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Inline Network Measurement:
TCP Built-in Techniques for Inferring End-to-end Bandwidth

CAO LE THANH MAN

L — ¢

]

World Wide Web

ADSL: 10 Mbps, 24 Mbps

]
: -
'E

g

(Nettimer, ABEst, PPrat...)

(Bprobe/Cprobe, Pathload, CapProbe...)




B TCP: Transmission Control Protocol

u (ACK)

=
TCP
] - u -
= TCP
-
] u ACK TCP
7 8
[ ] TCP B Chapter 1 Introduction

(Reno TCP (“90), Vegas TCP (“94)...)

B Chapter 2 ImTCP: ImTCP with an Inline
Measurement Mechanism for Available Bandwidth

m TCP [ ] 1:
= ste( ) 199 Sprobe ( + 70) Abget ( W Chapter 3 A Simultaneous Inline Measurement
= TCP ‘ Mechanism for Capacity and Available Bandwidth
u TCP Westwood (<01), TCP-Rab (04) =2 _
m TCP B Chapter 4 Inline Bandwidth Measurement
u TCP Probe (“05) i Techniques for Gigabit Networks i
m : TCP (‘03 ) " : )
. B Chapter 5 Conclusions
- 9 10
PathLoad
mTCP - é(’)MbgsI = =50 Mbps o o o L
" 60 Mbps %
PathLoad [1] ST T = o o
= TCP = >
ETCP -
u = ] =
| |

[1] M. Jain, C. Dovrolis, “End-to-end available bandwidith: Measurement
methodology, dynamics, and relation with TCP throughput”, ZEEE/ACM

Transactions on Networking, 11(4):537-549, August 2003, 1




1. 1.
TCP
- B ImTCP: Inline measurement TCP
= Reno TCP -
[}
|
[ ] (100 5 ) = TCP
= 1~
PathLoad = ImTCP TCP
40 Mbps
= = = 40 ~ 60 Mbps Tep ImTCP TCP
60 Mbps —— = — 1)
[ —]1—]1—]
- n
= ACK B 1P
n
MAC
u -
- . Y = CPU ACK
[2]
B - -1 ImTCP: 19.12%, RenoTCP: 18.62%
[2] T. Tsugawa, G. Hasegawa and M. Murata,
13 “Implementation and evaluation of an inline network measurement algorithm and its application to TCP-based service,” 14
in Proceedings of 4th IEEE/IFIP Workshop on End-to-End Monitoring Techniques and Services, April 2006
1 2:
2 i
2.
<
=0 B ImTCP
Em ™
2 u
Czn
TCP TCP &
. EImTCP
o ImTCP
n / Reno TCP
B ImTCP Reno TCP “ % g
o
- . TCP / B
TCP =
) w w omo m m s w 16
2. 2.
ml =]
- Case A) ) - - -
I - — . - —
m Packet Tailgating — <—G>
ap ap
B B Hop-by-hop B P P:
. C=—-( Gap:
= Pchar, Pathchar Gap ’
| |
e = Case B)
| w CapProbe, Pathrate el - - - -
ion- Case C) -
|  Question: B - — . - — N — EE.
- ImTCP n
17 Case B), Case C) 1) 18




23

12 2.
ImTCP
m C=—©
m Case A —
) Gap-¢6 ImTCP
] =
| |
= Case A), Case B)
- — . - — - ® ImTCP
o) \ Gap n
C P+L L:
- — [ |
. Gap L=O(C-4)
- A:
Z 19 20
2. s CapProbe 3:
T
160 -
140 =50 Mbps
| : 80 Mbps 120
El00 =60 Mbps
u = B0 —
» : 60Mbps a0 - ™
- i — o -
20
= CapProbe [3] TCP 0 1Gps 12 ( 1500 B)
I 2 3
- I.!\I:I\I:mh'r of I'I":Im o = CPU
ImTCP -
Case A) B Interrupt Coalescence (IC, )
= i " CPU
. 1 n
5 - = - - — [4]
[] < \ 4 ™
- 90%
[3] R. Kapoor, L. Chen, L. Lao, M. Gerlaand M. Sanadidi, [4] Intel, “Interrupt moderation using Intel Gigabit Ethernet
"CapProbe: A simple and accurate capacity estimation technique”, - Controllers” available at
in Proceedings of ACM SIGCOMM, August 2004 “. = http:/fwww. intel.com/design/network/applnots/ap450.pdf (2003) 22
3. 3. CICIM
Interrupt Coalescence TCP Interrupt Coalescence-aware Inline Measurement
3 [ ]
[ ] (ICIM_abw) (ICIM_cap)
| ] = IC
v\'\ L]
I ]
= 65% | I (¢
5] f = IC TCP
/
rj ’
[5] R. Prasad, M. Jain, and C. Dovrolis, “Effects of interrupt <«—IC
coalescence on network measurements,” i TCP TCP
in Proceedings of Passive and Active Measurement Workshop, April 2004 ot et e o ACK
TCP g LOLL LT [ s
—

q
s 1] L}
NPIS I:l T+t
)

(P:




. ! MR ®RE — -:
= 10
u g ICIM_cap ( )
i 5 Gbps g ° ICIM_abw ( )
0-15 (s): 2 Gbps ; 4 | pe

,Ll

15-35 (s): 3 Gbps
35-50 (s): 4 Gbps o

= URL: http://www.anarg.jp/imtcp/
= FreeBSD 4.10
ImTCP (“05/3 )

(ICIM_abw) (“05/12 )

O & 1015 20 25 30 35 40 45 % = 2006
Thna [}
‘ = .
| m ImTCP:
=
= Gbps = |[CIM_abw:
-
25 26
m TCP
[ ]
. -
-
[ ]
||
= TCcpP
[ ]
u ImTCP
] TCP (TCP symbiosis) [6]
[} TCP (ImTCP_bg) [7]
u TCP[8]
|
] : BTC (Bulk Transfer Capacity)
[} =
[6] G. Hasegawa and M. Murata, “TCP symbiosis: congestion control mechanisms of TCP based on Lotka-Volterra
competition model,” in Proceedings of Inter-Perf 2006, October 2006
[7] T. Tsugawa, G. Hasegawa and M. Murata, “ Background TCP data transfer with inline network measurement,”
in IEICE Transactions on Communications, Vol.E89-B, No.8, pp.2152-2160, August 2006
[8] K. Yamanegi, G. Hasegawa and M. Murata, “ Congestion control mechanism of TCP for achieving predictable
put, "in Proceedings of Australian T Networks and Conference, Decembér 2006.




