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Dataflow programming

« With a dataflow model, nodes on a block diagram are
connected to one another to express the logical execution flow

 When a block diagram node receives all required inputs, it
produces output data and passes that data to the next
node in the dataflow path. The movement of data through the

nodes determines the execution order of the functions on the
block diagram
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Dataflow Programming

Which VI(s) will execute first? Which VI will execute last?
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LabVIEW Graphical Programming —

Dataflow
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How LabVIEW Implements Multithreading

« Parallel code paths on a block diagram can execute in
unique threads

« LabVIEW automatically divides each application into multiple
execution threads (originally introduced in 1998 with LabVIEW

5.0)
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LabVIEW Example — Two separat
threads
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Two separate tasks that are not dependent on one another
for data will run in parallel (two threads) without the need
for any additional program code.
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How LabVIEW Implements Multithreading

2 3
thread

:> :> thread

thread
thread

1. LabVIEW compiler analyzes diagram and
assigns code pieces to “clumps”

2. Information about which pieces of code can run # of threads scales

h di based
together are stored in a run queue on # of CPUs
3. If block diagram contains enough parallelism, it will

simultaneously execute in all system threads

CPU Core Task A
CPU Core Task C Task E

CPU Core Task B
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Basic LabVIEW code architecture

‘Shutdown code goes here
¢ Close files ,
* Turn off or clear /O

Shut-
'3 A : . down
luan =] ned SR S m‘mm error

Interval

Inxttahzaticn code goes here Main loop does

; °Open flles
. !mtlahze Vo v
e Manage confnguratlon nte.

Figure 3.25 Dataflow instead of Sequence structure enhances readability. It has the same func
tionality as Figure 3.24. Note that the connections between tasks (subVIs) are not optional: they
force the order of execution.
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SubVis

A LabVIEW program is called a Virtual Instrument (V1)
« AsubVlis a VIl used in a block diagram of another VI

 SubVIs makes the code more readable, scalable,
and maintainable
Add SubVI:

« How to create sub ViIs: oo Qseat]

Prograrnming

— Create an Icon with 1/0O connections for the VI Measurement 1jo
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Property Nodes

« Used to manipulate the appearance and behavior of the user

interface (Front Panel controls and indicators)

« Limit the number of property nodes due to performance

degradation

« Right click the control/indicator to create
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Type conversion

« LabVIEW will convert data types as it sees appropriate

Coercion dot (means that
a type conversion is done)

Integer

10 Jhd
> . pOEIL

Floating point

» Avoiding coercions (represented by a red dot) can
speed up the application

« To select/change representation, right click the numeric on the block
diagram and select Representation

* Right clicking the I/O of a block diagram icon and select create will
create the proper data type

Yisible Ttems » file path (use dialog)
Help |

Examples |'|I1| El
Description and Tip...
Breakpoint

File I/ Palette
Create
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Arrays

« Can be multidimensional.
« Must have the same data type for each element

Simple method to create an array:

G
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X1 Programming

Used to group related data
— Reduce the number of terminals (1/0) required on a SubVI
— Minimize the number of wires on the diagram

Clusters

The elements can be of different data types
Can not contain a mixture of controls and indicators
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Local variables: Right-click:

. Select Item 3 Run
Local & Global variables o
Qs =

Measurement Ij0

' =] Programming
Instrument IfC

* Minimize the use (especially i L
global variables) i O = @
) P juff El-.
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* shared YarisbleN\ Lacal Varishle  Global Yarishle
— When two or more events can EN
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to occur in a particular order I

— The data dependency (dataflow) in L
LabVIEW generally prevents race
conditions, but global variables
provides a way to violate the strict
dataflow

- Use gIObaI Varlables Only When no igure 3.1 “ citions are a hazard associated with all global

other gOOd OptionS! variables. The global gets written in two places. Which value will it
contain when it’s read?
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Case structure

Boolean
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Exvent Skructure

el

l

[

| —
Case Struckure \Event Struckure
Zanns

Event Structure

Flat Sequence  Stacked Sequ...

« To limit the CPU usage while waiting
for user interface events (mouse
clicks, key pressed etc.)
— Avoids polling!
« Detects all events!
« Do minimal processing inside event [
structures!
 How it works: s v
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................
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Ewent Specifiers

Event Source Event

— Operating system broadcasts
system events (mouse click,
keyboard, etc.) to applications

Registered events are captured by
event structure and executes
appropriate case
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Sequence structure

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

« Can be used to enforce the order of execution — e

« Use dataflow programming (data input dependence) to control
the dataflow!

Using the Sequence
structure rather than
dataflow. Effective, but
obscures the meaning
of the program.

@ refnum

Improper use of dataflow. Will the file
be closed before it has been read? You
have no way of knowing. Even if it does
work once, will it always work? Not a
good approach.

Similar to the above, but using artificial
data dependency to guarantee that the
file is closed after reading. Note that the
extra wire to the Sequence structure
doesn't really transfer any useful
information, it just ensures ordering.

Optimum use of dataflow programming.
Many Vls have a common thread, in this
case the file refnum and error 1/O cluster,
that can link things together without any
trickery.

Program like this! —s D

Figure3.2 Four ways to open, read, and close a file, using either Sequence or data-
{low programming methods. Example D is preferred.
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Shift registers

 Memory elements available in For Loops and While Loops

« Transfer values from completion of one loop iteration to the
beginning of the next

« [Initialize the shift registers (unless you want to create a
Functional Global)

Right-click the loop: Initialization!
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File I/O

File Types supported in LabVIEW

ASCII
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File I/O — Write binary file example

BinaryFile.dat

O e

—

Simple Errar Handler . vi

)

|“ open or reate "l—

wyrite-only

Byte Order [ litde-endian ‘FlJ

[

Open File Dialog to
select location and
name of file to
save.

Open new file and setit
for write. Also,
generate 1000 sample
data array that
represents a sine wawve

Write data to file, By default, data is
written in a 8-byte Litle Endian Format. To
change formats, convert the array of data
to another representation and change the
Byte Order enum.

Close file and
check for errors.
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Software Timing |

« The functions Wait Until Next ms Multiple, Wait (ms) and Tick Count

(ms) attempts to resolve milliseconds on a PC within the limitations of

the operating system (such as Windows) and the computer clock.

« If you need better resolution or accuracy (determinism) you have to use

another hardware solution.

Wait Until Next ms Multiple

Y L

millisecond multiple

Waits until the value of the millisecond timer becomes
a multiple of the specfied millisecond multiple.
Use this function to synchronize activities. You can
call this function in a loop to control the loop
execution rate. However, it is possible that the first
loop period might be short. Wiring a value of 0 to the
milliseconds multiple input forces the current
thread to vield contral of the CPU.

4= Timing

Tick Count (ms)  ‘Waik (mns)

=l

Get Date/Tim... Get Date/Tim...

(&) [l

Time Delay Elapsed Time

Tick Count {ms)

millisecond timer value

Returns the value of the
millisecond timer,

Wdalt Lintil Me. ..

Date)Time To...

IAH

+101
iﬂhmm

Format Datel...

Seconds To D...

To Time Stamp

£000
II L0700

Tirne Sktamp C...
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Software Timing Il

 To make a while loop run at nice regular intervals add the Wait
Until Next ms Multiple

— always use the Wait Until Next ms Multiple (or another timer) in a
loop to avoid using unnecessary CPU power.

— without any “wait” a while loop will run as fast as possible ...

 Two loops can be software synchronized using the Wait Until
Next ms Multiple in both loops.

» To prioritize execution of different parallel loops use Wait
functions to slow down lower priority loops in the application.

50 Hz loop rate 50 Hz loop rate
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Software Timing Il

* |If you use software timer functions to control a loop, then you
can expect differences in the time interval between each
iteration (jitter) of the loop, depending on what other processes
are running on the computer at that instant.

— If you have several windows open at the same time and you are
switching between different windows during your data acquisition,
then you can expect a lot of overhead on the Central Processing
Unit (CPU), which might slow down the loop that is performing the
data acquisition.

— In DAQ applications you should use hardware timing instead of
software timing, if possible.
A I jitter
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Error handling example

* Propagate the error cluster
through every SubVI

Simple Error
Al Clear.vi Handler.vi

.” ] I
waveform data : CLE_? —_I—EE—OE
g ] ) m\w\m b | uﬁ

Error I/O cluster

Al Config.vi Al Start.vi DA TRRIIRNR

Al
CONFIG

Unbundle By Name n
- : stop on error

: mmmssnmemssss® s true or an error occurs
Figure 3.3 A cluster containing error information is passed through all the
important subVIs in this program that use the DAQ library. The While Loop
stops if an error is detected, and the user ultimately sees the source of the
error displayed by the Simple Error Handler VI. Note the clean appearance of
this style of programming.

Loop runs until STOP switch

Report errors using

dialog/and or log files

\

Loop terminates if an
error occur
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Loop initialization

* Important to preset the controls to a correct initial value at startup
of the program

« A sequence structure can be used, see illustration below
— If a state machine is implemented initialization states are used.

Make sure the front panel
control, Valve, is turned off
at startup.

et SN
OO0 00
¢ ot Rk R

B i

device {4

" pIG | Write to
digital\channel %4 0 [ LINE | Digital

1] —+ : :
iine E)]—T = _—| Line.vi

S

Local WRITE
variable '

igure 3.14 Local variables are’a convenient way to initialize front
panes.controls. The Sequencé structure guarantees that the initial-
ization 1Scempleted before the While Loop starts.
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Parallel loops — simplest case

« Sometimes no data need to be exchanged between loops

(independent loops)

— e.g. different sensor signals to be logged at two different rates

« Parallel loops can be stopped

using local variables \

Master loop

Chart 1

f E

itch
On/Off Switc Turn off the switch

after stopping loops
Local WRITE variable

Slave loop

BEL]| chart2

NOR function: output
is False when either
input is True.

Local READ
On/Off S

Figure 3.15 This example shows how to use local vari-
nbles to stop a parallel While Loop. The switch is pro-
prammatically reset because latching modes are not
permitted for boolean controls that are also accessed
by local variables.
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Design Patterns for loop communication

« Master-Slave pattern
* Client — Server pattern
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Loop Communication mechanisms

e Variables Ssynchronization
. Occurrences 1 | Quseorch | & vew- |
* Notifier L - b
R
e Queues
Mokifier Oper... \Queus Opera... Semaphare
f b
« Semaphores G - ®
i
« Rendezvous
Rendezvous CICCUFrEnCEs First Call?
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Queues

« Used for synchronization and data transfer between loops

« Data are stored in a FIFO buffer, and the useful queue depth is limited
(only) by the computer's RAM

— No data are lost
 Aread (dequeue) from the queue is destructive

— Data can only be read by one consumer loop (without a new enqueue)
» Different queues must have unique names!

Adding Elements to the Queue

Main Queus

Queue Operations |:|

.................................................... = 1 I C{,Search l o Mg * l = |
E 10 I"Message 1"| |:|_;.|:|.:|.:|
/ : 5 E.
Select the data Obkain Queus Engueue Element T i)
type the gueue will hold Obkain Queus  Engueue Ele...
=. ?
I, -Im
Reference to existing queue in memory Preview Que... Get Queue St...
- Dequeueing Elements
q g . Release Queue  Engueue Ele,..
............................ Message Display = &
- # e 1] [0 =
Dequews Ele,..  Flush Queus
Obtain Queue Dequeue Elernent

\

Dequeue will wait for data or time-out
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Design patterns (templates)

13 New

EX]

Create Mew

=l R!

[l Blank vI

=I5y DAG

BT

gﬂ Polymorphic W1
=5y From Template

'@ Drata Acquisition with MI-DAQM:x, vi
=5y Framewarks
=Ty Design Patterns
'@ MasterSlave Design Pattern
=

Producer/Consumer Design Pattern (Daka)

il

Producer/iConsumer Design Pattern (Events)

S0 PDA

'@ Queued Message Handler
'@ Standard State Machine
'@ User Interface Event Handler
'@ Dialog (Base Package)
'@ Dialog Using Events
'@ Single Loop Application
'@ SubyT with Error Handling
'@ Top Level Application Using Events
=HTy Instrument I/O (GPIE)
%) Read and Display

Descripkion
I
| = mrererareree— |
= S |
[ -, ﬁ . I ome-e- = .-.-I:g
.

“E‘-II
iz

o =

Ilse this template ko build a producerjconsumer desian
pattern with events to produce queue ikems, Use this
design pattern instead of the User Interface Event
Handler patkern for user interfaces when you wank ko
execute code asynchronously in response to an event
without slowing the user inkerface responsiveness.,

< 2]
[]add to project

(0] 4 l[ Zancel ][ Help

http://zone.ni.com/devzone/cda/tut/p/id/7605
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Producer — consumer

* Queues are used for loop communications in multi-loop programs,
to execute code in parallel and at different rates

 The queues buffer data in a FIFO structure in PC RAM

|This template is For the ProducerfConsumer design pattern, |

Software timing - the
producer loop will run every
125 ms (8 Hz)

[This loop is the producer loap. |

Compute conditions ko decide
whether data is queued.

Releasing the queue
stops the consumer
loopis),

i T~

Generate the daka here,

data {can be any typel L .
i - element [ - X
g _; dun| : Ik
skop
-]

[This loap is & consumer loop. |

E Mo Error 't

This is where vou process the data obkained
from the queue,
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State machines - background

> > —> Static Sequence

Known order of execution

@ ﬂﬁﬁ ) Jll Dynamic Sequence

Distinct states can operate

— in a programmatically
u ﬁﬁ U determined sequence
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State machine design

1. Draw the state diagram

2. Translate the state diagram into LabVIEW code

[ Start v

Time to Wait

S

"Acquire” b

Anghyzer
o Acqure ] |

i
;
>Time Elapsed?>

o~
N
%
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Standard State machines in LabVIEW

» Case structure inside of a While loop
 Each case is a state
« Current state has decision-making code that determines next state

« Use enumerated constants (called typedefs) to pass value of next state to
shift registers

125

Edit/add/Remove states: W[ Tritiaizs", Defadt VP

This template is for the Standard State Machine design pattern,

Change to Control

Beginnin  Change to Indicator Each frame of this case structure executes cade For its state and
4 Initiali  Find » This shift computes what skate to transition bo next,
:ogfatse{he States are represented as walues of an enumeration, These enumerations are instances

of a type definition so that states can be quickly added. To edit the
bvpe definition, right click on an enumeration and select Open Type Def.

J/ Auto-Update from Type Def, current

Open Type Def. HEE
Eeginning State\

Disconnect from Type Def,
Mext State

T 5

Initialize Visible Ttems 3

Change to Indicator
Description and Tip...

Replace
Data Operations
Advanced

v v owrw

Representation
Display Format. ..

Select Item »
Add Item After

Add Item Before
Remove Item

Edit Items...

isabl
Disable Ttem m W"

Properties =
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MathScript

« Adds math-oriented, textual
programming to the LabVIEW
graphical development
environment

« General compatibility with
widely used .m file script
syntax (not all Matlab functions
are supported)

« Reuse Matlab .m files

* Very useful for algorithm
development

— compact code for matrix
operations etc

« Avalilable also for RT-targets

Figure 11. MathScript Node Places Your Custom .m File Code Inline with Graphical G Code

—vib_Y| 6 Limit_Low(ii) = -5.0;

i3 plot 1 =&

Eile Items Tools Help

Ye\ibration Analysis
timerstart;

S i=1:1:1000
Lirmit_High(i) =5.0;

Vib X c
L= I
|

end

0 Vib_total = sqrt(Vib_XCAZ + Vib_Y.A2);
10 limit = Vib_total > Limit_High;

12 fft_x = fitdib_X);
13 fft_x = fit_x{Liend/2);
fft_y = fitdMib_¥);

16 fft_y = fit_y(liend/2);
17 fft_total(1,:) = abs(fft_x);
8 fft_total(2,)) = abs(fft_y);

timer = timerstop;
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Extra

Connectivity — Using DLLs in LabVIEW

« Call Library Function
— Touse DLLs in LabVIEW
— Almost any compiler can generate a DLL

] Connectivity

I]] 2

Libraries & Ex.

xecukables
oA @'l

5] Libraties & Executables

Swstem Exec.wi

Database

Internet

78
eb Services
>

i g

indows Req...

e o]

Yisible Items
Help
Examples

Description and Tip. ..

Breakpoint

Libraries & Executables Palette B

Create 4
Replace 2
Marne Farmak 4

Configure. ..

Create .c File...

Properties

B Call Library Function

Function | Parameters

Library name ar path

pathin

path out

il

errar in (no error) =

param 1 —

—li-errnr ok

return walle

—

param 2 J

pararm 1 output
— param 2 oukpuk

Calbacks

Errar Checking

CAWINDOW S system32ikernel32 . dil

[ specify path on diagram

Function name
GetZomputerMames

Function prokaokype
void GetComputerMameslvoid );

Thread

() Runiin UI thread

Calling convention

() stdcall (WINAPT)

[ #)E

[ Ok l[ Cancel ]’ Help ]




UiO ¢ University of Oslo

Visualization

« Displaying data can require
considerable computer
resources

* Improving display performance:

— using smaller graphs and
images

— display fewer data points (down
sampling)

— less frequent display updates
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Building an application ...

« Chose a design architecture
(design pattern)
« Start with a paper design ....
— draw block diagrams
— draw flow charts/state
diagrams
« Prototype the user interface

— helps defining necessary
controls and indicators

« Divide-and-conqure
— break the problem(s) into
manageable blocks

— make SubVIs for each
function

— put the entire design
together

-

\
Ssiad ST

Figire 0.9 Sk_etch for the main VI used in VBL. Not very
#itallod at this point, but it sure gets the point across.




