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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
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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 °















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 ! . .
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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 -
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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
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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 ©
a - »

-
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no of walls :

. ndof windows :

colour : .

oy

no of stories :

no of roofs: ' 1

> Fig. 2.3 Sample Frame

— '



3
!

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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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 .

A
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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 ’
° < T . r 4 é
A ?‘v - v



i

\

- 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"
. v AT, S 29 )
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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

N



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 '

.' &\

35
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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

: o 40 /o



‘ I

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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. . 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 .



Ry

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’
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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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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)
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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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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

»
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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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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
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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















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

o’
&

e ]



e &

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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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
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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. ’ . ' /


















~

A ~
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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¢

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

“

112
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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

a
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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.















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
' ' “ .

-

123



1 )
.

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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‘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
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" 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),
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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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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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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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