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Floating Point in FPGA - Technology

Hardware Software & IP

Stratix® V Fused Data-path Technology
Patented Algorithms & IP
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e Precision & (=

Stratix' L D' SP
A Blocks

True floating

mantissa,

« notjust[1.2)
-
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\ (A Remove
seamless trade-off ~ <D [nomanation
Matiosa_Exporent
Do not apply special and
H H H error conditions here
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density
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28 nm Variable Precision

Stratix Il Stratix Il / 1V, Arria ll Stratix V

o 00 =)| 00
144 °@ SIS 72 Variable Precision
g > |z>®®
Variable Precision
O 88 j =—y[08
Variable Precision
00 H|=)
Four 18x18 (Independent) Eight 18x18 Multipliers (Sum) Iz> VariablePrecisi!
Eight 9x9 (Independent) Four 18x18 (Independent)
One 36x36 Six 12x12 (Independent) Eight 18x18 (Sum )

Four 27x27 High Precision
Four 18x36 High Precision

Two 36x36 (Independent)

Eight 9x9 (Independent)
Pl us moreé. .

Highest performance, highest precision DSP at 28 nm

2000 GMACs or 1000 GFLOPs in single device
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Variable Precision Stratix V DSP Block

LI

Input Register

Intermediate Multiplexer

Output Multiplexer

Qutput Register

18-hit
Precision
Mode

64 ;

27 Bit Coeff (x8)

Input Register

Intermediate Multiplexer

Output Multiplexer

Output Register

High
Precision
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Support for Floating Point

A Both single and double precision

: .. Double-Precision
Single-Precision Mantissa Multiplication

Mantissa Multiplication

64

27 Bit Cosff (x8)

64 ;
7

Output Multiplexer
Output Register

Input Register
Intermediate Multiplexer

27x27
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Stratix V DSP Block Modes

A Independent Multiplier Modes
- (12) 9x9
(8) 16x16
(6) 18x18
(4) 18x25
(4) 27x27
(4) 18x36
(2) 36x36
(1) 54x54

(4) Sum or Two 18x18 MAC

>

(4) SPFP Mantissa Multiplier
(1) DPFP Mantissa Multiplier (4) 27x27 MAC
A Other Modes (4) 18x36 MAC (18x25 MAC)
A A Sum of Multiply

(4) (A - B)2 + (C - D)2 (4) Sum of Two 18x18
(2) Sum of Four 18x18

A Other Features - (2) Sum of Two 18x36
Pre Adder - (2) Sum of Two 27x27
Rounder ~ :
Coefficient Banks A Complex MU|t|p|y
Cascade Adder (2) 18x18
(1) 27x27
(1) 18x36

© 2010 Altera Corporationd Public

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. Alm
and Altera marks in and outside the U.S. ®



Floating Point Multiplier Capabilities

A 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

A Floating point density largely determined by hard multiplier

density

- Multipliers must efficiently support floating point mantissa sizes
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N F u seathpatho
for Floating Point Functions
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Floating Point Methodology

>

>

Processors i each FP operation has data
I/O in standardized IEEE754 format

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
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New Floating Point Methodology

A Processors i each FP operation has data e s o By
I/O in standardized IEEE754 format R \b/
A This can be done but not optimized in 7 g
FPGAs Slightly Ibrgefr i wider !
- Excessive logic usage operandy | ——
- Unsustainable routing requirements N
- Sub 100 MHz performance
- 'I_'his penalty discourages use of FP compared to True floating man)a -
fixed (notjust1.07 1. 9,9’ ) A N
A Al tera has novel approach: \
Datapatho { ) L@
- |[EEE754 interface only at algorithm boundaries R\Emove )
- Large Reduction in logic and routing Normahzau@ ) .’
- Optimize algorithms to use hard multipliers T-re : -
- Single and Double Precision Floating Point support Do'n—o:[_a_p—pl_y-sﬁpécml
- Based upon internal C to datapath tool and error conditions
here
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Opti mi zed NnFused Dat ar

A IEEE754 interface only at algorithm boundaries

Large Reduction in logic and routing
- Optimize algorithms to use hard multipliers

ADD/SUB EXPONENT ABS MATRIX MULT
DIVIDE INVERSE COMPARE MATRIX INVERT

MULTIPLY CONVERT Sine
SQ ROOT INV SQ ROOT Cosine

Largest Portfolio of floating-point cores
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Pick nmultiplier 1 ntenseo
floating point functions

Function Register Multipliers Latency Performance
(27x27)
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 magnitudecostdi f f er ence: GOPS
StratixSeri es FPGAs: GOPS &4 GFLOPS
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Fused Data-path Technology:
Floating Point FFT MegaCore

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%
MIK 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%
MIK Blocks 1162 1280 91%
Multipliers 896 1024 88%
Fmax 299.13 MHz

© 2010 Altera Corporationd Public

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 15 Alm
and Altera marks in and outside the U.S. ®



N F u s@athpatho

A MATH.H
- SIN
- COS
- TAN
- ASIN
- ACOS
- ATAN
- EXP
- LOG
- SQRT
- DIVIDE
- SQRT
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Simulink Model Based Algorithm Development
‘\ The MathWorks

E!Simulink Library Browser D | ﬁ n @ | ‘Xﬁ ﬁ | =
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Mat hwor ks o

A Computer language of
DSP engineers

A Matlab

Develop algorithms
and applications

Analyze and access data
Visualize data

Perform numeric calculations

Matlab/Simulink
must be purchased
separately from
The Mathworks
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Mat |l ab

4\ MATLAB 7.4.0 (R2007a)
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why Simulink ?

A Dynamic graphical

modeling environment

A Simulink

Dynamically develop
entire systems

Simulate and interact
with the system

Explore different architectures

Analyze results

A Simulink adds the

concept of cycles (clocks)

Hardware realizable
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Simulink Blockset Libraries
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DSP Builder Design Flow
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(System simulation and verification)

HDL/hardware domain
( Hardware implementation/RTL simulation)

J Sopam e
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DSP System Level Design Flow

_ Synthesis, Place & System-level
Algorithm-level Route, RTL Simulation ’

Modeling Verification

JATERAN

I-—k
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DSP Builder System Level Design Flow

DSP Builder

Algorithm-level

: System-level
: Synthesis, Place & Route, RTL
Modeling

T Verification

/AVO[SRYAN.

Ty 2
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DSP Builder Overview

DSP Builder MATLAB

SIMULINK
Creates Creates Creates Download Hardware $ Verify
HDL Code Simulation Test Bench | Processor Design to In the in
Plug-In Development Loop Hardware
Board

HDL
Synthesis  Model Technology

OUARTUS I 4 g-Builder
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DSP Builder
Advanced Blockset
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DSP Builder Advanced Blockset

A Constraint-driven behavioral design
- Set desired clock frequency

A Models silicon speeds when translating to HDL
Different devices families / speed grades result in different HDL

A Automated resource sharing

- Tool analyzes clock rate in relation to sample rate, # of channels,
interpolation/decimation factor and develops efficient HDL

A 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

BERE T ®

RRRRR 100% FixedStepDiscrete

A Simply enter desired System Clock Freguency,
A No need to change model

A 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

A Blocks are behavioural in nature
- What to do, not When to do it
- Focus on signal flow representation

A Much easier debug and modify without pipeline

:- sfix37 _En30 M sfix16 En14

Mult Convert
sfix16 En10 sfix17 En10
boolean
0[15:0] ufix17_En1g
Convert1 Abs1 0x0000 (Read/Write) q

Threshold

Behavioural input enables Optimizations
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DSP Builder
Advanced Blockset
Feature Overview

Reed-Solomon
\ W
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Wor ks Wi thin the | ndus
Development Environment
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Allows You to Design Behaviorally

A No need for knowledge of silicon

features
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Automatically Write HDL to Meet Fmax

A Uniqgue HDL written to meet Fmax without any
Intervention

W rtsa_frontend_v3/filter *
File Edit View Simulatio

OeE&

Ready
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E Block Parameters: Signals

S5

DSP Builder Advanced Blockset Signals Block {mask) (ink)

The Signals block specifies information about the dock, reset, and memory bus ®
signals used by the simulation model and the hardware generation

Parameters
Clodk
ol

Clock Frequency (MHz)

375

Frax
409.84 MHz

Restricted Frnax
409,34 MHz

Clock Margin (MHz)
a

Reset

areset

Reset Active |High

Bus Mame
bus
Separate Bus Clock
Bus Clock Frequency (MHz)
ClockRate 4

Bus Clock Synchronous with System Clock

T4% FixedStepDiscrete

oK ] [ Cancel ] [ Help ] [ Apply

L
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Efficiently Time Shares Resources

A Automatically time shares resources efficiently
when clock rate > sample rate

L - |03
O &S 4 4 | <2 3 0000, [Momal v
—
&w_lm-rf&!l clk @ 240.00 MHz
LT
Dewice Signals //
A ”
A ”
-
| | n
a Interpolating q
2 FIR 1
Interpolate by 2
\: 16 channels \:
an Length 42 qv
Symmetrical
o ()
ac = . qc
InterpolatingFIR - — —
""""""" >
Ready 100% FixedStepDiscrete
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Design Space Exploration Across Families

A Lets you target different device families without
changing any of your design

Cyclone lll LS
AUTO

/ANOT )
tratix I’
Stratix IV

Stratix IV GX

EP4SGX230HF3513

|

Gyaux v

Stratix V GX
AUTO

-
E Block Parameters: Device

S5

=

E Block Parameters: Device

[ ™
W Block Parameters: Device- M
DSP Builder Advanced Blockset Device Block {(mask) {ink)
Marks a particular Simulink Subsystem as the top level of an FPGA device and sets
up device options.
Parameters
Device Family |Cydone III LS -
Family Member
ALUTO
Speed Grade [—6 v]
| ||
L [ oK ] [ Cancel ] [ Help Apply J
-
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DSP Builder Advanced Blockset Device Blodk (mask) (link)

Marks a particular Simulink Subsystem as the top level of an FPGA device and sets
up device options.

Parameters
Device Family |Stratix IV - |
i : I
|| Device [Stratix v GX -]
I
|  Family Member I
[
EP45GX230HF 3513 |
Speed Grade [-3 -
[ QK ] [ Cancel ] [ Help Apply
I — ——

DSP Builder Advanced Blockset Device Block (mask) {ink)

Marks a particular Simulink Subsystem as the top level of an FFGA device and sets
up device options.

Parameters

Device Family [Sh’ah’x v - ] |
Device [Stratix V GX -]
Family Member l
ALTO

Speed Grade [—3 - ]




NFuture Proof o Your D €

A Lets you target future devices families without
changing any of your design

/NAERA, /NBERA,
Arn-avj 174 |
GX

T =
EORRVE T SN |
r ™
s e — @ Soccrasmers oovce W
DSP Builder Advanced Blodkset Device Blodk {mask) {link) = z
I | DSP Builder Advanced Blockset Device Block (mask) (link)
Marks a particular Simulink Subsystem as the top level of an FPGA device and sets
up device options. Marks a particular Simulink Subsystem as the top level of an FPGA device and sets
up device options.
Parameters
|| Parameters
Device Family |Stratix VI |
Device Family [Arria VIGX
Device |Stratix VI GX -
Family Member
Family Member AUTO
AUTO
|| Speed Grade [-4
Speed Grade [-3 -
i
[ oK ] l Cancel l [ Help l Apply
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Obtain Accurate Resources

ANo Need To Compi |l ee.

File Edit VYiew Go Favontes Desktop Window Help k]
|Search 2 v‘ 2 [dmowp K- derno_idctixd/ Control ...|
Contents | Search Results Help on core functionality of CONTROL

@ Release Motes o

- Installation Resource Utilization

€2 MATLAB 1

@ Communications Toolbox| ™ -
@ Embedded MATLAB |Camponer1t |Type |LUT4-5 |Mult5 |Memory bits

& Filter Design Toolbox dema_idct8xB SYNTH [0 oo

e Fiter Design HDL Coder demo_idctBx8/DCTChip SYNTH [0 o o

@ Fixed-Point Toolbox - - =
- €3 Image Acquisition Toolbes \demo_idct8x8/IDCTChip/DCT SYNTH [0 0 0

- Image Processing Toolbox \demo_idct8x8/IDCTChip/ADCT/Col SYNTH 3850 204 1564

€ MATLAB Report Generator \demo_idct8x8/IDCTChip/DCT/ComerTurn SYNTH 1383 |0 703

g Optimeation Toolbox {5 [dema_idctBx8/IDCTChip/IDCT/Row 'SYNTH [1695 [T 738

P T T— v
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Supports Complex Control Logic

A Nested and Sequential For Loops

for (uint8 countA=0; countA<16; countA++) { :
for (uint8 countB=0; countB<=countA; ollLLLELLLLL L

countB++) {

qcl = countA; 0— 5 :
qc2 = countB; - : . -
| Y T 0 B
S o e T
For ) . For
5 CountB— e Loop 1 Loop nIERSIRGl b
S = == e e
C
s ©ee e | | T, ey T R TR 000 || LA se s
% de In g
d0 g0
00066666—
W Channelln ForLoopA

e

<6 6066660606606066660—
ForLoopB ChannelOut
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Fixed and Floating Point in Same Model

A Complex as well (c) = complex data path

single (¢) int 16

cdouble (¢) N\ Maxiter

Square

@ cdouble (c)

point

Coord2

qCount co

\

double
El

¥
3
@

Coord1

boolean

1 Cmp&E

—

Chane il M ‘ single (21
ufixd -
LoopDriver Sqliare Finished
- double (=) hiaxlter EmpGEl
point
Coord1
1
ot qFaint
—
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Works with Vectorized Busses

A Single Multiplier in Model = 34 Single Precision
Floating Point Complex Multipliers

B rtsa_frontend_v3/filter *
File Edit View Simulation Format Tools Help

Ol EHS &= 4 b = oo [homal - B PEE®

Crarmeidu

FixedStepDiscrete

Mult SumOfElements
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Direct RF Support

A Supports sample rates >> clock rate
A Automatically manages multiple phases

%)) [%2] 2] 8_ 3 3 8
2 2 2 g 2 2 S 2 2 =
= FIR| 2 FIR| | 2 FIRL =1 1 FIR) = FR| |~ | [FR]| & FR| | 2| [FR]| S S
g ta ol M2l |z to &)\ 121 22|35 [42]|2 A2 ||Q] |42]] % Q

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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Standard Blocks

Math.h Library
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