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Characterization of Multithreaded Application Workloads on
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ARBSTRACT

This paper describes how to speed up a cormmonly used
application by taking advantage of multithreading on
Hyper-Threading Technology base Intel® Pentium® 4
processors. The techniques shown here can be applied to
any application where parallelization is targeted. The
performance gains will, of course, vary with the
applications as well as system configuration,
Multithreading is suitable for all applications where
optimization is the subject for program performance. This
paper shows a few simple applications for the threaded
scenario. We will also present performance numbers for
comparing the application with and without threading
concept. All performance data presented was collected

on a 3.2 GHz Intel® Pentium® 4 processor with Hyper-
Threading Technology.
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1. INTRODUCTION

Performance of a computer system is a complex, difficult
and important task. Time and rates are usually the basic
measures of system performance. Having more realistic
data about system performance will be necessary in the
design and development of integrated information

systerns and systems for reuse. The main objective of
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this work is to measure the performance of various Web-
based computer systems and non Web based. A thread is
a single line of execution within the process of application.
That means that inside the application, more than one
thing can happen at the same time virtually. All threads
can have direct access to the data in application. Here
are some typical situations where threads are used: To
move a time-consuming initialization task out of the main
thread, so that the GUI comes up faster. Examples of time-
consuming tasks include making extensive calculations
and blocking for network or disk I/O (loading images,

for ekample).

Multithreading is the technology through which we can
develop applications that perform concurrent tasks.
Multithreading is effective on both single-processor and
multiprocessor systems. Today's traditional single-core
processors can only process one thread at a time, spending

a majority of time waiting for data from memory.

Multithreaded and distributed computing is gaining a wide
popularity in the area of high performance computing.
Availability of high performance computer networks and
sophisticated software environments are allowing
performing parallel/concurrent compuiing on commodity
hardware. Recently, threads have become powerful
entities to express parallelism on this shared memory
multiprocessor (SMPs) and multi computer (MPPs/
Clusters) systems. The Power of Multithreading
deterﬂﬁning how the code should run, but it could be
important for licensed software where the number of

physical processors determines the cost of the application,
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such as the operating system scat licenses. There isn't a
significant performance difference between a
multithreaded application and multiple single threaded
processes as far as HT Technology is concerned, so long
as the CPU utilization isn't bunﬁhed up within a single

process.

2.PREVIOUS WORK

Paper[3] discussed that Hitp servers can be programmed
easier by using multithreading, multithreading can be
. used to hide the long latency of a remote memory access.
Paper [4] stated to increase processor core execution
efficiency by executing instructions from two or more
tasks simultaneously in the functional units in order to
increase the execution rate of instructions per cycle
(IPC). These processots implement simultancous multi-
threading (SMT), which increases processor efficiency
through thread-level parallelism, [11] High performance
computing (HPC) environments, where applications can
benefit from the Java multithreading support for
performing parallel calculations, or e-business
environments, where multithreaded Java application
servers (i.e. following the J2EE specification) can take
profit of Java multithreading facilities to handle
concurrently a large number of requests. In the second
thesis{13],the results indicate that processors can
substantially benefit from multithreading, even in
systems with small caches, provided sufficient network
bandwidth exists. Increased network contention due to
multithreading has a major effect on performance. their
experimental results show that by taking advantage of
SMT ‘technpiogy achieve a 30% to 70% improvement in
throughput over single threaded implementations on in-
memory database operations.These threads execute tasks

according to their structure with a simple scheduling.

The results of paper|[17] suggest that multithreading with
a smzll number (3-5) of active threads can significantly
improve the performancé of such commercial

environments.

3. METHODOLOGY

This paper presents a threading methodology for design,
implementation and debugging threads, which has been

successfully used and refined on many large applications'.

The threading methodology consists of three phases.

The first phase focuses on performance analysis in order
to identify performance optimization opportunities with
the goal of optimizing the serial version of the
application. The second phase involves writing
application without threads.. The third phase includes
threading cencepts. Finally, the fourth phase lodks for

performance improvements.
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Consider fig 2 in which each block represents a task and
each task has a unique number, As required by the
épplication task2 can be executed only after task 1 is
completed and task3 can be executed only after task!
and task2 are both completed. Thus the line through task
1,2,3 forms a thread A of execution. Two other threads B
and C are also shown. The thread limits the execution of
task to 2 specific serial manner. Although the task2 has to
follow taskl and task3 has to follow task2, Task 4 can be
executed in parallel with task2 or 3.similarly task 6 can
be executed simultaneously with task 1 and so on .
suppose the MIMD processor has three processors and if
task takes the same amount of time to execute , the seven
tasks shown in the figure can be executed in the

following manner.

Table 1
Time | P1 P2 - B3
slot
i Taskl Task 6 | -
2 Task 2 Task | Task7
4
3 Task 3 - Task 5
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Here a program is divided into many independent
threads. Each thread has an independent stack space but

shares a common global address space.
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Figure 3
4. EXPERIMENTAL STUDY AND OQBSERVATIONS.

Threading in Banking Applications

Program is written in Java with and without threads for
banking application. When we run the program, program
with thread takes less time than the program with out
thread. In this application we considered only two
operations deposit and withdraw. Database contains 20
records. The time is varying based on the number of
records and the amount deposit. For example the
following table shows the data for deposit of Rs.1000.
The program is run in Pentium processor with HT

supported machine and database used ms access and java

swing.
Table 2
S.No | With out | With
thread thread

1 281 140

2 485 125

3 172 109

4 437 125

5 219 o4

[ 625 156

7 172 156

8 157 152

g 250 187

19 in 156

If average is considered 296ms for with out thread and

140 ms for with thread. From the above table it 1s
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observed that threading is really advantage in all types of
applications.

Threading In Client Server Applications

The evolution of the multi-threaded processor design is
the trend for next generation desktop processors. To add
# record from client side, a program is written and
executed in Java with and without thread. The resuits

are tabulated.

Table: 3
S.No Without With
thread thread

167
156
157
172
1335

141
94
93
125
130

Lol b G [k | bt

3 Wihod thread
L El wihthread

If we compare the average value of two, program with
threading takes the advantage. So it is evident that
threading in client server application is faster always
irrespective of number of records.

Threading In Scientific Applicalions

The following are sample data which shows the results

for ran&om number generation up 3000 numbers. The
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program is written in Java with and without threads. The
program is executed in Pentium HT machine and the
time taken by the CPU in milliseconds is listed below. It

is observed that threading takes the advantage.

Table 4

S.Ne With

Without | thread
thread
750
796
797
796
797

156
172
187
141
156

R b L

A

Threading In Producer Consumer Applications

Two application programs for producer consumer are
written in Java, Tn the first program , Main itself a thread
and main forks another thread .this thread deviates in to
producer and consumer. The other program, Mainis a
thread which interleaves into two threads info prbducer

and consumer. The first program takes 4125ms and the

second takes 4890 ms.
Table 5
S.No | Without | With
thread thread:
1 11114 11658
2 99750 10625
3 7969 7406
4 8828 7460

Threading In Multimedia Applications

Threading is really advantages because it increases the
processor time irrespective of the image format. This is
observed by writing a multimedia program in Java for
loading the images. The program is written with and with
out threading concept and executed in Pentium IV
Processor with HT enabled systems. Based on the
tabulated values, it was evident that threading gives

better performance.
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Table 6

No of Time | CPI
SN | threads | inms

1 Without | 203 4.7
thread
2 Two 188 3.4

5. ConcLUSION AND FUTURE ENHANCEMENTS

This is only an introduction on how to get an easy
ﬁerformance gain using thread to take advantage of
Hyper-Threading Technology on an Intel Pentium 4
processor. The coding technigues presented here are
appliéable to all applications . To gain real benefits
from multi-Threading Technology many times, re-
architecting the high level algorithm for load balancing is
necessary, In future threading tools can be developed to
take advantage of multithreading in all the applications
like data mining ,muitimedia and bio-medical

applications.
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