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Load balancing method of service cluster
based on mean-variance

BAO Xiaoan, WEI Xue, CHEN Lei, HU Guoheng, ZHANG Na
Zhejiang Sci-Tech University, Hangzhou 310018, China

Abstract: When a large number of concurrent requests are allocated, the load scheduling mechanism is to achieve
the load balancing of nodes in the network by minimizing the response time and maximizing the utilization ratio of
nodes. In the load balancing algorithm based on genetic algorithm, the fitness function is designed to have an
important influence on the load balancing efficiency. A service cluster load balancing method based on
mean-variance was proposed to optimize the fitness function. The investment portfolio selection model mean-variance
was used to minimize the response time, which was used to get the weight of each server’s resource utilization, so
as to obtain the optimal allocation combination. This method improves the accuracy and efficiency of the fitness
function. Compared with other models in different service environment, the simulation results show that the load
balancing algorithm makes the service cluster get a better balance performance in terms of node utilization and
response time.

Key words: load balancing, mean-variance model, genetic algorithm, load scheduling

W #s B 2016-11-12; & [E B #3:2017-01-09

BETE . [ ARBHE LI (No.61379036, No.61502430) ; [H ¢ A AR B2 5 42 2= b PH 45 45 00 H (No.61361136002) 5 #f V1.4 K
B L WU E S Tl H (No.2014C01047) ; Wi VL TR 2% <521 A A B33t " ik 4 v ghmi H

Foundation Items: The National Natural Science Foundation of China(No.61379036, No0.61502430), China-Denmark Cooperation Program of the
National Natural Science Foundation of China(No.61361136002), Major Science and Technology Projects of Zhejiang Province(No.2014C01047),
521 Talent Project of Zhejiang Sci-Tech University

2017027-1



‘ﬂ MREFE

1 3l

TEMe 55 28 L HEvh P 8 SR 75 B 2 1 R 0 A 2 4
THRAES BB E 6 1 I 55 o itk 7 A 38 ply T (] — ) &3
A REAE 5 F R R B, T AR 3K 4 B A O 5 0 28 %
25 T I 0 7 6 3% 05 7 12 OB OR BN O 0 B U R
SRR AR A e 95 45 42 T 1 £ A 100 3 o 4 A O SRk AT
A MG, BB A ALY H A 2 R 6w RO R TR 55 B
TR TG AT: 55 B A4k 4 10 i e 07 58 o MR 95 4 R 7 52 L 1 B 0 Al
X, OB TR Z ISR H R X e S
TR ER RS T TAEE ISR 5 JF A
Pl AR R B &7 A4 K B R 0 I (
A BT 52 M) 5 £ 45 R 1 7€ Zomaya 1 Teh ™ Y4 5t 4
B3 (genetic algorithm , GA ) Fi] 2 67 45 32 5 5w - 9 H.75 5
JZ R o GA AR JBT 2 — oK A ] B 55 BE R A7 1 2 )
BRAE R R B B SR O R G R ()
B RIR IR R B LR S R . R EFA K
T 55 55 A 0 JRINE 57 B8 4 4 2l i GA AT HH
B bR /N ARAT I 81 38 23 0 1 5 00 A 258 0 32
W28t (H R s AL AR — AR A KRR S
RIS . A& MR GBI A R Y RS S
iR oy AR R N N R R IR e S DS SR
[F] o fHZ , U520 0 0 0 490 4k Z80m 1 2 A IR 55 4 B A Y
25 B, BT SR 20 T R R A B OK B
KT 38 17 1EL 0 8 4 A A

BT Ie T R AR S R O SR A R R
AP A0 6 T 15 5 A ) i i 3R i A AT B 3 bR
& GA AT AR D IR R4y 1 A S
TE— 7€ 1 9% U R FH 2 BE Al 95 290 B B ], mean-variance
BT B T8 1 ROV E SRS 0 fo 1 4 Rl O AT G G
S REEEBFE IR W aR O 25 B KR ) AT S I 47 3¢
e KA 5 RS fa /M T B 33948, 45 50 3 AT SR AR AL T
&%, 4kT mean-variance % %% 41 & 1% £ 38 B4 T i
HZ b, B 1) 2 B 72 B R 1T mean-variance
T TE KA 20 0 5% T KA S5 A Ak T BTG AR A3 B AR SC
ST GA X BT 5 AT A B IE, 18— 1 % U A
FIRAE BF f /ML W R B[R] mean-variance #E AL A il
o B pRACh ZE AR IR C & i mean-variance #7 2k0
AR B0 3 I B PR AR, DL — i KT B R R R A
F P38 SR 0 4 e i 28 AT AR A3 S B A L AL A L B

i

2017027-2

R
2 TEHEIE

21 2hHaH

O HE P D] 190 2% Bt AN [ i 95 T 6 69 BT[] A
FERTHEVEIE T 207 iy . Horhag ok iR 45 i 2R BUR ]
EHIREE S & e VDRt N EE P AL
Ao an g B R B0 R E 4 HTML
U HEAT LB B B AR T AR T — 2 70 28 L 5 2 1 3 oK )
T R A B U7 (] B AR Y e 7 A
UL, T DA R [ 0 oK R 45 AT A R AL, AR R
% o8 0 H B SCIREAT 00, SRJE AL B 3 SR SO sk
174200 5 o A ) SCRS 2 AU AR H A SCPE OB o 0 L EE
AN 8 B 45 98 K 28 BT 1R A [7) 67 406, %F FT P B 38 0K
KT R A
2.2 mean-variance & #!

BRI BAE Ay BEAC 4 Rl 27 09— A0 BRI,
T EEB QT G R U AT A R R A A S8 B
W 4 2 B KA 5 XU /M

1A 24 SR 1) 3 S b R A dge /N A e R TR £ 1
0N Je KA R URI 38 S A A ] A B 1 o 4
B LA S0 5 — 8 W F 3 B IR R TR R b
iy B[R] g /b 7 — 3 0 34 i B () L, M 0 R U R ) R 0
R B — YR 3 7 oA A BB 5 — Y A A T 2
A 155 0 R DI 5 7 K 35 iy 7 ) 5 1 24 9 R R TR R
Ko BB, B m AN S5 8% 815 R AR S 7 A (] )
L, AR ] mean-variance 52 71 UCZE 24 30 2% R HE 47 3%
T, 3y 2 BE e R R B A o A IR) ) 7E B /N A e R R
[ IR 25 75 3009 28 0 % ) DTG S8 0 3 o B 355 1
AR B0 M S R 55 R A SR A
23 HENBRESRHEIT

L 37 6 (52 W o 15 A 2 R T 4K
SR B BN A S 7 A K B BT U 55 I 4 B 1)
e AR Y AR AR T R 48 SRR AT 5
(AT B AR S AR I A, R RE T EEE
(L) TR B0 (L) 2 0 8 2 55 5 244 B0 T AL ) 7 4803 5
H T8 B AT i

CSL+NTL
L= 1
a v (1)
LM:R XLave ( 2 )



BIERE 2017 £ 18

Lui=DXLe (3)

Horfr CSL (current system load ) & XA H B () 97 41
B, RoR I s AR B R A I
SYAT 5, MR 95 SR MR IH T $0AT B — Y B B 0 TG AT
%,

NTL (new tasks load ) & X & BI#% 73 i ) 7 4% i, R
i ER LA R EC 2B E R4 A, 1
KameERsERMES R,

L. 2 MR 45 BT 995 450 5000 (CSL) A BIHE 2 e 1) 67
B (NTL) Z M5 B RS5T7 A EE NV YRR AR i R A1 D
g BT AL T RGO B R 2L TR
1, 72 WAL 3585 1 S0 480 K T 2 B B/ T 5 [
DRI /NI WA B0 45 09 s/ T 3 f B, K
THRBE T 5 S AR BT 55, 500 25 L A
o E B R AR AT, Fo R R D R (AR AT 55 1
Bt B R g5 ds i PERE AT L 7 (SR ] L R
MR RERRGE RS R G R R

3 HAEHERL

RAE YR Z MR ERERESME T HENFEL,
M 73 R H BN T AR I A R R O A Bk kA B —
RS AL, A SRR B R S5S GA ki ik
o IRLEL R F A A7 9 00 1 45 TR B AR S8 e £ B AT AN IR BT
Forh st i Oy o T AR D S A5 L U X R R AT
H 00 GRS S B B N R T
3.1 ®E

TEATHLE SR RS XA £ R Kok
il 4 %0 PRI hy T B ) A L Ak B S 0 2 0k Ji I
W R GRS s R K A s i R A K A — A b
FHAE , S B0 RN IR 0 (R LR P B R = 4
T3 5 T 4% 3 A AT SO S o B rh A AL R4
974 B [ KON FEA R S R i A TS A
PEER R T HL A 2 09 5 75 B R M — 1, AT = 4+ i
T 2 A R A A A A

TE =2k A b AR AR — A 3 AN
PRI ok B AL IC < T T, P> X BN T, T, 20 3 3
NS W G5 MUE S 1 B TR P, 36m ILAT 5 9 L 1Y
W% i, o i=1,2, m % 1M 10 M RIE SRS
A Mg, Hhd—dRR MR 1 LS 3 M fE
BT B HERRS S 4 LTS S RN 3%,

x1 E5%B

T, T, P, e

3 7 1 <3,7,1>
5 3 4 <5,3.4>
2 4 3 <2,4,3>
7 1 4 <7,1.4>
10 9 2 <10,9,2>
1 5 2 <1,5,2>
4 16 1 <4,16,1>
6 2 3 <6,2,3>
9 8 4 <9.,8.4>
8 14 1 <8,14,1>

R BB bR ™ E Q AN bR 45 H A, 4 254
PR — A F A WA — DA B Q AN 47 H AL
TR, FE GA Tofi BEAIL = A2 135 B 40 05 H 45 4 e
TE A G FhEE
32 ENERHHE

7R W R 0 0 25 M 45 4 Y SR 3 A
6 GA HvIE R FE bR 5O D0 745 o 1 B 0 ME — B o, T DA
6 A R T R R A A A L O N R A
3 A LS VR UR R 2 W A () R AT 4 57 4 A 55
IR,

321 fEFH

i R 5 4 a2 17 B A O A S R B R A, R 3
WG CPU i H it AR SR 2%, A8 fh CPU LA
s i (R RS 0T DL 5 6 B 4 o i #

Hoef B R S5 25 0 72 A 2R 2 U8

V.
m%;f

Hv vy IR % a i e AR Py IS5 8% 0 1 5 A
17, CPU i SE A 36 1 28 L5 A7 R TR LA MDY K
SR

)nm% (4)

C=| ZS )xlOO@% (5)
&42”%%% (6)

o v Vi 2 Bk 55 25 B85 R CPU A 5
P Py TR 45 25 10 B TR TR

X RS B A i, e R TR R A R R 4
PSP EEREOA AR, ERA Web i H 5%
T, AP A DA R W A B ) A R
UK (9 B8 2 2 45 oy £ 0S- ) CPU i R AT o9 A7 ik

2017027-3



‘ﬂ MREFE

AN BB — 2[R T £ U P 2 0 ) b S g DL
RIAFHEN, R T IR G817 B e XA [ i g
XEASE LG TS SRR A A SRR E
R kG=1,2,3), IRRREARESEMBE , B
1R %5 2 B BE R R RS 0T
R.=k\D+k.,C,+k3B., (7)

oy ks AR H bytkotks=1, % B R BOR 3R
RGN AT
3.2.2 FRA) R Favey B ) 5 A

H AN T A R 45 4 0 RE A0 B A AR TR BIAL T
mean-variance 5% 7 T 50 i 45 4 T A 9% DA R B i o s
7, BN m A MR 55 i 20 A7 0 TR 36 00 I 6 I Y
FIRA A E N HILE & R (RyRo R, MR GE B
RV SF

Rp: z wiXRm' ( 8 )
i=1

Hor w(i=1,2, - ,m)fCFE m A W5 25 5% 05 A %

W H B, BIACE B R h S w, e S (]
Makespan 7 :

u,=E[R |2 ZTE[W,RM-]: ETM (9)

a4
j=1

Makespan=c,*=var(R,)= 2 zwiw,cov(Ruf,R,g)= Z ZW i
i=1

(10)

Horpr w255 A i SRR R B T cov(RasR,)

RAAE WA RS 68 5E AT IR D0/ By 22, b 5 2]

TnH 0jomean-variance FRLD 30 3 5K At 24 SRR A In] Rk 3R
T8 B I AU o)

min Z Ztulog-wj (11)

A4 39 B2 R AR PR T RLAS 31 b e R P 2R
KIE

Z wiRui:u‘p ( 12 )
i=1

3wl (13)
i=1

16 BR A 215 BRI R, BTN 3R 255 I6F 0 dg /N 97 28
PRAT I T8) 56 T e (EL I, ] 3 3 4% B9 H A e ROK 7
RS I H T

2017027-4

(14)

L= 2 Zwiwjoi—)n( zwrl )—)\2( ZwiRui_up
i=1 ! i=1

i=1 j=1

Horpr A A4S B H e, il LY T w,
FIRLRS W1 710 5508 0 10 55 208 3R A5 5 A 19 AU [
%o ﬁinlljﬁ Wi\/\lx)\ij/ﬂﬁTE'F:

I3 g AAR0, i=12,m (15)
3wi j=1
I N
LN 120 16
o (16)
i: ZwiRwi_up:O ( 17 )
A, o

3 328 5K T AU BB A F w,, MTTE K (8) 1K (10)
T AT A5 0 A R A U A 25 e R ]
323 THZHBRGRE S

R R 55 i 1 B IR IR AT B4R, BAAT IR IR 4
{EATS TH AT i it 98 2 MR 55 4 8 40 17 AR B0 | B D) 7 4R
BT — A B AR R R T PO S5 4% (number of
acceptable distribution server, ADS) [ %,

3 R 1P R W5 75 5 6 (B (L) P B (L) L 55
AW 55 i BB Ay £ A5 K 5y R SR B RR R R
A T R A

Liw<CLS+NTL<L,, (18)

AL 32 3 TG Ml 45 i 26 7 IR 45 8 i A0 6 80 E 4 5
DhB SRR B (18) , HA VoM B 2 iR I BUAE 55 B
&, MRS AR B L SR T L, W R S5 25 2 A
B W H0E A2 AT 5 R % . 76
B FAF R AR AR 55 1RSS5 # W B B2 /R
AL S R B
324 @& EpERIGRT

At 3 A H b ek B T AT A B AL N R AR

1 ADS
R}
Makespan XN

32 L I 0B R AR R A0 S 80 B AT 45 B A
o 5 (14) # # A B A B9 A X7 DLAS BIRUE B w,, M
1 5 X (8) A (10) AT 24 21 F 45 o6 KA B8 58 TR D 3¢
R, 0] 17 16 18] Makespan . 4 W) 1V I [A) 46 2% 1) 11T 32 42
, HOT 52 0 B MR 45 4 ADS F A b 3 /o i 3 o7 2 {8
SR MK, B R AR £ 8 R BT

IR 55 5 B i B2 5 305 o7 BE vk BB AT PREAG 4R A | DT 5
PR 4 B9 A0 I 25 0K DL BB AU mean-variance 15 7

Sitness= (19)




. 5.

BIERE 2017 £ 18

TR AL B D07 PR KL AR AR AT I R TS
BB . 5, R AW 7 W ek ik R 9 £ 4 e
PEAT AR X PR AL AT R AT R R IE
PR, 1858 BV SR AE T, A B 7 A 8 9 38 B B i, B
DL BB VA, ORI 77 A i S E AR ok S B
JHRSE SCT — e R B0 v 5 4 A0 43 08 06 f i, 70 5 04 Moy
R KE K WG, #5078 A2 15 45 15 20 0 d5e 00 7 4 3 A
FIF M TAE 5 2 BBk 22k AK . X Tl R 141 W
Z AR WAL LA A SRR g B
i AT B AT 5 1 I
i S R IR
Load balance algorithm{
Request() in sliding-window /1% 2K B\ 5]
ServerList// [l 45 17 45 1 85 B
Do
Requesti= Request(.Out_Q /153K H BA
Shedule TGA /738 13 18 & 5t 7 BL 5 R
Initialize newPop /%] i i HF
Evaluate fitness of P(t) based mean-variance //“i& %
HEAE g P
While(not Terminate-Condition) /// i & 24 11 4 {F
778 36
{
Select operation for P(t) //iEFEHME
Crossover operation for P(t) //2¢ L HAE
Mutation operation based Polynomial Mutation for
P 1178 5t A
P+1) = Pty /AR EIF —RBER P(1+1), 0636
GA-operation //# f&
Evaluate fitness of P(t) /35 If J& 1 7
J
End While
Output(Requesti)
)

4 HELWIRITRER

X 3 07 B PR S M S TR R R A D % A R
TR 5B WA 1 BT mean-variance R 115 it
F5 SRR AT R A AR O At 2 0k o A B E e
U R A A

41 FE®Eit

Y UE A SCAR O A B RT3 L R R A AL
e, URSRFEFHMARYERA ., ALEH
OPNET14.5 5 5L & A7 T3, o e 55 4 1 1 7 834 A
FEUK B = 2 AR A ) AT R L R
RbFAEAY R 55 B8 TR 14 vl o 50 0 A 0 2 A A
100 Mbit/s i 52 Y Jey S 2, SR REAY 3 A4 Btk 20 b
OMIPS 3MIPS | IMIPS, % 3 Jy 4 AN LUK T, B4~
A 20 M, FIBLE T 64 1 LUK A R HLIE
SO HOT S & P AR 10 Mbit/s 2 1383, T 16
9 Hub A 1R %5 S0 5 S 4R 2 i S0 i A8 IR 55

P B 6 2 A AR OST R A AL Y,
£ 1P b #Z R I NET 5233 F mean-variance 1) 1 4% %)
ik % TAEM SEI A AR eh i 5 W R Al f 2Ry
i B0 5 ARG X AR A A ACHE A 4 AT IR | BB hE g T
AR o 15 A 2r 28 MR P SR AT 45 9 £ B8
B Sy B4 X L TR 55 4 5 S 4 W 7 B8 4 41 4 A
NET ik % #e 7 J 52 22 2 7 3

SEMUR S TR Bl R A 1R 1 Y 58
RELHA AL R R, Hh s o iy
AL R BRI M R B (3T mean-variance [ 5181
i 55k FCFS (first come first served ) 2 ¥ DGA (dynamic
genetic load balancing ) 5 ) B4 7 240 7 7 B e | 9 2K
{7 BRI R R M TR g5 SERERL IR, K% P
i A N BCHE 0 U5, ML 90 45 T L1 S 1K) I8 3 oK A
5 10 28 O T SR RO 43 2 12 308 4 80 B O 8
£ mean-variance 1 %! 1 5l L3 5 GA JF 1748 R 15 5
ALy AL (b 8 30k S 00 Ml Bk IR 55 1
(¥ CPU i I8 ) , 79 77 147 5 1) J1T 2 55 5 4 1) I I6F Ji) 35
BR 10 s, HCE A K AUl 2 41 H b bk Xt
IR 55 i B A A TP 3 ik, o RO o A K K B IR 5 AR
i
42 LRER5HN

X T REBCR I RE, KA SCR T Tk S FCFS &
DGA A7 I8, SR A T4 2 MBS HL,

WAL ERSERE  BE S AR MERE R, 77
A AL vk CUCBORII S 3 SR A2 5 M 15 A
W) B [ A F AR e B G BE I &, (HBEBL YL h i o 5
RS GA RS, ol hn, 2 ACUBR 2 A 7755 ) 2R A
IR} 16 5 T % FCFS Bk BAT 0 . BT LAEAT SE 4 b, 72

2017027-5



s ...

.6 .
| itk |
BRI
(a) HRATZ5 M
i L R | VEAREE |- ; .
CHES sl Bt UES P
\
‘r + medan- “
3 ; i - HE variance :
AR | — | g ﬁ%g -— | v W%?ﬁﬁj%&r
A
BRI
b) ALK
(b) A | [ smmns
BL S R G g
x2 TBBH 230
" —&— DGA
BE i —o— AL HE
i 45 5 45, 3 225
1 A4R 5 1 BB 1
1E 55 B/ 3000 55l
REF K 20 =
AR 35 B
e & 0.8% =
AR S M R 0.15% b
TR 12 210¢
FF D 0.8 P
W RRBk, ko ks 0.4,0.4,0.2 205 30 %mﬁwm 10 3 50
GA B ¥ H U BRI Bk M S B B kT RE A 52 12 Makespan: 87 (R U
FEE 2 R 3 Hnl DL kAR BN 5 3] 60 Ik
fit 9 B 7 £ M S () ) 398 3% T 2 TR R R 0.97%
s e TS I BRSO R A ik o
0.96%;
7 TR 17 B 5 55 55 A1) %O AR AR T DCA S, B IS
o7 JE PR RS R VT A S0 A 08 B A TR IR 4 RS Sp Y ik 0.95%F
RV IR A SOk 03 B JE (2 A L 3R F) 35 vk g_
Bk, a2 8 3 E ME kgt 2000
YRR R A B A A E S IER L osl
MG, X GA #h 7 2 M0 R 2 A K IF H a8
) o7 B 6 5 75 T 5B A B E AL BT LUK 2 AR B 0:3%%%¢ =
Bl 35 WA M AU SRR E R, 9 LA iz . =l
S 10 20 30 60

(R BE AN T DGA 50 9 3 B B (0w, kMl 1A
ORI AL A

2017027-6

30 40
RS

P 3 S R i ik A R



RAERYE 2017 EH 1M

—&— DGA
—e— KOk

40 50 60

0 ['() ZIU fil(]
KUK
P4 IE 1 8 R A

B 7 ARREON, R Kf oK 2R A SR 5 — A4
KRN E YT 55 0 I 3 Fh sk e w7 B J6) A 55 5 R
F L o s 2 B e 5 8 6 Fw

ARSI R T RS SR S S EOY B, WS

600
500}
_ 400
2
= 300
F
200
100} —o— DGA
—e— FCFSHL:
—a— AL
’ i i i i i
: S00 1000 1500 2000 2500 3000
1555 B A
El 5 Makespan: M4 45 4T: 55 % it
0.98%
0.96%
0.94%}
0.92%
-
£ 0.90%
!?-i.-
ﬁ 0.88%
0.86%
0.84%}
—6— DGA
0.82% —o— FCFSHLE
—a— ACEE
U/ i L i L n
0.80%5 500 1000 1500 2000 2500 3000
R ERA

P06 -3 s A O AR 55 Kkt

B AL 55 ok 250 A4S 2) 3000 A~ A7 11 B 250 A9 4
RGN 3 A B3 ) 7 R ] 5 R AR SR AT S K
IR SR R )RR B H e B AN 2 A% oK e fE
BT 6% 3 NS 80K 05 B B i a4 A
WA BIL 73 TE 09 1 55 B KT 1 250 £ B A SCR R A T
DGA 1 FSFC B3k M R 277 4 — g 2200, LR W @
1L 3% I mean-variance £5 % X 5 5 R A AT 198 B 1T
B 36 N R R AP o A AT Bk IR A T A
B0 3 1ok 0 M 4 TR I B A O 0 TR 4L O I i) 75 67 404
1l 3 1 B AT 55 30 e 55 A A A5 o g BF [R) B /A

e 6 BrR , B 1 55 1 38 0 A SOk 0 MR 55 SR
RRHEZE 90.5% 4 K #] 96.8% , 5 DGA HI LLHLHE Ml
T09%, KWAEAFAK L EMNMES LMD KA
mean-variance 5 514 &0 1S N RS PRAL, AR 5 8 o B A%
B1 H e HOK A5 29 0 5% 1T 15 SR 2 A U [ - I
ST 8 1 o A SCHR A9 B 0k B A B e 55 5% TS U A
R R PR 1 3RS o Y TR A AT, N AR R TR R
5P E MR,

5 H£5RiE

A RNAE 55 20 e b 8 B B SR G B A B
RSP KT X — MBI T — R Rk 7 5 A
X M g5 SRR IR WP R A e R AL A R
B8 T [ mean-variance 5 R 5 Rk 55 48 B H T AR H
BRINBLE | Lhfie /MU 55 58 WU ] 28 2% 11 R 35 75 5 Ot 19 4L
A ] 5 A R 45 i 9 % T8 T3 00 G AU A T 7 3] B
AR A A E N R, SR AR R A SO R )7
T 4 ) O TR g T R TR I 7 8 A I T
BRI R (HBEE B R 55 038 W TH 4%, 72 R Ry
I s d P AT B —E ) QoS PREEM, It AR 30K
TERA IR b — 2455 P QoS TREEHLH #E A7 R A
B

P

[1] Z=3cr, s, VR, 45 IR 5 4G —Fh B 35 0 1Y 7 48038 fir
BRI R4, 2006, 17(5): 1068-1077.
LI W Z GUO S, XU P, et al. An adaptive load balancing
algorithm for service composition [J]. Journal of Software, 2006,
17(5): 1068-1077.

[2] DONG B, LI X, WU Q, et al. A dynamic and adaptive load

balancing strategy for parallel file system with large-scale 1/0

2017027-7



‘ﬂ MREFE

. 8 -

servers [J]. Journal of Parallel & Distributed Computing, 2012,
72(10): 1254-1268.

[3] RAMAKRISHNA M, KODATI V, GRATZ P, et al. GCA: global
congestion awareness for load balance in networks-on-chip [J].
IEEE Transactions on Parallel & Distributed Systems, 2016:
1-8.

[4] ZHANG Y, LIAO X, JIN H, et al. Inc-part: incremental
partitioning for load balancing in large-scale behavioral
simulations [J]. IEEE Transactions on Parallel & Distributed
Systems, 2015, 26(7): 1900-1909.

[S] CHANDAKANNA V R, VATSAVAYI V K. A sliding
window based self-learning and adaptive load balancer [J].
Journal of Network & Computer Applications, 2015, 56 (C):
188-205.

[6] LI'Y, YANG Y, MA M, et al. A hybrid load balancing strategy
of sequential tasks for grid computing environments [J]. Future
Generation Computer Systems, 2009, 25(8): 819-828.

[7] KORKHOV V V, MOSCICKI J T, KRZHIZHANOVSKAYA V V.
Dynamic workload balancing of parallel applications with
user-level scheduling on the Grid [J|. Future Generation
Computer Systems, 2009, 25(1): 28-34.

[8] BALASANGAMESHWARA J, RAJU N. A hybrid policy for
fault tolerant load balancing in grid computing environments|J].
Journal of Network & Computer Applications, 2012, 35 (1):
412-422.

[91 AP, midt %, 2=, 2 B Bedy B -5 22 %87 6 5 45 B A B
HLEEHI]. 20 BEE 5 0, 2015, 32(9): 1200-1207.

WU W P, GAO J J, LI D. Stochastic control for multiperiod
mean-variance asset-liability management [J]. Control Theory &
Applications, 2015, 32(9): 1200-1207.

[10] FOSTERI, KESSELMAN C, TUECKES. The anatomy of the
grid: enabling scalable virtual organizations[J]. The International
Journal Performance Computing Applications, 2001, 15 (3):
200-222.

[11] WU Z W, SONG X F, XU Y Y, et al. A note on a minimax
rule for portfolio selection and equilibrium price system [J].
Applied Mathematics & Computation, 2009, 208(1): 49-57.

[12] §F A Fb, T¥5 8, A dh. —Flod 7 B 19 JC 48 5 4 100 24 i ol
SIEETTIL)]. AR RS, 2015, 31(4): 18-21.

HAN D S, DING S S, YU P. A clustering method based on the
threshold in wireless heterogeneous network[J]. Telecommunications
Science, 2015, 31(4): 18-21.

[13] MOHAMED N, AL-JAROODI J, EID A. A dual-direction
technique for fast file downloads with dynamic load balancing
in the cloud [J]. Journal of Network & Computer Applications,
2013, 36(4): 1116-1130.

[14] X855, Bk, B, HE T 5845 557k 0 I 4 2 5 AL AL (). AR
i, 2009, 20(8): 2269-2279.

2017027-8

DENG L, ZHAO J, WANG X. Genetic algorithm solution of
network coding optimization [J]. Journal of Software, 2009, 20(8):
2269-2279.

[15] o5 Gt =B 3C b, Rwide, &5 . 0 4800 5 il JC 2k 1% %
g AR Ay S (D) TF 5 BL A i, 2014, 37(2):
445-456.

SUJ S, GUO W Z, YU C L, et al. Fault-tolerance clustering
algorithm with load-balance aware in wireless sensor network|[J].
Chinese Journal of Computers, 2014, 37(2): 445-456.

[16] ANGRISANI L, CAPRIGLIONE D, FERRIGNO L, et al
Locality-sensitive task allocation and load balancing in
networked multiagent systems: talent versus centrality[J]. Journal
of Parallel & Distributed Computing, 2011, 71(6): 822-836.

[17] DONG B, LI XQ, WU QM, et al. A dynamic and adaptive load
balancing strategy for parallel file system with large-scale 1/0
servers[J]. Journal of Parallel and Distributed Computing, 2012,
72(10): 1254-1268.

[18] CHENG D, RAO J, GUO Y, et al. Improving performance of
heterogeneous mapreduce clusters with adaptive task tuning[J].
IEEE Transactions on Parallel & Distributed Systems, 2016: 1.

[19] 5%, =AW, =M, 5. MIMO th 4k & g8t —F0 3 T 1 2
QoS 1 %5 43 L Jr &[], ML (5 A4, 2015, 31(4): 115-120.
GUO T, LI Y M, LEI P, et al. A resource allocation scheme
based on user’s QoS in MIMO relay system|J]. Telecommunications

Science, 2015, 31(4): 115-120.

[1E& & 7]

BBEZ (1973-), 3, Wi T FE T K24 3082,
B 5 5 18] R B AR R | A B
{5 AL BE

BT (1990-), %, i {130 TR =AM A, 2 2 0F 58 07 ml o
PO X B 48 R 3 A BE A AL 505

BREE (1992-) , 5 W VLB TRt b A=, 2 BEWE 5807 1l
=1

B REAE B AL B M A S g R 2

HAET (1992-), 5 Wi 8 T R# a4 FEEE ST J7 )
9B REAR B Ak H K I ) B L

S (1977-), L, Wi T3 TR 2wl 42, & S 0F 5T Oy il ok
B AR B AT PERE 20 BT AR R



	01-17027-�S›

