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Abstract-Since its introduction in 1977, the expectation maxi-
mization (EM) algorithm has been one of the most important and
widely used estimation method in estimating parameters of distri-
butions in the presence of incomplete information. In this paper,
a variant of the EM algorithm, the expectation conditional max-
imization (ECM) algorithm, is introduced for the first time and
it provides a promising alternative in estimating the parameters
of nonhomogeneous poisson (NHPP) software reliability growth
models (SRGM). This algorithm circumvents the difficult M-step
of the EM algorithm by replacing it by a series of conditional maxi-
mization steps. The utility of the ECM approach is demonstrated in
the estimation of parameters of several well-known models for both
time domain and time interval software failure data. Numerical ex-
amples with real-data indicate that the ECM algorithm performs
well in estimating parameters ofNHPP SRGM with complex mean
value functions and can produce a faster rate of convergence.

Index Terms-Expectation conditional maximization (EMC) al-
gorithm, expectation Maximization (EM) algorithm, nonhomoge-
neous poisson process (NHPP), software reliability growth models
(SRGM).
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ACRONYMS

Expectation conditional maximization.
Expectation maximization.
Generalized expectation maximization.
Software reliability growth model.
Nonhomogeneous poisson process.
Maximum-likelihood estimation.
Probability density function.
Log likelihood function.
Mean squared error.
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r.v. Random variable.
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NOTATION

Cumulative number of failures de-
tected at time t..
Complete set of random data
(YI , 1'2, ... , Yr)).
Incomplete set of random data
(X1,X2 •.•. ,X,,), n« p.
Set of unobserved random data
(ZI,Z2 .... 'Zm)' m=p-rl.
d dimensional Euclidean space.
pdf of Y.
Conditional pdf of ZIX.
J In (f(x,z; B)) f(zlx;Bo)dz.
S preselected vector-valued
Functions of B.
{B: g,(B) = gs(Bt+«_l)!s)},
Nonnegative half line [0, (X';).
n-fold Cartesian product of X.
Family of all subsets of X.
Family of events generated by all rect-
angular sets Al x A2 X ... Ak•

Uk~OSk'
Probability measure on (..:t', B).
Probability of ki failures observed
in Ai, 1::;i ::;m.
Length measure on S.
k-volurne measure on Si:
l"'k'tr-
SbO lk(')'
P is absolutely continuous with re-
spect to T.
Janossy density.
Indicator function .of the set A.
Mean measure of the NHPP.
NHPP with mean measure jl(.).
Likelihood function of Q'L (.).
Distribution function of r.v. T:. the
time of occurrence of a software fail-
ure.
Survival function of r.v. T.
Parameter of the Poisson distribution.
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