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Exer cise 4.2: R egist er al locat ion using graph colour ing

Sample solut ions

Exercise 4.1: Regist er allocat ion using graph colour ing, simple example
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(a) Interference graph (b) After colouring

Code after register allocat ion:

S1: A = 100 R1 = 100

S2: B = 200 R2 = 200

S3: C = A + B R3 = R1 + R2

S4: D = A * 2 R1 = R1 * 2

S5: E = B * 2 R2 = R2 * 2

S6: F = D - C R1 = R1 - R3

S7: G = E + F R1 = R2 + R1

Exercise 4.2: Regist er allocat ion using graph colour ing, r eal example

1. Assuming a simple machine with sufficient general-purpose registers, write down st raight forward

assembly code for procedure P.

( i coexi st s wi t h ever yt hi ng

j coexi st s wi t h ever yt hi ng

k coexi st s wi t h ever yt hi ng)

t 1 coexi st s wi t h ever yt hi ng

t 2 coexi st s wi t h t 1 ( and i , j , k but asked t o i gnor e t hem) .

t 3 coexi st s wi t h t 1, t mp, t 4, t 5, t 6

t mp coexi st s wi t h t 1, t 3, t 4, t 5, t 6

t 4 coexi st s wi t h t 1, t mp, t 3

t 5 coexi st s wi t h t 1, t 6, t 3, t mp

t 6 coexi st s wi t h t 1, t 3, t mp, t 5

2. This can be coloured with five registers, e.g.

R0: t 1

R1: t 2, t 3

R2: t 4, t 5

R3: t 6

R4: t mp

(you also need registers for i, j and k).
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t1
t2

t3

t4

t5

t6

tmp

t1 := size-1
k := 0

L1:
cmp k,t1
bgt End
t2 := Address(A)+i
t3 := t2+k
tmp := LoadIndirect(t3)
t4 := Address(A)+j
t5 := t4+k
t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1
jmp L1

End:

(i coexists with everything
j coexists with everything
k coexists with everything)

t1 coexists with everything

t2 coexists with t1
(and i,j,k but asked to ignore them).

t3 coexists with t1,tmp,t4,t5,t6
tmp coexists with t1,t3,t4,t5,t6
t4 coexists with t1,tmp,t3
t5 coexists with t1,t6,t3,tmp
t6 coexists with t1,t3,tmp,t5



t1
t2

t3

t4

t5

t6

tmp

t1 := size-1
k := 0

L1:
cmp k,t1
bgt End
t2 := Address(A)+i
t3 := t2+k
tmp := LoadIndirect(t3)
t4 := Address(A)+j
t5 := t4+k
t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1
jmp L1

End:

(i coexists with everything
j coexists with everything
k coexists with everything)

t1 coexists with everything

t2 coexists with t1
(and i,j,k but asked to ignore them).

t3 coexists with t1,tmp,t4,t5,t6
tmp coexists with t1,t3,t4,t5,t6
t4 coexists with t1,tmp,t3
t5 coexists with t1,t6,t3,tmp
t6 coexists with t1,t3,tmp,t5



t1
t2

t3

t4

t5

t6

tmp

R0: t1
R1: t2, t3
R2: t4, t5
R3: t6
R4: tmp

t1 := size-1
k := 0

L1:
cmp k,t1
bgt End
t2 := Address(A)+i
t3 := t2+k
tmp := LoadIndirect(t3)
t4 := Address(A)+j
t5 := t4+k
t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1
jmp L1

End:



t1
t2

t3

t4

t5

t6

tmp

R0: t1
R1: t2, t3
R2: t4, t5
R3: t6
R4: tmp
R5: i
R6: j
R7: k

t1 := size-1
k := 0

L1:
cmp k,t1
bgt End
t2 := Address(A)+i
t3 := t2+k
tmp := LoadIndirect(t3)
t4 := Address(A)+j
t5 := t4+k
t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1
jmp L1

End:



t1
t2

t3

t4

t5

t6

tmp

R0: t1
R1: t2, t3
R2: t4, t5
R3: t6
R4: tmp
R5: i
R6: j
R7: k

t1 := size-1
k := 0

L1:
cmp k,t1
bgt End
t2 := Address(A)+i
t3 := t2+k
tmp := LoadIndirect(t3)
t4 := Address(A)+j
t5 := t4+k
t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1
jmp L1

End: t2 and t3 can share a register as their 
live ranges about but do not overlap



t1
t2

t3

t4

t5

t6

tmp

R0: t1
R1: t2, t3
R2: t4, t5
R3: t6
R4: tmp
R5: i
R6: j
R7: k

t1 := size-1
k := 0

L1:
cmp k,t1
bgt End
t2 := Address(A)+i
t3 := t2+k
tmp := LoadIndirect(t3)
t4 := Address(A)+j
t5 := t4+k
t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1
jmp L1

End: t4 and t5 can share a register as their 
live ranges about but do not overlap



t1
t2

t3

t4

t5

t6

tmp

R0: t1
R1: t2, t3
R2: t4, t5
R3: t6
R4: tmp
R5: i
R6: j
R7: k

R0 := size-1
R7 := 0

L1:
cmp R7,R0
bgt End
R1 := Address(A)+R5
R1 := R1+R7
R4 := LoadIndirect(R1)
R2 := Address(A)+R6
R2 := R2+k
R3 := LoadIndirect(R2)
StoreIndirect(R3, R1)
StoreIndirect(R4, R2)
R7 := R7+1
jmp L1

End: t2 and t3 can share a register as their 
live ranges about but do not overlap



t1
t2

t3

t4

t5

t6

tmp

R0: t1
R1: t3
R2: t5
R3: t2, t4, t6
R4: tmp
R5: I
R6: j
R7: k

t1 := size-1
k := 0

L1:
cmp k,t1
bgt End
t2 := Address(A)+i
t3 := t2+k
tmp := LoadIndirect(t3)
t4 := Address(A)+j
t5 := t4+k
t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1
jmp L1

End: Other colourings are possible



t1
t2

t3

t4

t5

t6

tmp

R0: t1
R1: t3
R2: t5
R3: t2, t4, t6
R4: tmp
R5: i
R6: j
R7: k

R0 := size-1
k := 0

L1:
cmp R7,R0
bgt End
R3 := Address(A)+R5
R1 := R3+R7
tmp := LoadIndirect(R1)
R3 := Address(A)+R6
R2 := R3+k
R3 := LoadIndirect(R2)
StoreIndirect(R3, R1)
StoreIndirect(tmp, R2)
R7 := R7+1
jmp L1

End: Other colourings are possible



But the number of registers needed can be lower than that!
In this code from the Microsoft MSVC compiler, 

5 registers are used: edx, eax, ecx, esi, edi
How did they do it?



But the number of registers needed can be lower than that!
In this code from the Microsoft MSVC compiler for ARM:

5 registers are used: r0, r1, r2, r3, r4
How did they do it?
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