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Abstract. The intentional attacks on the nodes makes the complex network very fragile under information condition,
so it is very important to explore accurately and then protect these core nodes in the network. Based on analyzing the charac-
teristics of communication network under the special condition,and taking the definition method of “amount of information”
in the information communication system for reference, this paper propose a new evaluation method that are suitable for the
directed-weighted networks. Through the comparative analysis of this method and the existing methods in small-scale mixed
weighted network , the validity and advantage of this method is verified. The mixed weighted network evolution model based
on BBV (Barrat-Barthelemy-Vespignani ) is established, and the simulation which to evaluate the node importance in the gen-
erated large-scale communication network is performed. The experiment analysis results show that the proposed method may
evaluate the node importance more easily and effectively than that of the state of the evaluation method.

Key words: communication network; node importance; mutual information; mixed weighted network

1 5|85

Bl R D S e S A A R M Sy TS S o 5 AR ).
ST FTEL H 265€ . T4 T4 J 45 iy 24 Sty

TORBIRCAR" . I, X3 £ 45 o 45 19 A T o
SEPEVTAL MR A A 28 R A0 R TR R 44T

SPGB DL — 5 (9 4 DS R ELIDRR B I FH R 2
0P O S (TR e i DNl s e L (NG
{37 EMZHER G 2R B AN TR], A 10 245 v 3 B0 AN ) ) 22
TR IR R R e AT S R B A Bk
i RS f o R O BRI T AT, AR B

Wik F B :2015-04-21 & (8] H ) :2015-12-23 5 53R S i - 38107

e H . EHE B KRR H4 (No. 61174162 ;No. 61573017 ,No. 61572367 )

FIRIT , G805 190 2% 19 o o B AG O 1D Y BT 5 32
R R IRM 45 Bie, H 3 2 e o 1) JAAE 2% ) 2%
AT 1 TG ) AR R 4 DR A D AR
B, Py R B (9 A SR AR ) 3 AT T
T — SRR S U B A S R Gl Y
RIS B AR H ) 0T RO A A B R R T



748 W

¥ W 2017 4

VS SCHRIIASLI £4% 15 3R 35 4 it 2 5 T 190 4% ok e
P ANSE T U R 4% Xt T A 1 AL 9 445 4
TS 7 T BB E A B, SCHR[ 9 ] i % Pag-
eRank 823 BURER W T 39 O TEAR 46 b7 B 7 i , 1EL 7 2 1
X AR X T B P A M R R 9 e S5 B A
1] ] SHe Jot.

AR A A I 4 R R O v BT S P
RO S G [ R 45 S R A AT
R 1) P 245, T B 52 A % o — S5 5 0 4% R G
F14 26 2 B o) 0 Th R 2SR 45, AT B 2 47 7 ) I H A XL 1)
R {75 B0 T B ) 3 £ 0 B IR 0L, PR IR 3R i o I
SRIBAE L IE AR 52 403 . SOk [ 12 ) FH 3 S i 15 8
R AT T 2 T B 9 7 i o A e b A ) SR AR T —
SE SR PRI, AR SO Se M 40 R A IAL I £ 5k A
]IS DX 45 1 325, 4k i D A e e 45 140 1938 15 )
WEHMIAT , BH WG RGP X BB E SR T
PR B LT A B0 I 4 7 T SRR A O 1, O 0
PHE T AT T BT, 5 R 2 TR A AN
SRS I SRR IO 2% AT T A T SRR AY, LA
RREER AT 3 X 2% 1 U PR AL A T

2 BEMBRETREZRG

T {5 P28 A D0y 253 15 S R () A T A S A L O N L
HIRERI4E TR Sl 2 IR B BE DL R
AN & i, BT LA 2 4 0 2% ) A0 3 A O i
AT R ORIPOOT 3 1o IO 2 T BB 28 S T B A — SEAR IR 1Y
T P2 R A — Y S ) A R A5 R 4 o, R
O 245 R 8 R R R A1 2 TR A T B e E A, DAk
Gead 2200 A0 T £ i A 30 £ 5 e, o EL 0L 1 3 15 v 7
ANIEAR Y 5 3 ) £ B R RT BER AN 45 Y. XA
YA Y3015 00 4% v B A XL 1) 3 5 St S 4 1) 3l £
S 485 KL ) T R Al R D I 3, P 1) {5 B B R N
AT 1301, AT LA 12K 0 254l R ) I B A TG i) 10 ML
T S PRI A5 IS I 285 AT AR, T 4 T A 2K O 2% 164 158
H B AN SCRE G 5 SE A AL

N ETFIFTE AR SRR I 15 190 45 F 9 X5 17) 3 e
B AR W 2R T 160 R S B 1) B R AT 0, v 4
2B B AT 25 FUM A5 B, HAN—E AR X T
TG BOTR S A 190 4, IV T 1) 320 5% A S 13 2% 5 1)
FHSC A 10301, 56 A0 (8 P 26 A5 1) i AR5 RO 19 I
T AASEAR R A5 1) R DU R AN S Rl R AL 1Y
IREAL N T AT I I 265 e LA, DUAT ) JASL o 2%
T E PG 7 i X HEA T Al R SR AZ 1 R A
[IBSBS S DA NN A e S

XL AL R B A T A R 2547 6 = (V, E,
W) e V=to vy, ot HTTRER E=le e,

e | HATTAEA W = Lw, w0, | AT 3 AL
A (i, ) € E R T 0 B9 8 19— 4 A i,
w(ioj) € WA 13 (i) AU, 2L 0 (i) 2
SR G BRI, 3o w0 (i) FER— 25 T w (),
). R 5l AR R SRS, (i) FR
BABRIE S, (D) = Y w(k,i), Hod V, (i) Fmdg

keV,(i)

TR P R AR S, () BRI R R R
Su(i) = Y, w(i k), Hr v, (i) FR5 8 0 Brds i

keV, (i)

AT 0 2 s AR 5t 3 2 POy 8 1
B S(1) =8, (1) +5,(i).
3 EZXNETREEHRITHAE
SCHR 12 ] 6 160 96 155 2 0 2% o 630 76 1 O
i 32 P 3 3R 9P o 35 036 S AL, LA
S A 5 R S i T R, O 7 P
. A1 LR |-, 2 A BRI £ T2 5 i
L T A AT 0 TR R0 26 45 1 25
Brite, e /N BB A AL IR 26 o it 7 o 3 A
K.
3.1 ETEEENTEESHTETE
X T2, 15 A1 B T S
0 A 2 T4 9 T LR
RIS FEL 6 1 £ A
N 1 B B TN 1)),
U
1 1 . . R N
Iuw:{h%—hm,zﬁjﬁﬁwﬁ "
0, Sof
Reft p, T T § AT 25,30 () B
O, R A A T 25 3 G )
L. AT T LIS 7l 5 1 65 26 30 0
ALK SR B p, = 1k, p, = 1/k Lk, K%
S . PR T IR
[Uﬁz{mz,izjﬁ%wﬁ o
0, il
RN 2T A R Y
2L 1)

1) = Y 160) (3)
LB ST (i) +1Giyi) =0, 4 F A
e GEEBZ R Y 10) W% AEHH ST 15 A0 5

SR 5 AR B/ AT HEFR , 5 B B8O 977 11
R,



%03 W ChE AR 3T R AN AR 4 T R T 749

3.2 MEMTREEWTMAE

XEFA T IS 45, 45 e 22 8] A 34 30 B AT 77 18] A
FCEEPE ARSI, A 1) AL 32 3 705 3% 300 199 P A S 3 6 A
—RE R AT AR A SO TR Y R A BRI
AL R A1 K A T A TR), 1 R T B 300K 55919 A
14 AR JEE T ) FASUELAT 5%, B O — A A
] R [A] I B i A S SRS B X BLE ST R
PR R ISR, 0 DAY A5 4 4 1) 99 A A 1l 1
(i) Dl SCH9 A i BRI (L) AR N

_w(i,j)

pia/ _Som(i) (4)
TESCT R B (2 ,7) RIREAN -
_w(i,j)

pjki - Si“ (]) (5)

EX3 BB R WEER R I(,)) & X
L1l

S, (D) 8,0
={ w(i)) i)

0
su(i)
=[1“ 5.y L E ML (6)
0, i

EX4 Rl i MERREN A BIPTA R R

SR B A T A AR 1) @ T R R A LA
KA, B

1) = Y, 1(i,)) —]z,m I(k,i) (7)

jeVauli)
Horp V() FOR T 88§ BB 1 BT A 1 A, VL ()
%%Fi‘aﬁﬁﬁ El’JF)?ﬁwﬁ%A A (6) F1(7) A

EIE R X HLAY £ B Z A Z 10) W% FFEAETH

WA TSR B 2 5 K BN AT HE L (R
SRR T M .

XFFA AL 2%, A5 (6) Fi(T) B A HE A
A (D) XTI LA GRS, (i) RS
Sy (i) R, T () fK, FEBA AT B R 2, XA A —
FECEOIATE s (2) X F715 45 0 BT 1 A AR AR 19 A J, 2430
K w (i, ) g, 35 5 RAGREE S, (7) BN, FHHE
]9 7 BTA 9 v, 1 A L R £ B AL A
X2, BV AR AR L X TR Y A AR AR
Sk A3 RT LA B0 A L4, SR
3.3 Mg AEREGISE

W 1 AR A EA 10 A5 5 AR A AU 45 | F)
FH 7 T8 s v] LA LG AL Ol 438 A 1l 340 A Tl

JIASC D) 5. 45T i AL 9 4 47 38R B 3 3 5047 1)
TAS R 265 H, LAl 5 B2 A D A 1) I AS IR 4 4 i 24
PPAG B — A~ BE SR 5 A5 SCHR [ 9 ] 1f 48 PageRank 53k 8
BRI T — A [ AR R 25 45 5 B B PEA 4 A -

FE1 BA10 T SR A I R 457

NR(k) =%+a- Z{U(gu(k))NR( ))

(8)
Hep NR(k) (k=1,2,--,N) £ R & k1Y NWCN-
NodeRank {EL( i # NWCN-NR {§) , BRI 2 45 s 14 L 22k
JERE ;0 (0 <o <1) W BHLJE REL, RRTEAL I 21, 4L
it AR R Ak 2 10 e 1 AR R B e AR B0
R R A H B PR A i R
MR SCHR[9 ] 579k (o = 0. 85) FIA S
TTIERFEAS W 28 BEA T 1Y R B BRI, R 1 g3t T
SR B HE L AT 6 3 1Y 5 B R R R
ARSI i i . A 1 n] LA H s — 7 18T, 73 e o
TSRO 1771 T RE 23 PR D BE 679 o i) B B34 S i (.
AR IRI T GRS 1 245 i DX, AR 3 0 4 F 1Y B 5k
JEHER R 5. 5,75 15, 7.9 110 A NWCN-NR {E#5 4 0. 109,
T HAG BT FE 7325 08 15 45 E B A5 B2 AR QR A
ARSI EE T 2 A RIS L 1) 3 0, o8 A 200 502
TR R BRI R T — 5 I, R SR A T
JiTHT R — ST ST RN REMER AL, A T B4 $h
L5k AT LA Y W2 3 4 A8 AT A — > — HLg
IR, A8 A T3 1, i DA DU b 3 =5 AR AR
W HR SR P I LA S HE AR LB I, T
FEHAF B 5 4 R 8 i M HE) Y LU AT,
T S, SCHRLO IOk Y A 4 BOHEY
W BHE S, PRAG &5 RN 5 8 RN 4, T H S
NWCN-NR fEL AR L , A5 70l i A5 S5
AILHRAC T 408 Ji ) S A5 £ G, A0 S T A 2K
®1 HFA6MBTAEERBERTRAFS

HEY | BRI | 4i5 | NWON-NR{E | 4i%% | FEE | 4%
1 9 2 0.3319 8 | 8.059%4 8
2 8.5 6 0. 1090 7 | 2.1364 4
3 7.5 8 0. 1090 9 1. 8940 2
4 6 1 0. 1090 10 | 0.3047 6
5 5.5 3 0. 1066 4 | -1.0972 | 3
6 5.5 4 0. 0669 3 | -1.5433| 1




750 W T

¥ W 2017 4

4 MEPHERTREEHTEIELRE

4.1 BEMENHE

WFFE B A1 75 5 5 ) 4% 1) — S 52 BRI AR
W28 AT SEUE M T, B2 T 0 ASULE AT R R A Bl A
WAL BBV A5 R 2% o BT TR A 1 A
T HIASL I 28 AT (L b A A TR S R A8 R B A A 1 3
{5 i B SUA W) 368 175 B B 1 R R 3 1 O 285 DRI Ik, R S
FEH —FP LT BBV BYIR A DAL 45 35 fb A5 Y. LR (1)
AR R

Stepl  FIURBEAE : B SE i — A my D EM
A3 25 B S R IRAUELA w,.

Step2 A4 BB ] 25 A — A8 99 8 e, IR
H m<m, Z5IEN S Z AT 1) m A S AHE X m 4k
B TC L XA A T,

(1) TEm s BR M =5 5345 B(m,q) ,qe[0,1],

(2)m F B R TC AT T A i, A
WS ECR m () DU S BRI A 35053 A5 B(m (1) ,
p),pe 0,1 ] AR T oy A, it
Ab NI B BT A e T

Step3 ULz - 7% H2 1 A A2k B BRA R R 5
Jr U A T, o

(1) A5l HiihIam i, 820 5 i /E sl
R R -

S(i)
=550 ©

(2) A5y Bl BB 8 AR AT
RUREEE R
S, (1)

I - 5.0

(3) 451 L R AT NG, Be 719 0 i A D T i
SRR -

(10)

S, (1)
I D S () o
Stepd AU 1) 3l A5 38 Ak « B YR IR 1 AR
18 w, , 7GR DL AT IR 3 R 25 )R g |y i
B MABIE T 8 j e V(i) Z A% AUEAE S8R 4
(1) XpF B8R 3 tpg ol (1), BRI I ARY 321 28 JC [u)
T DT i R E B AR FE T A Z ) A T Ry
S(i) =8(i) +2uw, +8,
w(i,j)—w(i,j) +8, »w(i,j)/S(i) (12)
w(k,i)—>w(k,i) +6, - w(k,i)/S(i)
8 AL i WG — 25 TG )y B 45 i Al R RS AR
f4H.

(2)XF B3 Wi (2) , BB A3 2 (e, i)
B DI R AR i g & Y A =2 R S A
BN

{S(L)ZS(L)+’W0+82 (13)
w(i,j)—w(i,j) +8, - w(i,j)/S,, (1)

8, MY LB IN— A AL 4y @ R BN IR
.

(3)XF TR 3 Wi (3) , BB A 3 (i ye)
B, OIS A e B DR A AR R 9 A k22 () 3% AU 1
BN

{S(L):S(L)+wo+53 (14)
w(k,i)—>w(k,i) +6, - w(k,i)/S, (i)

8 N i HrIE N — 2 B 45 A R RO AR
HAH.
4.2 EBISH

IR M 28 AR P i 2 m, =8, w, =2,m =
4,9=0.7,p =0.5, 340 JC ] 31 JIr 5 > i 8 A1 i i 40
8, =2, S A 1a A R MR A S, =6, =1,
F LA BT S0V = 500 11 38 5 X 46 4 M PREAf X4, 5t
FH RO )79 e E VDA R B R R R SRR L9 ] U
X7 P 45 v ) AT A T AR AR T

600

500
400 p

o

3008

H

a2 200f,

)
100}

I A

-100
0

100 200 300 400 500
W RUT S
B2 R R s R

R2 AFE BETHEBT RS LEHE

n By 20 40 60 80 100
5 RRE 1 0.95 0.90 | 0.812 | 0.83

5 NWCN-NR {f Hb4s 1 0.90 | 0.883 | 0.812 | 0.80

2 45 T A 2% A% A B A R BN AT
HEFF 1 234 B GARAR D 1Y A S AR A 1Y U 5
AR LU B e e 1935 5 S A GE T 141 3
4 G GEE H RS R R S 58 EE 73 A AT NWCN-
NR B A ], HErp 2% B v B X e 5 i 1000 f) 19 A5 R
177 S ANEC 22 . R O AR SR H Y 36 £ 0 45 1 A A
TR O 28 R 14 AN BB H8 A 0k 78 v S Y A B R R



%03 W ChE AR 3T R AN AR 4 T R T 751

800
80
700
600} 600rs
500 °
400t
i} .
% 400, \
' ,
300}, 2000 % ]
H Lovasve
2001 § 0 ) ""w“m\' s SN I
H 0 20 40 60 80 100
100 ]
0
0 100 200 300 400 500
T RTS
V3 A R R T B A A
0.035 :
0.035
0.03 0.03
i 0.025
5 0.025§ .
% N 0.02 .
g 0.02 0.0150 %
z >
; 0.01
é0.0IS ] oo \;‘”
.005 P e, 0
Z 001}, 0 TN st |
H 0 20 40 60 80 100
0.005 :
0 s ]
0 100 200 300 400 500
W ETS

K4 A5 RIZERT N T A5 N WCN-NodeRank 7371

Fi FEASCER A S DR AT 11, R 366 4 a5 5 5k )
A W 2% e R BB G WS BT e S H AT
B2 1 — i EUAEL, BT LAIZZ IO 268 AR A 7R e LAY A R
J3E 3k Za 1 47 pst FE B A, T AIEL 3 4 SR R 2 e
FoH AT DL S A A F NWCN-NR {434 515 8 &
A3AR SRR ALY, BT LA LAE 8,5 Sk 48 B of B 19 4
HEMEA —~EMSHNE, X W — L RUE T 43
RO B AR R RIS £ 0 445 Hh 1 A b

S I B HE R AL R 5 B (8 NWCN-NR {§)
HEFP AT n A5 m B A AR )55 05 N80 n 19 AR
A DASE— 25 WA SO iR 5 B i R A% 017 5
ABJ1, 22 A T n BORFME R, GE it 1 A [R5 24
BORT & HO B, BT LA, =R 204G H B RT 20 4 i
FEY T SR MR, BEF n (3, PEAR B 4 HE
FPSERT R SR BN R, ELRE 5 SE T A 14 A, B
n BB R34, AR R A B007 o B BIE &R A r T B
R REARRBE A SRR K. X T R 4%, AT H o0
25 A B — 40 s, T DL R EAE BT IA R
U AERA DA H S 6 A5 T ELAR 3 b — 1 A A mT A
HH EE T LAY 5508 B A NWCN-NR B 1 Ry 45 o 5 5 1
VEAGHE bR , 551 B A5 B 7 R P4l B8 i 4 T, 33095 B
fTHAL TR JE A 25 SR B AR, R 2% Y

RC 19 0 0 A7 L AR AP, T DUA S By £ B
e ISR AT e IR, DR B A5 5 14 2 R 1 .

5 #ig

Bt 0 28 A A G A bR A LA 19 4% S B
SLORME (227 M SR FRATT A0 20 R I 1 25 42 1) 245 o
Lo ASE , LA X HERE AT B R 97 R i e I 45 19 1T B
Ph. A SCESC /0T TR R 25 AF T B 05 R4S I e 1R 2
BT AR B R PP, O vk R T S R
P T JIASL P90 265 1) 1 o, B 2R A O 3, IR AE R g
AT U 120 R[] 20 P T AL I 45 v Xk i el it T vk
PEAT TARF . A i BT BBV B3R A5 A 9 2% 5 1L
IR R 7 14 DR TR 1) 2% R AT VAL 0 A, 45 SRR W% 07 1%
AEAS 17 0. A AT 0 PP A 100 285 1 s Fr) B4 o 1 2%
(PPl B A 20 B2 B . A A B X
FLUAR IR I 268 LR X 5 300 1 9 245 1) A5 A S A B 5
e, AR Al 45 SR S0 v n] 5.

S & 30k

[1] Liu Jin-xing, Chen Shao-dong, Wang Yan-gao. Study on
node importance of complex network based military com-
mand control networks [ A ]. Proceedings of International
Conference on Machine Learning and Cybernetics [ C ].
Xian: IEEE Press,2012.920 —923.

(2] ¥, W 4 SRR, 55 WAL IR R vh oM A

fEBFFE LI RGN A4 ,2010,22(1) ;201 -204.
Zhu Tao, Chang Guo-cen, Guo Rong-xiao, et al. Research
on centrality model and evaluation of networked command
and conntrol [ J ]. Journal of System Simulation, 2010, 22
(1) :201 —204. (in Chinese)

[3] Ernesto E, Juan A, Rodriguez V. Subgraph centrality in
complex networks[ J ]. Physical Review E,2005,71(5):
122 - 133.

[4] Hu Jun,Han Yan-ni,Hu Jie. Topological potential; model-
ing node importance with activity and local effect in com-
plex networks[ A ]. Proceedings of International Conference
on Computer Modeling and Simulation[ C ]. Sanya; IEEE
Computer Society Press,2010.411 —415.

[5] Martin G A M, Dalsgaard, B, Olesen,J M. Centrality meas-
ures and the importance of generalist species in pollination
networks[ J |. Ecol Complexity,2010,7(1) :36 —43.

[6] Darli A A,Helio W,Gustavo S. Interval availability estima-
tion for protected connections in optical networks[ J]. Com-
puter Networks,2011,55(1) ;193 —204.

[7] Brandes U. On variants of shortest-path betweenness cen-
trality and their generic computation[ J]. Social Networks,
2008,30(2): 136 — 145

(8] AW, sk, EBLH , 45 Bl 0 JInAS U 2% R 4545 ki T %8



752 T

¥ W 2017 4

FEVEAR WA ik [T ] R LR S W F 4R, 2009, 3
(8):1902 —1905.

Zhu Tao,Zhang Shui-ping,Guo Rong-xiao,et al. Improved
evaluation method for node importance based on node con-
traction in weighted complex networks [ J]. Systems Engi-
neering and Electronics,2009,3(8) : 1902 — 1905. (in Chi-
nese)

SRHE, ZEBCHC , R ORF-, 5. 5L T PageRank (¥4 [a] AL
AR S BRI TR [T ] M A S R R
#%,2013,45(3) .429 —434.

Zhang Kun, Li Pei-pei, Zhu Bao-ping, et al. Evaluation

[9

[

method for node importance in directed-weighted complex
networks based on PageRank[J]. Journal of Nanjing Uni-
versity of Aeronautics & Astronautics,2013,45(3) :429 -
434. (in Chinese)

[10] Zhao D,Liu J,Zhang Y. Study on node importance of net-
works security defense based on complex network[ J]. In-
formation Technology Journal, 2013, 12 (22 ). 6623
—-6626.

[11] Jin J,Xu K, Xiong N, et al. Multi-index evaluation algo-
rithm based on principal component analysis for node im-
portance in complex networks[ J ]. The Institution of Engi-
neering and Technology,2012,1(3) . 108 - 115.

[12] 5R3,XIFAR, FILAE, . i T HAF B A R 28 M 4%
T A O [T ] LR E,2011,38(6) 188
-89.

Zhang Yi, Liu Yu-hua, Xu Kai-hua, et al. Evaluation
method for node importance based on mutual information
in complex networks [ J ]. Computer Science, 2011, 38
(6) :88 —89. (in Chinese)

[13] At , 4 — FL. F T8 ) 2% B8 09 75 Sl 15 P 2% 52 2

PERERE L[] AR ,2011,32(12) :51 - 59.
Shi Fu-li, Zhu Yi-fan. Measuring the complexity of mili-
tary communication networks based on supernetwork theo-
ry[J]. Journal on Communication,2011,32 (12) .51 -
59. (in Chinese)

[14] Lin Jian,Dai Fei,Li Bai-chao,et al. Electromagnetic com-
patibility supernetwork modeling and node importance e-
valuation[ A]. Proceedings of International Conference on
Intelligent Human-Machine Systems and Cybernetics[ C .
Hangzhou . IEEE Computer Society Press, 2013. 306
-309.

[15] Bollobdas B, Riordan O, Spencer J, et al. The degree se-
quence of a scale-free random graph process|[ J . Journal
of Random Structures and Algorithms,2011,18(3) :279
-290.

[16] Barrat A,Barthelemy M, Vespignani A. Modeling the evo-
lution of weighted networks[ J]. Physical Review E,2004 ,
70(6) .1 —13.

[17] ERde, A, WM. 56T BBV 1A [l AN ) 45 45 5
[J].FSEML T ,2010,36(12) ; 141 - 143.

Wang Gui-ying, Zhou Jian, Xie Yang. Directed weighted
network model based on BBV[ J]. Computer Engineering,
2010,36(12) ; 141 —143. (in Chinese)

EE T

SiEE 55,1963 EW A BRI
e B, FETR T WA EY TR s
E-mail; m314@ 163. com

E OV O, 1992 AEM A BRI ET A B
SRR WET AR, BRS04 4

— Btk
ﬂ E-mail: wangbl751@ 163. com

ORI OB,1977 AEd A, WAL R BN 1
&, RIBAR. EEOTTCTT 10 5 B4 R G i
SRk
E-mail; wglxl@ nudt. edu. cn

5 VAl
E-mail; 840307903 @ qq. com

EERAL 3, 1990 AR, AR A A B
i AR BERR WP A, RS T5  hy ) 2% R e L



