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Take-Home Messages

«  We proposed positive semidefinite tensor factorization (PSDTF)
— Tensor extension of nonnegative matrix factorization (NMF)

« Nonnegative tensor factorization (NTF)
is a naive extension of NMF

— Bayesian nonparametrics

« The gamma process is used for Bayesian PSDTF
that can deal with an infinite number of bases

« A special case: log-determinant PSDTF (LD-PSDTF)
— Elegant variational inference
 Closed-form MU and VB updates were derived
— Various applications
« Single-channel audio source separation

« Multi-channel EEG signal analysis
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Nonnegative Matrix Factorization

« Each nonnegative vector is approximated
by a convex combination of nonnegative vectors (bases)

Observed matrix

X =[x, - ,xy] € RMXN
Basis matrix
W =[wy, - ,wg| € RMx*K

Activation matrix
hq E\ ‘ N\M Vector-w}i(se factorization
hol I M g x szkhk =y

Bregman divergence: Dy (x,|yn) = ¢(Tn) — ¢(yn) — &' (yn)” (X — Yn) = Minimize

Kullback-Leibler divergence: Dy (zr|yn) = >, (Zmn 108 ZmnYms, — Tmn + Ymn)

[Itakura-Saito divergence: Dis(zn|yn) = Y., (— 108 TmnlYmb + TmnYmn — 1)}
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A Major Limitation of NMF

The elements of each basis vector are assumed to be independent
— The correlations between those elements are ignored
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Element-wise representation

K
def
k=1

The cost functio\n isl. defined

117 P

in an element-wise manner

Gamma priors are placed
in an element-wise manner

Problem: STFT cannot completely decorrelate frequency bins

because finite windows are used for analyzing non-stationary signals

mn
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Positive Semidefinite Tensor Factorization

« Each positive semidefinite matrix is approximated
by a convex combination of positive semidefinite matrices (bases)

Observed tensor
X =Xy, -, Xpy] € RMXMxN

Basis tensor
V = [‘/1’ QVK] ERMXMXK

Activation matrix
H =h,, - hg]T e REXN

Matrix-wise factorization

K
Xn ~ Z thkn d:ef Yn
k=1

can be used as a cost function

[Bregman matrix divergence

|
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PSDTF: A Natural Extension of NMF

Nonnegative Matrix Factorization (NMF)

— Vector-wise factorization K def
. T, ~ Zwkhkn = Yn
— Bregman divergence k=1

« Kullback-Leibler (KL) divergence
Dy, (wn|yn) = Zm (mmn log xmny;,-,}; — Tmn + ymn)
« Itakura-Saito (IS) divergence
Dls(wn‘yn) = Zm (_ log mmny;;;, + mmny;a}z - 1)
Positive Semidefinite Tensor Factorization (PSDTF)

— Matrix-wise factorization K -
. . XTL ~ Z thkn = YTL
— Bregman matrix divergence

k=1
« von Neumann (vN) divergence %

B —
Do (Xn|Yy) = tr (X log XYy ' — X, + Y,) {I(;npa{r:;?netric

* Log-determinant (LD) divergence Bayesian infinite
Din(Xn|Yn) = —log| X, Y, ! +tr (XY, ') - M .

extension feasible
"/

~
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Single-Channel Audio Source Separation

LD-PSDTF outperformed KL-NMF and IS-NMF
— Tested on a toy mixture signal consisting of three piano sounds
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Take-Home Messages

«  We proposed positive semidefinite tensor factorization (PSDTF)
— Tensor extension of nonnegative matrix factorization (NMF)

« Nonnegative tensor factorization (NTF)
is a naive extension of NMF

— Bayesian nonparametrics

« The gamma process is used for Bayesian PSDTF
that can deal with an infinite number of bases

« A special case: log-determinant PSDTF (LD-PSDTF)
— Elegant variational inference
 Closed-form MU and VB updates were derived
« Another special case: von-Neumann PSDTF (vN-PSDTF)
— This is worth investigating (closed-form solution exists?)
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