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Abstract.
Duce is a Machine Leaming sysiem which high-

Ieveldomanfeat,l&stoiheLser(ororacle)onﬂebassofase:of
exampe hansfonnahon

aobject descriptions. Six ae used b
compess the g bygeneralmerd

feature construction. Inhsn;gﬂ'Dmslllustatedby\Agr
oomlrudonofasmpleml and a hierarchi rg%
of bslanhalemertwsiemfo deadrmbv&-?elmr -
i a su r i EJosmors

n%ﬁlnthemmm Kng-awd-PaM%}a

7KRaewon—for-vW1||eornot'ITereNcummm%
?d Dmefortfed&expetwsbrnh were found
dess expert van Dratko. An existing menu-
aIIy KPa soluuonwhldw\/\esilwebassofareoertlelD
smmedlotfeshu@remteradwelyaealsdby[lm

1. Introduction.
It is well reooglsed(Felge'bam 1979)hataoqwsmmof

Mlchaskl and Chllausky (1980)
Qumlan (1982 ra/esfmmhatﬂwlstMemd(m
Io«v—level daa o fom hlgh-level rules.

Sr‘epro1 nﬁrmtodedeﬁecwelywm
ina
dn;/\%fashlonmanual em V\hld’](a’lt%%

used fo inductivel gaeaemME|nﬁBhaardw$paaHy
Usngﬂ'ustedmgue Shapio and Kopec areated
tures for deciding a forced win for while in any
within the dhess endgames of v. Ki ad
KingandPawntona? v. Ki (KPa7KR) solutions
i . However, using
S ki
wes in the cea-
g%n Ofdt.r]fe phs ﬂ:l&sbydﬂ'rgst all e V\|/0|k wes still
expert rather machire. In an atiempt
to%mm%ts structuring bottieneck Paierson (1983) fried to use
the statistical dlustering Mm CLUSTER (Michalski and Sepp
1%2)toalmnahcaK¥>K re the knowledge for the smplerof
E errkp’rm Fr:abrw]"srﬁjhs\/vaer‘otpron&ng, i
machine’s suggested hierarchy not having nificance
domain experts. a9
In the context of Machine Leaming, Michalski (1986) hes
caled the problem of originating tems constructive induction.
CLUSTER (Michalski and Siepp 1982), pahaps the best known
oonslructlve induction algng UssS % stahsht:glegustenr\g tech-
objedts into conoepiual dusters objedt is ini-
tially d&eabed in tems of a vedior of primitive atirlbute values.

Obects using a heuristic inter-object distance metric.
Rendel 19% Fu and Budhernen (1985)d$abea|temahve
similarity- goproaches to areating taxonomic hierarchies which

*Thnmnr(mtsmmwmvwanbdnmtwm

w&ﬁ%’éﬁz%&m&%ﬂmm

work on much the same basis as CLUSTER.

2. Transformation-based Induction.

In Duce the gpproach to constructive induction differs con-

from that of Michalski and Siepp (1982), Rendel (1985),

ua;dggdam&da'm(w%) and can be more easly e rsiall
techniques U

ardDamngtongmm Durstall% ad later Dershowiz

e

(1985) ductive synlh&sscm be canied out
ﬁm-presem #;%gﬂam proglam
Atfrstsght,ﬂ’meledrnmsmnnotbbeapplm—

to inductive inference, which bydeﬁnmonpogemsbyper
formngno'Hruﬂ'}-pr&eemngenerM\s suppiedtralnlng
set However, if each inductive transformation is tested against an
qademhmers,mthevahdltyo‘aytansfmnam ay such
inductive transformation is as legal and sale as its deductive counter-

Thggg%emofleanf onoepis o qmg\]sd

ing

Indeedmeofgne d@g{)ed next ssc-
UOnlsdlrecﬂdee SaTmIandBanet]l

Constructive induction canies out transformations which
inroduce new terms into the leamer’s vocabulary. Though such
fransformations can be ng,ifeyaerrxwl'atmmm
called semaniicsresenving. the primary concem in construc-
tive induction should nat be "how can new ems be introduced into
#evocabular}/?butrahermmmeanlngfulreNHnsbe
infroduced?. Again by using an orade fo either reme or reied

concepls, the dlfﬁcult phlbsophlcal prodems

involved in the word meaningfu sdsbpped Given
a meaningful aﬁn\g/alld training set, transformation of which is
both meaningful and valid (oy of the oracle), the resuitant

rule set will be meaningful and valid.

3. Operators.

Duce takes a3 input s set of conjunctive productions, or
rules, in a form cloze to that of disjunctive-normal-form proposi-
tional calculus. Six operstors are employed 1o progressively
tranaform subsets of the rule baze. These operators are described
below.

1) Inter-construction. This transformation takes 3 group of
rules, such ax

X+« BACADNE (1.1
Y « ARBADAF 1.2y

snd repinces them with the ules

X « CAEAT? (1.19
Y « AAFATZ? (12)
27 « BAD (1.3

Here the rule for the pew concepl Z7 (1.3) is the mon
specific gesenalisation of the rules for X (1.1 and Y (1.2).
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{Mackbird + [beak U] A [eolous biack) A [lege 2] A [tall t] A [wings t]) D
&g (blackhead the backbind)
fetimp + [colour brown] A [hairy (A flega 3} A [Lail (] A [wings 1)
eg (maggie_the_chimp)
(eagle + [boak ) A (colour golden] A [lege 2] A [tail t] A (winge £])
eg {egp_the_eagle)
(clephast «- [colour grey] A [logs 4) A (size big] A [Lai) 1] A [trunk 1) A
[wings ]} g {adult_elcphant)
{clephant + [colour grey] A {hege 4] A [site amall} A [tail ¢} A ftrank () A
[winge 1) e (baby_clephant)
{falcen +— [boak L] A [colour beown] A flegs 2] A [size big] A Jwil 1] A
[wings 1)} eg (Nap_the faicon}
(gorilla +— fcolour Wack] & [hairy (] A [lege 2] A [tail 1] A [wings [])
e (ronnie_the_gosilla}
(lemur « [celour grey] A [legs 2) A [iail (] A (wings M) %
e (lemur_alonc)
{man + |colour brown] A [hairy f] A [legs 2] A [sizo big) A il 1] A
{wings 1]) eg (harry_the_hamilc)
(man + jeolour pink] A [hairy [] A {legs 2] A [size small} A il T A
{wings 1]) ey {clap_Lhe_cmucasian)
(sparrow +— [beak 1] A foolour brown} A [legs 2] A [size small] A [til ¢ A
{wings t]) eg (aparky_the_spamow)
Figure 1. Initial set of animal examples.
I- Induce
TRUNCATION - {-12)
Tu (clcphant « [legs 4]) a valid rule? (y/n/i) n
TRUNCATION - {-11}
Is (elephant «- [lcgs 4] A [wings F]) & valid mlc? (y/adi) n
TRUNCATION — (-11}
Ta (elephant «— [legs 4] A [trunk 1]) a valid rale? (y/nfi) 3
t- Induce
TRUNCATION - (%)
I8 (man « [hairy T) A [legs 2] A Jeait Fj A [wings )
a valid rule? {yini) ¥
! Induce H
INTER-CONSTRUCTION - (-1}
Rule:
(7« [tegs 2] A |wings T
What shall ] call <?>T {name/nfi) primate
- induce
INTER-CONSTRUCTION -- (-1
Rule:
{7 + [beak 1] A [legs 2] A [teil (] A [wings 1))
What shal) [ ¢all <727 (aumeni) bird
I~ lnduce
No applicable tranaformation
5)

Figure 2. Animul taxonoemy session,

(hird + [beak t} A [tegs 21 A [lail t] A Jwings t]) eg (hlockhead_the_biackbird
cgg the cagle fiap_Lhe falcon mparky the sparmow)

(blackhird « hird A {colour black]) eg (blockhcad _the blackhind}

{chimp « primale A fcolour Brown| A Jhwiry £] A [Lail 1) eg (maggie_the_chimp)

(eagic « bind A [colour golden]) cg {cgg_the_oagle)

(clephant « (legy 4] A [runk L)) eg (aduil clephant baby clephant)

{lalcon + bird A Jeolour brown] A |size bigl) eg (Map_the [ulcon)

(gorila - mwimale A [colour black] A [hairy U A Jeit £]) eg (rongic_the_gorilia)

{lesmr - prinle A Jeolour grey] A {isil L) eg (lenwr_alone)

[man « primalo A [hairy [5 A |Inil 11) og {cInp_Ue_coucesisn harry the hamile)

(primmtc +— [legn 2] A [wings ) o (maggic_the_chimp clap_the_caucaian
ronnie_the_garilla hwery the hamite lermur_slona)

{tparrow + bird A [colowr brown] A [size amell]) eg (sparky_the spemow)

Iignre 3. Resultant animsl rule base.

KNOWLEDGE ACQUISITION

Intra construction. This is S|m the distributive law of
Bookean

ion takes a group of rues

aIIhawrgiresaremlemadSLm

X « BACADAE @n

X «~ AADADAE an
and meplaces them with

X « BADAZ? @122

ZT «+ CAE 2.3)

Z! « AAF 2.4)

Noe that while operator 1, inter-construction, could |
rmblybeapphedbrul%% and 22, the resutt woul be

Abso tion. Thlsoperaiorlsd,etoSaTmia'\d Dancrjl
1986)Mblm|tbgmeraerewrsweProbg

: threcurSIon sndrgsanl Iwrthln 'cal-
culus, this operator can |ngeneral|s-
|ngmlesssG|venasaofru thebody are of which
wrdetelywmwedemlnthebai%cﬂheotherssm

=]

X ~ ARBACADAE (3.5

Y « AARAC a.n
one cah hypalhesise

X « YADAME 1.1%

Y «~ ARBAC (3.2}

Noie that the monsfora this are
o oo T Spbg it copotien, Ao,

T & ooy vald. ou%“ws'é‘?mglg%%

rue is vall isa

must be verified by the orade. In general, asking the orade

umeasssay (:mbea\/adedbyfrst%rgrgb

answer the question deductively from the rule base.

Identification. The identification operalor is agen a pden-

tial generalisation, whose

those of infra-construction. saofrul&swhlohall the
sare head, the body of at least one of which contains exack
I}/aegnhdrdftu\dwrﬂmmcﬁ'ermles such as

X « AABACADAE a.n
X — AADAY (4.2
can be replaced by Lhe rules
X « AABAY (4.1
Y « CADAE (4.3)
Dichotormisation. This is works on sefs of mixed po-
e o o e Pocch, 0 whih i e Sore
in al L«re
in the bodies, such as
X « AABACAD 5.1}
W~ ANCAIAK (5.2
W e AnBaCaL 3.3
are replaced with the rules
X « AnCAZY (517
W o= ANCANT 5.3)
7?7 « BAD .d4)
21 & 1AK (5.5
Z1 « BAL (5.6)
where the replacement is on the orade naming Z7.
Dichotomisation is a isation of the the way that 103

(Quinlan 1982) aredies the intemal nodes of dedision trees.



fovem += [v1 YA [V2 LA [VILA WAL A VS A VS LIA
[¥7 t} A [vB 1]) og (tittutte)

feven o= [¥l 1) A [V2UAPIUAIVA AV A VT A
{¥7 11 A [vB []) of UOTIT)

fever — [¥EQAVIMAYIYAM AV AAIWOA
[¥2 1] A [vB 1)) g (fEUITTY

feven e WIQAINAMITIAINA[WSTIAA
{¥7 1) A [vB 1)) ep (TTATT)

Peven « vV JA (VIO A [VI QA WAt AL A VG A
|7 1] A [vB 1]) og (euLen)

Qoven o= ¥ A VI A [¥I A IVGA VST ARG A
[¥7 11 A Iv8 t]) og (Ui

Queves — [VIGADNIOAPIYA[vh1]n [WSITAWHA
[v7 [] A {¥8 []) eg (wdTTTD

paven — [v1 (] A 2 AP AR YA (S LA VS A
[¥7 U A |vB 1)) eg {huntt)

Filgure 4. Evon-parity examples,

- Induce
DICHOTOMISATION -- (-8)
{even « [¥I (] A[vat] AT
Qeven o— [VILAvAL]AT)
What shall I call <7 {name'n/i) n
DICIIOTOMISATION .- {-5}
{even « [v1 1A VI A LIAT
faoven «— (VI A VI A[v4HAT
What shall 1 calt <7>7 (ammoafl) n
DICIHEOTOMISATION -- {-8)
{oven s— (w2 1A VI AT AN
Peven = [v2 U A VLAV AN
What shall 1 eall <?»% (namoe/ndi) n
DICHOTOMISATION - (-4)
{foven e VI A A YAWELAD
feven — vl A2 NAIA[WYA T
What shall | call <7>Y (namo/n/) sev
- induce
ARSORITTION -- {-3)
Is (even o pev A (vl TT A [v2 () A [vI L] A (w4 2]
& valid rule? (yini) ¥

- Induce
APSORPTION - (-9)

I (wven +—wev A vl TTA[v2 1A [¥X 1) A [v4 1))
& valid rule? (piodl) ¥

s feven «— sev A [¥L A V2T A [vI G A [vd T}
a valid yule? (yinti) ¥

Is (even o sov A IV A P2 A (V3 L] A {vd 1))
o vulid nabe? [y ¥

- induce
DICIHYTOMISATION .- {-2)
(oven —pev A VIt A W11 AT
even e sev A vt A [vdifA T
What shall L cull <77 {nzme/nti) Mcy
- indute
ADRSORPTION - (-1}
1s (even +— Fev A [vd ) A vl U] A v) o walid mie? (yindl) ¥
- Induce
ARSOBRFITON -- (-1}
1e (even + flev A pev A [¥D ] A fvd 1) & valid nie? (yindi) ¥
- induce
TRUNCATION -- {-7)
In {even &= {fev A 3av) B valld rula? (y/n/i) n
Ne applicable tranatormation

¥Flgure 8. Parlty session.

6)  Truncation, The truncation operator, like dicholomisalion
nterx:ledforwevwhrdessSMmmgposruveaﬂ

negaive exampes d#esareomo%i
generels%bydroppngoom setofrtl&swhldnall
contain the

X « AADACAD 6.1

X « ARCAINK 6.2)
is replaced by

X « AAC (6.1/6.2)

AQleam mnh“d?aﬁwz'?{dm%%ﬁ@
i [ i

ng jion thet the resultant rule
(61/62)m,str\otdash .. be inconsistent) with ary other
rule within the rule bese. Of all the operaiors fruncation is
the only ane which reduces the number of ruies. All ather
operators compadt the rules by shortening the average rule

4. The search algorithm.

For any stake of a rule base, there at mary operaor
applications. subset of rules within the rule bese R is a candi-
e for the mhonofcmofife(ioperabsﬂ'ﬁ seam-

forirsg:ofR applmg;nscfszeZ thea%aeof

gxmer meart by a "good" operator applica-
She each ofthe calredneiremrberdwn'bds

tlp‘etheruletme,Ierxéasaerthasforihe
largest symbd reduction, i.e
rule is taken as havi a
junctive temms in the ru

ication which
rezor is appi
bihemrberdoon-
pluscnev\sn r the rule head), Ihenfor
for any 'be a
mmmeﬁel?feaglfbeamstaIIMMdmm
in R". In omnngeq.ﬂus the symbdl reduc-
s onie e R The tolal nLber

tlonpcximd
wnbdswrﬁmlfemlesaR’lswnttenastotal(R) The symbd
reduction equations arc
Viwr = OF)— DOR| = 1) =3
Vi Y )J}ll Iy;1(éld<eazeroor' forir\éalbugstinmm
Hee 101 uction. Searching operator
{;%“ nractable. Moreover, there is no guaraniee
apphcaton once found, would be
ication is dhosen using a
Ihepozxersa the symbas n the rule
tmeRLetashaet symbois / be found among the bodies of the

mlesaaR‘;F\)lA/nE{eR'isir?o /R) s ¥
operator application apply{Op, I Lsngoperabr P, is on
IIy maIAnyrejedlonof gmﬁw@@%
is loca maxu an a
orade keads o ocontinued ransformations arc camed out
chrrﬂalévr%utg?rlnmmm Of@re(ineihemletﬁasze
ination, by nature opetalorsdmsta
bolsooo.rwrthlnartestnctedby number of rules syrnm
?emsleam mm%;wu?b proportions. ly
e ma?e
operations which reduce the number of symbass arc applied termina-
tion is guaranteed.
5. Animal taxonomy.

Thsmlllushatestmbehavurd&ncmaeatrg
am[g)leanlmd Figue 1 sows the set of earpe
ptonsgvmb[lmlnErglshifefrsteaTﬂesays
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{even = flev A sev A [v3 ) A [v4 t]) eg (FIUIT GeefTET atitaeer)
(even »— ffav A sew A [v3 ] A {vd [T ey (TTITTY

(Mfov + [v1 1] A [v2 ]} eg (UHTIT tutten

(Mev — {v1 ] A [v2 1) ag (TUT)

(aey = [¥5 8] A [v6 €] A VT L] A [vB L)) eg {umenr)

(rev — (WS TTA [vBF] A [vT 1] A [vB 1T eg {Ruir)
{even o sov A V3] A [vd U A MTev) eg (TRUKC LTI
(even - Mev A w3 t] A {vd (] A vsev) og (LI uuinf)
(dTev — [wl ] A [v2 T]) e CULATT

(fTey — [vl ) A [v2 t]) eg (RuttL)

fuev « [vS A [v6 1) A (vT UL A [v8 1) eg (LUl
Qacy & [vS I] A Iv6 ] A IvT 1] A [vB t]) eg (tufiTe)

Flgure 6. Resultant parlty rule base.

a7
bxqugq
Hmmx
almt
Delayed-quetning
hedehk
Mate-threst
blxbq
bkxwp
qamsq
TG
rinrg
WK-on-a4
Blxwp
t2ard
nmpt
whnal
WE-in-chock
bkacr
mulch
rimmnix
rkxwp
Lhrak
whnek
Dlack-mencks-quecning-1quare-200n
blcnwy
bkona
bkon8
skrap
whovl
Doubic-aliack-threal
bikblk
biotby
cnixl
katri
wkpos
Diack-advantage-from-polential: tkewer
blapr
rotkd
reakr
riard
skach
wheti
Delnyed-skewer
bRy
dtopp
dwipd
tkoewr
#pcop
wiocy

Figure 7. Human expert's KI'a7KR problem
decomposition (Shaplro (983),

KNOWLEDGE ACQUISITION

Abbdhdresaba}glsbbdgmsmmegs,atalla’dwgs
Meadﬁebbd@rdsmrﬂamdte "blackbird" conoept

Noe te induson o _te insenee s
(blookhead the blackbird) within the role. This can be used as a
powerful tool for illustrating the meaning of new rules and conoepis.

Fi 2 shows user interaction for this set User
|nput|s nboldlypeVVI’mad@dtolnduoe seadhes

application of the truncation apera-

W|Ilsa,e12 'Iheoperahomsvalldrfardoniyrf

The user can ether

rmaﬂv%/m:' V") ('n" or ask for illustrative
"i" for illustrative eards it lists the

nstam&s adultclcpllant and_ babyelcphant  The  suggesion
oorsslerﬂwmthehmltedumseoﬂhe@amm,lstoo
%ened is rejected. Puce oonfinues its search and finds a
mghﬂylasai\abgsastuncahon which would save 11 symbas.
ing with four legs and no wings is an
spedialisi iSSImilrg]-gyene.ralised' hypdliimgo p?hmwl'armeely. gor
ing over is is a by-
wdmmmoﬁmmmmmw
wl'leﬂ'le*everyﬂwg%thatkmfourlegsaﬂatrunklsan
elephant. Since this is affimmed, Duce replaces all elephant rules by
Wer’e/vrmegererdmleadmrrsbﬂ‘e“' "prorrpt

The second generalisation, concem i5 acepied frst
lime around, uang a saving of 9 Inihethlrdlnbtac
tion Duoc t‘ratusmgifm oPerator
can. be saved by defini ansN foralthlngswhldﬂae
two legs and no wings. reject this new conoept
("n",ed<forlllush'ahvee>ani&s(" "), orgwearmefortheoon

Therme" mate" is given o the onbo

em!hernaNomoepi r all things whi haeaﬁg

legs, a tail and wings. Thlscrrmglsr‘amd“blrd“ When ased o
seadwforadheroperaug;% Ducc aomes badk with the

"No applicable trai ! that nore of the
operatrxsmrMm mbb@eﬂehebammgewmpmnnhs
exampke is in the oder of one second.

ooncepiualy fransparent
simply defined as a bird which is black. Noie that the ilustrative
examples arc propagaed to all rew rules.

6. Even-pariy.
Acoording to Minsky and Papert (1969) the "parity” function
surica’nablet;‘yg r‘glerEkyyer (Tl'gevergpar%
is that of nising whether Stings of binary digits contain an

d xplicit rule formation, ms such as 108 (Quinian
1 end AQ11 (MICha|Sk| ad usky 1980) tum out ©o be
sho/m(M 1%)@% %m’r&&rﬁm
uggleton si represen-
Iatmsofpantyra,eadmphmoom which is necessarly
norHpolynomially dependent on the number of atfributes, multiHevel
i c&n be buitt whose size is only Imeaﬂydeperdertm

the number of primitive atfributes. Efﬁclent mullmonoeﬁ
inevitably rely on a di dedsion
ofﬂ'letopJeveIoomerxsbeeedmiheoombmhonof\amof
lowerdevel predicates. Each lowerdevel predicate hes a domain
mdepatbmamtrdedsbsetdﬂ'etotalsaofpmblemaﬁn-

Fi re4dep|dse>a'rgsof8-vanable ity. The
variables (or primitive attributes) are numbered M to v8, each it
mmmie\aeﬁunwraeesa{ft}(raﬂwerifm{Oﬂ)htlnrg\zﬁrst
examp, variables €g
vaue t, ie. meanabi&sacbaxdbtﬂe
pat of the example shows a sfring of this form. Fi SSmNslhe
session in which Duce fransforms the training set of figure 4 into the
partial, hierarchical solution of figure 6. The responses arc based on



ra?
baqaq héchk
rithms Epcop
stiml
Delayed-queening-1
bkrwy bkond
dsopp muich
ramag skach
wkexp whnal
Delayed-quecning-2
bibik
White-king-in-chack -delay
blxer blexwyr
coict Kimpl
tkewr winck

Woeg
Skewet-Lhrest
Brape TEAWR
r2ard rixwp
whell wkosl
wkpos
Doubie- atisck-th rcat-2
bkons bkxwp
bkxbq blxwp
dwipd katri
reaky
Mate-Uirent-!
entxl whnafl
Mate-and-doubie-altack
bihik beabq
bacr katri
thexk
Male- and -doutsie-allsck-safe-from-promoled-queen
daopp quemg
riard skxwp
wheti winck
Mate-threat-2
bion® blepr
bloxer r2arl
skrxp thrsk
winck whovi
Mate-Lhreal-safe-from-p
bkabg hlawp
dopp dwipd
TREWP MR
sunpl skewr
Wit g

-
£

Byouble-atisck-|

biblk hkana

bkspr beacr

bkxwp blxwp

Awipd skrap

Polential -deuble-attack-uselul-1o-black
bknwy bkxbg
cnixl kmini
r2arB wkeli
wkick wkovl

whkpos

Figure 8. KPa7KR knowledge siruciure generated by Duce,

a siandard solution in which the variables arc recursively broken into
two equal sized sefs at each level. The total set of variables have
have 'fad'rr?g rtfmaxmgmsggms olo'5n'ot°'¥oﬁ°'h
, rs low
i . . The ourth ised as 'the
variabl&ekaee\mparﬂy'(sev). user then
ions conceming the application of the
aonoept 's remed flev o
-halfofihe are even'". Given the origi-
examples, Duccs solution is generalised to cover 16 of

"ﬁrst- If of

256 possble_instances. If presenied initially with the compleie
i’sla'msetDneierrisb/\adsasdlmmogr‘sshngcfanSH/el
%rsfgatordwyt in which levels are used o count the number of vari-

7. Recreation of the Kl'a7KR structure.

Bohﬂ’mearmalbm’rxw panlyproble’nkaehlghly
1%)fordeod|ngvmsmrposbonswmmmme&em
v. Kingand Roock (KPa7KR) ae won-or-
whie or not ﬂemwmmzn aaﬁlosnors
Shaplo a dabese of all positions, labelli
vd.:eofforoedmnnfor—whrteor A st of 36
feaures were calculated for each position. Since
hed te sare feature vedor ad wonHforwhite
wes recuced 0 3196, With

this number of examples Duce's searchspece for the first
%e%bnis%mseesedbn@,or fo Oh?s Nisson
sifes compete r dess approx-
0 ; even that hes a con-
srrderwamqazetfmmamved
For the of the experiment,
board position for each Thsihemltlal rule

(wonforwhtte aird A Ealie2 A .. feature 36) eg (position)

T\Aod&emetslvannaﬂ@a'dTleblettr‘ebedln
giving orade answers o questions asked by Ducc. The rule bese
started with 118252 The fist redmd?u%

been 1 transformations,
WEmbbmera%tbﬁ']mmxm&%mhﬂadMabtaId
were si a%;i;mleoperahors,

butwrrbdredlmonsrgg

Inqmu’s3a'd5|nmmmr’eNcrmem\Aee|ntro-
duced, the size of the common set of symboas, Int wes too Ljis%
a comprehensble rule description. Itlshaethatﬂ'leﬂl tive
board were indispensidle. For this

o tytofrmtendv\ea&nltmtoDlmM‘idWQaeihe
user abili peuse a positions
representing the ad counter- Without this ical
device, new conaepis could not have been K remed
As it was, wee with confidence within the presen+
tation of 20 to 40 boad positions. It wes o rej

new ad sugoesied by in the KPa

Fgm?immMrecemdm?e%

and Kopec, which took an eslimated 6 men monins rtFlgue

8 shows Duccs solution. Dmcamedwtife41aadeageed

ta”smedunrlgaswge og%l’d?xy

between each qmmmesmihe amlnuteItSmtjdbe

noied that where heve used nine hierarchically

enag%3 I%ad%SO thirteen. DlndsasgIUMndsom
r syrrbobvxkeesrmo menu-

ally aresied solution contains the equivalent of around

hor‘sadaurdﬂmsyn’bolsAihoughDuodssoluhonoajd

heve been mede more compedt ng more transformations or
by dedsion trees for CCI‘(E[IUS|I’Q1|I3,Itm
unlikely to the author that this would heve resulied in a solution

which wes as comped as that of Shapio and Kopec.

riue of the operators used the KPa/KR sol
UOmsgBZr:’feed byoonshuctlot%yDUOQ g

8. Discussion.
Dxemaproganv\mm wnhlhe ofahnmorade

disoovers useful new t e%

disoovery program, V\ESledsed ) for the
ofheted’rqmmvolved UnllkeAM Duee usss a sim-

rjeaﬂexpllatsaofsuq)erakxsbaealeaﬁrefnewnepsln
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addiion the meaning-gving agent, implicitly present W"h'%r%

Leaming sysiem, is explicitly represented as
within Ducc. Xlety

Extensive search is used 1o dearease the number of questions
asked by Ducc of the orade. However, in what aroumstances is the
Laaofanoradeerherélgﬁedorfeasble’? In this it is

ofarneegerl,nberofempncalsu,l-
sars o be
from the

§

a moderae number ofpropoam Further
Msmybémtetumdmlshypdm

Duge works with staiements in prepositional logic. One way

of extending the present work would be to ing similar
Ied‘nqm within other Daweagllia&) is preserty
oonstructive induction within first-order

looking at the
calculus. The author believes that akin to those usad in
Ducc could be profitably employed In leaming  hierarchically

definable context free gammars.
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