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* The standard continuous percolation e we introduce and discuss the notion of

mode! addresses the fundamental the t-connectivity
W= question: when a random geometric

graph (say, the r-disk graph) on a « we look into the large deviation
- random iid sample is connected. regimes for t-connectivity problem;

* Well-known results (Penrose, Gupta- e we discuss the influence of the
e Kumar) establish the connectivity cooper ative communications on the

scalings and asymptotic behavior of the connectivity thresholds;
connectivity probability.
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* Let A be a plane domain with piece-wise
—— smooth boundary, X an iid size n sample
from some density f on A.

G(X,r) =(E,X) isthe graph with
vertices set X, and edge (x,y) in E
Iff |x-ylisat most r.

* \With high probability,
the loss of connectivity of the graph

— G(X,r) is caused by singleton ’ S
e nodes This result/ intuition is valid in much more
general situation:
* Poisson approximation implies the main ® higher dimension

scalinglaw w, nr ‘~logn more general domains

[ }
® rnon-constant densities
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* Here exp(—w, nr,“) isfighting n dependent points in the sample




* However, often one is less worried about o %% ceae
s iSOlated  nodes than about losing feE%y  *fuee -:';L o
— A . — . e .I.='. :.:--'.. l'::
connectivity to a significant fraction of the TP -ﬂig"ﬂ O
network. TR Al T - gy
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S— We say that a graph G=(E,X) is "-:.'_f'!';'. :;,“,‘{ Yo s gl U o
— t-disconnected if the largest connected : ':':'-:{-'f:‘# M3t ae
component of G contains less than co o ® - :'-" i
(1-t)| X] nodes. ARt

The t-disconnect might occur in a variety o
* For dense random geometric graphs G, ways:
t-disconnect isa rare event. Yet its * many isolated nodes of size O(1);
s Probability is a very important * many isolated components of size
characteristics of the network. O(n?)

* one large connected component of
size ~tn.




e \We are concerned with rare event — hence

concentrate on the Large Deviation _ --.":.,_ 022 ae
s Principle, yielding exponential rate of decay _ i&?b-“-'.. %
— o . :l" e s Y.
of probability of t-disconnect. OB L s S ] -
e Fix a sequence of radii r, defining a _ '.,x-;f':::;;,:-:;_.'q::?
sequence of RIS M L
random geometric graphs G(X, r.), |X|=n. - Leaale 30
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Assume that the graph G(X, r,) isdensg, i.e.
wnr 2~ log(n).
Let L(n,t)={G(X, r,) has t-disconnect} The t-disc

£
® many isolated nodes of size O(1),

’ e e I' A
ceur in 4 variety of ways;
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Then the following LDP holds: ® nany isolated components of size Ofr”
. s
. logP(L(n,t .
lim — (Lin.)) =D,(1) ® one large connected component of size ~tn
nr,




logP(A(n,t))

nr

n

=D,(1)
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"« The function D,(t) has a clear geometric

meaning: it is the solution of the dual Dido
problem (isoperimetric problem):
To bound areat in domain A with a
— border of minimal length
Solution: arcs of circles and straight
segments
* In particular, we know where t-disconnect
happens. In fact, full Donsker-Varadhan LDP
can be established.
e This is analogous to Wulff shape theory
= (describing crystal shapes as solutions to
variational problems of minimizing surface

Interface).
-  Valid in higher dimensions, for nonuniform
samples...

~

Interface is not necessarily
connected
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*Cooperative or assisted communication can
s IMpProve connectivity characteristics of a
W random network

°In complete generality, the connectivity
(ability to pass data with assured minimal
= Iate) is a function of tuples of “ close” nodes

*Here we address the smplest case: two
. nhodes within direct communication radius r

can communicate with a node at distance
R>r

; destination (Bob)

/ source {Alice)

relay {Rachel)
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*The graph G=G(X,r,R) is a supergraph of
G(X,r) on the same vertex set X

*The edge (i,}) whichisnot in G(X,r) belongs
to G(X,r,R) if and only if there exists a node
$k$ such that either

- *Note that G(X,r,R) is not equal to G(X,R):
the range increases only when the
communication is assisted

. Main question:can one achieve
connectivity with a smaller direct
- radius using assisted communication

mode?
—




* Indeed:
If
wnR —logn— o
and
 — o0
then G(Xr,R) is connected with high
I ey
s robability

*|n other words, direct communication radius

r can grow arbitrarily slowly as a function of

- | naslong asthe assisted communication
radius R overtakes the standard growth rate

Assisted communication creates
hierarchical network structure: assisted
links emer ge between clusters spanned by
direct communication links
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