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Abstract - Apriori is an association rule mining algorithm which generates frequent items. In our proposed system, the transaction 
data set is divided into chunks, making the system to work parallely. Each chunk is assigned to each thread where threads are 
generated in multicore system. As per the minimum support given, the items which are greater than or equal to minimum support are 
added in frequent items. Comparing with serial and parallel approach CPU utilization and time factor will be analyzed. 
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I. INTRODUCTION 
 
Data mining is one of research areas of the international 
database and decision-making information, of which the 
main purpose is to develop the relevant methods, theory 
and tools and to extract useful and interesting knowledge 
from the large amounts of data.  Apriori is a classical 
association rule mining algorithm for frequently scanning 
database. For improvising the performance of Apriori, 
Basic Sliding Window (BSW) algorithm is used which 
initially partitions set of transactions into chunks.  These 
chunks are given to threads for parallel mining and 
generating frequent itemsets. As compared to the serial 
mining approach, this basically enhances Apriori 
algorithm reducing the wastage of time depending on 
scanning particular dataset by avoiding generation of 
candidate itemsets. System uses multithreading to 
achieve higher performance by utilizing multiple cores. 

 
II. RELATED WORK 
 
1. Nihat Altiparmak, Member, IEEE, and Ali S¸ 
amanTosun, Member, IEEE, “Multithreaded 
MaximumFlow Based Optimal replicaselection 
Algorithm for Heterogeneous storagearchitectures”IEEE 
transactions on parallel and distributed systems, vol. 65, 
no. 5, April 2016 
 
In this paper they have proposed: 
Retrieval of replicated data from multiple disks using 
multithreading and integrated maximum flow based 
optimal replica selection algorithm handling 
heterogeneous storage architecture. 
 
2. Petar Radojkovic´, Paul M. Carpenter, Miquel 
Moreto´, Vladimir Cˇ akarevic´, Javier Verdu´ , Alex 
Pajuelo, Francisco J. Cazorla, Mario Nemirovsky and 
Mateo Valero,” Thread Assignment in 
Multicore/Multithreaded Processors: A Statistical  
Approach” 
In this paper they have proposed: 
A method to predict the performance of the optimal 
thread assignment based on performance of each thread 

assignment in random sample based on EVT. Also 
sample pruning which is a method to reduce the time 
required to apply the statistical method. 
 
3. Junjie Qian∗, Du Li,, Witawas Srisa-an∗, Hong 
Jiang∗and Sharad Seth∗“Factors  Affecting Scalability of 
Multithreaded JavaApplications on Manycore Systems” 
systems, vol. 26, no. 8, May 2015 
 
In this paper they have proposed: 
Lock contention and garbage collection performance that 
affect the scalability of java applications to achieve 
desired level of performance improvement. 
 
4. Jiaoling Du, Xiangli Zhang, Hongmei Zhang and Lei 
Chen ,”Research and Improvement of Apriori 
Algorithm” IEEE transactions on knowledge and data 
engineering vol:25 no:7 May 2016 
 
In this paper they have proposed: 
DC_ Apriori algorithm in small support degree or in 
intensive database with large number of transaction and 
items to reduce the running time. 
 
5. Youjip Won, Kyeongyeol Lim, and Jaehong Min,” 
MUCH: Multithreaded Content-BasedFile Chunking”- 
IEEE transactions on computers, vol. 64, no. 5, May 
2015 
 
In this paper they have proposed: 
Multithreaded variable size chunking method(MUCH) to 
exploit multicore architecture of the modern 
multiprocessors. 
 
III. SYSTEM ARCHITECTURE 
 
In this architecture system,  
 First the required transactional dataset is fetched 

from transactional database according to user 
requirement. 

 After fetching, the given dataset will be divided into 
chunks as the transaction dataset size will be large. It 
is difficult to process as single unit. 
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 These chunks will contain the transactions in dataset 
which contains into purchased by each user. 

 So candidate generation step will be carried out and 
depending upon the minimum support given the final 
frequent items will be calculated. 

 The generated result in all chunks will be combined 
to get the final result and time factor will be 
calculated to get the frequent itemsets. 

 The time and energy factor will be analyzed for 
serial and parallel approach.  

 

 
Fig 1: System Architecture 

 
IV. MODULES 
 
 Module 1: Fetching dataset 
 Module 2: Chunking 
 Module 3: Frequent item mining using serial and 

parallel approach 
 Module 4: CPU utilization 
 
Module 1: 
Fetching dataset:-Database contains transaction 
information such as itemset and their respective count. 
First module will fetch all the data as per user 
requirement. In this module, the dataset is extracted from 
large database available which is stored on different 
system. 

Module 2: 
Chunking:- In this module file containing itemset 
information will be divided into chunks using different 
algorithm such as BSW. These large datasets are divided 
into chunks using Basic Sliding Window (BSW) 
Algorithm which follows variable or static chunking 
depending upon file size. The algorithm establishes a 
window of byte stream starting from beginning of file. It 
computes a signature, which has h value of byte stream in 
window region. If signature matches the predefined bit 
pattern after each comparison, the window slides one 
byte position and computes hash function again. Since 
window slides one byte position at a time we can use 
incremental hash function.  
 
Module 3: 
Frequent item mining using serial and parallel 
approach :- In serial approach, the apriori algorithm 
calculate the frequent items or process the transactional 
dataset serially and then it will have the candidate 
generatedfrom given transactional dataset and then these 
candidates are filtered by using minimum support and L1 
step is generated ie. frequent items.  

In parallel approach, the chunk is provided as 
input. It contains information about transactions. This 
module will calculate frequent count of each item using 
apriori algorithm and will detect most frequent item.After 
chunking the frequent item sets are generated from the 
transaction available in each chunk. These frequent item 
sets are merged to generate final outcome. 
 
Module4: 
CPU utilization:-In this module, the time required to 
count frequent item is calculated for serial and parallel 
execution. Along with it energy factor will be measured 
using HW monitor. We will analyze the time required 
and the cpu utilized by the system and performance is 
measured. 
 
V. EXPERIMENTALENVIRONMENT AND 
METHODOLOGY 
 
5.1 High Performance Computing 
High-performance computing (HPC) is the use of parallel 
processing for running advanced application 
programs efficiently, reliably and quickly.The term HPC 
is occasionally used as a synonym for supercomputing, 
although technically a supercomputer is a system that 
performs at or near the currently highest operational rate 
for computers.The most common users of HPC systems 
are scientific researchers, engineers and academic 
institutions. Some government agencies, particularly the 
military, also rely on HPC for complex applications. 
High-performance systems often use custom-made 
components in addition to so-called commodity 
components. High Performance Computing most 
generally refers to the practice of aggregating computing 
power in a way that delivers much higher performance 
than one could get out of a typical desktop computer or 

http://iraj.in


International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,             Volume-5, Issue-7, Jul.-2017 
http://iraj.in 

Multithreaded Maximum Flow based Frequent Item Selection Algorithm for Heterogeneous Storage Architecture 
 

68 

workstation in order to solve large problems in science, 
engineering, or business. 
  
5.2 Multithreading 
In computer architecture, multithreading is the ability of 
a central processing unit (CPU) or a single core in 
a multi-core processor to execute 
multiple processes or threads concurrently, appropriately 
supported by the operating system. This approach differs 
from multiprocessing, as with multithreading the 
processes and threads share the resources of a single or 
multiple cores where multiprocessing systems include 
multiple complete processing units, multithreading aims 
to increase utilization of a single core by using thread-
level as well as instruction-level parallelism. As the two 
techniques are complementary, they are sometimes 
combined in systems with multiple multithreading CPUs 
and in CPUs with multiple multithreading cores. 
 
5.3 Fork and Join 
Fork-join framework has been added in 
java.util.concurrent package. New fork-join executor 
framework has been created which is responsible for 
creating one new task objectwhich is again responsible 
for creating new sub-task object and waiting for sub-task 
to be completed. Internally it maintains a thread pool and 
executor assign pending task to this thread pool to 
complete when one task is waiting for another task to 
complete. In parallel computing, the fork–join model is a 
way of setting up and executing parallel programs, such 
that execution branches off in parallel at designated 
points in the program, to "join" (merge) at a subsequent 
point and resume sequential execution. Parallel sections 
may fork recursively until a certain task granularity is 
reached. Fork–join can be considered a parallel design 
pattern. The fork/join framework is an implementation of 
the ExecutorService interface that helps you take 
advantage of multiple processors. It is designed for work 
that can be broken into smaller pieces recursively. The 
goal is to use all the available processing power to 
enhance the performance of your application. 
 

 
Fig 2: Fork Join Task 

 
Example: 

 
Fig 3: Coffee Vending Machine 

 
5.4 Chunking Algorithm 
Deduplication consists of four key technical ingredients 
:(i) file chunking, (ii) duplication detection, (iii) 
enhancing reliability for deduplicated data, and (iv) 
information life cycle management. There are two types 
of chunking:variable size chunking and fixed size 
chunking. Duplication detection is a process of 
determining whether a given chunk is redundant or 
not.[5] 
 

 
Fig 4: Basic Sliding Window Algorithm (BSW)[5] 

 
1] Fixed Size Chunking: In fixed size chunking, a file is 
partitioned into fixed sizeunits, e.g., 8 KB blocks. It is 
simple, fast, and computationally very cheap. A number 
of proceeding works have adopted fixed-size chunking 
for backup applications and for large-scale file systems. 
However, when a small amount of content is inserted to 
or deleted from the original file, the fixed size chunking 
may generate a set of chunks that are entirely different 
from the original ones even though most of the file 
contents remain intact.[5] 
 
2] Variable Size Chunking: Variable size chunking 
partitions a file based on the content of the file, not the 
offset. Variable size chunking is relatively robust against 
the insertion/deletion of the file. The Basic Sliding 
Window (BSW) algorithm is widely used in variable size 
chunking. Fig.4 explains the BSW algorithm. The BSW 
algorithm establishes a window of byte stream starting 
from the beginning of a file. It computes a signature, 
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which is a hash value of byte stream in the window 
region. If the signature matches the predefined bit 
pattern, the algorithm sets the chunk boundary at the end 
of the window.[5] 
  
5.5 Peak over Threshold Method 
We estimate the performance of the optimal thread 
assignmentusing Extreme Value Theory (EVT). EVT is a 
branch of statistics that studies extreme deviations from 
the population median. One of the EVT approaches is the 
Peak Over Threshold (POT) method. The POT 
methodtakes into account the distribution of the 
observations that exceed a given (high) threshold. For 
example, in Fig. 5, the observations x1, x4, x5, and x7 
exceed the threshold u and constitute extreme values that 
can be used in POT analysis. The POT method can be 
explained using the cumulative distribution function 
(CDF). For example, assume that Fis the CDF of a 
random variable X, which is defined as F(x) = P(X ≤ x). 
The POT method can be used to estimate the cumulative 
distribution function Fu of values of x above a certain 
threshold u. The function Fu is called the conditional 
excess distribution function and it is defined as: 
 
F (y) = P(X − u ≤ y|X > u), 0 ≤ y ≤ x − u, 
 
where X is the observed random variable, u is the 
threshold, y = x - u are the exceedances over the 
threshold, and x ≤ ∞ is the right endpoint of the 
cumulative distribution function F. Fig. 6 shows the CDF 
of a random variable X (upper chart) and the 
corresponding conditional excess distribution function 
Fu(y) (lower chart).[2] 
 

 
Fig 5:Extreme values over the threshold u[2] 

 

 
Fig 6: Cumulative distribution function F(x) and corresponding 

conditional excess distribution function Fu(y).[2] 
 
5.6 Thread Assignment  
Thread assignment without running many experiments, 
the number of which rapidly increases with the number 

of hardware contexts, amount of resource sharing, and 
the numberof concurrently running threads. The problem 
is even harder when the applications themselves are 
multithreaded, since to determine the bottlenecks, the 
designer must be awareof how the threads 
communicate.[2]Thread assignment is typically done in 
one of three ways: 
 
(1) Manual assignment: A skilled designer determines a 
good thread assignment based on a detailed analysis of 
the target architecture and offline profiling. The analysis 
is complex, and its complexity increases with the number 
of processor hardware contexts, number of levelsof 
resource sharing, and number of simultaneously running 
threads. Manual thread assignment is expensive and time 
consuming, and any change in the application or 
hardware platform requires the whole analysis to be 
repeated.[2] 
 
(2) Performance predictors: Numerous studies propose 
methods to predict the performance of different thread 
assignments for a given workload, based on 
architecturedependentheuristics. Since the number of 
possible thread assignments is huge, it is infeasible to 
predict the performance of all assignments. The 
predictors are therefore used to estimate performance for 
a sample of assignments and determine the best 
assignment in the sample.[2] 
 
(3) Load balancing and cache affinity: State-of-theart 
fully-fledged OSs, such as Linux and Solaris, use a load 
balancing mechanism to equally distribute the load of the 
running threads among all available scheduling domains 
(e.g. cores of the CMP architecture). In addition, cache 
and TLB affinity algorithms keep each thread assigned to 
a single logical CPU in order to avoid cache and TLB 
misses that would be caused by thread migration. 
Although these techniques improve performance, they 
are insufficient to fully exploit the capabilities of current 
multithreaded processors with several levels of resource 
sharing. Load balancing does not take into account the 
differing amounts of processor resources used by the 
various corunning threads, and therefore it may ignore 
the best schedules, considering them to be 
“unbalanced”.[2]  
 
VI. EXPERIMENTAL RESULT 
 
Our project implementation is done on client server 
architecture. In this, we have implemented two tier 
architecture where one node plays role of server and 
others are client nodes. We store database in server node 
and client nodes will access the database from server 
which will find frequent itemsets using serial and parallel 
approach. The given graph shows the results of serial and 
parallel approach. 
 
The graph displays the result of three different databases 
having various itemsets and transactions. The first 
database consists of 10 items, 20 transactions and 10% 
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minimum support. The second database consists of 20 
items, 25 transactions and 20% minimum support.The 
third database consists of 20 items, 100 transactions and 
30% minimum support. As per the result, we can analyze 
that the serial execution for database utilizes a large 
amount of time while parallel execution utilizes less 
amount of time. Through this, we compare that parallel 
execution results are retrieved faster than serial execution 
results.  
 

 
Fig.7 Implementation Analysis 

 
CONCLUSION 
 
In this project, we propose multithreaded and integrated 
maximum flow based association rule mining algorithm 
for distributed and heterogeneous parallel disk 
architecture guaranteeing the optimal response time 
retrieval. In our system, we have used multicore 
architecture such as Intel Core i5, Intel Pentium for 

performance analysis, bandwidth measuring, CPU and 
memory utilization. 
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