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A Probabilistic Topic Model based on Local Word

Relationships in Overlapped Windows
Marziea Rahimi, Morteza Zahedi & Hoda Mashayekhi
Department of Computer Engineering, Shahrood University of Technology,Shahrood, Iran

Abstract

A probabilistic topic model assumes that documents are generated through a process involving topics and
then tries to reverse this process, given the documents and extract topics. A topic is usually assumed to be a
distribution over words. LDA is one of the first and most popular topic models introduced so far. In the
document generation process assumed by LDA, each document is a distribution over topics and each word in
the document is sampled from a chosen topic of that distribution. It assumes that a document is a bag of words
and ignores the order of the words. Probabilistic topic models such as LDA which extract the topics based on
documents-level word co-occurrences are not equipped to benefit from local word relationships. This problem
is addressed by combining topics and n-grams, in models like Bigram Topic Model (BTM). BTM modifies the
document generation process slightly by assuming that there are several different distributions of words for
each topic, each of which correspond to a vocabulary word. Each word in a document is sampled from one of
the distributions of its selected topic. The distribution is determined by its previous word. So BTM relies on
exact word orders to extract local word relationships and thus is challenged by sparseness. Another way to
solve the problem is to break each document into smaller parts for example paragraphs and use LDA on these
parts to extract more local word relationships in these small parts. Again, we will be faced with sparseness
and it is well-known that LDA does not work well on small documents. In this paper, a new probabilistic topic
model is introduced which assumes a document is a set of overlapping windows but does not break the
document into those parts and assumes the whole document as a single distribution over topics. Each window
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corresponds to a fixed number of words in the document. In the assumed generation process, we walk through
windows and decide on the topic of their corresponding words. Topics are extracted based on words co-
occurrences in the overlapping windows and the overlapping windows affect the process of document
generation because; the topic of a word is considered in all the other windows overlapping on the word. On
the other words, the proposed model encodes local word relationships without relying on exact word order or
breaking the document into smaller parts. The model, however, takes the word order into account implicitly
by assuming the windows are overlapped. The topics are still considered as distributions over words. The
proposed model is evaluated based on its ability to extract coherent topics and its clustering performance on
the 20 newsgroups dataset. The results show that the proposed model extracts more coherent topics and

outperforms LDA and BTM in the application of document clustering.

Keywords: probabilistic topic models, Gibbs sampling, co-occurrence, graphical models
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J i o bl (gamaiigs 5 S o |y Juw o Slee
O 9 005 00l ioled eolpiinn Jow lawgi oaud adgs
A3 GPy) 98 Lawgs oudiagi Dlegdge b (A4S Djg0 4

el 00l dslie

odloac gozxo —V-0
boloacgarme llie ol o colaiw! 5,90 boldacgesne
5 09,5 Comn Jolis acgazme ol .l | 20 newsgroups
Cgta (§ 09,5 G plaS 0 oS Cel 00l GnS ey
lades So 1 sl 6 e pleiee Jods (mem 4 g 00
5o el oad JSzs Slusl )15 gy a5 caddls sl
Joaw o Slee b5l Gl batws ol 5l ol dlas
Sy el oulds oolaiw!l sliwl gaiualdigs jo (golpiing
oads ol Bolas jebay caiw Cang g bbatws (pl 5l
Je Go39el 4 ;550 Slide 5 o505T 4 sl Gline o5 o
5 Sygel 8l s im0 oS 5 ol 4 slasl olais]
doojlgunn | cuol oads colaiul yaejl gl wiw limge
@ L Joss! 5 o5 Glaglis wloas i slasl § oSle
a3l S 5 a8 ol GBSly eimres Silead oSl
3 loads Bds 30 oad ST degesxe S 50 s

Lhttp://qwone.com/~jason/20Newsgroups

Pl (S dazm -V-F

LDA L) oleiin Joo Gloj Sz (W0 (0l o
S0 paiged 1S S (o0 SBro oleiin Joe 50 p2 g
OB3ls ples slil v a5 cunl o3ly S sl W g9dge
LDA ;5 0635 0 J1,S5 LN Jxy 00lodegozms ;0 39240
2 Sl O(K) o3l 2 ln o onl Sloy (Soemy
Jae ;0 09 wales O(NK) plp JS 50 Sz 4
Olo o3ly o sl H5S e s Gloj (T coledan
ool leds olaws Wb o] 5 oegdle Jy el O(K)
b e 3 o3y o oaiilingy slme iy plad o Slegoge
ON(K+1)) @bt Joo sl 5 ol cnlnle
I Fomb L jlade asye Jyemsysbay a5 el 5l ool
Jae a bawe 00,8 gla! Gy sl K laas
A5 o8, LDA o 6L sl jol8 golpiiay

2l 9 bl -0

e 99 b g (2l glie iulesl g0 o (ol Jse
Lo iolesl cpl 51 (o .ol o0 awslie BTM 4 LDA

dji.’.') 5 03,5 Lg).:fo)‘l..\i‘ |) 6‘*-‘-!9-’ Slegoge r:lqr.@‘

YA 2l ¥ o)l Ay Jlo



http://dx.doi.org/10.29252/jsdp.15.4.57
http://jsdp.rcisp.ac.ir/article-1-673-en.html

w

Ol e o )iy )3 YU Sl Hxe dasly) 3 Siiae SV (se9:090 JIo

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-28 |

- 10.29252/jsdp.15.4.57 |

Solear b ooyt Sliges Gl sl S5 4 Y

Pylge o3 QLS T L a5 o2y p 50 Sua (53l olass

50&.5;&[.3‘ 3&‘&4\95@ Sy ‘) M).w )‘.,\.Lo (\_QH—JSM)
Ol o e las 1) 003l U S 5l Baw )55l slaws
oo oolatwl (V) Jgoz [0 sadol wlendass 51 iolesl
Slp 1) (S5 (S & i JSB 0ol 5o o
U"‘ )‘ u.IUaA GALAJ UJ‘).)L._' p—"°‘>)5—| Cowddy T=1 )‘..\.M
9 o\.\...';)»)l% 5&‘&4&5@ SS9y » ‘) M).w )‘..\.D.A (x_rf')
Slodas 48 a0 o lis alizes gl ey 55lail (6l 5
el (V) Jgaz 50 saiol Sledass gllas iolesl opl yo
531l yo |, KLES jos ko 2aS s co &5 ,5bcyles
0y B3l ol 38l b cancn 831051 B o )l ey 055y
1 s 5 e S a5 ey Lnesls (ssleiing o
B &$S ..\55) L)"‘ n)j.w o )‘ )—H.AA-\J 0y 3)‘..\.»‘

130 }
128
\3‘ 126 -
\1‘ 124 -
122 -
120 r T
0 5 10 15
(T) Goa lods slows
(<l
150
3 140 -
\1, 130 -
120 Y
0 50 100
L) oy Job
(&)

yobie slasd 31 (al lgheds SOUES p ol pudd 1 (F— JS)
(@) pligrpp o yzmy Job o (W) oy po jo Sun

(Figure-6): Perplexity as a function of the number of target
words in each window (right) and window length (left)
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(Table-1): experimental settings

Ak e
Jij 0.01
Aying 50/(K +20*L)
aLDA,BTM SO/K
Number of iterations 1000
Burn-in 200
lag 100
L 20
P 10
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(Table-2): Samples of topics generated by the proposed model, based on the settings of table 1

47 139 145 128 178 181 192

car god god water software israel jews
speed truth spirit air windows | lebanon jewish
cars faith jesus plants system israeli religious
engine belief holy son | river unix lebanese | state
driving | accept father pressure dos civilians muslim
road evidence | christ exhaust pc villages conflict
front exist man heavy run soldiers society
miles gods nature affect support peace christian
drive reliable eternal cooling hardware | attacks ottoman
left means temperature | network syria israel

-Zero to very fast*’ very quickly*’... lastest rumor!*® is 115 hp*’ at the rear*’ wheel?’, handles*’ like a
dream'® in a straight'%? line!*® to 80-100, and then gets a tad®? upset'>* according to a review® in Cycle'3®
World'®... cornering'®, er'® well, you can't have everything...

-Sure you can have everything, if by "everything" you mean fast*’ straight*’ line'3* performance*” AND
handling*’ — present!® day*’ liter*’ sport!°® bikes*’ have more horsepower*’ and have faster*’ 0-60 and 1/4
mile*” times'® than the V-max... Plus, they corner*’ just a bit!*® better...

-Seriously, handling*’” is probably as good!”® as the big'* standards'®® of the early'®® 80's but not
compareable to whats*” state'® of the art'”> these days®°.
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(Figure-7): An example document with words that are tagged by their assigned topics.
The tag-less words have been removed during the preprocessing.
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(Table-3): Samples of topics generated by LDA, based on the settings mentioned in table 1

49 34 91 37 59

car god water windows | jews

cars jesus high mode jewish
engine christian heavy card common
front christ hot version university
door christians power driver religious
driving bible solar work professor
wheel man battery problem years
drive christianity | plants dos important
miles faith john drivers christian
nice spirit air history
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(Table-4): Samples of topics generated by BTM, based on the settings mentioned in table 1

6 39 31 67 65
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continental water . . .
people h@l unit drlze 15%611
oly m
cczfrrs father peuoSgIe john lebanese
fake son aftermarket .card pe'ople
. people windows time
kit essence plants local villages
good . installed £
jesus work peace
sport . worth o
rear time les computer | civilians
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(Figure-8): Topic coherences of BTM, LDA and the proposed model, based on the settings mentioned in table 1
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(Figure-9): Clustering distances of BTM, LDA and the proposed model with the human generated categories,
for several numbers of topics and based on the settings mentioned in table 1
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