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worst idleness of at least |G| /k. Assuming |G|  k, the worst
idleness of BDFS is about 2 |G| /k which is at most twice the
optimal.
Due to space limitations the proofs of the lemmas and some
experimental results are omitted. They can be found in our
readily available TR[3].
Some previously suggested partition based strategies work
in two stages[4], [5]. In the first stage, the graph is partitioned
between the agents and in the second the agents are sent to
patrol the graph. The first stage complexity is high and requires
some kind of “coordinator agent” who knows the graph in
advance. In contrast, in our approach, the graph partitioning
is executed "on the run", there is no need to a-priory know
the graph and there is no need for any preprocessing before
starting the patrol. Furthermore, if the graph changes during
the run, or some agents break down, the agents automatically
repartition the graph without any external intervention. In case
of an agent break down the malfunctioning agent domain will
be conquered and patrolled by other agents. On the downside,
BDFS cover time is large and reaching a good partition may
take a long time.
The algorithm can be classified as a local search algorithm.
The agents continuously change the graph partition toward
(hopefully) better configurations. Under the heavy restrictions
of the lack of global information and the low communication
and memory abilities of the agents a local search algorithm is
a natural choice.

Abstract—We introduce a novel multi agent patrolling algorithm inspired by the behavior of gas filled balloons. Very
low capability ant-like agents are considered with the task of
patrolling an unknown area modeled as a graph. While executing the proposed algorithm, the agents dynamically partition
the graph between them using simple local interactions, every
agent assuming the responsibility for patrolling his subgraph.
Balanced graph partition is an emergent behavior due to the
local interactions between the agents in the swarm. Extensive
simulations on various graphs (environments) showed that the
average time to reach a balanced partition is linear with the
graph size. The simulations yielded a convincing argument for
conjecturing that if the graph being patrolled contains a balanced
partition, the agents will find it. However, we could not prove
this. Nevertheless, we have proved that if a balanced partition
is reached, the maximum time lag between two successive visits
to any vertex using the proposed strategy is at most twice the
optimal so the patrol quality is at least half the optimal. In case
of weighted graphs the patrol quality is at least 12 lmin /lmax of
the optimal where lmax (lmin ) is the longest (shortest) edge in
the graph.
Index Terms—Patrol, Graph Partition, Emergent Behavior,
Nature-Inspired Paradigms, Swarm Intelligence.

I. I NTRODUCTION
To patrol is to continuously travel through an area. The
purpose of patrolling is to visit every point in the area as
often as possible. "Informally, a good (patrol) strategy is one
that minimizes the time lag between two passages to the same
place and for all places"[1]. It is convenient to model the
area being patrolled as an undirected graph. In this model,
time is discrete and will be measured in cycles. Using the
undirected graph model we can loosely define the patrolling
task as continuously visiting all the vertices of a graph. The
idleness of a vertex is defined as the time since the last visit
to this vertex by an agent. In this work we will address the
worst idleness evaluation criterion defined in [1], [2].
We present the Balloon DFS algorithm (BDFS) as a patrolling strategy. The algorithm addresses a simplified version
of the problem in which all edge lengths are assumed equal
(an expansion to weighted graphs is described in Section
VII). When k agents are patrolling a graph G using BDFS,
they dynamically partition G into k connected subgraphs.
Experiments show that in time the algorithm achieves a stable
partition. We prove that the largest subgraph in any stable
k
partition is of size at most |G|
k + 2 . Every agent patrols his
subgraph using DFS hence the worst idleness is 2 |G|
k + k.
In every time cycle every agent can visit at most one vertex
so every multi-agent strategy (including the optimal) yields a

II. P REVIOUS W ORK
Given a graph and single agent to patrol it we can find a
minimal length closed path which covers all vertices of the
graph. Finding that kind of path is the well known traveling
sales person problem (TSP). Chevaleyre et al have shown that
an optimal single agent strategy would be to follow the best
TSP circuit[4]. Considering a multi agent scenario, we can
make all agents follow the same cycle while maintaining a
constant gap between them or alternately partition the graph
into subgraphs, each subgraph being patrolled by an agent
performing an optimal circuit in it.
The scenario where the agents can sense the idleness
of all the vertices of the graph lead to several heuristic
approaches[1], [2]. Two different assumptions were made:
either each agent can sense only the vertices’ idleness relative
to it own visits or each agent sense the vertices’ idleness
with respect to all agents. Note that in the second case the
idleness of the vertices serves as a communication method.
Among other strategies considered, a straightforward one was
to choose the shortest route to the vertex with the highest
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Figure 1: A typical run of BDFS on a random spatial graph with 5 agents. The different colors represent areas controlled by
different agents. The graph was created by randomizing locations for 201 vertices on the plane and then connecting every
vertex to its three closets neighbors. The number of vertices controlled by every agent as a function of time is presented in
the rightmost figure. The resulting configuration after about 15, 000 time cycles is balanced.

III. H IGH -L EVEL DESCRIPTION OF THE A LGORITHM AND
THE P HYSICAL I NTUITION
Our algorithm is inspired from gas filled rubber balloons.
Consider a space volume V with N balloons inside it. The balloons are all filled with the same quantity of gas and they are
infinitely elastic. Given enough time, the system will converge
to a balanced state in which the balloons fill the whole space V
and the pressure inside the balloons is equal. Since the amount
of gas in every balloon is the same, the balloons will have
a volume of V /N each. The algorithm we propose mimics
the balloons’ behavior. Every agent controls a connected part
of the graph. There are some border edges i.e. edges who
connect vertices belonging to different agents. The agents
sense those border edges and apply some “artificial pressure”
over them - similarly to the pressure the gas molecules apply
on the balloon surface. When the pressure applied by an agent
is higher than the pressure applied from the other side, the
agent can conquer the vertex on the other side. Since agents
who control relatively small area hit the border edges more
often than agents who control larger areas, they apply more
pressure and the process described will hopefully converge to
a balanced partition of the graph.
In physical balloon systems the space is continuous hence
there is always a perfectly balanced partition of the space.
In our system |G| /k is generally not an integer so such a
partition does not always exist. The most balanced partition
is a partition in which some agents control subgraphs of size
|G| /k and some of size |G| /k. It is desired that such a
partition will be stable i.e. no more conquests will happen.
In order to achieve this we set the rule that an agent can
conquer a vertex from another agent only if the size difference
of the agents’ subgraphs is (strictly) larger than 1. As a result,
every partition in which the size difference between every two
adjacent subgraphs is at most 1 is stable. We show that in a
k
stable partition every subgraph is of size between |G|
k − 2 and
|G|
k
k + 2 (see Lemma 3).

idleness. A distributed sensing variation proposed by Wagner
et al is to choose the vertex with the highest idleness only
from the adjacent vertices as inspired by ants[6]. Yanovski
et al have suggested another distributed sensing variation in
which the agent marks the graph edges with pheromone marks
(instead of the vertices) which leads to patrolling the graph
using an Euler cycle[7].
Recently, Ahmadi and Stone[8] have proposed a patrolling
strategy based on dynamic graph partition algorithm in which
the agents exchange their boundary vertices using negotiating
process. The algorithm they propose requires direct communication and computationally stronger agents. Furthermore, they
do not have guarantees on the quality of the emergent partition.
In the heuristic algorithm ANTS proposed by Comellas and
Sapena[9] some agents are working together to color a graph
in k colors such that the weight of the cut between the colors
is minimal. The subgraphs created using this approach are
not connected. Another approach is constructing a "vertexmarket"[2], [10]. Each agent owns some vertices and it is his
responsibility to patrol his vertices. Agents can trade vertices
in the market, for example an agent can trade a far vertex
with a closer one and by that decrease its route length. In this
scheme, a vertex can belong to several agent routes.
In the bubble scheme[11] k vertices are chosen as seeds
and the seeds expand BFS-style (or “diffuse”) to create a kpartition of the graph. Afterward, k new seed vertices are chosen based on the resulting partition and the process is repeated
until the seeds do not change their location. Meyerhenke et al
have proved convergence for a variant of the algorithm[12],
however with no analytic guarantees on the partition quality.
Some recent works have suggested a new evaluation criteria
for the patrolling problem[5], [13], [14]. Assuming some intruder model the new evaluation criterion is, roughly speaking,
the ability to stop the intruder. The main theme of these
patrolling strategies is to use probabilistic algorithms in order
to avoid static patrolling patterns which can be exploited by
intruders. However, stopping intruders is only one aspect of
patrolling. For applications such as cleaning, maintenance,
surveillance or guarding against weak intruders, the worst
idleness criterion remains very important. Hence in this work,
our goal is to minimize worst idleness.

IV. T HE A LGORITHM
A. Model
Ant-like agents having limited capabilities are considered
here. The agents are assumed to have little memory (a finite
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number of registers with O (log2 |G|) bits), they all execute
the same algorithm and no direct communication is allowed
between them. However, the agents can mark their neighborhood with pheromone stamps which can later be sensed. These
markings are used as a primitive form of distributed memory
and communication. The number of markings on every vertex
or edge is fixed where the size of each marking is O (log2 |G|)
bits.
For simplicity, we use a strong synchronous model. We
assume that agents are operating in rounds. In every round the
agents have slightly different timing phase so they never work
simultaneously. In this model every passage between adjacent
vertices takes one time cycle. Other operations like marking or
sensing marks are assumed to be instantaneous. These strong
synchronous assumptions can be relaxed later.

Algorithm 1: Balloon DFS
1
2
3
4
5
6
7
8
9

10
11
12

B. Multi Level DFS
Depth First Search (DFS) can be used in order to travel a
graph. A variant of DFS called Multi Level DFS (MLDFS)
was introduced by Wagner et al[15]. MLDFS is carried out
by using marks on the graph edges and vertices. An important
property of the MLDFS is its noise robustness. If at some
point the agent loses its backtracking path he just starts a new
search.

13
14
15
16
17

/* the agent is on vertex u
*/
while exist an unvisited border edge uv do
mark uv as visited
if P (uv) > 0 then
with probability r conquer vertex v and go to v.
(return)
else
if AreaSize = −P (uv) − 1 then
P (uv) ← 0
else
P (uv) ← AreaSize
while exist an unvisited non-border edge uv do
mark uv as visited
if v is unvisited then
go to v (return)
if there is a backtrack edge then
backtrack (return)
else
start new BDFS (return)

V. A NALYSIS
The proposed algorithm behavior is analyzed by defining
system configurations and deriving the transition probabilities
between them. A full description of the system includes the areas controlled by agents, the agents locations, the agents routes
and the pressure over border edges. Instead of using the full
description, we will use a partial one including only the areas
controlled by agents. Formally, a system configuration c is a
mapping of vertices to markings, c : v ∈ V → {id0 , ..., idk }.

C. The Balloon Mechanism
In BDFS every agent controls a connected subgraph and
is responsible for patrolling it. We introduce the balloon
mechanism which eventually balances the graph partition. The
balloon mechanism requires an additional mark on each edge:
the pressure mark. The pressure on an edge is a vector mark
i.e. a mark which gives opposite readings when being sensed
from different sides of the edge. For example, consider the
edge uv. Assuming P (uv) = p i.e. the pressure of edge uv
when sensed from vertex u is p; then P (vu) = −p i.e. the
pressure when sensed from vertex v is −p.
A border edge is an edge connecting two vertices belonging
to different agents. Every time an agent enters a vertex for
the first time in the current search, it senses the pressure of
all border edges emanating from the vertex. Assuming the
agent is on vertex u, let uv be a border edge and denote the
sizes of the subgraphs containing u and v by |Gu | and |Gv |
respectively. Upon sensing the pressure of edge uv the agent
acts as follows:

A. Observations
We first introduce some notations. The system comprised k
agents patrolling undirected graph G with |G| vertices. Gu (t)
is the subgraph controlled by agent u at time t and Gcu is
the subgraph controlled by agent u in configuration c. This
notation implies that vertex u ∈ Gu . Gu is a connected
subgraph of G. All the vertices of Gu are marked by the
pheromone mark of agent u denoted by idu . However it
may happen during the execution of the algorithm that some
vertices are marked by idu but do not belong to Gu , after
a balloon explosion which is discussed in section VI. Time
periods are denoted by [T0 , T1 ] where t ∈ [T0 , T1 ] implies
that T0 ≤ t < T1 . We will say that Gu is stable in a time
period [T0 , T1 ] if for every two time cycles t0 , t1 ∈ [T0 , T1 ],
Gu (t0 ) = Gu (t1 ). A configuration is stable in a time period if
all the subgraphs are stable in that time period. It is convenient
to define Δu  2|Gu |− 1 which is agent u’s route length. The
following lemma describes the agent behavior when patrolling
his domain.
Lemma 1: When agent u patrols Gu which is stable in
[T0 , T1 ]: (1) Agent u will start a new DFS search at time
t0 ∈ [T0 , T0 + Δu]. (2) In [t0 , T1 ], agent u will perform se-

 −P (uv) − 1. In this case the
1) P (uv) ≤ 0 and |Gu | =
agent announces his area size by setting P (uv) ← |Gu |.
2) P (uv) ≤ 0 and |Gu | = −P (uv) − 1 implies with high
probability that |Gu | = |Gv | − 1 so the agent will set
P (uv) ← 0.
3) P (uv) > 0 implies with high probability that |Gu | ≤
|Gv | − 2 so the agent will conquer vertex v with
probability r.
We can show that most of the time the agent knows what his
subgraph size is (see Lemma 1). A high-level pseudo code of
BDFS can be found in Algorithm 1.
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balanced configuration for any k. This condition implies that
grids contain a balanced configuration.

quential DFS searches using exactly the same route according
to the MLDFS algorithm.
In order to calculate the transition probability between
configurations, we derive the conquest probability over a
border edge. We will abbreviate the sentence “agent u applies
pressure on all border edges emanating from vertex u” to “upress”. According to the algorithm, after a u-press P (uv) ≥ 0
and after a v-press P (uv) ≤ 0. A conquest is possible when
upon pressing a border edge the pressure is strictly positive.
Consider a border edge uv. Upon a u-press, if the last press
of edge uv was a v-press then P (uv) ≤ 0 and agent u can
not conquer vertex v. Denoting the event that agent u presses
an edge uv and the last press of the edge was a u-press by
“double u press”. So a double press is a necessary condition
for a conquest. However it is not sufficient as the next lemma
shows.
Lemma 2: Given a system in configuration c which is stable
in [T0 , T1 ] and a border edge uv where |Gcu | ≤ |Gcv | then the
probabilities of a conquest in any time period of length ΔuΔv
in [T0 + Δv, T1 ] are:
p (agent u conquers vertex v) =

(Δv − Δu) r
|Gu | ≤ |Gv | − 2
0
else
p (agent v conquers vertex u) = 0

C. The Convergence Conjecture
We believe that if balanced configurations exist, the system
will eventually converge to one of them. However, we could
neither prove this nor find a counter example. One way to
prove convergence is to show the following:
Conjecture 4: If a balanced configuration exists, from every
configuration there is a probability p ≥  > 0 that the system
will reach a balanced configuration within a finite time.
Lemma 5: When the system is in a balanced configuration
there is a probability p ≥  > 0 that the system will remain
in that configuration indefinitely.
We have proved Lemma 5. However, we could not prove
Conjecture 4. Conjecture 4 is hard to prove because system
transitions that lead to balanced configurations may be highly
complex as shown in the next section.
VI. D ISCUSSION

(1)

(2)

= [T0 , T0 + Δv] is right after Gu or
The time period
Gv have changed so it is possible that one of the agents has
not yet found a stable DFS route. However, there is at most
one v-press in that time period and if Gu and Gv are about
the same size there are at most two u-presses. So the conquest
probability in this time period can be bounded from above by:
p (agent v conquers vertex u in T0 ) ≤

2r
r

S IMULATIONS

The entropy is finite only if the subgraphs controlled by the
agents cover the graph. In our case, a more balanced partition
yields higher entropy.
Let uvbe a border edge in configuration c where u ∈ Gcu ,
v ∈ Gcv , Gci = G and |Gcu | ≤ |Gcv | − 2. Assuming agent u
conquers vertex v, let c be the resulting configuration with


Gcu and Gcv as the resulting subgraphs. If v is not a cut
c
vertex of Gv then the conquest yields a better partition and

higher entropy. However, if v is a cut vertex of Gcv then Gcv
is the component of Gcv \v agent v happens to be in during
the conquest. We call this event a balloon explosion. Right
after a balloon explosion there are some vertices controlled
by no one so E (c ) = −∞. These empty vertices will shortly
be conquered and the entropy will be finite again. However,
the resulting entropy might be lower then the entropy prior to
the uv conquest. Note that Balloon explosions are due to the
discrete space we work in and would not occur in the physical
balloons model described in section III.
Since any conquest which is a not a balloon explosion yields
a better partition, balloon explosions might be considered
destructive. It would be possible to change the algorithm so
no balloon explosions will occur. However, balloon explosions
are essential in order to escape deadlocks. An example for
such a deadlock can be found in Figure 2. Several sequential
configurations of a system in which three agents patrol a
4 × 4 grid are described in the figure. The different colors
of vertices represent subgraphs controlled by different agents.
In configuration c1 , the red and the black agents are controlling
equal size subgraphs hence the conquest probability between
them is zero. Any conquest of the yellow agent will result in a
balloon explosion. In case we limit the agents to perform only
conquests which does not cause balloon explosions the system

T0

p (agent u conquers vertex v in T0 ) ≤

AND

The quality of the partition can be measured using an
“entropy” defined as:
 
 c
Gi = G
− |Gci | · log|Gci |
E (c) =
−∞
else

(3)

Since r is small we will neglect the probability of a conquest
in this time period. We will later refer to a conquest in this time
period as an unjustified conquest since it can happen whether
|Gu | ≤ |Gv | − 2 or not.
B. Balanced Configurations
A balanced configuration is a configuration in which for
all border edges uv, ||Gu | − |Gv || ≤ 1 and all vertices are
“controlled” by agents. The next lemma shows that the size
of any subgraph in a balanced configuration is bounded.
Lemma 3: For any balanced configuration b, the size of
|G|
k
k
b
every subgraph Gbi is bounded by |G|
k − 2 ≤ |Gi | ≤ k + 2 .
After defining a balanced configuration we must ask “which
graphs enable balanced configurations?”1. To the best of our
knowledge this variation of the graph partition problem have
never been asked. A work by Gyori[16] implies that every kconnected graph can be partitioned into k balanced subgraphs.
Another sufficient condition is the existence of a Hamilton
path i.e. every graph that contains a Hamilton path contains a
1 The exact question we ask is “which graphs can be partitioned into k
connected subgraphs such as the size difference between any two adjacent
subgraphs is at most 1?”
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(c2) E = −∞
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(c3) E  −27.2
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(c4) E  −26.8

Figure 2: An example of a deadlock on a 4 × 4 grid resolved
by a balloon explosion.
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(a) The solid lines represent the cover (b) The solid lines represent the contime and the dashed lines are the nor- vergence time and the dashed lines are
malized cover time.
the stabilization time.

is in a deadlock and will never reach an optimal partition. A
possible scenario leading to a better partition, when balloon
explosions are allowed, is described in the figure. Note that
the entropy of configuration c3 , which is after the vertices
left empty by the balloon explosion were recaptured, is lower
than the entropy prior to the balloon explosion. So c3 is less
balanced than c1 , however c3 is better configuration since its
closer to a stable one as can be seen in c4 . So sometimes less
balanced configurations are actually better than more balanced
ones. That phenomena makes proving conjecture 4 hard since
we could not “measure” which configurations are closer to
being balanced than others.
The convergence process can be divided into two phases:
The cover phase starts when the algorithm starts and ends
when the graph is covered. The stabilization phase starts when
the graph is covered and ends when a stable configuration
is reached. Respectively, the cover time is the time needed
to cover the graph and the convergence time is the time to
reach a balanced configuration. The experiments were done
over grids and random Hamiltonian graphs. As mentioned
before, assuming Conjecture 4 holds, the algorithm always
converges to a balanced configuration on such graphs. A total
of 42 grids were tested with size ranges between 4 × 5 to
15 × 16. The experimental results for the grids can be found
in our TR[3]. A random Hamiltonian graph Hn (p) is created
by first constructing an n-cycle v1 v2 . . . vn and then drawing
additional edges at random with probability p for each possible
edge. n is the number of vertices and the expected number
of edges is n + p n(n−3)
. The algorithm convergence time is
2
influenced by the number of chords in the cycle. By setting
p  α/n the number of chords is  αn/2 i.e. proportional
to n and α. In order to avoid graphs where n/k is an
integer, a primal number of vertices was chosen. The cover
and convergence time of every experiment configuration was
averaged over 500 runs. The algorithm converged in all our
experiments - supporting the convergence conjecture.
Before performing simulations, the value of r (the conquest
probability) must be set. r should be small enough to keep
the probability of unjustified conquests low (see equation 3).
On the other hand, choosing r too small will increase the
convergence time because conquests will become rare. In our
experiments r = 0.01 worked well.
Simulation results on random Hamiltonian graphs are presented in Figures 3 and 4. Observe Figure 3(a) for the average
cover time as a function of the graph density. The solid
lines represent the cover time and the dashed lines are the
normalized cover time defined as the cover time multiplied
by the number of agents. The cover time is decreasing with

Figure 3: Simulation results on random Hamiltonian graphs
with varying edge-density and 101 vertices.

edge density. It is clear since the denser the graph there are
more border edges and more conquest opportunities. For dense
enough graphs the expansion rate of the area controlled by
the agents is proportional to the number of agents. So we
would expect the cover time to be proportional to 1/k. The
simulations revealed that for α > 10−0.8 our expectation
is correct as the normalized cover times overlap. The very
sparse graphs considered (α < 10−0.8 ) are rings with very
few chords. In case of a single agent on a ring there are only
two border edges no matter how big the subgraph controlled
by the agent is. Furthermore, the path traveled by the agent
when he controls a large subgraph is long hence the cover
time is large. In case of k agents, there are about 2k border
edges and the path traveled by each agent is relatively small.
So using k agents instead of one improves the cover time with
a factor larger than k. Therefore, experimentally, not only the
absolute cover time improved when more agents were used
but also the normalized cover time.
The average convergence and stabilization times as a function of the graph density are presented in Figure 3(b). We
expected the convergence time to decrease when more edges
are added to the graph since there will be more conquest
opportunities and more balanced configurations. Simulations
revealed that our expectation holds but for the two extremes of
very sparse (α < 0.1) and very dense (α > 50) graphs. In the
sparse extreme, the convergence time of graphs with α  0.1
is larger than the convergence time of sparser graphs even
though the cover time is smaller. The graphs with α < 0.1 are
rings with few chords so after they are covered there will be
almost no balloon explosions delaying the stabilization. When
α is increased more chords are added to the graph. The chords
help to decrease the cover time but on the other hand they
allow more balloon explosions during the stabilization phase
resulting in longer stabilization phase and higher convergence
time. On the other extreme, in very dense graphs there are
many border edges so the probabilities of unjustified conquests
can not be neglected. Hence unjustified conquests occur, and
have a negative effect on the stabilization time.
Observe Figure 4(a) for the average convergence and cover
times on random Hamiltonian graphs with α = 1. The
convergence and cover times are linear with the graph size. As
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between them using simple local interactions. Graph partition
into connected and size balanced components is an emergent
behavior of the agent swarm. We have shown that in a balanced
k
partition every subgraph is of size less than |G|
k + 2 . As a
result, the time lag between two successive visits to any vertex
is at most twice the optimal so the patrol quality is at least
half the optimal. In case of a weighted graph we have shown
that the algorithm achieves a competitive ratio of 2lmax /lmin
when compared to the optimal patrol strategy where lmax
(lmin ) is the longest (shortest) edge in the graph. Simulations
performed over grids and random Hamiltonian graphs showed
that the average cover time is Θ (|G| /k). The average time
to reach a balanced partition was experimentally found to
be Θ (|G| /f (k)) where f is a monotonic non-decreasing
function.
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Figure 4: Simulation results on random Hamiltonian graphs
with varying size. The solid lines represent the convergence
time and the dashed lines are the cover time.
expected, they are decreasing when more agents are added to
the system. The convergence and cover time multiplied by the
number of agents are presented in Figure 4(b). The normalized
cover times overlap so the average cover time is Θ (n/k).
However, the convergence time does not decrease linearly with
k. When more agents are added the system, the stabilization
phase is getting longer hence enlarging the convergence time.
Formally, the convergence time is Θ (n/f (k)) where f is a
monotonic non-decreasing function.
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VII. W EIGHTED G RAPHS
In this section we will show how BDFS can be used to
patrol weighted graphs. Let lmax (lmin ) be the length of the
longest (shortest) edge in the graph. The main idea, given a
weighted graph G, is to convert it to an unweighted graph G
by prolonging all edges to lmax .
Prolonging all edges is easy when every agent knows lmax .
It can be achieved in the following manner: Let the time
required to traverse lmax be tmax . Every agent starts an
internal clock whenever starting to traverse an edge. Upon
reaching the other side of the edge, the agent will wait until
time tmax and only then continue the algorithm. We do
not address the problem of obtaining lmax and dispersing it
between the agents. It can be easily done in preprocessing or
“on the run”.
Let G be a weighted graph containing n vertices and let G
be the graph obtained by prolonging all edges of G to lmax .
The worst idleness of any k-agent patrolling strategy on G
is at least n · lmin /k (when the graph contains a Hamilton
cycle in which all edges length is lmin ). The worst idleness
of BDFS on G is lmax · (2n/k + k). Assuming n  k,
lmax
worst idleness (BDF S)
≤ 2
worst idleness (OP T )
lmin
According to the equation above, the proposed expansion of
BDFS to weighted graphs is efficient if the ratio lmax /lmin is
low i.e. edges lengths do not vary too much. In case the graph
is a result of a skeletonization process[17] this is frequently
the case.
VIII. C ONCLUSION
A novel graph patrolling algorithm was introduced. A group
of k agents performing the algorithm partition the graph
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