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Optimization and Analysis of HPL on Domestic Heterogeneous System
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Abstract: As heterogeneous system becomes one of the most important choices to build super computers, how to orchestrate CPU and
accelerator to leverage the great computability of heterogeneous systems is of great significance. HPL is the most important benchmark in
HPC field, traditional HPL algorithm targeting at CPU-only systems cannot achieve high performance by only offloading matrix
multiplication workload to accelerators. To solve this problem, this work proposes a HPL performance model and a multithread
fine-grained pipelining algorithm for domestic-processor-domestic-accelerator heterogeneous system. Meanwhile, a light weight
cross-platform heterogeneous framework is implemented to carry out a cross-platform HPL algorithm. The proposed performance model
predicts HPL performance accurately on similar heterogeneous systems. On NVIDIA platform, the proposed HPL algorithm outperforms
the NVIDIA proprietary counterparts by 9%. On domestic-processor-domestic-accelerator platform, the finally optimized Linpack
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program achieves 2.3 PFLOPS on 512 nodes, with floating-point efficiency 71.1%.
Key words: HPL; heterogeneous system; cross-platform; performance modeling; exascale computing
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1: for i=0; i<N; i+=NB do

2:  panel_factorization(A,i,NB); // recursive panel factorization using Gaussian elimination

3:  panel_bcast(Lys,L,;); // broadcast panel in row processes, including row swap information

4:  row_swap(A12,A); /I pivoting according to swap information

5:  update(Ay,,L,1,U1); /1 first calculate Uy, by DTRSM, then update A,, using DGEMM

6: end for
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Fig.3 HPL multithread fine-grained parallel algorithm flow
3 HPL Z 24k B2 JFAT ok AL #

32 ZEEMNEHPLEXHELM

FRATTE LT i B 10 A7 385 1 9 8 R A 47 A0S SR IR MO 2%, LRI 22 e it R PR T A8, S B 30
BRIL7) PGS — S 4 s A7 A8 A 3 8 — DB IOAT RS e 2 ) AL AN SRR 55 T 28 S B A1 55 BA 3

EHiE

72
{5 A S

P&
35 A

DIETS

gin
RS EAF
fedmel s

—

Fig.4 HPL producer-customer model
4 HPL A== 2 5 A Y

TR0 40 7 R R TR T R AR A Dl T 2l TS B A 4 LTI ()
R4 AT [ B JRR o S T £k R S AR AT 45 I 2 7 o R B
1758 — AN SEFAT 55 J5 A2 e — AR AT 55 T 80 4% 40T 25 BA 51 1L
120 5T i (0 2R R WA B A B EL AT 45 S8 AR i 51 5 panel
S FRIIERRAE S B OO 00 5 B s B e i S T LA
ATTFURAT 4 (1 panel 43I 452 R ) R AR 5 R S L5
o TSR L, 214 AT 45 BA B A9 255 14D Bk, K 7 402 e sl e 2 8 - 55
Ry R B4,

S RGNS A 2R GPU. MIC, FPGA. [
PENIE AR A Y T Al S HPL SR HA AT RS M T, RE RS 1B AT
EZ TP R G B BRATIE R T — A5 5 91 A o g AE 48
HPCXIL S B 55 SC iR [17]— 2, &1 5 Fi s, B A Tl S iy 17 5%
R 38 S G 1 — S AL o bt Y A7 B AT Bl AL
B, 0 R ) 2 S TN FRATTOS AN [R] ) 14D S50 A o 4 g A
RN SE I AT g e LT — B4 — Mdn fE 851 AEAR
] F) Do s b A AN [R) (4 g B A 8 (HIP. CUDA. C)sEI
JBS )2 AN TR) F 4 136 4 2 3 JAN [R) 1 5 B i — B S0 RR . B i
HPCX 37 #: [ 7 bk #% . AMD GPU F1 NVIDIA GPU LK [#
FERLFREE . Intel CPU I AMD CPU. T~ oAt Sy ok 3 45 &
WA G 45 H HPCX 58 S 442 1 1 B S v] Ly (s %

TR HPCX HELL b S 4T HPL B3B8 ik i ] HPCX $RAL i 4 A 43 1 S2 I F- & hisk

© hRBIEB IR

http:// Www. jos. org. cn



KAE 5 E M A% HPL t94k4 5 47 2325

HPCX | blsa | kemel ‘ memory transfer synchronize async
framework HIP CUDA C
compiler hipce nvee gee
platform ROCm Linux

device AMDGPU | ik | NVIDIAGPU | CPU [i# kb5t g

Fig.5 Heterogeneous acceleration framework HPCX
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P [Ep (B EE Xeon E5-2690
A% 1 2
W03 32 28
BURE & 7 5414 {4 (GFLOPS) 384 291.2
17 (GB) 64 128
ipEE 7 3k P100
g A% 1 2
RURE £ 77 551 Wt (TFLOPS) 5.9 4.9
N 17 (GB) 32 16
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7E NVIDIA & LR ARG R 6 Jros. AIEL 6w AT mr A 2, B i) UL 22 K Bk 17 JT U
3 B Bl K e hAs HPL fR 1 e ¥ AT KR 2 i A nvhpl 5 B AT SRS AN A HPL 2947 1) M AR SR 7T th X
FE B2 Bl 3 B BUAt K R RRAS IR HPL R T CPU L, Tl =B B it 7K £ 76 12 FI sk 4 1) 31 54 76 PCle
By A 0 T AT AT LA 21,00 2o A B AT AR TR s A A B ORDREE HPL 3RS TR P RS TT,
T T o I A7 LR A BRI AR AR HPL 0955 nvhpl A EGE A 50K 22 6 D DR A K kL
HPL 5320000 Inadi s 55 Ab BEES ( IF 47 BEAZ AN, DL 0 T 4T A8 e v 194 2% A5 T4 AL 2 e R i RLRE HPL
Sk A e iR 2 Ja PERESE Al T nvhpl (PR BE, S AE nvhpl 35 9%. 81 7 JE7R T NVIDIA V& E2
RETIR G5 R . T =B BOii K 2 iR HPL 3 B RS, AT 25 1 e (1 22 R 0K N B 7 7 JRA T ) LUACEE R P
HPL. ZZRANKLE HPL 55 nvhpl #4584 109 L AE 2 R IR L, FRATT RO A0RE R AR HPL AR 405G nvhpl.

wilel 8 pros, fEHE L E s RALIY 512 AN i b BATHEAT T 1~512 AN s T PRI A K 8 Hn] LUR
L AEAS RN HERE LT HPL 14 e MEAR G B 5 R A3 I HPL O R 2218 R B, AN 2 1Y i 4 75%
(IR T BB 512 AN 5 24 T19% 10 R0 A i S 1R PP A e AR i Ao DR O 5 s R AT 1 NN A X
e A e ) IO RE I 3R, 10 22 1 R K N 496 o (I e 8 ) PO R 3 1 2 PO 803K T e 8 AN S B 22
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Fig.6 HPL performance on single NVIDIA GPU
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