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Abstract: In order to realize safety, reliability and self-control of electromagnetic computing, the large-scale
parallel MoM is studied based on domestically-made many-core supercomputer platform named “Tianhe-2”. A
new LU decomposition algorithm named Block Diagonal matrix Pivoting LU decomposition (BDPLU)
algorithm, is proposed by analyzing the diagonally dominant characteristics of the matrix generated through
dispersing electric field integral equation of MoM, for the purpose of communication pressure reduction to
computer cluster and solution acceleration to MoM integral equation during large-scale parallel computation.
The BDPLU algorithm reduces the amount of calculation in the process of panel factorization. More
importantly, the algorithm completely eliminates MPI communication when pivoting. Using BDPLU algorithm,
the maximum number of CPU cores break through 6x10° CPU cores, which is the largest scale of parallel MoM
computation in domestically-made and many-core supercomputing platform at present, and the parallel
efficiency of solving matrix can reach 51.95%. Numerical results show that parallel MoM can accurately and

efficiently solve large-scale electromagnetic field problems on domestic supercomputing platform.

Key words: Method of Moments (MoM); LU decomposition; Domestically-made supercomputer; 6x10° cores

Vol. 41No. 4
Apr. 2019

1 58
JE 5% (Method of Moments, MoM) /& FEL £k
B MITEP AR —, W ER R B

AR E: 2018-06-04; SEEH: 2018-12-13; WL HIAR: 2018-12-19
HEEEE: BWE  xwzhao@mail xidian.edu.cn

FRETH: EEESPIRTRI(2017YFB0202102, 2016 YFE0121600),
F A JE R 5 4 (2017M613068)

Foundation Items: The National Key Research and Development
Program of China (2017YFB0202102, 2016YFE0121600), The
China Postdoctoral Science Foundation (2017M613068)

Bk —, RO ERAR Tz A,
AU VA TR B L IR AR BB R T2, R
TORUER ARG B, SR T S ok LU o g
L EER R RN, HAE R E R
FIZHNO(N?) FO(N?), Horp NASERE4E%.
TSRS H BSR4 AR R — AN R S
BRI S ERRE, dhr, HRELUS iR
(0 B ) o AN AR BV EOE AR 90 % A B, A
M, B AAE A 5 SRR K P R e SR e 1) s R B
) AT B R R R ) ) E R R . S


http://radars.ie.ac.cn/CN/10.11999/JEIT180562

846 B 7 5 F

2 %

A1 %

I H 72— 2R R E LR AT
KIBEHATIHE B,

BEAE TR ARR A, X E AT T
YESER TR AOAZ AL R 2, AR EE LA R K& 1T
HETT, VVE/NWIIRE, I LR 2 2 s s
SOmsE KR E R T, RS G A FRAEFELU 4 R
AR AR, PR EEMN SR ELS.
B, HEVE AR N T E LT & i E AL R
A0 b B AR TS DL R R AR A E AR 01 |
TRt KR TAE. (H2, RIS
&R K EHL+% % (Host+Device) ) L,
Bl Host¥i K F 2 # 1 CPU(Center Process Unit)4%
HIE S5 BRI o PB4, (A AT BB AT 55 1 o
5o Devicedii 1) A% Ab BE 25 DL AL BE 28 BINIE R (1)
TR, AT K& B IR R RS, Imis 3
DT RS (B, % R A T SRR I B LR
T Host i Al Deviced 138 {5 #R 2 il i PCI-E4& 1 52
LR, EEEREE, RE) 7 EERR RS it
4b, fEHost+Device 57 M 51 & AT HIE I K
MEFER . A, ANFIT RO 4 2 A Fnia Ui R}
K. BAREN S, BANRZHERERZTE
Fonod R e b B 2 o O A, BRI T R
FHRIZ 4 “ZHI TN .

FORUERH TAER 224, Tk, BERm s
X EARE R AL E LB <R
WY PTG, KA E EWVER IFT2000+
LA ERAS, AR EREE R, 2 E N E R E
R R A% E T &, HEMTHE R Gl H%
I R FRAL K A TR, FEORUERHIT R 22 42 [R]
I, RN 7 RFEE B . SR RVELE ORI
Z5T IR, wrah 1 E PR G R AT )
AR, SEHLT DT R E T R

SR, R EVAAE R & AT RIS AT U
B, TR E S BEE R R AR,
R () 4 0 1T 0 8 38 15 0 U R 5 0 A TR
TR AE IR R FRATT N 1% 1R A R A5 A e 1 1] 8
AR, SCHR[14], [15]47 Hi #fa] ()6 S 8 (5 2B RF LU
77 f# (Communication Avoiding LU decomposi-
tion, CALU) &%, J8i SUR ik Eokeg, w1
panel 4l 7 fif i F2 H @B AS IRECRIBE = A,
1018 AL 281 & X CALU SV 7 K& Bl T
EFIIRN A3 HT, HIMARLE LK, CALUBEA
A B D B b $%% E (Math Kernel Library,
MKL) IR 30 B R A4 4 92 SR Atk R B - 1A 9 e
Mo fHiE, CALUGREMEI TitEE, FuikRkg
TEREA panel ¥ HHEAT IR B

AIIETFFT2000+ FF AL AL B AR 6, JH
ko AR B A R R A A SRR, SR
—FlOB BB LU S fif B, RIS A B Pk 3 o
LU fi# (Block Diagonal Pivoting LU decomposi-
tion, BDPLU) &%, ZE RS G EERM, &
VA G IR, FEAR I I panel 51 73 fif 1 5
BRI, Wbk 7ol EREE,
A TR R AR AR, FFIRUE T EE R IR
2 BEom
2.1 FHTREX

A SRR A4 B HONRW G (Rao-Wilton-
Glisson)ZE R4, RINAT V2 A I —Fp e Sk dk
BRAL, RW G2 bR H ] BAUAE = T AR W A 10 32 T
B R AT, SR AN <6 77 V5 AT 49 30 HE SRR B
Ty

[Zmn] [In] = [Vm] (1)
H, [Z,, )R KN RN NEIBRBUHERE, [,
[V, )5 il 2R B g 41 vy E AR R S & . A T
TRUETHERE B2, RW G2 bR 350 = A1 T 31 43 1 I A% 121
K—MAEN/12, A/12]JE B A M. O T F R &R
iR A AR BRSO S AR R T AR IR %, A
NN B A I B BURE B R P HEAT 2 BT R
2.2 FEREYFIES MR

pi _ Jkn Il

Zmn - E 4An;jl4n // |: (Tt_ 'Umi) (7’3’ _ 'Un:t)

_ i} G(R)AS'dS

k?

FE VR AR I BEGUAE R Z,,,, 20 A 5K (2) BT,
Hrr, r e 5355 = MIEANE =T EIRRFE R,
W(t) R W () N RAE s RLIBUE, vy, Fo,® 53 1
B mM % AL X NS AR FR, G(R) =
e M Jan R A MBI REL, R = |r— 1. 5
Mrat(2) el 5, Hr = r/0, BI3%=MEAYE =
TWEAEK, [Z,,)E&RK, K45 MoM BT
B BN AR . kD R B A 18 1Y IR



5 4 3 JB o i A«

BT [P AL T L6 x 10° I F AT A& ik

847

P, B1ZE T AR 4 5 2 B EAE Rl B O 5 R P
TLES AT HE IR AT LLE K,
LUHERT,  J5 UG K P A KA 3 200 A 7R 5 M 4
fir . 58— K paneld| 5k, panelfT BT .
trailing 8T J5, FFER TR 5 m 8 A% M 5
PetE, BB S AT HRIEA K
HIRERE, FICE AN ALMIE, MCALUK
TEAEREA panel F 3 AT 1% 3 0 TR BE 7= 248 T IR
BEEMTHEE.

2.3 BDPLUE %

BDPLU S 1 5l 52 2 78 BE B G A o 0y
P FEEEMERRTR, B E2(a) R R K
/NN N, 53 HHERE RN Anyxny, KH24EH0E
oA 7 AL FE WA P,x P, T panel 7]
LI B XT3 70 BRIE B B 0 AT AE 28 P AT HERE AN S
P SIEEREH, Fou R B B R h 34T i 1L,
Z 5k RO (P, Py, EETTEREE
A VA . i HAT e R A paneldT H YR
Z5P47, HAATHBEAS 51T, B 7178
B s . E2(0) PRI Py, Po R T
U JEFE B HARAT R, (Privr) ~ Prginys Po)) #E
FEPAT EE2(c) il e S HEEEE, B4
panel 51 73 #1558 o

DU B v AR S ) UG B A2 500 2% S5 BE LU 7 il

KB, A HTCALUSEMBDPLU S i 1 I8 {5 i
B o BT EHLRIE VK BEREGE LR Na, K
RN FERE RIS [ 8. 20(3) M= (4) 70 il 45
T CALUSZEABDPLU S % panel 1) 43 fift (38 45
] Teapy™ M Typypy. FILAASH, BDPLUR I
panel 5| 5 fE B E B M LLCAL UK 98> T
> 1/3, XXTLUSMEMERERIFE T 2 0 H 2L

Thppru = [ (o + Bny’) x logy P,

= alog, P, + anloggPr (3)
2 ”%
Toarv= [Oé + ,Bnb] X IOgQPT—I— (a + ﬂ X 7)
xlogy P, = 2alog, P, + 1.55nb210g2P,» (4)

Nt — S AF I BDPLU S 25 1 1F B % A1 s 24
PEo Ak DL RO BT S5O R M T S5 451 1R 4T
FOT, KM BRI 3 (a) BT, ST IREHL
LTT NG, I ZE 7 kA, AEESN500 MHz,
FE R VAT AR R BB 58646, PR AR 4 i H
BDPLUS VAR CALUR LT R, " CHLI O,
B IA B # T (Radar-Cross Section, RCS) 45 SR
K3 (b) M3 (c) i, HHRERAFEKOTH R 45
B4, EY] T BDPLUEEMCALU K ELE
CRI 7 P G AT B RE T LR IR
Watt. F£14H TBDPLUREMCALUS ZR R SE

256 b E
) 512
op
E 768
i;;: 1024
# 1280
1536
1792 :
256 512 768 1024 1280 1536 1792
HERES S
(a) SR G B

256 512 768 1024 1280 1536 1792

R

(b) LUZM ¢

256 512 768 1024 1280 1536 1792
GRYIE RS
() LUZ i 5¢ ik

% 5

1 LU i R 50 PR M o A

P(U)
E; 7
P?’V' >;‘d
................ |
Panelf7
i *::“\ SA
i N
Py FEICHTEAT =
, Trialing & 5B
- R e
: S o=
S N \
P oo > -
()i FICFIAT 2 (ORI (c)H T 5 H

K 2 BDPLUS%: 5 A



848 B 7 5 &

e
HE

i 41 %

RCS (dBsm)
= )
S S

(=]

I
—
[=]

-180 -120 -60

(a) RHLIO) BT

(b) wozifi

60 120 180 0 60 120 180 240 300 360
@ ()
—FEKO —— CALU - LPLU
(c) woylfi

K 3 TEHLIT BRI R CS 45 2R

B B ) A 5%, ] LR H SR A IR 47 AL R
BDPLUSR M AER I H HE C AL UG v 58 R (1) S 5
SR A NS AT R

#£ 1 CALUEX5BDPLUE AAEM KARATENTEL

- SRR SR AR H] (s) FFATRER (%)
CALU BDPLU CALU BDPLU

2000 796.54 742.57 100 100
3000 567.78 518.68 93.53 95.44
4000 463.93 421.12 85.85 88.17
5000 386.89 338.24 82.35 87.82
10000 226.57 187.83 70.31 79.07
15000 172.91 139.05 61.42 71.20
20000 133.97 118.38 59.46 62.73
40000 72.83 64.61 54.68 57.47

3 HEFPAEN
AR “ R =57 B PRI AL A B AR
"5, HE1MUE, B A 1440 1NFT2000+
HEA S, &A% 3L17280NFT2000+ 54 A,
W AR 25 Gl EM L%, 4 RS0 AIGAH 1 AE
H10.17 PFlops (PetaFlops, 10"k ¥F rig 5 /s).

FT2000+ & [E 4 15 3K H £ & 1 R A A b
A, K16 nm T, TAEM%E ~2.3 GHz,
AT AR 644% 0, XUKE BE A 588.8 GFlops, J
WAEE RS NDDRAAFAE VS ) 1# &, Stream7ty 5 ¢l
89 GB/S, DGEMM& % 7492%, LINPACK &%
N86%, FAERGNAA T4 H ERM “RBEE”
(kylin) m PEREHERME R g,

4 BEEHEG

ARYIETF R 5 BB TS, F
AT 4 &E, R BDPLUS R il 46 B4 77 12,
THE KM R B AR, S0E T IR AT AR k]
TR “CRI 57 B A% G 3T KB I RT
THE B R A AR U R BAR LI R, 45
R B SR AR AT 0%

KA B A B4 (a) BT, FL LT R SF A
18.92 mx14.56 mx5.05 m, P NS HE N
400 MHz, AHMNIHER 25230 x 19.41) x 6.73),
PN T RINGS, WAk o B, T
HILRERCS, TEZAR T iRl — A R AR
190542 x 1905421 ZHAHEHERE . El4(b). El4(c)
25T oyl zo2If (I 24E XUEERCS 45 I8, %
245 T SR Z B B B TR) R AT 20K, 60 75 B

RCS (dBsm)

0 60 120

(a) WHLIT( FOALTY

180 240 300 360

(b) zoylfi

-180 -160 -60 0 60 120 180
6 (°)
(c) wozfil

4 KHUIXGHRCS S 3



o 4 1

PR T B ST ALK 6 x 1074 AT HE Bk 849

7 2 BDPLUBEAKRIEFERIINIREL FH-1TREE

FT2000+1%%1 FEBERMERIE(s) gLk HATRER(%)
9600 29183.33 1 100
48000 6336.53 4.61 92.11
96000 3501.73 8.33 83.34
192000 2035.35 14.34 71.69
240000 1764.53 16.54 66.16
336000 1328.13 21.97 62.78
384000 1227.91 23.77 59.42
432000 1133.64 25.74 57.21
480000 1043.45 27.97 55.94
504000 997.94 29.24 55.70
552000 937.82 31.12 54.12
600000 898.81 32.49 51.95

R H ATAE FE P g T 6 b SEEL SO R
AT RS

K545 1 iZHI R AT TERE I 28, BL9600%%
NHEME, ST IR R BI60 T, AT RS

30
25

5 F A

i Lt

AEix%51.95%, EIH TBDPLUR R IFHA[Y-
e

5 ZARiE

ARSCHET R T PR AL g T
&, FXHATHEEE R IEEE A TR SRR
RARIERE, AT ik F I AR 0 7 R B B A R AR
B EA X SR, 1R T BDPLUSE, 584
T T LU A R panel 1) 43 #3270 (138 45 T
B, I T R HOP R R PERR AR, SRR T KRR
AT AR B R Sy, ST B PR R
HOP & R I THE RIE I R AT TR . M
#W: BDPLUSVESERIESE FAEH R FI N, Lo
A3 {5 I CALUSE B A B ir i ge. FIHBDPLU
B, JHTHREIEE R =57 BB ET
BRI T 6x10°CPUMKIFFATIFE, B H
T REFRIFATYERE . AT T TAE A4 5 5 Bk
15564 H EWER I = E & R g e 2 A S
PR TAR R SR 4% HURE 1] R B T R

100 m

95 _\
90 L

s b\
80 -
ok
70 F

65
60
55 [
0 100 200 300 400 500 600

FT2000-+-4% %1 (< 10° #%)
(b)FFAT R 2k

AT (%)

&l 5 i b A AT AR

0 100 200 300 400 500 600
FT2000+ 4% %1 (x 10° #%)
() Inid L i 2
& £ X i

[1] HARRINGTION R F. Field Computation by Moment
Methods[M]. New York; IEEE Press, 1993.

2] ERKE. BATHA RS IR M), dba: dERURSE ARG,
2005: 116-157.

WANG Changqing. Computational Advanced
Electromagnetics[M]. Beijing: PeKing University Press,
2005: 116-157.

[3] ZHANG Yu and SARKAR T K. Parallel Solution of
Integral Equation Based EM Problems in the Frequency
Domain [M].Hoboken, USA: Wiley-IEEE, 2009: 107-136.
doi: 10.1002/9780470495094.

[4]  skE, BWIEE, BRE, & TFERBE P IORUEIR TR R
VEIM]. P82 P2 iR R AL, 20160 11210. doi:
1002/9780470495094171.

ZHANG Yu, ZHAO Xunwang, CHEN Yan, et al. Massively

Parallel Method of Moment in Computational
Electromagnetics[M].Xi’an: Xidian University Press, 2016:
11210. doi: 1002/9780470495094171.

(5] b, SKER, A, & m R RSP LR IE

ATHEBED]. i 4], 2014, 30(S1): 44-47.
LIN Zhongchao, ZHANG Shuang, WANG Xing, et al.
Parallel performance of higher-order MoM on a
domestically-made supercomputer[J]. Journal of
Microwaves, 2014, 30(S1): 44-47.

(6] M, BRE, 5kE, & HCPUT & T IF-AT b BT

F[J]. TR E PR R %R, 2015, 42(3): 43-47. doi:
10.3969/j.issn.1001-2400.2015.03.008.
LIN Zhongchao, CHEN Yan, ZHANG Yu, et al. Study of
the parallel higher-order MoM on a domestically-made CPU
platform[J]. Journal of Xidian University, 2015, 42(3):
43-47. doi: 10.3969/j.issn.1001-2400.2015.03.008.


http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.03.008
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.03.008
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.03.008
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.03.008
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.03.008
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.03.008

850 T o5 fF B ¥ Wi 541 %
[71  ZHANG Yu, LIN Zhongchao, ZHAO Xunwang, et al. application in electromagnetic simulation of complex
Performance of a massively parallel higher-order method of targets[D]. [Ph.D. dissertation], Xidian University, 2017:
moment code using thousands of CPUs and its 86-91.
applications[J]. IEEE Transactions on Antenna [15] ZHANG Yu, CHEN Yan, ZHANG Guanghui, et al. A
Propagation, 2014, 62(12): 6317-6324. doi: 10.1109/ highly efficient communication avoiding LU algorithm for
TAP.2014.2361135. Methods of Moments[C]. IEEE International Symposium on

[8]  ZHAO Xunwang, CHEN Yan, ZHANG Huanhuan, et al. A Antennas and Propagation & Usnc/ursi National Radio
New Decomposition Solver for Complex Electromagnetic Science Meeting, Vancouver, Canada, 2015: 1672-1673. doi:
Problems[J]. IEEE Antennas & Propagation Magazine, 10.1109/APS.2015.7305225.

2017, 59(3): 131-140. doi: 10.1109/MAP.2017.2687119. [16] Intel® Developer Zone: Intel® Math Kernel Library [OL].

[9] CHEN Yan, ZHANG Yu, ZHANG Guanghui, et al. Hybrid https://software.intel.com/en-us/forums/intel-math-kernel-
MIC/CPU parallel implementation of MoM on MIC cluster library/, 2018.
for electromagnetic problems[J]. IEICE Transactions on (17] RS, BT, W%, & R THEBEIEN R K HIFRCSAME
Electronics, 2016, 99(7): 735-743. doi: 10.1587/transele. T, BF515 B2, 2011, 33(3): 758-762. doi: 10.3724/
E99.C.735. SP.J.1146.2010.00519.

[10] CHEN Yan, ZHANG Guanghui, LIN Zhongchao, et al. XU Xiaofei, CAO Xiangyu, GAO Jun, et al. Parallel out-of-
Solution of EM problems using hybrid parallel MIC/CPU core calculation of electrically large objects’ RCS based on
implementation of higher-order MoM[C]. IEEE MoM[J]. Journal of Electronics & Information Technology,
International Symposium on Microwave, Antenna, 2011, 33(3): 758-762. doi: 10.3724/SP.J.1146.2010.00519.
Propagation, and Emc Technologies. Shanghai, China, 2016: (18] DB, 3-f5, £, & —Fh P vh 5 H s 58 F A A8 1
789-791. doi: 10.1109/MAPE.2015.7510434. MRS (). Pa i TR 224R, 2012, 39(4): 98-102. doi:

1] M, BRE, 5KE, & MY R R NHFIT RN I E 10.3969/j.issn.1001-2400.2012.04.018.

VL[], P TR R SR, 2017, 44(1): 146-151. doi: MA Ji, GONG Shuxi, WANG Xing, et al. Fast computation
10.3969/j.issn.1001-2400.2017.01.026. of the wide-band radar cross section of arbitrary objects[J].
ZUQO Sheng, CHEN Yan, ZHANG Yu, et al. Study of the Journal of Xidian University, 2012, 39(4): 98-102. doi:
scalable heterogeneous parallel out-of-core higher order 10.3969/j.issn.1001-2400.2012.04.018.

method of moments[J]. Journal of Xidian University, 2017, (19] B M dL: 7 ahd0[OL]. http://www.nscc-
44(1): 146-151. doi: 10.3969/].iss1.1001-2400.2017.01.026. gz.cn/Product/HighPerformanceComputingService /ServiceC

[12] CHEN Yan, ZUO Sheng, ZHANG Yu, et al. Large-scale haracteristics.html, 2018.6.
parallel method of moments on CPU/MIC heterogeneous
clusters[J]. IEEE Transactions on Antennas & Propagation, BEER: B, 198944, AR, BRI MONTHE RIS KR
2017, 65(7): 3782-3787. doi: 10.1109/TAP.2017.2700871. IATHEVE . XA fREE.

[13] TANG Min, ZHAO Jieyi, TONG Ruofeng, et al. GPU REH: B, 19954, Wi, BT RO RS K
accelerated convex hull computation[J]. Computers & FATH R
Graphics, 2012, 36(5): 498-506. doi: 10.1016/j.cag. RMEE: 53, 198344, REIFL, WHFUJT AN RAUNLE R L FE51 55
2012.03.015. #r.

[14] R, m i REHE B S AR S % F bR B AR AL i 2T [D). PRerR): 53, 198844, YHI, BIESLIT RN THE EE.
(3], P i FRHER S, 2017: 86-91. ik K 5, 1978%AE, #BUR, W7 INTHERELY: . KRR
Chen Yan. High performance method of moments and its ATHE.


http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/MAP.2017.2687119
http://dx.doi.org/10.1109/MAP.2017.2687119
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.1109/TAP.2017.2700871
http://dx.doi.org/10.1109/TAP.2017.2700871
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
https://software.intel.com/en-us/forums/intel-math-kernel-library/
https://software.intel.com/en-us/forums/intel-math-kernel-library/
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3969/j.issn.1001-2400.2012.04.018
http://dx.doi.org/10.3969/j.issn.1001-2400.2012.04.018
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/MAP.2017.2687119
http://dx.doi.org/10.1109/MAP.2017.2687119
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.1109/TAP.2017.2700871
http://dx.doi.org/10.1109/TAP.2017.2700871
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
https://software.intel.com/en-us/forums/intel-math-kernel-library/
https://software.intel.com/en-us/forums/intel-math-kernel-library/
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3969/j.issn.1001-2400.2012.04.018
http://dx.doi.org/10.3969/j.issn.1001-2400.2012.04.018
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/TAP.2014.2361135
http://dx.doi.org/10.1109/MAP.2017.2687119
http://dx.doi.org/10.1109/MAP.2017.2687119
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.1587/transele.E99.C.735
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.3969/j.issn.1001-2400.2017.01.026
http://dx.doi.org/10.1109/TAP.2017.2700871
http://dx.doi.org/10.1109/TAP.2017.2700871
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
http://dx.doi.org/10.1016/j.cag.2012.03.015
https://software.intel.com/en-us/forums/intel-math-kernel-library/
https://software.intel.com/en-us/forums/intel-math-kernel-library/
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3724/SP.J.1146.2010.00519
http://dx.doi.org/10.3969/j.issn.1001-2400.2012.04.018
http://dx.doi.org/10.3969/j.issn.1001-2400.2012.04.018
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html
http://www.nscc-gz.cn/Product/HighPerformanceComputingService/ServiceCharacteristics.html

