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Abstract—This paper studies the minimum latency broadcast
schedule (MLBS) problem in ad hoc networks represented by
unit disk graphs. In our approach we use an algorithm, which
does not need BFS tree. We introduce a construction, which
does not depend on a source, can be found in constant number
of synchronous rounds, uses only short messages and produces
broadcast schedule with latency at most 258 times optimum.
The advantage of our construction over known algorithms is its
ability to adapt fast to the changes in the network, such as adding,
moving or deleting vertices (even during the broadcasting).

We also study the minimum-latency gossiping (all-to-all broad-
cast) problem in unit disk graphs. Our algorithm is the best result
for gossiping in unit disk graph in unbounded-size messages
model.

Since our construction of broadcast scheduling does
not depend on the source, it may be also used to
solve other problems concerning broadcasting in unit disk
graphs, such as single source multiple message broadcasting and
multi channel broadcast scheduling.

I. INTRODUCTION

DUE TO a wide range of applications, such as military

surveillance, emergency disaster relief or environmental

monitoring, solving problems considering the communication

in wireless ad hoc networks (such as sensor networks or

cell phone networks) became an important issue. Generally

the wireless ad hoc network is modeled by an undirected

connected graph G, where the set of vertices V (G) represents
the set of computational units constituting the network (for

example sensors, cellphones) and E(G) contains unordered

pairs of distinct vertices, such that (v, w) ∈ E(G) if and

only if the transmissions of the computational unit represented

by the vertex v can directly reach the computational unit

represented by the vertex w and vice versa (the reachability

of transmissions is assumed to be a symmetric relation). For

simplicity in the following considerations frequently we will

say vertex v instead of the computational unit represented by

the vertex v. Also if (v, w) ∈ E(G) we will say that the

vertices v and w are neighbours in G.

Usually it is assumed that communication in the wireless

ad hoc network is synchronous and consists of a sequence of

communication steps. Moreover in a wireless ad hoc network,

a message transmitted by a vertex is always sent to all of its

neighbours. In each step, a vertex v either transmits or listens.

If v transmits, then the transmitted message reaches each of

its neighbours by the end of the step. However, a vertex w
adjacent to v successfully receives this message if and only if

in this step w is listening and v is the only transmitting vertex

among the neighbours of w. If vertex w is a neigbour of more

than one transmitting vertex, then due to the interference, w
does not receive any message in this step.

The classical problem of the information dissemination

in wireless networks is the broadcasting problem. In the

broadcasting problem the aim is to disseminate a particular

message from a distinguished source vertex to all other vertices

in the network. Due to the interference threat the brute force

algorithm may not be the effective tool to solve this problem.

The classical approach is to construct the broadcast schedule

in order to minimize the adverse influence of interferences.

The broadcast schedule of latency l is the sequence of subsets
(U1, U2 . . . Ul) of V (G) satisfying

(1) U1 = {s};
(2) Ui ⊆

⋃i−1
j=1 Inf(Uj) for each 2 ≤ i ≤ l;

(3) V (G) \ {s} ⊆ ⋃l

j=1 Inf(Uj),

where for any U ⊆ V , Inf(U) is the set of vertices in

V (G) \ U each of which has exactly one neighbour in U .

By the definition we have that, given the broadcast schedule

(U1, U2 . . . Ul), we may disseminate information from s into

the whole network in l synchronous rounds. Namely, in

order to do so, in the i-th round the information should be

transmitted only by vertices from Ui.

In this paper we consider the problem of minimum latency

broadcast schedule (MLBS), i.e., the problem of minimization

of the time needed to complete the task of dissemination of

the information from a single source. Therefore we seek a

fast algorithm which constructs the broadcast schedule with

the minimum latency.

For general graphs the best approximation algorithms

construct the broadcast schedules with latency: O(R∆)
[14], O(R log2(n/R)) [13], O(R logn + log2 n) [4], R +
O(

√
R log2 n) [18], O(R+ log6 n) [15], R+O(log3 n) [17],

R+O(log3 n/ log logn)[6] and O(R + log2 n) [16].

Here by R we mean the radius of the graph (the maximum

distance between the source s and the vertices from V (G))
and n = |V (G)|.
The MLBS problem in unit disk graphs has been considered

in [8], [5],[7],[20] and [11].

In [8] Ga̧sieniec, Kowalski, Lingas and Wahlen show

that R + Ω(log(n − R)) rounds are required to accomplish

broadcasting in UDG. In [5] Dessmark and Pelc presented a
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broadcast schedule of latency at most 2400R. In [7] Gandhi,

Parthasarathy and Mishra claim the NP-hardness of MLBS in

unit disk graphs and construct broadcast schedule of latency

at most 648R. In [20] Scott, Huang, Wan, Jia and Du improve

latency to 51R, 24R, and R+O(
√
R log1.5 R). In [11] Huang,

Wan, Jia, Du and Shang propose three different algorithms

which produce broadcast schedules with latency at most 24R+
23, 16R+15 and R+O(logR). However implementation of

these algorithms in distributed model depend on the source and

is based on BFS algorithm, therefore using these algorithms

Ω(R) rounds to build the broadcast structure are needed. This

is not efficient enough in many applications.

Here we present HEXAGONSBROADCASTING, which is the

first distributed algorithm solving MLBS problem without

using BFS tree. In fact HEXAGONSBROADCASTING needs

only O(1) synchronous rounds to prepare the vertices for

the transmission. Our algorithm has latency 258R. The struc-

ture constructed by HEXAGONSBROADCASTING does not

depend on the source, therefore the additional advantage of

our algorithm is that the source can be easily changed or

even chosen randomly. Previous algorithms do not take into

account possible changes in network during propagation of

information. If a vertex is delete, they fail to deliver a message

to a part of graph, despite the fact that graph might be still

connected. In our algorithm bad impact of the movement,

addition or deletion of the vertex in the network during the

broadcasting may be rapidly diminished (Subsection III-A).

Finally the HEXAGONSBROADCASTING approach can be

applied to solve real problems such as gossiping, multiple

messages and multi channel broadcast schedule.

Our paper is organized as follows. In Section II we present

basic definitions and facts. In Section III we introduce the aux-

iliary algorithms SELECTBROADCASTNODES and BROAD-

CASTSETS and the main algorithm HEXAGONSBROADCAST-

ING. In Section IV we present the algorithm GOSSIPINGIN-

UDG and in Section V other two important generalizations of

MLBS are presented.

II. PRELIMINARIES

The natural theoretical model for wireless ad hoc network

is a unit disk graph (UDG). By definition, the set of vertices

of UDG is a set of points on the plane and two vertices

of UDG, v and w, are connected by an edge if and only

if they are at the distance at most one in Euclidean norm

(‖v, w‖ ≤ 1). UDG vertices represent computational units and

edges represent communication links between them.

Our algorithms will work on unit disk graphs, in distributed,

synchronous, message-passing model of computations. We

assume that local clocks of computational units (vertices of

UDG) can be synchronized i.e., we assume that we perform

computations in rounds (model LOCAL defined in [19]). In

each round a computational unit represented by a vertex of

UDG can send, receive messages from its neighbours, and can

perform some local computations. Moreover we assume that

every computational unit is either equipped with the Global

Positioning System (GPS), or knows own position on the plane

by other sources.

In the algorithm HEXAGONSBROADCASTING we will use

a partition of UDG based on grid tiling of the plane into

hexagons of side equal 1/2 (see Figure 1). Since each vertex

of UDG knows its position on the plane, it also knows the

hexagon of the grid to which it belongs. We define spanning

subgraph G′ of G where V (G′) = V (G) and vw ∈ E(G′)
if and only if v and w lie in the same hexagon. We define

Hex(G) to be the set of all connected components of its

spanning subgraph G′ (notice that each hexagon lies inside

a circle of radius 1
2 so each K ∈ Hex(G) is a clique).

Fig. 1. Division into hexagons and numeration of the 18 neighbouring
hexagons of the hexagon.

Let K ∈ Hex(G) be any clique. Obviously K may have

communication links only with vertices belonging to its 18
neighbouring hexagons (see Figure 1). We denote them by

N1(K), N2(K), . . . , N18(K) as on Figure 1 (the index of the

clique depends on its position in the hexagon grid). Notice

that, for example, N2(N5(K)) = K and N11(N17(K)) = K .

Therefore for any k ∈ {1, . . . , 18} we define a value k̄ to be

the number such that Nk̄(Nk(K)) = K (for example 5̄ = 2,
1̄7 = 11). In addition we set

N(K) =

{K ′ ∈ Hex(G) : K ′ 6= K, ∃v∈K,v′∈K′vv′ ∈ E(G)} .
For comparison, by N(v) we denote the set of neighbours of

the vertex v.

Fig. 2. Concept of f(7) and f(12) functions.

Finally we define two functions f (7) : Hex(G) →
{1, . . . , 7} and f (12) : Hex(G) → {1, . . . , 12} (see Figure

2). Notice that in the labeling with the numbers {1, . . . , 7}
any two vertices from different hexagons with the same label

are at distance greater than 1. Similarly in the labeling with the

numbers {1, . . . , 12} any two vertices from different hexagons

with the same label are at distance geater than 2. This implies

two simple facts.
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Fact 1. Any two vertices from different cliques

K1,K2 ∈ Hex(G) such that f (7)(K1) = f (7)(K2) are not

connected by an edge in G.

Fact 2. Any two vertices from different cliques

K1,K2 ∈ Hex(G) such that f (12)(K1) = f (12)(K2) do not

have a common neighbour in G.

III. MAIN ALGORITHM

The main algorithm selects a small number of vertices,

which we call broadcast vertices. In fact the algorithm assigns

to each vertex two sets Fout(·) and Fin(·) and broadcast

vertices are those for which Fout(·) and Fin(·) are nonempty.

The first function Fout is used whenK ∈ Hex(G) sends infor-
mation to cliques from the neighbouring hexagons. The second

one Fin is used in dissemination of the message inside the

clique. The auxiliary algorithm SELECTBROADCASTNODES

selects broadcast vertices.

SELECTBROADCASTNODES

Input: Unit disk graph G
Output: Functions Fin : V (G) → P({1, . . . , 18}), Fout :
V (G) → P({1, . . . , 12}), where P(A) denotes the set of all

subsets of A.

1) For every v ∈ V (G) set Fin(v) ≡ ∅ and Fout(v) ≡ ∅.
2) For i = 1 to 7 do : For k = 1 to 18 do

For every K ∈ Hex(G) such that f (7)(K) = i and

f (7)(Nk(K)) > f (7)(K) parallel do

a) Let Vk(K) = {v ∈ V (Nk(K)) : N(v) ∩K 6= ∅}
b) If Vk(K) 6= ∅ then

i) Select a vertex vk ∈ Vk(K) and set

Fin(vk) := Fin(vk) ∪ {k̄};
Fout(vk) := Fout(vk) ∪ {f (12)(K)}.

ii) Select a vertex w ∈ N(vk) ∩K and set

Fin(w) := Fin(w) ∪ {k};
Fout(w) := Fout(w) ∪ {f (12)(Nk(K))}.

c) We call vk and w coupled broadcast vertices.

Fig. 3. Vertices from one hexagon with respective sets Fin(·) and Fout(·)
and vertices from neighbouring hexagons coupled with them.

Notice that the algorithm SELECTBROADCASTNODES as-

signs exactly one pair of coupled broadcast vertices connected

by an edge to each pair of the cliques {K,K ′} connected by

at least one edge.

Basing on functions Fin : V (G) → P({1, . . . , 18}),
Fout : V (G) → P({1, . . . , 12}) we construct sets Uout(·, ·)
and Uin(·, ·) containing broadcast vertices, which will be used

to construct the broadcast schedule.

The vertices in Uout(i, k) send information from hexagons

K with f (12) = i to hexagons K ′ with f (12)(K ′) = k and

the vertices Uin(i, 1), . . . , Uin(i, 18) are used in propagating

information inside hexagons K with f (7) = i.

BROADCASTSETS

Input: Unit disk graph G, Functions Fin : V (G) →
P({1, . . . , 18}), Fout : V (G) → P({1, . . . , 12})
Output: Sets Uout(i, k) and Uin(i, k)

1) Let Kv denote clique K ∈ Hex(G) such that v ∈ K .

2) For i = 1 to 12 : For k = 1 to 12 do

Uout(i, k) :=
{

v ∈ V : k ∈ Fout(v) and f (12)(Kv) = i
}

3) For i = 1 to 7 : For k = 1 to 18 do

Uin(i, k) :=
{

v ∈ V : k ∈ Fin(v) and f (7)(Kv) = i
}

Note that for all 1 ≤ t ≤ 12 the set Uout(t, t) is empty.

Hence the number of construceted nonempty sets is at most

11×12+7×18 = 258 and in the main algorithm sets Uout(t, t)
may be omitted.

Lemma 1. Let 1 ≤ i ≤ 12, 1 ≤ k ≤ 12 and A ⊆ Uout(i, k).
If B ⊆ V (G) is the set of all vertices coupled with vertices

from A and contained in cliques on which the value of f (12)

equals k, then B ⊆ Inf(A).

Proof: Set 1 ≤ i ≤ 12, 1 ≤ k ≤ 12. Let v1 . . . vt ∈ K be

vertices from Uout(i, k). For each vertex vj the set Fout(vj)
contains k if and only if vj is coupled with at least one vertex

from a neighbouring clique K ′ such that f (12)(K ′) = k.
Denote by W the set of vertices coupled with vertices from

{v1 . . . vt}. Each vertex from W is contained in distinct

clique (since to each pair of cliques at most one coupled

pair of broadcast vertices is attributed). Combining Fact 2

with observation that on those distinct cliques the value of

the function f (12) is k we have that no pair of vertices from

the set W has a common neighbour in G, in particular no

common neigbour in {v1 . . . vt}. Therefore, if v1 . . . vt send

information simultaneously into the network, then the vertices

coupled with them (i.e vertices from W ) receive it without

interference. Now consider the vertices k1, k2 from Uout(i, k)
contained in two cliques K1,K2 (recall that, by the definition

of Uout, f
(12)(K1) = f (12)(K2) = i). By the Fact 2 vertices

k1 and k2 do not have a common neighbour. Concluding,

if vertices from the set Uout(i, k) send information into the

network, then the vertices coupled with them must get it

without interference.

Lemma 2. Let 1 ≤ i ≤ 7, 1 ≤ k ≤ 18. Suppose that vertices

from the set A ⊆ Uin(i, k) send information into the network
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simultaneously. Then for every K ∈ Hex(G) such that K ∩
A 6= ∅ we have that K ⊆ Inf(A).

Proof: Set 1 ≤ i ≤ 7, 1 ≤ k ≤ 18. Note that, for

each broadcast vertex v, the set Fin(v) contains k if and

only if v is coupled with a vertex w from Nk(K). So the

set V (K ∩ Uin(i, k)) has at most one element. Moreover

any two distinct verices v, v′ ∈ Uin(i, k) are contained in

cliques on which the function f (7) has value i. Therefore, from
Fact 1 if any vertices from Uin(i, k) sends simultaneously

information into the network, then the vertices from cliques

in which those vertices are contained, receive information

without interference.

Now we are ready to introduce the main algorithm of propa-

gating the information from the source s ∈ V (G).

HEXAGONSBROADCASTING

Input: Unit disk graph G and a vertex s ∈ V (G)
Output: Dissemiantion of the information from the source

vertex s to V (G).

1) Run SELECTBROADCASTNODES algorithm on a

graph G.

2) Run BROADCASTSETS algorithm on G.

3) Vertex s transmits information to all his neighbours.

4) For t = 1 to R do

a) For i = 1 to 12; For k = 1 to 12; k 6= i do

- vertices from Uout(i, k) which have received

information transmit it in parallel

b) For i = 1 to 7 : For k = 1 to 18 do

- vertices from Uin(i, k) which have received

information transmit it in parallel

Such approach to the problem enables us to construct

a broadcast schedule in constant number of rounds, since

the algorithm SELECTBROADCASTNODES obviously takes

constant number of synchronous rounds and also building sets

Uout and Uin takes constant time.

Theorem 3. Let R be the radius of unit disk graph G. Latency

of the broadcast schedule U1, U2, U3, . . . used by the algorithm
HEXAGONSBROADCASTING is at most 258R+ 1.

Proof: Let U1, U2, U3, . . . be broadcast schedule

used by HEXAGONSBROADCASTING algorithm and

K ∈ Hex(G) be such that s ∈ K . In the first step the

vertex s sends information to all the vertices from K
(i.e. K ⊆ Inf(U1)). Then, by Lemma 1, in the next

11 × 12 = 132 steps broadcast vertices contained in K send

information to all vertices coupled with them in cliques from

N(K). By Lemma 2, in the next 7 × 18 steps broadcast

vertices propagate information inside the cliques from N(K).
Therefore, surely,

⋃258+1
l=1 Inf(Ul) contains all vertices

from K and all vertices from cliques N(K). Therefore all

neighbours of vertex s in G receive information in the first

258 + 1 steps. Now, we may repeat the reasoning replacing

the broadcast vertices from clique K by broadcast vertices

contained in cliques from N(K). Therefore in the next

258 steps all vertices at distance 2 from s will receive the

message (i.e. all vertices at distance two from s are contained

in
⋃2×258+1

l=1 Inf(Ul)). So by the same reasoning we get that

all vertices at distance at most R from s are contained in
⋃258R+1

l=1 Inf(Ul).

A. Modification of the network during the

broadcasting

The presented algorithm can be adjusted to construct the

broadcast scheduling in the dynamic network in which ap-

pearance or deletion of vertices is possible. More precisely,

we assume that at any time one of the following events may

happen:

1) A vertex v, such that G∪{v} is connected, can be added.
2) A vertex v ∈ V (G)\{s}, such that G\{v} is connected,

can be deleted.

3) A vertex v ∈ V (G) can change position on the plane

(can be moved), if after this operation G is still con-

nected.

Let s be a source and a be some constant. The following

broadcasting algorithm broadcast information in the dynamic

network.

DYNAMICBROADCASTING

1) Run HEXAGONSBROADCASTING and break step 4 of

HEXAGONSBROADCASTING after a iterations.

2) Go to step 1.

Since procedures SELECTBROADCASTNODES and

BROADCASTSETS takes one round then using those

algorithms it is possible to refresh rapidly the broadcast

structure using the algorithm DYNAMICBROADCASTING.

Therefore the algorithm DYNAMICBROADCASTING is an

efficient tool to propagate information in dynamic network.

If in some round the modifications (add, delete and move

events) stop, then in the next 258R+ (1/a)R+O(a) rounds
all vertices receive information from the source. In reality the

information will reach all the vertices even faster and it is

possible, that the information will reach all vertices even if

the modifications happen all the time.

In all known distributed algorithms (which are based on

BFS tree) building the broadcast structure takes O(R) time.

Thus the analogous modification of those algorithm will not

give comparable results. Namely, even if in some synchronous

round the modifications (add, delete and move events) stop,

then it would take at least O(R2/a+a) time to propagate the

information from the source.

IV. GOSSIPING

In the gossiping problem each vertex in the network is

initially given a message and the objective is to design a

minimum-latency schedule such that each vertex distributes

its message to all other vertices. We assume that during

distribution of the messages interferences may occur.

There are two important models of the problem regarding

whether or not we can combine two or more messages as a

single message: unit-size and unbounded-size models. In unit-

size trivial lower bound for latency is V (G) +D − 1 (D is a
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diameter of the graph G) and in unbounded-size model lower

bound is ∆(G) + D − 1 (∆(G) is a maximum degree of a

graph G).

For general graphs gossiping problem in unbounded-size

model was investigated in: [1], [2], [3], [9], [10]. The known

algorithms construct broadcast schedules which are approxi-

mations of the optimal one with approximation factor larger

than any constant. For unit disk graphs in [7] the authors

present constant approximation for gossiping. Although in the

paper the exact ratio of approximation was not given it may

be estimated to be at least 1944(D+ |V (G)|). The best known
algorithm for unit-size messages gossiping in unit disk graph

is given in [12]. The authors present algorithm for gossiping

with latency 27(|V (G)|+D−1). We should add that all known

algorithms are based on the BFS tree therefore the time to

build gossiping schedule is Ω(D).
We present here the algorithm for gossiping in unit disk

graph in unbounded-size messages model which have latency

7∆ + 258D . The algorithm GOSSIPINGINUDG builds gos-

siping structure in constant time thus it can be adapted to

become insensitive to adding, deleting or moving vertices (see

Subsection III-A).

GOSSIPINGINUDG

1) Set function Fout and Fin using algorithm SELECT-

BROADCASTNODES.

2) For each K ∈ Hex(G) and vertices v1, v2, v3 . . . =
V (K) define c(vi) = 7i + f (7)(K) for all 1 ≤ i ≤
|V (K)|.

3) Let v be a broadcast vertex. Define

c2(v) = max{c(w) : ∃uu ∈ N(v) and w ∈ N(u)}
(maximal value of the function c in 2-neighbourhood of

v).
4) Set all broadcast vertices (vertices which have

Fout 6= ∅ and Fin 6= ∅ ) as inactive.

5) Parallel do:

a) Each inactive vertex v send his initial message in

c(v)-th synchronous round.

b) Every broadcast vertex v′ is activated in

c2(v
′) + 1 synchronous round and then sends all

combined messages in rounds defined by point 4
of HEXAGONSBROADCASTING.

Theorem 4. The algorithm GOSSIPINGINUDG delivers all

messages to all vertices in 7∆+ 258D synchronous rounds.

Proof: Let v ∈ V (K) and v′ ∈ V (K ′) be two distinct

vertices such that c(v) = c(v′). From definition of the function

c we have f (7)(K) = f (7)(K ′) and K 6= K ′. Therefore it

follows from Fact 1 that in Step 5a no vertex from K will re-

ceive the initial message from v′ while all vertices fromK will

receive the initial message from v. In step 5b broadcast vertices
send messages after all vertices from their 2-neighbourhood

(vertices at distance 2) have sent the initial message. Therefore

there is no interference produced by broadcast vertices and the

vertices sending the initial messages.

We use at most 7∆ synchronous rounds to send initial

messages in Step 5a (there are 7 classes of hexagons and

vertices from each hexagon form a clique) The number

of rounds needed to complete 5b equals to the lattency

of the schedule constructed by HEXAGONSBROADCASTING.

Namely after the vertices from 2-neighbourhood have sent

their initial message, all broadcast vertices send information

according to HEXAGONSBROADCASTING. Properties of this

broadcasting follow from Theorem 3. Therefore 5b takes at

most 258D synchronous rounds.

Concluding the algorithm GOSSIPINGINUDG have latency

at most 7∆+ 258D.

V. GENERALIZATIONS OF MLBS

A. Single Source Multiple Messages

Ghandi et al. in [7] introduce the problem of the single

sources multiple messages broadcasting. They assume that the

source may send multiple messages in different intervals of

time and define latency as number of synchronous rounds in

which all messages are received by all vertices. Let M be the

number of the messages to be sent. In [7] latency is at least

194(M − 1) + 7128(R− 2).
We present algorithm which is a modification of the

HEXAGONSBROADCASTING algorithm and construct Single

Source Multiple Messages Broadcasting schedule of latency

518M+258R. We only have to use the following modification

of the points 3 and 4 of the algorithm HEXAGONSBROAD-

CASTING.

3. Repeat M + ⌈R/2⌉ times

(a) If s contains a new message, then send it

(b) Repeat two times

– For i = 1 to 12; For k = 1 to 12; k 6= i do

- vertices from Uout(i, k), which have received in-

formation and have not sent it before, send the

information

– For i = 1 to 7 : For k = 1 to 18 do

- vertices from Uin(i, k), which have received in-

formation and have not sent it before, send the

information

Theorem 5. If in the modified algorithm HEXAGONSBROAD-

CASTING the source sends messages every 259 synchronous

rounds then every vertex in network receive all the messages

in at most 518M + 258R rounds, where M is the number of

messages.

Proof: Divide the broadcast schedule used by

HEXAGONSBROADCASTING (omitting the first round)

into intervals of 258 rounds. Notice that, if the broadcast

vertex receive information in the t-th interval, then in the

t+ 1-th interval the information is sent to all its neighbours.

Therefore this vertex may send a new information in the

t + 2-th interval. The lack of bad impact of the interference

follows from the proof of Theorem 3. Thus the gap of two

intervals plus one round (to give time for s to send the

message) is enough to broadcast several messages.
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B. Multi Channel Broadcast Scheduling

In some applications the vertices can use n different chan-

nels and if two neighbours of the vertex v send information

using different channels then vertex v receives it without in-

terference. This is idea of multi channel broadcast scheduling.

To the best of our knowledge this problem is considered for

the first time.

Notice that in the previous considerations, if for any

pair of indices (i1, k1) 6= (i2, k2), vertices from sets

Uout(i1, k1) and Uout(i2, k2) use different channels, then

they may send information simultaneously in all the above

mentioned algorithms without interference. The same thing

concerns the sets Uin(i1, k1) and Uin(i2, k2) ((i1, k1) 6=
(i2, k2)). Therefore, if we use 132 channels (11 × 12 ≤ 132,
7× 18 ≤ 132) and attribute to each set of type Uout different

channel and the same thing with the sets Uin, then we may

rewrite all the presented algorithms and reduce significantly

the time needed to disseminate information. If we define the

latency in the analogous manner as in the classical definition,

then for example the multi channel broadcast schedule used in

the algorithm HEXAGONSBROADCASTING has latency 2R.

VI. CONCLUSION

In this paper we have studied the MLBS problem in ad hoc

networks which are represented by unit disk graphs. We have

introduced a construction which produces broadcast schedule

with latency at most 258 times optimum. The advantage of

our construction over known algorithms is its ability to adapt

fast to the changes in the network. We have also studied the

minimum-latency gossiping, single source multiple message

broadcasting and multi channel broadcast scheduling problem

in unit disk graphs.
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