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Abstract. We consider the k-token dissemination problem, where k initially arbitrarily distributed tokens have to be disseminated to all nodes
in a dynamic network (as introduced by Kuhn et al., STOC 2010). In contrast to general dynamic networks, our dynamic networks are unit disk
graphs, i.e., nodes are embedded into the Euclidean plane and two nodes
are connected if and only if their distance is at most R. Our worst-case
adversary is allowed to move the nodes on the plane, but the maximum
velocity vmax of each node is limited and the graph must be connected
in each round. For this model, we provide almost tight lower and upper
bounds for k-token dissemination if nodes are restricted to send only
one token per round. It turns out that the maximum velocity vmax is a
meaningful parameter to characterize dynamics in our model.
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Introduction

Dynamic networks appear in many scenarios like peer-to-peer networks, mobile
wireless ad-hoc networks or swarms of mobile robots. The dynamics in such models is diverse and different. Kuhn et al. [KLO10] have introduced a very general
model with the aim of understanding limitations and possibilities when coping
with dynamics in networks, independent of specific application. In this paper, we
look at special dynamics motivated by agents that move in the Euclidean plane
and that are able to communicate with nearby agents only. More particularly,
we look at dynamic unit disk graphs as they are often used to model ad-hoc
networks or robotic networks. We are mainly interested in exploring the impact
⋆
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of a velocity limit of the agents on the time required to perform fundamental
tasks such as token dissemination.
The nodes of our geometric dynamic network are embedded into the Euclidean plane and two nodes are connected if and only if their distance is at
most a constant R, which models the limited range of a wireless communication
device. We consider a worst-case dynamic that is able to move the nodes within
this plane. This worst-case dynamic is restricted by a maximal velocity parameter vmax and it must preserve connectivity of the network. In our model, we can
prove lower and upper bounds for the k-token dissemination problem, which has
also been studied by Kuhn et al. in a general model. In the k-token dissemination
problem, k initially arbitrarily distributed tokens have to be disseminated by the
nodes of the dynamic network such that each node receives all tokens and also
decides that it has received all k tokens since we assume k is not known by the
nodes beforehand. Note that solving the all-to-all token dissemination problem,
where each node starts with exactly one token, implicitly solves the counting
problem if the nodes’ unique IDs are considered as tokens. While solving the token dissemination problem, a distributed algorithm must cope with the dynamic
of the network, i.e., the changes of edges as induced by a worst-case dynamic
that moves the nodes.
In our model, we restrain the dynamic network model by Kuhn et al. by
introducing a geometry that gives a natural restriction of the power of a worstcase dynamic by geometric means. From this, we expect new insights into the
complexity of distributed computational problems by using different techniques
that exploit the geometry of the dynamic network. As a first step, both our lower
and upper bounds for the k-token dissemination problem contain the maximal
velocity parameter vmax , i.e., they are bound by the characteristic value of the
network dynamic. More precisely, we define a dynamic unit disk graph with
maximal node velocity vmax and communication radius R and require connectivity w.r.t. a unit disk graph with radius 1. Our algorithm terminates after
O(n(n + k) · min{vmax , R} · R−2 ) rounds if R > 1. Moreover, we present a lower
bound of Ω(n · k · min{vmax , R} · R−3 ) for randomized knowledge-based tokenforwarding algorithms. Note that for k = Ω(n), the upper bound simplifies to
O(n · k · min{vmax , R} · R−2 ) and the upper and the lower bound become almost
tight.

2

The Geometric Dynamic Network Model

In this paper, we consider the following dynamic network model adapted from
Kuhn et al. [KLO10,KO11,Osh12]: we assume a dynamic graph with a fixed set
V of n nodes, and a discrete, synchronous time model. Each node v is identified
by a unique ID, assigned by some injective function id : V → {1, . . . , poly(n)}.
In round r, the dynamic graph has some edge set Er , forming the graph Gr =
(V, Er ). We assume local broadcast communication, i.e., a message sent by node
u in round r is delivered to u’s neighbors in round r+1. Therefore, when sending a
message in round r, a node usually does know to which neighbors the message will
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be delivered. In this paper, the message each node can send via local broadcast
communication is limited to one token per round. Kuhn et al. introduced the
concept of T -interval connectivity as a reasonable restriction of the dynamic: For
each time interval I of length T ≥ 1, there must be some stable and connected
subgraph in all graphs Gr with r ∈ I. If T = 1, this just means the graph must
be connected in each round r.
Our modifications address a dynamic model motivated by geometric mobility
as it appears, e.g., in swarm robotics. Here, we assume that each node v in
each round r has a position pr (v) ∈ R2 (however, our results also hold for
R3 ). The distance between two nodes u, v in round r is denoted by dr (u, v) =
|pr (u) − pr (v)|. Then, for each round r, we define Gr as the unit disk graph with
communication radius R. We omit the round parameter r when the round is clear
from context. In addition, 1 ≤ R ≤ n holds throughout the paper for technical
reasons. Furthermore, we assume that the maximum velocity of each node is
bounded by a parameter vmax > 0, i.e., the position of a node changes at most
by a distance vmax from round to round. Such a model was also considered by
Bienkowski et al. [BBKM09], and it is often (implicitly or explicitly) assumed
for designing local strategies for robotic formation problems (for a survey see
[KM11]).
Our results require a somewhat stronger notion of connectivity than in the
general model by Kuhn et al.: We demand that the graph in round r is connected
even if we restrict the communication radius to 1 instead of R. To distinguish
these graphs, we talk about the communication graph Gr if radius R is used, and
about the connectivity graph G′r if radius 1 is used. Thus, we require that the
connectivity graph G′r is connected in each round r. This geometric model gives
rise to another natural restriction of dynamics. A graph Gr is called C-connected
if at least C edges have to be removed to transform Gr into a disconnected graph.
The focus of our paper lies on the k-token dissemination problem. In this
problem, each node u in theSnetwork receives as input I(u) a possibly empty
subset of tokens such that
v∈V I(v) = k. Then, the nodes have to disseminate these tokens such that each node eventually knows all k tokens and then
explicitly terminates (i.e., it outputs the result and does not send/receive any
further messages). Here, k is not known by the nodes beforehand. Additionally,
we examine the implications of our results for the problem of counting, which is
to determine the exact number of nodes in the network.
We show a result for a restricted class of algorithms that is called knowledgebased token-forwarding algorithms (cf. Kuhn et al.): let Au (r) denote the set
of messages node u has received by the beginning of round r including its input I(u). A token-forwarding algorithm requires each node to send only one
pure token from Au (r) (without modification and without annotation) or the
empty message, and it must not terminate before it has received all k tokens.
A token-forwarding algorithm is called knowledge-based if the distribution that
determines which token is sent by u in round r is a function only of its unique
ID id(u), Au (0), . . . , Au (r − 1) and the sequence of u’s coin tosses up to round r
(including r). Many natural strategies can be found in this class of knowledge-
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based token-forwarding algorithms, e.g., strategies like sending a known token
sampled uniformly at random.

3

Related Work

Dynamic networks, where the set of edges in the network may change arbitrarily
and in an adversarial way from round to round as long as the graph is strongly
connected in each round, were introduced by Kuhn et al. [KLO10,KO11,Osh12].
In each round, each node may send a message of size O(log n) bits that is delivered to all neighboring nodes in the following round. Computation in their
model requires termination. On the one hand, for the k-token dissemination
problem in T -interval connected dynamic networks, Kuhn et al. present a deterministic O(n(n + k)/T ) token-forwarding algorithm. This algorithm can be
used to obtain an O(n2 /T ) algorithm for the counting problem. On the other
hand, they give a Ω(nk/T ) lower bound for the restricted class of knowledgebased token-forwarding algorithms and they provide an Ω(n log k) lower bound
for deterministic centralized token-forwarding algorithms.
Dutta et al. [DPR+ 13] improved the latter lower bound by Kuhn et al. to
Ω(nk/ log n + n) for any randomized (even centralized) token-forwarding algorithm and showed for a weakly-adaptive adversary that k-token dissemination can be done in O((n + k) log n log k) w.h.p. Furthermore, they provide two
polynomial time,
√ randomized and centralized offline algorithms, one returns an
O(n, min{k, k log n}) schedule w.h.p. and another one an O((n + k) log2 n)
schedule w.h.p. if nodes can send a token along each edge per round. Using
similar techniques, Haeupler and Kuhn [HK12] showed lower bounds if nodes
are allowed to forward b ≤ k tokens or if they are only required to obtain a δfraction in T -interval connected dynamic networks and dynamic networks that
are c-vertex connected in every round.
O’Dell and Wattenhofer [OW05] analyzed information dissemination problems in slightly different but worst-case adversarial models. Das Sarma et al.
[SMP12] developed randomized token-forwarding algorithms based on random
walks on dynamic networks. Here, an oblivious adversary that is not aware of
the random choices of the algorithm modifies the network. Haeupler and Karger
go beyond the class of token-forwarding algorithms and send linear combinations
of tokens. With this technique, they are able to solve the k-token dissemination
problem in O(nk/ log n) rounds w.h.p. [HK11]. Brandes and Meyer auf der Heide
[BM12] develop algorithms for counting if in addition every edge in the network
fails with some probability. Michail et al. [MCS12b] studied computation in
possibly disconnected dynamic networks and introduced temporal connectivity
conditions. The same authors [MCS12a] looked into naming and counting in the
absence of unique IDs in dynamic networks. Here, naming refers to the problem
of generating unique IDs. Interestingly, they introduce a different communication
model where the nodes in the network can send different, individual messages
to their neighbors but without any information about their states.
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The unit disk model has been extensively studied in the area of routing in
wireless ad-hoc and sensor networks, in particular, in geographic routing algorithms. Geographic routing takes advantage of the availability of position information to decide which node becomes the next hop. Those algorithms assume
that a node can get its own position using a location service such as GPS. A
worst-case optimal and average-case efficient geographic routing algorithm has
been proposed by Kuhn et al. [KWZ03,KWZZ03]. However, geographic routing
focuses on single source routing while a well-designed token dissemination algorithm has to take congestion into account. For a broad overview about further
routing algorithms in this area, we refer to Frey et al. [FRS09].
Gossiping algorithms are a class of algorithms for distributed computation
in arbitrary graphs following a simple principle: the nodes are initialized with
some values, they continuously exchange these values and calculate new values
based on the ones they received together with a problem specific function.
Boyd et al. [BGPS04,BGPS05] analyzed the mixing time of the averaging
problem. Later on, Dimakis et al. [DSW08] showed that the mixing time can be
significantly improved in grid graphs and random geometric graphs, two communication models for realistic sensor networks. In a random geometric graph, the n
sensor locations are chosen uniformly and independently in the unit square, and
each pair of nodes is connected if their Euclidean distance is smaller than some
constant transmission radius R. They proposed
an algorithm that computes true
√
average to accuracy 1/nα using O(n1.5 p
log n) radio transmissions. This reduces
the energy consumption by a factor of n/ log n compared to standard gossip
algorithms.

4

Lower Bound on Token Dissemination in Geometric
Dynamic Networks

In this chapter, we show that any knowledge-based token-forwarding algorithm
needs Ω(n · k · min{vmax , R} · R−3 ) rounds for solving the k-token dissemination
problem in geometric dynamic networks. To do so, we follow a similar analysis
like the one by Kuhn et al. for an Ω(nk) lower bound for dynamic networks with
arbitrarily changing edges [KLO10].
For the sake of a simple presentation, we first introduce our construction for
the special case R = 1, i.e., the communication graph is equal to the connectivity
graph. Later, this result will be generalized to the case R ≥ 1.
Theorem 1. If R = 1, then any knowledge-based token-forwarding algorithm
for k-token dissemination requires Ω(n · k · min{vmax , 1}) rounds to succeed with
probability > 12 .
Proof. We create the setting as follows: Initially, some node v0 knows all k tokens
and all other nodes do not know any token. As the token-forwarding algorithm is
knowledge-based, the probability distribution
not
j of the
k tokens sent lby v0 does
m
1+ε
depend on the dynamic graph. Let r∗ := (n−4)k
−
1
for
L
:=
,
which
2L
2vmax
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is used as the length of a row of nodes in our construction. ǫ is a suitably small
chosen value. Then, by linearity of expectation and Markov’s inequality, there
∗
is some infrequently sent token t that is sent < n−4
L times by v0 until round r
1
with probability of at least 2 . For this, we define a dynamic such that v0 cannot
terminate by round r∗ since some node must be unaware of t at this time.
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Fig. 1. Construction for R = 1 showing the positions of the nodes for a fixed j.

All nodes are positioned as shown in Figure 1: Except for the four nodes v0 ,
vn−1 , vn−2 , and vn−3 , all other nodes are assigned to horizontal rows where each
row consists of L nodes that are positioned on four levels. On each level, the
nodes have a distance of exactly 1, which maximizes the distance between the
nodes such that the row is still connected. The distance between two levels is at
least 1 + ǫ.
Node v0 is connected to v(j−1)L+1 , vjL+1 , and vn−1 , and positioned such
that the distance between v0 and vjL+1 is exactly 1. Analogously, node vn−1
is connected to v(j−1)L+1 , vkL+1 , and v0 , and positioned such that the distance
between vn and vkL+1 is exactly 1. We will see later that these nodes are essential
for preserving connectivity during the movement of the nodes.
Similarly, node vn−2 is connected to vjL+L , viL+L , and vn−3 , and positioned
such that the distance between vn−2 and viL+L is exactly 1. In contrast to that,
node vn−3 is only connected to vjL+L and vn−2 but the distance between vn−3
and vjL is slightly larger than 1. As we will see later, this is important to ensure
that the infrequently sent token t cannot be learned by the nodes on level 0.
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Initially, one row j = 0 is at level 1 and all other rows i > j are stacked at
level 0. Level 2 and level 3 are not occupied by rows at this time.
When v0 sends the token t, three rows start moving down. In particular, one
row j + 1 at level 0, row j at level 1, and row j − 1 at level 2 start moving down
with maximal relative velocity 2vmax 1 for the next L rounds until they reach
level 1, 2, and 3, respectively. Once a row reaches level 3, it does not move any
further and all rows k < j − 1 stack again. As soon as rows j + 1, j, j − 1 reach
the next level, j can be incremented and Figure 1 shows the current situation.
If v0 again sends token t, the described procedure repeats and three rows move
down.
The crucial property of our construction is that the graph is always connected
while the infrequently sent token t never reaches the rows stacked on level 0. Let
us first argue why the graph is always connected. Initially, level 0 and level 1
are occupied and the graph is connected. During movement, the location of
node vn−2 ensures that the row moving between level 0 and level 1 is connected.
Analogously, node vn−1 connects the row moving in between of level 2 and level 3.
The placement of node v0 and vn−3 ensures that the left side of the graph is
connected to the right side of the graph via the row in between of level 1 and
level 2.
Let us now consider the second property: level 0 never gets the infrequently
sent token t. According to the definition of the dynamic graph, the only possibility for level 0 to get t is via the row moving
between
level 1 and level 2 via node


times,
the
token needs more than
vn−3 or vn−2 . Since t is sent less than n−4
L
L rounds to cross one row. Thus, according to the definition of the movement,
the nodes vjL+L and vn−3 become disconnected at least one round before t can
be sent from vjL+L to vn−3 . This is when the row arrives at level 2.
rows, the nodes on at least one row are unaware of the
Since there are n−4
L
token. Hence, r∗ = Ω(n · k · min{vmax , 1}) rounds are required.
⊔
⊓
Next, we extend this construction for an arbitrary communication radius
R ≥ 1:
Theorem 2. If R ≥ 1, then any knowledge-based token-forwarding algorithm
for k-token dissemination requires Ω(n · k · min{vmax , R} · R−3 ) rounds to succeed
with probability > 21 .
Proof. As before, we want to find a token that is sent infrequently over some cut.
Yet, for R ≥ 2, the communication graph is ⌊R⌋-connected in each round, i.e.,
there is no single cut vertex as in the construction before for R = 1. Therefore,
multiple nodes v0 , vn−1 , . . . , vn−⌊R⌋+3 initially receive all k tokens such that the
probability distribution of thej tokens sent
by them does
k
l not mdepend on the
3(R+ε)
dynamic graph. Define r∗ := (n−cR)k
−
1
for
L
:=
· (R + 1) and
2L⌊R⌋
2vmax
some constant c ∈ N+ that is specified later. Then, by linearity of expectation
and Markov’s inequality, there is some infrequently sent token t which is sent <
1

To upper bound the worst-case traveling distance for a fixed node pair u and v, we
can w.l.o.g. assume that u is static while v moves with velocity of at most 2vmax .
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(n−cR)k
L⌊R⌋

times by all nodes v0 , vn−1 , . . . , vn−⌊R⌋+3 until round r∗ with probability
of at least 12 . We present a dynamic such that all nodes v0 , . . . , v⌊R⌋−1 cannot
terminate by round r∗ since there still is a node that is unaware of t at this time.
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Fig. 2. Construction for R ≥ 1 showing the positions of the nodes for a fixed j.

All nodes are positioned as shown in Figure 2: similar to the construction in
Theorem 1, except for c := 2 (⌈3(R + ǫ)⌉ − 2) nodes v0 , vn−1 , . . . , vn−2⌊3(R+ǫ)⌋+3 ,
all other nodes are assigned to horizontal rows where each row consists of L nodes

Token Dissemination in Geometric Dynamic Networks

9

that are positioned on six levels. The distance between vn−2⌈3(R+ǫ)⌉+3 and the
position below vjL is slightly greater than one. Initially, one row j = 0 is at
level 1 and all other rows i > j are stacked at level 0. Levels 2, . . . , 5 are not
occupied by rows at this time.
When one of the nodes v0 , vn−1 , . . . , vn−⌊R⌋+3 sends the token t, one row at
level 0 and all rows on levels 1, . . . , 4 start moving down with maximal relative
velocity 2vmax for the next L rounds until they reach the next level. The row
from level 0 stops at level 1, but all other rows continue moving until they reach
level 5, where they do not move any further and stack again. As soon as row j +1
reaches level 0, j can be incremented and Figure 2 shows the current situation
until t is sent again. If any of the nodes v0 , vn−1 , . . . , vn−⌊R⌋+3 sends the token
t again, the described procedure repeats and further rows move down.
Observe that the graph is always connected and that token
t cannot
reach
j
k
(n−cR)k
times and
vn−⌈3(R+ǫ)⌉+3 or any node above since it is sent less than
L⌊R⌋


the token needs more than L rounds to cross one row. Since there are n−cR
L
rows, the nodes on at least one row are unaware of the token. Hence, r∗ =
Ω(n · k · min{vmax , R} · R−3 ) rounds are required.
⊔
⊓
Remark 1. Our results implies that the lower bound by Kuhn et al. [KLO10]
already holds for a much more restricted model of dynamics: If we choose R = 1
and vmax constant, e.g. vmax = 1, then we achieve the Ω(nk) lower bound for
knowledge-based token-forwarding algorithms.

5

Upper Bound on Token Dissemination in Geometric
Dynamic Networks

In this chapter, we present a k-token dissemination algorithm for geometric dynamic networks with bounded maximum velocity vmax . The algorithm is basically an extension of the algorithm by Kuhn et al. which allows to solve
k-token dissemination under arbitrary edge dynamics in Θ(n(n + k)) rounds.
Under the restriction of R > 1, it is possible to speed up the algorithm up to
Θ(n(n+k)·min{vmax , R}·R−1 ). Moreover, if R ≥ 2, then the Θ(R)-connectivity
of the communication graph can be exploited to get another speed-up of Θ(R),
i.e., the algorithm needs O(n(n + k) · min{vmax , R} · R−2 ) rounds in total.
Let us first sketch the dissemination algorithm by Kuhn et al. for 2T -interval
connected graphs. By definition of 2T -interval connectivity, there is a spanning
connected subgraph for at least 2T rounds. This subgraph is used to establish
a pipelining effect such that at least the T smallest tokens are disseminated to
all nodes in Θ(n) rounds. The algorithm proceeds in ⌊ Tn ⌋ phases, where each
phase consists of 2T rounds.2 In each round of each phase, each node sends the
smallest token it has not yet sent in this phase. To disseminate k tokens, this
2

Note that n is not known by the nodes beforehand but as described by Kuhn et al.
[KLO10] it can be determined involving the dissemination procedure itself using
different estimates for n.
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procedure can be repeated ⌈ Tk ⌉ times. We restate the following results are either
provided in the paper by Kuhn et al. or that directly follow from their results.
Theorem 3 ([KLO10,Osh12]). For T ≥ 1, in a T -interval connected dynamic
network with arbitrarily changing edges, the algorithms by Kuhn et al. for ktoken dissemination and counting can be sped up by a factor of T , i.e., they need
Θ(n(n + k) · T −1 ) rounds for k-token dissemination and Θ(n2 · T −1 ) rounds for
counting.
Theorem 4 ([KLO10,Osh12]). For T, C ≥ 1, in a T -interval connected dynamic network with arbitrarily changing edges where the stable subgraph is Cconnected, the algorithms by Kuhn et al. for k-token dissemination and counting
can be sped up by a factor of T · C, i.e., they need Θ(n(n + k) · T −1 · C −1 ) rounds
for k-token dissemination and Θ(n2 · T −1 · C −1 ) rounds for counting.
Note that it is assumed that T and C are known by the nodes. Furthermore,
we would like to stress that it is not enough that G(r) is C-connected in each
round r. To make use of the pipelining effect it is also important that the stable
subgraph is C-connected.
In the following, we show that our geometric dynamic networks are Θ(R ·
−1
)-interval connected if R > 1 and that the stable subgraphs are Θ(R)vmax
connected if R ≥ 2.

R

1
u
v

v’

Fig. 3. After v moved to position v ′ , the nodes u and v are still connected.

Lemma 1. Assume the nodes of a geometric dynamic network
j move
k with maxi(R−1)
mum velocity vmax . Then, the geometric dynamic network is 2·vmax +1-interval
connected.
Proof. Consider a fixed node pair u and v which is connected in the connectivity
graph of round r. Observe that the distance between two nodes can increase by
at most 2vmax per round. Thus, nodes that are connected in the connectivity
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graphj(radiusk 1) stay connected in the communication graph (radius R) for at
(R−1)
least 2·v
further rounds. This implies the lemma (cf. Figure 3).
⊔
⊓
max
Lemma 2. Assume the nodes of a geometric dynamic network move with maximum velocity vmax . Then, the geometric dynamic
j
k network contains a spanning
1 
R
R
-connected
subgraph
that
is
stable
for
2
4vmax + 1 rounds.
 
Proof. Consider a path of length 12 R in the connectivity graph of round r. The
nodes on this path form a clique in the communication graph. Following a similar
argument as in Lemma
j 1 k1, these nodes stay connected in the communication
R
graph for further 2v2max rounds. This implies the lemma.
⊔
⊓
Theorem 5. If R > 1, then k-token dissemination can be done in Θ(n(n + k) ·
min{vmax , R} · R−2 ) rounds and counting can be done in Θ(n2 · min{vmax , R} ·
R−2 ) rounds.
Proof. If R > 1, then according to Lemma 1 the geometric dynamic network is
−1
Θ(R · vmax
)-interval connected. Thus, by Theorem 3, the algorithms by Kuhn
et al. need Θ(n(n + k) · min{vmax , R} · R−1 ) rounds for k-token dissemination
and Θ(n2 · min{vmax , R} · R−1 ) rounds for counting.
If in addition R ≥ 2, then according to Lemma 2, the communication graph
−1
contains a spanning Θ(R)-connected subgraph that is stable for Θ(R · vmax
)
rounds. Thus, by Theorem 4, the algorithms by Kuhn et al. need Θ(n(n + k) ·
min{vmax , R} · R−2 ) rounds for k-token dissemination and Θ(n2 · min{vmax , R} ·
R−2 ) rounds for counting.
⊔
⊓
Comparing the lower and the upper bound, we can observe that the bounds
are almost matching (despite of a factor of R−1 ) if k = Θ(n). However, it should
be pointed out that the graph model is a bit relaxed by introducing the connectivity graph in addition to the communication graph. It is an interesting question
for further research to consider less relaxed models or even matching models.

6

Conclusion and Future Prospects

We showed that the k-token dissemination problem in geometric dynamic networks can be solved asymptotically faster than in traditional dynamic networks.
For this, we utilized a communication radius larger than one, which is the connectivity radius. Specifically, by introducing natural conditions, the k-token dissemination problem can be solved in O(n(n + k) · min{vmax , R} · R−2 ) rounds
in our model with R > 1 while the lower bound for arbitrary edge dynamics for
knowledge-based token-forwarding algorithms is Ω(nk) [KLO10]. Additionally,
these results can also be applied to count the number of nodes of the network
in O(n2 · min{vmax , R} · R−2 ) rounds if R > 1.
Our lower bound shows that even an optimal knowledge-based token-forwarding algorithm needs Ω(n · k · min{vmax , R} · R−3 ) rounds to disseminate k tokens.
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For the more interesting case of k = Ω(n), the upper bound simplifies to O(n · k ·
min{vmax , R}·R−2 ) and becomes almost tight. It should be pointed out that our
upper bound model is somehow relaxed by introducing the connectivity graph
in addition to the communication graph. However, we think that this is a good
starting point for analyzing, how we can improve the performance of k-token
dissemination, counting, and other related problems by restricting general edge
dynamics.
As a next step, it would be interesting to further restrict the model used for
the upper bound. Particularly, is it possible to show similar round complexity
results with matching models in the upper and lower bound such that we can
omit the restriction R > 1? To gain more intuition about bounds in the geometric
dynamic network model, it is another open question whether global knowledge
is an advantage in this model and if so, to what degree. In other words, can a
central online algorithm for k-token dissemination that is able to observe the
positions of the nodes perform better when facing the network dynamic?
Moreover, more general geometric network models could be of interest. Those
are for example asynchronous time models or different graph classes such as disk
graphs or quasi unit disk graphs. Yet, one could also think about looking at
different and specifically non-geometric restrictions to the network dynamic. A
challenging but very interesting question is, whether it is possible to build up
a hierarchy of dynamic network restrictions similar to hierarchies known from
complexity theory.
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