[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo@ao) goeBLbuougooooooon

OoOoOoooOod
OoOoOoooOod

Citation(English) Degree:Doctor of Engineering,
Conferring organization: ,
Report number:[J 00 222507,
Conferred date:1990/3/26,
Degree Type:Course doctor,
Examiner:

Type(English) Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

Pk EBL O & [RERREHE~ DI

" A Theory of an Augmented EBL and its
Application to Problem Solving

TR 2% 3H

HRIEAYE K¥EK BOETEHEH

v X7 ABEHK

# e s

EEHRE M EE BHEE




H X

1 F @& 1
1.1 PR R FARRBITBEY ... .. ... 1
12 B ®ESCEESBL) . ..o 3
13 BURESCET(EBL) . . oo 5
14 SBL & EBL O#ALOBEE . . . ..o ... .. 8

2 i EBL OE@l 11
21 EBLOIEIR - oo oo 11

2.1.1 ﬂ?ﬁ@ﬁ%ﬁ:ﬂ’ﬂ#“%ﬂ& .............. 11
9L2 AR e 12
22 HHAEZEEZFORNAL .. ... o 13
23 NALZMo®ESE ... ... . .o 19
24 BPMEBGIREBSCHRMAOER . .. ... ... ... 24
241 BANEBG .. ... 24
242 BANEBGZEM . ......... ... . ... 28
05 LT o oo e 30

3 ®NEBG icES{ ¥um 33

3.1 EBWEOBH ... ... o, 33



3.2 A . R
321 YR FMEL .o

A EHEBAREBER oA

41 #BRokEgL ... .. ... B

42 A SEBEMBOT .o
421 A7 HEBABRCLAEXND L0
422 ASEBMBOBE ... .

43 BBIORE o o oo
431 BECEBEAD oo

BERR~ I s — T VO%EY

51 BIE@R=I0F—7 N ... .

5.2 X EEEMEGmORMA ... .. oo o
5.21 MEBR=< I v 7 — 7’{»@}1‘23}4]: .......
5.22 MEMRR~IveF—TroMHH ........

5.3 HMoOFHEH . ... e
531 FFRwUrp@oBE .. ... ... .

54 BEWBIORERR . .
55 RS ... .. ... A e




B & iii
5.6 EEE e . .. T4
561 BEHBEDELSE v v v e v 74

562 SEHBOTER ... .. e 79

563 LbD@mARKA s EREBHORE ... ... .. 81

BT B G0 o e e e 81

6 % im 83



iv

H &




X H %

1.1
1.2
1.3
14
1.5

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9

3.1
3.2
3.3
3.4

Mkt sHEFKEEF s h o kEOKK 3

SBL OHES . o v e 4
EBL OHLA o v oo e e e e e 6
Keller dEMEMEMIM . . . . . v oo o oo e e 7
SBL & EBL OAHHHMI B . . .. .. ... ... 8
JLiE EBL olf&fela .o oo o 12
HHABEOREBETE S e rsa L L. 14
FEERE 2000 ... 15
IS By OBMRE . ... 16
hirsBoNB= /el ... 18
HRHABEESONLE S IvF =T .. ... 19
WAL ZEBOBEE . . . . . e 23
BRAR—{LEB/MACOF®E ... 26
2o OBWHEORNEBGOHE . ... ... ... 27
BEREBLERBO s UMV ... L 34
BANEBGRALERSE . . . o o 34
Y R PLEEOSEBER ... ... 35
YR MMEANDBAM . .. 36



vi

3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12

4.1
4.2
4.3
4.4
4.5

5.1

5.2
5.3
5.4
5.5
5.6
5.7
5.8

REMSD ORBER (BREH) - ... .. 37
BIFEEES . . . o o 37
BIRBDIR . . . .. 38
B/NEBGEFBILBYIwF—T V. ... ... 39
NIADEOBRERE ... L 40
NI ADOEOMHEBER ... .. 42
BWEsOWEBR/NMNEBG . ... Lo L 43
B/NEBGomBEESE. ... ... .. e 44
SNXNVOMEBIEG . ... .. 52
BNXNDZIVF—=T NV .. 53
PIBEEES .« . o e e e e e 55
BMofevsusr—7 VOB ... 56
ELWwsses—7L10fH ............. 57
A hierarchy of serially decomposable subgoals and the

function of a macrotable. . . . . ... ... ... ... 60
The domain theory of 8 puzzle. . ... ... ..... 62
Korf’s macro table for 8 puzzle. . . .. ... ... .. 64
Anexampleset. . . . . ... ... .. ......... 67

Anincorrect macrotable learned from positive examples. 68
The serialization table. . . . ... ... ........ 70
A membership query table.. . . .. ... ... .... 72

The correct macrotable. . . . . ... ... ...... 73




Chapter 1

I

A
i)

32

k=11

ABETI, MERRYRAFA LB 2¥YEERBEELTE S
%A, %o SBL & EBLOoEANRMAZEERLT, Tho0HES
LD SBEBEHIR>WTR~R S,

1.1 FEIEE$RY 27 MBI 32T

1¢zm—bvx?A5x5m,ﬁﬁw%¢6m%&ﬁ%%%%
RESOWTHBERRIZVYAFLAE2ELD, TOX > BHHBIE
BRRyAFARRBY2%P &N, HECHET2MBEERL, M
HRBR I SERFRE PHIEE ML TOCBETH S, T ONE
EHIBES, RELaBstE{L L6,

AR TRPIED 5 ORALIE D { BRI R EIRD K
5.%wé&ﬂﬁﬁwiiKmm@ﬁﬂ§%ﬂ%ﬁwfﬁm%ﬁ%
CFLHARBVHETR, HERROBZRCELT “Phidv 3
ES8R37 LI BRROBAREHE~ 0 YRFEND 3,

— I PR, BEOKREPED > ORI ESWTER
ShBEROER» S, MERROENEE LS 3 FYRES%:

1



2 CHAPTER 1. F &

ERTIERMEE LT bibenTE5[11]. ARan 3K
HOEMHIR—MRICIAABEREMZERT 2. RN RIERFE%:
FRIZDICR, ERSNWIRFOEMOBELRHEOE & %
RETIHBEL OBFRERNRT, BROFIRICBIL-HEHZHHS
BB LBBETHSB.

RHDERDFEHEE LTE, REB3HLUEICE S F— 2
MG EPHWCE S AMMBAN LT EL ERE o ENRE
ENTW3, ' |

RROBY S 2RET 3 MMM}, BoEHEE (ERLED), B
DR (RESNALFEEBeN LTRELTH), BERREE
DHBUEREBZEL oD, BEOMBLEBOWT EOHBHEE &
n, BEIW2MBeBLW T CoRBLEERsLE LI, ¥FoO
@ﬁﬁﬂaﬁ%ﬁﬁwmﬁﬁé.

HEBGEH LB VTR LIRS &3 BEESHE S LS, 2
%,ﬁﬁﬂgﬁﬁﬂpﬁ%ﬁﬁ?m,ﬁ%%&ﬁﬁmﬁ$ﬁuﬁﬁ
ReRXSHWI2MBEBER L > T TRBEBRI LTV T ERNB W,
@im,%%mkntm%mﬁﬁﬁﬁtﬁiiménég—ﬁ,ﬁ
B, R EEKBEOMEME TR, VM oEMENMBIE T TR,
BHTS MERMT 50 +HTH 55, BEEZEET SR
RO LEBEBREBESHEEENICFRBAARBLBBZI I ENE L, W
A, FRCBOCREEBREEOMRY: O M L RO REME
HEHsnS, HREMEEEEEN EIERST 2EHTHZC &
BHEW, IO &R, AREMETST 3MBESELoEED 1 -
TH 5.

HBRRYZFARLBOTHRNLIERR2TRbE 2150,




12, HEIdkwcE 5 %8 (SBL) 3

! | BEotte |E@snsikgat |
7 Sk
“n

(ﬁgigg) O Btk EEkomE

e O &k

enmmg | O BUE [ pawon

i—;‘ ﬁ, —;-n.‘gl . he [5]

(3tm, /it) ? b SRtk o

X 1.1: FnGksesifbic i s REBAB E BEF s h 2 ke OB

COXIRERBEROLENFE L SRR BEEERCERTE 2
BMABBETSES., COXIBPRDPSTHE, RROBEER
AMEBEHLoREAs E L TRABEYVREE b2, 0l E%2 1238
KU 13HiTR~3,

1.2 EfitklcEI <% (SBL)

HIH: 1o B 5 < %9 (Similarity-Based Learning : J{F SBL & &
) REBOF— S le ko THERENA FTBF— s BBNEFET
$%. SBL o##la %X 1.2 wwiRd [9].

SBLic B 2RFOERF LI, EROF— 5 icHmT aiE%:
LR EE IS LA CHIT BRMMFETH 5. SBL £
FARMOBY S ERAET ZRER, ER2AsEMEEERLE
WHEHHDOATHS. SBLeRAENHEEOMBcRIHATE
BROABPEREIN S, FificR7z&Hic, MERRYRF LR
BUIFHRE->THEROBHEERSBETCRSEIBTHTREBVE
ticEREINALY, COLSBBBERERMT b iciERo SBL
B os i, BYREHREERT 520 ORRENEEYT 0ORR



4 CHAPTER 1. F &

1. BAPIEAEE (1) REMEERT 3 SE,
9. —RLEBEE (G): —BILRRETRBS 5 SE,
3. BARE (€): BN LIRBOMAE LT~ 3 R,

4 BEbloEE (T): RGPl znlBaopfich 3 B, 0H
EOXDREE.

( determine )

ROEBEHESRELEH -+ — LR g e

VieT (positive(:) — i€ g) A (negative(i) — i ¢ g).

& 1.2: SBL o##l &

Al LTRALTOS,
EHoE@EECE, ALK 3 BEEE WS BRCBAO R
BEXS 5. EEEAGBEEET 2 RBOEME—RLMED b &
THEHBAEZRZT. ChEN—-Ya YVEHEVWS 9], "~ vERO
MRk > THERRBELS D, ToPURREREEORFRED
HEERB, ~—Ya vEMOWHE, —BLMEORE & 8H
ORCMET 5. —RLBFCEY 3 RUOREOREE ~4 7
EVS, v yEER, BWS4TROT TR OB
FERECRHBEL, NI 720 T CRINET Clo KB OBEH % M4
Bevs. WBHOSL 5 5RAREBEBTMRARE T4 7
ZADFTR, “—Va ryEWoLk, TRIFCHZCEEE S,
BEOWEIC LN, ~N— Vs VEMBERAT L bBENTES
FETRRBWIEBHEHLhEShTWS[3]. LhL, EEEHhIK
BORM LAY S ERET B HEOPILEFA L CHRN B ERS




1.3. B ES ¢ %Y (EBL) 5

EERRTBAEVWIERIBWT, ~N— s YEMER ‘BRR7H
BEWVWLB.

BRI NARMNRELIR TEYR 4 7 2RREBEE
Tho, HMBERRYZAFLALBYZEF~AON—Y 3 YEMEOH
HEORER, SEBCHAO 47 2EHBLEEREE5E0
EWHIFEEKREIH B, e, Ao r 2R 0 &3 BRERAIK
ko TRHEOEREN 4 KT 2HHICbERORMM S 5. ERAI
REEEEORVABRTS > T, BAEECEKBRBHL D ST
5%. LichoT, SBL 2MEEMR v X 7 Al B 1) 5 HHEO R
WAL LTRAT DR, KROBWS 2RET 2 HMEHR
MR 2L 3MBELT, ERREBECHLTED LS CT3HEN
55,

1.3 FHIREISEE (EBL)

i3 5 < #F (Explanation-Based Learning : 2l F EBL & X
B) BRE—0HEM L EBAMRIC L > THREFA KT B HEBRA
W5 CsH 5. EBL ol 52K 1.3 1R [11].

EBL ic i 2 iR AFER, HABEBERcESWTELLH
RE—ORBUAVEEHROR cHE T EEHHEL, ToHHEEE
EoBRALLT=7wv— e N EETH S, EBL THRS
NHEHBARENCHBEER> SHE S W 3 HH IS 5. T8
EBL ¢, SHEESREISh TV 3HEEEREHAVE ETHIE, B
—OP»SMBEHICELWERZEERT S &N TES, JOHY
RFEEEROGCHEHUEIREI M TVWE LI BAREME B 24
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( given )
1 EEEEES : MEMBEEE R 7 & 0 WO EEID.
2. WEP : HEEAOM—DEM.
3. IR HHEZHKT 20N~V EHEDOHES.

4 REERE: ¥PI a2 BIr~sBBEHES
% WEE.

( determine )

BROERBEE TR OBHIE S AL,

1.3: EBL o #r#

MBERILICE - TREERHE TS S, L, YRooEhays,
SERER A SR I R B A I I - e (RBE AR B T B A
% % (imperfect domain theory problem) ,

EBL eH#MaC &id, SBLicBW T4 7 XP9BRAI & WS
EclBiclAEnTuiflRodsy) s 27t 2 RE s ReELRT
(operationality critera) & LT & 5 Ic@E L 5 % ¢ & T 5. Keller
@ Meta-LEX 0B ic BT, B L4IRT & 9 1o 34 306 % 1
BB 257 A& OB BWTESR LA [5]. Keller ic & 3 W Ik
Wi, ATRTERS “RROMY S £ HMEH 5HE" CHIET 5 b
OTH5. U, WHOMYIS MM 55005 BIEEEE L T,
B IO E RS & CHIENE &L & OBIG% % WHEALT 5 FE %
BFHRIE M LT 5. |

M0 EBL IEOE C 1, &b “HE" RILOERE LR
LTWa, ColEOMEELTIH, BAGGER kB8 3 n ~0—
BAL (18], BRNHNOEE (19, »5\WREKH, 5 0EY 19




1.3. 3<%y (EBL) 7

( given )
1. BE&5 : EBL CAR & h 3 B 5 < R
2, EffvxF o kR LoD BEEREA VWS ¥ 2 7 4,
3. EITHM : EFINE v XF Lo L0 L HEH.

( then )
RDO2H>DOEREZMITROE, MK BRIBIENTES 5.

1. R4 : EIT v X FATHATETRIRERS TV,

2. % BT RFATHALAEI, ETEHNIIB - -4
M EBSBFHIEES W,

B 1.4: Keller o # {F i 37 3

BHiFons, LHL, BEBBEORRNIZ I HIE, EBL IXHi&
THEMLASBLOMBERZRETET T2 LD, T¥ES, BIEHE
HREEZERBLBVWAMORERIRREMEESCIEKTE LR
D, BUIRRKHER/Z DB ABEFTBRAMOBABLELR 3
PoTH5.

BOEHRECEALT, RS FTIETUHEABEREsLTVWE,
BWE, REERGE “RIENRZRE" ELcELshaM[1]], <
NRAHVBRATH 2 &BEHEIhTw5 [16]. 74, FIEHL
GHEBI L TERENE 7 uBERS I >h CHERRD
MBEPET D EMBEHEINTWE[8], coc&id, AREH
0B BRI E BB EOBA TRIN TDE L “FI LR T
&6.&gﬁﬂwﬁ%ﬁﬂvxiAmﬁwéﬁﬁﬁ&mmmﬁv—
P 7 DBEEEEH LTS, Keller ¥, HR-REFEIC X 3 RHBE
ERELTWS, cputime 2L T 570, BfittoRE i



8 CHAPTER 1. ¥ &

| [ sst | ®BL |
R & HEIhITW HiEah 3
A O HI % (IF 44 o fR3E)
RELDOEM 5 & N % cic DIV EIES 5
Bl o8 AKBEOF—% WM IR 3R
BY& oD implicit explicit
g3k 1 (BB s) (38 1 b A 3 )
CEPEoD N—Ta YEME | —RicBERE
R EE

X 1.5: SBL & EBL o #H #1073 45 8

BFELWAEGBAEOHZIRTRRLABTCLEBBETHS.
COLIi, BROERHEBCRI+OBBREISIFAONATVRVOR
HIRTH 3.

BB ORRE — I HEIRECH 5. Segre IR L«
L ICBIEH R T 2 MBI RIEMR PV~ Ft 7
MRVBEET S, $E OREHEOL > BHEZE > BHS »
KERTWAY, &5k, %0 EBL ofMla Tk, ¥HO 142,y
vayPHR-OHECERRYGh TS e icBEko—~H L«
BREZZ LW, Licd->7T, EBLZMERR YR F LIBT3
FHAROBRMEA E LTRAT 3D icik, FEROREEE
CERBTEDLIRIRLT, BERMECEFRHLTES LD
Y BBEDHB. |

1.4 éBL & EBL O#&{to 1B

RDEDZEZRRISIKRTLICEELHBHILNTE S,




1.4. SBL & EBL 0% &t oS E M 9

%ﬂ%h@ﬂﬁ&ﬁﬁﬁ%mﬁﬁ%ﬁé,%ﬁ?mﬁ%%&VZ
FACBIAEEMEORMEAE LTRBYIRILEHLHLTH S,
I oERELTHAETHRRT B LiIcL-T, X0 FVIRHM
APBOoNBZ I EBH/ENS. AWR TR, BRNZHEREBL
ODERPOLIVFERBEHER >HEL LT, EBL 2 EHHIE L
Wik LR EBL OBl s 2R KT 5. $74b5, EBLoR-FE
aﬁﬁéﬁﬁbmwe,mmoﬁﬁvﬁaﬁﬁﬁﬁ%wﬁbrmn
OHEBHRRREHEMLTEILE2HAB., Licd-T, BICHEHA
DI DO E R B VRERRBECNLT, ~—Ya YEMED
XICERSNSZRHAOEMEBAERFHBOMEFKZNALLI T W
REHEORABMES 0B, | |

AKX IEEOEISHEREN S,

BIERIFHTDH S,

H2ETRIE EBL olf SR EEZZAL, ThEHRET 0SS5 A
LBl T, BRNEEZITR.
FHIETREMOARCESSENBREEREHKLT, zolHE
ZHIRT 5.
BABRTRIVEERIGHO DI 2 # BB LB ~0EN %
FMAT2EHBROVTHERT 3.

HOBTH Ay HHMBRLAMZRA LA ¥ BB c X 2MERR <
7 n%—?"}b@"‘%’"gl:ovh’(ﬁﬁ’*"%.

FOBERERTDH 5.
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Chapter 2

ok EBL o # %

AETHE, TFMBETHRFHcEIS VT, EBL % 8% pIE
ERIRER L KR EBL oMM £IRE T 5. ki, K38 EBL
EmBESe s A LTRERMLT, EROMED SEKEH BRI
ZHEBEEOMBRIC>WTHARANKEER T 2. Bikic, BERD
BV ZEKRT 20 HFHEESE LTR/NEBG oli4 % 12
8275,

2.1 EBL O¥3E

PR EBL o &M ZRE L, BRNZRD DOV o
DIREZITIXS.

2.1.1 WEOBELHHRES

APF TR, FRECERL XD KRR MR E TR &
5. ZTlTR, HEEGROIETCRAERERELEET 2D, B
Hr oW LI ESS =7 v 2BERBLCAAT itk T
MRBRPEESH, BRPCEILTERINZENEEN B,

11



12 CHAPTER 2. ¥i% EBL 0B

Augmented EBL System

X 2.1: 35k EBL o Bt &

Ok REEERICEWT, ERERO b & THIK O PIERIER
52T, BUFEREEBET 2R EBRMRDE LN TE B
55w EBL #HkR+ 5 E2HELL. |

3% EBL O H4 5 BAR -RE/5 ¥ 1 A BT, TOHSE
R&E 2LcRd. BERRE R EREGEFEL» SRSNHRC
ko THX BN EE (BE) 2MEL, BE GEYW) 2RET 5.
AL R RE I & > TERS W OB » 5 RL%
BT 5. BEERGREKRS W boEY & 2ET 3.

2.1.2 R

HRNERLLERVL 2D ORELTILS.

¥Y, CREZELCHB 0 s S A2 AT 5. HEMEAEHT
EHOERESHLLBE, BEPOBEREEIMUGOERES D
5135, ﬁ:ﬁ%&i@%ﬁ'ﬁf‘: LTHEA SN 3. 7w 5 4k pure-Prolog

Learning Component Problem Solver ‘
: i i prob
Generalizer «—1 explanations goal —
1 1 |
______ _l_ L solut
] ' T
i hypotheses | !
PR explanation
i 1o |
. . L. fes TTITTTTTTTR ] !
Operationality Criteria [—nhew knowledge Domain Theory
' ]




2.2, HUAEE L ZORAL 13

Kk CEFEN B,

o &, BMEEREERET 5. MERKY 27 Al B 2 M
B - THAR 7 vy =70 [ BB T2 &0 3 BAD
5, o¥D2>DRELRHFET 5.

L FIAERARIL: =7 coBRBCE3RIDBIpOTEBE
BEPASNDEBEE LV,

2. RO EB/NML: BEBINhfiv o Fr—T N E0BERa 2 M
TEBRRFPRBEOHEERRITCEBLIENEET LV,

2.2 BUIHEEL 204

MBS A bicHBEL T ONILEEERT 5.

T 2.1 (HUEE)

AL AZRLRELEE2SPEVFIN, A~ B A--AB, %4
HEROMER LT 2LE, ROLH>HRENCERI IR EH
HEEE VS,

1. A: A,
2. A: (A" —(B))A---A(B,)).

T, (B)YRY 5o BAERET2EHHERE, “"olAREY
ERELBVWE TS, HABEOIRE I, HUBELAREELLT
Bl EOBT, EREBHBARST, 2, ABBOKED S
BbIleBd2VF5 Vv A%RELELWS, ||



14 CHAPTER 2. #iig EBL 0¥

trav(true).

trav(A: A).

trav(A: (A « B)) : — trav(B).
trav(A A B) : — trav(A), trav(B).

B 2.2: HAMEORERSEIHHE T s 5 4

%EinﬁﬁAmﬁwékﬁﬁmﬁ,%Aﬁ%ﬁﬁ&éﬂéU%
INTHEBINLABELR Y. EE10a) IRBOEHEOY 7
SnoEEbic, b) BANER BT 2, ABOANEHR» >3
HEEEZBRTAILENTES, 1>O0HHEABE I, EHEh 2
V7 7 VORRIFFICL » THEOANEHRSHIG G 2, K2.21358
PHEZHEBAFHLT Il >0 AHEREBE 05 4ThH 5.
HHO D, FEF 3 F —true o cidBL T35, M
ORERBONBRELEREREKLE VS, |

R230HBEG D, WEE, HRGH5AbhLES, G
M B BPEHE 1 2R 240K Y [8]. iR ESR LS, Thidh
BIEHTH » T, RENBTERELIOTH S Licxtind 3.

TR 2.2 (RWHEORL)

1. it tOIR%E A, ZEZ By, -, Bl T3EE, THhoH%ERD
A', Bi,--+,B,CHE &#MZ 5 R1ELEHAAL (uninstantiation)
En3,

(A',Bi,--',B;)0'= (A)BI;"'>Bn) .




2.2.

Ey
Gy

G2

BUIHE & T ORAL | | 15

= {kill(X,Y) « hate(X,Y) A possess(X, Z) A weapon(Z),
hate(W, W) « depressed(W),
possess(U, V) « buy(U, V),
weapon(gun),
weapon(kni fe)}.

{depressed(john), buy(john, gun)},
=« kill(john, john).

il

= {depressed(tom), buy(tom, knife)},
=« kill(tom, tom).

X 2.3: fREEGRE 2 > OfE

ICC, diddb3RATH 3.

AR EtOWMSBE R: XoRKkRK{LEIE TS L&, X

% ROCE & X BIRIEZ RN (unresolution) &\ 5. #
BRALS W RHABEORKEKILEAE T EE, AV: X%
WAL D B & (remainder) &0 3,

BB UB L OMEMMLELEHA Lt X - TE LN B L &,
a2t o LE VW <t L, |

EHRA R E Lo BIE, HENACBANTZEH OF R
53 %, Mitchel o HERIBE7 VT Y X4 [2] i3, HEREDN S
EREERCEBESHRATEBR &L, BHELOBEBEYIML T “Bi
R L7l ticd w7 EERLTVS. 7 2 OHiRLER
CHRLNIZEHOMFERRAREEZRGBLTRDTVWS., EFE2
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CHAPTER 2. 353k EBL 0¥k

kill(john,john)
++
Kill(X,Y)
| | 3
hate(X,Y) possess(X,Z) weapon(Z) /
++ ++ ++
/ hate(W,W) possess(U,V) weapon(gun)
l l 2
depressed(W) buy(U,V)
et ot
depressed(john) buy(john,gun) )

|

|

B 2.4 G By o 5 H S




2.2, BMEAKEE L Z 0L 17

CHOOBEE—BELEbDTH S, BHPEBEOR/LE—BIcH
HELZL, #holl¥EFEEE Y.

EH 2.3 (w27 v)
HEEEIORE A, ¥X B, , B, BEAKLEIETE. O
& E,

1. ROBEEHZ=tIcE Sz snsnd,

(A('—'Blf\"'/\Bn)e.

2. n-BEMEE p et LT, £p(Xy,-e, X,) (EBFE, B
BEY) EBELEATORVWY FS50E0WS, A& By, B,
EEHLSNTORVY F IV CEERA BEHNLIcE T
vsuERifzsrrind, m

SABEt DR A LE By, B, ORKEKIL, ( OFIA= 7
vEXA—BA---AB,OBRRE—{bELTRDLNS.

T 2.4 (EFRIL & EBG)

HEEm DEPIE P LoBHBEEt it LT, EoFRLOEE M
SUBBTRCOWABEF : (F )2 F: FrBsz 2BERL
%t Dicitd 3 EARILE WG, t/DE®EL. ¢/ <t/Dik 5t ¢
® EBG &3, ||

BAN L, SABECEFEOFRLOENEHEN LT EC &
T, v/ e PHEEROEE LB DOLBERXRETH S,

K25, K240 L0 LB <7 v0fiThs. miRER
MAL & D HBTH 3. ByosE (depressed(john), buy(john, gun))



18 CHAPTER 2. ¥i%k EBL o ¥

my = kill(john, john).

my = kill(john, john) — depressed(john) A buy(john, gun).

mg = kill(W,W) « depressed(W) A buy(W, gun).

my = kill(john, john) «— depressed(john) A buy(john, gun) A weapon(gun).
ms = kill(W,W) « depressed(W) A buy(W, Z) A weapon(Z).

me = kill(X,Y) « hate(X,Y) A possess(X, Z) A weapon(Z).

B 25 oG ohzd=s naf

O EZATVWE D, mEMoPEic@ATsc ER3EEYT
B, miBERR (K244 1), mald mo i~/ 0Th 5.
My 3 BEARRLEE S EBERELb0 T (A 2), msid med B4
R7uTHD. mREABHEROHICE CRIEBRALZ SO TH 3 ([
m.tm;awlo@ﬁWEﬁmﬁLTéigimv&wmmmﬁ
BEYSCERERSAL, |

L5k EBL T REB O PIRE O BA RS w34 2 2K > HE
BHBDTC, CHLERICERT .

T 2.5 (WHHERE ORI, <7 wr—Tn)

I BHMERETO 1> OREHEL ORILE o, BREL, -t
EtT5¢E, RoT%2ToEBEORILE WS,

T' = (T = {}) U {to, -+ 1} .

ST, REOME BV TREAKEHSE—OHHELE L, ¥
CROBPERZBHUMERIMBINZ 0L T5. THoHE
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M; = [kill(john, john) « depressed(john) A buy(john, gun),
kill(tom,tom) — depressed(tom) A buy(tom, knife)].

M, = [kill(W1,W1) « depressed(W1) A buy(W1, gun),
kill(W2,W?2) « depressed(W2) A buy(W2, knife)].

My = [kill(W,W) « depressed(W) Abuy(W, Z) A weapon(Z),
weapon(gun),
weapon(knife)).

26 HHBERGORILELEI(=IaFr—T N

BEONLERELTT'BEONEEE, T"ETOoORLE VY,
T'"<TE&EC. ThoT'cE2HBEOR/LLOFT ERLER
W3, ToRfboetks TORMAEME WWI(T) c&d.

2. BUIMERE TOERMBE S v 7 0 Ll AR5
120 %, TS wsusr—7nrenwd, Towsusr—7

VO&EE M(T) TE¥. [

M230HE B3 RBBF 1 7 TCH2EB E1ERETS, ELboH
12 Grext s 23 EE L LT, HRUEBEES {t,6} oRic
Bod 2o usr—700of %K 2.61c5Rd. MidEERRALLDO A5
5., Myld Mid SEBRAL LA b0, Msid Myb S##RALL 72
MR, B—0HHEHEZE LT 270l ELE-bDTH S,

2.3 JMLZEEDHEIE

Ve #i % pure-Prolog Fic R L LT, ML &iRIEMR
HoMBRIC>WTEET 3,
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EH 2.6 (BEEHE)

1. iABERSE Tod 5 TL~0oRILBE 27T, = [To, -+, Tn], To
b>6ﬂ«®%ﬁﬁ%§ﬂ§?&w;¢é‘6. CD&E, WO6%ENLI &
PHPEHBEBOBEBEEE VS,

(a) 6(t,m) =1t €Ty).

(b) Tid 5 T ~OEBE ORI BT, Tio t DRALE b,
FRE L, ta T B,

i G EA—0 VT BT 5 & 5,
6(tj, mip) = 6(t, m) + 6(¢', m;) .
w. TR D tic>nT,
(L5, migr) = 8(¢,m;) .
wi. AL & WBAGR T t”c:ﬁom'c,
5(t" mis1) = 6(", ) .
i, RO U% T'OFHE (usage degree) &\ 5,
U(Tnyma) =3 [¢] - (6(,ma) — 1) .
t€Tn
CCT, [HRtegEhsar—rolTdh3s.

2. ToR LT el T, T'eE S v s v5vr— 7 MR

WMOBIIRFEALT, pure-Prologlic & - TTO T RTOHHKES
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ZEERTIORLBERERY OBKELM,T) 45, CD
L&, ®o Bz T'o%RE @ (backiracking number) & 3,

B(T",T) = Mgf}?:r') B(M,T).

TORAAT ET" e UTRDOEBENRIL>EE, TR T"& b
SBRIENTH B EWA,

U(T', [T) Ty Tl]) 2 U(T”: [T) toe :T”]) )
B(T',T) > B(T",T).
|

—ie TH 5 TR REBONALBRE ST TS 358, BEEES X
CRIEE BB & 55w, I, U(T,[T,---,T') % U(T',T)
LERECT B,

FAERALT 2R3 EHMT 307, FIAEREA oDtk &
DRAET B EHFELY., HYPUHELRRSET S & TH
FAESEMNTI LWL, 2EUENEsNERE <Y
ROREIRI-THAFILTVWS, —F, BRYEK SRS
3R EHEMT 50T, BRROB/MEO7cpicid@BlicilibLizn e
EDBFELY, COkdk, BEEHEEHERT IRERNLV-F
7 OFRIcH 5.

K 26icsnT, My~ MsoF|FE®R, 0, 0, 3, BRVEHK
i, 0,1, 0Ts5, Lid-T, MaGREBER BB hoFHEDH
BRbEWVW AW v su0Fr -7 nE0nR B,

HAMERGONAL L FIAE, RREY BB 3R 0BIH KL
T 5.
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EH 2.1 (REEBoBE)
SoODHPEBEET <T'<TicswT,

L U(T,T) > UT"T).

2. U(T",T)=U(T",T) 2 5 & B(T",T) > B(T", T) .

M FABEL WTRESH, T'eES v s usr—Tudh b, %
ROEBPEA-DPELBEODBOT R E S w7 vy — 7 A0
RTEBCEERT, HEORLK>VWTREE+FSTH 3,

LT 5 T'~ QBB LR OBE, FAESE— 5
25, Fl—ORHEBERELRY, Liedh-T, BALEMO
RIOF—TNVEE—»LELRLIODBRVEBEVEYRE & -,

2. MBERLDOBE, T'eBY 2HENLLHLE TR BT 3
HHARELESRI AT LV, N

OO LB OBIAD WA I BN EMoBE LR 2.7
RY. RE 2.1, FAERREH L CHERNT 25, %R0 6
BB MACZEM O 5> BRIHER - OB ZEMic BT o 2 MBI+
5:&%%%?%.%%D@ﬁwmmﬁﬁéﬁmﬁtfﬁﬁﬁmt
BB e, ROXIBHEENS, AALic & » CTHBE—7
REBD LSRR 2MB O~ o BER SN, ZhDBERNTER
DB -7 T2, COLE, S5RNLEERLCEICL-T
CHOPE—-ERDFMHESENT L, BRYOBEEBEDILT
BROEBRBDT 5. —F, BEEOSVAILEEET S 03
BRA» S, BEE “DRERWR” AT s, Lih-T, S
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iR

1 >\ ]
AL

) FH BE

2.7 RALERM O
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ESHEMY 3 R ¢ 5o bR HER—0 %28 &1 3 /05
PERATE3EELONS. UT, TORLZMicBY 2R HE n
D ER5Y ZE % n-FI I BE#R 43 22 ] (n-usage subspace) & Wb, T(T,n)
TRDLT.

2.4 ®BNEBG (ZETRILDER

A cHoNIREHOBEEZRL T, BEEOBVRLLO
BRCAMTHRL L TR/NEBG OMAEYAT 3.

2.4.1 &/ EBG

BIEE OBV IR 2 BRI ERS 57121k, & 5 FIHEOR
FERMECBVTBNEOBRRNERSERCITALBC EBBETH
5. t0 k3 mAE LT, MEOBEEEOR/ EBG 0o %
AT 5.

E#% 2.7 (&/) EBG)

ty, o B ROBBIREERET 2 EBGE T2 &, t <1y, -, ¢ <
tad5 % t 2B EBG L WS, 1y, , 1,0 F NTOH#E EBG t'ic
LTt 2t & 538 EBGt % by, , t, 0B/NEBG W5, N

B/NEBG 0 BEHEARTRRBRROEESLETH 5.

CH 2.2 (BAB—L & B/ O T k)

HERDSODRK p1,pa, qieM LT, pi& gD BRBE—{L%E p,
PrE P OR/NRAL [9) % p, pi' & p DBANALE P, p & qDBIRM
—LEPLTELE, PLPREBOELRAERVCE~T5 3.
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W P poBEETHBEEERL, S5 RENBEHROE X
MEITHBEERT. BT, s BWyoBikftchrsc tityidz o
RibkTchH s &bV,

lLL.peoieEdbicp'epic@ofibTd 3. piap's p'o
BPNRIETH DS, pidp & qictBo Bik{k (B—1k) T&
5. —F, PR p L qoBAB—{tTHah 5, PRy OEK

bR NIER S W,

2. p*h b P ~DEBILY, T/XBERAEGLETS, Xitp &
ORELREBREDNIER, TR p/OZOfBEEbN S
BrioB/PMALIcHIGT 2. COL %, pTREOMRBELERK
BRLNUBZOT, poXx OB BEbLNLS. pid pOR/N
NAETH 2 oTRERTRI LI STV, |

K 28It EEHOB®RZEHMSH ITRT.

EH 2.3 (2 >0 EBG ititd 3 #/5 EBG 0 &%)
ROBELELELETS 250 EBGh & i LT, &/ EBG 1
PEET . t, e 54k s, M2IDT 05 Akt #MAT 5.

W TeriAOWNEL, LW t,0bsREEBG 2L T 3,
HEABEORKBELPREE~ /v tRBXUVEISRAB—(LIc
doTHoNWBIEEHMBEZRALT, ¢ JtE2RT.

1o ty,t,t EVEEBICHEMTIEI T rS5SAa% b r— 2%
5, teBHbhsrv—nid e LORCABRIREDNS. &
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B 2.8: BB —1b & B/MRAL o Tk

-
_—

e, ok AR, TSt < A
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lebg(true, true,true).

lebg(R: L1,R: L2,R: L): —
lg(L1, L2,L).

lebg(R: (A« B1),R: (A~ B2),R: (A« B)): —
lebg(B1, B2, B).

lebg(A1ANB1,A2ANB2,AAB): —
lebg(A1, A2, A),
lebg(B1, B2, B).

lebg(R:T1,R:T2,R: L) : —
copy(R, L1),trav(L1,T1),
copy(R, L2),trav(L2,T2),
lg(L1,L2,L).

& 2.9: 2 > DM E O K/ EBG 0§t H
DEE, TurSA0EIHBBETEOT, TONM—NiEE

PRILMHBIRGBELIABTAEILAWL, Wik, tOKES
BtERE UL EREBELDNE D,

2. KEEVR—TH 354G, t ORI LioR/NEHRI/LT

20T HRItOZTHKANLTHS. tOKREENt LD/JE W
BE, t 2% BN LASIHEE:R'ELT, '8 *0
ERRAIALTH B EERT.

BEAMERBEEEELCCEELRIVWDT, i tidt EE U#EE
ELTEW, 1HoE&ERLIc>WTRBEE+STHB. t DI
NHEBEA XOHBEN LR X-TIBBOAB3ELT, A: X0
¥x By, BT 2L, t'OoWIET2HPOERL A XD
tvsaqlp=Ac BiA---AB, & ORILE—Lp*h 53R
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5h5. Ak, tORUKE» 51} UE 2B E A: X, 0
ERLIE > T/ BBENBE LT, A: X,0%% By, -, B,
LT 2e, LVOMIBT 2WO DI q& pi=A «— B;yA---AB;,
EORNABE—Lp/DoRdONE. Wlickd, pipl/oR
MNRfETH B, ORIET 2 WA OEW p’ O L BL LD &
ROoNEN S, 'ROERAILTS 3. n
WD EBG » 508/ EBG 0 B st Eic B L Tk @ g
AV

EE 2.4 (/) EBG 0 ZRH3HH)
nAHD EBG by, , toal LT, ty,+, 4B/ EBG % ¥/, typ
ot ORINEBG R LB L, e t"ORNEBGLR, -1,
OE/NEBGTH 3,

MEM ty, et 0B BIBRLE T ET B L, ity e, O IEE
MLTbb205, HEIRLD <. A <" Wik, T
H23icky, *<t, |

EHE23 & 24 1, WHOBED EBG it 5/h EBG EE L,
TNRVBWBHELBB T LR BRUICRDZ ENTE 2
CEEEWT S, CO&IicH/NEBG 3B EROE WAL DR
ELTCHHATH3EELZ LN B,

K260 MaidB/NEBG 28~ 03— Th 5,

24.2 g/ EBG %=/

R/NEBG BB AEROEVRLOBREE LTHERATH S C & %25
Troic, B/NEBG 2R MIc BN, =hnRHER—0R




2.4. B/ EBG it &5 AL 0 &K 29
DEMOBNTEILDE I EERT.

F#& 2.8 (/N EBG %)

1. SWEABERE TORAEEO L&, St SO/ EBG &
ZOREKRELCBEEMACESH S TOoOR/LER/N EBG R4t
(genelalization by least EBG) &\ 5,

2. Th o/ EBG RAL=HE L TH S0 5L 0 ZER %= &K/D
EBGZEMEww, AT) t&bd. |

T 2.5 (B/M EBG of/ME)
AMT) os3BERT OREEE n &4 5 &, T'BT(T,n) OB/NTT
5.

B T'XT'"XTusT"hoT'~oRbMAEEZHENELE S
xR, HEOR(LEDWTREE+TITH 5. T"hr o5 T'~0HE
Bofibicswt, T"o t"oR bz t, BRE, -, LT 5.

lLt"pEHER1OLE, "B 2EHE 1 ORWEEER, &
/INEBGRALOERIC L b, TOHHEED $ 7213 %/NEBG o
HeThbd. Lids-T, tt3R/NEBGchv, FHEILNE
mLZdhidizsizun,

2" BEEEN K20k s, ' P2 EHE kOB HEE
i3, KEOHHEEEOR/NEBG th b, hOBEBEEN k&4
5&, t"EEL KEOBEEEOLBRILTS 35 5 DR/
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EBGTCh3CticFETS. Lich-7T, FIAERENLE
FhidE s, [ ]

B/ EBG ZR, NEZEB O —#% &/ EBGRALIC & » T “is
FRE ROBMLARSZEMTH 3. FH4E, ChHn-FlAER
SEMIEBI 2RNTIC L > THREhTWT, dRpmsinii
B s hTwal &EE2EKT 3.

&/NEBG LA ic b n-FI B S 2R O /T & 72 3 AL
BHET 5 LR L, B EBG ALK £ RT3 AL
ERBR—RICRAELTH B, Chid, B/NEBG RAEZEOR
Do OB ICHEBET B, ARBORIP®KETCHL LS
BRLEERTERVI Lic k3. ¥4, B/NEBGEMiEE 2%
ATh, BROBEIMICEHSOBEAUEBLELECEHNbh > TV 3,
/N EBG b 0BT L D IRIEN TS 2 C EDBRESH B X
IBHBEHEHEO 7 S2EWRShIKT B LR, SBORETH 3,

2.5 LIY

AR TR, JLIE EBL OMAMKRMEERL, HUEHEEONLE R
FHERBERE 0 75 &4 LeBRILLT, BRNEEEFK - .
TORR, BREMRGEORSMBBEUSH b ER . $ 1, B
fERIRAL DER I H B ES & LTR/NEBG OS2 EA L /2,

L L s, BRYEROWS M BT SBL i 513 3 S5
RGO RBAR LERL CRAEROBVWALLOERK &> TRES
DEVWHETHS. 4, B/ EBG oI cRBAELEOZV
RALOER I+ TREWE & bEA SN S, i EBL 2 Mo
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B 5% i 4B/ EBG 2RI+ 2 2 WEE & & £ & 154
MicHALT, TORBEWSbIcT BLENS 5.

3ECH, B/NEBG oS IcESCETREHEKL, W2»
OPIE~OHAZE LT, BANEREHIT 5L bicT OBRR
L L 5.
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Chapter 3

E/NEBG icE -5 R

ARTIE, METHEALLR/NEBG iR icE 5 B2 FH
BEWMRLT, WCoboMBESHBECERALT, ERNZEOH
ReflIRLl, TORFIKSOVTEET 5.

3.1 HEHIEZDHKE

WiZTRLUAIEEEBL OB a 22 EBELTR b L— K
BT BIELEELD, FHBO My 7V VOBEEK 3. 1ICRT.
] 78 fi# PR 25 13 pure-Prolog i & - THFEMR 2TV, HHEEH Y
5. W32 bEKRBOFKRERT. MALEKERFEEE TSR
b7 PIEO RN EBG RALICH LV EHRELMAMT 2 & ek -
TH/D EBG L= BRI ICERT 5. BIEEHRTGER, ERkshi
&/NEBGRiLicE S =7 vz @b icivBATHELNE I B
F=TNROWT, BEOR /77— NI FHEREL, BRE
DWW EERET 3.

HPRRIRO2-o0HMEET—FE2 oo, HF1RAHEEHEREL
SNT, RHBEE I/ F— TV EEKTIHEIEHEE-FTH

33
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learner(Domain, Ezample, Goal, Ezplanation) : —
problem_solver(Domain, Ezample, Goal, Ezplanation),
lebg_generator(Domain, Ezplanation, Generalization),
operationality_criterion(Domain, Generalization, MacroTable),
knowledge_manager(modi fy, Domain, MacroTable).

X 3.1: IR EBLEHED by T LN

lebg_generator(Domain, Ezplanation, Generalization) : —
knowledge_manager(retrieve, Domain, OldGeneralization),

add_lebg(OldGeneralization, [ Ezplanation], Generalization).
add lebg(G,[ ], G).

add lebg(G, A, H) : —
oneof(E, A, A"),oneof (F,G,G"),
lebg(E, F, L, RE, RF),
union([G',[L], RE, RF], G"), union([A’, RE, RF], A"),
add_lebg(G", A", H). |

3.2: B&/N EBG LAt A: % 52
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member(A,[A]]) « .
member(A,[.|X]) « member(A, X).

append([],Y,Y) .
append([A|X],Y,[A|Z]) « append(X,Y, Z).

K 3.3: Uz bALFE AR

5, BORPIELEELEEBESEALNT, vs0F—TVE
KT 5BREEE—FTHS, Cho0E—~FiRk, A—07 v’
FARNLTERZRKMATELEIDiRI-TUDED S,

SOk >R EE%E MS-DOS ko Arity Prolog(V5.0) Eic £ %
L, WS 2hDRBETH .

3.2 @M

WO OMBERPIEICHHITHK L A EEREEMALT, TO
BifE 2 FFEid 5.

3.2.1 vz brpHE

RIEKERTED > 5, DR BLMEs RN EBG itk - TR
BRanhzfiEryd. HHEZY 2 POBICERT 5, HEBEGE LT,
B 3.31ciRd & 5 E B H 5t member[2 & append[3 &4 5.

BELOPIEBANESN B IR LIEH- T, KR TOREBERIC
WK 2., TO2>0HHoRAHBERIBRELAAEIGIRRE
DEHOLIEW (0)KHETH S, ZOBEBEKI4IRT.

E# 0PI %1% > PROLEARN [15] cit, MEOKZH <2 0
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S | B@ahz<zur—70 [FIAE]BRD |
— member(e,{a,d, ¢, d, e, f,g]). | member(e,[a,b,¢,d,e, f,g]) . 0 0
— member(3,[1,2, 3,4, 5]). member(A,[A]|X]) « .
member(C,[A, B|X]) «— 4 0
member(C, X).
— member(t, [s,t, u, v, w]). member(4,[A]|X]) « .
member(B,[A]|X]) « 8 0
member(B, X).

B 3.4: Y 2 bALEE A~ DA B

V—ABEREINT, DA TEENERIELT I EicEZESH
o, COLHICEEZY R MLEO XY RMETIE, BREENE
BRRENB.

3.22 XEHRSH

WkD SBL v 2 7 4 LT 5, FHUY XA FLARAERIOMH
W@+ 5. LEX[10 3B—04 <v— 5 ORiiR&H%:, =M
%Eﬁ?‘??&lc?ﬁﬁﬂﬂé‘m’@ﬁﬁ LT3 % SBL ( Simirality-Based
Learning) ¥ 27 A& %. LEX BABED s - BEH» K3
NAT R (PEDIBEER) 2/H5, ~—Va YEMEIRX- TR
AL OEREEET S, LEX Ok B—0ARVv—9 0B cEHYT
BYRFATR, ARV—2DRVELBEETIMERFLT, B
Filftoszhid s, —F, Bev/7o28ResFEClEaH
RERAL, TROEREPROBE OB ELYH 5.

fl % 9K5% EBL Eic @Rt 2. IR0 s~ vHEEREH
CE->TRET S, FIAE, BRDY 3RRNoL > ckBHsn 5,

;ewp(poly(const(int(l)))) .
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solve(f Ezpdz, Ans) «
call(partof(Ezp, SubEzp),
call(subst 1(f Ezpdz,t = SubEzp, [ Fzp'dt)),
solve(f Ezp'dt, Ans'),
call(subst 2(Ans',t = SubEzp, Ans)).

K 3.5: REMS O HBHR (BIRES)

a. [(z?—1)(z*+1)dz b. f(z3+1)(22° + z + 1)da
c. f(z+2)"(2z+5)dz d. f(2z +3)%(3z + 2)dz
e. [(z+3)i(z+2)%dz £ [z +2)3(2z + 1)dz

3.6: PIEESE &

AL Ty— Db ERaINS., BAE, “BH
KADE > IEERENS.

ezp(poly(const(int(X)))) .

PF, s 2RI 20 EEORIEEZA VS, XIS HEBHEG
O—HE LTEHREA+ <1 —p ERT. B call/1 1t Prolog 0 F
HEIFHLAERDL, BALRABOREE LCikbNS.
2-0EEROROBMEBREA L RN CEETZ, <
SOARV—FRBEABRRRTCOEAWBRCENTEDZN, BECK
IR Py, BERIEERCKITEESS S, K36, 37—
ORBEEEORERT. ChdR3>0r7Vv—-TifFans., a)
ED)BEHROEEERT 260, ¢) &d) R—RRNOBHFEOR
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a. [(#2-1)(z2+1)dz = [(z*-1)ds
= t5—z+C
c. [(z+2)"(2z +5)ds [t7(2t 4+ 1)dt
J(@e® +17)at

§ﬂ+§ﬁ+c
e +2P° +Hz+28+C

ntni

e. [(z+3)3(z+2)%ds

Je3(t - 1)2de
J@F =217 4 o0)as
Ui -4+ Ui 4
7 5
= 2o+3)i -+ )i+ 2 +3)i+C

1

Il

B 3.7: HIRE D7

FzBRBEIICL > THMETE 6D, €) & f) R—KRRNOEBHR
EERLBZTOWERIBZVSOTH 3.

38, flEELZDRE a,NfODJllElC‘%Iﬁ?Lf:?&l:é*&iﬂ?.énkv
IRF—TNVERYT., IDLIK2207V—F0E/NEBG &L
THEBSHT.

B—* -5 ORHiRZREMNT3SBL v 2574 BT 3. 6o
@ﬁl%ﬁmb\?“'néﬁfﬁ’&@ﬁf:b, BHA XV — 9 ORIREH IR
INRAET S - COBRRILTH 2. TiabB, a)~f) 0 EOPEI
MLTh, BEAZEI NEMBEREHEI EHh SR T EF, B
OMBEMER BT ESBRD BEL B,

~f%ic, SBLicBWCTBBRILER T 5 0icik, HERRSY
EREKT 5Lt TREABTILERNS D, BYIREHEE
BIBRDRRBRBRARF~ s BBETHECLLERINEL, D
ﬁ@ﬁlﬁﬁ>é?§¥ﬁf&{ﬁﬁﬁé%ilﬂi'@%%Cc‘:li EBL o5t <d 3.

expand
Integrate

subst.with ¢t = z +
expand

integrate

recovcer subst.

subst.with t = 2 +
expand

integrate

recover subst.
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1 [(Az+ B)Y(Cz + D)dz

= [ Poly,dt expand
= Polys integrate
= Polys recover subst.

2 [(Az+ B)F (Cz + D)Vdz

= [ Polydt expand

= Polyy integrate

= Polys recover subst.
3 [ Poly - Polydz = [ Polysdz expand

= Polyy integrate

X 3.8 B/MNEBGEHHic = rsur—Tn

¥fc, Bi=r o/ n2BRBTsFELEBTIE, vonF7F—T 0
FEEENTOSC L KERS NE V., RABCHE (BH) 1E
MEERLB WS ERE/NDEBGRIALOKH TS 3.

CCTEREBULAEF VR FARAMERTH » THH T L TRE
£TH5. HmbLIdRPMEBGRLELTHEONWBRBT DI v T —
TN, KYAFLATRPBORREFIC L > TRERSHIBZWI
EWb5. ROPIBEER S,

9) (z+2)(z+1)ds.
h) (2 +3)(3z — 1)dz .

ChoPBEEEE a~) iR LSRR, 1RANOBZEE
g a~vsmedvsnF—7Vo%BEIcAmNEns. —F, ¢) &b
BicBRLEE SR, BRE>VWCHBEHRts s F—7
VBEEREND,

CDLHie, SBL EHBRLTI DD VEIED SEMERRBES
£k T % % EBL Of| EHRES LTV BKE, R F B I2HE

ftN(Bt+ F)dt subst.with t = Az + B

[tF (Bt + F)Yat sust.with t = Az + B
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hanoi(1, From,With, T'o) « move(1, From,To).
hanoi(N, From, With,To) «

MisN —1,

hanoi(M, From,To, With),

hanoi(N, From,To),

hanoi(M,With, From,To).

K39 s A oE0HEFERE S

DFEFICHERTH-T, BRO—HiIcL-TB-FFEHELEKT 3
EBH B,

3.23 »~/ 408

FOBMRBRBRHOLERERAS S, FEBEN/ A OBIBIT2H
RO FREOERICEAT S, ~/7 1 0BRLCHS N RERFR
DOHETH 5.

TR 3.1 (~N/74108) SEOE ABCHELD, 2055 Aicidf
KhOoRK&EEDRBIMAREH 2. BroBE~NIFLIRS>HK
EHRBLT, ADIRCOMEE CLBHTIFEERD L, 17
L, BEEOEICRHBRBI VWS, FARBHINIHRBER, B
SOEOTHLEL 2B L /PSRBT AERS RV, N

N, 4ADOEORER, BEREHE X 2EHRMBEL LTEAL
N, H3IIRRTLIBDFHRR L TREN BRSNS B
BhTWB, N/ A OEEFREEE LA LAFBERO &
£T, RUBKMOMBEH>PMESL, b EBG ik - TH
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ROFHREEERTHILEHS 5.

HEERER 3.10icRY. Ch o RAERNROKEESHA
L, BRENFRs @3 v AMaEnicMBEEL»roR 5. LER
INROREBEBHA» S TR, BREONFRSZEOABVWI SR
Bahiwv, BENESK &G M From 0 —-F T o HRL 0 B4
% With ic#8 L, Fromo—&F TFToM#& % TocBH L /2%, With
oMEE TocBET2] C&d 53, EREN3EIRESEHHE
LE—DOFFELL->THRANCELN S DI, DPRCLHE
OREZHANT B L L, —BTOAROBEEZWINT 5 LBL
BETh5.

fTmsniAMBIRONEL S8 5.

1. oA
(2002 HBLTHHBERESR WL,

2. Mo EHEH A
TREZEBROFRBRTHIBO—BTOHBIBEEH LIZVWE SIE,
ZOMHBEETLTCROTCHBERZES BV,

Ao BEERUIZ, —HTOMABEOBMIND b icfek{b L TEE
EhTwd, RERBE hanot/3 itk - THEHEHah 3., F151HE
BoRBBRATERa I BEoREERDT. H2, 35| HETH
TNREEBOHROREZRDLYT. A4 0FEOHBOBEERE X
By X FOBRTEDLT. WX, [1,2,3] -3 HH%1,2,3 580
lEczoEicdy, IVEAFINTVWE I LERDT,

BEERCB VT, call/l REPOHEETRT 2 s BET, B
ERPIcBEFTOFELLRL, BTFBERLIhIbOETE, B
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/* MRS E ¥/

hanoi(-, s([P|A] — AT, B — BT,C — CT),s(A — AT, B — BT,[P|C] - CT)) —
free(P,[P|A] — AT)A
safe_to_stack(P,C — CT).

-+ (638D)

[* FROBEEF =v 7 */
free(P,T = TT) « call(T #TT).

[ HBORESF =y 7 ¥/
safe-tostack(P, ] — [)-
safetostack(P,[Q|] — -) «— call(P < Q).

[* THOEK */
hanoi(T,S1,53) « hanoi(T, S1,52) A hanoi(T, 52, 53).

[* O3B */
hanoi(t(From,To, With), s(A — AT, B — BT,C — CT),s(NA - AT,NB — BT,NC — CT

hanoi(t(From, With, To), s(A — AT,C — CT, B — BT),s(NA— AT, NC — CT,NB —

- (67D)

[* HREERR >/
hanoi(T, s(A — AT, BT — BT,CT — CT), s([P|AT] - AT, B — BT,C — CT)) —

hanoi(T, s(4 — [P|AT), BT - BT,CT — CT), s([P|AT) - [P|AT], B — BT,C - CT .

- (338Y)
hanoi(T, s([P|AT] — AT, B — BT,C — Ct),s(A — AT, BT — BT,CT — CT)) —

hanoi(T, s([P|AT] — [P|AT], B - BT,C — CT), s(A — [P|AT], BT ~ BT,CT — CT .
(3 D) .

K 3.10: ~/ 4 OB OFEIEG
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hanoi(t(F,W,T),s([1,2|AH] - A,B-B,C-C),s(A-A,B - B,[1,2|CH] - C)) «
hanoi(t(F, T, W), s([1,2|AH] - [P|4],C - C, B — B),
s((P|A] ~ [P|AL,C - G, [1,2/BH] - B)) (A
call([P|4] # 4) (2)A
safeto_stack(P,B — B) (3)A
hanOi(t(W’ F)T)’ 3([1)21BH] — B,A - A, [PIC] - [PIC]);
s(B - B,A— A,[1,2|CH] - C)) (4).

B 3.11: 1@ s i/ EBG

—{b i occur check % & 72 5.

B/N EBG o £ %8 %, PCI8XA , MS-DOS ko Arity Prolog
Compiler (Ver4.0) it REL T, 2HOMBE SHOMBLI S22
DO OVWT, THZNBELHRL TR/ EBG 24K & ¥
fo. Wi &0/ EBG & % oBEEAEE 311 & H 31207
CHRER QBRI FRE & ICHIGT 5.

BERsnBROFREC>DVWTEHEET S, Ef@éﬂk$¥%%
B, BAC2HELD2HBEZECicz - DBHET S 14 TDH
BB THE. COs47OMBOABELLNIBEACR
v/ uQEBESHEALILRRV., ol sk, FBEoBEMIKE-
T 7 uDHBENLETS2YAFALEBELTCEEREETH 5.

COFBEGTE, BAOHRBREE CRE-S VBT S 1
TOMBCRST, ERORE,SHEBORE~ER T 2HENT
R THS. CDI4ThonicL s, R/AMEBG I, #EoD
Plicd LT b BRY ZEL 2 BHALEIECT. cots, AE
ODEGZHFEILT, =728 EL L TH#HRNTICLRSROAHE
THb. N/ 10EE, EEOREEB LY LTCHFHRATETS
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Hiz

THOEK

From J)—&T’&[Elﬁ , ﬁﬁafé‘iﬂz

With & To %28H From }.» 5 To ~HEHE To @Lﬁ'l:%ﬁé
I

T
ﬁﬂ‘xv? ji%é?":nv7 From

|

BIEEE (1) BIEE(2) EUE’BJT‘% (3) “IJEB,—L (4)

& With % 33#

H

B 3.12: &/N EBG oA E
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BIrhmoehTwa [1].

BEshikvs/oo$2, SHESTHR, EVWEKTRERHK
OHETH S, H2EEHOM—(LRR ORI, FEOHBEH
EBWTOHAHE I X > TRETAETH 2 [15] 25, HIHEHO
safetostackic oW TRATIETH 5.

IO, HHEREHEEZDLRZIVWHEISERT LI ENTES
B, ERINZEHRIOMBRRCHBBRTS > T, BEREORER
ERBELLBAER SRV,

3.3 LI

AETE, BR/MEBGZHHT 2R IEFHEHBRL, W
PORPIACEALTEOHHELRFILOVWTEE L.

TOBE, HRNKRRCTR LX) RBRERORIERER, B
P (VX MLERE) CRBRENBCEMNREANL, L LA
5, XDEKLE TR, BRO—BOEE (REMSMAE) ©, Mk
RHHA~OHBRYE (N7 1 OBBE) B3 &Bbhote. Lizdo
T, EEROIGH O i3 fHIEE O ML, b~ ORENI%H
EPPICE-T, LDECORHBMENATZ2IEBBETHD LE
Abhd,

4BETR, FETRELAR/PEBG c B3 2EBOMERE
BRT DDA HBANREEROFF LB 2&EEHL, <
No2FHLAEIROM A - V2RET 3.
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CHAPTER 3. ®/NEBG icBE 3K ¥E &




Chapter 4

A & B & H Ko FH

AETHE, ABBEEORBEHA L TERR BT 2HBE O
LR 3MBE>VWTERT S, HREFOBROFAOLD I,
AP HBHBEEMD 2 oo RNERET 3.

4.1 HEBEOTHEAL

MEOMET, B/NEBGEH VAR RETEE, BRO—K
OHEERY, MBERCKETS T, BDOTHHEERET &
BWEWHIRANS L EBPHSh ER -2, ThoORFIR, F
28T~ RE D EM O RS 0 REE & B/D EBG AL R e b
KERT 20T, —RicRERTCEBRVIOEEILONS., L1
BT, WEMOMEERS C LIk > THEROBELERH B <
EBBBETHS.

AT EWE AR ES C. ER-RER B Y 3 ER
DB E1E, ERICRE QWA 5 A A THE S RS0 LK %
BENCHIBL, ARARBKROERER X BRTZELTH S,

B Cr, MEEEONRORMERY T, REOEY S OR

47
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BEOHA o — VEREEEGE LCHRRLTEL. CoTlR, BE
HHoMic £ s BB EENO 2 BHOMEEEOBNEZEL,
WHRENA F T2 LETOREZHL S,

4.2 X ZHBAZEROFIH

HEEEFORE 1 0EHER, FHIRE= /e F7r—T VOB 2K
ETBHMTH 5. FiEE Clcf- HBEGR, BERERYRF
AL THEAOHMEORES L UREERZKRT 2L
ODHTH B, Chied LT, WHEXFA P2 X5 0H% (HA
3, BHIREC 707 -TVORRERET M) X, HEER
RKET 329V XNVOHFTHI LS, ShdE X5 FBMMES
&3,

4.2.1 A5y EBMBIc L BHAD

Ay BN, HBEROERXCPEOHBTRESHIMED
BREDAIVvRVOEP SR, FHETREZIRF—T N0
EAEZRHELT, FEHBVERTI2EAENBREHOBEMND KAV
5N5B., TITE, WS2»0HERLT, 25 HEBHABIED X
SFHTEIDIRH>VWTHERT S,

T, HIETHY LA ERLSMEZZELS. AERSBE
BOWTHEEHshs=seld, TORREKFELEETI7 5 20WH
AR%E, TOEMEMBET 2L VBRI S 20N IcEWT 28k
R0, BEIRET /0 S~ T NEBAEEES LRV I X, T
ﬁb%%%ﬁ&?é#ﬁﬁ&ﬁ%&%,E%oaszmé~ﬁﬁw
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RIS EDHL LB TEZIDOT, ROV RUBTEERRS AR T
55, LIeh-T, B/ vopiREHFLEREHEALLE, BR
BELEZEIBT=I70r—TVEB-fewIvF—T NV TH B, ¥
BIRER I/ F—TAVBIOLIBHEEERF > LBbhr>T W
i, BRZISECTEIVR- I/ vr—TVEHEMNDT S
CEMWTE B,

Ric, RECTHBRT 28I NVico>WTER S, 8 X NIFHET
SRUEREEEE2E 2 A LB B3 EBbhoTWS, EHF]
SRR E % B o BBAR R TE, BB e 382 78 MR
FERETIIEREST, FEOMBN I/ vF—T VK> T
RROPBROELBLLBREINS, CO0L3Bvsur—T %
MERRz a7~ nEWI, Lied-7T, 8 X NTCEHRSH
EREv7aF -7 NVRRHERRY e F—T VoKX E 03 HB
EWET AR TR NI SV, Chick-T, EREME RN
DTBCENTESL, doic, BLBRIEFN A sHEEMEBE LT
HoblicEREINT WA, BBRETCHMERZ, R¥as5,
EREh <7 o BBRRIEFCBT 3 E0REHECBIHEOMI’
WEREHEIPOTHRIGINWERYLLTH 5.

CCRBNf “ersuRBBERLTIRSRV, " 530k “HE
R 7 n s =7 VOBEREELBITIHELRSBW E w3 2545
MRBERATRES, EREETIX0EIAE A M SHH
ENDFIFE CHhBILicEBEINLLW., COLkSK, 2SS
WS BROBMLIHAT B icid, XDBMTHSPE X
FERBAED S, BRARA s FHAMEERT I LENS 5. <0

CLiKoWCREICHEiRT 5.
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4.2.2 * 5 EHmAE oMK

C T, BN AEPICE T, AR A S EEARO Y
D2WVWTHBR B,

A S HIBMBoEH oY, MIEICFATER X D BETH
6@@}9%%%%%?5%%ﬁ%5.cnm@&m;%&ﬁﬁw
HFEPbsEELLNS.

1 EEmOBRERHEST 5 4 & B,
CDFA4TDAy MBI, FEERICEN2H, BFE, &
DEROEHK, BL U Prolog 7w 735 A& LTCOHDONERES
FoRlFP» SR B,

XN DEBEGO—H 2R 4.1ic/xd, 8 X v iEEME
M RIEETER T s ME— 0BRSS, REEBZEKT 5 H—
ORFERLFTICL>TIBEN, H—DOHBEREEZERITH L, 24
EofER#EERTH PSR B,

2. 0 uF—-TNORERNEHET S A 7 A,
CDZATD*SHEBABE, v 7uvr—TViBHhsH0k
RoH#H, BLU Prolog 7u 75 4 L LTOHIDIEE ST D

S BB,

81\‘7\"»0)77 n;———7‘1»@~%|§%|2]4.2c:,j‘<?, 8 xnp=
ruF—TNiiX, “TyvorhRicEbEs, sA41%
BbEB, A4NV2%E5bES, " LWHIRRIEFVHREX
NTW3, 270 7—T7VEEBKT BB HEO<s i, @R
&%éﬁ@?}#B‘fxéﬂﬂf&ﬁéﬁ@ﬁﬁ'@, zhZhWIiGd 5EH
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BEERT I EVWIBEEERK>. Prodog 7v s 5 as LTl
RERF L HE, $RbBIVEHEREVWSOL SIFRIE~NS
ha.

3. HEL S 2MBEREET 5 » & HEME.
FIERFR Y 2 7 22 EBOBBEIHEAT 3215 &, |
HMuaBRfiftshcRERbeshs e BEn, +R2b5, HEE
MZiCR T 2 ERE TR AUREBEEN T N THERR Y X 7 A
CKEBASHEZbLbUTRAEW., C0s470A s FEEMEER, *
DEIBERIEX OIS B, BVLRERBCRELSH
BOWHBEORMSELOR 3.

8AXATH, SAGNAMEREERECENR TS T, [
LAV E2HE IS XS BMBERELL L,

4. BERBE BT 2 2 & .
BREERGEIET 2T TCRALSATVEIENS S, B AA
—E@xﬁﬁﬁﬂﬁﬁﬁé.%23%%%Lkﬁﬁﬁﬁﬁ&m
m@%%,ﬁmEmamﬁtamEmahema.

Cofiicid, WS oL OFHMMABPBRIABEEL >N 3,
PlEo &35 Higsc B0, ERICHHZ A 2 Hifx
mERENDE, XNV TREES]L (CETER) KREEN S 2
SHEAMPE NI NG, b7 v Fr—TADbSERENLESE
PIBEE LTHEA K, TOc /7 0r—TF V%S84 500 EE8n
PERTNSERR, BREFES< 7 voBERL (ERRT),
EBNL (AR EER) BLURIur—T VOB CTH S, B
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solve(

L)

CHAPTER 4. * y BB E B oFH

T

T3

solve(

T3

s [uolA))

Ts

Ty

T,

T3

solve(

To

T3

, [w]A])

Tg

Ty

T3

solve(|

To

T3

Tg

Ty

» [u2]4])

T

solve(

Ty

s [us|A]).

Ty

T

solve(|

13

,[U4'A])

Ty

solve(

s [us] A])

T

T

solve(

Ts

Ts

Ty

Ts

solve(

0

Ty

i}

solve(

T3

T

/5

solve(

T3

Ty

Ty

solve(

T3

Ty

solve(

K 4.1: 8 X N DI S

(s(0,1,2,3,4,5,6,7,8) in a term).




4.2. A & FUBA O A

1
solve(| 8 [1)-
7
11213 112(3
solve(( Tg | 0 |4 |, [To,U(sT,rfn)delA] ) — solve(| Ts | 0| 4], A).
6 |Ts|[5] Ty |65
11213 11213
solve(| 6 | 0 [ 4], [”"”"(‘*’d“)lslA]) — solve(| Ty [ 0] 4], 4).
Ty [Ts | 5 e To |65
Tl Tg T3 [To,Ug,l7, dﬁ, 1 T1 T3
solve(| Tg | 0 | Ty |, do,ra,un,lg|A] ) « solve((To | 0 | Ty |, A).
1 | Ts | T (ma7) Ts | T | 15
|1, | T3 1 T | T3
solve(| 1 | 0 | Ty |, [d(),'l"(g,ul,)lglA]) — solve(| T, | 0 | Ty |, A).
Ty | Te | T s T [T | Ts

X 42: 82X n5F—T i

53
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511, 87 0Bt~ snsr—7 Vv EOMBERbONIL,
7 u BRI E RRIEF AR KD 3 C ENTED T & %R
HF 2., COX*PHEEMBBEITVT, 8T VDOEFRcBITS
BHE, B o OMBALERSS 7 = — X E TR b LIRS
527 x=RiREENS, COEIN 72— XORERFEZOMR
LOBAL CERTSES. REED, TASHEMILESIE, ERT
NEEFRBEISHOANEHPNEINEINLOTH S,

CDEHI, KDBMTHL MR A 2 HEAS» S, EROHR
R A 5 RSB S h B,

4.3 ERFDFH

RBEEOE 2 oM, EHBHAR (BE) cHEsriys
LTRBONZBEHTHS. HBEETCRE-1AR» S ofFHIL, %
FROBREWEERATHE -, Chiedl T, THEBAR (X
W) i & id 2T HEEB &0,

%’g%gliﬁjﬁﬂgagﬁﬁ%?l:?i&liﬁiﬁ’%ﬁﬁf&ﬁﬂlff&fof&
W, BERS, KOWERTOHMRAMEE (DI E—F5TH
bEUPSTHB. O T Tk, membership query & W3 B0 s %
EX5, membership query & i3, M ERON» o RBFEHROM
Wit LT, #ffdyes hnob s i2EAAEANOHEE TS 5.

4.3.1 BERicksHEMXND

membership query i, 2FRiIcE > CRHOPFEicHT 2RO
REZHMEMICH S X0 B ©H 5. membership query ic & » T %

/



43, B o 55

mes

e —
€1=T'00u80170d6,

myy
A

ep=rgougol,odgodyorsou;olg.

(mss) (m1s)

X 43: PIEES

PROBJBJOBEHOEN D BARETH 5. BIAEMHES L CHifiT
BALI A HEBMBAERET 3~/ 0sr—TVOBRBIERS 3
BaEEEILDL. COLE, bdvwsuF—TnEBlovsinr—7
NVTRERESNWIBBRBILEIBRRANOPENE -1 5, £h
SORBEHMICEMT 2Lk TRHEDR IR F—T VDR
WEBNDT B EBTE S,

X NEBVWT S, BREUBHBEB LU A yHENEEHEET 2
RIRF—TVOBEHBEBMAELEEBBD S5, flil, K43,
DEIBRPEZEZELDE, ChicikR 442450 2 H o< o
F=T7NVOBEMBEKTE S, BERELVWY 795 —T 10—
Th B, MBERBRAO—Hick-ChirEvsInsr—7 10K
APMBESNABo I/ dF—TNVTH 5.

INSOVWFNVIEL VI, WEERDNONERHT 2RO
BEHBT S CLicL-THESNE, EARHATRHLTHH
EBTRETHSE L, BRILHHEHO* 5y HBENBREMAEDET
Hbishs 2 s HEBABCE - TRESH B,
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* [ % |3 * | % |3 11213
*|0{4|=|*%x|0|4|=|8|1014]
¥ | %15 716[5 71615

(solution order)

2183 11213
solve(j 110 |4 |, [do’r(g;?zh’)lslA]) — solve(|8 0|4 ],A4)
6|5 1 7|65
Tl T2 3 T1 Tz 3
solve(| 6 | 0 | 4], [ro,uE;;)f7,;l6|A]) — solve(| Ty | 0 | 4|, 4)
T |75 % 7165
(macrotable)

X 44 BotvsnF—TVOER
43.2 BRcBEbz*sHEBAH XN

BB B b 2 2 & (HEAGE, LR oo & FEIRNE & B
CEHENS, X NIBL TR, BIEITA S HISMEE LB
ENF2207 2= XEHIELT 200 A & BBMBAEE SN 5.

B o OBBRALERD S 7= —XICHIBE LT, FHROHES il
Hanz, PIEOROSIEE X, BOMEARTI% € N2 0 member
THBEIRMAFOBRIEAET 5L THB. ELVARBE
BrBohslsild, 22907 x—X0RUEBED >hT, ER
MBEBREBINZ LB TW S,

2/ RfFESI 37— iWIGELT, BILF -7V ORES
BEMERTVE, BILF —TAH, 250< 7 a0 2E) 0L
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*|[%]5 * [ %]5 71615

(solution order)

11213 11213
)
solve(| 710 |4 |, [T‘o,u(g, 7’)d6|A] ) « solve(| 80|41, A).
6|85 s dABE
2 T2 3 [7‘0, Ug, 17, de, 1 2 3
solve(| Tz | 0 | 4|, do,ra,us,ls|A] ) « solve(( To | 0 [ 4], A).
1 T6 5 (m17) Ts T3 5
T, 13 11213
solve(l 1 10 |4], [do,r(zr,:h)lsM]) — solve(( T2 | 0 |4 [,A).
T, [ Ts | 5 e T | Ts |5
(macrotable)

B 4.5 ELW= 28 5F—7 VOB
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B i< 349" % membership query o # RicESWT, W IEFBG
ZHHELIRTH S, Fifio 20T R vy -7 VORERE,
ﬁﬂm%—fwmﬁmm;ofv&owﬁbﬁtcaﬁfsa.

Cok3ic, BEORMIT L > Tk DMK A & G5 b H
HigLiL 5,

4.4 Fr¥

ARTH, BIFEOBVALOBEE RIS 2B, 44
BHBRLEENO 2205 4 7OoBMoFHicoWTER L f, Kk
TR, BEBR< 7 05— 70 0BG A 5 FIREM S E R %R
?6%@%%%%L,8NX»K£&677m7—f»@E%m@
AY 5.



Chapter 5

BRIk~ vy — T VOEH

AETE, SRTHEGLA A 2 HBEANREEMONH OB &
LT, 8 X vicRESNWZEFORIRBEIEREEZR>7 7 2%
WHEELT, MERR~ e —TVOEPERAL S, 9, * 5
MM ER AR b0 e T 2 b, MERR I vusr -7
EWmETIe S A LeBRELT, TOoREEHL,ITE. 20
¢, membership query ®EA &, ChicE S BT -7V EE
L, ChLoREICEHBEMKL, 8 X V~DFHEHRT
3., Bkic, ¥YBOELELHEBOMBICOERY 5.

5.1 [RE@R~7asT—7

BAOWAA EAEHBEORTMM R, 550 HEORENT
TIREREINTVIAMHORHE.XKET 2 LW RENS 5. Korf
3, ST NVDEIBEBRNNIVOS B2 5 AT, HEHERK
BUBHRIEFERET S Licky, FEOMENTIaF—7
VX TERPUIBRTEL BB LERLTWE[T]., 0>
75 2AOMEBRE, BEFISBTELEEHE:RRE VW), o

39
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SO Si mg1
Sl Si2 my2
S :
on Sij i Si+1
xg
Sim Mim >

X 5.‘1: A hierarchy of serially decomposable subgoals and the func-
tion of a macrotable.

75207y nF— 7 NEMBRR~ s —7 0, PUTHicws
BF—7 & ks,

RSl ERIEFIC L 2REBEFHOBBELE /v F—T VOB
e B IcR g, RBEMIR S D S Rd &) iclifbtans,
Siid Sy ABEN, ThEPhic< s v mBRIET 5, m;id S;0
REZE S0 RBIcER ST S, HAISRAULZBEHELEME
BRTR, =707 -70e2B0Tr5o3 LY CIHRERT S &
kD, EROMEEZRRVPEELILEFEREMICHW LB
TX 5.

I 8sreX T}, “T5vsi2hRichbES, 5401 %
BGbEB, 40 2%GDLED, " LVWIRRIEFERET S
Lticky, FEOHEZ B Ao~ suhbbBdwsruFr—T i
Lo TFERENPH I ENTE S,

ABRTH, 5577857 1hbERS 5 RELE EBL



52. Ay HEIBERONA ' 61

RESCERRLERAT, ThooltkBESWTTEDOT I vy —
TNVRERTHIEEFEEMBE LTRET 5. 15k EBL ik, F
FERAK(LEBRIB/MEO 2 >0 RERRGEIZR s N 2. HIE
HEEHCHLT, TOv2u 75— 7 VRTAERRP>BROEKO
O HBIENIXEBGTtH 2, LicdW-THEBRick 3 EBG 0iFER
RBVWTHE, BRVEBEH 00/ EBGRILD» SR 2HHERO 2
EEZNER.

5.2 X5 wHRHROFIH
5.2.1 MEMR</ny—710BRML

BRI/ e F—TVERE e 7S5 A LicERILT 5.

ER 5.1 (HRER)
HAHERRROBE w754 Degdan s,

s(g,[])-
D= S(hl,.[opllAns]) — 5(by, Ans).

8(Pn, [0pn|Ans]) — s(by, Ans).

CT, gIEHERE, bz ENlEHAR op; DFTIR, HHEH
3. DCHEHTER s20H 15 B 0B RELEEE2ZDLL, £
2RI MRz 0REBIHT REZh T, |

Eak 5.1, Korfic k 3RME~7 & —RB B EARES [7]
O—fbTH 5. HEERmE LT, MEARRICHIER /N O DS
THLEAREROAEZEX S, FAZORBRGELERRB—L
RE-TREs NS, K528 X Vo HEBEEHKO— (FEA % up)
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11213
solve(] 810 |4 [,[]) (s(0,1,2,3,4,5,6,7,8) in a term).
71615
T1 T2 T3 Tl T2 TS
solve(| Ts | 0 | Ty [,[uo]A]) « solve(| Ts | Ts | Ty |, A).
I | Te | Ts Ty | 0 | Ty
: 0 |1 | T3 Ts |15 | T3
solve(| T | Ty | Ty |, [u1]A])) « solve(| 0 | Tp | Ty |, A).
T7 Ts T5 T7 TG T5
T1 0 T3 Tl TO T3
solve(| Ty | Ty | Ty |, [uo|A]) « solve(| Ts | 0 | Ty |, A).
T, | Te | Ts Ty | T | Ty
T1 T2 0 T] Tz T4
solve(| T | Ty | Ty |, [us]A]) « solve( Ts | Ty | 0 |, A).
T | Te | Ty T; | T | T
T1 Tz T3 Tl T2 T3
SOl'UC( Tg To 0 ,[U4|A]) — SOlUC( Tg To T5 ,A)
T7 TG T5 T7 Ts 0
|15 | T N\ T | Ts
solve(| 0 | Ty | Ty |,[us]A]) — solve( Ty | Ty | Ty |, A).
T7 T6 T5 0 T6 T5

5.2: The domain theory of 8 puzzle.
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ZRY. HEOLDRREEZRDTHOL LD ICREFICE » THER
$5. C0kSi, EEVOEOOHEAETERINE bOB6mED
KEHRHah 3,

T 5.2 (RRIEF S L CHERR< 2 07— 7 )
1. BRIEFTRKROL I BHIE gORILOFITH 5.
T = [SO)"')Sn)g] (SO'<.”_<S"'<9)‘

CIT, v <yid, s ByOR L (S z OEHOEER IR
CEEI) Tha&%2EDLT.

2. RRIEFTOTTCOR I F—7 N MIZROLIBHR T v s

FJAhELTREEN S,

[ s(g,[])-
$(hn1, Min1) — 8(bn1, Ans).
$(Pnpy Minp) e 5(bpp, Ans).

M = { S(hn—u;_mn—n) — S(bn—n,AnS)~

S(h()l, mm) — 8(()01, Ans)

[ 5(hogs Mog) — 5(bog, Ans).

CCT, FEN—VEHEEROEAZELOE BT 0B &L,
TROB2I70TH B, mi;ik [ops,o0p, - |Ans] DR % &
5, BT 2MEAKRTIERDLT. E~/ v ORiiBBLURH
B, hiy <S8, bij K SipOREEEREY 5. n

E# 925, Kol 0RF o — it Th 2. MRIEF I & 3 REZE
BORELE, HoONLoBFick - TERsN S, B3 7 w3
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11213
solve(|8 {04 |,]])-
71615
11213 1123
solve(| Tg | 0 [ 4 |, [To,U(s,l';,)dglA] ) « solve(| T | 0] 4 |, A).
6 | Ts | 5 et T: |65
11213 11213
solve( 6 | 0 |4, [“0”"(“"17’)18“4]) — solve(| Ty | 0|4 |, A).
Ty | Ts | 5 e Ts | 6|5
Ty | T2 | Ts | [ro,us,lr,ds, 1| Ty | T3
solve( Tg | 0 | Ty |, do,ro,u1,ls|A] ) « solve(| To | 0 | Ty |, A).
1 Te, T5 (m17) T(; Tg T5
T1 T2 T3 1 Tl T3
solve(l 1 | 0 | Ty |, [do’r(zgzul’)MA]) — solve(| T | 0 | Ty |,A).
T | T | T 18 Ty | Ts | Ts

& 5.3: Korf’s macro table for 8 puzzle.

RIEFF LB, vRbEHEKRBIECHERATWE I & icEREN
fov. pure Prolog 4 ¥4 — 7Y s Db &T, TO&S Ml LEN
LB e s aeRKTTEELiRE-T, 7875 —7 AV Lo
EBTbh 3,

S53ic Korfick 38 x v usr—7Vo—Eid. i
Tilo<7 v mijid, JOMBRS 254V 2HEONE B
BT InTh B,
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5.2.2 HMERR~/uvF—-71r0KEH

b2 /uF—T A hoERSNWERENFEELTCEALL &,
DRI R F—TNEEYT 5B EBLEREBEST N
R, BRIEF LS~ v oBERAL (ERRA), ZHRAL (7
%t%%)sxwv7n%—fwimﬁﬁfﬁé.uTm,ché@
BRI O>WTERT 3,

ERAZRBLIT =/ nic oW TRORBEEZH WS,

mii(s) = byo (0 =hij As).

m;'(s) = hijo (0 =bi; As).

miomg = (hy «—b)o (0=0 Ahy).
CIT, zAyldz & yOo mgu 2FK b 7.

TERI S m BIEHAEEN (information preserving) ©& % &'k, m
PRIEs &t AMAEAETHEEE, m(s)=mt) BoHs=1Th
BrrTas [, WHREFEORER, Hl MR DEE IR
BERWVWCLTHS., FARVPERRENTESLE, Zhohbd
BE7 /7 bERRENTH-T, FOFAZ—BILEDB LB
TEBH. UT, HHREREFNTHZ EKET 5.

EHE 5.1 (BRI L2 BREF OHE)
RRIEF RO X S KB/NMNULEZHWTHETE 2,

hij = Mg (Sia),
S, = gV[th,-j].

CCT, Mdm LECEARNE2E > BBt~ s uT, zVy
Bz & yoR/NNAL [14] 2FbT.
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T B/NEE BB — Lo Al [25] 2RIA LT, RoZERic &
STHEHT 3. COBEER, KRXOILETR m(z)Am(y) = m(zAy)
LRILEND, Bvr/vll, 20770 iRd->CTRIPNLETRTOR
BEHM—(LAE, $RLLENLO0B/NULTE S, myick » TR
PRBETRTORER, myDAhicL> THRLNBRE, m;& i+l
TOo=R7vick- THRPNUBRE, 25105, FERICEBRIERE,
ZOFOR iRk THRIPNZTRTOREL BE L OR/PMAAL
THsH., LT, ROIIBTKOERILL- TEES1%EH 5.

hnj = @—l(g)
Sa = gVIV;FmHg)]
= gVI[V;hl

ha1j = iy (g) V Vi minsy ™ (i (9))]
mno1; N (g) V m‘;ztlj—l([\/k Mk (9)])
ey g V [Vie Tk (9)])

mj:lj—l(Sn).

gV V117 g) V Vi minzsy ™ (™ ()]
= gV [\/J hn-—-lj]-

i

i

Sn-—l

- (BUFFIHE)

EHO1E, B2/ eoBERltE~s/eFs—T VEDORIEND
P, v/ OEPRALE, BRIEFEZLMICRDD EHTE
BLELERET S, BEBRH—LER/PMALOBEIEIE <7 v DBRE
K LTHRETHS., CoLkdic, =2u3—7LoERIBWT
B/ noRERfteé~ 72 ry— 7V EONBELREET S I EBAK
BWHTH 5. |
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mes
AN

€1 =10 ug 0 l7;ods,

myy
A

ea=roougolyodgodyoryou ols.

v~

(mes) (m1s)

[2] 5.4: An example set,

5.3 ERoFfIH
5.3.1 P BBt spEong

R EBL 220 s s AL R ORI RETBOFIEEZ A,
FRBCBI I MEORIc>VWTEERT 2, 2HESHHATER
RHRBEMOS ET 2, K, SRBBRNICPIEIELZONh B, %
HER, Pl zhEcrRESNLEHOM IR/ EBG L% 4&
BT 5. FARCALEEORKREOBicvsvsr -7V EDOIERE
BREeRETZ. EESlcLieW-7T, BRIEFEHE LT, zhaB
RIRF—TNTHBILEHILDS, HIWEHET 20y —
TVREBEET N, RAMNAEOH VRS ZERT 5. CCT,
R/NEBG oflfe i, BER/Lshi ‘Qo” oRHBEETH 3.
PIZE, 20o005HEEEEE/NEBGRILT 3L 2 >0F K BERK
Eh, ChoWv7ulbiER/NEBG RZ0HL L0 b OFI
b5.

ERDOHDSDEBTE, BRO—-BOBESAEL, ¥FHOK
QMﬁ%M@ﬁﬁ*aﬁAmk%<wﬁ?é.Smfwmomfw
RV, B SAOPEREEELD. murld< 7 @ me o misd AR
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* |3 * | % |3 1213 E
*|0{4|=[*x{0]4]|=]18|0141
5 71615 71615

(solution order)

813 112(3
solve(| 10|41, [do,r(zr,:h)lslA] ) « solve(| 8|04 |,A)
6|5 ° 7165
Ty | T2 | 3 Y| T | 3| .
solve(] 6 | 0 4], [ro’u(ﬁ;an’)delA]) — solve(| T, | 0 |4 |, A)
T, | 7[5 * 7165
(macrotable)

K 5.5: An incorrect macrotable learned from positive examples.

PBRB. mekBNEBCG &4 3 EBSROFAEOB VR TS
B, meglt Mgk D BARFOFTILEZ DT, B> LEHTH
5. LhLuns, 541567 0fRO—FKickd, & ORHIH
BIEF oMM ERET 5. ERSMABokvsusr— T AERSES

(1 N

CDEIIE, BAOhIEfosrhSs=s2ueFr—TVe2EYRT S
CERRHMOELEZDA»SHEMNS S, LT, ELWwe s
Br =T NVEZEBTEHIRBEAUACERERH S CEBLET
H 5.
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5.3.2 membership query

IEBIEL4} i membership query 23%] F ﬁ]ﬁ‘é REE%EZ 5. mem-
bership query [1] [21] &4, & 2 PIBEF T s WEOEHTH 3
PEPITH I EEFESHMCEMT A EROFEE et a0
—ETh5.

E# 5.3 (membership query)

v/uF—7N Mt LT, MIREs & 20 m BT 3 mem-
bership queryit, s O Mic L 2B m D E % yes, ZHTHWVWE &
no ERTBRIETH 3. |

EmicHBd 2PREs Z, mB)ickoTRBHBIENRT
&5, UT, vIREEERLT, mP MO member thH32 &%
meM&EL,

membership query OFF O 7 4 F7TRIKD 2 >DEEIHE S,

2/uF—7T NV MigcBWT,

L mBMowsulzsid, meM,

2.muB mek DRI D B BIE, momy €M,

FIOREEDPS, BAShIPEEZS OO LD I nDOARKICH
BT 2BRENEIONS. F20FEEDP S, v/ w0 iFHGEEE
HEBEBEALNS, RECHOSOBEEZTILDOBEEFESR
T3,

€% 5.4 (5% (decomposition))
mozrsaF—TN McBE+s8@Ep &k, &% mo--rom, =
m, m; € MERled <2 adF[my, - ,m,] Thb3. mDd2o0%
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membership query guess about ordering of macros
m1 0 my l My 0 My and new composite macros
no no mq = mgy (in the same row).

my < my (my is before my), or

yes no -
my; = my and m; o my (> m;) exists.

my < my and my o my (> my) exists, or

1
2
1. my; < my and my 0o my (> my) exists, or
2
3

my = my and

yes yes 3a. myomy (> m;) and

mgy 0 my (> my;) exists, or
3b. myomy (> m;) and

my o my (> my) exists.

X 5.6: The serialization table.

e picWdLT, o7 alpde /DR RETHs L,
pridpplofihnE g, BEPHIPVWLRBERBRKSELVS. N

P EOMEER LALELWe 2 0o fl&did, Hobicl-o
DHRRETHEY, THRBROBTHSLBBOoBVWILIKAERS
N, FifictRR7EE I, mprld mggompsiclBADBE h 5 28,
CHRIELVL 7 o0& TRV, mpD L7 eitXKE
&2 D&M< 2 v (composite macro) &3, BIHBT S LS T,
BT/ OFERFEROHARBLRESEET . —RICREKX
SRBEET 2D ESPRASATVWE VN, 8 SXVTHE T
DEBCBRRIBBEET B LBHMoNTVWS,

£ 5.5 (HF]{b ¥ — 7 (serialization table))
mi& meB MO<=7aThseE&, Robicit s —T VEETL

F=TNEWS, IT, m<mpldz e mBmXDEDTIZ
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bbb EERT. n

BFLF—T ik, 220°2 90D 2F) OE&KICHT 5 mem-
bership query O RicE W, AERIEFHAEZFELLRTH
5. Bk, BIMLF — T VviRESVTE s v IEFHEZE
S 2818, BL¥zoERE2VS. WHERIEFEGRST <TH
BINTVW3IER2PVWTREBRIEERYT 3.

54 ZFHEBHBOEK

RIS CEA L7231 & EIIE 7 — 7 Vi & » T membership query
ERAT 5 BBROVTHEL S, HEH >BRNCEL SN 5 Pl
B, BT L-THIRES WS, AFEThETORBEETIES —
TVERESOCTHAET S, LEL, BASBIELVWARE ZES
BWOT, ELVWARSEON 2 ETCHERERETHENS S, &
DFEER Prolog 7w s34 LTRSS cidd&dn 3.

learn(CurMT) «
ezample( Ex),
decompose(Ez, Maz, P),
serialize(CurMT, Maz, P, NostMT),
l, learner(NztMT).

example/1 3 Bl % EAEBITERT 5. decompose/3 i3 PIFE O 4 iR
ZERT 5. Moz BEARFREHbh227u0 )X b TH 5. R
P=[my,-+,m,]icid, 705 —7 LV LOEREEGE M <+ <m,
PHYNERKEEN S, BIULBRBLTRROPEL S E, BK
SBEPSE LD TP WIEICHREZRL LERYT 5. serializef4 13,
Bt -7 VeV THEE O I 07— 7 CurMT e B K
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incorrect " M1g O Mg I Mg | Mg |

18 O Mgg no no no
. Meg yes no | yes
Mg no yes® | no

correct " Megg © Myg | Mg | Meg |

Meg O Mg no no yes
mig no no yes
Mgg no yes* | no

Kl 5.7: A membership query table.

SEOv s MESRPEBEGLTH LV v 7 —7 A NotMT
EEKT S, filwe s obHEll&dni L &id, serialize/4 2 BRE
MicEB LThEdT s, Bk —7 v Toofiiciah, &
BN BESIBLEERDITRI Db S, HIMESKIIT 5 EROFIE K
tail-recursion ¢#179 5. Dllo7 w5 AR EBERLELLOT
EROBIERESERSATVES, EXLRABORO LRES
ATHELEEES.

5.5 G

B CHR L 23858 % Sund | @ SICStus Prolog FicE%H L
oo 8NXNBEUTE XN (81X ND 2x3R) c>WTwsm
F—TNVOEREREIT - .

K 5.7, ERIOAD» S TRERL 2P (K 5.4) cxid 32ETHE
Bo—#%Rdy. RO JEHIZ m; om;ic %4 % membership query
DHRTHB. yesl, HIULF —7 Vi k»TERBER~ 2 =
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¥ (04 ]=|x|0]4}=|8]0|4]
5 * | %|5 71615

(solution order)

112(3 11213
solve(| 710 |4 |, [ro’u(s’l?")dslA] ) «— solve(] 8|0 |4],A).
685 e 7165
2 T2 3 [7‘0, Ug, l7, ds, 1 213
solve(| Tz | 0 4, do,re,u1,l|A] ) « solve(( Ty | 0 |4 |, A).
1 Ts 5 (m17) Ts Tg 5
T, 13 11213
solve(| 1 |10 [4], [do’r(zr’nul’)lslA]) — solve(| T3 | 0 | 4|, A).
T | Ts | 5 e T | T |5
(macrotable)

5.8: The correct macrotable.




74 CHAPTER 5. ERR~= /s —71r0%H

ELUTHRENKLIEERT. B-oRlEFAT (EB) °R, ok
Mg Omigomes (ARBEELHE VW=7 v) icld 20 MESFE
LT, EFMbickERT 3. ELVIEREFY (FTB) BF/LEV, &
RHKBONBELVWT s v s — T V%2R 58IRT.
PIELIRERICRAES S IERE 20 EEELALER, 5¢xX 0
TR, BB >VWTH2~3 029 ->T, 5~6HEHOHEE T
RILD=suF—7VEEERLL, Biic8 X4 cid, H2~3
BE»»-T, B3~ 16@HOREE CLTOT I v F—T V2

BLi.

5.6 FE
56.1 HHWHEOEL s

SREBELTHICLRBPELSLrTH S, FHBOEL SR, B
b7 —7TnVicikET 5. BIMLF -7 A BRELTH S LI THRIE
FR3ETRCHIBTEILTHS. HIULF— 7 A BRE2TH
5&@%%@77n?—7w&&£ﬁ577n?—7W%E&LK
W EThsb,

¥, BRUROWTHEI2DZ, BILF -7 ricE b3 or &
REOED, +HBHAEEFIBELTVWEILREOITH S, H
MEhzBR~s/ 0027 nOEFHEOSLEEC>WVT, K
DOEMPBKILT 5.

EH 5.2 (A< nino~s volEFEE)
n(>2) o</ niEaLitvsotm, TN5603BRbHO
flebs~sutkmedses, m<mThs, Bic, mEH
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LS~/ udm0aTssE &, m=mTs3.

ik =7 mEEBERLAVBLT, TOARERG EEABHOEED
SHEIAY 5.

EH, ERBLIVHEBOBMBAMEL X, ROL I ERNICER
EhBHDYVRALTH 3B,

L R vicBF 30, ERciBIF3 cBLOE f(t, - ta) 12
B BEH f/niz, ) oRBEEbA S,

2.2 LikBVWCpORBIREDLDNSE & &, B f(t, -, t,) KB
W [ilp] oI BicBbN B,

2 oDEEFEBCHMLCELMB BB LY, TR L UM
HAERB T2, TABA—~TH5 L ZOHBMBRRETH S &
WO, BHBEEREMATBEVD. Hr & yiedlT, REOH
B BEORE%E (z,y), ET2HBAMBEOREE (2,9)THDT.
v/ blBRIEFORI3HS» tROMBEBKILS. & 2T,
v 7w mgi LT, (hj,b;) 'mi;, BRIER Sicxl T,
(Si,9) %' 5% LHEETT 5.
':Si C ':Sj (¢ < 7),
Sicimy,
*Sit1 — 'S Cimy;.
HI3RW,  FHCH LS h 2~ sFIEHESLFHE i Fov s
Lo TET B EEEKTS.
200% 78 mpe myy (1 <J) DER M = mi omy, BB kT

DwI/uThHbseT s, NBEASREL,» M KEEhs, I
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E%ép=%ﬁ}J&KOMT%i6.i<j@&$,pcmﬁﬁo
pc%wuw@,pcﬁh%a.cmag,k=i@&ai=j@
LEWR, pC'm,BOT, ThZhO< s/ v BB BITHLA-
TpC'mERBRBEIRPIEMELELENTES, COLE, k>1T
bbb, WAL, k>1Th 5.

CofERIE, A Lov s noGKic bHICILRT S C &
T&5. WFh b, BRdHOITRHE~/7uchRBSNBEIHER
SHIET 2 UBEXERTRENTEE2HATS. ||

TH 520, K</ RETOT I nDTs By —T b EONER
BB RIEF L > CHMENE & E2EHT 2. HIEF -7
L (K 5.6) OIEFBEBER AL - TEDRLODTH B, 1L,
m<micLTm=my=momxEREZLEVVWITETHSOD
THBR LTS 3,

BFLF— 7 VoLt >WT, ROEESKILT 5.

EE 5.3 (HILF — 7 voi2i)
BEODEOHMASEVWIRHFEL(ARL, R&ES JULOAK= 7 2
BELBVWEE, B0 2207wkl LlT, ZHhoDvs 07—
TuEOIRFBEGAER, EIMLF -7V 0BR LB L » TR
RETES. |

B EIEF— 7NV RN NGB L BT EE -
TW3, 2209 7emé&mic L TcEIHULF—~7 v 1EH OB
cit, RO2EEOFE LLIEFEELENE LTH v/ 05—
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TNVEERLE S,

;2 [ ]

mq | My 0Moy
M; 2 :

my

HHOLDIE, /0 F—TFVRBEPROTIEREBE LS RERYT. <
NeFET M7~ 7T & &3,

225077 aF—T7 N, L&D membership query i[5 — D&
AERTHEETNORBEMTHBEV S, HIULS — T Vb
?mm&%,%E?%%ﬁ%—fw&@t%ﬁﬁvan?—f»ﬁ
FETS. 7, 2THhoR220LI3 B2/ 57— T VBEEL

MW EERT.

W 5.1 HEOCEDHLLHEWILELLKL, K234l FosK
RIuUPFEELRVWEE, FRT I F—T V2L 2Fr o1
PEMIB 70 r—TNVREELLE W,

LB M@ member Td 5 miomyomaB kU myomygomy M; D
member TREWIEIREFEEHLT, ¢ 5% member &4 3 k5 i
Mic§ilwe s m 28T 5. BNSN5< 2 0 REES] 2Hn
IRFHhERSRB W, EHE 1’LK7‘: M; ® member ¢, M,® member
TROVWSDZEL, MaiclBINT 2 L2RA5. COFHEREL
T, ARZENMHFEEZFETEZ T w5 A2ERHLT, K&E&S3 0
AR/ nECREMB /70— 7 ABEELBV I EEREL
o, 73 LA0ERTERE>VWTRERT 3. 7L, BEBE
LW b e s, PETHIENF— 71280 %MiR~s o
F—TNVEBKT I ENTE B,
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Ric, COGEYXA2niFOBAKILET 3.

Wi 5.2 HEOLOWH SAEWICE LR, kxx4PDLtoaR
RIOPERELIBWEE, FEITHIHDPF -7V E2ESUEMIE< 2

BF—7NVREELITWL,

AEHH Bd<wr/uF—TNEOVWT, ROLHSK2-5DFF Li1& Ly

B 1o0fFLi x Ly2B s E2FORBMEWS.
L1 X ‘Lg = Ll ULz U (L] o] Lz)

BahciTE2H o703 — 7 V3 Txovs/esr—-TVEEHT
bW, TETH 5.

bL, nfTLoRIEMBv s/ ar—TVBEET S ERET S
&, TNOZREMTACERL-T2TTOEMB s vF —F s
FHETS. Chi>xefEsl KT 5,

FEESI RGES2h o HEEMIN S, u

EESILBVWT, H1owiEe, A, 8 X VvCeRELY
AVBEELEVE WS £ETH S, CABEASHRWES I,
TIRF—TNVE—BECRETERV, 2 o0HiiRE, 4-oULo
TI/aDERPOBEIERT I e BEELIRVWIETH S, 8¢
VOEKRT I/ ndREXIT, ChoofB2iliRgd s, K&ao
BIRZEHOFEIC L2, XBXOHWIRE+T2TH 5.

Pk Z &5, membership query 2F 34 2 RIZIEL W
FIRF—TAEBEBTEDC ERRENLE,
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5.6.2 ZEBOHEER

FEHCPDLI2HEREOWTEET 5. BASBIEET S0
ERET S, >0V T, /e F—T VD% n, v/ uwD
BHEEmM, G/ 00REIORKEREETSE. BEXoh 3
HoKRKg&sklE+ 2., HEE L membership query o EI¥ % [ &
T3,

Y, AR /e BPEELTVROHBHRBPEL>VWTER
T35,

BIEE D3 < T DOEHF] iz > W T PH O membership query % & L
T, yes OMRFic Yy v 7 %2k B, RRAWR D75 7 Lokl
NRATHBEDPS, ChERDIFERER O(1®?) th 5.

EFtTR, SBCTAShRIEFBEREBEDY I v Fr—T 0
LHETE. BRAMOKEZROM), BEOTI/InF—T 1D
A&EXIRO(m)TH 3. yesno 7D or BB ic & » T O(mn) @
membership query D # ¥ hic>WTH UK OELE LB WK< 2
eBPEASHE. ChS5oFESREEINZE TR, BROHICIEH
EhiBEH{LTI, v &oico & O(m) E O membership query % 4
BE¥ 5. wiie, Lz O(mn x m) | ® membership query
BRETH 5, |

BASRRELVAMTS 55, BIHBENS0ME A
3. vEoof@Eicd LT, O(m?n+I1*) H® membership query 7
BETH 5.

BR7 7 uBFEETHLERBERHERIRZ cRAMS>h T
BV, CCR, FIRTHERLABELBR cES(EERIL
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FedS o CEHEEZEET 3.

BANMOKESROMkn) ©hs. BASBIREL WARE
BoZWwoT, ELWARNESHhS iR 02" Hos
 BEBRRKSBIPSELDTHIPWIBECFEARBZILER SRV,

BEibTi’k, BRcAREN v o ¥ERSNWTFESRB S
N3ET, DEE 4(yes-yes 1T) WE kO BERETOLRFhER 1
V., BB TR O(m) ® membership query BUETH B, Wi,
EFI{t iz i O(mkn x m*) [ © membership query NS ETH 3.

AHEBR ChSOBEERS., vE-oRBI LT, 02 x
mkn x m* +*) o membership query B4ETH 5. k=10 &
DA =F=B—=HLRBRVWOR, R /7ueBFEELRIVWEER, &2
BANDBRROBRBRVWI L E, THE 4O yes-yes THEbNIB W
itk s,

G e BFET L EOHRERBEATH ZEHE, BRED
FRECRELVWAMBERD o icER-REZEIC L > THEERS
BETRTHETLI LSS, SROHERR, HItoEERE
MATECLRE-THhRBRVBEPTE2EBH/TES. B
O 51 H & 13 FI A AT 48 73 15 #)t 4% membership query o 3¢ H 3 7c 9, &
BOBAGRPIVAHLTEENTS S, Cokdic, HXFEEHE
FOXBORESEFTbIRFTH 5. LhbL, S XLE0ERT
B, FHEhWfewIsnF—T Vit k> THEHILD or BIRE SN Y
SNTWSCLEBHESINTEBY, COCLELEALLBRNIS
HAEET B EBTREND, CNbORBRERORETS 3.
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5.6.3 vBAORFsFHEEROMNA

B cERLASEHORES >WT, *OERAE L5, $H
BRERNCLER S0P L REHR X membership query % F 4
THILENPEINDS, ChoRB-LIEFEHT @B CHR Y
piebicHvwoNG, BotREZHIRT 2 bR F—2 %
WEETHC &}, SBLicMIBRECTH 3.

EBL it 5T SBL MR RESEbN 2 FE L, F)H K
ORI sLELONS, B, AEBABRRILER/NEOME
FIREROATH S, AR THBLNALL IR I/ aF—T Vil
THHGEM A o HEEAE L LTHATRTCHINIE, XbdRuvg
WP OELWR e F—F W EERT S LWL ETFHS
s, Fic, BEHKSETSBAUELZEIEEEXR > Ldlbho
T8, BRIEFPE L SN TWSB & %icid, membership query &
LEELWARARDZCENTES, ol &iclLTiRBRN
CFELWRESBLATVS,

5.7 IV

ABETR, BY|S@BOURCEIEEER MEEsHRELT, A4
AN & membership query 2 L 2B B OB & FHIHEITR -
o FRbE, RET RS AMBRALS T BT =T A 5
HEN2BANBTHEOS % A 7 MM L LTS5 %, membership
query 2 DR IR IV ITOT s ur—TABEBIh L&
=L,

L L, XETOBAG CIX, ¥E&H o EBLHWAIE £ » % SBL
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MNESRAES L, FEROFENRUREERTICITEYTS -
feldWwi 3, Xh—BRoSRBEMEFE TR, MHATRK X & FHK
MBRBBESCELTRRVWIRLTS, ToREREIHZ LR
OBHERARTHY, TOLIBMEHBENY EF Tl 2R EFHED
BEXPREIHI O DLEEDN S,

S S THN——
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A A

AW TR, GIED S ORI ESCBRNTRFHEMED 2
iw EBL 288 PIE Lwisk U 7365k EBL oMl 2 RE L. &
¥, EBL OBIERHEORRCERENT, HEOMEORAHE
POERENZNACEREFMAERKILERRY B/MEDP 525
EMEREOBGRIC > WTHEHRICER L, BESRREOMSNE
AEZEHO I L, BRI OSVWINIILOBWRCHERALCESE LTR
/NEBG off& 2B A L. Ric, B/NEBG 2R ¥ 2 % 2¥EH
BEERLT, SEIELHEMCHEBAL, ToFHABLRALRL
o, ¥6k, TNOoORAEEMT S0, MERTFOHERE £
yHBEREEMOEATHH T 2 ¥ AR ORMILERELL, <
ODFEZMERR< 7oy -7 voEREECEAL T, EE»,o
MBHBEERCHBLEETEL .

ek EBL &, SBL & EBL ofififi R B oSt E2EEREL T
RESI BRI TH S, Licdd->T, ik EBL ol s, HiR
HimENAT72ELT, EEEDACERERRGLIZRI I LI
SBL 2R LBl L LTE X B2 L bTE5. §bb, i
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% EBL i3 ‘43R SBL” LA+ &b TE 5. MWSBLE LT
#iz, EOSBLiIzBIFB/54 7 AD & S BARAE L4 % R
& BAFHSIC & » CHIEC BB TESC LI H 5. BIrHEE
OB EbRLT, XVEAB Y o RERLEZN, NV
YEMEBEEREE TV AEAKEIRDL, BRI -BcREES
LS, COMBEERT DI, 2/ HEBENBRCEN O
HABBECHBIEERLE, LaL, 2 7 EBMBEIENEY
ALTHRRIEFO & 5 BREWTHEHBR TV HRBEAR
membership query BHE L2 EBPRENBZN, O LIETH
WA TRZADFTCN-Y g YERFONEBERRKBOF—~ I BHBETH
3Lt s. COX>ic, % EBL it SBL & EBL o f
FREESECRAILENTVWEEELLNS.
5%, RELHPTROI>ORENTRESEZLON S,

1. MERBMORE
NI ADBERBONDMBRA~OHEEORRK X, H®HE
TR AORANOEFERCERT 20855, AL,
“BORBBA BER, HoSMUOFEAL L » THEBELS
N5, COXIRAMRIADOIIR I & » TR EBL o8 A §i
FHOMAMBHFGEN S,

2. i BEMFEOE R
AMETERBLABEEHGER, ScMERRBEOSRME
b0 THS. BOGHECOERILL-T, EBLOX
TEHNEREEORRSY/INS., RoRMAEXHERR
ﬂ&®%$ﬁéﬁﬁ?5§*?%5c&ﬁzm.cokb,%
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ORBEHEOWMYFWICREELE L EBTFEsNS. L
LE»s, IEEBL 2EZBoMMICEH T i, B
SN TRTOBAEREBHBIE >DVWTOERNBNETHS EEA
5115,

LA S BRSO R H |

AWK TIO B -1 A 5 FBAMERR < 05— T 10
BECHLENA DTS, SHEE X EREWMTA 5 Bl
MEERR L CRAT 5 L NBBEELONG, COIER
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