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» The current development of information technologies and
telecommunications gives rise to new control problems related
to efficient transmission of information and allocation of limited
network resources.

» At the same time, wireless networks should be reliable with
respect to various attacks. These attacks may lead to
degrading the network performance and Quality of Service, as
well as losing important data, reputations, and revenue.

» In this paper, we consider the problem of allocation of link
resources in telecommunication networks with respect to both
utility and reliability goals.
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Problem formulation

unversity P We consider the telecommunication network where the
OF OULU . e H
reliability factor should be taken into account. Namely, we
associate the reliability to each arc flow and determine p(f) as
the non-reliability of the /-th arc having the flow f; for / € L.
Then 3, w(f;) is the total network non-reliability and we
formulate the network manager problem as follows:

max — Z ui(x;) — Z/M(f/), (1)

icl leL
subject to

S oxi=f, Il (2)

i€l

0<f<q, el (3)

0<x<aj, i€l (4)

If the functions u;(x;) and —p(f;) are concave, this is a convex
optimization problem with the polyhedral feasible set.
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Solution method

By duality, we can replace problem (1)—(4) with the dual
unconstrained optimization problem:

min — ¢(y), (5)

where
wy) = max L(x.f.y). (6)

where

Lix, fry) =D uilx) =Y m(f)+ Y v (ZX,' - f/)

i€l leL leL icl

is the Lagrange function of the problem.
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» Calculation of its value and its gradient is rather simple and
decomposed into independent solution of single-dimensional
problems.

» The convexity and concavity properties enable us to apply the
usual Uzawa gradient method to find a solution of the dual
problem (5):

yk+1 :yk o Ak@/(yk)aAk > 0.

6/8



\ I / . .
[LC'J] Computational experiments

» The method was implemented in C++ with a PC with the
UNIVERSITY

OF OULU following facilities: Intel(R) Core(TM) i7-4500, CPU 1.80 GHz,
RAM 6 Gb.

» In our example we used quadratic functions of non-reliability of
arcs (QuadA)

wi(f) = pa P+ posfi, pa,po > 0,1 €L,

and logarithmic functions of utility of origin-destination pairs
(LogC)

u,-(x,-) = U |n(U0,,' + UL,'X,'), uj i > 0,] =0,...,2,i € /7

» The notations in the table are:

1. e is the accuracy of finding solution of the problem,

2. T.1 and T; 100 are the time (in seconds) of the method
with the starting point e and 100e, respectively,

3. l.1 and I, 100 are the numbers of iterations spent
searching for a solution to the problem with the starting
point e and 100e, respectively.
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|L| = 310 and for different values €. |L| is a number of transmission
links (arcs) and |/| is a number of selected pairs of origin-destination

vertices within a fixed time period.

Table: Computations for |/| = 620, |L| = 310 (QuadA-LogC)

€ Tea | lea | Tea00 | le100
10T [ 0.016 | 50 | 0.078 200
1072 | 0.028 | 57 | 0.094 220
1073 | 0.031 | 70 | 0.125 | 248
10~% | 0.047 | 91 | 0.172 407
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