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Outline of the talk Q
« Loop from compiler perspective




Loop from compiler perspective

for (i = s; 1 < b; 1i++)

statements (1) ;



Loop from compiler perspective

for (1 = s; 1 < b; 1i++) if (s < b) {
statements (1) ; i = s;
do {

statements (1) ;
i++;

} while (i < b);



Loop from compiler perspective

for (1 = s; 1 < b; 1i++) bool cond = s < b;
statements (i) ; if (!cond) goto LBB_EXIT;
1 = s;
LBB HEAD:
statements (1) ;
++1;
bool cond = 1 < b;

if (cond) goto LBB HEAD;

LBB EXIT:



Loop from compiler perspective

bool cond = s < Db;

loop guard
1f (!cond) goto LBB EXIT;
prologue L= 8
: head LBB HEAD:
statements (1) ;
loop body < ++1;
bool cond = 1 < b;
_ back edge < if (cond) goto LBB HEAD;

LBB EXIT:



Loop payload and administration overhead

for (1 = s; 1 < b; 1i++) bool cond = s < b;
statements (i) ; if (!cond) goto LBB_EXIT;
1 = s;
LBB HEAD:
statements (1) ;
++1;
bool cond = 1 < b;

if (cond) goto LBB HEAD;

LBB EXIT:



Loop payload and administration overhead

for (1 = s; 1 < b; 1t+) bool cond =
i |
statements (i) ; if (!cond)
i = s;
LBB HEAD:
statements (
payload
++1;

bool cond =
1if (cond) g

LBB EXIT:

s < by

goto LBB EXIT;

i)

i< b;

oto LBB HEAD;
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Loop payload and administration overhead

for ; ; )

statements (1) ;

LBB HEAD:

statements (1) ;

payload

LBB EXIT:
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Loop payload and administration overhead

for ; ; )

statements (1) ;

LBB HEAD:

statements (1) ;

payload

1109
L unrot LBB EXIT:
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Examples. Loop

int sum(int *a, int n) { A~ @Output.~ YFilter..~ B Libraries + Addnew..> 4 Addtool..~
int x = 0; 1 sum(int*, int):
for (Int i = test esi,
x += a[il; jle  .l4
return x; movsx esi
lea rdx, [rdi+rsi*4]
xor eax

add DWORD PTR [rdi]
add 4

cmp rdx

jne

BEE

2
3
4
5
6
7
8
9

e el e
b wN RO




Examples. Loop

TEST - Logical Compare

Computes the bitwise logical AND of the first
operand and the second operand and sets the
SF, ZF, and PF status flags.

A~

& Output..~ WFilter..~ B Libraries + Addnew..> ” Add tool..~

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

sum(int*, dint):

test

esi,

jle
MOV SX
lea
xor

add
add
cmp
jne
ret

esi
rdx, [rdi+rsi*4]
eax

DWORD PTR [rdi]
4
rdx




Examples. Loop

N A~ ROutput.~ Filter..~ B Libraries + Addnew..> o” Add tool...~
JLE - Conditional Jump 1 SURCINEE, ARE):
test esi,
jle =L4
movsx es:
lea rdx, [rdi+rsi*4]

xor eax

Jump to the destination if one or more of the
status flags is set (... ZF ...).

add DWORD PTR [rdi]
add

cmp 1, ndX

jne

BEE

2
3
4
5
6
7
8
9

e el el =
ubh wNn RO




Examples. Loop

LEA - Load Effective Address

Computes the effective address of the second
operand and stores it in the first operand.

A~

& Output..~ WFilter..~ B Libraries + Addnew..> ” Add tool..~

1

2
3
4
5
6
7
8
9

e el el =
ubh wNn RO

sum(int*, int):

test esi,

jle -L4

MOV SX esi

lea rdx, [rdi+rsi*4]
xor eax

add DWORD PTR [rdi]
add

cmp 1, ndX

jne

BEE




Examples. Loop

XOR

Performs a bitwise XOR operation on the first
and second operands and stores the result in
the first operan.

A~

& Output..~ WFilter..~ B Libraries + Addnew..> ” Add tool..~

1

2
3
4
5
6
7
8
9

e el el =
ubh wNn RO

sum(int*, int):

test esi,

jle =L4

movsx esi

lea rdx, [rdi+rsi*4]
xor eax

add DWORD PTR [rdi]
add

cmp 1, ndX

jne

BEE




Examples. Loop

int sum(int *a, int n) { A~ @Output.~ YFilter..~ B Libraries + Addnew..> 4 Addtool..~
int x = 0; 1 sum(int*, int):
for (Int i = test esi,
x += a[il; jle  .l4
return x; movsx esi
lea rdx, [rdi+rsi*4]
xor eax

add DWORD PTR [rdi]
add 4

cmp rdx

jne

BEE

2
3
4
5
6
7
8
9

e el e
b wN RO




Examples. Loop

int Sum( int *a 5 int n ) { A~ ROutput.~ Filter..~ B Libraries + Addnew..> o” Add tool...~
sum(int*, int):

test i i
loo uard
[jle L4 ] P9

1 MESXE—N0

for (Int i =
X += a[i];

return Xx;

1

2

3

4 movsx esi

5 lea [rdi+rsi*4]
6

7

8

9

xor eax

add DWORD PTR [rdi]
add 4

10 cmp rdx

1. jne

12 BEE

13

14

15




Examples. Loop

int Sum( int *a 5 int n ) { A~ ROutput.~ Filter..~ B Libraries + Addnew..> o” Add tool...~
sum(int*, int):

test i i
loo uard
[jle L4 ] P9

1 MESXE—N0

for (Int i =
X += a[i];

return Xx;

1
2
3
4 MOV SX esi

5 lea [rdi+rsi*4] prologue
6

7

8

9

xor eax

add DWORD PTR [rdi]
add 4

10 cmp rdx

1. jne

12 BEE

13

14

15




Examples. Loop

int Sum( int *a 'y int n ) { A~ ROutput.~ Filter..~ B Libraries + Addnew..> o” Add tool...~
sum(int*, int):

test i i
loo uard
[jle L4 ] P9

1 MESXE—N0

for (Int i =
X += a[i];

return Xx;

1

2

3

4 MOV SX esi

5 lea [rdi+rsi*4] prologue
6

7

8

9

xor eax

add DWORD PTR [rdi]

add 4 iteration
10 cmp rdx check
11 jne .L3 back edge
12 ret
13
14
15




Examples. Loop

int sum(int *a, int n) { A~ @Output.~ YFilter..~ B Libraries + Addnew..> 4 Addtool..~
1 sum(int*, int):

2 [ test esi, esi

3 | jle

4 ( movsx esi

5 lea rdx, [rdi+rsi*4] prologue
6 eax

7

8

9

1 MESXE—N0

for (Int i =
X += a[i];

return Xx;

] loop guard

kXOI"

~

add DWORD PTR [rdi] payload

 add iteration
10 cmp check

i b L jne .L3 back edge
12 ret

13

14

15




Outline of the talk Q
« Loop unrolling basics




Loop unrolling

for

(i = s; 1 < b; 1 += 4)
statements (1) ;
statements (i + 1);
statements (1 + 2);

statements (1 + 3);

{

24



Loop unrolling

for

(1 = s; 1 < b;

statements (1) ;

i += 4)

statements (i + 1);

statements (1 + 2);

statements (1 + 3);

{

N jumps /= 4

N checks /= 4

25



Loop unrolling

for (i = s; 1 < b; 1 += 4) { N jumps /= 4
statements (1) ; N checks /= 4
statements (i + 1);
statements (1 + 2);

statements (i + 3); (b - s) $4 ==07



Prolog + epilogue loop

b’ =b - (b -35s) % 4;

for (1 = s; 1 < b’; 1 += 4)
statements (1) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (i = b’; 1 < b; i++)

statements (1) ;

{

Overhead:

27



Prolog + epilogue loop

for (i = b’; 1 < b; i++)

statements (1) ;

Overhead:

e Fpilogue

(remainder)

loop

28



Prolog + epilogue loop

29



Prolog + epilogue loop

o
I
o
|
5
|
0)]
o°

4; Overhead:

® Calculate Db’

vl = b - s

v2 = vl % 4

b’ = b - v2

30



Prolog + epilogue loop

o
I
o
|
5
|
0)]
o°

4; Overhead:

® Calculate Db’

vl)= b - s

v2)=(vl)% 4

b’ = b - v2

31



Prolog + epilogue loop

o
I
o
|
5
|
0)]
o°

4; Overhead:

® Calculate Db’

vl = b - s

v2 = vl % 4

b’ = b - v2

32



Prolog + epilogue loop

e V1 % UNROLLED STEP 1is Overhead:
expensive in general case
® But ..

® Calculate Db’

vl = b - s

v2 = vl % 4

b’ = b - v2



Prolog + epilogue loop

e V1 % UNROLLED STEP 1is Overhead:
expensive in general case
® But ..

® Calculate Db’
o If V1l >= 0
vl = b - s
v2 = vl % 4

b’ = b - v2



Prolog + epilogue loop

e V1 % UNROLLED STEP 1is Overhead:
expensive in general case
® But ..
® Calculate b’
o If Vvl >= 0
© If UNROLLED STEP == 2**K vl = b - s

v2 = vl % 4

b’ = b - v2



Prolog + epilogue loop

e V1 % UNROLLED STEP 1is Overhead:
expensive in general case
® But ..
® Calculate b’
o If Vvl >= 0
© If UNROLLED STEP == 2**K vl = b - s

v2 = vl % 4
b’ = b - v2

» ECEEEEEEEEEEm
TS - - 5 o o o oo o oo oo oo
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Prolog + epilogue loop

e V1 % UNROLLED STEP 1is Overhead:
expensive in general case
® But ..
® Calculate b’
o If Vvl >= 0
© If UNROLLED STEP == 2**K vl = b - s

v2 = vl % 4
b’ = b - v2

» DECCEEEEEEEEEm
SO - - o o o o oo o oo oo oo
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Prolog + epilogue loop

e V1 % UNROLLED STEP 1is Overhead:
expensive in general case
® But ..
® Calculate b’
o If Vvl >= 0
© If UNROLLED STEP == 2**K vl = b - s

v2 = vl % 4
b’ = b - v2
- OECCEEEEEnnEEaneE

28 © 0 0 0000001000000
2 0 0 0 0000000001 1 1 111

38



Prolog + epilogue loop

e V1 % UNROLLED STEP 1is Overhead:
expensive in general case
® But ..
® Calculate b’
o If Vvl >= 0
© If UNROLLED STEP == 2**K vl = b - s
V1l % 2**K == V1 & (2**K - 1) v2 = vl % 4

b’ = b - v2

» DECCEEEEEEEEEm
S - © oo o oo o oo olo o]0
2o -1 ECICIEECIE N A ERENENER
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Prolog + epilogue loop

° If s ==
for (1 = 0; 1 < b; ++1i)

Overhead:

® Calculate Db’

b’ =b - (b - s)

o

o

4

40



Prolog + epilogue loop

e TIf s == Overhead:
for (i 0; i < b; ++1)
e Tf b >= 0

® Calculate Db’

b’ =b - (b - s)

N0 ° 2?2 7 7?02 [? 22?2 2 7 7 2]

Q

©

4

41



Prolog + epilogue loop

e If s =20 Overhead:
for (1 = 0; 1 < b; ++1i)
If b > 0
If UNROLLED STEP == 2%*K o Calculate b’

b’ =b - (b - s)

> DdEEEEEEEEERRREE
2 S 0 0 000100001 0/0000/0]

%

4
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Prolog + epilogue loop

e If s =20 Overhead:
for (1 = 0; 1 < b; ++1i)
If b > 0
If UNROLLED STEP == 2%*K o Calculate b’

e b’ =b - b $ 2**K
b’ =b - (b - s)

> DdEEEEEEEEERRREE
28 © 0 0 0000001000000
SO 0 (2 1?2 21?2?0222 /000000

%

4
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Prolog + epilogue loop

e If s =20 Overhead:
for (1 = 0; 1 < b; ++1i)
If b > 0
If UNROLLED STEP == 2%*K o Calculate b’

e b’ =b -Db $ 2**K

b -Db % 2*¥*K ==Db & ~(2**K - 1)

> DdEEEEEEEEERRREE
28 S © 0 0000000 1/0/0/0/00]0]
SO 0?7 2?2 ?]? /2?7 0]0j0j00/0]
G 1114 ]1]11.0/00100]0]

b’ =b - (b - s)

5 4
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Prolog + epilogue loop

e If s =20 Overhead:
for (1 = 0; 1 < b; ++1i)
If b > 0
If UNROLLED STEP == 2%*K o Calculate b’

e b’ =b -Db $ 2**K

b -Db % 2*¥*K ==Db & ~(2**K - 1)

> DdEEEEEEEEERRREE
28 S © 0 0000000 1/0/0/0/00]0]
SO 0?7 2?2 ?]? /2?7 0]0j0j00/0]
G 1114 ]1]11.0/00100]0]

b’ =b - (b - 5s) %
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Outline of the talk Q

+ Loop unrolling overhead




for

origin loop

(1 = s; 1 < b; i++)

statements (i) ;

47



for

origin loop

(1 = s; 1 < b;

statements (i) ;

it++)

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; i++)

statements (i) ;

48



for

origin loop

(i = s; 1 < b;

statements (i) ;

it++)

unroll +
runtime remainder

b =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; i++)

statements (i) ;

for

unroll +
no remainder
guarantee

(i = s; 1 < Db; 1 += 4)
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

{

49



origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s == 100
Overhead:

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; i++)

statements (i) ;

for

unroll +
no remainder
guarantee

(i = s; 1 < Db; 1 += 4)
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

{

50



origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s == 100

Overhead:
N jumps = 99
N checks = 101

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; 1i++)

statements (i) ;

for

unroll +
no remainder
guarantee

(i = s; 1 < Db; 1 += 4)
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

{
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s == 100
Overhead:

N jumps = 99
N checks 101

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; 1i++)

statements (i) ;

N jumps = 25
N checks = 27

extra prologue

for

unroll +
no remainder
guarantee

(i = s; 1 < Db; 1 += 4)
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

{
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s == 100
Overhead:

N jumps = 99
N checks 101

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; 1i++)

statements (i) ;

N jumps = 25
N checks = 27

extra prologue

unroll +
no remainder
guarantee

for (1 = s; 1 < b; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

N jumps 24
N checks = 26
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s == 100
Overhead:

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; i++)

statements (i) ;

N jumps = 25
N checks = 27

extra prologue

4

unroll +
no remainder
guarantee

for (1 = s; 1 < b; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

N jumps 24
N checks = 26
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s ==
Overhead:

unroll +
runtime remainder

b =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; i++)

statements (i) ;

for

unroll +
no remainder
guarantee

(i = s; 1 < Db; 1 += 4)
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

{
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s ==
Overhead:

N jumps = 3
N checks =

unroll +
runtime remainder

b =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; 1i++)

statements (i) ;

for

unroll +
no remainder
guarantee

(i = s; 1 < Db; 1 += 4)
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

{
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s ==
Overhead:

N jumps = 3
N checks

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; 1i++)

statements (i) ;

N jumps =1
N checks = 4

extra prologue

for

unroll +
no remainder
guarantee

(i = s; 1 < Db; 1 += 4)
statements (i) ;
statements (i + 1);
statements (1 + 2);

statements (i + 3);

{
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s ==
Overhead:

N jumps = 3
N checks

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; 1i++)

statements (i) ;

N jumps =1
N checks = 4

extra prologue

unroll +
no remainder
guarantee

for (i = s;

i < b;

statements (i) ;

i 4= 4)

statements (i + 1);

statements (i + 2);

statements (i + 3);

N jumps
N checks

I
N O

{
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origin loop

for (1 = s; 1 < b; i++)

statements (i) ;

Case: b-s ==
Overhead:

N jumps = 3
N checks =

4

unroll +
runtime remainder

b’ =b - (b - s) % 4;

for (i = s; 1 < Db’; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

for (1 = b’; 1 < b; i++)

statements (i) ;

N jumps =1
N checks = 4

for

unroll +
no remainder
guarantee

(i = s; 1 < b; 1 += 4) {
statements (i) ;
statements (i + 1);
statements (i + 2);

statements (i + 3);

N jumps = 0
N checks = 2

59
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« GCC and CLANG unroll details




Outline of the talk

« GCC and CLANG unroll details

GCC 12.2 CLANG 15.0
-02 -02
-march=skylake -march=skylake
-fno-tree-vectorize -fno-vectorize

-fno-slp-vectorize




Examples. Loop (GCC vs CLANG)

int sum(int *a, int n) {
iRk X = 6:
for (int 1 = 0; 1 < n; ++i)

return Xx;

¥

1
2
3
4 X += a[i];
5
6
7
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Examples. Loop (GCC vs CLANG

64 clang 15.0.0

z ©

Y Filter..~ B Libraries

-02 -march

+ Add ne
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Examples. Loop (GCC

vs CLANG

6-64 clang 15.0.0 ©@ -02-ma

A~ R Output
n -

v  YFilter..~ & Libraries =+ Add new

loop guard
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Examples. Loop (GCC vs C

6-64 clang 15.0.0 ©@ -02-ma

A~ R Output
n -

v  YFilter..~ & Libraries =+ Add new
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Examples. Loop (GCC vs CLANG

ctorize -fno-¢

A~ R Output.~ YFilte

pl x8

iter x8
check + be

loop guard

p Depth=1
pl
iter

check + be 66




Examples. Loop (GCC vs CLANG

x86-64 clang 15.0.0

A~ R Output.~ YFilter..~
1 i

Z © -02-march ke -fno torize -fno-:

8 Libraries + Addr .v ¢ Addtool...~

#

loop guard

prologue

pl x8

iter x8
check + be

loop guard

prologue
oop Depth=1

iter

check + be
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Examples. Loop (GCC vs CLANG)

Z © -02-march ake -fno-vectorize

& Libraries + Add ..v ¢ Add tool...~

loop guard

extra prologue
(%, etc)

prologue

er Loop er: Depth=1
pl x8

iter x8
check + be

loop guard
prologue

Inner Loop He Depth=1

check + be




Examples. Loop (GCC vs CLANG)

x86-64 clang 15.0.0 v 2 @ -02-march ke - ze -fno-¢

A~ ROutput.~ YFilter..~ B Libraries =+ Addr

extra prologue
(%, etc)

What about E prologue
GCC ?

check + be

loop guard
prologue

Loop H Depth=1
pl
iter
check + be




Examples. Loop (GCC vs CLANG

x86-64 gcc 12.2 v 2 @ -02-march=skylake -fno-tree x86-64 clang 15.0.0 v @ @ -02-march=skylake -fno-vectorize -fno-:

A~ @Output.~ Y ilter..v B Libraries + Addnew..v 4 Addtool..~ A~ QOutput.~ VFilter.~ BLibraries +Addnew..v o Add tool..~

sum(int*, int): 93 sum(int*, int): # @sum(int*, int)
ot i = 2 test

e L : jle oo looprguard

mov

lea
mov

and

co I extra prologue
e (%, etc)

prologue

s Inner Loop He Depth=1

pl x8

iter x8
check + be

loop guard
prologue

nner Loop Header: Depth=1

P
iter
check + be




Examples. Loop (GCC vs CLANG

x86-64 gcc 12.2 v 2 @ -02-march=skylake -fno-tree x86-64 clang 15.0.0 v @ @ -02-march=skylake -fno-vectorize -fno-:

A~ @Output.~ Y ilter..v B Libraries + Addnew..v 4 Addtool..~ A~ QOutput.~ VFilter.~ BLibraries +Addnew..v o Add tool..~

sum(int*, int): 93 sum(int*, int): # @sum(int*, int)
ot i = 2 test

e L : jle oo looprguard

mov

lea
mov

and

co I extra prologue
e (%, etc)

prologue

s Inner Loop He Depth=1

pl x8

Where is
unrolling ?!

iter x8
check + be

loop guard
prologue

nner Loop Header: Depth=1

P
iter
check + be




GCC vs CLANG (-02)

GCC:

e using PGO data or pragma

Clang:

auto detect unroll and unroll count
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GCC vs CLANG (-02)

}
|

y
2
3
4
5
6
7
8

int sum(int *a, int n) {

int X = 6;

#pragma GCC unroll 4

for (int i1 =08; 1 < n; ++1)
X += a[i];

return Xx;

force GCC to
unroll loop
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GCC vs CLANG (-O2

e Output... ~

int

mov
add

add
add

add
add

Y Filter...

z ©

& Libraries

-O2 -marc

+ Add new..
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GCC vs CLANG (-O2

e Output... ~

int

Y Filter...

z ©

& Libraries

-O2 -marc

+ Add new..
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GCC vs CLANG (-02)

GCC:

using PGO data or pragma
trick with jumps and body cloning

Clang:

e auto detect unroll and unroll count
e “naive”
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GCC vs CLANG (-02)

B+ v B 2 @C++ x86-64 gcc 12.2 4 -02 -march=skylake -fno x86-64 clang 15.0.0 2 @ -02-march=skylake -fno-vector

int sum(int *a, int n) { A @~ ¥~ B +~ /-~ A~ R Output.~ YFilter..v B Libraries -+ Addnew..v 4 Addtool..~
int x = 9. 14 cmp rdx, 13 cmp eax, 4
#pragma GCC unroll 5 ] 15 je .L16 19 jae .LBBO_8
for (1nt 1 =90; 1 < n; ++i) 16 eax, DWORD P 20 xor edx, edx
x += a[i]; 17 add rdi, 4 21 xor eax, eax
return x; 18 s[16% 22 jmp -LBBO 4
add eax, DWORD P
add rdi, 24 eax,

25

add eax,

add rdi, 27 esi,
rdi, 28 edx,

unroll 5 je 22 29 eax,

force to

[\

# =>This Inr
eax, dword 4*rdx]
eax, dword 4*pdx
eax, dword 4*rdx + 8]
eax, dword 4*prdx 12]
eax, dword 4*rdx 16]

le 7 o

esi, edx
.LBB@_9 X5

add eax, DI PTR [rdi]
add eax, : [rdi+4]
add eax, DI 'R [rdi+8]
add eax, DWORD P [rdi+12]
add rdi,

rdi, x4

k3

w N R

w N =
N oo

S
5

WWwWwWwwwwwww
D

ecx, ecx
.LBBO_7
rdx, [rdi + 4*rdx]
ecx, ecx

W W wWwwwwww

W 0O NO W

esi, esi

# =>This Inr
eax, dword ptr [rdx + 4*rsi]
rsi




GCC vs CLANG (-02)

B+ v B 2 @C++ x86-64 gcc 12.2 4 -02 -march=skylake -fno x86-64 clang 15.0.0 2 @ -02-march=skylake -fno-vector

int sum(int *a, int n) { A @~ ¥~ B +~ /-~ A~ R Output.~ YFilter..v B Libraries -+ Addnew..v 4 Addtool..~
int x = 9. 14 cmp rdx, 13 cmp eax, 4
#pragma GCC unroll 5 ] 15 je .L16 19 jae .LBBO_8
for (1nt 1 =90; 1 < n; ++i) 16 eax, DWORD P 20 xor edx, edx
x += a[i]; 17 add rdi, 4 21 xor eax, eax
return x; 18 s[16% 22 jmp -LBBO 4
add eax, DWORD P
add rdi, 24 eax,

25

add eax,

add rdi, 27 esi,
rdi, 28 edx,

unroll 5 je 22 29 eax,

force to

[\

# =>This Inr
eax, dword 4*rdx]
eax, dword 4*pdx
eax, dword 4*rdx + 8]
eax, dword 4*prdx 12]
eax, dword 4*rdx 16]

le 7 o

esi, edx
.LBB@_9 X5

add eax, DI PTR [rdi]
add eax, : [rdi+4]
add eax, DI 'R [rdi+8]

No GCC T
warning!

w N R

o un

rdi, x4

k3

w N =
~N

S
5

WWwWwWwwwwwww
D

ecx, ecx
.LBBO_7
rdx, [rdi + 4*rdx]
ecx, ecx

W W wWwwwwww

W 0O NO W

esi, esi

# =>This Inr
eax, dword ptr [rdx + 4*rsi]
rsi




GCC vs CLANG (-02)

B+~ Vv B 2 @GC++ x86-64 gcc 12.2 -02 -march=skylake -fno x86-64 clang 15.0.0 2 @ -02-march=skylake -fno-vector

int sum(int *a, int n) { A O~ v~ B +~ A~ ®Output.~ YFilter..~ @ Libraries =+ Addnew..> #”Add tool..~
int x = 6;
#pragma GCC unroll 4
for (int i = 0; i < n;
x += a[i];

1  sum(int*, int): 16 ret
2 test i i 17 .LBB@_8:
3 jle .L4 18 edx, rad
4 Yor 19 edx, 2147483644
return x; 5 xor edx 20 esi, esi
6 eax, eax
7 lea [rax+3] # =>This Inr
8 add DWORD PTR [rdi+rax*4] eax, dword ptr 4*psi]
9 cmp ecx eax, dword ptr 4*rsi + 12]
10 jle L | eax, dword ptr 4*prsi + 24]
11 [rex+3] eax, dword ptr 4*rsi + 36]
loop Step 12 add DWORD PTR [rditrcx*4] !”S.i, 12
13 cmp edx, -4
14 .LBB@_9
15 add ! TR [rdi+rax*4]
16 lea
17 cmp
18 jle =11
19 add DWORD PTR [rdi+rax*4]
20 lea [rex+9]
cmp eax

g

non-power-of 2

® v

r8b, 3

.LBBO 7

rdx, [rdi + 4*rsi]
cl

eEX;, ‘el

ecx, 3

PexX;. 2

w N R

N oown

rexy: [rex & 2%rex]
esi, esi

W W WwWwwwwwWwwNRwN
»

O 00

# =>This Inr
eax, dword ptr [rdx + rsi]
rsi, 12
ecx, esi
-LBB@_6




GCC vs CLANG (-02)

A~ @ +- v B 2 @C++ x86-64 gcc 12.2 -02 -march=skylake -fno x86-64 clang 15.0.0 2 @ -02-march=skylake -fno-vector

int sum(int *a, int n) { A O~ v~ B +~ A~ ®Output.~ YFilter..~ @ Libraries =+ Addnew..> #”Add tool..~
int x = 6;
#pragma GCC unroll 4
for (int i = 0; i < n;
X += a[i];
return x;

1  sum(int*, int): 16 ret

5) test i i 17 .LBBO_8:

3 jle .L4 18 edx, r8d

4 xor 19 edx, 2147483644
5 xor edx 20 esi, esi

6 21 eax, eax

7
8
9

1
2
3
4
5
6
s
8

lea [rax+3] # =>This In
add DWORD PTR [rdi+rax*4]
cmp ecx

N
w

eax, dword ptr + 4*rsi]

eax, dword ptr + 4*%rsi + 12]
eax, dword ptr + 4*rsi + 24]
eax, dword ptr + 4*rsi + 36]
RSis 12

edx, -4

.LBBO_9

NN
[

non-power-of 2 =

11 lea [rcx+3]
loop step 3¢ add
3 cmp
14
15 add ]! TR [rdi+rax*4]
16 lea
17 cmp
18
19 add OWORD P [rdi+rax*4]
lea [rex+9]
cmp eax
g

N
()]

N
0 00 N

[\

r8b, 3

-LBBe_7

rdx, [rdi + 4*rsi]
cl

eEX;, ‘el

ecx, 3

PexX;. 2

w N R

»

N oown

rexy: [rex & 2%rex]
esi, esi

W W WwWwwwwwWwwNRwN

O 00

# =>This Inr
eax, dword ptr [rdx + rsi]
rsi, 12
ecx, esi
-LBB@_6




GCC vs CLANG (-02)

GCC:

e using PGO data or pragma

e ftrick with jumps and body cloning

e Power-of-2 step && unroll count
(rejection / body cloning)

Clang:

auto detect unroll and unroll count
“naive”

any step / unroll count

(prologue cost)
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Outline of the talk Q

« New optimization opportunities after unrolling




New opportunities

Loop vectorization

SLP vectorization

Full unroll / loop deletion

(Mem2Reg) Promote Memory To Register /
(SROA) Scalar Replacement Of Aggregates
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Full unroll / loop deletion

A~ B +- v B 2 64 g A )
int sum(int *a) { - put.~ W Filter..> Bl Libra
int x = 0; (int*):
for (int 1 = @; i < 4; i++) mov »
x += a[i]; add X5 [ PTR [rdi]
return x; add ) [rd%+8]
add X R [rdi+12]

1}
3
4
5
6

A~

O UVl A WN R

£ Output... ¥

sum(in

YV Filter... ™

dword ptr
dword ptr
dword ptr
dword ptr

[rdi + 4]
[rdi]

[rdi + 8]
[rdi + 12]

# @sum(ir
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Full unroll / loop deletion

A~ @ +- v £ » 2 ™

int sum(int *a) { Output..~ Y Filter..~
i 2 sum(int*):

for (int i i mov ; PTR [rdi+4]

add X [ R [rdi]
add eax, DWORL R [rdi+8]
add e ORD PTR [rdi+12]

x += a[i];
return x;

}
compile time bounds

A~

O UVl A WN R

£ Output... ¥

YV Filter... ™

dword ptr
dword ptr
dword ptr
dword ptr
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Full unroll / loop deletion

A~ @ +- v £ »
£ Outpu
sum(int*):

>
]

>
4

int sum(int *a) {

dword ptr
dword ptr
dword ptr
dword ptr

loop is deleted

for (int i = 0% /i «< 4 i++)
x += a[i];
return x;

b wN R

rdi+12

} i " PTR
loop is deleted

compile time bounds

Lo BV B S VR ST

o))

1
2
3
4
5
6
7
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Full unroll / loop deletion

8+ v £ =

>
‘

int sum(int *a) { Output..~ W Filter..v BLi

9:

w N R

return x;

o v b

1
5
4
5
6

~

0
0

=
[\

compile time bounds

W Filter... ¥
) B

add
add
add
add
add
add
add
ret

@
B Libra

dword
dword
dword
dword
dword
dword
dword
dword
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Full unroll / loop deletion

8+ v £ =

>
‘

int sum(int *a) { Output..~ 'V Filter...~

9:

w N R

return x;

o v b

1
5
4
5
6

~

0
0

=
[\

here is the loop

i1 .
compile time bounds (no loop guard)

o

Y Filter..> B Libra

<) B

dword
dword
dword
dword
dword
dword
dword
dword

loop is deleted
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Full unroll / loop deletion

A~ B +- v £ » » 2 v 9
int sum(int *a) { put..> Y Filter.> B Ad 4 put..~ Y Filter...~

int x = 0] sum(int*): sum(int*): # @sum(i

#pragma GCC unroll DWORD PTR [rdi+4] dword

for (int i = 9; i < 8; i++) R [rdi] dword
[rdi+8] dword
[rdi+12] dword
[rdi+16] dword
[rdi+20] dword
[rdi+24] dword
[rdi+28] dword

[V, T S VVR ST

X += a[1];
return x;

O 00 N O

iy
o

compile time bounds
+ pragma hint
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Full unroll / loop deletion

B+ v £ % B+
int sum(int *a) {
int =0
[ for (int i = 0; i < 1024; i++) ]
X 1= aLtl;
return x;

compile time bounds

x86-64 gcc 12.2 v @ -02-march=skylake -fno-tree-vectorize

@ Output..~ Y Filter..v @ Libraries + Add new..¥ ¢ Add tool.. ™

sum(ini)g
rdx, [rdi+4096]
eax

[rdi]

no unroll
no loop guard

x86-64 clang 1

A~

¢ Output.. ¥

Y Filter...~ & Librari

sum(int*):

ecx,

eax,

eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, dword
eax, rd
eax, dword
eax, dword

+ 4+ + o+ A+ o+ o+ o+ o+ + +

\_add eax, dword

add rcx, 16
cmp rcx, 1024
jne .LBBO 1
ret
unroll x16
no loop guard

no extra prologue




GCC vs CLANG (-02)

GCC:

e using PGO data or pragma

e ftrick with jumps and body cloning

e Power-of-2 step && unroll count
(rejection / body cloning)

e Less aggressive full unroll

Clang:

e auto detect unroll and unroll count
e “naive’
e any step / unroll count
(prologue cost)
e More aggressive full unroll
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MemZReg / SROA (scalar replacement of aggregates)

B+~ v £ @ x86-64 clang 15.0.0 @  -02 -march=skylake -fno-slp-vectorize -fno-vectorize

int sum(int *a, int n) { A~ ®Output.~ VFilter..v [ Libraries + Add new..~ o Add tool...~
int sums[4] = {0, @, 0, 0}; sum(int*, int): # @sum(int’
test esi, esi
#pragma GCC unroll 1 jle .LBBO 1
for (int i =0; i < n; 1 +=4) { =
for (int k = 0; k < 4; ++k)
sums[k] += a[k + i];

mov r8d, esi
xor rod, rod
xor esi, esi
xor edx, edx

) xor eax, eax
int x = 0;

for (int k = 0; k < 4; ++k) 10
x += sums[k]; add
return x; 1 add

xor ecx, ecx
=>This Inner 1
Fr

E3

4
4

add edx, i di + 4*rcx + 8]
4

add eax, dword
add ~C 4

~Q
rs

*rex + 12]

jb

add
add
add




MemZReg / SROA (scalar replacement of aggregates)

B+~ v £ @ x86-64 clang 15.0.0 v -02 -march=skylake -fno-slp-vectorize -fno-vec

int sum(int *a, int n) { A~ ®Output.~ WFilter..~ [ Libraries
int sums[4] = {0, @, 0, 0}; sum(int*, int): # @sum(int’
test esi, esi
#pragma GCC unroll 1 jle .LBBO 1
for (int i = 0; i < n; i +4=14) {
for (dnt k = 0; Kk < 4: ++k)
[sums[k] += alk + i];

mov
xor
xor
xor

write to mem
3 xor
int x = 0; (StaCk) 9 xor
for (int k = @5 k < 4; ++k) 16
x += sums[k]; add dword
return x; 1 add S dword
add edx, dword
add eax, dword
add

jb

add
add
add




MemZReg / SROA (scalar replacement of aggregates)

B+~ v £ @ x86-64 clang 15.0.0 v @

int sum(int *a, int n) { A~ ®Output.~ WFilter..~ [ Libraries
int sums[4] = {0, @, 0, 0}; sum(int*, int): # @sum(int’
test esi, esi
#pragma GCC unroll 1 jle .LBBO 1
for (int i =0; i <n; i+=24) { =
for (dnt k = 0; Kk < 4: ++k)
[sums[k] += alk + i];

mov r8d, esi
xor ~9d, road
xor esi, esi

write to mem xor edx, edx

int x = @; (StaCk) 22: : d
for (int k = 0; k < 4; ++k) . )

x += sums[k]; ; add
return x; 1 add

# =>This Inner 1

dword |
dword |
add edx, dword |
add eax, dword |
add

jb

add
add
add




MemZReg / SROA (scalar replacement of aggregates)

B+~ v £ @ x86-64 clang 15.0.0 v @

int sum(int *a, int n) { A~ ®Output.~ WFilter..~ [ Libraries
int sums[4] = {0, @, 0, 0}; sum(int*, int): # @sum(int’
test esi, esi
#pragma GCC unroll 1 jle .LBBO 1
for (int i =0; i <n; i+=24) { =
for (dnt k = 0; Kk < 4: ++k)
[sums[k] += alk + i];

mov r8d, esi
xor ~9d, road
xor esi, esi

write to mem xor edx, edx

int x = @; (StaCk) 22: _' d
for (int k = 0; k < 4; ++k) . )

x += sums[k]; ; add
return x; 1 add

dword
dword
add edx, dword
add eax, dword
add

jb

add
add
add




MemZReg / SROA (scalar replacement of aggregates)

B+~ v £ @ x86-64 clang 15.0.0 v @ -02 -march=skylake -fno-slp-vectorize -fno-vecto

int sum(int *a, int n) { A~ ®Output.~ 'Y Filter..> [ Libraries Add new..¥ o Add tool...~
int sums[4] = {0, @, 0, 0}; sum(int*, int): # @sum(int
test esi, esi
#pragma GCC unroll 1 jle .LBBO 1
for (int i =0; i < n; 1 +=4) { =
for (dnt k = 0; Kk < 4: ++k)
[sums[k] += alk + i];

mov r8d, esi
xor rod, rod
5 xor esi, esi
write to mem xor edx, edx  read
8 xor eax, eax
int x = @; (StaCk) 9 o ecx, ecx read
for (int k = 0; k < 4; ++k) .LBBO_3:
x += sums[k]; add
return x; 5 5dd

# =>This Inner

rod, dword ptr|[rdi + 4*rcx]
esi, dword ptr{rdi + 4*rcx + 4]
add edx, dword ptr{{rdi + 4*rcx + 8]
add eax, dword ptr [rdi + 4*rcx + 12]
add rcx, 4

rcx, r8
ib .LBBO 3
add esi,
add edx, esi
add

read

.LBBO_1:




MemZReg / SROA (scalar replacement of aggregates)

B+~ v £ @ x86-64 clang 15.0.0 v @ -02 -march=skylake -fno-slp-vectorize -fno-vecto

int sum(int *a, int n) { A~ ®Output.~ 'Y Filter..> [ Libraries Add new..¥ o Add tool...~
int sums[4] = {0, @, 0, 0}; sum(int*, int): # @sum(int’
test esi, esi
#pragma GCC unroll 1 jle .LBBO 1
for (int i =0; i < n; 1 +=4) { =
for (dnt k = 0; Kk < 4: ++k)
[sums[k] += alk + i];

mov r8d, esi
xor rod, rod
xor esi, esi
write to mem xor edx, edx  read
8 xor eax, eax
int x = @; (StaCk) 9 o ecx, ecx read
for (int k = 0; k < 4; ++k) _LBBO 3:
x += sums[k]; add

# =>This Inner 1
dword rdi + 4*rcx]
return x; 1 add si, dword rdi + 4*rcx + 4]

add ed dword [rdi + 4*rcx + 8]
add eax, dword [rdi + 4*rcx + 12]
add

read
: read
jb
add
add

add

.LBBO_1:




MemZReg / SROA (scalar replacement of aggregates)

B+~ v £ @ x86-64 clang 15.0.0 v @ -02 -march=skylake -fno-slp-vectorize -fno-vecto

int sum(int *a, int n) { A~ ®Output.~ 'Y Filter..> [ Libraries Add new..¥ o Add tool...~
int sums[4] = {0, @, 0, 0}; sum(int*, int): # @sum(int’
test esi, esi
#pragma GCC unroll 1 jle .LBBO 1
for (int i =0; i < n; 1 +=4) { =
for (dnt k = 0; Kk < 4: ++k)
[sums[k] += alk + i];

mov r8d, esi
xor rod, rod
xor esi, esi
write to mem xor edx, edx  read
8 xor eax, eax
int x = @; (StaCk) 9 o ecx, ecx read
for (int k = 0; k < 4; ++k) _LBBO 3:
x += sums[k]; add

# =>This Inner 1
dword rdi + 4*rcx]
return x; 1 add si, dword rdi + 4*rcx + 4]

add ed dword [rdi + 4*rcx + 8]
add eax, dword [rdi + 4*rcx + 12]
add

read
: read
jb
add
add

add

no writes!

.LBBO_1:




MemZReg / SROA (scalar replacement of aggregates)

int sum(int *a, int n) {

int sums[4] = {9, 0, 0, 0},

for (int 1 =9; 1 < n; 1 +=4) {
for (int k = 0; k < 4; ++k)

sums[k] += a[k + i];

int x = 0;
for (int k = 9; k < 4; ++k)
X += sums[k];

return Xx;
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MemZReg / SROA (scalar replacement of aggregates)

int sum(int *a, int n) {
int sums[4] = {9, 0, 0, 0},

for (int 1 =9; 1 < n; 1 +=4) {
for (int k = 0; k < 4; ++k)

sums[k] += a[k + i];

for (int k = 9; k < 4; ++k)

X += sums[k];
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MemZReg / SROA (scalar replacement of aggregates)

int sum(int *a, int n) {

int sums[4] = {0, 0, 0, 0};

for (int i =90; i <n; i +=4) {
for (int k = 0; k < 4; k += 4) {
sums[0] += a[i];
sums[1] += a[i + 1];
sums[2] += a[i + 2];

sums[3] += a[i + 3];

int x = 0;
for (int k = 9; k < 4; k += 4)
X += sums[0];
X += sums[1];
X += sums[2];
X += sums[3];
}

return Xx;
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MemZReg / SROA (scalar replacement of aggregates)

int sum(int *a, int n) {

int sums[4] = {0, 0, 0, 0};

for (int i =90; i <n; i +=4) {
for (int k = 0; k < 4; k += 4) {
sums[0] += a[i];
sums[1] += a[i + 1];
sums[2] += a[i + 2];

sums[3] += a[i + 3];

for (int k = 9; k < 4; k += 4)
X += sums[0];
X += sums[1];
X += sums[2];

X += sums[3];

return Xx;
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MemZReg / SROA (scalar replacement of aggregates)

int sum(int *a, int n) {
int sums[4] = {0, 0, 0, 0};

for (int i =0; i < n; 1 +=4) {

sums[@] += a[i];
sums[1] += a[i + 1];
sums[2] += a[i + 2];

sums[3] += a[i + 3];

int x = 9;
sums[0];
sums[1];
sums[2];
sums[3];
return Xx;
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MemZReg / SROA (scalar replacement of aggregates)

int sum(int *a, int n) {

it swstal]- 0, 0, 0, o3

for (int i =0; i < n; 1 +=4) {

sums[@] += a[i];
sums[1] += a[i + 1];
sums[2] += a[i + 2];

sums[3] += a[i + 3];

int x = 9;
sums[0];
sums[1];
sums[2];
sums[3];
return Xx;
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MemZReg / SROA (scalar replacement of aggregates)

int sum(int *a, int n) {
int sums_©
int sums_1
int sums_2

int sums_3

for (int 1 = 9; i < n; i +=4) {

sums_0 += a[i];
sums_1 += a[i + 1];
sums_2 += a[i + 2];

sums_3 += a[i + 3];

int x = 0;
sums_0;
sums_1;
sums_2;
sums_3;

return Xx;
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MemZReg / SROA (scalar replacement of aggregates)

a8 +-

int

v B R

sum(int surnton)sd
int sums[4]

#pragma GCC unroll 1
for (int i =0; 1 < n; i +=4) {
for (int k = 0; k < 4; ++k)
sums[k] += a[k + i];

= f\;
for (int k 0; k < 4; ++k)
sums[k];
return x;
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MemZReg / SROA (scalar replacement of aggregates)

Q +-
1 int

v £ %

sum(int *a, int n) {
int sums[4] = {o,

#pragma GCC unroll 1
for (int i i<n;i+=2){
for (int k = k < 4; ++k)
sums[k] += a[k + i];

int x = o;

for (int k = 0; k < 4; ++k)
x += sums[k];

return x;

cmp
je
mov
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Outline of the talk Q
« Example




Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP

e
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP

@ Ewi — min

deleted
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP

@ Ewi — min

deleted
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP
But...
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP
But...

e Assume weights € N
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP
But...

e Assume weights € N
e Assume NumVertex <= 16
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Example

Need to solve Minimum Weighted Vertex Cover Problem ASAP
But...

e Assume weights € N
e Assume NumVertex <= 16

e Encode task as... bits:
o vertices set is given as bitmask (uint32_t)
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Example

uint32_t getBestSubset(
const vector<uint32_t> &InW,
const vector<uint32_t> &InM) {
array<uint32_t, 16> Weights = {0};

array<uint32_t, 16> AdjMasks = {0};
copy(begin(InW), end(InW), begin(Weights));
copy(begin(InM), end(InM), begin(AdjMasks));




Example

const auto GetSubsetWeight = [&](uint32_t Subset) {
uint32_t RV =
for (size t I =0; I < 16; ++I)
RV += (Subset & (1 << I)) ? Weights[I] : ©;
return RV;

}s

const auto IsCompatible = [&](uint32_t Subset) {
uint32_t IncompatibleVerMask = 0;
for (size t I =0; I < 16; ++I)
IncompatibleVerMask |= (Subset & (1 << I)) ? AdjMasks[I]

return (Subset & IncompatibleVerMask) == 0;
}s




uint32_t BestWeight

uint32_t BestSubset

const uint32_t NumSubsets = 1 << InW.size();

for (uint32_t Subset = 1; Subset < NumSubsets; ++Subset) {

const uint32_t Weight = GetSubsetWeight(Subset);
if (Weight <= BestWeight)

continue;

if (!IsCompatible(Subset))

continue;

BestWeight = Weight;
BestSubset Subset;

}

return BestSubset;




const uint32_t NumVix) {
array<uint32_t, N> Weights = {0};
array<uint32_t, N> AdjMasks = {90};
copy(begin(InW), end(InW), begin(Weights));
copy(begin(InM), end(InM), begin(AdjMasks));

const auto GetSubsetWeight = [&](uint32_t Subset) {
uint32_t RV = 0;
for (size_t I = ©; I < N; ++I)
RV += (Subset & (1 << I)) ? Weights[I] : ©;
return RV;

3

const auto IsCompatible = [&](uint32_t Subset) {
uint32_t IncompatMask = 9;
for (size_t I = @; I < N; ++I)
IncompatMask |= (Subset & (1 << I)) ? AdjMasks[I]
return (Subset & IncompatMask)

3

uint32_t BestWeight
uint32_t BestSubset 0;
const uint32_t NumSubsets = 1 << NumVtx;
for (uint32_t Subset = 1; Subset < NumSubsets; ++Subset) {
const uint32_t Weight = GetSubsetWeight(Subset);
if (Weight <= BestWeight)
continue;

if (!IsCompatible(Subset))
continue;
3 = xmm2[1,1,1,1]
BestWeight = Weight;
BestSubset = Subset;
}

return BestSubset;




const uint32_t NumVix) {
array<uint32_t, N> Weights = {0};
array<uint32_t, N> AdjMasks = {90};
copy(begin(InW), end(InW), begin(Weights));
copy(begin(InM), end(InM), begin(AdjMasks));

const auto GetSubsetWeight = [&](uint32_t Subset) {
uint32 t RV = 0.
for (size_t I = ©; I < N; ++I)
RV += (Subset & (1 << I)) ? Weights[I] : O;
return RV;

3

const auto IsCompatible = [&](uint32_t Subset) {

uint32 t TIncompatMask = 9;
[ for (size_t I = @; I < N; ++I)
IncompatMask |= (Subset & (1 << I)) ? AdjMasks[I]
return (Subset & IncompatMask)

3

uint32_t BestWeight
uint32_t BestSubset 0;
const uint32_t NumSubsets = 1 << NumVtx;
for (uint32_t Subset = 1; Subset < NumSubsets; ++Subset) {
const uint32_t Weight = GetSubsetWeight(Subset);
if (Weight <= BestWeight)
continue;

if (!IsCompatible(Subset))
continue;
3 = xmm2[1,1,1,1]
BestWeight = Weight;
BestSubset = Subset;
}

return BestSubset;




const uint32_t NumVix) {
array<uint32_t, N> Weights = {0};
array<uint32_t, N> AdjMasks = {90};
copy(begin(InW), end(InW), begin(Weights));
copy(begin(InM), end(InM), begin(AdjMasks));

const auto GetSubsetWeight = [&](uint32_t Subset) {
uint32 t RV = 0.

for (size_t I = ©; I < N; ++I)
RV += (Subset & (1 << I)) ? Weights[I] : O;

return RV;

3

const auto IsCompatible = [&](uint32_t Subset) {

uint32 t TIncompatMask = 9;

for (size_t I = @; I < N; ++I)
IncompatMask |= (Subset & (1 << I)) ? AdjMasks[I]

return (Subset & IncompatMask)

3

uint32_t BestWeight
uint32_t BestSubset 0;
const uint32_t NumSubsets = 1 << NumVtx;
for (uint32_t Subset = 1; Subset < NumSubsets; ++Subset)
const uint32_t Weight = GetSubsetWeight(Subset);
if (Weight <= BestWeight)
continue;

if (!IsCompatible(Subset))
continue;

BestWeight = Weight;
BestSubset = Subset;
}

return BestSubset;

I

8




B+~ v £ 2 X i o2 - skyla
const uint32_t NumVix) { Output.. L \dd new... no IOOpS

array<uint32_t, N> Weights = {0};
array<uint32_t, N> AdjMasks = {90};
copy(begin(InW), end(InW), begin(Weights));
copy(begin(InM), end(InM), begin(AdjMasks));

const auto GetSubsetWeight = [&](uint32_t Subset) {
uint32 t RV = 0.
for (size_t I = ©; I < N; ++I)
RV += (Subset & (1 << I)) ? Weights[I] : 0; ; d xmm/, ecx

vpbroadcastd

return RV;

3

const auto IsCompatible = [&](uint32_t Subset) {

uint32 t TIncompatMask = 9;
[ for (size_t I = @; I < N; ++I)
IncompatMask |= (Subset & (1 << I)) ? AdjMasks[I]
return (Subset & IncompatMask)

35

uint32_t BestWeight
uint32_t BestSubset 0;
const uint32_t NumSubsets = 1 << NumVtx;
for (uint32_t Subset = 1; Subset < NumSubsets; ++Subset) {
const uint32_t Weight = GetSubsetWeight(Subset);
if (Weight <= BestWeight)
continue;

if (!IsCompatible(Subset))
continue;

BestWeight = Weight;
BestSubset = Subset;

¥

return BestSubset;




B+~ v £ 2 X i o2 - skyla
const uint32_t NumVix) { Output.. L \dd new... no IOOpS

array<uint32_t, N> Weights = {0};

array<uint32_t, N> AdjMasks = {0}; ’{.V" i s 7 no memory reads

copy(begin(InW), end(InW), begin(Weights));
copy(begin(InM), end(InM), begin(AdjMasks));

const auto GetSubsetWeight = [&](uint32_t Subset) {
uint32 t RV = 0.
for (size_t I = ©; I < N; ++I)
RV += (Subset & (1 << I)) ? Weights[I] : 0; ; d xmm/, ecx

vpbroadcastd

return RV;

3

const auto IsCompatible = [&](uint32_t Subset) {

uint32 t TIncompatMask = 9;
[ for (size_t I = @; I < N; ++I)
IncompatMask |= (Subset & (1 << I)) ? AdjMasks[I]
return (Subset & IncompatMask)

3

uint32_t BestWeight
uint32_t BestSubset 0;
const uint32_t NumSubsets = 1 << NumVtx;
for (uint32_t Subset = 1; Subset < NumSubsets; ++Subset) {
const uint32_t Weight = GetSubsetWeight(Subset);
if (Weight <= BestWeight)
continue;

if (!IsCompatible(Subset))
continue;

BestWeight = Weight;
BestSubset = Subset;

¥

return BestSubset;




const uint32_t NumVix) { A~
array<uint32_t, N> Weights = {0}; i
array<uint32_t, N> AdjMasks = {90};
copy(begin(InW), end(InW), begin(Weights));
copy(begin(InM), end(InM), begin(AdjMasks));

const auto GetSubsetWeight = [&](uint32_t Subset) {
uint32 t RV = 0.
for (size_t I = ©; I < N; ++I)
RV += (Subset & (1 << I)) ? Weights[I] : O;
return RV;

3

const auto IsCompatible = [&](uint32_t Subset) {
uint32 t TIncompatMask = 9;
[ for (size_t I = @; I < N; ++I)
IncompatMask |= (Subset & (1 << I)) ? AdjMasks[I] :
return (Subset & IncompatMask) == 0;

3

uint32_t BestWeight
uint32_t BestSubset 0;
const uint32_t NumSubsets = 1 << NumVtx;
for (uint32_t Subset = 1; Subset < NumSubsets; ++Subset) {
const uint32_t Weight = GetSubsetWeight(Subset);
if (Weight <= BestWeight)
continue;

if (!IsCompatible(Subset))
continue;

BestWeight = Weight;
BestSubset = Subset;
}

return BestSubset;

B+~ v £ 2 x86-64 clang 15.

£ Output...

v  VFilter..~

©
Bt

Xmm7, ecx

vpbroadcastd

no loops
no memory reads
vectorization
(xmm/ymm)




Example

time

clang O2

clang O2
e unroll: on

clang O2
e unroll: on
e vectorization: on
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Example

N=14 time
clang O2
668 mcs
clang O2

e unroll: on

clang O2
e unroll: on
e vectorization: on
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Example

N=14 time
clang O2
668 mcs

clang O2

e unroll: on 93 mcs X [
clang O2

e unroll: on

e Vvectorization: on
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Example

N =14 time
clang O2
668 mcs

clang O2

e unroll: on 93 mcs X [
clang O2

e unroll: on 26 mcs X 26

e vectorization: on
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Outcome

e Unroll is generally:

o useful with large trip count
o  harmful with small trip count

e Trust defaults... but...

o Clang likely unrolls by default (small trip count case suffers)
o GCC (02) likely does not unroll by default. Use PGO / pragma.

e Step and unroll count should be power of 2
e Provide a hint for full unroll for GCC (O2)
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Thank you
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int sum(int *a, int s, int b) { int sum(int *a, int n) { int sum(int *a, int n) { -02 -march=skylake -fno-tree-vectorize

int x = 0; int sums[4] = {0, @, O, O};
int x = 0; // #pragma GCC unroll 8 -02 -march=skylake -fno-vectorize -fno-slp-vectorize
for (int i = @; i < n; ++1) #pragma GCC unroll(1)
I/ #pragma GCC unroll 8 x += a[i]; for (int i = 0; i < n; i +=4) {
return x; #pragma GCC unroll(4)
for (inti = s;i<b; ++i) ) for (int k = 0; k < 4; ++k)
sums[k] += a[k + i];
x += a[i];
}
return x;

int x = 0;

#pragma GCC unroll(4)

for (int k = @; k < 4; ++k)
X += sums[k];

return x;

134



