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1. Inference Details

Recall that the data is the word count vector zc;l) of doc-

ument j. Given the PFA framework, we can apply the

collapsed Gibbs sampling to sample the bottom-layer topic

for the i-th word in j, v;;, similar to Eq. (28) in Appendix

B of Zhou et al. (2016), as follows:
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where z;; is the topic index for v;; and xwk =, 0(vj; =
v, 2;; = k1) counts the number of times that term v appears
in document j; we use ~7* to denote the count x calculated
without considering word ¢ in document j.

Given the latent counts 337(11.,)61, the multinomial likelihood of

&)
Sl) is proportional to (qbgﬂ) """, Due to the Dirichlet-

multinomial conjugacy, the joint likelihood of 3y, is com-
puted as:
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By introducing an auxiliary beta distributed variable:

G ~ Beta(Bp,, 2, 3)

we can transform the first gamma ratio in Eq. (2) to
(qi,)™** (Zhao et al., 2018). After this augmentation, one
can show that the likelihood of jy, , is proportional to the
negative binomial distribution.

Recall that B, = 57 . and the shape parameter of

S
jk“"f a,f” is drawn from hierarchical gamma. This con-

struction is closely related to the gamma-negative binomial
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process (Zhou & Carin, 2015; Zhou, 2016), which enables
the model to automatically determine the number of effec-
tive sub-topics.

Furthermore, we introduce another auxiliary variable:
Bty ~ CRT (2, Bur, ) *)

where h ~ CRT(n,r) stands for the Chinese Restaurant
Table distribution (Zhou & Carin, 2015) that generates the
number of tables h seated by n customers in a Chinese
restaurant process with the concentration parameter r (Wray
& Marcus, 2012). Given h,, , the second gamma ratio can
be augmented as (B,, )"*** . Finally, with the two auxiliary
variables, Eq. (2) can be written as:
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Sample 3 <S>. Given the table counts h,, in Eq. (5), we
can sample the counts h<s> for each sub-topic s as follows:
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Given hy;>>, we can sample (57" as:
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Sample o;°~. By integrating 35~ out, we sample
<s>
a7 as:
<s> Gam(ag®” /S +¢3°7,1)
Yy o> < Y )
cy®” +log (1 + e"v*1 log E)
where
v
95 = ngk?, (10)
g~ ~ CRT (hj,;f, 7). (11)
According to the gamma-gamma conjugacy, og5°” and

c5®” can be sampled in a similar way.
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Sample w;*~. After integrating 35>~ out and ignoring
<s>

unrelated terms the joint likelihood related to w;*7 is

proportional to:
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The above likelihood can be augmented by an auxiliary
variable: w5;>” ~ PG(1,0), where PG denotes the Pélya
gamma distribution (Polson et al., 2013). Given w<,:> , We

get:
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The above likelihood results in the normal likelihood of
w k1§> Therefore, we sample it from a multi-variate normal
distribution as follows:
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where p1;5° € R* and ;5% € RFXE,
According to (Polson et al., 2013), we can sample

1
wye” ~ PG (hfk‘? + a3,y + loglog k)
1

15)
To sample from the Pélya gamma distribution, we use an
accurate and efficient approximate sampler in Zhou (2016).
Finally, o(*) can be sampled from its gamma posterior.

The inference algorithm is shown in Figure 1.

2. Visualization of the Discovered Topic
Hierarchies and Sub-topics

Figure 1-9 show the topic hierarchies discovered by
WEDTM on WS, TMN, and Twitter respectively.

3. Generating Synthetic Documents

Below we provide several synthetic documents generated
from WEDTM, following the GBN paper (Zhou et al., 2016).
Given trained {®®},, we used the generative model shown
in Figure 1 in the main paper to generate a simulated topic
weights 0( ). We show the top words ranked according to

‘I'(1)0§1 . Below are some example synthetic documents
generated in this manner with WEDTM trained on the TMN
dataset. The generated documents are clearly interpretable.

1. study drug cancer risk health people heart women dis-
ease patients drugs researchers children brain found
finds kids high doctors suggests research medical
surgery food diabetes treatment blood years report men
young shows year time scientists mets age linked yan-
kees coli long care tuesday good hospital early prostate
breast fda developing common adults monday outbreak
older weight lower parents problems taking day studies
virus aids babies life diet thursday loss levels higher
wednesday home evidence make trial tests effective
death sox therapy pregnancy experts prevent low pa-
tient run pressure pain alzheimer game flu type win
number treat start season obesity symptoms

2. mets yankees game season sox win run baseball nfl
league hit home time team red inning players day back
beat phillies start pitcher innings night runs rangers
giants major year games rays big manager york victory
indians coach left past boston make draft dodgers hits
good pitch hitter career bay tigers blue list play braves
fans marlins tuesday years disabled high cubs thursday
saturday lockout chicago week nationals top wednes-
day lead white jays twins streak los days philadelphia
field long texas josh pitched ninth friday sunday fran-
cisco homer lineup put young college football times
roundup pitching cleveland loss sports angeles

3. japan nuclear earthquake plant power tsunami cri-
sis japanese oil quake radiation stocks disaster tokyo
prices world friday tuesday fukushima investors hit
crippled energy reactor water march monday safety
thursday plants economic reactors market government
week wednesday year country devastating wall high
workers radioactive concerns worst street officials per-
cent companies damage electric report massive fears
earnings damaged economy impact food levels agency
operator global daiichi plans markets stock chernobyl
sales coast growth rise higher states atomic fuel united
risk stricken health crude supply dollar low strong de-
mand level recovery day magnitude quarter shares fell
struck tepco billion commodities experts gains relief

4. wedding royal prince kate william middleton lon-
don queen britain ireland british irish friday eliza-
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Require: {w§-1)}j, T,S,{K¢}+,a0,bo, €0, fo, N0, Maxlteration

Ensure: The sampled value for all the latent variables

1: Randomly initialise all the latent variables according to the generative process;

2: fort < 1to 7 do

3:  for iter < 1to MaxIteration do
4 if t = 1 then
5 / * Generating documents * /
6: Sample the bottom-layer topics by Eq. (1); Calculate {mglj)kl Yok
7: end if
8 /  Inter topic structure * /
9: Do the upward-downward Gibbs sampler
10: (Algorithm 1 in Zhou et al. (2016)) for {8\, ¢\ p{}, ; (@)}, r;
11: if ¢ = 1 then
12: / * Intra topic structure x /
13: Sample {qx, }x, by Eq. (3); Sample {h,k, }v.x, by Eq. (4);
14: for s < 1to S do
15: Sample {h5;°~ }. k, by Eq. (6);
16: Sample {g5;>” }4 x, by Eq. (11); Calculate {g3°~ }#, by Eq. (10);
17: Sample a5 °~ and ¢5°~ from their gamma posterior;
18: Sample {«;*” }x, by Eq. (9);
19: Sample {wy;>” }o k, by Eq. (15); Sample o<~ from its gamma posterior;
20: Sample {w;;* }1, by Eq. (14);
21: Calculate {75;°~ }., , by Eq. (8);
22: Sample {5527}, x, by Eq. (7);
23: end for
24: Calculate {Byk, Fo.k:s
25: end if
26:  end for
27: end for

Figure 1. Gibbs sampling algorithm for WEDTM

Figure 2. Analogous plots to Figure 6 in the main paper for a tree about “computers” on the WS dataset.

beth designer princess april couple week palace people
visit idol american day fashion world made abbey art
bride marriage diana duchess secret time honeymoon
photo king dress dinner famous sarah cake back media
lady buckingham year ring show photos hat coverage
wednesday party saturday mcqueen month morning
pop watch guests charlie days sheen westminster fu-

ture kardashian star television night work crown tribute
ago duke officials worn check years pre kim maya wear
final site met ceremony music tonight museum nuptials
harry ferguson pounds royals trip tuesday turned

. apple sony mobile data ipad company corp network

phone billion software google iphone computer mil-



WEDTM

14 party political democratic labor communist
wikipedia election socialist campaign politics

17 party political labor democratic communist

5 political democracy system government republic
ti election socialist campaign

y politics idential president social

J |

36 wikipedia encyclopedia ik calegory arficle
united culture model

7 1 information ———

3 economic 8 political links online 27 paty parly 9 wikipedia 17 culture ?\T'S'QEIS
international  cconomic democracy political web information political ~ democratic || encyclopedia ipedia history tory
d9V9|°Pme”| infernational system damocracy © web labor communist wiki encyclopedi ancient ancient
oy o government  SGTTEn! online internet democratic socialist category  arck american _cultural

pohcy organization republic leader resources pages communist  political article Tump modern literature
national fobal god parliamentary  politics home website election  election united physicality o japanese  religion
council "«“‘f"é\‘ cartoons presidential Pavhamgﬂl?w page books socialist  campaign knowledge S"if"“"a" western  folklore
sector Ubiio article  minister politics Jomocratic search page campaign elections word monaber asian  puddhism
global europe msnbc moming president nfiict com mail republican  committee model dod religion "o itires
organization talk ~ cartoon social nows book communism  congress the roman  Glures

Figure 3.
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Analogous plots to Figure 6 in the main paper for a tree about “movie” on the WS dataset.
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Figure 6. Analogous plots to Figure 6 in the main paper for a tree about “politics” on the TMN dataset.
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Figure 7. Analogous plots to Figure 6 in the main paper for a tree about “food and health” on the TMN dataset.
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Figure 8. Analogous plots to Figure 6 in the main paper for a tree about “phone” on the Twitter dataset.
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Figure 9. Analogous plots to Figure 6 in the main paper for a tree about “thanksgiving” on the Twitter dataset.
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Figure 10. Analogous plots to Figure 6 in the main paper for a tree about “NBA” on the Twitter dataset.
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Below are some example synthetic documents with
WEDTM trained on the WS dataset.

1. research papers thesis project writing edu paper disser-

tation proposal reports patent technical report topics
guide academic exploratory information write methods
researchers publications parallel process phd issues
ideas computing media topic custom projects essay
help archives tools page labs web lab university com-
munication resources ibm proposals intellectual home
advice cluster dissertations survey library essays ad-
dress practical links step abstract property bell systems
linux performance master serve abstracts developed
written department index quality exploring matters res
theses documents course college collaborative process-
ing programme materials focused preparing computer
program students search guidelines online articles ex-
perience services recommendations welcome conduct
funding aspects idea people

. football team league news american fans nfl players
soccer stadium sports indoor national com home statis-
tics club history hockey baseball college fan associa-
tion teams arena england game player texas website
scores basketball professional fixtures espn season ncaa
clubs university afl schedule tickets minnesota inde-
pendent tables athletics sport welcome united leagues
dedicated ice chicago giants nba stadiums online rugby
stats nhl gymnastics coverage coaches levels delivers
city arsenal index coach database conference standings
information cstv fantasy bears articles views athletic

living centers fatty help kids liver care researchers eat-
ing diagnosis who weight body virus recipes human
control viral sheets com helps patterns and compre-
hensive diabetes risk trials int learn conditions advice
influenza diets exercise affect public press consensus
constant united eat infections listing unaids experts
mind personality disorder causes world flu infectious
guidelines global loss women avian humans population
ucsf cope job brains index

. system government parliamentary republic presidential

maradona diego parliament systems westminster free-
dom independence democracy semi-presidential con-
sensus constitutional armando elected congressional
constitution executive america people declaration elec-
tions president czech gov australia election documents
hand french political national congress authority united
archives legislature kingdom country governments
powers power public british representation canada ar-
gentine versus buenos separation born legislative cen-
tral assembly affairs republics india peace france sri
semi english branch body operates charters romania
distributed presidency practice the parliaments govern-
ing house countries britain rule federal principles jury
lanka foreign bill govern nunavut portuguese ireland
aires immense head qld parl pub shtml politics ukraine
parties

. school research college edu graduate university edu-

cation students elementary center student library dis-
trict information schools program programs degree city
public media papers phd master thesis law department
undergraduate home project staff america regional writ-
ing scholarship calendar independent academic town
paper administration news scholarships north disser-
tation community faculty welcome archives virginia
children president union wisconsin temple proposal
parents ohio pennsylvania teachers philadelphia re-
ports guide houston nation degrees chronicle services
massachusetts patent opportunities boston technical
activities county study masters east report employment
commission usa expo lewis michigan san academy
memorial topics meeting institute campus homepage
web arizona maine business announcements philly hub
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