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Simulation Results

Delay Time vs. Coding Parameters {n,k}

Figure 1: Constants: m = 100, s = 30, f = 20.
The number of steps taken as k and n change.

Discovery Probability vs. Number of Blocks

Figure 2: The overall probability of discovery
as the message block count k increases.

Minimizing Delay

Im - the total length of the message

I k - the number of blocks the message is split into

I n - the number of generated code blocks

I s - the number of vertices on the graph

I f - the number of relays on the graph
For this communication scheme, we have:

k < m

k ≤ n ≤ f ≤ s

1. Time Complexities The total time tT associated
with dissemination and collection was computed to grow
at

tT ∼
m

k
s
(

log(f )− log(f − n) + log(n)− log(n − k)
)

which follows from a well-known result in probability
(coupon collector’s problem).

2. Optimizing Code Block Size Given fixed
{m, k, s, f }, what is the optimal value of n? We com-
puted this to be

n =
√
fk

3. Optimizing Message Block Size Given fixed
{m, n, s, f }, what is the optimal value of k? This cannot
be expressed using elementary functions, so we express k
in terms of the Lambert W function,

k = n − fn

f − n
exp

(
W−1

(
n − f

fe

)
+ 1

)

Minimizing Discovery Probability

IW - time interval of Wally check

Iλ - parameter of exponential distribution for noise

IT - the random variable denoting the length of transmission
at one node

1. Motivation Suppose we have an adversary, Willie the war-
den, who checks every node for signals at every fixed interval.
We want to reduce the amount of signal at every node, which
includes both the initial transmission and any subsequent noise,
which can be modeled by an exponential distribution. What are
the optimal values to reduce the overall probability of discovery?

2. Probability of Detection First we describe the pdf of T ,
where T = m

k + N and N is an exponentially distributed noise
term.

fT(t) =

{
0 if t < m

k

λe−λ(t−m/k) if t ≥ m
k

Now we calculate the average probability p of discovery at every
node, given that Wally checks uniformly between 0 and W .

p =
1

W

(
1−

∫ W

0

∫ t

0

fT(s)dsdt

)
=

e−λ(W−m/k) + λm/k − 1

λW

The overall probability of discovery P(t) depends on the number
of transmissions made.

P(t) = 1− (1− p)n+k


