The Right Development
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sSuccess
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Before we start

* Do you know what FPGAs are? “_
* Have you programmed with LabVIEW
FPGA?

* Hopefully you are eager to learn more
about the most efficient way to implement
your application with LabVIEW FPGA
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Agenda

* Design Problem
* Design Process
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-
Design Problem

ADC Average Host
Analo
Signalg > 14-bit > 1000 > Computer
100 MS/s Points Display
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-
Design Problem

Analog ADQ Average Host
Signal > 14-bit > 1000 > Computer
100 MS/s Points Display
100 MS/s NI PXle-8133
Digitizer PXI Express
Controller
1.73 GHz
Quad Core
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-
Design Problem

Analog
Signal

ni.com/nidays

S

ADC

Average
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14-bit
100 MS/s
NI 5781

NI FlexRIO
Adapter Module

2 Ch. Baseband
Transceiver

\ 4

1000
Points

NI PXle-7965R
NI FlexRIO
FPGA Module

Xilinx Virtex-5
SX95T FPGA

\ 4

Host
Computer
Display

NI PXle-8133
PXI Express
Controller

1.73 GHz
Quad Core
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LabVIEW FPGA Design Flow

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

Does not meet timing or size requirements

Design Implement - -
behavioral FPGA code
mc,
« Establish functional * Re-use » On the host » Compile the FPGA * Simulated data at
requirements « LabVIEW built-in computer speed
« Establish « Xjlinx CORE *Simulatedor * Real-world I/O
performance Generator previously-obtained
requirements - IPNet/NI Labs data
* Throughput / « Create *Catches
< Precision " LabVIEW etors before.
- Incor| » Convert to FXP compilation
porate target » Schedule code
knowledge .
« Use high level : Ou_t5|de SCTL
LabVIEW functions + Inside SCTL
and toolkits * VHDL/Verilog
. J J L J

Simulation does not function correctly or
meet performance requirements

Cannot realize behavioral model
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LabVIEW FPGA Design Flow

Design
behavioral
model

*Establish
functional
requirements

*Establish
performance
requirements
*Throughput /

Speed
*Precision

Incorporate
target knowledge
*Use high level
LabVIEW
functions and
toolkits
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Does not meet timing or size requirements

Implement
FPGA code

-l -l

* Re-use * On the host

* LabVIEW built-in computer
« Xilinx CORE * Simulated or
Generator previously-obtained
« IPNet/NI Labs data
« Create . _Catches .
« LabVIEW implementation

errors before
« Convert to FXP compilation

* Schedule code
* Qutside SCTL
«Inside SCTL

* VHDL/Verilog
\_ J \_ J \,

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

» Compile the FPGA

Simulation does not function
correctly or meet performance

Cannot realize behavioral model

* Simulated data at
speed
* Real-world 1/0
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-
Establish Requirements

* Functional Requirements
— Digitize analog signal
— Average every 1000 samples
— Display averaged data on the host computer

 Performance Requirements
— 100 MS/s ADC sample rate

— 14-bit ADC resolution
— 16-bit averager output resolution
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Know Your Hardware Target

* |/O
— Sample Rates — 100 MS/s
— Resolution — 14-bits

- FPGA
— Size — 58,880 FF and LUTs, 488 BRAM, 640 DSP48Es
— Hardware components — BRAM, DSP48E

— Speed — 100 MHz is no problem for most code
* Do a few test compiles
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Host Computer Behavior - o

Model ?

» High level LabVIEW implementation of "=
your design problem
— Functionally accurate
— Doesn’t need to meet timing requirements
— High level functions
— Floating Point
— Arrays
— For/while loops Average

Digitized Samples =5
FOEL
[DELY MEAMN -
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LabVIEW FPGA Design Flow

Design
behavioral
MCemm

« Establish functional
requirements

« Establish
performance
requirements
* Throughput /

Speed

« Precision

* Incorporate target
knowledge

« Use high level
LabVIEW functions
and toolkits
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Implement
FPGA code

*Re-use
*LabVIEW built-in

*Xilinx CORE
Generator

*[PNet/NI Labs
*Create
*LabVIEW

*Convert to FXP

*Schedule code

*Outside SCTL
*Inside SCTL
*VHDL/Verilog

Cannot realize behavioral model

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

Does not meet timing or size requirements

* On the host
computer

* Simulated or
previously-obtained
data

« Catches
implementation
errors before
compilation

t function
rformance

» Compile the FPGA

* Simulated data at
speed
* Real-world 1/0
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-
Existing LabVIEW FPGA IP

 See what LabVIEW FPGA IP is already
avallable

e Sources
— LabVIEW FPGA palette
— Xilinx Coregen IP
— http://www.ni.com/ipnet/
— https://decibel.ni.com/content/groups/ni-labs

« Compare IP to your design constraints

¢ NATIONAL
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http://www.ni.com/ipnet/
https://decibel.ni.com/content/groups/ni-labs
https://decibel.ni.com/content/groups/ni-labs
https://decibel.ni.com/content/groups/ni-labs

; : s S
Host code with Functions = =
Available in LabVIEW FPGA = = &
. . Q’ %"ﬂ:'w) ﬂm:
 Rewrite the code using e o E
— Functions available in LV FPGA e

« Host computer version L

. . Favorites
- Floatlng POInt Uzer Libraries
Selecta VI

Digitized Samples
|[|m| Y

IEI_

Average

:

i
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e
Convert to Fixed Point

* Floating point
— Arithmetic Is expensive
— Not natively supported by LabVIEW FPGA
* Fixed point
— Customized precision

— Optimize the number of integer and fractional
bits of each mathematical operation

— Natively supported by LabVIEW FPGA
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e
Convert to Fixed Point

« Use the FXP datatype

e U

Digitized Samples (514.1)

[fF=el}

ni.com/nidays

52411 (T,W)

5161 (R3] Average (516.1)

se “Adapt to Source” if you have the
space and can meet timing

r
&3 Object Properties

Representation

FXP
Ap— Adapt to source

Fixed-Point Configuration

Rounding mode

Overflow mode
Round Half-Even Saturate
Enceding Range
Signed Minimum
Unsigned -1024.0000
Word length Maximum

1024.0000
Desired delta
2.8422E-14

[ QK ][ Cancel ][ Help ]
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Fixed Point Optimizations

« Shift instead of multiply/divide by
powers of two

Divide by 1024

22411 (T, W)
+
Average (516.1)

Digitized Samples (514.1)
[[F=ed

516.1 (R.5)

e

stead of divide by x

Multiply by 1/x In

Digitized Samples (514.1) 52411 (T,W)
ol +
— I [Multiply by 1/1000]
FAwverage (516.1)
ra

(=R w

eH-=—
m 1,/1000 (516.-8)
|0,0009999871 25306728515625
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Scheduling R

—
 How do you write the LabVIEW :
FPGA code?
— Qustide SCTL (Single-Cycle Timed Loop)
— Inside SCTL

 How much parallel hardware do you need?

* Driven by application timing and space
requirements
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First Scheduled Solution

|F\.cquire 1000 samples| |F\.ccumu|ate 1000 samples| |Di1.ride by 1ﬂﬂﬂ| |DMF\. average to Host|

52411 (T,W)

B DMA to Host 4B
516.1 (R.5) Write
3 Element

3 Timeout
Timed Qut?

INSTRUMENTS
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e
Process Data One Point at a Time

* Process the data the way it arrives
* Don’t buffer the data unless you have to

* If you have to buffer data

— Arrays are expensive
— Use Block RAM or Distributed RAM

b it
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Second Scheduled Solution

# of Points to Average

|Acquirea sample| |Accumu|ate samplel |D'i1.ride b].rlﬂﬂﬂ| |DMA average to Host|

(l
[I® 2% 10 Module\Al 05 ® w4 DMA to Host i ™
5161 (R.5) Write

e T::, B Element
E—r Tirnecut

Timed CQut?

INSTRUMENTS
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Outside SCTL D
i] |

= Similar to desktop LabVIEW programming
— For/While loops
— More LabVIEW functions are supported (divide)

. Automatically pipelined to meet FPGA clock
frequency constraints

@ Application timing is abstracted away

— Tough to determine if design meets application timing
requirements
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e
Second Scheduled Solution

# of Points to Average

|Acquirea sample| |Accumu|ate samplel |D'i1.ride b].rlﬂﬂﬂ| |DMA average to Host|

i—ﬁm ' 514.1 524.11 (T, W)
"o 10 Npdule\AT 0S| 4 o ™ ud DMA to Host 41 ®

5161 (R.5) Write
[+l f EEment
» Timeout
Timed CQut? M

C = takes one or more clock cycles to execute
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A

Inside SCTL G""’S'Q
— o @

& Lower programming level
— Program FPGA on a cycle-by-cycle level
— No For/While loops
— Fewer LabVIEW functions are supported
* No native divide
& Manual pipelining to meet FPGA clock
frequency constraints

=.» Application timing is under your control
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Third Scheduled Solution

L AT Clock [

|Accumu|ate sample| Divide by 1000 |DMA average to Host|

M True "t

. ®ug DMA to Host i "
B 10 Modulel AT0S o Write

I> Element

Timeout
Timed Out?

]

# of Points =
to Average l:l>
|1CICIUI +

[

INSTRUMENTS
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Solution Summary

Implementation Throughput BRAMSs
Flops

First Solution — Array, Outside <100 kS/s 54% 30% 0% 2%
SCTL

Second Solution — Outside <10 MS/s 7% 7% 0% 2%
SCTL
Third Solution — Inside SCTL 100 MS/s % 7% 0% 2% of

¢ NATIONAL
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Integrating VHDL or Verilog Code

Feature IP Integration Node CLIP Node

Synthesis file formats .vhd, .ngc, .xco .vhd, .ngc, .ucf
Auto-Simulation on

Development Computer @ @
Supported LabVIEW Boolean, !300Iear_1 array, Boolean, Integer, Fixed-point
data type Integer, Fixed-point

Execution model Inline Parallel

Place of declaration Declared locally in an FPGA  Declared in a LabVIEW
and behavior VI project; acts as a global
Supported execution Inside SCTL Only Inside and outside SCTL
modes

Support for multiple Two Clocks: Integer Maximum number of clocks
clock domains Multiples defined by FPGA

Clocks From IP @ @
Constraints and 1/0 @ @

INSTRUMENTS
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LabVIEW FPGA Design Flow

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

Does not meet timing or size requirements

Design
behavioral

Implement
FPGA code

»

mMCc,
+ Establish functional * Re-use *On the host « Compile the FPGA « Simulated data at
requirements + LabVIEW built-in computer speed
« Establish « Xjlinx CORE K * Real-world 1/0
perfqrmanc;e Generator *Simulated or
requirements * IPNet/NI Labs i -
« Throughput / . Create prb?V!Ouzhé t
. ﬁpee.d. « LabVIEW obtained data
. recision « Convert to FXP «Catches
ncorporate target « Schedule code ) .
knowledge - Outside SCTL implementation
» Use high level side < errors before
LabVIEW functions * Inside S_CTL > DE
and toolkits * VHDL/Verilog compilation
L J L J L J L J
Simulation does not fur
correctly or meet perforr

Cannot realize behavioral model

INSTRUMENTS
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e
Simulation

« FPGA compiles are long
— 30 minutes to 30 hours

* Debugging in the FPGA is difficult

« Simulate all FPGA VIs on the host
computer If possible

ni.com/nidays ‘7NATIONAL
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Testbench

 Compare behavior model to DUT
— Doesn’t have to test timing

* Use it to test all LabVIEW FPGA
permutations

— Regression test
 Pass or Fall
 Several focused tests
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Simulation Results

-
43 Average 1000 Points - SCTL (FPGA).vi Block Diagram on LV FPGA Best Practices.lvproj/FPGA Target

File Edit View Project Operate Tools Window Help

_

Y

# of Points =
to Average EIII
|1000I
(| gl

LV FPGA Best Practices.lvproj/FPGA Target «

I

53
(B ] &[] [G]%5] el -+ [t Appvction Fore =] [fo [~ | 69 |8 = N
A0 Cock [
ivide by 1000} e
M True Vt
] 963 " s DMA to Host Jli: °
G oL Write
Element
52411 (T.W) _—I> b Timeout
E— Timed Out? K

m
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Simulation Results

[ 43 Average 1000 Points - SCTL (FPGA).vi Block Diagram on LV FPGA Best Practices.lvproj/FPGA Target E@g1
File Edit View Project Operate Tools Window Help Frerase
|'1> |{§}| OIEI |L>|:||'E' . | 15pt Application Font |+ ||E,;.v i | |@v ||1%| o] Search Y ” @! se
$AI0 Clock 3 Average 1000 Points - SCTL (Testbench).vi Block Diagram on LV FPGA Best Practices.lvproj/My Computer * = = = |
t | Eile Edit View Project Operate Tools Window Help Avorazs
r G)i"/ m@l O@ |bu|lﬁ’ . | 15pt Application Font |+ ||E,;.v i | |®v ||1%| o] Search Y ” "@“ sl
Create the test data Quantize the Average every 1000 samples §
test data to with Behavior Model
514.1
— )

Ta
14

Raw ADC Data

FDBL]

|Open the FPGA Referencel DMA the data to the host |Close the FPGA Reference|
Auerage
Aoan

SOTL

m

I i [
rﬂ DMA to Host.Read

Compare and graph the results
FPGA Target Iﬁ—r Number of Elements | E grap |
100000} Timeout (ms) Averaged Data
LV EPGA Best P Dev Computer wy' Sim /0 Data ¥ N (= ineL]

Elements Remaining ¥
L

FFGA

Mazx Error

¥OBL]
Fail

# of fractional bits

Error Thresheld (S16.1 precision)

L ey

LV FPGA Best Practices.lvproj/My Computer <
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e
Simulation Results

43 Average 1000 Points - SCTL (FPGA).vi Block Diagram on LV FPGA Best Practices.lvproj/FPGA Target =RICN X
File Edit View Project Operate Tools Window Help |.=..m
A0
o> {2 OIEI|L>;||IE’ . |15ptAppIicati0n Font |« ||E;,—_|' i | |@‘9‘ ||1>’ﬁ| *| Search 4 ”@! Fris
$AI0 Clock 3 Average 1000 Points - SCTL (Testbench).vi Block Diagram on LV FPGA Best Practices.lvproj/My Computer * = B %
t | File Edit View Project Operate Tools Window Help | ,,,,, "
v G:l-m — = 000
o {2 O@.|hu|lﬁ’ . |15ptAppIication Font |+ ||E,,—_|v o~ | |@‘Bv ||1”ﬂ| ¥| Search 4, || P !l i
-
=E™

[Create the te i3 Average 1000 Points - SCTL (Testbench)wi Front Panel on LV FPGA Best Practices.lvproj/My Computer *

Eile Edit View Project Operate Teols Window Help [T M[averass
samples —Hm
30000 [ ||:,'> |{§}| OIE' | 15pt Application Font |« || e ||gv ||@9v | | Search 'y | HITH
amplitude teriten A
0.5

frequency Behavior Model m

I8BES Averaged Data puT -

Raw 4DC Data

0.6- 06-

Open the FPGA Ref 0.4-
s u 0.2- u

oo = R

SCTL 3 =2

FRGA ] 0- £
FPGA Target 2 £

< 0.2~ = =
[VEPGA Bt P Dev Computer wy S
. -0.4-]
06— [ I I I I I
0 5000 10000 15000 20000 25000 30000
Time
Error Threshold (516.1 precision) Max Error Fail

LV FPGA Best Practice 0.0000305 0.0000302

ni 'Com/nldays LV FPGA Best Practices.lvproj/My Computer| <




LabVIEW FPGA Design Flow

Design

behavioral

« Establish functional
requirements

« Establish
performance
requirements
* Throughput /

Speed

« Precision

* Incorporate target
knowledge

« Use high level
LabVIEW functions
and toolkits

ni.com/nidays

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

Does not meet timing or size requirements

Implement
FPGA code

* Re-use * On the host .Complle the * Simulated data at
« LabVIEW built-in computer FPGA speed
« Xilinx CORE * Simulated or * Real-world 1/0
Generator previously-obtained
- IPNet/NI Labs data
« Create « Catches

implementation

* LabVIEW errors before
« Convert to FXP compilation
* Schedule code

* Outside SCTL
* Inside SCTL

* VHDL/Verilog

Simulation does not function
correctly or meet performance
requirements

Cannot realize behavioral model
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Compilation Results

-
i3 o mpilation Status

SEI)

Build Specifications

@ Simple Al Compile Test (LY FPGA Best Practice:
@ Average 1000 Points - Array (FPGA) (LV FPGA B
0 Average 1000 Points - Non-5CTL (FPGA) (LV FP

(/] Average 1000 Points - SCTL (FPGA) (LV FPGA B|

@ Average 1000 Points - Timing Failure (FPGA) (L

Fs

Status End time
Complete 6:36:37 PM
Reports

Summary lz‘

Compilation completed successfully.

»

Device Utilization
Total Slices: 15.3% (2259 out of 14720)
Slice Registers: 6.8% (4002 out of 58880)
Slice LUTs: 6.7% (3952 out of 58880)
DSP48s: 0.0% (0 out of 640)
Block RAMs: 2.0% (5 out of 244

Resources

Timi

40 MHz Onboard Clock: 40.00 MHz (187.83 MHz maximum)
200 MHz Clock: 200,00 MHz (277.70 MHz maximum)
T5_DacClk: 100.00 MHz (155,62 MHz maximum)

T5_BusClike: 125.00 MHz (125.94 MHz maximum)
T5_SlowBusClk: 33.33 MHz (138.56 MHz maximum)
T5_DramClkDiv100: 100.00 MHz (450.25 MHz maximum)

TS5 IoRxCleck: 250,00 MHz (333,33 MHz maximum)
T5_ClockGenXilingV5x_TxDem_TxHighSpeedClkDem: MHz (296.21 MHz maximum)
T5_ClockGenXilinkV3x_RxDcm_RxHighSpeedClkDem: MHz (450.25 MHz maxi
lockGenXilinxV5x_RxDem_RxlowSpeedClkDem: MHz (157.65 MH

m

Start Time: 6:12:05 PM
End Time: A-2A-27 DhA

@ The compilation completed successfully.

[ Close | W ] ’ Help ]
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ompilation Results

-
{g Compilation Status

mﬁlg

Build Specifications & | Status
€ Simple Al Compile Test (LV FPGA Best Practice:
@ Average 1000 Points - Array (FPGA) (LV FPGA B

ﬂ Average 1000 Points - Non-5CTL (FPGA) (LV FP

Timing error

Reports

End time
8:04:05 PM

5 Average 1000 P':'”ts - ST (FPGJ (LVFPGAB Final timing (place and route) IE‘ [ Investigate Timing Viclaticn... ]
] Aversge 1000 Points - Timing Faiure (FPGA) (L
Clocks Requested (MHz) Maximum (MHz) -
40 MHz Onboard Clock 40.00 193.05
200 MHz Clock 200.00 22467
TSoaccle | dom] @] | |
T5_BusClk 125.00 12544
T5_SlowBusClk 33.33 137.80
T5_DramClkDiv100 100.00 450.25
T5_ IoRxClock 250.00 333.33
TS_ClockGenXilingVax_TxDem_TxHighSpeedClkDy 275.86
TS_ClockGenXilin:Vox_RxDem_RxHighSpeedClkDy 450.25
T5_ClockGenXilinx:V5x_RxDom_RxlowSpeedClkDe 181.79

e Atiming error occurred,

| Close [+ ]|

)

Help

ni.com/nidays
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FPGA Design is too Large

* Review your algorithm choice
* Resource balancing
 Bit-width pruning
— Customize or reduce FXP bit widths

* Move functionality to host computer
— Division in our design problem

‘7 NATIONAL
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FPGA Design is too Large

T

* Time multiplexing

 Stream the data to another LabVIEW
FPGA device

* Buy a card with a bigger FPGA

‘7 NATIONAL
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FPGA Design is too Slow

* |dentify failing paths

(e >

i IEI '
{3 compilation Status lil_lg
Build Specifications « | Status End time
@ Simple Al Compile Test (LV FPGA Best Practice: Timing error 8:04:05 PM
@ Average 1000 Points - Array (FPGA) (LV FPGA B
o Average 1000 Points - Nen-SCTL (FPGA) (LV FP Reports
o HAwerage 1000 Ponts- ST (FPG) (LV FPGLA B Final timing (place and route) lz‘ [InvestigateT\mingViolation‘.. ]
0 Average 1000 Points - Timing Failure (FPGA) (L]
Clocks Requested (MHz) Maximum (MHz) -
40 MHz Onbeard Clock 40.00 193.05
200 MHz Clock 200,00 22467
5 DacCle T e | s
T5_BusClk 125.00 12544
T5_SlowBusCll 3333 137.80
T5_DramClkDin00 100.00 450.25
TS _IoRxClock 250.00 33333
T5_ClockGenXilin:5x_TxDem_TxHighSpeedClikDe 275.86
T5_ClockGenXilin:5x_RxDem_RxHighSpeedCliDe 450.25
T5_CleckGenXilinx5x_RxDem_RxlowSpeedClkDe 181.79
6 A timing error occurred.
[ Close |w I [ Help
\

ni.com/nidays
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FPGA Design is too Slow

* |dentify failing paths

ni.com/nidays

- = .
{3 Timing Violation Analysis (Average 1000 Points - Timing Failure (FPGA)vi on LV FPGA Best Practices vproj/FPG... 11 0 S

Timing Information

Paths Total Logic Routing  Max -
Delay  Delay  Delay Fanout F
= Path1:Requirement 10.00ns missed by 19.46ns 2933 1695 1238 16
E 2933 1695 1238 16
Feedback Mode 066 066 0.00
Multiphy 446 365 081 1
Feedback Node 254 019 275 4
Multiphy 718 478 240 15
Multiphy 537 374 163 1
Feedback Node 167 008 158 16 E
Multiphy 537 374 163 1
Feedback Node 167 010 157 16
= Path 2 : Requirement 10.00ns missed by 19.46ns 2033 1780 1143 16
= Timed Loop 2933 1780 1143 16
Feedback Node 0566 0566 0.00
Multiphy 446 365 081 1
Feedback Node 285 003 275 4
Multiphy 718 478 240 15
Multiphy 698 488 211 16 [
Multiphy 553 374 178 1
Feedback Node 167 010 157 16
= Path 3 : Requirement 10.00ns missed by 19.63ns 29.50 1792 1157 16
= Timed Loop 2950 1792 1157 16
Feedback Node 066 066 0.00
Multiphy 446 365 081 1
Feedback Node 254 019 275 4
Multiphy 718 478 240 15
Multiphy 537 374 163 1
Ecedharl Made 1/7 nna 158 1A S
Close ] [Show Element] [ Show Path I [ Help

‘7 NATIONAL
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FPGA Design is too Slow

* |dentify failing paths

% ALO Clock [+
- L]
ticks
e (T [ -
- [Acquire a Sample|
5161
_ 5141 .4 DMA to Host 41k
B 10 Module\AL0S Write
_[’D_BJ—P;, » Element
Mult(D) " Timeout
[FZF K Timed Out? ! |
Mult(1)
[FZF K —
Mult(2)
=T —
Mult(3)
[FxF b —
[

ni.com/nidays
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Fixing Timing Failures

« Can the logic run at a slower clock rate?
— Divider in our design problem

* Pipeline the failing paths

 If you are close, compile again with a random
seed

ni.com/nidays yNATIONAL
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Pipelined Solution

|¥5AICI Clock v|

ticks
b G [0
o Acquire a Sample

LE

B 10 Module\ AT 0 ’ : B DMA to Host 4ik ©
Write
> Element
> Timeout
Timed Qut?

- - NATIONAL
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Pipelined Solution

ni.com/nidays

4 )
i3 compilation Status E‘E‘g

Build Specifications Status End time

@ Simple Al Compile Test (LV FPGA Best Practice: Complete 9:46:26 PM

@ Average 1000 Points - Array (FPGA) (LV FPGA B

& Average 1000 Points - Mon-SCTL (FPGA) (LV FP Reports

o Average 1000 Points - SCTL (FPGA) (LV FPGAE Final timing (place and route) lz‘

©) Average 1000 Points - Timing Failure (FPGA) (L

[#] Average 1000 Points - Timing Failure Pipelined Clocks Requested (MHz) Maximum (MHz)
40 MHz Onboard Clock 40.00 201.94
200 MHz Clock 200.00 285.96

(75 Daccle T g g T s s T

T5_BusClk 125.00 12615
T5_SlowBusClk 3333 115.01
T5_DramClkDiv100 100.00 450.25
T5 IeRxClock 250,00 33333
TS_ClockGenXilinxV5x_TxDem_TxHighSpeedClkDy 20603
TS_ClockGenXilinxV5x_RxDem_RxHighSpeedClkDe 450.25
TS_ClockGenXilinxV5:_RxDem_RxLowSpeedClkDc 176.21

a The compilation completed successfully.

l Close |V” Help
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LabVIEW FPGA Design Flow

Design
behavioral

mc,

« Establish functional
requirements

« Establish
performance
requirements
* Throughput /

Speed

« Precision

* Incorporate target
knowledge

« Use high level
LabVIEW functions
and toolkits

ni.com/nidays

Implement
FPGA code

* Re-use
* LabVIEW built-in
« Xilinx CORE
Generator
* IPNet/NI Labs
 Create
* LabVIEW
« Convert to FXP
* Schedule code
* Qutside SCTL
«Inside SCTL
* VHDL/Verilog

\.

»

J

Does not meet timing or size requirements

* On the host
computer

* Simulated or
previously-obtained
data

« Catches
implementation
errors before
compilation

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

)

Simulation does not function
correctly or meet performance

Cannot realize behavioral model

» Compile the FPGA

»

*Simulated data
at speed

*Real-world I/O

¢ NATIONAL
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-
Host interface timing

* Host interface timing is much slower than the

FPGA

— Microseconds or milliseconds rather than
nanoseconds

— Not reflected in LabVIEW simulation on the host
computer

« Detect rising edges in the FPGA on strobe
signals from the host computer

— Write enable sighal to memory

« Latch error events in the FPGA and read
occasionally on the host computer
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Real-World Results
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Real-World Results
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LabVIEW FPGA Design Flow

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

Does not meet timing or size requirements

Design

behavioral
MCemm

« Establish functional
requirements

« Establish
performance
requirements
* Throughput /

Speed

« Precision

* Incorporate target
knowledge

« Use high level
LabVIEW functions
and toolkits

Implement
FPGA code

* Re-use
* LabVIEW built-in
« Xilinx CORE
Generator
* IPNet/NI Labs
 Create
* LabVIEW
« Convert to FXP
* Schedule code
* Qutside SCTL
«Inside SCTL
* VHDL/Verilog

\.

»

J

* On the host
computer

* Simulated or
previously-obtained
data

« Catches
implementation
errors before
compilation

)

» Compile the FPGA

* Simulated data at
speed
* Real-world 1/0

Simulation does not function
correctly or meet performance

Cannot realize behavioral model
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Thank You
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Questions?
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