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Abstract

TCP (Transport Control Protocol) is one of the main protocols in the Transport Layer
in OSI. It control receive/send data between Source and Destination for Network. The goal is to
receive/send data as efficiently as possible. TCP has developed to be able to use multiple paths
per session. This helps to increase link bandwidth to Multipath TCP.

This research examines the performance of MPTCP in private networks, IE. LAN and
WiFi networks, by assuming that the destination server does not support MPTCP, therefore the
MA-GW (Multinet Aggregate GateWay) is required. In order for MA-GW to establish a TCP
connection to the destination server instead. This research hypothesized that the buffer size of
MA-GW and UE (User Equipment) as well as the congestion control method had an effect on
MPTCP's performance. This research aims to study the effect of the buffer size, congestion
control scheme of the UE (User Equipment) and MA-GW on the performance of MPTCP.
Measure performance from Throughput, Download Time, Delay and Jitter.

These research results show that buffer size to 16 MB and congestion control scheme
to Cubic of the UE (User Equipment) and MA-GW on the increase performance of MPTCP.
When compared to the default settings from Linux Mint 18 and Linux CentOS 7. Which can
increase the throughput by 32% and reduce the download time by 18%. The delay and the jitter

are insignificant differences.
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M3190 2.1

Value Symbol

0X0  MP_CAPABLE
ox1 MP_JOIN

0x2  DSS

0x3 | ADD_ADDR

Ox4  REMOVE_ADDR
0x5  MP_PRIO

0x6  MP_FAIL

0x7  MP_FASTCLOSE
Oxf | (PRIVATE)

51982108AU09 MPTCP Options

Name

Multipath Capable

Join Connection

Data Sequence Signal (Data ACK and data sequence mapping)

Add Address

Remove Address
Change Subflow Priority
Fallback

Fast Close

Private Use within controlled testbeds

ey lyeiiie Tum 28 NINYIAY 2560 : https://en.wikipedia.org/wiki/Multipath_TCP

2.3 f29819M5MNUVYBI MPTCP '

Transmission of "Hi, Hello world" using MPTCP
(on port 80 for each subflow)

subflow 1 (3G)

(10.
sul

subflow 0 = 10.11.12.13:80 to 21.21.22.23:80
WiFi available : Add its address ——
init WiFi ——
11.12.13 to 20.21.22.23)
2.13:80 to 21.22.23.24:80
s 1= 12.14:80 to 21.22.23.24:80
Subtow 2 (RiF °
(10.11.12.14 to 20.21,22.23)
_____________________ N

bflow 0 = 10.11°1

Legend and concepts

dnum, dack* = sequence number and acknowledgement of
the data of the whole MPTCP session (seqnum and acknum

Alice

init 3G

are related to the data transmitted in each subflow)

token = number used to identify a MPTCP session
{TCP subflows would be initialized with the same token)

[ Fepresents the next expected byte (that will
be indicated by DACK field)

* ko be precise, dnum and dack are encaded using 3 relative mapping

between data sequence number and subflow sequence number

———————— 36 disabled —drop-nk ——m———e—— e

all data received  ~—————
close connexion =3

(token = 1234, MP_CAPABLE) ~—3m.
SYN+ACK il
(token = 3456, MP_CAPABLE)
-
ACK
— y -
DATA “Hi
SEQNUM = 6000 , DNUM = 0
— ADD_ADDR
10.11.12.14, ADDR_ID = 1
—
— SYN
(token = 1234, MP_CAPABLE)
SYN+ACK
(token = 3456, MP_CAPABLE)
= ACK
— DATA “Io -
SEQNUM = 1000, DNUM = 6
—

ACK
ACKNUM = 6002 , DACK = 2

DATA *, Hel
SEQNUM = 6002, DNUM =2 —5

SEQNUM = 1002, DNUM = 9 — 5

ACK
- ACKNUM = 1003, DACK = 10

DATA *wor"
SEQNUM = 1003, DNUM = 10—3m
DATA "Id
SEQNUM = 6007, DNUM = 13
=3 REMOVE_ADDR
ADDR_ID = 0
—
=
- ACKNUM = 1006, DACK = 15
y RST or FIN
—

MNTA 2.6 AI061INTHIUVDI MPTCP

Bob

try to make TCP session (with MPTCP option)
accept and reply

subflow 0 = 21.21.22.23:80 t0 10.11.12.13:80

received = Hi

add a new subflow to this session (but that subflow
isn't opened yet)

try to make TCP session (with MPTCP option)
accept and reply

(we know that that session is related

to this one because it has the same token)

subflow 0 = 21.22.23.24:80 to 10.11.12.13:80
subflow 1 = 21.22.23.24:80 t0 10.11.12.14:80

received = Hi® 1o

received = Hi, Hello’

received = Hi, Hello

received = Hi, Hello wor
received = Hi, Hello world

subflow 1 = 21.22.23.24:80 to 10.11.12.14:80

close conn: ]

7WIKIMEDIAA (2017). Transmission of "Hi, Hello world" using MPTCP. Retrieved July 28, 2017, from

https:/upload.wikimedia.org/wikipedia‘commons/ff3/MPTCP-session-en.png
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YELYY
2.3.2 149 Bob 1851 SYN #3l Option “MP_CAPABLE” 910 Alice, Bob 9@l
SYN+ACK 1} Option “MP_CAPABLE” 118% token 11 Bob gunau'lin1 Alice
2.3.3 130 Alice JA5U SYN+ACK il Option “MP_CAPABLE” Y04 Bob, Alice 928314
2 \ A q 9 Y "o
Subflow 0 Y11 tagdad ACK 1111 Bob 1ite1# Bob @319 Subflow 0 1FUAY

[ < . 1 9 Y 9
2.3.4 HA9NNTELUIUNNT three-way handshake L&T Alice T1U1TDEN mayaiw Bob @

v
s 1

Wit TaedoyandaliaziiAl SEQNUM (sequence number 94 Subflow) Y9 id UM 3G 1Az
A1 DNUM (sequence number Y93 MPTCP)

2.3.5 531319d9T03a MPTCP 484 Alicedz a4 Option ADD_ADDR titeusalf Bob 1351y
gy Subflow lunsdeans

2.3.6 Alice 911 three-way handshake AWM WiFi iiioad1amsidfouss Taold SYN il
Option “MP_CAPABLE” t1a¢ 1% token i uavi@edsuveudunia 3G

23718 Bob 1451 Segment 11l token 1R8IMIAUNII 3G V04 Alice, Bob 924
SYN+ACK Ta14 token auii 19@aaai Alice

2.3.8 110 Alice 1451 SYN+ACK, Alice 92 @314 subflow 1 tazad ACK 1163 Bob tila1¥
Bob 314 subflow 1 111 H&1INTAUN 3G 1A WiFi 194 Alice 137130149 Bandwidth
WINNA DA A5 UU Session 1B T 1T Taviia SEQNUM vzugniiluveugazidunia
usie DNUM v 19amsausuiiteszy sequence number v04 MPTCP

2.3.9 1§10 Bob §04M1390 sequence number ¥0370a910 Alice, Bob 929 DACK 1/

vo9

Alice 9zamsndadoyalid Bob laod1agndes

U

2.3.10 AURAIUFUNN 3G VD3 Alice Down 1dUN18 WiFi 92849 Option REMOVE_ADDR 1182

AUV subflow N1 Down 1% Bob 1310 Bob 1851U40A214 Bob 328nan subflow UM Alice €401
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2.5.1 shadowsocks: ¥iau11ag 190111 Python 1199171 A7, 2018 N19 Shadowsocks lAtla

A
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13M3 Source Code (HuniGovioonds o lddaulaiullldnaasu do

o o L T 1
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Network N9 13/ 1 131 Redirect mode, Tunnel mode

8
WIKIPEDIA. (2018). SOCKS. Retrieved September 30, 2018, from https://en.wikipedia.org/wiki/SOCKS

9
Margaret Rouse. (2005). SOCKS. Retrieved September 30, 2018, from http://whatis.techtarget.com/definition/socks

10
shadowsocks.org. (2018). shadowsocks. Retrieved October 19, 2018, from https://shadowsocks.org/en/spec/Implementations.html
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M15199 2.2 Waﬁﬁmcﬁ'ﬂlm Shadowsocks Socks5
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2.5 FTP(File Transfer Protocol) e
FTP(File Transfer Protocol) gnoanuuuunieldlunisTouaeIdilundn i

[ =) a Q(I @ 1 o [
ﬂ’NlI“]Jﬁﬂﬂﬂﬂlfw51$3Jﬂﬁ@]i’ﬁ]ﬁ@"uﬁﬂ‘ﬁﬂ@ui%\ﬂu L‘Vilﬂ%ﬁllﬂ’]JﬂﬁI@uiﬂEl]lWﬁ%1u’Julﬂﬂ 1319]

v o 9

=Y 1 1 o o Y. =
Hveidene msTeunievd hilimshse il Temagndniudoya ldnasaal FTP ezl

U

'
! o [

M3 199U Port 8¢ 2 Port Ao Port 21 lddmsusudemdniuaunis1Fau FTP (Control
Connection) {ta% Port 20 %30 Random Port l5e15 U5 dasﬁ’@ga (DATA Connection)
Ao dy 9 o 9 A o Aa A o

38U 1y FTP Tumsnaaeua1ii Inaaveyaiieinilssansnnnsmauves
kY < o 9 g Y o 1 T Y

MPTCP luguanuzrulunmssuaadoya, nainlslunsaniiivaa, manuaisniaal

LLZ’1$Fhﬂ’3111LL‘]Jiﬂi’luﬂlﬂﬂﬂ’lﬁJﬁT%TV]Nl’mT

I A ao a 2 ' a wa < 4
wea WVIEJ1‘§5’J’JGJI*»I. (2555). AAATZUVIATBY1Y Linux Server mﬂﬂgm. NFAUNNA %mﬂgmﬂm.

12 a @ a a
i umaduns, oy Tam JANINY, 1az o350 TuTna (UTIANEMI). (2551). 11252V Network 2nd Edition. U3 : loAd.
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CLAUDIO CASETTI, MARIO GERLA, MARIO GERLA, M.Y. SANADIDI and REN WANG. TCP Westwood: End-to-End Congestion Control for

Wired/Wireless Networks. in: Kluwer Academic Publishers. Manufactured in The Netherlands (2002).

16 a '
HWALAT.NYDINT BBAULEN. (2017) CT518: Advanced Internet Engineering Class 7: Newer TCP Variants.

17
Wei Bao, Vincent W.S. Wong, and Victor C.M. Leung. A Model for Steady State Throughput of TCP CUBIC. in: IEEE Globecom 2010.

18 -~
HAL.AT.NYNT DBIUAN. (2017) CT518: Advanced Internet Engineering Class 6: Newer TCP Variants.
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Yung-Chih Chen, Yeon-sup Lim, Richard J. Gibbens, Erich M. Nahum, Ramin Khalili and Don Towsley. A Measurement-based Study of MultiPath

TCP Performance over Wireless Networks. In Proceedings of the 2013 conference on Internet measurement conference, pages 455-468. ACM, 2013.
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ACM, 2016.
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" Acer Inc. (2018). Aspire VX 15. Fuduiile 27 fa1AN 2561, 910 https://www.acer.com/ac/th/TH/content/series/aspirevx15
* Ubiquiti Networks, Inc. (2018). UniFi AP AC LITE. fufiile 27 ga1an 2561, 910

https://www.ubnt.com/unifi/unifi-ap-ac-lite/
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R
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I
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1.MPTCP Kernel 1.MPTCP Kernel 1.vsftp
2.go-shadowsocks2 2.go-shadowsocks2
3.FileZilla
4.Wireshark LAN IP: 192.168.10.1/24 VM Network IP: 172.16.250.128/24
LAN IP: 192.168.10.100/24 WiFi IP: 192.168.20.1/24
WiFi IP: 192.168.20.100/24 VM Network IP: 172.16.250.2/24
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UE 9219974 Laptop acer aspire VX5 %43 Interface §1115U1¥01UA05UUIAT DU
[ Y A = < o Vo9 A 1 A ] 9
8¢ 2 1FUN 7D LAN Uaui52lumssudedoya 1 Gbps ironaoszuvinIov1e lagls Ip:
PR < g ! 4 1 ]
192.168.10.100/24 11ag WiFi AC innmis2lumssudadoya 867 Mbps 1¥0uADI2ULIAT 010
9 1] 9
Tael14 IP: 192.168.20.100/24 AnAd MPTCP Kernel tia 19813150 199114 MPTCP 16 a4 go-
' L e ~ 2 ' ¢
shadowsocks2 11919411 Socks TumM3¥euANY MA-GW A9A4 File Zilla 1o 19naaauaiii]
s a ¥ . A q v 2 o =2 Y o
TviaalWavuia 5.4 GB nazAaas Wireshark 1ol lumsinuiiufindeyanisiiniuves
MPTCP (o111 3a3 i sl unenda
9 2 A o @ A ' A 1 1 9 A
MA-GW 9219911 PC @43 Interface A5 VIF0NADTZUVIATOUI8DY 3 IFUNN AD
~ o o 1y ° Y A ' A )
LAN #anu5alumssudadoya 1 Gbps 1491 2 idumuronaeszuun3ove Insld 1p:
o <3 [ 1
192.168.10.1/24 118 IP: 192.168.20.1/24 1Az LAN Virtual fivuannuis lumssuasdoya 2
] Y 1
Gbps 1¥uADIzUVIATEU8 TAe 1Y IP: 172.16.250.2/24 AARY MPTCP Kemel e 1¥ianansaly
ya & A q9 3w
91U MPTCP 1@ Anfd go-shadowsocks2 1ia 14411 Socks Tas MA-GW a1l udunulunis
4 ' o o o
Aom35211199Un T8l 19911 MPTCP My gilnsal 19 TCP
9 2 A o o A ' A ' 9
FTP Server 92199114 VM @1 Interface 115 U1%0uADIDUIATOUIO0Y 1 1UN
A . o 3 o 19 A ' A ]
A9 LAN Virtual Muuaanuzdlumssudadoya 2 Gbps 1rouaeszuuniouisIag ]y Ip:
Ny o [ PR = 9 J
172.16.250.128/24 aaAd vsftp a115019U FTP Server waziinmsairalvavuin 5.4 GB
dmsuld UE a1l lnan
Access Point 321%91% UBIQUITI UAP-AC-LITE %43 Interface @115 UI¥0NAD
A [l [l 9 A =) ] [ 9 . A 3
FTUIATOVIB0Y 2 IFUNN AD LAN HnuEalunssudedoya 1 Gbps ag WiFi DAI32
v 19 & & Y A ' A ~
lumssudedoya 867 Mbps BINT 2 IFUNIUFOUADTZUVIATONY 192.168.20.0/24 1a8T UE
IFOUABHIUNIG WiFi 182 MA-GW 4F0UADNIUNI LAN
3.3.4 1aUsz@ansnumsiauYes MPTC
Y
myiadszansammsmanluauiteiiogldau 115005y Wireshark lunisan
1] 4 o I 4 A o
vdeyansded1s nazifuiindoyarilulugd peap Tasn19fd3idsrznsoadoya Packet
Y
9 o I
Retransmission ®9NNINUANIT LG Packet 11511053 Wireshark #1428 TCP Delta 11U
o a @ { X o ] o o . { o a d
NUIUAAAY AaNh 3.3 F 19 lanunsari lduom Jiter 18 1ae Packet NdnoonAAIu
v
152319 0.0025% V04 Packet 19HNA
v 9 1]
MInTotoyaiinIAnTILy agnTounmzdoya FTP W1 7 Packet “FTP-
Data” 1%@1&9 Conversation Filter -> TCP U@ty Filter “ not tcp.analysis.retransmission and

1] 9
not tcp.analysis.fast_retransmission” 1WB11 Packet Retransmission 89ANIHUA
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Mo. Time TCP Delta Source Destination
35921 ©.242295357 0.000003286 172.16.250.128 192.168.10.1606
35922 ©.242298750 0.600003393 172.16.250.128 192.168.10. 16808
35923 0.242302568 0.0e0e03818 172.16.250.128 192.168.10.100
35925 ©.242353396 0.000050828 172.16.250.128 192.168.10.106
35926 ©.242355569 0.800002173 172.16.250.128 192.168.10. 16808
35927 ©.242357186 0.Peeee1617 172.16.250.128 192.168.10.100
35928 ©.242358779 0.000001593 172.16.250.128 192.168.10.100
35929 ©.242360421 0.ee0001642 172.16.250.128 192.168.10. 16808
35930 ©.242361936 0.800001515 172.16.250.128 192.168.10. 16808
35931 0.242363546 ]

.0PeeE1610 172.16.250.128 192.168.16.100

WA 3.3 Packet Retransmission fi11784 Delay HANAIA

9
%

@ <] 4 Y
1ad91n Filter %ﬂﬂgﬁ!ﬁiﬂ Packet L15NNLIN SYN 92A3IA1 Set Time Reference lﬁﬂ@\i

[
S A 1

Y
amanluugay Packet 115U o dwmsudivnm szeznalumsand lvaa Iidnavua ldde

e

U
o 1 [ [ 4 o
lun59@ Delay’ Y091ADY Packet 9230910 Timestamps HaNN1370 WoYUNIaiAU
1 = . A 4 Yo =l
NN4A9 Packet EUNITAY Timestampsl !Mﬂ@‘ﬂﬂﬁﬂ!ﬂﬁﬁﬂl”l\illﬂiﬂ Packet 92UNITAN
Timestamps2 e Timestamps2 - Timestamps1 = Packet Delay (TCP Delta) Fa11/5un3
T o ! 2 { ..
Wireshark UWINTUAIUIND QT@ 812)aM Transmission Control Protocol -> Protocol Preferences ->
Calculate conversation timestamps #4019 3.4 929119 Transmission Control  Protocol
9

1l Timestamps (L& Ay lusvedes1¥i@en Time since previous frame in this TCP stream ->

Apply as Column #4907 3.5 wazi)asuded]u TCP Delta 1iioLaaq Packet Delay

3
Laura Chappell. (2013). Wireshark Tip 22: Find Delays with TCP "Calculate Conversation Timestamps". Retrieved September 10, 2017, from

https://www.youtube.com/watch?v=QqKAnZnHss0
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Destinafion Port: 5022 g iugy Cul-Right
[Stream §ndex: 0]

[Tce se : 14] Collapse Al Chrl+Left
Sequence 511

Apply 35 Col
[Mext sequefce number: e b
Acknowledgne§e mumber: oo g R
6101 ... ader Ler § R
Flags: @xB13 (SH, ACk Prepare a Filter
Window size va : 54 Conversation Filter I3
[Calculated windgw siz Colorize with Filter »
[Window size scaling R
Checksum: 8xeB36 [\inve 2D
[Checksum Status: Ugve T N
Urgent pointer: 8

. Show Packet Bytes...
Export Packet Bytes... Ctrl+H E.

Wiki Protocol Page
Filter Field Reference

Protocol Preferences

Decode As...

B ed 36
4f 6b od @a

Go to Linked Packet

Show Linked Packet in New

H % 4
MNN 3.4 LAAINOENY timestamps

Frame 38: bs bytes on wire (542 bits), b3 bytes captured (533 bits) on inte
Ethernet II, Src: Cisco 9@:ef:2e (cB:4c:75:9@:ef:2e), Dst: Dell 57:b8:8b (F

Internet Protocol Version 4, Src: 122.154.17.11@, Dst: 192.168.2.39

Tansmizsion Control Protocol,)src Port: 16225, Dst Port: 50220, Seq: 511, .

Source Port: 10225

Destination Port: 50228

[stream index: 8]

[TCP Segment Len: 14]

Sequence number: 511 (relative sequence number)
[Mext sequence number: 525
Acknowledgment number: 445  (relative ack number)
8181 .... = Header Length: 28 bytes (5)

Flags: @x@18 (PSH, ACK)

window size value: 54

[Calculated window size: 6912]

[Window size scaling factor: 128]

Checksum: @xe836 [unverified]

Checksum Status: Unverified]

rgent pointer: 8

> "[SEQ/ACK analysis]

~ [[Timestamps] \
The since firS® frame in this TCP stre

(relative sequence number)]

Open Transmission Control Protocol preferences.

¥ Show TCP summary in protocol tree
Validate the TCP checksum if possible
¥ Allow subdissectorto reassemble TCP streams
¥ Analyze TCP sequence numbers
+  Relative sequence numbers

Scaling factor to use when not available from capture

v
|\/ Calculate conversation timestamps .

“Try heunstic sub-dissectors first

Apply s Column

Apply as Filter
Prepare  Filter

Conversation Filter
Colorize with Filter

Follow

Copy
Show Packet Bytes...

Export Packet Bytes.. Ctrl+H

Wiki Protecol Page
Filter Field Reference
Protocel Preferences
Decode As...

Go to Linked Packet

Show Linked Packet in New Window

e am: 0028452000 seconds
Time since prE\ll'uuS frame in this TCP stream: 8.801121800 SE(DndS]
TP paylos

TIF bytes)

' v
WA 3.5 A39A1 Packet Delay 19iiaaaluT1/51ns3 Wireshark
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9 Ao & ) o o ° Ao dy Yy 19 .
Gumg.a1/1muJummummmu3m“lm1m%ﬂu“lmmmagaclu Column: Time, TCP

o § o < o [
Delta, Length(Packet Length:Byte) A4n19# 3.6 Iagaz s lumsmuiam anusilumssudas

{ o 1 1
Woya (Throughput), 5282178119 11N13A1211 11aA (Download Time), AIAIUAIFINIIIAT

(Delay) taza1nnundsisauvesanuaidiniana Jiter) Faligaslumsmuimuasil
(Total Packet Length * 8)

Throughput =

Download time

Download time = Last Time - First Time

Total TCP Delta

Number of packets
(Zj=Last TCP Delta

Delay =

i 2
i=First TCP Deltall~ D€lay] )

Jitter =

( Number of packets—1)

.. (3.1)
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File Edit View Go Capture Analyze Statistics Telephony Took Internals Help

codams BEXE A+*2e0TF2 [FE QD g¥NB% B

Filter; Bfwmn Clear  Apply Save _BadTCP__ SYNs

i, B e T e R
34 [0.01274800 184.84.222.9  24.6.173.220 TCP 66 |http > 28331 [SWN, ACK] S
35 0.000174000 §0.000174000 | 24.6.173.220  184.84.222.9

.000437000 §24.6.173.220 184.84.222.9
0.006279000 | 0.006279000 | 24.6.173.220 184.84.222.9 TCP 54 28331 http [RST, ACK] ¢
38 [0.010386000 §0.010386000 |184.84.222.9 24.6.173.220 Tce http > 28331 [ACK] Seq=1
39 [0.093788000 0. 00000000 24.6.173.220 184.84.222.9 TcP 8332 > http [SYN] Seq=0
40 [0.013659000 0. 01365900 184.84.222.9 24.6.173.220 e 66 http > 28332 [SYN, ACK] S
41 0.000190000 0. 000190000 | 24.6.173.220 184.84.222.9 Tce 54 28332 > http [ACK] Seq=1
42 0.000947000 H0. 000947000 | 24.6.173.220 184.84.222.9 HTTP 477 ET /js/jql.3.2+sf+hi.js
43I0 0nsankono dh 0nonnnnno [ 24 6 172 220 184 R4 222 @ Tep | 6 PR332 > httn TSN Sen=n

3
< Frame 1: 77 bytes on wire (616 bits), 77 bytes captured (616 bits) on interface 0

4 Ethernet II, Src: Hewlett-_a7:bf:a3 (d4:85:64:a7:bf:a3), Dst: Cadant_31:bb:cl (00:01:5c:31:bb:cl)
= Internet Protocol Version 4, Src: 24.6.173.220 (24.6.173.220), Dst: 68.87.76.182 (68.87.76.182)

2 User Datagram Protocol, Src Port: 60426 (60426), Dst Port: domain (53)

7 Domain Name System (query)

MW 3.6 Column 11911 T51n51 Wireshark

9
4

vupoulumsiadsza@nsnim aznadou lagms
- 15U Buffer UE Y119 4MB, 6MB(Default), SMB, 16MB, 32MB
- A9# Buffer UE #1185z @nsnmadige
- 15U Buffer MA-GW 4110 4MB, 6MB(Default), SMB, 16MB, 32MB
- fafh Buffer MA-GW fiTHsz@nEnmaiiga
-15u Congestion Control 3 21719 Cubic (Default) N1 westwood
-agtdsz@niamildnnnsdsy Bufer  S1n1ss1amiluedielside
eumeununeudsy

- 1W38ufiena1 Congestion Control Uszan luuldse@nsamanmn
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naseulu Buffer § UE
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1
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I
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J0UN
1
2
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4
5
[ 6 ME (D)
* - o
7 #3507 Buffer AfNIE A Cubic (0)
8 VNI AKBL
[} saufl 15
10
1M Cubic (D
4 12 Westvwood

MNN 3.7 19U IIAlszansnINUes UE Lag MA-GW

[ 4 1 Y]
33.5 aynamstinesszuunazilse Teminldsy
a Y dy 9 A [ a A o
Usziliumanmsnaaod uazaglma WIouFUINNeINUUTLANTAINNITNNUVI
MPTCP, M31)51U1AaA1 Buffer tiag Congestion Control a13150INY Iz anTA1mAsviaula

A ] @ A Y
Wiﬂllﬂlmz aﬂymwmmwmzmﬂumﬂmm
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4 [
Tviaa1Wd v11a 5.4 GB uaznaaevSU Buffer Y11A 4 MB, 6 MB (Default), 8 MB, 16 MB
= g . g ¥ a A A = 1% =
tag 32 MB 71 UE 91014 Fix Buffer N111/52@nTnm@ngan UE uaz1l5u Buffer 1 MA-GW
YUIA 4 MB, 6 MB (Default), 8 MB, 16 MB 1ag 32 MB tilodjivilszansnmi ldainnms
Y 1
151 Buffer 1M3M1auavUMIoNEa anfSewReunune Sy naaeulasnislsy
! o o A I N ' H
Congestion Control 5£#314 Cubic (Default) 80ALUUNIFIHTY INUANMTIVUAT BV I8N
. @ 4 A < Y i a
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o ) o 1 { o 4 ] Aa a 1 <3
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NFZUIUMIAIOYA IUNTENINTZUIUMSTIToYadTvdn FanstSumsiiimes 1 a5z
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§ o < [ J o
csv emum anusalumssudadoeya (Throughput), 5282981 1un15A11 Inan
(Download Time), A1ANNAIFINIEAT (Delay), A1ANLLTUIIVVRIANINAIFINGIAT
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4.1 AATYHaMINaaoUlsy Buffer N UE
42 AATzvHaMINAdoULSy Buffer 1 MA-GW
43 WAL HAMINAaoUUTU Congestion Control

44 aywamsialsz@nsnimms 4w MPTCP

4.1 SmszvinamsnaaevySy Buffer fi UE

MInaaeuIzNAdeU1l5 Buffer Y119 4 MB, 6 MB, 8 MB, 16 MB 1iag 32 MB
Ta® Linux Mint 18 92M1iua TCP buffer sizes fi1 Default ﬁﬁ‘ﬁ receive socket memory (rmem =
6 MB) 18& send socket memory (wmem = 4 MB) Nan1snaaoullsy Buffer “I/dl UE “’i’ﬂfﬂz‘ﬂ%‘uﬁ

9 v
receive socket memory sN1UY mmiaﬁgﬂwa”lﬁ’mminﬁ 4.1

= A4 o A
M319N 4.1 HamMsnageulollsy Buffer N UE

UE Tuning TCP_MEM
MA-GW UE < 5 £ g
£ £ £ = z z 5 5
2 2% 212 2|15 2lz =2 2| 2 = |5 2|2 2| £ -
q 2 s 2 ) 2 2 =2|E =2 = @
UE Tuning ES|E S|E S|E 2|z 2E 2 2|E s ¢ FE
= = Z|l= Z|= g ] = =
£ £ g £ 80 <] = z =
2l | g| E|= = s 2
E|E| E|E
4MB UE 6MB | 4MB | 4MB | 4MB 1086 1141 1038 36.20 9.82 1.324 393,755 192.68 0| 155,034,920
6MB UE (Default) 6MB | 4MB | 6MB | 4MB 1081 1139 1027 35.87 9.94 1.318 398,635 252.91 0| 158,901,994
SMB UE 6MB | 4MB | 8MB | 4MB 1209 1354 1127 33.51 9.02 1.347 394,383 120.64| 1.87E-10| 155,530,760
16MB UE 6MB | 4MB [ 16MB| 4MB 1338 1357 1322 32.54 8.27 1.426 202,294 5.17) 1.11E-10 40,919,481
32MB UE 6MB | 4MB |32MB| 4MB 1308 1321 1293 33.24 8.45 1.312 84,376 3.61 0 7,117,945
ABNsuLaYsTuulfiGinsg
HANTNARAUNINTN AN A
WANTNARAUTAINANFA

< [ 1 y [ A
AN lumssudasdoya (Throughput) 118151 Buffer Y119 16 MB @115 04
a A < o 1 { { 1
Uszaninmuesnnuirlumssvasdoya lduniige maed 1,338 Mbps 509090170 32 MB

uazs MB ansoindseansan’la 1,308 11az 1,209 Mbps  MUE19Y FIHaNISNAAOL

]
a A

] 1 o < @ 1 1
awsniavenlail msUsu Buffer 16 MB awnsaln anwEalunsiudsdoyadnga ua

G

@ I < ' o 4 ] [ 1
M315D Buffer il 32MB Aawnsaldauldimunuiiowin anuimlunsiudadoya

]
A o [ [ S

lii'ldaenuedeiiiedan s 4.1
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UE Tuning Throughput(Mbps)

1600
1400

1354 1338 1357 1322 1308 1321 1393
1209

1200 1086, 1141 1038 1081 1139 — 1127

1000
800
600
400
200

4MB UE 6MB UE (Default) 8MB UE 16MB UE 32MB UE

£ Avg Throughput(Mbps) [ Max Throughput(Mb) ~ ©Min Throughput(Mb)

H < o [ o
MW 4.1 uaaenus lumssudatoya (Mbps) nsaitSuuua Buffer ¥09 UE

szezna11un5A121 1viaa (Download Time) 1401/51 Buffer Y419 16 MB
a a o < { { { X
UszAninmvesnisa1i lvaalaiiaNga maen 32.54 Sec 990917170 32 MB 1Az 8 MB 9
N3z0212810121 18R 33.24 1Az 33.51 Sec ANAIAY FIwamInadoUIU150UIVEN 1A
[ Y " Ad A 1 @ I

135150 Buffer 16 MB @13130 1viwan1sa1i Inaanizanga uan1sliv Buffer 11lu 32 MB

< v Y 1o A L4 ¥
uaz 8 MB nd1wisa g Idsunuiiesnin daimisoaaszeznarlunisailvan 14

~ o ] I ] 1% [ §
1ndiReesnumslsy Buffer 151 16 MB 15UAY 430NN 4.2

Download Time(Sec)

37.00

36.20

36.00

35.00

34.00

33.00

32.00

31.00

30.00
4AMB UE 6MB UE 8MB UE 16MB UE 32MB UE
(Default)

d‘ o = [
HNNN 4.2 waasszeza1 lun1saIu lvan (Sec) N5USUYLIA Buffer ¥99 UE

A1NUA1FIN199a1 (Delay) 110151 Buffer U¥11A 32MB A1ANNAIHINIIAN
Y A a4 A A o q Y1 ]
Upega 1NA8N 8.45 |ls 39994170 32MB Uaz 8MB a1u1salvaiauaisiniaia

tovasld 8.45 uaz 9.02 Us mwdny Fawanisnageuanisateuen 1411 n1515y Buffer
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o { 1 @ < ] 1 @
16MB gn30 ldwansiauanga uan1si5y Buffer 11 32MB nansoldauIdgunu

'
% [ v =

iesninAmnnuarmanat bildaenuedihiedinn aenmi 4.3

Delay(us)

12.00

9.82 9.94
10.00

8.00

6.00

4.00

2.00

0.00
4MB UE 6MB UE 8MB UE 16MB UE 32MB UE
(Default)

MW 4.3 1aaIAInWaINIIaT (WUs) n3siliuvune Buffer v UE

A1) 5159091 UAIFINIaT Jitter) 1191/5D Buffer U11A 32MB A1

"y ¥y A A A A °

anuulssruvesnnuariniaaniosiiga nasi 3.61 ns 309090170 16MB #1150
f 1 ] I~

¥ aranunilsdsavvesanuardimiaraniosadla 5.17 ns uananiinageuesnuilu

@

1 = o Y A 1 v [ 1 = o @ [ ~
HUUIY ns Glf\Wl'lGlWNﬂVI@@ﬂlﬂulllLLﬁﬂﬁ'Nﬂ“LlE]EI'NlluEJT;T'] Y ANNTNN 4.4

Jitter(ns)

300.00

252.91
250.00

200.00 192.68

150.00 120.64

100.00

50.00
5.17 3.61

0.00
4AMB UE 6MB UE 8MB UE 16MB UE 32MB UE
(Default)

MW 4.4 1aaan1nNulsdsIUYeIn MU NN (ns) P3AISVVUIA Buffer Y09 UE
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MInaaoulsy Buffer UE eansaiuilszansamnsianldesalagainnsn
A 2 o 1Y 9= o YR
muanuE lumsiudatoyalang 24% nazanszeznailunisa1nd Ivaa 1dte 9% 210
Buffer ¥19331UUD3 Linux Mint18 #a1¢ Linux CentOS 7 [receive socket memory (rmem = 6MB)

1ag send socket memory (wmem = 4MB)] AININ 4.5 LUDE 4.6

Performance Tuning Throughput(%)

140%

124% 121%

120%

100%

80%

60%

40%

20%

0%
4MB UE 6MB UE 8MB UE 16MB UE 32MB UE

(Default)

4’ Aa A <3 o U/ a (o
MNN 4.5 Llﬁﬂﬂ‘l]ﬁgfﬁﬂ‘ﬁﬂ'lWﬂ'J”IiJLﬁ'JGhJﬂ"Iﬁi‘Uﬁxﬁlﬂiql,ﬁ (%) N5alSUVUIA Buffer Vo9 UE

Performance Tuning Download Time(%)

102% 101%
100%
98%
96%
94%
92%
90%
88%
86%
84%

100%

4MB UE 6MB UE 8MB UE 16MB UE 32MB UE
(Default)

q‘ a A o ~ o
HNNN 4.6 waaslseaninmszeznarlumsani lvaa (%) N55UYUIA Buffer ¥o9 UE
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42 Spnizvamsnaaeullsy Buffer il MA-GW

MInageuIzNAdeVU5U Buffer Y119 4MB, 6MB, 8MB, 16MB, 32MB 108 Linux
CentOS 7 9MWUA TCP buffer sizes A1 Default ﬁﬂﬁ' receive socket memory (rmem = 6MB)
1az send socket memory (wmem =4MB) HamInaaoU1liyu Buffer ‘17] MA-GW «T'%wzﬂ%’uﬁ

receive socket memory L181¢ send socket memory mmiaﬁ;ﬂwa"lﬁ’ﬁqminﬁ 4.2

M15199 4.2 wamsnadeuiolSy Buffer 1 MA-GW

MA-GW Tuning TCP_ MEM
MA-GW UE = = = °
z z £ £ & g 5 5
S o2 e = | s = = = < <
; 2 5|2 22 2|z 2|E 3|2 3| & 3|2 2|2 7| &2 2
MA-GW Tuning = S|: S|E S| 2|8 2|Z 2| F 2|E E|F E| 7 &
= | = | = |l = g s s s
| E| 5| E|w % = z =
22| E|2|F |2 |F |4
E|E[ E| 2
4MB MA-GW 4MB | 4MB | 16MB| 4MB 1239 1345 1091 33.54 8.79 1.317 376,662 93.62| 9.35E-11 141,867,273
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