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Introduction

Large design gap between signal processing 
algorithm and efficient hardware
Hardware optimizations go unnoticed during 
refinement
High-level synthesis tools use IP blocks to 
reduce design gap (e.g. AccelChip)
IP blocks are generally not optimized for 
specific applications
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Introduction

Design goals:
1. Design and analyze hardware IP in 

minutes vs. days/weeks
2. Generate synthesizable designs and 

simulation models
3. Accommodate both algorithm developer 

and hardware designer
4. Designer makes final architectural 

decision
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Introduction

Types of algorithms and hardware designs
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Related Work
Hawley et al., JSSC, 1996 
FIR Compiler

Allows low-level optimizations
Limited architectural exploration

Ou and Prasanna, SFPCCM, 2004
PyGen Energy Dissipation Estimator

Accurate energy dissipation estimator
Uses high-level language – reduces design effort
Feedback-based manual architectural exploration
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Related Work

Banerjee, ASP-DAC, 2003
MATCH → AccelChip: MATLAB to HDL

Accommodates high-level designer
Improves designer productivity
Limited number of signal processing 
architectures
Does not allow low-level optimizations
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Performance Analysis 
Framework

Framework Goals
Bridge design gap between algorithm and 
efficient hardware
Generate efficient hardware IP cores and 
performance metrics in minutes
Permit high-level architectural exploration
Combine common languages and tools into a 
single environment
Languages: C++, Verilog
Tools: MATLAB, Synopsys Design Compiler
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MATLAB Environment

Select DSP 
Function

Select HW design 
parameters

Translate to 
Verilog RTL

Replace Verilog 
basic blocks with 

synthesized blocks

Estimate area/
delay using 

Design Compiler

Pre-synthesized 
Block Database

(.db files)
add, mult, dff

Create SystemC 
design using basic 

blocks

SystemC 
design with 

user-defined 
interface

Verilog RTL 
design

Performance metrics

LatencyDelayArea

DSP Functions:
FIR Filters
IIR Filters

Adaptive EqualizerParameters:
Filter Type

I/O bit widths

Runs in 
seconds 

vs. 
hours
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Case Studies

FIR Filter: 32-tap 16-bit
Adaptive Channel Equalizer
Goals:

IP architectural exploration
Minimize design effort and analysis time
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Case Study 1: FIR Filter

Input Parameters:
Filter type: FIR Filter
Filter order: 31
Input/Output bit-width: 16/32 bits

Framework automatically generates FIR filter 
structures with performance metrics

Direct Form/ Transpose Form
Different levels of pipelining

Framework GUI
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No. of Mult: N+1 No. of Add: N
No. of DFF: N Latency: 1 clk
Delay: NxTadd + Tmult

Arch 1:

No. of Mult: N+1 No. of Add: N
No. of DFF: 4xN Latency: N clk
Delay: Tmult

Arch 2:

No. of Mult: N+1 No. of Add: N
No. of DFF: N Latency: 1 clk
Delay: Tadd + Tmult

Arch 5:

No. of Mult: N+1 No. of Add: N
No. of DFF: N Latency: 2 clk
Delay: Tmult

Arch 7:

04/13/2006 ECE Department, NCSU 14

Case Study 1: FIR Filter

Estimated Metrics vs. Synthesized 

Estimated vs. Synthesized Area for 32-tap FIR 
Filter
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Estimated vs. Synthesized Delay for 32-tap FIR filter
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Case Study 1: FIR Filter

Area/Delay curve
Area vs. Delay for 32-tap FIR Filter
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Transpose Form 
filter. Performance 

identical to  
Synopsys DW
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Case Study 2: Adaptive 
Channel Equalizer

Estimated Metrics vs. Synthesized
Estimated vs. Synthesized Area for 12-tap Adaptive Equalizer
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Estimated vs. Synthesized Delay for 12-tap Adaptive Equalizer
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Case Study 2: Adaptive 
Channel Equalizer

Area/Delay curve

Area vs. Delay for 12-tap Adaptive Equalizer
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Design and Synthesis Time

LowminutessecondssecondsLess than
1 sec

Equalizer:
Framework

Highhours - daydays - week10’s minuteshours - dayEqualizer:
Manual Design

minutes

hours

Total Synthesis 
Time

LowsecondssecondsLess than
1 sec

FIR Filter:
Framework

HighdaysminuteshoursFIR Filter:
Manual Design

Designer 
Efforts

Total Design 
Time

Synthesis Time
(per design)

Design Time 
(per design)

Case Study
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Current Framework Features
Interleaving

Multiple signals processed by single filter
Reduced hardware complexity

Polyphase Structures
Multi-rate signal processing
Better hardware utilization ⇒ reduce power dissipation

Pipelining
Different levels of pipelining ⇒ improve throughput

Area/Delay analysis
Bar-charts and area/delay curves
Architectural selection in minutes vs. days/weeks
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Future Work
Integrate additional performance metrics:

Power dissipation
Computational Precision

Generate hardware IPs with associated performance 
metrics 
Architectural ranking by prioritizing hardware 
performance
Expand framework for other applications

Image & Video compression
Data encoders
Communication block sets
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Conclusion

Reduce design gap between algorithm 
and hardware
Framework for generating IP cores and 
analyzing performance
Reduce design and analysis times
Accommodate users with different 
hardware expertise
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Questions?
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