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Best practices for using
functional global variables
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Agenda

- What is a functional global variable (FGV)?
- Does the FGV prevent race conditions?

- Is the FGV better than the global variable?
- Which use cases are a good fit for FGVs

- |s there a better way? (DVRSs)
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Why Do We Need Functional Global Variables?

- A large application usually has many processes
executing concurrently

- Processes need to share data or send and receive
messages.
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Inter Process Communication

Stream Data use cases with limited

[Store Data J < Typically straightforward
Implementation options

Many more variations,
Send Message permutations, and

design considerations
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Store Data

- Data Is stored and made “globally” accessible

- Storage mechanism holds only the current value

- Other code modules access the data as needed

- The potential for race conditions must be considered

4 ) 4 )

Use Cases

« P 4 Configuration data
S / - Slowly changing
= data

Non-critical
messages

“Global Data”
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Functional Global Variables — Benefits

- Provide global access to data while also providing a
framework to avoid potential race conditions.

- Encapsulate data so that debugging and maintenance
IS easier

- Facilitate the creation of reusable modules which
simplifies writing and maintenance of code

- Program becomes more readable.
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Functional Global Variable - Review

- The general form of a functional global variable
includes an uninitialized shift register (1) with a single
iteration For or While Loop

Function Glabal Wariakle Code
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Functional Global Variables

- A functional global variable usually has an action input

parameter that specifies which task the VI performs

- The VI uses an uninitialized shift register in a While

Loop to hold the result of the operation
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Best Practices for Documentation

Action (Get)
#*[ncrement *

Initialize (132} Fav 32 | |{Current Value

COUNHT

- The action/method control should be a type defined
enum.

- Make “get” the default action/method.

- Consider making the action/method required.
- Include this in the label.

- Wire to the top connector
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Functional Global Variables — History

- (LV2 Style Global, Action Engine, VIGlobals, USRs,
Components)

- Global data storage mechanism prior to the
introduction of the global variable in LabVIEW 3

- Foundational programming technigue that has been in
extensive use in the LabVIEW community

Note. The behavior of an uninitialized shift register was not defined in LabVIEW 1.0
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Replacing Global Variables with FGVs

- This 1Is a common Initial use case.

N
Value|[33ZF Fay
1l.l"E||l..IE SET/MGET
EFY & Count r'\
#Get -
Value out Value out
& Count k32 ] Fav_F32 ]

SET/GET
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Main — Using a Global

DEMO
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Main — Using a Simple Set-Get FGV
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Do FGVs Eliminate Race Conditions?

- What if the FGV includes only set and get methods?

VI-1.vi
et - *5et -
FiaY MOdlfy FiaY
o Data w
SET/GET SET/GET
VI-2.vi
W+ Get - et
Modify
Fia} D Fia}
9 ata 9
SET/GET SET/GET

What happens when 2 Vls call the get and both modify the
data before either has called the set?
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Race Condition with a Set-Get Functional Global Variable
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Use FGVs to Protect Critical Sections of Code

- [dentify a critical section of code, such as the modification
of a counter value or a timer value.

- ldentify the actions that modify the data (increment,
decrement)
- Encapsulate the entire get/modify/set steps in the FGV

This 1s commonly called an Action Engine.
[t 1s a special type of FGV/
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FGV — Action Engine Protects Critical Sections of

Code

~ FGV Counter.vi

/

Get

Modify

N

Set

- This action engine wraps the “get/modify/set”
around the critical section of code.
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Sidebar: Execution Properties — Non Reentrant

Execution

- Vls are non reentrant by default

- The LabVIEW execution system will not run multiple
calls to the same SubVI simultaneously

ek Al Properties

Category |

Execution

=]

Pricrity
normal pricrity El

[#] Allow debugging
[] Reentrant execution ]

Share clones between instances
(reduces memory usage)

g Preallocate clone for each instance
(maintains state for each instance)

[ inline subVl inte calling Vs

Enable automatic error handling

Preferred Execution Systemn

zame as caller

[] Run when opened
[l Suspend when called

[T Clear indicators when called

Auto handle menus at launch

[=]

| oKk || Cancel || Help |
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Sidebar: Reentrant vs. Non-Reentrant

- Non reentrancy is required for FGVs

- Reentrancy allows one subVI| to be called simultaneously

from different places.
- To allow a subVI to be called in parallel

- To allow a subVI instance to maintain its own state

State (or the data
that resides in the
uninitialized shift
register) is
maintained between

all instances of the
FGV
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Non Reentrant VIs Block Other Calls

#Increment +Increment

FiaY Fia!

COUNT COUNT

- These two Vls are non reentrant by default
- They cannot run simultaneously

- One will run until completion and block the other from
running until completed.
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Action Engines Protect Critical Sections!

— VI-1.vi ~ VI-ilwvi_
4 Get *5et ¥ +Increment *
Fiay MOdlfy Fiay Fiai
Data o o
SET/MGET SETMIET COUNT
Yo D viovi
o Get - +5et ¥ +Increment *
Modify
Fiay
o Data T o
SETMIET SET/MGET COUNT

The FGV will block other instance from running until it has
completed execution. Therefore, encapsulating the entire
action prevents the potential race condition.
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Avoid Race Conditions!!! Fully encapsulate the
get/modity/set.

Action Engine FGV
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Globals vs FGVs

- Globals are significantly faster.
- FGVs allow for extra code to check for valid data.
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Encapsulated Global

- Create a global variable
- Add It to a project library and set access scope to private

3 Encapsulated Global...[ = || = | {3 Untitled 5 Block D... | = || = |[ == |
File Edit View Project Operate Too File Edit View iject Gper Private Vls
. t:-
tems | Files .1:5. @n] cannot be
Project Items used outside
EI-E; Encapsulated Global.lvlib — th | |b
: Eg. Action Items.ctl e .1Vl
Eﬂ Counter.vi
- m4"|GBL Count:vi
Details

This VI cannot access the referenced itemn because of library access scope, Itemns in
Globa private scope can be accessed only from the following locations:

1} from inside the owning library or LabVIEW class

2} from inside a library contained by the owning library.
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Encapsulated Global

- Create the VI in the Ivlib, that will act on the privately
scoped global variable.

EEncapsuIatEd GI...| = || [=] || EX |

File Edit View Project Operate P ——
Items Files
&DUHT
Projectltesns || | e [loEAL
= [ & Encapsulated Global.lvlib
b [kl Action Iems.ctl —
... [ GBL Count.i

[FE321| Current Value
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Consider locking and password protecting the .IVIib

Encapsulated Global
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Reusable components with FGVs

- Recall that FGVs encapsulate the data and functionality
and as such are a good design pattern for building
reusable components

- Consider using a FGV as a look-up table.

Name Password

John 66ford90
Mary spring2012

Array of names has corresponading array or
values or datasets
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Name Value Look Up Table

Yoervaaser |

Add DataSet
Modify DataSet

J Get DataSet
Delete DataSet
Get All DataSets
Delete All DataSets

- Define the data type of the value that is associated with
the name.

- Modify the method to include all actions to perform
related to adding, getting, and deleting items from the
list.

- Add code to ensure whether data is valid
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FGV — Resource Storage

D e SI g n p a_t_t e r n for a key— |"Gv.=_-t Dataset’, Default
value look up table.

= ................. [
Valid Data Set?
- Array of names/ DataSet Name =:

Bl

has a one-to-one

correspondence to the
array of data sets pLotipd (Get DatasSet

against race conditions ~ o

- Allows for the
qualification of valid
data

5
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FGV Password Storage
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Resource Storage FGVs

- Build drop-in reusable components.
- Provide protection and validation of data.
- Susceptible to race conditions.

- Can be used to store:
- References (User Events, DVRs, etc)
- Information about devices
- Paths for data storage
- Operator information
- Anything that requires a name-value lookup
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What if You Need Multiple Counters...

- Reentrant functional global?
- Array manipulation of the functional global data?
- Perhaps there is a better way...

#+Increment *

Fiay

gIZILII‘-IT ?
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Review of Queues and References

- Reference is a pointer to the

data
- The wire contains the T ol
reference, notthe ]
data. 1 | —:
- Forking the wire creates a o ==
copy of the reference, not a '

copy of the data

- Access data through
methods (VIs)

- Developer controls the :
creation and destruction of
the data
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\What is the Data Value Reference (DVR)?

- This i1s a simple way to wrap a reference around any
type of data.

— In Place Element Structure
Memnr}r Control (=]

94 GL, Search l Q:, Customize™

a\alue Reference

e

F T

Create & Destroy Modity
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Data Value Reterence (DVR) Library

{3 DVR Counterhlib* ... [ = |[ B |[wE3]

File Edit View Project Operate Toc

Items Files

Project Iterns
= [ DVR Counter.lvlib

=+

- = Method.vit
- gl Obtain.vi

COLUNT

QETAIN

COURT COURT

GET

[:E::" GOUNT
_m

|

- Inciementi .

Eﬂ. Decrement.vi
EQ. Get Count.vi
- |l Release.vi

- Create a constructor and destructor.

- Create a template for the methods.
- Create a method for each case that will modify the data.
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Creating a DVR from an FGV

- If you already have an FGV, you can easily transform it into
the more flexible DVR library.

- Create the constructor and destructor.
- Create a method (VI) for each case that was in the FGV.

P, === [ ||data value refnum out
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Data Value Reterence (DVR) - Library

- Reference acts as a Count [T fr—j—fi51|data value refrum
pointer to the data error in (no error) [Z28 = pe=<1|error out

- Create unlimited %

Instances

- Easily expand the GOUHT GOUHT SOUNT GOUHT
' OETAIN COUNT F‘EMEE
||brary _mﬁp:m ------

data value refrum = o data value refnum out

error in (no error) [[E5 Kefiiereemmmneacgld :
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Using a DVR Library
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DVR Library Design Issues

- Easily add new methods (Vls) to the library as needed.

- Create a library that has a similar look and feel to native
APls (Queues, Notifiers, Semaphores)

- [dentify the owner of the library who will update and
maintain the library.

- Anyone with Core 1 & Core 2 understanding can use the
DVR library.
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Add a Method to the DVR Library
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Inter Process Communication

Stream Data use cases with limited

[Store Data J < Typically straightforward
Implementation options

Many more variations,
Send Message permutations, and

design considerations
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Various Interprocess Communication Methods

Same target Same target, different application
Same application instance instances OR

Different targets on network

Storing - » Single-process shared » Network-published shared variables
Current variables (single-element)
Value * Local and global variables « CCC

« FGV, SEQ, DVR

« CVT

» Notifiers (Get Notifier)
Sending * Queues (N:1) « TCP UDP
Message » User events (N:N) * Network Streams (1:1)

* Notifiers (1:N) « AMC (N:1)

» User Events « STM (1:1)
SYigstinllslel® ¢« Queues * Network Streams

« TCP
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Foundational APIs for Storing & Messaging

-
® | 0ssless (option)

¢ TNT1TNNN |
e Buffered e Secure
e Full API e Flexible
e 1:7, N:1
_.® Named y

)

¢ Pointer to Data e 1:1 1:N
e 1:1,1:N,N:1T,N:N e Full API

o Full APl (DVR) ® Lossy
s Named

J
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Where to Go Next...

LTomiling y ;
: : : : o8 Cartdied Managing
LabVIEW Core 1 LabVIEW Core 2 VIS, LabVIEW Core3 Latw EW ‘Software Engineering
Devolopar Rawalopss ©inLabvIEW L
ot
LabVEW
— Archatioct

LabVIEW

Connoctivity

LabVIEW

Parformance

¥ Becommerdod Cowses
Omooal Cowrses Obyect-Oriortod Dosign
: ¢ and Programming
& Opsonal Carshication Loved in LabVIEW

- What are your next training options?
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