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Abstract: To improve service quality of Content Service Providers (CSPs), it is necessary to select a bet-
ter path from CSPs to users. It is difficult for CSPs using BGP for external connections to deliver content
based on path quality because: (1) there are no BGP attributes for indicating quality, (2) there are no
general methods for the performance evaluation of BGP routes (egress paths) and dynamic applying of
BGP Policy, and (3) quality requirements are vary depending on the content. To address these issues, we
define a control mechanism for utilizing egress paths based on quality as the “‘EPE Control Plane” and
present the “Multipath Transport SRv6-EPE Suite” as a method for its realization. This approach lever-
ages MPTCP for optimizing communication quality and SRv6 L3VPN for sharing egress paths. This en-
ables real-time path selection tailored to the different requirements depending on the applications. In the
virtual environment evaluations, our method significantly improved throughput in certain test cases com-
pared to regular TCP content delivery with the BGP best path, especially in scenarios anticipating com-
munication quality changes, ensuring uninterrupted service even when network failures occur. Moreover,
real-world evaluations through major domestic and international ISPs showed throughput improvements of
over 10% in 6 out of 9 ISPs, with 4 ISPs experiencing substantial increases of more than 50%.
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Fig. 3 Route exchange in the Multipath Transport SRv6-EPE Suite.
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Oty aryE LTHHTS TCPILERTH Y [21], B
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Fig. 5 Traffic flow in the Multipath Transport SRv6-EPE Suite.
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flow & LTHHTE 529 21, ®IST % Egress Peer
M7 ITAT Y MEORKE Y ZE L TV 0IKFET 5.
4.2.3 MPTCP X453 2—ZI2&3 T 71 v VHIE

F—NEoTTFVr—TarpbRibEniarrry
N7 4w oiE, = IWVHNTEH { MPTCP A7 ¥ 2 —
FIZ & o T4 Subflow 2 &N L. A7V 2—F13%
Subflow ® TCP A b1 7 A & |2, Z O N THRE %
Subflow % IR L, /7 v M TEICHELERET L. T
bbb, 8 3.2 Hi T#E-X72 Quality-Based Egress Path De-
cision Making and Traffic Control ® ) 5, [QoS X ~1) 7
ZFHA] &I — ANV D TCP A% v 7%, [HhE DR W
EPE Route @] & [FIH 9 % EPE Route D] (X
MPTCP A% ¥ 2 —F 7% .

Ny b & %A T A Subflow @ AL MPTCP A 7
Va—F T EDEMIZESWTIThbIL, FERL AT
Ja—1) v ZiglE 21X, “Round-Robin”, “Lowest-RTT-

17



IBMAIBF R/ TV 2N T T 71X Vol.5 No.3 11-29 (July 2024)

3 | app log ﬁle'ﬁ | log file'ﬁ
a T mEREowR
S BGP Daemon Endpoint Coptept SRv6 FlowStats
zD,; Manager Application
EPE Roulen & ;
o EPESMA7 K L 20 MPTCP Endpoint®3&5E /
VRFOIENN - HkR iBA0 - BlB:  (eBPF Schedulerd3fft)
T
[ PBRIL — /L IEHN - BlE l_
v ¥ v v
© -
S : Routing Table| | Loopback IF N |
I Routing Table 9 (ds(_)?alh‘l’ﬁgéfgn —
Q (default VRF)
%) VREF for EPE MPTCP stack eBPF Map
e clagsifish ¢ ERIFeBPE 7017 7 L OB
el
2\ Network Stack FEHBROBEH L
NIC
Content Server Linux VM

atacenter
Network

6 Multipath Transport SRv6-EPE Suite # 2 L7227 V¥ — D3 VR— %~ M
Fig. 6 Components of a content server implementing the Multipath Transport SRv6-EPE Suite.
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Fig. 7 Network topology for the evaluation experiments in a virtual

environment.
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ERECEHIT 2 &N TE S,

514 EBRI>FUF1: 2y NI —-7REBHI Y -EXR
HRIZEE L B WGE

REERTIE, A v b7 —27 ORENY— ¥ A M2
1t L %2 354 T @ Multipath Transport SRv6-EPE Suite
DOIEAVEREER MR TS, MTOIRAITD) 27 akdb
Ot A HIBR L C, Egress Path Of5iE % 2 1 (&
BNA, ARRESR) A E bR 400NNy -V ERL
DELHICHEEL. B, KEHTHZELZCBR F7
T4 v 7 DERT B (25 Mbps) (2R L T, EamE S

£1 EBRIFIVLT 1L NI =2 DINT =%

Table 1 Parameters for each pattern in scenario 1.

VrZ7a Y¥Zb

BGP XX b
5 9
RE—=1.1: .
30 Mbps 15 Mbps  Transit A
BGP RN b (A3 E
NRR =212 .
T 30 Mpbs 30 Mbps  Transit A
[ERAPpal TE
NE—=213: .
. 15Mbps 30 Mbps  Transit A
BGP R b S ZAMEME
NRE—=14: .
15Mbps  15Mbps  Transit A

(RPN T

7 Python 3.10.12 3 £ O HTTP € Y 2 — )V (https://docs.py-
thon.org/3/library /http.html) % .

¥ ZITHE, BETIPT FLA, RETKR— NS, MEIP T
FL A, sideR— S, 70 FavFEs5iiEy.
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Fig. 8 Scenario 1: Comparison of L7 goodput between TCP and
MPTCP across different patterns.
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Table 2 Parameters and their changes for each pattern in scenario 2.

V22 a Vb )
BGP X2 b

R R
RE—=2.1: .
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NR— 220 .
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TURAS 2D D E(L
SHm 24 15 Mbps 15->30 Mbps ~ Transit A
TURASZDEDRIL

W7 TN =T a v S REANV=T Y b
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Fig. 9 Scenario 2: Temporal throughput changes for each egress path.

KH7U—DANV—"7v b (YH#h) vy araehkoA
V=T NV (%77 ER) &, NI T4y o
M LK LD DTH L. #E D TCP 1L BGP XA b
INADHEFHT 55, MPTCP EPE Tlid, BGP NZ b
/XA« Transit A - Transit B ® 3 25T % Subflow ™10
PHOWSND. - FH - REOEHRITZENEND Subflow
DAN—=Tv b, LBOBMIZFNLOEFMEZRL TW
5.

NE =221 (9D 11TH) Tik, BGP XA MSZA®D
SEEAL () v 7 a DA LK, O TCP
ZCBR EBIOMNIFTAN—Ty bEHFEELTWS, L
» L, MPTCP EPE # i/l L7z CBR Tl&, ahBEZALAEIX
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5.1.6 EEB®IF UL 3:BGPREIETTIHE

31Tl L), WU EPE 2 EHT 5720
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RO LNL, KFEET S ) 4 TIECSP AS 2°
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ayF =AM T AT 2 MK A EPE
Route 25Kl B S 72356, ZNx sl L C\2% EPE 3
7 FLAIZL S Subflow IZFIHTE R LD, 2y FT—
JEmE Y - ARMP BT BGA L A,
MPTCP A7 ¥ 22— 12 &L AM® Subflow ~ 7 7 4 v 7
OFE BTHfTbhb.

KL FVATIEZTA47 2 MISP TORKILER)
OBEENS, a v T vy —NHEEET 5 EPE
Route ~NZEHASEM SN b T TICHE»ABEE Z5HIIL, &
WRETFOBMENE 2 ERMIZEEMT 5. EPE Route D%
HWoOFHIIZIE, V=T YT TF =T NVOEFE) TV A
L ZHRAITT BE 72 iproute2 @ “ip-monitor” g [34] % FIH
L7z, F72, CORKILNERY) ¥ —ETn5, CSP AS W
TBGP RA MXZAHRPR M 52 F TORM L AbET
FHINL, SN SDIbiEEIT).

REERY F 1) F TITo 72 2 DOREERD /S — v %K
3IIRY. /NX¥ =23 11E27 547 > b ISP 2 Transit
AS ALK L TREZIAE L TR WIRE2L S ILET 51K
BEANDBRE, /87— 3. 213RELTWAIREDNSIL
HLEWIREB~NOERZELZLDOTHL. 21N
100 @247 L, EPE Route DZEHEH & BGP #FHIX

£33 EERIFUA 3 RBELEDINY —

Table 3 Patterns of route changes in scenario 3.

BGP RN 82 DZEL
»%&Z—> 3.1 . EPE Route M8/l Transit B — Transit A
)&% — 3.2 EPERoute DHIFR  Transit A — Transit B

L CSP AS D/ — R33N Cli—® L2SW T ST bR
PRODIZBWTCIE, a7y —nNONV—T4 T T—=7
WV ETBGP NA MXADETEDGE T SNFIRE L BT 5.
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Fig. 10 Scenario 3: Distribution of time required for BGP route
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Fig. 11 Network topology for the evaluation experiments using the

actual internet environment.
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0S 1213 Ubuntu 22.04.03 LTS % & L 7-.
5.2.2 BE®D TCP & MPTCP EPE B® L7 goodput
DEEER

M12B X UOH131E, KISP T & OERE

i & (L7

a4 EBEoOA vy -ty rToarFryRERRICBITLEY
F47 ¥ ISP OBEE

Table 4 Overview of client ISPs in the content delivery evaluation

on the actual internet.

LIt E OERE L LT 5. Hab 9 5 TCP OEFILIC
J: Z;) ZL —IN—\ V4 F %*ﬁ%ﬁ?‘ ZQ) f:‘yb b:, 2&%%’6 ci iperf BGP ~R2 b z‘:n;X;; 5 zrsail::fﬂ 5 Higsk v FE R
- : - = N . A -
WL THERLAEBI N 74 v 7 2FH L. #@ED P — 3 5 7 5G
TCP TIZBGP NA M S ZAFIR)L— V2 X b EIRE N7 EAALISPB  Transite 2 3 EW 56
Egress Path %, MPTCP EPE T & Transit a & Transit JE)Y”/ ISP C Transfm 2 3 FiA 56
B ENAJLISPD  Transit 2 2 EWN 56
B DM} D Egress Path ##FH L TSN 5. EIEES ISPE  Transit 2 2 M FTTH
RAAFERICBOTY Y TV T 547 v ST 229 FISPF  Transit 8 5 3 KE 7 Fv K
e . . 19 229 FISPG  Transit @ 2 2 HAN 779k
% & ISP OAREHREZ /RS, HAENO MNO FHHEH 124 »5UFISPH Tamsitp 3 ) H 25 ¢
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THHEEE 1M, F LTy 5y Fy— Y225 2 EN
YOFHEE 4ME IS4 T2 FOISP & L7z,
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Table 5 Specifications of content servers and client devices used in

the content delivery evaluation on the actual internet.
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Fig. 12 L7 goodput of each mobile ISP.
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