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Project Overview 
Provide any opening remarks that may assist in the review of this report. 
 

The objective of this project was to research and develop micro-kernels targeting multi-

core processor architecture and high performance networking architecture to leverage 

their high performance capabilities by evaluating the performance of cache and memory 

subsystem, CPU and high performance networks, to find out performance gaps and 

bottlenecks and minimize them to attain sustainable maximum performance of multi-

core systems and high performance networks collectively.  

One of the goals of this project was to establish a performance engineering lab with 

state-of-the-art equipment, one of a kind in Pakistan that will help in conducting this 

research project and in future will lead to International industrial linkages. 

 

Project Objectives and Outcomes 

 
Objectives Outcomes 

Literature Survey on 
Performance Benchmarking 

Achieved: studied the issues related to accuracy and 
precision of benchmarks particularly issues related to 
clocks, timers and their resolution. 
Stream, LMBench, NetPerf, C2Cbench and sysbench 
are a few benchmarks that were executed and studied. 



Setup of High Performance 
Computing and Networking 
Lab 

Achieved: Lab Administration plan completed on 15th

April 2008. Equipment purchase was delivered and 
installed by end of May 2008. The lab was inaugurated 
on the 16th June 2008 by Dr. Qasim Sheikh, CEO 
National ICT R&D Fund together with Chairman 
Board of Governors KICS and Vice Chancellor of 
UET, Lt. Gen. (R) Muhammad Akram Khan. 

Development of Common 
Benchmarking Library 

Achieved: The initial version of the library was 
developed by April 2008. It was refined along with the 
development of the benchmarks. The first version of 
the library was tested and released in open-source on 
14th August 2008, along with the release of micro-
benchmarks. The latest version of the library was 
released in open-source on 9th May 2009. It is available 
at project website and sourceforge. 

Development of cache and 
memory micro-benchmarks 

Achieved: The first version of the memory benchmark 
was developed, tested in the second quarter of the 
project and was released on 14th August 2008. The 
latest version of the memory benchmark with 
additional features was released on 9th May 2009. It is 
available at project website and sourceforge. The initial 
results of this benchmark were published in CMG 2008 
international conference. Further results were published 
in NAS 2009 and SPECTS 2009 Conferences. 
The cache benchmark was developed and tested by the 
end of fifth quarter of the project. It was released on 
9th May 2009 and is available at project website and 
sourceforge. 

Development of CPU  micro-
benchmarks 

Achieved: The first version of the CPU benchmark was 
developed, tested in the second quarter of the project 
and was released on 14th August 2008. The latest 
version of the CPU benchmark with additional CPU 
operations was released on 9th May 2009. It is available 
at project website and sourceforge. The results of this 
benchmark were published in NAS 2009 and SPECTS 
2009 Conferences. 

Development of end-to-end 
network micro-benchmarks 

Achieved: The first version of the network benchmark 
was developed, tested in the second quarter of the 
project and was released on 14th August 2008. The 
latest version of the network benchmark after bug 
removal and with additional UDP functionality was 
released on 9th May 2009. It is available at project 
website and sourceforge. The results of this benchmark 
were published in NAS 2009 and SPECTS 2009 
Conferences.

Benchmark Tuning 

Achieved: During the benchmarking development 
phase, the benchmarks were tuned to achieve peak 
performance. The cache and memory benchmark was 
tuned to attain the maximum throughput equaling 
system bus bandwidth. The CPU benchmark was tuned 
to attain the maximum throughput equaling the 



maximum capacity of Integer Unit, Floating Point Unit 
and Logical Unit of the processor. The network 
benchmark was successfully tuned for 1 Gbps network.

Benchmarking Suite for multi-
core processor based system 

Achieved: The developed benchmarks were automated 
with appropriate experimental design for multi-core 
system under test using auto tools and bundled together 
as a package for Linux. It is named MPAC (Multi-core 
Processor Architecture and Communication) 
Benchmark. The first version was released on 14th 
August and the latest version was released on 9th May 
2009. It is available in open-source at project website 
and sourceforge. 

Open Source Release of 
Benchmarking Suite 

Achieved: The MPAC Benchmark is available at the 
following websites. 
◦ http://mpac.sourceforge.net 
◦ http://www.kics.edu.pk/hpcnl/download.php 

 

Theses 

One of our research group members Muhammad 
Hasan Jamal defended his Master's thesis titled 
"Design, Evaluation, and Implementation of an 
accurate benchmarking Methodology for multi-core 
processor based systems" during November 2008. The 
thesis is available at project website. 

 

Short Course Conducted 

Al-KICS provided state-of-the-art knowledge on advanced multi-core processor technologies by 
arranging workshops/seminars conducted by foreign experts from across the globe.  It also 
extended invitation to other national universities and Pakistani Industry to get mutually benefited 
from these opportunities. 

1 Parallel Programming Paradigm 

KICS invited Dr. Abdul Waheed, Senior Performance Engineer, CISCO USA under HEC 
Pakistan Organization Collaborative Research Program (POCR) to conduct a 4 day short course 
titled “Parallel Programming Paradigm” held from 10 – 13 Aug, 2009.  The course was focused 
on the state of the art technologies like Sony's Play Station 3 (PS3), Nvidia's CUDA and Google's 
MapReduce.   

We feel proud to quote that the course which was conducted and organized by KICS-UET, 
Lahore is now taking five US Universities as a syllabus course. The course was a great success 
and appreciated by the audience because of its unique and informative contents. 

The theme of the course was to make students understand that, to achieve performance from the 
current generation of processors, they must go into the domain of parallel computing.  
Additionally to make them understand the complexities, intricacies and possible solutions of 
general parallel problems. 

The course started with an introductory lecture on day–1 by Dr Abdul Waheed, who is a Senior 
Performance Engineer at Cisco systems USA.  This lecture was meant to provide the necessary 
background in the parallel computing. The second day of the course was conducted by Mr. 



Hasan Jamal who is a Ph.D Scholar and Senior Research Associate at High Performance 
Computing and Networking Lab (HPCNL) at KICS.  He presented the Sony's Play Station 3 and 
how it can be programmed for parallel applications. The third day of the course was conducted 
by Mr. Abdul Qadeer, who is Manager Research at HPCNL, KICS.  His topic was MapReduce, 
which is framework invented by Google to efficiently process enormous amount of data.  The 
fourth day of the course was conducted by Mr. Ghulam Mustafa, who is a PhD Scholar and a 
Senior Research Associate at HPCNL, KICS.  His topic was Nividia's CUDA.  His focus was 
that as to how several cores of a graphics processor can be used for some parallel problems. 

All the three major components of the series (PS3, CUDA, MapReduce) had a rigorous hands on 
lab component.  On the closing ceremony of the lecture, Dr Abdul Waheed introduced the 
performance evaluation mechanisms and presented few interesting case studies.  Later certificates 
were presented to the successful students.  

Workshop Organized 
The following workshops is conducted by High Performance Computing & Networking lab 
(HPCNL)  

1 Workshop on next generation computing paradigms (NGCP-2009) 

High Performance Computing & Networking lab (HPCNL) at Al-Khawarizmi Institute of 
Computer Science (KICS), UET, Lahore is contributing to the state-of-the-art through research 
& development in the areas of cloud computing, virtualization, MapReduce, parallel 
programming and multi-core systems.  The performance characterization of multi-core system 
has been conducted in collaboration with AON group in CISCO, USA.  KICS organized a 
workshop on Next Generation Computing Paradigms held on 9th May, 2009.  Details of the 
workshop are enclosed for your kind perusal.   

 
2 Networking Technologies Research Workshop in collaboration with CISCO 

Systems 

Al-Khawarizmi Institute of Computer Science (KICS), UET Lahore, started a research activity in 
the area of performance characterization of Multi-core systems in collaboration with Application 
Oriented Networking (AON) performance group, CISCO Systems, USA with minimal facilities 
in June 2006. Since then this research activity has matured into a state of the art research lab with 
a number of research staff, postgraduate and undergraduate students, with the help of CISCO 
systems. 

The High Performance Computing and Networking Lab established as a result comprised of two 
sections. The first section consists of multi-core servers equipped with state-of-the-art multi-core 
processors based systems of various architectures, and switches that supports up to 1 Gbps 
network setup. The second section is currently equipped with a cluster of 45 PCs that supports 
up to 1 Gbps network setup, with a capacity of 180 PCs. The lab is extensible and in future will 
be upgraded to support 10 Gbps network setup. 

Two years of this research effort has resulted in the first international code release of Multi-core 
Processor Architecture and Communication (MPAC) benchmarking suite for Multi-core 
processor based systems on the eve of Pakistan 61’st independence celebration.  

Based on the success, a research workshop was planned on the 6th of October 2008, at KICS 
UET, Lahore. There will be participation of four senior research staff form CISCO, USA who 
will work with Pakistani counterparts to identify new areas of research and collaboration. A core 
group of researchers from various universities has been identified who have research interest in 
broader Networking Technologies and will participate in the workshop. 

Research Publications  



1 Abdul Qadeer, Waqar Mahmood and Abdul Waheed, "The Website Census,"  Accepted to 
appear in 4th International conference for Internet technology and secured transactions, 
London, UK, November 2009 

2 M. H. Jamal, G. Mustafa, W. Mahmood, and A. Waheed, “An Extensible Infrastructure for 
Benchmarking Multi-Core Processor based Systems,” in the proceedings of SPECTS'09, 
Istanbul, Turkey, July 2009.   

3 M. H. Jamal, A. Qadeer, A. Waheed, J. Ding, and W. Mahmood, “Virtual Machine 
Scalability on Multi-Core Processor based Servers for Cloud Computing Workloads,” in the 
proceedings of NAS' 09, Hunan, China, July 2009.  

4 M. H. Jamal, and A. Waheed, “Precise Measurement of Execution Time of Concurrent, 
Symmetric, and Short Tasks,” in the proceedings of CMG’08, Las Vegas, Nevada, 7-12 
December, 2008, pp. 149-160.  

 

Follow-Up Activities 
 

Successful completion of this project has been helpful in making our lab visible globally. 

A student named Charly Bechara doing MS Thesis project at NXP Semiconductors from 

KTH Sweden used our first release and contacted the group for more details. A Pakistani 

PhD student Haroon-ur-Rashid from Beijing Institute of Technology used our code in 

his analysis and offered his group collaboration in future. A PhD student at Nottingham 

University, UK also offered group collaboration. We have been contacted by GIKI, 

NUST and COMSATS for further collaboration and using of the lab facilities. 

Seeing our work, we have been offered projects by international industries based in 

Silicon Valley, California, which include Cavium Networks, NetCee Systems, and 

Gravee. 

Two MS and three PhD studies have been picked up in our lab and the lab setup is being 

used for different research activities that include 

• Virtualization 
• Web Searching and indexing 
• Visualization 
• Network Services Platform 
• Deep Packet Inspection 

 

 


