Supplement

This supplement material provides the details of the variational inference and some implementation de-
tails. The derivation of the evidence lower bound (ELBO) is presented in Section ??.The update equations
are computed in Section ??. Some implementation details are presented in Section ??.

1 ELBO

This this section, the computation of each term in the ELBO will be derived step by step. All the terms, that
in NUF-SLDA, are shared with NCF-SLDA. So we will write the terms in the ELBO for NUF-SLDA first
and list the additional terms that are special for NCF-SLDA in the end of this section.

Following the standard mean field variational inference [?], we assume the fully factorized variational
distribution, which is

q(B,z,0,B) = q(B)q(z)q(8)q(B) (1)

This variational distribution is the same for both NUF-SLDA and NCF-SLDA, since these two model only
differ in the response variables. In Equation (??), we have:

1. The topic mixture (topic-words distribution):
q(B) =TIX, g(Bi|A) , where A is the Dirichlet variational parameter, A € R

2. The per word topic assignment:
q(z) = TT}L1 TI0- 1 (2jnl 9jn) - Where ¢, is the Multinomial variational parameter, ¢, € R¥

3. The per document topic distribution :
q(0) = Hﬁ‘.”: 19(6;]y;) , where ; is the Dirichlet variational parameter, y; € RX.

4. The signal-noise indicator:
q(B) = TIX_, q¢(B|fi) , where f; is the Bernoulli variational parameter. Hence, g(By = 1|f;) = f; and
q(Bx=0lfi)=1—fi

Following the standard procedure, we apply Jensen’s inequality on the log likelihood of the model.
For the first model, NUC-SLDA:

log p(w,y|n, ot,e, 1)

_ P(W7Y7B’2797B|777057@7.“)‘1(13727973)
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= ZNUF-SLDA-

We get the evidence lower bound (ELBO) for NUF-SLDA

INUF-SLDA
=Eflogp(w.y,B,2,0,B|n, e, u)] — Ellogg(B,2,6,B)]
= Ellog p(w|z,B)}+ Ellog p(:/0)] + Ellog p(6])] + Ellog p(B )] ®

+]qE[10gp(B\e)] +1§[logp(y\z737u)] - g[logq(ﬁ)] - lg[logq(Z)] - lg[logq(e)} - g[logq(B)]



Similarly, with one more response term, we can get the ELBO for the NCF-SLDA

ZNCF—SLDA
_E[IOgP(W,U,%B 7,0,B|n, 6,1, V)| - E [long z,6,B)]

:Eﬂogp(wm)]+Eﬂogp<z|e>]+guogp<e\a]+Ig[logp<mn>}+Iguogp<3|en+§Uog/;<o\:is.v>; @
+Ellog p(ylz, B, p)] ~ Eflogg(B)] - Ellogq(z)] — Ellog¢(6)] — Eflogg(B)]
The difference, which is caused by the structured noise, is marked in cyan in Zycr_srpa compared to

ZNUF—SLDA-
Now we compute every term in the order of appearance in Equation ??.
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4th term

Ellogp(BIn)

K
= " Ellogp(fi/n)
k=1 (8)

B follows Dirichlet distribution as the previous term
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For the second term in Equation ??,
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Recall the ELBO for NCF-SLDA:
LNCF-SLDA
= Ig[logp(WIzyﬁ)] +1g[10g17(2|9)] +1g[10g17(9\06)] +E[10gp(ﬁ|n)} H(l;?[lOgP(Ble)] an
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The additional term in NCF-SLDA compared to NUF — SLDA is:
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2 Compute the update equations

We need to update the variational parameters: A for topic mixture, ¢ for topic assignment, ¥ for per document
topic distribution, f for the signal-noise indicator; and the parameter for the label regression : ut for both NUF-
SLDA and NCF-SLDA. The parameter for the noise label regression v need to be updated for NCF-SLDA.
With the additional term in NCF-SLDA, the update for ¢, f will be different between there two models.
However, the update for A, ¥ and u are the same for both models. We will recall this again before derive the
update equation for each parameter.

Estimating 4

The addition terms that we introduced do not add any extra conditioning on 3, hence, it does not affect 4.
The part of the new ELBO with Afor both of our models is the same as the part of the ELBO for A for LDA
[?]. Hence, updating A is the same as LDA. We will still present it here for completeness, so this martial is
self-contained.

The part of the bound which varies with A
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Compute the partial derivative, we get:

2.2,
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. Set the derivative to 0, we can get the update equation for Ay;
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Estimating ¢

How to update of ¢ is different between NCF-SLDA and NUF-SLDA. The derivation procedure is similar
as SLDA, however, the details differ which is caused by the factorization construction. We will present The
update for ¢ for NCF-SLDA first, since the NCF-SLDA is more complex.

For NCF-SLDA, the part of the bound with ¢.
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reorganize them a little
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Now we write the part of the bound which is affected by 7,,,,,. Let 1,0, be the n’ h word in the j’h document.
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In the same manner as [?], suppose we have a previous value Old . We know log(x) < ¢~ 'x+log(x) —
and the equality holds if and only if r = x. Set x = h’ ¢;, and p = RT g2, and apply it again by setting
x=(g'p;n+1)andr = (g d)”/‘/ 1)

‘We have:
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Compute the derivative assuming a given ¢/
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So the final fix point update for ¢;,; with NCF-SLDA is
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All additional terms in NCF-SLDA are marked cyan in the above equations. Follow the same procedure
( removing all the cyan parts above), we can get the update equation for NUF-SLDA as:
v
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Estimating y
The update of y will be the same for NUF-SLDA, NCF-SLDA and LDA. Since the addiction terms do not

affect the part of the bound containing y. We will present the computations details here to be self-contained.
The part of the ELBO which varies with 7 is:
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Set the derivative to 0 and the update equation for yj is:

N
Yik =0+ Y Ojnk (30)
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Estimating f
The part of the ELBO which varies with f is different between NUF-SLDA and NCF-SLDA. We will
present the one for NCF-SLDA first:
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There is no closed form solution for the derivative to be zero. Conjugate gradient method is used for the
estimation using Equation ?? and ??.
All additional terms which are specific for NCF-SLDA are marked by cyan. Following the same compu-



tational procedure (remove the cyan terms), we can get:
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Equation ?? and ?? are used for the conjugate gradient method for estimating f with NUF-SLDA. In the
implementation, NUF-SLDA is initialed with SLDA, then f is estimated after the initialization and all other
parameters are updated with NUF-SLDA.

Estimating
Introducing the signal-noise indicator B will change the ELBO terms which varies with u, hence, the

update method for p will be different from SLDA. However, the noise response does not effect yt, which
means that the update method for p will be the same for NUF-SLDA and NCF-SLDA. For both NUF-SLDA

and NCF-SLDA, the part of ELBO which varies with u is:
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There is no closed form solution for the derivative to be zero. Conjugate gradient is used to estimate u
using Equation ?? and ??.

Estimating v
v is only used in NCF-SLDA model which is the parameter for the noise label regression. The part of

ELBO which varies with v is
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Similarly as u, conjugate gradient method is used to estimate V.

3 Implementation Details

In the implementation, the multidimensional minimizer with BFGS (Broyden Fletcher Goldfarb Shanno) is
used from GSL(GNU Scientific Library). f is a Bernoulli prior which should be bounded in [0, 1], however,

this constrain cannot be set with BFGS. Hence, we use f; = e;;&%kll instead. With this logistic trick, f is

bounded in (0, 1), hence we convert the problem from estimating f to estimating g.
So instead of using Equation ?? and ?? with NCF-SLDA. The following two equations are used for

BFGS.
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which is the term marked red in the following equation.
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For NUF-SLDA, it follows the same steps, and we can get the part of the new ELBO and its derivative by
removing the additional terms in Equation ?? and ??, which are marked cyan.
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