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AAEmE YV 77 g v

‘Ears, M ZER
B (B BRSSPI

1 RLUHIK

Haw AT Loy T i v P EECERAHE BIH) A=A LEfMARALADIC,
AAIEARY IL e v IR AEESXH I CHERFEIATVD. ChbDETol
EEEELFRL, THEr~ariiraiHiEL, dEL-AoffReiHcET L A
FEfEEY, A L<ATHATRHCIGELEET L] 2vwiboThsd ChbOTAT 4
TS we, BLNORBIC -~ ToEE A 2MR: Lot L TteewT, REKIECT
FA4F I o P CHEATE LNV TR L0TE LR 27 L%, EIROMEAKET L2
FXE R A AT E Y 2 FHBC X - TERTIZERAMNEEI LTS, KN
HR, chboBstBE B A ntilabblET oLl TERT I LIC
5.

A& (V7L Ivav] bwiBidld, &0 MmBETHAD LR ERELEER
PHoT w3, Rl iFREZLHEERORELBRO W 2hHE, RELHROERIC
SWTILET A A hERvENcHEd sttt TEMMI L DTHS. i,
HERT 2z A TERED Sl bPHrh Tt 2 E32taloRBicswTd, A 208E
REEAREERELLTWS. #HCOWwTH, ARG THER X E20RE] T S
ERTWD L HICHEERTEY Fvi Bt B HbhCnd L5 TH DY, A FOHEE
REic+ss s—2Flo7 7e—F2RBT 202 wi 5. MBORELOMICA X
O rBEATIc it loT, EMREOMIRICHT B0 HEEESALICLHTE
.
ABTH, BEoOBEIICCEDIERL, AF, V7L ravinakd-T FE
chuiic JEEE4 2. IKfficl, BEoOBEI Bl 221707 e yOEICOWTE
5. 3HTH, TEXEANLTHEIATVIIZLIAT 372 FrOHPT,
FOEOTFFRIC L bLTESE 52 2RFML s 2T 4, FFIC 'OL [24], Bowen & Kowal-
skim A2 Feysiv¥TFa—F [1,2], 3lisp[12,13] C2oWwCfElicE &5, 4 MiT
i, BEYeys I vZobiobTiiERE) 7L e vl iciiiohd
oA RETSE. 5 TR, V7v2ia v EHEEI AL LTHARAALEHEN Y 7L
va YICOWTRIEOEERLENT 5.

2 BEFCEIBZAFZLLN

SBHOKR, H5vREINERE, MBcrliziRSoRRAS, LELETREMN
bﬁmﬁﬂﬁﬁ%ﬁELf%ibnﬁttﬁ$%.ttiﬁ,Qﬁﬁ@ﬁ%%ﬂﬁﬁﬁ%



MDA L HeRE TR, wE, HSERYE I EIMEREEKICES,
FOEROFOUY, rid TcoEREROLEYF2) 2 | coRBEIHLEH.
LIRETED | AXoEYIRET R ELS. T52, coRRBIcAvbhASRE (T
E':'f"in:l: BT i) REAMERICHTAALSERECASL. Sbic, A XEFELLTES
FIEROTAEYFAWAERS, AW BRI T 1o BNERE (chidd
Fo bV ot A 4R (A FR) EWHERD. COETTH, AFFRICXIMEFROR
DTy S AL L =3 kL LS.

2.1 AR L ZHERE:

AR T i, 8 Ly LHRALORBEHR Fr, &8 Ar, 2 XUHSSHEA R 26k
3. ZEE Lr HitBolRagTdHy, Ly ONBEOHRS (ChEfRGHFILEER) 05 b, Ly
Ml FritffoTHRENIRERA L Ly OB LR Ly OWRHEE ¢ 21 Ar 6 Ry iC
FoTificEg s b &, ¢ 3 T CdATEETH S L8, Fr ¢ 2E . —MicEINER
Tk, iRl e—finmmE, - vk YofEs e 5. coffiei iR —PER
HRNolR o THRETEYTW .

WE, HEMEEE A FHAMNEF T Tidd 350 2%FELLY. Tokditil}, A
DExoFBrEkcEs Ao tohdnesr T o8 Lr tffib-oTw3 o b igEE
L fedidEASC2-ToER (85 & fRogffiicysLtihediid a4
AlE LowmEEN (EREEEAWED) 20 FCH 5. AR, BAMER ML
DF_RTOTEXN LT, —BCEEIHANEHFOL L RETFTLLS. 0 A ©T o ioxft
5Ty dER%E [o] FEFTCLicd s L, fAkolixod@cERci sz
i, SR owTilhd 2 ELERE LTRTSTH L. c e, BAWERICHIT 2
o FoBEOHTAREEE W BIEMNBEIC A S, ik A Lo n FBE R HELNER T
T (MWET) FHAECHL LR, T o8 CcBREIND n BHOBEL ¢ HFFEL,
HED ADOTay,...,a, CHLTEBED 2 ETHS.

Hay,...,a.) = Fré(far],..., [a.])
H{ﬂ'h“'aun}-{rtu‘ = |_T_'¢I’ ;ﬂ]1:1.,,{ﬂ,.]}

T bic, HBIARER T HEFECH L C &2 EETRIE,
.E(E-]-.--qan} — b_T 'ﬁ[l'al];"'![aﬁ-l}

YEETE. COSENENITorE, R T CHWEHCHEBEE 220k T Esw
TRBEL Lo THWERCHEHINLG 2w s,

crr, WS LtEIMEE O PHY O LofPaeiit A 2% MeEH L
Vi, DD O %, Ly b Fr KX-THRERT O OS] (HMmxg) 2TRE
L, (Hvéz), BEfLcdz), 2ECHI), ~H~0fiAtdsl, 2%
BHER L Lol EL 5. O OLAEAEENY (recursive) THD, o M THLTO
F ARt s HBTeEA RS (et AH#EVARNOARER*ELTWEES) ., [0
LoRmEst F i P (P MBS0 GEFTEE S) ¥Rl EwiBRY (LR0E
BET) FHEEEcH I c r R T o b TES (ChEiaERT IRHEEE hasproofo(F, P)



2B/) . Ll TREXF O TIETRETH 5 > » 5 R, REXprovables(l”) =
(x)hasproofo(F,z) K X > TEHWEKTRERAGEL 28, (HRwEwEC) ZBEaEcrs
WE RT3 BERDHD. COFEE, 1930 F£ic K. Godel R L R EEE (K
Mt ELUEANRREL T IRETELAGEOHEE) offficsnwtlHbhtihirbo
$H5. Gbdel BREBEANFT AT Lo, L¥to M 2 M EBDAEE (F%
bbb O=M) :LTHwE Chitk=-T, M Oo5T M OoREBECOwCoishE
B A R (EEEEE MCoRPLIRIEAFRTETH L 2 ws b o) 2HEL,

T OFEAFTREEF R LD TH D, C o THwWbRAESZMTH OFER 2 0 Godel ik
(L) EPFER, REFECHEEROW2OTEARKT (FehETEEoBT)

FECOEHEIATWIORBROEY ¢H 3.

2T AHT, M ORBRER provables(X) IRO X 5 R BHRE T /.

1. Fag ¢ =bpp provablepd [¢])
2. Far provablen([8]) A provableys([@ — ¢]) = provablea(Ty])

3. bar provabley([8]) = provableyd[provablep([¢])7)

Z@ 3 2OE I Lob @ derivability condition $PFRERT WS AL, & & TOprovable([4])
T 0¢ LFEAFANHBERECEULAALEBR 2B LHTEL. ki, E—0f
HizpMEHoEETH ), FoHRRERMGLELTEL bocHET s, colk
AR LC, I REEET HERE . LC{EL L 9 LT 2EFFEL B D, T HGAERRE
BE¥ERGEE (Provability Logic) ¢PFHRTWE (e k&2, 4] #BEI W) . 225
T, LoEHEFEHICS CHRABA AR RERE 54 olF b oMo AR (0 —
¢) FBRWAbOTHE. S1 ORIk, —FHT, AROREORHA: LTIYHFREATY
ZOTHIH (TDLECR O REEEEFHNRES K Tt LA TW3) , kil
Ol M L oBIRTRO X S ABREXHbMMCAoTWE. Kéd 2M o [] iE5%
vt K([¢]) $# L, bo ATt 2 AE2EAT 2 L FEXEREET IOTHD
(Montague @EM) . COFIL, HFHEREL A FHWAE L ofFEEE£L 5 LTH
WiFEw. chbOfEiD>wWToi i £ 3) &Moo k.

2.2 Feferman @Y 7V 7 v a vFEHE

Godel OREF L [—RAERAE+HIF) 2wsEKRoFTEedE, ThbbitEREGED
FhaETT O THo k. CORBER ERCFRECFL-LEEZMFMATYsTHE
PELTHRNIDC EHIEHEIATWE., LsLAdb, coRichs (BHOA) 245
BIHLHEEMICMAT WL CEick T Godel DRERLTTO LND T A, A, Turing 4
S. Feferman iC X - THHHZ AT WS, BIEAAER A ¥HBES & Lo X 5 28RO
HEFRELLS. -

I:EL:I An =A
(b) Aap1 = AgUS %L, 5 Hds5lrilictRifoms
(c) o PHEERIEFEE B, A, = Ujcad,



e L, A, ©FEAT o REERMIEFERTHS (4] o, (b) 05842 ET5HREL
¢ LLTAREAE, S = {Cons} (Con, RAHE$ES A oFEFEH+ETEER)
5 = {provabley([6]) = ¢ | SHEIRER) & ¥ OWMEHEL bITWS. TFeferman 2,
COEWERITIETFREEBHLCY 7v 2 v 5 v () BEHE (reflection principle)
EEEAN. ThREBbL, Felerman OFTH V74 e wHEEEH, ToREERS L IR
TEAWAZASHREFENTMASZ c E e L 5HROIEL*TFH L T 5.

2T, BlbinhAV v s v vHEHERHWEC 2K E 2T, W ohORBRE NS
PRt o ldrEs. Feferman 2 5 2 LT

{Vrprovabley (T ¢(z)) — Vrd(zr) | é(r) BB L HE—DFFOWMEL) (2L 7T 4(x)
X % quote £ FiCeEd quole FEZ2EFFET. FLiH 4 3P EEoz L) %
3, TATOHEZSFMOMmE® HSIPEFHOV~ATIHHTES L& L. OF
h, Godel oot BEEMA TR TR L loTEL NI EHERER
b Chsd. CoTOEMISROC LERGHEN T otk {, EREotREH
LT DLIT MG L HIEHERUV 2 b T Ewv. LaL, A 208G fHLERD
AR MEREAERT 5L 00 2 %, 20BOES{ OFTE ST T 5.

3 MFEHRAZLAALT 3775«

AR ATBTRICR S - A7 LR EREEo TR S eoit, R Weyhrauch
@ FOL [24] MR T 1 1970 FSROFEEHLTHD. 80 FCAoTHhioiE, A5
E TV 7vovav) LwniBlTEsFHLAIEEERAT 472 F v HBERTETWS.
Coffich, BEEMCRcET;
Weyhrauch @ FOL, K. A. Bowen & R. A. Kowalski @22 Fa¥ 5 I+, R C.
Smith @ 3lisp L DWTHIHL, A4#BLTZLres voffRofih 28T 2.

3.1 Weyhrauch @ FOL

R. Wevhrauch @4% L/ FOL [24] i, —HPEEmEsHB L v 2227747
ey 2FLachd, FOL w23 0MilMETAF4 78R ARG TED, B
RS ATHEED # OFORER XY Lilllfid 52 7.

FOL i, —RifdEREoRELLteFA L i+ a7 — A BE2 S+, 2o
AWML & A DDt LS pair 20FHELE 3 O#] (1,55, F) 5. oo LHERER
H, OSS HxFarkglat s ##iE (simulation structure HPTHERZ) , F @RAEE
CHOF—F=2THd. L THLbhiflr0itSu, S5 LB MER Gt
bRtk (ERERIEES scmantic attachment ETEEIRE) , TER A 70 100 b TN o0 FHE
¥ 55 kCfrocedTvE 3 FOL ik, SLbnfiBlslofERE, M #HWRM3 T
FEHRL IFHSBNSETHWAFMEFRAL AL, BAMEBEECE S (R TE
17 5%.

FOL ¥ ET A F 4 T, o LS pair (B35 28R w2 A 280E LT
META w585k LS pair # i LAc 2icdd. META b (ch®2 T &



+3) # simulation structure ¢ LTHFb, T OB R LUTHENHSICSRETE4H
OEE (ML) & T ea 2 ERRAES, IV T Co2wToLBEEE (MF) 25
DHRTHE. TLTERRBWESICL-C, ML oidSn T oxEeBRcHESH b
hTwd, Ll, AAFRLHEFRLOMLRz0ERORETFRET I E2424BTh
2. Weyhrauch i1 ®#L% Feferman #5 | L2207 v 2 va v (EH) FE:EHHTwW
5%, Felerman oAk &EA D, EEEHE 2. | HelR~<AcBRE e IET 5 81
STHhE. Weyhrauch @V 72 e YEfE, A ¥ L~<roBBEd2 B85 Al BiEE
OMTRERMARFEE LTtHwbhTw3. Weyhrauch @V 7 v 2 v 5 vEBIESIC
— M AT 58, PTYEEAEHAETHCOWTRO XS KEFCEHTESL. €
Cei, #@% O CoOIMHAMEEL A 2R M ColE ProET T 3.

Far Pr[A]) Fo A
Fo A Fm Pr([A])

Thbbh, AFUAT Pri[A]) HERTERHRL AT A PHHETE, #YER
DD s L0THE. FOLBcoYV 712+ vEBPHWLAC L iICk-T, SO
FTAXEEETEMCHAT b LaTES.

2THT, FCO LS-pair 04 FHRTHD META 1, BREHOAFBRTYS
5. tOBREEFWCTFOLR, 2707017y ay (HOEH self reflection) &w 5%
ZETRELTWE. #2707 v i vavink-aT FOL Tit, A3 EFYHEwCHLAE A
FEEE/ICLHTED. LAL, FOL kTR AZ L-afflick-Cifbhd
EEE, AENCHEFRCHHTEELbOIKRLATVWIOT (CART FL 2 v vHE
HBERLTWS) , CoOFEKT FOL To * & of|BRFEFHIERIcT ¥k w

3.2 Bowen * Kowalski @A & S5 3 v

FOLEFHWTI, MERL AFIFRXILEITLAEJNOERTED, FRLOMERAEKY 7
L vavERICL-THEEMATORATWE K. A. Bowen & R. A, Kowalski @4 25
BXFiyIE, MBS ACEWINEERE A FEEEYMET 2 (amalgamate)
CriCckY, HRL A LA AL 2ADRET I ZLEH LTS (1] chicks
THbE, FR: OO BB v Y 7AW TERE T 0”73 v 7O TL T
b

b, B30FROoPTENESOIIEMEEEBHERT 215, wbWwd demo BE%
HEL, THEHWAHEFEW o 7 L0fEw{ 2Tk HICHELR, +— vl
ICF S demo BAED EFHOHEA L TRL T WS, IFEHAREES AT T 2 demo 3R3EiC &
LT,

Abp B <=ty demo([A],[B])

MDD, v, A k- rviioFEBES, BRT FAQMETHEY, b L by BT
NENFER & A2 FRiIC R SIMEHAREEY R, CoBRH, Weyhranch o 4 FEMIC
WiEFahoT, BETWLEBOFEYHF ML CTWE. 2o demo i35, Tu¥
FIvIEBOTEChWAHt—vREO A A vET ViRt LTwac icEREL L
5,



demo MEEOFH L v-siil, ZEBEE A PEHAMICHET L it EbLTwa &
itHd. chit, ME7 e 778 FBRTE vl CAICAscC tTHEHR, ©
NI >THBCEREICBEAK 707 TLPBLC 2 BTEL. ki, BAxiiT
a3 N e NP il = B % = e W

tnnocent{ X} — person(X),
relevant( Facts),
~demo( Facts, [gquiliy( X)]).

CH7TaZFalk, HIBTHEZ LA (innceent( X)) ME+ 2 HELLERCEEC 2

(guilty( X)) HIEFHATERAEESCHIMEL L E2RAELTVWE, w(240RHE»LO
AR R —o o Fe 7 anthTilisc TR LT, ZHFEFALEELTVD
HELD. demo BEEFIHLAT — 4 ~— 2B (o & 4 KEROFIECIE 1) <,
demo FRAE% R L CH@GSC AR NEHET IHICEL c 1 BEIATWE. T bhic,
demo JREHIC X - TR =TT 20 2 bR 5. b4, R Reiter 57 1
A PREIEETLT 704 MEAl (o MB/w) KBRS OBFEHNIHTEEWE & |
L b ki, demo WEESFHTE IR OFATHS.

LaLidh, HooBECRERORWICAEBEASTSNEoT w3, R r i1, S0
mnocent(X) OFICIEWTY [guilty(X)] BT b4 guilty(X) o EaiThbh, 8 X
quote L OALLREBBCTERVWRTTHD. LOL S5 AV AT ELHIEHOERD
R R fb i E b v

3.3 B.C.Smith ® 3-lisp

CLETORBRECREL W HIENAERCFTL O TH % Thit, Rifio Bowen
LOT7u—FCEnTHhRANIKFERETHE. Lhl, To? 7 A0EFELHERHE v
TeHEMICEMAENEORTA S OB ST MO KR, Thh—2oR kol sEich D,
B. C. Smith OEFE LA 3-lisp [12,13] L 2o bbbt TELHENI 712+ s volls
i, FA4F v 2 Mt HOP CoOBCEEOTREHTHD 2HWENT A T4 TEHHTHL
£
A 7 v 2 e i, BRORERERET ST, TofiEcT 222 L, BE
FTLLEERABELT AT =372+ 05 5. 3lisp TRHFOWAEL LT, EHodEE
A FH BB (environment) & Zhd bR ¥ 82 FH#kEE (continuation) ##fi-T
WT, V71254 7FEEE (reflective procedure) &0 2 BRI & ¥ icBIE
DEE LR T LTRDMY, EWETS. LaLARDL, HEoHPKEWTED
B OHRAORER7—4 L LTS ich, HP2EHTHIEOHEYRTA4204HE, +4
bbifhrrciihdiiEhbhvn 3lisp TR, V1 7v2 74 7REEFE R
BRI (EMici) —2 A8 hL~And v 4 7 ) Fclll%dE4 5. 2 bit, HEOEE
DEETY 7V 274 7FEEETF3a0icR, (BSHcR) E8ov<aaiify
27V R, ThLLEE - AFOWMRORENBEIC LIRS ChRIILIFATET—
EFEE. Ldd, coiv—oZBEroi <A td@r<AR@ARMNciES (causally
connected) T Twni. ERAGESLIE, HELr2rofiiEt thedlTi AL



FeAHHENCEBRCER L Tnd tnsRThsd. Zraild, T« CEBIAT
waftitia ThHEEE, POBERAFL_ATT—FLLTT 222 TE3. Xbic, 2
BLANAOF—A LTz DN ahbad KED-AES, d@2r-AThEIEIC 2 Off
Ba b d ~ETEIhTwAHdhEAbEv ThbE, HENBSLAHGL<AE 2
ALr~~AofictELZHMEGREEIC L REELTEHY, Weyhrauch @V 712 v 3 »
FEF (55 wWikEERTREE) ciicLTwv3d. =X LARNESEBECv ¥4 F3
il o VERMAZELELERBLABETHI0KHL, Vo vr e vEERB L
FTHVREEIEHMNAERoboTHE. LAL, coRRMCESENAERO X v —
Pns DBl E TR0 TATHE ST, RECREKAREOBEHLAFELEIVE N
H L EWIEETLETED.

WoFE, EEHAFEEIATWIAY 5%~ 5008 BOUND #5#73 3 3-lisp 07
BYILTHE.

(define BOUND
(lambda reflect [[var] env cont]
{if (bound-in-env var env)
{cont '£T)
(cont "$F))) )

lambda D reflect 31 BOUND #) 7L 77 4 7 FEFTH o L 2TELTHY,
UH X RS OBHE (env) EHERE (cont) 255182 LTROHE NS, (bound X) %FF
Mo rickh, FHX AFOBATOESCIWTHEEIRNTWAELRY § hiidhs.
chbotF@iBrtociick-T, catch/throw 2RUE® E LT chECcogHE T
254 T LCEL bR T WS O BHohCBRT I L LHTES.

HEHMY 7L 2 ya v Ah AL T DG LT, Wand & Friedman 17 4
7 44— iz v (reification) & (o) 1712 iva v (reflection) & wd 2o
PHEHLTWE [21] #Fbllisp 0B TH S schemeic Y 7 v 2 5 »EI0L % Brown
LS EREINTIA 74— v ) 7L v a VERALTWES., 24749 —va
v ERHEvSADBRIEY A X a0 — 5 ERT 8N (BEE) Thh, T7vs
vu iR EOHMOMETSI. L FhboRRRARNESOBENL M T L5 KT
bid. 3lisp DY 72 e v AH=X Lk Brown & HEMTHELZ-TwE boo,
HROBETY 7v e 74 77— ERAT ETHEARRDT 7 = v 7 ZflnTnb.

4 BT errsivrrloviiiay

Prolog 2k L k1 55 oRELSEER, ELCFCRNFA X4 5 b icd i -
TWILEEENAENLHATWE. EEMET o/ iv 2R LES LTRE, &2 |,
assert, retract K FoF — & L AFEIREE,  var, term A FolhrhEs, read, write &2 M
AN - S OIEREMEELHE-I itk 3. 12Tl demo BFE
AWk AATar 3 vyt LTh, Prolog ETod w70 2y FREEL CAva, %
NABEHCATY 0L S CERADT bR 0 EE—2Hbhic TN TEdhoTe. TD
fii-cit, A &#Re 0 7V 2 v Lo TORIEMHHMCIET { v { 2hOFFRE N
+ 4.



41 AHEAfviaTIH

Bowen & @iEE LA demo B+ vREBO A2 v 27NV iz bhwv T
i, Hill ¥ Lloyd @7 7uo—F i< T, METa Y7 IV GO AZA v 7Y FiCD
WTERETS.

AELvAEATNELRHLEREOA Y27V 220 SHEATEALOTHY, BER
it lisp O FHEMSICIAE 2 b0 THE. LiLEdbEoRKR, FRToFa—-0¥
7 A BT 2 FREF = — U v /BRI S Y, chiEi 2 1 fitddke Godel OFS
iE (ZRED) KX 25 r_a0d@Lrr~nlnisrdiREFo40THEDS. lisp
L5 IeBnThl, cOksAav-Alloflxnd sBEEEECTbivTtwi (T
o 7emat Smith @ 2 lisp TH Y, Thicchic) 72 e iR AR OdEED
3lisp Tdhok). LbLAerbREY v Y7 I v EficEnThH, ARLA2REHT
FEBERLEMDoTWA WD », PEFBEINTWEC L AEhbihITHE . A5
DL ABHEICEh T oo T

WS S I XSEOAAvETY FEDWTER S BT, Prolog @3 fTA 54
ATV E, whBiA=FLvETY 20T ElTRELREWESS. ~=F4
w2 T Y & L RWD Prolog v ¥ 7 ATHED [6]

so!vﬂ{truc}.
solve((A, B)) « solve( A}, solve( B).
solve(A) — clause( A, B), solve(1i).

roAxALvaF ) Hik, Prolog @S THIENCHEEMICTHSIAEEILC IaL— L
Twi., FhicilErfiiiciifc 2 8MiE, Prolog oRZERES @R H—{L,
Ny ¥ Gy 2REYOBEE AL 2 7Y ACHARHKIER LTI TREL, A5
va TN R ELES Prolog 4 w27V & OB EFHLTCwI hbTH D B
CH— 2B ICHETE 20H, RCR AL CHELADETRE I FLADE
BB LTHWT WL ALTES, r &, XL{T|EGwniIcHEND append Fu ¥ 7
LECODAZA wEFTT2RICH LRSS,

clause(append([], X, X), true).
clause(append([Y Y 1], X, [Y|Y2]), append (Y1, X, Y'2)).

rrT, TH XY RBAZAv7V 508 A B LHbPICE - HRRWMEEEL
Twd, BIEEY 2 roiSE, BERT P LPHitHgs LAERTH L. i, Lo
#~TH append RIFFBEIEHTRA(BEARS : LTHRbRATWE EELLNS.

RZFA ATV EOCo k5 RRENEEE ST 5wic Hill & Lloyd BEY —
BFEE Attt fFok 6l ool HELvAr0TeE A F LA0EMEL
<, ¥hHEL_AAORBREY A LroBEIES L LT T3, HE V2Dt
FL~alckdonksAHEY, bR EYE ( typed representation ) FFA T
5. &% (negation as failure) #HAXTRUTEREZFORA v /I 41K 2T, HoH
NS4 ETVEREROLSCESIELT WD, (EFL, o,y BERLERAFLAD



ZHT, sy not{z), zify REREFR2,y, 2, 20—y DAFL<ATOEETEL. )

solve(]]).
solve(zdey) +  solve(z), solve(y).
sodve(not(z)) + =solve(z).

solve(z) «— clause(x 1f y), solve(y).

RSy 27N 2R rolkseEBRd oo dick->T, Hil 2 Llovd B=54v&7
D EoIEMEE, FADLMBELAAOIHFEEED A= S 4 w2 Y 2 e X 2 RET R
FRLTWE,

4.2 ZEHoEEES

LaLidit, ML _AnZEHt 2L ACi TR LTilsctnlat, WHL
~ADELICTFCERTERWBEMNH T D, e A, Prolog KW 2 BN E
FOGERRED var &b torm KT 2 ESWABRESLDC LB TER(AS. COERER
TH, chbofEEFEEL, RENERPF LhICT LI, WPV ADENE 2 2
L~ iE LTS c it 3. coviBik Hill bick o, iidoBH *E R
THIEFRE ( ground representation ) PR T3 [68]. TFHoEEHRELFHAWL C &
k=T, HEL2ADBUERS ) <TAZ L2AnfE: LTthbhac tick s, I
T, WRL<AORENER s KA LT [$2MHIEF DAL L<roEEL, s OFRE
AT LT3 ([ ]% quote TS 20E4) .

Hill & Lloyd BEEZERH*MAWE T 2tk -T, var £ term & woalGiEo T
FREELTWE. #ibRl, EERETRYAUSORNY0EEL+EL T, TOLTH
EEFUREI o FLEEELE. 2L T, MHETRIFLERICLT, HRL~<ATOH
dEITAIEHED A 2 L AT OBRFERAMEEE R LT L. var £ lerm 7% ¥ OGRS
BT o2 i v FEPWTHEBAREES oL oTE D, b Iic R0 IC BERE A B
MEEACLRBEEABRTHLLELS.

Hll boT 7o—+RERNICA 2L w5 70 2oBALFTZTHICHAW2LOTH L5,
-FTrREENATF - LB A2 LA oD L LT Genesereth & Nilsson
[5) OBFFELHE. HhoT To—Fi, BEZENECLAEL YY) a—v s vEEOhC
yuole LS AWATFRORERHEMMLcboTdHd,. 2 A0 F—F~<—2CEWn
T, EhirRokr s EELULET-Twa.

PltaF—2-t—3 Db = (Dbg,Dbys) #T#HEL LS. T, Db Bilrv~<nr5—
F—2, Dhyy BAEvAF—f2—z20Thh, Dby RGEELBEEIES LT next %
FHobortd, Db o iRl EY T—/MMEbDC, Db 2RO AF » 7~
TELTw{FEY NEXT Tths. BHHIEE nest #EHIhTwIONR, HBRTES
NEXT # A2 VATl T 322 0H50, —MICRETO2OHEWERIZ LHEHE.
ek abl, BEF—=8 =2 Dby KX LT NEXT KK X =T Db, diffigaz i, —HT 2
AL RAN BT next([Dbp]) = [DbY] HEEERD L&, Db, & Db HEANET—
EAr—z2olhil B 2 EWTHFHICKELC 21 3. Genesereth b, ZhboMBLD N
T ohDOPUECLTHREL AN CHKFEAEHELTWS. A vrtfniciilkic k-



TP L ~ADRES ¢ HEMTELEE, ¢ HNHBICEE (introspectively imply)
XHBE NG, —CRBRENCEEIAIREINTATHENCEEEZN S LHEL
. chHBTEDD, AFALAATHELSAOERIHETYSCLERLTRE. #
ic, Db #AEMCESETiRESARENERTHI T L VREES LT TR, A7
Lt AT B L~ AOREREETELTE D EICE>T, & AEFRIHRCIRER &~
DIAROEHEE R RT A0 THD.

43 VvRAORMESEHENI VI e v

*F Bowen O 7 Fu—FEEEI, HFLLLAE LADieETEL LS. Bowen
LTI o—Fici, Hill & Lloyd pERIKT T3 EHof e LT, slREgEE:
HooTwhviicEans s, EFE0 Ak, coB@cHdst 5207 7u—F%
FEhihdin, B Y71 d s vOBERREY ey 7 I v Y ERICHD AdLfe R-Prolog
TRELTWD [15,16).

R-Prolog MBS Ly R ETHWTWE quote ILSICHA T, HHARKRSLLTT
(up B0 ##>. FLTHOEHCKOHBEZHTMA L.

z %EHRETIE, T2 BETEHD.

up §EEH quole BB LEIER, i, T F4A, SIGKOWTEMTE S X5 HEEINRTE 2.
* 7 up fEEFSUEICHT B M—LicowTRRDO X HIERE D,

LT X & TtR {X/t) CH—{LFlhE
2. 1 X & [1] & {X/t} TH—{LTTHE

FLCIAEBEETHELEICE, [Tt=[f] BRI TD. up LSOTRKE, THE
e LTHBLATESRE quote T2 21Ch 3. kr i, El~7 guilty(X) OF
# LpTcELLTBE,

innocent(X) «— person(X),
relevant( Facis),
—demo( Facts, T gualty(X)).

%7, BCubEE var % R-Prolog ofcd &3 hid,
p(X) — var(T X),q(X)

Ok 5 ICERIC up FLEX T THARHE R, F—F<—2KiE, EEOER X cdLT
var([X]) H#HASXATWIOT, X CEEHSHBEA TR var(T X) BRI 3.
up feBEHwaz ikl - T, R-Prolog TRV~=ARICERLDS o HEL (T
hrltdiTEi.

3, BERMEECHITLIHENY 7L e rICDnTELXS. RProlog THHHF
OEBTYTLr T4 TRBBERUEET C EickoT, HEORECT 72 T3 &L
2, HEOREFERORIEHY IR T 3R L AR 0lFE T ARTIDA T -
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LnblrdbTd CokrEk V7vrFg 7HEE LTANREE read #IX0 k 5 IKEEH
TEE LHTEL

read(Var) +« readl(T Var)
readl(Var, Env, Envl, Is, [sl) +« 13=[TIIE]],HRJ{EHU,Vﬂr,T,Envl}.

CoEE, read(X) BHRCLCED Y 7 v 2 71 FulilE readl(T X) 2IEUFHER, &b
iC 35|80 read] KXo THEORE Fnv AN A Y =4 [ #F0ED, s w7
KH2EE [X] 2094 v FLCHFRARE Bl 263, %L, coX5hALY)—4
PHIRET L0 i ET e FHOBEEY © X7 A bl R LR

EHOREL LTF— 4 <—2 %R+ 3 ik =T, assert % retract B X OF—
RA—2BHREEY 7L 7 THEBELTERLAED, T—A0BEYHETETEZC 2
KX oTA—BEATwEWSE S o+ ETPETIcEdTEad. coldic,
AEMMELI Lo v avOBEIKE T, #Prolog L 5 A FEHAERBE ey 5 v I
RIS F X LB LRI 2 i TED. —MIcT ey 7 I v X ERORNESY
ERL X 5 L F38E, TOEERIEELD I —FoNEICR-TIFS it oT,
FUHAMOEE: 2R b AN BT C LaENETH S, HEMNY 712 & 5 v ollfan,
FTOXHRHELOENERHLIAIETTES. HENY 7 v 2 o3 vOEBBEINL A
BRI EEE R-Prolog TH, V7 Vv 274 7A¥BICHELERR LS4 3 c e bh
Tw 3 [16].

5 EtREY Z7v 7 v vofiomE

RE2~34, V7vy v »OlRBE X DABMICHAAL, BABRET TV y— o3
YEEMLASRESRET NI S hoTE L AMTH, ThbomhdhbEingE X
LT, #7¥=2 MRASTEI-KRS (9], WHFIF 7 V= 2 MEFER ABCL/R [22,23],
SIS EE RGHC [17,18) 08T+ 5.

51 #7¥ =7 rEEEEE 3-KRS

FFV s PEAEHICEWTRTSTOMERAF 7V e 7 PRI : LolifF 3. KRS
(200 i Common Lisp EICHIEI WA, HFLEOBERYER L A7 Y2 7 VAT S,
Dy AL DR EGEEEETIC, A VATV A 20 EREYRELT
Wi, KRS TR, 293, A>vA%v2, 2y bOff, Avt—3, o— FEH ®F
OFATHAT =7 e LTH-MNKClbih L. A vASy2RETHEIY » FORERME
<, A7V =2 FRERW 2080t Ehiaey FEFoTwT, Fodickibo
EMF TV =2 v HAD (4 ¥R Iy AERICHE) BEFV2NHE, 2oy PEERTD
2 FHADL (A vy FicHiD) 88035, +4bb, KRSoitfik, 8ot vx2
AR T A CEIAT I RAE) v CHEwe B et LT L T TR
Z.

ro KRS kKl 7L 2 v s voi@iltd AL Koy, JKRSTH5. 3-KRS TR, ¥+
LTOFT P22 FOBRICAZFA T V=2 b2l 3t ELL, COFELHH Smalltalk o 2
FACHFTEAL 77 2% # IR LAVOTHE. Smalltalk DA X2 327 F ADERK

11



BEORbLBREERLI A hdhaidl, AXF TV VRI T2 FOER HiE
FHEY, A7 V27 OFERL, v T Ay b T RTolEERmS LT E D,
3-KRS Til, FhFhod 7 V22 FCHLT, YAFADEIF 744 O AX ATV
P FrREEENL S, 2— VTR TN EOA A SV BT b T
2%, 2biC, FEFTC2 2 OAE (TRHDBIAFAIAN T V22 M) b ELEC LM
T®, D OBEEEESECRIEIRICEL. AFAZA TV VATV D RAEL v
FTVATHBLELDCLETE, F740 337 V22 FOEEETCHIEL, BE
DAZF T2 bAETENREESR, A2 27 20X AETICHET 3.

KRS Kktra ) zv 2 s volfifillA 7V a0, 7 V22 r0kic) 7L
FiaviaETOCLYTES, I7020a vl TF74A0 DA T V22 2w
FEOAFFT V2 PCEHERAZ L XV EEMICITORE (A v 7V ey b )7L
#vav). BKRSEKEHIZIZLvisOfEHTIRRT

Foo
meta_object: meta_of_foo_object

META_OF_FOO_OBJECT
type: default_meta_object
referent: foo
make_an_instance: a modified function that makes an
instance of the referent

DEFAULT_META_DEJECT
make_an_instance: a function to make an
instance of the object
respond_to_message(X): a function to let the object
respond to a message X

ATV 22 ool 2w T L2 aviBrdF5240LE tFlontidr vV
FrEFTFaA @ default_meta_object b, --+FEFED meta_of foo_object EFE
L. ZOES fooTiRALZFTIr+E, melaclfooobject THIF =2 +%, £
HLENBICEET 5. metaof fooobject T, default_meta object ##EHK (4 v~V &
vA) Ed, LEEFELAVEEFEE A5 (oS makeaninstance ) . 2D
#ICit makeaninstance ¥ WEML, T2 bA vy AL A B ESEICTMEE YO
BAEREXTELIXAICLTWEY, okt d a7V r FEIFLT, EhdbFs
FTEHIN Y HE2 L9 AFNRE AT V2 bEBRELRD, BB v e—V( Ay
=LA T V22 P THE) KHLT, thicfEA ATV 2 b REETRC LA
FLEHECHB. btV 702 s vy E LT, #REBROMHEEHELICLATE
5. 3-KRS THEEMBMZH-SROBELIABL TRV, V2V 2ia v i



A+sc b TrSEERE OB BRI ER TS LHETRICED. COX5RY 7
Lo iarOEERErdl, A7V -2 Ho@a ) v 2 2 T EE T REHLE
VepimlgEr A b, BAREBERO AN XL eRET M TED.

52 AFA T V=2 bEASEE ABCL/R

ABCL [25] i Actor Hlagic#—J % Common Lisp EICRFE LA 7 ¥ = 7 HER SR
oH%. KRS & ABCL rRHEWICI{{TwE 2, ABCLTRAT V=2 FoEEDN
Flit 4 TML T WL L ANREEsTWE. Thbb, ABCLTCHRESEOFA T2 2 b
HWFICEE A LBTWIC A v+ — UL, £E&: LTHELELS. LALA TV
 rohTRHTREcEGL, FhAFROF Y22 P REBELEA - P #[HIC
M+ 00 ly =3 Fa—2fFoTwd, ERMETFEREFUHLERRRY, Ay
= TEBLTh 2 be—ABHECES & @fRLS, ABCL ThRAZER, BHERELYO
W DhDAy - YA vREATINTWE, Rl iHAEN0 Iy - Y

[<target> <= <message> @ <reply>]

LEGRTE, Ay e—VEEOBLBENEFETICA T V27 FRETERT 5. <reply>
Ay = VOELOBIETHSY, QLUTHEMT ST b TED. TAHEND A v
t— Ui

[<target> <== <message>]

THREND. COBSA v e—VEEZ LT, COFT V=2 OETETHE L,
<target> HbAhOESHIE-TL 3% T, #7927 PRTOBVECELAEW. Thi
WEHOFEEFFINLELTwD. 4, ColdEitive—Coeb b 2ETETTE
¢, EEORFEOSbIT

cHOABCLICY 712 v s vOIRBEPHLALEDON, ABCL/RT#35. ABCL/RIC
BRI TL7va voBAOLFR, FEEANICH KIS 2FELT, Fhfhodt 7 V=7
g, FREEFALLTHRETT AR T S22 b (A5A 2TV 2) 8FLD.
FF M, Ave—PFa—, BEE AV ¥, MBI AEDILEBLLNDIN, A
RS2 VEERLODEER F— R L LTEFAELTH-TED, F7V22FAK
Awt—3mEBHEACEE, ATV PADIFA TSPz P AD v e—YHa—
KmDF—4&r LCOEBEXD T 2ICHIET D,

KRS TRAZ A7 V=2 bha—¥dvhbhidc dickh, V770 s il L
7. ABCL/RTHEHRICA v 7 Vv bRY 7L 2 vav iRl s L RVRETH 54,
Fofhic, VL2274 7EHELI ILEIF4 7 Ay t— VO Oo0REAABINT
na.

VL2747 FRERILsp DY 7V 274 TRRE LERAVOT, X AH, EX
X OBAEOFEALM { (binding X) RMTFO XS KEXRTES.

(define (binding (X) env cont eval)
reflect [eval <= [:do X env] @ cont])
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FThbt, T reflect RZOFRERI L2740 TEFRITHLI L 2TTE-
T— VT, COERODPTH, FF Y roIRE, B AT EFok3 % env, cont,
eval O=DOFHAEEICET B E LTna bhd, CTFRLEYV ZLv 2574 7FEE
binding TH, FF:doT, XD env P Tof%EvwEbd a4y t—TUheval ICED
H, TOELE cont IEXRE. cont BA T V=) tOREEELTWEOT, CORE
THT 27 b - LRAOHESNERT L ichB.

¥, V7V 2FA4T Ay e—T, HHEOLy - IREBOHRTED, Sy t—
VOR—Fy PELTHEAZF T V22 P EEETS. L4, FHEBRTEE0R
<expression_to_hook> “TZ7 » ¥ & L 4 ATFHiaF Hooking Fvaluator ICSEfTHICE b B4
ik, EToliscdhndln

[1 Me <= [:change_evaluator
[Hooking_Evaluator_Class
== [:new <expression_to_hook>]]]1]

b b, llooking Evaluator Class 1T, mew Fwnd Ao t—U% 7o 223 bEHEE

<expression_to_hook> & —§HICE Y, Hooking Evaluator_Class o4 v = & v 2k LT2F
i35 #¥E3. # LT :changeevaluator & \» 5 P24 ARMA B 2 o+ —U% Me @ 2 &
FF=FrTEL T MeitEd.

CH5LRY7vr 74 THhEBAETRET 2L ko TABCL/R BAEWS Y 3747
THENATEEREOBE LT LT3, 2 LAF ABCL/R T, #7Y=2 DAYy
FEEIOICHm, KBk £ELAD, A7V 2 rEBICE= 42— L b3 2 kTR
THE. ¥R ABCLICR, #7¥=2 bEECEHAS v *— Y LAZTRO AV S he—
FIREZ D waitfor L wHGEAH L2, chHb ) 7L 2 T4 7FEFCILlT+ 3 £ k250
BETh 3.

5.3 AEFIRREREEE RGHC

WHERERSIE L T, RENESEC Y o+ 2 0EANMOEEE /A LAEET, Parlog, Con-
current Prolog, GHC [19] E¥dmddroimifEIhcwd, chhbilBBl&Ea v b - Fa
AZBERL VFER, RENEEPolgita Iy b FLL—F LEMOEHOEIES
BALAVOTHE., chbOERCEEFATAENAR-IH 2, ABENICRERLLE
LaomTHsd cTHEOGHC I 7v 2 v a vyl 4L 2 RGHC IKowTH%
+ 5. :
D7 v a vBloftmofiE: LT, RGHCTRGHC 28 8Lt s 4 va 7
V2%EHTS. RGHCoORVEEEAA 24270 % L18O~N=34 57 2 iti
Y) REToXbcitikcx 3.

solve(true) :- true | true.

solve((P,Q)) :- true | solve(P), solve(Q).
solve(P):- not_sy=(P) | reduce(P,Body), seclve(Body).
solve(P):- sys(P) | P.

14



oA w27 ) 2 EiEAICERIL (enhance) L, RTABEICFI S 2 I Eoig@®ET A
27 ) FomicERMICETELET 5.

el i, 224 vETV s, [F—ASETORIT £ & [HHcEE 557
peARERTLE7ueR s Fa— ] FHEALEESED LTI S0 S,

solve(T,T,R} :- true | R=success.

solve([trve | H],T,R) := true | solve(H,T,R).

solve([false | H],T,R) := true | R=failure.

solve([P | H ],T,R):- not_sys(P) | reduce(P,T,NT), solve(H,NT,R).
solve([P | H],T,R):- sys(P) | sys_exe(P,T,NT), selve(H,NT,R).

T solve iiEE 1 solve(H,T\R) =58 L% 5. Z D solve TT—n G FHEFTT I
solve([G | T],T.R) 2EHIHH L. solve DRETO " So5|HdES) 2 FoETT
A s Fa—%FL[1], TAaT-AETORD - REREX=FRO5# R K/ AFExhT
Wi, D7 2esvill, AVETIIoRCERABREHE - EEFICLTHIO
T, Wb ERed v AT AR EERA RHE - FEXNTNEL £ S, coflTR (-5
frop¥h- %l & T7oex s %a—) 3FELEEATWIOC, ThbERS T 7L Y
T4 T hRMEYNERTES.

B EEhic ARA v 27V E%AWEC 0L, Ao Sl 2 ¥ =—
ABFTOBCET S (R L~<A0) {§H%, BB solve BFEOF |§EE L tHo R
(AZL~a) efidodivEs 22 RCHC RV 7L 274 FlERE LT, A2 4t
ROEREID HT6GS (get &9 LHGHAOT— 7% 2 2 A HRACRET &GS (put &
2) kFFo. AZARWHELLCHE, (Foex-Fa—], (EHESE, (VX rvay
B RXEELTED), FOFTRFRICOWT put B4, get HEBERIATWD. i
A =2—, getq(HT), putg(HT) &w5@FERfTFToTLiIckY, A& kiEfio
ToER e Fa—%EF) A OBATMOBMLAY, HEEFROFT— 2% 2 5 A EFICK
h b2z liTe3d.

RGHC i, V7v 274 7EMSOICHE LT, F2Lv—F4 v ¥ - L AT LOFEE
BLTWE. FLL—F4r Y PAFALBWTR, A€V CPUSALEYDLAFAL
DL ORFEE OIS CHOEET a0 EEL A D, FRCETIMES A X L wsEland
LhhEBTENT D, FH5LAVR7LnRICY 7L 2 ve vHAFHTHE LE~<Tw
3 [17].

6 Fhbhic

AR THARERI IV v avieonwT, BEOBHACCEDI2D2, w{oh
OFS A RSN L. FEABEHEAER PO LeRBEE S A 2 ofriEf, Felerman @
Yyl ia v FOL, A27uZ93ivy, 3lspkEHZ AR LAT—F570F v,
BB eI v/l AR 7L e yORD#Ev, ELTHENY 7L2
va vORBFEORBELY, AFe) 7L 2eaviclFETD Yy 2 HEECERY B X

ALy viCDnTOMORERE: ACEE-TED, HEFECRAFV<A .
T—%ForFx2V7rrvavicBILT, 449 7o Alghero TP AT -2 a v 7
ORFEFFLOARIHBEE K [10]. cOKCRY 7L 2 v a »ORIEOTEMA A D

L5



EfcFEmEnTEY, VILsoa vt 30T 274 €5 4 55, B@ER, A v
VA b, IBEOZ203FKabTHEMEATWS.

ARMERREV L7 a vICEHT S S5EROUEREE LT, KoX5shboiEFLbRE.
AEBERATEE LT, MENEEAYERT IS, ANV L2 vard 2 o0
HradB L, FhbhEFEEICOWEELRYTEY, SEOBENUFIRTWE.
fic, BFRMY 7 v 2 va vickT 2 ERNERICOWT O AT bhTw 3.
BN v varEA 7Y Ay bOIERLERES, BEREIRTVWE AT A
I AERI LRIEVBCLWIEREAB 5. R THMLL 3-KRS, ABCL/R,
RGHC 4 A » 7V A v PREIATWED, Thdd{ T TEBRMNAELOTHY, ZHEHA ~
TV AY b RESEOBETHE. —H, V7vris v RIBHE WA RLALBRE, Fh
HESESFOERTEHTHNCETT28BRBEL WH T ETHE. Y774 v 2HNe<=Y
ZAANBEDL v 25257 4 THARNOE W, aFy FhEOERE L 27 LB A
W, SCELERENEFALCoERL YEEWIFCICATELELLRD. S5 L
e FICEY ZICABABEFEA TV .
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