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2DODT— AT DOTFT— Y %ZEBDTcHDT—FE LT
constILHp 5. constILZzED - DFEEILconsTdHh 5.

constz /L
(cons datal data2)

=5, constEILDFNZNER], A

a2 T datal dataZ
HlDOT—Y ZED HIREHE LT, car
Ecdriit RSN TW\W3,
(car pair) p = (cons datal data2)
(cdr pair) (car p) = datal
(cdr p) = dataz




constILEZERT, REUIANDEEZEDZZENTES.

T T T __’\M
| ! | | |

dl d2 d3 d4 db
iz U A N2 ERESEHE UT list BN H 5.

(list d1 d2 d3 d4 d5)
1
(d1 d2 d3 d4 d5)

REOEILOGRICIFEH A>TULWEWLWS, ChiFBE () ERIRS
i, nulfE&EMEENs. ZEOUXARNEEZZTHELWL. nullcHhsrach
ZHTEIT DEE nuUll? AERSNTWLWS,




SZ56NSHNZFMUEWNWTZDE
T, quoteEER=NTWS.
(quote S=)

BE, LREPATEDNSRKTD, ' (VA—b) ZSHDFEHEICEL Z
ETCRIUEKRERS.

BEE T SO DFHRILANE L
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MR let IC&K > T, BEAIZ#HATEEHL, letCEHESEINIANE TR
T D EMNTES,

(let ((ZR&1 =1) ... (EZn =n))
AARD I
ZNENOEW.

ZIWIKOD =m)



EEJARZERL, ThZz2zRAWSEICE->T, BRIGHEREZD

THIENTES.

3 i % — i
((keyl . vall) (key2 . val2) ...
(keyn . valn))

N
S
/5%



JURANICEFNBIEXRZEGTDEREEZINIE, YAKMNCEL>TES
HRIBITBHIENTES, ZITIE, &EH /,\;%-%SchemeT:i:zEEb
THD CCTEEDEEES > TWADIILUTDERETH .
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MES : AUB
HEss: ANB

=545 A\ B ARSFIhTBREFNBLVEROEAR

NFES: P(A) ADIRTOBSEADES

EEESE: Ax B



&9, BEIERNECICEENSNIENZHET 5B ZES.

r € A
(define (element? x A)
(cond ((null? A) #f)
((eq? x (car A)) #t)
(else (element? x (cdr A)))))
element?z W THBEESDZ5THE I 2FH% intersection ZEE
9 5.
(define (intersection A B) ANB

(if (null? A) '()

(if (element? (car A) B)
(cons (car A) (intersection (cdr A) B))
(intersection (cdr A) B))))

(display (intersection
'abcde f)
'(d e fghi)))
(newline)

(d e f)




S EEEZ5E I S setminus ZUTO LD ICERT 5,

(define (setminus A B)
(if (null? A) ' () A\ B
(if (element? (car A) B)
(setminus (cdr A) B)
(cons (car A) (setminus (cdr A) B)))))

hld, intersectionOEEDHEEDIITORD2XNDANE
botelclr, chzRBAWT, MESZKOHBEE union [FLLF
DEDOICEEREIND.

(define (union A B) (append (setminus A B) B)) AUB

(display (setminus
'(abcde f)
'(d e fghi))) (newline)

(a b c)
(abcdefgh i)

(display (union
'(abcde f)
'(d e fghi))) (newline)
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EEDERIEFINTHIAGEZINEITSHIELFETH .

AXx B
(define (direct-product A B)
(define (direct-product-one a B) 1200DEZEESLDEE
(if (null? B) '()
(cons (cons a (car B))

(direct-product-one a (cdr B)))))

(if (null? A) '()

(append (direct-product-one (car A) B)

(direct-product (cdr A) B))))

(display (direct-product
'(abcdef)
'(d e fghi))) (newline)

((a.d) (a.e)(a.f)(a.g)(a.h)(a.i) (b.d) (b.e)(b.f)
(b.g) (b.h)(b.1i) (c.d) (c.e) (c. f)(c.g) (c.h) (c. 1)
(d.d) (d.e)(d. f)(d.g)(d.h)(d. i (e . d) (e . e) (e . f)
(e . g) (e . h) (e. i) (f.d) (f.e) (f.f)(f.gqg) (f.h) (f. 1))
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REICNZESGZETE T S powerset ZUUTD LD ICEET 3.

(define (power-set A) P(A)
(define (union-one x A)
(if (null? A) '()
(cons (cons x (car A)) (union-one x (cdr A)))))
(if (null? A) '(())
(let ((pp (power-set (cdr A))))
(append (union-one (car A) pp) pp))))

NFTESDHAEDEZA

(let ((ans (power-set '(a b cde f))))
(display ans) (newline)
(display (length ans)) (newline))

((@bcdef) (abcde) (abcdf) (abcd) (abcef) (abce)
(abcf) (abc) (abdef) (abde) (abdf) (abd) (abef) (abe)
(abf) (ab) (acdef) (acde) (acdf) (acd) (acef) (ace)
(acf) (ac) (adef) (ade) (adf) (ad) (aef) (ae) (af) (a)
(b cdef) ( cde) (bcdf) (bcd) (bcef) (bce) (bcef) (bc)
(bdef) (bde) (bdf) (bd) (be f) (be) (b f) (b) (cdef) (cde)
(c d f) (cd) (ce f) (ce) (c f) (c) (de f) (de) (df) (d) (e f) (e) (f) ())
64
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EE5ADNRETES PA) IZADENESEZIRTEHZHDTH
5. BERDPEEZINTIHETDZIDEPD DS, FIT, K
T@&?L%Z%

CAICEENSHDEXRa ICEET S, PA)DEXRTazZzELHDE
EFXFHWVWEDD2BLEICHITHD I ENTE S,

FEWVWEDDOLEEIE, P(A\{a)) THS.

EJ>

=
aZz 20D DOEKFE P(AN\a) DR ERICaZMITMAIcESTTH

%
U2 DODEEEEDLENIFADORTES P(A) BN T=E 5.

P(A) =P(A\1a}) UisUra) | s € P(A\ 1a};
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>V LNREESZ1EDEEE make-random-set ZLI{TD &S ICERE
9%, EE5NICA—DEN2DULEH D E, EEDERICKRT S.
J:v’( %ODEB e F TV I I BDNENGHGD O~M - 1DOEBEHDESR

inexact—>exact(E;FEh/\
MBI BB CETRT 5

(define (make-random-set n M)

(define (rnum)
(inexact—>exact (floor (x (java.lang.Math:random) M))))

(define (make-random-set-iter i res)
(if (= 1 n) res
(let ((m (rnum)))
(if (element? m res)
(make-random-set-iter i res)
(make-random-set-iter (+ i 1) (cons m res))))))

(make-random-set-iter 0 '()))

(display (make-random-set 20 100)) (newline)

(27 70 19 97 45 47 43 55 44 17 11 73 14 16 67 88 8 68 38 20)




ERICERMIO00DEEZ 2 DE-> T, ‘@ EFIE
T, FOREZSZH->THS.

(let ((a (make-random-set 200 1000))
(b (make-random-set 200 1000)))

(let ((c (intersection a b)) 37
(d (union a b))) 363

(display (length c)) (newline)
(display (length d)) (newline)))

m

UTOEREENHRDIL> TS,
(AU BN =n(A)+n(B)—n(AMNB)

allfl
_l_

Vo vaw



15

A7 w9 &, LIFO (Last In First Out) & HEIEh, T—45 %= 1&iN
I 2cHDOBET, BEICANLT—IDBRIDICMOEINZEDT

Hd. Bi2& TULEREDWICTCEZATRY YT ESR

ZOU< HFEERTRUELEREE RS N ~Honlo
S ST, e RIS WREC ST BY p”f]r)‘( i Ez)

FIL—F VIRV L D & = D3R D it 4LFE
BEREHOEERA S ICEEICALNS T
%

C CTlE, const/ILZAWTCTRY v x=EH
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2V IIUTOLSIC, BEUANEZFOHXBEEREBODERZIEL
TWaconstIlic k> THERE NS, bottomZiELTWBEILIER
maexRklU, ATV ITICA>DTWSETFT—da, b,c,d THHEEZD.

§aumas |
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LT (l ’l__’\M
I ) | | !

d C b a bottom
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TJILEEUTDERD., X5y U ISHHRIRRE

TEFDELDICIR>TWS, make-an-empty-stack [C&K > TZED

Ay %D D, ZnicT—59Z Andkidpush, 7—% ZHD 4

g EEEpopZzAHWS, stackhZETH S EDIEstack-empty? T

FARBZENTES.

(define (make-—-an-empty-stack)
(let ((a (cons 'bottom '())))

(cons a a)))

(define (push s a) (set-car! s (cons a (car s)))) S —

(define (stack-empty? s) (eq? (car s) (cdr s)))

(define (pop s)

(if (stack-empty? s) '() | L///W

(let ((a (car (car s)))) l

(set-car! s (cdr (car s)))

a)))



\I||'I

IRICENET DD EDZRNTHD.

(let ((s (make-an-empty-stack)))
(display (stack-empty? s))(newline)
(push s 1)

(push s 23)
(push s 'the-third-item)
(display (pop s))(newline)
(display (stack-empty? s))(newline)
(display (pop s))(newline)
(display (pop s))(newline)
(display (pop s))(newline)
(display (stack-empty? s))(newline))

18

osami-2:yama507> kawa stack.scm
#t

the-third-item

#f

23

1

()
#t
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BANEBICELHAITEEFZFEICANIL 2 +3,4x5 DK
BRIEARDEHDTHS (COAXZHELRE infix notation EMER) |
CDEZHIFERICE >TFHRHADENE D TERNTHDN, 2
+3 x4 DEOIBHDEFE, EE5DEEZLKICITTODICK > TEER
MNEZDL>TUERD., £Dks, BEEFICEFTIER (precedence) Z
BN ENDD. £, FOHFLITTEEIEBUZZEET D/-HICHEIN
ZESENGD B,

2+3x4 (2+3) x4 2+ (3 x 4)

CNICTT LT, BEEE (postfix notation; W/R—Z > REE/E) D
5. ZDzHE, BEFHIWKDODDHEZI|HELTESNDTH > TL
NIFEFTIEMUZZE ZD2RENZL, FMEMHERL,

234 x+ 23 +4x 234 x+
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HN—Z Y REEEDANSEZIESNESE, TNZFHEI BDICRAT vV
JZHAWVWSZEIFBATH S, STESNSASURMNMHIRELUICH E, RE
IEEFHNIHTLKEDT, ZORBATHESINTLWSRERNRAY VT
ICESTWWNIE, TNZFHMAATEEIT DI ENTE S,

-------------
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BINRD A Z w7 Z2FBWT, ¥Rh—72 Rk (BESDE) TEHh Nk
ANZHEITZ OV LEES,

(load "“stack.scm")

(define the-stack (make-an-empty-stack))
(define (operate-a-list 1lst)
(if (null? 1lst) '()
(let ((ele (car 1st)))
(cond ((number? ele) (push the-stack ele))
((or (eq? ele '+) (eq? ele '-)
(eq? ele 'x) (eqg? ele '/))
(let ((a (pop the-stack))
(b (pop the-stack)))
(push the-stack
((cond ((eq? ele +) +)
((eq? ele '-) -)
((eg? ele 'x) )
((eq? ele '/) /)) a b))))
((eq? ele '=) (display (pop the-stack)) (newline)))
(operate-a-list (cdr 1lst)))))
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ERICETRESETH S,

)

(operate-a-list '(2 3 4 x +
(operate-a-list '(3 4 / 5 6

)
+ =))

~ |l

(define (operate-lists) OMacBook:yama510> kawa dentaku.scm
(let ((lst (read))) %3/15
(if (eof-object? 1st)
(begin S 1R I S3t
(display "Finish.") (newline)) ébf"_ 2 HYIC STV T AT
(begin | LCEHE g B ICTIEED T
(operate-a-list lst) PSADESICTS

(operate-1lists)))))

(operate-1lists)

OMacBook:yama514> kawa dentaku2.scm
readidSI % 1 DFEAAIAT T (345 % +)

HDEETH 5. (=)
23
= LAENT-ATI T A (12345678910 + ++++++ + + )
7 71 )L RimHE H deof- ég)

objet? CF T v I I 5. Finish.
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Ufcfh—2 Y RIEDERIF, RIEROMUANEREZ1T5

BENFHETESLSICT S,
HERZLT, refCERIBLSICT S

(abc 23 def)
(abc ref abc ref x =)

——>

=

469

BEEP IR SR & DYF

(2.0 sin =)

——>

0.9092974268256817

(1.0 exp =)

——>

2.718281828459045

DEOICHENITBELDICT S

EELTWVWERL, UTOEEZEEZ U THL.

JcEZIE, ATDKDICdefTE

JTcEBZLDICT D oEZLF
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BENSHRD T &

St l

JWERERIBERFRDE D %=

24

WS, Fa1—

Out) 2DT, —ADEINST—FZ ANTHE
HNSTF—FZEDEHT. DFZEIE mRBREICT—YZANT, %

IcC 9 5.
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XYy ERARICHEARETIEETOLDICHED. T—F =2 ANSE
Mz enqueue, T —F =HED 19 BEE = dequeuet 9 5.

(define (make-an-empty-queue)
(let ((a (cons 'bottom '())))
(cons a a)))

(define (enqueue s a)
(let ((the-last (cdr s))
(new-bottom (cons 'bottom '())))
(set-car! the-last a)
(set—cdr! the-last new-bottom)
(set-cdr! s new-bottom))) S==

(define (queue-empty? s) (eq? (car s) (cdr s)))

v
(define (dequeue s) =
(1f E%“iu?zem?ty? ?) '())))) dequeueldstacklc (7 | M
e a (car (car s L]
(set-car! s (cdr (car s))) SpopcEL@AU l

a)))



B EZER L THD.

(define myqueue (make-an-empty-queue))

(define (enqueue-all 1lst)
(if (null? 1lst) '()
(begin
(enqueue myqueue (car lst))
(enqueue-all (cdr 1st)))))

(enqueue-all '(1 23 456 7 8))

(define (dequeue-all queue)
(if (queue-empty? queue) '()
(begin
(display (dequeue queue))
(dequeue-all queue))))

20

(dequeue-all myqueue)
(newline)

OMacBook:yama529> kawa queue.scm
12345678
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O REDORRZUTOLSICEERT S

(EFEDETADAE EFOEHEIDAHK Hm—FDOUE FHIKRE

(define (make-state c m pos parent) (list ¢ m pos parent))

OM—brDEDFDRIEEMEIE, M—MICEDILTAEEHETO AE =
consTBIL TCEWVWTRIEINIL, UTDOKDICKS.

(define moves '((2 . @) (1 . 1) (06 . 2) (1 .0) (0 . 1)))
O BIKRE state T AICEHEINBRNSNTUERSIENZHIET
5% check ZLITO K S ICEET 5.

(define (check state)
(let ((c (car state))
(m (cadr state)))
(if (or (and (> m @) (< m c))
(and (< m 3) (< (-3 m) (-3 ¢c))))

#f #t)))
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HBDIRRET, WERICHKR— b TBEISEH & DIRREZ1ESEE move
FLLTDXLSICEERT 5. stateldIREET, mpatldBEN DL A ZRT
costI)LTHB. BETETLWESICIE null = () ZRT

(define (move state mpat)
(let ((pos (caddr state)))
(let ((dc (car mpat))
(dm (cdr mpat))
(c (if (= pos @) (car state) (- 3 (car state))))
(m (if (= pos @) (cadr state) (- 3 (cadr state)))))
(if (or (> dc c) (> dmm)) '()

(if (= pos 0)

(make-state (- c dc) (- m dm) (- 1 pos) state)

(make-state (+ (- 3 c) dc) (+ (- 3 m) dm)

(- 1 pos) state))))))



30

TBEBICIERD O DA search IFLLTDEED.

(define (search the-queue) 3 N :

(define (enqueue-children state moves) FHD/ —FTEINEZDDZEIN

(if (null? moves) '() TFa1—([CANDI=HDEH.
(let ((next-state (move state (car moves))))
(if (and (not (null? next-state))
(check next-state)
(check-eqgstate state next-state))
(enqueue the-queue next-state))
(enqueue-children state (cdr moves)))))

(let ((state (dequeue the-queue)))
(if (null? state)
(
(

begin (display "No more Solutions.") (newline))

let ((c (car state)) 0 —AZe S (FEREDLOH D

(cadr state))

(C
(m
(pos (caddr state)))
(
(

P
(if (and (= c @) (=m 0Q)) ]
begin AU EDEDOIMIMNIEERRT S
(print-result state)
(display "———— ")

(newline))
(enqueue-children state moves))
(search the-queue)))))
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IL— D5 C CFETERDRBRE EICRDIREN T TICHIR L TLVRL
MNESHhZRANBEH check-eqstate ZUUTDKSICEET 3.

(define (check-eqstate stl st2)
(if (null? stl) #t
(let ( (car stl))
(car st2))
(cadr st1))

(cl

(c2

(ml

(m2 (cadr st2))

(posl (caddr st1))

(pos2 (caddr st2))

(parent (cadddr st1)))
(and (= c1 c2) (= ml m2) (
(

(if =
check-eqstate parent st2)))

posl pos2)) #f
))

root&st] ZiESREE LICst2ERIUIREDNRB DO\ o256 #t Z2IRY9. B
DHSRIFNIE#HtZIRT,
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I— KD SIREDIRREE TCOREZRINT DO DE print-
result ZLUTODLSICERT S.

(define (print-result state)

(if (null? state) '()

(let ((c (car state)) :
(m (cadr state)) HIRRIARE
(pos (caddr state)) T
(parent (cadddr state))) qﬁﬁ\‘é N |
(print-result parent) -
(display (list cm "| [|" (- 3 c) (- 3 m)
(if (= pOS 0) ||=>II II<=II))) E
(newline)))) 1
RKeeg2 !
NG
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C9 5.

[

—

IFLFDLD

C

AN

INTDREEHEZIRINT B

21TUL T,

= 4T
A

TIERIEIUATDL DI

(enqueue the-queue (make-state 3 3 0 '()))
1

(define the-queue (make-an-empty—-queue))
(search the-queue)
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JAMBEZRWT, &8, RYvY, Fa—FKHUi. INT

&, constz)LZJoICc LT,
WS IlFTTIEZRLY,

~ 0

BERESNTHED, TNULEDHDZEST



