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A. Naive derivation of the Fisher information
matrix of the Poisson gamma belief
network

For simplicity, we take for example a two-layer Poisson
gamma belief network (PGBN), expressed as
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and focus on a specific element ‘1)51213 only.
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where 1’ (-) is the trigamma function. This expectation
involving the trigamma function is difficult to calculate.

B. Derivation of the I' (-) functions in Section
3.2

With D (z) = G(z) "', Q(z) = 0, and the block-diagonal
Fisher information matrix (FIM) G(z) in (9), it is straight
to show that %m [D (2) + Q (2)] is non-zero only in the
. -related block I (¢,.) in (10). Therefore, we focus on
this block and have
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Since G(z) is block-diagonal with its r-relevant block
being I(r) = MHNdiag (1/7), according to (3), it is

straightforward to show that
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C. Proof of Lemma 3.1
Note that the counts in " ? ~ Pois(g; sk gl k]) can
be augmented as
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which, according to Lemma 4.1 of Zhou et al. (2012), can
be equivalently expressed as
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marginalizing the gamma process G ~ GaP (G, 1/¢g) from
which leads to a gamma-negative binomial process random
count matrix, as expressed in the first two lines of (6).

D. Corollary D.1

Corollary D.1. The gamma-negative binomial process PFA
can be equivalently expressed as
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E. Visualizations of the extracted topics and
networks

In the following, we provide some example results, ob-
tained using DLDA where [K7, Ko, K3] = [128,64, 32]
and n) = 1/K; for the Ith layer, on extracting multilayer
representations/topics from both the RCV1 and Wiki cor-
pora. Clearly interpretable results, which are similar to those
reported in Zhou et al. (2016a) and hence omitted here for
brevity, are also extracted from the 20Newsgroups corpus.

E.1.RCV1

Following the visualization techniques in Zhou et al.
(2016a), we plot 54 example topics of layer one in Fig-
ure 4, the top 30 topics of layer two in Figure 5, and the top
30 topics of layer three in Figure 6. Figure 4 clearly shows
that the topics of layer one are very specific. For example,
topics 41, 71 and 62 in the first row are about “Germany,”
“Polish,” and “France,” respectively; topics 53 and 54 in
the second row are about “airline” and “European union,”
respectively; and topics 85 and 36 in the third row are about
“ship & island” and “comput & techn,” respectively. By con-
trast, the topics of layers two and three, shown in Figures
5 and 6, respectively, are increasingly more general. Such
topics can be better interpreted via the following informative
tree structured visualizations. Note that a tree defined in this
paper allows a child node of a layer to be connected to more
than one parent node of the adjacent higher layer.

Shown in Figure 7 is a [10, 3, 1] tree rooted at node 4 of the
top layer on “bonds, rates, & credit markets.” Apparently,
the topics become more and more specific when moving
from top to bottom following the branches. For example,
the root node splits into three nodes from layers three to two,
which focus differently on “treasury bill,” “dollar rate,” and
“bond, credit, & debt,” respectively. When moving from
layers two to one, all three topics in layer two splits into
multiple ones that is clearly more specific. For example,
topics 1, 17, and 87 are about “months,” “loan & credit,”
and “bond & pay,” respectively.

Shown in Figure 8 is another analogous tree rooted at node
24 of layer three. It is clear that, as the nodes of this tree,
topics 55, 38, 34, and 30 of layer two are mainly about “Ger-
many,” “France,” “airline,” and “labor union,” respectively.
Moreover, these four topics at layer two are all connected
to topic 8 of layer one, which is very specific on “office

meetings.”

To understand the relationships and distinctions between dif-
ferent trees, we construct subnetworks as shown in Figures
9-10. Figure 9 clearly shows that all three trees, rooted at
nodes 16, 10, and 17 of layer three, respectively, are highly
related to topic 3 of layer two on “low & expect”. However,
the two trees rooted at node 10 and 17, respectively, both

have their own specificities. For example, topic 52 of layer
two on “wall street,” is unique to node 10 of layer three,
and topic 35 of layer two on “India” is unique to node 17
of layer three. Similar phenomena can also be observed
from another subnetwork on “China,” shown in Figure 10,
where both nodes of the top layer are connected to topic 19
of layer two on “corp & techn,” topic 36 on “China,” and
topic 12 on “profit & expect.” Though related to each other,
the tree rooted at node 18 of the top layer is also strongly
connected to topic 31 on “project” and topic 34 on “airline,”
whereas the other one focuses differently on topic 49 on
“car & Korea” and topic 44 on “growth rate”.

E.2. Wiki

What follows are analogous figures illustrating some inter-
pretable topics extracted from Wiki.

Figures 11-13 show the top example topics at layers one,
two, and three, respectively. It is obvious that topics of
layer one are specific, such as topic 31 on “university &
research,” topic 72 on “news, magazine, & times,” topic
83 on “military & army,” topic 74 on “police, crime &
prison,” topic 75 on “birds & species,” topic 36 on “British
& England,” and so on. By contrast, when going to higher
layers, topics become more general, as shown in Figures
12 and 13. To better illustrate topics of higher layers, we
explicitly show their hierarchical structures via the following
trees and subnetworks.

Figure 14 shows a tree rooted at node 1 of layer three on
“music & song,” whose topics at layer two are about “song &
band” and “music, piano, & theatre,” respectively. Figure 15
demonstrates another tree consisting of topic 9 of layer two
on “London & British,” topic 50 on “church & Catholic,”
and topic 25 on “king & prince,” which is mainly about
“United Kingdom.” Given in Figure 16 is another tree on
“art & museum,” where the left side is about “art” while the
right is on “history & building.” These trees are all clearly
interpretable.

In the subnetwork shown in Figure 17, all three trees are
related to topic 9 of layer two on “London, British, & Sir.”
But they focus differently on topic 16 of layer two on “Irish
Americans,” topic 24 on “life, birth, education, career, fam-
ily, & death,” and topic 25 on “king & prince,” respectively.
Similar phenomena can also be observed in Figure 18. Both
trees are related to topic 52 of layer two on “ship” and
topic 49 on “air,” but the left one is about various means
of transportation and communication while the right one
is about various components of “war.” Figure 19 shows
another subnetwork on “team & race,” where three trees,
all include topic 6 of layer two, focus differently on “goals,
clubs, & league,” “world cup,” and “rank, first, second, &
third,” respectively.
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Figure 4. Example topics of layer one of DLDA trained with TLASGR MCMC on RCV1.
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Figure 5. The top 30 topics of layer two of DLDA trained with TLASGR MCMC on RCV1.
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Figure 6. The top 30 topics of layer three of DLDA trained with TLASGR MCMC on RCV1.
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Figure 7. A [10, 3, 1] tree on “bonds, rates, & credit markets™ that includes all the lower-layer nodes (directly or indirectly) linked with
non-negligible weights to node 4 of the top layer, taken from the full [128, 64, 32] DLDA network trained with TLASGR MCMC on the
794,414 training documents of the RCV1 corpus, with n(l) = 1/K; for the lth layer. A line from node k at layer [ to node k' at layer

I — 1 indicates that &) (k’, k) > 5/K;_1, with the width of the line proportional to 1/ ® (', k). For each node, the rank (in terms of
popularity) at the corresponding layer and the top 12 words of the corresponding topic are displayed inside the text box, where the text
font size monotonically decreases as the popularity of the node decreases, and the outside border of the text box is colored as orange, blue,
or black if the node is at layer three, two, or one, respectively.

24 franc plan work airlin
union stat air offic
french group strik govern

N

30 work union strik employ|( 34 airlin air flight airport | (38 franc french belgian pari| (55 germ mark ag german
labor job agree wag aircraft plan carg carry group brussel de stat group dutch frankfurt swiss
offic talk pay plan passeng servic boe operat belg plan stak financ guild amsterdam franc stat

5 polit =% 8meet 10 stak 3 big *—— 112 project
back 39ta|gkree 46 work| (53 airlin|| "t | (@6 french)| offer |[62franc||develop 2Z§rﬁmi$ip stat 31;’;:?‘" 41 ge‘f(m
face a union air decid franc capit french plan lant 4 mar|
negot strik flight pari p belgian quot plan presid ag
lead sign ||employ || airport plan chirac hold pari grow pape joint offic german
call reach labor || aircraft early jacqu issu group || €xecut || spokesm ventur chairm dutch
long issu job carg expect jean list brussel || expand offic build direct frankfurt
problem|| pact wag carry reut le sell de add daily construc name swiss
warn || accord pay | passeng|| minist e”"(’jpea“ stat belg || europ declin develop || manag group
threat || side hour Fl’)'a” govern || <= || public ?;it growth ||  sourc contract || board guild
forc disput cut ¢ |lspokesm|| jup |/sharehold glob deny plan financ | lamsterdam
i stat contract|| servic - sa new . vice franc
critic propos || cost aviat talk |{_alain_J| secur stak group talk ol appoint || deutsch
peopl | L= —————|  new group major | 8% J| capac |l @Ppoint ji_ZETBER

Figure 8. Analogous plots to Figure 7 for a tree rooted at node 24 on “France, Germany, & airline” from RCV1.
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Figure 11. Example topics of layer one of DLDA trained with TLASGR MCMC on Wiki.

1 song released band music| (2 species family genus found| (3 district village province county|[ 4 two system group time |(5 goals clubs years league

single track records songs || plant tree known described population rural north west high number first water club season cup team
first rock recorded live plants white leaves black central east south region process different form energy| | first played division career
6 score team first round 7 world team race won 8 university research new college | 9 london british john sir | (10 government political war president
final world won win cup time event mens science professor american school| england william henry lord|| march state international national
points cup group second| |place national summer rank born society studies york son died royal thomas group october january party
11 united states act law 12 city district town village |[13 back best time new 14 river lake park area 15 company business group new
government state public court||population province area india|| first get two family mountain valley north south million companies inc market
new federal national first county rural located indian father life series tells ||forest national water located| |products first services corporation

18 series best show new
born director life directed
actor first production theatre

16 born american ireland irish
refer actor english john
british dublin writer people

17 party election liberal member
elected democratic president elections
conservative minister council general

19 university college school development
community education national program
public international association students

20 data system information software
systems computer windows based
code company available network

21 series show season first || 22 social new people first | [ 23 city century district name | (24 born years life career| (25 king son prince kingdom

new week year day book time theory language|| town area population village family school first son emperor family iii empire
september march two october| | life human work world history known province church| | time died early married name died first death
26 season league team played| | 27 published first book works 28 war army battle general 29 engine car two first 30 said time first two
new games game career german work university english||division regiment infantry military|| new cars air model new made day police
first home year york french literature poetry press corps brigade world forces design speed built ford| |september october june july

Figure 12. The top 30 topics of layer two of DLDA trained with TLASGR MCMC on Wiki.

1 music song released band| 2 county river north road| 3 goals years clubs league 4 ship air first two 5 district village province county
single first new songs united south park new club team season cup new station united line population rural north west
records track rock recorded = city states area station | first played world division ' engine states car company central east south region

6 first series new time 7 city district area village 8 born american ireland irish| 9 party government election president 10 series best new show
man two best game town river population province = john british party english national state first new born first life director
back character story book = north south county island refer actor william london united political member minister directed actor american john

11 war army ship air 12 two first time name | 13 team first world new 14 city century town village 15 first new church book
united new military first group known like called won score time final area north castle church  university life published name
general battle states march system new number made = two race cup points south west name district century two time work

16 species family genus found 17 new united states american 18 new university book published 19 king church son first 20 system data new information
plant known tree white state county university york american first books york prince family kingdom died united states based first
new described plants name = democratic republican first john born life work art name century death emperor company time software systems

21 university new united states 22 season team league game | 23 species family genus found| | 24 company new united states | 25 team world race won
company research college international new played first games plant known tree described business group first million cup time event place
school national first development coach state year career new plants white south york companies american based| national mens first games

26 station network channel news| 27 university new research born |28 county age city population | 29 school high schools students | ' 30 art museum new work
series new show first music first college school school united states town | education university state district = arts gallery works artist
stations fox time september american science professor united  area years average american college public year new artists first painting design

Figure 13. The top 30 topics of layer three of DLDA trained with TLASGR MCMC on Wiki.
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Figure 14. Analogous plots to Figure 7 for a tree rooted at node 1 on “music & song” from Wiki.
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Figure 15. Analogous plots to Figure 7 for a tree rooted at node 19 on “United Kingdom” from Wiki.
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Figure 16. Analogous plots to Figure 7 for a tree rooted at node 30 on “art & museum” from Wiki.
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Figure 17. Analogous plots to Figure 7 for a subnetwork on “British” from Wiki, consisting of three trees rooted at nodes 8, 32, and 19,

respectively, of layer three.
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Figure 18. Analogous plots to Figure 7 for a subnetwork on “ship & air” from Wiki, consisting of two trees rooted at nodes 4 and 11,

respectively, of layer three.
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Figure 19. Analogous plots to Figure 7 for a subnetwork on “team & race” from Wiki, consisting of three trees rooted at nodes 3, 25, and
13, respectively, of layer three.





