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Fig. 1. (color online) Cascading model of interdependent networks: (a) Initial state; (b) first failure state;

(c) second failure state; (d) final stable state.
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Fig. 2. (color online) Coupled patterns of interdependent networks: (a) AL; (b) DL; (¢) RL; (d) GH; (e) GRL.
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Fig. 3. (color online) BA-BA targeted attacks: (a) f from 0 to 40%; (b) f from 0 to 14%.
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Fig. 4. BA-BA random failures: (a) f from 0 to 100%; (b) f from 0 to 55%.
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Table 1. Data of targeted attack.

f 0.0200  0.0400 0.0600 0.0800  0.1000 0.1200 0.1400  0.1600  0.1800  0.2000
GH 0.9740  0.9160 0.8780 0.8030  0.7180  0.6190  0.3520  0.2720  0.2420  0.2030
GRL 09724 09123 0.8666 0.7777  0.7150  0.5626  0.2670  0.2210  0.1933  0.1714
AL 0.9500  0.8540  0.3790  0.3190  0.2540  0.1550 0 0 0 0
RL 0.9600  0.8543  0.7273  0.4056  0.3041  0.2252  0.0192 0 0 0
DL 0.9600 0.8740 0.8100 0.7120 0.3060 0.2330 0.3166 0 0 0

f 0.2200  0.2400  0.2600  0.2800  0.3000  0.3200  0.3400  0.3600  0.3800  0.4000
GH 0.2030 0.2030 0.1970 0.1970 0.1940 0.1940 0.1940 0.1940 0.1940 0.1940
GRL 0.1553 0.1553  0.1528  0.1506  0.1505  0.1505 0.1505 0.1505  0.1489  0.1489
AL 0 0 0 0 0 0 0 0 0 0
RL 0 0 0 0 0 0 0 0 0 0
DL 0 0 0 0 0 0 0 0 0 0

#2 BRI AR
Table 2. Data of random failure.

f 0.0500  0.1000  0.1500  0.2000  0.2500  0.3000  0.3500  0.4000  0.4500  0.5000
GH 0.9679  0.9319 0.8923 0.8514 0.8072 0.7596  0.7106  0.6586  0.6018  0.5413
GRL  0.9652 09276 0.8865 0.8435 0.8018 0.7534  0.7026  0.6375  0.5850  0.5193
AL 0.9490 0.8937 0.8271 0.7662 0.6965 0.6037 0.4835 0.3825  0.3125  0.1975
RL 0.9491 0.8940 0.8257 0.7510 0.6365 0.4564 0.3236 0.2714 0.2200 0.1562
DL 0.9491 0.8937 0.8061 0.6804 0.4831 0.3736  0.3166 ~ 0.2495  0.1997  0.1494
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R2 BENLRAT A (8)

Table 2. Data of random failure (continued).

f 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

GH 0.4797 0.4159 0.3644 0.2970 0.2532 0.2240 0.2072 0.1987 0.1954 0.1940
GRL 0.4387 0.3608 0.2937 0.2297 0.2011 0.1792 0.1629 0.1520 0.1475 0.1447

AL 0.1457 0.1021 0.0571 0.0244 0.0099 0.0064 0 0 0 0

RL 0.1096 0.0680 0.0310 0.0098 0.0035 0 0 0 0 0

DL 0.1044 0.0543 0.0237 0.0054 0 0 0 0 0 0

[6] Yang R, Wang W X, Lai Y C, Chen G R 2009 Phys.
4 % W Rev. B 79 026112

AR SCEE XS P A AT A R R 00 BA JE b WA
2%, PR R AL AL S AR G, R S
SR R0 B R S e A BE HLAR AR AR 2 DL K
— X 2 ) 4R BE LA ARt 1 B0, X Lt
T 1 HAEBEHL R RO & BB TSR TERE. WAL
SRR T RBEHL R ROE 2 & B IGE, 4R F B
AR AP B MEE L T HAh AR . XA R it
2 BAF~ 190 45 1 U5 B2 73 A 159 53 4 O T D 3 S AR 4K 194
2RI, — 5 T s 46 5 o3 AR DEJE, $t e 1 RS
BE ALK R T Sk, 5% — T T JRE T B2 KT oA (R
TR ) AR, S 1 O & BB . BT
R BTV ALK R0 2 3 e Moy, ST AR R AR A
AT, Xt 2SR (GH/GRL)
BT X — 158 KR (AL/DL/RL); =Ff
— %t — S MM A (AL/DL/RL) H, Tl B8 AL
KA, BRI T RE LR 3K, RS A T
SR R T EERE TS, SR T
BEHLRE S, mREAUB I T RIMC A S, & B e xd
W45 R BB OR 55 30, DL G AE X 2% 22 T S0 v, X O
TR R AR, BAT AT T

5 b, ARSI 4R R A AR AR OR A S AR K
3 15 AR 190 255 T8 B AL 2K 280 % B i L R 9T
ST TR RS, X AR M 28 AR R R i
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Abstract

Many infrastructure networks interact with and depend on each other to provide proper functionality. The interde-
pendence between networks has catastrophic effects on their robustness. Events taking place in one system can propagate
to any other coupled system. Recently, great efforts have been dedicated to the research on how the coupled pattern
between two networks affects the robustness of interdependent networks. However, how to dynamically construct the
links between two interdependent networks to obtain stronger robustness is rarely studied. To fill this gap, a global
homogenizing coupled pattern between two scale-free networks is proposed in this paper. Making the final degrees of
nodes distributed evenly is the principle for building the dependency links, which has the following two merits. First,
the system robustness against random failure is enhanced by compressing the broadness of degree distribution. Second,
the system invulnerability against targeted attack is improved by avoiding dependence on high-degree nodes. In order
to better investigate its efficiency on improving the robustness of coupled networks against cascading failures, we adopt
other four kinds of coupled patterns to make a comparative analysis, i.e., the assortative link (AL), the disassortative
link (DL), the random link (RL) and global random link (GRL). We construct the BA-BA interdependent networks
with the above 5 coupled patterns respectively. After applying targeted attacks and random failures to the networks,
we use the ratio of giant component size after cascades to initial network size to measure the robustness of the coupled
networks. It is numerically found that the interdependent network based on global homogenizing coupled pattern shows
the strongest robustness under targeted attacks or random failures. The global homogenizing coupled pattern is more
efficient to avoid the cascading propagation under targeted attack than random failure. Finally, the reasonable expla-
nations for simulation results is given by a simply graph. This work is very helpful for designing the interdependent

networks against cascading failures.

Keywords: coupled pattern, interdependent network, robustness, cascading failure
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