , . o

. Screen-Display - There are 4 seﬁarate screens in the Escher

User Intertace (ie the screen is divided up into 4 parts) .
! - I'd
These argé, as shown below in fig. 4.2 . - ‘

n . -

header - this screen sits at the top of ‘the

interface and displays a descripéion of

70 o



the 4information which is displayed

4 . cor;currently in the information screen :
info - this screen contairfs the displ'ay of-
currently relevant information (ie.
information related to the latest ac(ion

requested by the user/)/

status - this 4information _displays the current

‘ status of the system (ie. What command it

;Ls performing or what part of the command

has already been enEered,as well as what

information ,the system 'r‘equires next)

3

« ™
command — this " screen displays the various menus’
-~ " available to allow the user to_specify
the the aypropriate command ™
- ’ Y
4 / -
o
-~
>
: e
. A
., / 2
- "f
) e
7 - @
. N "~ ! e
P _ e
4
Ve 7 i s
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The communication between.the user and Escher invofives a

' "~ .
. . ' ) i v L A ¢ .
- series of menus and questions‘presented to the user to allow

. &
- ‘ > . ~

”speﬁify commands . ‘The menus and questions are all

¢« the us

. fmesented n the cmd screen .of fhe interfare. The’ actual \
’contents of the commands are- based upon the syntaxu..of

(-4 . -
commands ip Escher (see secticn 4.3.6. 5.2). £ A

. Some’ sample *menus are shown beIow to display the

~

/straightforward manner in which . user requests ean be

‘ communicated with a minimum of confusion. - N
- - .
Pig.4.3, .below, shows the command screen laydut. Each

, e

¢
command s associated with a key letter or letters (which
A'L ‘must be entered to implement the command) whfch are

A\
highlighted on the screen in front of the appropriate command

’ v «

' 7
. (ie. "B" for build, "DE" er destroy,_etc ..). There is a

3 ]
+ 4 ' N . , . . ,
Sbace avail\h&e (contained in between the square brackets on

- v

.. the bottom line) ggr default values, should any exist._ o

\ , . As shown, the status part1pf the screen ﬁnll dlSplaYp as -

?‘ shown, nothini in the command part of the screen since no

L\ g , L

‘ parn ‘of the cohmand has .yet been lS ued, and show the status

as "ayaiting action selection"p 1ndicating it is awaiting the

¢ - i

w .selection of o&eeoffthe actionsvshown in the menu.. - -
“* . - ‘ . $ . v
‘ Y SN o . ) .
\ fu 0 . Y’ - I} . \
) p x T A
% * ) .
¢ - 673 : N .
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A

s 2

will grdcess the se

’
.

)

D

Once a }égitimate selection has 'beed ‘made,' the system

lection énd @ake available the next

®

screen. Should an inappropriate choice be made, the system

will indicate the error with a message as shown below/in Fig,

4.4 and redisﬁléy the available:choices.

e

“ "
. )
. o
o ~
. !
Pant & .
‘
A
7
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-
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: ~p .
CMD -| STATUS -
) ) | awaiting action selection
5 ) ‘ 4
B- puild DE - destroy' D - display C - copy
U~ update Q ; quit P" - pript R - ~repea1:_ AB - ‘abc;rt I
. .
O "% . '
N % .
. Fig. 4.3 - Command Menu Screen ,



— ¢ .
* V
( —
{
!
(
' w
. 2
A
, \ 3
~
A
oD | * | STATUS

t

=, awaiting action selection

SORRY no such option - try again

B- build DE - destroy D =~ displ;ay C - copy

)

-

U - update Q - quit Pp - priht R =~ repeat AB - abort

-

Ca Y o
, \ -
. .‘ “\.Fig. 4.4 Comm,and Error Scréen Layout
‘ K
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, Fig.i4.5 shows the Structure Menu Screen, ‘in which each -

conceivable structure that .a user might require manipulation

e

of, 1s available ,in the menu. Aéain, as.with the command

menu. each has an associated highlighted letter which

- indicates the key or keys to be used in indicating the

desired structure. Also, as with the command menu, a space is
available to'display‘the default. ° v
The "status, at this point, is indicated by the CMD

screen showing that a " BUILD " command has been entered and

T

'shows the status as " awaiting structureiselebtion " (le.

4

what type of structure is to be built).
Fig. 4.6 shows the screen format for entering a
specification. In this case the name of a frame to be

accessed, .created, etc.. . Should a default specification

.exist ‘it would appear allowing the user the coﬁvenient,opﬁion

of skipping over the input by means(éf a:carriqge return.
- - ‘ﬂ’
The TMD screen shows the command "BUILD the -FRAME " and
shows the status is " 'awaiting specifications" clearly

indicating to the user that the system is awaiting

. specification of the frame to be built.

1

Once all of the specifications have been completed the

status screen, will indicate " command entry;cdhplete " and,

. o A
the command implementation will be attempted. : .

-~ ‘ - .

. .
A =i
.
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. &

BUILD the FRAME /

awaiting specifications®

What is the frame ? .. s

.l [ 1R

~ l . N
4 I -
| .Fig. 4.6 - Request For Specification .
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For certain commands an option menu will apﬁéaf. For
example, in thé case of displaying the contents of a fraﬁe

collection, the option menu shown below in fig. 4.8 'will be

‘- displayed, wi;h“thg previously described highlighting, status

(
and default space.

Displaving Information :

x
When it is necessary for some dinformation’' to bé
displayed on the screen, as a direct .or indirect result of a
command, both thé’header'and info screen are used. An exa@ple:
° * .

is shown in Fig. 4.7 below, wherein the frame CANADA is
shown. The‘header's?reen displays the contents - on the info

screen, namely the frame CANADA and the élots, and their
as8ociated values are\displayed on the info screen. Limits on
the Space‘available limit the infé;mation on the info screen
to six lines at a time. As shown in Fig. 4.7, the user can

prompt for the next six lines via a carriage return or 'abort

the display by entering an S.

o

A4
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BRANCH-~ :
OR~

TROOM
VENT ILATION-AIR
SUPPLY-AIR

PRE-HEATING-TEMPERATURE

.
- }

.

DISPLAY
the FRAME COLLECTION

| STATUS
I
I

\

command entry complete

press return to continue
enter s to stop [

Y

\

81 .

'



4 / “.

S N © , \
M . ' '
” .
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EEEPEI.’;:ME COLLECTION } awaiting'option selection
' JF\ - frames '
. F\*'frames and slots
. F 8W- frames, slots and values
N Q- quit - .
‘ A B- abort - .
, : ]
¢ 8 - |
~ - "‘ . N “
- - { )
Fig. 4.8 - Sample Option Menu
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* This part of Escher is of course where sh&11 specific

}

calls are made. Generic struqtgre commands/é}e_translated

into the shell appropriate function calls.
. . l

{

. .
3, E

y . \

P

*
.
.
~
W

The shell interface consists of 4 blsic modulés

-

A a T
- frame collection o2 . . '
- . frame Lo . ’ a
- . slot . D T 8
- value - ¢
' ‘ . 1/‘7
' : . -
. ‘ /

Each module is responsible for operations performed orn the

four basic structural units. Fig. 4.9, below, quplipes the

archi?ecture of shell interface.

S
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Fig. 4.10, below,rshows the basic structure of the Model

4

. Builder. It consists of 3 basic modules:
. - generic interface
- - library

<, - operating system driver

This module contains a library ot rou;ines -used

’

frequentlj’throughout the genericflnterfaCe.' Most,:but not

all, of these routines involve some 5creen manipulation or

Jmore general i/o facility. The main reasen‘for—the library—is~—-

[N

.to avoid the unneeded repetition of frequently used, }airly

' standard llsp code.

The purpose of the library is to support the routine in

‘the generic interface.

s

« ' . - -

- This,module.serves,to support~§he-libra§y module, much

*

the same as, the lib&ary serves to 'support the generlc

;nterﬁace. The routines in this module are used to supply

v

'~

— o ‘ | 85
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the calls specific to the operating system in use. The

iy . 8‘ AN
- majority of the commands exist to support screen and file
: . )
- ~ handling functions. . - »
s - , .
P * . o
: l . . . ° / .
. ) ,
'This module implemerts the control of knowledge-~
structure manipulation at all levels, (ie. knowledge-base,
v Pz . . M i - )
’ frame—col}ection, etc...). v
7 4 P ~ B v
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Fig. 4.11 below shows a detailed schematic of the g.i.

{generic interface). It basically consists of 'two. modules.

. The Central Unit and the K.S.M (Knowledge Structure

Manipulator). . The two modules work together to implement the
Q

user—regu’estedY action. -

i

Wmmﬁm -

. j
This unit contains 5 modules; one for the;management

(ie. creation, deletion, testing etc...) of each basic type
of knowledge structure. 4
! PR - ( » —_
. \ - - ) L
Contxol Unit: ‘

!

The CGU is responsiblé for implementing the proper action

by activating the appropriate part. of the ':K.S.»M. This
-’ ¢ b -

activity, however, is'coﬁgiﬁigff} within certain constraints,

. [}

ensuring that these.

“

constraints are _m€t, "is the
“responsibility of the CU as well. ) '

- 5 o~

The checks module of the CU is responsible-for running

N

all checks réquired to satisfy the action constraints. -

L

-~

L R -
- -

o 88 o .
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Fig. 4.11

L

Outline of the Generic Inte'rface
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Théaerrogs module is responsible for the proper handling

‘0f situations in which action constraints are not satisfied. '
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Ac&ignzsmgs.ts;

i

bne of the key issues was the formap of the commiands in
Escher. The commands were broken down into two categories
of ¢ommands; frame manipulation commands and procedural

commands.

frame‘manipulétioﬁ commands
these are .-commands which ihvblve some part
of the semantic‘network (ie. frames, slots
.+ etc ...). 1In addiéioﬁ, these can be

"further broken down into three sub-c¢lasses

state-change - involving the ‘actual

‘changing of the state of .
A%

L the knog}gdge base

access - involving a read-only mode .
that will obtain information
on the existing state of the-
knowledge base without,. in:
any way,¢ch§nging its state

"fms - file mgnagement system commands -
v. . that .will handle all s

75' maintenance of the knbwledge
base which may be required

’\‘91’

ir
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<
procedural commands : .
these sare commands whose purpose is merely
to allow access to specific modes, menus,

etc .. but do pot acceés or affect,nin any

o

way, the semani:ic network.

=™
¥

For ~this initial pfototype an Escher command is
defined as a Spacified action and a specified semantic
A R ) . .t

netWork structure associated with that action.

Six basic frame manipulation actions were rimplemented in

‘the first prototype which are:

.- builé ( s'ta,te—phange)
- . destroy (stgt-e-change)
o - display (access) - .

4 .
- print (access)

.

- copy (state-change) -~

- update (fms) , .

4

Y . »

In addition there .are_"the procedural “commands actions:

\/ e )

- quit

- o N '~ aboxrt ]
\ ' . . ’ ot ’ LY

In/addition five basic knowledge structures were
idéntified. These’ are: . 2N '

[} . - .
~ L . -

LI



- g

g

- knowledge ' base e,
- frame c¢ollection - . /
I - f;im. N .
- siot . )
N - value ) {

.

enough commands available to build and main ain a basic but

functlonal semantic network Of course,
[ h ‘y
,structures can be cocmbined into logical

fll actions and

-«

equénces but there

is, within thg scope of available commands, a sufficlent

actions and structires (i&. commgnds) that ﬁ}cher.‘will
4 - . N ’ . v .

recognize and allow.

Q
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Q.

i3
-

(_'Actionx. ) .

/( update )

destroy )
w

-,
”~

Fig. 4.12 Schematic of ESCHER Action/Structure . .
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Each permigsible ‘command is outlined below

1
W

» .
N -

State Change Gommands : - ‘ .

-

-

—\__/

‘build frame
build slot
) , build value

o

~ RS

. dégg;oy frame ,

destroy -slot. e
) ' . o

o ‘destroy value

copy frame .
e . . ’ .
—_— ’ | ] . - .
Access Commands : .

%

BN {

di?pf;y knowledge-base

5 -

disgiay'f¥ame-collectioﬂff-modqﬂrﬁ
disglay érame—coilec£ion fs mode |

- display frame-collection fsv mode

: displax_;;ame
display siot

-

-

) ¥ .
Aprint'kﬁpwledge-base‘
" print frame-collection f-mode

v : print frahe-céllectibh fs mode

4



-~

~ ‘ * . {
ST - { O ’ . .

' : print frame-collection fsv mode /
3
print frame S 4
‘print slot . ‘ .
v - . e ;-
FMS Commands:
. i - h ‘ “.
update database ,
C.Qmmand_&m:

N

The syntax of ~O‘I-:sche:: commands are shown below in Fig.

——— ——

4.13 .

b
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>
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In order for Escher to be able to implement the correct

responses, to a user specified command, it must have the

ability to determine when the execution of a specified

command will produce an error condition of some sort. It

must, thetefore, have an integrated error-handling facility.

For the sake bf clarification, the term é?ror, insofar
. 3

as Escher proc&ssing is concerned, refers to the request of a

command which is not permissible under the situation at the

—

time that the command is submitted, for some reason. This

includes both commands which are permissible, under some
AV

conditions but not others, and commands which are never

permissible, for either synatctical or sgmantié reasons.
The architecture of-Escherﬁmin regards to the action

constraint management} was one of the key design issues.

i

to two r‘easons .

“

The necessity for an action constraint manager was due

Firsfiy, the handling of errors by various systems, is

incomplete. :It exists only to provide a base-line mechanism

procedures’.

¢Secohdlyp\it is ihconsi&tant, thus, making it, at ‘

times,
A
to the user.

98

with which the user can implement more sophistjicated

not particularly helpful or even ﬁbcessarily‘useful

L3



Using knowledge-craft .as a convenient case in ‘point let

K

} us examine some of these short-comihgs.

Knowledge-craft contains three mechanisms for error-

-

handling. Each particular kind of error is handled by one’

and only one mechanism. The three mechanisms are:

1l - error is simply dignored

An® example of this would be the command to build a frame

which already exists. i . /

Normally, the éreate-schema function will <reate-the

f;ahe specified and then:rethrn the name of the ffame just

¢

created..

In the gage of the error, the create-schema function of
knowledge-craft performs no action, leaving éhe existing
frame untouched and ;till rethfns thebva}ue of the rame of
the function to be creaﬁed,lj?st #s if no error had occurred.

Themrefore, 'from' the user's -point of view. it is

impossible to, tell- whether or not the%ommand has triggered

»

an error.

~

r

2 —larror is handled by the function itself :

( ie via the return of value indicating a failure ).

g ® ”

v - ' , - )
An example ¢of this would be the deletion of an inherited

3¢

slot. ’ . ' /
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v

In'the normal execution of the delete-slot command, the
name of* the slot. deleted is returned if the delete wa;
successful, otherwis’ewfa NIL is returned. Thus, there is a
means ~«tc determine whether or not the slot was actually
deleted.

In the casé of attempting to delete an inherited ‘slot,
however, a NIL will be‘re'turned indicating an unsuccessful
deletion attempt, but no indication will be available as to
the reason-for the failure. Furthermore,' if a slot is locally

«

associdted with a frame, for Some reasoF (local value,

initial assignment, etc..) an attempt to delete it will

p‘roduc‘e a value indicating success (and the slot will have
been dele’ted but instantly inherited ) which therefqQre
prod{zces a fnge impression that the slot is' no longer

associajced with that?. frame.

3 - error is handled by an implicit error-handling

mechanism. ' _

/B x ’ 1 =
The implicit’ erro_r-handlihg mechanism in knowledge-craft
N {

empléy’s a strateqgy of representing certain types of errors
. \ .

by means of schemata 'rep;esentation. " An example of this type

+ of error is a no-slot error. A no-slot €rror occurs when a

slot sch:.fic a%on, such as the adding or placing of a

value, is directed towards a slot which does not,exist in the

specified frame.

]

-
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All of these gerrors.are controlled ‘through the system- 4

error schema . This schema contains a slot for each type of »

error it can handle. For the type of error described a " no-

-—

slot " error is available. - ~ " ,
[’_" - -

When a no-slot error occurs, the knowledge“ craft error-

handler (the c¢rl—-error ‘function) creates a customized

instance of the system-error schema to represent the error.

All pertinent slots of the 3schema are filled in with

<

appropriate va?lues and these values are then used by tRe
general error-handling mechanism to perform appropriate

I

résponses.
In 'knowledge—créft the error-handling is performed (as

are many other functions), th’rouz:/the use of schema to

represent the various types of errdrs which may occur. These

. system-error sclgemat':a will control the manner in which the
error is processed. . \ LR

N

» w— =

Given the incompleteness and inco~ns‘istency described
@ ) ' )

above, it was evident that an .action ‘constraint handling
mechanism was required as pgart of ESCHER to compensate. for o
these inadequacies. The crucial issue was whether or not to

incbrporate implicpit “constraint mechanism avaiiabjle in the

* .

>
t

\shells. This translated ;;o‘Aa choice between preventing
. . ~.

errors or han‘dl:lnﬁg them,af';er'they had occurred.

..” \101 \I
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e : 8
A typical example, again, would be in the building of a
N, .
frame which already exists. S :

i . .
The architecture employing strictly the

shell error-handling mechanism would. be the one

below in fig 4.14 .
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, Model Builder e
(implement-gction a . .
M Shell ? ‘
. ' ” shell specific - + '
shell-driver ’ ( . . )
o - action call \ ~
.. )
] v ] -
¢ 3oy v
. ~ b
Fig. 4.14\‘ Schematic of Implicit Action ‘
- .- Constraint Mechanism ’
’ .o ' ~ \ .
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' In such an arrangement, the -command is' submitted

thfough the model ‘builder diréctly to the shell and, it is

- 4
the shell which performs the action-constraint processing.

If the action is successful then control, along with a value
indicating the success, is -passed back to Escher; If the
ac;ipn is not successful, the internalj ﬁechanisnl will
implement its own error hanaling conditions, tﬁe'te:mination
'Qf which will‘be followed by the passing oﬁ‘cogkrol back éc

Escher.

The advantages of such a sysﬁem are

-

“« an already existing and tested system s used,

thus, avoiding a very substantial amdunt of .

effort in designing and testing the mechaniip.

. a
’
?

N

The disadvantages associated with such an architecture

axe: .

4

. “ . - if the ‘case where an incompleteness or an

LN -~

°

inconsistency exists, in -the intefnal
“.mechanism, (both of which are pigsent in
.. (Knéwledge—Crafﬁ) then the incdmpleteness will

P . ' bexﬁmintained at ‘the level of ‘the Model-

Builder.’ : : -

104 .
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In order to )compensate -for that a supplementary

~ ) .
architeg&ure, as shown below in fig. 4.15, could be adopted.

.

Su¢h an architecture involves two mutually exclusive error-
han_&iling' mecha_nisms,é one implicit to the shell and the other
a distinct part of the model builder. That_is, each error-

handler would handle a distipct group of errors. Together

of error ' would be handled by one, ahd only one, -of the
)

LI

mechanisms.

The advantages of this system are : ,

¢ . -
- as above, an already existing and tested

.

system is used thus," avoiding a (rery
substantial amount of effort in designing and

testing the mechanism.

- the error handling,“ﬂis complete, as all types of-
i .
¢ €rrors will be accounted for by one of the two ™

?
mechanisms. < e
. . . 1 v

: o

T?e disadvantagés associated with such an architecture
% . ' )

. are : . ) ) , .

v

‘ they would handle all types of errors and each .posslble type

-y
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(\ | \
) . \ .Z

. - the case of inconsistency still exists, in

~

that two wery distinct and unigque mechanisms

are being eﬁployedﬁ From a software engineering
Y . i
point of viéw this is extremely undesirable.

It, not_only;'produées inefficiencies in the
code but highly increases the possibility of

coding problems at a later stage.

L4

- given, that the internal error-handlers of
[ ] M 1

each- she—J;iL'J are different in both how they

~"handle the errors and in which errors they g
handle, thére would have to be a customizing of
the E.A.C.H, in the form of an E.A.C.H. driver

module, as part of each shell driver. Such an
N, ) " .
.architecture is outlined below in Fig. 4.16

This 4introduces an inordinate amount . of

\

complexity and overhead associated with
. . v ..

portability.  -— ' | . | /

/

,in addition, any changes in the error-handler in'ghé
'she11! by its aesigners, a vir£ualacertaintyvih the fo;ﬁ of
,Nupgfades,' would hfequiré changes in the model—bﬁii&er's
veréion to accomodate such chanées. ~Therefo£e,a the
aforementioned E.A.C.H. modules in the shell driﬁers would -

$
% : .

have to be modified as well. ° /.

’
4

-
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Fig. 4:15 Schematic of Supplementary
’ Acton Constraint Mechanism
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The final alternative involves the development of a

comp}eté and ‘total error-han iﬂ§ mquagsim which handles all

types of errors consistently. Such a,n archii:ecxlqure‘ is shown

in f&g: 4.17@ Thig_configurqtion ﬁrovides completeness,

consistency andupqrtability at the cost 6f build&ng the
" i

entire mechanism from scratch.

® 1
t .
&4

'
»
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Fig. 4.17 Schematic of Portable.Supplémentary
Action-Constraint Mechanism

e

k) - -

110

.U
B




¢

The selection of this finadsExplicit Design was made in

order to take "advantage of the o¢verall modularity,

P

v .
flexibility and portabdlity that the design offered. It was
o ] .

built in lisp as described below.

111
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The constraint checking module 6f ESCHER consists of a
collection of two types of error-checking routines. These
routines are the primitives and the complex. The primitives

[

are functions which test for one specific constraint

reéa;ning T if the constraint is satisfied and NIL otherwise.

-

In addition, in the case of an error, an error-~c®de is set

up.. The primitives (as shown' in fig; 4.18 ) are

b d
permissible-build-check - this function checks that

the structure specified
is allowed to be built.

Its main puagoée is to

3
keep the user _from

c‘ -
“ creating . superfluous
. amdunts of frame
’

, collections.

-

~

permissible—destfby-check - th%g function cheéks

o

that the' .structure

- specified, 1is alloweg
)’r - ¢

-

to be destroyed. Its

“
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maig\burpose is to keep
the ‘user from
erroneously destroying’
a frame collection or
the entire knowledge

base.

proper—-number-check - this function checks that. the .

position 'specified for the

placement of a walue is -a

number (ie.’” not a letter,

symbol, special character, *

etc

’

cae)

K

integer-check - this . function checks that the

position

specified for the.

placement of a value is an integer

(ie. not a rational aor irrational
. o .

~saymber) .

P

pos{ti%e-number—check*~ this function checks. that

*

*

~

113

the position specified for
the placement of 'a value

is an integer «(ie. not a’

negative number or zero),



. ) \
- 4
relation-check - this function checks that the
me ) symbol entered (a- symbol being
? used as a slot) is a’'recogniZed
v
relation. )
 existence-check - this function checks for the
] ) i
3 7'* Y o * existence of the specified
- X ) ,/ .
structure. -
- “# *
‘ . * non-existence-check - this function checks for' the
\ Iy non-existence of the
LN Ny N ‘
g > v specjfied structure (ie. that
‘ K ‘ \ the stucture does not exist).
N ) . 8 : '
e ) ‘ Q‘_ . ]
inheritance-check - this function checks Tfor the
N \ “
* - © locality of a slot (ie. whether
. > or not the slot is inherited).
- - - ’ )
" | , Q
o ! ' o )
\ ‘o kv ¢
The complex functions are, . of- course, those which

v

perforin a set‘ of cohstfaint checks related to a spécifib

action or area .which- are accomplflshed by means wof, various .

o

permutations. and combinations of the primitives. The

A _—

3



. Fig. 4.18. The 3 main groups of checking procedures are :

- 3

_breakdown of the complex functions used is shown below

‘ $
- legality checks
- conflict checks - .

- inheritance chec¢ks
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Conflict Checks ;

[y

‘. «©
These checks, concern actions 'and parameters ‘which are

N\ 8
LSS

outright illeyal under any cizcumstances. It involves ~

checking each ’.piece of input data to see that the input is .

both proper and syntactically correct. This includes:

X . -

-~ checking for actions not permitted on certain -
structures (such as destroying a frame i

collection

IS
-—

E\

- . values which are not permitted (such as minus

or non-integer numbers) to specify position)
v \ - . , ) -
_The présent state of the legality checks is such that it.

’

invélves. only position checks. These, in t"urn,' involve only
the number checks whith involve checking that the .numher used
to specify the position of a value in .a- slot is a

syntactically correct nﬁgnber (le. it is a po,s:i.t,ive integer).

’ v

i
-' . h

. .
&
N . .
. .

These checks concern, themselves with actions and

.o

parameters v‘:hic~h ;ro.uld Jbe permissible under the ;”*ight'-

.

situation, but conflict with the state as it-ex’ist's' at that
time. In other words, this covers actions which cannot be ’

. . s Y
1 : R . -

»

*s

14
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per formed without some other action or actions being

performed first."

This includes such situations as delgtiné'a frame -which
aoes not exist, creating a slot in a frame already containihg

-~ "
-

the slot, etc ... .

The present 3tate of these checks are- such that,

" depending upon the action requested it will perform cbecké ﬁb

ensure the following conditions are satisfied :

‘

.

for building
- the

o - the

- for building
- ' - the
. - the

'~ the

“ - for building
- the

. -{fhe

- the

—'thﬁﬁfpecified frame co

for building a frame collection :

-

4

a frame :
specified frame collection must
specified frame must not exist.

a slot_:

’

specified frame collectjon must,

-

épecified frame must exist.

specified slot must not-exist.

-

a- vaiug‘ '
specified frame collection mist
specified frame must , exist.

specified slot must exist.

118

llection must not eiist.

exist.

exist.

exist.



.

*

- the specified value must not exist.

- for buildingva relation .
. . A
" - the specified frame collection must exist.

- both of. the specified frames being related must

.exist. -

- the specified relation must exist.
‘\( »

) . '

- for destroying a frame collection :

- Eie spécified frame collection must exist.
% - S ..»....,.—
. Y }
- for destroying a frame :

v

-= the speéified frame collection must exist.
- the specified frame must exist.

N &
. - b

- for destroying a slot :
. - the specified frame collection must exist. -~
- the*specified frame must exist. @

Lo - the gpecified slot‘must exist.’

)
o

y ) i +
- . ' \:}

- “for destroying a value. :,
' - the specified frame .collection must exist.
¥ -'the’specified frgmé must exist.

© .
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; ~ the specified slot must exist.

. - the specified value must exist.

o

- for updating a frame collection :

-

9

+

- thefspecified frame collection must exist.

'

- for copying a frame : . .

- the specified\frame-collectionwfrom must © exist.
. ) )
- the specified frame-collection-to must - exist.

- the’'specified frame-from must exist.

'—_thé specified frame-to 'must not exist.,

- ) .
- Pl 4

- . E

Ve

These checks are concerned wi;%fthe'detéimihation of

whether the-object of a specified action is iﬁhe}ited or
\ ! "% o -

local, For certain actions, this determination can be crucial
Iin differentiaﬁing permissable and ﬁon-pérmissable actions. A

typical exémple would be the attempt to dglete'an inherited
slot. trom a-frame. ’

", At the present time, the,inheri;ance‘cheéks are limited

;

to checking the inheritance status’of slots,”thit are to be
I . . . . ' ~a

.. deleted. © _
e R N ‘

: L 120 -
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“

Theke;roc handling facility of éscher‘is eptiined below '

in Fig. 4. 19 ‘ Every call to check-and—iﬁplement—llaction «@*
will produce a set,of action checks. The rq}ult of all of the -@S
action checks will indicate that all the checks were passed ‘

(t) or there was a check failure (NIL). In the case of a

4

failure, the error—handling routines are triggered which, in

L —

turn, sets a special frame, called a problem flag, tg record -

- the error aqd then print out a relateq message to the user. v

. \,
+
.
¥ )
« ’
-
'
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A

The problem-flag  is related to phé action flag

g e

. - (de3cribed below in this section) and examples of each are
shown below in figs 4.20 and 4.21.

The proBlem fldg consists of the following descriptive

*

s N
‘ . switch - this is the switch activated by the error- -
! - ‘ \ : R

slots:

handler to indicate that an error ':}
condition has been triggered
o .
structure - this dﬁrthe type of structure (ie.
frame, slot, etc ...) which was part
. S of the specified ;opmand and 'is

~obtained directly from the 'acfyon

- command . '

——

~e”

object - this is the name of the object being
acted upon (ie. the name of the frame,
\‘ : . Slot, ‘e .0 )

kA . R -
¢ . . \

.+ suffix - this is’the suffix (for use in the error
| messége to be diSplaye&) associated with

‘the pa}ticular ‘error tyﬁe wh{éh was

triggered, and'is seﬂfduring the error- v

checking procedure as previously described
' ' “ .

-
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to

code - this is a code used to describe the speci¥ii -
type of .error which:was flagged during the

check, as previously described
N ) [)

The example shown in .fig. 4.21 involves. the attempt to

build a frame-.called " TEST " af a time when such a frame

already exists. At the time that the command " Build Frame
Test 'in Knowledge "is entered the acfion-flag is filled (as
deécribed below) as shown in Fig 4.21. .

. The action-checks are implemented for that command and

—

% - . . N
the non-existence check for the frame " test "\ﬁ:urns a NIL
/ 3
i

indicate that the frame already exists. Th NIL is then

»

passed up through existence-checks, conflict-qpecks and,
finally, action-checks. (see Fig h). NIL is then returned
tc'the'check-and-implement-1-action\which finally passes it

back to the interface controller i, From the interface, with

A

the status set to NIL, the handle-errors is called. . —
. )

The ' handle-errors will, in turn, call the problem-

handler, and this~functioﬁ'seté'ail of the appropriate values

—

‘for—the action flag and calls the printfproblem-messaéef

& -~

which will display a natural language type of‘diagnostic -

message to the user. : - A
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Fig. 4.20 - Structure Of Problem Flag and Action Flag
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Problem~-Flag Action-Flag
\ Action
Switch OFF N '
‘ Full-structure
Fujl-structure NIL
! ' Structure
Structure FRAME
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Frame~collection
Code CONFLICT
’ _ Frame-collection-to
Object TEST
> Frame~-collection-from
Level ° DUMMY ’
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Fig. 4.21 - Structure Of Problem Flag and Action Flag

-v..-e’aa .

BUILD
FRAME
FRAME
SAMPLE
KNOWLEDGE
NIL

NIL

fEST o
NIL
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The development of Escher could not be complete
without a realistic testing of the system. Such a testing was
set up and {mplementeci S0 a; to determine thé.level of
performance of Escher in the hands of a doniain\expert; 'with no

expefience in knowledge base design and development.

A detailed outline of the strategy and application of

this project 1is presented in the paper " SELECT ‘-.HVAC:

KNOWLEDGE-BASED?.S:_F:M AS.- AN ADVISOR TO CONFIGURATE HVAC

SYSTEMS " [28]/which, at the time of this writing, was

, &
submitted to be presented;at the ASHRAE Conference, Ottawa
L3

)

1988. A _brief “summary follows below, although, a copy of the

complete paper can be fodnd&n appendix I of this report.

-« r ) . '
. . *
9,2 SELECT-HVAC : .
: .

The objective of .this project was to build an expert

sy'stem-' in the selection and éomfiguration of Heating,

Ventilation and Air Conditioning‘equ‘ipmept, hence the name

'

SELECT-HVAC. In addition to this objective, the vast majority

~ .
of the domain knowledge was to be entered directly by the
expert on H.V,A.C equipment whose ‘A.I. training and

background consisted, solely, of a ten—g*nute tutorial on -the

use of Bscher. ‘ . . =)



s

=

=

L3 r

-

. , ‘ .
The taotal period of time involved, on the part of the

domain expert, was about ten weeks. Five weeks were spent

designing a system on paper and the remai'ning five were spent

Noat
=

entering the knowledge.

A large portior; of ::h‘e ex.pe"rtise', though not all of it,
was &ntered directly ‘bty the domain *expert and without
assistance from the knowledge engineer.

The use of Escher -by the domain expe;rtlproceeded,very
éméqthly'and little additional tﬁr;aining or suﬁe‘rvis-ion was

required .

v

>

4

At this point, with Escher now te_ste\d and- reédy for use,
the development of several expert syst?ms in the area of
building engineering is one of the next |logical steps. A
central *"site, offering both a frame bagkd shell and the
Escher front-end to be shared afngng several us.e:.;s, should
‘nllow for the relatively fast development éf 'several expert
system protoypes. - .
/Such work would acccan}plish two main goals. Firstly, it

would allow for 1:‘h~e development of eicpert systémg in a

-

— 'reasonably quicfc and eff.icient. manner, producing results

CWithouE the *exééé&ively high cést generally associated with

T
expert system development. LSec;ondly," it would makq possible_

>
“s

. - . «
an evaluation of Escher by the -psers", on a general enough

-

129 ) .
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‘basis, so as to produce a fairl'y.- good indicationl of which

features or capabilities would be most useful as an addition

4

to the present version of Escher.

:
S .
N % . 0 -

In conclusion the )following main points may be made

‘ regarding .Escher -

v &
[}

*1 ) On the basis of the test run results, Escher
can bé considered a success, in that, it
succ:e.ssfgl'ly allowed the ﬂypas:s#ng of the
expertise transfer bottleneck. |

. 2 ; Though cwertainly far from complete, Escﬁer

provides -a fraamework\ onto which addition and .
modifications' can be:- made that should.provide .

* ~@n inéreasingly user-friendly and producti‘vhe

P .

knowledge base development toc}l. .This could
include, for certain épplicatiops, enhanced
Q . graphical capabilities that have proven very

helpful in engineering applications.

— —

]

4

N Lt - N
Finally, it should be noted that the pracess of
developing ESCHER was, in itself, an exercise well suited to

developing a greater and, more in depth ur&rstandi.ng‘ of the

R

Y
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prpﬁlems and possible solutions to the proble&, of the
knowledge engineering bottleneck. Certainly, the focus Wof’
att‘entior; on pré—processingA'bf. commands, (ie. action-
constraint checks ) could be exteneded with useful results. N

No doubt, at some point 4in the future, knowledge

L]

acquisition will be a process that is much more highly'

Y

automated than it is today. In additiof), the domain expert °

'

will have a much more direct role in the development of thc;_,\

knowledge base than is common practice'.utoday. To this end
B ' K ; 3

ESCHER has been one >small step.’ o

P
N

v
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SELECT - HVAC: KNOWLEDGE-BASED SYSTEM AS AN ADVISOR TO
g
CONFIGURE HVAC SYSTEMS™

| o , ‘ %

P. Fazio, Ph.D., P.E. R. Zmeureanu, Ph.D., P.E.” A. Kowalski, B.Cs.

ASHRAE Member ASHRAE Associate Member . .
ABSTRACT '

o

This - paper presents. a knowledge-based system that - has been

Jdéve]oped to be used as an advisor in the preliminary design stage of

HVAC systems. It enab1es desigﬁers to configure and size HVAC equip-

ment for d1ffer@; climatic conditions, in terms of buﬂdmg type

» <

}ndoor requirements, outdopr and 1ndoor air S)Hutwn. A- new approach
has been used in building the system, uswng a modified knowledge

engineering methodology and a menu-driveh front-end to a 'fu'll friame

L.

- based system.

¢ a

". Kowalski, Specialist in Knowledge Engineering, SJRICON, Montréal.

INTRODYCTION

v

Due to the natuwre of the construction industry, the use,' of

Knowledge-Bdsed Systems have a large potential of application, In .the

ty

"case of small projects (e.g., residential ~buildings) or- of $Pecific

LI A .

activity (e.g., selection of building materials or HVAC equip’mgr_ltr), the

use of Knowledge-Based éystems by contractors pravites them nwith aan

e

=g

" . ' ¥ .

.. CA . cq .
P. Fazio- is a Professor and. Director, Centre for Building Studies,
Concordia University Montréal; R. Zmeureanu is Assistant’ Professor,
Centre for Building Studies, Concordia University, ‘Montréal; "A. -

oy

a. v
:



" development, and <they can be él é‘s'sified as follows: .

intelligent advisor, which can he]p\to ingreasg‘the quality aéd tﬁe
producfivity' of their wérk, and>also can avoid their. dependence’ on
consultants in fie]a. In the prelimina;& design of large buildings the
architects/engineeré can use Knowledge-Based S&stgns for'detéiled $#nd
fast estimation of the project (human resources, financial support;
equipment, schedules eté.) taking into accoun£ all aspects sucQ as
arch{£ectura1,umechanical, electrical or economical. In bofh;ﬁ%ses,
ghé. Knowledge-Based Systems inqorporate recommendations derivéé'ﬂfrom
technical literature and correlated with the standard requirements:

Also, the specific knowledge of professionals, which has been gained in

t1me and usually cannot be found in textbooks, is 1ncorporated

The general idea of using Knowledge-Based Systems has produced

many expectations dhong professionals related to the. construction

industry (Ruberg and Sander 1986; Wright 1985) These systems seem to

(=]

have a large potent1a1 of application in all design stages (programm-

ing, conceptua1 desqu, pre11m1nary design and detailed design), in

* %

financial planning and nroject management, in construction act1v1t1es

in bu11d1ng operat1on and in diagnostics of bu11d1ng prob1ems.
4 )

In the past few years severa1“know1edge-Based Systems related ‘to

the building industry have geenf developed or are presently under

L1

) v
a. D1agnost1c toals for
- mo1sture damage rePated prob1ems in buildings (DAMP) ’

(Sachdeva 1985), ' ‘ ) °

-
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- damage assessment of protective structures (PAPS)

(Ross et al. 1986),

- problems in air handl

A

gounits (Brothers 13??; Leah
1986), : . P

- building air infiltration (Read and Persily 1986), .

- preventive maintenance of Iarge'.air conditioning
:equipment (Edman 1987),

- window problems (Ruberg and Sander 1986).

b. Degign tools for
@ ; - pre11m1nary structura1 design of hi-rise buildings

L] )

(HI RISE) (Mahar and Fenves 1985),

- conceptuaT ‘Paeswgn ) bf building eneﬂg; éystems
(Monaghan and Doheny 1986), ‘ .
- reta1n1ng walls (RETWALLY and kitchen layout (Roseman
et al. 1986) ) v
- design and selection of brickwork cladding (Cornick_
‘and Bowep 1986), .
- se]ectxon of - materials. for the building envelope
(De]cambre and Malleux 1986),
‘ ; earthqdake reSistqnt elements (Miyamura et al. 1986),
- sma?T“éffigé buildings (MVAC Expert)’(Schmitt'1987), )
~ selection ° of ‘energy conservation strateg%es

(Krajnovici 1987),

144
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- estimation of building energy consumption usiﬁb\data-
base obtained by simulation with the DEROB program
* " (EDP) (Mand and Higgs 1986). |

C. Inferpretation of the monitored data for , I -
- analysjs and. diagnosi§ of the prbb]emé that cause
v abﬁomna1 energy“@onsumption in buildings\(Haber1 and
Claridge 1987), "
- estimation+qf the end-uses from monitored enérgy

N consumption (Akba{; 1987) .

-

-

d. Ingerface'between engineers and complex cqmputer progﬁams su;ﬁ
as SACON which has been developed to be used with the finite
element program called MARC (Wager 1984).

In"this paper, the work carried out, at the Centre for Building
Studies, Concordia University, by a team incorporating professionals in

building and mechanical .engineering and computer science is presented.

The following are theJobjectives of the work}

4
\

- To develop a prototype expert system to be used as an .

advisor in the preliminary design and configurfation
. ’ w 3

of HVAC equipment. -
‘ »

- To test the functionality.of a new approach to the
4

build

- The term "full frame based shell -or system" reférs to

a system which has the capability of implementing

R,
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frames and the full range of features associated with

semantic networks. |

These featutes include vaﬂue\tégnstrajnts, meta-

knowledge, full hierarchial inheritance, multiple
~ inheritance, aEd customized reﬁations just to name a

few. Without these features the\develophent of a

large and sophisticated semantic network model fs

virtually impossible. ‘ i;)
THE‘ter@ was intended so as to differentiate tte system used
ol from other which do not offer the above mentioned feat&rés
o and can be classified -as no-frame (eg. guru) or pattial

frame (eg. ops5). . . .

CONFIGURATION OF HVAC EQUIPMENT
The configuration and - size of the HVAC equipment depends on

several factors such as:

- -

building thermal loads (heating, cooling),

indoor design conditions (temperature, humidity, air

quality), type of building, activity' and sehedu1e of
¥

operation, o .

available sources of energy.

A\
~ ~

The désigner has to select among the agailable components‘(e;g(;
filters,‘heating and/or cooling coils, steam humidifier, spray-type air
washer, mixing box, fan) and to hrrange them in an approptiate sequ-

ence. Usually, the psychrometric charts are used to represent the heat

o
S
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transfer processes occuring when the air ié passed through these
compenents. However, several: other parameters, which are not inc]uped
on these charts, are of importance in the selection of the type and
size.of the HVAC components. The rules of selection of  such parameters
are dissipated throughout the technical literature, or are derived from
Tong time experience in the design of the HVAC systems. Also, data
about tpe indoor and outdoor design conditiops'in terms of the type of .

space and bu11d1ng 1ocat10n are requwred. Requirements from standards

such as m1n1mum air vent11at1on rate shou1d, also, be available. 3
|

The prototype of the KnowTedge Based System presented 1n this
paper has been deve1oped as an 1nteract1ve advisor to conf1gure HVAC

equ1pment. It can be used in the pre11m1nary design stage, where the

Atype and size of the equ1pment is of interest to establish the required

s é
budget of the project. Later on, dur1ng the deta11ed design stage the

) equipmept is selected from manufacturer's catalogues based on the

[

information provided at the preliminary stage.

-3

The software contains seven major bltocks which correspond to the

major steps in selécting{the HYAC equipment:

y + h » »
i) outdoor design conditions,

3

i1) indoor dpsign conditions,
ii1) pre-heating, . . -
iv) filters, _ K - .

v) air flow rates, .



vi) mixing between the outdoor air and the recirculated air,

vii) psychrometric processes.
* ¢ ! - ¢

The sensible and 1atekJ space thermal Toads should be provided by

§7
the user, who can use any available methods of estimation.
The data about the outdoor design conditions (ASHRAE 1981) for
~ ‘ R ’ A
E Jocations around the world are structured in terms of °country,

province/state, city and season (summer/winter) (Fig. 1).

The indoor design conditions (ASHRAE 1987) are selected in terms
of the destination of Spece and season (summer/winter) (Fig. 2).

. ¢
The ‘pre-heating coil is located in the outdoor air stream to

prevent .the freezwng of equwpment -downstream of the coil and, fis
selected only if the design outdoor air temperature is lower than the
desired pre- heat;;E temperature (F1g. 3). The need for a heating coil
to be locatgd in the mixed air- stream is analyzed w1th1n the seventh

major block (psychrometric processes)

The: selection of the most appropriate ]ocation for filters depends

.on factors such as:

- destination of space (clean room, comfort, industrial),
- mixing between the outdoor and the return a1r,
- use of pre-heat1ng,

- 1eve1 of outside po11ut?bn, S ¥

. ! .
’u—/’_TTTisk\pf freezing fog. ‘ ‘

For examp1e,‘fi1ters can be located before the pre-heating coil if
) ' .
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. . 3 '
high level of pollution by dust is expected to occur outside (F1) or

immediately after® the coil if .the risk of freezing fog 1is high (F2)
(Fig. 4). Depending on the nature and level of pollution in the indoor
‘air, filters can.be located ‘on the recirculated air duct (F3). In case
of'p]ean rooms, several stages of’filtr;tion are required, including

high efficiency filters as close to the room as possible (F5).

-

The filters can be:-of panel or renewable type, and of permanent or
throw-out type. Other types of filters such as electronic air cleaners

can, also, be implemented.

2
#

The air ventilation rate (outdoor air) is defined in terms of the
destination of space and of the standard reqqirements such as outﬁoor
air rate per person or per square foot (Fig. 5), while the supply air
»to the space is calculated either in terms of sensible and Iatent‘%eat
gains, temperafare difference between supply and room air, or usfﬁg/

standard requirements such as air. changes per hour.

The knowledge-based system will define if the recirculation-of
the return air ts accepééd, based on the type and tlevel of indoor
po]]q;ibn (dust, smokes, gases, bacteria, radioactivity), and of the

_availability of equipments to separate these pollutants from the return

air. Based on the decision-to allow or not the mixing, the temperature

of mixed air is‘calculated (Fig. 6).

|
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The se1ect1on and location of all other components is carried out
using the psychrometr1c representation of- the' heat: transfer processes

within the HVAC equipment.

B
A

The present : prototype contains information for the configuration
of single-duct constant volume systems. The type of repfesentation can
be classified in three categories in terms of the rg]ative pogjtioq of

points defining the outdoor (0) and indoor (R) conditions, as follows:
DTg Tg and Wy Wp ,
2) My = Mg

3) Tb =*Tr apd wo We

As an example, the. first group correspgnds to the winter~design '
conditions for 1ocat1ons such as Montreal or Paris, the second group to -

the summer design cond1t10ns on the same locations, and the third group

i

corresponds to the summer conditions for cities such as las -Vegas,

* Nevada (U.S.A.), Baghdad (Iraq) or'katmandu (Nepal).

)
' o

The- representation’ of processeg for the first group dépends on

factors such as (Fig. 7)« - : .

- mixing or no mixing,

- humidity contro1 or no hum1d1ty control

—_

- type: of hum1d1ty control (steam hum1d1f1er or spray-type aik\

I
e

wq;her)
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X } . o

As an example, the succession of components within the HJAC equip-
ment, in the case of mixing gnd humidity control-by steam humidifier
is: pre-heating}coi];.mixing,box, heating’éoi1, supply fan, and steam .

humidifier. (Fig. 7.b).

N

In the case of mixi?g and humidification by water spray in evapor-
ative mode, there are two different sequenceé depending if tﬁe enthalpy
of mixing point M is greater or §ma11er thaq the enthalpy of point U
(air leaving the water spray). -If hy  hy, then the succession of HVAC
components is': preheating coil, mixing box, heating coil, water spray
land re-héating coil. If hy = hU,Wthen the mixed air is passed directly
through the water spray and and there is no need for heating coil. If
hy  hy, then the mixing point M is modified to obtain hy = hy for

L

“avoiding cooling in winter. This <is obtafned by increasing the outdoor

air rate:

e . T =T
: e KM |
TR - TP )
where . ' '
\ Mg = odkuoor air rate
mo= supply air rate, )
TR = room air temperature @L . |
" Ty = desired temperature of the mixed air "
P © - Tp = air temperature after the preheating coil

Besides these components the filters are located in function of the’

level of outdoor and indoor air pollution, and the air- quality

requirements.
A
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For each case, theyheating or cooling capacity of coils and make-
up water flow_rate are calculated, and the type of the heating .or cool-
ing media (hot water, steam, electricity, chilled water) is selected in

n —

terms of available sources.

The type of processes for the second gr3Up is presented in Figure
8, with the following succession of components: mixing box (if'mixing
is allowed), cooling coil, reheating ‘coil (if is required) and supply

,
fan. - '

In -the case of the third group, if no humidity control is
required, a washer spray on evaporative cooling mode is used (Fig. 9).
In the case of humidity control, a cooling coil should be located ahead

the water spray. . . .

-

Besides the -information about the con?iéuration and capacity of
HVAC equipment, the Knowledge Based System provides messag;s helping
the user'to draw on psychrometric charts the representation of the
thermal processes. This feature is particularly. useful for students in
training and education, for junior eﬁgineers,’ architects and .con-‘

tractgrs.

Next developments of this system will incorporate graphitcal
representation on terminal of the psychrometric processes and .the
explanation of selection on each decision node. Also, other systems

such as variable vJTume, induction or dual duct will be incorporated.

.}
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METHODOLOGY OF EXPERT SYSJEM DEVELOPMENT . -

The development of an experé system, even a prototype, is normally
a complex task which involves a team, Qith one member being the $O
called domain expert, a épecialist in the particular field of interest,
in this case, the selection and configuration of HVAC equipment for a

building.

@

The second member of the team is the knowledge engineer, a
14 . '
specialist in the use of knowledge based systems and the tools used %o

build them.

Conventional Approach

The -increasing number of\'commercially available shell-systems
(Horn 1986), have, ipn some cases, tended to give the impression that
the .development of an expert system “is now a,re]ative]y}r&utine and
§€raight forward - process (Lange et al. 1986): - Hoﬁeyer the domain
exbert usually find: the procedure much more“difficult and timefconhum-

' ing than expected. (Golden et al. 1986).

-The convéntional approach to the development of a knowledge baséd
system centers arounq the-t}ansfer of knowiedée and expertise'from the
domain experts 'to the °knowledge eﬁgineer (Horn 1986).. It is th1§
transfer which rep}ésents the major ‘bottlemeck in the building of

expert systemé. §

At the initialization of a projebt the two team members <wil1“
engage in a set of preliminary meetings in order for the knowl edge

engineer to obtain a grasp of the basic concepts involved. These are

153 )
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——— - for the expert system.

followed by an extended period of time (usually severa1 months or Ve

years), in whwch detailed information (e.g., knowledge) is explained to
tﬁe knowledge. engineer by the domain expert.. Once the knowledge
engineer has obtained’enough know how he may begin to transfer the
know1$dge into the form of knowledge representation structures. Event-

-« ually enough knowledge will be transferred to form a basic framework

—

'rjl ‘ < At this point however, the expert-system is.far from compjetion.
This basic framewqu is only the beginnipg. A pré]onged‘series of -
further meetings will be required to refine and polish this primitive
knowledge base to a point at which. it is a reasonably functional and

accurate simulation of a human expert. ' .

The ﬁécessit} of this extended series of meegfings is due to the
= ‘ \"
comp1ex1ty of the task of transfaering the expertise into a form

compat1b1e with expert system devefopment toolse .

'ATternate Appyoach

- - An alternatesapproach (Williams i984) to the one described above-
is to put the emphasis on training the domain expert on the use of the
required tools and once he has ‘understanding of 1it, to aklow him to

perform the knowledge &ngineering. The problem withﬂthis_apprbdchﬂﬁs ‘

that the time and effort involved for the domain expert—to—obtainma

 true understanding of the concepts and methods of imp]ementation‘

involved 1is as significant as .is required in the app}oach described'
hY ’ 3
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previously. In other words, the training of a novice presents a,

bottleneck just as formidable as the transfer of technology does.

New Approach

-~
- -t N N

- One -of the key as;ects of this project was the use of a novel
strategy of imp]eméntation? The solution to the bottlenecks was found °
in the form of a hybrid approaCh. The transfer of_expertise involved-
was extremely minimal because-most, of the doqa{n‘know1edge was entered
directly by the domainL;;ﬁ%rt. On the other hand %he trainiag effort
was a1§b kept to a minjmhm by means of the use of a .front-end system
which guided the domain expert every st;p of éhe way, performing on his
behalf all the required implement}tional ohECRQ and 6perations. This
is of extreme significance when dealing with an iﬁitia1 prototype that
is merely repesentative éf a much larger amount of knowledge to follow.
With the appfoach taken for SEFECT;HVAC, more knowledge can be added

and existing knowledge modified, by the domain expert himself as he

sees’ fit. ' , N
4 ’ N - )
This front-end system is called ESCHER. . .
. » ESCHER ‘ - b d

.. The strategy behind ESCHER (Expertise St;dcturé Class and

. Hierarchy Engineering Resource) is fhat it has 2 responsibi]itigs..
B " -

k3

-~

1. to display available actions in a menu driven form
. [

[

thereby °avcid5pg tHe syntactical restraints which -

3 ~ .
= normally accompany the initi§1_use of a large system” -
(such as Knowledge-Craft). '
o . -, .(
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>

of procedural and - domain

<

2. to perform various types

onstraint cnecks on all specified actions. ,
B .~ \ P ”
For the purposes of the building; implementing -and testing of the

SELECT-HVAC prel»im'inary-prototvybe the schema based system of Know.'ledge
Craft (Knowledge Craft 1987) was used on the VAX-8650 mini-computer,

N d°
. Knowledge Craft is a knowledge engineering environment. It offe} .
‘two structure-types to repres;ent know1ed@e.‘ These are Fules and -

L %

'schemata.. For . the bu°Id1ng of the. SELECT-—HVAC prototype, it  was
decided that only the schema structure would be employed. \ ) ‘

»
A schema is a structured repr;esentatwnﬂ o'.b,]ect wh1ch has- associ-

. « . ¢
ated with it a name and, -optionally, a set {on or more slotse In
L S : o S
> addition, each of the slots associated with it may contain a set of one

‘or more values. Together“, each schema with its. s)ots ‘and values
. . ‘ h Ie

represents an object or concept. An example) shown below is"the schema,

-

SUMMER ,, containing 1nformat10n about »outdoor design conditicns ,in

Mont'real in the summer (Fig. 1): ) - ‘ to
Csuwer o 3 ’ ) .
, ~ dbtemp 32 . LT L
’ e mes wet:bu1b_ temperature 1s 24 * ‘ . ‘
~.msg dr-bu?b'tembe'fature is 32 ’
N is-a . mc;;itr‘ea’. T , ‘
"Q‘ &

-

The slot DBTEMP has assocuated w1tb it the va]ue of 32 degrees

centngraﬁe whu:h will- be ysed in a 1ater‘ ca]cuTatwn. The slots MES

and MSG have a§soc1ated -messages which will be d1sp1ayed on the sereen.
a - . ~

. . v ' ' .
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& .
The ‘slot IS-A indicates .that the schema SUMMER s connected to the . ..

schema MONTREAL thus creating an inheriting relation between them. A

o "t ’

f
[N

~ In addittan, each schema may be connected to oZver‘schema,by means

I

of relations. Relations may be of an inheriting or non-inheriting

. Y
"type. Inheriting relations allow the schema which 1is connected to

another to inherit, or automatically obtain the slats and valyes of the .

schema it was connected to.
S ' -,

* Architecture of SELECT-HVAC ;

The _architecture of SELECT-HVAC, in’terms of its knowledge A&
Y ,
3'r‘epr'esentatxon, 1nvo1ves the separatwn of knowledge into 3/separate

/parts. The pure1y domain know]edge part of which was 'set up and

L]

implemented directly by the domain expert., . <

A\

1. Struc;urab domain expert1se (semanhc network) | . ;

Th1s cansists of a coHectwn of schemata representmq

\

the various criteria be1ng\cons1dered .and the attrib-

“#

'utes and values associatad with-'them. The schemata

‘Were organized  into a hieraréhicﬂ framework which

k1

'served as a :basis upon which the" éo‘ntr‘&-kno'\}ﬂedge N

could acte * - ’ M

K] -

2. Prpcedural Know]edge (demons)" o

<

This knowledge mvo]ved the mampu1at1on of ‘domeln ' . .

o
spec1f1c 1nformat1on w1th1n the system.« There were
%

discovered to be two bas1c types of demons requwr'ed.

On the one hand there wére stra1ghtforward_ calculation

L4
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1

b ®
demons 1in which -the values of slots were calculated

»

from values of other s1ot§ within the same échemg. On
the other hand there were tr?nsfer demongu in which
information from a slot in one schema was transférred
to, %he';\me slot in another schema. There were, in
addition~pybrid demons, which are_a’combfnation of the

two basic types.

This knowledée reﬁresented the only area for which any

transfer of expertise from the domain expert to the-

knowledge “engineer was required. It should be noted

that this knowledge was of a very limited nature and .

bieqemea] in structure and did not fequire.the.ynder-

standing, on the parf of the knowledge erigineer, of the _

>

ogera]] ,strateéﬁks or ebhcepts., This is important

4

because it allows the design decisions to be in thf’

hands of the domaim expert. : .

>
3 . =

- -

* Control knowledge (1isp functions)

. LI
This knowledge, designed completely and solely, by the

knowledge engineer, was totally domain independent and’

as a result it was transparent. to the domainnexpert and .

1 . \ 4
his design work, except, of course, in so far as it

allowed him easy access to control meéhanism, implicit

L
in the schema structures.

-

. , .
The control exists. in a set -of top-level functions

!
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which analyze each node (schema) which is accessed in

,order to determine what questions to ask, what quest-
3

)

ifons to print, what mca1cu1atigns and transfers to

performs and what schema to access next.

*

CONCLUSIONS ..~ - 3

[

& N . - . o 19 -" X
Upon analysis, the approach to the develgging of a .prototype

expert system as an advisor to configurate HVAC systems produced very’

favourable results.,

- % ‘ . .
Excepting, of course, the time required: for the design of hier-

Y

archical structure of the domain expertise (5-6 weeks), a prototype was'
developed in a relatively short period of time (about three weeks).
The prototypesw structure not only allowed, for very substantial expan-

. - °

sion, but expansion py“the domain expert in a manner he saw fit.

Thg"know1edgelbased system SELECT-HVAC enable designers . to

configure and size HYAC equipment ?or differeqﬁ locations around -the

world, in terms of indoor requirements, of outdoor &nd indoor air

pollution,

—

~ RS

In addition, the capabilities of ‘the system could be further
removed by slighp ﬁ@difiqptions to the centrol kndwledge -without

| re?gsign of the.knowledge base, . ' -

]

Based upoﬁ these resufts, further investigatioﬁ of this approach

-

) éhould prove extrémely worthwhile.

- : : r
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_ b. Humidity control by steam humidifier.
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