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Abstract: How does intelligence emerge? What kinds of dynamical behaviors are intertwined with intelligence and
how do we control them? Concerning with these two issues, relevant studies on intelligent control are briefly
surveyed from an integrated viewpoint of complex network and dynamic systems. Presented first are fundamental
concepts and challenging questions that arise from the interdisciplinary research areas of complex networks,
dynamical systems, neuroscience, and intelligent control. An overview of research progress on intelligent control is
further presented, emphasizing pinning control, hybrid control, adaptive control, and the controllability of complex

networks. Moreover, potential applications of complex network dynamics and intelligent control in the fields of

brain science and machine behavior are briefly discussed, with an outlook at possible research directions.
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Fig.1 The theme of this survey: Integrating complex networks and
dynamic systems to build intelligent control, aiming at solving
problems of stability and cooperation in various complex

scenarios
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+6
ad < f B()P7(s) ds < anl, V1 >0,

IXH, P RATAERE S T 22 X 2% 10 3 4% 1 5
N AR RN AT E I 5T AORE 2 5P [F] 1) 4R
B RAT IR

24 SRS

e RBAEH 2 KA P RES LI 2 1960
4, E1E KR /K 2 (Rudolf Emil Kalman) 5|3 T & 4;
IR A AT 2 M (Controllability) 5 7] Wil 14 (Obser-
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vability) 5N ARE R, 0 T A1 RE A kAT 428 il J 2%
A 55 ) A LA B RO R R R B — AN g
N 8115 R G ME VIR K, B8 72 A PRI 5]
P IE BT R A T RS (51 2R A) ), W FR— A 3)
JFERG AN

e T AL AR RSi(A, B):

dx(r)
dr

X, x e RONIREZ T u e RPNEEHIIN, ANEH
() RS FE, BAE H BRI R T RS1(A, B
AT, A0 N IR R,

(1) (A, B)SEAIRAE I, M B A T4 AR

W =[B AB A’B L A"BIZ4THRNY;

(2) (A, B)ZE AT 2, 2 HAUCMAZTE RGUA, BT
— ARSI, LS AT R W AT RR I

(3) (A, B)SREE M AT %, 4 HAU U T R Gi(A, B)
TR ARSI, AT PR REW ER R ATk 1 o

TERM AR RS R R 5 L hrM 2%,
FEE A BTN BT DAS 2 P R 386 251 T A 47 SR Y
28 Z G 1) ] ARV 1) R Q2 142 1) i T, 42 i R
BEY £, PRV 2R Bk U0 e g5 i B 5 AT AT 4
i o CHR[78]1 % 37 1 SISO(Single-input Single-
output) {25 AJ k1) e /Ny A € B (Minimum Input

=Ax(")+Bu(t), t >0

Theorem), Bl : H TN, = max{N - |E.|, 1}1N7T5 55,

{6 ] CRAUFFEAN ) 25 A2 S5 R T 42 1, AP E Sy 45 v
1J— ML AL (Matching), 7~ 1% A 35 A I EC UG T A
LA 25 R AL A S B AR NG
HREN ML, CHR[79-80]% 5 2 57 1 SISO A
MIMO(Multi-input Multi-output) ¥ 4% 2 4 [ 45 ¥4 n] 4%
PEFRE A, H P SISOZE Sl T

BB N RGO R A% I 2
dx; N
E = Ax,+Z,3,ijj_6,an
=1
yi:C'xivi:]’z""’N (9)

FESE AR, 2 HAN
(1) (A, H)"J #%;
(2) (A, C) T AL
(B)kL #£0:k€ A(s), k #0Ys € d(A);
(4) rank(I—yL, nd) = N:
y=C(sI-A)"H n=C(sI-A)"'B,
A =diag{6,,0,,- -+ ,0y}, Vs € 0(A)
5E B4 B HAIE W VR I SCHRR[79] 20(9) 5 x ATy 73
S R BPIRAS A AR B, AVBWCHTH 73 3l 5

A TR PR A5 R B o) R B R O R R R A TR
L= (Byly 6 = 1FRTT s B R B HIR N, 6, =
OFTR 1 TR A()FTRFFERE AR B, 0 (A)
FORARVFHEEAES

WA, SCHR[2 VTR 702 2% W 28 Hh e 10 2y g 2 T
PR, RIWAR R —F 2%, ToA B2 I 2 BA L (vl
P SCHR[S 1A 70 £ 37 1 AR Jikrh R SR I T 242 %
AU 2% A4 o SCHR[821WF 78 & DDA I Fh I 1 52 2%
ENASIN 2%, GENL T FIT Y14 P2 [ T4 SR A

3 HeEEFIETRASE

A 1 ST A 20 055 B R
FEAERRY S HLA T TR T

3.1 fERpE

Fii ok SR AR S0 K e A, 5 AR )
PR BRI B LR 2SS 2R 5T o 0 X 28 35 3)
BRI Ui R s T XA R 2R I 28 5 77 5 Je
H G IREAMERFAE X ER SOk [2])18 5T B
T A 28 58 B 3 AT HE R, AR AT I 225 ) 194 8% 0 ik
TIRe M 45 2 8] I G HK, I A [R] SEEG A A HH (an 45
Fa1/ DIy B R LR SR R B0 5 AR I P R i
S5 H ke, B0 UE A 2% P P 4% a5 p i A 3 1 . R 2 e
FR) TP 5 38 TR K Vs B A D RE R 25, SCHR[25]45%
BT 4 ik X 4% 11738 11 3l /) % (Communication
Dynamics), M X4 3 F0 (75 18] FHES 8] £ B2, BRI 7
B 71 BEAU R0 Ty e F R TN [ 286 e AL PR S FY)
SO o SCRR[ 1012738 T 43l P A= PRI FE0T T R
B AAEN DI RE RS2, T BRI BE R 10 1 R
SRR BRI REE T, PRI T Al X AR i 2
A I R AT 4 ) B ) R

RS 8 R S By Al T R N
PR A&7 e WA FN DO RE A ph 2o B A, “ PR E”
3 ) 9 P 95 12 W= TR TN 5 4 i ) R AT R R
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P 5 T Y8 M I STDP(Spike Timing Dependent
Plasticity) /L™ BN R S 1 31 ) B0 S5 6 1
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TE SN e 77 T, % Hopfield #4128 () 45 | ik i
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2 RGN IR B 7 U e dE Ak DI g, i 4%
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IR X TN )77 SR A X T ke
A7 M I 28 TR DI BE (1T )5 S M ) SRR it 1
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HLASAT J9 L, A8 W 8¢ N Bsh P47 77 3002
— AT AT ST,

N T TR S — YR R RSN, SCRR[851 AL 1
Blas NN P (D 5 i M) ) A= iR & R 58, 3R W
TR TR BN B 08 1 5 TR SRAT Dy o M F R 2 R 27 A
i MLEZ T, #h28 SR  R (Neuroprosthetics) 1] PAFS B
IR TR R R PR 2R B Dy e o SCRR[86 1 H FH i 5
fi%i HL(Electroencephalo-graph, EEG) % #& Fl 4 £ fife s
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(1) #4535 112 (Topology and Dynamics) ¥ &
BT P 2 o 42 1

(2) I 75 Ei i DR B 1) TR 2% 2 B 4% il (Hybrid Inte-
lligent Control)!'";

(3) #& T 91k 2~ 2] (Reinforcement Learning) A1 il
) o 7 A 7

(4) B R85 T 2% AT 45 14 (Network Controllabi-
lity) (1) & B R P 40 AT

(5) BREIEHI AT BN S 2 T,
S HAEMRL 7 HLERAT 55577 1 1 SRR 7T 5 B
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