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Abstract: To address the task scheduling problem in distributed systems, based on an important fea-
ture of task scheduling in distributed computing environment, we have established a non-cooperative game
framework for multi-layer multi-role, and put forward a distributed reinforcement learning algorithm of the
joint scheduling strategy of Nash equilibrium. Compared with static scheduling algorithm, the proposed al-
gorithm needs less system information. It enables the scheduler to actively learn task arrival, perform re-
lated knowledge and adapt to the adjacent scheduler allocation policy. The target is to move the schedulers
strategy toward Nash equilibrium. Simulation experiments show that the proposed algorithm achieves ex-
cellent performance in expected response time of tasks and fairness, compared with classical scheduling al-
gorithms such as OLB, MET and MCT.
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Fig. 1 Distributed computing system
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Fig. 2 The scheduler framework
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Fig. 3 The collaborative model of heter. scheduler
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Fig. 4 The best response strategy of convergence

5001

100 "

a—N

O0 1I0 2(I) 3(I) 4|0 5I0 6IO 7I0 8(I) 9(I) lOIO
REM MR/ %
BS5 Z4A ARG YA
Fig. 5 The influence of system
utilization of convergence

3.2 REFBAEMNEIE

B — > 540 R g0 T 0F9E & G0 R H R 150
M. XA RGEH 32 ARG (R DA M p R
RAGMAR. CHAR A D) p BEMH0<p<1
IR, H o 8K, R M BHK.

6.8 7 )&= p A 102045 i F] 90 U6 B X 7 11
TFREE . o B 6 & A A R 48 A F 2R T 1 B
i I S R DS o= =3 DAL [ R s v
K. PROP_M Bk AR 5 22, T X F PR B4R 25 1
PE B g BT KL T GOS Bk R by, iRt T
B RGRITT E. AT EAH — DR RE
BN, 24 & 58 %R 60 6 I, g Ji 15 18] B PROP_
M BEA 25 4t GOS Z 106 A4

0.091
—a— PROP_M
0.08 —e— OURS
—4—GOS
0.07}
= 006
= L
3 005
Eo04r
50
=003
0.02}
0.01}

0

010 20 30 40 50 60 70 80 90 100
RENAR/Y%
B 6 i R AR

Fig. 6 Expected response time

1.02 -
100 &=—%—s——a—¢# ¢ o ¢
0.98 -
E
50.96
«
0.94 |-
—a— PROP_M
—e—OURS
0.92 - GOS
090 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
RGEFHE/ Y%

B 7 R/

Fig. 7 Fair index

B 7 Bon T 3 MAIEM A48 5. PROP_M &
BRFRAT R L A8 BOAE 1 224 6 i A5 1 R
FABARA . GOS FE M A A BN T 1 A 73k
0L Y 0,935 Z ). B 7 dud B T 8 B g R - th
F A A = 58 0 1 A 1E.

3.3 BMEMNEm

TEATT I 58 S A T 6 48 24 47 47 R 11 52 i
Aib 3 1) R AR R R G S Pk — T R ik
i A} (speed skewness) ] T & AE 53 44 1%
L SCR 2R 58 T S ML S5 AL B 3 3 5 e/ Ak 3
PR L. A A R e AR R B O G AR A 3R
A R

LRI T — AN 32 AN TR BRI R S R B
oyl 3 Al gk 2 fon. PSR 1~8 Rkl
9~24 TP AL, 25~ 32 R FR NG WAL AW, B
— A [FIH ZR G5 3 Ak o A T R R AT T 6 S
By, 2 G H Rl 609, Mk B R % 2
i AR5 BE BB ¢ 3R 1 FiR.



116 UL PEEZ TS Eay

2016 4

2 RGmEII
Tab.2 The system configuration II

Ski’if:{ig 1 4 16 36 64 100
pGi=1:8) 10 100 200 300 400 500
ui(i=9:20) 10 50 50 50 50 50
i =25 32) 10 25 125 833  6.25 5

Over arrival rate 192 1 080 1500 1960 2430 2904

SR s 8, B 9 TR, Bl AR 1 3
T, Z G0 R T RE g 1 5 0 1T 30 2 i e ] e 2
TR RGNS X 3 ANE LA HFEMERE. 4R
S5 GE U5 M B A AE 22 ST AR SO B A GOS 11 5 1
O FsF [ 96K 20 19 BB 24 i kR A 3 50, AR SO Bk
H5GOSHBEHIL. XEREAESERMARE T A
SCHT R A B .

AL O H BN S5 BT 0 484 T 3 i Ak 2 s
ARSI Y R PROP_M B 3N 45 5UL T
A 1. GOS 2248 B AG A 242 B 7 1T B 3 05 i
RHE Y 0. 82, GOS F3E 19 43 Bl I A R R IE - 25 1)
30 e i B [ I G el R O . B 1Y 1 3K
N2 3T F5c 16 14 P i e AR SR o 0k 1 2 Al 34

L —=— PROP_M
—e— OURS
0.05 —a—GOS

o
(=)
X

S S i o B 1) /s
=)
=

0.02
0.01
0 1 1 1 1 ]
0 20 40 60 80 100
R R A
B 8 % a5 e e
Fig. 8 Expected response time
1.051
1.00
0.95
=
B
%7 0.90
0.85
080020 40 e 8 100

AR R
B9 »Fas
Fig. 9 Fair index

4 #F it

AR SCHIE 5 A7 A1 2K 48 v 3 JEE [ . 73X A
T« 0 B2 2 A OOE B AT 55 21 38 1 BE AL 1 A& 48
R 22 A8 L T L3 O H AL R B 4 1 70 T SR e AR
SCHETF oA o) B2 T AR N B R ARk R e
gy AT 55 B MEAT DL R 5 Z A AR Y IR B 45472
ARl X T E AE—E R BB TR A
(] (4 PR 5 EL AR 1 - 249 0 [0 A i 52 480 5 36 0k B
WRBEE A EE T LA™ 22 S ) 98 B2 503 7 AT 55 1) B30 )
[E1 RN o Gl S o S S T 0K X

£ % Uk

[1] XU Yuming, LI Ken-li, HE Li-gang, et al. A hybrid chemi-
cal reaction optimization scheme for task scheduling on hetero-
geneous computing systems[ J]. IEEE Transactions on Parallel
&. Distributed Systems, 2014,26(12):3208—3222.

(2] FBWIE, ¥ M), 5200, A5, — i ra) RS o 55 L 0 e 5 4
FYELT]. IR R 4 AR B R, 2015,42(4) . 107 — 113,
ZHENG Ming ling, JIANG Ju-ping, YUAN Yuan, et al. A
monitoring and management system for the large-scale comput-
er[J]. Journal of Hunan University; Natural Sciences, 2015,
42(4):107—113. (In Chinese)

(3] ki, JR3cid, @b, 55, Zbs4 4 404 AL SRR I A

0. HHHLFAR . 2013,36(9):1765—1784.
LIN Chuang, SU Wen-bo, MENG Kun, ez al. Cloud compu-
ting security: architecture, mechanism and modeling[ J]. Chi-
nese Journal of Computers, 2013, 36 (9):1765 — 1784. (In
Chinese)

[4] GUTIERREZ-GARCIA J O, RAMIREZ-NAFARRATE A.
Collaborative agents for distributed load management in cloud
data centers using live migration of virtual machines[J]. IEEE
Transactions on Services Computing, 2015,8(6):916—929.

[5] BRAUN T D, SIEGEL H J, BECK N, eral. A comparison of
eleven static heuristics for mapping a class of independent tasks
onto heterogeneous distributed computing systems[ J]. Journal
of Parallel and Distributed Systems,2011,61(6):810—837.

[6] LI Ken-li, TANG Xiao-yong. LI Ke-qin. Energy-efficient sto-
chastic task scheduling on heterogeneous computing systems
[J]. 1IEEE Transactions on Parallel and Distributed System,
2014, 25(11) . 2867—2876.

[7] KWOK Y K, HWANG K, SONG S S. Selfish grids: game-
theoretic modeling and NAS/PSA benchmark evaluation[]].
IEEE Transactions on Parallel and Distributed Systems, 2007,
18(5):621—636.

[8] YANG L, SCHOPF J M, FOSTER 1. Conservative schedu-
ling: using predicted variance to improve scheduling decisions
in dynamic environments[ C]//International Conference on Su-

percomputing. Leipzig, Germany: IEEE Computer Society,



%10 #

B4 0 A RGP 2 T AR A A PR A9 8 R 58k

147

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2003: 15—21.

ZHANG Long-xin, LI Ken-li, ZHANG Fan, et al. Maximi-
zing reliability with energy conservation for parallel task sched-
uling in a heterogeneous cluster [ J ]. Information Science,
2015,319(20) :113—131.

RE L REW, KT % STFRIEET 3T U R 8 69 A
HEFEHLRILT]. TR HLOE T 5 R, 2014, 51(10) 2255 —
2269.

ZHU Xia, SONG Ai-bo, DONG Fang, et al. A collaborative
filter recommendation mechanism for cloud computing [J].
Journal of Computer Research and Development, 2014, 51
(10):2255—2269. (In Chinese)

MASHAYWKHY L, NEJAD M M, GROSU D, et al. Ener-
gy-aware scheduling of MapReduce jobs for big data applica-
tions[ J]. IEEE Transactions on Parallel and Distributed Sys-
tems, 2015,26(10):2720—2733.

TANG Zhuo, MO Yan-qing, LI Ken-li, et al. Dynamic fore-
cast schedule algorithm for virtual machine placement in cloud
computing environment [ ] ]. Journal of Super Computing,
2014,70(3) :1279—1296.

PETER S, GIVARGIS T. Component-based synthesis of em-
bedded systems using satisfiability modulo theories[J]. ACM
Transactions on Design Automation of Electronic Systems,
2015,20(4) :1—27.

SUBRATA R, ZOMAYA A Y. LANDFELDT B. Coopera-
tive power-aware scheduling in grid computing environments
[J]. Journal of Parallel and Distributed Computing, 2010, 70
(2):84—91.

LIU Chu-bo, LI Ken-li, LI Ke-qin. Strategy configurations of
multiple users competition for cloud service reservation[ ] ].
IEEE Transactions on Parallel and Distributed Systems, 2016,
27(2) 508 —520.

RAOTI. HUH E N. LEE S Y. etal. Distributed. scalable and
reconfigurable inter-grid resource sharing framework [ C//
Computational Science and Its Applications. Glasgow, UK.
Springer, 2006: 390—399.

SAKELLARIOU R, ZHAO H. A low-cost rescheduling poli-
cy for efficient mapping of workflows on grid systems[J]. Sci-

entific Programming, 2004,12(4) :253—262.

(18]

[19]

[20]

[21] ABDALLAH S, LESSER V.

[22]

[23]

[24]

[25]

HANNA H, MOUADDIB A 1. Task selection problem under
uncertainty as decision-making[ C]//First International Joint
Conference on Autonomous Agents and Multiagent Systems:
Part I. Bologna, Italy: ACM, 2002. 1303—1308.

FRME. BB, it 8. RE RO SR IARIT]. R,
2009,20(5) :1337—1348.

CHEN Kang, ZHENG Wei-ming. Cloud computing: system
instances and current research[ J]. Journal of Software, 2009,
20(5):1337—1348. (In Chinese)

GROSU D, CHEONOPOULOS A T, LEUNG M Y. Noncoo-
perative load balancing in distributed systems[]]. Concurrency
&. Computation Practice & Experience, 2008,20(16) ;1953 —
1976.

Learning task allocation via
multi-level policy gradient algorithm with dynamic learning
rate[ C] //International Joint Conference on Artificial Intelli-
gence. Sydney, Australia: Springer, 2005: 76 —82.

KIM S, WEISSMAN J B. A genetic algorithm based approach
for scheduling decomposable data grid applications[ C]//Inter-
national Conference on Parallel Processing. Dresden, Germa-
ny: ACM, 2004. 406—413.

FUJIMOTO N, HAGIHAEA K. A Comparison among Grid
Scheduling Algorithms for Independent Coarse-Grained Tasks
[C]//International Symposium on Applications and the Inter-
net Workshops. Tokyo, Japan: IEEE Computer Society,
2004 674.

N N DANG, S HWANG., S B LIM. Improvement of data grid

‘s performance by combining job scheduling with dynamic repli-

cation strategy[ C]//the 6th International Conference on Grid
and Cooperative Computing. Xinjiang , China: IEEE Comput-
er Society, 2007: 513—520.

PRI, Raid, BERE, % — M P2 EE TSk
FREEEALRILT ], W1 R 24 B AR, 2015,42(8) .
108—115.

FEI Chang-jiang, WU Chun-qing, ZHAO Bao-kang, et al. A
semi-persistent scheduling mechanism for voice service in satel-
lite mobile communication[ J]. Journal of Hunan University:

Natural Sciences, 2015,42(8):108—115. (In Chinese)



