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GA-CIGOL : A Concept Acquisition Method Based on
Genetic Algorithm and Inverse Resolution
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This paper proposes an inductive inference method (GA-CIGOL) which can generate rule
sets to explain a given set of positive or negative examples in the framework of logic
programming. Inverse resolution method was proposed for effectively creating new predicates
to automatically acquiré a new concept from examples. With this method, however, it is
difficult to select a target concept from created candidate concepts. This paper, therefore,
investigates how to select a target concept, and hypothesizes that comparison among candi-
date concepts is an important process in selection. Based on the hypothesis, we propose a new
concept acquisition method based on a genetic algorithm and an inverse resolution, and

Sep. 1995

evaluates the performance of the proposed method by some computer experiments.
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.31, (3.4, 2,3]).

reve{{—‘Ese ([ e ]%

3,k 1
reverse([e, r], [
reverse( 3 2,4

® ':nb

Lk 3]).
).

(i&qilﬁ‘lﬁ)
reverse([], []).
reverse ([A], [A]).

reverse([A, B], (B, A]).

reverse([3, A, B], [B. A 3]).
reverse((2.3,4,5.6]. 6.5.4.3,2]).
reverse((j|A]. [B.C, j]):-reverse(A, [B.C]).
reverse([5]|A], %B C,5]):-reverse(a, [B,C]).

reverse([5]A], {B.C,D,5)):-reverse(A, [B,C, ]) *
<intra-constructionZ @4 2>
1 reverse([],
reverse ([A], [A])
reverse ([A, B}, (B,
reverse 3 B}, B A 3]).
it

[6,5.4,3,2
B

reverse(

% reverse(
% new(j., [A,B,
% nev (5, [A,B,
% new (5, (A, B,
iy

<absorption# i
L reverse([], (]
reverse([A], [A]).
reverse ([A, B], [B, A]).
reverse([3,A.B], (B, A 3]).

rever'se 3,4,5,6], (6,5, 4,3,2]).
reverseE[Al ,C):-reverse (B, D), nev (A, C, D).
et L

% new (A, [B'|c]. [B(D]) : “new (A, C, D)

B
A
3,4, 5, 6], N

{B]. C):~reverse (B, D), new (A, C, D).
il [A.B]).

5 AB]) *
C. 5], [AB.C]). *

5
5>
):
<truncationZ @4 3>

reverse ([}, [])-
reverse(r], Al).

'~

reverse ([A, B], (B, A]).

reverse{[A|B], C):-reverse (B, D), nev (A, C, D).
% new (A, (B, C, A], [B,C]).

nev (A, [B|C], [B|D]):-new(A, C.D)

1 B
Fig.1 The Inverse Resolution method.
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rev((], [1).
rev({[3,4.1,2,7,8,8]. [8.8,7,2, 1,4, 3]).
rev([3,y.7.1,0], [0,1,7,¥3]).
rev([4,1,2,7,8,9], [9.8,7,2,1.4]).
rev((y, 7. i,0], [0, i, 7.¥]).
rev(ia,s,d, f.g. hoa k1], [1kahgfds a])
rev ( [A|B], [A, C,D, A]):~rev (B, [A,C,D]).
rev([2,A, 3], [3.A.2]):-rev([A 5,6], (6,5, 4])
rev ([A|B], C) : -new337(A. B, C, D, E), rev (D, E).
new337 (A, B, TA, C. D, A}, B, [A,C.D]).
new337(2. (A 3], [3.A.2]. [A 5 6], (6,5,A])
rev(A [6,5,4]):-

rev([4,5,6], [6.5,4]),

new337(6,B, [6[A], B, [6.4,5])
rev({z, e.r], [r. e z]).

2 EFESHRAEERE

Fig.2 A meaningless rule set consistent with the examples.
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# H - CHRIER R R B 3R
DEDBERME 2 —FICHRRT 5.

stepCI5-2 iR 2 : HAIME L ERT 5 L
T ORAEHOLBEYR 2 — F v
abyes.

stepCI6 TULEHEHIG : = — ¥ RBETH S
LML b, HANREY HAIBREGC
iz, TR % 3HATERRT 5.

stepCIT R THIE : =2 — FO¥IM KT ¥
MTHERTRS. RTaaHa,
stepCI2 ~R 3.

X3 CIGOL 71TV XA
Fig.3 The CIGOL algorithm.
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member (X, P(IYS]).
member (X, {Y|{Ys]) :-member (X, ¥s).
%00 MemberBRy oot

append ( E] . Xs, Xs).
append ( X|Xs] Ys, [X|Zs]):-append(Xs, Ys, Zs).
Append BH%Y WO

times (0, X, 0).
times(s(X), Y, Z):~times (X, Y, W), plus (W, Y, Z).
plus (0, X, X).
plus(s(X).Y,s(Z)):-plus(X. Y, Z).
Woo% Times (EEL) PSR W00o

reverse ([}, [1).
reverse ([X|Xs], Zs):-
reverse (Xs, Ys), append (Ys, (X}, Zs).
- R0 Reversefi%h W00

insert_sort ([}, []).
insert_sort ([X|Xs], Ys):-
insert sort()(s Zs), insert (X, Zs, Ys).
insert (X, (], [(X]).
insert (X, [Y]Ys] [Y]Zs]):-X > Y, insert (X, Ys, Is).
insert (X, [Y|Ys], [X, Y|Ys]):-X =< Y.
WK Insert-SortBi%k Woon

quick_sort ([}, ().
quick_sort ([X|Xs],Ys):-
partition(Xs, X, Littles, Bigs),
quick_sort(Litties, Ls), quick_sort (Bigs, Bs),
ap end (Ls, [X|Bs],Ys).
partxt:on({] IR
partition( XIXs] Y, [X|Ls],Bs):-
X =< Y, partiton(Xs,Y, Ls,Bs).
partltlon([XIXs] Y.Ls, [X|Bs]):-
X > Y,partition(Xs,Y, Ls,Bs).
ROV Quick-Sor tEHER XooX

4 RyFv—7
Fig.4 Sample programs for survey.
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stepGALl AJ): S RETRIR .

stepGA2 PHFERTE : WHIICH 3 2 HBHR
BOBARE (k) 25 v Ko
BUEBRRR, 4 B 255 ¥ 50
HEOBHLERT 3.

stepGA3-1 B - RIS A A % SHERIS
FRANTHE, &5 L ChERR
EIRE.

stepGA3-2 BIUMIK : LERERICH S48
RIREREZ 7 v ¥ 21GRIRT 3.

stepGA4-1 REER : BRL HAIBEER
DR OB AR I L R 0 BRI
VERTEL, L i ¢ ek 1 2.

stepGA4-2 (R : FL < VER L 28/

WESICKS L, & bICERERORER
VERHEL, 5L BISHEE» ek T 5.

stepGAS TURHHIBR& P BHARIE - H1L
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BYEEF = v 735, FEHE LA
BEEHOBARKL BIERETF &
L, TCoo i FINms & kT 2.
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AR EERE, B L IR R
W~ BEMA D
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BEE, stepGA3-1 ~E3.

5 GA-CIGOL 7 =) X A

Fig.5 The GA-CIGOL algorithm.

[{T, 17,197, [A,22,26]),[A,17,25],[T,05,12], - ]

EEF X T ++*Truncation
A---Absomption
C -+*Intra-Construction

6 Fetafk (A H R oD T R R
Fig.6 An operational plan of the inverse resolution methot
described in the chromosome.

xR
[{T,10,12],{A,08,07],[T,05,09],[T,02,13])]
[{T.12,18),[A,07,15),(C,22,23],[T,05,08])

[[T,10,12].[A,08,D7]‘[T02,13].[T,07,09].[T,U1,05]]
[{T,07,08],[A12,18) [A,07,15],[C,22,23),[T,01,05])

RTRGEM)
[[T,10,12],[A,08,07],(T,05,09],[T,02,13]]

[[T,10,12],[A,08,07],[A,11,07],[T,02,13]]

RABER(BEBRR)
[{T,10,12]),[A,08,07],[T,05,09],(T,02,13]]

[[T.10,12]‘[A,08,ﬂ7],[T,05‘09]‘[1’,02‘1.’3],[A,11'._O_7]]

T ERERE

Fig.7 Genetic operations for constructing a rule set.
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Fig.8 A bias used in the GA-CIGOL system.
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% lf

A
train(A):-car_body(A,long),load(A,triangle).

9 HASTIE:AERESIE
Fig.9 The two groups of trains.
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Number of Bias 1 Bias 2
Target Bockground | examples Success/Fail Invented | Success/Fail Invented
concept knowledge (® / ©) || (Generation) predicate | (Generation) predicate
member 13 10 || Success  (57) Success  (12)
reverse 21 38 || Fail (—) Success = (536) | concatenate
sort < > 19 14 || Fail (—) Fail (=)
arch 11 13 || Success  (15) Success  (96) | column,
brick_
or block
pythagoras || square, plus 14 8 || Success (255) Fail (—)
train engine_wheel, 27 11 || Fail (—) Fail (—)
car_body, load,
car wheel

10 ARRASEESESEEEER
Fig. 10 The experiments of the rule set acquisition by the GA-CIGOL system.

APl B %% 1 AP B9 %% 2
[member] Ry FT—2ERLE RyFv—7ERHL
reverse([],[]). - reverse([A,B],[B,A]).
rev([],0).rev({A},[A]). rev((A,B.[B,A]). " .
[revers e] - 18V({A.B,C,D.E.F.GL(G,F.E,D.C.B.A). rr‘eevvcj;s(:(g.)ésilz[sg é?)\./erse(Xs.Ys),nem(X,Zs.Ys).
new1(X,[YiZs],[Y!Ys]):-new1(X,Zs,Ys).
sort([AL[A)). sont([A][A]).
t sort([A,B!C],D):-sort([B,A|C],D). sort([A,B|C],D):-sort({B,A/C},D).
[sort] sort([A,B,C!D],E):-sort(B,C,A!D},E). sort([A,B,C!D],E):-sor([B,C,A'D},E).
+-BAOEGKS +—BRAOEGES
arch(([J.beam,])). arch((X,beam,X)):-new2(X).
[arch] arch(([brick!X],Y, [brick!X])):-arch((X,Y,X)). new2([).
arch(([blockiX],Y,[block!X])):-arch((X,Y,X)). new2([X}Xs]):-new3(X),new2(Xs).
new3(brick). new3(block).
pythagoras(X,Y,2):-
[pythagoras] square(X,Xs),square(Y,Ys),square(Z,Zs), EhEEFNT
plus(Xs,Ys,Zs).
[train] 2] SR IO 4 BHIEE DTS

11 ERaSnHAES
Fig. 11 The rule sets acquired by the GA-CIGOL system.
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FUBSEERIANE, FHGRI%L 1 & FEmBaLL 2 AR
B kB L7,

7. & =3

FHEREIS 1 Tld reverse RGBT 2 HAIE S 2 &
BrEgholz, Ihid reverse WREEICEA 3 5 HHIE
EDOBBRCEZRFICB T, FHEEE 1 CRE T
fENBVBENEEND O THL, FHEK2 T
BREVPHOEBCET 2B 2 BB TE R poTz,

NEZFHOEBEICET 2HAOBRICESRPICE
W, FHMBEE 2 TCRHEL MBI 2 BESE TN S
T Thd, 61, TR 1 & FHHEK 2 mA T
USSR R R T & ko Tz, FIESESRNL,
EFEFIC b BEHC b FEET 2 BEOESNIARTH
%, FIESEHRA R R T 2 RDEBECERINBE
TR E Chie TREBRELSD 5. BT 8
FIEWREEMESE S LD, MBS 1 < SRffiREs
2 TRAERIME (58  IEEHIC T T 2 500 BB R L
RV, D2, FHIZEK L, s ORI,
BB 2B OBES & SO0 TH—O T
B#E AV 2 GA-CIGOL OfRFE#R LT w3,

%7z, reverse WRFER sort MEEWHET 2NV F v —
7%, FHHEAS 1 CFEMRI 2 TE L (BRI) S
INb, Lo, reverse MREE I FHMRI%EL 1 CHAIES
HERITRB Uz, 72, sort whEEITEHMHEIS 1 & SHH
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Fig.12 The generating ratio of incorrect chromosomes.

BE%Y 2 CHBEESES LR LI, & 51, reverse R
Sz CIAFHEBES 2 THRAIEA R ER TS,
wie D OMRZREELE L Lz, —ic, BHRR
HIZ Y, HAESESHSHECEDIHRTHY,
FEE L LT, LEOBE—FHAEREHOMENFEZ &
nam, ZofMiz, 3—F 4 v S FHROMENEZS
h2, SEOEBRERE»S DRBINTLS LI,
BE 5 WA B—SHEREB I EER Y, AR
Dy A 7 L FHEBER D Y 1 7 & O IFFETREED
ZVEFENRC B CEELHEMSH 2 DO LFZ
sD, £7-, ZOEBECHL TR, MBS &
25y — NEEEORBAREBNEHEELSNDD
T, SHRBREEEDI,

g, EMsHRIESZE, REkETEE
PRI { DIRERFROSEEL, BX - BRERDE
GEERIECBEEBET &k RN E X5, reverse
REE BT 2 HHIE S EEREC BT 2 B3EEETH
EROHR PR 12127 T, FEEORMBE S Genetic
Programming ZEL T HHEIN T30, FHE%
FRCEBET I, £330 —F 1 Vv FHROMESR
fR T 5 NENRH 5,

8. BIER R

RERFERDO A B T, HAEGHEEORINERE
BB L TEFELSHIEEERDLIETH
7z.

REFEFLHAESHEE Y X T A MISPRH 5,
MIS & EAHZE LTHEH Sz o2& r o #
HI%#E 3 %, MIS Tid, BEAEE2RRAIESEHED

rev([z, e r], [r,e z])
rev({& k. I], [I k 3])
rev([2,4.3]. {3,4.2])

—

rev ([A, B, C], [C,B, A}).

13 B reverse iREE
Fig.13 A specific kind of the reverse program.

HWESYEAROSEHECIRES NS, £, HAZE
W20, HEAHRE LTEZL N2 E0OER
(EEE) 3BERfcSz2on3, 20RO MISE, &K
B WERL, b LLARE TN (=) T
ZEM» SHAES R —BICENEHLIENTE S,

Fi, AT 7NN UTEBT 2 2%, »D0F
REOCEF» SHAUESGL2ERET LY AT ALK
CHAMP#5% 2, CHAMP B&EBEHAFRELTE525
nrEAD» SHRAI R T 5 Y A7 4 CHAM &, #
WA &R T2V A7 ALDBCIVERE NS,
CHAM »$EIEAHE I LB U 2K, DBC 25E#) &
3, CHAMP i3, HREAE% A5 CHAM & D/
4 7Yy FETH S, BLUHAESERERES
BERERELTESZ2TATYAAEL TS LW
3 2 DDEHK XY HEAESEERICEST 5, 72,
BEEFEE DA 7 A R HRAE ST REE CEFI AV
57 L CHEERHESOEBICHRIILTW S,

L L, CHAMP Tl reverse WiaE 12 BH 3 2 HRAIE
EEHEET L, 3OOBERIVEREINE YA MK
B U7z reverse MaaHiH] (R 13 2R) BESTE L
W, K13 R TR EE T 30 KERABR G LHE
7w, Lal, CHAM THw o h 2 BElLA <LV —
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FODEERBENTED 2D, HAFEMER LK
T 5. BE D reverse MREERAES BRI T 2 D,
CHAM B} % Z ORBMBEZNER L, DBC 25
BxhansThB,

s xt L GA-CIGOL Tk, HEETIEE2HRIE
FOHEANREENSE I L%, HREOEF» &K
B & BB TE 3,

9.¢C ¥ U

AT, PEHFEEOMESICET 2EEL, ~
VIR WHTAEBICE DR, EFEREGF,S
FAURESEEINT 2 B E2 ST 5 2 L NEET
B35, LOR#AETTIz,

Erz, REACETE, MEICHES 24K 2 58]
ESEBFHRELT, WEHEE L BEH T LY X
L zflaE b RAESEEFE GA-CIGOL 12
EL, HEBEBRCIDESENERIEL:., 206
R, HWERNZ 075 A0%B L TlE, BEFE
DEFAATEEME HER L 7z,

HEHFERICE T kY 2 57 2 (CIGOL) T,
HRMERE = BT AR L, IR 2 Th¥ T,
D7, Kbic HEIEA BT % BAro» D3
A A=Y RRBFICHEET 30BN H o7,

e U GA-CIGOL T, Rl %, (#E%
W2 2 L CHAIESHEB T2, 20k, ko
T2OHRIEEOFEMPERICET 2 Z e 2, BR
WRREE R D, i, ARBIKERS N TWIi-HANRS
ERCHET 2EGELEWBREL 2, 2—FO%HH
EHEPBE TR 3,

I, 3 5RAFEBEREITY, BREFHEOR
LERREET 2 & & b, FFEMEEBROREEES»IZ
Rl B—FHEREE, 2—7 1 VI FROMESCD
WTEERTITFETH S,

R HEIDVHEAOSTEBE2 WL NTT V
T NT 2 PR ROV a—F 4 v SRS
BRI R R L £ 7.
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