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ABSTRACT

In this paper, we present experimental results evaluating the performance of the Multipath TCP over shared
bottleneck path in series of benchmark tests. In summary, we find that the Multipath TCP’s fairness as well as
its competitive responds to the change of network conditions such as latency, loss rate:: MPTCP is extremely
unfair and powerful with regular TCP in ideal network conditions but its throughput decreases clearly even less

than regular TCP in worse network conditions with very high latency, higher packet loss rate.

I.ME o mxli= <38k 5-& aedsfof gk wEh MPTCP

7} A831=7] s tekat MES = $HelA

| IETFe)| ]34 Multipath TCP(MPTCP) =~ MPTCP2| A5 AA v EY I A= d3ks 3
2EFo] 53} oo 7Y TR eSS 2lus 7¥eh= Aol wig- F8skch

7ol Axg = eV MPTCP= F 322E Alo] olelg AIE s fsiA £ el o

o ofz] AR Aol SgAIZFClA Ae] 71531 vkA 9l TCP2} MPTCP7} H-& 7k(bottleneck path)

Aol T TCP A< 3185k of] eyl Ex & Tk A=A EdY AAE she HAE 3

2] 95% o]xko] TCPol| o3lx] 3] =L lck A Ave] o5 Ak wmgk AlA vIES = 3

w2}x] MPTCPE 7|&2] TCP7} EAshs 7 & Abol A 271 T 3] $lEl Al 2 Al <A

A 3 F2RE dllof gk AFpA o & 7)Ee] TCPo} S 2L FeprlelE WstAA 7P Aeleat 34

37 B2ks & 7ol MPTCPY] A5-S e =230,

g Tk & Aol tidk s} 7)Ee] TCP

¥ B o= 201499 A RSE7]E 9] AR gl Atke] 712 T7AK] R4S Hhol S8l 7141.(2011-0012003)

* First Author : Kongju University, Department of Information and Communication Engineering, diennv@kongju.ac.kr, &33]<]

°  Corresponding Author : Kongju University, Department of Information and Communication Engineering, rosh@kongju.ac.kr, 5-413]<1
= E D KICS2014-11-464, Received November 19, 2014; Revised December 12, 2014; Accepted December 12, 2014

70

www.dbpia.co.kr



73k MPTCPS] A5 47}

I. o7 A

%<+ multi-homing¥} Multipath TCP A7} &2
AL vk glew IETFel osix A 1%
(working group)ell &J8] xF3l =<k SCTP
(Streaming Control Transmission Protocol)ml‘—
multi-homing-&- 7284 A 27} Asfjsh= 74§ 4
A8 =S ”74151‘”4 SCTP+= 3~E7}
o] ARE FAlel AR 5 =S 3k glck 1
v} SCTP7} thedgh 03 AlAellA] Fado] =32l
& 2slal i Sgolxint AgE e mpidow
ARSE AL 9JA] etk SCTP7F 2=d IejdlellA] A}
4 we] A A L A} SCTPE AR
T UEE &8 RS WA o ke Ao,
5 HAR NAT == 3Py (firewall) 3} 3+ tlekat
VIES|Z An]Ee] SCTPE QIAIsHA] %3ka SCTP
HZ& 2Apdgich= Aok

IETF2] MPTCP $17 154+ 20123 4E] 7|&
o] TCPE t}x Aun ssls /e zlasielo
ol o] gfo g Qla] TAET} o2 sl QlEjso]
25 FEA she] Al Sl HBlE o THe]
HE2RE AL 5 9)A g} =g o7l TCPY] &

A2 SCTP«] whdel 4 Ze s aﬂﬁquur 7
2AFe] V=S 3 AmlellA] A=
T ek ol 7S rvke® ookl slEtvE
7F MPTCPel| |23 g3k g w& o177k 213y
HA weha ol2fdt deke] disiA olelE sh=
AL 5 MPTCPL] A58 3AHA1717] $lalA wil$-
83 AREE 4 sick vlE AFA HellA] 218)=
Aol B2 Aloke] 3ls 4 ot 2 =9
ANE %EHH *Hi$ A AFe] ZrEZS
MPTCP] A5 =3l B2 Ee s E 5
= A= 71£H€LH4.

rlr

iir

. MPTCP2| iR

3.1 MPTCPS| F£x=

MPTCP"= Egjjge Aukslr] $J3F A2 A
A% Z2 EFo|tlt. MPTCP2] &A1& multi homeS-
e 32E7) ofe] 9] QlEfdlo]~E o] gsliA

o TCP A48 &8 3hz Zlofet oleid g2
o3 22 A& Algsiel. MPTCP _EE»—oﬂ/H
= shte] Haw Afshke Zlo] AdlE e 3
& o]-8siA Evs 3k ﬁiow e A=
2 Aggre R EAE A 4 ik

A, WEE lEE AR QEde|la2 &5
S =d % %E} MPTCP®| A= B2 87A
J3EE wigkom I 7l P Q3 AL &
AZz} b= HﬂA F3or} 8 AT 33
TCPollA Ad= &4 Z2aule W7 glol=

MPTCPOAE Alafo] Elrj= 718 ojn|ghe) gl
E9=2] 3349 542 MPTCP F7lo] 724k
Y ESZ AR E-L okxlalA Exfajo} gl Aolch
w2} MPTCP& 58715l 7152 TCP A<+ &
A3HA Hol&F 3l7] 93] Sl FAHLR 7|E
o] TCPE W73he WA o R AA= I} 2ev
EL= AZdAe= MPTCPE 72+ AR Z2%
(sub-flow)= 2 A|THEZ} A28 TCP $4S A
3= TCP S 292 Q1A)¥ith. MPTCPE o|2|3h A]
HEZ50] A, AA L delelE ALsl] ¢l &
45 F2j3ic) dl}e] MPTCPY oA $-e== B
Z2.99] £ yAEo] 9lA] gko , TCP HL=o] -
A== Zokel] WAE 4 9lrh 13 12 MPTCP =
ZEZ ~ES HojEr

Application
________ Socket API “Transport Layer
> MPTCP
(data-level)
Subflow Subflow
(TCP) (TCP)
F'y F'y
__________ 4 ¥ .
P P Network Layer

a2l 1. MPTCP ZE2EZF ~ul
Fig. 1. MPTCP Protocol Stack

3.2 MPTCP2| ==}

MPTCP= TCPS] &R0 2 FAJ=]g) 0] RFC6824™
2 &3} E]fﬂﬂr MPTCPl|A = ©+a] TCP <40
Z & IP F4E HolelE FAlol FAle] 7153t
Al Fpoick £ AoAe o] FEbel| T N8E AH
ghe}. dubAel TCP9} "7 IA| 2 MPTCP Al
A 27] AL, dlely] AF H A< 520 Al =
2 R 27 A A4 TCPe MPTCP]
2ol g A27F AR =] Aol 4-way W=Ao]=
Zxto] o] Fo]xr}. 94 MPTCPY] 4-way FTAo]
Fol| A= TCPL| 3-way M=Ao]=9} FAFSHA =t
32t SYN, SYNJACK 8|3 ACK I31&
MPTCP_CAPABLE #A<& FHREkL 2 thdo

1

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-01 Vol.40 No.01

TCP %{Zo] o]FoiA|w Fefo]dEx 2Hilo] 7R
9l thE F4E TCP A|l1HEe] ADD_ADDR &
Aoz gl

N2 4] wgho g F s TCP Aol A
=, o] Ao A2 ABER57} El) o] AH
E25E 27| MBEEEA AHEYE] A5E E
25 #3sk= MP_JOIN #4128 ZH= SYN Al E
E ASTo= A HA AEER5e) fagich 4]
W= 7] ABEESolA] Felo|dERTE A=E
EZE E38hs MP_IOIN 41 Zk= SYN+ACK
HR o7 FH3lH, Fefo]dE= 3-way AWEAo]=2
£ FTEgh 29 2= o]=§ 27] MPTCP A5
& HolE

ol2igt I Jllo] HBZ2-94= shle] MPTCP %<
WA A2 fzEe] olow, 5 A dAlolA] dl
olelE AF3r] 28l ARE 4 9ich. MPTCP7}
dlole] AL Atsh AlEA] X wmE A=
T e ABERSE S A=A sla A7) et
A Gz dlole] A-S 3 7 7FA2] o] 24
glch A A ZF ABE2= dubEel TCP A<+
Zdsln] 32u|EL] AP WHE F7K(sequence
numbering space)S Z=t} ©]7-2 MPTCP7} 2=
Al wme B #x]2] AA|(traffic normalizer)2} %2+
= ZARAFe] 2R v EYa A E S ¢ ele
% shd] w9 F8sjh SHE MPTCPE 644 =
o A WE FZke 79, DSN_MAPS}
DSN_ACK2| & 7§2] TCP &41ellA] o] dlole] A]&
2~ W35 AR} 3AEd 7 AJEIZReR
TCP AlZHES A5 v 6418 E9} A HZ 2 9ollx]

Host A
! i | Host B
—— T 1 Address BI
| Address Al E.r\ddrc:\:i A2} i —
,,,,,, !,,,,,,,,,,[,,,,,‘ b o]
! | DATA_FIN
I = L
I [
H | DATA_ACK
; +
! I FIN
i |
! |
I FIN
, |
i |
i ) ACK
i b
i |
; 1 ACK
! |
[ -
a8l 2. %7] MPTCP A< 34
Fig. 2. Initial Connection Process of MPTCP
12

AMElE 328|E AlgA WSS wisgsb] flsiA]
DSN_MAP #4318 283k} olzidt whoz o=
ABER,E AEE dlole] A7) uiF ol dlolH
Aol AE P wf v AEZE N AAE
o] 7}s3ltk MPTCPA] =A1%l Al EL= T 79
Ao 4] S (acknowledgement)=]o] Ztk ] A=
7 BEEESA AlE Al e tigl Ste s
Z+ A BZE 2904 TCP 4 (cumulative) = A=
H(selective)ql -SH(acknowledgement)o] AFS-%Ich
a8z F AR 4 ZAERRE 7 S-S Al
37| $lsiA dlele] A2 Hlex DSN_ACK
o] 2lel Hok AlamEr) £AES o Al
ol Al A1l 328]E Al HEE A8l 7]E]
TCP AA%E w75 o] dsiM £AS B3t
A BER97E A MPTCP= o] A& ZH3)
S5t i dlolEE Ae] Hof olE AuE
= FA ARSI

FA2} ] oA AEed dolel7} gl FRE &
ol = dlo|g] A|FA A1Fo] UR-Z FIN $4lo] &
A=t} o] AlFE dubz{Ql TCPL] FIN 7H2 2w
Z 7R FdsA F2FskR]aE %<4 24 (connection
level)ell 3t} A5k MPTCP A<2] & to|el7}
FAlEH o] wWAX]ol| thaA] <L ¥ (connection
level)oll4] DATA_ACK ™A|X] 2 -3 (acknowledge)
) odgk $~E°] DATA_FINS7} DATA_ACKs
2 SEeixd A4 £33 7o guch o
23 F FAEV BE A BZ2964 FINsS A4
ok 3k} w3k MPTCPS} 7122] TCPE| 2 Xjol=
E2kAllo] vbAle]t). MPTCPOAE TCP 299 &
FA(unfair) == A& 2] $18i4] TCPo] E5t#o]

fu

1

Host B
Address BI

SYN/ACK+ MP_CAPABLE (Key-B)

ACK+MP_JOIN  (Key-A, Key-B)

SYN+MP_JOIN (Token-B, R-A)

SYN/ACK +MP_JOIN (HMAC-B)

ACK+ MP_JOIN {HMAC-A)

T2 3. MPTCP A& £37
Fig. 3. Releasing of MPTCP Connection

www.dbpia.co.kr



E 1. MPTCP &A1
Table 1. MPTCP Options

B 4

MPTCP_CAPABLE Multipath capable

MP_JOIN Join connection
DATA_SEQUENCE_SIG | Data Ack and Data
NAL Sequence Mapping
ADD_ADDR Add address

REMOVE_ADDR Remove Address

t} o] A= siA3skr] Y4 LIA(Linked Increases
Algorithms)"'o] Alqk= et o] Alqke FatAle] &
S olgalar glom, W ATl LIAS
A A B =l LIA Gae]
S3lM AYES AAERIL

N
N
>
ol
I
ﬂ
N
N

Eoll A= MPTCP2| *]2]|E(throughput) 2} 3-
A (fairness index) = A3} <3 B|A~E 3}
TAs] HAEES XS] HAE W =4
MPTCP A}§2}9} TCP AHEA7}F W5
2 A} 3 v EY T ?‘]oﬂ(latency)
3} 371 =2 (packet loss)¥} 72 H-515 F7] SJalA
dummy-net E2]Z|P12 ARg3ledch Qe A<l 4]
100ms ©|3}e] AL RE FFo|x|wl dubdo=m
25ms ©|3}e] zade] =) al 94 E3) al
EJYl9] 3t 2|1 500ms T 1 o|Ato ]l mle}

o oX o

o o,

E]i_a_ 3

o fr
Tn

A meldE oleid Al kel disiA Alde
At Fle] EAF ek e Eatdade]
Asick= dﬁi Ay b o s 1% wlwke] o
7 A Je3k JoR 1-2.5% AR £A &

7/1-9& W72ty wEhA gHaE
H=of] 37 &4 88 0.005~0.03714] 4xtAell A=
A ZAL 3l B =iolld 3RS S5 9
A o) o] Folx|= Hd ARl A2 EE 9
3} Jain’s Fairness Index(JFD)P®e- A3}

o]

e

Fairness(throughput) = (D)

—— -

Dummynet Server

Bridge /
%
Etho P

-~ —
TcPclient 0000 T e —— e ==

a2 4. "H2E W] vEYa BEE2X]
Fig. 4. Network Topology for Test Bed

5 49] HAE w4 BE ¥ 3= 100Mbps
9] &S Z-=c} 72|37 dummy-net BPE]X]= t}
&t RTT(Return Round Trip) A|AA171} 5l <=4
9lolA] tlekal UEL)Z 271
S T4 4= lok =3 IP address filter(ipfw)+ 2+
7o) AnEn el HRdow Rk vlA 4 ok
MPTCP2] A#¢} Fe}o]E= Ubuntu 13.10 %3

&8 2ES AYY 5

4

z‘ﬂxﬂoﬂﬁ Z2tE] 37, TCPE Z2}o]9lE= Reno 4L
DEX A]»s—s}u:] MPTCP FEEh EARAle] WA

g EY =] As
& ZA3b7] $laiA iperfl & Apl%h:} E =l
= ohE B Teleb] S T ERe] vEda
“5£(homogeneous)} 0]-'—(heterogeneous) HES=
£ A7 AT 55 VB Rl BE AR
E250] A A7l £A &5 U3 SR
ol WEHIAN = F ABEEFY 1L AR
t2A4 3] $1six BERlE A8l B8 E St
'Pﬂ‘:]' %, A WA AMBER9Y Ad7 HF &4
5 WAslglon, & WA ABER99 TCP A%
‘ﬁﬁﬁp‘] oA F A BER-E 2| JH7] =
A o] e sk Wepd T A A nE el
TCP %<& 0.5ms "|%ke] =]eds} 7] —J—/“Ol A=
o33l AFEE ) FXEFAEE A WA A 8-
= oFSgh Aeella] 1A 9 AER “ﬂﬁ}ﬂ‘:}' &
g el S AREAE wf 5] SAo] o] Fo

[S3)]
=
How, 7F AL 1042 A& SlaL, et S92
=
=

O

l‘

_u

42 EZ H|ELF0MS] MPTCP As

4.2.1 RTToll 2 MPTCP2| A5
A WA HAEs UESZS QA7 W73 A7
WA A=k TCP2F MPTCP S2lo]|dEx: B4

o) ARt FmElon] el Al diat Aele
& SAAL 2ol ZAstede). 29 selis 24 A
73

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-01 Vol.40 No.01

Now R U N
© © © © © ©
«n
o0
-
v
a
@

Throughput (Mbits/s)

=
o

294 296 28.7
437 43,6 448
259 6.7

oms 20ms 50ms  100ms 150ms 200ms 500 ms
Round Trip Time

o

OMPTCP @TCP

J% 5. RTTel| w& MPTCPS} TCP Hel&
Fig. 5. Throughput of MPTCP and TCP in Terms of
RTT

282 BojEch a8 504 #)edo] 100ms B} =t
= W99l k5 AelellA= MPTCP2] A5¢] TCP
Hoh A 2w AE F& ZoE vepdoh ey
RTT7} 5715l w2l MPTCP2] A< TCPS} v
A, A1=]e] RTT7} 200msel| 717+ =% MPTCP
2] Aol TCPY Aol "olxl= Z1S & = slch
7y 2 EZe| AEENE JFIE 19 67 2ol Al
Ak 4= 9lck 13 604 VIEH =0 Abeirt o
MPTCP2| FAAL 1o 77144 71 2 A&
o = glek 27l 59 17 60llAl el 3Eo] A} #]<AA]
Zke] Z713tel| w2l MPTCP2| A5-& Fhidhe A&
o 5= 9tk

JFI's value
1.02 0.999

0.98 0.998 0.999

0.96

0.94 0.945

0.92
09

0.88

0.86

0.84

0.9 09

20ms 50 ms 100 ms 150 ms 200 ms 500 ms
Round Trip Time

32| 6. RTTel w2 JFI #3}
Fig. 6. JFI Value in Terms of RTT

4 8o 2 MPTCPS| &5

B RA A AR U= =2

A7 Aalell A7 A S MAATEA A
23} Ak RIS 19 79 18]

HolFa Qlek 7 23] el A WA

et UHT AR, ol vIES| A7} Fadt A

&
o

—+— MPTCP

Throughput (Mbits/s)
~nN w
o o

-
15}

o

0.005 0.01 0.015 0.02 0.03
Packet Loss Rate

a8 7. 3 A Foll ©E MPTCPS} TCPY| A&
Fig. 7. Throughput of MPTCP and TCP in Terms of
Packet Loss Rate

JFI's value

0.991

0.9664

0.005 0.01 0.015 0.02 0.03
Packet Loss Rate

a2l 8. AF &4 & e JFIe] W3
Fig. 8. JFI Value in Terms of Packet Loss Rate

o4l MPTCPo] 7 A&o] glrh= 7S wojZr)
4.3 0|3 HELF0MS] MPTCP As

4.3.1 RTToll @& MPTCP2 &5

o] Adola]= A WA AHZZ o] x]odulL
AAFHA Age Falsig) 12 904 F A n.
290 A2 o #el Agke] MPTCPS] He]gl

mlﬂ ‘g

~
o

61.5 60.3 584

-

=}
o
e
o

49.4 49.6 48.7
137 43,60 448

Throughput (Mbits/s)
BN oW A O
o o o o o o

b

o

w

w

w

o

N

0ms 20 ms 50 ms 100ms 150ms 200ms 500 ms
Round Trip Time

OMPTCP @TCP

J2 9. AuE=RS9] A Azt Ed¥el wE MPTCPS}
TCP9| A2l

Fig. 9. Throughput of MPTCP and TCP in Terms of
Unbalanced Latency between Sub-flows

www.dbpia.co.kr



7frsh= MPTCPS] 4% H7F

JFI's value JFI's value
1.02 0.996 1.01
1 - 1 0.996
0.999 0.999 0.999
0.98 0978 0.9 0.989
0.96 0.98
0.94 0.97
0.92 0.96
0.9 0.95 0.947
0.88 0.94
0.86 0.93
0.84 0.92
oms 20ms 50ms  100ms 150ms 200ms 500 ms 0.005 0.01 0.015 0.02 0.03 0.05 0.1
Round Trip Time Packet loss rate
T2 10. AMBEERSE] AAARE Bl wh JFI ¥s} [ ABER-0] AAAE el whE TR #H3t

Fig. 10. JFI Value in Terms of Unbalanced Latency
between Sub-flows

QS vAE AL & otk FARCE, F AR
Z290] A AZke] A} 100ms£u} zko
MPTCP A<¢] xg]go] TCPHL} =& 7S & ¢

o]r/}

a3 MEZE90] RTTV 24| S71shdA
A2} o 2 MPTCP7} TCP2} 345} g% A5 o
2= 9lt}. E3] MPTCPS] #a]e-g & ABZge i}
o]9] x]adA]7ke] 200ms ©|AFo= ﬂxlﬂ«% AT

(e

S & 4 9k 23 109] TR E F ABrEas-
fol7t 25 TN E 3 sk AS
=3

lo =
N

2

4>
o

4.3.2 1fZl &4 8d WE MPTCPe| ds

5% vlEglzas] S43 SR Wow 7 &
A o] o] % WlESIZe) BIAE Fee 2A)c)
o] Avh= 1% 113 2 126l Vehiolel i
MPTCP3= b =92 Aol o $ E:g4o]
2he e & 4 sledeh 2t shie) qnEese)
A5e] WolAmix] MPTCPe] Aejee] Zhasle] 5

~
1=}

=)
S
v
b
i

51.1
49.1
417.:145.9 46.247 46.147'3

=]
S
=
)
N

S

Now B O
S =]
iY
vl
o

Throughput (Mbits/s)

-
o ©

0.005 0.01 0.015 0.02 0.03 0.05 0.1
Packet loss Rate

OMPTCP @TCP

a8 11, AMBEERSE A3 &4 & Exr¥el uE MPTCP
<} TCP #=l&

Fig. 11. Throughput of MPTCP and TCP in Terms of
Unbalanced Packet Loss Rate between Sub-flows

Fig. 12. JFI Value in Terms of Unbalanced Packet Loss
Rate between Sub-flows

Ak A= TCPO AlEHrle dolr|= ZS
Q

EE ARl o2 E MPTCPO| s2to] 55 =S
=19} o]F WIES TN Fdsirhs ZE o 5 ik
Wy s l.rsk— v ES)ZeM U ESZ] A5}
Alede] of&3E Aol MPTCPS] A2]do] 2
W, TCPel| wlaehx Egdsiche 2 o 5 olrk
T Aupx|ede] Wistslx A MPTCPS] 2]
E3F 3ol kAl s & 5 slek ]l
© 7 o7k Slek A AR o= Aot
ARA oz Fedwo] glek & =ellA= MPTCP &
A o] ZEQ) LIATSE ARgsiglon, o] dmeld
ol &3} =92 Z7le vt 2k

a*x N, kmss,

4 .5
o Nyyes K mss, - ~), ACK event
w, +min(—¥ —

w,_y " w, ’ E w, (2)

w, x 0.5 .loss event

Al el o TCP ZZ5-ol] L oJ3kS- x| ¢k
7] S#siM AREE= MPTCP Ao Aie
(aggressiveness) 5 A5z Ietrlelo|n, 4] (3)3}
Zho] Akt

max,

a= ZW : 3)

W, oy AEERSE] FF A= =]

mas, : rg AJEEFEE] F] AlTHE 77

srtt, :ory, AEZE9-2] 213}%l(smoothed)
RTT(Round Trip Time)

Al 3) .25 srt,0] I a 3+ I/w (Reno2] &

15

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-01 Vol.40 No.01

7} A|4(increase index)) Xt} Zlolzlc). o & o] 1
EfFZel R WA MBEZ290] AAdA7te] Hig-
A AR 5 HA ABEZ9e} TCP A4
2| QAA 7k Zhasbia] 2 3zl MPTCP2)

e ot 2ol Akt

A
" SRTT,

Wyla) — Wy(a)
SRTT, ~ SRTT,

“

A @A Wila), W@ 27 3 s} )
NBERS B g 2719) olek olelt 4
Sl WS 0z Thot ek

, w; 1
a= ~ — < — = —
_— SRTT, WZ wW )
2 SRTTI* !

wrp S Zloln AT} Adx|ghr) o o]
= 252 o] MPTCPe| 2AlEE] g s
HbAghe). 2l ae] Al ER M= 7P U A
b= AR A-ow A5 vt uwei] FE
RTTE Z= AEZ29-2 wlA A4S Iodat Fol
502 U2 RTTE s MEZZE SsllA &
5 shela gtk ulebd AHEEE9Zb] Eqtdo]
Algh 75l Ae7E U 3= dloleE Adehe

B =24 MPTCPS} TCP 32E7} ¥
hehe HAE WEE Al AeS
224 MPTCP| A5& HAFS 3%
LANZ} o] 2 z|elx} 7] 4 §-8 2=
29l U ES=Z 274 MPTCPL] A5o] weoiut
th=s A& & 5 ook 2Eu vES =] ®|<de]
=AY &3 A=r) Algk U ES]=6dlM= TCPe Bl
A Aol =4 dohke A 4 5 ik

FF QrERe oE E3b oAl v 9
MPTCP®] 455 IHasla, sbast A A &
AL HAs] $3 A2 daeES Akl Aol
o} wepa] 2 =ellA] AXRE e A niEe R
LIA®] 7S FAI8PHA] A|ado] =2
28-S W8, A BZ2$ol|x] 2|edo] A& ok
AHZZS Afolol|A] Hlo]e]e] o] 5 U&3A sh=

o
o,
Ly

iy o
QL

3

A

=
=

7

Ir 04.4‘1

)
oy

6

oo

(1]
[2]

(3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

2l5E e ¢ sle

N

Aoz 7|gich

References

http://www.multipath-tcp.org/

R. Stewart, Stream control transmission protocol,
IETF RFC 4960, Sept. 2007.

J. Iyengar, P. D. Amer, and R. R. Stewart,
“Concurrent multipath transfer using SCTP
multihoming over independent end-to-end
paths,” IEEE/ACM Trans. Netw. (TON), vol. 14,
no. 5, pp. 951-964, Oct. 2006.

C. Raiciu, M. Handley, and O. Bonaventure, TCP
extensions for multipath operation with multiple
addresses, RFC 6824, Jan. 2013.

S. Barre, C. Paasch, and O. Bonaventure,
“Multipath TCP : From theory to practice,” in
Proc. Int. IFIP TC 6 Conf. Netw., vol. 1, pp.
444-457, May 2011.
http://compnetworking.about.com/od/speedtest/
a/network_latency.htm

C. Raiciu, M. Handley, and D. Wischik, Coupled
congestion control for multipath transport
protocols, RFC 6356, Oct. 2011.

R. Jain, D. Chiu, and W. Hawe, A quantitative
measure of fairness and discrimination for
resource allocation in shared computer systems,
Technical Report DEC-TR-301, Digital Equipment
Corporation, Maynard, Mass, USA, 1984.
http://www.technogumbo.com/tutorials/Networ
k-Bandwidth-Latency-and-Delay-Simulation-T
utorial/Network-Bandwidth-Latency-and-Delay
-Simulation-Tutorial.php

https://iperf.fr/

W. Seok, M. Lee, and M. Lee, “Receiver-initiated
slow start for improving TCP performance in
vertical handoff,” J. KICS, vol. 38B, no. 08, pp.
597-606, Aug. 2013.

B.-H. Oh, H. Kim, and J. Lee, “Packet scheduling
scheme and receiver-based recovery scheme for
MPTCP in heterogeneous networks,” J. KICS,
vol. 37B, no. 11, Nov. 2012.

T. Yim, Y. Kyung, T. M. Nguyen, G. Hong, and
J. Park, “A fast and scalable mobile flow

management method for IP-based mobile

www.dbpia.co.kr



= TRE WE Ja2E Afshe MPTCPe] A% %7}

networks,” J. KICS, vol. 39B, no. 1, pp. 8-16,
Jan. 2014.

9 2 C|9l (Nguyen Van Dien)

— 201310 8% :Electronics and
Telecommunication on Engi-
neering of Hanoi University
of Science and Technology,
Vietnam (3-8P

2013 9~ : FFe3tar A
BEAFS) ()

<3l ¥#ol> OFDM, MPTCP, Mobility management

i ,ymm&,;l,

£ & # (Soonghwan Ro)

1987 84 : st AA}3-
st (FEh

1989 8 : &t AA}Z-
st (FEAAh

19939 84 : &t A=A}
st} (FEhatah

19943 39~ sk
A1 EAI TSy

Hop> o]5A Fe| e out]= x|

www.dbpia.co.kr

17



	공유된 병목 링크를 경유하는 MPTCP의 성능 평가
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 연구 배경
	Ⅲ. MPTCP의 개요
	Ⅳ. 실험환경 구성
	Ⅴ. 결론
	References


