\ / J > 5 LVUG.NL NiDays09

ALOWIDE GRAFHICAL SWETEM [

echnologies |~ CONFERENCE

The Exploding While Loop Part Il

Object-Oriented Software Architecture and Design Patterns

Jeffrey Habets
NI Certified LabVIEW Architect
www.Vi-tech.nl

24 march 2009 Object-Oriented Software Architecture and Design Patterns


http://www.vi-tech.nl/

WOALWIDE GRAPHICAL EYSTEM DEEIGN

CONFERENCE

VI " LVUG.NL NIDays09
echnologles

Agenda
 Recap part | & |l

e Design patterns |

- What are they and why use?

- Design patterns in LabVIEW
* Object-Oriented Concepts
- Whatis it?
- Why use it?
Design patterns Il (Object Oriented)
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What is Software Architecture

SA can be defined as a high-level system design that ‘describes
the sub-systems and components of a software-system and the
relationships between the components'.
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Why software architecture?

* future extensions / elaboration
* readability / documentation

* development efficiency

* multiple developers

* reuse of code

24 march 2009 Object-Oriented Software Architecture and Design Patterns
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You are not alone

» Others have thought about SA too, and documented
their findings..

* We call these Design Patterns

A design pattern is a general reusable solution to a
commonly occurring problem in software design

Find some very basic design patterns in LabVIEW:
New... From template — Frameworks — Design patterns

24 march 2009 Object-Oriented Software Architecture and Design Patterns
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Design Patterns |

« State machine / Queued Message Handler (QMH)
* Functional global
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Queued Message Handler

Queued Message Handler

hMessage
Message Queue Message
Generator Processor
oK

(Ul Event
Handler) Start

Proceed I
Message Proceed P
Generator Sroceed P
(Communication Proceed

Stop
Exit

Parser)

Message
Generator

24 march 2009 Object-Oriented Software Architecture and Design Patterns



WOALWIDE GRAPHICAL EYSTEM DEEIGN

CONFERENCE

E_
\/ echnologies

Queued Message Handler
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Message Processor

State Variables

tessage Generatar - Lzer Interface Event Handler

Idle Case - this case is called after a Timeout on the Get Mext Message
from Queus VI, if no new messages are present on the queue, This case
can be used for housekeeping tasks such as updating the UL

[This loops adds messages to the queus to be processed in the
message processor, In a Ul application this loop typically uses the UL
event structure to detect UL events and place them on the message
queue, Other types of applcations may replace this structure with

other code that will receive messages and place them on the queue,

Event Structure Timeout {ms)

m—E [[4] oK™ value Change ~———

Source [Update the front panel]
] Status
Type v 723
Time " EI
|12 A =N
CHRef
Oldval
Mewval

Load initial messages
on the queus

Urique Message
Queue MName

|Initia|ize message queue|

Queued Message Handler Design Pattern and Reference Design Library
http://zone.ni.com/devzone/cda/epd/p/id/6091
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Qe - JKT - String Based Queued state Machine (Basic) vi1.0 Template Copyright © 2008 JKI - hitp: jikisoft . com/state-maching
T -

-1 means wait Forever in T"| " Tl
Timeout |
il

-
" Il

Ja[[0] Tirneout e Carg —---m-ee- "

Defadlt el

"Initialize Core Daks”

Timeout Frame "Error Handler"
@ (this will anly execute if the Event Struckure bimed  "Exit”

lexecutes when the state queue is empty

Event Structure ]

Macro: Initialize

"Data: Initialize"
"Data: Cleanup”

"UI: Initialize"
"UL: Cursor Set"

State Syntax: "UI: Front Panel State”

StateCategory: State => Argument R [ g — "
Lire Terminator: Line Feed "racra: Initialize”
Example: " \ it
UL Help == About Macro: Exit
Memmemnmeen Mew Catagory ---------- "
where "UI" is the skake category "Mew Categary: 1"

wrhere "Help" is the skate
Where "About” is the argument
Other Examples:

App Data: Initialize

UT: Initialize

Help == About

"Mew Category: 2"

Commenting:

To add a comment use " or "#"
and all text to the right will be
ignored

Commenting Example:

IUL: Initialize [} This initilizes the I
# This whale line is a comment

11 anokher comment line

14

|

copy this to create
labels For wires

For instructions on how to use the JKI State Machine, examples and video tukorials, wisit:
http: i fikisaft, conjstate-machine)

3 st e http://jkisoft.com/state-machine

http: i fikisaft, conjstate-machine)
Copyright {23 2005-2008, KT <infoi@ijkisoft, com=
ALL RIGHTS RESERYED

System_Label
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Literature about design patterns

Head First Design Patterns
D P tt Elements of Reusable
eSlgn ajm e %:w[;% § Object-Oriented Software
cou;ﬁ“f:ijﬁﬁ el wrold : Erich Gamma
§ A Richard Helm

Ralph Johnson
John Vlissides
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i

= Ses why Jim's

= | love life improved

Find out how when he cut down
Starbuzz Coffes doubled his inheritance

their stock price with
the Decorator pattern

O'REILLY"

eman

And of course the Internet, just Google “Design patterns”
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What Is Object-Oriented Design?

* |t's a way of structuring your software

- OQOD requires the programmer to think of a program in
terms of objects, instead of procedures / Vl's

* An object:

- Encapsulated data and the methods for accessing that
data

- “Cluster + VI's”
- Group of VI's with a common responsibility

24 march 2009 Object-Oriented Software Architecture and Design Patterns 14
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What Is Object-Oriented Programming?

 OOP uses objects and their interactions to design
applications

 OOP is bases on programming techniques such as
encapsulation, inheritance and polymorphism

24 march 2009 Object-Oriented Software Architecture and Design Patterns 15
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When and why to use Object-Orientation?
e Use it when you want

- Encapsulation - Or when you want to start
— Inheritance using OO Design Patterns!

- Dynamic dispatching (polymorphism)
* Benefits of OOP

- Easier to maintain your code

- Easier to extend your code

- Easier to test your code

- Increase of code reuse

- Benefits increase when the system grows

24 march 2009 Object-Oriented Software Architecture and Design Patterns 16
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What is a LabVIEW class?

oA glorified cluster
oA user-defined data type
e A type of Project Library

Automobile, lvdass Automobile.lvdass

Eﬁl_’l—[: 1]50)

I3 Project Explorer - LabVIEW Class..... |= | .03

File Edit WView Project Operate Tools Window Help

e« | 83 &% | R~ &

Ttems Files

- k), Project: LabVIEW Class.lvproj
= B My Computer
= i Automobile.lvdass
- ET Automobile, ct
.. [@] Start Automobile.vi
.. [#) Stop Automobile.vi
- |l Main. vi
- "= Dependendies
- . Build Spedifications

24 march 2009 Object-Oriented Software Architecture and Design Patterns
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Anatomy of a class

eEach LabVIEW class consists of:

— A private data control (cluster)

—Member VIs to access that data

NiDays09
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CONFERENCE

W Automobile.lvdass
- " Automobile.ct
. [@) Start Automobile.vi
EQ» Stop Automobile, vi

eClass file (.lvclass) stores class information

—Private data control definition
—List of member Vs

—Properties of member VI

24 march 2009 Object-Oriented Software Architecture and Design Patterns

18



WOALWIDE GRAPHICAL EYSTEM DEEIGN

CONFERENCE

A LVUG.NL NIDays09
\/ J chnologles o

What is an Object?

e An object is a specific instance of a class

eObject data and methods are defined by the class

13 Project Explorer - LabVIEW Class.... [~ |[3/E3| |13 Main.vi Block Diagram on LabVIEW Class.lvprej/My Com... |- |0/

File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window Help -.-H
s — b

“ '+._'] 6 It' | a4 |” EE hfg | E‘g - E%“' l-{}l@l ©@|Lullﬁ’|uﬁ | 13pt Application Font v' g
Items Files fad

- &) Project: LabVIEW Class.lvproj
2. Bl My Computer
2 @ Automobile.lvdass
L g Automobile.ctl
. [@) Start Automobile.vi E
. [ Stop Automobile. vi
- |, Main.vi
- "' Dependencies
- = Build Spedifications

Automobile. lvdass

LabVIEW Class.lvproj/My Computer [€ | EY

24 march 2009 Object-Oriented Software Architecture and Design Patterns 19
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DEMO: A class in LabVIEW

1. Create and explore a class

2. C
3. C
4. C

24 march 2009
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ass: Counter and the By ValueApp.vi

ass constant, read-write data
ass icon template and wire

P. Project Explorer - Lab¥IEW-00-C

File Edit Yiew Project Operate Tools
[*hSep| ¥ D X||| a8

(= T; Project: LabVIEW-OO-Demo. lvproj
3 N My Cm‘nputer
=} H Counter.h ¢
ﬁ‘" Counter, |:t|
- @™ SetCount.vi )
if GetCount. vi J
iil Increment.wvi

lil Inik.vi
. ﬁ ChildClassCounter lvclass
ByValuedpp,vi
& ”

Object-Oriented Software Architecture and Design Patterns 21
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What Is Inheritance?

Example methods:

e |nitialize
e Get Cargo Capacity
Vehicle Class *Brake
(Parent)
Car Class Truck Class
(Child) | (Child)

A car is a type of vehicle. A truck is a type of vehicle.

24 march 2009 Object-Oriented Software Architecture and Design Patterns 22
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Inheritance example

CONFERENCE

Vehicle Class

24 march 2009

Car Class

Descendents
Truck Class v
Chevy Model
|
,. | |
l 2007 2008
Model Model

Object-Oriented Software Architecture and Design Patterns 23
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Inheritance
» Creates replaceability between classes which:

— Inherit from the same ancestor

- Have the same public VI's (methods)ﬁe S'
 Benefits 0 Pa
- Code reuse combined ’DeSlg - ge
ith lizati Ty E—TS ' '
- V(\Znha: o paren Coniure ﬁdModﬂ gLang“ﬂ
ges to parent 1 ’Um

propagate to children
AgilentDh | | FlukeDhh S|mulatedDMM

+heasi'DiZ +heast'DiC
+hlegs WA +hilegzW A +hleazWDiC
+_anfigure +_anfigure +hleasVAC

24 march 2009 Object-Oriented Software Architecture and Design Patterns 24
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DEMO: Inheritance in LabVIEW

Init en Increment are "magic’

Dynamic dispatch VI's: —

» Same VI name on each class T
« Different block diagrams Cetcomt

. LabVIEW chooses which Vitorun %

DEMO: InheritanceApp.vi

24 march 2009
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Extension - GOOP
LabVIEW class + Reference

Instead of. Object in the wire
=» Reference in the wire

Gives us control of object creation and destruction

How?
* NI Example Finder - Fundamentals - Object-Oriented -

ReferenceObject.lvproj
« 3" Party reference frameworks and/or tooling
e Future LV versions??

24 march 2009 Object-Oriented Software Architecture and Design Patterns 26
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Real world DAQ example
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DAL

+Create
+Destroy

+Start

+=top
+Zonfigure
+izetDataEvertRef
+FetSamplelnfo
+=etinputRange
AReadData
-SpawnThread
-Thread

>

MO A

+Destroy
+reate

+Start
+Zanfigure
+=tap
+oetinputRange
#ReadData

SimulatedD AL

+Destroy
+Create
#ReadData

N a

Modk objec!

Object-Oriented Software Architecture and Design Patterns
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“gy) DA lvelass

- DAt

i+ [ protected

+ | utils

= ™ private

-, DAQ_Create.vi
Deskroy, wi
ObjectReference. ctl
Stark.wvi

Skop,vi
Configure, vi
DAQDaEka, ckl
GetDataEventRef vi
Getsamplelnfo, vi
- SetInputRange. vi

= Ml MDA heclass
iR MDA, ctl

+ [ protected

- | utils

- [ private

Destroy ., wi
MNIDAOM:_Creake, v
Stark.wvi

o
D'_"g' Configure. vi
el

i&ﬁéﬂéﬁé?&ﬁﬁi

i

Skop,vi
SetInputRange.vi
=i SimulatedDad) lvclass
- g SimulatedDAC.ctl
+ [ prokected

+ . utils

e [ private

D'_"g' Deskroy.vi

D!;l, SimulatedDa)_Create,wi

27
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DEMO: GOOP
ByRefApp.vi

» Creation of a GOOP class _
Explore the tools oo xb x]Eh 3

= @g, Project: LabYIEW-00-Demo. lvproj

= & My Computer
G @ Counter lvlass
G @ ChidClassCounter leclass

Operate  Tools  Wind

i ml Byvaluedpp.vi

. [l InheritanceApp.vi

. [m, CastingApp.vi

- W ByRefClass.lvlass
- W MativeClass lvilass
= W GOOP_Counter.leclass
-~ g™ GOOP_Counter.ctl
E [ protected

Bl I utils

- [ private

- @l GOOP_Counter_Create.vi
- |l Destroy.vi

-
4
E; ObjectReference.ctl -

Eﬂ, GetCount, vi
EA Increment, vi

- o B st -

24 march 2009 Object-Oriented Software Architecture and Design Patterns 28
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Use Case Summary
« GOOP

- Modeling of systemresources / hardware
- Parallel (R / W) access to object data
- Tooling!
- Common design patterns usage
« LVOOP

- Parallel access to data (without semaphores)
- Dataflow (replacement of clusters)
- Native dynamic dispatching

24 march 2009 Object-Oriented Software Architecture and Design Patterns
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Design Patterns li

 Active Object
* Observer / Publish-Subscribe
 Template method

24 march 2009
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Active Object

Wikipedia: “The Active Object design pattern decouples method execution
from method invocation that reside in their own thread of control.
The goal is to introduce concurrency, by using asynchronous
method invocation and a scheduler for handling requests.”

Create
(spawns internal process

24 march 2009

) and queue for comm.)
Datalvriter Queue  ~
Deque
+Create Element
+Destroy Public method calls o t
+2&dodheasData » (Enqueues request or emen
+GEtEDFPlusFile Command to be &, '"te'."‘?' s
+Init processed by Thread) Ve Element (private: Threa
Thread Uea Handles requests on queue)
-SpawenThread Element
-EventsToAnnaotation=tring |
Destroy L
(Cleanup and destroy SO D
Internal process)

Object-Oriented Software Architecture and Design Patterns

31



A LVUG.NL
\/ J echnologles

NiDays09

WOALWIDE GRAPHICAL EYSTEM DEEIGN

CONFERENCE

Observer / Publish-Subscribe

Wikipedia: “The observer pattern (sometimes known as publish/subscribe) is a
software design pattern in which an object, called the subiject,
maintains a list of its dependents, called observers, and notifies them
automatically of any state changes, usually by calling one of their
methods. It is mainly used to implement distributed event handling systems.”

Subject
Observer (ObserverCollection) registerObserver(observer)
notify() unregisterCObserver(ohserver)
notifyObservers()
ConcreteObserverA ConcreteObserverB notifyObservers() -
- - for observer in ObserverCollection
notify() il call obhserver_notify()

24 march 2009
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Observer / Publish-Subscribe

2= APPLICATION==
Mhlain

4

Subject

DA

+reate
+Destroy
+=tart
+tap

sl oo ficy s
=

+zetDatabventRef
[FEel=amplelnto |
+SetinputRange
#ReadDsata
-SpavwwnThresd
-Thread
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DAR

DAR

D&

SFAWH
THREAD

Cre

g 4 RegEvents ﬁ

=|F lzer Event =

* Lser Event ™

sate user event
Aacq, Daka Loop

HMAIH

REFOZITO

oEJECT [T

Data‘writer

GaraphsControl

Ell

Ell

g

MNIDA M

+Destroy
+Create

+5tart
+Configure
+=tap
+=etinputRange
#ReadlData

24 march 2009

SimulatedD AL

+Destroy
+reate
#ReadData

DAR

o | ACO, Ackive

b=+ DaDaka event

EventData

Tiee m ML

Rawinaloghata —l’hﬁl—
_ﬁ_h
I

? RAFPHE

NI-TEGH

Analoghata wonparal  HAHAGER
EventData

AFF
ZTATE

Fawinaloghata
EventData »
Time Stamp
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Template method

GoF:  “Define the skeleton of an algorithm in an operation, deferring some steps to
subclasses. Template Method lets subclasses redefine certain steps of an
algorithm without changing the algorithm's structure.”

DAU Template method
AbstractClass — l
reste
PrimitiveCperation +Destroy
TemplateMethod -——F4—-—~~~ 7 SHEE
Primﬁiveﬂperaﬁnm Primitivedperstion2 +3top Abstract
o o c
PrimitiveOperation2 :GDE-'It-IDE‘tL;r:VEFItHEf primitive operation
+GetSampleinfo /
+=etinputRange
¥ReadData Vl
Q:ﬁ uuuuu Thypm=l
-Thread C?“F':Ete )
o primitive operation
ConcreteClass 4
MNIDACQIMX SirmulatedDAC
PrimitiveCperation /
PrimitiveQperation2 *Destroy ' [+Destroy
+Craate +ireate /
+Start #Readlbata
+Configure
+=tap
+=etinputRa
¥ReadData

24 march 2009 Object-Oriented Software Architecture and Design Patterns 34
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Other interesting patterns

» Abstract factory

Facade
* Proxy

e Command

24 march 2009

Composite (naturally!)

Object-Oriented Software Architecture and Design Patterns
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Resources and acknowledgments

LabVIEW Object-Oriented Programming FAQ
http://zone.ni.com/devzone/cda/tut/p/id/3573

Expressionflow — Blog by Tomi Maila
http://expressionflow.com/

GOOP on LAVA
http://forums.lavag.org/GOOP-f68.html

Endevo — Makers of Goop Development Suite and UML Modeller
http://www.endevo.se/content/blogcategory/18/103/lang,en/

LabVIEW Examples — Fundamentals — Object-Oriented

VI Technologie@ing Graphical Object Oriented Programming 19/20-05-2009
http://www.vi-tech.nl7

-

@ — Applying Text-Based Design Patterns Using LabVIEW Object-Orientation >
http://decibel.ni.com/content/docs/DOC-2875
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