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Abstract The design of efficient dynamic task scheduling and fault-tolerant mechanism is an issue of
crucial importance in high-performance computing field. Most existing methods, however, can hardly
achieve good scalability on large-scale system. In this paper, we propose a scalable dynamic task
scheduling model via N-level queuing theory, which dramatically reduces the programming burden by
providing programmer with concise parallel programming framework. On one hand, we utilize the
Poisson process theory to analyze the average wait time of tasks, and then decide the task layers
according to threshold. On the other hand, we reduce the fault tolerance overhead using region-aware
light-weight degradation model. Experimental results with Micro Benchmark on Bluelight system with
32768 cores show that our method achieves good scalability when the tasks take 3.4 s on average and
the overhead is just 7. 2% of traditional model. Running on 16 384 cores, pharmacological application
DOCK achieves performance improvement by 34. 3% with our scheduling. Moreover, the results of
DOCK show our fault-tolerant model achieves 3.75% ~ 5.13% performance improvements over

traditional mechanism.

Key words queuing theory; dynamic task scheduling; programming framework; fault-tolerant; light-

weight degradation
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Fig. 5 Light-weight degradation model with dynamic task scheduling.
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W EAF LR Pl O Q MU L NI Ly W I
Lo /I BRI DORFR R R R HAT W 0 A L 34

4 SIGHER

R T B UEAS SCHE Y 2 AT 55 R BE O ik R A
DA FEHOR DA ROE R T E 5388 5% O i b
BT EALR G AT 7RI R R A
T — U E-1600 16 4% CPU M it Gz 17 45 5 1
GHz) it % 8 GB W 1# .32 17 Linux #/E R 48, 17 %
[E] 5% H] Infiniband QDR [ 4% % 4. FATMHH 1 0
WOCITH BN RS 32 768 #1158 BT IRk A7 I 1.

4.1 Micro Benchmark Uiz

R T b B E A SCRE AR A R AT
T Micro Benchmark, 3 1E ## & #5 6 32 768 % 19 ¥
5& F#4T T RHE. % Micro Benchmark ) 3471 55
PAT IS ] PR g FEL L, L+ STCERA ) (15 B N i Bl
L™ A AT 55 Z [aAE B S S 35S % ST 100
MESS.

F2 1 4R A0 IR W] 6 2 B OR R 3 R
KB FAE 55 AT T, Horp AR 55 B R 2~5 s
CF34 3.4 o) J& AT 55 . R % 58 Master-Slave
BEAY AT 55 18 B (0 R85 o5 AT I E) 9 5020 DA . R
FHA SC AR 3 O 5 TF 45 1 B C=1020 . AR 48
BERL 43 B AP 5, 0 3 2 93, R-ML Y B B
128 4T 55 V] B2 JF 85 o7 DU X 7 S04 T B () 11 6. 88 0%
VAT B UL G R AY 7. 2% s AME™ £ 16 384
BIREE T AT 4 s BAE 55, 08 B R 4 5 10 %%,
FAE S IR Ry 60~180s J& T % 4% 55 . R A%
4t Master-Slave 5281, il B JF 45 0 2. 8120, A SCHR
R FF 8510 0. 32%.

FEAES5 A g BY B, % 10 ms AT 45 H1 i 2
KB ER — D SE R FEA &L B U SRR AT T
K AR 43 A5 B A% R AL SR Al 113k BE 9 19 31 2 4 A
Mg A LR 2 Al ot g 1 TR L Blg
5 25 SPRGET I 224025 /N T 1024, 1k B T HE BA HE
WA FRAT AR A B A 8.

and Time Costs for Different Task-size

x1 AEMRKESH A" HITUIRERFHITLE

Seal Average Time of Sampling Number of N B Percentage of Scheduling Percentage of Scheduling
cate Single Task/s Interval/ms Samples A o of Textual Model/ % of Master-Slave/ %
Tasks with 25 3.4 10 1000 97 104.9 6. 88 53. 01
(L=2,S=3) : ‘ : : v
Tasks with 60~80s . i i
119. 2 10 20000 3 3.11 0.32 2.81

(L=60,5=120)
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Bl 6 45 1 TAE S5 SATH I O 2~5s TS L F N
JZHEBAASE Y 5 % 4t Master-Slave #5281 (1) 7] 47 Jig P
XFHe. B s R B R HAE Gt Master-Slave AL,
A 55 V8] 85 40 Bl 2 2 R 50 8 IR R U
Master & H B 3 S L 3] 32768 HEBTE S HIE D
2R FEIFRS. R N 2 HEBARE A, AT DUA RO
WEPE L 1024 HEFRE) 32 768 HEFRAT 55 8 B F &Y
HEOMAS B S, 2 B 5 10T LU AP R B R O B
WEs.

40
-#— Master-Slave Model

30 —— Our Model
20

10

16 384 32768

1024 2048 4096 8192
Number of Processes

1072X Task Requirement
Time/ms

Fig. 6 Comparison of task requirement time costs for
2~5s tasks.

&6 2~5s AR S5 B AE 55 i TT 8 X 1L

4.2 EERMAMKER

AR SZ BR R T DOCK™Y # 47 7 i, DOCK
SE BT BN T 43 2 0 R T SR
WA BN RO THZ — xR
FHHR A 2 84T 55 8 B2 5 k. I 4 DOCK 25 1
45 J DS Hy 3 R RCHE L R A R i 3 R R O
L AR 2 B TR AR 45 A B AT T k.

DB T 24 7 43 1 BRSS9 b & W) B E
V5 B B AR HEAT 43 X R B AR S A
AR EAE AT RE CEANTTZ B A i aeD) e — N1t
AL S5 R SE TG 2 24 TT IR AT 55
W] 14~801 s, 34 204 s.

SR B EE A B R C=10% . K 2 /A T
FEATAE 55 VR B (it g 2. N6 2 B ih L #E 1024
FEN A SCHRE R B IR ATHESL R T 2 )23 8 FE AR A St
PEBE i A S B ik 4. 900, BB T
W 1 5% BT 8 D 7E 16 384 MR R L AR SCHE
() FEATHESL e s R 3 2R BE L, R-M (1 5 &
h 128, 5 f% T Master ¥ A 1% 7 5 o R A =X 38 B2
AR 34, 3%, PR M 1024 7R F] 16 384 LM
JE bt 18 7 s DOCK. B 0E 1 i1 A 20 AT 55 98 )3
JrE I e Ry 12,37, 2R FAS SCy i JBE 5 25 n i 1
IRE T 15, 84 i S Mk AR B e o d AT LA SR, 7E
TR PR T ok H 2 J2 08 BB RDRE A T R A 34

Table 2 Test Result of DOCK Application
& 2 DOCK R ARy 45 R

Time Consumption Time Consumption

of Original Task of Textual K
Processes Ratio

Number of Speedup

Scheduling/s Model/s
1024 50181.2 47837.2 1. 049
2048 26163.9 24 406. 7 1.072
4096 13671.2 12141.4 1.126
8192 7339.0 6055.3 1.212
16 384 4055.9 3020.0 1. 343
16 | —= Original Scheduling of DOCK
—¢— Our Model
o 12t
5
3 L
2 8r
w L
4 L
0

1024 2048 4096 8192 16 384
Number of Porcesses

Fig. 7 The speedup of DOCK application.
Bl 7 DOCK R H i fin s b

T3 T 16 384 HEAR T R N A R 4L AL
IS S RS AT B 24T T X b s e
TR e A 5 34 SR T T % O X 2R Slave B
(14 b B FF 5 A 5. 2 ms, 520 127 JEFR L AH H G B A
A1 32 I RGN T 11, 8 55 R-M i Fi 1) 4h T4 2
61. 1 ms, 520 127 SRR CGR Bk R R-M il Master) ,
HH L TE R B PAT S 32 AT R I T 19. 6 s Master #§
B 11 Ak B i) 45 4, A BRIF RS 2 6. 5 s, SE I SE R 127
HEFE A 1 R-MD G BT IR T 55. 5. R
R J5 TR AT L TE B S AT A SR T
175. 6 s AR AA] — A~ i % [l 45 o 0 2 W) 45 19
U 13 FOIL T — ) o L I AR AT H AT 55 K 24 4
100 s PR ok L IR R B 28 RN N FH W0 4G
b 1 B 1] 22 R 2902 75 s IR S04 B o J 30 8 A
(1% % 2 415 it AFLXT - 0 8 J T 36 R A PR AT B ) 9 2D
3.75%~5. 13 %. 5 T 55 WA T I )4 [0 B
A7 BB B Jay 38 TR ) A 35 e A A 34 B
A .

AT 16 384 MEREIREE AL IE AE SAT I
LT BT 4096 A i R TF 59 R A9 I 85 X L.
R EVE 5 R R T B IR, 58 R P R R S
REERE E T ool (o A N (S ) T S s N T e {7
(AT 55 4% J1 T AT 76 ROBLBE IR B8 T, A8 i 457 1k i
V) % 50 4 B e () A ol 20 44 32 19070 R Ak i Tl R A
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B R A SCH B RE R, ] DLHEAT N T 48 7E4E
AP A= 1 O T I E 75 2 TR 3 S R g R
B BEIR R IRAT I AT 55 5 TR BRAT . A i AR 0 R
iR R,

Table 3 Fault-tolerant Test for 16 384 Processes (Artificial

Fault when Executing 1500s)
R3 16384 HRIHE T HIFHE NI (RFMIT 15008 BFA

TiE%)
Percentage
Light-weight
Type of ‘€ Wel,g Roll-back Reduction of
. Degradation .
Fault-tolerant Model/ Model/s Degradation vs
odels Roll-back/ %
Slave Fault 3031.8 3195.6 5.13
R-M Fault 3039.6 3195.6 4. 88
Master Fault 3075.5 3195.6 3.75

Table 4 Comparison of Time Costs between Two Methods
when the Resources are Changed

R4 FEEHBERT 2 M5 EHFFHEX AR

. . Execution Time with
Execution Time

. . ) Resubmission after Percentage
with Light-weight .
D dation Model/ Job Stopped and Reduction/ %
o odel/s
egradation s Resources Changed/s
3056.7 3226.3 5.26
5 R

AR SCER X RIS T AT 48 55 sh A 08 B 1 v]
PR AL AR T T N 2 HEA IS 1 5
A Y R Bh A5 AT 55 I8 B AR R A0 5 vk D 2 L %
BEAY AL LA ALY R B R HRE IR 5, A L AR S Y
Master-Slave 5 A1 H A W] & 4 4 %, 7] L /2 Peta
Flops 5 & 58~ 0 R H 75 3K . 9 v LLHE ) 81K %
f) Exascale 2l R 55 FL & 1317 g BEAHEZR BB
RO R T DI B0 HH O AT 5 08 B AR T B i
A FF 4 B 2 AR,

Gin Y RS SEE R T RT
Jey S SR A B 1 A o AR 204 O A B e LR
M) 355 43 12 2 ) PAUATT A 2080 o I 2 0 T 4 . 0 8l 3
B L 544 G5 10 28 55 7 AR Eb LA 5k BR S 1 3.

A7 0] B AR 1 3 23 2 AR R W M A SRR SR T
TN T — 2 AT B A7 3 B o 6 A58 Y (1 43 )2 ok
REATEh BV
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