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Abstract

Recently, the bandwidth available to an end user has been dramatically increasing with the
advancing of network technologies. This high-speed network naturally requires faster and/or
stable data transmission techniques. The UDT(UDP based Data Transfer protocol) is a UDP
based transport protocol, and shows more efficient throughput than TCP in the long RTT
environment, with benefit of rate control for a SYN time. With a NAK event, however, it is
difficult to expect an optimum performance due to the increase of fixed sendInterval and the
flow control based on the previous RTT. This paper proposes a rate control method on
following a NAK, by adjusting the sendInterval according to some degree of RTT period which
calculated from a set of experimental results. In addition, it suggests an improved flow control
method based on the TCP vegas, in order to predict the network congestion afterward. An
experimental results show that the revised flow control method improves UDT's throughput
about 20Mbps. With combining the rate control and flow control proposed, the UDT throughput
can be improved up to 26Mbps in average.
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UDT's Rate Control

avg nak_num : average nak number
When NAK is occurred

onNak()
{
snd_interval = snd_intervalx1.125;

avg nak_num = update;
nak_count = 1;
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UDT’s Flow Control
onAck()

if (slow start)
W= W+S;
else
W=RcvRate/(Interval+RTT)*1000000+16;

Modijj} Packet Sending Period;

Set Maximum Transfer Rate;
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Modified UDT’s Rate Control

onNak()

if (RTT <= 50ms)
snd_interval = snd_intervalx1.120;

else if (RTT > 50 && RTT <=150)
snd_interval = snd_intervalx1.125;

else
nd_interval = snd_intervalx1.123;

avg nak_num = update;
nak_count = I;
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Modified UDT’s Flow Control

onAck()
{
if (slow start)

W= W+S§;
else

{
if (a < nDiff < O
w=Ww;
else if (B < nDiff)
W=RcvRate*0.9/(Interval+RTT) *1000000;

else
W=RcvRate*1.1/(Interval+RTT)*1000000;

Modify Packet Sending Period:
Set Maximum Transfer Rate;

prevRTT=RTT;

Fig. 7. EX0Z 7[Hte] UDT SEH0 7|H

o] a<nDifff<Be] 7L dAe YEY=
2gho] et Holgli= AL ofulgit), ugh dAe] ¢
5 2 & §A &} a<nDifff 24 HE

4
e
o T
a[N

inj
_ré
oo ¢
ot
>
%0,
L
rir
pou)
o
(=
fitl
rig
b
o
W
N
il
o\
N
>
WA o fo

. nDiff>B+= dAe EY=A
& o) VEN AL E4F

=
o
st
hu
e

o x u

B Ao|AE Aok /WS A TestbedS 753
3 Ay 29Es 3_;1].013]_011;]_ A8o WHx TCP
= °

Al Akt rate control 71Hell tial] A&} 3 F

3 A& Aol g3 ATEEE gt A
oS 913 874 742 [Fig. 819 2tk F = A|=d
216G ez A8, AEA2ELS LinuxE AH
a9tk RTT9 488 Linuxold AFEE
netem[15]& AFE&3slel RTTE  100ms, £AELS
0.001%= Ad74stsich

o o

rlr

flo

[Fig. 91%= AlZtell w2 UDTO A$E3} Alekd <&
1E5E 443 UDTY A4ES Bk EfdS
dnE)ES AE3 WAE UDTY Aol & v &4
¥ S T 5 9k 53] A 2719 0] o5
A 2 FrelA 71Ee UDTRD & H 3449
HHog Anes UM EN HEES =tk
I A3} 71F9 UDT B} o3 dauelEs 44
3 UDT7H Y =& AE5ES Boln, AL 7153 tY
&Y g8 oz AR 5 gleh [Fig. 9]9] 44 9

Xl

|3+ a=15, B=352 AAsIHTh



\l
o
rok
Hl
T
]
[t
o
@
r-Iu

X| '11 Vol. 11 No. 2

throughput(Mbps)

‘ «+=eee OriginaluDT
——modifiedUDT

100 ”
13 5 7 9 1113151719 2123 25 27 29 31 33 3537 39 41 43 45 47 49 5153 55 57 5961

time(sec)

Fig. 9. 7IZ UDTQ} MOtE 7|HE MBSt UDTL| ZISHA|
Zholl e HA&E

)

&)
jale =
Xl
AT
¥ o
¥ 2
o B
=

oxl

o
g
s O
L.
57

R
oy

e

o
T

o] =

o>
gty
vk o 3o o T

ot i
ol ml :% iu)

Moo e do o T
=

=

il

ol

o

fru

ro,

ob

Q2

ol

n:}; i o F

ox

doy O

o )

opy
i
A

n)
Lo,
=)
ot
_ﬂ
ke
é
=y
10
0}3 29
-2
0~
-
=

w
(=)
19 foy o%h fob o rfr ¢

o et rf Ho = Ho
o

M Hho) = °17:ﬂ%k 0‘01 05, 30) (1
71&¢] UDT Xt} Hi
T Ak 53, (15, 35)91 785l FEig
HRIth RTT7F 100mse] it =4 E°] 0.001%%
7ol E3elZ 7)uke] UDT7} 7155¢] UDT X
18Mbps &3 22 el a3k

> O o o
oX, 1:110 =
off o 2

}

O:
r

o

7as

740

735

730

725

720

throughput{Mbps)

715+~

710

700 -

original =05, a=10, a=1.0, a=15, a=2.0, a=2.0,
upT B=3.0 B=3.0 p=3.5 p=3.5 p=3.5 p=4.0

Fig. 10. YAz} M0 ME L MAE

[Fig. 11]3} [Fig. 12 ?7}% %41194 7VEAE
& ¥ 71& UDT< ] A 1
| 7FAE taxs) 2709
akATk

775
770

765

760
755
750

throughput{Mbps)

745
740 T T
25 originalUDT 25 modified UDT

RTT(ms)

Fig. 11. 77t XSt 715Xt 7|& UDTL| MSH|1
(25ms)

RTT7} 500014 150401 8] 1312 71 AIQHe 7k
e} L] Wil of7]eAE 2709 e ARt
Aty AL Aokt a0 dagEs A A
3743} U5t} [Fig. 111914 RTTE neteme
| 2oms= A4 o] A S48 A s

7% UDTelA B} of 21Mbps®] /3535 Heltk

-

et
oo o

o

>~

].

O

fo

throughput{Mbps)

345 +

200 originalUDT 200 modified UDT

RTT(ms)

Fig. 12, 717bH XSt J1EX|2t 7|2 UDTL| MsH|w
(200ms)

O

]

[Fig. 12]5= RTT 200ms-3toll A €] d-sh)al 23]
S5

t}. o] F7rell M= 71 UDTRY oF 15Mbps<] A
Alo]
o] NS-22

27
T 490 gL WESD A EHIHS



UDT 20N SREE 0IF ¥ mzdd

ru|o
]
o
ok
0x
oir
0ot
0z
N
IE
N
N

ol g3le] WA Frle] wEkA HA FE Fat
% 7]& UDT9 1449 7ﬁx] 2 7bo) wha) Bel A
& I A} 7% UDTHY}

760 |

throughput{Mbps)

25originalUDT 25mix 100o0riginaluDT 100mix

Fig. 13. HMet7|&=
SHlm

S8 M85t UDTS} 7|1= UDTS M

g 7}%%19} E46lZ 2]

[Fig. 13] 3¢+ =],
& ol #A EAE

55 &9 A d a2 =o]

S 0001%% AAZ & RTT T-7+2 25ms, 100msol Al
7]€ UDT$ vl A338krh RTT 100msel -3kl
ME ALe 7R o TS §le FoR daE
o}, AR &S dagFell o8] oF 19Mbpse] &
A8 5ol 249 RTT 25msél 73kl 28
& 7S A9 S daglEel 93] 7]E UDTEY
FdH TS Bl o] il A= oF 26MbpsH &
o] Aeads Fel skt

V.AE

2 =7oAE 7] UDTelA NAK §414] 114

2 sendntervals 1/8%F S7HA171E whd AES
3 3k HH9| 7SS Al ©Ale RTTT7H
gt} 53k TCP VegasolA Aeket &3 o= 7]
S UDTd| 483o=2x g %‘% SEA] &g
Aot RTT9 prevRTTS g
155t Edo] dldEe FitdAe E49ES-

17121, HgE 7Rt M= e ERY -

o oo o}m [o

i
To
_0|L
2
(ol
>,
o
=D\
do ot ™ mo o2 o mo

2,

=
hal
L3S

N

d
>

Aget, a3 vy 11 & e dssk 1t
A= A= 2715 F7HRIT AlQker 7S 22t
ARE T3 oS st gk, £ A8-g
71 GA] 7€ UDTEY 34 455 54519t
Aore oz Ade A A AHlA H 15~
30Mbps =9 AsddS BTt

o ERAE dRlEde] w2 NAK A3bolA
RTTFHE 7ls2E WAFAAN, FFdATolAM =
7} A (sendInterval) 7} 5l HIX& gl i) F
7b A7k Fasitt g UDT sEAolel 43S v
2= RevRatest 2 =moll Al Albek darg5o] w7

o e E AF7F dasieh

fidd

0 5

Mo

[1] S. Floyd, "HighSpeed TCP for Large Congestion
Windows,” IETF, RFC3649, 2003.

[2] T. Kelly, "Scalable TCP: Improving Performance
in Highspeed Wide Area Networks,” ACM
Computer Communication Review, Vol.32, No.2,
pp.83-91, 2003.

[3] L. Xu, K Harfoush, and I. Rhee, "Binary
Increase Congestion Control(BIC) for Fast
Long-Distance Networks,” IEEE INFOCOM'(4,
Vol4, pp.2514-2524, 2004.

[4] E. He, J. Leigh, O. Yu, and T. A. Defanti,
"Reliable Blast UDP: Predictable High
Performance Bulk Data Transfer,” International
Conference on IEEE CLUSTER'02, pp. 317-324,
2002.

[5] M. R. Meiss, "Tsunami: A High-Speed Rate-
Controlled Protocol for File
www.evl.uic.edw/eric/atp TSUNAMLpdf/, 2009.

[6] Y. Gu and Robert L. Grossman, "UDT: UDP
Based Data Transfer for High Speed Wide Area
Networks,” Computer Networks, Vol.51, No.7,
pp.1777-1799, 2007.

Transfer,”



78 SI=EIHXSIE=2X] '11 Vol. 11 No. 2

[71 V. Jacobson and M. Kerels, "Congestion
Avoidance and Control,” ACM SIGCOMM'SS,
Vol.18, No4, pp.314-319, 1983

[8] V. Jacobson, "Modified TCP Congestion
Avoidance Algorithm,” LBNL Technical Report,
1990.

[9] L. Brakmo, S. O'malley, and L. Peterson, "TCP
Vegas: New Techniques for Congestion
Detection and Avoidance,” ACM SIGCOMM'%4,
Vol.24, No4, pp.24-35, 199%4.

[10] Y. Gu, "UDT: A High Performance Data
Transport Protocol,” Ph.D Thesis, Laboratory
for Advanced Computing, Univ. of Illinois at
Chicago, 2005.

[11] B, A58, 2713 "UDT 7414 37 =2

pp.217-220, 2010.
[12] http//www.isi.edu/nsnam/ns/
[13] o]Md, $8E, A35, "TCP VegasolA &4

4 PYE AR TR SneE BT

[15] http://swik.net/netem

X XA N
(Jong—Seon Park) Z31¥
* 2000 1 2=t etk
s

o] % oKSeung-Ah Lee) =35Y
| i 13

[

<HAEOR> ¢ AFH B Sebv

7 % #(Seung-Hae Kim) 3/
- 19969 ¢ ghdielm AREA
gt} shaE

2003 - A5 Thetal hekel A

AR IPv6, M UESS, UEA]D &-8/87]

2 7] 3HGi-Hwan Cho) ENGE
e T AEA
P

=198 Addoista Al
AF =4
1987 Algoishal AlLkEA S
I AA 4
= 19961 = Newcastle th&tal
Oy | AAE) WAL S
+1987d ~ 1997 : S-S AlA T AT
= 1997d ~ 19999 : Ex o)t AFE A AU

A

|




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


