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3t HERBZEHIN. BE TAO REAGHK
# ELIS® LicEHINTED, 1 v27YET10
KLIPS, 33 /¢4 v+ a—FT 40KLIPS 2R L T
VW5, MARSETIRKEEEDMIC/ T 41 AD
HEHAWNSNWC EBEETH S, ETEEHPERS
N3 YRFLDEBRICBOTRBEED/ T 51 L%
BRRELBEBILVY, B354 608137 YALT
WHIZREICE L7285 414 22BRT & 5. TAO
REERE/NS TR LA EECEIHSh, RER
185 X4 AOETEER, Lisp, 7Y 27 FEAE
HBILT, 2EBEOEBETICHA O,

BE, ARXOBRIRUTOLBYTHS. H2HE
THERERE L Lisp #BAT 2 BOREREIERL,
TAO ODEFEMEELBRNEL LT, 120BREER
RT3, BIET, RER X1 L LHAKR S
H4LEOHERUHLOHEM, BLTF TV =7t
5 E DR DBBIC DV TRNRS, FLETHEAY
B DNTR, FBEETREROFMEETT .

PIF<i3 DEC-10 Prolog ic##L - Prolog % ¥
iz Prolog &4 FH—RETOKERINSEL
£7.

2. TAO OWRBEI RISV Y

TAO TREEE 554 68LU027Y =7 iR
785 54 LBENEFNHREBR S 44 L LBAR
T3, FMETITR, F—42, EROEK,
Ny d b3y DEFLERDVTHREL TR EC
ANBV, FTTAREICENT, LVERLPTVEE
LN AEBBEDOBMAICONTRY, 27V =7 M
& ORAIDNTIRRETHIT 3.

2.1 Lisp &¢RBETOISIVIOBE
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7%, Prolog 5 COFf & 2 FH ¥ 2 WERIS
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ENH BN, BEN/FEAL LBREERETS12D
KRXDELVEETOMAPEE LY. TAO TR
RBERNERLBABRMEESHEOR/NEALDOL XAV T
HEFUHUMNTE, $mEESE @A77 —%
BEAZRABCEAHBELL.. CThEERTICR
RO LERHTELEND 5.
o BEY L RFBEBORR.
o X DHEZ.
e RBREERAFOT — 2 HEDOLE.
oJEREHE (v 5w T) OB
UTFTiRIh 5 OMBORREICDDTENS 3,
TTHHLHAERNT, TAO OHX % Prolog &3
BRNYTHRHET 3, 220 Y2 EE T 858E
append % Prolog CTHABL BAICRKRD L DTS
5.
append([], X, X).
append([A|X],Y,[A|Z]):- append(X,Y, 2).
Zh#% TAO TRRTHLRDLIICILB.
(assert (append () _z _x))
(assert (append (e . _z) _y (La . _2))
(append _z _y _z))
AEDOHRIGIKIZZASHTHAS. ZokIic TAO
OBXRSATHD, ERBETVv#—2Ra7 () %D
JC#d. append ZFEUHTICII,
(let (_z) (append (@ & ¢) (d e) _z) _x)
— (abcde)
LT5. EROEE (COHFAIT let) HOLE S
Prolog & DBRAKDHBZETH 3.
2.2 VI R—BEE LTORBEUHE
RERS 0573, EENAED> OB 3
&, =T 44—V a v EFERENERT (v b5
v7), EWI2DDELBEICHETE 5. TAO
TRINSE2DDHE 24 7 OBK, LS
(resolver) L& -»THBTS. +Hbb,
s ULVIWIIK: =T 44— 3 VEFTS.
o CLJibss: JERBHIETETS.
LRI D—FETH B, Lisp OFICEL &
A (apply) T2 ik (BEEBO) #HEXTLO
BZOLERIC, LY VNICEEBRT A EICEDR
BROHELTbONS. ULy v RoBXid
(&+7¢4% — v [(Kaux FBHIEH---)] H7 1)
TH5 (i3ROEL, [J IERTTERBIZET).
&aux FHPEROEETHS. thBRD XS
Lisp @ lambda XOBXEMESF SN 3.

TAO KB B3 HBHE S0 /53 v/ z00BHR 1091

(lambda (BI¥--) £F4-)
lambda RMWEZDOBBZEET LIt U LYy R
|LOULYS VR EET. CLYANROBIT
(Hclauses U L/ wox-)
TH5H, INOSKEEERATAICRAZLL
(LK | Blfreg—v)
EVND T 4 —LEFETA. BBEK L/ E
B TAOTRAT V=7 bO—FETHY, HHBERY
HETHB L L5 applobj (applicable object) & F
Ehs.

WICE VS WAROBEIC DNTRNRS, CLr/wn
i3 Prolog iz B1J 2MiDIEREHIRIR & RO BIE%E
T3, Cvvyanicis@EEhd s, TTF740
UL/ sy R O edr TRIREEIED, car DU
VVSICBIRY R P EBERT A, T ORRDS nil DL
AThrhi, it C LY WARDEELLTET. nil
Thhid, Ny 273 v BEBC A, Tbb, HAl
KAE- e BRADU LY/ W) 2 MCOWT LiL%E#R
URAc

Uv v wsid Prolog KB 2MICHIST 5. Th
KEDBEAENZ L2 -V EBIHY R bDa=T 4
F—vavdftbh, RETsEL2=744—Ya v
TORAVBEROBEEN/#%, nil BEXNB. chiz
Prolog TOEWWNy 7 b5 v 7ICHMUT 3. —HKR
HTHE, KP4 BBTNT e HEENE. LA
1 BHENERF 1 Y X P OBEREZ OFHEE DS nil T
OO IFICGHEL $tid, Btk O B R O FHEEEE
T, K7 OBEHEM il ZETEEMORIREE TO
=T 4 —YavHBMOHEEIN, TORREEE-
72C LYz nil BREINSE. THREWL/SY 2 b
v I THB.

CDEIR VY WRRBEERARICKHTEERT.
ZOMEH nil 225 LY VANOEFOEK, JE nil 225
BRIAEEKRL, Tk Ny 7 F5 v 7 BEfsh
5. LYWROREEF L. ROC L/ R EFHE
THEOVHRIEH, bBEINS,

((Hclauses (&+ (a) (print ‘a))
(&+ (_z) (print _x))) b) — &

LYoz (3B define A FWT&RIEMN T2 C
EMTES. FRITEICE TSI append BRD & HiC
#05,

(define append
(Hclauses (&+ (() _xz -x))
(&+ (La . _z) _y (La . _2))
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(append _z _y _2))))
xolcehid, BBBINK assert 2{F T 2.1 D4
DEHCELCENTES., COLHLEZASH IO
To L/ wnEREE LS, 8B, EERITIS append (2
TAO v 27 LB THY, BEBRTELL. &
DY, FTREBLEBORNERBKTS29, 1]
FELTRERIT & THD S, Lich->T2 180
PTR 2 —F i3 @Y &append FWVHZBITEH T
5.

2.3 EHEA=T4lr—vay

REEBRBT YA —RaTTHT By EVTH
5. WEEYI Lisp EBELRARICEEBHLETH
5. Ny FEo/ 2 — Y KENBZERRBZCICEN 3
CETHEBLINGY, #7F4 THRDLTENEIER
I3 &aux 2HWTEETA.

(define &foo (&+ () (&aux _z) (print _z)))
WEEBOYMPMEIT undef LWV HBILIEDMAETH 5.
undef B3 F — 2 BREBUREERL 2=T7 45—
a YTHEERATAZENTE S, 13k, assert &ff
I EERBEBMICEE XN 3. ROBFEZEORD
BELEMTH 3.

(assert (&foo) (print _x))

EHORa—7I3 Lisp OFEHEERTH Y, AZ
¥ declare Z{fE> TRBERTHE C LA EETR
3.

(defun foo (&aux _*z*)

(declare (special _xzx))
("_kz* 3)
(&test))

(assert (&test)
(declare (special _*zx*))
(&write _*kx*))

(assert (&write _z) (print _x))
2T “(1&EA BA)” IEAEFML EBICTKRA
(Common Lisp @ SETF) 24 3. cOHT (foo)
RIS & 3NFREN B,

&+ iLkBULY WATREBDOR 2 -7 3T
FDOLSIITEBL B8, &+ ODRDOYVIC &+dyn %
FEHE2A3-TEBKTZEHTE S, &+dyn
B I—-7OEREEST, ThEBRUHLAEOBR
BEHSOREL TS,

REEMIZRINTOF—2BERATEEH, ~
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7%, BIGEDERICA=T7 4 —>aVTT I+
AT BLERTER, 22745 —vavilisT
TS BEEANRERTEZ20RY X MBI TH A,
KB, 7075 LHENY R FTRINTHS7D,
HED Prolog TIITELWRDL S HEEEDEIHK
DOFFELNTES,

(assert (&foo _z . _rest))
BIZIE (&foo 1 2 3 4) iz L TlT _x T 1hs, _rest
IZid (2 3 4) BRAZH 5.

2.4 KyOUbPSwY
Crvwnmickdxy 7 b5 v 7 B EICIR~NT:

& HiC Prolog OFNITIZIZHRIGT B3, L/ wsshs
BE»CFUHINIBARETRELS. 5L/
NPV LR INBEE, HENECH
LIciCR>Td/8w 7 + 5 v 7 MR & B HEMEbsdh
D7-0BREREINS. LeLBE¥»OFUHEN
72HE, BUHINTHhOMEAET E TitAkKkah:
BRAOHERIZ T NTHEINSDTHS. LTOH
THBL L.

(assert (&foo) (print ‘a))

(assert (&foo) (print ’4))

(assert (&fail) nil)

(defun func () (&foo) (&fail))

(assert (&pred) (&foo) (&fail))
ZOBTIE (func) OEFTICED a BEIBIE N 3 M,
&foo DBIRARIHE E XN, &haill D& KIc k-T
&foo iT/¥y 7 } 5y s BRET LIZEL, (&fail) D
ETH 3 nil 2BEAN B, —F (&pred) DEFTTra
& b EIBIA N7 % (&pred) DERKEEK% T B nil
BEINB.

B E LS BANTICE > THRKETH S, L

DFNC X BiC,

(defun call-foo () (&foo))

(assert (&nest-pred) (call-foo) (&fail))
Bib-7:& LT, (&nest-pred) £EFTT5E a D
HHIRIE N nil IEENZ. Zhit call-foo H3EA%L
ThHB7DIC, (&foo) DEFT#H call-foo ICR - /- ks
KBEREOERNHEEINEI5TH 3.

Prolog ®# v + “I” TS+ 2O HEEINT
BY, K7 400 “1” LHL. TAODH » M i3 Prolog
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DENLREUVESMNEETNS (BETHEL) Cv
VRO - BRAETUNEELIZOD, FIZ
4
(assert (&foo) ((Hclauses (&+ () !) (&+ ()
(assert (&foo))
EVIOBRETRI Yy PRIV HEENZIBRAR
Hclauses TEON 72 E C L/ VXD DT TH
D, &foo DBWIRARMEINILL.

YL XS5IcULYy ARDEF 4 DESEIT Lisp @
LR BEANSB. UL/ 0K F 1 TOFF
B REMEFIN 5. REFME Lisp ODBKT
OFFEDORNICNTTENTEL T LHFBTRD
3pdsb. FlLITBRAICKHTIRKTHS. BiE
ZIET A EENMRT LcRAT, FEdicAER X
h-BRARMEINS., —HFREMTRBRAZE
Xh, Ny 2 Sy DECATREELHS. F2
Hy b(DOBKTHS. A v FEFEL 2B AR
yvEL 1 OREE L EN, ThicEEINT
VWAEBBNTEENS. B3I RXKERRBICNT S
BECH . RERDELRIFET 2 LEHRB 7 —
183, TNRBBRLDLA T IRANEDRRERS
T3, UhLREBRDBBORTERKLTECLET
BEDE®RERL 2B AITE,

(negation-as-failure ?)
LT3, ThR&DE-FBEDLDREBRBEDREF
MIZERL TNy 7 b5 v 7 BT S, BERERR
EATMETHERICLS — L85,

HEHSFEMIC & » THUHR & RIFMIC X > THD
WRESTTEZL S LERL DT, UBETIFHEIC
X-oTEHASEL 705 685 % Lisp HF &0
.

3. RSTLLEDOBME

ENEEOBMAIC OV TRIIETRI:ELDTH
2%, FEiC Prolog L OMSTHIAL 2. KETIIM
A EIRLRCONTHRATS. 2, A7V
7 MEREDMAIC DV THMAT .

3.1 Lisp #RhD>DO LI OETHL

Lisp R0 56 LV R H 371 13 BT %
ThiZBO., L/ BT HIIRIIL e b Eh AR
7. AICEE B WA I REE A Lisp AR
TEELZNE VYW SIET. 12K, v/ unso
WMEBL 1858 %A Lisp HRARTHEW-WHSREEM
WETHA5.

TAO KB 2 HBH w53 v/t z200BHFR 1093

(defvar *var* nil)
(assert (&foo)
(&append _z _y (a b))
(progn (print _z) (push _x *varx) ¢)
nil)
(&foo) #EFTT B L, O, (a), (a b) MEHIFIZN B H
*vark IZIRMD & S SESRAINS.
(({undef} 125732 . {undef} 125729)
({undef} 125732 . {undef}125729)
)
({undef} 125732 73 £i% undef ¥ — 4 %% 4.) chid
Ny bsvsikDa=74r—vavyHBREN,
BRI R VBBEEINEIHETHS. v 7 b7
v IR EORENZTEEDH B IR bR 7 5
v 7 DEBCBENC I E—F B0EMNHB. 72L, H
i v s3I L T Lisp HFICRZ &0 5
FEWHET R0, TOLSHNERBLER.
3.2 BEBRIOYSLAMDO Lisp #HR0D
UL
L/ vin b Lisp tHRAZFRUHTICIZ2 20HE:
MH5. FLRIULY AV DHEF 4 CHEEILE D Lisp
HREFPCHT 7 + — 25 RFET 52 5ETHS. R
FEEL KR nil THOIET v 7 b5 v 7 B &
3, PIAEREZVHOBIMEHRIT 2 8FRIRDOL D
iIci85.
(assert (&print-greater _z _y) (> .z _y)
(print _x))
(assert (&print-greater _x _y) (< _x _y)
(print _y))
VY IWRDRT 4 1B B REFEME Prolog Offid
KT 4 DEFTORNEZAREICT 27 DICROPEE L
5.

X)) - X (1)
(assert (p _z) _x) (2)
(assert (p _z) , _x) (3)
(assert (p _x) (eval _x)) (4)

Prolog Tz h7:-Hi(1)TlR, X OfiZpEEL
THRRL EhAFUHT. —F TAO TR, M(2)D
BA, RF+hoy vHEL _x BEMEXNZ OEBHE
HREIND., COMMB il IS5/ 7 b5 v 7 B2
%, ThPADOKRKIITS. COLSNENBERK
ICHT B EBENENL B DICH T 3. Prolog ITRE
MEEZDEE VI EZFIRIEVD, TAO TREY
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ZRYVRANTHD, ThEFHETECLICE-TH
HDTEDOFERENBONBDTHS. W(1)LFHD
T &% TAO TirH7-0icid: " BABXNTS
D, H(3)DEH>KHEL. chicky, .z OFGHE
NZOU LYy VA OBRERTRIEMEANS. H(4)12
B (3)LRUT B, eval 2K THEI0 D, 24 8
TRz L DT eval RNy 2+ 5 o 2 BRETE
SRR
v/ b Lisp HREFUHTE 2 DHER,
=T 4=V a YHODFECHL TH B, chicid
NE—VODRENC " AFL. 2= 7 45—V a B
Th2EANC “” ODWV I8 —vh (REET
<) FHiidh, TOMBIINLT2=7 44—V
YHThbha, PARKEREHETIBRERRDOLD
icHET 3,
(assert (&fact 0 1))
(assert (&fact _n _f)
(&fact ,(1— _n) _f1)
(== _f . (x _n _f1)))
7oL, =RRDLIICEHBEXN TS,
(assert (== _x _z))
ST RGP NE BN E - DR ENT D &
v,
(let (Lz) (== _z (,(+ 1 1)) _.2z) — (2)
TYE-RATTHIEOLVEAFTOERIZ2=7 4
F—vavikBOTR L —vEL THDH B 8,
KT EMGBIETChENEL CTOHEEBRT S
CENTEB, X5IT 7 &> THEIZBEH aref
ZFUHL TESIOER2BRTE 3. 12720 Thidd
BLIEZBRTEEGTHY, £ DMEH undef T
BoTdba=74r—va iLkBRARTERE,
undef {3 Lisp HATREMAE L THRONZHSTH
5. 14, 7 K&k D Prolog THEMHIHN 2 PRI
EREHRBTESZ LIREOEREOATHEHLNTH
A3,
3.3 F#Tv =z MERMEDME
B Prolog TRAFLDR 2 —7RZKBHITH B0,
E Y 2 —ALPBEBRIIS v — v DR EDSREE &S
3. TAO TRZINZ2DDALORBERL TS, 1
DRYVENVDNRy -V BETH S, BELAZY Y
FNTHE05, COBBICLKDDZ/%y r—Y DR
BEMOD NNy r—UhOBTIENTES. OB
=74 —YavTROOUB Y VRV =
223,
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b9 1 DORREVBEHTTRNE 4+ 7Y =7 MR
LOMATHS (UTHREBREA 7YV =7 MHER S 0y
SIVIEEESR). 7Y 27 MERSFEALRBE
MEE L F— 2 OMBILD-HDORMAEER 2. Rxid
BEZIFHETHD, /59 v Fa=y b HiZF—2
THHLEEATCORMARER 0y 53 v/ ICH
RAU7:., BRI 7Y 7 MER /053 vt
WEAV Yy FEAVYREVYRT 27 POSEAINI.
HEMICRAEAY v FRZ 7TV 22 MEADA YV »
FIEHIGL, 41 Y RE2 YR 777 M34 VRE VRE
BicHiSd 5. $4bb, RBAY v FizEE772
WKRTA81 v RE VAL OBRTEXZRETHY,
AVREVRT7 77 PRHBZA VAL I LERT
23759 F2=y  IThHB. EAY v FOK
X

(deflogic-method (7 52& [avx+527 4]

REA YV v FE)

g —v [(&aux FHEHERK-)] K74 )

Thb. TIROLIE-/ aSHEINTHS.
(within-class 7 5 x4

(assert GREEA Y v K& . 798 — V) KF 1)
TAO 07V 27 MER a5 v/ BLU%
BRAT7 27 VMERAZ0S5Iv7CBNT Ay
t—-YEERTIr o (‘L) cHEhATEER
ENd. ROEXIBATI VRE VR A v —P %
KOREX Y v FEFUHT.

(AR RGEBAY v FE . Bles—]
CRITEDA VREVRADY 5 RCEHRINTOBH
BAY » FBEIN, €O~y FO/82 — v L5 ¥e
B—=vENr=77143803%. KIT 5 &LEHK self
MBI yREVABRICEEIN, FF4B8ETEh
3, RFLOETFRLI/NMNDENEE -1 ALT
5. KELEBAICR LY v L FERICETORR
BRIy 259795, REAY Y FiR, BUHX
NBMYPA Y RE VAR K >TREINBZ LDV Y
WINTHY, EROEK., RAB57—4%, #v OB
fE, 927 +5 v JDAFRERTTLS VDZE
NEAUTHS. AIELTRDT 0T 5 652EZS.

(defclass #5 2 () () () :logical-class)

(within-class 4 7 X (assert (5 B)))

(defclass /82 () () () :logical-class)
(within-class /¥4 (assert (8 H&HR)))
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defclass ik »T7 S AEEET B “B5R"&“Y
WA DA YRRV REERL, WEAYV v F A
ERDLThENOBEED)HS.

(lcrow (make-instance */7 5 X))

(Iswallow (make-instance ’*7 /¥ %))

(let (_col) [crow & _col] _col) —H2
(let (_col) [swallow & _col] _col) m &R

HREAY vy FlZ2AVy FRBICHBEIN S 2. B4
DREA Y v POIEBRCS LERD 7 5 RICER
INTWBAR, T2 5 2bh5 EAAMIC Ny s
Fo v sk THRINS. DD HOREA v
v FEEBRTEEIN L HKEHETS. ZOEER
BRavix 57 252A0TEETES. RRICEE
&h 3 (after), BIICEE LN S (:before), kD L
BMOREX Y v FEESRTZ (eut), EWSEHEET
323D0aVRIM5372MH5.

AVREVYRT7 77 Mi34 YR E v RIT &assert &
VWHORESA Y w FERDLHICHED T ER DB
EHET 5.

[4 2% VR &assert . /¥4 —]
727U, 72 —ViX undef OF—2EFATRED
B, THOBY 5 Y Y FTRFAEIE S, 4 Y
ZE VA7 77 POBREBHREX Y v ¥ “&” %%3.

(4tv22vR & . Bl —v]
ZNZEDAVYREVRT 2 bDIS2—Vv =T
14— a vRiTbh, Rohdhid ¢ 8, &EkThid
nil 2REND. 3 BAA, 2=7 A RHELA VR
EVRT7 77 P BEBBNEIBRAMEON S, 1V
RE VAT 77 bORERT.

[crow &assert &F] =HF]

(let (_z) [crow & &Rl _x] _z) >=kB

(let (Lz _y) [crow & _z _y] (list _z _y))

— (&H] =5F)

4. /BTN ISI Vv TBEORT

AVEFY)2DH—FNVEHFEIT T4 /0 F0
75 ATREBINTVS. TAO OFEHEKER <1/ 0
7075 ADEEFEICKD L AINE LI,
T T TId—MRII7E Prolog MEBRDERE: LKICRN
BEIZDWTHIAT 3.

* defclass DBIIMORKFORMIIIM 9) 2SR A2 &0,

TAO kB33 RBEHE S /53 v /2D REFR 1095

41 =T 47— avEABF-SERR

HEF—2FZBRRB ELISO# /7T —+7 7 F v icH
4T3 E4 227 &AWz, Lisp R & DHE
UHLULF— 2B &BLAERTIDIE, 2274
r—vavPnEdE7—42 & Lisp HROF—4 &
RAUBEE2ROLNENDS. CObBEar—kF
ROL=T 4 =Y a V&G, YR OHEBELE
T3, EHD Prolog TIHES —4 137 0 —<
WAZ g7 FRBRbhE, COF—2BNv 7 5w
I THRTONBIEGTEL, by rvTOIT—n
EABRBILTET LB BT HRTLN 3.
Prolog TRETHET UK ATHEE 7 — 2 A
NOIEANTVRCERBOEDCOFETTAITH
5. L»»L TAO THEBOEELXL-H4A, Lisp it
RicEINRL v 2 BB TON2 4 v 7 HBEE
LTUE S WiEdERP 5. fE45 5 Lisp HHE~KT
EVHIBERSY I L5 v 7 TREDBERIBEODLST
55, COMBELBIBIDRE v 7 T EMEE
ST —2 (YR M) 2B, chickb, Az
AT 4=V a Vil THELNIHETF -4 52K
BEY~ARALUIEES, ETSRBLAHBTSELL
F—RICTI®RATES, 12120, 2.4 it~ &
ANy I b5 v I IMRT B EBET — 2 D—FHtk
ERREICRENZ T EMH 3.

A2 LY ETR " LREBEEROFEIZ2=7
47— g VIRICEBAKRBEICLE >R Tbh 3. &
BOEEBE%Y " 2B L THESLKBICIR
E-~FMNEEXN, TOMHICHEERD vy Erp
CT DOV T A —LPBERTNTHELEZF -5 L
Ta=745—Yava&hbs. B, 245 TR
7 PREEMII VA NEINBIDIT, TDED
LE—FEPEZIRETO.

REXMI 05 MEEOEROKRERBREL LT
W, undef LD 2 I BEDHBTENTNS, DB
AZOFE4 VA (24 M) ICRHRBSHAS.
MRBFTEIREBEENER I W ZEIC1 7 >8nd
3. REBERRBHRESH S TCARMINZHER
BREHEEBERTLTRAITE 3.

REBOEBRLE2=7 45— a Y UIBR,
TRABVWRL V2] itk ) vIBEOEND, CTOD
BST, a—hrz2 v JRTRRAZ v 7 DEDFHA
~, ¥ha—HNRE v 7D LENEBOFAEINY v
JERBLET, REy DR FT v FICEBY v
T -2 DWEEABITNE. RIWOESL V2R
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B2 ik DRBEINTH S, TDE JICIE car fi]
~DRA Y £ Tdhs inva (invisible car) & cdr il
~ANDENTH D invd, BLURZ v 7~ DHE4 v 4
ThH5 stkpt 83H 5. FAEFROESE2=7 44—
YarvEULRRBLIOXSICHEM v 208850 3.

(let (_z _b _a) (== _a .b) (== b (_z _z . _x)))

REZIBVHRL V22 GAKF—213%2DF % Lisp
HRICBIEWEINBCEdH3. LirL Lisp 0By
BEF =y /D, ~47070/5 8k RAL
WHEAS Y ABEBICIESNh B, a—Hidch
IKBUERT 2 HERR, 7L 8L vy o
T-RERFBIEL 7 undef BEMEE L THkbh 3. undef
PEETIBHRER IRV Y, 2CikRATS
CERTENLL,

Nyl v Ty ) TEHE S EICRTHDRADEE
E2EFTECEEZ I L—ENS. B DA Prolog
TR —VERIIERZ 4 v 7 icEB a0 3. ELIS
TRYE—DN—=FT 2T X% v 7 REFEEICHNDS
hatcd, FPLr—aid) 2 bORRTHRELTNS.
%7 Prolog TRERORBRAL VR TERINE
BNORARRZ v 7BBIC L D2 DERIMET O
B L—VOBEMNIHD., ULHLBTIRD X 5 ic
TAO Tk a—~n2 2 v 7 ODRHDIC e VERE
B0, COXINRE v 7 DR_EEEFIAL - L%
BTERD., #-T, v VER~ORARGT~NT b
V=L TEE, Nv 2 5o 7Bt TEb LI
RTMENDHS. CO1D P L—BEED Prolog
CHNFEENRNC EBTFHEENS (5. 1H8K).

4.2 HITEMERS v T7L-4

BRD LS ELISBN—Fo 722y 2% 1%
R->T0a, ERONM 74 v, EFOREEE
BENTZDORE v 7 G TEHINTN S,

AVETYVETULISWNRPBIEBRE v ) 7L —0%
BR2iCRYT. 22927 7L —23BRAEBE) S
REN, BIBRC LY/ ANBEBERIU LY L SHER
T5. BEDS DB tf, ef & applobj ®3D>D7 4 —

1 F—20NTEE

Fig. 1 Data representation,

Sep. 1991

WEEa—-ANEROESDOERIZ TAO DTRTOD
N7TEA4LTHETHS. CHICLDHREEME Lisp
EEMSRCENEIF B EMNTH E 125, Lisp #
Ko SBEHEINT Lisp HRICR - -8B AICIZ,
AZ w7 by 7 VIR 2 MREHNICD EORBIZR X
N, BEPKRLUIBRA (BLUBRE) BT~ THR
xha.

WERA7 0/ 5 MCHICBRT ALY X 2 ICRMUT
BH35,

trail L — ) R FAERET S,

t 2=7 4 —va vEICEOBRELIET.

ef BHEORMAIET.

undef D undef OHREE.

Avbid el LYREMET L AT TREY Y
ZRy T v FTBCETEREINS., Lo T T w7
ENBET L — A0 trail OFHITEREL T (Lisp ©
nconc) 1 DD Y R MLEh3., COBREN bL—
MEBBBTON ML=V X FOFEBIL XN 2,
188, REFUHLORBIZM 27 ) 2 TRfF-
TR,

4.3 REAY Y

REAYV Y FRITV 27 MERO A Y v FIERE
BERER 05 AOETEBLELEDESZC L
TREINTED, vV % 75 R0k > TRRT
BEALUNRRBE S0/ 5 sO0EFTELL{ELTH
5. BRIFGABAYV y FF—TNEETNEAY o ¥
£ & 2D applob] OXIEREHD. D applobj &
LTAY » FTIZBEMA, REAV v FTRRLY N
PEBMENG. A v e—UYMNEEINB LAY ¥
FoTUNEREINIH, BYORXETRF—TvH
BRI DTETAY v FF—7udtERE N 3. T

tail B LB It AT MR T 2T 4 YR b
trail FLu=n®Y R}

-
7
; var 7] u-AnBl

Ll

X t7L—aRLV Y
ef e7bv—aRL ¥
applobji
form BRUEHLAT7:—A
rtnadr2
al KELLEBREFERIHOY R b
wead 8T8 | 3%
HRAQTorm FRUBLAT &~ 4
rtnadr1 YI&—-r7FLR

it {

B2 4027V 2DRE 927V —LDME
Fig. 2 Stack frame of interpreter.
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DL EBEBRICH 27 7 2RI E SN, REZD
REAY Y FRENIETEDTI DO LY U NHHER X
NAY 9 FF—=TNVERERINE., AV vy FF—=T
BROBRLV /S WANPBROD » 1BAICE, E self
ORBELU%, RER S 0T 5L0D427) RiC
Hui®d. UBRHRBR S vr5 L% {AL
LOKETENS.

A V2A2 VA7 77 bid “& EVOWEAV W F
ZRANCER S CETERINTNS, DAYy MM
EoNBE, A VAEZVADE DA VREVRT 77
FRAN Y VaREBFESTF — v BEOHENEIHS
g—viaz=7r48h3. ficEERDZEECR
VIR LITABORINEEZ A2 v 7 LITED, ~Xv 2
b5y 2icxisT 3.

4.4 Avr45

avR4537as 5% WAMD o4 b
a—FAEBL, Chiev4/7usul 5 ATRRE
FT3HRELBY. A vF+ Y Vv I BIURERU
HUBELEFTF->TNE. WAM LREAX 2 AR T

e X% vy LiTiRB3IML YR EEET S.

o= 4 h—Yava—FHY R HRICEEL

AT B,
WETCHB. Tle, REYIIVv—LEAVETY A
BIU Lisp 0z h LB T A ET-BBEER-
T3,

5. {ff

BN S 0 r 5 s ANTHOMER & LS
MOFEETS. B, YT, a5 23XRY0
HDAEFEL . nrev30 3B X 30 DY R + DR,
gsort 3EX 60 DHBRYRLDIA v/ —}F, 8
queen {38 7 4 — VIO BRHIDREB L0l 5 A
TH5. MBRLZOFED (1) 3427 %,
UCY' Bav454(2KkT. B, RBERATV 2
7 M MERZ RS S5 3 YSROVWTREEAS V& 7Y 2
Udisnias, fHBEHEICE E0 5.

5.1 XEVHRK

2 ) HEBRBICOWVT, WAM FROMEBRTH
% SB-Prolog” (D F SB) : H#id 3. n—Arz#
9 712NV TIE TAO 3 v/ 5 WAM 2R AL
T3, ECREREBETELEBbNhS L —
WAZ vy te—FHE (SB TR a—NVREy
7, TAO TRENVER) IO\ THFET 3. RER
BA&1IORT.

TAO kU3 REH S0 /53 v 520 RBHR 1097

*®1 sz -HREOKE GBIHRI-F, 17-FR

4,84 1)
Table 1 Memory consumption (in words, 1 word
is 4 byte).
nrev30 gsort 8queen

E—7|rr—nle—Firr—mEe~F b —n

TAO(I) | 936 932 756 958 2278 | 3188
TAO(C) | 930 870 756 706 1352 | 1798
SB(C) 930 0 550 103 93 18

* 2 RTEEOLE (BURIIIY)

Table 2 Execution speed (in milliseconds).

nrev30 qgsort 8queen
TAO (I) 48.8 51.3 376
TAO (C) 12.3 17.9 142
Quintus (C) 4.00 11.6 78.7
TIQ & 3.08 1.54 1.81

nrev30 3RENTH B7:%, SB TR L —nid
0z »TW3. —F TAO Tt vEEB~DRA
BINTE U WABETI D IDEINENEL
3. gsort RWEMNN S 0SS5 ATIRH 2, HOR
WABEMZI 2= T4 —VarvBHBiDL—
WREDES . ZDXIBB/KBrLv—rDAEY
HEICIE nrev30 O X 5 WBEIRZEIRELB. b~
FIOVTIZ nrev 30 $ gsort HEREFIIEIZILVDS,
Ny b5 v BAKITE U B 8queen TRIAEN
EMHB. ChiRO XS5 5BAIck3. e—7HEER
BRE Y IBBITI>THBENY I V5 v 7BRITR
Zy /BEICIVENICs ) BEREN B, —
# TAO TREeNVBFEWRTTHD, GC (Garbage
Collection, T IHE¥) KL->THIRENZ7-DHZD
EONEBELS. R, PL—-rickd 4 EY)HE
MNEULNWC E, E—THEEBOHBRB NNy I F5 v 7
BECE LRV ERICRRERERBTNC L, bh
5.
NEHBRA TV MEAS S5 v IR, £
BIRORROFESHRY 05 I/ JERNS
O THEdA ) HEBCOVTRELTHA.
5.2 ® 1T E &

5.2.1 Prolog tDHE

EfTHEEIC DT, Quintus Prologh av/e14 5
(BIF Quintus) ~DHEHC L DFFEE T 5. RIER
%% 2iCRY. Quintus {3 SUN-3/260 ETRIEL
7:. 2ZTT/IQHEIR TAO(a v/e4 5) & Quintus
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DOETHEBHTH 3. 18, ToORKRIKIE GC DR
REETNTHIZL,

F9, #NFEBICONWTHRIT S, nrevd0 it kb
LIPS #k¥3 &, TAO 4 427y 243 10.2K,
a4 302 40.3K, Quintus {3 124K &5 - T
%. SUN-3i37 o v 7 25MHz, * % » ¥ = 64KByte
&b, ELIS |2 16.6 MHz, 4 v ¥ 2L T 3.
BEON=F I 2TRE -7 BULOTHRIIEL
WA, ZhTd LIPS TO3EOER/N SR
W, Zhidbr—2vBOEIRERT S 0EED
ha. —%, HxE (T/Q k) i gsort, 8queen Ti
INE T2 B. Zhid gsort, 8 queen THIA A DIRIEH
HUOHINhHEEZ 503, TAO TREL DM
ABBRFENTM 7 02— FTEEINTBLIERICH
HWICEFTENZDOTHS. MALRELZHTILD
WEANE 075 ATREEOER 2EDNEEL
ZOMNEYUTHA.

AEHEFRTCR I a—~VRE v I & L—NEd
NTEVERANTREL T3, 2Dz GC DF
ENELED, GC 280 - RAMN L ETEERE
TTacEu8FEEN 3. LU Prolog (350
WAM) @ GC BRE—7DHE#E (a7 vav) M
BETHEZDICNL, AEEFATREENRETH
57:% GC BHREHETH . S LIKREERESL
DAL v 7 THETIZIERE v 7 OHEIBEIL &4
BELy, 2Z v 72 1RXLPHAORBOEEROF
ENTE, ThoDHES IGORBEEZLADY
3L, GC 28D RANNIETERICOVT, BRE
B a7 5 LTI A Y HBRICEL ODERENHD
GC DHWALFRNDOFMBEFENRLD, Ny s b5 97
FHRECRIT s 5 4aTRATYHEBBD L
GC DHEEHMEL Prolog FROFHNEFI &2 LH
bhs.

5.2.2 NS LMDHEE

N5 84 LOEFTEEOZAFMET 1-0i, 7
4 K+ v FEKE TAOD3IDD/5 £ 4 L TIERL
(& 3), WELN. 2h2hoFus 5 2REALTN
TY) XaERD, HBROEMLEESBAR IS &
SiciBL7:. RBICEZOHKEERT. 1 v2 7Y %
T35 54 LOBEERD 2 FEUTFIBAShTH
BT EMbhd. 3 v 5 TREKRMECERIC
BYEEBEEXDMNLT>TOBIDIREHLT
W5, f{1D/5 81 LA THEROBEILIIFIETH 3
M, BREATRILEHEIRTHRD,

Sep. 1991

(assert (2fib 0 1))

(assert (&fib 1 1))

(assert (&fid _n _f)
(== o1 ,(- _n1)) (atib _n1 _£1)
(== _n2 ,(- _n 2)) (&fib _n2 _£2) !
(== _f ,(+ _f1 _£2)) )

(defun fib (n)
(cond ((=n 0) 1)
((=n1) 1)
(t (+ (£ib (- n 1)) (£idb (- n 2))))))

(defmethod (integer £id) ()
(declare (type fixnum self))
(cond ([self = 0] 1)
([self = 1] 1)
(t [[[self - 1] fib] + [[self - 2] fib]]1] ))
B8 32001544 6lkXE74KFvFTasTn

Fig. 3 Programs of Fibonacci written in each
three paradigms.

® 3 fib(2) KXB/554 sATOERTEED
g BRI UBH)
Table 3 Comparison of execution speed between
paradigms by fib(20) (in milliseconds).

WER | HME | X7V 27 MER
R VALY 2662 1353 1367
K M & 1.97 1.0 1.01
IV f e a—F | 1020 380 821
I o 2.69 1.0 2.16

5.2.3 MBAAT Iz MM
FTREN LI IHE A YV v FRIEBREZ G
MBRIEBZVISNNTEEMNS, FUH LI D2WTOD
F =~y FOHBETHS. £ TLEOF 05 4%
5575 (cls) OmEAY v FEUTERLELT
BEL . 72 & X1 append BRD L SicERL 7=,
(within-class cls
(assert (&append () _z _z))
(assert (&append (La . _z) _y (La . _2))
[self &append _z _y _2]))
RALDERTERD 15% BEETLTHBC E4b
»Bb.
5.3 70U35:1REE LTORE
Tus IV IERELTOBRSOFBETIC &
BEL WD, HEOHBEEIERL TZOMRS TH#E
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T3 EHNBN. £2TC TAO TD 8queen DiL%
HHtz. Prolog TD 8queen 0 wv s 5 24% TAO
ICHICERBRT 5720 T, HBIcEL /o5 51 4
ZRBHICAVIER4IDL SIS, RZRYVE
VB R MCETNIDEFND D IR S B
memq % AT 325, BEEAVIOICHE, 5K
OAHMADHEMBHICIE 2120, X9 7 + 5 v 7 HFR
HELDLIBNC &% X OBRNICRE S, D

TAO kB0 3HRBRSa /53 v/t z00BHFR 1099

‘4 BREAY 9 FOF—3~y ¥ (BEZI YD)
Table 4 Overhead of logic method.

nrev30 gsort 8queen
WE(T) 48.8 51.3 376
REAYV Y F(T) 57.1 68.0 419
HEETR 17. 0% 13.194 11.49%

(assert (queen _n _1)

D, BLI NS E4L22A 0B L&
T, 7005 BBRBLP T B EER
3. IETHERA 2 F7YETUT LY
B, 345 524 I )VHEND SEEE
WET 3.

6. BOMETTE &M

BUAEELRENEEEBATINELL
T LOGLISP®, POPLOG? L ENHLTH
5. %7, Uranus®? ZMARIFELLTE D
A3TEHTED. ESPY BTS20 vk
REOME, BIEALR L LDAT TAO &
FLFETHETANBL. PUTFEEFhEHBT
5. LOGLISP i3 p8:8#8ic LISP fi#y{kAH
YAATS. LISP MLz B4 1T S Alic
#HRITbh s, BMLREMEIELY, BN
{LRTRE RSB T 2 E#bT 5. E->THII
z DEMBRE - THOIWOBRRITI

(+(+1 z) (+23))
i

(+(+1 2) 5)
Hi#ft X h 2 (LOGLISP CR/NXETHEEZ Y v
FNPERTHS). ELT x BEEFEOLXOIME
Wbtz dh 3. chick 0 BREFFEICE7 - BfENE
HT25. LHLEBHLIZERFTN S0, Bt
EMHBLLRNS0S S5 A6 HELZY, EEBET
T 5. TAO TRUEUFAKDS " OFMHTH
h, BEOLEICIIEEEEZ 5. LOGLISP 3%
RENCARERETY, 2BD)V R 2FEEL TE
TNy M5y 7 OBRBIIET, WAM HRo
HEORNVEEFEEBERTEL,

POPLOG it POP-2 D5 ETH 3 POP-11 i {E
H7ras5 I v OBREERDAALKEEETSH 3.
POPLOG Tid 1 DDRFEIL POP-11 @ 1 DDF 4t &
ICa v f &3, avf 55— TH55%,
BB S0/ 56s POP11 OB LT -1 B

(try _n ,(index .n 1 -1) nil _1 nil nil) )

(assert (try _nil .1 .1 _.) 1)

(assert (try _m _s _11 _1 _c _d)

(kselect _s _a _s1)
(== _ci ,(+ _m _a))
(not (memq _c1 _c))
(== 41 ,(- .n _2))
(not (memq _d1i _d))
(try ,(1- =) _s1 (La . _11) 1 (el . _¢) (Ld1 . _d))

(assert (&select (_a . _1) _a _1))

(assert (&select (_a . _.1) _x (_a . _11))

(&select _1. _x _11) )

4 TAO itk 5 8queen Fu/ 5 A
Fig. 4 8queen program written in TAO style.

Bl assert WEARHNTFnr5L88%%S5C
EREELWL. TAORBA V2TV ER—ZATHD S0
753 L3 SATINTERINTVBR DT s S5 A
DOBRIEREHU TS S. POP-11 5 L REEE T,
a4 &t POP-11 OF X A0FES. 2 =7 4
h—vavTHELNWT— 23R4 » 4 (TAO
DRZINEAL VE) BE&Eh 3. POP-11 T
XIBF—R2LT 7R TEEEIE2—FBEHT
ERA v 227 508 BH5. TAO CRREZNR
WS 2 REABNICHERSN B0 1 —F IR
THERERNL., REBES 0 s 5 4655 POP-11 0F
WX AT, RAMICIRBE is OoBFLd S FY
HU, 20E%: is OEIA~NMAAT 3. TAO 0k
SHIBICEREREL LR TENRN,

Uranus REICHERERLEOMBEER S -HDE
EBETHEHY, REHS0S S5 I v/ OsEEL LISP k
CERLIRBRELLZDCEBTES. COBA
Mo TAO LDOHBAFTS. Uranus D1 =7 4 4 —
YavORBEBMRBEARER TH . HEBRIC kD, 2=
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74—V a VEICREETFUOMT C L BT & 5.
TAO ELEIBBDICZOBBMBERL-HEICR2=
Tal—va vBRET34ATHS. TAO TR 47
K> TREZFERC LI TEBININIBRIFMETH
{FHETH 3. g78bb, BREMERKL TREh
nil W=7 44—z vONF LS, THLEDD
iCET BBEETOBIEIR TAO i2idisu.

ESP 3472 27 MEM/ 51 &% REE/NS
F4 LICMALIZERETHS. AV v F (J5RICR
TERE) LT OREK, oyt BEWEAZROE
), v/ ol EBkEi¥ETHS. ESP O
vy Fiz TAO OHREL Y v FigHsd 5. ESP ik
BLIEIMAEA v E—VRIEEDSI v 242 VR LETHL
& THX % Prolog ITHWSDELTED, TAO i
HAOHXAHBAL T3, LHrUBENICIZIZZE
LD DEEI OGNS, Xuvy biE TAO DA v 24
VRAEBICHIST . HEERRT y FIRRATE3
F—ARMROLNTHBEDIEHL, 1 VR4 vV RAEH
it TAO OFRTOF—2BBRATE 28 TH
% (#272L undef ¥ —2 ORARBMEORAIBE T
BAVR2ICEBY) v78ERINILY). chid ESP
TREOHOBET —2BE XL v/ LIKENVTWVS
DL, TAO TRINTEe—FHEBIK->T3
zliciER T 5. ESP TR 297 LD F—4 %8
R F— 2 EWEL TR0 v MCRAT B REDND
3. TAO TRIDELIHINZERBRETHS8, Ch
AEBRTEHOICTIS S LICE->TREL DA E)
ANEBTS. TAO DA VY RE VR 7 77 McHENT
248, A v R2 VRAEEOF 2% Ny I VT v )
TETBE ESP iciz/igl. ESP o= 7 mii TAO
® Lisp =7 a2 AV TEBBSBENERAETRS
253, ESP MFH Prolog M Dv/nkii-TH
3.

Pikoz &m s TAO i1, BEEERBSRIEHE
WV, % — v ORICEEsED B, T—2 OEHEEIC
END, AEOETEEEFE LT IMAVERIL
THBEEDETENTVBEELLS. —F, 2=
T4 —Ya Ik > TEBICENRAIN 5 E T
BORFTAELED L - BETFEOBREIIRLED
TAO TREBINTWIR, A VY RE VR T 7
7 bz TAOKBEDHBETH B, BEDAY v F4E
“&” T NB—VvEXY vy FEELTHRUHE
FWEETH BT EMBEFHEINTHS.

Sep. 1991

.t T U

TAO ORBR Sy 5 I vV TBEDORD & 5158
BT ONTRN .

o HH L RFEORFIMNE S MEFUHL 8TE 5.

e1=7 4 — g YERICBEABFUHL BTE 3.

CEMM L RBH S 05 L B{BOF — s BEE

.

o4 7Y/ MERNEOHMABREELRD.

Fi, MEROFEEZTOYRFLEREEEZH
TARERNR S 25 LB TIITIRETERES
BOCELEHRLY:. BERELTRSIVREVYRT
77 LR, PL—ABOF X, BEETEEOXR
misEssH 5. EESIEIEE TAO TORBRE B LI
SILENT =& v Fof TAOY %£#%IHBTHS. &
TAO TRZhOOMEDRERE, EITEED 10 £5
onLtEBEL T3S,

TNF G H A AEETRIIEZELICHEL THE
L7584 LERETEMNEETH 5. 8queen 1
BO7a/ 3 ATRINRBMBETS 2 B—RICITEL
V. ZOREICETARNOSBROBEATH 5.

WE THHROIKEWNTT Y 7 by = THFERH
BAEKRKY) & LRBICRBN-LET. NTT &
a—2 VY4 Vi 72— AWERHRBLEE Y —&ic Kt
WeLET.
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TAO K633 RBH S0 s5 I vz 0BER 1101

s ®— (E2A)

R 59 FRILRFTLFHERFE L
FHEX BR6LERK¥EREEL
REET. RE, BAREEE M)
Atk B, LSNETAHERS
L UERRIRE DB FICHEE.

Bn 8 (E£A)

1972 SERFT R F R E WEHH
FHEX REEBRAR ENTT)
RBFBIAEEHEAAR. 1986~
1884 R F v 74— FRKFavy
E o — 2 RFERDRY R 7 AAAFHE
EE%E ﬁE,NTr&%H%Wﬁﬁﬂ?%hwm

KIN—T7HE. ERPFKA. Lisp, HEF—F <—
2, REBESus5Ivy, Fuls v BEOW
RART, HER Al OXFINE, Al a5 v
775 84 LOREICHEF. 1990FEF AT KRS
WNHEZTH., AThgezse, 0ARRPS, BXY
7 b= TR¥S, ACM, AAAI R4AE., A¥SK
XERERE, A\LnEFSREEA, BXv 7Y
= TRELSLEERA.

1N #BE (ELA)

1946 44, 1969 SEHFT A H
| MR 1971 ERKERESY
if%ﬂ%ﬂ%tﬁﬁ@?ﬁﬂﬁ%ﬁﬁ
b HBEKEEWRFRAL BE, NTT
ERAETERBERARIRHAR
B, furss53 0853844, Al=vy - 58I
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