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Active Measurements & Network
Tomography
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U End-to-end measurement concept
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F No management access to internal devices needed

U End-to-end available bandwidth measurement techniques
F BART, pathChirp, pathLoad
F Sends trains of packets from sender to receiver to find the rate of congestion

F Available bandwidth of a path is determined by the link with the lowest available
bandwidth

U Network tomography expand end-to-end measurement concept

=
—

ERICSSON




Active Measurements & Network
Tomography
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A Scheme for Measuring Subpath
Avalilable Bandwidth

U An inference technigue to obtain not only end-to-end available bandwidth but
also subpath available bandwidth

F Does not require a sender and a receiver, only a sender
u Utilizing ICMP to obtain subpath available bandwidth estimates
F &, a n d,, ae collected in the Probing module and analyzed by e.g. BART

Probing module Rq

Router Ry
Probe packet TTL = N PP | | PP || PP | 'k

T

ICMP time exceeded packets
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U Obtain estimates of available bandwidth on path P(R,, R,), i.e. between R, and
R, for each n




Resolving  Subpath Estimates

Preliminaries

1. The available bandwidth of P(R,, R,) is min{P(R,, R)), P(R;, R}, 1 <k

2. The available bandwidth of a subpath cannot be lower than the available
bandwidth of a superpath

Used to estimate available bandwidth for a subpath P(R;, R;) from
measurements of P(R,, R;) and P(R,, R))
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Resolving  Subpath Estimates

40 Mbps

50Mbps 30 Mijgs 60 Mbps

Utilization
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Estimate P(R,, R;) = 50 Mbps

Estimate P(R,, R,) = 40 Mbps C
P(R,, Ry) =50 Mbps, P(R;, R,) = 40 Mbps

Estimate P(R,, R;) = 30 Mbps C
P(R,, R,) =50 Mbps, P(R;, R,) = 40 Mbps, P(R,, R;) = 30 Mbps
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Resolving  Subpath Estimates

u ICMP generation
F ICMP generation may be delayed
F I.e. packet separation will be affected

U Implications
F Lower the available bandwidth estimates
F Available bandwidth estimates should be interpreted as lower bounds for P(R,, R,)

U Sharpening
F If estimate of a path P(R,, R,) is less than the extended path P(R,, R,) the first
estimate must have been impacted from ICMP delays

F P(R,, Ry estimate = P(R,, R,,) estimate
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Resolving  Subpath Estimates

7 =ICMP response delay
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60Mbps 40 Misigs 60 Mbps

Utilization
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Estimate P(R,, R,) >:/3% Improved to 50 Mbps

Estimate P(R,, R,) >= 50 Mbps C
P(R,, R,) >= 50 Mbps, P(R,, R,) >= 50 Mbps

Estimate P(R,, R5) >= 30 Mbps C
P(Ry, R;) >= 50 Mbps, P(R;, R,) >=50 Mbps, P(R,, R3) >= 30 Mbps
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Resolving  Subpath Estimates

U We can estimate available bandwidth lower bounds of subpath P(R;, R,)
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Evaluation

U Study ICMP router responsiveness

F For this study we require that a router must respond with one ICMP packet /
discarded probe packet

U Conduct initial measurements
F Utilize BART for subpath available bandwidth estimation (http://www.barttool.org/)

F An experiment between two end hosts located at Ericsson in Stockholm and
Uppsala University

F Route consists of 10 L3 hops
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http://www.barttool.org/

Evaluation results

Router Responsiveness
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U Measurements from one Ericsson node to 18 university, municipality and
commercial Swedish hosts

F Generated 90 unique L3 router IP addresses

F Op X commercial routers

F Universities T either university site routers or SUNET routers
F Other i unidentified routers or routers owned by municipalities
F 44% usable
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Evaluation results

Results from one sample path

U For sample path 5 out of 10 routers can be used for estimating subpath
available bandwidth

ICMP packets generated
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Evaluation results

Results from one sample path

77 Mbps

Endpoint
Ro

67 Mbps

Subpath Raw bound Subpath Bound (Mbps)
(Mbps) P(R,R,) 77
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Summary & Future Work

U Methodology for estimating subpath available bandwidth lower bounds

U A first evaluation is made

U Perform a large-scale evaluation

U Improve the probing technique

U Contact
F andreas.a.johnsson@ericsson.com

F http://www.barttool.orqg/
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Many Managed Devices Equals Lots
of Performance Data

Other operator

Internet

L

Application servers

Household

SRS 1)

-

(4) ) &
& 0 e 0
Eadbaid Phone
y S =
ERICSSON

Phone & Laptop




Resolving  Subpath Estimates

u ICMP generation
F ICMP generation may be delayed
F I.e. packet separation will be affected

U Implications
F Lower available bandwidth estimates
F Available bandwidth estimates for P(R,, R,) can be larger than P(R,, R,) for n > k
F Available bandwidth estimates should be interpreted as lower bounds for P(R,, R,)

U Sharpening
F If P(Ry, Ry < P(R,, R,) the first estimate must have been impacted from ICMP
delays
F Thus, P(R,, R,) >= max{P(R,, R,), P(Ry, R,)} for n >k
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