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Problem 1: Instruction Selection
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instruction:
M«r0+b
r2«r0+c
r3«—r1*r2
rd«r0+a
r5«r4*r3
6 «ri/rj

r7 < M[rk + f]
r8—r7+d
r9«r6+r8
M[r5] < M[r9]

cost:31

Additional explanation:

1. It’s fine to dismiss r0 and add const zero.

2. Instruction must follow the format in effect, like r1 <-r1 + c is not allowed.
3. Directly use i/j/k to represent temp i/j/k is not allowed.

Problem 2: Garbage Collection
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2. (6)
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def malloc(size):
heap_free_space -= size
malloc_total += size;
malloc_speed = malloc_total / (current_time() - last_gc_done_time);
if(heap_free_space / malloc_speed < heap_used_space / GC_speed):
triggerConcurrentGC();
end if
return doMalloc(size);
end def

def startGC():
gc_start_time = current_time();
heap_used_space_before_GC = heap_used_space;
doStartGC();

end def

def doneGC():
malloc_total = 0;
last_gc_done_time = current_time();
GC_speed = heap_used_space_before_GC / (current_time() - gc_start_time)
doDoneGC();
end def




Problem 3: Functional Programming

outmost [
Static Link —
compute Return Address
outmost
outmost
Static Link —
Static Link doCompute Return Address
compute Return Address Static Link
Static Link
""" compute Return Address <
add Return Address
Static Link
doCompute Return Address
) . Static Link
Static Link
""" multiplication Return Address
Static Link doCompute Return Address
add Return Address Static Link
doCompute Return Address
""" Static Link
Static Link
printEnd Return Address Static Link
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compute(8)

|

doCompute(2,8)

|

add(2,8)

|

multiplication(2,8)

doCompute(1,9)

|

add(1,9)

|

multiplication(1,9)

|

doCompute(0,10)

|

printEnd()




Problem 4: Register Allocation

1.

t1<-r1

v

t2 <-r2

v

max <-r3

v

gap <-r4

v

res <-1

v

— jmp L2

res <-res * gap €—

v

r3 <-res

v

call print

v

gap <-gap + 1

v

cmp res, 100

v

jIL3

¥

> cmp gap, max

v

il -

v

r3 <-res

v

call print

v

r2<-t2

v

r<-t1

v

ret
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instr def use in out
tl <- rl tl rl rl, r2,r3, r4 tl, r2,r3,r4
t2 <- r2 t2 r2 tl, r2,r3,r4 t1,t2,r3,r4
max <- r3 max r3 t1,t2,r3, rd t1,t2, max, r4
gap <- r4 gap r4 t1,t2, max, r4 t1,t2, max, gap
res <- 1 res t1,t2, max, gap t1,t2, max, gap, res
jmp L2 t1,t2, max, gap, res t1,t2, max, gap, res
Ll:
res <- res *
res res,gap t1,t2, max, gap, res t1,t2, max, gap, res
gap
r3 <- res r3 res t1,t2, max, gap, res t1,t2, max, gap, res, r3
call print r3,r4 r3 t1,t2, max, gap, res, r3 t1,t2, max, gap, res
gap <- gap + 1 gap gap t1,t2, max, gap, res t1,t2, max, gap, res
cmp res, 100 res t1,t2, max, gap, res t1,t2, max, gap, res
j1 L3 t1,t2, max, gap, res t1,t2, max, gap, res
L2:
cmp gap, max Gap,res?2 t1,t2, max, gap, res t1,t2, max, gap, res
jl L1 t1,t2, max, gap, res t1,t2, max, gap, res
L3:
r3 <- res r3 res t1,t2, res t1,t2, r3
call print r3,r4 r3 t1,t2, r3 t1,t2
r2 <- t2 r2 t2 t1,t2 t1,r2
rl <- tl rl tl t1,r2 rlr2
ret rl,r2 rl,r2
A% B_10 B _7 W







2. Spill 2

3. Spill: Max
Max=(1+10*1)/4
Res=(2+10*4)/4
Gap=(1+10%4)/4
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re

r3

4. Simplify gap(r2), res(rl)

5. Select gap, res

6. Actually spill max, t2, t1

Ll:

L2:

L3:

multiplicative:

tll <- rl

M[tl loc] <- tl1
t21 <- r2

M[t2 loc] <- t21
maxl <- r3

M[loc max] <- maxl

gap <- r4
res <- 1
jmp L2

res <- res * gap
r3 <- res

call print

gap <- gap + 1
cmp res, 100

j1 13

max2 <- M[loc_max]
cmp gap, max2

j1 11

r3 <- res
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call print

t22 <- M[loc_t2]

r2 <- t22
t12 <- M[loc_t1]
rl <- tl2
ret

7. Def-use
instr def use in out
tll <-rl t11 rl rl, r2, r3, r4 ti1, r2,r3,r4
M]t1_loc] <- t11 t11 t11, r2,r3,r4 r2, r3, r4
21 <-r2 t21 r2 r2, r3, r4 t21,r3, r4
M]t2 loc] <- t21 t21 r21, r3, r4 r3, r4
Max1 <-r3 max1 r3 r3, r4 maxl, r4
M[max] <- max1 max1 maxl1, r4 r4
gap <-r4 gap r4 r4 gap
res <- 1 res gap gap, res
jmp L2 gap, res gap, res
L1:
res <- res * gap res res,gap gap, res gap, res
r3 <-res r3 res gap, res gap, res,r3
call print r3,r4 r3 gap, res,r3 gap, res
gap <-gap +1 gap gap gap, res gap, res
cmp res, 100 res gap, res gap, res
jlL3 gap, res gap, res
L2:
max2 <- M[loc_max] max2 gap, res gap, res,max2
cmp gap, max2 gap,max2 gap, res,max2 gap, res
jlL1 gap, res gap, res
L3:
r3 <-res r3 res res r3
call print r3,r4 r3 r3
t22 <- M[loc_t2] 22 22
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r2 <-t22 r2 t22 t22 r2
t12 <- MJloc_t1] t12 r2 r2, t12
rl <-t12 rl t12 r2, t12 rl,r2
ret rl,r2 rl,r2
8. Graph
21
r2
........................ 122
max1
r3
max2

9. Coalesce t22 ->r2
10. Coalesce t12 ->r1
11. Coalesce t21-> r2
12. Coalesce t11 ->r1

13. Coalesce max1 ->r3

14. Select res -> r2
15. Select gap -> r1
16. Select max2 -> r4
17.

res

multiplicative:

rl <- r4

M[tl loc] <- rl
M[t2 loc] <- r2
M[loc max] <- r3
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r2 <-1
jmp L2

L1l:
r2 <- r2 * ril
r3 <- r2
call print
rl <-rl +1
cmp r2, 100
jl L3

L2:
r4 <- M[loc_max]
cmp rl, r4
jl1 11

L3:
r3 <- r2
call print
r2 <- M[loc_t2]
rl <- M[loc_tl]
ret

Note that there can't apply Coalesce Rule at the very begin of RA. Because YOU SHOULD NOT coalesce a
physical reg to a temp reg. (but you can coalesce a temp reg to a physical reg).
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任柏俊
Typewriter
Note that there can't apply Coalesce Rule at the very begin of RA. Because YOU SHOULD NOT coalesce a physical reg to a temp reg. (but you can coalesce a temp reg to a physical reg).






