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REPL (read-eval-print loop) 3>V =L S5SHEZGRATENE
Sl LT, RRIBIL—TSDZET, Schemed—FEANND (21—
[C—&IEW) EnZziEikd b, £9, evalDEDZRWTREPLZE
WCTHB. LITOREPLIE ™A VLKL T512HDHDTHS.

(define (repl)
(display "my-scheme> ")
(let ((exp (read)))
(when (not (eq? exp #'eof))
(display "==> ")
(display exp) « =z zcl@ZDEFexpERRL TN, B

E?Eg%??; #RBVIC (X (eval exp env)E LTz T 2.

(display "sxx Scheme on Scheme *x")

(newline) OMacBook:yama511> kawa scheme.scm
Xk Scheme on Scheme xx

( repl) my—-scheme>

(display "Bye, see you.") (+ 1 2 3)

my—-scheme>
BE# read (VY —ILHBSHZ—D5MAATIRT '(a b c)
==> (quote (a b c))

¥ CThHD. kawaDread IFGmHADBICHITZEANL my-scheme>

TULESOTEDESICHE>TWS. DR e



Nz 27cdiciE, A5k Zzen#E LT, TNENOEHEIC
0T, X—>RADEBRZITZIERVY., S TRADBEHAESKDH
ZZZCWS, I TEZDNIIUTOHDICRERET S (EED
SchemeLIERXRTlEH > EWVWHIEWEERESND)

- BT, ToIMEREDT =Y IFZEDEFTRT

- YYUNIVEBEHTHDEER, TNICINT HEZRENSERLEBLT
Z DIEZIRT

- JA—MFEFOFFFEZIRT
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- AfREFHICN U Kz T 20EZ1T .

- SLAYHRIF7TOtEI v —1ES. 05 SA 2RI~
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condiFifICEZHMZ TH SFHMI S (syntactic sugar).
letidlambdaxXICEZTRI TH ST B (syntactic sugar).
EMADBERICDWTlZapplyZEOH 9
FNUNDBEICODWTIRIZ—%Z2HAT 5.

7 Z IESchemellIBXRDED A%t I O DH DD
KEDREEEZEIE L TWS, KRIEHERSchemellIER(ICT B (C

"W DMEARNLBIEREZ[MNINT 20ENH S.

70035LUR K9~
31iTBZZRI DL



SERD T

(define
(cond

TI7LIFATDELDICRS.

(eval exp env) 1117

e
((self-evaluating? exp) exp)
((variable? exp)
(lookup-variable-value exp env))
(quoted? exp) (text-of-quotation exp))
(assignment? exp) (eval-assignment exp env))
(definition? exp) (eval-definition exp env))
(if? exp) (eval-if exp env))
(lambda? exp)
(make-procedure (lambda—parameters exp)
(lambda—body exp)
env))

(
(
(
(
(

((begin? exp)
(eval-sequence (begin-actions exp) env))
((cond? exp) (eval (cond—>if exp) env))
((let? exp) (eval (let->lambda exp) env))
((application? exp)
(apply (eval (operator exp) env)
(list-of-values (operands exp) env)))
(else
(error "Unknown expression type —— EVAL" exp))))



exal WAzl I %5, %@‘%“B@*ﬁ/\@i@_ I THNITapplyz
FEOHT. applylcs|BzERY 555, HAAAREBMTHNIEZD

QU
/11

i

(define (apply procedure arguments) 34 i7H
(cond ((primitive-procedure? procedure)

2l mE— 9%%WLMbT@WL_75 lambdalc K> TxIE=
WBI55

Z Dlambdam®AhFH = /2 ERIEE T lambdaD AR {AZ 1 9 5.

£ 10 TaABLIc LS IC, #Fifcl 7 L —LZ1E>TH

(apply—-primitive-procedure procedure arguments))
( (compound-procedure? procedure)
(eval-sequence
(procedure-body procedure)
(extend-environment applv
(procedure-parameters procedure)
arguments eval

(procedure-environment procedure))))
(else

(error
"Unknown procedure type —— APPLY" procedure))))



HAIAHBERIE, lambdalc &> TEESINIEFHKETIERL,
SchemeV AT LZERUTWB LN TERSNICHDT, EHEW
OCHESND2HDTHhHD. KBIREFTEERSNDEZIE, (primitive
N—2R (L2 5SchemeV AT LDREAEK) EWSETHRINEINS.

(define apply-in-underlying-scheme apply) 7 17

myschemeRE TapplyZzEEZ L TWDSDTHRIEDapplyz LEED KD ICRZDELDICT S.
(define primitive-procedures
“((car ,car) (cdr ,cdr) (cons ,cons) (null? ,null?) 294 17H
(x ,%) (+ ,+) (= ,=) (/ ,/) (= ,=) (> ,>) (= ,>=) (< ,<)(<= ,<=]
(not ,not) (and ,and) (or ,or) (display ,user-print)
(newline ,newline)
(true? ,true?) (false? ,false?)))
(define (primitive-procedure-names) (map car primitive-procedures))
(define (primitive-procedure-objects)
(map (lambda (proc) (list 'primitive (cadr proc)))
primitive-procedures))
(define (apply-primitive-procedure proc args)
(apply-in-underlying-scheme
(primitive-implementation proc) args))




lambdalc &> TERSNI-FiS

’—

( (compound-procedure? procedure) 37 1TH
(eval-sequence
(procedure-body procedure)
(extend-environment
(procedure-parameters procedure)
arguments
(procedure-environment procedureﬂ)))

(define (eval-sequence exps env)

(cond ((last-exp? exps)(eval (first-exp exps) env)) 61 78

(else (eval (first-exp exps) env)
(eval-sequence (rest-—-exps exps) env))))

(define (extend-environment vars vals |base—env| 237 17H

(if (= (length vars) (length vals))
(cons (make-frame vars vals) [base-env)
(if (< (length vars) (length vals))
(error "Too many arguments supplied" vars vals)
(error "Too few arguments supplied" vars vals))))
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Nzl 9 5355, BEZEHT 255 DERICIRZ DI KOIEIDE
ECHBAUVIERETHD. CTTREIEREDODLL AE/ES.

227 78

0 N IRIEA

(define (enclosing-environment env) (cdr env)) ‘ ’+* A
(define (first-frame env) (car env)) L=/
(define the-empty-environment '()) L |
(define (make-frame variables values) 7:_* ;‘i. ‘ TTEGM_J

(cons variables values)) DR l
(define (frame-variables frame) (car frame))
(define (frame-values frame) (cdr frame)) (2 3 abc ...)
(define (add-binding-to-frame! var val frame) Vel ed el

(set-car! frame (cons var (car frame)))
(set—-cdr! frame (cons val (cdr frame))))
(define (extend-environment vars vals base-env)
(if (= (length vars) (length vals))

(C

ons

(make-frame vars vals)

base—env)

(if (< (length vars) (length vals))
(error "Too many arguments supplied" vars vals)
(error "Too few arguments supplied" vars vals))))
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RENSZHZHEULRITICIIULTDELSICT S
259 7H

(define (lookup-variable-value var env)
(define (env-loop env)
(define (scan vars vals)
(cond ((null? vars)
(env-1loop (enclosing—-environment env)))
((eq? var (car vars))
(car vals))
(else (scan fcdg va@@gDﬁggﬁggals
(if (eq? env the-empty-environment)
(error "Unbounded variable" var)
(let ((frame (first-frame env)))
(scan (frame-variables frame)
(frame-values frame)))))
(env-Toop env))

Z 3D LI 1317H | ((variable? exp)
(lookup-variable-value exp env))

OA—~DOMIE | 15 TH | ((quoted? exp) (text-of-quotation exp))

LL]

92 7B | (define (quoted? exp) (tagged-list? exp 'quote))
(define (text-of-quotation exp) (cadr exp))
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set! DicHDITIEDIRIEIILITDKSICES.
243 17H

(define (set-variable-value! var val env)
(define (env-loop env)
(define (scan vars vals) |
(cond ((null? vars) |
(env-1loop (enclosing-environment env)))

((eq? var (car vars))
4

(set—-car! vals val)) REORNBZZ
(else (scan (cdr vars) (cdr vals)))))
(if (eq? env the-empty-environment)
(error "Unbound variable —— SET!" var)
(let ((frame (first-frame env)))
(scan (frame-variables frame)
(frame-values frame)))))
(env-Toop env))

setlD4LIE (define (eval-assignment exp env)

(set-variable-value! (assignment-variable exp)
(eval (assignment-value exp) env)
env)

67 17H

'ok)



define®jc

274 17H

(define

13

HOBRIEIEUTDESD.
EHNE OO SHINE
w e < N \g
(define-variable! var val env) I\ YT 4 2 D7EEN

(Tet

((frame (first—-frame env)))

(de
(

fine (scan vars vals)
cond ((null? vars)
(add-binding-to-frame! var val frame))
((eq? var (car vars))
(set—car! vals val))
(else (scan (cdr vars) (c¢dr vals)))))

(scan (frame-variables frame)

(frame-values frame))))

define D 438 ZTHHREDIHINIL, FD
BZREET D
74 7H | (define (eval-definition exp env)

(define-variable! (definition-variable exp)
(eval (definition-value exp) env)
env)

(list 'ok ': (definition-variable exp)

is 'defined))
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12 17H
81 7H (define
(cond

14

LTH, ZIULGW. FOLS5LGT—YIEFD

** Scheme in Scheme xx
my—-scheme>
23.5

==> 23.5
my—scheme>
7

==> 7/
my—-scheme>
"melJ OII
==> meijo
my—scheme>

(cond ((self-evaluating? exp) exp)

self-evaluating? exp)

(number? exp) #t)
(string? exp) #t)
(eq? exp #t) #t)

(eq? exp #f) #t)

else #f)))



beginTIFXZIEZEIC

23 17H

149 58 define

define
define

define

15

=i LT L <

((begin? exp)
(eval-sequence (begin-actions exp) env))

begin? exp) (tagged-list? exp 'begin))
begin-actions exp) (cdr exp))
last-exp? seq) (null? (cdr seq)))
first-exp seq) (car seq))

(
(
(
(define
(
(

define

Z DEEEUIE T | (cond

o

MHAYT 25—

sequence->exp seq)

(null? seq) seq)

(last-exp? seq) (first-exp seq))
else (make-begin seq))))

(define

61 1T7H (define

(cond

(
(
(
(
(rest—exps seq) (cdr seq))
(
(
(
(
(

make-begin seq) (cons 'begin seq))

(eval-sequence exps env)

((last—-exp? exps)(eval (first—exp exps) env))

(else (eval (first-exp exps) env)
(eval-sequence (rest—-exps exps) env))))
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if 4L 18 17H ((if? exp) (eval-if exp env))
55 7H (define (eval-if exp env)
(if (true? (eval (if-predicate exp) env))
(eval (if-consequent exp) env)
(eval (if-alternative exp) env)))
condDALE 24 77H | ((cond? exp) (eval (cond—>if exp) env))

179 578 | (define (cond->if exp)

(expand-clauses (cond-clauses exp)))

(define (expand-clauses clauses) cond(FEMBEEZRAED
(if (null? clauses) T, LPIRODIEVICEZTHZ
;{atS?(f mes : o BZCECh3d COESE
e irst (car clauses ENEEEAE .
cond(3—Eif(C (rest (cdr clauses))) ﬁ%*%f:fé( (syntactic
a 1L (if (cond else-clause? first) sugar)cUHS,
= =\
SSRATD S5 (if (null? rest)
fthd 3. (sequence->exp (cond-actions first))
(error "ELSE clause isn't last —— COND—>IF"
clauses))

(make-if (cond-predicate first)
(sequence->exp (cond-actions first))
(expand-clauses rest))))))
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lambdaZzi g 2 & 7Ot v—MNERchd, 7O+ —I1F/N

IA—=55, Kk, REOHEELTYRNEERT B,
1958 | ((lambda? exp)

lambda® 438 (make-procedure (lambda-parameters exp)
(lambda—body exp)
env))
214 55 (define (make-procedure parameters body env)
(list 'procedure parameters body env))

(define (compound-procedure? p)
(tagged-1ist? p 'procedure))
(define (procedure-parameters p) (cadr p))
(define (procedure-body p) (caddr p))
(define (procedure-environment p) (cadddr p))

letdD4LIE 26 7TH | ((let? exp) (eval (let—->lambda exp) env))
202 7H (define (let? exp) (tagged-list? exp 'let))

(define (let-variables exp) (map car (cadr exp)))
(define (let-exps exp) (map cadr (cadr exp)))

letH lambda=, (define (let-body exp) (cddr exp))

=i 3 TSI (d?Z(i)E(se (let—>1lambda exp)

M9 5. FEIREX (cons 'lambda

<53 (cons (let-variables exp) (let-body exp)))

(let—exns exn)))



18

O0—/\)BiEEES.

308 17H | (define (setup-environment)

(let ((initial-env
(extend-environment (primitive-procedure—-names)

(primitive-procedure-objects)
the—empty-environment)))

(define-variable! 'true #t initial-env)

(define-variable! 'false #f initial-env)

initial-env))

(define the-global-environment (setup-environment))

S SICHBIRER ZEERT B

332 17H (define (init-definitions)

(let loop ((defs '((define (zero? x) (= x 0))
(define (cadr x) (car (cdr x)))
(define (cddr x) (cdr (cdr x)))
(define (cdar x) (cdr (car x)))
(define (caar x) (car (car x))))))

(when (not (null? defs))
(eval (car defs) the-global-environment)
(loop (cdr defs)))))
(init-definitions)
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EDFKRTK

323 7H| (define (user-print object)
(if (compound-procedure? object)
(display (list 'compound-procedure
(procedure-parameters object)
(procedure-body object)

REPLAA | - '<procedure-env>))
Y0isplay polecti #leofld7 71ILD#EPHOD

346 ﬁE (define (repl) %%j Z@i%/ﬁ\, =0y
(display "my-scheme> ") : |
(let ((exp (read))) ) —JLCTi&Control-DW

(when (not (eq? exp #!eof)) Control-ZZ=%k79

(display "==> ")
(user—print (eval exp the—-global-environment))
(newline)
(repl))))
REPLD#2Eh ;
355 1T7H display "sxx Scheme in Scheme xx")

(
(newline)

(repl)

(display "Bye, see you.")
(newline))
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REPLICEEIRES B3 /6D 7O Z A\ map.scm

(define (mymap func 1lst)
(if (null? 1st) 1st
(cons (func (car 1lst))
(mymap func (cdr 1st)))))

(display mymap)

(let ((exp '(1 23 456)))
(display (mymap (lambda (
(display (mymap (lambda (

) (x a a)) exp))(newline)
) (cons a a)) exp))(newline))

d
d

OMacBook:yama517> kawa scheme.scm < map.scm
**k Scheme 1n Scheme *x
my-scheme> ==> (ok : mymap is defined)
my—scheme> ==> (compound-procedure (func 1lst)
((if (null? 1lst) T1st
(cons (func (car 1st)) (mymap func (cdr 1st)))))
<procedure-env>)
my—-scheme> ==> (1 4 9 16 25 36)
((1.1) (2.2) (3.3) (4.4)(5.5)(06.6))

my-scheme> Bye, see you.
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REPLICEBIRESE 2D 70O 5 L append. scm

(define (append 1stl 1lst2)
(cond ((null? 1st1l) 1st2)
(else (cons (car 1stl) (append (cdr 1lstl) 1st2)))))

(display append) (newline)
(display (append '(1 2 3) '(a b c))) (newline)

OMacBook:yama521> kawa scheme.scm < append.scm
**k Scheme 1n Scheme xx
my-scheme> ==> (ok : append is defined)
my—-scheme> ==> (compound-procedure (lstl 1lst2)
((cond ((null? 1lstl) 1lst2)
(else (cons (car 1stl) (append (cdr 1lstl) 1st2)))))
<procedure-env>)
my-scheme> ==>

my—-scheme> ==> (1 2 3 a b ¢)
my—-scheme> ==>

my-scheme> Bye, see you.
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SE(C I THEEE (continuation)) & WS
NTWAT7AOSLDETDHAIRENS T
DEITEEZRZHRILLIZHBDD I ETHS.

SchemeTIEUL FTD K57k call-with—current—-continuation

(call/cc) EWVWSBEBICK > THRERITLTWSIREERNSELT
RTETCOBEEZEE LU TERTIDIENETH S

Z<DO7ATZIVY
[

call/cclEg—DO D58z L HEM = ITHD, ZDOERICcall/cc
R DiREE (call/cchEITSINICERNS D) ZEE UL TEL
THUOHY, Co&E, MigldRE™RTHD, WMENEITIND EET
ENcall/ccOERER S,
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PUR IC B IR & 9

(
call/ccDi (loop (+ i 1)))
fElr ams

&5 DET

(define call/cc call-with-current-continuation)

(define (test)
(call/cc (lambda (ret) <call/ccEBDiHEZH5-5TL3
(let loop ((i @))
(display 1)
(if (>= 1 10)

ret))
)

b B> TE MR THET S
(display "finished.")
(newline))

(test)

OMacBook:yama529> kawa test-callcc.scm
1234567 89 10finished.
OMacBook:yama530>
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PEICHUHEINCEABOANEL) Stttz E1T L CHRREG W,

(define call/cc call-with-current-continuation)

(define (test2)
(call/cc (lambda (ret)
(define (foo)
(let loop ((1i @))
(display 1)
(if (>= i 10) (ret))
(loop (+ i 1)))) +b5>TEfilticZz foo
(foo))) =
(display "finished.") DIETITERS S
(newline))

(test2)

CDXDICHEDETNIENFED S AN T DEEIEHEBEIC K o T3
FTABIEMNTES. ZDOELSLBEMERE KEIE & ESR.

5

Al




CTIFIZX#ERH# & L Tsetjmp, longjumph®

25

B2 TWd D2

DOREBMNNAT ST —YEEE LT jmp_buf V%S

#include <setjmp.h>
#include <stdio.h>

void foo(jmp_buf xjmp){
printf("foo\n");
longjmp(xjmp, 1);
printf("bar\n");

¥

int main(){
jmp_buf jmpl;

if (setjmp(jmpl) == 0){
foo(&jmpl);

} else {
printf("finished\n");

I3

return 0;

OMacBook:yama533> gcc c_longjmp.c -0 c_longjmp
OMacBook:yama534> ./c_longjmp

foo

finished

OMacBook:yama535>

setjmplc K > THUEZRHT, longjmp

ZETITBE, setjmpDEERICBUTIEST
K%. EOI—RDZER, [EHOTLEITN

(&, "finished”"Z2HAO UL TEILET 3.
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C++ TCldtry-catch®BEX MBI 5 ENTES.

#include <stdio.h>

C++TIIXEHTHXFITHthrow
T=E 3.

void foo():

void foo()A{
printf("This is foo.\n");
throw 3;
printf("This is foo again.\n");
I3
int main(){
try {
foo();
foo();
} catch(int i) {
printf("finished (%d).\n", 1i);
s

return 0;
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C++THBIMRT BJavaTHRIC K > TecatchZBHERT D2 &N T
= 2.

#include <stdio.h>
void foo():

void foo(){

printf("This is foo.\n");

throw "Hello";

printf("This is foo again.\n");
s

int m?in(){ C++CTHJavaTHthrowd B8(C
try

1:00() : J‘C’)Tcatch’éf@&: th‘?g%
}catch(int i){

printf("finished (%d).\n!, 1i);
}catch(char xmessage)<

printf("finished [%s].\n", message);

}

return 0;
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JavaTTl&try-catch-finallyigXXhMEZ 5. finallyldED K S 7RI T
LI ETEINS.

public class GE{
public static void foo() throws Exception{
System.out.printf("This is foo.\n");
// System.exit(1); sFIICexitZES & finallylEETEI AL
if (1 == 1) throw new Exception();
System.out.printf("This is foo again.\n");

}

public static void main(String [] args){

try { JavaTldthrow =30l
foo();

foo(): Throwable’dA 7z 7 D
} catch(Exception e){
System.out.printf("finished (

o?°

s).\n", e.toString());

} finally{
System.out.printf("finally.\n");
} OMacBook:yama568> java GE
1 This 1is foo.
finished (java.lang.Exception).
} finally.
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MEEIIBRICIDAIT S ENTES, Y RL—% (generator) (S5
BN TOREZ —RREFEUVIRETHOCHEUVAIICHE E D (FDRHER
NDENRSD) , BTHOREULCIRENSEITTCEELLHTHS.

(define call/cc call-with—-current—continuation)
cDH707 3 LildkawaTIEEID VL. Chid

(define (count-generator)

(let ((mycont '())) kawaDith T2 TRESINTLWEWLWH S
(lambda (yield) <53
(if (null? mycont) '

(let loop ((i 0)) CDEDERIL—TICE>TWBD, &EH

(call/cc TikmyieldZE>THUHLEE T BIC

(lambda (cont) 23, E3HICE3HOMEEmycont

(set! mycont cont)

(yield i))) ICRELTHEL
yhoapjt- i 1)) OMacBook:yama525> gosh test-gen.scm
(mycont '()))))) 0

1
2

(define gen (count-generator))

(display (call/cc (lambda (yield) (gen yield)))) (newline)
(display (call/cc (lambda (yield) (gen yield)))) (newline)
(display (call/cc (lambda (yield) (gen yield)))) (newline)
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Python¥JavaScript CigE&EICY T XL —IDFBETES. VX

U — Y ZERT BICIE, BEROLSICTAY SLZEE,
K Dicyeildz=BW5,

AN

return®

function count_generator(){

def count_generator(): var i = 0;
i=0 ~ while (true){
while True:  CZT—HIFU yield i;

y1e1d i B UJTTICRD i=1i+ 1;
I Y ¥
I3

gen = count_generator()

var gen = count_generator();

print gen.next() print(gen.next());

print gen.next() print(gen.next());

print gen.next() print(gen.next());
OMacBook:yama529> python test-—gen2.py OMacBook:yama535> js test—-gen2.js
0 0
1 1

: Python > JavaScript
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IlnI

WS DHODEEZLAITITSHD UL HELTIIL—F > (coroutine)
MHd. OSEOT7OCADHEINERRD, ZNZNDOEEDLZNZND
TEZEDE-> CETENED.

SOODFEETHBLIEF 2 —ZFHIT 5. F1—ICEAIT SEESE
make-an—-empty—queue, enqueue, dequeue T»Hd. HUOHEIND
7O RICELLTD X DREAHTRIEEI NS,

(define (workl pause) (define (work2 pause)
(define (workl-iter i) (define (work2-iter 1i)
(display (list 'workl 1i)) (display (list 'work2 (x i i)))
(newline) (newline)
(set! pause (set! pause
(call/cc (call/cc
(lambda (resume) (lambda (resume)
(pause resume)))) (pause resume))))
(workl-iter (+ 1 1))) (work2—-iter (+ i 1)))
(workl-iter 0)) (work2-iter 0))

ZTNZNDREHNDS | pauselF LS Z=FERIT DO DHRHt CHD. pauseZzE{T
IBHEE, BHENDERIFDICOH DG ZIET




T2 OE-ZIRICHOEIRIOT
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TI7LEETDERD.

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

enqueue myqueue work2)

(
(enqueue myqueue work1l)
(
(

define (main-loop)
(let ((proc (dequeue myqueue)))

(let ((resume

(call/cc
(lambda (pause)

(proc pause)))))
(enqueue myqueue resume)))

(main-loop))

(main-loop)

Fa1 -S5O BULTEITL, &o
Z

ICATNLD.

osami-2:yama510> gosh test-coroutine.scm
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workl

resume resume




