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Multi-agent pinning control algorithm based on betweenness centrality
with influence degree

HE Ming', MA Ziyu'', LIU Jintao', ZHENG Xudong', ZHOU Bo'
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Abstract: Aiming at the poor stability of the final convergence of multi-agent systems in the process of pinning control,
we design an influence degree matrix and reconstruct an intermediate centrality algorithm to complete the selection of
pinning control nodes. Firstly, influence degree matrix is calculated according to degree distribution of subnet. Secondly,
the influence degree matrix is used to calculate the intermediate centrality distribution matrix of subnet. Finally, traction
control nodes are selected according to the distribution of betweenness centrality. We not only preserve the importance
of the individual in the system, but also introduce the influence of the importance of the individual in the neighborhood.
Comparative experiments show that betweenness centrality algorithm can greatly enhance the robustness of multi-agent
systems and improve the convergence speed of the system.

Keywords: multi-agent; pinning control; consensus; influence; betweenness centrality

51 = E3RH Boids AP, PR AR AT 4R H =i
fE R AR BERAT N L A TR, W ARG BRAEAUE LY. N T2 R fE

FIEOEIMERE . S5RA R &
o TOMERIERESESE . 238 &ad ZAEXTIX
IHefR (Multi-agent)

RN RIEE PG —ia3), T B AN EE
iat 57 5 JoEcl I I aNGtE S Y (TR
ANEIATH, DR 070 b e AR R 4 )

Ao FUARFAE 2 A TR BRI S 305 A0 D00 3 3] 0 U 1 4 )
ﬁﬁ,hﬁﬁﬁfﬁ SR B B AL

i%%ﬁ%%*f@ﬁﬁﬁﬁh Vicsek 25 A
PR Viesek 158 YR AT £ H B0 B AR S 1
TBEWTHR, 19855 )2 k. (HIZB A S
FHEERAR LA PIZs), i 200 B Be A ] 1Y)k 42 1)

@, Reynolds &5 NAE K =MD FEARAT I 2l

ks HER: 2019-08-01; 1&[EHHR: 2020-01-16.

HEEA: EXEAHA TR 2018YFC0806900, o [F {# -+ 5 Fl

5 ISR B P2 R AN, I R RS A B
BT A 5 REAR IR 12 Bl R AR B I — B0 B 18] 2 25 46
T . Olfatil® FEF Boids #5745 H Rk ] 75 H
FH 2% [ HH ST SSORT — o S S SR e 5 P e 0 428 i 0025,
R B BOR AL RE N BT R R AT mT el 245 A5
o Sul® TR BLILAN B H AR I Sk, TR
NFEETFAKET AGRBREHER, BAEREY

Je iR AE B A LAY R G B S B i STk [10] 3

ZRIH 2018M633757, VL4 B ST R 1T

X1 BE2016904. BE2017616. BE2018754. BE2019762.

VA IAA/EH . E-mail: paper_review@126.com.



2 % #H

5

*x R

DR T A B /D 0 E B A X 265 3% TR v T P
i, (EM L nT 2 EAE AWK . Zhao &5 A 42 H
X BT R F AR L 2 o) S ABRAR R Gt sk g e b
VI NITE Sk 5 A P Wt | 35 cR M=y =BT
#%, Pietro 55 AU 45 H S HR4 6T RO AR Ag, IF
T F A7 ] A 2% T 8 11 /N R 5 R o1 39 2 ) 9
KR AT O BB A R (ILP) o

BT 2 & ERET P S RA R EAN,
[R] T 27 25K 53 4 9 28 (1) it 9 BSCSR B FH T 22 30 Re A 4
FEREHI R . Moorel'3! F1 Tanner!' 4331 #& H 75 WX 2%
ZHE—ANMF A, T RN RBOLE T S B
SEALE M BE PR L HE SIS 3N E . B AR
28 TCHRFERFIE, STHR [5] 32 H 5 TR i e P S it i) 4%
#1772, AHBCTBEALAE I 77 2, g T A
it 2 P B o SCBR [15] $etH —Ah 2R T2
TR AR G 715, 2T RS R e 1 1)
A R — A F1 IR ) 28 1 1 25 4 1R 7 B4 A ) 7
B E RS B, R B 16 T A R B 7 7 A 4
VEIE— 7 E R B AR I 28 34T 537

FEFE T 528 W 2% IR e A s i o, o] 7E A PR 5%
TRERAE TR 2 e, ande mUlc s R . BRI
REFES S DT FU I B o DR BEETTT AU e 43 T 5 B 3RATD
PRARAE BAERE 720 T s B2 /)2 B Ak N 4%
B FE A — N O ) R, EE YT O S DR
YER o e 1 mU7E B 2R 2 R B 2R, i RN
PR G Ao FHE R 2 OSSR R
T SCHR [16] $& H B HOo PR B SR 4 i 4 A, 3
SCEE I AT B8 B BEAH [F] B 10 T A e 45 2 o 4 |
R, REZEE TR BRI LR, 5
R GEAFGE  SCHR [17] IR R k—shell %S
HAEHI A IR S AT 1 S R
PP AL ks AR 1) {H k — shell 52— Fl
BT s K077, T RS 8T 1R B AR OK 5
MED A1) R £ SCHR (18] IR 1 AESR Fh a5 M AN
Wr AR A Bh A W 2, Bz PG BB s Hh
PR, A RGURAFE BRI R) g B . AL
TEHEAR R BT T, Wk — s
R R, EEHTR R B B0 O P B (Betweenness
centrality with Influence Degree,BCID) K - 4& 7 il #
Hl7T 2 R KRG AR BIWEL, TR R
JPigs. M sRIG e 7R TR EER 2 R R
EREHERBIIEENE, NIRESRFWSUEE .

ASCZHEN R : AR5 5, B AR 1S o
AR RS =34, BT R AR E PEAR IR

TESVUR S, N Borh O 35 T 407 5 B
TR B 7 A T 3 DL U Jo R R T Vs TE SR
T4y, SEIE AT H S50 R IE B AR SO M SR TR I
Slod A B — B T T AR B BUR, TES N
OE I AR AE IR A G R .
1 FEIREA

BB n AN AL RN 2 MR IA R G5, A
i B AN

{ q; =pi i
P = u;
HA q,pi,u; € R™(m = 2,3), 7 HFRRME
i ERE. HEREAEHRAL, 25 ERE
r> 0o MIAMA 1 AR KR A
Ni={j e N:|lq;—ql| <1,i#]} @)
1 Z|| B E . H B <08 J R R A4k 1)
HLERE, REGENHAEE T ERARE R
G(V,E,A), mfEH VAREANE {1,2,---n}, U
HE = {(i,j) € VxV,j € N;} REBREARAGF
TR, A = [ay] € R x RY [REATHAERE, 3

1,(¢,5) e E - -
$mj_{ GHEE i e

0, otherwise
ORI IIA I R SRR, BT d = 3 ay. B
j=1

FAY 8 R B2 D) A %o R 2R N T ST X F R : D =
diagldy,--- , d,].

Laplacian #: [E4 58 XA

L=D-A 3)

HitEH R TREMFHENGEE, RNIEREr

fEE B et 7 B @ p S, e

ZT (L (9 Im) 7= % Z aij(zj — Zi)2
JEN;
DG MR TR R AR R, BT 2 B R R R
REAREN:

||qz*qj|| :d, (Z,j) GE, d<r

=1.---n

(1

(4)

(5)

A (5) N a—lattices RABl. (HEA

AR B FATEIAE ST, 2B a—lattices REGE+0 A

—0+d < ||q;—q;|| < d+4d,(i,j) € E (6)

NI (6) BEFR NS a—lattices G, MR RGN
SRR



GRIEE SR ACY: € &N A ES-§ XS E iR 3

(a)a-lattices® 4 (b)K a-lattices & 4t
1 FHR%E
2 ITH—EU4ERA
ZREF]— AN n AR RN R
BRI PN
wp = f{+ f 4 hix f) (7)
o, £ RSB R BRI, AR A fE
ST — B, TR Re AR BE T —EG f7
RSN, AEMSENIEENER. b A
g7 B s
%ﬂ%ﬁﬁ%ﬁm:{LiWﬂfﬂﬁ”o

0, otherwise

S,

7= dallla; - aillo)ns,

JEN;

nij = (4; — q:)/+/1 +¢llg; — qil[? (®)

fE=3" ay()(p; — pi) ©)

JEN;

[i = —ci(di — qy) — c2(pi — Py);c1,¢2 >0 (10)
Horb qy, py 20 ARG RT3 4 (0 oL B A
JERE. L Qi =qi —qy» Pi=pi —Pye M

p;=w
Qi =4 — a5 Qij =@ —q;> 2R Q; =qi;0
L q=col(qu---qn)> P=col(pr---Pn)» FRGMIE
e/ B B RE AT 6 BhsE A ik, BRI
I e
Q@.p) =5 (Ui(a) +p]p) (12)
=1

Ui(q) = Z ¢a(ll@ijll o) + hic1@] @ (13)
Jj=Lj#i

HRBEAMEE TR AT (D), BN
2 (7). VIRRER Qo NAIRME, W

EIE 1 MBNFERIDREAZRKERR, &
LB WL

EIR 2 TA R R R
o

B3 RIARGHIGEER Qo WL Qo < (k +
1) % 90 (0), o AAIXTHEE ¢a(2) = [ da(s)ds, W
RGN ELA kB R BE R AR . (24 k=0 I},
RGN SRR

2R P o T R D40

2.1 Mg EIB MU

BRiZ 1 LREWIIRIRE Gy 2l

(E: 5 RGVIIREAZERBI, 508 m DT
W, ARSI 2 DA — AN A A, )15 2 A R
5D

Re BRI Q(t) 76 t T ZIM S HCN
Q=330+ Y b7,
i=1 i=1
=D [(Lt) +eHW) LD (14)

e H(t) = diaglhy - - - hy). FI9EERE L A1 H
HONRIE MRS, BT LAZE t 12 Q(t) < 0, RYEE

ab
He

e

Qt) < Qo < Quax (15)
AR T3 B BB E AT : ha(2) < Qo <
Qmaxs BN RGHIEIRZS REEEE I, HTE A IEE B
HARRRL 7, o LI 2 h DR IA R 2 R R
Wi, R At IS, M PEiRA m 432,
BN S R A RN, TR
Q(t + At) < Qo + mba(|ld]ls) < Quax  (16)
P, ZERTIRIBE [t b + At) HEER Q, X7
EN} 18 £ S0
Q(t) = —p"[(L(t) + cH(t) ®LJp<0  (17)
XFWIBEE AR, R G CAFAE ML
WTTFROTT e, TIIAE% G(0) XM, BT bl &
GoAs DH AR T
22 ERE—BUMERR
H 23 (12) #N(15) 71152 pl'p; < 2Qq, FTULZ
HEAR ARG T AME | 5 RIS ) % R
o 2Q0, ENES Q
Q={[a",p7]" €R™M|Q < Qua}  (18)
NIEARZE, [K4E LaSalle A28 EHI9, &
VARG St A AR
s={[a”.p"]" e R*"|Q =0} (19)
TR (14), AJfEH
Q=—p"[(L(t) + c2H(t)) © I,]p
= —p"[(L(t) ® IJp—cop” [H(t) @ I,]p
=0 (20)
A i
—p"[(L(t) ® I,]p=0
cop?[H(t) ® 1,,]p=0
M HALY pr=--=py = 0, Wi p, = =

@n



4 # H% 5 Xk K
=AU AR N N

Py =Py FRBOL. TR G R EXRFSL, A
B R S T R DM
23 fibfEREG
CHIRAVIERER Qo NAMRE, e Qb <
(k+1) %14 (0). FERARTLE t* > 0 B2 RGN T
k X[V fe i Rk AR . AE ¢ W ZI RGN 2D
A k+1 XA AR AR L2 RGRER D
N (k4 1)14(0), N
Qo > Q(t*) > (k + 1)4(0) (22)
HIREAMRE Qo < (k+ 1) x1h, (0) M, X&
RELE t > 0 FUETINZI RGN EZH kXA
Refk R AR, Bk k=00, REUASRE
filf 42
3 EhENHHOMH
31 ¥
B O R R R R IR T AT B 1 4 SR
BN, UG BB AL IR, 7
Y5 AT SR HIE BRI R A 0G, B Sy
R B AR R H A 0% Bk, 378 Aotk
E LN

A~
o

S##Qts

Hor, g AREAT M t 5 s MAFE IR HE B AR5
H, ni, {EWA 5 s FmMEATE A1 I
HHH .

EZ Rtk R, Pl SURH S 5] S 4%
FMBHINTS, HMEh oS MR R B R,
BN RGR W] B 2 0 R TR /N AR . A
ATk, A )4 Y s 11 2 R P AR N % HL AR A
WA E B G, ARG N R, SKREAE
B A AR R T R R R
3.2 FNuEiERE

BT 5T A AR B N R NG, T
A A T AR AR B s SRR

w5 = [ GR £ 9)

Horp Ny 0 NG AR A RIAR AN A j AIAR IR
MIAZ4E, N; U N; AR A1 AR 5 j (AT
4. RN

{ |NimNj| = Zaik/\ajk

(23)

24

k=1

n L@ #7) (25)
|Ni UNj| = Z ik V Ak
k=1

Yz =) ///\//

RE "N RV Gy ARERIE B 18 SRS AR B
B RAREN A A AT G LRI S, Rt

AT RO B R P T RE VA B R,
B2 s, MR AL B A B o R, (HEH 3R
AR ETT A, Hwap = 0, BILIAIEIIIAZE. N
fE ISR A, FERZ R E N R RS, W
3 R, WZ TR ERANYT SRS ZARE, W ORAE AT A
Xt DA AR IEABE ST R (BRI SR
e b= AR, i DABESE R UL RO A A
FEAL.

.t

*H

E
B, G

F

El2 ZERERGRS

B3 SINERT SEIMLE

Nt 4, T 4 250 R A K (24)
T, B (da) Ty 3 T 7 MR we,=2,
Bl (4.b) m R 3 A 7 BN L why=2 . {HAE
sehrfgmidt, BAE (4b) A 3 5 A 7 [aAEAE
il MK (4a) PEAEFE KRR,

1 2 1 2

(a) (b)
B4 MExREM

PRI, 25518 3 v 1N REAOHT AR BB, g RE AL
WS EMZRA Y RES, W Aii=1---N)
5SS, HAEES R OE i KRR
il DR A 2P AR Q1 2 () 22207 1A [ ) 48
TR, AT IRE G AN A AR BT s IRITS 7 A S e 4 )

I



LIRS A ) RN & NN D - = Pl - 5

SE IR EAREEAERE A = [a,], A=A+, T
MO SATRAASE S I R EE N
|N; N = 3 G A ajn

L. = (26)
|NﬂMW|=g;didM

HFTFEE 4 PR 3 A 7 IR TE, AT
B wiy =2 Fl why=3 .

[ ERF, 7 1 A5 D) o 404 L P 55 ) 308 7 5 A B
BEREFEA G, BIUnEHAZ L%, C F1 D AN H M
K, B CHmAELL D M AEER, 4 CXD
UEZIE JJELL D X C IR SR, Bl wpe > wepo
FITCA,  EEB LT 5 R 4
_ INin N
N UN;|
Horp, d;; IREEFATAL jHIBES
] 45 2R FE R R W

d]
- 2

Wij

I wip - Win

. wWor 1o oy

w=1 . . . . (28)
Wn1 Wnz --- 1

H SR AR R W, AT BT A A SRR

PE o
V=WV (29)

Hb v =[v-on]"

LT ma A Borho b VAR R
L S

step 1: 38 7 BEAN WX 4%, 3743 T s AT EEHERE A
A0 R AT BRI A

step 2: FRIEAFOFH OPEFIERS T M s 1IN 4L
HG M A AR FE V;

step 3: TR s B EEHEFE W, #%A (29)
SRAFEL A b Ot AR R Vs

step4: HRARAEFE V, I HTW s hAFob
P B KT R, FEFR IR g2 i 428 1 15 Ao

4 IWHE

SEIG 1 ASZIGHET Reynolds HAiE F 52 m &
RO TR A ) 4 ) SR OB AR I T A, i
ZRBER RGN EE n=100, FTA MERIWIGE R
AHEH=E, B S Bia. W AR =6,
H#r a—lattices 2514 2-4% d=5.

TESCHR [17] 7, @A Sk, SLIRMEH o
X RGWEICGHE B LA 2R, T e UK, SR
) WA ST P R, (RS SR A7 BRI R R R
W AAAE LS. BRI ¢, = 0.5, ¢0 = 2.

PR é

20 < ™

El5 SEEERREIMERESH
K 6 NZ R BEAR RGEA RIS (8] N PRS0,
HE 6 1 (a) T (b) XJ LL AT & H T BEAA 2 ERIE & 2=
P S R BT EH R, R EREWSICN
A E N 4

40t

20 1

120

100

80

90 100 110 120 130 140

(b)% 5 B 1k 2R 5 B 4R 25 49 A (1605)

El6 SZEEEKRRGRELE

SLIG 2 N EE A BT AN [F) 7 v e 4 A i 4 ) Y

RN RGNS IS AR E TR R2 I, 4351 SR FH S )
FEAF LAt (BCID), A #40E (BC), FE O
(DC), FFAE [m) & 0t (EC) 1 k — shell TR E &
% WERRIR RS NMESE n=100, ASLIREEHLIR
315 HEZ R RAANFEVIGEIRE, EHlFASH
5sag—AH 1R

ST SCIHJE 72 7 bR 2
9 — @ a;
i = arctan(—) — arctan(-—) (30)
a5 4;
WA 1 5 BT R AT
@ = 1,if|9;] < 0.01 (1)

B RGRB RS EN S o = no SRR
1=1
w7 s, M ATE A SCE ) BCID &Hik



6 % #H

*x R

FREC TR G Boh oAt SRR A el 2% SE S S )
L LG A U o o bk B3 2 S PR AR ST S i)
sREREYE, bR BN E

BCID —+—E(C
k-shell

1 2 34 5 6 7 8 910

FEA

7 WERT BT £k E
DLFEAS 8 Sfl, FErp PRSI B L IDBC vk

WS 8] B 45, {HAE ac—lattices RS0 H BN BE AR B
ZH 6 NMBE, XRSFEAAEREEMFRR A, &
R T O P SR B AR R s B LR R, 5
BEELZHN RSB MR RE, 8RS
AFaE . TMiET BCID Sk £y s —J7
A S B R, d I 5 ) ] R v )
ERAHERMEZ T A, IEmAgGRE. H—
D7 THD,  FE T R A e O T R ) X % 4
TSI BT R I AR . e 2 R R R RS
TR P

i Wi

=1

p=5=L (32)
n

WS AL A 8 B, BCID SLik A T
o PR SRV T A 2R G K ]38 31 58 48, T B2
VESEM ) R

1 T T I 7 I r.
—IC bl | | 1
i S xl
i *hﬂ' ¥k
0.5 L L
= [ | L
I Hl
]!
” i BN
L | .II| .l L L s
0
0 100 200 300 400 500

I 8]
E 8 WHETKE

IR 3 7ESCIS AL b, Wb SR I uE
BCID X} &4ufa e VERIREm . M RGUARIRER, W
FULR B B AR IS 3RS CHP LA T3 2 315
B, SBARGNEE — BB, (BRI
HIFT e CCUERT 2% PAEAE T W), IR H
JoE — S0 Pl 75 )R] 2 R ke Y — R AL 4R
A e n=30, £ RS0k 3| —BUs 5 S
GFFHIBAELE. LR WE 9 o, HApREA

1-5 FEAEAH AR T ERBEAS A () R 40 2 5, #F

A 6-10 W AEA R I AR T PRBH [F]— RE 40080 5
o

100

90;

80,

« 70

E 60k

E 502

40/

30

1 2 34 5 6 7 8 910
FEAR
B9 [EVFI—34FrERET % E

MEHATE H BCID FIELEA RGO T # AT R
WAL RS, 5] FEANER W B AR SPRERE AR, 7]
PUEWK T RGP E —EE, RIE RS E . B
SRR S I R R AR T T R A R E CnREA
8), {H BCID #iEH NiaE, EZ2EEM FHILT
HoAth JUR 3 1 5325
5 & &

AR SCAE A 42 861 7 1R 38 75 18 B4 Y
MU ZER R, Wt MR R AR . 3 7 S
G IR UE 122 S5005 T A RO 0 AR 0 5 e R M B v WAL S
. H T b OVEAR S R RIRE, T EER
Wi 1) (755 RO B D, BRL T 2R GEMT AR W SIORE P A e 1k
A, Hseih R BRI S E ) Eizs), T %
Fe BIF F0 R A0 0T 2 DARE S B 2 AT I R A 42 ) 7
ST TR R Dy S LB A T R R UL 3 e B
TR A B N [

SE K (References)

[1] Beard R W, McLain T W, Nelson D B, et al
Decentralized cooperative aerial surveillance using
fixed-wing miniature UAVs[J]. Proceedings of the IEEE,
2006, 94(7): 1306-1323.

[2] Viesek T, Czirk A, Ben-Jacob E, et al. Novel type of
phase transition in a system of self-driven particles[J].
Physical Review Letters, 1995, 75(6): 1226.

[3] Reynolds C W. Flocks, herds and schools: A distributed
behavioral model[J]. ACM SIGGRAPH Computer
Graphics, 1987, 21(4): 25-34.

[4] Su H, Wang X, Lin Z. Flocking of multi-agents with a
virtual leader part II: With a virtual leader of varying
velocity[J]. Proceedings of the IEEE Conference on
Decision and Control, 2007, 54(2): 293-307.

[S] Wang X F, Chen G. Pinning control of scale-free
dynamical networks[J]. Physica A: Statistical Mechanics
and its Applications, 2002, 310(3-4): 521-531.



GRIEE SR ACY: € &N A ES-§ XS E iR 7

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

Huang M, Manton J H. Coordination and consensus of
networked agents with noisy measurements: Stochastic
algorithms and asymptotic behavior[J]. STAM Journal on
Control and Optimization, 2009, 48(1): 134-161.

Li K, Sun W, Small M, et al. Practical synchronization
on complex dynamical networks via optimal pinning
control[J]. Physical Review E - Statistical, Nonlinear, and
Soft Matter Physics, 2015, 92(1): 1-5.

Olfati-Saber R. Flocking for Multi-Agent Dynamic
Systems: Algorithms and Theory[J]. IEEE Transactions
on Automatic Control, 2006, 51(3): 401-420.

Su H, Wang X, Lin Z. Flocking of multi-agents with
a virtual leader[J]. IEEE Transactions on Automatic
Control, 2009, 54(2): 293-307.

Nie S, Wang X, Wang B. Effect of degree correlation
on exact controllability of multiplex networks[J]. Physica
A: Statistical Mechanics and its Applications, 2015, 436:
98-102.

Zhao J, Lu Q, Peng Y, et al. Research on minimum

control energy of complex networks by the
non-independent control strategy of single control
input[J]. Physica A: Statistical Mechanics and its

Applications, Elsevier, 2019: 121810.

DeLellis P, Garofalo F, Lo Iudice F. The partial
pinning control strategy for large complex networks[J].
Automatica, Elsevier Ltd, 2018, 89: 111-116.

Moore K L, Lucarelli D. Forced and constrained
consensus among cooperating agents[C]//Proceedings.
2005 IEEE Networking, Sensing and Control, 2005.
IEEE, 2005: 449-454.

Tanner H G. On the controllability of nearest neighbor

interconnections[J]. Proceedings of the IEEE Conference
on Decision and Control, 2004, 3(5): 2467-2472.

[15] Xiang J, Chen G. On the V-stability of complex
dynamical networks[J]. Automatica, 2007, 43(6): 1049~

1057.

[16] Gao J, Xu X, Ding N, et al. Flocking motion of
multi-agent system by dynamic pinning control[J]. IET

Control Theory & Applications, 2017, 11(5): 714-722.

il B, ot =, X5t ¥, et al. & T k-shell 7
fift 1) 2 B RE R 2 ) ) S ). il S
#:1-5[2019-11-07].https://doi.org/10.13195/j kzyjc.,
2019: 0173.

[17]

[18] Tsalouchidou I, Baeza-Yates R, Bonchi F, et al.
Temporal betweenness centrality in dynamic graphs[J].
International Journal of Data Science and Analytics,

2019: 1-6.

[19] Khalil H K. Nonlinear systems[J]. Upper Saddle River,

2002.

B IRSR, F L, B, et al. —FhEE T K-Shell K15
Je g BB SR BUEDE [0 P ENEAR SR E,
2015(9): 70-74.

fEEE T

i B (1978—), 5, #uR, LA, AEREM
5 NLIES T, E-mail: paper_ review@126.com;

7% (1996—), 5, i, MW ANUIRERIRTAL,
E-mail:paper_review@126.com;

XIHRPE (1981-), 55, {4, T2 B e A U [R1 42 ] A ATt
5%, E-mail:top1944@163.com;

HBZR (1980—), J5, Hid, MFETANFRERIFR,
E-mail:paper_review@126..com;

JA P (1982—), 53, 1L, IR A 4 AR AT

E-mail:paper_review@126.com.

[20]





