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Generating Realistic ISP-Level Network Topologies

Oliver Heckmann, Michael Piringer, Jens Schmitt, and Ralf Steinmetz

Abstract—Simulations are an important tool in network
research. As the selected topology often influences the outcome of
the simulation, realistic topologies are needed to produce realistic
simulation results. Using several similarity metrics to compare
artificially generated topologies with real world topologies this
letter gives hints how to use the wide-spread topology generators
BRITE, TIERS, and GT-ITM to create realistic topologies.

Index Terms—Communication networks, simulation, topology.

Fig. 1. The DFN and AT&T topologies.
|l. INTRODUCTION

T HE wide-spread topology generators BRITE [1], TIER@which are connected to end-users and other networks) and
[2], and GT-ITM [3] offer a big range of configuration pa-core/backbone nodes (which are only connected to nodes of the
parameters (fo_r the transit-stub model)._ Ho_vv realistic a gener- 1) The first metric uses the hop-plot of all nodes. For each
ated topology is depends on the combination of these param- graphg we look at alln nodes and calculate how many
eters. Usually the generated topologies are judged realistic or other nodes can be reached within= 1,2,3... hops

not by pure visual inspection. In this letter, we define objec- Erom this we derive the relative frequén/cy distribution
tive criteria (similarity metrics). Based on those we search for g\ then compare the frequency distributions of both
parameter combinations of the generators mentioned above to grha.phs

generate topologies that are similar with respect to the met—2) The second metriE?* is similar to the first but only looks
rics to two real world ISP topologies. Those real world topolo- at edge-nodes h

gies are: 1) the rather large U.S. AT&T continental IP backbone 3) Next, from the. outdegred; of each node we derive

a_nd 2) th(_a smaller DFN G-Win (German research net_vvqu), S€€ " the relative frequency distribution of all nodes for both
Fig. 1. With these results we can compare how realistic artifi- graphs, and use the significance level of a Wald—Wol-
cially created topologies are and derive parameter combinations ¢ & tést for the similarity of the two distributions

for the generators. They can act as a starting point for anyone4) We also compare the rank exponant '

who wants to do ISP level simulations using topology genera- 5) The outdegree exponeftof the first and second power-

tors. . .
. . . laws are as defined in [5].
Similar work was done in [4] on AS level graphs with at least 6) We also used the relative difference

1000 nodes in order to evaluate topolo enerators for AS level .
p gy g |ngonoratcd - nrcfcroncc/nrcfcrcncc| in the number of nodes.

gr@rﬁ)]hs. is structured as foll - 1n Section |l t7) The relative difference in the number of links are consid-
e paper is structured as follows: In Section Il we presen ered as additional metrics.

our similarity metrics. After that we present as results the bcht) express the difference in two distributions we sum up the

combinations for the two example topologies and three genefa- X ;
i accumulated absolute difference over all classes. Every metric
tors. We conclude with a short summary and an outlook.

is normalized to return a value between 0 and 1 with 1 resem-
bling the highest similarity. All metrics are added to a combined
IIl. SIMILARITY METRICS metric and the result is normalized again.

To measure the similarity of two network topologies we We used a heuristic similar to Hook and Jeeves [6] to search
define the following metrics that capture the basic connectivifgr the parameter combination that yields the maximum com-
properties of the topology graph. We are interested in gradﬁ@ed similarity metric. If multiple topologies are created with
with the same connectivity properties but not in equivaleifie same parameter combination the resulting combined simi-

graphs. In the graphs we distinguish between edge nod@dty metric varies less than 2% for all tested topology genera-
tors.
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