Ao FRBERIEYE)

AF51FHE Scheme &5 LTI B /N BUE -
m EVES T PATHI7 B
m H KR SR AR R R
m 5 BEEE S T RIBAT
k. RATReBARESR TE
m E NP RAEAR
n S HEAK A ER KIE
m SUESKRAE B HIZOER1E eval F0 apply
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Bl JEHEERRIE4A%

m EARES:
0 eval # apply ZOd e
0 EMREANBIEMFR: O
0 KRIEF|EHIELE W
m RIEBEPEELH:
0 HEHIE R LI
0 HEHILEH
—RJIHESR
KEIENZE, ETEERARE B GaERRAH IR
0 AEHEHMEHR (set! M define)
m PRI BHIME R EEER GEAN-KE-FTED
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2L eval: 7E env BLSR{E exp

(define (eval exp env)
(cond ((self-evaluating? exp) exp)
((variable? exp) (lookup-variable-value exp env))
((quoted? exp) (text-of-quotation exp))
((assighment? 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))
((application? exp)
(apply (eval (operator exp) env)
(list-of-values (operands exp) env)))
(else
(error "Unknown expression type -- EVAL" exp))))
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B0t g apply
= apply U— M BR—AESRAISE, SIS RNA

(define (apply procedure arguments)
(cond ((primitive-procedure? procedure)
(apply-primitive-procedure procedure arguments))
((compound-procedure? procedure)
(eval-sequence
(procedure-body procedure)
(extend-environment
(procedure-parameters procedure)
arguments
(procedure-environment procedure))))
(else
(error "Unknown procedure type -- APPLY" procedure))))

A TRXARIER, BT RS
HARBGENEE: MM ABBIEFRKKES?
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BIES T RIPAT R 7 B
m I TH S B TR SRAE 25 B RF A1
0 SEPAEHE R B
0 {ERE LB
m R
0 REAWEESTRPATZRE

0 MRERFPITH —ANREAFTERERLZ K, MHEENEMIRE
K& (G o

n TESRPITHIEL:
0 R¥E, — A REOT RS A
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EEARPITHR B

m DISRB SRR HOA B -

(define (factorial n)
(if(=n1l)
1
(* (factorial (- n 1)) n)))

m 7E5K (factorial 4) B}
0 BRARBEREIEAREA if
5 FREUE # &5 K 1E
BETRMESSEN TRIE, 5
0 REHFHFREAN
eval XHFE M ERALE
n IrREXEGHIRN RS, MHEEELEEFK
ERREFRPITERES, RBANRERERK
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IR EPITHER?
0 % (ERER) BRSO TE
0 HREERE:
X B AR ARSI 4 i RA— ik
BB PITH AT EMAEfT 7547 TE
s FEFMEERNERSHIITRER
0 E—R P, RIERE PRI LA B R ) 45 3R
0 AT ERER SRS R
" XERE
0 S RN X EEPIT
0 HEEN: SRS RNZERBEEMTER
m NEHIE: BEBCkESR, EFZHLE Scheme BFHTR
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BESTRPITHE

m kM 38 eval I TAES AFES
0 FBRSNELAENEF, RSN AT HATEF
0 F B REEPITERNERR
m %R B X—PMiEFE analyze
0 o 3 R RIE KRBT
0 MEMEATHERER, analyzeR[E—EE, FRABATTE
0 EREXSTHE R B EEXMPATIE (K B
m SRETIERE D
0 DUHBEANSE, EHFPITIH— P B EINPITERE
e AR RFR T RFEERERBR
0 X, BRENRERNSITRFER—K
m AR EES T HPIT R R — L
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IR RPIT B
m RE\HFHIRMETK, eval BT —/ME BT FE:
(define (eval exp env) ((analyze exp) env))
m ER—EER:
0 analyze M exp HEAER—iEE
0 ERPEE GREAHITIE)
LA env N ZHEHAT
PAT IR N S5 ) TSRS AR env BLAERE exp
m %8 analyze
m analyze K T/ERJERK eval TAERIBI—#7r, T EURARMEI S5
0 EXRLEHRE DB
0 R\ PrREAEI, 7054 AN AT ISR
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analyze

m analyze MYSERRHIRIEAKE, RWETUEEBITHES
BFPAT SRR B4R GRS AAN TR SR
analyze R RRIFERARBR R TI/ES A

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

((quoted? exp) (analyze-quoted exp))
((variable? exp) (analyze-variable exp))
((assignment? exp) (analyze-assignment exp))
((definition? exp) (analyze-definition exp))
((if? exp) (analyze-if exp))
((lambda? exp) (analyze-lambda exp))
((begin? exp) (analyze-sequence (begin-actions exp)))
((cond? exp) (analyze (cond->if exp)))
((application? exp) (analyze-application exp))
(else (error "Unknown expression type -- ANALYZE" exp))))
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FARIEARI 2T

n PEEBEHREXNSI, BEXNPATIE R E
XF— AN BARRIE N 3t A B — N 8
XF SRR —A lambda RixR B
n IEPATER (ambda RiZR) HMU—ANHREASH
XS UL — AN A S B EEPIT
FEAERIRUR 5 BERE BT RE 7= A SR
n fEREREARXMI S RN X EEE
BHEA—A lambda £ixX iR
n AEREN=ERTE, MiX
R R RIEF I PAT IS TR & 10 %
HPAT R RA N B RIE RS BPATR A E
n THEHEZBELAREXNHITERELER
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FARIEAHI 2T
m i BREREN, ERHENTRE

(define (analyze-self-evaluating exp)
(lambda (env) exp))

FEEAREE, BREREN exp HEEREBS
m A5 S RIEAN BRI T HIRER

(define (analyze-quoted exp)
(let ((qval (text-of-quotation exp)))
(lambda (env) gval)))

AEHEN TAEE BPATEBEPATH, TR EHIITHRER
m BREAE, EREENERT BN E R AR RRE
(define (analyze-variable exp)

(lambda (env)
(lookup-variable-value exp env)))
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A EL ) 0 T

m JRAEANE X RIE T ) TAEER 75 B AE SKAE B R A5
n RIEREK K

FERERE (FEERFARERE)

SR BABRERER O, TR EIATI ) TAERE
m SCHR

(define (analyze-assignment exp)
(let ((var (assignment-variable exp))
(vproc (analyze (assignment-value exp))))
(lambda (env)
(set-variable-value! var (vproc env) env)

'0k)))
— LB AR A T AT TR PR RAE AR K E X

ixX B KEEE R assignment-variable, assignment-value 5
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& SCHI93#T
m EXERBAKN D EREGBEREIASGHHR, L2 HHKRHBEE
(SEPrSE RIS AR
m RN TR E X

(define (analyze-definition exp)
(let ((var (definition-variable exp))
(vproc (analyze (definition-value exp))))
(lambda (env)
(define-variable! var (vproc env) env)

'0k)))
m EE:
X B ARS8 F TR IR SR E SR HIEEIE IR

definition-variable

definition-value

YEA T RIERE (lambda RIEAKME) , PATHHSEREERRE X
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if RIEKXBI2Hr

m X if RIARA

BRI IR AR AN SRIER

XX =873 53 B 73 #

RIEET =K 8 R AE if KothaR
m S

(define (analyze-if exp)

(let ((pproc (analyze (if-predicate exp)))
(cproc (analyze (if-consequent exp)))
(aproc (analyze (if-alternative exp))))

(lambda (env)
(if (true? (pproc env))
(cproc env)

(aproc env)))))
it HBAT IR AR R AR, TS A ST

FEFF BT B 57
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lambda Fi&xX K2 Hr

m lambda RiEAEKI 2 FH R —k
HAoaRER— N RE S

M IR SR SR M BV R — AT TR, 7R 8 P e LB

L IRPAT T RER KR R %
m SCHL

(define (analyze-lambda exp)
(let ((vars (lambda-parameters exp))

(bproc (analyze-sequence (lambda-body exp))))

(lambda (env) (make-procedure vars bproc env))))
X B4R 8K H TR KAE AR BT R
¥ R E make-procedure &2 F B TH 1 X
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m SRIEXFF (begin FIARE lambda 1) FEFEANDHT
HPFgANRIEX=E NPT IERE
BEENIHEERME— N ATIEE

(define (analyze-sequence exps)

(define (sequentially procl proc2)
(lambda (env) (procl env) (proc2 env)))

(define (loop first-proc rest-procs) AERFIIRAF T
(if (null? rest-procs) TRIEARPATIEE
first-proc

(loop (sequentially first-proc (car rest-procs))

(cdr rest-procs)))) | BHERTFEER

(let ((procs (map analyze exps)))
(if (null? procs) (error "Empty sequence -- ANALYZE"))
(loop (car procs) (cdr procs))) )
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0 BJ5i%4 execute-application T2
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A ST A E SRR

(define (analyze-applicatio;%
(let ((fproc (analyze (oper exp))) # ST HFRIENX

(aprocs (map analyze (operands exp))))

(lambda (env) . | ZERIENH

(execute-application (fproc env)

(map {amhda (aproc) (aproc env)) aprocs))))

(define (execute-application proc args) %ﬁ%}iﬁijiﬂ‘]&ﬁ
(cond ((primitive-procedure? proc) g, RALSR

(apply-primitive-procedure proc args))
((compound-procedure? proc)
((procedure-body proc)
(extend-environment (procedure-parameters proc)

args
(procedure-environment proc))))

(else

(error "Unknown proc type -- EXEC-APPLICATION" proc))))
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AHRAERS: BE
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X BEBIERPTREE S BRI NGEF
0 BEMRER, RE BESTEFANE, SSIHEX
BN & B K BASIC & &L
0 it CIRE R DI R TED AR
I — R ITEE— N T HAT R
M2 S5 DMER B IRPAT XA

m XEMEZEM Scheme JEFERF GulEBREAS/RE S A K BHE” )
2| Scheme AHATIEFHIHHFE

iXR—Fh Just In-time Translation, JIT (BIE&EE)
m HETREE) Java SLEL (A4 —SESHEE) ABuxFe BN#E,
AEETXFEARBFPATHE
FESLRR N, EFH—P % R AA Y 0] 3
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Scheme K& PEMEKRIE

n IF—ARER, BATUFRBHRE, KKES RIS MEEmRN
m JFRBTES R — A

0 BETEMIAFTHES, LRAFESHORES, TEFRIEIEM5
THBIE AT AR B LTI B

0 7FEREA% B LA PR v FE
REXRHFIRMEF[ERS LI, NEMEHK
Al LA ERITE S SR KER AT 68
0 SR A RFERAEY, REFESCRES, BREHIEH
0 EFMESTBERR FERATENTENES RS
m FHEFS Scheme B—L35
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m Scheme A 12N FRE

RN Z BT e B BT R S8 KB

IE N FFES R AR 2 52 By 75 B

EN P RERBRRAENRE (WKRE, HRKRED
m R TEIRE:

(define (try a b)
(if (Fa0)1Db))

#E Scheme B3R (try 0 (/ 1 0)) B H4E
KAE b BI5E2 (/1 0) BHILERECH 0 KITE N
SEfr b, XAKMESESHEFRHE b ME
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IEJU 0 .

n H—AHEIENFREF
ARSI M BRIEHILRE &4, BNEIERLHE
m TFREEX:

(define (unless condition usual-value exceptional-value)
(if condition exceptional-value usual-value))

FHHESEIKRE: 7E condition AERPA usual-value SESHIEER
& (MARKEXNSH) , FNLL exceptional-value KIEEANE
(B AR EXANZHD

n MRAKHEMNFRE, XMIREZEEM:

(unless (=b 0)
(/ab)
(begin (display "exception: returning 0") 0) )
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n AENSEH AT B
T EEMENE—INSH

0 MRZIBEEREHFANIEALZAT, BTN ZSHERE, B
FRIZ— X T REANSHR T

0 WRAERIATRHERE, WHE IR XS
n AARNAFESE, 81 EENENSENMSEEE K
B A R AR ERRAETT AR 43R B, W Scheme
m AR ENFES
0 PMEEEEMNEENSEE R
0 EAFEXHSHA] LR ™ # K8 A 1
n HHIES AT R ST E SRR & S 57 it
Q filgn, REHMRSETHEERDLE
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IEJU 0 .

m R RER RS e UOhE™K, HIREH
0 #l: cons BRATAIHiE G54 I & R B

WR MRS HHAE R AR SE, s EARIE
BOE S IR OU T R 2 EER 45

O BT AP Yk R X A R 454
n AERBEIA—ANENFES
0 ZES NEEERE Scheme BEE L —#
0 BEESPREE S ENSEERRAEERE
0 EAGEVRRANHFKE
PATHSEREFTBERSH
» NHKEBESNETH R CEFRES, SR FHES
B, HTEERR, 7JUSEATEARESZNIRZSERTS
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m BEREFNBH
0 sEkhr b, AREGHEEENHERKEH
0 HAANRX A S A LA RE
0 MREREIENSHEETRTERE
n REERFSEARE, WL
0 NREANRIEAE NN (thunk) FIRFEREEH
0 FERMAEEREREZREATTENEL
BIERIE A S AR HRALFA 5L
O X AR SRR RRIE AR N A
m SFAEREKRRERR h50iE
B AEAREARER, 4 EREAERKE, KliE
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KA PSR K F R A=

n REAERLAELR:
Q0 FANEATEFERHRZAREARE
0 RIZAMERE N FHREAXRIFIA
0 AR EREX AN REAXKEERBER
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n BT AERRERIEE ALK, B—RRELZFKBENE

RR—A B

BEE: IENERSASHRETHIEX?
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Bk E2E: eval

m BEUCRERE R
BEOEFE eval il apply BEXTRER K403
m eval B cond F#) application? FaMEHA (FHALEAZD

((application? exp)

(apply (actual-value (operator exp) env)
(operands exp)
env))

HEERREREENZRENXES apply
FERIH R SEIE, RIEREZFRERFRSEIES apply
BB HEAFIES apply
Xk & T RE TR A G S M0
ZHHE TR H RRIEARREA R

TP WA F AT I v S, 2014-5-7 (29)

BECkER: eval
m actual-value BN RIE X W LFME

(define (actual-value exp env)
(force-it (eval exp env)))

FELFSEHRNER, RERE
force-it K X HI%E
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Bk{E4%: apply

apply WEMAHNBH

BAER B eval KRR RENEBEXNS (REX) , BEEFTELZM,
RER H X B REHIE:

(define (apply procedure arguments env)
(cond ((primitive-procedure? procedure)
(apply-primitive-procedure o
procedure R sEhSHE
(list-of-arg-values arguments env))) ; BT
((compound-procedure? procedure)
(eval-sequence
(procedure-body procedure)
(extend-environment ERAR S
(procedure-parameters-procedure)
(list-of-delayed-args arguments env) ; BT
(procedure-environment procedure))))

(else

(error "Unknown procedure type -- APPLY" procedure))))
st B AR TN I B, 2014-5-7 (31)

B

(define (list-of-arg-values exps env)
if (no-operands? exps N
i orep P [mets

(cons (actual-value (first-operand exps) env)
(list-of-arg-values (rest-operands exps) env))))

(define (list-of-delayed-args exps env)

(if (no-operands? exps) X A Y g A
")
(cons (delay-it (first-operand exps) env)

(list-of-delayed-args (rest-operands exps) env))))
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if FIE0E
m if TFEBN:

(define (eval-if exp env)
(if (true? (actual-value (if-predicate exp) env))
(eval (if-consequent exp) env)
(eval (if-alternative exp) env)))

n S EEIE SN LA R R

O force-it

QO delay-it
JETE% 8
m NHEFZBHTIEAR
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IRBHPRFR

m BEEBNPRIF
F actual-value fREH T eval, BERMFRER K LhFRIME:
(define input-prompt ";;; L-Eval input:")

(define output-prompt “;;; L-Eval value:")

(define (driver-loop)
(prompt-for-input input-prompt)
(let ((input (read)))
(let ((output
(actual-value input the-global-environment)))
(announce-output output-prompt)
(user-print output)))
(driver-loop) )
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SE s H

m 21T B
(define the-global-environment (setup-environment))
(driver-loop)
.7, L-Eval input:
(define (try a b)
(if (=a0)1b))
.;; L-Eval value:
ok
.7, L-Eval input:
(try 0 (/1 0))
.;; L-Eval value:
1
m BOXAAKHT, FEETRERSEI (TR

FEFF BT B 57

Bogate
RN
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ERRR

n MR —MEIERMSR, BELI—MRERE

Hop#pE—APRERXND—ANHIE, FENTASKHRIERKE
m SERRSRE R MiZF actual-value TIA R eval GREZE eval ZZERTH)

m SRIENSKREBIARE N 1L (force-it 1 actual-value FEIEIH) -

(define (force-it obj)
(if (thunk? obj)
(actual-value (thunk-exp obj) (thunk-env obj))
0bj))

m MR A SRR — N RICRIE NI E LA RK:
(define (delay-it exp env) (list 'thunk exp env))
(define (thunk? obj) (tagged-list? obj 'thunk))
(define (thunk-exp thunk) (cadr thunk))

(define (thunk-env thunk) (caddr thunk))
PP B BRI TT 1k

FORME,
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HICIZ R
n SCHUHHCAIZAERT, ERESREE R HB SRR 2R ERER

(define (evaluated-thunk? obj)
(tagged-list? obj 'evaluated-thunk))

(define (thunk-value evaluated-thunk) (cadr evaluated-thunk))

(define (force-it obj)
(cond ((thunk? obj)
(let ((result (actual-value (thunk-exp obj) (thunk-env obj))))
(set-car! obj 'evaluated-thunk)
(set-car! (cdr obj) result) : #Zexp ek EHIH
(set-cdr! (cdr obj)'() ; ZEHAFELHIHLEE env
result))
((evaluated-thunk? obj) (thunk-value obj))
(else obj)))

n EREEREIRL, ZAKRMEREETE
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WMAEANTEHERIER
m FIEASRTER, B EMREIh—FERN 1R, H A TRRE
2 delay 1 cons-stream. %7 5k A
0 BFEARKES, BEREXARE—ENER, LESEMEENE

0 RERERM, BXEH—RARAKNE, HETFEAREF LIRS
MRRAE, T HIXEREREH TR

KABHKE, RATUEERREIR, PEHRFEEMAFHRENR
m ESIG, EFE cons BIFHEE . FESM T A TRIXHE:

0 BECRESATIEZHRERTRE, HIE cons EIAIEHKIE

0 8 cons SEMAR AT (2.1.37, 611)

0 EFEX cons, AEBRALXRSFEN (4532.4) .

(define (cons x y) (lambda (m) (m x y)))
(define (car z) (z (lambda (p q) p)))
(define (cdr z) (z (lambda (p q) 9)))
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n ETRXEREAZRE, SMHREERREREX
JUATHEHRR
hEE B RMIFH TR (FD

m JERAEAR AT DA fa] 8 3 SEER Ok A N R R B AE -

(define (list-ref items n)
(if (=n0)
(car items)
(list-ref (cdr items) (- n 1))))

(define (map proc items)
@if (null? items)
0

(cons (proc (car items)) (map proc (cdr items)))))
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FAEAPEPERIR
n BERREE (REME -

(define (scale-list items factor)
(map (lambda (x) (* x factor)) items))

(define (add-lists listl list2)
(cond ((null? listl) list2)
((null? list2) listl)
(else (cons (+ (car listl) (car list2))
(add-lists (cdr listl) (cdr list2))))))

m Y SER:
(define ones (cons 1 ones))
(define integers (cons 1 (add-lists ones integers)))

.7, L-Eval input:
(list-ref integers 17)
.;; L-Eval value:

18
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TAIENETER

m B, BUAERDAEIEEE R . EHAK A RE D T RER6T

(define (integral integrand initial-value dt)
(define int
(cons initial-value (add-lists (scale-list integrand dt) int)))
int)

(define (solve f y0 dt)
(define y (integral dy yO dt))
(define dy (map fy))

y)
.7, L-Eval input:
(list-ref (solve (lambda (x) x) 1 0.001) 1000)
.;; L-Eval value:
2.716924
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