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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 Ezpansion
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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LIRRMERTEMOREIHREIC L > T B, KET
3,7 -y REFFE), [HRBEE], [BFEFE] 0=
DOBEP A DORMEROMBOBEELYRAS.
T, BB [BRRTIR] LT A7 7 HER
WCEDL ) B BB TH L0 EET 5.

64 AT HBEH2EE

Algorithm 7 ¥U8LHI#H
variable
Gill : ‘f'—‘x . ‘;"“’y
T : JPEHA
begin
T 0
repeat
Tk % Gy, DM
Proc. 1, 2, 312X 2 BiIAVSME L DR
FBRT A &0 BIRE, T ~?M

end

Proc. 1 {£#E00 - 3U8HI2 Rk
FICR LR £ % A

Proc. 2 Graph Based Induction i
FLOUBEE Y S 70hh08M

Proc. 3 Inductive Logic Programming i

FLOBHEZRBAOBREGOD LS8N

8 SMMBHIEE TiEO LK

41 F-oBBERBRIIMTIER

T8I, HorLOEAEINERUEREACL0HE
RAZEE, GBI #, ILP OB %2RT. EEo613
IhbHiR, T-YORBEHEIRLDH, SERENC
BRFLVT A M &GEFHIMZ T ETERT
EBLVHATHALAEEFE--FHETHBEEXT
W3, F, 2 TTAFTERLEESIIC, ToF
A M EEDOBKEME [ BRRTHR] EVHITAFT
THATS (F3MRLET) JLdT&5. Tib
L, BEALDFHRIIFHRT AL E LTHERA
BT A5DI3—FIZ—D2DATHY, BLDF—%
RBAMAVFIHBEATER L &BORTE2EZ, *
NEBRYRLTVZEMIRTE L. FIIXEHNS
BHRAUEZHETHE, EICALBRBERE»SF R b
FHLBIRL TS, T ILPETIE, RBEXNOEKS
DRPHT A RFEEMLTVS,
T—YORBENEEZLLGE, 757 3BEN
BRHERLRERXOTMIMNET 2. AECERICAW
LTIy —va YBIRMER, BENLZRERETR
IFELTF -V RRBETELVY, RERXITLH Nk
MEVEL LW CHEEROBFITH L. &Fi
OMFEE Lo L ) o8B L, MEOHK (ME
YEBTEDILELT—-YRBED) C8bETH
Ve FEExBEORBMLMETHLH, EABLY

TR ILP ORTH, PAC learnability @ &
ICHRES - RAEFEE L -BRORFRLSTITCLL, U
learnability D% [Muggleton 94] ® & 5 IZF3H Ry %
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r—2FMEL, H{PLBAENLZRERLHV%
BHETELNTWAET SO —FIZE W EFEBHEL D
FEHETa8E0H5. LROMICHBEERIRE T
i, S5ICRRLED [BRERELHVT 9%
HEEHHMBTRHY 77—y RRAOMEL, MEL2EZX
WWRESEBTLTY) XL Lwal4FTHaikb
TV o FIBDOER L BIKEV. 12/5L, £k
REEHITRAELRRE T A7 — Y RREOM TR %
EBTHILRSOELIAHBTHY, SHOFER
HThs.

4.2 MHARWMEEICBITIER
RREROEN T — T ERANOFEE, <0 -
V- VR L DR BRI, MROKSOME,
F—shonTOs I LERRLE, BAOHRETEHN
HIhTwb. k3 ICHLADOEMIERMRL, 7%
FREELHRBED —OOBEPLERLALDE
~Y.
EEL0—EDHRE [FH 92a, FH 92b, FH 95
X, P IRBEFEL LTI 7HVIBEIL, &
KRTHRIZED, F— 5 0FEBROEF L HEmD
BEllL, BOMEBITALILERLAEFELZ>TY
5. ZoOHRTT—yOFBERAOFERL, [ £4 LG
DORT | R EBRILRL, HRAEBEOBETIIR/ —F D
EERTER L TRELTo. S Y —
FEIBIC, 77 AERNEROT— 7 LY —
VERBTAIEILE S, —F, HROBEILLES
T, HEBBICHLT—IDORT 2T 2
7z, B —FOFRLERCTICREE T o 2
WIIHEBBIIHET— I N SDORT I TR/ —
FE¥E/ —-FORBPEENZODOTHY, EBRIZH
WXy — 2 EIBEIZIE, EHLLDEROAFTES
LEZIDNOTHE, Thbb, R7TOBRILRLE
PR - FOBBREYERT 20 LeVveid, #iN
y—rDfFEVE, fELzvhlwI¥EROER - #
FEICEDH T RELDTHS.
BEBEOBEERTIIHRERELRAT L Z LIZE
MThh, K& RAERXNIHBZOSHLIZIZ@A
Wk #2Z 5. [Pagallo 90] % & D BRAI & KR T
200 HBErERTAARERELTAL L,
ERSNAPHBRSITERMOT A M EBFLE LTR
BENEEOBUAEAARHLELLDOTH), [EXR
NRT7IIR] THERTETHL L EZ S, EBIZ Clip-
Board (M AAA 7 GBI 707 7 412X D) [Pagallo
90) THONTVLHIELBERL, Bk b0I3H
Bl THHZ L #HEA L. 727 L, ClipBoard ®
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GBI 70/ 5 A3 hMBSERIFALLEREE L L
DRERISHBRLTLEY, BHNEE (replication
problem [Pagallo 90]) % %47 5 - O#HM L PIEIIH
BCE&hhof:, PHBRSERICHALIREZL L
DRUERLOHIBLEVWES 7O T L58ET S
CLREHTHHY, EBOERIZL DHBRISHED
BETH .

[FH 95] Tid, ¥RBELY 7 7RALERRTHL
RiZE D= s 0 V- il T SR ORmE{ LT
BTHDBILABRONTVD. HREEBHIIRER
TREATAHILIPARTH ), REREERIASHELL
TeBRRTHRICE 2HEROBEILE VI FELER
H5hz. 7, ILPBFRIZBIT 5 [Pagallo 90] (214
THMAE LT, PRI L REDOERBMZ [Muggleton
89] bH B A, T ITIZHBRARTIRE V) HRikidH
Bl Bbh 3,

43 BRFERTIER

[ H 92a] TiX, -/ HIERDIBIZEEIND
RS OFEFRIC [Goldberg 89] &L B DI FIIRFEHK
ErBAW, CORETHH AL EL,OBSIE, XX
BICIRBRRTHRICLIDVER SNV OTHS. B
1, B2 IR LS ) BT L FHIC D CIRFERE
2, O— ANV ERNEILELRAAKRBH 2 BER LGS
NRWBENHL I LIIL{AMONTEY, [Breiman
84, Quinlan 86] D & I HFHEHSLYT L HICRVE
B2 5B CELWwIEtDO—D2oDEBIIZ>TWAS,
AL HEERFZEIZB VT [Goldberg 89] X 9 2 H 4
DEFFFEE—2OKELHREBELERL TS,
PSS & > TIHERZMOBKSEMT, HMLEER
FETRIFLEZER2T ORI —AbEET
BLEZONDY, LOLIGHEIIEDL ) RER
FEEFAAAGDETHV LV IIRENE, BWRER
HMROBMOPTHLLHEEN LT LEZS.

4-4 HABEICHATIER

RIWRLAEIIZ, BRRTILRENITATT
i, - aEBA0%E, <70 - V- VERICE
LEEROBEL, MR SOEWE, T 2oDT
Oy LERRE, HeERBREOERIIICHTRE
THah.

LHL, SO EIRBERRTIRICE DIRMEZEM
BHOTRTHMTH L AERL TV S hIFTid e,
Rz, 3MTR/H AT T ) r—a Y BRMEICB
WT, HEBARORET— 527 7 7RBICERL
DA (ERICIIAMICE DRIt s T
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66
%3 MR TEOH
BERY | FmT 52 KW
F—20O5HW | [James 84] | [4IH 95) [Shapiro 83]
[Breiman 84] | A& X 3 # | [Quinlan 90]
[Quinlan 86] [Pazzani 92]
[Muggleton 92]
HROEEIL | - [4H 95) [Mitchell 86]
[Numao 95] | [DeJong 86]
[Korf 85]
L Ex I [Fisher 87] |[Holder 89] | [Muggleton 89)
[Pagallo 90] | [Holder 92]
[ 1] 92a]
[ H1 92b]

Oy 74) Thh, EHRO7— 5 25 LETLE S
RETA22LVIMBEEXBOTWEDIIAMTHS. 3
WTHE LT LT 7 — s KBRS 7%H
WEHBRAOFER S, EHROT — ¥ NEMLRE
RICERTELVWHEEYND B EIIOAER L FHE
THh, REXICERTELMETHIUL, 77— %k
RIZKREHAVWLCART DY) LFELYHVLIONR
LTH5D.

BRRTEREVITATTIE, EROF—-5 %
EIRRTDHh LI MENEINHBIC, BASHK
T - RRECORAMBELERT AT A7T7ICT
ELVEEPERLTBL. Thbb, BRRTIERE
WIATAFTIE, EEROEDF—5%2 DL LT
TRARBRCERT AV OMBEIBEL 52574
FT Tk,

RMEYBRIIBNT, P RBAOREL, #0
Ty REAEXHVHAME I, 7LV ERENLS
KHEBIZOH L TRRTEIUKDLDOTII LW, L
L, HAME OS2 BRRTIHERE V) BML T
AFT7TTCHBTAILIZLD, FOF—9KBATH
NITEBFHENREFINE VS RBELIZTITRY
B EEDLhL, FRMBEICE L LN, EELD
—EOEER (3 WX [EHH 92a, HH 95 TR /2HIE)
TRALT— &, 7EBRREE %), %
#eaw (& H 92a), EBL[#H 95) & LBLEROMFRE
ThhiX, B5ICHEMITGELRRLL-THh, Eit
ROT =5 DLDEROBELHIHEBETEL@HBETH S
LEZD.

5. 8 b 1) ([

AWRTIR, BRERDOZULI D7 D HERIEE L K —
BICERTATATFTTELT[F—2Il& TN A5
RT7DFRYR] 2RRLL. 57— 0RBER
ELTHMY 77 BV -38AR%ET 5 (Graph

66 A L HlH

B

Based Induction, GBI &) ##li2, [HEM%] 0iEE
ELTHETWEFMEREL A2 HELXR L.
T7Ir—varRiRME L e EMEL LT,
GBI & O LOABTHEE S N BRERLHV S
FERAUFBFELDY, 2BBEICBVTKBICER
TWAHREEBREH L Z LR R L. ZOSERED
MEZ7—yRBAEDOEIZEAL, fEREDLATY
RUERCPREBRAOTHN LT - Y RBASHELLTH
M7 INELETHLILERBEL TS,
RELIT AT 7T ORMER —B~OER R L,
BAORMERY, 7—IORRSEIRELETT
[BRIART # BRIRL TS — v 2T LT
ERTETH2 ] LVHRLAmEEFOZLARL, B
EFRTEFORICICL 20FMTOT A7 7 OMES
ML L7z, AFROT7TAFT7EHVE, —RiES
R Z2BRHERDESTFIHETHFMRE L oo
REIPNELTEZLILHTEL. ATHEEOHER
BRLELVREL-MNO7— 5 RREEL, &8
EEREVWRB SN BEFEMBLLTELAELEA
DIFMEROMB I, HAWLTHFELHLALS
EDEBOHARRETH 5.

F | b=

AR XDURIITERI A MW 0w (8)E
IR ERMAEARER, TR BK, Sl K
KIZER#L 7.
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