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I. INTRODUCTION

This document provides the supplementary technical
material for the mentioned paper which is published
in the annual IEEE International Conference on Tools
with Artificial Intelligence (ICTAI), 2015. This document,
along with the release of the software package devel-
oped by Kevin Scaman and Argyris Kalogeratos for con-
ducting the simulations for this work, are available at:
http://kalogeratos.com/material/lrie—dra/.

II. APPENDIX

The second order derivative of the number of infected nodes
is computed as the sum of three derivatives:
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[
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In the following, we show that only the third
derivative 4E[X ()T AX ()] depends on R(t) when

R(t) already minimizes %E[N;(¢)]. First, Eq. 4.9
shows that %]E[Nl(t)} does not depend on R(t)
since X(t)TdR(t) = min(bo, N7(t)).  Second, let
H(t)= min(bior, N;(t)), then SLE[X(t)TR(t)] can
be computed as follows:

AR[X()TR(t)) = lim EHEURAOIZEAG] )

At—0

Let At be a sufficiently small time interval. Three scenarios
are possible:

o cither N (¢) > by and, during ¢’ € [¢, ¢+ At], H(t')
is stationary (since Ny(t') can at most increase or
decrease by one),

e either Ny(t) < by and H(t') = N;(t') during At,

e or the last possibility is Nj(t) =bio, and in this
case we only have to consider the case where
Nr(t+ At) =bor — 1 (H(t') will not change if Ny(¢)
increases).

Let 1y €RYN be a vector with unit values at di-
mensions where a certain condition c¢ is true, and

X (t)=1— X(¢) be the vector indicating the healthy nodes
of the network. We can then write:

E[H(t + A X (t)]
= L{N;(t)>bror ) Dtot
F1 N, (1) =bror } [bror — INT(E)AL — pX () T R(t)At]
F1 N, (1) <bror } [NT(E) — ONT(t) AL — pX (1) T R(t) At
+BX (1) T AX (t)At]
+o(At)
= H(?)
~L4N; (1) <bior} [ON1(E) + pH(1)]
TN (1) <o} BX (1) T AX (1) At
+o(At).
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We thus have:

LEX()TR()] = limae o HEHCHAIX@)-EH )]
= _E[]I{Nl(t)ﬁbtot}((SNI(Q + pH(t))]

FE[L N, () <bio ) X (8) TAX (1)),
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which does not depend on R(t).
Finally, %]E[X (t) T AX (t)] is the only term depending
on R(t) (using Eq. 4.7 and Eq. 4.8):

SE[X(1)TAX()

= Zi,j Aij%E[Xi(t)ij t)]

=2, Aii (FEX(0)] — FEX:(6)X;(0)

= =6, ; A E[X;()]

pZz j AijE[Xi (t)Ez(t)] (2.5)

+p Zl,j,k AijAkiE[)(z(t)Xk (t)]
+20 32, 5 A EIXG () X;(1)]
+p 255 A BIX () X5 (0) (Ri(t) + R (1))]
=B 2 g Aig A ELX (6 X (1) X5, (1))
B2k Avg A BIX (0)X 5 (8) X (1))

This equation is simplified by the fact that, in order to
minimize %E[N 1(t)], resources are only given to infected
nodes, which implies X;(t)R;(t)=R;(t). We can thus



rewrite this derivative as:
FE[X(1)TAX ()]

=—p2i; AuE[Ri(1)]
+p 2255 A EX; (O R (t) + Xa(t) R, (1))
+E(t)

= —pE[1TATR(t)] (2.6)
+pE[X(t)TATR(t) + X (t) T AR(t)]
+E(t)

= —pE[{AX (1) = ATX ()} T R(t)]
+2(1),

where Z(t) is independent of R(t). This leads to the second
order derivative of E[Ny(¢)] given in Eq. 4.11.



