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Cache Replacement Algorithm Based on Low Energy Consumption and High Cache Hit

XU Lin, LIN Yu-Yang
(College of Economics and Management, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: In recent years, wireless sensors are widely used in various fields, and the research about energy-efficiency
strategies is emerging in an endless stream. As a key technology of information sharing and distribution, the energy-
efficiency research about caching technologies has been one of research hot spots. Based on the cache replacement
algorithm and the basic thought that adopts the replacement cost study, this research analyses the existing cache
replacement algorithm firstly, then integrates the two cache replacement algorithms based on low eﬁeréy consumption or
high cache hit and refines one cache replacement algorithm that combines both acrivantages, whieh follows the on-demand
cache placement policy based on dichotomy and the cache replacement strateg};‘—vin wireless sensor network. At last, the
simulation proves that, this algorithm has varied degrees of advancement in the following three aspects: the average delay
time, energy consumption and cache hit. e
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s
*

To AL W%(‘;vireless sensor network, WSN)FJ CRIMEE . V7 ) IR A ) @ SRR, R T2

HAL., ol @SR Sz N T F A7 RS R ) 1R B3O8 A7 Gk 78 G A 19 R R A 25 ]
. OFReE. BN BT AU, T W, REWS 8 G 1 P AR T IR SRR [R] 45 U2 Pk )
TR T ) PR A R ) 200 A SRR I 4 1) 2 A P 6%, INTT 42 e o0 2% 4 e TRAE BB . A7 SRIE RO 95 L
A, T REE T — B R TC AR SN TR T 22— PRI T2 A% S A 19X 225 1Y) RE R AR A5 200K,

15 2 Ul b 5 O 2 AR M 25 vh, 2 A9 AR AR AT, 2247 SEms 0T 70 1 B35 A7 OB R . 2%

AR — AN B IR R SR AR [ O HdiE, A 5 B A7 5 J0 SR RN S A7 — SR M. 2 A T3 L SR AT

O HEETH: Wil | RFHAFE (LY 13F020031)
WA E]: 2016-10-27; YCE& SRR IR A]: 2016-12-05

Software TechniquesAlgorithm X AFH AR 7% 189

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/5849.html
http://www.c-s-a.org.cn/1003-3254/5849.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.005849
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20174F #5264 557

TR LR AN 1 7L, WIR L4 p A DR G A o A BB % 5%
1B AR BBEEAE . G271 SR 3 B0 e n ]
e A7 vh Bl S DA R 22 77 2 18] B S AR AL A . 22
A BUPE 0 BT T AR LA AR A A PR FFUEHT
el 5 G A7 B Z I — Erk. i T 2% T Tl
SR T A S A AT Y 2 A B S W R A
GRAT 5 A M PR TR A TR 2% 1 i A P RE AL 25 1
HEPRER, PRIAS S NG A7 15 4 S0 A L REATWE T

1 TCLR AR I 2% G2 A7 B b R ST IR

LAl Py BF 9B, AR 3R B 11 847 B e
V2 R T AR B TR AR T, Hh B AR
P DA R LA

(1) BAELRAF MG (GCCS): it 15 i Wi 2 8% e, LA
Ui AL 14 5090 B 130 700 Bk, i R A1 /1 50
G B ot R0, (2) W RIS S Foit— M A
B, 3N TR/ GBI [ 7 45 DA 85—
SR, 3 5 oA KB B T AT 5 . (3)
LIRS 47 5 # S m& . LU ] B (IRR) M2 e il B2 (R) K
T KT A5 L, 5 1 R B R SR A7 1
AR, (4) 1 T AT R M (BESS): K H4im 101
AEAERF AL V) 1 36 AE AU 7 B B 4, 5 e
MR K SR, (5) SATUES Bt 1 B FR 2B 77
SO G IR SR 5 5 K R 22,
PR B R $0°). (6) Min-SAUDENS: SATUE: # 5 1%
F)— o 5033, 2 BT A EE TSN T A7 M U
SR I 4, % 18 B A7 A 20K B I 3R 25 e 1

Wi, ] AP A ) 3R 2 o K P 2 M BT N B, PERE.

EEARFSATUY, (7) 2T U7 I 45 3 i L A2 U 5 B Al
LAUD:Hs: 54651 LFUSLIA 0 e 18 517 5 (1)
) 1 AT o S, AR AT 2 1L S 00 24 4 A 2%
TR FA. (8) OUR RN : =T By o i S A B 1
I SRR, 4 T AR — RGBT B s

i VA B e A B T R TN, A
SRR AEBE R S T, & FE X 4 2L R 17 3 25 R %1
S 2, Mg B . AT E AN IE R T
2 1 K 8 100 45 2 AF 5 e LV 10 BF 9 b A SR
MANET P 45 th1 3 3 A A 0 5092 FEL AL, 90 4
PRSI S0 2 B AT 1) B e AR 0, DL AL
1 BB 38 R A T AR

T A 4, LA R B v R LA R B

190 45 ARH 1% Software TechniquesAlgorithm

R R A Bl RN Bl X SR U7 ) S
gm0 RAFAHIF 1] . B TR AEIR . B s 5

2 FRBURBERE 5 A7 A K B 4 Bk

SCAMIS T RARRERE ISP B e S I
[ 35 0 5 1 17 oo o 140 1 5 99 0 B 0 R 3%
SHETT 4 45 1 OBV AERE 5 B2 A7 o 1O B B0,
2.1 BERERRANAOEE RS ()

(B — X S NAME BT 58, So e,
S, WA 1 Asink 15, 1R A
. o sinkc A AN £ 45 1 b SR T R S
FEROB AL L, 1R sink 15 AOMZERE T 20 RO
TR, sink 15 £ PL43E ATB1Y R0 R SRR T

5 SUHANGAE A NS, FAF R IATHURTIMAY,
sink i KEHE AR B A NP (a=1.. . M). d FZ7Rsink 1 53
SR BCHR A, 12545 s B sinkoF 4 0B B, 75 251 2
RRATAT ST, Wd = e SIS A HCH 1 4, T
d=d,.

SCHRRIOTH ¢ & WA 4E AR T4 AU AT, ALFE
7 R 19 A BEELRE (KR 050 T, 45 /4 A HE 2 BRI
T SRS CHCR (0 FE, I TT LM 1,
{65 KRN BE ORI % 10 RERE R AE AL R A1 B 17 85
WSRO G H . RAT e TR
. M gy, @S ST LB 22 R RRIRES
rogre; L1
2 M LE,, 2751 A3 S ORI 6 R T
I RERE.

T AT BT 608 5 47 O 50 A 4 19

E. N
Ea=Egd+Esf*Pa*da (1)

RV I — SR AT T RS LA B 48 H s 00D, B
HIEEE T C. B8 DK /N Size 287w, BHEIRCHK /N
Size F~, ]9 T BTN I E0HE T CRE IR ) I 2247
W, MR ID . CL 20 A2 PR BR:

Sizeq > Sizec 2

AR B RATT S A8 e B8 TR /S AR TR, D) 385 46 i
JEZAT R REFEZE N

Ec—d=Pc*dc*Esf_Pd*dd*Esf 3)

E JNREREL, Pov Peonsink 10 B REAETIC

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20174F 55264 557

http://www.c-s-a.org.cn

i H AR SN A

DM, d. dFomsink i G REHEC, DIR B2
s B sink TR ERES. O I C S BR TD ) #
B AR A AR L, R, X,
d=d~d, \:

Ecg=d*(P.—Pg)*Egf @)

HH AR AR AL N T B 0 5 24747 1 O RE A
A, WE, JMEERCK, IS4 (PP HIE A UK, B
B e N 1) Bt I C R V7 1) 28 KT 5 4t L 1 H0 s T
DI¥IY5 ) 5. 454 SCHR[9 10 TR, 25 18 B 404 Tk
AN BRI A TA), FATTET LAAS B RERE AR L Y R
PR

Sizex Time

. )

gainy =

Size T BRI I /N, Timede BRI & 1REE 17

ORI, PR ARSI 2, 4R 1 0 A0
S MR Wi L, 9 il gain, (LR SR

F T Bl RE R IR 17 25 e 6 2 (5), AT TR
25 F IO RE ALV AR A0 B 1Y 2, 50T AR A 4
(B RABAFAEAR A, 30T 47 N7 (O BB T30, 2 1 )
SR PII AR/, $5 T8 SE WS, 5777\ O M0 50T AR b
2 R AT R e 48 17 I I R 1
PRI SR N HR TURE 7 1, T B AR R P
. Eh T 1 PG4 T B P BB T 44

7T, s B bICKCHE R RS R R
T2 i 4 TR 1O A AR R, T B AR 2 861032
KA T PR BRI U A . BRI, SV (5) AR AR
RSB AR R R A, DA BI N BT b R IX
A
22 BERNSEEHTLAGNSEREE

23 R L A 5 A7 T R, HR (R 2
15 o A B O, BT B FE U, % T8
SRR — VR — V8] R 2 0 1 B B
0B, IR FEE 1, 7 MU UM S S — ) )
2 7 1 £ O T M. e R, 2 R
I I 5 - 31 PR P 02 i, b vkl AR A
IR 6 BT, 7 X e A/ HE LN [ 287 b
Vi . 1, MO AT N ) 3 RO 7 1. 265 ELbR )
PEIF )47 10F & BRI U T, 45N BB TiE
NI R Y U B — YR E 0, 4 U 7
FRO S T35 B M T 135, B2 MR — FIAR X T 55 e
R S T BV R

R Kl B R JEE ) SE A5

e I U
A X 0 2M
B X X 2 3
C X 4 2M
D X X 3 1
E X X X 1 1
AR 1234567 89 10 AT ZIN10

1 S TT U 0 (B A, U A Bk a2
) P 0, B S 3 K R AU R g,
16 A7 P9 G BR R S0, TR PR A (R B, 3411
AT L3 3ot DR AN T W 22 A7 P4 BR (10 BR
FRE T T oy o Y R 4 o

] gainy = Ux1 6)

U MR, IR OB B, A7 R I
B3t gain, (LK O BRI,

g5 b AR HS), MASREIF I, A7 T BB I
A R L ok 8 7 K B D 0 0 T T M B 5
(6) T 11, A7 T BB it 1 VB R I PO B 0. e T
R K0(5) T AV ] 2 P 4 T 0 P 50 T 1 1A,
SHE 0T 154 5 B B U A B H00(6) B v 1)
P, 1 SRR 47 fr h S AN 7 T, 735
T I REAE R A7 b SR 0 B A7 B S

gainz = Sizex Time* U 1 N

Size R BRI A, Time o BE I 5 4R 2147
fa e 1], U AR BRI, 136 SO B, 2471 5 A7
VLT, B BRI gainy 8, % et gain, 8 i
BB 5.

B BVE(T), TG T SCRR3 ] A i B A
S 1 B BB A LA 65 3 U0 P G 5 b
B A% 71 SR M2 A7 5 S (G R, 75 W HUSCRR 9]
8RR B SR B AR R SR b SEILBEVE I % I ARAR
fh, Fa T HEBTAE RS FE RN 5 B 17 P 1 B 17 B 4 B0
A % W AT 07 2L,

3 (iR

A SCAE FINS2 T E2. 35 i A SR HEAT 017 LS8
LA b TR B S SR BR PR AL RR.
31 FERBRFEEE

AR BT SCIR IR, W28 P 5 O 1T A sink 37 pUR
e ] £ R Y . O R R A R

Software TechniquesAlgorithm X fFHi A5 191

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20174F 55264 5571

B, ANER ROk B AR TS BB R, sinkCT A3 SR
PRI RARAR D, T T U R R AE L AR R
T3 b, SR Ak i SE AR SE 18] O U 2
AL R sink T R BIAE IR Y AR AR FHRGAE T R, 1
BRI G2 A7 T 2500 BUOTE W 28 v, 0 Pk 28R A 1 4
[ KBRS AR S B 07 BRI 5 a0 1T 1T 2R, 30075
BE AL A A2 25— X3 B A LR, IR X I B L
MEREYR T R MIsink 77 L, P EE AL 70 B € Y P 2R
sink 71 RUA HE MR I SR AE B AR 3 A2, SR AL
Pl 22 7 U e R B B B4 45 B JF R 1] 45 sink 4 A5 )
B2,

T O Y T AT AT AT

I P ERETN (R4T mi o A 1

3.2 HERESHEE

P7 B3 R SR F 1 72 € A 4 R Bl A, LB A,
sink 19 ST SRS I 2R A B KT H R AR A
P 2, AR A I 0 ok v, B sink 75 5P
BI5E0.5 sROIE— PO HRIE 3K, HOHE U515 S AR sJK
ANAEAEE R, JFHFRAR 7O E bR ERER

AE R {E 1055 J. ASCH 7 Hoalie 2 ik B k2, |

FiRt.
33 HRIWERRIH g
MG AT 2347, 08 T 3205 A M BT H e g
0 T 2% 2 4 AP R 503 U, AR ST 1O 07 1R B0 i
BT OPRIREIRIS ] P RE R THFE A i h R I =
M E bR, B AR SR 057 3 [FIBESS LIRS 5
A, BARSEIAN .
3.3.1 CPIREIRES[A]
A SCVEE A BB N TSRS A, R R
2. 3. 4. 5 sink T A, AR AT XY ZE IR B[] = R 26 5 4E
T T 51 /400808 T 1 5 AN 200, G o X 4 S IR I ) 45T 2%
sink 1 A5 A RE IR B[] 2 FH. Bk R anE2 BoR, ~F 5T
S A7 B X 2% TP R B AR T AR A IR 1 L, AR SCE

-

192 4R 5% Software TechniquesAlgorithm

TEARECTBESSHIE, V-3 ZEF£K15.07%~23.18%; AH
BT LIRSHE, PRI AE MK 11.01%~18.46%. 1/ H.1%
B S SLR B AT S AT sink T S SBRYLIE P, B
sink 17 £ BR[O AN W38 I, X 4 mp 1045 JE A% e o
o, R AT TR B A R e 3 2, MRS NS R X
T B T, 3 T 4 I sink Y s SR HCECHE 0 B[R] AN T 42 v
AL I RAT B SRS R I BESSHVA Hp AT —
o AR 1 T AT TRUE SRS, BT IR R (M SR A7 1T ]
DAY BIAE 28 o, SR )1 AR E Trgink T 5 £E R IR AT
da N A AN R B AR 11 22 I, PIN TRk i) ey
P )

\
1

E K2 ARBRSHEE
B8 BEE
FB/m’ 800*800
RN 30~80
FHAR Y 5 4EIR /ms 15
247 K/NKB 100~300
Hdim 15 R 1)/ 30
17 ELI [ /s 300
7 %5/ Mbps 2
AN G K/ NKB 1
GEA7 XTSI Ey A 100~300
AR 2 TR AN B 500
AT SIVIGG RE /) 1000
T SRIERE R \ 0.66
RVSRr L FLAGL A AR W 0.395
A5 AT PR BRI T #E Y B /T 0.035
N
-
24 - . . - 3
2| EBAXEE ’ I
20 1 LIRS f
18 1 —eBESS
2 16 1 2
E 14 -
SBVE %
10 1 —
[ S
4 r
1 2 3 4 5
N (M)

K2 P E B sink 19 s B0 224k

332 “PHIREENNAE

AR B AT EIEE N 2/ sink 5 54, 2/NR T A, B
ANRZE A R N30 BI80 S 2 8], ST 14 FEAE F = 4%
ROHFERE /T USRG2I FE RE = 25 )46
R T2 - 177 L 45 DR I 4% 1) T Ak e . I3 SRR T A P

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20174F 55264 57

http://www.c-s-a.org.cn

i H AR SN A

51 e FE It ) 245 2 B AR X AR A0 I 1% 0L, AHAS T-BESSH
1, AR SCREAT S 0T 3 REFEPEAIR4.71%~8.95%; HHEL
TLIRSH %, A SCHEAT ST F ) REFERE1£20.3 1%~
21.36%. LIRSHE R L G A7 I HEWE, 1L FE 142
1775 P AR HPLE sink 1 B, B AE 4 A sink T S B AE K
LA BE RS, H A R A7 T SRR 5 S BN 4 fe i
2316, 0 ) 28 A= iy FE S PO TR, R0 ol 4 25 TR 2 A
TR RE IR 9. A SCHIER F MR A7 R BLSRIG, BE%
¥ GEA7 1 BN A B o BB AN W 2
LIRSHIE G A7 K ILI) By, [R]INF 2B T LIRSHVE A 5N
A YERFLIRSEFIHIRE 1T AT 52 4% 0 KR BT B $A, [A]
LB AT Y BE AR LIRS B0V A5 e K P2

90 —
%0 | A
LIRS
701 s BESS e__,,f"'_:_’f_::;n
g 607 . —a
M50 — &
4
40 1 s 8
30 ?:':ii?'?:"
20 A ; ; . .
30 40 50 60 70 80

N ()

B3 P REFERE Y 44T R BCR HAR AL

333 AR

AR E AT EIREE N 14 sink 15 5, 24677 5,
2 T S AU 2 N304, BT RN KN N
100-300 KB. H-4 G4+ o Z=sink 17 SR K H & A7

T RS BB sink 1 R BOTE SR AR, 48R

sink 19 ARG A7 fir T SR B SR A7 19 IR G2 A 5 (AR /NAE A
ARG BL. AHECT BESSHK, glxl‘zﬁﬁié’aé%ﬁﬁﬁ
AR 1515.33%~12.70%; AHEE T LIRS %, A S
(1B A7 fir rh 2 32 . 71 %o~4.94%. LEAF 23 AlHOK, B0k
o RES G A7 B0 2 (B X R, BE TG A7 i o BB
. AT LIRSSE, AR SCENVEAMUE JE T il FE A AH
RIITE, 125G 7% 18 T B X R KNI A7 — 5
PEA 2T B G A7 I 18], A7 45 SRR WA STV 1 A7
iy B Mg BRI X TBESSHIE, AL H
FH 5 30 B R 5K i 30 B 3K 79 A e S 2 280 1 2 A7 0 R
A 1 R R SR HURBES S ik Hh ) 3508 Xof 5 175 1) 2R A1
BERIER, 7 G R R HIER A7 fn b B
PNEAIE S

0.55 - : -
S A T
0.5 LIRS B o
—e-BESS
S 0.45 ) )
~ - o
£ 04
“ o
035 4
0.3 T . : .
100 150 200 250 300
C (KB)
B4 Z2fidmh R A7 SRR 224
3 4hih [

A SC T 0 T 2 24 A A 0 B A
BRI . 7 3 45 2 RO IR A SERE L, DLAY RE
SEAE B B NV A, BRI R, BN
oy AR R 15 A S 5T U R T A
T 2 7 S04 2 ) B 00 ) 22 9K AR i .
[F R 220 A7 K R (1 1 56 P, [ RS B T 52 4
frge bl B M0, 459 30 45 103 SRR RS RE N 7 217
AT AT B . 7 B 00 R R ST
WIEIRAHIE] P30 s B RE R A7 s S AN I T 88
1 BT

2SI 0 100 28 17 5 4 55 W 1 D 2% 45 5 A
%—:ﬂygﬁ]?@&wﬁ%@(DMP)ﬁﬁ%Fg@ P, Yl AR AR
(LR TS5 o e i ) 05 K5 i AN 5 A 5 S 1 /N A
25, S L R R 5 0 A3, T DAk
AR T A7 1 I R W
0, R T, A SCR 2 B B T — 4
HET Bl o e T A U S T 9 AR, R o T
P SNBSS I
T DO .

S 30k

1 Chauhan N, Awasthi LK, Chand N. Global cooperative
caching for wireless sensor networks. 2011 World Congress
on Information and Communication Technolgies. Mumbai,
India. 2011. 235-239.

2 Dimokas N, Katsaros D, Tassiulas L, et al. High
performance, low complexity cooperative caching for
wireless sensor networks. Wireless Networks, 2011, 17(3):
717-737. [doi: 10.1007/s11276-010-0311-x]

3 Jiang S, Zhang XD. LIRS: An efficient low inter-reference

recency set replacement policy to improve buffer cache

Software TechniquesAlgorithm #1FHi AR 57%: 193

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1007/s11276-010-0311-x
http://dx.doi.org/10.1007/s11276-010-0311-x
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20174F #5264 557

performance. Proc. of the 2002 ACM SIGMETRICS

International Conference on Measurements and Modeling of

Computer Systems. Marina Del Rey, California, USA. 2002.
31-42.

4 FBRR. TR AR M 2% 5T RE A R4 75 A7 SR
WEFL AR08 3. B : b 2 B, 2014,

5 Xu JL, Hu QL, Lee DL, et al. SAIU: An efficient cache
replacement policy for wireless on-demand broadcasts. Proc.
the O9th International Conference on Information and
Knowledge Management. McLean, VA, USA. 2000. 46-53.

6 Xu JL, Hu QL, Lee WC, et al. Performance evaluation of an
optimal cache replacement policy for wireless data

IEEE Trans. on Knowledge and Data
Engineering, 2004, 16(1): 125-139. [doi: 10.1109/TKDE.
2004.1264827]

7 Chen H, Xiao Y, Shen XM. Update-based cache access and
replacement in wireless data access. IEEE Trans..en Mobile
Computing, 2006, 5(12):.1734-1748: [doi: 10.1109/TMC.
2006.188] pe

8 Akon M, Islam MT, Svlllen XM, et al. OUR: Optimal update-

based replacement policy for cache in wireless data access

dissemination.

194 4R 5% Software TechniquesAlgorithm

12

13

15

and bandwidth
and Mobile

networks with optimal effective hits

requirements. Wireless Communication
Computing, 2013, 13(15): 1337-1352.

SR, XUEERL, FAh THENL S, ALt B AL, 2012.
X E R, B, X Cachedir AL HITRYS . T EIME 2B
24, 2007, 28(6): 54-57.

JELLHE. VSN S R G b A7 4 (Cache) fir T 26 1 0 #r. 0)
FA A e i (A AR RR), 2012, 21(3): 31-32.

Min R, Bhardwaj M, Cho SH, et al. Low-power wireless
sensor networks. Proc. 14th Internatignal Conference on
VLSI Design. Bangalore, India. 2001?.205~210.

FEF, ﬂ%ﬁe} ARG ST . NS2{5E S0 ——Z AR T L&

0 2% 308 1. Al Tl A AE, 2009.

Pant S, Chauhan N, Kumar P. Effective cache based policies

in wireless sensor networks: A survey. International Journal
of Computer Applications, 2010, 11(10): 17-21. [doi:
10.5120/ijca]

Srivastava JR, Sudarshan TSB. Energy-efficient cache node
placement using genetic algorithm in wireless sensor
networks. Soft Computing, 2015, 19(11): 3145-3158. [doi:

10.1007/s00500-014-1473-8]

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.5120/ijca
http://dx.doi.org/10.1007/s00500-014-1473-8
http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.5120/ijca
http://dx.doi.org/10.1007/s00500-014-1473-8
http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TKDE. 2004.1264827
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.1109/TMC. 2006.188
http://dx.doi.org/10.5120/ijca
http://dx.doi.org/10.1007/s00500-014-1473-8
http://dx.doi.org/10.5120/ijca
http://dx.doi.org/10.1007/s00500-014-1473-8
http://www.c-s-a.org.cn

