Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ETREBENNEMERTEEIMED
ek K% A4 e e

Data traffic capability of double-layer network based on coupling strength

Ma Jin-Long  Du Chang-Feng  Sui Wei  Xu Xiang-Yang

5] Fi{% B Citation: Acta Physica Sinica, 69, 188901 (2020) DOI: 10.7498/aps.69.20200181
TEZE RT3 View online: https:/doi.org/10.7498/aps.69.2020018 1
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

Z IR B A BRI 2 BRI S TR AP RE 1 20

Synchronizability and eigenvalues of multilayer star networks through unidirectionally coupling

WIFEAEA. 2017, 66(18): 188901  https://doi.org/10.7498/aps.66.188901

TEBATHE TR A 20 R 28 oA e BRE P A

Entropy measurement of ordered patterns in neuronal network with repulsive coupling

YIFIEH. 2019, 68(11): 110503 https://doi.org/10.7498/aps.68.20190231

ZAFE B A2 19 R Ak
Optimizing synchronizability of multiplecoupled star networks

PyFE2EAR. 2019, 68(18): 180503  https:/doi.ore/10.7498/aps.68.20190308

5 T 00 R AR I 45 1) o8 1 3 7 S J ) A

Local adaptive heterogeneous synchronization for interdependent networks with delayed coupling

Prezd. 2018, 67(5): 050504  https://doi.org/10.7498/aps.67.20171927

TUASM .V HUE LR Ao ik

A new method for the transport mechanism coupling of shale gas slippage and diffusion

YrH2EdE. 2017, 66(11): 114702 https://doi.org/10.7498/aps.66.114702

BT R AU A I P 46 1 R EE BT ST

Node importance idenfication for temporal network based on inter—layer similarity

YIHE2EAR. 2018, 67(4): 048901  https:/doi.org/10.7498/aps.67.20172255


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200181
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.188901
https://doi.org/10.7498/aps.68.20190231
https://doi.org/10.7498/aps.68.20190308
https://doi.org/10.7498/aps.67.20171927
https://doi.org/10.7498/aps.66.114702
https://doi.org/10.7498/aps.67.20172255

#) 32 % 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 188901

ETRERERNNEMEZEIERRHEE N
LAk MKBED A FEEY

1) (AR AR B RS TRERE, I 050018)
2) (EAFEMfF LM 50 KEORE RS, AKE  050081)
(2020 4E 2 A 5 HIZE; 2020 4F 4 A 23 HUEMERHR)

T BEAR R 25 PR A, BT W 25 AL F P RE, X XU 9 2% 22 18] 1R 5 HILBLBEAT BT, 25 18] 56 R AR JEE B2 AH G
Yo = AR A 07 30 BEMLRS & . SR ECHR S« R BCRE . 70 S T o Jl I 420 0% ey SRE G 0 ik T 32 ) AU By 5 g
AT, 73 HT 2 S AL 4 AL e e, I RUZ I 46 1 D X8 HE R 5 4 S SR W X ) 295 12 i 2 e ) 52
i SR I RU)Z TC b B I 46 HEAT 7 BLS2 36, 70 7 i v SR s 240 o0 A% i 2 i AR 5 O U2 AT B SR R AR X2
W 4 22 6] RB G 75 2R L, AR 5 — P i R SRS 0 R R & D7 s LR T M 4 i i A i, 2 ad i R B,
SR g S e A s o SR I, S ORI 5 T X dm e SR P 8 7 ) e A L B oy SRS I, ) C AR O U A B
SRS DETE 19 R 13 D 3 (074 190 208 070 ek 0 B 149 20, A R T 190 245 A i A O 4R T ARG D8y 52 s I 28 B A%

frERedL Pt T B LAY .

SR WO, (G, B, TR I

PACS: 89.75.-k, 89.70.-a

1 5 =

MAE B, MEETCEATE, AR H A4
TSP R B, B H 36 K ny i - o &g
BPIE I R EE B, 2% PRSI e 8T AR A 2E
MG A R, 8 AT R Z B AT
P =31 AR X MBS PR RSN T, X 52 24
25 1 R BB ) AV B 2 i AR T BOR B i
SR =L DTG T2 4 M4 AR 5 45 /e oY, K&
KT HJE M E Rz g2 10, glscrh
MIF 22 4%, LU NS B 2% | 52 P 2 | F, g 4%
SEEREA XWRBZ R, I H M A E 2 A
SESTAETE Y, T2 A B e AR S Y (-1 )
4n Internet, World Wide Web (WWW) Fl Peer
to Peer (P2P) 2%, [ FH /202 Hi M 4DL5E P 2H 1Y
PR JE P2 S PR b AR R 2% AL AT 55 1Y 2

DOI: 10.7498/aps.69.20200181

IP JZH R Y2 2%, dst 20, R R
SIEW L IP P b, R (Z3)Z) A IP 2
(WHZ) HFEE TR M RGNS . &
BEIEARL, 8k B AT M 45 v, 31 22 B oL
St TSR Y T — A2 2, Has i 55 e
LR B RS IR 2% | 0L i FRUZ 5 el £
JEEER TR S WLSEBR 25 B FHFNRRTE, BT AR 2
JERE M8 12T B T B IR SRR
. FILeE Z 2 G Mt m s m st 5k,
FEARM 48 B ZE 0 [a) 8, Kurant A1 Thiran!) 432k
Y2850 5 A MMEm RS LR EE RS
BB AR R R AR — A SC i Y
BHZE, TREE LRI Y )= .
Morris 11 Barthelemy!'6! #fF 55 T XUZ M 2% 915 &
TR, A W)= M HR G B %, BTy
TR BT TR, LR B AR (shortest
path routing, SPR) % W& 1) £ »5 J& B0 40 1T DL B

* AR S A AR AR AR R I (S QN2019081) A KT R E R ARG 5 & R (Mt 195790055A) FiRAtA

AR LRI H (S 2019041201007) ¢ BT

t BIE1EE . E-mail: mzjinlong@163.com
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

188901-1


http://doi.org/10.7498/aps.69.20200181
mailto:mzjinlong@163.com
mailto:mzjinlong@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 188901

Pt 2k H iy, HRR S A2, Bt iR
PAEATE P07 8 1711 Zhuo 55 19 42T —Fil
I T S ACE 19 4 R B B i (global awareness
routing, GAR) SRBE, 25K BE ARG P 302215 A B2
Bk a2 R FACE, P2 R A E
i/ N ER AR AR L, BT 25 T YRR
ASHFMY O SUE BT R B SR, S
THRAMZ RS R . 5L R0 25 R R
(R BAFC BE X 28 A R PR S, 432 4 R R i
FRAS TR 5 S 1 B2 74 i A 3 R AT G HEK,
FFF IR BN BE Y AR AL, Bl 25 BT ik A, 5
1 G2 1) o T 5 A S SRS D 5 S A ) 4 ) R
SRR A L, JE— 203 T M 28 i 7 i
Zhang 55 P15 T — 7 I B3R 22 B U2 B B SR 8
TR R BOR R HE I E A 2 B2 4D, T
B S RO RS, e A A R
Zhang 45 2] 75 F AR % ph SRS YRRl B A T —
SEpE AR I I E S A ME BAE T S 4
6 BEAR A3 BC G 1 R AR, 5 e R R AT
R AR L, SR T AR A R A i Ma 45 2
P T — Tl T 2 T A RO 4 SR R i
(improved global awareness routing, IGAR) 3
W, % MR B2 BUZ 194 B 7 5 8l AL, 5
SPR Mg A1 GAR HEMEAH L, IGAR M H RES
Wz flm s i, Pu %5 PSR 2 )2 M 2 b 145 B
i, AT AR T IRACSE o X T R ORI 2%
FEO BRI 2 R, KBS B T hE
UG Ry B G, SCl T B arn R e g X5 T
ZJZ S M 28R UL, 152 R 2 254 | e
SR GTIE A SCHb, J2 5 2 Z ARG )y X0
TRt Ay s WA ARSI . AR SORE 3 T 002 0 28 45
B, ARTERUZ 2% Z [6] A 5 7 20 B R 48 R 58
TR B AR, Gl LA P26 2 8] O & 2075
W 25 B 2 o3 A S5 LA kg ok s 2D ) 2% 41 2 1Y
BH:.

2 e LA AT

2.1 KRR

XUZAE G W AAR TG I RERI AR 73 Mz, T2
SERHAY 28 I ) B, E 2 B R RO 55 1Y
W25 g2 4R . R SR G AL, SR
PRI i AR FR 190 245 TR F) 389 R 5 0 S i e R
PEATAHEERE, PURBIAYY i ——X 0. B FMIR

FEHRAS F B AL S DS 6 . 28 58 28K
i b kie BRZ5 5 1) It Pl A TG, B — A BRdi e
S Py R E XN — SR OB h BR AR . MR
B R B ML T, NP 2 1 Bk
PR SR, SRR I 2 14 % P 2 6 S 0 A
Xof o R T AAL R E H AT A (B 4R 2 L), 4n
B 1T, 18 W2 90 4 A0 2 7E B A 114 I SR ek
AL R . 1B R R S ol A a2 TR] A%
MR RPy o = {a', 0!, d'}, XERLAZ AN 1
H Ly . 32532 % 30 I S5 3] 4 BHL )22 % 7 %) 66 42
{aP, el bP} FI{bP, P, dP}. WP JZE 4 A0 U515 15 3]
H I 5 5 8 L i B8 428 RP, 4 = {aP, €, P,
fP, dr}.

~ AR
® ; cl
\
| \
|
@ OO
\
! \
| / \
T N
| / \
| / \
] , \
| / \ %EE
/
/
/
/

Bl 1 SUZM G BIRR & E
Fig. 1. Legend of the two-layer networks model.
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Fig. 2. Used the SPR strategy, the relationship between ordered parameters n and packet generation rate R under the three coup-
ling modes of AC, DC and RC: (a) BA-BA model; (b) ER-ER model; (c) SF-SF model; (d) BA-ER model; (¢) BA-SF model;

(f) ER-SF model.
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Fig. 3. Used the SPR strategy, the relationship between R and control parameter « under the three coupling modes of AC, DC
and RC: (a) BA-BA model; (b) ER-ER model; (¢) SF-SF model; (d) BA-ER model; (e¢) BA-SF model; (f) ER-SF model.
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Fig. 4. Used the DWR strategy, the relationship between ordered parameters 7 and generation rate R under the three coupling
modes of AC, DC and RC: (a) BA-BA model; (b) ER-ER model; (¢) SF-SF model; (d) BA-ER model; () BA-SF model; (f) ER-SF model.
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Abstract

The two-layer network model offers us a new viewpoint to observe the traffic dynamics of multilayer
network systems. An efficient coupling mechanism is of great importance for alleviating the traffic congestion on
two-layer networks. In order to reduce the network congestion and improve network transmission performance,
the coupling mechanism between two layers of network and three coupling methods, which are random
coupling, disassortative coupling and assortative coupling, are studied based on degree correlation. The packet
transmission process is analyzed with both the shortest path routing strategy and degree-based weight routing
strategy. The influences of the coupling mode and its corresponding routing strategy on the traffic capacity of
the two-layer network are studied. In this paper, two scale-free networks are used to construct the two-layer
network for simulation experiments. The network scale is in a range from 200 to 2400 with the value of average
degree being 8. We focus on the traffic dynamics of two-layer network, and analyze the relationship between the
traffic capacity and the three coupling modes, which are random coupling, disassortative coupling and
assortative coupling, under the constraints of the shortest path routing strategy and the weight-based routing
strategy. According to the characteristics of the coupling connection between the two layers of network, the
best coupling method which is suitable for a certain routing strategy should be investigated. The suitable
coupling connection between the two layers can effectively increase the traffic capacity. Both numerical result
and analytical result show that the packet generation rate, average transmission time, and average throughput
can be obviously improved under the shortest path routing strategy with the disassortative coupling method.
When the degree-based static weight routing strategy is used, the traffic performance parameters such as packet
generation rate, average transmission time, and average throughput can reach the optimal values with the
assortative coupling method. It makes the traffic flow uniform that the routing strategy is chosen with the most
suitable coupling method on the two-layer network, and the network traffic capacity may be effectively
enhanced. More generally, the results indicate that the coupling modes can give rise to traffic behavior that
relies subtly on the routing strategy on the two-layer network. Our work may shed some light on the design and

optimization of some real traffic or communication networks.
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