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Abstract—BGP allows routers to use general preference policies
for route selection. This paper studies the impact of these policies
on convergence time. We first describe a real-time model of BGP.
We then state and prove a general theorem providing an upper
bound on convergence time. Finally, we show how to the use the
theorem to prove convergence and estimate convergence time in
three case studies.

I. INTRODUCTION

BGP [1], [2] is the main inter-domain routing protocol to-
day. Unlike most of the intra-domain routing protocols, such
as RIP and OSPF, BGP routers can be configured to use in-
dependent and general preference policies for route selection.
Routers keep exchanging reachability information while trying
to maximize their local route preference. This process, called
convergence, continues until all routers agree on a stable set of
routes. Fast convergence is generally desired from most rout-
ing protocols. In the case of BGP, it has been shown that diverse
policies can interact in a way that increases convergence time
or even causes the system to diverge [3], [4].

This paper studies the impact of general preference policies
on convergence time. Section II reviews the formal model of
“timeless” BGP designed by Griffin et al. [4]. In Section III we
extend this model with some real-time information that enables
us to observe the evolution of the protocol in time. In Section IV
we use the real-time model to derive a fundamental theorem
about an upper bound on convergence time. Section V applies
the theorem to three case studies. Section VI concludes and
gives some future prospects.

II. “TIMELESS” MODEL OF BGP

We will study convergence on a formal model of BGP used
in [4], [5]. The model consists of two parts: the Stable Paths
Problem (SPP) and the Simple Path Vector Protocol (SPVP).
SPP provides a formal semantics for BGP policies, while SPVP
describes the protocol dynamics. SPVP is a distributed al-
gorithm that attempts to solve the Stable Paths Problem, just
like RIP and OSPF try to solve the Shortest Path Problem.
Since BGP allows routing policies that are more general than
“shortest-path-first”, the Stable Paths Problem will be a gener-
alization of the Shortest Paths Problem.

A network is represented as a simple undirected graph G =
(V,E), where V = {0, 1, . . . , n} is the set of nodes connected
by edges from E. Nodes represent the routers and edges rep-
resent BGP sessions between them. For a node u, its set of
peers is peers(u) = {v | {u, v} ∈ E}. We assume that there
is a single destination (node 0) to which all other nodes are
trying to establish paths. A path in G is a sequence of nodes
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(vk vk−1 . . . v0), such that {vi, vi−1} ∈ E, for all i, 1 ≤ i ≤ k.
We will assume that there exists a a special empty path, de-
noted by ε, which will be used indicate the absence of any route
to the destination. Nonempty paths P = (v1 v2 . . . vk) and
Q = (w1 w2 . . . wm) can be concatenated in a natural way if
vk = w1. In that case, we define

PQ = (v1 v2 . . . vk w2 . . . wm).

For every path P , concatenation with the empty path produces
the empty path:

Pε = εP = ε.

A path is called simple if it does not contain multiple instances
of the same vertex. We will be consider only simple paths, since
BGP immediately discards paths which contain loops. For a
simple path P = (v1 v2 . . . vk) and any two of its nodes u = vl

and w = vm (l ≤ m), we denote by P [u . . . w] the correspond-
ing sub-path (vl vl+1 . . . vm). Each node v ∈ V − {0} has
the corresponding set of permitted paths from v to the desti-
nation, denoted by Pv . This is a subset of the set of all paths
from v to 0, since a node may consider certain paths as un-
acceptable. Let P = {Pv | v ∈ V − {0}} denote the set
of all permitted path sets. For each v ∈ V − {0}, there is a
ranking function λv : Pv → N. For P ∈ Pv , λv(P ) de-
notes the degree of preference that the node v gives to the path
P . More preferable paths will have higher values of λv . Let
Λ = {λv | v ∈ V − {0}} stand for the set of all ranking func-
tions.

We say that a triple S = (G,P,Λ) is an instance of the Stable
Paths Problem (SPP) if the following holds:

(SP1) Empty path is permitted: ε ∈ Pv .
(SP2) Empty path is lowest ranked: λv(ε) = 0.
(SP3) Strictness: If λv(P1) = λv(P2), then either P1 = P2,

or P1 = (v u)P ′
1 and P2 = (v u)P ′

2 for some node u
(i.e. P1 and P2 are either equal or have the same next
hop).

(SP4) Simplicity: If P ∈ Pv , then P is a simple path (i.e. P
does not contain loops).

Let S = (G,P,Λ) be an instance of the SPP. Given a node u
and a set of paths W ⊆ Pu with distinct next hops, we define
the maximal path in W with respect to u to be

max(u,W ) =
{

P ∈ W with max. λu(P ), if W 
= ∅
ε, otherwise.

A path assignment is a function π that maps each node u ∈ V to
a permitted path π(u) ∈ Pu. In the BGP terminology, path as-
signments correspond to Loc-RIB routing tables. Given a path
assignment π and a node u, we define the set of choices for u
as

choices(u, π) = {(u v)π(v) | {u, v} ∈ E} ∩ Pu.


















