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Recent Progress in Controllability Robustness of Complex Networks

LOU Yang"? LI Jun-Li" LI Sheng' DENG Hao'

Abstract The study of controllability robustness is valuable to the control and application of various complex sys-
tems, including social, biological, and technological networks. The concept of controllability of complex networks
refers to the ability of a network being steered by external inputs from any of its initial state to any desired target
state under an admissible control input within a finite duration of time. The controllability robustness reflects how
well the system can maintain the controllability against malicious attacks by means of node removals or edge re-
movals. This survey gives a systematic investigation in the recent progress of the controllability robustness of com-
plex networks. Firstly, the definitions and measures of controllability robustness are introduced. Then, the control-
lability robustness is considered from the perspective of attacks. Three types of attack strategies are discussed, in-
cluding random attacks, feature-based targeted attacks, and heuristic-based attacks. Optimization methods toward
stronger controllability robustness are investigated, including network modeling, edge rewiring, etc. Recent pro-
gresses have been achieved in both effective attack strategies and efficient topological optimizations, which provide
a basis for further theoretical analysis. Finally, some potential future works are suggested.
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ey
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MRS Y B HOVELLES £ AT

Nguyen =57 W5 KB T Al £ Wi |/
WIRORAZ S, kBT 7R, R R =
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WA, B BB IR AR B BRI R AT Beile . %
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The controllability curves of 9 network topologies under 4 different attack strategies
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%% SF (Scale-free)™ ™' A MM 2% OLN (Onion-
like network)!" "2 g-[A[ B 4% QSN (g-snapback
network )™ g [l BE K e ] IEI QSNR (QSN
with re-directed edges) BB DL KA JlE EH
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TR EL]. IR R N = 1000, HEIA %L
M = 5000, FrA8dEk B 20 B 45 R
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EBE; MAER 7(b) T BER L Bt v R IR
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3 BEEMEEMML
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EMX 1. —PNRIEM L G TR RIS 1 i
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Gen

AL, Horr, Q JyiE A ), BRI T i 20 R o
M 2% G /R 1) R T HT3C (14) B
(15) 5121,

TR SO0 )8 NP HE v &, Tkl
5% (Evolutionary algorithm)!"' ™ ') FIF£ % 58
PRI SRR RETH 0 TR AR S BT A B,
L B8 BAC R T AR 0 AL ) R PRAR . BRI
BRETHR TR B T X — A ).

W 28 AR I8 A BT RIS X 2% 32 AT BT I N
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W7 A2 B AU REIE R S He 1. B4, B
2% P 28 PRSP 26 R I VE S R VE R — € 1Y
fREME . 2 1 51128 18 ILOL AL SR A P s 5 AN A2
PR /N TR LA T3 T 53 5 AT 0T 8

3.1 MERBMAIIRT

Yan 53T [A4R 12 (Congruence theory) 4 |
[ M % MCN (Multiplex congruence network)!"
HA TR BN ITE N AT 13BN
T, WA M 2

j=r(modi), i<j (23)

WIAFAE — 253810 Ay, Hodrr 85 BRUL A5 200 R 3
FH R R F BT A 9 sk ] T 28 ) — 2 [R) 4R 1Y
ET— 22 bR MY, J& %)l (Heterogen-
cous) W%, FH 73 A A\
p (k?om) = m (24)

THH AR 5 0T X 8% AT e A 1 AT R s MR S e 1 R
B 22080 A5 (Homogeneous) 9425 (1) g 45 14 Al
Reds M S e A R s O (R T 8 (r=1
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out __
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1=N

® 1 wHAREEEE BRI RIS RO S 5 AL

Table 1  Pros and cons of the strategies for controllability robustness optimization
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YN B TREEEE, MY A D) LI < B A - K e
AR AL vt (m] [ 4302, Henneberg“““] }El@) B o Z WL (ﬂﬂ|”J%L@BE%U&EXM%@E@)X@IKH&{‘T‘E‘ Lﬁi%)
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(10) 7E N B AR R 3L, ORIV (Memetic al-
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Hou Z5M2 LREE T 0 25 1) JEAE FRAR (75 R 8
AELEY) A%, kK SO L 7 18 R Ak e
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PEERIE R E, H2FRMSMFAESE TXx—3k
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(22)) AR B E5F, BT 5 a0 o B AN

M (B HZEEADTET 1), Shi M 42 H K
255V (Totally homogeneous) M 2545 ) T #i Ak [F
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A2 A G 1 oA BT I REFR R S A 0, 1o 115, 122l

3.4 BFMEK

BRI gk, gkl a0 BARVARSEG
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PLH] (Clique) NFEA AL S — R — oIl E 1
o) B 775 ) R 38 ) 296 &6 Ay . A5 TR S o 9 2% v T A AE
KRBT T PI4E, & SR P25 D) B8 1 5 ZE LAl 45
Fa, 0 P [F) 200 B RS 99, S I M R &
BAEEZ Y. Fan SR | 4 E 4, 12
b 220 1] Y] 2% ] 55 ) XY 320 5 R o R 4 T A B A )
(EEEEA
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A2 (26). Lou S8 RIS T45 7€ N 19 A M %
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Fig.8 The relationship diagram of the N-node M-edge
networks, ENC networks, totally homogeneous

networks, and the optimal networks

R, Lou S5 §2H T BEHLEL K IE RER
(Random edge rectification) HEH&, 1% 5 0% & A%
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WE PR K5 P 2% e 2 ME B R R I PR = B EE . RER
J& T3 3 PhEHNE LA TT 2, B ORI ) 28 HE AT
RN FNEINEL M AR SNt AT ((EE) B,
PLUIA BIEAb B d RS R B 1.

2RI, AFF A R ENC 2614, [RII 2 i
PR 28 SR T 2 2R I JE B I e A I 25 0 T 4 5%
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