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Bandwidth Measurement Algorithm
for Large-Scale Networks

SHo NacgaNnuMa'l and KENJIRO TAURAT!

Data transfer is a bottleneck to excute data intensive applications in dis-
tributed environments. The bandwidth of each link there varies from place to
place, however, it is necessary to perform the data transfer efficiently and sys-
tematically. To do this, the Bandwidth Map is required, which is information
of the network topology combined with the values of bandwidth. Some existing
methods to measure bandwidth take a long time to be accomplished, and what
is worse, we cannot know details such as the Bandwidth Map. In this paper,
we start with to define what is the bandwidth, and then we propose an efficient
and accurate algorithm of measuring and building the Bandwidth Map taking
a network topology into account.
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1 Bandwidth map
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Fig.1 Examples of Bandwidth Map and Bandwidth Matrix for a Simple Network
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G is a network graph.

H is a set of the all end-hosts in G.

E is a set of the all edges in G.

P is a set of the all (snd, rcv)-pairs consisting of the members of H.

P, is a subset of P such that the packet-flow between p € P, traverses via e, €E.

We get Be,, the bandwidth of edge es, as following.
Invoke plural measurements of all pairs in P, simultaneously;
Op «+ Store the value of observed bandwidth of the measurement between p € Pe_;

Be,i= ) (Op) (1)

p € Peg

03 0oOoooooo
Fig.3 Definition of Bandwidth
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Ctarget : (SW2 -> SW3)

Peure:: { (A>F), (B->G), (D->E), (H->F)}
Betrget = W+X+y+2Z
[p & P [routing | obered andwian_
A->F A->swl ->sw2 ->sw3 ->F w
B->G B ->swl ->sw2 ->sw3 > G X
D->E D->sw2 ->sw3->E y
H->F H->sw0 ->sw2 ->sw3 ->F z
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Fig.4 Example of Bandwidth Measurement
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E is a set of the all edges in network graph.
P, is a set of (snd, rcv)-pairs such that the packet-flow between p € P traverses via e €E.

for each edge e in E do
Invoke plural measurements of all pairs in P, simultaneously;
Op « Store the value of observed bandwidth of the measurement between p € Pe;

Bei= Y (0p)

p € Pe
end for

05 O00O000OO0O0O0O0O0O0O0000O010
Fig.5 An Algorithm to Build Bandwidth Maps (1)
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E is a set of the all edges in network graph.
P, is a set of (snd, rcv)-pairs such that the packet-flow between p € P traverses via e €E.

for each edge e in E do
M — ¢;
for each pair p in {P. - M} do
Start flowing network stream between p;
M — M-+{p};
if sum of observed bandwidths is unchanged then
L «— set of edges that appear in every path in M,;
M — M+{all p that contain edges all that apear in L};
end if
end for
if L == {e} then
Be := sum of observed bandwidths;
else
Be := sum of observed bandwidths or more;
end if
end for

06 ODO0O0O0OOOOOOOOOOOO20
Fig.6 An Algorithm to Build Bandwidth Maps (2)
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