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Abstract—This work presents a tool that, given an input
topology, uses Tarjan’s algorithm to generate and visually dis-
play arborescence-based routes, addressing the lack of publicly
available implementations of algorithms for generating disjoint
arborescences and supporting the research of Fast-ReRoute
(FRR) fault-tolerant routing techniques.

Index Terms—arborescences, fault-tolerant routing,
reroute, tool
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I. INTRODUCTION

As communication networks, especially the Internet, be-
come increasingly important, their uninterrupted operation is a
critical requirement for numerous systems and applications [1].
Yet, network instability is a common issue [2]. Therefore, it
is crucial to employ fault-tolerant routing strategies to handle
failures, such as Fast-ReRoute (FRR) [3]. FRR proactively
uses pre-computed backup routes when the primary route fails.

The effectiveness of FRR relies on the existence of disjoint
routes, ensuring that a failure along one of the routes does not
impact the others. A state of the art approach for constructing
such routes is to decompose the network topology into edge-
disjoint arborescences [4], [5]. An arborescence is a directed
tree rooted at a single vertex, where all arcs point away from
the root, and there is exactly one path from the root to every
other vertex. By reversing the arc directions, paths from any
vertex to the root can be obtained.

Edmonds’s Theorem [6] states that a graph with edge
connectivity A can be decomposed into A edge-disjoint ar-
borescences rooted at the same vertex r. Consequently, this
enables the construction of A independent routes from any
vertex to 7.

Arborescence-based routing employs one of the generated
arborescences to determine the route from the origin to the
destination. If a link fails on this route, it is possible to activate
an alternative route by simply switching arborescences. The
key advantage of this technique is that, by generating A disjoint
routes from any other vertex to r, routing is resilient even
under A—1 failures. This enables optimal fault-tolerant routing.

Figure 1 illustrates the process of generating arborescence-
based routes. The topology shown in Subfigure (a) has edge-
connectivity A = 2, which enables its decomposition into
two arborescences. Subfigures (b) and (c) present two disjoint
arborescences that offer two independent routes from each
vertex to f. We assume that an arc (u,v) is different from
the arc (v, u).

The process of building these arborescences is known as
arborescence packing, and Tarjan’s algorithm [7] is a classic
method to solve it. It builds arborescences sequentially and in-
crementally by adding vertices under conditions that preserve
the residual connectivity necessary to generate the subsequent
structures. Section II describes the algorithm in depth.
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Fig. 1: Example of arborescence-based routes for destination
f- The topology in (a) has edge-connectivity A = 2, enabling
its decomposition into two arborecences, (b) and (c).

Despite the critical role of arborescence packing in fault-
tolerant routing, there is a scarcity of publicly available imple-
mentations of algorithms, hindering the research and study of
FRR routing techniques. This work presents a tool to address
this issue. Given a topology and an origin and destination
pair of vertices, it computes arborescence-based routes and
displays them visually. The design and functionality of the
tool are presented in Section III.

II. TARJAN’S ALGORITHM FOR ARBORESCENCE PACKING

Tarjan’s algorithm [7] is a classic method to decompose a
graph into edge-disjoint arborescences. Given a directed graph
G = (V, E) with edge-connectivity A and a vertex r, it builds
A r-rooted edge-disjoint arborescences sequentially. First, it
uses Edmonds’s Theorem [6] to evaluate if it is possible to



build the arborescences, independently of how the vertices are
grouped around the root vertex:

67(S)| >N, VSCV:reS S#0,S#V. (1)

In each iteration i, where 1 < i < A, Algorithm 1 builds
the arborescence A; = (V;, E;) incrementally from the root 7.
Initiating with V; = {r} and F; = (), the algorithm expands
A; until V; = V. It tries to add new usable arcs, which were
not used in previously generated arborescences, and adds an
arc e = (u,v) to the arborescence if Condition 2 holds:

165 ()| >A—i+1, VSCV:ucSv¢s, (2

where G’ represents G, but without arcs already used in
previously generated arborescences. This condition guarantees
that if e is added to E;, the remaining graph connectivity is
sufficient to build the subsequent arborescences.

Algorithm 1 Tarjan’s algorithm to generate \ edge-disjoint
arborescences given a graph G = (V| E) and a root vertex r

Condition 1: [6(S)| > ), VSCV:reS S#0,S#V
Condition 2: [0/, (S)|>A—i+1, VSCV:ueSv¢s

if Condition 1 is false for any S then
return error: it is not possible to generate A\ edge-disjoint
arborescences
else
for i:=1 to X\ do
Vi={r},E; =10
mark edges not used in other arborescences as usable
while V; £ V do
find usable edge e = (u,v), with uw € V; and v ¢ V;
mark e as not usable
if Condition 2 is true for e then
Vi =V, U{v}
FE;:=FE; U {e}
end if
end while
A = (Vi, E)
end for
end if

III. AN ARBORESCENCE-BASED ROUTING
VISUALIZATION TOOL

The proposed tool offers interactive graphical visualization
of arborescence-based routes for any given topology. It uses
our implementation of Tarjan’s algorithm in Python using
the NetworkX library [8] to compute arborescences. The
graphical user interface was developed using the Streamlit
and PyVis packages. The tool is available on the Streamlit
Share' platform, and its source code, along with its complete
documentation, is available on GirHub?.

The user flow is as follows. First, the user uploads a text
file containing a topology in the edge list format. Then, the
user is prompted to select an origin and a destination. By
clicking on the “Compute Routes” button, the tool displays

Thttps://arborescencebasedrouting.streamlit.app/
Zhttps://github.com/leonokida/arborescence_based_routing

the arborescence-based routes computed from the origin to
the destination in the main panel, as illustrated in Figure 2.
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Fig. 2: Arborescence-based routes as computed by the tool
between Charlotte and Indianapolis in the Internet2 topology.

IV. CONCLUSION

This work introduced a tool, developed in Python with
the NetworkX package, that generates and visually displays
arborescence-based routes for any given network topology
and an origin and destination pair. Decomposing topologies
into A arborescences is a cutting-edge approach in Fast-
ReRoute (FRR) fault-tolerant routing, enabling optimal re-
silience even against A— 1 failures. By providing an accessible
implementation of Tarjan’s algorithm for generating disjoint
arborescences, it addresses a significant gap in available tools
to support the study and development of Fast-ReRoute (FRR)
fault-tolerant routing techniques.
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