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Introduction to FlexRIO and LabVIEW FPGA
Technology

Fixed-Point Data Type
High Throughput Design Process

Case Study: FIR Filter
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Questions to the Audience

» | attended Eric’'s FPGA presentation this morning
* | have never used LabVIEW FPGA

* | have used LabVIEW FPGA but | am not familiar with
concepts like Fixed-point, High-throughput Maths, ...

» | am familiar with the concepts above and/or used to
program with VHDL
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e
Hardware

@ il
NI FlexRIO Adapter Module NI FlexRIO FPGA Module PXI Platform
* Interchangeable I/0 * Virtex-5 FPGA « Synchronization
* Customizable by users * 132 digital 1/O lines * Clocking/triggers
* NI FlexRIO Adapter Module ~ + Up to 512 MB of DRAM * Power/cooling
Development Kit (MDK) » Data streaming
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HIGH THROUGHPUT NI FLEXRIO
FPGA DESIGN PROCESS
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FPGA Design Flow

Design does not meet performance requirements in real-world operating conditions

Design behavioral
model

Implement structural IP
on FPGA

Does not meet timing or size requirements

+ Establish functional *Re-use * Functional simulation + Start with target + Simulated data at
requirements « LabVIEW built-in [under My Computer] clock rate speed
» Establish « Xilinx CORE * Simulated or + Analyze timing * Real-world I/0
performance Generator previously-obtained margins and critical
requirements « IPNet/NI Labs data path
* Throughput / « Create + Catches
Speed « LabVIEW implementation
« Precision .C 1o FXP errors bgfore
* Incorporate target onvert ‘o compilation
+ Schedule code
knowledge ;
U * Inside SCTL
+ Use processor- )
optimized functions + Outside SCTL
and toolkits * VHDL
L J L J L \_

Simulation does not function correctly or
meet performance requirements

Cannot realize behavioral model
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Fixed-Point Math

= Greatly simplifies arithmetic on the FPGA
* Simplifies computations
» Size and speed advantages of integer math

= Must configure the appropriate range when using fixed-
point math

= Limited to a maximum size of 64 bits.
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Fixed Point Terminology

Sign Encoding — The option that determines whether the
fixed-point data is signed (+) or unsigned (+)

Word Length — The total number of bits used for the Fixed-
Point data

Integer Word Length — The number of bits used in the
integer portion of the Fixed-Point data

: <7 NATIONAL
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Fixed-Point Context Help

Sign Encoding Delta

Context Help \ %

\/ Data type of wire
[E=H Murneric I[Fl:-:ed point <+,10,6% [0.000000E+0,6,393750E+1]:6, ESIIIIIIIIIIIIE =20

| & ‘“33 \
Word Length / Maximum

Integer Word Length Minimum
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Numeric Representation Examples

Representatlon m Min Value Max Value

~FXP<+,8,8>
18 ~FXP <+,8,8> 1 -128 127
FXP <+,8,7> 0.5 0 127.5
FXP <+,8,6> 0.25 0 63.75
FXP <+,8,7> 0.5 -64 63.5
FXP <+,8,6> 0.25 -32 31.75
FXP <+,8,0> 0.0039 0 0.9961
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Fixed Point Configuration

{3 Numeric Properties: Numeric
Murneric S
fippearance | Data Type | Dats Entry || Display Format || Drocurnentation || Data b ¢ | >
Yisible Tkems k
Find Contral Representation
FXP

Hide Caontral ==
Change ko Indicakor Fixed-Point Configuration
Change ko Conskant Encading Range
Change ko Shared Variable Mode  p () Signed Miriirumn

. . IInsigred -32.0000
Description and Tip... O Unsigne

‘word length Maximum
hurmeric Palette 3 10 ks 3] 1.9375
Create g Integer word length Desired delta
Data Operations [ 3 & bits f 0.0625
Advanced 4 [ nclude overflow skatus
Wiew As Icon
Representation b
Properkies
\ i OF | [ Cancel ] ’ Help l
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Fixed-Point Addition

= Inputs should have the same range of values
* |f inputs have different ranges, then one or both will be coerced
to a range that accommodates both
= For the output, the word length and integer word length
will each increase by one and the sign encoding will
match the input sign encoding

» <+ AB>+ <t AB>=<tA+1B+1>

Murneric ey

<+, 10,6 fl-l% 11,75
0, 000000

<+,10,63
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Fixed Point Subtraction

= The output representation follows the same guidelines as
addition

= The output will be signed, regardless of whether or not the

Inputs were signed or unsigned.
= <+ AB>-<+AB>=<+A+1B+1>

Mumeric

<, 10,6 Iﬂ*?[;% 11,75
0, 000000

<+, 10,65
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Fixed-Point Multiplication

= Inputs can have different ranges of values

= For the output, the word lengths and integer word lengths
are each added together

= [f either input is signed, then the output will be signed.
Otherwise, the output is unsigned.
= <+ AB>*<+CD>=<+A+C, B+D>

Murneric

=+,10,6% Iﬂ&T_[g;im “+,20, 12>
0.000000

<+,10,6%
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Fixed-Point Division

= Inputs can have different ranges of values

» Signed and unsigned division result in different ranges of values
for the output.
= Signed: <+,A,B> / <%,C, D> = <+ A+C+1,B+C-D+1>
= Unsigned: <+ A B>/<+,C,D> =<+ A+C, B+C-D>

oy

l[<£,21,11 =]

acog ]

|+, 10,65

|-=:+!1|:I!E|:=r|

xfy

[<+,20, 10|

—

|+, 10,65]

0, 0oo0ao
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Convert to Fixed Point

-
{3 Numeric Constant Properties: fixed-point type

Appearance | DataType | Display Format

Documentation

Representation

FXP

ol Adapt to entered data

Fixed-Point Configuration

Encoding Range
@ Signed Minirnurm
) Unsigned -0.2500
IDBL Word length Maximum
18 bits e 0.2500
Integer word length Desired delta
-1 bits % 1.9073E-6
[T Include overflow status
| oK || Cancel | | Help |

INSTRUMENTS
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FPGA Design Flow
DSP Considerations

Structural

(Build or re-use IP)

 LabVIEW

* High-
Throughput
Math

« DSP48E
« HDL
o Xilinx
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Standard Palette Items

% 40 MHz Onboard Clack [+
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LabVIEW FPGA IP :

1 CL_'Tmaan::h £}, Custemize®

EA e [

Sine Wave Square Wave  White Moise

FPGA Math & Analysis @

4 Q, Search Q;) Customize™

Cantral (=]
4 k [ k
1% o “E" a4 q Search % Customize™

Bel,
Generation Control Utilities High Throug...
g o
=

Monli 5. Li Syst Matri*Vect
DC-R Mean, Yarian... Analog Pericd e e T reeter

2

Butt Motch Filter  Rational Res.., m—
5 — Utilities @
B __ z™" ‘[]‘ Ckﬁnaarch %Custﬂmize'
Scaled Wind... FFT Z-Transform...

LUT 1D Z-Transform...

W fhad

Linear Interp... Zero Crossing Boolean Cro..,
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LabVIEW High Throughput Math

» Uses specific FPGA hardware Fooh oo e 5]
resources when available i § R search] 2 Customizer

 Supports pipelining and [ B [z B3

handshaking Add Subtract Multiply — Complex Mu...
[ e [
Divide Reciprocal Square Root  To Fixed-Point

B b x|
L] R

X To Polar  Polar To XY

Basic Elements @ = : ﬁﬂ?
i Q Search | 2%, Customize~ S A
5in & Cos Atan?
Discrete Delay  AddSub  Accumulator  DSP4SE Exp Ln Sinh & Cosh
5
=

Basic Elements

INSTRUMENTS
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LabVIEW High Throughput Math

- B
{3 configure High Throughput Multiply ﬁ
Fixed-Point Configuration Execution Mode
x Type (7 Qutside single-cycle Timed Loop
Word length Integer word length i
@ Signed ) Unsigned 16 bits N 1 bits = i@ Inside single-cycle Timed Loop
y Type
Word length Integer word length Pipelining Options
@ Signed () Unsigned 16 bits z 1 hits : MNurmber of pipelining stages
0 =
x*y Type Implementation resource
[¥] Adapt to source futo hd
Word length Integer word length .
) _ - Registers
9 Signed Unsigned 32 bits 2 bits
Register inputs
Include overflow status Register outputs
Overflow mode Rounding mode Optional Terminal
Wra Truncate
P E‘ E [C] Operaticn overflow

* Mo operation overflow will occur in the result. o
*¥ou can use this function only inside a single-cycle Timed Loop. The latency is 2 cycle(s).

| ok | | cancel | | Hep

INSTRUMENTS
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DSP48E Slices

* Directly configure c__
FPGA DSP resources

. . 48 Configure DSP4SE =i
. O ptl I I I I Z e h a rd Wa re for Function | Pattern Detect | Terminals | Registers | Enable | Reset | VHDL Instantiation
. P . . Multiplier and Logic Unit Configure for Arithmetic [+
a S e C I fl C a | I Ca tI O n Use multiplier Arithmetic z Arithmeticx+y  Anthmetic carryin
p=( + |z| c |z|]+ E(a*b |z|+ carryin B]

Legic unit mode

Oneds-Bit E The available sources for carryin depend on the values you specify for z and x+y.

DEP4EE
<+(-,30,30>

A5 |
+/-,43,48 =
+/-,48,98= M

he]
o

L%
=&

. JEE Smm
O |m | o |

A A
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CASE STUDY: FIR FILTER
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FIR Filter

A Finite Impulse Response (FIR) filter is a type of a signal
processing filter whose impulse response (or response to any

finite length input) is of finite duration, because it settles to zero
in finite time.

x[n]—r 71 T 51 _l_,. = —l

Credit: Wikipedia
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FPGA Design Flow

Design behavioral
model

« Establish functional
requirements

+ Establish
performance
requirements
« Throughput /

Speed

* Precision

* Incorporate target
knowledge

+ Use processor-
optimized functions

\_ and toolkits y
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FIR Filter

Low-pass filter incoming
signal on NI 5761 adapter
module on FPGA

* Filter specifications
= 10 MHz bandwidth
= <1dBripple
= > 30 MHz stop band
= > 65 dB attenuation

» 250 MS/s, 14-bit ADC

y NATIONAL
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Generate Filter Coefficients

i3 Configure Classical Filter Design [Equi-Ripple FIR. Lowpass Filter] ——
Main Settings " Passhand
Filter type Lowpass [~] Magnitude in dB = Stopband BRw
Zﬂ =
Filter Specifications
) 0-F==w
LR 250MHz 2
frequency m -20-
=
Passband edge 1WMHz [2] 375MHz 4 -40-
frequency = 2
5 60-
Passband - )
1dE = 80 -
ripple = -8
Stopband edge WMHz = SOM Lz -100 -
frequency -120- I 1 !
Stopband e — 0.0 50000000.0 1000000000 150000000,
attenuation = Frequency [Hz]
" 1.34- -
Design method Equi-Ripple FIR E| 1.20- 7-Plane Unit circle |/\/
1.00- Zeroes 300“
Design Feedback 0.80- Poles R
Filter order 0.60-
Error message 0.40-
-~ u.m |
- 012- I I I I 11
-112 -0.50 0.00 0.50 1.00 1.56
Dictates FPGA resource requwements[ N
Cancel Help




Behavioral Model

Simulate Test Sianal Filter Signal Convert to Fixed-point

|1E|UUU= + Joc]— _FI;E-.. b w“
- o TR O
o)

- 1

Sample Rate

| DEL ¥ l&“"
Tone Frequency

[DEL ¥
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FPGA Design Flow

Implement structural IP
on FPGA

* Re-use
* LabVIEW built-in

* Xilinx CORE
Generator

* [IPNet/NI Labs
+ Create
+ LabVIEW
« Convert to FXP
+ Schedule code
* Inside SCTL
* Outside SCTL
L + VHDL
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BASIC IMPLEMENTATION
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Basic LabVIEW FPGA Implementation

data ml H(Pﬂ

mputvalld@

¥ + &> Iy I I ¥ B ¥ ¥ ¥ +

symmetric filter coaff\.:\ants @

0
boooooooooooooooooooooooooooooo

filtered output
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FPGA Design Flow

* Functional simulation
[under My Computer]

* Simulated or
previously-obtained
data

« Catches

implementation

errors before

compilation
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Simulation:
Dataflow-Accurate Functional Simulation Demo

r \
{8 FIR Filter [Host Simulation - Basic IP].vi Block Diagram on FIR Filter lvproj/My Computer [=[E

File Edit View Project Operate Tools Window Help

Bl Q HQI‘

omg 7| 15pt Application Font |~ || 35| %a~]
Samples Simulated H : st M E m :
e s e 5 5 w+ 5 5 w+ g y
— b ymmetric filter coefficients Fost to FPGA FIFO.Wiite FPGA to Host FIFO Read FPGA to Host FIFO.Read b
FPGA Target 3 Send data to host - Data [BH_Number of Elements Number of Elements.
Dev Computer w/ Sim 10| b Process real deta 3 Timeout (ms) b Timeout (ms) b Timeout (ms)
Empty Elements p Data Y Data f
Time Domain Stimulus Elements g y X Elements Remaining |
] ot ot 5 |
in samples to simulate i . E
&L stop. i »
. o | i

= [ESE)

=i
=
) [ ]=4 ] 4 2=
False ]
FIR Coefficients H
fio]] [Host to FPGA FIFO 41 :
e Read
L FIR Filter.vproj/My Computer < [ v oraert |
i Timeout :1>
% Timed Out? W n|>
b B>

symmetric filter coefficients ] B
H
H
H
H
H
H
H
H
H
H
H
H

H E

H u V
H
H
ost M e m o ry H
H
H
H
H
H
H
H
H
H
H
H

g L4
H

@
FIR Filter.vproj/ TPGA Target < ] v

i Gom W7 NATIONAL
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FPGA Design Flow

ﬁ + Start with target

clock rate

+ Analyze timing
margins and critical
path
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Basic Compile Results

3 Cormpilation Status E'@
Build Specifications & | Status End tirne
[#] Basic (FIR Filter.lwproj/FPGA Targe Complete 11:32:33 Apd
Reports
Summary |E|
Compilation completed successfully. -

Dewice Utlization .

--------------------------- Maximum frequency of 20 MH&
Total Slices: 14,994 (2196 aut of 14720}
Slice Registers: 5,056 (4697 out of 58880)
Slice LUTs: 7.6% (4449 out of 58880)
DEP4ds: 4.8% (31 out of 640)
Blaock RBAMs: 0,892 (2 out of 244)

m

Tk AL Hz (100,00 FMHz maximum)

20hHz: 20,00 hHY 20,08 MHz fraximmum)

TS5 BusClk: 12500 N\Hz (127 60fAHz maximum)

T5 SlowBusCli: 33,330 1.27 BMHzZ maximum)

TE DrarmClkDied00: 100.00 kHz (644,33 MHz rmaximurm) 57

@ The compilation completed successfully,

Close ‘T] ’ Help ]

INSTRUMENTS
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Design Resource Utilization

mmm

Basic 2196 4697 4449

Take-away: Not fast enough to filter 250 MHz ADC data
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INSTRUMENTS



Logic Delay

* The number of consecutive logic stages varies based
on logic implementation

X }}r'r"
:‘>_|_> ...................................
'_".l' .......
AND Val dy: TtTand> =

Bitwise AND
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B

Basic LabVIEW FPGA Implementatlon

Y

E
L%
Vj EE
v e
o
o
L]
-
v i
Vj Y
o

g
vj -
vj i

)

Critical path of 30 elements

Ll

EEl
FEl
[l

T g
B
— e
i
vj
L
L1
L
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INSTRUMENTS




FPGA Design Flow

Does not meet timing or size requirements

Implement structural IP
on FPGA

* Re-use
* LabVIEW built-in

* Xilinx CORE
Generator

* [IPNet/NI Labs
+ Create
+ LabVIEW
« Convert to FXP
+ Schedule code
* Inside SCTL
* Outside SCTL
L + VHDL
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Symmetrlc Optlmlzat ion

|—|, |—|, |—|, |—|, |—|, =y = =y =1 =y =1 =y =1
: 7 : . .
f f f H
inputvalid@ : : : & & &
| :DE_L% | 1 | :ﬁm |
‘Lﬂ ‘L}Lj T
%
efficients [[Fr0—{ @)

' Critical path 6F 6 eléffients

 Designed to reduce critical path length

« Effort to reduce resources — half the
number of multipliers

« Fewer coefficients needed
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Design Resource Utilization

mmm

Basic 2196 4697 4449
Adder Tree 70 2209 4697 4404 31 0
Symmetric Optimization 70 2034 4193 3888 16 0

Take-away: Fewer coefficients and higher rate, but not fast enough
for this application
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METHODS TO INCREASE
THROUGHPUT
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Methods to Increase Throughput

Parallelize algorithm Increase Clock Rate
o Easier if no consecutive data o Easier if there is timing margin
dependencies In design
 Challenges  Challenges
= Not all algorithms are easy to port = Dependency on critical path
= Increases resource utilization = May require pipelining — possible

+ Extremely algorithm dependent resource and latency increase

INSTRUMENTS
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et ticks
bEu SE0MHN
v

clock i ] | i ]
! !
one clock period one clock period
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Pipelined

data |n| rxpﬂ

— — ! ! = = ==} =1 = = = = —! !
input valid@
o =y =y = = = = = =y =y 1 1 =y =y
H H

symmietric filter coefficients

=g | -out ut valid
e

Significant reduction in critical path
length to 1 element

Probable increase in registers

= [filtered output

INSTRUMENTS
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Design Resource Utilization

mmm

Basic 2196
Adder Tree 70 2209
Symmetric Optimization 70 2034
Pipelined 160 2208

Take-away: Much faster than before, but not fast enough, and

many more registers

4697
4697
4193
5478

4449
4404
3888
3890

31 0
16 0
16 0
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Throughput double clock rate

Pa I'a| Iel «  Significant increase in resources

data in (N-1) [

data in (N) (28

[ed

input

symmetric filter coefficients[[FRH—

[P filtered output (N+1)




Design Resource Utilization

Mmm

Basic 2196 4697 4449 0
Adder Tree 70 2209 4697 4404 31 0
Symmetric Optimization 70 2034 4193 3888 16 0
Pipelined 160 2208 5478 3890 16 0
Parallel 160 2622 6849 4746 32 0

Take-away: Significant increase in resources, but meets
throughput needs! Implications on downstream logic.
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Performance — Hardware Specific ltems

DEP48E

2

a <+, 30,30

r

bo<+/-,18,18%

g

Co4- 48 48

poa+f- 48,48 M

I3 Corfigure DSP4SE

Function | Pattern Detect | Terminals | Registers | Enable | Reset | WHDL Instantiation

Multiplier and Logic Unit Configure for Arithmetic

=

Use rultiplizr Avithmeticz Avithmeticxry  Arithmetic canyin

[=] ¢ [+ =] [=] + canyin

The available sources for carmyin depend on the values you specify forz and x+y.

p=i+
Logic unit made
One 43-Bit

=

[=]»

alumode register p registers
a
opmade register

aregisterl  aregister2

Ban 10 ModulehaI 05

B 10 Moduleya] 15

Brnr 10 Modulet 2l 28

Bonr IO Modulet 2] 30

%
p LI
e
. o Logic unit -
bregister 1 b register 2 @i L pattern D
constant [
mask__ P
canyinsel register e l; O
p registers
multcarryin register e [
b registers
camyin register
(o | [ canee | [ Hep

ni.com

] sz

‘Saal i Pasaikl

CE1 Comartar

cE2 Mok —=| — > SHFTOUTIZ

— 4*' > Of-08
[

OCLE > = —

ax > e

[=
'
e >
== S
Figure 5-1: |SERDES Block Diagram

el

IP Block
P inputl
P inputd

output *

AR Compiler (===mcE |
=
e, Ao ax
logiC P FIR Compiler o
Frequency Response (Magnitude) Copanert Name: [ r_sapler_v5.0
- o ot
" Sdecttamen; ecar =
- Coefficlert Veckor | 60,4, 55,86, 13,7, 44,64, 4,7,-13, 6,653, 4,06
- na_coe_fie_joaded !
. Murrber of Confficent Sets 1 1 Range: 1,266
g o Nurmber of Coeffcents (per set) 1 21
§ ] b pocteseen
. o e Semre =
- L
. : :
s - :
- ot f a1 Rars 1,84
Hardvrs i St
pe——
preye oy St [l
e L o Tt Samping Prequency : 0001 Range; 0000001, .550.0 Mz
[ ; .
) . ok ey %00 woei000L 300 e
Rangs: 00 os as 10 bl . !
i s
[T R s
Fiple : 25 463674 B
=T 2 N [ o
T — e i [ pitn | [Gmote | [ oo | [ oo
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-
LabVIEW High Throughput Math

» Uses specific FPGA hardware Fooh oo e 5]
resources when available i § R search] 2 Customizer

 Supports pipelining and [ B [z B3

handshaking Add Subtract Multiply — Complex Mu...
[ e [
Divide Reciprocal Square Root  To Fixed-Point

B b x|
L] R

X To Polar  Polar To XY

Basic Elements @ = : ﬁﬂ?
i Q Search | 2%, Customize~ S A
5in & Cos Atan?
Discrete Delay  AddSub  Accumulator  DSP4SE Exp Ln Sinh & Cosh
5
=

Basic Elements

INSTRUMENTS
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* Return to serial operation

High Throughput Math »  Effort to increase clock rate

 Registers and handshaking in
nodes

> > > = > > > = > >

B B B >

INSTRUMENTS
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Design Resource Utilization

Mmm

Basic 2196 4697 4449 0
Adder Tree 70 2209 4697 4404 31 0
Symmetric Optimization 70 2034 4193 3888 16 0
Pipelined 160 2208 5478 3890 16 0
Parallel 160 2622 6849 4746 32 0
High Throughput Math 240 2401 6003 4417 16 0

Take-away: Fewer DSP slices and faster clock rate, but not fast
enough for serial (non-parallel) operation
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DSP48E Slices

* Directly configure c__
FPGA DSP resources

. . 48 Configure DSP4SE =i
. O ptl I I I I Z e h a rd Wa re for Function | Pattern Detect | Terminals | Registers | Enable | Reset | VHDL Instantiation
. P . . Multiplier and Logic Unit Configure for Arithmetic [+
a S e C I fl C a | I Ca tI O n Use multiplier Arithmetic z Arithmeticx+y  Anthmetic carryin
p=( + |z| c |z|]+ E(a*b |z|+ carryin B]

Legic unit mode

Oneds-Bit E The available sources for carryin depend on the values you specify for z and x+y.

DEP4EE
<+(-,30,30>

A5 |
+/-,43,48 =
+/-,48,98= M

he]
o

L%
=&

. JEE Smm
O |m | o |

A A
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-
Take advantage of optimized,

DSP 48E NOde . dedicated hardware

« Uses internal pipelining capabilities

D
data in
[FxEd FRP—p o <+, 30,15
- N — — — — — — —
y <+, 30,30 3 7 73 9 73 73 _ E
input valid L e
I TFE 5 H
DEP43E DEP48E DSP43E DSP43E DSP43E DSP43E DEP4SE DEP4SE

Ly & <+/-,30,30

a4/ 30,30

Lp a <+/- 30,30

B3 <4/ 30,30

B a </ 30,300

L a4/ 30,300

L a4/ 30,30

L a <4/ ,30,30

¥ b4/ 1818

b o<+f- 1818

b o<+/- 18,18

b o<+/- 18,18

b o<+f- 1818

b o<+ 1818

b=+ 1818

P b o<+/- 18,18

Co£4f- 48 48

Co<+f-,48,48:

po<+f- 48,48 ¥ Co+f-, 48 48 Co<+/- 48,48 J Co<+/- 48,48 Cod+f- 40 40 J J J Co2+f- 48,48 J—
4 enable p oS- 4840 p oo 4040w p oo 4040 p o< 4040 p o 40,48 o po+f- 40,48 0 po+f- 48,48 n
symmetric filter coefficients iy enable i enable i enable i enable i enable iep enable b enable
a
a
a
a
a
a
a
a
-+ 0O
-+ 0O
-+ 0O
+ O
+ O
+ O
-+ 0O
.t O
— — —
273 - 273 - 273 273 1 273 | 273 ] 273 - 273
DSP45E DSP43E DSP45E DSP45E DSP4SE DSP4SE DSP43E DSP48E
153 D a4/ 30,30 9 oa«+/-,30,30 S @ <+/-30,30- B3 <+ 30,305 B3 <+ 30,30 D o3 a4/ 30,30 9 oa«+/-,30,30 P oo <+/-30,30
B bo<+f- 18,18 b o<+f-,1818 i bo+f- 1818 M b o<+/-18185 M bo<+f 1818 b2+ 1818> o boef 1818 — b4/ 1818
B co+f- 40 48 J C o<+, 40,40 oo+ 48 48 J co+f- 48,40 J c<+f- 40 40 J co+f- 40,48 J C o<+, 40,40 J co<+/- 40,40 LexR)
i p o4 48,48 w P4 48,48 po+d- 48,48 N po+d- 48,48 w poa+f- 40,48 w b4, 48,48 W po4f- 48,48 H poe+f- 48,48 w—Px <+/- 48 48>
i enahle o 3 enahble o enahle e enahle y <+/- 48 18K

e enahle

P enahle

i enable B

enahle

ni.com

INSTRUMENTS
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Design Resource Utilization

Mmm

Basic 2196 4697 4449 0
Adder Tree 70 2209 4697 4404 31 0
Symmetric Optimization 70 2034 4193 3888 16 0
Pipelined 160 2208 5478 3890 16 0
Parallel 160 2622 6849 4746 32 0
High Throughput Math 240 2401 6003 4417 16 0
DSP 48E Node 260 2304 4666 5000 31 0

Take-away: Increase in DSP resources, but meets serial rate
requirement!
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Xilinx CORE Generator IP

] FIR Compiler =6 s
View
Freq. Response. B x Yoor .
LogiC P FIR Compiler .
Frequency Response (Magnitude) Component Name | FIR_Compiler
= Filter Coefficients
Select Source :  [COEFile  [~]
F| |tErS- @ . Coefficient Vector : [6,0,4,-3,5,6,-6,-13,7,44,64,44,7,-13,-6,6,5,3,4,0,6
= 1 Coefficients File : | C:\Users\rverret\Desktop\FIR Filter Show.
. =1 Number of Coefficient Sets : 1 Range: 1..256
ol CkSvs_-arr_h @\\giustomlze' -
g | Number of Coefficients (per set) : 3t
g -] Filter Specification
£ B cen
g = — Filter Type : Single Rate -]
cic £ £ i h
= Rate Change Type Integer
- FIR == =1
1 ] Interpolation Rate Value : [ Range: 1.1
1001 * 1 Decimation Rate Value : |1 Range: 1..1
. . =] Zero Pack Factor : 1 Range: 1.1
CIC Compiler  FIR Compiler . PR e
e . MR Hardware Oversampling Specification
Normalized Frequency (x P radfsampe) Select format : Frequency Specification [=]
—— — Input Sampling Frequency : |250 Range: 0.00000L..550.0 MHz
Filter Analysis Clock Frequency : 250 Range: 250.0.550.0  MHz
" " eerind Stop band Input Sample Period : 1 Range: 110000000 Clock oycles
. Range : 0.0 - los 05 - 10
Min:  -125.142680 d8
Max: 0.874765 dB -67.186966 dB
Ripple : 126.017445 dB
Datasheet <gack | Pagelof4 [ Met> | [ Generate | [ cancel ][ help

* Automatically launches CORE
Generator IP customization ¥
= Entire design in a single node nput vl ot

= Extremely optimized dus i s SO

+ Available in LabVIEW FPGA 2011 o

*
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Design Resource Utilization

Mmm

Basic 2196 4697 4449 0
Adder Tree 70 2209 4697 4404 31 0
Symmetric Optimization 70 2034 4193 3888 16 0
Pipelined 160 2208 5478 3890 16 0
Parallel 160 2622 6849 4746 32 0
High Throughput Math 240 2401 6003 4417 16 0
DSP 48E Node 260 2304 4666 5000 31 0
Xilinx CORE Generator 300 1827 4001 3710 16 0

Take-away: Most efficient implementation and highest clock rate,
with minimal user programming
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FPGA Design Flow

ﬁ + Simulated data at

speed
* Real-world 1/0
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Demo Time
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What is That?
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Mandelbrot Set — Back to the Happy 80’s

» Cand Z being Complex
Z(0)=0
Z(n)=Z(n-1)"2+C

Until |Z(n)| < 2

Display’ n as function of C

... 90 given a complex value C, how many iterations
n it takes before |Z(n)| < 2.

n may be huge or even infinite so limited to a max.
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Summary

»  Suggested algorithm design flow helps minimize time spent waiting on compiles
and makes debugging easier
« Use existing IP if possible:
= LabVIEW code
= ni.com/ipnet
= ni.com/labs
= Xilinx CORE Generator
= VHDL
*  When building IP, consider optimization options:
= Algorithm-specific optimizations
= Reduce combinatorial path lengths (tree vs. serial)
= Pipelining
= Parallelize algorithm
= Leverage algorithm-specific FPGA hardware (DSP nodes, 1/O resources, etc.)
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We need your feedback.

* If you have used LabVIEW Real-Time or FPGA, please fill out the 5-
minute paper survey

« This will help NI better define our products
and documentation according to your LabVIEW Real-Time and FPGA
applications and experience e

* You can skip taking the survey if you've —
already taken it, or if you have never used =
LabVIEW Real-Time or FPGA T




