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Abstract; Time-sensitive networking flow scheduling algorithms often generate a large number of
gate control events, exceeding the capabilities of network devices and making it difficult to deploy sche-
duling algorithms in practical networks. To address this issue, a novel flexible gate control-based flow
scheduling strategy is proposed, which relaxes the strict isolation constraints between real-time traffic
flows and best-effort traffic flows, allowing some nodes to not enable the gate control mechanism for re-
al-time flows. This strategy can flexibly select to enable the gate control for real-time business at vari-
ous network device ports, reducing the gate control events required for scheduling real-time traffic flows
by up to 91. 6%. It even allows the existence of network devices on the transmission path of real-time
traffic that do not support gate control scheduling, achieving a mixed deployment with ordinary net-
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Figure 1 Forwarding model of typical TSN switch
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Figure 6 Gate should keep opened

in flexible gate control mechanism
K6 S 1R AL A 20 O 3 1 T4 T X IF

4.4 REISH
4.4.1 =B A 1R RS

TE B S Il 55 9 e e i A b B e ) SR
RETTHE, W] LAA SO B BB, iE 7 R,
SEHEY S5 S AE R A B, RE T i AE HAAY
S B, A B, O KRMRENT#E., fE B, WA
LR THRMEE TR, AT AL 2 BT
K i T PRI B, B DUFE 1% 1 A4k, SE Bk 55 i 1Y
R RIEBTZN Ny ¢ B MR R IEIE 2N ¢y 7E B, Y
SoP i T RR T AR TR ¢ 2T TR
KK HAE ¢, BEZIA BT I CFT H, VT SE B
b 55 R AT A% i T LA AR T S AL SE R L 55 T A
Z i R B K S E E L JF B LSS 8 8 1 B
Z) ¢, 18] By Kk,
4.4.2 THSH 2. B TTIERZE

o R & T T4 LR AT LA Xof I 4% M 55 93 1 i
FHJE 3014 o5 30 8 S8 4 ALk ot 48 e 52 ol 55
fiRe 45 T/ T 4 B . &l 8 BT, 4%
HA 3 AN SR 55, N JE 45000 1 ms, 2 ms
110 ms, A HZEATTHE, B TZEAYN 10ms,
FERE—A 8 X F Bid 3 A Sk 55 i 4 45 7
710,5,1 BFRR L 3 16 NEFER 32 4~ GCL 46 H .
AR STTENLHL S ELE B, A B, Y
AL TCTE R 1 ABAE B, Y A R AR B 32
N GCL & H., HXUAE B, 1 R A X it Flowl
Flow?2 #ATIT#, M AE B, 5 S A X Flow3 i



AR JOR 555+ F 1] 40 190 2 T A9 — ool 2L 0% ] FEE B

1559

A
1] e
TS,
3 D, D TR
SEEeNEE el R
« 2D »
R
3 VJI-L,
A
@ 1 AN Ly, 1-_”
. IS
. /

Figure 7 Delay analysis of gate control

at the intermediate node
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Figure 8 Flexible gate control mechanism can
effectively reduce the length of GCL

B8 RIE I THEHLGI W] LU &k 4> GCL R WA i

I Z s R DL R 1] 45 0 R SR T ik
A GCL 148 4% H Bt 7 18 A BRI 3, e i) 2
1 00 28 vp 8 M 55 0 4 22 S A OR IR SR B 3
EJ2 % R R s 25 5 B0l 55 i 2 — 2 RS
IEH WD T W 2% R % 08 B A9 SR 55 T AR . AE
S B N FH R T EEAR 55 U A AR T 28 S R TR
TEFET T4 WG, I S WF 5 A o] Y- 190 24 81 2 P
GCL & B Z MM LEHR .
4.5 MNEHESW

2 PR TR ALY T 45 AL T A dat 1 B B vk L B XS
T AR LI 55 AR L R R AR I AN L
B RET 1ML MERA po BUEF, X T — A5 &

PEATBRECA o Bl 55 3 R A RE T LAY 22
AL B EEE R p x n. WEERE TESHLHI TR 2
FEITFISETT 2 A GCL R, B 3% 52 il 553t
LA BRI 01 5 04 4 JRy 11 45 0 G i Y 1
HER 2% p *n,

XF T SCHRE6 TR T 09 5 o |y T AR T =A%
GERy e A AR T BE AR, AT LI p (Ol 1.
TR T A SC i 2 1 0 8 79 s 148 3k 1) 2 SR 1l T
TR W AAE 52 Il 55 i e i AR B I OR B T R ik
A7 0145 WX T8 — A5 0 » G e B A4S o7 T30 e
14 Jm I 45 A B Ay 2,

5 XBSME

5.1 XWigE

LY E A M SN E 9 iR . B 16 558
BALF 16 & Ko i, Hb, ZZ#il Bo~B, Z
] f9 0 2 4 1% 10 GE, H R4 1 GE, X 2
— LAY Tl W 28 4h Kt B~ B, ATl 2
Tl o 2 Hh i A% 0 B R AE AL, TR R A 12 B AC
B AL T 2 D/NIRAR LK, 2% 5 [ 15 1%
BTHER 1 s, 7ESEBRARE o, sC#e ML i T 6
(9 BR ] 7E AL B AR SO 25 7 A — e iy s, SRl
AL P FERL B A 0. 85 s, HeH Fie /)N Ak B SiE T 4
KALFRIFIE AT 50 A 0. 45 ps A1 1.3 ps. XFSEH
VEHES IR T MR Tl TSN A2 L 4 A 14 fiE

Figure 9

Experimental topology
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Figure 10 Experiment 1:Effect of the number
of flows on the length of GCL
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Figure 11 Experiment 2:Effect of the number
of flow cycles on the length of GCL
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control on the number of scheduled flows
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