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Formalizing Source Detection \cii_ IRV |17

Discoverer Adversary T
< V] Trax Pick node set V
and Tha € N

Forroundsi=1,2,...

Pick v; € V to watch Decide infection times and
- li(v;) partner [ C V X V X [Tnax]

Discoverer decides to end the game
Suspect source s € V S » Pick edges E, labeling
, A: E — [Tmax], source s,
< EBASB seed time t,
End of game

Adversary @ wins if:
ms' #s
® A with seed infection at (s', ty) is consistent with all /;(v))
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Source Detection—Results

W VU i
Cost Measure
Number of infections (of all nodes) until the source is detected
Trees General

Lower Bound  Upper Bound Lower Bound  Upper Bound
Consistent
Known Q(nlogn)wep O(nlogn)ywep  Q(nyv/n)wep  O(ny/n) wep
Unknown  Q(ny/n)wep  O(ny/n) wep Q(ny/n)ywep  O(ny/n) wep
Obliviously dynamic
Known Q(nlogn)ywep O(nlogn)” wep  Q(n?) wep n? det o
Unknown Q(n?) wep n* det . ‘
Open Question v wcp=with constantz;obability

What if the graph is a tree, but we don’t know what it looks like?
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?=when watching 2 nodes
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Future Work oIV
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Novel field, plenty open questions

Probabilistic Fill our gaps
infections!

Open Question

[ = %O°/ What if the graph is a
o P=5ST7 o tree, but we don’t know
what it looks like?
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Setting: Obliviously dynamic source behavior, unknown static graph

O
Kn—1 o
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Let n be odd

Let Py, ... be (n — 1)/2 Hamiltonian paths on the nodes
Vi, ..oy Vn—1

If e is the i-th node on the j-th path, set A(e) = jn+i
In round x, infect s at xn-1

® Thus the infection travels via Py
® Every node is infected in every round

Discoverer must observe first or second node on the active
part to find the source

Proof intuition: observing a node only reveals its location on
the current path, but not on any future paths

We have probability at most 1/3 to discover the source in the
first n/2 rounds (i.e., before n? /2 infections)
Generalize to arbitrary success probabilities
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Setting: Consistent source, known static graph

Maintain a subtree of candidate nodes, and always compute a centroid as a
balanced separator. Start with the whole graph as the candidates. Candidates

H In each round: watch the current separator and one node in the current
subtree picked uniformly at random.

If you receive information about the subtree to go into (either because the
separator or the other node was infected), do so.

El If the separator is infected, recurse into the side of the separation from

which the infection originated. .
I8 If the randomly picked node is infected but not the separator, recurse into

the side of the separation this node is a part of.
Proof idea Balanced seperator of size tw

® Each round watches tw + 1 and must thus be expanded to
tw + 1 individual rounds watching one node
® Each such phase will likely have a success in case E or [4

after a constant number of iterations
® After each phase, the number of candidates halves

All nodes
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