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AR ERE Y A — HAEARL LSO MARE A TAR R IR 45, T BRI/ N2 T 5 R i B T 5
T, RPN BRI R TR S R RO . XA LA

1 GBI 2 B TR, BRSO AR R e 2 AR MR bR — A AR/ NERE A 44
5 A8 2 2 WALE T B DR A BN E R 2 5 T R g . AR At fiRaEd
P AR B/ NI AR R A A I SRR b e — DU A S5 1 L i D HLds £
BB EECR, FREAT 450 R Lisp 27 SAUEE B R IR L B3 J7 i Al M T TR e O ML BRI A2 2
o

2. AR LAt TAMER . SRS SE SRR, 2O — MRS TR B
ZJaWMRBF TR AR . —BMRR T THEERN THIEA, 5 —HiE e ke 2k 10 MRS (raw)
Lisp JNE I FEZALL, BrE rIREFERE L Z

3. FRIHE BRI m TR R A8 e — N IX RS 1 il G R 1 PR — D T A A T —
B R B R BR s AR U 2 — L F T hiE.
Y TE : Montaigne, Rl Michel Ryquem de Montaigneo N —fEAE “S2 M7 i SO 24 JE B 2L A SCE U i it

AN R N
> (HRB B RAORE Y, BRAFERR T e AR A S e 50 BEARRTE N A 20X FA U — TR AR I 255 4.8 1.




1.4 TR 3

4. BT BRI _ER BT IRAEAR B 25 AR AR X R AR =0 B T BRE SRR P i A 8L
IR AR A K RIE R HAFAETE X EARARL, PRl 2 IR SR X R AR B 285 P2 LA
R YT AT B R

XFH AR Lisp AR RUL, B IR LR B B2 AT RERY . R AR s A0 A2 H R
BRI SRTMIAEIX T I, Lisp X0 RESR B H HAMTE = B SRR, 11 HAE LA Lisp MASSwRERS 37
JEIX TR = B E RN & 1, B LA Lisp AU TR GRRTE R , M H2—Fhog e —HER iz
FSE  IEX R A XU @ A AR AT LU NIBOT R RIRR o AN, S UL B AL/ N REfCE 2 HY =R
o FECAH MiE» — 5, Frederick Brooks 2 i “—ZHREF 51 #Y4E 7 Ty HEANBE N D3 B8 S 2R RIS
BEE LN B IE N, MR R A7 S A BT R o Lisp Zafe 2856 LA—Fh S i A gk fv Y 7 3UE X
A RERE A A A B8 MR BB A R R e — A/ NS R R, (LSO RN B R
TSR N TR —/ NHBEFI T Lisp R RIEARM S, B £E .

1.3 A REH

BEE P IR R 3E = , A R Y Lisp MU ARTS AUINE 2. LMl 1 7 BUAERTHCPF ) 2R it 2 2 LAECT
FAVLPTEETLEMBATH A T RSB P B S B MEBINE AT TA 75K (BARIRNTAEE
LA — DI A LR E RESE T P AR A B A T RE, AR AT T T LASE A — Sl R A AR o AT
LH RPN RPN T IR TE S, AR S UM 8 AT LA R A ] 7 ZE A Ao
Rtk

FUR _ERBEHHR B 2= A 1R R IVEE Y . ARy BRI B B R GRS TR . BRI
FPal U s e R 2 E N B RN gwIEES . R A gc  Ei A2 B fa = Al
X ERT RO AL R T TR IR S o XA R A A R R AR SRS
BIMERR G TN EG I, FRA I Er i R ARLE RS L, A T RO — T IR 2 R IH = o
X-Window 1 TEX B2 IR — T I 45 5 1A A SHITE . 7E 1980 4R, BESE A HYREAF 13— AURY
FEFRESEH Lisp (EACNTHIY BIES o B 56/E GNU Emacs, Tt/ THY Unix AR R 242 AutoCAD,
S5/ Lisp MFAY G SRR RO 1991 4F Interleaf & AT T MU TEPFHUBTRA , E AR AT Lisp
VEONI B 5, EE R it Lisp SEBLAY

Lisp X[ 11 S RAANE &9 S 1 R, TR R PO EAR St — Dl i AR . WPRIRH Lisp 5
PREGEE P MERGOX T AT i PR e A6 2 PR BL IR FSL L B2 = AR AR 7 — My ik S . IFH
H Lisp 3% Lisp R Fr, MM — L4 & MR A AR AR L, B ATTAY D AUl L T Tar s R i A5 K
AR AR — R e PR R it 7 — et SN RE e D7 (] 1907 2, LUIRAT Al ™ J b, AR A3 TR AR
MAAS PR TC AR R P A BR AR Z A1 i i P R S O SE BE IS o 7E Lisp B, iX 28 AT AR B %
Vil BN RIZRE o RFFARUIRBIIR T URRE R g — B B AR —— S R IR A
A PRGEAE AT IRES AT AR AR -

AR A E IS B AR EE S A&, IR AT T A T BRRAS Y al 7 vt o AT R
DEER AR BT, I C R A AR D A A T kAR R T REE T BRI . B
Horh AT SR VAN E 1% 08 272 AR IEA TR P2 Lisp JT &R, AR T ASE B IR S AT LA
YR BRI ; VR AT AR A R IR B R RE R E W IR IR S 055 SUE IR O A
WERFF — XS HEIME LY JFHS SRR — RIS, sKEAIME Al AL fe S st (HE
XTEY R AR ICHA

CIE/ - 3E0E 5 e PN @ I [ iy 3= 2 8 B B i B = DR =0 0 BT K= A 7 i
FERAT, T BN TR A REHREL.



4 %1% Ty Ekizs

1.4 ¥ R Lisp

APIFTT AT LA Lisp HEHT B BRAEAT : eRECRI 230 AE Lisp B, VRAE SCHTRRECRIIR L8 A B o 50U H A AH [ 1Y
WAL o AR AR E—AS B A B mapear, ABVREL AT LASE B O S, S8 G E H mapcar ARFERAE .
BN, 4R — A R A AR AEAE A 1 E 10 Z (BB BT A BB IR 45, AR HE B ALY IR [BMELZH AT 571 36 B8
AR AR A AR R B L4 mapear:
(mapcar fn
(dox ((x 1 (1+ x))
(result (list x) (push x result)))
((= x 10) (nreverse result))))
EXFEMBE A S BRI o * B Ipids AR AT LUE SL— 55T YA BR AL map1-n (WL 36 T0), S8)5 44 1T
AR
(mapl-n fn 10)
RE SCER BRI & OB AR T 2o T 2R E SURT R ERT , BRI (EAN KA S B . 202 R G
FRHRERF o X AITE RIS IR A MR ST A RUE R A B EEH 2.
GRS EH A 7, AT DAL E AR I N T I (83 o X Se A 2 e TR 15 . R RIRS, 228 ot |
e H AR T (R BR AR & RN 2 28D AEAR o AR 70 IR AL IR R 2 BR B In— AL, i LA 5 HO B
B S HEE L HAMET M R EENENEE AR £7T . BAEM—T1IHE AR Lisp ZHE
MIZRVY o FTLAS: 2] 7%, T RESE B ISk N P i A LAl o 5 8 B B RS BRI B2 B B A B A e TR ER
Y R R IS RRE R BT R R Y . R ARR A E] LIARAE I H It A EEE AT LUE B, T AR
FPAIARENE ? 7E Lisp B, Ry b 2 5 (HH AP IR R ZR LAR H A REA 2 2.
UNRAR AT ZEACLERT [ A RE SIS, IR 2 IX B[R] X 2 (BT Y o RIE Bk AR B R TE BT L 2t
T AR P A AR A S VR AR . (B — DR S R PR N a B b KL xo Lisp WERY do
ALV F %G TR Rk Aok, B H A RES H Al ek i A AUAS -
(do ((x a (+ 1 x)))
(> x b))

(print x))
73— 7 AN FATA LU S X R
(for (x a b)

(print x))
AL TR ST AR (2R 104 T0), FATHLAEIE for MAFE S o, sl B IREER)— . FFHIE
WS T R T RN B for AR IR MR, AT /M AT T
BOA N VRN ER ], B O RE Lisp 97— N ERAEUR 2 o ARTTEL URATLAE Lisp 2 EAIE —5¢
BRIES N ERFEREF. Lisp M T EHRIFa MRS R UL FRITES B EE GBS/
JrAAEAESE AN IX R =Gl 5 AR i H B 2R, A 7 - RIEJ5UR B9 Lisp ZEAtH_EANLUME S, 5y
— [ VHHIE S o IXFE, Lisp "PORFFAZIRS T LIMERTE F B (BIAnECA i EE 1O #45) 15 DAgRSEIT T,
PR BB AL B AR 7 (B2 Ha) o LIRSS R TE SO AR5 2o
AIES & BRI ER TR E4 Y. Common Lisp REAH TIFJLMIXFEINIES .. HbmEs
9 cros Bk Ja— T B8, BRI LUE LH SR TES . A2 — 158 2 M IRE A B2
SEHAIES , E2ENHEAREKIR Lisp CABIAAF.

1.5 Aft4 (BRI A Lisp
XL AT REME I IER B IR — AR ET ISk o IXAEUENE , Lisp B — D HET o SRR MBI A Sk (HhA)

FERS TS 2 XA [ RUAS B R BRI . A4 Lisp & — 4 B A HIRFIERIE S .
AT LA#E ) Common Lisp W series ZEHEAH S 15 B3, (H AR K AEIE B RIRE A0 A5, REAIX BE 2230 Lisp A 9 R o




1.5 AH 4 (RBLFTES) A Lisp 5

FRATTAT LAB X B o 1 — 5093« BhAS AP 43 BORH S B S IS AT I 2RI R G BRSO 52 A S 22 1T
BT e — D G R T AT BRI 8S 3 H RIS AR 45 (H Lisp W IR REEA A T T2 T Y
T —A o B LR A —[RIERL T Lisp ZwFEELAE IR

FEIE 251 — 4R ], TR 77 R A T2 . Hp iR 238 — S0 ARG ShAS 8 LR xR
AR PR — e — IR L — IR 23t AT Lisp A — 2 RGP H B IE o X THE AR T
MTUE T X 2SR B R

ARFITJEI R, Lisp M1 Fortran s H BTAEGE T i A9 Ty 2 A AE 16 5 ATRESE A B, BAMEIES
BT EAGR TR R AW A o Fortran A& W H R LU I SWIE 5 . Lisp SR W HIRERH
Bro QILESAA R R ™ A 7 ISP 115 5 |, Fortran (4% PEdRVE& 1 A5 B4R 5 T Lisp JLEFEFY (2
AR TR AT . B MRS , K2 X w1 s 5 AR 1 WIAZ []o Fortran Al Lisp ‘AT H C L& WA ]
[ 7 5o Fortran BUIEA KR TR Algol T, T Lisp tilftds 7 B4R NI — LA A)IE 5 I 15t

A Fortran F Lisp FEREFIFEEE B LT — MMkt o BIAM—ili 0542 “geky OFH, G LA
RESEH. )" ARG —18, 15 R OFHAEEAR, XA M. ) iR s EE R
R A i A B SOIR R, AR TR B X ) 2 RO TR . B SR ERAEAE Lisp SEA RIS
A& . IAEXT Lisp MWk B4 L% 1970 FAFINCGIE S BT B T RBET Mt
AN A H & R Lisp 2, & AT iR Lisp ?




F1% THEES




G
N
ot

BB Lisp F2Fp RS, ERIRTHLIE Lisp 10 F MM EZHGEF B+ (k) SRR A
TESLHTR R Z DA BN —FE. B Lisp R A1 T BREN RN HLge— 1R SR IR RE e BE 5¢ B A9 BT A i 5
£ Lisp B, + FIIRH CE LHIRREL—HF, 1R %L

FL B T OEFRN 4F R X (special form) WIERAVERFZHN, Lisp B — RN E S A4
LABHIEVREG XSS IRAEINELIE ? B 510  WERUR VAT AT 25 Lisp MIZAREM, ARVRSE2 AT LB E S H
oK, SR TG VR MR e AT LA A RO B R AR S 1 i o

RONRERF AL T O A . BRWRAE , BT LB — DA B B ECERE 2R Lisp 1H 5 19958,
AT DS 24 AR 8 I B — 893 o BUBUR UL A A0 Lisp #2 /7 M IAHE —LL H AW 515 = Al
2 B AR, BRI SN e SR AL A A . AT IR A WA LTS 5 I Z [k B R Y
55 R T EATIAR — e BRI R — AT SR8, B LA B SR ROZ e MR DT iR o

2.1 {EARPERIERE

AW R Lisp BRECS AR . — 2B TR E] Y, Lisp A2 AR & o XEWRE KA AT LAE ©43 Lisp
BEMHTHRAERT o S5 DR T IR AR R E B, A B T R Lisp HUXS G2

Lisp fefit 1 HABIH 5 A KR BRI FATA BEONTE 8 45 A B 5 R 4555 o H Lisp 18
SFFMERZ T AR A EE I R A LT A AR S AR R R R B e E R A4
W “Lisp HEEREUEN — B EAR ML R SURMT ATBNE 2 IX R 1E Lisp BHATAT LG5 HoA 24
ARV BAR LA AR AR eR L, B BB, AR I AT S G — 7 R AR, PR S R AR AR A A S5 A (A
T, B ENE NS AL AN REL, AT T EA RN PR AL IR (B {E

XS T B AR [0 R B RE SR B A o XML R AT RERI A ARIELE N OAFRE RS, i R AR LE AT LA
AR BN BT AT LME S B S RGBS R — . EXIT Lisp K, 7E1a17 I QT R 2 AT 52
AT ERARR R

22 TEMERH

ZHNINF 22N “H defun GIEERED FF0G. FHEINFIEAE LT —11 double [ RREL, Hik [FHE 2L
ANSEI WA

> (defun double (x) (* x 2))

DOUBLE

AR _E3R 28 SGEN Lisp , FATHE AT LAFE A R A L8 FH double, BB M TIUZ (toplevel) ¥ :

> (double 1)

2

Lisp FIEARHE SR8 B 322 ph 2D RE 1Y BRESE SR, XA LA 2L C 87 Pascal iX 2615 5 L E
Mo ABEETFRBAA—IET o X2 defun FFA HAZITREE S, EATTE &2 Lisp T o FEFRATT#E T defun
B EHEENLEE , XA IR & .



8 2% &K

[FI, PRECA Bt RN R o defun SEFR AT AT RATIE XN R R F I EREAES — DS E L T
I FRATTRE AT LAY FH double, AT LARF A IX AN 44 7 X0 B HY BRI B0 B4R BTX XS5, 18 Y M0k 2 5
# (PS5 -5 5) BAER . X ERVERF VR I AT DABRAR AL - & RENS 44 T Wi 21 SE R B BB B S R BT
#| double YR :

> #’double
#<Interpreted-Function C66ACE>

TATRA T B E I AR SEBR AT o BB B HIE AR Y Lisp L3 2 ANHHIA] , {H Common
Lisp HYPREE 55— 2K (first-class) X5, & FHREEUAN 245 Hi X LU B BGR AN R 2 A e 2 HFE IR frlA,
FATEE AT LAMEIXA BB E NS 8UEE , i r] B EAE IR FHEIR B Rt A AR 451 B 6%

> (eq #’double (car (list #’double)))
T

H 2T LA defun K E LEREL. MIRZAL Lisp AR —HE, AT AT DL HSCr Rk g ARG E .
AR A FRATEE B — DR | R XA B IR . TR 45 BRI -G AR R X5 |5 2 ] —
RYVFRF o MR BEFRIRNE— e B, AT LAME FH — PR \-F&3& X (lambda-expression) HIZRPH . A-3%
KRN =D AEAI P13 1lambda £F5 280513, LA ST LRI 4. FHX
A A-FRIEHAE Y TP double SFHT Y RRAL:

(lambda (x) (x x 2))

CHHE TR A SO o, I HAR R 22

A-ZB T UE A A 4455 IR double /2 M IERLAY A 5 AR “KITIHELE” I8 (lambda (x) (* x 2))
HUH S T AR, B «5e i Ph i i R0 S TREEm A7 @i — -5 515 I0E A-FE R

T, FATIAT R 7 ALY A SR L

> #’ (lambda (x) (* x 2))
#<Interpreted-Function C674CE>

XA BRELAT double HIRELMHF  HEANTEM AR BIXTR
FERRBSOR o, bR Y BRAE RT3 P ORES AL

> (double 3)
6

1T A-FIE R It RS 44 7, PATITT 8t R LA E B B 200 ) S T -

> ((lambda (x) (* x 2)) 3)
6

{£ Common Lisp # , AT LAFHH A 20 double FYERAUFIAL & .

> (setq double 2)
2
> (double double)
4

U FHIAERECH A E AL, BB T E 40 B9 A R REL. HAGE T e YA 4.
PRI B A T3 Common Lisp #HA SH 57 B e AR A T % 5 & 18] (name-space)s FATA] LARIS A — 1Y foo HY
At AN — Y foo HYRKEL, 1T H BN TABAER . IXFE Y Al RES LE AR, H AT REAE—EREJE L RZHR
ARG AT 32 {HIX /& Common Lisp F2 7 53 75 D6 Y [R) @i !
Common Lisp RFRAL T P BB T4 5 It 21 & i AR A R £ a4 , A AN 22 5 o symbol-
value BRELLA—DFF5 24, IR [ R AR e B AE :

VREETE A 4 RO AR HEAN R B A 44 25 (A1 Lisp KM Lisp-2, 7E53 — 38 Lisp-1 I, A1 B UE AR A — i & =S W B, B A1)
JXFh Lisp Ji 5 & Schemeo T Lisp-1vs. Lisp-2 7EM_E AR Z 18, — MM A Lisp-1 R T4t an ok 0 BT .
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e
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;}i
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2.3

> (symbol-value ’double)
2

ﬁﬁsymbol—functionBwfﬁﬂéﬁ%iufgﬁ\ééﬁ%fgﬁlﬁqEﬁ%ﬁ:

> (symbol-function ’double)
#<Interpreted-Function C66ACE>

TERER], f T e St & Bl AR G, B LA it m] ASE e Ao B A

> (setq x #’append)

#<Compiled-Function 46B4BE>

> (eq (symbol-value ’x) (symbol-function ’append))

T

RANATIE , defun SEBR_ AN EH—S401 symbol-function W E K | H A H4IE 1 K%L
NI A IR S A D REZE AR -

(defun double (x) (* x 2))

(setf (symbol-function ’double)

#’ (lambda (x) (* x 2)))
FIrLL, defun A ETE S (IR E CAIRCRARTR AL e 4
A—Ho FATATLUAH] defun REVEEHREL, A A —E BARAAERAN RS B E I . FETIE S BE X
ARAYTTIE - defun BY PN HRSEHELA I AY o — P e ] AOBLA - A — 4 iR 8 SRRIE ERIR A 2 556
IS A IX WA S WIS Y3 . B IRA AT ZER M Lisp HArE e EUT A A8 YRS, defun K
Az F PR RO AT AR A BR A 5 22 1995 = HLUE LR R faT R

23 ERBESH

BREL R O EE S G, SRR BT AT LGS i H AT RAPAHE & L i 28 A s &R IX AP X T Lisp X
i E R _ERE s ERE

IR T TR S R B E AR AT R, A E A AR ARy sCERATRE e AT £ Lisp B, iX 11K
HE apply. —MRIMTE , FATH M ZSHOR MM apply: A E RIS HFIFK. THIHRIEAIBOR
fe R

(+12)

(apply #°+ °(1 2))
(apply (symbol-function ’+) (1 2))

(apply #’(lambda (x y) (+ x y)) ’(1 2))

£ Common Lisp H ,apply FJ LU E B A2 AL Hrp SAiiim s A eR ZUGa 0 B — D513 iz v 3%
HHRZHL cons BlfJa— D207 A4, M5 MIZEHLE DI BT Ak

(apply #°+ 1 °(2))

AT YA XS W RATT (8 LSRR XS24, WTLME A funcall , "B apply ME—H X
WAET . FRIE

(funcall #°+ 1 2)

AN 1T A AR LE R TA AR AHIA] o

RZ N'E ) Common Lisp BRACKR AT LME R EU/E WS4 IX L8N B e &0, B TR WL S 1 eR 4. A1
W mapcar AW LLESE— — D %00 E—LLERISIZR (A FIRE S R K250, A5 E
AT LORE 250 5L B sR AU A AR PRI TR b



b
[\
e
B
;42‘\:

10

> (mapcar #’(lambda (x) (+ x 10))
(1 2 3))

(11 12 13)

> (mapcar #’+
’(1 2 3)
>(10 100 1000))

(11 102 1003)

Lisp R Fp 28 75 SO0 91 36 o A A — TR0 — 2E AR AR5 FHBZE R A AR LB SR TR AR el TR ER — 1
BT 2R 3R A PSR 52 OX A AR R IR - A i — MR e DO RERY s %L, S8)5 1] mapcar HE
CIESIPZIE o

HATEL TR, SRR B M EEER A AU RE e gmReati ok THCRRIER . VP2 a5, RIEIA TR
L& mapcar ASFAE RV E NS At 2, ARt AR SRS e A A SO AR A 2R A —/NBUR
T B S 2 P YRR AN | 10, FATHUAR L T1E LY plus_ten BLE FEMLLA T HIRREL, X 168
HOURERX B A2 HE. AT A28 T LB SRR R AL T

Common Lisp A1 LA 5 2 8] 5o R B KO3 B A R s SRS MR N B R A o B T
WAL FT UL mapear , 3B B R B AUIE sort Fl remove-if. HIE il MHAIHETHEL. Bz —
BRI, SR 5 X, X 81 2 i BT 3R P BEA T E 3, R [ BT R HE P IR Y 5156

> (sort (1 4256 7 3) #'<)
(123456T7)

ARNINERT LA BIICAZ sort BRECTAR )T =0 WPRAR A < HEP— MCE A TTR ISR B2 S R4 <
MBI R, Bk 2R e .

B Common Lisp B A remove-if @?ﬁﬁ/‘]iﬁ,%KE?JEFI%%WEE/‘]%*/I\I—E\W Bz — RN
e, I HAR X503 b B 0 AR A eR 0R R TT 2R

> (remove-if #’evenp (1 2 3 4 5 6 7))
(1357

VENAB R A A SR R BUR ] iX 25 HH— 1 remove-if HYZIRUAS :

(defun our-remove-if (fn 1st)
(if (null 1st)
nil
(if (funcall fn (car 1lst))
(our-remove-if fn (cdr 1st))
(cons (car 1st) (our-remove-if fn (cdr 1st))))))

HEBEXE LCH £ AT #2 0 BN EUILE R AT 52, 48 fm] LAY — D _BREE N 8 /IR FUEL
RS R K e #2 SRS | FARLE A5y 44 R A —— 185 2 FH defun 22 )R LI o

RIS 4 B4 B RN HIRRE S 5 IR e 2 IR BUVE A S 80 TR B T BB P i E R,
Common Lisp H iy T KEMN THEE BE2/RBENTTREESEA T B HNER TE il sort,
IR E VRS T B JFNE — ) S AR IIRE SO0, NG it L — 1 s B4

24 fEARMERIEE

PREIAE A Lisp XM AR IX—F LA AE 7448, LEFRATREWE 4w 5 H AR FP o] LARBIN 5 i LA 3 75 R AR /7o
BUE AR ES — D LASH R SAE A S EFF = AT IR, FERZHOES 1, &1 case 1BAIIA
XA H Y, Lisp HALTT LA FIRERY I

(defun behave (animal)
(case animal

2EHETE A (apply #°< (123456 7)) = To
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(dog (wag-tail)
(bark))

(rat (scurry)
(squeak))

(cat (rub-legs)
(scratch-carpet))))

AR ESE I — R SR B A e e MR RN I B 34, A8 44T behave & MUK N TR 7R BES
Ip—ue.

(defun behave (animal)
(funcall (get animal ’behavior)))

[ IR AE R SRS AT oA LA ) R BOE U A, BN A AE LA E A48 T A4 B SR IR 1) e B

(setf (get ’dog ’behavior)
#’ (lambda ()
(wag-tail)
(bark)))

FHIEFR T AL B, SR B sh 4, BT AT VR T S A R S TR M. — PR B
HE,

LIRS TR R HA LA B, Shs BRI . A RE EEARSCHE , BATA LA R R
JREE R A T LA 1 2 P G 3t ) R B AR R R 0 (B 2.9 T9MAPRE T /BRI k. ) T T 45
PRI 3 R L, BT AU 2 230, T HL R AT LA S H A AR ] case THATASEHL.

A P R RO 2 T T R AE P ) 7 e RAAOSRARE, T 2 A X RIB A By — Tl BR AL, iX L 1E A2
AN FEAR . WARIELR T REAG 2] 11 R G AR A iR BE K. 28 25 BT DR
AARAD AL AL — Ao

T T R AR — R RUE B RELLRR P P e IX— A7E Lisp SRR HY SO 2/ MR 22 IO AEIX B, AAT]
L EAE R RE 24 B A A AR A 1o AR IRA TR A R AE A AR 4R K , AR 248 Lisp FIREALE
LRGP T o

2.5 {ERAE

Common Lisp A& —Ff A 4E 3 (lexically scope) HY Lispo Scheme #& i 5[ 1R E I T &, e B2
1T, B1AS/F I (dynamic scope) #EHLA Lisp HIZARBTEIEZ — o

TREAE AT B0 R XA TR 5 AL B A T SOR Ao B — SRR AL i FA]
PRX AT AER B A PR LE 49 (bound), X B AT LUR S, AT LUK B4 1et Ml do IXFEIAE
HERERT . MRS AZBEAR, FOANERL B b T a7 B4R ] 7 E R

(et ((y 7))

(defun scope-test (x)
(1ist x y)))

FERREFRIE A x &R, 1My /& H Hi. H i A B E AT HET X RA b A R EFFEAAR
LRI We — AV RAR S RME S HIE TCEEH) — 41 H scope-test I, x FIEHLEIHE 2L 45 E /)
fHo 1By FMENIZET2WE 2 X EAR BT Z HE RN o

FESNASAVE R Lisp B, ZARHK Y scope-test AT B HIAE fE 918, FRATEAE 0146 2 ok 01 I
o MRy BB ER XM IPE ERIBE AT scope-test H1o WIRBA K IL, ABHEL y K2 JRMH. X
FE S ASVE IR Lisp B, 68 A y 4527 A X pEno e -

> (let ((y 5))

(scope-test 3))
(3 5)
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I FARBNAAE R, B AAEE S scope-test I 4 y HHER] 7 BAEME L 1o P scope-test I,y
HA—ME, #i2E 5.

FEIA A PR Lisp B, FRATTAS PR [R1 A0 2 R 500 0 T4 T2 8 2 AG AT 2 SUX A eR AL, 8 BT AL 1Y
NI o AE— DA E I Lisp B, FRATIR 1R P2 20 E L scope-test I, &kt y IN4EE. T
LART LATE Common Lisp B EEE] FHIFY LS :

> (let ((y 5))

(scope-test 3))
37

X E y FRER] 5o IXFEMON B A I HR [HEA A 22225000

SRR AT LA i A4 42 17 7 W N special KA 2 3 24 FH8L, (52 38 2:/F F1 352 Common Lisp FERIAAT
Mo SR, Lisp #EXOHE H BRI SISE HBU L A B ROV BAH 2 S 20 O LA
) buge TIRNEVE AR —FhiE AT IR AT B fE N —=IRNSHR], BRI R T L8808 1)
AERIA o

26 HE

17T Common Lisp J2& i i:/E Y, At VN SRGE SCE& A B AR B IR AL, RS0 U 2R B8UE LI ORAF AR
SRR E . R RN —H B RGENHETRNA & AT, AOEEFSEHERES T .
MI44E Common Lisp F27 P UL TCITAE, AR TR REC S T B ANEIAA K . &4 IR1445 mapcar —
NS E AR # 19 AR IREE R AL Bilan, BugI(T8E — i, B — 8
F3F HES A E0N_ EARRIECE . X 1ist+ BEL

(defun list+ (1st n)

(mapcar #’(lambda (x) (+ x n))
1st))

R A FRATARZLAY -

> (list+ °(1 2 3) 10)
(11 12 13)

WRATFAMER 1ist+ HALLS mapcar AR BREL, Wil UL G SEBr L&D L. AR n & H B, HE0E
KB RIS . EREVERECT B — X il M s S S B — N B el . 2

431E Abelson 1 Sussman P2 BLEA T EARE T IIFEFIERY —B s 7 EnEEN A 6. e
A A SRR A R L o X PR A T B A 7 =R T B I

(let ((counter 0))

(defun new-id QO (incf counter))
(defun reset-id () (setq counter 0)))

XA R AL A . BT IR PR A T —ME R A BT AR AT 00 XA T e T
MR AR ARTUN A R RV FIFER SO REt rT LUK — 2 R A T AR ALt 58 il
U SRR [e] Y R B RE A R AR AR A th 2ARAHE B o BIUNIX T make-adder B%L

(defun make-adder (n)
#’ (lambda (x) (+ x n)))

B M RUESH RERE A, S+, SR AU BON B E 2 b AT TR MRS
i B AT RO A X s i -
TSNS (VBRI I8 (UL T, S Fh ey st e —HE T0F, AR HUREL N

A

Hi$2 /2 mapcar A — 214



2.6 7 & 13

> (setq add2 (make-adder 2)
add10 (make-adder 10))

#<Interpreted-Function BF162E>

> (funcall add2 5)

7

> (funcall add10 3)

13

£ make-adder &[] A ARLE A A0 B | AR IR ASH R [T A HY , (B St vl LAAE sOIRRR RE LY 2R M B RS
ik

(defun make-adderb (n)
#’ (lambda (x &optional change)
(if change
(setq n x)
(+ xn))))

XA HUA ] make-adder EREUR [Al— 1AL, AR A & I S N — D280 I8 A HAT AFI A A & —
FERT o

> (setq addx (make-adderb 1))

#<Interpreted-Function BF1C66>

> (funcall addx 3)
4

B2 A ARSX AL AR B 58 — SRR 2 f3h AR E N HB o (9% DURE RS B R — N S A0 1E

> (funcall addx 100 t)
100

> (funcall addx 3)

103

£ 2 AT REAR [ R — e G i — . 1B 2.1 R R A PSR B R AR B . B — R
L (db) , AR IR [E]—A fr i) 3B AT B = P G Br AL 1 106

(defun make-dbms (db)
(1list

#’ (lambda (key)
(cdr (assoc key db)))

#’ (lambda (key val)
(push (cons key val) db)
key)

#’ (lambda (key)
(setf db (delete key db :key #’car))
key)))

K 2.1 P FIFRERN =4 HE

E£ I ] make-dbms #B< G EEH BRI — X FT AR LR — AT R AL, EAHE A SR I
FAE— 5K R (assoc-list) HLIH o

> (setq cities (make-dbms ’((boston . us) (paris .france))))

(#<Interpreted-Function 8022E7>

#<Interpreted-Function 802317>
#<Interpreted-Function 802347>)

B A B SR B OGRS R R ANFUAN R LAY, FRATE A KNIE B2 SRR — R AT LB cities
AR LE R R [ 1 -
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14

> (funcall (car cities) ’boston)

Us

> (funcall (second cities) ’london ’england)
LONDON

> (funcall (car cities) ’london)

ENGLAND

TSR car Z/ AR . SChRRORERE b, sRELUT MR AT REFSBUE 25 MR B e S SR T LARIE T
T3 (50 R AT —— i A m] AR O Y R R R e DT ) -

(defun lookup (key db)
(funcall (car db) key))

TV B X TP AN 2 R A 21 PH A B AR TN

SRR v A AL RN B 5 A A4 LEFR A TE make-adder Fl make-dbms B 2 I EEIIAE 5. 1% B 211
BN A R th RT DAK R AT S A AR it B AT AR BN A B 4544 b

AL Lisp HIAR 22 SARFF SEACAEAE ALz — o IR TN LE TR 193 | IR W] REFE A 1Y Lisp #2783 ik e
THEIHET B H 2 EUE L RNFE L ARLe i A T AT R s I X R S RI1a L 720 TE.
JEELF TR A E R E 2 AT . 8 5 BIRR T A HENTIIE S G R BB RS 6 mE SRS
B TR AUE R R AR S .

2.7 FBERERE

TEM A-Fk 3 R SCER BT, FAT Tt 2 1A — M defun BT BEA BUBRA - 6 A0 UE SRR KU
TEBAZT, NI B /MES U A O IX R £ Common Lisp £, NGEM lambda iE S I PR EL

AR I TR ZE LY, L s B — PR BB A TT R B AT LA e B9 Lisp 1560

> (mapcar #’(lambda (x) (+ 2 x))
’(2 57 3))
(47 95)

FLR AR BN S B A0E S mapear e ? MR E LN defun E LT, FATH A LA 447
fa 5 HE -

> (mapcar #’copy-tree ’((a b) (c d e)))
((A B) (CDE)

(EBAERBOX A R EL S — DL, E M mapcar FITAEHIIRIFARIG R E . FEIRATEY List+ BT H

(defun 1list+ (1st n)
(mapcar #’(lambda (x) (+ x n))
1st))

mapcar 1Y% 2L #° (lambda (x) (+ x n)), EMHESE 1ist+ HIE S, AR E F 2 n 95
FEo EH AT IEHRIE— VI (HUIRELE mapcar 25— 1 PRAL, 11X BRI R 2R R0 E 1Y ) ot 2
EBIHAIE 2 FROTASREM ] — I EH A )7 181 defun & LAY REL, RN IX 75 ERTBEMT ISR E » I HIRAT
WA 1ambda K E LB VAR AL, ROAX A AR e 5 HH A S .

Common Lisp 12t 1" 1abels BN AT XA PIXERY S BR T4 D EETTHA IR, 1abels 2
AATLAEAER let HRERA . 1abels FIAA B IR M UEMVEHL AT & U1 T

({name) (parameters) . (body))

1 1abels FIAA R, (name) K15 N IHIRIAASF i HY AL

#’ (lambda (parameters) . (body))
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i,

> (labels ((inc (x) (1+ x)))
(inc 3))

> 4

EWM AF let 5 1abels Z AP EZEN X, 1F let FIAXH B RAVMEARIKHTF—1 let H
AR 55— AR e — R T RN BB
(let ((x 10) (y x))

y)

IRGINRIX BT y RESC M ARAHr = HME. FHR, 7E 1abels HAE LAY RREL £ B RRELAR Bk ol LAS] AR
B SR H AR R R, (U4 f RS X RE S H R EU8 N AT RE
i 1abels, FATE T LAG H 2L 1ist+ XFERTEREL T (HIX B mapcar IS — S E0E 3 H R AL
(defun count-instances (obj 1lsts)
(labels ((instances-in (1st)
(if (consp 1lst)
(+ (if (eq (car 1st) obj) 1 0)
(instances-in (cdr 1st)))

0)))

(mapcar #’instances-in 1lsts)))

ZEREESZ— DX R — D003 IR E 0 BT HZO RAE TR D IT R (VENFIER) H LR AL, 2
RSB KPR IR LB

> (count-instances ’a ’((abc) (darpa) (dar) (aa)))

(1212)

2.8 REi&B/3

WHFRHECHHE . WRREHHE G2 5 A MM TAE, X FhE RN B 83 (tail-recursive)o
TR A BREUAN R EEE H Y
(defun our-length (1st)

(if (null 1st)

0
(1+ (out-length (cdr 1st)))))

RUAAE S U PR B 2 5, B TSAREERALLE T 1+ 1T R I R RO R I Y *

(defun our-find-if (fn 1lst)
(if (funcall fn (car 1lst))
(car 1st)
(our-find-if fn (cdr 1st))))

DR e i 3 38 A 380 B (e R 7 R[] T o

IR — A N BRIRRE , 172 Common Lisp i # 1T LA 38 B A0 B B 45 (o FH 3K ol
Sk, R AT AETRACAS B A5 5 U RERY 18 1, TS 0480 U bR B8O PR AR A T 372 A B RETT 4 o

MR —ARECAZ BB TG, 5 v LA —M#E H R A E (accumulator) 1 30 BRAUIR A B H A X
Tk e RS TR X, RBEHERE 28, e REEE R B AT LT SA R 0 E. 6
4N our-length A LAREHH K

(defun our-length (1lst)

(labels ((rec (1st acc)
(if (null 1st)

A MR BAREM L ITTR, our-find-if A TILE AT %,




acc
(rec (cdr 1st) (1+ acc)))))
(rec 1st 0)))

HE SCHY PR B BRAE O UE, B R S FIT R BB AAE T 05— 128 acc B i HifT
FIIKBIRAEE S ace FUEARE S AR, A B RGR B E Rt aT LA 1o 8 A0 AT B TR R

REAMA, TAE N L3RR ] RS AT LIS rec R IHIL.

Y2 Common Lisp s #BREMUZIE T OCA , (HIXFFAZ P A S i as R T o i AESR S 28 ) e

B IR BOZAE

(proclaim ’ (optimize speed))

B AL B H T, B PR i a2 B2 DRI O BT B ALt . °
I RAR AR A AL B B 1Y Common Lisp Zwikas st REAE MU T ERE S C P MRS, EL it
EHIIS . Richard Gabriel LA AT BREL/E A FIIE , BN 1 RINE] n:
(defun triangle (n)
(labels ((tri (c n)
(declare (type fixnum n c))
(if (zerop n)
c
(tri (the fixnum (+ n ¢))
(the fixnum (- n 1))))))
(tri 0 n)))

R R IE ) Common Lisp fARSHISGE. —ITHAM XS R il REL A K H 8. ATRER I A7k
FESE A Sl IR T R S s AL, SRR AE L T E AL iR B Y S TR

29 wiF

Lisp BRALAT AR Sl i3l B 14U i e ANSRAR SR AE toplevel R A—1> defun KA,

> (defun foo (x) (1+ x))
FOO

2SS O R W AR R AL (interpreted function)o #RT] LA ] compiled-function-p KA pREE
eI :

> (compiled-function-p #’foo)
NIL

AT AR R A L 4 compile, FIXFhI iR Im1E foo

> (compile ’foo)

FOOo

XAERT LAG I foo HYAE S, HAEZ BT AR AR AR o
> (compiled-function-p #’foo)

T

Y RN DR AT A Lisp A4, & AT ARILEAME R E), H&XT compiled-function—p [ A—Ffo
B ) R A T LA - compile BB RIS — M SHEN AT (BUCRIRGA ERE nil, Bt 2 HiiF
BASRE T \-FRB

> (compile nil ’(lambda (x) (+ x 2)))

#<Compiled-Function BF55BE>

(optimize speed) MY/ M IZ/E (optimize (speed 3)) M5 . (H/&AA—F Common Lisp SEIN, #7fi FH T —Fi = BH , W & 32F
T RIBIAILAC TG — Rl WA 227 A X AL o
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TR EI 25 Hh A4 PR B S0, compile HIBURMAH Y T4i%—> defun :

> (progn (compile ’bar ’(lambda (x) (*x x 3)))
(compiled-function-p #’bar))
T

i compileﬁﬁ%ﬁiﬁffgéf TG R Py AT LA S )18 0 G 13 R AR Zifi,ﬁﬂitﬂﬁfﬁ compile/$ﬂﬁﬁfﬁ eval
L HR R T AR A B, R R e © 2458 2.1 5 BRI T B EH B EUR W AR BRI,
2R make-adder HRHEY RRZH Az T 161, FFARSE AR 51K B compile 15 2T bR
o WM compile FEAJRT W M EVAEEHOA M, M A E o Ay LABEERD, A AR s 2L, S il o ]
o BRAEMRAE Lisp < LA —FHEF  HREII, 2 A T RER 20 R H 9.
AR RN S HOELS compiles MR curi2 (667 TU), R/NRESw I 523 1Al ¥A BRE AR 1 3t
TESCH BRAS ARSI, T toplevel T, WRVRE L—1 7 Let I foo

> (let ((y 2))
(defun foo (x) (+ x y)))

AB 24, (compile *foo) A& NREPRIEIET TAEM. 7 RILRREX B4 4w 35 1Y R A00H A compile, crrr2 f&
MEHIRTR B R-- - RATERT
@ﬁ%%mwﬁ@%ﬁ%ﬁ%ﬁcmﬁh@ﬁﬁ%%@ﬁﬁﬁ%ﬁmﬁhfﬂe%%%4?#0ﬁ@
Bt — 304 SRR GRS A 2 13 RRUAS —— — BB DT, 233 HE A SO RSO A 1 TR Y 2 AR S
& A0 B A — o GmiEid B9 SCHE N3RS | compiled-function—p X SCHF HLE LIV AT A BRAL, 12 1]
{HHEH.

T ) B 3 W B R B 55— ORISR 2 A s BUAE 5 — SR AR LA B R B E 4 G i
A3, AR 2 BT A BR B L Bl 2 i o cur2 B IOA WX — 4700 (BRI A IR SE AR S R

X ARLEIR B e K R BOR T, N SR B iR A T R RIE . 2 make-adder (55 12 T0) #idhiFH, €
Ha il 0] — 1o T R AL

> (compile ’make-adder)

MAKE-ADDER

> (compiled-function-p (make-adder 2))
T

JE AT R U X — F S TSR AR E SR N B AR —FoiniE 5 Sl e Sy, Mo
A R B AR 2 i 7 IR A Bt 2™ AR G i a3 —— IX D e B il o 1B S sk b
HIgmiFEas. (TR 53 TUA—METIE . )

FLURAREA/ N R, ST RES A BRI E TR S XA A T T RE S I P TR B &
FITTEH o IARIRATE LT — R %L

(defun 50th (1st) (nth 49 1st))

FEH A

(proclaim ’(inline 50th))

P LU SR g — i AR5 | soth AR IC TR AT EE AR BOR A T . IR IRATE IF Homik—
AT s0th HREL,

(defun foo (1st)
(+ (50th 1st) 1))

IR 221 £oo HIFIINT, 50th HUAHY B Al i b AT IR IR T IFOR 5 A2

*58 190 SUREE T R eval AERIHR o
X BRAD T AR SO AR S R BRI o X BRI T EARSEBR JEA, s nE R RER eR 2 T AN 2 RO AR T
FEW] A HRTE PR E LR B A AR
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(defun foo (1st)
(+ (nth 49 1st) 1))

—hEe BV, WERIRANTA BN T 50th HYRE SCATTE , AR A A/ B 2 15 £oo , 77U & T R 2 JFOR B ZE Lo
IR R B IR BFEA LA ZAZ (LA 7.9 7T9).

2.10 RBFERHIERE

— 6 B Lisp 77 3 SR 05 R IRT T LR BRI — 0 4 5 AT 2 Lisp B2 19 A
1£ Common Lisp 1, BRHU/R 1 1 91 22 M ] —— 010 B 1 ST (T4 HE B A AT (BRI T LA H B8
PSRRI, N9 2 R4 B IR

G 2B “Lisp B T USRS Lisp R #R Mict, MU 253 — S au 48 AR o BT 285 19 Lisp
PR AR AR S R S0P 2 R PE TS 0 (O FRFR AP AL B, I AL AR PE RS Lisp 2L A
AP ELR K5 AR RT3/ RE S, BV 5 A0 Lisp Zeis 28 RO TR (O RE




G
w
o

R H IR

B —FEf#RE T Lisp A1 Lisp 215 P A iy B — (9 JRUMOR, —— eR 2%, i SR B o AR SRR —F,
CHRFRBER N T BATFr S AR, R E HA TG EA TR T 50,

AEAMIE Lisp 5 BRI —REE T 5 XTI T b BATRES 2l 5 H A SRR AL -
N B RO HE R R g RE T 5, 2 Lisp hIRAT LhE ALX R - R g B 20T R R
[IEIBE AP inaw i s NN PR

3.1 E#HKigit

F R RHE S H AR BN, — AR S5 SR S5 A R S A — 1. EE
FHARAE , B AN A B S AR SLIE & A7 Sk VR AT DU B AT A& 1. 522 HEL, Lisp BRAURE
AEE N Lisp 27 14514

o 3 X g A2 FRE A IR BMETTASZRIE R ST . BIVE ARG B IAMEE SO S (10181 rplaca) LA
MR IRAE (BRI setq). ANREIVEHIR I HIRFAL , RE it 25 5 bl ise, WA it Lisp FEAEA
—FF AR A X X 1Y), (E S N 8] 9 HERS | Lisp FH BRI ELUAR R 2 (A 5% RABFFBORERE R 1] 5.

X A7, E R LA B R R A HAE 5 SR I IR B A T A — R B TR
JR R FA RIS ER A T R I B — T o XA R ECN a2 B R T TRy | T — 15
FANENZHL IR R P ) TTR S AR FREZHEIR AR R

K 3.1 R ERER BRI . CHPI R B, e A B IR HOR [RE 2 TC 7 LAY

> (setq 1lst ’(a b c))

(A BC)

> (bad-reverse 1lst)

NIL

> 1st
(C B A)

BREINIL A, bad-reverse SUF [ Lisp MM ZHL. HHIREAY R, B A HE L2 Ab - oS HIEH T4
AT RIVER, Bir LAE 8 25 s R R B BAR T

(defun bad-reverse (1lst)
(let* ((len (length 1lst))
(ilimit (truncate (/ len 2))))
(do ((i 0 (1+ 1))
(j (1- 1len) (1- j)))
((>= 1 ilimit))
(rotatef (nth i 1lst) (anth j 1st)))))

P 3.1 — XS B SRS Y R AR

RGN IR A, bad-reverse i A H AT 4 B B/R T Common Lisp 38 45 W ME 19 245 FH 2.
rotatef 7 AI LA HEAT i ad A it (B —— Fr iR am A B AR AR LE ] LIVEY setf S5 — 28y AL i, 24
C RN T A S SRR H e A .




20 %3 HFAHmiE

5, 18 3.2 B R ELREIR [ WU AH B 9 913 a8 i ] good-reverse, FAT IS 21 A1 [0l (B2 FRE] I
FrlE BB M 56 1) 2 R B A g

> (setq 1lst ’(a b ¢)
(A BC)

> (good-reverse lst)
(C B A)

> 1st

(ABOC

(defun good-reverse (1st)
(labels ((rev (1lst acc)
(if (null 1st)
acc
(rev (cdr 1st) (cons (car 1lst) acc)))))
(rev 1st nil)))

P 3.2: — AR IETAH B 515 1) R AL

RN AT ARYE SNSRI W — A NRIERS o AE XD UIER T AR5 R, HEXT Lisp Kk,
X BRI TR . R AEMG SRR ARRINE . R R 58 22 i REX ESE
MG R IR, I H R T 28R40k, AR B R A4 o 77 T A5 BN R 8. M AEE
BRI AR _ERAT K s o s A SR I S 4l Basic 16 & St2— 1

Eﬂ@@@ H"]%iiﬂ: , M bad- F good-reverse %/I\IZ&%( El/‘] %%&ﬁﬁﬁj\?ﬁt%ﬁ‘ﬁﬂ%o 734k ,good-reverse
AMUEEE ISR O(n) A O(n?).

(KI5 Common Lisp L&A T NEH reverse, ITARNTAT LA H CEIE . A& L2 i T fiF—
FIX AL, RN E AR R iR H—2e R B TP AR IR . Fll good-reverse — 1, N E Y reverse
ERHREVE TR, MEAE MBS S H52] Lisp INATATRES 1R LA B4 bad-reverse AR T
RIVE o ISRk Ly > FARAEAR P BRI 7 i) — PR R A T eSS

(reverse 1st)

ZEREARAT BN AT 2 R AOR B ROR . 52 1 AR BT B2 A AR R AR A A R, il 00 3
A E A O il By RO i

(setq lst (reverse 1lst))

W reverse IXRAFAVERF YA W E BUR [HE, AR FHHEIVE I« /R B O BRR 7t 32 FH X R XUk S
5 — MR R A AL TR RN AR S i TAERE S A

TEHH bad- il good-reverse N IRATIAZME T — 5t AL /& bad-reverse B cons. T X 1H 715
T (HAA KSR R B3R o TR LB 1Y, IR A AT REAERR e O Ho Aty ik 23 FH B a7l (2
TROE AN AT RELAUX L A X Fh TR 2L, Common Lisp AL T—1> O(n) HIFRA nreverse KK
SULITSE R 87N NS

P IO P R AL 2 AR IR BB R AE 25 C RIS R eR R RIS At , A DA e 50 it 2 3 IR [RIE Y J
LA ARDIUEE nreverse F<x [RIWH ARNE A ZEUL L5 E R FIZE  AEAREV N B R VRAE JE AT 7ok
FIBIREE T4 FILART—FF, 3805 Ja 152 ARl iR M {EE 2. R RER

(nreverse 1lst)

GAERELR], SRR BUEMIBLAE 1st FIBUF SRR 1o FERZBSEIN W] AR 2R T R SR

> (setq 1lst ’(a b ¢))
(A BOC

5 164 TUH—MRIBAI B




3.2 o 2% X%+ 21

> (nreverse 1st)
(C B A)

> 1st

(4

FRFLIESRIY— 2R R AE 1st IRZTIR [0HE XA JEOR B reverse &Y.
IRFATIIEREA RACA B X AR A e TR EEIER . B2 AT A BB
PRELZE NBE N TRIIAERYEN G, i,

(nconc x y)
JUF S 2 A

(setq x (nconc x y))

RORMR L RS B AT /T AR ERTLAE R TAF. SR x 9 nil B, S5 Rt A
SUR /DR Lisp #AERFRIATIR N TRIVER . — RIS, W EBAVERF AR 7R A EBOR [ E R . A
%WWHJ%W&%&WWMW&@&%%?%&@oW%W%%@Wmﬁmmﬁ@ﬁ@mwmo
XA RN E SRR LE B SR ME R Y o N b R SR AR B SRR AL 2RI VE o T B A
BRI AEA .

FRIE A S IBAT REEAC L[]0 AT AR S0 D R 51 R AR

set setq setf psetf psetq incf decf push pop pushnew rplaca rplacd rotatef

shiftf remf remprop remhash

WAL Lets, air & AR P A H IR H b o AEIX BL2ROA19 H  6 FHIX Se 34645 10 H I R & BUR 3 R AT
f) Lisp XU, AN 2 AR E G . SRT, SU— Ik AT LEAR 2 25 FEVR T o

FEHARTE S B, S ERIVE ] B f i 5 R Lk — > BBk [0 2 M 153K e R R U REIR 8] —MH,
AE AT A B SR SHOk <R B HARE. SEIsf/2, /£ Common Lisp BLANMIXFEA, AL R %L
HBAT AR B 22 4H

ZEIRN , N B PR AL truncate J& [ IME, SRR B R, LN JFORECTF 1)/ NGRS 730 ARSI A S L
S ANE A XA SR A P BT IR 1]

> (truncate 26.21875)

26
0.21875

248 7 AU BB A T A 5

> (= (truncate 26.21875) 26)
T

I multiple-value-bind, i 7 AURD FT LUHITE R AMEL. B2 — DR RFIR P,
LUK —BOREFFAR . AR RN E 21 o 0 B B [BIE T B Fr A 2 (R HR B 5E i B A R AH

> (multiple-value-bind (int frac) (truncate 26.21875)
(list int frac))
(26 0.21875)

e, N VIR Z A0, FATE I values #RAIERF:

> (defun powers (x)
(values x (sqrt x) (expt x 2)))

POWERS

> (multiple-value-bind (base root square) (powers 4)
(list base root square))

(4 2.0 16)



22 %3 HFAHmiE

— Bk, RAG A FEA RN B XF T Lisp RULCHEANM, [Ah Lisp AR AR o B2 3CFr 17X Fh i
FeJ5 e il reverse fll nreverse XY PN EHAFRF B A T LOX R T A S AY o HAREBRAERT, 4]
4l values fl multiple-value-bind, /&4 | 8 T 47 R AL & [ 1EE (LR

3.2 WSMNEEIMGSK

PR e A 9 TR IR L B 0 TR U7 2, Bl e & AR FP AR LU P RE RAS SE A i — 2. s BRE 50
IRERBEA 2 M-S AR SRR E AT 240 REGURFU R Bl a f x 95— ITRIFIT
Tl ik 512

(defun fun (x)
(1ist ’a (expt (car x) 2)))

iMan A URE P W 2 “HUS x RIS — DT BT I5 AR I i a M HAFJ7 4 51567
(defun imp (x)
(let (y sqr)

(setq y (car x))

(setq sqr (expt y 2))

(list ’a sqr)))
Lisp 27 S0 52 7] AR I ALX AR T sOR B RE . FELeih 5 a6 T i & U ie — JUH S Basic, LA
REBWEGET . FE L imp HIE LMIZ AL Lisp S e fun A HIHLEE S R AR
RESAG I dm RE R, AT A8 5 C 5 IXFERAALIE 2 X T2 SR UG, A 1EE = M BSAB X 4 [A]
o T EIRATAYEARFT i B — e 30T 6 & 20 5 AR 9 NSO C & T 10 1 A & A AR TR S8 2% 1)
LT H SR 5E o P LS MR T A S . WRA —FE S v AR — 2 07, X Fh B 4 g 2
FAHI TEIRAY o
X T HARTE F B FATR UG, MITT4A ] Lisp AT REAGAI RIS AT VKIZ ARRE . 558 BAEVK b AR T iy b B8
BOATIE — %o A FRVKEER)IE . SRR XIS S A B S RSO
TRVKEERS TR AT L, M BRI AERT Lisp HUESGE—FERT o X REAR PUAE — S LEARBEAUHE RS 5, =52
e HAPRIR T LS T 55— M e IR 20T 08 BB VR TC AR 2 X — e 8 Lisp /85—
B 5 2 D BRERSHA 2 27 2 e T eR K A XU SR G R
B, AR R B R AR P 55 o TR IR AT LA X —pes HT 31 5 4 AR B .
AALVERFAT AR R XA AR, — 1A B AR, — I it 1o AEIX 2 e — B a), R A REJI A —TTF

g BB B8 A AR R A RE P

XA R RN R B S AP H IR — D BB SN R 1 R B o ZARE B & = URE e
AR EERR Y, th A B MM B — T o LEFRATAE imp ESEE— FIXHEIR
FATE R FE RN E R 1et B y F sqr HIOIEE . XPURERE MRS H . SGIsTHII eval ,%‘%%
ARVA AL R G AR W, E AT T R VR AR FP A9 RE IR . X 28 e i A AR P L, AR E R
ET, AT IERE R B 48 M 25T
AL RATE I EAF R EAN], BRI L. SR BiE & A 1 FE , 2 s B 7
SNERAENENE . AT — e SE 1ist B9, AR5 R 7 1 H A 40 ek 2 — ki 4 —
A2 N BB SNEIIER  FRATTARSE T AT (O TR] O B4, s AR IR A TS e BT A2 O 7, SR A @il IR RE
MEE BTG, B AT sqr Bl (expt y 2) 152!
(list ’a (expt y 2))
RIFIANTH y B (car x):
(list ’a (expt (car x) 2))

BAEBATAT BRI 7, RO i AT A WAREE] T i)e— MU . A M d iR
MR T XA y 1 sqr AR, IR AT LHE 1et —EEIIHERIIHE.
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AR HTT A6 RO BN i HEE i R JRUSEROACRD B, AT e & B304 (List ’a sqr),
AT IRE Y sqr BUERY AL . BUAE IR BME AR I MG S @R R B —HE— ST AR

AREE XM AR H I A EEAR W DM /. S8 b X TR B RO i s AN A R —
SEA RIAE A R AL, o n] B A A RV A B ER i AT T L&

3.3 EBHE#AEO
LRI VR P A SR . A R FTEIR RER A T ncone

(defun qualify (expr)
(nconc (copy-list expr) (list ’maybe)))

HEBRABIARGIHIEW. 2 MRIREF R AL 45 E — D HE NS4 IR E B EHE 22 A (equal) HY.
M E B ERA , qualify SEAITAE R EACHS — 1. (HIRMTABEX bad-reverse (57 19 T1) FIAFERY
TR XA B S B T B SEL

MR A BIVE A AA ER A B35S TR A TR Le il il & IR S AT TR
KAGHERY o AT AR IR, A0 SR — > BB 2O 2 H AR R B A A R AR VY, IR A el & T HERT . Flan,
qualify HH nconc MLETCHH, KAENE — D SEHIFNFEF A . BAE TAETHADKEL

W AR TR BN B K RN, AR A W A A &R S5 eR B, 1 i U A0 A 2 R A 3N
UE X IR HAb R A A A x,

(let ((x 0))

(defun total (y)
(incf x y)))

B R S AR TR PR Z o fr DI 2402 . — 45 R (invocation) P A% 42l
B EE— AR,
G Fa e Z RN MHE R A e 4 IR Lisp 19248, /2 R A I T A ARLEAE DR RHEAS B RN R HE
HAMALAEANZHE R E R FURE LSRR REHEROZAT b “BIRE” BIFREE, LR, (Han
RERBUE S AR P25 EATTRIR R BRI TR e A 2R A PRS- 45 1K L8 R AL
BN, R T R RO T T X AL
(defun ok (x)

(nconc (list ’a x) (list ’c)))

EEPTA nconc FNEX R . HT nconc FHi K B F 5 L2 FH AR AT, T (8 EOR 245 ok 1F M
ZHRIIBA 3L T LA ok ELRIR L ok Y.
USRI — L, Bl

(defun not-ok (x)
(nconc (list ’a) x (list ’c)))

B 2% nconc KA TS BEMUL LS not-ok MIZEL T .
W2 Lisp FEF BOAESFRX ME W], 2048 R LRI R, EMIRATN ok AREAZIR, SRS
HH AT MR . i HARLEE BRSO I B 2 R IR 2 2 iR BGUAE BI R
ARG IR SRR REEARS RN 5 e BB REAUAS E AP X SR A AR AL =0 5o
I, JRAE XA R RIEH],
(defun anything (x)

(+ x *anything*))

158 AR BB AR 38T 42 ] A8 Bt *anything*o K, A0 SR AT fa) 3L o £50AT DA SR 34 22 4 /48, IR
7, anything S A] BEIR AL EE -
PRTLITEWIHIE LI 135 L.
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SURAAE S Lk B R S UE T B O RIAR VY AR , IR A AR sl A sk T AR 28 R 2 A
RS T o MANFER, — D2 LR A 544 1 R B DA A R BRI 0 iR A E — 2808 1
W AR Y AF BN RIFERZE R . IEWTT — B A IR AIRAE  IX o B eI _ERR i v f B 22 A A R
53
BEIPE RHERAERF IR A A [, 2 A2 R AR e — RS B P Y R . MRS R A ARSI, 7T LAGE
Hokg - A2 FE H IEAE R S 1Y BB 7, BEE R0 AT 7. SRR ISR E M AE 2 R 2K
I XA EAFAE T o VRSB E T BEAEATATT — 37 FH 2
TSRS REORIE R REAS BIFN R A R B AR — R R SRR R S T S A TR B B it
Bt s £ WH T g, W0 F:
(defun f (%)

(let ((val (g x)))

; safe to modify val here?

)

1E £ BHUHLEZR VY necone F val b ZE4 15?2 IR g = identity FITE AN G2 4 IXAEIRATIE 2 T FE L8
KNEASEALL £ AR,

FIr LA s RS AR e X M UE B ARy IS EAIAFE R £ ZIMIAR T, BIRELZHL—L& (Hih
MAEBRRARZ BUERNTA N EERE P A A RS, HIE% & £ THRRTARRR T 1.

L2 — R RENZIR T R RE R S AR T o AU isioR , k17 24 3 5 5 AR LE AR (M4 25 5 | AT 5 1 R
o WMRILNTIXFEE L exclaim, LEE AR EMEA S — D5 %1%,

(defun exclaim (expression)
(append expression ’(oh my)))

AR AATAT J5 2 B X IR B BB A 2K

> (exclaim ’(lions and tigers and bears))
(LIONS AND TIGERS AND BEARS OH MY)

> (nconc * ’(goodness))

(LIONS AND TIGERS AND BEARS OH MY GOODNESS)

LR A RIS

> (exclaim ’ (fixnums and bignums and floats))
(FIXNUMS AND BIGNUMS AND FLOATS OH MY GOODNESS)

BT R exclaim FYIXAN AL, B M 1% 5 ik

(defun exclaim (expression)
(append expression (list ’oh ’my)))

RO BB [E 5 SR (B X A W EAL A 51, RTAR B2 R ITHY B AL 22 R IT a8 AT LA S A BT
AP B A& S LB 2 T a0 B B 4 A I LAY o

UMb R ROZ AR RS AL B T WA BIAME O, R A BRI E] T 5513, AR ZAE DL, iX
LEA A e ] LAHIZEML in (103 0T) IXARATZR ST -

34 REAXRE

B U 1RGSR KR — R P i (BB IIFALIE A IE T . Lisp #2175 458
SR N FRREH KA RN R B RIE B o AATIR X K2 RO LR TR R o £E Lisp FUBHAIME L,
PR P BE LAEIR] 5- AE L S0, S UL R, 5 AR e A R 53-8 O AT 52 o

FE Lisp HLHIRR P AR (8] 5o ARZAR EAEIZ T AT WLAY , W] AR Bl A g8 e AU AR I (HUFE B LA R
LA Sy Hm SRR o ARANTE B MR PR — BB 2R P o AT LATE toplevel 3R 11T 1%
MR AR R AR B AT
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FEEMNKAR T A, O T SR E | Lisp XASHREZ 2ot R XA S Y BORE 7 7T LA R 2t
B, N RO, R EEZM R HAh, sREEUXRE thAR HE A 1 I LA XU 5 H
AURE T LAZAS R AT K S — D RS B A SR MRS AL bug #R& 7 FIEBUE . X
B, BRECR N ST S e — IR TE R B AR e {E . N ELR [MER VR BT, VRt 5E 2 T LME(ER B g A
o

FEL EALEH Lisp R Fy 51 /i bR TT AR P 2 T I

1. AT A R 20 B 20 A Tl B RO AR Py o 5 22 A AR 1l LA ol o MU
2. QR A RB AT A BIVE R T 2D 28 INESS T R
3. MR REUR T — A Y 8 R R DD RE

— ELRRBS% RO RIS S, R P G Tl T LA — A AR AT DO B L, il 1, b6 55— 210
DL e IR — Bt % ] LR AR A B R s 2 WS A o

£ Lisp B, — T LUEGF T [l . S8 — 1, i Rigid R i, MO )5 BRSO , 7 5 HIEIR L 2
o, AT AR R RS o B AR SONTIR B 5 TR AT, AT SRRSO e X R EAT BRI
UG L JFRR T — D S8 AR R 5. 18 Lisp W, R BTG R 3SR /R LA S
AB AN AXT IR, RIVAS R [ ST A okt — AR A R I RCR . AR S URB OB IR P 515
BB RS E MR

XAt BB e G AE SRR YRl LA g T I )T Lisp, MHAMTE S 1, TP 4w fl
AL R TR PR A R IR I R o (ELAE Lisp A 01 S0 - SR R K, L 28 RSO — B0 R mT LA —
IR I EINR i GAR 3 M A5, S ER A AR RE ke MR L %R R R S Y
1511575 R Sy 11 S 8 R T e e V1 7 S = o o M w2 = D K S e S NS
75 Lisp B2/ 2 20— E R B _E M HZCHI TR - SEBLRY BT A KUk AR 1 HE ok

55 1.1 TR T E R BRI R DM A R X R R RS R B R A R A A )
o X7 U AR BURE ARG A 0 AT IR B BRI — RN TE S [, VRt e R,
) T HCABAE 35 AR AR B A bug B VREER LAY bug, TIAZIE S A S Y

MEEAR BT il 5 A BE R AEIX — BAT: [R] IR RE #2 FEUB AT SR BENL AR 2 35055, 7E Lisp HARTT LA AR
4 LA B XS S B AR, H AT R, AR AT LIS 2O BT B 38k, i E AT A A 4t
KU REWA R A AT EEE
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FH R 50

e

Common Lisp #AERF 78 =28 0] H 8 LI BRECF 72, AN RE A 8 SLIRFRE 5 (special form)o ARFC
PRAE H ERECRY i Lisp MHEIAR . (HIX B “BA” FHE T IS SURK—FF. & TIXLepR £, B EE A 2
JEERES | IRAZFE MM R 95 Lisp 9 R FH B EOR TR 9% S HAMAEAT Lisp 2R ELRT 4 T HY
BARKEV/NF . 95 Lisp ¥ BRADEREAET RIS EAT , MIAETHREG 1 4.

41 SEHTITEMESE

HElE) BRI, R, SR AR A TS AR < B ORI Y Lisp T BOX MR R — A1 E
FEFF, A HLAEN Lisp S ANARLERT ALEVRTE FP 25 50 S B IR ARA AT o IXBEFH R AT AERR N 2 0 T B
“SCHTHE X ARIEHTTHIAE Lo AIBA—BARD, AR E A 7 (RE e /N 1 A B0
Ve ERE R B — 00 13 X B SORE 1 iX IR rT LARRZ R SE R o 28R A5, BH e R AN REFR
FEH TR AHRNHIH TR E R Bk il LA K2 A0S THA Lisp O A WA ZIRAE L. 5
52 1, % Common Lisp P & BIRVER IR E SCH T H. T HCES L Ara 2 54 R M remove-
if-not A%, fEC /%A Common Lisp 53 LA, AR ST TRA T B4 H 8 L T 2 4F
¥ E S TR S HUUR Y SIS BRI 27 i 5 S TR, AJRA ERFIKTE
WG RS 5 R B [F I WAt — iR 5o 0 7 U — A0 IR Z0UE 7Rt — TP REF AR e
R A ERF RS 1o ARDIMBESE A 2] — DRI, W, H SR B E R SR A, 7
BT ARIZ nicknames SEIXFE— PR, Bz — &7 IREHE H— 1 F13R, SR X >4 1T
HHEMRA R A TIXAREL, FATERMIE— DB FFN N B BTG WeFRIE? Lisp FIRIFE I RES S H 2K
(CERRE-¢
(defun all-nicknames (names)
(if (null names)
nil
(nconc (nicknames (car names))
(all-nicknames (cdr names)))))

A A9 1 Lisp B2/ 53 AT BE— A 2R FERY s Bt Ul <M, SR FLIE AR 2L A2 mapean. ” JA)5 , AN FE
BEAE S — AR HoRE AR A ERR , B B A0t 1

(mapcan #’nicknames people)

7E X all-nicknames 5C2 Bt EE AR T BHREHEA XTI BRINWZRE T — M4 AR LA
P R ERPR B S O R 2R T 2 R s AR LB E

XX A7 AL, AT mapean AFUMAT. (EMTHIE mapcan A AERE] all-nicknames Ff#f< W14
SANKET MR EARAE F R TR LR P 7 TS 47, S A /D B E AR OA 5 R Y INHBE , R 5E15
AEFIR e PR RREB RS VR B EAREL AT x” BRI, RIE x %A 4.

Lisp i U EORZ — e — B2 s BOZ i B HT B S TR . AR H AR5 X 28 TR0
AT AT o ABGA towns & IR AT 51126, #% ML EIEHEY , bookshops PREIA [l — M i Ar
AHIERIIZ . MR AT B — A BIE AT, LOSGZ T BT AT RE— T I 20X B

(let ((town (find-if #’bookshops towns)))
(values town (bookshops town)))

27
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HRZEFEA A KEIE: Y4 find-1if $F]—1 bookshops, IR FIAEZ LM, X MAMEE RS T, A5 S
R R W1R bookshops &P HREMT B R EI H, T2 50X ol = BE TR AR . AT
WEG ST ), AT R T B R AR
(defun find-books (towns)
(if (null towns)
nil
(let ((shops (bookshops (car towns))))
(if shops
(values (car towns) shops)
(find-books (cdr towns))))))

X P (find-books towns) Z/PREMFHIFRATEERIL R H AL TARERTHE . HER2, AT
ARSNGB R X BRI E E AN R — L H T H, BT find-if Al some
HIhRE , H HREIR R4 BR A T R AR eR £ IR [E . IX AR — S T BT RERE E Uk
(defun find2 (fn 1st)
(if (null 1st)
nil
(let ((val (funcall fn (car 1lst))))
(if val

(values (car 1lst) val)
(find2 fn (cdr 1st))))))

TEXE] find-books Ml find2 Z B AR L. AU, Ja Al LAEVERT B SE MR e RO 45 R . BUAE B B4
FHSH T ATt AT LU A2 2R R B 010 B AR 1

(find2 #’bookshops towns)

Lisp Zife A —Ml—JC —HYRHIE , w2 M EUENE NS AU s 7 — P EER A X E Lisp B T2 RN
T B R ERR PR B R o M URREIE D R T B2 AT o eR B 2R i R O, VRt T LABE 42
Sy MG R TR H R -

REFPRCT BT TR — I IR B A AT X R GO D B 55 8l BTTLIRAY A 2 — i D124t
R EIAT N G FEAEACRD BT o 55 35 UM BRI, AT LP 58 U R B A (B A U — A A —
B ANUIRE S R BR R AR AR L i ISR L2 E . AE Lisp HLn] LUGETS B — 28 RO FA TR
LABHEEAN R BN NS . RT3 FATHRA % FI BT R BOE [ 1 A R B SR BN
WA R AL BARER — 01 BEATH A HUE L mapean, 28 /M 7 IS 17— HrA s TR
find2, (A E(TEAR A EEAR JEUN I — R A9 5 HoRE I T B0 T RIRAE — 2, AN insE SC— s AR R %
HIHES VA S

TN SRAR R X SR R R B AR RERIRR T . B AR AR E) B R A AR PR A ME— 7 2 (H A
FEA o AFE N 32 ML THRE A7 18 Ml US4

42 AR

AR A A R R R, A 24 E AR R T B A DU IE . S S R4 — MR TS R
JEROEE . RIS SEHE TN R Pl e

MR, Hi'E S TH AT A — i % o 18id 4l £ind-books F /i find2 XML T A,
RIS EIRRRF AT RAS A2 o ABMIER A B BAT 408 1R, OS] TR AR EER] LA
A YT A RE AR Eo

HEXF Lisp B RAVEGIA SIS R ST BRI FBre SEH TR Al LU SRl SCPE B EATTREA 24
M9 S RE P I B ATTAVRE 7, A2 A 255 A s B AU I e A it 2 o

SRT AE N — I o, S LR R HEAIMI R . CHERER M PRBAGE R, BT B0
Z R, Bt MBS IR s ReR 2 ARG 2 i i fad o BRIEZ AN BER e ATR B — Y
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S TR E S G e, AR UCE IRTF L8R e, MUEFTH A BT A ST 1, JATAEE

TR WRARTE R 1 — LEFHRA R R P A A B b, (HSOR B & UR E HAtL 7 & I8 REF £

AT, AR SEAR (B URIE BRI 2 AR ERR P UE il 58 LUR QRAE H M RE e B ) 31 1 2t

BRI, mrT DHE AT RE R T2 S TR Z 1, S8R e T AL .

find2 JX S THA KIS — UORERIR T o N 7 FT ARSI AR SR, JRATSZRIEE] T 7 Frllead o 1X—58

TRAEE AL AR CU R A T o Guy Steele 53, ZfE 18 5 MiZ IS FATE SR #9 B S8BT
------ FRATMB R T ARAE — P AR AIE 7 AR WOT A 5 B I S B A & AN E AR B LE (FRiX
BT A “FEAE FRRE T EOR AR AR A SR8 . S TR S B Rk, B X
DA RN RGE T 0 FATTA I A RA AR, 7850 R Rt T 3R E ] — 245 <+
WA LA E o Bl — R gmRE A IS T R, QRIS A R I RE L HoA SEAE B AY VA
PSR, S EE R,

FEAEMTIE S B BRARARVFHPETHY SEH THARREE T AL A WX X &7 AR A ] 1R 5 5 DR R A o

e 8 5 A ek 7 AR e R R o MR FRATTARRNE — D FIFIE A 57— PP EAC, JFAR AT Lisp Ki 5

fEHATE H

(> (length x) (length y))

TSR FRATTARAE — > RS £ LA 3R b P RERIRE AT X LE 51 3R S8 R A s

(mapcar fn (append x y z))

X LB i 4 5 S RS TG IR SOV E L, A0, i A E R SR MRBCR AboE. — RS, —

B TETH ML TR, EBa51 9305 HEMR ARy iR TR A SSRGS 3,

CATE RIS H B Ry S T R

—HI ] T HETRE RN IR LA S . (HENTEAEEEAEN: RS W . HIE

BRI A B 2 BAES TR, SRR R 1A T A& A 2 SCR IR X E N2

AREATEIACAAT TAF 2 BAR 2 TEMM B MATAE R T4 7 S5 2 AR, g rhsh i

o FIFERIR LI F R LS AR . —BEIF T — DS TH  IRTRER IS 1 {6 A

(EXER RS

FETORRYTE TR 20 LR S R AL BT A REMA SR R T LABIAZ Lisp A2 TR AR, JA1T, 1% BAF

Bz R FTA S TR E AL S IR T E MR AN E

43 FIR ERYRIE

F R A T 2 Lisp F AR . F558 E, “Lisp” IX B FHiok [ “LISt Processing (#3840 2. it
TEANEROX RS T o Lisp BRI Z 8] 156 22 H/N EE Polo #IAXHI ThEK (polo) Z AR 2 B 2K/
— A ) Common Lisp #2177 B AT BE AU A P R A EREE o

EINM, 2 ESIEI B AR TR . IR  AEIs TR 51326, MH AT RE S A5 4w 131 A ik
TR K513 U SR A A Lisp 75 BHORI T (H RS XS 7 3R 1 & Fh 4
139872 Lisp F2F7 I B ZZZH K EB 53

Bl 4.1 1 42 BALHE T —SopE FIAG & ISR 1 SR A ARLEAE ] 4.1 HP2h HE 12 S (A 15 0 S s/ NS T
Ho AT W RSN TR, ROZAm e 145 WA inlineo (ML 17 T7)

B EREUE 1last1, BIRFEIFIEN &G — IR WEN last BRECHSLIR BN EF R 5 —1 cons,
MAER G — It R ZHUE  AMTEGZES (car (last ...)) BT EORGEIHEG — IR 27
A ENXAMENE — DS R NE? 209, AR BT LA RO — DN BT A RS E
TEMT

HEE 1ast1 AEME RIS, — RIS, A B E LRI AT ARG B3R &N
TS BE TR A BEE . AER RN /N SEH T H EAUET S R A A E S 3. PRIRATIA
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(proclaim ’(inline lastl single appendl concl mklist))

(defun last1l (1st)
(car (last 1lst)))

(defun single (1lst)
(and (consp 1lst) (mot (cdr 1st))))

(defun appendl (1st obj)
(append 1lst (list obj)))

(defun concl (1st obj)
(nconc 1st (list obj)))

(defun mklist (obj)
(if (listp obj) obj (list obj)))

K 4.1: BRAEDIZRAT— 28/ R 5L

(defun longer (x y)
(labels ((compare (x y)
(and (consp x)
(or (null y)
(compare (cdr x) (cdr y))))))
(if (and (listp x) (listp y))
(compare x y)
(> (length x) (length y)))))

(defun filter (fn 1st)
(let ((acc nil))
(dolist (x 1st)
(let ((val (funcall fn x)))
(if val (push val acc))))
(nreverse acc)))

(defun group (source n)
(if (zerop n) (error "zero length"))
(labels ((rec (source acc)
(let ((rest (nthcdr n source)))
(if (consp rest)
(rec rest (cons (subseq source 0 n) acc))
(nreverse (cons source acc))))))
(if source (rec source nil) nil)))

P 4.2: BRAEDIZR AT — LEBOR R AL

> (lastl "blub")
>>Error: "blub" is not a list.
Broken at LAST...

X PR 1ast AR SHTEE] o 450 TEMUBAR/ N BATMIT A6 & 28 A6 BT UG TE BB R 2 o
TEQTR LA W vk AR , ATAT EA—ER BT R Last 1 IXF S TH T ELAE A E ARSI H 185152
single BRECHIII AR TR N RICR ISR . Lisp FE P40 T5 ZAUX AL . 7E—HFIa LAY I %
I RES B TR BRI ok

(= (length 1st) 1)
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WRE BUENFET MR A A8 H B —F e RIS — Do R, AIE T A R ATERIE
At T .

1% T K AZ appendl Ml nconclo M PHEAETIRLE RBAME I —MHTCER, AN JEE RO IR XL
BESR/N ABRAR T L, Bt LA A B3 L o T HAEIE 21 Lisp 775 B, #fSCBLHUE LT appendi.
NG mklist, B (2/0) 7E Interlisp H& DATE L T B HEBEFRE N RITZEYFE. RE Lisp KK
B S BB 2GR B — B — B, AR B 2 MBI S5 . % Lookup MR IXAERT AL, [F]
B, data ;& — P13 FATHEIX D R EUR XY H T data FEIFTA TC R, BRR SR EGER S IR [BURE R 1 45 5% %
JEEAR R R . AT LAXFES

(mapcan #’(lambda (d) (mklist (lookup d)))
data)

4.2 B ARSI T o S5 Longer, N8B MECH 1 MR TERE 6T, B4
AR e BRI, PR — P KRR AR T, 24 L A P K BER | 55
GINSRE R ERCH

(> (length x) (length y))

IRE B 2 B MIRRR, A2 A B LERR 7 K2 il T P51 3% . IR — Do R K i i 55— 1,
AR 2 A8 B AT AT B9 A 3 P 5 R R 08 DY o 1R Longer ARFEAMTT HIFAT b 7 i 4>
PFoth—L,

HAAE longer HLIHIFE MR IHERE, B T MM FIHRAK L . FN Longer A& MR HLAHC R, BT LA R
AEH length HIWHC RIS, BHFREALHE o (R IFAT I B A /0 UG T80 3R it LAIX A P BB R £
YWD SRS RN AT LA A -

TR filter, BF some HR RIS T remove-if-not fil find-if Z[B]FK K. HEN remove-
if-not HYIR BB A FEEAE R 25 R — 1 RIS 8RN odr (RIRAE LS find-if, RN 55— P 2%—
HHAR—EHE% ,is‘ﬂ‘iﬁﬂ H P 3 [EME R E R 3t 2 remove-if-not ATIR [BIfH. 2 MM, filter 1R [E1
HZH1 some RIRAEMAESZR cdr ERTIR BHEAG K :

> (filter #’(lambda (x) (if (numberp x) (1+ x)))

’(a12b3cd4)
(2 34 5)

RAE4E filter — DEREUNI— 1 FEE AR A B AL E AR FI R TC R LR M AEA 2 S AR Bl
WK MRS B EAEN filter H CHIIRIEIE.

R filter (] 7 — D 2nas, E I LA RIS 2.8 TWHIIANRi% HR B¢, SLhr b, 5 Rk
VPR ELH) H A2 LE AR RS AR UP AN £ilter ARFEATAAD. XS T filter KL, X P EHATIEAUE L
L R H 1 B Ok AR AT B o X121 2R 1 AR RAE ORI, filter A€ L H Y push Fil nreverse & &PRitE
f) Lisp F o

K 4.2 WG — 1 B AT S 3R T 91 3R R4S group — A3 I FI— DT n, A E KR El—
ANBFNEE, hAZ 1 MTTRIEKEN n T RA R SERAENICRBGERE— TR E . X
FAIZEH 2 VRS A28, FATT S 2] — 4> R B (assoc-list):

> (group ’(abcdef g) 2)

((AB) (CD) (EF) (®)

N T A8 group TR AT (MLAR 2.8 ), IX DR B ISA Le B IR o PRl ST A2 B BE AR S B ) LA
RN R L EEXN TR RN MEHE &N . 514 flatten IXFEATRRET , MR E HHY
RESEBUT SO IR VA SN B S8R, — BB AR T 7 an R B3 VRt il LA BEA 2L
RNENEE BB HRARARE E o IR EFIMARISIE/ N, T LB IER A (R PR TRk e
M A RERIT N (group FHE 4.1, 4.3 T H AR B AT AL RRCAS T 22 W A3 5 56 268 DUHYFRTE . )

group & XS AN FEZ AET EEDRE 7o RS 20 0, A8 A AUt 2 fE A TEAR
IR:hpCE R
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MEEFP RSB, AR NN G 15 1 Lisp SLEZSE: (7T Z AL A H TR, R AR AT BE
MG Lisp 405 o B2%5 RERIEE LR RIIHE , group AL AET A M, I E 22 b, XA R ECRFHK
LA A SR T R e T

(defun flatten (x)
(labels ((rec (x acc)
(cond ((null x) acc)
((atom x) (cons x acc))
(t (rec (car x) (rec (cdr x) acc))))))
(rec x nil)))

(defun prune (test tree)
(labels ((rec (tree acc)
(cond ((null tree) (nreverse acc))
((consp (car tree))
(rec (cdr tree)
(cons (rec (car tree) nil) acc)))
(t (rec (cdr tree)
(if (funcall test (car tree))
acc
(cons (car tree) acc)))))))
(rec tree nil)))

P 4.3: DRGSR 515 T A

& 4.2 R ETA BRECER 2V E ARSI R I B L2 (top-level) 544 Eo 18] 4.3 25 H T WA FREZHRE S H 1Y
PREURB. BT flatten, /& Interlisp THAE LI EiRE H—FFRH I PTG T (atom) , 85 & TC
EWITEMA R FIR B

> (flatten ’(a (b c) ((d e) £)))
(ABCDEF)

Bl 4.3 HEg 75— DR g prune,'EXﬂL remove-if HYE LHLH Y T copy-tree zT copy-listoe Al
Ui, BN i F] 155 B

> (prune #’evenp ’(1 2 (3 (4 5) 6) 7 8 (9)))

1 @ GB))7 9

AT PRAGR (B LA R 1

44 HE

AL H L TR R A REUR B L Common Lisp C AL T 325 WA B R ET LASE IR Y
TIRE, (RS T FLAT 55 R EX L BB IRAT LS W i —— el i e T 2 Te s s Aot e il g . 3
MAEER 27 TUR AR RO T — e 18] 4.4 HOELHVE — S T A find2 , {7 RIX
B IR GRS

NS T A &2 before, HH HIM £ind2 K. EHIFRAE—DIIRPHIR SR G — X RATHTH

> (before ’b ’d ’(a b c d))
(B C D)

XA AR T4 5 , AR Lisp AT LA RS A

(< (position ’b ’(a b ¢ d)) (position ’d ’(a b c d)))
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(defun find2 (fn 1st)
(if (null 1st)

nil
(let ((val (funcall fn (car 1lst))))
(if val

(values (car 1lst) val)
(find2 fn (cdr 1st))))))

(defun before (x y 1lst &key (test #’eql))
(and 1st
(let ((first (car 1st)))
(cond ((funcall test y first) nil)
((funcall test x first) lst)
(t (before x y (cdr 1lst) :test test))))))

(defun after (x y lst &key (test #’eql))
(let ((rest (before y x lst :test test)))
(and rest (member x rest :test test))))

(defun duplicate (obj 1lst &key (test #’eql))
(member obj (cdr (member obj lst :test test))
:test test))

(defun split-if (fn 1st)
(let ((acc nil))
(do ((src 1st (cdr src)))
(Cor (null src) (funcall fn (car src)))
(values (nreverse acc) src))
(push (car src) acc))))

K 4.4: FRY AT REL

(B2 R XA T BRSO 2t BRI RN BA TN ZHE B XS G E, AR/ — 3 G RTAT;
25 23 BB AR SR P S R A BAEAT— D AES IR B B4 position K4xiRIH] nil, 115 23 A <
2% {3 before W LA HIX WG] o

1T before MM PO R BUA BRI , BT LAERE SCE R, AT T N E R nember PREL. il
% member , Bl I 1L test 240, HEREEN eqle [T, AR FHIR [ —14 ¢, M2 R
FIREA IR B LMEA SR — S A RN E [ cdro

EEE], WR before ERLEIHE —NSELZHT, HUEE] 78— 128, B 2ARX T RS ERGRRIF. XFER
T A PR PR S A28, E Rtk b

> (before ’a ’b ’(a))

(A

WIS af ter FATAT LABCE ARG, BRI S HARHBLES R

> (after ’a ’b (b a d))
(A D)

> (after ’a ’b ’(a))

NIL

WER (member o 1) (EFFK | HHFN T o, B FHIEFIR[EIFZ | B LA o HLAIARA edro iX—i [HIE AT LA
Rk, i #e i FI R PRI EE TR MR o E51F | T EE I, B4 member BEAEAELR [HIF1 R AT cdr H
HENE. X AEEESE N DA LAY duplicate:

> (duplicate ’a ’(a b c a d))
(A D)
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DAAH IR B SEUB AT DA i M i HLAth H SR R R A S T AL

RZFRATE 5 1815 4 Common Lisp 4 ] nil [FIRR B A 23 51 R BEEIA T B o XA ML S
RSB (W, 132 T7), (EX T 1% duplicate IXFERTERECRIENAET 7. 2T HBTRETE T — M7
H1| (sequence) HIARLERREL , FH 257 B R 3RS 5 48 O 25 SR & LA & BRI

] 4.4 By JE— > BRE & member HIREFIZAL . AR ZAAET member Jo48 Z AL AT R, A SFIR I
HEBTTRIFIERIFNE N cdr, ] split-if EEFIFRATEDIERRIE T o ZEH TR FEH T OEH% R
FERHLNHEL e 951 35

> (split-if #’(lambda (x) (> x 4))
(123456789 10))

(1234

(56789 10)

(defun most (fn 1st)
(if (null 1st)
(values nil nil)
(let* ((wins (car 1lst))
(max (funcall fn wins)))
(dolist (obj (cdr 1st))
(let ((score (funcall fn obj)))
(when (> score max)
(setq wins obj
max score))))
(values wins max))))

(defun best (fn 1lst)
(if (null 1st)

nil

(let ((wins (car 1st)))
(dolist (obj (cdr 1st))

(if (funcall fn obj wins)
(setq wins obj)))

wins)))

(defun mostn (fn 1st)
(if (null 1st)
(values nil nil)
(let ((result (list (car 1st)))
(max (funcall fn (car 1st))))
(dolist (obj (cdr 1lst))
(let ((score (funcall fn obj)))
(cond ((> score max)
(setq max score
result (list obj)))
((= score max)
(push obj result)))))
(values (nreverse result) max))))

K 4.5: A TCER LB AR R R KL

] 4.5 HR ) — PR B 2R pR AL BATIESIR TR Z BT . B — D RAUE most, EBIRER —1
TCER . most R —PHIRM— A HIRAT 73 WY KA, FOR MMER SR P BuR s BITR . 0 BRI
HEAE R T A TT RSB

> (most #’length *((a b) (a b c) (a) (e £ g))

(A BO
3
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AT HER AT most AR B T M IT KM%
best $EML T —FhHE H A R I ZSH T EEZ — D RER — 7136 (HixX B R e 2
BOHE. TIRMITTRAEZIEIA T A Bt =

> (best #’> ’(1 2 3 4 5))
5

AT LA best FA1 T sort [ car, HFTH AR E L. B A SHER A — M REES LT
AIER LE LTI, FFIZEFTTR IR ISR M5 —F, /TR T, e
EXNjiR

HUR mostn HEE— /MU — /B3, FEIEF— AR 4 AT TC R LRI 1 (AR i 43
AE):

> (mostn #’length ’((a b) (a b c) (a) (e £ g)))

((ABC) (EF @)
3

4.5 M5t

A —KZ AR Lisp BREUE MU R AL, BT — D REUY B — D 28075 b 18 4.6 JBR T —4L8
BT R BRG] TR ) A R BUTRAG — D R BV A B — R YL, ITCHE cons HA A IXLEELF 1Y)
Fo HIPAE map0-n Fl map1-n, AT TAEAE EFEELIX [A] L

> (mapO-n #’1+ 5)
(123456

CATHE M mapa-b SLIHY, T mapa-b BN, & REXME R Y S Z AT 184

> (mapa-b #’1+ -2 0 .5)
(-1 -0.5 0.0 0.5 1.0)

mapa-b Z J5 & ¥ 1# H B map->, B LA THEERBNZITA . FAGE TS PSS HN S, 7
BB ZE AR B 5 =250 I Y R B0V E , 1T 510 B9 Jim 4K 0 28 U | 28 DU S 280020 HY Y BR B0 il 5
B map->, AN REM Py B LT 51, b a] LA AT —Fh £ . FATREM map-> %€ X mapa-b, U1 T
(defun mapa-b (fn a b &optional (step 1))
(map-> fn
a

#’ (lambda (x) (> x b))
#’ (lambda (x) (+ x step))))

HT % E > B mapcan SRR Y , AN R I E S

(defun our-mapcan (fn &rest lsts)
(apply #’nconc (apply #’mapcar fn lsts)))

H T mapcan JH] nconc FIRPFHEAE I, 26— DS HOR AT HY F R de bF 28 R Y, 7 &% R 1Y e
CHREMARE T o XE N4 nicknames (55 27 TU) #EE SO — DMRIFHEFR “A42 i 52 B K%L A0k
EEER [ — M A T B 513, A A mapcan SIRA L 4. BT AN HAEH append
FEIR [l S LB R — i Xﬁ%ﬁ%'%%,mappend e T —4 mapcan B AEBEIRPE AR A
T H T HE mapcars, WHERVREERNS 215156 mapcar Fo R4, IS A48t vl LA EE . BRIA 4L
A, BAMA BB C AR PR 512, 7T LR R AE Lisp X AESEH:

(mapcar #’sqrt (append listl 1list2))

{HIX L cons /BT A DEERT . FATHE 1istt Fl 1ist2 A —)G, Z I EF TR 58 mapcars, 1l LA
g A -
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(defun mapO-n (fn n)
(mapa-b fn 0 n))

(defun mapl-n (fn n)
(mapa-b fn 1 n))

(defun mapa-b (fn a b &optional (step 1))
(do ((i a (+ i step))
(result nil))
((> i b) (nreverse result))
(push (funcall fn i) result)))

(defun map-> (fn start test-fn succ-fn)
(do ((i start (funcall succ-fn 1i))
(result nil))
((funcall test-fn i) (nreverse result))
(push (funcall fn i) result)))

(defun mappend (fn &rest lsts)
(apply #’append (apply #’mapcar fn 1lsts)))

(defun mapcars (fn &rest lsts)
(let ((result nil))
(dolist (1st 1sts)
(dolist (obj 1lst)
(push (funcall fn obj) result)))
(nreverse result)))

(defun rmapcar (fn &rest args)
(if (some #’atom args)
(apply fn args)
(apply #’mapcar
#’ (lambda (&rest args)
(apply #’rmapcar fn args))
args)))

4.6: MG eREL

(mapcars #’sqrt listl list2)

11 HAB G 1 2 42 HY conse

Bl 4.6 Hifa— D REURIEH T mapcar A . B H#45 rmapcar #& “recursive mapcar” H4i 5, Jf H.

P mapcar (5w -F-5135_LRESSIKMITIRE , EHR AT LAGER L ficz):

> (rmapcar #’princ (1 2 (3 4 (5) 6) 7 (8 9)))
123456789
(12 (34 () 6)7 (89

M mapcar —#, BRI LAz — LA EIFIRAE A 2SEL

> (rmapcar #’+ ’(1 (2 (3) 4)) ’(10 (20 (30) 40)))
(11 (22 (33) 44))

Je T B 2L R 4002 A ] rmapear , G045 S 225 TUHY rep_o
FERFPREE [ ARG 51 Rk g R AT RESE curL2 HHT s | A1 ER AT 2% (series macro) AT i,

(mapa-b #’fn a b ¢)
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A LABESCS A

(collect (map-fn t #’fn (scan-range :from a :upto b :by c)))

SR, BT R BN TR o ARG R I pR AT RE S BT A . — 28 map-> FRIKHY
Z548) U] series KRB WP ATTE FfiT , WG s ORI AR R AL —FF , L] LU 280005 38

46 1/0

(defun readlist (&rest args)
(values (read-from-string
(concatenate ’string " ("
(apply #’read-line args)
")"))
(defun prompt (&rest args)
(apply #’format *query-io* args)
(read *query-iox))

(defun break-loop (fn quit &rest args)
(format *query-io* "Entering break-loop.’~%")
(loop
(let ((in (apply #’prompt args)))
(if (funcall quit in)
(return)
(format *query-io* "~A~%" (funcall fn in))))))

& 4.7: 1/0 BEEL

Kl 4.7 25H 7 =4 170 SEH THBEIT o ARFEFANXELH TH WFRESAARR . Bl 4.7 FRIA L
Bl o BURARAT R P AR AR AT ARG 5455 AT U — kgl B A—17IF AT
yCACIE

> (readlist)

Call me "E4"
(CALL ME "Ed")

PREUE LI values &4 7 HAGE]— MR [EMHE (read-from-string AN G431k B 55 —ME (HIX MEAE
IXFENL FIRAE ).

PREL prompt FEFT EIEUFISE VS 245G TS k. AR format PRECK I SEEE R T — IR
2

> (prompt "Enter a number between ~A and ~A.~%>> " 1 10)
Enter a number between 1 and 10.

>> 3

3

5, WHAHRAR A B Lisp HY toplevel 2RJ5E 54 break-loop FI LARE FAT . BHZ P BRELAT— 1> &rest
SR, e — IR IR E IS HUL 25 prompte U A5 A BREGR P AR Ay I, AR — 24K
Ho B FAAEIX A Eo PTLATRATAT MEIX AR AL FLIE Y Lisp toplevel #1355 :

EETE JHBMSE (collect (#Mfn (scan-range :from a :upto b :by c))), G HESEM Y. CLTL#2%]: The # macro
character syntax #M makes it easy to specify uses of map—fn where type is t and the function is a named function. The notation (#Mfunction
...) is an abbreviation for (map-fn t #’function ...). HIT HHl series ZZ FIVRIESLIN cl-series CIAENNZL LS MBI R IHFAE
SC#M XA i LU BRI T A 5
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> (break-loop #’eval #’(lambda (x) (eq x :q)) ">> ")
Enter break-loop.

>> (+ 2 3)

5

>> :q

:Q

%@ﬁ*TJyﬂ%Qmmmmwr%f%ﬁ@ﬁ%ﬁﬁﬁﬂ%ﬁﬁom%%ﬁ@fﬁﬁ%emL%ZE
Al Lisp FJ7#B A AELAS Lisp FR¥5E o

(defun mkstr (&rest args)
(with-output-to-string (s)
(dolist (a args) (princ a s))))

(defun symb (&rest args)
(values (intern (apply #’mkstr args))))

(defun reread (&rest args)
(values (read-from-string (apply #’mkstr args))))

(defun explode (sym)
(map ’list #’(lambda (c)
(intern (make-string 1
:initial-element c)))
(symbol-name sym)))

P 4.8: BRAERFS AT R A R EL

RS A AF B B A K o I T BRI B R A8, FRATTAT DAEIX PR 7R 7 2 (A e . 6] 4.8 2%
TIUASEH TR BT R MO A TR . Hrp 25— 18 mkstr, BB EURISEL,
FEEATRFT B R ok T R — D45 He

> (mkstr pi " pieces of " ’pi)
"3.141592653589793 pieces of PI"

FATE mkstr BIEEA ESRS T symb, REFUEIL T, BRI RMIERF 5o B2 PRENSEL FFE N
ARG G B RE, WSofr — ), AT SRR T A SRR RN TR R B LA AT
SR Al T N FOR S RIS EL: 755 PR R 7 BB 1R

> (symb ’ar "Madi" #\L #\L 0)
| ARMadiLLO |

symb EEL mkstr, A 2 80E D A HR ,ﬁ)ﬁ?ﬁﬁﬁ?f?%?’i[éﬁ intern. X/ EREE Lisp &
e BRI G CRS TR R AR R TR T EV e AZ AT ER A R RS, e
— AR T

AT 7R B AR T MRS BT DR, LR A/ NG TR R S X PR 25 745 B R H Al
o MRFS ARG AR LT RTINS, BRI T EIAE P A5 e ) ARG R X AR AAT 5 3%
HTBAE P 5% S22 T8, A5 ML U S e 3L

> (let ((s (symb ’(a b))))

(and (eq s ’|(A B)|) (eq s ’\(A\ B\))))
T
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TR reread, & symb HIIE LA . B2 — RIS R IAEITHIFF ERENT. EATEME symb A
FER [R5 AH ] R B HATET read REARIEIAYAR P o FLIAD, S HUZRRE S0 T TATAS A0 24 13 R AR Y
BN XA asb KHOAMEEL (package) a HHHIFFS b, A L RTEH HIRFS la:blo > 12X/ A R AL
It B Ek A 2R reread ZHUAG Lisp 1%, B AL — MR

1 4.8 F YIRS — TR EUE LR RS R T0E LT HY: explode #5525  SARIR A~ HiZAF 54
PRELAY T AT I 51 56 o

> (explode ’bomb)
(B OMB)

22 JC5E A, Common Lisp N A IX N BREL WIARAR AL B O ZABAF5 AR & ARARAR AT REAE MO PRIR
RERHIHRNG o S, AETT R AR I 3X S8 S TR A FHEZ My A SRR 7= eh i 35 4
LT .

48 ZXEMN

WRARAEACTG B 7 R i S T A 38238 1T RE S AR PR 7 MG M1 o AIBLEIA 5 RE s A Lisp
AN RE ST 132 JRUAA I Lispe 9555 b A ATTAT RE— BT 0N AT i 5 W Y8 — ™ E Ak
WS T HIRR P FEMTE Ok 5 FT RE 582 H TR T o M A B 5 R B 127 .
SHENRH, A XL AR LR P MR T o A AR S AR T X LR R E AT A RE S
FEF o BARRFIE AT 20X U E R AR, AW EAREE 27 TUAAR N1, ZE AR IR A AR B 2 Bl 7Y 1
JEo WA find2 KGR, A AT RES AL, 76 th REAS S IX R 7 2 /T, A5 B S S T HLY
FE o T ERARIA ] £ind20 AR AMAER IAHSEHEAE find2 T (HEEEHAG AL £find-
books HE X, Z AU Y T4 £ind2 FIAHPERREL IR Tk HF find2 A LIMF £ind-
books M. F— T, X BEATAHT — XM SEH TR, SCHTHBEWREES M. bR
PR B ERRETE R MRS 00 P A R B# £ind2, B ANE AN IS H R = 2 YRR E 1 R B R .
RARHIE BEA L,

FITLA, 152 15 JE )b AR i S i B AR B o R PR R BT o (B B9 AR LT i L BRI
IRLEARAVERF B LT R AT A ARG MR 2

TSR A3 A8 e S T B AR A AR RS AE T D83 1, AT AR P REAR A I A R, A SRARAS il F Jx 2
SEH TR ERRG R AFET. IR LRF SR THEASR ISR K A FE P B R /MR . 25
NHUESEAS X TR MR 235, It DANOZ AR . M= K90 Ses (T TR b e e R 7 45 R &
IFEF IR ARG AT S S

BAEH AU LR T AR LA & & ERRALES AT REFP AU e D (R Rk SRS 2%, A
IXSCERERE  BAE T HE/NWAS . J KA B A RO LS. DX R Y T RE R A —
2 TR AR IARAS R IR S B35 VRS TR EAL T 2 HORS TR el 1.

H—FIEOUT , VRN %A T Ml 6 (S T B i SRR TS — /R, B T H A 1AL
kAT —A S L E I 2 /DS 2] = A A5 B/ MR T B, R — L TR AR
DHIE, ATRESIE A BT T .

HFREMN, W LAZI 263 TUTIRRIF
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G
%)
ot

BB AE IR EE

BRI T Lisp “RRBIENZHUAL S IGEST, ©IT I 1 BATEEAT IR 0B . FRATX AL RE MY
T2 RRE TS 70 R X L AR T ¥ o AR BERE SR pRAR, LR B AR AR (BT B R A5, Pl T A f5 7
KARLE AR EAE NS E S TR -

X BRI RS THA AR R R 2. BRASENP I ZHE IR, B 2ok B R 2 215
T H AL 5 /07E Common Lisp FUEIXFEHT. 7E5 15 B —B2MBNIXLBAERFZ bo ANEERE
SRR ZOX B R B R, 1 A RS AR RE R BOR S8 i 31X — it B R F B

5.1 Common Lisp BJE{L

Common Lisp S #J$2 At 7 JLAH B AN K%L remove-if il remove-if-not HLZXFEH)—Xf. {4y pred
N ZHABIE R4

(remove-if-not #’pred lst)

HURT N R S

(remove-if #’(lambda (x) (not (pred x))) 1lst)

HEARHE rp—MBA W RS E R — 1, SURE RIS 3 — 1B SE A R I ROR . BESA I, A 2 B [ 1
G%E@ﬂﬁ4\f§fUWE?CHILZEE%%@%j’**l %ﬁﬂ@ﬁﬁ%ﬁ,@Zﬁt£%ﬁ937ﬁ§%QJ:iEﬁﬂ%ﬂﬁﬁéEB@:Complement T
W p MEAZEL, BRIl — AR AL, IX A R IR M SR AR RS R AR HEAE S . 24 p IR I E e
E AL (complement) FEIR [FHE , )R Z IR9K o ERAEFRATTHT LATE

(remove-if-not #’pred lst)

oS 2 S Y

(remove-if (complement #’pred) lst)

AT complement , # I AT 2B FHACLE —if-not BREL T o ' FH3L I, crre2 (391 1) $2 AR LE sR £ AR
EAWIKT « WAREATALE Common Lisp LA, AR &N T MG AM: o
HrH complement FAERFAUZ UKL —Ff: RI—Fk [o] R EL A R AL IXAETRF A2 Scheme Y J 5 i EE
B9 T o Scheme /& Lisp KGR — BB R BUVE il P62 (lexical closures) HY1E &, 1 HIE & iX
— Lk “BREE IR MR AR AR R .
EIHAERE AT REAESNZSAVE A Lisp HLR W e %L N 1A R ZLRE [F] I AL ShASAE PN R LA T 3
N IAE:
(defun joiner (obj)

(typecase obj

(cons  #’append)
(number #’+)))

YR B R GAE NS IR SRR 3R A B Y R B RO R R AR . e, JATH]
LASE L2045 (polymorphic) B join PREL, XA~ sRELH] LA F— A FuliE Fl 56

'remove-if-not A AEENBIAN, B H remove-if B —L&,

41
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(defun join (&rest args)
(apply (joiner (car args)) args))

SR, < HREIR 0] — > ik R SR B E PR A 2 — o i i AR, FRATAT ok ) (a1 T i it
FHIE) BRAEIBT TG R G R joiner W LUR I BRALZ — (HIEIX MR R F B0 E R, Toik AL
B

FESR 12 U0, FATILEN T 55— IR [T R B R K, AR T il A R ek

(defun make-adder (n)
#’ (lambda (x) (+ x n)))

Vi make-adder J& , 258 — A, AIELAIIT N GBI & A\ BB S HUHEINTE:

> (setq add3 (make-adder 3))
#<Interpreted-Function BF1356>
> (funcall add3 2)

5

FEVREVE T, SATA B OUR N — A BUSCHIE B R AL e — A R AR T S B Y . (HEE
EHASVERIEAE XA EARMATAE 7o > WRAE 48 complement £ /845 HY, AT LRI E IR B )20 E
WA

(defun complement (fn)
#’ (lambda (&rest args) (not (apply fn args))))

complement & [FI TR E(E A T Z AT complement % ANRIZ4UMH fn. UM, complement A FFHEM
JUASH R B P — R B] TR E T — D e, LE B IR BT R AL f:

> (remove-if (complement #’oddp) (1 2 3 4 5 6))
(135)

FEBEATAN G SER BN SR RE A E I — A5 A T R o TTRERS 4 5 3K (1] R EL A RS, LEFRATRT
PSS A RE AAE BN I HTORBULA/ N2 s TS TH AP, S TR BEIR 151 o6 K0 bR
o

52 IEAXMH

I BB LEIRATA TR H 2 F07 SO0 E0EE A IR AR N LA A sl REARTS s K Rk RE T It E R
AGEAE T A, ML R B SR XME U B2 IESCHY o complement HY T EAL M2 BiliH T HIER
o 7F complement tHINZ I, Common Lisp ¥ A B4 I EREL, Wl remove-if il remove-if-not+ subst-
if Fl subst-if-not, %% . HMA T complement , T THI LAH FH— 4t i R B0 58 i 20 H D RE -
7, setf ZZALHG 98 T Lisp BYIE3C 1. Lisp B9 HAJT 5 % & FH O B9 eR 202 1) S 30 152 5040 A1 5 44
FIThRE. 2810k Ud, T B P 515K (property-list) , it — 1> AR B, 11 73— 1> R Ak &) B 1k
TE Common Lisp 1, FATHA G, B geto N TIMA—DEME, FRATIE get F1 setf — A H:

(setf (get ’ball ’color) ’red)

FATEAFTCEELE Common Lisp 2245 BUR fa7, (H /2 AT DIMELESS )ik 81 22 A 2 980k R (I T 1R S/ —
NN TR AT LGE LS A ERT 1 BATA complement Fl set ARFEHY B FRATEE Halnix A H A%
e 22 /b5 ANEA —Fh 7 Lk R BSOS B 17 2 BR A A B IE (destructive) FIRAS: & remove-if
Fl delete-if.reverse fll nreverse.append fl nconco & L—"MEAERF, 1L B R Bl — 1 R AL IR IRE file
AR AL AT DAAS B A AR L IR Y BR AT

BB ASTE B AT LU 2 0L make-adder HYAURD, (HAREEEA EASIER T BT n BIGRERIRT R B A B
I AL R ERSE , I FRA D XA RRARME A - 247
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(defvar *!equivs* (make-hash-table))

(defun ! (fn)
(or (gethash fn *!equivs*) fn))

(defun def! (fn fn!)
(setf (gethash fn *!equivs*) fn!))

] 5.1 3R RIS R S P

B 5.1 AR SEBE T BT AR BIARIE . 22 RIRIE A7 36 * equivs* T PR AR IS 31 X Jo7 A9 A A P8 it
A% AR BT R BB B, def ! BEOTAIIE BT ZFrELA 1+ (1505) #YJEIA, 29T Scheme (1Y
— 421 AE Scheme ML, A BV H R JF AL 1o BUE, FAT—HELT

(def! #’remove-if #’delete-if)

AT LA

(delete-if #’oddp 1st)

MR 4k

(funcall (! #’remove-if) #’oddp lst)

A AAS T, Common Lisp A 24U , A 11X 1~ LU Y9 AT, 2R AT Scheme W 172 1

((! remove-if) oddp 1lst)

B 7 SRR IESCHE, V RAERTIEATR T — RV HE R . BLERE P REIEMT T, A FRATA DA TRk
BHIK (1 #2f00) /25 foo XM HTBIRIERUA . T340, CiB LRI E BRI SR —H 7. IXFE
AIUFARAE T4 FRATTER bug B, &/ NIX 2 77

H T BR RO R S B R RS B L 22 AR B T I R RE R E ROk, RIS v JE SUR— D RS R
R sl ] LU E PR — M2 U2 (read macro)o

i

53 igfEEE

AN RIS R R T R AR, T HIRNTA I 23 E AT AR O | X i el 27 oA i T it
Lh PR T A LA FH AR BMERRGE A7 ok, DUS RO AR, 3527 B — N A AR FME R AR DL

(defun memoize (fn)
(let ((cache (make-hash-table :test #’equal))))
#’ (lambda (&rest args)
(multiple-value-bind (val win) (gethash args cache)

(if win

val
(setf (gethash args cache)
(apply fn args))))))

e 5.2: e E R SEH T A

B 5.2 H IR T ME AL T RIEIZPE S TR RATELS memoize — /1™ BREL, EMLAEIR 111X M A9 A1CAZ
RIS — B—AN B A & A A i LA A R B 7 3R
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> (setq slowid (memoize #’(lambda (x) (sleep 5) x)))
#<Interpreted-Function C38346>

> (time (funcall slowid 1))

Elapsed Time = 5.15 seconds

1

> (time (funcall slowid 1))

Elapsed Time = 0.00 seconds

1

AT BAIACH R, B R SR S A R R A PR IR XAl R T RO T A I BT A
SFEAHINT 8, ERREARBATH SATARLE T ST 2 5 KA SR RO TIEAZ A B AR B, AR 2t v] LA At
AR AR AT -

SN 2R 22 WS LR, X memoize SEML AW 1, AL Bk /2 A 2L )R R bwﬁ UEZ45
# equal HI A AR A, XA ZOR AT REXTARLEAT SR 2 A0 eR B0 T4 1o 1T ELIX P PR AL UE
TARLEIR [F] A A s L, I IMICIE PR AT 2 AE, SEA AR E] T o

54 E80EH

AL £ HIRMEE N ~ fo 85 5.0 TR TR AT LU ~ & S —A Lisp ALY AT REM: . 5 — AN 0L
W R E R E G BRACE 00 IR £ H1 g P/ DERE B4 f o g WRBREL, HH. fog(z) = f(g(z))e [
RER BT AL 77 2, AT DA o 32 SC—A™ Lisp B4

(defun compose (&rest fns)
(if fns
(let ((fn1l (car (last fns)))
(fns (butlast fns)))
#’ (lambda (&rest args)
(reduce #’funcall fns
:from-end t
:initial-value (apply fnl args))))
#’identity))

4 5.3: 2 5 A HRAERT

B 53 EXLT—14A compose HIRREL, EHESLALRAE Y AL, R M ENTHE & Holnii

(compose #’list #’1+)

SRl —A R AL R BN T

#’ (lambda (x) (list (1+ x)))

&2 compose 1E NS AL BREHS L AU $ 52 — D280, Al i Jg — N BRESET LG ke BIRATX
FERTRR M AN XA R 2T 2RI 240, H2 IR M E A T B R AL

> (funcall (compose #’1+ #’find-if) #’oddp ’(2 3 4))
4

T not /&> Lisp BREL, ITLA complement /& compose HIFHF]. & LUXHEE L

(defun complement (pred)
(compose #’not pred))

RS GAE— BT B AL E G —Fr. 2R UL, RAE W 2 ER) FHIX R RB

(mapcar #’(lambda (x)
(if (slave x)
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(owner x)
(employer x)))
people)

W] UE SCRAERF AR B ok H Sh A& XM e & HIF 5.4 @ SR £if, T AT A —HET LU X Rl
RUR:

(mapcar (fif #’slave #’owner #’employer)
people)

(defun fif (if then &optional else)
#’ (lambda (x)
(if (funcall if x)
(funcall then x)
(if else (funcall else x)))))

(defun fint (fn &rest fns)
(if (null fns)
fn
(let ((chain (apply #’fint fns)))
#’ (lambda (x)
(and (funcall fn x) (funcall chain x))))))

(defun fun (fn &rest fns)
(if (null fns)
fn
(let ((chain (apply #’fun fns)))
#’ (lambda (x)
(or (funcall fn x) (funcall chain x))))))

W 5.4: B 2 [ PRI IE BRAEAT

4 5.3 Fp et A TURRRATIE PR RSCRE H OR AR e I BRI o LA 28 A3 pR G O T A R i 1

(find-if #’ (lambda (x)
(and (signed x) (sealed x) (delivered x)))
docs)

4/}37'75% MNZEAEL find-if FIBTHREUE LT — B =/ IEH0E N, X = MBS SR N8
PRECHEMH A . fint A& F B “function intersection”, fif B &, vJ LAHEARAS 5 i

(find-if (fint #’signed #’sealed #’delivered) docs)

AN, BATET] LUE AR BRAERT , iE B R Bl — 4B R ERE 5. fun 55 fint 2500, AT aTE H B
ﬂzorﬁﬁﬂkando

55 1f cdr LiE)3

T3 H PR AN T Lisp B fp AR 2 B2 KA M B T — L SC ] TESRMIE B AT — %S0
B—LE R L CATTREFAE P FR Bl FH B 38 UH eR 4K ECommon Lisp HL{H FHX 26 o5 50 & A5 A LR H 2R
— HIRATHE M2 22 ) NS, 0RT LA T i an ey ik LA GO A5 SEA0HE— 28, 55 15.2 T5F0 153 TSN A
AR AL F ok A st IH R AL 2

R F] — R AR R 7 AU R I, JX R — MR R, B EWE X Mz & BRI S .
5 Lisp #2/7 B, AT 2 TR XA R AU DR e
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(defun our-length (1lst)
(if (null 1st)
0
(1+ (our-length (cdr 1st)))))

(defun our-every (fn 1lst)
(if (null 1st)
t
(and (funcall fn (car 1lst))
(our-every fn (cdr 1st)))))

XA BREAESE 1 B B2 AL ] e BT ER R A AE— D FI R A cdr EARIKERAE B — 2P0 A — 1 3&
IREORAE,, NIRRT FERIN  RIA6 54 N A R AR S IR 0] — DR E AE . X FBECAE Lisp B2y P B2
B, 15 A 250 HFE Fr BB AR R M2 i a5 XA . B b FRATTAT LA 1] - il
HR B, B A 240 — M 2 o I 5 2 7 SRR IR A B, B R AE T 215 s B 4K .
ANEELRE, CIRIE & — M TATA N BT 5 IX L8, TZ A T T — S8 B R &L, e~y
A REREUY) TAE. 18 5.5 R EREUHE 2544 T 1rec (“list recurser”) , T I LA B BRUCAE S 28 X cdr 47
B 2R 2T

(defun 1lrec (rec &optional base)
(labels ((self (1st)

(if (null 1st)

(if (functionp base)

(funcall base)

base)

(funcall rec (car 1lst)

#’ (lambda ()
(self (cdr 1st)))))))
#’self))

4] 5.5: FHORAE SCEAE 1 3R 1Y 198 I e B R 5L

1rec W — DS EMINE— M HEZ WD SEI R AL, — DS EUE VIR ST car, 7 — NS ER D REL, 1@
TEH A IX AR AL 3B HAR LA T A T 1rec, AL our-length 5 fili:
(lrec #’ (lambda (x f) (1+ (funcall £))) 0)

N TAFRIFIRACEE  BATATTEZ R DI R T TR B 4, WA TdsE 1k, I 5 x REEUE B
WA MR AL £ JUSRBAA o AN AT Z R S HLX A ATREVE A BEES our-every. 284K
B, ATLLH oddp:®

(1rec #’(lambda (x f) (and (oddp x) (funcall £))) t)

ft 1rec HE LM T 1abels KA — RS AL, A selfo WIREIATIEIH, LMD
SR rec BREL, IS0 RIS M ATHIZE Y car, FI— S A8 H I H Y R %L. LA our-every NI, &7
PRLLIB I H and AE. AR and IS —DSECR IR, BB 2 1k o By il , 1% 21558 V3 4514 B i
AIARERME, T RER KA IXFEAREARIFIRIEME (R A 5 E 5.
EHﬁ@%T*%%lmc%XmCmmmhwmmﬁﬁﬁo”ﬂh%ﬁﬂwW%fEW$#K*%%%
HAE. S b M 1rec B AT EE LR H B8 I pRELA i B T PR LB AL ) InE B S Ris 0
A AR TE TS0 o 5T IX A BUAL X S8 A= il B & AR Fp Sl A B A | Bl P AR IR 285 AN K
KR HT o

E—MEHESHY Common Lisp SLHLH, functionp fEAIF £ 1 nil MHERSIR AL, FEX DL R, ANEHEIX I AE P B—4

VERE A BEEL 1rec HITCHERFIER T/,
E— LS B AN R BRI S R AL, RIAAER S #print-circlex WE K to
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; copy-list
(lrec #’ (lambda (x f) (cons x (funcall £))))

; remove—duplicates
(1rec #’(lambda (x f) (adjoin x (funcall £))))

; find-if, for some function fn
(lrec #’ (lambda (x f) (if (fn x) x (funcall f))))

; some, for some function fn
(1rec #’(lambda (x f) (or (fn x) (funcall f))))

¥ 5.6: I 1rec 2E R pREL

56 LA

TE Lisp #2/37 B IAA 57 4h—Fh i F B9 5B = BIFE 7 _EdEf7i 0. 4RIt G B S22 1 HLA 2258
IHH TR BN ZR 1) car U edr Z B, iXFhss IHTE G H L T -

()
/\0 )
OO, O
(a) (a b) (b) (a b c) (¢) (a b (c d))

4 5.7: SIZR B

Lisp HIFZ /2 —Fh 2R VAR Esa . 280K, FIRRER NI B & Wit 50, AR . H R LT
AT HERFIRFOR N o F i R R AP IZRE A 3O, XA e car, 45 AR cdro
(CEbr b, RAEAE AT RN ERL I ) B 5.7 A =07, il fos 7R U E i, H
o AR B A PR SRS I LB 2 B RO R Y AT TTTAE 1 3676 BT T TR s URE A 5
PR A T S5

(a b c)

(a . (® . (c . nil)))
(a b (c d)) (a

. (b . ((c . (d. nil)) . nil)))

FERAIRER AT LA i — U S WA, Common Lisp HLHL A H 8 — £ ponf 1Y s 4L, B AT 18] 9 X3
5 copy-list i copy-tree PR DX 2 B AR A — A PP FIoR AL, I Rl 2 51 56 5
THIRMTEOL, IBA THIRANENFPHI AT, RSP E R

> (setq x ’(a b)
listx (list x 1))
((AB) 1)

> (eq x (car (copy-list listx)))
T
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HZ AT, copy-tree 2XAUHIZE M AHE DL, RIHE 7 HIZ WA 744, Bir A7 91 2 th— R 2 fl:

> (eq x (car (copy-tree listx)))
NIL

FATATLAE O L—> copy-tree, UL T I AR AL:

(defun our-copy-tree (tree)
(if (atom tree)
tree
(cons (our-copy-tree (car tree))
(if (cdr tree) (our-copy-tree (cdr tree))))))

ATLAE Y, B AE SR — PP BRI R . (B ok, AR H SR A B R, XN T kXA
Bk AT 2, ) RO T AHIT, At 745 AR
(defun count-leaves (tree)
(if (atom tree)
1
(1+ (count-leaves (car tree))

(or (if (cdr tree) (count-leaves (cdr tree)))

DN
— IR LRI T A 2 T R BN SRR I U S5 R 1

> (count-leaves ’((a b (c d)) (e) £))
10

A st BB A OREIR I AR AT DIE R LA O B — e EROERRH, ((a b (e d))
(e) £) FAVUN nil BAEFEKFZR P AR (ESTEIEAE —1), L count-1eaves ATIRFIE A 10-
e E—Fr BATE LT IUD R ER AL TE . [anis, flatten (5 32 1) #52 — Wk, iR 8] —
MEAEW BT AR TFRIPFR . G0, WERIRELE flatten — MREVIFE  VRFTTS 2 8918 [7] 51 F F1 5 1
AIBRIE AR AT B T B SNE AR 2 b KB RGN A W T

> (flatten ’((a b (c A)) (e) £ )
(ABCDETF)

XA BRI AT LME R THIHEE S B RCRAT )UK):

(defun flatten (tree)
(if (atom tree)
(mklist tree)
(nconc (flatten (car tree))
(if (cdr tree) (flatten (cdr tree))))))

55, A F rfind-if , &/E find-if AU IAMUA. rfind-if AMUAEFAELNERFIEE L ELS Bt —F¢
A
(defun rfind-if (fn tree)
(if (atom tree)
(and (funcall fn tree) tree)

(or (rfind-if fn (car tree))
(if (cdr tree) (rfind-if fn (cdr tree))))))

ATk find-if MRV, [ GEF TIE5H , AT P P — B VLR R I 779 1, 28
R TH e BAN rfind-1if BB 7RI, B AT 80T LAY AR N — DS B AR EC S
FERT L

> (rfind-if (fint #’numberp #’oddp) ’(2 (3 4) 5))
3
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copy-tree,count-leaves,flatten fil rfind-if ,JIXVPUPRECHITE X TERMIILAHIL. LR b, EATAR RS
A PR AR R X TR e AR T SR AT T B RSB VA B o I BRI cdr B3 B E —#E, 3K
I BRLEX A U RSB TC [ RS AE AR 4, MR, FRATEEE — > sRBOR 7 A T [ R R 5 S 81 o
BAFEFRIAE  LEFRATEM T — T IX e ph %, et R R o B AN B TR AT . MARAR E5R i3, our-copy-
tree HPFMEL:

L ARSI, A AN SR iR [ (R [B]
2. AER IR A 2271 (car) BIRBHESRANAG 73 (cdr) BT RAE cons

R, BT 8 I LA — A I S A HE PR AL, KEOR our-copy-tree:

(ttrav #’cons #’identity)

¥ 5.8 1 ttrav (“tree traverser”) I —FFSLI. FEIB TGN T, FAMEANBIARZE—AME, AP, —1>
R AEFHE, — DX AT T AR base ZHGEN AL, AR 2 Y BT 719 SAEASEUL LS E . fERZ
PRSI FBEA TR AR EIN  FEAE AR FHE AR nil , AN AR S5 B3 H R rh BRI DR (E A T R
NEAEERE, T HERMErFSFEREE.

TE ttrav BB, FATAT AT BE LB rfind-if Z APRTTHHE R0 T A KA. (XLERETEI 5.9 AT LA
HeFo ) BE L rfind-if , 75 5L T ARS8 AL 0 T B AE BRI 0 A= A, IR R R AR R RE L IR AT TR i
VAR & ARSI, ARG AR AR08 H o AT — DR B AL 45 ttrav B — DS X R B 250
Wi R I R E e 4. 0Tl s BE Y, AT SN 73— 8, Lk B Ees2 A 6L, AL B BAT3R0R
PR JXAE AT LAGR 5 IRLERE ) F2 42 )8 VA AR A8 I R AL T o

(defun ttrav (rec &optional (base #’identity))
(labels ((self (tree)
(if (atom tree)

(if (functionp base)
(funcall base tree)
base)

(funcall rec (self (car tree))

(if (cdr tree)
(self (cdr tree)))))))
#’self))

P 5.8: S FER_EBEAT 6 IR AR T BT A R AL

; our—copy-tree
(ttrav #’cons)

; count-leaves
(ttrav #’(lambda (1 r) (+ 1 (or r 1))) 1)

; flatten
(ttrav #’nconc #’mklist)

& 5.9:  ttrav IR EREL

H ttrav SCHLH R ECHE 5 2 i P BR o IX MO T8 count-leaves B flatten IXFEHYKEUE A
LRI, EATANE WA R i it o SR, A TFE 2 rfind-if — KB TCRE LR X4
PRE B2 TR trec SRA AL, WA 5100 trec KIS - NSHUV YN EA =S5, =
WNSEGI R HRETHIN G, AR A H o 5 P 280K 2 IR SR e IR A - R4 7128 U Y
PPt trec FATATLAXFEE X flatten:
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(defun trec (rec &optional (base #’identiy))
(labels
((self (tree)
(if (atom tree)
(if (functionp base)
(funcall base tree)

base)
(funcall rec tree
#’ (lambda ()
(self (car tree)))
#’ (lambda ()

(if (cdr tree)
(self (cdr tree))))))))
#'self))

5.10: AAER EidEA Tt A SRR ML Y pR 2L

(trec #’(lambda (o 1 r) (nconc (funcall 1) (funcall r)))

IUAE  FRATFIEERT LIE rfind-if 5 EGXHEE (N IEPIEITH T oddp):

(trec #’(lambda (o 1 r) (or (funcall 1) (funcall r)))
#’ (lambda (tree) (and (oddp tree) tree)))

5.7 {AIRH9iE R

TRARSE, IR K s &L, T 3E sharp-quoted [ lambda FRIAHKEIR BB R AEIBF T I LERE Pl — 280 2
Y LAE. IR sharp-quoted HY A\-5RIA e — it (FR X A4 I bR ALY I TG AR IS T IS SRAE. W 2RAR
H A AAEBA TR AT XA A, w] REGE A BB E B i, 2/ YRR BATTRT LAE STt i
FXA A A% (I (] #. R sharp-dot I, BATTAT EALE sRATAE 2 UY] (read-time) EAEHAIE HiK
{RI% compose MI'E HYZELAE T 1 1 RIA BRI CAEBE LT, IBAFRNTAT LAUXFES 28410 T

(find-if #.(compose #’oddp #’truncate) 1lst)

IXFEL 1%  reader HE 2 KT compose HI HIEATSRAA , sRAAAS 21 1Y R B AL AE A fe AR AR FRA TR A AD 2
Ho M T oddp Ml truncate P& #1/2& N B BRAL, FIr LIMESEIUN X compose HEATA (B AT AR N /2 2 4 AT
1THY, M98, BT A ARIH% compose H OV EEMNE T -

— R, 2R RS G ECE G BRI S, S TR AIEERE . IX— s R A A B
#4723 [A] i) Common Lisp RBEICHANIE . FENA T 2R IE , T TSRS 15 Sl sz, R el 2
X —F i ERE B R ZE 0L LK, AR E R, BRI VR & 5 E AR 5 5 il F AR



3
o
ot

ERBAEARIETN

WH VR, ARSI R F o AT LB R AR A, A G A2 & A2 TR G 4 T ok
FONGIEM o AE Lisp B, FAVH S FAACIEARIE A AR AR al LIRS L aE 5
EORBARES TR A . IRk — A B ML 0E, s b e REMR IS, IE A BA T R]
LAGIEE & B B0 R B R IR R 1 R MM R a8 i 2 B A
HIFERZ 2T ek 2455t M URERATREAE S R 2 0 _ERIER . i Atk
ARBATEAE P SRR A MR XS R, U P REAS 2 SO IUHE , 2805 AT AR T

6.1 M

WA =R BRHE  E R EESH A JRERES, T HBRATAT LAGIE A G 2 sL . AR 206 SRk
BHEXN R 2N WREAEA 21T — R A TWE? BRE MMGA RN . FEMEHT, AT
B2 BT R A . ARSI HR RS R R, BB RES I L e M. Wi, — PRk 4
HHTT R B AL RE A R 1 8 ik Bt H At A FLth LAY i (P B9 g 3, AT RE T8 A
LA EAR B A

FEARTIANT 5 B, JAT 70500 1 R PRl ) 5 B 7 o B BTN 1% AL G R i, BT 8 SO
R, S Z 0 BRI R P M 4% o 3635 6 T — T A TR — 58— B R 848 11 2
RERIREFY o

> (run-node ’people)
Is the person a man?
>> yes

Is he living?

>> no

Was he American?

>> yes

Is he on a coin?

>> yes

Is the coin a penny?
>> yes

LINCOLN

6.1: —%% twenty questions JiF4k,

PAPE R — D B 8T LA B AR A7 : — 1 REISAT twenty questions * HIFEF o FRATHI M L5422 —HE
X o B AT AR S S — A R, I EARSERTIX A (Rl (B i i RS R e R B A T
WP B — R EAE N i T P O S A A R BB 243 P i R 2 715 AU 771
m%%ﬁ%%ﬁﬁﬁEMﬁE@ﬁEomﬁaﬂﬁiﬁﬁﬁﬁﬁ*%me@mmm%ﬁ¥o

MBI 8 T, AT RERL R G E UM R R MR R T A TRV IS X UHME R B2 G &M T
TR IR BT IR R AT 4 AR, B R A4 (R IR 5 B 28X B R ST SR AT ARER .

YEHTE  twenty questions 82— B SMRIRATHY AR J3745 B, R N T8 RERY E B

51
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(defstruct node contents yes no)
(defvar *nodes* (make-hash-table))

(defun defnode (name conts &optional yes no)
(setf (gethash name *nodesx*)
(make-node :contents conts
1yes yes
:no no)))

P 6.2: 17 MR T i M HE L

K62 BE LT —MEE LB RS . BRI B L R S R = A&/ M. contents F
B B AR 2R BE . ARIZT w77 R, A yes Al no T B IRA TS MBI %
X I B 25 8] AR SR AT R AT H A S RIER — 1, X T B2 RS H . 271 *nodes*
R R AR, TS AT A2 TRERSIT R &5, defnode S HTHEE— 117 il (BT il nl
LAY, B ERAFE] *nodesx 1o A 1IXLEAPRL, BT AT LAE SURHSE — DT T

(defnode ’people "Is the person a man?"
'male ’female)

K 6.3 HF AT I M2 IR AT B FATIZAT 6.1 H AT Y —HE i Rk

(defnode ’people "Is the person a man?" ’male ’female)
(defnode ’male "Is he living?" ’liveman ’deadman)
(defnode ’deadman "Was he American?" ’us ’them)
(defnode ’us "Is he on a coin?" ’coin ’cidence)
(defnode ’coin "Is the coin a penny?" ’penny ’coins)

(defnode ’penny ’lincoln)

B 6.3: 1E N HEGIHT W 24

(defun run-node (name)
(let ((n (gethash name *nodes*)))
(cond ((node-yes n)
(format t "~A~%>> " (node-contents n))
(case (read)
(yes (run-node (node-yes n)))
(t (run-node (node-no n)))))
(t (node-contents n)))))

P 6.4: FH ORI 7 190 265 1) R 5L

IRAE FRATTEAG AR S — DR 73X M2 B R AL T, 3X > eR A% F T BN HH (A0, 005 2 S P /s i B
BETNE. RE AT 2 run-node, WE 6.4 FirR. 2o — D&, RATHARYE 4 FHEDS B BT 5. 0
TRIZ AR 9 5, A contents VEN[AIFT EI R, 14 B ZANA]  FRATTAR L INCE M 4% v RERY & 12
Z—HREET o WAIZTT AR A run-node 2 ELIRH] contents. f K 6.3 H1E LAY XA~
PRECIREA A 6.1 TR EY S HAE B



6.3 )G 0GR 4 53

6.2 ZmiFFHIM L

FE b7, BAWE T — DR VR AT —FE S HRES X PR RE . B, XM
KERT FH ERPAER &S B — M. (HRSFSE E FRATRT DAEAR 74T A5 B M T — L.

(defun *nodes* (make-hash-table))

(defun defnode (name conts &optional yes no)
(setf (gethash name *nodesx*)
(if yes
#’ (lambda ()
(format t "~A~%>> " conts)
(case (read)
(yes (funcall (gethash yes *nodesx*)))
(t  (funcall (gethash no =*nodesx*)))))
#’ (lambda () conts))))

K 6.5: Fi i A B IE SR 4%

6.5 WA BAIE. RORIEFATA M S Ia TR fir el 2 A B A AAaD e AR B A PR RUE SO 1451,
LA I B ) PR RO 38 P X 7Y i, AT R RN KA o TR PR AT AE RS S5 44 HE A R B AT
SRR ET . A YEIETT run-node |, ELERE/E T WA HS HE. ZEI0WNITRE,
FUH funcall — FEEAAHAS T 04T T

(funcall (gethash ’people *nodes*))
Is the person a man
>>

H UL, 3 R AAUE A AR R SE B T .

e BT R R A B T =X, FATAS EUK twenty questions W45 58 4540 BARAD (M EEE) . EFRAT)
FIr B, P ARG A A3 AT I 45 R A0 R A T R I ST, AR BATTH A P A5 AR Aa A T RIS AN 2
FUBTE S, AR T LASE Bt 25 L R R AR E TR 3l AR R ARSI R A 1 o
Wl 6.6 Frow , R AR P AQRS o BUAE , *nodex MG AT RN 17— 513 RLART—HF, FrA i miid
e defnode E LY, NI E LIS FEA S AL At o A28 SUUFIR A HYY 02 0, 3RATHUA M compile-net
KRN EE A M2 XA R ROB H - BEAT AL B — BT, BB B T AR I R R 2R
[ B, g — 22 #RIR [ 7 B AR B AIOR R 7 i (BOFR R ), AN LB 25 BT 437 2 i SMA
i compile-net I IR 1T, & 45 H B KK FoR — D IA TR BRI [ 2% o

> (setq n (compile-net ’people))
#<Compiled-Function BF3C06>

> (funcall n)

Is the person a man?

>>

R compile—net FHATINARIFAWE S Lo Fe BT IR IS L, AT i G e m BRI TR0 .
E@ﬂf“ﬁg,ﬁﬂéﬁ compile—net Eié%ﬁ%ﬁ%f%ﬁﬁﬁﬁ,%BiZEtééﬂi[]%ﬁﬁ%ﬁ%Eﬁéﬁéﬁo (Daﬁgl7iﬁi)
TEYRIELF W45 2 J5 , i defnode HAIE YA F BN T o WIARVIW 713 57 R R (U144 *nodes* %
M nil), WS LS L E

R AR FBUERR T B AR — TS5, X BT XTI A B R S E A L AT



54 #F6FE REAMAKREG X

(defvar *nodes* nil)

(defun defnode (&rest args)
(push args *nodes*)
args)

(defun compile-net (root)
(let ((node (assoc root *nodesx)))
(if (null node)
nil
(let ((conts (second node))
(yes (third node))
(no (fourth node)))
(if yes
(let ((yes-fn (compile-net yes))
(no-fn (compile-net no)))
#’ (lambda ()
(format t "~A~%>> " conts)
(funcall (if (eq (read) ’yes)
yes-fn
no-fn))))
#’ (lambda () conts))))))

K 6.6: fill A5 A Gt e

6.3 RE

AVFZ Y0 R 28 IR Fr R RE I FE 1Y i A A AT O S B PRI AT 52, R R a s 4 —
FEREFIR RIS A SRk o SRR B LB ST U 2 Y R85 7 5 AR AR D [l A A2 BE DUk, B M
TERTRERT o

RAEAARRE AT B T EA TS A A E—Fhas T 0 “HRIER” 2 “GiF” IR —Fhiiik. M
H T2 e iR i 52 SO (TR AR, AT AT TR B B4 M XA B iR R . R4 T 0K
5,0 23 FAIAS 24 EH o EROOIBIORE S | IX LR 1 2 o A B O 1 75365 il
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Lisp 1, 75 BORFYE LE VR BE AR e s 208 SCBRAERT o 20 SUEAR T B S REAE AR Lisp ARG HY BREL —— 4
REERR P MR T o X/ IV IS5 A 1 ER A RTREPE , R P tho P it afE LATIORE A XUBS: o 25 7-10 FRA 1
FEANZERIME S e AT 2 R 2 ey A, A 202 5 OB U E TR BOR SRS 43 A — £ 7% KUk Hp A7 A 1Y 1)

@o

7.1 R ITIER

AT RATRT AR 245 21 RYIR [BHE, KRN TR R B R AE il 2 SUA AR EUE LH
AEL, T ELAN M 0, AT TAR O “PN B R 1 do HSite— 18 EARIE M E L TR — %, it aid
JRARZ R 2o 23RN AR B Ay BIAANR], I H UG FHIE 2 AN R AR EREAN R A T B AT
AIREE . — DB AGER MR AN R R A X —— B ERORIAR , A 27745

BN, sIFHINE R BRI BIRENEES 2 nil)  EHRESEE N nile ik (nil! x)
M (setq x nil) MIRCR—FE. FRATTEMIX N IIRERY T 2 40 nidlt 8 UM, L RATHT— M 20 5L
B e —FIE U 541

> (defmacro nil! (var)

(list ’setq var nil))
NIL!

MPUEFIA RIS IX A8 A2 T4 1 Lisp: “TCie iy, REEZIPU (nil! var) BIFRIERA  IBERMEZ
A E AN (setq var nil) B, ”

Ty R R FR A AE T T 2L ESRAE . 22— A3 PSR — DI R R S AR M3 %
WH (nilt x) ¥AZ] toplevel B & A T 442 Lisp /54 K% nil! TN AT KA

1 $5 MR EIRE N BORIIERE A, 5
2. fEIR R W7 SRAEZ#RIA

Fa)idE i ik X AR — 2B BB N & e IF (macroexpansion). Lisp B ni1 E L, HE R T 0] 2 250
M —A RSB B R ZRIA e FIRRE—FF  nily A& S B 7 Z2 M e 2e B Ak K24 L.
BRI = =ICRIIEK X =D TCRDIE: setq ENSHUEL R XM FRIBA, LM nile fEAHIH,
nil! MSEGE x, B2 (setq x nil).

TR Z G =20 RAE (evaluation). Lisp SKIEZJE (setq x nil) ML G IRIEAB S EARIL
F)— e SRIEIFAEGE RV A AR R 5, AN AE toplevel N RUMfEIXAERT o — A AR EUE LH)
TR A 2R B B N R T, (BRI 2 —— B U B 7 A A G AR —— 55 38 e At R I A 2R 1B
AN SRAE R (Y FRITANSRAB B RE B 2 AR 254 5% ) IR , B AR 2 SRR G . 29 5 25 I, EE3H7E
WIRSEARAE R AL 25 R IT AT 1Y, T MR SEA A A SRAE AT 1Y, 18 IX P AR RO R B o TR
PR FR R R IA S T SRAE A BRACHE A W2 B ATTRIE

AL RIFII R nidy AEOCEE 2% nilt BRI EIMA T— NN ER) special form , (HEE—1
THREITAATRER = — D WA G — EE— BRI et EXFE N, 2RI kst
MR B EHBPRAF DA RN RIEA . X PR LM EE L A RITRAE, — E R R T k.

55



M

56 7%

REAZE S WMt 7RI B Lisp AR SN A FESR1% Lisp SCPRRT , Bt an S5 5 BURACAS,
SRR R HL S R 2 e . X AR BT 28 AT A A0 B Y R Lisp 2 %0 2Rl IR, 3K
AT EABRA IR AL T AT e A 2 130 2 TR PR TRDIRAS AR Y o R ELAY T, X LA E ] ITC AT A e —
AR URIT A A Lisp FAER T, WA ARGt . st b 20 BRE M L0 Lisp bR —— AFhAER ]
FIEAARE. B nil PR T — 8 1ist (HHARZ BT RESIKSN B TR R A iU R
T

AREN ARG A B ARTE , 22 F R TR AU BH TES o FrLARRA TR LI TE = A4y
i, R B AR T3 IR E E UK A W .

7.2 5| (backquote)

S5 H (backquote) /&5 | H (quote) MIEF A A, &0 LA KA EE Lisp B0 55| F i WY FH i
Z e A E L

B R < 154 MR R R e 195 15 7 ML, AT MR 24 5ot /o5 | A ik =T
ZRAIHE , BRI RG]

‘tabc)FEMT @b o).

HEFE 5 HFES «,”, LAK comma-at <, — [ HELE A ZA5E H. Wi 5| AT — M, B8
LB S AR RS A T —1 slote — N 5IAPIERSEM THH TR HEK, HH—K 1ist. ik

=
=,

‘(a b c) HMT (Qist ’a b ’c).

FERCS TR AR I 525K Lisp: “fU5 I HRH" o 215 ARSI ITTR AT, & RCRHUE Y T H
51,1k Lisp UAR ST RIGFARERAE AR EL . i LA

“(a ,b c ,d) FEMT Qist ’a b ’c d).

BN G5 R G R B AR5 o, UM 2 EE. TIRESERENEZERNERAEZIR, B
WA,

> (setgalb2c 3)

3

> ‘(a ,b ¢)

(A 20

> “(a (,b )

a (2 ¢

e LA BT 52 B s 5 R 7158 L -

> ‘(ab,c C,(+abc)) (+ab)’c’((a b))
(A B3 (’6) (+ AB) ’C (1 ’B)))

— N EF RN RS HRIRCR , BT LGS BB s | FIDERC . AR A4t IRAEIE 5 1Y
SME B MBS E S AR B N SNE A A BN THZ A @ B TIXMES . FIIAE <(Ga , (b
<0 WL RE T NE ST M E SR ST T AT — e NE S B ERYIE
TR 0+ 1RGSR RULE, e A IE S AR AR S S I Rk A ST, 3
TS EIARUN, AT AR (6 S5 D FTIE S o N IATAYAEAT — SRl AR A 2] toplevel N TR 80

R

»X ‘(a ,,b c) ‘(a ,(b ,c) d) “(,,a)



7.2 B3] A (backquote) 57

WREN G RAFEZE LR EBATRES AE. 5 16 RS T 8
B | AT H s AR QIS MM B I AR R 1 - m] LA 1ist AIE@ Y5 RS2 1l
51 RV AE FORAE T e Rt 7 2k AT al st | IROA S5 | R 2k s e A i Sk AR L. AERT—
FHEAE nilr & A
(defmacro nil! (var)

(list ’setq var nil))

OIS 3K 75T LASE S

(defmacro nil! (var)
‘(setq ,var nil))

FEAG A A RS I ZERIEA TR K A, B 20E SR BB, S5 | th & AR A5 A 2
B 7.1 B8 TP nif ATREAYE S, XA S8 T = BB A PR, 2

RS :

(defmacro nif (expr pos zero neg)
‘(case (truncate (signum ,expr))
(1 ,pos)
(0 ,zero)
(-1 ,neg)))

AMER G

(defmacro nif (expr pos zero neg)
(1ist ’case
(list ’truncate (list ’signum expr))
(1ist 1 pos)
(l1ist O zero)
(list -1 neg)))

P 7.1 — AN S5 TR 250 3L

B, B— S SYERE BT . R SRIBX N B E R RS AE  REE B =M1 2
B i— R (A
> (mapcar #’(lambda (x)
(nif x ’p ’z ’n))
(0 2.5 -8))
(ZPN)

7.1 RPN E LA E LT A A 78 AR A AR S 5 T i e 2 E i 2 G 1ist kAt
EREIT. U (@if x ’p ’z ’n) AP M —PE P IRE SRR ik, X HE S ITIK
(case (truncate (signum x))

1 ’p)

(0 ’z)

(-1 ’n))

R AIEAS 75 58 SUPR BRI 8 A i 23 R IT A o SRR 525 | 28 A hOA IR AR
ANAE N B — ik T U A T A

comma-at, Bl <, @, BI85 AT | HAT HAIE S MHLL, B — SASE : comma-at AMEE S ARFEUN L LA
A AMEIE AR FAERALE , TR FRE SR L PIROXMRAETT DUX AR : R38N\ ATR] I, ) 25 B4
AR ESNZHIES

U 51 T UFF A A 5 (vector) , AN IR A FTEAR A 725 SCHE H I
XA E SRR SR B AR, X0 T G gensymo 7E28 102 TU_EA— D HEIFHTE L.
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> (setq b (1 2 3))
(123)

> ‘(a ,b c)

(A (123)0C)

> ‘(a ,@b c)
(A123¢0C)

ESSHFE (1 2 3) G AZ b IIERALE, M comma-at U5 FE P T ZIEAZIIFE . X+ comma-
at [ 85 A PR -

1. A TR ST DA comma-at W HHIRAEST 4] (sequence) *H1o TEAN ¢, @b HYURIE REE IR,
NTCAL TR v BIEBEH T HEE

2. BEHATHHERIN SR AL BRAFE M BUES IR e . KB < (a ,01) KHOREK (@ . 1),
(HIPRZ LR R T (atom) PFEEIFIRAYRRALE, G0 < (2,01 b) K 32— 4.

comma-at — M HIFEFE 2 A E SR SR 22 L, DL ROIG X S0 240G 25 [R) 42 52 ATl e Bt 2800 HY) _R AR
ZEH . X BB T SRR B (block)s Common Lisp #2485 LRG3 4 2 B BT, 62
% block.tagbody, AKX progn. iXLEE/ERFR /DB 1 AR IACAD B EAT— A 2 L1 B8 7K —— T A2
g/ I
P IAEAE ] — M A R IB RN B2 B . 1 1et F1 cond HAA R HY progn AT HIXFP
G NEZ H RfA HRA)— D AT BB when T :
(when (eligible obj)

(do-this)

(do-that)

obj)
MR (eligible obj) IRIAIFL ABRAH R HIFRIEANG SR, I HEED when kSR I H 5 —1
Fix A ME. FTHE—MEH comma-at 7R, E 2 when )—Fa] GEAYSZEL :
(defmacro our-when (test &body body)

‘(if ,test

(progn
,@body)))

X3 E LA T 4> abody ZEL (EM &rest TIREAHIR], FUA SEMLH HY A BN K — 1) skdiesz il fiuie
MZEL, ARG — 1 comma-at B E T 1HHEE]— 1> progn FikzUH . £ LA AN ZRAXE 2R
T ) = FIE A0 H IAE S progn
(if (eligible obj)
(progn (do-this)

(do-that)

obj))
2T BRSO 2R 2R A HHEEA T
comma-at FSCR AT USR5 ISR i 38155 < (a ,0b ¢) #iA (cons ’a (append b (list ’c)))
e ZPTLA L comma-at, FUE N T O A A A SR AT T B
ZEE S (R ARSI . TR R U BR AL List SRAE K (BT | BYF R ] LA IX — 55 5
HfEH e H defmacro A G HE LAY 2 AEIE A EAA defun & SLHYBRECERT AL HEAHE X FFEL
PER T, K51 iRELE 2 SRR 5 55 th 7 (] 12 o
W R s A EH T BAE 20 SO ABCT AMTA IR LA S5 T defmacro B —#853. K T R K
Ja— RIS ER S, R EA B CAAERE S X EAEZE LT AEICK . VRAT DA 7 201 Fp
SIS 51 :

SEHTE T (sequence) A& Common Lisp FRIfEAE L HIEHRZIY | B T2 BIEF 3 (list) FIAILEL (vector)o
HEHTE T (atom) /& Common Lisp FrRifEE SUIIEUHEZEAY ) I A AR F KA Lisp MG AR T, BLIE M i (vector) 7EIH
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(defun greet (name)
‘(hello ,name))

7.3 EXERHE

TGP, St i ) 77 Ol F A T 1R 50 Bk . s 3hie B3R T AR S Rt . Rl ARZE A H—
TR AN BT I e 5 2200 )5 o BRARIZ T W 1 PRV IR 2 | (EAEX /Y0 B A 20T A FEATUARAE 3t S 3
(NFRARVART S 1 722, w] ARk A . )

FHEZEE T LA B WS H Common Lisp P & B4 member H45 TV o member B4 H] eql K
FIWTSEMN 575 WRARIEREE] eq RAIWHE B FM , IR X E BOX A

(member x choices :test #’eq)

AR X IBIRATT AT RE S AR E — > member HYATE 1L B E 2T H eqo ALEH AR Lisp 11 F 8L H
EFER > BRAL, P f# memq :

(memq x choices)

A ROZHG memq SE SCHEK (inline) BREL, (H8 12841 1, Bl 1 ik e LAZ RO H HIE

W (memq x chojces)

JEJT: (member x choices :test #'eq)
Kl 7.2: 115 memq MEI7R

TIEATR : MARAREEE SR A 22— R R . Seit B BAEAR L, 2805 NIHE BBz RIFI
Fiaae E 724 TP FRIE R B W R EZ S H R AN G S8
Fro RAPIFHANNLES  FILUENES AW NIES BENTHH obj Fl 1st:
(defmacro memq (obj 1lst)
BAE R B Z /5 TR RIEA . X2 280 | R4t e e e T U AL E %
Bk B 72 FAEMRIFATL. AT E RN SR AERAERE DR R I AR5 I k.
BUE, THABE A FIAAM 2RI A2 KH M MR EARZ AP L2 — 80 it e e
FRES R UV B RGIHaA— 45 . MNT RTINS FRIANX

1. WURBUA LR EME T ARG, AR 2t s AT 5T K.

2. WRAFAE— SRR ] P 2R e A R B R 2R R B B A B IR 55 ok |l

HMES.

BT — 10K nember FI% A% ,ﬁﬁu%ﬁfl‘lﬁﬁﬁﬁﬁﬁﬁ member:

(defmacro memg (obj 1lst)
¢ (member

At x EA—FEARMEREFNE LS UM HEZ N EEF AL -2 —TES:

(defmacro memq (obj 1lst)
¢ (member ,obj

LAERR T RSB T | 5o 58 I 22 S S

(defmacro memq (obj 1lst)
¢ (member ,obj ,lst :test #’eq))
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(while hungry
(stare-intently)
(meow)
(rub-against-legs))

(do O
((not hungry))
(stare-intently)
(meow)
(rub-against-legs))

K 7.3: 5 while IER

B H AT R, JATE H AR, RSB BORERBEER . AEBLERNHTHE 1> while K, B2 —
A RE A — R SRR IR PAT RS BB S A 0B R . [ 7.3 & — Ml i BT
i) while TEFA R

S5 IR 2, AT ERT FATHIEARFEIME S FIRTIH—4E, 65 — DI ER. R)5, VBN
i, MiE R HE 2R o BRSNS AT, L1 &rest B gbody TEZ1E4:
(defmacro while (test &body body)

U AR 2208 B RS HE B bR T 9 AL B — 1 M2t 28 R RS e e RIT U h B B
o SRIM, BARRER]— A RIPEZ, T HEN2 M drest 2L &body SEZ MW | it ZAEE AT 24 il AL
B — R LORERR AN ST H 73 4 T Rai R,

N TG R RE S TR %2 B A P BRI B e FERTTRISS H Y B AE N 22 b, RATTE B0 £ — 5% -

3. WARAE— R A I P R B RUZ M BB — RIVE S Z AR IR A8 20X Y Y rest
5 &body SLZIC Pk, AERTIANN _E comma-ate
TR E L ZE R -
(defmacro while (test &body body)
“(do O

((not ,test))
,0body))

B A FOE T RN R S A 2 HGE ST R A . X B 2 S B R IK
# body H,#AJA1E body Mt REIT NN, FHEEIFEUT -

FARTE R XA, FATRES H A fa B 78— XM HREE SR B O . (B2 8 T LA
MERL. B 7.7 FRHA AT X7 Joidk A fa B 55| BIFE0E, I BN 1 AR RURIT S, 417
FHYZ RN T HIEE L ERIRERE

7.4 MNiXERHF

EEGEHT ENVE LMK ENE? R memq IXFERYZ, B RIS HARE B, AR B IR RES G HAT N
I3 T2 4 5 S A R BRI BRAT A In e I TRIT Z 5 IER S 5

B 7.4 5 T AR SO R ER L ITR AT . W E KA nacroexpand MZEUR M FRIEA, €
RIAEAFRIRA R RIFA . 2% 45 macroexpand , W AER 21 75/ AL SR (H 2 B e 2 R ITHIRE
T AR AR R, FEAS R B AEE BT R R RIT 2 AR 2500 T MR ARy 25
S IR T LASE R IR B A AR T 352 A7 o

MIE 7.4 25 B SE—F0E 0 IRMER H while 2 UIERIT, OSBRI do B IT 1, M HE R
[ prog ZZMLIRIT 1o FATHE—F7 I, W BRER B HURIT L — B AR RIS R X2 N E R
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> (defmacro while (test &body body)
“(do O
((not ,test))
,@body))
WHILE

> (pprint (macroexpand ’(while (able) (laugh))))

(BLOCK NIL
(LET NIL
(TAGBODY
#:G61
(IF (NOT (ABLE)) (RETURN NIL))
(LAUGH)
(GO #:G61))))
T
> (pprint (macroexpand-1 ’(while (able) (laugh))))

(DO NIL
((NOT (ABLE)))
(LAUGH))
T

K 7.4 — DRI BRI ZRTT

% macroexpand-1 HH B, IEWIEE — Mol oo BtA G 15215 RAR 2 28 F  macroexpand-1
t, FA— k2 SR I T

(defmacro mac (expr)
‘(pprint (macroexpand-1 ’,expr)))

& 7.5: — A TR IT A9 2

U ARAE AT R A SR A AR A FaiA s IX 2tk MRS -
(pprint (macroexpand-1 ’(or x y)))
B 7.5 ST BRI, BLEBRANTA — MR R AR AT

(mac (or x y))

il 1o R A AL T BT, FIREAE R X T 2R U FRIT B A1 Te AN i T 22 W A 1 vt
HLT LB WA AL T RES A AR — B AT AN IE R R 2 B o i A B & B 1Y o=, it g
AT A A — 2, RIT AR EAR XS B, B LARAEDS & HEA TSR AB LAGE $ i [T £E
RIS B AR R REFR IR e — LA . (RS RS B R AT LUE Sl TF 0, 1 BRGNS
F| toplevel PRI HL | Bl B k15 B IR G FE K B L evale TERIRAVIENL MR ] LA macroexpand-1 i2 5]
HIFERBEE— A ER REXN TR eval:

> (setq exp (macroexpand-1 ’(memq ’a ’(a b c))))

(MEMBER (QUOTE A) (QUOTE (A B C)) :TEST (FUNCTION EQ))

> (eval exp)
(A BO

i, TP PR AR B T B, et e — Fh=2 U 4w 5 75 89 J550. Common Lisp A7 AL —F1 1>
WEZ, Hh— 8oy 2 7k B B A X LR M RIS RER AT RE T BN TR EHES HIRAY.
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7.5 SHIIRIEN

fift 44 (destructuring) J2 FHAEAL B R B FH o B — PR ELER Ao B4 TR e ARARE LR BB B 2 1P
2

=

(defun foo (x y z)
+xy 2)

2 FHZ R I
(foo 1 2 3)

PRECH W S 2 S RSB B BN B R R MBS AT 2 1 R4S x, 2 TZ5 v , 3 G zo FIARHh
i PAIER (x y z) WITEIERML, #8 M (destructuring) [FIFERLIEE T AL E AR 7 X At B rete e R —
TP FeEE AR AT IR o

Common Lisp [ destructuring-bind 7 (crrr2 #ii) #:52 — M ICECAE, — N REEIS 582 LA —
KU, SR FAESRAERIE I B S E B PR ARV TCR b

> (destructuring-bind (x (y) . z) ’(a (b) c d)

(list x y 2))
(A B (C D))

X Hr R ERP AL B SR A BRAE R B T 28 18 FEAY T

TER BRI R BT AR R HL 27T RERY . Common Lisp /Y defmacro ZZ AAVFEEFIRENEASHIIEK. 4
TRV IR TR IR 250 I rh i) 25 38 0 42 LLZEAEL destructuring-bind A5 AR E R 219280 B, N
B dolist ZAI TS HBIIR AT . A BOXFEAT IR T -

(dolist (x ’(a b ¢))
(print x))

JEITIRELLTHE x 712 (a b o) MYEAER — S84 AP RBUt R . X AMES5 R LAEIE4Y dolist
S el E S
(defmacro our-dolist ((var list &optional result) &body body)
¢ (progn
(mapc #’(lambda (,var) ,@body)
,list)
(let ((,var nil))
,result)))

f£ Common Lisp 11, 2¢{M dolist XA 2B AL S HEAE D FIR B, M5 & A B T2 M. 17T dolist
Fesz— DAL result 248, it LB TCIR AN AR AT & S0 55— 3 ZE ik — D B 91 3 . (HAt R
XN 2R RPN R Z EE RS, EALFTLALE dolist W5 T 018z, BRIKFKNTEEE L— 1% when-
bind, &I NHER when 2% | BRILZANEIRRESDE — Lo B FOAE AR B AY(E b o XA B Y
SEHME P RER B MRENSHER:
(defmacro when-bind ((var expr) &body body)

‘(let ((,var ,expr))

(when ,var
,@body)))

SRR AR A -
(when-bind (input (get-user-input))
(process input))

* A H AR AR AR TR0 E , MR do ABFERYIRIVERF B o B Qi b EoR Mg Aa t 2 —FPIRAE Y 77 20, QSRR I 51 = A pe 21
AR AR EERT A i R SE R AT R0, A 2 T AR IR AR AR ) U5 R 2 setq IXFERY I -
S — P T 20k S LAk G 8 gensym, iIX MEVERF LU TR 44
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AN JEA A -

(let ((input (get-user-input)))
(when input
(process input)))

R (1, 2 8001 3 Al A BR mT LA SR SIS b B9 A0 e i, B n] LA £ W1 when-bind
Fl dolist XFERZI R, BENIEZ A BIEZ X2 fl— A .

7.6 EHITIEER

KT BRFEM T2 R RR R R A T, SUE A B4 . st A 25 R it
FEREAREACLZAHE . R T defmacro B/EFE LAY, ML M ZORICIZERIIT N2 A ) 2L

(defmacro our-expander (name) °(get ,name ’expander))

(defmacro our-defmacro (name parms &body body)
(let ((g (gensym)))
¢ (progn
(setf (our-expander ’,name)
#’ (lambda (,g)
(block ,name
(destructuring-bind ,parms (cdr ,g)
,@body))))
> ,name)))

(defun our-macroexpand-1 (expr)
(if (and (consp expr) (our-expander (car expr)))
(funcall (our-expander (car expr)) expr)
expr))

K 7.6: — defmacro HIH.fH

& Lisp XM EMBRIES T RO A FAE 1962 4F B IR IARAY Lisp 1.5 Programmer’s Manual ,RAETS o
EPZ/E:\'EHT*/I\FH Lisp 55"] eval @?ﬁ(mfﬁ)u/ﬁﬁé%%o EE? defmacro E%’&%%,Fﬁuﬁmﬂu@(ﬂi@
i, 7.6 Fros o 3X A E SCEAE T LR ERATT M ARHE S RIBOR ) Bir A 263322 ) BB R 22 R I FiF Il i Sk ok
BEME T o

Kl 7.6 H B9 E SURH 4 R PR I0 T 22 09470 (HEL AR M A —FF BiEdE 236 EARRIER AL
P gwhole KT, [ H , HIEH] defmacro HE S —1ZS4(H macro-function (RAFHTE— A A ASEL
HIRREL, PSSR 508  ZZ AR & TN A A N R IRITE AT o IR FUR S 85 B 75 4 - EIR S
REAR LN 2 R B 7.6 ARFESEIRAY 75 LAl 22 I3 AR EANS High . flan FEIX D SEl R A
P LD A BREIE W I T o

Kl 7.6 HIE SCHL A 1 BRI IR AR DS 51 I B M-k AR 8 oy — DAL 20 S AT
il E AF5 V%38 A defmacro &AM FrEPRIE BLAYAS fc o Fir LAR HIACH 2 R AT Y -

(let ((op ’setq))

(defmacro our-setq (var val)
(1ist op var val)))

B AR crrL2 R A (BAE curel B, 75 I G R AR 25 3R 5 FOR HLE SR, i DAE — 283
f'] Common Lisp LB, iX > our-setq HE KA S IEH TAE.

TRTRE RSB BT, W52 LA 272 TURTERE
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7.7 {EAREFHE

RRE SN SGIIFIER . R AU R, B8 b il 7 — b e Xk
FTLA ] 1ist RAREER  AER FFE AT LU A — B OGRS A 7 RE Pk 25X 4~ H AT

F73WHEH T M RERNE ST B —HOR, FATR LV X2 L E R & 11
FIRAAN AP . As2ft, FA S R AE A BB X — 5. B2 E 20— 2867 ik
HNPRBEFENENE doo ZHE do SCHUSART FUR S HER S — T BVERAFRER . ERITE R,
WANURAIE HH— 2B A 5 T B B Y B 2 iAo

RKTMWG 7, A4 BT e AUR A AL A2 MR 2 30, SR — T B BOZ R RAIEE , i
JA5 M REIE RS R B E & AR S TTLARE T TRIT— M+, AT R E SN — e A e 3] 55—
MR RS R, SR A T A Ao INSEBIH A AR T LUK B R VR G 2L S [0 BOR 5 et 4 T
1o

(do ((w 3)
(x 1 (1+ x))
(y 2 (1+ y))
(z))
((> x 10) (princ z) y)
(princ x)
(princ y))

IS AZAETE AR T BT

(prog ((w 3) (x 1) (y 2) (z nil))

foo

(if (> x 10)
(return (progn (princ z) y)))

(princ x)
(princ y)
(psetq x (1+ x) y (1+ y))

(go foo0))

K 7.7: do WU RIT AR

Kl 7.7 7R T do H— LM, AN E WAz BT k= F LT RITA B THE VR T 722 TAETT )
IR BN, a5 Rt IR TR A psetq KRRl As i, iR A F L5 &I, A
FE 2 BAIX — Ao
W E 7 psetq (B “parallel setq” 115 4%) FEATH_LFT setq ML, AN [FLZ ATE T AEMUTA IR A e E 2 /T
CIA ) CBRED) ZEERSPORIE. IR E AT setq, M HAE A M LA BRI 25 I8 2 465K1E
VUSRI, B — D SRR A 2 7] LAY
> (let ((a 1))

(setq 2 2 b a)

(list a b))
(2 2)
X KSR E A a, BTPA b (923 T ERHTHE, B 2. T psetq I, W IZt 4 S 800 B B E 2T
Fif—He
> (let ((a 1))

(psetq a 2 b a)

(1list a b))
(2 1)

it LX LAY b A2 AYE a JEORBIME. X psetq Z5 N RN SRR do IXARRIZ IR BERY , J5 & /5 29t
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PR EATH) — 2RO TR (IR Y2 setq, ME psetq, IR 485 & HPRATHIA 2 do
M2 dox o )

A RIS IR I LAR H 5 — A, AT A BE L AU foo MENPRIMREME M o WK do 22 BLAYTAIAR
ZALRE foo WE? 5 9 RIS BRI AN FIRR; 2 I, R R IT I, ] gensym A2 — D4 THY
B AG T SRJEHE £oo HMIX AT T IAT T o

(defmacro our-do (bindforms (test &rest result) &body body)
(let ((label (gensym)))

‘(prog , (make-initforms bindforms)
,label
(if ,test

(return (progn ,@result)))

,@body
(psetq ,@(make-stepforms bindforms))
(go ,label))))

(defun make-initforms (bindforms)
(mapcar #’(lambda (b)
(if (comsp b)
(list (car b) (cadr b))
(list b nil)))
bindforms))

(defun make-stepforms (bindforms)
(mapcan #’(lambda (b)
(if (and (consp b) (third b))
(1ist (car b) (third b))
nil))
bindforms))

K 7.8: S8 do

N TG H do, TATHE N ARG & N A ML TR, A REIEIE 7.7 FPAYEE — Rk s — 4> B58
JGXFPAE R, 0 R IR AR CLRTAREE 8 IS RO R S5 | U A8 S (AT RERY T, FRA1T 22
Bt RHERITIAN prog MiZE— M HAF S EN R MIA IR ER IS , X Lo (5 B 2 ML
25 do HIEE 2RI H R 18 7.8 THY AL make-initforms KR EXFER]— D HIFR . RATIOFTE
N psetq MiE— M ZHBIFR AHAGI PRI DLE S 28— 28 RN FFARITA B 50 S50 fE&] 7.8
m@ﬁmﬁwm%ﬁﬁp%mﬁgmﬁﬁoﬁTﬁ%ﬁ@ﬁﬁ&WﬁE%ﬁﬁ%@ﬁ%?o

7.8 IR I A 58 2 02 do FEH IERYSEEL A5 o O 17 5B AE 2 R T 0 B2 56 R Y 3 58
make—initforms3ﬂ]make-stepforms B B R, BN T R R 154%5E,ii*?ﬂ@fﬁﬁ%ﬁﬁﬁ?é?%ﬁ
TE defmacro FiAA H.

XA 2 E S, ARG E Z IREMT 1o ZAEM GBI, 7T LS Lisp FrA HUZHAE. 1M ok
AR A RS, L E Bl LU — R o

7.8 EMXI&

XK, AR XA AT AR A & 3o XS BEAREILAE D152 (RS Y B, AR BRAE Lisp sRABAAD A% o
BTN SR SARIEAR A LA RIS E T RE T

= E LA RPN F R AAD, 000 R R T ARG e R A R R TT L, LU R T KR A, BB
FESRIT A S AR o 2 50X AR BT Is O B E B AT o T, 17 B 20 A KUK SR P i L
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66 7%

R PSS AR AE I N A (0 B 75 T A A A B - JRe T e AR B B LA B 5 A 7T P 33, T e T At
T8 Y R R — 2

B, UG T B B R R A, A4 1 RO R ELBRIT 7o i RIT AU
Rk, Bt R SRS I g i B A G bR — 28 (HON AR P s AT I BCR B AR R . d T 2508 T Y
JEIT FUR S TAE A AR/INE — 300, ARLE ] DA ORI B 28 7 B A S A S e B b= AR W (B Y 22
Fto PrEARZ g AR KA Ay I, B E — ARy WO BRI AR, 2 5 722 e T (A gl mT LA
T o MRS AN T B TARBE M TARZS cons, ARSLREEREE 2 VR AT [R] S i AL A SOEERE
Fr AR o A RAE R IT AR L | A R Ak A B P 2 (RNt RIS 2 SRR M
5 E S O PR B SCHEOME LA 332, TR O 7 5 SCHLE A AT SRIK IR A A, AT TR AEAS A B B 205 AE
AR SR AT DA T e RIS 0% L2 S S A, IR S LS R 5 1Y o

(defmacro our-and (&rest args)
(case (length args)
(0 t)
(1 (car args))
(t “(if ,(car args)
(our-and ,@(cdr args))))))

(defmacro our-andb (&rest args)
(if (null args)
t
(labels ((expander (rest)
(if (cdr rest)
“(if , (car rest)
, (expander (cdr rest)))
(car rest))))
(expander args))))

K 7.9: NS0T and B %2

BT AR TRATEEA M RAAY and 3E %, BT (and a b c) MM T (if a (if b <)), FkA]]
ATLMEIE 7.9 F S —ANE LAREE, A if SRS ande ARYEIRATEEFIE MR AR  our-and B3I
U o NG M R TFER QRS 0, 17 ELZE AR s U1 L B TR B 5 A — A R D R 4K odr B9 .
MR A BAEAB T HIRAE, 1% our-andb AEEE SUX 2, A AT 2 4008 sl ARk T
FERER I BRI AR —A 255 SRR, our-and RIS EA_EiF | B/ 1525 . UG8 IHER
P length, IXFERRES HUBTBERR (A 2 HARRD AL L1 )7 2B I b i B 1 Ho RT3 R and 1Y%
B [T OR R o

JUFHSAF1 5o 1E Lisp B W R IFEIARIS AT WA X 204 AR B9, i AR fATA8 38T 0 AR R A, 2 AR R
FERSERE Y B SRt g2 Is i IRARTESR S — DT, B E 2 H i &3 TS AR I HE i
P 2R SEBLX AN IORE A A— VIt #RAE T« I 2R ok T AR OAREFE T IR R ikt TRE,
TEXPME ST, JRIT ARG N 1% B AR T RE = 8. 8 It I W] LA K 22 BRI 3RS (a) K& Mg
PERIE MH (b) RS FMK L — e f) gl , RS T st J LT 82 N A SR — T

X R A AAD R, IETF A I X 22 R Ok, ARG AT 352 5 AR B R DA A& K e T
NEEX PRSI P RETE B RGP HA e P I A5 FH 1Y goto 7EJEFF 20 B mT AR FF— i1, 25 2% IR Y setq
0] AR RS koK o

SRR TR I AN ARORACHS B gotoo ATy H H AR B AEMLER TR = B BS54 — 1
PEAEIX SOk P S i I T G 1 S5 A BSORE TR RIS ELY o AE Lisp B, goto Z FIT LA SZ 0, HL AL
RIAARZS Gy 0 ite & - R T LASCA do, 1T BB ARIEA do AT A IR LAE O —A>. R IR IR
HAE goto MEEAl_EAUEEH NG  goto —E AT FLetthyr o PRI, AEHTHY 2238 S go ARLAANGT, iy
PR ARREH BRI 22k S .
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KA, AR (] setq AR H : B TRATIRMESHE — DM E LRI ERAE M EREA . BN,
B2 R 2 K3 T R B ANARIR 2, BT LI 72 RT3 L G A AR bl setq AR
REFER LA BRI RSB EIFL setqo

FERLEG & JRITA AR AT S E 228, WURAR(E 'S — DRI A MR ] R a1 2 15 B 132
H T, BRI [FIRE AR 2 B A — N BGSTH RAE JR T A A freT sUARD 73
I, e LA ARG R B 2 AR T MER B T AR A0X B AN B B O AU AE PR BRSO 2 — W TE R R
BN, BSOS AME A R EA T 2R, RS IRROZAE SR — (Lo BOR T RZHUB TR AL AT 2
KEE T2 IR AN , X HA P A - 72 B v A AT A

ZIEH T B RS TR X TH A M IERE P B vk o A O AU 2 Tk 22 A%
Mo — AR, BIVE _EZ/NVINN, LT ® BRAARTAXE AT Z 5, rTRES SRR 1941
Y RlE e IXAER A BN S LR ST ARG ML E 2 4% o Rl B8 % conse — 1
ST IR T R AL B cons, BRA S B — AR = AU FE T

FAE I AR 7 — DR A E RSB W8 PRSI I AR AR HE
SCEY EER FARERIX —F 5 AR IR 1o JRIT AR AR AE 22 1 E S AT REFFAS .11
L 3R e BRI A LA o

7.9 EHIKHXFR

WARAREE ST — R, W E M R A H B BT o © ANid 3 AR 2R U RN — e s
T o MEREHIR IR REUE SOT R R B R e B RIT . R BAAE E R B I LU, E
SN2 S AT A e e BT X el B 298 RO TC Al -, By AR BCE B9 T 505 50 R TN
T kL S e 22 ) JR Ak 89 5E L

> (defmacro mac (x) ‘(1+ ,x))

MAC

> (setq fn (compile nil ’(lambda (y) (mac y))))
#<Compiled-Function BF7E7E>

> (defmacro mac (x) ‘(+ ,x 100))

MAC

> (funcall fn 1)

2

UNRAERE SR Z 8t B 253 1 2 B0 AU, 2 A AU IR, cre2 IR FREOR, “ 75 5E LB
HE MM ZBmiEa A 2" o SR LB SOX AN B SR 2% B AN o SEIs R, X WS RIATAR AE
RE G WIRBETE NP 450 , PRI A 2 PR At e Bl AN A7 AR ) 25058 ST -

L AR R ZHT, S E L E

2. — HEGE AN AU T B (RO 5 TR IR Y BRI (E) -

AN BCRERR 7 b B AT ) 22 AU — A BRI SO B AE ORI 8 SR B e i IX AT =k 7o
FATE VB while AU T ZBCE A SCHE B A OV U0, 48 11T B9 S F T H AR 2R R 7 AR B
I, AR ENTE R B2

R RN T IAERR P W AR E R TS 1, BAR IX P25 R A P E T BRI — o I AR
UEARFAN 22 09 58 S H IRAE AR & AT 1 P 2 B, R R St T LAE R G IR Mm% . (UL A B AT %2
it AR BT A R SR R B A8 AN AT AL , R bR A AR BEME LABE 352 o

* i P BK (inline) A BRESR AN, EATRIZR I E LB HIZI A o
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7.10 kBRHHE

ARGV A HE PR B AL B ZZ 1) T o WG BRI B N 2 S — 2 R RIR B C 2 5 B I 77 ZX Al MEE,
PRERANRE T MEHE R0 B inline (55 17 00) M52
TSV IR U R AU A 227 IX A TR BUA & A HE U SARNITH G E 22 e, (B AR H O 5 12
A PREL, Ay A BT B2 XA MOE IS F —— T X R i g R B 22— 22 /> 2 A 26 ) it (H X 58 /)
AL BRI 2 o ST SR RIS R A — D RE N T THRENF AT R B . fJ5,Lisp )7
A I S A A R B R
PRUBICER A R 2 AR IR T BR B — 2e b o e 0 A A — 2R R IO N TA LAMRR A5

1. HeR A g — 13k,

2. HBHIHR S S5 4.

3. NVEAEMGHAS i (SEERIM -

4. AR (WA B TATA A E 3 )T B R %) -

5. FASEE R EUAR B I —IR

6. H NS, CIWESEESHIELEZ il A — 1 SHH B2 migi 2.

7. TTH WA b,
A R R IX LR E & A& Common Lisp BN & K% second, second IR I FFKIEE It E. B
PIE Sk :
(defun second (x) (cadr x))
AR, BT LT B B A A, AT ) AR T 22 48 M0 & R A B S T 725 08 Lo R —A 5]
FH B R EAR B BT, PR IE S A A — N IR S E00 38 AR5 BT T st R I & il T
(defmacro second (x) ‘(cadr ,x))
IR XN WA RTET A MR A TER T LMEH o BAREVEN apply 8(# funcall IE—PS4, M H
BEE T Y BRECRRE A RSB g o ANk, X5 i N R H | second 22 MW iZRENEST: second PRELHY T
YEo
M R AR B 2GR 2R LE—A X A H AR RS AR I8 | KA 22 s e T Rk i 65k 5o BT PATC
RS 1, RN E—1> progn. BRI noisy-second:

N

WS

'~

(defun noisy-second (x)
(princ "Someone is taking a cadr!")
(cadr x))

A DRER AT LA R TAT A9 23R 52 Al

(defmacro noisy-second (x)

¢ (progn
(princ "Someone is taking a cadr!")
(cadr ,x)))

R R B RE L 25 1F 2 YIRS DN EH &rest Bl &body 240, AR 4 TEELE AT, KR T 2R AL B
AT X RE R AT SHERT I, & DAHESE PR 1ist WA H . Ut IrH i

(defun sum (&rest args)
(apply #°+ args))

WA T



7.11 45 % (symbol-macro) 69

(defmacro sum (&rest args)
‘(apply #’+ (list ,Q@args)))

AT BT AR SRR R S S B

(defmacro sum (&rest args)
‘(+ ,Gargs))

A 3 TOEWL, MR AR O A i 4l A IZ S PR — T o X RREEZ DR B
H T A S RTEBOE S T, BmAZ , T T EIEZ S I e ARLe 5 |1 7 28005 1T . a0, 1E :
(defun foo (x y z)

(list x (et ((x y))
(1ist x 2))))

WJF A x BUSEBIRRBEATR IS A xo 88 A SLBIRARUASKAEL, 155 =525 1 AT 1et HESZAYHT
ke FrURAR D EBIASHIES:
(defmacro foo (x y 2z)

“(list ,x (let ((x ,y))
(list x ,2))))

AN TER LA 4,5 T 6 AL RERL AL O 75 il X i BUH A LUS B9 535 -4 3l 1. Horp,
55 10.4 T2 AF U HIE 5| (R, 25 10.1 AN 10.2 9422 LR 2 BERAEMRAEF A —20E
JEH e o

BT FAT 7, MR AR ALY A OB AT LM B 260 24 TURIREIRYEHIR . B2 HTIX
AR EEI RS A T TR IR AVE AN R R, R BT 20 1k

7.11 5% (symbol-macro)

Crri2 2N Common Lisp 51 A 7 —Ffi 22 BIFF5 7% (symbol-macro)o 518 ) 734 FH A 2 R 015 pR AR
M52 TR B ERNGE 5
5 72 HREAE SR Lo symbol-macrolet I special form 7] LATEHARPY | LE— RS2 4455 1T 0N
Fak AL
> (symbol-macrolet ((hi (progn (print "Howdy")
DM
(+ hi 2))

IIHOWdyll
3

symbol-macrolet ~E A HY [ 21k AL SR A HY I, BOR A5 B — D 2 MU0 B /Y i AE 2 1R K
T (progn (print "Howdy") 1).

MERIR_EYE R 2R AT SR 7 o AEBCA SRR, 200 on T AR 5 _ B4 S o Aid X 9F
RS R TR, EAVES 159 (O 137 50 A4 18 % (9 157 0 MREI T, T ELAELUR A1 T
Hh RIS AT B
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G
(0]
ot

{AT R A &=

FATAATRIE — 25 38 A R B AT EL N %A PR, AR 5 WE 2 2R, S ARAE 2 0 7 AR W 17
N EENL WAPE DU B SRR OUT , AT %M s, IRA 0 SR eR S RE R o (), Tt 22 1] B 2%
A, SRR AR ANICHE . FRATEY 24 FUA R R REA Rl A AL i A E AT T

BT EREA AT R AT 2 XA T BT W H XA LAE, 2 — R, REH
FATHIZ P DM B A% | R B TC I 5 e 55 8.1 T8I 1 I BE 2R SE LR J UMM ERAERT o R L,
AT /N (BARAT TR AY) T DT W8 2 8], X AR, A BB R SIS R O AP S 2
AR XFFRXFED, 4 8.2 WA TR T RMIER WIS . fa , X0 H% TR, BATE
5 8.3 T BB — MRS AR AT 42

8.1 HalFcfthikat

T A — 18 1 A « 4R R AR e o B LAL R IR T LR ARSI 5N 3% S — - BilRE , IF
FEBRLEFEALL A5 A 4 X A PR AT o IR AIIX S5 S5 U I 2 Lisp #2/7_E | SR B @ iX A “ 7
BIRE” %2 R EOE R 7 o

A, AT LMRE G B E N 5 — D R IAR R NN AR EA BRI R TR — DR 1+ AR R B
RE AT LAE R 0t i) LS 7

(defun 1+ (x) (+ 1 %))

(defmacro 1+ (x) ‘(+ 1 ,x))

(R 158 7.3 1) while, WS UAEHERE SURCE
(defmacro while (test &body body)
“(do O
((not ,test))
,@body))

To i R EOR B ELE AN AT N o while HYE SLHEPFHRE T MEN body & do HYTARHLAIERIAR, B
HY test KIAAIRE nil A SRR A REAT DMEEX — 50 & EEA R ECH H B B i 240E
RO I 2 B S R E
MYRTFE A ARE T T e mWE 2 2 W U BT Y - 257] LA (BPHLIE) X H sk
8, 7F B e LURBIFE AR 7 B B N30 o ARTRRZE2 B R T, AR 2 AR 2 2 B A e v iy
EU
ORANT HZEGHATRAE” , XA AR IE AR A R ER . AR DI B U3 N Z A2 |, “Z2HE 42 4] 220 H 2500
RAE” o BT SHAE LRI RIALE , BT DASRIE K, 20, BUERAARAE . 2 X pa il 32
BLORIRAE DY AT 18 :
1. T#, Common Lisp B setf Z i & iX I 7 AT — 0L, BATIAE SRAE B &R & MHE A B9 2 80™ ks
o WEMTIRKEL (access function) 18 #BA — DX I I F A F  HAT A XHZ 17 ] o8 £ A 28 B
X ZRIRME .  car WHRME /2 rplaca, X T cdr Kt /& rplacd, 5555 A 1 setf, FATH A LA
3K B8 37 7] bR ES Y I FH 2 S . (setf (car x) a) B2 D7, X DFRIEA T LURTF
% (progn (rplaca x ’a) ’a).

71



72 % 8% ATiHEA XK

N THEFERIROR  sett WAHER TR ERE —DS8. WIRZEANE LR ILTH 2 E) rplaca,
setf MAHHE ERH PSRN LA car JHARIFRIAN XA, setf LANHAME XS AAHR:
VERF , LA 200 5 A o

2. SR, IR EIRAR TP ER . P10, BT setq U5 — DS ECRASKIER, BT LA, BT A
1 setq ZJ:W@E/J;F@%KM IR ETTE] setq HIZ:, MIABEZ T ERTEREL. AT let IXFERIHRAE
RN, R SE S UE A 1ambda FIE A HIE S HI, I8 A 2L do IXFERITE 1et 222X
FESESE . ARMTHERAER , BB T SHIREIE I A B IE U .

3. FMRAE, BREUITA ZEERSHORIE. 25 vhen XFERYZEIG B FA 1A BB — LE 2 HUNAE T E S F
AR P R AT REPAR X R RIS -

4. 3 F KL, BB T ASEOMARBORE, 17 BRI OEARIE & — Ko AT 2 2K E L
18 do IXFERVZEH , JEXHE T, T AR E 1B 502 CR H

WA UM T 20T AR 27 AR B R R TR AU 05 o X BTG — i, 72 T e R A T it 2
BRI T A RIRIE PR 2 Ay TRON T 91 = b A R T X 5. BT

5. AVRAR TR, 24N IR LS A X R R AR i A 40 e ok B 22 B SO . R
THE AN 7%
(defmacro foo (x)
“(+ ,x y))

HIFT A IR £oo AR I y HIZRE AN -

X ST B 2 MR AR AL BT AR AR 2 TR — ok, B IXFER A A 2 A 405>

e BRRRE A AR T A MRS 5 — DR m R E T A 2Bl gl S8, $5LLE,

%‘%ﬁﬁéﬂiﬁﬁﬁﬁ%%m%m&&,lﬁb IR BT XA R, IS\ U2 A A 75 T )

o (WA 9 B) YA I 2, JUABEAE )% (continuation-passing) 2% (55 20 &) Fll arn 4iis
(ﬁg 23 %) By LA AT A 1 R .

6. @EH AL, R M ESHE— D F Y EE I TR, R A Bl 732 1et, BRI LA
ﬁﬁ lambda LI ZEHIEE (W 97 D)o 72— (et ((y 2)) (+ x y)) XFERIRIAAE , y KiRMA
— BT AL

7. B RFOR A, ZRETE, BN B AN BT IR . XN BT AT = A g5 e 25 AR g%
Ja MRS A RN 2B TETH, 2R ESEE T e R XUk T 5 i
% inline HYERELH —FER ST )

TR, IR AR N Z G 5 F 6 #4574 ARl fiE _EAY (R, X AT RE AR 22 HO 2 5 BT A 4ED O A S L

T B Sk — o ASHEHITHAESR 9 Eitit.

B FLUUA BB 22 1 7 30 AR AT AN A e AEBLARAY T FLEL, BT AT Common Lisp 2 5 i 4T 23 18

~F inline 7B, BT DA/ o6 B0 PR 2 PR B BR T, AR R Y o XA BRAR TS A AT A o
[;JJQH-L?L\‘%I]B

8.2 LFiLRHE#?

b T R R R, — MR B SRR AT SR B 00, IR A JX N R
B R BN RITE M TR AT R VA F P S W RRAE S, AR I%E 2 0E > e MRS ave,
TR E ST, S LU SR
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(defun avg (&rest args)
(/ (apply #’+ args) (length args)))

BB R SO AN -

(defmacro avg (&rest args)
“(/ (+ ,Gargs) ,(length args)))

KR AR A avg 1Y BREHRA I | &R 22 TC M EEH A T — K lengtho FESmIFEMIFRA TR BEANIE B 2L 204K
HE B ENRE S E B Bt IR 2V H 1ength BBl 24 FATH G XA LR, v LIS B %1
JUA:

al

L %iFEMH . RRMAEAPIRZ SR, 4002 2RI, LU R IT sUR R I, — Bk
P4 s, Lisp R Py o AT B9 Z5 JRITA A SE 5 1, ARG IR AR EAT — U B8 AT B AR e AE A T Y
s T — MR WCRAESS 5 BRAERF IS, AT LA EAE R RIT R BOd e il — 0 TAE IR A48
GRS R T B e R, R AR BRI B e A T B OS8R AR, B EUm H REftix Lo =f
TR HIM. 55 13 TG L8R avg KR IXLE R REAE R RIT R BUt se il — i 73 T4«

2. Fo Lisp 89 5 e A FHZE AR R BT LA RE PP Lisp SE UG B K% M — MREE MBI T 3%
LGRS — DR AR A] LA 2 I RS K 75— Lisp CRIERE RIMERT FIE. 40
SRATATHOE IR0 R T LAGERE A8 A5 A/ th B R B/ NV IR Lisp (57 17— TAE, 5
e B2 PR A 7= 2 Lisp REEHE T LM P RE i T L2 UL . X — L3 R 2 A & BRI
AIEE B, BN 19 HESemg A RGES .

3. RIREZAM, 25 AR E LRI HTT B RIT A i LA, AR ARIE o A9 AU R BES O,
RS 23l PT LA AR E RO G 25— R RO o 7E Lisp HYRIT 5 o 27 AR B 2 BIX 1
PEAEISAT 3 S PR KO . TIAE Common Lisp ., iX 22 Sf M3 A WA inline ZRAUAY pRAHE T
IE
IR R EE I inline , VRESKILIEX A R EUMAR 2 — 1, B PRI AT O ARG o I, BRARR]
LS 2 A BB crre2 (229 UT) Wi “Z iRk AT LARE IS 200 327 W1, 1T L HE2E Common Lisp 4%
TS XA o

FEFELEAGILT BRI AN Lisp 2 8] X35 R AV S L30T LLFE M IE S Z A Bk FE56 19 =Y
A G B, T DA B2 13 0 RO THA R A S D0 X (3 A B i B R P AL S B
SRR X B (RIS i b RR A Lisp AEAS B AR B, RERE A ) MU ] Lisp 1A, o
Vi AT AEAT A R Lisp B9SRARZRIA

&
¥k

4. BB RIE, RGN IFAR AR, EGUE — 248 % sAOT LY 2 HUL 3 (10 apply) , #EeR 4L

ETEJ

B BB AR A o (IR L OS] o

B HE SR, AR T] DL 3 27 8 B 36 7E lambda-36 8 Ok IA B H . W R AR apply
5k funcall KA R 22 IXRERTTATHY, 40 :

> (funcall #’(lambda (x y) (avg x y)) 1 3)

2

A XFEHOR A LRI 1 H AN IETCE RS TR R 2 A arest S B AMTCESS
BRI H LS avg B2 o



74 % 8% ATiHEA XK

5. SRR 75 UM U SURBC IR LA S RS A MR R 3 7
P M B S P B

6. BATH F T, A I HC R BCEHEIA e R AR AE S A 1 2 % B ACRD B RE B AT 14 R IR AR
f£ backtrace B F AR (& Fr A7 1X L8 2508 F B9 T30, e TR ) 5 ORISR AR T RES
KABFEE o
HHBTZRRIFLUFSEEA T, rLVENEB TR 2B AR IRAE R BEM ] trace ROHT—1
ZHEHIE R W2R trace FLAYZAAAYIE , B IRANZA VR FURXT 2 FOT R B 1 AR 208 AR
AT o

7. #)a, (E7 BAE S HAGAE R BB AR A B U R IT— > 7 B AN R T s B RT BB I 1Y, (H i
TG AIREAE . 55 10.4 READ TR 7% HL A8 U A7 SR Y T2

AETREE AT A T 223 B R A0 e AT R i 25 5 % B I A IR R R . A RA A RERIEW— AR
FAEM . SR, I S 25T R EZ RS T K2 EO ZZAFIRIEIY . R — MBI EZ S
X B 4 BB 2B S X AT BB A& Y .

T JE , MIZFRIB  THIEMT (WA 6) IR RCABERS . AR AR £ 255 B RS FAG AR AR S R AR I
Mo AR —DERE LKIBEE AT TR e i RS EE . B2/ TR
IRAE/INI AT SERGRR P 2 R e Gl B AR E U RIS 1517, LUl AR A A S A & — R
[l backtrace , IX P ZZ A S LEAR 2 E S8 FAE LN o

8.3 ZEHINAIZE

BT TR/ B2 5, N AR AT DR ZZ A — 2R e R TR G, bR
FIRTTREAL : BN ZH T35 (syntactic transformations)o X AN A% ™ FR ] 7 1) FHYE L. F
T Lisp BF MBI A B, A FRIE Lisp BREEE, “AIEHAR BB AR AR LHEZ . 5 19-24 Ff
INRREASR Y 5 H BT DA AR “R)E AR T HIWRCR B& T Z SN i
ZERIRN N — B T 44T XL B A ES T R while JXAF/INELE FH A 22, L2 5 1H =1 E LAY
KRR &N 220 480 I — Y & 2 ) T2 BRI Lisp #FA B R ABLE 72 & —FE o BT 5/
W HARE AN AN, VR AT DOy — SRR I 2R R g 5 S LB S8 5 AR — Al 2T,
Fetmid, BRI, EATERRSG S —Fh L T T TR RIENIES .« a4 iy , 2 VR —
FRAN Lisp BRI H F RS B o LUX R T7 208 22 B e PR o LB N X 5 .
SEHH THEGE BRI E XS B B LR o 22— DR P RUSAR /NS Wb 53 EAG S ALK REAS X7
HEJRRE, B Lisp A S MY 78, MRS nil! B HSHOEEN nil, XA TH HEE Uz
(defmacro nil! (x)

‘(setf ,x nil))

EE nil! , ATREA NSTEAT AT, TTAERT ILERNT M AU T2 T &) HEmH i, Z20rEe
AR LE VR TEEFT E o WA N AR EX AR BT, I8 4 H 0wt ds i) AR &1 AT LA
T I A s ) LA s ORI S TR E, BN EATR I STk % T LB R R R 2 T T
— MCHERRE 3 AN — DI R 7 2 TR A ZE B

ZH N TEREARA . AR EZE R AR A e S & L TR S0 E
RERKH . Nt 2ARF T LME , REE O3 T2 FURAeE 57 RIS R & B E © LARIFER) 18
FIEAAEAR 2 3 )5 AR ERRA -

(do O

((not (condition)))
. (body of code))

VRF R P AR TR BRI AR SR IR . BREURNE B R P s, BARAE— BRI 7T A X R TR A
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SRR H SRR E I — N EE RGN I MRA LA D47 X B 2552 whileo 4N
REANVEIE /LA TRIRBE TR, A8 2 ARELUZ BB 2, IROA 5 2 27 45 PRI A SR (8, IR R
{Ho A HISE 60 TTAYE LI while , AT :
(defmacro while (test &body body)

‘(do O

((not ,test))
,@body) )

AU AT LARE A AT SE B il

(while (condition)
. (body of code))

XREA AT AR B R R P tho B S I M B 1 e e O

TR B AR SR RE S (AR EAE S S 1 ORI A o 38 24 B9 25 m] AFE AR I 7 B A T R 2R 65850
3ty g AR R FIA e SR RIE S IR 7 s 9 5 X R R R 2 Re e DA — B X b
R BRI T 2 defun, FEZE T L, & OV A R AL E ST Pascal B C X HEAYTH H & LAY R
o 5 2 BIRE N HMN N REAEALZ BA MR RCR

(defun foo (x) (* x 2))

(setf (symbol-function ’foo)
#’ (lambda (x) (* x 2)))

X defun AL AT LASEBUSR— MR AT E FARBUEFH U . ATATLMER E2IXHES

i

(defmacro our-defun (name parms &body body)
¢ (progn
(setf (symbol-function ’,name)
#’ (lambda ,parms (block ,name ,@body)))
’ ,name))

1% while Fl nilt IXAERYZ2 AT AR il A B9 S T H o AFA Lisp F2JF#8 AT DMEH B AT (HRRFE 1940
R LA ENTH SRS TR BAE AN R ETE S R ME—F 5 A RER AR Lisp. 261
P17, MR IEAE DS — 1 cap B 7, AR SER S RES IR E G AR : — 1T T cap BIFHIIES
(R 2 SRR, — 1 THRAE (toolkit)), AMAEIXZZ _EHY, RAVRFER o

Lisp 1500] 117 22 % At ih S R UCER T U AR 22 5 . AEHABTE S B AE4m B AT 0], B A0, LA R
AR Z M A MRAE L LR ZE 5. TIAE Lisp B, X 4L aftiB AL 7 H KL B, fE16 = AL
Z AL BAT WA B B AT AR T KRR P AT DL B AT B IR, AR R B AU AR E TEAR 2K
NS AR MBI E . RHAONE S B D BN E IR LAY X 1 1R = atig ki
LS T AR € Lisp —HF-

BURIRANTIEARS — 3 B 2D 2. O 1 ORI, AR EUE R A BN G A B,
SRR K — M (2, y) FI— A (do, dy) o T HIRITNA BB FIES 2 — =& PR —Ad 5.
XIESER 8.1 AL move-objs HIfESS o T REE &, HAINEAEGE MEFERFELEAN A — A
HEARLE T RS o PRI P A F T 2R4 bounds , B3R IR — 26 G A AT 1 S A AR (B x,
/Ny, K x, 5K y)o move-objs HIERIEERIIMEIAL | PIUCK bounds I HIHY HE], E A1 BIHEF-F5 7
JR BRI SR B B DX

A% scale-objs H AR LIS RAA /N T DX S n] RERE 4 AL IR~ AU RO 28 4/ 31X
A ERE AP IR bounds VA Z [ A AEAEHT o BEAE T4 RS 7T S 3h B ORI i X A — 2k
S BRAEFRANTHR AT - AERESL , B0 e B SF R A

I A BATAT SRR L R P A B AU S ok o 18] 8.2 HHEYK with-redraw 45 H) T —TMEZ,
CRE 8.1 LR IA R > AR X LR B B SRR E] T AT A, T 8.2 K



76 % 8% ATiHEA XK

(defun move-objs (objs dx dy)
(multiple-value-bind (x0 yO x1 y1) (bounds objs)

(dolist (o objs)
(incf (obj-x o) dx)
(incf (obj-y o) dy))

(multiple-value-bind (xa ya xb yb) (bounds objs)
(redraw (min x0 xa) (min yO ya)

(max x1 xb) (max yl1 yb)))))

(defun scale-objs (objs factor)
(multiple-value-bind (x0 yO x1 y1) (bounds objs)

(dolist (o objs)

(setf (obj-dx o) (* (obj-dx o) factor)

(obj-dy o) (* (obj-dy o) factor)))

(multiple-value-bind (xa ya xb yb) (bounds objs)

(redraw (min x0 xa) (min yO ya)

(max x1 xb) (max y1 yb)))))

& 8.1: s pI Y PR Fll 4 il

(defmacro with-redraw ((var objs) &body body)
(let ((gob (gensym))
(x0 (gensym)) (yO (gensym))
(x1 (gensym)) (y1 (gensym)))
‘(let ((,gob ,objs))
(multiple-value-bind (,x0 ,y0 ,x1 ,yl1) (bounds ,gob)
(dolist (,var ,gob) ,@body)
(multiple-value-bind (xa ya xb yb) (bounds ,gob)
(redraw (min ,x0 xa) (min ,yO0 ya)
(max ,x1 xb) (max ,yl yb)))))))

(defun move-objs (objs dx dy)
(with-redraw (o objs)
(incf (obj-x o) dx)
(incf (obj-y o) dy)))

(defun scale-objs (objs factor)
(with-redraw (o objs)
(setf (obj-dx o) (* (obj-dx o) factor)
(obj-dy o) (* (obj-dy o) factor))))

P 8.2: B 3 B HY-F R N4 i

JI7R o WX PR BRI X ASHT S B AR RS T AR B or eI T e R A e . JRH, — Bt o
BRI AT TR R XA BRECIR IR R T,

X with-redraw, A —F G EEHEW N —FiE 5 G2, XFES T TIH THRE S EANEERT
BEETA TR B 21X 22, BATAE A4 B I RAE SR ERRS A i — T E R mAeih =, B34
AR P AT IR R I B 2 Ab IR TR A TR 0915 5 S R 7 A B A 28U

T — FENIEMR A IR ARIE S o Lisp (405 MAEIES 7 M2 —FrRenIit s 115 S , BN Lisp 7

Al LA s 3 1 H Lisp A P B VRENTRS (read) FIZiF4T (compile) A LAHIFE LUXFRTT 315 I #4
P Z2HIHEEEAHEH compile; VRAT LU gnitARLE FHR ML HR B (58 17 D), EARATIR AL
HH AETCI e % o

PRAZERE S T —FA B gensym. ERIVEHE TR BN .



8.3 RO A 77

HHBRARXES WA T Lisp < ERET , AU E 2 Lisp B8 — 089, 3X (15 HiF 8o 17—
A~ Lisp MUFTE S PRAA SRR A A SCIMARTE ST RIMZUT & Lisp 585 — Mk dr. AWl RE
A3, — A B AT R I TR RSB R E = R B B A Lisp AR, ZRJ5 LEARRE & v] LA
WIESRERTARIBTE . R ERIRE TR 1o RN TARE R —Fh I iy 2B U il 7
— R B ME S 5 RS UE S I, 2R k.

R, A IEF AT LS e LR R i . B R T AT TR A8, R
Wit s B A EUE TR, AR T 7 10X 7R A1 AL BB B9 A AIBOR Y. A2R Lisp AT HRERT LA
TR T EE, A 2R AT AR SRR B SRSk s e sS4 (Y Lisp ik, S8R HAR BB 45 Lisp 420
o

PR B F AR 2 PR B R A ZUHE S HORCR . IR AR BT T 40— BAL T 9% 4 AURD B H LA
PRI BRSO R AR AL IR TR ARG, T2 1 20 L 05— ki DRI, il SR A R e R 2 2
FEE R AR A SR S a8 . (R AHE = BRI T Lisp, A4 Lisp i ae sl
DY ISR AR XA SCIL TR S AT B ARSI T R Z MR AT 8 BLRARIEIAT AR TE
Fhi'E PN HIEG RS, BT RORS R APERE. F58 b FHE 5 AT G RIZIE S M iEas
— AN ERRE D TAER R EATRY Lisp it 5l

X BT AL BEMRARXTE T 0T, 5 19-25 WEER TIZ T 9 19 WL YR TR
SN GE T Z R A XA, BRI X AR5 S8 1 —FhiE S

A7 Common Lisp W43 W7 5 7 BV HIEUR A BR AT, A6 2 AT curul BE LR BAERH, UE
T 10% HYBRAERFR R XA Ho2 i RO FATTRY by 52 R B Y, B AT H BAL UG 2o 54—
/> Common Lisp #27 {1 ir 57 B Lo 22 0 e 2 BER X MR P AR TAT 4 A RIRE T BT REIRASI A 22, 1A
WP AT RER R
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% 8% ATEHMEAE




3
©
it

T EME

Gyl B — RN T F AR (. AR R R AR 2 R TIT SRR IR SNG4 5 de «
ERF T A R P RERHBS I TR A A — D B R SCh A . TR AR AR AT RE S I UBE R SR bug.
RN BIFRER E AN A, AR A R — o F MR B T HAE 14 =M%
HB SRR EOR LI o

RARE
=

%HFW

=
ET

9.1 ESHIHEE

IR — AR TERIRI A é%?ﬁfﬁééﬂﬁﬁﬁﬁé A EHAAA bug B N TGRS HIXRER 2, AT
DI RIE A A AR RISl AT AR AT LA A A O XS B e A B A 53 FriBSduise, mt
mﬁtﬁ%$Wﬁ§ﬁ%Lmﬁ7%ﬁﬂﬁ%ﬁ?t@ﬁfﬁ%ki%xmo%ﬁ?ﬁ@ﬁﬂx%%%
X, B8 Pascal 1) for £E— RANFIAA_LIGIAEEIE:
(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var 1limit))
,@body))

XN FREZ AR 2P A LUEH TAE:

> (for (x 1 5)
(princ x))

12345

NIL

TS IR AN DU B, WT RE FH Lk M ARAS B 2280 IR #h 2 e [l (B WERFRATIX AR H 2, (Rl HY
KT
(for (1limit 1 5)

(princ limit))

FATTRES N AN FRIA AT Z Ar s R A . HEHEAEME L Ero4d T — M EiR. N THRER
S FRAFA M e I
(do ((1limit 1 (1+ 1limit))

(1imit 5))

((> limit 1limit))
(print limit))

BAESR R Y HOT IR 1 R RIT A S RS A S BRI RS Z R T 27 i e
FREIT##R T limite XFECEAER A do BB 7 WX, X EIREHT.

FAS A T S B A R HU AR DL (IR B M E OBt 97 . _E MR IE L BER AT —— 2 DX gk
TR T — bR, B A OUE , i 7 A B2 U= AR R IO 5 2R 030 45 AT 8 5 o (7]
AL . AE N P,

> (let ((limit 5))
(for (i 1 10)

79
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(when (> i limit)
(princ i))))
NIL

7 A B A T A 2 AR

9.2 BHFFSHHE

/R MBI RIS O, 2308 SUR B A IX 428105 EATFEZ RTINS TE R A A5 2] 7 e s v iy
FE. BA MR, A BT T R S5 SRR — DR R R EAE, A A Rk 2R
B EEATEH R . TRANG T A% gripe, EfEX MEHELR, FEEMARTIIE v

(defvar w nil)

(defmacro gripe (warning) ; wrong
‘(progn (setq w (nconc w (list ,warning)))
nil))
25, A ANA RGN R sample-ratio, IR BB FIR IS . WRAEMT—MFIFRBHITR D

TP, R i?JEEﬁU:UJZIE] nil, [ 7 A — A X A B AL B — St 2 BB R R
(EPREE S AT LA A E 2 HE B HENTRNE S AR )
(defun sample-ratio (v w)
(let ((vn (length v)) (wn (length w)))
(if (or (< vn 2) (< wn 2))

(gripe "sample < 2")
(/ vn wn))))

WRA w = (b) KM sample-ratio, A CKHSEHHE AN SHIAG IR, WA Z RS
T ERPHRTCE LY. HZ 24X gripe B I RITIY , sample-ratio MIFEBE Lk
(defun sample-ratio (v w)
(let ((vn (length v)) (wn (length w)))
(if (or (< vn 2) (< wn 2))
(progn (setq w (nconc w (list "sample < 2")))
nil)
(/ vn wn))))
X B[R gripe AU BN ICE A w HOHRTINE. FTLL, 7= A S I RE R A7 21 42 JRy (Y 5 4y
Y B T2 M ncone EHE] T sample-ratio M — 128 MIgh . MNMAEEZLT 1M HIEE (b) tin
BT A 2RI B TR I H A )5 P RERE SA E A B AR S -
> (let ((1st ’(b)))
(sample-ratio nil 1lst)
1st)
(B "sample < 2")

> w
NIL

9.3 IHIRLZERIRHL

VR 5 W9 'S 5 A A BRI B 7 B R S n] AT E B A7 T RESK H _Eak P AP SRR A ()R A F il
PR LERE LA R, i B SR 2200 T RE TR 2R LE A S MY 2L AR R PP P BT LI Bl SEis 2, i 2
A IMEAENRIY 75 5E LR HH AR L AT RERA B A45 5, HFHEBR EATHY, T T3 X LRS- fili Bt o AT HR AR
WP o ATV 28— BB 1 AR, e Rt al A W EE A 5o AN B R FR AR 1
G A B P A AR SRR
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BATEE T ORER H AT I FT LAROR A SCRT P S e (R B ST LA R AOE &, B ATE RS BT 0
FoLE X LM T E XL

B W (free): FATNNFRIEXFAIRFS s & H HAY, 24 A BRNERIAX PRyt HEA A B N
A IE.
FE T FIEEAE,

(et ((x y) (z 10))
(list w x z))

w, x 2 7£ 1ist FIAX A LLAGE A BA, RO FE A AT MIE . Aid, SMNER) 1et KX
AN x Tz G T 490E , WK B3 7E 1et B, A y A1 w2 A Y. TEEEIE

(et ((x x))
x)

B x B5E AL B BB —— ROV EHAERN x GERIHTEEE BV A -
HER (skeleton): 7 JRITAIHERGE B JRIT 3, FF HZA9AT M AL PN LS I E 7

MR foo HIE R

(defmacro foo (x y)

/G L,x 1) ,y)
I EAGLAE R A -
(foo (- 5 2) 6)
Wremter L TR I
(/ + (-52) 1) 6)
X T AHE A 2 L DX D FRIAAAEIE S x My &5, B M2 HRRIFE T
 + D)
A TR, AT LA e A5 R T IS R R EGA I

T #42 (capturable): MR — MFFH 2 R 552 — I AT LAV BAERELE 25 T R TN : () B
VB H AT 5 B 2 RO T LR B 5l (b) MR E SIHEZR Y —H 0, MIZHEZR 5 A7 4 i
R INBRL IR DB E SR

PG5 0] AR PR e R & 3o FEfm fE] SRR TH LT -

(defmacro capl ()
(+ x 1))

x IR DA EAF N B A5 HEEHEZR B . X F2 gripe ' bug YA fEX 7

(defmacro cap2 (var)
‘(let ((x ...)
(,var ...))

ce))

x AT R R EE— Rk E A — R SR E 7o (X/E for HHHEL
BB R ) RIREXT TR I A2
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82 F9% &

(defmacro cap3 (var)
‘(let ((x ...))
(let ((,var ...))
o))

(defmacro cap4 (var)

‘(let ((,var ...))

(et ((x ...))
o))

x FEMA 75 AR A AT o AT, AR x AR ERIE A S RUE 1 A AR T A X e — A B 3 X B
INICH W R R AT LR AR A
(defmacro safel (var)
‘(progn (let ((x 1))
(print x))

(let ((,var 1))
(print ,var))))

W2 x ALBARTER] . HARTA I EEHESR AR A KR . RE L, 1R RS —
A HHESR ST AR E AR H,
(defmacro cap5 (&body body)

‘(let ((x ...))
,@body))

AR 2, TG 1A S A AR 4 XU - 78 capB 1, x A FTHIFEAT . RIX T R IR 5L,

(defmacro safe2 (expr)
‘(let ((x ,expr))
(cons x 1)))

x A NFHFE AT, B 4 %4 expr HISBBORIEN , x HUH 8@ 2 A W RN 35 E R AT AT R0
ARLEAEZR AR B E o AEIX N
(defmacro safe3 (var &body body)

‘(let ((,var ...))
,@body))

BOATFS 2 RBART & MBEHIE (B SHERM P AENZ).
ST AR for S 52 3L, 707 (8 PR ORI 2 25 R 22 AT IR O 5
(defmacro for ((var start stop) &body body) ; wrong
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

BUAER AR Y for HYIX € SCAIREI 2 A ¢ J7 UAYIHIFE : 1imit AT RERBUE N — DN SEALL for LR
FE LA By B AR

(for (1imit 1 5)
(princ limit))

B, IR Limit BRI LB -

(let ((1imit 0))
(for (x 1 10)
(incf limit x))
limit)



9.5 I AT 09 4 5 AR 83

JXHER for MU, TRES I A E CL19 Limit S5 M0 RTEORER I IO IRA, 550 J 46 2R3 2ag il 555 4
Stb SUETRAS R FFAHE 2R A A Y Limit 405 2180
(do ((x 1 (1+ x))

(1imit 10))

((> x limit))
(incf limit x))

IFHE, iR R fX A R, B SRR S ok 0k

AT R IZ NS RN 2% A SLbrg e P U AR S B L BT EARIE A E LAY
ARESEPRIEHIERE . iR A RENI A E LAY R, e TR AT . N, 76N R 2A
X H,

(let ((x 1)) (1ist x))

x fE (List x) PORMAR, 2AFAFH LR AL HATALWEV IR XIEE let ZMATH. KNIHHE
AORLI A SR AN o AR AT LS i I 2 LA 2, AR 2 58T T RE S 2 BB 2 SNl 1
n,

(defmacro pathological (&body body) ; wrong
(let* ((syms (remove-if (complement #’symbolp)
(flatten body)))
(var (nth (random (length syms))
syms)))
‘(let ((,var 99))
,@body)))

LY XA, 2 A 2GR R R AE 1 progn FHORE— HEFMRAH 4 BEHLIL
AR A — AR AU IXARE 2 — e (H e 7 BATAIL, ROyt 3o i BAE
HEZREL . SR , SEE e IRZ MU AL 48 R 2 UM IERRAY AR AN (IR EUA RYIE) 2485 H2R 0l B
A T2

9.4 BUSEHFH)RAF B ifiE

BIPA TR AL B R 50 2 SR T, AEIX RO T, B 2 HE SR S RO 905 A TR 240 B B RF5-
B AP S, AR B 25 RIT AL RS0 E Al 3 2 22 R P P i B A5 o W mT LOE IS 45 42 R s Fe L
AR B TR ARG — 25 Al /£ Common Lisp HY, I3 B4 454 A8 it — WL E R R 5 125
B, € Y AT R AS I package. (IXFEHIA TR LAK BN “star-package-star” oK 5 I T AN /& 15 18
Ao )

Jit LA gripe HIAEZE IO I 0 1 A DTAEAI AR 8 85 35 R A7 AL — D 22 72Kl +warnings* 1M 3F w 1942 5 o 4
R sample-ratio HIVEE MG E A *warnings* MR ELS AL, ABAALE 219 AE1 bug R &4 B H B, [H 404t
WA w A SR A8 T % FUBCORIS: AN R PR PRt T o

9.5 EITHIEKIEE RiELE

AT AR AEATA 25 T B MY 9 HL R AEAR L AT G B8 U 228, vl LARAR T BR S 20 BE o S MR PRI 15
BUAT LU AEAL B : 1R DA 1et RIBATF Ko B 9.1 615 7 before MM IUA i 252 IR R A — A4
Fea), B AR — PR RAEFFI A BT 28 AR Z AT R . 88— SURAR IR . BT iR
[ Let BHLR T1EN seq LB Y form HR{E— K (H/2 EAREA R 8 G T A (AL

RN ERRAIF - SRR, BB 2 SRR BN IR S o AR BRI E S, AT ILEE 33 T




pigy

LR

i
O
e
5
el

84

Sy AR -

(defmacro before (x y seq)
‘(let ((seq ,seq))
(< (position ,x seq)
(position ,y seq))))

/IR A A -

(defmacro before (x y seq)
“(let ((xval ,x) (yval ,y) (seq ,seq))
(< (position xval seq)
(position yval seq))))

K 9.1: [ let EGRAHTE

> (before (progn (setq seq ’(b a)) ’a)
’b
’(a b))

NIL

XY TR “(a b) H1H a £ETE b BT ?” WIER before & IEMN, BRI H. 2RI =IER T HAH:
X < D SEASRE RS TS SR R A5
(let ((seq ’(a b)))

(< (position (progn (setq seq ’(b a)) ’a)

seq)
(position ’b seq)))

SR XA L, HEE— BRI 1et BSRIEATASEOMAT 1o XA 9.1 FHA9EE A STk
WMRLENT .
ANSERE  IEF Let BRI REAEARAT IR —SAMH 0L N AT 17

L A T RERH I IO SRR SR AE— 1k IR HL
2. WA 2R B RHEASE L M G0E T BORES

XAHUNHERR TS 2 005 FATHEBIR AT for ZmE RIS Sz 1 X NBR Ao SR1T, FATAT LAERX AL
AL AU for HYZ 5 T & A4, RIS H body forms fIAEE—PA- KB, RIS LEXPA-3K
LT RO FEZ Fh

AL (LR Al AR ) R 2 T L i A 2 s B, IR AR R ST e iR A A A2 — 1
WOERI S E HSRIE. BIUIALE for HYE U TEPMRLIIAE — A~ I ZZ 6 do FFBE(T3RIE. (A, do G
AR E SARA S i SE BRI LR e AT MBI PMAGLAE — B B [RI AR ER A
BAEAmARR, TR A funcall JIX AL IBIEXFRI R AR IR 1928 B AL

B 9.2 45 T4 for BYSHL, M MIRMURIXFIEA o MT MR for RITRH KRS — R, FIE,
Fiv A A AN 1 B RF 5 4 AR 1) 25 RS 48 it o BUAE do 18 P B N S BIR L HRIE (R o ]
AR E do FHIE B HBHLE 2 AREARVELT, b e Fa— 280 @ 22 R 1 225 1R e R4
5o

X IR A AL lambda B 7 AR 0. BAARAT DU & R RIS IR B A LA I AR
FUEATE , B, BAF LR — B RAER 1 let B do HLAGRE PV HY XU IS Gt A4 T U B AR A R e
[ for ABKE) e SEABAE  FEXFIHIL T, B EE for MH ML A E  FRATFEIHIHEER T do
N var ZHCE I E T B GBI for TH) var ZHCE R T WA SEOTHAE do BRI LARE—1
SEBRAIAFS count Bt FTLLXA for HIHTE SON THITE R A Ry, w4 9.3 1 AL A B7m 1Y
ARHE



9.6 i@ 1T gensym # % 4H 4 85

Sy TR -

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

TR RRAS -

(defmacro for ((var start stop) &body body)
‘(do ((b #’(lambda (,var) ,@body))
(count ,start (1+ count))
(1imit ,stop))
((> count 1limit))
(funcall b count)))

& 9.2: AL 42

PR BB S AE T, B TBIRCR AT REA KB . AT RES IR 3L — RO o SRR Y2, 0 R 4
A ICA 7 5 BL 8 54 K (dynamic extent) , A8 2 —SERIa T3], A ELFT B 25 [RPREANFSAS AE B9
fic. >

9.6 iEd gensym iR IE

X AR ISE AT 0 73 TR O 8 SR AR AT R AR 549K gensymo £ for RYBAIMUA T, 24
PIA RS RN AT o Y e A SR IR AR B S XA I O - A 2R LS AT AR5t R HH B T
P FOT AR B BT VR 20 750E SR RIAF S U BSR40 7, 35 A B2 LAMORER I 2 B A e T
(defmacro for ((var start stop) &body body) ; wrong
‘(do ((,var ,start (1+ ,var))
(xsf2jsh ,stop))

((> ,var xsf2jsh))
,@body) )

HEXIBIRAEA . BIFBCATHER bug, FURFERAL T H AR AT RETE o HabA — D AT BEHEAIR 2/ N [1])
SRS A TR AERG AR E — D i E M S, 752 H A TR

BATFTFE NIRRT EME—Y. Common Lisp BREL gensym (& L IERTET M. BIREINRF
SHRN gensym , X NFFSF LAGRIEAFELA] T Lo A BCE AR 7 A AT 55 (eq)

AR Lisp /& Q] fRIEIX — s HYYE 2 7 Common Lisp 1, B ML HLES 5 — D15 T ORAZIX B FIIE HY
T A fF 5. (KT (package) HIM4H, AT W, 263 Tlo ) — D5 HEHBIEIX MY b RO E L
* (intern) Eij(_/l\@io ﬁ'\i@)ﬂ gensym %‘Bé\ig@nﬁ*,ﬂ%é/ﬂﬁﬁ/‘]ﬁ%o M read %?U*ﬁ‘ﬁ%,%ﬁé‘%ﬁ
AR, LI N GEHI AT gensym AHFI AR DY o 2150, A0 RARE DR AR IX LY

(eq (gensym) ...

BB 24 TE AL LR EKIE IR 0 H .

il gensym ARFGERF5 XA H SO i MR T 195 1 el (7 L i HLE 20
124 FEL AR S AR . AR Lisp M5 AR gensym,

gensym Z5 /K

> (gensym)
#:G47

235 71E - dynamic extent J&—F' Lisp Zu i at BRI WL Common Lisp HyperSpec A K N2 o


http://www.lisp.org/HyperSpec/Body/dec_dynamic-extent.html#dynamic-extent

86 %9%F T

CFTEHIR AR VY EA B 2T Lisp A9 “9k =", RN &4 70 5% SR A AR VY ot H Ok 1 22 70 3 SR
ZF o FEHN TR SR A EATIR S, gensym FER/RIME  BIE N T — M5 - B X &P
PRHJISEELZE (read-macro) , H H B2 1 LEFRATAE 1 B 58 — 0 HGZ gensym F R4S o

f£ crrr2 Common Lisp ., gensym HFTEIE A YA TR H *gensym-counters, iIX ™4 AL it S 40 5E
FISEAEA AR EE TR, AT LALLM gensym AT BV HY — 51— 4

> (setq x (gensym))

#:G48

> (setq *gensym-counter* 48 y (gensym))

#:G48

> (eq x y)
NIL

EETAZ— .

Sy T RAHHER] -

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(limit ,stop))
((> ,var limit))
,@body))

— N IERRT A

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

1 9.3: 1] gensym S filifiE

K 9.3 AT gensym HY for AYIERIE Lo BAEMBIA 1imit AT ALY form BAYAFSA7 15
T ERABHMES A RIS RERRITHIIME, 1ini e HRBEIERIT I G A ME—4F
THU

IR for [E XAFFEFTCHR , B IRMER o SERUR RIS, QR 58 il 1 AU E R RS X9 e HIE T B9
JE AR IR B2 R e B AN EAER AT RES X — N E B LA AR . ARG 2R for IXFERTAR
I, VR AT DAEAN S 8 AR B S A GO0, SE4E 58 — M RURS Hk , S8R 7 Rl kA N AR LT REE A2
HIFF5 1 gensym.

9.7 BiIIHEEEGEIHIE

MERRE R B3, AR E AR E N H SR B8 AT rT e e fifife . Wa REIE 1 macros f1,7FH
TEHAE L for, IR AAREL 2] LU ) 45 H B R 3L

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

XA, S0 R LA 2 Te i h& st A AR AT B e A0 RAR TS — L, HE T 3% mycode, ] for, st
8 limit W?’U%*/I\Z‘%LETE% mycode: :1limit—— iXFl macros: :limit %W@%,E%ﬁ%tﬂfﬂﬁi
HEZEHHIRFS o



9.9 g I R 87

SR, ALAE R RED e (R BT ( r Te (R Bl AR TR T 56 0, 5 R A R P P SR A LG 70, K
ENINECHEED B HRSMRAT . HIk X FPJT 5 T0H: N macros 1 HLAYHABA IR UL AT TE A7
Al

9.8 HttZF=[aEHyEiE

T L #R A S U R — P U M AL i () e S 2 R SE AR 2 A F Al , (572 Common Lisp Y
i3 72 (B AR R R 2 A X R A
PR ] REAE SRR E , TR, PRI E th 22 (R TC R R I S B0 i,

> (defun fn (x) (+ x 1))

FN

> (defmacro mac (x) ‘(fn ,x))

MAC

> (mac 10)

11

> (labels ((fn (y) (- y D))
(mac 10))

9

IR MW ORI AREE , LA B2 B AR mac HEZRH B £n oK T HEHITE RN . U12R £n £E SR BT
FHYERTE, I8 2 mac AR EEIGFIT-IA— 1.

XX RE O, IZ AT RS WE 2 2 A PN A5 5 A B R Bl R B A I AR AW 2 AR B B3R
crrL2 (260 TU) B, ARAT R B 1Y 44 7 Bl AR SRl BRSO 08, Jm R AE LYo it MR 2 TE 18
T 2ZERBER R —— AR AR EE S0 E N B R AL, IR 2 MR R 2 Y [P 2 EEAR B X SR B 2

75— JT T, PRAPAE A4 B 535 R R LRSS Bl bR 2 0 T 2 2 5 e 1L (5 1] gensym VRN ZZHEZR R
TE SRR R BT 447 HOR MR B SR BTN PBOLH B9 B ARl IE , st MRS — . 2k
A sz B A S AR SRR T 2 M — H IR R A TR BT w 45K *warnings* o AT,
AR R R B LEATISE PR | IR A 4 R PR 44 7 X 53 R B S8 —— R 2R 2 2 R
9o ANRVRALO K ARG L, — DA T 55— DR, 0 FH XA 2 B BRI ] B2 HAE X R 88, R
IERAERIE DR 5 S B IR AR B AR TAE — D ) L

FRAGH 4 F (block-name) [FAE AT AR | LN it ABLERY go I throw [ UFRES (tag)e 4RAYZE7a X
LERFS I R Z14 65 UL our-do HYAE SUHBHE i H gensymo

W EER AR do IXHEAYIRAEAF FRUE A — 400 nil AYBRE. JXFEAE do AT return
8¢ return-from nil ¥4 M do AREMIEEAIX N do MYFGA IR

> (block nil

(list ’a
(do ((x 1 (1+ x)))
(nil)
(if (> x 5)
(return-from nil x)
(princ x)))))
12345
(A 6)

MR do A G440 nil HYHRE, IXAE] 7K FUR A 6, TTAZE (A 6)o

do BT B2 =CHAE (A1, [ do WX TAE T 2 A AR SR A, i R/RARE — R ITE] do 12,
TBAHIE nil IXPEREFR LE—DZRML for B return B return-from nil ¥ M for A M ARE
FEIXA for FIEAHIHLH IR ]



88 TEFHR

i
O
e
5
el

99 AMEEABI?

BT ()R A Le 4k 2 i E. BETN], AANTRES UL, “BRMIEMRIX 4/ 0 AN UY
FvEWe ?” PIEIXA B AT — A — DN RBAEE 22 R G5 %A bug BIRET, A
LIREE A/ bug FIFRFE ?
B A R e AR IR S W R b SR AR A A s FE 7 AR (B B 2 FE B 1Y o AR A1) Lisp F2 /7 #8H
FIAERFR 2 2 TR WRFAE . AN RAR IEAE S RS LUS & Al AT F AR AT RE AT TR A AR ARG
B Ao - PARTUBHY o 1 EARESL DA N . BT RRERETET . TTRER A ST XY
(before (progn (setq seq ’(b a)) ’a)

’b

’(a b))

(R P A B A R 28 B AR o RIVE B A 2 A A A2 ] 5 B RT3, — B HIR 5k
SR, RIT U REAL B ERHY, M HAA B ARE G HORATRE o X AATHE T, AT 0 22 LA
ARLERT REEAR B ZZ AN IE R0 R IT HIE DL , R FOX R DL A R R AT

B R WA E B AU R IEET L E R, BRSO IRINS B % . Common Lisp H145
) defmacro WFHLEF 1 FHHISRT]: D HIAEA LR LA LGk (B2 A 2] T L5008, s A
Ja T2 F i AR




H 1t 5 % BB

IS 7R AR N IV PRER S AR E H CRRE TR R E S M BIE T, IR & R R
JTHAHS, B LABRAR P A S, 45 M EK 25 F P i R SR Z AN . 28 9 FETRANTIA T AL fidlidle, E 2
XN 2 B PR LA — A ARTEIG B RS 5 2 o i e 0 (19 53 AP A R R

10.1 K{ERIRE

IEFRRRRAS -

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

FE L ERE:

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var)))
((> ,var ,stop))
,@body) )

BA IR AR -

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,gstop ,stop)
(,var ,start (1+ ,var)))
((> ,var ,gstop))
,@body)))

& 10.1: RIS HCERIE

e b= LT LR R Y for MUAR. 18 10.1 25 H T 73 AN, RIS A — S IR R B T (85 L
REBZA for WAL kAL RE, (HE R EA D buge EIEN DRI EX D REITA
B AER stop (FIE ] form FERFIEAIT AR ORI ERIABAIEN T, X A &1k 22588, HE M
BB AOR AT UM — R A . A12R stop A EINE B2 Z5 T RERL 2 Hh BB 7 AR S IR Y 25 R . A
n, EAMEG AL L, R B PR AR A 2 E1R -
> (let ((x 2))

(for (i 1 (incf x))

(princ 1)))
12345678910111213. ..

TE2% 5 M0, for B 2RI AT : R HIZHUR form, TTARE. BUAT BATHBIER A P AL E A

89



90 %10%F HAMGETEB

A, EATAT RS HOREZ IR EXFMENL T, R R A 540 E ] stop form AR EME b FFAEIRER
R G AR A b

FrAERA TIEAIMA TN, BN E 2 AT | B2 PR ek 2CAE 22 B HH A OB 26 18 A SRAB Y
B8 AR, X SRR A L7 0 TR F < i S B0 S R B 1Y 1 , Common Lisp H or 1Y AL
RS RATHN B Pascal Y or 1)o (HZAEXFME AL T 7 HUEABA AR A REREL X5 = hR
AH) for KU RZIXME T : H P I A H L stop form #RME—R LAL T H =L B IZIXHE
Mo —NZREREEE AR for AL, TA/JULEFFEE T -

X IET setf M ZKUE, ORI 2 B RAE L HAE LA EE . Common Lisp $24E T JUASE A T H DAME S 5 X R
750 ELARR[A)EE, AN RRRTT 58 I AESE 12 B e .

10.2 Kk{ERIRFF

FRASKAA MY , BIAARE NSRBI KO B (HA IS 5 P2 OA A, /£ Common Lisp
RO P, Z2ECR NS4 SRAERT -

> (setq x 10)

10

> (+ (setq x 3) x)
6

XTI, ol X AL HR o 75308 Y W% A PR R0k = SRABL A& A 208 e e BRI — 2
FEE 101 9 BB = A RARY for FIFRA PHELLEEH) buge 24U stop MRAE start BIHCRIE, ) ENHE
R R B MG R SRR AR G 2 A B ) -
> (let ((x 1))

(for (1 x (setq x 13))

(princ 1)))

13
NIL

XA N— R B HI W80 iR [ R — . R start form £EAURD B BLAESS  H stop
form HISRAEEAEEIRER N start form FYR [FI{H.
IETRRAR] for 2R HS LB AT I MU 4R A -
> (let ((x 1))
(for (i x (setq x 13))
(princ i)))

12345678910111213
NIL

X H A stop form BN E x HIEAS IR — DS EHRME T,

S BT ]TR ARAY  AER X 2 (R SR 2 N & AR T HLIX B bug IRMEFR k. B R DA A4
B HIXFERRAD LB DS EARAEE WS 5 — D SEAR EHE, R A ETCE 34, ARl REd
et BAD e RETEA FIXFEHIN, B 24 1E % TAE BRI L bug i & T L H TEE H. WA A
5 H A FRT B L, EARFTRE R 5 B A for Y IEAAMUA (E 41 BE 25 Gy I H o

10.3 JFREXAIR A5

Lisp JIEEARLE A= j 7% R T A ARG AR 2 bR AT iR SR 3 B AR AYARHE . JRITAAURDBR T2 5f%
5B form ZANRRIZA HABGKK, H H BN 5 A E— R A AE R E IR EIE,

Ui crre2 (685 TX) BTk, W LA , R4 A P 0 20 PR AN 2 RIS T B R IT. 55— i1, Common
Lisp X294 F T YRS AIL, MURIT B BOFBOA VR I AR R — A2 B R IT 2 TR T B A 4 TR R A



10.3 R H R RE I E 91

L%, T8 BT BAA I3 2 R LA o B0, TR BB TS D0 G U TR AR
R 3 i T 38, IR0 F R A A RS AT R S22 R, Bl T R e e Sk
3
(defmacro nil! (x) ; wrong
(incf *nil!sx*)
‘(setf ,x nil))
I E S AR R TT i1t WIS, 22 RIHY *nilvsx HOMEHBEBIE . SR, WPRFATAIX A4
HEERE SR IRAT ni1 RO B REL ARHOREERFEE 7o — DRI LA H HA T 2 8RITA R —K,
B, — XS URACRD BEAT AL H A AL B & 45 R A5 A AR 2 T, R REA AN T 3k = rh 9 25
e
R A IE RN, B - JRITE AR BR 2B AR B AR TR VY o BT MBS HE i i 5 H
KA IE JTT AR, B 24 /N O AN 2 R I I A B A AR AR 3 o 1 T A 30 - R 1R 50, (EAH 24
AREE,
(defmacro string-call (opstring &rest args) ; wrong
‘(,(intern opstring) ,Qargs))
CRES T A RS MR AFT LA FR FHE E RIT BOZ AR AT A I -
> (defun our+ (x y) (+ x y))
OUR+
> (string-call "OUR+" 2 3)
5
XF intern Y M — P RFE IR B R AURF5 o SN, AR A TANS T rIERI S5, BRAE
AHTE R FHAT T o LRI EG A AR T T =04 i PR A, HLBRAE our+ 7EAR ML LRI UL, A7)
JEIT =0 R — IR AR RIS I o
JETFLACHS ) I AT I 23315k — 8[R8, Miller #11 Benson fE Lisp Style and Design — i i 2 26 7 —
AR HBERF] 7. cure2 (78 1) $22], Common Lisp - ARIUEBESE &rest TE 2 LI FI A& H 4= ik 1 o
CATRTRE IR 7 HoAt 77 18 R AR o Jo RS IR RER IV EH B I &rest TR, RUAARAS
FOTE VR 2 s AT A 2R P8
XA REME AT T BN 228G SR o AT R RO UG, [T AR T apply HIRE . £EA 4] Common Lisp
SCELH K AR ARG . BULTRATE LD R et-al , ERTEBHISHIIEREI L et al, FHR[M
e
(defun et-al (&rest args)
(nconc args (list ’et ’al)))
R FATTBA B AR XA R AR, B R TAFIER
> (et-al ’smith ’jomnes)
(SMITH JONES ET AL)
SRT, EREFRATIEL apply WHE , St &8 E A AR

> (setq greats ’(leonardo michelangelo))
(LEONARDO MICHELANGELO)

> (apply #’et-al greats)

(LEONARDO MICHELANGELO ET AL)

> greats

(LEONARDO MICHELANGELO ET AL)

%/b Common Lisp I IEFASEILRZ 20X PR, , S IRE) H TN IEBOA A2 XA -
MRV E SR 7o MR —NESBREN grest S, AP C T RES BB ZZHH o X2,
RAVRATRES H— P MEAS M B IR EE IR T . IX it A BLSL S L —— & S SA A R A AR B
AW WERIATE L7, ERFLEARTY neone FIEHY grest ZALH

1¢> (foo) Fl ¢ (quote , (foo)) e




92 %10%F HAMGETEB

(defmacro echo (&rest args)
¢, (nconc args (list ’amen)))

NG E L — P ERECR I E
(defun foo () (echo x))

FE—) 2 Common Lisp H, W< WL E] R I IS :

> (foo)

(X AMEN AMEN)

> (foo)

(X AMEN AMEN AMEN)

AHE foo IR T EEHRAYEE IR B H B ERUGR ] (Y 45 REA —HE, R — R RITERE L T foo HYRE
Xo
AR T 2 BT R B R R RERRIT 2 e X LA S I ] foo

JB[E]EI’J L’\ﬁlﬁ]/l\a.men HFIF. HTIHFEN %S foo HUE UMM T — R IT 85 1 T ok
U PR BT —
¥ foo ;*E)‘Lﬁiii%ﬁé—‘%?cé*%:
(defmacro echo (&rest args)

¢’ (,0args amen))

ﬁ%ammwﬂ%ﬁ?ﬁwwdﬁ#nmmoﬁﬁi%ﬁ&%ZE,ﬂo@%%i%%ﬂfﬁiﬁﬁzﬁﬁ
i 21, AN echo WYRT M AFEEIMHACES 1.

XA, 3 FX R G U AR grest 28 AT 228U BRI SRR NI B MO 1o IR TRAT
ST A 2AEMHBER T U — I FIZ R H R AL,

(defmacro crazy (expr) (nconc expr (list t)))

(defun foo () (crazy (list)))

AR R EIRAAS A P RERE A, IE AN e — SR B T O T a2 -

> (foo)
(T T)

ﬂlﬁﬁ#ﬁﬂ R XGRS Bt 2 R A o

Ve, ANE ELE RS SR R 2540, SR il consinge IXFEAR 2 ARE 7 st B T LA LA
%Xﬂ%ﬁ%oW%4E@E§ Eﬁ%%muﬁ¢@ﬁamm&—ﬁ%&ﬁ %@m%iﬁm%wm%
DI gl X T 22 AR 0 Ay DA 13 &
TR RIT AR I ) ZRIE A 5 FH IR A LR 200 G & A TR I . sk AT 3 XA HE
T 2R A2 S 3.3 17 o B A — > S8 45

10.4 #)3

A2 B IR SRHBAE — R IOE SRS I B o T 28 PR ROR A A VT A, 20T

(defun our-length (x)
(if (null x)
0
(1+ (our-length (cdr x)))))

RFERE SCMIERMRE A, LS AP AR IR (L T REL 18— 28):

(defun our-length (x)
(do ((len 0 (1+ len))
(y x (cdr y)))
((null y) lemn)))



10.4 i#)a 93

AR, A T 2 Eh U SR AR S B BRI, T LGB 2R 7,10 TR B R SR BOR B —
To SR AURARA S5 | IRIE 5 X1 T R ECRTCR T o LEFMTEAN B nth APl Cfal B I XAl
AH nth FABERRIG . ) 18 10.2 45 712K nth & SURZERIFE R Z 0. €10 £ nthb Al ntha
S A NMEEXS nthb AT HTRE PR AN BB 13, IADRZ 0 T B R i e ek 28 U

XA AT AE

(defun ntha (n 1lst)
(if (=n 0)
(car 1lst)
(ntha (- n 1) (cdr 1st))))

XA RES 1 -

(defmacro nthb (n 1lst)
“(if (= ,n 0)
(car ,1st)
(nthb (- ,n 1) (cdr ,1st))))

& 10.2: X398 VT BR AL B B IR 2R

— R, AR B EAXN A — D25 R, AR RS ELATE IR AT Lo nthb KRR AR T
HRPRITE S A — DN EARG S H. REURA  ntha, Z LA FAETE n B4E L% IH | IXMEAE
BRI N (HRZZRIFA BRI M E] form, MMAE ENIHME. YdiFaril &2 I, i, (nthb
x y) B, BRI 3

(if (= x 0)

(car y)
(nthb (- x 1) (cdr y)))

SR SLEBRIT I

(if (= x 0)
(car y)
(if (= (-x 1) 0)
(car (cdr y))
(nthb (- (- x 1) 1) (cdr (cdr y)))))

I A N TCIRIEER . — 2 eI Rt B B A2 T AR (AN 20X 4 HT Y o
4 nthb IXFERIR I HE IR G 2 AET BTl e R A IR o 1 SRR L AR Fr Bk, 4%
ERGRIFEBIIE, EE R R AREL, W IEBA TR, SRR B — s 2
MR, G ideds A A TTRRIEER, LEARAREHR 1 58 5 MR L A4 1
FEABIT  ntha A2 R HI i H R BT LI 5y el 5 2 S B AU, K8 AW ZZ OB . —4>
% nthb A2 LLE
(defmacro nthc (n 1lst)

‘(do ((n2 ,n (1- n2))

(1st2 ,1st (cdr 1st2)))
((= n2 0) (car 1st2))))

T LA b5 S0 I B EOE i TP AR N AT AR e (B, B B AT ZR 528 UH PR SR R4 LU IR M
BICHEME]

XBORTVREE LA 2, AR IR AT B2 A BSOS A R B G sE 7o 18 103 Z5H T PR, Al
PR A R BRI 7% 58— RIS AT nthd BT, & B LE 78 T — 10X 38 JH eR B 1
PR IARARBE 2220 H B SO A 2R B P 8 505 | 2 ARG, AR 23Xk 7 i v] LAREAT: 1



94 %10%F HAMGETEB

(defmacro nthd (n 1st)
‘(nth-fn ,n ,1st))

(defun nth-fn (n 1lst)
(if (= n 0)
(car 1st)
(nth-fn (- n 1) (cdr 1st))))

(defmacro nthe (n 1lst)
‘(labels ((nth-fn (n 1st)
(if (=n 0)
(car 1st)

(nth-fn (- n 1) (cdr 1st)))))
(nth-fn ,n ,1st)))

10.3: fifGR [R]EUY PR AN I

T SRARAE 2 049 H 1, 2 AR H T i A2 220 A AL IR rh IR A VR AT RE2>R M nthe — it
M 7% HH WER labels special form (W 2.7 7)) 20— AR R EUE Lo il ntha® A REITFHLS
i 2R 5E LA R AL nth-£n AN [F]  nthe £ RIT U HLAG R ST HO &% RT3 E B2 H R RA .
JUEVRTT A8 A R BB R IR ENTT LU H— 28 Ak e B R IT R AR i o 5 R TT eR %
e B Y Lisp BRAL, FRAT Y A2 7] DL HAY . flan, i RIATAR A 2 € LN E or, I Asie HE —1
RSN P

(defmacro ora (&rest args)
(or-expand args))

(defun or-expand (args)
(if (null args)
nil
(let ((sym (gensym)))
‘(let ((,sym ,(car args)))
(if ,sym

, Sym
, (or-expand (cdr args)))))))

(defmacro orb (&rest args)
(if (null args)
nil
(let ((sym (gensym)))
‘(let ((,sym ,(car args)))
(if ,sym
,Sym
(orb ,@(cdr args)))))))

] 10.4: 18 U B BT R 2L

P 10.4 5 GBI or 5 S, EATTHY N SE B3 T U IT SR %L 7% ora I8 PR AR or-expand /=
JJRIT e XA EREIE T T, HS Z S50 Y orb th—HEA LLSEiESS . R orb &R IHAY (HE A
TR BB HA B B0 IR GXAEZE R TT 0 ol LIS 2, IAMEE T S TRME GXAE R RITIITEER2) . i,
WFEZ T ERRIT B IZA DX orb HE MG, HIIAIR, orb ZHRIT KT ELZ LA RET N,

P X L 65, nthe V0N nthd.
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G2 T A e 04 o MO, B 1 T P T — TR TFT BB — 1 Lot SR Akt 178
FINE—ZE—ZM 1et; (orb x y) BIFMACHIFT N M
(let ((g2 %))

(if g2

g2
(let ((g3 ¥))
(if g3 g3 nil))))

5L F ora fil orb ASEM Y, B B BERR XU AN 2 AR =0T
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%10 %

H A T Bt




42 B

7N

M

AE A QI E LR 2. BN URBUH N =K —W A —EES. HdRQE LT
3 (context)o AL HBEAE— Y _LF SCIASE BORAE A BRAERF AR DA E S o 785 B T 17 4l
PR A A _ETR3C, IF BRI SE e

BT ORI =AY NIRRT EE SRR 2. — DEBRERE R SECRERN B T — R E %
Tk B AR E S o AEMUERAT SRAAFI S SRAE R R E AT 2 B B B X R AE AT
LEBi) 7 A IX P I RE (P EBREHLR AN o ) — T HRE 1 AR SRABAT B A SRABLZ 8] B9 55 — FARM DL -
FERLE & AT AT LA eRESOR SE Ko

111 8IZ2ETX

KHEP ETFCAMERR . —R E T HRR2IREINT . special form let GJE#—FTBYIRZEIAEL; 1et I
AP AR AR AR AT REEL SR L U B R R (E . WURAE toplevel T, 18 x BB a, IR 4

(let ((x ’b)) (list x))

WrEIR ] (o), IR 1ist B9 IROBAE— TR B L 8 — Y x, HAEN be

T AU A R IR R AR B UK . KR T 2618 progt 1 progn MM AN, X S ERAEAF 1 H il H
HRLEE R EARLEREAFAY BN SO PR . I RE A B ST T R S R iR
27, R AN BRSO N B ) TRE AR i

(defmacro our-let (binds &body body)
‘((lambda , (mapcar #’(lambda (x)
(if (consp x) (car x) x))
binds)
,@body)
,@(mapcar #’(lambda (x)
(if (comsp x) (cadr x) nil))
binds)))

B 11.1: let AYZZSLER

B 111 2R T iEt 1ambda ¥4 1et & A — 1% —1> our-let JBIFE|—eREUY H —

(our-let ((x 1) (y 2))
+ x y))

JETF I
((lambda (x y) (+ x y)) 1 2)

112 G =DHHCIRIAIEINGER Z . 9 7.5 T T vhen-bind /EAZHBIFRMAGRY 7B, Fir LAX A
HEAAEE 62 WAL T o B when-bind* 5% H AT (symbol expression) form T2
R EIFN R — A 1et I — SN M . RN expression Bl nil, 4% when-bindx
Fk AR nile [FIRE, E B EAAEE DA 5 BAE Letx HIIRFERIRERITE I N RAA

97
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(defmacro when-bind ((var expr) &body body)
“(let ((,var ,expr))
(when ,var
,@body)))

(defmacro when-bind* (binds &body body)
(if (null binds)
‘(progn ,@body)
‘(let (,(car binds))
(if , (caar binds)
(when-bind* , (cdr binds) ,@body)))))

(defmacro with-gensyms (syms &body body)
“(let , (mapcar #’(lambda (s)
“(,s (gensym)))
syms)
,@body) )

B 11.2: GRE AT b 7%

> (when-bind* ((x (find-if #’comsp ’(a (1 2) b)))
(y (£ind-if #’oddp x)))
(+ y 10))
11

#J5 , % with-gensyms A WUE HIRG G 2 o V2 RZAEE LHTF Lt 2 ] gensym 42— L5755 AT
o B A AT T VB IR L % o % with-redraw (5 76 U1) BRAM AR BT :
(defmacro with-redraw ((var objs) &body body)
(let ((gob (gensym))
(x0 (gensym)) (yO (gensym))

(x1 (gensym)) (y1 (gensym)))
S))

AR RE SCRT LA I ] with-gensyms 15 LARIAL , J5 & R A A5 SRHEE ] gensym _Fo fEBIIX 8T
A%, FATATE S 1k
(defmacro with-redraw ((var objs) &body body)

(with-gensyms (gob x0 yO x1 y1)
o))

XAH R 2 T IR SERE AT
RPN T B E FLe A i, SRR IR IR L e S5 A ASRE— A ERA U 1 — 4 FRTTHHRAE et B —
NGEAEHIHT -
(let ((sun-place ’park) (rain-place ’library))
(if (sunny)

(visit sun-place)
(visit rain-place)))

ANZERE XTSI BOA R A B 3% R R AT LR R AR R A A R A9 ACRD (A 26 = B AR BL AL 70
RS U AR

B 113 B E— MRS RN 2. NERIAFRER H ,condlet 1T N3 B /2 cond Fll 1et HYEAY
—HE. BEMNEIBM SR E R DRI TR B R ETE RS A A SRR BT L A 2
KTAE ; 55— MK FIE O FLRYGEE TR A FTHiE R G0 E R0 2 L ARG AR A X e 305
BRAE. AR R IR E A b, A B TR A B, R e plode b Y IE A LR o e
TREFERE, BN TR IES nil £
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(defmacro condlet (clauses &body body)
(let ((bodfn (gensym))
(vars (mapcar #’(lambda (v) (cons v (gensym)))
(remove-duplicates
(mapcar #’car
(mappend #’cdr clauses))))))
‘(labels ((,bodfn ,(mapcar #’car vars)
,@body))
(cond ,@(mapcar #’(lambda (cl)
(condlet-clause vars cl bodfn))
clauses)))))

(defun condlet-clause (vars cl bodfn)
“(,(car cl) (let ,(mapcar #’cdr vars)
(let ,(condlet-binds vars cl)
(,bodfn ,@(mapcar #’cdr vars))))))

(defun condlet-binds (vars cl)
(mapcar #’(lambda (bindform)
(if (consp bindform)
(cons (cdr (assoc (car bindform) vars))
(cdr bindform))))
(cdr cl)))

K 11.3: cond 5 1et A

> (condlet (((= 1 2) (x (princ ’a)) (y (princ ’b)))
(=1 1) (y (princ ’c)) (x (princ ’d)))
(t (x (princ ’e)) (z (princ ’£))))
(list x y 2z))
CD
(D C NIL)

Al LA condlet HIE LHRAF LA our-let & LT —fMf e Jo7& 44 H B ARMOR — 1 e84, 285 90 H 21
#IMH (initial value) T I REZE R Lo condlet BT EHIACHEH labels X T — DAL, K G —
> cond AR JLE WE—HAMECK SR B I AL 2512 R AL

TEEE) R IT &+ mappend AU mapcan R MR E B R AR % o X2 RN mapean £ BEIRTE YT, 1R
ES 103 W H I, BHURSER , 2B NS IR .

11.2 with- &

Br TIRE I LASNAA 75— BT 3C ) SRR, BT SO M ARG AR R R A i A (E, BUR SR
WAE, LA Lisp Z SNEMIRPIRAS o AIERX PRI R SCATRAERT th M ATRE SO, BRAFE TR ARG AR
TR T R,

i B SO A TR L with- THIf . XA, IS 2 A EH with-open-file [ o BHIEI
FA—SFT TR SO sR AR, HI S0 A g8E R T P 45 e )28 b

(with-open-file (s "dump" :direction :output)
(princ 99 s))

ZFEASKMETEEE LA , SO " dump 4 H BI5CH] , BRI ZAGZ P ERF "99n.

AR IX M RAVERF Z 0 U RN E I E T so HAL, HE— DM RERFR L form FEHTHY_EF 30t
Fr3RAB, BB BT E LA ZE . £E crre2 T ignore-errors 7%, (i C S HUEAE —1 progn
HSRAE—1 o ANEMT 2T H T8, B ignore—errors form & E R nile (FEEZEUH R AT, 7]
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RERLA XA AR 2. FTLUXIERA . ) R4 ignore-errors WA QLM A it (HE AR MIE LIk
T BRI ZHORAE— T B SCEBSRAERY

I, G R SCHY AR ARG B ; [ I Sk U R BB AR AT 2 5, B A #D
Ao AR MBEEMRZ G, HH ITTRER TAESHRET  LE R G RIS — 2 —— LML s B Tk
B4, with-open-file MUK BRI AEIRXFHEILT , MLy i 7R SCEE Ry 72 R T it —
> unwind-protect H.
mmm&mm%t%E%%@%%i%@ﬁﬁ*@ﬁ%@%ﬁﬁ%*%ﬁoE%%ﬁﬁﬁﬁzﬁﬁﬂﬂﬁg
BT IR —VIE W HIE ERAR 5 — N2 EEE, R progl. XAIAET, RIE 4 HBLEER , 5L
BP0 S W TSR — DS ARE, HAR IS HE ROk .

> (setq x ’a)

A

> (unwind-protect
(progn (princ "What error?")

(error "This error."))

(setq x ’Db))

What error?

>>Error: This error.

VENHEMR unwind-protect form J7 4 T — MR (FHZAER I E] toplevel 2 )5, ATFERIEME 12
BAPBSRRAE T

> X
B

KA with-open—-file BEJF K I —> unwind-protect, T LARIHX} with-open-file [ body RAEM & 4=
TEEGR, BATIF RIS R S — I BEAE A 5%
BSOS R 2 HOE N RE M TS K. 280017 BRI IES — MER , B2 M MR T8
B FERPAELR] I 2 Rl — RO PRI (R X DR A 4 AL i *dbx 4578 o (R AT, AT
OB IET, AT OR 3 AR R EIN S E o S R E e T 20 AR 8. A AR 2R db &) g
M, B S IR AU
(let ((temp *db*))

(setq *dbx db)

(lock *dbx)

(progl (eval-query q)

(release *dbx*)
(setq *db* temp)))

FATAT LU 20 A X LE e P R A R RO Ok . [ 114 LT — A2, Bk EE s R 2w B
PR o A with-db, FRATATRUL:

(with-db db
(eval-query q))

M H A with-db 24, N B2 BTl unwind-protect IMAE & [ progl.

Bl 114 PN E SLBA T 9 5 I 2R ZZ PRI RET e 28— FR S8R M, S8 M R AR 22 25 e
Ko Y with- 2R AURE RN, 5 R E A SR L.

£ crrL2 Common Lisp ', dynamic-extent 7 W] 15 7 & T2 44 B PH 63 43 BT 25 [R] I, ) DAHE & 20—
26 (crril LIS ZMEZ A ) o FRATAATE with-db-£n W FH A [R) A 55 B2 A A 1200 A A 1F &P
BOR, B AR IR MR BN H A BC S A] IX B [APGAE 1et SKIAFUR I B B I, AR 2 5 B
WA
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e

(defmacro with-db (db &body body)
(let ((temp (gensym)))
‘(let ((,temp *dbx))
(unwind-protect
(progn
(setq *db* ,db)
(lock *dbx)
,@body)
(progn
(release *dbx)
(setq *db* ,temp))))))

TR RS S -

(defmacro with-db (db &body body)
(let ((gbod (gensym)))
‘(let ((,gbod #’(lambda () ,@body)))
(declare (dynamic-extent ,gbod))
(with-db-fn *db* ,db ,gbod))))

(defun with-db-fn (old-db new-db body)
(unwind-protect

(progn
(setq *db* new-db)
(lock *dbx)
(funcall body))

(progn
(release *dbx)
(setq *db* o0ld-db))))

B 11.4: — P8R with- 25

11.3 FHKE

AN AT EALLZM A W SRR E S T ABORE . X1 AL RE ST, RO R R R 2]
CIrARZEE TR AL EW 1£ and T cond JXFE A B HHRIER REW LR TR 1E  BrIERE
ZROR I R E BE. PIInE T =0

(if t
’phew
(/ x 0))

BEASHACRBRAE RS FE D EBRFE R EhT AR SR EORE, if WK B R
ZZé?ﬂﬁﬁi[]phewo
FATAT Ll 9 5 7% 4 08 R JT 21 © AT WA EARTF _EOREIE X KFHRIERT . B 115 P DA VF 2]
RERY if ZIE AR 1£3 HYRE LIS 1 AT S =(HR B S PR XA nil K
1, fEER I SN FAE N T2 8 T =R B E AL | B, LA R 2 308 70 ERTRER] T N IR
THE/INMZRIHIE
(while (not sick)
(if3 (cake-permitted)
(eat-cake)

(throw ’tantrum nil)
(plead-insistently)))
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(defmacro if3 (test t-case nil-case 7-case)
‘(case ,test
((nil) ,nil-case)
(7 ,?7-case)
(t ,t-case)))

(defmacro nif (expr pos zero neg)
(let ((g (gensym)))
‘(let ((,g ,expr))
(cond ((plusp ,g) ,pos)
((zerop ,g) ,zero)

(t ,neg)))))

B 11.5: A sRAB Y 72

AT SRR I I — 1 caseo (AR nil SEMESFEAESI R RS B ) nil BESA B L. )
e =2 A 2R E, 2T EW 4, XBURTH 2 HHIE.
nif FIRUEE “numeric if”e %2R 55— ML IUAE 57 DU E. EESZBERIARENE P28 IR
XN FIEX AR T ACRMERE TR =AZHR
> (mapcar #’(lambda (x)
(nif x ’p ’z ’n))

(0 1 -1))

(ZzPN)

B 116 638 17 AN UAMERZARIERT R . 7% in AR ERBOBIILE SRR AR R ZHRARBEZENIL—1
MRS R TREES RAES , v BB AR s R el

(let ((x (£f00)))
(or (eql x (bar)) (eql x (baz))))

sE VR AT USRS I Rk RORERIE

(member (foo) (list (bar) (baz)))

JaE MG BRCREZE L. 12 member FIAFAEM N7 FEC T 2 TC LB TS o B SIS 5,
HE T T # i i G g5 il — A7) 22 LME member HETE L. F1 H AN TSRS £ X E A
AARE R R LS H T REAR A AT B, WIER (foo) M (bar) WIMEAHZE, A A ATFE R (baz)
To ANECAEN 2 AME, (H nember FA R T 15 FRATHT LAE L Z k15 2 BHE A BRI  in
! member MRS or WRCRLEGTE T —if. MY in B

(in (foo) (bar) (baz))

R member FEIAT BT A (HAIAT LLRTF AL,

(let ((#:g25 (fo0)))
(or (eql #:g25 (bar))
(eql #:g25 (baz))))

TEILZ R IXAE, Y T EEE T AT = O R A5 2 2 Tl — T A JRATH P R 2 0, T 2 R S 204 AT
BN FE .
KEN “in queue” HY ing 4& in KI5 AT | 2Kl setq X T set. KA

(inq operator + - *)

JEIT Ik

(in operator ’+ ’- ’%)
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(defmacro in (obj &rest choices)
(let ((insym (gensym)))
‘(let ((,insym ,obj))
(or ,@(mapcar #’(lambda (c) ‘(eql ,insym ,c))
choices)))))

(defmacro ingq (obj &rest args)
‘(in ,obj ,@(mapcar #’(lambda (a)
7,a)
args)))

(defmacro in-if (fn &rest choices)
(let ((fnsym (gensym)))
‘(let ((,fnsym ,fn))
(or ,@(mapcar #’(lambda (c)
¢(funcall ,fnsym ,c))
choices)))))

(defmacro >case (expr &rest clauses)
(let ((g (gensym)))
‘(let ((,g ,expr))
(cond ,@(mapcar #’(lambda (cl) (>casex g cl))
clauses)))))

(defmacro >casex (g cl)
(let ((key (car cl)) (rest (cdr cl)))
(cond ((consp key) ‘((in ,g ,@key) ,Q@rest))
((ing key t otherwise) ‘(t ,@rest))
(t (error "bad >case clause")))))

K 11.6: il AP SRAAAY 23

M member HYGREFTH—#F,in Ml ing ] eql SRIMILEFMr ko AN SRARASEEAE ] HAR YIS 1F | i HEA
—ICRRBCR A TI, AB A0 LA B — Y in-if. in-if Z T same #FH /2 in ¥ member HYK R, 3£
priaY

(member x (list a b) :test #’equal)

W] LA 1

(in-if #’ (lambda (y) (equal x y)) a b)

0]
(some #’o0ddp (list a b))

(in-if #’o0ddp a b)

8 cond F in — 2 FH T, A TEREE LH— 1A HH case %) . Common Lisp H case Z B & B HIEEE
HoE . (HANTRER 2 case TN, R SCA BRI A XX EIGILIRNTE LT >case, B
T ESAE B AT Ser ) R BEEF T SRELASN , HAT AR case MR (ZFHHY > BHREE HKE
AR AR AR5 k4550 ) A >case ] 1 in, A EHZENIR A PR E.

AT AT LU Lisp 2850, TTHFIWT (x y) B s B0R FE 2 PR 5156 o R 1 8 S X il
:)Ui ,@E (5%7 t F otherwise) dZ‘?ﬁ,‘E‘\%ﬁﬁEﬂ%E?%tﬂ , @B‘Hﬂ%ﬂﬁg/l\o Z‘E case FiAHH , HT4
Fiﬁﬂmﬂﬁ%@ﬁ%@%mﬁ%&ﬁbw%%@ﬁimﬂ@ﬁ?@mwﬁﬂﬁﬁﬁﬂ?ﬁ@m
G SRR AR AR BORE.
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FEMTER I, A2 K >case TAIRIF BRI HEE SLAE— D B PREL >casex o JERH] >casex
Zgg%iﬁﬁH§UT’inqo

11.4 &%

A, R R AL FFAAE T B AT SRR RORAE, TR TR ARER I — k. RN R AL A1 2 H0K8
FERORAER G — 0, IR IRA TR EE L MRAERF , B — 230 UA  Jf HAR X L3RIk B Tk AR
1, ARME— BB R B E SR -
R MR 7l — I REAS TPk oA Lk R AE H 2 H %
(defmacro forever (&body body)

“(do O

(nil)
,@body))

XA AR Y VRANES EAL TR I, Loop RIS o ARATREIA A TCBRIGERZ TCAIAL (2l AL A
K)o (A BRI block Ml return-from 4G A I, X I AR 1 BRI R H AR T o X
PR e SRR L A1 T oK

(defmacro while (test &body body)
“(do O
((not ,test))
,@body) )

(defmacro till (test &body body)
“(do O
(,test)
,@body))

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

B 11.7: AR IEAR R

Bl 117 R H T — LR B R AE A L. H while RATZHICA N T (60 D7), HF A AENI{FRE
R EISRAE. S50 AE ti11, Bl gk 20k PR SRE . 542 for, [AIAE, fERT AL —
02 %% (86 T1), EAELARE AT IX [A] B OB AHRAE
FATRE SLX L7 A EATREIF I do , HIIX AN AL 2 T AR B[ H] go M return. 1E4 do M block
il tagbody AR HARK [ IX LA ST, do WAIXFIANANE LS | whilestill Fll for. 1E4N 87 U1 EARREMT,do N
HREEAT block B nil ARFSCKAEE] 11.7 P2l BN SHUIXZA bug, AU E 2 MRE, (2
DI i IR oK o
MR SUHE R BB AR EE AN, 222 AN /D e [ 11.8 ALK T dolist H— AL ; P #RAER
EERMN G E —HA B — A FIR P 774 e Fln, 25 EF W24, do-tuples/o AR :
> (do-tuples/o (x y) ’(a b c d)

(princ (list x y)))

(A B)(B C)(C D)
NIL

ZEMFIRIZEL, do-tuples/c M MIAIFEREE  SRIEIT ol 251 2 B9 JT% -
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(defmacro do-tuples/o (parms source &body body)
(if parms
(let ((src (gensym)))
‘(prog ((,src ,source))
(mapc #’(lambda ,parms ,@body)
,@(map0-n #’(lambda (n)
‘(nthcdr ,n ,src))
(- (length source)
(length parms))))))))

(defmacro do-tuples/c (parms source &body body)
(if parms
(with-gensyms (src rest bodfn)
(let ((len (length parms)))
‘(let ((,src ,source))
(when (nthcdr ,(1- len) ,src)
(labels ((,bodfn ,parms ,@body))
(do ((,rest ,src (cdr ,rest)))
((not (nthcdr ,(1- len) ,rest))
,@(mapcar #’(lambda (args)
‘(,bodfn ,@args))
(dt-args len rest src))

nil)
(,bodfn ,@(mapl-n #’(lambda (n)
‘(nth ,(1- n)
,rest))
len))))))))))

(defun dt-args (len rest src)
(mapO-n #’(lambda (m)
(mapl-n #’(lambda (n)
(let ((x (+ m n)))
(if (>= x len)
‘(nth ,(- x len) ,src)
‘(nth ,(1- x) ,rest))))
len))
(- len 2)))

K 11.8: i T AR 72

> (do-tuples/c (x y) ’(a b c d)
(princ (list x y)))

(AB)(B CC DDA

NIL

ﬁﬁﬁ‘if%ﬁﬁi[]nil,@%ﬂ&ffjiﬁkqjiiﬁﬁiﬁﬂqreturno

FER BAL PR Rh AR 3R BORE B, e 2 B RIA G o TR 2R /o M1/ BT RRIWIX - iiUAR HY 1%
AR AR 2 73 51 T30 3 TP TR A B A2 A o 280, WER points 42— rIHIFIKIN (drawline
x y) E o Fly Z I 2 AR 20— AR s B2 S A R AR R AT K

(do-tuples/o (x y) points (drawline x y))
BN points &2 RYTT MFIF, 0 T I HY B RYREEE, M TS

(do-tuples/c (x y) points (drawline x y))

VENFE—NLBE RSV ER KT REEN, Y AEA S BN K E A AT, R HE—
M MRS IBIE K dolist:
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> (do-tuples/o (x) ’(a b c¢) (princ x))
ABC
NIL
> (do-tuples/c (x) ’(a b ¢) (princ x))
ABC
NIL

do-tuples/c I LIt do-tuples/o B & J¢—LE R A B EAI R E R BMNITIREE. WRA n D
2%, do-tuples/c MMAIEIR I Z HIZ il n — 1 IRIEA:

> (do-tuples/c (x y z) ’(a b c d)
(princ (list x y 2z)))

(ABCBCD(CDADAB

NIL

> (do-tuples/c (w x y z) ’(a b c d)
(princ (list w x y 2)))

(ABCD)(BCDAI(CDABDABOC

NIL

Hi— XS do-tuples/c WM AYEITEI/RAER 11.9 Ho ARG RR Y RIMEZ AL AR LE R 3T IR 2131 T2k
WIS XS] (FEAGIH AP i dt-args 2Ll

(do-tuples/c (x y z) ’(a b c d)
(princ (list x y 2)))

JETF Y :

(let ((#:g2 ’(a b c d)))
(when (nthcdr 2 #:g2)
(labels ((#:g4 (x y 2)
(princ (list x y z))))
(do ((#:g3 #:g2 (cdr #:g3)))
((not (nthcdr 2 #:g3))

(#:g4 (nth 0 #:g3)
(nth 1 #:g3)
(nth 0 #:g2))
(#:g4 (nth 1 #:g3)
(nth 0 #:g2)
(nth 1 #:g2))
nil)
(#:g4 (nth O #:g3)
(nth 1 #:g3)

(nth 2 #:g3))))))

& 11.9: —> do-tuples/c I FH 1 EIT

11.5 ZEIFK

WE do ZHAAELHIREMAZ AT E LA 1. s, do AT LAGKSEHHAL LI N FT R IE S RN Lisp Y2t
WEEARF AT B 1110 88— DSR2 HA dox A . £ mvdox B FFMMABAI ATHE L

‘\ E"-
AL

> (mvdo* ((x 1 (1+ x))
((y z) (values 0 0) (values z x)))
((> x B) (list x y z))
(princ (list x y 2)))
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(100202323434 (645
(6 5 6)

XRIEAEAEE A M, Bl s B R B4 5 2L AL TR 15 AN AL AR DX R Y 2 (AR

(defmacro mvdo* (parm-cl test-cl &body body)
(mvdo-gen parm-cl parm-cl test-cl body))

(defun mvdo-gen (binds rebinds test body)
(if (null binds)
(let ((label (gensym)))
‘(prog nil
,label
(if ,(car test)
(return (progn ,@(cdr test))))
,@body
,@(mvdo-rebind-gen rebinds)
(go ,label)))
(let ((rec (mvdo-gen (cdr binds) rebinds test body)))
(let ((var/s (caar binds)) (expr (cadar binds)))
(if (atom var/s)
‘(let ((,var/s ,expr)) ,rec)
‘(multiple-value-bind ,var/s ,expr ,rec))))))

(defun mvdo-rebind-gen (rebinds)
(cond ((null rebinds) nil)
((< (length (car rebinds)) 3)
(mvdo-rebind-gen (cdr rebinds)))
(t
(cons (1ist (if (atom (caar rebinds))
’setq
’multiple-value-setq)
(caar rebinds)
(third (car rebinds)))
(mvdo-rebind-gen (cdr rebinds))))))

€ 11.10: dox B ZAHEPERUA

(BB FRA AR B 5 — {1 B 58 L, R B A B S i 1 1B 8 B IR o S SR 8 B )
IRl 2R, AR 2 e 1 iR EATH SR —# Rt o, B 11.11 o8 1 EIE 2 a0
M mvdo* 5 A
AT RES H—1> mvdo , HA T8 E H R H0A it :
> (mvdo ((x 1 (1+ x))
((y z) (values 0 0) (values z x)))
(> x 5) (list x y 2))
(princ (list x y 2z)))

(100CO01B12)(423)(6B34
(6 4 5)

do M & XL H T E 3] psetq HIJRIAIAESE 64 1T GFRET . AT E L mvdo, 75 E— M2 EUA R psetqo
F T Common Lisp 3% A HEALIXFEEVERF BT AFRA TR H O F —A, K 1112 s e #riyZ2m TET R o
W

> (let ((w0) (x1) (y2) (z3)
(mvpsetq (w x) (values ’a ’b) (y z) (values w x))
(list w x y 2))

(ABO 1)
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(mvdo* (((px py) (pos player) (move player mx my))

((x1 y1) (pos objl) (move objl (- px x1)

(- py yD)
((x2 y2) (pos obj2) (move obj2 (- px x2)

(- py y2)))
((mx my) (mouse-vector) (mouse-vector))
(win nil (touch objl obj2))
(lose nil (and (touch objl player)

(touch obj2 player))))
((or win lose) (if win ’win ’lose))
(clear)
(draw obj1)
(draw obj2)
(draw player))

(pos obj) IR obj ML E I ME x, yo FFURIIIME =X R AL E L FEHLY -
(move obj dr dy) MAEFKAFIA & (dx, dy) KB EIXTR obj. IREITIME x,y AFEIH AL E
(mouse-vector) IR [ Y| IR 3 AL B TP ME mx,my o
(touch objl obj2) WRIFIE , U1R objl il £ T obj2.
(clear) {H=S il X I
(draw obj) {E4HIALEZ ] objo
B 1L R SR

mvpsetq M & KT = T H KA mklist (31 I1),group (30 ), AN AEIX B AE LI shuffle, K3
B

> (shuffle (a b c) (1 2 3 4))

(A1 B2C34)

5B mvpsetq, FA T LUE X mvdo T, WA 11.13 fii7Re F condlet —#F, X Zffi fH T mappend KA,
%m@mﬁﬂﬁﬁ@&%@%%ﬁ%oﬁﬁm@mMmMBtE%ﬂumgﬁWEﬁ*EZ

> (mappend #’mklist ’((a b c) d (e (f g) h) ((1)) j))

(ABCDE(FG H (I) J)

AT A TR HYS K2, B 1114 P EAE— DR RS

116 EFEZRRE

FEIAZRAZH G TRAEHME T B ML BN FMREMEZSRER MU
ZAAETF XA B EA B BN B BN, BATTAT LK 1f S RleR L
(defun fnif (test then &optional else)

(if test

(funcall then)
(if else (funcall else))))

AT AL then fl else ZERIA M A6, ML X7 HORGAPEAT, FrEA T I A5
(if (rich) (go-sailing) (rob-bank))

A LA

(fnif (rich)

#’ (lambda () (go-sailing))
#’ (lambda () (rob-bank)))

VAT RSN mapear, 3% condlet KA W iZAa— MR
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(defmacro mvpsetq (&rest args)
(let* ((pairs (group args 2))
(syms (mapcar #’(lambda (p)
(mapcar #’(lambda (x) (gensym))
(mklist (car p))))
pairs)))
(labels ((rec (ps ss)
(if (null ps)
‘(setq
,@(mapcan #’(lambda (p s)
(shuffle (mklist (car p))
s))
pairs syms))
(let ((body (rec (cdr ps) (cdr ss))))
(let ((var/s (caar ps))
(expr (cadar ps)))
(if (comnsp var/s)
‘(multiple-value-bind , (car ss)

, €Xpr
,body)

‘(let ((,@(car ss) ,expr))
,body)))))))

(rec pairs syms))))

(defun shuffle (x y)
(cond ((null x) y)
((null y) x)
(t (list* (car x) (car y)
(shuffle (cdr x) (cdr y))))))

K 11.12: psetq I ZAERA

TR FRATTEERT FUR S SRAE, IS A A AL —FERT Lo EATUR LB F BEIEM 22 7o A, M3RAT7 24k
FFSA form, BUE A NSEUL NB S IR E I, B RBEE R T o

[FJ A A PR ) T RS T A 2o R A A SR I ME— R T B, WT LU O GE SU A 3RIB R 1%
AR 2548, FLS ] BRBORAOE A2 T RERY , R IR EMAB AR AE AR R AL HL o > 2 N B PR L mape 3t
s dolist XV RRE A . ik

(dolist (b bananas)

(peel b)
(eat b))

il

(mapc #’ (lambda (b)
(peel D)
(eat b))
bananas)

EHFRIEIWER. (RERTEIRF nil, 5% 1% M bananas #13). i, FATH T LIE forever L,
(defun forever (fn)
(do O
(nil)
(funcall fn)))

> B — AT H SRR A A B RGOSR B AR R T o BATATLAS — e BAE M) 2R UG B p R0 LT eval.
T 2T eval WH AR AT2 I 191 TUHIRR
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(defmacro mvdo (binds (test &rest result) &body body)
(let ((label (gensym))
(temps (mapcar #’(lambda (b)
(if (listp (car b))
(mapcar #’(lambda (x)
(gensym))
(car b))
(gensym)))
binds)))
‘(let ,(mappend #’mklist temps)
(mvpsetq ,@(mapcan #’(lambda (b var)
(1ist var (cadr b)))
binds
temps))
(prog , (mapcar #’(lambda (b var) (list b var))
(mappend #’mklist (mapcar #’car binds))

(mappend #’mklist temps))
,label

(if ,test
(return (progn ,Q@result)))
,@body
(mvpsetq ,@(mapcan #’(lambda (b)
(if (third b)
(list (car b)
(third b))))
binds))
(go ,label)))))

] 11.13: do B L AHEPERUA

(mvdo ((x 1 (1+ %))
((y z) (values 0 0) (values z x)))
((>x5) (list x y 2))
(princ (list x y 2)))

JEIT )k

(let (#:g2 #:g3 #:g4)
(mvpsetq #:g2 1
(#:g3 #:g4) (values 0 0))
(prog ((x #:g2) (y #:83) (z #:g4))
#:g1
(if (> x 5)
(return (progn (list x y 2))))
(princ (list x y 2))
(mvpsetq x (1+ x)
(y z) (values z x))
(go #:g1)))

B 11.14: mvdo 1H H B EIT

A, B R AV A 4 A M AR R AR A,

SR, SRS P B TAR S LU SR U 2 2 b forever A 2% BT H AL EM
ERE TN MHREEE, SERIF LR )RR RAE A 98 25 R A 5 gk Tz b IR 4 A5
Tttt R EOI T Lo AHATR TR XA E IR IRMAIAE — IR T .




"X

Gt
il

58 IS, ZH KA —RHZMBHNIGE ] set MUEXELE P — . KEWEEIT setf HY
P, SR JE LULAZ 0B, ETPRSENLAE setf RIZERTZ b

BUE setf EAE EHTCIRIZFIES S, HOEZLEAMES . 9 7T ARXA T, Bkt — AR
ANEIRR A R ) o 3 ORI/ NI R R Z B IR 2 AL SR IE R R I B IE . S =SB 2 —
LT setf HYSEH TRBIEIT i — 52T E SR H ) setf ¥

121 #&

WEZ setf /& setq HIHE TP e sets HIEE— AR LU A o8B i AR 1] B A AL ik

> (setq 1lst ’(a b c))
(A BC)

> (setf (car 1st) 480)
480

> 1st

(480 B C)

—RIM, (setf z y) ATLABRARIL G501k o BSRIEEERY y7o MEA—1, sett 15 AR AZIZEUN I,
FH T OIS TAE A REW 22k . MR — 2R (EERITLUR) BMMES A4 setf M A2
JRITIR setqe MEAREE —NSEUE N EIIEA] B4 sett WIS RIFRIN M AIWTS Lo BTHE 2502
W P LA A4 R AR TR
(progn (rplaca 1lst 480) 480)

XA 1 2 W 5 A AR KRB RN % o Common Lisp 7 A 5 FH 975 7] BB CHT A PUE LAY, L4 car
cdr.nth. aref.get.gethash, AN AL defstruct G MT M pREL. (SEHEM 2L cure2 A48 125
s )
REFE Y setf B PSHAFRIEABION T X EZ |7 UERCEBN 17— Fa R g el 20 M
A SRR AAE T — R REERERIT BT 5 |, IR 4 HAR B it — R mT g Y
BN DT, FET setf S5 H C IR X R G AT LA™ A W0 5 WIS SRR . FRATATLA
TF setf LIHIE LINZEARZ , b —1 2 toggle',
(defmacro toggle (obj)

‘(setf ,obj (mot ,obj)))
AT LR — T AR

> (let ((1st ’(a b ©)))
(toggle (car 1lst))
1st)

(NIL B C)

BUAEZS T I BN o BN AT RER LR RIVEE K IS IS SR e R R I, A0 i 4E
PR HriisE/ ME LT e R R AR R EARAE L. AER e A 1 oo — K2
RIRAF AR A -

UEAE SRR, R O AR

111
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(defvar *friends* (make-hash-table))

XA A AR R TR St 2 ne 7 36, Horp T M At 21 £ 30 ni:

(setf (gethash ’mary *friends*) (make-hash-table))

AT John A Mary RIHHAC, FeAITAT LA -

(setf (gethash ’john (gethash ’mary *friends*)) t)

XA AR IEINFHIRIIE S, B ANEBA R < FLAAE A RIS, e VB A AR i — 7 8k
T AL NEAL I | i A A I ACHIAZ BB T P A7 O 22 Jl A2

IR AN E B R R DI x Ty HORICACR B FRAT AT A1 -

(setf (gethash x (gethash y *friendsx))
(not (gethash x (gethash y *friendsx))))

RE L sett JF BRI RIFL XN FRIBAGLRM G E I8 A BA AR EE LT — T RZ IR

(defmacro friend-of (p q)
‘(gethash ,p (gethash ,q *friendsx*)))

AR AAEX AT toggle HITRBNN , FRATHAT AT 7 (6 M8 OB FE RO RAHE o 1T AR BE 3 R P 1B 1)
AT LA

(toggle (friend-of x y))

7S GO IR R R o EATRELE R IRR PP RAFHRSEIIRAL | (R I AR5 BN AU . A SRAR S H 5B
RIS PR AL, R VT AR A B E5 AL, IR A AT TT LA set £ RAE LRI EHR S M TC T TN
BRI

12.2 ZEXE[ER

LT EE R, BATEAIA] toggle E SUEAILAIAY:

(defmacro toggle (obj) ; wrong
‘(setf ,obj (mot ,obj)))

ELREEIE 10.1 57 IR R A2 ERER. AR ERSECARIVER, IR0 7o i, 1st &
IIRIGHNFE, BATEES -
(toggle (nth (incf i) 1st))

FIIRFERERILS (i+1) MITR. F SR, WRME ] toggle BUAERIRE S, iX M FHH RIFk:

(setf (nth (incf i) 1st)
(not (nth (incf i) 1st)))

Xl 4 B, I HAGER (1+1) DICRIKENS (1+2) DITRMI it EMEAS]

> (let ((1st ’(t nil t))
1 -1)
(toggle (nth (incf i) 1st))
1st)
(T NIL T)

WH toggle TR

UENVER toggle LA HINRIBAITAL] setf HEHE N SENME FIEANE . FROTUITRAZZRIE
KAHS, BAE R T4 R ESA subform, ] HiX2E subform A EIEH IE , AT T EEA 15>
TFJFHMORAE . — RS, XEEFEAIE A 5.
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AT LA Z 2 Common Lisp $2it 17— 1%, BT A BIFRATH 8l L —LER T setf B9, it id H
JEHEAIR. ZH) 450 define-modify-macro, B =S HUE LRI Z 4, BRI IS (HHELE
JTMARRZ R AN AR XA R R T SR AT .

i define-modify-macro, A TAT LAMG FIHXEE X toggle:

(define-modify-macro toggle () not)

FLRUE A S ESRIEE A (toggle place) HIFKIAF, WiZEHE place T E AL E , IF H. iR AAFAE
AR HME AR val G HBH AL (not wal) MU(E”. NHHEIXASHT 22 FHAEJFCR A 1)1~ 5L -
> (let ((1st ’(t nil t))
(1 -1)»
(toggle (nth (incf i) 1lst))

1st)
(NIL NIL T)

BN MR IO IR ZE T 45 BE AR IS EEALL . ©T setf il setq A X HSEE AT
AR, toggle LI Q1L %ﬁﬂ]ﬁTﬁlﬁﬁiifEﬂgﬂﬁiz(nlodﬁyﬂnacro)Hﬁ%%ﬁﬁjixE>ij‘g/\i:,ﬂQMK%F[31_
FhEETT, N 12.1 P

(defmacro allf (val &rest args)
(with-gensyms (gval)
‘(let ((,gval ,val))
(setf ,0(mapcan #’(lambda (a) (list a gval))
args)))))

(defmacro nilf (&rest args) ‘(allf nil ,Qargs))
(defmacro tf (&rest args) ‘(allf t ,Qargs))
(defmacro toggle (&rest args)
¢ (progn
,@(mapcar #’(lambda (a) ‘(toggle2 ,a))
args)))

(define-modify-macro toggle2 () not)

B 12,1 BRAEAE A B

123 #HHISEAIR

ATLE H LRI S T, AT ST SR R T B o XS T H AU 7S, LA 2
HFERIIHAL LS setto

B 120 AEVINEET setf 2. H— 2 allf, EYWHEKFE —ERLG 2 LA, nilf Fl tf
WOREET B SR, B RS EOR E N nil Fl to BARIXLEAR 5 ER T (5 .

Tl setq — 1, setf Al LAEAZ 2 S8 —— RISt BLAY AR RERTGS B O (L -

(setf x 1y 2)

LT Y S TR FREATRXARES), i HA ML RO RSB i LA T o SRR B EHE 2 A gl ih it
N nil AR LA P

PR S BRI ELA 1+ B (lambda (x) (+ x 1)) HBAT LA
15 1E . AT Common Lisp A7 (CLHS) F55 %K define-modify-macro il define-compiler-macro M5 =S4T
WIRFFT
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(setf x nil y nil z nil)

[EE A%

(nilf x y z)

BATT o BIE— AR — TGN RIEN toggle: B nilt ZAL (AL SHOLENE BN
XU ZEBE T R T IR AR EAF ) — DB e SREIRAT A 520 e A e 6 ] — DA, T X AR

FF5 I IR setf 1MAE setq,iiﬁﬁi,ﬁﬁﬂlﬁ?ﬁ*%o QD%%*/I\?‘%&%%%, setf ¥ HHERITH| setqo
BT ARIAKZ 1, AN sets BY— e, B MR AL JRIT AL setqe.

(define-modify-macro concf (obj) nconc)

(defun conclf/function (place obj)
(nconc place (list obj)))

(define-modify-macro conclf (obj) conclf/function)
(defun concnew/function (place obj &rest args)
(unless (apply #’member obj place args)
(nconc place (list obj))))

(define-modify-macro concnew (obj &rest args)
concnew/function)

B 12.2: 77 SR _ERYBIFRARAE

B 1220 A8 = MIAEE B IR G R . 58 3.1 TR BRI

(nconc x y)

HIRIVE AT SE R F HAL008e

(setq x (nconc x y))

X — > Bk ATE conef H T o HHAFFENY conctf Al concnew EL% A& H T 4155 75 — ¥ Y push
Fll pushnew: concif TEFIFELE EIBI—TITE, M concnew HIIIREM A, {H HA 24X DI RZATEY R H Y
At
922 TS, MBS TR LURRF S WA LA ARk I, D \-RB NS =28
f£25 define-modify-macro /2R {THY, IEUN conclf MYE Lo © IS 30 TT_EIY conct B, X724
RIS
(define-modify-macro conclf (obj) concl)
FE—FEOL T, B 12.2 Y ROZ IR A o An AR IE WA i A 25 R ANE T = A 77 ok E 513, A
207 push, B¢ )5 B nreverse X M. TRV RIS A BRE YR LE AR 45 2 B 7 (@ 28 | (RN AE 25 FEAb 4k
PRHARAITE R B SEFEE S . Common Lisp A ¥ 2 T HIE RURVERF, M H 5 BB AERF N 4577
B AR AT RE A T B 7 SUR T B SRR AR T

S PEETE X BURMEIIAT Common Lisp FRUEXTIEAAS N EME S, FATENE LT WA B R AL AR define—modify-macro HIZH

ZASHHEERLT T

SIFEHTE: 41F N ncone BB— P2 HM A oS P WA nil B, 1% B AE ncone FATZJEHH 542 nil, AR ncone #
RIS T IS A SHUNE.

SPEE L  IE AN HTTE A I B2 2 A9, Common Lisp ARifE 14 € X define-modify-macro HIZE =S LR 52
ANE A ARV R iR UHH IAE — A PR BOR TR R BRI A B LS R A . R EE B s ki il \-ZiA U
1 define-modify-macro H AP, BRI LY, IHEE TR
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124 EEZMXHEIAR

FAEFTEE T setf 25487 LA define-modify-macro & o U, B FATEE L —1%7 _£,ik
EWIMEREOY ] T—) XA R . NEZ inct MY THH T + 1 setf WS . 8

(setf x (+ x y))

Az, BT AR i

(incf x y)

B2 _f iR RIS T4 ine BEREIF O + ROTE A, T _f WIS I O i 56— DS 40en R EAT
WA B, 7256 76 T scale-objs HIE L H  FATAAGXFES

(setf (obj-dx o) (* (obj-dx o) factor))

SO _f AT AR

(_f * (obj-dx o) factor)
FIRES B S K

(defmacro _f (op place &rest args) ; wrong
‘(setf ,place (,op ,place ,@args)))

ASSER S, FATICTEH define-modify-macro 1IEAAJCIRMIAE S _£, MR FH A AR i AR VEAT A
f‘%éﬁlé FEM

XBEE JW 2T LS. N T ikiXFh 22 4% 5 J7 (848, Common Lisp #24 T B4L get-setf-
expansion’, Bk — ) AR A T AREU % B HAE R L EE B Wiy P RIAX T L
A RIS, TP T i B X 2 R

(incf (aref a (incf i)))

MIRATA) AR get-setf-expansion I, AT MS £ T /MEHAVEZ I AR -

> (get-setf-expansion ’(aref a (incf 1i)))
(#:G4 #:G5)

(A (INCF I))

(#:G6)

(SYSTEM:SET-AREF #:G6 #:G4 #:G5)

(AREF #:G4 #:G5)

BOT IR B ME D SR IR A RS2 LU VIZ 28 EMTRAE. R, BATR DL s ot =X

(let* ((#:g4 a)
(#:g5 (incf 1)))
.0

IXLEHLE WAZAE Letx BAIE. KOF— ORI, X LE1E form Al AES S| FIBIHTHE AL . 55 =SS TLME
Fe 3 I AR AR AR A SO HIERY formo BT FATAR AR ME LA 1, B LS & AL AEXS 1+
A

(Llet* ((#:g4 a)
(#:g5 (incf 1))
(#:g6 (1+ (aref #:g4 #:g5))))
.

TR A T2 I R AR 2 get-setf-method , {HIX ™AL A A TEHAT Common Lisp AiHEH T, 2 UL X3]13 Issue 308:
SETF-METHOD-VS-SETF-METHOD. B HI/Z get-setf-expansion,iX ™ HREHEZ NS4, place LA ATIE I environment S5 2

o ARBFHEXSTHA K get-setf-method (i —H BN get-setf-expansion, NHAITH.
S MG M TTRIIK . ERHRE R PIFOREME (H AL ATTRE) £ SR R A7 2 H AT REYE -



file:www.lisp.org/HyperSpec/Issues/iss308_w.html
file:www.lisp.org/HyperSpec/Issues/iss308_w.html
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/5, get-setf-expansion 1R [Al A 55 VU MELE — DB AT FRE L Z DR RN 08 PRIE T~ 3E T

(let* ((#:g4 a)
(#:g5 (incf 1))
(#:g6 (1+ (aref #:g4 #:g5))))
(system:set-aref #:g6 #:g4 #:g5))

AE XA form £ 25 H—LE P HR R AL, TTIXLE P FP R ZUANJE T Common Lisp Friffe 1H 7 setf sk |
XL R BB AEAE B BT AFAE T HAL . R T BRI A AR VU T 2R B 2B, By AT B ] 4%
PP O ARAS N 1 {8 H ) get-setf-expansion & [ IXLE form, M & H %S| HIE W system:set-aref
TXFEH R

IRAENSEIN _£ T E W22, I E5e i) AR, JLFAERATNEA T LRI inct BHSHISHIE E 42—+, ME—
H DX , AN S Letx B EG— 1 form f2E7E 1+ A B M2 B0k A _f 28—k
XEH. B 123480 T _f 1EL.

(defmacro _f (op place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
‘(let* (,Q@(mapcar #’list vars forms)
(, (car var) (,op ,access ,Qargs)))
,set)))

(defmethod pull (obj place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(let ((g (gensym)))
‘(let* ((,g ,obj)
,@(mapcar #’list vars forms)
(, (car var) (delete ,g ,access ,Qargs)))

,set))))

(defmacro pull-if (test place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(let ((g (gensym)))
‘(let* ((,g ,test)
,@(mapcar #’list vars forms)
(,(car var) (delete-if ,g ,access ,@args)))

»set))))

(defmacro popn (n place)
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
(with-gensyms (gn glst)
“(let* ((,gn ,n)
,@(mapcar #’list vars forms)
(,glst ,access)
(, (car var) (nthcdr ,gn ,glst)))
(progl (subseq ,glst O ,gn)
,set)))))

& 12.3: setf | HE ZRI1) %

PR AR TR 28007 AT BT , A TE T UA%E 5 Mot R E0A 44 IR s A
1240 (58 5.3 717) BISEH R %L ° 2 foo HEATICALALHIALER, FT LA :
KT, P EL RO B, AR AR AL A Common Lisp 5% 1k FEAE SUM BRI«
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(_f memoize (symbol-function ’foo0))

) _f, WA TELHAMEET sets FUZRE Lo 1A, FRATEMERT LM conc1f (& 12.2) 5 ik
(defmacro conclf (lst obj)

¢(_f nconc ,lst (1list ,obj)))
K 123 A HA—2G AR 22, ENFFERET setfo N —1 2 pull, B & W B pushnew H E1E
ﬁﬁﬁ%ﬁﬁm%@%wﬁﬁpwﬁ%?yﬁmg%%ﬁoW%%ﬁ%%ﬁ%ﬁ%ﬂ%mﬁﬁyMMW
AL EIMAZLX A SIS B, 11 pull MR BIAE M TR EMERS ERITR . pull E TR drest 240
{# pull AT LAEZ ] delete MHIRIMIREEF S
> (setq x (1 2 (a b) 3))

(12 (AB) 3

> (pull 2 x)

(1 (A B) 3)

> (pull ’(a b) x :test #’equal)

13

> X

1 3)

PRILP AT DI AN 25 24 X R AE LAY -

(defmacro pull (obj seq &rest args) ; wrong

‘(setf ,seq (delete ,obj ,seq ,@args)))

NI AR B IR E 3L, (] Pl 28 SN e A SRABL BSOS T Y TR0 FRATTHLTT DA pull E UK
faT EL A R
(define-modify-macro pull (obj &rest args)
(lambda (seq obj &rest args)

(apply #’delete obj seq args)))
BTSSR I AN S — A28, BrEABAT TG LU SR P25 AT 250 X R A5
EVNEPAS
R Y pull-if e — TR IR EZEL FF H A IT K delete-if MM\ delete:
> (let ((Ist ’(1 2 345 6)))

(pull-if #’oddp lst)

1st)
(2 4 6)
XA R T A — A 2 e AR N R R R 2 AR SR, B AR B N X A
pull fl pull-if #HHLATIESELLE T ENIH deletes
K 12.3 Hfgs— 752 popn, B/ pop HIHES TE o HINREAFHZ U MFI R B — 1 ITR | & RETH
HFHFIR RIS R 7751 -
> (setq x ’(abcde £))

(ABCDEF)
> (popn 3 x)
(A BC)

> x

(D EF)

B 124 FEUZREXN E RS EEET . AR x My AR T H AT AR x BYEAE W ME P EU AR
IR AFANTAT LS -
(if > y x) (rotatef x y))

ERERFRATARN, = A el o B 22 B AR O A, e IR A U IR . 5 T T 5 X R
Kb, A7k sores KAFNTF o XAZEHEZ P HEIRIERF A EREECR ) SR SRR/ T scii
CNTRE, EENX L) SRR R PR S ERERFRYEDR . R RRIEIE , 2800 LU i A i
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(defmacro sortf (op &rest places)
(let* ((meths (mapcar #’(lambda (p)
(multiple-value-list
(get-setf-expansion p)))
places))
(temps (apply #’append (mapcar #’third meths))))
‘(let* , (mapcar #’list
(mapcan #’(lambda (m)
(append (first m)
(third m)))
meths)
(mapcan #’(lambda (m)
(append (second m)
(list (fifth m))))
meths))
,@(mapcon #’(lambda (rest)
(mapcar
#’ (lambda (arg)
‘(unless (,op ,(car rest) ,arg)
(rotated ,(car rest) ,arg)))
(cdr rest)))
temps)
,@(mapcar #’fourth meths))))

M 12.4: — M HSEH)

N

> (setqx 1y 2z 3)
3

> (sortf > x y z)

3

> (list x y 2)
321

— AT, BATAT LUR AR AT ) R (R cake /2 DA AL, ERER IS N A RS T bigger
%ﬁﬁﬁgﬁ%%ﬁ@ﬁoW%ﬁmﬁ%ﬁﬁ*¢Mﬁggﬁmﬁﬁw@%@%&ﬂuw%cﬂmﬁﬁ
FH) cake WWATH/NT curly HY, FRATE Bk

(sortf bigger (cake ’moe) (cake ’larry) (cake ’curly))

sortf HIE LHI KRB _£f ZAZ. BLL— letx A, TEIX D letx RIEX T, Hi get-setf-
expansion & [FHIG I AR A AR E 2] | AR FIRIIATE o sortf HIRZO 2 R HY mapcon FRIAF %3
IR A AR AR X L AR A TR o 2 WX A R A e 2 B 2R R R O
E%ig{ﬁo %EﬁFF?iiﬁﬁ,TL§L§Eﬁ%é§ﬁ§FH%BEQEﬂget—setf—expansiorlﬁi[]ﬁqfbrnlgi%ﬁﬁﬁﬁﬁo ix B T HY
B2 O(n?) MEVEHERT B0 R0 IS ECE RS 2 000E XD A E A T .

Bl 12.5 25 H T2 sortf R EIT . fERATE ) Letx H, 22X EATH] subform 1% HE M 72 245 B It
Fe/NDHSRAE . 2 )5 IR =2k 5040 3 Fe A LA I I A2 4, A AT REIE 2383 e AT ] SE LA —
PMHEZABERB —PHE =1, REE B = Ba) ERMNEB G EFTRE. ER
D REEE ROX A (R A2 — N B E  Z BN % e B WP T IRAE | IR B AT RAE R
2,

ALERVERE, I _£ M sortf, BTS2 BREUR S sRACZ [ SE A FELZ Ak o AT N IZ AR B B AT
RTEEANFZRTG . K find-if B REHEZ — P EREOFRHE M2, _f IR NGE— 8 51X
T2 b RN — N RIBAN care ib _f Al sortf #HEZ MAL S EA AT BE. FIl, _£ AT LUXHFESL
B
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(sortf > x (aref ar (incf i)) (car 1lst))

JEIT (FERA AT RERY SEEL L) ik

(letx ((#:g1 x)
(#:g4 ar)
(#:g3 (incf 1))
(#:g2 (aref #:g4 #:g3))

(#:g6 1st)
(#:g5 (car #:g6)))
(unless (> #:g1 #:g2)
(rotatef #:g1 #:g2))
(unless (> #:gl1 #:g5)
(rotatef #:gl #:g5))
(unless (> #:g2 #:g5)
(rotatef #:g2 #:g5))

(setq x #:g1)
(system:set-aref #:g2 #:g4 #:g3)
(system:set-car #:g6 #:g5))

% 12.5: —~ sortf W HEIT

(defmacro _f (op place &rest args)
(let ((g (gensym)))
(multiple-value-bind (vars forms var set access)
(get-setf-expansion place)
‘(let* ((,g ,op)
,@(mapcar #’list vars forms)
(,(car var) (funcall ,g ,access ,Qargs)))

,set))))

SRIGHM (Cf #2+ x 1) o B2 _f FORBIIURAMEINA XA A 1 B A ThRE , 1 H i T8 A B 1) 2 4245
Fr LAE BT L2 2280 special form 245 5% + BABEE, Lbnist , R T A A nif (102 1) :
> (let ((x 2))

(_f nif x ’p ’z ’n)
x)

125 ENIH

12,1 F3ERA 7N EE AR RERIT BT 5 | B A E AR S WAZ AR R o AT, AR RIS
ST AT AR AT E SRR o I defsets , VRAT A1 Lisp AAR) 0 11 e £l 72
FEFX AR AT IR ARG, NS ER W5

(defsetf symbol-value set)

MR HEE 278, B84 defsett B HF defmacro WHEH LML, BB INEE —M2HHTE
HHE forme HIAN, N TLLY car & L—FRA]REIN I :
(defsetf car (1st) (new-car)

‘(progn (rplaca ,lst ,new-car)
,new-car))

defmacro il defsetf Z[MA—PEHEW X J5E 4 H I N HSEO# A K55 (gensym)o 18T LHZS
HIAE X, (setf (car x) y) BEIFK:



fefe

SR

i

120 %12

(let* ((#:g2 x)
(#:g1 y))
(progn (rplaca #:g2 #:g1)
#:g1))

XHE, RAE defsetf BIARI B A G, AL AR i HE , 8B SRAE R BRI 7 2 2R HY (7]
BT o

1 crri2 [ Common Lisp H', A A #E ] defun & X setf B o [AIIIHT ] 7 440 AT LA A

(defun (setf car) (new-car 1lst)

(rplaca lst new-car)
new-car)

BTHE R IZAENIX A REHI S — 280 [RIFEFE SRS, o B Z IR A A A BRI [RAE

H BT IR B 7R BIERIA N, T AR 5 Rz AR A BR 25 R A 3L B e AR Z A A B i 24 T 0 3L
5Bz ML WK H AT sh i eg A8 H (B JT A o AT DA, IR AT 15 setf B TAETT =04
HRERIXHFE IEAS N, A A T8 LR A BRI 558, S0 b gk i 280t 1 & i
M place fENHZH( 44,

MIRE B, setf AT LABE— 4 : access form F1'E HYIH B ERT R E 2 W LI RIF AR . POz
AR B FRATA A PR R BT A oK o IX VT REARIE NG TR, 28 Bk, i AR S B s, AR D
I 58 B A A SERTHRAE , i T BB BRSO, 508, A SRR A 1Y SRR A 2 5 2 BT Sl — 200k
AR 5| NATHIFILA o

(defvar *cache* (make-hash-table))

(defun retrieve (key)
(multiple-value-bind (x y) (gethash key *cachex)
(if y
(values x y)
(cdr (assoc key *world#*)))))

(defsetf retrieve (key) (val)
‘(setf (gethash ,key *cachex) ,val))

K 12.6: —NFEXTFRIN

14 *world* A% L P AU ELHE 2o AR I, AT EME— T IC RN (key . wal) BN LHER
% (assoc-list) o & 12.6 /R T—MFRN retrieve A HFE . UWIHR xworld* &

(a.2) (b.16) (c . BO) (d . 20) (£ . 12))
i IS7N

> (retrieve ’c)
50

T car B AR, retrieve W I FFAE ] — DR E5 K T B 4FE AL B o IR IMHE AT RESR B P/ & LY
— o 1l retrieve AW, FIFEE UAERT 12.6 H AU EATHAT— 1

> (setf (retrieve ’n) 77)
7

> (retrieve ’n)

77

T

AR RIS T AME €, ERBIFEZ A7 TP B 1%
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WU R — R SRR RO AR LRSS X B S A E 2 R AR A . 258, AR P
RATREC A AL T — LB M1 SO YT 3%, (X LT IE RS 2 S AUHERT SR MR Y o (B A HERR A2
FHTAM sets WIRYATRENE , BCE AL BLH B 2RI A RV HLEA



o

o
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BT A BT A 1 LR I RE A2 S BRAE AT o AR B 20 T R 00T LA B, (EL P 22 RE BE e 280 — 2 )
e 9 8.2 WA TAELS E MY TR AR B AR A — IR “fEgm W SE it 8. AT AR
VERFSEBR 2 , 5t AT LAE SRS S8 i 70 TAE . AREE S IR TARLE T 431 X Rl T BB A9 7 o

13.1 HWPSSHAI AR

(defun avg (&rest args)
(/ (apply #’+ args) (length args)))

(defmacro avg (&rest args)
“(/ (+ ,@args) ,(length args)))

B 13.0: SR EI AR A

5 8.2 T HUR I i 2w il REA T S A B B A I e ke AEAB I FRATTE A0 avg VEOAHI T, BB
HZH-F

> (avg pi 4 5)
4.047...

TEE 13.1 5B avg & USEREL, ARG X ZZ S8 o 43 avg & U ZEIT, X length B8 FH AT LATE 2

FEASE e AEZMUAS B IRAT T 5 T AR IS T AL T erest ZHUNTTEH. FrDIMEIFZ SLELE, B INZEH) avg
SHR

(defun most-of (&rest args)
(let ((all 0)
(hits 0))
(dolist (a args)
(incf all)
(if a (incf hits)))
(> hits (/ all 2))))

(defmacro most-of (&rest args)
(let ((need (floor (/ (length args) 2)))
(hits (gensym)))
‘(let ((,hits 0))
(or ,@(mapcar #’(lambda (a)
‘(and ,a (> (incf ,hits) ,need)))
args)))))

K 13.2: FRS R H

R A 2 T ALE AT, E R SEIUE S T T IR ANE 28 Bt . B b n] LARIFATIAE in (102

123



124 % 13%F piEHiHE

) T A — RIS SR, EE R T LA R E— L2250 & 13.2 AW AR nost-of , &
TELE ST BRI A A

> (most-of t t t nil)

T

il in —HE, WA B IF A HERE B T EEUE 240 B, (most-of (a) (b) (<)) BITHIZEN
A
(let ((count 0))

(or (and (a) (> (incf count) 1))

(and (b) (> (incf count) 1))
(and (c) (> (incf count) 1))))

FESEARRRF IR, FOS R 2 2 HOR .

(defun nthmost (n 1lst)
(nth n (sort (copy-list 1lst) #°>)))

(defmacro nthmost (n lst)
(if (and (integerp n) (< n 20))
(with-gensyms (glst gi)
(let ((syms (mapO-n #’(lambda (x) (gensym)) n)))
‘(let ((,glst ,lst))
(unless (< (length ,glst) ,(1+ n))
,0(gen-start glst syms)
(dolist (,gi ,glst)
, (nthmost-gen gi syms t))

, (car (last syms))))))

‘(nth ,n (sort (copy-list ,1lst) #’>))))

(defun gen-start (glst syms)
(reverse
(maplist #’(lambda (syms)
(let ((var (gensym)))
‘(let ((,var (pop ,glst)))
, (nthmost-gen var (reverse syms)))))
(reverse syms))))

(defun nthmost-gen (var vars &optional long?)
(if (null vars)
nil
(let ((else (nthmost-gen var (cdr vars) long?)))
(if (and (not long?) (null else))
‘(setq ,(car vars) ,var)
‘(if (> ,var ,(car vars))
(setq ,@(mapcan #’list
(reverse vars)
(cdr (reverse vars)))
, (car vars) ,var)

,else)))))

& 13.3: (i 2w RE R 24

IR AT 722 )30 50 Z8UHE A R REHLTH A CAR R B gm0k 7o & 13.3 Bhan Hh TRy —
7o PRAE nthmost #5532 — P4 n LUK — DA, IR B H AR n KA FOEAR P 51 s A4, B2
MEIF ARG

> (nthmost 2 (2 6 1 5 3 4))

4
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BREURA SRR R 5. ERPIERHRT SRR T B G R nthe BT sort AMIAERT, nthmost 1£
e Z AT B A5 X IESEEL, {15 nthmost £E T I AR  EHIEFT HY O, 1) ELXT 828081 5%
Y B IATASLAET n 4.

IRV IRIE n B9E, BT A S — D X A R T [ 133 FRIHARAME L T —1
FRAH] nthmosto X MAMAYE —FREERECHNE 28 MRH IS m EAE 1L,
CRH I AN BA ] LA B AR A A AR — SR — RIS, BT LR 53— ik
FETT I, ARAR AR R — A 47 B = R AR BT AR AR A] MR E R — BB T R R AR 35 T LR
EH ORI =3, XA MEEE H 1. SRk E AP 5 R TF B/ NIRRT &
PREFKE) T o MR no—A/INEEL FFERX RO/ N O BLEEL AR AR <Sext AT 2 FR gt THE
(77 B AE EE , RN AR BOR AT DAL LA SE 75 (6 A5 S AR A IR T

(nthmost 2 nums)

JEIT Ik

(let ((#:g7 nums))
(unless (< (length #:g7) 3)
(let ((#:g6 (pop #:87)))
(setq #:g1 #:g6))
(let ((#:g5 (pop #:£7)))
(if (> #:g5 #:g1)
(setq #:g2 #:g1 #:g1 #:g5)
(setq #:g2 #:g5)))
(let ((#:g4 (pop #:£7)))
(if O #:g4 #:g1)
(setq #:g3 #:g2 #:g2 #:g1 #:g1 #:g4)
(Af (> #:g4 #:g2)
(setq #:g3 #:g2 #:g2 #:g4)
(setq #:g3 #:g4))))
(dolist (#:g8 #:g7)
(1f (> #:g8 #:g1)
(setq #:g3 #:g2 #:g2 #:g1 #:g1 #:g8)
(if (> #:g8 #:g2)
(setq #:g3 #:g2 #:g2 #:g8)
(if (> #:g8 #:g3)
(setq #:g3 #:g8)
nil))))
#:23))

4] 13.4: nthmost W

MY n AEGIF CAIBSRI SR . BRI E, 26 T n 44, S8R nthmost-gen
KA ARLERAE A A BB T AIAD . B 134 45 M T R BIRERIT. BR TARREVEN apply B2
BB LLIN, 7% nthmost AEAT A EAMISOR I sREL— e I B 722 A B H 58 22t TR0 R RUAR AN RIS
FTHRE T O, FF HAR n /NI AL AR 20 R A TR BT LASE /D

MEE N 15 R RR T LS T AR, SiX AR A2 M TARGIRI, G R AT RE R ER .. XEZ
Fir LAZE H A RO B9 nthmost , FEZ YRR ARZE G 1, s 1 B9 - 24 LS A0 E 1 1)
CLRAI , PR AT LA o A il S e s ) A o 275 M P X R AT RETE B TR ABRTS 2 DU A, AR AR AT LA
M2 DB IR E — DRI AR . T nthmost HYZMUA BEIC LSS, BRI RE R A AR I & A4
ERRE . AW, AR TEAFME, 4 C M BE SIS — MERHE SR R X



126 % 13%F piFEMTHE

13.2 | ME/RMZ

AR with- 2% (58 11.2 1), T4t A 2 A0 R e I T & 1Y, AN & 21 FH H i3 9 2
TH. dHSH TEEGR SR T2 /DME R ERSECNEL TREIE A LS8 HIE . (BRI TR
BRI FH LA A 2R 5, IR B A L BB 2R e B CA S E B T .

ARATEAE R — AT, 7 72 A2 o] il DUFE R e i A i o TSR 2R A 23 B a6 IR A B
TR AE O B S IR AT ATLUE H, a0 R h 4 i 7 BEUR R, I8 4K 280 Sl vl LATE 4w 1%
WSERG. M ZesE ilas B 2%, ATHT LU UG B AME R A SRS o X% LA S AT TPRAFAEEL
R XA A T U IR R

— 5% DUEIR N 2 g MY A 508 S —— PR D st s R PR F2 ) sk o AEPRZE~FTH | JX 28 f0% ST 2 BT
Bz Ay ARFRE S BT RE . IR A2 (20, v0) T (223, y3) , AR PRSI (21, 91) T (22, 2), B4
ek bR TR -

x = (x3 — 3xa + 321 — xo)u3 + (3z9 — 621 + 3:co)u2 + (Bxz1 — 3zo)u + xo

y = (ys — 3y2 + 3y1 — yo)u® + (By2 — 6y1 + 3yo)u” + (3y1 — 3yo)u + Yo

WERFRATH w AE 0 T 1 Z[AJAY n MERSRAEX A J7 88, FRATHAS BN #h Ze B n D ae 280017 AR FRAT]
AR 2R 1 Bl 20 SR B, I ATFRATTE A w = .05, .1, ..., .95 KSR(E S #Ee AT o £E 0 50 1 _ERRIEEAT
B BRI w = 0 BTG AEREE— D (20, v0), M4 v = 1 I EAPEAEE — DA (23, v3) o
AR5 WAL TT 24 n HEHE, FFRRTHT & n B9850 A5 B EMTELE—D (n — 1) x 3 BIEAH
Ho i 2 AR Bas 8 U 2% FRATE R AT LABAS B o A0SR m AR SRS TR R Py AT AT
TRk n ScEIZeER S o ARLETSE T BRI n B9Fa%L, 7T ABEEA N i _ B ERE A2 2 R U AL
TRAFEEHIE T .

Bl 13,5 A — D SLBL T IX SR e A s . BT T S RV e ) SR | TR 44 A L s PR AFAE AU
Ho Y B — K MZm, DS E PR — IR BRI — O NS 2 JE
FRE o FEPIIRIEIZE L [A]  JX L8 S URAEAE R D HTT o

M n =20 I, genbez B 21 1> setfo HIT u AUFREEFEH IAEACHE B FRATA T TS TIE R EA]
BT, LASAE S BN T ST 8 o T BOFREC B R 5 | DA e B R 2 A e T = Bir A
KIHRLE (setf aref) WA AT LALESm i 5E il

13.3 A

JE T TGS IR 2 BT TR EAE R A NMREFAI P 72 if-match
(164 7)o FERX A7 B A CICAC AR 2 B3 81, 3 91 P T e A A it AR FE AR AR o A DR C i
ST AT AT 25 X 2ot W Y 5 2, /T EIE AN P8ISS o if-match AR AR 721 Y
—MEGFE O HRARX N RS AR, A AVCEC AT AT S . — N IMdk R AEsf Tt
P31 HAGE SRR AFIX A IR AP S B A 0 E , AN FATRT LA 22, k28 A il A AR P 4%
MERIAY 7 FR— XTI AL, RIS A] LAEFCIE Y Lisp At BLARFRE «

5 19-24 T RIE AR SGE S  WAERKAREE BRI T IX e a A i IR AR B I T IRAIE Sl
RS , B X A5 SR HME— H AR TR 50 R Ml L BOR R DB 102, X HE2H
LIR AL | FF HARF XL L RO A A AR B2 tutiBer o
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(defconstant *segs* 20)
(defconstant *dux (/ 1.0 *segs*))
(defconstant *pts* (make-array (list (1+ *segsx*) 2)))

(defmacro genbez (x0 yO x1 y1 x2 y2 x3 y3)
(with-gensyms (gx0 gxl gy0 gyl gx3 gy3)
“(let ((,gx0 ,x0) (,gy0 ,y0)
(,gxl ,x1) (,gyl ,y1)
(,gx3 ,x3) (,gy3 ,y3))
(let ((cx (x (- ,gx1 ,gx0) 3))
(cy (x+ (- ,gyl ,gy0) 3))
(px (x (- ,x2 ,gx1) 3))
(py (x+ (- ,y2 ,gyl) 3)))
(et ((bx (- px cx))
(by (- py cy))
(ax (- ,gx3 px ,gx0))
(ay (- ,gy3 py ,gy0)))
(setf (aref *ptsx 0 0) ,gx0
(aref *pts* 0 1) ,gy0)
,@(mapl-n #’(lambda (n)
(let* ((u (* n *dux))
(u2 (x u w)
(u3 (expt u 3)))
‘(setf (aref *pts* ,n 0)
(+ (x ax ,ul3)
(* bx ,u2)
(* cx ,u)
,gx0)
(aref *pts* ,n 1)
(+ (x ay ,u3)
(*x by ,u2)
(x cy ,u
,8y0))))
(1- *segs*))
(setf (aref *pts*x *segs* 0) ,gx3
(aref *pts* *segs* 1) ,gy3))))))

& 13.5: 42k DUFE IR R 2 ) 722




128 %13%F piEHitE




ERE

5 9 B UZARAS R LN — B R — FEREOR AN, HF E R S ELA R N 3R AT R A8 i i
WA AR H S A o AR BCAIXA R, — 2o F I 20 5 HoK

A Lisp Fefy B, N AR SRIFAGE W A5 A B — A AR BB A RS, AR A i , il aX A
RO i SRAERA A AT LK, R 208 AT A

(let ((result (big-long-calculation)))

(if result
(foo result)))

MEE RN REM R — 28 LEFRA MG IE BACH:  H 2

(if (big-long-calculation)
(foo it))

WA AP, AT AT —A 1 A B LA A Tk,

141 R FHFHITH

12 H A5 B 38 X (anaphor) & — 5 | XS B 12 S SR 2k Uy 30 D83 B i B9 AR AT RE

B i T AR AE “Get the wrench and put it on the table (MR T, ARG IR SR L) BB, 525 H
WIES W R TAKIER — ] — T RAE SR EM 24— HEAEREIES BRI XERKRE
B ERNTHEFENR. BRI T EESC 244 e tE 5 AT Est Ik A B il — St
SN FE Lisp B2 7 5 A —FIIB AR T AT BRAG AR, [5] N 3 e b S, b2 A v R . AR, SEbr B2 —
MR 5o FRATAT LLBE fig E R 5 1 e AT A0 AR5 T 5 23H S X Le A5 fTiX
iy kA A

FEFTIRAY if B A5 it AR FRATAR A AIXT R o Anaphoric if, fiIFR aif , HAE LANF

(defmacro aif (test-form then-form &optional else-form)

‘(let ((it ,test-form))
(if it ,then-form ,else-form)))

FanETHI AR &
(aif (big-long-calculation)
(foo it))
LR aif B, 755 it 2PE BIMNARIAAUR BRI EE R A2 MM it BifkE H iy, BFL L,
£ aif RITHS , FE (foo it) SBHHAR]—A_LTFICH 1 it KIGEEM A T% L F3C:
(let ((it (big-long-calculation)))
(if it (foo it) nil))
RERE MR PSR A RS R RITRE 1 AR BT A BR AR IR AR I LA
Lo
Kl 14.1" £ 148 Common Lisp #RAEFFHIFEAA Y . aif FIHIE awhen, R 2 B2 when HIFRAIRUA
YRR (acond (3)) IR nil MAE 3. JFTH ] acond2 A [RIFFH ] .

129



130 %14%F BRE

(defmacro aif (test-form then-form &optional else-form)
‘(let ((it ,test-form))
(if it ,then-form ,else-form)))

(defmacro awhen (test-form &body body)
‘(aif ,test-form
(progn ,@body)))

(defmacro awhile (expr &body body)
“(do ((it ,expr ,expr))
((not it))
,@body))

(defmacro aand (&rest args)
(cond ((null args) t)
((null (cdr args)) (car args))
(t “(aif ,(car args) (aand ,@(cdr args))))))

(defmacro acond (&rest clauses)
(if (null clauses)
nil
(let ((cl1 (car clauses))
(sym (gensym)))
‘(let ((,sym ,(car cl1)))
(if ,sym
(let ((it ,sym)) ,@(cdr cl1))
(acond ,@(cdr clauses)))))))

] 14.1: Common Lisp #AERFHIHRRAETE

(awhen (big-long-calculation)
(foo it)
(bar it))

aif Ml avhen #R/ELH 2 M EIHY {H awhile AIRERIX LR HHIME—— 4 BN BRI HEE ATIEF IR
AR L 25 while (GE LT 60 I) A — ORI, AR — R F5 228 A (poll) KA FMIAL IR Y
1, 2Kl while fll awhile SXFERYZZHLAT LR L 1o T H., ARARESFERE— DRI, BRARVRARMBAT L
AR B BASIRAS , SR A8 2 A8 WA TROIR BARAS RO Bt i e A1 4 -

(awhile (poll *fridgex)
(eat it))

aand W XAIBTHEI LD ZHEL 2 THEE x5, B4 T —1 and FEMRNA; BUCRETE %S it
EGAR G 2 BT — NS ECR P B b 2 FESZERY  aand Mll[A) T 7R ARLE i 25 (- A i 2 e TR R 1
H.

(aand (owner x) (address it) (town it))

BIRE x MIAE (SA IE) FHhE (G SA 1) Brle B3 (SR A 1R RN aand, 1% 3E
A HRES Ak
(let ((own (owner x)))

(if own

(let ((adr (address own)))
(if adr (town adr)))))

2 IRE MITENAE and 1 or RIS, HLIUBRIAR or BLATH AT Lo — A or KIAXPRYSZ HA L EHTERY SLZRE
# nil ARPRIE, LA aor HAGHIAR 2T AL




14.1 8K 69 Fp AP T 131

M aand WY5E SCRT LA 8 B RITROREREZZ 8 T P B SE2 BB AL . WRBEASEE 4 aand, KR IE
THY and ARFE, IZEREGR ] €0 N2 T A URITS, B PMAERER aif fEH 7 4R

(aif (first argument)
(expansion for rest of arguments))

aand HYEIT DAAE RN — N ES AL AR K 2 B0 N R B ARSI, BE] nid A48 P K.
fis A B I e — BT T 2% EERH R AT R S I, IR 2 21 T 3 OB 2N T AT -
(aif <Cl>

(aif (cn)
t)...)
XA RA S — BB M © 8 nid, PRI b 7~ P e B AR
8104 T EES R DR AS B IR ARSI . B
K aand & I (H2 B EBA XA A, KEMEREAE L B e A=A 5 aand.
g — M7/ acond, B AT cond T I H AR A0 E A ZRIB R FHEI S & o (X R RIEH
Wik, AT Scheme %[ J#2AE T —Fh 77 AR H cond 1) H Ul ZRIE X AR FIHE. )
Eﬁacond:?fﬂE@E%?Fitﬂg,ﬁmﬁfégﬁg‘*}FﬁﬁHﬁ*%%ﬁﬁ%??ZE‘gﬁ\EﬂgensynléEﬁiE@§5ﬁiﬂg,Eﬁﬁgﬁ%ﬁﬂj7itf§
T it B RAE TR R R AR M2 QX Se I e I BATTRIZ R R AT /N E S 5E B
IXEETAE, X BURRATEH TIXA gensym, [FII BN it 458 B FIA X LR bt Gax e
(defmacro acond (&rest clauses) ; wrong
(if (null clauses)
nil
(let ((cll (car clauses)))
‘(let ((it ,(car cl1)))
(if it
(progn ,@(cdr cl1))
(acond ,@(cdr clauses)))))))

A2, it SBRE BIVE TR (35 8 2 B liERs =

(defmacro alambda (parms &body body)
‘(labels ((self ,parms ,@body))
#’self))

(defmacro ablock (tag &rest args)
“(block ,tag
, (funcall (alambda (args)
(case (length args)
(0 nil)
(1 (car args))
(t ‘(Let ((it ,(car args)))
, (self (cdr args))))))
args)))

] 14.2: HZ HHRAATY

K 142 A—LEHE 2R . 2% alambda /& HR 5] 8 HREH o AT 2 BHE &R 5|
FHRE VA RRECE 2 Fe A TrT LOmd T 40 A9 \-Fih kg | H— 1R

#’ (lambda (x) (x x 2))

{HIEANEE 2 B2 AR ARE RN RE B R \-FIAAORFEIAIE H R L. AR B T 2 R Bl 1abels
SEX—AJRERREL. NHIX R CRE 15 )
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(defun count-instances (obj lsts)
(labels ((instances-in (1st)
(if (consp 1lst)
(+ (if (eq (car 1st) obj) 1 0)
(instances-in (cdr 1st)))
0)))

(mapcar #’instances-in 1lsts)))

Bz PRI, FR B g TR A B R B R 2

> (count-instances ’a ((abc) (darpa) (dar) (aa)))
(1212)

AT ACTA], AT AT LA X oA A AR By T 3% VT PR 40 . alambda Z2 {4 FH 1abels KRG REEL, B 40, X e AT
LA E R FFIB W TR 2L
(alambda (x) (if (= x 0) 1 (*x x (self (1- x)))))

ﬁﬁﬁ%alambda?ﬁﬂ]ﬁTEiﬁi}(**4\§§ﬁTmiZ§E@count—instances,ﬂﬂ?t:

(defun count-instances (obj lists)
(mapcar (alambda (list)
(if list
(+ (if (eq (car list) obj) 1 0)
(self (cdr list)))
0))
lists))

alambda 58 14.1 Fl 14.2 HAYHALZA—FE TR /2 it,1M alambda WHH#E self. alambda SLf)
RIS 1abels FiEA  AEX P ERIL T, self HIEE R IEAEE LITREL L. alambda FKIAANHE
TR/, T B A RARBGIRATZPGERN 1lambda #5870, X1 alambda ek IS T2 5 152
XA W T AE ablock M8 LH ) B AR E Y block special form H—PMECIRA . 7E block B, %
BB KA 7F ablock Bt &—F, JUEFEIX B B UCREM AR 1 it #a M 40E 2 a— 3k
fE Lk

XAV IEEMEH . RETRZ N ablock HESRIRTT @ (HE BIR AT RESHTAT LAME 5 15U S 10 R
HARTF RGBT IET . THE — MRAEN R IAEAM

> (ablock north-pole

(princ "ho ")
(princ it)

(princ it)

(return-from north-pole))
ho ho ho
NIL

R B A B T AR, AR A TCIR AT XA E e 2 55— L R e, R0 [R] B -5 H AR
LERERRE TS I, TCIE aif A HBIRE, it WV IZIRIRER S B FRER T o A5 H BRAE 2 8
SCHLEY it A0 LAY o B2 AR 5.

142 £

1E Common Lisp H 455 nil 3 =, BEILE PV, ML

> (cdr ’(a))
NIL

B 1 2SR LN, ni ) BEHRETR PR, flinx 2
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>(=10)
NIL

e, EGRIE nil IR, B0, N E find-if PESS AR I FHE—A 248 E M AT £
WRBEARIXFERIICE  find-if KR nil:

> (find-if #’o0ddp ’(2 4 6))
NIL

ASERIE  FRATTC WX AT - B £ind-if IR, MR E R LB T nil:

> (find-if #’null ’(2 nil 6))
NIL

TESZ R, F nid oK A I 36 7R BURN 28 51 e A BOK 2 WO R AT B3 b IXRET REAH 2 U7 (8. 4R,
M nil RFLTREMERE DAL, FOERRE — M find-1if XRERY AL, ok [ 19 45 R T RE2 A I
Ao

XA BEAT AR AT B R AL, AR 2 B A0 A X 20 2K MORT a1 AR [ A R (R R O 1 R A [
Common Lisp Z/VHRAL 7 =F07 % fE2 HIRIEME I /T, & R 52 C T TR R R §l
n, X 93 assoc B MUBBSEA AT RATT; 24 DA T A S B 8 2% [ RSont ) ) R 25 5% -

> (setq synonyms ’((yes . t) (no . nil)))

((YES . T) (NO))

> (assoc ’no synonyms)
(NO)

FE XA R, WERAHL £ind-if HPORAYECL, AT LU member-if , BN HL IR AL E M HITTR 1M
AR [ LAZIT R IR A edr:

> (member-if #’null ’(2 nil 6))
(NIL 6)

HZ R BB A: 2 i X N R A T 55— Mgy 58« —IMEAFES , 1 28— IMER s it
SR NE gethash W AR LA EEAREIPME, 88— MEREZETHE 1 27R1:

> (setf edible (make-hash-table)
(gethash ’olive-oil edible) t
(gethash ’motor-oil edible) nil)

NIL

> (gethash ’motor-oil edible)

NIL

T

A SRR AR GBI A =P T BRI 0, FT LA ZRABLT T Y 5 3 -

(defun edible? (x)
(multiple-value-bind (val found?) (gethash x edible)
(if found?
(if val ’yes ’no)
’maybe)))

XRERI AT LME RN AR AR X TT T

> (mapcar #’edible? ’(motor-oil olive-oil iguana))

(NO YES MAYBE)

Common Lisp I 2558 =R R MU J5 8 LR VT [ R AU 2 — DRI SAE NS, — IR I gensym,
SREAE R BER XX R o IXFITEBT get, EHZ M ANESHORFIR SR E R IE A #KE
AR [ B 2R 7 -
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> (get ’life ’meaning (gensym))
#:G618

AR AT LA 2 BEGRIEHE, IR 4 gethash M7 2l ER . FATAEZBIAM get ABHE, N5
BN 128 HEMAINPRE AT R, (6 2 Bk B{E I A /T AL find-if IR [P
{EL, I gethash Al A REAEANEL consing AUTH L T HCEE S5 BGR B TC I SLAD B S o X MRS 5 8T A9 T2 1
HO R, BT HA T RESR AR 55 I 18 R gethash W7 AU B 728,

(defmacro aif2 (test &optional then else)
(let ((win (gensym)))
‘(multiple-value-bind (it ,win) ,test
(if (or it ,win) ,then ,else))))

(defmacro awhen2 (test &body body)
‘(aif2 ,test
(progn ,@body)))

(defmacro awhile2 (test &body body)
(let ((flag (gensym)))
“(let ((,flag t))
(while ,flag
(aif2 ,test
(progn ,@body)
(setq ,flag nil))))))

(defmacro acond2 (&rest clauses)
(if (null clauses)
nil
(let ((cl1 (car clauses))
(val (gensym))
(win (gensym)))
‘(multiple-value-bind (,val ,win) ,(car cll)
(if (or ,val ,win)
(let ((it ,val)) ,@(cdr cli1))
(acond2 ,@(cdr clauses)))))))

& 14.3: ZHR 2

£ edible? HHYG AT Y T —FICIK AR, EBUE IR IFHIFER TR . X TRl gethash IXFER)
ViR, AT T B DB aif , B8 EMMNK AT RA R R — A, 298 5 —ME, FF
R ME XAFAR aif, Frh aif2, fIE 143 4. HHE, FTATTLLE edible? 5k
(defun edible? (x)
(aif2 (gethash x edible)
(if it ’yes ’mno)
’maybe))

K143 i EHE&FH awhen, awhile,%ﬂ acond HIZRMEALRA . 1EN— D acond2 E‘]Tﬁﬂ?,')ﬁ 163 T
b match B9E o LA FHIXAN 22 FRATAT AN —1> cond HIIZARFIE , 75 M e EOK 215 FE KT Hk/ X,
WE Y read HERHIRAY T AN get A1 —Hil. EHsz — M ATIESHORIEVIAEIE R eof B2 A HRES , AIARA
MEEATE FR EE. (& 144 4 H T 73— DA read, & 9 MR EMEIR/R K. read2 iR [AIH
AMEL, 73 Bl AFEK AN RS, WERALE) eof HYTE , iX MRAAME nile B gensym 1445 read,
i8B3] eof IR T, IX G T HIRIHH read2 INH4iE gensym BRI, 12X 1 BRECHEE L — 14,
BT — D I A Y gensyn1§@$£¥§?%ﬂlo
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(let ((g (gensym)))
(defun read2 (&optional (str *standard-input*))
(let ((val (read str nil g)))
(unless (equal val g) (values val t)))))

(defmacro do-file (filename &body body)
(let ((str (gensym)))
‘(with-open-file (,str ,filename)
(awhile2 (read2 ,str)
,@body))))

K 14.4: SCHSLHTHE

B 14.4 A — 22, B0 LAY (8 Hiuik 7 — S0 BRI 2258 3, X252 H awhile2 fll read2 5 Ak
e 28017 f5B) do-file, FATAI LIXAESLEN 1oad:

(defun our-load (filename)
(do-file filename (eval it)))

14.3 5| FiER (Referential Transparency)

AN RIERZEBIR 75 HZEW], Gelernterfl Jagannathan /& iX A 1E L5 | HZE R H :

BT ERRY AR () (LR A AT LA A ks, B R A
B BERSE S H () fEZ5 R B R 30 B [EI 7 (9 ) — 2k U BB AR o

TERENX MREE S AR TE S AR . B — M IRE R TEF 25 HEWIN . A2 T A

(list x
(setq x (not x))

x)

B MERSG— x WAAFEE, R setq THL T o WIUKIA, IXEHMATAIG . JX—F5LEk
& Lisp A& HEH.

Norvig #2 2!, {4711 i FHTE U DX R RUTE

(defmacro if (test then &optional else)

‘(let ((that ,test))
(if that ,then ,else)))

{H Norvig 14 & HUEL A , (L IER RN XA 2R 15| &M -

SN, X LA IR T A S ST N BT AR R B AU _EE Y (b)
SR BRI ERIK TEZEE B BT SR SR B R BB IR AR 1et FRIKA B Al
7,

(let ((that ’which))
)

55 that Fon AR, A let B w I TOIE—SHHY £ 30

ERARA R RAE T, EEE ST 4f, 1M 1f AT R 2B R G R 1Y £ S0y PR EAIZ5 154K
FWA A B4, RO JI TR (R4 cure2, B8 it SR AREN. ) HIT aif & XH—H#B5 a2
N ANETY B TR O EAEIX A BRSO it e AR B DU R ARG B
BAE, aif BHSCIET 15— RN, EFI5IREMTCSC  BY, ANVE AT 20nd B s B9 A F b i A JAR Y
BRERA G FR K BITE AR 1et FIXFMITEHIFR Y that WRI— B ht. WRESA RO
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B UL — aif BIHIEY it ZEMA AT REN X R — DR A aif 20
a7 A I HAEX AR R R AT aif AYME—HE .

Common Lisp B CIHFEA XN FENZ AR BT )R £ cLos AL call-next-method HI4HEK
TR SCHY T EAN aif REUATRAFS it MEE T & —FEH. (KT call-next-method W AN SEELH]
— WIS, AT 247 U1 ER defmeth 7o ) EARMIENL T X SE N A HRA H B G — 1 32w T Y
Al I HAGE SRR e BEAE 5 B3, IR AN B A Tk 33 B ) DR AR A



3
o
ot

iR [2] R 25 RY 7=

B 5 AN T W GRS IR B SR E R 22 0 N A AL A 3R B X I TAE M KR AR . AR
4%TEEEU§11D4T?H7“5E4"]L?HH% B, IR EERA RIS 5 B BUE SCRYHREEh GO S50 1, (H2E FH 22 2 B R 25
o

15.1 BEREEILIE

g BB f o g(x) = flg(x))e 565 5.4 17 E @I o SEBLOY Lisp BELAY T35 iX A R 2L

I compose:

> (funcall (compose #’list #’1+) 2)
3

(defmacro fn (expr) ‘#’,(rbuild expr))

(defun rbuild (expr)
(if (or (atom expr) (eq (car expr) ’lambda))
expr
(if (eq (car expr) ’compose)
(build-compose (cdr expr))
(build-call (car expr) (cdr expr)))))

(defun build-call (op fns)
(let ((g (gensym)))
‘(lambda (,g)
(,op ,@(mapcar #’(lambda (f)
“(,(rbuild £) ,g))
fns)))))

(defun build-compose (fns)
(let ((g (gensym)))
‘(lambda (,g)

, (labels ((rec (fns)
(if fns

‘(,(rbuild (car fns))

, (rec (cdr fns)))
g)))
(rec fns)))))

V&l 15.1: 18 FH I FH T8 38 pR A 2%

FEARTT HR, FRATTRE 82 e P 220K SCHE G M R SO A o P 15,1 P&/ 44 00 £ 38 I SR AIOM R %
CREGIRYE S A A A RS AT BMSEZE TP (operator . arguments) HIFRIEZ.
operator 7] LA — 1 REGEL K44 7, AT LUR S 9 XA composes Arguments ] LUEHEZ — D24
HIRR B S B4 7 BB AT VEON £0 Z2HHFIAS . T,

137
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(fn (and integerp oddp))

FEHEAN N T

#’ (lambda (x) (and (integerp x) (oddp x)))
H R

WIRA compose HAFIRAELRF (operator) , FATHUS 2] — M rASEUE & 515 20 R AL, (BATEEHE compose
AT SOA PRI ARAERY 2.2 funca1l WH . B40,

(fn (compose list 1+ truncate))

JRIFIK:

#’ (lambda (#:g1) (list (1+ (truncate #:g1))))

JAE VPR List Ml 1+ X RR ] B RR BOHAT N KGR 3% o £n 48— BOSUL E RUERVERF 29K ARkt 2
PV, R

(fn (compose (lambda (x) (+ x 3)) truncate))

AT LAJETFI

#’(lambda (#:g2) ((lambda (x) (+ x 3)) (truncate #:g2)))

ZICEEN], X B A\ R R B A i, B ] sharp-quoted B9 A-FB AN S AL, 1%

2 compose, AL H Hl_ﬂ funcall W H T -

%5413 BTN T AINEA KBRS E S £if, fint, UK fune JXSERREUINIESE 2] 7@ £n
o ffiJf] and ﬁfd/ﬁfﬂ%ﬁi e RGETEE

> (mapcar (fn (and integerp oddp))

’(c 3 p 0))
(NIL T NIL NIL)

11T or FAERFIIF= LR 4-

> (mapcar (fn (or integerp symbolp))
’(c 3 p 0.2))
(T T T NIL)

I H it ;AR RREL, HeR AR ST Y
> (mapl-n (fn (if oddp 1+ identity)) 6)
(224466

ANid, FATR] B R B LURT BT =4

> (mapcar (fn (list 1- identity 1+))
’(1 2 3))
((012) (123 (234)

I H £n FIEXRHSHR Gt i] LR FRIEA

> (remove-if (fn (or (and integerp oddp)
(and consp cdr)))
(1 (@ab) c (d) 23.4 (e fg))
(C (D) 2 3.4)

X B BIR £n 4 compose VEA—FAFIANE OL L AMAL Y (HE X RO A B I S Z I ORE . WRARAE
B £, AT LSRRI 5. B,

(fn (1list (1+ truncate)))
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FETF I

#’ (lambda (#:g1)
(list ((lambda (#:g2) (1+ (truncate #:g2))) #:g1)))

AT
(compose #’list #’1+ #’truncate)

fn 24 compose FAMALIRI) H 9, RN T HE m X AR A AT e o

15.2 1E cdr £33

55 5.5 M1 5.6 WIRIN 1AM 2 S R 2 H R AL PR . 5 TR GRHR AU R AN 5 FRATAEAR HLAE X
Y PRI R A TR A 12 T Y o
5 5.5 TR TATSE L FKN 1rec HY-FHIZEE A% I 1rec, FMTAT LUK R X AN pRAL

(defun our-every (fn 1st)
(if (null 1st)
t
(and (funcall fn (car 1lst))
(our-every fn (cdr 1st)))))

M oddp A FHZ7R Ak

(lrec #’(lambda (x f) (and (oddp x) (funcall £)))
t)

FEIXH AT LI ETRATH I o O 1 30E— b R AL, e i ROZ B AE R LI AR e 2 WRHT 16 K
TRACA RIS A car, FFH] rec HRAGE I ,%K/A\&TI]EJETLME EFRIRIL:

(alrec (and (oddp it) rec) t)
15.2 HE LA Z i AR VFERAT XA

> (funcall (alrec (and (oddp it) rec) t)

’(1 3 5))
T
B SR AR AR R 1roc MAL TILATASIUME. 1T 012
BT RS HR IS T 1t 88 rec, ML, 7278 T 2 L, I (RBTAL 0 6 FILBRAS A i 27

SESRRE o

FH L E 152 FEWADAFERMAN alrec. BiFIH AT AR T2 A 255 7% (symbol macro, DLER 7.11
o M HABHN Common Lisp MUAA LHFFF5 220, BT LAE 152 BT — MHEZ FAAR 475 8
M alrec WA, HA rec E UK — N RHEBERAL. A2, rec TENRECH S AR

(alrec (and (oddp it) (rec)) t)

ZEEZF%symbol—macrolet W]Connnonljsp§Q£%5§,ﬁ£??ﬁﬁﬁ%%ﬂﬁﬁmiﬂi

Common Lisp 737 ) R 48 44 7 23 (7] T S50 b i 26368 VAR A% GE SO 44 R AU AT AN -

(setf (symbol-function ’our-length)
(alrec (1+ rec) 0))

B 15.2 FrmE— A H RO T R R AR 2. 58] on-cdrs, AT LAH RIS -

(defun our-length (1st)
(on-cdrs (1+ rec) 0 1st))

(defun our-every (fn 1st)
(on-cdrs (and (funcall fn it) rec) t 1lst))
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(defmacro alrec (rec &optional base)
"cltl2 version"
(let ((gfn (gensym)))
‘(lrec #’(lambda (it ,gfn)
(symbol-macrolet ((rec (funcall ,gfn)))
,rec))
,base)))

(defmacro alrec (rec &optional base)
"cltll version"
(let ((gfn (gensym)))
‘(lrec #’(lambda (it ,gfn)
(labels ((rec () (funcall ,gfn)))
,rec))
,base)))

(defmacro on-cdrs (rec base &rest lsts)
‘(funcall (alrec ,rec #’(lambda () ,base)) ,@lsts))

& 15.2: # IHF 1) 7%

(defun our-copy-list (1st)
(on-cdrs (cons it rec) nil 1st))

(defun our-remove-duplicates (1lst)
(on-cdrs (adjoin it rec) nil 1lst))

(defun our-find-if (fn 1lst)
(on-cdrs (if (funcall fn it) it rec) nil 1st))

(defun our-some (fn 1st)
(on-cdrs (or (funcall fn it) rec) nil 1lst))

€ 15.3: H on-cdrs & ) Common Lisp PR

B 15.3 X #2208 3L T )L EA B Common Lisp BREL. 18I {# ] on—cdrs HYFRETT 2, IX LE R £k ]
BT EATTERARAR R, R A R B A TR AR A T 2 2 T A T 1R B AL [R] A

B 154 A — g sE A T B AT LAMR T (EHH on-cdrs K E XL EA. BI =14 5/2: unions,
intersections, fll differences, BA14 AL T ARG HIIE 32 LA Z Y IAE. B8 Common Lisp F A
BRHCESTI T IXLERE B MR R TSR XA, AR FRA TR R =5 15
LRI

> (union ’(a b) (union ’(b c¢) ’(c d)))

(A B CD)

B unions AT AT union L, (HFTH RERESZAT A Y ZA, X FERRAT AT U -

> (unions ’(a b) (b c) ’(c d))
(D C A B)

\

Fl union —#f unions HAREFHI UG FI I TTRINT -
£ Common Lisp HJ intersection FIB il Y intersections X MM AHFIFEHIK R, FEIX A E

EE T XL R IR AN E AR, LT A R4 T Common Lisp ZE3E (B T GCL, GNU Common Lisp) #5837 ANSI Common
Lisp i —Fl crre2 AR, JUT-R A2 .
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(defun unions (&rest sets)
(on-cdrs (union it rec) (car sets) (cdr sets)))

(defun intersections (&rest sets)
(unless (some #’null sets)
(on-cdrs (intersection it rec) (car sets) (cdr sets))))

(defun differences (set &rest outs)
(on-cdrs (set-difference rec it) set outs))

(defun maxmin (args)
(when args
(on-cdrs (multiple-value-bind (mx mn) rec
(values (max mx it) (min mn it)))
(values (car args) (car args))
(cdr args))))

5] 15.4: | on-cdrs & X H#HT L T H

SCHL N T BEERCR AR RIT IR R MU T X T 22500 null s RGBS AR5 R M i
IR SURES

Common Lisp 1A —FF N set-difference HPRAL, BHZ MY, R TH —MEGHEARET
BOANEEHICR:

> (set-difference ’(a b ¢ d) ’(a c))

(D B)

TRATHY B A 4L PR 22 B2 B0 7 U - A i 4. 10, (differences x y z) WUSFM T (set-
difference x (unions y z)), U@ MGEE LT LM cons.

> (differences (a b c de) (a £f) (D)

(B CE)

BB RO MW T o X TR SERR IR LA B reduce ELAREAIE L TTIL L]
FFT N BB 25 A B TR AR L. pilan A

(unions ...)
F3% , Rty m] LA
((lambda (&rest args) (reduce #’union args)) ...)

BRI FE— G BT on-cdrs b reduce M EHREFE 5%,

KA rec g 1A A2 — DI T EE—MEL, BT EAFRATAT AR on-cdrs SROIER M ZAE AT R4 18] 15.4 T
Ja— PR AL, maxmin, B HTXFATRENEAE—RB 2 Py v [ I H BT B/ N TT R

> (maxmin (3428516 7))

8
1

Ja T AR AT LAA | on-cdrs. A1, compile—cmds (57 214 1)

(defun compile-cmds (cmds)
(if (null cmds)
‘regs
“(,@(car cmds) ,(compile-cmds (cdr cmds)))))

R LATR] B SOR:

(defun compile-cmds (cmds)
(on-cdrs ‘(,Q@it ,rec) ’regs cmds))
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153 & FH %3

FARSNF BT BB VAR AR bt —FERT DU BT 2 5E ke AT B IRATH ZR 4 5.6 1T HAE
LB A 8 A SRR IR T Y 2 o
TE 5.6 17 BIRATE L TP BHBIHAGIE RS, 70 3240 ttrav il trece BIE L& 1 5¢ BRI ; J5 & TR
RHE AR ABE VPR TR 4 1R I L. A5 B 2E R 5, FATA LA our-copy-tree
(defun our-copy-tree (tree)
(if (atom tree)
tree

(cons (our-copy-tree (car tree))
(if (cdr tree) (our-copy-tree (cdr tree))))))

FRIERK
(ttrav #’cons)
f—"X rfind-if

(defun rfind-if (fn tree)
(if (atom tree)
(and (funcall fn tree) tree)
(or (rfind-if fn (car tree))
(and (cdr tree) (rfind-if fn (cdr tree))))))

B B oddp , AT PAFRIA K -

(trec #’(lambda (o 1 r) (or (funcall 1) (funcall r)))
#’ (lambda (tree) (and (oddp tree) tree)))

Anaphoric 7] LAA trec MUt — N EEAFAYHE O, LR AT — 1 P EATX 1rec AT AYARKE. 2452 — MR
R XA AL INRE [F R A5 | IR =R 04 410 A8, JRATFRZ N it 880 R 51, AR
N 1eft; AASGBITREEA 44, FRATPRZN righte A 1 IXLELE LU, FA TR IZ AT LUE T T,
TR HTH B R KL

(atrec (cons left right))

(atrec (or left right) (and (oddp it) it))

K 155 aE A XA E Lo

{E3 A symbol-macrolet HY Lisp A, FATAT LAHIE 155 HHYEE =8 SR E M atrece IXPARA
4 left M right & HRHRREL, ITLL our-copy-tree BLAAE il

(atrec (cons (left) (right)))

HFER], FATHE LT — on-trees %, IRAT—17 1T on-cdrs HHL. B 15.6 Bon T FH on-trees FX
HIPYANE 5.6 7 HLE SLRRR AL

IEANEE 5 2 BRI Y AR — 2 B A A2 B A AAIE B pR A AN 2 i VAR . H on-cdrs B on-trees iE X
H PREAS — e m AU SE . FIJRRERY trec F 1rec —FF | IX 46720 = L T ARG T DA SR AN &K
BERYARER 7 B . RSN, RTEFNES 5 ZIAZ O BB AT LSS R S R B s S8 E e ik
TR R 22 O o RIRERIEOR L —FERT LU AEAIE AR L RE A% 7™ A= Rl 2 U A Y R £ A Jliadis o

15.4 [BEMKIE

VR AR R U, U R BERGASUE R I, A 2R B E . MEAMETERIER T N — R —
W delay HIX% o Delay &R DFBXAMERI B R . BAREE &, RS R R, LS
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(defmacro atrec (rec &optional (base ’it))
"cltl2 version"
(let ((1fn (gensym)) (rfn (gensym)))
‘(trec #’(lambda (it ,1fn ,rfn)
(symbol-macrolet ((left (funcall ,1fn))
(right (funcall ,rfn)))
,rec))
#’ (lambda (it) ,base))))

(defmacro atrec (rec &optional (base ’it))
"cltll version"
(let ((1fn (gensym)) (rfn (gensym)))
‘(trec #’(lambda (it ,1fn ,rfn)
(labels ((left () (funcall ,1fn))
(right () (funcall ,rfn)))
,rec))
#’ (lambda (it) ,base))))

(defmacro on-trees (rec base &rest trees)
‘(funcall (atrec ,rec ,base) ,Q@trees))

P 15.5: FERS_EACE T 9 2%

(defun our-copy-tree (tree)
(on-trees (cons left right) it tree))

(defun count-leaves (tree)
(on-trees (+ left (or right 1)) 1 tree))

(defun flatten (tree)
(on-trees (nconc left right) (mklist it) tree))

(defun rfind-if (fn tree)
(on-trees (or left right)
(and (funcall fn it) it)
tree))

15.6: H on-trees T LI REEL

FLAMIME RN, B TX RIS A Lisp X5, AT E AEREA I, BT 68, — Ak
o FrLA, —H AT delay WURER [H1 FiX 20 AIME

Scheme N & [ Xt delay H) 3 4Fo Scheme HIFEIEST force Fl delay w2 A ILAR ST H Common Lisp
1, AU 157 H i 7 3ok SEELX P NMRAERF o H 41 delay 278 17— PR M B G5 A . 5
— B delay 2 CAHORE 1, AR AT T IX ME. 28 A7 BlE— A, 8 et
RETS23Z delay FITAGRHIME. 7% delay #5213k HiR Bl —PMRFZELIAHMER delay:

> (let ((x 2))

(setq d (delay (1+ x))))
#S(DELAY ...)

A7 B H delay H A 4L, 315 force X 1> delay. PR 4L force #32 A B X 4 X T % 18 X 4 &
/& identity BEL, HXIT delay, BA2XT delay P AURHIERTIE K

> (force ’a)
A
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(defconstant unforced (gensym))
(defstruct delay forced closure)

(defmacro delay (expr)
(let ((self (gensym)))
‘(let ((,self (make-delay :forced unforced)))
(setf (delay-closure ,self)
#’ (lambda ()

(setf (delay-forced ,self) ,expr)))
,self)))

(defun force (x)
(if (delay-p x)

(if (eq (delay-forced x) unforced)
(funcall (delay-closure x))
(delay-forced x))

x))

& 15.7: force Fl delay ML

> (force d)
3

TereAa iy, LB PR R A AT REAE delay, SE 1% force XA B FlN, W RILATIEAEHE PRI YR
AIRES A delay, BB 282 H :

(sort lst #’(lambda (x y) (> (force x) (force y))))

BOXHE M delay BATALERG . ZORAELPRN I, ENTHRESHE TH— T HREZ T




i

D
M}

E X

AR BT W TUR B # 2O RIS X MU T 2 A A St & Mo IR LAY E AETE
X BN, BATH AT RES — S R VR R BN ARRR = A ZEE SCRIIP 1 — D FIRE L
AT, 55— D FIRE ST R 38 =N R E SAE 14.1 5 ZHBO AR AU

16.1 YEH&IE

T (AT R R R RAE ARG 1B . —2£E Common Lisp #AEMF YA FH M 2 Ko BT B ey JLEA
) /& destructuring-bind, Kk 18 T F4F.  Steele JF (29 T0) H— M EBAE IS, 7 H IV ERT
BRI RN A5 (BTN H A B, H59 JR P BT SLBER — 4  s T DA
Yo ”) WEN destructuring-bind ZZ5| A T — WM EE B ELERITE _EVEH M oTie: & 1K A5
AT

(let ((a (car x)) (b (cdr x))) ...)

(destructuring-bind (a . b) x ...)

FHFT BN SR W SCAR AL, BEFPAE AT Y FAF BB 70 RO, R e 5 RS o 24 B 4 IR
XA 72— FA TR S A T
SEIBHRE AR Lisp X FEATE S BARSE 2 R EYORINZ 30T e e, HEEL T

(defmacro dbind (&rest args)
¢ (destructuring-bind ,Qargs))

Wﬁﬁﬂ%ﬁ%gmﬁﬁﬁﬁmgiToN?@?Eﬁﬂﬁﬁ%%mh@kwdw%Mﬂ&%*ﬁ%ﬁ
o

(defmacro mvbind (&rest args)
‘(multiple-value-bind ,@args))

TEEF) dbind Fl mvbind HY5E SGRTEEAYARML. B2, (81X rest FIE S —at AU, st E 2 RENME
HA R 22, 8 special form 3 SCHAEHEIE T o BESRIRATRT LALE— A2 AT, W 4388 12 18
4 mvbind HYBEE S H— 30— A E SLWE 2

N T RESL AR SRR AT 2B B RS o B RG U RMELAERR R T 40, R
RPATEXSARLE T WA I T It BN RERE 2B AE B — 1 S5 | AR = HRRER — IR, AL RESZ Bl Y
CATLA= AT 2o IXARREVIIRT Lispe MR — I E 2B BENRER — MRS AL O 4521 (HE 3R
ANRE R A XA AT R A4 T AR R T i JEFRRE —RERY o SR T R RAS B | 1T JE S8R (A1) 7
JEIRE, IEAAEBAT MR FOIHA5  BRATT R R ] DHEXS B 5 R A e il 2 /N — 22 BB 8K A —
AHRAT AR D5 1l B ERATAEES > abbrev %, B R VF AT

(abbrev mvbind multiple-value-bind)

VRV XIS TN RE(GIBLS apply B0 funcalls.
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146 F16F EAZ

(defmacro abbrev (short long)
‘(defmacro ,short (&rest args)
‘(,’,long ,Gargs)))

(defmacro abbrevs (&rest names)
¢ (progn
,@(mapcar #’(lambda (pair)
‘ (abbrev ,@pair))
(group names 2))))

16.1: H3l5E L 45 HE 18

HKAE L mvbinde B 16.1 45 H T —PIXNZERIE L. BRGNS HKATE? X AEAYE LT LA — 7R 4]
JRIF AT — I RIFAZ:

(defmacro mvbind (&rest args)
‘(multiple-value-bind ,Q@args))

ARFAHE multiple-value-bind MG ELA R HTE w2 1L HE S RAF AL L8 ROV IRATALE B
AR A EAFRI RN I ZEL X FEAT 2] T U A E L

(defmacro mvbind (&rest args)
(let ((name ’multiple-value-bind))
‘(,name ,Qargs)))

BAEFAN PR A I T A M FRATISHE S5 AR RT T, 245 AT AL A ek AU A o

‘(defmacro ,short (&rest args)
(let ((name ’,long))
‘(,name ,Q@args)))

g2 Rl A name 1Y 2, Long NN JZE K51 I HH 25 SR FAIfL R IR

‘(defmacro ,short (&rest args)
‘(,’,long ,@args))

KR T 16.1 HE LR 2R AR
K 16.1 I —> abbrevs , ¥ T IHATVEE — kM E L2 MK TERISE.

(abbrevs dbind destructuring-bind
mvbind multiple-value-bind
mvsetq multiple-value-setq)

abbrevs 1 H LTl A2 R 1S, I8 abbrevs 1l # H group (30 1) G HSHMN M 4. X T
ZRU, NP TR EE EARERTE ST T group AT 2 HOXFERT 2R #S & A AT

16.2 E¥

Lisp T&M 2 7 20 TR AT G R BRAE — S o QSR IR B 5 AT LASRVR A5 IR 2 e (8 R (R 1T B
AR B Az — AT HEER. N TIHENSR o BAMEN v FEME p FiX—35E, RAUEK o
F) JeB 2 -

(setf (get o p) v)

FrLAan 515 val11 B color M red, FATH

(setf (get ’balll ’color) ’red)
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WRBAWTHLF SRR AL RN, TANTR] LUE LR GHE

(defmacro color (obj)
‘(get ,obj ’color))

INEAE get BB B color BERTEAT :

> (color ’balll)
RED

T 2R sett AEEIN (LA 12 F), Tl Tt nl LA -

> (setf (color ’balll) ’green)
GREEN

XA AW TS E IR P FoR X RO R 7 GG . BRI s IR R s R A ok
RS BL AT RE S H T 2% 8 K B 3R IREE R Y — 7B, BB IR A e TP Y — DRl A REd 2
fEL color ZIIX MR AN I 17 [R)&CHhe , AT TAT LA A% 5 iy xod Jre 2 A RS A B R b (1 24 3l , i R 2%
AIREFATETE T o AR — MR MR IR B Z5 A AR 2 A5 VT [R) 2 ) AR £ 1 LA RO R e AT LA i)
ANl EL 2 XA A RS T LR AN 8 )5 1 S R 2 T80
AT EEX BN, AT LUE L7, BN color HEINEEAZ
(defmacro weight (obj)

‘(get ,obj ’weight))

HEATHIEDUAEEL, color Fll weight HYE LJLF—HI—+f. fEIXH propmacro (/& 16.2) #1i [ il abbrev
GEIETRFEREE

(defmacro propmacro (propname)
‘(defmacro ,propname (obj)
‘(get ,obj ’,’,propname)))

(defmacro propmacros (&rest props)
‘ (progn
,@(mapcar #’(lambda (p) ‘(propmacro ,p)
props))))

Kl 16.2: B BlE TR 7

PSR E SCA Y 25 AT LASR PR A) HC At 2 AR R] i I e - SRR 20 B AR5 2 A U ) Jre o, P AR
H R AT A R & FATTAE 2

(propmacro color)
BRI

(defmacro color (obj)
‘(get ,obj ’color))

JFIEA RIT A AR E R defmacro, IAIIRREN 4 E il — MR, SE8 ET8E 55 I H L, 28 e 4
T2 5B ARAE color BISLBIRINE o ANRIAT—T9ACKE, FATE Selid 4t 1k I E A B 55
MBS color LA

(defmacro color (obj)

(let ((p ’color))
‘(get ,obj ’,p)))

SRIFBATHE T ARAIEIX AR -
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‘ (defmacro ,propname (obj)
(let ((p ’,propname))
‘(get ,obj ’,p)))

TR :
‘ (defmacro ,propname (obj)
‘(get ,obj ’,’,propname))

TRl —dHE A2 E L ZENS A, A propmacros (& 16.2), & &I £ — R 51 5l 1) %
propmacro HJIH . Ft% abbrevs, iX BN ARG F L & — 8 2 SUE 89 R B 7

BARARTEE X B (X B A B X T LUEM I AR A7 B 5 , B ATT#0 AT LA & a8 i
FHHIEAR TR 2

16.3 R E

141 TEAEEH TIUMIERZERIE Lo MR aif B aand XFEH N fE— L2 HORIE R T
P FFS i R E B A S HOR I 1E b BTLA, TCiE P
(let ((res (complicated-query)))

(if res
(foo res)))

A8 i

(aif (complicated-query)
(foo it))

HUAT LA T T

(let ((o (owner x)))
(and o (let ((a (address 0)))
(and a (city a)))))

AT LA AR K

(aand (owner x) (address it) (city it))

% 14.1 WA T £ 11810 1 aif, awhen,awhile,acond,alambda, ablock fl aand. JX-HZaA 2 ME—
AR XA R R 487 . F55 B FRATAT LAAAEAT Common Lisp B EUEL 2258 LAY HIFEAASTE o 1%
LR A2 G L2 mapeon IR ARV I E Wl — B EE LA AT A o

B0, FATATLUE L a+, iE B aand —HF, 6 it SEFNER] EANSHCRFIRIE Lo FHERRE R ITHE
1E Massachusetts 441 :

(defun mass-cost (menu-price)
(at+ menu-price (x it .05) (* it 3)))

Massachusetts 28 X A& 5%, 17 B 25 285 3% X DB = A5k i &/ 3% X DA =0T B i,
{E Dolphin ¥4 [T Iz R85 £ 1 o H L1

> (mass-cost 7.95)
9.54

AT ARG TR

B 16.3 HE ST a+ (&M% ) B4 at+expand, KA RT3 o atexpand FY— MM X 725
I ZEBNFARHIR cdr, IS A4 l— RINRER) 1et KB B> Let H0K it SBERIAFMSH L,
(ERAREE N ZHIE R — DA F R ERAS Lo RITERECREH — XL A4 AT 5151 H H 24 5
EBHBIRRZE R, iR Bl — A LUX 24 A S NS E + ik FirLAFRiE s
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(defmacro at+ (&rest args)
(atexpand args nil))

(defun atexpand (args syms)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (atexpand (cdr args)
(append syms (list sym)))))

“(+ ,0syms)))

(defmacro alist (&rest args)
(alist-expand args nil))

(defun alist-expand (args syms)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
,(alist-expand (cdr args)
(append syms (list sym)))))

‘(list ,@syms)))

[ 16.3: a+ Fil alist fIE XL

(at+ menu-price (* it .05) (x it 3))

(CEINE I

(let* ((#:g2 menu-price) (it #:g2))
(let* ((#:g3 (* it 0.05)) (it #:g3))
(let* ((#:g4 (x it 3)) (it #:g4))
(+ #:g2 #:g3 #:g4))))

K 16.3 HIbAE L T — 2R alist:

> (alist 1 (+ 2 it) (+ 2 it))
(1 35)

IR T a+ Ml alist HESLPEL 1. WRFATEEE LHEZAREATIRER 21X L 4 AEAR
K ERFEV/NT . A AARE — PR LB BT XL 0E 2 18 16.4 HIY defanaph KHAH] X
MHM . 158 defanaph, 7% a+ fl alist M ST LARIAL K

(defanaph a+)
(defanaph alist)

EFEE AT a+ M alist RIFHIGHNA 16.3 HAGAIE ™ A A R TR o XS ISR AE L7 K defanaph
TR AT H 280 JRE & R BORAE AL SRAAE R AR P G R AL TE K o X, defanaph H55&E
THREMSEARTHORAE, I 2 NEBA SRR Eo FrMRABERIX N RAH] defanaph K JE X aand
5 awhile, (BO/RAT LA E 25 AT R EUE SCHE HAR A RRUA
1B a+ W H at+expand KA il H BT, defanaph firiE L2 anaphex RMIXZ1E . i EIT
# anaphex I a+expand YME— /A [F Z AMAE T HAZSZ A AN ZHHY A A H I IR i X Y T UL =R
Stk a+ IRAERT LAGE UK
(defmacro a+ (&rest args)

(anaphex args ’(+)))
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(defmacro defanaph (name &optional calls)
(let ((calls (or calls (pop-symbol name))))
‘(defmacro ,name (&rest args)
(anaphex args (list ’,calls)))))

(defun anaphex (args expr)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (anaphex (cdr args)
(append expr (list sym)))))

expr))

(defun pop-symbol (sym)
(intern (subseq (symbol-name sym) 1)))

4 16.4: H3lhE SRR

JCiE anaphex it /& a+expand #N TR ZEHE USRI %L : anaphex AJ LA 1abels B alambda & X AE
defanaph Hfl. T B R T AR s AR o T ) BRI 2 T A B o

BRI, defanaph MR H ZELHTIN S5 — D50k (B2 — 1 ) FL R AT E MR S5 1 R IT U
WA 20 (X EAER B pop-symbol SERLAT. ) WIRM P BB AMEE— &5, B LMEA— 7T
2K R4S defanaph AT LUK T A7 PRECHIFELE 2258 L H anaphoric 2TV, (HE A — 484 AT IR JRIFR -

L B HAE TR LS M RORENERIER L.

2. EZEFITH it BAGEMERT — 2R L. ERLEY & — U1 avhen——FRANTEE it IGAHHE
F—ANSHHE L.

3. BT TR setf IXFUEHE — I SH0R) SRV L.

EBRATE S NI — ERRE EATHOX LSRR o 88— AR — 70 RT A I e R 58— (ALK A R o
N TSN ait AR, FATHZXT anaphex MEME, 1EEAEZH B E— 240
(defun anaphex2 (op args)

‘(let ((it ,(car args)))
(,op it ,@(cdr args))))

XA AR A AR anaphex AN EEAA R 2 RIT 20K it F0E 2 LTS EETIH AR ZHLE, Rl g LA
JRHY T 2 Z A TS EORE. A HE S H0E D HORER, MER it 2EF©
AME o LA aif ATLAREE SUK:

(defmacro aif (&rest args)
(anaphex2 ’if args))

XA SE RN 130 BB JFORAYAE SCH G, ME— B DXAAE T - Z AT AR RO B AR ARAL 4S aif 209D EORKT
(937 , IR PP AR A0 SR 1 72 1 75 E R AE R R | JX P WA A R TR] B4 e T =

BT =, A2 defanaph Jowk TARAE) ™ AL BRI, ] LA AE R IF 0 66 £ (116 1)
Ktk 1R set IXFERURIERT AT LABE NI A€ LAY anaphex2 HYAEFARALEL

(defun anaphex3 (op args)
‘(_f (lambda (it) (,op it ,@(cdr args))) ,(car args)))
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XA REIT A BSUR LA — LA LS8, Kb s — 2ok — 4 U i A ERRATRT LA
FEE L asetf?’:
(defmacro asetf (&rest args)

(anaphex3 ’(lambda (x y) (declare (ignore x)) y) args))

(defmacro defanaph (name &key calls (rule :all))
(let* ((opname (or calls (pop-symbol name)))
(body (case rule
(:all  ‘(anaphexl args ’(,opname)))
(:first ‘(anaphex2 ’,opname args))
(:place ‘(anaphex3 ’,opname args)))))
‘(defmacro ,name (&rest args)
,body)))

(defun anaphexl (args call)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (anaphexl (cdr args)
(append call (list sym)))))
call))

(defun anaphex2 (op args)
“(let ((it ,(car args))) (,op it ,@(cdr args))))

(defun anaphex3 (op args)
“(_f (lambda (it) (,op it ,@(cdr args))) ,(car args)))

&1 16.5: BE—fi 1] defanaph

B 16.5 R T TA = AN JRITER MACE R — 7% defanaph W] N PFEAE— AL R P wr Loaid
FIIERT rule KA T 2 HORBCE HARZ RIFHIREL, XA-Z 8 E 72T - 2800 R I SRAEHN .
LU SESe S Vo

rall (BRINHE) ZRITER M alist B 2008 ] P Ar A ZECAoR E, FIRT 16 BORBEREERT— 2
e L,

:first ZJRIPRRM aif B, FUES— M SAGROICRIER  FFH. it BgdhEE X ME B

\

:place ZJBIPKRI asetf M. 55— DSEAFE I SCLHERASAE I it KR EE E IR TE L.

ﬁﬁfﬁ%ﬁﬂﬁdefanaph,ﬁﬁﬁﬂE@‘QEE@WQFjg%ﬁfEJLEEWtﬁﬂi3$$:

(defanaph alist)
(defanaph aif :rule first)
(defanaph asetf :rule :place)

asetf B RACHIEE Al LUE SCHE— REEET ) SRR 4H0O 2 BORAE RG22 flan, AT Al LA
¥ inct E
(defmacro incf (place &optional (val 1))

‘(asetf ,place (+ it ,val)))

EET XL HI asets R TR BHIRPEHMHEN . KEROATEA 'setf T > (lambda (x y) (declare
(ignore x) y))o X MMUAMEAMA, (HEPH setf SALEN, FIEN) SR RIRERIEE BTG _£ 258, E—T
JAHIZE Y inct ZAE— DI (inct a 1) NHFN aset =AM RIT AT LA VX AT o

S L AR P 2 T HLETE S R AUE SCER I P SN T 25000 (declare (ignore char)) MR Wi LA St deili
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PN pull (116 T1):

(defmacro pull (obj place &rest args)
‘(asetf ,place (delete ,obj it ,Q@args)))



1%HL% (read-macro)

{E Lisp RIAAXH— A A =D EEA I 2], 79 32 3 U (read-time), 4 350 (compile-time) F1IE1T
W (runtime)o B1THI R AT o 240 T FRATEGRIE IR 7 (O 3 1AL & o AR TN (read-
macro) , BN ITEEBUH & 5 /EH

171 EFEF

F IR Lisp 10— 27 UR AT LAFEAR KRR JE _E3 1 readers & AUAT A2 B AR L AT i AN 40 2 Ao P A A
f7o Reader A LMEJLNETE Fdnfite A BB HAT R, S 7 Xt & ST 274

& F 4 (macro character) &P Lisp reader AR FFIFARF o 21, /NG F1E a BIRLEE 7 CFI/NG
FAE RN EATER R R A Ty S (R G S A S AR B SR Lisp FRIRIE— A1 K.
TN XAER TR — 5 2 KB R B0 F Lisp reader 2438 23% T4 A RHE AT 20 AR AT LA —A
OV F 24 B IR R R, Bl 8 SR DR 224

W E K4l set-macro-character $24t T —F UM e B2 — A/ —1 K4, LU
Y read IBEX P FERAET, TR 1 Z RS 25

(set-macro-character #\’
#’ (lambda (stream char)
(declare (ignore char))
(list ’quote (read stream t nil t))))

17.1: > BRI RERE XL

Lisp g WIS 2 2 2 B05 1 o ARIATEUAH > R a Bk (quote a) ,MHIXIGSAEH AT
NI B RRARACRE R r] 21 o 51 EEUZEE (quote a) AT LA E K 2ao FRATATLAHIE 17.1 WG /758
ME o 4 read fE—EFH M LT CH (B0, ATE "arb" 55 la2b| HY) @ F] 0 B, EAHIR EITE Y BTRAF
7 BRI R S5 R (ZREZE T ES AR S NE BRI S F4 . ) LAY read &
F|oa b, B4R H] (quote a)o
read M55 = 280 B S G ERME] end-of-file FF R £ , W AR AR A4S W15 B4 A MH , AA XA read
PR B 2K AETE read WA *o FEJLTArA RS2 B, 28 RN EE IS ECER N 1% 42 ©, BT AR =1
ZHMMTREE T
BEUZZ AN I — 1 LS TR AR BRI A R A i R TR R B —#F I Z74°
IR LAS , AR % A HABREIEH . Common Lisp BAMf 7 B : — ™5 Z2 245 M DGR 1Y BR AT INFARERA T, B
FWEIATJLIX — Common Lisp X HEAL TARIE. (U crre2 1Y 543 1. )
AN AR F B B AT TR SRR Y o ZEAERE 7 R A AEAE RN 8 AR, reader fEATAL T Lisp XF
G T EL AR 3 A2 SCAR R B BEI s EREAnEE e 7o SR WL il A 250K FH read, — 1
PR AR R I, [ T LIS 2T 5 1Y Lisp X5 IXAEUR B2 2 /DRI L —FE A TT o
HEL b I AR/ DAE R T T R B A K e S AT LAY I Lisp sS2BUAT B —FEAR VY, T 22 HORAEA
BRI JFH., BT E R I read, — 20

VEE T RTF read MG — 124 (recursive-p), W cras H15t read MRk

AR BREL, B TR e
T

153



154 % 17 % iEBUE (read-macro)

) a

IR L

(quote (quote a))

AR FATELE B A 2K N quote E LARIE TR YIS,

(defmacro q (obj)
‘(quote ,0bj))

EAERLE LT AT LAE S LA,
> (eq ’a (q a))

T
(EAERE ST 720 i,
(q (q @)

I

(quote (q a))

17.2 dispatching &= FF

#0 FH At # JFSK B2 — 8 & —FPFROY dispatching 1S2E 22 520 o TX 03 B2 ARG > 4% tH B, o
B DRI dispatch “FAFo XN H Y, AT SIS T BEHFE 0 M ascu “FRFAR IR A B
PEREEUZ 35 , I8 A3 U A Bl 2 52 BT P A AR R/ o

VRAT LA (i H make-dispatch-macro-character) K AR H LY dispatching 274 (BT # C &
ST TR AT LA E . 28 # T L Sl 2R R VR R B Y AR AYIRLE 2R Common Lisp
WAL AT & A, ] AR . SeBRYFIZAT I core2 AY2R 531 0T,

(set-dispatch-macro-character #\# #\7
#’ (lambda (stream charl char2)
(declare (ignore charl char2))
‘#’ (lambda (&rest , (gensym))
,(read stream t nil t))))

B 17.2: — T HEBR AU

HrHY dispatching Z2 47414 7 LAl i 18 | set-dispatch-macro-character BREUE S, B T2 M5
FFZHLLIMI set-macro-character IWHEZEANZ . — PHLGRET RINAHEG R #7. K 172 28 T
FPREIX AN G E SO TR BRI e . BT #e2 3R se U — D R 8, 2 BB 24
JEHIRIE] 20 it

> (mapcar #72 ’(a b ¢))
(222

XA B SLAET ER A EAR R RERAE  TC I AEAE (T TR 2 eRER AU AR e B 1 1 & TR B R
FE b HE T FRME T — 4 always M ERE L1 THKESLE T
TR BRI A 55 (19 8 SO 2 54 02 50 A OB TRDRE Y« RIAE AT Lisp kA — 4, 241X SUREBEI
DUS IR LRIl R 1o A5 #7 (S50 2 A2 v AR . R #7 BE UM T read, BT LATE
o A SRR AT DLE R

2R R A TE B 2 E L— 148 7% (compiler-macro). Common Lisp A E [ define-compiler-macro T
FE M Im iR FEL cums WG T IR ERFRY 10




b
7
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17.3 155

> (eq (funcall #7’a) ’a)

T

> (eq (funcall #7#’0ddp) (symbol-function ’oddp))
T

173 ERBH

(set-macro-character #\] (get-macro-character #\)))

(set-dispatch-macro-character #\# #\[
#’ (lambda (stream charl char2)
(declare (ignore charl char2))
(let ((accum nil)
(pair (read-delimited-list #\] stream t)))
(do ((i (ceiling (car pair)) (1+ 1i)))
((> i (floor (cadr pair)))
(list ’quote (nreverse accum)))
(push i accum)))))

K 17.3: — 0 SUE ST B L2

BT R AT € S IR B I AP SRR EFAT T o — AP BB AE T2 # 0. B 173
5B 7, R T A RS UK — D EE R AR S T e B TR #[x y] BIFRIE, RIX
FER B AR IOAAE x B y WP D[R] BB B 51 2% -

> #[2 7]

(234567)

XA EER 2 B ME— 1T AR VS /%) read-delimited-list HYYH M, IX A BREUE — A 54 X Ml I &
EFIHINE R BRIE —DSERI A ETI RS B TR AHAA R THSL, A T 1 U5 CE
ARG P AR TV A T set-macro-characters

(defmacro defdelim (left right parms &body body)
‘(ddfn ,left ,right #’(lambda ,parms ,@body)))

(let ((rpar (get-macro-character #\))))
(defun ddfn (left right fn)
(set-macro-character right rpar)
(set-dispatch-macro-character #\# left
#’ (lambda (stream charl char2)
(declare (ignore charl char2))
(apply fn
(read-delimited-list right stream t))))))

i

M
M

K 17.4: — D T8 S8 PR

ZROBAEI) E ARG AEAR R AR T B A 17.3 th A B0 LLE A2 LR 8 X SedL i v
e R RO RS 18 17.4 R — S8, BATAT MR E AR E LS TR HHGE X
TESFFREIUE « % defdelim B2 AN FHF , — 200, LU MUIBER . SEBIZAAR LA EEC
WE ST A% — X defdelim HYA MG B 154 5E N dispatching B2, & BEIEN S — 54
NI SRJEREIX A RO B BB AR, IR [ H A5 2R

T, 173 H R R BRI T A S TR s b XA TR EAE L T W 36 5T
f) mapa-bo fi/H defdelim Ml mapa-b, [ 17.3 H1 & AR ZZBIAE L5 1k



156 % 17 % iEBUE (read-macro)

(defdelim #\[ #\]1 (x y)
(list ’quote (mapa-b #’identity (ceiling x) (floor y))))

FEFAFEEU AL AT AR MR EUE & o B8 5.4 1€ LT — DT REUE & R BRAERT -
> (let ((£1 (compose #’list #’1+))
(£2 #’ (lambda (x) (list (1+ x)))))
(equal (funcall f1 7) (funcall £2 7)))
T
UERATEGB 1ist Fl 1+ JXFER N B AU, A3 th 2B HA 258 compose MY FIRIE. 45 5.7 17
W —ERITE ;B4 — 1 compose FIAFATZ sharp-dot SEHUZ

#.(compose #’list #’1+)

FATAT LA HAE S U AR (.

(defdelim #\{ #\} (&rest args)
‘(fn (compose ,@args)))

M

K 17.5: — T ERERE A B3

X BTG Z R OMEEEM AR TT %o B 17.5 & LAYEBUEE LT —4 #{f1fz... fad ¥
A REA, XA FGETHEEBUL f1, fo, ... fo WE G XHE:

> (funcall #{list 1+} 7)
(8)

CA X £n (137 0) B A, %30 ARG 1300 O 2 R 4K

17.4 XELZE T
B, VG — T REA A R R A IR 2% 43 A T Bl o SRS R AR B2 2 i 1R P IS I8 4 75 4
FERIT S A BEBUR 20 2 Blin  ixX A%
(defmacro quotable ()

’(list ’able))
RER—DEATI A RIT. BRI EERA AR F5L b, B X2 E P w5 | AR A
defmacro FAAH AT WA RIT T, RIT 4 RN~

(defmacro quotable ()
(quote (list (quote able))))

WAL RIS R R A AT AR o PR — A 25 ) 18 SR SR AN 2 12 0 2 T A
2 (B RARIZ) KAEA .
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fi# 44 (destructuring) A MAE K — I X o BAERF setq Fl setf HYMMEXS G R M7 B9 AE fe o TR AAHE I
YT RS o — X B BROAF LSRN B RN E 28 mES H — DR T AR AR
2, AR MR RS AR B E ok B RS 25 A Hoet b AL B o

18.1 FFE _EAIFE

M crri2 FFif, Common Lisp f4% T — 1444 destructuring-bind HIHT 7. X DAL 7 3 B A R4
e XA VAR E . X 1st 2 D =ICRVIER, MIRNTEEIE x 26— TR,y 2H 1,
z B =0 LEJ5UA curel B Common Lisp B, HABIXFEERIL :
(let ((x (first 1lst))

(y (second 1st))

(z (third 1st)))
)

B RN A

(destructuring-bind (x y z) 1lst
L)

XFRALHE BEAE/ N, SRR . e T ALY S sz ST L Al SO B R 2 o AR —FE =,y
il z Z A9 AR AT A— Yo s A T —FE 20T, BT E RS A B k.

R SR i B P75 T A REE 3oLl FH A P T A2 A B SR AT, AR — T B B AR 2R O T & AT 2 FE R SOUL
I, destrucuring-bind HJEE —DSEAT LUBIERE Z00— B . 1HE

(destructuring-bind ((first last) (month day year) . notes)

birthday
L)

MR 1et FFNFRVTRIRECR G2 RBAT AFEFo XFIH T A — 1B R T EA S GG
3o

fEHAAE el #Y Common Lisp HUASEA AL o WA B AR A R IR 2% IR K BT Z B 2
BHNKREAMAERPIEA . FL L destructuring #t-2 &R ZSHAN R A, RS IEEH
REASET o ARA AT LB 22 2 805 3 AR VY AR 0T I B B TIX A IE R AT A A TE 58 SR
B14h (HEA~ &environment FKHT)o

BT S FPERRE & 09 R BLE— MRAWS | TR . B PR/ N S AR FE LR .

18.2 HthZEHy

BOAH SR T A5 MRAFIFRE TS FE S G AT R4 S H T H AR R 2K
12 destructuring-bind %% o

T4, BRI S B 181 TE L T —1 4484 dbind #1771, B destrucuring-bind 2
EL, A AT U RP 2R R 751 Ee 58 A S EOTLAURSIR, A el ENMEEAS

157
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(defmacro dbind (pat seq &body body)
(let ((gseq (gensym)))
‘(let ((,gseq ,seq))
, (dbind-ex (destruc pat gseq #’atom) body))))

(defun destruc (pat seq &optional (atom? #’atom) (n 0))
(if (null pat)
nil
(let ((rest (cond ((funcall atom? pat) pat)
((eq (car pat) ’&rest) (cadr pat))
((eq (car pat) ’&body) (cadr pat))
(t nil))))
(if rest
“((,rest (subseq ,seq ,n)))
(let ((p (car pat))
(rec (destruc (cdr pat) seq atom? (1+ n))))
(if (funcall atom? p)
(cons ‘(,p (elt ,seq ,n))
rec)
(let ((var (gensym)))
(cons (cons ‘(,var (elt ,seq ,n))
(destruc p var atom?))

rec))))))))

(defun dbind-ex (binds body)
(if (null binds)
‘(progn ,@body)
‘(let ,(mapcar #’(lambda (b)
(if (consp (car b))
(car b)
b))
binds)
, (dbind-ex (mapcan #’(lambda (b)
(if (consp (car b))
(cdr b)))
binds)
body))))

P 18.1: 1 i 7 AU ARG R VR AR

> (dbind (a b c) #(1 2 3)
(list a b ¢))

(12 3)

> (dbind (a (b c) d) ’(1 #(2 3) 4)
(list a b ¢ d))

(1234

> (dbind (a (b . c) &rest d) ’(1 "fribble" 2 3 4)
(list a b c d))

(1 #\f "ribble" (2 3 4))

# CEEHUZ T T 3R0R 1 6 T #\ I T3RR 545 10T "abe" = #(#\a #\b #\c),fiTLL "fribble" (%4
—AICERETIF #f. N TR, dbind H Y srest fl &body Jo8EF

FEA N IR WIS K ZEE M, dbind 982 DA KW . X220 L2 I MBS S I 58— 2%, I
RIAUAURE A T B E R TAET 20, 3R A T BReA AT B3 IRAY N ZSRT T Lisp dnf 2l H 1. E4n
3.4 WHREM, ATERS Lisp B0, 7T VA RGRHEEE T S Tllil. EL2 800 FRATUATER
X — R AL BT LTk SEISMR, e 7.8 1T, BT R IFEH AR RIS AR 4 B . Y
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95 R A O T A ARG, FRATRT LALE B ERR AR —2E . dbind HYREITSHI B PRELAE K, destruc
1 dbind-exo WIFENTH AT LMESFFE— D REL, — B2 (B2 NE? VRPN JIAZ Y BREL, BT
KA S M 2 B I AR TR AT EE R e 2

BN REUE destruc, Bl P VCRCHEE F4 A RIS T I ROXT G 07 B G IRAE — L -

> (destruc ’(a b c) ’seq #’atom)
((A (ELT SEQ 0)) (B (ELT SEQ 1)) (C (ELT SEQ 2)))

FLIERER =D SECRAEIA , E AAE B RZ HRIC R A A X TT
N T ARV R AR, — AR L (CRIRAT ) e 21781 E

> (destruc ’(a (b . c) &rest d) ’seq)

((A (ELT SEQ 0))
((#:G2 (ELT SEQ 1)) (B (ELT #:G2 0)) (C (SUBSEQ #:G2 1)))
(D (SUBSEQ SEQ 2)))

destruc E@%ﬁﬂjﬁiiiiﬁéé’dbind—eX,ﬁ?%?%&ﬁﬁ5%5Eﬁi2§ﬁ%??fﬁﬁ@o ©¥ destruc A ALK — R
HREMR let:

> (dbind-ex (destruc ’(a (b . c¢) &rest d) ’seq) ’(body))
(LET ((A (ELT SEQ 0))
(#:G4 (ELT SEQ 1))
(D (SUBSEQ SEQ 2)))
(LET ((B (ELT #:G4 0))
(C (SUBSEQ #:G4 1)))
(PROGN BODY)))

ff%i?”dbind,%ﬂdestructuring—bind‘4$$,fﬁiﬁ@?#@?&iﬁﬁﬁ%§@35?$ﬁE@§U§§é§$@o B ) B AR R
?F{%ﬁﬁﬁgﬂﬁ§$ﬁ§§Unil,iﬁﬁ?multiple-value—bind;m$io R IE T ZE B A EIRA S BT A A
HITCER , AR ARG 7 A — R

> (dbind (a b ¢) (list 1 2))
>>Error: 2 is not a valid index for the sequence (1 2)

HAA A EBEEAD XS G212 B 2 AL FRWE 2 0 H A A, A A S XNAE T HAEET AR T—o AnsRIRAT
B E R RAVEFERIB T ELRA e 2 X T 4ESAH , AR R A PR i o B 182" A —1
7% with-matrix, T A PR 4EEH .

> (setq ar (make-array ’(3 3)))
#<Simple-Array T (3 3) C2D39E>
> (for (r 0 2)
(for (c 0 2)
(setf (aref ar r ¢) (+ (* r 10) c))))

NIL

> (with-matrix ((a b c)
(de f)
(g h 1)) ar

(list abcdef gh i))
(01210 11 12 20 21 22)

X RBEAL, BB AEROR 3 iR i AR, FRATRL RS 2805 B 242 FATA K AT RESE — RS LY
BT RMER L b IR MR R A & E b — 28— R E T80T R
At N B FARAR IR E TR AR [ 18.2 AFAYEE 2R T X A it o IX IRATH BRI EIT— 4
BEAEXT L BRI

VB R X B RS BT — R IR AU JE A IR B X col R EEEM A T (setq col -1), X BT row MYALH Tk
M 1et HA7 T —4 col HYRHBIPE
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(defmacro with-matrix (pats ar &body body)
(let ((gar (gensym)))
‘(let ((,gar ,ar))
(let ,(Qet ((row -1))
(mapcan
#’ (lambda (pat)
(incf row)
(let ((col -1))
(mapcar #’(lambda (p)
‘(,p (aref ,gar
,TOW
, (incf col))))
pat)))
pats))
,@body))))

(defmacro with-array (pat ar &body body)
(let ((gar (gensym)))
‘(let ((,gar ,ar))
(let , (mapcar #’(lambda (p)
“(,(car p) (aref ,gar ,@(cdr p))))
pat)
,@body))))

& 18.2: KL FHIfAAE

> (with-array ((a 0 0) (d 1 1) (i 2 2)) ar
(values a d i))

0

11

22

(defmacro with-struct ((name . fields) struct &body body)
(let ((gs (gensym)))
‘(let ((,gs ,struct))
(let , (mapcar #’(lambda (f)
“(,f (,(symb name f) ,gs)))
fields)
,@body))))

18.3: 5 AR _ERARHA

I IX A2, BT IR I Bkt AR EE A S T 3R AL 0 LA 2 e B A S Ao FRATTRT AU — 2R
e 2, HE RSP E A 3] defstruct AT 7 &K T B Eo 18.3 FAIXIEE L — 7o 1R
WSS — D SH R N S SRR AT 2, KR AR 7B A A T ESr vy [, XA 2= fE
7 symb (57 38 T1).

> (defstruct visitor name title firm)
VISITOR
> (setq theo (make-visitor :name "Theodebert"
:title ’king
:firm ’franks))
#S(VISITOR NAME "Theodebert" TITLE KING FIRM FRANKS)
> (with-struct (visitor- name firm title) theo
(list name firm title))
("Theodebert" FRANKS KING)
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183 5|H

Cros Hili T — M H THHASEGII %0 (1% tree &— P H = slot 12K :species-age fll height, Ifl my-
tree ;&2 — 1> tree WL, 1E
(with-slots (species age height) my-tree

L)
B S TE FR AT AT LAMEHE FL A f B AL 5] my-tree HYIX L slote fF with-slots HY FARH, £S5 height 15
] height sloto height JF AN &M ELHBIRE R [ XTI slot B AR 12 ELHE 51 A EB slot o fITLA, A
RIS
(setq height 72)
A 2ABA4 25 my-tree MY height X1 slot —> 72 MYfH. IX I7*57:EWFE?£§ﬂzﬁ§he1ghtiE)(jj MEIT
F slot 51 HINAF 572 (58 7.11 19). FH5L |, symbol-macrolet B2 A T SZFi% with-slots IXFEH ZZA
JIAZ] Common Lisp H1H].
T with-slots H5L ERANRE MM Z CAELbRIRAE T T I /E I FI destructuring-bind /&1
Ho HARIEH BRI R B (call-by-value) , ;X P T R AFFA E) 3% 44 H (call-by-name). TCIEFRAT]
W e, EX AT A A A HAB 27, FAT 1T EMEIE M il e 2

(defmacro with-places (pat seq &body body)
(let ((gseq (gensym)))
‘(let ((,gseq ,seq))
, (wplac-ex (destruc pat gseq #’atom) body))))

(defun wplac-ex (binds body)
(if (null binds)
¢ (progn ,@body)
¢ (symbol-macrolet ,(mapcar #’(lambda (b)
(if (consp (car b))
(car b)
b))
binds)
, (wplac-ex (mapcan #’(lambda (b)
(if (consp (car b))
(cdr b))
binds)
body))))

& 18.4: P41 B 5 | Ffidt ks

FATTAT LU R A5 A8 72 B T 7 symbol-macrolet MI/ANAE let , XHF Wl LAAAT(] il i4 2260 s -5 2
N HE AT AR . [ 18.4 25 HU T — B MUK S with-slots 1T AN dbind BA. FRATHT MG E
H dbind‘*$$ﬂ§ﬁ§ﬁ§with—places:

> (with-places (a b c) #(1 2 3)
(1ist a b ¢))
123

XAPEELE TN sett FPoI A B AT, WAR A E with-slots RATMATARHE:

> (let ((st ’(1 (2 3) 4)))
(with-places (a (b . c) d) 1lst
(setf a ’uno)
(setf c ’(tre)))
1st)
(UNO (2 TRE) 4)
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WARAE with-slots FUIRRE, XS e EUAEH4R 6] 1 8 B0 R AL E . RS AN X LA — D Y
D AR setf TIAE setq RIHE XL . with-slots ZZAE| A —1 code-walker (55 187
D) G AR setq Il setfo X B, 5 —> code-walker ¥4 75 2 5 1R 2 A, (HA2H R B IF AL ZIA
Ko

Wk with-places b dbind BB, AT 2AATHE A HEYE? dbind AR —ME L, T with-
places Al AL R IKE —H M R ILB) — MEM RS LS Lo S — D5 T AT — k& M.
A dbind 8 ¢ FBER] (elt x 2) MIMH LMY with-places ¥4 {# ¢ B A— DRI (elt x 2) FIFF5 7.
JIr AR ¢ FEZARARERIA T n Ik, ARG 2774 n 000 elt R BRARVRECAIAREL sett ARLE HRHAG]
HEAAE i, A dbind ¥4 BEPR—LE,

with-places & L dbind (& 18.1) HHHAUH IR M E N . 1F wplac-ex (X AT dbind-ex) HHLE 1et
K T symbol-macroleto i I SN B, FRATHL AT LAY LA IE A AR AL 75 A0 HE — > 1% 44 8 FH A Bl
Ao

18.4 [Tf

IE AR R B AL A X I B R AR AL . “BERICHD” X MARTEE 2 & Lo X BAEREF,©
PRI BRI AR - LU 2540 , 5 A T BE & A A8 i IR A AR R s A8 B A Y 77 U B 1M
W& B, g »x fl 2y BAR G A AIX B 513

(p 7x ?y ¢ 7x)
(p a bc a

Yrx = adfH 7y = v INUCEC. %3

(p ?7x b 7y a)
(p?y b c a)

Yrx = 7y = c BILHC.

B — AR Pl R AN A e e B U U AR O T IR — M R AL B S R T T R 2R
B HIEZU BRI E AR . 1IN CEC B ERFIRATRT I W5 25

S5 XA RAE IR — R X R . RATAREE AT A AF 58024 ol &, RO TR 21k
PSR T LSBT U B X BLIRATIUE U F R LAR) ST IR I 50 A RRER 15 A5 (8
7, A E SGFE var? AT AR XA E

K 18.5 Bl MU DLEC Y B AL, 28 Lisp A 139 LAY IERC R BURE 7224 % o AL match P
B MR EATAT LADCES 152155 — 191056 12858 2 on e 2 an i DEBCHY -

> (match (p abca) ’(p ?x 7y ¢ 7x))

((?Y . B) (?X . A))

T

> (match (p ?x b 7y a) ’(p ?y b c a))

((?y . ©) (?X . 7Y))

T

> (match ’(a b c) ’(a a a))

NIL
NIL

TE match B PMIC R ML T HI SN, Bk T — R FMEFNAS f 2 [A] 1 RAE OC &R | IXFRO% R FR A 45
Fo XA R H 2 binds Ao A UCHC KN  match A& 8] H A gAY E , SR E nile IR
B B D FCERRE A= K R A8 , Bt AT gethash —#F ,match HI58 — /MR [EMERF IR IEHC I 5 75

> (match ’(p 7x) ’(p 7x))

NIL
T
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(defun match (x y &optional binds)
(acond?2
(Cor (eql x y) (eql x ’_) (eql y ’_)) (values binds t))
((binding x binds) (match it y binds))
((binding y binds) (match x it binds))
((varsym? x) (values (cons (cons x y) binds) t))
((varsym? y) (values (cons (cons y x) binds) t))
((and (consp x) (consp y) (match (car x) (car y) binds))
(match (cdr x) (cdr y) it))
(t (values nil nil))))

(defun varsym? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\?7)))

(defun binding (x binds)
(labels ((recbind (x binds)
(aif (assoc x binds)
(or (recbind (cdr it) binds)
it))))
(let ((b (recbind x binds)))
(values (cdr b) b))))

%] 18.5: VLT pRL

¥ match 4 _EHEABER ] nil F1 € I, BRI — DA AR 488 1Y i S T RE .
1 Prolog —# ,match th41 _ (FRIZ) MAEBEECAF . & n] LATCECARA 2R VY, IF HAS 8 A A 520 -
> (match ’(a ?x b) (_ 1 )

zx . 1))
T

(defmacro if-match (pat seq then &optional else)
“(aif2 (match ’,pat ,seq)
(let , (mapcar #’(lambda (v)
“(,v (binding ’,v it)))
(vars-in then #’atom))
,then)
,else))

(defun vars-in (expr &optional (atom? #’atom))
(if (funcall atom? expr)
(if (var? expr) (list expr))
(union (vars-in (car expr) atom?)
(vars-in (cdr expr) atom?))))

(defun var? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\7)))

] 18.6: = 1 DL A EAF

BT match,ﬂufﬁ@%iﬁgﬁﬁﬁfﬁﬁlﬂ@aﬁﬁj&% dbind. 18.6 HE&AH—NFRA if-match %5
% dbind IHE, BRI ZEOE — DA — D81 25 C i e B PR 98 E . AL, B
HZ3 SN ZHIA T RS T — then A1, FEHISEE T HORAE, WIRIEACK I HIE; LA else
TAFEDLBC R R A X A — M EERAY ] if-match FYBREL:
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(defun abab (seq)
(if-match (?x ?y ?x ?y) seq
(values 7x ?7y)
nil))

WARVCE AT T, BT 7x Fl 7y WME, SRR BB AT

> (abab ’(hi ho hi ho)
HI
HO

BRE vars-in IR Al — DB P ATA VEELAE e B var? R E G RN RE— M. HA,
var? Fl RGN0 2 51 56 AR 1 1Y varsym? (& 18.5) AR RN, 2 By LASE b sy 1 W 1> R 550225 e 21 3%
ATRT REARZE 25X W 2842 1SR AN [R] ) 3R )T o

BAEE 18.6 HLE LHIIREE , if-match IR, (HIAZIEH &2 ST FH AL 1. RAMEBT
WO PP ERm I T RE B P I eSS A . SERRER) 2 R T IT RO A rh  FR A4
BN RRAEL R IE . WRF AT HAHRIEP COHGE R, RS H— DA MU A E R L, A
UL/ cons fY if-match BUA K

WRA P — g IEH O, I E A XA o A4 & B2 A METE T /£E—XX match
IR b TS 2 ECER AT RES A A8 e B AR R IR BICE if-match B9 — D2 ELE WA AT REAE SR 3 R0
ERL A S S 2 S I0 . X B RO 8 E R FI38 | TR A8 i A (R AT E X Le AR F AR B

(defmacro if-match (pat seq then &optional else)
‘(let , (mapcar #’(lambda (v) ‘(,v ’,(gensym)))
(vars-in pat #’simple?))
(pat-match ,pat ,seq ,then ,else)))

(defmacro pat-match (pat seq then else)
(if (simple? pat)
(matchl ‘((,pat ,seq)) then else)
(with-gensyms (gseq gelse)
‘(labels ((,gelse () ,else))
, (gen-match (cons (list gseq seq)
(destruc pat gseq #’simple?))

then
‘(,gelse))))))

(defun simple? (x) (or (atom x) (eq (car x) ’quote)))

(defun gen-match (refs then else)
(if (null refs)
then
(let ((then (gen-match (cdr refs) then else)))
(if (simple? (caar refs))
(matchl refs then else)
(gen-match (car refs) then else)))))

] 18.7: PRk DL L 14

FEP 18.7 A1 18.8 H72& if-match HUBTARA . AR GETI L2 BRET QRS AR 11T WSRAE, BT AWl B HeAE
TR AR E o X HL T A Y AR (UL e Fi s ZE A ARLE FLB A | A2 R IT OXT match B3
IR BA TR 7x REA 7x FIGEE AT, BRI W AR IE RO B P E YA R 2 3X
B BATR G — AR E B — MR IR R E . FrLh if-match —JTIR & A2 AR
R AR A R E B A A5 b FEXMMELL T, A T RIT 1> with-gensyms , FE4i 15—
RS A SRR ENTE B A BRI U 22 0.
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(defun matchl (refs then else)
(dbind ((pat expr) . rest) refs
(cond ((gensym? pat)
‘(let ((,pat ,expr))
(if (and (typep ,pat ’sequence)
, (length-test pat rest))
,then
,else)))
((eq pat ’_) then)
((var? pat)
(let ((ge (gensym)))
‘(let ((,ge ,expr))
(if (or (gensym? ,pat) (equal ,pat ,ge))
(let ((,pat ,ge)) ,then)
,else))))
(t ‘(if (equal ,pat ,expr) ,then ,else)))))

(defun gensym? (s)
(and (symbolp s) (not (symbol-package s))))

(defun length-test (pat rest)
(let ((fin (caadar (last rest))))
(if (or (comnsp fin) (eq fin ’elt))
‘(= (length ,pat) ,(length rest))
‘(> (length ,pat) ,(- (length rest) 2)))))

P 18.8: PRIEICACERIERT (25)

HAMWEIT H pat-match 58 Ko X722 H1 1 f-match AHIF IS5 ME— 1 X AE B A AR B ST
FEATHRE . AERELEAFIL T i — MU AL 55 19 T pat-match (A — M7 ATERAERFR AL o
FEHTH DCBCHRA AT B AL ARS8 4 2 ) A 22 7514 JH PR AL simple? (8 Lo AIURIRATAHEA R R
S, A AR RS (LUK vars-in) D208 H AR EEEAARL S — I TTRZ quote HIFIEK. 1EHT
AIVCECERAERE T, RO T LA SR AT R, AR RIS S 15 K
—5%mdﬁ@mam&dﬁ$ﬁ@%nm%ﬁﬁg¢%gﬁﬁﬁ%§5ﬁ§ﬁﬁm%ﬂ%oﬁﬁﬂ%ﬁ%
% gen-match KON IRE RYRATR H A VT BCAAS , S85 FHE4S matchl, DAAR OBy B4R DL ECAQ
fiho

e HEAE 1 if-match BRI A Z RIS AAK B matcht, WIH 18.80 XA BRAL PURMEHLALEE . 4N
RIS — DA AE S B A B & — 1 destruc G TORAETFIRAA T WA &, IF H A AT
AR IS T R E R F E A ERIKE . R TRE— N ERA (), IBANTEA R
ARG ARIEATTR R — D I 4 matcht 24 AU 2K UCRE , B84 HAR B, 1817 145 Hh (9 P 41
R R ER 430 A I, B TT R A VE— > BB, T matchl 23 A4 A 25 BB S Rl 31 H B R R 8
43
PEFRATTE L] ok TR RO A SR B AR O R . BRI IRATIN N T Rk AT G
(if-match (7x ’a) seq

(print 7x)
nil)

XGRS destruc, [FIHE — LA BAFS (RUITRIFR N g) KA 41 :
(destruc ’(?x ’a) ’g #’simple?)

G

((?x (elt g 0)) ((quote a) (elt g 1)))
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TEIXDHIRATFLRANTH2E E (g seq):

((g seq) (7x (elt g 0)) ((quote a) (elt g 1)))

IRJEAIEE R MK 25 gen-matcho E’M% length (2 15 T1) A A SCIRABKE , gen-match B 46— %14 I £
YR EE R SR EAE R )i _EAgiE HIR [A{H . 24 gen-match ESEHTAICEN, EHtiR A1 H then 241, b
W& (print 7x)%. fEH lﬂ[]?EEﬁEgJ: XA R BMERAE N then 2L natchl. IAERKNESR]—1
FRIEFERI WA :

(matchl ’ (((quote a) (elt g 1))) ’(print ?x) ’{else function))
(G

(if (equal (quote a) (elt g 1))
(print 7x)
(else function))

SRIGIX L4 1% R 53—~ match1 P8 FH Y then 24, 15 2 AUERNG i M5 J5 Y match1 18 FH Y then 240, X
A if-match 5EREIT R RTER 18.9° H.

(if-match (7x ’a) seq
(print ?x))

JETFRY :

(let ((7x ’#:g1))
(labels ((#:g3 nil nil))
(let ((#:g2 seq))
(if (and (typep #:g2 ’sequence)
(= (length #:g2) 2))
(let ((#:g5 (elt #:g2 0)))
(if (or (gensym? 7x) (equal ?x #:g5))
(let ((7x #:g5))
(if (equal ’a (elt #:g2 1))
(print 7x)
(#:g3)))
(#:g3)))
(#:23)))))

K 18.9: —4 if-match I

LA R AP T HIEN T gensym (AEBUAFS) , IX DT I HE S AR fEBfTh, —2848 4t
B FRARAFI I — B9, IR LEAR B 1 44 7 A2 gensym A2 I, B &0 TBERAHE . AR & 7x £ETFLG 1Y
IHERE G EE] T —1 gensym , LAFEHH B i AR DE LRI ZE —1MH

FEFTHY if-match H WA IC R IMAEHPCRIET AT R EGIH T IXEWRAE Lisp A2t ] AREH T8
ORI S | R ERIA S —FF

> (let ((n 3))

(if-match (?x n ’n ’(a b)) ’(1 3 n (a b))
7x))

AT B 25 et R FH AT T destruc (& 18.1) 1 HI . IAERCH AT LI A arest B
# &body K4 T (match ENEIX—EM). FHHEN destruc i H T — M JFFHIESF e1t Fl subseq,
B if-match B TAETEARAT 2R 751 o W1SR abab >k HHTHOAK & 3, & n] LLgh T ) S A 2457
e

2R RSP BUR Y then 4R 7x, IXMIZ R E R
SPEE R EA N ER BRI (gensym? x) MoH (gensym? ?x) .
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> (abab "abab")

#\a

#\b

> (abab #(1 2 1 2))
1

2

Fi5 b BT LME dbind AURAREEE 2%

> (if-match (?7x (1 . ?7y) . ?x) ’((a b) #(1 2 3) a b)
(values ?x 7y))

(A B)

#(2 3)

RS ARSI MHE B AR TC R R 1R 1o SEARE ) DO My Ukt #5254 #print-
array* BN to

FEARE  FRATTHHRIE L E DR AR ST LL— A A TR A 22/ E i o E if-match F5
LA FRATA T HRFE R EGEE B CHIES AR 3 ORI ETREN AR, BA1R
HRA S R ) Y B 2 o
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— P ENRmIFSR

FERTT R BE CAYA LR N T AEURIT, if-match i Z 2 & 18.7 Al 18.8 H T A AUAD, LA
M 18.1 Y destruce MIMZACHIZ HARTMAAHLKE BT AR Ji — P E B RA A IE T o R/
f A Lisp B9 IR 2RI 2 RAE H A E LT — MBI A EATH SRR EE R HIZ . 3107
f£ if-match AN 7, X AR, EA H O - BEREL R,

FNHESEEAE Lisp FHITH S PRV BARGE S o ML TR — 4 XPAREH AT HTE X if-match
HREMA RS TH (HEBLHAA i A UEE I ER T,

RN TS TR LE AL ZE B A 128 i B RE A SE LTRSS AN A o B AR 1975 5 LAY, S
J7 AE R A BOH W BAERSE F G B R & A BRI < R LK i R A
o KT IBE AL, X TR T LA T RIEAE Sy o ARAT LA R AR EE A0 0 SRR A B, T E AR A0
IMERETES .

Bt A5 Lisp B, RGN A . AR URA] LA AL B RSB IR A B = o (AL Pl i i H
REFRAESUAR 111222 AR] AR Lisp B9l JC RO - AE B2 BUER A G 13 2 18], VR EY Lisp FRFPAlRIA
Jif, Lisp XIREVFIZ . FEIX AP Bt THAE R 5 fn— 4t

R AN TE S 12 cLos, Il Common Lisp Object System o AR ARAEZEHT — > 18 ) 15 75 2 i Jf vl
X R A AS , AR RES — U914 o £ Lisp AAVEIXHE T o HHE ARG cLos MU EEPRE, IMAE
g b e AT AL X BB RGH A LU Lisp 5 HiK.

ETRMET LGV ARTE T BB 7 ARERGE AT B E 00 2 AR P ik A2 Lisp
Ho (IFBSERBEIRX MR if-match A7 RIVHEAIMTT. ) B TTHAAWNE T RE,ZR
S THRBEINIEN . 25, X RE R SE IR — N 1 &, SE P b RS T — N ER Y
7R —— X BEERE ANk, ik ERE B AP Lisp 28

19.1 HIEE

ST HHTHH A, B R G AR R . BT LA X B T R WABE B ARSI R . i, 3T
14 “Joshua Reynolds A& — (A TE T 1723 2 1792 B EE ] 5 XS LR Ak :

(painter reynolds joshua english)
(dates reynolds 1723 1792)

FUE BEAEFRIR AR I IO eI v IE o FRATAT DM o T F— R a 3

(painter reynolds joshua 1723 1792 english)

AR R I 7 Ul PR E o M YR X 23T H (3F 58) =28 — N ITR (R ) K&K,
FEIXLEL RN A —Z T AR RT LALAE RS S Le Ty o 0 A ify T et

FEAT R 12 R G 22 /D TS R TR R AT AB B 2 AU B . P 19.1 FR s HE ARG DA— P JEAC Y
e TIX 2R E . B i 5KIa A 3R, SR — 2R 58, FHLAYIFIA o Ia A e AU S (EL
JE I 19.1 HRE SCRY B R RS R 2 B B E AT BN 3R AE X R A2 +default-db*o fF
A Common Lisp HLH AL, ARLEA T EARAE 2 A FE IR P HE BT E RO EA ] AT AP 74
HH #| *default-dbx.

169



170 F19F —AERHEFS

(defun make-db (&optional (size 100))
(make-hash-table :size size))

(defvar *default-db* (make-db))

(defun clear-db (&optional (db *default-db*))
(clrhash db))

(defmacro db-query (key &optional (db ’*default-dbx))
‘(gethash ,key ,db))

(defun db-push (key val &optional (db *default-dbx))
(push val (db-query key db)))

(defmacro fact (pred &rest args)

‘(progn (db-push ’,pred ’,args)
> ,args))

P 19.1: FEA B 2R R B

FATHH clear-db, MIIATL RSE, X i 28 25 YRTEE . FATEILES db-query — MBI A I 5
52, FH do-push BB 2 SAE AR — SR I . IEANEE 12,0 1 EARRRAREE, — B IR 5 | Y
RHE SRR . BT db-query M2 LAXHT HE LAY, BT EAFRA TS LA B AE 3 17 db-query
L push #r$i5E. ££ Common Lisp B, BRARFHIEE , WA 2t NI A ni 1, IXARATAT key FEATAGHY
Mo MR Z K &5, fact ZARGEHRFEMAFT L.

> (fact painter reynolds joshua english)

(REYNOLDS JOSHUA ENGLISH)

> (fact painter canale antonio venetian)

(CANALE ANTONIO VENETIAN)

> (db-query ’painter)

((CANALE ANTONIO VENETIAN)

(REYNOLDS JOSHUA ENGLISH))
T

Hr ¢ & db-query IR [ EE —/ME. 1M db-query < Bk gethash, J5& WA &R ] 1955 —MESEH
FRic, A AR FESL : BD3A LI E  FUL I T — MAE A nidl R .

19.2 EKTEEF

ZHIH db-query KA AW e A9 EdE , HS0X R T AR IR R 5 P S AR R A9 ) A 2 LB
A SRS — N IC R B Z W E TR MHDRRISEE REAAES . £ DI ERES H,
FH AT LAy [a] i A 3 2 L Le 2 2l & BB —— a0, Fir A A2 T 1697 4F B I Ik IR

BATIRR PG — P AU BB S o EXFEIE S, A e B S 00 2 205 T an
] AR R R B RBTR B 25 R %0, IXFERIAE A ANTH & 2157 AR M. AT IRATHIRE T, FRAT7]
PIELR R T XN o FFE—> (painter = ...) WL, LI —1 (dates 2 1697 ...)
TR AL, DU R IR IX M 7818 o Anitl, sl N X Nk s | T A £ T 1697 FEHTE % :

(and (painter ?7x 7y ?7z)
(dates 7x 1697 7w))

FATHIREF AMEEZ B TR — Se 2B R {87 B A 30, B RES (0125 1 and A1 or IX SSi8 BRARNE AT 4%

MRAMERE 2. 18 192 P H T EIfHS BEE.
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(query) : ({symbol) (argument)*)
: (not (query))
: (and (query)*)
: (or (query)*)
(argument) : ?(symbol)
: (symbol)
: (number)
4] 19.2: EEI IR

1252 I ENTHIEIR R 2251 /Y, Br VS A RE B TR IR M A B b I RO TR 2R 51 R B 4F
b, PRA] A R AR TR B3R A, I B — SR80 F 5% B 69 A7 I/ TRDR et iX S BR A o

FHVF 22 2R R GE— B X R PP T BB R BUMNEE IS B LA BR T IR SRS 2 S, HoA BT A BRI 2
BRATe JSR A R B S SRR B B, not SRAEAT LS T ERPRR L B /AT LARE ] Waynes World *
A7 R FRE P AR

(edible motor-oil not)

R not BT SXTIXLE LTS IRIAL -

FERRETE = B RN e 3k AR P 2 TR A G AR DOl o AEAS B SE BN oA O NP, FRATTHO R 2 BX
e EMFRE AR A  HF IR E AR A A S AT A eSS A0, SRS AR I — A
HRXMEFFBITHS , 2AF AR AR B RIUTTHE, 20uilid — DAty S0 A el — & i 4
o

19.3 — A EHEREE

AT S AR S, A TGRS 18.4 778 UWRECUCEE T B 1] 19.3 H ek 0nT LA
R 192 ARIE AR A il X BOARAD B YAZOD R AU interpret-query, B H IR & 20 A5 1) () KA 45
PRI T AL B AEIX IR h AR s « B A 1 ISR AB A% e 2045 7 34647, 56 #% Common Lisp A% £+ I8
Ffo

38 H PR T B R S SL R _EIN interpret-query W H lookup. X B IF R A ILAL & A HTT . 1R
£ Lookup F£32 — 1> HITH A L H S AN R P4 i IR, AR5 1 18] — A REAE (A xC UL g 2 & 12 Hh S 2R
SR A SRE ISR . ©E e ARIUIT A 1% E 1 A B EE R T, AR5 I match (18.5 U1) BT TAIEI ZE —
Foio AR UCHL T, gk [l — D EPE D3, IR T Lookup 1R [l — A AT A IX LE31 F /Y 5113

> (lookup ’painter ’(?x 7y english))
(((?Y . JOSHUA) (?X . REYNOLDS)))

IRJG  IX LGS R AR 550 W B AR AT BERS , Bl & o SRS R ISR AL 2GR A, Hod 37
RNTTRRIENES . WIRAIE 19.4 FRTE RIS A0 AT R AT SCHT ] 10 W A 25

> (interpret-query ’(and (painter 7x 7y 7z)

(dates ?x 1697 ?w)))
(((?w . 1768) (?Z . VENETIAN) (7Y . ANTONIO) (?X . CANALE))
((?w . 1772) (?Z . ENGLISH) (?Y . WILLIAM) (?X . HOGARTH)))

R A SR RO i) A) LATCER B S AR E . /DRI ILT BBk oA Le R IR (2

4

AT SE LB, TR TR R TS  FRATELRETR M A AL B X S A T

T : Wayne's World /2 _E 4D 90 4R NBC fABEHI R PR, IS B A, o0 <R 8 2 2y . R i aas i
LTXRTTRI &, AR 7 BT S RIETENZ W RE S o 2R R AR IA Ty s S AR A TRk
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(defmacro with-answer (query &body body)
(let ((binds (gensym)))
‘(dolist (,binds (interpret-query ’,query))
(let , (mapcar #’(lambda (v)
‘(,v (binding ’,v ,binds)))
(vars-in query #’atom))
,@body))))

(defun interpret-query (expr &optional binds)
(case (car expr)
(and (interpret-and (reverse (cdr expr)) binds))
(or (interpret-or (cdr expr) binds))
(not (interpret-not (cadr expr) binds))
(t  (lookup (car expr) (cdr expr) binds))))

(defun interpret-and (clauses binds)
(if (null clauses)
(1ist binds)
(mapcan #’(lambda (b)
(interpret-query (car clauses) b))
(interpret-and (cdr clauses) binds))))

(defun interpret-or (clauses binds)
(mapcan #’(lambda (c)
(interpret-query c binds))
clauses))

(defun interpret-not (clause binds)
(if (interpret-query clause binds)
nil
(1ist binds)))
(defun lookup (pred args &optional binds)
(mapcan #’(lambda (x)

(aif2 (match x args binds) (list it)))
(db-query pred)))

K 19.3: ARG

(clear-db)

(fact painter hogarth william english)
(fact painter canale antonio venetian)
(fact painter reynolds joshua english)
(fact dates hogarth 1697 1772)

(fact dates canale 1697 1768)

(fact dates reynolds 1723 1792)

P 19.4: — LA AR B M

% with-answer f2fit 1 —/ME Lisp F2 /5 B8 XA REAR RO IR A T . BRSNS AT LA
SRATEA LN, HRSERAA— MUK, with-answer 3B BUX RN , CUCER B 114 ik
W HEE RS IR G I ESR G e @Rk R MU R, 1 vith-ansver Y
A LA AR G ) W DME HAR R LA o &l O H A& A 2 HE Y with-answer FOR{EAHY
Rk
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H— AN F ™| Hogarth %18 K &4k KFe B 4,

> (with-answer (painter hogarth ?x ?7y)
(princ (list 7x 7y)))

(WILLIAM ENGLISH)

NIL

F—ANET 1697 698 R K, (RN RA646]F)

> (with-answer (and (painter ?x _ _)
(dates 7x 1697 _))
(princ (list 7x)))
(CANALE) (HOGARTH)
NIL

H—ANFET 1772 F B HE 1792 59 A 694 KA b A 4,

> (with-answer (or (dates 7x 7y 1772)
(dates 7x 7y 1792))
(princ (list ?x 7y)))
(HOGARTH 1697) (REYNOLDS 1723)
NIL

B AT EABRM B R AT FF 43 E 8 R4 K,

> (with-answer (and (painter ?x _ english)
(dates 7x 7b _)
(not (and (painter 7x2 _ venetian)
(dates 7x2 7b _))))
(princ 7x))
REYNOLDS
NIL

4 19.5: il A I ARRE A

MR E AR 19.4 T EEERE B 19.5 h P51 7 — L0 h SCRI R A ER] 7o AR DR 2 Y match
SEIR, R AR R RT DA R S eV R e A

R T XL AN T A, A ARG R T AR T B T A IS5 R . — R F , with-answer H9/%
F R AT AR Lisp 654 il

19.4 4izE ERIFRHI

XTSRSt DA AT E XA AL E A AR L8R N, it A B

(not (painter ?7x 7y 7z))

FOZAAEAT R E A LS 7x T 2y B2 fAAETCRRZ R R RN W R A1) 7x Ml 2y (NG AT T
— IR not BREAPRLIEHARLE B A B SRE , Bl X B

(and (painter 7x 7y 7z) (not (dates 7x 1772 ?7d)))

(R RESR RS 2 4 B R o TR RO A RO, S Rt AT L, 985 P
ARLEBA T 1772 4R BORIATE 7RI R A -

(and (not (dates 7x 1772 7d)) (painter 7x 7y 7z)) ; wrong

2, RBAFAEARAT T 1772 W 5, 25 508 /2 nile RPAHAESE — 7 B, FATH A IZ A A W] LA
1E with-answer &AL BLAE R »d AYME



174 F19%F —ANEHREFE

FFE B Cor g1 ... gqn) BIFRIAHARIER] PASERR A s AR HLAE AT A ¢ AV R g . R —
A with-answer fl& T A

(or (painter ?x 7y 7z) (dates 7x 7b 7d))

PRA] AT 2x BI40E &7 0, BEATCRH— D T E S T, B S A —1 7x 488 . [HAEE 7y
B2 70 HARUER] DO E S 240 e , RE E Hp— 7800 Lhe A a0 e A A ik
B E nilo

19.5 — EfARmIFE

& 19.3 ARG SEEL T AT R IIRE HACEAY, . 100, RS B Mg i st 2 O A R P il &
AT TAEAE T 1B T 5E R Hk , Rl AiE 1 SRR AP AR e 0 , LS8, AHT LA AR S R AR A7 B AT
HOWMEN . FRAIADH—F 5 2 E X with-answer, [A] BRI A [R]85

B 19.6 % LT —DHThAY with-answero IXPHIHISLISR T — MES, BIG T avg (123 1), E if-match
(164 TT) 487K T oK B SEILAE SR i 52 A T R IH IR AR B A T B R4 T AE. 1B 19.6 T 19.3 HW
AADERAL—F—FE (E AT I RO — R AEIB TR o X LR B4 B0 , AT B A BACAS
T2 A B A4 A with-answer BIFAH)—HB5 . (EIBTH, IX LEACRE AR A 2 AT &0 22 F IR,
PR A ESR ST E -

MR ERE XD PNERIZ . B 197 IR T with-answer 7 B HIBRE. REZEH T
YE /& H pat-match (164 T1) SERUIY , EAR S HE— D% AL, BT 75 B H R 8o A B 190 45
A A R R R AL T o

HIRTE toplevel 1 ] with-answer , M & /T 9 1A 8 LT IAT 207 4k o 8782 ARG A A ik, =R
{0, SRR AIAE — 1010 (H2 Y with-answer SKIAFHHINAE Lisp F2/7 B HYIHEE , SRR A HOACAD kol 1
HERIFH) 5o IXFE, A a & B RE 7 I, BT A R A i ARG E R A IX A I FE 4 N K (inline) 4w

o

FUE XA R B BRI RE  (HE Wik with-answer FIAX AP A T & T FERIACIG . X Bk
FIEWN A SGE B B, B IS BEEORE 1, A ABATAT LA :
> (setq my-favorite-year 1723)
1723
> (with-answer (dates ?x my-favorite-year 7d)
(format t "~A was born in my favorite year.~%" 7x))

REYNOLDS was born in my favorite year.
NIL

BIRAEA R A BRI AR T DM i (AR 2 TR U ] evale T HEIEANM  fEEMSEPIA R
TFeEG I AR
o T IR TP RO SRS BORME, Fr LMEMT A SSRE R H B 5 AP IRIZE (P10 english) #RRZH5
ko (WA 19.8)
BT RIS A R E AR AT LABE 2R 5 AR A i) TP AL 5 8 19 Lisp Rk =l B SmiEasm 1 —
A 1isp #RAVERF, B AT LABMERE Lisp iAo BUE not AERFINEE , EA S AR R E  (H S HEBRTARLE
HFRIE IR A nil MIGRE. EFEME W > F9N B IE RN, 1isp BAERFRLRESRS B0
> (with-answer (and (dates 7x 7b 7d)
(lisp (> (- 7d 7b) 70)))
(format t "~A lived over 70 years.~%" 7x))

CANALE lived over 70 years.
HOGARTH lived over 70 years.

— S B AR A RIE S T DURESE 5 61X 5 T RS S 15 RARTCEE
BT X AN BRI LA AN —— 250 SRAB LA AGHT ) Lisp BRAVERT —— B i) 4 it o A 1 B RR 2 S 1 1o 28
WIE T AT EMER . & 19.8 I T A E g1 FH & 19.4 H a8 U 22 AT 28 1 7 1) 25
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(defmacro with-answer (query &body body)
‘(with-gensyms , (vars-in query #’simple?)
, (compile-query query ‘(progn ,@body))))

(defun compile-query (q body)
(case (car q)
(and (compile-and (cdr q) body))
(or  (compile-or (cdr q) body))
(not (compile-not (cadr q) body))
(1isp ‘(if ,(cadr q) ,body))
(t (compile-simple q body))))

(defun compile-simple (q body)
(let ((fact (gensym)))
‘(dolist (,fact (db-query ’,(car q)))
(pat-match ,(cdr q) ,fact ,body nil))))

(defun compile-and (clauses body)
(if (null clauses)
body
(compile-query (car clauses)
(compile-and (cdr clauses) body))))

(defun compile-or (clauses body)
(if (null clauses)
nil
(let ((gbod (gensym))
(vars (vars-in body #’simple?)))
‘(labels ((,gbod ,vars ,body))
,@(mapcar #’(lambda (cl)
(compile-query cl ‘(,gbod ,@vars)))
clauses)))))

(defun compile-not (q body)
(let ((tag (gensym)))
‘(if (block ,tag
, (compile-query q ‘(return-from ,tag nil))
t)
,body)))

K 19.6: TR

FATEFL ), OFIEA G5 KA, HOoR AR P FE 4 eval B &5 17.2 X R R 1
Pt HIE AR T H AR v 2k A S L A 48] R SO g TR AE . X in AR RO 3 5 2 AR AH
fPLo 38 W BEAEARA T WM R SR DA AR A R I 5e A T o T EL IR OA X 254 360 5 433 Jm AR LAY Lisp AN
T B Ve AT AR RS £ 3.
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=+

(with-answer (painter ?x 7y 7z)
(format t "~A ~A is a painter.~%" ?y 7x))

WA T

(dolist (#:gl (interpret-query ’(painter 7x 7y 7z)))
(let ((?x (binding ’?7x #:g1))
(?y (binding ’7y #:g1))
(?z (binding 7z #:g1)))
(format t "~A ~A is a painter.~)" 7y ?x)))

AR e FEE T e

(with-gensyms (?x 7y 7z)
(dolist (#:g1l (db-query ’painter))
(pat-match (?x 7y ?7z) #:gl
(progn
(format t "~A ~A is a painter.~}" 7y 7x))
nil)))

K 19.7: [A]— AR A T3

#—N4& F ™ Hogarth #93 F 694 KA B 4,

> (with-answer (painter ’hogarth 7x 7y)
(princ (list 7x 7y)))

(WILLIAM ENGLISH)

NIL

F—ANTFREANRI & F AT R 09K 8 Lo K,

> (with-answer (and (painter ?x _ ’english)
(dates ?x ?b )
(not (and (painter ?x2 _ ’venetian)
(dates ?7x2 ?b _))))
(princ 7x))
REYNOLDS
NIL

H—AT 1770 53] 1800 5FIF K M 69 & K b9 4 KAe st = 517,

> (with-answer (and (painter 7x _ _)
(dates 7x _ 7d)
(lisp (< 1770 7d 1800)))
(princ (list 7x 7d)))
(REYNOLDS 1792) (HOGARTH 1772)
NIL

141 19.8: {1 FH A 0 20 1 i




ZF 3k (continuation)

BB AEIBT e i T AR RIS AT RS H A AT R o X I RBGRIER , fi 2 fEE L
AR R BT B R S 2 BUORAE FORATHE o TSR AU A R, REAS PR AR e ARSI AE 2 IR
HSARART A R Pl gtRerh, S3En] AR T [ FOR R i g IMAEIRAE PE AT 2R m) i L
B ] LAASRIR P ZA 19

BN T HMRSE ST AT LN AE D ORI I A M AR i & Se a0 A SR AE
£ Scheme FFHIN ] X 1HHE A B T XTESE B SCFF . — HARIERE T EERYTToN 38 i o R o anf
FIZEAE Common Lisp F2 /7 ELLISEE. 25 21-24 TR0 21X HUE LAY 7

20.1 Scheme ZEIE

Scheme 11 Common Lisp ££ /L™ 2277 HAF ARG A Kbz — 2 B A Wiy S3E 0. AT
TNHYARBEHETE Scheme HTHY TAETT e (18] 20.1 %1 T Scheme F1 Common Lisp [H]—£EH A X 1. )
R — MR T E AR AR AR — P2 PERE, B e A el LA e 2R [ A
{Ho $ihn, 1&

/ (=x1)2)

HOMSRAE (- x 1) B ANERY 7 FRIARRAE S E X MA, B B A 535 — D A5G € 0918 M2k
N2 mE A& E 2 toplevel | ——print IESEFEARE .

TCVeAR I FRATER AT MESHE A — > S A R4 IR B R IE 8 A 2 toplevel, I84 Y4 73Rk
(- x 1) BORMER, B3 2

(lambda (val) (/ val 2))

Wt , 8 T ORAY TR AT LA AR [BE I AX A R EORE I IRk e T Ay B S0 3

(define (f1 w)
(let ((y (£2 w)))
(if (integer? y) (list ’a y) ’b)))

(define (£f2 x)
(/ (-x1)2)

It H. £1 1% toplevel MM, IEAY (- x 1) BORMEN, BHEH SN T

(lambda (val)
(let ((y (/ val 2)))
(if (integer? y) (list ’a y) ’b)))

1 Scheme Hit, SE4E FIBRBLRIRER 55— Hh 4. ARATEATER Scheme 3 4 BT M ZEAE | 4RI 04 Mk —
VRS B, DAFE R AR B e AT DAL K MR A X AR 5 SR AE VR P S, 0
ORI 8 2 5

ST T LSRR — R SUHPRL. PR — BRI L — B 1] P G A T AL T A R %
SR — BSOS R B T R RO bE . M SIE Bk (BT, SRR R A E 10

177
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178 % 20 % 43t (continuation)

1. 7E Common Lisp HE 1, — 451 symbol-value Fl symbol-function A&/ —F£H], 1M Scheme
X PEAEIX T o AE Scheme BT, At AT IME— Xt B AAE, & AT LA BRAR, o m) LA 55— ot
%o P, FE Scheme Tl AT 2 #° 5 funcall T . Common Lisp [:

(let ((f #’(lambda (x) (1+ x))))
(funcall f 2))

TE Scheme HVEAR A :

(let ((f (lambda (x) (1+ x))))
(f 2))

2. T Scheme HA—"1&ZF 23], KIM B %A L5 24 725 ) 4 [ 15 EOM B A9 A #8A
7 (B defun Fl setq)o HUMARZ , EffiH define, define HAEHFI defvar KEUH Y, [F I
M set! BT setqo fEM set! N2 A EMERT, X705 H define AIENX S &

3. {E Scheme H,1#% ] define i A Z KA, B 7114 defun M defvar /£ Common Lisp H[13]

fitc Common Lisp HY:
(defun foo (x) (1+ x))
BRI AT HERY) Scheme I

(define foo (lambda (x) (1+ x)))
(define (foo x) (1+ x))

4. £ Common Lisp 1", AL 2L WA 214 HIIFF SR AE . TMAE Scheme H1, A IR SKABL I 7
HEAE » (OF HIR & B SEBE R T RICIE R SE R R o )

5. Scheme AN t Flnil , MMV, BH #t fll #f. SSHNZE, O, FEILLESLH BN HE AL 7 — Lozl B
A

6. cond Ml case FIEA HERINT-HI/E Scheme HF A else KM, M/ /E Common Lisp 1Y t.

7. HELCN BERAERF B AR T consp BT pair?, i null NJ& null? mapcar ULF) 2 map,
SEAE . AR LR OC, IZ AR X SE AR A R

[ 20.1: Scheme Fl Common Lisp < [A] 1] — £ [X 3]

Fes DU H I E5 R A Y mik . R AN AR Ty I ZIEN T TAE Ty I 28R, A48 sK1E
B FH A2 Ty IR

Scheme 27 il 1T N B FAEST call-with-current-continuation (4G5 N call/cc) SRR AT EEAE, 24
—PEFE— BN SEE R EL A call/cc Y :

(call-with-current-continuation

(lambda (cc)
o))

XA PR B WAL B — NS Y T L A B PR B Gl co FOMEAEBULE FE AN H O, FR ATk v AR A
1E call/cc A— i _ERITHEDIRES .

EIXM - H FRAT append tH— 171136 PSR B HJG— T ICEE 1 call/cc FAA AR [FIME:

> (define frozen)

FROZEN

> (append ’(the call/cc returned)
(list (call-with-current-continuation



20.1 Scheme %:3E 179

(lambda (cc)
(set! frozen cc)

’a))))
(THE CALL/CC RETURNED A)

XA call/cc iR T a, (HE HICH LA RATAE T 254 i frozen Ho
WH frozen & FHAE call/ce Ab— 5 LINIHAIT EEH UG TCIEFRANMEL frozen 1 AMH , X MEHD
FER call/ce EIR AL :

> (frozen ’again)
(THE CALL/CC RETURNED AGAIN)

BHEARROABRETT A 5E. ENTAT ABCEE Y, BT AT H A B R B G

> (frozen ’thrice)
(THE CALL/CC RETURNED THRICE)

U FRATAEFELE A T B — NS, RATRT USSR M 21 i8R [ 21 U Se Ak _E A 2488

> (+ 1 (frozen ’safely))
(THE CALL/CC RETURNED SAFELY)

XHEHIE + Y frozen W HINA 208 1o JFEIREIR] 78 B XA B8 E B2 1ist , 85
/& append, H# toplevelo MR frozen 4 1F & BRECH HAKER ] T —ME, AF 4 _E I 0 2k 24440 25
—NFIEIN 1 IR AR
AT S A F T — BV RRAO 7 DL 01T L S A AT 24 0 TE A A 35—
Ao A NHIX M B A SEIE ST Rk
> (define frozl)
FROZ1
> (define froz2)
FROZ2
> (let ((x 0))
(call-with-current-continuation
(lambda (cc)
(set! frozl cc)
(set! froz2 cc)))
(set! x (1+ %))

x)
1

AT AR — IR 2% [ J 4 B R AL

(froz2 ())

>
2
> (frozl ()
3

BT call/cc RIBAHMENGH T, I LATCIRFRA TS frozl Tl froz2 fHASEARTC R 5 EL .
IAEREIRAF T S HPRES T, RATAT A B AT 2l 2 55 21-24 BT ZEIER R H o IX B B2 —
A IR BT, 2 REAS AR IR H S FHORAEIR S I R - B A — 2, FRATTAE M B R AR FR L — > JT
AR, BEG—EEFAARIAE

BRI AR E N FRER TR 28 47 T ERGER T — Rl — W RIR il 3R 1 7 B0 X BLIRANTTR A 5 —Fh T
B, VPN S A (TR 18, AR EEUR T EIXFhRR T NI AR B T — 1313
H car AL G PRAFAEIX DT AU ERE, H edr BEZT R TRIRIR . B0, 18 20.2 BB R TP AT DAREER
AN

(define t1 ’(a (b (d h)) (c e (f i) &)

(define t2 (1 (2 (3 6 7) 4 5)))
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(a) £1 (b) t2

] 20.2: PERA

(define (dft tree)
(cond ((null? tree) ())
((not (pair? tree)) (write tree))
(else (dft (car tree))
(dft (cdr tree)))))

(define *saved* ())

(define (dft-node tree)
(cond ((null? tree) (restart))
((not (pair? tree)) tree)
(else (call-with-current-continuation
(lambda (cc)
(set! *saved*
(cons (lambda ()
(cc (dft-node (cdr tree))))
*savedx) )
(dft-node (car tree)))))))

(define (restart)
(if (null? *saved*)
’done
(let ((cont (car *savedx*)))
(set! *saved* (cdr *savedx*))

(cont))))

(define (dft2 tree)
(set! *saved* ())
(let ((node (dft-node tree)))
(cond ((eq? node ’done) ())
(else (write node)
(restart)))))

] 20.3: FLEHE K it Dy B

P 20.3 FF AT R LREAE X RE R _ERSOR B AL e 2R o AESEPR AR P B FRATT AT REAR AR B 2 17 i Al E AT
fi—dg . XEIUERITHENT. O 7T Ho, X G A R af e SCHL 140 0 AU TR REAL S ) -

> (dft t1)
ABDHCEFIG()
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PREL dft-node 4 JR [FIFF B9 B 7200 Py XRR A (H AR A AL 3 — 15 Lo 24 dft-node £A— P15 ST, B
S car A, I HAE *xsavedx HHEA— RN EH: cdr 557

> (dft-node t1)
A

VI restart A ARSI P AR 55 H il (A7 ) SSEFF R E -

> (restart)
B

ﬁ%ﬁi,Eﬁ%iziﬁﬁQ%Z?E@%ﬁ%E%BHQ§Ej7,restarti%fiﬁiﬁ]doneﬁkﬂﬁggizfggggzi

> (restart)
G

> (restart)
DONE

e, AL af o2 AEIRA TN T T5e i) TAE Tt — i

> (dft2 t1)
ABDHCEFIG()

HREEIE aft2 P9 CEEA BB T 0%k 5 4k ST ET K 2 A restart 51 ARYLELE
BIEIR 2] dft-node FIAFER cond T-AJABE o
XFRE A9 TAE 7 SRR ZE AL . B dft-node M2 H — 0 4T, — HARFMEA /Z done,
dft-node Ji H W ACADKE M H restart B HIAUL A2 Eo XSRS —E RS, ELER)R B{E R
MRS o IXBT, dft2 AN FEEFT EDIR [BIE A2k 0] #f. S 0E 9 2% 07 ok T —Fhde 5 72 2 1 12
B A T8 ARSI AR L SR AN BT HiaR B 28 Ok RS 25
TSR BATTH AR R I 3 7 — R 5% afe2 BARHRE IR A SEAE A B FIX PP AR . dft-node HIHILE
2T, AT LAF RS T B 1 24 S o MBS @ AR, IF HIATARZE LAV B0 56 O 42 i = i oo R A X
l:]O
> (set! *savedx ())
O
> (let ((nodel (dft-node t1)))
(if (eq? nodel ’done)

’done

(list nodel (dft-node t2))))
a1

> (restart)
(A 2)

> (restart)
(B 1)

5 BB AR, BATTAUR B, AR FE R R AT BATAE AR P I A5 T I S0 , W REE 3 5 SR b4
P IEAEBE T Y R E RIS o XTI QA B 18] ST, AR A T TP B B A A .
TR AN VRS, B ABRAT DA IMERE] “BAHER RO B BHER I N Z AT, RIS T
ANE R BAR S5 2 IR, E R AT AR AT T R R A A AT o . X — TR R B AT 2
HAARECRRORES, LR EF ENTA RO T 1.

NS 24 BEXGELE ORI, AX W Fh % FEAIIE SEAE Prolog M SEIN A A G H %, £ Prolog B2 /7 B, “W &R If
ARRIE AR, T PR AR P A A R A — P BT 2o T ELX S 28 2 TE 55 K IR DL T, 31
ARESR AR R T — PR ATE R AT 52, Br AR SNSRI BT AL L, BRI SR TEE S o
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20.2 ZHE(EEE

HHK Common Lisp WAHEAE call/cc, HAAF I SD, FATR T LMEAE Scheme BLABFEME] AL SHE T o
AT IR AN FH (£ Common Lisp F2/7 HAIESEIE . Scheme FZEIELS T FRATTMFE AR 1Y :

1. SHEROIEER Fr A AL R A 905E o
2. R APIRZS —— AR ERE B A 4o

FE— AR TR Lisp B, IELAS T IATRIE T LA AT RESE I A ARG 3, MG TR
HPRZS A R SR AT AR AL F 0 B o

(defvar *actual-cont* #’values)

(define-symbol-macro *contx
xactual-contx*)

(defmacro =lambda (parms &body body)
‘#’(lambda (*cont* ,@parms) ,@body))

(defmacro =defun (name parms &body body)
(let ((f (intern (concatenate ’string
"=" (symbol-name name)))))
¢ (progn
(defmacro ,name ,parms
‘(,”,f *cont* ,,Q@parms))
(defun ,f (*cont* ,@parms) ,@body))))

(defmacro =bind (parms expr &body body)
“(let ((*cont* #’(lambda ,parms ,@body))) ,expr))

(defmacro =values (&rest retvals)
¢ (funcall *cont* ,@retvals))

(defmacro =funcall (fn &rest args)
‘(funcall ,fn *cont* ,Qargs))

(defmacro =apply (fn &rest args)
‘(apply ,fn *cont* ,@args))

20.4: ZEIEAL R 77

K 20.4 25 1A Z5 L FRATREAE PR B SEAE AN DL T, AT BRAO JH o X285 BT JL> A B Y Common Lisp
form , E AT TR ARAE SCER AL, BEAT R B0/ AT, LAKGR [B] R BUfE

U SR A R R A T SR B X R R U P Y oR R B SR AE IR 4% R B IZH =defun 1A
72 defun ZE X o =defunEW?E%E%Hdefunfﬁﬁﬂ,ﬁi}i§i5%¥§ﬁﬁﬁﬁﬁ¢5@§§%ﬂo =defun & I HAE R H—
AEREL, B SERR ERE ST N EREN AR XA RS RIT O R o CRE SO, B IA
BOE L RECATTRERT A Co ) A EARBRAE LS =defun (U (AL A — 1 IEZ, H +contx,
CHERIERARIE 255 Eo R RIFRE, *contx SAHMBE—FIFELEIX N EEL il

(=defun addl (x) (=values (1+ x)))

TR JETFIK

(progn (defmacro addl (x)
‘(=addl *cont* ,x))
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(defun =addl (*cont* x)
(=values (1+ x))))

LY add1 B, PR OS2 BT 2D 7. XD ERBIT R — MRS (BB NET — 12
. xcont*o LA AEVH ] =defun & LHIHAE "?E’]Hﬂi *cont* ) Y AT ELEUE R MIL 8 o

AB *cont* A2 FHWE? b/i%“%ﬁ%ﬂiﬂél FfiNEES =values HJE LR TIXDEIER . HEE
=defun & MY PREL, #LIUE T =values ﬂélﬁﬁwﬁ s WA — Ml =values KA. =values M1
#:5 Common Lisp /] values tH[F. WA A MR 2401 =bind FE © 0, B AT LR [EI Z1H,
HEAREIR [ ZHEF] toplevelo

Z 80 *contx* T AR B =defun & LAY B& EON HAR BIE AT 40 Y4 =values #f 725 & FF I, B 44 4ifi
i xcontx, I H BB KEGR FME SRR . FikK

(=values (1+ n))
S JRIT K
(funcall *cont* (1+ n))

{t toplevel T, *cont* HI{E/Z #’values®, IXWiAH Y T HIEN values ZAHIR[. MIATLE toplevel T
WH (add1 2) B, XM ZEREA RS

(funcall #’(lambda (*cont* n) (=values (1+ n))) *cont* 2)

xcontx [15] AHAEXFE I P53 2 MY E. .ﬁﬁ =values FiANIEL JEBEM T R

(funcall #’values (1+ n))

RPFEAE n b 1, FR [ 45 25R

TEZ5{LL add1 HYERELHE ?k{l]ﬁﬂﬁTEEIXﬁ ARt R T AL Lisp 2547 oK AR R [ {8 it 75 -

> (=defun bar (x)
(=values (list ’a (addl x))))

BAR

> (bar 5)

(A 6)

KARTET  MAEA 7 “BRECH A F1 <R E0R R n] 4t 23 ) 1 B SRR, BT v LA e 0T EH A
Hi7 .

AT T AREARAG LA H R, BT T XT *cont* HIHE . B *cont* HIEE 2 MY, HIX 4 A it
RAHE]: *contx JLTEE— DS E# =values AN =defun & L ZZFTHHHE. HIUNTE add1 oK
BURE, *cont* it —MIEZ ﬁﬁilﬁé)z@{% A XA R R E R, FA WA xcont* AN —AJmEBAE
T HIEIX S TO T TR ° 18 204 HHHYEE =A% =bind, H FHIE M multiple-value-bind fHAl. B
SNSRI K, —ADRIBA, U — AR %éﬁlﬁﬁgﬁmﬁﬁél_fl_@mﬁi AR IX LE 45 E
THERAE A B =defun & LHIRREL, FEME 5, 5550 5 — D FRIB A T5RAE, BB 258 B % fd
HH =bind 7o

> (=defun message ()
(=values ’hello ’there))
MESSAGE
Y =defun /7AW R AR BT 1 intern [HYA T FLEIXLERBLREE A trace. WIARBUA LEML trace U1, ] gensym K
(R4 R 2 T A
2PEETE JFOCR: “*cont* HIMEE identity”, IX&HIRMT. I ELIEPBEIERE IE T 5] 20.4 HPOXTIHT xcont & X, 1% HLE S HE 2 i
TER.

SRR SRS TP A IX LR A — 1)1 : “That's why *cont* is given its initial value in a setq instead of a defvar: the latter would also
proclaim it to be special’ JRAVERBIR *cont* 42 JRAE B IRIEEAE I 1HiX 3 ) T Common Lisp 7 FrifEe N T REFEHLA Common
Lisp SEIL_ BB ATiX 8 (AT, 3R T Coan E45HRT— DR UT 28, (A5 2R BRI E AR . BARS I 20.4 B RGE AT
o
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> (=defun baz ()
(=bind (m n) (message)
(=values (list m n))))
BAZ
> (baz)
(HELLO THERE)

HERE] =bind FEH XS DTN *xcontx FIHTAL e baz BY B K :

(let ((xcont* #’(lambda (m n)
(=values (list m n)))))
(message))

/\ﬁrm

(let ((*cont* #’(lambda (m n)
(funcall *cont* (list m n)))))
(=message *cont*))

T *cont* HHTH/E =bind FIAIDIA, LAY message I PRECH ] xcont* Sk IR [B]” B | 25 50%
A FERAEE MRS AR . R (FF Hox B OC48)  7F =bind 34 H

#’ (lambda (m n)
(funcall *cont* (list m n)))

VERZHUL IR =baz 1] *cont* (55T AT, Fr LAS A 1) FMACRIER]—> =values B, ¥ REMEG IR 7]

BB A 14 37 R 2 JU?BE A AL ERERAH A - B *cont* MIFBERELS T E—1 xcontx FHE M, B
ATER e — A, AR Sk AR TR IR 42 R AHL
FERX L FRATH AT LMJL%%?‘JE/J\%W‘ TR
> (let ((f #’values))

(let ((g #’(lambda (x) (funcall f (list ’a x)))))
#’ (lambda (x) (funcall g (list ’b x)))))

#<Interpreted-Function BF6326>

> (funcall * 2)
(A (B 2))

AFIEN T — R A S AR g M5 A g KAFtE—SH2 £ M5 HI M. 254 0T
R4 G 1 A G A S AL A A
TN 72, 530 /& =apply FH =funcall, BT H T =lambda & AR, TR H] =defun 1
HORIY “BRED, BEA AT E LS 02 2%, It AABEVE NS 8L 25 apply 5K funcalle fRHRXAN[A]EE) Ty
BRMIT S 73 U0 ERRB AR o LR A EREES — 1 =1lambda HLH
> (=defun addil (x)

(=values (1+ x)))
ADD1
> (let ((fn (=lambda (n) (addl n))))

(=bind (y) (=funcall fn 9)

(format nil "9 + 1 = ~A" y)))
"9 + 1 = 10"

] 20.5 M4 1 A R SRR AR 2 5 | AR BRI o 40 RA eR AR AN ORAF ST | o, N 18 FH A R A7 B2 4E Y oR
B IRE A B X LU RE IR 220 LU List IXFERT N B RAUI IO X 2
& 20.6 HSk H & 20.3 BIACS* A Scheme F13% 3% T Common Lisp, 7 HLH L1 %38 22 T Scheme %2
T AR —HRI A, afv2 A2 BT — R AR IR

PREE B SEE L L (setq *saved* nil) #{EUN (defvar *saved* nil);HIH restart BN re-

start LA Al Common Lisp B4 HIFF 51158, 3 H ¥4 re-start WE AT dft-node 1Y E L2 A LA O/ J5 35 704 126 15 o] LASK
# re-start HIE Lo
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1. — M =defun & LIRS B F 58 4 S A ALK
2. FHTBEE , s A H A MO 2 B pR B BRI, 4470 =1ambda 5 =defun K JE Lo
3. XKLL BN LT ] =values SRIRBIH , B I A ST 1% 29 R AY B AL

4M%*ﬁ%mmwamaﬁ%#mwn%ﬁﬁ&%@*&ﬁﬂ%%%ﬁ%*ﬁ%ﬁ%oE
I 1 =bind 2 )5 SKAEATAAS DO AUEAE HACH AR B o fir AR AT EAR A LA =bind, EAT]

IRE -

(=defun foo (x)

(=bind (y) (bar x)
(format t "Ho ")
(=bind (z) (baz x)

(format t "Hum.")
(=values x y 2))))

20.5: BEHEAL 13 ) FR A

(defun dft (tree)
(cond ((null tree) nil)
((atom tree) (princ tree))
(t (dft (car tree))
(dft (cdr tree)))))

(defvar *saved* nil)

(=defun re-start ()
(if *savedx*
(funcall (pop *savedx))
(=values ’done)))

(=defun dft-node (tree)
(cond ((null tree) (re-start))
((atom tree) (=values tree))
(t (push #’(lambda () (dft-node (cdr tree)))
*savedx*)
(dft-node (car tree)))))

(=defun dft2 (tree)
(setq *saved* nil)
(=bind (node) (dft-node tree)
(cond ((eq node ’done) (=values nil))
(t (princ node)
(re-start)))))

1] 20.6: {4 FHSEHE 12326 75 HO 3 3t P

> (setq t1 ’(a (b (d h)) (c e (f 1) g))
t2 ’(1 (2 (36 7) 4 5)))

(1 (2 (367 45)

> (dft2 t1)

ABDHCEFIG

NIL

1 Scheme H—H, FA IR T LAGRAF 22 figis [y BOIRAS, R IX A0 12 AR A
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> (=bind (nodel) (dft-node t1)
(if (eq nodel ’done)
’done
(=bind (node2) (dft-node t2)
(list nodel node2))))

(A1)
> (re-start)
(A 2)

; (re-start)
(B 1)

A LA 3R] P B 2 i, Commion Lisp 275 LAAIE B CLHY SRIE. SEsfs2, iX L8P A2 4] 20.4 H I
T LT 45 AR ATy, P AT S SG D E TR AL T BB 57 sl AR

5 21-24 FHPLAEAT UK T 2IE . XL TR BRSBTS — FPRE AR LA R o ERTREA SRR,
REAEE SR Z b, SIS, HAEREAT RES A RITHr . B2, AR T BSEiE i iR 2 T LA
KRR FELERE Fp 1) 4 5 A 117 L 55 A RSO A S BR  3

20.3 Code-Walker #1 CPS Conversion

MR — 7 AR, BATE R 7 — M. HAMRERN T NG 7, A4 rEft AR BT
B 20.5 RS 4 ZAUNITRERAE BT T B AU 5 ik

(=bind (x) (fn y)
(list ’a x))

MANRERZ

(list ’a ; wrong
(=bind (x) (fn y) x))

HIFH call/cc SIASHUXFIERGI M THT 5o call/cc W LMHHERI A7 PAEEHITTHY 2238 R
HIRATRESEINEA call/ce A IRERIEAERT BN EAMAR 2 TAE. ARTTS R — T, R B
R | DA R LE A 1R 58 Ao
Lisp #2177 LA il —FhFR A “continuation-passing style” (ZEHEL 18 XUHE) BIE . St 5E 21 cps Fti
FERF AR AT (HFATAT LAE i e i o0 e 4t 1 A AR R AR 2 XA AR AR R X A F SR 47l
M PREL
(defun rev (x)
(if (null x)
nil
(append (rev (cdr x)) (list (car x)))))

7 2 A A A

(defun rev2 (x)
(revc x #’identity))

(defun revc (x k)
(if (null x)
(funcall k nil)
(revc (cdr x)
#’ (lambda (w)
(funcall k (append w (list (car x))))))))
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{E£ continuation-passing style ., BREUS 2] | — DI INAIE 2 (X B2 k), HAEK R Y ATISHE . X SEE 2
AP, B T R A S BT M Ao FESS— O IR, SEHE R ddentity ; BUAT BRELAYAE 5500
SRR BT AIE . ARS8 UGB AR ST 5540 T

#’ (lambda (w)
(identity (append w (list (car x)))))

g U EA A F LR IE I — PR car B M ATHIE b, AFIREIE .

— BRI LT cps B4, S5 call/ce SEA MR E T o {24 cps BeHFE 7 B YAl YA SEIE DR AT
FERYJXHFE call/ce AT LASEEL S — M A 22 W — S B E N — DS EOR e — AT 1o

AT cps Bk FRATTE B code-walker, € & — PP RE S M 1 A2 7 A AL 1 FE . A Common Lisp
5 code-walker ITAE 2. BEIFREA M, code-walker I RERN B SR T4 B JT R A . BB
M7 RRFIEEN . BN, code-walker ANRE R ZEFFS R B FEF . W, f4F5 2/ DA LME, BEA
B — R AR AR AR Bl — go W&o code-walker WMIRYE IR 3C, 20 5 A FRZE  FF33k
TR B ER A

H T 95 code-walker # HH T A HEE, fr AATE BHEAR) 22 H R SIS R M. REPRZGH P
PRI EIE R TAEBTF T MRAEM P S T YHELT cps BB , IX L2 MM R R 1. 25 4
FAM SRR EVRRT R  WR B =bind FIAK AR AR AR HACHS (R 5L I8 A7E *cont* HIH AT =bind
FARFRIRAD Z [R] R 7 A R B B SR A IE 2 AT A SE4E

=bind 7 MU S BUXFE LMETFIX Fhdm e KU B RSOk H R LE . A5 SE B H B IE A% 38 725 i 5 |\ B 25 R R il ik
AT LA
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RN TSGR AT s T T AR RN B S RURES I HAB B R R LUE S5 BT . X
TR — M EARR AR X R S S HIa T AR AR e — T i Ao ERE YA SAN
FEFPRASIX — M M4 IR AT — A B S — 22, AT LS 2 R LR R
#] Common Lisp F£J7Ho

21.1 HEHZE

Z PRERX AR RIUE 2, /] LRDT [ m AT B 2 M5 MR fyr o AR GE R AL B RIS A REIRAT — 4598
o RATRZ PERERERIIS AL L P HEAR UL Bl B Aty e IR TR YRR B FIE RS SR
FEAFFRATAT LME— D Fr i R = 0 _E3 T 855 X 2 1 _EIRATA T Z b E T AT 28 2 1Y
I TRAEMUT 20 AURREIL A AFEE BATTHIE T — 85, AP RALAY AT A7 B BN PR B, (R
FERTEEE , 2 BERE UBE S G FA TAT MBI AL A] LA ias T 2 MR P

MG L X RE RO B T R U EmE . (RS R BEL IR R T E R Z . EA]
e HA S A R AR PR A ST o — R RER R S T

AIREXT T2 REABITT, AR H R T L R e SRR A (R, SEBTR 2R — 2l
[A)EL: P BERE R N 2805 55 — MR Loy R B AR 245 53 — S N Z RS e 75—~ 1)
AR AT A AT RERER) RGP A — BPIRS — 00, — D REE A IE I £ R G T2 DR
BIR— AR KA X —FATHE BRI G AR B 3 HLR R A ACAD T A SR I 8E S AL BRI AN — OIS
AOSR  AEACRL AR B A X L [ (AT fRAP

X EE B SEBLEAE A B A R BB S 0 — AN R AT RE A UL Lispo AEAR BT, R R R
R ATREZ ALk B ©AEUERTE S AUE N, T MR S B athy— sz N R . 55 Lisp WA
—EAT AR RE 7 BEOA L S U R ARG & R AL o XML RE S DO A IHARTT LALE Lisp ARG
I7 B AR,

X B HARR SR 2R BITE S o FRATAY SR 8 I AN — L8RV ERT 5 Lisp A8 X FERY
EH o FANEF HEEAM BT

F 4 HAT—3 1) =defun 5{# =lambda 7 5E Lo

HEAZ KRB FHSL L o 1 SRR A B R — > R B RE S SLFIL B R B R AR I A TR . &
MHEA — M, WA E AR 25 H I S 8d8 E -

H 1% &R X (Wait expressions) S5k g2 — DAL — PR FR UM — BACIS MR . iR
BB B ERFRIA R BRI — AR, BRI RIB AR M . — FF R BRI i6A
17 RIS AR S SRAR A b R 40 5 A ek . M FA 0 AN IZ A RIVER , KR
ERESRAR 1 I e PO I A AT AR AIE o

BB BB O 5E . FEFT A REMS O H WG PAT IR H , R S s iT e B s 1 it
o

Rk et fE HABPEREE A REA TN 1B T B A& read-eval-print {1,

189
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A 2 Fo M TR 28K 22 WO G RO BRAE T ARDI 36470 TEAEIBAT A BERE W] LUE SUFT Y SR 8L, SEA01
BRI

BHEMAFORAT Lisp B APIRES OV I BE. BERSFIMT R A7 2 IR B L 2 A KIZE T A TR —
TE SRR, AT AR 60 4T RIS AT LLSEBL 2 HERR o

21.2 SEI

(defstruct proc pri state wait)
(proclaim ’(special *procs* *procx))
(defvar *halt* (gensym))

(defvar *default-proc*
(make-proc :state #’(lambda (x)
(format t "~%>> ")
(princ (eval (read)))
(pick-process))))

(defmacro fork (expr pri)
‘(progl ’,expr
(push (make-proc
:state #’(lambda (, (gensym))
, €Xpr
(pick-process))
:pri ,pri)
*procs*)))

(defmacro program (name args &body body)
‘(=defun ,name ,args
(setq *procs* nil)
,@body
(catch *halt* (loop (pick-process)))))

P 21.1: BERR S5 S SLIAE

E 211 FE 212 60487 A RS2 B 211 688 7 FHARBIRSE A BOASERE . #1510 i3
ﬁi%%%ﬁmoﬁﬁﬁﬁﬁﬁmm&EﬁWT%W:

pri BEREAILIEE, EMiZRE— IR

state A= EEIE B HDRF R — M HEREURIPRES o AT LA funcall — MR state SKREHH 5
e,

wait JH 2L, WUORELE PR ER T, © R B (R G AR R wait M nile wait N
25 WA S AT A AT

PR (o =>4 JR A8 i kprocsx, 24 B A FE B I HERE 51 3% ; xproc*, IEFEIS/T I ERE ; I8 *default-
procx, ERIAFFFE

ERIANBERE A Y A HA AR T LUS T A 20817, BB Lisp H toplevel TEFR. FEiX MEERH, FH AT LA
LR, BE I AL R IR E BT R IR R, BOARE B T eval. X2/DEULD
HHAEH] eval BIETEZ —o — Ok, FATATE A T I eval , XA WA :
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1L BCRART reval ELEACEFUAHISE , B4 M e AT 41 , B AAE AR HEAT SR A AVE IR 24T
b S A i F R R AT

2. WREAEERA, RN FOE AR AT B R SO TR 8. 28007 XS RaE IR RES | AERORE
FIEZHNA] A AL

WA, B eval BUEAENIZALINE LR T —FE. CERHRE XL, R AGE N LR RIS
JOCRE it o

AP 25 FR R AN 18 RS DURAR D WHY o FAT TR R AT R 20 Um0 . B2 Ve (I THY I
A FHEREAX A 4, T ABGE SR8 . FIRER , 208 0T0T55 | G A M 3] 1: 2035, TAAAE toplevel 4
ANHIZRIEAAE T 2 AR . SRSl b XA SR ALY 8 LB SO T B Y SR A - E U SRE M P
UL TP

75 fork ] — DR SR S HERE o PRAUG T —HF ) =defun & X :

(=defun foo (x)

(format t "Foo was called with ~A.~%" x)
(=values (1+ x)))

I S FRAT A=A R B0 R e BB E S E R A fork Y
(fork (foo 2) 25)

—NETHERERIAR] T *procs* B #ridfEmmsgh 25 5 KA E IR AT ,FEL‘J\ proc-wait M il 5
1M proc-state t% T LL 2 AZEHIXT foo HITHH

7% program (HFA TR LAGIEE— 4RI — B HUTEA T NHEAE X

(program two-foos (a b)

(fork (foo a) 99)
(fork (foo b) 99))

T EIT I T WA fork FIAT, Bk AL TUBTIE BR B BEAR A ACRS | LUK AN W ide 136 R AR R aa 17 1 AR
[A]o TERXIEIRSMA, program 251 E T — > tag, AR HI LI (throw) EIXA™ tag B, B & A& IR X R
J¥ (program)®s INIXA tag /2 NEMAF S T AEAS S P IRE N tag 11198 & LUK program (] —4H i
FEARIR TR, T BB AT H B ZAE toplevel £ H -

BERE LB Z I, ERR I BE ARSI 1R AT BRIAASILIE 21,20 PR%L pick-process & A LAARZEIAT Y 3E
FE B LB i w1 — A, R F s T e . IR DR Ik most-urgent-process 1Y LAfF. A12R
— R RS wait BREEGE 1 vait BMEUR PIE IR A B It fEFrA SR FsiTi
BERE R B Bs e R AIR0E T o HE AR E B wait BRAL (A0RA HY1E) 1 [0 I MEAER (A1 25 pick-
process. ARMEFRERSUEAFAE, O BRIAERE SUE A ERAT

B 212 W H A BN E LT T A2 3R ) D0 4 2 AL AR 4T o AR HE R S5 AR R B U2 wait, R
K 21.3 WK%l pedestrian M HYARFE. FEIX D7 EFE— EHSE 2513 *open-doors* H A A TYH
1k SRR TH — 2 R

> (ped)

>> (push ’door2 *open-doorsx*)

Entering DOOR2

>> (halt)
NIL

—> wait ST ERULY =bind (58 183 1) HHL, T HAE —FERTFRR G, AR R B U i e R 1E . 1T
FIRATA BAE wait ZJRHATHIAR PGB8 AE B R AR R o R R TR S E— DR ER 2K,
IR R FRB RS RE o T I W B AT A58 ERE AT LA B G & DL 2 S B AR SR A 21.4
H—Ff.

YEETE ) (eval (read)).

2P cateh BRI AT WL CLHS H 1 Special Operator CATCH — 7
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(defun pick-process ()
(multiple-value-bind (p val) (most-urgent-process)
(setq *proc* p
*procs* (delete p *procs*))
(funcall (proc-state p) val)))

(defun most-urgent-process ()
(let ((procl *default-proc*) (max -1) (vall t))
(dolist (p *procs*)
(let ((pri (proc-pri p)))
(if (> pri max)
(let ((val (or (not (proc-wait p))
(funcall (proc-wait p)))))
(when val
(setq procl p
max pri
vall val))))))
(values procl vall)))

(defun arbitrator (test cont)
(setf (proc-state *proc*) cont
(proc-wait *proc*) test)
(push *proc* *procs*)
(pick-process))

(defmacro wait (parm test &body body)
‘(arbitrator #’(lambda () ,test)
#’ (lambda (,parm) ,@body)))

(defmacro yield (&body body)
‘(arbitrator nil #’(lambda (,(gensym)) ,@body)))

(defun setpri (n) (setf (proc-pri *proc*) n))
(defun halt (&optional val) (throw *halt* val))
(defun kill (&optional obj &rest args)
(if obj
(setq *procs* (apply #’delete obj *procs* args))

(pick-process)))

] 21.2: PERETE

(defvar *open-doors* nil)
(=defun pedestrian ()
(wait d (car *open-doors*)

(format t "Entering ~A~%" d)))

(program ped ()
(fork (pedestrian) 1))

K 21.3: A ERFR PR

ﬂﬂ%%ﬁ?ﬁ%*ﬁﬁ E]/J door ,M visitor fl host i{ﬁMjﬁ, E’Jﬁﬁé\@ﬁj*&iﬁﬁ(ﬁ%ﬁ*ﬁﬁ?ﬁéﬁ%ﬂ*ﬂ

> (ballet)
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(defvar *bboard* nil)

(defun claim (&rest f) (push f *bboard*))

(defun unclaim (&rest f) (pull f *bboard* :test #’equal))
(defun check (&rest f) (find f *bboard* :test #’equal))

(=defun visitor (door)

(format t "Approach ~A. " door)

(claim ’knock door)

(wait d (check ’open door)
(format t "Enter ~A. " door)
(unclaim ’knock door)

(claim ’inside door)))

(=defun host (door)

(wait k (check ’knock door)
(format t "Open ~A. " door)
(claim ’open door)

(wait g (check ’inside door)
(format t "Close ~A.~%" door)
(unclaim ’open door))))

(program ballet ()
(fork (visitor ’dooril) 1)
(fork (host ’doorl) 1)
(fork (visitor ’door2) 1)
(fork (host ’door2) 1))

P 21.4: RIS TIRI

Approach DOOR2. Open DOOR2. Enter DOOR2. Close DOOR2.
Approach DOOR1. Open DOOR1. Enter DOOR1. Close DOOR1.
>>

WA 7N R ER A EE LB yield, B HIME— H B2 iE HALE & LS B BERE A L& is17.
s%mii%%%ﬁﬁ%ﬁ%ﬁf”ﬁf@ﬂ%ﬁmﬁs%mi%@ﬁﬁﬁ%ﬁﬁﬁﬂﬂoﬁ@wﬂt*ﬁ,
£ yield ZJEIATAUACHHR MU & AU AR A o

21.5 PR UL X IR R AN A EL AR JHAG R BF s N F Y - 4 SAF e . b
GURTTAE (MR B LR de s, NI Seth T AT, AEIRTTIE R Z )5, capture JEREHYMLSE I8/
1. ZJaeA AR, I plunder AF N LB I BERTT 15177

> (barbarians)

Liberating ROME.

Nationalizing ROME.

Refinancing ROME.

Rebuilding ROME.
>>

HATERIRIGZE T P B E R, IR T SR JG , capture BEREA SRE AT , LI AT T A 4y L 45 2
SR g
%ﬁ%ﬁﬁ%%ﬁ%#ﬁ%@%%umuumoﬁﬁ@ﬁ%ﬁ%%ﬁ%ﬁﬁﬂﬂﬁmwmmwx%ﬁ
PARFTHABERR (AT RES YRR N A — ). EAWASEC — TR — DS JiE S i
NEERBERRR) proc-wait , 1ELUFHEM A A B A3 n] LA EHT AT

7% wait il yield 1 &) B AHE TR R AL A -SRI N EERE PR AL T :
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(=defun capture (city)
(take city)
(setpri 1)
(yield
(fortify city)))

(=defun plunder (city)

(loot city)

(ransom city))
(defun take (c) (format t "Liberating ~A.~%" c))
(defun fortify (c) (format t "Rebuilding ~A.~%" c))
(defun loot (c) (format t "Nationalizing ~A.~%" c))
(defun ransom (c) (format t "Refinancing ~A.~%" c))
(program barbarians ()

(fork (capture  rome) 100)
(fork (plunder 'rome) 98))

H 21.5: BB EREAL S A RCR

(wait d (car *bboard*) (=values d))
BRI

(arbitrator #’(lambda () (car *bboard*))
#’ (lambda (d) (=values d)))

W RACHG G T K 20.5 B H BIFR &, A4 3E — > wait ACRDAR AT AL L AT LAGR A7 24 A 1 #8224, BEE &
) =values #¢ BT, 56 S ECE K
#’ (lambda (d) (funcall *cont* d))

HITFI AL A M I *contx 193], BOX A6 (5 B SRR 10 RS 29— A0 (handle) , it
B AR [ 50 8 4 R 2]

halt HVERF BT B program EFFRCEE S AOFRASA L ALY, B — RSN, %S
WO SN A R O (R o [ AR A R R R BT LA 11 36 O M — )7 e 2
IV halte halt TR ARTIE KR, FEARX LA A S HR .

BAASERR AT LIS I k1) KR LR 250 3 MR A TE M . ORI IR T, ki1 bR
B A RARAF S AR A5 A . IR ki1 4 T B, BT N1 % ) delete HRIEY
B, FEIAERTS A ki1l FE A A F B, ORI 1 2 10 R AR5 | . SRTIT, 42 24
(1 ZR G52 2 1 LRI 1T BE 22 1 35 5L —— B B 0 5 8. SRR R BB BRI, TR B TR I A
H1E *procs* i

213 ABBARIERRE

T I SRR ) AR LR BRI AN M LS E R ERE o AR 4 iX—F H HIRE 7 SO 4 FH AR
RLERLF AR T R E . AEER R eI EWE R A F LT XERFHESIFARRABR,
LRSI T B A2 2 HAB UL, x> B AR 55 R AR VU PR A B o AERR b

SEETE AT LAMACH 77 program B3y B HH—ZH IR I AT RO BEREZH B RO (H N 5 “FE 77 AH X0, 3% LA program B3R “iEHR
4.
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SRR A b B it FELAA S8 L RO o (B2 SO UM BLPAE T LR 35 B A A REARAS B 7 — 28—k
RS E H A — R R

PR TR T A AR LR AR o ARSI 26— kR PR R R ARt & R L2 — M. AE
R AR AT SE BB I, T BRI A MR A G A A i G55 X — I BUS 2 A At
FETCHEE T AL, ORISR AN AT R B o ABTEIR T, SRR E M E, RN

1 BN HEEE T HER
2. B i Als

GIRSEETT R IR —H X E AR e AR M. EMUNEZLEM A ¥ T 2R
AORARE. T L, RYEE AT RE R AN ik, AN REGE A i P (B S A2 22 AR A oAt 7 T 1 — 22
FUIRARAT I, LR AR AT R L B33 5 T ) 3

5 22-24 BN T HAMGEISIE RG] 1o ENTHAE SRS RESE P A= S BB e RN Lisp AR
WP K — R , Lisp 6145 AR L 0 R AT ORI - (SR 5 (B Y Sh R IR PR 2156, S i
ZHRGHEM 2 PRI IEIX R — o SHER] DIUR T 2R EAI0RAE T RE 518 i ol 2 A B
ZNIRES e FrLABRA T ZEE R Prolog SEHm & — 1 1, i X A SEELFATREAR fr B X [ 1355, (H
B B SEBT AARARRLT o

AT Z B RTE M Lisp AT LA, B9 GMTARRCR (A8 B2 BEIRE, Lisp BB —MEE 5 i
BUFESEE - MESERBAIES . WR Lisp A&7 IR ROREFF UL ST .
M Lisp 5 PR R PR o A2HRE, HES IRy £ R ). SRS Lisp 217 i) LR
BT RE /NI TEIOE M TOORE R Bt WFATRRRTIE R A THLL e R R -

FEHAR)ES o, — HARKD S B, B 7 REW BT, IR RE 7 BRI BBt O & T LAREZ T o Rk 48
EE RN BRI, H ARSI 2 DAY ST TR E R A4 H AT RES A B, Tl “Fe
FPRECAERE 58 L7 JXFER LA LR . “ AR Lisp MRARIM S0 28 s REINAR )T 5 ok, ” bl RES AR, “fH
BT, XA MR AR T AL AR A IR AR LS PR AR P (BARFF NI 55
MIXAABE B3, (8 Lisp LA TAE— & M AR S5 1Y [ L - BP AT ANE T TR S B bR Fh
ANSE AHIXE E O TR R LA, B IR R AHE N R BT

FEQE A 5 BE 122 RO TR = WO B AR B0 SE IR & TIRE . AR Lisp ARG, VRS 720t A 2 e
PGB SEisrt , IR A G2 RS 7 A D EU LA R T A 2 R
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JERAE

PR E S LA S NG R i S i o Lisp & — 1 MEFHIES , HIREET EAR S A
ACFRAN 2 22 W AAORTY , [RJ RE Fp SOR A 2R (A1 Y 24 22 A R BE Y, T Lisp 1ERE R SARE AT T BR A it
32 J T R R H ORI

AFNG S fEA TR B AN BY Lisp AR5 — S B BRGNS [AEUA < B R AR A8 T Sk e o i e T B
A T o

AREESS N HATRS o B IR T 2= AEREME. 28 85 T AR E T choose T fail #)—
> Scheme SEHL IX PN SEIME ] [ 4EGE . 5 = FB9 I T choose TH fail ] Common Lisp SEIM X WA HY 5K
IEET 5 20 FHEEI A continuation-passing 7o £ PUERSF BE/R T AT LENE S Prolog HITE LT , R ILAR cut 42
VERF . BJa—iBa it T — St A MOA AR E MR E AT A 1

FEAR T E LAY AR E MRS IR AT I AR50 23 T H HDRIRE — 1> ATN Saidds, MAESS 24 W JX 4
BAERF ATAE— DR A ZU Prolog SEIH HLTHT -

22.1 W&

et e M B IS T AT A B R TEE 1. B4, BESRTRATI A i FH 2VAR A #8 BE 0 1 L
N AE DS IX R EENE 2 DR O AR E M S T AR B SE IR B SR R AR e X Tl R AR e, BIVAR
TP A BIAE F BORE e, SEAADL R I 1) Bt /NSl A0 R KU P B IR, AR S 1 mT LA [|]
] (backtracking) FYH 2 i B S0
AF S RN AE R ECRE F7 BB ARR U E TR A )T B e WIARTRATA T — D REBADLAEH & 1t ARl g 4 H
A2 ELIE B AERRE ML RE S A0 R A [A]8, B BOX DL iz RS A R IREIHE, E— A E R
B ZE I BRI R 5 8 & LB = IXFPRE D RRR P B840 o B AR TF B g A XA — D EEs Sk
FEFPR—E S IR o
FEATT R FRATE S FUE AT E TSR T IRA T AFERTRE ). T — B, &l — LR BIFE 7 ReR X LERE )
HIHAL . AREETFIEBYIX T o BB 7% < {8 FH Scheme 485 o (Scheme 11 Common Lisp Z [A]Y Xl ©L & 1R
55178 TUSZEIL T )
AR BRI S PR SR 2 P AN — SRR T R BRI PR ARE SR B AR A choose T failo Choose
AR BREEZ D ARAES IR B H P — N IT . BMPREHE choose /& AN MU 1, FRATT 4
ME A — PR g AR S
X B FRAT4 choose — BRI choose, B4z — 113 HR [l —IC K. XMEEDICZEKU, WHRIXIT
Rk BB 24X EI RS R E T2 — A BRI ARG L S Z X B £ N FERIE A
(let ((x (choose (1 2 3))))

(if (odd? x)

(+x 1
x))

R, MIX B E IS FIEITE] choose IX LI W44 = A RERTSS
XA BEARE AT if 1) then 1HA), SR JFIR ] 2.

1. W5 choose | 5y
XM EEAEES LT it 1Y else 1EA], SR FIR[H] 20

zE 1 AR,
2. T4 choose 1&[H] 2, B4,

197
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3. W3R choose & 3, P AX MEHE TS LT if B then 1A, A FIR ] 4.
ARG —HAHITE choose IR [FME , AT AEIEH IHEEX MaB LR T — 2B S & AT EiEET
T AR SR — SR I TS TR A DTG R AE AR B R 2EiE L &S I 2 A3k 4% . #0617,
=

(let ((x (choose ’(2 3))))
(if (odd? x)
(choose ’(a b))
x))

X B TEEE— choose MIHHEE , 2 N RAH WA RE:
1. W choose iR A 2, AR AXABAL R 20t 1 B else 1BA], SAG 1R[] 2,

2. MR choose J& M 3, B A X MR 20T if [ then 1BH] . ERNX B 2B RS | — 1
H, & PR RE, — 2R 0 a, 55— MR E b

FBNEESH AR, S - MESAEW. BT E RS = 5ER 240 .
X B ECF R A, WR choose A JLA LI AT itk | AR 4 B ML AR & 2290 21— 4 nT REAY 22 M) (RTRETE) o
Choose 2R [FIBF—THE 2 A0 LG N ARFHBUR choose B LAE T =

L AR BT RENE A AT I, AR X RGO T BEA W fail, AR 2 choose 1 A xR [n]— i f¥,
2. WAREAELR AW I BAFLERE, A 2IXA choose SN T fail

TR AR AR
(let ((x (choose (1 2))))
(if (o0dd? x)
(fail)
x))

TE LT A 7 BT BE AT RERIE ITES A HAE RSk . BEARESRE 1 iR METTRIS R T fail, Il4
HA 2 RERESE . PrLL, SRR, IX N FA RS E RN B E2R M 2.
A BRI ERIA A B EEN T
(let ((x (choose (1 2))))
(if (odd? x)
(let ((y (choose ’(a b))))
(if (eq? y ’a)
(fail)
y))
x))

H— choose AP E, AP N A REATH RS 1 IXMIEFXS Y, 55 2 MR ATA —1>e X TRTE , IR &
FE R, KNI RGE a 191, 2 SO faile KM, X DFAA DA B 20K H] b, B4R [H] 2,

&g — M7, FEERIES A — T RERE

(let ((x (choose ’(1 2))))

(if (odd? x)
(choose ’())

x))
KA W SRR 12 1, A8 A3 PR & ERI— N A RRET chooseo IXAMF T RITIHLAEL AN A~ LLK 75
— M.

WA BRI 7 FROTEARARE R IR E M 2 REWRE 4 BEEN C LI IR RS2 B T IX
NI I . FEIERENE B D, AT LR FERE et — D ITR , S T0 IR AT TR 20k
E, AR FES fail WH. » FHEEE TR R AR E R EREFRE R ERARA A
4  Tgor :
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Function Ig(n)
if name(n) = ‘Igor’
then return n
else if parents(n)
then return Ig(choose(parents(n)))
else fail

fail BEAVEFFH AR AT choose HIR MBI INFZ M e ANRFRATRER]—A> fail, B84 7T LAMEET choose TR Z T H
FEMCT SRR . FLRUE X, choose RIS LS 2 IEAAEY o« Jir LA, A0 R FRA A BB R 1 SR B KEA & 78
B — SR E B R  IB A FRATTFT S A 24— fail TUCEIX 5506142 BRI HTT  IRFER G AT A &
RABEE. LA, BT XA E g — R R A A, s AL g SRR A8 12 LR — 20 BAREHIESE 5
G AL RIX S TR, BUE UG BESRIX AR 2R, e X S5 iK% 1d [f) Tgoro

XA RIS, — MR RES XK . B il choose M —HALIET R H FEAN T 2R, HBIF A1, st (i
JH choose HIR [FMEAE AW R , 22 fail HIN, il — 5245 e, FIX AL B HE HRE 7 7 B2 choose TE I
ZHMEH MR, 5, —HZ BRI K choose HIIR FMEEL A FATEE R R . FEX MR A choose KER H
T ETRIASK 1 RE

SEBR b choose FFRA AT 208 HAREIM T choose FAT I — 1> SLBLER /0 REAM o 1 & INEH 18 B IR 3k 4 7 [m]
W, SRASLE AR T 1R A5 W XS FE G N FRABAERR B AR B B — o (B[R T LAAS S e &
AT TR — BARGHEMIZ A choose F fail, 5 A LAS A% b7 ARFERI SALEE T, BTG Ix 5
W HE M Z s B W — e —FF . &5 B choose, HUEEE —Ni [ [ 02S [] 1 B0 Sk BEHE 220X R) i
[\ T o

222 #EH

BVF 2 2B ) RUER AT LAYA 25 A48 2R () R0, 00X 288 (it {8 P S Rl B — R AT 2 A R i R 07
o 1% nodes PEBE R BT S BAIFIER T (kids n) A& DEER Y & 0 #7710 SRR AL,
WS 0 WA T STE R #f . FRATFTHES — DK% B (descent ny ng) , L EIRFI T & ny 2 H
TN R ng (WAA RIS Fr&id H A2 ERTA T R i858 B 22.1 X > & — e
PERRAS o

(define (descent nl n2)
(if (eq? nl n2)
(1ist n2)
(let ((p (try-paths (kids nl1) n2)))
(if p (cons nl p) #£))))

(define (try-paths ns n2)
(if (null? ns)
#f
(or (descent (car ns) n2)
(try-paths (cdr ns) n2))))

] 22.1: BRAEME IR R

i e PR LR T A P B OB R 4R o T H 2E450F choose, LEBEHRE]— 5 2 n, 15 n 23K
TR HARTT S — 2 B% . HARBENERY 0 FRATAT LAS B A 5L HY descent MUAS, WA 22.2 fiTR .
22.2 WA I W KA &R B R B AR T AR A 1 e REIXIES , B R TIXAEAY MBI : Bl choose
CAEFLEN T — D EA MR no ARIATIT B E M AR T, AT BRI AR E A R EX — i B
choose £ TCEE MR RETE K LAY, BIF R T RESE & R I IEM n fELE B OF8 5 B TH RIS R — U
IERATCIR (fail) HiZE R & M
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(define (descent nl n2)
(cond ((eq? nl n2) (1list n2))
((null? (kids n1)) (fail))
(else (cons nl (descent (choose (kids nl1)) n2)))))

P 22.2: AEAfEPEIMHE R

XFTF choose HIREST, M AT Ut Al 7 ) SE B - BV AE R B0 RO s, E RO T BB 2230 18] 22.3 FE
A XS R B, EATRERS R LN RO NS T M B A T AE58 — 1 B %L two-numbers
S, AR E PR B B B E NI — N IRR L. M IRATI parlor-trick HYNIR, &
2l H two-numbers KIS EX LT . 1HIER ,I‘T: two-numbers FF R [ I 4% , ERATTC G
28 AR e 2R E 2 Do

(define (two-numbers)
(list (choose (0 1 2 3 4 5))
(choose (0 1 2 34 5))))

(define (parlor-trick sum)
(let ((nums (two-numbers)))
(if (= (apply + nums) sum)
‘(the sum of ,@nums)

(fail))))

] 22.3: 757 BRECE RYIERE AR E TE RO PR R

HJE choose i FU A DB IE SRR T H P A AT A8 20X AN TH B R & DL 26 TP 3RATTAT
PME i choose, 5 LALLM AEIN LM 1E, choose IR LA SH RMWAFAE. FILFA]
A BEBUE— B 5 4 B IEUFAE S TG X RN | choose B H ESAEH IEHHAAE M, SEhs LT Hl &Rz
Xt

> (parlor-trick 7)
(THE SUM QF 2 5)

TEMR SR8 2R (A8 Common Lisp W& HJ find-if BRE—FERESE TS o IR AEME R 2R A T4
DUl EWE > A AATERRIE IR #13 B — > — it ok 2R B BRI TTERYE 2 choose FIfE
G IE AR R AR AR X BIAET : choose X1 T ke FIJIRAEE B 2 L& B 1IR3 R . AEHENE choose FI LAK
EAREREILHFNG . MR RIETE— S K EFEL choose il H TCRUER I F4F , FATTAT LAF(E choose H
CLAITE Q) s E H X REAE I . IEANFRATIFE parlor-trick — I H FT WA, EEFEFKANII choose K1Y
PRECHIR I 2 5 | fail HAERFTIIAREIE T LA

A, TR R MO & £ AE Prolog BEAT RIS 2 oy, AR 28 1 2 i LAAE Prolog B BEK 2 i Y Jit [T £
T X TNET B — MR B e FUR I T A B EE R i —4 e i i IEm e MR 735, TR
A& UGR B BT A WA 345 2R Prolog WA BE T AL BRI I AR FO 45 4, B W E 15 H — DR/ TE5T K
RS

FF| descent MIEE— V., Al RERLANE B IFHEFP R S8 — ROV ZEA 2 - B 2 IR AL 5L 56 i TAERY
We? A IFHET — 1, TAERAEAKA T 52 H R IR TSR T o 5 223 WA choose 5
W, IE 4 A IEAEX A S B B ARG 7 BT 2 SE B (s R T

XL RN T BB EVEVE A — R R T BB R SIUFHHIRMIEE S MR T BAUUEIRA T

1T Scheme B TR EZHOR IR (LA, Common Lisp ZERRAE IR 4 7 2 47) , 1X U JT Al GES2 IR [B] (THE SUM
OF 5 2)o
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T RIS, R AR AR E AL R H SIS B, SR A AR E N RIS A LR I B
DIABR  TEEsE e — [T vFERE MERIE 5 R TR Fr A GE R LR A F 450t

22.3 Scheme I}

X 2R LEAE (continuation) AN RILIAEEEMERT . & 22.4 /& choose M1 fail ] Scheme SEHA o 7E
KR LT, choose Fl fail F IR E o AT, — A ] ) Fr) 48 A2 P A0 00 BR 2 65 11
F A REAESERTIL AR R UG, AR S0 HAB A 2R . X 2845 Bt ASEIE Y LR AP AE 22 SR AR
Ei*paths*ﬁﬁﬁﬁn

(define *paths* ())
(define failsym ’@)

(define (choose choices)
(if (null? choices)
(fail)
(call-with-current-continuation
(lambda (cc)
(set! xpathsx*
(cons (lambda ()
(cc (choose (cdr choices))))
*xpaths*))
(car choices)))))

(define fail)

(call-with-current-continuation
(lambda (cc)
(set! fail
(lambda ()
(if (null? *pathsx*)
(cc failsym)
(let ((p1l (car #*paths*)))
(set! *paths* (cdr *paths*))
(P11

] 22.4: choose T fail /] Scheme SZFL

fE25 K% choose [M/2—" 144" choices B@ﬁﬂ%@,ﬁ&%ﬁﬂiﬁiﬁmﬁio I choice F&Z ) ,%B/A choose
WA fail, JFE S E L EFTF 2 B 1Y chooseo WK choices A& (first . rest) HIIEZ, AP
7/, choose 2 H G E I H rest M AIZEHEHE A *paths , SAFFHR A firsto

L2 T, KAl fail BT —L48, BRI *pathsx S H—PELE SAFHAE . WRZ TR E
HHMTE T, fail MR BIFFS @ Aid, B /RS 1 A S B A5 508 1Y) R 0 [PHEIREER X DS oA S
EAENEIUTHT—IK choose IR [FMEKIR ] o AT IEAREA AT ZHE @ HHR 1 F] toplevel o X H Y
SRR BN WA cc FBERE X fail AT AR LEEE T AE M fail BT AT AN A A2 toplevelo
W cc, fail AJLAE R [FIEIRE

] 22.4 HYSEBIHE *paths* 24 JlidkoR o AR SCE BLIAT B 24 2K LA 40 it < 565 T A B e B P43 i o
IR IXFhSRIE B FR A 2 0 18] = (chrnonological backtracking) , Fo45 F s A E [l 23 [A] Hp B VR FE L5 48
Zo B E XA SR iR E R R B LRI & R . Floyd KT AR E M AR
ZE LR SO R B AR R “AEAfE I B X B T BIRATE 28— S E PERFIT S (parser)
1 Prolog HLIHT, A P S0 Y SE AR AR FEAC e 2o AN, B R, 18] 22.4 FFARME— R SEHL,
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EREAN LD IERA S BUBBRUL, choose I IZ REMRYE LR W T H AYFRIR RILFE XS G0 EAE AR
— N B ERAY G, BT IX LERUA Y choose Tl fail AR IX N EITCEA LT .

ESER ST o {0 5 P B A (o R ] 22,4 vh SN B RO TR DS S IR, [R] I 1308 48 2% 23 (] L TG
SRRl IR B 25 T P L e NI XX — SRRV 2GR 3 AR B R — TR S RN T SE L
1EFY choose 1 failo

22.4 Common Lisp S5

X544 B A a7 F Common Lisp SR SEIR choose Tl fail —FRIIE o IR AE LT TBERIHY, call/
cc fEF34E Scheme LTI RERR 1M 25 26 SEBLAERREMENL S o 20T, AT TR R AR E LT — g
FOMEG:  SRAE L B 25 BRI T o 7 Common Lisp H, AT LAHAESS 20 125 1 continuation-passing 7+
KELIE o (HBIIXLE T FRATRELS AU LE _E—5 11 Scheme MUARFHHMER —LE [ choose , (2B 17E
SEBRAE T RO — R

(defparameter *paths* nil)
(defconstant failsym ’Q)

(defmacro choose (&rest choices)
(if choices
‘ (progn
,@(mapcar #’(lambda (c)
‘(push #’(lambda () ,c) *pathsx*))
(reverse (cdr choices)))
, (car choices))
’(fail)))

(defmacro choose-bind (var choices &body body)
“(cb #’(lambda (,var) ,@body) ,choices))

(defun cb (fn choices)
(if choices

(progn

(if (cdr choices)
(push #’ (lambda () (cb fn (cdr choices)))
*xpaths*))

(funcall fn (car choices)))

(fail)))

(defun fail ()
(if *pathsx*
(funcall (pop *pathsx*))
failsym))

& 22.5: JEEVERAERF Y Common Lisp SE30

& 22.5 H14&—> fail ] Common Lisp SZ30, LA S RAHY chooses HH1—> choose ] Common Lisp iiiA%
FIE H) Scheme A LE4s1/ NI IX o Scheme HY choose 155 — 124k, BI: — MR I 513 , LA IEFRAE
iR I1EME . M Common Lisp MUAK ] T progn HI1ETE . CJaTH P LAMEREZ M 3KIA choose 43 I\ HLIATIE
H— AT SRAE :
> (defun do2 (x)

(choose (+ x 2) (* x 2) (expt x 2)))

D02
> (do2 3)
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5
> (fail)
6

E toplevel, AT Lj?ﬂ@?ﬁﬁ%@%%iﬁ%*% y Ei@ffﬁﬂﬂﬁ%ﬁ?&%ﬁ@%)ﬁo ’Ei *pathsx* ?ﬁfﬁ %ﬁ%
A ES R R BT REREIE A 2 A AR choose FRIAFHYME, 55— AT HOR
{8, B T LA S B R AF AL *paths* Blo WERFEFFAEXZJGREE] T fail AR ARG — T HRAFHYIE
T M\ *paths* K SXFEFITIGI A EEBUAEL AT LR TR RIE, fail 2R B — M
TREE :

(fail)

>
9
> (fail)
@

FER 22.5 1, RSO RN W4 failsym, BOE SO T 75 0o MURIRATEHE o VEO— Il IR 111
B AP LI failsym B8 H gensymo
7 A ETEREEEARIEAF choose-bind HYSEILH T — DR —HERE . BRI — 155
— RIS I — UK. choose-bind £ XX PMEIEIAI S FRIBAT choose, SR JF AL Y
HIGERR5 £, FJE xR AR AR :
> (choose-bind x ’(marrakesh strasbourg vegas)

(format nil "Let’s go to ~A." x))
"Let’s go to MARRAKESH."

> (fail)
"Let’s go to STRASBOURG."

Common Lisp [ SZ LR A MM IEREBAERF B9 I KU &0 T 77 (8. /RPT LA choose-bind iA%| 1 choose
—FERIRCR A
(choose (foo) (bar))
FIE AR
(choose-bind x ’ (1 2)
(case x

(1 (foo0))
(2 (bar))))

FUATLAT o (R UERAEIX MG LT BA A — D BT A3 R e A m] 3t & B 22, 2
Common Lisp HIESHGAERF 8T AL BHE R 7L DR G HIZEE . choose Ml choose-bind fF
N AECAIAERRE X AREIRIE T R IT o TEEE], XD *+paths* B2, fEX 4D
ORAF TR BRI AR, AT RS T2 A TRFE A R Y BT AT A05E o 28BN, 78 T Y Sk 50
(let ((x 2))

(choose

(+x 1)
(+ x 100)))

4 JA I Z A B e IR T 46 TSR 2 T E xo 1K IE AT AL choose BB S LB A AL —
> lambda FE =AY JEA (e BTk I 5 S5 R AT

(let ((x 2))
(progn
(push #’ (lambda () (+ x 100))
*paths*)
(+ x 1))

AR BT , X SR AT USSR AL O MRAERF AR (£2i1) A (choose) ZFEHITHT.
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TRAFAE #pathx EHDNZE— DS A48 x F8EH AL X2 T2 6 AR O e Y 75 22048, AT LU
IX— it Scheme 1l Common Lisp P& HIIESF AR TE L _ERIASRI Z 4k .

47 FKA 1A choose Fll fail F% 20 T continuation-passing 7=t , IS A F5 1A TR AT LEAE AR F *cont*
A — MRS —FER R AT T ok e AR =defun d5E LeR L, [FIN ) =bind KA EAT, MM H =values
SRAREU R LB IR FHE, B AT AT AZEAE 1 Common Lisp #2370 X EAEHEMERIPLE] T

(=defun two-numbers ()
(choose-bind n1 (0 1 2 3 4
(choose-bind n2 (0 1 2 3
(=values ni n2))))
(=defun parlor-trick (sum)
(=bind (n1 n2) (two-numbers)
(if (= (+ n1 n2) sum)
‘(the sum of ,n1 ,n2)
(fail))))

5)
4 5)

[ 22.6: Common Lisp iz “ft 7 BRECEAFILR”

FEIXEE LR BT, FRATTAT AZE TC [RGB A 7 IR A 8 M 1 145 R AR AE 7 R BRI 7 17 [ 22,6
HE/R T Common Lisp A parlor-trick, HiiR 2 W EAE Scheme B —#f, BiBfT1EH

> (parlor-trick 7)
(THE SUM OF 2 5)

XA R B LARB IR AR 2 R ki
(=values nl n2)

TEWIT choose-bind H#E Il T

(funcall *cont* nl n2)

M4~ choose-bind NIFPHEIT L 1L, B A EHPARAF A R body 5L AL LR TR ED  1X
SEAR AT +contko

TEfEH choose\choose—bindﬂilfailii%%FFZ?ZEE@ﬁ¢ﬁ#M§%U$DE§iﬂl5EPEEE%ﬁ%E@m§%U5344$¥E@,E%%?Tﬁ
@*%@%%&ﬁ%memmym%%oR%%ﬁ%%@izﬁ“ﬁ%%E*¢W*ﬁ%o%W@
RIATIEEASE Common Lisp B RIIALEAYIE  IXLLeF g b0 LHRERE A HEL

> (choose-bind first-name ’(henry william)

(choose-bind last-name ’(james higgins)
(=values (list first-name last-name))))

(HENRY JAMES)

> (fail)

(HENRY HIGGINS)

> (fail)

(WILLIAM JAMES)

FIFIE 4 XA S5 R AR TR e R
FESS 20 B5E LN BRERFRELE RO A B sREAIBUR o 35X MR TR E IR 1,1 =values
FIEA I BUAE choose AT, SUTAMAT A ol &1

(choose (=values 1) (=values 2))
AT LAY {H

(=values (choose 1 2)) ; wrong
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AT (FESGTHIEYH] T, choose HYBIT 20U ETCIEAE =values JEFF AR xcont* HYAL HESLHIHT. )
SUEIRATIE RSB BGX A H /) AR A 20.5 Pz BUAIBLEER ], Common Lisp BT & I FEHL G 2
FIEAE Scheme H—H, IEH TAE. 518 22.2 H1 Scheme S IR M1 Z BIEARN N, ] 22.7 P FT7R
A2 B Y Common Lisp fiAs . Common Lisp W descent =M EHY Scheme WU EIFN K1), RE € B4
HRP R, AR A5

> (=defun descent (nl n2)
(cond ((eq nl n2) (=values (list n2)))
((kids nl1) (choose-bind n (kids nl)
(=bind (p) (descent n n2)
(=values (cons nl p)))))
(t (fail))))

DESCENT
> (defun kids (n)
(case n

(a 7(b c))
(b ’(d e))
(c °(d £))
(£ " (@)))

KIDS

> (descent ’a ’g)

(ACF @)

> (fail)

Q

> (descent ’a ’d)

(A B D)

> (fail)

(A CD

> (fail)

Q

> (descent ’a ’h)

Q

¥] 22.7: 7£ Common Lisp AR EMEH %

MAEA T Common Lisp Mz 955 FH TE s REMCIRRH & R A9 22, TN A A m ) 1. BARD7 02 )
5T IR LAAD  ABAT LA I A S S5 IT KA A —HIELRR AR 22 ATt Ui A5 38 2 B 1 XA [l IE
ARHSH . IR B 225 E RIS 7 — B2, RATHLRERS FH — LR MR 5t —1> ATN Jmitds (56 23
), SRR DUAR_EAI2E 5L Prolog (55 24 ).

il T choose Y Common Lisp F2 /57 /£ 4w 15 HIIHE L ZFT H R VAL IR FU& N TR P s 1T
S HE ARSI EN TR R AR o BRI R I H SE R AR IR 17 (B R (B B B AR IR [
HREMR] TR0 fail A KAR . BURABATREE UL FRTF b RS ) H ok .

22,5 EEL

AN S EVRFRATAN I AE A T IR0 PR Y Scheme F2/7 B FHIREL (cut)e A cut —3°K H T Prolog,
(ERXTHERE R, B AR BE AR &R o ARAT LAMEAR R — M EARR E M £ RO R i B8 i
E5 N
WA Prolog ZEfikBE , W] LATE 2% 5y M FRAR AL o 1EFRATIG AR — D BLSLA NG A0 7o (BURAEAHE
AU A ] RPRE AT — R s S o I —/ NI BOE A Bl G T R A AT AR se e O
THIGR A R BRI 2 FRIHE PN R B &k

S LE  JESCN “Chocoblob”, &5 3e Jifil . AR 1 B, #2635 AR L SKIT e O “EAHE
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TR A6 ) KR T AN T ARG B NZIRAE T & o IX AP RIS 1 it
FHI R, AITC i, A TR O Rl R, A Fef A ROE T B MRTHEZRTE
HEARE, N EMSA A&7 HEARIMTIAAE M, oy 21— B
BT L B RE T &, WA PRI N A A & 7, RO B M i 2 A — AR
BT BULBLRANERE, WA AR A

RAL AR IR R R A — 0o X TAE AN AR, P8 SRR S SCAEAEAFAE Y AR TY 2 A AT YA
FR AT R AU G A AR R T T Y R R A kT BT A T AR TSR
TR TR R e R AT AT AR I, IR R A RE T A3 T, ] S
YR T ARG A A 75

R A SE B B A P PR AR RIE IR0 AR R C BTN B 1, ARt ) LABEAT— s, (2
B ICARBIAERS BRI R LA B 5V EARIC . AEAEAERE R B 7~ B FRATAH IR AT AR, ]
R ENTT B XA AR IC LT 1o ARMEI IR BIARTELIEAE Prolog HY cut A2 T4 [, IAAXFf
PR R e AN R A PRI RV ERE B, Dt A TR L o B 1

(define (find-boxes)
(set! *paths* ())
(let ((city (choose ’(la ny bos))))
(newline)
(let* ((store (choose ’(1 2)))
(box (choose ’ (1 2))))
(let ((triple (list city store box)))
(display triple)
(if (coin? triple)
(display ’c))
(fail)))))

(define (coin? x)
(member x >((la 1 2) (ny 1 1) (bos 2 2))))

] 22.8: 5 RIS R

K 22.8 FFAURE P AERENE T AR R T — DRUSE N ZEAE RS . Y — DR TR T R e R
N (city store box) B3 o WIRG B IHATET A, LG SHTH—1 ¢

> (find-boxes)

(LA 1 1)(LA 1 2)C(LA 2 1)(LA 2 2)

(NY 1 1)C(NY 1 2)(NY 2 1) (NY 2 2)

(BOS 1 1)(BOS 1 2)(BOS 2 1)(BOS 2 2)C
@

LS INAE A B R AT AR B DA A R B TR TR B B B AR AF mark A cuto 8] 22.9 JB/R T —Ff
FESCEAMTHITT Bio AR E AR B R 8 Y SE B AT 256 &, FRATTAT LU AT — > SE Ik B g 2 (2
SR BB R E D —FMIC A B AR T AR choose HYSEIRANTT o 8] 22.9 F 7R Y mark Fll cut i& T
TRIEAR eI 2257 choose SEIE (1] 22.4).

B mark, W A B R IEARICAES] *pathsx B JFE R DR, BHPRAEIABOA 1 A T B . I
H cut il *paths* —ELRHE, 2 H FoHE A RIARIC . (HA, AT ZIA 24EmbRic e 2 JATA
JUANIESE, tean i, iF AT ToT LURAF S m, (R IX AR IS, AT T EES fail, i EAEREE] m 105 200
Bo 5 REME—FNER, 2/D0A RIS IERNTEEN fail, BHle: KA fail A5 XFEHNE, W
RIAE—Mrid E&RAT fail  ibEHHBCHATLLT .

B 22.10 H1 RN T 0] {5 X AR A SR X A8 AR B R B 1 P A R R R T BT . (BB O R T AR AT
-5 B B e — DT B I FRATER S W mark o« TEABI , *xpaths* A —PDEHE BIRFE
R ITT A ZORAS
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(define (mark) (set! *paths* (cons fail *paths*)))

(define (cut)
(cond ((null? *pathsx*))
((eq? (car *paths*) fail)
(set! xpaths* (cdr *pathsx)))
(else
(set! xpaths* (cdr *paths*))
(cut))))

22.9: MR PHEATHRICABT AL

(define (find-boxes)
(set! *paths* ())
(let ((city (choose ’(la ny bos))))
(mark)
(newline)
(let* ((store (choose ’(1 2)))
(box (choose ’(1 2))))
(let ((triple (list city store box)))
(display triple)
(if (coin? triple)
(begin (cut) (display ’c)))
(fail)))))
Figure 22.10:

] 22.10: BYRCHIAE A S R

IARFEAHE DA RS T, 0 cut, E2il spaths E B Z B HERICHPRAS . ST IRERIRCR
ELEIN A fail RURHRABER HiK . (HEE] TAR AR, 7E display ZJ5, T fail 2RISR
FLE 2l INZ N choose AR Wi R AEAR ZX F BT T SR AT IAAT — L8 BAT Rl A TEH 1, R M. 2

RAE :— HE TAREM A ST, AT T — MR AR ER AT R, ar

> (find-boxes)
(LA 1 1)(LA 1 2)C

(NY 1 1)C
(BOS 1 1)(BOS 1 2)(BOS 2 1)(BOS 2 2)C
e

FEARGI, BTV E T-E& T, AR+

226 EIFMIFEHREN

TRRETE Y B R AR e BOZOR UL T B 98 it , LA SR AR BRI F2_ETC e B o 18] 22,11 A B — 8 2R
AT R YFEFAE—F T a 18I 5 45 e W12 EAR R B A AT REFE A I (a, b, o) FRHIERR R 7220
BRARX A B E MR R TRENLEIE, e R Bl UG T A PRI 422 , 5 A2 T 25 38 S SEAR 2R

Mo WP 22.12 B, 72 path BYSEER, AP 1) FEAL SR 8 00 1 3R

MBS B3, AR E MR % AT ALEFATTAS 25 RS ERE  R A [ 22.3 FRE8 HI Y choose 11 fail HIRIELL
Fo LR TCIE M DR (R T, (B F AT ) BEOR B oA — LR 30, R4 3% 2 R ARRIEYE AT choose
RESS A HAT R AT TS AR RRIERE S R, BT LA U B0 0] 7 IR E B I 32O AR 30 T IR BE B IE A AR

] choose W1 , FATHLRES 1] 22.13 FRARKE , 5 Hi TE {146 FEIEMT Y patho

A SLEH— D IREE L2 H choose F fail HISEI . 18] 22.14 W ELIERYAERAENE choose F1 fail B Scheme SE3N
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& 22.11: W ERI A T ]

(define (path nodel node2)
(bf-path node2 (list (list nodel))))

(define (bf-path dest queue)
(if (null? queue)
’Q
(let* ((path (car queue))
(node (car path)))
(if (eq? node dest)
(cdr (reverse path))
(bf-path dest
(append (cdr queue)
(map (lambda (n)
(cons n path))
(neighbors node))))))))

& 22.12: B EMEIE 2

(define (path nodel node2)
(cond ((null? (neighbors nodel)) (fail))
((memq node2 (neighbors nodel)) (list node2))
(else (let ((n (true-choose (neighbors nodel))))
(cons n (path n node2))))))

P 22.13: ARMfEPEE R

o RTEREMAEIET TAE. HELEEMAAEHE I EEREL BT A, 4 T IXAWRAS ) choose H11 fail (172
Frt—EREHENE SR, AT IX — mh 2 32 B R A R o
[ 22.14 H17E LY true-choose MR IRAERE IR AT F1IFE 4 il — D BASIREAE . FIIL, ff FH true-choose H
PP AR ZS [ T AP 244 T AR SE Y o B Y R BRI 18 s A I3 5 B — I AR X R Y B2 A T
SN EI RIS 2B SR 5Tl o (Scheme [ map HYIR [AI{E A1 Common Lisp ) mapcar iR [FI{E & —
FERY. ) SR)E , 2 B —HF M failo
MR TIX A choose, 18] 22.13 HLiE SLH path BEREHE| — 40812 1, 238 b, BB R B IR R,
RIS 22.11 AR EGM a 21 e B9ARSRER 12
HBINN TN B E BN RFELG T IR Y choose T fail , HSLR A BIRA B H 1o FATARELULA
FHESIAGRIE A IR, A6 d A5 S iR SR O E . 72— L85 Gt A I St
P BRATTREAE AL — DB, S RE B E R Bk — BT BB U 327670 H S HENE LR IR,
B2 E R RAER AU R IE T, 20N MG A RIER . NP PR I T IR KRR E b
IADI T B IR E T choose T fail 3 ] o
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(define *paths* ())
(define failsym ’@)

(define (true-choose choices)
(call-with-current-continuation
(lambda (cc)
(set! #*paths* (append *paths*
(map (lambda (choice)
(lambda () (cc choice)))
choices)))

(fail))))
(define fail)

(call-with-current-continuation
(lambda (cc)
(set! fail
(lambda ()
(if (null? *pathsx*)
(cc failsym)
(let ((p1l (car *paths*)))
(set! xpaths* (cdr *paths*))
(PN

& 22.14: choose ] Scheme AR I HHSEER
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&£/ ATN 24T F

e B4 S R R, B E RS0 H758 (parsen) SCBUIR — A SRR . 30oi S— A0
SRRRRAR 42 ATN 4M0758, LU BN LRI Fm AN . 55— H04h 20t — > ATN G 88, 514
PR 2 SRR — T SRR R EAT . BLR B JLA N T R — 1/ NG ATN i3, S8R
T CAESBRA A T 4147 — BERE A

23.1 HEIH

I FERRE M 4% (ATN) , /2 Bill Woods £ 1970 4R Y —FhpMr it EABZ S, ATN £ H 415 & 2 Mréits b
VER—FIE AT, B A Sl — AN IREERE'S N RE A AT B S S35 119 ATN 5
o HTRXAER, MTEEAYR IR ATN ZJ5 , e 2 Hiko

£ 1970 4R, — BRI STE AN ATN A8 H A I RES MO IR R A B RERVRE P B — 8 r. RERTE
A HIEFFA X VLA R AZZ A, AL ATN B AR T K o B BB VRTS8 1) 7R 24
71 AR A SRRE AT B P & R ) 7

U IRARAESF T A PO BRI A0, ATN BERER i -

1. (PR T3 SC A FRAR B 50, EE AR A DA 24 S B 8 28 i o
2. AR EIETIRAERTRIA o HEInid A EA N BTN —HERER AR W DA TRIE R A 7o

3. EAMLGE T 938 , s HoAtl S W WP P g HITBA S WRYTE = o oI, ATN SR W] RETC 4
R AT AFAT IR T A HITE =, 0L T 38

4. AECNENTEGEREIER TAE. R— D e B, A EZSREAE 90% MIFHL FIEH TAERENS T,
A2 ATN 2R LAREAE o A4 ZOREANREH 22 2 1 28, IR 2R %5 e E -

FRUE AT RN ATN VR REAE R 2 M0 IR b b0 J5 S50 o7 P2 0 P MO T A, 0 AR
RO SR A P ATN SCEIFHE T PR 560 O s PR b s, LB —
F a2 I SR BT LA T

23.2 Rk

IR ATN B TAEMLE], RATE BB L — N e 247 B M4 (Augmented Transition Network).
FIr B RS I 25 2t A [ IOE R R 1 — 40 55, MARA EFT LA BB —Fhimfe o Horp—7 sk
FRE IR p TR 2 HAh T SR E R EETY o AN R A Mt 2, FUR X N A 2 (R il 2
HIIHE RS A REE X SR BT fe 58 AR — P8 - — a1 YRR iR i Fest . 1R

YEETEJEHTIE S (inflected language) , /& 15 5 o H HIMES: , 15 R 4 B3 A AR A i B AT AR B 5 A AT I AR o DUBAT S F 2
A S BRLa] Y SR o B R A A T T 15 5 U S AR B R 0 JE BT ZE AL (inflection) SRFEINA) T H AYTER G &R, Lh sty T 1EA1
i, BARTHEAREITES AR RN EMREE SRR 1 WA AFRACIR “45” B94810, E4&H he £l
FEREHY him, JEIEH hise S ATRIAMRAHTE , (02 R A ZE S 30T AR R R R ZEAL (R AR A 7 o7 B % A R R Sy

211
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PRI TR SR MR EH A AT BE . (RS M5 A ) 7 B AR SR R B MR AT UERI A
BT SRR AR X RE R, BT RO S PR B AL
ATN FEIX AU AR B3 A T P~ -

1. ATN G e W aa A 251 slot, & AT AR R A T AR Frfa B A SRAF R AN
B T REREAT AR 2 O IR B E AU MCET A H BTN A

2. ATN HYSSHRT LU VT BT A8 JI0nT LUK FEEER : AR B X 455, 7 A e 0 RE e A 1
[TER

T 5T R (6 P 3 A o R BUGBE ERSE S B R G FFIR [0 X ha 8] 55 R Y 5 U s AR [ (Y
TAAEwE B Lhr b BT ERAREAEFENEZ N, ATN B917 087 0 s B m R = R

P 23.1 HE LHY ATN JLP R R LA ATN 1o EREZMTIEAN “Spot runs” (“HIFL) Stk ) 194437 - 3
RLA] T IXRl ATN 1Y W28 2R AN1E] 23.2 TR o

(defnode s
(cat noun s2
(setr subj *)))

(defnode s2
(cat verb s3
(setr v *)))

(defnode s3
(up ’(sentence
(subject ,(getr subj))
(verb ,(getr v)))))

K 23.1: — M ATN

& 23.2: i ATN -7~

24 ATN 7T A JT ) (spot runs) I, EAEUME TAERWE 2 25— 717 i —4<HH 9N (outgoing arc) , B35 Ui
AR (cat) , IX SRR T A 820 IXZESE BTN - AR Y B SR IA) 2 A4 3R A, AR AT LA
SRARIET TR 1, YR 24 7 35 (RN *) PRAFAE subj ZF7asHo DRI, 24 B 15 A, subj WA
WAL T spoto
SR N R Y BT R IR . ETFIR R, BF 1R A TR — DA EAIT cat INATHHE  F5 51
Bl — A Eie R, AEFRATTENIA s2 5 fUAY G, 2 5 0228 ol 23, B runs. 25 2R 9NZAN
B, AR AT EERBZNH. LT runs, O CRIFAET o v B, SRR
EFT 830
i — D1 A s3 L, HA—> pop I (BFRAZEIN) e (F pop IREY T S AMNEI L & B ZR) . HTIRATTIE
UFAEAm I AP 23358 B8 IS 1 pop 9K, At EAFRATTHEA T O] 40 A 2 B ) - Pop FIGE [l Y& — 1 5|
IESv
(sentence (subject spot)

(verb runs))

— ATN 25 B ST H 5 BRSNS 8. — I HR AT SETE 8 ATN, I RGOS P RIS AR A
SH AR AR RS LU SR #3758 5 ridfE@ i, B IR SF A TR 21
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%o IEIRNTE— RS A IRREIE N IS, K il EiE R A T RES A 2R IR, B Rh g A mr
RER A7 R RMIELL T Ko RS W, BALEE R DX PP A 1, B RE S Hridk I -

“the key on the table in the hall of the house on the hill”

23.3 IEfAEM

S TAHEXA R R 7 BIE RO A ok, E2 ATN BIBEAERELER . — DT sirT LVA 2, T
R g YA A AT AR 2 — S AR BT RAY 26 PR 280011, — MR FERY ATN BEZBERE A o7 8 f o RE
TR i LASE— DA R E A TR AN cat IR, 5 4438 (T RRE ) Mshia (3T a).
SORA)FIT LA B2 “time” Te 2 “time” BE A2 4430 SR B3 43 s A0 e HE 2 R4 9 e 2 ARk ATN
e AN RE 097 2Ga TRy AR L il LA 0 A die B 2 4 21 E AR 69 IR 2502, ARV Ik
AT REEBESEEAF IR A ENTRASBOEH Y.

SEhR b oA AR O AR . B URAETCHE AE BB 3 5E 14 N IDILRESS RO ATy | aeied [l 3 A 5
AOREIHERE T RIRS . A AL )m i AALHE B S ASE ATN St der= 2R AR . fr
LA, FESRS ATN B, BATa] LA A 73 e di REAS A H R BOZde e Wb — S e

B L (WP RZE0) M AR E NS BRR e BT R AEE , ATN — 6 Y R IR LB R
IR AL AT SRR 2250 W REIR bR TRRE] AT A 70 RIE A& I 8 2R)  HE BN R4 R 25
HRIATE Lo AN AL AR IR b, —FE T URGaS SRS Y AT 25 2R . IRATARE— T8 T
AR AR MR o AT RERIAR S o MR AT G SRR G HAY, AR ATKA T A S AR R H ALY
AT T WA BERT LA AT fail k54855 2 HERY )5

N T A AR BT G R A8 SR Y , R Py A 5 ZAE B SRR I A% choose Al AR A o TR AL
S ARME PR R ZRIUT B BRABESFRBEILAY , 3 AR Fh B2 1 IR AR E I
ATkt . ANid, ATN Ml Prolog —#F, RIESESEIMZH NAL T HISEITT = 78 ATN H, HE I AY
Ny S T A IR E LRI o (s X AR AL, R BUBE AT LRI e SR HEP BN Ze A E LT o

234 —/>ATN 4Ri¥3E

RO, — BT ATN B AT a = ER S A ATN AR B HIR i 73X 1> ATN Wi ds , i8 A — 1
AILA TR A ] e 2801, 45 Bl iRl B AT T LARTIE “run” S22 301 Ul 2 e 8 A0 55— 1%
BT BAEIX B (0 — A AR F Tl Bl g e FRATHA AR W 2 g Reds B 2%00 IR 3RAT]
241 ATN B #HlERL Lisp AAA% . 7EIX BLE/ R P PR ATN i 19 )5 A2 IX D7 e A
f9 ATN A2 O W B AHS 7 il 2 JOA PR, T A5 N 2 3% il R SR A ARG B o

96 B TR AU R NERIA T A . X R AR S RE LR BB T . AR B IR
AR IARITATIH AT IS AT o X FEAL IR BB SOAE T, ISR 1 (AL A3 , 04T SR IR ) Ze Rt o
DT RERE AR A B Common Lisp SEH% A2 function-lambda-expression 2Tz,

4 23.3 FELE T A RIRAE ATN 7 84808 Lisp AR o HA defnode MK E LT Al €
AL A AR A R , 52— choose, FIRAEAF AR AL YA g T I B o 1 R A 1
ZH0, 51 5lJ2 pos Ml regs: pos HIMEE LT AV ATRFT (— 1M HEXD), I regs & LU HTHY A fFav 2 O — 1K
R IH12R) .

7 defnode & M T N XA R A TR LAY KA o TR s A BOE SRR so XTI HILLE
AR URE A 5 AT AR R — BT B AT SR AR ZHAT LA T o X R & RE IR
PEZE RS [ P 7327 i S R AT 114 PR R 2 E 4 77 UK 6 pR AR Bl s e A T E o

P ATN I, T ZAE B RERD trace THo W17 mU8C8 1 BREL, BT LAt AN E B © 5530 trace 1o FRATATLL

2% E 1 L CLHS HF Function FUNCTION-LAMBDA-EXPRESSION —7,


http://www.lisp.org/HyperSpec/Body/fun_function-_a-expression.html
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(defmacro defnode (name &rest arcs)
‘(=defun ,name (pos regs) (choose ,@arcs)))

(defmacro down (sub next &rest cmds)
‘(=bind (* pos regs) (,sub pos (cons nil regs))
(,next pos ,(compile-cmds cmds))))

(defmacro cat (cat next &rest cmds)
“(if (= (length *sent*) pos)
(fail)
(let ((x (nth pos *sentx)))
(if (member ’,cat (types *))
(,next (1+ pos) ,(compile-cmds cmds))

(fail)))))

(defmacro jump (next &rest cmds)
“(,next pos ,(compile-cmds cmds)))

(defun compile-cmds (cmds)
(if (null cmds)
‘regs
“(,@(car cmds) ,(compile-cmds (cdr cmds)))))

(defmacro up (expr)
“(let ((* (nth pos *sentx)))
(=values ,expr pos (cdr regs))))

(defmacro getr (key &optional (regs ’regs))
“(let ((result (cdr (assoc ’,key (car ,regs)))))
(if (cdr result) result (car result))))

(defmacro set-register (key val regs)
‘(cons (cons (cons ,key ,val) (car ,regs))
(cdr ,regs)))

(defmacro setr (key val regs)
‘(set-register ’,key (list ,val) ,regs))

(defmacro pushr (key val regs)
‘(set-register ’,key
(cons ,val (cdr (assoc ’,key (car ,regs))))
,regs))

] 23.3: 7 RIS 2 126

N A Lisp PRAL trace. WNFISH 183 TUHEHEIAY, HE M =defun & LT &, HUSMAE FATAT LA it
iF Lisp (trace =mods) HXI 7 i mods M4 HTIEREIEAT traceo

T o B SR BT ) A% T A R Y T 25 2R (8] ) ACAS A i AAE defnode AR YT sl &L o TR,
B9 R IR R R Ao 7 AR, | 23 A7 s Bl 38— 19 5 BBl FRAT choose {8 HTAERE R AIHL
SRR X AR — AT AN R IAX A JL A% H I 9 5

(defnode foo

<arc 1>
<arc 2>)

LA AN T 2T R ARE L

(=defun foo (pos regs)
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(choose
<translation of arc 1>
<translation of arc 2>))

(defnode s

(down np s/subj
(setr mood ’decl)
(setr subj *))

(cat v v
(setr mood ’imp)
(setr subj ’(np (pron you)))
(setr aux nil)
(setr v *)))

B EIT Ik

(=defun s(pos regs)
(choose
(=bind (* pos regs) (np pos (cons nil regs))
(s/subj pos
(setr mood ’decl
(setr subj * regs))))
(if (= (length *sent*) pos)
(fail)
(let ((* (nth pos *sentx*)))
(if (member ’v (types *))
(v (1+ pos)
(setr mood ’imp
(setr subj ’(np (pron you))
(setr aux nil
(setr v * regs)))))
(fail))))))

K 23.4: 17 S ERELT 2RI

K 23.4 WoR 1 23.11 RSN ATN 7 BLAE — 0 s 9 22 R IT RIS BOBERE . 24737 s pR 4L (A0 s) AEIBATHY
B A, S AR E MR M — SRR B IS o pos Z2EUIGS RAERIAAI T AU BT ALE 11T regs NETL
FERi b YRS R

RARAETRAT T B A B AR BT~ H BN cat IRESK Y BT A4 A FRIREIE B BRI 1E cat PN BEEL
PR 55 * S0 E 21 T A4 BRI .

i down xE S push 5K, WSRO 7~ W0 28 1 38 FH BE DR ol o JX SE5ReR Bz A HAR T RN 24 B
1535052 7 W 2% HARTY 2 sub, A AT RIZ5 09 F 79 20, B next o YERRR], BARN cat AL A ALAS HE
W T MZE AT —5 50 AHZSN push S04 A ARSE T2 =bindo FEARZEELFE F push JIFE A1 17
FURT REFP S I H M T 2532 0] o 1 regs BT AT IIEEHT, —4UBT I 2= 5424 (nil) #% cons 2 B HTH]
Tl AEHABSIY AR SN R AR TP 75+ AR E B A Y BT 50 ASEAE push 90 * A
P B TR [ Rk = b

jump YRR AR T R RS — R AT EARIEE] T HARTY R ORTR BT A R R AR S ROA TR T
%3,

5 — PR RSO pop 9N, X FPAEFE I up E Lo pop JIUE LA T WK, JERAE TS 1A HAR T .
Et@?ljspl%]return§E{u,returnTE%%F?%#?UE@Z<5%‘*4\HZQE§Q,ﬁﬁﬁ%jiﬂﬁﬁﬁiﬁ,mipopﬁmTﬁﬁﬂﬂqz<5%‘*4\
A TR A 1] <P A7 1) push e pop YT =values “IR 1™ B2 /UL HY—1> push I =bind.
{HAEMNER 23.2 TTHTIA X7 A4 i 45 RAT— A58 1Y Lisp return IEA—HF , =bind B REUAE EMEEIAE—T
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SUEH T FE A E NS RINE Z J5 I B T &, EE pop IIHY =values 1t “i&[0]” {HIF NS AL
XA BEE

5 22 FARIA RIS CARRY AERRENE choose, 737312 : — MR T choose (5 201 T1), AR E TCIERIEAETY
A3 A AR N REIE W2 AR U — U2 1 true-choose (55 209 T1), B REAEA EA I IL F 594
IEH TAE. 2488, £ ATN FIFEA R REAF LR, At H B & 3R B 28 /AT — A I RE ot iy A T
BE IR 2 MraiR B ERIf TR AU HAE AR AN S A SR E T ROBRRREA Lo X B BATA A

ES
1 (AR A9 R A AR E PRI RAEAT (55 275 TUgR T T IR ELSERA) »

2. fHEHPLERT choose, AN Fig H - 40 AR A8 SR 28 A3 75 L jump JIUHERE IR DT B3R I 20X 28
SOREE R o

FER 23.3 KRR AT %

K& 23.3 Hr YR JE DA 8 SOE ST RSB i B A% IR AR T ar e 0 22 AEIX DR B, B frandl
A RIKEARRRH . ATN I R AR A R an 4, T — RANFF e e UathasiE A—"1 T M
i, RS T — 1P S T ar , XA e AR T O A a0 L. R TTie i, i Ay 27 A
MRS HRAE I — D RBER I FI R AT AERT

IXLETSE I8 S BT AF de PRV E AT R AR 4 1, B 2 B EITAIR— 5 A7 getr 12— a7 (T
i ; setr WELAT {4 ; M pushr 1 — MEMMAFFFd%.  setr’M pushr #F6EH] T IR N FF fran iR A2
set-register. ¥ EE|, FHMATERLFTIH. NELL set-register MATAKF, EHE XD
PR o

IXLE T AP A B AP SC 2 BRI E Y o “Cons, cons, cons”, set-register &/ 1/ XHENE T BRAERFIE
AR T, At A T K TE R e ANid, iEIN S 179 DURPRERY, W SRAE P 5 — B0 diss 1 — >4k
IE AR SAS BRI A BOAEX 0 B AN R e — D IEAEIB T HIZAR BN A T RER S — N IE
Bl AR AR e D rd R R A A o 52 H oA AR = R ai .
SRR BT (), FRATT AT DA BT A 2 DR AFAE vector BLTHT, TTANE RIKER B I HAE I B9 vector I E]—4>
7S vector L H o

push- cat 1 jump JNHSAT AL & 3RIA AR R HN N, ZEREALANT S E 2 setr H T HEXNE
I FRIB AT compile-cmds, IX 48 JLIEFAL INHT R IT R AL A — R Y setr HILE—E, N — 1 E0
I

> (compile-cmds ’((setr a b) (setr c d)))

(SETR A B (SETR C D REGS))

B E R IR B AN B G — 2R E B DS A e — P RE
BROD, ERLE regso HILHAL IRy B AR A — RPERA M S i — P R ek = 1X ikt
W2 iR BT AR LE A A7 o
XA REAE RS SRR R B 22 AR AT R B9 Lisp AURD , HEAIX L Lisp A% —> progn LK
FUATLA T o 285K 300 -
> (compile-cmds ’((setr a b)

(progn (princ "ek!"))

(setr ¢ d)))
(SETR A B (PROGN (PRINC "ek!") (SETR C D REGS)))

AT FLLEEAS I EY e B B AR RE VT (R RIFRAL f o BEMT YA R B R 22 RIHY *sent* Ho i&F
PR A A2 T LAY, 12 s pos , EARAFE S RTHVIATEET ; LUK regs , EBHRATICY T A BT A
AT Ao IXJE S A A A RAT PR A S IR B LE P N RES | X A it AT LA REAE B AT 1H
JRAE AT o

S LE: FOON getr MR LT IUYN setro
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7% with-parses &1L 23.5 HE LK, ELEINTA DN MEREF ] ATN. 2R, RATIOZAEL ERihTY
BB F D TESH I FIE L PO — MBS X BACHS A F with-parses MWiZ Q] AL 3R [A] 7 5
Mrefiit. KM L, with-parses [ RER dolist IXFHAERF EAL o SLBR b 72 C N EBIEAT I A & 18
PR AERAE TR B 2R . BRI AT SV EER S B AT with-parses FIAZ H AR AT — IR
RAE AN 755 parse M YPERI Y HTHIHT45 R o with-parses FKiAK IR @, BN IE
& fail fEGTIE ARG AR A .

(defmacro with-parses (node sent &body body)
(with-gensyms (pos regs)
¢ (progn

(setq *sent* ,sent)

(setq *paths* nil)

(=bind (parse ,pos ,regs) (,node 0 ’(nil))

(if (= ,pos (length *sent*))

(progn ,@body (fail))
(£ail)))d))

[ 23.5: toplevel 7=

FEBE— LW FEFRIKRE S SR (Y ATN Z B, LEFRATTSEH — T Z A& SCAY— 8 ATN 7 AL 90 M 45
ATN iids (8 23.3) ARSI types, it & T M IR MR TE T BT S 9 A6, BT AR AT 77 4
St FAE L
(defun types (w)

(cdr (assoc w ’((spot noun) (runs verb)))))

AN BRI T AN — P2 HL4S with-parses, A E:

> (with-parses s ’(spot runs)

(format t "Parsing: ~A~%" parse))
Parsing: (SENTENCE (SUBJECT SPOT) (VERB RUNS))
c]

23.5 —>ATN KJfIlF

RESRFATHE ATN Ziieas MK B R ERUGTHAE 1, 8 FORFT LA/ NAETT 7o O T ik ATN B4 de e
SCFRA ] TR T 22 48 AR ATN 45 A2 ATN Zwiseanoiie B e —2, X BURIR ik ds
Z P LA U A BT A B AR R 8 s B LA | AN 2 BAEALBRRE ) _E AR FRIE

I eI ALFRAE Fy (S ACFRE M X B) I8 E T8 AIEEE, BT X A AR A At AR AT S A — 4 B
HRASKE UL R, A 23.8 2I1&] 23.11 5 LTl 23.6 7R ATN (35 B —2H ATN)o X2 AR
FEIF B K 15 T BEAE AT AR A L B I 20 M ZE A4 “Time flies like an arrow” B | BEAS 1S H 2 Fh o0 #r &
WPRES A B 20 B 35 RO R 2 — DR KA IR B pRAL types (18 23.7) 24t 17— LA 1 14]
o g BLAE ST > 22 IR RR AR [R) IAEA Jal R — S F1 R OC ], S 3R th— el 2
TRDRS IS TR A A AE o

ATN 2 i ATN AR SRR AEAG] AT ATN 0 4 i/ M — 12 K 23.8 1Y ATN. B4
Mr B HTE B A5 AR B SR A A IR Y 45 Fr o mods 4258 — D, B — 1 & B4
T U2 mods/n, Ba A FHE L A s R B — g R

24N A TR S R A KA RELERE 7 B 5 TN A 2

1. AERREGRE P, AT DAt O e B 2L R o
2. {E Lisp 11, AT LATE toplevel HITEFRHLAE 5 11l i K 4L o
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prep NP omemmmmenl .
> pp/prep pp/np

noun _.----==gea.
-;~ mods/n Onoun

23.6: — LT K1Y ATN

(defun types (word)
(case word

((do does did) ’(aux v))
((time times) ’(n v))
((fly flies) ’(n v))
((1ike) ’ (v prep))
((1iked likes) ’(v))
((a an the) ’(det))
((arrow arrows) ’(n))
((i you he she him her it) ’(promn))))

P 23.7: RAEPE R3]

(defnode mods
(cat n mods/n
(setr mods *)))

(defnode mods/n
(cat n mods/n
(pushr mods *))
(up ¢ (n-group ,(getr mods))))

(& 23.8: &M 1R T4 5 1Y) 1R 2%

XS AE I, O T IRATREREAT 5 Z XIF R MY B - R ATH Lisp 5 s BRE e A0, FRATHL
LA — B AR, il e .

ATN FIREGUR P AE ARG, NE RSB BB  ATN R RIT R T BMEGURIREF o 1X ML A5 R
TR TT A FEE T ATN BYIF & AT BRI R ROk ATN, BB Ry 47
fF%Jwith—parsesE@?g**ﬁ\égéﬁﬁgfxz

> (with-parses mods ’(time arrow)

(format t "Parsing: ~A~%" parse))
Parsing: (N-GROUP (ARROW TIME))
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(defnode np
(cat det np/det
(setr det *))
(jump np/det
(setr det nil))
(cat pron pron
(setr n *)))

(defnode pron
(up ’(np (promoun ,(getr n)))))

(defnode np/det
(down mods np/mods
(setr mods *))
(jump np/mods
(setr mods nil)))

(defnode np/mods
(cat n np/n
(setr n *)))

(defnode np/n
(up ’(np (det ,(getr det))
(modifiers , (getr mods))
(noun , (getr n))))
(down pp np/pp
(setr pp *)))

(defnode np/pp
(up ’(np (det ,(getr det))
(modifiers ,(getr mods))
(noun , (getr n))
, (getr pp))))

] 23.9: 2 HIJEIE T4

PR R YW W 25385 B — B 1e, RO BT R B AR I . & 23.9 HiE SCAY I 59 ko
Hr 4 RS TE, E AT R np HR . AR 23.10 HE LRI NIRRT i TE . Z AR A T RE S A
R, IR BT VBT B A push 9K, 70503 55—~ k2% o
AR AT R K ST ap A=, AR EBEE] TR, IR A Rl LA
BEIHT A pron, X 2 1L B X4 -
> (with-parses np ’(it)

(format t "Parsing: ~A~%" parse))

Parsing: (NP (PRONOUN IT))
@

TN AL SRR A 719 5 np/det : — A0 ERE R (FEINK “the”), 11755 — 459N B e bb AL, AN
AN ZBUEAT IR . 75719 55 np/det , W 5% HSIUERIE ] np/mods ;np/det AI LAIESF push 27 M %% mods, LA
IR HE AT IR 19 7 ) 50 B 3% jumpe 19 4% np/mods A P44 SR E A np/ne XD E 4
SHHEEIR B A AR R 2 B B REARERLE] DR . 558975 5, B np/pp, 9 45
IR R R B AR R E B M AR S AN ] o TN TR P 24 R JETE R 25 A S M R
> (with-parses np ’(arrows)

(pprint parse))

(NP (DET NIL)
(MODIFIERS NIL)
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(NOUN ARROWS))
c]
> (with-parses np ’(a time fly like him)
(pprint parse))
(NP (DET A)
(MODIFIERS (N-GROUP TIME))
(NOUN FLY)
(PP (PREP LIKE)
(0BJ (NP (PRONOUN HIM)))))
c]

BRI WL RS jump £ np/det, FF jump £ np/mods E2A—&1A , 85 pop £ np/n, M AL )2
B RHZEE R TR jump i, BE SN T ULEL— MBI IR A push BE—>F MIZ IRIE N T A

SHHMBEN T — DT W% X% AT as HE , FATTH) AT a1 S - A7 S e f) i B3O TR 56
IRAETE L BRI TE R S AT NS IMER e TR R R X B, #41%515 “a time fly like him” 11
“a Lisp hacker like him” FJ/Z 200 & —HFERT

(defnode pp
(cat prep pp/prep
(setr prep *)))
(defnode pp/prep
(down np pp/np
(setr op *)))
(defnode pp/np
(up “(pp (prep ,(getr prep))
(obj , (getr op)))))

& 23.10: AT TE T M 2%

TR, ARR Ko IRAEFRATHR A0S — D REIR BRI S5 M 1 N 4% T o 1 23.11 HY A0 2% [R] B RE 407
AR R ] o 2 BRI AT AU UM 0 38— D RUE BN — D R IREHEF M. 5 A I
AN YA TAER A SR A B S P 4% B AL HICHT T RE AR 2 | e 2445 B B 2 1 40 A 45
B 2302 lione B DM 45 R “Island nations like a navy” 241, 11128 — > #1 “Find someone like a
policeman” /& [F]—Ffto X T “Time flies like an arrow”, B 2= ATN REF H /S FILL_E R A 45
FEIX—FZ5 H ATN Jaikan i H A5 2 197 T RN Al $2 S th— 1> ATN JEBE AR i, A& S8 — 1™ i
BTN o IR T — LRI A0 AR BRI RE & HR T 20 BEAR EEZE A Nt FH PR A0 R ABEALL
AR P A S AR B PRI T o (L AN SR AN A SR B (R, T AR B AR X R AR BOR
AILAE H 20 s B T ORE R
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(defnode s

(down np s/subj
(setr mood ’decl)
(setr subj *))

(cat v v
(setr mood ’imp)
(setr subj ’(np (pron you)))
(setr aux nil)
(setr v *)))

(defnode s/subj
(cat v v
(setr aux nil)
(setr v *)))

(defnode v
(up ‘(s (mood ,(getr mood))
(subj ,(getr subj))
(vel (aux , (getr aux))
(v ,(getr v)))))
(down np s/obj
(setr obj *)))

(defnode s/obj
(up ‘(s (mood ,(getr mood))
(subj ,(getr subj))
(vel (aux , (getr aux))
(v ,(getr v)))
(obj , (getr obj)))))

& 23.11: ] T 4%

> (with-parses s ’(time flies like an arrow)
(pprint parse))
(S (MOOD DECL)
(SUBJ (NP (DET NIL)
(MODIFIERS (N-GROUP TIME))
(NOUN FLIES)))
(VCL (AUX NIL)
(V LIKE))
(0BJ (NP (DET AN)
(MODIFIERS NIL)
(NOUN ARROW))))
(MOOD IMP)
(SUBJ (NP (PRON YOU)))
(VCL (AUX NIL)
(V TIME))
(0BJ (NP (DET NIL)
(MODIFIERS NIL)
(NOUN FLIES)
(PP (PREP LIKE)
(0BJ (NP (DET AN)
(MODIFIERS NIL)
(NOUN ARROW)))))))

] 23.12: — MR RT3
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Prolog

AFER S RN 5 HR N FUHY Prolog filfREaS o 2 19 B P AR 145 B 22 &0 TE AU e A 5 1%
X B FATEAIA BRI ITTER R A TR, it il LA B A AR I HE B A 2R A — N E
ST FRMFE L AR SR RN — R o i T IR n] REGL & TC IR 2 Y =58, BT LABRAT T 20 F AR
PRI

Prolog /&t A UIE T I — MRIFIIF] 7o BRlG T = ICER B UCHE, JEf e e . Hor misi o
FAELR 18 BN 22 EH DRI 4T B Prolog S AR DL AR E ML R E R EE A 2 b, FATR]
DS E— P HIEN, Z 219, BJRA_ LR RS # (24.1) R TAKRIVMIRIZ ST

prolog programs

prolog
nondeterministic choice pattern matching
continuation-passing macros
lisp + utilities
[ 24.1: HEE

AREERH A HiRES > Prologe Xt TR0 & BURE T RO, fa) Zth il B — N H ey 0nl R4 AT B
TR TE S o M Lisp S Prolog /A MR, K WA X I A2 A REAS A i HH X W (] Y 2L 1) e

241 W&

19 BN T INTE A RER S B 2R TR A O RE R R G IX S R GURE B B AR T A AR AR 2 1 Y
g 1 NI, R clear-db &), BA A WM 5L SR IR0 Bt A gEA T2 1A

> (fact painter reynolds)

(REYNOLDS)

> (fact painter gainsborough)

(GAINSBOROUGH)

> (with-answer (painter 7x)
(print 7x))

GAINSBOROUGH

REYNOLDS

NIL

MMEA: B3, Prolog A& — > “BH A KL AU RUHE FERR T &MU RENS B H MASCHE 22 2 4 UG T A A5k R 1
JEAETEA] IR RENS I CA AT S (CBE) eSS D BSOS o 000, A an T BRI -

If (hungry 7x) and (smells-of ?x turpentine)

Then (painter 7x)

) B 22 R AFAE (hungry raoul) Fll (smells-of raoul turpentine) iXM~ZF5L HB4 7x = raoul
PEEW R BT (painter 7x), HIMEERZE XA (painter raoul) XK,

223
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224 # 24 F Prolog

TE Prolog ", LI Y “if” 5 7> # FR1E body, “then” # 7 # FRAE heado (FEZ R, EAT143 R WAL AT #2 (an-
tecedent) % (consequent) , i FHANIF B & LU, BESRIH Prolog HYHE AR TIZ A AIHET) o FEFA Tt
B A= B I R SR I BT 1 e A FLU Y head , 412K head RET & A1, IR 2427 & HUHII R | 4 body %
SEASTIGRE . HREE S AR GEE T 2 body, AR 4 B LI/ head.

FERRINE body H FHE A 25 Pl SE ] GBS H 1T Py AR U] FRHE 7S o il

If (gaunt 7x) or (eats-ravenously 7x)

Then C(hungry 7x)
FILUth, o] DA VH B, 4511 -

If (surname ?f ?n) and (father ?7f 7?c)

Then (surname 7c ?7n)

W14R Prolog REAERRFRLIN HhH83) —SB A QAN S5 L1 BR 12, A S NIZ AR s Fh b e . [T, B S
RS RS R R S RO BB AR A SR — S B A S I R T 2 B

BRI F LT AR R = H ST A TAE A b2 mT AR (0 —— R0 ] AR R RE L 5. i
TN 1A IR RS EERB S SO W R XU A R RS P WA B9 3 R B, AT T T AT A R x, & x 1
JE (species ), (big x) fll (fierce x) JIXLERAL FRENATEHM L —HHIFEL (rare ). WHRE XL
R TE AR -

If (species 7x) and (big 7x) and (fierce 7x)

Then (rare ?x)

AR R AR TR SR R I T A W (rare x) L. FATEETLUE LREHEH TLH N F
SCHTRIN o PRI | A (] 7 2 ) ) B i) AT Tad it (e RN | P oD B s A0 BRAE AR, 46 /N T Bt 128 i 0
o

37 T, S SE SR B — PR e AE—F5E F IR, &0 LA —1 body 184 EH RN R IE 2,
LU

If true
Then F

T RSB, FATPG R AP BT, 7 bodyless rules ik 555

24,2 fR¥EEE

5 18.4 TR T PIRRE L if-match BT 2, BT — R R ERCRAR T, JFRE BT eI 5E i 7 K i T
PE, AT AR R R o X B, ROV XA SR 0 7T 5 ARSI LA ISR, 3RAOTe A — A
ATRERESS T IR SRS AT B R — R P S A5 S AN R R

K 24.2-24.4 B85 7 —MEELH] Prolog fi#FEdR . BREFEZ A 19.3 A MARREAS MR AR A (B0 AY 2
TR AR PR AR BB « A1) AR A% 2 M I 7 with-answer XK FH Y, FRATTAY Prolog MARR a4 4% M
AT H R — P RUR 7 ,fﬁ—ﬁﬂﬂ with-inference. LU with-answer, with-inference B A —
AR A2 Lisp 2080 AR PRV R LRSI LRI AFS i -

(with-inference (painter ?7x)
(print ?7x))

with-inference M) H & IR BAUH  Z ARSI Lisp 220k =00 T 4B BRI 48 R 1E . tetn
FTAARBACAD , ST A RE T (painter o) WY x TEIHIK.
VXA MER LA binding HYS S, FEES 18.4 1T B AU .




24.2 R 2 225

(defmacro with-inference (query &body body)
¢ (progn
(setq *paths* nil)
(=bind (binds) (prove-query ’,(rep_ query) nil)
(let , (mapcar #’(lambda (v)
“(,v (fullbind ’,v binds)))
(vars-in query #’atom))
,@body
(fail)))))

(defun rep_ (x)
(if (atom x)
(if (eq x ’_) (gensym "7") x)
(cons (rep_ (car x)) (rep_ (cdr x)))))

(defun fullbind (x b)
(cond ((varsym? x) (aif2 (binding x b)
(fullbind it b)
(gensym)))
((atom x) x)
(t (cons (fullbind (car x) b)
(fullbind (cdr x) b)))))

(defun varsym? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\7)))

& 24.2: Toplevel %

242 25T with-inference IE X, M H A pi40E s i K%L, with-answer fll with-inference A
A3 R DA A R R SIS SR i A B A R E T A T IR e PR 2R . FRATAT LAME with-
inference M€ LT R IX— & CBA BRI IAEER, T2 RIT I 1 — BBk [nl— 2098 AR, S5 Hs
& fail HREE N MER. XTIPHERAR TR, .
> (choose-bind x ’(0 1 234567 89)

(princ x)

(if (= x 6) x (fail)))

0123456
6

EREY fullbind WS H T with-answer Al with-inference A X —AR[EZ4b  HFE RN AR R B B ATR) LA
TN — R AN E — I IPE R AR iy . B A TE A A5 R, RATFHE— B IHR
HORFSIRA TR AIZEE » X2 fullbind A H Y, HIA0:

> (setg b ’((?x . (?7y . 72)) (?y . foo) (?z . nil)))

((?x 7y . ?Z) (?Y . FOO) (72))

> (values (binding ’?7x b))

7Y . ?2)

> (fullbind ’7x b)

(FO0)

TR A RIGBERT 2 H with-inference JEJF AT H) prove-query £ 14 24.3 Z5 H T IX R &L E
SCRBA R o X BACRIFIS 19.3 57 A R R AR 25 MR TR o 2 # FARTR] B R 5O T DR,
AL R RS T mapping A1 117 Prolog MARERS I FHSEHT Y chooseo

i, i P AR E A F O ACRY 7 U S AR A 2 I TR A S B 1o N R T B A TR A -

(not (painter 7x))
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(=defun prove-query (expr binds)
(case (car expr)
(and (prove-and (cdr expr) binds))
(or (prove-or (cdr expr) binds))
(not (prove-not (cadr expr) binds))
(t (prove-simple expr binds))))

(=defun prove-and (clauses binds)
(if (null clauses)
(=values binds)
(=bind (binds) (prove-query (car clauses) binds)
(prove-and (cdr clauses) binds))))

(=defun prove-or (clauses binds)
(choose-bind c clauses
(prove-query c¢ binds)))

(=defun prove-not (expr binds)
(let ((save-paths *pathsx))
(setq *paths* nil)
(choose (=bind (b) (prove-query expr binds)
(setq *paths* save-paths)
(fail))
(progn
(setq *paths* save-paths)
(=values binds)))))

(=defun prove-simple (query binds)

(choose-bind r *rlistx*
(implies r query binds)))

] 24.3: BRG] AR

RS TN (painter 7x) B HE , R HBE TR E NN B nide 1 AR E I R
i, A AE NG BRI IA A 2 (painter ?x) 1E not HIVEHIKZ 4b fail, I (112K (painter ?7x)
NE) BAEAAELE R FIEARE RN D FTLL, (painter 7x) BIFIWTHE R FAE— I A B 28 48
RIKRW IR o TS5 RN | S JFSE S 12

CATZ BB 53— DX BIAE T (T BT 1 e —— 25 LT (painter ?x) AU H—MBIAFALAN 25
I EIE T e 22 AR RE T A B A B E B, B Lookup (5 172 TU)o £E Prolog fi#REas Y, T AT
MR B B A U i BEHE 5 HR 9 485, TR Lookup EERIE

Bl 24.4 HZGH T 8 SCFAGE RN A ACTG o KBS AT 2 SR B 36 *rlist* Ho DN H body FH head ft
ZH R s50) (dotted pair) Fike 24— RUNIEEE S F— T RIZS P — P E— A i

<= WA SGEAE T =AM, — R UG 205 TX SRR oy 108 00 2 SRe 4l Ik 26 S A4 -

L AAGHT AR A R fige | 1 25 SRS 1) SRR TTAS A2 A HI TAT , XA 7 P U 9 U5t e 398 5 SR
I — 27

2. FEZTR AU B R , 2 head JECEERTTAT , PRI AR Py 275 I AT IO el A2 L
3. W2 body B 2 RIKA RIS, ENIHL_EBIRAE T B AIAT and BT

TE <- I EIFESINZVH T length, H H B4 T EAE toplevel I H <- [N FTEIH ERAY %15
LU AT TE a1 24.5 Bz o FUUEY head WA —FPei LA . — 91136 PSRRI B TC AR — 18
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(defvar *rlist* nil)

(defmacro <- (con &rest ant)
(let ((ant (if (= (length ant) 1)
(car ant)
‘(and ,@ant))))
‘(length (conclf *rlist* (rep_ (cons ’,ant ’,con))))))

(=defun implies (r query binds)
(let ((r2 (change-vars r)))
(aif2 (match query (cdr r2) binds)
(prove-query (car r2) it)

(fail))))

(defun change-vars (r)
(sublis (mapcar #’(lambda (v)
(cons v (symb ’? (gensym))))
(vars-in r #’atom))

r))

24.4: B HLIN F) AHD

(rule) : (<~ (sentence) (query))
(query) : (not (query))

: (and (query)*)

: (or (query)*)

: (sentence)
(sentence)  : ((symbol) (argument)*)
(argument) : (variable)

: (symbol)

: (number)
(variable) : 7{symbol)

K 24.5: U AT TE:

i IRE AR ZE body AT LLVRALME A, B 19 B A E I AFREERE

BT A S -

(<- (painter ?7x) (and C(hungry 7x)
(smells-of ?x turpentine)))

BUE %

(<- (painter ?7x) (hungry 7x)
(smells-of 7x turpentine))

B E AT, FHEAR

FOAT RS — 1, 250 turpentine WIS EUNSHRAA, FT LB M TBOH W EAHY quoted.
HIATLL prove-simple AHEAET 1 A BARE I, & A AR E HIUERE — 2N FEHIZ RN AN A ) — A6 25
implieso I — /P BREUUNA A AN head VCACEE A . — HLUCHL KT, implies %2 prove-

query, IEEHIIN body HEAZHE . FHIXRRT s, FA Tk IR B AR S 1 o

change-vars BEGIMUN A B9 B4 R AR R o A SRAEBE RN LT T 2, IR 20X 7 A2 ANH
ERN A 7x R BARRA O 7 BRI GE Z 8]k A vh 58, £ B — 28, #F22 JH H change-

varso
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T PR X BLRT DR (N RIZ) F VRN B A AT AR e AR SO A IR £ eR
éﬁrep_,TETﬁﬁ§4\7:ﬁU%%§K%§%ﬁﬁi§ilEE@ggﬁio W?EU%%ﬂzﬁIEiﬁHZEﬁ§?§ With—inferenceEmigﬁﬂﬁgﬁﬂo

24.3 0|

AT G BATHT Prolog Zel AN« SELASE 24.1 7 B P 2RI A1 -

(<- (painter ?7x) (hungry ?7x)
(smells-of 7x turpentine))

(<= (hungry 7x) (or (gaunt ?x) (eats-ravenously ?7x)))
i A FATFE RIS T (assert) T LK

(<= (gaunt raoul))
(<- (smells-of raoul turpentine))
(<~ (painter rubens))

EATRARYEHAE SR , R i B AR R 02 -

> (with-inference (painter 7x)
(print ?x))

RAQUL

RUBENS

c]

with-inference Z M with-answer —#Ff, XA w0 E A E M FIRS (L 19.1 7).

FATRES HIXFE—FPHLN & R X T A AT REREE , #F7] LAA 25 @ IR A S L X AR T RE.
o an it , R A AR B H BUAE LU Y head B {HAITE body HLAH = FER . X FRALII R RET & 2ok o I AYHL
y

(<~ (eats 7x 7f) (glutton 7x))

UhIE : Q2R 7x 2 DIZ 1T (glutton) , AE 4 7x W& AR, 2. B4 7f 1F body H A H I, FrlA, HIH
R ex WAL NE  SEREUEIAE I (eats ?x y) HIEEL. WARFANTH—NFHEERN eats G —
D2E T,

> (<- (glutton hubert))

7

> (with-inference (eats 7x spinach)
(print 7x))

HUBERT

@

AR ZAEAT T (B AP RE AL 2R o A RAE — R AR N S8 — AN BRI

> (with-inference (eats 7x 7y)
(print (list ?x ?y)))

(HUBERT #:G229)

@

HATLAFE] 1> gensymo FEA I gensym {E AL T HIGRER ], IXFLTR AT RAAHARRE S HINE . £
REFF A I AT LA = R X — 1541

> (progn
(<- (eats monster bad-children))
(<~ (eats warhol candy)))

9

> (with-inference (eats 7x 7y)
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(format t "~A eats ~A.~%"
7x
(if (gensym? ?7y) ’everything ?7y)))
HUBERT eats EVERYTHING.
MONSTER eats BAD-CHILDREN.
WARHOL eats CANDY.
c]

B, MR FRATIE LSS & — M E T X F LM EE SN B B4 7] LA4 H body N TL S ELH A HL
Lo (and) FRXAFKE AR S, HATHRIE —FER . B TAE <- 2 (E 24.4),body HIHERA 1 E 5L
A& (and) , At IO piu  FoAT 10T AR HZ G 2 body :
> (<- (identical ?x ?7x))
10
> (with-inference (identical a 7x)
(print 7x))
A
Q@

e LA Prolog, i AT LA Hi 18] 24.6 Ji€7R 1118 Prolog TEILFH B A TR 7 1R L O . TRE
5, 55— Prolog #2711 /& append, B W LAE % ¥ 24.6 45U HEFE . 7E—1K append H, W1 45 9 %1
IR ECHYFIER . Lisp WAL append M PSSR A ZEL, MK HI5E 24 iUk [P1{E . Prolog
] append B 2L, [ 24.6 TR AN E LT — M REFe , REL AMEEPI MR IPIEE X
WUREHR BN 25 =1

FATHTE LML S Prolog WA AN F LA XA :

L LA SIS RS AR S SRk R4S . (R0 Common Lisp Sk 2 A X K/NFHY,
JIrLAR S PR RTE AT RES A AR

2. [ 17T nil.
TR x| oyl BIERIREUR T (x Loy
R Ik, oy, LD HIRIARK T (x oy

b= wR ] T FESCEL T 10 B AR RS R E S M A T cpred(z, y, ... T (pred x
Y .. )o

w

'S

wo

T/&F,Prolog X} append HJE X

append([ 1, Xs, Xs).
append([X | Xs], Ys, [X | Zs]) <- append(Xs, Ys, Zs).

U T TR AR

(<~ (append nil ?xs ?7xs))
(<- (append (?x . ?xs) 7ys (7x . 7zs))
(append 7xs ?ys 7zs))

[ 24.6: Fil Prolog 1 HX 56 &R

> (with-inference (append ?x (c d) (a b ¢ d))
(format t "Left: ~A~%" 7x))

Left: (A B)

@

> (with-inference (append (a b) ?x (a b c d))
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(format t "Right: ~A~%" 7x))

Right: (C D)

Q

> (with-inference (append (a b) (c d) ?7x)
(format t "Whole: ~A~%" 7x))

Whole: (ABCD)

Q

AR, ARG T R — IR EIERES T BT SR AT A T RERTALS -

> (with-inference (append 7x 7y (a b c¢))
(format t "Left: ~A Right: ~A~%" ?x ?y))

Left: NIL Right: (A B C)

Left: (A) Right: (B C)

Left: (A B) Right: (C)

Left: (A B C) Right: NIL

c]

append XMl &7 Hi T Prolog MIHEIHH Z AIHIKZM . —24H Prolog MM — & AR 22 HE H LM E
HME . IXEERLIH ] LAZE H—2E 45 & (constraints) , TIX LA HURT 2 Fp EAS 2 A= B 20 TR — 7] W5 REAS
H—MRERME. 280k, WXL E L member

(<- (member ?x (7x . 7rest)))
(<- (member 7x (_ . 7rest)) (member 7x 7rest))

HUREIT B W52 1 5158 2, F1 Lisp BB 4L member H A —H—4F:

> (with-inference (member a (a b)) (print t))
T
c]

At AT AT LA S — A il 5 o RATZY R XA 2R AN HA 2 R — , R AT LAAS HH— e e i 471
o WRIFLATF BB MMBHNY cara

(<= (cara (a _)))

FEE—PNAEWDITCRESER, DB car N a, IAXDFLH N E XA 7TIXMEEF member , $LH
T IS, 7T LALL Prolog NFRATARH —MERN/ER T
> (with-inference (and (cara 71st) (member b 71lst))

(print ?1st))

(A B)
e

- ARfT 5 (ELR o B TE AR S 5 BE KR B R P It — 3 o TCIR T, B AR S 4 285
RAGE| R 2R ETET , B2 EREH L Prologe =3 bR B X /7 2 AT AZEIA AR 22 258 11 [n) i -
eaniit, 1 2404 BURAR T — P S, XA R 4D AR I A HORFR 1

244 XFIETRAEMERIE K

5 22 TR T ENENAR R EVEE R B AT AR . TSI R R PR R D AR T
XA LR AR E R R AR WA B choose, TR IR AL L — 45 R, MR P R H %
AIEER 8L E 2N fail, KEFT I RIS R,

AARFATTF A ARSI AR A PR NI GRE R &, T ELIRA T 22— MR 1 2 A X 28485 , AR 4t
BB AR E L R M RN ER 27 A T055 2 E, I EATE A Z R — AR T,
AR 2K P 2R SR B X Bt — H 74K T Hednidd, e AR



24.5 R ES) 231

(<- (all-elements ?7x nil))
(<= (all-elements ?x (?x . 7rest))
(all-elements ?x 7rest))

HEFTAVA (all-elements x y) ML,y WA — DR AEET 2o ASH RIS, RATARES LB
RN REST TR
(all-elements a (a a a))

(all-elements a (a a b))
(all-elements ?x (a a a))

SR, AICEZ ) 7x AU 2 (all-elements a 7x) XA, [El:nils (a).(a &), 5%, ELEMHEH
BB TTHOAIEDE W A AR I AIX DGR SO IE , — BB T T & MAERATI9IK =T HE—
IR AEIXTC S 2 B8 S AU B A R B A SE AR £ B N — A Lisp RIS AT, WA A i 175
AT E R E IR AT I EARNIE— K, AU EIE R T .
XHE A4 with-inference 4PE B A i FE A H body HISRAEEFEAREEBEATHI RN . I T &1 A RE
SR TCGT 2 MBS BT LAME— R H BB R AR k™ A8 — V8 42 i i 55 R a5 1948 2R BUS B Y
B BENRRMIIRRT T choose Tl fail , FIT LAE RENS g U T THT 1 R) L
> (block nil
(with-inference (all-elements a 7x)
(if (= (length ?x) 3)
(return 7x)
(princ 7x))))

NIL(A) (A A)
(A A A

FHETA Y Prolog SEEL—HF , FATHRAE BT B YR LU Se i ZORBUUAREE R . WERIR BT , <24
FER” A2 th B R A AR SRR I TTSEPR L, %% Prolog SEELANH # FHRY 2RI BE R XM IEFIE
B & RAE M B, RIS Y A E P A2 AR IERY Prolog R /7 LAIEH TARRYREAL . A2 B3R
FETERY T 5 A 2 i

(and (all-elements a 7x) (length 7x 3))

T EGRN ARG ENX N E R AT, RS S B 4 8

Prolog {# IR FEAL G 18 Z SCBRAR B EE , A (UL, & (o I ROTREEALSBIE RN 26 201 DU 5E LR SEAY o
TEANFRATEIR AR BB IX A LR A RERIEZ Lo JiTEL Prolog 2 /7 UL URELE [ TR FE It , ik S A28
RS A AR IR 2SR, AR IRATT LA S A 5 L member

(<- (member ?x (_ . ?rest)) (member ?x 7rest))
(<= (member 7x (?x . 7rest)))

AR RGEFA UL, H SURZ AR AR EZ2 A Prolog B2 71 , BURIE 5E AR 7o W RAE ] member
JEARHYE S, IR AHE (member *a 7x) , 213 E|— RIVELMALE, TCIF L HVE R (MR E LAY
PR W o= Az — N TEg5 IR, — PMEREIF AT .

24.5 FHHJSCI

FEIX 7 AT WO & RS — 2B 55— LBl £E55 18.4 75 {ER 5T if-match MIERAMIAZ
Jet , FAT R B ST DA S Se B B el R i CAE B, AT LLE — DA iE B AE
BT DG o SR AR 19 B IRATE 1 [FIFERY [, A X — R P B K. AT &
WIPREGR R T — D S0 B m A A . P A2 AEFRATHY Prolog e d L HLYH

K 24.7,24.8,24.10 —i LA —Fh 77 X E LT Prolog. % with-inference LARTJE Prolog MR a4 14% 1.
CEER TR 0 EE R LRS5BT R S5 H AT JFORFE AR —Z0 AN AR 24.8 T8 CHTRRECHR T, A
ﬁpmmﬁﬁﬁﬁ%ﬁmmoﬁ@@ﬁmmWﬁhMﬁmmﬂWﬂW%*iﬁﬁ@ﬁﬁo
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& 24.7 'F2& with-inference HJHTE Lo Fll if-match LAN with-answer FH—FF  FZCUCHD 2R B AE T 4R Y
RSB ER] gensym b, RN AR A VLI R T FOERE. 1T, #% match Al fullbind HI2K
%ﬁﬁ”ggg;gqgﬁéﬁvarsym?,Eﬁ%%%gﬂ%ﬁiféji,igﬁﬁﬁiﬁiﬁ%%§ﬁ%gensnno

with-inference ¥ H gen-query (& 24.8) HIH BREN T A2 —FB A X LeACASA4 0 A 1) v B e o
gen-query LI I —FHRIGE E NI — M SHUEARABFILL and B or LA ZR & ). X HE
S AR AT, B A B ] A X LS A PR ) 2RI prove R o FEJFORAYSCELH X FZ 4R
SERRACIBAT IS IR ) o DART , SR (s TR B | ER S ATE HT 4347 body WIS 20801 AR, IX 2T
W RO RLNANA ) B R 2540 2 SR B TN o FERTIX AN AU B 1 S IR A ek A it TAERS
27 i

FEOR A SEEL—FE  with-inference FRIA BRI H AR 2 G HEFT— VAT i), A5 3f0 Hh HY AR i i 48 E 2
H@ﬁiﬁ%ﬂﬂﬁﬁﬂﬂ****ﬁ%ﬁ%ﬂ@,i&ﬁ%ﬁ@ﬁ%fﬁ%ﬂf&lﬁqp4ﬁﬁ%o with-inference E@E%}Fituiﬁgﬁ\fajJ_VFéé,ﬁiéﬁ
S JH I RAFAPIRES o

P 24.8 H HA R A 2 A B At i) A JSO B Y e T —— BRI AN ands or 1 not HUERAERFES &R I
o AU YA I

(and (big 7x) (red 7x))

It H, TATA B A ARLERE R prove PR EHEKAT 7%, A9 A Lisp RATKIE. B, AT 425 and 8
TF A A GBI RIT:UR AR — DS BEUH RIT U . 22 (big 7x) RN T, it dksiss
i (red 7x), MIARJGEH R IIAYIE, WIXSX A Lisp RIAADEATRE A1, BAFIERIT I 24.9 F
7No

(defmacro with-inference (query &rest body)
(let ((vars (vars-in query #’simple?)) (gb (gensym)))
¢ (with-gensyms ,vars
(setq *paths* nil)
(=bind (,gb) ,(gen-query (rep_ query))
(let , (mapcar #’(lambda (v)
’(,v (fullbind ,v ,gb)))
vars)
,@body)
(fail)))))

(defun varsym? (x)
(and (symbolp x) (not (symbol-package x))))

&l 24.7: i toplevel 7

and EIRE RN ;1M or WA chooseo A FHIE 1A
(or (big ?x) (red 7x))

P72, AR R — RS 7x IYGRE, AT A 22 Lisp Rk s UM X 28 7x R PEATRAE.
PRI gen-or & 8 choose, & S 1EIH S EH gen-query 1L —1 . £ T not,gen-not HA L
F prove-not [A]H—H# (L&l 24.3).

B 24.10 T2 SR ATAAD o IR B 3 46 7 Lisp 4005, TG &2 H rule-fn AR BIAIIAE <-
TR JETT B T Lisp AR, A EAANRAT— D55 1A E LAY SO G331 1, 3t 2 LE I SN0 A2 i 3
UL

24— rule-function Y& — MU, B S EEHE B C R/~ U Y head 5 2 VCFC. QAR UTHEC ALY, X
™ rule-function B2 IKE I body A7 90E . X FEM with-inference [ DIREELA—E, M H., 555K
| rule-fn &L R IE R H] gen-query. rule-function fx 22 iR Bl —LE485E  EATE HFLNI A head H
LAY AR BT ST Y o
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(defun gen-query (expr &optional binds)
(case (car expr)
(and (gen-and (cdr expr) binds))
(or (gen-or (cdr expr) binds))
(not (gen-not (cadr expr) binds))
(t ‘(prove (list ’,(car expr)
,@(mapcar #’form (cdr expr)))
,binds))))

(defun gen-and (clauses binds)
(if (null clauses)
‘(=values ,binds)
(let ((gb (gensym)))
’(=bind (,gb) ,(gen-query (car clauses) binds)
,(gen-and (cdr clauses) gb)))))

(defun gen-or (clauses binds)
¢ (choose
,@(mapcar #’(lambda (c) (gen-query c binds))
clauses)))

(defun gen-not (expr binds)
(let ((gpaths (gensym)))
‘(let ((,gpaths *pathsx))
(setq *paths* nil)
(choose (=bind (b) ,(gen-query expr binds)
(setq *paths* ,gpaths)
(fail))
(progn
(setq *paths* ,gpaths)
(=values ,binds))))))

(=defun prove (query binds)
(choose-bind r *rules* (=funcall r query binds)))

(defun form (pat)
(if (simple? pat)
pat
‘(cons ,(form (car pat)) ,(form (cdr pat)))))

& 24.8: XA T B S A0 HE

24.6 7 Prolog 514

WA RIS R LUBA T4 K 20 “47Prolog #2)7 o fifi— P& PRI —SEHEIE 30 AL (cut), BUF 1T
B, EH 1/0.

£ Prolog ML H AN cut, MUREX R R M EATHIR 17 W3, HIANTHIRE P RLE] £ail AURSR, &2 B2
B JE— NI R TR 22.4 LI choose 1, 07 5 | HYMERE RUER LR T 4 AR it *paths* Ho
H fail,é?fEHi%ﬁﬂf5@444\ﬁ§¥%£§§§%ﬁﬁ§5ﬁﬂ£%§fi%%,ﬁﬁii4\ﬁiﬁ§ﬁiiﬁﬁ%*paths* [ caro cut bR &
BT o URFIBE cut B, BEHEFIRIFAE *paths* BI—FB 0 Fofr ik fF 5, B, st e 5 — 0
H prove ZJa RAFHYIESE Mo

HEERHRL RN Z W 5 o FATATEAH cut SRAE Prolog 27 H1AE case 1HAIHIRUR . 484k, AR5
FIHDEAEE X minimum:
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(with-inference (and (big 7x) (red 7x))
(print 7x))

expands into:

(with-gensyms (7x)
(setq *paths* nil)
(=bind (#:g1) (=bind (#:g2) (prove (list ’big 7x) nil)
(=bind (#:g3) (prove (list ’red 7x) #:g2)
(=values #:g3)))
(let ((?x (fullbind 7x #:g1)))
(print 7x))
(fail)))

K 24.9: 5B RIT

(defvar *rules* nil)

(defmacro <- (con &rest ant)
(let ((ant (if (= (length ant) 1)
(car ant)
‘(and ,@ant))))
‘(length (conclf *rulesx*
, (rule-fn (rep_ ant) (rep_ con))))))

(defun rule-fn (ant con)
(with-gensyms (val win fact binds)
‘(=lambda (,fact ,binds)
(with-gensyms , (vars-in (list ant con) #’simple?)
(multiple-value-bind
(,val ,win)
(match ,fact
(1list ’,(car con)
,@(mapcar #’form (cdr comn)))
,binds)
(if ,win
, (gen-query ant val)

(fail)))))))

] 24.10: X SLERI A4 AR HS

(<- (minimum ?7x 7y ?x) (lisp (<= 7x 7y)))
(<~ (minimum ?x ?y 7y) (lisp (> 7x ?y)))

CR TR (HEEBARR. A TIER

(minimum 1 2 7x)

WRPEER — SN, Prolog ¥ & 3r RIS 7x = 1o @ ARG 2oy 1E  (HRRR P2 ESROE R, 4k 2:
MEE MR RS E S RN SR E X AN B R PRI XA minimum 2
2 50% HITCHI L WERAESS — DS AN cut BLABMR DRIX— A1 :

(<= (minimum ?x 7y ?7x) (lisp (<= ?7x 7y)) (cut))

(<- (minimum ?x 7y 7y))

BULE,— H Prolog S8l I 45— A<M, B Rt — B AU T T BORLIN , S8 AL 18], AR QRERAL R — S MU o
FUEIRNTRIRE SRR I, R S e BREI A prove Y, 24 1T *xpaths* HPIRSHB S B ES 2L
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P, WIRMFR T cut, Bl *pathsx W E B _E—KAESEUE AN, H 2411 F124.12 BoR TH
T SRR, R B AR . (B G RS AT IR A 405 R I o FFARFTA BB SR i T
BmiE Ao )

AR = R P R cut MR green cutso minimum H1AY cut HL/E 1 green cuto ARFh S AR REFAT AR cut
MR red cutso LN, AR FRATG N HIAREE & SLIB 1A artist:

(<= (artist ?7x) (sculptor ?7x) (cut))
(<~ (artist ?x) (painter 7x))

SERAUR AR MERE S IR 2 A B IS A o R RS2 IR 2B A E AR

> (progn (<- (painter ’klee))
(<- (painter ’soutine)))
4
> (with-inference (artist ?7x)
(print 7x))
KLEE
SOUTINE
@

EANSRATAE RERE 2 B3, AL A (A5 AR AL B8 — S R s 2> 452 1 -

> (<- (sculptor ’hepworth))

5

> (with-inference (artist ?7x)
(print ?7x))

HEPWORTH

c]

A, cut 271 Prolog Y fail #/EAF—RAGECAH . FRATHY fail BRACE 2N 4 cut BCEIFLNE a0 FE
FORX SEHIN AR B T AT - — HARBE _Fax 4B PRk L RE X SR AR REET Sk o F cut-fail ZHA NI FLIN
B MEREIR D AT - LT BixX 408, i L BEIXI 27 e not-equal HYSEIL B A > SR 1)
7

(<~ (not-equal 7x 7x) (cut) (fail))
(<~ (not-equal ?7x ?7y))

X HL A ER — S R O B R TS T AR e AR FATICERERIE AN (not-equal 1 1) HYZRSL, B oAl
B2 head VEHE, S8 J5E HHIBCK T T o T (not-equal 1 2) HIEIAMIARSHNEE — M) head T
Fic, (R 2> AR5 58— 2 U DL T, £ 5 B 2> DU Al

> (with-inference (not-equal ’a ’a)

(print t))

¢l

> (with-inference (not-equal ’(a a) ’(a b))
(print t))

T

@

24.11 F1 24.12 RIS R FRATRIRE P ok T8I H . 1/O 1 Prolog 1Y is #AFRT. K] 24.13 51/ i
T RRINFR A A TR

AN Lisp - TAJETT, @ X PO 2O T ECEE TR (H AL RE) 19 R BUE, KR 71540 and A or
MERVERT , AU T 1isp BRAERF o XM ERAERFTT LABRATRE Lisp FRIA 3, X ik 2 SRAARTS 42 Fl A if) ™
A WA G0 E  AF AR IE R AR R AE . WIRFIEAACRE R ZE R nil IR AT 1isp KIXX S A
5 (fail) G ; BB (and) Fio

T2 1isp BAERFBIEIT o {I0—T ordered Y Prolog SEI, KA 44K ot LAFHFHES A BT
5, AR
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(defun rule-fn (ant con)
(with-gensyms (val win fact binds paths) ;
‘(=lambda (,fact ,binds ,paths) ;
(with-gensyms , (vars-in (list ant con) #’simple?)
(multiple-value-bind
(,val ,win)
(match ,fact
(list ’,(car con)
,@(mapcar #’form (cdr comn)))
,binds)
(if ,win
, (gen-query ant val paths) ;
(£ail)))))))

(defmacro with-inference (query &rest body)
(let ((vars (vars-in query #’simple?)) (gb (gensym)))
¢ (with-gensyms ,vars
(setq *paths* nil)
(=bind (,gb) ,(gen-query (rep_ query) nil ’*pathsx*) ;
(let , (mapcar #’(lambda (v)
’(,v (fullbind ,v ,gb)))
vars)
,@body)
(fail)))))

(defun gen-query (expr binds paths) ;
(case (car expr)

(and (gen-and (cdr expr) binds paths)) ;
(or (gen-or (cdr expr) binds paths)) ;
(not (gen-not (cadr expr) binds paths)) ;
(1isp (gen-lisp (cadr expr) binds)) ;
(is  (gen-is (cadr expr) (third expr) binds)) ;
(cut ‘(progn (setq *paths* ,paths) ;
(=values ,binds))) ;

(t  ‘(prove (list ’,(car expr)

,@(mapcar #’form (cdr expr)))

,binds *paths*)))) ;

(=defun prove (query binds paths) ;

(choose-bind r *rules*
(=funcall r query binds paths))) ;

K 24.11: IIATSHTERAERT B SCHE

(<- (ordered (?x)))

(<- (ordered (7x 7y . ?7ys))
(1isp (<= ?x ?7y))
(ordered (7y . ?7ys)))

FBUEARFGE w1, TR IFGR A 10 MRS A M EE 2 TR A A S5 — 1o/
TEEETE TR, MHNE A ITTRITEFIREEAFFH, AR A A RESIZ SRR A FHY

> (with-inference (ordered ’(1 2 3))
(print t))

T

Q

> (with-inference (ordered ’(1 3 2))
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(defun gen-and (clauses binds paths)
(if (null clauses)
‘(=values ,binds)
(let ((gb (gensym)))
‘(=bind (,gb) ,(gen-query (car clauses) binds paths)
,(gen-and (cdr clauses) gb paths)))))

(defun gen-or (clauses binds paths)
¢ (choose
,@(mapcar #’(lambda (c) (gen-query c binds paths))
clauses)))

(defun gen-not (expr binds paths)
(let ((gpaths (gensym)))
‘(let ((,gpaths *pathsx))

(setq *paths* nil)

(choose (=bind (b) ,(gen-query expr binds paths)
(setq *paths* ,gpaths)
(fail))

(progn

(setq *paths* ,gpaths)
(=values ,binds))))))

(defmacro with-binds (binds expr)
‘(let ,(mapcar #’(lambda (v) ‘(,v (fullbind ,v ,binds)))
(vars-in expr))
,expr))

(defun gen-lisp (expr binds)
“(if (with-binds ,binds ,expr)
(=values ,binds)
(fail)))

(defun gen-is (exprl expr2 binds)
‘(aif2 (match ,exprl (with-binds ,binds ,expr2) ,binds)
(=values it)
(fail)))

P 24.12: HIAXE T ERAEART 10 S F5

(print t))
@

68 1isp FAERF, FA T LR BE LR Prolog SEHLAAT By — 2L LA Re . ZLSLIL Prolog Y 1/0 151, AT LA
I Lisp (9 1/O W HJEE] 1isp k. 11 Prolog Y assert, A TREIVEH], 2T & & L—LERM. &

A LAUEIEAE 1isp FRIKAXHIH] <- ZR LB FERIZhEE.

is BAEFFERAL T — MR ERTE . EAMWNSE: — D RITEHA, — 21 Lisp Rk B EEE
A AR ISR ICACE K . AR ICECRN, AR AR Pt WA fail; B NE S AT 0 E gk Sia
Fro AT, B30 (is 7x 1) BVEIAURAE 7x BB 1, BB EHERHI, P 2N 7x BOZE 10 FAT

ERELL is BT A i, tHAE T
(<= (factorial 0 1))
(<- (factorial ?n 7f)

(1isp (> 7n 0))

(is 7n1 (- ?n 1))

(factorial ?nl1 7f1)

(is 7f (x 7n ?7f1)))
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(rule) : (<- (sentence) (query))
(query) : (not (query))

: (and (query)*)

: (1lisp (lisp expression))

: (is (variable) (lisp expression))

: (cut)

: (fail)

: (sentence)
(sentence)  : ((symbol) (argument)*)
(argument) : (variable)

: (lisp expression)
(variable) : ?(symbol)
K 24.13: RN Hr i

FAE— DM, L n A E DS L — DR RS A28, Aok XA E
L
> (with-inference (factorial 8 7x)

(print ?7x))

40320
¢

RS 1isp FAXH AR A i1, LUK is (Y55 —DSE #RAUE B I EEE S HXT R | IXFE | 1820
AREIRIME. A Prolog #FAEIXAFRE . Fanis, A A if) :

(with-inference (factorial 7x 120) ; wrong
(print 7x))

WEARERIX A factorial IE X —[F TAE, FUATERME 1isp A, 7n 2N ARFNEL. FIL, A
FIT A 1] Prolog # /7 &1 append — 1 : EA T A VF 2 ABE R FLLESEUV 1% 2 FLELHYE, L AN factorials

24.7 flF

X772 7R JL Prolog PR | S 4R AN 2 5 REAEFKATTAY Prolog SEELHIEATHIRE /o [ 24.14 HURLI—
FERE ST PREHE TS IXSENZE S T IR (quicksort z y) RYEESL, b o 2 —DFISE T y 2 HET
— BRI FE TR 7 — IR A H B IT R I AT LU B SE — 2 &
t:
> (with-inference (quicksort ’(3 2 1) ?7x)

(print ?7x))

(12 3)
@

X ZFr LU 170 TEFRAKMEAIATHT Prolog SLHL, JLALZERM A T cut, 1isp, AN is XL RIERT
ARSI 24.15 FirR e FEIIEHEN] (echo) HRTE, S /N S A0 X LE RN iy 22 SE AN 28—
PLRC, JE#& 248 7x FE R read IR IHIAYEER L, H LB (echo 7x) o TMHTHIEE N 225 )5 W46 MU 2
—DERC. WR 7x = done, AR A B ML AL AN R ok A3, 20 IAPRE DU AC S5 = 20 MU, 4T B H 352 3
AOME, 2R e BB T AR AL B

XML E LT — M, E2— BB A BT 5, HEIRTT done:

2T JROCH “This final section shows..” | P ORI SR 248 T “B )5~
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(setq *rules* nil)

(<~ (append nil ?ys ?7ys))
(<- (append (7x . ?xs) 7ys (7x . 7zs))
(append 7xs 7ys 7zs))

(<= (quicksort (?7x . ?xs) 7ys)
(partition 7xs ?x 7littles 7bigs)
(quicksort 7littles 71ls)
(quicksort 7bigs 7bs)

(append 71s (?x . 7bs) 7ys))

(<~ (quicksort nil nil))

(<- (partition (?7x . ?7xs) 7y (7x . 71ls) 7bs)
(lisp (<= ?x ?y))
(partition ?xs 7y ?ls 7bs))

(<- (partition (?x . 7xs) 7y 71ls (?x . 7bs))
(1isp (> ?7x ?y))
(partition 7xs 7y 71ls 7bs))

(<- (partition nil ?y nil nil))

4] 24.14: Quicksort

(<= (echo)
(is ?x (read))
(echo 7x))
(<= (echo ’done)
(cut))
(<= (echo 7x)
(1isp (progl t (format t "~A~%" 7x)))
(is 7y (read))
(cut)
(echo ?7y))

5] 24.15: Prolog 4a 5 HY 1/0 2R

> (with-inference (echo))
hi

HI

ho

HO

done

Q

GIXAFIRR AR, RN E T B T Prolog MG o A SRALE AR 7 i1 _EHBHIE K Lisp 918 , M RERLA 2

L=

(defun echo (&rest args)
(cond ((null args) (echo (read)))
((eq (car args) ’done) nil)
(t (format t "~A~%" (car args))
(echo (read)))))

AR HHIE Y Common Lisp KUk, 54 -

(defun echo (&optional (arg (read)))
(unless (eq arg ’done)
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(format t "~A~%" arg)
(echo)))

248 RIFHENX

Ui X MAAIFUEEE . @, 1R 0 MR R SRR A i 2 R A 288, SR
XA SR, AE R PR g, RO E 2B MUEE K Lisp PR%L

FEARRR U, Fn 158 2 1R AR i B H AL s 16 5 RU I R R IFHY Common Lisp SEH £ 4t o8 40 128 J AL
i o IEUNEE 17 TU_EERBIAY, AR — B AR P i) AURD & i 1, I 43X B 7 AR B A L 25 2
Gnikid 1. R AR S A R X B U R R AR R g 1 A A SR S LAY Lisp, 3AT]
] Prolog T2 /3 L X W e S M HLAR T 5 o

SRIM, SCHRHER TR IT 7 & 186 AR ) Prolog %% %o MRFIITIBET M S, Wi WS BEEH—L H
B LA IR AN G . — I RETE 5 1Y G an R eI RE e AU IR B 3R b 2 RE DAL 7= A2 A0 . B
B, WARLE A Lisp HUZ ARSI T 5IRIAK

(+ x (+ 2 5))

EOAUE R EE RERIN R A B EERISIT A XS (+ 2 5) PHTRAE. FRATATLAA 7 Bz, LAt
AR R | X FERk AL Rl g i3 N TH AT
(+x 7

FEBATRIRE 0, BT A B9 TARRR R Lisp isar 5o e, i L, BRIV R AE Lisp EMOCE A
JEAE Prolog LBNfiNff . XLEANAHIBHRESZTHERE (R ENTHCAIRIZ 7o Lisp SiFas A HIE & IEAEHi 1
AR RN Y o ELIE [T Prolog it 224k H AR LE RERL LS OB ER AR , T FATTAYRR 3> SR A 4D
FEREF AR T AR, LN REE ARG B BEAY P AL

RAGE F 1R ML B R AL PRk R 2 (B2 X SiE H AR — 18 TR T 58 IARARA SRR
F AR i G 9 05 05 20— B AL B AU L e AR 3 7 2O AL T LI it AR FRATH
DAY RIS 5E BT IX A LA A9 — &5 (H&IX MR E — > HIE R L B Prolog 2% & i L ik

FHRIZ.

R\



H EIXT 5 AY Lisp

ARFEDW T Lisp HHYEAIN 52972 Common Lisp #2441 —ZH #AERF AT {12 5 18 [7) %) 52 O RE 7 IR (56
IXLCERVERF RIS SR, HFR A Common Lisp Object System , 5(# 1{ CLOS. fEiX A TAHE CLOS UHE—
b 55 T [F) R A 7 B B, A B AR B 24— Lisp #2170 WX ARG RE CLOS A& 2R Lisp AT
RS E P NN UPR 8

25.1 ATABHEFE!

H A4 gt mRE R P UL T KB — kA i B A — A X A A TLa 250, R E AR 7
SCPRGRTHERRE 10 T )7 =N BRI . A 1970 FEAK, 2 1 TH SRR GE4E A A2 R 30 O e I 283> 14—
MNREML. BFEAH XA A 0] RV 2 K 4 B ARG 1) TRl . AR, RGN ALIERE 1A
T2 P A RERE— & REHENL .

X5 IR IeFE AR KRR LA, JEE A S IR T S5/ 3R 2 T K  EAFRE R — IR 78 i A i
AL B I E R , TR LEE R B CATEIZ LA 4, B B B B S AR IX LB O X4 TRl 38 Bt
Bz,

2Rt B RATEE H — A BT R fX A B — R R S — SR A R AL LR
W ESEAL, ARG B AL I

(defun area (x)

(cond ((rectangle-p x) (* (height x) (width x)))
((circle-p x) (* pi (expt (radius x) 2)))))

T DX SR BT R ML L A RO R A CAtRERS T B S BT area iX 1™ s HUB AR IT , AN 42 55 166
HAE S BTGB R 2R 25 AN rectangle 2RI REE & B R GUXFE

#’ (lambda (x) (* (height x) (width x)))
2T circle &2
#’ (lambda (x) (* pi (expt (radius x) 2)))

FEIRFPRIR FRATIAN G300 [0 1200 5 BT AR, S8 5 0T 5 WIAR i i J8 S B Pl AR e 5 e [ 7 o
CLOS HIFIRAUF RS Lisp IEAEEE B O, ARIETHE FIXT R A gt 7 e 5 HIXFER, AU : Lisp 148
5P, AT R ARTH A X R fe X AR D) — 4 ANt Lisp H AR R AME SR &7, T
[0 SRR AN, it AR N A R 3524 Lisp S AN RAES o 75— FiliiE : Lisp & TR 9 B AIE
T AEEFEF L AN G AR AL AN S5 A AT DA AA S B S i v R B R LA o
H T CLOS A& J5R LA 1Y, it LA Lisp Ui i 1A S A it i 5 I B3R T SR, IR AUX AT Lisp
AREA/NE T o WK, Lisp 2&— M A Z B gEIE S, (B2 BURHAS R T Rah T 1 N R 1 gt si=t.
AL T, X P B = HUE Lisp B RAETRAERY L —FrTREVETT Co A T HUEBRIX PRl GEME, FRATA
7 CLOS —/> Lisp #J7, ©ik Lisp BN T — [ T A RATES .
VR AR RO AT (R “Plus ga Change”s ‘&7 H ¥ 12 1 “plus ga change, plus cest la méme chose” , I &L : 201G
L MOE ORI TR A i IS VR R

241
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AERE AT T CLOS EA— MR AR T Y SLBIRDTTS , EIMTa7R Lisp FHIHITAA G4 fE 2 A1 #Y
AR XA/ T A CLOS A B B — MRUFHYF BL, Biog > — DR TE 5 BURAE , AT 20T IERELL 11
AR RSB RLE T o AR5 7.6 1 ARLE LR XAy sORIHER . T — T2 A — 2RI
T [ED A G R AT S AE Lisp 2 BT ISR A2 H AP SRR RAEES 25.3 T EI5H 25.5 TN
— LIRS %

25.2 PHZERN Lisp FAIFT S

FATAT LA Lisp RS R EFEARRI TSR ATE T o A — MR BLHEE R INETT LU T [0 52 2 R 1 2R 23
XFRE] Lisp HIZEEATMRHLH] £ ANid, CLOS HIE R MUBLEFATHE LIATFX A F L. AL, £ RA DTG T
fift CLOS BELEBAAT 22 0, AWE BB AT SR R Lisp ARRETLE41 4.
FRATAETH 11X G2 G e P AR K 2 BORR I, HLSEAE Lisp BIHICAEA 7o IRATRILAH M 27 B AR e A5
BTN BUARER Sy o AEATT R AT 2 P TARHY RS S — IR R RS, XA RGO T 2 2 FLSLA Y
MBI T . HRX G, @S 2,

1. BHAREAXTSR

2. EREX AR EEH RO,

3. 1M HASRAEME ISR Gk B B SR T 35 o
A Lisp 10 C A4 ) LM BURAURTER J7 o Horp— Rl @400 R SBUMG 7 38, 1EXT S R PR
A R BRI XAEIATHE AT LA gethash AKV5 AR E R R :
(gethash ’color obj)
T REGR R 5, FATRFE AT LR E AT SRR IR AR o X, BRATTHXT 5 R Geth w] LAAT 7
T B PN G BRRAE T funcall — N MY 26 LAY [R5 B 1
(funcall (gethash ’move obj) obj 10)
i, BATAT LUE L—Fh Smalltalk KU HIH BAL B IR -

(defun tell (obj message &rest args)
(apply (gethash message obj) obj args))

XRER T, 5 F (tell) obj B2 30 10 M FRAL AT LA
(tell obj ’move 10)

HL L, HFBEMR Lisp Me— B/ By Z R AORMLE], A TR LA AT ARG S — P Y UAR X
4\ﬁﬁzﬁfﬁféﬁ\ﬁﬁuﬂmi%]gethash}Eﬁ%ﬁiiX4\2U§E:
(defun rget (obj prop)
(multiple-value-bind (val win) (gethash prop obj)
(if win
(values val win)
(let ((par (gethash ’parent obj)))
(and par (rget par prop))))))

WRILN LA gethash BT H] rget , b 152 AR A BIERTT o MR, o] LAFR EX 5
AR :
(setf (gethash ’parent obj) obj2)

FIBAEN IE, FATHRAT 7 3R — B — DX R IR — A0 A FATAT LAE parent JE ML —
B X REA Z 4K T, 1018 25.1 HE LHY rgeto
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(defun rget (obj prop)
(some2 #’(lambda (a) (gethash prop a))
(get-ancestors obj)))

(defun get-ancestors (obj)
(labels ((getall (x)
(append (1list x)
(mapcan #’getall
(gethash ’parent x)))))
(stable-sort (delete-duplicates (getall obj))
#’ (lambda (x y)
(member y (gethash ’parents x))))))

(defun some2 (fn 1lst)
(if (atom 1st)
nil
(multiple-value-bind (val win) (funcall fn (car 1lst))
(if (or val win)
(values val win)
(some2 fn (cdr 1st))))))

& 25.1: Z4kK

FEERYRARAR 2 BT, M FRATHEAR B R A FEA BN, R E00 H A RAHE T ) R R
KRG BB BATEE A RIS B e & g A3 iniX BB 4R . AL MRMARE 3T
PR MO R (BRRX R R 2 S22, FUAR I 2 e, AR U
BHIFRT o BATAREH G SAAL R XN E . MR AVEAZ A, BATA U 25.2 H Fros B QR RR -
a YK H bl c, 1 b Al ¢ BIART do TRELALIE (SR BEAL ) W03 10 AR UGES avbs 1d]ve Fl de fiir
AR R R AT AE d M e B IR ARATH 252 o hRVEE, Mk ¢ hEg. X ad ik —1 5]
W - B2y 2 2 BT R R P R A A B M

K 25.2: B[R] —HE2E Y 2 Ac A2

MR TR EE SN KRG R EART S AT R A — DX R T2/ $E R &I 5o AR
o IR RIT V242 asbs ondo BB AREA REARIESE R AT 2 Se 22 P It e e » AR B A 7
PR AiE — Do, F1I5R A X G A B A tHSGH , SRFE R PR HE 7 LR A — DA R A B
TN, G R E B ICER .

get-ancestors KM [ IXFRHRNG B &I Bl — P2 _EEFINHET 197156 7138 h R TR B AR E RIH
5efile N T R AEHE T AR R — E RSB T4 T L, get-ancestors ff 1) & stable-sort MMk sorto.
— HHEF S5 rget HERB S — N EAMHE BRI L T o (S5 T some2 /& some H—M&
HUhiR, B REE T gethash IX 28 MR MEFR IR BN SR A R AL )
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R AE 5881 3 T 3R BT 2 S e AR B TH 46, 55 B i — A 2R L. 12K orange #& citrus BT
HHJEE SR fruit W72 AR 2 F R AT 450X : (orange citrus fruit).
MWEANNE, CEAZANCE, IR AR 2E R IR 22 N A B A HEFI . Rt WA

(setf (gethash ’parents x) (list y z))

AABIRNTEIL R — DRI KRB BIERS , y SR UET 2 B5 18- 28015, FATAT LA 2 ] ) Tl
o T, AR AR R

> (setq scoundrel (make-hash-table)
patriot (make-hash-table)
patriotic-scoundrel (make-hash-table))

#<Hash-Table C4219E>

> (setf (gethash ’serves scoundrel) ’self
(gethash ’serves patriot) ’country
(gethash ’parents patriotic-scoundrel)

(1ist scoundrel patriot))

(#<Hash-Table C41C7E> #<Hash-Table C41FOE>)

> (rget patriotic-scoundrel ’serves)

SELF

T

DAELEFRA TSR AR R RGE ARG . AT EANOS RAVERECE Fo XA RECK SARFTEERXT G, #iE—
MZXZAHERIFIR . BIRGHTHI A AL T B B X TR 1Y (FRBRA A B A X A
TEPERTSE M. 18] 25.3 HE ST 14470 obj HYBREIL, IX 1 BRI T A BB U G, 0 R AH S 51 Sl £
FAEXNZRAGE . O 7 BRI SR AR ERE LT rgeto

(defun obj (&rest parents)
(let ((obj (make-hash-table)))
(setf (gethash ’parents obj) parents)
(ancestors obj)
obj))

(defun ancestors (obj)
(or (gethash ’ancestors obj)
(setf (gethash ’ancestors obj) (get-ancestors obj))))

(defun rget (obj prop)

(some2 #’(lambda (a) (gethash prop a))
(ancestors obj)))

25.3: KRBT BT G2 1Y PR AL

75— AT LABCHE A3 52 T B RIS . tell AL R 2 RHZRIY  H H T e/ R, ShimgeE) 128
Lo TR TR PR AT RN Lisp ATZFIAN T

(tell (tell obj ’find-owner) ’find-owner)
FRATAT LU A B 2 SUR R EOR L 45 tell IXFNIRTEL A& 25.4 Fi7R o FIIEZHL meth? HI(HUIIRE

LA AR R X A R ZA AR T EE R AL B, 7500 W% 24 B slot, FFAR ELAR 7] rget FTIEIHY
fHo — HIRNHEX BIRR S M AT — Bl ARIXHEE ST T

(defprop find-owner t)
FATHE AT LA s O HT 7 SORE R, IR AU S22 SUR Lisp FUFE T T

(find-owner (find-owner obj))
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(defmacro defprop (name &optional meth?)
‘ (progn
(defun ,name (obj &rest args)
, (if meth?
‘(run-methods obj ’,name args)
‘(rget obj ’,name)))
(defsetf ,name (obj) (val)
‘(setf (gethash ’,’,name ,obj) ,val))))

(defun run-methods (obj name args)
(let ((meth (rget obj name)))
(if meth
(apply meth obj args)
(error "No ~A method for ~A." name obj))))

[ 25.4: BREGCHTEE

B, RS R AR A AT e 1

> (progn
(setq scoundrel (obj))
(setq patriot (obj))
(setq patriotic-scoundrel (obj scoundrel patriot))
(defprop serves)
(setf (serves scoundrel) ’self)
(setf (serves patriot) ’country)
(serves patriotic-scoundrel))
SELF
T

TEYFTSE I MR P D B F RS RN — DT e RTINS B O, B2 & ghR15 ok
o BLRAEEIX R EA S 2 B RGN R VFIAHE T 2 A kR ok 1 J7 i G ok IR E & 07 (E1R
%o Wi, AT A BN R ) move J7 BT FHH AN move J7 15, (HZBR I SMNAZAE I H 2 H 5k
HZ st e,

AT XA RARAS IR S FATEE SRR , Il _E before- after Fil around /7. before /5 EE1LIRATREW M2
Fe, S a X F e U IR T B R AR T A TP AR BB TR A R0 ZE BT - after J5
AL FRATAT AR AR P, A, X G I 177 XL B e M . fEME 2 E, 3K
MEPITE S B OUR B JTER R BAEREFR N £ 7 2% (primary method)o & HIAR [MEC4 1 4E B>
JrERIR M, B after 77 EAEH G -

before F after J7 i1k FRATRE HATHIA T AT T e K o around J5 ) PA—Fir s 25 Wb B 77 36 S0 13X 4
WiRE. ARAFAE around J7 3%, AR 2458 FH I S AN FF A2 327735, 7 & around J71%. FfH. around J7E 70k
WHFTTH: (H call-next, ZREEE 25.7 Hiflt), & TRIRENEE R H H.

nrE 25.5 FE 25.6 itz o8 T L0 263 B 9 77 154230, FATTA run-methods Fl rget ML T Mtk 7E2 A
HIRA L B ATTI A G B3 T8 is A THI AU — > R R DT RC A AR e 8. AT & i T
FHIETIRI BB L — DT N ERBI T 2 SCRE 8 A 4448 X -

1. A A RIS, o2 i ILACHY around J7 s

2. A A3 ARG -
(a) FTAIHY before /73 , i IERCHY £ i A DAL AT -
(b) FRICECHYET Ik (XEFRATELRT 28 ).
(o) FTATHY after /73 , Mt AN DL ACHY 2R ITACHY o
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(defstruct meth around before primary after)

(defmacro meth- (field obj)
(let ((gobj (gensym)))
>(let ((,gobj ,0bj))
(and (meth-p ,gobj)
(,(symb ’meth- field) ,gobj)))))

(defun run-methods (obj name args)
(let ((pri (rget obj name :primary)))

(if pri
(let ((ar (rget obj name :around)))
(if ar

(apply ar obj args)
(run-core-methods obj name args pri)))
(error "No primary ~A method for ~A." name obj))))

(defun run-core-methods (obj name args &optional pri)
(multiple-value-progl
(progn (run-befores obj name args)
(apply (or pri (rget obj name :primary))
obj args))
(run-afters obj name args)))

(defun rget (obj prop &optional meth (skip 0))

(some2 #’(lambda (a)

(multiple-value-bind (val win) (gethash prop a)
(if win

(case meth (:around (meth- around val))
(:primary (meth- primary val))
(t (values val win))))))
(nthcdr skip (ancestors obj))))

& 25.5: BB HY T3

(defun run-befores (obj prop args)
(dolist (a (ancestors obj))
(let ((bm (meth- before (gethash prop a))))
(if bm (apply bm obj args)))))

(defun run-afters (obj prop args)
(labels ((rec (1st)
(when 1lst
(rec (cdr 1st))
(let ((am (meth- after
(gethash prop (car 1st)))))
(if am (apply am (car 1lst) args))))))
(rec (ancestors obj))))

Pl 25.6: 4B AT 7 (£5)

[l IR TR, 5 AN PR B B R B B, e i T P A R B o B EEE S () T7ik , ANRE
FHEIXAEL T
(setf (gethash ’move obj) #’(lambda ...))

FATH T
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(setf (meth-primary (gethash ’move obj)) #’(lambda ...))
BT B A HE R BAT P2 AR IR BEATE T

(defmacro defmeth ((name &optional (type :primary))
obj parms &body body)
(let ((gobj (gensym)))
‘(let ((,gobj ,0bj))
(defprop ,name t)
(unless (meth-p (gethash ’,name ,gobj))
(setf (gethash ’,name ,gobj) (make-meth)))
(setf (,(symb ’meth- type) (gethash ’,name ,gobj))
, (build-meth name type gobj parms body)))))

(defun build-meth (name type gobj parms body)
(let ((gargs (gensym)))
‘#’ (lambda (&rest ,gargs)
(labels
((call-next ()
,(if (or (eq type :primary)
(eq type :around))
‘(cnm ,gobj ’,name (cdr ,gargs) ,type)
>(error "Illegal call-next.")))
(next-p O
, (case type
(:around
‘(or (rget ,gobj ’,name :around 1)
(rget ,gobj ’,name :primary)))
(:primary
‘(rget ,gobj ’,name :primary 1))
(t nil))))
(apply #’(lambda ,parms ,@body) ,gargs)))))

(defun cnm (obj name args type)
(case type
(:around (let ((ar (rget obj name :around 1)))
(if ar
(apply ar obj args)
(run-core-methods obj name args))))
(:primary (let ((pri (rget obj name :primary 1)))
(if pri
(apply pri obj args)
(error "No next method."))))))

& 25.7: 5 U5k

] 25.7 7 SLRYBURIE AR — 15 o ARBS AR RIE A RSB A R 8, X R BT L RS T HE
(977 %0 around MIFJ7 7] LMEM call-next RN T — A ik Jril F—D Ik, i1 &4 2 w7
AL R BT e 28017 A0SR G AT T 1 )5 2 E— Y — 1 around J7 ¥k, B4 T — ik
LA ILIY Hh before J7 5 S VST 4277 ¥ after 7515 =& SRRSO AERITECH 07 8 5,
TN AR ISR T e BT call-next BT MBI T B AT, I call-next
Yo% A 1 defun SRAES R E S, AN B IEEEA H defmeth *F LAY JT 2 B0 E Yo

around J7¥AEE LA AT LA next—p ARARKN T — NI A MR G RTRY T2 207 M HE
T BN REBCA KN I AHMALHA T NIk, T HUBA T NI, call-next 2 1i4H,
I 3% 480 P next-p IR K . 14 call-next, next-p /R )7 12 HLIH B phHE 5 HEE LAY
?ﬁ%ﬁ%%%@mah%@mﬁ%oW%ﬁmﬂﬁﬁﬁﬁﬂmmmgeﬁ%%mmﬂﬂaﬁm%%
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(setq rectangle (obj))

(defprop height)

(defprop width)

(defmeth (area) rectangle (r)
(* (height r) (width r)))

BUE, 1 rectangle SEBIRITHIAHAL S BB X BT 554G

> (let ((myrec (obj rectangle)))
(setf (height myrec) 2
(width myrec) 3)
(area myrec))
6

XHEAENE 21 BUEFRATA filesystem X G E L T —1 backup /7%

(setq filesystem (obj))

(defmeth (backup :before) filesystem (fs)
(format t "Remember to mount the tape.~%"))

(defmeth (backup) filesystem (fs)
(format t "Oops, deleted all your files.~%")
’done)

(defmeth (backup :after) filesystem (fs)
(format t "Well, that was easy.~%"))

I IR PR

> (backup (obj filesystem))
Remember to mount the tape.
Oops, deleted all your files.
Well, that was easy.

DONE

ROk, BATREAGE R — IR AE P 2 D8], Jr LART LLE SCR T around J53% :

(defmeth (backup :around) filesystem (fs)
(time (call-next)))

AR HEH filesystem T-2EM backup (FRAEA HICACLHY around J7 4 A, A FRATTHY around 77
DPIT. BLIslT P HE IR backup Bs T HABLEARD AR Z AL 2B EATE] 71> time A9 H H
PITe time HYIRIEMENISAAEN backup J5 ¥4 HIHI(ER [ .

> (backup (obj filesystem))

Remember to mount the tape.

Oops, deleted all your files.

Well, that was easy.

Elapsed Time = .01 seconds
DONE

— HALE 7 & eV E T B TR, T8t S AR L 455X 1 around J7 7. 8 H undefmeth A A EX N H
) (AN 25.8), EIIZEF defmeth BT F NS -

(undefmeth (backup :around) filesystem)

(defmacro undefmeth ((name &optional (type :primary)) obj)
‘(setf (,(symb ’meth- type) (gethash ’,name ,obj))
nil))

25.8: 2P Tk
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(defmacro children (obj)
‘(gethash ’children ,obj))

(defun parents (obj)
(gethash ’parents obj))

(defun set-parents (obj pars)
(dolist (p (parents obj))
(setf (children p)
(delete obj (children p))))
(setf (gethash ’parents obj) pars)
(dolist (p pars)
(pushnew obj (children p)))
(maphier #’(lambda (obj)
(setf (gethash ’ancestors obj)
(get-ancestors obj)))
obj)
pars)

(defsetf parents set-parents)

(defun maphier (fn obj)
(funcall fn obj)
(dolist (c (children obj))
(maphier fn c)))

(defun obj (&rest parents)
(let ((obj (make-hash-table)))
(setf (parents obj) parents)
obj))

[ 25.9: 4EIPACSEAN TSI R

A IRATT RETT BB AR AT R AR FIFR o ABRIFIT T IXFMESZ G, AT 2 A W 1o B FriZ%F
FURHFrATRIRIEESIR. 2R L, B BAINE P Z IR BARFIE 17265 2, Fr AR T80
FI—> children J& M.

I 25.9 H AR TR ARAEXT R AR 72K X N F ] gethash SKARTG A KA1 2615 B, M2 431
M HERVERT parents Fl children. HHE#HE &N 72, FIMEX T setf £IBIH. AT 2 EREL BEH
WARVERE defsett & LN set—parents, X/ ERAELHE 1 B BOAHSC AR LEHT ORI B HE R A RE AR5 H
—EE.

AT BT B AT E XN R B SE, set-parents W T maphier, IX A BRI A 24 T AR BT
mapc. mapc X FF BEDNICRIBIT A REL, FIFERY  maphier 2 0TGN BT 15 A0 FH 48 5 1Y 2R
o BRARIX LTS S A A T T R EIRE, BA FIN G N BRIk DA b fEIXHL AL
SEAE K 21K get-ancestors FHFH— R IR A MHIE B o

f)@ﬁ,%@ﬂﬁ%%%ﬁ(%m E/‘Jiﬁ, FATA AR R parents LEIHH setf BLHTLAT :

> (progn (pop (parents patriotic-scoundrel))
(serves patriotic-scoundrel))

COUNTRY

T

B R IREIHAE A 2 2R MR 7PN I B SR 2 R H Zh B8 (children AR 2LL
NEEAESH BRX WA RAT Lo HEIATE L1 set-parents Xf [ [ set-children At H] LA
To ) N TEEFAR, FAER 25.9 RIS EHE L T obj KA.
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IERIRATTETT & — B BT BORAL G T7 8 MR IEA RGN G — IS0 BUAE, 4 Ry ME— 3207
PG R I AR (RARE W LA call-next KA HE BRI TR A EEEIEX R A H
SERETTIER G RA AR YE ? Lt , 1% my-orange /& orange 12K, 1] orange X & citrus ¥
Ho MR props LML citrus LRI EEZ (round acidic), MY, orange iR [EI{H /& (orange
sweet) , my-orange HJZ5H /& (dented). E/ERELL (props my-orange) REIR [FIIXUEfH [ 5F & hlif /2

T: (dented orange sweet round acidic)o

(defmacro defcomb (name op)
¢ (progn
(defprop ,name t)
(setf (get ’,name ’mcombine)
, (case op
(:standard nil)
(:progn ’#’(lambda (&rest args)
(car (last args))))

(t op)))))

(defun run-core-methods (obj name args &optional pri)
(let ((comb (get name ’mcombine)))
(if comb
(if (symbolp comb)
(funcall (case comb (:and #’comb-and)
(:or #’comb-or))
obj name args (ancestors obj))
(comb-normal comb obj name args))
(multiple-value-progl
(progn (run-befores obj name args)
(apply (or pri (rget obj name :primary))
obj args))
(run-afters obj name args)))))

(defun comb-normal (comb obj name args)
(apply comb
(mapcan #’(lambda (a)
(let* ((pm (meth- primary
(gethash name a)))
(val (if pm
(apply pm obj args))))
(if val (list val))))
(ancestors obj))))

25.10: T4 E

RANRELLE T RS BT 0535 AR [RHE R A _R TS A2 (AR 9] i DG e 34 = R A Y 3 [ EL, ARl
REMRDRIX AN AT T o 18] 25.10 AR SCA— 7 XA L RATRERR E T G AL & T-B, B Hhad g ST iR
mrm%u&mMM&Eﬁﬁﬁmmﬁ%ﬁ%ﬁéﬁﬁﬁoﬁm%MRmm%Xﬁ%%ﬁ%%ﬁﬁﬁE
TEBNENE NS B SRR TIHRNHE T B, XE AR — R A,
B AT LUE progns :and- :or Al :standard Yo AR AT =, RGatS HAH R A ERAVERF R 4H
A LT, M standard B3GR I LART B9 MEARAA T T35
EMMO¢%&@@@%%%Dm%M&mﬂmmoW%Wﬁ%mﬁ%&ﬁ%ﬁmWMMe%@ﬁﬁW**
DI . AN mcombine N IZA& N ERAL (LN +), B2 0BT (FLAN sor)e BRI —FMEN, A F 7 1EIR
[ {EF4) il B 21 R Ik BRI A PR AR IR SR B AU DL, AT IR A S8 X L B BRI 207 95—
—EATIRAE
URAEE R EPETE 2L W LIEJEH] reduce , iIXFERT LU# 5 T3] cons.
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(defun comb-and (obj name args ancs &optional (last t))
(if (null ancs)
last
(let ((pm (meth- primary (gethash name (car ancs)))))
(if pm
(let ((new (apply pm obj args)))
(and new
(comb-and obj name args (cdr ancs) new)))
(comb-and obj name args (cdr ancs) last)))))

(defun comb-or (obj name args ancs)
(and ancs
(let ((pm (meth- primary (gethash name (car ancs)))))
(or (and pm (apply pm obj args))
(comb-or obj name args (cdr ancs))))))

& 25.11: J B 4EE (4%)

W 25.11 7R, and M or X IMEVERF L UERFIRACEE . AT R AN & R N BATT42 special
form , T2 KA BRI (short-circuit) RAE /72

> (or 1 (princ "wahoo"))
1

XH AT 2ZEBASHAT IR BN or — &I nil FIZ2EGH &2 RNREl. 5220, A — P ITECHY
TR E S AR NI or HE ML B A . o8 7 523 and T or X FHALES KB, 3%
T T WAL T TR K%L comb-and 1 comb-ors

N T SEBERATTZ B AT, AT LU AR

(setq citrus (obj))

(setq orange (obj citrus))
(setq my-orange (obj orange))

(defmeth (props) citrus (c) ’(round acidic))
(defmeth (props) orange (c) ’(orange sweet))
(defmeth (props) my-orange (m) ’(dented))

(defcomb props #’(lambda (&rest args) (reduce #’union args)))

XHEE L2 5, props HLREIR [ A A £ 7 SR FMERYFFAE 12 *

> (props my-orange)
(DENTED ORANGE SWEET ROUND ACIDIC)

BTG LT R T N FUAE Lisp BTN G2 fe A4 2 1T I A 14 2 FE (5 ELORAFAE slot B, I
fAfEJT i L
LAJE , i RABEE props JTIEIKE BIBRAS BTN, A BHE T 5 B2 & 5 K [ FRifEi= (standard) BJTA) :
> (defcomb props :standard)
NIL

> (props my-orange)
(DENTED)

BT before Tl after 77 1% FUBFEFRMEIN A AT A AR 1 around 77528 LARTARKE TAF .

A IR BT SRR — DR AR AR LUVE AT, B T R X R e . Bk MR 25 R
FORREITE AR . B X 2R — DA LAUTAR AR ) PR A mT AR A a0 R Joe A 2 i 2
T props A A FREGE union, HILFIFR B HITCEA—E A% BRI FHES o
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TR IR BB RIS, A — /NS AT DALE B BYRCRA 1 24 Bt R R A — A0k
93, AN ZLH R IR E I ALIE S

25.3 ZEFNSEH

b T AR RERL/ N P OR BT SLEL CLOS. HEARE A FRATHETTELE CLOS 47 T k. 7T
T LA AT PSR CLOS A5

PEFRATHTIX A T S B oA 2R A SV E TS R D A slot AT 93 . ££ CLOS B, FRA1T
H defclass & X2, A 4% slot ZH AL F 36 —FF R A -

(defclass circle ()
(radius center))

i§4\§§iiitEQE§E§{%,circle ?@%&%@ﬁagé,{afé¥§ﬁﬁﬁ\shﬁx radius fll centers %ﬁﬁ]ﬁﬁ7<ﬁﬁEQf§€UﬁIﬁi%ﬁ
F— circle ZE1) L4 -

(make-instance ’circle)

ASEHR FATIABA E SR circle H slot BT 2, RICERATTONEE B ATA] S 3 R M2 . o 75 (R]
FEE R slot, FATTHEA S E SL—P 1717 (accessor) BRIEL :

(defclass circle ()
((radius :accessor circle-radius)
(center :accessor circle-center)))

BAE, R FRATE S T — A circle 1 SE61, 58 7T UL sets Fl-5 2 6 W 19 15 (7] BB £0OK 1% & © 1Y radius
F center slot:

> (setf (circle-radius (make-instance ’circle)) 2)
2

R T AREEE X slot, ARAFRATHL AT LIE make-instance B BHE5E BOX P IR GI) TAE

(defclass circle (O
((radius :accessor circle-radius :initarg :radius)
(center :accessor circle-center :initarg :center)))

TE slot & L HILHY :initarg R T HRIN T RN EL 24 E4F make-instance N — 1 R T
Zo XN RS IEE SPAEZ slot BRI IH1E :
> (circle-radius (make-instance ’circle

:radius 2

:center (0 . 0)))
2

fEH s initform, FA T AT LAE L—2E slot, iLENIREVI ML H Che  shape Z5H [ visible

(defclass shape ()
((color  :accessor shape-color  :initarg :color)
(visible :accessor shape-visible :initarg :visible
rinitform t)))

SHE IO E L ¢

> (shape-visible (make-instance ’shape))
T

IR slot A1 B A initarg M initform, H82 >4 initarg A5 E AN , B A I056HL:

> (shape-visible (make-instance ’shape :visible nil))
NIL
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slot SR SLBIMITIRAPK TR WER—DEHLZNRKE, A ELWRIGR LA slot B9FFEE. [, 4n
RIATHT screen-circle 2RI AE LK circle l shape P22,

(defclass screen-circle (circle shape)
nil)

A2, screen-circle 2 E A VYN slot, BRI A slote TEFE, —MIEA—EE A O —Lp
i slot,screen—circle W SUMAETHRAL T — AN AT LASEHIL 287 BRI 44K H circle fil shape.
ARTAT LAFHAE circle FH shape S0 A ARLETS [A] R AR initarg 234 screen—circle JAI A SL Ak SE AR 4L :
> (shape-color (make-instance ’screen-circle

:color ’red :radius 3))
RED

WRAE defclass B4 color ¥5E—> initform , FA T AT LALL T A 1Y screen-circle FIXT LY slot # A 1™
TRAE

(defclass screen-circle (circle shape)
((color :initform ’purple)))

Xt screen-circle KM A SLHIFEFAE L Pt A BN T

> (shape-color (make-instance ’screen-circle))
PURPLE

AEFATIE ] LUE S 25 & —1> : color initarg, RIHLIXA slot F AL HABEI o

PEFRATTZ 17 S R 16 2 T [ 0 SR G AR AE 2 L, S0 A (BT LA B A ACZR Y slot KR 152 . £ CLOS 7,
AL slot BYTT HANFASEA —FE . FRATHIEAEAC 2 BLE S initform 2k A S E SR 4 4k K B 445 (B o
FESRMREE b XA B A REEME . A initform AU LA — M4, BIE AT LU — PR CERIR AN
FM{ELRFRIE

(defclass random-dot ()

((x :accessor dot-x :initform (random 100))
(y :accessor dot-y :initform (random 100))))

B random-dot LM, BAE x Ml y fll_ERIARFRET S M 0 ) 99 2 [ D REALEEAL:

> (mapcar #’(lambda (name)
(let ((rd (make-instance ’random-dot)))
(list name (dot-x rd) (dot-y rd))))
>(first second third))
((FIRST 25 8) (SECOND 26 15) (THIRD 75 59))

FE AT 15 28 i S B0 L FRATRE P RR slot AN B X0 - — 2 524 H & B A R slot, iIX Al slot 5241 A1 52
Z AV A LAAS TR 55— Fif slot V3% & A 5828 L #f A Al 9. 7£ CLOS 1, AT AT LA ZE B 4L slot J2& 3% F
a4 HRAIE T, SR LEIX LS slot AMBEAE TR LB BRI . T ik B RCR , AR LA slot 75 B
% :allocation :class o (B—TIEWIZ :allocation :instance. A HTIXZAGA IS FbEk
BoA BB R AMARE 1o ) il , WER A B8 K2 3 8] AT A sh 4, AR A3 ATRT LALE nocturnal
XA slot 1 owl ZEAYAEEE slot, [FILEE HIRTIAIE N ¢

(defclass owl ()

((nocturnal :accessor owl-nocturnal

:initform t
:allocation :class)))

BUAE, A1 owl SEBIER S RRIX A slot 1

> (owl-nocturnal (make-instance ’owl))
T
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URBATES T3XA slot B “Saif” (i, AR AFRAT S Br_EAE B R PR AF AT HL T A £ -

> (setf (owl-nocturnal (make-instance ’owl)) ’maybe)
MAYBE

> (owl-nocturnal (make-instance ’owl))

MAYBE

XFPHLAI B 2 i i — S R, BT AFRATT AT RE S Ay B2 1EIX A slot B 2/ . FEFRATTA—> slot 28 S5 [A]
PR [RT IR , B2 AE A IX A slot FMEE L— MRS BT ¥ o ISR FRATRR ZbiXAME R 32 (H AT 5 R
LFRATAT LAZA XA slot (VAU B —1 reader BREL, AN THREN 15 (7] BREL :
(defclass owl ()
((nocturnal :reader owl-nocturnal
:initform t
:allocation :class)))

AN SR 22358 20 owl AT nocturnal slot HIE , &7 A — M kiR

> (setf (owl-nocturnal (make-instance ’owl)) nil)
>> Error: The function (SETF OWL-NOCTURNAL) is undefined.

254 Fik

AR fRTRE RSB AR, 53R 1A — AR R RUATRIE AR Y 15 5 5L, 5 slot AT i (B4 HAREL
PERY o AESEBLAY T , ORAFAI AR K T2 0535 B 7 RS slot (AL HR T BA T AAF] o slot F1J7I5 XA
FET A4 758 UK slot, A i

(defprop area)

8 area VEON— A BRELSLILEY , IXA R BAGRIFFAR (0] —AMEL 1R AN 44 708 SOR— N7 i, R it
(defprop area t)

I area SEELK — 1 BRAL, XD REER EIHZ )5, 2 funcall IXME, FIFHER AN 2L 45 E -
£ CLOS H1, SEBLX A L RERY FRTTASRMERR O I3 38, Rt il LAGE S e 7  iEBATAE B MGR R R
PE—FEe XH,IRATHN circle KE L1474 area KI5 i%:
(defmethod area ((c circle))
(x pi (expt (circle-radius c) 2)))

XTI ZHINERFOR X2 M — D2 HH R ZHZ A circle MRS
AR RS BTG — A R BOIR R A 53

> (area (make-instance ’circle :radius 1))
3.14...

FMFERERT LALE T 532 2 I 20

(defmethod move ((c circle) dx dy)
(incf (car (circle-center c)) dx)
(incf (cdr (circle-center c)) dy)
(circle-center c))

WARFRATA— circle BISEBIX N TT ¥, circle SEPIRI LS55 (dx,dy) :

> (move (make-instance ’circle :center (1 . 1)) 2 3)
3 . 4)

JTERIR VAR TR HIHT L E
FNFRATTH) (872 I S — A A0 SR — > SR Y 28 S HALSEAF A I, BB A XA J7 & (i UL BC 9 J7
ERORH . FEIG, IR unit-circle & circle 128, A EEG W NN area J7 .
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(defmethod area ((c unit-circle)) pi)

B BN —> unit-circle HIZEHII ] area J7 5 B IS5  145% 0 H HOAS 2 30— B9 BB J7 15, T2
TE LT E X area.

M—PRE LN AN BN RPN B AR IR, patriotic-scoundrel ZE[YE LUTF:
(defclass scoundrel nil nil)

(defclass patriot nil nil)
(defclass patriotic-scoundrel (scoundrel patriot) nil)

TN % B B TOH, Al & e — N ICH, AR AR — D EEE . YA GER R,

(defmethod self-or-country? ((s scoundrel))
’self)

(defmethod self-or-country? ((p patriot))
’country)

scoundrel ZE T IS IXFEBAT -

> (self-or-country? (make-instance ’patriotic-scoundrel))
SELF

B H BT AE, BT LA TR LE A ST CLOS YT 5 TR — A 2. SEBR L=, CLOS HHY T 2 3 e ]
B HEE . 1E move JTIERIZEBNF T AR (¢ circle) N4 (specialized) 240, EFIN, WK move
M2 — 20 circle KA SLHIA9IE , WIS HIX S J7 e KT CLOS Jiik, R ab — AN 2T ABUA
feo B ITIERA P RS EON — A I AR LS AL
(defmethod combine ((ic ice-cream) (top topping)
&optional (where :here))
(append (list (name ic) ’ice-cream)
(1ist ’with (name top) ’topping)
(1ist ’in ’a
(case where
(:here ’glass)
(:to-go ’styrofoam))
’dish)))

SR combine IHTMNZ405) /& ice-cream Ml topping HYSLAHHI5, EIHIE LTt S # A
RBATE ST e B LA AR 135 55
(defclass stuff () ((name :accessor name :initarg :name)))

(defclass ice-cream (stuff) nil)
(defclass topping (stuff) nil)

LB TR RERE SOTFBITIXANTTIE T

> (combine (make-instance ’ice-cream :name ’fig)
(make-instance ’topping :name ’olive)
:here)

(FIG ICE-CREAM WITH OLIVE TOPPING IN A GLASS DISH)

i TR T — D LA BB S B SX I 5 I A A 5 1 24 R AE 7o FRATHY combine J7 2 J®
T ice-cream ZIA/EJE T topping ZEWE? £E CLOS B, Tl “XF G i 5> PRI Z A . WERIRA]
N THARREA FH R AL, I P TY DL 2 I i B Y

(tell obj ’move 2 3)

L5 W AEX BIRATH A ETZ obj Y move Jiik. [HA2—EIRAVEFXRITEIL , M0 250 BR KX B S50 7
1
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(move obj 2 3)

FATRFTTEE L move, LEE REMME B9 — DS dispatch #AF, ML JRES— D 2 HH LD FE & 1Y
T

FEHX 25 FRA N RTEH 7K 2 A RS SE — N2 HOR AT dispatch e ? CLOS HY [ 252 :
AR, M 2SR 2 £E CLOS W, JiiAREW 1 E R B S HGHA TR , T HOZX AR T H P B
FE MIMZE , Common Lisp ZRB L —FEAT L E 2 GEEH X B IR EXT G RF L . P2 144 M combine [
T BB T A

(defmethod combine ((sl string) (s2 string) &optional int?)

(let ((str (concatenate ’string sl s2)))
(if int? (intern str) str)))

AMUERE T EAFRRNEN, 1 HEZE T, BA TR EMRAA € SRR S 7 1

> (combine "I am not a " "cook.")
"I am not a cook."

N S AN ZH XSS palindrome FEATRAME :

(defmethod combine ((s1 sequence) (x (eql ’palindrome))
&optional (length :odd))
(concatenate (type-of s1)
sl
(subseq (reverse s1)
(case length (:odd 1) (:even 0)))))

LI B AT REAE AT TR P A [ 5L ¢

> (combine ’(able was i ere) ’palindrome)
(ABLE WAS I ERE I WAS ABLE)

AL, FATHHA N A CEAUURBR T IR G AT, C A & 55 A e CLOS ZEIL T HY I At
CEWIRE] AEX RN IG, HHEZE R EEARRZ IR (dispatch) RIS, BIZes 608 J7 B AR AT LA
R — D SE BT LI T 20 S50 280 . YR AT12E T X Fh B i H 19 220s T BOR M 77 21,
JIEHAT LA B R E IR TAEAE T o T AR EWNE T2, B BRI E AT T — 1.
CLOS fHIXFER—2H T AN generic # %o FIIA ] combine J7 %A= HE L T #4474 combine HJ generic B
£

FATAT LA 2 ] defgeneric 77 Y generic B AL, BRI A L2 L 1M JH defgeneric K iE L —
> generic PR, (HIZIX AN E AR — LB IO, B A — L85 I A PRI R 3 77 o FRATTAE R T Y
JESCHRRRERT I BT

(defgeneric combine (x y &optional z)
(:method (x y &optional z)
"I can’t combine these arguments.")
(:documentation "Combines things."))

HI X N combine & LAY IEBATRMUAT M ZEL, Fr AR BOA BT A IE IS , X AT 5 2
Ao

> (combine #’expt "chocolate")
"I can’t combine these arguments."

it AT 2 E BT generic PREL, XA It < 16

ECE EMERIL 2 CLOS /& LI — RITBASE AL 2. | IX LK1 52 3L Common Lisp [ N E I A F PSR Y o
f£—I> Common Lisp S (R SLBL5ESE 1), concatenate A% cons 1N ERIE I SHL, NILX A7 k0 AR
XFMEIL TR IR IE R LA
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generic PRETHL AT — D FRATHETT I 24 ot G S M I V50 B R - 24 BT 1Y 7] 44 07 25 i % — 1> generic J7
LI X LEE 44 TR B RN R 8 e N AT AR combine J7 #:#AA — N AES 4L
AR o ANRALEES — 7€ LHY combine JTIEHER = BH B A B FATE L E LA — P AT ZE
7T s e

CLOS 2R A R4 J7 S HBN R E — B8 . I SEH RS — B AT A2 - e T = 1
H 1S E AR B RTS8, I H arest Al ekey M BB B . R 5 8 a A G 4
F 24 (keyword parameter) 7] LAA—Hf NI defgeneric & BFFESRIE BRI T i — MR E I i
INE. FIHERRZEB R B2 ]2 E 20

(x) (a)

(x &optional y) (a &optional b)

(x y &rest z) (a b &rest c)
(x y &rest z) (a b &key c d)

M N ERA 2

) (a b)

(x &optional y) (a &optional b c)
(x &optional y) (a &rest Db)

(x &key x y) (a)

HORTE TR T E LR T P RS HOE RERRR A, BT HEHTME— HXT B35 £ Y generic
function M HPMESENIRIL . WRBATE L7 — DM AEHFRES B TT %, IR 2B 07 S i i
KT AT, AR AT HE -

(defmethod combine ((x string) (y string)

&optional ignore)
(concatenate ’string x " + " y))

B2l 2 BT A2 SCL P A S AR 2 string [T, combine J5 A M1T 0

(defmacro undefmethod (name &rest args)
(if (consp (car args))
(udm name nil (car args))
(udm name (list (car args)) (cadr args))))

(defun udm (name qual specs)
(let ((classes (mapcar #’(lambda (s)
‘(find-class ’,s))
specs)))
¢ (remove-method (symbol-function ’,name)
(find-method (symbol-function ’,name)
’,qual
(list ,@classes)))))

P 25.12: T MER 5 LRI 2

ANSERE, R A B E U7, 2 M ER &, CLOS W IF A — T W Y defmethod HYIY
PFo JTSEMR XA Lisp, ITATRATAT LA 5 —4>. & 25.12 [ undefmethod i3 | FahMilbr—A 77
IR . R defmethod I —#F  FRATAEM ATLX D ZZ R LS HE NG ARSI AR Z AL AE
T X RIS EINRANE N B A BE B = SHE 2, RIS HIN R Z IR N IX
Mo PTLL AR E M BRI string Y combine J7 9%, T LAXHFEE

(undefmethod combine (string string))

BARAC IS ERER AR E N2 ¢, B L IR BATZ /0 E LT — Ik, T HIX A7 A ik 288, (B2
RSB R -
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(defmethod combine ((fn function) &optional y)
(funcall fn x y))

FATAT LA N AR A e s

(undefmethod combine (function t))

T R Ay BB BE A B generic function, AR FRATTRT LR M B3 AT 25 ok ELOHE (5] 7 32 R B 203X 4> H B, BRI
JH fmakunbound:

el

(fmakunbound ’combine)

25.5 HEBIAEMAS

£ CLOS HL, % Bl R AL RN FRATHORE fRT AL —FERY s BIBUAE AT B R 7 7% (R IRAT—H
FI LA befores after Fl around J7#%. A LA AL 535 B9 44 5 e N _E R AE S8 7 (qualifying keyword) , 2k
FE SUX LR B R AL ARIMNIRATTN speaker 2KE L— 1T 715 speak W' :

(defclass speaker nil nil)

(defmethod speak ((s speak) string)
(format t "~A" string)

A2 W= speaker HISLHI ] speak J7i4% , ML LIS 2B THIHIK :

> (speak (make-instance ’speaker)

"life is not what it used to be")
life is not what it used to be
NIL

IAEE L—" 48 intellectual B35, 1L BT T71: speak i before Fll after 7775 2E LK

(defclass intellectual (speaker) nil)

(defmethod speak :before ((i intellectual) string)
(princ "Perhaps "))

(defmethod speak :after ((i intellectual) string)
(princ " in some sense"))

NG, AT RE BT — 1 speaker I 72, iX TR EES A O EFRE— (LS —1) 31 :

> (speak (make-instance ’intellectual)

"life is not what it used to be")
Perhaps life is not what it used to be in some sense
NIL

TEARER T A A 7 2 9 8 FH RO R0 3 A1 DA 167 ol S B R B 1 L A2 — £ 1 < BT 1Y) before J7 5
MU B FF 06, SR 5 At DO A =2 07 3% B 42 after J73  after J7 R i VCIC R )5 A W H . FL, an
RIAME T HIXHFE N AL speaker #E X before B after 7775,

(defmethod speak :before ((s speaker) string)
(princ "I think "))

X LE IR S AEIGE Y P TRIR A -

> (speak (make-instance ’intellectual)

"life is not what it used to be")
Perhaps I think life is not what it used to be in some sense
NIL
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TV FH B 2 112 before B after J7 ¥, generic BRI £ IR [H S 2 A DE O Y 2 7 25 OB, AR A 3 [ml
HME AL /2 format AR [HI Y nile

WA around J7 R, IX B Wt ZER ek sl . iy — X G A9 Ak A — 28 B around J7%,
SCE B ER BT, WA around J7ERHE T generic BRI HLE 4L A 240X 4> around 7 A& HEE ST,
IRE HAR B IX LT R B AR T R TIX 1 around J7 1. TEFRATHING ML H, — 1> around 77
BOE F RS R I s AT — DR AL TN — U7 IR ATEART E LI #44 call-next [P%(E CLOS H!
NI call-next-methodo ST next—p XTI, CLOS H AL A —1 1 next-method-p K%L, A
T around ﬁfz‘?, ?ﬂimﬁfwfé)‘( speaker E/‘]%*/I\¥%7% ,ﬁﬁ?*y&iﬁﬁ/ﬁ\ﬁ‘tﬁi*%:

(defclass courtier (speaker) nil)

(defmethod speak :around ((c courtier) string)
(format t "Does the King believe that ~A? " string)
(if (eq (read) ’yes)
(if (next-method-p) (call-next-method))
(format t "Indeed, it is a preposterous idea.~%"))
’bow)

Y speak HIE—PMSEEN courtier SLAIRT | iXA around J5 54 H55F 0 IH 4G 58 VY ~F/\ Fa -

> (speak (make-instance ’courtier) "kings will last")
Does the King believe that kings will last? yes

I think kings will last

BOW

> (speak (make-instance ’courtier) "the world is round")
Does the King believe that the world is round? no
Indeed, it is a preposterous idea.

BOW

AT LA &R FH before A after 77 1% ANF]  around J7 2 IR BB RN generic BRALHIIR BIMEIR A T o
— Rk, J7 B R a0 R T4 JX S R AR 25.2 17 LR TR ORAY
1. fW#EA g oA mICRCY around /5
2. AIATIE AR IS :
(a) AT HY before 73 , M i DTHC A 21 e A TTHEC Y
(b) FDCACH)E T X AATRATLART 2 ).
(c) FrAH] after J5 1% , M ANUEHC Y 21 i DEFC Y o
XA TT IR R TT AR AR R TR & o FIIRATZ AT R B e b —FF  IX B — A B A B )7 A
G e, 1k —1> generic BREGIR 1] fir A AT FH A 3207 R RH{E 2 Fil o
FEFRATAH R B, FA 118 def comb RAFEH G ITIEM T BRATEDOLT, J7 /e LA LT 51 H A AL
PR A BRI G IX RS 13
(defcomb price #’+)
HLAELL price X RREGR [F] fir A 1d FH 32 05 B A9
£ CLOS HUXRFR A BAE 5 T G o AERATIIRE T XN IR G I RCR UG AT IXFE— > Lisp Kk
HORA  ZFE A PR S — DI F R MR L R ERF S RO X A 1 F 3207 s IR HT T A A
Iy 2 e R UG LA BE M i BT o Q2R FRATTAE M price Y generic BRAL, LE B + RAGIRIEUE, [FINE
& price 3% HIE MY around 775, 04 H price HIRCRBLANIE & /2 R T 3E A LHY

(defun price (&rest args)
(+ (apply (most specific primary method) args)

(apply (most specific primary method) args)))
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WA E T around J7 ¥ERIE , BATE S BIOUGH, ZARE T EH G & —FERT . ERERT T A E R,
around J7 ISP LAM T call-next-method KM T — I Hie AEAEX H T TT A GEM A call-
next-method | o (ii**xi%%%ﬂ*%ﬁﬁﬁiﬁ@ﬂiEﬂZZQt,ZE*%ﬁiﬁﬁﬂi,%%ﬁlﬁ%ftﬁszfi%Eﬁ%ﬁﬁ call-next HYo )
£ CLOS H, FRATT AT LAXS — > generic BRI & & I (i FH 1 J7 50 & 258 4 25 defgeneric M E S
%7 :method-combination /& MK EHIX—IEENT . A1 F AR

(defgeneric price (x)
(:method-combination +))

PR price ST A M + ERUTEHE 7o WRIATE SULMAMIERIZE,

(defclass jacket nil nil)
(defclass trousers nil nil)
(defclass suit (jacet trousers) nil)

(defmethod price + ((jk jacket)) 350)
(defmethod price + ((tr trousers)) 200)

LM FATERATE > suit SLHIRIHAKES A5 218 AR price JTHEZH:

> (price (make-instance ’suit))
550

T AR R AR AR defmethod HYES NS AL, [FIIN E 1L 7] LA AE defgeneric [ :method-
combination JEMI L :

+ and append 1list max min nconc or progn

H define—method-combination,1#\@”1 HOE L HEW T EHE T2 W cure2 ,§§ 830 Uil

PR—HE LT generic BRAUEL(S I B 5 IR L& 7 20, IR 20 T A X A BRI B0 187 4 15 36 i s 2508 AR 7
firte E B T XM R R AL B T i G e IR EHE H BB AERF (30 :before Al :after) M{F price
H] defmethod J7 % HAYEE 24 Ml & FEGH R AT EZUL price FITHEALE T UHYIE, 3K
fITHBEHS fmakunbound KR price HY generic FRIEL.

25.6 CLOS 5 Lisp
CLOS A AR T —MFBeke. SRR 7 A A Wi AITAL

L AR S M BT MRS A1 A A GUSAR S & £, AR GRS, BAT1F A
MEELUFORHIARTEAR BER P A

2. RGBT A VR SRR, RO EATRER B E N B Al AR 18 = A BB A DI RE

CLOS fEX M #4210 B Lisp SRIMAFRARTCEE, [ RIFIZ T Lisp A RYGEALE. Fi58 E,
FATATLAE L CLOS ATLA H Lisp MR wURM I L BIRSEE AT, SRR RS 0T T —F

AT CLOS Wil B RIE L — B2 XA G o 20 RFARAR P B9, T A B33, CLOS w2
—DRER, BAE T R4 G A 50 2 5 T R RE e B8 1 O ] Lisp ARG IY XA 2 T B ) R
TE A E 1T I JR 7S B9, b T 16 X R 20 R Y S TP 2 REAS I BT T35 B S AL T Lisp HUTR TP
A IATLT AT DA HTE U B B — DR IE 30 7o FROTRE 2N Bl 7 1 8 170 X0 R i R L A X R S8
Jif Lisp X5, XSG 7L SBOMATE e R XA R, FA15 LA X XU TR L3 1 — i 1
XFRMIEA IR, I Z 2 LUUR IR A T 71> CLOS HIfE #5L Il

IR CLOS FHFRATT A S B b, HORUBEERIR 2 D RE s TR Z (B EIRTUA REIREI HAR I (h 4E
I T HRAS IR o DL defmethod M. BIA cure2 A WIHIR i, H2 CLOS HYJ5 A ALY
FIPAREST o MR FRATAERE A F AR N 28 SULA 53
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(let ((transactions 0))

(defmethod withdraw ((a account) amt)
(incf transactions)
(decf (balance a) amt))

(defmethod deposit ((a account) amt)
(incf transactions)
(incf (balance a) amt))

(defun transactions ()
transactions))

A AAEIBATHS BT S B — S5 A o X B ¥k 2 Fr A X R RN AR RA R IR R 2
T, e E R . WRMEE—T defmethod HYJEF =, W LAK I IR T (4% SR B AN S b R AFAE T F-5
-5]5 B[ lambda #ik=H .

9 7.6 R BN ERET T S F RN AR BEA S 520, H% CLOS R IET
T8 CLOS A& A i MLbf 2] Lisp FEAR IR I F 1.

25.7 {ARTAXER

T XS R A XA LA B R R IFAL . ARBVRR Ay BAEARFRRE B P24t XA BUA MR . —
T oL, A IIRR RS, LU — SO Fe | An SR T TR0 RIAR A G IP AOR R B TR B R T 5
G TR e 2 FT LAIE F T ED R A XU R S S, 2 B AR A B i R P T 9 v

R R P A T 1) % R ARt SR B R b 2 — o FRIF AR TERL S ok A 1l ) — HA, T 4 Jl /N, A
TR ERLAE CRY S A o T AR R AT AT BB SO AR 1 375, Al REAIR 7 8 b4 38 5 224
SHATARER ARG o A4 FA 1A ob SRR AYRS G WA B B RURE 747 BT O3 O, AT AT LME L ob 28
] display Jii%. ZORIATABEIE 2K, BRI LHIE ob BYSLBIRME—+E, HAERLL )y A7 2422
5t IR AFATAT LA ob JRAE 28 AR XA 72 BLH, TN MLOUE LA TR Z AR L R 1k, e A Y 2R
PEHBZ N ob ZEBRAEHIARIFE] . WIRIKNTILZ LR 1 ob MR BT HFHE ob X RA LA, W]
PASURTEE— 1> ob MR, ARG BRI BOX DA RIS A2 AR 7 JFOR BRI IR AR T3 AT
LIAESE I ik 25 P E BRI = AR RE e i L YA —HIR o MR BE R0, LATAT 1A X 5 A S8
105 H RE AR G — o« B B Y BT FRATHI AT AR 2 2 1 R T o

YT RIEARE, B A A R KR B M AR PR e o SEFR b, O 7 BESCE R ek AR AN 2t
LONIRH SR Br LA, — Al 9 SR AR Py e 4 ] LU S BT AR R Y o AR B AT T A J LB 1+ 408
I, A Lisp R il LA S ol el — /Y. Lisp 25 1 7 4 RAIAYSEIY RIER 7 %80 Helnii,
PRAT DB RE PP SE B 5K - B AR AFAE A S A P A BRI R P o

(BN R AR LR A T A, AR 2 R K RIS A A T TR X 527 AR A i e T2 2R G R v A BOH —
AR AT DAASRORTRT 1) 0 G RO BOR S BEI T — 1> Lisp B J7 BT e Al R IE , A2 A D. BT
[ slot /& — P Rt AEACA] LU I Z A0 7, JNE ] 42 JRdeta, SRATHE XA o LA &1k
RXFE I AT LA AR, A SRASK AT LA RS B Lisp AUERAL 58 BRAVRE ST , i 225 Fi— HESSMISL ], XA Ak
PFARIRZ Y. £ 1 CLOS, Common Lisp EE48JHA 148 T2 Ay e s R AU TET R0 Gk 5 o EAT IR
TIRAYSZE X Common Lisp KA, I XS R A Rt B e Jo R FEE AR o
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Bff3%: €1 (packages)

i1 (packages) , /& Common Lisp {AARSZH LA 720 B Lisp J7 5 A —iKAF 53, H oblist' s {EIX
KR T KRG rfA B4R 5. 58 oblist BTS20, RAG LAGFEEUE, X 21
8, IS E 71365 . PRAFAE oblist B AR SH RN interned.o

WA Y Lisp 77 5 8 oblist FUHE& S T — M@ Bl IR, fF 5 ANMUSGER intern |, T2 # intern £F 5
MLE . B2 A LSZREEE 2 B — D B 1Y intern FIAF5 FUEEHA: B AR A gER L B 5 R
AR, A RE AN T [A) (BRARF —LE3B AR E R 3150 -

fI /& —Fh Lisp M5 Y RTELH 5 ORI — 124N *packagex 14 mAE Gt . 4 Common Lisp /i 3)]
I, MR A A 83 Y user (crrel SEEL), 85 1 common-1isp-user (crrr2 SEHL).

M B ORI ZFHED, X2 7Rk H 1 & FAF AP ZRE YR a4, ar Lt

> (package-name *packagex)
"COMMON-LISP-USER"

W, ARG, ERA intern 1Y ATAVEE T BFHEAERS AT intern AW, B TAT A
ﬁ%symbol—package:

> (symbol-package ’foo)
#<Package "COMMON-LISP-USER" 4CD15E>

AR EMER LR G NETHEARM , AL foo —MH:

> (setq foo 99)
99

/1] in-package , TA T AT LAGHRE] 55— 58 O, 257 5 EE AT D B B ok

> (in-package ’mine :use ’common-lisp)
#<Package "MINE" 63390E>

B 2 B 2 i e S 1 T R 5 AR, POAIRMTE E 5 AL 53— UG AR HL foo BAMMUMAT T :

MINE> foo
>>Error: FOO has no global value.

It S0y B Z BT TR E K 99 HIABAS £oo FIILAE mine HLHIAYIX ™ foo EPIALF. *HLMFH /-
B2 G HEARRNEA foo, ATRAEELAFIM B S1E 0 E HIRTSL

MINE> common-lisp-user::foo
99

Wit , BA A FE T DA PR R AF A5 LAEAR R AL i A7 . X FERE ] LIAE N common-1isp-user [f1H
A foo, FIIN1E mine B HMA 1 foo, FFHEMNTM N EA—FERIFF S bR b IXHE package [ —
5 BT AE, B R AE DA R ) R RN A i B 7 1 TR I 30 AL O A8 — R 22 7 AE B AR
bo PR BUAAEAREN, EARIAS Z A& AT

SR, AR A T — R ERSR TBL . ARER R UL, B AU 44 5ok 5 | FHASIR] B R AR A e
FARALE— D FAEVRIELZ AN AT WUAIE B2 55— B B AR At T vk (8 B8 I SoxX A 44 5 i | Y
5.

Y TE : GNU Emacs 1 XEmacs 8 H 2 —3K 44 obarray WG 3.
ERA Y Common Lisp SEIL T, 5 MG cuse 5L
*£ 19 Common Lisp SEHLZAE toplevel £/~ AF I BT W R LI A F o IXMRFEA SR AN , E A2 FLEM O K0T

263
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FEGRE Y RELRY 22 74l LB S MOV RTSO AR F I R BRI T, std i 1 R
BT HIRIE X E 2 AL AR MRS A E 5K 5 — RS X Z e A AR
AT ARG T E .

R, AR ARZ G TARLEHE export T HIFFS o HEAFS M EFTE R export K, FATHLAELLIX 1755
MHEOBRA I EFH—ES  BATTLORA (IR E CAMHE] 1) export:

MINE> (in-package °’common-lisp-user)

#<Package "COMMON-LISP-USER" 4CD15E>

> (export ’bar)

T

> (setq bar 5)
5

BUE, IR A2 T mine B, A8 2 i] LA —A~E 551 1 bar, RN A& 5 SN A] WAY -

> (in-package mine)
#<Package "MINE" 63390E>
MINE> common-lisp-user:bar
5

WA bar import ¥ mine HIAT, FATMAEH B0 | il mine REM user fU3LTE var IXMF5-:

MINE> (import ’common-lisp-user:bar)
T

MINE> bar

5

2T bar ZJ5 , FATAT DARAA FIIMEAT G R BRERF , SLRES I TS 1o BUAE, XML 1 [/ — 77
5 — A mine tbar T .

H—O0&A T —1"2EAMR? FEXFHEH T, inport WH & S8 — MR % T KA TE import
foo I id A SR —FF

MINE> (import ’common-lisp-user::foo)
>>Error: FOO is already present in MINE.

Z AT, FATTE mine BXT foo HEAT T —IRAS I H B SRABL, X R SRAB I 45 515 — D248 foo BIFF SR
T mine. HTIX M STE2RVEEINERAE, FI™E T — MR (B2 A5 2 FH EEE R &
{HEHE intern ¥ T X M. FrLA, 4FEATIAEAEI foo 513 mine AYHME mine B EEH —MHRAZF
HIFF5 T o

I LE— AL A (use) 73— M, FATHLREHL LI 5 ASF 5

MINE> (use-package ’common-lisp-user)
T

IXHE, BT H user package 51 H HIAF 5 a2 H Zh 451 £ %) mine FLAIL 1o (E/E user package LT[ H1
7 foo WY, XA A — 1. )

MR crre2, B8 N AR ERF R AR B 24 FHI A AEFRN common-1isp MAE 1isp, BIHH — LA HLIEBR A 1F
U Y NEER lisp 7o HTIRATIE IS in-package G 7 mine ,ﬁﬁﬁﬁﬁ\ﬂ%)ﬂ H use TIXA
A, LA Common Lisp 0924 F4E mine AR LAY

MINE> #’cons
#<Compiled-Function CONS 462A3E>

TESLBR I GRARE  RAE AL H2% 5 14 common-1isp (8 HABKLNE Lisp BRAERFIIAL) . AN
PREEE S IMEB XS L.
YEETE R IMEE ] cons , EAREERYE  VRLREEH in-package DI EI HE M.
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— R, R G 2R AR R AR 2 RN A X REAE TIUZ BEAT A AR A B2 RO X 2856 T L R B
B S-S RIS e 1R , AR in-package il defpackage AR RS B TSk AT LA T o
(defpackage /& crrr2 BUFTS [EHY (AR A S B M SLBIAR B T8 ) IR B S — M e, T
T A T 4R P RE S TR R ST fe T A b 7 A9 ARG -
(in-package ’my-application :use ’common-lisp)
(defpackage my-application

(:use common-lisp my-utilities)

(:nicknames app)

(:export win lose draw))

XTI SO A A, B SR 0, SCPE LA B 4 BN T my-application XM l.
my-application [F I T common-1lisp i my-utilities, AT, AN ﬁﬂff@@@f/ﬁyﬂﬁﬁ%,ﬁﬁﬁ%ﬁg[
H YRR S0 AT LA RZAE A

my-application ARG H T =5, N1 A& win.lose Ml draw. HI T{EIH in-package H]
Hﬂhﬁé,aﬁim%\ my-application BT —Nos app,ﬁﬁﬁ@,iﬁ%ﬁ@ﬂu}zﬁ%yu app:win )£k 5]
X LR 5o

BOX FE R AR R AL R B I B A SR B 2. RN EREA RN, M — L F. G
M common-1isp HIELHFEIA T cons iX 445, IAAET common-1isp fl & [ — I FHI K%L H
&, XS FE 4 F M cons M HALAERE I H] common-1isp HIAEF AT Mo IXFERYFHH A AL 2
F. Common Lisp FHAH 44 725 [HIE . QIR (package) X PHLHILEAR KA , A8 2 G20t A2 — A~ e B Ji
K — B R EE TR RIME T 45

FIALHSR B E 2 R A AR (read-time), TARIZATIY o IX AT RESE K —LL M. FRATARIE 5L
ik

(symbol-package ’foo)

Z P AL iR (A1 IR BT AIR MBI i B AN & 1435 6 89 Bl i, B R shAk AR T o N T REX D ERIA,
Lisp WAUGIERNE , IX EIAFE 2 intern foo.

BRI, BRSNSk A S B 45 R X Sk U i B B

MINE> (in-package ’common-lisp-user)

#<Package "COMMON-LISP-USER" 4CD15E>
> (export ’bar)

AR, AETUR S A Fk A ROR S T AR IA S TBAE — 1 progn Bl. A X A LA
Ao AR TXFED
MINE> (progn (in-package °’common-lisp-user)

(export ’bar))
>>Error: MINE::BAR is not accessible in COMMON-LISP-USER.

M 2AFR RN . FHIRIVRNAET progn FRIBXAREZ AT C LM read ALBLT 1o LI read
B, 24 A 6038 & mine, R bar #{IA A2 mine:bare. BT iX 38 1A 20 R0 R 5k 1715 T AT AR ZE N user
£l export i mine:bar, M /A& M common-1isp-user export Hf common-1lisp-user:bar —Ff.

package AN AE L, 1520 5 AR LEARF -5 UL IR e oy — BRI o 28017, SURAR N IR E
M noise:

(in-package ’other :use ’common-lisp)

(defpackage other

(:use common-lisp)
(:export noise))

(defun noise (animal)
(case animal
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(dog ’woof)
(cat ’meow)
(pig ’oink)))

ﬁitﬁﬂ@ﬁ%,ﬁﬂﬁgifﬁjﬁkﬁgﬁbfé4\fﬁﬂ%fﬁ noise,ﬁﬂHﬁfgiEEEE@§§§Q5%Z<LKiEE@f§%§,noise é?ﬂiiﬂ case 15
AIAARRE, IR A nil:

OTHER> (in-package ’common-lisp-user)

#<Package "COMMON-LISP-USER" 4CD15E>

> (other:noise ’pig)
NIL

X2 KA A% X B 2 80U common- 1isp-user:pig (XA B LR T A & &), FR1M case 5 key
/& other:pige M T il noise MBI MYACAE TAF, it w5 2040 B 17 FH 20 1) pir A 78 D55 #0 5 | H ok
FAERH noise AL EHIG I A EA T
TERLEI A FATT T DA (6 SGA S AN 2 W R A5 SR S8 iX N Al (#45 noise 1§ N HIIXFFEAE L
(defun noise (animal)
(case animal

(:dog :woof)

(:cat :meow)

(:pig :o0ink)))

O3, TR REMMER— D 2t X eR 2 T

OTHER> (in-package ’common-lisp-user)
#<Package "COMMON-LISP-USER" 4CD15E>
> (other:noise :pig)

:0INK

KAEF AR S 7 B E T H B SRR HANME .. ASIEAEE AT E T R, T H e TIMA T EZLE S H .
TE90 5 250, defanaph (151 T0) PIAF-53KBh 1 pAEL I | oA Bz R G 7240

A RHARSZH LA X EXIX—F N BAT K — A BHGEFTA AN B2 cure2
RI%5 11 &
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AT RIS A A 22530k A SR B TR A SCRB B A1

iii

iv

12

14

16

Foderaro, John K. Introduction to the Special Lisp Section. CACM 34, 9 (September 1991), p. 27.

2 Prolog SCELA 94 1AM, ] 1ok A RIHIZETTHY 90 fTHYSEA TR arn ZiiFars il
73347, X SRE 217 470 BT Lisp T HY—ATABBOA PRI RN TE | IR 2 (AT ROk A
i Lisp P27 AU At AR 2 W22 o

Steele, Guy L., Jr. Common Lisp: the Language, 2nd Edition. Digital Press, Bedford (MA), 1990.
Brooks, Frederick P. The Mythical Man-Month. Addison-Wesley, Reading (MA), 1975, p. 16.

Abelson, Harold, and Gerald Jay Sussman, with Julie Sussman. Structure and Interpretation of Computer
Programs. MIT Press, Cambridge, 1985.

FMER L FRATE TCE AU — D \-RB = 0E B R E . At IR 2 F I EE — 1R
AL BB CAE NS AN — D 2EUE A BRI A2 G H pR AL
(setq fact
#’ (lambda (f n)
(if (= n 0)
1
(* n (funcall £ £ (- n 1))))))

IRIG , FHEX A BREUL 26 75— R 3L, Je & &R Bl —A AL, 75 8L B B R AR ek 8501 2 1
BEHD:

(defun recurser (fn)
#’ (lambda (&rest args)
(apply fn fn args)))

8 fact 1445 recurser L1592 — - E1H AR TR 4L,

> (funcall (recurser fact) 8)
40320

XA R T A B PRI

((lambda (f) #’(lambda (n) (funcall f f n)))
#’ (lambda (f n)
(if (= n 0)
1
(* n (funcall £ £ (- n 1))))))

Z 4% Common Lisp F /&30, W1 A 1abel 57 alambda i, &7 (H1RZ o

Gabriel, Richard P. Performance and Standardization. Proceedings of the First International Workshop on
Lisp Evolution and Standardization, 1988, p. 60. ££.— /1 SZIH 1Bl triangle,Gabriel & H “HP
25 C ik et TS A frds B Feor , Lisp AU HYBCR IR HZ B C 1B = I RURAS 22
Bt 17%. 7 MUETE SO HE B H A LARE e s B AR ELOL T X R C 3R 5 A, Herp— Y
PERERI Y 42%.

267
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16

18

20

28

29

31

U RAR A GBI AN T B9 44 BRI, T LA compall:

(defun compall ()
(do-symbols (s)
(when (fboundp s)
(unless (compiled-function-p (symbol-function s))
(print s)
(compile s)))))

XA BRI R AT B LR B

RAT LA (disassemble *foo) SKAGET inline 7 A2 A5 A4 50, iX 1 FH 2 W H BRAL £oo HEF
JE 3 object codeo X AN EAG 5 R IAILAL & 5 58 i) — I

AW nreverse G RN N AREEE LAY -

(defun our-nreverse (1lst)
(if (null (cdr 1lst))
1st
(progl (nr2 1lst)
(setf (cdr 1st) nil))))

(defun nr2 (1st)
(let ((c (cdr 1st)))
(progl (if (null (cdr c))
c
(nr2 c))
(setf (cdr c) 1st))))

DEF5 BB ARG 18] 7 29RO B 7, (H R R B SR/ MR R IR A 2 7 — R P2
FEEFHANG T, VR RERE e ) A B 5 2 O A A

R HSFNTE - HEREX N RIS A KR, Wt 2 A 528 i LA I 28 2 0N Y
T T EL IS I R J5 2 S i TR AR i o BT LT AR H C B & TR MK, A
Hois B ENR . TR SURDEAEH /NS e 5 2 MO B, T B KB S s e Y A AR
KB RELE AR KA s KBV Eh o 3R E Toikilk— i AE st _EEq T, 1M Lisp 40
RELEARITRE e b A i OB SR G A2 7 ~F 2 i) T L, IR REAR 2 ARSI | 0 7T REAEAUE S
L

RFEHIFARZRATAAMN BB GAFBERYT . SRR B A A T,
DB E S 17 B, (2RO Al S M oA i B . SRS ZOR A B R AL R
FETRIAHY T AR I SO Gk ak 2 H Y o

AT WERARBE A RN M BoRae R SRy, IR 2 20w . 1EARAIAR
W2/ NE FSE R — KN, — R S LL AR B R T

Steele, Guy L., Jr. Debunking the “Expensive Procedure Call” Myth or, Procedural Call Implementations
Considered Harmful or, LAMBDA: The Ultimate GoTo. Proceedings of the National Conference of the
ACM, 1977, p. 157.

NS NHPEAE T 5 & 4.2 FIE 4.3 A% 0 o8 £ ] B i SE B X e SEIERAH 2418 (220
1 10%):

(defun filter (fn 1lst)
(delete nil (mapcar fn 1st)))

(defun filter (fn 1lst)
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(mapcan #’(lambda (x)
(let ((val (funcall fn x)))
(if val (list val))))
1st))

(defun group (source n)
(if (endp source)
nil
(let ((rest (nthcdr n source)))
(cons (if (consp rest) (subseq source 0 n) source)
(group rest n)))))

(defun flatten (x)
(mapcan #’ (lambda (x)
(if (atom x) (mklist x) (flatten x)))
x))

(defun prune (test tree)
(if (atom tree)
tree
(mapcar #’(lambda (x)
(prune test x))
(remove-if #’(lambda (y)
(and (atom y)
(funcall test y)))
tree))))

32 WRAGIX LS, find2 FEELT dotted list 1 AR | 2377 A — MR |

> (f£find2 #’o0ddp ’(2 . 3))
>>Error: 3 is not a list.

Crrr2 (p. 31) $& 2, W1 2R ph BUH B 1Y 2 51 36 JHE 25 B — 1> dotted list, JX B 500 A2 45 32 1Y
Common Lisp SEINBEA 57 AT X FPgmi stz o AV BIRELH S, AR T i R EE 2
J¥ %1 (sequence) , iX M LAE L2 AFA LA . A dotted list A& —1> cons, 11 cons A& /751
Fir A, AR M GESF cure BTSN IR

(find-if #’0ddp ’(2 . 3))

BRI nil, AR ES . [RI find-1if AISEUY iZ2 5 o

B LI XA FRIE N AR F . AR &S WA, AN iR B nil. AT,
B R B G 5 R AR AR ) R IR A B SE I S RN T . B, AT & IA
M (concatenate ’cons ’(a . b) ’(c . d)) MEEHRE (a ¢ . 4),MIE (a <)o

AA LR RIS TH  ERHE IERL (proper) IN%15%. FIRACBEFFISLH TH
HBREXTAS dotted liste ANi, AN — BRALI AT RS A7 B 2 REALHE dotted list, TRELE 25, IETC
T H R

44 i BATREEE T R 202, RES 1 compose, ik f o g HIH, g iR FIFY ZAHMCN f
POPNATSE ¢ ZE(HILz[F,Zgiié&**ﬁ\%ﬁﬁﬁéﬁﬂq function—lambda—expression,ﬁﬁii@ﬂ%%ﬂﬂ
WY A=, AT LA s B T IR o NI B T REAR (] ni 1, IXRRE DL # A AR AE T o
B ko BMALERENZ PR, CRMMEAN RS HEEIZR BN SEBE.

48 L rfind-if RN TR, AT LUXHE LE

(defun rfind-if (fn tree)
(if (funcall fn tree)
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63

71

76

tree
(if (atom tree)
nil
(or (rfind-if fn (car tree))
(and (cdr tree) (rfind-if fn (cdr tree)))))))

BNHVE A RS H R Y TR R8I

> (rfind-if (fint #’atom #’oddp) ’(2 (3 4) 5))

3

> (rfind-if (fint #’listp #’cddr) ’(a (b c d e)))

(B CDE)

McCarthy, John, Paul W. Abrahams, Daniel J. Edwards, Timothy P. Hart, and Michael I. Levin. Lisp 1.5

Programmer’s Manual, 2nd Edition. MIT Press, Cambridge, 1965, pp. 70-71.

55 8.1 TR B AR ERVERF KRS 2, B R R A SRR P AR SO R EARF 1 , AR A
REFZS . HARZZRESE KA TAE, special form HRREMEAT . (HIZFATANTCIE E SUFTHY special form.

special form Z It A#EFR A special form, A2 KA & SRAB I A2 4% 4 VERER TG DUAL BRI o TERFRE AT
HORATLME eval R MK cond ik :

(defun eval (expr env)
(cond ...
((eq (car expr) ’quote) (cadr expr))

(t (apply (symbol-function (car expr))
(mapcar #’(lambda (x)
(eval x env))
(cdr expr))))))

BRA T OB AL B T 2 K 2 B ik 5 AR IX TR A) B, SE A car HLERUHS HLAR 5] 1 s 48, SR 15 H
T edr HTA S HORME, B 0R1TE BT T 5 & R RAE R RMEGR ] ST, i RAG ik
FHFETFRALT (quote x) , ABAE RV Ty AU REAR S HIX TP T ¥E 7o JRIAET, 51
RS BTN SE e T3R1E. K, eval MWAUHE—MEA], L1 DNATIXF 5| HERIE
o LR F YT special form 4 BB IE S . XSGR ATT DAY, (H 2 /DB
Ifo Crrr2 7E55 73 TUSH T Common Lisp B AT A1 special formo

B THDN eval BRH RS 1 25 AN 6% HE R, HL i RLAE T8 UG R 2008 T 6 280K E. 11 /E Common
Lisp E,ﬁ%/]\ﬁiﬂ'/ﬁ E‘]J'm?%ﬁ%ﬁﬁ%ﬂfﬁﬁ/‘]o %‘KT% Scheme EP eval H"]?ﬂi%f)@,ﬂu%
2% Abelson and Sussman, p. 299

faT BT, AR S — S TR R ARER B A T 8 A S R & IR 2 BRI Rt 2 S B Y. H
IR S TR 20005 PRI R 2 i/ — e A T2 LR ek R0 22 2 2h L8 e ]
AW RESE X Lisp BIREFMMN] . 7E Common Lisp B, SRAEML N IX A ELAE #Y - FIA X AE R T
FITHANT  car ARERE R AL T odr THEE T 2HBIR 2RI EREN N N E2 T,
SR BRBOY T2 HER s 2 5 RIAVE N ZRIECAYE. i eR 208 IS 6 & XA
W, i LA £ind2 HANHEEEAR £ind-books B IRIME (45 28 1),

SRTT, RAEARZAG LT HANESY Lisp RIS SRAEAE . (B A 0857 HITE , VRl 2440l B
FIREORIEENE . ) I B, 240 E ST 8 H O R ESRIEMN, 1M reader HA FEIEH
TRWELZ IR, A RERIEXEMNE B AR BITEZ, ~NENFAERAEARL,
FEAHET BT E RIS 19 2 A A i A R T H B B ARG
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84 FIHHHEIL for *ﬁ, 9.2 e LHY for,F(UL do 1A LY initform ’@.ﬁ%*ﬁﬁl%ﬁi&,
RI3XA™ initform A2 e B SKAE R, AT R XK, for HIE XA ZIEMAT.  CrrL2 (p. 165)
FERNIX PN ULERT stepform A7, {HZXT initform HIH FAEE

FERE A R 2 B — IR AR R &5 AR 2R AT . — Ok U, I R A A E MU % A B8
cLrL MW IZ SRR EAE ok 1. 1 H, A HE R do BY initform P SRAE R 5 5E T Ko
N 1et HIRIEZMNAZIATHY, 1T do H CLHY stepform HYSRABNITF 2 —HFEH]

85 Common Lisp ] gentemp Tl gensym 7 A~ 2, HOAN A 2 A0AE T, i £ intern & 4 I HIFF 5o
1 gensym —1¥, gentemp £E N FBAES G — DA X DI EUEEIE print name IS4 H]
#o AR gentemp FEA I NAFS HIIHE , 2 HTH package RO AA T XMFS, Bl 2B IE 1T
o, A E ik
> (gentemp)

T1
> (setq t2 1)
1

> (gentemp)
T3

RE LARIIE TR QRS2 0 — T — 0. JR1M, AT LA, gentemp £ M5 I8 R TCI%
FTERT AT IR E gentemp A RES LR ALK HIFF 5 I2IZ A0 LR BA B B2 ET
LR 2 LA A5 BESR gensyms REAR 73t 56 il LA, 1T HL 48 K 2 KU ot e Y,
WL 2IEZ ] gentemp WE? SEFR b, X T44 5 2K, gentemp ME— ML mUBE &7 A2 FUAT
SIS M, 2 R ARG R T XA T LB T .

87 X Scheme K, T E R M ARG — 114 F 23 [0], ALY 2 T L 2 R B L BB £
2%, Scheme R ifE— BB 2 E 7 A2 H— A IEHHLE , iXHIRAS— BFFSEE] 1991 4R
AT 24T, Scheme FEAILHY L4272 (hygienic macro) 1 defmacro X [B]HY X MY K. ARA
PRI, BGRAE TR R 9225 3CHR, AT WK Scheme report®s

91 Miller, Molly M., and Eric Benson. Lisp Style and Design. Digital Press, Bedford (MA), 1990, p. 86.

107 MEARE mvpsetq, MUSE X values HUTHRAE AT RE S L ARG B AT 35 L8 ﬁ*i,?ﬁﬁﬁ%

(mvpsetq (w x) (values y z) ...)
P IESEYEaE]
(psetf (values w x) (values y z) ...)

WRAT values MY, A4 multiple-value-setq AT LAVEIK T o AN, it /2 , BT Com-
mon Lisp HIE A RE, ToH 8 SUXFERIT 4 E. get-setf-method AAI IR Al — LA LY store
variable, (KA IHERN B3 get-setf-method EHXFEMINIE , psett HEH R EL A2 FIE
AR RO X AL o

121 setf HEG AT E A —1F2F WA B9 2 RE 58 UM 24 20 B9 T 8 A RIS LE IR AR AR 151 i
2. w2, setf AIREAEAE R T assertion L) 52—
2R, AR AREA N7 insist, B AT RES AT FRATA A B &4 2 B R IE I BFEGIXHE
(predicate . arguments) , MRFIXXHEANE, ZZRSEINELLE N . setf DA
AT HEAT 5 | FHRTARAE | FREATE R iX D 22— AR R A T s A E AR . — i il
T, IX AR T RE <2 2R JH Prolog .

SPEHE 324 IE, BT Scheme report 24 R6RSo
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272

M iE

135

135

145

148

162

Gelernter, David H., and Suresh Jagannathan. Programming Linguistics. MIT Press, Cambridge, 1990, p.
305.

Norvig, Peter. Paradigms of Artificial Intelligence Programming: Case Studies in Common Lisp. Morgan
Kaufmann, San Mateo (CA), 1992, p. 856.

iX N 1least-negative-normalized-double-float MFf EFIE = b 2p 10 2 7K EAE Com-
mon Lisp BHEZ TS — Ik 38 MR BT KRR 2 get-setf-method-multiple-
value, it 30 D FRF. FEAYRIAAE SR [0 —F156 5158 LA 2 w0 v i A 7T AT R
A NSk A R

(let ((syms nil))
(do-symbols (s)
(push s syms))
(sort syms
#’ (lambda (x y)
(> (length (symbol-name x))
(length (symbol-name y))))))

AR curi2, 722 BT R AL E LIRS IZ R AE defmacro A ILAY ML Ty o IXAEAYIE , FATHE
A LM propmacro iE A5 B ffj i :

(defmacro propmacro (propname)
‘(defmacro ,propname (obj)
‘(get ,obj ’,propname)))

At cure2 A B, 58 R AL LS propname [ form AN 2 IR VE IR —#B 40, Hdr | 1RE
PRI LAY defmacro A A HHE o MRIEFEL W2 M (propmacro color) i L HJ color,
L EFENT

(let ((propname ’color))
(defmacro color (obj)
‘(get ,obj ’,propname)))

B2

(let ((propname ’color))
(defmacro color (obj)
(1ist ’get obj (list ’quote propname))))

A, 2H LA curez S, AL E AT RUHTARAY propname JoHE IR TAF. ££ curel BLINIIA

N JRIT R BORAE— D 2 HIAE PG L E LAY FITLL O T i R AT R AN AR AT, 75 5E
SORIZ 8 G SR B PR I5 o

B, &AL match 1Y ERECL K —F & —I2 A (unification) ®s (HIXFPiiiE A R MER. L
Vi, match AJ LM (£ 7x) I 7x VLR (HEWDFRIEAEATEG 1.

MR FTES— AR, 7] I: Nilsson, Nils J. Problem-Solving Methods in Artificial Intelligence’.
McGraw-Hill, New York, 1971, pp. 175-178.

SHEEE : & — R SRR T ML, RIS E RIS T R, &R N2 GEFONIAY) A Y B AR
J57 AR (B A SC 2R, 4 el [] Y DT C 5 3 A5 AT , ANITTHE LA Al & il — ISR R Al T RASR, & i)™ RIS T ALt

Eo

TP IR A 25 : Nilsson, Nils J. Artificial Intelligence: A New Synthesis. Morgan Kaufmann, 1998, pp. 253-255.
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166

166

174

177

182

FEARE — B ARG E B 22 i H gensym KR, fEE 1T W H gensym? A2 ME— R IESE
&l 18.7 T 18.8 H R IF A s B A AT DUX S | LERE P ic A AR Le 40 S C & A ik 1 AR
o A, WUREHXRESLBLR G, ARG AT RERR ZE AL 48 N B B SN — T« RIS A H R
[ P o A A ol R A A T A B8 Ve e 2 238 1 o 4 R R AR o

1E if-match ERCRE 20l 7x BURFSARER B ER B AR it X et FRETEA]H car f5 10 HYAF
FIHAL . BRI, R4 Lisp 28 & Al DU AEDCECH G | (H A2 AN A 18 HR I TCRC AR S AN T i
LR, BAMR AT U — 4 5  HEERFER DAL E. EREWNFIZRE DI
FRAANE—FEN, HF T A AAD AR TC 2 58 U551 -

(if-match (?x . ?restl) 1lstil

(if-match (?x . 7rest2) 1lst2
7x))

TEARBIH A 7x ANFAR R, W 1st1 fl 1st2 HE DA —NICR, A4 L EE S
RAEIRE 1512 B caro
SR, TR AT LATE if-match HTHYUCELAEC A A (3 7 3 BY) Lisp A2 i, By LAF T B94CAS 7]
DI 25 VR B B A R0UR -
(if-match (?x . 7restl) 1lstil
(let ((x 7x))
(if-match (x . 7rest2) 1lst2
7x)))
T A B R i ke 1 2 R AR 08 T AR 19 SRR AR 24 FE B E Y with-answer Al with-
inference %%o
NI AR VE L AR ol 2 nid, T — X DA AN 2 R AT DAL IX S U0 e AR 1 95 8 21 & ]
i) gensym b, H/Z: 56 (defconstant unbound (gensym)), N with-answer HHJ
“(,v (binding ’,v ,binds)))
X AT
“(,v (aif2 (binding ’,v ,binds) it unbound))

Scheme Hi Guy L. Steele Jr. 1 Gerald J. Sussman 1 1975 & Mo 1% 1H 5 1 E L2 : Clinger,
William, #1 Jonathan A. Rees (St A\ %i#H). Revised* Report on the Algorithmic Language Scheme.
1991.

X st LA 5 Ff Scheme SEIUAEAR A3 HE 2 I, I HH [ 4% e 7F altdorf.ai.mit.edu:pub
#HE.

NHCAES 16 EH N HRIBARFATE NPT, B i =defun i L] defmacro MMATAIMA :

(defmacro fun (x)
¢ (=fun *cont* ,x))

(defmacro fun (x)
(let ((fn ’=fun))
“(,fn *cont* ,x)))

‘(defmacro ,name ,parms
(let ((fn ’,f))
“(,fn *cont* ,,@parms)))

‘(defmacro ,name ,parms
“(,”,f *cont* ,,Q@parms))
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183

186

187

201

201

205

208

UnERARAY B2AE toplevel £ 3 2 FR MIME AT , T LABUSGE AL -

(setq *cont*
#’ (lambda (&rest args)
(if (cdr args) args (car args))))

X T EE T 5 — M7, oK B : Wand, Mitchell. Continuation-Based Program Transformation
Strategies. JACM 27, 1 (January 1980), pp. 166.

TEX A AT A — D REH Scheme A% 442 F continuation-passing style HJF2 )7 : Steele, Guy L., Jr.
LAMBDA: The Ultimate Declarative. MIT Artificial Intelligence Memo 379, November 1976, pp. 30-38.

NI choose Fl fail SEIAE T i FH B . T 42 Scheme B —F1J5 5, E42 4t I push
Fl pop #AE, M H AR FAEAE toplevel 1 R SCE B TE L :

(define *paths* ())
(define failsym ’@)

(define (choose choices)
(if (null? choices)
(fail)
(call-with-current-continuation
(lambda (cc)
(push *paths*
(lambda () (cc (choose (cdr choices)))))
(car choices)))))

(call-with-current-continuation
(lambda (cc)
(define (fail)
(if (null? *pathsx*)
(cc failsym)
((pop *paths*))))))

BT 155 1 BAKTE I, 7] 2275 : Rees, Jonathan A., Norman I. Adams, and James R. Meehan. The T
Manual, 5th Edition. Yale University Computer Science Department, New Haven, 1988.

TIEEZ% T, DO TIEES AR SR BAIRER, AT 4 44 pre F hing. 1cs.mit. edu:pub/
£3.1 FHEE]

Floyd, Robert W. Nondeterministic Algorithms. JACM 14, 4 (October 1967), pp. 636-644.

55 20 FXE LI continuation-passing 723 AH 2440 214 R FH AL o I RBEA X AL, X 287
XS I P EUICRE N T T o BEINR  FE AR AT ELZ I £ 50 R R i s ol T, J LT
BOA TR LGN AFRE 55 24 % BLICILAY Prolog 1547 zebra benchmarko (%525 : 711 Lisp
FERE RS A A e 2 e 95 o )

T P G s G R PR 12, oK SL— MR LSS IE M choose /&2 21T THE— T 1H
EEESUE

(define *paths* ())

(define failsym ’@)

(define *choice-pts* (make-symbol-table))

(define-syntax (true-choose choices)
‘(choose-fn ,choices ’,(generate-symbol t)))

(define (choose-fn choices tag)
(if (null? choices)
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211

216

(fail)
(call-with-current-continuation
(lambda (cc)
(push *paths*
(lambda () (cc (choose-fn (cdr choices)
tag))))
(if (mem equal? (car choices)
(table-entry *choice-pts* tag))
(fail)
(car (push (table-entry *choice-pts* tag)
(car choices))))))))

%Eiiﬁ\mijiﬂgﬁﬁ,true—chooseﬁiir**ﬁ\Zfo CngE?W]define-syntaxﬂi]defmacrofﬁ*ﬁ1u,;1
AL BT RWAEZ AN RN car o ) XD ZAGRIT AT choose—fn HI— XM, choose-
fn 5 22.4 HE LR IZEM S choose ZEAE , X BFETF & 73 N EZ — 1 tag ZH AKX A
HESE e 55— true-choose AR MEHHL IR A7 AE 42 )7 B MG A7 & *choice-pts* H1o MR
KgAtrue—choose %f%%ﬁi[]**ﬁ‘Eiﬁﬁﬁitliiﬁﬁﬁﬁ,%BéAEzﬁtééﬁiﬂio Ziii%i$i£§§£ﬂ%ﬁﬁ fail A&
Ho FATATLMER]— 148 26 51L& LI failo

XA ST — MG, BIEG AR I EEAR 2 A BRI o Heanidd | 3X ik & 22.13 H14E LAY path REAFE
B 22,11 FEATAEL, HEREI a ik e BIHYEEIR (AN 22,11 HEgHaT DA 2 A A E). A& -
TH % L true-choose XA JC 55 18 2 25 0] B [ L2 TCRE N FTHY -

(define (guess x)
(guess-iter x 0))

(define (guess-iter x g)
(if (=x g
g
(guess-iter x (+ g (true-choose ’(-1 0 1))))))

i _E 1 € LI true-choose, (guess n) HAE n AIE A A 2L

FATRE SLIEH choose 195 AH T U FUE WA me AERX A IUA AT A TR B true-
choose FH T #RINEVERE il IXFEMON T8 1Y R 35 G R UL RE2 A LRI Hednis,
W two-number (ﬁ% 200 Jﬁ\) 5 FH A 20X A RiAS 1Y choose, RN 2 B R [FAH [R] A — X 7 ,
RO HE B2 AR A R X AERIAT O A T RE 2 AT E Y A AT REAN 2, IX LG L i
REo

TETE R, X WO B S B A A S 19 A A LAY AERRRERI A o, 2508 S e R T,
TR A 1 — BT gensym I 1Y tago

Woods, William A. Transition Network Grammars for Natural Language Analysis. CACM 3, 10 (October
1970), pp. 591-606.

A arN R G ARAVERT IS REAE 7 W0 45 BLPE I G 2ok BB A ae 0 ZUMA Rt
(9 AR, AH A FRATTIA A — B0 A A o 7 58 il A B e A S A o BRI —
/I~ lambda FE, LEX A FRIARER T A7 ke 281017, W12R Y 1 modss (5 218 IT) 840
AR L AR A 17

(defnode mods
(cat n mods/n
((lambda (regs)
(append (butlast regs) (setr a 1 (last regs)))))
(setr mods *)))
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224

224

238

241

243

AR LRASIME R AL HI1E (NEEZ ), LA f7ar a B L AP (a2 fE arn [
TRZ 28 rh B, P LAY @ SE) B 1.

U SRA LRI AT LMRZS 5 XX Prolog HEMERC, iL B REFI I BUA Y SF S8 . Tride
{8 choose 1% %] prove (£ 233) HLIi :
(=defun prove (query binds)
(choose
(choose-bind b2 (lookup (car query) (cdr query) binds)
(=values b2))

(choose-bind r *rulesx*
(=funcall r query binds))))

HatE T — RS A S Z IEECRISE R, AT LA Ay 2%

(defmacro check (expr)
‘(block nil
(with-inference ,expr
(return t))))

AT 2 A - AT A S o 48] - B 45 T K Y - Sterling, Leon, and Ehud Shapiro. The Art of
Prolog: Advanced Programming Techniques. MIT Press, Cambridge, 1986.

Lisp " HYRZBESBOA — BB FRIE X T RE 2™ B AR [ T3R5 A9 ZRA NI
FERYE S, 3 “FRATE Corr ROMEMIE X R AT ARIEATIE 2o (AR 20N “JAT 2
M Lisp, RN B Lisp Aif2” | X Wr £ Rt BI04 B B0t A F R AU R  XIH BT
WiEe AEABITHR A, AR Lisp AR5 AR A HMERL N Z0K B R — M A EN B S . 248K,
AT IR AT, AR MORE S ALK, Lisp B — 1] “ALBEFIRAIES" , AR ML
TSI ET BT B SUA R, PR N “BIIE ST o (ARIXEA T, AT REAE
th Lisp BUR§HE , WHAA — RURIE . Ko A RWRETE S R AR BB L 44 598 TR,
AU XTI R IR T T 5 .

A Lisp #EE A B 208 20R AR E 28 TR Lisp BYRE I IRT B R 2 /DI sl Ry
Pho £ “Lisp 25 17 327 XA FIRLAT , sV FHATRZ N Bl RIA U Lisp A2 ME— A
B SR

TR N5 B8, R A SRR B N PR A TCR RN, IR A sort RAGERFE
TEARNFP I o B, — P IEH ) Common Lisp SEI AT REL X FEAL
> (let ((v #((2 . a) (3.b) (1 .¢c) (1. d))

(sort (copy-seq v) #’< :key #’car))
#((1 . D) (1 .C (2.4 @B .B)

AT LAE R R, HA i e T K BRI T R EUE 7. BN stable-sort H LAZEHEF Y]
B AR R ORBSEF KT -
> (let ((v #((2 . a) (3 .Db) (1 . ¢c) (1 . adY)M

(stable-sort (copy-seq v) #’< :key #’car))
#((1 . C) (1 .D) (2. 4 (3. BN

Il sort /i stable-sort il —FH WikiR. 73— TRIXEINN sort ZAEMHIAER. F
iiiﬁ%@% sort JI /& stable-sort ANA A REAE L ENTHIHE T X G0 R A AR AR T
W?’iﬁiiﬁiﬂ,%BWﬂF%E@E@%/I\%mo Kﬁ,ﬁ: get-ancestors B H stable-sort /%ffé
Y, R AR e A 7 A2 A Tl o
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7,153
*contx*, 182
s> D6
,0,57,92

:, 264
11,263

o, 203

#, 156

#7,8

#(, 158
#.,50
#:,86

#7, 154

#[, 155

#\, 158

_» 163,173,228
[,38

aand, 130

abbrev, 146
abbreviations Zf %15, 145
abbrevs, 146
Abelson , Harold, 12
ablock, 131
Abrahams, Paul W,, 270
:accessor, 252
accumulators ZAFHAT, 15
acond, 130

acond2, 134

Adams, Norman ., 274
after, 33

aif, 130

aif2, 134

alambda, 131

Algol, 5

allf, 113
:allocation, 253
alrec, 140

always, 154

Ans1 Common Lisp, v

antecedent FIHE , B, JE W45, 224

append

Prolog implementation, 229
appendl, 30
=apply, 182
apply, 9
on &rest parameters, 91
with macros Fl1 27—t M, 73
arch #t
bottom-up program as H JiG[A]_E4RFEIER, 2
Lisp as #71L), 4
Armstrong, Louis, iii
artificial intelligence A T & fE, 1
asetf, 151
assignment JI{{H
and referential transparency 15| & H, 135
in Prolog, 237
macros for, 114
order of HYJliifF, 118
parallel J1T, 64
assoc, 133
ATNSs, 211
arc types HRONHIFNE, 215
correctness of HJ IEHfiTE, 216
destructive operations in B 454, 216
for natural language T HAEF, 211
like functional programs AR &L P HHE, 218
nondeterminism in, 213
order of arcs Fe AT, 213
recursion in # H, 212
registers of & ff, 212
represented as functions &AL T, 213
tracing, 213
atrec, 143
augmented transition networks I 7 W 2%, B L
ATNs
AutoCAD, 1, 3
automata theory H sI#H1H1E, 201
avg, 123
awhen, 130
awhen2, 134
awhile, 130
awhile2, 134

277
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backquote (¢) ;5] H avoiding with gensyms, 85
in ATNs, 212 avoiding with packages, 86
nested HK£, 274 detecting potential, 80
backquote () 5| H, 56 free symbol capture F 15412, 80
nested £, 145, 147 avoiding ## %, 83
backtraces, 74 intentional, 129, 183, 216
backtracking, 201 macro argument capture ZZ AU, 79
bad-reverse, 19 of block names, 87
barbarians 25 A, 193 of function names, 87
Basic, 20, 22 of tags, 87
battlefield /%17, 5 >case, 103
before, 33 case, 10

Benson, Eric, 91

best, 34
Bezier curves W ZE/RIZ, 126
=bind, 182

binding, 163
binding list 4P 53, 162
bindings, altering, 72
blackboards S, 192
block, 104
implicit fa=X;, 87, 104
block-names L4, 87
&body, 58
body (of a rule), 224
body (of expressions) {4 (xR, 58, 60
bookshops, 27
bottom-up design H iK Il LAY, iii, 2
and functional arguments F1 BRI EUE Y 240, 28
and incremental testing A3 f it 25
and shape of programs, 2
multilayer 22 211, 223
break-loop, 37
brevity i, iv, 28
bricks, furniture made of H#E LM A, 77
Brooks, Frederik P, 3

C, 267

C++, 276

call-next-method, 136, 259
sketch of, 247

call-with-current-continuation (call/cc), 178
at toplevel, 201

capital expenditures ¥¥ A7 H, 28

capture Tﬁ?ﬁ, 79

avoiding by prior evaluation, 83

case-sensitivity, 229
chains of closures, 51, 184
Chocoblob fEEHE, 205
choose, 197
extend of 115, 200
choose
Common Lisp version, 202
Scheme version, 201
choose-bind, 202
chrnonological backtracking, 201
classes %
defining #& 3, 252
Clinger, William, 273
CLOS, 252
as an embedded language, 242, 260
closed world assumption £f [ tHFHEE, 171
closures [11d, 12, 41, 51
crrL, 50U Common Lisp: the Language
code-walkers, 162, 187
Common Lisp
case-sensitivity of, 229
definition of FE X, v
differences between versions
*gensym—counter, 86
-if-not deprecated, 41
complement, 41
defpackage, 265
destructuring-bind, 62
dynamic-extent, 100
function-lambda-expression, 269
ignore-errors, 99
Lisp package, 264
name of user package, 263

redefining built-in operators, 87, 135
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&rest parameters not fresh, 91
symbol-macros, 139
with-slots, 161
long names in, 272
vs. Scheme, 178
Common Lisp Object System, £ JL cLos
Common Lisp: the Language, v
common-1lisp, 264
common-lisp-user, 263
compall, 268
compilation

inline, 17

compilation of closures X (A f43E1 7415, 17

compilation Z# 1%, 16

bounds-checking during # Hi1 Fa A, 126

of networks %%, 53
restrictions on HYFRH, 17
compile, 16, 76
compile-file, 17
compiled-function-p, 16
complement, 41
compose, 44
concl, 30
concf, 114
conclf, 114
concnew, 114
consequent ffE1E, 451, 224
continuation-passing macros, 182
and tail-recursion optimization, 205
restrictions on, 185
use in multiprocessing, 194
use in nondeterministic choice, 202
continuation-passing (cps), 186
continuations ZE4iE s, 177
cookies T, 125
copy-list, 47
sketch of, 140
copy-tree, 47, 143
correct E1E[Y, 207
courtier 77, 259
cut, 233
green, 235
in Lisp, 205
red, 235
with fail, 235
cut, 207

databases {4 4
caching updates to ZZ (75T, 120
locks on Jil4it, 100
natural language interfaces to f H #4115 & 4 [,
211
queries on £ ifl, 169
representation of fJFZ =, 169
dbind, 158
def!, 43
defanaph, 150
defclass, 252
defdelim, 155
defgeneric, 256
define-modify-macro, 113
defmacro, 55, 63
defpackage, 265
defprop, 245
defsetf, 119
=defun, 182
defun, 7, 75
defining inversions with, 120
delay, 144
destruc, 158
destructive operations, 20, 42
destructuring
and reference, 161
in macros, 62
on arrays, 159
on instances, 161
on lists, 157
on sequences, 157
on structures, 160
differences, 141
dispatching 73VK, 256
do, 65
block in, 87
multiple-valued version, 110
dox*, 65
multiple-valued version, 107
do-file, 135
do-tuples/c, 105
do-tuples/o, 105
dolist, 62
Dolphin Seafood ¥ {45 /T, 148
dotted list, 47
duplicate, 33
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dynamic extent B/ HIE, 100 exploratory programming ¥R 2% ZU 4R T, 1
dynamic extent EhAVERE, 85 :export, 265
dynamic languages ZNA&51E 5, 276 export, 264
dynamic scope AL, 11 expt, 22
extensibility
Edwards, Daniel J., 270 of object-oriented programs, 11, 261
elt, 166 extensibility A4 & PE, 3
Emacs, )L GNU Emacs extent, dynamic, 85, 100
embedded languages, 4, 126, 169
ATNs as, 213 _f,116
borderline of, 169 factions IR R, 112
end-of-file (eof), 134, 153 factorials, 237, 267
English 2475, 211 fail, 197
environment fail
argument, 63 Common Lisp version, 202
interactive, 5 Scheme version, 201
null 75, 63, 191, 272 failure, 132
of macro expanders 7= JiEH-4x, 63 fboundp, 268
of macro expanders 7% /B4, 272 fif, 45
of macro expansions, 72 filter, 30
error, 100 simpler version, 269
error-checking IR 2F, 29 find-if, 28, 133
eval sketch of, 140
explicit, 109 version for trees, 48
eval find2, 33
explicit, 22, 135, 190 evolution of, 27
on macroexpansions, 61 finished programs, 195
sketch of, 270 fint, 45
evaluation flatten, 31, 48, 143
order of simpler version, 269
in Common Lisp, 90 Floyd, Robert W., 201
in Scheme, 178 fmakunbound, 258
evaluation >K{H fn, 137, 156
avoiding ## %1, 102 Foderaro, John K., iii
lazy 1514, 142 for, 104
evenp, 10 force, 144
evolution Fortran, 5
design by, 1 fullbind, 225
of Lisp, 106 fun, 45
of programming languages, 5 fun ‘R, vi
expander code, 65 =funcall, 182
expansion code, 65 funcall, 9
expansion of function calls, avoiding
multiple, 92 with macros, 72
explode, 38 by inline compilation, 73

exploratory programming ¥R 2 L HI i HE, 194 by tail recursion, 15
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function-lambda-expression, 269
functional interfaces, 23
functional programs, 19
almost, 23
and bottom-up programming, 24
from imperative ones, 22
shape of, 20
functions
compiled, 16
functions PRZL
as a data type VENEMRIEAL, 7
as arguments, 9, 28, 118
as lists, 18
as properties {EAJ&E, 10
as return values, 12, 41, 51, 137
closures of, 12, 41, 51

stack allocation of, 100

use in nondeterministic choice, 203

combined with macros, 93, 101, 182
composition of, 44, 137, 156
constant, 154
defining, 7
filleting 15 4193 5, 76
generating recursive, 45, 139
generic, 5 JL generic functions
internal N5, 116
interpreted, 16
literal, 8

recursive, 14, 131
local, 14
names of, 8, 145
redefining built-in, 87, 116
set operations on, 45, 137
tail-recursive, 15
transforming into macros, 68
undefining, 257
VS. macros 7[?, 72

with state, 12, 43

Gabriel,, Richard P, 16
garbage B¢

collection A4, 5, 53
Gelernter, David H., 135
generalized variables | X AFHt, 111
generalized variables | X}E%

meaning of, 120

generic functions, 256
defining /& ¥, 256
removing, 258

gensym, 85
as unbound, 166
to indicate failure /8K, 133

*gensym-counterx, 86

gensym?, 165

gentemp, 271

get, 42

get-setf-expansion, 115

get-setf-method, 115

gethash, 133
recursive version, 242

gift-shops, airport, 191

GNU Emags, 1, 3

go, 66, 104

gods I, 5

gold 47, 266

good-reverse, 20

group, 30

simpler version, 269

Hart, Timothy P, 270
hash tables M5 7735, 43, 169, 242
hiding implementation details, 147, 263

hygienic macros, 271

ice-cream, 255
ice-skating #i VK, 22
if-match, 163
if3,102
ignore-errors, 99

Igor, 198

imperative programming fir & U7, 22

import, 264
in, 103
in-if, 103
in-package, 263
incf, 112

generalization of FJ7Z1L, 116
incremental testing 35 H- i, 24
indexing, 171
inheritance

multiple, 253

sketch of, 243
of slots, 253
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:initarg, 252 integration with user programs, 73
;initform, 252 slowness of {l&Y, 195
ing, 103 speed of, 267
instances L4, 252 list processing, 29, 276
intellectuals, 258 lists
interactive development, 24, 218 accumulating, 31
interactive environment, 5 as binary trees, 47
intercourse, lexical Ji¥5 3, 72 as code, 76
Interleaf, 1, 3 as facts, 169
intern, 183 as trees, 179
intern, 85,91 decreased role of, 29
interning, 85, 91, 263 disambiguating return values with, 133
intersection, 140 dotted, 269
intersections, 141 interleaving, 108
inversions operating on end of, 114

asymmetric, 120 quoted, 24

defining, 119 recursers on, 46, 139
iteration uses for, 47

macros for, 72, 104 locality A, 24

vs. nondeterministic choice, 200, 225 longer, 30

without loops, 181, 225 loop, 104

loops

]agarilathan, Suresh, 135 interrupting 11, 104
jazz BE AR, dii 1rec, 46
joiner, 41
joke, pratical, £ JL Nitzberg, Mark mac, 61

R d, 60
keywords K4, 266 macroexpan

macroexpand-1, 61

labels, 14 macros 7%, 55, 7 7T JL backquote, read-macro, symbol-
=lambda, 182 macros
lambda, 8 access, 112, 147
lambda-expressions, 8, 14 anaphoric 8L, 129
last, 29 and referential transparency 115 | FHZEA, 135
last1, 30 for distinguishing failure from falsity 24 [ [X 3]
Latin, 211 RIAZ A, 133
lawyers £, 206 for generating recursive functions 24 | A4 il
lengths of programs, 267 JHPREL, 139
let, 97,135 mutiple-valued Z1H, 134
letx*, 115 and apply, 73
Levin, Michael L., 270 and cLos, 260
lexical scope TR AE I, 11 and referential transparency, 93
life, meaning of, 134 applications of, 74
lions, 24 arguments to 24K, 71
Lisp as abbreviations, 145
1.5,63 as programs 1ENFEFF 1Y, 64

defining features of, 1, 5, 242 calls invertible FJ % H HH, 111
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clarity &, 66, 158
combined with functions, 101, 182
compiled, 55, 67, 90
complex & 4%, 64
context-creating, 97
defining, 55
efficiency WK 66
environment argument to, 63
environment of expander, 63, 272
environment of expansion, 72
errors in, 5~ J capture
modifying arguments, 91
modifying expansions, 92
non-functional expanders, 91
nonterminating expansion, 93
number of evaluations, 89
order of evaluations, 90
expansion of, 55
in compiled code, 90
multiple, 90, 92
non-terminating 7K A% 11, 93
testing, 61
time of, 55
for building functions, 137
for computation at compile-time Ziif#r 115, 123
from functions, 68
hygienic, 271
justification of, 270
macro-defining, 145, 182
parameter lists, 62
position in source code, 67, 182
proportion in a program, 77
recursion in, 92
redefining HL1E Y, 67, 92
built-in, 135
simple, 59
skeletons of, 81
style for HJXU#%, 65
testing ?Mﬁt, 60
unique powers of, 71
vs. functions BR%K, 72
when to use, 71
mainframes KR!, 241
make-dispatch-macro-character, 154
make-hash-table, 43

make-instance, 252

make-string, 38
map->, 35, 36
mapO-n, 35
mapl-n, 35
mapa-b, 35
mapc, 109
mapcan, 27, 31

nondestructive version JEBE IR IS, 35

sketch of BLELTM LAY, 35

mapcar, 9

version for multiple lists 1 T2 FI R AR, 35

version for trees J T FIRAR, 36
mapcars, 36
mapcon, 118, 148
mappend, 36
mappend-mklist idiom, 108
mapping functions BT BREL, 35
mark, 207
match, 163
maxmin, 141
McCarthy, John, 1, 270
Meehan, James R., 274
member, 59
misuse of i H, 102
returns a cdr J&[A—> cdr, 33
member-if, 133
memoizing 1G24, 43, 116
memgq, 59
message-passing 1H /S8, 242
vs. Lisp syntax XJF4 Lisp 1515, 244
method combination J7 ¥ 416
and
sketch of, 251
operator
sketch of, 250
or
sketch of, 251
progn
sketch of, 250

:method-combination, 260

methods 77 %
adhere to one another 5 H E L A—1K, 256
after-
sketch of, 246
around-

sketch of, 247



284 &

7|

as closures 7E A [, 260
auxiliary 4B
sketch of, 246
before-
sketch of, 246
isomorphic to slots 1 slot [A] ¥ AHALLE, 254
of classes Z5[1Y, 254
redefining B 1E 3, 257
removing MIFE, 257
sketch of, 248
specialization of HJ4#t,, 255
on objects I XX 5, 256
on types FI XA, 256
without classes %A 251, 256
without classes it 5251, 256
Michelangelo KITEHHLE, 8
Miller, Molly M., 91
mines >&H 7, 181
mklist, 30
mkstr, 38
modularity BAY, 112, 263, 264
de Montaigne Michel, 2
most, 34
most-of, 123
mostn, 34
moving parts J5 3, 2
multiple values Z1H, 21
iteration with 1%/, 106
to avoid side-effects LAMESREIVEH, 21

to distinguish failure from falsity X3! & A 32 45

{B, 133

multiple-value-bind, 21

leftover parameters nil, 159
multiprocessing 2 BERE AL, 189
mvdo, 110
mvdox*, 107
mvpsetq, 109
Mythical Man—Month, The N\ F] #fiii5, 3

name-spaces, 8, 139, 178, 265, 271
natural language, £~ L. ATNs
ncongc, 21, 23,91
negation

in Prolog, 225

of facts, 171

of queries, 173

networks
representing, 51, 53
next-method-p, 259
sketch of, 247
:nicknames, 265
nif, 57,102
nil
default block name, 87
forbidden in case clauses, 103
multiple roles of, 34, 132
nilf, 113
Nitzberg, Mark, £~ JL joke, pratical
nondeterministic choice JEME LTS, 197
and search, 199
appearance of foresight TAHIASKHIFE L, 199
breath-first | L5, 208
Common Lisp implementation Common Lisp =
I, 202
and tail-recursion optimization LA M J& i# JH 1/
1k, 205
need for CPS macros CPS 7 #3K, 204
restrictions on R, 204
correct 1E4ff, 207
depth-first YREALSE, 201
in ATNs, 213
nonterminating, 202
in functional programs, 197
optimizing, 205
Scheme implementation Scheme SEIR 201
vs. iteration, 200
Norvig, Peter, 135
nreverse, 20
sketch of, 268
nthmost, 124

object-oriented programming

, 78 7T JU C++; classes; CLOS; generic functions;
inheritance; methods; message-passing; slots;
Smalltalk

and extensibility, 11, 261

danger of, 261

defining features of, 242

in plain Lisp, 242

like distributed systems, 241

name of, 241

on-cdrs, 140
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on-trees, 143
open systems J RS, 3
orthogonality 1F3Z1E, 42

*packagex, 83, 263

packages, 263
aberrations involving, 264
avoiding capture with, 86, 87
creating, 263
current, 263
inheriting symbols from, 264
nicknames for 255, 265
switching, 263
user, 263
using distinct, 87, 263

parsers, nondeterministic 73T #%, JEHHENE, £ L ATNs

pat-match, 164

paths, traversing, 105

pattern variables, 162

pattern-matching, 126, 162

phrenology I, 20

planning T, 1

pointers f75T, 51

pools ith, 216

pop-symbol, 150

popn, 116

position, 32

*print-array*, 167

*print-circlex, 46

print-names, 38, 86, 263

processes B, 189
instantiation SEHI{L, 191
scheduling &, 191
state of IIRA, 190

proclaim, 17, 30

productivity 477, 3

programming languages 4t 15 &
battlefield of /%17, 5
expressive power of 151X RE T, ii
extensible A4 JE Y, 3
high-level =, 5

Prolog, 223
assignment in HIRAH, 237
calling Lisp from, 235
case-sensitivity of, 229

conceptual ingredients, 223

nondeterminism in, 230
restrictions on variables, 238
rules
bodyless, 224
implicit conjunction in body, 226
left-recursive, 231
order of, 228
subverting 1 %, 239
syntax of, 229
promises i, 142
prompt, 37
property lists JEPEF, 11, 42, 146
propmacro, 147
alternative definition, 272
propmacros, 147
prune, 32
simpler version, 268
psetq, 64
multiple-valued version, 109
pull, 116
pull-if, 116
push-nreverse idiom i 1%, 31
pushnew, 117

queries £ if]
complex & 7%, 170
conditional 5544, 130
query languages 2 ifi5 5, 170
quicksort, 239
quote, 56, 270
quoted lists, returning, 24, 92

rapid prototyping Pi# 5 %, 194
of individual functions H./7> EREL Y, 31
re-use of software UG H [, 2
read, 37, 85, 134, 153
read-delimited-list, 155
read-eval-print, 37
read-from-string, 37
read-line, 37
read-macros, 153
:reader, 254
readlist, 37
recurser, 267
recursion 1 )
in grammars, 201

in macros, 92, 131
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on cdrs, 45, 139

on subtrees £ T-#_I, 47, 142

tail-, 15, 93

without naming, 267
reduce, 250
reduce, 141

Rees, Jonathan A., 273, 274

referential transparency 5| FHiZH], 135

remove-duplicates
sketch of, 140
remove-if, 10
remove-if-not, 27
rep_, 225
reread, 38
&rest parameters, 58
in utilities, 117
not guaranteed fresh, 91
return, 87, 104
return-from, 87, 104
reverse, 20
rfind-if, 48, 143
alternate version, 269
rget, 244
rich countries & # HE &, 195
rmapcar, 36
Rome %' 1, 194
rotatef, 19
rplaca, 111
rules
as virtual facts, 224

structure of, 224

Scheme
cond, 131
macros in, 271
returning functions in, 41
vs. Common Lisp, 178
scope 1E I, 11, 41
scoundrels, patriotic, 244
scrod fif 1, 148
search trees, 181
sequence operators, 166
series %ﬁ, 36
set, 119
set-difference, 141

set-macro-character, 153

setf, 111

setq
destroys referential transparency, 135
now redundant, 114
ok in expansions, 66

Shapiro, Ehud, 276

sharp(#), 154

shuffle, 109

side-effects FI{EH, 19
destroy locality B IR JRiFib i, 24
mitigating 1 R H, 23
on &rest parameters 1E grest %%%ﬁliﬁ/‘], 91
on quoted 7E5| X% I, 24

signum, 57

single, 30

Sistine Chapel PYHTJE A, 8

sketches BL[4, 194

sleep, 44

slots
accessor functions for, 252
as global variables, 261
declaring 7, 252
initializing, 252
isomorphic to methods 177 3[R FHELE, 254
read-only, 254

Smalltalk, 242

some
sketch of, 140

sort, 10, 243

sortf, 118

sorting
of arguments, 118
partial, 125

special, 12

special forms, 7, 270

speed, 16

splicing Hf 4%, 57

split-if, 33

sqrt, 22

squash AlfE AL, 107

stable-sort, 243, 276

stacks %
allocation on M F 3L, 100
in continuations, 177, 179
of ATN registers, 215

overflow of, 274
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use for iteration, 180
Steele, Guy Lewis Jr., v, 29, 145, 273, 274
Sterlin, Leon, 276
strings 1 H

as vectors, 158

building A%k, 38

matching, 166
Structure and Interpretation of Computer Programs 15

PR PP RO AIARRE, 12

structured programming, 66
subseq, 166
superclasses
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