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We consider the task of rendezvous in networks modeled as undirected graphs. Two mobile
agents with different labels, starting at different nodes of an anonymous graph, have to
meet. This task has been considered in the literature under two alternative scenarios:
weak and strong. Under the weak scenario, agents may meet either at a node or inside
an edge. Under the strong scenario, they have to meet at a node, and they do not even
notice meetings inside an edge. Rendezvous algorithms under the strong scenario are
known for synchronous agents. For asynchronous agents, rendezvous under the strong
scenario is impossible even in the two-node graph, and hence only algorithms under the
weak scenario were constructed. In this paper we show that rendezvous under the strong
scenario is possible for agents with asynchrony restricted in the following way: agents have
the same measure of time but the adversary can impose, for each agent and each edge, the
speed of traversing this edge by this agent. The speeds may be different for different edges
and different agents but all traversals of a given edge by a given agent have to be at the
same imposed speed. We construct a deterministic rendezvous algorithm for such agents,
working in time polynomial in the size of the graph, in the length of the smaller label, and
in the largest edge traversal time.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

communication network, or physical mobile robots, if the
network is a labyrinth or a cave, or if it consists of corri-

The background. We consider the task of rendezvous in
networks modeled as undirected graphs. Two mobile en-
tities, called agents, have different positive integer labels,
start from different nodes of the network, and have to
meet. Mobile entities may represent software agents in a
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dors of a building. The reason to meet may be to exchange
previously collected data or ground or air samples, or to
split work in a future task of network exploration or main-
tenance.

The task of rendezvous in networks has been consid-
ered in the literature under two alternative scenarios: weak
and strong. Under the weak scenario [6,7,10], agents may
meet either at a node or inside an edge. Under the strong
scenario [8,13,17], they have to meet at a node, and they
do not even notice meetings inside an edge. Each of these
scenarios is appropriate in different applications. The weak
scenario is suitable for physical robots in a network of cor-
ridors, while the strong scenario is needed for software
agents in computer networks.
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Rendezvous algorithms under the strong scenario are
known for synchronous agents, where time is slotted in
rounds, and in each round each agent can either wait at
a node or move to an adjacent node. For asynchronous
agents, where an agent decides to which neighbor it wants
to move but the adversary totally controls the walk of the
agent and can arbitrarily vary its speed, rendezvous un-
der the strong scenario is impossible even in the two-node
graph, and hence only algorithms under the weak scenario
were constructed.

However, due to the fact that the strong scenario is ap-
propriate for software agents in computer networks, and
that such agents are rarely synchronous, it is important to
design rendezvous algorithms under the strong scenario,
restricting the asynchrony of the agents as little as pos-
sible. This is the aim of this paper. We consider mobile
agents with asynchrony restricted as follows: agents have
the same measure of time but the adversary can impose,
for each agent and each edge, the speed of traversing this
edge by this agent. The speeds may be different for differ-
ent edges and different agents but all traversals of a given
edge by a given agent have to be at the same imposed
speed. We are interested in deterministic rendezvous algo-
rithms for such agents.

The model.

The network. The network is modeled as a simple undi-
rected connected graph. As in the majority of papers on
rendezvous, we seek algorithms that do not rely on the
knowledge of node labels, and we assume that the un-
derlying graph is anonymous. Designing such algorithms
is important because even when node labels exist, nodes
may refuse to reveal them, e.g., due to security or privacy
reasons. It should be also noted that, if nodes had dis-
tinct labels, agents might explore the graph and meet in
the smallest node, hence gathering would reduce to graph
exploration. On the other hand, we make the assumption,
again standard in the literature of the domain, that edges
incident to a node v have distinct labels in {0,...,d — 1},
where d is the degree of v. Thus every undirected edge
{u, v} has two labels, which are called its port numbers at
u and at v. Port numbers are visible to the agents. Port
numbering is local, ie., there is no relation between port
numbers at u and at v. Note that in the absence of port
numbers, edges incident to a node could not be distin-
guished by agents and thus rendezvous would be often
impossible, as the adversary could prevent an agent from
traversing some edge incident to the current node. Also,
the above mentioned concerns of security and privacy that
may prevent nodes from revealing their labels, do not ap-
ply to port numbers.

The agents. Agents A1 and A; start at arbitrary differ-
ent nodes of the graph. They are placed at their starting
nodes at the beginning. They cannot mark visited nodes or
traversed edges in any way. The adversary wakes up the
agents at possibly different times. Agents do not know the
topology of the graph nor any bound on its size. They have
clocks ticking at the same rate. The clock of each agent
starts at its wakeup, and at this time the agent starts ex-
ecuting the algorithm. When an agent enters a node, it
learns its degree and the port of entry. We assume that

the memory of the agents is unlimited: from the computa-
tional point of view they are modeled as Turing machines.

The adversary. The adversary assigns different positive
integer labels to both agents. Each agent knows a priori
only its own label. Both agents execute the same deter-
ministic algorithm whose parameter is the label of the
agent. Moreover, for each edge e of the graph, the ad-
versary assigns two positive reals: t1(e) and ty(e). During
the execution of an algorithm, an agent can wait at the
currently visited node for a time of its choice, or it may
choose a port to traverse the corresponding edge e. In the
latter case, agent A, traverses this edge in time t,(e), get-
ting to the other end of the edge after this time. This
modelling permits a lot of asynchrony: agents can have
different velocities when traversing different edges, and an
agent slower in one edge can be faster in another edge.
This is motivated by the fact that congestion and band-
width of different edges may be different, and that each of
the agents can have a different traversing priority level on
different edges. In particular, this general scenario includes
the model of agents walking at possibly different constant
velocities, that was used in [9] for the task of approach in
the plane.

The time of a rendezvous algorithm is the worst-case
time between the wakeup of the earlier agent and the
meeting at a node.

Our results. We construct a deterministic rendezvous algo-
rithm working for arbitrary graphs under the strong sce-
nario. Our algorithm works in time polynomial in n, £
and 7, where n is the number of nodes of the graph, ¢ is
the logarithm (i.e., the length) of the smaller label, and t
is the maximum of all values t1(e) and t»(e) assigned by
the adversary, over all edges e of the graph.

Related work. A survey of randomized rendezvous in var-
ious scenarios can be found in [1]. Deterministic ren-
dezvous in networks was surveyed in [15]. In many papers
rendezvous was considered in a geometric setting: an in-
terval of the real line, see, e.g., [4,12], or the plane, see, e.g.,
[2,3].

For deterministic rendezvous in networks, attention
concentrated on the study of the feasibility of rendezvous,
and on the time required to achieve this task, when fea-
sible. For example, deterministic rendezvous with agents
equipped with tokens used to mark nodes was consid-
ered, e.g., in [14]. Deterministic rendezvous of two agents
that cannot mark nodes but have unique labels was dis-
cussed in [8,13,17]. All these papers were concerned with
the time of rendezvous in arbitrary graphs. In [8] the au-
thors showed a rendezvous algorithm polynomial in the
size of the graph, in the length of the shorter label and
in the delay between the starting times of the agents. In
[13,17] rendezvous time was polynomial in the first two
of these parameters and independent of the delay. All the
above papers assumed that agents are synchronous, and
used the scenario called strong in the present paper.

Several authors investigated asynchronous rendezvous
in the plane [5,11] and in network environments [6,7,10].
In the latter scenario, the agent chooses the edge which it
decides to traverse but the adversary totally controls the
walk of the agent inside the edge and can arbitrarily vary
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