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Abstract [N ! J = ' ‘

A poorly desngned kno ledge base ean be as ‘cryptlc asan arbntrary program and just as dnffncult to"

malntaln Representnng control knowledge abstractly. separately from domaln facts and relatlons, ‘
. makes the desngn more transparent and explalnable A body of abstract control knoWledge provides

[3

a genenc framework for constructln:(Snowledge bases lor related" problems in other domalns and
", also Ma useful startlng point f studylng the nature of str%tegles ’

4 ‘. * -
o~ . ’ -
v ! . L . .
. ‘ . .
)
.

N N . S . . [ o .
1 lntroductlon .7 S - ) v.; .

The quality of a knowledge base depends not only on how well |t solves problems. £ut also how on _
easily its desngn allows it to be malnttlned Easy maintenance--the capablllty to rehably modlfy al S

knowledge.bgse wnthoutextensnve reprogrammnng |s |mportant for several reasons T "'-.

. e Knowledge based programs are bunlt mcrementally, based on many tnals, S0 modnfncatlon W' _
lS contnnually réqunred |nclud|ng updates based on imprdved expertlse. ', _ S UL
K A knowledge base is a reposntory that other researchers and users may wrsh to bunld
‘ upon years later .
~ eA chent receiving a knowledge base cnstructéd for h|m may wish to correct and extend
P | wnthoutthe assistance of the, onglnal desngners “ o . . . ?

' < .- L
U

A knowledge base is hke a trad|t|6nal program in. that manntalnlng it requires havnng a good

understandlng of the underlynng desagn That |s. you néed know how the parts of the knowledge
base are expected to interact in. problem solvnng Dep ndmg on the representatnon this lncludes o
knownng how default and judgmental knowledge mterg t, whether rule clauses can be reordered. ' .
. when attached procedures are applied, how constrannts e |nher|ted and ordered etc. One way to ) :
| prowde this understandnng is to. have the program explann its reasonnng. using an |nternal descnptlon
" ofits own desngn (Davns, 1976), (Swartout 1977) However problems encountered ln understandlng
tradntnonal programs -pootly: structured code. |mpl|c|t snde effects. and madequate docbmentatlon - <
. _' carry over to knowledge based lprogrammnng and: naturally limit the capablhtles “of explanatnon S
T programs For example; a knowledge base mnght arbitrarlly combnne reasomng strategles with facts _.
, about the domaln Implicit, procedurally embedded knowledge cannot be artlculated by an
explanatnbn systemt(Swartout 1981)-, (Clancey, 1'983) ‘and is not vns:ble to gunde the progr;am

<

maintainer (see jEnnus. 1982) foran entertanmng study°of this problem) s o e
Th|s paper argues that an lmporfanf des:gn prmclple for bu:ldmg expert Sysfems is to represenf all _
confrol knowlédge absfracfly, separatée from the. domaln knb\wledge it operafes upon ‘This idea i .
’ |Ilustrated with examples from the NEOMYCIN system (Clancey, 1981). There are many scientific,

ta S : - L. . . . .
.
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2. What is Abstract Control Knowledge" - .

'_ "Control -knowledge” SpeCIfles when and how g program is'to carry out its operations, such as -
: pursumg a goal, focusing, acqulrmg data, and making mferences A basic distinction can be*made - ,"f
e between the fams and relations of a knowledge base and the program operatlons that act uponvit. For S
.. t, example. facts and. relatlons ina medlcal knowledge aa'se mnght mclude (expressed ina predlcate

calculusférmulatlon) . o ‘ ‘ ‘ e
v ' ’ : ' '

u ‘(SUB‘VYPE INFECTION MENINGITIS) e e
- . .- meningitis is a kind of infection"

'« (CAUSES INFECTION FEVER) . , . W e
-ﬁ ‘ - == "infection causes fever" N ) cL T

*(CAUSES INFECTION SHAKING-CHILLS) . . » - S
, -- "infection causes shaking chills" r ‘ :

. -(DISORDER MENINGITIS) . e , I T
AR meningit.is is a disorder" ' . "

(rmotue FEVER) : ' S T O
-- "fever is a finding" . o . , .

‘ . * . . ¢
X - .
-~ . . N “ - * . i
L) 3 . .
. l . . . .
TN _-f 'J P X v . . . ¢

SUch a knowledge base mlght be used to provide consultatwe advice to a user m away typlcal of S

" - “‘expert systéms (Duda and’ Shortllffe. 1983) Consider, for example, a consultatlon system for -
'./ N ) ' dlagnosmg some faulty dewce Mplcal program operation is to select a finding that t:auses A
N dlsqrder and ask the user 10 mdlca‘ ‘whether the device bemg dlagnosed exhlblts ‘that symptom. '
T . ‘Specifically, a medical dlagnostlc system ‘might ask the _user whether the rg"atlent is’ suffenng from - -

.shakmg chllls. in order to;determ ine. whether he’ has an infection. - “The fi rst gescnptlon of the
program 's Operatlon is. ab’stract refernng only ‘to, domain- mdependent relatuor;s Ilke "fmdmg" and
- . "causes"; the second descnptlon is concrete. refern"n/gto domain-dependent terms like "shaklng
: -chllls" and "mfectlon" : ("Domam mdependent" doesn't mean that |t applies to every domain, |ust o

. N . . -
# ' that the term is not speomc to a?y one domam ) _ o o '
) . ~ - ~ . : . R i LA » ) Y . - .

g he operation db'scribed here can be chhrac'terized ‘abstractly as "attémpting to confirm a | »
:dlagnostlc hypothe3|s"‘or concretely as "attempting to determine -whether the patlent has an

“ mfectlon " Either description indicates the strategy that mofivates the question the program is asking .
; . | of the ~user So.in thls example we see how a strategy. or contrql knowledge, can be stated either -
‘ abstractly or cori!retely The lollowmg two examples illustrate how both forms of control knowledge
. 4 : . '
v, : ' o ¢ e

‘ A
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"2, 1‘.An lmpllcuRetinement Strategy .

' ) f ° . ’ .
.. - . . \ -
L . ~ Co . . N
. .

mtghtbe represented in aknowledgebas‘e , S '/ !

' .
. ¥ . . :
. k . . - X »' . N .
. . . .
-

»

| ln MYGIN (Shortllffe 1976), most knowledge is represented as domaln speleIC rules For exam
the rule "If the patlent has an mfectlon and h|s CSE cell co&nt is leSs than 10, then-ltns unlikely that he

has meningitis," might be represented as: . ' .
Pﬁums . - “ LT ' | - : )
(SAND ¢SAME CNTXT INFECTION) | . . (, O
. (ILESSP (VKLI CNTXT csrcsLLcouur) 10)) ) 1 1y
_ ACTION: T |
o (CONCLQPE CNTXT INFEtTPONQ{hFE MENINGITIS TALLY 700) - :
o, %'; ™. i

proceeds by top -down reflnement from infection to meningitis to subtypés of menlngltls The disease

hlerarchy cannot be stated explicitly in the MYCIN rule language; it is |mpl|c|t in the design ofdthe .

rules. (See (Clancey, 1983) for further afalysis of the llmltatlons of MYCIN's representatlon )
. . .. . ' - /. T

CENTAUR (Aikins, 1980) is a system in which disgase hierarchies are explicit Inits representatlon

language, MYCIN's meningitis knowledge mlght be encoded as’ follows (usmg a LlSP property list

notation): * _
| Vo9
INFECTION L . . ~
: MORE SPECLFIC | ((d1sease MENINGITIS)
s _ (disease BACTEREMIA)...)
IF- CONFIRMED~' {DETERMINE disease of INFECTION)

. y
MENINGITIS e S ~
MORE-SPECIFIC  ((slibtype BACTERIAL) . | .
“ (subtype VIRAL)...) N

.IF-CONFIRMED (DETERMINE subtype of MENINGITIS)

. ‘... 1». ‘

ln CENTAUR hlerarchncalJelatlons among disorders are -explicit (memngms isa Specmc kund of
ml‘ectlon). and the strategles for- usmg the knowledge are domain- Specnflc (after conflrmlng that the
patient has an infection, determnne what more Speclﬁc disease he has). This. desngn enables
CENTAUR to articulate its operatlons better than MYCIN whose hlerarchlcal relatlo)ls and strategy.
are procedurally embedded ln rules.

Howeyer-, observe that each node of CENTAUR's hierarchy essentially repeats a single strategy--try

The order of ¢lauses is\important here, for the program should not consu;ier the "CSF cell count" if
‘~the patlent does not have an mfectnon Such clause ordering in all rules enSures that the program
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.to confirm the presence ol‘a' child disorder--and the overall strategy of top-down refinement is not = ° :
explicit. Alkins has /abeled CENTAUR's strategies, but has not stated them abstractly. - By. .
" tepresenting- strategles absfractly, it is possible to have a more explicit and non- redundant deslgn

_ «Thlslswhat |s donei in NEOMYCIN : : . o ’ . h

R

4 ‘In NEOMYCIN domain relations and strategy are represented separately and strategy is.
represented abstractly. A typical’ rule that accompllshes, in part, the abstract task of attemptung to
\ _ conhrmadlagnostlc hypothesls and its subtypesrsshown below ’ ’

—

- * <Domai}Knowledge> e 3 » '

INFECTION, o
‘CAUSAL-SUBTYPES '(MENINGITIS BACTEREMIA ...)

U MENINGITIS | \ | J ,t .
" CAUSAL-SUBTYPES  (BACTERIAL VIRAL ...) — X

<Abstract Control Knowledge)

TASK: EXPLORE AND REF INE .
ARGUMENT;: CURRENT- HYPOTHETIS

IF the hypothesis being focused upon ) . ) '

G : has’a child . T - \
: .- that has not been pursuqd I ‘ ' ) \
"THEN pursue that child.

\ -

_(IF::(AND (CURRENT-ARGUMENT SCURFOCUS) K

: (CHILDOF $CURFOCUS $CHILD) - : ‘ ¢7L Y
; (THNOT (PURSUED $CHILD))) ! L .
o (NEXTACTION ( PURSUE - HYPOTHESIS $CHILD))) . .. .
\\ (4 v . ‘ .
NEOMYCIN uses a dellberatlon/actlon loop,f l.\clng what it should do next. Metarules, like

the one shown above, recommend what thsk shou done.next, whaj dOmaln rule applied, or what

domain finding requested from the User, (detalls are given in (Cjancey. 1_981) and (Clancey and Bock, »

1982) and are not important here). The important thing!to notice is‘that this metarule vllill be applied

for refining any disorder, obviating the need to "cqmplle" redundantly‘intb the domain hierarchy of< ‘

disorders how it should be searched. When a new domaln relat|on is declared (e. 9., a new kind of. :
. ‘ infection is added to the hierarchy) the abstract control knowledge will use. it appropnately That is,

we separate out what the domaln knowledge is from how it should be used. B | o,

’ . S S

Metarules were first introduced for use in expert systenjséby Davis (Davis, 1676), but he conceived

\) " . S o ¢ l

RIC EEEEE 8




. . "l. - - .v 5 B . ..u‘. . N . m‘..
of them as’ belng domain- speclflc
CENTAUR's contro! kn

B
A

.,‘.' g

. R %

r. \, . g‘x

.

In that form, prmclples are encoded redundantly, just ﬂke ”
ledge. For example, the principle of pursumg common ‘causes before '_' “ |
'unusual causes appéars specific metarules for ordering the domaln rules of each disorder.
* ? \ \ . . .

The benefits of statlng metarules a_bstractly are illustrated further by a ser:ond example
L o \/ o .

. T e
.
., . .
Y ,‘ ) . .
|

'
2.2. An Impllx:it Questlon Asklng Strategy

v : | ..\‘
Another reason for ordering clauses ina system llke MYCIN is to prevent unnecessary requests for
. data. A finding might be deduced or ruled out from other facts available to the program For
- example, the rule "If the patient has undergone surgery and neurosurgery, then consider dlplOCOCCUS
as acause of.the.meningitis" mightberepresented as follows ' M X
PREMISE (SAND (SAME CNTXT SURGERY) . — + ‘ )
(SAME, _CNTXT NEUROSURGERY))
ACTION: (CONCLUDE cu‘rxr COVERFOR DIPLOCOCCUS TALLY 400) _
. \\ .‘ . ‘
We ;ay that the surgery qlause "screens" for the relevance of asking about neurosurgery Observe .
that neither the relation begveen these tvko ﬁndrngs (that neurosdrgery is a type of surgery) nor the
r ) ' cr .
PREMISE: (SAND (NOTSAME CNTXT SURGERY)) - > Ny
ACTION: (CONCLUDE CNTXT NEUROS()RGERY YES TALLY -1000) s '
: i P \ » A\l

@

. / °
. " -
Such a rule obviates the need for a "surgery” clau!e in every rule that mentlons neurosurgery. SOy,

LN

thls design is more elegant and less prone to error. However, the questlon orderlng strategy and the

abstract relation between the ﬁndlngs are still not explicit. Consequently, the program’s explanation
. ’ i
system casnot help a system maintainer understand the underlying design

)

. . ' ’ ’
in NEOMYCIN, the above rule is represented abstractly by a metarule for the.task of finding out new
data. . ‘\ - )




o <Domaln Knowledge) C o, . ' E : .
P . (SUBSUMES SURGERY NEUROSURGERY) ' o eps
-y (SUBSUMES SURGERY. CARDIACSURGERY) ’ ‘ et

7 © <Abstract Control Knowledge> | S : ’ coo v

TASK’: FINDOUT S 2
ARGUMENT : DESIRED- FINDING - <

: .METAB!!LEQQZ ) BN 3 .' | A ' .
Y IF the desired finding - : L L o =
‘ - is a Subtype of a class of findings and ' S

. the ¢lass of findings is l?‘?t present in this ca f'
- THEN conclude that ‘the desired finding s not presemt.

(IF (AND (CURRENT-ARGUMENT SSUBTYPE)  ° S g o
‘(SUBSUMES $CLASS $SUBTYPE) S c/
(THNOT (SAMEP CNTXT SCLASS))) S . RS U

R " (NEXTACT1ON | _
o (CONCLUDE CNTXT SSUBTYPE YES rALug -1000))) S e s

LV, ' . ‘
o | Thls metan.’e is really an abstract general:zatlon ongcreemng rules. Factonng out the statement 4 '

R of relatlons among fi ndrngs from how those relations are to be used produces an elegant and
g - f economlcal representatlon Besides enabhng more- detailed explanatlon such a deslgn makes the

system easue_r to construct and more robust. ) ) ‘ : . o

> o R
P2

: Conslder the multiple ways in which a smgle relation between fmdlngs can be used If we are told

that the patient has neuros,urgery. we can use the subsumptlon link (ordts mverse) to conclude that
J the patient has undergone surgery.” Or if.we know thatthe patlent has not undergone any. klnd of .

rgery we know about, we can use the "closed world assumptlon" and conclude that the patrent has -

" not undergone surgeny: These inferences are controlled by abstract metarules in NEOMYClN
7

The knowledge base is easler to construct because the expert neednt specify% situation ln .
which a given fact or relation should be used. New facts and relations can be added ina srmple way;

the abstract metarules explicitly state how the relations will be used. The same generalrty mw .
knowledge base more. robust. The system is capable of makmg useof facts and relathns for d,[ﬁerent '
a)ons that would be ditficult to antlcipate or enumerate o 45*‘ -

»

.l\n\n\n\n\n\n\n\nhh-h-h<l:.l: ey, '

» .
A .

" %% burposes, perhaps in combjn:

. ; 4 ’
o ; . . . : . - . .
L Lo, . - . : . - - ' '_:~ - :
) : (R
R ) "- . s . . - .
H N . - * -~ 4 ' . . : e .
; . . . . . .
. s . . , A2 \
. . . . o oo :
'
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o 3 Studymg Abstract/Strategles and Stzructu ral Relatlons N
I NEOMYCIN domaln flndlngs and dlsorders are related in the way shown above, and there are .
.'_‘ .approxlmately 75 metarules.that constltute a K ure for dﬁﬁg dragnogs Besld;s abstract domann r
- rglatlops such assuesumes NEOMYOle §

8 “.

etarules refere?ce

- . . ‘
i N\ ‘
h oKnowIedge abolt metarules and ta*sks (statlc) the argu ofatask whether metarules S _' _
are to be applied |terat|vel$: the: condition. undér which a task *should be aborted, Cot T
"(dynamic) whetl?r a task’ completed su‘c;cessfully, whether a. metaruleasucceeded—q\r————f——*“—-
fauledetc AL PR e ‘- oo -
oDomaln problem solvlng hlstory fhe actlve hypothese\ whether a hypothesls was
‘ . ‘pursued, cumulative bellef for a hypothewles usmg a finding th,at are “m focus" a, .
< - " strong com trtor to aglven hypothesls. et ‘ ‘ e R
These concepts form the vocabulary for a model ofdlagrlosls, the terms in whnch expert behawor Is
- mterpretedand strategies are expres§, ‘ . S e e _
_ : : }' L o e N

: \_ “An urfexpected effecti s that there |s no rﬁ'ore backward cha|n|ng at the domaln level. \_h;aps, the
- only reason MYCIN does backward chaumng dunng its- dlagnostrc (hlstory and\plelcalfﬂ?ase is to
accompllsh lop: down reﬂnement and to apply screenmg rules. This is an |mportant result. By
o " studylng the hundreds of rules in the MYCIN system factonng out domain relat|ons from controI i
. knowledge. we have»greatly deepened our ungdsrstanding of the knpwledge encoded |n _the rules. -
. . There are two speclflc products a body &f. aéraaj c@rrol knowledge that can |tsel[ be studled ‘as
well as pplled in -other - problem domalns, and a Ianguage ‘for representmg knowledge abour .
. d;sorders {in terms of causalrty, subtype etc) We call these abstract relatlons srrucmral relanons - _.'
Structural relatlons are a means for mdexmg domaln,speclfrc knowledge They select hypotheses
'to focus upos, findrngs to reguest and ﬂomaln |nferences that might be made As such, structural

' “_ relatuons constntute the orgamzatlon, the acg\_s_f paths by Wthh .strategles bnng domaln speclfic ~
' knowledge Into plaz_ For example, the metarules g|ven above méntron the CHlLDOFand SUBSUMES -
‘ relatlons METARULE001 looks for the children &f- the current hypothesls in. order to pursue them; - % |
»w oo METARULE002 looks foramore general fmdmg in- order to ask for |tf' rst ) ' X T “
SRR These relatlons cgnstltute the language by which the pnrmtlve domain concepts (partlculagf‘ ndings « o7

, and dlsorder hypotheses) are. related in a network Addmg a pew straregy of}en reqwres addmg 2
- ’new kmd of srrucrur;.;! relation to the networkkFor example. suppose we desure to pursye common

causes of a dlsvf&er before senous, but unusual causes We must partition' the causes of any ' ;.
d|sorder accordmg to thls dlstlnctlon adding new relatlons to our. language -COMMON CAU§ES and o
. " - . . K N ~ . . 7 .
- » : . ) ‘ B ' . ‘ "‘ . T . : . o ~ '. . . .- . : . - . 0" - .
O . : T o B . ‘. . L : o ) 11 i "'.. |é‘.. . '. -_H_ﬁﬂ VT . . “, . T .l\"
ERIC 0 e T A T e ey
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Slmllarly, the appllcabrmy of a strategy det
- domain. For examp\le, a strategy mlght gn
- problem dom in all ﬁndnngs might be equall
S it h.ow to-searcha’ deeptherarchy of‘”du
- shallow, maklng the strategies, mappllcabl
)' explrcate structural relatlons On his basrsl

- of strategles, refernng to structural propertle

. . ‘ ) . C "‘ N ’
> . Lepat has found a similar. relatlonshlp betv
‘ in his program for discovéring new heurlstlc

heu ristics in EURlSKO depends on breaklng

-»—; - ', slop that the program can mspect and mox

. ' ~concepts,fhose representatlon is reﬁned

. 1. 1. FACTORS slot to every. number) The, prog

o - *that collects relatrbns among entrlescofanln
: coN :4. ¢

N \ . . ‘;-_:.‘

o 4 Grven the Benefrts Canﬂt
Lo ~ An initial reaotlon mlghl‘be tbat for some
abstract strategres -all facts and Trelations a

L . the.procedure for conhrmmg any given dis
"~ some devrce) might be completely sntuatlon
whuld appear to be an unusual kind of, dorr

| pnnclples can be applled over and over aga

_ Teaching and learging are made incredib
S problem to another. ‘Domains with a Stro
| . might be like thls Perceptual Skl"S rely onj
. ofdata they are mlght be poor candldatesf

'J . R Y
R ' -We also kn‘ow that in m'any ddmains, for
| solvmg routine problems These pnocédur«
for orgamzatuon management equlpmenn

+ - . -important to reccmmze that these procedul
. o ’
N .







- causal,  temporal, and spaclal lnteractlons problem solvnng goals, abstract’ prlncnples of design. k |
dlagnos’ls. etc. Except where a procedure is arblt;ary, there must be some underlylng rat|onale for 3 |
the selectlon and ordering of its steps Knowmg this. rat|onale |s certalnly important for reliably
modifying' the procedure; Such procedures are often just prepared plans that an expert (ora user .
followung a programs advuce) may need to adapt to unusual clrcumstances At one level, the, S
rationale can be made expllclt in terms of an abstract plan wrth its attendant domam ‘structural ‘-
relatlons. a redundant, compiled for_m ¢an be used for efficient routine problem solving.

»
1 : » -

In theory, if the ratlonale fora procedure or prepared plan can be made expllclt a program can
recenstruct the procedure from first principles. Thls approach has two basic difficulties. F‘rst the -
procedure might have been learned |ncrementally from case experlence it slmply handles problems
well; there isno complled out theor,y that can be articulated. Th|s problem arises partlcularly for skills .
in which behavior has been shaped over time, or for any problem in which the trace of "lessons" has
-been poorly recorded. The second dlfflculty is that constructing a procedure from first pnnclples can
involve a great deal of search. Stefik's (Stefik, 1980) multi-leveled planmng reglme for construotlng

o MOLGEN _expenments testifies to the complexuty of the-task and the limited capabnhtles of current
. programs. In contrast, Friedland’s (Friedland‘ 1979) approach of'constructing experiment plans from
skeletal abstract plans trades flexlblllty for efficiency and resemblance to human solutions. Whlle
skeletal plans may sometimes use domain- spe‘clflc terms. as precompiled abstract procedures they ‘
" are analogous to NEOMYClN's tasks : " . <

Importantly, the ratmna;e for the abstract plan ltself is not expllclt ih any of these programs. For
~ example, NEOMYClN's metarules for a given task might’ be ordered by preference (altern'atlve
: methods to accomplish the same operation) or as steps in a procedure Since the constraints that

suggest the given ordenng are not explnclt part of the design of the program is still not explicit. For
example. the abstract steps of top- down refnnement are now stated but the sense |n wh|ch they
onstltute this procedure is,not represented. (Why should pursurng siblings of d hypothesns be dort
before pursuing children?) .As"another example, the task of "estabhshlng the hypothesis space" by
. expanding the set of possrbllltles beyond lommon. expected causes and then narrowlng down in a
_ réfinement phase has mathematlcal set theoretic Underplnmngs that are not expllclt in the program.
\ - Slmllarly. Stefik's abstract planmng procedure of "least commltment" IS implicit in numenl/_ riorities
' assigned to plan design operators (Clancey. 1983). Automatlcally constructlng procedures at this
| ._hlgh level o'fabstractnon as odposed to |mpllc|tly building them into. a Qrogram has been explored

very little. i

LA . -

..

.

Even within 'th’e, practlcal 'boun_ds of what we make explicit.lt might be ,argued_lthat ,representing
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procedures abstractly is much more difficult than stating individual situatlon speciflc rules This

€Y

~

might diifer from person to person; ‘certainly in medicine some physicians are better than others at
stating how they reason abstractly A good heunstlc might be to work with geod teachers. for they
b are most likelyto have extracted the principles ) they can be taught to students.
. , ’ L
© * Thereis certainly an initial cost whose benefit is unlikely to be realized if no éiplanation facility is )
desired, only‘f“the original designers maintain or modify the knowledge base, or there is no desire to
. . "byild a gener;c system. But even this argument is dubitable: ‘a knowledge base with embedded
‘ strategies can appear cryptic to. even the original designers after it shas been left aside for a few.
months. L Also, anyone intending to build more than one system will benefit from expressing -
knowledge éﬁ generally as possible so that lessons about structure and strategy can speed up the
building of new systems )

'l’he cost aside, it appears that there is no way to g'et strategic ekplanations without'making domain

" relations explicit and stating strategies separately. This was the conclusion of Swartout, who was led

to conclude that an automatic programming approach as difficult as it first seemed, was-a natural _

direct way" to ensure that the program had knowIedge of its own design (Swartout, 1981) Thatis,

providing domplete explanations means understaﬁndlng -the design well enough to derive the
procedures yourself.

-

NEOMYQIN's factor|ng of knowIedge into domain and strategic knowledge bases is comparable to

the input requu;ements of Swartout’s automatic programming system However, NEOMYCIN _
interprets its domain knowIedge, rather than instantiating its abstract strategies in a-compiled
program, (Malntalning the separation is important so the metarules can be used in student modeling
(London and CIancey, 1982).) Moreover NEOMYClN‘s strategies are abstract, unlike the domain-
specific "prlnciples" used in Swartout's program. This design decision was originally motivated by .
our desrre to replicate the kind of explanatlons given by teaﬁhers(Hasling, 1983). However. we now ‘
realize that representing control knowledge abstractly has engineenng and scnentlfic benefits as well.

5. Advantages of the Approach
The advantages of. representing control knowledge abstractly can be summarized according to
/. -engineering, scientific, and practical benefits: o

. / :
/ - 3Engineerlng
"/ ’ ‘ !
_/ : )% .o The explicut design is easier to debug and modify. Hierarchical relations among
/ : yx findings and hypotheses and search strategies are no longer procedurally

i

¢
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& " embeddedinrules. j

o Knowledge is represented more generally,so wé get more performance from less
system-building effort. We don’t need to, specify every S|tuat|on in which a glven

. fact shouldbe used. ’ : - . - T

“oThe body of abstract -control knowledge can be applied to other problems, .
constituting the basis of a generic system, for example, a tool for building
- consultatlon programs thaf dq dlagnoSIs : _‘ ST :
. .
o Sclence. Factoring out control knowledge from domain knowledge provudes a basis for
studying the nature of strategies. Patterns become clear, reveal|ng, for example, the
. underlying structural bases for backward chaining. Comparisons between domains can
be made according to whether a given relation exists or a strategy can be applied. .

[}

e Practice.

o A considerable savings in storage is achieved if abstract strategles are available for
solving problems Domain-specific procedures for dealing with all posslble
s1tuat|ons needl‘bbe complled in advance. ot

) Explanatlons can be more detalled down to the level of abstract relations and
strategles. so the program can be evaluated more thoroughly and used more
reSponslbly

o Because strategies are stated abstractly, the program can recognize the

. application of a particular strategy in different situations. This provides a basis for

; explanatton by analogy, as well as recognizing plans dunng knowledge acquisition
or student modeillng :

Representing.control knowledge abstractly moves us closer to our ideal of Speclfying to avprogram
WHAT problem to solve versus ‘HOW to solve the problem (Feigenbaum 1977). Constructlng a

knowledge base becomes a matter of declanng knowledge relations. HOW the knowledge will be

"used needn't be slmultaneously and redundantly specified : L.

An analogy can be made wrth GUIDON (Clancey, 1979) (Clancey, 1882), whose body of abstract
teaching rules make the program usable with multiple domains. Traditional CAl programs are specific
to particular problems (not just problem domains) and have both subject mafter expertise and
teaching strategies embedded within them The separation of these in GUIDON, and now the abstract
'representation »ﬂf strategies in NEOMYCIN, .is part of the logical progressmn of expert systems
research that began with separation of the interpreter from the knowledge base in MYCIN. The trend
throughout has been to state domain specific knowledge. more declarﬁatively and to generalize the
procedures that co'ﬁtrol its appllcatlon. _
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Another analogy ¢an be made with database systems that combine relational networks with Iogic(\f |
programmlng (e.g., see (Nicolas, 1977)) To conserve space, it is not practlcal to expllclty storeevery
relatlon among.entltles in a database. For example, a database 3bouta populathn of a}ountry might
3 record just the p s of- each person (e g. (MOTHEROF $CHILD $MOTHER) ,(FATHEROF
=+ $CHILD $FATHER)) A sep TI/

(the mtens:onal data ). For example, snbllngs can be computed by the rule:
» . s :

-

te ody- of general denvat;on axioms is used to retne other relations

4

(IF (AND (PERSON spsnsom .o " .
(MOTHEROF SPERSON - swfornER) o .
(PERSON sm:nw%)
(MOTHEROF SPERSON2 SMOTHER)) .
(SIBLING SPERSON $PERSON2)) RN
3 » . . i /
X 8/

Such 'a rule is quite slmllar to the abstract metarules that NEOM 'ClN uses for deducnné\th'e A
presence or absence of ﬁndlngs NEOMYClN differs from datab 2 systems |n that its rufes dre
grouped and controlled t&-a;bompllsh dbstract tasks. Only a f of NEOMYClN’s metarules make -

~ inferences about’ database relations; most. mvoke other tasks/ such as "ask a general questlon“ and '

; . "group-and differentiate hypotheses." Moreover, the knov.'ledge base contams judgmental rules of !
_evidence for the dlsorder hypotheses. These dlfferEnces asude, the analogy is’ stnmulatlng Itw
suggests that treating a knowledge base as an object to be inspected, /easfoned about and

_manlpulated by abstract procedures--as a database is checked for integrity, quened and extended by N

general axnoms--lsapowerful deslgn pr|nc|ple for building expertsystems ' A\, \_,
' : ' o . n W
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