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ABSTRACT — Textual documents created and distributed on the Internet are ever changing in 

various forms. Most of existing works are devoted to topic modeling and the evolution of 

individual topics, while sequential relations of topics in successive documents published by a 

specific user are ignored. In this paper, in order to characterize and detect personalized and 

abnormal behaviors of Internet users, we propose Sequential Topic Patterns (STPs) and 

formulate the problem of mining User-aware Rare Sequential Topic Patterns (URSTPs) in 

document streams on the Internet. They are rare on the whole but relatively frequent for specific 

users, so can be applied in many real-life scenarios, such as real-time monitoring on abnormal 

user behaviors. We present a group of algorithms to solve this innovative mining problem 

through three phases: preprocessing to extract probabilistic topics and identify sessions for 

different users, generating all the STP candidates with (expected) support values for each user by 

pattern-growth, and selecting URSTPs by making user-aware rarity analysis on derived STPs. 

Experiments on both real (Twitter) and synthetic datasets show that our approach can indeed 

discover special users and interpretable URSTPs effectively and efficiently, which significantly 

reflect users’ characteristics. 

Index Terms—Web mining, sequential patterns, document streams, rare events, pattern-growth, 

dynamic programming. 

INTRODUCTION Document streams are 

created and distributed in various forms on 

the Internet, such as news streams, emails, 

micro-blog articles, chatting messages, 

research paper archives, web forum 

discussions, and so forth. The contents of 

these documents generally concentrate on 

some specific topics, which reflect offline 

social events and users’ characteristics in 

real life. To mine these pieces of 
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information, a lot of researches of text 

mining focused on extracting topics from 

document collections and document streams 

through various probabilistic topic models, 

such as classical PLSI [15], LDA [7] and 

their extensions [5], [6], [16], [18], [19], 

[24], [33], [34], [38], [39]. Taking advantage 

of these extracted topics in document 

streams, most of existing works analyzed the 

evolution of individual topics to detect and 

predict social events as well as user 

behaviors [8], [11], [12], [23]. However, few 

researches paid attention to the correlations 

among different topics appearing in 

successive documents published by a 

specific user, so some hidden but significant 

information to reveal personalized behaviors 

has been neglected. In order to characterize 

user behaviors in published document 

streams, we study on the correlations among 

topics extracted from these documents, 

especially the sequential relations, and 

specify them as Sequential Topic Patterns 

(STPs). Each of them records the complete 

and repeated behavior of a user when she is 

publishing a series of documents, and are 

suitable for inferring users’ intrinsic 

characteristics and psychological statuses. 

Firstly, compared to individual topics, STPs 

capture both combinations and orders of 

topics, so can serve well as discriminative 

units of semantic association among 

documents in ambiguous situations. 

Secondly, compared to document-based 

patterns, topic-based patterns contain 

abstract information of document contents 

and are thus beneficial in clustering similar 

documents and finding some regularities 

about Internet users. Thirdly, the 

probabilistic description of topics helps to 

maintain and accumulate the uncertainty 

degree of individual topics, and can thereby 

reach high confidence level in pattern 

matching for uncertain data. For a document 

stream, some STPs may occur frequently 

and thus reflect common behaviors of 

involved users. Beyond that, there may still 

exist some other patterns which are globally 

rare for the general population, but occur 

relatively often for some specific user or 

some specific group of users. We call them 

User-aware Rare STPs (URSTPs). 

Compared to frequent ones, discovering 

them is especially interesting and significant. 

Theoretically, it defines a new kind of 

patterns for rare event mining, which is able 

to characterize personalized and abnormal 

behaviors for special users. Practically, it 

can be applied in many real-life scenarios of 
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user behavior analysis, as illustrated in the 

following example. 

RELATED WORK Topic mining in 

document collections has been extensively 

studied in the literature. TopicDetection and 

Tracking (TDT) task [3], [9], [35] aimed to 

detect and track topics (events) in news 

streams with clustering-based techniques on 

keywords. Considering the co-occurrence of 

words and their semantic associations, a lot 

of probabilistic generative models for 

extracting topics from documents were also 

proposed, such as PLSI [15], LDA [7] and 

their extensions integrating different features 

of documents [5], [19], [24], as well as 

models for short texts [16], [34], like 

Twitter-LDA [39]. In many real 

applications, document collections generally 

carry temporal information and can thus be 

considered as document streams. Various 

dynamic topic modeling methods have been 

proposed to discover topics over time in 

document streams [6], [18], [33], [38], and 

then to predict offline social events [8], [11], 

[23]. However, these methods were 

designed to construct the evolution model of 

individual topics from a document stream, 

rather than to analyze the correlations 

among multiple topics extracted from 

successive documents for specific users. 

Sequential pattern mining is an important 

problem in data mining, and has also been 

well studied so far. In the context of 

deterministic data, a comprehensive survey 

can be found in [21], [25]. The concept 

support [25] is the most popular measure for 

evaluating the frequency of a sequential 

pattern, and is defined as the number or 

proportion of data sequences containing the 

pattern in the target database. Many mining 

algorithms have been proposed based on 

support, such as PrefixSpan [29], FreeSpan 

[13] and SPADE [36]. They discovered 

frequent sequential patterns whose support 

values are not less than a user-defined 

threshold, and were extended by SLPMiner 

[30] to deal with length decreasing support 

constraints. Nevertheless, the obtained 

patterns are not always interesting for our 

purpose, because those rare but significant 

patterns representing personalized and 

abnormal behaviors are pruned due to low 

supports. Furthermore, the algorithms on 

deterministic databases is not applicable for 

document streams, as they failed to handle 

the uncertainty in topics. For uncertain data, 

most of existing works studied frequent 

itemset mining in probabilistic databases [1], 

[10], but comparatively fewer researches 
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addressed the problem of sequential pattern 

mining. Muzammal et al. focused on 

sequence-level uncertainty in sequential 

databases, and proposed methods to evaluate 

the frequency of a sequential pattern based 

on expected support, in the frame of 

candidate generate-and-test [28] or pattern-

growth[26]. Since expected support would 

lose the probability distribution of the 

support, a finer measure frequentness 

probability was defined for general item sets 

[4], [32], [37], and used in mining frequent 

sequential patterns for sequence-level and 

element-level uncertain databases [20], [27], 

[40]. However, these works did not consider 

where the uncertain databases come from 

and how the probabilities in the original data 

are computed, so cannot be directly 

employed for our problem which takes 

document streams as input. Moreover, they 

also focused on frequent patterns and thus 

cannot be utilized to discover rare but 

interesting patterns associated with special 

users. In the aspect of sequential patterns for 

topics, Hariri et al. [14] presented an 

approach for context-aware music 

recommendation based on sequential 

relations of latent topics. The topic set of 

each song is at first determined by a 

threshold on the topic probabilities obtained 

from LDA. Then, frequent topic-based 

sequential patterns occurring among 

playlists are discovered to predict the next 

song in the current interaction. Nevertheless, 

the topic sets here are deterministic, so the 

uncertainty degree of topics is lost due to the 

approximation in the threshold-based 

filtering. In addition, the target is not a 

published document stream, and the globally 

rarity was not taken into account to find 

personalized and uncommon patterns. This 

paper is an extension of our previous work 

[17], and has significant improvements on 

the following aspects: 

• The problem of mining URSTPs is defined 

more formally and systematically, and the 

application field focuses on published 

document streams; • The formula to 

compute the relative rarity of an STP for a 

user is modified to become fully user-

specific and more accurate; • The 

preprocessing strategies including topic 

extraction and session identification are 

presented in detail, where several heuristic 

methods are discussed; • Besides improving 

the approximation algorithm given in [17] 

which discovers STP candidates with 

estimated support values, this paper presents 

a dynamic programming based algorithm to 
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exactly compute the support values of 

derived STPs, which provides a trade-off 

between accuracy and efficiency; • 

Experiments are conducted for new 

algorithms on more real Twitter datasets and 

more generalized synthetic datasets, and 

quantitative results for the real case are 

given to validate our approach. 

MINING URSTP In this section, we 

propose a novel approach to mining 

URSTPs in document streams. The main 

processing framework for the task is shown 

in Fig. 2. It consists of three phases. At first, 

textual documents are crawled from some 

micro-blog sites or forums, and constitute a 

document stream as the input of our 

approach. Then, as preprocessing 

procedures, the original stream is 

transformed to a topic level document 

stream and then divided into many sessions 

to identify complete user behaviors. Finally 

and most importantly, we discover all the 

STP candidates in the document stream for 

all users, and further pick out significant 

URSTPs associated to specific users by user-

aware rarity analysis. 

Quality of Mined URSTPs Besides the 

users associated to mined URSTPs, the 

quality of these patterns themselves also 

needs to be validated. They can reveal those 

special and abnormal behaviors on the 

Internet concretely, and should be self-

interpretable and consistent with tweet 

contents. Similar as above, we mainly pay 

attention to the topmost URSTPs in terms of 

relative rarity. Specifically, for each mined 

URSTP, we firstly examine top words of 

involved topics from the topic model, 

summarize a rough description of each 

topic, and see whether an abstract and 

reasonable understanding can be obtained by 

integrating the meanings of ordered topics in 

the pattern. Afterwards, we check the profile 

of the user associated to the URSTP and the 

original tweets published by the user, to 

form a concrete understanding of her 

behaviors, and determine whether it is 

consistent with the abstract understanding 

above. Intuitive examples for this process 

from the two datasets are demonstrated here. 

Table 4 shows a part of top-10 URSTPs in 

the respective datasets, their associated 

users, scaled supports and relative rarities, 

and Table 5 lists some top words as well as 

simple descriptions of involved topics. The 

superscripts “g” and “s” on topics or users 

represent the results come from the general 

dataset or the special sports related dataset 

respectively. From the results of the general 



SARITHA P, et al, International Journal of Computers Electrical and Advanced 
Communication Engineering [IJCEACE]TM 
Volume 1, Issue 12, PP: 297 – 304, AUG - DEC’ 2017. 
 
 

 

 

 

 

International Journal of Computers Electrical and Advanced Communications Engineering 

                                               Vol.1 (12), ISSN: 2250-3129, AUG - DEC’ 2017                                  PP: 297 - 304                                                                                                                                           

     

dataset, we can infer some personalized 

characteristics and abnormal missions of 

Twitter users. For the first two users who are 

verified, ug1299 connects sports games with 

entertainment, so he is probably a sports 

advocator and tries to introduce pleasure to 

boring physical exercise; while ug1914 

often talks about TV shows followed by 

family issues, so he may be responsible for 

sharing and commenting new TV shows 

which are mainly Topic Top words 

Description zg 1 people life black women 

support family children love college kids 

live zg 2 world hours production women 

goods product things oil skin support photo 

zg 7 game run team exercise play sports 

football strong win week league zg 8 buy 

win fan expensive account buying mobile 

care concert ball purpose zg 11 photo 

Halloween fun happy space entertainment 

night water beautiful sun video zg 12 watch 

tonight episode TV season TV show movie 

series star excited favorite zg 13 love health 

body cool news health life pretty skin enjoy 

great zg 14 day game weekend play happy 

(sports) game team class win things amazing 

zs 1 NBA trade game season Celtics Spurs 

team and trade zs 2 sports live ESPN media 

radio podcast broadcast zs 3 people life god 

success day change life zs 4 game coach 

NCAA college team Duke NCAA zs 5 

happy love congrats glad support happiness 

zs 6 game tonight result park morning half 

match details zs 7 NFL super bowl game 

football Panthers football zs 9 star Kobe 

NBA Curry MVP basketball NBA players 

about family life. These conjectures are 

proved to be correct by user profiles, as the 

former comes from a fitness club in the Nike 

company and the latter calls himself the 

source of TV shows and movies. As to 

ordinary users, ug125 is likely to be a sports 

fan, since he often plays some games after 

buying corresponding equipments, and 

ug207 may be an Internet cosmetic salesman 

with the distinctive publishing sequence 

health, products, buying. In addition, 

ug1607 has an interesting sequence h(sports) 

game, family with two seemingly irrelevant 

topics. A reasonable explanation is that the 

user regards his team as a family, so often 

quotes some life philosophy to encourage 

his teammates and harmonize the team 

atmosphere. These pieces of implicit 

information are indeed consistent with real 

situations reflected in the original tweets of 

the three users. Although these examples 

seem not particularly significant, if ug125 

were about to do something criminal, ug207 

were selling prohibited products, or ug1607 
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often spread viewpoints harmful to social 

peace, it would be important and urgent to 

expose them automatically from the Internet. 

In these cases, our approach will be very 

effective and indispensable for real-life 

security surveillance. For the dataset 

restricted to a specific field (sports here), 

there may be few abnormal behaviors, but 

our approach can effectively distinguish 

different roles the users play in the field, and 

find out those typical users for each role 

through their complete and repeated 

behaviors. We can see that the user us895 

often talks about NCAA matches, then 

expresses happy feelings several times, and 

finally recollect some match details. This 

publishing sequence indicates he is probably 

a basketball player in the NCAA league. 

us426 and us861 involve same topics, but 

the order is opposite. 

CONCLUSIONS AND FUTURE WORK 

Mining URSTPs in published document 

streams on the Internet is a significant and 

challenging problem. It formulates a new 

kind of complex event patterns based on 

document topics, and has wide potential 

application scenarios, such as real-time 

monitoring on abnormal behaviors of 

Internet users. In this paper, several new 

concepts and the mining problem are 

formally defined, and a group of algorithms 

are designed and combined to systematically 

solve this problem. The experiments 

conducted on both real (Twitter) and 

synthetic datasets demonstrate that the 

proposed approach is very effective and 

efficient in discovering special users as well 

as interesting and interpretable URSTPs 

from Internet document streams, which can 

well capture users’ personalized and 

abnormal behaviors and characteristics. As 

this paper puts forward an innovative 

research direction on Web data mining, 

much work can be built on it in the future. 

At first, the problem and the approach can 

also be applied in other fields and scenarios. 

Especially for browsed document streams, 

we can regard readers of documents as 

personalized users and make context-aware 

recommendation for them. Also, we will 

refine the measures of user-aware rarity to 

accommodate different requirements, 

improve the mining algorithms mainly on 

the degree of parallelism, and study on-the-

fly algorithms aiming at real time document 

streams. Moreover, based on STPs, we will 

try to define more complex event patterns, 

such as imposing timing constraints on 
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sequential topics, and design corresponding 

efficient mining algorithms. We are also 

interested in the dual problem, i.e., 

discovering STPs occurring frequently on 

the whole, but relatively rare for specific 

users. What’s more, we will develop some 

practical tools for real life tasks of user 

behavior analysis on the Internet. 
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