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High Performance Cluster for Nuclear Fusion

LI Chuan-Bing, LI Hong, LAN Ting, ZHENG Jiang-Shan, QIN Hong

(Department of Engineering and Applied Physics, School of Physical Sciences, University of Science and Technology of China, Hefei
230026, China)

Abstract: High performance clusters are applied to the study of nuclear fusion. On one hand, the simulation of particles
movement in the Tokamak is rely on high performance clusters heavily. On the other hand, valuable discharge data have
been storaged for further researches. Keda Torus eXperiment reversed field pinch (KTX) device which is situated in
University of Science and Technology of China works well, and the KTX laboratory highly-démands for high
performance computing and experimental data storage. Therefore, a high performance cluster is deployed and a security
design for storage is proposed. Based on IOzone tests, the redundancy mechanismrof the GPFS file system works, and the
data read and write performance is stable. '
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F.TE S4B S, £ = K75, #Hig. 5L
B BUE AL, = MR, B AT Sk AE T A
SCPE AR, 5E 38 A FF L T JE I IR S TR S B
SEOG, BETTL) T i S0 AR, R e T R IR B AR
A, HAT, TERVIEFE 9 R v RE T 5 5 22 1 T LA
AR, MRS, T LR,
TEAR 2 5200 Z AR AN BB L R, VT SEALRE UL 2
TR 7 7 2K, BERE NS IGAIE B 6, th RS S HR X Se e 2
BRI4R S, R0 0 AR SR A5 LGS
{8, "B AR AR FE R S8 VR B AR .

LTE, 5 1#% % Tokamak KF}2%%E B T K
THEHL. 2010 45 8 H, fE48E ) Forschungszentrum
Jillich (FZ)) ff —/MHEZI L TN % R A R
%%, BT 1000 J3WIT, HIER# 5 50%, fE[E 5t
40%, EFDA Ji i3 B H ¥ 10% 2 E[1, 37 25 a5 1 g (E
ATLLIAE] 101 Tflops, i LA ROMBEITER KT 40t 2.
e E B AR DU IRABRE BT I F 0 (CCFE) Ay 7 328
JET A1 MAST i H A — M 2T H L4 'Y Diego,
IEIT Myrinet [ 28 3EHE004 36 & HP [1)JIR 5 A 42
k. TEENRE, & B TR AL O 1) Aditya FERL S 5, A
— /N ZR I I FE AR B, 600 & IR 55 4%, FR AL
g5 IR AT SRR, FEHAR, T 2012 4E %2 2016
RN — AT E AR 1R K AR RE, 40 HELIOS,
L5 4500 NMTFETT A, 72 000 MZ A, iz Fg
{E A LLIAE] 1.5 Pflops, 5645 F1% R ALHE 52 sk, —
THE RIS HAMEH, 55— F RIS RO . mT BLiE
ROVED, MR S P 2 R . R

IR R A A L LA AR, 5 K TS5 RE 70 AT BAL

R B R . v

¥
N

1 KTX BB ERAE ER

% B A N K ST L B 2 R R P A5 A8, 240K
& H AT SEI A2 A R AR ) E B AR g — . HEL R
MY O R, @ TS, © KRGS
3445 Y(Reversed Field Pinch, RFP) /& B 1H (255
TR R 58 5 WL RE IR LUAR) B KIREL AR SRR, R
W fi 46 e 2 B AL SR TR T B, B E R, ARSI
SR/ IE = O O VAR el SR S X 2553 NUNE 1 T N
J 3% i 6 W2 R R A LI % B “Keda Torus
eXperiment” (KTX) SE56%E B K H 1) 9 2 = 37§t 48
e,
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KTX [0 26 i SR AR A7 fE A 4, 22 )
90 240 B R 5 ST SR 0 o (R 4 T 7 R
. RHCRAE 250 KB/s, B UCRAES 900 18, 1 R4
60 MB/s, B-CREA 1 LiE, B K 10-20 ms, &%
%200 ms. —EMLRAG 6 N H, HRAA 3 KL
H, — KA 200 15256 ¥ . 5 M8 5K (0 B 52, —
GF SRR B 2 3.5 TB 2 A4, ISR 1 5o a
% 13 TB, W& &1t A<t 20 TB.

KTX AR 77 4 BTk

(1) AR 0 R P0H BB T 50K, 7T L
S 10 057 1 B SRR IR 1 27N, T i 56 B AT SR 1
CIFAEES A

(@) TUATE. AT P BE 2 B AR
I R 25 38 L, S A A S 4 B A PR 55 8 1
AT 3 FEAT VI 1 A

(3) A BRI S M.

(4) HeA LT

(5) 5T A E.

KTX S50 255 B (0 SO0 75 B R0 Ab 52, 7 LA 75
7 AR BT B 1 T SR . DS R 1 T
Kb T A 5 T ALK T S EE SR AL A AR, EILA B
ST TR AT T — O A %
ST P R, KTX S0 2Lt ) B Ak Bk A o e LAy
970 () 7SR, T DA ST ) 47 A Bl 0 B R

SPxE LR i KTX S35 BT SR % 5 ok, &
VT SEBHORRE B R i T M1 BB

2 EETEIREE DL K 9 45 HE

T AR TR AR ST A ) 5 SR ——— T AR
fEfd . BRHG ERACI R, RIS HE T
WARIE SR T B B DU S RGeS PERE. CPU
o0 HE 2 A BRIR I A B 2 (4R, 7E 42 [R] I Ak 3
KTX — /2 A5 8 SL 0 5. CPU 1 EMim, BH
TR PR B DU T R SO RS R REEE, A
AT DAEAT SRS A i S50 A, 9 BR A 7 75 ZE (I %, R
THUH R R M BEAE S R

R 6 NBAETRE X8800 MIH LR TE. H
2RI, T1 R ARG #1514 Lenovo Think
System SN550, AN JJFH B AW CPU, HA
CPU 5 16 M5 . khFEESHT A Intel Xeon 7] § fiE
LEFREE SRR 6142, T4 2.6 GHz. SEREBRIF Hiz 5
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WEfE PTIA 110 Tflops. ®ANTI A 128 GB NAESMII—
Bt 240 GB W4k SSD &L, 7 4MEH # 4 HLAE
ik 55 % FHAE B BRI & B, 24504 Lenovo Think System
SR550, B HEMEEAMRES /AP ANE CPU, BA
CPU A5 8 M, T4 2.1 GHz, kb 332 Intel Xeon
AP FRALHE AR A 4110 HEE. FAHIEERIR S 85 E 64
GB PIA7,4 Bt 600GB ) SAS2.5 ~JHUFRIEAL e 6 & 10
T, WAL RS 98, BT S N S R, R
EHR I 10.

1 R 4 /& Lenovo Storage D3284, £+ A7 fifi 42
¥4, GPFS AT /R Y. M 1.12 PB, SLhass &l
IR 70%. RS EEEIE ) 112 B, RS
2210 % KT 4.0 GB/s.

M2 RGAHE, — MRS, 5 e
KR &% . 115/ 4% K ] 56 Gbps FDR Infiniband«® 2%,
T 2 (A S R 10 4 ), 17
UE AR T B A BN AU 9E 56 Gbps. B B2 RI44R:
1 Gb DUKWZERE R BTG 15 L, IPMI i 45 5 21 X 4%,
REAS ST 4300 1 55 48 1) S R M 4 5 2.

RAGF BRI FE 2K T Infiniband /&% M
2%, FAE S50 AL S8 . Infiniband 783 0 25 47 24
P TAEGE /0 i 2838 1 R G0, Infiniband 57 #F
(12 RDMA B, ‘& FoVF B R R e B e i A el 5 N iz
FEPAE, T JE PIAZ T TR P9 A7 95 DUR A=, it 1R 5 1)

B PR,

3 i xCAT B —uli 2B 24
3.1 xCAT HyThAE

XCAT & — A B M4 REE 10 T B, xCAT 45 stk
ESERE. ZFS. R UL AL TR %
XCAT IS AR ATLMROR FFBVE B2 7K 1000 22 6711
5. XCAT TP, W LUE B ATF 2% %Ok xCAT
Bl 143 77 (3 HUE P 2 v Mk e SR B B R 4, g
R R R i A4 % T 5, SERCS R, S T
WA TR FML. xCAT A0S SEIAE R 42 F 31k 22
B, R R T W 1 TE N B S a2 R g4
3.2 xCAT EXHIBE

XCAT TEI R GE 3BT 428 X — RIVEUIR R, 1264
76 xCAT WIBUH FErfr. R T SO SR AR RE TAERT, & Fh o
RRENE R A Fa s MR AR S5, VOV AR R REI
70 2% 2 R AR B T ). xCAT o 5 SLIRIEE B 00 2% 43 1 i

DA B2 9 4% Al infiniband =5 4%, ff ] tabedit
network iy 2% B N4 HCE, & BT MRS, DL
SR 55 7% master [ IP. {§ F tabedit hosts iy %A & 3
LA B AN 1P F1)3%. 1§ H tabedit mac iy &L B %5 A 55
2511 K mac k.

TE5E L — R AVEAE R 5, X IS5 28 3k AT #E
HR oy, 8T DU o @iz, —HAT RS 4 master
HIE R A& SR LT UL

(1) all, R L ER S 4. ¢\

(2) computeserver, fIt ﬁﬁﬁﬁ‘ﬁﬁjﬁﬁﬂ’ﬂiﬂ.

(3) ioserver, flT A3 10 il 28

(4) slaves, BT &5 £ master AYMI T4 -5 25

T 72 AR A5, 4K 3 PR AL 0 R 2548 5 A
R RGER, B EN/IEN RA R B E GG /5 X
S, DK TR B AR AL, I R R R GG T B
B IRSS, B0 ntp. rsyslog 25 IR 55, MRPEFELLHY
wit, EHIIRS A N =K B KRG E BT A,
— & FE SR £ IR 55 4% master, [FIR /R A FEAT1E L 1

5% J& 18 FH nodeset iy 2 46 6 N F & #2356 E
R4, B RS # UL PXE 1977 U iJJ\, HEARGEIL.
4 fHERE A kh >

KTX SRIRZIA (B SR ol LB AL B . 08
9, T EEER AT D 2 A LR R 05 B B 1 2
AP KTX —4F 2t S — 2 (I A2 S0, R s
AR ok 2 A5, — BAERA B ECE 0k, XY
12 B AR [P 900 22 3 AN /N % BT LU X T SC R
BN ERGREME. TURME, X GPFS HA4T
A RGAT T R AW

GPFS 3 R G4 & B Bl % 41, GPFS (A
G —MHEERG, NAFETT L& H AL
Hi&, HEFIE3 metadata (1507, — BT 5 KA i
J&, A DLARIE PRGE K 2 24 . GPFS [ fail-over ZhfgiE
TR, K e 746 AN failure group PIEE = AT F
P, I8 B R () 52 O T ARUE SR o] B Y, GPFS
FEZA failure group P AAEEEHE S5 s 430
4.1 GPFS 7] AHHLH

GPFS A — & ] F M ) i AL 1) >R DR E £ 48 5 B 1
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5 R %44, GPFS $& it =F A1) quorum ALK A
Wr & 48 M A7 R 2, Hob File system Descriptor
Quorum =& RGN B, NREMACE, 5 4P Fl Node
Quorum Fll Tiebreaker Quorum J5 3 R fg ik £ H A —A,
MR 22 48 PR 55 5 W] 5 M 23 A R e 4384 FH AR — Fofr L ).
File system Descriptor Quorum [{] File system Descriptor
IR 1) 72 A R GE B EAE. £ LA R failure-
group LT A% GPFS S RGRT, XM RS
BIER (%54 FD) 2448 IS B 2 i b, DLSEIL
TUAR A&7, FD quorum [PIALHI S 8k 2 Wr &4 FD w44
() E 2R BB R FI W A 1 R G 15 1R, Al 3
SH FD [HERF 2RI, 50HIW N R G, SO R 4t
W4 H3h7< . Node Quorum S il i 32 LR 25 SRk ) 1y
Rain] FHYERALE]. GPFS X R fth, nl Ll B
Z A EHLH RN quorum node. Node Quorum fRIAL i
I HIWr quorum node FLARES K I R 2 5 IEH, 24
LB quorum node FEZRIN, FI R4 NIEH, K
2, KBS R 4. Tiebreaker Quorum A T #E A 1
ARFS R FN W RS m] FHPE. 7T LA B R gt s M 4e
TE W — LR AL VE A Tiebreaker Disk. 24 it 2
Tiebreaker Disk f5 &}, T Wy R 40805, SO RS0
2 H 8= M. Tiebreaker Quorum £ % H AEAC & 91~ H
KW WEAIRZS B quorum EHL, 24 2 & quorum FE AL
HE LI, GPFS R G HOR 2 ¢ 1. AR 4 DA = H)
WriLil, GPFS H 3l HIW RAE KPR, 4575 KAERH
39K P R G LAORT 22 G FNE A8 (1) e 4 1k
4.2 GPFS A &M S5t

T b IR ) GPFS w] HYENLE, 7T CLE H

GPFS Jeiiid _Ei i) = quorum HL I SkAS £ B e 75

I A BOIRAS 1R 7 R H W R GRS IR, 728 GPFS
A 2R G A T I g 75 SR B DR I % i B U A
N 2N+ A (N R HLE), ’@E\ﬂﬁl%yﬂﬁﬁ, KIRTF R
Gt K pge] FHYE. R4E FD Quorum i, — B i
T, E5— failure group HIREEL SEBRASSZI B0 HE ) 58
B {H 2 BT FD Quorum 2N+1 HIHLHI R IEMER, X
RGP 2 kW, BT AFEAI#E — 4 GPFS RS
I, AT AR 80— MR /N (R A ) g A N B = A
failure group. PASEHL 2N+1 (TR . AHB 5L 0T
DL B 9 R IRFE GPFS XU R 4115 & (FD), SLhaAhZ
5% #8135, Node Quorum#L#l il LK H T 2N+1 4>
quorum node, A AXANRGFMAEAR L N A FHLT S
£k, Tiebreaker Quorum ML X BEAL & 4™ quorum =
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ML, 162 HE tiebreaker fi AL AELE, H — quorum EHL
REEHR, REWREER TIE, XEREEDPAE &
quorum FHLIEL. W2 F LT SBRZ B, X
H Tiebreaker Quorum 1| 3 7] S A Wl Node
Quorum HLl.

BT R, KA Node Quorum #5K. 6 &
10 % & /& quorum-manager node, & fifi 15 15 /& quorum
node, 6 & 10 1§ s A M BT 0, e (18—
N, A R ORHISCAT 2 0. 61T R UAE ik GPFS SUIF &
Gifs B IR Rz L], TUR M RAR R 1, fRIE T
KTX SEIHE A A i 1 22 420K i 3 B I T H
10zone, 3, GRFSSC IR GEHEAT I AR, — 7 T A
# GRFS UM R TERE, 5 —J7 i, Kre e 47 S0k &
Gt e, NERKE, XHERGERE. SHEREAE
4.9 GB/S. 2.8 GB/s /ifi. M4t RN AE/gpfs HFF,
AR A A R
[root@io01 gpfs]# sh sh
Command line used: ./iozone -1 0 -i 1 -+n -r IM -s 32g -t
4 -+m nodelist -Rb output_new.xls

Output is in kBytes/sec

Time Resolution = 0.000001 seconds.

Processor cache size set to 1024 kBytes.

Processor cache line size set to 32 bytes.

File stride size set to 17 * record size.

Throughput test with 4 proc__gsseé"

Each proce§s writes a 33554432 kByte file in 1024
kByte records
Test running:

Children see throughput for 4 initial writers =
2846204.53 kB/sec

Min throughput per process = 447215.25 kB/sec

Max throughput per process = 985903.31 kB/sec

Avg throughput per process = 711551.13 kB/sec

Min xfer = 15233024.00 kB
Test running:

Children see throughput for 4 readers = 4925115.38
kB/sec

Min throughput per process = 1135915.75 kB/sec

Max throughput per process = 1300317.00 kB/sec

Avg throughput per process = 1231278.84 kB/sec

Min xfer = 29333504.00 kB
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Test cleanup:

"Throughput report Y-axis is type of test X-axis is
number of processes"

"Record size = 1024 kBytes "

"Output is in kBytes/sec"

"Initial write" 2846204.53

"Rewrite" 0.00

"Read" 4925115.38

"Re-read" 0.00

iozone test complete.

lozone T 2 G M ZH-1 0 -1 1 45 2 write/
rewrite 1 read/re-read M, -r IM &8 & M KN A
1 MB, -s 32 g $53E MX LA K/NA 32 GB, -t 4 F55E
RIEH 4 2672, -+m nodelist 5 2 15 A5 53R . #4245
FARD R, DU S A2 el ) 5 B 2 2.8,GBrs, IO £k i
S5 e 155 FE A2 986 MBYs, Jieh it 5 3 FE & 447 MBJs;
PUASLE AR A4 (e BT AL 4.9 GBYs, DU /MERAE b byt
HEFEAE 1.3 GBYs, iR X1354 B2 1.1 GB/s. $ilE T GPFS
ARG AT R S PR RS, BENS PR SO
4.3 GPFS UMK

AL 6 & 10 75 FAE B FE9Y 5, 78 2N+
1 #J Node Quorum JURALH T, MiIZEEWIRIEIE 3 &
10 1 s BRI LT, SO R G AR REIE H I AR,
T HUE GPFS U RG M TUARE, FATHE T F .
SAER 6 G, SE. 46, 3 GMEEESIEE L
VERITEBL R, 48 10zone T EL IR 4 BE (113 5 3 oK.
MRS R 1 P,

5

z
©)
T T -
3
25 i ‘ ‘ ‘
3 4 5 6
i B AT 2N

Bl 1 GPFS X/ RGTAR AT

M1 HR AT DA AR BE T S AN 6 SR
B33 G FE T, GPFS XX R 40 1S 3l R 4
1E 4.5 GB/s+ 2.8 GB/s ffti#T. W] . 2N+1 ] Node

Quorum HLIFIAFE T 1M, 5 22 48 F K B8 BT R
RAMTEDL T, GPFS XXUF RGN RN IR TAE,
H 5 HEANZRIIFE. GPFS XM R ITUARMER
B 7 ORIE, IXFREE S 1 LUJE AR SRR 0008 ) A Rt P
0 TR, 9 1) 2 A VA B 1 R 55,

5 w5 RE

HT TR RERTG, 2 E T — Ak
AR A BE, 25 B B KTX SR04 00 o\ i A A o b
FMAETE 70K SRHBRL 5T T R B 2
i 2e A AR, MR, R AR R AT T AL

ST R TR — 1 2688 M CPU, 4
AN CPU 19441 2.6 GHz, BEG UM IF 402 B AL J7 34 51
110 Tflops, TRUF T 3 KHITHERE /7. 7E52PR A Linpack
PR 24 R IR S S (R B AR, 2 R AR,
RN CPU W A2 BB R A 5, B CPU A
6 IE, (HJE U T MR A4, A T BRI A S
fe, 4 TR NS 8 AR 25 AL Y £E 4, — 36 i 5
12 RINAF 4. AAMEREIEH GPFS JHT XXM R 4, &
15 4.9 GB/s. 2.8 GB/s M1 5%, feft TMFH s
VRS, %A infiniband 53 %, (RAIE 7 5225 10 I 2 4
S FE A T AE IR 3, I A6 F xCAT 4578 T B A 4
BEULAT T A ARE FO B, B T KX S B A7
T GPFS 347 301 & G 1 22 4R M bLab, (4 T %cd
P e, TUAREE. e

K KTX S350 2 2 530 MR KHUBETE N, $4R:
HEHDFS M, T 25 28k 5 1 el i
T HIDFS ¥ A% 210 77 5, IR B b 52 36 75 28 40 72 55
AL,

SE Rk
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