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Abstract

Recently, high-speed Intermet users and broadband network infrastructure are increasing. However, the TCP protocol
widely used in the Internet is an appropriate transport only for the legacy Internet, it is inefficient for traffic transport for
network environments with large bandwidth-delay product. In order to remedy this problem, there have been many
researches about improved congestion control algorithms for broadband networks. In these studies, most of performance
evaluation has been done by simulations. In this paper, after we reviewed the proposed high bandwidth transport layer
protocols, we implemented a real testbed, measured the performance and analyzed the problems of high-speed transport
protocols through the international research network TEIN2 between three nations, Korea, China, and Germany.

Keywords : TCP, high-speed Internet, Bandwidth-delay product, TEIN2
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Fig. 1. Testbed construction of high bandwidth transport

protocols.
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durmynet# cd /usr/src/sys/i386/conf
durmynet# cp GENERIC mykernel
durmynet# vi mykernel

+options IPFIREWALL

+options IPFIREWALL DEFAULT TO_ACCEPT
+options IPDIVERT
+options DUMMYNET
+options DEVICE POLLING
+options HZ=1000
14 # config my el

dummynet# cd ../conpile/mykernel
durmynet# make depnd

dummynet# make

dummynet# make install

38 2 e 4 FUH & A Hay

Fig. 2. Addition of kemel options and kernel compile.
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E 1. ipfw S%
Table 1. Operation of ipfw.

command I g
dlow |7 S8 {78t
deny |HZ! EXE MRSt
unreach |7l BRIE HESIT HeZl Z=9| ICMP EXIE Bk
reset  [TZ! BB 7610 TCP RSTE 24lck
divert HAZ ZEC divert(4) 27122 HIHTE NATOIM ALS
fwd  |H3IS MRl Tt ZE2 HMEICH

dummynet# ipfw add 100 allow all from any to any

/tpe BIREES ERSE U WASS 88/

durmynet# ipfw add 100 pipe 1 all from 192.168.1.0 to 192.168.2.0

/*THO|Z 1810 192.168.1.0/24 HEY AN
192.168.2.0/24 HESIZ Jt= W3 2F0} ofsh A/

dummynet# ipfw pipe 1 config bw 450Mbit/s

/O[T 19| DA% 2 a50MbpsE MO/

/ol Zolr HEE B0 H2INE e L Atk +/

durmynet# ipfw pipe 1 config delay 75ms

/*URO| 1 o] g2 KO AZHS 150ms ® HF </

durmmynet#

3% 3. Dummynet2 O| &8t CHAZE H|Sh of X

Fig. 3. Example of bandwidth limitaton  using
dummynet.
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ost /1% cd /usr/local/src

srcl$ tar -zxvf webl00~2.5.12-200609221010. tar.gz
. srcl# cd fusr/sro/kernel

ernel |# tar -jxvf linux-2.6.18.tar.ba2

el]l# In -3 linux-2.6.18 linux

@1walhoﬂz knmal]# linux

[root@localhast: liung]# pateh -pl <

local/sze/wabloolmblon-2 6.8-2.5.12-200609221010. patch
AAAE S~ D0 webloo WA HE+/

a8 4 webl100 Xl HE nid
Fig. 4. Procedure of web100 patch application.

I adc@lecalhaﬂ: linux]# make menuconfig
ocalhost linux]# vi .config

4CONFIG 7 e CONF._ SCALABLE=y
HCONFTG WEB100=y

+CONFIG WEB100 STATS=y
+CONFIG WEB100_ FRERMS=384
+CONFLG WEB100._GID=0
+CONFIG WEB100_NET100=y
#CONFIG WEB100_NETLINK=Y

[rqot@lucalhost Tinux]#

ag 5 &
Fig. 5 Modification of linux kemel.

AL
s 5 43

) Enable Highspeed TCP as a default tcp congestion control:
!root@localhost /1% sysotl -w net.ipv4.top 1=high
{roctilcealhost /1# cat /proc/sys/net/ipvd/top_congestion_control
high:paed

(3 Enable CUBIC as & default tcp congestion control:

[rootélocalhost /¥ sysctl -w net.ipv4.tcp_congestion control=cubic
[¥ooti@localhost /)# cat /proc/sys/net/ipvd /tep_congestion control
cubic

{rostilocalhost /14

ion_

a8 6. & Z2EEE MY ¥
Fig. 6. Command for selection of high speed transport
protocols.
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Table 2. Available bandwidth for various delay condition.

delay reno step.
10ms 590.03 699.93 654.79 691.17 677.25
50ms 162.37 460.93 519.76 490.94 393.59
100ms 88.96 330.66 499.56 478.37 268.90
150ms 52.30 224.93 419.94 384.88 253.35
200ms 54.22 167.16 328.00 273.62 206.73
[7Z7] Reguiar TCP
EXJHSTCP
[T)step
E51BIC TCP
(I CUBIC TCP

Link Utilization (Mbps)

agl

7. XA AlZhol W2 JIEOUHE
Fig. 7. Available bandwidth for various delay condition.
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Table 3. Comparison of transmission performance for
different RTT ratios.

1 2 3 6
1.04 1.7 2.74 4.86
0.98 1.1 2.37 6.28
1.01 1.40 3.58 13.95
0.99 1.26 2.47 9.59
0.88 1.16 1.88 2.07
15
~m- Regular TCP &
—e—HSTCP P
1311 —a-sTCP
~w— BIC TCP
114 |~ cusic Tcp

Fairmness
-~ ©
3 1
\‘

RTT Ratio

% 8 RTT H[Eo 2 & A5 W
Fig. 8. Comparison of transmission performance for
different RTT ratios.
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Fig. 9. Faimess with existing TCP (dealy=10ms).
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Fig. 10. Fairmess with existing TCP (dealy=100ms).
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Fig. 12. Traffic transmission routes between three nations
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