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|Background & Motivation

« SIMD architectures execute one instruction over multiple data

7 AIEREERET I Vectorization should be dependence-centric

» Loop vectorization « SLP vectorization
for (int i = @; i < 256; i++) b[e] = a[e] + 6;
a[i] = b[i] + 1; b[1] = a[1] + 1;
b[2] = a[2] + 2;
L. . : b[3] = a[3] + 3;
for (int 1 = 0; i < 256; i += 4)
a [1:1 + 3] = b [1:1 + 3] + 1; b [0:3] = a [0:3] + <0, 1, 2, 3>;
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Specific checking algorithms Control boundaries

Extensibility should be a first-class design goal for vectorization.




|VIR: Unified Dependence Representation

Dependence-centric.

Encode data & control dependences uniformly

VIR

A predicated IR that replaces basic blocks

with a list of
(Control Predicate, Iterator, Item)

« Control Predicate: boolean formula (from
PSSA [1]) that guards execution, encoding
control.

« TIterator: explicit loop iteration pattern.

« Item: Instruction or Loop (a nested layer)

for (int 1 = 0; 1 < LENGTH; 1 = 1 + 2)
dst[i] = src[i] + 1;
[CP]: (bool true)

— — — —

(" Control —\I

-> int length = load ptr @LENGTH | Predicate ,
[CP]: (bool true) | lterator |
-> cmp bool loop _cond = @ < int length \ TR
[CP]: (bool loop_cond) It :
_______________________________ em

int {iter} = iota( @, {iter_rec}, + 2)‘& Loop Item |
dO " ——— ——

[CP]: (bool true) | [@, int length) + 2
-> int load_value = load ptr <@src[{iter}]>
CPJ: (bool true) | [9, int length) + 2 An Entry

1
I
I
I
I
-> int store_value = int load_value + 1 :
[CP]: (bool true) | [@, int length) + 2 :
-> store int store_value ptr <@dst[{iter}]> :
[CP]: (bool true) | [@, int length) + 2 I
-> {iter_rec} = {iter} + 2 :
[CP]: (bool true) | [@, int length) + 2 :
-> cmp bool latch = {iter_rec} < int length I
while [CP]: (bool latch) /
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|Dependence-centric Framework

Dependence-centric. 5 Bujd Seek Seeds
. . . epenaence
Vectorization as generic traversals over 2 o [SLP oo as] [LLP Seeds)
Dependence Graph
_ _ _ _ Loop Unro“?ng J’
 Hierarchical, tree-like representation on VIR with Pack @ttowu? Vector Packh'\\g
 Structured dependence relationship Forwarding T S——

« Vectorization is performed by traversing and
matching structure on it.

Ea,uiv«zle.nce Transformation

Inter—loop Pack Detection

\

b[@] = a[@]<<1l; b[1l] = a[1]<<1l; b[2] = a[2]<<2; b[3] = a[3]<k<3;

[CP]: (bool true) True @a[0] [CP]: (bool true) Vectorized VIR
->int x = load ptr <@a[i]> T L\(‘);'id/‘l b 0 S -> vec(4) v = load ptr <@a[@]>

[CP]: (bool true) ./ @\/ —/ VvV [CP]: (bool true)

->int x_ = int x << i TFW[O] -> vec(4) c v = vec(4) v << vec<1,1,2,3>
[CP]: (bool true) Store ~ [CP]: (bool true)

->store int x_ ptr <@b[i]> i=0 =123 -> store vec(4) c_v ptr <@b[0]>




|Dependence-centric Framework

Extensibility. ble]=ale; AR DA PR ICCAP DRI S
Enable new strategies without @a { 2 0 &)
redesigning the framework Trie! @201 '@ 9 | ~ ITrie: @all] e _@all
e e o {mmUE R A T S
Store : True b[0] TFUE\T b(i] :
| Store Store !
* Instruction Equivalence Transformation. N Canbe fully packed ______ L4

for(int i=0; i<L; i=i+2) for(int i=1; i<L; i=i+2)

dst[i] = src[i]+1; dst[i] = src[i]-1;

* Inter-loop Pack Detection. @src § @src §

True [0,1)+2 @srcli] True [1,1)+2 @srcli]
0+2Xcnt * / 1+2 X cnt

True [0.)+2 Load 1! @dst i} True [1.)+2 Load -1! @dst i1
[ 1 @V: [ o 1 @ I

TrWt[i]_ ! Trwst[i]j
i T 1

1 Store -
L
S [ [=———————— I

similar iteration pattern  adjacent memory address



. color[@] = (hexValue >> 24) & 255;
I Expe rlments color[1] = (hexValue >> 16) & 255;
color[2] = (hexValue >> 8) & 255;

Compile to x86 AVX2 (-mavx2 -03). R R

_ (a) Source Code
Ran on an Intel Ultra 7 PC (96GB RAM) with Turbo Boost off. %1 = 10ad i32, ptr @hexvalue, align 4

%2 = 1lshr 132 %1, 24
e Test cases from tsvc store i32 %2, ptr @color, align 16
%3 = lshr 132 %1, 16
Bw Clang17 GCC11 E VIR %4 = and 132 %3, 255
15.9 %5 = getelementptr [4 x i32], ptr @color,if4 0,i64 1
store i32 %4, ptr %5, align 4
%6 = 1lshr i32 %1, 8
%7 = and 132 %6, 255

%8 = getelementptr [4 x 132], ptr @color,i64 0,i64 2
store i32 %7, ptr %8, align 8

%9 = and i32 %1, 255

%10 = getelementptr [4 x 1i32], ptr @color,i64 0,i64 3
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O =
QQQ ,\\'L \1'2* \‘9\1 Q\‘Q\l \5\f\:~\ \l\\‘\:& ,\\(L\'L’\CJ\%’\%&% &6'5 store 132 %9, ptr %10, align 4 Clang17
%1 = load 132, ptr @hexValue, align 4
« Test cases for image pixel processing %2 = insertelement <4 x i32>
<i32 @, i32 o, i32 @, i32 ©>, 132 %1, i32 @
B Clang17 GCC11 1 VIR %3 = insertelement <4 x 132> %2, i32 %1, i32 1

%4 = insertelement <4 x 132> %3, i32 %1, i32 2

%5 = insertelement <4 x 132> %4, i32 %1, i32 3

%6 = ashr <4 x 132> %5, <i32 24,i32 16,132 8,132 0>
%7 = and <4xi32> %6,<i32 255,i32 255,i32 255,i32 255>
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= % g = _g _g | g | & g '8 Ke) -c% %8 = getelementptr [4 x 132], ptr @color,i32 0,132 ©

» © ®© n » g g 5' - O :3 *6| store <4 x 132> %7, ptr %8, align 4 VIR
7 S = (b) LLVM IR Generated by Clang 17 and VIR




|Future Work

We plan to

 Integrate the framework into the LLVM toolchain.
« Extend vectorization strategies.

* Improve scalability.
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