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e What do we need more?
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Common Abstraction Layer: Superclass

<<ABSTRACT=>
GUI

GUI <<ABSTRACT>>
show <<ABSTRACT=>
iy

<<ABSTRACT==> <<ABSTRACT=> MAIN GUI
CAN DAQ a0
T‘ ? show
CAN SIM DAQ SIM
CAN_HW DAQ_HW
GuUl Gul
show show

Not a real project, of course.
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LabVIEW: Common Superclass

We wish

Does It work?
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LabVIEW: Common Superclass

Does it work? Ya, right...
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Multiple Inheritance

==ABSTRACT=>
Gul

GUl =< ABSTRACT:==
show <<ABSTRALT=>

{{ABSTRACT}} {{ABSTRACT}} MA'N GUf
bl DAQ Gul
‘T‘ ,T. show
CAN _SIM DAQ SIM
CAN_HW DAQ_HW
GUl Tl
show Show
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Interfaces

Interface can be considered as a class without attributes,
and with all methods being abstract.

==zinterface==
GUI

GUl ==ABSTRACT ==
show <<ABSTRALCT=>

"
e e S G R T
| I
| : MAIN GUI
==ABSTRACT=> : ==ABSTRACT=> :
CAN | DAQ : ram
| | show
i | f |
| | | I
CAN SIM DAQ S
CAN_HW DAQ_HW
GuUl GUl
show show
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Interface

e Interface is a definition class
— No code
— No data structures
— Only empty methods to override
— Own data type

Avalilable in LabVIEW?
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Creating GOOP Interface

=]

¥ Create Class Dialog (FndevaGOOPA00)

%
=
(0]
w
wn
=

Class name

|Intl

Two types of interfaces

Class Template

Simple DVR Template Y
Singleton DVR Template

Interface Template

Interface Template (By VI Server) =

e Why two?

Select Parent Class

Class name | Class Descriﬁinn -

Design Pattens

a
[ P e ey e = [ 1
Class folder (The hvclass file will be saved in this '\.‘iSF to inherit fromj B e Caus e nO 0 ne Of them ls
Chandrey'\projects\LabVIEW_Developer_Day 2017\Interfaces\Intl_Interface Str aightf O I"W ar d
Class Folder Suffix I:Interface
Class description
Current Class provider to use: EndevoGOOP400 [=]
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GOOP Interface by Aggregation

==zinterface=»=
GUI

GUl =< ABSTRACT==
show <<ABSTRACT=>

e s ]
: : MAIN GUI
==ABSTRACT==> : ==ABSTRACT=> :
CAN | DAQ : FEm
: : show
I I
I I

i i
| | | .4

CAN SIM DAQ SIM
CAN_HW DAQ_HW
Gul Gul
show show
Our wish
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GOOP Interface by Aggregation

<=ABSTRACT=>
CAN

T

CAN_SIM

CAN_HW

+GUI
+show
+Getl GUI

MAIN_GUI

Gul

+GUI

+zhow

2
<<ABSTRACT=>
DAQ
CAN_SIM_GUI DAQ_SIM
DAQ_HW L MAIN_GUI_GUI
+GUl +GUl o
:g:nwsm Implement :fauwem +show +GUl
+DAC_SIM_Implement +show

What do we get

+MAIN_GUL Implement

+GUI
+show
+Getl GUI
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GOOP Interface by VI server

I
I
=<=ABSTRACT=> :
CAN !
|
ﬁl I
I
| |
CAN_5IM
CAN_HW
Gul
show

z=zinferface==
GUl

GUl =< ABSTRACT==
show <<ABSTRACT=>

<=ABSTRACT=>
DAQ

i

MAIN GUI

G
show

DAQ S

DAQ_HW

GUl
show

Our wish
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GOOP Interface by VI server

==zinterface==
GUI
GUl ==ABSTRACT== . .
Sesaa iyl There is no interface data type
MAIN GUI
==ABSTRACT== ==ABSTRACT==
CAN DAQ Gl
‘T‘ ‘T‘ show
CAN SIM DAQ SIM
CAN_HW DAQ_HW
GuUl GUl
show show

We get. It works! But...
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Interface by VI Server: Service Code

Tk [Full Class Name

Trus <]

I
| ‘ » hever include commented out diagrams =} v
|-25]-20] - o Inchude all overrides 1
frboctode st e L [ET|W1 Refrism OF Interface me
= . (L= e
T ‘ T True ~Bf ]
<t in[TET3 == 2z} 1 i o — = i
o IE True ~
rron) [EEH EO e o =t e o BT Mot plementationFound
£l - i : ot
o o [ el oo
m pai o
This method: %s, has not] |
- GOOP or 4 been implemented in any sulb
m. - - classes

B lwrror out

[ S Ss_Mewevi

Fos: %5 GOOPKernel. vi
SemiCleanlp
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Interface by VI Server: Scripting

Interface VI[C B

nents this interface Wm—

ConPane.Ref¥

ConPane.Ref¥

;!; == CH B
Label. Text *
P

Contr

Mo Error =B

finterface Out]

Indicator e

[F= cun &

Contrellnd

g

Indicator 'lé--

iy v 3

error in (no enor}@

&l |+ Wait Until Done

Run V1

- {vAute Dizpose Ref

Ll

- | LvClassObjectDat

-
D

NOVATOR

SOLUTIONS




Benchmarking

M

F Y
______ b i
! 1
I 1
1 F
A B1
al M
A2
"
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Comparing Different Solutions

Benchmarking: OK Super-slow ?
time spent 100 % 30000 %

Interface data type Yes No ?
Dependency Straight No ?
Additional code Too much No ?
Readability Bad Good ?
Code in Vl.lib No Yes ?

Common superclass (GOOP): Benchmarking 25-30 %
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Disclaimer

e What a LabVIEW programmer does when he is not working writing
LabVIEW programs?

e He writes hobby LabVIEW programs

e AZInterface is a hobby project with all fun and
consequences®©
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AZ Interfaces

e LVOOP class is defined as an Interface.
— Otherwise it is a class supplied with few specific members.
e Any class can implement such an Interface.

e Relationships between classes and Interfaces are defined by
Community scope. Interface is added in list of Friends of the
interface-implementing class.

— Anyhow, [ newer met a developer who used Community scope for anything

but quick fixes ©
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Create Interface

File Edit View Project Operate Tools

|heSe « ] &5k ||

Items | Files |

Project ltems ':IL= Create Interf
= ,ﬁ. Project: AZldevelopment{1,lvproj File  Wisdoww Flp

= H
= MNew 1%
Add A

it Crente AZ koo Interface folder

ACTOR

UML 4| C:\andrey\project..\AZldevelopment01\GUI_azi =i
Find Project Items... Folder suffix

Lazi
Arrange By Interface description

Expand All
Collapse All

Help...
Properties
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New AZInterface

Eﬁaﬂdevmnpmentﬂl Iwv... lmllg
File Edit View Project Operate Tools '
'H ‘RO | #£ || BT W& | | Interface
Iterms | Files /
Project Items -
= i ut .

E &,WGU(;F,':,':,E: / cast _to_I nterface - method automatically
| i 8" GULctl | __—— included in BD of corresponding methods of
| i [@) cast_to_Interfaceni — || interface-implementing classes
. b [id method_refs.ctl A
| i |@ read_Object.vi = _ _
3 G CAN.vclass T tih+—— read_bject -double-purpose method: provides
- @ CAN_HW.lclass access to original class instance and destroys
- @ CAN_SIM.lvclass interface instance (only if the interface has
@ @ DAQ.lvclass = reentrant methods).
G- @ DAQ HW.hclass
=- i DAQ_SIM.lvclass
#+ @ MAIN_GULWclass w

-«
> NOVATOR

SOLUTIONS



New Interface Method: Create

File

Edit View Project Operate Tools

EEIFTER T

Items [ Files ‘

Project Items

-

& & Project: AZIdeveIopmentOl.varoj‘

[ New Interfa
File Window Help

New

~ > @ n

Open
Explore...

Show in Files View  CtrlsE Pl method narne

[r——— ———

Add »

leentrant (limited)
Go to Parent Class

Show Class Hierarchy
Save

Find

Show Error Window

AZ Interfaces Create Interface method

GOOP
umML

Analyze V...

Find Project Items...
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New Interface Method: FP

[ &2 GULIvelass:show.vi Front Panel on Untitled Project LIvproj/My Computer * "m‘ i@m . .
= s ] e Think about terminal pattern

D& @n |15ptApplication Font v]i;.v Tov v @9~ o Search

| e — twice.
e It will be difficult to alter at
- Add controls and indicators. later StageS-

- Connect them to terminal pattern.
- Save the method.

- - Do not edit BD of this method 3 ° AS usual ln OOP @

Untitled Project 1.lvproj/My Computer| «

N
> NOVATOR

SOLUTIONS




New Interface Method: BD

modified when first implemented in a class

Do not edit BD of this method|

show

Interface_object in : : Interface_object out
S method refs.showvi g O method refs.showwvi S
---------------------------------------------------------------------- » =={ 71 W¥ L RN

Object * HEHE Object

error in (no error) error out
BT

B
.y
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Terminal pattern limitation

e Use only 20-connetor terminal patterns in all
AZI methods!

e Anyhow, using the same pattern through the
whole project is a good practice.

e And I hate such a mess.

1 - L) ] - L
™1 ] u ] 1 ] ]
.:n[ rERRERN | el ||
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Apply Interface

D etsotopmeresine E=m =S
File Edit View Project Cperate Tools.

IEEFIFEREIELY

| Items IFlles

Project ltems - i

= W, Project: AZldevelopment0l.lvproj |
= N My Computer

B+ [P GULhvclass

8 GULetl

~|§, cast_to_Interfacevi

|l method _refe.ctl

‘lg read_O MNew

(@) GULi Open
0 ) CAMlvclas  Explore..
Show in Files View

Attention!

e Ifyou implement interface method but the method
already exists in the class, the methods must have
complimentary terminal patterns.

Ctri+E

Add

Go to Farent Class
Show Class Hierarchy

Save

e There is no build-in protection from errors here

Find

|

Show Frrar Window (V-Z-O-O) .

— * [ believe this issue should be prioritized in next
s version.
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Applied Interfaces defined as Friends

Category -

General Settings
Protection Friends of This Library

Documentation GUL I class
Item Settings

Inheritance

Probes

I Wire Appearance
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Method Implemented in Class

[ CAN.SiMivclassishowi Front L= _LCE X ]
| File Edit View Project Operate Tools Wind

" g = 0 |15ptAppFication AP

Interface_object in

show

-

Interface_object out

3 CAN_SIM.Ivclass:showi ; o . =)

File Edit View Project Operate Tools Window Help

P @ N P 2 wo$ o |15ptApplication Font ~ | 3o Tav &~ Bad o Search A P

Interface_object in Interface_object out
-

show
[TES

AZldevelopment02.lvproj Computer < | m . »

BD is empty
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Code of the Interface Method

modified when first implemented in a class
Do not edit BD of this method

Interface_cbject in

method refs.show.vi

Object

[11

...................................... o (e ] |
ject
error in (no error) ; _F
=1 " ﬂ"
chow . I_H

Interface_cbject out

e

errar out

...But?

e Created class method has object terminals of the class
e Interface method keeps object cast to LabVIEW Object type

e (all By Reference does not support Dynamic Dispatch
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Wrapping utility method (“middleman”)

CAMN_SIM
Transfers call from interface
L] to class
Interface_object in show Interface_ohject out “Provides” terminals of
| necessary data type
errar in (no error] § = "4"— error out
= Bl |

e Belongs to the class (CAN_SIM:util_GUI_cls_show.vi)
e Has object terminals of LabVIEW Object type
Invoked by interface method (GUI:how.vi)

e Invokes actual class method (CAN_SIM:show.vi)

SSSSSSSSS



Method cast to <interface name>.vi

@ e o
Do not edit this method|

Object in
[

TEMPLATE

error in (no error)

rrrrrrr

1. Interface is applied to class
— The method is created but

Interface_object out

error out

broken so far
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Method cast to <interface name>.vi

1. Interface is applied to class

@ e o
Do not edit this method| — The method is created but
L i oetot broken so far
@ = i 2. First method is implemented
error in (no error) 'Lﬂ— error out
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Method cast to <interface name>.vi

1. Interface is applied to class

@ e o
Do not edit this method| — The method is created but
Gb_iin o ace_ﬂ-bject out broken SO far
@ = 2. First method is implemented
7% GULVI | | : .
| @—f s 3.Second method is
error in (no error) error out

A eliT] implemented

4.And so on...
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Intermediate summary

e Interface (INTF.lvclass)
— Custom methods
— Method read_Object

Utility cast_to_Interf Utilities must not be
+MTD — 111 cast_to_interiace ;
+read_Object customized

<<inferface=>
INTF

(cast to: Interface) — They are automatically created

e (lass (CLS.lvclass)

— They are automatically modified
— Custom methods

— They are automatically included
— Method cast_to_INTF in the code

I
|
CLS

— Utilities util_INTF_cls_MTD
+cast_to INTF
i But?! How to use?
(util INTF cls MTD}
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Method execution at interface abstraction level

=

MTD.wvi  cast to INTF.vi

B | :EE JJJJJJJJJJJJJJJJJJJJJJJ
MTD et /

MTD.vi

[ j JJJJJJJJJJJJJJ

MTD

INTF interface data type

read_Object.vi

MTD.vi

L‘_ﬂ |
MTD

CLS.lvclass data type

CLS.lvclass data type

Execution at INTF interface data type

Execution at CLS.lvclass data type

Execution at CLS.lvclass data type
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Comparing Different Solutions

Benchmarking: OK Super-slow Good
time spent 100 % 30000 % 20 %
Interface data type Yes No Yes
Dependency Straight No Straight
Additional code Too much No Some
Readability Bad Good Good
Code in Vl.lib No Yes No

Common superclass (GOOP): Benchmarking 25-30 %
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IS It 1t?
Not yet

Reentrant VI-s

Real challengel




New Reentrant Interface Method: Create

Window Help
ndy @ n

Operate Tools j File

[heal xbox|[sk|

Items [ Files l

Project Items -
= [k Project: AZIdeveIopmentOl.varoj‘_

& B My Computer
> ®

New

Open
Explore...

Show in Files View Ctri+E

Add

Go to Parent Class

Show Class Hierarchy

e Shared clone reentrant execution is
selected for this method

e All corresponding class methods shall
have the same reentrancy setting
— That is good to be frank

Save

Find

Show Error Window

AZ Interfaces Create Interface method

GOOP
umML

Analyze V...

Find Project Items...

N
INE NOVATOR

SOLUTIONS




Method cast to <interface name>.vi

Object in Interface_ocbject out
oy

Do not edit this meth:::d| ‘E

& & L

| oy E—

errar in (no error)

E!' == VI Interface Type 3 ﬁ:__,
Path b

128

£l error out
et

o
[

A
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Method cast to <interface name>.vi

Object in Interface_ocbject out
=, orrarans
. . & e
Do not edit this method| ‘E HE ﬁ
& % L a
FARIH G|
GULvi
J & * show.vi :
128 | FARINGEU] :
errar in (no error) i-L % \ o errar out
= VlInterface Type 3 Jl.lco= iy e
Path oot
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Interface method read Object.vi

Do not edit this method| e If Interface has no reentrant

methods, both cases (False

dEEtrD}l' fotitace m Eéé.,-,,-,,-_.,-_.,-_.,-_.,-_.,-_.,-_.,-_.,-,,-,,-,,-_.,-_.,-_.,-_.,-_.,-_.,-_.,-_.,-,

Interface_object in interface_object ot AN TTru e) contain the same
************************* G S

[¥o5a ]|
error in (no error) error out
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Interface method read Object.vi

Do not edit this method| e If Interface has no reentrant

methods, both cases (False

d " st . D}f I i t ” rf _— m EE;i‘r..‘r..‘r'.‘r'.‘r'.‘r..‘r..‘r..‘r..‘r..‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.‘r‘.

Interface_object in Interface_ohject out and True) Contaln the same
fffffffffffffffffffffffff ey,
| Object code.
Object .
et WIS U * Case True closes references

to reentrant methods

— Thus read_Object.vi works as
. destructor
error in (no error) error out

— [t MUST be used when the
interface instance is not
needed any more
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Reentrant method execution at interface abstraction level

CLS.lvclass data type

INTF interface data type

MTD.

L [

cast {0

JJJJJJJJJJJ

CLS.lvclass data type

Execution at CLS.Ilvclass data type

\\\\\\\\\\\\\\\\\\\\\\

MTD
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Reentrant method execution at interface abstraction level

MTD.vi

cast to INTF.vi

read_Object.vi

JJJJJJJJJJJJJJ

I:iﬁ

CLS.lvclass data type

MTD.vi

B

MTD

Execution at INTF interface data type

v == ....000000000 0000
}‘HHHHI MTD E;%;ﬁé%)
CLS.lvclass data type
ot

We create another copy

Execution at CLS.lvclass data type

mmmmmmmmmmmmmmm

MTD

QEJECT

that must be destroyed
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IS It I1t?

Almost
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One more advantage

e You can apply the same Interface within the same project to any
type of class
— GOOP4 classes
— GOOP3 classes
— G# classes
— Native LVOOP classes

e This means you can create common abstraction level for any
combination of OOP models
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Consistency Tool

e | had presented Consistency tool when we discussed
prototype version (v.0.0.0) of AZInterface at CLA-E 2018.

 There was no Consistency tool any more in v.1 and v.2.0
because there was no need in it.

e But probably we need it.

 There is Consistency tool in v.2.1.
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Consistency Tool

L£* AZ Interface Consistency tool

| File Window Help

2 @ N
E Chandrey\projects\AZ_Interfaces_noSV...\tmp\test190302-1 - Copy\a.lvproj =i

I @ Applied methods

_ “ © Interfaces mett
— — BN ©® Class methods

Interface Method Stat Message
Intl Awni |E

Terminals are not wired in BD

Intl-1] | DDDwi E | Terminal paﬁ;ern differs from defined in meihn-d'_réf;.c-tl
Intl-1 CCCuwi | E Terminals are not wired in BD
Intl-1 BBB.vi E Terminals are not wired in BD
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Consistency Tool: Alter terminal pattern of AZI method

.

ﬂ ULlvclass:showaw Front Panel on demolroject1903.29 vpra);My Computar *

<

Add terminals, connect them to terminal pattern,
and save the method.

. Do not edit BC of this method

show

»

error out

error in {no error)

|demnoProject190329. vproj/My Computer| « : n

File Edit View Project Operate Tools Window Help BET ]
>® @ N |15ptAppIica1ion Font ~  §oe ov ¥« D+ o Soarch A ? Hl swow
Inteface objectin Interface_object out £

m

.

ﬂ ULlvclass:showaw Front Panel on demobroject1903.29 vpra) My Computar

File Edit View Project Operate Tools Window Help

© & () I [15ptApplication Fort ~ | §ov g~ M= D o Scarch R, %

Interface objectin Interface object out:

<] 5

Add terminals, connect them to terminal pattern,
and save the method.

Do not edit BD of this method
show
Ko top
error out
[dermnoProject190329. vproj/My Computer| « ; n ]

m
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Fix Interface method first and Class methods after

S
AZ Interface Consistency tool

File Window Help

» 2 @ N
E C\andrey\projects\AZ_Interfaces_noSVN\demoProject\demoProject190329.lvproj

g

Interface Method Stat Message
1 E | Terminal pattern differs from defined in method_refs.ctl

I

Stat Message
show.vi Terminal pattern does not match pattern of interface method
ul [ DAQ_SIM [ show.vi E | Terminal pattern does not match pattern of interface method
[ CAN_SIM | show.vi E | Terminal pattern does not match .pat‘t:rn of interface method
[E | Terminal pattern does not match pattern of interface method

show.vi

=~
-
=
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It IS It
Thank you!
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