Lecture 3
(week Dec. 9-15)

You Will Learn:
A. Structures--While Loop, for loop (How to use shift
registers), case structure, sequence, formula node
B. Arrays and Clusters
C. Charts and Graphs
D. Strings



A. Structures--

1. Select While Loop 2. Enclose code to be repeatled
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Select the Loop Condition

* Right-click on Conditional Terminal
to define when the loop stops

Continue [F True Stop [F True

fil Ce [i] @

lteration Terminal Conditional Terminal



A. Structures--

1. Select While Loop 2. Enclose code to be repeated

LS tructures
1I.Iul’hllft Luu i

Eﬂm (GLOE | [LOCAL)

e Do

(Execute diagram
Inside Loop)

If Condition is TRUE
Save as while loopl.vi “




A. Structures--

* In Structures subpalette of Functions palette

 Enclose code to be repeated and/or resize and
add nodes inside boundary

« Executes diagram inside of loop a predetermined
number of times

« Shift registers can be created at the border
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A. Structures--

Numeric Replace wile loop with
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A. Stru_ctures-- _
Numeric Conversion

 Numeric defaults to double precision (8 bytes) or
long integer (4 bytes)

 LabVIEW automatically converts to different
representations

« Gray coercion dot on terminal indicates conversion

Double-Precizion,
Floating-FPoint Murnernc Long Inteqer
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A. Structures--
Shift Registers

« Available at left or right border of loop structures

e Right-click on border and select Add Shift
Register

e Right terminal stores data on completion of
iteration

o Left terminal provides stored data at beginning of
next iteration

Initial Value Value 1 Value 2

Initial

»
Value Value 3

Before
Loop First Second Last
Begins Iteration lteration Iteration



Additional Shift Register Elements

Right-click
on left | |
terminal to Right-click
add new — 1 loop ago Latest value on the
elements — 5 Is passed to border for
00ps ago right terminal a new shift
3 loops ago register

[i]




RUN 1

RUN 2

Initializing Shift Registers

Initialized Uninitialized

Initial Value =0

Initial Value = 5

10



1. Find the VI from Help»Find Examples...»Search
2. Type in shift registers and search

3. Choose Calculate Running Average.vi
4. Modify the VI as shown following

5. Save to your floppy disk

6. Change to for loop

Raw Data ,°0 I‘
Average SN
Random Plot
2.0—

5=

1.0-

Random Plot

1]
+

>

&
0.5-R

4.0

Y

0.0- r

»

0 50 N b
Build Table
< > I : Table
= » Signals

Table |20 Table ' 1
current 1loop ago 2 loop age 3 loop ago  sum average A p— b E

0.840772
0.071593
0.933790
0.544698

Al

0.642522|0.369614

0.642522
0.840772
0.071593

0.533750

0.369614 0.369614
'_0.369614 0.369614
0.642522 0.369614
0.840772 0.642522
0.071593 0.840772

1.751363 0.437841
2.222521 0.555630
1.924500 0.481125
2.488677 0.622169
2.390854 0.597713




A. Structures--

* |In the Structures subpalette of Functions palette
* Enclose nodes or drag them inside the structure
o Stacked like a deck of cards, only one case visible

Boolean Contral 3

: ?._. bt .:?'n : e rEE

L e e

0, Drefault

Murneric Contrall

[132] 7

String Contral
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1. Find the VI from Help»Find Examples...»Search
2. Type in “simple case” and search
3. Choose Simple Case Structure.vi

The value is valid. |

|The value is invalid. \ Square Root Value
-99999.0 iDBL]| T
Square Root

Number |

Greater or
equal to 07

13
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--Sequence Structures

 In the Structures subpalette of Functions palette

 Executes diagrams sequentially, Frame 0 (0..x),
where x Is the total number of frames

» Stacked like a deck of cards, only one frame visible

+—HFunctions EIMW
~Stuctues__ e
123 ;
Eieid el
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OO0O0000000o00ad
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1. Find the VI from Help»Find Examples...»Search
2. Type in “sequence” and search

3. Choose Time to Match.vi
(101 D]

Get final time
Tick Count (ms) Compute elapsed

time in ms
ime to Match

Tick Count (ms)

o
Get initial time 1000.00

Convert from ms to seconds

IIIIIIIIIIIIIlllllllllll.

Current Mumber

INumber to Match (0-1000)
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--Formula Node
In the Structures subpalette
Implement complicated equations
*Variables created at border
*Variable names are case sensitive
Each statement must terminate with a semicolon (;)
Context Help Window shows available functions

m Waveform
2130.00 1000.0-

N

b

A 800.0—
:.11.5.00

5
. y2 =m* b: L aaml (a1
i N F

Build Array

600.0

400.0

200.0
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B. Array Controls and Indicators
A. About arrays

B. About generating arrays with loops
C. Some basic array functions

D. What polymorphism is

E. Using graphs to display data

F. About clusters

1. Find the VI from Help»Find
Examples...»Search

2. Type in “array” and
search
G. Some cluster functions 3. Choose Time to Match.vi

A.- The For Loop uses auto-indexing as its default,which is B. - The While Loop is the best method when the number of values
the best method when the number of values is known.Wire is unknown so the user or program determines the size of
the variable inside the inner loop directly to an array terminal. the array. Wire the variable inside the loop directly to an
Since one For Loop is placed inside another For Loop, a array terminal. Then right-click on the tunnel and select
2D array will be produced. "enable indexing".
A.- For Loop B.- While Loop
N Numb
Column j
I

m-%p
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Arrays

» Collection of data elements that are of same type

e One or more dimensions, up to 2> elements per
dimension

 Elements accessed by their index
e First element is index 0

ndex 0 1 2 3 4 5 6 7 8 9
10-element array

0 1 2 3 4 5 6

2D array

Five-row by seven column
array of 35 elements
18



Array Controls and Indicators

1. Select the Array Shell 2. Place data object inside
from the Controls palette shell

Array & Cluster

Add Dimension for 2D
arrays
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Creating Array Constants

-l Amay
1. Select Array

Constant shell | o, B8 E @
from the Array - e .

subpalette B E e

l&ray Constant]

G B
T

2. Place the data object in
the array shell ol
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Creating and Using Arrays

. Auto-Indexing Enabled {Default of For Loops
e Auto-Indexing — ? [ Pe)

|OOpS accumulate ‘“Wire becomes thicker
EHN _
arrayS at their [1D Amray Indicator
. L
boundaries N
] 10 Array
[7
 For Loops auto 01 2 3 4 5
Index by default; Auto-Indexing Disabled (Default of While Loops)
While Loops do | | |
YWire remains the same size
not B

[Murneric Indicator]

i Cinly one walue (last iteration)
15 passed out ofthe loap
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Creating 2D Arrays

Hows
|E|; M

Colurinz

N

\ 10 Arran

[

20 Array Indicator

\ 200 Arrany

* Inner loop creates column elements
e Outer loop stacks them into rows
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Common Array Functions

array Aray Size zizefz)

AEIRE HE 4

Initialize Aray Clutput Aray

Element [atal|4

Dimension Size .T{ 414 |4

Input Array 'E'lr' Subset Dutput Array
112777272 151¢& + 7132 ] 5
b

Array [ndes

B ray Length




The Build Array Function

W

Build Array Output Array
R T 71a2]2]4
Elerment|| 4
."l".ffa_'.-' 1 Ewild ."l"."a_'.-' Dutput .":"."EI_lr'
e [ 1 é é
Array &
4156
Array | Build Array Output Array
11213 = 1J23]4]5]5
Array &
41 5] 6




B.Arrays and Clusters----

Data structure that groups data
together

Data may be of different types

Analogous to record in Pascal or
struct in C

Elements must be either all controls
or all indicators

Thought of as wires bundled into a

25



Cluster Controls and Indicators

1. Select a Cluster shell 2. Place objects inside the shell
from the Array &
Cluster subpalette

Anay k Eluster
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Cluster Functions

 In the Cluster subpalette of the Functions palette

e Can also be accessed by right-clicking on the cluster

terminal

companeit U —g5
-—+#w=chﬂer
component 1~ Bb

(Terminal labels
reflect data type)

Bundle

Inpit clustermnﬂ

Few component & —

awned label &

niew component B -

awrned label B

== output cluster

Bundle By Name

[digital control|

DEL

Bundl
_UH_EJ :Iuater|

.E.E

arnginal cluster
[Far]
new cluster
switch 2 bl [ S5 |

Bundle By Mame
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Cluster Functions

digital indicatar
~i[DBL];
 component O - [owitch 1
cluster == 24 Unbundle| |
corpanent 1 S
Unbundle G| o L ZIIIIIIZ; awitch &
El=ls
string indicator
Cluister L digital contral
. o= I swwitch 1
ﬁdlgltal control |l =2 A switch 2

owned label B b~ component B

: l BE|rrnnnnn g
cluster+ owned label & — component & v 0.00 string cortral

awitch 1 sitch 2

|_inbundle By Mame

Unbundle By Name ol 3 Jor
{‘ 1‘ = | =tring control preesaannn
Ewi'tch"l ..................
string control Unbundled cluster
| in the diagram
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C.Charts and graphs----

» Selected from the Controls»Graph subpalette

Wi gyeform Chart

75, - -
107

Strip Chart

Tirne

115 120 125 130 135 140 145 150
Tirne

Scope Chart

Time

Funning &g
Current Temp

Time

29



Wiring to Charts

» Single-Plot Chart

e Multiple-Plot Chart

Bund|

DEL

=

DEL

30



1. Find the VI from Help»Find Examples...»Search
2. Type in “chart” and search
3. Choose charts.vi

Run the VI and examine the differences between the Charts. Press Stop when done.
Strip Chart (1 plot, 1pt/update) Scope Chart (1 plot, 1pt/update) Sweep Chart (1 plot, 1pt/update)
1.0 ~ 1.0-rg ~ 1.0 N
I I 1.0 I 1.0 I
414 464 450 500 450 500
Strip Chart (2 plots, 1 pt/update) Strip Chart (2 plots stacked, 1 pt/update)
1.0- ~ 1.0-
0.0- e s
: th :
i - |S'wEE|:- Chart (1 plot, 1pt/update) |
105, 0 -1.0— i
414 464 414 464

— |St|‘ip Chart (1 plot, 1pt/update) |
it of Pts/update Strip Chart (1 plot, multiple pt/update)  Str ) i e

20— 1.0- |Sc0|:-e Chart {1 plot, 1pt/update) |
15l ;]‘10
10-

|Stri|3 Chart (2 plots stacked, 1 pt/update) |

0.0-

—
5—' —1.04—5|99 46149 | |5trip Chart (2 plots, 1 pt/update) |

Shift register is used here to
remember point for data generation.

[
[

|Stri|:- Chart (1 plot, multiple pt/update) |
|

|Strip Chart (2 plots, multiple pt/update) |
It =03a]

Stop
|




Customizing Charts and Graphs

Plot Legend (color, point style, line

Style’ etc.) Efatﬁrdna:S oda - 200 lEIuttnn Pan Button
Digital Display ey |
Scrollbar
Customize the "8) «p» e | Zoom Subpalette
X and Y Axes
Graph Palette xasis| ITimesec) 8 [ou
¥ Axis| |DeaF & |2 vy

Autoscale Buttons
Lock Autoscale Switches

Scale Legend
g Scale |_a|:./.:|5 \\\Scale Format Buttons



C.Charts and graphs----

» Selected from the Graph subpalette

« Waveform Graph — Plot an array of numbers
against their indices

e XY Graph — Plot one array against another

W aveform Graph Data m\

| —Plot Legend
(point and
line styles)

| Graph Palette

Scale Legend
\
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Single-Plot Waveform Graphs

100N

' aveform GEraph

\\1 O Arrayy

Uniform X axis -initial X =0.0, delta X =1.0

}{n

100N |05 Bundle

I3
\“1 D Arrany

' aveform Graph

Uniform X axis - you specify point spacing



Multiple-Plot Waveform Graphs

100HMN
L i aveform Graph|
Sel
fx \
20 Array
i . 10 Array

Each row is a separate plot (initial X =0, delta X = 1)

Dl Bundle
100HM _ a1 05 I!!| |

Bundle Build Array| [ aveform Graph
|15 IR B[ === [ea 5]

Each row is a separate plot (Bundle specifies point spacing

of the X axis)
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1. Find the VI from Help»Find Examples...»Search
2. Type in “graph’ and search
3. Choose Waveform Graph.vi

Instructions:

Run the ¥I and Iinvestigate the different types of graphs.

%o, Delta ¥, and ¥ data specified

(X0 = 10, dX = 2, Y} Single Plot

1.0

0.5—
0.0—
-0.5-

Y data specified (Xo=0, Delta X=1 is assumed)

(%o = 10, dX = 2, ¥) Multi Plot 1

1.0

0.5
0.0
-0.5

(¥o = 10, dX = 2, Y} Multi Plot 2

1.0
0.5
0.0

-0.5

(¥o = 10, dX = Z, Y} Multi Plot 3
1.0
0.5
0.0
-0.5

-1.0—3 -1.07 -1.0— | -1.0—
1] ] 250 0
e
() Multi Plot 1
g.H
Bundie
5 a)
xo| [10
m [(Xo = 10, dX = 2, Y) Single Plot
= ]
Tab Centrol uE [(%o = 10, dX = 2, Y) Multi Plot 1
[ %I-.. B H== =i

36




e Non-uniform
X axis

e Separate X
and Y arrays
define data
points

XY Graphs

Plat O

100HMN

'1-D_| I ll . I I
-100.0 /0.0 0.0 R0.0 100.0
o hRis
Bundle| <Y Graphl|
h—
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1. Find the VI from Help»Find Examples...»Search
2. Type in “xy graph” and search
3. Choose XY Graph.vi £t

Instructions:

?;J!I‘Idb |(Arra\,* of Pts) Single Plot |

Run the VI and investigate the different types of XY graphs. | Bundle  Build Array  |(Array of Pts) Multi Plot |
o-lH Era ]
Bundle |
Array of Pts m | a e e e
{Array of PtS} Single Plot (ﬁ\ ﬁ % |(x and Y arrays) Single Plot
rra ] =g t]
1.0 . X —
Bundle Build Array  |(X and Y arrays) Multi Plot
T %HQE:@I: f=a]
0.5 l =1 :' +} ~

Generate X data: 0,1,3,6,10,...
(dx =1,2.34....)

Xand Y arrays
(¥ and Y arrays) Single Plat

1.0

[ [ [ [
0 2000 4000 6000
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Chart and Graph Use Summary

» Use the Context Help window with charts and graphs

i+ Context Help

Waveform Charts:

Wire data directly to chart:

Data | Resulting Chart
Scalar | Single plot - 1pt

10 Single Flot - 1 or more pis
WDT Single Flot - 1 or more pts
20 Multiplat - 1 or more pts

WDT (Waveform Data Type) includes timing infa.

Or cormbine points with 3 bundle node

[DBL]

i»! Context Help

Waveform Graphs:

“wire data directly to wawveform graph;

Y Array | Rezulting Graph

10 Single Plot
WDOT Single Plot
20 Fultiplot

WDT (waveform Data Type) includes timing infa.

Others default to O for =g and 1 for &x.

Cornbine timing information using a bundle node

[=0&]

Context Help -

=10l x|

XY Graphs:
Single Plot ¥Y Graph:

¥ array -
E'-= HITI. Graph
Y array [Single Flot)

Multiplot =Y Graph:

zingle plot 1I_
zingle plat N =

ooo
)
BITO
i

|z=1 A% Graph
(M plats)

E‘.\ 1

pt1 —— Mg —
e CE . ;
& _=t+:::m'w'a‘-,ref|jr'm Chart e el rn avefarm Graph Sae the example: XY Graph.vi
bt N DEL (M plots) =
u array ——I _I_I_I'@ =% “I
Or use timing inforrnation in WDT. See the example: Waveform Graph.vi -
See the example: Charts.vi =
EREIR BERER ol
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D. Strings

« A string Is a sequence of displayable or
nondisplayable characters (ASCII)

e Many uses — displaying messages, instrument control,
file 1/0O

e String control/indicator is in the Controls»String
subpalette

Strirg String

[f pou hawve large If pou hawve large
amounts of bext pou armounts of bext pou
Cah rminimize the —= | can minimize the
space taken up by enaca balan nn b
the ztring contral by

showing the

zcrollbar,
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String Display Modes

« Normal display «\ code display
my string info my\sstring\sinfoin
e Password display * Hex display

GIG6E 6720 696E

G6EF OA
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String Functions

String
f/oltz DC+1.22863E +1;

ztringl]
zhringl

The

S Iquin:k brown

1
e
Ifn:u:-c [umped ower [~{E+
Ithe lazy dog. ""f“
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string

offset (0] ~——=*
letgth [rest] —

String Functions

String Subset

ztring

reqgular expression "7
offzet (0] —T

"B

LY

ztring

substring

OLTS DC +1.22863E+1;

before substing

ey _
match zubstrin

after zubstring

— offzet pazt match

Match Pattern

shrin

affzet

length

zUbghring

RO

OLTS DC: +1.22863E+1.03

reqular e:-:presslnnm-f

1@:

i

i

LT

lbefore substing

Inatch substing

|after substiing
+1.22063E+1;

|offzet past match
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D. Strings

1. Find the VI from Help»Find Examples...»Search
2. Type in “string” and search
3. Choose Build String.vi

Front Fanel

Block Diagram

Double-click on Format Into String
to change the output format.

Combined 5tring

Length of String
) EEEE 4 (32 |
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— While Loop------ continue, stop If it is true

— For Loop
Loop timing controlled using Wait Until Next ms Multiple function
Shift registers transfer data values from one iteration to the next

— Adapt to any data type

— Additional left terminals may be added to access previous
Iteration

— Case structure and Sequence structure

Case structure
— Boolean or numeric cases — selector determines type
— Subdiagrams placed inside case structure
— Output from a Case structure must be defined for all cases
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«Sequence structure executes subdiagrams sequentially
«Seqguence locals pass data between frames

— Created at the border of Sequence structure

— Data available in subsequent frames

‘Formula Nodes allow direct entry of equations in the block
diagram

- An array Is a collection of elements of same data type — numeric,
Boolean, string, etc.

*Creating array or cluster controls/indicators is a two-step

pProcess 1. Get array or cluster shell
2. Place desired control/indicator inside the shell

|_oops can accumulate arrays at boundaries — auto-indexing

*Array functions are in Array subpalette of Functions palette
Clusters group data that can be different types

*The Bundle and Unbundle functions are used to create and disassembles6
clusters



Three modes of waveform charts
— Strip chart
— Scope chart
— Sweep chart
Charts can be customized - right-click on chart for menus

*Plot data on graphs
— Many features to manipulate plotted graph

— Multiple plots can be plotted on one graph
String is a collection of ASCII characters — many uses
Display messages
Instrument control
File 1/O
Many functions to manipulate strings — Strings palette of
Functions menu

1. Make a VI to calculate factorial, N! 47
2. Make VIs for C to F and F to C using Formula Node



