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Summary

Inductive learning, which tries to find rules from data, has been an important area of investi-
gation. One major research theme of this area is the data representation language that the learning
methods can use. The conventional rule learning methods use an attribute-value table as a data repre-
sentation language, whereas inductive logic programming (ILP) uses the first-order logic. We propose
colored directed graph as a data representation language for inductive learning methods. Graph-based
induction (GBI) uses this data representation language. The expressiveness of graph stands between
the attribute-value table and the first-order logic. Thus its learning potential is weaker than that of
ILP, but stronger than that of the conventional attribute-value learning methods. The real advantage
of GBI appears in the domain where the dependency between data bears the essential information.
The behavior analysis of computer users is a typical example of such a domain. In this domain,
the complex structure of dependency between the user tasks prevents us from using the conventional
attribute-value learning methods, and ILP cannot meet the requirement for the efficiency.

In this paper, we explain GBI method and give experimental results. We also discuss the rela-
tionship between this new method and conventional inductive inference methods such as conventional
classification rule learning methods, constructive induction methods, inductive logic programming
methods, macro rule learning methods, and concept learning methods. While this list of the methods
covers the wide area of inductive inference, we find that most of them can use Stepwise Pair Expansion
as their basic algorithm. The use of the pairs and the representation language define the function and
characteristics of each method. We also discuss the use of the statistical measures such as gini index
and information gain index to realize various inductive inference functions.
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FNEREL, 2—P—3K5ETT M &L EEE
TUH NIRRT D & U CRIEBIEE KL, ERL
TIBIED 2 2o CTEBEL, &2 TEHLIZNHE
HAlD =< R BRFUEE A FEL 72
KATEPERZ R T, ERCIT LERELMND, =—
F—i3F o~ N2 EITT DRI EDOMHE T /Lo
T e E®T MR Nawr RERIRT D EMELZ. 2
UL mail % OFN D AT LV VEER W52 L &4
WLIZ1FED ) A XT, ZOMRE 15-25%ICE2T
FEHROBREZWE L. £2@)3HRbEbnsa~
YRERavURELESELEL T, £hRICK
Lavy RBIUEEOM EE2/RLTWD. 72, 0
Vall—va il AERTEIVaAIL—Ya i
AL IZET VEE LRGSR 2~ B &L — L%
AR5 Z LN ARETH v, #2(b) IREMEE LIRS
LT, &FHFAD LRI NS— 2 N ORFEZERL 72
PRLTN5.
VaIll—va ik RRLEROBRET —#IC
Foo < EBRE R L Rk GBI IEMULOTIE L 0 B 72 ik
BERL TS, SHEEE XL, BMICEBIEER %
ol FETIERTOL S 72~ a T « BT NVESHTT
LEITHEEL VS, GBIEILY T 720557 — 4 KB
KEANWDZ LIZLY, TF—FITRBe s — %
M C& 2F4ERL TV 5.

4. JRINHESR & BRAT L3R
RCTBATND TERAT IR 21057 A7
TIFRHCBHFL VSO TIERY. LL, ZoHEHR

TATT _X—R 2 DEREITHIZEICLD, Hix
TR WHE R FE R D BIGR AN BAREIC 72 > T B . AET
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Algorithm 23 ¥ HI:H

variable

repeat

TIZkD Gy O

Proc. 1, 2, 312 X 2 A BHEROER
BT A DRIEOBIRE | T ~DEM

end

Proc. 1 &SRR E 1A
HICRU EERZ A

Proc. 2 Graph Based Induction 7%
FLWREMEEZ T 7 OHhn BN

Proc. 3 Inductive Logic Programming {%
LV BEEEZFREROEEOHHH BN

8  YERLAITE TR0 ik

13, 17— 2 RBIS5E) [HEatliE) TTRRFIE 0350
B O 2 OIRMHER O BERO LR A L. F
7o, BRI TBIRRTHER) WO T AT 7R FEBRIC
EDL S BGBITHEMTRETH 20EETD.

4.1 T—ARBESECHTIEER

K82, LML DEESNEERE AV
BHEE, GBI, ILPBOkEE /R, EHDLIX
TNDIE, T X ORBSIEIR R D, SEHANC
BRF LT A SRR INZ TN Z & TEHET
5LV HCRAILMEAF -2 FIETHDEEXT
W5, Fiz, 2BETCTATTERLIEMEC, 20T A
b R OBEUGEINE TRRSTHIRIR] EWHITATT
THPAT D (ERIMRLESD) ZEnTE 5. 374720
B, FE OFIETEHRT A &L L COESRNE
MFTHOIE1EIZL DORTHY, KxOT —H KB
BRI RENTRRE Ko7 252, ThE
BRIEEL TN D ERFIRCE 5. B IZEHAISFER
HI%B HETHE, B UBERNS T R &M
EFRIRL CW5A. FZILPETE, wmBERoEA0H
NHT AN EEEZBML TN .

F—H ORBENEBEZIZGE, 77 7 3EEN
AR L RE RO PEICALET 5. RiECEEBRIC AV
777V r—ya VBRI, BEENRBER T
BT —FE2REATERVD, RIS 2%
ML LWL O REEEROFITH D, FFiEOHE
%% R & o cHEfETUE, MEOME (REE RS
T 2D ERT —ZRBGEN) ICE DY CHEY R F
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EEBRSOITHEMARMECH 503, FEHRS AT A
EEA D LT GBI RUIREBRR LS.

F I ILP O TH, PAC learnability @ ££IZ
e — A AR U T2 BRERIAF 287217 ©72 <, U learn-
ability D #F5t [Muggleton94 | DRI I 72 r— A %
HEL, H<NbEENREERE HWEEFHIET
ELNTWVET T r—FIC LV FEEDRELT LS &
TOEE G HD. LEOIMGEMRE AR L THIT, S
DIz et TRiERIEE AW izT — & RBLE #iat
WELCH 57 — 2 REOBRE, MEEBFILT
FETNTY AL LV oS ETHoHbit TV
Mo e EIROZ LS BRE. BL, WREEmEE e
BN R E T 57 —F REOKMIEBEREZ LTS
LIZADEZANETHY, SHOMERETH L.

4-2 HERBEEICETHIER

SR ORI ZILT — 2 RO E, ~7a -
= VEBFRZ X DHERR O AL, BhEAOBE SR O A,
T=EANLDT s T NERRE, Fx ORFSEs BN
GFEN TS, RIITH 2 ORI E, F—X
RIS L HeRHERED 2 SOBLED LIEFL 725 D%
e

HEHHO—HOBIZE & M 92a, & M 92b, & H 9513,
T—ARBSFEEL T 77 EHOTIZHAI, BKRS
THEERIZ L0, 7 — & O 43BN 0 5B MR o ik
1k, BEEENITZA DI EZRLIflE o TN D, &
DOHRTT =2 OIPERAOFENT, T Sl & fRRD~<T |
EHRWRILEL, YORAHE OB TIIR , —F oAk
PIEHL TUHEAEIT o7, ZhiFHiH A — &5
WHE, 7 7 AERRRIOT —& L 7 — v &Lt
I 5 Lick s, —Eao sl BEaRL TI,
HERZH 2T — DT T 5720, R’/ —
R OE#R S BHEEFICAEE 1T o7z, ZhidILE Rk
DT —EPHOXTHIH TR, —F &3 —F
DORBIBEEHZ2EDOTHY, EEICHH 4 —%
EORRZIL, EHLDERBAFTEDL EEXEND
Thbd. Tbb, XTORRKRIERLBEFIZR ) —F
OERE R T 20 L0, R S7 —r o
T3, A& Lionh & S HEwo B R - BEREIC & 0 I
TRELDTHD.

& EBMED BMER I HEmREL KRBT 5 2 L IXE
WThy, RV REAWRIHEGRO BB 1T
RN EEZ %, [Pagallo90] DI Z KRBT 57
DOF R E AT 5 FREREL THRDLE, AR
SN DRI ERAIOT A P EEE L TRAE
NEBEEOREERABRDEZLOTH Y, [BKRT

108 NT e S ik

B R HRY 57 | bERE
T—RDNHE | [James84] [# H 95] [Shapiro83]
[Breiman84]| AGw33 # | [Quinlan90]
[Quinlan86] [Pazzani92]
[Muggleton92]
RO BRI [ H 95] [Mitchell86]
[Numao95] | [DeJong86]
[Korf85]
MEES [Fisher87] [Holder89] | [Muggleton89]
[Pagallo90] | [Holder92]
[# H 92a]
[ H 92b]

®3 IR FIEO K

JERR | CTHARTTRETH B L& 2B, EBEIC ClipBoard
\ZHASAATE GBI 1 7 T A2 LV [Pagallo90] T
DTV D HIEE FBERL, HMliedOIXHEIAET
HHZ L EMIBLT-. 7=72L, ClipBoard ® GBI 1
77 NMIFHEESAERICFIA L2 BEE S L o BER
N HHIBRL TL £V, #HEE (replication problem
[Pagallo90]) & F& 4T % 7= O M2 FIREIL FELC X 72
Mot FREBESERICRIAL 7 BEE b & OEMERD
HHBRL WL 27 v s T 2alEd 52 LTRSS
Tho0, EEOERIC L DHRIISHOBETHS.

[HFH95] Clx, #EamEfEz s 7 7 RELER T IL
RIZE W~ 7 v b— Ll U Hm oo s bAs ]
BETHD I ENBRLINL TN D, HEimiEE B AT
TRETDIENBERTHY, BRFERIEARBSIES L
ToBRAT PEIRIC L DR ORI E W O HIELEZ 2 5
5. Fiz, ILPWFERIZ KT 5 [Pagallo90] 124 35
ffgEe LC, AR IR EE D A R 78 [Muggleton89]
bH DA, T HBRAT IR L D HkiE
GIENSY o7 O

4-3 FRFEHICETIER

[ H92a] TIE, 7 —&FICHFBRONICE £ 5%
BESDTRIRIC [Goldberg89] FAILID W FIHE B k4 F v
7o, ZOXFIECHIH SN D E 2 OB, FEARMIZITR
WATHRRC L W ERR SN0 TH 5. K1, K210
U 7R 72 R AT 72 B B S S RER BRI, m— s
/NS BIAF KRR e iR 45 DR WA &
D2 LIFR<ABILTEY, [Breiman84, Quinlan86]
DI FER LT LB HICRWHRAIZ FETE RN
LD 1 HOOHEHEIZR>TWD.

AT HRERFFEIZ 1 T [Goldberg89] k7l 4 D
TEIEIT 1 DO RERIFFRFERA L T D, R
2 Lo TITIRRZEMOIARDS BHET, Bl RRTIE
TIELBEXE BT NN r —ABFET D LS

Vol.12 No.1



AN, EDOXSIRPRIE DL 5 RERRFIEE
MAEDETHNDNE W S EHT, R s
PO TH A REEME LT L ERD.

4-4 BRAEEICETLIER

KIUTRLIZE I, BRXTIERE NI TAT T
&, T2 HERRIOEE, v 7 a - L VIBRHZ K
Lffemo EngE b, HMEROBMROMS, T —2h b 07
07 Z AERIRY, FEx OHEFRIERE D FEBIZ R FTRE
ThHD.

LL, ZOFFTERATIRIC L0 i g s
DOETHIRT 2FEERL TV DI Tk, filx
X, 3ECTH ATV r— g VBRECBNT,
HEBNRORET — 2 %7 77 REUCEH L0
A (EFEC AR X D Blcdt sz ns 7
LY THY, EMROT -4 25tEM ETE SRHAT S
MNEW S EERENTNDIDIXABTHS. 3ETH
ELTHY RiF a7 — 4 RBBRICT T 7% Hniz4
EHAOZE S, RitRoT — 28 Blia R L
BCERVWHER Ho T2 BRI D BF R FIETH Y
KRR LR ATRER B ChHIE, T2 RBUCKE
W= CART O¥RFEERNDLONRZLTHD.

BRSTHIRENW D T AT T, EHROT —4 %
E ORI DLW S BN R T2 I, BRASH
o7 — 2 RE ECOBAMMEER T L7477
RV REWRL TR, D, BRSTIEE WS
TATTIE, EMROLEDT —2E2E DL 5B TH
KRR E T 50 OMEREE 52X DT AT T
TIE7RL.

SR EBRICRWT, T2 RBDIEL, O
T —#RKBE HWCHRBRHIE, SPL b EREO LD
IR 2L CEm CE AMEDO b O TIEZWn. L
L, BB OE S & B K AT JEIRE W D Biflize T
AT T CHMTIEICLY, EOF—F2EKHEH
ITHEEDIRNBESZ I DLV o RBBLITLTRTL
LR, FEMBRECEEDLIN, EELO—
HOFERR (38R0 [ M 92a, 75 M 95]) T -7 i) T
AL 77 — 2, SERNEE 3E), EMdR
([FFH 92a]), EBL([&E H 95] %) % BHEFFEOI L H T
HIUL, BEICEEAIRRRRBLL 2o TRy, FEiitF
DT —=ZND OERERFHIIHETE L2HBETH DL L
E25.

5. 8 b Y [
AW T, IRNHERR D2 2 HEing e i —
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MICEBT D7 AT 7L LT IF—2cE&En 558
BT OBRILE | ZRELTZ. SHIZT — 2 ORI
A& LTHRAY T 7 & AW ENIFE 5 (Graph
Based Induction, GBI%) Z 4z, [N ] OFE
& U CHEGHRYREM R E 2 W 2 k& R L T2,

TFV =g @RS A MEREFHG A & L T,
GBIER & 02U ONENEE S BERE HW S
SFEHBIFERIEL Y, QBEREC SO TRIBICENL
TV HEEER 5D Z &R LTz, ZOERED
W BT — 2 KRB OZIZER L, fERM DI T
BRSO P ENET — 2 RBEFEEL TFH
M7 7 7NRELETHDH LERBLTND.

BELIZT AT 7 DIl —~0# A& #Hm L,
i 2 DIFHERDS, T — 2 ORBSHENRER D720 T
MR T 2 BRYLIRL CNF — i3 228 C
FHFRECTHD ) LWV IHIRCAEERF>Z L &R, B
B OISIC L D2 0B TOT 477 OfliE%E
AREE L7z, RO T A7 7 & v, —RHES
V2 L3 2 IR AAHERR OO 56 5y BRI BE T BRI R & 2y A oD
BNV ELTHEZXDZENTE S, ANLHFEOWIE
NHLERYBTBLMENOT —4 RISFEL, &5
FEEMVWRBLINCERMEE L CE O ELE A
DI AAHERO B, FEHRO T FELZ R LA T
EREBRONRHRETHD.

B i
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VERTRBF R AR R, TTNBK, AL EKIZEK
HWLET.
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