
A Probabilistic Model for Latent 

Periodic Topic Analysis 

Zhijun Yin1, Liangliang Cao2, Jiawei Han1,Chengxiang Zhai1, Thomas Huang1 

1University of Illinois at Urbana-Champaign 

2IBM T.J. Watson Research Center 

 

10/28/2011 



Periodic Phenomena Exist Ubiquitously 

 Hurricanes 

 Music and film festivals 

 Product sales 

 TV program 

 Publicly traded company 
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Many Text Data Exist with Time Information 
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 News articles associated with their publishing dates 

 Tagged photos annotated with their taken dates in Flickr 

  Tweets published with their upload times in Twitter 



Apply Periodicity Analysis on Text Data 
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 Periodicity detection for time series database 

 Some studies follow the similar strategies to analyze the 

time distribution of a single tag or query to detect 

periodic patterns 

 



Challenges 
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 A single word is not enough to describe a topic and more 

words are needed to summarize a topic comprehensively 

 Analyzing the periodicity of single terms only is not 

sufficient to discover periodic topics 

 E.g.,  the words like “music”, “festival” and “chicago” may not 

have periodic patterns if considered separately, but there may 

be periodic topics if these words are considered together 

 Synonyms and polysemy words due to the language 

diversity 

 



Latent Periodic Topic Analysis 
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Input: 

Timestamped 

documents 

ID Text Date 

1 coachella, music, arts, festival, … Apr 27 2008 

2 sxsw, south by southwest, austin, … Mar 14 2008 

… … … 

Output:  

1.  Periodic topics:  { p(w|z) }                2. Time distribution of topics  

Periodic interval T 

e.g., 1 year, etc.  

Topic 1  

(Coachella Festival) 

… 

coachella 0.1106 … 

music 0.0915 … 

indio 0.0719 … 

california 0.0594 … 

concert 0.0357 … 

… … 

The distribution of the timestamps for the topic related 

to Coachella festival 



Problem Formulation 

 Input:  

 A collection of timestamped documents D 

 The number of topics K 

 Periodic interval T 

 Output:   

 K periodic topics 

                          p(w|z) is the probability of word w given topic z               

 The distribution of the timestamps for each topic 

Zzz}{θθ 
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Related Work 

 Periodicity Analysis in time-series database 

 Topic models 

 PLSA and LDA 

 Variants of topic models 

 Topic Over Time, etc. 
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General Idea of Periodic Topic Mining 
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 Term cooccurrence 

 If two words co-occur often in the same documents, they 

are more likely to belong to the same topic 

 Temporal Structure 

 We assume that there are many consecutive periods 

across the time line. The words occurring around the 

same time in each period are likely to be clustered 

 



Temporal Patterns of Topics 

 Periodic Topics 

 A periodic topic is one repeating in regular intervals 

 Background Topics 

 A background topic is one covered uniformly over the entire 

period 

 Bursty Topics 

 A bursty topic is a transient topic that is intensively covered 

only in a certain time period 
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Temporal Patterns of Topics (Cont.) 

 Periodic Topics 

 The distribution of timestamps for each periodic topic as a 
mixture of Gaussian distributions where the interval between 
the consecutive components is T 

 Background Topics 

 The timestamps of the background topics are generated by a 
uniform distribution 

 Bursty Topics 

 The timestamps of the bursty topics are generated from a 
Gaussian distribution 

 The document collection is modeled as a mixture of 
background topics, bursty topics and periodic topics 
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Generative Process 
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 To generate each word in document d from collection D: 

 (1) Sample a topic z from multinomial  

 (a) If z is a background topic, sample time t from a uniform 

distribution [tstart , tend], where tstart and tend are the start time 

and end time of the document collection 

 (b) If z is a bursty topic, sample time t from  

 (c) If z is a periodic topic, sample period k of document d from 

a uniform distribution. Sample time t from                       , 

where T is periodic interval 

 (2) Sample a word w from multinomial  
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Log-likelihood of Document Collection 
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 Given the data collection                  where wd is the 
word set in document d and td is the timestamp of 
document d, the log-likelihood of the collection given  

                        is as follows 

 

 

 

 If topic z is a background topic,  
 

 If topic z is a bursty topic, 
 

 If topic z is a periodic topic,  
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Parameter Estimation 

 EM (Expectation Maximization) algorithm 

 E-step 
 

 M-step 

 

10/28/2011 13 

For bursty topic z  

For periodic topic z  

Complexity: O(iter K|W|) where iter is the number of the iterations in EM, K is 

the number of topics, |W| is the total count of the words in all the documents 



Datasets 
 Seminar 

 The weekly seminar announcements for one semester from six research groups in 
computer science department at University of Illinois at Urbana-Champaign 

 61 documents and 901 unique words 

 Set periodic interval T as 1 week 

 DBLP (Digital Bibliography Project) 
 The paper titles of several different conferences from 2003 to 2007. The conferences 

include WWW, SIGMOD, SIGIR, KDD, VLDB and NIPS 

 The timestamps of the documents are determined according to the conference programs 

 4070 documents and 2132 unique words 

 Set periodic interval T as 1 year 

  Flickr 

 The photos for several music festivals from 2006 to 2010 including SXSW (South by 
Southwest), Coachella, Bonnaroo, Lollapalooza and ACL (Austin City Limits) 

 The tags of a photo are considered as document text, while the time when the photo was 
taken is considered as document timestamp 

 84244 documents and 7524 unique words 

 Set periodic interval T as 1 year 
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Topics Discovered by LPTA 
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Selected periodic topics discovered by LPTA. The date and the duration in the parentheses 

are the mean and standard deviation of the timestamps for the corresponding periodic topic 



LPTA vs. Periodicity Detection 
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 AUTOPERIOD*, a two-tier approach by considering the 

information in both the autocorrelation and the 

periodogram,  fails to detect meaningful periodic words 

because the time series are sparse and few words have 

apparent periodic patterns. 

 Compared with single word representation, LPTA uses 

multiple words to describe a topic. 

 In DBLP, topic “VLDB”: data 0.0530, xml 0.0208, query 

0.0196, queries 0.0176, efficient 0.0151, mining 0.0142, 

database 0.0136, streams 0.0112, databases 0.0111 

*M. Vlachos, P. S. Yu, and V. Castelli. On periodicity detection and structural periodic similarity. In SDM, 2005 



LPTA vs. Periodicity Detection (Cont.) 
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Time distribution of topic VLDB 

discovered by LPTA and time distributions 

of the words in the topic 



LPTA vs. Topic Models 
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Selected topics discovered for different datasets by using PLSA and LDA 



Integration of Text and Time Information 
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Periodic topics for SIGMOD vs. VLDB and SIGMOD vs. 

CVPR datasets by using LPTA. The date and the duration 

are the mean and standard deviation of the timestamps. 

SIGMOD and VLDB are two reputed 

conferences in database area,  and it is 

difficult to differentiate these two 

conferences based on text only 

SIGMOD and CVPR are held in June, so 

it is difficult to differentiate these two if 

we rely on time information only 



Periodic vs. Bursty Topics 
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Instead of pooling the photos related to music festivals all together, we keep the 

photos related to SXSW and ACL festivals from 2006 to 2010 and those related 

to Coachella and Lollapalooza in 2009 only. 

The words will fit into the 

corresponding periodic or 

bursty topics if they have 

periodic or bursty patterns 



Quantitative Evaluation 
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The latent topics discovered by the topic modeling approaches can be regarded 

as clusters. Accuracy and normalized mutual information (NMI) can be used to 

measure the clustering performance. 



Conclusion 

 Introduce the problem of latent periodic topic analysis on 

timestamped documents 

 Propose a model called LPTA (Latent Periodic Topic 

Analysis) that exploits both the periodicity of the terms 

and term co-occurrences. 

 Demonstrate that our LPTA model works well for 

discovering the latent periodic topics by combining the 

information from topical clusters and periodic patterns 
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Future Work 

 Effectively analyzing large scale data 

 Automatically determining the optimal number of topics 

in real life 

 Incorporating the social networks into periodicity 

detection 

10/28/2011 23 



10/28/2011 24 


