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Abstract

Decoding procedure of convolutional network coding (CNC) relies on multiple dimension prior
information of the given network. Moreover, two assumptions, that are, known capacity region
and decoding algorithm, couldn’t be established simultaneously. Therefore, after analyzing the
current decoding mechanism of CNC in cyclic network, algorithm optimization should be focused
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on two key factors, called as initialization algorithm design and capacity region confirmation.
Thus a simplified state space representation of the system was founded, which established an in-
put-output relationship. And two differential decoding algorithms were proposed after distin-
guishing whether nodes have resetting/clearing operation or not. Then a quantified expression of
capacity region was derived based on full rank matrix of transfer function. At last, network per-
formance was analyzed by delay, throughput, packet loss rate and control overhead. Results show
that, for the novel algorithm, throughput raises about 3.2 Mbps, delay reduces by 37%, packet loss
rate decreases by 25%, and control overhead diminishes about 0.9 M, all of which prove that the
proposed algorithm is feasible and efficient, providing a theoretical basis for better improving the
security level of the network.
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W 2% g i (network  coding, NC)# i A )5 S gmfid, V5t TYmid R R IDE m M A&, MmN
“5G+” B “6G” F&BNMLEFIZE ad hoc BRI L% (2l FALIN . TCLk A% B I 28) I OB B R [1] [2] [3]
HRATE B AU BB G, B EE BB I i NG B IR, 5] R N8 %2 4 i
SCHR[A1FE HY, BRI 4 4 i (Convolutional NC, CNC) A ) B fii v di it 7 BB AN 22 4= F, Bl NC
FUHIE

CNC FHAA e 245 SR A, AR I 4E ,  ARAERT 28 55 4> 2045 BT, BT X o3 W 2%
FHR GRS VLRI T, 1IN 4 G fid 7E B 218 A 2 2 i Qb AL Ge ik el b il “ 4768 - ek ” ML
HIFTRAF I 2 75— 3, FAE 548 T S0 H IEAC[5] [6] [7]. SCHR[4] [8] [O14E Hi A IR 45 ke it i
IR, WE B AESE SR M SRR, 2 auh - B B 4% g R e 8 DL HEZE 3R
R e AR g, FH AN CNC BF AR E il SCER[10]HR AT T-Hfk . ST L, MR KE
I B PR YR R R 5 2 B R /N, AR et e WL TGRS B AR SR AE . 7E UL EERE b, SCER[LL]ET XA 35 M
ZEHEH—Fh CNC LI, FFUERH T /NI F0) B e LA A AEYE o AR SR BI FUAAAE R A2k i e 1
TRAZ I 28 PN IS S, X0 TSR WX 251 5, BT 4 R AR A 24 B 2389 0« SCRR[12]46
AL 5T A SIS T T A, TR AR Z R r AR TFIC SR A Z 18] fe /N B e 7 B A% SR
MR BRI, AR RECEH, AT Il s AR BEHLIE PR D A% AT KRR AR 55 2, HiZbE
WU X 28 G i S35 T F T $h A N 2ABAH TE FR OB AL (F T2 B AR BS PIAZ) IR 2% - SCHR[L3] [14] LAy 2k
fith, WIS RERD B, ARG RN T AR A R i B T 0+ L BER I n IREARRIINAT S, LN
PERDZER , (H A i B O TR 4 R i A%, X {4 L ST A 0 2 A S P VR A R X A L R
TC RS R TN AN AT 56 e AT — ARG, TR, DA E RS R
PR ERHE 2 TS S 4, 8 T s A B RRRS R E o SCHR[L5] 50 BT B VEAD 72 A 1, F8 A IR 4%
Hiff] CNC BERGSA FRiE— 2D 58
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SE PG ELR
2. |a)EfER
ARG TE Y, R e N (Impulse Response, 1R) A iR 51 K %0 £k P I A48 (Linear time invariant,
LTHR S, HykZldimSHERE M. Ny Py Q, @ AGURESZENFANX, ARG ANH L XA
WERE T
1
o[t+1]=Ps[t]+Qg][t] W)
K gy ov s HEPBIARE. i rEARERE, BSEARI TESRA R LUE. REDERIE
KNG, 8T z B nT 13 KRG AL ek £
H(z)=P-adj(z1-M)-N/C,, (2)+Q )

A Cy (z)=det(zl -M) . H(z). adj(s) 7R M FIFAEZ B, RGEHREI 2 A H, A
HiRE. SCHR[L6] [17148H, =R)AT R PR 2 A2k Atk o] T 3R A& CNC X B A ML . R H
BT T H(2)MCyy (), BN R REME—MAE . SCHR[18]4 H — PR A i 57 R (t) #%E Hankel
FERE, SRABOH LTI RGN R &R, FRiE 2 548 5% (Singular value decomposition, SVD)#%E & 4t
FEE R H (2) T7E, ABTNERBA S B 08, FAERE G R — PR E .
FEMLEERD b, 29 Cy, (2) ERINF, LTI RGERREUEME—fE . RafbEsmd s C, (2) Ma
B 33505 N (Finite impulse response, FIR)JEVR 8% 5, REtLMiEu—+2 5N
H(z)-Cy (z)=P-adj(zl -M)-N 3)

X F(3), SCHR[19]2 Hidid Hankel JE [ O M e SRAFRHIE 2 K Cy (2) BIT7 1%, (HZIT B MOBR
i, RS E RN ERRG R, SRR . HOUEILE. RO IRE R R A S
BRI RER, FARKFREE LW PR se R A e . RIS a((2). @) AR BRI S it 7 5 A B

LHEMERAREG=(N,E) &R, N WIS, E NUMERES, ARSI TS A
I BEER R, BN RTINS, BT AR IR A thifi s, RStk BB AE BTN 5
TR Z B — AN AL SE, BT A s 2R 2.

4 S MRS, RAICSES. (TRIFEAS e S BT[] 55 RIZHEFA Vs, LA eRIMIEE
BT IR s R IE TS . W F%killec E, ueUp(e) fid e Down(e) sl y e B, HAFSMu

I d A, TR AR RN R R R 5 X L 1 4 4 AT 2R A In(n) ={e e E:n=Up(n)} f
out(n)={ecE:n=Down(n)} . {ERIIZI t BEBE e LA TilHs, (t) . BT LRAFSE L,
e cOut(]) FARIEMFFS AN A | I BB 5 5 R R S b A, R ATS N

s, (t+1)= Y aese(t)+kz;be,kgj,k (1) @

eein(j)

{s[t+1]= Ms[t]+ Ng[t]
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SAR TR s () KB, fel & RS R (s, () o HAES g(t) = (gL [t] - ol [t]),
0y [t] = (9s ]+ Oy, [t]) 9B s, BTN S, g(t) ST RRAERE Sy dim g (t)] = X, .V, - fERGitk
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5 RG TP AR PRS0 (3 T SV AR T BRI S R LT A 2 B 3
BHA PGS, IR SIS AR R FI R L B I RS R B, AR
(g(t)" , BB ¢ 5, BT {o(6))° o FPIAZHHT & AR KM 1 SR RIEE (V) .
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FEEIES: 2) IEBVIRAERY CNC WI5a1h, MRV ST E BAEEIhA: 3) &V A 2 i K I
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AN A, X302 R R E AR, BOHEE 1 (B RAER G EE 2
(EE B RAER IR L) SR A 15 5 S EUR R IR, A% B TE R E FRUOE AN IR HE R J5 , It
Bl R RN SR AR, MR RIE M R, ZFXAIET, Fik 1 BdEERER, LRI
B E, HHATRCRI T HE 20 5BV S 3 I I VI A A i R AR U A R DX A L )
R, TR VR T VR OR RIS X R, I AR T e B S, BB, i
FBERI T AT S, L 3 IR ST 1 8L 2 Z EHvT. TRARMHHITnE 1 Fs.
FE S FIRT DR Y iR S RATE RIEE IR, WA PITEE LTI, BB 2 94T
. SR TE R, PATHIE 3 SERE R E. B MAIS TR R, BE5
FRHE 5y LA o WIS B 2 DX 0 8 V2 (KR AT B AT e PR BRI — P B it S

WRTATR, Ik B R XN A r HAL TS g B HF S o ZMIISE R, DU R RIATF S,
B 72 (4 A R AV s S 2243 7 PR

C.(f)o=G,(f)g (6)

TR i R ) R SEEAE T RIS 51 o T s i /2 3K 6 I 2 K C, (f ) FUERE G, () o 20 7 2 A 9% 1~3
R SR it BB K R
31 FEERFHIBKL

2 T MR RAE. AR AR SRS A RG], T 2t R, R 2 AT A
AN Ve ANREANL, AR BEANVERE,  HEYT SNBSS IR 28 VB ELIE,  ANRE I S B ) 2% 1k
REZr BT, ISR 2 0 BRI BO T R AE. R4E sv g o IIE X, X TAERICA 1, MEURA T H &
IBAF (L)%

FERE M TN ZEBESR BT < T RIT xdim| g (t) ], =% 35 h 4SS M RIA 4 i 9 i g s B C A
D Jy AEFERE (RS 0 AN 1)o XAV AL r, 3% R — AT 5
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Figure 1. Flow chart of the optimization algorithm
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C.(f)o=G,(f)g -

G, () 1V, MEMEMO I BMIRINAERE, G MR EZSMURAFFA. 1 3.1 WAk, R(16)%4 X
0 G, () BRI AR 352, I r ARV, B RERE I A o s K% A g

I, AR A ST, FERIA S €S DU ARV, V) RIEEAT A, TTTHRCA e M B
WA 0 U RIERES g MIRQS)THE. 1T § TTARNT. 4G, (F)Ea G, (f)HhimV, Mt
BB, 45 ERPERAE IR 1, 2 6 FAL N 2 [ R TS g

C(f)o=G (f)g=2G..(f)g, (17)
AR SR (L7) T SE R s BRI I
4. iR
41. BYHRE

FENAREET Linux 3647, BAEREE. BEREESH =0 . B EE MR A f it 5
Dhaes BAFRMENRAT &, SRR, W4 H s (Network Simulator, NS). EITEALFLE M. A E B
WA, PIMSCR P 44 75 P B 17 & 1% H1 (Ad hoc On-demand Distance Vector, AODV) s 45 54 2 $0ifi {55125 i
MEAT, HA AR/ 2 RIS N %S ISR [20] %08« FESHOAE WL 1 iR,

Table 1. Parameter set in simulation
=1 FESHRE

fiE Btk
2 Al ¥ e
LiSHE i5-9500 Matlab 2009a
WA 8G NS allinone-3.27
Tt HLIE 1Th i AODV
R Ubuntu
R
24 BE ZH g
BES BRI 5 Rt 100
A FLI 1] 10s e Zaig e BHALHS R
P F X3 1kmx 1 km iGN 1500 F45
LIk 400 Mhz i3 P 11 Mbps

4.2. HEESH
FOAEREOIEI AE . Ak, ROR. EHDTHEEREAR21]. XA CNC ML=, I 4E(Delay)
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Figure 4. Diagram of normalized delay
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