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Abstract: With the rapid development of numerous applications and optical network, fast long distance optical
network has emerged in the Internet field. Some novel studies indicated that, due to the exigent requirement of
scientific applications and the rapid improvement of network bandwidth, the network transfer speed has outstripped
the processing speed of the end systems. Therefore, the congestion has been pushed into the end nodes and the
processing ability of the end system has become a bottleneck in such a network. Thus several novel end-system
performance aware transport protocols have been proposed. The authors categorize and describe all these protocols,
and emphatically analyze that congestion detection, rate adaption mechanisms, advantages and disadvantages of all
kinds of schemes. Subsequently, the current existing open issues are summarized and some further interesting
directions are pointed out.
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HREESES: TP393 XHEtFRIRAD: A

B A 5 BB R B DRk S BT 31 145 B A 7K S H 25 32 1 e-Science B AW J2 . 40 A0 T A BRI & Fil
b MDA A I DA B AR S 565 2 50 T sk vy o 8 3 42 AT B A% S R FE 45 T e R e B L RS
6 QNIRRT 2% R DU HE 75 T iy M A 0 286 [ S RE A9 v R R 2% B vy R 400 BRI 9 B AR BRSO hr - 4 BRI 5 v
(CERN)Z 0] 45 i 79 B 5 T A S VERT 2 I0 H AT CERN K B T SHE N LA 7725 )L+ PB HI S, X L %
5 LR P DO A% A 326 21 43 AT 70 A BRI 85N T, DAASE A BRT 43 17, 3 0) 19 4% 4 5 =l v 119 22 SR A R S 2 4
18, K 25 % ] VLBI(very long baseline interferometry, £ 5k 2k - I B9 ok 30451 4 1) 145, 4 56 1) 52 56
B 4 BR 43 A7 2K 10 A3 38 SR A B 8 1 0 4% A% 126 31— A o i s R e TE ST T R 9T R 4 T T v
)4 % (29 Gbps 5% JL T Mbps)iz FifLi% TB 24 .

e-Science RHIT R (13 It A 2% H0a AL Jonr B0 28 46 th T AR v (R 23R AR SR 19 1P 3 4 36 52 i el 9 28 ey 717 0
QoS A5 J7 11 (14 B i, TG v T A2 3 i 5 3K DALt 30 4 08, T B LA A 2R 2y 3 AT 930 B 06 0 2% L B i B A 3
Internet2 f15)) A H % I (dynamic circuit network, fijFx DCNM@) . ESnet (#1832 54 9 (science data network, i #¢
SDNE) LA )2 CHEETAHM DRAGOND! UltraScience Net!® HOPIU%5, Ry i) PHOSPHORUS 1 H B, %z k
CANARIE ¥ ] UCLP(user controlled lightpath)®., [ JGN2IO, i [ ) KREONet2M 4% iy v [ R4
(CSTNET)Z H ke, 240 H K51 3 IR EREL 2% 2% (global ring network for advanced applications
development, i /X GLORIAD™ )it 1 2y T 996 AL 45 1] 15 A3 27 $0 0 1 i 7 K 110 22 88 110 ' 1o 2%,

R 2 AL T BRI AT B, H A% i 1 Al 20 A 15 21 R 20 (42 - R AR AR R i) TCP VRS2 4 XK
ARG S 1 19208 T2 T B, T ST A A1 S 47 S RS B s L e 8 0 % AR 2 L N
DR T 28 TCP St W ist, ik Bl E& =1 TCP FIMUTE v 19 45 v (1 12 e, AL 7 58 ) P S5 AT AR AN i TR ot 45 2
T UDP [ B3t b 4 4 i 38 1 HE ok 3K R U T TCP 2 et b S AL M Pk BE A 1 58 25 31 v L4 S P 3L 1 ol
RURFAIE & R UDP P U S B 8 i TCP A% s 45 iM% 5, LA v T v S 0008 IR 45 H i LR 1 55 T~ UDP ¥
ok i 5 RBUDP(reliable blast UDP)!*® SABUL (simple available bandwidth utilization library)*®,uDT
(UDP-based data transfer protocol)™™), Tsunamit™®1% 75 3+ UDP B3 () S50t Bl b A — 3 20 Db i e B2 T3k 22 0
HR BTV N AT P P 2855 AR AL K AL PR AE 7, i il RBUDP,SABUL/UDT, X 2 Fi iU H 3% I T i P e I 4K i R 480
—HB A PN R B T i (1 M e 1) R, AT A i 2R A IR R W i 0T S IS R A a2k T A AT R A T 1R A
Pk R AS SC A BHS X S S P RE B IS S AL P

AL LN 2R P B AT AR b LI FEAS R B 2 T LA ) £ ity M BE 13 A B SOEAT 28
FEIR T LA AT RE RN SR A ZE A R R G FC L 2R 3 W O R SRR T R AT R LR 4 TR
AT, 8 A FE T 1R S JBCE Tl REURHE — 25 (WA 7 7 1) 565 5 799 R 4 42 3.

1 Zimttst BEEEEERRE

I W 26 B R [ Rk G I DL ER U 4 £ % B2 H B K (dense wavelength  division multiplexing, i #x
DWDM) 184, W 4% 75 5 X 5 o, 8 753 S0k PP AR e 7 S B Thops K 4% 4 sk 4 T i CH90. i 43 2R 4 bt 132 51
A, /O BT CPU WS A AL B 28 . AR A B L 0 Sy ek 8 S A3 A BRI L A TCPAIP Bl s Ak 3k
S A 20128 EL A i T ok A v A 4% (1 A i S22 Bk el T % ol R S R S IR T B B AR AR AR K I 22 R A
TEAT I 248 A i 1) [R] B 4 4 3R S B A T H50 40 4k 3 2 S A AT 45, L AR S 6 0 B Ak T AT AR Ak 2 op DRt G 1 R AR AE
iy F G5 TP A 28, 1 v e i B O3 I IR A i B SR — Al R ISR,

X S 2% R R S ol A 2 R I S BN 3 A s P i BE AT RS I, 44 R — 5 1) 41 2E K W (congestion
detection) 5512, — H. I\ S #EBe o BIKs % AR 410 2 B 28 V8 Bk A6 0 20 s U8t 45 T 26 i, A 26 i AR 0 e 15 SR B IV 11 3
R % (rate adaption) 5 g,

& ¥ A 4 RBUDP+ZI RAPIDPY RAPID+? GTP(group transport protocol)®! PA-UDPP®! Fii
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RTsunamil® B i80 & AT H DX 50 FE T8 FH 77 AS 7] R4 ZEAS 00 2 550, T EL W v F 31 8 A D00 45830k M0 o % 33 5 S s 2% A
AR R 5 % e S R0 925, FRAT 1K 2 W s A0 S (160 00 ) R 9 355 23 1 2 715 o 311 % T (congestion aggravation). #119¢
d(congestion alleviation).Z& 1 2% T 13 JLF Bl iS05T 565 7 FF7H A 000 25 5 LA R 1) 2 A 0 595,

Table 1 Congestion detection metrics and algorithms of transport protocols
Fe 1 TSR ZE RS U 2 BORD 0 ZEAS ) 45002

Protocols | Congestion detection metrics Congestion aggravation Congestion alleviation
The time slice allocated to 1/0 o 10 has b ted Other processes has been finished,
process: Tyo; sum of all other nce [/ process has been executed, the 1/0 process will be executed

RBUDP+ processes’ time slices: other processes will be at:

: ZTJ executed at: t+T o LRI +ZT1
] J
Dynamic priority of 1/0 oL 4 . W
RAPID process: dynamicpriority dynamicpriority-1<<ERROR_PRIORITY | dynamicpriority—~1>ERROR_PRIORITY
Packet loss ratio in the nth and
<o

RAPID+ (n-1)th cycle: an, a1 On? G-1 Gn™ On-1
Packet loss ratio of _

GTP the ith flow: loss; l0ssi>0 lossi=0
Remaining file size: bitsLeft; . . -

PA-UDP Left buffer: memLeft BitsLeft>memLeft bitsLeft<<memLeft
Congestion level: CL;

RTsunami | dynamic threshold: U(k), CL>U(k) CL<U(k)

k is congestion level

T EAG I Y 5 7R P2 WA Sty D 9T 2 155 10, 39K R30S B — P 3 2 e 92 R A 3l R el R TR A
PRI LA R A
T rer(1-g),
ML rer(1+),
v r FoR RI% A F R IR B A0 2E SR AR R FH (V0 T LR 1, 10 g 2 s B S o 48 S T e R FH ) 1 DN 1 3R 2
R T IR U BUTT N R R IE B T f R g RIS

Table 2 Rate adaption factors of transport protocols

T2 AW R AR S R T

Protocols f g
RBUDP+ 0 1
RAPID 0 1
0, count <k
é‘n—l
7, count =k 1—7
RAPID+

count is counter of times that packet loss
sustainably decreases; k is an empirical value;
yis increased factor of transfer speed

min{O.OZ,Mfl}
r

Sn-1 1S receiver’s processing speed
in the (n—1)th period

GTP min{0.5loss;,0.125}
Fitarget IS the target speed of ith flow
allocated by centralized control
R.. . bitsLeft «r(disk)
PA-UDP o -1 bitsLeft — memLeft
. ; r(disk) is receiver’s speed of moving data
Rmax is the maximum speed set by user from buffer to disk
™ 1 ax?2*
k
RTsunami A 1+ax2

Ais increased factor of inter-packet delay,
0<4<1, default is 5/6

2 Zim|tEE BER Rt o Kk
MRS _E 3 LA B AT A 0 S5095 LB T 45 P Ty 5 HA) L B B AT AT LA 383K 4 B30KT 26 ol 28 3 1 E 2

« is adaptable factor, default is 0.125;
k is congestion level
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TEAT R, L G0 A ) T30S 00 P 28 A B 0 P 5, 2 A S SR, 00 2 A o % o XA FH A 0 6. 0 7 81 43 M R
G, FRATTHR AR A4 B B S0 0 1) S AS 0 23 OKs I 28y %43 LR LK.
2.1 E- T2 AE R ELNHLS

X 28 7 FE W ik W S 5 AN R 1K AT R T AR st S PL A 481 3 R ) 25 AR 5B 42 (dynamic
priority). B[] 5 45 22 55 3% W 80T Pl ohe A YO0 2 g oty D5 2 2 A1) 25 AT 2 0% i 170 B I s, DA e S Sl 2R R 4 1Y)
I %) AR A SC R B AT 32 B4 44 RBUDP+AT RAPID P 3% P R 0 i 45 4F RBUDP(reliable blast UDP)™ i it 4T
T B . RBUDP Pp iS5 18 5, i i A1 UDP $p i, LA 5 T80 56 R 482 326 2 T 008 e 06 4R ) U TCP il
)R WA ity D& U 2 B4 110 e Ak, ki i B L FRE G UDP AR AR A LU FE AN W EE B, T A T AR Bk
ThE Wk 1E BTN B3 R B A e K B 35 0 X 46 R 55 v RBUDP L 52 3 558 7 4952 2 % 1) S s e 5 5 380902 Wi o
2 R DX 2122 0 B R 24 0 G o o A o e I A el A O 7 T IR ST A B S48 IE RBUDP w1 8 %
7 5, DI A > B Bty DK A A 411 2 BT, R 306 ity AN & R 4R D5 K 11 380 0 45 482 126 it 4% 1 b A 3% — BRI [T >4
T S 2 78 IR, 52 308 3y P 20K 4582 DA SR (10 38 4 326 3 1 P W 160 DX 310 1) S A 0 03247 T AR [+
2.1.1 RBUDP+

RBUDP-+ R F B2 i BT A AT 45 1A R T80 4 A A 2 A% I 81 -7 3L ok S AR TR LM AT 45 T AT
R 1) 2% s 2 CPU TE 199 45 A6 i adh 78 5 JHL Ath A 45 1) A 452 b 88 2 A3 224 42 o Ak B A5 F A 55 LA S IR LA AT 25 I
T R 32 i R A R AL HHR B T BE TS BE A IS A BR R T 21 Sk 1 B a0 8 2L FE L Rtk RBUDP+ P 3L K 1%
U S REL R T 00 27 MAC  Ack B8R G Al A 45 P F i) a5 7 2 A ity A T HL At AT 45 39 0 phy 457 1 38 T o AT 45 AT 45 3R
I P 4k A

RBUDP+M S )30 A5 1 R 1 ] 1 BT 7 e o I 280 6,6 D 43 WO AT 0 2% A% B 1 2 (1/O process) s 221, It 1)
Tuo Tjo A CPU M FEE& AL A HERE K I, D T, D T/ A AE 11O process hAT 45 WU, JUAt AT 55 (1 10 i) A 2 it 3

] ]

ATTRLEE 1 A ZE Ao I AT = 3 P 51, 52 W) RBUDP-+ (47 JE A il K 3o 4 3 C 5092 AE. RBUDP+ R B 24 1 i T
BT 1/O process I (&1 1 H IRy 2 t), F WAcoi {5 TG CPU 3 Bl 45 JC Aty BERR OIS 1) 1y Z A(P 1 vp DT ), Rl
i

TCP BN Tyo, DT, oS MBS 06 B i 32 i M4 5 153 0\ Ay, 7 100 4% A% I 1) 1 AT 5 RO (BI04 T 0),
i

U R AR S R A A WA i 2% b DX T 25 6, DR e, B S AE I ) 4T o 5 IR R IR (S B B B B R RTT (A7 AE,
FIEIRAEIN Z] t+Tyo-RTT/2 B 1E 3% ), 58 H A BEREAT 55 4RAT S5 AN (I 20 €+ T + DT, ), 45 2R 45 LUK )k
j

5 RBUDP #l L, RBUDP+ (¥4 fit A7 77 B2ty 5 ZEAE 22 AT 45 Rl D)4 RS 355 o 1 s O A B
P2 1 AL B ROy LA I A Y oA 3% R A N B B A A R A 1) 8 ) AR B 82 10K (1 B4 ,RBUDP+
LS 11RO R B T A& e SCHR (2318 i 47 214 e UIs AT M4k &%, L 3.4Gbps f£%i 700MB
(193044, RBUDP+ [ i i L. RBUDP 2% 1.3s. % T~ #4210 [ B} 2= B34 W, v 6 757 ZE R PR A% i TB 2 ¥ 454, 78 4 LA
3.4Gbps [ Z . 1TB ¥ (AL M Ik 1) 2204554 3] 1947 .4s 4w HE4T 2 MES . LMK T 2.4Gbps 153 A5 4
700MB %4/ i, RBUDP+Lt, RBUDP 5 %2 B % [ £ iy I 1] 4 £% 4y 18 % K T+ 2.4Gbps, RBUDP+F) £ i B i) A 1 4
/NF RBUDP.ZE & L E P A 5, RBUDP+ M 1 U 5 38 HY, T UK 38 82 I 0 as AT 4T 25 LA S A% 5 ml i s 58 (R AS
[ 175 00 2K T o2 1 $¢ RBUDP 88, RBUDP+4% 4.

BARIE ORI AT 2 AMT % it 555w BT RBUDP+1E % RBUDP 4 T & /1 & RBUDP+{I# ZE 4
WU e 3 W BV A S 1 e T, U B U A AR A H — A e 0 B R A T 0 5 R s
,Pallab % A ©L28 MEEE E 43 HTAIE I, RBUDP+JE I 6 38k R B I} HEEA4 T4 £ 1 10250, 30 v e oo A vk b 2 1/0
process I A8 B sk K26 Ty 5% 1h e 36 — B I R] iy 96 YR 2% ™ 5481 01, e e it 5 VK 9 11O process 43 Bt RS TR A T0 ~F
2120 10ms, 4 JAb AR 55 43 BE i Ta) 2 F DT, S 100ms, B RTT {54 300ms. £k 11 Bl AL (K I EL A To,

]
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BEATBARAL RN B4 D T, + RTT /2 4 SR Ak 4%. 53 0, Db iSUR Tyo>RTT/2.065 T~ ML 3 fig i K B
i

F i 2% A A e RTT/2>T 0. X N A& S AR A TCVEAE t+T 0 IN 2452 11, 5 EUF Wi SR AN S Ak BT 25 52 25080 A
ZJ5#) UDP blast H', 58 2 ) G Bl 7 A, MDA AIR T AR A AR SE AT B UL RTT /2> T, 0 + D T, XTI UL
i

T, RIE A A 215 T oK, T /&, ,RBUDP+E L RBUDP 3.

Sender Receiver
t—RTT/2 4
t
Q:
e — ———»=TCP control traffic
——
=T 1 t+Tio
T.
J .
t+T 0+ 2T | Ly T 4T o+ 2T, +UDP data traffic
I i
;v
T Q TIIO v
+lio 7 ZT' +10
j
V4T 0+ 2T | L@ T
i - i

A
B
C

Fig.1 Time sequence diagram of RBUDP+ transmission
Kl 1 RBUDP+ELHIN

2.1.2 RAPID

th Banerjee %5 AN H& H (1) RAPID i o Aok i 22 WS o 9 2465 14 i 10 2 (1) 80 25 56 2 (dynamic priority)ie i 4 2
S HE I 2 RAPID 7F B2 I3 3 4T — A 12 i W I 33 72 PMP(performance monitoring process), LA [f 52 f) I [7] ]
(polling interval) s AL 4 A1 55 I B A8 M0 56 2. TIN5 2 e 38— AN Bt 40, kb R AT 1) PMP SRR AR 5 A0 — A
polling interval H1, 41 5 PMP AR AW BAFAT {5 5, & 0 A Sl 04 5 78 AH2 0 T X 40 S ZE RO 45 15, RAPID 3%
H01 A AL IEAS 3 BRI A R R, 1T 0 SR BT 55 I I 1R B A A 5 23X AN B A T AR B e R 1Y
ERROR_PRIORITY Z5 & . [ LG PMP £ 4E4E4 polling interval Y -4 s 3 B2 1K) dynamic priority, >4 482 ik
FEff) dynamic priority 1A %) 7 Lt ERROR_PRIORITY & 1 AN2031 (1 i, PMP DAk F Wi o RIVRE 7 25 A0, 08 N A1 9
AR X, T 50— AN 52 1B A 38 1) FR 22 1) 18] (suspend  interval) e 15 4 & 326 B . A 308 i WA 1) Jse 43 3 BASE 1 e 3%, 4%
suspend interval 45 W5 T LA Js ok 1R e 4 42 7 1k

ANFF RBUDP+EERALEL 1/O process /& ik v #18 B 45 T 2R, T J6 18 3 o 2 15 L PSR AS S b #1 ok B 1/0
process (¥4 1X — 1% 5, RAPID /b T A 1% b 5% 15 A 326 1R (R 8 o w4 Y % B 1 & T RBUDP+.{H & ,RAPID 13
TSR R 00 A5V AR A 0 W S R R B B T T 58 1 A B AR AR B X N 2 1T R 4R AR 4k B IR K 4y
TR % BN AT B8 59 A0 SCHR[24148 H HERR AR B e 1 AN 75 B K ME A 100ms F s ) M i i th e 13t 1)
ik D S R T B RTT/2, 75 B8 o 30 F Bl A B8 e 75 22 RTT/2. 51k, A el &t e 183 38 301 F 25 IR
(B B n BR) e br L F 2 1A RTT WAL WNRAE 14 RTT W [l A Je e e 5Bt 1 1,784 # % RAPID (41
FERSIN G5 HE et 2 DA O R 8 3800k R B30l T A= 9 2 . g 52 B AR SCHR[24110 07 L SE 3R 45 3 5 RTT 24 120ms
i, RAPID ffE4 i M StAE L T RBUDP.IA BE, 6 RTT=300ms #8585 6 1 4%, 509 7 i 1 AN 26 204 5l O
ANEH.

4R RBUDP+#I RAPID 5 RBUDP AHELAE — @ PRI L4840 T Bl AL I ) 42 & TR s B R el S
RBUDP — ¥, #75 B H 7 58 W1 dh i 28 4 7 70 A8 3K T o B 380 A% S 8000 <2 117, 0 200 00 2 e 1 o] FH A o 3K K
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PN T 0] A TR PR 328 T T A 8 I AR 3% 5T A e A 3 I IR [ B AR R, 38 i 4 0 AR R
JIT A EL A 3% 110 H5 40 K1 b, 3k 98 R W 280 B ) S R /N 2 B T A 326 3 () G A7 D /I 53 70 33K 7 Bl a8 R L 457 1
L5451 (stop-and-go) il G B vk & 77 AR BBl AR e AT TANIE 16 B 3l USR8 H
22 ETEEERNMERNHLE

X L T W ) £ £ A I D 1 5 A S, DA TG R 48 R 36 L 20 i R DU ) 7% 5 B A B K K
S L IS, 22 326 i LA Ay e WA ot A1 S T A T 00 J), 8 AR AT O 2% U ek DA AR 5 B 2, WU A Ay 8 WA i P 4
FEAT JITER A, VT LAAF SV b 38 o 50 &% 326 e ek, T w30 560 P 09 1) S BT LA R 3 it AL 1) O 1 5 A SR I R Bk S
HEAT T L2 B BRI AT T I R 4 3% i L AR R 8 S RAPID+ATT Group Transport Protocol (GTP) %%,
2.2.1 RAPID+

RAPID+HRS B T K 15 4b 2 AbAE T, 224 540 5 38 1IN, 2 306 sty 40 308 46 ok Ay i — 4 7 482 J0 340 Py B oy L% e
DX B (13802 6, DM BRI U T3 DAk B %A i B I 90 J DR 6 35 n—1 AN 0, 2 o X L B T 1 R %
TH AU A A A WS A 13 T AR T /N 1 [ B R v 1) A

9 T A e ek /N I R 126 i DA Ay 5 WA o AT B R A T AR, A 3% il DR AR R b — ) SUA A [) £ T ], L
F TS K(Z B0 ) AN F AR AE T B, T8 4 326 i LA DAy ) LA 22 4 i AR 0 25 A0 0 SR 1 i R 36340 . RAPID+ PR 3L 119
2 A 00 0 3 2R T S AR A0 P 2 TR, I o o g I B 0 AL BB -1 NI B Ry F RS n+l A,
350 AR A 3% e count A 3R SR /N BT VBRSO AN 1~K; A S F B0 1) L 51 1R 1

Yes No
T

Fig.2 Congestion detection and rate adaption of RAPID+
Bl 2 RAPID-+ PS4 2 K 0 3k 4 Bl i 7

RAPID+{f 8 1 AT 45 25 4 56 149 A8 1 R 38 3068 5 kIS 17 5 A R 2B R IR B G T RF 4 & 0% 1f) RBUDP,
BRUAR IR K /IS R SC2E RAPID 5K Fr & 3% (1 8005 Az 32 /b -+ RBUDP 552 s & 3% 1A 308 . B i ) B 1 Feng %5 Al
TSI IR W AL 4 1GB Ui RAPID+3E b & 3% (33 Lk RBUDP 87> 41.47%~111.86%; %% 2GB i i, ik
/DA 139.32%~387.919°1 {H J:  RAPID-+ 1] A T AL sl et T 75 #1254 5 AR AR X A8 40 AN i vt sy b Jg e 45
T i £ 1) 2 TR 5 RAP D+ 110 4 23 A8 W00 A St b b A > i 1) 5 3 R b — R 36 R 5 1) 5 B 6 AT — A 4
S B A 52 % 2 R PP S I oy AR R, AR << a1, 1H o ATHAR AR K, A 57 D5 Sk PR % L 25 389 5ok 26 77 g
2 T B2 AT ity (I T 2 VIR B B DR U, U8 S 3 A 1) B2 I 1D R AL B A M s S 7 WS it 1) ) A5 0L
222 GTP

2 & BB AT M RN U 22 AR St 2 100 (9 20 7 1 1) 7, Ryan 55 A4 T GTP Wrisl. GTP B ist it G187 s AF +
T T P AN 2 T S TO6F 22 A AT I8 (10 20 1 43 s 4 v 22 TR 42 AR B A 8 2 T 4 A AN I 22 T2 ) e AN AL
TP ZESR ], 5 RAPID+BL, ) FH 75 A0 30 R A 48 2 126 3 56 A v s 1l 1) I )t S B0 1 4 Tl 9 e OO 4w s i
Tk S S A b (BROAA BRT T s RT T 22725 W I 21 (19 T AT i RTT 19 $5 KAL) e 8 AN 90 1) 25 B 0B AT A
T8 i X BT O 4 2 e R Max-Mint280 /8 S 4 i S5 305 A 738 230 4 L A BP9 2 T P 42 s, 2 0 s o 0
H (AN RTT)MR X AU 1) 25 B0 1 ST g S0 40 I 110 30 5, B Wt o 2 326 iy 3K /Nl 56 1) T PR 32 i) 1 4 v
48 H Max-Min J5UU o L 43 O3 26 (1 gargen), W1 2 P GTP 5 I&E BL SLVA BT R,

Ryan 25 N &1 GTP 75 25 45 21 i (1038 {5 4 5, LK F) — BE B I2 1T GTP I AN HAT IR Z 10 HI A TP S 8004 T
T VER T B S SCHR[19]45 78 2 AU B AU EAE IR, 3 Ak T UDP it J5 %€ (RBUDP,UDT,GTP) # {&
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K7 T A R A I 5 (>400Mbps) 2R T, A GTP 1R (R FFIRAK 1) U 26(GTP 24 0.06%,RBUDP #1 UDT 43 il A
53.3%, 8.7%).73 4b, SCHR[21] ) U7 EL 45 R EW, 24 BAT AR RTT () GTP JFAT it AT LA 211 73 e i 5.

(BB N 2 7E BTN GTP 5 B se¥h b 3847 GTP Wl 2 AN, RTT B A 100ms, iX FE AN A2
A R 5 1140 B8 016 TX 4% 1) RTT R 190 82 SR TR 1, G TP Wb 80 K B2 3 I 8%+ 1) s R PR AL 753k — 2D W 9. 5 b 24
B P R 2 B, S IS 0 RN sk 1) 43 Ll 22 56 M M PR 2 29 0.02 R 0.125,{H E1H b B i 4 At
K I W 30 o MW AL 90 75 028 20 4T 2 1 JE. T 70 1 512 o 1) % o G o XS S 400, DL B A5 T SR 3 A PR A I I A 5
WG, SR R T TP AT 4R R — AN B I 4R
2.3 ETFZ XA R IF 5 60 3 ZE 40 #

T T 0 2 05 i 7% v DX AR A5 0 B4 N, R 36 g T LT A AT 1 AT 04 B AR A AT R e 1 R A % T
2R 2 8 — B A i o R o SRR Ay 8 o DX G R A A B Ak B S D T R T A 1) B0 2R S 4
WS VT LS K SEARATE T SR, PR AT b B AR S S (R 15 0 F S (14 2% o X A A6 BR, 0 Linux 2.6.9 BRIA (142
We 2B A7y 131K B I F A4 A 5 25 00 328 /N T S35 00 5 IRE /N IO W50 % 10 2 5 v ok 815K 100 200 L, A
1M 25 35 J5 B2 20k 1 500 3k 5L, BT 187 SR A 28 P9 Pl S 422 i ity £ 1o DX 33 AT 470 2 A% 90 1) 4% 4 13 1 :PA-UDP I
RTsunami.

2.3.1 PA-UDP

22 ST AR T T T S A DR T 5K TR B A A A5 R S % e X DA — 0 T AR B X AN R R S 4R
TR Lb I 2R ) 26 AH DG Eckart 8 NEESL T — N OR TR IX AN . F BRT LU 7 43 ) T A i 2 2R (1 3
SR PA-UDP (14 ZE AR I 2 100 I 155 B bt L 55 T 4% SCAE K /DS (bitsLeft) Rl 22 e o 22 i (¥ ) FH 2% 7] (memLeft) K 512
LY. bitsLeft<memLeft M, /& 32638 4 fif B dh 3 15 4 T05G 1 52 1K B AL T 24 bitsLeft>memLeft B, & 1% % 1%
B BT B0 REAE A 48 DX Rk 70 40 R T R O G i HE R,

PA-UDP #1303 P 7] FH i 27 A5 70 o) A 4 26 B AT VR 00 05 V1 LA s W 3803 3 10 0 2 A 20 A e i A 55 T 3R
T LU BRSO 2 B AR B i o R OK T 3K ST 9 ALt 28 v X A7 1 LR 1 A i i e o
B A FRAT W 45 LB RO 2 B L, 21 A ) 4 A 2l 0 i 4 e IX oy P R 55 v P 15 O N, A 3 T R N ik D R 3%
AR XN, RS 2 AT 6 LU R B 08 SCHR[261AN 45 H T 4F LAN k4 — 4~ 5GB SUAFMs it 45 0L (4 LAN
"1,1Gbps,RTT<1ms, L1 i &), F %45t B A 331.96Mbps. A 1, PA-UDP 450 1 AS Bl 3 AL 5 1 R AN, T £
FHE— B VRATFFT. 5 40, BA TR FLDnet S5 R B, 78— 4 1Gbps F % £ 45 #, PA-UDP HpiY 5 TCP 1%
WU R N AL 4 512MB 1 SCE PA-UDP 45 b 45 56 1R B8 ) A5, TCP AL B i 1) 7 ik 2 A7 PA-UDP A& it (1)
1.55%2V [A] e, 95 %5 A7 i, R TCP A48 (13 JH A BiE 55 PA-UDP 231 b 23 it 45 5.

2.3.2 RTsunami

RTsunami P31 75 Tsunamit™ 8 it b 6f LA S 47 b 00000 4T T 50k Tsunami B iSCR JH £ 2 1) R i 6 T 2
A (R AT ZE R L Ak T 7 RTsunami Hh, JL4 %€ % I 449% CDRA(congestion detection and rate adaptation)?%5: 45
2 [T 4% v X R P AN E 1) 28 Ak Ha B i i LU ZE K CL 53l BIME UK) (K 2R3 31 ZE 42 1), 20 Ja) iy 4%
Uiy (1Y AR AE S TSR CL<U(0), 2% i DA Ay 2 e 86 A R AR A2, a6 g vl LG ek ik /N 1) B 3R LA K 6 T 2R
T4 CL>U(K) 338 i WA Ay B2 05 o 440 A T4 2R R A, 75 Sl do 398 X0, 1) B 3R Ry e 38 i 6.

RTsunami 458 T 47 (K128 i X v FH 36 0 BA 3714 B 1R AR Aok e SCHZE 7K CL

CL = pBO + (1— )29 /aea-t,
BCHL B B MU0 433 4 BO R Bk X (28 que & BABIK i 37 JA 00, 3 0 ARAIE T CT(HHJE 438 i
1E— 52 FE Y o 4 AN TR A 22 pf Xy i 2R BO,#E[0, 1130 [l P ) &5 2042 .CDRA $.7%:45 BO $i5E 3 ANMIMH: 6,0
FI S5, B 2 61> 65> 8. AF RTsunami I B 532 1) FL A S o R FH i A it 32 SRk B 2 5 3000 11, L3R 3.
TEIABME UK E £ RN
UK)=U(k-1)+1/2*2,
ok FoRINZE A, I FEAKCT- CL IR i 3
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RTsunami B 1508 JPE b 5 45t 7 4% BA B o (1 B -5 RO (A ZE K~ CL AL T R T A% 3 S R/ (i B
. 5 D T2 (¥ A RTsunami 3 3 SE AT AN 5 18 T 224 iyl 42 1 £ ) P 256 1y L3k 2% R8T il i 2 1) F) 1) 2
R St 1 5 AER R DL s P ZE S DU CL L [A)IN, B S e vt 28 0 sl &S B U(K) I e vt T 58 84 B3
PNTELG ) kTR N, B A A2 3 A il PR 5 0 2 BRI B, L9l P W 2 2 ROBROR X 8 e v AT ) T
PR b 2 iR Wit 1 A FE B SLIAE # Ren 45 AR 1Gbps (¥ FLDnet 5256 IR EAT 07 B0, 76 R A8 1%(01 e %
g RTsunami [ 4% ik 5 /¢ Tsunami (¥ 2.43 {75, 55 4, 0 545 AR W, RTsunami FATRLHR 10 9546 17 fiE 1),1X
SR A S 3 B 72 5 R0, LA 1 5 e R T 5 S 00 o 5 5 ) % 5 S U B ) ) 5% 7 LR AP A

Table 3 Relationship between buffer occupancy and ¢

F3 LXK E BO L oS gt

BO (buffer occupancy) )
BO>4; 1
01>B0O>5, o, ois a constant, 6>0.5
5>BO>8; 1-o
5>BO 1

3 f&inERE BB AW EEE

PL b gl 7 A B LA 28 sty Mk 8 151 3 . 0 1 150 D4 2 A0 0 P T 3R 3 I 7 % X e T 3L I I AN B 7
B2 BU/D AT SR S R ) 7R R 4 vh FRATAN 2 A5 TR 3R & B i3 ) SC SRR IR EAT T 2855 be Ll
WIUR 14 (initial rate). 571%Hz (connection setup) . 1 ZE 4l 2 4 (congestion detection metrics) LA A 4] ZE 44 il 5
5 384T i (algorithm  executor) X JUANRFAE, AT AT Af 45 b bip 3 18 2 A i 52 i A 38C p9 348 24 P #: (intra-protocol
fairness)fil TCP /2 {1t (TCP-friendliness) O S Wt 1 75 JEAT WLAEAE IR, 2 Pl b i5L £ 458 T S .

Table 4 Summary comparison of end-system performance aware transport protocols

R4 AP L ERE F A A% b U 2 L AR

Protocols Initial rate Connection Conges_tlon Algorithm Intro-_ProtocoI TCP-Eriendliness
setup detection executor fairness
RBUDP+ Spgified No Time slice Receiver Not considered Require certification
by user of process
RAPID Specified No Dynamic priority Receiver Not considered Require certification
by user of process
RAPID+ Negotiated by Yes Variance in packet Sender Not considered Require certification
sender and receiver loss ratio
GTP Negotiated by Yes Packet IO.SS n Sender Max-Min fairness No
sender and receiver one period
. Comparison of
PA-UDP sen’\cligg(;tr:zt?gcg%/ver Yes remaining file size Sender Support No
and left buffer
. Negotiated by Congestion level . . A
RTsunami sender and receiver Yes of buffer Sender Not considered Require certification

R A1 2 o S AT A ) 02 R e 4 I AR P S 0 3K PP 3 SRR T R AE ] A AT AR R

T RE UDP A 8] SiE 35 Ok 502 A 126 3 4 T e 3ok B 38 A7 A1) 288 7 TR G025 F 175 00, v 1 WA i g A1) 28 A 0 25 B0 18 45
3 3, 32K B 3 AT A T AG U R 2 U 2 SRR, DR AR A SRR 45 R A (A S

Intra-Protocol fairness #5218 47 [F] i B3 1 22 AL HE A2 5 AR [R] 231 ) IR 55 320 225K 22 A ) 3 =
3 BE I ALY SE (1 2P FE AR, 101 Max-Min 23 bR e AEDUAT (¥ 28 i Pk B8 F & NAR S Pl P Bk T GTP 5 PA-UDP,
Fotly 4 Ffpp AR BE VIR IR % 1S 2 DA 38 R 21

1l TCP-Friendliness AR —Ff £ i b i3 L5 TCP 3L AR [7] A BE K IR, 1 o 417 58 D6 U A E 0. — ol B L3 oy ol
5 4 7Bt FATTRRIX AR B A TCP APl 2. H AT, K 22 O TSR TCP WS AT Kot A% . X bk, 126 %
AN TCP 5 AU (1 ey A A P S A9 I8 O T2 AEBUAT 1R 28 3 R BE 193 A P2 R, AT PA-UDP 2 JT I,
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FATAE SCHR[29] 7, 35 T FLDnet testbed #EAT Bl 525,24 PA-UDP 77 7E I, TCP B8 ) 45 it 24X 4 PA-UDP 4%
HH M 1.55%. KL, PA-UDP [f] TCP A UF MM 2. 55 b Ryan &5 NABZE SCRR[19]F #8 HH, th T v i) ok 2% e %)
TCP AU PE ) 1) L, G TP 5 o 5 %5 10 BE F7 1R 5, HoAh JLFR BR800 TCP A L 1 1 75 3k — 25 I LA 5%

4 FERIEER R R R T

FEx e A P 9 5 A i B AR AT 00 R P RIE TN B R B, 5 i P B D A v B A i ) L, R D £
H T ATl 2 i M A 1 3R D v T A B DI S, 3K B UM AN [ [ £ 82 48t T 22 Pt 2 A WAL A R T 2 S v
H2, BT sk fi8 18 38 AL Hi B ORI SO £ 2 — AR AT 9T St H T £ 1R 07 8 AN AR 2 U T
T B — 5 N LA 9 [R] A, BT v A B 5 00 29 A i I DL B T 1) 52 A P 7 % i Pk R O A B P 8 e oy T
DHSRATAEAR 22 T 0 1) 8, 3 AR BAE an R LA 7 T

1) ZE A B ) 0 v 0 R B AT A 1k X T 2 R R AL i = 4 — PR R B 43 BT T I
Ao LR IR A S 0 23 50 ) M A 2 2 3 S P BSCAIT 5 118 K B o 5L 3 481 it RBUDP+ H 3 IR ) Al o PR 471 2 A
WU 5 B A A= 9 2 OB A AR J5E - TR R, T T4 S A D AL Tl e = A 8 A0 A 20k 5 b, 22 b ety e b 3
FIAFLE R S AR ] AR AT A0 ZEAS W F) e v 07 S8 A p gk — 20 I DA Scase R be 6 1 0 0L kT3 liosin 22 o
DX ) FH A 00, A5 40 S S I AL, A7 2801 LA B MR S AT 5 3 — 2l i B 43T, 1 &5 5 1) 9% 477 A0 52 o 194 4% £ )
AT YL,

2) A I PR R T L T PR 4 g M A i DI AL ) 22 BORIE T 5 2 R A P A Y e
PE I 40 55 G A R 3R BUAR T — ST 5 R FH S 7 v S0 248 S 33 3 AT 40 203 (Bt 45 b 1)
AR TG IR ML S BT AT SR DK 2D A 1 T 23 3 I SV AR T 22 30 e b e o, I o ok A PR s R
)7 B2 BR SRAIE WY B2 T 7 VR AT ROME KRR IR ST AT A A 110, AN B 26 BV ey 3k o 9% 1) PR A 4k L T 7 RBUDP+
HRAPID H, S i 45 11 R 306 FIRR 482 R 006 S AT 0 S0 T . Sl AR, K o oK 46085 T 7 ZE R R ARG

3) &% b i 0 1) i e L DRV A A % i R 8 IR A 2t i M 1 A i P DU AR AR AR T
A8 B3 1 e e A i DL (19 40 TCP B SHL st W30 1320) 1L % 1 190 4% v (1091 2 | 2000 £ 3 2R G590 14 J3 PR Ak 240, HI i
F10y 2% iy P A8 19 A B D0 % B8 T A i R 4 I P BT A i R 7 T R T, 1 2 1 4 A R ST )
of S W ] A, SILAE 110 52 50 245 SR 0 A2 i T TP 5% A i R S 58 i 1) SIS 560 A 055 17 450 2= 7 3 Bl P9 45 o ) 36 TIE. 4 B
T 4% (route path) i, 199 26 H ] (1991 2 2 A5 nT A8 K A= 1R 0 R R A T A A i B S0 A A R R L e B 2 3L A%
P 1 e 2 DT K 6 A A B SR A FH T 40 2 R SR 1 S e D9 2% AT ARk — 2 i AR 5

4) PERE VA In) L. w80 ) 45 A i P A3 FR R R AT AR Ak T2 A B B, o % T 4 i 4 1 2 ) v A i e
BEPM, H AT PE S (R B VR B ST I8 AR 2D, U 20 P 1R S5 R i VP 2 50 ik T v B2 58 388 119 0 I % i R T LS it
S 81 9 0 B B, I P VAR T A = s 3 i 10 B SR i 38 3 SRS — AN B, IS A S ) U AN T A
S, 0 S [ B AE I JB 28 A S R R A [0 P 380 B A [ Wb 380 1 A B 38 A 4 TR1 B 130D 22 AN Bt 2 TR T 2 -
(intra-fairness) i I& 47 AN [\] 130 K045 S 2 T80 1) 28 - (inter-fairness) st B4 2% 18 B AT, 06 20 4LV 5 48415 4K 2
e P 2 ) 8¢ 1) AT AR T 2K, e AT AR 2 b 7 S AN R A e 38 £ i FH L RAERE SR o' 1o 28 B R e 1 /N
It e A P AT 2 SR P S I 0 2 N T 0 4 2 0 86 g A 200 A B U ) ) A S 0 TR e, )
Ly Pk e B IE NAR Y 2 P PR SR bR ) PR RE VA 3 7 BE 2 OISR

5 #£RiE

AT 22 Fob i 10 5 T 4% S P RE AT I £ et A% B P SCIEAT T 0 SRR, AT T e R B I R 50X —
FA R AU R AT 10 SR I 1A D0 R AR VR A 5 H RTRIE 9  AT) SR AT AE (0 T IO ) R [ I i 1 1 AT
R T IX AU AT 1k — 2B 0T 4%l 18 B

Bt O b R ORI A SR I U b ) AR SC ARG T T AR KSR NG BFSTA A K
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