Modeling as a necessary step for understanding
Internet-wide route propagation
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Abstract— Most of the insight we have today about the Internet-wide Il. WHY DO WE NEEDAS-TOPOLOGY MODELS?

route propagation comes from studies performed more than 5 gars ago . . .
[1]. [2], [3]. Since then, insight about the routing system hs largely focused Since measurements alone cannot provide a clear picture of

on the behavior of individual ASes [4], [5], [6], [7] or particular prefixes [8].  the BGP route propagation, we need to complement measure-
The way BGP routes propagate across the Internet, how fast, ahwhether ments with simulations. The purpose of simulations is to ex-
BGP does it reasonably well are largely open questions. To ang in favor . o . .
or against potential alternatives to BGP, the research commuity must be ~ Plore different possible "Internets” that are not only dstent
able to provide answers to such questions. We argue that siaaneasure- with what data tells us [9], but also to go beyond the infoiiorat
ments cannot reveal the whole picture of the Internet route popagation, that lies within the BGP data. By trying to simulate differém
building models of the Internet is one of the most reasonablgvays to im- h b bl find hat is th lari
prove our understanding of this aspect of the interdomain raiting system. ternet.s, we hope to be able to find out what is the granularity
[9] constitutes a first step in this direction. at which the Internet must be modeled to correctly capture ho
routes might actually propagate.
We believe that there are two essential concepts that need to
I. MEASURING BGPROUTES PROPAGATION be defined to make a simulation model render the reality of the
Internet:routing domains andpolicies.
So far, measurements have served the purpose of assessing th

guality of the BGP route propagation across the Interne{?]] A. Routing domains
[3]. The time BGP routes take to propagate seems to be hlghlyI'ypically, subsets of routers inside an AS choose to reach

variable. Aspects likes CPU load, BGP timers and route ﬂ?ﬁ’ost prefixes using the same exit point [5]. While a desirable

damping [10], [11], [12] have been shown to contribute ts thIand probably unattainable goal for modeling the routinghim t

sometimes poor propagation t'me' E_ve_n though some pref')fﬁf‘ernet is to achieve the same topological granularithaseal
suffer from slow convergence time, it is unclear what fastor

: o : one, for practical purposes this might not be necessary.df al
are most important to understand how a "typical” prefix PFOPG, e goal of a model is to capture the choices that are visibta f

g?;s across kt)he In:}ernetﬁop:ology and how itwould propagata set of vantage points, then accurately modeling the detwit
ges are brought to the Internet. do not impact this visibility are useless.

Measurements are inherently limited, as shown by the poonye define the notion of eouting domain as a set of routers
visibility of BGP events that trigger routing changes [18e- (in the real Internet) that choose the same path towards a set
lying on BGP informa tion, even gathered from a large numbgf destination prefixes. The choice of a path by a router &sid
of vantage points scattered all over the Internet [14], ,[18] an AS depends on the diversity available to the router anikto t
provides an unclear picture of the BGP convergence. BGP decision process. Still, we might not need the full ditgr

Given the limitations of Internet-wide measurements of th@esent in the routing tables of all routers to have a preitydg
routing system, recent works have focused on the behavioridéa of what the routing domains should be in a given AS. [9]
single ASes. Teixeira et al. [5], [6], [15] studied the impacshowed that the number of routers required per AS to account
of hot-potato routing on the dynamics of the selection of BGier the information lying in the BGP data varies much between
routes inside a large tier-1 AS, and measured its impact en #hSes. From the viewpoint of BGP data, most ASes need only
traffic matrix. Agrawal et al. [7] measured the impact of exteto be made of a single BGP router [9]. On the other hand, a
nal BGP advertisements received by another tier-1 on ifs tréew ASes located in the core of the Internet need up to tens of
fic. While Teixeira et al. concluded that the sensitivity of aouters. This hints at the difficulty of correctly modeling AS
single AS can be pretty important, Agrawal et al. concluded t since different ASes will require different topologicabgular-
opposite. This superficial contradiction was settled bytipgt ities in a simulation model.
together the context of the measurements and of the two studin [9], we implemented the notion of a routing domain
ied ASes [16]. Concluding anything from the current studighrough entities we calledquasi-routers. A quasi-router in our
about the behavior of ASes in the Internet is very tediousstMasimulations represents a consistent choice of the BGPgduyte
studies of individual ASes focused on tier-1 ASes, whosé-roseveral real routers. There are two main issues when hawing t
ing behavior is carefully monitored and tuned. Other types onplement a quasi-router in a simulation model. First, then
ASes might exhibit very different routing behaviors thagr#l  ber of quasi-routers in a given AS depends on the availaliée da
providers. Concluding anything about the evolution ofidte i.e. several quasi-routers can be claimed to exist only ifeesin
main routing from measurements only seems elusive. data that several distinct routes towards a prefix have bexgn p



agated. Since there can be many routes that are known to an AS

but will never be propagated outside this AS [17], it is diffic
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the routing diversity available to some AS in the Internet.

B. Policies
(1]

Several works have tried to infer the likely policies betwee
ASes [18], [14], [19]. Whether or not the inferred policieg ar[2]
correct and complete, those works have relied on a one router
per AS granularity, i.e. two ASes could only have one peerirﬁ
relationship between each other. This is a big but reasenal
simplification of reality. For building a faithful model of¢ In- 4]
ternet, sticking to simple peering relationships is noegptable.
Not only are peering relationships more complex than custem(s]
provider or peer-peer, but multiple peerings between lAiges (6]
occur quite often. [9] showed that to account for the divgrsi
available in the BGP data, it is necessary to go beyond beth {fA
atomic structure of ASes and the simplistic peering refediops

between ASes. 18]

9]
Ill. TOWARDS BETTER MODELS OF THENTERNET

10
As explained above, the main difficulty in modeling the AS[- ]

level Internet is that the topological details of an AS ane th
definition of its policies are interdependent. The topatayde- [
tails of an AS will impact how coarse the peering relatiopshi
between ASes will be in a model (see previous section). Fa#l
correctly predicting the AS paths chosen inside an AS [9], a
fine enough granularity of peerings between ASes must be ¢et
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