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1 SHBRLispDEZH
1.1 eq. eql. equal

HIE D A & A )V Cld, Lisp % T & 2 2RI 280 (B E) OATHERET S, LS FE->
DT, BFTULESHWTRVWE ZANHY £9, SRIFTOLD B2 Z L L THLOAREIZAS
ZIZLELED, F9. THFLW) ZLE2RTMFEL UTHIENIE eq B EIFE U7,

o eq — 2 DDBIHMNLEICFHUETDE T H,
FE BUEPREL W, XFHRELN, BREZFHNDDIE eq TR TIEHA, ROBLDEMNET,

e eql —eq A, 2DDFMENFEL NI L, 2 DDXENELVWI EEFANLND,

e string= — 2 DDXFHNPEL NI L 2FND,
TUTHRBEIZ, ThAZEBEALZY AMEEIZDWTEHELWI L 2HNDEDIE equal TY (Z UL
<MEHY) ET),

o equal — 2 DODfH (Y A NE) WELWI L Z2FAND,

1.2 <70

BENEBEE D AFNFE U 72D, 5 HD Lisp Tl 7 0O & FEIEN S BEREN K S R EZ R LT
i—é—o

e ZE, UPNENSZEDELUT, cond S if Z2RETLZe 22259, ROBEEITY ST
L&D?

(defun myif (condition then else)
(cond (condition then)
(t else)))

—R. DFEFEITOICRAZET,

RE Y AT AR
LZOADREZIF 1992 ETHERLUTHLULIED YD FEAMN., Al 7075 IV TOML2 BREHNIONT—@D) EhN TV
LV ETETELDIZHEY T, 72720 896p & NEVWABLDT, MNTILZDIXFADI DY ZIT,



(setq x 10)

=> 10

(myif (> x 5) ’large ’small)
=> LARGE

UAUIRDIFESTU & D

(myif (> x 5) (print ’large) (print ’small))
LARGE

SMALL

=> LARGE

DFY. BBITHETEDOIFETENIFEE (£17) SNTUED DT, myif IZHETH DX S & & FET
INTULESDTY, ZNTIEIfDEREREZLETA,

FTITY27OOHETT, vl id defmacro L > TERINDEE (DLS5BED] THY,
EEGHETLIROVIC [Z0FEZTOE52 S Z2IBUEY, TUT, RINA S XAFEHM (5
17) SN E 9,

(defmacro myif (condition then else)
(list ’cond (list condition then) (list ’t else)))

X7anED &S IZEBEINS ML, macroexpand-1 &\ D B HE XN £9,

(macroexpand-1 ’ (myif (> x 5) (print ’large) (print ’small)))
=> (COND ((> X 5) (PRINT ’LARGE)) (T (PRINT ’SMALL)))

cond ADVMALZTENTVE TR, TINSH, TNEEITTIUITFELZFEOE DPEBRTI XY,

(myif (> x 5) (print ’large) (print ’small))
LARGE
=>LARGE

<7 OOMMfEIX. O XD IZFHE L AW EIEBENG EWS Z ek EFEICETEMTS0T, O
VN T RGBT HEEITIE T VS OVRHICE I N, FETROREN R (BB % Eh AN &
WH LT,

1.3 N\w oo +— Mgk

UL, B0 myif OE BRI N D50 TT R, [Z0AEZNI D20 (72720 —HICidfE
ZHOAARIZN] WG EIZIZINY I+ — REBEL WD ORI Z 7,

‘abc,xde)

=> (A B C 10 D E) ;; x D& ZAILiMfi
‘abec ,(x2x)de)

=> (ABC20DE) ;; ATEHLW

N 705 —=RMNEIZ A—HF TR ITNE, EEOFHIZELED myif ODREKD X SIZV A Effio
TERINTVWET, T, TOELARFIVIOAMEEXIDTLLTEILEDITTT,

(defmacro myif (condition then else)
‘(cond (,condition ,then)
(t ,else)))

BH, BRBNL, AVIFEIEOBKT 1) AMZTOAMEICHY AL ] ,eGliEE VI DEHY &
T, ROHI%E D EENPGNY) T,



(setqg 1 (1 2 3)

=> (12 3)
‘labc ,01 de)

=> (ABC123DE)
‘abc,lde)

=> (ABC (123)DE)

F/2. ZNEFHMD I\ defmacro DFEEET THBEFMN LD 2 1 DD A MTZITES] &V
SONHY EFT, TNEMD &, cond R EDFIHMLE & Ak, EHROMEZR2IZES LS BRY Y
OPENE T,

(defmacro mywhen (condition &rest body)
“(cond (,condition ,@body)))

=> MYWHEN

(mywhen (> x 5) (print 1) (print 2))

1

=> 2

BB 1 ZZFETICHTRAYZODHZ AN TER > TALRIY, BWzs, ZAEIRMTDES
BEkREGE 2~ 7O TES> TAR I,

a. 18E UGN L2 20N E I —HOEIE % 92179 % ¥ 27 T myunless(mywhen D5&
HEDPREEL 726 D),

b. f8E U228 % FE™S ERE T 1 92240 X 2 HiliHHEE myfor, #l: (myfor i 1 5
(print i)) => 1 2 3 4 5,
t ¥ b: CommonLisp @ loop BHEZ iS5 LIRD LD IZELS ZEMMTELDT, ZHILE
g~ r7mizd 5 e L\,

(loop for i from 1 upto 5 do (print i))
c. TOIEM, HATHHW &ED HIEFE,

1.4 YVRAMREERGH—

CommonLisp (X2 & 2R Z FORMEL TVWBEDT, ZHNHIZHEDNT (90D PTWv ] K
S, EWHZEDNEHRIIARSTVWET, TDAED, INETOEDOEDEZLAD LD REXHIZK
DFET,

X (car (1 2 3)) => 1 O (first (1 2 3)) => 1

X (cdr 2(123)) => (23) O (rest (1 23)) => (2 3)

X (cadr ’(1 2 3)) => 2 O (second (1 2 3)) => 2

X caddr, cadddr, ... O (elt (1 2 3) 2) =>3 ;; ZHlFo0

72720, Ry &% Ry hxfe UTHSGEITIE, car & cdr W —FHRBREKGL HIEZN S TN THE
WEEA,

F72, VAMILENSIEIZ/ZE SR ITNIEBSBZDIZ U, D SFEICB T DGO & S &7
TV RN UTRIZZ—=BHY, TOT IR AFELFRU elt 22 7,

(vector 1 2 3 4) ;; #(1 2 3 4) THHEU

FEIFEEMEZ FE T D HIETUAN, REXLZTHBETLII LB TEET,



(make-array 100)
(make-array ’(10 10)) ;; 2Xschdsl

HIIRZ A —1F 1 IRGTGEANDOZ ETHY, 2L EDFBED T 7 Ald elt TIEZEDOT [(aref a
b NE /& D N I A S ) = 2

1.5 SRZEH

INFET, ZEUITMEEZRET DD setq 2fli5> & UTEFE U, UMU Lisp TIEEELAIMNT cons
KD car/edr FXNT R —DEFEZE, FRABGMIHEZZETETEd, INOZ2HE—LUTHED 720,
NEHNS EEVWAEZLET, TUT, NEBUHEZRET DD  setf LWND Y 7B Z{HIVE T,
setf T EDERIZEMHR £,

(setf x ’(a b))

=> (A B)

(setf (car x) ’(1 2 3))
=> (12 3)

X

=> ((1 2 3) B)

(setf a #(1 2 3 4))

=> #(1 2 3 4)

(setf (aref a 2) ’zzz)
=> 777

a

=> #(1 2 ZZZ 4)

1.6 &k

MGk L 1, EROEZMIZLAZE DT, TNTNOEIILFITHRETE S L5 2EDTT, Com-
monLisp TlIFEEARIE defstruct TIREL £7,

(defstruct human name age height)

=> HUMAN

(setq hl (make-human :name "Kuno" :age 20 :height 170))
=> #S(HUMAN :NAME "Kuno" :AGE 20 :HEIGHT 170)

BB, EET LW DIXERY VRN LT, FHiiL 2L SICHEAEBERUIZRDDT, (£
B UTHES) BEOY VRV EENY & — N2 DB THEAET, ERMARIK ERok>ic7
07 AHDI FXERTRFELLUTHES 2L TY,

XT, WEREZERTD L, HEIZ HERG-T 1 —IVR&] LS T 72 ABEBMNTE £,
72, THIRNERRDT setf THEPZRETET X,

(human-name h1)

=> "Kuno"

(setf (human-age h1l) 30)

=> 30

hi

=> #S(HUMAN :NAME "Kuno" :AGE 30 :HEIGHT 170)



1.7 ZHOEWDIT

CommonLisp TIZEHDOZEBILL F IV AD—T %R FFO0—IVEK (L ¥ HIVEE) TTH,
ZHBIMCENINR A D — T 2R OB (AR Y IIVER) EFHELET, TD LD BEBIL defvar X
defparameter TRE L., *...xE WO ZETE R EBIRH Y £7,

(defvar *debug-levelx 3)

(defparameter *grammer-rulesx ’(....))

IN5 2 FIIBEEEILFE U T A, defparameter DAL 7075 LD~ THY, LHIIFEIHZ
BN EDITHNET, IS5ICED 1 DOAUEEEDOE DL LT, —EHELZOMIFEZ RN (B
EFRET D)., WD HMIZIE defconstant & HVNE G,

(defconstant fail nil) ;; ZRHXODH!

X T, ARVYYIVEKEIE, 7O0—=—20UEHEDOTUESM0? £ TIEEL, 8MAa—7%2#>
EE NS OWIEMERE ZATT, IROFZE R T EIW,

(defparameter *magicx 7)

=> xMAGICx*

*magicx*

=7

(defun pmagic () (print *magicx))
=> PMAGIC

(pmagic)

7

=7

CETRERZO—INWEROLSIZRAET, ZInLMNMETT,

(«

(let ((*magic* 13)) (pmagic))
13
=> 13

ZD&EDIZ, WD A D—TFTHRELDEBMERIN/ZHE, pmagic DFNLIE [—FiL e 25
TEBINS ] BENSBBINET, ZO—FENEWI DL, 075 AOETHEETHNIZE X
DT, ARYYIVEBIFENBEAI—T%2FD, L\WHDIITI,

HWE2 J 00— VBB ARY v VEBIIRER E 58S O, HARY O F Lo BI) £ #HNT
BBV, £ FOIEERD E Mo FAMAHEEEEL. TABHELL I,

2 F—71: EXDERK
2.1 BBUICLDEELER

ZOHITIE, EXETVALNIERT D, LW MEEZRCET, Lisp TIREEOIOIXY A b
THRIZKEDZDT, ZDO&DS BHEIZFENCTDIFTY, £ZL, TELODIZHGEZWMANTH I
FEOXUIZAY) FEAND, RIIF2HBENRHY 7,

12DFZTTEUT, XEEEREDHFOBMEZITIE, OMXEAZAERLTIND, v
DEDITBHENDHY) £,



(defun random-elt (choices)
"D ARNNOEEE T VA LTER

(elt

(defun

choices (random (length choices))))

one-of (set)

"set M6 1 DEHREEED, VAN LUTKRT
(1ist (random-elt set)))

(defun
(defun
(defun
(defun
(defun
(defun

sentence () (append (noun-phrase) (verb-phrase)))
noun-phrase () (append (Article) (Noun)))
verb-phrase () (append (Verb) (noun-phrase)))
Article () (one-of ’(the a)))

Noun () (one-of ’(man ball woman table)))

Verb () (one-of ’(hit took saw liked)))

FHLTHAZEL & D,

(sentence)

=> (THE BALL LIKED THE MAN)
(sentence)

=> (THE MAN SAW THE WOMAN)
(sentence)

=> (THE TABLE LIKED A MAN)
(sentence)

=> (A BALL HIT A TABLE)

HE 3 ZOHEZEINE, Bvzs, BODUEMASITRETHN-LTAL,

2.2 IVUIVVET—HIDDEE

BIEiDO HEDOEIX, SHEDOA YT F U ADHBE L WD LT, TIT, IROES% T
721 WOXEZRTRL (F—4), ThEELIZUTERETS I—R (TYIV) EHMT 5, L
S HEFEIY £9,

(defparameter *simple-grammerx*

> ((sentence -> (noun-phrase verb-phrase))

(noun-phrase -> (Article Noun))

(verb-phrase -> (Verb noun-phrase))
(Article -> the a)
(Noun -> man ball woman table)
(Verb -> hit took saw liked))

"l BL R SEEE DR BB D STHEM)

SGEFLIRD T->] [ FRXPTIDZHIZANTWET,
INEANVEZZ Y VESIZIRD LS IR £,

(defvar *grammer* *simple-grammers
"generate NS 5 ik, *simple-grammer*xAAADE £ H[")

(defun rule-lhs (rule)
"SCIERRRT D A



(first rule))

(defun rule-rhs (rule)
"SRRI DA

(rest (rest rule)))

(defun rewrites (category)
"ZDHTIVEUTEHESMMAARELRE DL R
(rule-rhs (assoc category *grammerx)))

(defun mappend (fn the-list)
"fn &) A NOKERITHEA L, KR R
(apply #’append (mapcar fn the-list)))

(defun generate (phrase)
"phrase % 7 VX LMIELT D"
(cond ((listp phrase)
(mappend #’generate phrase))
((rewrites phrase)
(generate (random-elt (rewrites phrase))))
(t (list phrase))))

INEFNLTWVWDED>TE2RULETD,

(generate ’sentence)

=> (A MAN TOOK A BALL)
(generate ’sentence)

=> (A MAN LIKED THE BALL)
(generate ’sentence)

=> (A TABLE HIT A WOMAN)

NENRI ST LFEUASL, ERINZEDIFINETERDY FXEA, UL, XEZILIET 2 OMN
BGIZB21-DT, HEELEL & D,

(defparameter *bigger-grammerx*
> ((sentence -> (noun-phrase verb-phrase))
(noun-phrase -> (Article Adj* Noun PP*) (Name) (Pronoun))
(verb-phrase -> (Verb noun-phrase PPx))
(PPx —> () (PP PPx))
(Adj* -> (O (Adj Adj=*))
(PP -> (Prep noun-phrase))
(Prep -> to in by with on)
(Adj -> big little blue green adiabatic)
(Article -> the a)
(Name -> Pat Kim Lee Terry Robin)
(Noun -> man ball woman table)
(Verb -> hit took saw liked)
(Pronoun -> he she it these those that)))

IbH Mo TAHET,



(setq *grammer* *bigger-grammerx)

(generate ’sentence)

=> (TERRY TOOK THE MAN IN IT)

(generate ’sentence)

=> (A LITTLE ADIABATIC TABLE ON THESE TOOK ROBIN IN TERRY)
(generate ’sentence)

=> (THE MAN LIKED THE MAN WITH TERRY)

(generate ’sentence)

=> (A ADIABATIC WOMAN SAW A BLUE TABLE IN ROBIN)

AP o (>R VAR ANU B O A ¥4

BB 4 HATEEZIHIRUTAYE, /42, 22 & XS ULTDITE. ED0VDIBERENT
SIZH216 XN EZXTHEL,

3 T—%2: GPS
3.1 GPS &I

GPS i% General Problem Solver] D& THAOD, MEZMRT D TOT T L] WD LB/EA LW
ZEID T T 5 AT, 1957 412 Alan Newell & Herbert Simon (Z& > THRIEXNZFE U, £HAA,
AYIZRTEPMA TEH LTI D2 DITIEBRNTTN, BEMICERTEETIEH YD £7,

GPS DEEBERA = ALIE TFE=HESH (mean-ends analysis)] T, ZNZzka—1) A5V
ZIZHDOTEIF LTI WO 0BT D TY, M@l LT, IROEDEZZ X,

MIFETFE2REERANENTITE 20, RIFTOFEE U THEHEHZE> TV, Ny T
V=W >TWD, HLWNAY T —=PRRET, THNITITEBHEEHEIHA T, K#
LTHE5IRENRHD, UnUBHEHEEHEIZTAZRI LIBHSRNNS, EiFR L THE
T oMENDH D

FDOXFEDO L E LR, TEIMMEZR>TWS ] TEABRTFENINDS ] [ZOFEZ IS 12137
DUE ] TZOFEROFHELE LTI L] RO N2 T—2 e UTHELEY, TLUT, ©
NEEHEICHWZZERTIEMEHBR L TNDZONT VYV THD GPS L WVWD ZEIZBR) £7,

GPS DEUH U FIFIRD LS BREDE NS T LIZUFET,

(GPS *(Ff> T2 EDDWUY)  (HDIT) FEDU V)

3.2 GPSN—<3v1: F—41EE

FPRERAN—Va vV EESOTAET, BELDIREIZH B0 E EE state*IZ ANE T, =
L TEIER>TW2EDDY AN 128 9, £ U Trops*ik FIHAMREREEDOD AN &Y
i—é—o

(defvar *statex nil "BI{EARRE, ZfFDY A Km)
(defvar *ops* nil "FIHAIEEARIIMEDY A hm)

(defstruct op "#fE"
(action nil) (preconds nil) (add-list nil) (del-list nil))



fil # DEAEIX op LWOERTERL T (714 =V KA D ZIZADTWD DI, #IHMEE —
IZIRETDIEN), TNTHOBIEIZIE, THIEDOZFT] (A BED ] [ DEIEIZ K > TRIAER
TEL0] TTOBREIZE > TIDEEIND 2] OFEHRPMNEL £, ZIT. D& D BREBEN
HLBMRWOBNEGADHNDT, LOFED 72D DEFERZ T £,

(defparameter *school-ops*

(1ist
(make-op

(make-op

(make-op

(make-op

(make-op

(make-op

raction ’drive-son-to-school

:preconds ’(son-at-home car-works)

radd-list ’ (son-at-school)

:del-list ’(son-at-home))

:action ’shop-install-battery

:preconds ’ (car-needs-battery shop-knows-problem

shop-has-money)

radd-1ist ’ (car-works))

:action ’tell-shop-problem

:preconds ’ (in-communication-with-shop)
radd-list ’ (shop-knows-problem))
:action ’telephone-shop

:preconds ’ (know-phone-number)
radd-list ’ (in-communication-with-shop))
:action ’look-up-number

:preconds ’ (have-phone-book)

radd-list ’ (know-phone-number))

:action ’give-shop-money

:preconds ’ (have-money)

radd-list ’ (shop-has-money)

:del-list ’ (have-money))))

7zl ZE, BF2HETHEBRERIZONT W K #E drive-son-to-school 1%, son-at-home & car-works
EWVWDEENRKRETHY ., ZOEIEEETT D & son-at-home IFHIFR X 1T son-at-school H3E 11X
Nb, LWDADIZBRBEDITTY,

3.3 GPSNN—Y3avi1: 7Ov5 4

Tlx., ol L0 REL LS,

(defun GPS (*state* goals *opsx)
"GPS --- xops* % I U T goals % K"
(if (every #’achieve goals) ’solved))

GPS AIRlE, TIRTOHBENERINZH] WS> ZeT, IR TT A,

(defun achieve (goal)
" T — VKBRS A i AT RE AR AR TR T RE R D I

(or (member goal *statex)

(some #’apply-op

(remove-if-not

#’ (lambda (op) (appropriate-p goal op)) *ops*))))



HDEBEERTDICIE. FTxstatexlZFENTVIIXE S ERTE, T 5 THRIFNIE*ops* 5
WY Z#EE 1 DR TCRTHEAL £95,

(defun appropriate-p (goal op)
"op I goal D add-list I dH S A& O H AT HE"
(member goal (op-add-list op)))

WY EE X, ER U2 OHED add-1ist OHFIZH D KD BREME. WD & T,

(defun apply-op (op)
"op MIEAHAIRER H A Y —TY % H U TxstatexZ HH"
(when (every #’achieve (op-preconds op))
(print (1list ’executing (op-preconds op)))
(setf *statex (set-difference *statex (op-del-list op)))
(setf *state* (union *statex (op-add-list op)))
t))

PR AT 2121, TR 2 TR CGERLET (ZZTERUZSHIE), OKZAZL, Avt—
TVEHLU, del-list IZHDEDZHIFHEL., add-list IZHDEDZEMLET, ML ETT,
XoZFLFHMNLTHZET,

(GPS ’ (son-at-home have-money car-needs-battery know-phone-number)
> (son-at-school) *school-ops*))

(EXECUTING (KNOW-PHONE-NUMBER))

(EXECUTING (IN-COMMUNICATION-WITH-SHOP))

(EXECUTING (HAVE-MONEY))

(EXECUTING (CAR-NEEDS-BATTERY SHOP-KNOWS-PROBLEM SHOP-HAS-MONEY))

(EXECUTING (SON-AT-HOME CAR-WORKS))

=>S0LVED

OFY, FTEFEBSEMAL., BHIELEEL, BE&2IL->TNAY T =2, HIPH XD
IZBS7-DTHENTHITL, WIS DIIHEDALEHNTHET,

B S ZOHEEZESTEENLAI N, /o, AUHBHETE > & HlRRIHETEN L TARX
WV, EZE BN E D HIZEMNSE LA, IHIT, FiBEEEREBINU TAR
TV, e 2 THEOEFEFR SIS RV, EiFRE2 FICHNISAROND ] R E,

3.4 GPSNN—Y3v10OWL DHhDREE
72 ZIE, THHBEEHIZTS/Z0WO T, B82BLTHE I Lo~ L ET,

(GPS ’ (son-at-home have-money car-needs-battery know-phone-number)
> (have-money son-at-school) *school-opsx*)

(EXECUTING (KNOW-PHONE-NUMBER) )

(EXECUTING (IN-COMMUNICATION-WITH-SHOP))

(EXECUTING (HAVE-MONEY))

(EXECUTING (CAR-NEEDS-BATTERY SHOP-KNOWS-PROBLEM SHOP-HAS-MONEY))

(EXECUTING (SON-AT-HOME CAR-WORKS))

=>S0LVED

10



b, JEIEATESZ2M>TLESZDIZ0K? Zhid, BIZETHENHL L% OKIZL
T. TOBIBFEARNZOTY, HiE., *state* & D 1 DDREUK-T, Thzi#bdEslmx
TULES7ZDOTIE, D ELTDPRVE ZIZHOFIETRYET I ENTIRY, L0 D DOHEARZ
FIETY, F/2, LK) | IR0 EREEEZD L, BRIZEALEFELZEHAL TS 20 %
HRA LR THIET 2NEIRDTT A,

3.5 FTNYTHA
WAARGENE > L IL<AMB LI, TN THEEER T ANET,

(defvar *dbg-ids* nil "dbg MMEHT 2 H4ATDY A K

(defun dbg (id format-string &rest args)
"(DEBUG ID) AMEET AR DL T /Ny JifHz dij)
(when (member id *dbg-ids*)
(fresh-line *debug-io*)
(apply #’format *debug-io* format-string args)))

(defun dodebug (&rest ids)
"FEE U7z ids 1I2DWT dbg i &2 BT %
(setf *dbg-ids* (union ids *dbg-ids*)))

(defun undebug (&rest ids)
"FEE L7z ids IZDW T dbg i &K T35
(setf *dbg-ids* (if (null ids) nil
(set-difference *dbg-ids* ids))))

(defun dbg-indent (id indent format-string &rest args)
"(dodebug id) WRET AR L FRIFINAT /N JiEH%E H I
(when (member id *dbg-ids*)

(fresh-line *debug-io*)
(dotimes (i indent) (princ " " *debug-io*))
(apply #’format *debug-io* format-string args)))

iV 513 Tdodebug (#481) ] §6 2 & T, LTDHATZ4EE L /- dbg-indent DIF U UEFT T A v
T —INERRIND, LS TT,

3.6 GPS/NN—Y3v2
AL BEROIIZZEDLLZNTNE, #BIFZ Texecuting OO WD HHENIHE— U £ 95

(defvar *ops* nil "FIHAIREARIRIMEDY A k)

(defstruct op "fEfE"
(action nil) (preconds nil) (add-list nil) (del-list nil))

(defun executing-p (%)

"x X (executiong ...) WD
(starts-with x ’executing))

11



(defun starts-with (list x)
"list DM DOERIL x 7"
(and (consp list) (eql (first list) x)))

(defun convert-op (op)
"op % executing... DFIZEH T LH"
(unless (some #’executing-p (op-add-list op))
(push (list ’executing (op-action op)) (op-add-list op)))
op)

(defun op (action &key preconds add-list del-list)
"(executing op) DLITHED H L\ op Z{ED ™"
(convert-op (make-op :action action :preconds preconds
radd-list add-list :del-list del-1list)))

ZOmRBRIZHE TR BB op THIEZERL 9, AERXI 2T LR,

(defparameter *school-ops*
(1ist
(op ’ask-phone-number
:preconds ’ (in-commnication-with-shop)
radd-list ’ (know-phone-number))
(op ’drive-son-to-school
:preconds ’ (son-at-home car-works)
radd-list ’(son-at-school)
:del-list ’(son-at-home))
(op ’shop-install-battery
:preconds ’ (car-needs-battery shop-knows-problem
shop-has-money)
radd-1list ’ (car-works))
(op ’tell-shop-problem
:preconds ’ (in-communication-with-shop)
:add-list ’ (shop-knows-problem))
(op ’telephone-shop
:preconds ’ (know-phone-number)
radd-list ’ (in-communication-with-shop))
(op ’look-up-number
:preconds ’ (have-phone-book)
radd-list °’ (know-phone-number))
(op ’give-shop-money
:preconds ’ (have-money)
radd-list °’ (shop-has-money)
:del-list ’(have-money))))

TIEGPS AR ZRLUET, ZNETLEY, FEBTREAZEMEOV ANE2IRTLDIZR>TWT,
FNHOEETCERTARIEAMEN Y VIV INTUEAIEEBE NI L2 bHA L RTVWET,

(defun GPS (state goals &optional (*ops* *ops*))
"GPS --- *ops*Z FJH U T states WSO T I — )L & A"

12



(remove-if #’atom (achieve-all (cons ’(start) state) goals nil)))

BHETAYYE =2 HTHDY)IZ, achieve-all IFEED) A NE2 KT LHIIARS/-DT, TIhbH
TLREWEDZEHIBRU CTERRAHIZRL £9°,

(defun achieve-all (state goals goal-stack)
"IV EERL, BEORATENOGNRTHLL TS KD
(let ((current-state state))
(if (and (every #’(lambda (g)
(setf current-state

(achieve current-state g goal-stack)))
goals)

(subsetp goals current-state :test #’equal))
current-state)))

achieve-all (FBIfERFEL T—I)UFL T— NV A&y 7 (BIfEHEE L LTWD -V EHICE E
AT ZZIFHLY) . TARTOIT—=IIIDWTENEERT D L EIT, TITE>TEML 2REE
current-state ICHAE T, TULTEHIKDO-AZLE ZATIT—INVEENTNTHEALL - F FDIRE
WZhd2o, BEOREZRLU T,

(defun achieve (state goal goal-stack)
"I IVIBEIZERSZ U T2 0y, TEAI T RERE YA op M3 B 78 D K"
(dbg-indent :gps (length goal-stack) "Goal: "a:" goal)
(cond ((member-equal goal state) state)

((member-equal goal goal-stack) nil)

(t (some #’(lambda (op) (apply-op state goal op goal-stack))
(remove-if-not

#’ (lambda (op) (appropriate-p goal op)) *ops*)))))

T (1) ICEBL LT B RS OKCELAL). (2) BHSERL &S L LTWRED LR LA b4
KO BROTHEDD, (3) NG DEYAREMEE 1 D> THETP>THS (EERAL),

(defun member-equal (item list)
(member item list :test #’equal))

member-equal & equal % {#i> 7z HHEME,

(defun apply-op (state goal op goal-stack)
"op MIEAFRER 5, HTUWEHFEAD state % KT
(dbg-indent :gps (length goal-stack) "Consider: “a" (op-action op))
(let ((state2 (achieve-all state (op-preconds op)

(cons goal goal-stack))))
(unless (null state?2)

(dbg-indent :gps (length goal-stack) "Aciton: ~a" (op-action op))
(append (remove-if #’(lambda (x)

(member-equal x (op-del-list op)))
state2)

(op-add-list op)))))

BE2 AT 2120, RS2 IARTERLED & TD, TN 0K AL, JRENLSHIFRY A
MIHDEDEHIRLZEDDKIZ, B AN ZEKE L TRT,
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(defun appropriate-p (goal op)
"op ' goal D add-list FIZH DR EH, HHAHE"
(member-equal goal (op-add-list op)))

BATTRE & D &L GBI A MHIZHEDHERH D05 W,

(defun use (oplist)
"oplist T 7 AN RDop DY A K& UTHEH"
(length (setf *ops* oplist))) ; AHABZEDZKRT

use IEFHLWE DT, IEREZ NEEIZEID B Z 2 DITHNE T,
TIEHEFHIZRTAEL XD,

(use *school-opsx)

=7

(GPS ’ (son-at-home have-money car-needs-battery know-phone-number)
> (have-money son-at-school))

=> NIL
(GPS ’ (son-at-home have-money car-needs-battery know-phone-number)

> (son-at-school))
=> ((START) (EXECUTING TELEPHONE-SHOP) (EXECUTING TELL-SHOP-PROBLEM)
(EXECUTING GIVE-SHOP-MONEY) (EXECUTING SHOP-INSTALL-BATTERY)

(EXECUTING DRIVE-SON-TO-SCHOOL))
72U, ZON=TUarvTE T )HRATBIRAELREEEZRS ] VWD LRIFED > TWARWDT,
BEOZEIFER D> THAZT D <AL EDBGEIE. HELEFTHHEZBEINE S NTHEL /%K
RPN TLUENET,
HE 6 ZOFEEZESTENL, HEZWSONEMUT (ZLRFEFTNNY 7)) —%2 g5 &
M), BEEHELTEL I EF<LTLSEDITULTARIY, D ELNLINE DL GPS A
BEAZRTDIEFIMMKGETE I L EMRA LRIV,

3.7 RBIDOMEIRE: RE/NTFF

GPS» A THDZ &2 RIHIE LT, Fo-<HOMEZBNTAZL LS, Ik IHE
NFF ] EWSEFEXLRIET, RO &S BREEIZR > TOET,

o FIMDAITIZINT, K ETHR-IEFR>TWVWT, BTV TND,

o HEDHEIZNFFNDBHLTHD,

o NFFIIXBEDFEN L EDRVH, FFHIZENLEL,

o RiFARDLIAIZH>T, TNEHRETHLTWITD,

o MIFZMIIZIE, R—I2fHF>T\WAE6ED,

BN Z IR T 2121, 5 L7260 TL&S?

(defparameter *banana-ops*
(1list
(op ’climb-on-chair
:preconds ’(chair-at-middle-room at-middle-room on-floor)

:add-1list ’ (at-bananas on-chair)
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Zgbanana

chair

monkey
ball

L

1 e N

:del-list ’(at-middle-room on-floor))
(op ’push-chair-from-door-to-middle-room
:preconds ’(chair-at-door at-door)
radd-list ’(chair-at-middle-room at-middle-room)
:del-list ’(chair-at-door at-door))
(op ’walk-from-door-to-middle-room
:preconds ’ (at-door on-floor)
radd-list ’(at-middle-room)
:del-1list ’(at-door))
(op ’grasp-bananas
:preconds ’(at-bananas empty-hands)
:add-1list ’ (has-bananas)
:del-list ’ (empty-hands))
(op ’drop-ball
:preconds ’(has-ball)
radd-list ’ (empty-hands)
:del-list ’(has-ball))
(op ’eat-bananas
:preconds ’ (has-bananas)
radd-list ’ (empty-handed not-hungry)
:del-list ’(has-bananas hungry))))

% GPS IZEMNETAHAE T,

(GPS ’ (has-ball on-floor at-door chair-at-door hungry) ’(not-hungry))
=> ((START) (EXECUTING PUSH-CHAIR-FROM-DOOR-TO-MIDDLE-ROOM)
(EXECUTING CLIMB-ON-CHAIR) (EXECUTING DROP-BALL) (EXECUTING
GRASP-BANANAS) (EXECUTING EAT-BANANAS))

FTIES LW, BRALIRITI TS XS T,

BT ZOWEEZEESTENL, IFIFLRRETELINFTFEZINDNE D, AY TN IE
FTHRDIZD ELTFNEODIZE D WD fENE TR T AR I,

3.8 RIDMERE: &K

SEEH 2D &S BREDOAONS T ETORKEZ GPS ICHERIETTAHET,
REEDGEIE 2 DDHFDEL L6 ELOANETITEDT, 2MFZHEL TTOM S DBE)
e —#I/ED £ DIZL £,
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(defun make-maze-ops (pair)
"RREE D op & MSTIANZAED "
(1ist (make-maze-op (first pair) (second pair))

(make-maze-op (second pair) (first pair))))

(defun make-maze-op (here there)
"2 SOEHOMTHIT S op % F5"
(op ‘(move from ,here to ,there)

:preconds ‘((at ,here))
:add-1list ‘((at ,there))
:del-list ‘((at ,here))))

(defun mappend (fn the-list)
"fn %) A MDORBERITEMA L, AHE %
(apply #’append (mapcar fn the-list)))

(defparameter *maze-ops*
(mappend #’make-maze-ops
7((12) (23) (34) (49) (914) (98) (87)
(7 12) (12 13) (12 11) (11 6) (11 16)
(16 17) (17 22) (22 21) (22 23) (23 18)
(23 24) (24 19) (19 20) (20 15) (20 25)
(15 10) (10 5))))

%D defparameter THHEZRD Y A N & LIZTRTOEMEZERL TVET, TR, ZhzEn
LTAEL & D,

(use *maze-ops*)

=> 48

(gps ’((at 1)) ’((at 25)))

=> ((START) (EXECUTING (MOVE FROM 1 TO 2)) (EXECUTING (MOVE FROM 2 TO 3))
(EXECUTING (MOVE FROM 3 TO 4)) (EXECUTING (MOVE FROM 4 TO 9))
(EXECUTING (MOVE FROM 9 TO 8)) (EXECUTING (MOVE FROM 8 TO 7))
(EXECUTING (MOVE FROM 7 TO 12)) (EXECUTING (MOVE FROM 12 TO 11))
(EXECUTING (MOVE FROM 11 TO 16)) (EXECUTING (MOVE FROM 16 TO 17))
(EXECUTING (MOVE FROM 17 TO 22)) (EXECUTING (MOVE FROM 22 TO 23))
(EXECUTING (MOVE FROM 23 TO 24)) (EXECUTING (MOVE FROM 24 TO 19))
(EXECUTING (MOVE FROM 19 TO 20)) (EXECUTING (MOVE FROM 20 TO 25)) (AT 25))
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ENMZH AL 1S 5 AFELE L~

BE S ZOHEAESTEMNLTAL, 1005 25 UADORKIZOVWTERYE, MBLAEL. ok
BEEHSTES TENERMIETA L,

3.9 RIDMEE: BAHAARNDEE

T—=TND LN OPOBMARDRH > TINEHMEL L WS HEE & <FbnEd, EITROE
‘) -t“—é_o

o AKX, T—TND EIZHDh, ERIFMUOFBEAKRD EIZH D,
o TAARD EMZBNTWNIE., TDOEIZ1DFITEARITED S, &S IIEHIRIZ 2R,

INOOHHED ET, M3DEIARELETF2ESX>TEHATINEEZEZAIEIDIITT,

ZOMEERBT D20, MARKODV A N2 52722 %, TRTOEELZHBERTIEOIILE
T, BARIICIHMERDOEAKR A, B, C(HWIZEZRD) IZHULT, TAZBDO EMS COEIIBT) %
B U, FABROBEAKRA, B(EWIZEZRZ) LT TAZIO ENSBIZBET) TA%2BOE
MOHLD EIZKT ] 24K T,

(defun make-block-ops (blocks)
(let ((ops nil))
(dolist (a blocks)
(dolist (b blocks)
(unless (equal a b)
(dolist (c blocks)
(unless (or (equal c a) (equal c b))
(push (move-op a b c) ops)))
(push (move-op a ’table b) ops)
(push (move-op a b ’table) ops))))
ops))

(defun move-op (a b c)
"AZBMNDH CABET op ZIED"
(op ‘(move ,a from ,b to ,c)
:preconds ‘((space on ,a) (space on ,c) (,a on ,b))
:add-1ist (move-ons a b c)
:del-list (move-ons a c b)))

(defun move-ons (a b c)
(if (eq b ’table)
“((,a on ,c))

‘((,a on ,c) (space on ,b))))
T, EIME Q) »5P>TAHEL &,

(use (make-block-ops ’(a b)))

=> 4

(gps ’((a on table) (b on table) (space on a) (space on b) (space on table))
>((a on b) (b on table)))

=> ((START) (B ON TABLE) (SPACE ON A) (SPACE ON TABLE)
(EXECUTING (MOVE A FROM TABLE TO B)) (A ON B))
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1) 2

A B | = B| ™ |A
(3)

A C 4)

B C

c| = |a A B| ™ A B C

A

(5) (6)

C A C B

A B| = |B C B Al = |c

B 3: 70y 7 BEOME

EUKTETWSEDTY, X (2) 4, TEDL Lo LIFHNDM D LD IZ, dodebug ZH5E L
ThoFITLE T,
(dodebug :gps)
=> :GPS
(gps >((a on b) (b on table) (space on a) (space on table)) ’((b on a)))
=> Goal: (B ON A):
Consider: (MOVE B FROM TABLE TO A)
Goal: (SPACE ON B):
Consider: (MOVE A FROM B TO TABLE)
Goal: (SPACE ON A):
Goal: (SPACE ON TABLE):
Goal: (A ON B):
Aciton: (MOVE A FROM B TO TABLE)
Goal: (SPACE ON A):
Goal: (B ON TABLE):
Aciton: (MOVE B FROM TABLE TO A)
((START) (SPACE ON TABLE) (EXECUTING (MOVE A FROM B TO TABLE)) (A ON TABLE)
(SPACE ON B) (EXECUTING (MOVE B FROM TABLE TO A)) (B ON A))

5% <fToTVB LS TT,
b o LHEEIRMEE LT, SEE (3) 2 £ 2T,

(gps ’>((c on table) (b on c) (a on b) (space on a) (space on table))

>((b on a) (c on b)))
=> ((START) (SPACE ON TABLE) (EXECUTING (MOVE A FROM B TO TABLE)) (A ON TABLE)

(EXECUTING (MOVE B FROM C TO A)) (B ON A) (SPACE ON C)
(EXECUTING (MOVE C FROM TABLE TO B)) (C ON B))

HLPALTETVET, TIESLY, UL, BEDEZ AW ETIE TBIFADE, ClEBDOE] U
M. TINEFIZT B LR F9,

(gps ’>((c on table) (b on c) (a on b) (space on a) (space on table))
’((c on b) (b on a)))
=> NIL
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0 dodebug Zffi > Thk 2 9,

(dodebug :gps)
=> :GPS
(gps ’((c on table) (b on c) (a on b) (space on a) (space on table))
>((c on b) (b on a)))
Consider: (MOVE C FROM TABLE TO B)
Goal: (SPACE ON C):
Consider: (MOVE B FROM C TO TABLE)
Goal: (SPACE ON B):
Consider: (MOVE C FROM B TO TABLE)
Goal: (SPACE ON C):
Consider: (MOVE C FROM B TO A)
Goal: (SPACE ON C):
Consider: (MOVE A FROM B TO TABLE)
Goal: (SPACE ON A):
Goal: (SPACE ON TABLE):
Goal: (A ON B):
Aciton: (MOVE A FROM B TO TABLE)
Goal: (SPACE ON TABLE):
Goal: (B ON C):
Aciton: (MOVE B FROM C TO TABLE)
Goal: (SPACE ON B):
Goal: (C ON TABLE):
Aciton: (MOVE C FROM TABLE TO B)
Goal: (B ON A):
Consider: (MOVE B FROM C TO A)
Goal: (SPACE ON B):
Consider: (MOVE C FROM B TO TABLE)
Goal: (SPACE ON C):
Goal: (SPACE ON TABLE):
Goal: (C ON B):
Aciton: (MOVE C FROM B TO TABLE)
Goal: (SPACE ON A):
Goal: (B ON C):
Consider: (MOVE B FROM TABLE TO C)
Goal: (SPACE ON B):
Goal: (SPACE ON C):
Goal: (B ON TABLE):
Aciton: (MOVE B FROM TABLE TO C)
Aciton: (MOVE B FROM C TO A)
=> NIL

BPEINRNTEN, GiAfE< L [CEBDLEIZEES/ZHDIZ, BECOENST—TIVIZEAES
FTB0, TOEOIZIZAZB ERST—TIVIZEAL, TUTBZ2COENLGT—TIZEA L,
CEZBODEIZEY, MIIBZADLEIIEELIDILTINEDIZERLRN] LD ZETThR, 2
DEO7%, HFOREZH A LMEIZIE GPS DEENTIZRY BV, WS Z e RDIFTT,

B9 M3DMOMEE P HLETAHALI Y, HEDHBEHIKIZEIDENRHENEINEHFXN, &
FPBRIU 728D - RIRU 28D eI TiGEHE ] 2 HAGECRBICHM L AT W,

JEE 10 GPS (A Mt D [ H W EREE % i@ TAR I,
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