1-R-8

H A B i TG SR

J VAR « 28— ZEHIEAT & KL Z%E NMF O
B EE I E S < Bl
YHGHEYR, AU KHD, BB HE (B)5%)

1 LI

JEEETTHIA T2 #E (nonnegative matrix factor-
ization: NMF) [1,2] %, JEEBIHITTYI X € RS %
D 2 DDIFALEIATHI W = [wy - w] € REK
RO H = [hy -+ hg]" € RES & > 73R
TEFETHD, BEL OSBRI TS [3].
T, W KU H %2 Z2h 2N EETH & REET
FIEWECR, TR Jid X OIT RO, KiZWw o
Y GREERD , T I3EETH S, NMF E—%ICK
Rof/MEFEE LTEsbxh 3.

Mial}ﬁ]_l[ize D(X|WH) s.t. Wik, hkj > 0 Vi,j7 k (1)

ZIT, wip R hy; idZh2zh W KU H OB,
iR jEREREN X DITRUOFIDA VT IR, k
BEW DHDA > FIATHS. DIX|IWH)IZX &
W H OFesERE 7z Ml 218K TH H, AFETIEXRAK
D—f&At Kullback-Leibler (KL) #EHEZM%>.

D(X|WH) =

Z z--logix”
U Xk winhag

— 2 + Z wikhkj> (2)
%] k
o ki (1) oGk e LT, MBhBIEGE %
1 B E/IME (majorization-minimization: MM) 7
LTV XL [4,5] IS Il biEO REEHA (2]
MBILLHAVWSNSE. ZOFRITEWBER O BIFHIEHE
IMEPMRREE N, R T v T AL XDEIHRANRT X=X
BIFELBRVE WS RERFELD 5.

W % H ITAN=XEAHLE 5 L7 X=X
NMF (sparse NMF: SNMF) %% 2R &hTw»
% [6-12]. BlzxX, H 2 L, / Vv 2EANLZ S
% SNMF 13k & 72 b, LUK simple SNMF & SR,

Minimize D(X|W H) + p||H||1
W, H

s.t. Wik, hkj > 0 Vi7j, k

(3)

ZZT, |1 &L A ATHY, p> 0 FEARE
TH5. NMF OB W KU H iZix—ic, 1E
Da>0HLTWH = (aW)(H /o) DEILT %
R —IEEERTFET 5720, a — oo & THEIER
LR (3) 28— 2 EANLIE || H||, % &/IMET

x5%. EoT, mEbiE (3) @ &5 &—1TDITFIC
Wt 3 28— ZERNKIE, R 7 — WAREM: % B8
BRI R EBUCER T 2, A7 — VIR ERIE
AMEIEZ 3G LR VR D, ARERICEKE RoTL
%5 HEHNDH 5 [9,13].

D SNMF T, ®iidD 27— ALEMEMES
383 % 720, BEUC |wy| = 1 Vk 723 7 VA
R (6] PIRRI NS ZHUE, KD XS ITE
FE XN, AFTIE norm-constrained SNMF ¥ FES,

Minimize D(X|WH) + u| H|x

s.t. wik:ahkj >0 Vi,jak5 ||wkHl =1Vk

4)

FREAICI, R —VIEKTFR 28— ZFHIRI DT 5. [7]
HI|EIND, WIND MM 7Y XA ED
RIE(L2W R X R ABLES WSz, 2D
B, BFIEEMMER AL T, ZEWEN R T v 7Y
A RHAFT 2REDR D o 7=, F72, simple SNMF
WXL TMM 73 XA REEHN2E
HL, 27— UUEEMEZMET % 72 DI BUE RIS
wy BIEBULL, wihl DAZ L 725 & 5 CIERR
HOWEE hy, \CRLZ270TY X4 8] IRRIH
7z. La L, RIEHOEFEFCLEIZERLEOEEZ
bEE 279, ZoFEDEFIBEMEFRIEE N
TWARWL. Z0#%, W OEFINRZ MvzIEREL 72
175 W CHRBIBIC AW 3 2 & TR — UATEER
R S 3 ik [9,10) 2SRRI R, ThUE, X
ORECHEL L TERSI N, AR T normalized
SNMF ¥ W3,

Minimize D(X|W H) + pul| H ||y
W,H

s.t. Wik, hkj >0 Vi7j, k

()

COFEORBHEHFRXPHFFIFEME 125 Z 2135
BRciEER x5 23, ZoEHERETHNBEEKRDO S
Bz IEfETH & BEHIC 7 E L REER A2 WK T 2
heuristic update rule [14] AAH WS TH D, HFIE
BTN 3 2 BERA IR BAT T A3 20 & A &
nTn3 [12).

JEAETlE, norm-constrained SNMF iZxtL, 57
7Y 2 DREFRBIFEICHE SV TRERAEET AL EL
FiE (1] PMRE SN, ZOFRIGHGAIER %

* Auxiliary-function-based optimization of KL NMF with norm constraint and sparsity regularization. By
Yuya WAKE, Daichi KITAMURA, and Shoma AYANO (NIT, Kagawa).
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H A B i TG SR

RAE LD DR T — UAEEMERE S [T % 5720, §i
ROMEZ TRXTRRATEL 7L —L T =7 TH5.
¥ 7z, HERBBeHIKIGRAFICOWTD —bEh T
BY, ZOMHAGIZEL. LrLEES, FKIEI
BWTI 70y 2 fRBOBEHBEKORZRD 5[
Y72 D TN BT X3, B OEO KIGHEH
TRUEMRZ KD 2 NE G 2 KB L 2 @D
5. X512, norm-constrained SNMF ¥ R izt
{LRTERAARERICEMTHZ 2 2R L, MM 7L
Y R LCEDS S RAEEHAZEN T 2 F1L [12] B
REIHh TV,

Minimize D(X|W H) + u||W H||;
W.H
s.t. wik, hy; >0V, 5,k (6)

ZOFHRZ, EAMLIEZS W RO H OfELIC
FMB e TRy —IUTEEMMEZEBEL SO,
IWH|, = Y, |wihi|i &b, X O&Z > ZEM
EHNT 2 KD 7> 27 1115 wih] O zhzhuc
ML TRN=AMEFET S 22 T, {THIEWH 2
A= %. L L, SNMF ZEA 3 %  Hh
W RO H O—TOERIC A= 2 E2 525
THh 2856, RBLiE (6) 12D HINMEE L.
AfETiE, FRRoOMEE WS #1727 SNMF O
BOELIEZRRE T 5. RBEEE SR [11] & FRkC,
norm-constrained SNMF ZXf L MM 713V X A
WD < BFRIEE I IREE X - R E TR
M55, 2o, —Bfb KLEEHEE L, /vl
HOMAEDLER LIEHWFEED T 75 v Y 2T
DRFTHNCHRT 2 Z 2 2R L, Xk [11] OFETH
B2 o I BUERET R Z A L Tn b, 2B, AR
H 23§ 2 28— RIERLE I S 25, WITk$ 3 2
NR=RERALEEZTH —BMEE LS 2 & k< i
TX5.

2 REFE

2.1 JILLHGE KL 2% SNMF OFERL
AR T, norm-constrained SNMF (2 MM 7L

VX nZz@A L, BRI ZRGE L 72 A E R

RE2EH T 5. DT norm-constrained SNMF (XX
DEHELFEL 725,

h@%ngXXﬂVH)+u%:hM
5J

St Wik, by > 0Vi, ik, Y wip =1k (7)

FHJERT PV wp I Ly 7 VAHIR Y wi =1 %
Ry ZeT, WAU HBORr — LR EZ
[y 2. LU, RsEto HRBEE J L R

— 260 -

2.2 MM 7OV XLICE DI REEHR

MM 73V X L%, BEEREESH L WEE
BRI LT, (a) BAEDZERL DR T —3E DB % it
7o 3 wiBhEEEL (RSB 2aEr, (b) MBI O
iz RO TROMFEDER . UTEH, O
QAT v TRRET B Z T, Ak HBEEE B
N ME s 3. ARICBWTS, BE{LRIRE (7) 1
MNUTHEHBED 7 e —FZ2HHT 5. 72721, 7ERD
NMF 1281} % MM 713V X 4 [2] Tl&, ZHoIE
BRI ZRc S Z ez, BRER O HE 2 EH
T5Z) kU EBOUIEZ EEE T2 281 O
2 MCHRICIEARI 72T & 5 REREH #HHH L
TW3. ikl (7) T, JEEFHFNSIZ T w,
D NLH SR TREDLD %72, FidbD (a) R
7 v TG LB LT, (b) A7y 7R
EFEX - AERGIRRMHT = RMEE 2, 575
VU ADKERBIEL N —ac T = Ry —
(Karush-Kuhn-Tucker: KKT) $&fF% W TH#EL.

¥3, MPBBEEGT 5. — (b KL HEEEEE (2)
WA =B OAREREHEHT 5 22T, ROFER
PEOLNS.

D(X|WH)

< Z (-zij logzwikhkj + Zwikhkj>
i k k

(8)
ZIT, S 3EFTHOEWNVEROVTELWI L ER
T.OF, e > 0134 = Y ORER OB

ROMBIBIE T+ > T 13RXD & 5 ITEHTE 3.

Jt= Z <$ij Z dijk log w;é:j + Z w,;khkj>
k k

i.J Y

+ p Z by 9)
k,j
ZZT, Jt=J B THERERA 12 5.
Wik
Siipg = ="l 10
Jk Ekl wik’hk'j ( )

iz, BB T T LT, ROERK - AEXH
KM E R/ MURIEE £ 2 5.
Minimize J 7+
W, H,A
St Wik, hig > 0 Vi, gk, Y wip =1k (1)
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TIT, AIRA VT IAD 6, DEEGERT. T
DEBELED S 757 YRR TEZ 6N 5.

£:\7++Z)\k <Zwik1> (12)
k i

ZIT, A > 03/ VAHIRNCHIGS 252752 a
RETH 5. JFARKIZIA S RELMED KKT 5
&b, XX%155.

oL ;
U}ikm =0 Vl, k (13)
oL
> .
Dy = 0 Vi, k (14)
oL
. =0k (15)

K (13) &b, LOBIMREZ w;, =0 F7X 0L/ 0wy, =
0 DWFThh i3
D&, wiy kD2, X (13) kb, XX%2H3.

5iy
Z (—xijf + hkj) - A =0 (16)
J ik
:h%%@bf, Wik ERKe 5.
2000
Wip = M (17)
e

F7, N(15) &0 Y, wy —1=0%21357, ThiZ
J VLIRS wi = 1 VE EFEMTH L. 2D/
LR (17) ZRA LTS 22T, 575
VY a TR RITINCIREL 2 BN TE 3.

Ak = Z hij — szj%‘k
J %,
X (18) 2 (17) DD RHRALTT 77 v Y 2 T
Ao ZHET R, XXk 3.
_ > Tigijk
22 TiOijh
DEXD, MBhBEE T+ ORlFSMAT & R/

(19) TH 5. 72, MBHAEBOENSMT (10) 23K (19)
WRAT 2L, wy 3XAek5.

(18)

wijhkj

Zj 2w Wik b
. Jli]‘hk]‘
Zi Wik Zj Dkt Wik hr

R, wig >0BVT, K (20) FLTOAL T2
AT OL/Owy, = 0 /=3 F, IEAFIKINTL ) VL
Hilf 2 - TR e 2 5.

FRkIC, KKT &2V 5 22T, hyy i82VWT
13 0L/Ohi; = 0 > HRADIEHNS.

> TijOijh
> Wik +

Wik — Wik (20)

hij = (21)

— 261 -

F 7z, WZEBOFEASM (10) 25X (21) TKAT 2
&, hy 3R k3.

Wik

Zl v Zk/ wik’hk’j
Zi Wik + b

kb, K (22) b hy; > 0 TIEATIK 226372
Tk, N(22)1F, L /vaFANEERWEZL
D SNMF @ H OHEHREFKETDH 5 [8,10-12].

X (18) ¥ LTF 25 vy a - HOMHRNE ST
A, T &S RFhEiZ SNMF O b —%
{b KL EEHBELIAR Ly 2 v AHIRILOVE N 354
BWEETH 2. FlZI1E, I Buclid JERE Itakura—
Saito #HEEHEOBELEEE W 254, X (17) o
FHC 2y 2 BTHEDBNS. ZORE, N\, DRRIEZ
BR [11] 0@ b BRI ORZ KD 2L 2o TL
FW, BUEBROFTENINEL IR 5.

hij = hij (22)

3 B

3.1 SEERZMF

AETIE, ATE CTEME L % norm-constrained
SNMF ® MM 743V X Ai2#E0 < FHEHK
(MM-based update) 53, H RBEIEE D B IESE N
HERBRPOIGRT 2 Z e RHERT 2. /2, It
BRGe LT, RIEHBIIEROERLEZLES simple
SNMF (MM-based update with rescaling) [8] & TN E
LB AT % B BRI E A § % normalized
SNMF (heuristic update) [10] ZERH L7z, #2RiEL
BbELINS 3 ODFKIIFCHWEKD -, Z
DEH) % I ARETH 5 .

FERCIE, SiISEC 2011 [15] 7—&X -ty bOF X —F
R devl_wdrums_src_1.wav D FHH 10 s Z AV, 5K
M7 —V 22D GIRIEARY v a 7S nz2fG. &
7V I TEEE16 kHz OF RIS L, &BE 1024 51
NVE), "= 7 NTEHL, (1,J) = (513,313)
DERIITE X 2R L 72,

By LT, X %24 SNMF TEIafRL, KiEHE
D BB E % B U CICRZEE) 2 5 L 7z, FE
BKIF10505 100 £ TZ2EMEIC 108D, ERKE
THDEAMR 131070 205 1 TTEXMIA T —LT
ERIFEIC 20 @ D BE L, SHEEIC OV TR
EBEEM L. T/, W kU H OFHILIZIXE
(0,1) D—HD A HAERL, & K, p DFRMFITHL
T 50 EDEE — R % FWT HABEEUE O ) 72
PORDOBEF 2 A L. RIEEHEELX 10000 [F
L, @ P OIHREMFEERT T Wi, KIEHEICIERL
B Y F 3 simple SNMF iI22oW T, &KRIEICE
WTEBER B & ER LR o Y BEBUE % OF
B CEdER L 7.
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— Simple SNMF (MM-based update with rescaling)
-~ Normalized SNMF (heuristic update)
—— Norm—constrained SNMF (MM-based update)

= x10°

Objective function value

o
N
T

1 L I L
10
10° 10' 10? 10°
Iteration

Fig. 1 Convergence behaviors when K = 100 and

10

p = 1075, Lines and colored areas respectively show

mean values and ranges of standard deviations.

7
1
0 — Simple SNMF (MM-based update with rescaling)
- Normalized SNMF (heuristic update)
—— Norm—-constrained SNMF (MM-based update)

o ,x10*
S10° =
©
>
c
.©
5
2. s
210
o
=
5
5]
8
310

3 L

10
10° 10' 10° 10° 10*
Iteration

Fig. 2 Convergence behaviors when K = 100 and
p = 1. Lines and colored areas respectively show

mean values and ranges of standard deviations.

3.2 EERIER

HEH K = 100, EAREu =10"°1cBI2%&
FEOIHR S — 7% Fig. 112, 2, p=1DEF4
Fig. 21”3, WINoK D, &> — Michs2H
HIBIBUED G % Try b LTED, EEFEZER
WTRHLTW3. 128, simple SNMF (DWW T,
n+ 1 B HOEINZEB T 2 ERGLHRTOEE, FE
En+05FHOEHOEE LTFEY FLTWS.
MR XD, simple SNMF 1Z/N X WEAMRE 1 128
WTIFENZINRZ /RS —/T, p DI X ->TH
HIBEUED BERIEEIIEN KON 2 Z e AR T X 5.
2T LT, 2K T % norm-constrained SNMF
Of normalized SNMF 13\ 3D E AR pu 1ITH L
THLELRNORZEE 2R L, BB E I HH
IEEIEZ MRS 2 Z e DR S . X 5T, iz
% KIZBWTH, IRFRRIIMOFIEL FFE»ZHLL
ToOEMBEBEICNR L 2D, HICEEL-EEHz
w7z

TR U

— 262 -

4 &DHDOIC

AT, /VafllfyzEA L KL B SNMF
WKL, A7y — U IEEMREORE Y, B HR
FAIEHEINME DRGE & WAL § 2 H - e L k2 1R
KT, MBEBGEICE D & KKT &% BB it
T CHEHNEEL L, NI HEEIEE N2 HE
RUET, 7EREL OLLEERIC X D Z0EHE
PHEEL 7.

BT AW O—IE JSPS B E 23K24908 DB
2RI DTH 5.

BE 3

(1] D. D. Lee and H. S. Seung, “Learning the parts of
objects by non-negative matrix factorization,” Nature,
vol. 401, pp. 788-791, 1999.

2] D. D. Lee and H. S. Seung, “Algorithms for non-
negative matrix factorization,” in Proc. Adv. in Neural
Info. Process. Syst., 2000.

[3] X. Fu, K. Huang, N. D. Sidiropoulos, and W.-
K. Ma, “Nonnegative matrix factorization for signal and
data analytics: Identifiability, algorithms, and applica-
tions.,” IEEFE Signal Process. Mag., vol. 36, pp. 59-80,
2019.

[4] D. R. Hunter and K. Lange, “Quantile regression via
an MM algorithm,” J. Comput. Graph. Statist., vol. 9,
no. 1, pp. 60-77, 2000.

[5] Y. Sun, P. Babu, and D. P. Palomar, “Majorization-
minimization algorithms in signal processing, commu-
nications, and machine learning,” IEEE Trans. Signal
Process., vol. 65, no. 3, pp. 794-816, 2017.

[6] P. O. Hoyer, “Non-negative sparse coding,” in in Proc.
IEEE Workshop Neural Netw. Signal Process., pp. 557—
565, 2002.

[7] P. O. Hoyer, “Non-negative matrix factorization with
sparseness constraints.” J. Mach. Learn. Res., vol. 5,
pp. 1457-1469, 2004.

[8] W. Liu, N. Zheng, and X. Lu, “Non-negative matrix fac-
torization for visual coding,” in Proc. IEEE Int. Conf.
Acoust. Speech Signal Process., vol. 3, 2003.

9] J. Eggert and E. Korner, “Sparse coding and NMF,”

in Proc. Int. Joint Conf. Neur. Netw., pp. 2529-2533,

2004.

J. L. Roux, F. J. Weninger, and J. R. Hershey, “Sparse

NMF — half-baked or well done?,” Mitsubishi Electric

Research Laboratories, Tech. Rep. TR2015-023, 2015.

V. Leplat, N. Gillis, and J. Idier, “Multiplicative up-

dates for NMF with S8-divergences under disjoint equal-

ity constraints,” SIAM J. Matriz Anal. Appl., vol. 42,

no. 2, pp. 730-752, 2021.

A. Marmin, J. H. d. M. Goulart, and C. Févotte,

“Majorization-minimization for sparse nonnegative ma-

trix factorization with the SB-Divergence,” IEEE Trans.

Signal Process., vol. 71, pp. 1435-1447, 2023.

Y. Iwase and D. Kitamura, “Supervised audio source

separation based on nonnegative matrix factorization

with cosine similarity penalty,” IEICE Trans. Funda-

mentals, vol. E105-A, no. 6, pp. 906-913, 2022.

C. Févotte and J. Idier, “Algorithms for Nonnegative

Matrix Factorization with the 8-Divergence,” in Neural

Comput., vol. 23, no. 9, pp. 2421-2456, 2011.

S. Araki, F. Nesta, E. Vincent, Z. Koldovsky, G. Nolte,

A. Ziehe, and A. Benichoux, “The 2011 Signal Separa-

tion Evaluation Campaign (SiSEC2011): - Audio source

separation -,” in Proc. Int. Conf. Latent Variable Anal.

Signal Sep., pp. 414-422, 2012.

[10]

(11]

(12]

(13]

14]

(15]

202549 A





