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Design problem for MPTCP congestion control
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Figure 1: A scenario which shows the importance 7 E— NS RR
of weighting the aggressiveness of subflows.
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> SRR N (Fairness at shared bottlenecks)

> EIBER: EAERMPTCP FIF (B45) AIEIE TCP FIFRIXESIHE 50% MM

ALGORITHM: EWTCP

A
» For each ACK on path r, increase window w, by =
a/w,.
» For each loss on path r, decrease window w, by / \P
wy /2.
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Here w,. is the window size on path r, and a = 1/y/n Figure 1: A scenario which shows the importance :
where n is the number of paths. of weighting the aggressiveness of subflows. I
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> EEEERR (Choosing efficient paths)
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Figure 2: A scenario to illustrate the importance
of choosing the less-congested path
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|
|
|
|
|
|
|
|
|
|
|
|

> 1RIE TCP pURsE, KRR (BUBEZHE) BRESEESHNRRTCMR (HEHNR)

> EBRY MPTCP 179: MOZENUZEITAERE (18) NEEXRER (BEAHEE) . NEAERERRE TR
> FAPHIRIRIET 12Mb/s BIHER.
> LRSI AR HR T, AR SN PRIE AP

> g BYEERAEVIRENERE, MPTCP iR EEBMERETRE, BRRRAREENS

[
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
\




Design problem for MPTCP congestion control

/
—_——
=

| > EFEEMEER (Choosing efficient paths)
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flow C 8
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Figure 3: A scenario where EWTCP (left)

does not equalize congestion or total throughput,
whereas COUPLED (right) does.
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> IEIREWIRR (Choosing efficient paths)

ALGORITHM: COUPLED
e For each ACK on path r, increase window w, by

1 /wiotal-
e For each loss on path r, decrease window w, by
wtota]/ 2.
Here wiota is the total window size across all subflows.
We bound w, to keep it non-negative; in our experi-
ments we bound it to be > 1pkt, but for the purpose
of analysis it is easier to think of it as > 0.

5 Mb/s
11 10
flow A 12 Mb/s Mb/s Mb/s
1 10
flow B 10 Mb/s Mb/s Mb/s
10
flow C 8 Mb/s
3 Mb/s Mb/s

Figure 3: A scenario where EWTCP (left)

does not equalize congestion or total throughput,
whereas COUPLED (right) does.
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| > WiFi: {KZER (RTT 48, #7 10ms) , St pa — 1% loss ) :
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: > 3G: JEREDS (RTT, £ 100ms) | SEEStE. E6 Flglll"ﬂ 4: A scenario in which RTT and congestion :
: mismatch can lead to low throughput. :
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> (FIRBJB)JA~PLECAYIR]RR (Problems with RTT mismatch)

> MHERTEE (RTT) HEERT, EWTCP F] COUPLED SE5%EBR .
iFi: i
RTT; = 10ms
|\|:—I_];E@ p1 = 4% loss :l' %

> COUPLED &iZfYRNIZ: "EEREHZBIEEEXRRER (RAHE)

3G:
. :ll
s = - 3 opme 2 — J.(]Ums -
HOERIZ " |, BEEhREL RS 3G, B WIFi = 1% loss %

Figure 4: A scenario in which RTT and congestion
mismatch can lead to low throughput.
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| Figure 5: A scenario where multipath TCP might :
| get ‘trapped’ into using a less desirable path. :
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| > &N T ERE{E (Adapting to load changes) ) 5 |
LGORITHM: SEMICOUPLED
: . . . ¢ For each ACK on path r, increase window w, by :
! ‘—. | —— = — a/ Wiotal. 1
: -< * J h -/' \- * For each loss on path r, decrease window w, by :
I m— 1: -------- [ _‘_ """"" & wy 2. I
I c 3 Here a is a constant which controls the aggressiveness, I
: discussed below. I
|
: Figure 5: A scenario where multipath TCP might R ) i '
I . I
: get ‘trapped’ into using a less desirable path. V2o 1/ps |
| |
> Bl RERRITNRE SAFUSIEE, IEREREIEEEE, B WA | BEERESTR :
| |
> HTRRRXANTEE, (EEIRHT Semi-Coupled (BIfESRAY LIA £5%) |, EMEREREE, tRBMINIBOMRERSY |
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| Figure 6: Fairness constraints for a two-path flow. |
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i TCP B9 5s
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g \\
| > AMEEIRIFBIAILES (Compensating for RTT mismatch) |
: ALGORITHM :
: > (EERYE TEENEE e Each ACK on subflow r, increase the window w,. by :
I a 1 min(a/wietal, 1/wy). I
: Increase w, by min ( ) ) e FEach loss on subflow r, decrease the window w, by :
I Wiotal Wy w, /2. I
I I
H
. > Increase rule: FERHFEEAFHINEILE, 1HE e e JRTT2 :
I SSERELE, MPTCP B AR @ = o e Do [RTTy 5
I AT E TCP (>, W, /RTT,) :
I I
| » > BHESE, THIE MPTCP 5518 ;
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Congestion control at multihomed server

e O S S S S S S e S e e DS e e B B B B e e e e e e e .
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> Multihomed Server I5HIRBIT S LML HERS (FIINEZEZIRNAREN ISP, & BEREARN
YIIRLRER) NBEKMRIIRSS =5
> BARZEIIRS YR HRE2&KER, BERE1E (Traffic Engineering) #0 ta#d5#% (Load
Balancing) FEIFAEKIIRBERIVEREFZIRERAEEEMH BGP K, FELITER:
> RIEKH (Coarse-grained): HEEEtXT IP BISRIAI TR, TREIIEKRGIEHER

> RRATE (Very slow): BGP BYWSIFNISREREAEZERTE], FTiANIIRHRAIMSHZEET

Dual Multihomed

> RGES (Stress): MEBENIRBATNSEESKEHARTREN SR,

> EXAN AR T MPTCP 2R T LASCENABALE B R S S
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Congestion control at multihomed server

e O S S S S S S e S e e DS e e B B B B e e e e e e e .

————————————————————————————————————————————————————————————————

> TS B ESCIa R

> hFh: XR—1IAE (Torus) NG, &5 A, B, C n E . n
D. E FsRAmES e—
> Tl FEFEEASKENES, SRRERRLSEE R
> %8 WRARASMREDS C OHEERE, & C X - ; —
BRI - -

> P BEMEERAZENE C RiE, Baitiakps Figure 7: Torus topology.  We
adjust the capacity of link C’, and
BA1 D, #imsig AR E, &REZILFIAMIEHVIHZEIZE test how well congestion is bal-

(EE%) BT anced.
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Congestion control at multihomed server

(> Stk - o |
i > COUPLED : FMFF. BRIMLEES 0 (RatkX 2 zz E"ﬁgﬁ o i
i 1) , IREAEEERELEIMIEREMN C BE, LITE E 5 i
RS : e ] i
> EWTCP : EMBE, M CSET, HEMF, B oot L o e
i BREAZATERtE C &E0E, TTEEMHRZE, Figure 8: Effect of changing the i
| > MPTCP : FUJEch, JEHEE COUPLED e Al other inks
> 50 EETEEEIR MPTCP ISR TEHE nave capacity 1000pKvs
o REITHD TR, B e )
. |
‘ )
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Congestion control at multihomed server
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> oSSR SEIRRTA
> Im5: MRETHERS (Top #0 Bottom)
> Fif: E54EEE (Top) SERIAM CBR RERINE (12 _-_!
MMRRAZR) , WHEEIL: & 10ms (#5%) |, 5

100ms (=IH)

a»

> EEER: = CBR &R, MPTCP MiZiuEERE] :
Figure 9: Bursty CBR traffic on
ZIEEREER; 24 CBR IXH{=1ERY, MPTCP MizduxtlmlE  the top link requires quick re-
\ s sponse by the multipath flow.
JoHERS, FIREMSRISAYT S

em o EE . EE EEE S EEE S B B S EEe S EEe S S EEe S EEe S B S S Eme e Sy
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Congestion control at multihomed server

> st ‘

> COUPLED EHRE, ¥ /A#E5EEt, COUPLED tJZIESR: (B F525=SHRET, COUPLED B2
B EABEOREIT 0, AEAEHRN, SHEeAFE LFEETT Y., ERMELTIEMRIE (%

‘ |
! !
I I
| |
! !
I I
| |
!

| FRI7E T BB4RER 2 1) i
! !
| > MPTCP SEUT REFIOTAE, T CBR IGHTAMITIRE, WESRMIRAREEE, BAE
!

! RETIFENRE (Semi-Coupled H#) _m§ N i
: . :
: top link  bottom link v :
: EWTCP 89 100 :
!

l MPICP 83 99.8 Figure 9: Bursty CBR traffic on :
: COUPLED 55 99.4 the top link requires quick re- :
\\ sponse by the multipath flow. I
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Congestion control at multihomed server

Figure 10: Server load balancing with MPTCP
> SB—ME (0-1.553%) : Path 1 TCPs RIRMILERS (29 18 Mbps) , EJ9 Link 1 ERHB 5 N

18 Ee, Path 2 TCPs RURMERK (£9 6 Mbps) , EA Link 2 E5 15 NREMZE, IHETMERETHR

‘" T R
| > BSCIAENR, (Linux Testbed) ‘.
| 20 oat s —— I
> BRI —AWEE (Dual-homed) FRSE, TR : et )
| 16 - : :
| 100Mb/s B_EfTHERS £ . | :
| 5 |
| > Link 1 (BRE) © R 5 aBFmEs, ST § NN !
I £ 6 N PPNV '
| Linux 2.6 NewReno TCP i& 4 N !
I : '
| > Link 2 (BRE) © B 15 AEPRIEE, FEETEN T . . |
I Time (min) |
| TCP il |
I |
I |
I |
I |
I |
I |
I |
\ /
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"> ESCERELE (Linux Testbed)
> BB (1.5 28F) : MPTCP im0
> MPTCP g%k (5L%%) LT+ $KB T4 6-9 Mbps (9

&HtE
> Path 1 TCPs fZE ~F%: M 18 Mbps FfEZ 6-8
Mbps £H

> Path 2 TCPs HIZEEAARE: HHFE 5-6 Mbps A£fG
> 56 MPTCP HigEFIoEoRERRKHEE, mMa
ERESB R D mES R T IRATHR Link 1, NMB

N o 7RSS sem SR LI THERRHI TS,

e O S S S S S S e S e e DS e e B B B B e e e e e e e .

Throughput (Mbps)
=

Path 1 TCPs ——
Path 2 TCPs -----
Multipath TCP§ —— |

* - ]
- - -
R L LA A N R

2 3 4
Time (min}

Figure 10: Server load balancing with MPTCP
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Congestion control in data center

AR, BT SRS TNNARIEK, #E 7 KEETEHO

EXEHIEROF, XAEREEVISRZEEE, MAMYNREREERM, AFX—R, HRAR
R THAIZRM (FatTree, Becube) , EEEZERITES T AL, BENIESEEEHREER
M E s B ET SRR

> HIERIPEHRE : TierERzlan, BfiIaIRREISEIaMoE?

>
>

® . switch
N ENEN [ host machine
[m) src or dst
N 9o ® relaying host

(a) FatTree

Figure 11: Two proposed data center topologies. The bold lines show multiple paths between the source and
destination.
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> (FRLMIRE

> {EEFRERIERSEITEL T MPTCP, EWTCP 1 B2E&1= TCP (Single-Path TCP + ECMP)

> FatTree: 128 5 FHl, 80 MacHail, MPTCP AFXIEHBEHIELRE 8 FKigZ

> BCube: 125 &8FAH (88 3 1Mg0) |, 25 PR,

> mErRET, (Traffic Patterns - TP):
» TP1 (Random Permutation): fE#ll—X—&(5, X2MiXkZ&6E

JEFe o5 (Full Bisection Bandwidth) B9EDE .

» TP2 (Locality/Replicas): 81E#E 12 MHEBAERE (R
DN RERSER) , XEXNREFETPIERIEDUE .

» TP3 (Sparse): R 30% NENARXERE, XEUHEMNEEE
TRERROFAENEE

100

Throughput (% of optimal)

1 2 3 4 5 6 7 B8
Paths Used

Figure 12: Multipath needs 8 paths
to get good utilization in FatTree
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Congestion control in data center

> FatTree ¥aFM FRIZRIL

> IREMIREFIFEE: £ TP1 (REHS) ST, SR TCP RENARIN 51% MEHE, 7 MPTCP &
LUAZ] 95%, BRRYIERLEESIRIR SERE MPTCP SSEAEI8 ECMP 1475 oSt sR s

> FREENSE (KE5L) | (FEEWRTEESONFRAHHEE. SRER, 8 MREME
FatTree Hi3%18 90% HIMIZRFI A=

> AP 5 EWTCP 48k, MPTCP MYFHEIES, MEARZANATYE (Faimess) BT,

EERDMENY
TP1 TP2 TP3

SINGLE-PATH 51 94 60
EWTCP 92 925 QQ > HEARRERIN (TP) THY

semo/ EafoMb
MPTCP 95 97 99 HEAN, BAIMb/s
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Congestion control in data center

» BCube N TFHIZFRIM

> ZEOFIA: £ TP3 (HWHRimE) 4, MPTCP gégFIRAEHREEE 3 MIEZEO, FLE (135Mb/s)
ITHBERERIE TCP (78Mb/s) , EEZIRTREEOMRM

> BRIZIEFEIEREN . BT BCube REFEARBIRIEKER, KBZESZIHE. MPTCP Lt EWTCP &Eag
M mEMNAENKEBEREBIREERERE L

> £ TP2 #2(F, BEIZ TCP fUEME (297Mb/s) B&ETF MPTCP (272Mb/s) . BREEE TCP BUARIE

RREE, T MPTCP ATHRNAE, SEFIREVERETIFRE (BHE) NRRIRELE, SEEINIER

55 TN kF TP1 TP2 TP3
SINGLE-PATH 64.5 297 78 > ERAEGEBEL (TP) T
EWTCP 84 229 139 wA/N, BAMb/s
MPTCP 86.5 272 135
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Congestion control in data center

> 5&TEE (Centralized Scheduling) BYXSLEY,
> SDN XIfEHIEHZIURERE (40 Hedera) ZEiLZEIS MPTCP fH=3A9M48E, &HVAERIsEH
100ms FEFITE—IXIBEH
> XEAREMEPSTRERRIEGEEABENT BiEa#. Bz, MPTCPFIRREESIEHR
IR IRERE, BEEEFY B
> RO, MPTCP AJLIEIA—MERL. 2R EISETS, EARRERESEIIE
PR OB, (B iR AREEHBuSE, FEETE FatTree 1 BCube EEZUAFH
bR SRIRNETEMN AT
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Congestion control in wireless network

> FEBILIRIOUE Y MPTCP B/ R asiis (ERIER WiFi #1 3G) THIFRIL.
> MBIRIEIRERE SN TEED, BEEsErRE, REEP—MRORTHEER. SRERAK
A LUEE et R e AR Rz O kS E R s P R IR
> WIFi: {§ RTT, &%, BRETTFNSEEERES

> 3G RTTRK (BE&EIR, BARIXIX) , BEERKRE

()

Plain TCP
Connection
(Subflow 1)
3G/LTE
IP A1 .
D
IP A2

p 51 D
h
Host A H_ost_B
\IR Plain TCP
o~ Connection
@ (Subflow 2)
WiFi
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Congestion control in wireless network

> ERASESLIS (Single-flow experiment)
> BHY: WIHFERERFHMERER T, MPTCP sEERSMRIEIRAITSR
> RE: FICABRKUERE, FREE 3G f WiFi EZIRSS

> BRI WiFi Ft&: 14.4 Mb/s

> BARRIZ 3G HME: 2.1 Mb/s
> MPTCP &Mt&: 17.3 Mb/s

> 518 MPTCP Il T mieR e, Ao EIERISF TR IR
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Congestion control in wireless network

> BEnmskis S RTT #M= (Competing-flows experiment)
> BRY: I 7T A FEESFAEEMEIE RTT Z8E XY, EEREREERE " H "By
> 18 AE, MPTCP iEMELERER TCP it (—5RE WIiFi £, —%1E 3G L) 5% H%
> Link 1 (WiFi): &8 WiFi 0, =2 RTT 32, BT HMEERENKRS
N 7 -\ link 1 /_>
> Link 2 3G): #&#l 3G #O, F=E RTT K (HFEHXX) , (BEEEZ(E
7 St —MEREREEER TCP 7, {US{T/E Link 1 £ '
i So: — MVERIERERIR TCP &R, {Nizf71E Link 2 b s. B 5

) link 2

> it M: — MPTCP i7it, [REIES{ER Link 1 0 Link 2
Figure 14: A multipath

flow competing against
two single-path flows
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Congestion control in wireless network

> BESLIS S RTT #M2 (Competing-flows experiment)

L Npmh Flow 1.4 '
Regular| TCP Flows —— 1.2+

> Jiflff;‘%]\ (IEM) : B7x WiFi 1-0?32[-)08:;%—_ = =R
\/V\/\/\/\/V\/W O (Link 1) B9HFILE. 0.8 1288,;'7%% > T&HH (RTT2): Link 2
- 400

- N W e N

Throughput (Mbps)

> TS (RA) @ B 3G #O 06 HYIERATRE
? (Link 2) IEMHIE (T HEN oo > Y\4h (Ratio):
2 ey b, VR TREE) ool g, MPTCP RHIEIE
o Tt JL BT > KRBXIE: $EZEZER (Flow 12 25 50 100 200 400 800 5 BAFHERERIZT
Time (min) Time (min) M) Eﬁ\/l\j%DJ:E"JE'\%uiio (51 EE SZ) %ui%
Figure 15: Multipath TCP throughput > @’;‘Eéi 1ﬁi€$ﬂ§§%$;ﬁ Figure 16: The ratio of flow M’s Zt k’
compared to single-path, where link 1 is (51 =%, S2 ) HyEItE throughput to the better of flow .5,
WiFi and link 2 is 3G. and S2, as we vary link 2 in Fig.14.
> COUPLED Eixf0it FUSHHRERH "SOXSE MR, ¥ > ELIFFENRTTIRET (BHER RTT EREAR
WEITET.41 Mb/s; EWTCP REESRIMEERKIRE FIEiTIME 800ms) , EUEEBIRIFE 1.0 BiBRS RIE s
TCP, FHZENHET.66 Mb/s > XEWE, TIOHERN RTT 2RE8A, MPTCP &%
> MPTCPSINT RTT #MEHlE, SENSEITE (F19 221 Mb/s) |, BERASKEE O ETRERRENEILR, TISRAL
IR T CERRERGTHE, AW(REIEE "HE/EHe" 7315%

> G50 ERMEEM RTT A5 T, MPTCP SXEMNEIEREN "RERSIFII—FER s, ¥

RFTEy 15%
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Congestion control in wireless network

- o S O S S B S S S e e e e e e e e e e e e e S e e e e e e e e e e e e e e e e e e e e e S e e S e e e e e S e e Eee e ey

:>$§EJJ S 1J#sC8E (Mobile experiment)

> BRY: WIEEESLENIZR ., MPTCP B (ES=IRFIM 251
IRRYSEEE

> 352 APEEECAEEERIED]

> YHAMNER: A WIiFi B=Z, MPTCP &£ 3G RIFEERMEEIERIE,

Multipath Subliows s
| Regular TCP Flows

Throughput (Mbps)
La ra — (=] — ma La . (5] (=21 w—d

EILEBR®EI 3G £/, EEREE WiFi, RIEAeHEM 3G AR Time (ri)
—y oA s e Figure 17: Throughput of multipath and regular
> Bibie (9DHE) @ AFEIREER, WiFESEX TCP running simultaneously over 3G and WiFi.
The 3G graph is shown inverted, so the total multi-
MPTCP Fégt)#e, FIFS 3G {REEZMEUER path throughput (the grey area) can be seen clearly.
VU N e s . > EFReEXiE (MPTCP REIHE) REFRE
> RSEME: FAFPEFEEE, EERFEHRY Wik Eib, MPTCP R i, T MPTCP 1HE5 "WiFf- B

HBIRIOLERE

EENFFIEEFRESTIHEEHE

-
~
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Protocol implementation

> BZEENUREEERIIIE, BERLEERMNPEEREIGRFRIL. ...

> EERRMERT "KZ/D" (How much to send), BiEEEMRR ""E4K" (How to send safely):

> HEIRETH (Middleboxes): [ XIEIENFF IS T EERBEIER?
> FEEXPS (Deadlocks): ZIREWETRH S =SB EHEERS?

> ISR (Signaling):  AMEIEANERGEHIRIIEN MEAEUERI?

Multipath TCP in the Stack

application '

I T socket
application hets
multipath TCP l
S TCP1 I TCP2 ' TCPn '

4

transport

network

datalink

physical |
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Protocol implementation

» MPTCP N=XIEF
> MPTCPARAAIRIRIERMTCPEHT RIET, REMBFSRHEINT MPTCPFERIES
> EREFIRRIENE— N SYNSEHEEFIRESMKEY, ARESYN/ACKIEHEEH T BSHKEY,

REOANEFin kxR E— 1 ACKRIREEHE T HIKEY
Connection Establishment

SYN

MP CAPABLE
key

SYN+ACK

MP_CAPABLE
key

ACK

MP_CAPABLE B
key
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Protocol implementation

> FimzR37 (Subflow Establishment)
» MPTCP EEER NmRZ B FIEEZ A TCP it
> EFH: KA TCP &l (TCP Options) #HTIHE
> EE—FRE SYN 84, EmEbAnEEaER MPTCP
> EEEENRIFT R, H SYN 8 #EHRENEIN (Joining Option) , LUMERERISESIERIINEH
MPTCP il |
> BRIRFREN: HEISCIlKEN T2 1P 82 EOKAIEARENESR (BVERBRTIHIRERAREE) , X5
KRR B oI FimBI SRR
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Protocol implementation

> FEHS55E (Loss Detection and Stream Reassembly)
> SR i TCP ER— 1" F5IS=E (Sequence Space) FEIRIFEAMHE: E8EM 1 SUEiREHE
» MPTCP RYaI@RFR7E: SMNRATEHELGE, B— 1 FSTEEHMW (Striping) DBEGEARTFR, NRED
FRBFFISHEPENHER, FERMITREREN SRR
> BRIRAPE: WERYISIRIT
> FinFyS (Subflow Sequence Number, SSN): {REATE TCP LEPRVIRERTISFERF. (NATZIFEF R LA
RAEENFNEE
> HUERFFIE (Data Sequence Number, DSN): #iIN7E TCP &Inh, FAFNAEEGERNIRZIREH, SFEKR

XE% Payload B TEANHRIBMIE
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Protocol implementation

> nElEHSEKZEF (Flow Control & Buffering)
> AR A ESERINEN (Receive Window) LUEFSFEH?
> BEA (BFR) | B1MFnAIRZAYEIE Buffer
> FEHIXEG: BRIRFR 1 Z8EE, BFR 2 B9 Buffer BT, BTEIERFIRGNEBE, NAEE
L 1 NEERE, TRAEIFR 2 RUEUE. LAY 2 Buffer i, NMUTERUGHETR, EEAIRERE
BIRER "R BEELEE, SOt
> BE B (B&KHA) | B—H=313U Buffer (Single Shared Buffer)
> e FnEE—1KAzEGE
> EWEO (Receive Window) ZBXT #uERFSIS (DSN) RIEEHERERBESHY, MAZEXIET
TR
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Protocol implementation

> BREEE ACK (Explicit Data ACK)
> 8L FAEEEET T ACK” SRIEMT “HUE ACK”

> flgn, RXmEREGEEE (Link 1) &7 Pkt 1, fEHREHER (Link 2) &7 Pkt 2
> FEWUmAE Pkt 2, REIFR ACK
> Ki&mE] ACK, FIEEUE 2 27, B4dE 113
> BATEERIERAE (Reordering) , SEURXRRMEEMRETIZICERIESD (Trailing Edge) . NRHEREEIR, &
XA SR KRB EEIREFRENNETE, SErYENES
> RRRIIE: WIRE TCP EIPEIIENRETERIAFE (Data ACK), BERSRFAIXmEUEREERVIHALH

B, AR REER ACK #S
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Protocol implementation

> fRta 5% (Encoding & Control Deadlock)
> [BJfk: =F DSN #] Data ACK Mz p{EBFE (TCP EIiARE Payload) ?

> Payload 77 ZAIFLHINE :
> WNER1E Data ACK fEA—FFFARRUIEHILR (£l SSLIER) FFE Payload #, HFA ACK ABHSZERERH!
HIRR
> FEUAER: AR Buffer iy (MARIKIE) , AL B RIXEUE. B =7 EdEElIR Data ACK, 1B
F A B Buffer i& s, B &AH3E Data ACK, A AZ] ACK miAGERERUAIE Buffer, S A B9%&1X Buffer 18
HT . B2 AT B BESEE, Rt
> BIRFDER: ATHERER R, FrBassHl{ES (DSN #1 Data ACK) #Bw/piife TCP &I (TCP

Options) &, [y TCP TR a1 A/ NGRS
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Review

> MPTCP MU=, 2T I{ErY?

» Concerns of MPTCP congestion control

» Fairness with TCP flow

> Discover and make use of less congested path
» Load change

» RTT mismatch

> NFIRBRIEWTCP, CoupledEiZHARE, RAFERUA—ESX B EASHEZNER

» EWTCP: subflows are independent, one flow congested, other subflows will not be more aggressive

» Coupled: only use the least congested path, can not discover other paths when they are good
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> Related Work

> AN ESRERHMIENRLT, WESHERNEFETHERIAR, MAZEEE

>

pTCP . SCTP ERIHRZIRZEH (CMT) | M/TCP . EEFIRER EXRAIMIIAZEES, TS PURSE
BIEREALF

mTCP : EERAMMAEES, Bt EAEFR LREEEERIER RN ZRMN, ExmllzsnsEt
EIZNEL

R-MTP: $H3IFTLeiii®iRit, ERRNIER AR ARRAERZERER, BddRERXERMNEEElHEE (8
SIEINZRABIAZEINGE]) |, (BETTLHERIRIET AL
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>

Review

XXJ—I:U%? Etg'?é

NERZIEH (ECMP) ERKAISEMAEIYE, THERXmARSS [E—a9Fr
BHIEQBA—IRBER, BRRRRARKELFEIES
ECMP 5 MPTCP E#p: MPTCP BJRJFH ECMP, EXESEERIEHIEN NMABESK
12, B—ZBRRERNAEFREEAENATA (Z>—MNnORRE) | PSRHE
METEIARERR, XMHEIERESUEROFLAIR FEFOEFESEEE, Bz
ZBE ECMP)
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> F‘l . J%? Eg?é
> BitTorrent ENHEZKEAHEEVRE]: MNARXET R FEE—ENAREEEER, BAS
It=2, BitTorrent LAFUERRE, (NMLHAHEITE (WERVRSZE THRESHIER) , HiT

PRI ZEEZRERT (REBRNRANE) . RERCAEESITEHERER, (2

FREAKXNNER, BIIFREFWAGESENE, RMOWEFRIVEIEE, HEEEI—

eI ERIRNEIYE
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