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Abstract

With the increasing scale of communication network, higher requirements are put forward for the
B

SCEG| M KR, SRR SRR T RO K A At A BT D] SRR R, 2023, 12(2): 718-727.
DOI: 10.12677/aam.2023.122073


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.122073
https://doi.org/10.12677/aam.2023.122073
https://www.hanspub.org/

PULE P S5

reliability of communication network. Therefore, the research on path designs and related opti-
mization problems for improving communication efficiency has broad application prospects.
There are various interference factors and due to the limited data processing ability and informa-
tion interaction ability of nodes in the communication network, the number of nodes communi-
cating with one node at the same time is also limited. Based on the above analysis, this paper
mainly considers the capacity of nodes and the probability of efficient communication between
nodes, and constructs a network model with node and edge weights; then, proposes the maximum
probability red/blue recovery trees problem under degree constraints, which is aiming to maxim-
ize the total transmission probability of two node disjoint fault tolerant paths between source
node and any sink node. In the process of path optimization, ear decomposition and node inser-
tion are used to design an effective polynomial algorithm to construct a maximum probability
red/blue recovery trees containing the required path, and an efficient transmission path satisfy-
ing the degree constraints is obtained. Finally, the simulation results show that the algorithm can
provide a stable and fault-tolerant path design scheme in the communication network.
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1. 3]

TEIEAE 2512 N HOBEAS B R I 5t R, H 28 7R s RS, (15 R A IR 1) 0 24 75
AR AT AR SR S ke, 2 A 2 O LRI P I . DRI, SRR B B R NS A, ff
139 2% 25 B LA A R FH GRS THIG R B BG83 A IO o o 2 iy SR R X 248 A 7 i) i,
Hai gl E . EZ T A KB TH0T,  HE) o W 28 v =4 o5 1) 25 28 0 ) 2 PR E (1) AR A A8 49 48 710
TP $2 B IEAS A2 52 B SCTE 1] [2]0 SCHR[21EE S 1 B ML 45 B KM R B 45 Il R B B R, 4R
JE A IR A, B T R G SR, AR AR 2 — s IR [R] R 1) T BEATL I 2% I KA AR
A RS AL T —Fp Pl . ATV WO, A SCTEIBEMS T ST, BB R R AR R SR
BERMER, R I LU A R B s T Mg s i, 5 — 5T, BT M RIR SR A R+ B3
AR EE AL B RE T UL A R A BRI, i P A T RE R PR R AR (3] [4 AR &y A ST X X 28 A5
BYep )71 02 F BRI A2, 1520 7 A R 2. DRI i S AL 1) G ) A R P s R

ZAERUROGE ] TEE ML, M T B 7%, Oy T M4 A5 L 5 T 2 4851 R
AL, I H T Fe ot BT 5 R B AR DG I 2 2% B2 ok AR 7 (TR 4G 1 [6] [7], A4S 21 X 2% i 2
AR R H . RN, &7 X2 BN SO B B A R A IR (8] (9], il Bt A E
NN B B R SR B E T 0, IXRE R TR T O — AN L A A, @ Sr ik
i RABEARY

RIUAEINZ H,  RORO R ) R A AN T e 1, I (A7 7E DA SR 2 X N 4 TR TR A i it 5, 2%
FEOEA W 25 R GUIREE, 17145 20 N B T PR AN, BT AR s A5 AR S B AR A AE AT 10] [11],
MBS B AR A e A R I B B 73 . SCBR[ 117 [12] [13] [14]53 BURIEFE T AN (5] X 4 R DL K AS ) 1
L RN AT BB AR AR I . Herfr,  SCHR[1 1A B A 3R 0 46 MR R 55 BUAS AT A I AR A K

][l
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SCHR[ 121U H T V5 ke S5 ASAH 22 R ) f5 o 42 104 e A8 (A vk

1E FIRH RS b, A RIS 2R s B0 A ) (1) SO AC B84, SCRR[ 1 S1HE SCHR[ 16 R0 17] 1) &
it L0 200 R R (— KRS A AR EAT T IS, DR T AR R Y 4 LR B (QoP) R I 4 iR 55
Ji 5 (QoS) PR B vk I H LA BURAIBT M S 4B o ARk,  SCHR[ 1 8)7E i B2 T4 Ji (1 2504fs 0 ) 2 v
AT AE) 3 22 AN BSE A B I N T Bs A b, SRR 1918 TURM RS 1 s R 22 i e R A2

BT B, AREBEMKIERT, BOERKEMGE. LR, WaOsEMss,
BUT TR PR T ORI M A . B, MR AL AR, Yt AT R R R
BRAEIEARRT, & SR KRR LR R A 8 LR, SR sl NVEAS B8 AR R BT T s H 5%
BORMER AT AL 42, IFE IR b, BRI B MR 00 k2016 RSB AE AT A S0, Wit T
TE A5 0 4% b b R MR £ T 11 22 T TRV i, T S B350 P 0 4 38 0 A PR A 1)
KRR LA A IR AR, Rei5 78 735 2 S b B R 75 3K

ARICEERIUTR B8 AT AN AT T B IR RN T R R B TR A IR T A
IFIR) ST A B, [ IRE7E 28 DU oot S AT S Bl Ui I R 45t 7 SR R BEAE s SR TR A A
2. EIREHRH B AR BT

PR o) R LT e, SR — AN iy SRR TG 1) AR A1 1] R 905 3¢, IR ASE Y FH — A it
WIRBII LB G = (V,E,Q(v). w(e)) K&, Hhy={v i=12 n=V|} RV 2%, EHLEEH
E={e,, v,y eV}, O(v)Aw(e) MMNTEGUA . JUBBE S, FILAZR G A B LA LA KA
R . Bw (G) A n BiJikE, RAERTTR W]/ Frgid G BT sy, 275 iy, i
FRIAE R A . B G AT sy AR R UE N dg (v) [21].

TESCHR[22]%F, Medard 6 A$&H T F-A MFBG 17 %, Bl: fEMZITCRIITATHE T, WIHRY S8 r
(=X AR R T AT R TR A SRR R v, R R AR L R R R R R AR 4 )
A path(r,v, TN F1 path(r,v, T ) WIKPE B 1T SORAIAC . T AN T2 5 IR AL iR
o ASOREE Y R AT IR, DXL R IR . 2R d L, (V) <O(v)

T B AR RS SR B w(e) SRR AR P, (T1)= [ecipunfory le) o 22, B
1% path(r,v, T,B) MR )y: P, (T,B ) = HeeE(pam(r,v,T,B)) w(e). Hib P (T)=P (TrR ) +P, (T,B) NELTE R

M r B v T S A SRR IR A, A IR BRI A P(T) =, P (T )&%
$5e KA PR A2 5 BIR A1) S5 AR IR L it 7 & o

FERR, fE—ANREM AL BB E G = (V, E,Q(v),w(e)) ARSI T R ER AR 04K ) L AR
SESLHR

5 3 2.1 (MPNDP [il)255E — AN EE G=(V,E.Q(v),w(e)), & reV A, FHM r BHRT
A T FR6 A2 JEE PR 1) 25 A 00 9 S R M e KR AN, RO B K AN A2 % (Maximum - probability
node-disjoint paths (MPNDP)) ] & .

BT Ll 1a) RR] i — 2RI 5 R ) 2% T i R AR LR ) R

%X 2.2 (DMPRBT ()45 — BRI G = (V. £,0(v).w(e)) AT v, 75 G PRI L
BR ) 2 PRI LW TF R TP AE 45 P(T,) 35 B B K 1) /R, R g B2 BRI 4% A T o oK Mk 36 40 8 4
(Degree-constrained maximum probability red/blue trees (DMPRBT)) ] i .
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3. BRwt
LEAT T, FAVER BRSPS, B TR, Heh S | SRR - B v
P A B AN, 0% 2 1880 G 10— XHRAT A r RO R 2T B A

3.1. MPNDP &%

5 1 MPNDP i

A KHG= (V,E,Q(v),w(e)) WEZR AR WARTT /& r

v AR A B A R R AR B AN B

BB Sedk BB PR SR s B 108 path, (r,v,G) -

L WA d,(v)=0, STEDLer\{r} HO()21 1R, BEHERT A ke \{rs} H
dg(k)<0(k) -

2. % f(i,j)=wl[i][j]-

3. f(rt)=max{f(r.k)-f(k.t,), [ (r.t;)} o

4. dg(k)=dg(k)+2, ds(t)=d;(t)+1, dg(r)=dg(r)+1.

5. R PAT U LD REZRBITA » B EOMERR S, I HACZ812N pathy (r,1,,G), R
H0(v)=0(v)~dq (v) -

BB K G PRI S ENIAR R path, (r,t,G) MR, 10N path, (r,1,,G) -

6. %G = G\{ev,v,- te,, € path (r,tl.,G)} .

7. 1E G AT B — 1P BR, BIRAT path, (r,1,,G) .

MPNDP H3E 5 A B FEHT Be— A5 20T Floyd 5032 [22] i ik A 23 ] Dijkstra
SER BARR B G AR L BILRITE SRR B o 0 TR ERT R g e v\ {r}, FATE %
FUWTZ S B R BRI R B O (1, ) RBERTHT 1, HARNBEIZ S LR e S @ ndfE, &
WBEATEAT AT LB BRETRE k eV \{r}, FHIZRME d; (k)< O (k) » FAVE R f (i, /) =W [i][ /] F
AR BN IERARREER . FEDIR 3 PR £ (k) f (k) 5 f () RN, ERTERTIEE, BAE
F(rt)EHN f(r k) f(kt), SWAER, I R Ze B3 R BB . &a, dsx®BIm r
Bt WEEATA path, (r,1,G), HIRFEFTARR r SNSRI path, JE M B — 45

TEM B R BA G EEA 1, eV \{r} S RIIIEELE path, (r,t,,G) A& IALE G M 2135 —AN8E G,
FRIXBEGN N —ANG, FHHAFRHEN G FIATHIATEAE G, . RIS G AT B— X ¢, 120
B, MR ZIER path, (r,1,G) SN “EMBER" B812 path, (r,t,,G)

SEH 3.0.1 5 1 I R EN O(n?)

EBHRIRE GH o M, B [V]=no EWB— P, TN v (EN AR G, A%
JERARTA R k eV \{r,t,}, FEHEL £ (r,0) 5 £ (r.k)- f(k,t,) BIKAN, X E 0(n2) M4 TEMT B
PAVE G, AT SRk /2, AR5 O(nZ) P . DRk, 509 1 HL5E o(n2 +n2) MR E, B O(nz) .

3.2. DMPRBT &%

Ho i — Mot BRI 07 1%, BRIV B o — DA A Hee BB [24] T B 58 SO 2 — 260K
Mg AE. 16 2-1EEE G =(V,E,0(v),w(e)) Tl B2 AT ILTT UL iR — R 51 23 5@ 18], A
GycGc G, K G =(V.E), Vo={r}, G=(V.E), V.=V . WTEAi=L2-k:

DOI: 10.12677/aam.2023.122073 721 IR Esid


https://doi.org/10.12677/aam.2023.122073

KR, GRIRE

G =G, Uear,, Hrear, & —% x 3y, WL, Wear={x——v——y}, HHx,yeV,,
ear, V., ={x,,y,} » W RIZRESKAN ear, W . BAERITHBMAREER, 24X =y 8, HA =D,
Hx 2y N, H2—%x By KIS GlmAES =P & LB pd, Hx =y K,
ear ={1-2-4-1} = Hx, =y, b, Glilear ={2-3-4} &—%x, =v, B y, = v, IR K,

DMPRBT 5%/ 7E MPNDP 5032 (1) 3L fith 1R F B0 ok i i KR 2D WS ik fE . 5 50k 7% F0
TP BT, V, ={r} NESRE—TE G, T 4. SAJ518H MPNDP HiE4E 3] r BIH AR & 2w
TS, o AR B DL U I N A LIE AR TR N T o HOD IR 3~7 S B N HA
INBZRER R AR, ¥ i WIERo 1, BV Y AR RN, RATR r 2 VPR T SAS B S B
FB, R RATR AR RME T TP sy . Webig 4 fos, R
path (r,v,G)={v—a,——a, —x,—-—r} (EE, ZHBEILITN), TATEEFEK
{v—a,——a,-x}cpath (r,v,G), Hix eV, a,a ¢V  , EEKREFBE{x, ——r] CEWHR
mE T T T o FE, XT path, (r,v,G), BAITRFZER B {v-b—b -y}, HlyeV,,
b, by eV o B, WRFBx, —a,——a —v—b —-—b —y | WIS, 226 F1 7 ik
AR X7 AR INE T AN TP o, R H5 53 S 19 25715 s S BRTBONAR [ 2L B (R e
LA, Bl R (T2 )+ PR (TF) 5 B (1) + PR (T ) BRTE K TR W B {x, > ap > > b}
WMBITE o, MR B {a, < by <<y, } WWINBI TS vy BFRATASHAINGFF P8R 7 Fros. Igs
JEHATER G, =G Uear, FEHE i =i + 1 RELAINT —AH, BRIV \V,_ NTENFIES K.

7% 2 DMPRBT 5%

PN AP R R E NN E PN RS Sy

B — XY SO BB 2R AL

L WUEH TS T N2, Gy =(V. By, O(v).w(e)) Fd vy ={r} s N(u) AT u HIAE K4

2. Hi=10f, ¥ path (r,v,G)F path, (r,v,G)IMANT* FIT?

3.4 V\V_ e, HEEMNELEve N(u) WV \V_ MBSy, Hbuel, .

4, By = argmax{W[u][v],u € V\VH} » By, —a,—-—a,—x} < path (r,v,,G), Hh
a, s a, €V x €V o

HB v, —b ——b -y} < path,(r,v,,G), HAb, b eV .,y €V .

5. Wi ear, = {x, —ay —-—a,—v,=b —=b —y,} » TAIFHE P (TrB)+Pr”’V“f”“2 (T,.R)'%
B (T )+ B2 (17 ) KA

6. 45 I (T2 )+ Br (TF) > B (T )+ PR (T ) AVEITBINAAx, > @, = > b} AT,
FrB{a, < b« y} IINTE .

7. #5 P (T )+ B (TR ) < PR (1) + P2 (1) BAVHIT BN Ax, > @, = > b} A TS,
FB{a, < b« y AT .

8. ®¥ G =G _Uear,, i=i+1, REBE2HEV\V, .

SER 3.2.1 Bk 2 RIS AR O(n) .

EHRIRE GH n AT, B |V|=n. 5052 HEKEDE MR MA . B FH AR N
WA TR . ERINELT, BRARTT SR E R g7 moh, HR A TSRS T AN F 1)
H, MEBEZHFERMn-21H, FOo(n)MERE. UL, §%2 FE O(n) EIE.
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4. BESH

BNk, Wl 1 PoREAG A S, @)%t G =(V,E,0(v),w(e)) Hidhdhgity, Hrh:
0(v)=1{10,6,8,9,7,4,6,8,5,4} L/~ Tl v LKA BERHEFEW (G) W R R, P4 HENE | 1si7idfz.

(2)

(©)

Figure 1. An illustrative example, the root node is v, and its probability matrix is W(G). (a) Topology of a

graph G; (b) A pair of maximum probability red/blue trees with root node v; (¢) Two maximum probability
disjoint paths from v, to vg in the red/blue trees

1. BERRMERG), RIS v, HEERERR W (G). (a) B GRFRINGHD; (b) IRT SR v I—3 &
KEEFRLLIER; (o) LLEERT v, Bl vy K R ABEE R ER
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0 O
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0 O
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BrBt—: TR 2r, AR » Bl RAMRR. 4 =v, 0, O(v,)=6>1, BIATE X
F(L2)=w[1][2]=0.6 , BEJFLEMRST AL r BT 1, = v, ZIAHEASLE SORTR £(L2), FHERATRAS

8] r BT v, 00— R BOHERE, B padh (r,,,G) = {1-2}

SR EH LTS O(v) . 0(v)=9 A

O(v,) =524t =v, I, O(vy)=8>1, BlsE X f(1,3) =W [1][3] =0, FIFERIFRATAERR AT 5 r BT 1, = vy
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RN FE SRR £(1,3), 2k =vy I, #EATHER 3 R £(1,3) = £(1,2)- /(2,3)=0.6-0.7=0.42,
Mk =v, I, FH f(L3)=f(L4) f£(4,3)=0.7-0.8=0.56, S5 HMTBAAFH] r BT L vy 1) — S KM

S, B path, (r,v,,G) = {1-4-3} , FA LR R AU AT Ao
FERAL 308 AR 2 MR | FT:

Table 1. path,(r,t,,G) and its probability
=1 pathl(r,t[,G) REER

path, (r,t,,G) f(r.t)

path (r,v,,G)={1-2} f(rv,)=06
path(r,v,,G)={1-4-3} £ (r.v,)=0.56
path, (r,v,,G)={1-4} f(rv,)=07
path, (r,v;,G)={1-4-3-5} £ (r,v)=0392
path, (r,v,,G)={1-4-3-5-6} £ (r,v,)=0.353
path, (r,v,,G)={1-4-3-7} S (r,v,)=0.448
path,(r,v,G)={1-4-3-5-8} 7 (r,v,)=0.353
path,(r,v,,G) ={1-2 -9} £(r.v,)=048
path(r,v,,G)={1-4-3-7-10} £ (r.v,)=0.403

Br|c—: Rz Bl SRR S B RLL AR BB G ke HHRT
RALE, HTWB—Ca®B] r 2 B IMERE path (r,t,G), NFHRSHBE— AT,
HUL A path, (r,1,,G) T A LR G %, NMBRHEG . &5, EHE G HRITEZH
Be— M4 B I PR AR BN R e KRR path, (r,1,G) o FTHRAIL H r 3% s U000 R HER ER 22 J H A= 4

* 2 FiuR.

Table 2. path,(r,t,,G) and its probability
= 2. path, (r,t,.,G) REHR

path, (r,t,,G) f(r.t)
path,(r,v,,G)={1-4-2} S'(rv,)=042
path, (r,v,,G)={1-2-3} £(rv,) =042
path,(r,v,,G)={1-2-4} f'(r.v,)=0.36

path, (r,v;,G) = {1-2-4-5} £(r,v5)=0.18
path, (r,v,G)={1-2-7-6} 1'(rv,) =0.252
path, (r,v,,G)={1-2-7) 1(rv,)=0.36
path, (r,v,G) = {1-2-7-8} £(r,v)=0216
path,(r,v,,G)={1-4-3-7-10-9} 1(rv,)=0323
path, (r,v,,,G) = {1-2-9-10} £(romy)=0.384
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FESE 1 40UR, BAVERBNT » BILR BART AP RO, BS, ATEATHE 2
BINH R B e WIRAe v, = {r} » 2 = LI, BEAT N IREER 2~7 AR RE, Bb V7, =V, u={1},
N(u)={2,4} . w[1][2]=06 . WwW[1][4]=0.7 ., Fr kv, =v, H Ji B {1-4} < path (r,v,,G) » F B
{1-2-4} < path, (r,v,,G) - EI}, ear; = {1-2-4-1} W, HOEFBL{1-4-2} IMAT", B {1-2-4]
INTS, SRIE¥ ear, N Gy B G+ 2i=2H, V\V, ={3,5,6,7,8,9,10} , v, =v, HF B
{4-3} < path (r,v,,G) , FBt{2-3} < path, (r,v,,G) - XB}, ear,={4-3-2} MH, IFH
PRI (17 )+ Pr (T ) = P(1-4-3)+ P(1-2-3) = 0.56+0.42 = 0.98 , 1fii HF&A1/35:

PRI (1) + Pr™ (1) = P(1-2-4-3)+ P(1-4-2-3) = 0.288+0.294 = 0.582 , ek )T B {4-3} AT,

r,vy V3

B2 }jJu)\TR RIGHs ear, M\ G MR G, s Mi=30, V\V,={56,7,89,10}, v, =v, HF &
{2-9} < path (r,v,,G), FrB{3-7-10-9} < path, (r,v,,G) - XIS}, ear, ={2-9-10-7-3} I H.
PrM (T, )+P”“’h2( ")=P(1-4-2-9)+P(1-2-3-7-10-9) = 0.336+0.242 = 0.578 ,

vy

PP (1) + P (T7) = P(1-2-9)+ P(1-4-3-7-10-9) = 0.48+0.323 = 0.803 - H}f /i Bt {3-7-10-9}

r,vy vy

MAT?, FB{2-9-10-7} MA TS, SK)5¥ eary I G, B Gy -+ SRR M EZEV\V,_ | AT HEH

PEELL, BRI () LLIERS . TR R 3 BT, 36 LRI tAE L0 e AR 4
SU3CAR HAR ORI w (1) A w (77

1 06 042 036 0294 0252 036 0216 048 0.384
0.6 1 0.7 06 049 042 06 036 08 0.64
042 0.7 1 042 0.7 0294 042 0252 0.56 0.448
036 06 042 1 0294 0.252 036 0.216 048 0.384
0.294 049 0.7 0.294 1 0.206 0.294 0.176 0.392 0.314
0.252 0.42 0.294 0.252 0.206 1 0.7 042 0504 0.63
036 06 042 036 0294 0.7 1 06 072 09
0.216 036 0.252 0.216 0.176 042 0.6 1 0432 0.63
048 08 0.56 048 0.392 0504 0.72 0432 1 0.8
0384 0.64 0448 0384 0314 063 09 063 038 1

1 042 056 0.7 035 0.245 0448 0315 0.323 0.403
0.6 1 048 0.6 03 027 0384 027 0276 0.346
042 0.48 1 0.8 04 036 08 036 0576 0.72
036 0.6 0.8 1 0.5 045 064 045 046 0.576

0294 03 0.4 0.5 1 09 032 09 023 0.288
) 0.252 027 036 045 09 1 0.288 0.81 0.207 0.26
036 0384 0.8 0.64 032 0.288 1 0288 0.72 09
0216 027 036 045 09 081 0.288 1 0.207 0.26
048 0276 0576 046 023 0207 0.72 0.207 1 0.8
0.403 0346 0.72 0.576 0288 026 09 026 0.8 1

CLSE =TIl 5 9 B W AT S 2R, ey T IRATSEE I H R e kAL (T, ) =2, L B, (T &
r=10 B (T)=2 R, (7)=1.02+0.98+1.06+0.644+0.497 +0.808 +0.531+0.803+0.787 = 7.13 ; i {E(]
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