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Identifying causes of execution failure for parallel programs

LIU Yi, GAO Yulin, ZHANG Guozhen
(School of Computer Science and Engineering, Beihang University, Beijing 100191, China)

Abstract; With the increasing of scale and complexity of high-performance computing systems, the mean time between failures is getting

shorter, which causes an increasing probability of execution-failure caused by the hardware and software failures for parallel programs. In addition,

the possible programming errors (i.e. bugs) that exist in parallel programs can also lead to execution failure. Approaches to deal with the above

two types of execution failures are totally different, therefore, when an execution-failure occurs, the programmer must figure out if the failure is

caused by a system fault or a programming bug. In response to this issue, a system to identifying causes of execution-failures for parallel programs

was designed and implemented on the basis of the Slurm. The system has all the supported features of Slurm, as well as the ability to monitor job

status, re-submit and re-run jobs. The experimental results of the job execution show that the system can distinguish the type of program execution-

failures. Experiments conducted with fault injection also demonstrates the accuracy of the system.

Keywords: high performance computing system; Slurm; execution failure; fault detection

N

Pk B8 113 (high performance computing,
HPC) R 40) iz v 11T [ B i 15 B 22 F 98 DL &
] R 28 P 45 o 40T, X 4 i el 0 P
SR H WA HE 1 R RE T3 R GE R
JEFRIAL I I . H AT 2020 4F 6 J KA 2K
ML Fugaku' " P47 158 976 A~ i, 4 5 b 7
frfl 48 NTER K 4 DRI, RGEEAE TR A
PERERIIL 513 PFLOPS, i - K2t 2k
REDLBR Y [ 7 8 2 1131, Hil A7 40 960 4k 3
i, 310 649 600 4~ 4k B 45 1%, £ 40 04 (8 M RE 35
125. 436 PFLOPS,

BEE i PERE T R G H 25 JE K LA KR
S8 N LA RS0 Y T T, B 01 52 2 VA IR £
ARG H w2 A XS MR A R AT
TG PR} E] ( mean time between failures , MTBF) i

«  UgFEHH:2020 - 11 -12

Kk, HPC R4 Bl iz )y, T2
SRR BT SAE R BRI T,
Y MTBF (RN y 7e st il it vp e A il
BRSO R P B B 2 3 I . SER I R GE AR
PRSI, AT SPEHL AR 2R G0 i | B 3% I 25
P4, S5 AR P AT, £ B R T IE TR AL

1M B 1% 3 5 1 ( message passing interface,
MPI) j& HPC Z & rh FI i 2 (813 15 19 747 9 2
0, 4 MPLE ) 2 B E A B HFAREE
FEBLR o QSR — SR S I, #E S MPI
HATFEF B2 il . 76 HPC RGh , R AN
T LI AR R I AR B 2 R B

RZH HPC F G HIE & 2R 58 (A
Slurm ™ PBS™)) e B R, I AT AS A i
ZAE, FRFF AT R A RE E R S

EETA : SMIREAR KRN A S R80T % 8170 H (2016 YFB0200100)
YEB A X0 (1968—) , 53, Wb N, B8, b, AR 300, E-mail ; yi. liu@ buaa. edu. cn



- 46 - Gl R RPN

544

FPHEATRE o R, VL 2R 52 2 e I WA
(IHEBA G2 IR, AN RE & URE P FE A2 17 A o B
A SR 0. MF)T H B AFFE g FE bug, 4N
FEAE SEIEA GO, B A SRS RS
ok, 30K A RS BEUR, I FLZ e AR 19 1E
1T o FERERRAF SR Ty T, bR T G2 R0 4 i
SEOCHL T A WS 2 A i —
[ BRI . B, I AE AR o B fil A
RAlRE R R G, X Seii e & B, 2
A A ENE

BRI AT AR /NS R R, (R
Z [ A TE AR R 08 2 i) A 23 1 B, 1T HL AR 2
PR T H B DUCERE IR (AR 2 5
FREFEPUAT RO S R SR S, TR, SR
FEIPAE HPC L3 7RI, F P BiIZ B B X i A7
JWOE T B 5 bug b2 R G0 i

Slurm Jg&—~ K HAE Linux HLHE Y 5 5k BT
VR IR SR A BLAR , 7T LA P SR X LR 9%
PR s nl, o F 5 B & 20 P RE, Slurm
Z B UL O, B 60% (1) 500 5 8 2% 1t
LA Slurm ™, A SCHE T Slurm 2 1 —Ff
IR I TR R R R e, KRR P a8 17 R AU
{18 D R Ay 2R 5 T A i e s BRI & bug,
Ul T R ke R 75 [ o s ] 4 8 %R
HANLHABRAT B R, IF 3L T 983 K A
HATRIFIRE,

1 1ENEIEZRS% Slurm &Y

Slurm J&—Ff FF Y Linux HLHEEE BEATVE L
RS, EHA A FEYEE . 5k, et T
—AMESE, I FAE R P RE T AL F 4 R s
WAL BC T A TR SR SRS, B0 HE
BASKE WS A5 A1 B U5 43 i VR BA S, DA it
A SRR R e B A RO T R
IR 25 TP PRl SR P VR AT LA B AT o

Slurm FJZHZIVZR A INE 1 ff 75 Slurm 245
i1 fB AT slurmetld SF4REFF, F T4 BT I
P PE AR o 4 =R R IR R,
FHEEHI X RGEHATHE B, 4815 T Slurm (145
BEPE. BT SARIZAT slurmd SPHRRT
SPPRRF TSR AT slurmetld 43 B AR,
FEMEAAEAZ AR A i . slurmetld Xof AL g AR 285 A
PR AF B I SR Ak LA RS AR M RS 1 722
A3 slurmetld,, slurmstepd ff slurmd 5747 3 FE 7
YEME J8 3l i) A= i, JF 78 AE ok 58 TR & k.
slurmstepd & Slurm B/EMV A48 BBERE , fn 3o B B

YEMVAE % A B (stdin  stdout A1 stderr) J2 {55
%ALI\}EO

i PRI A HHE R
scontrol sinfo | slurmctld ‘| slurmd
- (Iﬁ‘r?li&ﬁ) | AR
| backup slurmetld | slurm'stepd
~ | PRI AR (AL B PR
i : dbd
3 4 slurm L I RS
el el (R AF bR fFRxE

1 Slurm 4145
Fig.1  Slurm architecture
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Tab.3 Program’s own bug experiment results
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when the number of processes is 2
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