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Abstract

Nonnegative matrix factorization (NMF) is a method proposed in recent year to
reduce dimensions of massive data. NMF plays an important role in many real
applications, such as face recognition, medical gene detection, text clustering,
pattern recognition and blind source separation, etc. The essence of NMF is to find
the nonnegative base matrix W and the nonnegative coefficient matrix H so that the
nonnegative matrix W and H satisfys V~WH. This decompose form implies that the
columns of V are the nonnegative linear combination of the columns of base matrix
W. The representation based on nonnegative linear combination of base vector
reflects the intuitive notions of “combining parts to form a whole”. Applying the idea
of “combining parts to form a whole” to general matrix V, We obtain the so-called
Semi Nonnegative matrix factorization, which also preserves the interpretability of W
and H.

One major work of this paper is: From linear complementary problem, three
projected gradient NMF algorithms based on fixed point equation are proposed.
Firstly, the Euclidean distance function is equivalently converted to several
nonnegative least square problems. With KKT condition, nonnegative least squares
problems are equivalently converted to a linear complementary problem. Based on
the linear complementary problem, a projected gradient NMF algorithm about fixed
point equation is proposed. In the algorithm, the search step lengths are selected
from the steepest descent method and the minimum gradient method respectively.
The convergences of these two algorithms are proved. Numerical experiments on
ORL face database show that the three algorithms on the approximation error are
superior to multiplicative update algorithm by Lee and Seung. For the face
recognition rate, these three algorithms nearly have the same performance than MU
algorithm.

Another major work of this paper is: Base on penalty function, a Semi-Class
algorithm is proposed. In addition, with the steepest descent and minimum gradient

searching step lengths, two projected gradient Semi NMF algorithms on fixed point
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equation are proposed. The convergences of these three algorithms are proved. All
these three algorithms are applied on analysis medical experiments reports.
Maximum rule and Nearest-Subspace method are used respectively as the
classification benchmark, and different classification are obtained. Numerical
experiments show that the proposed algorithms have a better performance than the

Semi-NMF algorithm by Chris Ding on accuracy rate under the classification criteria.

Key words: NMF; Semi NMF; Fixed point Project Gradient algorithm
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