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Split Tiling Design and Implementation in the Polyhedral Model

LI Ying-Ying ZHAO Jie PANG Jian-Min
(PLA Strategic Support Force Information Engineering University » Zhengzhou 450001)
(State key Laboratory of Mathematical Engineering and Advanced Computing » Zhengzhou 450001)

Abstract  Loop tiling is an essential transformation for improving locality in programs. The
polyhedral model implements parallelogram tiling, but it fails to exploit full tile-level parallelism
with such tile shape. The research community designed some complex tiles shapes, including split
tile shape, diamond shape, etc. , to enable full tile-level parallelism. Unfortunately, only part of
the proposed tile shapes, e. g. , diamond tiling, were implemented in existing polyhedral compilers.
Split tiling is still considered as foreign to the polyhedral model, since its implementation has to resort
to non-affine expressions which are out of the scope of the polyhedral model. In this paper, we
design a split tiling algorithm and implement the algorithm in a polyhedral compiler, PPCG, by
splitting a parallelogram tile which has already been integrated in most existing polyhedral compilers,
avoiding the difficulty of implementation in the polyhedral model due to non-affine expressions. We
conduct experiments on a suite of iterated stencil computations, targeting on both CPU and GPU
platforms, to validate the performance of the algorithm. The experimental results show that the
generated code of split tiling performs similarly with that of diamond tiling, the state-of-the-art tiling
technique, on CPU. More importantly, split tiling may speed up the generated code of PPCG by
2. 7x to 5. 6x on GPU.
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PR 43117 19 T8 1 AR 0 e 15X AT LR R Ry

D, :=D—kXT, (10)
P — A filter 35 S FRIB A AT LAZRR Ny
D, <S,—S, <D, (—1<k<<m) an

o e=—1 /& 3.1 5 i 28 = By Bt 42 31 i AR 8 i

CRPp it il A—B P8 — T 467, B ) 72

A TALIRG) s k=m KR 5 — B Bod 1 i AR 4

CRPR i il S8 A—DB 1o 4P 8 2T AR,

4 FTRZXEI

FIHFT AL TRATC E 0T AL 2 (HH
B R 2% 8 A — R —4E stencil 3+, F H
WA B AT RE: 3 2R o B 5 31 GPU A 4 28
k.
4.1 %4 stencil ook
TEL M Z 4 stencil THE Y43 2 73 Pemf , Ak —
e AR VLB AR A SCtiosiisersin ) BATHT
VY B R By R0 2 ) 9 56 — 4L BP (eyd0) B 4E | 5K
R R n— 1 A RGERE Gy sd, o)
AR A EAT U o B X AR RS 2 4E stencil 15
(14 73 28 53 P B ey — 2 1 55 0 A B

AT RAEZ 4 stencil (55 — 4k I SC 4> 24 4%
B I R T LU R LR B . B0 7 2 B it
I Z B IEATHE AR 5T 23 B 2 E) Y [E] A
TEZAHEFE AR S B3 2453 Ve vl e S BIm] 28 1 4 1
R TR TR P Ry B iy, R BMEE S
ANAERE ESEIL T o B AT AT AR BT AN S B
X SE AT G PR 0 1k WS B H bR 2R A Y AN [ IE AT R
. CPU b R H — 247, i GPU |2
SR 3K B T AT R0 200 S e WA B LR AR B AN TR
Y7 I
4.2 SN EANSRIR

4 stencil T AL E 2 A TE A I AR OC &R 1Y
T DL 2785 LA S % AN Ok — ek AR BEA A 1 )
Sy S, s AR 2 5 Z 1 AR T AR 4 IS T A 1 ) 1
JEAHTA] L B

Si(tai) > (tat+3); S, (ted) > (2ot (12)

TR 27 LA 42 B — 2% 3 /) 1 1 DAL B, T A 3 ) 1 3R
IR HR AT LA S B3R (10D ki i
E 40 2R 22 T A ASE R T B A 1 R B 2 SRS 5E A A
() o RG0SR 5 A0 08

S, () —>(tst+D; S, (tai) > (ytt+i+s) (13)
Horpros R BER RS B A AT EEXT filrer 7 RLHY
TR GEAT 2 — AL PR

HI SR IE BEZ5 2R 5 — AN A i DO A [R] L 3
TTAT LB A Sl B2 1 2 280 P 5 8 Horp g A
Silter 5 girpr Sy B ARG R K X A D AT
XS T S, B R AR — R R A s,
TN X i B e A2 3 B O3 Berb A 5 B YT filter
.

R O R AT AR B AE R K (D floor
SR G BT a0 =X (13D B L AR DAt
S S, ARSI R K
D :=(—t+tits)—T, X floor((—t+i—s)/T,) (14)
Hrp, floor #5 WA —s B S, IR & 5 200,
T T TET 740 43 1) 50T s A2 o AR G 28 X L ) 1) 4 oF
AT ) 325 ) 8 R 5 1Y

EARTE RIS BR VA SCER Y A B0 2 AR
R v & o3 BOB AR o HOA B0 o BerT DLAL B 22 25 1
A O
4.3 GPU & mh gt

GPU E 245 Yehmr Lk ] CPU E iy 43 3
Gy YL B HAE (ad) 4EBE b S B4 34 03 B )
B n—1 A2 RIYERE Gy oo sd, ) EAR FPEAT IO
o B EAE 4.1 ik,

AR G T ) CPU B2 44 i, 52 3 3 B85 12
Z 5 BhA] DL AR AR RS R R B ARCRE 1 Y e 5, 7R
CPU 28ty iy oy e o 74271 Cache B9 %4 5
. M1 n) GPU 22441, GPU fifl {4 B 443 T 2k
TR AL AR P I A7 88 1 o A6 73 B 5 3 T 28 X Rz
A 20 )2 B 5 21 GPU 42 1.

XF T AN 7 (b)) 7 1) ] BE AR L BT S8 B
I3 BE B band 5 H WA BA W 1 GPU ) 7 2% fif
PR AN 7Ca) B & 7 (b) B 4 iy 3 B, FRAT
KgAK Iy 1] Y B () 40 2R 2 5 3 7 1] /Y B (6] A 3
JEHEAT 3 S R 3 B ) B e R) AR PR )2 O 0 T
1‘}1@]@ ‘ffﬂii/\ sequence 41*1‘!5\}5 , Sequence %‘l'ﬂi?ﬁ:ﬂ\

Silter 5 g5 T band 19 5 AR AT LLIFAT AT L AELHE

BOME % band T R WS BB G RE R 2 b B XF
sequence | BB band 5 5 FRR AT 43 2L 15 30
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8 JIr /s 19 98 JSE AR Xk B A V- 5 1) B ) A 3 2= 11
band, 5 R AW B LR B b 73 RG band, 19 51
RIVHe A8 B0 2 6 17 1) Dand 5 45 Bl 5 2 £ L

R AR P 2 — > 2 4E stencil 31584
8 Y band, 1 G AL E BT A A2 [ 4EE. T AE
Z 4 stencil TR N FAT R AE =S W5 — 4 AT o)
o P A band, 5 5319 55 — A4 DK B e St 5]
SR FEBR b T A RSB A B AN B 0 2R X
A6 G 5708 L A AT B TG 15 R AT L TE v L R i A B 2
R b e 52 BlX 28 By Y i K O AT 9 GPU
B b S B S FATAR KRB FE 1Y H s

band,] band,] band,]

[band, , band,] [band, , band,] [band,, band,]
8 GPU {1 it S5 1y o) 4 A4 A5 46t

4.4 FBAFTHENM

BT VAT MU IR 4 B S B 43 34 03 Bl F- 47
IR 53 L2 A B B s SR 5 B 3k 26 Be 44 e #4007 A
7 44> B B 58 T2 5 R4 E A7 ) 20 44

T oy B Ben | AW TR 2P d /b 7R S5 B3
2 ey Fe AT SR 1 — A dR AN AL F] 2 Y AR
5 FR K E AN =ML LAk =M
(HEW—DZIE) H#ATH I XA AT LA D P 4y
24y g | AW E AR, BUit FRATRT L 3RAG A A 3
TS o B RAH G T 20 0 A TR Y 4R AR
Kl 3y z=IE 5B 5 HE MM 2B A% 2 —F,
fEE X TE O B AT B 2 il 5 I s 2 R 2P
8 B /N 3ok A () 25 1 A i i BT ) B R BOR
ANK TS T3 B I 2k AR B 5k B iR b FRAT]
55 ik A v 3R 4 1 — o (] 25 g5/ 0N A Y 2 1 28 0
3% e TR Ak R I L 53 203 Bk B S R 5 1 b
f8 73 B ORIV Sy 3 B 5 1) b A kAR R, DLk )
] 2 fie /M.
4.5 EHRAEE

G AR SCSE I 4y R oy B R AP AT I
& Ry HE Al RT3 240 IS [A) Y stencil 1 5458 5
& RE NS SEIFAT MU TR 43 MR A SR R % 3h
AR I 2.

FLUR AR S B SR AT I i B i AT o

=

Je T A0 B P9 33 5 L S /I 19 5 T R ) 5 X B2 0R
VB S 81 22 TR] £ AR L 5 o 20 A R R A REAE
28 PR BOIR TR G177 ep b B8 4y By 4 5 ML
/N R

BJa - T IATH AT IS B AT 5E i GPU | 2 4
stencil TR F] GPU ZE 72 917 i R 109 B 5T L 24 iy
(3 AR THT 0] GPU 2204 I 4k B BE ) 38 A7 15 42 7T
R I AN B2 i AR SO 1938 VS L H A FeAT IR A2
LB o L fE.

5 SLIGHR

Y B R AR SO B A R FRATT A 22 A A
R i e PPCG it 43 24y Beili 47 7 52 Y. i F
PPCG O 2 5L 8 147 W 43 e (] PPCG
Standard F /8D, AT AL T — 4> % Ti--split-tile
e sz P4y 34y 3 (F PPCG Split/Our Work F7R).
—min-sync P& 31 ] T 52 B[R] 28 B /K s 0 BRI Y
VeI I 32 PPCG #2156 31 37 5.
5.1 IMERE RN A

FATHE PPCG sz B 1 43 2 43 B 343 53] T [
CPU 2571 GPU 284y, #] ] PPCG A= i A 70
438y OpenMP/CUDA {5, 5255 5k i) CPU 42
AR DGR B LR 1, GPU ZR M AH G5 B L2 2.

®1 CPUNKFAESR
Intel(R) Xeon(R) Silver 4110 CPU 2-socket NUMA

Architecture x86_64
Clock 2.10GHz
Cores 8 cores/socket, 2 socket (total: 16 cores)

Hyperthreading enabled

64KB L1, 1024KB L2, 11264KB L3

gee 8.3.0

Compiler flags -O3 -march = native -mtune = native -ftree-vec-
torize -DTIME -DVERIFY -fopenmp -Im

Cache sizes

Compiler

ppcg 0.08.1

ppcg flags --target = ¢ --min-sync --split-tile/--tile --tile-
size/--sizes= +++

pluto 0.11.4-252

pluto flags —parallel —partlbtile/—tile —pet

0S Linux 3. 10. 0-957. el7. x86_64 (64-bit)

FRATTR 15 B 1 70 B v (o T g A [ 00 3 4 ok B
WEAS SCAY S AR e 8 AN A o1 i 1
stencil THEAY ARG OO 03K 41 A9 15 B3k 3 i
- R IRATWR S 1 CPU S & F fd 6940 B K/,
DA K 4% W0 38 91 A P b 183 47 I 1)

O ARSI 5 245 B FE AT & Mokl hteps . //github.
com/yaozhujia/ppeg G A .
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£2 GPUMRTARE FEZIMIKLE h  heat-1d/2d/3d FHH 53 3 AR 3% —
— NVIDI?/"Il‘csla V100 PCle 32GB ZE\LZE\E,E E,(J heat ﬁ%,ﬁﬁj heat-1d E@flebﬂé‘
rchitecture olta
SMs 84 RN 1 Ca) Jrzm XT3 = A~ F B 4 43 B o] LAt B 43
FP32 Cores 5376 S . .
INT32 Cores 5376 B4y AE AN R 4E B Rl P B . game-of-life !
FPoi Cores 2658 A1 3d27p % T KB BLEERY stencil 151, Xt
Peak(FPG4) 7.8 TFLOF/s 536 94 P61 0 3 T 0 6 E 53 84 43 0 TR R o
Compiler nvee: NVIDIA (R) Cuda (V10. 1. 105) WA =& . apop™™ I Hh B BR 3 B R 15 B R B,
Compiler flags -DTIME -DVERIFY -0O3 i
b 0081 dd-1d/2d™ R4 B 2 430 ) 40 9000 F 90 ik
ppeg flags —-sizes= e+ split-tile —-min-sync

O B0y AR IR DL T A9 PR RE.

3 MWHAERER

Problem Size Pluto tile sizes PPCG tile sizes 1 core Execution time /s
Benchmarks .

(time X data) standard  diamond standard split pluto-stan. pluto-diam. ppcg-stan. ppcg-split.
heat-1d 1000X 1600000 10247 20482 40962 64X2048 0.58 0.58 0.99 0. 56
heat-2d 1000 X 40002 16X 642 128° 256° 1283 11.59 8. 77 14. 20 8. 54
heat-3d 100X 150° 163 X256  16° X256 641 83X 256 0. 35 0. 34 0. 64 0. 36
game-of-life 500X 16 000> 64° 128° 256° 1283 95.08 84.16 78. 86 81. 88
apop 100002000000 5122 5122 20482 5122 10. 23 13.70 22.25 13.28
3d27pt 200X 256° 83X 256 83X 256 32! 83X 256 12.22 12.06 15. 60 11. 94
{dtd-2d 128 X 20482 64° 64° 16° 163 6. 05 7.00 7.34 7.87
{dtd-1d 100001000000 2562 2562 2048 128? 24.23 23.98 11. 29 14. 69

5.2 CPU LAytEgEM s0h

H T PPCG %k 200 ] GPU 4244 4= iR
i, Fom ) CPU 2244 1 DL AL BE 1 A XS 8055 Ry 142
T+ PPCG M) CPU 2244 iy A4k fE s e A1 & e M
PPCG A Jliiti A 73 3453 B i) OpenMP fUHS , I 4 4=
B A 5 Y /i f SEE 1Y Pluto 4R 38 E 1T L3
5 PPCG R[], Pluto 4 ¥ & SC 8L 1 °F-17 Wi E 4
e (JH Pluto Standard #75) B ¥t /K F-47 S Bl 41 3 B
(] Pluto Diamond FE/R).

9~ & 16 1 i 1 SE g fd AT 8 ANl ik il i
TEREXS LE. T PPCG A L B K IF- AT, AR K
PRI O AP AT U8 43 B B 55 T Pluto.

254

(S
(=]

Speedup over sequential code

9 heat-1d 7E CPU _F B9l i 7E B8 % Lt

—
o

—_
f=)

ul

== PPCG Standard
54 Pluto Standard
=== Pluto Diamond
=23 Our Work

17.02

o

#] 1128

054
IS

316

] 1892

+%3] 2041

3l 23

21.07

Number of threads

16

= PPCG Standard
&==3 Pluto Standard

=3 Pluto Diamond

== Our Work

a7 822
<3 27.40

7] 2599

oo
(2]

(S
(=)

—
f=l

Speedup over sequential code
—
l

wl

322
SI YRty 1262

f=]
i
—_

Number of threads

10 heat-2d £ CPU L #2814 BE % He

74

= PPCG Standard

6 | == Pluto Standard

=3 Pluto Diamond
=73 Our Work

7] 643

el 524

62
65

Speedup over sequential code

8
Number of threads

¥ 11 heat-3d £ CPU I % 30 28 ¥ fig %t kb
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A

—_
m;

=1 PPCG Standard
=23 Pluto Standard

&3 Pluto Diamond i3
=23 Our Work e

—
(=2

1624
sId1501

Ju—
e

— =
SIS

Speedup over sequential code

S NBsE Oy o

o (B OEE
1 2 4 8
Number of threads

12 game-of-life £ CPU _E 4 I3 M BE X Ee

504

=1 PPCG Standard
&= Pluto Standard

|| == Pluto Diamond Al
== Our Work Bl

e
(=]

Speedup over sequential code

8 16 32
Number of threads

K 13  apop fE CPU _I At i3z ¥4 GE % Lt

A
I PPCG Standard 5
== Pluto Standard b
=3 Pluto Diamond
=23 Our Work

> NN

ol

Speedup over sequential code

_— N W

16 32

[}

B :~~ :
1 2 4 8

Number of threads

K 14 3d27pt 7 CPU _E i IR 4k AE X L

9ot

=1 PPCG Standard
&= Pluto Standard 5
£3 Pluto Diamond g
222 Our Work y

oo
=]

<

Speedup over sequential code
oW s o —
o o o <o <o

—
f=}

>

f=}

Fl 15 fdtd-2d 7 CPU L il 38 g X He
MR bk B A 4y Y pd Pk RE A T A7 U i B
SHL 4y 3 BAE A4S heat-1d/2d/3d apop Fil {dtd-
1d & HA A6 EagbERe It 45 A B, game-of-life

4 8 16 32
Number of threads

>

3

—_
(=2

=1 PPCG Standard
14 { &==3 Pluto Standard .
=3 Pluto Diamond 5
12 {22 Our Work Kl

—
f=}

o

Speedup over sequential code
(o)

SIS

»

32

f=]

Ee l
1 2 4
Number of threads

& 16 fdtd-1d 7£ CPU L iy M RE X L

FHG] E AR 5 B e R . Hoh iy T R Bk
LB PPCG 7E 42 1 apop 1 I A7 AR B 52 B
TOAf A T By R0 Pk RR A T A O
e s 1 73 2853 BAH 24 TR 8l A 03 i =4 By Beide AT
TRETE BAR A M ARAD A BT I BIK L ABAE PR I0 B R GR
2 HG Bl A 73 B BT B (0 159 FR AT A9 5300 A iy AR A
R FE EEREAL TR A o B

X F fded-2d G B A7 4 B n Ve RE L o )
Uiy R B 47, X FpPE g 22 5 02 1 PPCG 1 Pluto
AR A A 3R I S B0AY . Pluto i A4 A A9 A 5 28 15
TRBE I AR T B (B Pluto 7E3Z ]
B G R B[] L R R RE K
5.3 GPU Ly gemlik

545 A s AR A SR B B fE PPCG 52
BB AT RLSE R GPU B AR RS AR B T 7
GPU -6 [ Br T 5234 24 43 Y, 30 B80T AH B Y
B S SR, H R FRATT R I S T — 4k stencil
AR WS K0, 7E GPU & EIRATRHZE 3 &
1) 38 3 — e 12 491 2 A7 S

A G T IATE GPU V& AT a9
B LA AN [6) 73 B i) 43 B kI, 5 IR A8 51
T sk Il E GPU B fia 7t a].

#£ 4 GPU LKA

PPCG tile sizes
stan. hybr.  split ppcg-stan. ppcg-hybr. ppeg-split.

Execution time

Benchmarks

heat-1d 128 32X16 256> 36.37ms 13.34ms 13.08ms
apop 128 32X16 2562 1.06s 217.07ms 187.84ms
fdtd-1d 128 1282 643.01ms 146. 36 ms

RATHFH PPCG 4 i CUDA {55 3£ X GPU
g PEEE. 754 B CUDA R i}, PPCG 245 —
A AT LAITAT 0998 BE L AHR R BE (2) 23 3042
PEIRATT LLIAT o B AR BRINEE TR PPCG A i 1)
CUDA ft% (] PPCG Standard % 77) /N4 52 MG
AR S TS B RO N R G IR AT A . S TR 4
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Hl

Y,
&

i 2020 4F

He (J PPCG Hybrid F7R) fi143 244y He (] PPCG
Split/Our Work 378 38 #b T H A2 L 38 28 X5 Py 4b
JEUEFRHEAT 43 B, I %5 N )26 BR 2Z 8] 1 43 B i) 52 B
AT IR BT B R R 0 B . B TS B 4
(AR & 24 H A R CUDA ARG 76 35 30 S 8 &
Z WAL S 20 i EEHIRE A R8O CUDA R
Tith 248 8 1) 114 70 AN X5 48 5 W), 7S R 23 e b 43 2453
Peak # P 2 (8] (1 [m] 25 OB 22, AR SCHE S 1 38 4T
K CPU - & AR Y 43 24455 $e A X T PPCG
BRUAHOL T 1 3 Bk ms  PERE AT 32T 2. 7 £ ~5. 6 £
FAXT T MG 43 B ] 3045 2 56 IR ) iy A0 B, L
PERET AL, &l 17 R,

A

350t 5
i |3 PPCG Standard
2300| 3] |=== PPCG Hybrid
18 B == Our Work
2501
g
2200}
%
Z2150f T
3 g
=100} b
s o .:
= iR
9501 P:.
heat-1d apop ldla-lg

17 GPU ¥4 L raexs LK

5.4 SEASPEARNAESREMELETLL

£ GPU L 47 P 68 Wik i) 3R A7 A A S0z it
()53 203 YLk 5N M oy BBk 0 AT T L AR
SCRE B PERE I T 7S AR 43 e 32 S I R A P

G A 2R P A L AR L S AR B 43 B A
A A 5 Y A 4R 2y S )L R PPCG A:
B CUDA AR i), F 7 ] LA % 1) 2 8008 CUDA
FEIF h 24 BRI T g, BN FR e f L . Hor,
LAY X B GPU I i 20 £ &b PR 4% (Streaming
Multiprocessor) , £& #2 X i GPU I /) i 4b PR 2%
(Streaming processor). M4 R iF, ZE i L £
A0 A RN AL PR A Z (Rl IR A — R AR R (wrap) 1Y
5. 2o AR I X 2 A BEER vh i AR AT BT L
Rt TR PAY 019 3 Ak B 5 G ) I SR AT AN [ I 45 4. GPU
Qb FHLAE T G 1 ) ) SR WS S b R R P ) BT A A B
VTR T Y 23 52 31X T BOUA ) B 45 1 O O SCTE 2
PR AT BT 1Y T ELAE AT B o S S A
B3 ik b P A PR B B AE B0 . 1 R GPU | R Ty
AE T Bk 3k M iss B0 18 1k 2 23 SO AT A B0 T 58 i B
BRI Py 20 YA AR R A T 2
R 53 SR A) X o2 HAE L) CUDA AU He 43 22
3 BT 1 Rl A AR 1 3 2 I A

VR 38 55 %5 LA 7] 43 OB AR A i) CUDA AR
i AT R BN T 43 Hess 300 2 0[R20 #4E. 3K
AR Bt 43 2453 e 3 3ok —-min-synce g 13324 T 1) 3
RS2 T L 1 B /MK BEAIR T CUDA AR ker-
nel PR 8] 1Y [A] 25 1 4.
5.5 HHiFERHENIR

S X A R4 P 43 OB AR 0 e PR K AT T
Xt . CPU - 65 Az AN [ B R 19 96 B8 2 B 2 25 i 1)
e 5 fiR . GPU & R [FTEIR 1Y 16 2R 43 B 4 3%
I IE N 6 fir7s. Hor, ppeg-split 7R A 52 ) [W] 25
e/ D RE 1Y 43 3L 0 YL B 15 ppeg-split-syne KR
O SB[ 25 e /N T RE 1 43 24 00 B B0k

x5 CPUFEAHZFAE

PPCG /ms Pluto /ms
Benchmarks
standard split split-sync  standard  diamond
heat-1d 0. 104 8.123 7.144 1. 680 7.158
heat-2d 0.176  13.732 162. 861 4.764  11.287
heat-3d 0.210  18.946 373.988  10.761 25.995
life 0.166  15.243 76.065 7.244  18.121
apop 0.123  12.499 12. 553 1. 810 4.076
3d27pt 0.203 33.222 338. 278 34. 477 89. 260
fdtd-2d 0. 876 59. 311 330. 421 55. 337 85. 788
fdtd-1d 0. 197 21.412  2351.017 7.489 14. 461
F 6 GPU EA%KEFRE
PPCG /ms
Benchmarks - -
standard hybrid split
heat-1d 6. 3360 106. 6260 116. 5090
apop 13. 9590 136. 9400 423. 0600
fdtd-1d 10. 9730 295.4210

5 PPCG S BLHY BRIA 2» BT AR A 1L Toik 2 1E
CPU ZEHif J& GPU ZE#y b A SCHR M 1y 73 2473 3
FEAER I BRI A f /MU DD BE I 2 5 20— 52 1Y 2 1
B ) TR fH X 5 Pluto 1= 52 BURN 7 43 B i) 2 35
[F1) A A 2 el A

ORI A SCHR H 1 39k 1 ) CPU 2R 4 52 B[]
B die /M T RE I 2 A7 BRI TR] T 8, X2 R R
S BLIR] A i /MG T BE RS band T 50 R 24 24
filter 35 i, 0 7 AURS Az A B8] 55 ob SEBL[R) 22
e /IMEZIRE TG » 2 1R A RS AR 2 i .

M AR SCHR H A 53035 1 1) GPU 2844 52 BRI
A fe /NME T BE R S 2 A7 BRI 1) O 8 L IS
CPU 2249 1915 BLAR ). (ELAE R 7045 00T . #8558
FATE 70 P I 5 1) 4 13 I ) BE AR AR 24

6 # it

U 0 P 2§ TR Jey A 14— ol A 200 e
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R AEL RGAFF MR R G5 b A5 5 fn 8 %2,
Z AR SRR T B S IR AT AL — Bl A B0
2 A Z AR R b SE G R Ay B B T Y
S BRI S 32 BT 0 5 748 6 Ay S e ak U 2 o
Z T AR RY vh URE S B ) B A A7 DY 30 OE 23 B, Al
T 7 P BE TC VA K B R AR

A SCHE M T —FhAE 2 h R R AY vh ) T S B 4
Zy BTV IFTE Z WK S i A PPCG i iEAT 1 52
L. G5 AR SO A SR AN OB T B E o e R
it TR Y o 23403 VAL 22 T AL Y vp S A 2% 1Y ) AL
FLUR A SCSE IR 73 8 53 P S0k SO VR A [R) 706 26 48 2
R R/NAS ] W RE 8 AL PR 2 SR G R AT R
TR R 45 52 2= O » LU S 1T de Sk il A g3 B oS
Loy e BAY o — i . d s AR DGR B
15 PPCG S BL. FR 012 508 T GPU 88 4 ke i)
M 5 2 {i fe So ik 1)y BEEOR A L L RERE S fr 2
NSRS LY i

HjFA17E PPCG s 3L T — M i #1) GPU
B W S SR SRy 1 B S 2 R AN SO 1 A R
FATHY T — 2 TAER 58 3% GPU BE 1 e S SR Ay 52
W. 5360 A8 GPU V-6 b 52 30 He Py 30557 ] 2 2 3K
TR — 0. 20, FATXS Pr A 1Y stencil 15
SR FH IR T 2 — 4 stencil 1Y il 568 5% s, R 4% it Bl AT 2k
i b R AR [R] A e SF, FRATT A9 ) 20 ARV o B X 2 4
stencil 1A 735 53 e, 16 4 B8 PR 26 A% 7 2 A 1
ZRAA R A [] Y e S5 SR s, 7 2 A e 9] J3E 73 Bk
Z K IR AT AR LA BN B 58 T84T,
Sy RN & 3% GPU 2844 (1 AT HRE.

BB AT RANALR BT

& % x #t
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polyhedral compilation frameworks are usually impotent
when modeling non-affine transformations.

Derived from overlapped tiling, split tiling is an effective
tiling technique for enabling tile-wise concurrent start that

classical rectangle/parallelogram tiling cannot find. However,
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the implementation of split tiling was also constrained by that
of overlapped tiling, which requires the modeling of non-affine
expressions in polyhedral compilation frameworks. This makes
the implementation of split tiling in the polyhedral model a
difficult task. Unlike existing work that extends the polyhedral
model to handle non-affine expressions using auxiliary strategies
like pre-processing, programming language specifications,
runtime assistance, etc. , the algorithm designed in this
paper takes another way by implementing split tiling that is
derived from classical rectangular/parallelogram tile shapes,
which can be implemented in the polyhedral model using
quasi-affine relations. The algorithm presented in this paper
improves the performance of the PPCG compiler when
generating OpenMP code for CPU architectures, and obtains
competitive performance with that of another polyhedral
compiler, i.e., Pluto. Moreover, the CUDA code generated
by the PPCG compiler also benefits from the split tiling
technique introduced in this paper. The performance of the
generated CUDA code using our technique is better than the
state-of-the-art hexagonal tiling for GPUs.

This work is supported by the National Natural Science
Foundation of China under Grant No. 61702546. The purpose

of this project is to solve the programming issue on diverse

heterogeneous architectures using the polyhedral model. The
members of this project have made progress on extending
polyhedral compilation for handling non-affine applications
and modeling non-affine loop transformations. For example,
we extended the polyhedral model to handle dynamic counted
loops that presents frequently in dynamic programming, sparse
matrix computation, finite element method, etc. We also
implemented overlapped tiling to improve the performance of
image processing pipelines on both CPUs and GPUs. These
contributions have brought the polyhedral model to the front
scene of many application domains like deep learning and
image processing. Recently, the polyhedral model has been
integrated into the MLIR (Multi-level Intermediate Repre-
sentation) project. The members of MLIR are designing a
so-called “graybox” polyhedral optimizations, which is similar
to our implementation for handling non-affine applications.
Overlapped tiling becomes one of the most suitable tile shapes
for deep neural networks due to the nature of convolution
operations that involves a lot of redundant computation. Our
implementation of overlapped tiling in general-purpose
compilers will benefit automatic transformations of deep neural

networks and we are now working along this direction.





