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Introduction

The survivable Capacitated Networks Design Problem (SCNDP for short) is
one of the most essential issues in telecommunication and transportation
networks. A survivable network is a network that is designed to remain
operational in the event of a component(s) failure(s) (cable cuts, electronic
failures on switching centers, and so forth). In SCNDP, researchers usually
consider survivability in two different ways diversification and reservation.
Diversification consists of dividing the demand of source-sink node pairs into
two or more node-disjoint (or arc-disjoint) paths, and in reservation after the
failure of a component(s) of the network, part of the demand for node pairs
can still be satisfied by rerouting. To implement reservation, the links on the
network ought to have enough capacity to support the new flows after the
rerouting has been made.

Therefore, in this paper, we first present one model for the problem of
survivable capacitated network design based on the reservation strategy. In
many real-world applications, the observed values are often uncertain, for
example random, fuzzy, etc. Therefore, we consider the demand vector (the
right-hand side values) randomly and then by using joint chance-constrained
and probability concepts, obtain the corresponding deterministic model. Then,
we propose an approximation optimization approach and use piecewise
tangent approximation and piecewise linear methods to obtain its lower and
upper bounds, respectively. Finally, computational results show the efficiency
of the proposed model and approximation methods for relatively large-scale
networks.

Material and Methods

In many real-world applications, the values of parameters are often uncertain.
There are several methods available to tackle this uncertainty, including:

1. Fuzzy programming,

2. Stochastic programming based on scenarios,

3. Robust optimization,

4. Probabilistic programming.

In this paper, we will use the probabilistic programming (joint chance-
constrained) method to obtain the corresponding deterministic model
according to the type of the initial model and assume an independent non-
deterministic demand vector.
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The resulting model is the mixed integer non-convex non-linear model which
we will use iterative and approximate piecewise tangent and piecewise linear
methods to solve it.

Results and discussion

In this article, we first presented a model for the survivable capacitated
network design problem, and then by considering the demand vector as non-
deterministic and assuming the independence of random variables, we
presented the corresponding deterministic model by using joint-chance
constrained and probability concepts. Because the resulting model is the
mixed integer non-convex non-linear model, two approximations were used
to solve the problem. The numerical results obtained from GAMS software
and the CPLEX solver were reported for medium to large-scale networks.
Next, we will examine the initial model under the assumption of dependence
between random variables.

Conclusion
The following conclusions were drawn from this research.

e This paper develops a cost-capacity efficient model for the SCNDP
with different capacity levels and piecewise linear convex objective
function based on the reservation strategy.

e We suppose the demand vector can be reported as random variables
in the case of independence. To deal with uncertainty, we focus on
the joint chance-constrained programming method.

e This paper develops a mixed integer non-convex non-linear
programming model and finds a lower and upper approximation,
using the piecewise tangent approximation and piecewise linear
approximation, respectively.
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