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Definition: 
Every node that holds a message has to 
deliver it to all its neighbors, 
possibly at different times.

6

Local Broadcast Problem

XFundamental primitive 
for more complex 
communication 
problems



Successful transmission: 
y receives from x if
•no other neighbor of y transmits
•y is not transmitting

7

[1]  Chlamtac and Kutten. Trans. on Computers. IEEE, 1987. 

Radio Network Interference Model

y

x



Collision: 
If x and z transmit at the same time
y receives nothing

8

Radio Network Interference Model

y

Z

X

We need algorithms to schedule the transmissions!



• Time is slotted in rounds of communication

• :  # of neighbors

• :  (  # of dominators within 2 hops)

• Nodes do not know topology, only ,  and 

• Deterministic algorithms (no coin tossing) 

• Distributed algorithms

Δ max
V

γ2 min
𝒮

max
V

Δ γ2 n

Other definitions

We measure performance in rounds, 
as a function of ,  and .Δ γ2 n



• Oblivious …

• Quasi-adaptive …

• Adaptive …

Protocols Studied

Round 1 2 3 4 5 6 7 …
0 1 0 1 1 1 0 …
1 1 0 0 1 0 1 …
0 0 1 0 1 1 1 …
0 1 0 1 0 0 0 …

… … … … … … … … …
1 1 0 1 0 1 1 …

v1
v2
v3
v4

vn

Transmit or not



Nodes do not know the topology 

What if they have some “advice”? 
(know something but only local)

We present 3 algorithms trading 
adaptiveness for bits of advice. 

All 3 algorithms run in  
rounds. 

Õ(Δγ2
2)

1 or 0?

Protocols with Advice

Plato and Aristotle knew better.



Round 1 2 3 4 5 6 7 …
0 1 0 1 1 1 0 …
1 1 0 0 1 0 1 …
0 0 1 0 1 1 1 …
0 1 0 1 0 0 0 …

… … … … … … … … …
1 1 0 1 0 1 1 …

v1
v2
v3
v4

vn

Oblivious Protocol with 
 Bits of AdviceO(log(Δγ2))

Uses combinatorial structure called Strong Selectors

For any subset , for every , 
exists some round that “selects” .

S ⊆ V v ∈ S
v

Can be seen 
as OBLIVIOUS 
Transmission 

Schedules

Transmit 
or not

[1] Erdos, Frankl, and Furedi. Israel J. Math, 1985. 
[2] Kautz and Singleton. Trans. Inf. Thy., 1964.



Oblivious Protocol with 
 Bits of AdviceO(log(Δγ2))

− Consider a dominating set  that minimizes  ,
− a 4-distance coloring of  of  colors, and
− a labeling of dominated nodes wrt their dominators 

DS γ2
DS O(γ2

2)
Author: Please use the \authorrunning macro 23:7

Algorithm 1 LB_LAd– Local Broadcast algorithm with O(log(!ω2)) Advice for a node v

1: Let F = {S1, . . . , Sω} be the fixed (shared between all nodes) (ω2
2 , ω2)-strong selector,

where ε = |F|
2: Receive (from oracle) color c of DS node w, in some distance 4 coloring, that v will be

assigned to
3: Receive from the oracle the number x assigned to v
4: for phase = 1, . . . , ε do
5: for round = 1, . . . , ! + 1 do
6: if w → Sphase and round = x then
7: Transmit the message, ID of v and the color of w
8: else
9: Remain silent

10: end if
11: end for
12: end for

↭ Theorem 9. Algorithm LB_LAd is a deterministic distributed oblivious protocol performing281

Local Broadcast in O(!ω2
2 log ω2) communication rounds. It uses O(log(!ω2)) bits of advice282

per node, and does not require collision detection or acknowledgments built-in the model.283

Proof. Consider any two neighboring nodes v, u. We prove that v delivers its message284

successfully to u by the algorithm. Let w be the DS node to which v is assigned and let285

DS2(u) be the set of DS nodes of distance at most 2 from u. By definition, |DS2(u)| ↑ ω2.286

Note that each neighbor of u is assigned to some node in DS2(u), and is using the assigned287

node’s color to determine, based of the corresponding set in F , whether to be active or288

passive in a phase. Since F is a (ω2
2 , ω2)-strong selector, there is a set in F containing w289

but no other node in DS2(u). Let it be a set i, which corresponds to being active or not in290

phase i. It means that only neighbors of u that are assigned to w are active in phase i. In291

this phase, they perform a round-robin according to their numbering (each of them knows292

its number, as it has been provided as part of the advice). Hence, there is no interference293

between these nodes at node u while recalling that all other neighbors of u are passive in294

phase i. It implies that node v, which is among neighbors of u assigned to w, performs295

transmission in a unique round of phase i and is successfully received by u.296

The number of rounds is obviously upper bounded by the number of sets in the strong297

selector F , multiplied by the length of each phase ! + 1. ↫298

3.3 A Quasi-adaptive Algorithm with O(log ω2) Advice299

At the beginning, the oracle determines a dominating set DS which minimizes the value300

ω2 = ω2(V, DS). Then, it chooses a distance 4 coloring of DS in G such that the number of301

colors is O(ω2
2). As explained in Section 3.2, such a coloring exists. Next, the oracle assigns302

each u → V to its neighbor from DS. Contrary to Section 3.2, labels are not provided.303

Each node v receives two numbers from the oracle : the color of the DS node, say w, to304

which v has been assigned by the oracle and the value of ω2. We assume here a DS node is305

always assigned to itself with the special label 0 indicating that it is a member of DS. It306

could be easily seen that the length of advice is O(log ω2) in each node.307

Let Fi be a (n, !/2i→1, !/2i)-avoiding selector, Fi = (S(i)
1 , . . . , S(i)

ωi
). The number of sets308

in Fi is O(!/2i→1 log n), see Theorem 6.309

CVIT 2016

The color corresponds to 
phases, and each phase to 
one selector. The color of 
w=dominator(v) indicates 
that this is the phase when 
v is active and should 
transmit.



Round 1 2 3 4 5 6 7 …
0 1 0 1 1 1 0 …
1 1 0 0 1 0 1 …
0 0 1 0 1 1 1 …
0 1 0 1 0 0 0 …

… … … … … … … … …
1 1 0 1 0 1 1 …

v1
v2
v3
v4

vn

Quasi-adaptive Protocol with 
 Bits of AdviceO(log(γ2))

Uses combinatorial structure called Avoiding Selectors

Nodes can 
stop after local 

task is 
completed.

For any subset of nodes ... 
"selects" some elements while 

avoiding others.
[1] De Bonis, Gasieniec and Vaccaro. Siam J. Comp. 2005. 
[2] Chlebus and Kowalski. FCT 2005.
[3] Indyk. SODA 2002. 



Quasi-adaptive Protocol with 
 Bits of AdviceO(log(γ2))

− Consider a dominating set  that minimizes  , and
− a 4-distance coloring of  of  colors (no labeling).

DS γ2
DS O(γ2

2)

23:18 Deterministic Local Problems in Radio Networks

C Pseudocode Deferred from Section 3.3686

Algorithm 2 LB_quasi – Local Broadcast algorithm with O(log ω2) Advice for a node v

1: Let Fi = {S(i)
1 , . . . , S(i)

ωi
} be a fixed (shared between all nodes) (n, !/2i→1, !/2i)-avoiding

selector, where ωi = |Fi|, for i = 0, 1, . . . , log !.
2: Receive from the oracle the color col(v) = c of DS node w such that v is assigned to w
3: for phase = 1, . . . , log ! do
4: for stage = 1, . . . , ωphase do
5: for block = 1, . . . , ε2

2 + 1 do
6: Round 1:
7: if v → S(phase)

stage and col(v) = block and v ↑→ DS then
8: Transmit the message and the ID of v
9: else

10: Remain silent
11: end if
12: Round 2:
13: if col(v) = block and v → DS then
14: if v received a message in the previous round then
15: send the received message back
16: else
17: Send a dummy message
18: end if
19: end if
20: if v sent a message in Round 1 and received it back in Round 2 then
21: v switches o!
22: end if
23: end for
24: end for
25: end for

D Pseudocodes and Proofs Deferred from Section 3.4687

D.1 Proof of Lemma 11688

Proof. From Theorem 4, the length of (n, ε2)-selector, and thus also the number of commu-689

nication rounds in the whole procedure, is O(ε2 log(n/ε2)).690

From Definition 3, for any non-DS node v there will be a round in the procedure such691

that v hears exactly one transmission. The transmissions only come from the DS nodes.692

Thus, any non-DS node v will be assigned to some DS node. Recall that any DS node is693

assigned to itself, by default. ↭694

Thanks to 
acknowledgments, 
nodes switch off after all 
neighbors received.

Thanks to avoiding 
selectors, no need for 
round robin (no labeling)



Adaptive Protocol with 
 Bit of Advice1

− Consider a dominating set  that minimizes  (no labeling, no 
coloring).

DS γ2

23:20 Deterministic Local Problems in Radio Networks

Algorithm 5 Local broadcast after assignment of DS nodes and numbering – Algorithm for node
v

1: Let F = {S1, . . . , Sω} be the fixed shared (n, ω2)-strong selector, where ε = |F|
2: for i = 1, . . . , ε do
3: for j = 1, . . . , ! + 1 do
4: DSv → the DS node assigned to v
5: if DSv ↑ Fi and the local number of v is equal to j then
6: v transmits
7: end if
8: end for
9: end for

E Proof of Theorem 14 from Section 4.1695

Proof. We prove our lower bound showing a randomized strategy for the adversary for each696

query of the sequence announced by the algorithm. We prove that, for each algorithm, such697

a strategy fulfills the requirements of the game and requires the claimed time lower bound698

with positive probability. Hence, by the probabilistic method, there exists a deterministic699

strategy that proves the claim4.700

Notation701

First, let us recall/introduce some necessary notation. Let Er be the set of edges in702

round r after the adversary adds edges, and the corresponding graph Gr = (V, Er). Let703

Q→
r = (Qr \ Hr). We classify queries of the algorithm according to the size of Q→

r into classes704

singleton, small, and large queries. Specifically, for any round r, |Q→
r| = 1, 1 < |Q→

r| < ϑ,705

or |Q→
r| ↓ ϑ respectively, where ϑ = 1 + (c1n log n)/”, for some constant c1 > 2 and706

” = min{!/2, ω2 ↔ 1}. Also, let the frequency of any node ui ↑ U by round r, denoted707

as f(ui, r), be the number of small queries, up to round r inclusive, that include ui. That708

is, f(ui, r) = |{r→|r→ ↗ r ↘ ui ↑ Qr→ ↘ 1 < |Qr→ | < ϑ}|. Then, for each round r such that Qr709

is small, and for each node ui ↑ Q→
r, we say that ui has low frequency if f(ui, r) < ”, or710

high frequency otherwise.711

Adversary strategy712

At the beginning of round 1, after the algorithm announces Q1, partition the set E0 into713

disjoint subsets as follows. For each ordered pair (ui, wi), i ↑ [n/2], assign {ui, wi} to714

a subset Lx, where x is chosen uniformly at random from [n/”] 5. For each x ↑ [n/”],715

we additionally define notation for the sets of nodes Ux = {ui|i ↑ [n/2] ↘ {ui, wi} ↑ Lx},716

Wx = {wi|i ↑ [n/2] ↘ {ui, wi} ↑ Lx}, and Vx = Ux ≃ Wx.717

Now, still at the beginning of round 1, the adversary adds edges to the graph as follows718

(refer to Figure 4). For each x ↑ [n/”] such that |Lx| > 1, add all edges necessary to719

form a complete bipartite graph on the partition {Ux, Wx}. That is, for each pair of edges720

{uj , wj}, {uk, wk} ↑ Lx, add the edges {uj , wk} and {uk, wj}. Intuitively, these new edges721

will make large queries of the algorithm ine!ective for hitting ordered pairs because, being722

the query large, the likelihood of having a hit will be low, as we show below.723

4 In fact, we prove it with high probability, which means that, for most of the possible outcomes of the
randomized strategy, the adversary restrictions hold and the claimed time lower bound is required.

5 Throughout, without loss of generality, we omit ceilings and floors for clarity.

Preprocessing for node :
− receive 1 bit of advice indicating whether  belongs to  or not
−compute assignment of dominators
−compute labeling (constant adaptivity) 

v
v DS



Lower Bounds?



The Directed-matching Hitting Game 
Technical tool to prove our lower bound.

Definitions:

Lower Bound

u4

u3

u2

u1

w5

w4

w3

w2
w1

u5
u4

u3

u2

u1

w5

w4

w3

w2
w1

u5

• A set of ordered pairs  is a directed matching on 
  if the set of edges  is a matching on .

M = {(u1, w1), (u2, w2), …}
G = (V, E) M′￼= {{u1, w1}, {u2, w2}, …} G

M = {(u1, w1), …, (u5, w5)} M′￼= {{u1, w1}, …, {u5, w5}}



The Directed-matching Hitting Game 
Technical tool to prove our lower bound.

Definitions:

Lower Bound

• Any subset of nodes  is called a query.

• A sequence of queries  is called a protocol.
{ui | (ui, wi) ∈ M}

⟨Q1, Q2, …⟩

Round 1 2 3 4 5 6 7 …
0 1 0 1 1 1 0 …
1 1 0 0 1 0 1 …
0 0 1 0 1 1 1 …
0 1 0 1 0 0 0 …

… … … … … … … … …
1 1 0 1 0 1 1 …

u1
u2
u3
u4

un/2

Indicates 
u1 ∈ Q6



u5

u1

u3

The Directed-matching Hitting Game 
Technical tool to prove our lower bound.

Definitions:

Lower Bound

• A query  hits the ordered pair  iff  and
for all other  it is .

Q ⊆ V (u, w) ∈ M u ∈ Q
v ∈ Q {v, w} ∉ E

u4

u2

w5

w4

w3

w2
w1

 hits Q = {u1, u3, u5} (u5, w5)

Same as successful 
transmission in RNs!



The Directed-matching Hitting Game
Parameters: number of nodes , max degree , and 2-local domination .n Δ γ2

Lower Bound

Chooses a protocol (sequence of 
queries) 

Objective: minimize rounds to hit all pairs.
⟨Q1, Q2, …⟩

Algorithm player Adversary player

Chooses directed matching 

Objective: maximize rounds to hit all pairs.
M = {(u1, w1), (u2, w2), …, (un/2, wn/2)}

u4

u3

u2

u1

w5

w4

w3

w2
w1

u5

Initialization



w5

u3

u5

u1

The Directed-matching Hitting Game
Parameters: number of nodes , max degree , and 2-local domination .n Δ γ2

Lower Bound

Announces query  where Qr∖Hr
Hr = {ui ∈ Qr | (ui, wi) hit before}

Algorithm player Adversary player

Adds to the graph edges  
such that , restricted to  and .

(ui, wj)
ui ∉ Hr Δ γ2

u4

u2

w4

w3

w2
w1

{u1, u3, u5} {{u3, w5}}

For each round r



The Directed-matching Hitting Game
Parameters: number of nodes , max degree , and 2-local domination .n Δ γ2

Lower Bound

Algorithm player Adversary player

Game ends at round  if every edge of the directed 
matching  has been hit by queries .

τ
M ⟨Q1, Q2, …, Qτ⟩

u4

u3

u2

u1

w5

w4

w3

w2
w1

u5

Ending conditions



The Directed-matching Hitting Game

Lower Bound

Proof sketch: we show
- an adversary strategy that prevents some hits,
- that such strategy fulfills the restrictions of the game,
- that within the claimed time bound only a fraction of the matching is hit,

all with positive probability  by the probabilistic method the claim follows.⇒

Let’s look at the adversary strategy…



The Directed-matching Hitting Game

Lower Bound

Adversary strategy:

- Initially: 
- partition at random the matching in 

subsets called “gadgets”.
- add edges to each gadget to make it 

bipartite complete. 
- add edges to each gadget so that a 

chosen node dominates the gadget.

These edges will make large queries of the 
algorithm ineffective for hitting because, 
being the query large, the likelihood of 
having a hit will be low.



small / large : 

frequency : # of occurrences in small queries so far.

low / high : 

≶ σ = 1 +
c1n log n

min{Δ/2,γ2 − 1}

≶ min{Δ/2,γ2 − 1}

Adversary strategy:
- For each round:

“small”? : “frequency” 

The Directed-matching Hitting Game

Lower Bound

query size

singleton? : do nothing, impossible to block hit.

“low” : add edges 

“large”? : initial gadget edges block hits whp

“high” : allow hit 
(hard to block with limited )Δ



Lower Bound

Proof sketch: 
- For contradiction we assume that there exists such protocol P that 

completes Local Broadcast in less time.
- We show that then we can use P as the algorithm player in the Hitting 

Game, and use the network built by the adversary as input of Local 
Broadcast reaching a contradiction with Theorem 16.



Conclusion

23:2 Deterministic Local Problems in Radio Networks

Section # or
reference Communication rounds Protocol class Bits of

advice
[8]:Thm 13 O(!2 min{log n, log2

! n}) oblivious, ω2 → 1 none
[12]:Thm 1.6 ”(min{!2 log! n, n}) oblivious, ω2 → 1 none

3.2 O(!ω
2
2 log ω2) oblivious O(log(!ω2))

3.3 O(!ω
2
2 log n) quasi-adaptive O(log ω2)

4.2 ”
(

min
{( min{!,ω2}

log n

)2
, n

})
quasi-adaptive none

3.4 O(!ω
2
2 log2

n) adaptive 1
[14]:Cor 11 ”(! log n) any, ω2 → 1 none

Table 1 Our deterministic distributed RN Local Broadcast results in comparison with closest
previous work. n is the number of network nodes, ! is the maximum degree and ω2 is the 2-local
dominating number.

What topology knowledge, or advice, is su!cient to beat the !2 bound?76

The general question of how much of topology knowledge may help nodes in completing a77

distributed task faster, was heavily investigated in various forms, for example, in [17, 16, 18,78

33, 23]. Inspired by [15], who parameterized time complexity of global broadcast by the size79

of a Maximal Independent Set, and by our lower bound involving the minimum local size of80

the Dominating Set (DS), we investigate to what extent some local knowledge about some81

DS may speed up Local Broadcast. In particular, the extra knowledge (also called advice,82

or, sometimes, a label) about some nearby node in the DS and the local number among the83

neighbors of that node is su!cient to build an e!cient oblivious transmission schedule. Note84

that such advice consists of a logarithmic (in !, ω2) number of bits per node, and could be85

further decreased down to 1 when adding some adaptiveness to the protocol.86

1.1 Our Contributions87

Our results are detailed and compared to previous work in Table 1.88

Upper bounds. In Section 3 we present three Local Broadcast algorithms with advice, which89

are e!cient (that is, o(!2)) for graphs with small 2-local domination number ω2 (defined90

later). More precisely, all our algorithms complete Local Broadcast in Õ(!ω2
2) rounds (where91

notation Õ hides polylogarithmic factors) trading the size of advice for adaptivity.92

The first algorithm (Section 3.2) needs log(!ω2
2) → O(log(!ω2)) bits of advice, but it93

does not need any adaptivity (i.e., the algorithm is fully oblivious). In view of the best94

known lower bound ”(min{!2 log! n, n}) for oblivious algorithms without advice in [12],95

which works for any ω2, it demonstrates that a logarithmic (in terms of ! and ω2) advice96

allows to beat this lower bound for networks with ω2 → O(
↑

!).97

The second algorithm (Section 3.3) uses less advice of only O(log ω2) bits, but needs98

a bit of adaptiveness in deciding to stop (i.e., the algorithm is quasi-adaptive). It is only99

one factor away from our new lower bound on quasi-adaptive algorithms without advice,100

described later.101

The third algorithm (Section 3.4) requires only 1 bit of advice, but is fully adaptive.102

All our algorithms do not require collision detection or acknowledgments built-in the model.103

They are also close to the obvious lower bound ! (as a node can receive at most one message104

in a round, because of avoiding collisions), as long as ω2 is small.105

Lower bound. In Section 4 we present a lower bound of ”
(

min
{

(min{!, ω2}/ log n)2 , n
})

106

for quasi-adaptive deterministic algorithms accomplishing Local Broadcast in any n-node radio107



Open Directions

What is the inherent complexity of other local tasks? 

Which global tasks can be performed without using Local 
Broadcast as a primitive, and thus, possibly have even a 
lower complexity?

Can one derive better algorithms for the case that only some 
 nodes wish to locally broadcast? Must  be known to 

help?

We provided three points in the trade-off between adaptivity 
and advice. What is the complete trade-off?

x < n x



Thank you!
mmosteiro@pace.edu


