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[ Abstract |

challenges. Segment routing (SR) protocols, especially SRv6 ( segment routing over IPv6) , have become a research hotspot due to

With the expansion of the Internet scale and changes in its topological structure, network management is facing huge

their high programmability and scalability. The path optimization control mechanism based on SRv6 solves the problem of avoiding and
relaying specific nodes in multiple demands and scenarios to improve network performance. A path transfer scheme for fully deployed
SRv6 networks was proposed, and the routing overhead was reduced through the optimization of forked paths. For some deployment net-
works, define the critical path and design the avoidance and relay path forwarding scheme to optimize the path forwarding efficiency.
The experimental results show that when SRv6 is fully deployed, the optimization scheme can effectively reduce the depth of the seg-
ment list and the routing overhead. In some deployment networks, only a small number of SRv6 nodes can achieve performance close to
that of a full SRv6 network, successfully solving the problem of evading and relaying specific nodes. The research results provide effec-
tive support for the application of SRv6 in different network deployments.
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Fig. 4 Schematic of path transfer in a fully
deployed SRv6 network
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Fig. 5 SRv6-based transmission path control framework
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Fig. 6 Example of mandatory transit node X in a
network with fully deployed SRv6 nodes
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Fig. 7 Traffic is forwarded through transit node X
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Fig. 8 Schematic diagram of evasive node X for a

fully deployed SRv6 node network scenario

ML . www. stae. com. cn



2025,25(21)

B 4 BE T SRve INAL i B AR Ak 9033

[Z]D] Packet |
[HZ]D] Packet | 3
1

[D] Packet |

B9 MRS E 1T A X BEAT R A

Fig. 9 Traffic circumvents specific node X for forwarding
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Algorithm 1. Calculation of OApath(s,d,x)
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2 Ne—s;ie1;
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10 continue ;

11 end

12 end

RETURN Apath(s,d,x) ;
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%2 ##b Abilene ARPANET JEEUSE I 4H
Table 2 Topology Abilene, ARPANET selected
experimental groups
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Fig. 10  Experimental conclusions on transit strategies

based on a network of fully SRv6 nodes
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Fig. 11

Experimental results of segment list depth

optimization after deploying node avoidance policies
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Fig. 12 Experimental results of avoidance strategies

based on a network of fully SRv6 nodes
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Fig. 13 Schematic diagram of IPv6 network environment with some SRv6 nodes deployed
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SRv6 MR8 1 5, ok A HI B9 s 60f B ok
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FHRAERE A% L8 ST B i . R1 WS4 IGP fe
PEAEEEH (R1—R2—R4) ¥ & it A H b 1k 2y H2
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PEAR I AT A B B A5 ROk OHL 1Y
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M1 R JF R, B SRve P B i, n
B 13178, R1 K USCE) 10 5508 04 R 3 1 A8 5028 for
(payload) , BAAE— A7 A 43 Be it B Sk SN2 1Pv6
Serp A B RAE B, T Bt e R A B B
(segment left, SL) , b 1, [FIAS, B4 SCH H ) itk
Bl R4 Bkl F5HH T BeSIER < R4 RS >, BliJE
AR R 44 09 i B AR S R BT A T N
R1 FI715 45 R4 19 1GP Fdd B e 23517 A8 R3, 4 R3
KBRS, 11T R3 & ASHFE SRve P s 538 1y
R NS R AT B S B i Sk RSO R3— R4 iE
56k . R 5 B B )G |, e o B i Sk
() % B Bk 1, PR T A B B [ SL-1 ] X I
FIME RS B4 /M2 1Pv6 Sk iy H By Hhk 4R SC3154
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JoHE T SR 5 A, RS OKF SRH 37 Sk 3 Kicdhs £ it
BT B AR S U IGP DS Hh A2 2 ik H Y
WA H2, LB, SRve AT LLEE A TR R
B B R AT SIE M R AT S, FEAT
T RL AL, TEECHR ALY 1Pve Sk R 2k g v ]
AW A I AR B B Sk TE R AR R Y
TETESBUE 40 B 1% Sk 7677 45 RS M 2%, X J2 3 3¢
SRH [ 75 —Fh 77,
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Table 3 Symbols and meanings used in scene research

7 AX

€= (V.E) — AR, V RN R ES E RN
’ AR ARG

R P58 H YT SLL R G SRve 1T RS

R, WHES VIEEMNAN TR o 50 ES

Bpath(a,b) 55 a BTN b 1Y TGP e jE A%

Drt,_,, AT o B AT b MY ELEEESAR

y(v) RFTT A v BT HFF SR UM o AE it

Tnode GREZ RN

Anode TR A5

Tpathy, (a,b) rh G SR AR

Apath,, (a,b)  HUBECHERRIR

SeQy HAERA T ST

SeQy Tpathkey(d,b)%‘)ﬁ$ﬁu

SeQ, Apathy, (a,b) 58T 5

bnode, ;) KA AR Tpathy,, (a,b) AR R,

enode(a'b) KT Apath,, (a,b) AT S

link, ) 5 @ B A b R AU

P iSRRI
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e € EMRERIR N w(e), Fhr b, X RiEHEE
% HH A BE I LR SRv6 K45 SDIN A e 1) I 28 ]
A, HJE — W PE 4 TPve W 25 o 5 21 58 & 1)
SRv6 48 JL-F 2 AN AT REAY, BRI IE T 3 TPv6 [#%
SRR R T s, R SRve AR E#R 4356
B SRv6 1T R4 T iR F A e SR S ]
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2.1.2  FEASHT

EX3 EAMKE G(V,E) R T E B
1)1 8 LA S SRve 5 AR A, AR R A A
a,b eR,E X R = {a,bl , R, = R - R,,
Bpath(a,b) N R, = ¢ JUFRT & o 2 b FF1E HEE
PR AR F R DI, , ,aeV beV  H
B4R Drt,_, BIBKAR T ST FNRAR N SeQ,, o

EX 4 # Tnode e Drt,,, , WIFKE 42 %452
Drt, ., NP OCHE AR Tpath,, (a,b) , Tpath, (a,
b) HY P FH )T 5 bnode(a,b) 7, Tpath (a,
b) BIA M AR TT A enode(a,b) FRw,

8, TR A TP/SR M4 1 i 42 548
()@, TEE 14 v, 58515 SR SR, K H 19 8 s
SRR B s Jd, H B F_, it
9 5 Tnode 3k H AT A, MoRZEREI, V' = s,
nl—k7d} ,%%%ﬁf Tpathkey(a’b) EEFRN {nh
ml s dnan,l e

HH bnode AT REMTETT 45 s, enode TTRE N H 1Y
IR d X TN R e AR A B BILR AN, FEE 15
(a) ", B s e HOAT BB 7E H 5415 5 Tnode B HIf
17, HALRT — > By i ] S8 3 /MR A5 i
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Fig. 14  Schematic diagram of a passing transit node
under a hybrid IP/SR network
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Fig. 15 Three possible cases of initial and final

node selection for critical paths
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PRk, 51 UNIETT A s B ARG 4 2 26
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FL /D SR BFRE AR, SIS SE B AR, AR, FEER A
FRE 1 SRve M 45 rh, Shy S AL i 8% AR 06 48 0k
Tnode , ARV T — ok A~ SR 7545,
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SRR SRve BRI, ok H T AL s BT 28 0 A AR 3
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HiENEN, V' = BNUEN, i a,b e V', BFF
b Apathkey(a,b) D R 400 B link, , a5,
E' WA B EEE S E S, w(a,b) Rox M IIEE IS
link ., ,, B RAS , B Cost[ Bpath(a,b) ], Fo) g S H
BN G (V' E)

TERRSTHRE SRve M4 rh | B Je AR 16 J5
TR PIZE AR T, #)  OC B B AR F I, DS B AR 4 FD L
NI T 1 R 38 5w ] ) TG SR 99 A5, PR UE T 1%
BEAT S5 B 3 L EE T 45 Anode, 7E G'(V',E') 1,
A Dijkstra FIEMSE G ITHESH] s B d W FH
% HR AR, NTAS 2 SR 5 5F S K TS SR AR
JPHIEE] SRH H, SCILAERS 73 58 SRve X 4%
Y71 A HLRE SR BB SRv6 2% rh i 7y fi AR
g e E SNy

Apath(s,d,Anode) ;s — - —n, —> - —>n, —d

(11)

K16 iRA 1P/SR 4T g MLk TS SR B 1A
Fig. 16 Schematic diagram of bypassing circumvention
nodes under hybrid IP/SR network

2.2 XEREHINSBERMMETE

2.2.1 i PEHT I FERZRE
TSN P SR rh PR 0 s, H A A
Hd, %
w, = w[ Kpath(snode,) ] +w(p,) +
w[ Kpath(enode,) ] (12)
w, FE NG 1 SHEBRAR I X L 1) Fe f0 e G
FEARARMT , w, Ferh =ER AL B O 5 s BIC

AR p, 1Y 1GP A AR Kpath (snode,) ;@
5 s B SCHERKAR p, BIWITT A snode, B IGP i %
A Kpath(snode;) s B K g 12 p, PRI A5
enode, 2| H 97 55 d W IGP & /4 % 12 18
Kpath(enode,) JCHEEEAE p, 124,

TEST B SRve 19 s M 2% | B T b 8 Bt
AT T R IR, B TR T R x, TR R
PEAE

T]|1 IHE s B 4 IR AR Bpath(s,d)
IR 5 A5 0 v CFF SR B I, T Tpath
(s,d,x) ={s,x,d} SN, FHEALEE2,

TW2  IE Vol R T A KR
Tpathkey,ia%%ﬁ%ﬁé%% P,

FEE 17 i, v = {S,SR1,SR2,SR3,D}

HEHAAES, [S,SRI}, {S,SR2} , [SRI,
SR2}, {SR1,D! , {SR2,SR3}, {SR2,D}| , {SR3,

D}

JCHE B% 4% Tpath,,, & P. P, = [SR2,D| ,
P, ={SR3,D} ,

|3 I s B OCHBE AR AW T R i

fE#4% Kpath(bnode) , 71144 Kpath ( bnode ) 1Y 4%
Mt w[ Kpath(bnode) ], &, QIR M2 s, M
w[ Kpath(s)] =0,

R, % F P, Kpath(SR2):S — A —
SR2, w[ path(SR2) ] = 2 ;% P, , Kpath(SR3):
S— A —SR2 — SR3 , w[ Kpath(SR3) ] =3,

P4 ISR BRI AR B 4
AL 42 Kpath (enode ) , 73144 Kpath ( enode ) fiY)
HEARAANT w [ Kpath (enode ) ], TR, QR 2
d, W w[ Kpath(d)] =0,

N X P R R d,w Kpath(D) ] =
0, [FH, X F P, , enode, = D , w[ Kpath(D) ] =0 ,

RS IMEOCHBRRBESR p hS CHKAR
MRS FRAAT  ARIE (4) |, THIE A5 OGS R A2 1 B 0 I
AU w, .

I KR AR P, = |SR2,D} ,w, =w[ Kpath
(SR2) ] +w(P,) +w[Kpath(D)]; XHEIKZ P, =
{SR3, D}, w, = w[ Kpath (SR3)] + w(P,) +
w [ Kpath(D) ],

FI6 EA BRI w, |
/AR w0, XTI 1) o D0 B8 AR B Ay Hh 2 B AR
Tpath(s,d,x) ;7nBlH, w,,, =w, =5 KL
12 Tpath(S,D,X):S—SR2 — D |

TR SO, O 285 v iR Y R X i R
B AL SR2 —A> SRv6 15, BIAT SE LIRS A5 S F
H 5 50 D s/ MU B . TE— M Hithr,
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ST BT R 53 W 26747 15 32 FF SRve PR, BV AT 3k
B 558 20 SRv6 15 1L AR TR 11 RE

WA = 158 s 3 d 195 AT Tpath (s,
d,x) e (6),

Bl 17  TRA TP/SR M4 2 e o nifis Bl il el
Fig. 17 Example diagram of a mandatory transit

node scenario in a hybrid IP/SR network

Algorithm 2 ; Calculation of Tpath(s,d,x)

Data : Topology,s,d,x

Result: Tpath(s,d,x)

w,; =1 000;

calculate Bpath(s,d,x) ;

if x in Bpath(s,d,x)

Tpath(s,d,x) =Bpath(s,d,x) ;

1

2

3

4

5 else
6 calculate Tpath_key into P %
7

8

9

for p, in P do

calculate w;

if w; <w,,
10 Winin = W; 5
11 Tpath(s,d,x) = {s,p;,d} ;
12 end
13 end
14 end

15 RETURN Tpath(s,d,x) ;

2.2.2  Leit LW B 69 ML R AR R F

FEST B SRv6 17 s 11 IPve P& rh, Sy T 15
BT EL LG AT 5 ) FLRE B Al 3 AP ER
TR L M2 R DB [ A 5 A 3 OB IS AR ¥ s R i H
PR PUHL e AR

FEX 6 Anode Ky HERHLEEST A, Drt, ., %/ a
F| b fAAE HIEHEAS A Anode ¢ Drt,, | WIFR EL 324
7 Drt,,, 0L SCHE PEAE Apath,, (a,b) , BT
bnode N a, K 7 & enode N b, KRk ¢ & 2
Apath,, (a,b) 55 FFHEH SeQ, .

(1) MM R K A% . AE B 28 34D 67 =
(VLE) W,V ERoRTET R S B D DL vp
A S HE SRve ML L, BV AR CEE BRI
HHGEET 250 oo BTV TR A Rk OC B B A2
Apath, , ICCHEFRIREE S p, [A) I 10 i B S AR OC 1

BEARIARANY . DAL 18 7 191 Rkt 6 B B A2 1 2 R 5
KA R, FEE 18 (a) 1, T A5 S #|
HAYT5 88 D 19 OSPF HhX &l S — A — SR2 —
X—FE—D,

F4GIZET A VLM S OSPF
BEAR DOATRT A S BT A SR BIIRIF SR S — A
—> SR, NG HGEETT 25 X 17 5 LUK v HA Py
3 BIRLREOCHE P42 Apath,,, (S,SR1), HIZR 4 A%,
BT I o B B AR Apath,, (S,SR1), Apath, (S,
SR2) ,Apath, (SR1,SR2), Apath,, (SR1,D) .

(2) W OGS AR H A . 7E O 0T A R OC
BEARRIIEOL S M G B B AR R A, FFh TR T
A B AR BRI AT A TR H Y S A S Y
SR EE B TN 19 (a) Fias, V' = |S,SR1,
SR2,D}| , KHEIKRESR P. P, = {S,SR1} , P, =
{S,SR2} , P, = {SR1,SR2} , P, = {SR1,D} ,H
BARAS IR AR D 6 (V' E") W 19(b) FiR,
A= BRI O B B AR A A, A T 7E R 43 & SRve 11
IPv6 (28 A5 v (%) I3kt 56 42 Apath(S,D,X) it
B 19 (b) FroR B B AR R, S F] SR1
FEAE REFBE % | A L SCHE I N3 S s S # okt
I AR T X g ) LS AR

(b)fil —

CRCIIPS 37 SRS PS i S Y et (RN |

Fig. 18 Critical path and critical path topology examples

&4 EHEE SRve TRHIMZH G (V' E') Rl
Table 4 Example of G'(V',E’) in a
network with partially

VT R Y BRAR T3 A R AR
(S,SR1) S$—A—SR1 KA AR
(S,SR2) S—A—SR2 KA kAR

Zeid X LK
S,D S—A—SR2—>X—E—D S
(3.0) ol v
(SR1,SR2) SR1—A4—SR2 KAk AR
(SR1,D) SR1—C—E—D A BEAR
(SR2,D) SR2—X—E—D Ze3d X
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Table 5 Circumventing the true path

corresponding to the critical path

KR PEAR KA HLI AR
(S,SR1) 2 S—A—SRI1
(S,SR2) 2 S—A—SR2
(SR1,SR2) 2 SR1—A—SR2
(SR1,D) 4 SR1—B—C—E—D

()l —

K19 0 F iU Rl B A2 i o e R s 1]

Fig. 19 Example of a flow F_,, routing process

via an optimal avoidance path

(3) 3K fift E bR e AL 3kt 6 A28 7 A T 1Y) O Bk
AR, AR S R R AR R IR R B H Y
S B Bk B A4S Apath(s,d,x) o N T R
FREg i i, A I 19 s, EAERRES. 1S,
SR1!} , {S,SR2} ,|SRI,SR2}, {SR1,SR3}, |SR2,
SR3|, {SR2,D! , {SR3,D} , Ml CHEKILEE A
P.P, = {S,SR1} , P, = {S,SR2} , P, = {SRI,
SR2} , P, = {SR1,SR3} , P, = {SR3,D} ;i J5ith
#IMER] V' = {S,SR1,SR2,SR3,D} . Ff)5,i15&
Kt w, =2 ,w, =2 w5 =2 ,w, =3,
ws = 4, MESCEBAIN (V' E) ARG A
Wb B S B D B Apath(S,D,X) = S,
SR1,SR3,D} , C[ Apath(S,D,X)] =7, 4% Fkif
fi F_, BB R, R, BT S kIR
EHA5 S B E D 1Y IGP e M Bk AT B AR AL
PRI I B A0 W 6 42 S—A—SR1 #3575 & SRI,
e, B 9E L fd A SR B h, SRve B 41 3k R
(SR1,SR3), #¥a ik &k By, 23895 55
SR3, Fifi 5 BCUE 4040 IGP BMSLEK H 355 H iy 5 4
D, FETIRA IP/SRv6 W45 (1 4 b 4 7 = a5 ) B0 2
R

Algorithm 3 ; Calculation of Apath(s,d,x)

Data : Topology,s,d,x
Result: Apath(s,d,x)
calculate Bpath(s,d,x )
if x not in Bpath(s,d,x)
Apath(s,d,x) = Bpath(s,d,x) ;

1

2

3

4 else
5 calculateApath_key into P;

6 calculate w; into W

7 calculate Apath(s,d,x) in G'(V', E')  with Dijkstra
Algorithm;

8 end
9 return Apath(s,d,x) ;

2.3 WO

FF Microsoft Visual Studio 2010 JF & ¥ i% | %
M C+ + i th = #EA7 S50 AU 4 5 AT 38, 72 40
I Abilene , ARPANET , Peerl ,ANS | i#E£F TCSR 3
WS AF AN AT, FFS ANS A5 17 A5 0 22 b
%, #Fh Abilene FEAT 11 4S5 05 13 4585 %, ¥ b
Peerl 247 16 N5 45 20 Zc%EH , #iFh ARPANET 3t
A 16 Y R 18 AR HE B, 0 2% 5 i AL R BE AL I
B o ANS HifMEE SRv6 A[RIFRE N 094 o0 A 1
LN 20 Fis

B, 7 LI B SR b PRI SE TR & SR/IP
V1R IO 268 P53 P 28 0o R v B T R A T B TR
BN R REHLGERC T 3 VR - H A SO,
6 R, BT RN RIS UE AN A RS T AR Y
FIELL, il 21 s,

HK, W RETE B3k B S0 4 Fh b 0 ik TR A
SR/IP 1Y £ rh G iad FLRE S i A FLRE SR . B — 3
FNFBEHLZEIR 1 3 AP - H T S sk 7 B
TR o BT RO TR SRR 1A [ R SR W ) 2R I
T O, ML SE AL MLk P A4S, AR IRT 22 TR
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Table 6 The four topologies under the transit strategy

select the source-destination node pairs of the
experimental group
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Table 7 The four topologies under the avoidance strategy
are selected as the source-destination node pairs of the

experimental group
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different SRv6 node deployment rates
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