Exercises 14 (Run-time organization) - Solutions

14A (Data representation)

The types of Exercise 2B might be represented as follows:

(@)

Suit

[ ]

Card

Turn
(b)
A
A
B
B
C
C
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00000000 for
00000001 for
00000010 for
00000011 for

rank

suit

00000000 for
00000001 for

card.rank

card.rank
opt

f
i

class tag

b
class tag

C
b
class tag

CLUB
DIAMOND
HEART
CSPADE

Hand

PASS
PLAY
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}component n-1

component 1

}component 0
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14B (Global and local storage allocation)

Allocation of storage to the local variables of the C programs in Exercise 9A:

(a ——callf return >
i
f
n
ret.addr.
dyn.link
r r r
(b) call £(3) call £(2) call £ (1) ————return——»
1 n
2 |n 2 |n 2 |n
3 |n 3 |n 3 |n 3 |n
r r r r r
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14C (Global, local, and heap storage allocation)

Allocation of storage to the local and heap variables of the Java program in Exercise

9B:
—callmain () ns=new — calladd(6) ... calladd(5)——
IntList () and retiirn and retiirn
e |ns e |ns _» |ns ~—2 |ns 2 _|ns
5 \
[ ]
9
2
b\
° k} r'> 4
call rem (9) call rem (6) main() —
and return and return returns
=2 |ns _»8 |ns _® |ns
[ ] [ ]
5 \ 5 5
[ ] [ ] [ ]
9 9 9
2 2 2
[ ] [ ] [ ]
\E WE WE
e d d

14D (Garbage collection)

In a copying or generational garbage collector, pointers to moved heap variables could
be redirected as follows.

Immediately after a heap variable v is copied to another space, mark the original copy
of v and store a “forwarding address” in it. Whenever a marked heap variable v is
accessed through a pointer p, simply replace p by the forwarding address.
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Exercises 15 (Native code generation) - Solutions

15A (Register allocation)
Basic block, live variables, and possible register allocation:

b« atl b

t1 < bxb il t1
c—tl-1 c i
d<«—a-—c v ¢ d

b «— d+7 !

{2 « bx2 ! t2
return t2 I

rl r2 r2 r2 r2 rl

15B (Code selection)
(@) IR tree for C statement “d =1 — 1;”:

move

mem —
+ mem const
|—|—| l 1
reg | iconst +
fp 8 [
reg | iconst
fp 12

One way to cover the IR tree:

_________________

mem| | E
+ ; .: mem E ‘.consti
Lt A A I O
reg |!/const, .: + i ______
fo |Il 8 || ;1_|_| :
reg Econsti
fp || 12 |

______

Corresponding Jouette object code:

LOAD rl1,12(fp)
SUBI «rl1,rl1,1
STORE rl, 8 (fp)

(b) IR tree for C statement “d=a[i] —a[l];"™:
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move

mem _
| I
+ mem mem
reg | iconst + +

fp 8 [ I___l___I

mem X mem| const
I — | L
const |const mem const
16 | | 4 | 16
+
reg | [const
fp 12
One way to cover the IR tree:
E move E
1 | !
D s ' JRN
i mem| | I
! | : ikl Rl
: ! S B R e
Lot ! ' mem | ' Imem
reg |iconst ! Core] E +

______

Fe

[ reg | [const !
Jofp |12 |

Corresponding Jouette object code:

LOAD «rl1,16(x0)
ADDI r2,r0,4
LOAD r3,12 (fp)
MUL r2,r2,r3
ADD rl,rl,r2
LOAD 1rl1,0(rl)
LOAD r2,16(x0)
LOAD «r2,4(r2)
SUB rl,rl,r2
STORE r2,8 (fp)
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