
Future CoursesFuture Courses

• Attend “Course fair” in January to learn aboutAttend  Course fair  in January to learn about 
your 3rd and 4th year course options.

• If you liked ECE241• If you liked ECE241…
– ECE243: Digital and Computer Systems

ECE334 Di i l El i– ECE334: Digital Electronics
• Transistor‐level design, simulation.

ECE342 C t H d– ECE342: Computer Hardware
• Direct extension of ECE241.  More gate‐level.

ECE451 VLSI Systems ECE452 Computer– ECE451: VLSI Systems, ECE452: Computer 
Architecture, ECE532: Digital Systems Design.



Professional Experience Year (PEY)Professional Experience Year (PEY)
• Work between your 3rd and 4th years (16 mos).

– AMD, Actel, IBM, Altera, …

• Most (~2/3) of our undergrads do PEY.

• +: Get to know a company; they get to know you.
– Employment opportunities later on.Employment opportunities later on.

• +: Get a leg up on grads with no experience.

• +: Earn a salary• +: Earn a salary.

• ‐: Delays your graduation by a year.



What is Research?What is Research?

• Advances human knowledgeAdvances human knowledge.
– “Create” knowledge.

• Shedding light on unknown• Shedding light on unknown.
– Transforming the unknown → known.

• Innovation:

Creativity brought to aCreativity brought to a 
useful purpose.



All of Human KnowledgeAll of Human Knowledge

Source: Matt Might
Univ. of Utah



Elementary School EducationElementary School Education



High SchoolHigh School



Bachelor’s DegreeBachelor s Degree

specialization



Master’s DegreeMaster s Degree



Reading Research PapersReading Research Papers



Zoom in at the BoundaryZoom in at the Boundary



At the BoundaryAt the Boundary



Ph.D. DegreePh.D. Degree

Crack through
the boundary



Knowledge ExpansionKnowledge Expansion



Grand Scheme of ThingsGrand Scheme of Things

Ph.D.



ResearchResearch

• A noble pursuit:A noble pursuit:
– Extends human knowledge in a 
specific areaspecific area.

– A great service.

• A good master’s degree can also extend• A good master s degree can also extend 
human knowledge.

Th h l th Ph D– Though less so than a Ph.D. 

• Years of work for a tiny “bump” in human 
k l d ?knowledge?



Outside the CircleOutside the Circle
Knowledge
to extend
battery life

Knowledge
to cure genetic
diseases

Knowledge toKnowledge to
build artificial
eye



Outside the CircleOutside the Circle
Knowledge
to extend
battery life

Knowledge
Researchto cure genetic

diseases
Research

may advance
knowledge toknowledge to 

improve quality-of-life

Knowledge toKnowledge to
build artificial
eye



USRAUSRA

• NSERC Undergrad Student Research AwardNSERC Undergrad Student Research Award.

• Do summer research with a prof.
Fi d if ’ t t f d i h!– Find if you’re cut out for doing research!

• Pays ~$1400/month for 4 months (May‐Aug).
– 80% comes from the federal gov’t.

• ECE dept has an allocation of 30 USRAs.

• Must be Canadian or PR to apply.

• Deadline is end of January• Deadline is end of January.



Considering a Master’s Degree?Considering a Master s Degree?

• Take advanced courses and thesis.
• Specialize in an area that interests YOU.
• Do a teaching assistantship.

• Stretch yourself and find out whether 
research and teaching energizes you!g g y

• Good “return on investment”:
Ab t 2– About 2 years.

– Improved career options.
– External visibility through your research .



LegUp: A Self‐Accelerating 
Adaptive ProcessorAdaptive Processor

Students: Andrew Canis, Mark Aldham, Jongsok Choi, Stefan Hadjis, Kevin Nam, 
Victor Zhang, Ahmed Kammoona

Faculty: Jason Anderson, Stephen Brown
Industrial Liaisons: Tom Czajkowski, Desh Singhj , g

Appears in ACM FPGA 2011, FPGA 2012



MotivationMotivation

• Hardware design has advantages over software:Hardware design has advantages over software:
– Performance: lower latency, higher throughput

Energy efficiency– Energy‐efficiency

• Hardware design is difficult and skills are rare:
*– 10 software engineers for every hardware engineer* 

• We need a CAD flow that simplifies hardware 
design for software engineers

*US Bureau of Labour Statistics ‘08



Top‐Level Vision

int FIR(int ntaps, int sum) {
int i;

C Compiler
Processor
(MIPS)

Self‐Profiling
Processor

int i;
for (i=0; i < ntaps; i++)
sum += h[i] * z[i];

return (sum);
}

Program code

}
....

Profiling Data:

Execution Cycles

Altered SW binary (calls HW accelerators)

Execution Cycles
Power

Cache Misses

High‐level
synthesis Suggested

program
segments to 
target to

μP Hardened
program
segments target to 

HWFPGA fabric
segments



System Architecture
FPGA

System Architecture

MIPS Processor
Hardware 
Accelerator

Hardware 
Accelerator

AVALON BUSAVALON BUS

Memory Controller
On‐Chip 
Memory

Off-Chip Memory



High‐Level Synthesis Framework

• Leverage LLVM compiler infrastructure:
L C/C– Language support: C/C++

– Standard compiler optimizations

• We support a large subset of ANSI C: 

d dSupported Unsupported

Functions Dynamic Memory

Arrays Structs Floating PointArrays, Structs Floating Point

Global Variables Recursion

Pointer ArithmeticPointer Arithmetic



LLVM‐Based High‐Level SynthesisLLVM Based High Level Synthesis
User Constraints, Target H/W Characterization

Allocation

Scheduling

Generate Verilog

Binding

g

• Flexible compiler pass architecture
– Passes can be swapped for alternate algorithms



13 C Benchmarks
• 12 CHStone Benchmarks (JIP’09) and Dhrystone

T l / l f d i HLS l– Too large/complex for academic HLS tools

• Include golden input/output test vectors

• Not supported by academic tools
Category Benchmarks Lines of C code

Arithmetic  64‐bit double precision: 376 – 755pp yp
add, mult, div, sin

Encryption AES, Blowfish, SHA 716 – 1,406

Processor MIPS processor 232

Media JPEG decoder, Motion, GSM, ADPCM 393 – 1,692

General Dhrystone 491



Example FPGA Implementation of a Program

(27)



Results: Energy ConsumptionResults: Energy Consumption
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Speed and Silicon AreaSpeed and Silicon Area
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Increasingly hardware



Our Research ObjectivesOur Research Objectives

• Trying to change the way people designTrying to change the way people design 
hardware digital circuits.
– Make hardware designmuch easier and less costly– Make hardware design much easier and less costly.

– Improve the energy‐efficiency and
speed of computationsspeed of computations.

– Lofty and hard.

• 3 M A Sc students involved +• 3 M.A.Sc. students involved + 
2 summer undergraduate researchers.

d i l f di• Industrial funding.



Questions?Questions?


