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A new approach to labor division in swarm intelligence for
time allocation problem

XIAO Renbin', WANG Yingcong’

(1. School of Artificial Intelligence and Automation, Huazhong University of Science and Technolgy, Wuhan 430074, China;
2. School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: In this paper, we use the labor division in swarm intelligence to solve the time allocation problem represented
by the traffic signal timing problem of allocating green light time to signal phases, and propose a new bee swarm labor
division algorithm (BSLDA). The traffic signal timing problem is analyzed from the perspective of time allocation, and
the activator-inhibitor mechanism under labor division is introduced in BSLDA. For each signal phase, BSLDA defines
one activator, one inhibitor and three behaviors (i.e., increasing green light time, reducing green light time and keeping
green light time). With the activator-inhibitor mechanism, each signal phase in BSLDA could choose appropriate beha-
vior according to environmental change to achieve the time allocation. The real traffic flow data is used in the simula-
tion experiment, and the results show that the proposed approach is effective and suitable for the dynamic traffic signal

timing problem in uncertain environment.
Keywords: swarm intelligence; labor division; task allocation; activator-inhibitor mechanism; individual-individual in-

teractions; self-organization; time allocation; traffic signal timing
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Table 1 Comparison of average time delay s
(=R7H TSI 1 TSI 2 TS2 1 TS2 2
Webster  24.8869  18.1821  22.8729  17.3900
BSLDA  20.7800 154766 182286  15.3611
ABC 235781 17.5409  22.0256  16.6258
ACO 240710 172155 213662  16.4622
R2 FHEFREEER
Table 2 Comparison of average stops w
(N7 TS1 1 TS1 2 TS2 1 TS2 2
Webster 0.816 8 0.793 7 0.807 5 0.799 9
BSLDA 0.762 1 0.728 4 0.749 0 0.764 3
ABC 0.822 4 0.809 6 0.8185 0.8151
ACO 0.800 5 0.769 2 0.776 9 0.7813
R3I BITEEAMEEFER
Table 3 Comparison of traffic capacity pew/h
7S TSI 1 TSI 2 TS2 1 TS2 2
Webster 2081.5 1815.5 1760.5 1625.1
BSLDA 2490.3 2012.2 2086.1 16943
ABC 2029.2 17523 1674.9 15433
ACO 2207.0 1 867.6 1919.0 1621.0

34 RS

A3 A5 5 C B ) AT LU 28 4% R AT 1Y 4
a1V 38 I 1T = 77 D S T o PG B B NI
FEASE () 22505, WA DR vl G v g 5 DI TR 3 o 1) R
AR, WA YR DR AT 0 A D R 3 A
JEMAPEAS A R UL, &AL R B A
AR o X EEER A3 T 45 A AR AL A0 A 2 T I (1]
AR — ANAE TN BEE A s AR AR A . Bt
238 A7 5 BC S 0] 851 T 3 A B ] 43 i [m) R

PR 57 )4 T 3 R oS T AT
R ZE M P A B Y T AT IR, FEAT N M AR
T, A VK RE % #1295 20 55 722 1k 08 B BT AT 1A
55, DA A5 1 HF 78 722 Bl PR 53 T AT BE S A &80
L5557 e . FERVREDT 3 0 TAEShASIREE T 1y 43I
FHERER S SR RS E R A,
I3 HC R M X — RS Ak 2223 TR i 2h 838
BN A Be R R, JF IS T ARG AR o

TEMERE 55 3l oy b, MR BYAT g 22l it
PR — 0 ) D PSR, AR ST B A T T AR K
TRXFAT R R RRS . FEAR SO, A
SRR BB AT B INER KT B [)  aD SR AT B[R] R
SRATHERIANAS 3 BT R 88, 15 -5 A AL 1 B ARTT

e S ORI R R B, T -
il L BEE BB S . A7 N R A ST
5 AEAS[R) (4 528 155 B0 #R BE S8 BUAT R I 1] 23
BC, &1 10 AEL 11 B LRSS 1R Ul A T I —

LI EAT T B8 73 BE ) BBV 2 A8 TR —Fh e flt
0 B DR IC 7 5, AR GE SR A AL 7 20
Z ISR (610 A 55 0 BE IR R Y 23 2, Pl — i B
4 e TR DAy i R B EE S ) 25 2 B[] LM AN
TE I T RIS o BE ) A o B PRBE N A
A3 I 1) U 2 3 0L 2 T 1) A (LE K m A
FE55 3 B4R n A FARBYAE 5570 B 1)), 5 2R
WCHE | SR R T RS TR, R TTIE SR R AL
AN RE BT T B3 2 2 B 1) A (LE I 52 A S ]
I F A 3 25 B 18] 23 S ) ), S >R FH AR BE 5 3l
oy L5k, XI5 ik aE NLE R

4 %HRiE

AR SCHE A 3 A A 55 Bl 4 TR AS 3 A S LA
HRF s, 2 T 953 T 505 5 BO I =2 Ta) A e g
KF; £ BSLDA Wik it T 3 Fifr k5=, IR A
PR TR 700 B AR BLAE T4 S5 S AR AL B AR
R4 R ¢ L 8] 43 K, BSLDA 7 34 & — 4 i i
PN ELA MR A AR 33 N 5 R R SE I 2
FE0, 5 HAL )75 A e, BSLDA JE L B W E
B, 36 TR AN E FREE T (0 3h A5 43 e )

J& 82 T AR MHLEE 23 B FgT A 58 W5 A4~ T THT
J&FF: 1) 7€ BSLDA v, & KRB T —Fh 1E [ 5t
YEFT, B0 5004 B T — Fh 0 S /R T, 24 1E I 15t
AR 5t 3k 2 7 7 B, 0SB0 T A AR B fR] 4y
e, 43 B H SCBALEE s 2) B F SRR Rl g X
AT T B HE— 20 R B 2R 5838 15 5 i AN
X 3 A A5 5 FL A

£ % SRk

(1] EH#, LT, %, 4. FIEVHEHCH) HTN AL 57k
JFERE ). B RRE2E4], 2013, 16(3): 53-60.
WANG Zhe, WANG Hongwei, TANG Pan, et al. HTN
Planning method with resource allocation and its applica-
tion[J]. Journal of management sciences in China, 2013,
16(3): 53-60.

(2] EoKTE, SRERIE. ISR A T]. 2855 0H5E,
2012, 47(10): 27-40.
LU Bingyang, GUO Qingwang. Calculation on China’s
functional income distribution and redistribution[J]. Eco-
nomic research journal, 2012, 47(10): 27-40.

(3] HH, 2R, BRIELL. Tl 37 i s A R RN e AL S 1
B TCI]. RGTARZEAR, 2011, 26(3): 314-321.


http://dx.doi.org/10.3969/j.issn.1007-9807.2013.03.006
http://dx.doi.org/10.3969/j.issn.1007-9807.2013.03.006
http://dx.doi.org/10.3969/j.issn.1004-7778.2012.10.009
http://dx.doi.org/10.3969/j.issn.1004-7778.2012.10.009
http://dx.doi.org/10.3969/j.issn.1004-7778.2012.10.009
http://dx.doi.org/10.3969/j.issn.1007-9807.2013.03.006
http://dx.doi.org/10.3969/j.issn.1007-9807.2013.03.006
http://dx.doi.org/10.3969/j.issn.1004-7778.2012.10.009
http://dx.doi.org/10.3969/j.issn.1004-7778.2012.10.009
http://dx.doi.org/10.3969/j.issn.1004-7778.2012.10.009

%3

PN, 85—l T 1] A ) 5 G [ 238 ) 103 8 55 3 0 TR ik

. 447+

GAN Min, PENG Hui, CHEN Xiaohong. Asset allocation
based on a market microstructure model and evolutionary
algorithms[J]. Journal of systems engineering, 2011, 26(3):
314-321.

(4] T3 Getan, /e, ISR, 55, H T RE it R 4 S ) i 53 1o

KRR AWM [T]. AR, 2017, 45(9):
2308-2312.
WAN Xiaoyu, FENG Xiaolong, WANG Zhenggiang, et al.
Power allocation algorithm for heterogeneous cellular net-
works based on energy harvesting[J]. Acta electronica sin-
ica, 2017, 45(9): 2308-2312.

(5] 5kar, XIWAe. 2P TS5 AR AT Sk, 8 fE
RG24, 2008, 3(2): 115-120.

ZHANG Yu, LIU Shuhua. Survey of multi-robot task al-
location[J]. CAAI transactions on intelligent systems,
2008, 3(2): 115-120.

(6] FHIRIE, &—JL, ZFHE, 55 £ Agent REATF HELITIE
ZER[)]. RGE TR SH THR, 2010, 32(10): 2155-2161.
TANG Suyan, ZHU Yifan, LI Qun, et al. Survey of task al-
location in multi agent systems[J]. Systems engineering
and electronics, 2010, 32(10): 2155-2161.

(7] EARKAE, IR, BOUKIE. BBLT SR 4E: 55 98 B2 A e 1 B o

FE[J]. A HERl2E2ER, 2015, 18(7): 70-81.
WANG Changjun, XU Qi, JIA Yongji. Properties of solu-
tion for heterogeneous tasks scheduling on single
machine[J]. Journal of management sciences in China,
2015, 18(7): 70-81.

(81 RAEV-, B, £ 2441, FIEZ> RMAs [ FALIE B2 ]
[7]. #5155, 2014, 29(12): 2253-2258.

WU Huaping, HUANG Min, WANG Xingwei. Single-ma-
chine scheduling problem with multi-RMAs[J]. Control
and decision, 2014, 29(12): 2253-2258.

(9] WA, TAZH, B, 55 BT LS04 HE DR Y B
F LRI, Sl sk R 58 TR 515 ., 2015,
15(5): 89-95.

YAO Ronghan, WANG Xiaoyu, ZHAO Shengchuan, et al.
An optimization model of signal timing for isolated inter-
sections based on vehicle specific power[J]. Journal of
transportation systems engineering and information techno-
logy, 2015, 15(5): 89-95.
[10] s, BRI, B 5, 45, 2 TA28 GPS il 2e X
FE S BC ST [0]. 5 UK, 2018, 33(4):
724-730.
SUN Dihua, YANG Chencheng, LIAO Xiaoyong, et al.
Signal timing estimation for intersections using bus GPS
data[J]. Control and decision, 2018, 33(4): 724-730.

[11] ZHAO Dongbin, DAI Yujie, ZHANG Zhen. Computa-

tional intelligence in urban traffic signal control: a

survey[J]. IEEE transactions on systems, man, and cyber-

netics, part C: applications and reviews, 2012, 42(4):
485-494.

[12] H M, BadiRak. REARR REDTHEE
2007, 10(3): 80-96.

XIAO Renbin, TAO Zhenwu. Research progress of
swarm intelligence[J]. Journal of management sciences in
China, 2007, 10(3): 80-96.

[13] ROBINSON G E. Regulation of division of labor in in-
sect societies[J]. Annual review of entomology, 1992, 37:
637-665.

[14] XIAO Renbin, YU Tongyang, GONG Xiaoguang. Model-

ing and simulation of ant colony’s labor division with

JE[T]. & BBl A4,

constraints for task allocation of resilient supply chains[J].
International journal on artificial intelligence tools, 2012,
21(3): 1240014.

[15] DE LOPE J, MARAVALL D, QUINONEZ Y. Response
threshold models and stochastic learning automata for
self-coordination of heterogeneous multi-task distribution
in multi-robot systems[J]. Robotics and autonomous sys-
tems, 2013, 61(7): 714-720.

[16] LOW K H, LEOW W K, ANG M H JR. Autonomic mo-
bile sensor network with self-coordinated task allocation
and execution[J]. IEEE transactions on systems, man, and
cybernetics, part C: applications and reviews, 2006, 36(3):
315-327.

[17] KIM M H, BAIK H, LEE S. Response threshold model
based UAV search planning and task allocation[J]. Journ-
al of intelligent and robotic systems, 2014, 75(3-4):
625-640.

[18] WANG Yingcong, XIAO Renbin, WANG Huimin. A
flexible labour division approach to the polygon packing
problem based on space allocation[J]. International journ-
al of production research, 2017, 55(11): 3025-3045.

(19] F M, 3R, [ BEAA 45 73 B A CHE 55 3 3 Tk

SR B ERLAFR, 2016, 19(10): 1-15.
XIAO Renbin, WANG Yingcong. Modeling and simula-
tion of ant colony’s labor division for interest allocation
of social groups[J]. Journal of management sciences in
China, 2016, 19(10): 1-15.

[20] MR, 4. som g H S M. dbat: N RASH
Tt 2004.

[21] HE Jiajia, HOU Zaien. Ant colony algorithm for traffic
signal timing optimization[J]. Advances in engineering
software, 2012, 43(1): 14-18.

[22] XUHE, E75, MEEAR, . HTRAE RAEM L OF
SHERLANITE)]. SZliEk RS TR ER, 2011,
11(S1): 29-35.

LIU Shuang, YUE Fang, GUO Yandong, et al. Optimiza-

tion research on signal timing for urban intersections


http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.1001-506X.2010.10.30
http://dx.doi.org/10.3969/j.issn.1001-506X.2010.10.30
http://dx.doi.org/10.3969/j.issn.1001-506X.2010.10.30
http://dx.doi.org/10.3969/j.issn.1007-9807.2015.07.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2015.07.007
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.1109/TSMCC.2011.2161577
http://dx.doi.org/10.1109/TSMCC.2011.2161577
http://dx.doi.org/10.1109/TSMCC.2011.2161577
http://dx.doi.org/10.3321/j.issn:1007-9807.2007.03.011
http://dx.doi.org/10.3321/j.issn:1007-9807.2007.03.011
http://dx.doi.org/10.3321/j.issn:1007-9807.2007.03.011
http://dx.doi.org/10.1146/annurev.en.37.010192.003225
http://dx.doi.org/10.1142/S0218213012400143
http://dx.doi.org/10.1016/j.robot.2012.07.008
http://dx.doi.org/10.1016/j.robot.2012.07.008
http://dx.doi.org/10.1016/j.robot.2012.07.008
http://dx.doi.org/10.1109/TSMCC.2006.871590
http://dx.doi.org/10.1109/TSMCC.2006.871590
http://dx.doi.org/10.1080/00207543.2016.1229070
http://dx.doi.org/10.1080/00207543.2016.1229070
http://dx.doi.org/10.1080/00207543.2016.1229070
http://dx.doi.org/10.3969/j.issn.1007-9807.2016.10.001
http://dx.doi.org/10.3969/j.issn.1007-9807.2016.10.001
http://dx.doi.org/10.3969/j.issn.1007-9807.2016.10.001
http://dx.doi.org/10.1016/j.advengsoft.2011.09.002
http://dx.doi.org/10.1016/j.advengsoft.2011.09.002
http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.0372-2112.2017.09.036
http://dx.doi.org/10.3969/j.issn.1001-506X.2010.10.30
http://dx.doi.org/10.3969/j.issn.1001-506X.2010.10.30
http://dx.doi.org/10.3969/j.issn.1001-506X.2010.10.30
http://dx.doi.org/10.3969/j.issn.1007-9807.2015.07.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2015.07.007
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.3969/j.issn.1009-6744.2015.05.013
http://dx.doi.org/10.1109/TSMCC.2011.2161577
http://dx.doi.org/10.1109/TSMCC.2011.2161577
http://dx.doi.org/10.1109/TSMCC.2011.2161577
http://dx.doi.org/10.3321/j.issn:1007-9807.2007.03.011
http://dx.doi.org/10.3321/j.issn:1007-9807.2007.03.011
http://dx.doi.org/10.3321/j.issn:1007-9807.2007.03.011
http://dx.doi.org/10.1146/annurev.en.37.010192.003225
http://dx.doi.org/10.1142/S0218213012400143
http://dx.doi.org/10.1016/j.robot.2012.07.008
http://dx.doi.org/10.1016/j.robot.2012.07.008
http://dx.doi.org/10.1016/j.robot.2012.07.008
http://dx.doi.org/10.1109/TSMCC.2006.871590
http://dx.doi.org/10.1109/TSMCC.2006.871590
http://dx.doi.org/10.1080/00207543.2016.1229070
http://dx.doi.org/10.1080/00207543.2016.1229070
http://dx.doi.org/10.1080/00207543.2016.1229070
http://dx.doi.org/10.3969/j.issn.1007-9807.2016.10.001
http://dx.doi.org/10.3969/j.issn.1007-9807.2016.10.001
http://dx.doi.org/10.3969/j.issn.1007-9807.2016.10.001
http://dx.doi.org/10.1016/j.advengsoft.2011.09.002
http://dx.doi.org/10.1016/j.advengsoft.2011.09.002

. 448 - B OB A

ES SO 514 4%

based on pattern search algorithm[J]. Journal of transport-
ation systems engineering and information technology,
2011, 11(S1): 29-35.
(23] TR, BT, B 1Sl 5 2 A AL SE I 42 LR e
HAAPR[I]. I BLS 5 0, 2005, 22(3): 413-416, 422.
XU Xunqgian, HUANG Wei. Multiphase traffic signal
real-time controlling model of isolated intersection and its
algorithm[J]. Control theory and applications, 2005,
22(3): 413416, 422.
[24] *ZD‘CEE HKAE, Befis, . FET B H A BERIA R ZZ
572 AbMAL[]. scilis i A 40 T 515 5, 2013,
13(5): 48-55.
YANG Wenchen, ZHANG Lun, RAO Qian, et al. Multi-
objective optimization for traffic signals with golden ra-
tio based genetic algorithm[J]. Journal of transportation
systems engineering and information technology, 2013,
13(5): 48-55.

[25] PANG Hao, CHEN Feng. An optimization approach for
intersection signal timing based on multi-objective
particle swarm optimization[C]//Proceedings of 2008
IEEE Conference on Cybernetics and Intelligent Systems.
Chengdu, China, 2008: 771-775.

[26] M, E . 28 H A AE S R BAIR K2Rt fl

BRI ZREER2E2EHR, 1998, 28(3): 68-72.
GU Huaizhong, WAGN Wei. A global optimization simu-
lated annealing algorithm for intersection signal timing[J].
Journal of Southeast University, 1998, 28(3): 68-72.

[27] BR/NAL, BROCHE, 8 Titly, 26, T AR BN IR 288

F T LA R [0]. ARG TR BLIE 15 5L Bk, 2010,

30(1): 184-191.

CHEN Xiaohong, QIAN Dalin, QIN Xuemei, et al. Com-

plementarity problems-based optimization model for the

signal timing under mixed traffic conditions[J]. Systems

engineering-theory and practice, 2010, 30(1): 184—191.
[28] HUANG Zhiyong, ROBINSON G E. Regulation of honey

bee division of labor by colony age demography[J]. Beha-

vioral ecology and sociobiology, 1996, 39(3): 147-158.
[29] HUANG Zhiyong, ROBINSON G E. Honeybee colony

integration: worker-worker interactions mediate hormon-

ally regulated plasticity in division of labor[J]. Proceed-
ings of the national academy of sciences of the United

States of America, 1992, 89(24): 11726—11729.

[30] NAUG D, GADAGKAR R. Flexible division of labor
mediated by social interactions in an insect colony—a
simulation model[J]. Journal of theoretical biology, 1999,
197(1): 123-133.

[31] ZAHADAT P, HAHSHOLD S, THENIUS R, et al. From
honeybees to robots and back: division of labour based on
partitioning social inhibition[J]. Bioinspiration & biomi-
metics, 2015, 10(6): 066005.

[32] ZAHADAT P, SCHMICKL T. Division of labor in a
swarm of autonomous underwater robots by improved
partitioning social inhibition[J]. Adaptive behavior, 2016,
24(2): 87-101.

fEEEIT:

MM, B, 1965 4528, iz, 1
AR, T, R TS 1 AR
BHE (%I)Lfr;%; HRRGAEES )
HOBEN EEEERAE . REE R WAL E
AR} %%ﬂﬂ& i AR St
BRI & . K R X
100 A%, # SCLKR 60 RF, Ak
Elsevier ' [E 2 95| 27" #5 5.

T, 5, 1987 4L, PRI,
LSRR, T EWETE TS 1 AR RE
i JR el S A RGBS 40T



http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1000-8152.2005.03.014
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.3969/j.issn.1009-6744.2013.05.008
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1007/s002650050276
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1073/pnas.89.24.11726
http://dx.doi.org/10.1006/jtbi.1998.0862
http://dx.doi.org/10.1177/1059712316633028

