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Mobile microwave relay network construction method based on double
coding genetic algorithm

CHEN Ke-bin', LU Yun-jun't, HAN Meng-yao"2, JIN Yi-giao*

(1. College of Information and Communication, National University of Defense Technology, Wuhan 430019, China;

2. Department of Defense Economics, Army Logistical University of PLA, Chongqing 400030, China)

Abstract: To facilitate the construction and optimization of mobile microwave relay network, a method of mobile
microwave relay network construction based on the double coding genetic algorithm (DMGA) is proposed. Taking the
maximization of network value as the optimization goal, considering the node value, attraction coefficient and fading
probability, the intelligent distribution of relay device for each node is realized. By studying the non-linear relationship
between the network value and the number of devices, the concept of optimal configuration points is introduced, which
provides a quantitative basis for the allocation of microwave relay devices. In the genetic algorithm, the double coding
strategy of the adjacency matrix and the adjacency list is used. The advantage of the adjacency matrix is that the change
of gene will not produce repeated and self-loop links, and the advantage of the adjacency list is that the change of gene
will not affect the total number of links. The two coding strategies are alternately used in mutation and cross operation,
which makes the constraint condition and chromosome morphological characteristics match. This coding method avoids
the iterative operation which is used to meet the constraints, and improves the operation efficiency. The simulation results
show that compared with the single coding, the proposed double coding strategy reduces the computation time greatly.

Keywords: genetic algorithm; double-coding; microwave relay network; network topology; optimal configuration

point; adjacency matrix; adjacency table

ok

0 3 S . BB (E A T T8 T A T BL R EF LS

PR IR G 0 25 46 1 438 P Sk R R 0% RZBAE RV E R AL . 2 i MARAS | ko
PR BERBR B s, TR TR T Bebd e & T AR TERE, & 3 RS BRI 40 45 R B 0
RSV RS B B AR R R i R BRI E B ORUE. H AT RIS A ST B

Yks HEA: 2019-03-24; 1&[E] HHA: 2019-05-29.
HEWB: @EREE A s34 4 R E S I0H (TC-WHTY-Y-A-2014-XXX).
BERE:

Tl IAA/EH . E-mail: lu_yunjun@hotmail.com.



2916 EC o

5 Xk R

%35 %

X AL BN 12 P P AMEAGRIE 72 38 AN 2 L, i
AR GE FEXF st 15 4% EAT RO 48 T DB 7E B R
DLARIE.

UEAESR, [ A 4125 2 6] 25 S I 28 40 PN T K
BB R, B RE A SR R R I ML 3
BT S A SR B0 R LR) AR SRR BT 9
ARSI BEUGR KRB N T A 4
PR . VR BR84S
AR R I v, £ B R K0 R ) B R R A v R
P, IE A T & Fh 28 B J0 A5 W 4% 2) X 28 4 AL IR
T4 A A I R, 35 S AR AR v S ) R 3) 3
A B R 0 L 1Y — ) 4 5 7 SR BE S AR B 1 5 R 4%
AR PR A T 30, R, 38R A R AR S )
k.

SCHR [3-6,10] 18 FH 8 45 S0k B LG — e 1
E M, BTGV S AE T i i M. 1 o, e )
D A1 g 2 2 A D 19— o, 571 s RN B LA AR
T S D2, 2 B B R e — R R, 2
Ky 2 1240 I0LLE A Ak I 28 0 41, 38 SR )2 e 1 4
T3 /D PR U DA SR A B K 1A 0 28 288, BT g o 2%
Hh R B R AR R R O A R T T R 2 g I 4L R
PIANE I8 LR — AR B I, — IR BE 2155 R, 4
B 5% U I 52 B T, IO 28 e A O T A, XK
A R 2. TERE. TEAREY
FSE A 5 LA 2 SRR Ak ) 8 Ak B v 2 T R4
RIS fH % 05 vk 5 B SR RE 7 TR B, AR R B
. 2 ARG EUE 1% A 2 BRI SaE 1), (2 & KK
B FE.

AR SCIRN 3 BT A 42 77 4 1 R %% 110 A= R
B T R AL B bR, BT EERR A — e o
2. AR EL R KA, 4 —Fh AR BRI B A48 Bk
AR FH (1 R B 38 4% B9, g 40 TR 2% A 5 P P R
YL AR T AR AT VTG, 538 T i AL
B SDTRE 7 V% B AN R 5 T, A A
B A Im I ER it TR AR,

1 AR R SRR ST
1.1 (SRR

WUBHAR 2 77 W9 A% Co s P 42 71 8 4%, 1% 7%
FF 5 BRANCHE A5 5 R SR USORT rp 4k, 1 & Tk 4 )
V2% 6 HE S SR e, A R — AR RE . S
PRR) 368 5 R FET AR PR ZEL X A5, T % H 4 sk 4 S R P 1

SRR R R R E , T A 7 B P L E A
MBEPE. Hor, B IR B OCR ] 139 AL B ik

P, — SR WL BE L SR AT SR TE P, T s L 2
FE R 5 R S B 2 AR S VR IR R, T e R R
eI G S I TR G () R T, BRI R R0
DIEVE, N R B AN AR TR R =R B R
BIFY Z R0, 1 AL B AR MR E. 5 B E—IX
R 5 AT 55 7R, 20 15 A0 B A e, TR AL
BP0 B AR, TR, A SO S R A T
A B O T RTER T, 4R rI L.

TE— R BARIE S IREEAT 55, B TSR 55 1)
RN, TCIE AT 2530 A ST B 18] AT e 00 P i
g AR IS R A A R S = I M
AN, 2 18 B N 268 280w 1 B K AL, BT B4 ST UR A,
D) L B B 1B 2% A MR DA 2 ) ) R RS, X T R
IRHIHLSN s 40 I 7 2, IR 248 B I 40— ..

2% b B 1 AR MR AL AT T R, 7R T R
HEBE R — 8 B RTER N, Qe e 9 28 A {8 A KA, FE R
A PR 2 0 5% 10 4 TG 1R N T2 I R A
BRI T T T T8 f AR SE R B A, F
A RS A T 2R S A ST e B 4 0
I, K i e 34 1) A ) R B R BVE R e B R X
Pl A 22, Wt 90 A PR A s 422 0 B 48 7E &1 i R A
43 TC I AL, Ay Bl N T 2L D)5 2) e o R Rl 14 % 1
B, o T E S SR A X 8 A0 AL, BT S 488 e 77 15 4 5 A
LR TTER, 18 T4 ) & R AR R I 3) 45 A Tk %
77 WA 2 IR R A eSO A G 1 A B, 4 v X 4 A A AL
2, AR T R ) g SEi P ) SR
1.2 MEiRE

NT e b 1) R P RV e e A kAT
AR AELT6-181 ol D 2% 41 G R R B AT S T ORI B 2
FIVIICH G = (V,E,Cv,Ce), KV 2T s, B2
HERRAE, CV T NS, O RN (4. BARR
BN DWW EEV = (vy,...,05,...,00) BRES
W S AN AE T AR A, n Ron TS R H,
UAESRAE S5, n NEH. ) HEBKEE = (eq,..., e,
ey C) RN AR ST AT AR B R A, m R
71 i ) B A O T R T R R
Brom 8 H AR, B LA RS AT R, kAR
AT 55 1, m AR, 5 A, B 4 77 I A I I, — i
ANSTE AT AR R I T % 2 2% R B, RN
3R, ) 2 R A S PE LU R Y T T O B B
ZIEW T R R ASA BRI )W AMEECY =
,c0) T Ros 4 71 o AT s A

v U
(cf,...,cl,...

HIFE AT 55 A 28 B, 4 1Y s PSR 7 R A Bl



F 1244

kSR — A A T WAL AR ke hLAh O B ) MR Ty ik 2917

B ABERN R GRS EERE, %
RE TG %, BT EE P B oh B 2R 0 (B SR AR B, 4 e 0 1E
W 2% ¥ ML 5 0 e, IRAL BT AS 725 8. 4) BE R 1
B C° = (5 )nxen TR I o 1 i TR B 6 1) A
{1, 5, AT AT N

c% ::ugjpgﬁ. (1)
Forbrwg; 2715 1 5 j 1) EE B AR I FLAARAE 5 B0 E IR
G BB, F R AR S R VIR R, a0 B AR P
T 55 L S DA AS BN B, IS 9 A A 1w B
WAL pyj #2719 0 55 7 1) BRI Bt 328 45 1) S MR
B, LV MR AR, Bl 126 v B BRI, A A
3 (1) BN =2 1) (50 8. WL B BB 6 o R L FH 1
Hi, G 22 A A5 3R A B — ) TE SR A5 5 A8 B 1 B4 AIAH
RS2 ) 28 TS 5, H P AR B A B2 T, piy AT LT
B R MR A XFR A

=K W e 2
p] Qm]f (%} ( )

Horh: K MBI, Q NHUE AR 7, Wo
TR B Th 3, WO VR I B2 Th 2, f
ST RPN, dyy AN TR B EE B, B R ¢ R
B T EUCEA B, AR IR s N At vE, (R A S d
15 Ol 28 i 5 7 B A, 5 2 Rl Ry 3, vy T D,
I E L f BT E T E A,

1.3 Megi=EY

HRARE b SO, 8 M Eg I R IE AN

F=Y ej-c-\Jave, 3)
ij

=

n

Z €ij = m. (4)

1]

Q) M LS T SCHR[10] 148 AR . SCHR[18,
2011E R BE A7 (00 S5, W~ s AN A8 B B (AN B
AT IR AR A TSR AT AR A BE I 1 28 A 1L, ST X 2%
w2 A I (AR DD A5 BIE AR X 8 AN E. b,
e 8 T SO RLAF R 5 FE A L, A 28008 e T 1 AL
ARSI NI B, A ST W H AR LE T B
— JE [ 9 285 1) FH 38 A% SRV B m 25 ey, TERAIE
4 RS PR R B, i R 28 A0 A8 B K, AR 2B i
P 26 P AR A B 4 I R R 4« N T BRI

2 WBEAFERINGmILBREREIE

S S LI S By T T L 9
B, JEAF SR T AR A R R AT 1)
SR 7, AELR 2 SR Ab SR £ 1 b P48 98
FH T ARt i 0 0 B 21, A S R 2 T S,

SEA T DT RE R, 2 HE — ik T AR P 5 A 4
B Y15 4% 5% (DMGA).
2.1 4BEEFEPELRED A
ARSI e 0 R B 5 0 W — ] R
MW G AR B R R T EAL R R ) —
PR, B G AT B & — A n W 7 B, 20042 5 b
G 00 2 S0 G R P — PR 81 6 T P RS s (1) 28
kARFHEE Py, St DRI G Ak By T = M 2088
B sE SUN
ey ... e,
E=1: 0 . &)
nl T €nn
Horpn 28 W AL M > § Hi 5 5 IR RERRET,
QetafhdtKel, = 1 HHE 13T AR, ef, = 105
RIHHm A
22 PEERRIDIE
AR BITETH AL I 7 — PR s 75, B G
AR 8 S mAT LAIHRE B = (b)) 1xm, FeH
1€ {1,2,....m}, Hb = (i,5),i~ jREGHHT

€

FT 25 5 LR I, A0 3R BRI AR 1) 5 —Fh
AN 3 TR 1 RS s R 56 K ARl
B P, S5t DRI G B B, AT R e U
by
By=1:1. (6)
b

Forbom R B 0 W R i e A FE TR o o — o, HL
b= (i,),5,5 € {1,2,...,n}, nie i /s
AUEL R IRER 1.2 R, AR R T W b Y R 1
BT &A= E B G s A R,
KA Vb, 0 # 5. T A6, M2 PR REH I E B 10, B 7E
Btk By 6V, 1 € {1,2,. .., m) By # 1y,
Aol # b B ISR B RN B A SRS
MLATAS ML, G2 Term B (i, 5) = (5,4), BRECH
By Hit by JoJy k. Bk, bf, £ bf (1 SR by AT,
HIG R AEABE A A F), 5 0 Z T ook
23 WomBEEFFRSER

PRI 2.1 F5 R0 2.2 95 B8, T = A A8 20 PR 4
TR AR R DL R s B TR 1

H 2 1R, T =M SRR B AT SIS T4
B I R n, AR B B AT HSE T H I
HEPR B m. FEBE LR ERE RN BRHTAS
NS AE B AT B E TR, B, 5 T PR A1 A BN AR
T, By & T R HE D BA L H T



2918 EC o

5 Xk R

%35 %

*1 ARG

(iE10-9' LIE1e=9'8 TCRIEA TCRBUE R TCRNE LR
BRI B, W Hn W Hin i /R4 el DR SNk ] el =m
i
445 By N m AN —THb] AR, =34 by, # b,

RIS 5 AERT R BE P, o P T R R, EAR
530 (3) 5 th FL R BRSO, P 45— 5 M B s
A th P 5 TR 2 A 70 22 08, B
ORI S 3 8305 A2, 1 B, (0205 B B, A
BT, 3R (3) 2 U A R B, o0 el 4T
D, TR, R TP e 1 T = 40 0 e
ey

36 IS 1, EEE R Py U A A, 5 Ay 2
7 80 B TR A, 5 1 550 SR AE S o o
8 1A B A AL AR S s DL e
I 2 R, B T B e 4, B £
G, A8 X AR XA, A BT A Ay, 5
Apr FHIIET I Ay sy TLHIEFTER A A,
5 Ay o, TR EOHIA. 25400 T = A A0 A E,
HEAT 1R A, 0 41T F TS B B L, (R
HES el = 37 el A e KA A

AL 1 o, K405 26 O, 12 S R e
41 G o B R RO A S 38 2 F N 2
Bl Ay Ay o E A SR AT B, HefE—
e 34390, 2 P e e, s B o
T3k AH By R ANATAE 1RO PR T 3R, i Z SR RE
R AL AR T, S AR B2 2m A 1, 2(n? — )
0, B4R T AV C15 40k 2 T S PITHEAE, Y22k T it
s 10 25 5L PR AR AT A ST, B 8 S
B B4 8, TR A SR 288 ) G I 4 B4,
[ B, 6.2 bl 2 S, 3 B i B3 S s
PRI EH A0 PRAREAE, LA 530 A 5 038 SHUE
TR AL R R Y, b, T, R AT
e RV T2 ST B0 T 0 22 Y P A
Uy AR I AR T SR,

5 38 B, PR P, oA P, A 5 5
AR, 25 1R e A A, th BN H b
LT 2 1 5SS ] Y, B 7 2 0 35 2 Pl
Bl A A, P I 27 R o R L S 1P NG
Ry 50 3, P R L 47 S0 A R
S AT AR BB AR B, e AL,
NPT SR M . R B T = A
PR B, I, £ S e, £ m. B2

2,7

AR S SR I, By TR AL E T bR 2 X, B A&
M. M0 By oK AL B AR T IR (LR 1), R
SR 1AL E, IR se B A e, Hli T ou &R
{ETCAE A, B Al AR AR el = m. 40

VR BB BB AE B, 10T = fR I P AT R,
S AT S 5 B 55 068 T
5 U 2R 2 P 252 SR i, T 1 5
TR 7 A B A ST o

4R gt
b,
THONEE S m | [
TXAEEEm || HAE =
by o Bl A B
A1 St MEBIILE X
}‘% 0 ...... 0
i ety = 0 N
[ coel - 1| LTERZIMAmM
G et . el 0 LN 2= m
) n\
E A Bl b B R sh o] 2
HAR=4: 5 H T B
1 FHEBARNAEXN. TRETHHES

2.4 DMGARIZSLIN

25 I, DMGA S A R U R

step 1: WIGHFNEE spAMACK R = 1 4050 P 4
1575 3 By, By BEHLAE B, 8 20 (7) 40 W e 36

(I+E+E+. . +E™);>0 (7
VR DR, PR B AN A, B3 A R R A A
N s IWIIRTITE P ;

step 2: F R FRFE S T X HTAEMORF Py EAT e 1%
B A GRS IRNEE Py, P R N s, HLAT
FE AR B AR B S0 AN [ A R 22 e SR R B
e, A B ) 4 4 A0 Ak 10 RIS, SRR FEE R SR At
BRI T R AR B T

step 3: 4 Py Ge AR L 4 g AR R 2 4 Py
BT A A AT PR EC X, AR p il I AS B A B AZ X
PR RAMASE XS 5, TR AR R G 0 A B g 208
BRI 2, AR B ) ANEE PR

step 4: EF X Py o AN, DRFRH GL th AR & 2 5
W1 2, e A A DU S pe o I R = A P o o ot
BV N A 15 HoAh SO AL IR 2X0(7) A
FOE I, 2 AN 1 ) R AR S, LB AR R S S A



F 1244

kSR — A A T WAL AR ke hLAh O B ) MR Ty ik 2919

fax ppem | psem QIR 3 2 ARFHEE Py

step 50 A5 ANl 2 IEARIREL, WA B Py BB kAT
step 2.

SRR TR EON R b A M AT I 5, S AR
B s I RN S 28 FE N O (s); B FR 51 5 24715 s 8in
(B 8] 52 2% 2 h O (n?); 78 53 5T B AL £, 5 % i
Hom AT B0 TEOR B A N O(1); 8 X
5n ook, SEEB B m AR 24 8 O(m).
3 HEEESNT
3.1 ARSI RIARIN R

DAt #5271 W 2H 9 7 2 A8, xk FL R AT 47 L4y
BT, S8 A58 4 2 48 N Windows 7, b H 28 Inter(R)
Core(TM)i5-8300 CPU @2.30 GHz, 4 7 8 GB. {5 %
TF W B 2 00 38 A5 1 SO 124, T 43 B 1
Wi J% 4% 36 & (R R 18 45 BE ). AL %A
FT TR XS I IR EE AP KQ =
107°,B = 1.2,¢ = 3.5, fB15GHz, W = W, 7%
WA B dy; € D, D12 x 12 (I8 8 7 B, R4

T R ALFR T T AR g, KT R 2 44,

SR EE, REE, HE, R A3

AR R e e (1,2,3,4), 1 5 B ILER 2, H

Hh A bR SRR ) B D ke, 38 B0 S8 UHE AR 0.6, A2
FHEAREL0.2.

*x2 BETRER

WEFS 102 3 4 5 6 7 8

BiskR 17 26 11 18 23 20 14 16 25 12 23 9
HYAEKE 41 39 35 34 34 30 30 29 28 25 23 29
WEMME 4 1 01 2 3 4 2 3 1 4 2 1

9T BRI BE— 2 S o) 2H I D 5 e e R
W 5| R EO EE AT T 340, 1 HANEE 2 AR
WMEHF 15575, 3551057 sl o] REE
K, HAL B 1VHA w7, w310 = 2, HAhvVw,;; = 1,552
Haw, 7, w310 = 5, HAMVw,;; = 155 3H LA 5 X5
RO R EROR, HX 5 6T A A R B T, AT
w12, W17, W3,10, W3,12, We,11 = 5,ﬁ\:4’@vwij =134
S8 B LIS AT 50 U, B 28 A0 B B K 11 3 46 2R, Y
2 UL 2.

9 10 11 12

(a) 14

H P 2(a) 7] LA HE, 12 9 25 3 41 A A 0 455
RLACAE W 2 U Y AR 2 I R, R G
T A5 5 At T B B T, 2H A AR B S N AR
S, IX A NATTEL A TR, B WX 44 S 90 3 D 4%
), B A BRI U . AR 1 2, %N S BERD
JIT e W 4 750 % (R B

ST EEA W S L B A R v, SRR A
JR I 2 ) e KA, 47 38— 58 1R R 3R 2. x4 s ) Ak
AT AR A0 0L, 10 5715 8 BAR A T M 4 3 2%, (H i 1%
TSN TF s, B 34N S EAT N ER 1S
T 25 AH F) A AR, Ak X 4 3 2, 1H T 5 oAt
RPN i s R S P R S SRS W |
%,

S 1H I, BARKE T A1 A7, 3H0110 2 8] 1)
W 51 FE w, ; K AR AE AN A Fo At w,; 19 2 £, M LA SE
FEOCAL R b AT e B, 7R 26 2 AH S as vp B eAr]

(b) 24
B2 AEWRSIRE THECEED AN

FBUE I Ny FABIL 0 5 6, 79 2% BERK Y DUAE T k2%
Hi (B 2(b)). Ay 1 #E— BB AESIE N 4 R I 45 A B A
JRIFRAN AR (25 8, 7555 3 ZH 5206 vh g R B0 1 5 00
R wi R IR R wqy 1S 5. SR, SRR
A S AR BRI S0 R A A B B, 2 TR 1 AT, 3
AN10 R BE B IF AT H BLE B R 4 R, X2 R
SEATIEFRAHR 5 A BE R, 2 3 BUE N 2 (N BE AR
bR, IR S SR BB T AR R R BEAb,
XF b 3 A S 45 SR AT LA M, 9mAT 1 IR 51 R HmT e
T EU 2R PUBAE AR 72, 72 I8 2(b) 1, 35 65 71 RIER,
M9 S AN11 51 i 54 R LB B 2(0) H, 5 5 A
65 1T I T R IF L.
3.2 ARSI IRINT AR

H1 30 (3) W, B 70 ¥ 9% B ey B N,
W 23 A0 S 350, B 1 T35 0 e BRI A R A,
WA ZBURIT FEAN [5] 23 T2 Pt R PR R . T T A R A B,



2920 # % 5

*OR %35%

P HREE VS0 I S50, 4 ol B Aliple 322 0 %45 30
G406, 50 560 & KT OL. BRGHLIZAT 201X,
W 28 A L O AR B3R PR 1 IR AR B 5 X 45
1% R W 3(a). 7T LAE H, T 3 11 & N30 &
H 0 2 40 5 1 X 28 AN B 3G 0 5 A B SR B 4 D0 1
2 M40 G 1IN E 50 & I, 2N (B 38 5 A 30 & 3140
£ 1Y 5 1 45.18 %o; T H2 J1 1508 S0 B I8 InF 60 &

I, 15X 24 A 1 485 8 9 30 5 31 40 5 18 & 1 30.03%. ]
B FEAE S — R HIE LN, A% i s 3 — &
R 5, ARSI I HBCR I A RS B R [l 4k, 2
AR IR G T e g AR B N B3 IS AR N Hi g
. 74k, K 3(a) AT UG, A RVRAE R ik
e B LD IO OCR SN B 2, I PR D T e e
EEHR B L DU I O RO

E 1.25} | =20
~ o —m— 14
10.5} ° i 4
2&% E 1.20} . = = 1.5t —o— 334l
= = 1.15 4
% 907 g‘f :. <= 10’
= | =L o5
= ] o 3yl N5
E E1.05 E PRRRARR R
H-? 75 < et e i
e 1.00 L= = o """ "
0 20 40 60 80 100 20 30 40 50 60 70 20 30 40 50 60 70
AR HL BB ERE/E VAN & 6 Vo

(a) ANFBHEIIERAE

&3

LL24 & 45 3 BLE TS W0 25 4 8 0 228 v, A Y
LA EL DG L ME (AR X R, 1 3(b) B i Tt Je o 1 4%
7360 2 B S5 AR R 2% A A A AR L SR &R, & 3(b)
w7 BRI A 2 Sl AR R S 1 AN B 3 A SR X A
i, A RAE R AR B R ERAE T, 2RI ITA
BV e A5 B W 28 B i R AR W] LU, BB 4%
BRGNP AN EZ B 08 K, (B M T S TR 12,
R SR IG5 46 B R T R ) R 2 T
(i

cfttool Xf & 3(b) H I 5 5 R FH 4 (& 30 1) 75 kAT
A, FERT 2l 263K T, R a1 3(c) Frw. Bl 3(c)
T AL FRAR R R I — & #2071 &, AR I 2%
H RGN EL, o7 LA Y, 5 38 P9 285 00 i 11 38 72 B 5 Tl
WA R A ERE M T FHE. %R & E
B/ B, R 2L S A T X £ A 3 SR 0, X TR
WIGEHY B Ok £ 7 A A B % U i & B
AN 22 5T, 585 3 20 S50 Hh U BB 0K 1 B I
I N H, D 2 A0 B v 3 TR A AMORRE T — B
B). 4% )R & R e — P 1 2 ), P iR i, R
NTERE I B IA B — e R S, 2 S5 mT i (1)
BEEE LA A, b AR E RGN — &4 )%
JI 358 90 B AR K R 28 4B KT+ 0.008, 75 U386 i 8¢ 4% A
0%, FELAC A L B 5. WU L S LA TR
BN R 34 6, 58 3 H BT 5 8 I HLELZ 36
G, B3I F RS ERTH 1A X RFNE
LGN T AR T R, BRI FEE 2 A B, X

(a) ANFIBEAEAIHINS Y 540
BREHESHENEX

(a) ATRIBEA U R 24 18 1

A NI — A%
3.3 WUmABEEMER S

T MRS 1S58 16 2 8, A 0 v B BV, 36
DMGA [ 5 i3k . e [ 4R FH SCiik 23] 0 i — 3k ol
FL YRS SGA BVE. TEA R I & B R 1847
Pl B2, AR BLIZ AT 50 R, B 4 4 Bl Le T PR 5
T T A I 5 A0 4L 1) S KB RIS Y98, B KA R
PRSP0 AN LA BE JT AR R P AR IR 1 IME S
B KA AR EC 3576 BT T B, A2 B 38 A B0 [T A 1) A
F 5201, DMGA A X 7 A8 B B A XK, %7
R PASY Eph p R R A 5 P38 0 I, & TR
PR 5 ()28 124, 5 SGA 1 5. 28 XA L, AR %
5 T8 15 L3 DMGA P 1E 5 2 55 (36 5 I
28 Mb B 9 55 AR 98.1%, AT WL H: B3l S A
. FE R EE P S ME I, DMGA 25 T 5 RS 4L T SGA, X
7 50 6 WA ALK T SGA, IIF B DMGA #.72: 5 SGA #H

EE AN 5y Az Lk
1L5F Bokfs _
@—j 110 B \ o -
& e
& i 7
= 10.5 :é&
E 10.0F \ —=— DMGA
= . —— SGA
Z o5 /A S —o— DMGA
= o0t - — £~ SGA
20 30 40 50 60 70
BIRSHE/G

El4 MMEEMEMNENENRAESFHE

K] 502 P Fh RIS R, 7E 32 TP TR Sl B
Ak, DMGA I FEZ) 4 8 s, SGA FEI 294 36 s, I} #E 45



F 1244

kSR — A A T WAL AR ke hLAh O B ) MR Ty ik 2921

$277.8 %. SGA Ny T FRAIE YLtk 22 X Jim i i £ — 7,
5 K F 22 UG R BBV R BB AL 326 36 1) 28 XA B dE AT
FWT, DLGRAIE A2 e 1458 X R 1 B 52, 16 3 2
I FE 1 3 2 K. DMGA E58 Xz H I, i 48 FH 208
PR GRS T AR R, 8 S T IR, K AR T
I} G, BR BB AT T I TR R 28 s, (H 8 T 38 4
73 30 5 3 B A0 e, SV R 7R 2 s AT U0 B K
1B, #3847 50 I, W5 29 B [A] 24 23.3 min.

40
36| R oA

.30}

s ool RN

18 |
p 4_4/-—-/-/./.
620 30 46 Sb 6‘0 70
HhwEsE/a
E5 MmWEEREE
5 o, 12 771 4% 50% 2, DMGA B AE 7, [N
AR PR BER I, (28 B A B A XA TR AL Z ot
. B HUE N, SGA I HE R /b, X J2 K A
AL G R 1 BRI N, 1 R0 O B B i 7, 15

N G 3B EE 128 AL B B SEBR R, 3 5
AT SR L AU, Bl 2 s &k 3 2R
Pl k25 2 3L B %4 7E 70 &5 I, DMGA B FE() N
SGA [1]45.8 %. [ tt, DMGA 7E A FEBE B — 52 . 6
HE . TCEWE AR LW KA AL ] A
AR IR,

N T B8 UE DMGA 35 386 38 FH 14, 4 1l #2779
2H Y ] e R 9 — M B 2 AR AP A il R kAT
B0 1628 ) R R R AR A T AR EORE D H s — e, B
W 28 v G PR RN B SR B G013 3 BT, SR R YT A
Hon 53 0 3T B, A7 B B AL AR i, 6 A R A A,
T H o B3 B L, B I8 4T 45 B DL SGA
Y 34T X B, AT BLE B, DMGA 52 i) #6 0] & A0 T
SGA, 471 s £ 10, 334 504 20 B, DMGA B 1%
79 SGA []15.2 %. FE%E 15 s A 1S 22, DMGA £ #58
W B, AR ZE 208 15 0] A R TR R b SRR R
B, 30 > 4 L RE W5 1R 4 M3l A0 A 1 7 B2 it
Ab, VF 2 R 38 A5 I 28 A Ak 1] 7, 95 R Hlt 7 30 4
DL RI-6100 3% 3 o [ 38 BB Ol B — Fi I L 32 AT 50
e 173515, DMGA 75 2 F i &L F 55 T B L T
SGA. 7E 10 /N7 Ui, 79 & AR AL RE 5 AR [R], 3% 2 R Ry
AR ) R i £ 25 H A, PR B B 15 HA R (DA

®3 FRTRAMEDFG TRMEERIIEL

s n =10 n = 20 n = 30
Bk
12 18 20 30 40 35 40 60
f} #8 DMGA / SGA 0.183 0.185 0.152 0.323 0.377 0.510 0.616 0.567 0.686
& M DMGA / SGA 1 1 1 1.006 1.008 0.999 1.004 0.985 1.021
Y 0
4 & ® 2 S Hk (References)

AR WU T, 3 T — 2T XU
T 33 A SR 1 DR 28 P AP A0 7 32, 2B ) X 488 4 2
WS 54, 75 N T EESR. A, ZEAS R S 50k
NBAT R, N E S kR R RN E 2R
SRR, FEICEEAL b 4R H T R B S B, 45
T B )1 % B L dm LB At T R 1 ES A . 78
B4R A R, AR T AT R R O R A8 4 3R P e B
A8 & A0 (0 SR, B A g il 7 U B B RRIE
TEASHFFAE, 1X BERFAE A 52 & 5 1 5, o X 4% 20 3R
FA 5 BRRE VT D, 32 5 1 SRR, A A IR B N
Ab BT FES B RS 23 AH LG R R T 77.8 Yo, 1 RS FE AR
AT 38 FH Al B 2 5 10 00 A B, o S B
W—E. TEE. TERERZ LR FMMIL R
U9V TR — NG NS o M, a3k — 2D 58 I 2 A
RN EH X S,

(1] 5, Phagug, 528 A, 45, 9 25 R FL I A4 R A
o R B 7 R AT (0], 8 AS BER, 2015, 48(10):
1157-1161.

(Zhou L, Sun M F, Peng Z Y, et al. Architecture
and simulation of US military tactical internet[J].
Communications Technology, 2015, 48(10): 1157-1161.)

[2] Watcharasitthiwat K, Wardkein P.  Reliability
optimization of topology communication network
design using an improved ant colony optimization[J].
Computers & Electrical Engineering, 2009, 35(5):
730-747.

[3] Mostafa A E B. Topological network design: A survey[J].
Journal of Network and Computer Applications, 2009,
32(3): 501-509.

[4] Morais R M, Pavan C, Pinto A N, et al. Genetic algorithm
for the topological design of survivable optical transport
networks[J]. Journal of Optical Communications and
Networking, 2011, 3(1): 17-26.

[5] Jahromi A E, Rad Z B. Optimal topological design



2922 # o# 5 kxR §35%
of power communication networks using genetic 40(5): 1043-1049.)

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

algorithm[J]. Scientia Iranica, 2013, 20(3): 945-957.
Dang Z, Zhang Y. Optimization of communication
network topology for navigation sharing among
distributed satellites[J]. Advances in Space Research,
2013, 51(1): 143-152.

Liu Y, Yang C, Tang W K, et al. Optimal topological
design for distributed estimation over sensor networks[J].
Information Sciences, 2014, 254(1): 83-97.

Nahir A, Orda A, Freund A,

design of communication networks:

et al. Topology
A game-theoretic
perspective[J]. IEEE ACM Transactions on Networking,
2014, 22(2): 405-414.

Chen Z, Wu J, Rong Z, et al. Optimal topologies for
maximizing network transmission capacity[J]. Physica
A-statistical Mechanics and Its Applications, 2018,
495(1): 191-201.

Fiti, BREAR, A5, A BTt sk AR
FHL 7 A% B X R I vk (0. 8 AE 22 3R, 2016, 37(1):
116-122.

(Shi Y, Qiu X S, Guo S Y, et al. Optimal planning
of optical transmission network using improved genetic
algorithm[J]. Journal on Communications, 2016, 37(1):
116-122.)

Wang C L, Huang N, Bai Y N, et al. A method of network
topology optimization design considering application
process characteristic[J]. Modern Physics Letters B,
2018, 32(7): 1850091.

FIRRTN, & — FL. 5T 2% BRAG  ZE SRl ME M 2 R
ZRPEPERTTA (1], 15 244, 2011, 32(12): 51-59.

(Shi F L, Zhu Y F. Measuring the complexity of
military communication network based on supernetwork
theory[J]. Journal on Communications, 2011, 32(12):
51-59.)

EWER R, SRR, S5 SRR LR AL 1R
AL L SOEBE TT ). 215 R 3K, 2019, 34(5):
937-946.

(Wang J Q, Cheng Z W, Zhang P L, et al. Research
on improvement of real-coded genetic algorithm for
solving constrained optimization problems[J]. Control
and Decision, 2019, 34(5): 937-946.)

Liu F, Sun Y, Wang G G, et al. An artificial bee colony
algorithm based on dynamic penalty and Lévy flight for
constrained optimization problems[J]. Arabian Journal
for Science & Engineering, 2018, 43(12): 7189-7208.
Xu X, Dang C, Chan F T, et al. On smoothing
11 exact penalty function for constrained optimization
problems[J]. Numerical Functional and
Optimization, 2019, 40(1): 1-18.

TR, BT, R, A5 U ARG R M 2
BE R EER I (0], RGETREE TR, 2018, 40(5):
1043-1049.

Xu J G, Li M J, Jiang J, et al
modeling and structure analyzing for warning combat

Analysis

Supernetwork

system[J]. Systems Engineering and Electronic, 2018,

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

[25]

E&
MR Tk (1987—), 5, ¥R, L4k, NFEFZESE

Li J C, Ge B F, Zhao D L, et al. Meta-path-based
weapon-target recommendation in heterogeneous combat
network[J]. IEEE Systems Journal, 2019, 13(4):
4433-4441.

LiJ C, Jiang J, Yang K W, et al. Research on functional
robustness of heterogeneous combat networks[J]. IEEE
Systems Journal, 2019, 13(2): 1487-1495.

GRE, BAEF, B —ME R INGNEEMNAYE
Folb & EEBE D] R HFIR, 2017, 293):
552-558.

(Lu Y J, Cai F L, Zhou M. Modeling method
of communication networks background traffic for
counter-command simulation training[J]. Journal of
System Simulation, 2017, 29(3): 552-558.)

Li J C, Zhao D L, Jiang J, et al. Capability
oriented  equipment  contribution  analysis  in
temporal combat networks[J]. IEEE Transactions

on Systems, Man, and Cybernetics:
DOI:10.1109/TSMC.2018.2882782.
FK BT, BREE. FERE A5 A4 50 (] KRB TR
244R%, 2012, 43(2): 111-113.

(Du Y G, Chen X. Matrix-coded genetic algorithm[J].
Journal of Taiyuan University of Technology, 2012, 43(2):
111-113))

Kaya M. The effects of two new crossover operators
Applied Soft

Systems, 2018,

on genetic algorithm performance[J].
Computing, 2011, 11(1): 881-890.
Wik, M % 3 A8 SOBR (R it s A% A (0], 5
il 5 ¥, 2016, 31(10): 1837-1844.

(Yang X W, Yang L J. An improved genetic algorithm
based on crossover model[J]. Control and Decision, 2016,
31(10): 1837-1844.)

Pandey H M, Chaudhary A, Mehrotra D. A comparative
review of approaches to prevent premature convergence
in GA[J]. Applied Soft Computing, 2014, 24: 1047-1077.
FHEE, TJEES HT . RERAR IR 5z 1
THERTFLIN]. ISR, 2013, 46(6): 69-71.

(Wang G M, Ding Z Z, Xia X Y. Simulation
and implementation of U.S. tactical internet[J].
Communications Technology, 2013, 46(6): 69-71.)

wm A

871

7, E-mail: chenkebinl7 @nudt.edu.cn;

BEHE1973-), B, #ax, WLAESIN, NHIRERE
ARG RS H S ZREE0E 7T, E-mail:

lu_yunjun

@hotmail.com;

RS BT (1989—), %, YW, L4, NEEFEZHS

5%, E-mail: 854128547 @qqg.com;

4277 (1989—), F, Bh#, wibAd, NEREEERS

HIF 4, E-mail: 799380276 @qq.com.

(AR FhE4r)



