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Abstract

Randomized rumor spreading protocols are
classically used to spread information across a net-
work. We start with a quasi-random model proposed
by Doerr-Huber-Levavi where each node must fol-
low certain rules to maintain the robustness of a ran-
dom protocol to insure against transmission failure.
We will explore the wastefulness of algorithms with
regard to the topology of the network. Also exam-
ined is rumor spreading in a non-stationary environ-
ment where graphs are formed and reformed based
on agent movement. Overall, stationary fixed con-
nection agent, and dynamic transitory agent perfor-
mance are compared in different contexts.

Objectives

THE OBJECTIVE is to optimize for wall time. We ex-
plore adding a back channel for information and

ignoring the previous formula for robustness by node.
The increase in complexity might both guarantee ro-
bustness and minimize total wall time.

Using stationary fixed connection agents the to-
tal computation is directly related with the degree of
connectivity; so we focus on efficiency in terms of
agent degree.

Complete graph vs Sparse graph.
The quasi-random protocol explored has no for-

mal mechanism for stopping the flow of informa-
tion. The current algorithm will continue n number of
rounds, where n is a number of rounds determined
by a probability that it will have spread to the entire
graph. With the quasi-random protocol proposed by
DHL, connectivity between agents is ignored. We
look at adding methods for minimizing the number
of time steps including stop checks and connectivity
modifiers.

Our transient agent model examines grouping
and preconditions to make predictions about com-
pletion time. In addition we examine methods of re-
leasing information in a manner which minimizes total
spread time.

Description of Work

RUMOR SPREADING has been employed in a va-
riety of applications. Here we describe agents

as mobile and fixed computing platforms. A wired
network is analogous to stationary agents. A mobile
platform, laptops or cellphones, would be an example
of a transient network. Additionally, we could picture
random walks and rumor spreading as the traditional
disease model.

Quasi vs Pseudo Random

Quasi-random and Pseudo-Random lead to
very different results. It was not immediately ap-
parent. Here’s a quick visual demonstration of the
difference.

Quasi Random vs Pseudo Random.
The difference between quasi-random points

and pseudo-random points leads to a different spread
rate. A quasi-random protocol will spread information
more uniformly, with few if any resends. Pseudo-
random, however, could frequently resend data to
the same node.

Stationary Fixed Connection Agents

•Quasi-random rumor protocols have rules be-
yond spray and pray (Classic ”Randomized rumor
spread method”)
•How do we know it’s penetrated the whole net-

work? No absolute assurance.
• Are these protocols incredibly wasteful?
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Based solely on the number of nodes we can
show that a rumor should be spread across an en-
tire graph after (1 + ε)( 1

log2(1+p)
log2 n + 1

p lnn) rounds

with probability p = 1− n
−pε
40

Drawbacks on Demonstrated Model

While the number of iterations required for ro-
bustness can be calculated using a probability of cov-
erage equation, we focused on optimizing for speed
without loss of robustness. Our research concerned
the following:

•Can we minimize the number of time steps?

•Does the degree of connectivity matter in this con-
text?

•Can we optimize the amount of computation per
time step in terms of connectivity?

Connectedness becomes important when test-
ing for efficiency. A complete graph will require more
computation per time step than a less dense graph.

Transitory Dynamic Connection Agents

Progression of Transitory Agent Model

Within this model all agents were allowed to
move unconstrained about a grid on a torus. Agent
movement, dynamic graphing, and remote sensing
were allowed to wrap on the edges. Allowing for dy-
namically formed graphs in an agent based model,
agents have more chances to be informed as total
informed increases.

Here red are informed and black are uninformed.
The blue lines represent the connections based on
proximity.

The above is a simplified example of the actual
process. All agents are moving randomly and form
their connections based on proximity. When coming
into proximity with other nodes an agent will use the
same selection process as the stationary model; the
agent will select one node in a quasi-random manner
and pass on the rumor.

Results and Research

MUCH OF THE CURRENT optimization work we
have done has focused on the stationary model.

With fixed agents and fixed connections between
them, rapid evaluation of the model is much simpler
than rapid evaluation of the dynamic agent model.
With that in mind, most of the work concerning sta-
tionary agents has been finished, and the our focus
is now transient agents.

Stationary Agents

The scheme for Quasi-Random rumor spread-
ing is extremely wasteful for the sake of robustness.
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Number of Rounds against the Average Connectivity
• For a fully connected graph, each round requires
O(n2) calculations, where n is the number of
nodes.
• For a very sparse graph, each round requires O(n)

calculations, where n is the number of nodes.

Approximation of Complexity using Time
This graph represents the execution time ver-

sus the average number of connections per node.
The minimal execution time can be explained by re-
alizing a graph will have less total computation per
round (O(n)), but takes on average a larger number
of rounds to be fully informed.

Experimentally we have shown that there is an
optimal total execution time.
• Exists where the number of edges between nodes

is enough that there is a reasonable chance for
each node to be informed
• This optimal value is expressed in connectedness

of a static graph.
• The value represents the average percentage of

other nodes to whch each node is connected, and
is around 12.8%.

Transient Agents

Currently we are tracking the path of a rumor through
a transient network. The most important thing
tracked at the moment is who informed whom, and
at what time step.
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Flow of Rumor through Agents by Number

The above graph shows the spread by time step
and informer. There is very little apparent structure in
the flow of information, so there seems to be little that
can be done at that step to increase the completion
rate and minimize computation.

We have performed some experiments related
to grid size and agent density to get an idea of what
happens when these vary.

Increasing Density, and Increasing Grid Size

The results so far are pretty basic. When the
number of agents for a given grid is increased the
increase in completion time is linear. When the grid
size is increased and the number of agents or agent
density is kept static, the increase in time is logarith-
mic.

Future Work

Currently, we are working on agent structure
and attractors. We’d also like to change how the
agents interact with their environment by implement-
ing impassible regions. Agent behavior will be altered
in the following ways:
• Aggressive Spreading - Agents behave as preda-

tors forcibly hunting uninformed agents

•Random Walks with Memory - Give agents mem-
ory to spread without backtracking

•Genetic Algorithms - Agents optimize for naviga-
tion in restricted access grids

Demonstration of selective attraction
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