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Background and Disclaimer

National Instruments produces several graphical-oriented component software design
products for engineering and scientific work, including the RIDE® (Real-time Integrated
Development Environment) and VAB™ (Visual Application Builder) software products. Over
the years, NI has noticed a tendency for users to refer to their algorithm development using
our products as “writing their application in RIDE” — as if RIDE were a language itself, which
is not really the case, RIDE is a product. With an eye to software architecture and hoping to
improve the capabilities of our graphical-oriented component DSP algorithm development
products, NI studied its products and compared them to typical high-level textual languages
(like C, etc.) to see how it matched up.

After studying what was thought to be an abstraction of the requirements for a high-level
language, RIDE was fortified with certain new capabilities. Resulting, this document was
created to do an internal crosscheck of how well RIDE could perform when thinking of it as a
language albeit a graphical language. An acronym was created, OORVL (Object Oriented
Real-time Visual Language) to refer to the ‘language” used within the products (such as
RIDE or VAB). Nl is not putting effort into introducing yet another ‘new’ language, but rather
has provided this document to aid the user in some of the new ways RIDE and VAB related
products may be used. Also we wanted to give a name, or handle (OORVL), to the ‘writing
an application in RIDE” misnomer. It does, however, allow for some interesting new ways to
create algorithms, especially for real-time DSP applications!

Introduction to OORVL
Programming

An overview of the OORVL Programming Language

OORVL, Object Oriented Real-time Visual Language, is a graphical language used for
designing algorithms for target processors (typically DSP processors). The uniqueness of
this graphical language is seen in that OORVL supports target devices (or processors) in a
device-independent fashion, which translates into a broad-based method of algorithm
development. Similar to a C cross compiler, algorithms may be developed for a number of
targets, including industry standard DSP boards which may already be in the marketplace or
one-of-a-kind custom target hardware developed by the end-user. In fact, just as DSP chip
simulators are used in conjunction with textual-based code development, they also may be
used along with code developed using OORVL. This language can be used together with
conventional standard DSP C compilers, assemblers, and linkers, or may be used as a
stand-alone platform for development of algorithms. This documentation is designed to
present an introduction to OORVL application development filled with examples of the most
common language elements and coding constructs that software engineers working with
OORVL are likely to find useful.
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With OORVL, the user is able to create a DSP algorithm from a graphical design, or block
diagram approach. Using component based functions, this graphical design is then used to
produce DSP object code directly within the environment — no C compiler or assembler
required. Since OORVL is truly device independent, the user must select the appropriate
target (or driver if real-time hardware is used) to ensure that the correct machine code and
interface is used when ‘compiling’ the source code (block diagram). Remember, the
OORVL environment is the compiler/linker, capable of producing an executable object file in
machine code directly.

Note: If the target is actually a physical DSP board within a PC (and supported
by appropriate software application, driver), it is possible to actually run
directly on the target hardware. In this case, components (PC-based
components) are typically available which run on the host platform (PC)
and interoperate with target side components (DSP-based components).
To support this, the data must be moved between the Host and the
Target via special upload/download block components. Typical
examples of these types of components would be displays, file
read/write components, and those components which literally run on the
PC (PC does all processing for that function).

Before you begin

Prior to designing with OORVL, it is important to remember that OORVL represents a
completely new level of algorithm development; as such it affords a tremendous benefit
to users who embrace the new technology. But beware — just as many engineers are
hesitant to change even their text editors to migrate to advanced textual code development
tools (i.e., using a DOS-based text editor to develop Windows applications instead of an IDE
such as Microsoft’s Visual Studio), there may be a tendency to start using OORVL without
giving consideration to the fact that the end-user has never written code of this nature
before! Just as an engineer would likely need to learn a new textual language (i.e.,
Assembler, C, Pascal, Modula, etc.) prior to writing code with that language, there is some
rethinking and learning involved in becoming proficient using OORVL for algorithm
development.
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Note: Although someone experienced in algorithm development using textual
based languages (i.e., C or Assembly) might easily comment that a
particular algorithm is “much easier done just writing some C”, keep in
mind that one of the advantages of a graphical language is that someone
NOT experienced in textual languages could actually perform the design,
or pick up a design which was developed by another user.

Additionally, for certain applications (such as fixed-point), a standard
textual language such as C, may not have the direct support required for
the application to be accomplished efficiently enough to run real-time
(i.e., there is no standard C variable and associated operations for direct
fixed-point arithmetic); in this case, a lower-level textual language
(assembly) is typically employed, with an associated increase in learning
curve and a reduction in readability and maintainability.

The good news is that it is relatively easy to learn to use OORVL and that using it has a
great number of advantages before, during, and after the project is completed. The fact that
this language is self-documenting (as a block diagram) is only one of the important
features of OORVL. The true ‘Black Box’ design approach using standard components
which may be exchanged, etc., is also of great importance in ensuring modular
programming practices of the person designing algorithms. Additionally, the open
software architecture is important for extensibility by the user. A good first step is to read
through this section of this manual noting the manner in which code is developed using
OORVL.

Some of the sections that will be discussed include the general coding strategy,
fundamental language elements, control-flow constructions, variable declaration, and other
information required for well-structured algorithm development using OORVL.

General Coding Strategy

Development of OORVL algorithms is similar to C in that variables, operators, expressions,
and functions are used to create other functions, and/or the overall program. The difference
is that each of these constructs is expressed graphically as opposed to textually. Although
initially quite different than software coding textually, the advantage of using a language
which is similar in nature to how an engineer typically constructs and conceptualizes (i.e., a
block diagram) has definite advantages during the course of a project’s development.

This graphical ‘block diagram’ language is especially productive for those with limited
experience and expertise in assembly, C and other textual languages (it is interesting
to note, however, that there is even a tool available for producing standard ANSI C source
code from OORVL designs!). In addition, the self-documenting nature of the language is
an important consideration, and allows for a quick learning curve by other engineers, or by
the same engineer at a later date. The ability of OORVL to support a number of different
DSP targets allows for relatively painless migration from one processor family to another.

6
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With its Open Software Architecture, language extensibility and creation of new
components is very easily accomplished. And with a small amount of initial learning, well-
written, easy-to-follow, modular algorithms can be designed very quickly by the user.

Language Elements

Designing with OORVL involves selecting components from a set of graphical components,
or function blocks, and then graphically connecting these components to show the data flow
relationships among them. The execution sequence, or control flow, of these components is
then assigned (typically automatically, but this may also be accomplished manually).
OORVL'’s base language elements consist of two main classes of blocks, or components —
Native Components, and Vector Components.

Native Components

Native Components are very efficient language elements which operate on data values
which are inherently single point data (not frame-based, or vector-based). One may think of
these language elements as being an ‘inline’ type of language element. The intent of the
Native Component language elements are to provide the necessary fundamental functions,
operators, etc. needed for language extension using hierarchy.

Vector Components

Vector Components are language elements which are typically of a larger grain size and
can inherently process frame-based, or vector-based data. These Vector Components may
also be used on single point data, but the efficiency of Native Components is better with this
type of data. One may think of these language elements as being a ‘called subroutine’ type
of language element. With the Open Software Architecture, Vector Components allow for
easy expansion using classic textual language software tools, since the user may create
their own Vector Component using standard C Compilers (Assemblers).

Getting Started With OORVL

It is probably a good idea to study and work with some examples before beginning your own
algorithm development with OORVL. In the next section, we will attempt to introduce
several basic examples that demonstrate some of the language constructs of OORVL.
Once you understand these examples, you should begin to start trying some of your own
graphical software algorithm designs.




VAB LANGUAGE REFERENCE

Variables and Arithmetic Expressions

OORVL allows for variable declaration and for arithmetic expressions involving variables. In
order for variables to be used, they must first be declared and initialized. This is
accomplished with the ‘Variable’ menu option under the Real-time Menu as shown in the
figure below.

E‘Eile Edit “iew Control ﬂlocks|geal-time Tools Options  Project  Window Help _|EI|L|
Dlg”lﬂl @l@l ITn—uluiull Default Driver. . |i| fl 1};' ng__l;@gl l; Qllz‘\:El \‘?I ?”

¥ |oad with Default Driver =

Wariables...

Driver Files L4
Driver Globals...

Driver Setup...

Driver Utilities LS

Link Files...
Impaort File. ..
Export Application. ..

Set DSP Precision L4

Memaory L4

Symbols...

Erofile...

Syncs...

Interrupts...

Statistics. ..

DSP Contral...
1] | |
Diefine variakles for real-time blocks [F#: 0 [0.000 s

Variable Selection Menu Choice

At the time a new variable is declared, a default initialization value is given. This step
accomplishes both the declaration and the initialization of the variable. Note that the
variable is always initialized to something, thereby reducing (or eliminating entirely) the
possibility of errors due to uninitialized variables (historically, a very large problem with some
textual languages). In addition, the data type for the variable (if multiple data types are
allowed by the current target) is selected at this time.

The following is a variable declaration and initialization which is given in a textual format; it
accomplishes the variable data typing (int), the variable naming (VarA, etc.), and the
initialization of the variables.

int VarA = 3;

int vVarB = 5;
int vVarC = 0;
int vVarD = 0;

This same variable declaration, data typing, and subsequent initialization is accomplished in
OORVL as follows:
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}E{Eile Edit Miew Control Blocks Realtime Tools Options Project  Window  Help

WEET

D[|&| SR 8] [ =l on| +[2|8[8[F E[4] 2]+ =8 [ ol zl 2]
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Bemowve

“ariahle Name Yalue Twpe Size
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YWarB 5 Integer 1 Cancel |
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YWarD i Integer 1 INew

4] |

A

For Help, press F1 [F&: 0

[o.000 s

Variable Declaration

The attributes of a variable may be modified (by double-clicking on the variable) as shown in

the following figure:

}E{Eile Edit Miew Control Elocks Realtime Tools Options Project  MWindow Help

EIRT

D|s|E| S| @] % eclsal2h| +[2] 88T El4] 2] 2] 8] 6] 2 M2
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o]
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Cancel
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¥
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[o000 s

Variable Attributes
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The If Statement

The output of a block component may be used to conditionally control whether another
component (or group of components) is executed. Very similar to a C expression ‘if(Value)
if the output value of a component (Value) is TRUE (non-zero), the component (or group of
components) which has been conditionally connected will be allowed to execute.
Otherwise, the component (or group of components) will not be allowed to execute.

In order to achieve this conditional connection, the conditional connect mode must be used,;
when a connection of this nature is made, the connection will show up on the top side of the
connected component (or components), and will typically be displayed using a red line. If
the component being connected to is a hierarchical component, the conditional connection
may be selected to be something other than the standard ‘IF’ (IF, WHILE, or FOR). For
connections made to non-hierarchical block components, the conditional connection is
always an ‘IF’ type.

The following example is of a typical ‘IF’ construct using a textual language:

If(VarX > Threshold) {
VarC = VarA + VarB;
}
else({

VarC = VarA * VarB;
}

This same logic is now shown using OORVL.:

EIEiIe Edit Miew Control Blocks Realtime Tools Options  Project  MWindow Help _|ﬁl|1|

D|=(E| S[R| 8] [N =ofsl-5s| #2887 &[4] 2] =8 [0 ol 2|2

Example of conditional expression:

e ' [ ] . . iftvaX> Threshold){
War Mative MNOT 1 } YarC = VarA + YarB
. . . . . else{ .
. VarC = VarA * VarB.

" MNative Greater Thani ¥

met B | B—E——E
Ward, _“ War Upload Mumeric Indicato
- e = . o o o o o .
Threshold Upload Mumeric Indicato

T NativeMultiply1  VarC

on . R R S R . - SR

. . . . . . . . . . . . . WarC . Upload . " Numetic Indicata
Far Help, press F1 [F#: 4728 [80.140s

‘IF’ construct where VarX > Threshold
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Iﬁlfile Edit Miew Control Blocks Realtime Tools Options Project  MWindow Help _|ﬁl|1|

D|=(E| SR 8] [ oloal5ns| +[0| BT k4] 2]+ =18 [ el 22|

Example of conditional expression:

’[ | | . . iftvarX > Threshold){

" Mative NOT 1 VarC = VarA + VarB

“else{
o VarC = VarA * VarB.

P_l Native Greater Than1

Threshald I N A } , _ ,nl
. . BTN +“‘ . . . . Wark . Upload . " Nurmeric Indicata

. ; ; et A1 e . . . . . . . . . . . . .

Threshald Upload MNumeric Indicato

T Native Muliphy1 Ve T

WarC Upload Mureric Indicato

Simulation Complete [F#: 1841 [12.240 5

‘IF’ construct where VarX < Threshold

The For Statement

The common ‘FOR’ structure is convenient for many algorithm applications and allows for
direct loop constructs, using a governing loop variable that is implicitly controlled by the loop

construct itself. Using a standard textual approach, a typical ‘FOR’ structure is given as
follows:

VarA 3;

VarC 0;

For (VarX=0; VarX<1l00; varX++){
VarC = VarC + VarAi;

}

Using hierarchy to contain the logic which is to be performed within the ‘FOR’ loop, the
same looped expression above would be achieved as shown below:

11
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Iﬁifile Edit View Control Blocks REealtime Tools Options Project  Window Help

MEIF

D|=(E| SR B % =[sal-2n] +[2|B[EfT El[4] 22| |8 [0 el 22|

For(i=0; i<100; i+=1)

— ’ .

T ' RT DSP1a PC Upload 1

. . . . " For Addition Example 1~ . . . Yark

= S ST T
¢ gud 279

K0  vao " RTDSPtoPCUpload?

S s

[F#: 21 28705

Far Help, press F1

Example ‘FOR’ construct (top level)

Notice how the logic which is to be executed a certain number of times is located within a
single hierarchy component connected at its top with a conditional connection (red line),
thus enabling a quick identification (and isolation) of the looped code. The code which is
being executed within the hierarchy component which is responsible for actually ‘doing the

work’ is as follows:

I File Edit wiew Contral Blocks Real-time Toals Options Project Window Help =
D|=(E| SR B % e<lsafolh| +[2|B[EF &[4 2]t] 28 [0 @k 2]
Hierarchy Expressions for For Example
Warx
e S R R SRR
TE—
MNative Add 1 warC
YarC = VarA + VarC
I
warC
Far Help, press F1 [Fa: 21 [1.170 s

Example ‘FOR’ construct (hierarchy component)
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Note that the governing variable, VarX, is ‘passed’ to the conditionally controlled hierarchy
component, where it may be used within any expression, etc. In this example, it is simply
‘passed’ back out the top output channel. Control of the entire algorithm may be thought of
as being ‘passed’ to the hierarchy component, and maintained there while the ‘FOR’
controlling variable, VarX, cycles from its initial condition to its terminal condition using the
given indexing; once terminal condition has been reached, control is ‘passed’ out of the
hierarchy component to the next component on the above level (top level, in this example).

The While Statement

In some cases, a loop construct of a different nature than the ‘FOR’ loop construct is called
for; in certain applications, a loop construct which is governed by a loop variable not
controlled by the loop itself is required. This construct in textual software coding is typically
called a ‘WHILE’ loop construct. Note that the looping control variable is contained within
the executed segment of code within the loop itself. This is sometimes advantageous, but
may also easily lead to ‘endless loops’ if programmed incorrectly (loop control variable not
ever reaching terminal condition!). A typical example of a textual-based ‘WHILE’ example is
something like this:

VarX = 100;
VarA = 3;
VarC = 0;

While (VarX) {
VarC = VarC + VarA;
VarX = VarX - 2;

}

The loop control variable in this example is VarX; note how it is decremented from 100 down
to 0 (the terminal condition). With OORVL, the same example would look like this:

13
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Elfile Edit “iew Control Blocks Real-time Tools Options Project  Window Help

MEE

D|S|E| SR B % oolsslosht] *|2|BBT E[2] 22| &8 [6E

YWarx

' Whils X
" RTDSPta PCUpload 1
k100 Vark F:
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k3 . Ward .
" RTDSPto PCUpload 2
Ka . YWarC : . . . . i

| |

Murneric Indicator 1
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Example ‘WHILE’ construct (top level)

Notice again how the logic which is to be executed a certain number of times is located
within a single hierarchy component connected at its top with a conditional connection (red
line), again enabling a quick identification (and isolation) of the looped code. The code
which is being executed within the hierarchy component which is responsible for actually

‘doing the work’ in this ‘WHILE’ example is as follows:

IS File Edit wiew Contral Blocks Realtime Tools Options Project Window Help o =1
D[2(E] B[R] B [~ o2 hs| +[2|BBJT E[4] 22 =8 [o]E el M2
Hierarchy Expressions for While Example
TH— D
Mative Add 1 WarC War
VarC = Vara + VarC
|
Yark . . F_,,
P_l Mative Subtract 1 Yark
k2 VarX = VarX - k2 VarC
Far Help, press F1 [F&: 25 [1340s

Example ‘WHILE’ construct (hierarchy component)
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Note that the governing variable, VarX, is modified by its own expression to ensure it
reaches a terminal condition; if this were not implemented, control would be passed to this
hierarchy component and stay there indefinitely in an infinite loop (just as in a textual case).
If the loop control variable is modified correctly, control of the entire algorithm may be
thought of as being ‘passed’ to the hierarchy component, and maintained there until the
‘WHILE’ controlling variable, VarX, cycles from its initial condition to its terminal condition
using the given expression (here, VarX = VarX — 2); once terminal condition has been
reached, control is ‘passed’ out of the hierarchy component to the next component on the
above level (top level, in this example).

Variable Names

OORVL allows very free-form expression when naming variables. Variable names may
include any combination of characters (both upper and lower case), numbers, and even
spaces. Suggested variable naming would be of generalized Title Case for readability.

Data Types

OORVL allows for a variety of data types for variables, depending upon the target
processor. Fixed point processor targets normally allow a fixed-point variable type (QO to
QN), and sometimes a floating point type as well, while floating point processor targets
(those capable of hardware floating point operations) are generally limited to integer and
floating point data types. The data type is selected at the time of variable declaration.

Constants

In OORVL, a constant is simple a variable initialized to a particular constant value. Though
not necessary, quite often the variable nomenclature of ‘kx’ is used, where x is the constant
being set. For example, a variable of k3 would typically imply a constant of k=3. If the
constant is a floating point number, the nomenclature ‘kfx’ would typically be used.

Arrays

Arrays are variables containing a number of values and are allowed within OORVL. The
manner of creating, or declaring arrays is the same as that for declaring a single element
variable. The only difference is that the ‘size’ attribute for the variable is defined as
something greater than 1. Obviously, the amount of data memory required for the variable
is equal to the number of words of memory required for a single variable (of that particular
data type) multiplied by the size (or number of) of the array. In order to access the array,
the use of a ‘pointer’ concept is required; in OORVL, the components in the ‘Variable
Operators’ group are used for this purpose.

An example of a textual based variable array declaration might be something like this:
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int VarArray[100]1={0..};

This same array initialization would be performed as follows using OORVL:

E{Eile Edit  ¥iew Control Blocks Eealtime Tools Options Project  Window Help _|ﬁl|1|
D|=(E| SR B % =[sal-2n] +[2|B[EfT El[4] 22| |8 [0 el 22|
Q5= Modity DSP Variable | B
=] .
MName: b ardarray|
Variahle  value: ID [o]:4 | .
Index .
Type: IInteger j Cancel |
Size (inwards): 100 Now '
oK I Cancel | Bemowve | )
For Help, press F1 [F2: 0 [0000 s

Variable Array Declaration and Attributes

Union of Variables

In some cases placing variables physically next to each other in memory to allow for an
indexed method of using the variables, related to a base variable is important. OORVL
currently supports this in the following manner; if Target Variables are created and named
such that they are alphabetically ordered, their physical memory allocation will also be
ordered. For example, in the following figure, the variables are all alphabetically in order,
and the resulting physical memory layout will be guaranteed to be sequential. Once the
variables are sequential in physical memory, the variable read functions, variable read with
offset and read element at, will allow access to all variables using the base variable name,
‘DataValue0'.
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=) Target D5P-Based Variables | % |
Global Wariakles:
“ariable Name | Initial Yalue | Type | Size |
Datavaluell 0 Float ] Cancel |
Datayalugl 5 Float 1
Datavalug? 10 Float 1 e
Datavaluel 15 Float 1
Datavalued 20 Flaat 1 Bemove |

Local YWariakles:

“ariahle Name Initial %alue Type Size

Union of Variables, alphabetical means sequential in memory

Functions

Functions are typically implemented as either Vector Components, or as Hierarchical
Components (which are made up of Native Components, and/or Vector Components,
and/or Hierarchical Components). A function may then be thought of as simply another
component. As such, it inherently has pointers to its input data (represented as graphical
line connections on the left side of the component), pointers to its output data (represented
as graphical line connections on the right side of the component), and an associated
(instantiated, also) set of parameters for the function, which are accessible by the user via a
right click of the mouse on the component (or double-clicking on the component).

Types, Operators, and Expressions

Arithmetic Operators

There are five standard arithmetic operators: add, subtract, multiply, divide, and the
modulus operator. Additionally, for fixed point operations, a fixed-point multiply is also
available (the general add operator can handle fixed point math inherently).
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Relational and Logical Operators

There are four different relational operators: less than, greater than, less than or equal to,
and greater than or equal to. There are also two equality operators: equal, and not
equal. All of these operators are found in the Relational Operators group in the Native
Library.

For all of these operators, there are two inputs and one output. The operators’ input
channe1 0 is always compared to input channel 1. The result (a TRUE or FALSE value, 1
or 0), is produced at the output channel of the function. In C, the statement:

X <y

is represented in the LESS THAN function as

input channel 0 < input channel 1

The resulting output (on channel 0) of the LESS THAN function is then 1 or 0, based on if
the condition is met.

Elfile Edit “iew Control Blocks Real-time Tools 0Options Project  Window Help

D|S|=| SR B % eolssloshs] *|2|BBT E[A] 22| &8 [6E

BEIE
o8 K2 2]

|

Wars

. Example of conditional expression: ]
. . ' [ _iffvarx > Threshold){
War Mative NOT 1 warC = VarA + VarB
. . . . . . . . . . elsef .
; ; . . _Es\l?"arC=VarA‘VarB_
P_l Mative Greater Than 1 ¥
Threshald S l ' -H ,nl
' ' \E& ] \% UE[CI " Numeric Indicata
MNative Add 1 WarC
Threshold Uplaad Mumeric Indicato
Mative Multiphy 1 varo '
v . B—EB—E
Upload MNumeric Indicato

y

Simulation Complete

[F#: 1841 [18.2405

Conditional Example

In addition, there are three logical operators: and, or, and not, which are found in the
Logical Functions group of components in the Native Library. The outputs of these
functions are always either TRUE (1), or FALSE (0), based upon the logical operation on the
input data.
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Note: These should not be confused with the Bitwise operators, which
operate on a bitwise-basis over the entire expression. Thinking about
standard C and its operators (& vs &&, | vs ||, ! vs !!) may help in
remembering this important distinction. Remember the difference
between LOGICAL and BITWISE.

Bitwise Operators

There are six standard bitwise operators: and, not, or, shift left, shift right, and the xor
operator. These operators operate on integer type data only (not floating point data), and
are often useful along with conditional and/or relational language elements. Obviously,
additional bitwise operators such as NAND and NOR may be made by simply combining
some of the standard bitwise operators (AND and NOT for a NAND, OR and NOT for a
NOR).

[ File Edit wiew Control Blocks Realtime Toals Options Project Window Help == x|
D[|8] S| B [% =loofons| +[2|B8fT E[4] 2] ] a8 [0 alxe| x| 2|
-Bitwise Operator Example. o
VarA =3
VarB =5
Yard _“ RT DSPta PC Upload 1
. . " Native AND1 Warc . . . . . . . Mureric Indicator 1
—* RT DSPto PC Upload 3
. . " Mative OR1T Wark . . . . . . . Mureric Indicator 3
_“ RT DSPto PC Upload 4
. . . . " Native XOR1 WarF . . . . . . . Mureric Indicator 4
For Help, press F1 [F&: 89 [5.160 5

Example of Bitwise Operators

In the above example, VarA = 3 and VarB = 5. The results of the AND, OR, and XOR
functions are correctly shown in the displays to the right as 1, 7, and 6, respectively.

Type Conversions

Data typing is supported by OORVL, but may be limited depending upon the target
processor. Fixed point processors normally allow either integer (including fixed-point
variable types for certain processors) or floating point operations, while floating point
processors (those capable of hardware floating point operations) are generally limited to
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integer and floating point data types. There exist Native Blocks for typing data either from
INT to FLOAT, or from FLOAT to INT. It is important when mixing floating point and fixed
(integer) arithmetic to ensure that the data is in the proper format for the function which
operates on it, otherwise, unexpected results may occur. For some fixed-point processors,
there exist Q-point conversion functions to allow variables to be converted from a particular
Q-point to another Q-point.

Assignment Operators and Expressions

With a graphical, data-flow language such as OORVL, variable assignment and expressions
are quite different from textual language representations. The assignment operator in C,

X =Yy
is actually described graphically as the following:
To form an expression, consisting of operators and variables such as is done in C,

VarA = VarB*x + VarC*y

would be described graphically as:

Elfile Edit Miew Control Blocks Realtime Tools Options Project  Mindow  Help _|El|1|

D@ Sl B [N ooz +[o]@|E8fFT k4] 2]+ |8 (o] e 3 22|

Var | NativeAddl
© Mative Mulipke1 | T
= .

I Exémp.le of As.sigrimer.lt 0.|]Bﬁ.ltl]r.
Varh " VarA = VarB*x + VarCty
© NaveMutipyz

y . .

For Help, press F1 [Fa: 0 [o.o00 s

|

Example of Assignment Operator

Order of Operations

Unlike traditional textual based programs, the order of operations in an OORVL program is
not based on operator precedence or parenthesis, but instead its based on the data flow of

20



VAB LANGUAGE REFERENCE

the diagram. There are no nested sets of parenthesis to confuse the programmer. The
order the functions are called in depends on how the diagram is laid out. The use of
parenthesis is therefore handled inherently by the programmer as the diagram is drawn.
For example, if the output of a multiply operation acts as input to an addition operation (or
vice versa), then the multiplication operation must occur before the addition operation is
allowed to be performed. This behavior is built into the compile sequence that is performed
when the diagram is compiled. The user can optionally override the default compile order
by manually setting the order in which the components are run.

Control Flow

Control flow is allowed within OORVL using conditional connections which allow for IF,
WHILE, and FOR constructs to be created. For simple ‘IF’ type of connections, simply
connect the output of a component, using a conditional connection mode, to another
component (or group of components) which is desired to be controlled. In order to
additionally be able to implement ‘WHILE’ and/or ‘FOR’ type of connections along with the
‘IF’ type of connection, the component (or components) desired to be controlled must reside
within a Hierarchical Component. Using the combination of ‘IF’, ‘WHILE’, and ‘FOR’
conditional connections, a variety of control flow cases may be programmed graphically.

Functions and Program Structure

OORVL allows large tasks to be broken into a set of smaller related tasks using functions.
Conversely, this allows a complex design to be developed using a set of smaller functions,
each of which may in turn be composed of yet smaller functions. This ability to create
functions is an important design feature of OORVL, and there are two main methods of
creating functions — first, graphically using block components along with the concept of
hierarchy (Hierarchical Components), and second, through use of an external textual
language (C cross compiler or assembler), thus allowing functions (Native or Vector
Components) to be creating using C or assembly as the base language.

NOTE: Keep in mind, that to the user, the components all look and act the
same - it is not important to understand what type of component is
being used; it will look and perform the same as any other component!
This makes it very easy for people of many different skill levels and
expertise to effectively make use of OORVL.

OORVL Hierarchical Components

Functions (or components) created graphically from other functions (or components) are
called Hierarchical Components. Normally, these should make use of the most efficient set
of Components to accomplish the function’s specific task. Native Components, and
Hierarchical Components made from Native Components, are generally used to create new
Hierarchical Components to improve the efficiency of the design, both in memory space and
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execution speed. This is not a limitation, however; all block components may be used to
create a Hierarchical Component, including Vector Components and other Hierarchical
Components (or even a combination of all of these component types).

Native and Vector Components

Functions may be created externally using C or Assembly and are referred to as Native or
Vector Components depending on whether they are designed to handle single point or
vector based data. The included Block Wizard assists in creating both types of
components. It produces two sets of files, the PC-based set of files to create the graphical
icon associated with the user interface of OORVL, and the DSP-based set of files used to
create the actual object code for the specific target DSP chip. See the Block Wizard
reference and associated examples for more detailed information.

Pointers and Arrays

Each graphical data flow lines represent basically a pointer to a ‘chunk’ of memory. This
‘chunk’ may be a single valued variable, or may be a sized array of some set length. In
order to work with variable arrays and pointers, the components in the ‘Variable Operators’
group are used. The following Native Components are included in this group, and are
described below:

Read Element At

This function reads the element at the specified address and offset of a variable array. This
block outputs a single value located at the address, specified in the first input, plus the
offset, specified in the second input. Most commonly, this block is used to access an
element within an array of data where the array address is connected to the first input and
the array index is connected to the second element. Note - the inputs and outputs of this
block are treated as scalar values an not as vectors.

Variable Read

This function provides the value of a particular real-time global variable. The current value
of the variable is available from this block, and when the block is running, changing this
value causes an instantaneous one-time download of the new value. The initial value of the
variable is also accessible from this block. Note - the outputs of this block are treated as
scalar values an not as vectors.
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Variable Read with Offset

This function provides the value of a real-time global variable using an offset from the base
of the variable, or variable array. This block outputs the element at the offset, specified on
the input channel, from the initial starting address of the variable array. Note - the inputs
and outputs of this block are treated as scalar values an not as vectors.

Variable Write

This function stores the input value in the variable specified. This block can be thought of as
an assignment operator, as it replaces the current value of the variable with whatever is
connected to the input channel. Note - the inputs of this block are treated as scalar values
an not as vectors.

Variable Write with Offset

This function stores the value, (contained on the first input channel), at the offset, (specified
by the second input channel), relative to the starting address of the variable array specified.
Most often, this block is used to write values to different locations within an array of values.
Note - the inputs of this block are treated as scalar values an not as vectors.

Write Element At

This function stores the value, at the first input, at the address created from the second and
third input channels. The second input is a base address and the third input is an offset
from the base address. Note - the inputs of this block are treated as scalar values an not as
vectors.
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Elfile Edit “iew Control Blocks Real-time Tools 0Options Project  Window Help _|El|i|
D[S|8| S[R| 8] % =ols|oolhs] +|o[B|8fT E[4] 2] 2] a8 [0 o] w2

Array Example:

_ *(MarArray+index) = index;

Index . . . ’ . . . . . “arrray

" Native Add 1— Index
K1 o ve Mod1

k100 . . " Display shawing VarAray (first 22 points)
} | " RTDSPto PCUpload 1

WarArray

Graphical Display of WarArray

For Help, press F1 [F#: 502 [20.330s

Example of using arrays

Summary

Component-based design will play an important part of the future for DSP and related
engineering areas, as well as software architecture design in general. OORVL represents a
modern approach to minimizing the learning curve, improving the maintainability, and to
solving some of the problems presented by classical textual-based language approaches.
We hope you have success with this powerful new vehicle for next-generation algorithm
design, and also hope you have fun in the process!
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Technical Support and Professional Services

Visit the following sections of the National Instruments Web site at
ni.com for technical support and professional services:

Support—Online technical support resources at ni.com/support
include the following:

Self-Help Resources—For answers and solutions, visit the
award-winning National Instruments Web site for software drivers
and updates, a searchable KnowledgeBase, product manuals,
step-by-step troubleshooting wizards, thousands of example
programs, tutorials, application notes, instrument drivers, and

SO on.

Free Technical Support—All registered users receive free Basic
Service, which includes access to hundreds of Application
Engineers worldwide in the NI Developer Exchange at
ni.com/exchange. National Instruments Application Engineers
make sure every question receives an answer.

For information about other technical support options in your
area, visit ni.com/services or contact your local office at
ni.com/contact.

Training and Certification—Visit ni . com/training for
self-paced training, eLearning virtual classrooms, interactive CDs,
and Certification program information. You also can register for
instructor-led, hands-on courses at locations around the world.

System Integration—If you have time constraints, limited in-house
technical resources, or other project challenges, National Instruments
Alliance Partner members can help. To learn more, call your local
NI office or visit ni.com/alliance.

If you searched ni . com and could not find the answers you need, contact
your local office or NI corporate headquarters. Phone numbers for our
worldwide offices are listed at the front of this manual. You also can visit
the Worldwide Offices section of ni.com/niglobal to access the branch
office Web sites, which provide up-to-date contact information, support
phone numbers, email addresses, and current events.
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