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Quantitative Study of Path Selection Algorithm for Multipath
TCP in Software-Defined Networking
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Abstract

Nowadays, the complicated network has multiple paths

to transport data and to improve throughput and fault tolerance
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can do by using Multipath TCP (MPTCP) features, but the
problem is the data transmission can still transport in the same
path and cause bottleneck effect because the factor that use
to select paths is using shortest path algorithm. Therefore,
the aim of the present study was to extend our previous work
that used MPTCP in Software-Defined Networking but study
in the bigger and more complicated network to confirm in
selecting the suitable paths by using Subflow identification
algorithm and path selection algorithm in SDN by using
available bandwidth and delay as a factor. The outcomes of
this study show the throughput was 66.6% improved than

using shortest path algorithm as a factor in selecting paths.

Keywords: Multipath-TCP, OpenFlow, Software-Defined
Networking, Bandwidth, Delay.

1. UNM

v

é’aﬂﬂaﬂqﬂiamﬁf@ﬁ Wudsaufiniuainiale
mMsanaoRasy nmﬁumaﬂaﬂmmm LLaﬂLﬂéﬂu{aHﬂ
gnmsasnslswsunanlagandomalulafasauwine
Lﬂumsawa mmmwawamnaﬂmm%uﬂﬂ 980

[

aﬂmm%m mmwuuLmamﬂmmsnawauamamu

I LaEMIFIABTDYARHEUNITALAS BTN
wazlassaasiugiusesszuuesevislagun gaasls
Transmission Control Protocol (TCP) [1] AINLLE gadn

ada nﬂ‘d > o s nﬂ‘ ¥ i = v
'Jﬁﬂ’]?ﬂ%ﬂlﬂ‘ﬂ’]ﬂ@L%ﬂxﬁ‘ﬂ’]ﬂﬁ']ll'ﬁﬂﬁd“lla%lﬂvl,@LW HILRT

* Department of Computer Engineering, Faculty of Engineering, Chulalongkorn University.

o A a o :“VL»O 1 a o av a s IId &4 qu,u 9
RIBRINVAIUNANNIIYU LAWILR YD ud’]uﬂiz’g&m’]d’]’ﬂ’]ﬂ’]‘ﬁ:@]ﬂ'ﬂ’]ﬂ(ﬂ’]uﬂﬂNW'}Lﬂﬂ‘SLLﬂ:L‘Ylﬂ WLRLRIIRULNA ATIN 13 LA LaTUT19I8 Best Paper Award

15 adiun 1 anax - Agwien 2562
Vol. 15, No. 1, January - June 2019

Information Technology Journal

MsaIsnalnlag@arsaning




h

@ v (% L2
- A

! [ . &
MRS T Q'JULﬂ(flﬁ%GNNW@MRW Multipath TCP U

u“

4 g Cov 4 o« g ¥
LWa‘lmaumdmsawayaﬂmﬂmuluiaﬂqﬂﬂ%guuslﬁ

Lﬁ@ﬂiﬂ&l“ﬁl:gdq@

Multipath TCP (MPTCP) [2] Aasnuaaugng (Extension)
yo9 TCP lapa'ly mnwwmmmwmmﬂwamn@maa
TCP Iﬂﬂmmmmmumsm{amamuvﬁmmauma a9
Lunﬂuﬂaaguu MPTCP mvl,mvl,@umﬂmmamal,l,wa?
BaN LLG;VL@TfIﬂ’]if%&ﬂ%lui:uuﬂﬁﬁﬂ’ﬁ i0S ua [3]
ilasanmnmadenaavas TCP AnTATNIIUFY LY
mydoune azaaslmaslunsvnszuIwns Three-way
Handshake Sﬂﬂ%aLﬁaﬁwm:mumséa{agﬂm 5oy
ﬂﬁwfuﬁﬂﬂgmLaﬂﬂwsL%au@ia ‘lummzﬁﬁwé’aéﬁagaﬁﬁ
pwalngy ma@TmL’%M@Tue}a%aya‘l%ajﬂwwé’dmn%amia
Fansannisly MPTCP AAsasaunsalaiaunaiu
‘lumifs}a{aHammgumaﬂﬂagﬂﬁﬂmw LATEINTD
navuloigunisdulasnasininasivaninslasy
msunlouar tilasann MPTCP witsnsidounaas
§UNT0§T9 Subflow 8a8lA UazLARE Subflow F1XNTD

v

‘lﬂummwagammaumaﬁamm AULINAINW LA

[

3] ma"hﬁmummw 3] H 8A2835N15 MPTCP E]'Wflﬂ’]{l,"li

@ ' o ' v &
LEuNMITINAuLazsINIInnalriialngnismnasia
g ' { ™ v
(Bottleneck) IunalutaIavnoiiiasananususanyad
nuum%a"mmLLa:m:mumiLﬁamaumumu&uﬁq@
' & v [ 9
(Shortest Path) uatmngmsmisansaunlalalaans
a A Y A ¥ A Yo
Wowldsunsuinaloidantaunitsmunizanlvny
MPTCP nauniiin39laLaua Path Selection Algorithm
¥ . 2
%38 PSA [4] TUNTNWUINTZUIBANTLASNLEWNI
A ' A o s ¢ A
289 MPTCP lutaIaananfiivualagsananls wia
Software-Defined Networking (SDN) [5] LﬁﬂLLﬂWLTﬂ’Ey‘IM
AINAN

A v dq’ v o A v dl i
Tuinwdapialaiinszurunisiianiawnien ba

A ! A ‘& A ! A
iawannaaaslwaiannanlrnydvlasdwaiasnan
! a A Y,
ANLUUNIINLATVILDTI I3 LarinAIAN BN
Mininet Network Emulator [6] L& Floodlight Controller [7]

(-7

uazlalusunsu Iperf lumameasausivaya uszIaNaIN
N Throughput Mlamadoulusunsudananssssaya
fandufinanlusunsy Wireshark lasszuuiaiase

v &
gﬂmuqumimmuhm’l"ﬁqﬂmmmuqu (Controller)

Information Technology Journal

Msarsnalulag arsaning

av a a v @
UYNAINAIY : NMIANBUTIUIN UV INTELIUM T RENEUNIVIATRULLRIDLEUNNS

A PN & s
luwe3adnafiinualassaneduis

iulwslnaas OpenFlow [8] T9N32LARNIFNITUDD
Controller 9 a:ﬁﬂmqmé‘ﬂmﬁmamﬁmﬁm MPTCP
Header W;awﬁy'ﬂ"g{a%lamﬂémuu@%ﬂﬁﬁwgaﬂﬁm
(Available Bandwidth) Iumm:ﬁﬂmifs}dga;&a Wae
ANANTAHIS (Delay) ITHINIABNIILAZUA1BNI

A oA > Aad ¥
LWﬂLaaﬂLauﬂ’Nﬂ@ﬂq@lﬁLL@a: Subflow

2. noufuazuwisafiiaadas

2.1 MPTCP

MPTCP Lﬂﬂﬁﬂ@lﬂaaﬁwmuaéﬁlu%ummaﬁa;@
(Transport Layer) LTwt@agnfiu TCP Gvazidusdananauas
R uﬂﬁmmmwmwmmmﬂw ALAT (Application Layer)
LL&‘”"I?WUEN Internet Protocol I@m MPTCP 32 ‘Yl’]ﬂ’]iLL‘]N
TCP Un@iaanidunany TCP pan wiafii38na Subflow
@Twmqf‘: MPTCP 39snansaloiaunmalananstaunis
o U‘l@iumn%amialﬁ &7 (Single connection) LRZEIRINTD
Irnularuneuwaindwaylalas lunasynmsasuuas

MPTCP ﬁﬁiauﬁl‘ﬂumimuQmmiédﬂagaﬂl,mwia:
Subflow ﬁl,%ilﬂ’:;’] MPTCP Scheduler LﬁﬂLLﬁdLLﬂ:ﬂ’mﬂN
nsaslUluuanz: Subflow 1wiUszansaim MPTCP
Scheduler ATuA3UAW (Default) H4al3FnI1 Lowest
RTT First a:ﬁé‘ﬂmmzmsﬁﬁmuﬁafs}d{agalu Subflow
flﬂl’] Round Trip Time (RTT) ﬁWQQ%GQZéG{ﬂHavLﬁQuﬂi’]
921F¥ Congestion Window (CWND) HaI91nHH5 992
ﬁa“ﬂaga‘lu Subflow Bufiflan RTT éhva9aean

lu TCP Un@d 2l Sequence numbers ﬁizqﬁwé’wad
faagaLL@ia:u,ﬁﬂLﬁ@lﬁgﬂédml%ﬁaé%’u"l,@iy%’m%mﬁﬂé‘u
nauaslun Application Layer VL@TQﬂ@TEN LL@iLfimTa;ga
E]ﬂLL‘LjGL‘ﬂu Subflow Eiail %\‘1 LLGiﬂ: Subflow 323 Sequence
Numbers 18962189560 Lﬁaiﬁﬁaé%’ugammmm%’@
Sméwé’uﬂa%mvlggﬂ@?adﬂ?u Tumsas {agaﬁlﬂu MPTCP

a:mmagalumumm Data Sequence Signal %38 DSS &4
! > A A
1uluaau TCP Option Header a8 TIUaaslunIwi 1

s (o[ o s[ss[e[o s |o[ols 2[5 [s[sls s[ofs s [ols[s]s e[ s |5
offset [0[1/2]3[4[5/6]|7/8[9[0|1|2]3[4|5/6/7[8[9]0[1[2]|3]4[5|6/7]|8]|9[0]]
0 Kind Length Subtype (reserved) F|mM|a|A
32 Data ACK

64 Data sequence number

96 Subflow Sequence Number

128 Data-Level Length | Checksum

AN 1 678819 Option Header My DSS

15 adiun 1 anaax - Fgwien 2562
Vol. 15, No. 1, January - June 2019



h

lag DSS azdsznavuady Sequence Numbers VaJTaNR
nawnazanueniin Subflow aw
‘i-ld ' A o s ¢
2.2 1@5ansfimuwalagsanauds
' 1 6 [
WwIaunanirualassanawds (Software-Defined
Networking) #38 SDN Juwiasavsuvuluufanansa
muqumMItusasaiamslaasnsfitszinsaw lay
o & '
lzgunsmaiuqunia Controller ifuaIuaIugUUAZ
o s a ! A A
nuasgUnialuszuuiaiansdusasluning 2
YA ! > a ! a da
logzUmpdaduainvaslasianaaiannouuuiaanid
: : PR
sauauguagneluglnInuaazdy aauzUnsrnia

[

‘é Ll v
Lﬂuiﬂid FINNANLUY SDN sﬁwzsmmumuquvh

v &y ¥
an EI%E]ﬂLLﬂ'JﬁW&I’]iﬂﬂ')UQ%Jnﬂq‘ﬂﬂiva@

-~

Control Plane SDN Controller

S .
K .

Data Plane

£

Switch SDN Switch

AN 2 MwlaTaasatguuuLauSau AL Ny
1388 UY SDN

Iuﬁagﬁuiwﬂﬂﬂaaﬁﬁw‘lﬂum%aﬂwzJ SDN @8
OpenFlow Protocol %GgﬂaaﬂLLUUNWQWﬂﬂgﬂﬂﬁimad SDN
%9 OpenFlow AUENEIWNIEIABURALAA (Data Planc)
waswn3daaula (Control Planc) mﬂ@mﬂu OpenFlow
Switch mmmnu 1@8 Control Plane ‘Wﬂ ﬂﬂﬂ?ﬂﬂll(ﬂ’sil
Controller Lllall Flow TSGT@HGIM&IL‘U’]&I’M OpenFlow
Switch 91N Switch 99 agaﬁf‘u (PACKET IN) v
Controller %5\‘1%’1711%% Controller 323@N1INU PACKET IN
lasas mmaawam Header mamwmﬂm wazdslw
OpenFlow Sw1tch f,ﬁ’]d Rule mw‘nm‘v\u@ I@&Iﬂ’]‘W‘YI 3
UFAIIATI ﬁi’]«iﬂ’]iﬂ’]muﬂlﬂd OpenFlow Protocol

2.3 Floodlight Controller

172917u8l Controller Iﬁ/LﬁﬂﬂI%GWua%iﬁaﬁﬂ%ﬂ’]ﬁl Falu
wispilidenls Controller 53091 Floodlight S9tilu
Controller AFTAUNNINAEA Java M3tdoulisunsy
AIUANNITYN9I%UBY Controller vilasositae

15 adiun 1 anax - Agwien 2562
Vol. 15, No. 1, January - June 2019

UNAMNIY -

MIANBUTIUSTNIUVBINTEUIUMITRBNLEUNIVDIN DR UL LR DLFUNT
a A o & &
lueSadnaniwnalagasandiag

CONTROLLER
Inqui h

1o match in tables
OPENFLOW SWITCH

OPENFLOW CLIENT

Response

FLOW TABLE

:_ STATSTICS

Forword to port(s)
Forword to the controller
Modify header fields
Drop

1P sre/dst, MAC sre/dst,

Port sre/dst, VLAN, ... | Packets, Bytes, Duration

AN 3 MIFaF1TI=WIN Controller Uas OpenFlow
Switch b% OpenFlow Protocol

B89 Java Module ez REST APT lagaudsnitnoaidam
Tdsunsuaag Java Module tWa3an15AL PACKET IN
gutsen auwé’nﬁaﬁuﬂmﬂy aslalu Controller laun

Topology Manager "Iidﬁ] LﬂUﬂ’]‘Wi’J&l (Global View) U4
Topology mnmmwamiwmw SDN Controller e
Switches lagnsn mmmmmam"l,mmn,auvm"lmum\m
\Houaa Node ma‘maamsm{ammﬂu

Monitoring Module Gmmmmmmagaammﬂ%\ﬁmﬁ

Forwarding Module @9iJugaunanlunissuen
PACKET IN 33103159 Imﬁa“ﬂa;&amﬂ Module 849
LLazﬁ’m’ﬁLﬂIN OpenFlow Rules Tu OpenFlow Switch

2.4 Mu39afiEIT0

Wa997N Paasch Wazame [9] la¥nsWaIw MPTCP
ialr9nuasalu Linux Kernel @9lasuainwaula
9819370 AN Pol uazAme [10] 39ladnw3Ens
\A% Throughput ’Lumﬁ@éd{aga MPTCP lagfnua
ANIELAY VLAN L‘ﬁlaLﬁaﬂLguﬂﬁdiuﬂﬁiﬁﬂLaﬂdga%m
HAWNNY Subflow ‘ﬁ'ﬁmmmmmlumiéa@iagagavlo;
Lﬂazﬁqmmiwuﬂ%awhmau,a:ﬂmmm l,l,a:ﬂi:ﬂqﬂ@ir
713891y SDN Lﬁamuqumiénﬁmﬁya;dammlu
m’%a“ﬁﬂﬂsl,ﬁyl,ﬂuvl,ﬂasﬁogn@?adﬁnﬁz\aEJ'aLﬂumiJaaﬁ'u
ms‘ﬁu%auﬁ'umaaﬁumaﬁ‘lfmmzﬁwLﬁmﬂyaga oenals
AANUTDINTATBINTZUINNNTH AaAaIiINTAMUA

RUNULRY VLAN ﬂauawaga%w:mmmlmwﬂﬂ

Information Technology Journal

MsaIsnalnlag@arsaning




h

TUA18%a9 Sandri UazAmAE [11] &A% Zannettou
= Y= aa oA Y o, e
wazAme [12] 39ladnITasinaiiaaauainnaves
MIAIRNIELY VLAN lagiauuwiiluwly Controller 1N e
A A Y= ~
LENUEZLAZIEY Subflow Wnu SITMIRATIANIALAL
Throughput lunsdasvaya laiuiu lhasnunaLia
MPTCP Header 81313037640 Subflow &8 Subflow vL(v‘I
¥l Controller snayaLdanznnaLia bl laluianunig

LANANINY a9 bIAMINUIFLNIRAIREITVaT NG

2 Sh

A8 Controller "inmmmaiumﬂ Subflow IMNRAREY
matieunafissanauifiaidsilusoznalnaiesi
'é'ﬂﬁzamﬂﬁaﬂLgumalumsﬁﬂL'&'m{agaﬂ’muﬂu
milﬁami;umdLLuuguﬁqﬂLﬁﬂﬁu NS AU a
AflUsransnwannnnfiaw

ﬁau%ﬁﬂf:m"l,éymua Path Selection Algorithm o0
PSA [4] %umﬁﬁm:mumsi:ﬁ_ql Subflow ﬁgﬂ@?am&iuﬂ'w
LLa:ni:mumiLﬁamf;umaﬁslfg{aymmu@%@ﬁ‘ﬁwgau

Traulaza1ANuRug Ladseunman Throughput 1t

oY ] v

mnﬁan@mumaﬁaﬂ@m Throughput §Y§AINLEUNI

ﬁ'wm‘Lum%am ] LLﬂZvL@‘Yl@a ﬂxﬂ%Lﬂ%ﬂ?ﬂ YUY

' [

ARaNHUZARILNAWRANLNUIRIN (Simple Dumbbell

Topology)

3. ADARBNITIVY

«i’m%%q‘ilﬁjvl@ﬁ% Mininet Network Emulator 2.2.1 [6],
Ubuntu 14.04.4 LTS, MPTCP: Stable release v0.91.2 [9]
W Tperf 2.0.8 [13] Mnaaasaansols 1 sauaaveny
PadLadesaInaztaiassulainauiiasars MpTCP

= o A Al
AN 4 la9a39n3a91n g unInaaad

Information Technology Journal

Msarsnalulag arsaning

av a a v @
UYNAINAIY : NMIANBUTIUIN UV INTELIUM T RENEUNIVIATRULLRIDLEUNNS

A PN & s
luwe3adnafiinualassaneduis

<o & . > Cy
1983T% 0.90 IwlUr1N1IR IR AlRRINIIDRILA
7NN 1 Subflow 114 1 Y04 IP Address
° v ! { A
ANINARBITNUWLATIFINLATAUNIANNANN 4 a9
> A ! A Yo > ' a s
inlassgsaaIavnonlainlaseasns auunadan
! ! ! A
AAMNAUIT N1NLATENY COST 239 [14] Taidu
At a ! A ! a
menmsdmﬂmwmwamaanqwﬂi:mﬁlumﬂsﬂiﬂ
Taae3199 1 a:i:q%al,ﬁawadﬁé'ﬂml,m: Node A7L8%
=3 { ' GA 6 ! =
W9 UBaININND 4 Aaeuuuadianlunuis wnzda
@B (Mbps) LAZAIANNTAWI IUAMIB AU (ms)

A15197 1 NAIYAILARS Node

Node i ﬁ@iﬁ
1 Copenhagen
2 London
3 Amsterdam
4 Berlin
5 Brussels
6 Luxembourg
7 Prague
8 Paris
9 Zurich

T,@mmsmaaw:aaﬂmeﬂuamgmmuﬁa Fuuuy
13N Controller ﬁﬂmﬂﬁamaumal,l,uué'uﬁq@ (Shortest

[

! s A A ! A !
Path) lagua a:mumﬂu%mmsmamaa:gmaaﬂvlaﬂﬁ

1 v
a

T aunI9BIN% D3t HaINIINANITNAVES Controller 1
Lﬁamaummumauﬁq@ﬁfu LATWUUNFDIA® Controller
yinmsiaaniaunalaely Path Selection Algorithm [4] Lo
fnsunlanszuiumsideniEumaiuiuaunwg 5
= A a ! ! A o A = e
FaaznuLAnluaIUaIAn AN k (UTIMaN 1) Teazlodn
mg@qmao'ﬁﬂmumumaﬁaummLlﬁ‘ﬂmﬁﬂu 1409970
ATTUIUNITLRONLRWNIINLINIINNTSsuL sy
¥ & ~ Y A A ! A ' e
wuwnananuaidwldle iaesanefivmalnyvinln
s A YA o ‘A o o o
wwwnanulwly laddwnan winludnsinasiuwin
v A o Y2 A ° A ‘o
RUWNT e InawRasnvinewnana luddu
Tumsnesasitlarmuan k = 30 (laanmimassssu
Wasua lrraunzaununsnaaadd) lwnsmuuea k

aa A

ﬁﬁmuaﬂawﬁ]:ﬁwaﬁﬂmaumdmﬂq@ ugNRIITIN

W21 9L UL UNT9A Dijkstra’s algorithm 89 lwy

15 adiun 1 anaax - Fgwien 2562
Vol. 15, No. 1, January - June 2019



h

a v a a 2 2
UNAMNAY : MsEnwIFIUTuMUeINITZLIRN TR NLEUNIV I AT A LU AR BLEUNNS

a A o & &
lueSadnaniwnalagasandiag

Source and Destination switches

First path or Null

Output: OutputPath

I: k « Maximum number of paths from Routing module.
2: availablePaths « Dijkstra’s algorithm

from Routing module function
(Maximum number of paths = k)

Input:

3: seti=1

4: While i<=k and i <= number of availablePaths

S: tempPath < Next path from availablePaths list

6: if First path is Null or tempPath not using same switch

with First path then

7: estBW « estimated Bandwidth from tempPath
using Multiple Linear Regression Equation

8: if estBW > BestEstBW then

9: BestPath «— tempPath

10: BestEstBW «— estBW

11: end if

12: endif

13: end

14: OutputPath < BestPath

‘1‘ ¥ d o a L = v
AINN 5 Zﬂ@t‘i’li/ll".l/adémﬂai‘nllﬂ’iﬂﬂé]ﬂl,ﬁ%‘i’l’h‘i

LU WINYTNMSiNRua k ﬁﬁé’lgal,ﬁu"l,ﬂﬁ]zﬁﬂﬁ
Dijkstra’s algorithm lrtasnfindulunisniauns uas
NTLUIBNNTLE BNLEWNIA IR HI HATULHATANILRE
ANURWITRISIIWMERNI RN S RsUue s
LL@iazgﬂLmumimaaaﬁ]zmaaa 5 a5 luuaaznssasly
Tusunsa Wireshark §naue a;ilaﬁ Network Card 78910589
MPTCP Server LLﬂZI"EIﬂiLLﬂi%J Iperf agﬁaﬂagaﬁlﬂu TCP
9% a%lammﬂ%;aa MPTCP Client 1893 MPTCP Server
FIuaazNIINARIEINIFATWANAY Throughput ba
Ml yuIﬂimeé"ana%mﬁéaﬁﬁ'uﬁn"l,;@?a alisunsu
Wireshark

4. HANIIA RN

HRIINMINABBITNHNITOUEAIIUANNT 6 TILFAINE
Throughput 70ANNUARELEUNIS 71 1AIINNITEUI DALEN
mslagles Path Selection Algorithm %38 PSA 140 5
ANINARES WaTHA Throughput 711AIINNFAUIBALEW
mila EJSL"I; Shortest Path Algorithm %38 Shortest 314 5
NMINaaDY

IINNANLINA Throughput 71AIINNITAINI b
Lguﬂ’]\‘liﬂf_ll“g Path Selection Algorithm E®IUNIN 1an
tgun9fiinlnlann Throughput ﬁgaﬁqﬂ wazLRen
LEUTNILEIAWIS 5 TINARes MuMIWA 7 (n) Flwue
Throughput 1%mwﬁ 6 Lmzﬂéjua%i‘ﬁ' 14 Mbps E%’J‘H;Na

15 adiun 1 anTaa - Agwiew 2562
Vol. 15, No. 1, January - June 2019

——P5AL —a—F5A2 PSA3 — PSAL —sp— PSAS
Shortest] —mpm ShOMest2 ——a— Shortest3 —m— Shortest4 —a— Shortests

16.00

14.00

1z.00

{Mbps)

10.00

800

6.00

4.00

Aggregate Throughput

0.00

Time (Second)

AN 6 7 Throughput IMNNIINANDY

Throughput flaannsly Shortest Path Algorithm CEARY
o A =< A a A
IMENQUARAUNTNN 7 (1) 9 NN 7 (2) uaziianiad
1N 5 MINARBIBYN 8.4 Mbps AL iaINNaNNNIIReN
Laumdﬁﬁuﬁq@ﬁﬁ%mmaumaﬁﬂ%ﬁé’nwmmmaﬁu

ﬂ"ISEPJ LRBNLEWNNG

First Path

————— <> Second Path

(1) NMINAIAJULL PSA

First Path

————— 2 Second Path

MPTCP Client

() MINARAIUUL Shortest ATIN 1

Mnsarsmaluladarsawne B
Information Technology Journal




UNAMNIY -

MIANBUTIUINN UVBINTELIUMTRBNLEUNIVBINDRUL LR A ELFUNT
A PN & &
luwe3adnafiinualassaneduis

First Path

First Path

----- = Second Path

(A1) NMINARBIULL Shortest ATIN 2

(3) MINAKAIUUL Shortest ATIN 3

First Path

First Path

----- = Second Path

(3) NINARBIULY Shortest ATIN 4

(%) MINAADIULLY Shortest ATIN 5

2NN 7 Lﬁ%?’l’?dl%ﬂ??ﬁ'dfaya

5. &9
nuispilugaslifinannszuaunsdaniaunied
fWI4A" Throughput vl;ﬁauﬁazéa{a%m laudanasiu
ﬁmmsm:q Subflow LLﬁnaanﬁ'uvL@TaziNgﬂ@Tad
mn‘*ﬂagaluuﬁmﬁ@ L8zN15RANTBILABNLEUNA
MMM IR TN FIMYIATHATLAN Throughput V84
mss}aﬂﬂagatmu MPTCP G3a1AM3§AT20uaARE
é’hLLﬁJsgﬂﬁwmmmnni:mumsﬁﬁ Multiple Linear
Regression suanusnshanloiuweiarnsfidawalgy
warlianudurendule Tagamansorlnanadsuas
Throughput A1usagas 66.6 WialSuuifisurumsden

LRUWN UL LRWA q@]

Information Technology Journal

H Msarsnalulag arsaning

6. LANA13D19D9

[11 J. Postel. Transmission Control Protocol. Available
Online at https://tools.ietf.org/html/rfc793, accessed on
1981.

[2] A.Ford, Raiciu, C., Handley, M., and O. Bonaventure.
TCP Extensions for Multipath Operation with Multiple
Addresses. Available Online at https://tools.ietf.org/
html/rfc6824, accessed on 2013.

[31 Use Multipath TCP to create backup connections for
iOS. Available Online at https://support.apple.com/
en-hk/HT201373, accessed on 2016.

[4] J. Jullawat, K. Kawila, K. N. Nakorn, and
K. Rojviboonchai. “Path Selection Algorithm for

15 adiun 1 anaax - Fgwien 2562
Vol. 15, No. 1, January - June 2019



(3]

(6]

[7]

(8]

(9]

[10]

Multipath TCP in Software-Defined Networking
(NCCIT2017 Best Paper Awards).” In The 13th
National Conference on Computing and Information
Technology (NCCIT), pp. 100-105, 2017.

B. A. A. Nunes, M. Mendonca, X. N. Nguyen,
K. Obraczka, and T. Turletti. “A Survey of Software-
Defined Networking: Past, Present, and Future of
Programmable Networks.” /IEEE Communications
Surveys & Tutorials, Vol. 16,No. 3, pp. 1617-1634,2014.
B. Lantz and B. Heller. Mininet. Available Online at
http://mininet.org.

R. Izard. Floodlight OpenFlow Controller. Available
Online at http://www.projectfloodlight.org.

N. McKeown et al., “OpenFlow: enabling innovation
in campus networks.” SIGCOMM Computer
Communication Review, Vol. 38, No. 2, pp. 69-74,2008.
MultiPath TCP - Linux Kernel implementation.
Available Online at http://multipath-tcp.org/

R. v. d. Pol et al., “Multipathing with MPTCP and
OpenFlow.” In 2012 SC Companion: High Performance

[11]

[12]

[13]

[14]

a v a a 2 2
UNAMNAY : MsEnwIFIUTuMUeINITZLIRN TR NLEUNIV I AT A LU AR BLEUNNS

a A o & &
lueSadnaniwnalagasandiag

Computing, Networking Storage and Analysis,
pp. 1617-1624, 2012.

M. Sandri, A. Silva, L. A. Rocha, and F. L. Verdi.
“On the Benefits of Using Multipath TCP and Openflow
in Shared Bottlenecks.” In 2015 IEEE 29th International
Conference on Advanced Information Networking and
Applications, pp. 9-16, 2015.

S. Zannettou, M. Sirivianos, and F. Papadopoulos,
“Exploiting path diversity in datacenters using MPTCP-
aware SDN.” In Proceedings - IEEE Symposium on
Computers and Communications, Vol. 2016-August,
pp- 539-546, 2016.

A. Tirumala, F. Qin, J. Dugan, J. Ferguson, and K. Gibbs.
Iperf. Available Online at https://sourceforge.net/
projects/iperf/, accessed on 2010.

H. Wensheng, F. Jing, and A. K. Somani. “A p-cycle
based survivable design for dynamic traffic in WDM
networks.” In GLOBECOM ‘05. IEEE Global
Telecommunications Conference 2005, Vol. 4, pp. 5,
2005.

¢

15 adiun 1 anax - Agwien 2562
Vol. 15, No. 1, January - June 2019

Mnsarsmaluladarsawne g
Information Technology Journal




