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The new GOOP Inheritance Toolkit consists of:

GOOP 2.0 a new GOOP Kernel Implementation

GOOP Wizard 3.0 Tool for creating and editing classes. Improved
debugging femre by the new todDbjects In MemoryAutomatic icon
generation.

1 Development Distributioii Tool for making distributions and executables
based on GOOP 2.0

T
T

GOOP 2.0 has all features of GOOP 1.0 but also supgass attributesinheritance
anddynamicbinding Attributes and methods may be inherited publicly. Methods
may be declaredirtual and be redefined in a sub class. All these new features make
L ab VI EWIE omgectoriented language

The GOOP Inheritance Toolkit is easy to use and auseeofth ol do GOOP 1. 0 w
easily adapt to the new Toolkit and get going in no time. The GOOP Wizard 3.0 also

wor k with Aol do GOOP 1.0 and an applicati ol
classes mixed with Aol do GOOP 1.0 cl asses.

System requirementsare LalBWWE 6. 1 (or | ater) Professiona

or Full Development System and it runs on Windows, Mac, UNIX and Linux
platforms.
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1 Purpose

The purpose of this document is to present the @B®@P Inheritance Toolkit wh at 6 s

in it, whatos new and how to use it. I
of objectorientation.

If you are a GOOP user today, but do not know anything about inheritance, this
document will give a good introduction to this, but will not explain it in detail. It is
recommended to study some additional books in olojeented design to fully
benefit from the achntages of inheritance. The reference list in chdpi®a good
start. A good idea is to take a look at the example in chapterget a glimpse of
what it is all about before reading this pafsrem start.

2 References

t
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[lflLabVI EWE System Design with GOOP. Course

www.endevo.se

[2] Eriksson, Han€rik and Penker, Magnus: UML ToolkiSBN 0-471-1916%2
[3] Booch and Rumbaugh: UML The Unified Modeling Language User Guide.
ISBN 0-201-571684

[4] Jacobse, Ivar: ObjectOriented Software Engineering, A Use Case Driven
Approach. ISBN €01-544350

[5] Gamma; Helm; Johnson; Vlissides: Design PatterBeements of Reusable
Objectoriented software. ISBN-201-633612

[6] Development Distributioiit White Pape Available at wwwsymbio.com

[7] Icon Editori White Paper. Available at wwaymbio.com

3 Introduction

3.1 Background

The GOOP history started back in 1994 when one of the founders of Emdevo

known as Symbig)JJé&gen Jehander, developed the first GOOP. This brought some of
theobjector i ent ati on features i nt phefirstb VI EWE
GOOP course was held in Swedand ever since then has béeaching the power

of objectorientation.

In 1999 the first GOOP Wizard 1.0 was launched and a cooperation with Niationa
Instruments was started that resulted in the "old" GOOP 1.0 kernal, Which is part of

the LabVIEWE installation (LabVIlIEWE 6) .

editing functionality which led to the launch of the GOOP Wizard 2.0 in the spring of
2002 that was a tremendous improvement in class creation and editing, making it
really easy to work with GOOP.

© Symbio 2009All Rights Reserved 4
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A true objectorientated language must support the following pillars:

1 Encapsulation

o Public methods

o Private attributes

0 Encapsulation of data
1 Inheritance

o Methods and attributes can be reused in more specific subclasses
T Polymorphism (dynamic binding)

o0 Implementation of methods can be redefined in subclasses and

dynamically binded at runtime

The Aol do GOOP DnlyGupposts the first pillar ahdald reotysupport
inheritance and polymorphism and could therefore be calletjaotbased language
rather than objeebrientated. The GOOP Wizard 2.0 was only a new tool for creating
and editing classes based on GOOPahd not a new GOOP implementation itself.

As the leading developer of objeztr i ent at ed s uppSymbtoisf or LabVl
proud to present the neBOOP Inheritance ToolkifThis new toolkit supports all of

the pillars mention above. TI8/mbioGOOP Inheritance Toolkit makes

LabVIl EWE a -drientated landuage. The toolkit is easy to use and can be

used by novice users and more advanced users alike. A GOOP 1.0 user should not

have any problems learning how to use the new toolkit. Even for new users the new

Toolkit provides improved debuggingsuort.

4 GOOP Inheritance Toolkit

What 6s in GOOP I nheritance Tool kit ?

1 GOOP 2.0 a new GOOP Kernel implementation
o All features of the Aol do GOOP 1.0
o Class attributes
A Attributes shared by all objects of a class
0 Inheritance
A Methods and attributes can bé&émited publicly
o Dynamic binding (polymorphism)
A Methods can be redefined in a sub class by being declared
virtual in the base class
0 Class description
A A Possibility to add a description of the class and not only on
each of the methods
o New support method;etObjectStatuswhich returns information
about the current object
o Improved performance

! Polymorphism should not be confused with Polymorphic Vismb V I E WE . Pol ymorphism i ¢
usually implemented by a technique caltBeshamic binding

© Symbio 2009All Rights Reserved 5
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1 GOOP Wizard 3.0
o Tool for creating and editing classes including automatic icon handling
o Improved debugging tooDbjects In Memory

1 Development Distribution 1.0
o Tool for build distributions and executables based on GOOP 2.0

f GOOP10t he ol d AGOOPO Kernel implementat:
These new f eat ur atae abjackrentdd amgvages WE

The new GOOP 2.0 consists of telass templatés_gw2bc.llb (base class) and

_gw2sc.llb (sub class) installed in the same folder as the Wizard. Every time a new

class is created, one of these templates is copied. The class templates consist of

method template VIs, private support Vis and a class unique repository VI called
GOOPKernel This unique class repository usesanject repository, GOOP2.lIh

shared by all classes and is implementddmb VI EWE (no CI N, DLL or
mysterious). This shared library must be installed in the \aditbons folder,

whenever an application using GOOP 2.0 runs. The _GOOP2.lIb may be distributed

freely.

Notice that t he i oclasstptlbGsalddistlibuteéd witrethep | at e,
tool kit. The new GOOP Wizard 3 creates and edits classes based on the new GOOP
2.0 and also on GOOP 1.0 when necessary. A system may very well consist of new
GOOP 2.0 classes mixed with GOOP 1.0 classes.

4.1 GOOP Wizard 3 and Objects In Memory tool

The new Wizard 3.0, shown Kigurel, has a new buiiin debugging toolQbjects In

Memory which shows all objects from all classes in one plaire2 shows the

frontpanelot he new t ool . The tool can be seen as
easy to get an overview of all objects that are created and destroyed and also to trace

any memory leaks in the system.

2 Compare with GOOP 1.0 template, _classtpt.llb.
¥ The GOOP 1.0 uses the shared object repository, _goopsub.llb that is distributed with LabVIEW6 and
is found in the vi.b\platform folder and is therefore always installed for GOOP 1.0.

© Symbio 2009All Rights Reserved 6
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File Edit ‘Wwindow Help

ZHE00P DemolMI Week 2002 InskrumentsiR&SSigeentRaS5igEen. b R&SSigaen Destroy . vi

Rohde & Schwartz signal
genetator,

[ez] R 253igGen SetFreguency v
[ux] R #33igGen SetPawer, vi

[ex] Sigiaen Deskrow, vi

[ez] SigGen @et3ettings. vi

[ux] SigGen Feset,vi

[ez] SigGen SekFrequency . vi

[z SigGen SekPower . wi

[ SigGen ObjectReference. ctl

[ez] R253igEen ClassDescription. vi
[ez] R253igEen Conskruckor, wit

[u] R 233igGen Delete, vi

[uz] R 2:53igGen Deskruckor, vit

2002-11-11 17117

Destrovs an object created with a R&55i0Gen construckar YT ar a subclass of the
R &55igEen class,

Maormally this I is reentrant,

[GooP 2.0

i GOOP Wizard — =] x] |

Figure 1. The front panel ofthen e w GOOP Wi zard 3. 0. Noti

il nheritance Hierarchyd to the right amnditd he
base clasare shown in the list. The example shows tHR&SSigGenclass that is inherited from

the SigGenclass.

The values of attributes are shown in a text format and it is also possible to kill single
objects or all objects. If more detailed information is wanted sfast the inspector

for the specific class as usual

© Symbio 2009All Rights Reserved
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Figure 2. The new debugging toolDbjects In Memory shows all objects in one place. This
power ful support makes debugging easy. This is a ki

5 Object creation and destruction

In GOOP, objects are created dynamically by the constraotthod Createand
deleted by the destructor meth@kstroy Figure3 shows a very simple example of
an object being created and destroyed.

Create object Destroyv object

Figure 3. Very simple example where an object of the SigGesiass is created and destroyed. This
is performed exactly the same as in GOOP 1.0.

In GOOP 2.0 the object must be created first before the attributes may be set. This
differs from GOOP 1.0, where the attributes were initialized by the private support
method New Notice that the number of objects instantiated of the class also is
returned Figure4 illustrates this.

© Symbio 2009All Rights Reserved 8
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] SIEGEN 516 GER
HEW D.a'
0,00
[*Hz v|7ﬂ frequency unit
0,00 _N
| TR piower unik
[ o waveform
Inititialize attributes
here
orror in (Mo error Construckor code in here...
= 5
== s

T.E

Figure 4. An example of the constructor methodCreatein the example class SigGen. Noticéat
the constructor has a reference input that must NOT be wired in a standard class. The reason
why it exists and should not be wired is explained in chapte.3. The private support method
Newdoes not allow attributes to benitialized as in GOOP 1.0. This must be done by modifying
the attributes afterwards.

The destructor method Destroy also looks different than in GOOP1.0. The private
support methodeletedoes not return attributes, but these have to be read before

executirg theDeletemethod. The attribute must NOT be wired to an indicator in the
Destroymethod as in GOOP 1.0. The reason why is explained in detail in cBapter

: Wt of objects
eference
SIGGEN

C=
il
|

Destructor code in bere. .. =T FTEGEN
lerror in (no error) 1 )| I rror out
= 1
Fa ol Fila =

Figure 5. An example of a norvirtual d estructor method, Destroy in the example class SigGen.
Notice that the support methodDeletedoes not return attribute values. If attributes are needed
one last time, use the GetAttributes method.

6 Attributes

The attributes of an object are accessed bptivate support methodsGetAttributes
GetAttributesToModifandSetModifiedAttributes

=1 GEH =G GEH

D= M8
Reading attributes Modifying the attribukes by the GetAttributesToModify
by the GetAttributes method and the SetModifiedAttribute methods,

Figure 6. The attributes are accessed and modified by private support methods.

“1n GOOP 1.0 these are call€gtDatg GetDataToModifyand SetModifiedData
© Symbio 2009All Rights Reserved 9
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Before an attribute may be modified it must be lockedgigie
GetAttributesToModifynethod. If the objects attributes are to be modified elsewhere
in the execution, it will be forced to wait until the attributes are unlocked again by the
SetModifiedAttributemethod or a timeout occurs. The attributes are ddfin the
ObjectAttribute.ctin the class.

7 Class attributes

Theclass attribute3are attributes shared by all objects within a class. If one object
updates an attribute, another object may read and modify them later. Using class
attributes are as easywasing ordinary attributes. The attributes of an object are
accessed by the private support metl@etClassAttributes
GetClassAttributesToModigndSetModifiedClassAttributes

=
=15 GEH [=EIGGEEH] S1G GEH
0= [ImE2 30
Reading class attributes Modifving the class attributes by the
by the GetClassattributes methiod GetClassAttributesToModify and SetMaodifiedClassAtrributes

Figure 7. The class attributes are accessed and wtified by private support methods.

Before an attribute may be modified it must be locked using the
GetClassAttributesToModifyethod. If the class attributes are to be modified
elsewhere in the execution, it will be forced to wait until the class attsilamée

unlocked again by th8etModifiedClassAttributesethod or a timeout. The attributes
are defined in th€lassAttribute.ctln the class. It is also possible to create methods
in the GOOP Wizard 3 that uses class attributes. These methods ar€leaited
methodsWhen creating a method, select one ofGless Methoaptions in theAdd
Methoddialog. The initialization of class attributes requires a little bit more care than
ordinary attributes. Normally the first instantiated object of the clasaliné< them.

Notice that it is possible not to wire the reference tad3heClassAttributesToModify,
SetModifiedClassAttributeendGetClassAttributesThe class attributes of the class
the methods belong to will be used as default. However, if the lathod is
inherited, there are things to consider. Read more in chitér

8 Inheritance

GOOP 2.0 supporgsublicinheritance Attributes and methods are inherited.

Attributes may be seen psotected This means that the abiutes can only be used in
subclasses, apart from the class in which they are declared, and pesecsd

there as well. Thpublic methods will beublicin the subclass. Any class in GOOP

2.0 may be used as a base class and it is possible to inferitnany generations as
you like. Methods may also be declakedual to be redefined in a subclass. If a

virtual method from a base class is used with a sub class object, the sub class
implementation will be used instead (if an implementation exastd)selected at

runtime by dynamic binding. Notice that multiple inheritance (from two or more base
classes) is not supported.

® Compare with static attributes in Java and C++.
® See chapteB. Numbers of instaiated objects are returned when a new object is created. This way it
is easy to figure out if this is the first object instantiated.

© Symbio 2009All Rights Reserved 1C
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The new GOOP Wizard 3.0 makes it easy to create a sub class base on an existing
base class. It is as simple as creating an ardiclass, all you have to do is to select

which class to use as a base class and let the Wizard do the work. If you make any
changes later in the base class this will affect all sub classes based on it, so it is a true
inheritance. On the Wizard 3.0 frgpéinel, there is an indicator showing if a method

is declared virtual or noEigurel shows the front panel on the Wizard 3.0 where the
indicator is found in the bottom left. Notice that it is not possible to inherit from a
classcreated in GOOP 1.0. All classes used as base classes must be created in GOOP
2.0.

8.1 Attributes

Both attributes and class attributes are inherited from the base class. The attributes of
a class are defined in tiibjectAttributes.ctand the class attributese defined in the
ClassAttributes.ctlFigure8 shows an example of a class and the attributes defined for
that class.

Base class

frequency
‘_,)|0,00
fi it .
I’?C]UEI'IC&I unil D* J frequenc.?.
:—)IHZ .
‘ frequency unik
pOwEr
Hlo,00 poE
pawer unit power unik
'r)|mW waveform
‘waveform
\‘_.—Jlsine

Figure 8. The attributes of the example class SigGen describing a standard sigm@nerator. To
the left the SigGen_ObjectAttribute.ctl that defines the attributes and to the right the private
support method SigGen_GetAttributes.vi that is used for reading the attributes.

Base class
frequency
frequency unit
;—)IHZ
powier RREZIG 1
Jom | D= Jf Base class &ll Elernents
power urit VISA resource
o miw frequency
waveform frequency unit
*Jlsine  power
VISA resource power unik
% [~ waveform

Figure 9. The attributes of theexample class R&SSigGen that is inherited from the SigGen class.
Notice that the SigGen_ObjectAttributes.ctl is placed inside the R&SsigGen_ObjectAttributes.ctl
as an element calledase classTo the right, the private support method R&S_GetAttributes is
used for reading the attributes. Notice how it is possible to access both attributes from the base
class and from the subclass.

When a sub class is created, the base QagectAttributes.ctill be a part of the
sub clas©ObjectAttributes.cths an elemnt calledBase classMore attributes can of

© Symbio 2009All Rights Reserved 11
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course be added in the sub clédgectAttributes.ctto defined additional attributes to
the attributes inherited from the base class. Classes can be inherited in as many
generations as needdtigure10shows an example of a class that has been inherited
i n two figenerationso.

F&Zalik |

" Base class 2 . &l Elements
« CalibrationTable

Base class  » &l Elements
YISA resource

Frequency
Frequencyy unit

poEr
poweer unik
warvefarm

Figure 10. An example of a sub class R&SSigGenCalibrated, which is inherited from the
R&SSigGen class that has been inherited from theoot base class SigGen. For thenbundle By
Nameto be more readable, it is recommended to activate the propertgide Full Names

Methods from a base class use the private support me@eidstributes
GetAttibutesToModifgnd SetModifiedAttributeas desribed in chapte8. If a base

class method locks the attributes for modifying this will of course force any other
method within that class to wait for the attribute to get unlocked, but also all sub class
methods that tries tmodify the attributes will also be forced to wait. This way base
class methods and sub class methods work together while accessing attributes.

Notice that the base claSbjectAttributes.ctinust be calledBase classvhen placed

into a sub clas®bjectAttibutes.ctl This is nothing that has to be performed manually;
the GOOP Wizard 3.0 handles all of this when creating a sub class based on a base
class.

8.1.1 Class attributes

Class attributésare inherited the exact same way as the object attributes desnribed

the previous chapters. TiassAttributes.ctill behave the exact same way as the
ObjectAttributes.ctINotice that the class attributes of a sub class is not the same as

the base class, an object of a sub class does not share the class attitivates wi

object of the base class. However, if the reference tGét€lassAttributesToModify,
SetModifiedClassAttributeendGetClassAttributess not wired in a base class

method, that is inherited, the class attributes of the base class will be uséatty de

and not the sub class. This might not be the intention, but if the reference # wired

the sub classdé class attributes wildl be us:
recommended to wire the reference.

8.2 Methods

As mentioned in the previous chaptergthods can be inherited from a base class. To
be able to use a method from a base class in a sub cla@hj¢etReference.athust

be the same for all methods that that are to be used together or else there will be a
broken wire (just as when connectitwgp methods from different classes mistakenly).
Letting the sub class use the saDigectReference.clls the base class solves this

I'n old versions of t he GOOP course material, the @
attributedo mistakenly.

8 The reference is only used to determine the class of the object the reference is associated to.

© Symbio 2009All Rights Reserved 12
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problem. In fact all sub classes in a class hierarchy use theQigipetReference.ctl
as the root base class.

G G SlGGEH SIGGEH

Subclass Subclass Base class Base class
R&sClass R&sClass SigEen SigGen
Create Reset GetSettings vittual Destroy

Figure 11. Methods from a base class can be connected together by letting the subclasesthe
same ObjectReference.ctl as the base class.

Is this a correct objedariented way of treating references? Yes, it is. For example, the
R&SSigGenis a sub class implementation of a specific R&S signal generator and is

inherited from the SigGen class that is a generic signal generator class. The

R&SSigGen class will then use the SigGen clabgctReference.ctThis is the

correct way according tobject orientation because the R&S signal generaiar

signal generator. A sub class is always a more speciéiss than its base class.

Figure1llshows an example where the sub class R&SSigGen (that is inherited from

theSigGe cl ass) uses the sub class method ARe:
class method AGet Settingso.

8.2.1 Virtual methods

In GOOP 2.0 methods may be declavetual when they are created. This way it is
possible to redefine base class methods in a sub class

A reference, instantiated of a subclass, is passed tortbal declared base class
method The method checks the reference and tests if there is an existing sub class
implementation of the method and if there is, it uses this implementation in&tead.
very simplified way of describing this would be if a VI has one front panel and a set
of different diagrams to choose from (one diagram for each sub class).

Look atFigurel2, at the top an object of the R&SSigGen class (itdekfrom the

SigGen class) is created, the reference is passed to the virtual r8etRoaver

belonging to the base class. The base class method checks the reference and finds out
that it belongs to a sub class object and tries to locate an implemenfatien

method in the sub class. If an implementation exists, it will use this instead. In this
example it exists so it will be used. The same thing happens with the virtual destructor
Destroy

If the method is not found in the sub classearch throughthe class hierarchy will
be performed First the sub class will be searched, then its ancestor and upwards
through the entire class hierarchy until it reaches the root base class. If no
implementation is founthe default base class implementation ofdaking virtual
method will be used

° Compare with C++ where a pointer to a sub class always may be type casted to a base class pointer
(but not the other way around). A sub class always contadms (or equal) data as its base class. It is
logical that something larger may be casted to something smaller.

© Symbio 2009All Rights Reserved 13
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R&S51G R&S51G
ZET -
PD:.'.'EH L #Lﬁﬁl
A [EEGEn] =0 IGEH
e
AR
Subclass Basze class Base class
R&55igllass SigGen SigGEeEn
Create pirtual SetPower wifual Destroy

SIGGEHI |SIE GEH| ISIGGEH

Base E|-E|55 Base class Base class
Sigizen SigGen Sigizen
Create vital SetPower virtual Destroy

Figure 12. An example of the use of virtual declared methods. At the top an object of the
R&SSigGen class is created. The reference is passed to the virtual declared base class method
SetPowver and through to the virtual destructor Destroy. At the bottom an example where an
object of the base class SigGen is created instead.

At the bottom of the figure, there is another object created from the base class SigGen,
the virtual SetPower method Wtheck the reference and find out that it belongs to

the base class (the same class as itself) and will not try to find any sub class
implementation, but use the default base class implementation instead..

How is all this possible? Virtual methods arglemented by using strictly typed VI

server Each virtual method has one extra case statement with two cases, one case
called AClass i mplementationdo which is the
case call ed n CaHigurel8andFauneléshowsan bxample of a

virtual method with the two cases. A private support method called

FindDynamicMethodlways executes first and checks the reference and if it belongs

to a sub class tries fmd a sub class implementation of the method. If it exists, the
FindDynamicMethod el ect s t he ACal | dynamic met hod?o
implementation by th€all By Referenca o d e . Il f not found, it sel
i mpl ement at iecuted thecclass anplamertatian xode there instead.

© Symbio 2009All Rights Reserved 14
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ENoError't

["Class implementation”, Default ~ ]
o) T — [m]

P )

= |
Figure1l3 A virtual decl ared method will use a differen
This example shows the ACI ass i mpl emeegulanti ono case.

GOOP method.

To declare a method virtual when creating it, use the new ogiraral in the Add
Methoddialog in GOOP Wizard 3.0. A different method template will then be used
for the new virtual templaté=igure13 and Figure14 shows one of these templates.

a0 Error =
[ "Call dynamic method” b
keference]
= Do MOT remove this wire, IF it is braken - update the VI Refnum contrgl o]

on the frontpanc! by draging this Y¥is icon inko it

[Eormect ol cortrols and
ndficators to the corresponding
antrols and indicatars in the
[2all By Reference Mode.

T Refrum (For type orl Bire ]
f E 1 reference not valid - open ref
—TEd B

I‘E
o

"y
(=% [MA |
Figure 14. The same virtual method as irfFigure 13, but wi t h the ACall dynamic

selected. This case looks the same for alttual methods except for the controls and indicators
that must be wired to the Call by reference node.

For a strictly typed VI server to work properly, the connector pane of the VI that is to
be called and executed must be knokarcing the sub class irplementation of a
method to have exactly the same connector pane as the virtual base class method
solves this’. The connector pane pattern, controls and indicators must be identical.

19 Compare with C++ where all virtual methods and redefined sub class methods must have the exact
same input and output parameters.

© Symbio 2009All Rights Reserved 15
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Even controls that are required in the base class method must be regaisad

class implementatiol.he name of the method must also be identicaFigure15

shows an example of a base class method and a sub class implementation of the same
method.

_— reference R reference ouk
reference E1GGEN reference out et .
power . Errar in (nu:uperrcur:l PR error ouk
Errar in (no errar) error ouk

SigGen SetPower.vi R&S5igGen SetPower.vi

Figure 15. The base clas virtual method SetPower is shown to the left and the sub class
implementation of the same method to the right. The connector pane (pattern, controls and
indicators) must be exactly the same. Even controls that are required must also be required in a
sub class method. The name of the method must also be identical.

On the front panel of a virtual method there is a strictly typed VI Refnum control that
is NOT wired to the connector pane. After all controls and indicators has been placed
on the front parleand wired to the connector pane, the VI Refnum control has to be
updated. This VI reference control selects the connector pane on the Call By
Reference Node and this must be set to match the connector panes of the methods to
be called. That is easy besauwne of the rules was that all dynamically called

methods must have the same connector pane as the calling virtual method. In other
words theVI Server Class of the reference is always set to the same as the method

VI it belongs to!

H M [=1E]
[EI5 GEH]

e /~.
Drag E

and drop!

YT Refrium

{For bype anly) reference out

Always set

Y Server class

to currenk VI, Do nok
connect this control

to the connector pane.
(Tip!: Just drag

and drap the ican

imka the refrurm)

Figure 16. Each method declared virtual must update the VI refnum control on the front panel to
the same VI Server Class as the virtual method itself. This is easiest performed by just dragging
and dropping the icon of the same method onto thel\Vfef control.

The easiest way to perform this is by just dragging and dropping the icon of the
method onto the VI Refnum control!

1 The VI Sever Class only selects the connector pane layout from a template VI. Right clicking on the
reference control on the front panel and select
However, a better way is to just drag and drop the currenttdisinto the VI Refnum control and it

will adapt to the current VI connector pane.
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i& SigGen SetPower. i Diagram oy || 5'
File Edit Operate Tools Browse Window Help
i@ 13t Application Font |« [3o|[ e < {[£5+]
-1
Mo Error 't
Ta["Call dyniamic method” R
[Call dynamic method
F F it
.Du MOT remove this wire, IF it is broken -» update the ¥I Refnum control
'on the Frontpanel by draging this ¥Is icon into it
[
L 1

[Connect all controls and
jndicators to the corresponding|
ontrols and indicators in the
[Call By Reference Mode.

W[True v

T Refrium
[for tvpe onl iz W1 reference
& pot valid - > open ref

aaaaaa T
Ertar in (no error, [ ) '\'?! Error out
. = A =]

[ — 1

Figure 17. When all controls and indicator of the virtual method have been added and connected

to the connector pane, the VI Refnum control must be updated as describedkigure 16. The

Call By Reference Node will then adapt to exactly the same connector pane as the virtual method.

All controls and indicators must then be conected to the Call By Reference Node.

I n the fACall dynamic methodod case, the Cal
exact same connector pane as the virtual method itself. Now connect all controls and
indicators to the corresponding input and outputhe Call By Reference Node, this

way the parameter values are passed to and from the sub class implementation.

iE SigGen SetPower.vi Diagram ;Iglil

File Edit Operate Tools Browse Window Help
@ | 13pt Application Font |v' :Dvlﬁv”fﬁ-'
Taltio Error ]
Ta["Class implementation”, Default
Base class implementation
& (=]

ﬁ
(=1

Figure1l8 The ACl ass i mplementationo Eigueé?7 Thiscasehe same v
contains the base class implementation of the method. In this simple example, the attribute
ipower o i s updated with a new value.

rror in (no error)
[ —
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Notice that a method in a sub class that is called dynamically may or may not also be
virtual. Normally only the baselass method is virtual and all sub class
implementations of the method is reintual™®. nonvirtual method is always faster to
execute because a virtual method always has to perform athedke private
supportFindDynamicMethodo try to locate a sudlass implementation of the method.

If the subclass method also is declared virtual, the check in this method will always
result in using the class implementation (why call it otherwise?) and that is why it is
normally no use in declaring this method vattas well.

When a virtual method has found a sub class implementation, a VI reference will be
opened to that method and registered in the GOOP 2 kernel. The next time this
method is called, the reference will be reused (this improves performance). The VI
references will be closed by the kernel when the object is deleted, so there is no risk

of Al eakingo VI references. The sub cl ass |
called dynamically by airtual methodnust NOTbhe&d ab VI EWE pol.ymor phi c
Strictly typed VI server cahnot call pol ymi

8.2.2 Base class implementation in a sub class method

When redefining a method in a sub class that is declared virtual in a base class, you
might not want to rewrite the de for the whole method. Actually you only want to
add some additional code, but still execute the base class implementation as well.

For example, assume that the virtual SetPower method in the SigGen class, shown in
Figurel7 andFigurel8, is redefined in the sub class R&SSigGen as showigimre

15. Let's say that we want to implement some sub class specific code but in addition
use the implementation in the base class withauiry to copy and paste this code

into the sub class. This is performedusing the base class method VI as a sub VI

in the subclass implementation of the method. Figure19 shows an example what

this may look like.

12 Nonvirtual methods may sometimes be referreteamethods.

3 This happens in all objeatriented languages where virtual methods are used. The compilers have to
createtables of possible dynamical method calls and each this method is called a check in the table has

to be performed to find the correct implementation. This always takes time, even if smart caching

algorithms are used to improve performance.

“This will catsetheL ab VI EWE error code 1035 (Operation is inv
31n C++ this would be the same as typBigGen::SetPowen the sub class implementation of the

SetPower method to enforce using the base class implementation.

© Symbio 2009All Rights Reserved 18
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IE R&5SSighen SetPower.¥i Diagram

File Edit ©perate Tools EBrowse wWindow Help

>[E] @ bali@?]cs [ 130t Applcation Fort |~ {2 [ma ~][#D~]

[ Mo Error 't
cference| eference out
= B

:, WISA resource

i Py N | [pEmEm
Error in (no error g i abe- . Error ot
= . i B =
S 7+ T —

Send YISA command SigGen:: SetPower

Figure 19. The implementation of the SetPower method in the sub class R&SSigGen. This will be
dynamically called by the virtual base class method SetPower shownhigure 17 and Figure 18.
Notice that the base class method is used as a sub VI to use the base class implementation of the
method.

Now, assume that the code at the topigure12is executed. Will this really work?

If we look at the call chain for the viral method SetPower, it will look like SigGen

SetPower.vi> R&SSigGen SetPower.v» SigGen SetPower.vi. The base class

method will actually have itself in the call chain! Is this allowed? Yes, itis. The

private support methodindDynamicMethoavill chedk if the virtual method has

itself in the call chain and thereby enfor
the method the second time it executes and this is when it is used in the sub class
implle6mentation. This way it will work and not get stuckeim end| ess firecur si
loop™.

However, there is one condition, thietual base class implementation of the

method must be reentrant if it going to be used in a sub class implementatiolh

not, the virtual base class method is actually still executhmgywit calls the sub class
implementation of the method (the Call By Reference Node will not be finished until
the sub class method is finished). When trying to execute the base class
implementation in the sub class, this method must be reentrant; otnérwi be a
deadlock situation, since it is actually waiting for itself to finish, which will never
happen if it is not reentrant!

'8 This recursive loop liftation will actually remove the possibility to aggregate objects of the same
class and perform recursive operations on them. For exampBothpositepattern in ref5] will not
work.
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8.3 Constructor i the Create method

In GOOP2 theonstructormethod Create differs from GOOP 1. This is because

it must work with inheritance. A standard class constructor method may look like the
example inFigure4. Notice that the constructor has a reference input that must not be
wired in a standard class. Why is this reference needed and whit éaest? The

reason for this is that it is needed when creating a sub class from the class. Look at the
example inFigure20, this shows the constructor meth@ieate of the subclass
R&SSigGen that is inherited from the SigGaass.

[ Mo Error 't
1
Connedt base
class initialization
paramsters
o Calbase class [ sl S|
constructor. US| =L MeThon]
1] ol Optional:
[#hiz =} {Frequency unit Preload
WIS resource name] [+ dBm Vl— "~ power unit e dynamic
IIS;; LESOUIEE Name I WISA resource Wls
Irititizlize attributes
here
=2 eflil{ps |
Constructor code in here, ..

Figure 20. Theconstructormethod, Create of the sub class R&SSigGen of the base class SigGen.
Compare with Figure 4. Notice two differences, the base class constructor is used as a sub VI and
there is a new private support method calledPreloadDynamicMethodgxecuting at the end.

Notice that the base class constructor, Create, is used as a sub VI and that the
reference is passed to the VI. When an object is created by the private support method
New the base class constructor is called and the code in this VI is executed. This way
all ancestors (all the way to the root base class) constructors will be lwefited® the

actual constructor code is executed in the sub class. If a base classotonstr

initializes an attribute, it will be possible to reinitialize this in a sub class (if wanted).

By executing the New method (and thereby creating an object) and passing the
reference to the base class constructor, the New method in the base dasstoon

will check the incoming reference and notice that it is a valid reference and
understand that it is executing as a sub VI to a subclass constructor and thereby NOT

create a new object.

All input parameters that are required by the base classrgcios must be wired to
the sub class constr uct eigusdd,
parameter is required by the constructor and is therefore wired to the front panel.

ftrioenmt i wawnefl or md

"1n GOOP 1.0 the constructor name may be selectttay (like Open), but in GOOP 2.0 the

constructor must be call€treate

'8 Compare with C++ where all code in the ancestors constructors are executed before the subclass

constructor.
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A constructor may never be declaredsirtual . This is logical, because by executing

the Create method of a class, you actually decide which sub class to use (how should
this otherwise be known?). All the constructor methods in the ancestor base classes
will be executed anyway (they are suls\o the sub class constructor). The

constructor method of a sub cla€seate is actually the only VI that has to be part of

an application if all method Vs that are used, is declared virtual in the base class and
only these virtual base class method ¥te used in the applicatiSnwWhy declare the
base class methods virtual if the sub class method Vls are used in the application?

In the constructor method of a sub class there is also the possibirigicad

dynamic methods implemented in the claksmally when only using virtual base

class methods in the application, the sub class implementation of the methods is not in
memory then the applications starts executing, but are called and dynamically loaded
thefirst timethe virtual base class metherecutes.

However, if the VI is large, the file access speed is low or high performance is
required A good rule is to preload all dynamic VIs implemented in the sub class
Using the optional private support methéxgtloadDynamicMethodserforms this.

This method executes at the end of the constructor and loads the listed dynamic
methods to memory. Notice that this is optional and not required for the dynamic
binding to work, it only increases the performance the first time a virtual method is
called. Ifthe method in the list is not found, it will cause an error, avoiding
misspelling of the name. Therefore only enter the redefined methods that are
implemented. If the method list is left unwired or is empty, all dynamic methods of a
class will be preloaded

8.4 Destructor i the Destroy method

In GOOP2 thalestructormethod, Destroy, differs from GOOP 1°0This is because

it must work with inheritance. A standard class destructor method may look like the
example inFigure5, but more coomon is that theestructor is declaredvirtual. If

so, the base class virtual destructor method, Destroydelate any object belonging
to a base class or any sub classis is very useful and recommendEdjure21

shows an eemple of a virtual base class destructor method. If the destructor is not
virtual the correct destructor must be used to kill the object.

19 Only usingvirtual base class methods (except for the constructera @ood example efeneric
code.

%1n GOOP 1.0 the destructor name may be selected arbitrary (like Close), but in GOOP 2.0 the
destructor must be callddestroy
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execute
evenif
errar in
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Etror in (no error;

[

crrres P o

Destructor code in here..,

Figure 21. An example of a virtual destructor method,Destroy in the root base class SigGe It

looks like an ordinary virtual method, but it does not have any error case. This is because it must
execute even if an error in occurs. Notice that the attributes have to be accessed before the object
is deleted by the private support methodDelete

Two major things differ from a GOOP 1.0 destructor. FirstObketesupport method
is executed last in the destructor. It actually executes the destructor code before if
deletes the object. Therefore the attributes must be read using the private support
method to access the attributes if needed.

Second, the attributes are not returned via an indicator out from the Destroy method.
The reason for this is that if the destructor is declared virtual, all controls and
indicators must be identical in all salass destructors as well. However the attributes
in the ObjectAttibutes.ctl is not the same in the base class as in the séib class
Therefore, the rule of identical connector panes for virtual methods is violated and
therefore the attributes must not kesged out via an indicaférA destructor must

not have any additional controls and indicators

Figure22 shows an example of a sub class destructor. In this example, it is declared
virtual, but a sub class destructor may veryl welnonvirtual as well. A norvirtual
destructor would only have the code inside

Notice that the sub class destructor uses the base class destructor-g$, aalidl
just before the private support metHodlete This way all ancestors (all the way up
to the root base class) destructors will be cadliter® the actual destructor code is
executed in the sub class. Compare with the constructor where the base class
constructor is called before the sub class constraoibe executes.

2L See chapteB.1where attribute inheritance is discussed.

22 Compare with C++ where the destructor must not have any input and output parameters.
28 Compare with C++ where all code in the ancestors destructors are exaftertéite subclass
destructor.
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Ta["Class implementation”, DefFault_~ f
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CEEEHE
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;

b [vIsa resource

Try to
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even if
error in
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Destructor code in here... [ ]
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ErTor in §na error
i

Call base
class destructor

Figure 22. An example of a virtual destructor method, Destroy, in the sub class R&SSigGen

inherited from SigGen. This method may very well be notvirtual, but would look like the code

inside the ACIi@amsé& ¢ ampé emeMNotaitce that the base cl ass
Delete method. This always happens in a sub class destructor (vitual or ngintual).

When theDeletemethod is executed in a destructor, it will check if the reference
belongs to thelass, if not (reference must then belong to a sub class), the object will
be deleted or else the delete request is ignore (the sub class will delete the object).

If a destructor is virtual, all sub classes of the class will use the base class destructor
as a subvI as explained above. This is actually the same situation as described in
chapter8.2.2 Thereforea virtual destructor must always be reentrant This is
automatically set by the GOOP Wizard and is nothing that Hae performed

manually.

8.5 Abstract classes

The GOOP 2.0 doewsot support abstract classe&n abstract class is a class that has
to be sub classed and may not be instantiated itself. All virtual methods in the abstract
class must be redefined in a sub class.

However, there is a trick to enforce all virtual declared methods to be implemented in

a sub cl ass. I n the ACl ass i mplementationo
destructor) simply generate an effofThis way an error occurs each time a haass

method is executed that does not have a sub class implementation. To ensure that an

object is not instantiated from the abstract base class, the new private support method
GetObjectStatifs may be used in the abstract base class constructor to tiaetke

reference inside the constructor does not belong to the abstract base class itself and if

SO generate an error.

*|n C++ these methods are call@ostract methodim an abstraatlass.
% See chapted. It is possible to get the class name of the sub class the reference belongs to.
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9 Object status

In GOOP 2.0 there is a new support method c&letDbjectStatudt returns the
statug® of the objectFigure23 shows an example of ti@etObjectStatusupport
method. It looks the same for all classes (base classes and sub classes).

Version 13

&l objects names

# of objects

reference EEgen}——— reference out

) oEigerf—] | Mot & refrum?
error in (no error) STATUS Object name

&l refs auk

e attributes locked?
b gpror ouk

Class name

SigGen GetObjectStatus.vi

Figure 23. An example of the private support methodsetObjectStatuslt returns status about the
object and also about other objects in the class.

The method may be used to test if a reference is¥alidl also retrieve the class

name of the reference. If tii&etObjectStatus used in a base class method that is
inherited, it retrieves theame of the sub class the reference belongs to. This is useful
when creating abstract classes as described in cl&pt&e careful, because if a
distribution is made as described in chag@d and prefixing is used, this will

actually change the class namendudethe prefix.

This method may also be used to retrieve information about other objects in the class.
All names of the objects are listed and their corresponding object references. The
number of objects instantiated of the class is returned as well.

If needed, th&etObjectStatumay be used as a public method. This is easy to change
in the GOOP Wizard.

10 Inspector

For each class there is a class unique debugging todhgibector.Theinspector

exists for GOOP 1.0 also but looks a little bit different in GOOPRidure24 shows

the Inspector. All objects instantiated of the class are shown in the object list. The
selected objectsd athefrontpaoel. €Ehe valds ofehe claasr e s h o
attributes are also shown on the front panel to the right.

If the ObjectAttributes.ctandClassAttributes.cth r e | ar ge, t hey wil |l pr
up the Inspector. This is easily fixed; simply open the ingpactthe GOOP Wizard

as a regular meth8%(this way it will not auto start) and place tBéjectAttributes.ctl
andClassAttributes.ctivherever you want. The inspector VI diagram is not locked, so

you may perform any change needed.

®Compare with the status operation defined for the
Rendezvous and Queue.

“Ilfther ef erence in is not valid, there will NOT be an
8 The inspector is unique for each class and is stored as a private support method.
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Due to performance aspts in inheritance implementation some features that existed
in GOOP 1.0 is no longer supported in the GOOP 2.0 inspector. The statistics are not
present and the fidebug with single objecto

At the front panel of the inspector, there isabject reference indicatoir he valué’®

of this is depending on the selected object in the list. By right clicking on the object
reference and selecting ACopy dataodo you ac!
clipboard. Now, by opening the front paiel any method of the class, including

inherited method, you may paste this reference value (pointing out the selected object)

by rightclicking on the input reference and selecting Data operatiBaste data.

Execute the method with the run button intbe@ bar. This way, methods may be

debuggetf as regular Vis.

Notice if a method that is being debugged, as mentioned abovedsteantvirtual

method that will call a sub class implementation, and this implementation in turn uses
thesamebase clasmethod, that is being debugged as a¢Ul, this will cause an

error code 1003 (VI is not executabifeHowever, this situation is avoided by using

the sub class method directly for debugging instead of the virtual base class method.

I R&SFSEM30 Inspector =l0lx]
~Class Inspector
00001 Always on kop?

Class
=)
|R&5FSEM30 SpectrumaAnalyzer =
Chjects Mr of objects  attribute size (kB)  Snapshot Auto snap

252 0.0 |
00002 | O
Kill object Class attribute size (kB)
Snapshat interval (ms)
Kill all Class size (kB) I S

- T i e

Attribubes locked? Class attributes locked?

Attributes
Ease class Class attributes

StartFrequency EBase class
boo ok used

StopFrequency .
oo

GRIBAddress

A

Figure 24. An example of the class inspector. When debugging many classes at the same time, the
Objects In Memorytool gives a much better overview, where all objects from all classes are shown
in one panel. Seé&igure 2.

9 An object reference actually holds a value even if it does not looks bketlite front panel. It is a

Afhiddeno 132 value. The fAhiddeno value is shown abo
%0 This debugging feature is supported in GOOP 1.0 as well.

31 See chapteB.2.2Base class implemaation in a sub class implementation.

2 L abVI EWE will actually con s iledetapplication romeentrantant VI t ha
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11 Error handling

In GOOP 2.0, errors occur if classes are used incorrectly. The errors that may occur

are found irTablel. The codes that have been usedaeeb VI EWE st andard er
codes (mostly code 1, An input parameter is invalid). This way, GOOP 2.0 does not

conflict with any user written error codes.

Code | Description Cause

1 Object reference is invalid An invalid reference has been passed
a methodUsually this occurs if a sub
class method is used incorrectly
together with another subclass,
inherited from thesamebase class. The
two sub classes are from two differen
branches in the class hierarchy and w
not work together. Sdeigure25.

1 Object already exists Trying to create two objects within the
same class with identical names.

1 Object not found Trying to look up an existing object th
does no exist.

1 Reference in is invalid An incorrect use of the input refere
on a constructor.

1 Attributes not locked Trying to set attributes when they are
not locked.

7 Dynamic method not found Trying to preload a virtual method in &

sub class constructor that is not
implemented in the same sub class.

1003 | Vlis not exectable A sub class implementation of a virtua
method is not executable when called
dynamically (the application may be

executable, but dynamic methods are
loaded at runtime). This error may als
occur when debugging a single virtua
method if the method ieentrant and

the sub class implementation uses thg
debugged reentrant method as sub V

1031 | Connector pane mismatch The connector pane of a sub class
implementation is not identical to the
virtual base class connector pane.
Remember that a required urtpn the
base class must also be required in a
sub class implementation.

1035 | Operation is invalid for this type | A dynamically called method in a sub

of VI classid. ab VI EWE Pol yn
which is not allowed for virtual
methods.

Table 1. Error codes used in GOOP 2.0.
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Notice that the destructor will always execute even if there is an error in and the
object will be deleted. This way memory ksaare avoided. A good idea is to use the
newObjects In Memorgebugging tool to trace neseleted objects.

Thiz method will be called! This method will be called!
[
SET -
FOWER: i i
1
1
| :
s ' !
]
: |
¥ : |
| 1
! |
IS4 resource name X 1
| !
! 1
PR [FREsia] EIJGER =G Eim 16 GEH
Errorin (no error)] Bl o E1
= | FOWER: ]
Create a R255ighen SigGen Sigiaensim " )
RES5igGen subclass wirkal SetPower glgGen wirkual
subclass ethod base class methad. This n_ellsilructor_ D'ﬁs':mﬁ
object Reset method is a method il dhynamically ca
: . the destructor of the
will dynamically from another -
) R&55igGen class,
call RESSigGen subclass of the P
N The object is destroyed
subclass SigGen dass i ;
implement ation {another branch in Fwen [ an errarin.
of SetPawer the class hisrarchy)

and will cause a
run-time error

Figure 25. An example of an error situation where a method from another subclass (from a
different branch in the classhierarchy) is used incorrectly. It is possible to wire them together
because both of the R&SSigGen and SigGenSim sub classes has inherited from the same base
class and therefore use the same ObjectReference.ctl. This will cause a runtime error in the
SigGenSim that will notice that the reference is not valid for the SigGenSim class.

12 Distribution

When developing LabVIEWE applications and -
to make a release of the application, usually one of the four strategies are used

1. Just deliver the LabVIEWE code as it is
2. If the code is version controlled, release a version in the Source Code Control
Systent® by applying labels.
3. Create a LabVIEWE LLB with fASave with o]
needed in the application and mayipels a password or remove diagrams.
4. Build Application (.exe) with the NI L al

There may also be other ways and combination of the above strategies. Normally, the
distributed application has some kind of version attached to #eseel

For example, the GOOP Wizard is not developed, as it looks when installed, in a large
LLB with all Vis in one place. The source code is in a folder structure which is under
Source Code Control (SCC). Each time a new release is performed a &tmthed

in the SCC and also the large LLB containing all needed VIs is created using the
Development Distributioexplained in chaptet2.1 This shows that two of the

strategies are used when releasing a new version of trerdVi

or mi |

Now, there is one problem by just p f
0 em i s

er
aséo and Build Application. The probl

% ClearCase and SourceSafe are two examples of Source Code Control tools.

© Symbio 2009All Rights Reserved 27



Sym b I o Version 13

I mpl ementing the dynamic binding. Anyon
Application BuilderinL ab VI EWE knows that dynamicall
needs to be included in the application manually.

Just building an application that contains a lot of virtual method that will call sub class
methods will actually result in the sub class implenmtgmanot being includeadh the
application. However, there is a solution to this problem. The nevD®alopment
Distribution will automatically find and add dynamically called sub class method

(and their sub-VIs) to the distributed application. The Devéopment Distribution

tool is included in the GOOP Wizard 3.0, but may also be run as a separate product. It
consists of two parts:

e t|
y ¢

1 Developmentdistributonper f or ms a fASave with option
dynamically called method and their suls.

1 CreateBuild Scripti creates a build script (.bld file) where all dynamically
called methods are added as ADynamic VI

There is one condition for the tool to work properly and find all dynamically called
methodsAt least one VI from each sub class must bacluded in the

LabVIl EWE s o.Normaly thisdsche problem, because the constructor
method, Create, must be used somewhere to create the class and is mostly always
used somewhere in the code. The constructor of a sub class may be the only sub class
method actuallysed in the application if only virtual base class methods are used.

12.1Development distribution

iﬁ Development Distribution = |EI |£|
File Help
— Development Distribution
Distributed Top-Level YIs

'

:)ID 9 (=3
E = |
£ |

Mote: Top-Level ¥Is musk not be in memory, Please close them! T w
Exclude Paths

o

=0 A

) Il‘i, C:\Program Files\Mational InstrumentsiLabYIEW v lb E"_ Only dynamic
9 = |V only dynamic

I ue
Clear lisk
Include Additional ¥is

o

,:)ID 9 o |
%, =
i = |

Mote: Additional WIs must not be in memory. Please close thern!
¥ Clear lisk
Distribution Option Security

. ’

:.JITD rew location - create new LLB ?)IND password changs

Prafioc Option Mew Prefix

:)l.qdd prefix to each W1 |

Distribution LLE Mame Save Top-Level ¥1s outside LLE?
LLE Folder
. = Endevos &

Figure 26. The front panel of the Development Distribution tool.
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Figure26 shows the front panel of the Degpment Distribution tool. This tool will

perform the same thingasastandard b VI EWE fiSave with optioné
Vis into a large LLB with an optional password. This tool is a little bit more advanced

and include all dynamically called subclass methods and their sub Vis as well. If any

of the dynami cal lose dynaniclcatisdtheselwil be addechas ai n  m
well. A complete recursive search through the entire VI hierarchy (including dynamic

called VIs) will be performed to find all possible dynamic calls.

There is also a possibility to use a regular folder instead &1.B and also to prefix
each VI in the distribution. Read all about the Development Distribution tool j@]ref
Development Distributioin White Pape Available at wwwsymbio.com.

12.2Building executables

The same problem with dynamicatiglled VIs occurs when using the NI
LabVI EWE Application Builder. All dynamical
added as ADynamic VIso, which might be qui

B Create Build Script == ]

C:\Program FilesiMational InstrumentsiLabWIEW &ivilib = n

Figure 27. The front panel of theCreate Buld Scripttool that is part of the Development
Distribution tool.

However, the solution is to use the new t@eate Build Scriptwhich is part of the
Development Distribution tool. This will create a build script (.bld) that is loaded in
the NI LabVIENE Appl i cation Builder. All dynamical
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are automatically added as fADynamic VI so.
tool in ref[6] Development Distributioii White Pape Available at www.endevo.se.

13 Performance issues, common mistakes and pitfalls

When developing LabVIEWE applications base
that should be considered for the code to be efficient.

13.1Performance

There are a number of aspects for improving performance in GOOP2. &angitthe
following aspects and try to avoid these situations if possible.

Avoid having large complex data structures as attributes.

Avoid having attri b totegasnpldan artay tleatrgets igr o wi |

more and more elements. This will force LabVIEW t o r eal | ocat e men

each time the attributes should be written

1 The number of objects will affect performance More than a couple of
hundred objects will slow down performance radically.

1 Avoid reading and writing attributes inside loops If it is possibé to read
the attributes first and then write them when done, this will improve
performance. If the strategy can be used depends on if the updated attributes
are needed elsewhere in the application, read in parallel as the values are
updatedFigure28 andFigure29 shows an example.

1 The class depth, number of ancestors, will affect access time to the
attributes. For example, if the access time to a root class attribute is x ms, a
sub class will have the agss time of 2x ms. If this class is inherited as well,
there will be an access time of 3x ms for the-subclass and so on.

1 Do not make a method virtual, unless you really need tdspecially in
subclasses, usually it is enough if the base class methotualy declared.

All virtual methods have to perform a check if a sub class implementation
exists. However, the GOOP 2.0 uses a caching algorithm to store information
if sub class methods exists or not and also stores VI references to be reused
after he first call to a dynamic method. This way performance for virtual
methods are maximized, but will always be slower thanvidnal methods.

1 Use preloading of the redefined subclass methods in the constructdihis

will cache information that the sub sRimplementations exist and also load

them to memory. This is a tremendous performance improvement.

T
T
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Figure28. Thi s Adummyo

example shows a very
attributes. There is a loop updating an atribute over and over again. If the attributes are not

inefficient

read in parallel somewhere else in the execution this is an unnecessary writing of the attribute.

1 Mo Ervar 't]
o TRRFFLE -
hé
132 N
= Loop and update value
[e==k 2} S

Figure 29. A much faster implementation of the same method as shown fitigure 28. The loop
actually does nothing, but it illustrates the principle, avoiding updating attributes in a loop if it is

not absolutely necessary.

13.2Common mistakes and pitfalls
There are some common mistakes that all GOOP progrestwilemake sooner or

later.

13.2.1 Deadlock situations

There are a couple of deadlock situation that might occur when using GOOP. The
most common deadlock situation is showirigure30. A modifying method locks

the attributes, and ém calls a private method that also wants to modify the attributes.
When the private method tries to lock the attributes, it will be forced to wait because
the attributes are already locked by the calling method. The private method will
actually end up wéing for it self to finish executing! This will of course never occur
and the deadlock situation is a fact.
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E&Ference Get and lock attribute Set attribute Feference oot
] ] - ERAMFLE ERAMFLE ’ E
b8 L1

[Hello ‘world [~ attribute2 fab]

EXAMFLE

Errar in ino errc-rj FRIVATE error aut
= 3 MODIFY ’ b

Call a private method that want to

modify the attributes, but the attributes are
already locked! A deadlock occurs when
the private attribute waits For the attribute
to be unlocked, but that will never occur!

Figure 30. An example of a common deadlock situation. A modifying method locks the attribute
and then calls a private méhod that also tries to modify the attribute. The private method will
end up waiting for the attributes to be unlocked which of course never will occur.

Another deadlock situation that is common is when working with a virtual method
that calls a subclassplementation, which usélse same base class method VI as a
subVI. The virtual method must be reentrant and this is explained in detail in chapter
8.2.2

If the virtual method is not reentrant, it will actually end up wagifior it self to finish
executing (the Call By Reference Node is actually still executing until the sub class
implementation is finished). When the sub class implementation wants to run the
virtual method as a st¥l, it will notice that it is already exeting and will wait for

it to finish and that will never occur! If the virtual method is reentrant, the sub class
implementation will not have any problem executing the virtual base class method as
a subVl.

13.2.2 Virtual methods do not work

When virtual methoddo not work as expected there is a number of checkpoints that
might be considered:

1 The connector pane of the base class method and sub class implementation
must be identical. Remember that a required input in the base class must also
be required in a sutdlass implementation.

1 The method name of a subclass implementation must be identical to the base
class method.

1 The controls and indicators in virtual methods must be wired to the Call By
Reference Node in the ACall Dynami c

13.2.3 Other common mistakes

One of the common mistakes that new users of GOOP do is actually forgetting to
destroy the objects. Make sure that Brestroymethods are executed even if an error
occurs in the code somewhere. The destructor will delete the object even if there is an
error in, but the destructor might be placed in aguthat will not execute if there is
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an error. Use th®bjects In Memoryool to make sure no objects remain when the
application finishes execution. Kill all objects and trace the memory leak indee c

When buil ding an appl i c a tcieaimg classes. GO@WOOP ,

do

is not a native part of LabVIlIEWE -Msnd many

There is nothing wrong with creating collections of ¥that are not GOOP classes
and use them together with GOOP classes. If you cannot findtabytais when
designing a class, consider if it is really necessary to use a class.

14 System requirements

f LabVIEWE 6.1 (or | ater)

f GOOP Wizard 3.0 requires LabVIEWE Profe:

LabVI EWE Full Development System

 GOOP20runsonallLdl EWE 6.1 Devel opment Systems

~

This means that it i s possible to develop
Base Package using GOOP 2.0, but requires
System or LabVI EWE Full Dev el applicegiont System
with the GOOP Wizard 3.0.

15 Example

This example will demonstrate how inheritance of attributes and methods works, how

to i mplement virtual met hods and how an

15.1The challenge

The challenge is to build a system usinggaericspectrum analyzer in the code; this
system must work together with many different spectrum analyzers of different
vendors. New kinds of spectrum analyzers must also be easy to add in the future. In
our example, the spectrum analyzer in the lab isiveays available and occupied by

others. Therefore we also want to use a simulated spectrum analyzer when developing.

This way we may test the code that uses the spectrum analyzer and see it behaves
correctly.

For now, it is enough to support only tR&S FSEM30 spectrum analyzer. However,
this spectrum analyzer needs to be calibrated, but sometimes we do not need
calibration, so we must make this system flexible.

15.2The design solution

With a pen and a piece of paper we quickly come up with a desigiosathhown in
Figure31as an UML class diagram with the class hierarchy.

34 This is also calledfunction Libraries
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<<abstract>>
SpectrurmAnalyzer

TpStartFrequency : DEL
TpStopFrequency | DBL

®Create()
$avittual=> Destroyl)

Soovinualz> SetFrequencyStartAndStop()

Sooyitualz=> Sweep()
®eavittualz> GetSpectrumi

Ll

R&SFSEM30

R

SpectrumdnalyzerSimulated

®GetIpectrumi)

TGP IBAddrass © String
SCreate)
:B::;ttrs 80 :Destroyo
¥ ZetFreguencyStantAnd Stop() ‘g\i}geguencyStanAndStopo
SSweepl) R

*GetSpectrumi)

I

CalibratedR&SFSEM30

CalibrationTable[] : DBL

$Createl)
SDestroy)

$GetSpectrumi)

Figure 31. The class hierarchy used in the example. The root base class at the top is an abstract
Spectrum Analyzer class. It hagwo sub classes, one real implementation the R&S FSEM30

(whi ch
Analyzer.

is a Rohde&SchwartzE

spectrum analyzer)

We use ambstractbase class calleé8pectrumAnalyzewith all methods declared

virtual. This class desdres thanterfaceof the spectrum analyzer. The interface is

the set of public methods that the spectrum analyzer exports. This way we may
develop an application using a spectrum analyzer without actually knowing what kind
of spectrum analyzer is being ds@his is a good example génericprogramming.

In this example we only support one model, but if more models should be supported,
just make another subclass from the root base GagstrumAnalyzeiThe

simulation of the spectrum analyzer is impleteeinas a sub class, just as if it where
another spectrum analyzer model.

To support calibration of the R&SFSEM we create a sub class of the R&SFSEM30
class, redefine th&etSpectrunmethods and add the calibration routine. However, we
do not want to reiplement how the R&SFSEM30 retrieves the spectrum, sosee

the R&SFSEM30 implementation in the sub class implementation

15.3The implementation

Now we are ready to implement the system. Notice that the GPIB communication is
not totally correct and is not wking in reality. It is simplified for the example.

First we create the base class. GOOP2.0 does not support abstract classes but we are

going to perform a small trick to make it behave almost as an abstract class.
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1. Create a standard class calfguectrumAalyzerwith the Class Generator in
GOOP Wizard 3.0. Selebtew classn the file menu. Follow the instructions.
Make sure that th¥irtual Destructoris set to TRUE. Use the attributes from
the design irFigure31.

2. When the classreation is finish, open the constructor, @reatemethod and
implement it. The result is shown below.

> SpectrumAnalyzer_Create.vi Diagram !Elm
File Edit Operate Tools Browse Window Help
@ ||I@ [ba| @] 9 [ 130t Appication Font |v| ][] FE
=
| Mo Errar Vt

o S | [—
il i || skatus i
5000 H cods By

SkartFrequency ; I :

[ StopFrequency [ 1 |

Inititialize attributes
here

Error in (no errar Error out

SOUFCE
Spectrumanalyzer must
not be instatiated!
SpectrumAnalyzer
Check class name and make sure the object is not instantiated from the "abstract” base class

Kl | ﬂ;/‘

3. Open the virtual destructor methdagstroy and notice that the VI Refnum
control must be updated directly. Just drag and drop the destructantcon
the VI Refnum control on the front panel. Remove the GetAttributes in the
ACl ass i mplementationd case.

B Spectrumanalyzer_Destroy.vi

Eile Edit Cper Tools Browse ‘Window Help

m 13pt Application Font |vl M'ﬁ'

Drag and drop the

[ icon into the VI
Refnum

© Symbio 2009All Rights Reserved 35



= sym bio - Version 13

4. Now, chooseAdd Methockither from the menu or press the button at the front
panel of the GOOP Wizard.

i add Method =] =]

SetFrequencyStartandstop

Set start and stop frequency For the sweep, -

5. Create the method of the class tnyeone, make suréirtual is set to TRUE.
When finished, the class should look like below.
i GDOP Wizard I =]

Filz Edit Window Help

'\ InternalProjects\GOOP2 examples| Spectrumanalyzer Spectrumanalyzer bl Spectrumanalyzer_Destroy . wi

The abstract Spectrumanalyzer
[ez] Spectruman. class. This class defines the

[s3) Spectruman i i interface,

[uz] SpectrumAnalyzer_SetFrequencystartandStop.vi

[ef) Spectrumanalyzer_Sweep, vi

SpectrumAnalyzer_ObjectReference, ctl

[s3) SpectrumAnalyzer_Delete. vi

@ Spectrumanalyzer_Getattributes,vi SpectrumAnalyzer
[s8) Spectrumanalyzer_GetAttribubesToModify. vi

[uz] SpectrumAnalyzer_GetClassattributes.vi

[e7) Spectrumanalyzer_GetClassAttributesToModify, vi

[s8) Spectrumanalyzer_GetObjectStatus, vi

[s8) Spectrumanalyzer_kew, vi

[e8) Spectruminalyzer_SetModifiedAttributes . vi

[o8) Spectrumanalyzer_SetModifiedClassattribukes. vi

2002-03-14 21136

Destroys an object created with a Spectrumanalyzer constructor WI or & subclass of
the Spectrumanalyzer class.,

[&00OF 2.0]

6. Now, implement all methods by adding suitable controls and indicators as
described in the design Fgure31. Attach them to the connee pane.

© Symbio 2009All Rights Reserved 36



symbio

Version 13

Update the VI Refnum control by dragging and dropping the icon of the
method onto it as described in s&p

The Call By

Reference
adapt to the connector pane of themeanethod. Wire all corresponding
controls and indicator to the Call By Reference Node.

|5 spectrumanalyzer_GetSpectrum.vi Diagram

File Edit Operate Tooks Browss Window Help

Node

in the nAnCal l

(=] 1]

©|Euﬂ [ 130t appication Fort |~ | [ 3[4 <[5~

M|Mo Error 't

T["Call dyniamic method" b

eference out

Eormect afl conrols and
ndicators to the corresponding
entrols and indicators in the

sl By Reference Hode.

I [ _@ B2

MTrue ~P]
1 reference nat valid - open ref]

frror in {no error

Fe
nnnnnnn
nnnnnn

[eference]
e Do NOT remove this wire. IF it is broken - update the Y1 Refrum contral
o the Frontpane! by draging Ehis I icon mto i

=

i

v

7.1l n the other

case,

i Cl

ass

i mpl ementati o

constants to the indicators. This case must never execute in an abstract class.
This mehod must be redefined in a sub class.
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