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LabVIEW Templates and Sample Projects

13 Create Project I. 5] &J

Choose a starting point for the project:

All Blank Project Templzies -
Templates _1 Creates a blank project. ‘
Desktop

Robotics Blank V1 Templates [ \

e e | M) Creates ablankw.  Recommended starting points for

CompactRIO
Real Time Simple State Machine 7or common LabVIEW applications

% Facilitates defining the exe

Queued Message Handler| ¢ Clearly |nd|Ca‘teS Where tO add or

>0 Facilitates multiple sectior
Information . .

change functionality

Actor Framework Templaid

Creates an application tha

This template makes exter

., Amemeasiement | © SHOWS best practices for code design,
...... i Acquires a finite measure

projectis based on the Si documentation, and organization

Continuous Measurement
elj Acquires measurements d
nnnnnn I']

Queued Message Handler

L S— Adql custom templates and sample
.._,_, Implements an evaporativg pl’OjeCtS

sample projectis based o

Continuous Measurement& j

T ) Implements a continuous data acquistion application Using HI-E) AL More Information

Finite Meacnremeant (MI_NAOMYY Samnle Drnisnts

Finish ] [ Cancel ] [ Help
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New Framework for Multi-Process Systems

The Actor Framework designed |'""“{:le;;”:“‘”:|% = [=]
. Eearc ustomize™

for large multi-process , ,

. . 2 » {3 Actor Framewaork Message Maker @
applications Fib) .

Launch Actoer Message Qu.| F::::;::IE::::Y: [=]
| | d h | h f 1 -] ] .IEEI Actor classes and their methods:
ncluaes utility Tor generating + i Controllerivclass
messages and invoking actor Send Normal...Send Emerge, | | & % i
o= |

m et h Od S wﬁ. &gi% E‘:::zt;e:;el\ﬂnila\;ill:‘:r;ent.lvclass

Read Actor Read Caller-., Read Compatible Hardware Types
Read Filter Error Limits
Read Freq Amp Array
/ - Read Mumber of Steps
Read XY Graph

For more Informatlon Write Filter Error Limits

Write Freq Amp Array I}
H Write Mumber of 5t
ni.com/actorframework Wite XY g+
[ Acquire]
Measure
Frequency Sweep

= Resistancelvclass
Read Compatible Hardware Types

Makes heavy use of object-oriented .
programming in order to eliminate e

duplication of code and improve e
system scalabllity ‘ ’
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Creating a Multi-Process System

Best Practices i )
1. ldentify data scope
2. Delegate actions to appropriate
Process
3. Do not poll or use timeouts*
*except for code that communicates with hardware . )

Considerations J\ /L

1. How do you send commands? :
2. How do you send data?

3. Which processes can
communicate with each other?

4. How do you update the Ul?

. J
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Anatomy of a Message Producer Process

Stop
Condition
Met?

A

Action or Event

Command

Inter-Process
Communication

P

Message comprised of a
command and optional data

Sends message to other process, program, or target
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Constructing a Message

Data Command
Variant allows Enumerated
data-type to vary. \ e —— / constants list all of
Different messages LS the options
may require different
data

Examples

Initialize Ul Cluster containing configuration

data

Populate Menu Array of strings to display in menu
Resize Display Array of integers [Width, Height]

Load Subpanel Reference of VI to Load
Insert Header String
Stop -
NATIONAL
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Queued Message Handler Process

After command is executed,
Case structure has a case for every command data cluster may be updated

\ FIRST STATE

................................................... g Data cluster for all RPNy AT PR
: states P

Defines the scope
of operations this
consumer can
handlle State Command
Specific C Condition
Data-type EX@CUthﬂ Met?
Definition
Queue
Reference

v

Dequeue
Action &
Data

Variant To Data

Next steps could enqueue new action for

any other loop, including this one
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Messages Correspond to the Case Selector

Message Cases
;:':""""""""""""""""""""""""";""";’;’;’;’;’;’;’;’;’;’;’;’ | " Update Settings”

Mew settings are available, update the current ones stor7
: |settings sent as part of the message

||51:a rt"

"---Copy This Frame---"
J "Update Settings"
Old Settings === "Bt

Mew Settings \ Default

a - U Queue

Acquisition Queue

These are the messages this consumer can handle
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Scaling Multiple Consumer Systems

Scenario Two: Multiple Instances of Same Process

=Sl ™

» |- ® |

Queue
References

™ ™

= | = |
Traditional Solution: Dynamically load VI or duplicate code
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Scaling Multiple Consumer Systems

Scenario One: Customize existing behavior

Measurement A Measurement B
. .

Messages Messages

» Configure « Configure

« Acquire « Acquire

 Measure  Measure

 Close  C(Close

o Exit o Exit

Traditional Solution: Maintain two separate copies
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Scaling Multiple Consumer Systems

Scenario Two: Add Additional Capability

Measurement A Measurement B
. .
Messages Messages
» Configure « Configure
« Acquire « Acquire
« Measure * DMepsure
 Close  Messure
e Exit « Eloske
o Exit

Traditional Solution: Maintain two separate copies
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Queues Exist for the Lifetime o

" the Creator

r Everyone
= STOP!
[+
™ ™ ™ ™ -
» |(F [ > [ [
Dyt
™ ™ ™
m |- 1 (- > (-
Dyt

When the creator of a queue leaves memory, the reference is destroyed.
Any items remaining in the buffer will not be read, including ‘Stop’

ni.com
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\What Is an Actor?

Address

[=]

Actor 0]Speed
Direction |
On?
— rnessage Toggle!
— data
(P
o P . P ., e
M| 00| 4 [o]

An actor Is conceptually the same as a queued message
handler (QMH) or queued state machine (QSM).
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Queue-Driven State Machine

0] Address m
m Speed *il "IToggle!” ‘+
|F] Direction |5 ) —
[F]On?
A | Address a
Message 'Toggle! J L Direction m|-r
dEtEl : 4 FanDrur
L H " bl : ?
:
e = 7 Gmde
_D:I:I_} mm[ﬂ] Hr-::-;ln-r
I!Errn:ur!
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Cluster and Node...

m Address m

*il "IToggle!” ‘+

| Acldress

Direction m|-r

FanDrur

L
.?

] Cmd 2
- Error

Handler

I!Errn:u r!
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... become Class and Method

(i

‘E Fan

Message 'Toggle!
data

-

i
vy
O e =
I+ | __|+00
ni.com

.............

I!Errn:u r!

Cmd 2

ror
Handler
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... become Class and Method

‘7 NATIONAL
’ INSTRUMENTS"

ni.com




Message and Case Structure. ..

MEessage
data
!
- 1
Cmd 2
? Errar
Handler
=
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... become Class and Dynamic Dispatch

S5age
= g Toq4le
= =
\l }
S — 2 ﬁ EJ-;-F
gl
aggle Msg |
F
7 e
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Methods of an Actor are run when a message Is received

W Controllerlvclass
W&" Controller.ctl
- [ Accessors
= [/ Dynamic Methods
@. Log Status Updatewi
@. Update Data.wvi
@. Launch Results ULwvi
- @, Initialize.vi
Hardware Scan.vi
Measurernent Donewvi

Start Measurement.vi

C
@. Measurements Scan.vi
C

Recerve Results Objectvi

Log Status Update

Update Data I

Launch Results Ul AI_I
Initialize

S Measurement Done

Hardware Scan _I_|

Measurement Scan
Start Measurement

Receive Results Object

Methods of an Actor define the messages it can consume

ni.com
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\What are the States of the Actor?

m—— | 0Q Status Update _l
Update Data

:. Controller.lvclass Launch Results Ul I
i ™ Controller.ctl o
i G Accessors Initialize
=- [/ Dynamic Methods Hardware Scan
@. Log Status Updatewi _— Measurement
@. Update Data.wvi
- @ Launch Results ULvi Measurement Scan
- @ Initialize.vi Start Measurement
- (@ Hardware Scan.i _ p— Receive Results Object
@. Measurement Donewvi - ]
@. Measurements Scan.wi R?CGJVG Req,u,eSt
- [@) Start Measurement.vi o " Receive Request for
@. Receive Results Object.vi e — .
—_ - Receive Request to Load
4& New Measurement from Disk
W Test Step Controller.lvclass o
. & Test Step Controller.ctl —
B[ Accessors -—
EI E:ll' Dynamic Methods -
b @, Receive Request for Compatible Hardware Types.vi
. [#) Receive Request for Hardware Device Mames.vi o

E. Receive Request to Load Mew Measurement from Diskovi -
il @l Receive Results Object.vi
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Launching Actors and Managing Queues

Actor.lvclass has two gueues In the private data
- Queue for sending messages to the calling actor
- Queue for receiving messages

These are stored in the actor’s private data when launched

Actor Framework.vlib:Actor.lvclass:Launch Actor.vi (4815)

Actor [11] ====d 3§ p==== 3] Caller-To-Actor Enqueuer
Actor-to-Caller Enqueuer [10] - iE
. s [(]] error out

errar in (no error) [8]

Actors that launch another actor should store the new
actor's queue In its own private data
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Understanding Actor Core.vi’

This I1s a queued message handler
Launching an Actor starts the ‘actor core.vi' method.

ni.com

-
i3 Actor Frameworkvlib:Actorvelass:iActor Corewi Block Diagram on Test Step.vproj/My Computer I

File Edit View Project Operate Tools Window Help

*| Search

& OElHuhﬁ' . |15pthpplicatinn Font |« ||E;.v oo | |%v |
1 E Mo Error "t

Actor usually just sits in this loop and processes messages as they arrive, Any error stops the
loop, with error code 43 as the cannonical signal to stop with no error sent to caller,
Descendants may override that in Handle Error.vi.

[ Mo Error =
error in / Send-To-Self Enqueuer =
=0 Ey Lo
= B j'fjm
Actorin

error out

m

Actor out

a i

| |
N
NOTE: Modifying this VI will change its behavior for all users of LabVIEW on this computer.
To prevent this issue, select File> >Save As and select Copy (Substitute copy for original) in the dialog box that
appears. This action creates a copy of the VI that you can modify without affecting other users,
Test Step.lvproj/My Computer < ]

3
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\VWhen Do You Need to Override Actor Core.vi’ ?

To maintain an additional loop within the Actor

To guarantee certain actions are performed before any
messages are handled

To create a unigue user interface for a specific Actor
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Actor Framework Template Demonstration
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Actor Framework Template Relationships

Class Inheritance Hierarchy

[ Actor lvclass ] Clags Inheritance Hierarchy
indicates that all three are

derived from Actor.lvclass

Task Tree

Project Actor launches
Alpha and Beta Actors
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Launch Alpha Actor AIpRaTACtor
Beta Actor
Launch Beta Actor
Log E Vi ' <}
°9 :/ent v Log Event Msg.lvclass
Event / 1 |jrEsss=sss==== 1
- Log Event.vi AlphaTask Msg.Ivclass
Timeout ./ Log Event Msg.lvclass I P J :
Log Event.vi Task.vi 4 ————————— !
I Log Event Msg.lvclass
. Event = Log Event.vi
Timeout Log Event Msg.lvclass
¢ AlphaTask Msg.lvclass Task.vi
Log Event.vi
Log Event Msg.lvclass
Task_vi Beta Task Msg.lvclass ¢
LogEventvi | I AlehaTack Men luslace
Log Event Msg.lvclass g | Alpha Task Msg.lvclass :
Log Event.vi 4 Task.vi 4 ————————— !
I Log Event Msg.lvclass
Event / .
. Log Event.vi
Timeout Log Event Msg.lvclass
q) Stop Msg.lvclass
Stop Core.vi
Stop Core.vi Stop Core.vi
P Stop Msg.lvclass Stop Msg.lvclass P



Log Event.vi

q Log Event Msg.lvclass

Log Event Msg.lvclass

Log Event.vi

Log Event.vi

Q Log Event Msg.lvclass

Log Event Msg.lvclass

Log Event.vi

g

Log Event.vi

.

Log Event Msg.lvclass

Log Event Msg.lvclass

Log Event.vi

Log Event.vi

q Log Event Msg.lvclass

Log Event Msg.lvclass

Log Event.vi

q> Stop Msg.lvclass

Stop Core.vi




Relationship between Messages and Actors

Messages call a method of an Actor File View
Messages encapsulate data for that 7 BB e
method in the private data control v e o i
" L d ACTOr. W
Messages are therefore coupled to Ay
that Actor, but not the children of ¥ s
1 d ACTOor. I
that Actor
Children may have unique messages, ~ Items Tree
but they are then coupled to those (=g
messages - W Alpha.lvclass

= [ & Beta Actor.lvib
i+ [ Messages for Beta
- i Betalvclass
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When Do you Need to Override Actor Core.vi ¢

To maintain an additional loop within the Actor

To guarantee certain actions are performed before any
messages are handled

To create a unigue user interface for a specific Actor

Do. Do. Do
- "

Message Handler Free Running Event Driven
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Actor core.vi of Operator Ul.lvclass
Operator User Interface Block Diagram

f §3 Measurement Task Manager [Operator ULlvclass:Actor Cor...] Block Diagram on Test Step.lvproj/My Computer E@Iﬂ‘
File Edit View Project Operate Tools Window Help |
IEI |'-0|:||IE' .5 | 15pt Application Font |~ ||E,,—_|' | |@' | |'| Search J\ | @

Write Ul Consumer Queued Message Handler

References.vi Actor Caorewi

..,H Actor Framework. —
i e . - error out
fle or Adva =Ts . 0
EHa[[1] "Run": Value Change -
Get Queue
For Sending
To Selfvi E

Send Run Measurement Messagewvi
Sz ||
E

Hewval Run[LTEH

Test Step.vproj/My Computer « m 3
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Example Actor Framework Application
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Measurement System Sample Project

Class hierarchy view

Measurement User Interface

AN AN
I I I I
Test Step Headless : : : :

y NATIONAL
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Test Step Task Tree

Task Tree

Controller Actor

User Interface Measurement
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—

[nitialize.vi

q Initialize Msg.lvclass

Launch Ul.vi

Q Launch Ul Msg.lvclass

Launch Ul Actor

HW Scan.lvclass D

Hardware
Scan.vi

Msmt Scan.lvclass D

Msmt
Scan.vi

User Interface

Initialize.vi

Disp Msmt.vi

Matching
HW.vi

Initialize Msg.lvclass D

Request HW Msg.lvclass

Available HW Msg.lvclass

Get HW
Info.vi

Display
Hardware.vi

Validate Selection.vi

L/

Check
Validty.vi

Msmt Selected

d} HW Selected




—

q Initialize Msg.lvclass

[nitialize.vi
| Q Launch Ul Msg.lvclass
Launch Ul.vi '
User Interface
| Launch Ul Actor
HW Scan.lvclass D Hardware |
Scan.vi Initialize.vi
' I
Msmt Scan.lvclass
D I\/Ismt_ D Disp Msmt.vi
Scan.vi
Msmt Selected
Initialize Msg.lvclass D Get HW
Info.vi
Matching Request HW Msg.lvclass |
HW.vi
Available HW Msg_lvclass Display
Hardware.vi
d} HW Selected
Validate Selection.vi Check

/] Validty.vi




' H Validty.vi ‘

Run Pressed

Send Run Rgst.Ivclass

Send Run
4 Request
Start Launch Msmt Msg.lvclass
Msmt.vi
Vleasurement
Launch Measurement
Checkout
. HW.vi
Initialize.vi
I Config Msmt Msg.lvclass
Configure.vi
I Acquire Msg.lvclass
Acquire.vi
Measure Msg.lvclass
Measure.vi
| Send Results Msg.lvclass Receive
, Results.vi Display
Close.vi . Results Vi
Stop Msmt Msg.lvclass Display Results Msg.lvclass esults.vi
Checkin
HW.vi




Measurement QSM

Configure I

Acquire I

Measure
. @ Measurement.lvclass Close I
- " Measurement.ctl

& [ Accessors

E} E:..l' Dynamic Methods
- [#) Configurewi

> & Acquire.wvi

- &) Measurewi

L L@ Closewi —
. |:..'f"" Protected Methods _—

We are going to override Acquire and Measure
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Checklist for Creating a Plugin

Project Name: Advanced Sample Project Session
Measurement: NI\Week Demo

Methods:
Acquire
Measure

Hardware
Digital Multimeter (DMM)
Power Supply (PSU)
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Adding a lemplate
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Creating a New Template

Requiread
1. Create the source code for template
2. Create the XML document for template

Optional: Scripting on Copied Code
1. Create a custom scripting method to modify template

Optional: Custom Create Project Dialog

1. Override the MetaData object (resources folder)
2. Create a new 'Spec Page’ (must have required inputs)

: - NATIONAL
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http://www.ni.com/white-paper/14045/en

The Basics of an Object Factory

Generic Plugin.lvclass Generic Plugin.hvclass

Eneric

To Mare
Specific Class
:
error in (no error) -l L}Ij :|EFFDF out

Get LY Class
Default Valuevi

Objects Loaded Into Memory

Generic Measurement
& Parent

Location on Disk
Where Measurements are Stored

& Children

om mm mm Em =
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More Information on Architectures and Process
Dedicated to LabVIEW Development and Software Engineering Practices

Technical White Paper Series
ni.com/largeapps

Online Community Dedicated to Development Best Practices
ni.com/community/largeapps

Follow My Blog on Software Engineering with LabVIEW
ekerry.wordpress.com

Follow me on Twitter
elijah286
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