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Networks where the edges are a subject to random failures are studied in the present article. As a
rule networks with unreliable elements are modeled by a probabilistic graph in which an operational
probability is associated with every element (a node or an edge). The most common reliability measure of
such networks is the probability that all the terminal nodes in a network can keep connected together, given
the reliability of each network node and edge. The analysis of the network reliability has been a subject of
considerable research [1, 2, 3]. Today we have a lot of different methods for network reliability calculation
and evaluation. These methods may be useful during network topology design and optimization.

In practice it often needs not only the existence of a path between each pair of nodes, but the existence
of a path passing via a limited number of communication links. Thus, we arrive to a different reliability
measure. The diameter constrained network reliability (DCNR) is a probability that every two nodes
from a given set of terminals are connected with a path of length less or equal to a given integer. By the
length of a path we understand the number of edges in this path.

This reliability measure was introduced in [4] and studied in more detail in [5, 6]. The problem of
computing this measure in general is known to be NP-hard, just like the problem of computing the
probability of network connectivity. Now the complexity of DCNR calculation is completely studied [6].

The new approach in reliability calculation (without diameter constraint) was introduced in [2]: cumula-
tive update of lower and upper bounds of network reliability for faster feasibility decision. This method
allows to decide the feasibility of a given network without performing exhaustive calculation. The ap-
proach was further developed with the help of network decomposition [3]. We propose the method for
cumulative updating of lower and upper bounds of diameter constrained network reliability. This method
allows us to make a decision about the network reliability (or unreliability) with diameter constraint with
respect to a given threshold without performing the exhaustive calculation.

One of the main reasons, which make the calculation of diameter constrained network reliability much more
complicated in comparison with other network reliability measures, is the lack of methods of recursion
quantity decrease. For example, for k-terminal network reliability calculation we may use a lot of network
reduction and decomposition methods. We propose to use the decomposition methods and some other
techniques for DCNR calculation. Let us demonstrate one of these methods.

Suppose that graph G includes cutnode x dividing the graph in two G1 and G2 subgraphs. Let us consider
2-terminal case. Let terminals s and t belong to G1 and G2 respectively and none of them is x. DNCR
is defined as the probability that nodes s and t are connected with diameter constrain d in a graph G.
We denote it by Rd

s,t(G). By Rd
s,t(G) we denote a probability that nodes s and t are connected in G and

a length of shortest path between them is equal to d. By di we denote the distance between s and x or
y in subgraph Gi. We obtained how Rd

s,t(G) is expressed in terms of Ri
s,x(G1), R

i
s,x(G1), R

i
x,t(G2), and

Ri
x,t(G2):

Rd
s,t(G) =

d−d2∑
i=d1

Ri
s,x(G1)R

d−i
x,t (G2) =

d−d1∑
i=d2

Rd−i
s,x (G1)R

i
x,t(G2). (1)

Also we obtained some other effective techniques for DCNR calculation, including the formula that lets
performing decomposition for the computation of diameter constrained 2-terminal reliability of a network
that contains 2-node cuts. While the calculation of DCNR known to be a NP-hard problem, the proposed
methods allow to considerably reduce the calculation time.
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