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Program Transpilation Method from Control Flow Model to Dataflow Model
Based on SDFG

FU Jiawei, CHEN Junshi, AN Hong
(School of Computer Science and Technology, University of Science and Technology-of China, Hefei 230026, Anhui, China)

[ Abstract] Dataflow .programming is an emerging parallel-programming paradigm. By splitting tasks into fine
granularities, high-performance: parallel computing can be achieved at the expense of increased programming
complexity. This study proposes a new program transpilation method and compilation procedure that leverages two
levels of intermediate representation and converts control flow computational programs into a dataflow architecture
in a fully automatic manner. Owing to the substantial disparities between these programming models, many
challenges exist in automatic conversion schemes, which are split into four categories and addressed separately.
Experimental results on the PolyBench/C dataset indicate that the proposed conversion scheme can produce
dataflow parallel programs on par with those produced by the Stateful DataFlow multiGraph ( SDFG )-based
OpenMP parallelizing compiler while strpassing it in approximately half of the cases. This study also conducts case
studies on multiple program samplés and discusses the causes of performance distinctions in different compilation
schemes, revealing the superiority of the Codelet model with a massive number of threads on irregular parallelism.
[Key words]) dataflow programming; Codelet model; Stateful DataFlow multiGraph ( SDFG); program
transpilation; source-to-source compiler
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Fig.1 The Codelet execution model
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Table 1 Comparison of the hierarchical structure of elements between SDFG and Codelet dataflow graphs
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Description

Represents complete programs, but may also appear nested inside another, like

NestedSDFG nodes in SDFG and TPs created through invoke

SDFG graph TP

Represents the control flow in programs that may only be executed sequentially; a

SDFG states -

corresponding concept does not exist in the Codelet model

Represents data storage structure and manages data access for compute code.

Data container nodes (Data stored in TP)

maintaining data locality

Non-data container nodes codelets

Represents compute code responsible for the actual computation
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I i AT 5 5 i O A S AR G R L (A5 B
T T b T BK A7 B 1Y codelet BE % 45 ) H S 4k
codelet FLs B ML, B0 £ 5 4k codelet X 7F £z i 5
JA B E S IR A A SBATIRE . Bk, b T7E
Codelet 574 1 I i 5 # SDFG 45 A1 v (14 [] 4 18
ST SDFG #2 7 vh id) [A) 25 a5 R 40 B30 50
G20 AR S T 58 B R 2 AR Y codelet P,
I TR O R IEA 15 B X 28 codelet MKHFTT 4L
B AR E A i 1 T A AR o e . K R T AR AR A
[7] 25 L 1 04 A0 B B 7E Codelet 45578 rfy 2 46 Sy o
K2t KT BRI Z) 1Y codelet, M7 A £4 [F]
W Z SR WSR2 BT [ 28 SR e A T IR
PAT - &SP SDFG B RS54y (1 [8) 2547 - )
IR 5 Codelet 45 %Y JG BH 2 . = IF 17 B 09 S0 AT
TP
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2.3 FHTREMMRHK

SDFG RIFE 12w BV 5 76 B ik i 40 A
X RpEE TR T N SRR A T Ak AR L DA
i 7 A AT e B AR A B el . SEBR
|, SDFG %4 it K 7E 23 28 e 5 AL I s 2 242
CH++ 1R 5 vk I — 2Pl C++4wik
A AR R AT A TR AR C++
iR P HE R IR )Z 4T S5O ARRE T . 9 an B T RS
FATRAEIE 20 (SSA) HEAT 1 AT ik 43 Hr L # AL 7% Al
TCHRS I BR SE R R . X —F¢ 15 SDFG 5
FEFE TR AT PAT AT s B B EL AT AR KA PR B
AETCHT A0 Tasklet 3 BEHF 40 5| ABRAMYIEAT
AP . X2 AN ESE Y A 7 Tasklet
S IiF RIS — 1 C+ U, AFEAE
B A ERR A R 2P AL IR AH R N 3L |
FOCHRE , BV )4 R R R R AR A E AT R R S
ik, SRR C+-+HiE S iRt . SDFG
FERAEREFE L A A T v R A Ei O T A 25 T 53 B
A rb Mo S S 2 55 B, DTS2 BB
RINARRIF TR SPAT A, 5 Z A2 WS XT
codelet #4713 T 4RI A R4y W AT REAE codelet
ZIEGIAKREWN R 6, 2 2 S8 FiEs H
AHEREY codelet B I FE 2 AN [R] R4 T 5L TT - TR A
TRIY S, SRR PERE ™ E TR, I 7
SDFG #7145 4 22 Codelet £ 7Y fY 3o #2 v o b Z0i 38
P AT S5 YR OB EE LTI AT B SR B A 2
[i) B A1

ARSOK %2 BT #0171 Tasklet B 5 28—~
codelet , {7 18 21|35 i it 43 3 (4 Map #1 Consume
D BURE R (R E A SDEG H 19 75 — AR
IF o A7 53 3R BOIR S5 B R R AU P o =
AR codelet HHiEATAbHE 3 Fh B 55 T =X RE W5 7E
PRFFRRE Y 32 48 3% 51 M A 58 2 04 [R) B, ok A i
YRR B 3% 435 DN AN 0 22 A R 5 [R) 0 F
BY. BBAb i R AR R T BE AR B R I N Y T AT
PG5 A8 S A I 47 18 S AT B, i DR A GRS fig i
AT BE 5 R M P AT L {15 A il 5 o B b BE AE 4E R
SDFG #65 8 JiA7 (9 47133 R - CRE B T3 1R 0
ESPATRE.

3 EWRITSSH

3.1 ZBRHBEHEE

ARS8 R HI PolyBench/CH* A g Vi 7 42 i
Ak, PolyBench/C &—%& M if47iH B0
PeAL o AR RE DI B i SN R, Iz T

e AL MR 2R 45 M B 58 LA K s i R A
ik, PolyBench $2fit T —& WAl B} F R 7
KB (KerneD) , N AEACELZ 5 R AL 2R . )
FEBLRUR BRI I8 Bk 5 . 0 T R R e i T
TTRETT S Wl PR A 7 Sk 1 5 4 0 -4 A AR 7 38 A 7 B
(] HR %) 7 B, A SCXT PolyBench/C o ) fir A #4511
SR AR R B ) 5000 4 R/ N (LR MO AR 5 — A
i A PR P U N g 1% 2 BDEXTRALARGE _
DATASET) , 3 DA Zead i oAb Ja i — 2 i A2 7 119
PATIE B FER T2 PERE TN dE An . AR SCLLEA
NUMA G546 94 g 165 S0 B IS AR A% Ak L B8 o 512 56 -
& FRRLE W 2 iR,

x2 LBRTEAER
Table 2 Experiment platform information

Ttem Description

Dual-socket Huawei HiSilicon

CPU
Kunpeng 920 Processor
Core count 96 cores (2 socketsX48 cores each)
Memory. 192 GB
(O8] Ubuntu 20. 04. 6 LTS
Kernel Linux 5. 4. 0-196-generic
C+++compiler GCC9.4.0

DaCe version 0.15. 1 (git commit 7056675)
(git commit e703db1)

Ver. 4. 2.1 beta

Polygeist
PolyBench
3.2 ERFEITN
A PolyBench 8 {I i BB FA R AR 7 43
S 2 Fh 4 5 3l 0y 5 g3 A5 2 214k
J5 A S A A 22 5 09 i SCPHE AR TR Y
R4 Kl 4 Bis., Hodr: Plain J57 2§ F§ GCC
B4R PolyBench $2 A JEACHD AT IAEAT O £k
Z4: 03 J5 %25 Plain J5 2260, HIT5-03 L1655
95 SDFG J5 48 A SCHS 2 BN A R 5 5
PolyBench (A% 28 2:k g i3 5 e 4 i A (744K
85 bl R R 1Y DaCe HEZR B #2244 SDFG Hith 2
CH 1805, I8 GCC-O3 Ak S5 ity 7= 5
DARTS J5%2 5 SDFG J5 220 (0 4853 56 8 1) i ik
555 i &, JF B SDFG iy iy 2 Codelet #5254 1
CH+ -85 . (i GCC-03 AL ik r=4 .
ASCFE PolyBench &1L AR PR 4 R i
TR AT, &Rk 3 Pron. Hrr: Plain
O3 Ir R FEF N B FEAR T s SDFG 7 i 2
J¥ R H 32 2 OpenMP 1217 ; DARTS Jr £ )7
K A4 R ROTH 32 MR R TE T, LR
durbin (i3 1, DaCe iR AL T —A> 5 #8748 &
(9 VR 3k, 15 75 4 48 ok I DART S 77 2 1 AR T
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GCC direct compile

GCC compile with -03

Y

Plain -

— Single-threaded

Source code

Procedure
in Section 2.1

— Multi-threaded

B4 SHTFNNERIZELRE

Fig.4 Compilation schemes compared

LSRR3R 3 RN HARIC NS « 7 S5 T R
By 32 47 I RS 0. 1 s, 5 R F ) R R
10 ms. R SB4E 5J0 VA M S e A ) 20 36 7 S8 19
PEREZE S . EHIBRLL L 8 ANFEWIIG , AR5 X Bl 4 1
21 AR BIHEST 00T

®3 BHFEXTHREFESITHES L

Table 3 Comparison of execution time of programs compiled

under different compilation modes BAf .

Test case Plain 03 SDFG DARTS
2mm 325.34 222027 14. 49 17.03
3mm 452. 06 371..25 23.53 36. 86
adi 452. 97 263. 70 17.93 19. 07
atax 0. 09 0. 06 0. 03 0.07
bicg 0. 08 0.07 0. 03 0.03
cholesky 2787.90 2 236.38 222. 54 218. 22
correlation 449. 26 437.52 28.03 27. 67
covariance 436. 66 409. 69 447. 69 458. 84
deriche 7.68 6. 31 9.21 3.06
doitgen 29.91 7.98 4, 37 6.13

durbin 0.11 0. 02 0. 08 *

fdtd-2d 178. 49 45..31 6.03 12. 89
floyd-warshall 961. 26 285. 61 540. 86 243. 40
gemm 92. 14 14. 61 1.48 0. 90
gemver 0. 90 0.70 0. 06 0.12
gesummy 0. 26 0. 24 0.03 0. 05
gramschmidt 691. 65 690. 02 45. 93 185.51
heat-3d 536. 46 93.02 9.24 21. 64
jacobi-1d 0. 04 <0.01 <0.01 0.01
jacobi-2d 198. 87 59. 86 5.65 13. 42
lu 3225.86  2537.50 624. 49 778. 28
ludemp 2 880.65  2627.10 627. 30 769. 03
mvt 0.76 0. 68 0. 06 0.11
seidel-2d 444. 86 266. 97 267.63 267. 26
symm 218. 43 206. 83 205. 69 226. 16
syr2k 301. 12 260. 84 18. 50 10. 05
syrk 130. 22 88.79 7.82 3.39
trisolv 0.14 0.11 0. 04 0. 05
trmm 198. 03 189. 84 11. 82 11. 66

% 3 EREH], LA SDFG Siid )y 7 A M FEF 1Y
PERE RS e, R FH DARTS 4l 7 A R
-2 PE BE AT LAA 3 SDFG J5 S84 94 % LA -3
{ED FFAEH A 9 AREBIR 4SS T SDFG 5%, Hir
T H Ik E] 3, WEl 5 iR . BEARTE , DARTS 1%
I FH 45 R AR TR AN KU A B2 e A P e e
Ifo BEAb ZEIX 21 ARG, ISk SDFG J7 S AHAL
T O3 BRI T 2 & A HELIIFFT7 8,
A 6 MEGIRES LR E. 7EIX 6 DHELLIRAT BUARE B
H1,DARTS 5 £ B2 P PE Bk 2 T SDFG 7 £ 1)
97 %6 JUAPESIMED , BB DARTS J5 S AE 1 % 4 71
BRI =R AT A AN

T LA B SC B 45 518 0] WL, R4 DARTS 1517 HAE
AR RS T8 5 3R SE B AL S AR 7 A TR
AN A H A SO T AR 4 B SR &
AL EI Codelet Fidis i 2 7473 4R BE A6 (i o447
PEfE 5 R TG I TR R P AR T,

3.3 KRGS

BT 3 r B SR 25 R, AT B A R
FHEMREGISEAT IR A 53 AT . 1718 DARTS 47 %
FHLL T SDFG J7 Z M fidt . i B Linux R 4048
1Y perf RAERE J1 5 flamegraph-rs™ T H., A fff
FEREE N AR Y32 A 7 A rp A ol PR B0 R EL A P A
TPRG A3 HT NI 8 7R AN [F) 7 SR AEMERE R L 1y
225 RO B RS THE .

B, LA covariance Jp i, Hiif it SDFG Jr & Al
DARTS J7 % 7= A= W 12 )7 35 2 B Al 22 1) IR AT 1
M C+ A AR RS U g 3, H =2 A% 2
A= EHEMRES, Bl FHh BAEE WA,
SDFG #t4is it A5 78 (1 42 Ak BB 7 783X BLME DL & 4 4
KX = 2 ENG IS JFFEOR B T T ok, XN
b, SDFG J5 %6 1 DARTS J5 2877 £ Y FE 7 S 46 9%
TR 7R L R 132 B 1, NI A5 511741
il 119 2 S5 DR (0 5 A 85 5 S B35 L LR SDFG R
AH DARTS AR (O FE P15 B S PR RE 25 52
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heat-3d
fdtd-2d
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Fig.5 Acceleration ratio of DARTS over SDFG in 21 programs

R AETFAT B Bl 2 e v, AR SCE B 3mm
Sy, FAR R 3 AN HERE B e A T A Y I
i, FEI%REB) Ll ad DARTS 75 % 77 A (K 12
JPHIEL T SDFG J7 ALK T 6420 BN, M
T 0 s 1T 1E K F » SDFG jliAs#il DARTS fit A<
MFEIT (1 A FEF- 35 CPU 5 HE 4 31k 3 087 % il
3 139% , HFARRAR B RRT Y perf 255 it A SR
WSH . SR AR SCER B, SDEG MUA [ 2y 4
A 1. 08 Tk 8l 1 F SCYe , 1 DARTS MiA Y
FEIFAT ik 805 JT ik 8 1K S Y) e, & SDFG it
A Yy 745 £, [, SDEG WA (1) 2 )7 & 47
32 TR ER Gk T, i DARTS A 0 2 e ) & A T
93 JTUEKER VL, J& SDFG JRA Y2y 2. 9 £, H Haki
H AR ES 24T DaCe i = SUZEIA A TG R4 53 31
%432 NestedSDFG 75 i 1, T {#f DARTS Jig A<
AR R B R AR B T — A~ TP 7E it f rh
RAET REWWNAAST RS B HEE: ifE SDFG hit
AT, NestedSDFG 7 AL HH 28 - — A 15
B PRESIA P DRI SR O TR A AR B L D
T R ScUe s . MRS T B 1is 1T RE .

5 TEIAT B AR P b s AR SCRE B syrk
Fyf), Hol ik DARTS F &= FH LT
SDFG J5 %3545 T 231% Bk, A ST 2 2 1E
SDFG JRAFEF B TH perf RAEG R, 4%
I B FE R R 126 1 SR B A5 b 4 b 4
OpenMP iz 7 G & i TAEL AR T EE M
BAES . [FIE, #ME Linux X CPU & RS 7
X LA CPU LR ORFR 2 7 4E 19 CPU (5
FAEH 100%, ] SDFG R A iy 72 7 e f2 -1 CPU
di FPRAUA 56120, 1 DARTS MUAS (72 7 4 F5 T
3 098 - CPU fi HIR, fEdbAEfl v, thFi%
LB HAT IR AR , Codelet FE7 f1 R
TS LR 5 T 90 4 Mo R B CPU (93134 6 7 .

I ARAS B o B A P
4 HFRIF

EIXE Codelet 27 5 2R 4 it 45 78 4 A2 PRME 174 7]
L AR SCHE R T RO R R e e iy = . DA
MLIR™/FiIl SDRG ¥4 i 62 70 5 2% v ] 2 71 2
R R AT T — &4 A S RRIT 4% LA
A SR A A 03 TE ST g AR
AT B T4 T % Codelet BUHE JAE AL ; 1
YA T PR A TR AL 7R BT AR S
L gL 2R, DR I R A — B0k A L AR
SRR T AR B F i 38 30 ) PRI PR AR 4 43 )2
IS5 0] AT X IR B AR RS &5 44 L R S0 R AR
i A AR R) R, o 13 B ) 4 — i L 07 X 1 it
Fff P T %8 IR 3R b BE 3 T R4k 7 5
B AR SCHEAR T TR 5 S 0 —Fh L 7 =, I
WSS HT T A SO SRS IR

SLUAS IR AL EA R LR L
ASCH Codelet ¥ i g AR B AL B 1114 H s LR 7
M Z T A R P RE AT LS B R A
OpenMP FEATALSEHAR 2, I 78I — 21 B9 R4 3R
HHEIFRITERE . LT oCgn gl B AR SCIER T 3
YA, 53 B He T A ST R AN HEH A AN A
JE TR AR R I, IR A b T R P R RE AL
F IR R X R0 A T SR A e S
F OpenMP 317 77 23l & PE B 3 4, 1 Codelet
B A AT RN A T S5 N F ) A
EER T

ASCHE T A — 1 R BRYE . 5 20K
IR BT R TR, i — 20 oot s 9 7R O 1
BE. W12 % AceMesh™™ 5| A % 1% il 5 18 41 i
PaRSEC™ Bt ik i 3C 44« A5 Bl e i P 2438 A 41 41
15 8, o 76 G W 500 Ot P Bl 0 47 B 0ok 4 1) 4 ol s
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A RO U s AT I R GRSl L A A R R AP A
ANPERAR B T BhIZ 47 I R G b AT 54 10 9 ok
. DL B ARz AT R A Ah T B 53 Ah. XX
BRL24-25 1801 T H % T Codelet £2 84 ) MLIR
T3 AT R AR JE SR TR B R 5 e AR SR
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