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Concordia University

Among top 10 Universities in Canada
40,000 students (undergraduate and graduate)

4 Faculties:
e Arts and Science
e Fine Arts
e Business
e Engineering
Faculty of Engineering

e 5000 students
3500 Undergraduate
1500 Graduate (Masters and PhD)

e 150 faculty members

e 4 Departments
Electrical and Computer Engineering
Mechanical and Industrial Engineering
Civil, Building and Environment Engineering
Computer Science



ECE Department

Programs:
e Electrical Engineering (Options: VLSI, Telecom)
e Computer Engineering (Options: Hardware, Software)

Student Population:
ELEC Ugrad: 546
COEN Ugrad: 342
M.Eng.: 272
M.A.Sc.: 195

Ph.D.: 156

Faculty and Staff:
e 39 full-time faculty members
e 12 technical and support staff

Laboratories:
e 34 Teaching Labs (Hall building)



ECE Research Clusters

e Systems and Control * Microdevices and Fabrication
e # faculty members: 4 — # faculty members: 2
e # graduate students: 36 — # graduate students: 16
e # laboratories: 5 — # laboratories: 6
e Electromagnetics e Power Electronics:
e # faculty members: 3 — # faculty members: 2
e # graduate students: 19 — # graduate students: 8

e # laboratories: 6 — # laboratories: 2



ECE Research Clusters

e Telecommunications * VLSI/Microelectronics
e # faculty members: 11 — # faculty members: 4
e # graduate students: 59 — # graduate students: 19
e # laboratories: 7 — # laboratories: 4

e Digital Signal Processing ¢ Computer Software

e # faculty members: 8 — # faculty members: 5
e # graduate students: 61 — # graduate students: 26
e # laboratories: 6 — # laboratories: 5

O

e # faculty members: 2
e # graduate students: 23
e # laboratories: 3






Design Challenges
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Design Errors

Floating-
point division
bug
] pentium
Patriot
Missile
Failure, a
classical case
of rounding
error

Floating-
point to
Integer

conversion
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Verification Gap
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The situation Is worsening as technology evolves



Design Verification

Verification accounts for 60-
70% of project cost (human,
computing and time)

Increasing VLSI technology and /
design cornplexity (1.7 billion "
transistors on chip)

Traditional sirnulation limited to
a tiny percentage of test cases

Situation iIs most serious for
safety critical applications

In HVG lab, we focus on formal verification as
complement to simulation technigues

12
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Who are we?

e Hardware Verification Group ( ) founded in
1996 by Prof. Sofiene Tahar

e Recognized as University in 2007

0 : develop Methodologies, Algorithms and
Tools for Formal Verification of Hardware and
Embedded Systems

e Currently composed of 25 researchers

Faculty Postdoc PhD Master’s
3 2 11 9




Design Methodologies

SystemC

ﬁ Code

Static Code Analyzer

Abstract code (in
SystemC)

PSL (in AsmL) PSL

SystemC to Properties
AsmL

Abstract code (in
AsmL)

Model Checker

PSL

(C#) PSL

Assertions

Assertions Verifier

Test Bench Generator Test
Environment




SystemC Verification

e Designs in
e High level

e Properties

modeling in

and Assertions in

e \erification by and

e Use

e Several

(Microsoft) as intermediate language

15



DSP Design Flow

Theoretical Design

System Design
Using SPW/HDS

|IC Design Using
External Tools




DSP Verification Methodology

Shallow
REAL DSP >
Embedding
CONVERT \
Shallow
FP DSP >
Embedding
CONVERT \
Shallow
FXP DSP .
Embedding
CONVERT
Y Shallow
RTL >
Embedding
Synthesize
. SHEUT
Netlist .

Embedding

REAL HOL

~
~
v ~

Error
So T ~~_ Analysis
~\ ~N~

~ ~
\\

—— FPReal Value
Error “~ f
Analysis >

\ -
FP HOL —ralNation

Error
: Analysis

N

. N o
valuation , ryp Real Value

AN

(Logical Implication )

RTL HOL
AN

(Logical Implication)

Netlist HOL



Tools Development

/a MDG - Multi Decision Grade - Microsoft Internet Explorer

File Edit View Favorites Tools Help

\\) Back » . xi 24j , Search . Favorites Qﬂ" Media {G
Address |&] http:/fhvg.ece.concordia.ca/
! 1
What is T Publications
MDG

Get
MDG

M Q

tiway Decision G

Run
Example

The MDG
Group

WV EGITELS

Contact

Multiway Decision Graphs (MDGs) represent and manipulate
a subset of first-order logic formulas suitable for high-level
hardware verification With MDGs, a data value is represented
by a single variable of abstract type and a data operation 1s
represented by an uninterpreted function symbol.

__»—_] 8 Internet

http://hvg.ece.concordia.ca/mdg/
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Applications (in collaboration with Industry)

e Digital Signal Processors verification using HOL (Analog Devices).
o ATM switch verification (Nortel Networks).

e SONET Protocol verification using MDG (PMC-Sierra)

e Telecom block system verification using FormalCheck (PMC-Sierra).
e Formal Verification of IEEE FPU using HOL (Intel).

e Cryptographic protocols verification (SRI).

o WiMax modem verification (STMicroelectronics)

» Mobile network load and content testing (Ericsson)



Next 10 years....

System on Chip (SoC)

Hardware Software

N EF * : Embedded
ASIC PURSS . TEES T memory
+| . r’ Nelay

Analog ‘ ?,.’-357,_ } ’ b ‘.f “ DSP
circuit : K

Network

Source: Stratus
Computers

High-speed electronics




Open Research Projects

System-on-a-Chip Verification

Verification of Systems

Verification of Security Systems

Verification of Analog and Mixed Signal Systems
Verification of Optical Systems

Multiway Decision Graphs

Verification Applications (with industry)

21



HVG Laboratories (Concordia University)
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Over $1M ($0.5M CFI) 4 Servers, 23 Workstations, 10 PCs, 5 Printers, ...
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Research Funding

Canada Foundation for Innovation
Fondation canadienne pour l'innovation
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http://www.nascug.org/
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Academic Partners

A
xQy Queen Mary s

University of London AUSTRALIA

27 Université 071
niversity of Oxford de Monireal

ZH UNIVERSITY OF U GUC

&% CAMBRIDGE

vaaosed NANYAI
1@:‘_’\ 'TECHNOLOGICAI
433/ UNIVERSITY



http://www.umontreal.ca/
http://www.qmul.ac.uk/
http://www.ucl.ac.uk/
http://www.ru.nl/
http://www.uq.edu.au/
http://www.guc.edu.eg/

HVG Stars: Behzad Akbarpour
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HVG Stars: Amr Abdel-Hamid

Our engineers change the world!

After completing both his MASc and PhD in Electrical Engineering ('01-'06) at Concordia University, Amr was recruited as an
Assistant Professor of Computer Engineering at West Virginia University in the USA. Amr conducts his research on security and
hardware verification, with a focus on building tools needed for building new generations of “independent components”(IC).

Along with focusing on his academic success at Concordia, Amr also became actively involved in student government. He was
vlected president of the Engineering and Computer Science Graduate Association which enabled him to develop and hone his
ommunication and leadership skills; as well as work with a wide network of members in the Concordia community including

professors, students, and staff. Amr also found the time to enjoy the vibrant student life that Concordia has to offer in the
beautiful city of Montreal

Concordia has an excellent electrical engineering program. The multi-disciplinary education | received shaped my future and most
importantly my personafity”

Amir T. Abdel-Hamid, PhD.

“Here’s why | chose the Faculty of Engineering & Computer Science.”

Leading-edge teaching and research facilities
« Innovative range of multi-disciplinary programs
Hands-on experience

« Educational opportunities with industrial partnerships

« Accomplished professors and researchers
« Team-oriented learning environment
« Outstanding student life and activities

For admission requirements, please visit our website at: http://www.concordia.ca/

3 Concordia

; UNIVERSITY
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HVG Stars: Osman Hasan

First time in
HVG history

e PhD Thesis ranked in 2008 First in
Engineering and second in University

e Named Valedictorian for the graduating
class of 2008.

e Ph.D. Thesis published as a Book by
the Gerrman VDM Publisner

e Work interastecd NASA!

1

e Assistant Professor at SE
Pakistan

CS, NUST,
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HVG IN THE NEWS

2007 Research Fellow !
S—
o Prof. Sofiéne Tahar receivad the «2007 Concordia University
Québec nn Research Awards Prof Tahar was honored in the ;

SI30NENE] Calagary

MICHRONEY BAD

GREAT BEHZAD !!
= Dr. Behzad Akbarpour i5 a former HVI

«Canada NSERC Doctoral Awards
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«Concordia Great Grad 2006»

«Faculty of Engineering Best PhD Thesis |
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Read About Bahzad
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IMPORTANT DATES S
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For more information please refer to:

http://hvg.ece.concordia.ca/

For any further details, please send your questions and comments to:

Sofiene Tahar tahar@ece.concordia.ca

Thanks!
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