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Inline Network Measurement
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Data packets that
are also considered
as probe packets

Sender

W Considering TCP data packets as
probe packets
m Adjusting the transmission
intervals of some data packets
m Measuring the available &
bandwidth from arrival
intervals of ACK packets

I nIinemeasurementTC P

Active measurement without
extra probe traffic
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ImTCP

Available bandwidth measurement

W Principle: Examine trend in | 1 -

Measurement results
TCP

arrival intervals:
= Increase

g /lvawlab\e bandwidth
transmission rate >available §

bandwidth
= No Increase
transmission rate < available
bandwidth
W Reducing packets used in o ()
measurement
= Varying transmission rate of
probe packet streams
= Technique for limiting the
search range of a
measurement

® Acceptable measurement accuracy
® No decrease in TCP transmission ™
speed

Refer: C. Man et. al “Available bandwidth measurement via TCP
connection” E2EMON-2004 4

Objective of the Research

Enable simultaneous measurement of both %
available bandwidth and capacity in ImTCP

H|mTCP

Available bandwidth measurement

Capacity measurement§ il/jt

=

Capacity & Available Bandwidth
Both are required at the same time! =

W Network transport protocols
m Optimizing link utilization (capacity)
m Avoiding congestion (available bandwidth)
B Routing & server selection in service overlay networks

m Information concerning both capacity & available bandwidth
offers better selection

= When available bandwidth highly fluctuates
Capacity information is used

B Other cases
= [SP’s charging policy
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Capacity Measurement Approaches

B One packets
m Probe packets in various sizes
m Packet Tailgating,...
W Hop-by-hop
m Probe packets in different TTLs
= Pchar, Pathchar,...
W Packet pairs Suitable for inline
m CapProbe, Pathrate,. measurement

Question: Better than existing packet pair -
based methods?

- Making use of available bandwidth information
that is available in ImTCP 7

Packet Pair’s (PP) Principle

Sender Bottleneck link (C) Receiver
Case A) - - "]
- — = - —
Gap P: Packet size Gap
C = (1) Gap: Time interval of the packets
Gap when they reach the receiver
C: Capacity of the bottleneck link

Case B) sender Bottleneck link (C) Receiver
Il — . Il — . |
Cross traffic
Case C) Sender Bottleneck link (C) Receiver =

I . — . I — . —
Cross traffic

Equation (1) leads to bad results if PP is in Cases B) or C)

8

Proposed Capacity Measurement Algorithm

B Existing tools
= Using PPs that are in case A)
B Proposed method
= Calculation based on PPs in both cases A) and B)

Sender Cross traffic Receiver
- — . - — = -
lo) Gap
C = P+L L: Average amount of cross traffic
Gap L=S(C-4)
A available bandwidth 5
P 5A d: sending interval of PP
Gap 5

Creating Packet Pair in ImMTCP

Sender ® Very small change in ImTCP is

Application reqlJired _
Packet stream

TCP processing for available bandwidth
TCP measurement
TCP iuffer . l it ImTCP
Sure sender _
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MAC

B ImTCP buffer is
utilized for
adjusting packet
transmission time

Packet Pair
for capacity
measurement

Capacity Measurement in ImTCP (1)
. Grouping of PPs =

PPs Streams

TERRIS
Average gap =——— 0B [ [I [ Measurement streams ImTCP
Gap \" |] [ [ requires for an available
__“bandwidth measurement
||»'|j' 113
-
Gap i =
TT—akp g

Capacity Measurement in ImTCP (2)

I.  Grouping of PPs :

T Calculation of ® \When transmission rate
' «g les” of PP is approximately
amples available bandwidth
Gap — " |sample o Packets may pass the
bottleneck link without
@ being cut into by cross
If P/5~A = traffic
Sample Gap o (1) is deployed
® (2): sensitive to the
noise in results of A
) P—SA (2)| because
otherwise, | Sample = ——— Gap—6~0
Gap -0




R - . . - Measuring
Capacity Measurement in ImTCP (3) Simulation Settlng available bandwidth and
I Grouping of PPs B Ns2 simulator ey
. “ ” E upP E
I1. Calculation of “Samples o e
. . v'Final result = Mean of T 5Mb ImTCP
A 11l Statistical analysis “Observations” » I\j potteneck || rsver
v'90% confidence B—7 L P— 100Mps
N samples interval "Cfoss A i IMTCP connection
\‘ G_ ‘ ‘ s | ‘ traffic
| Gap ample “Observation” . o
/ B Capacity of the bottleneck link is 80Mbps
m All other links are 100Mbps 3
Average of N sample 5 H H H
- e 2 “Obaervation” - W Cross traffic at the bottleneck link is varied
- (N=10in the - = Examine the capacity measurement results when the
simulations) network load changes
13 14
Simulation Results  wo o o Simulation Results
V60 Capirete’s results (O c = 60 Mbgs)
B Capacity=80Mbps 140 ol (33 Mrex) ) Cross traffic | Results | 90%confiden | Pathrate’s
B Cross traffic ) :jg = u CapaCIty:§0Mbps at the bottle | for ce interval (Dovrolis etal ‘04) | =
= average transmission rate is fl:_ 80 " C:Os;:;:f:;CUDP necklnk mrer Tﬂ‘lfecs;hs o i:\i?)lljll;eﬁed in TCP
60Mbps &0 ;
B = made of UDP connections, packet 40 connections, 75 Mbps 78.98 15.27 Mbps |49.00 Mbps
size distribution of Internet traffic 20 gg;k_estggzéyles Mbps
1]
= CapProbe (Kapoor et al “04) o 200 3000 60 Mbps &9562 18.81 Mbps |48.00 Mbps
does not perform well 180 ——— - P
= The size of PPs can not be 160 L';m;:l.il_i [uﬁl\Ll\t:lp?; C;’ip\aCIty
adapted appropriately when . Cross traffic = 60 Mbps o' FropRd e Proposed method
implemented in TCP 120 I~ ) -
B Proposed method delivers é? “:I AT— N f::utljtzl:e\\lleerngvovﬁgn o
good results 0 |4 N\ .
= Longer TCP connections, 40 \ \ﬂ the network load is
better results » 90%confidence interval | | heavy.
001000 1500 2000 2500 3000 'ross trafflc = 75Mbps v s 16
Mumber of PPs
Summary
M Capacity measurement function for ImMTCP 4
W Validation of the measurements by
simulation results
Next works
B Implementation of IMTCP in real
network environment
" ® More information: ¥
http://lwww.anarg.jp/imtcp
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