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Hunanekt MLIR Common Loop Tiling (CLT)

Progressive lowering

4 MpeametHo-OpueHTMpoBaHHble [luanekTbl
+ TpadapeTHble BbluMcneHus (Stencils)
+ MonuagpanbHble nporpammel, coaepxatumne SCOP

b

A Common Loop Tiling (CLT)
+ Anroputm Beibopa pasmepa Tarna (Tile Size Selection, TSS)
+ [MapameTp1yeckuni TalNMHT C NOACTaHOBKOW pe3ynbTatos TSS

!

a Affine
+ MonuagpanbHoe npeacTaBneHue U aHanU3 3aBUCUMOCTEN
+ ABCTpaKUMK ANs NOAM3APaNbHBIX ONEpaLMii U aHanu3a UMKIos

!

4 Math 5 MemRef & Standard s SCF
+ BbinonHeHne apudMeTuyeckux onepaumnin
+ Onepaumm aHanM3a noToKa yNpasneHus, napannesnbHbie LMKbl

o ~

a LLVM A GPU
+ Muctpykumm LLVM-IR 8 MLIR + GPU module serialization
« leHepauus kopa LLVM-IR + Offloading operations translation
a LLVM-IR/Polly A NVGPU/NVWM
+ Hu3koypoBHEBbIN NONU3APaNbHbINA TaUANHT: + leHepauus kona ans GPU:
LLVM-IR/SCOP — ISL — LLVM-IR — BIN NVGPU — NVVM-IR — PTXAS — CUBIN

Figure 1 — Cxema B3aumogenictaus CLT ¢ HekoTopbIMM AnanekTamu MHdpacTpykTypbl MLIR
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MonuagpanbHblvi TAMAUHT C MCNONb30BAHMEM KOHBEpPCUM ananekToB Affine — GPU

Huwanekt MLIR Common Loop Tiling (CLT

/7 Unknei CLT/Affine
func. func @clt_loop(%argQ: memref<2x?x?x7xf32>,
% argl: memref<2x?x7x7xf32>)
clt.launch {dev = "gpu’} {
clt for %arg2 = 0 to 512 (
clt.for %arg3 = 0 to 256 {
clt for %argd = 0 to 128 {
clt.for %args = 0 to 64 {
%0 = memref.load %arg0[%arg2 , %arg3, %arg4,
memref<2x?x7x7xf32>
memref. store %0, %argl[%arg2, %arg3, ¥arg4, %argS]
memref<2x?x?x7xf32>
[
clt.terminator
// Tainuwr ( paswep Taina = 256, paswep kewa = 1024 )
func. func @loop_tiling (
% arg0: memref<196608x1xf32>,
% argl: memref<196608x1xf32>)
-> memref<196608x1xf32> {
clt.launch {dev
clt. for %arg2
clt. for %arg3

. tss = 256, cache = 1024} {
o't 156608 step 1024 {
0to 1 step 256 {

clt.for %arg4 = #map(%arg2) to #mapl(%arg2) step 256 (
clt.for %args = #map(%arg3) to #map2(%arg3) step 256

it In ssergiargt) ¢
clt.for %argé = #map(%arg4) to #map2(%arg4) {
clt.for %arg7 = #map(%arg5) to #map3(%arg5)
%0 = clt. load %arg0[%arg6 , %arg?]
memref <196608x1x32>
clt.store %0, %argi[¥arge , %arg7]
memref 196608 x1x32>

{

J/ U GPU/Affine
module {

func. func @clt_Loop(%arg0: memref<Zx7x7x7x(32>,

% argl: memref<7x7x7x7xf32>) (

% c0 = arith.constant 0 : index

% c512 = arith.constant 512 : index

%0 = arith.subi %512, %cO © index

% cl = arith_constant 1 : index
arith.constant 0 : index
arith_constant 256 : index
%1 = arith.subi %256, %00 : index
arith . constant 1 ¢ index
2 = arith.constant 1 : index
7/ Onepawm sanyoka sapa GPU
gpu_launch blocks(%arg2, %arg3, %argd)
in (%arg8 = %0, %arg9 = %12, %argl0 = %c1_2)
threads(%args , %arg6 , %arg7)
in (%argll = %1, %arg12 = %12, %arg13 = %c1.2) |
%2 = arith.addi %0, %arg2 : index
%3 = arith.addi %0_0, %arg5 : index
affine . for %arg14 = 0 to 128 (

affine. for %argls = 0 to 64 [

% 4 = memref. load %arg0[%2, %3, %argl4, %arg1s]

memref<7x7x7x7x132
memref. store %4, %argl(%2, %3, %argl4, %arg1s]
memref<7x7x7x7x132>

}
gpu. terminator
1

return

Figure 2 — LUuknbl c napameTpuyeckum TaiinmHrom 8 MLIR CLT/Affine (nuctunr 1) u npumep koHsepcum 8 GPU (nucTuhr 2)
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Hu3koypoBHEBbIM MOAM3APANbHbIA TANAUHT
LLVM/Polly + Integer Set Library
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// Nonwampansioe npencrasnensie
Statements {
stmt_for_body3
Domain := { Stmt_for_body3[i0, i1] : O <= i0 <= 2047 and 0 <= il <= 2047 };
Schedule := { Stmt_for_body3[i0, i1] -> [0, 10, i1, 0, 0, 0, 0, 0] };

MustWriteAccess = [Reduction Type: NONE] [Scalar: 0]
Stme_ m. _body3[i0, i1] -> MemRef C[i0, i1] };
stmt_for_bod:

Domein = { Sumt_for body8 0. i1 i2]
00 < i1 <= 2047 and 0 <= 12 <= 2047 };
Schedule = { Stmt_for_body8[0, i1, i2] -> [1, o1, 02, 03, i0, i2, 06, i1]
(o1)mod 128 = 0 and (02) mod 126 = 0 and (03) mod 128 = 0 and (o6)
mod 4 = 0 and -63 + (0 <= ol <= i0 and 63 + il <= 02 <= i1
and ~63 + (2 <= 03 <= i2 and -3 + i1 <= 06 <= i};
ReadAccess := [Reduction Type: NONE] [Scalar: 0]
Stmt_for_body8 [0, i1, i2] -> MemRef C[i0, 1] };
ReadAccess <= [Reduction Type: NONE] [Sealar: 0]
{ Stmt_for_body8 [0, i1, i2] -> MemRefA[i0, 2] }
ReadAccess = [Reduction Type: NONE] [Scalar: 0]
{ Stmt_for_body8[i0, i1, i2] -> MemRefB[i2, i1] };
MustWriteAccess i= [Reduction Type: NONE] [Scalar: 0]
t_for_body8[i0, i1, i2] -> MemRef C[i0, 1] };)
/7 Tenepaunn tainosoro xona
for (int c1 = 0; c1 <= 2047; cl += 1)
for (int c2 = 0; c2 <= 2047; <2 += 1)
stmfor_body3 (el <2);
0; c1 <= 2047; c1 += 128)

for

for (.m 2]
for (int c3
for (int c4
for (int c5 = c3; o5
for (int c6 = c2;
for (int c7 = c6
stmt_for nodyi(cm ARSI

Figure 3 — Mpenacrasnexue umknos 8 SCOP B LLVM-IR (n1cTHHT 1) 1 B NOAM3ApanbHOM ONMCaHMM C reHepalineit Taiinosoro koaa (MMCTUHT 2)

4/6



JKCnepuMeHTanbHble pe3ynbtatbl TpaHcnsaumm SCOP

OueHka 3¢ deKTMBHOCTH onepaLmit

Vexopenie —»

Dot for
Dmeitfor_tss
BB+citspit
B8 +citunron

fdtd-1d fdtd-2d jacobi-1d jacobi-2d seidel-2d

Figure 4 — CLT/Affine —» GPU — NVGPU — NVVM-IR
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Doetor
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Figure 5 — CLT/Affine — LLVM — LLVM-IR — Polly + ISL

Figure 6 — YckopeHue Taitnosoro koaa Stencils otHocutensHo sepcun NoOpt
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@ ftp://ftp.lto.ru/clt.pdf

Gysi, Miller, Zinenko, Herhut, Davis, Wicky, Fuhrer, Hoefler, Grosser. Domain-Specific Multi-Level
IR Rewriting for GPU: The Open Earth Compiler for GPU-accelerated Climate Simulation (2021)

Moses, Chelini, Zhao, Zinenko. Polygeist: Raising C to Polyhedral MLIR (2021)
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