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Partially measured graphs & Maximal matchings & partial recovery. Empirical evaluation.
Core-fringe structure. Algorithm 1: Greedy maximal matching. « Evaluate recovery on datasets containing known measured
b . Input: Graph G = (V, E) A simple building block. core C in email and telecommunications data.
We often measure graph dat'a by recording interactions Output: Vertex cover M with |M| < 2k* Greedy maximal matching » Edges all have timestamps (measure recovery over time).
involving a core set of nodes: M0 finds 2-approximation to » Compare against methods for “core-periphery” detection.
* Email of company employees for e = (u,v) € E do MiniMUM Vertex cover. . emai Envon emai-Envon
» Phone calls of all customers of a service provider | if uw,v ¢ M then M « M U {u,v} : N e

 Friendships of a set of users
We end up with a dataset that includes the core along

Precision at core size

with a potentially much larger set of fringe nodes. Theorem. If CE is any planted vertex cover T T N YS AL e ¢
with |C| < ck*, then any greedy matching M wbid e ] %[ e
contains at least |C| / (2¢) nodes in C. ) Days ' oas
email-Eu email-Eu
Core nodes (set C)area | The union of minimal vertex covers (UMVC)
vertex cover of the graph. :
9P| algorithm for planted vertex cover recovery.
2 funciion UWVC(hr: SparoekarrixCSC{Intod, Incodd, T T e
. 3 ncovers::Int64=300)
O 1 -Ru? %reedv maXllTal " R o i LI
matching several times with ¢ e = zeres et eimecis
Planted vertex covers (unknown cores). g several LI i i wnierin :
. ) . . random initializations. 9 ve = zeros(Intes, size(h.D) % oo
Sometimes we find graph data without core-fringe labels. 5 Prune maximal matchinas B ) e e e 1 ena g0t 2o
+ Intelligence and counter-surveillance: find email graph from -Fru axi - £ £
compromised accounts but don’t know who is compromised to get minimal covers. BT s N T
- Data provenance: metadata is lost over time 3. Take union of these minimal mws - fadmGGo ety wllRaty
Vertex covers as gUeSS at ;’) :;dsum(vc) == vc_size; break; end E:,:
Main question. the planted vertex cover. = iience 0 -
Can we recover the core R o ol T v el 17 ‘
without labels? o _— - LT
Entire Julia implementation: bit.ly/UMVC-julia T T R - I T T TR
Or, can we recover a Other fun theory. o oo
. . L. . text-Realit text-Realit
planted vertex cover in U = union of all minimal vertex covers of size < k = |C]. = -
found graph data? 1. High-degree nodes are in U.
If the degree of node v is at least k, then v is in U. “
, 2. Nodes connected to the fringe are in U. Fool -
\Why? We need the labels for better network analysis (€.g., to If node v connects to a fringe node w, then v is in U. e R
to deal with compromised accounts in counter-surveillance). 3. Nodes connected to deeply embedded core nodes are in U. oo oo
If all of v's neighbors are in the core and (u, v) is an edge, thenuisin U. | The algorithm is also pretty fast.
ln generall the answer IS “NO” bUt' . 4. STOChaSUC blOCK I’nOdeHng makes U Sl’na”' Dataset UMVC degree betweenness PC scores BE scores  Belief Prop.
. L ) SBM block probabilities p (core-core), g (core-fringe), O (fringe-fringe) for — — o — . — -~
Theorem. If G is a minimal planted vertex cover with [C] < k, o e o e o “eme o <o v thwn ™ Dlem omm
then we can find a set D of size O(k?) that must contain C. function of k, |U| < O(k log k) e S hdbsees DL Shows = das 09 s 180 mins
Specifically, D is the union of all minimal covers of size < k. 5. Unions can't grow too fast. textRealiy 05 secs <00socs  Ofsecs  lldsecs <Olsecs 68 ses
Computation exponential in k. Need something more practical. If M, N come from greedy max. matching, then |M n N| > ¥4 |M)].
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