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1 Graphical Model
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Figure 1: Graphical models. (a) Poisson Factor Analysis (PFA) module. Nodes (bk, ẑn and yn)
and edges drawn with dashed lines correspond to the discriminative PFA. (b) Deep Poisson factor
model. Filled and empty nodes represent observed and latent variables, respectively.

2 Inference Details

2.1 MCMC

Conditional posteriors (layer index omitted for clarity):

ψk ∼ Dirichlet(η + x1k·, . . . , η + xMk·) ,

θkn ∼ Gamma(rkhkn + x
·kn, b

−1) ,

hkn ∼ δ(x
·kn = 0)Bernoulli(π̃kn(π̃kn + 1− πkn)

−1) + δ(x
·kn ≥ 1) ,

rk ∼ Gamma

(
1 +

∑

n

ukn, 1−
∑

n

hkn log(1− b)

)
,

zkn ∼ δ(hkn = 1)Poisson+(λ̃kn) ,

1



where Poisson+(·) is the zero-truncated Poisson distribution and

xmk· =

N∑

n=1

xmkn ,

x
·kn =

M∑

m=1

xmkn ,

π̃kn = πkn(1− b)rk ,

ukn =

x
·kn∑

j=1

uknj , uknj ∼ Bernoulli

(
rk

rk + j − 1

)
.

(1)

Note that for multilayer models, π
(ℓ)
kn = 1− exp(λ

(ℓ+1)
kn ). The data augmentation scheme for rk via

ukn is described in [1].

For the discriminative DPFA, lets denote latent counts for ŷn as x̂ckn, with summaries analogous
to (1), as x̂ck· and x̂

·kn. Then,

bk ∼ Dirichlet(ζ + x̂1k·, . . . , ζ + x̂Ck·) ,

θkn ∼ Gamma(rkhkn + x
·kn + x̂

·kn, b
−1) ,

hkn ∼ δ(x
·kn = 0 ∧ x̂

·kn = 0)Bernoulli(π̃kn(π̃kn + 1− πkn)
−1) + δ(x

·kn ≥ 1 ∨ x̂
·kn ≥ 1) .

Provided that θn and hn are shared by two PFAs, one for the count data, xn, and the other for the
labels, ŷn, their conditional posteriors are functions of latent counts coming from both sources, x

·kn

and x̂
·kn, respectively.

2.2 SVI

Variational parameter updates using (layer index omitted for clarity):

φmkn ∝ exp(E[logψmk] + E[log θkn]) ,

θkn ∼ Gamma(E[rk]E[hkn] +

M∑

m=1

φmkn, b
−1) ,

hkn ∼ E[p(x
·kn = 0)]Bernoulli(E[π̃kn](E[π̃kn] + 1− E[πkn])

−1) + E[p(x
·kn ≥ 1)] ,

rk ∼ Gamma

(
1 +

∑

n

E[ukn], 1−
∑

n

E[p(hkn = 1)] log(1− b)

)
,

zkn ∼ E[p(hkn = 1)]Poisson+(λ̃kn) ,

where E[xmkn] = φmkn, E[π̃kn] = E[πkn](1−b)
E[rk] and E[ukn] =

∑x
·kn

j=1 E[rk](E[rk]+j−1)−1.
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Figure 2: Representative meta-topics obtained from 20 News. Meta-topic weights ψ
(2)
k vs. layer-1

topics indices, with word lists corresponding to the top four words in layer-1 topics, ψ
(1)
k .
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Figure 3: Graph representation obtained from 20 News. Meta-topics are denoted by circles and

layer-1 topics as boxes, with word lists corresponding to the top four words in layer-1 topics, ψ
(1)
k .

For clarity, we only show the top four connections between meta-topics and their associated topics
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Figure 4: Graph representation obtained from RCV1. Meta-topics are denoted by circles and layer-

1 topics as boxes, with word lists corresponding to the top four words in layer-1 topics, ψ
(1)
k . For

clarity, we only show the top four connections between meta-topics and their associated topics.
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Figure 5: Graph representation obtained from Wiki. Meta-topics are denoted by circles and layer-1

topics as boxes, with word lists corresponding to the top four words in layer-1 topics, ψ
(1)
k . For

clarity, we only show the top four connections between meta-topics and their associated topics.

6



10 20 30 40 50 60
0

0.02

0.04

0.06

0.08

0.1

0.12
Ethinyl Estradiol

Sumatriptan
norgestimate

Levonorgestrel
Norethindrone

valacyclovir
Clindamycin

Acyclovir
Benzoyl Peroxide
Lisdexamfetamine

Ciprofloxacin
Fluconazole

Metronidazole
Nitrofurantoin

calcium acetate

Ibuprofen
letrozole

Leuprolide
lubiprostone

Chorionic Gonadotropin

NA
rabeprazole
alcaftadine

Lactobacillus rhamnosus GG
Multivitamin preparation

M13

ψ
(2

)
k

First layer topic index

10 20 30 40 50 60
0

0.02

0.04

0.06

0.08

0.1

Sertraline
quetiapine
Valproate

aripiprazole
Risperidone

Fluoxetine
Doxycycline
Mupirocin

Cephalexin
Testosterone

Sulfamethoxazole
Trimethoprim
Mirtazapine
lamotrigine
Caffeine

zolpidem
Citalopram
Alprazolam
Temazepam
ramelteon

Acetaminophen
Hydrocodone

Diazepam
Chlorpheniramine

Buspirone

M32

ψ
(2

)
k

First layer topic index

10 20 30 40 50 60
0

0.05

0.1

0.15
cyclobenzaprine

Naproxen
Methocarbamol

metaxalone
Methylprednisolone

Ibuprofen
letrozole

Leuprolide
lubiprostone

Chorionic Gonadotropin

Acetaminophen
Hydrocodone

Diazepam
Chlorpheniramine

Buspirone

Acetaminophen
Oxycodone

Codeine
Cephalexin

phenyltoloxamine

NA
rabeprazole
alcaftadine

Lactobacillus rhamnosus GG
Multivitamin preparation

M21

ψ
(2

)
k

First layer topic index

Figure 6: Representative meta-topics obtained from medical records data. Meta-topic weights ψ
(2)
k

vs. layer-1 topics indices, with word lists corresponding to the top four words in layer-1 topics,ψ
(1)
k .
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Figure 7: Graph representation obtained from medical records data. Meta-topics are denoted by
circles and layer-1 topics as boxes, with word lists corresponding to the top four words in layer-

1 topics, ψ
(1)
k . For clarity, we only show the top four connections between meta-topics and their

associated topics.
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