8o ERF D &)

AENRE—ZITRERENITE, UENHMZERER (
Scheme ) IEEREFHEE (H%i)

ATRKAE:

m FFALE

n IR F SV EERE

n FERYSES

m AR R ) B

n FESVSES RS GRS
m RIS HISEEL
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KAE 2R I HI A & 2 bl a8
m BIERFR T & GIFE) M Scheme KIS FEREA THE R 5 TH k) &5,
"HTIIAREERE, BEIEHEX
0 R
WYy ¥it)
0 JoEH R

n UIEMER R RESERFZHAT, BIREEERE, TEZEME
B Scheme REBHEAIEHIZI/E, W

0 R TREANEZ JFIEEASERERRER?

QO AFAFEBAIESASRETETE (ATEEESTHED) ,
A —EA=ERHREERE (FREMHL EKZE) ?

JRE: R{E4%72 Scheme BBfF, BHAFFHTEMARENESH

m EH—PHfF Scheme KIEASKER], WHFEBEREZEE, HAES
SKIATT . Ba—EH TS ERXE R T
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LA
n THETERTEN (FEEis) ERRERRIHE, FERIEHN
THRERIUF AT — K &84, BIE—HFHET (FHFEH)

n BAKHFFRISES, MERE—NRENATIINSERNAR, ¥
EERIERLERFATRN T2

ETXMEEHRRTEIERG R MIBIESER

n XBEARYKEAYE, BEHR L& Scheme idf2
B BT NIRRT — IR F S

n BB TAERER R —MIEMG ARG, Hot.
0 FR—EHHZFEMMEERFSW, midE. SERAS
0 Wit — MR T FRIBNES
0 fi—A Scheme FEfF KRB HXMIE SRR KL
XL 2 BER AR A, 7T LA R R B PAT

TP WA F AT I v o, 2014-6-11 (3)

&7 blas

m b TEEH Scheme f#EBESE, EHFEXLRBRRGHHRMA T
0 RELIEAFRERIE
0 SEIAE AT R TS A6 B B L
JEH A RNEMEAR (TR RN R
n BTEAESHEMEENBIZE, B ME —3yLEE, B8
O SCHLETE R ToE R 28
O T B AR A% 1 40 T R4 T I B AR B
n X—ERNRFEITRAER T —/ N RiFss
0 & Scheme EEEFHFIXENFASIFES
0 EXZFERABMRFEREZ RINERE, XIS RES

HTHEXER, REESIAHT . FXERFREECHE, 7 RS
DA B R, BRAH AT ATt e
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L s B, HERE
Wit FERNEE (RFE 42 251 B

o HERHBOAMIRES (FERAR | 2 eg—] b (-

VB M & AR W ) 42 1l 23 xb ;
m 35E (Bl GCD HixRH) HIbLEE: -t
(define (gcd a b) BREENFTHF A
(if (= b 0) %t . %
a 5 1l 2% A2 1l
(gcd b (remainder a b))))
n PUTIXAEERIHLIR LGS a F b ik

R, ReEEFEFFERafMb £

n TFEERIE: AWb BE O, HH aBRUb KR REFHEREZ)

n F—RIERANFEERINER a M b, BT —F&MEHESREEF
T, BWEETHEFFS

m FRYE LIRS A i B R i i L P
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Wi FERYLaE

m AfEF ARV ER TAE, DHUEREHIH &4 B T IR

m FZEER GCD HlatiiEkse, AREBERR: HFHERENME, BHRER
HIWT. BHIEET KT MIEAT, BEN WIS U R B e B 1 A AR
YerE. BHIBIE done W TIELE R

wtart

XA GCD M58,

. = HI2E done B

- HIR a BEY

H i GCD &
T
xt-b
_L *

bt
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MR FHFRYSHES

n HERAESHERR/DIINES, ERMEHTHERRENS
0 ATGEEH, THSE—MHRTFERIBHXAES
O —FEMRBRHRRAIERMIR, 2075 H6R BRI B 2 ES

n HOEEEIR . FASANRE, AEaLFAS, FESRERE (B
) URZESFEALMOLER (FENERBRE) . RELR
fedns, FuBHmA

m BHIBRERLSFF, ME—BRREHADSKERS. 5 LLE:
0 FUEERK— N EE: e T FRBREsNE
0 test 354 SERGATMI

0 &EYTES (branch) : ETRIEANS R, W0 ENE2HE
ERTHRTES; KB T —4&354

0 BEHHBES (goto) , HIURTRSMIELNT
#RE4EA branch M goto K HFR

TP WA F AT I v S, 2014-6-11 (7)

(data-paths  FIFTE XE S #ER GCD Pl a |._@ hrl_.Q
I x-h

(registers

((name a)

(buttons ((name a<-b) (source (register b))))) WIRIRAE L. EEFE
((name b) HERRTE S FF, FHE
(buttons ((name b<-t) (source (register t))))) A4 5 B B4 T B 4
(name t AHRAES
(buttons ((name t<-r) (source (operation rem))))))
(operations FRBUL R S HnE
BB H SRR, B
((name rem) e
(inputs (register a) (register b))) HEHBEHBERAE
((name =)
(inputs (register b) (constant 0))))) }\
(controller ; i )5 K& HI 2D
(controller test-b
te(fést,z 5 ltigfl (test (op =) (reg b) (const 0))
(branch (label gcd-done)) ; conditional i (Pranch (label gcd-done))
(t<-r) - button push (assign t (op rem) (reg a) (reg b))
(a<-b) : button push (assign a (reg b))
(b<-t) ; button push (assign b (reg t))
(goto (label test-b)) ; unconditional b (goto (label test-b))
gcd-done) ; label gcd-done)

S b i el




FHESISES

m R RE S EEW, BARFERA, .

0 LERPR, MRESESRBIFLREERTE, MESREHE
SR (REIER, I o X6ESERREEEE B A S IET,
ENFHZ O ERBREASE, RAEERR

0 F Scheme REARF S, Lhh LXERBERERS
BRALERS, THEREZHRXESTFSISRES

« Bl BEHEN GCDHLE, = read FATMHATHBIM
RS EMAER GCD I \
B, FEREITEN i SR R EDLE LI

O XEARETIE A PTINURIRSERFRCR

BAERSEI B L4 print REE— N4
0 REREFWANELBRIE #EFH print $4T. BSEAA
(perform (op print) (reg a))
TP WA F AT I v S, 2014-6-11 (9)
FHRHISES

(assign b (op read))
be-rd test-b

w (controller
gcd-loop
(assign a (op read))
- g

(test (op =) (reg b) (const 0))
* b o (branch (label gcd-done))

xt-b :
(assign t (op rem) (reg a) (reg b))
\~=/
9 tre-r

&) et (assign a (reg b))
(assign b (reg t))
(goto (label test-b))
gcd-done
(perform (op print) (reg a))
(goto (label gcd-loop)))

t TS GCD HlEe |58
55 b1 ‘ ‘

. TR RERA TR EE,
FRY 2 3 B KB GCD 34
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PLES BT I3

n —HHBENE XS RET —AEARRE, FUREASRESR
0 F AR Scheme IFBEIRELHIBRIEVE N EARLRAE
0 ETEZRMBREE XS, U
EFEENED R FELSCR T, BREAR LK
PWENBFETHEEARNBRIENEXLERE, JHBAIITEI0

m B, GCD HLSHI— M RIERTHE a BRUl b FIREIRSG t. MRFE
PSS ACVE N EARIE, RFELEETENRNRIETERE

pign, "L ARES HRKREPSE

(define (remainder n d)
(if (<nd)
n
(remainder (- n d) d)))

BY, AU — MRS RAE A — A LA AT LA R AR R B

TP WA F AT I v B, 2014-6-11 (11)

MLES T IR
# GCD =288 (HWEESSIKAR)
(controller
test-b

(test (op =) (reg b) (const 0))
(branch (label gcd-done))
(assignt (reg a))
rem-loop #H GCD HlLER %
(test (op <) (reg 1) (reg b)) eart YA BRI AR
(branch (label rem-done))
(assignt (op -) (reg t) (reg b)) . od
(goto (label rem-loop))
rem-done ™
(assign a (reg b))
(assign b (reg t)) ta
(goto (label test-b))
gcd-done) i

*EJE%H‘J—%TET/% x<-b
(assignt (op rem) (reg a) (reg b)) l
Rk LG AREFF, & XY RIER

yum




FRR

n HERAZETEERRIENEH, A6

fEEm R AR R R

n WEMEIEMZH, FFHSSEEKRE

Bk, THBSRES RS

m Bl WRVBHIRA GCD, 45IH a
5b®H c5diK GCD, ¥IEERE
AEBWA GCD #, EHRBESHE

R RAL N

c ———| d

F GCD PR B2 il 284085 F Be -

gcd-1

(test (op =) (reg b) (const 0))
(branch (label after-gcd-1))
(assignt (op rem) (reg a) (reg b))
(assign a (reg b))

(assign b (reg t))

(goto (label gcd-1))

after-gcd-1

gcd-2

(test (op =) (reg d) (const 0))
(branch (label after-gcd-2))
(assign s (op rem) (reg c) (reg d))
(assign c (reg d))

(assign d (reg s))

(goto (label gcd-2))

after-gcd-2
PP VAR RN 515 B, 2014-6-11 (13)
TERF
n HWESHAMEAREHF. Haxm 904!

e R —4 GCD #4520

m REHE GCD N&EFESRafb
MERHT (FHARNTEeiIBE
HFFESR) , s syliss

0 FXE GCD ZHISGiEMANAIE

BE aflb, REHEH—
GCD #EE kit &

QO WL T —4 GCD &k

O FEH AU A BanG
AL BEAL, READOM O
SRR EHEER K H R
THE% B — P FEt

REFF BB T5¥:

(test (op =) (reg b) (const 0))
(branch (label after-gcd-1))
(assign t (op rem) (reg a) (reg b))
(assign a (reg b))

(assign b (reg t))

(goto (label gcd-1))

after-gcd-1

; XEHER GCD B A afil b
gcd-2

(test (op =) (reg b) (const 0))
(branch (label after-gcd-2))
(assignt (op rem) (reg a) (reg b))
(assign a (reg b))

(assign b (reg t))

(goto (label gcd-2))

after-gcd-2
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FRR

m fE¥E: HA GCD RIEERIIE—AF

2% (W continue) wEIART

15, 7£ GCD IR DY %
ARk E ERAL E

n BEWABWALTR, KHRE

—B ik GCD S

n XMEARTHEAEFFERE (—R
RS, EFRED . EMREFE

FH% GCD iHH, RIBEZA1R
&, HE/ME4ES

n FEZR—-MEHLIERX (B8

BA?)

m FAEEE TSRS, HElRE

FHEBERFERGER

FERP BB T ik

gcd

(test (op =) (reg b) (const 0))

(branch (label gcd-done))

(assign t (op rem) (reg a) (reg b))

(assign a (reg b))

(assign b (reg t))

(goto (label gcd))

gcd-done

(test (op =) (reg continue) (const 0))
(branch (label after-gcd-1))

(goto (label after-gcd-2))

;; Before branching to gcd from the
;; first place where it is needed,

;; we place 0 in the continue register
(assign continue (const 0))

(goto (label gcd))

after-gcd-1

;; Before the second use of gcd,

;; we place 1 in the continue register
(assign continue (const 1))

(goto (label gcd))

after-gcd-2

FRR

gcd

m CHARVE: FHF S continue fR

FIREHHE, GCD RB& G RIHE

KN BEBE. REBnA
m ¥ 7 goto FELINRE:
SERREN (HE) Bk

SRR F AR BB P RAH
e CGFERREERD

KT FREFNTREFAM

n MRZANTEFEAMELLR, Bt

A AL [ — continue Z778%.

MRTFEFECETERFEMN, 8t

FEL/ continue FF8 (TN
SERRINERAREERRS)

m XA R T — A

PP RV AR 71

(test (op =) (reg b) (const 0))
(branch (label gcd-done))
(assign t (op rem) (reg a) (reg b))
(assign a (reg b))

(assign b (reg t))

(goto (label gcd))

gcd-done

(goto (reg continue))

;; Before calling gcd, we assign to

;; continue the label to which gcd

;; Should return.

(assign continue (label after-gcd-1))
(goto (label gcd))

after-gcd-1

;; Here is the second call to gcd,

:» with a different continuation.
(assign continue (label after-gcd-2))
(goto (label gcd))

after-gcd-2
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SEHLIE I
n SCHLEHTHEERE, EFBERIME. HEHR.

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

W BERA AR T E, SRR

n EHF—HaSERT S, B2 —2EHER
0 FRBRESRARERBLER, SEREFEZEFIRL

0 HERHAHR &, RERETEKE n-1 BB, FRE n
ERMET, BIMNEFHERKFR

0 B — VS BAT: TRBIETREE THE, #46 n AMESE
B, THEBAUERRE, FANTHAARMEE LRl
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FI#R SEDLIE H

n RIEETHEHRTEERER T L HIES, EEMEZRIH . 248
MR-V W H, FTEMETRH, 82T R BN+ et
8, foeT R E)ER2FERETE. R

Q FEATF R KPR 5 A B R B AR (30 n 32 n-1)

0 A THRREESREEFMTHITHE, LARFEZMNRES (B8 n KI{ED
n XEARERRERHTRE, HEEEZIRFERSANTFEHE

0 XEERERBFSREBFHER, J&RFRSTEH

0 M- EHEHEH %, WA CAHE—HLEs BT A 7o
Feit . THEREE&REIE savelrestore

m EHIRE: FREFS WS N i%IR B E ?

0 continue BARFFIREINE, #IF4#HF—HL2sM EEHXANFE
%, FERTHERSEH YN FAFHL P HZRBEIRALE

0 A THEIEMIRE], HAHRHEFEE continue FENER
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P WERK f&4% continue M n HJ{H,
RSB S DUE TR EE R, -
(controller HE TSRS T X

(assign continue (label fact-done))

fact-loop
(test (op =) (reg n) (const1))
(branch (label base-case))

(save continue)

(save n)

(assign n (op -) (reg n) (const 1))
(assign continue (label after-fact))
(goto (label fact-loop))

after-fact
(restore n)
(restore continue)
(assign val (op *) (reg n) (reg val)) ; val now contains n(n - 1)!

(goto (reg continue)) ; return to caller
base-case

(assign val (const 1)) ; base case: 1! =1

(goto (reg continue)) ; return to caller
fact-done) . PO

B —P 383 A
REFFBEVHEOR T4 RFEIR BIFIALE 576, 2014-6-11 (19)
,;L, »
PR SEE# I

n SEPLBIRTHE, RN EJ/EILFIS. SERFEANSEI, KPR
HEHRRE: REFEZEREE LA

SEhrplas EARHIAE R, BRA&IT M8 R, RS T seR#E
RIBTSREIAE (S5 n KIMED

n AEGEHK— TR A E AL i — MR

BB, CREEANSESMEFAK. FHRZA continue
FHSHE CBREEBIRFERD

n B TREFAR K RERT AR 2R EA, sl mETERFE
A TREF IR —&ER T

FIRBGEIT, DAL fib A6l EHRAREGHE T UL F R EVLA
(define (fib n) A3 I 8 P AR R —BL8% e Rk

(if r(1< n 2) ﬁ}ﬁﬁﬁﬁﬁ continue & 738, 18T
(+ (fib (- n 1)) (fib (-n 2y FAFHEREIREE
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(controller
(assign continue (label fib-done))
fib-loop
(test (op <) (reg n) (const 2))
(branch (label immediate-answer))
(save continue) ;; set up to compute Fib(n - 1)
(assign continue (label afterfib-n-1))

(save n) ; save old value of n
(assign n (op -) (reg n) (const 1)); clobbernton-1
(goto (label fib-loop)) ; perform recursive call
afterfib-n-1 ; upon return, val contains Fib(n - 1)

(restore n)

(restore continue)

(assign n (op -) (reg n) (const 2)) ;; set up to compute Fib(n - 2)
(save continue)

(assign continue (label afterfib-n-2))

(save val) ; save Fib(n - 1)
(goto (label fib-loop))
afterfib-n-2 ; upon return, val contains Fib(n - 2)
(assign n (reg val)) ; N now contains Fib(n - 2)
(restore val) ; val now contains Fib(n - 1)

(restore continue)
(assign val (op +) (reg val) (reg n)) ; Fib(n - 1)+ Fib(n - 2)
(goto (reg continue)) ; return to caller, answer is in val
immediate-answer
(assign val (reg n)) ; base case: Fib(n)=n
(goto (reg continue))
fib-done)

FHERIETHESS

THEHH <input> 4 (reg <register-name>) B, (constant <constant-value>)
(assign <register-name> (reg <register-name>))

(assign <register-name> (const <constant-value>))

(assign <register-name> (op <operation-name>) <input;> ... <input>)
(perform (op <operation-name>) <input,> ... <input_>)

(test (op <operation-name>) <input,> ... <input_>)

(branch (label <label-name>))

(goto (label <label-name>))

B S FEN T Ao P I & 7748 A1 R Bk

(assign <register-name> (label <label-name>))

(goto (reg <register-name>))

IR

(save <register-name>)

(restore <register-name>)

BITE R <constant-value> #R%1{E, KEAIREREMH. FSHNREES:

(constant "abc"), (constabc), (const(ab c))

TR W AT 7 v o, 2014-6-11 (22)




F APl E IS

n ZRIMEIFERIFETHEX
FEN BRIV S BEROHE TAE, WLt ERHE
PLZSEI — A F ARV RIS (RREES)
THEFRAEDEERZE—/ Scheme #BfF, F 4 MEOTE
= if7E make-machine RN ISR (TS, RIEMZHIE
FI3E — AT DUBLSAT BB A3 AR R
(make-machine <register-names> <operations> <controller>)
n FSN =S REA TR RIS

(set-register-contents! <machine-model> <register-name> <value>)

E—MEFANIEE R FHER

(get-register-contents <machine-model> <register-name>)

BH— N EFREPAE
(start <machine-model>) BB TR IEAT

TR B R AN 71 B, 2014-6-11 (23)

eSS OBl

GCD Hl.23#xE X: make-machine ZEK RN
(define gcd-machine HERRE

(make-machine

‘@b t) BER (BN TFREHBIELRE

(list (list 'rem remainder) (list '==))  B#/ER) Scheme TF&)
‘(test-b
(test (op =) (reg b) (const 0)) 1 il 3 A
(branch (label gcd-done))
(assign t (op rem) (reg a) (reg b))
(assign a (reg b))
(assign b (reg 1) W WEFER RERD

(goto (label test-b)) : :
gcd-done))) (set-register-contents! gcd-machine 'a 206)

done

(set-register-contents! gcd-machine 'b 40)
done

(start gcd-machine)

done

(get-register-contents gcd-machine 'a)

R B A 2




make-machine: 4l 2t RY

n LSRR RS RHBRENTE, RHAHBEERA

5t make-new-machine #i& H Frl F e blas #h 2R Ao,
BN NBEFFER, —MRA— AT

WY B 1) IMARGDISKFFSMERE; 2) H—NMCHS
EEHIRRBIERS THBNESFIF2EPaE R

m make-machine & X:

(define (make-machine register-names ops controller-text)

(let ((machine (make—new—machine)))// BT E X AL
(for-each (lambda (register-name) B FAR

((machine 'allocate-register) register-name))
register-names)

((machine 'install-operations) ops) < &8

(assemble controller-text machine))

((machine 'instalI—instruction—sequence)\ HIERE

machine)) IR LITH

TR B R AN 71 B, 2014-6-11 (25)

PR FFe

n HFEBEARPREASRE, "TUREE. HRABK
make-register M iX & fE o

(define (make-register name)
(let ((contents "*unassigned®))
(define (register message)
(cond ((eq? message 'get) contents)

((eq? message 'set)
(lambda (value) (set! contents value)))
(else
(error "Unknown request -- REGISTER" message))))

register))

n Vi R,

(define (get-contents register)
(register 'get))

(define (set-contents! register value)
((register 'set) value))

TR W AT 7 v 4, 2014-6-11 (26)




PLEREETY: £

n BREERBRSHIE, B make-stack 8, U push. pop F
initialize lHE (BEAJTE, BHITR, #¥IHL)

(define (make-stack)

(let ((s "0))

(define (push x) (set! s (cons x s)))

(define (pop) & (V7 ] R KL 72 -
(if (null? s)

(error "Empty stack -- POP")

(let ((top (car s)))
(set! s (cdr s)) (define (push stack value)

top))) ((stack 'push) value))
(define (initialize) (set! s '()) 'done)
(define (stack message)
(cond ((eq? message ‘push) push)

((eq? message '‘pop) (pop))

((eq? message 'initialize) (initialize))

(else (error "Unknown request -- STACK" message))))
stack))

(define (pop stack)
(stack '‘pop))

FAN LS HIIE

AEPRSEIETR ST pc, F4748 flag, £k stack MEHLFF. #
EREROEMHEERERE, FHERRRESE pc Mflag.

(define (make-new-machine)

(let ((pc (make-register 'pc)) / Pcﬁﬁ%ﬁﬁ?ﬁ‘é\ﬁﬁé flagHi
(flag (make-register ‘flag)) TERFX, BHRMRERE,

(stack (make-stack)) JESEBRAE AT R A

(the-instruction-sequence ‘()))
(let ((the-ops (list (list 'initialize-stack (lambda () (stack 'initialize)))))
(register-table (list (list 'pc pc) (list 'flag flag))))

(define (allocate-register name) NEEAFR, £F
(if (aSSO(.:. name reglst_er-table)_ . FrERE B A
(error "Multiply defined register: " name) P AN

(set! register-table
(cons (list name (make-register name)) register-table)))

‘register-allocated)
(define (lookup-register name) EX%:E%%
(let ((val (assoc name register-table))) I HTME
(if val
(cadr val)

(error "Unknown register:" name)))) ;; ¥ F X




(define (execute) WATIES . BE pc Br

(let ((insts (get-contents pc))) Fe I35 4 R HAT
(if (null? insts)
'done RAPITH R pcC
(begin
( (instruction-execution-proc (car insts)) )
(execute)))))

(define (basic-machine message) ; ¥ ML
(cond ((eq? message 'start)

(set-contents! pc the-instruction-sequence)
(execute))
((eq? message 'install-instruction-sequence)
(lambda (seq) (set! the-instruction-sequence seq)) )
((eq? message 'allocate-register) allocate-register)
((eg? message 'get-register) lookup-register)
((eg? message 'install-operations)
(lambda (ops) (set! the-ops (append the-ops ops))))
((eq? message 'stack) stack)
((eq? message 'operations) the-ops)
(else (error "Unknown request -- MACHINE" message))))

basic-machine))) ;; REIHEIFRIERLES

TP WA F AT I v B, 2014-6-11 (29)

HAYL
m EX start WERAED, BEXABIH ERE:

(define (start machine)
(machine 'start))

(define (get-register-contents machine register-name)
(get-contents (get-register machine register-name)))

(define (set-register-contents! machine register-name value)
(set-contents! (get-register machine register-name) value)
‘done)

n BUIEE FAHEBNEARE, HELIBERH

(define (get-register machine reg-name)
((machine 'get-register) reg-name))

TR W AT 7 v 4, 2014-6-11 (30)




ICRAEF?
n BREZENHRMNCRERF, BIEHSEGSEEN 8L F5,
T&IELHEMHNNPITERE
5aRkEH/RUU, ERXELENRFFH/IBES
n NAEREARENTFEROAE, W] g—Eairmiiit, m
0 AT FENSRRRABRETZFRNTFE5IH
0 HRREL PSRN BRI B IR S5 H
n FEAERPITEREZ BTEH e SRAE, T

0 FFEBAEGIS, FARLSPIENRS, WiEH - ESRM—
M SMERBKR (BMr5RERIESREN—MIE)

QO FREmMERS, ERFRERSRESHSHNPITER

m ICHRBEFRAOR assemble, ‘B LRA—/NEH] 88 1ESCHI— PN EAHLESE
R 2H, REMEUF B RN RE K154 P 5
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ComiER LA BIEEE)
m IRERIAFRHRR, HRERE:

(define (make-label-entry label-name insts)
(cons label-name insts))

(define (lookup-label labels label-name)
(let ((val (assoc label-name labels)))
(if val
(cdr val)
(error "Undefined label -- ASSEMBLE" label-name))))

m FENME R 3R & RHLRE:

(define (make-instruction text)

constext'O) - AEESRMATRE A A%

(define (instruction-text inst) R, FHENERFHITERE
(car inst))

(define (instruction-execution-proc inst)
(cdr inst))

(define (set-instruction-execution-proc! inst proc)
(set-cdr! inst proc))
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CmFE P
HEAIIR S R SR, TR
. CHEFHE %{/// A RRARLE =5
C

(define (assem ontroller-text machine) e — 0
(extract-labels controller-text %igﬁéggﬁggﬁ
(lambda (insts labels) AR SPATIENT
(update-insts! insts labels machine) fTﬁﬁm}\?ﬁéﬁ’ =JE
insts))) pCAEIE RS
BRI AERSRHANE, RELPHIFS
- ] - 398 AL HE 4 1 2% IE SCF 51 Y
(czieffzgﬁlfgﬁgstc)t labels text receive) odr, SRt car A
(extract-labels (cdr text) SR 2 R RIS SR ATH
(lambda (insts labels) W25 15251 B8 T ST [ — T
(let ((next-inst (car text))) E = ey
(if (symbol? next-inst)/ ggg%ﬁgﬁ%mw\%é

(receive insts
(cons (make-label-entry next-inst insts) labels) )

(receive (cons (make-instruction next-inst) insts) labels) ))))))
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IComAEF?

m undate-insts! BHIRSER. FEREMIERERLSIEX, PUTIREA
TR G, undate-insts! IMALERRHIPATEE

(define (update-insts! insts labels machine)
(let ((pc (get-register machine 'pc))
(flag (get-register machine 'flag))

(stack (machine 'stack)) R Fe AR
(ops (machine 'operations)) BHATEE
(for-each /
(lambda (inst)

(s_,et-instruction-execution-proc! HE—&3es
inst KIATIEHE

(make-execution-procedure
(instruction-text inst) labels machine

pc flag stack ops)))
insts)))
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AL HPITERE
m ERFIESHRPATIERE, T ARLRERT analyze T

(define (make-execution-procedure inst labels machine
pc flag stack ops)

(cond

((eq? (car inst) 'assign) BHRSE I
(make-assign inst machine labels ops pc))  ATEERAERTRE,

((eq? (car inst) 'test) RIE BAEIR & HE
(make-test inst machine labels ops flag pc)) EREXHE

((eq? (car inst) 'branch) ! -
(make-branch inst machine labels flag pc)) gﬁfgﬁ‘ﬁg?

((eg? (car inst) 'goto) %uxg‘fbégéﬁgﬂz“
(make-goto inst machine labels pc)) 3

((eg? (car inst) 'save) THEZE%%E RBE M
(make-save inst machine stack pc)) TR AL

((eq? (car inst) 'restore)
(make-restore inst machine stack pc))
((eq? (car inst) '‘perform)
(make-perform inst machine labels ops pc))
(else (error "Unknown instruction type -- ASSEMBLE" inst))))
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bR, assign, | ISR R R WIE A
PR 9N Ewwman R, XA
EARARARLR

: iﬁiﬂﬁt{é‘?ﬁ‘éﬂﬁﬁnﬁ‘ﬂ‘f/ BRHRR

(define (make-assign inst machine labels’operations pc)
(let ((target (get-register machine (assign-reg-name inst)))

(value-exp (assign-value-exp inst))) Hixs—#% op &
(let ((value-proc ER BT

(if (operation-exp? value-exp)
(make-operation-exp value-exp machine labels operations)
(make-primitive-exp (car value-exp) machine labels))))

(lambda () ; assign FIHATIERE
(set-contents! target (value-proc))
(advance-pc pc)))))

Horb H Bl R B A2 -

(define (assign-reg-name assign-instruction) BT
(cadr assign-instruction))
(define (assign-value-exp assign-instruction) . . Wk
(cddr assign-instruction)) reg,label,const
BRI EREH SR

(define (advance-pc pc) (set-contents! pc (cdr (get-contents pc))))
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PATIERE: test
m make-test &b test 84, WE flag FFss, FHr pc:

(define (make-test inst machine labels operations flag pc)

(let ((condition (test-condition inst))) s op Fix
(if (operation-exp? condition) AHPATIERE
(let ((condition-proc

(make-operation-exp condition machine
labels operations)))

(lambda ()
(set-contents! flag (condition-proc))
(advance-pc pc)))
(error "Bad TEST instruction -- ASSEMBLE" inst))))

(define (test-condition test-instruction)
(cdr test-instruction))
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HATIEFE: branch

A BE
m branch #41R4E flag E# pc: LB
(define (make-branch inst machine labels flag pc)

(Ie_t ((dest (branch-dest inst))) MFERER S

(if (label-exp? dest) A R B E
(let ((insts (lookup-label labels (label-exp-label dest))))
(lambda ()
(if (get-contents flag) < R4 flag MifEek
(set-contents! pc insts) MR pe

(advance-pc pc))))
(error "Bad BRANCH instruction -- ASSEMBLE" inst))))

(define (branch-dest branch-instruction)
(cadr branch-instruction))

HER: HE goto 84 UL AHFFLSEE:, branch A8
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PATIERE: goto
m goto WIRFERIE M BFE M BV e s 5 T Faid, 4alits

(define (make-goto inst machine labels pc)

(let ((dest (goto-dest inst))) BARE, BHEREAE
(cond ((label-exp? dest) — E nY >y N
(et ((insts XEAY REA BB R A

(lookup-label labels (label-exp-label dest))))
(lambda () (set-contents! pc insts))))

((register-exp? dest)<—— A HEEBRMNELF

(let ((reg AR FR 15 L
(get-register machine (register-exp-reg dest))))
(lambda () (set-contents! pc (get-contents req)))))
(else (error
"Bad GOTO instruction -- ASSEMBLE" inst)))))

(define (goto-dest goto-instruction)
(cadr goto-instruction))
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HATIEFE: save Fl restore
B X RIERE R T AR, FHRHr pc

(define (make-save inst machine stack pc)
(let ((reg (get-register machine (stack-inst-reg-name inst))))
(lambda ()
(push stack (get-contents req))
(advance-pc pc))))

(define (make-restore inst machine stack pc)
(let ((reg (get-register machine (stack-inst-reg-name inst))))
(lambda ()
(set-contents! reg (pop stack))
(advance-pc pc))))

(define (stack-inst-reg-name stack-instruction)
(cadr stack-instruction))
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m HABIE S HHATH make-perform 4bH, BAEBMHENBITIRE, L
BRI AT AE NS VE HF BB BT pe:

(define (make-perform inst machine labels operations pc)
(let ((action (perform-action inst)))

(if (operation-exp? action) ﬁﬁ%&%%
(let ((action-proc NPT

(make-operation-exp
action machine labels operations)))
(lambda ()
(action-proc)
(advance-pc pc)))
(error "Bad PERFORM instruction -- ASSEMBLE" inst))))

(define (perform-action inst) (cdr inst))

PR A R 2014611 (1)

22N

WAT: TRIEA

m ZIE4 E P make-operation-exp, HAAHEM reg. label B
const MIE, #EEARRENX, HNPITITE:

(define (make-primitive-exp exp machine labels)
(cond ((constant-exp? exp)

(let ((c (constant-exp-value exp)))
(lambda () c)))

((label-exp? exp)

(let ((insts (lookup-label labels (label-exp-label exp))))
(lambda () insts))) ; AR SBMEIRSRF —MLE

((register-exp? exp)

(let ((r (get-register machine (register-exp-reg exp))))
(lambda () (get-contents r))))

(else (error "Unknown expression type -- ASSEMBLE" exp))))

BEARIAARITELILLE:

(define (register-exp? exp) (tagged-list? exp 'reg))
(define (register-exp-reg exp) (cadr exp))

(define (constant-exp? exp) (tagged-list? exp 'const))
(define (constant-exp-value exp) (cadr exp))

(define (label-exp? exp) (tagged-list? exp 'label))
(define (label-exp-label exp) (cadr exp))
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PAT: FRER
m assign. perform il test 54 MPAT I EHIGVLZERAIEN H THAEX
% (reg RiZAXE const RIAK) , XFEREMHPATIERE

(define (make-operation-exp exp machine labels operations)
(let ((op (lookup-prim (operation-exp-op exp) operations))

(aprocs
(map (Iamwpfzz-primitive-exp e machine labels))
(operation-ex erands exp))))

(lambda () NN RN R E
(apply op (map W B— MAT LR
EIVAZ 7SN S A B AERT S HI3A,
. . TR, /2N
(define (operanon-exp? exp) A TS
(and (pair? exp) (tagged-list? (car exp) 'op))) Ve B BT S

(define (operation-exp-op operation-exp)
(cadr (car operation-exp)))

(define (operation-exp-operands operation-exp)
(cdr operation-exp))
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PAT: TRIEA
n FERUPFERIEN, HRELBIINSHRIERERR:

(define (lookup-prim symbol operations)
(let ((val (assoc symbol operations)))
(if val
(cadr val)
(error "Unknown operation -- ASSEMBLE" symbol))))

HE: RIMENNE Scheme i$72, T)EH apply MAE
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m SERRARIAT ARG UE BT & MCHLAS R IEME, R CAEEH LR

ATAGS R PR — 2 W EAES . Bl RERBERREE, A
HRBELSEARY SRR I — M R1E
(list (list 'initialize-stack (lambda () (stack ‘'initialize)))
(list 'print-stack-statistics
(lambda () (stack 'print-statistics))))

B make-stack B, IATHECRIHE S THE RIITIRE:

(define (make-stack)
(let ((s '() (number-pushes 0)
(max-depth 0) (current-depth 0))
(define (push x)

(set! s (cons x s))
(set! number-pushes (+ 1 number-pushes))
(set! current-depth (+ 1 current-depth))
(set! max-depth (max current-depth max-depth))) ;; # FR
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RAHAT

(define (pop)
(if (null? s)
(error "Empty stack -- POP")
(let ((top (car s)))
(set! s (cdr s))
(set! current-depth (- current-depth 1))
top)))
(define (initialize)
(set! s '()) (set! number-pushes 0)
(set! max-depth 0) (set! current-depth 0)
‘done)
(define (print-statistics)
(newline)
(display (list 'total-pushes ='number-pushes
‘maximum-depth ="' max-depth)))
(define (stack message)
(cond ((eq? message 'push) push)
((eq? message 'pop) (pop))
((eg? message 'initialize) (initialize))
((eq? message 'print-statistics) (print-statistics))
(else (error "Unknown request -- STACK" message))))
stack))
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