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Agenda

Â Introduction to Altera floating point in FPGAs
-28 nm silicon enhancements

-ñFused Datapathò

ÂDSP Builder Advanced Blockset overview

ÂSTAP Radar processing design example
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Floating Point in FPGA - Technology

Hardware Software & IP

Stratix® V Fused Data-path Technology

Patented Algorithms & IP

18x18, 27x27, 36x36 

seamless trade-off

Greatly increased multiplier 

density
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28 nm Variable Precision

Highest performance, highest precision DSP at 28 nm

2000 GMACs or 1000 GFLOPs in single device

Stratix II

Four 18x18 (Independent)

Eight  9x9 (Independent)

One 36x36 
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Eight 18x18 Multipliers (Sum)
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Stratix V

Eight 18x18 (Sum )

Four 27x27 High Precision

Four 18x36 High Precision

Plus moreé.. 
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Variable Precision
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Variable Precision

X X S72LAB 64

Variable Precision
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18-bit 

Precision 

Mode

High 

Precision 

Mode
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Support for Floating Point

54x54

Double-Precision 

Mantissa MultiplicationSingle-Precision 

Mantissa Multiplication

27x27

Â Both single and double precision



© 2010 Altera CorporationðPublic

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 

and Altera marks in and outside the U.S.

Stratix V DSP Block Modes

Variable Precision DSP Block
72 64

Â Independent Multiplier Modes
- (12)  9x9

- (8)  16x16

- (6)  18x18

- (4)  18x25

- (4)  27x27

- (4)  18x36

- (2)  36x36

- (1)  54x54

Â MAC Mode (64 bit Acc)
- (4)  Sum or Two 18x18 MAC

- (4)  27x27 MAC

- (4)  18x36 MAC (18x25 MAC)

Â Sum of Multiply
- (4) Sum of Two 18x18

- (2) Sum of Four 18x18

- (2) Sum of Two  18x36

- (2) Sum of Two  27x27

Â Complex Multiply
- (2) 18x18

- (1) 27x27

- (1) 18x36

Variable Precision DSP Block
72 64

Variable Precision DSP Block
72 64

Variable Precision DSP Block
72 64

Â Floating Point
- (4) SPFP Mantissa Multiplier

- (1) DPFP Mantissa Multiplier

Â Other Modes
- (4)  A *B +/- C

- (4) (A - B)2 + (C - D)2

Â Other Features
- Pre Adder

- Rounder

- Coefficient Banks

- Cascade Adder



© 2010 Altera CorporationðPublic

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 

and Altera marks in and outside the U.S.

8

Floating Point Multiplier Capabilities

Â Floating point density largely determined by hard multiplier 

density

- Multipliers must efficiently support floating point mantissa sizes
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Floating Point Multiplier Capabilities

Â Floating point density largely determined by hard multiplier 

density

- Multipliers must efficiently support floating point mantissa sizes
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ñFused Datapathò 

for Floating Point Functions
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Floating Point Methodology

Â Processors ïeach FP operation has data 

I/O in standardized IEEE754 format

Â This can be done but not optimized in 

FPGAs
- Excessive logic usage

- Unsustainable routing requirements

- Sub 100 MHz performance

- This penalty discourages use of FP compared to 

fixed

Denormalize

Normalize
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New Floating Point Methodology

Â Processors ïeach FP operation has data 

I/O in standardized IEEE754 format

Â This can be done but not optimized in 

FPGAs
- Excessive logic usage

- Unsustainable routing requirements

- Sub 100 MHz performance

- This penalty discourages use of FP compared to 

fixed

Â Altera has novel approach: ñFused 

Datapathò 
- IEEE754 interface only at algorithm boundaries

- Large Reduction in logic and routing 

- Optimize algorithms to use hard multipliers

- Single and Double Precision Floating Point support

- Based upon internal C to datapath tool

Remove

Normalization

True floating mantissa

(not just 1.0 ï1.99..)

Do not apply special 

and error conditions 

here

Slightly larger ïwider

operands
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Optimized ñFused Datapathò Cores

Largest Portfolio of floating-point cores

Â IEEE754 interface only at algorithm boundaries
- Large Reduction in logic and routing 

-Optimize algorithms to use hard multipliers

ADD/SUB

DIVIDE

MULTIPLY

SQ ROOT

EXPONENT

INVERSE

LOG

INV SQ ROOT

ABS

COMPARE

CONVERT

MATRIX MULT

MATRIX INVERT

FFT*

ADD/SUB

DIVIDE

MULTIPLY

SQ ROOT

EXPONENT

INVERSE

LOG

INV SQ ROOT

ABS

COMPARE

CONVERT

MATRIX MULT

MATRIX INVERT

FFT

Sine

Cosine
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Pick ñmultiplier intenseò algorithms to build 

floating point functions

Function ALUTs Register Multipliers 

(27x27)

Latency Performance

ALU 541 611 n/a 14 497 MHz

Multiplier 150 391 1 11 431 MHz

Divider 254 288 4 14 316 MHz

Inverse 470 683 4 20 401 MHz

SQRT 503 932 n/a 28 478 MHz

Inverse SQRT 435 705 6 26 401 MHz

EXP 626 533 5 17 279 MHz

LOG 1889 1821 2 21 394 MHz

Little difference between add/subtract and common MATH.H functions

CPU can have orders of magnitude cost difference: GOPS Í GFLOPS

Stratix Series FPGAs:  GOPS å GFLOPS 
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Floating Point FFT MegaCore
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One FFT 1024pt Core FPGA Resources Actual Resources Percentage

ALUTs 17,668 8,080 31%

Registers 16,068 58,080 28%

Logic utilization 24,104 58,080 42%

Block memory bits 140,340 6,617,088 2%

M9K Blocks 89 462 19%

Multipliers 64 384 17%

Fmax 320.62 MHz

Fourteen FFT 1024pt Cores

ALUTs 237,235 424,960 56%

Registers 254,671 424,960 60%

Logic utilization 343,787 424,960 81%

Block memory bits 1,942,304 21,233,664 9%

M9K Blocks 1162 1280 91%

Multipliers 896 1024 88%

Fmax 299.13 MHz
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ñFused Datapathò integrated into DSP Builder

Â MATH.H
- SIN

- COS

- TAN

- ASIN

- ACOS

- ATAN

- EXP

- LOG

- SQRT

- DIVIDE

- SQRT

What is DSP Builder ?
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Simulink Model Based Algorithm Development
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Â Computer language of 
DSP engineers

Â Matlab
-Develop algorithms 

and applications

-Analyze and access data

-Visualize data

-Perform numeric calculations

Mathworksô Matlab

Matlab/Simulink 

must be purchased 

separately from 

The Mathworks
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ÂDynamic graphical 
modeling environment 

ÂSimulink
-Dynamically develop 

entire systems

-Simulate and interact 
with the system

-Explore different architectures

-Analyze results

ÂSimulink adds the 
concept of cycles (clocks)
- Hardware realizable

Why Simulink ?
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Simulink Blockset Libraries

Â Simulink
-Sources

-Sinks

-Continuous

-Discrete

-Non-linear

-Math

Â Altera DSP Builder Advanced Blockset

Â Altera DSP Builder Blockset

Â Fixed-point blockset

Â DSP blockset

Â Real-time workshop

Â Communications blockset

Â Image acquisition toolbox

ÂMany othersé
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DSP Builder Design Flow

Matlab/Simulink domain
(System simulation and verification)

HDL/hardware domain
( Hardware implementation/RTL simulation)
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DSP System Level Design Flow

System Level Simulation of 

Algorithm Model

MATLAB/Simulink

Development 

RTL Implementation

RTL Simulation

Precision, Synplify

Quartus II, ModelSim

Implementation 

System Level Verification of 

Hardware Implementation

Altera FPGA

Altera Development Kits

Verification

System-level

Verification

Synthesis, Place & 

Route, RTL SimulationAlgorithm-level

Modeling
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DSP Builder System Level Design Flow

System Level Simulation of 

Algorithm Model

MATLAB/Simulink

Development 

RTL Implementation

RTL Simulation

Precision, Synplify

Quartus II, ModelSim

Implementation 

System Level Verification of 

Hardware Implementation

Altera FPGA

Altera Development Kits

Verification

System-level

Verification
Synthesis, Place & Route, RTL 

Simulation

Algorithm-level

Modeling

DSP Builder
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DSP Builder Overview

Hardware 

In the 

Loop
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DSP Builder 

Advanced Blockset
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DSP Builder Advanced Blockset

ÂConstraint-driven behavioral design
- Set desired clock frequency

ÂModels silicon speeds when translating to HDL
- Different devices families / speed grades result in different HDL

Â Automated resource sharing
- Tool analyzes clock rate in relation to sample rate, # of channels, 

interpolation/decimation factor and develops efficient HDL

Â Automated pipelining 
- To meet desired clock rate

- Enable timing closure at high clock rates of 400-500 MHz

Increased Productivity by Closing Timing Faster 
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Unique HDL for Different fmax Requirements 

Â Simply enter desired System Clock Frequency, 

Â No need to change model

Â Simple 50-bit 4-input adder tree
- 100 MHz Target => 118 LUT4s, 121 MHz, No pipeline 

- 200 MHz Target => 175 LUT4s, 286MHz, 1 stage pipeline 

- 400 MHz Target => 350 LUT4s, 581 MHz, 5 stage pipeline 

Timing driven synthesis produces small or fast RTL from same model
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ModelPrim: Zero Latency Blocks

Â Blocks are behavioural in nature
- What to do, not When to do it

- Focus on signal flow representation

Â Much easier debug and modify without pipeline

Behavioural input enables Optimizations
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DSP Builder 

Advanced Blockset

Feature Overview
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Works Within the Industryôs DSP 

Development Environment
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Allows You to Design Behaviorally

ÂNo need for knowledge of silicon features

ModelIP

ModelPrim
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Automatically Write HDL to Meet Fmax

ÂUnique HDL written to meet Fmax without any 

intervention
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Efficiently Time Shares Resources

Â Automatically time shares resources efficiently 

when clock rate > sample rate
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Design Space Exploration Across Families

Â Lets you target different device families without 

changing any of your design
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ñFuture Proofò Your Designs

Â Lets you target future devices families without 

changing any of your design
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Obtain Accurate Resources

ÂNo Need To Compileé.
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Supports Complex Control Logic

ÂNested and Sequential For Loops

for (uint 8 countA=0; countA<16; countA++) {

for (uint8 countB=0; countB<=countA; 

countB++) {

qc1 = countA;

qc2 = countB;

}

}

CountBC
o

u
n
tA
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Fixed and Floating Point in Same Model

ÂComplex as well (c) = complex data path
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Works with Vectorized Busses

Â Single Multiplier in Model = 34 Single Precision 

Floating Point Complex Multipliers 

50K LEs
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Direct RF Support

Â Supports sample rates >> clock rate 

Â Automatically manages multiple phases

FIR

2
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16 Phases at 

256 MHz = 

4096 Gsps

132 Filters Managed in Just 8 Stages of Filtering !

36 NCO Cosine / Sine Generators in Just 3 Blocks !
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ñFused Datapathò integrated in DSPBuilder

Standard Blocks

Math.h Library


