Compiler
2019 Fall Final Examination Solution

Name Student No. Score
Problem 1: Type Checking (16 points)

¥: ABM BEH Type Checking BHRAEFHR T EEINTF, BHAERE—FHK.
1.

E0 = {n->int}

El = EO + {output->string, tl->number, t2->number,
nextTerm->number}

E2 = E1 + {tmp->int}

E3 = E1 + {i->int}
E4 = E3 + {output->int}
VE:

ORREEFQZERHE, KENFFELITES.

@_LH A number FIZRAEIM PLA int REA, ERKIERALL, FH int F2KE
AEEA number KRR

®environment BEAI UL R BREIRZALKIER S, AT DU BTE KIS E S KiK.

Line 1: EO
Line 3-8: E1l1
Line 14-17: E2
Line 31: E3

Line 33: El1
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Problem 2: Static Link and Escape Calculation (30 points)

#: A %M BHEN Static Link and Escape Calculation @ H REA#ZTME
J6iF, BEHARR—FER.

1.
outermost outermost outermost
Access Link Access Link Access Link =
nQueens :—| nQueens :—| nQueens 4—‘
Access Link -t Access Link Access Link -t
Access Link Access Link Access Link
try printBoard printBoard
Access Link Access Link Access Link
printSquare
Access Link
2.
outermost outermost outermost
saved d[0] saved d[0] saved d[0]
d[o] / nQueens d[o] nQueens d[o] —/ nQueens
d[1] - saved d[1] d[1] saved d[1] d[1] saved d[1]
d[2] try d[2] try d[2] try
saved d[2] saved d[2] saved d[2]
try ) printBoard ) printBoard )
saved d[2] saved d[2] saved d[2]
printSquare
saved d[1]
3.
Variable Escape(Y/N) | Your Reason
maxN (Line 4) N B BB R ), T LR A R R S,
RETRN B A7 A o
emptySymbol(Line 5) |Y TR R AR B R ) A AR I FRE, EAR AT AR
WA AT, (HHE printSquare B&H5
qgueenSymbol(Line 9) | N TP R RIR M AT B RS, R TR
i 1a]
col(Line 17) Y col TEX M L 2IEMMARTIEE, RAR

NERESEFERP, B2 printBoard 1 try

i,
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Problem 3: Garbage Collection (20 points)
¥¥: A¥%H B #M Garbage Collection B H KR —FEH.
1.

R BN, BIERREE R,

R WMRAHOZRBAENERK, SSBAHFENEL, overhead fRK, AR
I E R BeFH — - AR

2.

xiis AR, BTN, XA IEERRTE E A E & 16 W R B R —
PWFFHAEAL .

3.

&, T RSB K TAE, TIhok ERCRZ TR, BRI B2 B iSRS
B

From-space Root To-space From-space Root To-space
A A c A c
B - B
E E
C C
D
D D
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Problem 4: Register Allocation (34 points)

E: BEME A EBRREE r0->r5, rl,r2 5 r3,r4 B,
1.

t2 <-r4

L

add tmp, r0
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2.

instr def use in out

t1 <-r3 tl r3 rl,r2,r3,r4 rl,r2,r4,tl
t2 <-r4 t2 r4d rl,r2,r4,tl rl,r2,tl,t2
X <-rl rl rl,r2,tl,t2 r2,x,tl,t2

y <-r2 r2 r2,x,tl,t2 x,y,tl,t2

ri <-vy rl v X,y,tl,t2 rl,x,tl,t2
call Q r0,rl, r2 rl rl,x,tl,t2 r0,x,tl,t2
tmp <-r0 tmp r0 r0,x,tl,t2 tmp,x,tl,t2
rl <-x rl X tmp, x,tl,t2 tmp,rl,tl,t2
call Q r0,rl, r2 rl tmp,rl,tl,t2 | tmp, r0,tl, t2
add tmp, r0 r0 tmp, r0 tmp,r0,tl,t2 | r0,tl,t2

3 <-ti r3 tl r0,tl,t2 r0,r3,t2

r4 <-t2 r4 t2 r0,r3,t2 r0,r3,r4

ret r0,r3,r4 r0,r3,r4

3.
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4.
43y, r2 (George)

%% r0,rl,r3,r4

EH t1

B t2

fEifk x

ﬁﬁﬂﬁtmp

BHRSEHIE, t1, 2 BAEEREEH

(THZPBAER 3, t4a BOIFHENZEER, EEE t1, t2 BRRAFHEIER)
SECARZER, EERS:

t3 <-r3
M[t1] <- t3
t4 <-r4
M[t2] <- t4
X <-rl

y <-r2
ri<-y
call Q

tmp <-r0
ri <-x
call Q

add tmp, r0

t3 <- M[t1]
r3 <-t3

t4 <- M[t2]
r4 <-t4
ret

instr

def

use

in

out

t3 <-r3

£3

r3

rl,r2,r3,r4

rl,r2,r4,t3

M[t1] <- t3

£3

rl,r2,r4,t3

rl,r2,r4

t4 <-r4

t4

rd

rl,r2,r4

rl,r2,t4

M[t2] <- t4

t4

rl,r2,t4

rl,r2

X <-rl

rl

rl,r2

r2,x

y <-r2

r2

r2,x

X,y

ri<-y

rl

X,y

rl,x

call Q

r0,rl, r2

rl

rl,x

r0, x

tmp <-r0

tmp

r0

r0, x

tmp, X

ri <-x

rl

tmp, X

tmp, rl

call Q

r0,rl, r2

rl

tmp, rl

tmp, r0
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add tmp, r0 r0 tmp, r0 tmp, r0 r0

t3 <- M[t1] t3 r0 r0,t3

r3 <-t3 r3 t3 r0,t3 r0,r3

t4 <- M[t2] t4 r0, r3 r0,r3,t4
r4 <-t4 r4 t4 r0,r3,t4 r0,r3,r4
ret r0,r3,r4 r0,r3,r4
EHFHEHRENT:

43 t3, r3 (George)

43 t4, r4 (George)

&3y, r2 (George)

PR AR50 2N Z M), AT DATHER

fﬁﬂﬁ tmp
f&i4b x

43BC r3 45 tmp, r4d A x

Rtapith, EERSHERESREEES, FRUOT:

M[t1] <-r3
M[t2] <-r4
r4 <-ri

ri <-r2
call Q

r3 <-ro0

ri <-r4
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call Q

add r3, r0
r3 <- M[t1]
r4 <- M[t2]
ret
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