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1 1 2
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—log P(Y|HU) < P Z ot — [HU], ) = .
[HU]w,t Yw,t
u | FAN—U 1T RFRAE ‘ Y.+ ~ Poisson([HU], ;) ‘
Poisson7 i
B [HU] Yo, te~ [HU], +
P(YIH,U)=]] T
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—log P(Y|HU) = .
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Co it ~ Nc(0,Hy 1Uk t)

Yw,t — Z Cw,t,k

—> __COD Yw,t & Cw,t,k (&
BRARIMNLAE D (EREE)
THIEITER,

0

Vi ~ Ne (0,50 Ho U )
k

> Cw,t,k & Cw,t,k’d)zﬁjq\i‘té'{&/rﬁ

i

J = Z D(Yw t| > Hw,kUk,t>

= Z ( Clog et 1)
ZHw kUlct Y Hy kUgy
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Dis(H,U §; +log > HypUpy— -
1S ( ) = (Zk Ho rUes g KUkt

o WERRIEOREE = JensenDAFR
1 ) 1 -
Zizi N ZZ)\Z/Z\—Z < Z)\ZZ :ZZ_

o XMHEHLIMEH = —DZzH (ic‘:’)bf"br? ?
9(z) < g'(c)(z = ¢) + g(c)

logz Hy, kUit <
k

1
Cw,t (Zk: Hw,kUk,t - Cw,t) + log Cu,t 4
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NMF c‘: pLSA [T. Hofmann, 1999] C‘:o)%%
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- (probabilistic Latent Semantic Analysis)

@®pLSATIIBEXEFDEBH N, H'D
P(w|i), P(i|t) EHEXE

log P(w|t)M«t — maximize

Nw,t CEP(CUIt) D

o IFAIN—D TV R
maximize ZNw,t log P(wlt) &=/ MEERICE

subject to P(w|z) >0, P(i[t) >0

ZP (wli) =1, ZP (¢]t) =




o NMF & Sparse coding [B.A. Olshausen, 1996] EDEE{R

® TROERT—XEBERTNL) Yy, 5 Yr

@ITRXTOEBT—2INT BAOEHEREENINL AL, - a1 D
"AN—RIGRRIEAE S TRINDEE YN KDL

mexact’Zreconstruction

minimize  S(U) NMFCIZRIRZNERIZ
Sllbje(}t to ' Y = AU Zi\_X{:tJ:’D—CL\f:@{:
XfL, sparse codingT

[FRA/NR—XMEIANMZ LY

. ti
mdpproximation B 81— 2/ S— 21

minimize ||[Y — AU||% + )\S(U)_/
subject to ||U||% =1 :> A FR

® X /N— AT AN [B.A. Olshausen, 1996][G. Harpur, 2000]
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®BAA/IN— TR (5. Eguchi & V. Kano, 2001]

- yﬁ xﬁ yxﬁ—l
Dol @)= gy 5 ~ 51

Bregman A A /N\—U z XZHWNT

_ b s a5 3
p2) =gzl —Ar+ - 1) CBLRO

Bl) ZFRE, IFAN—VI VX, IRE TR BRIERE

2 2
Y x 1
° B=2 Da(yx)="+5 —yr=;y—a)
e 5—1 Dgsy a:)—>ylogg+:r: - lim yo'” = lim yz” ' logz = ylogx
BT T S =1 f—1 B—1
B
® 5—0 l)ﬁ(y,aj)—>g—]()gg limx—: limazﬁlogazzlogaz

T xT B—0 B B—0
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< [M. Nakano et al., 2010]
minimize Y Dpg (Yw,t, S Hw,iUi,t)
w,t ¢
subject to H,; >0, U;; >0 (1<w <0, 1<t<T)

HIER o=y

y P 1 Sy o
w7t w’t . .
PO=2 15513 (Z HU) R (Z HU) }

| o /M) /M
S B ERORET 8t { 6 MEEY  #0)+d()(z—0)
()

n (MR EZ qb(ZAz SZMb Y a=1
SERTER 40 <o 00G-0 o MEH ¢(2)

) MEMIED FREORER, MBMIED FREEHTER
Efﬁ?fgﬁg‘fb, jﬁﬂj] &ﬁ?&%*ﬁ)ﬂz [H. Kameoka et al., 2006]



NMFEZILOdVX L pFAN—2 o ZBR/IME

T [M. Nakano et al., 2010]
A ZERUIE RS 5
p Iﬂ’l Z)‘zwt ( U ) (521)
l H U < < B zw ,t
ﬁ Z w, 1Yt = 1 P
v I-EI Ecwt—i_cwt ZszUZt (ﬁﬁl,ﬁ#())
> () .
- ( H, Ui\
B-1  [H —% Z At < ) ’t> (6<2,8#1)
1 B 1 i )\z,w,t
5.1 (Z H, iUi,t> < X L oy s
! I-El _5 _ 1Cw,t _ Cw,t Z Hw,iUi,t — Cuw,t (522)
(< p<1 DF—R: rrL, ZAW =1
G(0,0) = Y N Y H, iUy —c
8 — — B(ﬁ _ 1) 6 w,t w,t ‘ w,tY,t w,t
{Cw,t} {)\z w t} Yw t

—1
’ ) Z)\ (Hw,’iUi,t>B
) Y -’ ,t
subject to Z)‘“‘%t =1 5 — 1< v i w t

: ~ ArtD nGOe™ 8 w,i
:>D(e) = minG(0, ) { ai%ifi”G< = HLU)

cwrfjl) = argmin G(6 Z a™) U(n)

w,t it

Cw,t
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G [M. Nakano et al., 2010]
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w,t 5(6 B 1) 5 7
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T 1 ZAz,w,t ( )\ )

H(E)ni-l—l) _ argminG(H, é(n—l—l)) 5 P 1,w,t |
’ H, i . (n)g—1
(n+1) : A(n+1) 0G(0,0) (1) po1y,m) _ YwiUiy p-2| _
U’L,t = &rl%frjln G(Q, 8( ) an,i — zt: Cw,t Ui,t Agfd—ijtl),@—Q Hw,i — O
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P. O. Hoyer, “Non-negative matrix factorization with sparseness constraints,” J. Mach. Learning Res., vol. 5,
pp. 1457-1469, 2004.
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P. Smaragdis, “Non-negative matrix factor deconvolution; extraction of multiple sound sources from
monophonic inputs,” in Proc. ICA2004, pp. 494—-499, 2004.
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|.S. Dhillon and S. Sra, “Generalized nonnegative matrix approximations with Bregman divergences ,” Proc.
NIPS 2005, pp. 283-290, 2005.
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M. N. Schmidt andM.Mgrup, “Nonnegative matrix factor 2-D deconvolution for blind single channel source
separation,” in Proc. ICA2006, pp. 700-707, 2006.
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R. Kompass, “A generalized divergence measure for nonnegative matrix factorization,” Neural Computation,
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T. Virtanen, “Monaural sound source separation by nonnegative matrix factorization with temporal
continuity and sparseness criteria,” IEEE Trans. on Audio, Speech and Language Processing, vol. 15, no. 3,
pp. 1066—-1074, 2007.
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Stanislaw Andrzej Raczynski, Nobutaka Ono, Shigeki Sagayama, “Multipitch analisys with Harmonic
Nonnegative Matrix Approximation,” Proc. of ISMIR, pp.381-386, 2007.
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E. Vincent, N. Bertin, and R. Badeau, “Harmonic and inharmonic nonnegative matrix factorization for
polyphonic pitch transcription,” in Proc. ICASSP’08, pp. 109-112 , 2008
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A.T. Cemgil, “Bayesian inference for nonnegative matrix factorization models,” Technical Report CUED/F-
INFENG/TR.609, University of Cambridge, 2008.
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C. Févotte, N. Bertin, and J.-L. Durrieu, “Nonnegative matrix factorization with the Itakura-Saito
divergence. With application to music analysis,” Neural Computation, vol. 21, no. 3, Mar. 2009,
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Hirokazu Kameoka, Kunio Kashino, "Composite Autoregressive System for Sparse Source-Filter
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