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Abstract. We consider a network represented by a simple connected
undirected graph with N anonymous nodes that have local orientations,
i.e. incident edges of each vertex have locally-unique labels – port names.
We define a pre-processing phase that enables a right-hand rule using
agent (RH-agent) to traverse the entire graph. For this phase we design
an algorithm for an agent that performs the precomputation. The agent
will alter the network by modifying the local orientations using a sim-
ple operation of exchanging two local labels in each step. We show a
polynomial-time algorithm for this precomputation that needs only one
pebble and O(logN) memory in the agent.
Furthermore we design a similar algorithm where the memory that the
agent uses for the precomputation is decreased to O(1). In this case, the
agent is not able to perform some operations by itself due to the lack of
memory and needs support from the environment.
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1 Introduction

The problem of visiting all nodes of a graph arises when searching for data in
a network. A special case of this problem, when nodes need to be visited in
a periodic manner, is often required in network maintenance. In this paper, we
consider the task of periodic exploration by a mobile entity (called robot or agent)
that is equipped with a small memory.

We consider an undirected graph that is anonymous, i.e. nodes in the graph
are neither labeled nor marked. The way how we allow the agent to perceive
the environment are the local orientations: while visiting a node v, the agent is
able to distinguish between incident edges that are labeled by numbers 1 . . . dv,
where dv is the degree of the vertex v. A local orientation uniquely determines
the ordering of the incident edges of a vertex.

Dobrev et al. [7] considered the problem of perpetual traversal (an agent
visits every node infinitely many times in a periodic manner) in an anonymous
undirected graph G = (V,E). The following traversal algorithm called right-
hand rule is fixed: “Start by taking the edge with the smallest label. Afterwards,
whenever you come to a node, continue by taking the successor edge (in the local
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orientation) to the edge via which you have arrived”. They showed that in every
undirected graph the local orientation can be assigned in such a way that the
agent obeying the right-hand rule can traverse all vertices in a periodic manner.
Moreover, they designed an algorithm that, using the knowledge of the entire
graph G, is able to precompute this local orientation so that the agent visits
every node in at most 10|V | moves.

Further investigation of this problem was done by Ilcinkas and by Ga̧sieniec
et al. [11,12]. In [12] the author continues in the study of the problem by changing
the traversal algorithm and thus decreasing the number of moves in perpetual
traversal. By making the agent more complex (a fixed finite automaton with
three states) the author designed an algorithm that is able to preprocess the
graph so that the period of the traversal is at most 4|V | − 2. In the most recent
publication [11] the authors use a larger fixed deterministic finite automaton,
and are thereby able to decrease the period length to at most 3.75|V | − 2.

1.1 Our results

In this paper we have returned to the original problem investigated by Dobrev et
al. in [7] – we want to preprocess the graph so that an agent obeying the right-
hand rule will visit all vertices. We are answering the questions: Is it possible to
do the changes of the local orientation locally? How much memory do we need
to make these local changes?

We consider a simple undirected anonymous graph G = (V,E) with a local
orientation. We design an algorithm for a single agent A, that is inserted into
the graph and performs the precomputation so that later an agent B obeying
the right-hand rule is able to visit all nodes in a periodic manner. The agent
A recomputes the local orientations in polynomial time using O(log |V |) bits of
memory and one pebble. Furthermore, we modify this algorithm using rotations
of local orientations to decrease the memory in the agent to a constant, at the
expense of losing the termination detection.

1.2 Related Work

The task of searching and exploring the unknown environment is studied under
many different conditions. The environment is modeled either as geometric plane
with obstacles or as graph-based, in which the edges give constraints on possible
moves between the nodes. The first approach is often used to model landscape
with possible obstacles where a single or multiple mobile entities are located.
They navigate in the environment cooperatively or independently using sensors,
vision, etc. to fulfill a particular mission. For more details see for example the
survey [15].

The graph-based approach was investigated under various assumptions. The
directed version where the mobile entities (called robots or agents) have to explore
a strongly connected directed graph was extensively studied in the literature
( [1,5,8]). In this scenario, agents are able to move only along the directed edges
of the graph. The undirected version where the edges of a graph can be traversed



in both directions was studied in [2, 6, 9, 13, 14]. The labeling of the graph is
studied under two different assumptions: either it is assumed that nodes of the
graph have unique labels and the agent is able to recognize them (see [5, 13])
or it is assumed that nodes are anonymous (see [16]) with no identifiers. In
the second case, the common requirement is that agents can locally distinguish
between incident edges.

As the graph can be large and there can be more agents independently or co-
operatively operating in it, various complexity measures were considered. There-
fore not only the time efficiency but also both the local memory of the agent and
its ability to mark the graph is investigated. The agent traversing the graph is
often modeled as a finite automaton. This basic model allows the agent to use a
constant amount of memory that is represented by its states. In 1978 Budach [4]
proved that it is not possible to explore an arbitrary graph by a finite automa-
ton without marking any node. Later Rollik [16] (improved by Fraigniaud et al.
in [10]) proved that no finite group of finite automata can cooperatively explore
all cubic planar graphs. These negative results lead to increasing the constant
memory the finite automaton may use. The agent is given a pebble that can be
dropped in a node to mark it and later taken and possibly moved to different
nodes. Bender et al. [3] show that strongly connected directed graphs with n
vertices can be traversed by an agent with a single pebble that knows the upper
bound on the number of vertices, or with Θ(log log n) pebbles if no upper bound
is known.

1.3 Outline of the paper

In Section 2 we introduce the notation used and give basic definitions and prop-
erties. Section 3 contains the algorithm for precomputing the graph in a local
manner with O(log |V |) memory in the agent and one pebble in the graph. A
modification of the algorithm from Section 3 is presented in Section 4. Here,
rotations of the local orientation in vertices are used to decrease the memory
that agent needs for the precomputation. On one hand, the memory complexity
is minimized but on the other hand, the termination detection using so little
memory remains an open problem. However, for example marking the initial
edge in the graph can be used to terminate this algorithm. Section 5 contains
the conclusion and the discussion about open problems.

2 Notation and preliminaries

Let G be a simple, connected, undirected graph. The degree of vertex v will
be denoted dv. In our model we assume that each vertex is able to distinguish
its incident edges by assigning unique labels to them. Note that by such an
assignment each edge has two labels – one in each endpoint. For simplicity we
assume that for a vertex v these labels are 1, 2, . . . dv. This labeling is called local
orientation and denoted πv.

Note that the existence of a local orientation in every vertex is a very natural
requirement. Indeed, in order to traverse the graph, agents have to distinguish



between incident edges. The labels of the incident edges in a vertex v define
a natural cyclic ordering, where succv(e) = (πv(e) mod dv) + 1 is the successor
function and the corresponding predecessor function predv(e) is defined similarly.

We want to construct a cycle in G that contains all vertices of G and satisfies
the right-hand rule (RH-rule for short): “If the vertex v is entered by the edge e,
leave it using an edge with label succv(e).” We will call the traversal according
to the RH-rule RH-traversal. More precisely we want to construct a cycle that
contains all vertices such that RH-traversal started in any vertex of G by edge
with label 1 leads to a visit of all nodes of G. We try to construct the cycle in a
local manner with minimization of memory requirements for computations. The
local computations are done by inserting an agent into the graph G and altering
the local orientation by using a small amount of memory.

Rotation of a local orientation πv by k steps is a local orientation π′
v such

that (πv(e) + k) mod dv + 1 = π′
v(e). An obvious Lemma follows.

Lemma 1. Rotations of local orientation in a vertex of a simple, undirected,
connected graph G do not have any influence on traversals according to the RH-
rule in G. Formally, πv and π′

v define the same succv(·) function.

In certain situations we will need to speak about traversing edges in a certain
direction. In such cases we will call the directed edges arcs and undirected edges
edges. In the further text, we will denote the number of vertices of the graph by
N = |V | and the number of its edges by M = |E|.

Note that RH-traversal is reversible and therefore the trajectory of RH-
traversal is always cycle. These trajectories are called RH-cycles. The initial
arc of an RH-traversal unambiguously determines a RH-cycle. The graph G is
always a union of disjoint RH-cycles.

3 Algorithm MergeCycles

Our algorithm will connect multiple RH-cycles into a single RH-cycle that passes
through all vertices of graph G. This is done by applying rules Merge3 and
EatSmall from [7] in a local manner. In this section we will discuss the rules, their
implementation and we show some interesting properties of the algorithm. In the
beginning we choose one RH-cycle and call it the witness cycle. By applying rules
Merge3 and EatSmall the witness cycle is prolonged and new vertices are added.
We show that if no rule can be applied in any vertex of the witness cycle then it
contains all vertices of graph G. To know when to terminate the algorithm, we
will count the number of steps while no rule could be applied.

The desired output of this algorithm is a new labeling of the edges in graph
G such that the RH-traversal started in any vertex using the edge with label 1
will visit all vertices in G. Note that after the final witness cycle is constructed,
our preprocessing agent can traverse the witness cycle once and rotate labeling
in each vertex so that the outgoing arc with label 1 will be an arc of the witness
cycle.



3.1 Rules Merge3 and EatSmall

Rule Merge3: [7] To apply this rule, we have to find three different RH-cycles
and then connected them by exchanging labels so that the remaining RH-cycles
stay unchanged. More precisely, let x1, x2 and x3 be three incoming arcs to a
vertex v that define three different RH-cycles C1, C2 and C3 respectively. Then
we change the ordering of the edges in v so that the successor of x2 becomes
the successor of x1, successor of x3 becomes successor of x2, and successor of
x1 becomes successor of x3, while keeping the rest of the relative ordering edges
unchanged. For illustration see Figure 1.
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Fig. 1. Applying rule Merge3

To apply Merge3, we need to identify three arcs that enter v and determine
three different RH-cycles (C1, C2 and C3). Note that we entered v while RH-
traversing the witness cycle. Therefore we pick the arc used to enter v as one of
those three arcs. The remaining two arcs are found by sequentially testing all
incoming arcs in the order given by the current local orientation in v. The pebble
is used to mark the processed vertex. To check whether two incoming arcs e1
and e2 define different RH-cycles, the agent RH-traverses the cycle defined by
e2 and checks whether it encounters e1 before returning to e2. The agent will
either find three different RH-cycles and merge them together, or it will ensure
that no three different RH-cycles pass through vertex v.

Note that rule Merge3 can only be applied finitely many times, as after each
application of the rule Merge3 the number of cycles in the graph decreases by
two. If there are three different RH-cycles in vertex v, our approach always
detects these cycles and rule Merge3 is applied. Notice that for these operations
we need one pebble and O(1) local variables of size O(logN) bits in the agent’s
memory. The time complexity of one application of the rule Merge3 in a vertex
v is O(Mdv).

Rule EatSmall: [7] To apply this rule in a vertex v, we have to find two
different RH-cycles where the vertex v appears in one of them at least twice.



More precisely, let x and y be two incoming arcs to a vertex v that define two
different RH-cycles C1 and C2 respectively; let z be the incoming arc to the
vertex v by which C1 returns to v after leaving via the successor of arc x. Then
we modify the ordering of the edges in v such that the successor of x becomes
the successor of y, the old successor of y becomes the successor of z, and the
old successor of z becomes the successor of x, while preserving the order of the
remaining edges. The application of the rule is shown in Figure 2. Note that the
rule is applied on an ordered triplet of edges (y, x, z).
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Fig. 2. Applying rule EatSmall. The edge y is the incoming edge via which the agent
entered the vertex v and thus it is a part of the witness cycle.

The local version of rule EatSmall in a vertex v is similar to the Merge3 rule.
Note that blindly applying the rule EatSmall may lead to deadlocks when a part
of a cycle will be transferred back and forth between two cycles. To prevent the
deadlocks, we will always use our witness cycle as the cycle C2 in our algorithm.

Note that the rule EatSmall can only be applied finitely many times as after
an application of the rule EatSmall the witness cycle is prolonged. By similar
argumentation as for rule Merge3, if two cycles C1 and C2 with required prop-
erties pass through vertex v, their are found and the rule EatSmall is applied.
Again, one pebble and O(1) local variables of size O(logN) are needed, and the
time complexity of one application of the rule EatSmall in a vertex v is O(Mdv).

The rule EatSmall has to be applied with care. More precisely, according to
Figure 2, if the edge z (the edge via which the agent enters for the second time
the vertex v in the RH-traversal of the cycle C1 that started via the edge x)
is the successor of edge y, the rule EatSmall will fail. The problem that occurs
here is that setting the successor of z to be the successor of y means setting the
successor of z to z and that is not allowed. However, our algorithm processes
edges incident with a vertex in order given by the local orientation, starting by
the arc of the witness cycle (in Figure 2 the arc y). Thus we will never encounter
such a situation. In sequential testing of edges, the agent first picks edge x and
then verifies the existence of edge z. If z is found, it will be the edge that was



not processed at that point by the agent. Thus in the ordering given by the local
orientation and the initial incoming edge to v edge z is an edge that is always
later than the edge x.

Lemma 2. Let G = (V,E) be a simple undirected connected graph. Let v ∈ V
and x ∈ V be two neighbouring vertices such that the witness cycle (denoted by
W ) passes through v but not through x. Then, either the rule Merge3 or EatSmall
can be applied in vertex v so that vertex x will be added to the witness cycle.

Proof. As vertices v and x are neighbouring, the arcs
−−−→
(v, x) and

←−−−
(v, x) determine

two RH-cycles. If these RH-cycles are different, three different RH-cycles pass
through vertex v and rule Merge3 can be applied. In the case where both arcs
determine the same RH-cycle C, we claim that C passes through vertex v at least
twice and thus the rule EatSmall can be applied here. By the contradiction: if
the RH-cycle C passes through vertex v only once, the successive arc of

−−−→
(x, v) is

arc
←−−−
(x, v). Then by the definition of the cyclical ordering succ(·), vertex v has

degree 1 and that is the contradiction.

Lemma 3. Execute the algorithm MergeCycles on a simple connected undirected
graph G and denote the resulting witness cycle by W . For any RH-cycle C in
the resulting graph there is a vertex w such that w ∈ C and w ∈W .

Proof. As the graph is connected, there exists a path between a vertex in witness
cycle W and a vertex in C. Therefore by Lemma 2 rules Merge3 and EatSmall
were applied and all vertices on this path belong to W .

Lemma 4. During our algorithm MergeCycles in each vertex v of a simple con-
nected undirected graph G = (V,E) we apply all the rules Merge3 and EatSmall
at the first time when the vertex is processed. In other words, once we finish
processing a particular vertex v for the first time, this vertex is done – no rule
applications in v will be possible in the future.

Proof. Follows from previous discussion.

Theorem 1. Let G be a simple connected undirected graph. Suppose that the
algorithm MergeCycles already terminated on G. Let W be the witness cycle
constructed by the algorithm. Then W contains all the vertices in G.

Proof. By contradiction. Let v /∈ W . Then there is a path between a vertex in
W and v. Take the first vertex x on this path that is not in W (its predecessor
y is in W ). By Lemma 2 either Merge3 or EatSmall can be applied in y.

The time complexity of our algorithm MergeCycles is O(M2∆), where ∆ is
the maximal degree of a vertex. The RH-cycle consists of at most all edges of
graph in each direction and thus its length is O(M). The termination detection
is solved by comparing the number of the consecutive vertices of the cycle where
no rule is applied with the length of the witness cycle. This can be done in
O(logN) memory. To sum up, we used a few variables of size O(logN) in the
agent and a single pebble.



4 Algorithm MergeCycles+ using constant memory

In this section we present the modification of algorithm MergeCycles where ro-
tating local orientations will enable us to decrease the memory needed in the
agent to apply rules Merge3 and EatSmall. For now, we will assume that the
vertices of graph G have degrees greater than one.

Definition 1. Let G = (V,E) be a simple undirected connected graph. Denote
incident edges of vertex v by e1, . . . , edv

, so that ei = (v, ui). Let πv, πui
be the

local orientations in vertices v, ui respectively. We will call label πv(ei) the inner
label of the edge ei in vertex v and the label πui

(ei) the outer label of the edge ei

in vertex v.

As by Lemma 1 the rotations of local orientation do not have any influence
on RH-rule, we will use these rotations to store information in local orientations.
The general idea of the algorithm MergeCycles+ is to set all outer labels of the
incident edges of a vertex v to 1 and then find and mark representative arcs that
are used in rules Merge3 and EatSmall by outer label 2.

4.1 Memory needed by our algorithm

When trying to identify and minimize the memory requirements, we need to be
more precise on how the local orientation changes are realized. Note that we can
not get rid of the variable that our agent uses for storing the label of the incoming
edge. By losing of this information the agent lost the sense of direction and it
will not be able to distinguish between edges in G. Note that we will only use
this as a read-only variable. Moreover, depending on the hardware realization,
this variable does not even have to be stored in the agent’s memory – the agent
may be able to determine its value on demand from its environment. Thus this
variable will not be counted in the agent’s memory requirements.

In our algorithm the following local operations are necessary: rotation of
the entire local orientation, application of rule Merge3 and application of rule
EatSmall. To realize these operations, the agent is able to use two primitives
that relabel edges in the current vertex. The first primitive rotates the local
orientation in vertex v by one. By multiple uses of this primitive the agent is
able to rotate the local orientation so that the label of the incoming edge is
1 or 2. The second primitive operates in a vertex where three incident edges
are marked by outer label 2 and the rest have outer label 1. It picks the three
marked edges and performs changes in the local orientation as it is done in rules
Merge3 and EatSmall.1 (As we know that the edges for either rule are tested
sequentially, their correct order can be determined from the local orientation.)

The last part of the algorithm MergeCycles which forces the agent to use
Ω(logN) memory is the knowledge of the length of the witness cycle and the
counter for the number of vertices visited in a row in which neither the rule
1 The application of the rules Merge3 and EatSmall are in fact the same, the difference

is only in the conditions the edges have to satisfy.



Merge3 nor rule EatSmall could be applied. The price for getting rid of these
computations is that we lose the termination detection – the precomputing agent
will RH-traverse the witness cycle forever.

As the agent will execute the algorithm MergeCycles+ forever, by attempting
to apply the modified rules of Merge3 and EatSmall, the local orientations will be
changing. This does not match the desired output of the algorithm MergeCycles:
There is no guarantee that if the RH-agent starts via the edge with label 1, then
it will traverse the witness cycle. (Note that e.g. by marking the starting edge
of the algorithm, termination detection can be solved easily and then the agent
obeying the RH-rule can start the traversal via the marked edge and be sure to
traverse the witness cycle.)

4.2 Basic instructions

The entire algorithm for our agent can be specified using the following basic
instructions (where e is the edge used to enter vertex v):

– place/pick up pebble, test for its presence in v
– leave vertex v via e
– leave vertex v via succv(e)
– two tests: whether the edge e has inner label 1 or 2
– apply one of the primitives discussed in Subsection 4.1

Using these instructions we can build the following procedures (again, where
e = (uk, v) is the incoming edge via which the agent entered v):

– rotate local orientation so that πv(e) = 1, or so that πv(e) = 2
– two tests: πuk

(e) = 1? and πuk
(e) = 2?

– remember the incoming edge e by setting πv(e) = 1
– rotate local orientation in uk so that πuk

(e) = 1 or πuk
(e) = 2

– traverse all ui in the order given by local orientation πv

– for all i ∈ {1, . . . , dv} set πui
(v, ui) = 1 and afterwards find e

(This is realized as follows: rotate πv so that πv(e) = 1, set πuk
(e) = 1 and

then repeatedly traverse via succv(e), set the outer label of the edge to 1,
and return back to v until the incoming edge has the inner label 1.)

We will show how (according to the order given by the local orientation) we
can process all edges incident with a vertex v. During this processing we will use
suitable rotations of local orientations in such a way that whenever we enter v
we will be able to identify the initial and the currently processed edge. We start
by placing a pebble into v, setting outer label 2 to the initial edge and outer
label 1 to the remaining edges. We set the inner label of the initial edge to 1
and we start to process it. Whenever we are going to process the next edge, we
rotate the local orientation by one so that the currently processed edge always
has the inner label 1. If after the rotation of local orientation we find out that
the edge to process already has outer label 2, we know that we processed all
incident edges and we are done.



The test for two disjoint RH-cycles passing through vertex v is done as fol-
lows: The agent sets the outer labels of incident edges so that two tested edges
e1 and e2 (in the incoming direction they represent two tested RH-cycles) have
outer label 2 and the rest of incident edges have outer label 1. Then it rotates
the local orientation in v so that e1 has inner label 1, inserts pebble to v and
RH-traverses RH-cycle via the successor of edge e1. Sooner or later the agent
will enter v via edge e1 (and recognize this thanks to the pebble and the local
orientation). The cycles are disjoint iff the agent did not enter v via e2 during
this RH-traversal.

The discussed operations will now be used to describe the modified rules
Merge3 and EatSmall.

4.3 Changing the rule Merge3 to Merge3+

The general idea is to set all outer labels of the incident edges of vertex v to 1,
sequentially test edges to find three representatives of different RH-cycles and
finally to apply the instruction to change the local orientation.

The simplified description of the rule Merge3+ applied in a vertex v follows
(for illustration see Figure 3):
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– Mark the incoming edge e with inner label 1.
– Sequentially traverse all incident edges of v and set their outer label to 1.
– Set outer label of e to 2 (this will remain unchanged during the rule Merge3+),

denote the RH-cycle represented by incoming arc of e as C1.
– Sequentially process incident edges of v starting with the edge succv(e).

While doing this, rotate local orientation so that the processed edge is always
marked by inner label 1. Find the first edge e′ such that its incoming arc
represents a RH-cycle C2 different from C1 and mark it by outer label 2.

– Continue in the process of marking the processed edge by inner label 1 with
the edge succv(e′) and find the first edge e′′ such that its incoming arc
represents a RH-cycle C3 different from C1 and C2. Mark it by outer label
2.

– If these three edges are found, the call of instruction for changing the local
orientation is made. Otherwise we reach an edge with outer label 2 (edge e).
In this case, the agent found out that three disjoint cycles are not present.

4.4 Changing the rule EatSmall to EatSmall+

The change of rule EatSmall to EatSmall+ is similar to the change in Subsection
4.3. The idea is same as the one in the previous subsection: we split edges into
two partitions – those that will be used in the rule EatSmall (with outer label 2)
and the rest (with outer label 1) and apply the corresponding primitive. Figure
4 illustrates the application of the rule EatSmall+.

4.5 Summary

In this section we will summarize the modifications of the algorithm MergeCycles
to the algorithm with constant memory for the agent – MergeCycles+.

Until now, we assumed that the vertices of graph G have degrees greater
than one. We will now explain how to handle vertices with degree one. When we
start dealing with vertex v, we first need to process neighbouring vertices with
degree 1 and then we can ignore them in the applications of the rules Merge3
and EatSmall. In the case when a neighbouring vertex u of vertex v has degree
1 and the edge (u, v) is not the edge we just used to enter v, we check whether u
is present on the witness cycle and if not, we add it by using the rule EatSmall.
In the case when edge e = (u, v) is the edge via which agent entered v, either
the agent already visited more than one vertex (and thus already visited v and
processed it at that time, see Lemma 4), or we can find the first incident edge
of v with degree greater than one and use it as the incoming one. The only case
when such an edge does not exist is if the topology of the graph is a star. This
can be easily checked in the beginning of the entire algorithm.

By Lemma 4 and the fact that in MergeCycles+ the RH-cycles are added to
the witness cycle so that they are traversed in the first RH-traversal of the formed
witness cycle, it is clear that to build the whole witness cycle the preprocessing
agent only has to RH-traverse the witness cycle once. After the agent returns to
the initial arc where the algorithm MergeCycles+ begun, no rule can be applied
in its future RH-traversal.



Algorithm 1 Algorithm MergeCycles+
1: check whether the graph is a star, if so, finish the algorithm, any local orientation

forms the witness cycle
2: start the RH-traversal via edge with label 1

3: procedure RH-traversal(v,e) // agent entered vertex v via e = (u, v)
4: if vertex u has degree 1 then
5: if the agent already visited two or more vertices then
6: continue with RH-traversal via edge succv(e)
7: else
8: execute this function with e = predv(e)
9: end if

10: else
11: rotate local orientation so that πv(e) = 1
12: for all neighbouring vertices w do
13: set the outer label of edge (v, w) to 1
14: end for
15: for all neighbouring vertices w do
16: if dw = 1 and w is not on the witness cycle then
17: apply EatSmall to add w to witness cycle
18: end if
19: end for
20: while it is possible do
21: ignoring neighbours with degree 1, apply Merge3+ and EatSmall+
22: end while
23: continue the RH-traversal via succv(e)
24: end if
25: end procedure



The time complexity of this algorithm is polynomial. The agent doing the
precomputations needs one pebble and O(1) memory. The local orientation is
used to store a few bits of information, at most O(logN) at any time.

5 Conclusions, Open Problems, and Further Research

We designed an algorithm that can create a right-hand rule cyclic walk of length
O(|E|) that contains all vertices of the given connected simple undirected graph.
This goal is achieved by changes in the local orientations. The algorithm is
performed by an agent that only uses O(log |V |) memory and a single pebble.
We have discussed properties of this algorithm and we have shown how it is
possible to further decrease the memory requirements of the agent. We believe
that the main contribution of this paper is showing that local orientations can be
used for storing information and decreasing the agent’s memory requirements.

The termination detection in algorithm MergeCycles+ remains an open prob-
lem. Further research can be focused on the amount of the memory that is needed
to create a witness cycle of length O(|V |). Another interesting question that
needs further research is the amount of useful information that can be stored at
once in the local orientations during the execution of an algorithm.
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Fig. 4. a) initial state, edge e5 is the incoming edge b) outer labels are set to 1 c)
edges e5 and e6 are marked by outer label 2 and their RH-cycles tested for the rule
EatSmall, answer is negative d) edge e6 is unmarked (outer label set to 1), edge e1 is
processed now e) the answer is positive – two RH-cycles that are needed in the rule
EatSmall were found and the rule EatSmall can be applied f) after the application of
the rule EatSmall
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