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i) 3 58T e K RT3 PRI B T R, UMY RS B 2% 2o A R T, A A 2 I 4 % I ] 30 3 0 45 1)1 22 8
Rk Ae. WILAE ER FI SF 4% 1 iS04 00 15 2R I 8] L5 90 2% (0 T A 0%, TR MR, 8 n iy 1 B it b,
[Fi 2 A 0 206 AT A B, R BERE 1ot M 25 TR R AR

REEIA: TR, A1, Mtk
PACS: 89.75.Hc, 89.75.Fb, 02.30.Yy
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ARk, BEH BRI, fha R R, R
¥ L A AR ) 5 DRI B2 27% Do 285 8 T A T,
IANAS R R IX B B [ 2% E (A3 g 2l B (14,
LA AIT T 9 25 (K Bl 25 A0, B 2% I 48 41 Dl — Tl 4
ARG TG TG Z A SC AR [ T, AR5 Ehs
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IR, KT RS0 Fh S K AN T 22 R PRI
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MREEAER FD. IR MgkE, LR, W
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AR AR 2 2%, R 1 BEAUAE I 2% rp DR 210K H ARy
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Zhou") $& HH f TR A5 S TR AR st 6F I 4 v i A
B K HH A2 b1 I 48 2 A0 IX W R 7 VA5 TG 1)
W8 R PRI T P R PR, AE AT 1)
W, BT g AT FR I P, 07 585 R WonAT 50%I1)
A REE, B2 R <o m B TR e 2k R it
FE, WARX S TCiEEZ 1. Rk &5 A
Ira 0 20 4180 2 SR A S FLAT 2 SR Bk sk 1 1)
TAE.

2011 % Nature 2%3& FRER T — R TR 3
W 2% 1] 2% (network controllability, NC) ) S, 1
h WP AR, R TN O A
5% 12-15] Liu #1 Barabasil'? %} 2 2 I A48 5 45 3
FIRAR A2 1 B AL 2 7 T 52 % I 2 1w 92 PR A5 7Y
(network controllability model, NCM), $&H T H 4544
A4 B8 19 (Lin’s structural controllability theory,
LSCT) Al /My AP 16 12 (minimum inputs theory,
MIT) K fif 5z /NI B 1 SR IR TV

W 288 T 5 S A L I 2 i e b ST A AT 2E
T RUBPIRA AR &, & ST B R AL TN B
RA. AP BERER IR, AR IS 5 RE
A B BB — AN i, NC AR JBUgh & 3 5 5 (1 ar
1K 0] . NCM 3 7 AT 0] UK 194 286 m 42 P A 7Y
T B BK Bl A (driver nodes).  J<EEI (critical

« [ HARBHER S AIEHES: 60902094) R4 7 T H 2050 £ UVEL (HEUE S 20100Y0072-046) W A UL

+ MIAEE . E-mail: xiaoyandong08 @ gmail.com

© 2013 PEYEFESL  Chinese Physical Society

http:/ /wulixb.iphy.ac.cn

248901-1



%) 32 2 8  Acta Phys. Sin.

Vol. 62, No. 24 (2013) 248901

links) KL 7 AEAR R R h ROGE SR B F TR R AR,
[ IR 3R] LABE G ki1 < Jo il (L.

T FRRAT 11 WA PR 2R R AN Tl T ™ 1
I, AR SCHR R TR T M 2 a4 I A S A
TR AR 2 A e T 2% ] P A A
T ORI E 3G 5 3 R I T T
ORI B T R 2 4 i Tl L AR R
HURA 28 FTC R B 9 25% b 2 AR, A 3 S0 1 A7
RO 55 5 Mo A A

2 W& R AT E

2.1 Mg AR E

90 28 P TR B PR A AE TR D T AT PR AT 2K
PEPSAN [ RTAT PRI 4> W 4% I I BEAN RE#
PE AT RN R1 2 T bl E A 2 ADE S, K
28 4 BEIA B A JRy nl 45 NCM. Hp N FH 45 44 ml 4 0
PR T A A7 TR, i /N N e BRI 1A

R ) .
X EME I AR R G, Heah )Rtk

x'(t) = Az(t) + Bu(t), )

x(t) = (x1(t),x2(t), - xn (1) KR ¢ I 21 W &% o
WK A, A B AU A 0GR R I,
B R HIE 5 5 R E R R R, u(r) =
(ur (2),ua(2), -+ up(1))T 7 ¢ 05 Z0 0N 1) 8 45
T HPIRAS. MR B g SCFRATIES th 45 Ae) AT 2 P 4

TEIE 1 45el M2 (Lin’s structural con-
trollability theorem)

IR

D) NP RS G(A, B) 245/ 3 11;

2) (i) G(A, B) A &AL (inaccessibility)
R

(ii) G(A, B) TAHERZIK 4514 (dilation);

3) G(A, B) Hi cacti 45442 1k

AN IR R AR AN N (5 5 e vk AT
] AR BIA ) L AR A AT S, i
IT(S)] <|S], WHAH A B35 — AN, T(S) & T4
S AL RS . cacti SEBEA S A IAY (U I
JHC ) 100 24 25 4, 7 22 B AT i — R s 25 B
AR B IK G B ¢ T catei IR E L
SCHR [12].

— N, T AN A R G, R
B UE BH 6 AL 5 R m] 4 e B, 20 B —

ARG NCM (155 — A DTkt 2 ok 1 W 45 ]
P 1 v g /N BR B AR IR AT S )L fE NCM
T AWAE Y] —— W8N E BE, 25 ]
P i) AT DL Ak RIS AT 1) 1] R e K UGG i)
12,

EIE 2 /A H (minimum inputs theo-
rem)

W 4 ) d NS (N S5 T B /N IR R
B (Np). IR P45 58 S VL IE, f /N AN AR A2 W) 2%

RAPEVCHC AT e, 2 2 T (2) RER, [M*| A
A 1) 4 e R ULRC RS R 8 H -

M| = [Np| = max{1,N —[M"}. 2)

AR ) B B KRS, S A
Aol =K. HE— 1A mE GA), 5ExXf
N BN H(A) = (V4 VA, D). Vi BV, A&
CARE A SR, VL = ag e xih Vg =
{2y sy} TRREMILEE, T = {6 x))|ai; #
0}, WHRAE G(A) W55 i FHihFRm j, WAE H(A)
HORE I B g BT T4 AR IR ) e K DL
S0k, v H(A) T I ORI, R DL
C 20 A, gl 2 P9 28 v 4 A 5 Bk 1Y AU AR i A2
TR H, I 266 v o) A 45 ml 42 1 R 472 R B4 P ) e
KUCHLIAA N — |Np| 4.

EX 1 KA 55 (driver nodes)

R IC LT AU A X 2 R O A T L LB IR Bl
RIS 5 e 4R RF I 28 11 4 T s k.

EX 2 #2555 (control nodes)

X YR ) AU N A A T R RURR A A

EMX 3 KR4Il (critical links)

WHER —AN TR B, BT 175 ZEHG 9K =) 5 R (1)
B 2 R REONT O 2 (1) 45 o, DI AN 12 OB
AN BRAS T W 4 1 B 9K S0 759 AR, XA
ETCAR T, IR — A bR AR SR T W 45
(R IKE T AR, (R A 3G 0 3K 20 1 s, )
IXAN IR TE . AR W 48 R 1 2 AN TR d5 K T
BCI AR A, IX U502 F A 0 B OSBRI RN 8 20 TUAR
WA, B MEGT TR N — |Np|. A
ST T H B P 2% () AN R VL RCIA S5, IFH#
XA B KV A A5 8 XCHb e SRy O, Foarid
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IWSEIPSi SURIER @ IPS: Sull IPEE ey vz QL]

2.2 HAAETFE

R F 19 2% T s PEABE TR ) FAT T b b g R i )
g R ny LATE St I B /AN IR B 1T AR ORI
TR AN M. B 1(a) & — N 14 A1 5
JRUR M4 G(A); B 1(b) M A cacti 4514,
JE 2 oy 9 2% o KOG B2; TE] 1(e) A R 2% R BB S R

FHRAE T R R 2 IR B EAAR 4. 3 I X
LEPOR AR B A, 005 5wl R AL 5 2 & — A
REP N

EX 4 e Kn[4E1E (subnet of maximum con-
trollability, SMC)

— ARG G(A,B) T EfE— TS, {E
S v 2 22 HUEO - ANIRAN Y AU AR IS 5 AT LA
YeRE S T AT ST, HER S TR —4l

AT LB 1) BT X g i 4 A
= NIEGER N

.
(c)

B R KR T () B RN G(A); (b) G(A) TS BT cacti 4515 (¢) G(A) HHERANTT i A A 4 MK

AT

MSE SCAT S, fie KT 27 1 20 A BRI IR AR AT
PET B Rk, Jerb (R0 R B, TR AT %

XHFHEIR B B R 427 B, L BE IR T it A A
AT LAEI IR A 0 5. dn SR 19 26 BT A ) SMC
R A HE SR RE AR DUORL 1 DR T B T AET T4 R
FZR i) AL, A5 WK L TR R (T . Wang
i W03t 1R T A IR SMC i RIS Rl 2 —
Tl LRI W 22 T PR R T 8%

3 ATHRATETEN ML

3.1 FEHBEE

W 2% E K S AEAN BT 2 PRI 00 T, 4
SR S E M BIPREL T BEALIEAE (random
walk, RW) [ i 7. MHE 18 109 BEF, BEMLI L 2
A SRR R, AR A B E
T AW RURE T — MRS, BBl =0

Z), — AR N R a WO BELITAE 2 )5 2IIA LR
FURRTY L b, XA RE LR RS 7 R R

Pab(t) = Paji (1) P jo(2) - pjp(t)

Agji Ajijp  Ajb

jljzz~'~js ka  kj kj,

Horp pap () FREFAERS 2 ¢ BETY 5 b FIER, k;

RN R i B A NN WA, A 3R

IR R A G, A A AR IE, WA =15 A5,

Ay = 0. FHHFE P(P) = Aij/ki ki = XL, Ay For

WL~ 78 P 25 v B ATL I A 1 26 3 B AR B, i (r) K

TRHLT s 16 1 BEAVL T4 0 x FOME. 4 m2(0) f2

N x 1 [F a5, KRWILE I ZR 5~ s AbTETT 5 x 4b,

WS x A7 A 1, 4420 0. 24mFZ1 ¢ i), FATTmT LAAS
PRI 1AL EAE R ) A

ms(t) = Pyt —1). 4)

WA 7l () AT RAE R 7 & BRI A7 B SCHR [18]
TR TR BEALI AL K Ik I 1) 2.
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BE AL 2R 1Rl oAb 11 2 DAL, s X 8% i A
G AT BHIE B —FF, 8 R ACRARC. JUIAE WM
b, T AR IR, BT R
WA By R AR DAL T ml > T 45 SR A 2 1 i) . L
Kl 1(a) 11 G(A) Mg, R Bk 20795 505 1, i
THATEEAR AT DAk AL, Rt L Re g NI R, ik
7B 1(a) Fros i 28 30 4 v, R HIER A7 T 15 11 6

b, B E]H bR 14, T EAFE] T G(A) M
i AE 1 IA I TR A n B 2 s, L E(T)
RET e E B RIS I TR R A 2 A3, AR A
1 G(A) W, 100 K5 A 50.086% S K

B R N R X DL IR I IR TR oo, SR ARIXAE (1)
FYREE TR ) BT 5 AN REREZ 1.

0.6
BEZ A 0.5086
® G(A) E(Ty)=1{""
= 8.0115 #% (1—0.5086) [
i\; 0.4} * Gs(A) E(Ts-14) =6.3953
5
=
=
-]_—;
= 0.2 -ﬁb
m
A )
%ﬁhauuuuw#wwn
o[ Y X *
10 20 30 40 50 60 70 Foo

i} )

2 G(A) Fl Gs(A) W EIAINTIMEAR 730, E(T) ki 73 8 K N (0158, SE4045 5 108 X

3.2 2EIIE

5 ) ARk W 4% 50y 2 IR SR, IS 1) 95
287y 1O 3 R 2k sk 1200 DR B A 8 e
1 38 B i AL 1, AR AR A AR T 1 A
(8 2R 0%, AR X T ) Y — BB BEAR 47 fif vk
“ oI AT A FE R ORI 1AL Liu A1 Barabasil'?!
(] AR AR rh s (5 5 ANBK ) 1Y AN, 55T
25 W £ v (1K) S 1 3030 I 4% rR IR AN L AR
XFE I AR, an R4S 5 B AR R RLT, M4
() DGR 30 Ry b I B R AL T — 4 T IR B AT, NG
TR T E NS E B, B N 4 b T
a7 B RS R R T — K
RT 7 B, T8  W9 28 T a2 — AN A G 19 1) 4%,
AR AT AU AR T LA EAH 20K, K i X Bl 1 5
KA1 EIA R MLl Gs(A).

B 3 28 THEK Gs(A) FIPRP AR R, 8%
HE 1(a) AT 1 N4 G(A), HE A X 4 m] 7 A
HTHE I 4 4> SMC WKl 1(c) iR, ¥ M4 )
SMC IIANEGE R Ny, FerP R SMC 50 h Ne,
IR A R AR A Np, 1] 99 28 TR i) 322 1) 4
HON Na. B 3(a) 2508 G(A) AT IEEIR SMC
T RME A KR SMC (B i) | 28 ROR TR
), Bk Ne — 1 AR SMC 382 8158 2 1) —

AR SMC _E GBI R 28 R 7RIS INI). BB N o
Wi
Np < Na < Np+2(Nc—1), 3

WER AR SMC 2 (0] A Sk gl A7 AR 321, WIJAS 75 22
BN INGA T . B 3(b) &5 — Mk 5k, ¥ G(A)
HH T AT R i R AT 48 1 T ) 2 R R, TR
2T SIS N a 4532,

Na =Ny =Np+Nc, (6)

X AR S D I NI 7 2, AR R IR R AR 1
B, PR AEPI N FEIR SMC 2 7] Bk A 7l fE
PR Z /N SMC &3, WnfE & 3(b) H, Wk
THRIGHAL T A 13 A, BBk 30 S b, EE T
PHANFRIR SMC. {H 2 & 3(a) 1891132 7 A7 208
THABER SMC 2 1) Bk % 2 26 5 Ho A Ak SMC
L3 1 0] &, T B 3(a) AR 2 LI 3(b) 2N
Nc —2 4614, B 3(a) I3E Tkl T B A
RN Gs(A) &R Gra iy =,
I Gs(A) KA 3(a) iz s L.

2 WoR T WG G(A) W% F1 38 A4 1 1
Gs(A) W% EHEAT S0 7 S0 45 B, 07 FL 45 it
B Go(A) 48 2R W48 fif vk TR0 1724 1) B9 v
“TCHE R E” M4 R RGO KT Gs(A) 148
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ENEE NS R PN RN NN G AR ]
S8 P AL I ] g/ T (HOR R 2 K E, AERENS
JETEER B H AR RSO0, PR M2 1
IE IS TR RIS A1 IR ST A R Bk, Ao
(DL =N PVAS IR BEN T REIR RS ZE R R TR TR =8 1)
WIFE Gs(A) MR M 4 AL B i T RE 1 1A R

T, MBLREZRL TR it — Z PR BT H bR 42,
RE-5 75 W 45 FH R AR H AR TEAN S, SRR I
ATIE B A, DI, X AN 1 R0 4% 1R 45 2% 1 i, A
ACE PRl AL R AP o L I ) A, S
B G AR AL LA BEALYE, DU B R AT EE
BT

Bl 3 BIRNE T i K 7 B M R il R = (a) P R SMC FESZ IR SMC, FHE Ne — 1 AMHOR SMC 745
IR A —ADFRIR SMC _EESA HER ML Gs(A); (b) KA 1 SMC L a0 8 R R LA S R M4 Gg(A)

Zhou" 42t T —FiR & UYL (mixing nav-
igation mechanism, MNM) 1R & #i 42 = 7 G ) )
RLF 4 2R A%, MNM I i) 4 2 b 3 o — 2
TR R BE B AR DA I 2% (148 R A0 MNM (1)
T AUR: R Rl B AN, S s H AR
R B R AR i) BTE TR Y R, AT R A T4
ORI REALE. e rb A e i e 8 (0 i A A7
AR PRS- 24 1 AA I TR AR K 5. 52 21 MNM A
TR A, AR SNSRI L AR A ] JE R M 4% Gg(A)
BEAT TAE L, ER S NN <R RE s thas”, 2R T
=Y NIEASRSHNE P Ritin W RSN L SI NP SE A 7
PEbRE B ) AT, BT a1 IR S U Y
(navigation model based subnet of maximum control-
lability, NMSMC) FIE KB, K7 AR R
KRBT FE, AT Gy (A) K3 LR 2% o B
ARG, AR B R BEAL. ST IE 3R 11T RO
UL, B FHTL _EAF A BT B P A 24

P FHTLFLBERE B, AW H AR & 7T 1% SMC
b, AR MIARSEAE 1% SMC HI 2R, 5 ANE )k 5]
F3—A~ SMC 4k, B 2IH 5 5 AT 48 gt )
5 BB H AR R AL &

FT NMSMC Syk4id -

N A ML G(A)

iy 2L NMSMC [ S R M4 Gy (A),

R IR ] T,

JUN 5

G) HE BRI N M4 ar s
HA ML G(A) T ETE KT 7 B S

(i) ARic AE sl oK P4 b i Al S EA T A
i, BT AS BE PR AR 0 Rl bk

(i) A2 IR R SMC K I 4% T A B IR 1
SMC T RRIEHG A B — MR KRR SMC;

(iv) 4 B NMSMC 1857 1] 5 0 9 4% i 4l
Gs(A) sk 5 ik, FH X SR #Rk SMC
HERGEOK, 2B NMSMC (94T 17 S M 2% Gy (A);

(v) FUWTERAT R A D0 2 v 1) DG B ik A,
U AR B i B rp R I E RR T A, SR R, A
W, 75T AR RR A T 1 %t e R R — D
Bk ¥ SMC;

(vi) VHERL T (3R RN TR] T

4 A2 A

T PR S ORI R E Y s TR T R
I 1], A4 PR S5 36K 328 6 9 4 h A T P A1 AR

55, KL 5 NMSMC Sk 1A 2. 299 520N = 300
(AT IR 8 A R I A Lo S — 5% 1 sS4 Ay 1 AT
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PRI . FH T(Gh(A)) F1 L(Gy(A)) 533
7 Gy (A) B4 P45 52 N TR TR0 286 (1)~ 355 e ot A

Bl 4 FTon AN TE BR M &% 1 szoe 45 3 15 4t
RS 1N ISR QIR g S
M 4(c) R I, 7E Gy (A) Tl Gs(A) I A
1, T(Gy(A)) Ml T(Gs(A)) £E (k) =1 B AH [, H
BEE (k) B4, T(Gy(A)) F1 T(Gs(A)) HILT ™
Pl AR AN R 1 AR A 3, T(Gs(A)) Bk kR, i
T(Gy(A)) BN, 1) L(Gy(A)) FEE, ST
NMSMC [ 5 Wi A R B0 H T R AR 55 (1 % R v
fE. I 4(a) F1 (b) TR IL, BEAE (k) 3G, BK3)77 5
(R EC AT 7 o, D9 24 1) T 4 1k R B e, b T Y 5%
TIHR SMC 19 22, {45 9 45 rh S st it 22 4
. AR Z, A IR R IS TR . ] 4(b) )
i W]k SRR R BOR, A A TEA AR .

0.7
(a)
0.6f
0.5]
0.4f

0.3]

BT kb £

0.2}

0.1}

0

15 20

400 ©
— T L(GN(A))
—HT(GN(A))

A A A

300

200

A IR E]

100 1

10 15

(k)

20

A W IR B)

BEE (k) (R3EIN, 75 B2 i 9 2% o s in 1k 320 (1) At 7
AW, JCHIRAE (k) By, 752 ) 09 2% rhas i
(AR AR D, e AN, H T R 2 v T ) E
530 ZRIN 1) 52 S EE ), SR 25 R B R, DAA 2
TR 2% () TS ENE B T B8 R A
AR R B0R. B b 3t A o KT 351 1 L
RS B T R AR A AT 81 4 2R SR

FT NMSMC A it i M 2% Gy(A) H,
FARVBORL 7 1] LA P 285 (1) JE G B 1 B BkA, JEaX AT
(2530 0 Gy (A). Gy (A) 4 1 353 22 i
V) RIT 14 8% P ~F- 35 dg Jod 6 A2 40 0l e A T (Gl (A))
L(Gy(A)), e

1 < L(Gy(A))
<L(Gn(A))

(Gy(A))

<T
<T(Gn(A)),

(7

200

160

SR EC

40

10 15

(k)

200

150 [ X

100

50 1

Bl 4 ER M% B RMSTH LR, N =300 (2) b (k) 30, 92 IR0 S Ll A8 4k; (o) 75 Gy (A) S M 4, bl
(k) 8, A 5 b IV a2 0 0 RN B T R R (o) B (k) B0, 75 Gy (A) T Gs(A) H, A RS 3 48 2R I ] A
b, L(Gn(A)) 2 Gy (A) [P Y5 B8 42 (d) B (k) 3400, 76 Gy (A) Bl Gy (A) 1, &M KPR IS 028 4k, L(Gy (A)) A
Gy(A) WP IEHHAR, L(Gy(A)) 9 Gy(A) WPk
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S35 B Jo AR A T D) 4 PR I AN AR S, B
) ) 6 AT RPN R VAT AR, 19923 1
B B2l 1. Gy (A) 522 HVF 2 /NI
M — KI5, H Gy (A) W24 ki af LSk
ML 2E /N T Gy (A), B Gy(A) (173 5 %
BERT Gy(A). WRKLTAE Gy (A) THEFHTA
E R AT A R BT AN B B RLER AR, T(GY(A))
¥ R IZIE T L(Gy(A)), /N T L(Gy(A))
T(Gn(A)). (1) R&H T Gy(A) F1 Gy (A) 14 M
18 FR IS TR) 01 1) B o B AR ) OC 2R 1B 4(d) 1 S5
S RAE T XM R, KI (1) X EH (k) B
b, T(Gy(A)) B (k) 3K . >
(k) <101, L(Gy(A)) <T(Gy(A)) <T(Gn(A));
(k) > 11 1}, T(Gy(A)) > T(Gn(A)) > L(Gn(A)) >
L(Gy(A)). IXIEH T (k) BN, LB, R

0.7

(a)

0.6

0.5

0.4

0.3

BRZ T R

0.2

0.1

0

400

. =

(c)

300

——— L(Gn(A))
T(Gn(A))
T(Gs(A))

SR
s

100

40
(k)

ENEBUE

e EN ]

TAEAE MU R BEHLBREE 1Rk £ D, A IR T
1t Gy (A) AT Gy (A) P2 « fE42” w] LAk
¥, 13 T(Gy(A)) /NT T(Gn(A)); HAZE (k) B
KIN, 28 A 1300 %, A ) R 2, A I NMSMC
B rp TR IR R BB (k) B9 AR 22, bt
KL 7AE Gy (A) THEF LA S U5AE HoAb R A2 BEAL
BA, B TR R A). P 4(d) B SEEG S5 R T
Gn(A) MR K Z T Gy (A), TTHZAE
B T 25 .

Kl 5 FiondE y=2.5, 3, 4 ) SF M 2% _F [ 5206 45
B SF M4 1 T(Gn(A)), T(Gs(A)) Fl T(Gy(A))
A4k a3 ER W 4% — 50, Ui WA AE ) 4% OG5 i
AU A R — PR R A R A R SR,
TR AE R G i RIBERLE, JCHGE A 11y
FEAR R ) 485 P45 22 il . S0 45 0 o, A )

200

150

S
o
SRR

50

300

........... L(Gn(A))
— —— L(GN(A))
T(Gn(A))

T(GN(A))

250

74

200

150 | g

K5 SFM% LRSS, N =300, y=2.5,3,4 (a) bifi (k) B0, M2 okshT At g astk; (b) 76 Gy (A) ST T, Fifi
(k) 3880, P 86 LR IR R AR R S A B (o) B (k) 390, 75 Gy (A) B Gs(A) Y, &M P48 RN TR AR (b, L(Gy (A)) K
Gy (A) WP AR, (d) Bl (k) 3800, 7€ Gy (A) R Gy (A) H, MG T- ¥R RIS AR, L(Gy(A)) A Gy(A) 450 57,

L(Gx(A)) 1 G(A) [T SR 84
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PIEER, y K, T(Gy(A)) 18/, 11T T(Gs(A)) Fl
T(Gh(A)) BER, 3X 2 H T 9 28 m] 45 1t A () J 1.
M 5(a) F1 (b) & B, SF MZAERIA (k) B, BEAS
y GO, 28 T R, A4S I 2% rh A AT R AT
RN, WD TR AR 2% A ZR )L X B
ER F SF (15256 45 5l LUK I, T SF 45 (1)
A PEPEEEZET ER W4, {EAH A RS R {83 SF M
28 PP IR 4 IS 2RI A 3K T ER 4.

NMSMC #EFZE ER il SF A7 1] W 4% A 2 I
Do e B 48 2 e B stk B, AT R R A
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Abstract

In this paper, we propose a concept of subnet of maximum controllability based on the model of network controllability, and set
up the navigation search model based on the subnet of maximum controllability, called NMSMC. The strategy of adding links that is
based on the subnet of maximum controllability is to solve, with the minimum cost, the terminating search, the problem that arises
from no way for particles to search in the directed network. Based on the subnet of maximum controllability to deploy navigation
nodes,the search time of the whole network can be made close to the average shortest path of the navigation network,which the number
of navigation nodes is only 2% of the total nodes. The experimental results of the ER and SF networks show that the search efficiency
is strongly correlated with the network controllability. The better the controllability, the less the adding links are, which can lead to the

fact that the more the navigation nodes are distributed in the network, the more the search efficiency of the network can be enhanced.
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