
Selection of software components

Large software systems consist of a complex architecture of interdependent, modular software compo-
nents. These may either be built or bought off-the-shelf. The decision of whether to build or buy software
components influences the cost, delivery time and reliability of the whole system, and should therefore
be taken in an optimal way.

Consider a software architecture with n component slots. Let Ii be the set of off-the-shelf components
and Ji the set of purpose-built components that can be plugged in the i-th component slot, and assume
Ii ∩ Ji = ∅. Let T be the maximum assembly time and R be the minimum reliability level. We want to
select a sequence of n off-the-shelf or purpose-built components compatible with the software architecture
requirements that minimize the total cost whilst satisfying delivery time and reliability constraints.

The parameters of this problem are:

1. for all i ≤ n, si is the expected number of invocations of the component within the large software
system;

2. for all i ≤ n, j ∈ Ii, cij is the cost, dij is the delivery time, and µij the probability of failure on
demand of the j-th off-the-shelf component for slot i;

3. for all i ≤ n, j ∈ Ji, c̄ij is the cost, tij is the estimated development time, τij the average time
required to perform a test case, pij is the probability that the instance is faulty, and bij the testability
of the j-th purpose-built component for slot i.

The probability that no failure occurs during the execution of the i-th component is
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where

ϑij =
pijbij(1 − bij)

(1−bij)Nij

(1 − pij) + pij(1 − bij)(1−bij)Nij
,

and Nij is the number of tests to be performed on purpose-built component j ∈ Ji and slot i.

Formulate this problem as a mathematical program, reformulate it as a Mixed-Integer Linear Program
(specifying what basic reformulations you have used, and whether they are opt-reformulations, narrowings
or approximations) create a simple instance and solve it with CPLEX.



Solution

• Variables:

1. Let xij = 1 if component j ∈ Ij ∪ Ji is chosen for slot i ≤ n, and 0 otherwise;

2. Let Nij ∈ Z be the (non-negative) number of tests to be performed on the purpose-built
component j ∈ Ji for i ≤ n: we assume Nij ∈ {0, . . . , N}.

• Objective function. We minimize the total cost, i.e. the cost of the off-the-shelf components cij and
the cost of the purpose-built components c̄ij :
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• Constraints:

1. assignment constraints: each component slot in the architecture must be filled by exactly one
software component

∀i ≤ n
∑

j∈Ii∪Ji

xij = 1;

2. delivery time constraints: the delivery time for an off-the-shelf component is simply dij ,
whereas for purpose-built components it is tij + τijNij

∀i ≤ n
∑

j∈Ii

dijxij +
∑

j∈Ji

(tij + τijNij)xij ≤ T ;

3. reliability constraints:
∏

i≤n

ϕi ≥ R;

notice these constraints involve two sets of added variables ϑ, ϕ.
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