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Abstract— In this paper, we address the problem of temporal
synchronization of a team of mobile agents on a set of
rendezvous points defined by the nodes of a bipartite network.
In particular, we assume very-low-range (VLR) wireless agents
that travel along the edges of a bipartite network, and can
only communicate with each other when they rendezvous at
the nodes of the network. Temporal synchronization relies on
distributed agreement protocols on the travel times and waiting
times at the rendezvous points, and when integrated with the
agents’ motion, results in a hybrid multi-agent coordination
scheme. We show that the resulting dynamic communication
network is almost always eventually connected and, therefore,
synchronous rendezvous of the agents on the nodes of the
underlying path network is guaranteed. Unlike prior work
on distributed agreement, where synchronization depends on
communication, here dependence is both ways. Therefore, from
a theoretical perspective our approach can be viewed as a
way to jointly control communication and synchronization. We
finally illustrate our approach in computer simulations.

I. I NTRODUCTION
Most tasks in the field of multi-robot systems critically
rely on frequent communication between the members of
the team. Nevertheless, environmental parameters or system
specifications, such as noise and signal strength, respectively,
often interfere with the required communication conditions.
Unlike most related work that assumes or enforces the necessary communication conditions and focuses on completing
a team objective, we propose a distributed coordination
scheme for very-low-range (VLR) wireless agents that can
only communicate when they are physically very close to
each other. Among others, one important application of
this framework is in the area of underwater robotics where
communication between distant agents is typically difficult.
As in most applications involving multi-robot coordination, connectivity of the underlying communication network
is required here too to achieve the desired task. In the
literature so far, connectivity has been either considered
an assumption as in the case of consensus [1]–[3], or
has been treated as an optimization [4]–[7] or feedback
control objective [8]–[12], respectively. Common in these
approaches are disc-based communication models that perform poorly when interference is present. Furthermore, they
enforce connectivity for all time, which significantly restricts
the range of tasks that can be achieved with VLR wireless
agents that need to occasionally disconnect from the team
to pursue their individual objectives. Coordinated control
in the presence of interference is captured more accurately
by i.i.d. [13], [14] or time-dependent [15], [16] random
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networks, which also allow occasional disconnection of the
networks. Nevertheless, in these approaches, communication
is no longer a control objective.
In this paper, we synchronize a team of VLR wireless
agents at a set of predefined rendezvous or communication
points. We call this problem “Synchronous Rendezvous”,
with “synchronous” and “rendezvous” referring to temporal
and spacial synchronization, respectively. The agents travel
back and forth between two rendezvous points and employ
distributed consensus to agree on their travel times and waiting times at the rendezvous points. Under the assumption that
the set of rendezvous points and agent paths forms a bipartite
network with a 2-coloring of its nodes, connectivity of the
dynamic communication network is almost always eventually
guaranteed and, therefore, periodic and simultaneous arrivals
at same color rendezvous points (synchronous rendezvous)
is achieved. Our approach relies on the observation that
this problem is essentially equivalent to the problem of
synchronizing a network of harmonic oscillators that can
only communicate when they meet at the north or south pole
of their circular trajectories. The resulting multi-agent system
integrates continuous-time agent motion with discrete-time
coordination at the rendezvous points and is, therefore,
hybrid. Furthermore, the feedback nature of our approach
makes it robust to disturbances that are often present, for
instance, in underwater environments with strong currents.
Unlike existing work on consensus, where synchronization depends on communication [1]–[3], [10], [13]–[16],
here dependence goes both ways. This work is related to
[17], [18], where a group of agents are synchronized on
a one dimensional ring or segment to perform perimeter
surveillance tasks. However, moving from rings to networks
with higher node degrees, adds not only complexity to the
problem, but also a broader range of possible applications,
such as exploration or surveillance of three dimensional
spaces. Unlike [17], [18] where the rendezvous points on the
ring can be determined dynamically, in arbitrary networks as
we discuss here, they need to be specified or decided a priori.
Nevertheless, the rendezvous time instants are still the result
of distributed consensus, hence the feedback nature of our
approach.
The rest of this paper is organized as follows. In Section II
we define the problem under consideration and develop
the necessary graph theoretic background to address it. In
Section III we define the hybrid agent and develop the
distributed control protocols for synchronization, while in
Section IV we show correctness of our approach, namely, periodic connectivity and, therefore, synchronous rendezvous.
Computer simulations are presented in Section V.
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Fig. 1. Path network GP embedded in R2 with n = 7 agents traveling
along its links (dashed lines). Rendezvous points are denoted with squares,
while agents are denoted with circles.

II. P ROBLEM D EFINITION
Consider a set of r > 0 distinct rendezvous points in Rd
and denote by vi ∈ Rd the coordinates of rendezvous point
i. Let also γij : [0, 1] → Rd denote a smooth curve, or path,
joining rendezvous points i and j such that vi = γij (0) and
vj = γij (1). The union of rendezvous points and paths gives
rise to a path network GP = (VP , EP ) consisting of a set
VP = {1, . . . , r} of nodes indexed by the set of rendezvous
points and a set of links EP ⊆ VP ×VP associated with paths
between rendezvous points such that (i, j) ∈ EP if and only
if the path γij exists. We assume that GP is an undirected
network, i.e., (i, j) ∈ EP whenever (i, j) ∈ EP . Any pair
of nodes i, j ∈ VP that are joined by a link (i, j) ∈ EP are
called adjacent or neighbors in GP . Hence, we can define the
set of neighbors of node i by NPi , {j ∈ VP : (i, j) ∈ EP }.
Consider further a group of n = |EP | agents associated
with the links in EP and let xij (t) ∈ Rd denote the position
of agent aij at time t > 0.1 We assume that every agent aij
can travel along the curve γij with velocity (Fig. 1)
ẋij (t) = uij (t) ∈ Txij (t) (γij \∂γij ) ,
where Txij (t) (γij \∂γij ) is the tangent space of (γij \∂γij )
at xij (t) and ∂γij = {vi , vj } denotes the boundary of
the curve γij . Also, we assume that the agents can only
communicate with each other when they physically meet at
common rendezvous points. We call such agents, very-lowrange (VLR) wireless agents. Therefore, we can define a dynamic agent communication network GA (t) = (VA , EA (t)),
where VA = {1, . . . , n} is the set of nodes indexed by
the set of agents and EA (t) ⊆ VA × VA is the set of
1 Since G
P is undirected, the order of the indices in aij or xij (t) does
not matter. Also, |EP | indicates the cardinality of the set EP .
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Fig. 2. Path network on three nodes, on which it is impossible to achieve
simultaneous rendezvous of the agents at the rendezvous points so that they
are all full or empty.

Fig. 3. Partition of the nodes of the bipartite network in Fig. 1 into two
disjoint sets U1 and U2 containing red and blue nodes, respectively. Periodic
synchronization in Definition 2.1 is equivalent to all agents periodically
switching between the sets U1 and U2 .

communication links such that (aij , aik ) ∈ EA (t) if and
only if xij (t) = xik (t) = vi , where i ∈ VP . Similarly, we
can define the set of neighbors of agent aij at time t > 0
by NAij (t) , {aik ∈ VA : (aij , aik ) ∈ EA (t)}. Then, the
problem addressed in this paper can be stated as follows:
Problem 1: For any initialization (xij (0), uij (0)) of n
agents on a connected bipartite path network GP , derive
distributed controllers uij (t) that synchronize rendezvous of
the agents at the rendezvous points VP .
In the rest of this section we define the notion of synchronous rendezvous and show that connectivity and bipartiteness of the path network are necessary conditions
for synchronization. In particular, we have the following
definition:
Definition 2.1 (Synchronous rendezvous): Let ni (t) ,
{aij ∈ VA : xij (t) = vi } denote the number of agents that
are at rendezvous point i ∈ VP at time t > 0. We say that a
set of n agents rendezvous synchronously on a path network
GP if for all i ∈ VP :
(
{0, |NPi |}, if t = τ, 2τ, 3τ, . . .
ni (t) ∈
,
{0},
otherwise
where τ > 0 denotes the period of synchronization.
In other words, Definition 2.1 implies that all agents
simultaneously and periodically visit the rendezvous points
and when this happens, every rendezvous point is either
empty (no agents present) or full (all agents present). Clearly,
this notion of synchronization is not possible for arbitrary
path networks as shown in Fig. 2. However, it is possible
for bipartite path networks (Fig. 3) as we show next [19]:
Definition 2.2 (Bipartite graphs): A graph is called bipartite if its nodes can be divided into two disjoint sets U1 and
U2 such that every link connects a node in U1 to a node in
U2 . Equivalently, a bipartite graph is a graph that does not
contain any odd-length cycles, i.e., odd numbers of nodes
connected in closed chains.
It is easy to see that the path network being bipartite is
a necessary condition for synchronous rendezvous. For this
we employ the following definition of graph coloring [19]:
Definition 2.3 (Graph coloring): Graph coloring is the labeling of a graph’s nodes with colors so that no two nodes
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Fig. 4. Four agents traveling along the links of a cyclic path network
on four nodes. For unbounded waiting times at all nodes and clockwise
initialization of the agent velocities, all agents a14 , a12 , a23 and a34 will
end up at nodes 1, 2, 3 and 4, respectively, waiting indefinitely for a neighbor
to arrive. Therefore, the system will deadlock. However, for bounded waiting
times at the red nodes, agents a14 and a23 will eventually leave and meet
with agents a34 and a12 , respectively, that have been waiting at the blue
nodes 2 and 4.

sharing the same link have the same color. A coloring using
at most k colors is called a k-coloring.
A graph that can be assigned a k-coloring is called kcolorable. A subset of nodes assigned to the same color is
called a color class, and every such class forms an independent set. Therefore, a k-coloring is equivalent to a partition
of the node set into k independent sets, which implies that
the terms k-partite and k-colorable are equivalent. It follows
that the only 1-colorable graphs are the linkless graphs, while
the only 2-colorable graphs are the bipartite graphs including
trees and forests. Since all agents can only rendezvous with
other agents at either one of their two adjacent rendezvous
points in GP , synchronous rendezvous can be equivalently
though of as simultaneous and periodic rendezvous of all
agents at the same color of a 2-colorable graph (Fig. 3).
Therefore, a necessary condition for synchronous rendezvous
is that the path network is 2-colorable, or bipartite.
Finally, as in all literature on synchronization and consensus [1]–[3], connectivity of the agent network GA (t) over
time is necessary here too.2 However, in our framework
connectivity can only be periodic due to periodic communication at the rendezvous points and depends on both the
distributed controllers and the structure of the path network.
In the following section we show that as long as the path
network GP is bipartite and connected such controllers exist
and we are able to explicitly characterize them.
III. D ISTRIBUTED C OORDINATION
As discussed in Section II, let GP denote a bipartite
path network and assume a 2-coloring of its nodes as in
Definition 2.3. Assume that GP is embedded in Rd and that
the paths γij between adjacent rendezvous points i, j ∈ VP
are straight lines. Consider finally n agents traveling back
and forth along the links of GP and let 2τij > 0 denote
the period of motion of agent aij , i.e., the time required for
agent aij to travel from point i to point j and back. For
simplicity, we assume constant agent speed so that
ẋij =

(−1)I[j→i] vi − vj
,
τij
kvi − vj k2

(1)

2 We say that a network is connected if there exists a sequence of distinct
adjacent nodes (a chain) between any two of its nodes.

Since coordination only takes place when agents meet at
a rendezvous point, we introduce a waiting time wij > 0
that starts ticking once agent aij has arrived to one of
its two adjacent rendezvous points i or j. If the waiting
times can be unbounded, i.e., if the agents can wait at the
rendezvous points until all neighbors have arrived and the
nodes are full, then the system could easily deadlock for
certain initializations of the agent velocities, as shown in
Fig. 4. To address this challenge, we assume bounded waiting
times at the red rendezvous points and unbounded waiting
times at the blue ones. Then, deadlocks as the one shown
in Fig. 4 can be avoided, since agents at red nodes will
eventually leave and meet with their neighbors at the blue
nodes. Besides resolving deadlocks, this construction also
ensures connectivity at the blue nodes, i.e., information propagation along every direction/link adjacent to these nodes.
Clearly, connectivity at the red nodes infinitely often is then
sufficient for connectivity of the agent network GA (t) over
time. In view of this observation, we restrict communication
to connected, namely, full nodes. In other words, even though
agents might be waiting at red nodes, communication does
not take place unless these nodes are full.
A. The Hybrid Agent
With the above terminology, we can now propose a
hybrid controller for agent aij (Fig. 5). In particular, for
any initialization (xij (0), ẋij (0), τij (0)) of agent aij on the
link (i, j) ∈ EP , the agent enters a “Travel” mode where
it moves towards either one of its red or blue adjacent
rendezvous points with constant speed according to equation
(1).3 Once agent aij has arrived at a rendezvous point, then
if this node is red, i.e., if xij (t) = vj , it enters a “Red”
mode where it waits until either the node is full, i.e., until
nj (t) = |NPj |, or until it has waited for longer than a fraction
of its period, i.e., until wij (t) = δτij (t) with 0 < δ < 1. If
the red node becomes full before the waiting time reaches its
threshold, then all neighbors communicate their periods and
average their values according to the following discrete-time
consensus update
X
1
τkj (t).
(2)
τij (t) =
j
|NP (t)| + 1
j
k∈NP

and enters again the “Travel” mode, this time moving towards the blue rendezvous point.4 On the other hand, if the
waiting time reaches its threshold before the red node is
full, then agent aij leaves the node without performing any
updates and enters a “Fast Travel” mode where it moves
fast towards the blue rendezvous point to make up for the
3 Without

loss of generality, assume that node i is blue and node j is red.
that the objective of the averaging rule (2) is that all agents
eventually have the same period and rendezvous simultaneously at the nodes
of GP .
4 Note

Travel
ẋij =

Fast Travel

(−1)I[i→j] vi −vj
τij
vi −vj 2

ẋi =

(−1)I[i→j] vi −vj
(1−δ)τij vi −vj 2

if wij = δτij

if ni = |NPi |

set τij = |N i1|+1 k∈NPi τik
P

if xij = vi

Blue
while ni <

set τij =

if xij = vi
|NPi |
1

if nj = |NPj |

k∈N j τkj

|NPj |+1

P

Red
if xij = vj

ẇij = 1

set wij = 0

while nj < |NPj | or wij < δτij

if xij = vj
set wij = 0

Fig. 5. Hybrid automaton of agent aij traveling along the link (i, j) ∈
EP . The rendezvous points i and j correspond to blue and red nodes,
respectively.

time spent while waiting. Clearly, the larger δ is the more
likely it is that the red node will eventually become full
and communication will be established, but the less time
is left to travel back to the blue node if connectivity at
the red node fails. Therefore, there is a tradeoff involved
in the choice of δ, which is typically chosen to satisfy the
maximum velocity specifications of the agents. As before,
agent aij remains in the “Travel” or “Fast Travel” mode until
it reaches the blue rendezvous point i, i.e., until xij (t) = vi ,
when it enters the “Blue” mode. Once in the “Blue” mode,
agent aij waits indefinitely until this node is full, i.e., until
ni (t) = |NPi |, and when this happens, it averages its period
with its neighbors as in equation (2) and jumps back to the
“Travel” mode as before (Fig. 5).
IV. C ORRECTNESS OF THE OVERALL S YSTEM
Let A = ×aij ∈VA Aij denote the composition (or product)
of all individual agents Aij which captures the properties of
the overall system. To show that the system A of agents will
eventually achieve synchronous rendezvous on the nodes of
the bipartite network GP we need to show that eventually all
rendezvous points are either full or empty, or equivalently
that agents arrive simultaneously at the rendezvous points.
Our result relies on the observation that our construction is
essentially equivalent to a system of n harmonic oscillators
each one described by


2π
t + θij ,
(3)
yij (t) = sin
pij
where
pij = 2τij is the period of oscillation and θij =

2π
pij wij mod2π is its phase. Then, the position of agent
aij in Rd is given by the convex combination


yij (t) + 1
yij (t) + 1
xij (t) =
vi + 1 −
vj ,
(4)
2
2

which can also be normalized to satisfy the constant speed
assumption suggested in (1).5 Therefore, synchronous rendezvous of the n agents is equivalent to synchronization
of the n harmonic oscillators described by (3), which can
be achieved only if the agent network GA (t) is connected
infinitely often. Synchronization of oscillators has been extensively studied when communication between adjacent oscillators does not depend on their states, i.e., their period and
phase of oscillation [20] (see also literature on consensus [1]–
[3], [10], [13]–[16]). However, in our case communication is
state dependent and can only take place when the agents meet
at a rendezvous point. Since, all blue nodes are connected
infinitely often by construction, we only need to show that
the red nodes are also connected over time. In particular, we
have the following result.
Proposition 4.1 (Connectivity of the red nodes): If there
do not exist periods τij that are integer multiples of each
other, then there always exists a 0 < ∆ < 1 such that
if δ > ∆, then the red rendezvous points are connected
infinitely often. If periods that are integer multiples of each
other exist, then connectivity of the red nodes depends on
initialization.
Proof: Assume that no rendezvous at a red node has
taken place yet. Then, GA (t) consists of at least |VP |/2
connected components, associated with connected blue nodes
and isolated agents, and clearly no information can propagate
in GA (t). Hence, the waiting times wij and periods τij of
all agents aij remain constant.6 Let j be the first red node
where the agents aij with i ∈ NPj rendezvous and denote by
tij > 0 the sequence of time instants that agent aij arrives
at node j, given by


1
2π
(tij + wij ) = 1 ⇒ tij = 2τij mij + τij −wij ,
sin
2τij
2
for all mij = 0, 1, 2, . . . . Then, the agents rendezvous at
node j if and only if |tij − tkj | < δτij for all k ∈ NPj ,
where without loss of generality it is assumed that agent
aij has arrived first. Substituting the arrival times tij in the
rendezvous condition above we get


τkj
1
wij
τkj
wkj
δ
mij −
mkj +
−
−
+
< ,
τij
4 2τij
4τij
2τij
2
|
{z
}
βik

or equivalently

 

τkj
τkj
mij −
mkj −
mkj mod1
τij
τij

+ bβik c + βik mod1 <

δ
,
2

(5)

5 Note that coordination depends only on travel times and not on the
specific motion patterns. In other words, our results hold for any motion
schemes that satisfy the given travel times.
6 Note that after waiting for time δτ
ij at a red node, agent aij returns
to its adjacent blue node in time (1 − δ)τij (Fig. 5). Also, after the first
rendezvous at a blue node, all involved agents share the same information
and, therefore, keep arriving at this node simultaneously, until a rendezvous
at an adjacent red node has taken place.

where bxc and xmod1 denote the floor and residual of the
real number x ∈ R, respectively, i.e., x = bxc + xmod1.
w
Since wij < 2τij , we have that − 34 < 41 − 2τijij < 14 and
wkj
2τij

−

τkj
4τij

≤

3τkj
4τij .

Hence,
 



1
wij
wkj
τkj
3τkj
bβik c ≤
−
+
−
+1<
+1
4 2τij
2τij
4τij
4τij


3 maxaij ∈VA {τij }
+ 1,
≤
4 minaij ∈VA {τij }


i.e., bβik c is upper bounded as long as mini,j∈VP {τij } >
0, which is guaranteed due to boundedness of the agent
velocities. Therefore, there exist finite integers mij , mkj ≥ 0
such that


τkj
mij =
mkj − bβik c .
(6)
τij
Substituting equation (6) in (5) we get


δ
τkj
m mod1 − βik mod1 < ,
τij
2

(7)

which essentiallyn
represents
 a set of
o∞intervals of length δ > 0
τkj
centered at 0 <
< 1.7 To show that
τij m mod1
m=0

the agents aij with i ∈ NPj will eventually rendezvous at
the red node j we need to show that there exist an integer
m for which equation (7) is satisfied for 0 < δ < 1.
Assuming that the periods τij , τkj > 0 are rational
numbers,8 there exist positive integers µik , νik > 0 such that
τkj
µik
=
,
τij
νik
where νik is taken
such integer. Then,
n to be the osmallest
∞
τkj
the sequence
essentially splits conτij m mod1
m=0
secutive intervals of length µik , each one defined by end
points obtained for m = qνik and m = (q + 1)νik with
ik
q = 0, 1, 2, . . . , into νik equal subintervals of length µνik
each. This implies that there
are exactly νik − 1 distinct

τkj
nonzero residuals τij m mod1, which repeat themselves
periodically. Therefore, the quantity βik mod1 lies in one of
the νik −1 distinct intervals of length δ defined in (7) if their
union covers the whole unit interval [0,1], i.e., if




δ
1
τkj
τkj
>
max
ml mod1 −
ml+1 mod1 ,
2
2 l≤νik −1 τij
τij
(8)
where the index l > 0 is such that





τkj
τkj
m mod1 >
ml mod1 ,
ml+1 = min
m≤νik −1
τij
τij

i.e., such that ml and ml+1 correspond to consecutive
residuals. Condition (8) should hold for all agents akj with
k ∈ NPj , which gives




τkj
τkj
∆ = max
ml mod1 −
ml+1 mod1 < 1.
l≤νik −1
τij
τij
i,k∈NPj

7 To

simplify notation we have dropped dependence of m on indices.
8 If initialized rational, equation (2) ensures that all periods remain rational
for all time.

Suppose now that there exist periods τij and τkj that are
multiples of each other. Then, νik = 1 which gives ∆ = 1,
i.e., connectivity of the red node j can not be guaranteed.
Nevertheless, letting τkj = µik τij with µik = 1, 2, . . . in
equation (5), we get
mij − µik mkj +

δ
1
wij
µik
wkj
< ,
−
−
+
4 2τij
4
2τij
2

or equivalently




δ
µik − 1
wij − wkj
mod1 −
mod1 < .
4
2τij
2

1 1 3
µik −1
Since
mod1 ∈ 4 , 2, 4 we conclude
that 0 < δ <
4

wij −wkj
1
1 still exists as long as 4 <
mod1 < 34 . In other
2τij
words connectivity of the red nodes depends on the initial
phases of oscillation. Note that the above arguments can be
applied iteratively to ensure that the red nodes are connected
infinitely often. Note also that at the equilibrium, i.e., when
τkj = τij (µik = 1) and wkj = wij , setting δ → 0 is
sufficient for synchronization, as desired.
Proposition 4.1 together with the fact that the blue nodes
are connected infinitely often by construction, implies that
the agent network GA (t) is connected infinitely often too.
Hence, we have the following result.
Proposition 4.2 (Synchronous rendezvous): If the conditions of Proposition 4.1 are satisfied, then synchronous
rendezvous of all agents on the nodes of GP is guaranteed.
Proof: This result relies on the observation that updating of the period and phase of the oscillators defined
in equation (3) is according to the following average and
minimum consensus rules9
X
1
τij =
τkj
(9)
|NPj | + 1
j
k∈NP

and
wij = minj {wkj }.

(10)

k∈NP

If the conditions of Proposition 4.1 are satisfied, then the
agent network GA (t) is connected infinitely often and the
periods and phases of all agents will eventually become
equal (cf. [1]). Therefore, synchronous rendezvous will be
achieved, since by (4) all agents will be simultaneously
switching between their adjacent red and blue nodes.
V. S IMULATIONS
In this section we illustrate our approach on various bipartite path networks embedded in R2 , for random initialization
of the positions xij , periods τij and orientations of the agents
on their assigned paths. As discussed above, we assume
straight line paths and constant velocities that depend on the
periods of motion according to equation (1). In all cases and
for all agents, the waiting time is chosen to be 30% of the
period of motion τij , i.e., δ = .3.
9 Note that agents with small phases arrive late at rendezvous points and
do not need to wait for long. Since the agents leave a rendezvous point as
soon as the last agent arrives, synchronization is with respect to the agent
with smallest phase, hence, the minimum consensus rule.
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proposed a distributed coordination algorithm that allowed
them to split in order to complete their individual tasks
and periodically rendezvous at given communication points
in order to exchange information. Unlike prior work on
distributed agreement, where synchronization depends on
communication, here dependence goes both ways. Therefore,
our approach can be viewed as a way to jointly control
communication and synchronization.
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Fig. 6. Synchronous rendezvous of 19 agents traveling along the links of an
underlying bipartite path network. Fig. 6(a) initial configurations, Fig. 6(b)
rendezvous at the blue nodes, Fig. 6(c) consensus of travel times (periods).
Note the idle time intervals during which certain rendezvous points are
disconnected.

Fig. 6 shows synchronous rendezvous of 19 agents traveling along the links of a bipartite path network with irregular
node degrees. This shows that the proposed synchronization scheme depends only on bipartiteness and not on the
topology of the path network. Figs. 6(a) and 6(b) show
initial and asymptotic configurations of the agents, while
Fig. 6(c) illustrates consensus of the periods τij of the agents.
While certain red nodes are disconnected over periods of
time, connectivity is eventually reestablished and consensus
is achieved, as expected by Propositions 4.1 and 4.2.
VI. C ONCLUSIONS
In this paper, we addressed the problem of synchronous
rendezvous of a team of mobile agents on the nodes of
a bipartite network. This problem has many applications
in scenarios where the communication range of the agents
is much smaller compared to the size of the configuration space where the agents need to operate. We called
such agents, very-low-range (VLR) wireless agents and
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