T—YIcLBHRIL (2)
RHRITER ILAMES

2ODT—H AR ETIDOT—F 2 EZ I DT—5E LT
constzIL$H 3. constzILZ{EZ s DEIZconsTH 3.

mconst’)b

(cons datal data2)

I5IC, constILDENZNEMR, A i data2
RlOF—5 2D HI e LT, car
EcdrtABREINTW\S,
(car pair) p = (cons datal data2)
(cdr pair) (car p) = datal
(cdr p) = data2

const/LZEBRT, BEIANDBEEZEDZENTES,
[E2E]| [ [EE] 2=
NEsNEaNExNE%
! | | | I

d1 d2 d3 da d5
B Z Nz BEEEREHE UT list B#EHH 5.
(list d1 d2 d3 d4 d5)
1l
(d1 d2 d3 d4 ds5)

BREOEILOAQICIFADA> TVWAND, ChiFBEE() ERRS
., nuifEEEENs. ZOYRAKNEEZTHRWL. nullcH i hnEH
ZHET DK null? NEZRShTWS,

SEZ5NSHEZTMMUBVWTZEDERXEE T EHDRHEREL
T, quoteMERINTWS.

(quote S=)
BE, FEREATEIMRCTH, ' (UA—K) ZSHOEEICEL S
ETRUBKE RS,

RGN let &> T, RAAEHEERL, letTERShIcRHTH
ZFHET 5 EMNTES.
(let ((Z#H1 K1) ... (Z#n Hn))
FEDOH1
FEDOH2

KEDTHm)

BRUXANZERL, ZhzRW5TEici>T, BARMEZR
TEHIENTES.

e & e e &
((keyl . vall) (key2 . val2) ...
(keyn . valn))



EEORREEARE (1)
YR RCBEFNZERERADEREEINE, URNCLoTES

HZRIBITZIENTES., 22T, EEDEZEZSchemeTHRIEL
THd. ZITEEDEBELEE>TVWBDIFUTOEETHS.

M&ES: AUB

HBEHS : ANDB

Z&EE: A\ B ASFhBREFNHBLEROES
NEXEE . P(A) ADTRTOBHEADER

ERES: AxB

EADORREESEE (2)
9 BIBRNEAILATNINENEHET SBRENES

reA
(define (element? x A)
(cond ((null? A) #f)
((eq? x (car A)) #t)
(else (element? x (cdr A)))))

element?Z AW CTHBH D Z5tET 2% intersection ZEH
EE)

(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 (1ntersectmn
‘abcdef)
"(defgh i) (CReR)

(newline)

EEORBFEEREE (3)
FleEEA%HET 2 setminus EUTDELSICEET 5.
(define (setminus A B)
(if (nullz A) '() A\ B
(if (element? (car A) B)

(setminus (cdr A) B)
(cons (car A) (setminus (cdr A) B)))))

ZnlE, intersection®EHZRDREDIFOFRD2XMNANE
bofcfeld. ThzBWT, MESZKHZEHK union FLLT
DESICERIND.

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

(display (setmlnus
cdef

)
(display (un1on (abcdefghi)
‘(ab

cdef)
‘(d e fghi))) (newline)

10

EADRREEAEE (4)
BOBREINTHEAELETIET 22 £ LAETHS.

AXx B
(define (direct-product A B)
(define (direct-product-one a B) 120ZHREESEDER
(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 (d1rect product
‘(abcdef)

'(defghi))) (newline)

((@a.d (a.e)(a.f)(a.g)(a.h(a.i) (b.d) (b.e) (b.f)
(b.g) (b.h)(b.i) (c.d) (c.e (c.f)(c.g)(c.h)(c.i)
(d.d) (d.e) (d.f)(d.g)(d.h)(d.1i) (e . d) (e .e) (e.f)
(e.g) (e.h) (e.i) (f.d) (f.e) (f.f)(f.qg) (f.h) (f. i)

11
AN PANNC=Eo-=
EEDRBREEAEE (D)
REBICNEZEEZHET 28 powerset ZUTO LS ICEERT .
(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))))
RXERDHEDERS
(let ((ans (power-set '(a b cde f))))
(display ans) (newline)
(display (length ans)) (newline))
((@abcdef) (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)
(bcdef) (bcde) (bcdf) (bcd) (bcef) (bce)(bcf)(bc)
(bdef)(bde) (bdf) (bd) (bef) (be) (b f) (b) (cdef) (cde)
(cdf) (cd) (cef)(ce) (cf)(c)(def) (de) (df) (d) (e f) (e) (f) ()
64
12

R*XESOFHEDEZ A
EEADRFES P(A) IFADIBREEEZINTEDHLHDTH
3. BEDDPESEINTIEITZIOELPHOSL. 22T, MU
TO&LSICEZS.
1. AIKEEN2H2EHR a lIlEBTS. PADEXRTaz&L0HDE
SEXBVWEDD2EHRICHITEIENTES.
2. aZEFRVWHDDLMEIE, P(A\fa) TH 3.

3. aZBLHDD2MAFEF PAN\a) DB ERICaz M ITMAERTH
3.

4. BE2DDEAEADENIFADNFES P(A) HTE S,
P(4) =P(A\{a}) U{sU{a} | s € P(A\ {a}}
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SV LRBRES % EDEE make-random-set ZUTD &L S ICEE
95 EEANICEA—DEN2DULEHZE, EEOERICKRT 3.
£0oT, ZOERZF Vv VT 2RENHD. O~M- 10BHOER

nEDESZIRT.

inexact->exact(EFEN
B e BHECEH]RT D

(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)

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

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

(cons m res))))))

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

14

KERICERBI0000EEZ 2 21E>T, HBHD EMESZHEL

T, ZORESZH>THB.

(let ((a (make-random-set 200 1000))
(b (make-random-set 200 1000)))
(let ((c (intersection a b))
(d (union a b)))
(display (length c)) (newline)
(display (length d)) (newline)))

T OBREENEDIL> TS,

37
363

n(AUB) =n(A)+n(B) —n(AN B)

15

A9 w9 &%, LIFO (Last In First Out) &£ Eh, F—4% %K%K
FRHDEET, RBEICANET—INRIDICRDEHEINZHDT
$3. &5 FULEREDIUICKEZTRY v EMER,

COULL A ERTREULIRLEREERS
T—IEIET, fcERF, BRECE TS
TIL—FYHOHLD & EDRD FbDNE
PEAMEHORER G EICEBICAVWSNTL
3.

ZZTlE, consEILERWTRAY v o %ER
LTHDB.

n)

p&;RF\//a&RD

t)

16

R IIEUTOLSIC, BEUVRANEZDEBEERBDERZIEL
TWaconst/lick > TR EN%. bottom%ZEIELTWB/LIEER
mERL, RYYIICA>TWET—FIFa b, c,d THDEERD.

EnfEn %
! !

bottom

17

ATy EBETBZTOATILIUATOEED. X5 v U 3HIERIRRE
TETDLSICR>TWS, make-an-empty-stack lc &> TZE®D
Ay DD, ZThILT—FZANDKidpush, 7—F ZEDO
FEEFpopZEAWS. stackhZETH B EDIFstack—-empty? T
FANRDZENTES.

(define (make-an-empty-stack)
(let ((a (cons

(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) '()

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

ERCEMET BNENEFANTH B,

a)))

'bottom '())))

(display

(display
(display
(display
(display
(display
(display

(let ((s (make-an-empty-stack)))

(stack-empty? s)) (newline)

(push s 1)
(push s 23)
(push s ‘'the-third-item)

(pop s)) (newline)
(stack-empty? s))(newline)
(pop s)) (newline)
(pop s))(newline)
(pop s)) (newline)
(stack-empty? s))(newline))

[ 1/

bottom

18

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

the-third-item

#f

23
il

)
#t
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BRANEBICE<HAITEETEFEICAN2+3,4x5D&>
BERXOEDTHZ (ZOARZHERE infix notation &) .
ZDEZTHBBELICE > TRIIREHDRENEDTERNTHSH, 2
+3 x4 DESBADBE, EES5DBEHEELICTITONCK>TEK
PZEbL->TULES. 20Ok, EEFICEEIBAL (precedence) %
F2RENDZ. £z, ZOBETTEEIBAZZEET 2 2HICHEINR
ZEESHELH .

2+3x4 (2+3)x4 2+ (3 x4)

Zhic LT, REBRE (postfix notation; MR—Z >~ REEiE) H'dH
3. ZDBE, BETFNPWDOHZSIHELTESZMNDMN>TW
NISBEIBN ZE ZZ2REN RV, FENHBHELRL,

234 x+ 23+4x 234 x+

20

WR—Z > REEDAMNEZ ShiceE, ThEFMEITZIDICAY Y
VEAWSZEIFBARTHZ. SEININKNMHBRLEHE, RE
ICEEFNHTLKZDT, ZORRTHEINTLWBERNRY VY
[CE>TWNIE, ZNEHRAAATIHETZENTES,

234 x + SR ERRERASRRaaA ot i
: : + 5y
! 1 5

21

BIRDR S v 7 ZAWT, WIR—5Y REE (RELE) TEMNic
REFEIZ 7OV SL%ES.

(load "stack.scm")

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

newline)))

22

REICHESETHB.

(operate-a-list '(2 3 4
(operate-a-list '(3 4 /

)

* + =)
56/ +=))

(define (operate-lists) 0I‘4’IacBook:yama510> kawa dentaku.scm

1
(let ((lst (read)))
(if (eof-object? 1st) S
(begin FEEE : T S ITERNICSKEAS
(display "Finish.")(newline)) =
(begin UCEHES 3 icidAn 70

(operate-a-list 1st)

(operate-lists))))) TILDESIET B,

(operate-lists)

T OMacBook:yama514> kawa dentaku2.scm
readldSH%E 1 DFAAL T2 (345 % +)

HOEBTH . ;;)

(12345678910 +++++++++ )

gaaEnA 7Yz bt ({1

7 7 A ILKIEHE D Feof- 55
objet?TF T v F B, Finish.

CTTRHRUER—FY RERXOESF, RIEROMAIEEZTS
BEUNRELTWRL, UTOREZRELTHL

(1) ZHEDFIATEDLSICTS. fcEzidE, UTDELSICdefTE
BEREULT, refT8BIZL51CT 3.

(abc 23 def)
(abc ref abc ref % =)
——> 469

(2) ZABKCEBBEMGENMETESL51CT S, EXR,

(2.0 sin =)
-—> 0.9092974268256817
(1.0 exp =)
—-—> 2.,718281828459045

DESIEHNTBE51EY 3.

24

ZITIE, RV I TRWARBKRREAKROEDZAWS, ¥1—
|ZFIFO (First In First Out) 2D T, —ADAINST—FEANTHE
fAIHsTF—5 2O T COFaE, REEIKT—YZANT, &
BEHANSEDHT I LICT .

NEaNEsNEs NS
i

d C b a bottom
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Fa1—0DFKR (2)

Gy EARKICHIHRETIEETOLSICRD. F—9E2ANSHE
#zenqueue, T—¥ =B D HI B % dequeue& T 3.

(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)))

(define (dequeue s)
(if (queue-empty? s) '()
(let ((a (car (car s))))
(set-car! s (cdr (car s)))
a)))

dequeueldstack(CEH (T
SpopE <@L

bottom

26

F21—0DKA (3)
BEERRLTHD.

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

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

(enqueue-all '(1 23456 7 8))

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

d —-all
Engal{iag)a Iyoueye) OMacBook:yama529> kawa queue.scm

2 34 565708

27

SADEHEIESADLEA (1)

FILTVXL - T—H1E 1 TH>7c/XX)L%ZScheme THEWT H
5. IRXIHTDESED.

NABO, NOFRIC3ADEHKEE 3ADEANND. £8
TEISENEDLWN. 2AROOR—AN1 €55, K—k
ZRAENHESETEZN, ZOK, E550FCOVTHLE
ADNEDHHEBEMDANEE LB L, SHEMERNSNT
LES. SEEMDBRSNBVESICERICEESThIESWN

SHEN SHED
=t Gl

A A
A

28

BNDEHATESADLEA (2)
O REQRREUTO &S CEET S

(EFDLADANE EEOSHEOAE R—LOME RIRE

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

OMR—hDFEDFOAREMEIE, R—MICEDEAEEHREOALZ
consEILTEWTREREINIE, UTDLSICHS.

(define moves '((2 . @) (1. 1) (0 .2) (1. 0) (0. 1))
O ZIREE state TEAICEHENBRSNTULESHENZHIET
BB check ZHUT DL S ICEERT 2.

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

29

SADEZEMEIADLEA (3)

HBIRET, WEICR—NTBEIE/H & DREEEDBE move
EUTDLSICEERT S, stateldREET, mpatidBBOEAZERT
costILTHB. BEITEZRWEAICIE null = () £RY.

(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 @)
(make-state (- c dc) (- m dm) (- 1 pos) state)
(make-state (+ (- 3 ¢) dc) (+ (- 3 m) dm)
(- 1 pos) state))))))

30

SADEHFMEIADLTA (4)
IBELERRDIZHDEEE search [FUTDEED.

(define (search the-queue) u E
(define (enqueue-children state moves) FHO/ — R TEHLBEDEIN
(if (null? moves) '() THF1—[CANZI=H DRI
(let ((next-state (move state (car moves))))

(if (and (not (null? next-state))
(check next-state)
(check-eqstate 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)) 1 —HEESERREPDS
(m (cadr state))
(pos (caddr state)))
(if (and (= c @) (=m 0))

(begin ROV EDROINIERTT S
(print-result state)
(display "-———- )

(newline))
(enqueue—children state moves))
(search the-queue)))))



il

SADEHEESADLEA (5)

= D5 Z ZE TREORE L ICRDRENT TICHIELTWLWEW
MNEShEFANDEH check-eqstate ZUTD LS ICEERT 3.

(define (check-eqstate stl st2)
(if (null? stl) #t
(let ((cl (car st1))
(c2 (car st2))
(ml (cadr st1))
(m2 (cadr st2))
(posl (caddr st1))
(pos2 (caddr st2))
(parent (cadddr st1)))
(if (and (= c1 c2) (= ml m2) (= posl pos2)) #f

(check-egstate parent st2)))))

root&st] Z#ESMRE LICst2E B UREBNR DM o725 #t ZRY. B
DHSRINE#HIZRT,

SANDEHEMEIADLTA (6)

=MD SREDKREF TORKERTT DHDEE print-
result ZUTOLSICERT 3.
(define (print-result state)

(if (null? state) '()

(let ((c (car state)) HAVEAE
(m (cadr state)) HHEBIREE

(pos (caddr state))

(parent (cadddr state))) JRBE n
(print-result parent) -
(display (list ¢ m "| |" (-3 ¢c) (- 3 m)

(if (= pos @) "=>" "<=")))

(newline))))

33

SADEHEIEIADLEA (7)
BRERITLT, INTOAERERTT BICRUTOLS LT 3.

(define the-queue (make-an-empty-queue))
(enqueue the-queue (make-state 3 3 0 '()))
(search the-queue)

RITRREUTOL S5,

OMacBook:yama576> ~  ————— (33 |00=>) {{impd i i s b))
kawa cannibals.scm (33 |00=>) (22 i ti<=) (23] |10=>)
(33| |00-=>) (13] |20<= 23] |[10=>) (03| |360<=)
(13] |20<=) (23] [10=) (03] [30<=) (13 [20=)
(23] |10=>) (@3] [30<) (13| |20=>) (2 2R=)
(03] |30<) (1131 H| 2 0i=>) (it 2l 2t <=) (2h| F il at=>)
(13| |20=>) (st B Eolol <= ) 22| |11=) (20| |13<)
(22 <) (282 EE T =>) 20 [13<=) (30| |03=>)
(2820 | a=s) (20| 3 d<=) (30| | 03=) (1o | |23<=)
(20| [13<) (30| |03=>) (10 [23<) (11 ] [22=>)
(30| |03=>) (1 0] |23<) 20| |13=) (00| |33<)
(10| |23<) (11| |22=>) (00| |[33<)  —o

(20| [13=) (0 G| = 8 &5 el S RS

(ae 133 <= L1 (33| |00=>)

34
AHDKE

UZ MEEERWT, &8, RYvY, Fa1-ERRUR INT

i, const/LETTICLT, BHENTHD, ZNUEDHDEEST

WB DI TR,



