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+h(W17"'7Wd>bla"'7bd)7 (1)
EHELSIEWTES. TIZT, mp = M, Ma = Mow,1 = [1,1,...,1]" e R" TH DY,

BEE fIXTEMEA LB E I XN 2 R T L 0T, —MIZY 7 A NEE® ReLU:
f(X) =max(0, X)) mEPHVSLND. £/, hiZEAMLEHTH 5.

25



Algorithm 1 The nonlinear semi-NMF based method
Input: Input dataset and ground truth X, Y, size of mini-batch s and regularization

parameters Ay, Az

Output: Weight matrices and bias vectors Wy, b;,e =1,2,....,d

1: Set initial guess Wl(o,o)’ WQ(O’O) e I/Vd(o’O> and b§°’°>7 béo’m, cey b((io,o)

2: Compute a low-rank approximation X ~ U;3;V,"

3: for k=0,1,... do:

4 for ¢=0,1,...,m/s—1do:
Set the index of mini-batches \7[(19) and X, = UlElVl(jz(k), VY, =Y(, jg(k))
Set Z*0 = pwFOZEDy for i =1,2,...,d — 1, where Z\* = X,
Solve (approximately) semi-NMF (2)
with initial guesses Wék’z), b&k"@, Zflk_’?, and get Wék’lﬂ), bff’“l), Z\fi'i’fﬂ)
8: fori=d—-1,d—2,...,2 do:

9: Solve (approximately) nonlinear semi-NMF (3)

with initial guesses W;k’é), bgk’z), Zi(ﬁ’f), and get W;k’éﬂ), bgk‘“l), Z.(f’fﬂ)

10: end for
11: Solve (approximately) nonlinear LSQ (4)

)

with an initial guess I/Vl(k’e)7 bﬁ’“"), and get Wfk’p”l)b(lk’“l).

12:  end for
13:  Update Wi(kﬂ"o) = I/Vi(k’m/s> and bgkﬂ’O) = bgk’m/s) fori=1,2,...,d
14: end for

DNN EH#Cld, HRBEH (1) 25MET 2 K512, EAW, BELUNA T AIHb, % K
WAL .
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Z" = fE X + b1 T 61T, =102, d -1
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Y & WaZg 1+ bgdl" = Wy, bg[Zg-1;17]
LB e fFEING. 22T, JEMALBIEDIReLU TH 2720, Zy 1 = f(WaZy o+
by1") = max(WyZy o+ bg1",0) >0 TH 5. > T, FFEAHIRIN EDITHINRIZ LY,
Wi by BE 2, 23185222525, kREHOELEWS ol 20 & 0E
LR e LT, ERMEIEAE semi-NMF
{Wd(k+1)7 bflk+1>7 /Z\éli-&l-l)]

=arg | min (Y = (Wbl Za IR 4+ Al W B+ A Zaa . (2)

BTz &y, wEY M 5o 2 2 EET 3.
HfE (i=d—1,d—2,...,2) IZBWVWT, Z;=f(WiZi_1 +b1T) &b,
78~ f(WiZi_y + b1")
BHAIFEI NS, o T, (2) &[RRI, ERMBIEA & OIERR semi-NMF
[Wi(k+1)7b£k+1) Z‘(k+1)}

» “i—1

- e W@,blr,l(lziglzm 1ZED — F((Wi 03] [Zima; T2 + A | [Wa, bi]I2 + Azl Zica |12,

(3)
REET Az ricky, WY b sk 28 2 EET 3.
ANBTI, Zo=X Thd7d, Hli(bRIBIEIERRIE O B = FfiE
Y, 60 = arg min | 27 — f(MX + 511" (4)
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BT, BonBEARFH WD BEUAL T ARZ MR 2EwT, 20 %
FHT . EH OB S, T T RAEE T — X OWAY Y T & ERIN N
%3Ny FEBAGPNG, £, Rk OHIRS & ORUEREME DR ED - o,
BT — X DIKT > 7B Z W5, NMF # DNN FH535D 7)1 3 & Lid Algorithm 1
DESIREND.
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3.3 BUERERER

AT, FHESBFERM (MNIST) [3] 2 H\, NMF £ DNN 554 (Algorithm 1)
% BPIEE T 5. Wifft 1 X1x 28 x 28 TH Y, BT —ZEL 60000, AT —
2% 10000 THS. DNN OfEfEEL LT, [768 — 1000 — 500 — 10] D3y vV —2 %
BARIEANZAS Ay NT =2 %FZ 5.

Wrxy b7 —28p=1,2,51012 &% BP iEH X O NMF # DNN #5072 D Uk @
@%l2_rT EBEERD2 S, EB Ay VT =2 2H\W5 Z & TRMMEREDUGEEH ]
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AMETIE, TEREI N/ NMF # DNN EHEEOKZ R L, #8 Ly b7 =212 &
BWHUCDT AT+ TR Uz, 7z, MNIST 2 W= BUEER» SER Ay b —2
WS Z & T NMF B DNN SHEEOZEMERNRETE D Z e WREI N,
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