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Performance Evaluation on SCTP multi-homing Feature
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ABSTRACT

Stream Control Transmission Protocol(SCTP) is a new connection-oriented, reliable delivery transport protocol operating on top of an
unreliable connectionless packet service such as IP. It inherits many of the functions developed for TCP, including flow control and packet loss
recovery functions. In addition, it also supports transport layer multihoming and multistreaming. In this paper, we study the impact of
multi-homing on the performance of SCTP. We first compare performance of single-homed SCTP, multi-homed SCTP, TCP Reno and TCP
SACK. We, then describe potential flaw in the current SCTP retransmission policy, when SCTP host is multihomed. Our Results show that
SCTP performs better than TCP Reno and TCP SACK due to several changes from TCP in its congestion control mechanism. In particular,
multi-homed SCTP shows the best result among the compared schemes. Through experimentation for multi-homed SCTP, we found that the
current SCTP retransmission policy may deteriorate the perfomance when the retransmission path is worse than the original path. Therefore,
the condition of retransmission path is a very important factor in SCTP performance and a proper mechanism would be required to measure
the condition of the retransmission path.

FINE : SCTP(SCTP), REIZI(Muiti-Homing), XI®% X&(Retransmission Policy)

LM B

SCTP= TP VIEg A9 daXY Aagdy WAAE
%87 8 [ETF SIGTRAN 97 28904 AgHQ L
W, HEe dAg ZZEZ2 20009 100 SCTP B8 54
RFC 296028 AA =k SCTPE ¢4 A ZTZE
FE2H AL Y34 F A= ¥dEE AYAL HYH
of 31, SCTPI M of AL ojiAldol 4 (associa-
tion)o]#} F-&t} SCTP= TCPS mharixa A=A gl
EZREZoM, 98/ 9 E29 Ao € /1A AgS A9

t & 8 9 ogtofestin el e st
1174 3 4 o|gl ¥ 3 el gt s
T3 8 4 ggadedd T BEATAEH AYdre
EERS 20089 8Y 6%, AR 20049 29 239

3t i FE TCPe] WAE 1dl2 wam gl

TCPs} th& SCTPe] 39 5oz dEAEDY
# "HEls®e] gl wels SCTPE dlolHE o8 g
oE 2EYor e o] sy, 4 2Ege 0 B
Aol wet wigd  glu, e 2EYER S0 ¢}
Fol A F 3tk 2EYE TCPS ra7A 2 443 &4
g AAAM ALHEE ¥ % glon, REHozw
£ME AF|AY, &M FHHA FAZ 23l
€& AFoE MEHEE AT FX Uk dFs] 4
E AAM ALHEER 3= A9 4B dHolHs £45
A Ao g2 @Al F4lEe] mEAFgoRy LA
= 28 &9l B2 (Head-of-Line Blocking) &A% 2}
LEYo] EYHoR FAREE &7 2EYA T JFo



246 FeMeEREEX C HM11-CH M2%(2004.4)

28 g2 2o 9¥s A gve B3 e 7R
5 R ztolde B EYL IPASTS AEatge] #
A" Holth TCPx 3h}e 32E7 @1 U P Fa
ag 7 e AL 7H4stE ¥bE SCTPE & 324EV} o
g A P F42E /M RE HELT oo wet AY
A FEE Y8 TCP7E A2 F4, $#44 XE H3E, F
A Fh AL TE A5 8L o3 Ade @
2] SCTPE 429 IP F459 A, £ XE ¥l3F,
FaRe] [P F4 AY, FAA LE HIE ofhAdolA
& FEEA " oj#is HElaw Ade YEHa A
o & o g8doz dHE F UARE 3, [PAFAA
2o ¢ 58 59 A4S ATE F AeE Pt

o] =R TCPY & HEHY EAE F HEIS
o] Aol v %L Ay Bux gk WA HEHI
Wg Qe SCTPS 134 %e 359 SCTP TCP
Reno, TCP SACK® X% & AlEold& Fall wasta
A gk wg, HEEWE Adste 499 SCTPe A
& AAo| Ao WA A ’é}lﬁk’._ﬂ?}}’ﬂﬁ}.

B =g AL gy g 139 A& olojr] 2%
M SCTPY M2 EAE FolA &7t BFrux &
= B4 ez disid A48 Ashsta, 3edME
Hlaste ZREFEY A J¥%E vAE TCPY &%
Aol WAUED SCTPY &3 Ao WAUFE AHEr
43 e NEHAE EdlAM TCP Reno?t TCP Sack,
HE|EE &2 E(multihomed host)l A& SCTPo} 4EF
© &2 Ef(singlehomed host)ol ¢ SCTPY A%< ¥ i,
BN vixete g 5FeM e A2 A g 4
T 0EE 7let

2. SCTP HEsY

o HelM g3 AAY SCTPY TCPY & Aol
SCTP7} ojg] 79 [P FAER oj2Ado]ldE 748 +
dtiE Aolth TCPY AS-E F = ¥UE 9] HEHZE
P& AdaA ket A d= EJES [P F47 Y
old dAx sHestx @A M, TCP AYAL ety ok
gAY FAEA =i ol $&o e HEyEojok Frt
ojf g ETE AT oWdEs AdL &8l uEME
8% FAjeltt, zepd, SCTPE oled FAE AFd
Fi BelHor i UeHolAT Efdte B¢ EE
Aeiso] a2} AR EAI AVA &' & ojiAldol
Mol #A8 & JEF HUAdHANT SCTPE TCP% @
g [$47 P #2589 JE, $44 £E U3, AR TP
Fh AE, FAR RE A6 &) o hajdo]o] A
"ol ojaAldlo]ld dydAdA ZF SCTP A= ¥FRIE:
AHE 7HEE AR P FAES A g o RS

B3 A d= ¥IEE F FrE
FEAT FA2EE IAE A3
Ao wrolgolA HUh weF o]E IP F4v
58 AALHEE B8 HATH, ol &
A A% FEAL AT Aot ozl WENA AS
dAe FEAL P F4% F syl 22F 4 QA H
o Al IP F4E F Uz AAE AHFHTOLEN
1 3AEE A42FE Aol 7heEe g drh

18], RFC 29600 w2w SCTPE ol e o3 79
PAEL Fol EAE e AR don, F4 ¢
2E FolA Zglojnigl Fie Bl dhte FAE A
| 48 534 Augag $48 3ok o vy F
o daldE AMATE FA(secondary) & A Fi)
o, ©x Zglolel FA B dolHr &4FE
o AHEL A8 FREM ARETTH

o2& SCTPe &4 Ad% AHE BE
EHA F22 dyozd Aad Al &
238 ¢ 9l V3 E s do XS b 97)d
= 71EHeg g7 &49 dde] 7 BEHA Fa7t o
14 529 7bedA gAY g B2V EFelds
S kg, gy Ao wetde 849 SCTPe A4
F AHLe A5E #AaNE FE QU o] =RAME AE
Jol ¢ B8 ol2ig Ao SCTPY AHE 2] A
Hg HoFaz @t

ofi

R
o

o

o T x
o

Aa%e A
Azol A

O

2o
o
Mo
2

3. B Hof dAHIE

He|2Egol} HEEY el F ZREINY &
T Ao MAUES Aoz A F Z2EE A &
@2 A gk SCTPE 7184 o2 TCPY & Alof w7

& VIfoR s ey, FEAH Aol A F =
REZS A% WA t& ¢S 94 "o ol& 43R
7] g F ZREZ EF Ao HAYF daf 1
Argatnat gt

3.1 TCPel X Hof HHUEF

1Bl TCP &% Aol £€8% 2EE(Slow Start),
&4 3 9(Congestion Avoidance) ¥ielE 7|¥te = sy
-2 2} A 4(Fast Retransmit)® w& B (Fast Recovery)
T X e dmEige] iR AnHG(2) £2% 2HE
9 £ 3= TCP 417 HEH I F43 diold
o} k& Aojalr g8l AlgET £29 2EEx RTTW
o E2d 9ES(cwnd)E ZVFLERE AFHor FU)
NAZ = A4 E wEit of #AL sied we HE AAd
& A% AL 540 v 29 2EE AR o

tEu7ia] AaEc TCP $2l4e dd 27d ®e 9



Ao &AL AT Fo oY £29 AEHEE P} &
T A28t €29 2EE AR EdEA H5Y, g
g3 guelFoel AdEr) oA EF 9E$E HyHor
F7H71E HHoRH RTTR &3 95$5 IMTU (Max-
imum Transmission Unit)¥ F7FAZ1 25 it} @i7] &2
o dojutA HHW, AL AdLHD £2S AEE A
A ez FastA He, EF dESE IMTUR Za
3tA €t

olg|d £29 2EEY EF Yz o)Fon & A
olE U HAES 7tk AAY &4 AAE Elo)d
o B obxel osjAut A= ol dolH A$
o ol 71 AEE ZHALA frh QuHel A% #4
olefoll Al TCP7} 8 ACKS Wi 2L wAel o3
FAE deolert RFWLE vl e} YEYSS
of 9Jd w7l zldol} &4 FHY ACKE wg $%
Arh olH @ Aol 2As WE AHE dudFEe A
X*% eloju 7} ElJol£-5 7] o) 374e] FEE ACKS ¥

A HE A0S EHE BFea AHEE S s )
AAE Fo|2E gk ® H7 &4 7x Fo &3 dx
& IMTUZ 2022 Q& #A4 AdE At &43
| ®3vkE FAE 4] 8 wE 27 e o
ARE ALt wE BT dne|Fe wE ZHZH-C’H o8 7t
Ag 7l £ Aeol: EF 945 %9 e &2 2~
BE dAX ] 3MTUE H# oz AHsla %A H

oy n9,r

N

"

t EE NZE 35 ACKY o8] IMTUH F7MA7|£ 8
gy
TCP Tahoev= %A AW $29% 2vtE, &3 39,

e AHE dngEe T TCPEM, o4 TCP
we Qe guYEE FhEg ey, 4% RTTE A
A% epolw el Biobe gg Aate do] AMEIEE S
A3 3]

TCP Renoe €89 Z©BlE, &3 319, W& AH$ we
o] v sle] dmzlges olFold glth. TCP Tahoe
& AT TCPRAM, WE ETE AMEgoz g
Tahoeol ®l3] H7 &4 F wMEA A4$EE Fs= A
o] 7}s 3ttt &, TCP Renot: A4 vholv el Elglobp-o)
o3 #7 o] wHH HLoy AL EFolg A
g3 TCP TaherP vEb AR B3 9598 IMTUR
Fol1 £2% 2EEE @tk F5 ACKe #$og
&4 o] ‘%7‘{ Atole &4 Foll Holx 3749 o]

HAL2Z AZg EFfo] ofeta #dstn g3 9

Btog Zola EF #9E 3o
TCP SACK(Selective ACKnowledgment)& 212474
& e U FEE ARE FAR] AFFoBEN TCP
Reno®] #AAQ ahvkel 9% UleiMe ohse w5 &
4g AAHOE UREE 3] 9§ werolrh4, 5] TCP
Renow= 3 %% oA o] /e H7le] &4sE 2S¢

EAo
Gk
£¢8

SCTPYl HEIZY EH0 tHSt M LIl 247

of ZE &€ H3ld A waA AAsE & F ¥
i AHE EfolH e Ellol-2 vithe ol Fo}h SACKeA
018175} #FAE A7 3 TCP +=AA7E A= o) A
ale] £ HAES AEeA ey A7 N9
A ARFe] e EE v uabd &48 sizinte] )
HAFHEE g} o8 98] SACK EWolE galgo] $
Mg W F Hol gle MaWEE UghiE 2B
o] P2EE Tl SACKS TCP dde {4 9=
40byteE A FHo] oerma Huo 4747179 SACK £
e}

or w3 o

€ 7H F JdeH, TCP $41#31+= SACK 94¢ ¥3tHst
ACKE #od 1 HHE o435ty AAST Al
ghel,

TCP SACK# o] o# 79 =z &4l e A%
EHHQ BETE 9% TCPEE TCP NewReno7} it} 7]
i@, 22 TCP 4414 ACKS & wolut A5 dj3

| 488 2&4gcs A& ¢ 5 Uk TCP $4l4= &
48 A9 Fu AHEe] dag HANES P ¢
32, EF RTTH she] &4 A7 sotsle Aol
7hestetBb). wE Aol dojd Fo] 1 HnrE RE
HE H3lo] ackHAY dRE HFlo] ack¥A €rt
THeF BEAQ ACK(partial ACK)»E wA #gd, o|Ae
aht ol o] Hzlo] £AEAEE YeElATHEL TCP New-
Renodl A= Ad4E ¥ o, A48 713 &2 &4 W3
(sequence number)E recovergls W] 7]|&3le) ACK
S && 9 o] ACKe] &3 ACKYA d$d 2E 3
el g ACKRIAE #s=® b whef REHQ
ACKol#hd o} ACKHA 92 714 ¥ £4 ¥3g
7 e AAEsn, EF Q5= ackd dolE 9 %
TE FAAAY Y9 St 3 AIHE g9E o
Fozln HJRE AR HEe EF 9E97) LT o
"“’] 7z 38th, TCP NewReno= TCP SACK# #o| 3

=5 W o o] #7l o ARHQ EFE 9
HJC&QE TCP SACKe] &1zt F4A 259 $£4&
YoB 32 SACKE A9sA ¢= TCPd dngth
TCP NewReno= RTTZ 3tute] #izlgte]l A% 7158

4]

o

4

the @He HBE o8 Ae &40 HAsE A9
£ TCP $44E o= JEo Ade AL Fo 277
7hssie.

32 SCTP2| &% Hof a7 &

SCTPE TCPH¥ €29 2vE, &% 33, wg 43
FTOR olFojAE AES VN EF Ao WAUZE A
&t AFHA Qe A RAs &4 A2, £
A EAF A7, FRE #HAL AT 1RH
3 Alo] HAYRE TCP FrAbelH, thgat 28 o
g 7hd



248 HEAMEISB=EX C M11-CH X222(2004.4)

e TCPlM SACK2 A 7Hed FHolAW, SCTPAA
= Y53 Aol

o TCP9 7%= cwnd? Z7|go] TCPY A%+ duHy
22 IMTUeIY, SCTPolA &= 2xMTU|th o= 54
3 WEYZ AoA SCTP7F TCP w8 % o] W&
A Rel B dlolHE H4E F dEE gt

e TCPE cwnd’} ACK®E #Hz9] Fo o3 F7hE
SCTPH A= ACKE HIolE o o5 Fr}grt.

e TCPE cwnd’t €24 2EE AAET A2 759
o £29 AEBEE 33 cwnd’t £2% SEES Z
2 gro] B9 g3y #HHo R Hojrh=v] ¥, SCTP
g ME cwnd?t £2F AEE AAA Y #E A
£89 2BEE $yg3ch ojr AL zolE Roly
(71X e A% 48 27 o] de FE9 A% 2o
g RYL ¥+ YUrh

o TCP= A /19 948 F5 ACKd 93 we zd%
& 3wy, SCTPA A= dolele] &4& dele
e} A48 FE ACKA o we Adse I 5,
A A48717kA SCTP7 TCPRE dte] 58 ACKE
o ez 3k

e TCPs}= dal SCTPE HAIH wE B3 dngEFs
Abgat etk TCPY SCTPe &3 Ao dxgF
o A A48T T ack A EE HEY Fun
cwnd?} & A$elgh A2 dolee Hfpol sttt
[1,2]. TCPE %8 ACKE& & o, o} ack¥A] 5§
AANEY A7 E Vel E flight sized S04 97 o
Bl cwndE F7MAA FA oW HBE HoHE
At 2ok webx] WA wE ETE S w
& Ad4 F FE ACKE o9 cwndE IMTUY F
A A2 dolHY HE& rhEstE®E Frh 1
1} SCTPE 8 ACKE #e ¢ & SACK At&2
2 A8 AMFA ack® #HAL HGE F 7] HEA
AEaha acktx £ HAEY A7E UshlE out-
standing bytes7} #4822 cwnd? Z7}F $lol= A2
& dolel 9] A4l shEetA "t websd SCTPE &
ANHQ WE BT duEFE AMEER et

4. ¥5 ¥}

R durAel doly HiAlel SCTPS TCP 4% #
o|& gotryl 918 SCTPS TCPell whal 48 s
t}. SCTP: 32EV} HEHIWE AYstes 4% § 53
AE de Ae F4g 7HAL 2 BHA 2EEr] Ha
el e A2E HAE At o BEE EF o8¥
el 327 HEEYE AdaA ¥E Bfed i
Z2eg o4 W ZzZd tsA ddEe TIPS
TCPE #A A4 e 1 Z2EFE2A duides
74 Zol AHEEHR ¥y Z2EEQ TCP Renost 7

TCP SACKE 4ddgsttl SCTP7 7[Ed o2 SACKE
AHEEEE TCP SACK#E HlE E3) SACK AH4o2
A% F ZZEEF o] AFHolE WSy, HEZWH
7 SACKol2le] SCTP &xaAlo] wajoz <lsf wAlst
= SCTPst TCP9 A% #ol& & + vk %3 HHE
Adshs 49 Zefeire] AR oA AZELY
EAe wg SCTP He& A¥ny] 3 48 +
Bttt Aol ns-2 MEHA A&HolEdA A
8t TCP 283 Delaware tetmolA ns-2 WEHNA
ANEHHE Y&l THF SCTP LES ol gdlgey, g
E2 YEd 73004 FYE AT

rl

oX ol
uli s

41 A gelojd =Y

(29 D& NEHAE 98 A8 EERXNEN F
dSEHE 27 dA8%= £ ¥3%E 2MbpsY dHES
AW autEg s e 15mselth ZF @$-EHE thA
7bzh shte] oA ko)l A=} Ui, o] FAEL 10Mbps
o} fgEg /A g dap 29 10msolth. Tt
g Asl P BPmsEHA ol WF FF-oIA AN
A7kAle digkdgl el Adeolty, A#AHNog F oA
RE(FALT FADE BY gdE 2 Ade HAe
5 19 A path0™ pathl g B3 dAH QU Z o
] wZo= TCP T SCTP ool HET &AM, TCP
A1%& path0& %8 TCP FA%e dolgg d$drt
ZHA8R 5L, SCTP $£4%8 HElad 2A2EE A¥3d
7% path0g Zelolwe]l HZZ A&3tL pathlE df
AREZAN AHEE A8 AHEgdT HEEaT AE3
3282 #H99 SCTP A% 4& 3= TCPs
A A 2 path0€ o] 83led dleje& Afvn sHAst
Hoh TCP &2 SCTP $4xH=s derd eyl MTU
a719F 2& 1500bytesE HA A7|E A HHdhd,
SCTPSl 359 ojxAleoj4o] ghte] ~Egoz T4
Atk 7 sk

N

o 2 rfr koo

2Mbps, 15ms

10Mbps, 10ms 10Mbps, 10ms

m
S—

10Mbps, 10ms a e tOMbps, 10ms
2Mbps, 15ms

Sender Receiver

(32 1) AIEEH0lM HEND EEZX|

fol 712HQ JHEe] F FRe A &4 8 A
A2 pathle] WHE} AAL TFstA WA BY
A 4MB #9€ AEdhe d 289E AME FAEA
o gl AE AR $#4% SCTPAAM 4MB #4& A%
gt7] A Fshe Ao g EH o] fde] FAF EF &
257|174 o AHE dEbdth AR JHd s dE

¢

o



of Hal 25 10009 Agdelde Faste] 1 BF
e A 29 vy

42 Algejo|d Zot 3 B4

4.2.1 BE|Z 54 mE A% ¥l

(29 2)& path09] £48% 0%~1%2 H3AA HA
A 7 Z2EE B A% NS FAT ddE B9
Zoltl, TCP Reno, TCP SACK, SCTP_singlehomed:
path0%9HS o] &3t AE3ty, SCTP_multihomeds= path0
g =eto|vle] FEE AMESlR, pathl S AHAES A3 A
35 git) o] W 7]E9] g SCTP A% d7E5
oA 743 niel Zol[8,9] AMAE H=29 pathle HA
Edo] MY gl A= 7MFSAT HA &4E&L o
ZAldo]do] FAEE HA AHEete] A7 & i
oo, H7 £4& #49 o8 ZD(uniform error model)
o whet wAIEE stgrh

24

\

=

n
o

-
[e:}

16

File Transfer Time (sec)

0 01 02 03 04 05 06 07 08 09 1
loss rate (%)

—— TCP_SACK

—>— SCTP_multihomed

(3% 2) 4MB file MSA| TZ] £AE0| OE X[

~—a— TCP_Reno
—&— SCTP_singlehomed

path0¢] £4&9o] 05%5 Y2oH SCTP_multthomed, TCP
SACK, SCTP singlehomed, TCP Reno® «22 #2 3
A A4 ABE M3, £ Z2ESN Ad AR Fol
E ARE A& ¢ & Ao ole 52E7 WHEYE A
A8t SCTPE 97 £4&0] Fobdol wet gx 3=z
o AAE Q57 BopAA Hed, AAE F2F el
W 2o 5T WS R AAg /AHEA H3 &A
o] HASIA @t AFEE MY enz shie A2uE
o] &3t & AZEd HlE &£4d dig wE 577 71
Sat7] wieldt, £2E7 HE|ZWE A YA &= SCTP
23]2] TCP SACKel vls] 21 A% AHe 7HH e A
B = 9li=d|, o] SCTP7} TCPel H& AdH oz
g Alo]l=E 7}x]7] "] AfF eI =rt § =27
Fo|tH10]. FLE olf= & A £4go] e
2 92 0%, 01%9 A$lA TCP 27E°] SCTP 2%
Eo w3 g A% AzHE 7HRG.

(2% 3)2 path09] #H7 £48& 0~16%714 & o &
2AYR AFAA B A9 g ARE Bl Aot}

BN oo rir

SCTP2l ZEl=Y S40il tist s 7t 249

o] &Ago] EolAFE HETYL AR of
of #A gle] SCTP £ Ee°] TCP 23S0 Hl3 ¥5s}
A FL AL 29k TCPY ml7MAZ path07HS A&
3l SCTPE TCPET £& %S Holunz oz ¥
9o o8 A% olzt ohd 3FeM AP SCTP}
TCPe] &7 Ao} vlAUF] Aolo] wp& ot} =& F
U3stA SACK W7lZE & A8 TCP SACKH A42%
W SCTPZte] Aol HE]ZHolY} SACK AME of Fof o
2 A% Aol7t obd 1 §rel EF Alo] Wale] abeld €]
& Aoz 2 5 gtk £480] 4%E HolMA HA T~
E7} HEl39YE A Y8l 499 SCTP7t path0t& AH
3t SCTPREY o U2 A5S Hold), o ZgteH
g 7Z2e] &do] Be 9o AHAE HEE AR W
=47 olAA Ho] T MY HZE A HE A
o] AojFe] W Aolw, E o] AFPAN AHHE HRE
&40 A3 gle ARolmz wE £4 EF7 753t
wjEol}, ojg} e AY AFE T FFHo B o,
7l £2o] g SCTPe &3 alo] wajo] TCPETH
o ZgHoln, 9 YA$ A 714 oM HEE
Mg AMESHE SCTP7F %A €& SCTPe Hl& o %
€ Hee UL & F Uk

500
450
400
350
300
250
200
150
100
50
0

File Transfer Time (sec)

0 2 4 6 8 10 12 14 16
loss rate (%)

—— TCP SACK
—>— SCTP_multihomed

—a#— TCP Reno
—ik— SCTP_singlehomed

(212! 3) 4MB file T&A| T2l M0 CE XA

4.2.2 BEEY 32E9| giF] F= 54 ©& 4% H7}
o] dolA= AHFE AT WA B2 A=
FstAl Al BHA SCTPY] 45 49 Rz do.
SCTP: HEZW 32EQ 34 Zgojve] Fz22 AR
S dFstn Zolnjg] F=A £4E AR AAFS
E BT diA FR2E o83 4218 E 71E
SCTP A%sdTolA gdurdoz 2 7t4e] met SCTP
7t BElZW B4E o8t AT 3lodA dA A=e
HeE, J3 dx AL Zong A= L S4&
ZH R R £4&2 0% sHEsAEY ol A
Hul @704 HEstA @k A 8N F FEEe
g S4& Az gz BE o] dubFHoln, mzhA

F 429 B4l B A% 4ol uY J¥g FA



250 EEXMel=R =2 C M11-CH HMI2=(2004.4)

ARz @t o)& S8 A A2z AAEse dA
o] SCTP Ad+% A AA$S 98] dA FZE ol &
A ¢xn dlojgyt A=Y H2E AAFse A
T 7HAE M2 vasdd.

AA F Az 9%, ¢33 Ad Ade g1 H3 &
d&o] & ZF4E AHna (29 )= Zgelvg F=
o] A &40l zHzt 02%, 2%, 4%2 A A Bz
A7 EHEE 0~5%Z WHFAA BEA Y AF Az
< Z3F AFE B Fo|ut. Zafelne] HRe HA &
Ago] 4%Y HWE HHEE dF] HRe] ML B
Aele @A AdF ARE s Ho] ddFHoz
e Hd AF AL VY diAl 229 w3 E480)
o 2%E WolMEAMREHE A A$D AHgo] 2 3
22 o|FojA & Wo] e HFg nelch aga o
A AR £4&0] FolEFE 1 Aoz} o AAA Hrh
Zatolnje] Ao R Aol 2% FSE FAME A
3} BolAu, Zetolmz Azl AR &40 4% 3
Sl oA Fze 7 £4go] Zelolniz] 2 3
E4&9 50% 7H7tel d WA A FRE ALgsEie] A
AFste Aol A%E FHNAEd =g HAUAY A
gha) ZelolvjE] Fzeol #AZl E4dEe] FUFor 3L
2% Aol diA Az Wz £Hgo] Zeo|nja #
2 A7 &880 D%t FE Aol ogzie] A5 ¥
Aol A&e ¥ + Ut

* g - - o -

File Transfer Time (sec)
co38388588383
*
*
|

4 5
loss rate (%)

—&— Primary path loss rate 0.2%  —ll— Primary path loss rate 2%
—— Primary path loss rate 4% —>— only primary path 0.2%
—3¥— only primary path 2% —@— only primary path 4%

(08 4) thH Z=eo| Wzl 2ABH TE XN

olFA oA B wHZ THLo] Lilo|vjz AR
7 EH4&nng @& vol= oA F2E Agste AR
O Zejolwz] FETE AMgstd AdFHE Aol FL
B3Y AF ABE 7= AL SCTPY #A 7 ¢xg
% Kame] ¢agFd @& RTT F4 44 o 2
o|tH11]. SCTPE TCP$ vha7HA2 37 £4& w2
737 s ®eE A¥F dnFe At a9
Y, @ wE AfAFo] @ A3 dHME O BE A
A$E TYHA F2, BYotrel & Fol AdEE A

o2l =ebA, 3 AdSE dzle] EoA EdHE
A%, o] A9 e sF F=Ze RTO Alztel 2A 9
&g o4 "ok 24 429 RTO:E % A=ZdAM9 RTT
of o8 AASHA =9, Kame ZxeFol o3 A4+
HZlo] od ZA" FS RTT Ao wtgdsx] @i=r)
ol s, AHAES s oA FZE ALY o] oA
AR &4Z A3 edolLo] FAs RTO7Z 37}
&4 =4, o] 719 RTOE 23 E3A7 2271584
2 9o}sl7] 9% stEY] E(heartheat) FZo] thdl ACKe
A& Agt Pguo|Ert 7esith add], o] StEHE A
< RFC 2960914 @Axdte vhe] oj=2w o) 30%vlch +/-
0~15%9] AHF e me}l =EA Bujo|x7] &
%2 %o RTOE A4 RTTO w3 ol 2 g2 7HA
A "ot F, ERlobzol osiMgt AAFo] o]FoiAE o
A ARolAe £42 Zojz RTOR 3| Bol A A
o] HejAl Ect. whA, A4S A8 Zelo|nje] ARE
AHEEHE A Gl WE AAFo] 97 szl g £45
Re dE, Eglole BPo2 RTOZE F7tsidels =&t
ojviz] F2Z MZL dlojH HAfo] AL o|Fojxnz
N2 dolee] ACKel 93] RTO: #Z4sA fch 3,
Zetolwa] AR £4L A FRoAe] &4 n
3 we E7} shestc) aebd, Zejolnje] Az w3l
A& Hla) diA FZ9 w7 4 & 4% S 9
3 o 7AidE& e ot

Zetolnle] A2 w7l £480] 02%2 B$E Zo
o3 A=A H@H EHdgo ¥y Wi AAF F=
g olgste ¥E AAr Mooz =Zeleug Az
AdEE shs WAz dE Ak zZolzk A9 Qi) ¢l
ZA7E Fot] £48 FUolA B 9 AAEE AT oA
AZ7t ol A% 98 AEH Y= Zgelvy 7
2o 8)5) A=A de A2 ST F AZE S0
AHEEE Aol A% 4ol 8o & ¢ F Ut

(29 5 Ui F=2e dYgEL HsiAA BdA 159
A% NS FHE 2FHE Bl FHeolrh xF& Zo|wg]
Az HE 39 YYZ@2Mbps)ol HF i Az o
5 39 g9 uE BAF Aot (28 494 =g
olmel AZ7t 4% #A £4&L JIAE AL, dA A
2E 2%9 &4&0] 71d W Zelo|v|E] HEukE AlgE}
T A Zefolnjgels dEe] diA F2E o]gs] A
Agste 299 H3Y AF Aol AY 2EE L F 2
o et dsel S F= e 489 9%
< vjAlsty] 9l Zetolvle] FAme| EHE 4%, A 7
2o £48 2%9 A$ol i3 hA PR Yz W
A A HEA A AHE A Btk £48 W
g Agolret vhvtAZ diA] 2o ggEo] Lo
HaE A2 dIgZd uls FL& AT F AN ARE
AHEse dAle AAS Aol JBel E&o] "o A



2 % % gk

52

51
50 |—S

o [ e
Y e T

a7

File Transfer Time (sec)

0.5 0.8 1.0 1.5 2.0
Secondary BW/
-| Primary BW

| —il— current rix policy —3— only primary path

(38 5) Zalo|He| Z2E 4%2] H3]l S48, iy ZE=
= 2%2 Wzl £4EES JHI= ZF U 3=
of CHAE Mo e x|

[+2]
o

—

w
o

=

8

>

3¢
£a

X

:/

j

File Transfer Time (sec)

B
[=}

w
o

0.3 0.6 1 1.4 2
secondary delay/
primary delay

| —— current rtx policy —3— only primary path I

(32 6) Zalo|H2| H2= 4%2] W3l AL, ix Z=2
= 2%2°| W3l E=AEE JHKs E2, A Z=
of ®u} X[ Hsto| wE XA

(29 6)2 A F=e] Agt Ad WM HAA 29
A BY AF NS FAE AFHE B Ao x5L& %
glojujg] F=e] dat A A AH35ms)ol i thA F=
o] Mut XA A vlE FAIF Foltt o] B tiF
Ao A AA Algho] Zejolviz] FRe] AR AA A
ol Hla] &2 Bt @A AdE FHE AL
Aol AHAYE & 4 Ark A AR A3} AA ¢
g AP} dgE Hste] e JFS vlas] & oo, 4
Hor Hi AA A Fol7l #Y HF Al Zold
aA gL F& 242 Holed, oA Y EETRA
oA g Frch g AA AjZke] RTTA A8 H]
Fol A7] w&oltk. SCTP AZcAME i Zeoly Azt
Ad Azke] zol& RTTE TlAMT e} 7hedd, 22
Hoz &£4&=2 A% A% )7t fivkd, A 329
RTT7} Zatelwe] A2 RTTe nla) &2 AFod F
Mol AR5 AHgshe Zlo] ARAAE & + vk wabA
SCTP AZAA+= Al Z2E AAE BE=E AMgs= 3

SCTPRl HEI=Y S40il CHet 85 It 251

39 #F A2 RITE sotg +
Ego] Hejgt 2ok

ATHE, A% gl

S EE ¥ 8% o7 oA

SCTPE= TCP¢ nla7lA2 A4 ol dolge A4
< A% A% AF ZE2EZo|n. SCTPE TCPY di&
o] 7158 7HAH AZld tse dEAEY, HHYEY
71%€ 7. o] &A= TCPe ¥l& F71€ 715 &
HE| 5 dis 1 533 dEjzie] Yeel “l AE 4
g4 daiA ARk, WA SCTPe TCP + Z2EE

o] EF Ao wAYSZel 2F AT AolE 5‘.7] <13l
SCTP9] 7§ AZEE 32E2 TCP Reno ¥ TCP SACK
o] Aeg HadA. 28x, BHEE F2EQ 4§ L
Zhojmie] Bzo} diA] FEzke] A= Ao wat oA 3
2E ol &3 AdEE FYst= A9 SCTP AdF 43
o] SCTPY] A%l oW F&E FeA FHugich
ol& T3 Zejoluiz] P2 oA R E&4&, RTT
59 A7} ol 2 IS VA, dA =7 g F
ojtf Ast Ad, £AE FolAM Zgolvie] F=2d vl 1}
B S4& 71d de 88 H5® 548 AYe BRd=E
A F2E AAF B22H AMEEe Aol 23] 4%
Agts 7SS & F AN dA dA F2E AAF
< 98 °l%§ ol = A F=Ee] e gefe] Fad
2271 98 ¢ 4 ok 234 RFC 29609 w=d i
2o dsjM= o 0xrid +/- 0~156% F7|E 31EH]
E #7& T3 A2 ZHE FAGES AtHo] 3o
o, o]AL #F B2 HH ARE Frld= FHIjm=
olE #1% o W] W ¥ Aoz HIAY. 53| 0@
He Zgtolnjg] Fzo] HIE A FHALdwrt dojue
BF o8 A dAl F2E FAA dolHE Y A=
A2E Adste #4 A= TRt 2HY A
SCTP:= o] Zfol daix= FAHL diAl F= He 7|
Fo| 8lo] @A XA iEd £33tz FEE HAF
%Eﬁ'rﬂl dolE| & HAFsts e FER vk gepA o
g9 ZeE dofstr] AF Uty oty FRE
H}Fa“’i HAE AAF A2E HYESF e ¥t
Ak ojol & Ao}

i3 123

[1] R. Stewart, Q. Xie, K. Morneault, C. Sharp, H. Schwarz-
bauer, T. Taylor, I Rytina, M. Kalla, L. Zhang, and V.
Paxson. “Stream Control Transmission Protocol,” Pro-
posed standard, RFC 2960, October, 2000,

[2] M. Allman, V. Paxson, and W. Stevens, “TCP Congestion
Control,” RFC 2581, April, 1999.



252 BEMEIEZ=EX C H11-CA M2=(2004.4)

[3] K. Fall and S. Floyd, “Simulation-based Comparisons of
Tahoe, Reno, and SACK TCP,” ACM Computer Commu—
nication Review, July, 1996.

[4] M. Mathis, J. Mahdavi, S. Floyd and A. Romanow, “TCP
Selective Acknowledgment Options,” RFC 2018, October,
1996.

[5] S. Floyd and T. Henderson, “The NewReno Modification
to TCP's Fast Recovery Algorithm,” RFC 2582, April, 1999.

[6] J. Hoe, “Improving the Startup Behavior of a Congestion
Control Scheme for TCP,” ACM SIGCOMM, August, 1996.

[71 A. Caro, K. Shah, ]. Iyengar, P. Amer and R. Stewart,
“SCTP and TCP Variants : Congestion Control Under
Multiple Losses,” Report TR2003-04 CIS Dept, U of Del-
aware, February, 2003.

[8] T. Ravier, R. Brennan and T. Curran, “Experimental
studies of SCTP multi-homing,” First Joint [EI/IEE Sym-
posium on Telecommunications Systems Research 2001,
2001.

[9] A. Jungmaier, E. Rathgeb, M. Schopp, M. Tuxen, “SCTP-A
Multi-link End-to-end Protocol for IP-based networks,”
International Journal of Electronics and Communications,
January, 2001.

[10] A. Jungmaier, M. schopp and M. Tuxen, “Performance
Evaluation of the Stream Control Transmission Protocol,”
IEEE ATM Workshop 2000, June, 2000.

[11] A. Caro, P. Amer and R. Stewart, “Transport Layer
Multihoming for Fault Tolerance in FCS Networks,” CTA
2003, April, 2003.

[12] R. Stewart, L. Ong, 1. Arias-Rodriguez, K. Poon, P. Con-
rad, A. Caro, and M. Tuexen, “Stream Control Transmis-
sion Protocol (SCTP) Implementer’s Guide,” <draft-ietf-
tsvwg-sctpimpguide-08.txt>, Internet Draft, Internet Engi—
neering Task Force (IETF), March, 2003.

-

e-mail : jhsong@ewha.ac kr

19984 ~2002 o] Bhel Aeh el AT
s} sha}

2002 ~ A A ol Aetn et &
qetgl AFE s A4}

Fhal#oF : SCTP multihoming, Load

Sharing, mobile SCTP

of o ¥
e-mail : Imj@ewha.ac.kr
1983 ~1987d o] stA A e st H AbA| Ak}
A}
19873 ~1989d University of North
Carolina at Chapel Hill
AFEE A4
1990\ ~1994'd North Carolina State University 7 3%€ 38}
ukA}
19949 ~&A olstdx st st 7 FE s} fas
TRk % BN Z2EF AA 2 A% ¥4, e
A%S 93 EdF Ao], AR QoS A4,
24 olF YESA, Ad-hoc HEHA

M F

e-mail : sjkoh@etrirekr

19921 KAIST 7 < #%3t3 F3ha}

19943 KAIST 7=tz Fet4at

19983 KAIST 241383} 3 ghabat

19983 ~&A] ETRI A7+ 4E A<
A7

2000 ~&A A ITU-T editor(SG17, SSG)

Phal Fof 1 QIE| Y HE|#HAE, [P mobility, Mobile SCTP



