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Appendix

In this appendix, we derive the gradient of Lp (X7, Xo;©) with respect to w (x;;) to obtain Eq.
(5) in the main text.

To simplify the presentation, we first elucidate our notation system that is completely consistent
to that used in the main text. We collectively denote the output of neurons in CS at the code
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layer or layer K of subnet i (i=1,2) as CS(X;) = {((C’S(mLt))j) } i for a speech segment
j=1Jt=1
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(I,n=1,---,|CS|) where o) = T3171 SR [(CS(xir)), — Ml(i)] [(CS(xir)), — Mg)]T. In the

in
following derivation, we also drop all explicit parameters in Lp (X1, Xo2;©) and rewrite it into
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Lp = Ly, + Lg where L, = ZD,, + (1 — T)e~ % and Lg = ZDg + (1 — T)e s .

of Ty frames, X; = {wit}?jl. Accordingly, we have p(? = (Mgl))lff' and () = [Uz(vﬂ

Using our notation described above, we immediately achieve
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To facilitate the presentation, we define 1;(x;;) = % and & (xy) = %. Now we
simply need to calculate ¢ (x;;) and §;(x;;) for j=1,--- ,|CS| to obtain Eq. (5) in the main text.
As Dy, = [|p® — @13 = YIS () — )2, we have
0 (i) 0Dy, _ 9(GS(@a))
g 0(CS(xn)), Dur;(@sn)
XIS (1! — )y O(CS(@a)),
8(6’8(:13%))j Ourcj(®it)
= ) (CS(mu),[1 - (CS(=ir)),], (A2)

where
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O(CS(xyt)).
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given the fact that the transfer function used in the code layer or layer K is the sigmoid function.
Collectively, we have p(*) = Z-sign(1.5 — i) (") — u().

Similarly, Dg = |21 — £®)]12, = SIFI 57151 (50D _ 5302 Hence, we have
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= gj(@it) (CS(xin)) ; [1 — (CS(zar)) ], (A.3)
where
ICS|
(@) = g sien(15 = 1) Yo (o) — o) [(CS (i), — mi)],

and, collectively, we have g(z;) = 7=—sign(1.5 — i)(X") — £@))[CS (zs) — pP].
Inserting Egs. (A.2) and (A.3) into Eq. (A.1), we obtain Eq. (5) in the main text as
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