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INntroduction

e The efficient detection of outbreaks within networks has become a common

topic of study. A method of surveilling these networks is choosing a “sensor

set,” a subset of size k of the original network, to monitor consistently.

 Choosing the optimal sensor set is a common area of research, with the
most common method being using a greedy approach proposed by Leskovec
et al.1, who use submodularity to maximize the probability of detecting an

infection within the network.

QOur A

We define a linear program that finds the optimal sensor set to solve the
MinDelSS Problem:
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The binary constraints in (5) make this linear program infeasible for large
networks. Instead, we define a new algorithm RoundSensor.

RoundSensor

Solve the linear programming problem while relaxing (5) to x,, y.,€ [0,1] for
all u, i, d.

For each node u, add u to sensor set S, with probability x;,
min{1, x, log(n + 1) log(Nn)
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Worst-Case Bounds

We prove rigorous worst case bounds for the sensor set produced by

RoundSensor depending on whether cascades are provided to us or not. If

N cascades are provided, with probability of at least 1 — Z.

n
1) We have |S,| < k - 2log(Nn)log(n + 1)
2) We have Typ,;(Sy) < 2log(n + 1) Ty (S™) where S™ is the optimal

solution.

If cascades are not provided, N cascades can be sampled using an SIR

3
methodology. Let N > g—zn(n 1) log(n) for € € (0,1). We show that

with at least probability 1 — >,

n

1) Wehave |S,. | < k-7log G) log?(n)
2) Wehave E|T(S,)] <2(1+¢)log(n+ 1) E[T(S*)] where S* is the
optimal solution.
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beriments with RoundSensor
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RoundSensor outperforms the baselines of selecting random nodes or selecting
the highest degree nodes by a large margin, while also outperforming the
oy Leskovec et al.}, even after accounting for

greedy algorithm proposed

possible budget violations. The mean detection time was up to 9% lower than

our greedy baselines on a network of 9949 nodes and 399495 edges.

Experiments cont.

Budget Violations of RoundSensor

13 - & Arxiv
17 o+ UNA COVID
LA Pre-COVID
1@ - Water
Carilion
15
—
— 14
ﬂI
13
L2 - T
. /”
10 - P m—— A ~ iy
G0 100 150 200 250
Budget K

Across the five datasets used for testing, our randomized rounding approach

never violated our initial budget k by a factor of more than 2. This is much
better than the worst-case bounds that we prove within the paper.

Discussion and Conclusion

While our algorithm has the downside of not providing certainty in the
testing budget, we believe that this tradeoff for a more optimal
solution is worth it.

Future work would involve generalizing the linear program used in
RoundSensor to handle looser periodic testing guidelines rather than
daily testing.
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