Most Commonly Missed Topics on the CLAD
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CLAD Prep Topics

™

Most Commonly Missed

= Coercion Dots

* Loop Components

= Shift Registers and Feedback Nodes
= VI Timing

* Property Nodes

* Charts and Graphs

* Arrays

* Array Functions

* Mechanical Action of Booleans
= Data Representation

= Sequence Structures

= Case Structures

= Data Flow

* Breaking Data Flow

= String Functions

= Clusters

= Type Definitions

* References
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Additional Concepts

- Enumeration

- Conditional Disable Structure
- Notify and Filter Events

- Multiple Loop Design Pattern

* Notifiers

- Semaphores

- File Formats

- Modularity and SubVls

* Icon and Connector Pane

- Errors and Warnings

- Variables

- Race Conditions from Shared

Resources

- VI Server Organization
- Create references programmatically



Coercion Dots

™
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*Coercion Dots indicate that
LabVIEW has converted a
value to a different numeric
representation

*LabVIEW coerces values to
the data type with the largest
number of bits, except for For
Loops (always 32-bit signed
integer)

*Avoid coercion dots for best
programming efficiency

Red Coercion
dots on input

terminal
X X+

B N

¥
; Blue Coercion
dots on output
terminals
xE K+F2
{i—
y 2

k
Convert to Double

Data Type

To Double Precision Float

I32 DBEL




Coercion Dots

When does the coercion dot appear?

A. The data types are consistent
B. A polymorphic operation is performed on the data

C. The data conversion is forced due to the mismatched numeric
representation between terminals

D. Data values are being coerced because they are out of range
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Coercion Dots

When does the coercion dot appear?

A. The data types are consistent
B. A polymorphic operation is performed on the data

C. The data conversion is forced due to the mismatched numeric
representation between terminals

D. Data values are being coerced because they are out of range
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Coercion Dots

Which of the following statements is true regarding the use
of Coercion Dots?

a. Coercion Dots improve program performance.

b. Coercion Dots represent a conversion from one data type to another.
c. Coercion Dots increases memory usage

d. Both A. and B.

e. Both B. and C.
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Coercion Dots

™
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Which of the following statements is true regarding the use
of Coercion Dots?

a. Coercion Dots improve program performance.

b. Coercion Dots represent a conversion from one data type to
another.

c. Coercion Dots increases memory usage

d. Both A. and B. Coercion dots indicate that a certain data type is being
wired to terminal that accepts a different but
compatible data type. When this happens, LabVIEW
converts the data to the larger of the two data
types. This requires the creation of a memory buffer
to store the coerced data.

e. Both B. and C.



Coercion Dots

™

NATIONAL
INSTRUMENTS

What will “Result” be after running the VI?
A. 2

=

X+
B. 2.7 [DECE
C. 3 Y
[DEL¥
D. NaN
"I.T' T
£k Result
12 sult
X 0
;}-1.5



Coercion Dots

What will ‘Result’ be after running the VI?

A. 2 ; coy
Lo
B. 2.7
Y
C. 3 DEBL §
D. NaN
!lr i
f'"l,g Rezult
The block diagram places the coercion dot on ¥ o
the border of the terminal where the conversion J,_f[ e
takes place. The data is not coerced until after 1o

the addition, at which point it rounds to the
nearest integer.

1.2+ 1.5=3 (2.7 rounded to 3)
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Loops

For Loops and While Loops have an
lteration Terminal to display how many
times the loop has executed

*While Loops must execute at least once

Mumeric

*For Loops can execute zero times E=—R

*The Iteration Terminal is zero indexed; this
means the output of the terminal is zero for the
first iteration of the loop.
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Loops

What will be shown on the “For Loop Sum”, “While
Loop Sum”, and “lteration” indicators when the
program below is run?

A. For Loop Sum= 1, Iteration=0, While Loop Sum= 1
B. For Loop Sum=2, Iteration=1, While Loop Sum=2

C. For Loop Sum=1, lteration=0, While Loop Sum=2

[tHE

For Loop Surm While Loop Sum

Iteration
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Loops

»
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R
For Loop Sum
fHe B
1]
Iteration
] o
Stop Addition “For Loop “Iteration”
Condition operation  Sum” value value
Met
(N>input)?
no 0+1=1 1 0
yes Does not 1 (no 0 (no
execute change) change)



Loops

While Loop Sum

lteration Addition “While Stop
operation Loop i condition
Sum” value met (i=1)7?
value
1 0+1=1 1 0 no
2 1+1=2 2 1 yes
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Loops

What will be shown on the “For Loop Sum”, “While
Loop Sum”, and “lteration” indicators when the
program below is run?

A. For Loop Sum= 1, Iteration=0, While Loop Sum= 1
B. For Loop Sum=2, Iteration=1, While Loop Sum=2

C. For Loop Sum=1, lteration=0, While Loop Sum=2

[tHN

For Loop Surm While Loop Surm

Iteration
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Shift Registers — Multiple Previous Values

= Shift registers can be resized to save multiple previous values.
= Retains a certain number of previous values, oldest ones get removed as needed

JVI finishes | | Run again
L J L

—

[Run once

—mzlD

Stop Button
Iteration

BRERN. ~
BRENA. .
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Shift Registers

_ »
» g

Block Diagram 1st run 2nd run

Initialized 1R
Shift :, Jl =5 | Output=5 | Output=5
Register = [ e

_

: F‘
Not N |
Initialized | J =2 | Output=4 | Output=8
Shift — :
Register _

: 7
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Shift Registers

After 3 iterations, what will be the value at indicator D?
a.0
b. 10
C.
d.

3
Unknown

Mumeric

Iteration Stop Button
1]
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Shift Registers

After 3 iterations, what will be the value at indicator D?

a.0 Numeric = 10
b. 10

c.3

d. Unknown

Mumeric

Justification: This code will not run. It
will have a broken run arrow because you

EPrENT . Iteration Stop Button
cannot initialize just one element of a H

multiple element shift register. You must
either initialize all or none.
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Shift Registers

After 3 iterations, what will be the value at indicator D?
0
1

a.
b. 10
C.
d.

3
Unknown
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Shift Registers

After 3 iterations, what will be the value at indicator D?
0
10
[bOBL]|A

FOEL | B

a.
b.
C.
d.

3
Unknown

OBL | ((C

L] D
Justification: If this is the first time we Stop Button
are running this VI, D will display 0
after 3 iterations. Because the shift
registers are uninitialized, we cannot
say what D will be.
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Feedback Node

= A feedback node functions like a shift register.
= Can set an initial value by wiring data into the terminal on the left side of the loop.
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Feedback Node

What number will be added to the random number
on the first iteration of this loop?

Feedback Mode

nknown 5

0O 0T o
N OlC o
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Feedback Node

What number will be added to the random number
on the first iteration of this loop?

Feedback Mode

nknown 5

Q0o
N o COoO

Justification: A feedback node acts exactly like a shift
register. The terminal on the left side sets an initial value

for the feedback node, which is used during the first iteration
of the loop.
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’ INSTRUMENTS



Timing Functions

- Control or measure the frequency at which a loop executes
* Provide the processor with time to complete other tasks, such as processing the user interface
- Uses the operating system millisecond clock

Wait (ms) h
S ' > Tick Count (ms)
B D
k k
k
L3 L3
Wait Until Next Tee T |
s |"-.."||_||1:i|;;||E Time has Elapse* Get Date/Time In Seconds
Elapsed Time (s)*
10+ ﬂ Present (s) » vt
= - —
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Wait (ms)

Waits for specified input number of
milliseconds

" Performs function asynchronously

" Returns only after the specified wait time
" Does not interrupt parallel code

* Loops will not iterate until function returns

Wait {ms)

7 NATIONAL
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Wait (ms)

The Wait (ms) function will
begin its count when the loop
begins executing. The
CODE will execute in 5 ms,
and the loop will not continue
until an additional 5 ms
elapses.

Loop Iterates
|

Wait —>

CODE > '
NRREREREE

System Clock 2 7 12

‘7 NATIONAL
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Wait Until Next ms Multiple

*Waits until the value of the millisecond timer becomes a
multiple of the specified millisecond multiple

" Performs function asynchronously

" Guarantees that the loop execution rate is at least the
amount of the input you specify

Waik Lnkil
Mexk ms Mulkiple

]
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Wait Until Next ms Multiple

The CODE will execute in 5
ms, and the loop will not
iterate until a multiple of 20
ms is reached on the system
clock. The loop period may
be less than 20ms in the first
iteration.

Loop Iterates
|

Wait >|

CODE > '
NERERRERRRRREREE

System Clock 23 28 40

‘7 NATIONAL
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Wait Until Next ms Multiple

The loop will always iterate
after 23 ms, since the CODE
will execute in 23 ms. A
multiple of 20 ms will always
be reached before 23 ms, so
the Wait Until Next ms
Multiple has no effect in this
situation.

Loop lterates

Wait > :

|

CODE ->
NERARERRERERRERRARE

System Clock 20 40 43
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Tick Count (ms)
Tick Count (ms) returns the value of the Windows millisecond timer.

* Timer rolls over at 232-1
* Cannot be used to extract real-world date or time
* Useful for finding the duration of executing code

milllsecond timer value

7 NATIONAL
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Get Date/Time In Seconds

Get Date/Time In Seconds returns a timestamp of the current time.

" Timestamp value is calculated using number of seconds elapsed
since 12:00 AM, Jan 1, 1904, Universal Time.

* Do not use to calculate code execution duration

.
e’ |4 m = CJrrenk bime
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VI Timing Types

- Execution Timing

* Provides the design pattern with a function that specifically allows the
processor time to complete other tasks

* In some cases, a Wait function is not necessary
- Use of Timeout inputs can provide execution timing
- Software Control Timing

- Timing (pauses, waits, time checks) you put in place to make the code
execute after a certain amount of time.

- Example: If you must acquire data for 5 minutes, you could remain in the
acquisition state until the 5 minutes elapses. However, during that time you
cannot process any user interface actions such as stopping the VI. To
process user interface actions, you must implement timing (checking if 5 min
has passed since the start of acquisition) so that the VI continually executes
for the specified time.

‘7 NATIONAL
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VI Timing

Execution Timing

[fritialize data and references. |
Temperature

o]

EER
'ZEEIE‘* ¥ | =Temperature Datax

T Upper Limnit -
T Lower Limik
Eli Beginning Stake :
4 Acquisition ¥ H =Mext State= : : #Time Check, *
\Warning
Fapen or create ~— -'-l_j h_d #File Refnum =

- B

Elapsed Time
Time has Elapsed ¥~

............. » RESEt
ol

w
e 2 2

Software Control Timing
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Timing Functions

Which timing function is the best choice for timing control logic in
applications that run for extended periods of time?

Tick Counk (ms) |
A D

Wy aik {ms]l|
B.

et Date/Time In Seconds |

Format Dakef Time Skring |
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Timing Functions

Which timing function is the best choice for timing control logic in
applications that run for extended periods of time?

Tick Count (s |

A. Tick Count rolls over, so it is best for very short periods of time
it {rns) ]

B. Wait should be used for execution timing, not control timing.

Get Date/Time In Seconds| Getting and storing the system time is the best way
C yu to measure elapsed time in applications that run for
' extended periods of time.

Format Dakef Time Skring |

D. [En This function formats a time stamp; it is not used for VI timing.

‘7 NATIONAL
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Timing Functions

NATIONAL
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The Wait function can be added to While Loops:

a.

b.

C.

d.

To free up available memory.
To allocate memory used by the CPU.
To allow the processor time to complete other tasks.

To reserve which processor the code is running on.

W'ait {ms)




»

Timing Functions
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W'ait {ms)

The Wait function can be added to While Loops:

a. To free up available memory.

b. To allocate memory used by the CPU.

c. To allow the processor time to complete other tasks.

d. To reserve which processor the code is running on.

By default, LabVIEW executes loops and block diagrams as quickly as
possible, and it immediately begins running the next. You can use a
Wait function in the loop to specify the amount of time in milliseconds
before the loop re-executes. Timing a loop also allows the processor
time to complete other tasks such as updating and responding to the
user interface.



Mumeric Mumeric

L
Property Nodes =2 [+Disabled and Grayed Out *}— Disabled

il |- FKeyFocus

= Access the properties of an object

* Enable you to modify the appearance of front panel objects programmatically
in response to certain inputs.

For example:

* If a user enters an invalid password, you might want a red LED to start
blinking

* If a data point is above a certain value, you might want to show a red trace
instead of a green one
* Execute from top to bottom

= By default, if an error occurs on 3rd of 5 terminals, last two do not execute and error
is output

‘7 NATIONAL
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Property Nodes

*A property node can be implicit or explicit.
*A property node executes top-down

Chart 1

Implicit Property Ek:pf;cttglnultm
Node u i

b ActPlot

B PiotColor . Plot O is set active

g bt 2. Active plot (0)
changed to red

=

—

(BN

3. Plot 1 is set active
o 4. Active plot (1) is
= ——{5 < Wrchart Gstrict) § Changed to blue
Explicit Property O RI—p Acrior 5. Plot 2 is set active
Node [—p  Acfiot 6. Active plot (2)
(use when subVls .I_Tg_: s changes name to
are involved) Data ot “Data”
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Invoke Nodes

= Use the Invoke Node to perform actions, or methods, on referenced items (VI, Control)
* Most methods have parameters
= Examples of VI Methods:

* Front Panel: Center

= Default Values: Reinitialize all to Default
* Print: VI to HTML

This VI
& This VI B \] E
FP.Open Method Name

v Activate
A+ Minimized—"l—r State Parameters

‘7 NATIONAL
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Property and Invoke Nodes: Use Cases

* Property Nodes can be used to programmatically read from an indicator or write to a control

Murmeric Indicator Mumeric Contral

—IpoBL ] [DELK
Mumeric Indicator Mumeric Control
T

'
Jalue®

* Invoke Nodes can be used to programmatically control the state of a VI

This VI
@ This VI B i
Default Vals.Make Curr Default

This VI

& This VI Ly i &
Run VI

“{» Wait Until Done
-{rAuto Dispose Ref

<]
a

=1 [E

‘7 NATIONAL
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Implicitly and Explicitly Linking Invoke/Property Nodes

Explicitly Linked Implicitly Linked
(requires control reference) (color/ label for data type/label)
Property
Node Murmeric
Mumeric b N :
UMErIC
IE ! F| b
= UMMEric + [Disabled and Grayed Out * » Dizabled
r € Digita g =z DigMum (strict) ﬁ ¥ |- FReyFocus
(b Visible
Invoke iaveform Grach
NOde ?!El'-."E-' arrm tafap .
This VI ExportImage
Y 4+ File ] v File Type
& This VI D VT D m_l—r Target
i FP.Open ' Path
_ : 1+ Hide Grid
I “PActivate r.ﬁ.lways Onverwrite
+Minimized *» State
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Property Nodes

Which combination of words correctly completes the

following statement? Unlike Property Nodes,
Property Nodes require as inputs in order
to function correctly.

a. Explicit; Implicit; Data Value References
b. Implicit; Explicit; Data Value References
c. Explicit; Implicit; Control References
d. Implicit; Explicit; Control References

7 NATIONAL
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Property Nodes

Which combination of words correctly completes the

following statement? Unlike Property Nodes,
Property Nodes require as inputs in order
to function correctly.

a. Explicit; Implicit; Data Value References
b. Implicit; Explicit; Data Value References
c. Explicit; Implicit; Control References
d. Implicit; Explicit; Control References

Implicit Property Nodes are explicitly linked to their owning

control or indicator. No reference wires are needed. Explicit Property
Nodes require a reference wire to determine which control the
Property Node is manipulating. Data Value References have nothing
to do with Property

‘7 NATIONAL
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Property Nodes

Waveform Graph

Which plot will change color first? T S—"

P ActPlot
PPlot.LineStyle
b Plot.Color

P ActPlot

—Plot.LineStyle
b Plot.Color

il

a. Plot 1 because properties are executed
top-down

b. Plot O because properties are
implemented in numeric order starting at
Zero

c. Both plots will be updated simultaneously
due to the multithreading of properties

d. It cannot be determined because
LabVIEW performs operations in dataflow
format

1
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Property Nodes

Waveform Graph

Which plot will change color first? T S—"

P ActPlot
PPlot.LineStyle
b Plot.Color

P ActPlot

—Plot.LineStyle
b Plot.Color

il

a. Plot 1 because properties are executed
top-down

b. Plot O because properties are
implemented in numeric order starting at
Zero

c. Both plots will be updated simultaneously
due to the multithreading of properties

d. It cannot be determined because
LabVIEW performs operations in dataflow
format

1

7 NATIONAL
) INSTRUMENTS



Property Nodes

Which of the following apply to Property Nodes? (More than one answer may
apply.)

a. Property Nodes allow attributes of front panel objects to be programmatically
manipulated.

b. Property Nodes can be used to update the values contained in a front panel
object.

c. More than one Property Node can be used for a single front panel object.

d. Property Nodes can be used to programmatically generate a Value Change
event.

7 NATIONAL
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Property Nodes

Which of the following apply to Property Nodes? (More than one answer may
apply.)

a. Property Nodes allow attributes of front panel objects to be programmatically
manipulated.

b. Property Nodes can be used to update the values contained in a front panel
object.

c. More than one Property Node can be used for a single front panel object.

d. Property Nodes can be used to programmatically generate a Value Change
event.
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Property Nodes

What type of property node can you use to update a property from
Inside a subVI?
a. Implicit Property Node
b. Local Property Node
c. Explicit Property Node
d. Value Property Node
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Property Nodes

What type of property node can you use to update a property from
Inside a subVI?
a. Implicit Property Node
b. Local Property Node
c. Explicit Property Node
d. Value Property Node
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Charts and Graphs

Graphs
*Do not accept single point
values
*All points are plotted at once

Charts
*Accept single point values
*Values are stored in a buffer,
then overwritten with new
values
*Points are plotted as data
becomes available

¢ NATIONAL
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Both
*Accept various data types:

* \Waveform

* Dynamic

¥
k
» ¥
k ¥

DAQ Assistant data 2

* Arrays

data

R, =]

*\WWaveform Data types contain:
* An array of points

* {0
* dt -

Y

]
10

output waveform

-



Charts and Graphs

A graph displays an entire waveform at once.

A chart displays single points as they are received.

An XY Graph displays individual (X,Y) pairs.

The graphs and chart below all display the same sine wave data.

Waveform Graph Plot 0 m I

Amplitude

1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Time

‘7 NATIONAL
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Charts and Graphs

- Chart:

- Remembers history — new point added to end of plot

- Good for inside a loop

* Graph:
* New plot of all new data
* Good for outside the loop

* Use the Context Help window
to determine how to wire multi-
plot data to Waveform Graphs
and XY Graphs

‘7 NATIONAL
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Waveformy Graphs:

“Wire data directly to wawveform graph:

Y Array | Eesulting Graph
10 Single Plot
DT Single Plot

2D FMultiplot

WDT Cwaveform Data Type) includes timing info.

Others default to O for =g and 1 for A,
Cornbine timing information using a bundle node
L —
]

b ]
C

y array ——I

ooy aveform Graph

[

See the example: Waveform Graph.vi

F&[?]<

>3



Charts vs. Graphs — Single-Plot

Graph is outside the loop and
only updates once: after the

Waveform Graph |OOp f|n|SheS \
- L . \
" . = Jﬂ Waveform Graph
0- [ §] FDEL]
/ 2 |
-1

B T O T [ [ (R T T I |
0 10 20 30 40 50 &0 70 80 90 100

Waveform Chart = Waveform Chart

$DBL ||

T I
] 100

Chart is inside the loop
and updates for each
iteration.
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Charts vs. Graphs — Multi-plot and XY Graph

Waveform Graph

1_

0.5

ﬂ_

-0.5-

'l_l I I
0 10 20

1 I I
30 40 50

Waveform Chart

1-
0.5

1
100

‘7 NATIONAL
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Waveform Graph
ug:::@,' nEL] |
Build Array

Waveform Chart
s =3

Bundle

Stop Button




Chart Update Modes

* Right-click the chart and select Advanced»Update Mode from the shortcut
menu
= Strip chart is the default update mode

= Scope chart and Sweep chart modes display plots significantly faster than the
strip chart mode

Strip Chart Scope Chart Sweep Chart
S0.0- S0.0- S0.0-py
a0.0- a0.0- a0.0-
f0.0-] f0.0-] f0.0-]

21 ] a1l
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Charts and Graphs

You need to add a graphical indicator to the location
shown below. Which of the following is the best
graphical indicator to use in this program??

Channel = Devl:ai
Terminal Configuration= Differential
Maxirnum Reading = 5V

Minimum Reading = -3V

V 100 Indicator
100 deg C/V
FaorC?

|

|

|

|

|

| data ol | |Graphical
| %> -
|

|

|

|

— — e

‘7 NATIONAL
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A. Waveform Graph
B. Waveform Chart
C. Intensity Chart
D. XY Graph



Charts and Graphs

You need to add a graphical indicator to the location
shown below. Which of the following is the best
graphical indicator to use in this program??

—

ﬁl‘:};ﬂj_________________________2012

Measurement Type= Analog Input 1

Channel = Devl:ail

Terminal Configuration= Differential
Maximum Reading = 5V

Minimum Reading = -5V

sample rate@—l_

I

nurmber of samples: [Ei
L3
L3

(3 ¥
DAQ Assistant

|
|
|
|
|
|
| data
|
|
|
|
|

|

I

| A. Waveform Graph

I B. Waveform Chart
wacomepn| G, INtensity Chart

I D.

|

|

J

XY Graph

Waveform Graph is the only choice that displays multiple points at once,
and can display waveforms.
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Charts and Graphs

Which of the following allows you to plot any set of points, evenly distributed or not?

a. Waveform Graph
b. Waveform Chart
c. XY Graph

d. Both A. and C.

‘7 NATIONAL
’ INSTRUMENTS



Charts and Graphs

Which of the following allows you to plot any set of points, evenly distributed or not?

a—Waveform-Graph-

bWaveform-Ghart-
c. XY Graph Waveform Graph plots only single-valued functions with

points evenly distributed along the x-axis
d. Both A. and C.

Waveform Chart displays one or more plots of data typically
acquired at a constant rate.

‘7 NATIONAL
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Charts and Graphs

Which of the following allows you to plot any set of points, evenly distributed or not?

a—Waveform-Graph-
b—Waveform-Chart

c. XY Graph Waveform Graph plots only single-valued functions with
' points evenly distributed along the x-axis
d. Both A. and C.

Waveform Chart displays one or more plots of data typically
acquired at a constant rate.

The XY graph is a general-purpose, Cartesian graphing object that plots
multivalued functions, such as circular shapes or waveforms with a
varying time base. The XY graph displays any set of points, evenly
sampled or not.

‘7 NATIONAL
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Charts and Graphs

Which of the following will allow you to have multiple plots on a Waveform Graph?

a.  Bundle two 1D arrays of X and Y data together for each plot. Then build an array of these clusters and
wire it to the Waveform Graph indicator.

b.  Build an n-dimensional array of data with each plot in a separate row (or column) in the array, then wire
the array to the Waveform Graph indicator.

c. Bundle the elements of each waveform into a cluster and build an array of these clusters, then wire the
array to the Waveform Graph indicator.

d. Both B. and C.

‘7 NATIONAL
’ INSTRUMENTS



Charts and Graphs

Which of the following will allow you to have multiple plots on a Waveform Graph?

a.  Bundle two 1D arrays of X and Y data together for each plot. Then build an array of these clusters and
wire it to the Waveform Graph indicator.

b. Build an n-dimensional array of data with each plot in a separate row (or column) in the array,
then wire the array to the Waveform Graph indicator.

c. Bundle the elements of each waveform into a cluster and build an array of these clusters, then
wire the array to the Waveform Graph indicator.

d. Both B. and C.

‘7 NATIONAL
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Arrays: the index

™

The index (zero-based) tells you :
the dimension of the array (1D, 2D, 3D, etc.)

the index of the element displayed in the upper left corner

- the 1D array below is displaying index 1 to contain a value of 3.00; we do not
know the value of index 0 from this image because the value at index 0 is hidden from

NATIONAL
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view

1D Array (initialized)

2D Array (uninitialized)

(row) {-'ﬂn ‘

(column)

TIP: drag the edge of the index to add another dimension to an array



Arrays : Auto-indexing

* If you wire an array to or from a For Loop or While Loop, you can link each
iteration of the loop to an element in that array by enabling auto-indexing on tunnel

* The tunnel changes from a solid square to the image shown below to indicate
auto-indexing

* You can disable auto-indexing by right clicking on the tunnel and choosing the
Disable Indexing option.

M
=0 r
E Disable Indexing
Replace with Shift Register
Auto-indexing tunnel Mumneric Palette b
Array Palette 3
i_reate b
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Array Functions

™

*1 type of data per array- cannot
have an array of arrays.
*Up to (2°'-1) elements per
dimension
*Auto-indexing For Loops link each
iteration with an element of the array
*For Data Acquisition:
* Rows: Channels
* Columns: Data

Y

Array Size

&

kA

Initialize Array  Build Array

NATIONAL
INSTRUMENTS

Replace Subs... InsertInto Ar.. Delete From ...

Array Subset

Max & Min

Reshape Array



Array Functions

Describe the array that results from running this code.

Oo@

[tHN R
[EHN

Array

A. A 1D Array with 10 rows
B. A2D Array with 4 rows and 6
columns

C. A 2D Array with 6 rows and 4
columns

~ NATIONAL D. A1D Array with 10 columns
"INSTRUMENTS‘



Array Functions

Describe the array that results from running this code.

Oo@
EHN B

[EHN
Scalar 1D || 2D Array

=1

=1
=
-
L
-]

=

7
i 7
i _
A. AdB-Array-with-10-rows Eliminate these choices
B. A2D Array with 4 rows and 6 because:
columns
C. A 2D Array with 6 rows and 4 Two loops means a 2D
columns

array.

yN ATIONAL D. AdBb-Array-with-10-columns

INSTRUMENTS



Array Functions

Describe the array that results from running this code.

Oo@

O -
[EHN

Array

=1
| =

=1
—

kDEL]

. P B

2 v WS When buildi :
B. A 2D Array with 4 rows and 6 ‘;:‘"d :I :“9 arr;)\/s in
columns nestie or 100psS, &

C. A 2D Array with 6 rows and 4 outside loop will always
columns correspond to the rows of

D - the array.
yNATIONAL . AB-Array-with—10-columns

INSTRUMENTS




Array Functions

What is the result of the following Array addition?

Array 1

E Array Output

0 7 EE
i

133l

B |EEEEEF

A. A1-D array of {6, 8, 10}

B. A1-D array of {6, 8, 10, 4, 5}

C. A2-D array of {{5, 6, 7}, {1, 2, 3, 4, 5}}
D. A2-D array of {{6, 8, 10}, {4, 5}}

‘7 NATIONAL
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Array Functions

What is the result of the following Array addition?

A 1
— Array Output
o EEN E|=
; -
132
Ho 1] -
Array 2

A. A1-D array of {6, 8, 10}

B. A1-D array of {6, 8, 10, 4, 5}
These are not

valid arrays- the
row sizes are not
the same

‘7 NATIONAL
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Array Functions

What is the result of the following Array addition?

-' rray 1

E = - Array Output

0 7 EE
i

133l

B |EEEEEF

When performing A. A1-D array of {6, 8, 10}
array arithmetic, B. A1-D array of {6, 8, 10, 4, 5}
the output array
is the same size
as the smaller
input array.

‘7 NATIONAL
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Array Functions

What is the output of the Build Array function in the following
block diagram when the Concatenate Inputs is selected?

ri

=Y Build Arra
o

-0

1- D array of {1, -4, 3, 7, -2, 6}

1-D array of {1, 7, -4, -2, 3, 6}

2-D array of {{1, -4, 3, 0}, {7, -2, 6}}
2-D array of {{1, -4, 3}, {7, -2, 6}}

OO wWx>
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Array Functions

What is the output of the Build Array function in the following
block diagram when the Concatenate Inputs is selected?

IS
-

1- D array of {1, -4, 3, 7, -2, 6}
1-D array of {1, 7, -4, -2, 3, 6}

2-D array of {{1, -4, 3, 0}, {7, -2, 6}}
2-D array of {{1, -4, 3}, {7, -2, 6}}

AF
=

OOwW>

Build Array function concatenates multiple arrays or appends elements to
an n-dimensional array. With Concatenate Inputs selected, it appends
all inputs in order, forming an output array of the same dimensionality as

the highest-dimension array input wired.

‘7 NATIONAL
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Array Functions

What is the output of the Initialize Array function after the
following code has executed?

a

1- D array of {3, 3, 3, 3}
1-D array of {4, 4, 4}
2-D array of {3, 4}

2-D array of {4, 3}

oo W

‘7 NATIONAL
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Array Functions

What is the output of the Initialize Array function after the
following code has executed?

a

A. 1-D array of {3, 3, 3, 3}

B. 1-D array of {4, 4, 4} clement

C. 2-D array of {3, 4} dimension size 0 g
D. 2-D array of {4’ 3} dimension size -1 T

initialized array

1B
Inivitalze Array function creates an n-dimensional array (4) in which every
element is initialized to the value of element (3).

‘7 NATIONAL
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Mechanical Action of Booleans

- Behavior of Boolean controls is Place Boolean on Front Panel, Open the
specified by the mechanical Boolean Properties
aCtion. z {3 Booclean Properties: Boclean @
: Use the Propertles dlalog to Appearance | Operation | D \\tion | Data Binding | Key Mavigaticn |
investigate the different 2

Button behavior

mechanical actions.

Behavior Explanation

Switch when pressed

Switch when released

Switch until releazed ‘
Latch when pressed

Latch when released

| atch until released

»

wt | ‘“hange state on a button
“_F____J press. Remain there until
ancther button press,

Explanation and
diagram

1 |[.m

How to Read the Diagram Preview Selected Behavior

2 )
Button Position
E— mu Push the button

““\Joltaae” at LED to see the
d 4L J_I_ behavior

*Circuit Diagram —) _;L_=_ [ ok | [(Concel | [ Hep ]
Symbol
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Mechanical Actions of Boolean Obijects
= Switch when pressed (light switch)
= Switch when released (mouse)

= Switch until released (door buzzer)

= Latch when pressed (circuit breaker)

LU
v L

— —

= Latch when released (dialog box)

\

[ . i ;

vl 1

rp—I-1L

* Latch until released

‘7 NATIONAL
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Mechanical Action of Booleans

Open NI Example Finder, select the Mechanical Action of Booleans.vi.
Browse by Task, Buiding User Interfaces» General» Mechanical Action
of Booleans.vi.

DEMONSTRATION



Mechanical Action

Which category of mechanical action is guaranteed to be
read at least once by LabVIEW?

A. Switch
B. Latch
C. Boolean

D. All mechanical actions are read at least once

‘7 NATIONAL
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Mechanical Action

Which category of mechanical action is guaranteed to be
read at least once by LabVIEW?

A. Switch

A switch can change value without being read,
B. Latch and “Boolean” is not a mechanical action.
C. Boolean

D. All mechanical actions are read at least once
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Mechanical Action

A button is pressed once and immediately turns on the light
of a dark room. The light stays on after the button is
released. What is the mechanical action of the button?

A. Switch when pressed
B. Switch when released
C. Switched until released
D. Latch when pressed

E. Latch when released

F. Latch until released

‘7 NATIONAL
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Mechanical Action

A button is pressed once and immediately turns on the light
of a dark room. The light stays on after the button is
released. What is the mechanical action of the button?

A. Switch when pressed
B. Switch when released

The light stays on after the button is

P—tateh-whenpressed released, so this is not a latching

action, or switched until released, which

E | atech-whenreleased would only turn the light on while the
button is being pressed.

= otehuptreleased

‘7 NATIONAL
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Mechanical Action

A button is pressed once and immediately turns on the light
of a dark room. The light stays on after the button is
released. What is the mechanical action of the button?

A. Switch when presse The key word is “immediately.” The

light comes on before the button is

B. Switch when released
leased.

Dlateh-whenpressed
E—tateh-whenreleased

FLatehuntit-released
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’ INSTRUMENTS



Data Representation: Numeric Range

= Data representation affects how large or small of a number can be
stored.

= A few common data types are listed here—for more types, see the LabVIEW Help

Termina | Type ' Disk | Number of : Approximate Range
i . Storag | Decimal Digits |
i | e Size | i
Double 64 bits 15 -1.8 x 10%%to0 1.8 x 1038
[[D6LH  Signed 8-bit  8bits 2 -128 to 127
Integer
- Unsigned 8- 8 bits 2 0 to 255
bit Integer
- Unsigned 32- 32 bits 9 0 to 4,294,967,295
bit Integer
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Data Representation: Storage Space

* Data representation is important when disk space or memory usage is a
concern:

- Larger types require more space (U32 requires 4x the memory of U8)

- Signed types require more space than unsigned (132 uses more space than
U32)

- Boolean types require one U8 of space each. Consider using a single U8 to
represent eight Boolean values if several Booleans must be stored.

Mumeric Mumeric 2 Mumeric 3 Mumeric 4

DEL K

7 NATIONAL
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Data Representation: Storage Space

You need to store an integer which will only ever be between 1 and 10. Which of
these would be the best choice?

A U32
B. I8

c. DBL
D. U8
7 NATIONAL
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Data Representation: Storage Space

You need to store an integer which will only ever be between 1 and 10. Which of
these would be the best choice?

A U32
B. 18
c. DBL
p. US8

The U8 representation can store
numbers ranging from 0 to 278 -1, or 0-
255

‘7 NATIONAL
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Data Representation: Storage Space

Which of these allows storing decimal numbers such as 1.3 or 2.557

A U32
B. I8

c. DBL
D. U8
7 NATIONAL

’ INSTRUMENTS



Data Representation: Storage Space

Which of these allows storing decimal numbers such as 1.3 or 2.557

A U32

B. 18

c. DBL

p. U8 DBL is the only data type listed that can

store non-integer numbers.

‘7 NATIONAL
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Waveform Data Type

™

- The Waveform data type is a cluster.

= Carries the data, start time, and dt of a waveform.

NATIONAL
INSTRUMENTS

= Get Waveform Components function is very similar to Unbundle By Name

Get Waveform Components Data Points

Sine Waveform.vi
2' FEETED o e e mm mm e mm mm mm

FDEL]

=

tl (Starting tirme)

Sora

dt (time between points, or sample rate)

FDBL |




Waveform Data Type

* Build Waveform function creates a waveform from its components
= Similar to Bundle By Name

Build Wawveform

Array of Data Points vy
[DELK

Cutput Waveform

‘7 NATIONAL
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Waveform Data Type

= Some indicators can display waveform data directly.

= Waveform Graph

Sine Waveform.vi Waveform Graph
'|

e =

=

Waveform Graph

Amplitude

‘7 NATIONAL
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Waveform Data Type

1. Which of these is the Waveform data type most similar to?

A. String

B. Numeric Array
C. Cluster

D. Timestamp

‘7 NATIONAL
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Waveform Data Type

1. Which of these is the Waveform data type most similar to?

A String
B Numeric Array .
A ¢ Dats Point Build Wawveform
rray of Data Points
C. Cluster ToBL} % Cutput Waveform
D Timestamp

Although a waveform contains some of th
whole is very similar to a cluster. [DBLE
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Flat Sequence Structure

* Executes each frame beginning with the left-most frame
and ending with the right-most frame

* The previous frame must complete before the next frame
executes

* Data can be passed out of or between frames using tunnels
* Once the sequence begins, it cannot be stopped

d 01 01 01 01 01 01 01 01 00 01

1st 2nd 3rd

I I I i o O O |

7 NATIONAL
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Stacked Sequence Structure

™

= Removed in LabVIEW 2014

= Executes frame 0, then frame 1, etc.
until the last frame executes

= Returns data only after the last frame
executes

* To transfer data from frame to frame, a
Sequence Local must be created (right-
click » Add Sequence Local)

* Once the sequence begins, it cannot
be stopped

NATIONAL
INSTRUMENTS

i 0 [0.1] ~pE
intﬂaiz Sequence
EEE: Local
e

—{»

OO0l




Stacked Sequence Structure

What purpose do sequence locals have in a stacked sequence structure?

Provide reentrancy for the sequence structure
Transfer data between frames

Set values of local variables in the calling VI
Transfer data out of the sequence between frames

o o0 W »
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Stacked Sequence Structure

What purpose do sequence locals have in a stacked sequence structure?

Provide reentrancy for the sequence structure
Transfer data between frames
Set values of local variables in the calling VI

oo wm »

Transfer data out of the sequence between frames

Stacked sequence structures do not return their outputs until the final
frame has executed. Use sequence locals to transfer data between
subsequent frames.

‘7 NATIONAL
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Case Structures

|dentify the components of a case structure

A. Case Selector Terminal

B. Case Selector Label @
C. Subdiagram (Case) Case Structure i
a5, Default *p
Murmeric input String out
132 /? I Fabe]
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Case Structures

|dentify the components of a case structure

* Case Selector Label (1)

* Subdiagram (Case) (2 @

* Case Selector Terminal ( Case Structure i
a5, Default <
MNumeric input String out

132 7
[==4 |

l

‘7 NATIONAL
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Case Structures

™

NATIONAL
INSTRUMENTS

Assuming the pictured Case Structure, which of the
following could result in a broken run arrow?

A. Numeric input has a value of 6 and there is no case for 6.

B. The empty string inside the case is deleted and the resulting broken wire
inside the case is removed.

C. The wire between numeric input and the case selector is removed

D. Anew input is wired into the case selector, but is left unused in one of the

cases Case Structure

4| 5, Default ""+'
Mumeric input String out
132 I I {#ibc




Case Structures

™

NATIONAL
INSTRUMENTS

Assuming the pictured Case Structure, which of the
following could result in a broken run arrow?

A. Numeric input has a value of 6 and there is no case for 6.

B. The empty string inside the case is deleted and the resulting broken wire
inside the case is removed.

C. The wire between numeric input and the case selector is removed

D. Anew input is wired into the case selector, but is left unused in one of the

cases
Case Structure

4|5 Default "P'
Mumeric input String out
132 s I bibc |




Event Structures

An Event structure works like a Case structure with a built-in Wait on Notification function.

Boolean

‘7 NATIONAL
’ INSTRUMENTS

e e 3 W B B B B B B
True = i

A case executes
every time the loop
iterates.

et e B e B e B e B B e e B B B e e e T P T e e,

e e

Event Source Event

}

| [1] "Mumeric Control": Value Chan TH—

Type

Time

CtIRef

e LT
AL W

L

Code executes
only when event
OCCUrs.




Event Structure

= Event Structure — LabVIEW’s programmatic tool for handling events.

= Specialized type of Case Structure

= Execution of code can be dependent on whether or not an event has occurred

* Waits for an event to
occur indefinitely, unless
configured to timeout.

‘7 NATIONAL
’ INSTRUMENTS

E—H [1] "Numeric": Mouse Down? wp———

Button

Type Mods

Time Plathods

CtIRef Discard?

Coords

Button

Meds

Platfods




Event Structures

When the user clicks the Button control, how many times is the Increment
function called?

| [0] "Button”, "Pane": Mouse Down ""H—

oo T o
W N O

Counter
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Event Structures

When the user clicks the Button control, how many times is the Increment
function called?

Because a Mouse Down
event occurs on both the
Button and the Pane, 2
events are registered. The
code executes twice.

| [0] "Button”, "Pane": Mouse Down ""H—

oo T o
W N O

Counter

‘7 NATIONAL
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Data Flow

»

NATIONAL

Block diagram execution is
dependent on the flow of data

Block diagram does NOT
execute left to right

Node executes when data is
available to ALL input terminals

Nodes supply data to all output
terminals when done

If the computer running this
code had multiple processors,
these two pieces of code could
run independently without
additional coding

INSTRUMENTS

regquenc

—

_

ﬁ

ude

-
|

&d

Simulake Signal

[

Frequency

¥ Amplitude

Sine

Fesult

aveform Graph|

el




Race Conditions: Sequencing

* What is the final value? Four possible outcomes:

= Value = (Value * 5) +2
= Value = (Value + 2) * 5
= Value = Value * 5

= Value = Value +2

™

NATIONAL
INSTRUMENTS

Walue
[DBL k Mulkiply
x Walue
5.a0
‘ Yalue |—| Add
}:% Value
2.0




Breaking Data Flow

™

Situation: Run 2 Loops simultaneously with 1 Stop Button

Chart1

FOEL]

Stop Button

.................................. g R
' s
Chart 2
BOBL |
2SI
Stop Button
.......................................................... .....................

Wiring the Stop Button from one
Loop to the other will NOT work.

Solution: Use a Local Variable

Drawbacks: Introduces a Possible
Race Condition

Local Variable referencing the Stop Button

NATIONAL
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Breaking Data Flow

Name
Wire

Local Variable

Global Variable

Functional Global
Variable

Appearance

#5top Button k|-

Function

Connects data at
different terminals

Allows a value to be
accessed anywhere
in a single VI

Allows a value to be
accessed in any VI

*Non-reentrant VI
*Allows a value to
be accessed in any
VI

*Removes possibility

of a race condition

*Allows actions to be

performed on data

Drawbacks

Must follow Data
Flow

Introduces the
possibility of a race
condition

Introduces the
possibility of a race
condition



Breaking Data Flow — Functional Global Variable

o] "Elapsed Time ", Default This Functional Global

et DateTime In Seconds

Variable allows you to

get the elapsed time
y=o¢ since the last time you

called the subVI.

‘7 NATIONAL
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Breaking Data Flow - Queues

™

data (can be any type)

NATIONAL
INSTRUMENTS

This loop is the preducer leop.

Condition that causes data
to be enqueued.

Enqueue Data[[TE 8-

Releasing the queue
stops the consurmer
loop(s).

-

Dequeued Data

Wait{ms) in Consumer Loop
(ITEZL

[This loop is a consumer loop, |

i

Queues ensure no
data is lost when it is
transferred between
loops running at
different rates.



Data Flow

Which of the following does not conform to the Dataflow
programming paradigm?

a. Shift Registers
b. Tunnels

c. SubVis

d. Local variables

7 NATIONAL
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Data Flow

7 NATIONAL
) INSTRUMENTS

Which of the following does not conform to the Dataflow
programming paradigm?

a. Shift Registers Local variables do not conform to
the Dataflow paradigm because

b. Tunnels they communicate by reference,
not by value. The basic premise of

c. SubVls local variables is to allow transfer
of data where it is impossible to

d. Local variables use wires. This circumvents the

Dataflow paradigm.



Data Flow

Which variable is commonly used to eliminate race conditions by preventing
simultaneous access to code or data?

a. Functional global variable
b. Local variable
c. Global variable

d. Shared variable

7 NATIONAL
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Data Flow

Which variable is commonly used to eliminate race conditions by preventing
simultaneous access to code or data?

a. Functional global variable
You can place critical data

b. Local variable or sections of code in
functional global variables.
c. Global variable Since functional global

variables are non-reentrant
Vis, the possibility of race

d. Shared variable conditions is eliminated.

7 NATIONAL
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Data Flow

Which data synchronization mechanism ensures that no data is lost when an
application temporarily provides data faster than it is able to process it?

a. Notifier
b. Queue
c. Semaphore

d. Local Variable

7 NATIONAL
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Data Flow

Which data synchronization mechanism ensures that no data is lost when an
application temporarily provides data faster than it is able to process it?

Notifiers pass data, but they can only pass one
element at a time. Data is overwritten and lost if the
b. Queue program writes to the notifier twice before data is
' read.
|| L\/arigbl Semaphores cannot pass data.

Local variables have no mechanism for
determining when data is updated, so there is
no way to tell if data is newly-acquired or not.

‘7 NATIONAL
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Data Flow

Which data synchronization mechanism ensures that no data is lost when an
application temporarily provides data faster than it is able to process it?

Notifiers pass data, but they can only pass one
element at a time. Data is overwritten and lost if the
b. Queue program writes to the notifier twice before data is
] read.
Queues support multiple elements and operate
C—Semaahefe— using a FIFO principle, guaranteeing that no data
' is lost or overwritten.
|| L\ /ariab| Semaphores cannot pass data.

Local variables have no mechanism for
determining when data is updated, so there is
no way to tell if data is newly-acquired or not.

‘7 NATIONAL
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String Functions

String Controls and

Constants

* When possible, use the
constants included in the string
palette instead of typing in a
string constant.

Format Into String

* Formats an input into a string

* Uses generic format string to
specify output

* See detailed help for tips on the
Format String syntax.

fFormat string
initial string —’_lg-'%@‘ resulting string
Space Constantwvi | Carnage Return Constant error in (no error) = | “=error out
input 1 {0} o
— {]ﬂ o e
input 00}
String Control String Indicator
abe K babc | .
S Concatenate Strings
Empty 5tring Constant tring tonstant ) )
[Test Operator * Combines two or more strings
Tab Constant End of Line Constant _ Concatenate Strings
;:t:g :?ﬁﬁm concatenated string

‘7 NATIONAL
’ INSTRUMENTS



Format Date/Time
String

* Formats a time stamp or numeric value into a string

= Uses the time format string to specify the date/time
string output
* Example:

For a January 15, 2020 time stamp input and sm-sa-sv
time format string input, the function returns a date/time

string: 01-15-2020

tirne Format skring (%) ~~~EE 1pn
T Formst o™

7 NATIONAL
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Flatten To / Unflatten From String

These functions flatten or unflatten LabVIEW data to or from binary strings
which contain the flattened data.

Flatten to string: Unflatten from string:
* Takes any input data and - Interprets a binary string as
flattens it to a single string. the specified data type
- Useful for transferring data to " Requires a data type |
external programs template such as a numeric
constant
anything === | daka string
prepend array or string siz..,  — B L bype string (7.x only) type
byte order (0:big-endian, n... e P erpor oUt binary string T rest of the binary string
Error in (No error data includes array or skri... J_ wvalue
byte order (0:big-endian, n... J error auk

Errar in (no errar)
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String Functions

What is displayed in “String Indicator” after running this code?

EHR
E -

A

A. Loop0 Loop1 Loop2
B. Loop
Loop
Loop
Loop
Loop
Loop
Loop

o

Loop 1 Loop 2

O
N 20O WwN =
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String Functions

What is displayed in “String Indicator” after running this code?

EHR

E

A. LoopO Loop1 Loop2
B. Loop

Loop
Loop
C.
D. Loop

Loop
Loop

‘7 NATIONAL
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1
2
3
Loop O Loop 1 Loop 2
0
1
2

[ ]

A

The iteration terminal is zero-indexed, and
each iteration generates a string with an EOL
constant, so the correct answer must have
three lines.



String Functions

You want to export data from LabVIEW into another environment, but the other
environment does not recognize LabVIEW data types. You should:

Export the data using a property node.

Unflatten the data from a binary string and send it to the other environment.
Create a LabVIEW user event to transport the data.

Flatten the data to a binary string and send it to the other environment.

o 0o w »
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String Functions

You want to export data from LabVIEW into another environment, but the other
environment does not recognize LabVIEW data types. You should:

Export the data using a property node.

Unflatten the data from a binary string and send it to the other environment.
Create a LabVIEW user event to transport the data.

Flatten the data to a binary string and send it to the other environment.

o o0 ®m »

Strings are widely usable. Oftentimes you will be able to bring your data into
another programming environment as a string, parse the string, and
consume the data.
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Clusters

‘7 NATIONAL
’ INSTRUMENTS

languages.

Weather Data In

Current Temperature
= -
(=1]0
Max Temperature
=]
[0
Min Temperature
=]
(=0
Warning?
./. .\'\
@
b

Warning Text

[|N-:| Warning

Weather Data In

= Clusters group data elements of mixed types.

Unbundle By Name

-

Current Ternperature

Max Termnperature

Min Temperature

Warning?

Warning Text

...........

" Clusters are similar to a record ora STrUucCt in text-based programming

Current Temperature

FDEL

Max Temperature

OBL |

Min Temperature

bOBL |

Warning Text



Why Use Clusters?

* Keep data organized.
* Logically group related data values together.
* Improve diagram readability by eliminating wire clutter.

* Reduce the number of connector pane terminals.

Current Temperature Current Temperature )
[DEBL k FDEL
Max Ternperature Max Ternperature
||E ¥ FDEL |
Weather Data In Weather Data Out
Min Temperature Min Temperature pe— [Tanh
Warning? Warning?
Warning Text Warning Text
|
‘7 NATIONAL
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Cluster

Clusters provide a user with which of the following benefits?

a. Clusters allow a logical grouping of related data elements.

b. Clusters increase the number of Connector Pane terminals of SubVI's.
c. Clusters help to reduce wire clutter on the Block Diagram.

d. Both A. and C.
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Cluster

Clusters provide a user with which of the following benefits?

a. Clusters allow a logical grouping of related data elements.

b. Clusters increase the number of Connector Pane terminals of SubVI's.
c. Clusters help to reduce wire clutter on the Block Diagram.

d. Both A. and C.
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Clusters vs. Arrays

" Clusters are a fixed size. = Arrays vary in size.

" Clusters can contain * Arrays contain only one
mixed data types. data type.

" Clusters can be a control, = Arrays can be a control,
an indicator, or a an indicator, or a
constant. constant.

= All elements have to be
- - status [
Simulate Signal e E_H Randam
status code Mher \0-1) Array
s | code '-'=f' [ FDEL]
SOHreE "”Lsn:uurce -
U 7
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Custom Controls & Type Definitions

= Control

- No connection

between the one you

saved and the instance|.

in the VI

- Update the file, but the

instances are not
updated

*

*
*

*

*

.ctl

*
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Type Def

- Connection between the

saved file and all instances

Forces the data type of
each instance to be

identical (clusters, enum)

- Changes made to file will
populate throughout each

instance

’
/f
* \\\§§§§§§‘~~ *
Ctl \\\ T

Strict Type Def

GQonnection between saved

*F

file and all instances

orces everything about an
instance to be identical to
the strict type definition,
except:
* label
* description
* default value

*

*.ctl




Controls and Type Definitions

You customize a control, select Control from theType Def. Status pull-down menu, and save the control as
a .ctl file.

You then use an instance of the custom control on your front panel window. If you open the.ctl file and
modify the control, does the control on the front panel window change?

a. Yes
b. No
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Controls and Type Definitions

You customize a control, select Control from theType Def. Status pull-down menu, and save the control as
a .ctl file.

You then use an instance of the custom control on your front panel window. If you open the.ctl file and
modify the control, does the control on the front panel window change?

a. Yes
b. No

A custom control is used to create controls that behave
like existing controls but look different. Instances are
not linked to a.ctl file.

A type definition control (type def) is used for changing
all instances of a linked control in a single edit.
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Control References

Mumenc Control

= A control reference is a

B ﬂl‘u’isibleltems b
reference to a front T | Find Termina
. Change to Indicator
panel ObJeCt' I"-.-"Iak:T],fpeDEf.
* Wire control references e |
to :
. Data Operations Property Mode
generic Property Nodes. e V| eokehode s
Fit Control to Pane
" Pass control references Scle Objectvith Pane
to subVis. A
Display Format...
Properties
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Control References

Control references allow you to manipulate controls located on the front panel
of Vis loaded in memory.

= Strictly typed control refnums — accept only control refnums of exactly the
same data type

- Weakly typed control refnums - accept references to any DigNum control

Strict Dighlum Refnum  Weak Dighum Refnum

Mumeric Murmeric Numeric
- AL
DEL & Digital 70

2izz 2izz

-l
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Control References

Murneric
A ‘
l.' I:I

wEnaI:nIe Status
*;' J# Enable

Disable %J
Disable and Gray Cut

—

MNurneric
[DELE ? Digital {ﬂ
Enable Skaktus |

Control Reference

SubVI Front Panel

k| Refrumm

Enable Status

’;IID

SubVI Block Diagram

Enable Statu

=3

Ctl Refn

==

o=t

Ctl Refnum

e

¥ Disabled
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Control References

Why would you want to use a weakly typed control refnum as a subVI input when wiring
your connector pane?

A. To ensure only controls of one data type can be used as the input.

B. You want to make your subVI capable of manipulating controls with varying data
types.

C. You want to be able to manipulate many controls at once.
D. It is best practice to avoid strictly typed control refnums in subVis.
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Control References

Why would you want to use a weakly typed control refnum as a subVI input when wiring
your connector pane?

A. To ensure only controls of one data type can be used as the input.

B. You want to make your subVI capable of manipulating controls with varying
data types.

C. You want to be able to manipulate many controls at once.
D. It is best practice to avoid strictly typed control refnums in subVis.

Weakly typed refnums do not retain information about the data type
of the control they reference. This allows you to specify a particular
class of control as an input while allowing that control to have
multiple representations. Data values will become variant in weakly
typed refnums to account for this flexibility.
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Enumeration

= An enum represents a pair of values, a string and a numeric, where the enum'’s value is one of a defined
list of value pairs

é ¥ January
February
March
april
May
June

arary

July
= Appears as a string to you, and a numuer w cuinputer August

Sepkember
I"-'1|:||'|I:|‘| iockober

Movember

December
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Conditional Disable Structure

= Use to define conditions that indicate which code on the block diagram executes
- Examples:
= If running as an executable, then programmatically close LabVIEW when VI finishes
* If running on Windows, look for file here; if running on Mac OSX then look here.

ATARGET TY¥PE=="Windows, default =
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Notify and Filter Events in Config. Window

— ==Notify Events (green arrow)

* E;‘?f' User action has already occurred

— Mouse
= MauseDown  EEEEpltar Events (red arrow)
= Mouse Downy - :
- mauseEnter  USEI performed action but event is not
- Mouseleave  Processed. Allows you to customize event
= Mouse Move hand”ng.
= Mouse Lp

+ Shortcut Menu

= ‘alue Change

¢ NATIONAL
’ INSTRUMENTS



Notify and Filter Events in Config. Window

— ==Notify Events (green arrow)

* E;‘?f' User action has already occurred

— Mouse
= MauseDown  EEEEpltar Events (red arrow)
= Mouse Downy - :
- mauseEnter  USEI performed action but event is not
- Mouseleave  Processed. Allows you to customize event
= Mouse Move hand”ng.
= Mouse Lp

+ Shortcut Menu

= ‘alue Change
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Multiple Loop Design Pattern

= Producer/Consumer

™

NATIONAL
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Stark Up.wi

=

Producer Loop

Merge Errors.wi  Shuk Down, vi
o]

N ®

A

Consurmer Loop

Receive
Data

Process
Data




Multiple Loop Design Pattern

= Master/Slave: a type of Producer/Consumer

™
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* uses notifiers
to allow loops
to run at
different rates

rokifier below

data (can be any tvpe)

[This laop is the master loop. |

i used For _
synchronization Feleasing the
between loops. notifier skops
the slave loopis).
Cbtain
Matifier Send Motification Release Motifisr
.3.55{1} Iinstructiu:un | -o{? X{D

Determing when
to nokify the
m slave loop here.

ster loop notifies the slave loop(s) ko act

[This loop is a slave loop. If waits ko receive notification to ack from the master loop. |

I-_l Mo Errar "t




Producer/Consumer with Queues

[This loop is the producer loop. |

F.eleasing the

Compute conditions| e LS
where data is queLle stops
Obtain gueded, i Kl khe consumer loopis),
data (can be any type)_QUeLE . Eroeue Eement o | Relesse quee
i element - x
1Tk | - |1

B 0 0 0 R A A A A

Data type here S ————. R E
determines the

data type that [This loop is a consumer loop. |

Can be placed De;ueue Element lro Erear
in the queue 0 I
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Notifier vs. Queue

Tool i Function i When to use
Notifier - sends alert to helps control - have a parallel loops that are
timing of parallel loops running at different rates and 1+ loop
a - can transfer data between is dependent on another
‘ = loops - want to transfer data from one loop
- data NOT buffered (lossy) to another
Queue - helps control timing of parallel - have a parallel loops that are
loops running at different rates and 1+ loop
. - transfers data between loops  is dependent on another
E... - buffers data to be transferred - want to transfer ALL data from one
(0], (FIFO) loop to another
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Semaphores

Counk 1

Obtain Semaphore Reference, vi Acquire Semaphore, vi Release Semaphore. vi

Pratect Count

EIEEL :?! Oy ;l.x' ':':"-'"'t|.=! ' s | Count * 4 ;l.t' EDUHtL!J -:"" P

[Initislize variable values |

running kokal

Run the top VI first

Counk 2

Run the bottom VI second

Release Semaphore Reference. vi

__:

ficquire Semaphare, i Release Semaphore, vi

2 *0

create iF not found (T) - [F]- i 7 ; :
- [ count]} !Z.#EDU“H!,.E

running tokal

(Obtain Semaphore Reference. vi

‘7 NATIONAL
’ INSTRUMENTS



File Formats

Numeric
Precision

Share data

Efficiency

|deal Use
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ASCI|
Good

Best (Any program

easily)

Good

Share data with
other programs

when file space and
numeric precision
are not important

TDMS
Best

Better (NI

Programs easily)

Best

Share data with
programs when
storing simple
array data and
metadata

Direct Binary
Best

Good (only with
detailed
metadata)

Best

Store numeric
data compactly
with ability to
random access



Modularity and SubVls

™

DA Assistant
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rulkiply

Mode
|:

Add

Compound
Arithretic

+

DA Assistants

Select

Multiply add

Oubpuk




Modularity and SubVls

Mode
......... T ﬂTE'lTIFI
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lcon and Connector Pane: Setting up the Connector Pane

= Right-click the icon in the upper right corner of the
front panel and select Show Connector (before LV

2011) Q@}
= Each rectangle on the connector pane represents a 'ﬂ eropertis...
terminal e ERER Edt Ican..

Shaww Ican

= Select a different pattern by right-clicking the
connector pane and selecting Patterns from the S
ShOI’tCUt menu Remove Terminal

| Patterns

Raokake 90 Degrees

Flip Horizonkal

Flip Yertical

Disconnect All Terminals

Find &ll Instances

H H[11

|
OHHHHL

][]

[T EH T
0H HH AT
|I||I| :i: [T
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Errors vs. Warnings

™

“ Er

ror

- Status = TRUE

{3 Explai

n Error

* Warning
= Status = FALSE
= Code is non-zero

4 Explain Warning

Error Cluster

Skatus

[x

Saurce

Code
-1073807343

Hex Code
Ox BFFFOO0LL

3}
s
(oo

E3]

Explanation
Error -1073807343 occurred at an unidentified location

Possible reason(s):

WIS4: (Hex OxBFFFO011) Insufficient location information ar
the device or resource is not present in the system,

(]

Error Clusker

Status  Code
& 1073676204

Hex Code
0 3FFFO00G

Source

63

2

[l

Explanation
Warning 1073676294 occurred at an unidentified location

Possible reason(s):
WISA: (Hex Ox3FFFO006&) The number of bytes transferred is

equal to the requested input count, More data might be
available,

(]
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Debugging Tools

= use highlight execution

" use probes to see the current value in the wire

HEF
= set breakpoints to pause execution at a specific point in the code u

" single-step through the code

11 ba|| o3
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Variables: Recap

Variable Type | Scope ' Notes
A single VI  Tied to a front panel control/indicator

Multiple Vls on + Tied to a special global VI that has a front
same panel but no block diagram
computer

Functional Multiple VIs on + Implemented using a While Loop with an
same uninitialized shift register to store global
computer data

STl E e Multiple VIs on ¢ Implemented using a project library in a

CHEICLRYETIE 3 same project

computer * Can easily convert into a network-
published shared variable

Network- Across an * Implemented using a project library in a
published Ethernet project

shared variable el « Often used to communicate with Real-
Time targets
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Race Conditions: Shared Resources

==
==
T

Write A

ﬂg/ feene ¢ %C;E? A, :E:Tﬂ?

Write B

Write C

Will the Readers read value A, B or C?

/ ﬁ'&& e
% | Resource \: %_Cﬁ«?ﬁ Read

%0@ Read

All Readers read value A
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O Butkon

VI Server: Organization g

Class ID

Class Marne GeneI"IC
ouner Object

Caning W1

Bounds b H
Position » }GObJeCt
\

Blinkirng

Zaption [ 3
Control Data Binding »
Dakasockst 2
Description
Disabled
Focus Key Binding

Pets

| |
l Dogs l Cats
l Labgado l Poodle
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Indicatar

| |
key Focus >CO ntI"O|
Label 2
Boolean Array oremonoue o
Tip Strip

Walue
Walue (Signaling)

J Visible
#Contral [ %
Stop L E D Boolean Text 3 B
Butkon Size [ 3
Colors [4]

Lock Boolean Text In Center
Skrings [4]
Toggle Key Binding -

—Boolean




Control References — Create SubVI

To create explicitly-linked Property Nodes in a subVI:
1. Create your VI

2, Select the portion of the block
diagram that will be in the subVI

3. Select Edit»Create SubVI; Mumeric
LabVIEW automatically creates LDE1 »
the control references needed
for the subVI e

[DEL &

4. Customize and save the subVI

Murneric Slide
| & Cigital [ & slide |
Murneric Enable Skatus
i B o
ek

Slide Fill Calar
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Control References — Create SubVI
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Murneric

Slide

K

humeric Slide

'y '
Enable Status |
EDX
‘ =
Fill Calor

SubVI Front Panel

Dighurn Refrum Enable Status
— ;:'Enahle

=l

Slide Refrium 1Fi|| Color

10- i "_..-:I 0
g
gl

SubVI Block Diagram

Dighurn R.efriam

Enable Status | = Dighum (strict) 5
IE—F Disabled

Slide Refrum

Fill Colar i =% Slide {strict] 3
F{F FillZalor
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