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(1 coexists with everything
o« — 1 _ j coexists with everything
tl size-1 k coexists with everything)
* t1l coexists with everything
) t2 coexists with t1
Cmp k_, tl (and i,j,k but asked to ignore them).
t3 coexists with t1,tmp,t4,t5,t6
bgt End tmp coexists with t1,t3,t4,t5,t6
t2 . _ Add A . t4 coexists with t1,tmp,t3
.= ress( )"‘1 t5 coexists with t1,t6,t3,tmp
.t3 .« t2+k t6 coexists with t1,t3,tmp,t5

tmp := LoadIndirect(t3)
t4 := Address(A)+]

t5 = t4+k

t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1

jmp L1

End:



(1 coexists with everything
o« — 1 _ j coexists with everything
tl size-1 k coexists with everything)
* t1l coexists with everything
) t2 coexists with t1
Cmp k, tl (and i,j,k but asked to ignore them).
t3 coexists with t1,tmp,t4,t5,t6
bgt End tmp coexists with t1,t3,t4,t5,t6
t2 . _ Add A . t4 coexists with t1,tmp,t3
.= I"ESS( )"‘1 t5 coexists with t1,t6,t3,tmp
.t3 .« t2+k t6 coexists with t1,t3,tmp,t5

tmp := LoadIndirect(t3)
t4 := Address(A)+]

t5 = t4+k

t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1

jmp L1

End:



L1:

End:

tl := size-1
k := 0

cmp k,tl

bgt End

t2 := Address(A)+1i

t3 := t2+k

tmp := LoadIndirect(t3)
t4 := Address(A)+]

t5 = t4+k

t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1

jmp L1

: tl
R1:t2, t3
R2:t4, 15
R3:t6
R4: tmp




L1:

End:

tl := size-1
k := 0

cmp k,tl

bgt End

t2 := Address(A)+1i

t3 := t2+k

tmp := LoadIndirect(t3)
t4 := Address(A)+]

t5 = t4+k

t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1

jmp L1
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L1:

End:

tl := size-1
k := 0

cmp k,tl

bgt End

t2 := Address(A)+1i

t3 = t2+k

tmp := LoadIndirect(t3)
t4 := Address(A)+]

t5 = t4+k

t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1

jmp L1

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

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



L1:

End:

tl := size-1
k := 0

cmp k,tl

bgt End

t2 := Address(A)+1i

t3 := t2+k

tmp := LoadIndirect(t3)
t4 := Address(A)+]

t5 := t4+k

t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1

jmp L1

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

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



L1:

End:

RO
R7

cmp
bgt
R1
R1
R4
R2
R2
R3

Stor

= size-1
=0

R7,R0
End

:= Address(A)+R5

:= R1+R7

:= LoadIndirect(R1)
:= Address(A)+R6

:= R2+k

:= LoadIndirect(R2)

eIndirect(R3, R1)

StoreIndirect(R4, R2)
:= R7+1
jmp L1

R7

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

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



L1:

End:

tl := size-1
k := 0

cmp k,tl

bgt End

t2 := Address(A)+1i

t3 := t2+k

tmp := LoadIndirect(t3)
t4 := Address(A)+]

t5 = t4+k

t6 := LoadIndirect(t5)
StoreIndirect(t6, t3)
StoreIndirect(tmp, t5)
k := k+1

jmp L1

RO: t1

R1: 13

R2: 15
R3:t2, t4, t6
R4: tmp

Other colourings are possible



RO: t1

E@:==651ze-1 o1 13
I I R2: t5

cmp R7,R0 R3:t2, t4, t6

bgt End R4: tmp

R3 := Address(A)+R5 R5:i

R1 := R3+R7 R6: |

tmp := LoadIndirect(R1) R7: k
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
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urce #1 X

8 4+~ v £ » C++ v x86 msvc v19.14 (WINE) ¥ &  /Ox
1 =l A & Output..> Y Filter..~ B Libraries < Add new...~
2 int A[1000]; 1 int * A DD
3 2
4 void P(int i, int j) 3 _i¢$ =38
5 { 8 9% = 1D
6 int k, tmp; 5 void P(int,int) PROC
74 6 mov eax,
8 for (k=0; k<100; k++) { 7 push esi
9 tmp = A[i+k]; il 8 push edi
10 Ali+k] = A[j+k]; 9 mov edi,
14 A[j+k] = tmp; 10 lea esi,
12 } 11 mov eax,
13 12 lea eax,
14 13 npad 3
14 $LL8@P:
15 mov edx,
16 lea eax,
17 mov ecx,
18 lea esi,
19 mov
20 mov
21 sub edi,
22 jne
23 pop edi
24 pop esi
25 ret 0

19.14 (WINE) (Editor #1, (

mpiler #1) C++

X

©3e8H DUP (?)

¢ Add tool... ¥

DWORD

100

DWORD
DWORD
DWORD

DWORD
DWORD
DWORD
DWORD

PTR

PTR
PTR
PTR

PTR
PTR
PTR
PTR

yisize: = 4

2

_J$[esp-4]

; 00000064H
int * A[eax*4]
_i%$[esp+4]
int * A[eax*4]

[eax]
[eax+4]
[esi]
[esi+4]

DWORD PTR [eax-4], ecx
DWORD PTR [esi-4], edx

1l

SHORT $LL8@P

26 void P(int,int) ENDP

; size = 4

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?
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Q@ /ox

-3+ v £ @ c - ARM msve v19.0 (WINE) ~
1 A~ ®@output.~ YFilter.~ B Libraries 4 Add new..~ o Addtool..~
2 int A[1ee00]; 1 |int * A| % oxfae
3 2
4 void P(int i, int j) 3 |void P(int,int)| PROC
5 { 4 push {r4,1r}
6 int k, tmp; 5 |$M14|
7 6 movw r3, |int * A|
8 for (k=0; k<100; k++) { 7 movt r3, int * A]
9 tmp = A[i+k]; ] 8 movs r4,#0x64
10 Al[i+k] = A[j+k]; 9 add ri,r3,rl,1sl #2
11 A[j+k] = tmp; 10 add re,r3,re,1sl #2
12 } 11 |$LL8@P|
13 } 12 ldr r2,[re],#4
14 13 ldr r3,[rl],#4
14 subs r4,rd,#1
15 str r3,[re,#-4]
16 str r2,[rl,#-4]
17 bne | $LL8@P |
18 |$M13]|
19 pop {r4,pc}
20 | $M15|
21
22 ENDP ; |void P(int,int)|, P
A B Outnot 11/ ARM msve v19.0 (WINE) § d (10368

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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