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Parallel optimization of FMM for cosmic N-body simulations
on Sunway TaihuLight platform
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Abstract: Cosmological simulation is a typical N-body problem and one of the representative and challenging
problems in high-performance computing. This paper ports and optimizes the performance of the fast multipole
method (FMM), the main part of the astronomical N-body simulation software PhotoNs-2 on the Sunway
Taihulight platform. Aiming to increase the computational efficiency and reduce the communication expense in the
current research, this paper optimizes the fast multipole method by reorganizing data, reconstructing the
transcendental function computation and designing double buffering and merging the sending tree during message
passing interface (MPI) communication based on the characteristics of the architecture of the SW26010 processor of
Sunway Taihulight. Compared with the algorithm before opitimization, the optimized PhotoNs-2 achieves a
speedup of about 24 times under three different arithmetic cases. The proposed optimization scheme can provide a
reference for the porting and optimization of other high-performance applications on the Sunway Taihulight plat-
form.

Key words: Sunway Taihulight platform; parallel optimization; data reorganization; FMM; cosmic N-body

- 5 SEAE A 3R 003 AT AR RE 77 . O 24 B SR ST AU AN 2 T B S s Y R R
—
%5 HH#A:2024-03-17
ELWE LKL ARSI H (ZR2022MF274; ZR2021LZH004 3 ZR2023L.ZH009)
YEZ B A # R AR (1999 Bl RIGIT A WL A, R F e MERg T A
W 1968, 2, INARAE A B2 28 S0, B S e BRI T 55 40 A 205 46 O i W 9T, AR SCIAR AR 34

E-mail: fuyou@sdust. edu. cn



- 106 - L AHBEKXFFROARFAFZ RO 2024 4% 3 #7

AN R B 2 AR ST T A A R R A B R R R T O 5 S
T AR MR N [R) R, 3 AT SORL - 22 8] B9 AR BRI A IE s A, 2 e M e TR B AR P A
PR e I — PSS b AR AR Z AR T ) ISR R AR O () . R TR AR,
1980 4F, Peebles il i 51 ARl 8 19 R 2% 2 05 # , 45 th 1 A= i g 27 A 5 1 2 b i U 2 O DAt & i
fb 5951 RUBE T 9 4% (particle-mesh, PMDFE3ET . PM S 05K 2 [ D) RS 185 0, 308 gt bl o e B v 725 SR e 911 4%
IR BEER B R 2 By O (nlogn) ABAETFEERE S ) B A HE AR, HaE Tt A #E gl .
1987 4F B K 2% (%) Greengard #2 1Pl 24 777 57" (fast multipole method . FMM) , fifi F## JE 25 #4 % 3
S [ AT Z2 R R 53 IR 200 R 5 Je 28 A% Ak ek 50, 8 5 0 A IRAE O — A B AR LR N4 ]
ML AR G| 0 BT IR AR EORG B R R LS RS A B R A AR AR O (n) . SEAESE,
[ 2 e 8 K SC A AR 4 —Fh PMLBL R R MM MTSS & 19 TR A B R & T PhotoNs-2 #fF, #E
— PP T TR L RS AL BHRE JORL Y )

B A 7 2 AL S T SRR 10 S DB R SO B A R e AR I (1] 52 A% B L A B ik e A 4D 52 56 X R R
BB A 5K I AT AR IR 58 AT LI 3 42 8 48 2 GO T A7 1 8O OF A7 1 LA AT 55 GOF A7 M55, B W] 24> ik
HITHE— P P R AT AL . B R AL PR IT (graphic processing unit, GPU) B i BL, 01 58 % T th
7 GPU JFATINGE FMM., 2011 48, 2R IEARS " 413 FMM 78 GPU L A7 7E () 51 8 B i f 57 M 2
7R/ IN R 1 45 I A0, R o — BT 1 3 T 4 — TH R IR S 2 A S By k. 2014 4F, Dang S5V —Fh
FMM 5 P ) B i 725 o AH 25 45 SR A R RS L B 0] LY 757 3% L 7 Nvidia Tesla M2090 GPU SR ESEEl T 13
AT AIEAT. Wang %78 GPU EXF PhotoNs-2 #4744k . 41 % FMM iy P2P B8 44 ) 14T 55 4l 43
g, PA A S SE e FMM R F S350 0800 CPU 5 GPU 2 [l B 8o &5 . 3 4F %, o Se il
PTG AR A R IR IR 2D R O DTS TR S R R S B BT R T R
FHEEAITE . BT RRGH AR, T GPU BE - F b T EAREEBEIE V6 -,
XA 3T PhotoNs-2 B3t T #g « K Z T & LAY N ARBEK 4 SwPHoToNs . (EAR#7 7E 14 B A% 3
12 0 (message passing interface, MPD i {5 TUAY B Vi 730 A 1 45 [a)

E1 5t DA B T8, ZE R o K26 & E 58 M PhotoNs-2 (RS AE J5 . 45 & F & 1K 2 45 ¥ 45 o5, A0 5
FHop i E Fik—FMM #4740 146 « 51 % 28 A% (computing processing elements, CPE) | 15 ££ A 1% %% [n)
L, ) B P2P VSRR M P2P R I S L 4R AR AR b U A B9 3 S 5 AT R RCRART
BT WLE wpt T SBT3 A 0 T s B T R R BB AR IR 3 A7 U I T Y A T T o
FH A 2% 0k T AL S AR b AL el 2D AR R SEAE B DT I 5 B MIPT 38 47 8 B Bl 2 A RIS 1 DT 3 1R A8, 42 14 5
I K-D W Sk FEAS s 22 P A 2 T [ B 2 3R R U A A AR I . AR TR ARG D4R S A9 Pho-
toNs-2 78 3 A [a] BB 451 | i 34 B 24 24 R B9 s 88008 . AR WF 98 4t i LAk T 28 T DA Sy JHG Al v 1
RENE FHAE IR « KT B m S fedeft =% .

1 #HE s KiZXFELERFZEHLTI FMM-PM BEE5& %

AR o KM ZJER I SW26010 544 A 4% 4b B 45 22 44 Al PhotoNs-2 4 H iY) FMM-PM i &
FILIET A A
1.1 SW26010 RHIARZALIERE R

SW26010 544 A 4% 4b B4R 0 B A2 A T 4 4L, 36 260 A3 5 0, B A O B TR MR N
1.45 GHz, B M ZHEE 1 > £ (management processing element, MPE) 64 /~LA 8 X 8 B3] J5 20 HEAR 1
MAZFN 1 A2 45 ] 248 (memory controller, MO) , B 4 f MC 5 E4AAHE, sl 1 s,

MPE #44 L1 Fl L2 P2 e 3 2% vh A7 4 #% (Cache) , 2 L1 Cache i 32 kB B9 %4 Cache 1 32 kB AY45
4 Cache ZH 1, 1.2 Cache 1 K/NA 256 kB, 44 CPE## 16 kB () L1 $§4 Cache 1 64 kB J& ¥ 3 & W17
(local device memory, LDM) ., CPE jj[n] = AE 504 09 7 XA WA —Fh 22 RN AU, Bl 2 /i A /5
(global load/store,gld/gst) B #A R, N\ B & RIBAMERE 484 H B EHF P ROEHEHITIEE 5



R B - KRG F A LT N FMM B3R b4

+ 107 -

1 1% 7 XS B B AH R D R) S SR 55 0 5 o5 — i & B3 A7 17 7] (direct memory access, DMA) J7 ., Se ks
N AE T BB & 2 LDM, F-J7 18] LDM #5877 850008 % 07 35 0] 28 38 2 (K Tl

| 17 | 47 |
— —— S (o] [ome] [ ][] [oo2]

b
|
I ‘ MC ‘ oy ‘ MC I
| . o] o] [ o] e
! ‘ ‘ Lo ‘ ‘ [
| ‘ MPE ‘ ‘ 64 CPE ‘ | I ‘ MPE ‘ ‘ 64 CPE ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
! | :
. L _N__

‘CPE‘ ‘CPE‘ ‘ ‘ ‘CPE‘ ‘CPE‘
[ ——=—=="""==7=7 | N
| |
i e | o EERECI o W Tere] [ers] [ ] [ore] [ert]
! P! I
| |
R Y o T O
! ! [
e _d______ ] A ____ J
| 17 | 7 |
Bl 1 SW26010 & {2249 5 M % 51 45 44
Fig. 1 SW26010 hardware architecture and slave array structure
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Fig. 2 Schematic diagram of the hybrid FMM-PM algorithm
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