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Outline &

=» setting:
o  N-intertwined model
=» curing infection:
o  optimization models
=» theoretical results
o characterize optimal « curing vs infection » functions
=» algorithms
o afew words
=» examples and numerical results
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Setting: notations

= Undirected graph G=(N,L)
o N: set of vertices (nhodes)
o L:setof links (edges)
o A =(a: adjacency matrix (a;=1 means {i,} € L)
o A symmetric, no loops (a;=0)
o N(i) ={ € N: a;=1} : neighborhood of |

Recherche & Développement

-~

Diffusion
Libre

Septembre 2005



Setting: N-Intertwined Model

= [1] « Virus spread in networks », P. Van Mieghem, J. Omic, R.

Kooij, IEEE/ATM Trans. Netw., vol. 17, no. 1, pp. 1-14, 2009.

O

O

O

X;: state of node i (X; = 0 healty, X, = 1 infected)
vi(t) = PriX,(t) = 1]

Curing process: Poisson with rate o,

Infection process: Poisson with rate 3,

cases:

Homogeneous: (6= 9, ; = B) done in [1]

*  Heterogeneous: (3;, ;) done in [2]

© Here: (5, B, = B)
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Setting: N-Intertwined Model &

= Differential equation
o  Curing process: Poisson with rate o,

o Infection process: Poisson with rate 3

dt

dv. (t) _ ﬁ(l_vi (t))i a;V, (t)— oV, (t)

e probabi_lity of prqbability tha_t curing probat_)ilit)_/ of
rate node i not neighboors of i e node i being
being infected are infected infected
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Setting: N-Intertwined Model

= Differential equation

O

O

O

Curing process: Poisson with rate o,

Infection process: Poisson with rate 3

Steady-state:

dVi (t) — O notation
dt
Solution:
ﬂ alj J
- e i)
T Saea PO

Libre

v is an implicit function of 6 !!! (°)
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Setting: N-Intertwined Model &

> In the homogeneous case (3, =9):
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Optimizations models

= (P1): Minimize total infection, given a curing « budget »

implicit function of 8

min D v,

jeN

st. Y 5,=2Lap

jeN

0<d/<0,, JeN

number of links parameter infection rate

difficult problem !

numerical approaches can be considered...
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Optimizations models

=» v is an implicit function of o:

——A010)
- BVNG))+

=» Dbut o is an explicit function of v:

5 = ﬂ(l;—_v‘jV(N(i )
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Optimizations models &

= (P1): Minimize total infection, given a curing « budget »
min > v,(5)
jeN

s.t. Zéj =2Laf
jeN

0<6,<6,, JeN

= (P2): Minimize curing « budget », given a level of infection
mn > 5,(v)

S.t. Zvj =N«

jeN

0<6,(v)<s,, jeN
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Optimizations models &

= (P2): Minimize curing « budget », given a level of infection

min Zﬁ[l_v" JV(N(J'))

jeN VJ
S.t. ZI\:IVJ. = N«
je
0<0, <o, JeN
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Some theoretical results &

= denote
o f,*(a) the optimal value of (P,)
o f,*(a) the optimal value of (P,)

= then:
o f,*is strictly decreasing w.r.t. a
o F*a)<2L(2-a)B

o optimal solutions of (P,) and (P,) are linked
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Some theoretical results &

2.9

= Problem P,: jeN
o choose o 0
o |hs = Na 2LJ

o Solve P,(a)

f*(o)
= Problem P,:

o No = optimal

value of P1 with

param. f,*(a)
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Some algorithms &

= Random search
= Local search

o descent along projected gradient
= Branch-and-bound (exact)

o divide the domain iteratively

o evaluate function at center

o use gradient to obtain upper-bound
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Some examples

= example: 7 nodes

4 N
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Some examples

= example: 7 nodes
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a =0.5, Zvj =35

JeN
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Some examples &

= example: 7 nodes

level

/ \ of
protection

19.2

N &

a=02,> v, =14

JjeN
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Some examples &

= example: 7 nodes

protection

a=02,> v, =14
JjeN
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Some examples &

= example: 7 nodes

> protection proportional to node degree:

level
of
protection

19.2

2.9

jeN

a=02,> v, =14
JjeN
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Some examples

= example: 9 nodes

4 o

\_ ®
a=07,3 v, =63

JjeN
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Some examples

= example: 9 nodes

a=07,3 v, =63

JjeN
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Some numerical results
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nice alignement of points !
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Some numerical results &

=> bipartite graphs: analytical solution available

1000 & : ,
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