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Introduction to G Programming

1 Introduction Tutorial

G is a high level, data-flow graphical programming lan-
guage designed to develop applications that are

Interactive
Execute in Parallel
Multicore

The program is a block diagram edited in the G Pro-
gramming window.

The program input data and re-
sults are manipulated and dis- F)]':"l

played in the GUI Window.

amplitude

1.1 Hello Graphical Interactive Parallel Multicore World

The first program is to display the text “Hello
graphical interactive parallel multicore world” in
the GUI Window.

Right click on the G Programming Window and
select String Constant from the Functions >> Pro-
gramming >> String menu.

Drag and drop the String Constant onto the G pro-
gramming window as show in Figure 3.

Type in “Hello graphical interactive parallel multi-
core world.” in the String Constant.

'D.S —

-1 I
2363610 2363065
Time:

Figure 2: G User Interface
o plnik —
] %)
C{,Search I o Wi ™ I - |
*  Pragramming L
L Skring
[
Skring Constant  Empty Skring
Debus
Figure 3: String Constant
Hello graphical inkerackive
arallel mulkicore warld.
Figure 4: "Hello...world" String Constant
4
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Right click in the GUI Window and select a String : i E‘
Indicator from the Controls >> Modern >> String Qﬁearchl B gy v I =] |
& Path menu. v Maodern ~

L tring & Path

labc labe

Skring Control  Skring Indicator

Debiug Depl L

Figure 5: String Indicator

Skring
Drop it into the GUI Window. u

Figure 6: String Output

Return to the programming window. Notice the String

string terminal corresponding to the string indicator IE|E||D"';I|raD|‘|Ii'_:a| interallzdtive o
in the GUI Window. As you approach the string con- arallel multicore world, E
stant from the right, the wiring terminal is highlighted Figure 7: Wiring the G Diagram

and the pointer turns to wire spooler.

Skring

Click the “Hello graphical interactive parallel multi-

core world” terminal and then click on the String In- Hello graphical interactive b
. . . . . arallel mulkicare warld,

dicator triangular terminal to wire the terminals.

[

Figure 8: Wired G Block Diagram
Save your program as Hello, World.vi.

Return to the GUI Window. Click the run button (=). String

Hello graphical interactive
patallel mulkicare warld,

You have successfully completed and executed your

first G program. Figure 9: Hello, World G Program Executed

1.2 Arithmetic Expressions

The next program converts degrees from Fahrenheit to Celsius using the formula C = g (F —32)

w* Mathematics -
In the G Programming Window, select the subtract, L rummeric
multiply and divide from the Functions >> Mathe-

matics >> Numeric menu I> |> I> |>

add  Subtract  Moltiply  Divide v

Figure 10: Numeric Operations

Introduction to G Programming 5



Wire the subtract, multiply and divide functions as shown
in Figure 11.

Right click on the upper left terminal of the subtract func-
tion and select Create >> Control from the pop-up menu.

Re-label x as Fahrenheit and wire the terminal as shown
in Figure 13.

Right click on the lower left terminal of the subtract func-
tion and select Create >> Constant and type 32.0.

Repeat the process to generate numeric constants for
the multiply and divide function with 5.0 and 9.0 respec-
tively.

To complete the program, right click on the right ter-
minal of the divide function and select Create >> Indi-
cator. Re-label x/y as Celsius. The final diagram is
shown in Figure 16.

Introduction to G Programming

b[@@

Figure 11: Subtract, Multiply and Divide

[ Wisible Ikems 2
Help
Examples
Description and Tip...
Set Breakpoink

Mumeric Palette 3

Constant

Replace Zonkrol
Indicator

Properties I

Figure 12: Create Control

Fahrenheit

Figure 13: Fahrenheit Input Control

Fahrenheit

32

Figure 14: Fahrenheit Numeric Constant

Fahrenheit

32 = £

Figure 15: Fahrenheit Numeric Constants

Fahrenheit
Celsius
.23
> %> [E—phas
a3 B e

Figure 16: Fahrenheit to Celsius G Diagram



Switch to the GUI Window to run the program. Save
the program as Celsius.vi. Try various Fahrenheit val-
ues to see the corresponding Celsius values. You have
successfully finished a Fahrenheit to Celsius calculator.

1.3 Functions

Click on empty space and drag to select the entire dia-
gram.

The selected diagram is highlighted as shown in Figure
19

From the Edit menu select Create SubVI to create a G
function. The resulting diagram is shown in Error!
eference source not found..

From the File menu select Save All and save the Un-
titled function as Fahrenheit to Celsius.vi.

Open the Fahrenheit to Celsius.vi by double clicking
on the icon. Right click on the icon editor (upper right
corner) and select Edit Icon...

Introduction to G Programming

Fahrenheit Celsius
)l 100 137.7775

Figure 17: Fahrenheit to Celsius G Program

"Fahrenbeit
_— Celsius

|| izt

| I>' I}\/' |:} B30

! 32 5 9

L _=__ 5 __=______

Figure 18: Select G Block Diagram

IFabrenheit
s

' Celsinsi
6 B e =
1 1 T P ] e
el ¢ r@" iy ST S
I
==t =] = (L=
E o

Figure 19: Selected G Block Diagram

([ Yiew  Project
ndo Window Size

Cuk

Copy
Paste

Figure 20: Creating a Function

Fahrenheit Celsius

iz ,,-E*, blizs

oy

Figure 21: Diagram with Function

L VI Properties

Shiow Conneckor

Find All Instances

Figure 22: Edit Icon



B e  Copy from:

Ftahr Black & \White
(=]
Celziuz

16 Colors

16 Colars

This pops-up the Icon Editor. Edit
the function’s icon.

| 256 Colors |

Belsins - [] Show Terminals

256 Colors

-
o
Ea

Ik

Celziuz
[ Icon Art Glossary on ni.com ]

Figure 23: Icon Editor

After editing the icon, the function’s icon is shown in
the upper right corner of the GUI window. Save the

function, plug in various input values and run the Eile Edit view Project Operate Tools Wind Fahr

— (=]
function. Save the function. @l@-l IQIE | 13pt Application Fonk |Gz
.Y

Fahrenheit Celsius
}H-m a0

e

Cebug Deployrment |{ >

Figure 24: Edited Icon

Close the Fahrenheit to Celsius function and return Fahrenheit Celsius
to the Celsius G programming windows. The Celsius ol Fate i
diagram reflects the updated Fahrenheit to Celsius e Cilsiuz e
icon

Figure 25: Function Calling

1.4 Case Selection

This program determines if a year is a leap year or not. A leap year is divisible by 4 but not by 100, ex-
cept when it is divisible by 400. A number x is divisible by a number y if the remainder of x/y is identical

to zero, i.e. Rem (1) = 0, therefore
Yy
L v _(r (Year) 0 AR (Year) o)V R (Year) —o
eap Year = em 7 )= em 100) = em 200, =
For example: 1900 is not a leap year because it is divisible by 100

1970 is not a leap year because it is not divisible by 4
1980 is a leap year because it is divisible by 4 but not by 100
2000 is a leap year because it is divisible by 400

Introduction to G Programming 8



*  Programming

Start a new G program and right click on the G pro- L piurmeric
gramming window. Go to the Functions >> Program-
ming >> Numeric menu in the G programming window. [> |> I}'

Add Subtract rulkiply

> |kl B

Divide Cuotient &R... Decrement

Figure 26: Quotient & Remainder Function

Select three copies of the Quotient & Remainder func- . E

tion and three numeric constants. Type in 4, 100 and
400 for the numeric constants and wire these constants
to the lower input terminal (corresponding to the divi-
dend) of the Quotient & Remainder function.

)

Figure 27: Leap Year Numeric Constants
*  Programming

From the Functions >> Programming >> Comparison L Comparisan
menu, select 2 copies of the Equal to Zero function and
one copy of the Not Equal to Zero function. I> I>

Equal? Mok Equal?

B B

Equal To 07 Mok Equal To 07

Figure 28: Comparison Functions

Organize the comparison operations as show in the dia- Iﬁ}

gram. IE>
>

Figure 29: Q&R Comparison

*  Prograrmriing
From the Functions >> Programming >> Boolean menu L Bolean

select the AND and OR operators
T

and o

Figure 30: Boolean Operators
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Place the Boolean operators as shown in Figure 31.

From the Functions >> Programming >> Structures
menu, click on the Case Structure.

Click and drag on the G programming window to
create the Case Structure.

The True diagram option is indicated at the top of
the case structure.

Drop a string constant and type “Is a Leap Year”.

Introduction to G Programming

Figure 31: Q&R, Comparison & Boolean Functions

*  Programming

L Skructures

b b &F

For Loop  While Loop Timed Strucku,,. Case Struckure

Figure 32: Case Structure

-
> i |
| I
oS i
o> ’ '
““““““ 3
Figure 33: Creating a Case Structure
Iﬁ}
s

R B

Figure 34: Created Case Structure

[Fa-
-

m -

Figure 35: True Case Editing
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Click on the down arrowhead next to the True label E

and select the False option. E

Figure 36: Selecting the False Case

Drop another string constant and type “Is not a Leap
Year”.
IE} E M1s nok & Leap Year

b P

Figure 37: False Case Editing

Go to the GUI window and place a numeric input and Yeat Message
an output string. Re-label the numeric input to Year E)‘D l
and the output string to Message.

Figure 38: Leap Year GUI

Year Message
Right click on Year and select Representation >> 132 Elll':' I
from the numeric pop-up menu. Wisible Items b
Find Terminal

Zhange to Indicator

1 Dep Description and Tip. .. =

Representation
Data Entry. .. EXT | (DBL || SGL | | FXP

Display Format, ..

Properties

Figure 39: 32-Bit Integer Numeric

Message

b

Arrange the Year and Message terminals 8] E I§>
in the G programming window as shown in R
the figure. ﬁ IE—“?

.

o

Figure 40: Unwired Leap Year Diagram

>
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Wire the OR operator is to the “?” in the
case structure and the string constant “Is
not a Leap Year” is wired to Message.

Select the True option and Wire the “Is a
Leap Year” string constant to the output
terminal of the Case Structure.

Save the program as Leap Year.vi, enter Year values
and run the program to determine whether the
value of Year is that of a leap year or not.

1.5 Arrays

Right click on the GUI window and select Array
from the Controls >> Modern >> Arrays, Matrix &
Cluster menu, and drop an array onto the GUI win-
dow.

The array structure consists of an index or element
offset (left portion of the structure) and the array
elements (right portion of the structure). When the
array structure is placed on the GUI window, the
data type of the array is undefined as indicated by
the grayed out portion of the array.

To define the array data type, drag and drop a
data type onto the array structure. For instance,
to create an input array of numbers, place Nu-
meric Control into the array structure.

Introduction to G Programming

Figure 42: Leap Year True Case

Year Message

E}IEDDD IIs a Leap Year

Figure 43: Leap Year Program

=

Array

L Array, Mabrix 8 Cluster

=]
O

AOrray

= o
=

Cluster

) (. Search l o Mg ¥ I =H | |
-:"_.J:ID | * Modern C

Figure 44: Arrays

(Q, search I o WiEW I —H |

*  Modern

L Murneric

Mumeric Control  Mumeric Indic

Figure 45: Creating a Numeric Array
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At this point, the numeric array is an Empty or Null
array because no elements of the array have been de-
fined. This is indicated by the grayed out numeric con-
trol within the array structure.

Define elements of an input array by selecting the off-
set and entering its value. For instance, at offset = 4,
enter the value 0.0. This defines Numeric Input Array
as {0, 0,0, 0, 0}.

An output array is created similarly to an input array
with the exception that an output data type needs to
be dropped into the array structure.

1.6 For Loop

This program converts an array of Fahrenheit values
to Celsius. Create numeric input and output arrays
and label them Fahrenheit and Celsius respectively.
In the Fahrenheit array enter the values 0, 20, 40, 60,
80, 100, 120, 140, 160, 180 and 200 at offsets O
through 10 as shown in Figure 49.

Right click in the G programming window, navigate to
Programming >> Structures and click on For Loop.

Fahrenheit

1
1

1

1

[i][i== |
[i] 1
k 1
1

1

1

1

Click and drag to create the For
Loop as shown in Figure 51 and
Figure 52.

MNureric Input Array
a
T )l':' j - B

Figure 46: Empty Numeric Array

Murneric Inpuk Array
L )l_ o

Figure 47: Defining Numeric Array Elements

Mumeric Inpuk Array Mumetic Qutput Array
. ~ ’
._f}|” j?!n .f)'” ID

Figure 48: Creating Output Numeric Arrays

Fahrenheit Celsius
s y M
,jr)lm I;]znu __r}":' ||:|

Figure 49: Numeric Input and Output Arrays

)
QSearchI o Wi ™ I -f |

*  Pragramming ~

o]

wWhile Loop "

Fahrenhe

[[][iz=
H
k

L Skruckures

For Loop

Figure 50: For Loop Structure

Figure 51: Creating For Loops

Introduction to G Programming

l N
| Celsius  Fahrenheit Celsius
D IFEE @
|
|
| [
—_——— Jr ..... Z
"""" Figure 52: For Loop
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Fahrenheit

. S Celsi
Right click inside the For Loop and select Select a |£—3[> I%Lf
VL... from the pop-up menu. Find the Fahrenheit to [

Celsius.vi and click OK. Drop the function inside the
For Loop.

To complete the program, wire the Fahrenheit input

. . R Fahrenheit Celsius
array to the input terminal of the Fahrenheit to Cel- Tz i
sius function and wire the output terminal of the

Cxlziuz
Fahrenheit to Celsius function to the Celsius output
array. | [

Figure 54: Wired Function in Diagram

This program uses the For Loop to select each ele- Fahrenhait Celsils

ment in the Fahrenheit input array, converts that :'_)]"—"1—‘—‘—‘—‘—‘- jr—‘-r—‘—‘—‘-
’ 7 , =7

value to Celsius and saves the results in the Celsius h by, Bal y st

output array. Save the program as Fahrenheit to

Celsius For Loop.vi and run the program. Figure 55: Fahrenheit to Celsius Arrays

The Celsius output array contains: Celsius = {-17.7778, -6.6667, 4.44444, 15.5556, 26.6667, 37.7778,
48.8889, 60, 71.1111, 82.2222 and 93.3333}

1.7 While Loop

¥ Programring

The next program will generate Fahrenheit values and L Structures

convert them to Celsius until a condition is met to 2

stop the iterations in a While Loop. In the G pro-
gramming window, select the While Loop structure For Loop while Lo

op

by clicking on it from the Functions >> Programming

b
>> Structures menu. ﬁﬂ

Timed Strucku,., Case Skruckure

Click and drag to create the While Loop structure. Figure 56: While Loop Structure

_________________ o [

Figure 57: Creating a While Loop Figure 58: While Loop

Introduction to G Programming



In the GUI window, create two numeric output ar-
rays. Label them Fahrenheit and Celsius.

Re-arrange the diagram as in Figure 60.

From the Functions menu, select Multiply function
and a couple of numeric constants. Type in 20.0 and
300.0 for the numeric constants. Select the Fahren-
heit to Celsius.vi and drop it inside the While Loop.
Re-arrange the diagram to look like Figure 61.

From the Functions >> Programming >> Compari-
son menu select the Greater or Equal operator.

Introduction to G Programming

| E =k Foik

| rab el e

’

. LU IID —

Cobsivs

| |
[T TP T
Figure 59: Numeric Output Arrays

Fahrenheit

1zZT

==

e —Y
== |
=
=
(]

A

Figure 60: While Loop Diagram

Fahrenheit
12T

EEE

DIE:

Celsius
1zT

e

Celziuz

DIE:

Figure 61: Generating Fahrenheit Values

¥ Programming

L Comparison

= [=>

Equal? Mot Equal?
Less? Greater Or E...

Figure 62: Greater or Equal Function
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Wire the While Loop components as shown in
Figure 63.

Wire the output of the Multiply operation to the
Fahrenheit and the output of the Fahrenheit to
Celsius function to the Celsius numeric output
arrays. The connections between the While
Loop and the Fahrenheit and Celsius arrays are
broken (see Figure 64).

To repair the broken connections, roll over the
mouse pointer to the Loop Tunnel.

Right click on the Loop Tunnel and select Enable

Indexing from the pop-up menu.

Introduction to G Programming

Fahrenheit

1z3

Calziuz *

Figure 63: Generating Fahrenheit Values & Stop Condition

Fahrenheit
: 1zT

e

lsius
: 12X

”®
w»
[ ]
e | &

Figure 64: Broken Wires

Fahrenheit

ifjiz3

Celsiuz

Figure 65: Loop Tunnel

Fahrenheit

Enable Indexing

Mumeric Palette
Creake

Replace with Shift Reqister

4
4

>34 - (3
L]

Figure 66: Enable Loop Indexing

16




Fahrenheit

127

This enables values to accumulate and store the
results into an array.

==

Repeat for the Celsius array. lsiLis

iljiz3

[]
”*
-y
(]
-
[FEr| &

Celsiuz

Figure 67: Broken Wire Repaired

Fahrenhbeit
Each iteration of the While Loop in this program ‘: 2
generates an i x 20 Fahrenheit value and converts S
it to Celsius. The While Loop stops iterating when
the generated Fahrenheit value is greater than or Celsius
equal to 300. The resulting arrays are stored in the A=
Fahrenheit and Celsius numeric output arrays. Celsiuz [

Figure 68: Fahrenheit to Celsius While Loop
Save the program as Fahrenheit to Celsius While

Loop.vi and run it. The program generates the
following results:

Fahrenheit = {0, 20, 40, 60, 80, 100, 120, 140, 160, A et
180, 200, 240, 260, 280, 300} r
15 Hanp
Celsius = {-17.7778, -6.6667, 4.44444, 15.5556, Celsils
26.6667, 37.7778, 48.8889, 60, 71.1111, Py
82.2222,93.3333, 104.444, 115.556, 5 ll‘*ﬁ-ﬂﬂ‘?J

126.667, 137.778, 148.889}
Figure 69: Fahrenheit and Celsius Arrays

1.8 Graphs

Using the previous G program example, we will now ¥ Modern

visualize the results by adding a graph to the GUI LGraph

windows. Right click on the GUI Window. Select XY x

Graph from the Controls >> Modern >> Graph luinﬁ; 3;“};

menu. Waveform Ch... WWaveform Gr...  ¥Y Graph

Figure 70: XY Graph Selection

Introduction to G Programming



Fahrenheit =Y Graph Plok 0 m |

Drop the XY Graph in the ;. 10-
GUI window. Double click B:]D I':'

on the x and y axis labels Celsius 5
and rename Time to Fa- &
. . ?}]':' IID

hrenheit and Amplitude to o Bi-
Celsius. =
G

4_

2_

0=

0

Fahrenheit

Figure 71: XY Graph in GUI Window

Fahrenheit
[i]
IE

The G programming window contains the XY
k

Graph terminal. ®¥ Graph

elsius

[[|[1z=
H

F.
k

Celsiuz

Figure 72: XY Graph Terminal in Diagram

*  Programriing

Select Bundle from the Functions >> Program- L Cluster, Class, & Yariank
ming >> Cluster, Class & Variant menu Imm 'lI R= =HN
[Fem] [FEem] | —] —

Unbundle By ... Bundle By Mame  Unbundle Bundle

Figure 73: Bundle Operator

w
Fahrenheit

Drop it on the diagram as shown in Figure 74. hg

k

Y Graph

elsius

[[|[1z=
H

B
k

Celsinz

Figure 74: Bundle for XY Graph
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Fahrenheit
[i]
IE

k

Wire the Fahrenheit and Celsius results to the input
Bundle terminals and the output Bundle terminal
to the XY Graph.

I
®Y Graph
z

Celsius
Save the program and run it. The resulting graph is @
shown in the figure below. Celzius T

Figure 75: Wired XY Graph

Fahrenheit % Graph Flak 0 m

Celsius

_gllﬂ_ll-n.???a

Celsius

| | | 1 1
] =i 100 150 200 250 00
Fahrenheit

Figure 76: XY Graph Result

1.9 Interactivity

This G program shows how G allows programmers
to develop interactive programs. Create the follow-
ing G program and wire it as shown in the figure
below.

Figure 77: Creating Interactive Programs

In the GUI window, from the Functions >> Modern >> Numeric select the vertical pointer slide. From
the Functions >> Modern >> Graph select Waveform Chart.
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w*  Modern w  Modern
L humeric L araph
z 3
PO — R
8 ] .23 lliﬂ? ;;ﬂfﬂ ;ﬁ
Mumeric Control  Mumeric Indic... Time Stamp C... Waveform Ch... Wawveform Gr... wi Graph
10- 10- 3 H
1200 d _’ 1 1
07 :-i :_. oml;j -:-mlm
Time Skamp I... Mertical Fill Slide  Vertical Point... Ex #¥ Graph  Intensitw Chart  Inkensity Graph

Figure 78: Vertical Pointer Slide and Waveform Chart

Amplituds  Sine Wave Flot 0 [N ‘
Re-label the vertical pointer slide - 10-
as Amplitude and the waveform q-
chart as Sine Wave. Re-arrange 4
to GUI to look like the figure be- - I
low. iE ﬁ
Lo £ p-
o-L | &
-5-
-10-}
0
Time

Figure 79: Slide & Waveform Chart in GUI Window

Yisible Items 2
Find Terminal
“hange to Contkrol

Right click on Sine Wave and select Proper-
ties from the pop-up menu.

_ig Description and Tip. ..

E. Create 2

< Replace 3
Daka Operations [
Advanced 3

Fit Control o Pane
Scale Objeck with Pane

Figure 80: Selecting Chart Properties
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| Appearance || Display Formak " Plots | Scales Docurnenkat

Select the Scales tab and change Maximum

to 1023. Sine Wave will display 1024 sam- |Time {-fiacis)

_]

ples.

Mame |TiITIE

Shows scale label
Show scale

[Log
[]Inverted

[ ]autoscals
1023 Sxinnam

Figure 81: X-Axis Maximum

| Appearance || Display Format " Plots | Scales Cocu

Click on the down arrow located to the right
of Time (X-Axis) and select Amplitude (Y-
Axis).

Time (x-fis)

W

J Time (¥-Axis)

Amplitude {-Sxis)

Figure 82: Selecting Y-Axis

| Appearance || Display Format " Plots | Scales Daocumentat

De-select Autoscale and change the Mini-
mum and Maximum values to -10 and 10.

Click OK.

In the G programming window, re-arrange the Am-
plitude and Sine Wave terminals and finish the
program as shown in Figure 84.
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|.ﬁ.mplitude Y -Ais) w |
Marne |.ﬁ.mplitude |
Show scale label Autoscale
Show scale -10 inimum
[JLog 10 iU

Figure 83: De-Selecting Autoscale

Sine Wave

Figure 84: Interactive Sine Wave Diagram
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Scroll the mouse pointer over the Loop Control...

And right click on the Loop Control and from the

pop-up menu select Create Control.

A stop terminal is created...

With the corresponding stop Boolean
input control. Save the G program as
Interactivity.vi.
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amplitude
10-

g

.

ym

s

0 - b

skop

=

SiSIN

Amplitude
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Loop Condition

Figure 85: Loop Condition

..... =~

~="5TH
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Create Conskant

Create Control

Create Indicator

Figure 86: Create Loop Control
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=
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Figure 87: Interactive G Program
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Figure 88: Interactive Program
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Run the G program.

While the program is running, change
the Amplitude and watch the graph
update to reflect the interactive
changes.

To end the G program, simply click on
the stop button.

Congratulations. You have success-
fully completed and executed your
first interactive G program.
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& UIg Sine: Wave Flat 0 m
10- 10-
g - 75—
Eu—_ 5=
2 & 25-
e =
- E_ 0-
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k
skop e
STOF
73
-10-, i
11728920 11729943
Time
Figure 89: Interactive Program
amplitude  Sine Wave Fiot 0 [N
10- l 10-
- g
- [6.93a78]"
E!‘_ g -
o o 25-
- =
E - = 0
- £
0 aL -25-
f
stop e
STOP
7oE =
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26759769 Se7a0792
Time
Figure 90: Interactive Program
amplitude Sine Wave Plot 0 m
10- 10—
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Er—_ 5 -
i @ 2.5-
2= =
- E_ 0-
0 =€ -25-
k.
s ni e
W '?.5 =
-10-4 i
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Time
Figure 91: Interactive Program
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1.10 Parallel Programming

Save a copy of Interactivity.vi as Parallel Pro-
gramming.vi. Select the while loop as shown in
the figure below.

From the menu select Edit >> Copy.

9

Sire Wave

0.0z 2 z
oo el B

Amplitude stop
1l:l'.
“ul

Figure 92: Select Diagram for Parallel Programming

S Wiew Project Operate  Tools  Wind
Undao Window Maove Chrl+Z
Zut Chel4¥

Chel4+C

Figure 93: Copy Selected Diagram

Create a copy of the while loop and its contents by selecting Edit >> Paste. Organize the diagram as

shown in the figure below.

Sine Wave

0.0z 7~ 2
o )

Amplitude skop

1-:--.
I

Sine Wave 2

0.0z i~ z
oo el i

Amplitude 2

stop 2

1I:l'.
-
<1l BT

Figure 94: Paste Diagram

Go the GUI window and organize the input and output controls as shown in the figure below.

10- e
3—_ 7.5
s 5-
i © 25
2- E
- EI_ D_
ok I 25-
E
skop .
STOP
-?IE_
-10-1 |
o 1023
Timne

Fioto RN

amplitude 2 - 5ine Wave 2
10- 10-

8—_ 7.5

Figure 95: Parallel G Program
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Congratulations!!! You have just completed your first parallel interactive program using G. Save the

program, run it and interact with it. To end this program click on stop and stop 2.

Amplitude  SiNe Wave

10-
Ll

65—

amplitude

-10-4
12368731

Tirne

Plat 0 m Amplitude 2 Sine Wave 2
10- i0-
8__ 7.5-
6_ 5_
W g 25
2- =
.. _EL -
d < -2.5-
top &
skap =
STOP
F.a-
1 -10 -
12369754 16479955

Figure 96: Parallel Interactive G Program

1.11 Multicore Programming
Save a copy of Parallel Programming.vi as Multicore Programming.vi. If you have a multicore comput-
er, CONGRATULATIONS!!! You have just completed your first parallel interactive multicore G program.

amplitude  Sine Wave
10—. 10—
8—_ 7.5
B- 5-
4-_ _‘qj:l_-. 2.5
2_- %. o-g
0 £ 25+
skop _5_
STOP
'?.5_
-10-|
3RIFFIL
Timne
ZFU Usage

Flot 0 I

amplitude 2 Sine Wave 2
10- 10—
92

Amplitude

.ID_

| 1
37178740 B0923353

CPU Usage Histary

Figure 97: Interactive Multicore G Program
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1.12 Polymorphism
This program shows the polymorphic properties of
G. Create the G program shown below.

Notice that the Subtract and Multiply operations
allow arrays to be wired in the G program.
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Fahrenheit
[i]
IE

L
Celsius

a

Figure 98: Polymorphic G Diagram
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2 Data Types

Block Diagram Terminal

Interactive User Interface

Data Type Comments
P Input | Output Input Output
Extended ﬁr f1.23] 31.2345 |1.2345 80-bit floating point numeric
EHT!
Double ﬁ f123] 31.2345 11.2345 64-bit floating point numeric
DE|
Single ﬁ f123] 31.2345 |1.2345 32-bit floating point numeric
]
Complex ﬁ f _ ) . . .
[ 1.23] 1.2 +3.4 |1.2 +3.4i 160-bit floating point numeric
Extended ; I:::' v : &P
Complex ﬁ f _ ) . . .
[ 1232 ] '1,2 +3.4i |1.2 +3.4 128-bit floating point numeric
Double . v I &b
Complex ﬁ f _ ) . . .
A [ 1.23] '1,2 +3.4i |1.2 +3.41 64-bit floating point numeric
Single ; I:-. v I &b
Integer 64 ﬁr 123 "'-12345 |-12345 64-bit signed integer numeric
IbY g
Integer 32 ﬁr 1231 "'-12345 |-12345 32-bit signed integer numeric
I3 g
Integer 16 ﬁr 1231 "'-12345 |-12345 16-bit signed integer numeric
Ilb g
Integer 8 ﬁr [123 3-123 |-123 8-bit signed integer numeric
I8
Unsigned ﬁ 2 . . .
b 123 '12345 |12345 64-bt unsigned integer numeric
Integer 64 ; I:: Y & &
Unsigned ﬁ 2 . . . :
b 123 '12345 |12345 32-bit unsigned integer numeric
Integer 32 ; r:,: Y & &
Unsigned ﬁ . . . . .
b 123 12345 |12345 16-bit unsigned integer numeric
Integer 16 ; r:,:- Y & &
Unsigned 7 . . . .
k 1231 H123 |123 8-bit unsigned integer numeric
Integer 8 o
. . ] Mantissa.fractional fixed point
Fixed Point ﬁ. 123 J]1.2345 |1.2345 : edp
- = numeric representation
Boolean H A { & @ i )' True or False.
TF i e
String .r abc |5tring |5tring Text
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3 Operators

3.1 Numeric

*  Programming

L Murnetric
i EFild
(= B 2> [ [
Add Subkract Pkl Divide Quokient &R, .. Conyersion Increment

C_ -+ — ’
= > =hi (e i >
W
Decrement  Add Array Ele... Mulkiply Arrav,.. Compound &r... Data Manipul...  Absoloke Yalue  Round To Me. ..
3

N/

> i [ [ [ [
Found Towar,., Round Towar,.,  Scale Bw Pow,.. Complex Square Rook Sguare Megate
. o
> 55> e EE i
oy
Reciprocal Sign Scaling Mumertic Cons,,, Enum Constant  Ring Constant Random Mo,
| *
[[EFR]]
Expression ... +Inf -Inf Machine Epsilon  Math Constants

Figure 99: Numeric Operators

*  Programming
L Murmeric
L Complex

Py = [d z [ Fe F - re
Z ] k ]
] irm ] B i

Zomplex Conj... Polar To Com... Complex ToP... RefImTo Co... Complex ToR... RefImToPolar  Polar To RefIm

oI

Figure 100: Complex Numeric Operations

*  Programming
L Murneric

L Draka Manipulation

E@:ﬁ @g ﬁ@ #ﬂn#?%
= EIF

Type Cast Flatken To Str... Unflatken Fro... Mankissa & E... Rotate Left ... Rokate Right ...  Logical Shift
L ) £
[x3] HE = =
s 2 e &
Rotate Split Mumber Join Numbers Swap Bytes Swap Waords

Figure 101: Numeric Data Manipulation Operators
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*  Programming

L Mumeric

L Conversion

Tao Double Pr. ..

Bwke Array T...

JEH ] 132)
ToExtended ... ToDouble Pr... ToSingle Pre... ToFixed-Point  To Quad Inte... Tolong Integer To Wword Inte...
3z IcxT)
To Byte Integer  To Unsigned ... To Unsigned ... ToUnsigned ... ToUnsigned ... ToExtended ...
Icsg)
To Single Pre...  Mumber To B... Boolean Arra... Boolean To{0... To Time Stamp  Skring To Bwt...
[ TURIT] |

Convert Unik

Cast Unit Bases

Figure 102: Numeric Conversion Operators

3.2 Boolean

*  Programming

L Boalean
T+
™ ™ = g
And Or Exclusive Or Mot Compound Ar... Mot And
V> Te» = 7>
Mk Or Mot Exclusive. .. Implies And Array Ele... Or Arrav Ele...  BMum to Array
v

Array bo Mum "Bool ko (0,10 True Constant  False Constank

Figure 103: Boolean Operators
3.3 Comparison

*  Programming
L Comparison

=

Equal?

>

[=>

Mak Equal?

s>

[

GGreaker?

[

[=>

Less?

e

[

Greaker Or E. ..

>

[

Less Or Equal?

b

Mok Equal To O Greater Than 07 Less Than0F  Greater Or E... Less Or Equal... Select
* 0
g3 22 [ o2
InRange and... Mot & Mumbe,..  Emplky Array?  Empby Stringf...  Decimal Digity He:x Digik?

Printable?

2

White Spacer

Lexical Class

-

?
!:

Campatison

Figure 104: Comparison Operators
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3.4 String

*  Programming
L Skring

mBy == M e
o = £
il
Skting Length Concakenate

=
L
iy

— o

. Skring Subset  Additional Skri... Replace Subs... Searchand R...  Match Pattern
e [ ol
o

B

il

& B
]+ 1
o éﬂ E E*E
Match Regula... Format Dakef... String/Mumbe... Scan From St Spreadshest ... Array To Spr...
[3B] [BE [ T abbc El
- -[b7]
: 13 N ac .
Pick Line Match First k... Match TrugfF... Scan Skring F... Searchand R... Index Skring ...
Jat= ol r 13 LEC
abk3 _ '
3 [ 1ILEC
Append Truef,..  Rotate String Rewerse String  To Upper Case  To Lower Case Conyersion Build Text
b
IE=0 = |
Trim Whitesp,..  Sktring Constant  Emply String ... Space Constant  Carriage Ret,..  Line Feed Co... wMIL
End of Line C...  Tab Constant
Figure 105: String Operators
*  Prograrmming
L Skring
L Skring/Murmber Conversion
# # # # # T,
Mumber Ta D... Mumber ToH... Mumber To ... Mumber To Fr... Mumber ToE... MNumber ToE...
E @ F o m B -
e
oot
Formak Malue  Decimal Strin... Hexadecimal ... Octal String T... FractfExp Skri,..  Scan Yalue
Figure 106: String/Number Operators
3.5 Math
3.5.1 Math Constants
*  Programming
L Murneric
L flath & Scientific Constants
Pi ¥R pif2 14Pi In(Fiy &
1/e lag10(e) [R{10) [m(2) Planck's Cons... Elementary C,..
Speed OF Lig... Gravitational ... Awogadro Co... Rwdberg Con...

Maolar Gas Co...
Figure 107: Mathematical Constants
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3.5.2 Trigonometric Functions
w*  Mathematics

L Elermentary & Special Functions

L Trigonomekric Funckions

..... |"H‘|I ﬂ :E “_H,n"
i o ] )
“SIN FAAN L& iran| [wsEc] (Ll
5in cos Lan SEC C50
P 5 ® A
ol A T rin hereib | [ icsd
asin acos akan asec acsc
) ; v
f_5TIH Jﬁl. _;fj"'
.......... b A )E x""
Lok SIS ATANE
sin & cos sinc akanz

Figure 108: Trigonometric Functions

3.5.3 Exponential and Logarithmic Functions
w* Mathematics

L Elementary & Special Functions

L Exponential Functions

2% HY 10:. Z:. xi-
i et L bt
[Etié-1 | i ] ORI
Exp expilx)-1 107 2 wY
L e s L WL
[ a1 0 z x
IIIILN LEI}MIJ LoG Ilil-':":’z Ilil-':":’x
n] [M+1) log1o logz g

Figure 109: Exponential and Logarithmic Functions
3.5.4 Hyperbolic Functions

w Mathematics
L Elementary & Special Functions
L Hyperbalic Functions

sinh cosh kanh sech csch
x‘ﬁlsmu |reash-, 'in':rﬁhu “RSECH HCSCH
asinh acosh atanh asech acsch

Figure 110: Hyperbolic Functions
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4 Arrays and Clusters

To create an array in G, right click on the GUI win-
dow and select Array from the Controls >> Modern
>> Arrays, Matrix & Cluster menu, and drop the
array structure onto the GUI window to create an
array.

The array structure consists of an index or element
offset (highlighted left portion of the array struc-
ture) and the array elements (right portion of the
structure). When the array structure is placed on
the GUI window, the data type of the array is unde-
fined as indicated by the grayed out portion of the
array.

To define the array data type, drag and drop any
data type, such as numeric, Boolean, string or clus-
ter structure, onto the elements portion of the ar-
ray structure.

At this point, the newly defined array is an Empty
or Null Array because no elements of the array
have been defined. This is indicated by the grayed
out data type within the elements array structure.

To define elements of an input array, select the
element’s index and enter the appropriate value.
Figure 115 defines a numeric array with one ele-
ment at index O.

G arrays are zero-based. The last element
index of an N element array is N-1. Figure
116 and Figure 117 are those of a 10 ele-
ment array.

An output array is created similarly to an input array
with the exception that an output data type needs to

be dropped into the array structure.
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Figure 111: Array Structure
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Figure 112: Index and Elements of an Array
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Figure 113: Creating Arrays

Figure 114: Empty Arrays
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Figure 115: Defining Array Elements
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Figure 118: Creating Output Arrays

Figure 117: Undefined Nth Element

Murneric Cukpuk Array



4.1 Multidimensional Arrays

To create multidimensional arrays, click on the
array’s index and select Add Dimension from the

menu.

Figure 119:

Figure 120 shows a 2-dimensional array.

4.2 Array Operators

*  Programming

L array

Index Array

B3

Max 2 Min

o

Raktakte 10 Ar...

Array To Clus... Cluster To Ar...

4.3 Clusters

Interpolate 1..,

48 :

i)

Replace Subset  Insert Into Ar...

[

b+
Sort 10 Array

B

Reshape Array

=

Threshold 10 ... Intetleave 10...

Array bo Makrix  Makrix to Array

Array

ij.[u—‘—r%—';—

‘Wisible Trems
Find Tetrminal

4

Change ko Indicator

Add Dimension

Creating Multidimensional Arrays

Figure 120: Multidimensional Array

H o

-t B3

Delete From ...

e

-t

Search 1D Ar. .,

=+
]
oo

Decimate 10 ...

Figure 121: Array Operators

Clusters allow users to create compound data
types by aggregating various and different data

types into a single unit.
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Select the various data types and drag them onto
the cluster structure. Figure 123 shows an Error
Cluster consisting of a Boolean Error, a numeric ID
and a string Message data types.

4.4 Cluster Operators

*  Programming
L Cluster, Class, & Yariant

[om] | —
Tiamme e o —
[item] | —

Unbundle By ... Bundle By Mame IInbundle

="

Cluster To Ar... Array To Clus... Cluster Const...

0 :ﬁg ﬁ

LY Objeck Ca,.. Geb LY Class ... Yariank

o

Bundle

74

Call Parent 1.,

Error Clusker

Errar =)

oz
Message |COut of range

Figure 123: Cluster Example

[ |
+
nmnm

Build Cluster ...

To More Spec...

Figure 124: Cluster Operators
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5 Data Flow Control

5.1 Case Structure

The case structure allows data to flow based on a
integer, Boolean or string matching condition. The
case executed is selected based on the data wired
to the Case Selector.

5.1.1 Boolean Selection

In the GUI window, select a Boolean control and
an output string.

Arrange the diagram to look as in Figure 127.

In the True case, add a string constant containing
True Case.

To select the False case, click on the selector label
down arrow and select False from the pop-up
menu. You can also cycle through the cases by
clicking the next (right) or previous (left) arrows.

In the False case, add a string constant containing
False Case.

Wire the string constant in the case structure to
the output string terminal.
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Figure 125: Case Structure
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Figure 126: Case Selection User Interface
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Figure 127: Case Selection G Diagram
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Figure 128: True Case Diagram
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Figure 131: Wiring Case Structures
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Boolean Case
Select the True case and wire the string constant @ = True Case] ﬁ
to the case structure tunnel. Complete the dia- TF —— : -

gram as shown in Figure 132.
Figure 132: Completed Case Diagram

It is important to note that all instances in a case structure must be wired to enable data to flow from
the case structure.

In the GUI window, toggle the Boo- Boolean  .co Boolean  ocs
lean input control and run the pro- < :a {“““‘b““—“‘“ Q_) e
False Case QTrue Case
gram. f
Figure 133: False Selection Figure 134: True Selection

5.1.2 Multicase Selection

\Selectnr Case
Select an Integer 32 numeric input and an Integer :D}I':' ||;|
32 numeric output and label them Selector and
Case respectively.

Figure 135: Multicase GUI

In the G programming window, create a case
structure, select the False case and arrange the
terminals as shown in Figure 136.

Wire the Selector numeric control to the case se-
lector on the case structure. The selector label
reflects the diagram update.

In the 0, Default case, add a numeric constant and
leave its value as 0.

Using the selector label, select case 1. Add a nu-
meric constant, enter 1 and wire it to the case
tunnel. The resulting diagram is shown in Figure
139.

Figure 139: Case 1
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Right click anywhere in the case structure and se-

lect Add Case After from the pop-up menu.

Case 2 is added after case 1. Add a numeric con-
stant, enter 2 and wire it to the case structure

tunnel.

Figure 142 shows the results of running this
simple case selection programs for Selector set
to 0, 1, 2 and 3 respectively.

5.2 ForlLoop

e

Yisible Items 2

Selectar

add Case After
Add Case Before

I3

Figure 140: Adding Cases

Jo

Seleckor Case
FE]
132
Figure 141: Case 2
Selectar Case Selectar Case
0 o I
Case Selectar Case

Selectar
.

vE

The For Loop structure repeatedly executes the

diagram within the structure.

The Loop Count

specifies the number of times the loop contents
must be executed and the Loop Iteration indicates

which iteration is currently being executed.

The Loop Count and Loop Iteration are o
of Integer 32 data types. If the Loop g
Count is set to N, then the Loop Itera- Loop Counk

tion value range is from 0 to N-1. This is
illustrated in Figure 144 and Figure 145.

Figure 144: Loop Count

5.2.1 Shift Registers

Shift Registers allow the preservation of
intermediate results between sequences
of iterations.
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To add a Shift Register, right click on the For Loop [N]
structure and select Add Shift Register from the
pop-up menu. [

Visible Ikems B
Help

[~ Add Shifk F!.EfgiStEfr'

Figure 147: Adding Shift Registers

To add elements to the shift register, right click on
the shift register and select Add Element from the
pop-up menu.

Help

[ Add Element

Figure 148: Adding Shift Register Elements

To illustrate the use of the shift registers, the fol- 0, n=20

lowing example computes the Fibonacci number Fib(n) = {1, n=
Fib(n). Fib(n—1) + Fib(n — 2), n>1

In the GUI window, select an integer

32 numeric input and output controls n
and labeled them n and Fib(n) respec- ‘_r:,l||:|
tively. Arrange the diagram as shown )

in Figure 149.

Add a 0 and 1 numeric constants to initialize the
elements of the shift register and wire them to the
i-1 and i-2 elements respectively. Add the add op-
erator in the for loop and complete the program
wiring as shown in Figure 150.

Figure 150: Fibonacci G Program

For n = 0, the for loop iterates 0 times and passes 0 to Fib(n), therefore Fib(0)=0. For n =1, the for loop
the values in i-1 and i-2 shift register elements are added (0+1) and saved in the i shift register element
(1). Since the loop iterates once only, the resulting value is passed to Fib(n), therefore Fib(1)=1. For n =
2, the first iteration produces the value of 1. Prior to the next and final iteration, the values are shifted
in the register as follows:

e The value in the i-2 shift register element is discarded
e The value in the i-1 shift register element is shifted to the i-2 shift register element
e The value in the i shift register element is shifted to the i-1 shift register element

To start the 2™ and final iteration, the i-1 shift register element contains 1 and the i-2 shift register ele-

ment contains 0. These are added to produce 1, which is passed to Fib(n) and, therefore, Fib(2)=1. This
process is repeated for values of n > 2.
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Save this program as Fibonacci.vi. Figure 151
shows the result of Fib(8).

5.2.2 Auto-Indexing

Auto-indexing allows input array elements to be
operated on and output array elements to be ag-
gregated automatically in a for loop. It is not re-
quired to wire the Loop Counter. The for loop au-
tomatically reduces the array dimensionality by
one.

5.2.3 Disabling Auto-Indexing

It is sometimes necessary to disable auto-indexing.
In this example, the For Loop is used to scan the
elements of the array taking advantage of the au-
to-indexing feature. However, the result is a single
number. Wiring the result through the For Loop
with auto-indexing enabled results in a broken da-
ta type wire.

To disable auto-indexing, right click on the target
Auto-Indexed Tunnel and select Disable Indexing
from the pop-up menu.

The final diagram with the Auto-Indexed Tunnel
disabled is shown in Figure 155.

5.3 While Loop

The While Loop conditionally iterates executing
the statements within the structure. The Loop
Condition establishes whether the loop iterates or
terminates. The Loop Iteration is a zero-based
iteration execution reference similar to the For
Loop.
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5.3.1 Loop Condition

5.3.1.1 Stop if True

The default loop condition is to continue if the
Boolean condition is False (or stop if True). The
while loop in Figure 157 will iterate while Itera-
tions is less than Loop Iteration is False or, equiva-
lently, will stop iterating when Iterations is less
than the value in Loop Iteration.

5.3.1.2 Continue if True

At times it is more convenient to let the while loop
iterate while the condition is True. To change the
loop condition, right click on the loop condition
icon and select Continue if True from the pop-up
menu.

Figure 159 shows the Loop Condition set to Con-
tinue if True.

Ikerations

Figure 159: Continue If True

5.3.2 Shift Registers

Programmatically, while loop shift registers are

identical to for loop shift registers. Refer to

tion 5.2.1 Shift Registers for the discussion. How- [
ever, an example is provided to illustrate the use
of shift registers in while loops. Figure 160: While Loop Shift Registers

In the following example, Euler’s number e is computed to the specified accuracy using the infinite se-
ries

11
Q—ZE—HZ +—+—+3,+ . = 27182618284

Notice that two shift registers keep track of the
factorial and the sum. Also notice the dot in the
multiplication. This is because the loop iteration is
an integer 32 data type and the input from one of
the shift registers is double precision numeric. The
dot represents that the integer 32 data type has
been coerced into a double precision number.

DE:

Figure 161: Computing e
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Save the program as e.vi. The result of running
this program is shown in Figure 162.

5.3.3 Enabling Auto-Indexing

By default, while loops are auto-indexed disabled.
In order for while loops to process and generate
arrays, the loop tunnel must be enabled to auto-
indexed arrays.

To enable auto-indexing, right click on the loop
tunnel and select Enable Indexing from the pop-
up menu.

In this example the while loop appropriately gene-
rates a 1,000 element numeric array with random
numbers.

5.4 Sequence

Although G was designed to easily develop interac-
tive, parallel programs, it is sometimes necessary
to execute diagrams in sequential order. The se-
quence structure allows G diagrams to execute
sequentially.

Accuracy e
T

}i1E-5 Iz.?mza

Figure 162: Computed e to 5 Digits

Enable Indexing

Mumeric Palette #
Creake 4

Figure 165: Auto-Indexing Enabled

10o0o0ooooooon

Execute Ewecute
First Mext

Oooo0ooo0o0ooo0an

Figure 166: Sequence Structure

The following examples time in milliseconds (ms) the execution of a G diagram. The sequence of events
is get a start time stamp, execute the diagram, get stop time stamp and take the difference between the

stop and start times to determine the execution time.

5.4.1 Flat Sequence

Flat Sequences always execute left to right. A Flat
Sequence structure starts with a single frame and
allows a user to visualize the diagram sequences.
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Figure 167: Sequence Frame
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To add frames to a sequence, right click on the
sequence structure and select either Add Frame
After or Add Frame Before from the pop-up menu
according to the program’s needs.

Add two more frames to the sequence structure to
get a three frame sequence as shown in Figure
169.

From the Functions >> Programming >> Timing
menu select Tick Count (ms) function.

Drop the Tick Count (ms) function in the first (left
most) frame of this sequence. Make a copy of the
Tick Count function and place it on the third (right
most) frame as shown in Figure 171.

Add a For Loop that iterates 5,000 times to the
second frame. Add a subtract operator, an
signed integer 32 output and complete the pro-
gram as shown in Figure 172. The execution of
this program shows the time in milliseconds it took
for the 2" sequential frame to execute.

5.4.2 Stacked Sequence

A Stacked Sequence provides a more compact
presentation of program sequences. It is pro-
grammatically identical to the Flat Sequence with
the exception that a Sequence Local enables data
to flow to subsequent frames. Additionally, as
frames are added, a Sequence Selector provides
access to the desired frame (see Figure 173).
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For this timing example, start with a Stacked Se-
quence and add 3 more frames. The sequence
frames are labeled 0, 1, 2 and 3 and will execute in
that order.

Go to the first frame (frame 0) and add a Tick
Count (ms) function. Right click on the sequence
structure and select Add Sequence Local from the
pop-up menu.

The Sequence Local is shown as an undefined tun-
nel. Wire the Tick Count (ms) function to the Se-
quence Local to define the tunnel data type and
data flow. Data can now flow from frame 0 to the
other frames as needed.

Go to the next frame sequence (frame 1) and en-
ter the program to be timed.

Go to the third frame of the sequence (frame 2),
add a Tick Count (ms) function, add another Se-
quence Local and wire the Tick Count (ms) to the
new Sequence Local. The wired sequence frame is
shown in Figure 178.

Go to the last frame (frame 3) and add a Subtract
function. Wire the Sequence Locals from frame 2
and frame 0 to the Subtract function as shown in
Figure 179. To complete the diagram, wire the
output of the Subtract function to the unsigned
integer 32 output.

It is important to note that the programs in Figure 172 and Figure 179 are programmatically identical.

Introduction to G Programming

100000000

Figure 174: Four Frame Stacked Sequence

'|ﬂg| 0[0..3] vt|—|':'

add Sequence Local
&dd Frame After

oo ooooon b Add Frame Before

Figure 175: Adding Sequence Locals

1gooooooo 10000o0ooan

Figure 176: Sequence Local

100000000

Figure 177: Frame to Time

100000000

Figure 178: Stop Time Stamp

100000000

Figure 179: Stacked Timing G Program

43



6 Functions

Any G program can become a function. Three operations must be done:

1. Edit connecting input and/or output terminals
2. Edit the icon (optional but recommended)
3. Savethe G program

For this example open the Fibonacci.vi.

6.1 Connectors

" Fibonac.. @.@

51
e | Edit Icon...
"?:f%’i“‘ e 5o Comecior

| w " | Find All Instances
DebugDeployment |< |# Disconnect This Termi

On the GUI window, right click on the icon located
on the right upper corner of the window and select
Show Connector.

VI Properties

This brings up the connector pane as shown in Fig-
ure 181. \ File Edit View Pro;e"_

Bl

Figure 181: Connector Pane

Right click on the connector pane and select
terns. A menu with connector patterns is
sented from which you can select the appropriate |._{>| | @"
pattern. For this example select the pattern hig-
hlighted in Figure 182.

Eil=  Edit View F'rn:n]E"_

1
~ %I Properties

Ratate 90 Dearees

Figure 182: Select Connector Pattern

Click on the connector terminal followed by a click
on the input or output control to which the ter-
minal is to be associated. In Figure 183, the left
connector terminal is associated with the numeric
input control n.

Figure 183: Associating Terminals

Introduction to G Programming
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Repeat for all the input and output controls that
are to be associated to the terminals. For the
bonacci.vi, Figure 184 shows the right connector
terminal associated with the Fib(n) output termin-
al.

6.2 Icon Editor

Right click on the connector pane and select Edit
Icon... from the pop-up menu. This will bring the
icon editor (Figure 186).

Edit the icon for black and white, 16-color and 256-
color displays and click OK when completed.

Save the G program to complete the function.

Fil= Edit

View  Proj

=l

n

A
|.-|:|

Fibpy "

Debug Deployment | 1 |3

Figure 184: Connected Terminals

File Edit  Miew

Braj
VI Properties

e
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Figure 185: Selecting Icon Editor

File Edit Help
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B & Copy Fram:
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16 Colars
16 Colors |W|
Fib{n] [ ] show Terminals
256 Colors
Fibe

Ican Ak Glossary on ni,com

i

Cancel

Help

Figure 186

6.3 Invoking Functions

To invoke functions, right click on the G program-
ming window and select Select a V... from the
pop-up menu. This will bring a file dialog box.
Find the desired function to be part of the pro-
gram and click OK.
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Figure 187: Invoking Functions
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In the example shown in Figure 188, the Fibonacci
series of the first 20 Fibonacci numbers is stored in
an array. The numbers are computed by invoking
the Fibonacci.vi function.
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Figure 188: Fibonacci Series
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7 Graphs
7.1 Waveform Chart

Waveform Charts provide a historical graphi-
cal representation of numeric data.

The following example will build a simple G
program that will allow you to chart a sine
wave as it is being generated on a point-by-
point basis using the equation:

y; = sin(0.2 X i)

Start with a while loop and add into it a Multiply
and Sine functions, a numeric constant with value
0.2 and a Boolean control to stop the loop when
its value is True. Arrange the diagram to look as in
Figure 190.

To select a waveform chart, right click on the GUI
window and select Waveform Chart from the Con-
trols >> Modern >> Graph menu.

WaveForm Chart

This places the Waveform Chart in the GUI
window.
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Figure 189: Waveform Chart
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Figure 192: Waveform Chart in GUI Window
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In the G programming window, make sure that the
Waveform Chart terminal is inside the while loop.
Wire the output of the Sine function to this ter-
minal.

Notice that Waveform Chart terminal is that of a
numeric output.

Figure 193: Waveform Chart Terminal

Most modern computers will run this program too fast. Thus, before this program is executed, a delay
of 125 milliseconds will be inserted in the while loop. This will allow users to see how the Waveform
Chart operates as data samples are plotted in the chard.

From the Functions >> Programming >> Timing
select Wait Until Next ms Multiple. This will put
the while loop to sleep for the indicated number of
milliseconds.

Drop the Wait Until Next ms Multiple function
inside the loop and wire a constant to it with the
value 125. This will delay the loop for 125 millise-
conds. The final Waveform Chart program is
shown in Figure 195.

WaveForm Chart

The default graphing mode of the Waveform
Chart is autoscaling. You will notice the auto-
scaling property when the program first begins
to run and the y-axis, labeled Amplitude, up-
dates automatically as new numerical values
are aggregated and displayed on the chart.

*  Prograrmming
L Timing

Tick Count {ms) W' ait (ms) Waik Linkil Me, .

Figure 194: Wait Until Next ms Multiple

Figure 195: Waveform Chart Program
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Figure 196: Waveform Chart Autoscaling
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As the program continues to run, the graph
continues to build as per the values associated
with the x-axis, labeled Time, which corres-
pond to the index value of the equations.

As the program continues to run, the autoscal-
ing property also applies to the x-axis. Noticed
the updated x-axis. For this example, the x-
axis will continue updating so as long as the
program is running. This gives the appearance
of a scrolling strip chart.

Stopping and restarting the G program retains
the numeric history and continues to aggre-
gate the values for display.
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Figure 197: Accumulating Values for the Waveform Chart
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Figure 198: Scrolling X-Axis
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Figure 199: Graph History Retained Between Runs
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The Waveform Chart options can be easily
updated by right clicking on the Waveform
Chart and selecting the appropriate option to
update from the pop-up menu.

Selecting Properties from this pop-up menu
brings up the Waveform Chart dialog window.

B! Chart Properties: Waveform Chart

Appearance Displaw Format | Plots

Label
Wisible

Waveform Chark

Enabled State
(#) Enabled

() Disabled
() Disabled & grayed

Waveform Chark
1-

0,75
0.5-
0.25-
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(o]
1

-0.25-
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-0.75-

-1 =
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Scales

Figure 200: Waveform Chart Pop-Up Menu
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Figure 201: Waveform Chart Options Dialog Box
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7.2 Waveform Graph

The Waveform Graph allows numeric arrays
to be displayed graphically in the GUI window.

Similar to the previous example, we will build
a simple G program that will allow you to
graph a sine wave using the equation:

y; = sin(0.2 X i)

fori=0, 1, 2, ..., 99.

Amplitude

7.2.1 Single Plot

Start by building the following program shown in
Figure 203.

Right click on the GUI window, select Waveform
Graph from the Modern >> Graph pop-up menu,
and drop it on the GUI window.

In the G programming window you will see the
Waveform Graph terminal. Wire the Sine function
output to the Waveform Graph terminal through
the For Loop.
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Figure 203: For Loop Sine Wave
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Figure 205: Waveform Graph Diagram
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Waveforrn Graph Plat 0 m J

Run the program. The resulting graph is
shown in Figure 206.

amplitude

Time

Figure 206: Sine Wave Graph

7.2.2 Multiplots

100
In this example a sine wave and a noisy sine wave 0,2 | iy
will be plotted. Modify the previous example to “EIN Etl i+
add noise to the sine operation as shown in Figure -0.5

207.

Add a Build Array operator and wire the output of  [100

the Sine function and the multi-add operator con- 0.2 e [ iy ‘
P o el 3]

taining the sine value plus some random noise be- =

tween -0.5 and 0.5 to the Build Array operator. 0.5 Wavefarm
Wire the output of the Build Array operator to the Graph
Waveform Graph terminal. Figure 208: Bundle Arrays for Multiplotting

You can continue adding 1D arrays to be mul-  yyavefoem Graph Ploc 0 g J

tiplotted into a single Waveform Graph. 15—

Run the program. The multiplot result is 1-
shown in Figure 209. R |
=)
=
5 0-
£
=L

Tirne

Figure 209: Multiplot
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7.3 XY Graph

The XY Graph plots x vs. y numeric values con-
tained in arrays.

The example shown in Figure 211 generates the
spiral shown in Figure 210.
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8 Interactive Programming

The heart of interactive programming in G is the
while loop. Any input control within the while loop
can be modified from the GUI window at run time
to provide seamless interaction with the G pro-
gram.

Interactive
3 Program

Figure 212: Creating Interactive Programs

In the GUI window, from the Functions >> Modern >> Numeric select the vertical pointer slide. From
the Functions >> Modern >> Graph select Waveform Chart.
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Figure 213: Vertical Pointer Slide and Waveform Chart
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Figure 214: Slide & Waveform Chart in GUI Window
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Right click on Sine Wave and select Proper-
ties from the pop-up menu.

Select the Scales tab and change Maximum
to 1023. Sine Wave will display 1024 sam-
ples.

Click on the down arrow located to the right
of Time (X-Axis) and select Amplitude (Y-
Axis).
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De-select Autoscale and change the Mini-
mum and Maximum values to -10 and 10.
Click OK.

In the G programming window, re-arrange the Am-
plitude and Sine Wave terminals and finish the

program as shown in Figure 84.

Scroll the mouse pointer over the Loop Control...

And right click on the Loop Control and from the

pop-up menu select Create Control.
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A stop terminal is created...

With the corresponding stop Boolean
input control. Save the G program as
Interactivity.vi.

Run the G program.
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While the program is running, change
the Amplitude and watch the graph
update to reflect the interactive
changes.

To end the G program, simply click on
the stop button.

Congratulations. You have success-
fully completed and executed your
first interactive G program.
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9 Parallel Programming

In 1985, by design, G was developed to address
and simplify parallel programming. If you have
gone through the examples in this book, you have
already developed various parallel programs.

In the following example, we will develop a simple
program where interactivity and parallelism are
part of the program.

From the menu select Edit >> Copy.

Sirme Wave
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1-:--.
[

0.02 2
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Figure 227: Select Diagram for Parallel Programming
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Figure 228: Copy Selected Diagram

Create a copy of the while loop and its contents by selecting Edit >> Paste. Organize the diagram as

shown in the figure below.
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Figure 229: Paste Diagram

Go the GUI window and organize the input and output controls as shown in the figure below.
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Figure 230: Parallel G Program
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You have just completed your first parallel interactive program using G. Save the program, run it and
interact with it. To end this program click on stop and stop 2.
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10 Multicore Programming

If you have written parallel programs in G and have a multicore computer, CONGRATULATIONS!!! You
have been successfully developing interactive parallel programs that execute in multicore PC processors.
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Figure 232: Interactive Multicore G Program
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The following sections discuss some multicore programming techniques to improve the performance of

G programs.

10.1 Data Parallelism

Matrix multiplication is a compute intensive operation that can leverage data parallelism. Figure 233
shows a G program with 8 sequential frames to demonstrate the performance improvement via data

parallelism.
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Makriz
The Create Matrix function generates a square @
matrix based of size indicated by Size containing i

random numbers between 0 and 1. The Create

Matrix function is shown in Figure 234.

The Split Matrix function determines the number Miatrix I':i":z
of rows in the matrix and shifts right the resulting _—
number of rows by one (integer divide by 2). This I:b @’Q}.I— Fit
value is used to split the input matrix into the top El_l’ - éﬂ
half and bottom half matrices. The Split Matrix ]

k
function is shown in Figure 235.

Figure 235: Split Matrix into Top & Bottom

Sequence Frame Operation Description

First Frame Generates two square matrices initialized with random numbers
Second Frame Records start time for single core matrix multiply

Third Frame Performs single core matrix multiply

Fourth Frame Records stop time of single core matrix multiply

Fifth Frame Splits the matrix into top and bottom matrices

Sixth Frame Records start time for multicore matrix multiply

Seventh Frame Performs multicore matrix multiply

Eighth Frame Records stop time of multicore matrix multiply

The rest of the calculations determine the execution time in milliseconds of the single core and multi-
core matrix multiply operations and the performance improvement of using data parallelism in a multi-
core computer.

The program was executed in a dual core 1.83 GHz BB e
laptop. The results are shown in Figure 236. By o l—'—'—'—““m Irﬁgr?:rxtg?;t
leveraging data parallelism, 'Fhe same opera"clo'n 1o L 194147
has nearly a 2x performance improvement. Simi- : AE

lar performance benefits can be obtained with

. . 595
higher multicore processors

Figure 236: Data Parallelism Performance Improvement

10.2 Task Pipelining

A variety of applications require tasks to be programmed sequentially and continually iterate on these
tasks. Most notably are telecommunications applications require simultaneous transmit and receive. In
the following example, a simple telecommunications example illustrates how these sequential tasks can
be pipelined to leverage multicore environments.
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Consider the following simple modulation -
dulation example where a noisy signal is mod-
ulated transmitted and demodulated. A typical
diagram is shown in Figure 237.

Figure 237: Sequential Tasks

Adding a shift register to the loop allows tasks to
be pipelined and be executed in parallel in
rate cores should they be available. Task pipelin- z J I

Demod

ing is shown in Figure 238. [i] DE .

Figure 238: Pipelined Tasks

The program below times the sequential task and the pipelined tasks to establish its performance im-
provement when executed in multicore computers.

0000000000000 00000000000000000
10000

Pipelined

Moz ] Modemfs Demod

Eignal m
ERsEsNsNsNspsNsEsNsNslsli sEsEsNsNsNspsNsNsNals
Figure 239: Task Pipelining Program Example
Sequential
ggure 240 s.,how; thle resuit.:3 %fl_:ur;nl:g theP.abcl).ve |5953 Tbrtwbn
program in a dual core 1. z laptop. Pipelin-
Pipelined I 168525

ing shows nearly 2x performance improvement.

|315E-

Figure 240: Pipelining Performance Improvement

10.3 Pipelining Using Feedback Nodes

Feedback Nodes provide a storage mechanism Feedback Node
between loop iterations. They are programmati- ——
cally identical to the Shift Registers. Feedback 0

Nodes consist of an Initializer Terminal and the
Feedback Node itself (see Figure 241).

Initiahizer Terminal

Figure 241: Feedback Node
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To add a Feedback Node, right click on the G pro- L"ET'HE":,
gramming window and select Feedback Node from Examples
the Functions >> Programming >> Structures pop-
up menu. The direction of the Feedback Node can
be changed by right clicking on the node and se-
lecting Change Direction.

Change Direction

Figure 242: Feedback Node Direction

The diagram shown in Figure 243 is programmati-
cally identical to the diagram in Figure 238.

Figure 243: Pipelining with Feedback Node

Similarly, the diagram in Figure 244 is programmatically identical to that in Figure 239.

ITO0000000000000000 0000000000000 000cC
10000 10000

Pipelined

Maizy

. C Modemfsf Demod O] C Madem Demod
Fignal

[

OO00000000000 M oO0000000o0o000oooonnct

Figure 244: Pipelining Tasks with Feedback Nodes
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11 Input and Output
11.1 Writing to File

Consider the function in Figure 245 where a set of
numbers in a one-dimensional array represents
the resulting noisy signal is to be written to a file.
This section will outline the steps required to
create files.

Create a new G program, right click in the G pro-
gramming window and select File Dialog from the
Functions >> Programming >> File 1/0 >> Ad-
vanced Functions menu. Drag and drop the File
Dialog function onto the G programming window.

The Configure File Dialog dialog box automatically
appears to configure the function. Accept the de-
fault configuration shown in Figure 247 to create a
single file by clicking the OK button.

The resulting diagram after closing the configura-
tion dialog box is shown in Figure 248. Optionally,
right click on File Dialog and select View As Icon
from the pop-up menu. This will save some real
estate in the G programming window.

100
0.7 | 7 Signal
e = IE
EI | |+ l:
-0.5

Figure 245: Noisy Signal Function

*  Programming
L File 1o

L Advanced File Funckions

et File Pasition Get File Size Set Tvpe &C... File Dialog

Figure 246: File Dialog

Selection Mode
Limit selection ko single item
(%) File () Existing
() Falder ) New
() File or Folder (%) Mew or existing
[ ]Treat LLEs as Folders
[ (0] 4 l [ Zancel ] [ Help

Figure 247: Configure File Dialog

Wisible Ikems 3
Cpen Fronk Panel

[0

File: Dialog
selected path ¥

o T T T T T
w w T T T ¥ ¥

Size To Text

Wiesw As Icon

— Properties

Figure 248: G File Dialog Figure 249: View As Icon

From the Functions >> Programming >> File I/0 menu select Open/Create File, Write Binary File and

Close File functions.
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*  Programming

L File 1100
el g g’ 0% 0O
PE EEE ‘ = | [ ki b
11 1] [n.nun]
Write Spread,.. Fead Spread...  ‘Write Meas File Read Meas File  OpenjCreate. .. Close File Format Inko File
O % 0
N et F ol o i - -
& [l abc abe oio1 oot
Scan From File  ‘Write Text File  Read Text File  Write Binary File Read Binary File Build Path Strip Path
Fath] ¥ ¥ L 4
=]
2] = 8] O s
File Constants  Config File WIs  TDM Streaming Starage Zip adv File Funcs

Figure 250: File Input and Output Operators

ile Dialog

Arrange the File I/O operations as shown in Figure

L
i Dx
D o101

=

251.
Figure 251: Open, Write and Close File Diagram
Right click on the operation (0:open) terminal of ile: Dialo
. . C - 9
the Open/Create File function (highlighted in Fig- lE B DX
b oo
ure 252). )
operation (0:open)
Figure 252: File Create Operation
| isible It
Select Create >> Constant from the pop-up menu. e e g |
Creat Constant
Replace 3 Conkral
Indicator

Figure 253: Create Operation Constant

ile Dialog

Arrange the diagram to look as in Figure 254. 5
g g g @ Yy @ )

Figure 254: Operation Constant

J apen
Click on the down arrow in the operation constant replace
just created and select open or create from the create

pop-up menu. apen or create
replace or create
replace ar create with confirmation

Figure 255: Open or Create File Operation
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ile Dialog

The resulting updated operation constant value is |I]U, |—j @ DX

shown in Figure 256.

|4>|:||:|en ar create ™

Figure 256: Create File to Write

ile Dialog

Repeat the process to create a constant for the |||| éfgh @ DX

access (0:read/write) terminal (highlighted in Fig-
ure 257). [access (0:readwrite)|

b

Figure 257: File Access Mode

Set the constant to write-only. Re-arrange the
block diagram to look like the diagram shown in

Figure 258. At this point, the file is set to create a wopen or create
new file for writing.

Get the Noisy Signal function and wire its output
data to the Data terminal of the Write to Binary
File function.

Maizy
Eignal

Figure 259: Writing Binary Data

ile: Dzl
Complete the diagram by connecting the Open, Jm DX
Write and Close file operations as shown in Figure o e L] o
260. Ahopen of create v

Maizy
Eignal

Arrite-only ™

Figure 260: Writing to File G Program

When this G program is executed, the standard file dialog box appears. Name the file to be written sig-
nal.dat.
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Choose or Enter Path of File
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L | [ Cancel ]

Figure 261: Create File Dialog Box

Once the program completes executing, the signal.dat file is created and located in the location indi-

cated by the path selected.

& Chapter 11 - Input and Qutput

File Edit Yiew Favorites Tools Help

=

i

Q-O-F | F e -

Address |@ C:\Docurments and SettingsilapereziDes % | e

| Marne Size

File and Folder Tasks [l Moisy Signal.vi QKB

; _ | =) Pead Data.wvi 45 KE
J Make a new Folder Lﬂ» e..a i w.

[l write Datavi 33 KB

Publish this Folder to
the Web

! Share this Folder

[l write to File.vi 35 KB

signal.dat 1 KB

'

Date Modified
1/5{2008 &:09 PM
1/3{2008 4:34 PM
1/8/2005 5:07 PM
1/15/2005 10:45 AM
1/15/2008 11:23 AM

Tvpe
LabWIEW Instrument
LabWIEW Instrument
LabVIEW Instrument
LabWIEW Instrument
DAT File

3
'!r

129 KB 4 My Computer

Figure 262: Signal.dat File

11.2 Reading From Files

The signal.dat file created in the previous example
will be used to read data from a file. As in the pre-
vious example, select the File Dialog, Open/Create
File, Read from Binary File and Close File func-
tions.
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Figure 263: Operators to Read Files
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Create constants by right clicking on the operation
(0:open) and access (0:read/write) terminals of
the Open/Create File operation. Set the constants
to open and read-only respectively (see Figure
264).

Similar to creating arrays, drop an array constant
in the G diagram, drop a numeric constant onto
the array constant and set the data type represen-
tation to double. Wire this array constant to the
data type terminal of the Read from Binary File
function as shown in Figure 265.

In the GUI window, drop a Waveform Graph.

amplitude

ile Dialog

ol

open T | e |
oio1

Akread-onky =

Figure 264: Set to Open and Read

ile Dialng

oL
" .wj D"
D o404
Wread-only

Figure 265: Data Type to Read

With the data type specified, wire the data ter-
minal of the Read from Binary File function to the
Waveform Graph terminal as shown in Figure 267.

Complete the program by wiring refnum and error
terminals of the Open/Create File, Read from Bi-
nary File and Close File functions as shown in Fig-
ure 268.

When this program is executed, a file dialog box appears. Select the signal.dat file and click OK.

Introduction to G Programming

-1.5- 1 [ 1 1 1 1 1 [ 1 I
0 10 20 30 40 S0 B0 7O SO 90 100
Time

Figure 266: Graph for Data To Be Read
2
1 D 0
_n'n'q:i
4F 0 - %:i
[eopen —1— %y wj k)
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Figure 268: Read Binary Data G Program
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Choose or Enter Path of File

Savein: | I Chapter 11 - Input and Output
5 signial. dat
| f} gﬂ. Moisy Signal.vi
My Fecent gﬂ. Read From File, vi
Documents ||l write to File,vi
F_Ei
Desklop

My Documents
S
ey M etwork,

Places zignal. dat

File name:

Save as type: All Files [7.7]

Figure 269: Select Binary File to Read From

The binary data in signal.dat is read and plot-
ted in a Waveform Graph. The result is shown
in Figure 270.
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