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Twitter Likes Prediction Using Content and
Link based Features
TEHMINA AMJAD*, HAFSA ZAHRA
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Abstract
Twitter, a microblogging network, allow its users to post content in real-time
according to their interest and share ideas, thoughts and information with each other. Contents
can be an image, a movie, a link to a news article or a short message known as “Tweet”.
Although Twitter provides a list of most popular topics, called Trending Topics, but users are
usually concerned about a small quantity of tweets from their own topic of interest. It is rather
challenging to predict which kind of information is expected to attract interest of more users
in such a large collection of tweets and can become more popular within short time interval.
In this study, we use the “likes” of tweet as a measurement for the popularity among the
Twitter users and study the interesting problem of Tweet Likes Count Prediction (TLCP) to
explore the characteristics for popularity of tweets for top Trending Topics in the near future.
Valuation of possible popularity is of great importance and is quite challenging. For a
particular Tweet, we measure the impact of three main attributes (Tweet Content, Number of
followers and Geographical Location) for TLCP by using prediction models and evaluate
their performance using F-measure. A real world dataset from Twitter was extracted covering
tweets from August 4, 2016 till August 21, 2016. Experimental results show that Bayesian
Network outperform 70% performance with combined features (Tweet, Followers, Location)
on likes as a best predictive model than others on the basis of Accuracy, Precision, Recall and
F-measure.

Keywords: Online Social Network, Twitter, Trending Topics, Tweet Likes
Prediction, Classification, Prediction.

INTRODUCTION
Among today’s online social networks, one of the most popular microblogging sites is
Twitter (https://twitter.com). It provides a fast mode of communication and information
spread. Retweet is considered to bekey instrument for information propagation and
researchers have paid great attention on analyzing and predicting retweet behavior. The usergenerated “Tweet content” in Twitter is composed of short messages known as tweets,
containing up to 140 characters, which can also contain images or links to news articles or
videos [1].We only used the “Tweet Contents” that are in the form of English text. For
1
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example: “ustad rahat fateh khan rocks independence concert”. This tweet content is
concerned with a Trending topic (Rahet Fateh Ali Khan). Tweet content is basically
considered as a tweet and is used among the eight features in the features definition. Users
can like a particular tweet using the “Like” button which is a heart shaped symbol. One of
the most remarkable thing about Twitter is its Real-time nature. Hence, on a large number of
topics, tweets are valuable features that may reflect real-time news relevant to happening
events that occur in any place of the world. The time of popularity of a tweet can vary
depending upon its topic like, sports, economic crisis, elections, celebrities, death, singer’s
latest album, airline crash news, mother’s day and so on. A content of a tweet which is
discussed and liked by more users in Twitter, within a few days to a few months or even a
year, makes a tweet successful or popular. This observation is basically taken from Twitter,
as when a topic is discussed more by users, Twitter automatically generate that topic by using
the hash tag at the start of Trending Topic. e.g. #World Bank. Thus, Trending Topic in the
Twitter can be in the form of keywords, phrases and hash tags. In this study we used two
methods to find the top Trending Topics. First, we used Latent Dirichlet Allocation (LDA)
[2] for finding the Trending Topic for calculation of topic rank by assigning the ranking
positions calculated by LDA on the basis of average likes. Second, we predict the Trending
Topic by using three main features and then combined the features to check the impact of
likes through four Classification models.
Comprehensive studies have been conducted in literature to predict the retweet
behavior, but analysis of likes and its impact on information spread has not yet gained
attention of researchers. In this study, we attempt to predict tweet likes using different
features on five separate trending topics by applying prediction models on a dataset with five
different trending topics. The interesting problem of TLCP faces several challenges: The first
challenge for TLCP is to find out the most effective features that are significant for future
likes prediction from several aspects such as tweet content, number of followers of a user and
impact of its geographical location. This study introduces a set of features that can be used
for prediction of likes of tweets. Second challenge for TLCP is to conjoin all appropriate
features to distinguish the possibly interesting tweets. Thus for TLCP, we first defined eight
features on the basis of tweet likes and secondly we applied different prediction models using
three important features to predict tweet likes. We rank and predict the impact of features on
the basis of likes so “Likes” signalize an important attitude towards the Trending Topics.

LITERATURE REVIEW
Background
Twitter provides a lot of features to its users, some of which are discussed here in this
section. A Tweet is basically a short message of up to 140 characters. It can contain images,
links to news articles, video or text messages that contains (keywords, URL, hash tags, RT
symbols) and so on. Each user has a Twitter user id. For getting that id each user has to make
a twitter account for which user provides personal information about him in a profile page.

2
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User personal information can be: User id, User URL, User Screen Name, Location, Date of
Birth, etc.
Twitter follows a specific format by using topics, hash tags that starts with “#”
symbol. Likewise to reply or comment a specific post “@” symbol is used with the start of
those username. It provides a feature namely Hash tag which contains keyword or phrase.
Users use hash tag (#) symbol to categorize those tweets with keywords.
Twitter further gives a concept of followers. It allows users to follow others by
making a social network graph. For example, in Twitter there are two users named as “a” and
“b”. If user “a” finds post of user “b” interesting and wants to follow user “b” then “a” can do
so by clicking on “Follow” icon and can access tweets posted by user “b”.
Likes are a way for users to show their liking for a particular content. Liking means to
appreciate some content and it is represented by a heart symbol in twitter. Twitter users can
forward other’s tweets to their profile so that those user’s followers can get notification about
shared tweet, forwarded by a specific user. This process is known as Retweet. The topics that
are discussed by more Twitter users are called Trending Topics.

Related Work
From review of the related literature we found work done regarding retweet
prediction, activity prediction, trending topics prediction either (Trending or nonTrending).The identity of source of the tweet and the retweeter are most significant features
for the prediction of retweet behavior[3]. A Bayesian approach was applied for predicting the
popularity of a tweet using the time series path of its retweets[4]. Yang et al. studied the
retweet behavior of the tweeter users and found that 25.5% of the tweets are actually
retweeted from the friend’s blogs[5]. They proposed a factor graph model to predict users’
retweeting behaviors. Similarly, Kupavskii et al. studied the retweet behavior and they
trained a model to forecast that how many retweets a given tweet can attain over a fixed time
period [6]. Matchbox Model [7] was used to predict the future retweets using data of what
was retweeted within an assured time window (1 hour). Maximum retweets within one hour
was represented as a positive feedback and lack of retweets was represented as negative
feedback. Kathy Lee et al. [8] emphasized on classification of the trending topics provided
by twitter into general categories with high accuracy for better information retrieval. Realtime classification of twitter trends explores the types of triggers that spark trends on Twitter,
by studying the earliest tweets that produce a trend [9], [10]. Weerkamp et al.[11] predict
twitter activities of users that enable them to share their posts with everyone. The main focus
is in future activities of users and plans of twitter users rather than their current or past
activities. For future certain timeframe (tonight, next week, tomorrow) and microblog
messages, attempt to predict the smart activities for future timeframe. Das et al. [12]
proposed a machine learning based approach for prediction of twitter trends. Rosa et al. [13]
proposed Twitter Topic Detection to detect most popular topics from a large collection of
trending topics in Twitter. Twitter Topic Fuzzy Fingerprints method is used first and then
compare this method with two text based classifiers namely, K-Nearest Neighbors (KNN)
and Support Vector Machines (SVM). Yan et al.[14] proposed to predict the future citations
3
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to examine the popularity among scientists. From a large collection of research articles, it is
challenging to predict which type of research articles are more cited by researchers. Dataset
is taken from computer science domain. Several features (Topic Rank, Diversity, Author
Rank, Recency, Authority, Sociality, H-Index, Venue Rank, Venue Centrality, and
Productivity) defined to predict the popularity rate for each article in near future.
We compared our results by applying the different Classification Models like Bagging
and Random Subspace for Prediction rather than SVM, AdaBoostM1, LogitBoost, Matchbox
Model etc. that are used in existing studies. Moreover, in the first part we took the idea of our
eight different features from base paper (Citation count prediction: Learning to estimate
future citations for literature) [14] for ranking of these Twitter features from different aspects.
In this study our main focus is on Twitter likes count prediction for Trending Topics with the
use of several features as input to study the correlative characteristics for popularity. The
details of the data and method are discussed in section 3.

TWITTER LIKES COUNT PREDICTION
Features Definition
For TLCP, we have calculated some features that can play significant role for
prediction of likes. These features are defined as follows:

Topic Rank. This feature calculates the probability distribution over topics allocated to each
Tweet “t”. We apply unsupervised LDA [2] to find the topic probability of each topic. That
is, for each 5 topics, the topic model calculates p(topici|t), the inferred probability of topic “i”
in tweet “t”. The topic distribution T (t) is:
T (t) = {p (topic1|t), p (topic2|t) . . . p (topic5|t)}

(1)

Then to estimate the total likes of a specific topic from tweet “t”, signified by LT
(topici|t), allocate the likes of the tweets LT (t) permitting the topic distribution T (t), i.e.,
LT (topici|t) = LT (t) × p (topici|t)

(2)

Likes of all 5 topics are obtained by using this formula:
LT (topici) =∑

∈

LT (

|t)

(3)

Formula (3) is the sum of total likes of all the tweets for five Trending topics that are
obtained by formula (2).
Where T is the topic collection. Topic popularity is considered as top ranked Topic
on the basis of Average Likes. Table 1 shows the topic ranks for selected topics.
4
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Table 1: Topic Rank (Popularity)
Sr. No.

TOPIC RANK (Popularity)

Average Like counts

1.

World Bank

11393812.61

2.

RIO Olympics

10695198.14

3.

Rahat Fateh Ali Khan

10657601.55

4.

Loreal

10638107.69

5.

Nawaz Shareef

10360027.22

Diversity. We obtain the concept of diversity of a tweet from its topic distribution. When a
tweet has a wide range of viewers, it is likely to be liked by tweeter users who are interested
in various trending topics. To calculate the like’s range for a Topic tweet, we calculate the
diversity of the collection of Tweets (T) topic distribution according to this formula:
Diversity (t) =

∑

|

|

–p (topici|t) · log p (topici|t)

(4)

Tweet Index (T-index).To measure the productivity and impact of the tweets of a particular
topic, T- index is a useful indicator. We calculate T-Index by taking average of each user’s
tweets.
User

Tweet Likes

Hafsa

I Love Pakistan
Excellent effort for Metro Project
Loreal is best fashion brand

344
400
290

Sum= 344+400+290=1034
Average (T-index)= 1034/3=344.6

Therefore, to predict average likes for each user in Twitter we consider T-index as a
candidate variable.
Retweet (RT). To determine the spread of a tweet we determine that a tweet was retweeted
or not. In our dataset we identify it with yes or no for each tweet. RT(yes) means that the
tweet was retweeted and similarly
RT(no) represents that tweet was not retweeted.
Twitter User Rank. We calculate the Twitter user rank according to user average tweet likes
count (T-index). Each user has his/her own probability of tweet likes. We analyze all users
against their average tweet likes and allocate each of them a rank position number. We do
5
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this task for all 5 trending topics and represent top 10 users for each trending topic dataset
individually.
Authority. We associate the authority of a tweet with number of times it has been retweeted.
We analyze all tweets against retweet counts and then allocate them a rank position number.
We calculate the authority of tweets for selected 5 categories and find top 10 leading tweets
from overall records on the basis of highest retweet counts.
Geographical Location Rank. We calculate user location rank on the basis of their T-index.
Geographical location of a user can also attract more users. The rank of a geographical
location is calculated by finding the average number of likes for that location. For 5 selected
categories we calculated top 10 locations on the basis of T-index.
Sociality. Twitters users can have different number of followers. Due to that ‘follower’
relationship a network of twitter users emerges in which users are nodes that are connected
with each other via edges represented by follow relationship. It can be assumed that a tweet
from a widely connected user has a higher chance to be liked by a wide range of followers.
For 5 selected topics, we calculated sociality by calculating the Correlation formula in MS
Excel to calculate the values of sociality for each type of correlation. Correlation between the
followers and retweet indicates that a user who is having a maximum number of followers in
his/her profile is having a larger chances of user’s tweet to be retweeted by his/her followers
but in that case if the tweet content is more informative or useful according to user’s interest.
1. Correlation between followers and likes count
2. Correlation between followers and retweet count
3. Correlation between Average follower and Average Retweet count
4. Correlation between Average follower and T-index

Prediction Models
K-Nearest Neighbor (KNN). KNN algorithm is a method for classifying objects based on
closest training examples in the feature space by a majority common vote amongst its k
nearest neighbors [14]. It is widely used for statistical estimation, pattern recognition and
regression. We have used it by simply assigning the property value (in our case, likes) for the
object (i.e., tweet t) to be the average of the values of its k nearest neighbors to predict the
value based on a similarity measure. The neighbors are taken from a set of objects for which
real likes counts are known.
Bayesian Network (BN). BN is a directed acyclic graph whose nodes represent events in a
domain [15]. These events are connected with directed links, which represent an association
or a causal relationship between them. BN can be considered as a network of events
connected by the probabilistic dependencies between them [16]. In our case, we calculate the
conditional probability according to Bayes theorem as P(Y | X), which is the probability of
the event Y (likes) conditional on a given outcome of event X (the selected feature)
Bagging. Bagging is described by a set of classifiers, called base learners, (C1, C2… Ck)
that are obtained from a set of bootstrap samples (D1, D2 …Dk) to form an ensemble method
6
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for prediction [17]. The objective is to predict new samples by a set of classifiers and
prediction is finalized by taking a majority vote. To achieve very high accuracy, Boosting,
Random forest classifier, decision trees (e.g. CART) were combined for individual as well as
combined features.
Random Subspace. Random subspace method, also called attribute bagging adds an
additional layer of randomness to bagging. Unlike the standard trees where each node is split
using the best split among all variables, a random forest splits each node by randomly
choosing from the best of predictors at that node[18].

EXPERIMENTS AND EVALUATION
Dataset
Micro Strategy is a Business Intelligence application software that enables users to
crawl dataset from social network sites. A 64-bit architecture namely Micro Strategy
platform, maintains OLAP reports that are stored in memory as datasets[19].To import the
dataset from social network like Twitter, Facebook, Dropbox, Google Drive and so on. User
has to configure online to connect with internet and to login with his/her account e.g.
(Twitter, Facebook) to enter a specific query to import the required dataset. Attributes are
created and used for further operations. Dataset can be exported in the form of excel and Pdf.
We extract the Twitter Trending Topics dataset from this software and then export dataset
into an excel file. We enter queries for Trending Topics to extract the dataset from August 4,
2016 to August 21, 2016.The tweets related to five Trending Topics of August 2016 namely,
Politics (Nawaz Shareef), Economy (World Bank), Sports (Rio Olympics 2016), Fashion
Brand (Loreal), Music (Rahet Fateh Ali Khan) were extracted. After preprocessing, the
statistics of the dataset are given in Table 2.
Table 2: Statistics of Twitter dataset
Sr. No Trending Topics
1.
ECONOMY: (World Bank)

Records
1592

Tweets
1853

2.

FASHION: (Loreal)

1183

1662

3.

SPORTS: (RIO Olympics 2016)

1611

1996

4.

MUSIC: (Rahat Fateh Ali Khan)

610

777

5.

POLITICS: ( Nawaz Shareef)

642

1070

5638

7358

Total

In Table 2 each Trending Topic consists of different number of records. Records
means the total number of rows that are having a complete information about Tweet,
Location, Date, Followers, and Retweet against Twitter user. Likewise, there is also different
number of tweets against each user for each Trending Topic. The amount of tweets is more
7
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than the number of records because some users are having more than one tweet for a specific
Trending Topic. So this is the basic difference between Record and Tweet. For example: A
user having 3 tweets against a Trending Topic(Nawaz Shareef) so we extract the total number
of tweets against each individual user from the total number of record(# of rows) from the
dataset for five different Trending Topics.
Initially the overall extracted dataset size is huge but after preprocessing, a lot of
missing data in records are excluded from the dataset so that’s why the dataset size remains
small.

Performance Evaluation and Feature Analysis
For empirical evaluation WEKA[20], [21] was used to predict top tweet likes for
different trending topics in Twitter by applying four prediction models (KNN, BN, Bagging,
Random Subspace) using 10 fold cross validation. For performance evaluation we calculated
accuracy, precision, recall and F-measures. The results were then compared to find which
model provides better accuracy as compared to others. WEKA is a set of machine learning
and data mining algorithms. It supports methods for classification, regression, data preprocessing, clustering, association rules and visualization.
In TLCP, we define three main features that are significant for future likes from
several characteristics which are as follows: (Tweet content, Followers, and Geographical
location). We first checked the impact of these three important features individually for the
prediction of likes and then checked combined impact of all applying predictive models.
Accuracy is defined as the percentage of unseen (Testing data) that are correctly
classified, predicted by a model on the given dataset. We have computed the accuracy on
ranked number of likes for five different Trending Topics to evaluate their results on the basis
of that how much estimated value is much closer to the predicted value. Accuracy gives
precise results in a dataset for both true positive and true negative. We calculate Accuracy by
using this formula:
Accuracy= tp+tn / tp+fp+fn+tn
Table 3:Accuracy (A) and F-Measure (F) for all prediction models with different and
combined features
KNN

BN

Bagging

Random Subspace

A

F

A

F

A

F

A

F

Tweet content

66.97%

0.666

68.12%

0.685

65.59%

0.663

66.59%

0.662

Followers
Location
Combined

25.85%

0.259

33.55%

0.295

32.15%

0.305

29.97%

0.272

35.89%

0.356

38.01%

0.360

36.61%

0.351

36.76%

0.354

60.42%

0.603

70.00%

0.693

65.79%

0.657

67.35%

0.67

8
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Table 4: Precision (P) and Recall (R) for all prediction models with different and
combined features
KNN

BN

P
0.671

R
0.67

0.259

Location

0.355

Combined

0.603

Tweet
content
Followers

Bagging

Random Subspace

P
0.747

R
0.681

P
0.843

R
0.656

P
0.692

R
0.666

0.258

0.29

0.335

0.298

0.321

0.282

0.312

0.359

0.413

0.38

0.381

0.366

0.374

0.368

0.604

0.717

0.691

0.779

0.658

0.714

0.673

Accuracy

70

50

30

10
Tweet content

KNN

Followers

BN

Location

Bagging

Combined

Random Subspace

Figure 1: The Accuracy of prediction models

From Table 3, Table 4 and Figure 1, we notice that BN performs better than all other
models. Using individual features, Tweet content was the most powerful feature for
prediction of likes with an accuracy of 68.12 % using Bayesian Network. It is clear that
Tweet contents are likely to be the more important, informative and interested to be liked by
many users for leading Trending Topics. Surprisingly, Followers (33.55 %) and Geographical
Location (38.01 %) is shown to have the minimum impact as compared to Tweet content. BN
performs better with all features when combined for prediction, with an accuracy of 70 %. It
appears that Tweet content is more important as compared to the Followers. The reason can
be the fact that sometimes followers can be inactive on Twitter when the content was posted
by user. That’s why followers were unable to read or like the content. Likewise, Location
also relies on user’s interest. If users from different locations are interested in a specific
global topic (e.g World Bank), those users will be able to like and share the contents which
are relevant to World Bank and if some users are not interested in that topic, no chances for
that topic to be liked from different locations.

9
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KNN performs better using Tweet content and combined features for prediction of
likes with an accuracy of 66.97% and 60.4197 % respectively. However, KNN shows least
performance when the features used are Followers (25.8459 %) and Location (35.89 %). The
reason behind the performance is the methodology of KNN that tries to find the most related
neighbors and take the most correlated neighbor’s like as the estimated likes. However, it
consumes less data from the huge amount of dataset by applying Ten-fold cross validation.
Bagging and Random Subspace classifiers perform better than KNN classifier. BN
outperforms than these classifiers.
Bagging gives an accuracy of 65.59% for Tweet content, 32.15% for followers,
36.61% for Location and 65.79% for the combined features. Likewise, Random Subspace
shows accuracy of 66.59% for Tweet contents, 36.76% for Location, 29.97% for Followers,
and 67.35% for combined features. According to results, the impact of Location and
Followers is much smaller as compared to the tweet content for the prediction of likes. The
more comprehensive will be the tweet content, more is the chance to get more likes
irrespective of the number of followers you may have or whatever is your geographical
location. However all prediction models perform better when the features were combined for
the predictions. For all combined features BN outperforms all other models with an accuracy
of 70%.

F-Measure

0.7

0.5

0.3

0.1

-0.1
KNN

Tweet
Bayes Net

Followers

Location

Random Subspace

Combined
Bagging

Figure 2: The F-measure of prediction models
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Precision
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Figure 3: The Precision of prediction models

0.7
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Followers
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Figure 4: The Recall of prediction models
In Figure 2, F-measure is computed by four prediction models and we can say that
values of F-measure in Bayes Net for Tweet content and combined features are greater than
other features. In Figure3 by applying the Bagging model, the values of Precision for Tweet
content and combined are greater than other features in other models. In Figure 4 the value of
recall for Tweet content and for combined features is greater than other features in other
models. So we can say that overall performance of Tweet content and combined features are
well predicted by Bayes Net prediction model rather than others and these both features have
more impact on number of likes in Twitter for Trending Topics.
In this paper, we predict the top most Trending topics whose tweets can be further
discussed and liked by users in future and to check the impact of features (Tweets, Location,
and # of Followers) individually and combined on the basis of likes by using four predictive
models in WEKA.
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Figure 5: Bayes Net (Tweet, Likes)
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Figure 6: Bayes Net (Combined, Likes)
According to Figure 5and Figure 6.The overall performance of Bayesian Network, the
impact of (Tweet vs Combined) on the basis of Likes shows that Economy has largest Fmeasure performance than other Trending Topics. It means according to Trending Topic:
Economy (World Bank) with Tweet and Combined variables has the largest impact on the
number of likes in future.
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CONCLUSION AND FUTURE WORK
In this paper we studied TLCP for different Trending Topics in Twitter which predicts
the future likes for tweets for five trending topics. We calculated eight different features and
assigned them a ranking position on the basis of tweet likes for all the different Trending
Topics separately. We applied prediction models including KNN, BN, Bagging and Random
Subspace on likes using three main features (Tweet content, Followers, Geographical
Location) individually as well as combined features. BN performs better as compared to other
classifiers on the basis of Accuracy, Precision, Recall and F-measure. Using individual
features, Tweet content was the most powerful feature for prediction of likes with an
accuracy of 68.12 % using BN. It is clear that Tweet contents are likely to be the more
important, informative and interested to be liked by many users for leading Trending Topics.
Surprisingly, Followers (33.55 %) and Geographical Location (38.01%) is shown to have the
minimum impact as compared to Tweet content. BN performs better with combined features
for prediction with an accuracy of 70%. On individual basis, KNN performs better on Tweet
content and for combined variables to check the impact on the basis of likes by correctly
classifying with accuracy of 67% for Tweet content and 60.4197% for combined. KNN has
least performance for Location (35.89 %) and Followers (25.8459 %) impact on number of
likes. The reason behind this performance is that KNN tries to find the most related neighbors
and take the most correlated neighbor’s likes as the estimated likes though consumes less data
from the huge amount of dataset by applying Ten-fold cross validation. Bagging and Random
Subspace classifiers performs better as compared to KNN classifier. The main advantage of
BN is that it computes all the instances, even missing data can be handled by it effectively.
Actual data can be (incrementally) combined with predicted data to better estimate the
accurate knowledge by making probabilistic predictions. In our proposed work, since content
based Tweet dataset is relatively imbalance, this work can be extended by handling
imbalance datasets in order to further improve and validate the performance results presented
in our existing work. In future we will experiment the prediction with all features proposed in
this study instead of using three features only. This will give more comprehensive results for
prediction of tweet likes.
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Abstract
Developments in technology have led to the creations that have made our lives
easier. Mobile phone or cell phone was developed to overcome landline or fixed connections
in the way that it may be able to move and a person can carry out. Now mobile phone is not
only a device for just a call or messaging rather it has become a smart device providing
numerous features in a single component. Depending on its growth the researchers have
developed applications based on all aspects of life like emails can be sent and received;
internet can be accessed and many other functions have been included. Pakistan is one of the
potential markets for the mobile operators as an enormous growth has been seen in mobile use
during last decade. Pakistan being a huge market for mobile phones and network usage, this
paper aims towards the study of ICT trends with mobile operators working and statistics in
Pakistan from 2002 to 2017. This paper is about the telecom operators of Pakistan and their
subscribers and also 3G and 4G statistics. The reasons of growth in number of subscribers are
presented. Pakistan’s mobile telecom operators are providing various value added services
and affordable tariffs which motivate people to opt for that particular operator. The services
such as packages, tariffs, and tele-density of mobile phones are studied and other services like
branchless banking and microfinance involvement are also given in detail for all the telecom
operators which contribute towards economic growth of the country.

Keywords: Mobile, Tele-density, Subscriber, Mobile operators, Tariffs.

INTRODUCTION
Developments in Information and Communication Technologies (ICT) have led to the
era of wireless communications, and internet which have a major / crucial role in social and
economic developments [1], [2]. Researches have been carried out to provide better solutions
in various aspects of lifestyle like health [3]–[7], transport [8] and others. Now a days mobile
phone is known as smart phone because it is not just used for call or for text messages as in
previous era but it is now equipped with variety of softwares that make it even more useful
[9]. Some domains are listed as:
17
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Accessing social networking sites or applications[10]
Health Care [3]–[6]
Transportation[8]

Mobile phones are not only used for voice calls but there are added features like
sending and receiving of messages, emails, accessing internet and other [11]. A survey shows
that mobile phone users make most calls from home (57%), followed by from work (41%),
with only one tenth (9.4%) of the users regularly speaking over mobile phones in the streets
[12].
The usage of mobile phone is considered as the 21st century’s leading non drug
addiction [13]. The mobile phone has become a vital necessity of daily life for people instead
of just an accessory because of its gigantic usage worldwide [1]. Due to development of
social networking sites, people got attracted as they are not charged for it. Only the
subscription of internet is required to get connected with their loved ones [13]. Mobile
service providers are providing internet so that subscribers or users can have access on the go.
Subscribers or users are an important element of the mobile service [14].
According to International Telecommunication Union (ITU) ICT Facts and figures
2014 report, the number of mobile subscriptions worldwide is approaching the number of
people on earth [15]. Reportedly mobile subscriptions have reached to 7 billion globally and
the penetration rate is 97%. Approximately 3.2 billion people are reported to have accessing
internet by the end of year 2015 [16]. Pakistan is a developing country and the use of mobile
phone services is growing [17]. In Asia Pakistan has emerged as the fastest
telecommunication growth in the recent years. There has been a great competition in telecom
sector which resulted in tariffs to be lower in prices and also low cost mobile handsets [18].
Mobile phone usage has become a vital part of life now-a-days. It is a tool for educational
systems [19] and also a device that can be used as a medical device for the treatment of
mental disorder treatment. The advantages of mobile phones are categorized as [20]:
(i)
(ii)
(iii)

Transformational
Incremental
Related to Production

The transformational is related to something new offered. Incremental is towards
improvisation of network speed in what people are interested and selling services, selling
mobiles come in the category of production [20]. Apart from communications and
applications the mobile phone sector is also contributing towards economic growth and
towards urbanization. If a country needs to generate revenue then it needs to enhance this
sector. Pakistan is a developing country but its telecom sector has enhanced and contributed
towards the betterment of the country. As necessity and as a source of entertainment and
communication in different ways the mobile phone sector of Pakistan has grown vast
resulting in making Pakistan’s telecom industry becoming one of the rapid growing industries
in the world. Apart from provision of basic services there are various facilities that are
introduced by the mobile phone operator of Pakistan.
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This paper focuses on the telecom operators in Pakistan and provision of their
services to users with comparison of monthly packages of mobile service providers in
Pakistan.

BACKGROUND STUDY
In [21] methods of transfer of money provided by two mobile cellular companies
working in Pakistan have been discussed. In this paper security analysis are discussed. The
services provided by mobile companies are called branchless banking. Mobile banking and
transfer of funds has been investigated. The results show that branchless banking is cheaper
than banks by 26%. In [22] the authors have carried out research of usage of mobile phone
impact on the learning of students. This study was based on the phones being used by
students in class room during the lecture. The students were divided into three study groups:
(i) High distraction (ii) low distraction and (iii) Control. Two assignments were assigned to
students but before that they had to watch a video lecture and take notes on this lecture. The
candidates who were not using their cell phones were able to write 62% more detailed notes
as well as able to recall more detail from lecture when they were compared to the candidates
using cell phone frequently. In a multiple choice session the students using cell phones
actively were able to score 13% less than those not using the mobile phones. 93%
outstanding answers were the results by candidates not using cell phones. Overall 62%
better notes taking results were produced by the students not using their mobile phones. The
results suggested that the students must concentrate on the lecture rather than on the cell
phone. In [23] Chinese service markets have been explored. The authors have tried to study
the behavior of the customers towards switching of their mobile phone service. Customer’s
switching behavior and quality of service are the two significant factors on which
company’s profit depends. They conducted a survey from 400 customers. Seven factors
have been mentioned in this research which according to the authors cause the customers to
switch from one mobile phone service to another. They are: (i) inconvenience (ii)
competition (iii) family or friends influence, (iv) ethical problems (v) core service failure
(vi) service encounter failure. In [24] the preferences of the customers and mobile phones
services have been studied for the people of Quetta. The study reveals that there are two
factors that influence the users (i) low call rates and (ii) instant connectivity.

HISTORY AND CURRENT STATUS OF MOBILE PHONES IN
PAKISTAN
As the prices of the mobile phones came down and low-cost tariffs of mobile
networks have contributed to rapid increase in mobile subscribers in Pakistan [22]. Pakistan
ranks on 8 th in the world in mobile phones usage, having connection ratio of 77 per 100
persons. A total number of 131,412,658 mobile phone users have been reported in Pakistan
by Pakistan Telecommunication Authority. Figure 1 shows the growth in cell phone users
increased by the years in Pakistan from the year 2003-04 to 2015. There were 5022908 users
by 2003-04 and at the end of 2016 the number was 133,241,465[25].
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There are several reasons of rapid growth in this sector like call rates, short message
service (SMS) packages and internet / data packages. Table 1 illustrates the percentage of the
urbanization statistics of Pakistan. As the time is moving the urban population percentages
are increasing day by day. 50% of the total population of the country is expected to be
urbanized by the year 2030 [26]. This is happening because of the facilities available in the
urban areas like banking sector for daily, monthly or occasional transactions and many more.
Thanks to the involvement of microfinance systems and branchless banking systems
involvement with the telecom operators in Pakistan. Pakistan has got literacy rate 60% of the
total population which is not enough to be in state of development. Traditional banking
systems require literate person to have an account in banks. The involvement of branchless
banking and microfinance system by telecom systems was an easy option for every one
including both literate as well as illiterate population because it does not require certain
requirements and paper work as by the banks and their charges are affordable for a middle
class people also. The microfinance systems allow people to transfer money to all parts of the
country even in least developed areas also. Not only transfer of money is the only option by
microfinance but even an account can be opened and at any time anywhere money can be
collected through retails shops, franchises and through ATM cards. All these factors
contribute and motivate a customer to opt for a particular telecom operator(s) [27].

Figure 1: Mobile phone users in Pakistan from 2003 to 2016
Table 1: Urban Population Percentage of Pakistan
Year
2013
2017
2030

Urban Population (%)
37.9
40.54
50 (Estimated)
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TELECOM OPERATORS IN PAKISTAN AND THEIR SERVICES
Currently five mobile operators Zong, Ufone, Telenor, Warid and Mobilink are
operating and providing various services to their subscribers such as message and call
services, 3G and 4G etc. Additional value added services like branchless banking and
microfinance systems are also important factors towards the selection of a particular mobile
network. Due to involvement of international brands the telecom operators of Pakistan are
offering Subscriber Identity Modules (SIMs) in micro and Nano sizes also.

Zong or China Mobile Pakistan
Paktel was purchased by China Mobile Pakistan in 2007 from Milicom and Paktel
was rebranded under the name Zong [28] in 2008. At the end of March 2016 there were
approximately 24,669,917 subscribers of Zong. This was possible due to major changes and
policies and strategies. It is the only service provider having 3G and 4G licenses [25]. Zong
offers many services like local messages, international messages, Group messages, call
forwarding, call waiting, conference calling, insurance, kashtkar service for farmers, cloud
clinic service which provides web-based experience that help doctors and support staff to
operate in the most efficient manner with all their records stored safely with very simple
access, listen to music in their local native i.e. Punjabi, Sindhi, Pashtu, Saraiki and Balochi,
3G and 4g broadband internet.
Zong, in collaboration with Askari Bank, started branchless banking services named
Timepey (On time). Timepey provides payment of utility bills, money transfer anywhere in
the country, deposit and withdraw cash money in accounts. Zong is offering “All in one
Monthly package” which costs PKR 500. This single package contains four services such as
(1) 1500 Zong to Zong call minutes, (2) 150 call minutes from Zong to other networks, (3)
1500 short messages to any network in Pakistan and (4)1500 MB internet. The validity is 30
days.

Ufone
Ufone [29] started its operation in 2001 by Pakistan Telecommunication Company
Limited (PTCL). After the privatization of PTCL, Ufone became a part of the Emirates
Telecommunication Corporation Group in 2006. There are approximately 20,820,301
subscribers of Ufone at the end of March 2016. It has also got 3G license [25]. Ufone offers
many services like nationwide messages, international messages, music, and 4G broadband
internet, Upayments with the support of various banks namely HBL, Summit Bank, Soneri
Bank, Bank AL Habib, Apna Bank and Askari Bank. This service allows users to
conveniently make transactions using Ufone SIM. Ufone is offering a monthly Super Card
package which is costing PKR 500. The validity of this package is 30 days. This package
provides 1000 Ufone to Ufone call minutes, 150 call minutes from Ufone to other networks,
100 short messages to any network in Pakistan and 1000 MB internet.
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Telenor
Telenor [30] is owned by Telenor Group and started its operation in 2005.Telenor
offers conventional services, in addition an educational program launched named as Telenor
Taleem which is a comprehensive Educational Portal aiming to provide content order to
improve literacy, 3G internet. The number of Telenor subscribers has risen up to
36,784,001in March 2016. It is also having 3G license [25]. Telenor introduced Easy paisa,
which was the first mobile based branchless banking service launched in Pakistan. It was
aimed to provide ease and convenience to its customers. Telenor started Easy paisa in
collaboration with Tameer Microfinance Bank. This facilitates users with bank transfer,
money transfer, and bill payments. In start of this service people had to show or submit their
Computerized National Identity Card (CNIC) to receive the amount. Now ATM cards are
also provided through this system to subscribers so that they may withdraw cash from
anywhere at their ease. This facility has boosted the use of easy paisa much more as it only
requires a Telenor number to be registered on customer’s identity. Easy paisa gained attention
throughout the country because money transfer had to be done through conventional way that
is through bank draft or bank transfer. Those people who do not had their accounts in bank
had to suffer for this. Now there are about 70,000 shops all across the country which is
offering easy paisa transactions making it a very suitable option for money transfer to loved
ones and payment of utility bills. Telenor is offering a monthly package providing 500
Telenor to Telenor call minutes, 50 call minutes from Telenor to other networks, 500 short
messages to any network in Pakistan and 500 MB internet. This package is of PKR 500. The
validity of this package is 30 days.

Warid
Warid [31] belongs to the Abu Dhabi group and started its operations in Pakistan in
2005. It offers mobile internet sharing, 3G internet, messages (national and international) and
much more like BIMA personal accident insurance policy. The total number of subscribers of
this network up to March 2016 was 11,020,537.
Warid in coordination with Bank Alfalah launched Mobile Paisa which offers
payment of utility bills and sending/receiving money anywhere within Pakistan. Warid offers
a monthly package costing PKR 500, with validity of 30 days. This package provides 1000
Warid to Warid call minutes, 250 call minutes from Warid to other networks, 1000 short
messages to any network in Pakistan and 1000 MB internet.

Mobilink
Mobilink [32] is first GSM-based cellular operator in South Asia and leading GSM
network in Pakistan having 38,117,902 subscribers throughout the country. Mobilink also has
3G license [25].
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Mobilink offers many services like local messages, international messages, call
forwarding, and Call waiting, Conference call, and 3G internet. Mobicash was launched by
Mobilink in collaboration with Waseela Microfinance Bank Limited (WMBL) providing
services like bank deposit, bill payment, money transfer, mobile top-ups. Mobicash ATM
card is also available for Mobicash customers. Mobilink offers a monthly package providing
1200 Mobilink to Mobilink call minutes, 100 call minutes from Mobilink to other networks,
1200 short messages to any network in Pakistan and 1000 MB internet. This package is of
PKR 380. The validity of this package is 30 days.

COMPARISON OF MONTHLY PACKAGES OF ALL TELECOM
OPERATORS IN PAKISTAN
Pakistan is a country where majority of people have low or middle class standard of
living. Before deciding to opt for a telecom operator people first want to know the tariffs
which matter a lot in Pakistan. Thanks to the competition in telecom operators that several
call and message packages that are so low in cost that they are affordable for much of the
population. A short comparison of the tariffs and monthly package of entire telecom
operators in Pakistan is given in table 2 [28]–[32]. This comparison is made for how much a
person can get in a normal cost in a month. Four parameters are selected for comparison i.e.
on net minutes, off net minutes, SMS and Internet data. On net minutes refer to call to same
network operator and off net refers to other networks. From the table 2 it can be observed that
how much cost effective Pakistan is in terms of services provision in comparison to cost. A
person having any of the five networks available in Pakistan can have the package listed in
table 2. The packages not only provide calling and message facility but also internet in
megabytes so that subscriber can surf on internet as well.
Table 2: Monthly Packages of all Telecom Operators in Pakistan
Operator

On net Off net
SMS
Minutes Minutes

Internet
MBs

ZONG

1500

150

1500 1500

UFONE

1000

150

1000 1000

TELENOR

500

50

500

WARID

1000

250

1000 1000

MOBILINK 1200

100

1200 1000
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500

Validity Package Name
(Days)
& Cost
All in one
30
Monthly
PKR 500
Super Card
30
PKR 500
Easy Card
30
PKR 350
Monthly
30
Bundle
PKR 500
Monthly Offer
30
PKR 380
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TELE-DENSITY
Tele-density refers to number of connections for every hundred persons. The teledensity is Pakistan from 2003 to 2016 is illustrated in figure 2. The mobile tele-density in
2016 has grown up to 69.12 % from that of 3.29% in 2003–04 as illustrated in figure 2.

Figure 2: Mobile Tele density in Pakistan from 2003 to 2016

Reasons of Downfall in 2014-15
The Tele density in 2013-14 was reported as 76.46% which decreased to 65.96% at
the end of 2015 as shown in figure 3. This was the first time ever that Tele density got
reduced in Pakistan. This was due to terrorist activities; a decision was taken by Nation
Action Plan in point 13 which are stated as “Communication network of terrorists will be
dismantled completely”. Then the biometric verification of SIMs was started in mid-2014.
This was in collaboration with National Database and Registration Authority (NADRA)
which is National Database Organization of the country. As people had SIMs without any
registration or registered on the names of other person were blocked. After a certain amount
of time allocation about 27.5 million active SIMs were blocked by Pakistan
Telecommunication Authority (PTA) [33]. More than half of total population resides in
rural areas in Pakistan and the people living there had very little or no access to the
machines which were used for the purpose of the biometric verifications of the SIMs
which was also a reason that they did not verify their numbers on time causing in blockage
of the SIMs. Some of the people were residing in foreign countries and the numbers were
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issued on their identity cards and they were not present for biometric verification and
caused in SIM blockage. These were major causes of the downfall in subscribers and Tele
density in the year 2014-15.

PAKISTAN IN YEAR 2017
In 2017, a vast development in the mobile users has been observed. Figure 3
represents the monthly development and growth of subscribers of all the five telecom
operators in Pakistan during the first three months of the year 2017 i.e. January to March.
There were a total of 133,241,465 subscribers at the end of 2016. At the end of March 2017
the number of subscribers was139,108,694 which means that 5.867,229 subscribers increased
in just three months. This is due to the value added services which have been introduced by
telecom operators. The introduction of 3G and 4G in 2015 was a motivation for the
subscribers. Telecom operators in competition to each other provided vast coverage to almost
every corner of the country. The internet facility to rural areas was not provided by landline
systems earlier and if provided then the formalities (applying for landline number and paying
advance charges) were so time consuming (approximately three months) that is why few
persons had it. With the involvement of telecom operators providing internet services have
given an ease to a common person that there is no any extra formality.

Figure 3: Subscription of mobile operators in 2017
There has been a growth of mobile services, introduction of 3G and 4G with affordable
internet packages have enabled users to use more and more mobile. The growth of
subscribers from the end of 2016 till end of January 2017 is about 3853887 subscribers,
increase in just one month January to February is about 696369 and from February to March
2017 there is an increase of 1316973 subscribers [25].The mobile Tele density in 2017 has
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grown up to 72.36 % at the end of March 2017 from that of 71.46 % in year 2016 means
0.9% increase from that of December 2016 in just three months of 2017.

REASONS OF UP RISE IN MOBILE SUBSCRIBERS
The telecom operators in Pakistan have been providing the variety of services not only
focusing on call or message packages but also towards 3G and 4G services. Due to the
involvement of 3G /4G services and increasing trends towards social networking is also a
factor of increase mobile users and also students’ access internet services to search the
lectures and materials wherever they are without any need of having computer or laptop.
Figure 4 illustrates that how much the growth in internet subscribers (3G / 4G) has gone from
January 2017 to March 2017 provided by telecom operators. This increase is because the
services are much cheaper and no more complexity and formalities are needed.

Figure 4: 3G/4G subscribers

As there is increase in the number of mobile subscribers proportionally the number of
3G / 4G subscribers also increase as well. Pakistan is providing normal cost of internet data
plans. Social media, online searching and online shopping are main factors that motivate
people to use internet. The cost of internet in Pakistan is low when compared to most of the
developed countries as shown in figure 5 [34]. The data packages offered by entire telecom
operators in Pakistan are contributing towards the rise of users of mobile subscribers.
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Figure 5: Monthly cost of data
During the process of publishing this paper Warid has been merged into Jazz.

CONCLUSION
Mobile cellular communication has become a compulsory part of our living and is
introduced in every part of the world. Pakistan being one of the developing countries of the
world has adopted mobile communications very vastly. From the time of start of telecom
industry the number of subscribers increased rapidly. This caused other telecom companies to
launch and the number reached to five. In competition, these telecom operators reduced their
call and messaging rates. This in return increased more subscribers to use mobile phones thus
increasing Tele density. Pakistan’s mobile industry faced a little downfall when due to
terrorist activities the SIMs was biometrically verified. Due to introduction of 3G and 4G
services this industry has risen up again and is touching the sky by providing not only call,
SMS or internet services but also internet banking and much more services for entertainment
and learning also. As Pakistan’s telecom sector is growing rapidly therefore it is going to beat
its competitors in the world.
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Abstract
Pattern extraction has been done in past to extract hidden and interesting patterns
from large datasets. Recently, advancements are being made in these techniques by providing
the ability of multi-level mining, effective dimension reduction, advanced evaluation and
visualization support. This paper focuses on reviewing the current techniques in literature on
the basis of these parameters. Literature review suggests that most of the techniques which
provide multi-level mining and dimension reduction, do not handle mixed-type data during the
process. Patterns are not extracted using advanced algorithms for large datasets. Moreover, the
evaluation of patterns is not done using advanced measures which are suited for highdimensional data. Techniques which provide visualization support are unable to handle large
number of rules in a small space. We present a theoretical model to handle these issues. The
implementation of the model is beyond the scope of this paper.
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INTRODUCTION
Knowledge discovery in databases (KDD) has been gaining popularity in the recent
past. Now-a-days techniques have been developed to extract knowledge from large data sets,
where data is in static form as well as in the shape of streams [1]–[6]. Pattern extraction has
been applied at large datasets in past to extract frequent patterns from a dataset. Such patterns
are not only hidden but are also interesting to the business analysts. There has been a recent
trend of strengthening the pattern extraction techniques by deploying techniques of multilevel mining, dimension reduction, advanced evaluation and visualization support [3].
Modern techniques of pattern extraction work at multiple levels of abstraction which
allows the capability to mine at different levels in the hierarchy rather than the whole dataset
at once. Methods including Agglomerative Hierarchical Clustering, K-Means Clustering etc.
have been used in this regard. However these methods are not effective for mixture of
nominal and numeric data. Furthermore, these techniques do not handle large number of
dimensions effectively. Authors have also emphasized in past to deploy dimension reduction
techniques to pick top ranked dimensions for ranking process. However, there are flaws in
existing dimension reduction approaches. These approaches work for nominal and numeric
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variables separately. Moreover, these approaches don’t consider the semantic relationship
between these attributes. Another issue is the usage of Apriori algorithm which doesn’t suite
for large size datasets. Pattern extraction, now-a-days, is being done on aggregate data, for
example, a data warehouse. In such cases data gets larger in volume as well as the number of
dimensions increase. The authors in past have used conventional measures to evaluate the
interestingness of the extracted patterns in general. Some authors have used advanced
measures of interestingness like Lift, Loevinger, Rae, CON and Hill [2], [7], [8]. If patterns
are extracted from aggregate data, measures which suite for aggregate data should be used for
evaluation of interestingness. Another key aspect of the mining process is its ability to
visualize patterns using a graphical interface. There are techniques which provide
visualization support for extracted patterns using Bar Graphs, Ball Graphs [1], or Semiology
Principle [7]. However, these techniques are unable to show large number of rules in a small
graphics interface as luminosity and color shades affect these approaches. An effective
approach is required where the expert can interact with the extracted patterns graphically to
explore patterns by comparing their interestingness parameters within the interface.
In this paper, we have reviewed different techniques which provide robust methods
for pattern extraction in large datasets. It is evident that there is a need of a robust
methodology to mine at multiple levels which can be effective for large datasets. Moreover,
this methodology needs to handle both nominal and numeric data in order to create levels in
the hierarchy. Secondly, in the available literature, dimension reduction is done separately for
nominal and numeric attributes. The dimension reduction techniques need to employ a single
method for ranking dimensions for nominal and numeric data. In most cases, conventional
algorithm (Apriori) is used for patter extraction. It is proposed that the modified algorithm for
pattern extraction in large datasets is used instead. If mining is being applied on aggregate
data, measures which suite for aggregate data, should be used for evaluation of
interestingness. In some cases, authors have provided visualization support but these
approaches don’t handle large number of rules effectively. The interface should be able to
present large number of rules efficiently using different interestingness parameters.
In order to overcome the limitations of the existing approaches, we propose a model
which can be used to extract interesting patterns from large datasets. In the proposed model,
effective techniques like multi-level mining, dimension reduction, advanced evaluation and
visualization are recommended.

LITERATURE REVIEW
This Section presents the previous work done in the area of pattern extraction in large
datasets.
Data mining in large datasets has been discussed by [3] in detail. The authors
emphasize on the usage of multi-level mining, ability to mine without domain knowledge
expertise, usage of advanced measures of interestingness and visualization ability while
mining in large datasets.
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On similar lines, [9] discuss the challenges of recent data mining techniques in recent
days. Authors accentuate that such techniques should be seen in terms of their ability to
handle the large size databases and high dimensionality as well as the ability to work with
complex relationships within the dataset between different variables. Authors also suggest
that the business analysts may be given the choice of reducing the number of dimensions in
order to remove the irrelevant variables involved in decision making. Moreover, more
efficient algorithms handling the large size data can be used.
Generally Hierarchical clustering is used to create clusters at different hierarchical
levels. These clusters are further used for mining at each level in the hierarchy. Such mining
process provides ability to mine at different levels on small subsets of a dataset rather than
the whole dataset. However, this clustering technique only deals with numeric data while
creating clusters.
In order to overcome the limitations of Hierarchical Clustering Algorithm, Li and
Biswas [10] worked on an extension of Hierarchical Clustering algorithm. The extended
algorithm deals both numeric and nominal data, and is called SBAC (Similarity-based
Agglomerative Clustering). The approach works with e mixed data measure schema.
Moreover, features values with less common matches are given extra consideration.
In another work, [11] conducted a survey of clustering algorithms. Authors provide
the comparison on the basis of complexity and capability to handle high dimensional data.
Authors suggest that AHC, K-Means and DBSCAN along with few other algorithms don’t
have the capability to handle high dimensional data. Moreover, algorithms like CLIQUE,
ORCLUS etc can handle high dimensional data more effectively. The comparison is made up
by applying these algorithms on datasets including IRIS, Mashrooms, Gene Expression Data
and Traveling Salesman Problem etc.
In a different approach, [12] emphasize on creating correlated groups of the whole
data set before applying mining techniques on the data. Correlation exists within the data
between different variables which enables to create groups of rows. After groups are
obtained, association rule mining is applied at group level to obtain association rules against
each group. Although such technique is applicable to certain domains, but its efficiency is not
known in cases where number of dimensions become higher.
Pattern extraction is usually done by generating association rules from dataset. Each
rule presents a pattern which is found to be frequent in the whole dataset. An association rule
has two parts. The left part of the pattern has a set of attribute, the occurrence of which
predicts the occurrence of the attribute at right side of the rule. In past, different algorithms
have been proposed to mine association rules from datasets.
In order to extract patterns in the form of association rules from the dataset Agrawal
et al. [13] introduced Apriori algorithm. This algorithm prunes the item sets by using the
closure property in downward direction. This property states that if an item set is not
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frequent, then its superset is also not frequent. Although anti-monotonicity of item sets is
used in the level wise search; the algorithm has to scan the whole database.
In order to improve on some weaknesses of the existing algorithm, Agrawal et al.[14]
worked on creating an algorithm called AprioriHybrid. The proposed algorithm solves the
problem of extraction of association rules between items in large datasets. The algorithm is
combination of Apriori and AprioriTid algorithms developed by the authors previously [13].
Authors suggest that the AprioriHybrid algorithm which works better than Apriori when data
set gets larger can be used in situations where data set size increases. However, the
implementation of new algorithm is more complex than the previously proposed algorithms.
The algorithm uses traditional support measure and is tested on four synthetic data sets.
Yuan [15] developed a new version of well known Apriori algorithm. This algorithm
focuses on solving two major issues with Apriori Algorithms that is, frequent scanning of
dataset and large number of candidate sets. In order to avoid scanning of whole datasets, it
creates a new mapping way which also improves joining efficiency. An overlap strategy is
used to achieve high efficiency of count support. Authors term this algorithm as T-Apriori
Algorithm. Authors compare the new algorithm with Apriori, I-Apriori and Bitxor algorithms.
The authors have used Mushrooms dataset from UCI machine learning repository for
implementation purposes. The authors claim the improvement in time consumption upto
98% however the space complexity has not been compared. The algorithm has not been tried
on variety of datasets so generalization is not known at this stage.
In another approach, [16] applied association rule mining at cluster level in the dataset
to discover interesting links between binary attributes. Rules relevancy has been checked
using Confidence, Lift, OM, Loevinger, ADI and Jaccard Indices. Authors also provided a
visualization capability to analyze results generated through this process. The approach has
been tested on an industrial database, and has not been generalized. Moreover, the approach
only works with binary attributes. It will be interesting to see its application for other types of
variables.
In order to extract association rules from datasets, [17] presented an algorithm which
works in two passes through the whole dataset. A random sample is selected from the whole
data set and it is used to determine the association rules in the dataset. The second pass is
then used to see if any rules were missed, and these are added to the resultant set if required.
The approach is reported to be effected for large size datasets as it reduces I/O usage to a
great deal. However, it has been determined that second pass cannot be avoided at all.
In a different approach, [18] presented a methodology to cluster association rules after
extraction. Two methods are proposed by the authors. First method generates a hierarchical
structure by creating groups at each level according to structure of rules. The other method
measures the semantic distance between rules and groups accordingly. The approach may be
effective in places where relevant rules are to be grouped together; however since all
association rules must be generated at first, computation time has to be compromised.
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In order to advance the rule mining in data warehouses, Zhu [1] worked on
association rule mining in multi-dimensional environment. Author divided the multidimensional rule mining into different categories. Author defined a category called interdimensional association which defines association within a single dimension whereas the
intra-dimensional association defines association between multiple dimensions. Author
defined hybrid category which combines both types of associations defined before. Author
converted data cube to a tabular format to draw frequent items. Author provided visualization
support to the mining process using two types of graphs i.e Ball Graph and Bar Graph.
However the graphs do not handle the large number of rules in the resultant set effectively.
As a special case, Bogdanova & Georgieva [19] worked on a case study involving
FolkloreCubes. These cubes are created at Folklore Institute from an archival fund with
Folklore material; these data cubes are used to draw patterns in terms of association rules.
The dimensional reduction is provided to the user by utilizing the minimum Support value.
The process has the ability to visualize association rules using a bar graph. Each column in
the graph represents a rule. Different heights of columns indicate the value of support of that
rule. This visualization is difficult to adapt if large number of rules are to be shown.
In a similar work, Messaoud et al. [2] worked on data cubes to mine association rules
in a multi-dimensional environment. This approach follows the concept of meta-rules guided
mining where meta-rules are created by the user in order to guide the mining process. The
discovered rules are interesting for the user as the mining process is guided towards
interesting patterns. However hidden interesting patterns are not extracted due to guided
process looking for targeted patterns. Evaluation of extracted patterns has been done using
Lift and Loevinger measures. Since the data is available in aggregate form in data cubes,
these measures are best suited instead of the conventional measures like Support and
Confidence. The approach is tested using sales data and it was reported to be effective.
The results of the study encouraged the authors for development of a complete
environment association rule mining. The new framework included a visualization
component. Authors called this framework as the Online Environment for Mining
Association Rules (OLEMAR). Associations rules are generated with the help of meta-rule
guided mining approach like before and are evaluated using Lift and Loevinger measures. The
graphics Semiology Principle is utilized by authors to visualize extracted patterns. Blue
squares are used to present the item sets whereas equilateral triangles are used to define the
relationship between item sets. The interestingness of rules is shown by using luminosity of
the shapes. Usage of luminosity and shape sizes makes it difficult to differentiate different
item sets if the results are large in numbers.
In a different approach, Usman et al. [8] proposed a technique to generate STAR
schema at multiple levels of abstraction in order to mine association rules at different levels.
Authors applied agglomerative hierarchical clustering to generate clusters at different level.
At each cluster, authors picked top nominal variables using Information Gain which were
then used to create STAR Schema. Authors mined rules on STAR schema using Apriori
Algorithm and evaluated these using advanced measures Rae, CON and Hill. It will be
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interesting to see if using a different version of hierarchical clustering which handles both
numeric and nominal data for clustering, is more effective than this approach. Moreover, for
datasets with larger sizes, it is more appropriate to use AprioriHybrid instead of Apriori
Algorithm.
Usman et al. [4] proposed a model for multi-level mining of association rules using
data warehouse schema. Clusters are created at multiple levels in the hierarchy and topranked dimensions are extracted to develop a schema for the data warehouse. The data
warehouse schema is used to extract hidden patterns in the form of association rules which
are then passed to the graphical component for visualization. The implementation of this
model is not provided to show the effectiveness.
Hahsler & Karpienko [20] emphasize that the existing techniques for visualization of
association rules are not able to handle situations where association rules are large in
numbers. In this context, scatter plots, parallel plots and decker plots have been used by
authors in the past; however, these do not handle large number of rules. In this research work,
a new method is introduced called group matrix-based visualization. The technique uses
clustering in order to create groups. The clusters are used for further exploration for
individual rules. A plot format is introduced to show the interestingness of extracted
association rules using colours and positioning of elements. However, the technique doesn’t
have option to explore rules using interestingness measures. The methodology has been
tested using a small dataset and authors intend to evaluate this technique in future on a large
dataset. Another issue with the methodology is the usage of R-Language which requires
technical knowledge for exploration of association rules.
In a recent study done by Jeon et al. [21], social data is used for conducting a rulebased topic trend analysis. On line Analytical Processing (OLAP) has been used with
Association Rule Mining (ARM) to perform the analysis. Twitter stream data has been used
in order to test the methodology. Data is purified in the first step by removing un-necessary
words. The second step involves the implementation of LDA which extracts topics from the
data. Afterwards STAR scheme is generated and data warehouse is filled with the data from
the dataset in this schema. Aggregate data within the data warehouse is used to extract
patterns in the form of association rules. Although the patterns are extracted from a data
warehouse, the rules are evaluated using conventional measures like support and confidence.
Another issue with the technique is that, it creates only one fact variable, limiting the analysis
in case where multiple fact variables should be created.
In this section, a literature review of previous techniques involving pattern extraction
in large sets is discussed. We critically evaluate these techniques in the next section.
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CRITICAL EVALUATION
This section provides the critical evaluation of the previous work done in the area of
pattern extraction in large datasets. We present the summary of techniques in Table 1, by
briefly discussing the major contributions in the particular study.
From the previous studies, it is observed that authors have emphasized on usage of
dimension reduction methods, multi-level mining, evaluation with advanced measures and
visualization support in mining over large datasets.
In recent techniques authors have used Agglomerative Hierarchical Clustering or KMeans clustering to create clusters at multiple levels before the mining process begins.
Hierarchical clustering doesn’t handle the data in large volume effectively [10]. Moreover, in
this technique, if misclassification occurs at a stage, it cannot be corrected in further stages.
Similarly K-Means clustering technique doesn’t tackle the data in large size effectively.
Another disadvantage of AHC is that it only works with numeric data. If the data contains
mixture of variables, and variables are inter-related, such information is not used during
clustering process. So in order to create cluster at different levels, techniques like SBAC can
be used which use both nominal and numeric data while performing clustering.
Secondly, dimension reduction has been emphasized a lot in general for mining. In
case of mining at multiple levels, dimension reduction has been done separately for numeric
and nominal data. Due to this, semantic relationship between both types of variables is not
kept while ranking process is applied. Thus ranking process needs to be applied at once
instead of being applied separately for both types.
Thirdly, Apriori algorithm is not be a better choice than AprioriHybrid in case of
large number of dimensions as suggested by authors previously. As per discussion in
Agrawal et al. [14], AprioriHybrid suites in case of large datasets and combines Apriori and
AprioriTid algorithms to create a hybrid approach for large datasets.
Fourthly, most of the authors have used conventional measures of interestingness
like Support and Confidence. Some of the authors have used Count, Min and Max measures.
A small number of authors have used diversity criteria for summarized data. To the best of
our knowledge, Conciseness, Generality, Peculiarity and Unexpectedness have not been
checked in multi-level mining in data warehouses. It is suggested that advanced measures of
interestingness are used for evaluation.
Finally, there are some approaches which provide the visualization of association
rules, but these techniques have problems with luminosity, colors and shape sizes in case of
large number of resultant rules. It is suggested that an effective approach for visualization of
rules should be developed in case where there is a large number of resultant rules.
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Now we present a conceptual model which works in a multi-step framework, and
handles the problems identified in previous literature. The implementation of this model is
not covered in this study up-to date.

PROPOSED MODEL
In this section we present a model which aims at combining different techniques to
create a framework for pattern extraction in large datasets. The process starts by taking data
for mining process. It is assumed that dataset contains a mixture of nominal and numeric
variables. We propose to create clusters of data at different levels of hierarchy using SBAC.
Usage of SBAC ensures that both nominal and numeric variables are used for clustering.
After the clusters are obtained, only top-ranked variables should be used for mining purposes
in the second step. We propose to convert nominal variables to numeric variables and apply a
single method to pick top ranked dimensions.
Principal Component Analysis (PCA) is proposed to be applied in this regard. After
top ranked variables are obtained, a data warehouse schema is generated. The schema in this
case consists of a fact table and multiple dimension tables. Data is shifted from dataset to data
warehouse. We propose to apply AprioriHybrid to extract association rules for each cluster.
Since the extracted rules are based upon aggregated data in the data warehouse, we propose
to use advanced interestingness measures like Conciseness, Generality, Peculiarity and
Unexpectedness to evaluate these rules. We propose to provide a visualization component for
interactive analysis of extracted patterns.
TABLE I: Summary of techniques used for pattern extraction in large datasets
Title

Dataset
Used

Proposed Benefits

Visualizing association rules in hierarchical
groups. - [20]

Group-Matrix based
clustering methods.

An improved Apriori algorithm for mining
association rules - [15]

Improved version of Apriori in terms of time
consumption.

Rule-Based Topic Trend Analysis by Using
Data Mining Techniques. - [21]

Usage of OLAP with ARM for pattern
extraction from twitter stream data.
Presented a conceptual model that works at
multiple levels in the hierarchy to mine
association rules.
Worked on ARM in data warehouse
environment by creating STAR Schema.
Dimension reduction is done using statistical
measures. Advanced evaluation is done using
Rae, CON and Hill measures.
Applied association rule mining for binary
attributes and used advanced measures like
Lift, OM and Lovinger etc along with
provision of visualization support.

A conceptual model for multi-level mining
and visualization of association rules. -[4]
Diverse Association Rule mining through
Statistical and Data mining Techniques. [8]
Combined use of association rules mining
and clustering methods to find relevant links
between binary rare attributes in a large data
set. - [16]
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visualization

using

Yes
Yes
Yes
No

Yes

Yes
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Mining association rules in very large
clustered domains. - [12]
Association Rule Mining on data cubes with
Visualization ability. -[7]

Association Rule mining on data cubes - [2]

Hierarchical grouping of association rules
and its app. to a real-world domain -[18]
Discovering the association rules in OLAP
data cube with daily downloads of folklore
materials - [19]
Survey of clustering algorithms - [11]
Unsupervised learning with mixed numeric
and nominal data - [10]
Association rule mining on data cubes and
Visualization of Rules- [1]
From data mining to knowledge discovery
in databases. - [9]
Sampling large databases for association
rules - [17]
Fast Discovery of Association Rules. - [14]
Mining association rules between sets of
items in large databases -[13]

A Theoretical Model for Pattern Extraction
Provided Association Rule Mining concept
at a group level.
Provided a framework OLEMAR to mine
association rules. Visualization is provided
using different shapes, colors and Semiology
Principle.
Association rule mining on data cubes using
meta-rule guided approach. Evaluation is
done using advanced measures (Lift,
Loevinger)
Worked on association rule mining at
multiple hierarchy levels by creating groups
at each level.
Performed pattern extraction on specific data
cubes called FolkloreCubes. Visualization
support is provided using Column and Bar
Graphs.
Provided comparisons of different clustering
algorithms for high dimensional data
Proposed Similarity-based Agglomerative
Clustering (SBAC) – overcame the
limitations of AHC
Defined categories of associations in a multidimensional environment. A visualization
component is provided using Column and
Bar Graphs.
Highlighted the importance of dimension
reduction for mining process in large datasets
Presented a methodology to sample a large
dataset to reduce the I/O size for mining
process.
Presented variant, AprioriHybrid, of previous
algorithm for better performance.
Presented well-known association rule
mining algorithm called Apriori for large
datasets

Yes

Yes

Yes

Yes

Yes

No
Yes

Yes

No
Yes
Yes
Yes

The model (Figure 1) achieves its objective of mining at multiple levels using SBAC
which creates clusters using both numeric and nominal data. Semantic relationship between
variables is kept by applying a single method of ranking which is important to keep during
ranking process. Moreover, patterns are proposed to be extracted using a better mining
algorithm than previous studies. We propose to use ApprioriHybrid. The interestingness is
evaluated using advanced measures since the data is aggregated during the mining process.
The model also proposes to provide the ability to visualize patterns at the end of analysis
process.
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Figure 1: Proposed Theoretical Model for Pattern Extraction in Large Datasets

CONCLUSION AND FUTURE WORK
In this research study, literature related to pattern extraction in large datasets has been
reviewed. From the critical review, it has been found that there is a need to apply modern
algorithms for multi-level mining, robust dimension reduction technique, robust pattern
extraction algorithm, advanced evaluation measures and interactive visualization support for
pattern extraction techniques in large datasets. In order to overcome the problems found, a
theoretical model has been presented. The implementation of this model on datasets is
suggested as a future work.
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Abstract
In this work, we extended the work of Sheen et al., 2003 for the numerical solution of
multi-term fractional order linear differential equations by an integral representation in the
complex plane. The resultant integral is approximated to high order accuracy using
quadrature. The accuracy of the method depends on the selection of optimal contour of
integration. In the present work, linear multi-term fractional order differential equations are
approximated for optimal contour of integration, and the results are compared with other
methods available to demonstrate the accuracy and efficiency of the present numerical
method.

Key words: Linear multi-term fractional order differential equations, Laplace
Transform, Quadrature.

INTRODUCTION
In this work, we want to investigate the applicability of the proposed numerical
scheme for the solution of linear multi-term differential equations of fractional order whose
general form to be discussed is,
D 1 u t    1 D  2 u t    2 D  3 u t    3 u t   f t 

(1)

Where υi( i=1,2,3) and 0 ˂ β2< β3< β1 are constants and the integer m is defined by m
≥ β1> m-1, then one can specify suitable initial conditions,
u i 0   u 0

i

, i  0,1,2,..., m  1
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Where the Riemann-Liouville differential operators of fractional order β > 0, is
defined as:
t
1
dm
ux 
D  u t  
dx
m 
m    dt 0 t  x  m 1

(3)

Where the integer m is defined by m ≥ β > m-1(see [1], [2]). It is the problem
described in (1) and (2) that shall address in the present paper. It has been shown that this
problem has a unique solution using Laplace transform methods under some strong
conditions (in particular, the linearity of the differential equations)[3]. In the last section of
the paper, we discuss how the theoretical results may be applied in practical cases. In
particular we consider the performance of existing numerical methods for solving linear
multi-term differential equations of fractional order when the equations to be solved depend
upon parameters that must be estimated and are subject to errors. We are aware of
applications, from material sciences, for example, in which the order of the equation is a
parameter estimated only to certain degree of accuracy. We investigated how to optimize
quadrature step size for the present method in order to gain maximum accuracy with less
computational cost.

Definition:If a ( > -1) is a real number then:

 

Lta 

a  1
s a 1

(4)

WhereR(s) > 0

Lemma:
For m − 1 < β ≤ m, m ∈ N, the Laplace transformation of differential operator of fractional
order can be written as [4]:
(5)

METHOD
We select a quadrature step k > 0 and an equal weight quadrature formula in our numerical
computations. The procedure is followed as applying Laplace Transformation to equation (1)
for β1ε (3, 4), β2ε (0, 1) and β3ε (1, 2), we get:



uˆs   s 1   1 s  2   2 s  3   3

44

 g s 
1

(6)
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Where
(7)

And
fˆ s   L  f t 

(8)

Now using inverse Laplace transform to equation (6), we get
1
u t  
e st uˆs ds, Rs   0

2i 

(9)

Where Γ is the integration contour such that s r   and s  sv  given by equation (13).
Now using equation (13) in equation (9), we get,
u t  

1
e s v t uˆ s v s v dv
2i 

(10)

Now for the quadrature rule we choose the step k >0 and for simplicity we set s j  s v j  ,
s j  s v j  where v j  kj for N  j   N , we get

u N t  

k
2i

N

 e uˆ s s
s jt

j

j

j  N

(11)

Now we solve the 2N+1 equations given in (12) for N  j   N .








uˆ s j  s j 1  1 s j 2  2 s j 3  3  g s j 

(12)

Contour of integration
We remarked that the numerical solution û s j  determined the approximate solution
(11) for all 0 ˂ t. However, in practice, the accuracy of approximate solution depends on the
selection of the contour Γ. A number of such contour available one such path is due to [5]
given as

s     1  sin  iv
In fact, when Im v   , then (13) reduces to the left branch of hyperbola,
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2

2

 x     

y

  
  1
  sin        cos     

(14)

Here the strip Yr  v :| Im v | r}
with r > 0 transformed into the hyperbola

S r  {s : v  Yr }  
Let



 0  {s  0 :| arg s | }

With  / 21       0


And let





    ,   S r   .


NUMERICAL EXAMPLES
We test the present method for taking a number of problems to validate our numerical method
for accuracy and efficiency. By comparing the results of the present method with other
methods, it is clear that the present method is very convenient and effective.
Example No.1:
Here we apply the present numerical method to the equation [6], [7]

D 1 u t    1 D 2 u t    2 D 3 ut    3ut   f t 

u0  0, u 0  1, u 0  2, u0  0
Case1:

 1   2   3  1,
1  3.91,  2  0.77, 3  1.44,
2
2
1
f t  
t 0.56 
t 1.23 
t 0.23  t 2  t
1.56
2.23
1.23
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Case2:
 1   3  0.5, 2  1,
2
,  3  2,
20
2
1
0.5 0.93
f t  
t 0.59 
t 1.93 
t
 0.5(t 2  t )
1.59
 2.93
1.93

 1  11,  2 

In such cases ut   t 2  t is the exact solution.

Table 1: Numerical results: at t=0.1, ω=2, θ=0.1, r=0.3431, δ=0.3812, and [t0,T] =[0.01,1]
corresponding to case 1 of (15).
N
5
15
30
50
70
90
100
120

Absolute error
0.0773
7.2720 e-005
1.8211 e-007
3.3186 e-010
7.9374 e-013
2.3740 e-015
1.8709 e-016
5.6477 e-017

Table 2: Numerical results: at t=0.1, ω=2, θ=0.1, r=0.3431, δ=0.3812, and [t0, T]
=[0.01,1] corresponding to case 2 of (15).
N
5
15
30
50
70
90
110
120

Absolute error
0.0773
7.2720 e-005
1.8211 e-007
3.3186 e-010
7.9368e-013
2.2772e-015
1.3886e-016
1.2541e-016

Table 1 and 2 shows the numerical results of the present method for case 1 and case 2 of
example 1 respectively. The maximum absolute error for case 1 of example 1 obtained by[6]
and [7] is 1.9e-006 and 9.53e-004 respectively, and the maximum absolute error for case 2 of
example 1 obtained by[6] and [7] is 1.8e-007 and 9.80e-004 respectively. We have achieved
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better results than the results obtained by [6] and [7] of the same problem as shown in the
table 1 and 2.
Example No.2:
Consider the equation [6] [8],
3

D 2 u t   D 4 u t   ut   t 3  6t 

8.533333333 2.25
t
0.25

(16)

Where

u0  u 0  0
In such case ut   t 3 is the exact solution.
Table 3: Numerical results: at t=0.1, ω=2, θ=0.1, r=0.3431, δ=0.3812, and [t0,T] =[0.01,1]
corresponding to (16).
N
5
15
30
50
70
90
100
120
158

Absolute error
0.1691
8.3417 e-005
2.8584 e-009
1.6338 e-014
4.3748e-016
1.8626e-016
1.1279e-016
4.1250e-017
5.6722e-019

Table 3 shows the numerical results of the present method for example 2. The maximum
absolute error for example 2 obtained by [6] and [8] is 3.39e-013 and 3.10e-006 respectively. We
have achieved better results than the results obtained by[6] and [8] of the same problem as
shown in the table 3.

CONCLUSION
From the results in the tables we have observed that the corresponding methodology is more
efficient for approximating the solution of linear multi term differential equations of
fractional order than other various methods. Therefore we finally conclude that by better
selection of quadrature and contour we can improve the corresponding methodology in the
future.

48

PJCIS (2017), Vol. 2 No. 1 : 43-49

On the Numerical Solution of Linear

REFERENCES
[1]

K. Diethelm and N. J. Ford, “Analysis of fractional differential equations,” J. Math.
Anal. Appl., vol. 265, no. 2, pp. 229–248, 2002 [Online]. Available:
https://www.chester.ac.uk/sites/files/chester/rep377.pdf

[2]

K. B. Oldham and J. Spanier, The Fractional Calculus, vol. 111 of Mathematics in
Science and Engineering. Academic Press, New York, London, 1974 [Online].
Available: https://www.maths.unsw.edu.au/sites/default/files/amr07_5_0.pdf

[3]

D. Sheen et al., “A parallel method for time discretization of parabolic equations based
on Laplace transformation and quadrature,” IMA J. Numer. Anal., vol. 23, no. 2, pp.
269–299, 2003 [Online]. Available: https://doi.org/10.1093/imanum/23.2.269

[4]

S. Kazem, “Exact solution of some linear fractional differential equations by laplace
transform,” Int. J. Nonlinear Sci., vol. 16, no. 1, pp. 3–11, 2013 [Online]. Available:
http://www.internonlinearscience.org/upload/papers/IJNS Vol 16 NO 1 Paper 1 Exact
Solution of Some Linear Fractional Differential Equations by Laplace Transform.pdf

[5]

W. McLean and V. Thomée, “Numerical solution via Laplace transforms of a
fractional order evolution equation,” J. Integr. Equations Appl., vol. 22, pp. 57–94,
2010
[Online].
Available:
https://www.maths.unsw.edu.au/sites/default/files
/amr07_5_0.pdf

[6]

E. H. Doha et al., “Efficient Chebyshev spectral methods for solving multi-term
fractional orders differential equations,” Appl. Math. Model., vol. 35, no. 12, pp. 5662–
5672, 2011 [Online]. Available: https://www.sciencedirect.com/science/article/pii
/S0307904X11003052

[7]

A. E. M. El-Mesiry et al., “Numerical methods for multi-term fractional (arbitrary)
orders differential equations,” Appl. Math. Comput., vol. 160, no. 3, pp. 683–699, 2005
[Online].
Available:
https://www.sciencedirect.com/science/article/pii/
S0096300303011883

[8]

N. J. Ford and J. A. Connolly, “Systems-based decomposition schemes for the
approximate solution of multi-term fractional differential equations,” J. Comput. Appl.
Math., vol. 229, no. 2, pp. 382–391, 2009 [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0377042708001593

49

PJCIS (2017), Vol. 2 No. 1: 51-57

Computational Analysis

Computational Analysis of A Non-Newtonian
Fluid Past Obstacles of Altered Shapes
ASIF ALI SHAIKH1*, MUHAMMAD SALEEM CHANDIO2, SANIA QURESHI1,
SYED FEROZ SHAH1
1

Department of Basic Science and Related Studies, Mehran University of Engineering and Technology,
Jamshoro, Pakistan
2
Institute of Mathematics and Computer Science, University of Sindh, Jamshoro, Pakistan
*Corresponding author’s e-mail: asifalishaikh@gmail.com

Abstract
The computational study of non-Newtonian fluid such as paint past a solid hurdle in
channel flow is substantial to many manufacturing problems related with industries.
Numerous techniques such as analytical and numerical simulation can be used to study such
fluid flow. In the current study shear thinning viscoelastic fluid is taken into consideration.
2-D study is under investigation in the current study using Oldroyld-B model.
In the contemporary study the core focus is emphasized on flow of Non-Newtonian
fluid past different shapes of solid obstacles, such as triangle and trapezium. Structured
meshes are used to investigate the accuracy, stability and consistency of the numerical scheme
for both types of obstacles. The parabolic behaviour of the flow verifies stability and
consistency of the scheme. Finite element Semi implicit time-stepping Taylor/ Galerkin
Pressure Correction Scheme is employed for the simulation. The main focus of the study is to
analyse the flow pattern of the fluids while crossing solid hurdles because of its importance in
mixing and beading process of materials.

Keywords: Solid hurdles, Finite Element, Simulation, Oldroyld B model

INTRODUCTION
The applications of CFD plays vital role in industrial problems, especially the
problems related with mixing of fluids and beading of materials. From the literature it has
been analysed that mixing of various fluids have direct effect on the quality of production.
The flow behaviour of Oldroyld B fluid has been investigated by [1]. For Industrial problems,
flow past a solid is significant apart from type of fluid. In the applications various fluids are
found like viscous, viscoelastic etc, containing flows in the region of solid obstacles such as
triangle or trapezium. Shape of product may comprise solid obstacles to form a finished
product; nevertheless moulding improves design and functionality of the product. From the
study of Chan [2], it is critically observed that very negligible difference occurs in terms of
velocity, pressure and wall shear stresses for flow of fluid in channel. It is very complex to
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simulate viscoelastic fluids for the asymmetrical solid surfaces because of sudden change of
the geometry with singularities may be the main reason of very soaring levels of stresses, and
in turn improve numerical instabilities for a viscoelastic fluid and lead to divergence at very
immense Deborah numbers [1]. The mirror method has been proposed for numerical results
for the flow past obstacle by [3]. Cruz et al. [4], described analytical solutions for fully
developed flow. Flow of fluid through composite obstacles (stenosis) is highlighted by Ellahi
[5]. The effects of obstacles in channel (artery) have been investigated by [6] using power
law and further shear stress effects are also investigated in their study.

PROBLEM DESCRIPTION
Two solid hurdles with different ratios on the inner surface of straight channel are considered
for the study. Meshes with different elements are designed to analyse the results because in
the application the mesh generation plays vital role for the stability and consistency of results
(Figure 1 & 2).

Figure 1: Problem Geometry (Triangular)

Figure 2: Problem Geometry (Trapezium)
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Inlet Boundary Conditions
Inlet conditions for the flow of fluid in channel are expressed as
X=X max [1-(y/Y)2]
Here y is distance of point along Y-axis and Y is radius and equal to 1.
Therefore Xmax = (1 – y2)

Outlet Boundary Conditions
Boundary conditions at the outlet can be expressed as

u v

0
x x

0,

and also No-slip

boundary conditions are imposed on the wall [3].

Governing Equations
Momentum, continuity and stress constitutive equations are used to obtain system of linear
equations for the simulation.
u

    u.u , where σ is cauchy stress tensor and is defined as,
t
.u  0

   pI  T , T is total stress tensor, given by
T    2 2 D,  2 is a solvent viscosity and  is the polynmeric extra stress contribution and
D is a deformation tensor, given by
D  L  Lt  / 2 , L  u

Oldroyld-B model is considered for the computation of extra stress
  1   2   D  2 D   , where upper convected is defined as

    / t  u.  u.   .u T
u is velocity vectors and  are the shear stresses

Numerical Algorithm
Aij   i j d , B(U ) ij   i jU 1 j d , (Ck ) ij   i






 j
x k

d ,

Dij    i  j d , and Fij   i  j d




Where, consistent mass matrix, diffusive matrix ,convection matrix ,pressuregradient matrix, pressure stiffness matrix denoted by A,B,C(U),D, and F, respectively.
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To find an approximate solution, a semi-implicit Taylor-Galerkin/Pressure-Correction
method is used through Fortran Code. System of linear equations is solved by using iterative
Jacobi’s method and for the pressure terms Choleski’s method is preferred as from the
literature.

RESULTS AND DISCUSSION
In the present study, solid hurdles of triangular and trapezium during the flow of
fluids are considered for numerical investigation. Flow of fluid past an asymmetrical triangle
and trapezium hurdles are considered for the study. For the obstacle of triangular
asymmetrical type 1500 elements and 3175 nodes are used whereas for trapezium hurdle with
1516 elements and 3209 nodes (Figure 6) are considered for the investigation. Blockage ratio
of 1/5 is taken as proposed by [3].Velocity and pressure profiles (Figure 4, 7) for both hurdles
are taken using Numerical Schemes. It has been observed that Velocity profile on inlet and
outlet of the channel is parabolic (Figure 3) which guarantees the accuracy, consistency and
stability of the Numerical scheme. For both meshes maximum pressure is seen at symmetry
line, maximum pressure is also observed on the hurdle, however very slight increase in
pressure is noticed for the hurdle of trapezium shape (Figure 7).
Computational results are generated using triangular and trapezium shape of obstacles
using mesh size of 10x75 .

Figure 3: Velocity Profile

54

PJCIS (2017), Vol. 2 No. 1: 51-57

Computational Analysis

Figure 4: Pressure Contours

Figure 5: Stress Contour

55

PJCIS (2017), Vol. 2 No. 1: 51-57

Computational Analysis

Figure 6: Mesh trapezium

Figure 7: Pressure profile

Figure 8: Stresses Profile
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CONCLUSION
From the numerical results, it has been observed that the maximum shear stresses
occurs across the obstacle for both meshes with different elements. However, the magnitude
of shear stress computed using Triangle mesh is almost double (Figure 5) of the Trapezium
mesh (Figure 8) because of narrow space in triangular mesh, since the accurate measurement
of shear stress is of importance in mixing flows problems. Hence, it has been concluded from
the present study that triangular obstacle capture the solution with good accuracy.
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