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[ Abstract] HTCondor and SLURM computing clusters in high-energy physics computing platforms provide data
processing services for many high-energy physics experiments. However, HTCondor is not efficient in parallel job
scheduling,,and SLURM could not manage massive serial jobs. Also, the overall resource management and scheduling
strategies of computing platforms are too simple. To meet the.demands of high-energy physics computing clusters running
with heavy duties, this paper designs a dual layer job scheduling system, which adds a job management layer on the
existing job scheduler. The system is designed to efficiently schedule serial and parallel jobs,ensure fair use of resources
between experiment groups,and enable users to implement fine-grained management of jobs. Test results show that the
dual layer job scheduling system supports rapid submission of massive high-energy physics jobs, makes full use of
resources of a computing platform,and has-a high performance in job scheduling.

[ Key words] computing cluster management; job scheduler; High Throughput Computing ( HTC) ; High Performance
Computing (HPC) ; high energy physics computing

DOI:10. 19678/j. issn. 1000-3428. 0053582

0 ik GEIPRIEE A B T SR A RORL AR . v RE W B L
oAk PR B0 o AR L as AT REAR L, A

755 BE W) B WS GO ) I A S AR 2R Al g0 M Ak B — A E— R S S AE A B
LA EAR R R U R BESC 30 R e i TR ACPRAE SRS DL A A7 0 H R O 3 il R s 47 R
TR, R S I Ko B T DUSE R B R AR, o) A BEOAS [ RO S s B IR AT Ak B Y 2

EEWH:FEHAR RS (11475210) 5 B K A ARAFE 45 4 5L 4 (11805225)

EE B A : AN F (1990—) , 55 L gE 26, 0 J7 [l S oH S AR BEAE 98 B8 o/ e, R AR 90 03 VB s PN B B 5T 01 LT A O
SR BE R SY B P 22 WA, RN B AR E RIS B I TR, B

W F5 H HA :2019-01-07 {& 8] H # :2019-04-09 E-mail: sunzy@ ihep. ac. cn



188 R - N | A D -

202041 A 15 H

o mREWHLT S A TS P A ML A B A DL SE R
AR BE R Ge o =, HorheE F A R IR AR L I 4R
445 PBS!" SLURM ' fl HTCondor"* %

rf B2 B S R B 5 B i A b s T
HH—EAH 5 8 121154 (High Throughput Computing,
HTC) %8, L) fk—E 5 4 fE 112 ( High Performance
Computing ,HPC ) 4 #£, HTC & B H A 13 000 4>
CPU #%.0>, 38 i¥ HTCondor 52 B 5% 5 45 B LA 2 7B b
G R S R (B [ N N N AR LR G S
B /TR b Mg
AR T LI i A AR R A B S G 4 e AT T
BAEN ., HPC S H A 4 000 4~ CPU #%.0> .80 B
Tesla V100 GPU £, 2% Jil SLURM 52 8 % Vi 45 #1 )
KAV I8 B, 3 5 T AL BR BES 433 43 #1 L JUNO |
b T 8h 1 2% IRIEIE Tl X AL R R R 2P
56U AE L8 i IR AT AL

& IEATAE L B IF 47 B R /NAS —, BRI
B0 Y HPC 2 3 (1) 32 4 95 8 1 SR AR 50% 22
A7, HTC SERER] R A0 T RO AS B A K&
YEV HEBNSE R, R I #F A 5% i 347 ARl E 6 98 B 0
A2 T ,iE# HTC fE k8] HPC 4E B Lia 17 2 it 3
rH O T i R ) — A E A

AR SCBETE I IF & SR M U8 RS UL KB Y
F PR 3 T HAL . BUZE BE R 48T LA 32 10K
TR 9 R AT B IR AT VR ML, DA AR I8 S 5 2 o
TR M, S BT FR R RLVE Y 1Y ARk 8 A B, O Hoamad £
ANE M BA B R S A Sl 9] 15 B30 R IE 4% 55 56 21 X 1
BRI

1 HEX#HR

iR BE BT T3 L B 2001 4E I bR — B T
B TORQUE'™ 4% L 42 BE W UL, JF M B Maui "' 5
BRI B2 . 1 e BT TORQUE 58 4 i v 41 35
WS R TN = pe W B S, SRR T A SR Y 1
AT AT AL B AR, & LA A O
TR BAF . Ry R E 5258 45 Pz (8] 1A
PR, U B A8 0 X B JH P ] D[R] B as AT e R AR Al 2L
BEAT R o AR AE S BR 1B AT 1L B e T A S 5 )
THEE T K 1 06 25 5 B AN (], 530 4R B 1Y) o 1R % U R
FIZAL A 50% ~60% . 4, TORQUE/Maui ifs £ 7E
X} GPU 51 4 AR AE M B 3 K B 8 B 1 e
T RS )

mRE TS PG A 2015 SRR IR B D R TR R
5 M TORQUE/Maui 4£ £ [\] HTCondor £ B T 55,
HTCondor"® 2T 4325 1 4 ( ClassAd) & VT it 5 /F (1)
o A LT L M R O R
PEME o SCHR12 ] &7 7 H A B2 45 2 16 000 ARl
[FBF 4T HE ) o B, HTCondor % 1732 i F T &
Ay BOH Y o B R & B BOUIR &

PO AT B AP O BT A SE R
T 20 =2 0% U A A S 0 i 0 L S, ax
TR T A A A VR R R i 1 90% LA b SR
1M , HTCondor i & 8 3% 50— | H &4 7B\l BA 51 A9 48
AL XELUR AL PBS A9 W TR 200k B 43 T R v G A
WA IR EE . oAb, HTCondor 2244 7R H £ 0 4 3
Tiae, ME LA XA & — S 5k,
HTCondor X MPI J-47 VE b 5 18 £ 850CR 441G, 76 5 9T
FAE TR A HE BA B 3% n) A BRAS SN 28 1 .

B Bl 2 H R B & T = RE W 38 R Ab PR OE AE
H AR Ak B IR AT AR R 4, b, TR R
LR HPC 4R, R ] SLURM 52 3 7% I 4
LR AE AL . SLURM H A K (1 8 B 5k, Xt
FIATAE A 5 5 o3 L A 55 s 1 80 %, PR Ok e 7
TR 2 BT AL KR T AR
Bl 0 0 A R G v R g P (iR
SLURM 7£ 4b ¥ K i HTC 48 1Bl i 38 B 0% T B ™
T, CIEN X T CPU & B4R LAY T B 1715
A g8 o VR S B i = N S BTN v (= - R S S P B
A b 98 B8 R A PR AR AN T AR R A T HTC &
HPC 1R\ 45 — A B R BR

SCHR[21 ] 25 F i - HTC Rk iE %% %) HPC £
T A2 A7 1 () LR R 0 i e Oy R L P ik
B R L ARV E W ER, S P RS 4 iE
SCEk[22] FF i CMS. 5255 vk B GlideinWMS ™' 1 h
R IR AL DT 2 B o A A T A Bl i 22 G A
20— AT B B . CMS FiiTH Run 2 8] 55 %
#4720 J7 CPU B9+ #URE ™ 3 30 i 34 B 28 O A7
b ARG L e e Ry 2 A A Y A T B S B T X 20 U7
CPU B0 A A4 82 L SR T b 3R T4 9F R ¥ & 5
ST B WA 03 B 2N S )L RO SR
MR g — B P B, SCHR [25] SEE T 2R
GlideinWMS f Mk HEBA L Agent 43 & DL K Al Hir i
WL . SCHk [ 26 ] 3k 55 38 3 Mesos ™ 2 it 143 9%
4 HTCondor #E 7, {H P 2 [A] BE 0N 55 F X 53 Mo H 50 %%
TR B A o

2 WEMELEERERMET

i BE T T 587 5 XSV 8 B A SR R

D) 4R AL P 8 — LA BE D B, B o i 5
— R T HEAR 2 Ay 2 A 209 IR AT/ .

2) PRAUER I AT B2 AR b 0 B A A% 0 B, () i 52
PR R AL HTC ARl F) 785 280 L

3) FEBEZ Bl AR BA S, DL A2 AN [a] 52 58 7 9
ZRITR®RE K.

4) PR UE S 56 2 1] 5% P00 P 2 S 1, B A 528
L0 T T R L A B R L R >

5) Fuor A 25 PRI R B R v A A B TR
AR WA AT Ml HE BA RS 8]



46 B o 1Y

VT, A0 U, IV AL, 4 s RO A T B A B i SUZ AR L 34 JEE R 5 189

AT ) BUZE R I BE &R 4R A ih i R
KA KA A B ERES h— 12
A R #9548 T SE A, B4 7 42 1 43 il i HTCondor
o SLURM %5 £ b ) B K (44 B8 . [R) B, A SCHE 1
SEEMSLARE 38 T — AR A B2 R S BAE
b BA B 15 B DA K R R i R TR R T S S
FIAF IS 2% , LA Bz HPC 1R b % 148 %5 18 110 45 Bk
WK o BUZAVEML I B & 48 7243 #] Al HTCondor H A3
) 15 2550 R PR RE LA & SLURM Xif F 3147 16 b 45 B 11
YLt 7r b T HTCondor ¥ Ji 5 vk fa] 5 | D) RE A 4= DA
J SLURM T Xf K 2 HE BAAE Ml P B8 T B 11 ) A8

MUZVEAL 8 B 2R e B (R 22 fg 18 1 o, i A
WAERBERMEL AT EA K. FENMELERE,
AL G AL B2 T URCR S AR AR e A U B R
Vb $2 58 B e AR b W WA B 45 | £ B¢ 1) FH P A 4
— VBV FE 2 01, 8 7 AR L I BA B L R S B AEAL
— PR LA BRSO PR S B SRR,
FEYE RN BAF . VRV R FR AR 4 R G HE B4R 2
R R BB o P A A G 3 A TR) e 28 B AR
PATIZ o VB b B 5 R AR b — B R A2 2
PATE B8 S B AT o ARk BT 2 BRI AR 5 1%

A5 2 A DA R AR R
(({JddR)
‘*. il & PR
| CLI |
1 S .
W ey BEPCR IR
:
B2 Pk 3R AT | | 1E Mk B B Hw
[ API/CLI |
1§
N HTCondor SLURM
#
TSI
15 - -
PR

E1 WNEELFAERFEEEN
Fig.1 Overall architecture of the dual layer job scheduling system
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and the control group in the test environment
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