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Abstract: Recently, with the development of new technologies like virtual reality, Internet of Things, cloud computing, and so on, the
user demand on network bandwidth increases sharply, and it is hard to meet user bandwidth demand by making use of single access

technology. To solve the contradiction between users’ increasing bandwidth demand and limited frequency resources, Internet end-to-end
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multipath transmission technologies are designed. Internet end-to-end multipath transmission protocols, like MPTCP (multipath TCP),
mainly work at transport layer, and they can make use of existing multiple network cards (for example WiFi and 4G) to do concurrent
transmission, the total transmission bandwidth and the adaptability to network variation are improved. Since the subflows of MPTCP can
realize end-to-end reliable in order delivery based on TCP and its optimizations, research works related to multipath transmission focus on
the intelligent coorperations among subflows, the coorperations mainly include subflow selection, data scheduling, coupled congestion
control, and so on. Nevertheless, as the estimation of network status at transport layer may not reflect current link state accurately due to
the variation of link and physical layer, heterogeneous network interfaces have different resource allocation schemes, different subflows
may have partially overlapped paths, the upper application layer have different characteristics in deadline, frame importance, distortion
rate, and so on. These will affect the performance of the intelligent coorpertaions among subflows, the advantage of multipath transfer can
not be fully exploited by only making use of traditional transport layer information, the information at other layers should also be utilized.
So in recent years, many research papers start to make use of physical, link, network, and application layer information to improve
multipath transmission performance efficiently with cross layer cooperated optimization. This paper compares the research of multipath
transfer optimization with cross layer information, analyzes the relationship between multipath transfer and the function of different layer,
and the outlook of future research trends is provided in the end.

Key words: end-to-end multipath transmission; cross layer optimization; link state sensing; route selection; SDN; video transmission;
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Fig.2 Classification for end-to-end multipath transmission research with cross-layer optimization
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AT B0 A AE R 2 4% AN SR 80 4% T P PR s 0 AT D) 460 b, LA 8 22 1 S A D I IR H i b > B I 2
AL A T — 8 BME G, K 2 4% 70 ) Db AT S0 A% i (0 A o 2 e ik A% 2 AR T — s B O R B AR e
Z )5 R FH B 4% T It B A T 00T A B P A

TEYIR 7 TR R TS 5 50 HEAT B 6 0 IR AR (0 B AN T 09 A DG 5T 3 A SCik[28-31]. 3L, 3
BR[2817F H 4 Wifi 15 5 5 B % 42 /N — 8 B B — 8 WK 2 5, TF A 3EAT U148 SCHR (29180 F R F D041 )5 15
R A 22 O — s B SR HEAT U4 ) o, 3 FLUARIE A5 5 58 B A T I T T A I M R A i 2 A 2
T O AT B B DA T A% Hr 1 B8 SCRR[3010H 45 50 5 . ] A 98 04T U5 — 40, 28 T 13— 2 5 IR B AT D) 486 )
R R SCERB1 PG HLAR 22 2 5 INB] MPTCP 1) T & F U B TE 5. ARMNE. FrhE, F—ARE
T4 AP 1H H 4 38 B AL SR AR bR AR5 R SR AR AR I i HH 25 SRR AT 1B . SCHR[28,29]4F HEAT V) i B AN AN %
J& TR K 45 5 0 R, AR IATE T B N 17 S AR T T2 R 2 R A DU R B T D s g SCIR[30]
TERAT VI 45 2 A 2 405% B Sk, SCHR [3 1 HEAT MLAR 27 20 I [F) I % 18 77 7 S0 A% 6L SCik[30,3 117 VIl 46 4503
(52 % B b ARG A v, o SR R P 382 D) 40k R X B2 7 5 m B 2.
22 #ESHEHEITSmn

AN ) -0 T 8 0 TR B A Y 5 S N RS T 22 R P K HL B A 7 A, A5 7 AN (] 7 00 1 50 0 A L b 81 ik i
07 AR A7 2 IR A LT L e B 0 0 R 2% R i i B K, O LR 16 A 1 1 LI S R R 1%
AR TR R B 3 TR PR AR S L 1 T I R B O s R A e R R k. B W E U4
T v B A S B (R R TR . AR AE . TR D UK, DR b % X 1 2 B AT T R AR R A
TR

AT S 1 i A B A R I S ) ) B A AR A, SCRR (32340 I IE A U7 R K 2 s AR AR S B o B kAT T
A6 50 v SCHR (3228 T 5 B 35 g 2 TF 550t A5 B 2 ) ST 3 L R KT 194 i 1) i 1 3R I S, 3 T et g A
IR B SE AT B0 40 I SR (32138 FH 1 I R TR A v o Sk i 81 it S B 5 ) LU B SR 3% 5 SR [33 K R R 2
I A% 7 NG v )ty A i T P T S A A T TN S 0 B S R AT HHE 3 B SCHR [3414F SCHR[33] 00 S
TR LA 3R B S R R AT I A T R 2R 2 0 I TR T H SR IR B AN A 3R B A [ B4 Dk R 4 e B
B4 N R SCHR[3314H b, SCHR 3410 T0I 4 N 28505 25 AT 7 17 T00I0 (%) ME A B2 SCHR[33,34 1R 1R 2K 2 ik
o A 6 25 BB AT TR, B SCRR (32038 FHSE FRL sE

Sh T iy B ity A B SE 10 3 28 A8 Ak, SCHR[35-38 150 TE S ¥k e 22 M A5 A i R IR B I B o T
AT T8 B0 SCHR[35-3 7135 T i 22 (10 1 T 6 LI % o 28 vty £ 3 B 28,0 FH 28 88 TCP 5k S8 38 T30 A XA vh )
FH AR 7 e, K T FH AR iy o A A B I O o P PN i b, 70 B A0 B8 T DR AT- R A B ZE I, B IR 3k g I ok
B B O 22 1D A0, N T B8R AR B0 o 22 8 A 0] 22 0 L 158 0 ) 56 M ST R [35—3 7108 77 2 LAV A (9 B T 38 F A R
SE IR Ay FE A, I 7E TCP WA _EAVANGE F T-FrifE TCP.BEZE TCP WA (K48 A%, 75 AT B 1 5 73 ik o4 78 L
# SCHR[381FI A LTE, HSPD A+ £ 7 4 H1 22 ¥ il , B sl R 40 £ i iR (R (19045 5 5 B CQI {7 R 3 A& ok
JIN L S A R A Sy e A B S R AT A B T SR AT B 0 T SCHR[391ARYE WiFi Al WIMAX HER 2 (1
FEAATIN KAl V1 AN [ B 42 A% i i 5, T AR % s 5 LU A 6 25 4% B 42 20 I B0 R SCAR[35—-3 714 Lb, SC#ik[38,391 1
T E L YRS B E S HERI & 2% B 7 1 5 0 .
23 5RZERESEAHNE

TCE IR A T T B TR R AR Y P R AR L B RS HEUR A 4 B AT R B A B WFT W 4R B
o % 22 3 AR PR e, T SR 3 22 M ] 3 T 45 G R 280, D) 1 2R 4 A 7 I R A, D 7 22 B AR AR B
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T B G I R AL i (V) T I R AT B R, I L 8 O £ i A% i P 8 1) R IS R BRI &R 40 A A A ik R Sk
[40,417% 1 T R G0 e Ak i doe D0 1 LU A 2 1 280 o 50, 08 4 v SR A 381) 17 5 A 28 i IV 24 71 6 41 vl 3 7.
T, W% 21 R G0 B AR SR A R SCRIR[40,4 11 7], SCRR[42,43 1000 52 DL P 8 A 80 H b 2L P SCiik[42] 46 3L
AR R AP FBE 38 R A [ T EL2 7= 25 A0 TP I, 30 e 3 A [ 137 A 97 0 TRC 4 5 22 AR
0 BB R 0 AP b SCHR[43 15 % [ B A A% 338 15 A WiFL B 4% (1 MPTCP R AE F WiFi W45 1)
TCP ) FATHLTE 36445 55 I TCP i+ 15 58 22 77 Wi 1 i 80, 16 R 4 AP Ul £t X MPTCP i fll TCP i i) % A2,
A8 A 2R TR (R0 1) 25 0 R K B 25 SR SE B MPTCP AT HLAT TCP R AT U 5% 47 S8 I 0 2 P

75 WiFi REH, BN AT I3 T 2L R 3% 4 ] A i B ), 3 AH B2 ) 4 77 A R ) 3 — 1R a0 T T 2
4 ACK FRICHI TCP i E B B B, TCK ACK I TCP DATA [ i 5 4+ J i sf 18] 7 A 45 FH 7 k% TCP
DATA [ 8] F BEAR T T PR ok 28t A 07 s PR AT SRR [44,4514% 1 T 7E £ 482 1 Rl Wi 42 1 () TCP ACK 15§
JVECRS BT 0 55— AN 0 9 2 B 1 JEAT a2, DT E R P 17 e o 0% 2 1 AR L 0 ) 4 G VD DI 2 50, T
NSRS R T WFT 32 10 0] FH 50080 & 3% (0 ] TR), AN T 38 AR B 3 2 T 22 B AR A i 2R 45 i 9.
24 N

St 3] i 25 5 A A% B 5 0 B BB S SR AT 45 5 IO IE 9 5 56 1 AN R R IR A R i 2 Bl o L T
HIRLBIRI BRI U RX 3 AST7 T LA & W 5877 M0 B AR 1A m] LUt i e 2 IR 2 i
LI T A 22 B A7 A i PO 3 P BB B B I 2 B o 55 UM 32 S R T A 22 B A A i 1) 8l 2 B AN 1 U 3
PR, 1M L5 0 2 B8 U 23 W AR b ) 2 2 P AR 2 B A A e R B0 20 E L YA 8 LA A 2 A Bl A R AT
i O T SRR ISR 0 L P4 S ARG T 5 2 LR T A B )22 A A R B S E2 th TR S R = A
7 b S AR AR A T A OR SR AT A5 T iR B BB R IR L MR e S I L 2 TG e B B (IR A I L T S A T U
RIRIVBE i 2 Al v g PRI S R A6 i 5% i 00 ) 7 K, 8 i A R P B A 5 2 B0 o P IR i, 7 2
BE— 20 5 2 I GRS RS B AT 45 &, DA v 0000 45 R iy e R 11

Table 1 Comparison of research schemes which combine end-to-end multipath

transfer with physical and mac layer schemes

=1 3 2 AR AR A S ) B BE S SN 4 S ORI SR L

B K B S X} 22 i 47 A i (1) 16 X
W T % BEpkmbr | BEESH | SELEE | 4o TR B b,
swesmm | wrsmm | srwnE | TEIR | Lo | PERH
Wiik[22,27-31] N - - - v e
ik[32-34] - v - v - -
SCHR[35-37) - v - - v N
CHik[38,39] - v - N % -
SCHR[40,41] - - v - J -
SCHR[42,43] - - J - - \
SCHik[44,45] - - v y - -

3 ZEMKEMERMLK

S0 W4 2 K 2 AR 10 2 B H RS2 Ol 2 B AR AR A 1) 45 2% 1 TR % 13 3 (M A2, T E 1 & 1 TR H
N T SEBLZ H bR, EEAHE 3 MR S T IS AR AT RV ) e T ) 4% 2 R AR AR S I 2 4% T
He T U, A BE N A 4 1 U HE A O R B AR L O B e A AR TR DI T A 2 A B e AT SR T B
Rt JE U IR B el A A B H T SRR AR S8 B T SRR 2 5 S TR B v (N 3 5 R AT
T HRRIE.
3.1 FRXARIAA

TUARRM PN EEA 3 A1) K EAERA2) ML MPTCP G4 I 1B WUEAT HU;3) M 4%

© PEBEBPHIFST  hip:/www, jos. org. cn



310 Journal of Software 3kfF 4% Vol.30, No.2, February 2019

HRHE MPTCP 13 515 Wi 55 2C R 3% SR AT 11,

1) 2 HHEH )

T Z MR pe T AE X 4% A W it A VAR B T 8 3t T AR A BT A TR A AR B SR T AR 3R AR
T2 P A RN I BT A — 2 T I A ) R SR Y e B 0 1 A ) b B 2 i 1 S S I L 2R
TR T M LG ER, T 20 2 HEAT A 3 56 A SS9 A L AR A 4 S ik [46-48).

2) M4 ARHE MPTCP 3% I 326 5 HEAT P

MPTCP (1342 it ar i 7y B an 18] 3 s i B R IR 2 — AN 2 A TP #idik i & 2 i 1) — NG 2 A TP Hitdilk:
P14 I 55 % i S HR Y 0T I 69 3 43 g o7 3 AT MPTCP SR fullmesh 1) 07 sCBEAT 3 32 (0 (57 A0 N LB B S T 4
T A 3 TR, IX 4 4TI S FR A A S R S Gk 7R 2R 1% TP b kg V% 2 ik MP_CAPABLE
FRIRAUJT $4)3CFF MPTCP AT 28 1 S0 B M A B30 | 4 H o 58 U ACK 2 )5, % 7 i il i TP 2
RIS A5 1P 1 FRIEAT 55 2 el v 2 % P o OB IR 45 #8380 TP 1 ROk MP_ADDR 16 3 ff) 4 4 2 )i ik
— B BB R SRR TP 1A TP 2 SRS ARG TP 2 H AT BN T R (R I P 4 MP_JOINL MRS
MPTCP % #: gt 37 i #2, W &5 0 H0 88 1 IR S IE 1) MPTCP_CAPABLE 36 30 LA % Ji5 452 184 0 3 42 11
MP_JOIN &I &, 5 e FI W H 5% 4% 72 45 I8 T 7] — 4 AR DT 5T T A B A 465 SCHR (49,5015

’ Server

’ Server
IP 1

IP 1

client ‘ ’ Server
1P 2 IP 2

client Server
1P 1 1P 2

SYN

SYN ACK / MP_CAPABLE SYN
MP_CAPABLE ACK MP_JOIN
SYN ACK /
DATA wp JoN [F—o— [,
MP_ADDR ACK
SN \ SYN ACK % \ W 01y
MP_JOL MP_JOIN MP_JOIN MP_JOIN

ACK
g < /\CK<

v v v v v v

Fig.3 Sequence chart for MPTCP connection setup with two source addresses

and two destination addresses'"’!

3 MPTCP 7 2 AN HEAT 2 A H ity Hbhk 2 ) R fullmesh 7 24 373 #2 (1 I )

3) WSS MPTCP 17515 WS ¢ FRak IUdhAT 1))

903 KI5 ERMRYE MPTCP H4 A b BT A & IR 422 22 /3 41 5 R0 T 3 J2 i 91 2 Tl TR R ARS 56 2. TR R
MPTCP 3 [ 47 i (5 S5 37 3 S e 2 o 3 /0> 8 500 A 0 AT A i, SCTR S 1] 2% 18 1) Y 4% 8 AT SR AL I ] R4
WA RN B e s A, 1E— 20 R AR ) MPTCP 344N W) T AR IE 42 2 7 515 b — 4 78 55 40 ) 1) DX ) i [
ELZ FEASAH AL AR R0 3 1R 1) 5% AR AT TR,

3.2 FiREH AR

FH T T A 2 ity 1) 22 6 A8 A A R AR AT R N, L B P U 48, T AT T S0 B T AT R 18 SO s SR 1)
PrSIEAT . BT (1 7 A4 5 SDN(software defined networking)s MPLS(multiprotocol label switching)~ LISP
(locator/identifier separation protocol) 15 % .

SCiR[49,50155 87 50K F 25T SDN 1 77 Qi AT Hp [, H: 3= 2 8B 2, 1 F SDIN 448 il 25 FH A b1 2 18] 58 1) 8
SR A B AT T 0C R RN, IR H SDN 48 rh 4 il 1R e s EAT 7 U B R R 1 1 R .SDIN 3 5 1) ARy =02 i
A R (145 S 4 0T 19 9% % b AT L A B b AR 1 T SO B AT IR G AN R MR TP A S Y
IR AL I VT AL 4% B IR B0 BB 20 ¢ i packet in #1301 A1 45 15 1 4% S IR 42 ) 455 SDN 42 il &5 75 B2 0 £ &
A2 I B T packet out T R A H A% A T LR AR F 39 R IR, 76 35 1 25 1 2 packet in # L2 S5,
it 2O FL A (1) MPTCP ZE 55 AR MPTCP & T 3L 1) 5% 28, JF AR I M HEAT SR 1 1 5. i1 T packet
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in RS0 B AL GV U BC I A2 7= A, A T 38 S T At U0 % T SR DL O 38 i 3% th #5 AN K 3% packet in R,
BURPSHI AT T R RIS DR LB, doe d 2 0y B — Sk R B 5 — 3% TP b il %ol 15 B AH Y. (1) R T
BT MPLS 175 5670 SCHR[52]. MPLS H& T 5525 4 Bl G0 AT 16 2% 77 il 60, 10E A S HF MPLS (¥ 90 4% I, 10 ¢
5 B 2R AT A Y AR 2, 0 2% o S0A R PR B AR AR AT AR AT UL e AR R AL MPLS 4% 5 b 25 AH B 1 4
THER. A SDN 284078 MPLS Wi kAt L, th 75 AT FH I 1) 1 45 45 v 45 45 0 2% 16 45 IRPIR S B E IR IR 25 45 8
T EFRS IS LT . T MPLS JF AT 214 SDN (1 %3% packet in $ 3 ML, 75 B0t 4 iy 38 WEAT A1
R (A5 25, DR HiT ik 3 P 28 v (0 —Fh gk AT 2 B8 12 T 0 R I R I
SR LISP I8 75 %647 SCHR[53,54]. LISP A% £ JF ¥ A7 $- (A8 250 26 2% eh (1 U7 AR AL 2 W 2% HAT 2 ANt 1)
5T, LISP fi [7l iy Jd b 300 5 6 o #8 HEAT £ 4
SR PR 6 £ 10 7 S8 A SCHR[SS )8 B 1 — M BT 2 T 8 i — 2 S I B A R R I K e AR S T O 2 i
IP 433k i s — Bk T 20 1) 6 th S8 MEAT B 6.5 SDN. MPLS 1977 ZE 48 LU, U5 B b 45 04T 2% th Rk B 1)
AR B 5, B ph R IR S 2 4 T 4 s oK K ) A
33 FRMIEHIEE
AT R BRI, 32 B 9 O AT 2K
o B 1 S FUMI % R P Ak Pk b T U EAT 3% B, B AR B SR [49,53,55,56) X RS T H bR L A
[F) T I8 T2 P A R R ) B A, L A% B Tk R v A ) 7 38 S RO 0 88 4 P i . A SR [49] v 1 B9
S A8 SR 1 S T B R R AR, 2 R B AR N I S TR A — 4% e A LA SCHR PSR T T 2R R
f 39 5 SV LR AR K A AN HHAT B AR 00, 3k HH K A AN AR A8 B8 450 F) ) IR A g /N7 5 i e e K10,

o BB 2 RAEEAT UL M B U L B 1D [R] B S R B A1 R 4% b on] DAAR IR I R AR L 2 B AR AR B T IR
2 H 2 B, SCHR[57, 58RI f5 45 B 42 b 1) 513845 BV S8 e B AU AR I B A2 3 BIL 40 35 4% 22 IR AR AR i )
T SCHR 5913 Hh A B8 22 S8 /N B B8 460 8 1R T W3R AT 4% . SCHR[60,6 1175 AT 16 F b ¢ I, [R] bsf 2%
FETEE R R A i L SCHR 60T AT 4t mH gt A0 I w0 R A o e S 10, L 3B 2R N A R A
R SCER[6 LIRRAE F 2l 55 (RO 56 9 LG 471 4 B R P 0 B8 A5 0 R 86 v 5 0% O

34 MAFEERIMES

AT FVRIGUE I, FIRBE AR TR RN N 3 5, AR R R A BENLIR A SRR, T
3o D0 0 D A0 T I 4% 0 b L SRR [49, 521 5R T8k 17 B0 D 2 90 b, S AR R UR BRARBLFE S th Y B H A
o A /b AEZAE SRR H 0971 B AT 22 45 T A B A5, 0 0 A0 4 a8 9 28 3 1 P IEAT 22 B AR AR R BUR T B 4k B AR
AR EAT X LE, 98 H T 2 B AR AR (0 AL 3 SCRR[S6] Hh 7R 3R AT S 46 56 E ISR T B LA b, BE LA $h b1y s
o T TR B T T AR S 2 AR R R E T S E N A At &

SR FH B w9 2% 0 0 IR ATF 9060 4 SCHR[57,58,62,63], K R H 1K1 31 4 345 FatTree. Jellyfish. Dual-homed
Jellyfish. Beube. 34 H 0o 4 25 o B 42 0 4% BE 1, O FLUETY SR B A 2 18D 19 22 4% T3 B 458 (0 U1 B e ]
8 TRV, b T 30 4 R H 5 7 BRI 5T AR 4 22 B0 0 PR AL TR 97 R S R A B 2 (1 T B B SRR [S6 1R
T SzBR) M IR 4 $h 45 4, B4 CERNET2. Abilene. Internet 2.3X 2531 M A 5 # B A £ 4 WA IR 42, e b £ %
138 A Y I 6 50 IF 2 (A S AR P I 29 I AT SV 1 36t BB AR v SR IR U AR SCRR[SSTR T T A I %
B WP b TR B R b A TLE S A IR 4 ASAHAR T AR IE 5 T A AR T2 [R) g S i 5 I % i T AL
28 T Ik B 0] RS 55 (1 H b R F SRR 90 4% 2 B8 AR AR b AT 50 UF 15 F T IR 2624 2 B AR AR N 7 ol &
o B M 4 T 5T
35 v &

i )31y 22 AR AR AT 5 2% SR AR GG A BT 0T SEAHE TR R R U b AL LA R R
X3 RARE HE HIE AR K 37 S5 HEAT 90 0E A AT 587 S AOS B LA 2 AR REAT 1 Ui th e 6, 6 2 Pl
M2 2 AR T AN B R SR T RE 2 4l 98 W DT N I 5 5R0X 3 KSR H b A T I el o5
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IS A7 T R A P 4 o R A e v B A A A R P AT, 0 A SRR 7 L A B e v B
Je AR 2 v s s s Bl AR R S Sy SURE NS 5 B S 2 (RS B AR T LS P A R TR S Pk
HORE 7 T R S A AN I e o S R R A i, o3 A A S5 2 A s S K
SEUE AR N 55 40 7 1, SO EE 4 R SR b L T L B RO LSRR S A L R 3 Al
FMEELESS 1 P BT S B A8, O HL vl 96 14 1 i At PU SR 1 b 22 RS A T AH SR 95 S (R e
EF UL EH 36 PRI A 7 7 SR 07 1L B IS R0 R B s i 98 75 SR Ik 45 1 x H AT 2 R A
(¥ B 9 30 2% 1 38 I () 98 S M 55 2% R A /b A U 20 2 118 1 1 90 A AR b 55 AT MR s 199 206 R 00 230 s e 4B AL A e
R R AZNE AR T EE D B A RAROCHR AT 45 15 USRE v 2 B AR AR dn T .

Table 2 Comparison of research schemes which combine end-to-end multipath

transfer with network layer schemes

Fz 2 un 2 BATAE 5 WS Z AR S G T 0 L

H b5 ERIN QRN DAPaY
W97 % PTG | ZEAARH S AIADRSY | AR PN | L ISR 75

pig | meRwmrmEn | mek | o | A
JiR[50,59] - N L N - B A
SCIRISS] - 3 h - J e
CHR[57,58,62] \ - - V - Hedh b
SCHR[63] - \ - \ - Bt hoey
SCHRL61] - = J J - Bt hoey
SCiR[46] - v - - J Ik
SCHR[56] v - - v - =1
TCHK[49,51,52,64] - \ - \ - (DL E
SCHR[47,48,53,54,65] - \ - - \ [OEZZET
SCHR[60] = - J J — i 244 $b

4 HZEERAERMBERMK

FE 4810 22 B AR AL B BT LX) 1) b N 9% 4 B DR S A% B A DR SO A AR B 2 o A A B 0, 2 TR AH K
P B A AR B ) R, 2 B A AR T T S LY R AR 2 R T RE MR i 2 AR ST I R A
AL S . SZIN R A S0 4% HE AT 22 B AR A% B IR, 306 22 BR AR AL B 10 4% TR AR T B4R HH 77 W 7 1) R, 7 o
GE N T2 (R Ak — 5 T B 22 BR AR AL AL FE ST oY R0 O 3 8 1 28 R a8k b I IV R o S R A 5
2 IR R IR, 3 HIR LA N 2 S0 K.

4.1 #EATEFNEE 4R

T 22 % A7 A B B 06 SR 6 8 00 AT A P A L T ) A S U R A I e A o R R 1 R R P 3 K A )
SR L 32 1R R B 4 W 7 5, AR v B A A i A R 0 T IR 22 0 28 9 e I ) 80l 0, 1T 5, 0 SR
FE U I o) AT EEAL B S A IR B 1 BIE T B A BE BT IR B0 A TSR R ) B 2 8638, T 5 1 &
i SRR A0, 3 5 A o S D) D ) S DR b, 75 A i A P ) 22 A 1) B2 36 58 PR-SCTPRY o 5
VF TR A EEAL AT T B A 00 A A7 B DR 5 A B AR E SCTP IR S b, M R I 4w kBB 0 &
R T AR A7 I T S5, A T 5% 2 009 A AT A% 1 L@ 08 507 s 2w B R R — AN LR A S R A
6] )i # 51 PR-CMT!*° K PR-SCTP 543 n 5 A AL N FH - 22 6 42 51 R A i o, 1 ) P 2 440 i A A7 F 0 £ . )
TR IR 4241 28 % 1. PR-MPTCP+2 3540 v Sk I FH -+ MPTCP B3 v, 388 3o 37 £ 358 4 T gk S0 AT 2 15 32
FF HB 43 AT S T B 1R B v, A 0 0 X 4% A s B A I, UK R e A A I ) 0 i B S G v 4K
P A 14T T A% PR-CMT Al PR-CMT == 2R H 7 0 FH 48 L B () 45 2k, T SR [68 10 1) FH 48 1 b 1) 1y [) 1 2% 12 T AR
FE R AE MPTCP i 21 9 2 2 24 41 28 i) 3l i 3= 3l 75 394 A0 46 40 B000R 60 4 BRI w0 21 4 160 A S ) B £
PR TT 0 B L T B A I ) R AR, R By B A I T R e 2 A7 ) TR R 2 R, B ek BT R A IR B
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I £ 3% 22, JF A R AN ) ACK.
I 2 1100 5040 A T B T T AR A A R R 2 S (W HL.264 LA 4w 15 SC A% i T IR P i), Qi SR % B A A%
i A 0% 2 260 ) S 1 o B 2 S A A R T DU % A UL TR AR R A ek LA 3 TR SR s AT
e DL R AR B R NG iy X B 7E MPEG-2 il H.264/AVC 4, 3= SR RIAT Tt P i, B i1
i 36 888 3 S AT AR AT, T P T, Bt DU 5 XA T A R A8 BT A, S LA T ) R R B T P OWURT B il HL.264/
SVC 4 i FI FARMLE IS 18]« 2% 8] 15 e b0 56 U THT PR AT 47 JR AR W AT 1l 22 ) BB AT G R, 2 0 WA 81 P i 4 2
G vy, W 5 BT A 0 T AU A gl R o T v 2 ) R R T AT A R I AR T R, R (I 2
GRS ) TR B v T o S T I
TE T 171 00 B, B T 22 e 1) 22 B AR AR U A0 J T, SCHR (691 LAY )25 IRF SE o 147 1 A8 A7 I 8] S £ 43 e 1
AL FEIXAN I A] N, A IR T7 1 56K — R A0 T, P i ORAF T R, 12 B 45 2% B A2 R IS S 4 56 AR LU 481 2 T 50, O HLKE T
MO 5 23 TC 25 60 AR 1) B A% SR [ 707 4 B0 4 T 507 A0 A 2 T 35 A A7 B — 20 040 50 GoP(group of picture),
SV SR Tt Pii LAz B Mot 2 B BN B A BAZ1 Hp 5] B 5 5 A2 AR 8 5 A0 R AR 3] v HE) 3, 1 56 ABA A 1 R s i
Tty P i, i 3o 25 0 24 g 1K H. i At DR B s ol 4 ) Bk B 7 B A2 R 36,78 T il P A58 2 J5 40 C B
T SCHR[ 711K SCHR[70]00 503 N I FE SVC AR AT P B804 43 e r . SCRR[72 ) B i b ok s A 4 5oR Rl 1y 245
BT Sk 5 ) E Sy e SRR 2B o C S A S B A R I R . BT R . HL.264 ML ZmEE T T . P iy
B W 5% 22 34T B0 20 Wi 250 3dk 1 B0 20 Bid 590 R0 MPTCP 35030 49 Bic 553 1R 47 oF BU i 10 &5 51 26 W1, S 3t 1 i 2
Bic 7 2 Re % B 2 B T AR Ik R
4.2 KREFRH
FRAMT R £ — 58 I BT R R FH IX AN RE MR R O 22 B A0 A% S B A3 S DR PR 000 0 22 1) AT Aot 7D e iR B
R LA AR T AE 2> S AT AT 1) 5 2K e % e o T ot ) M R AT W S, T Bl AL B8 0 DX 3k P iR A i 25 2k A
JR B LR SZ b S0 T BE I AN KL 25 B (distortion  rate)!” ) FH St i 2 42 AT 1 P M AT L5 Y R AIMTAR EL 60 4005 R
w0 e R LR B A AL AL T SN R DA R P AR W 5 VR A AR 42 U 21 1 A A3 ) W 2 A B AN
[ (v 5505 2078 2 B ARAE S 1 2 57 R AH G I8 2R A LN JE AR A R AT AL 1) B A i 5, 30 R 48 2
IR a0 AL RIS TURTR A5 AR /M O BLER A SIS AT LAy Ay VG 5 RS 20 22 e R SR T i 2K
B 72 PRl
o TEWAHHEWISE A ZE S ARSI S P AT O A e EEAR SRS L TUAR FE SR U T R TR A IS AS K AN )
ST PRI LA DX 43 SCHR 73170 SR FH PR R AT 2K L 28 o 50 v WA 2K 20 5 o 5 AL AT U5 2 11 18 0 7 9 2>
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Table 3 Comparison of research schemes which combine end-to-end multipath
transfer with application layer schemes
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