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Why?
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How?

B

C

D G=D+F

E=A+B

F=C+E

A
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D
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G=A+B_C+D
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Example: Filter in Processor

C0,C1,…,Ci-1

x[k] Data 
memory

ALU

Instruction
Decode

Program 
memory

Sequencery[k] =Σi ( x[k-i] • Ci )
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Example: Filter in FPGA

Z-1 Z-1

C0 C1 Ci-2 Ci-1

Z-1
x[k]

y[k] =Σi ( x[k-i] • Ci )
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C0,C1,…,Ci-1

x[k] Data 
memory

ALU

Instruction
Decode

Program 
memory

Sequencer

Lower Power per sample
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Obstacles to 
Success
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Software Centric Algorithms
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Floating Point

Leading 
Zeros 
Detect

½

Mantissa A

Mantissa B

Exponent

Exponent B

Mantissa

Exponent A
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Immature Design Tools
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Hardware DSP Expertise

Algorithm
DesignHardware 

Algorithms

Synchronous 
Digital 
Design

FPGA
Expertise
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Maximum
Performance

Minimum 
Area

Minimum 
Effort

Competing Design Goals

Design Space
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FPGA Proficiency

Tools generate,    
they cannot innovate
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Path to Success
Algorithm 

Development

Translation

Capture
Elaboration, 

PAR

Verification

Test & 
Integration

Functional 
Simulation



15
Andraka Consulting Group, Inc.

the

Algorithm Development

Golden 
Algorithm

Hardware
Worthiness?

Modify
Algorithm

Compare
Results

Bit-true
Model
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Example: Floating Point

½

Mantissa A

Mantissa B

Exponent

Exponent B

Mantissa

Exponent A Leading 
Zeros 
Detect
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Leading 
Zeros 
Detect

Mantissas

Max 
Exponent

Exponent

Mantissa

Exponents

Fixed 
point 

function

½

Floating Point Reduction
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Example: Modified Algorithm
mu= (mu_int+(1-DDS/DDS_inc)) /Pd_in;

÷

1 1/Pd_in = Freq_in

mu
Mu_int

D Q

R

D Q DDS

1

D Q

DDS_inc0

F_nudge

DDS_inc ≈ DDS_inc0
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Constant Approximation
mu= (mu_int+(1-DDS/DDS_inc0)) * Freq_in;

÷

1 Freq_in

mu
Mu_int

D Q

R

D Q DDS

1

D Q

DDS_inc0

F_nudge

DDS_inc0 = Freq_in * 2
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Substitution
mu= (mu_int+1) * Freq_in -DDS * Freq_in /(2*Freq_in);

÷

Freq_in

mu
Mu_int

D Q

D Q DDS

1

D Q

DDS_inc0

F_nudge

2 

0
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Multiply constant by count
mu= (mu_int+1) * Freq_in -DDS/2;

>>1

Freq_in

mu
Mu_int

D Q

D Q DDSD Q

DDS_inc0

F_nudge

0
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Translate to hardware

Block
Diagram

Clocks per 
sample

Sharing or 
Parallel?

Controls & 
interfaces

Resource
Estimate

Suitable IP?
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Block Diagram

 
 

From 
ADC 

 

CIC decimate 
by 1 to 8192

CIC decimate 
by 1 to 8192

Barrel 
shift 

Barrel 
shift 

15 tap 
dec by 
2 FIR 

15 tap 
dec by 
2 FIR  

24 tap 
dec by 
2 FIR 

24 tap 
dec by 
2 FIR 

Frequency 
 

CIC 
decimation 

Ratio 

I Out 

Q Out 

Filter Coefficient 
Data 

Coarse 
Gain 

correction  

Fine Gain 
correction 

 

I 
 

Q 

7 tap 
dec by 
2 FIR  

7 tap 
dec by 
2 FIR  Sin/Cos 

LUT  

500 MS/sec

2 samples/clk

250 MS/sec

1 clk / sample

125 MS/s max

2 clk / sample
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Sharing & Duplicating

 
 

From 
ADC 

 

CIC decimate 
by 1 to 8192

CIC decimate 
by 1 to 8192

Barrel 
shift 

Barrel 
shift 

2 ch 
15 tap 
dec by 
2 FIR 

 

20 ch
24 tap 
dec by 
2 FIR 

 

Frequency 
 

CIC 
decimation 

Ratio 

I/Q Out

Filter Coefficient 
Data 

Coarse 
Gain 

correction  

Fine Gain 
correction 

 

I 
 

Q 

7 tap 
dec by 
2 FIR  

7 tap 
dec by 
2 FIR  Sin/Cos 

LUT  

Sin/Cos 
LUT  

Duplicate 2x
Share I&Q

Share I&Q
10 channels

From other 
9 channels
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Data Flow Control

 
 

From 
ADC 

 

CIC decimate 
by 1 to 8192

CIC decimate 
by 1 to 8192

Barrel 
shift 

Barrel 
shift 

2 ch 
15 tap 
dec by 
2 FIR 

 

20 ch
24 tap 
dec by 
2 FIR 

 

Frequency 
 

CIC 
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Ratio 

I/Q Out

Filter Coefficient 
Data 

Coarse 
Gain 

correction  

Fine Gain 
correction 
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7 tap 
dec by 
2 FIR  

7 tap 
dec by 
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LUT  

Sin/Cos 
LUT  

B
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f
e
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From other 
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Control / Status Interface
D Q 
E

D Q 
E

D Q 
E

Decode

Write Data

Address

Read Data
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Faster Control / Status
D Q 
E

D Q 
E

D Q 
E

Decode

Write Data

Address

Read Data
Shadow

RAM
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Shift Register Access
D Q 
E

D Q 
E

D Q 
E

Write Data

Read Data
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High Fan-out Controls
Pipelined DSP

Delay

Data In

Sequence 
Generator Delay Delay

Pipelined DSPData In

Sequence 
Generator

Sequence 
Generator

Sequence 
Generator

Sequence 
Generator

Reset Delay Delay Delay
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Pipelining

Combinatorial 
Logic

Combinatorial 
Logic

Combinatorial 
Logic

Minimum clock cycle = Tco + Σ Tpd + Tsu = 30ns

Combinatorial 
Logic

Combinatorial 
Logic

Combinatorial 
Logic

Tpd=9ns Tpd=10ns Tpd=9nsTco=1ns Tsu=1ns

Minimum clock cycle = Tco + Tpdmax + Tsu = 12ns
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Suitable IP?

E=MC2

Function?

Interfaces?Size?

Speed? Cost?

Visibility?

Support?
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Design Capture

• Which HDL?
• Hierarchical design
• Floor-planning
• Help synthesis
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Simulation

• Functional only
• Bottoms up simulation
• Use hierarchy
• Test vectors from model
• Check logic correctness
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Compile

• Synthesis
• Verify structure
• Floorplanning
• Place and route
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Design Verification

• Functional simulation?
• Verify pin-outs
• Static timing analysis
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COA      SB      CI

COA      SB      CI

COA      SB      CI

COA      SB      CI

Routing 
delays

COA      SB      CI

Timing Simulation is Bad
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Test & Integration

• Use re-configurability
• Verify board first
• Simple software tests
• Share test programs
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Keys to Success

• Algorithm design
• Use Hierarchy
• Exploit parallelism
• Simplify controls
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