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The ZBasic Language
and ZX Series Microcontrollers

Chapter 1 - Introduction

The purpose of this manual is to describe the elements of the ZBasic language and the ZX-series
microcontrollers for those who have, at a minimum, a rudimentary knowledge of programming concepts
and an understanding of basic electronics. It is not intended to teach programming skills nor electronics.
There are many texts available for that purpose.

The ZBasic programming language will be familiar to anyone who has used Microsoft's Visual Basic
language or NetMedia's BasicX language. ZBasic was designed to achieve a high level of compatibility
with these languages but it also incorporates some additional capabilities to improve its utility in the
microcontroller environment. Even if you aren’t familiar with either of these two particular dialects of the
Basic language, if you have used another fairly modern dialect you will find many familiar elements. In
contrast, ZBasic is quite different from archaic dialects of Basic like the PBasic language developed by
Parallax for use on the Basic Stamp series of microcontrollers. Even so, moving from PBasic to ZBasic
should be a relatively easy and rewarding experience.

ZBasic incorporates the modern block structured programming elements that help make programs easier
to write, easier to maintain and more reliable. Moreover, it provides a good range of data types allowing
efficient representation of the data items you need in your application. Beyond that, it has facilities to
implement multi-tasking systems, allowing complex problems to be solved more easily.

All ZBasic programs comprise, at a minimum, one subroutine. That one required subroutine must be
named Mai n() and it must be defined as taking no parameters. Additionally, the Mai n() subroutine
must have “public” visibility as opposed to being private to a particular module. The minimal ZBasic
program is shown below, in its entirety.

the mninmal program
Sub Mai n()
End Sub

This do-nothing program illustrates several points. First is the structure of comments as illustrated on the
first line of the program. A comment consists of an apostrophe (sometimes called a single quote mark)
and all characters following it all the way to the end of the line. It is not necessary for a comment to be on
a line by itself. Characters occurring before the apostrophe are processed as if the comment portion of
the line weren’t present.

The second point illustrated by the program above is the manner in which subroutines are defined. A
subroutine definition begins with the keyword Sub. That is followed by at least one space or tab character
and then the name of the subroutine. Following the subroutine name is the parameter list, details of
which are discussed later in this document. The parameter list is always enclosed in a pair of
parentheses which must be present even if there are no parameters as is the case above. All of the
statements, if any, between the Sub line and the End Sub line constitute the body of the subroutine.

Here is another program, intended for the ZX-24, that is a bit more complicated.

Const redLED as Byte
Const grnLED as Byte

25 ' define the pin for the red LED
26 ' define the pin for the green LED

Sub Mai n()
" configure the pins to be outputs, LEDs off
Call PutPin(redLed, zxCutputHi gh)
Cal |l PutPin(grnLed, zxQutputHi gh)
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' alternately blink the LEDs

Do
" turn on the red LED for one half second
Call PutPin(redLed, zxCQutputLow)
Call Del ay(0.5)
Call PutPin(redLed, zxCQutputH gh)
" turn on the green LED for one half second
Call PutPin(grnLed, zxQutputlLow)
Cal |l Del ay(0.5)
Call PutPin(grnLed, zxQutputH gh)

Loop

End Sub

The first two lines above define some constant values. It is a good idea to use constant values like this
instead of using the value explicitly in many different places. One benefit of doing so is that it makes the
program somewhat easier to understand assuming, of course, that the name chosen for the constant is
suggestive of its intended use or meaning. A second benefit is that if you later wish to change the value,
you can do so easily by modifying it in only one place. This way you’ll avoid the common error of
changing a constant value in some places but not in others.

It is important to note that alphabetic case is not significant in ZBasic. You may type keywords, variable
names, etc. in upper case, lower case or mixed case and it makes no difference. The subroutine Mai n()
is the same as the subroutine mai n(). Many programmers use alphabetic case to improve readability.
Some even use it to remind them of the visibility attribute of the subroutine, constant, etc. One
convention for this is to begin all public names with an upper case letter and begin all private nhames with
a lower case letter. You're free to adopt these conventions or not as you see fit.

The public Mai n() routine is where execution begins when you run a program. That's why every
program must have a public subroutine Mai n() . In this program, the first two lines of Mai n() utilize a
call to a System Library subroutine that sets the state of an I/O pin on the processor. The first parameter
that is provided to the Put Pi n() subroutine is the pin number that we wish to configure and we’'ve used
the previously defined constants to do so. The second parameter to the Put Pi n() subroutine is a value
that indicates whether the pin should be an output or an input and, additionally, its characteristics. In this
case, we've used a built-in constant zxQut put Hi gh which both configures the pin to be an output and
sets it to be at a logic high level. The LEDs that are present on the processor are illuminated when the
pin to which they are attached is at logic low level. The effect of these first two lines, then, is to make the
pins associated with both LEDs outputs and to make sure the LEDs are off.

The next part of the code is the block beginning with Do and ending with Loop. This construct is useful
for continually repeating a sequence of statements. The logic flow is that each of the statements inside
the Do. . . Loop construct is executed in turn. When the Loop statement is reached, control transfers
back to the top of the Do loop and the process repeats. ZBasic has several different kinds of control
structures for looping, each with different useful characteristics. There are also control structures to allow
you to write statements that are executed only if certain conditions prevail. The set of allowable
statements is described in detail later in this manual.

Inside of the Do loop, there are two sequences of statements that perform similar functions. The first
three lines of code within the Do loop turn on the red LED for a brief period of time. This is done by first
setting the corresponding pin to a logic low, then calling the System Library subroutine to delay for a half
second and finally setting the LED pin to a logic high. The second sequence does the same for the green
LED.

A subroutine is nothing more than a collection of statements that can be executed by invoking the
subroutine name. Although it is possible to implement all of the logic of your application inside the
subroutine Mai n(), this is usually ill advised except for fairly simple applications like the example above.
It is usually better to decompose your application into logical elements and to implement the functionality
of each element using a subroutine or a function. The difference between a subroutine and a function is
that a function returns a value. Because of this, a function can be used wherever a value may be used.
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A subroutine is invoked by using the Cal | statement that specifies the name of the subroutine to invoke
and, optionally, the parameters to pass to the subroutine. A function is invoked by using its name in place
of a value (directly or in an expression) and specifying the parameters, if any, that are to be passed to the
function.

This concludes a rather brief introduction to the ZBasic language. The remaining sections of this manual
describe in more detail the various elements of ZBasic including data types, variables, constants,
statements, subroutines and functions. Also, more advanced topics like multi-tasking, queues, serial
communications and others are presented.

1.1 The ZBasic System Library

The ZBasic System Library provides a rich collection of over 150 subroutines and functions that you can
use to quickly add functionality to your application. The routines fall into several fundamental categories
including mathematical functions, string-oriented routines, 1/0-related routines, type conversion functions,
etc. The routines are fully documented in the ZBasic System Library Reference Manual.

1.2 The ZX Microcontroller Family

The ZBasic language was designed to be well suited for programming microcontrollers. It is based on a
subset of Microsoft’'s popular Visual Basic (VB6) with modifications and extensions to address the special
needs of microcontroller programming. The ZX- series microcontrollers were designed to run ZBasic
programs efficiently. At the time of publication, the ZX- series devices available from Elba Corp. include
several models with different capabilities, based on several different CPU types as shown in the table
below. The various ZX devices will be referred to collectively in this document as simply ZX unless the
context requires a specific reference to a particular model.

Underlying CPU Type for ZX Devices

Device CPU

ZX- 24, ZX-40, ZX-44 mega32
ZX-24a, ZX-40a, ZX-44a nmega644
ZX- 24p, ZX-40p, ZX-44p, mega644pP
ZX- 24n, ZX-40n, ZX-44n

ZX-24r, ZX-40r, ZX-44r, megal284P
ZX-24s, ZX-40s, ZX-44s

ZX-1281, ZX-1281n megal28l
ZX-1280, ZX-1280n megal280
ZX-328n, ZX-328l, ZX-32n, ZzX-32l mega328P
ZX-24x, ZX-32a4 xmega32A4
ZX-128al xmegal28Al1

The ZX-24, ZX-24a, ZX-24p and ZX-24n are 24-pin DIP format modules that are pin-compatible with the
Parallax Basic Stamp and the NetMedia BX-24 microcontrollers. However, many improvements have
been made with respect to those pioneering products in order to provide a more powerful and flexible
programming platform. Because of its ready-to-use configuration it is an ideal starting point for someone
just beginning to use microcontrollers. Yet, it has enough powerful capabilities for experts and advanced
users as well. See Appendix C for more detailed information on the ZX-24 series devices including
several suggested connection diagrams and detailed descriptions of the function of each pin. The ZX-24x
has the same basic pinout as other 24-pin ZX devices but it operates on a maximum of 3.6 volts.
Moreover, some of the special functions (USART, PWM, 12C, etc.) are on different pins as compared to
the other 24-pin ZX devices. Additional information on pin assignments can be found in the ZBasic
System Library Reference Manual.

The ZX-40, ZX-40a, ZX-40p, ZX-40n, ZX-40r and ZX-40s are 40-pin DIP format integrated circuits that
are pre-programmed with the ZX control program. However, in order to use them you must add a few

external components such as a regulated supply, a crystal, a memory chip and serial interface circuitry.
The compensating advantages of the ZX-40/ZX-40a are reduced cost, more design flexibility and
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availability of more 1/0O pins. These attributes make the 40-pin ZX well-suited for advanced projects and
commercial applications. See Appendix D for more detailed information on the ZX-40/ZX-40aincluding
several suggested connection diagrams.

The ZX-44, ZX-44a, ZX-44p, ZX-44n, ZX-44r and ZX-44s are 44-pin TQFP format integrated circuits that
are pre-programmed with the ZX control program. Similarly, the ZX-1280 and ZX-1281 are 100-pin and
64-pin, respectively, TQFP format integrated circuits that are pre-programmed with the ZX control
program. All of these devices are bare CPUs that require some additional support components. Because
of their smaller size, they are well suited for larger volume applications or those that require compact size.
See Appendix E for more detailed information on the ZX-44/ZX-44a including several suggested
connection diagrams. See Appendix F for more detailed information on the suggested ZX-1281 circuitry
and Appendix G for the ZX-1280.

The ZX-328n and ZX-328I are a 28-pin DIP format integrated circuit that is programmed with the ZX
native mode control program. In order to use the ZX-328n or ZX-328l you must add a few external
components such as a regulated supply, a crystal and serial interface circuitry. See Appendix H for more
detailed information on the ZX-328n and ZX-328| including several suggested connection diagrams.

The ZX-32n and ZX-32l are a 32-pin TQFP format integrated circuit that is programmed with the ZX
native mode control program. In order to use the ZX-32n or ZX-32| you must add a few external
components such as a regulated supply, a crystal and serial interface circuitry. See Appendix | for more
detailed information on the ZX-32n and ZX-32l including several suggested connection diagrams.

The ZX-32a4 and ZX-128al are 44-pin TQFP and 100-pin TQFP format ATxmega integrated circuits that
are programmed with the ZX native mode control program. In order to use the ZX-32a4 or ZX-128alyou
must add a few external components such as a regulated supply, a crystal and serial interface circuitry.
See Appendix J and Appendix K and for more detailed information on the ZX-32a4 and ZX-128al,
respectively, including several suggested connection diagrams. Note, particularly that the ATxmega-
based ZX devices run at twice the speed of most other ZX devices and operate at a maximum of 3.6
volts.

It should be noted that ZBasic is a superset of NetMedia’s BasicX language, incorporating many
improvements and advanced features. Many, perhaps even most, BasicX programs can be recompiled
using the ZBasic compiler and the resulting code should run exactly as it would on the BX-24
microcontroller except for differences due to the fact that the ZX is twice as fast as the BX-24. See
Chapter 6 for more information on compatibility issues.

Some ZX devices run in “native mode” meaning that the ZBasic application is compiled to native object
code for the processor. In contrast, other ZX devices contain a “virtual machine” (commonly referred to
as a VM) and ZBasic applications are compiled to instruction codes that are executed by the VM. The
primary advantage of the native mode devices is that the application executes faster but the disadvantage
is that the resulting program is generally larger than the corresponding VM mode program.

Some ZX devices mentioned in this manual have an "e" or “u” suffix, e.qg. ZX-24pe, ZX-24nu. These
“extended” devices are produced by Oak Micros under license from Elba Corp. and are available in both
VM and native mode versions.

1.3 Conventions

In this manual, specific examples of things that can appear in your ZBasic program are shown in
Couri er typeface as are descriptions of the syntax of program elements. Otherwise, discussion and

general references to program elements will be shown in Arial typeface.

When describing the syntax of a ZBasic language element, sometimes portions of it are optional. This
fact is indicated by enclosing the optional portion with left and right square brackets. Literal elements,
those that must appear as typed (but without regard to alphabetic case, of course) appear as themselves.
Often, it is useful to describe an element generally rather than giving a specific instance. When this is
done, the description will be italicized and enclosed with left and right angle brackets and subsequent text
will describe the characteristics of the generalized item.
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Here is an example that uses these conventions:
[Private] Const <name> As <type> = <val ue>

The idea being conveyed is that this program element may begin with the Pri vat e keyword or it may be
omitted, i.e. it is optional. The keywords Const and As are specified literally as is the equal sign. The
name of the constant to be defined, its type and value are all specified using a descriptive word or phrase
enclosed in angle brackets. These placeholder components will be explicitly described in the discussion
of the program element.

In some instances, there may be more than one optional element that may appear in a given position. In
these cases, the vertical bar character is used to indicate that any one element may be used, but not
more than one, of course.

[Public | Private] Const <name> As <type> = <val ue>

This conveys the idea that the either the keyword Publ i ¢ or the keyword Pr i vat e may be present but it
is also permissible for neither to be present.

In other cases, there may be a set of elements from which exactly one must be chosen.
{Public | Private | Dint <nane> As <type>

The curly braces indicate that one of the keywords Publ i ¢, Pri vat e or Di mmust precede the <nane>
element.

In various places in this document you will find a text box with information about BasicX compatibility.
Most often, the text will describe how some particular feature is different when the BasicX compatibility
mode is enabled. In a few instances, the text will describe how ZBasic is fundamentally different from
BasicX. This information is most useful to those who are upgrading to ZBasic from BasicX. If that is not
the case for you, you may safely ignore such information.
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Chapter 2 - ZBasic Language Elements

The logic of a program is described in the ZBasic language using identifiers, keywords, literal values,
expression operators, statements, etc. These elements are all more fully described in this chapter.

2.1 Identifiers

In ZBasic, as in most computer languages, all constants, variables, subroutines and functions have a
name. Such names are generally referred to as identifiers and each computer language has rules that
specify how an identifier may be formed. In ZBasic an identifier must begin with an alphabetic character
(A-Z, a-z) and may contain zero or more additional characters which may be alphabetic, numeric (0-9) or
an underscore. There is virtually no maximum number of characters that an identifier may contain (in
reality it is limited by the amount of memory available on your computer) but as a practical matter
identifiers seldom exceed 15 to 20 characters. Beyond that they become somewhat cumbersome to type.

As mentioned previously, the alphabetic case of the letters of an identifier is insignificant. The variable
myVar is the considered the same as the variable MyVar .

There is a set of identifiers that are reserved for special purposes and cannot be otherwise used in your
program. Some of the reserved words are data type names, some are used as keywords in ZBasic
statements (I f, For, Sub, etc.). Some reserved identifiers have no current use in ZBasic but they are
reserved nonetheless because they are keywords in other Basic dialects and may be incorporated into
ZBasic in the future. If you attempt to use a reserved word in a role other than its predetermined role the
compiler will issue an error message pointing out the unacceptable use. See Appendix A for a complete
list of reserved words.

2.2 Data Types

The table below describes the fundamental data types available in ZBasic. There are a few additional
data types that are used for special purposes that will be described later.

Fundamental Data Types

Data Type Name Range of Values
Bool ean True, False
Byt e 0to 255
I nt eger -32,768 to 32,767
Unsi gnedl nt eger 0 to 65,535
Long -2,147,483,648 to 2,147,483,647
Unsi gnedLong 0 to 4,294,967,295
Singl e approximately +1.4e-45 to £3.4e+38 and 0.0
String 0 to 255 characters

It is important to note that some mathematical operations on floating point values (type Si ngl e) result in
certain special values that indicate an exceptional result. Among these special values are ones that
represent positive infinity, negative infinity and a general category referred to as “not a number”, called
NaN. The System Library function SngCl ass() returns a value indicating the class to which a floating
point value belongs. See the ZBasic System Library Reference Manual for more information on the
SngCl ass() function.

In addition to the fundamental data types enumerated in the table above, ZBasic supports several
additional special-purpose types. There are two additional integral-value types that are collectively
referred to as sub-byte types — Bi t and Ni bbl e. These are useful for reducing the amount of space
used for small-valued data but they are not quite as efficient with respect to code size as using Byt e
types. See Section 3.24 for more information on these special types. Also, two special string types are
available — Bounded Strings and Fixed Length strings. These are supported largely for compatibility with
BasicX but may be useful in special situations. See Section 2.11.1 and Section 2.11.2 for more
information on Bounded Strings and Fixed Length strings, respectively.
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ZBasic is a strongly typed language that doesn’t allow you to freely intermix different data types. This
helps prevent programming errors or unexpected program behavior that results from unanticipated type
conversions. However, a series of well-defined type conversion functions is provided that allow you to
make explicit type conversions when necessary. See Section 2.13 for more information. Lastly, Section
3.26 contains technical details of the implementation of the various data types. This information is
generally not necessary for most programming purposes but it is sometimes useful to know.

2.3 Modules

A ZBasic program may comprise one or more modules each contained within a separate file. When a
module is compiled, a module name is derived from the name of the file. The module name is mostly for
internal use by the compiler but you'll find references to the module name in the generated map file.
Also, in some special situations you may need to use the module name as part of an identifier in order to
refer to a variable or constant in your code. This is usually not necessary but it is good to remember that
it is available. See Section 3.1 for more information on resolving identifier references using the module
name.

The module name is derived by first removing the path prefix, if any, and the extension (typically .bas).
The remaining characters of the filename are examined and any character that is not a letter, a digit or an
underscore is replaced with an underscore. For the most part, this process converts the filename into a
legal ZBasic identifier.

As an example, consider the filename “C: \t enp\ ny test code-1. bas“. When you compile this
module the derived module name is my_t est _code_1. If you compile a file whose corresponding
module name does not begin with a letter, the compilation will proceed as normal. However, you will not
be able to refer to that module by its module name since it will not be a legal ZBasic identifier.

A module is divided conceptually into two sections: an options section which, if present, must be first, and
a definitions section. The definitions section may also be omitted but with no definitions, the module
serves no useful purpose.

2.3.1 The Options Section

The options section contains directives that tell the compiler how to process the definitions section that
follows. In the absence of any option directives, the compiler uses certain default settings as described
below. This means that it is perfectly reasonable, and quite common, not to have any option directives in
a module. The options section may also contain comments. This is useful for documenting what you're
trying to accomplish with each option directive.

Note that some of the settings affected by the option directives described in this section may also be
affected by compiler command line options. Option directives have precedence over command line
options. See Section 8.1 for more information on command line options.

Unless otherwise indicated, option directives have global scope and may only appear in the first module
compiled.

Option <pin>
Option <pi n> <pi n-st at e>

This option directive provides a way to configure an 1/O pin to be an input or an output. If it is being
configured to be an input, you can further specify that whether or not the pull-up resistor is enabled. If it is
being configured to be an output, you can further specify the logic level that you want to be output. This
option directive may only appear in the first module compiled - usually the one containing the Mai n()
subroutine.
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The <pi n> element specifies the pin to be configured. The first way to specify the pin to configure is to
use the word Pi n followed immediately by a physical pin number, e.g. Pi n20. Of course, the set of pin
numbers that can be specified in this way depends on the ZX processor that you are using. For example,
for the 24-pin ZX devices the allowable values are Pi n5 through Pi n20 as well as Pi n25, Pi n26 and

Pi n27. The second way to specify the pin to be configured is to give the port letter and a bit number of
the port with a period separating them, e.g. C. 0. The advantage of the second method is that it is largely
independent of the ZX processor that you're using.

The <pi n- st at e> element may be one of the entries in the table below:

Pin Configuration Values
Pin State Meaning
zxI nput Tri State  The pin should be a tri-state input (pull-up disabled).
zx| nput Pul | Up The pin should be an input with the pull-up enabled.
zxQut put Low The pin should be an output set to logic zero.
zxCQut put Hi gh The pin should be an output set to logic one.

Alternatively, for compatibility with the Opti on Port directive, the <pi n- st at e> element may be a
guoted string containing a single character T, P, 0 or 1 corresponding to the entries in the table above.
For convenience when using the 24-pin ZX devices, RedLED and Gr eenLED are allowed as synonyms
for Pi n25 and Pi n26 respectively. When using these synonyms the <pi n- st at e> must be specified
asOnorOff.

By default, all pins are configured to be inputs with the pullup disabled.

Examples

Option Pin5 zxCQutputLow ' make pin 5 an output at logic zero

Option Pin20 "T" " make pin 20 a tri-state input

Option C. 0 zxQutputH gh ' make bit 0 of Port C an output at |ogic one
Option RedLED On ' turn on the red LED

Option <port>
Opti on <port> <config-string>

This option directive provides a way to configure an entire I/O port at once instead of doing so pin by pin.
For each bit of the port being configured to be an input, you can further specify that whether or not the
pull-up resistor is enabled. For each bit of the port being configured to be an output, you can further
specify the logic level that you want to be output. This option directive may only appear in the first module
compiled - usually the one containing the Mai n() subroutine.

The allowable values for the <port > element are Por t A, Port B, Port C, etc. Note, however, that

Por t B and Por t D will rarely be used with the 24 pin ZX devices since the many of the pins of those ports
are not directly available. The <confi g-stri ng> element must be a series of characters, enclosed in
qguote marks, which specify for each bit one of four configuration states. The allowable configuration
characters are described in the table below. The <confi g- stri ng> must contain exactly 8
configuration characters, the leftmost of which corresponds to the most significant bit of the port and the
rightmost of which corresponds to the least significant bit of the port.

Certain bits of PortB and PortD have dedicated uses on some ZX devices that require a specific
configuration. Due to this requirement, those bits are protected from being changed by user-specified
configuration. By default, all bits are configured to be inputs with the pullup disabled except for the
special purpose bits.
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Port Configuration Designators

Configuration

Character Meaning
T The corresponding bit should be a tri-state input (pull-up disabled).
P The corresponding bit should be an input with the pull-up enabled.
0 The corresponding bit should be an output set to logic zero.
1 The corresponding bit should be an output set to logic one.

Note that it is not necessary to configure your ports using this option directive. The configuration may
also be done using the System Library subroutine Put Pi n() or built-in registers like Regi st er . DDRA.
Also, note that if you specify configuration directives for both the pins and the port containing them, the
last occurring directive will prevail.

Example

Option PortA "TPTPOOO1"

Option Base

Opti on Base <val ue> Default: 0

Although zero-based arrays are common in many programming languages, some people find it easier to
think about arrays being indexed beginning with 1. The Opti on Base directive is provided to allow you
to specify that the default array base is either 0 or 1, the <val ue> element of the directive must be one of
those values.

Note that it is not necessary to use this directive to define 1-based arrays. The syntax for array definitions
(see page 19) allows you to specify any base value that you wish for each array, including a negative
base value if you wish. Some programmers believe that it is better to explicitly indicate the base of the
array indices in each definition. That way, you never have to remember or go find out what the default
base might be.

This option does not affect Program Memory data items, they are always 1-based. Moreover, this option
has local scope, i.e., it only affects arrays defined in the same module in which the option appears.

Example

Option Base 1

Option Explicit
Option Explicit Default: Of f

Traditionally, the purpose of the Opti on Expl i cit directive has been to require that each variable in
the program be explicitly defined. Historically, early Basic dialects allowed programs to be written so that
when the compiler encountered a new variable name, it automatically created a definition for it. Although
this may have been thought to be a nice feature, it turned out to be the source of many programming
errors and bugs. If you accidentally misspelled a variable name, a new variable was created entirely
unbeknownst to you. Because of this serious drawback implicit variable definition is not supported by
ZBasic. The Opti on Explicit directive is accepted by the compiler for compatibility reasons but
neither its presence nor its absence affects any aspect of the compiler’s operation.
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Option Language
Option Language { BasicX | ZBasic } Default: ZBasi c

By default the compiler processes modules using the rules and defaults for the ZBasic language. This
option directive can be used to instruct the compiler to process the module using the syntax rules defined
by a specific language variant. If Opti on Language Basi cXis specified, the compiler will process the
module in BasicX compatibility mode. This may be useful in certain peculiar situations if you have
existing modules written for BasicX. In most cases, existing BasicX code will compile correctly in ZBasic
mode with few, if any, changes.

If you need to utilize BasicX compatibility mode you should be aware that none of the enhanced language
features nor any of the enhanced System Library routines of ZBasic will be available in that module.

Also, using Opt i on Language Basi cX changes the defaults for some of the other options as listed in
the table below. You may still change the prevailing setting of these other options by utilizing the related
option directive either before or after this option directive.

Option Directive Default for BasicX Default for ZBasic
Strict On O f
Al'locStr O f On

This option has local scope, i.e., it only affects compilation of the module in which the option appears.

Option AllocStr

Option AllocStr [On | Of | Default] Default: On

By default, native compilation mode uses an allocation strategy for strings called dynamic string
allocation. In contrast, BasicX uses an allocation strategy called static allocation. This option directive
allows you to select the dynamic allocation strategy (Opti on Al |l ocStr On) or the BasicX-compatible
static allocation strategy (Option AllocStr O f). Specifying Opti on Al locStr Default sets the
option to the default for the currently selected language. If neither On, Of f nor Def aul t is specified, the
value On is assumed. See Section 3.26.2 for more information on the two allocation strategies.

This option has local scope, i.e., it only affects string variables defined in the same module in which the
option appears.

Examples

Option AllocStr
Option AllocStr Of

Option StringSize
Option StringSize {<value> | Default} Default: 20

When string variables are defined, space to hold the characters of the string is allocated either statically
or dynamically (see Option AllocStr, above). When the space is statically allocated a fixed number of
bytes of space is set aside for the string at compile-time thus setting the maximum size of that string.
This option specifies the number of characters that should be reserved for statically allocated string
storage. See the description of the Opti on Al | ocStr directive for more information about dynamically
allocated string storage. If Opti on StringSi ze Def aul t is specified the default value for the string
size is used. This is useful if the string size was set using a command line option and you want to restore
it to the default for this particular module. The maximum allowable string size is 255.

This option has local scope, i.e., it only affects string variables defined in the same module in which the
option appears.
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Examples

Option StringSize 25
Option StringSize Default

Option Strict

Option Strict [On | Of | Default] Default: Of f

This option directive, supported for BasicX compatibility, enables or disables so-called “strict syntax
checking”. You can enable strict mode by using Opti on Stri ct by itself or by including the keyword
On. You disable strict syntax checking by using Opti on Strict O f. Specifying Option Strict
Def aul t sets the option to the default for the currently selected language.

The implications of strict syntax checking are noted in the description of each affected element but a
summary of the effects is given here.

- the loop index variable of a For loop has restrictions on lifetime, visibility and accessibility
- logical operators like Not, And and Or may not be used with signed integral data types

This option has local scope, i.e., it only affects compilation of the module in which the option appears.
Example

Option Strict Of

Option TargetDevice

Opti on Target Devi ce <devi ce-name> Default: ZX24

Due to differences between the various members of the ZX- series, the compiler needs to know for which
device it should compile the code. This allows it to generate the correct code for the intended device. At
present, the supported values for <devi ce- name> are given in the table below. The device names are

not case sensitive.

ZX24 ZX24a ZX24p ZX24n ZX24r ZX24s ZX24x%
ZX40 ZX40a ZX40p ZX40n ZX40r ZX40s

ZX44 ZX44a ZX44p ZX44n ZX44r ZXA4s ZX32a4
ZX1281 ZX1281n ZX1280 ZX1280n ZX128al
ZX328n ZX328lI ZX28n ZX28n

ZX24e ZX24ae ZX24pe ZX24pu ZX24nu

ZX128e ZX128ne ZX1281e ZX1281ne ZX328nu
Example

Option TargetDevice ZX24a

Option TargetCPU

Opti on Tar get CPU <CPU-t ype> Default: ZX24

This option is deprecated, use Option TargetDevice instead.
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Option PortPinEncoding

Option PortPinEncoding [On | Of] Default: see text

When the compiler encounters an I/O port pin designator like C. 2 it can convert it to the corresponding
physical pin number for the target device or it can convert it to a composite value whose fields specify the
port and the pin. This directive controls which of these conversions is performed. When the option is off,
the result is a pin number and when it is on the result is the encoded port/pin value. The encoded result
is a Byt e value that has the binary form 1PPPPnnn where PPPP represents a port index (PortA=0,

PortB=1, etc.) and nnn represents the bit number (0-7). The option is on by default for ZX devices based
on the megal28, megal280 and megal281 and off by default for other devices.

Example

Option PortPi nEncodi ng On

Option CodeLimit
Option CodeLinit <limt-val ue> Default: none

This option can be used to have the compiler check the size of the generated code and issue an error
message if it exceeds a specified size. The limit value is specified by a decimal number, optionally using
the suffix K or k to denote a multiple of 1024.

Examples

Option CodeLinmit 32K
Option CodeLimt 32768

Option SignOn

Option SignOn {On | Of} Default: On

This option can be used to control the generation of a sign-on message when the ZX begins running after
a reset. The flag to control the sign-on is stored in Persistent Memory of the processor. This is important
to remember because if you download one program to the ZX that, say, turns it off and then you
download another program that has no Opti on Si gnOn directive at all, the sign-on will still be in the off

state. In other words, if you want to ensure that it is in particular state for your particular program, be sure
to include this directive. Of course, if you've never turned it off, it will still be in the On state.

Example

Option SignOn Of

Option TaskStackMargin

Option TaskStackMargi n <margi n-val ue> Default: 10

When the compiler compares the size of the stack allocated to a task to the estimated task stack usage it
pads the estimate with a safety margin. This option can be used to specify a value for that safety margin
different from the default of 10 bytes. The safety margin may be any non-negative decimal integral value.
Example

Option TaskStackMargin 20
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Option ExtRamConfig
Option ExtRanConfig [On | OFf | <constant-expression>] Default: (see text)

For ZX devices that support external RAM, you may control whether external RAM is enabled using this
directive. Using the keyword On enables external RAM support in the default configuration (16-bit
address, no wait states). If you need a different configuration, you may specify a constant expression
whose 16-bit value is written to the external RAM configuration registers of the CPU. For ATmega-based
devices, the high byte is written to the register XMCRB register and the low byte is written to XMCRA
register. (Note that for the megal28 CPU, the high bit of the XMCRA register is undefined but the
configuration value must have that bit asserted in order for the external RAM interface to be enabled.)
For ATxmega-based ZX devices, the low byte is written to the EBI_CTRL register while the high byte is
written to the EBI_CS1_CTRLB register.

For ATmega-based device, the default external RAM configuration value is &H0080. For ATxmega-
based devices, the default external RAM configuration value is &H014d.

Examples

Option Ext RanConfig On
Option ExtRamConfig &HO084 ' enable with 1 wait state (ATmega)

Option RamSize
Option RanSi ze <constant - expressi on> Default: (see text)

The compiler compares the aggregate size of the statically allocated data items to the amount of RAM
available in the target device. If the aggregate size is too large, the compiler issues a warning to that
effect. For ZX models that support external RAM (e.g. ZX-1281), the compiler must know the resultant
size of User RAM in order to avoid generating meaningless warnings. That is the purpose of this
directive, which may only be used on ZX models that support external RAM. The example below shows
the simplest way of specifying the augmented User RAM size. The example is for the case where the
maximum amount of additional RAM was added.

Example

Option RanBi ze 65536 — Regi ster. Ranfstart

Option HeapSize
Opti on HeapSi ze <constant - expressi on> Default: (see text)

This directive controls the allocation of RAM between the string heap and the Main() task stack. The
effect is to set a hard limit beyond which the heap will not grow, thereby preventing the heap from
encroaching on the Main() task stack. If a size less than the minimum size (64 bytes) is specified, the
minimum is used instead. Also, for devices with external RAM, the special value of 65535 (&HFFFF) can
be used to specify that all external RAM should be used for the heap. The default heap size is 256 bytes
for VM mode devices and 512 for native mode devices. See the section on setting heap and task stack
sizes for more information.

For VM mode devices the directive has an additional effect. When the compiler performs various checks
regarding the use of RAM, it takes into account an amount of RAM reserved for the heap (from which
memory for strings, for example, is allocated). The size specified for the heap will effect whether the
compiler will issue a warning about excessive use of RAM in a particular circumstance.

Example

Option HeapSi ze 500
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Option HeapReserve
Opti on HeapReserve <constant-expressi on> Default: (see text)

After compilation, the compiler analyzes the use of RAM and compares it to the amount of RAM available
on the target device. If a specific task stack size is specified for the Mai n() task, the compiler adds the
amount of statically allocated data, the Mai n() task stack size and the minimum heap size and compares
this total to the amount of available RAM. If the aggregate total exceeds the available RAM an error
message will be issued.

This directive allows you to specify the minimum space you want to reserve for the heap. The default
heap reserve is 256 bytes for VM mode devices and 512 bytes for native mode devices.

Option HeapLimit
Option HeapLinit <constant-expression> Default: n/a

This directive provides a different way of allocating RAM between the string heap and the task stacks.
The value provided is interpreted as a RAM address and specifies the limit beyond which the heap will
not grow. This directive is perhaps more useful with ZX devices that support external RAM. See the
section on setting heap and task stack sizes for more information.

Option MainTaskStackSize

Opti on Mi nTaskSt ackSi ze <const ant - expressi on> Default: n/a

This directive provides a different way of allocating RAM between the string heap and the task stacks.

The value provided is interpreted as the desired size of the task stack for the Main() task and the heap
limit is set at the end of the task stack. See the section on setting heap and task stack sizes for more

information.

Option TxQueueSize
Option RxQueueSize

Opti on TxQueueSi ze <const ant - expressi on> Default: 25
Opti on RxQueueSi ze <const ant - expressi on> Default; 50

These directives can be used to modify the sizes of the default transmission and reception queues for
Coml. They are effective only for native mode devices such as the ZX-24n.

Example

Option TxQueueSi ze 100

Option Com1Speed
Option ConllSpeed [ <constant-expression> | Default ] Default: 19200

This directive can be used to set the default speed of the Com1 serial channel. It is not supported on VM
devices with a VM version older than v3.0.4 nor is it supported on any ZX device based on the mega32.
The set of allowable baud rates is given in the table below; the shaded entries are supported only on
native mode devices.

300 600 1200 2400 4800 9600 14400
19200 28800 38400 57600 76800 115200 230400
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It is important to note that for VM devices, the speed selection is made part of the download image and is
written to Persistent Memory when the code is downloaded. If, later, a program is downloaded that does
not contain Option Com1Speed directive, the Persistent Memory location containing the Com1 speed
indicator will be unchanged from the earlier setting.

Example

Option ComlSpeed 9600

Option AtnChar

ption AtnChar [ <constant-expression> | Default ] Default: &H00

This directive can be used to specify a special character that can be used instead of DTR signaling to
perform downloads to a ZX device. This is useful in situations where the communication channel does
not support DTR or is not capable of toggling DTR fast enough to be recognized as an attention signal.
The range of allowable values for the ATN character is 0 to 31 (&HO0O0 to &H1F) with the value of zero
serving as the disabling value.

It is important to note that for VM devices, the ATN character is made part of the download image and is
written to Persistent Memory when the code is downloaded. If, later, a program is downloaded that does
not contain Option AtnChar directive, the Persistent memory location containing the ATN character value
will be unchanged from the earlier setting.

Example

Option AtnChar &HO4

Option Include
ption Include [ Public | Private ] <itemlist> Default: none

This directive can be used to add one or more pre-defined structures to the application. If the Pri vat e
keyword is present, the structures will be private to the module in which the directive appears; otherwise
the structures will be public.

The <item-list> element consists of one or more hames of pre-defined structures separated by commas.
A list of the available pre-defined structures and their definitions is available in Appendix B.

Example

Option Include Private Port_t, Tinerl6_t

Option Objects

Option Objects Default: none
This option enables the ZBasic object-oriented extensions. If used, it must appear for the first time in the

first module compiled. If it does appear in the first module compiled then its presence in other modules is

silently ignored. This option implicitly enables subroutine/function overloads as well.

Example

Option Objects
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Option Overload
Option Overl oad Default: none

This option enables the definition of subroutine/function overloads. If used, it must appear for the first
time in the first module compiled. If it does appear in the first module compiled then its presence in other
modules is silently ignored. Note that this option is redundant if Opti on Obj ect s is present.

Example

Option Objects

Option Library
Option Library "<object-library-filename>" Default: none

This option, which can only be used for native mode devices, specifies the name of an object library that
should be linked in when the executable is built. Typically, this directive will appear in a declarations file
that identifies the public entities contained in the library. If the specified filename does not have a path
prefix, it is assumed that the specified name is relative to the directory of the module containing the
directive.

This option may be used in multiple modules as needed.
Example

Option Library "nylib.a"

2.3.2 The Definitions Section

The definitions section of a ZBasic program may contain constant definitions, variable definitions,
subroutine definitions and function definitions. There may be any number of each of these types of
definitions and the definitions may occur in any order. It is a common practice, however, to place
constant and variable definitions at the top of the definitions section followed by subroutine and function
definitions. On the other hand, some programmers prefer to define the constants and variables closer to
the routine or routines that use them.

BasicX Compatibility Note

In BasicX mode, all variables and constants must be defined
before the first subroutine or function in a module.

Each of these program items may be defined to be Publ i ¢ or Pri vat e. A public item is visible to other
modules and may be referenced in the definitions contained in other modules. A private item is visible
only within the module in which it is defined. Generally speaking, unless there is a specific need for an
item to be public, it should be private. If you make something private and later decide that you need to
reference it in another module, it is a simple matter to change the definition from private to public.

Defining Constants
It is often convenient to define constants that can be used in other parts of the program. Doing so

generally helps clarify the purpose of the value, assuming a reasonably descriptive name is chosen, and
also facilitates easier maintenance and modification of the program.
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The syntax for defining a constant is as follows:

[Public | Private] Const <name> As <type> = <val ue>

If neither Publ i ¢ nor Pri vat e is specified, the constant will be private. The <nanme> must be a legal
identifier as described in Section 2.1. The <t ype> must be one of the fundamental data type names
described in Section 2.2 or an Enum type (described in Section 3.2). Lastly, the <val ue> element must
be value or an expression that has a constant value and is the same type as (or compatible with) the
specified <t ype>.

In many cases, the <val ue> will be a simple numeric literal like - 55 or 3. 14159. In the case of string
constants, it may be a literal string like " Hel | o, worl d!". However, it is sometimes convenient to
define a constant in terms of another constant. Consider the example below.

Private Const Pi as Single = 3.14159
Const TwoPi as Single = Pi * 2.0

You may also use certain System Library functions in the constant’s value expression. The restriction is
that the expression must be able to be evaluated at compile time.

Private Const Pi as Single = ACos(-1.0)
Private Const InitialValue as Single = Sin(Pi / 2.0)

The definition of the value of pi in the manner shown in the first example is useful because it results in the
maximum accuracy of the constant value.

String constants are sometimes useful as well.
Publ i ¢ Const VersionNumas String = "V1.0"
Publi ¢ Const VersionDate as String = "Cct 2005"

Public Const VersionStr as String = VersionNum & " " & VersionDate
Public Const VersionDateUC as String = UCase(Versi onDat e)

You may define multiple constants of the same or different types on the same line.

Const cl as Integer = 7, c2 as Single = 3el0

BasicX Compatibility Note

In BasicX mode, Unsi gnedl nt eger, Unsi gnedLong and St ri ng constants are
not supported. Also, constant expressions cannot utilize built-in functions.

Defining Variables

To define a variable at the module level (as opposed to within a subroutine or function, described later)
the syntax is:

{Public | Private | Dint <nane> As <type>

Di mhas exactly the same effect as Pri vat e, i.e., the variable will only be directly accessible to code
within the module.
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Examples

Dimival as Integer, pul seCount as Byte
Private busy as Bool ean

Dim nsg as String

The first example above shows two different variables being defined on the same line.

The initial value of a variable depends on its type and how it is defined. See Section 2.12 for information
on variable initialization.

Defining Arrays of Variables

Variables which hold a single value like those discussed above are called scalar variables. ZBasic also
supports arrays of variables. An array of a fundamental type may be defined using the syntax:

{Public | Private | Dint <name>(<di mspec-list>) As <type>

The <di m spec-1ist> is a list of up to 8 dimension specifications each separated from the next by a

comma. A dimension specification consists of a constant expression giving the upper bound of elements
along that dimension or two constant expressions separated by the keyword To specifying the lower

bound and upper bound, respectively, of the elements along that dimension.

When only the upper bound is given, the lower bound defaults to either zero or one depending on
whether or not an Opt i on Base directive is in effect or not. If no Opti on Base directive has been
specified, the lower bound is zero.

Note that in order to be passed as a parameter to a subroutine or function an array must have a lower
bound of 1. For this reason it is probably more common to define arrays with a lower bound of 1. Many
people find it easier to think about arrays this way as well. The default lower bound of zero is kept for
compatibility reasons.

Examples

Option Base 0
Dimival (5) as I|nteger

This defines an array of | nt eger values with 6 elements. The lower bound is zero and the upper bound
is 5.

Option Base 1
Dimival (5) as I|nteger

This defines an array of | nt eger values with 5 elements. The lower bound is 1 and the upper bound is
5. The lower bound may be explicitly specified as well. The second example below illustrates the use of a
negative value as one of the bounds. Note that the upper bound must be greater than or equal to the
lower bound.

Public pul seCount(1 to 6) as Byte
Private itenData(-3 to 45, 1 to 4) as Bool ean

You may also define an array of strings but only when Qpti on Al | ocStr is in effect as it is by default.

Dmnsg(l To 4) as String
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BasicX Compatibility Note

In BasicX mode, each array dimension must have at least two
elements. Also, arrays of type St ri ng are not supported.

There is no checking, either at compile time or at run time, for array index underflow or overflow. If you
write code that uses an index outside of the defined range of indices, the results are undefined.

Defining Subroutines

A subroutine is a collection of statements that can be executed by using the subroutine name in a Cal |
statement. The advantage of creating subroutines is that we can think of them as logical blocks instead
of thinking about all of the details that are dealt with by the statements within the subroutine.

A subroutine may be defined as taking zero or more parameters. If it has parameters defined, you must
supply a value for each of the parameters when you invoke the subroutine using the Cal | statement.
The syntax for defining a subroutine is shown below.

[Public | Private] Sub <name> ( [<paraneter-list>] )
[ <st at enent s>]
End Sub

If neither Publ i ¢ nor Pri vat e is specified, Publ i ¢ is assumed.

The <par amet er - | i st > consists of zero or more parameter specifications, each separated from the
next by a comma. Note that the parentheses are required even when there are no parameters. The
parameters given in the subroutine’s definition are called the “formal parameters”. The parameters that
appear in each invocation of the subroutine are referred to as the “actual parameters”.

The syntax for a formal parameter specification is:
[Byval | ByRef] <name> As <type>

The <nane> element is the name by which the passed parameter is known within the subroutine. The
<t ype> element is one of the fundamental types listed in the table in Section 2.2. You may also specify
a default value for a parameter, a topic that is discussed in more detail in Section 3.18.

The keywords ByVal and ByRef refer to the method by which the parameter is passed to the subroutine.
The keyword ByVal means that the parameter is passed to the subroutine “by value” while ByRef means
that the parameter is passed “by reference”. Each of these parameter passing conventions has its own
advantages and disadvantages and the full explanation of the difference between these two parameter
passing methods is given in Section 2.14. Suffice to say here that the primary difference is whether or
not the called subroutine is able to change the value of the passed parameter from the perspective of the
caller. Some variable types may be passed by one of the methods but not by the other. Again, see
Section 2.14 for complete details. The default passing convention, if neither ByVal nor ByRef is
specified, is ByRef .

To specify a formal parameter that is an array, simply add a set of parentheses following the parameter
name. For example,

Sub nySub(ByRef data() as Byte)
End Sub

Only one-dimensioned arrays whose lower bound is 1 may be passed as parameters and they must be

passed by reference. The upper bound is indeterminate — it is the responsibility of the programmer to
ensure that the subroutine does not access elements beyond the upper bound of the passed array.
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Often, programmers will include a parameter that specifies the upper bound so that the code may safely
operate with different sizes of arrays.

Sub nySub(ByRef data() as Byte, ByVal count as Byte)
End Sub

Lastly, the <st at enent s> element in the subroutine definition represents zero or more valid ZBasic
statements that are described in Section 2.5 of this manual.

Example
Private Const redLED as Byte = 25 ' define the pin for the red LED
Private Const grnLED as Byte = 26 ' define the pin for the green LED

Public Sub Main()
" configure the pins to be outputs, LEDs off
Call PutPin(redLed, zxCutputH gh)
Call PutPin(grnLed, zxCQutputH gh)

' alternately blink the LEDs

Do
' turn on the red LED
Call Blink(redLed)
" turn on the green LED
Call Blink(grnLed)
Loop
End Sub

Private Sub Blink(ByVal pin as Byte)
" turn on the LED connected to the specified pin for one half second
Call PutPin(pin, zxQutputlLow)
Call Delay(0.5)
Call PutPin(pin, zxQutputHi gh)
End Sub

In this program, we have factored out the code that turns an LED on and off into a subroutine named
Bl i nk() . Inthe definition of Bl i nk(), pi n is called the formal parameter. In Mai n() where Bl i nk()

is invoked, the parameters r edLed and gr nLed are the actual parameters.

By factoring out the code that was common to blinking the two LEDs we have simplified the program.
The details of how an LED is blinked are encapsulated in the definition of Bl i nk() . No longer does the
Mai n() subroutine need to know how to blink an LED; it just calls the subroutine to handle all of the
details of blinking an LED connected to a specific pin and provides the necessary data for Bl i nk() to do
the work. In this case, all that is needed is a pin humber.

If we wished to do so, we could add another parameter to the blink subroutine to specify how long we
want the LED illuminated.

Private Sub Blink(ByVal pin as Byte, ByVal duration as Single)
" turn on the LED connected to the specified pin for the tinme given
Call PutPin(pin, zxQutputlLow)
Cal | Del ay(duration)
Call PutPin(pin, zxQutputHi gh)
End Sub

With this definition, we would need to add a second actual parameter in each call. For example,

Call Blink(redLed, 0.5)
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It is recommended that you invoke subroutines as shown using the Cal | keyword as shown. However,
for compatibility with other Basic dialects it is also possible, although not recommended, to invoke a
subroutine by using its name as if it were a statement. If this is done, the actual parameters are not
allowed to have enclosing parentheses as illustrated below.

Blink redLed, 0.5

One powerful aspect of subroutines is that variables and constants may be defined within a subroutine
itself. When this is done, the variable or constant is private to the subroutine and cannot be directly
accessed from any other routine. Although it is common to place such definitions near the beginning of
the subroutine, the definitions may occur anywhere in the subroutine as long as they occur before their
first use.

Note that the normal execution sequence of a subroutine may be altered by using the Exi t Sub
statement. When this statement is executed, it causes control to return to the caller immediately
bypassing the remaining statements in the subroutine.

Defining Functions

A function is a collection of statements that can be executed by using the function name in place of a
value or in an expression. The advantage of creating functions is that we can think of them as logical
blocks instead of thinking about all of the details that are dealt with by the statements within the functions.

Like a subroutine, a function may have zero or more parameters defined. If it has parameters defined,
you must supply values for each of the parameters when you invoke the function.

The syntax for defining a function is very similar to that for defining a subroutine and is shown below.

[Public | Private]l Function <nane> ( [<paraneter-list>] ) As <type>
[ <st at enent s>]
End Functi on

The primary difference is the use of the keyword Funct i on in place of Sub and the specification of a
type for the value to be returned by the function. Like a subroutine, if neither Publ i ¢ nor Pri vat e is
specified, Publ i ¢ is assumed. The <par anet er -1 i st > syntax is identical to that for a subroutine.

Example
' conmpute the factorial of the value provided
Public Function Factorial (ByVal val as Long) As Long
Dim factVal as Long
factvVal =1
Do Wile (val > 1)
factVal = factval * val
val = val - 1
Loop
Factorial = factVal
End Functi on

This function implements a mathematical operation called factorial. The value of N factorial (usually
written N!) is the product of all the integers from 1 up to and including N. The value of 0! is, by definition,
1. The value of 3!is 6 and so on.

This example introduces a couple of statements that we haven't seen yet but they are fairly
straightforward. Notice that a variable named f act Val was defined within the function. This variable is
called a “local variable” and it is not visible to any code outside of the function. The other aspect of this
local variable that is different from variables defined at the module level is that this variable only takes up
space while the function is executing. When the function returns, the space used by the local variable is
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reclaimed by the system and can be used for other purposes. See Section 3.1 for more information on
the concepts of scope and lifetime of variables.

The second line of the function shows a value being assigned to the variable f act Val . Instead of using
the literal constant value as shown on the right hand side of the equal sign, we could just as well have
written an expression that involved several values (perhaps including function invocations) and operators
like addition, subtraction, multiplication, etc. This statement is known as an assignment statement and is
described in more detail in Section 2.5.1.

The third line of code illustrates a useful variation on the Do loop that we have already seen. In this case,
the Do has a condition associated with it. The condition is tested before every pass through the loop and
as long as the conditional expression evaluates to the Boolean value Tr ue, the statements within the
loop are executed again. In this case, the condition tests if the val parameter has a value greater than 1,
the statements in the loop will be executed. Otherwise, control will transfer to the first statement following
the Loop statement.

Within the loop, there are two more assignment statements, each of which has an expression on the right
hand side, the first involving multiplication and the second involving subtraction. The meaning of the
expressions should be self-evident.

The last statement of the function, just before the End Functi on, illustrates how the value to be
returned by the function is set. It is useful to think of there being a variable automatically defined that has
the same name as the function as well as the same type. We call this a return value variable. Within the
function, you can refer to the return value variable, in most cases, just as you would any other variable or
parameter. In the example above, instead of introducing a new variable f act Val , we could have instead
simply used the reference to the return value variable Fact ori al . The function’s code is re-written
below using this idea.

Function Factorial (Byval val as Long) As Long

Factorial =1

Do Wiile (val > 1)
Factorial = Factorial * val
val = val - 1

Loop

End Functi on

As with subroutines, variables and constants may be defined within a function. When this is done, the
variable or constant is private to the function and cannot be directly accessed from any other routine.
Although it is common to place such definitions near the beginning of the function, the definitions may
occur anywhere in the subroutine as long as they occur before their first use.

Note that the normal execution sequence of a function may be altered by using the Exi t Functi on
statement. When executed, this statement causes control to return to the caller immediately. Also, it is
important to know that the return value variable of a function is not automatically initialized. If your
function returns without having assigned a value to the return value variable, the return value will have an
undefined value.

Once a function is defined, it may be used anywhere a variable may be used, e.g. in an expression. One
exception is that a function name may not be used on the left hand side of an assignment.

Dim lval as Long
Ival = Factorial (4)

If a function is defined as taking zero parameters, it may be invoked by giving its name without the
parentheses following it. This form is supported for compatibility reasons but its use is discouraged. If
the parentheses are present a reader of the code knows immediately that it is a function invocation as
opposed to the use of a variable or constant.
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BasicX Compatibility Note

In BasicX compatibility mode, when a function is defined as returning
an Unsignedinteger or UnsignedLong type, the very first line of the
function must be a Set statement

2.4 Expressions

Expressions are an important part of most ZBasic programs. They provide the means by which your
programs implement the mathematical, logical and comparison operations necessary for your application.
Generally, anywhere a value may be used, an expression may be used as well. An expression consists
of one or more values, called operands, and one or more operators that indicate the function to perform
on the operands.

Example
b=b*5+ 3

In this assignment statement, the value being assigned to the variable b is an expression comprising
three operands and two operators. Some operators, like both of those in the expression above, are
called “binary operators” because they require two operands. Other operators require only one operand
and are called “unary operators”. The available operators and their characteristics are described in
subsequent sections.

ZBasic is a strongly typed language. This means that operands supplied for binary operators must
generally be of the same type. The only exception to this rule is the exponentiation operator which allows
a restricted mixing of types as described in Section 2.4.3.

The order of evaluation of the components of an expression is governed by operator precedence and
associativity as described in the next two sections. However, that order may be overridden by the use of
parentheses.

2.4.1 Operator Precedence

Consider again the example expressionb = b * 5 + 3. Each of the operators requires two operands
but it may not be immediately clear what the operands are in each case. It could be that the expression
above means to add 5 to 3 and then multiply the result by the value of b. On the other hand, it could
mean to multiply the value of b by 5 and then add 3 to the result. The property that dictates the order in
which operators are applied in this case is called “operator precedence”. An operator having higher
precedence has priority over an operator with lower precedence and is therefore applied first. The table
below depicts the precedence of ZBasic operators.

Operator Precedence
PrecedencelLevel Operators
11 (highest) A
10 +(unary) -(unary)
9 *
8 \
7 Mod
6 + -
5 &
4 = < > <= >= <>
3
2
1
0

Not
And

(lowest) Xor
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The actual precedence level values are of no particular significance. All that matters is whether the
precedence value of one operator is higher, equal to or lower than that of another operator. In the
example used above, since the multiplication operator has higher precedence than the addition operator,
the meaning of the expression is to multiply the value of the variable b by 5 and then add 3 to the result.
It happens in this case that the order of application of the operators is left to right but that is not always
the case. Consider this slightly different example:

b=Db+5*3

The meaning of this expression is to multiply 5 by 3 and then add the value of the variable b to the result.
The relative precedence level of the operators requires that they be applied in an order that is not left to
right.

BasicX Compatibility Note

In BasicX mode, a different operator precedence set is used, as shown in the
table below, in order to be compatible with BasicX.

Operator Precedence

PrecedenceLevel Operators

5 (highest) n

4 +(unary) -(unary)
3 Not

2 * / \ Modd And

1 + - O Xor &

0 (lowest) =< > <= >= <>

2.4.2 Operator Associativity

After studying the precedence table in the preceding section, the obvious question would be what
happens when two operators have the same precedence?

b=Db-5+3

In case of equal precedence, the operators are applied in the order dictated by the associativity of the
operator. Except for the exponentiation operator, all operators in ZBasic are left associative. This means
that given equal precedence operators they are applied in left to right order. Exponentiation is right
associative meaning that they will be applied in right to left order.

However, no matter what the precedence levels are you can force the operators to be applied in any
order that you wish by utilizing parentheses. Consider the two examples below.

b
b

(b -5) +3
b - (5 + 3)

The parentheses indicate that the expression within should be evaluated first after which the result may
be used as an operand in another operation.

2.4.3 Arithmetic Operators

The arithmetic operators are listed in the table below along with the permitted operand types. The result
is the same type as the operands.
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Arithmetic Operators

Function Type Operator Permitted Operand Types
Negation Unary - any numeric

Addition Binary + any numeric

Subtraction Binary - any numeric

Multiplication Binary * any numerict

Division, Integer Binary \ any integralt

Division, Real Binary / Singl e

Modulus Binary Mbd any numerict
Exponentiation Binary N any numeric?

Notes:

1 In BasicX mode, operating on Unsi gnedLong is not supported.
2 The result will be the same type as the left operand. In BasicX mode, the left
operand must be Si ngl e and the right operand must be either Si ngl e or | nt eger.

For Si ngl e operands, dividing by zero produces a special value indicating either positive or negative
infinity depending on the sign of the dividend. Dividing 0.0 by 0.0 produces a special value called NaN,
representing a value that is “Not a Number”. Similarly, performing the Mod operation with Si ngl e values
using a divisor of zero produces a NaN. For all other operand types the result of using a zero divisor for
either division or Mod is undefined. The System Library function SngCl ass() returns a value indicating
the general classification of a value of type Si ngl e. See the description of SngCl ass() in the System
Library Reference Manual for more information.

2.4.4 Logical Operators

The logical operators are listed in the table below along with the permitted operand types. The result is

the same type as the operand(s).

Logical Operators

Function

Logical AND (conjunction)
Bitwise AND

Logical OR (disjunction)
Bitwise OR

Logical XOR (exclusive disjunction)

Bitwise XOR
Logical Complement
Bitwise Complement

Type

Binary
Binary
Binary
Binary
Binary
Binary
Unary
Unary

Operator Permitted Operand Types
And Bool ean

And any integral*

O Bool ean

O any integral*

Xor Bool ean

Xor any integral*

Not Bool ean

Not any integral*

Notes:

LIfOption Strict is enabled, signed types are not allowed.

2.4.5 Comparison Operators

The comparison operators are listed in the table below along with the permitted operand types.

result type is Bool ean.

Comparison Operators

The

Function Type Operator Permitted Operand Types
Equality Binary = any

Inequality Binary <> any

Greater Than Binary > St ri ng or any numeric

Greater Than or Equal To Binary >= St ri ng or any numeric

Less Than Binary < St ri ng or any numeric

Less Than or Equal To Binary <= St ri ng or any numeric
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2.4.6 Miscellaneous Operators

The remaining operator to be described is the string concatenation operator, & Both operands must be
type St ri ng and the result will be type St ri ng. Note that the + operator may also be used for

concatenating strings. The sole difference between using & and using + is that the former supports
automatic value-to-string conversion while the latter does not.

2.4.7 No “Short Circuit” Evaluation

It is important to note that in ZBasic, as in most Basic dialects, every term in an expression is always
evaluated irrespective of the intermediate results. This is a technical detail that is significant only when
an expression contains function invocations and the act of invoking one or more of the functions involved
has “side effects” like modifying a global variable, modifying a parameter passed by reference, or
changing the state of the hardware. Consider the evaluation of the conditional expression in the | f
statement below when the value of the variable a is, say, 10.

If (a>3) O (foo() > 10) Then
[ ot her statenents]
End | f

When the expression on the left side of the Or operator is evaluated the result will be True. Because of
this fact we know that the resulting value of the entire conditional expression will also be True — nothing
on the right hand side can possibly affect the outcome. Nonetheless, the expression on the right hand
side of the Or operation will still be evaluated and thus the function f oo() will be invoked. Some other
computer languages, notably C/C++ and Java, implement the concept of “short circuit evaluation”. In
those languages, the evaluation of an expression stops as soon as the result is known. If that were the
case here, the right hand side of the Or expression would not be evaluated and, hence, the function

f oo() would not be invoked. To reiterate, ZBasic does not implement short circuit evaluation.

2.5 Statements

Within a subroutine or function you can define variables and use statements to implement the logic
required for the functionality of the routine. This section describes the types of statements available.
ZBasic statements may be divided into two general categories: simple and compound. An example of a
simple statement is the assignment statement where the entire statement is expressed on one line
(ignoring possible line continuations). In contrast, a compound statement comprises two or more lines
and may contain other statements within it. In many respects, it is convenient to think of a compound
statement as if it were a single statement even though it may have many constituent statements.

2.5.1 Assignment Statement

The assignment statement is perhaps the most basic and most often used statement in a program. The
syntax of an assignment statement is shown below in two forms, one for assigning a value to a scalar
variable and one for assigning a value to an array element.

<var-name> = <val ue>
<var-name>( <index-list>) = <value>

In both cases, the <val ue> element may be a simple value or a complex expression involving one or
more other variables, constants, functions, etc. However, the type of <val ue> must match the type of
the variable or array element to which it is being assigned. There is no automatic type conversion.

When assigning a value to an array element, you must specify the index or indices of the particular
element of interest. For a single-dimensional array, you will specify a single value for the index of the
desired element. For multi-dimensional arrays, you must specify a value for each of the indices
separated from one another by a comma.
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Example

Dimi as Integer

Dmia(l to 5) as Integer
Dimboard(1l to 12, 1 to 12) as Byte
i =2

ia(i) = (ia(3) +2)/ 4

board(i, 6) = CByte(ia(2))

2.5.2 Call Statement

The Call statement is used to invoke a subroutine. The syntax is:

Cal | <subroutine-name> ( [<paraneter-list>] )

The optional <par anet er - | i st > must contain the proper number of parameters each of the correct

type for the subroutine being invoked. If more than one parameter is given each parameter must be
separated from the next by a comma.

When this statement is executed the supplied parameters, if any, are pushed on the stack and control is
transferred to the first statement of the subroutine. When the subroutine finishes executing control
resumes with statement following the Call statement.

Although not recommended, for compatibility with other Basic dialects it is permissible to omit the Call
keyword. If this is done the parentheses surrounding the parameter list must also be omitted. Note,

particularly, the third example below that seems to violate this rule. However, it does not because a
parenthesized expression is, in fact, an expression.

Examples
Call PutPin(l1l2, 0)

PutPin 12, 0
Delay (1.0)

2.5.3 CallTask Statement

The CallTask statement is used to start a task. See Section 3.5 for more information on using tasks. The
basic syntax to invoke a task is:

Cal | Task <task-name>, <task-stack>

In this case, the <t ask- name> element must be the name of a user-defined subroutine (usually one that
takes no parameters). The <t ask- st ack> must be the name of a Byte array that will serve as the stack
for the task. For compatibility with BasicX, the <task-name> may be enclosed in quote marks.

Example

Dmtsl(1l to 40) as Byte

Cal | Task taskl, tsl

A task may also be passed parameters when it is invoked. The syntax for doing so is similar to that for
invoking a subroutine that requires parameters.

Cal | Task <task-name>( <paraneter-list> ), <task-stack>
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See the discussion of the CallTask statement in the ZBasic System Library Reference manual for more
details on the allowed parameter types. This syntax is not supported in BasicX compatibility mode.

Example
Dmtsl(1l to 40) as Byte

Cal | Task task1l(&H100), tsi1

For advanced users, the task stack may also be specified by giving its address explicitly. This topic is
discussed in section 3.5.1, Advanced Multi-tasking Options.

2.5.4 Console.Writeand Console.WriteLine Statements

These statements (with a syntax more akin to object-oriented methods) are similar to Debug. Pri nt but

they are limited to displaying one string at a time. They are supported for compatibility with Visual Basic.
The syntax of the statements is:

Consol e. Wite( <string-expression> )
Consol e. Wi teLi ne( <string-expression> )

The difference between these two statements is that the latter also outputs a carriage return/line feed
following the string while the former does not.

Examples

Dimi as Integer
Dms as String

Console. WiteLine(Cstr(i))

Consol e. WiteLine("i =" & CStr(i))
Console. Wite("s = ")

Consol e. WiteLine(s)

Consol e. WiteLine("")

This sequence of statements is written to produce exactly the same result as the sequence of

Debug. Pri nt statements above. Note how the string concatenation operation is used in the second
Consol e. Wi t eLi ne() invocation to produce a single string. In the final example, an empty string is
output followed by a carriage return/line feed.

Note that there are counterparts to these statements called Console.Read and Console.ReadLine that
allow you to retrieve data from the Com1 serial port. However, these are technically functions (since they
both return a value) and are therefore not described here. See the ZBasic System Library Reference
manual for information on these functions.

2.5.5 Debug.Print Statement

One technique for debugging a program is called “print statement debugging”. The idea is that to
determine how your program is executing you insert statements into the program that display the values
of important variables or simply display a distinctive message so that you know what the program is

doing. Debug. Pri nt is a special statement intended just for this purpose. The syntax is:

Debug. Print [<string-list>][;]
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The <string-1ist> element represents zero or more string expressions separated from one another
by a semicolon. Each of the string expressions is evaluated in turn, from left to right, and the string result
of each is output to Com1. If the optional trailing semicolon is omitted, a carriage return/line feed will also
be output so that the next time something is output to Com1 it will appear on a new line. If you don’t want
the subsequent output to be on a new line, simply add the semicolon at the end of the list. This is often
done when you need to compute several different values to output. You can use a separate

Debug. Pri nt statement for each value and keep them all on the same output line by ending all but the
last with a semicolon. It is permitted, syntactically, to specify an empty string list but still include the
trailing semicolon. However, this construction does nothing.

Note that each of the items to be displayed must be a string. You can use the CSt r () function to
produce a string from any value.

Examples

Dimi as Integer
Dims as String

Debug. Print CStr (i)

Debug. Print "i " CStr(i)
Debug. Print "s "
Debug. Print s
Debug. Pri nt

The last example, with an empty <stri ng- | i st > and no trailing semicolon, will simply send a carriage-
return/linefeed to Com1.

The unusual form of Debug.Print is due to its heritage from Visual Basic. It should probably be called the
Print method of the system Debug object but it even departs from the traditional syntax of the methods
that are part of object-oriented languages. Nonetheless, it is included for compatibility as well as its utility.

2.5.6 Do-Loop Statement and Variants

This compound statement, briefly mentioned earlier in this document, is the basic repetition construct in
ZBasic. The syntax is:

Do
[ <st at enent s>]
Loop

This construct causes the sequence of zero or more statements to be repeatedly executed. However,
execution of the loop may be terminated using an Exi t Do statement at which point control will transfer
to the first statement following the Loop statement. Note that the Do- Loop compound statement may be
nested and the Exi t Do only terminates the innermost Do- Loop that contains it.

Example
Do
<ot her - st at enent s>
Do
<ot her - st at enent s>
If (i >5) Then
<ot her - st at enent s>
Exit Do
End | f
Loop
<ot her - st at enent s>
Loop
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Here, the Exi t Do only terminates the inner Do-Loop; the outer one continues to iterate.

There are four other variations on this basic looping concept, all of which involve a condition for
continuing the iteration. The syntax of the four variations is as follows:

Do Wil e <bool ean- expressi on>
[ <st at enent s>]
Loop

Do Until <bool ean-expression>
[ <st at enent s>]
Loop

Do
[ <st at enent s>]
Loop Wil e <bool ean-expressi on>

Do
[ <st at enent s>]
Loop Until <bool ean-expression>

As you can see, the difference between the four variations is whether the test is at the top of the loop or
at the bottom of the loop and, secondly, the logic sense of the condition. Testing the condition at the top
of the loop means that the statements within the loop may be executed zero or more times. Testing the
condition at the bottom of the loop means that the statements will always be executed at least once.

The difference between using While and Until is nothing more than a logic inversion. The construct Do
Wil e Not <bool ean-expressi on> is logically equivalentto Do Until <bool ean-expressi on>,

There is no fixed limit on how deeply Do loops may be nested. The actual limit is governed by how much
memory is available to the compiler. For all practical purposes, there is no limit.

BasicX Compatibility Note

In BasicX mode, the nesting of Do loops is limited to 10 for compatibility.

2.5.7 Exit Statement

The Exit statement allows you to terminate the execution of a loop, a function or a subroutine earlier than
it otherwise would. This is most commonly used when a condition is detected by the code that prevents
further normal processing. The syntax for the Exit statement is:

Exit <exit-type>

The <exi t -t ype> element may be Do, For, Sub or Funct i on but the use of each is restricted to use
within a Do-Loop, For-Next, subroutine and function, respectively. Any other use will result in a compiler
error.

Example

Do
<ot her - st at ement s>
If (i > 5) Then
Exit Do
End | f
<ot her - st at ement s>
Loop
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When an Exi t Do is executed within nested Do-Loop statements only the innermost Do-Loop that

contains the exit statement will be terminated. Control will be transferred to the first statement following
the terminated Do-Loop. The same idea applies to an Exi t For within nested For-Next statements.

2.5.8 For-Next Statement

The For-Next compound statement is another form of looping that provides controlled iteration using a
loop index variable. The syntax for a For-Next loop is:

For <var> = <start-expr> To <end-expr> [ Step <step-expr> ]
[ <st at enent s>]
Next [ <var> ]

The <var > element, referred to as the loop index variable, must refer to a previously defined scalar
variable (i.e. not an array element) that is either a numeric type or an enumeration type. The <start -
expr >, <end- expr > and optional <st ep- expr > elements must all be the same type as the loop index
variable.

Example

Dimi as Integer
For i =1 To 10

Debug. Print CStr(i)
Next i

When the For statement begins execution, the <st ar t - expr > is evaluated and the resulting value is
assigned to the loop index variable. Then, before executing any statements contained within the body of
the For-Next statement, the <end- expr > is evaluated and the value of loop index variable is compared
to that value. If the value of the loop index variable is less than or equal to the value of the <end- expr >
the statements within the body of the For-Next are executed. This is called the “loop entry test” because
it controls whether or not the loop statements are executed.

At the bottom of the loop, marked by the Next statement, the loop index variable is modified in
preparation for the next iteration of the For-Next loop. If the optional St ep <st ep- expr > is present its
value is added to the loop index variable, otherwise the loop index variable is simply augmented by 1.
Then control is transferred back to the top of the loop where the loop entry test is performed again.

The logic of the For loop in the example above may be exactly duplicated using other statements as
illustrated below. You can see that the For loop allows you to express the same logic more concisely.

Dimi as Integer

1

While (i <= 10)
Debug. Print Cstr (i)
i =i +1

Loop

[
Do

There are several things to note about the For-Next loop. Firstly, it is important to be aware that although
the values of the <end- expr > and <st ep- expr > elements are used multiple times, the expressions are
only evaluated once, when the execution of the For-Next begins. This distinction is only important, of
course, if these expressions contain references to other variables that might be modified during loop
execution or if they involve function calls. Secondly, because the loop entry test checks to see if the loop
index variable is less than or equal to the <end- expr > you must choose a data type for the loop index
variable that is capable of representing a value that is greater than the value of the <end- expr> .
Otherwise, the loop entry test will always be true. Consider this errant example:
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Dimi as Byte

For i = 0 to 255
<st at ement s>

Next i

This loop will never terminate because the value of i is always less than or equal to 255 since it is a
Byt e type. Where possible, the compiler will issue a warning if it detects these problematic conditions.
Even so, you should develop the habit of considering this potential problem every time you code a For-
Next loop.

The third important aspect of the For-Next statement is that if the <st ep- expr > evaluates to a negative
value, the sense of the loop entry test changes. In this case, the loop index variable is tested to see if it is
greater than or equal to the <end- expr > and, if so, the statements of the loop are executed. Also, in this
case the caveat noted above about the range of the loop index variable changes. The loop index variable
must be capable of representing a value that is less than the value of the <end- expr >, When a For loop
is used with an unsigned data type, the step value is considered to be negative if the most significant bit
of the value is a 1.

One other note: it is permissible for the <st ep- expr > to evaluate to zero. This will cause the For loop to
execute indefinitely. The For-Next loop may be terminated at any time by using the Exi t For
statement.

The presence of the <var > on the Next statement is optional. However, if it is present, it must match the
name of the loop index variable of the For loop with which it is associated. There is no fixed limit on how
deeply For-Next loops may be nested. The actual limit is governed by how much memory is available to
the compiler. For all practical purposes, there is no limit.

BasicX Compatibility Note

In BasicX mode, the For-Next statement is much more restrictive. The loop index variable must be
a scalar integral type and must also be a local variable. Referring to the loop index variable in a
Next statement is not supported. The <st ep- expr > is restricted to a constant expression that
evaluates at compile time to either 1 or —1. Lastly, For-Next loops may be nested to a maximum
depth of 10 for compatibility.

When Option Strict is enabled, there are additional restrictions that apply. Firstly, the loop index
variable must be local to the routine; it cannot be defined at the module level. Secondly, the loop index
variable is not allowed to be used or modified outside of the For-Next loop except that it can be used as
the loop index variable in a subsequent For-Next loop. Thirdly, inside the For-Next loop the loop index
variable is read-only. Any attempt to modify the loop index variable, or pass it by reference to another
routine will result in an error message from the compiler.

One final note: although loop index variables of type Si ngl e are allowed, some experienced

programmers advise against doing so. This is due to the fact that not all real numbers can be exactly
represented as a Si ngl e value. Consequently, using a Si ngl e loop index variable may not produce the

expected results. It is often better to use an integral loop index variable along with an auxiliary real
variable to accomplish the desired objective.

2.5.9 Goto Statement

The Goto statement allows you to transfer control to a specific point in the sequence of statements that
comprise a subroutine or function. The point to which control is transferred is marked by a label
statement. The label statement is simply an identifier followed by a colon appearing on a line by itself
(except that it may be followed by a comment).

Because it interferes with the normal program flow, the Goto statement can be overused resulting in a
program that is difficult to understand and, therefore, difficult to maintain. Some programmers believe
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that a Goto statement should never be used. Others believe that it is acceptable to use a Goto but only if
the alternative code structure is even less palatable. The latter strategy is probably the best to adopt.

Example

Got o doCx her St uf f
<ot her - st at ement s>

doOx her St uf f:
<ot her - st at ement s>

2.5.10 If-Then-Else Statement

The if-then-else compound statement is the basic decision making construct in ZBasic. In its simplest
form, the syntax is:

| f <bool ean-expressi on> Then
<st at ement s>
End |If

The <bool ean- expr essi on> element is an expression whose value is of type Bool ean. It most often
involves one of the conditional operators that allow you to compare the values of two expressions but it
may also simply be the invocation of a function whose return type is Bool ean.

The <st at enent s> element represents zero or more ZBasic statements possibly including other If
statements. This allows you to create nested decision-making statements of arbitrary complexity.

Although the construction described above is useful, it is often the case that you want your program to
execute a certain set of statements if a condition is true but you want it to execute a different set of
statements if the condition is false. The If statement allows this logic using the syntax shown below.

| f <bool ean- expressi on> Then
<st at ement s>

El se
<st at enent s>

End |f

Sometimes you’'ll want to test several different conditions and execute a different set of statements in
each case. The If statement allows this logic using the following syntax:

| f <bool ean- expressi on> Then
<st at ement s>

El sel f <bool ean-expressi on> Then
<st at enent s>

El se
<st at enent s>

End |f

The El sel f portion of the statement, including the associated statements, may occur zero or more
times. The El se portion of the statement, along with its associated statements, may occur zero or one

times. Note that the logic of the If-Then-Else statement is designed so that at most one set of statements
gets executed. This construct represents a series of tests that are performed sequentially. The first such
test that produces a Boolean Tr ue result will cause the statements associated with that test to be

executed. If none of the tests produce a Tr ue result and an El se clause exists, the statements
associated with the El se will be executed. In all cases, after the set of statements is executed, control
transfers to the first statement following the End | f.

If the same expression is being repeatedly tested against different values, it is more efficient to use the
Select-Case statement described in Section 2.5.12.
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Examples

If (i > 3) Then

Call PutPin(12, zxQutputLow)
El se

j =55

Call PutPin(12, zxCQutputH gh)
End | f

If i > 3 Then

Call PutPin(12, zxQutputLow)
El self (i > 0) Then

j =0
El se

j =55

Call PutPin(12, zxCQutputH gh)
End |f

Note that the conditional expression is not required to be enclosed in parentheses. Many programmers
are accustomed to other languages where they are required and therefore do so out of habit. Others
believe that the parentheses improve the readability and use them for that reason. You're free to adopt
whichever practice suits you.

One other comment on style is in regard to indentation. The examples used in this document indent the
statements within compound statements like If-Then-Else in order to improve readability. The compiler
ignores spaces and tabs except to the extent that they separate identifiers, keywords, etc. You're free to
adopt any indentation style that you deem appropriate.

There is no fixed limit on how deeply If-Then statements may be nested. The actual limit is governed by
how much memory is available to the compiler. For all practical purposes, there is no limit.

2.5.11 Single-line If-Then Statement

Sometimes, it is convenient to express conditional logic concisely using a single-line If statement. The
form is similar to the multi-line form except that the El se | f clause is not supported and there is no End
| f. The syntax of a single-line If statement is:

| f <bool ean-expression> Then <statement> [ El se <statenent> ]

The <bool ean- expr essi on> element is the same as described in the previous section. The

<st at ement > element represents one ZBasic statement such as an assignment statement or a Call
statement. Note, that it is permissible to for <st at enent > to be multiple statements each separated
from the next by a colon. Moreover, the line continuation character may be used to distribute the

<st at ement > over multiple lines.

Examples

If (a > b) Then a b

If (a>Db) Then a = b Else b = 10

If flag Then fl ag Fal se : Call My/Sub(25)

BasicX Compatibility Note

The single-line If statement is not supported in BasicX compatibility mode.
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2.5.12 Select-Case Statement

The Select-Case compound statement is a multi-way branch statement that can be used in place of an If-
Then-Elself chain is certain situations. The syntax is shown below.

Sel ect Case <test-expr>

Case <case-expr-list>
[ <st at enent s>]

Case El se

[ <st at enent s>]
End Sel ect

The <t est - expr > element, known as the selection expression, gives a value that will be tested against
the value(s) given in zero or more standard case clauses. Each standard case clause begins with the
word Case and is followed by a list of one or more expressions, each of which must evaluate to the same
type as <t est - expr >. If multiple expressions are given, they must be separated from one another by a
comma. The remainder of the case clause consists of zero or more ZBasic statements. The type of the
selection expression may be Bool ean, an enumeration, any numeric type or Stri ng.  The practical
value of using a Bool ean type is somewhat limited, however — it's simpler to just use an If-Then
statement.

There may be at most one default case clause introduced by the keywords Case El se. The remainder

of the default case clause consists of zero or more ZBasic statements. If the default case clause is
present, it must be the final case clause.

The Select-Case statement executes by first evaluating the <t est - expr >. Then the resulting value is
compared with the value of each of the expressions in the <case- expr -1 i st > of the first standard case
clause, if present. The evaluation of the case expressions and the comparison with the test value is done
in order, left to right. As soon a case expression is found whose value is equal to the test value, the
statements associated with that case clause are executed and then control transfers to the first statement
following the End Sel ect . If none of the expressions in the first case clause match the <t est - expr >
value, the process is repeated with the second standard case clause and so on until all of the standard
case clauses have been tested. When all of the standard case clauses have been tested without finding
a matching expression value, if a default case clause exists the statements associated with it are
executed.

There are two special forms of case expressions that may be used in the <case-expr-1ist>ofa
standard case clause. The first special form is the range expression. This takes the form of two
expressions separated by the keyword To. Both expressions must evaluate to the same type as <t est -
expr>. The <t est - expr > value will be deemed to select the case clause if the value is greater than or
equal to the value of the expression to the left of the To keyword and less than or equal to the value of the
expression to the right of the To keyword. Effectively, the range expression specifies an inclusive range.

The second special form may be used to implement special test conditions. It has the syntax:

| s <conditional - operator> <expression>

The <condi ti onal - oper at or > element may be any one of the six conditional operators: =, <>, <, <=,
>, and >=. The <expr essi on> element must be an expression that evaluates to the same type as the
<t est - expr>. Note that the construction | s = <expr > yields the same result as simply specifying the
expression value alone.

There is no fixed limit on how deeply Select-Case statements may be nested. The actual limit is
governed by how much memory is available to the compiler. For all practical purposes, there is no limit.

Example

Select Case i * |j
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Case 3
j =5
Call PutPin(1l2, zxQutputLow)

Case 4, 5 To 20, 27
j =1
Call PutPin(13, zxQutputLow)

Case 3, 100, Is > 200, |
i =0

Case El se
j =-1
End Sel ect

In the example above, if the selection expression evaluates to 3 the statements of the first case clause
will be executed. The fact that the third case clause also has a case value of 3 is of no consequence.
Also note that the case expressions are evaluated every time they are tested. This fact must be kept in
mind for two reasons. Firstly, if the case expression contains a variable whose value changes between
successive executions of the Select-Case statement (a situation that is strongly discouraged), the case
clause that is selected may change even if the selection expression value does not change. Secondly, if
any of the case clause expressions involves a function call, the function may or may not be invoked
depending on the value of the selection expression and the values of the various expressions in the case
clauses preceding it.

BasicX Compatibility Note

In BasicX mode, the use of St ri ng and Si ngl e types is not supported nor is the construction
I s <op> <expr>. Moreover, there must be at least one standard case clause.

2.5.13 Set Statement

This statement is only allowed as the first statement of a function that returns an Unsi gnedl nt eger or
Unsi gnedLong type. It must precede all other statements and variable definitions. It is supported for
compatibility with BasicX and is required in BasicX compatibility mode but it is otherwise ignored. The
syntax is shown below.

Set <function-nane> = New <type>

The <f unct i on- name> element must match the name of the function containing the Set statement and
the <t ype> must match the function’s type.

Example

Function nyFunc() as Unsi gnedl nt eger
Set nyFunc = New Unsi gnedl nt eger

Dim 1 as Integer

<ot her - st at ement s>
End Functi on

2.5.14 While-Wend Statement

For compatibility with other dialects of Basic, ZBasic includes support for an alternative to the Do While —
Loop construct. The syntax is:
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VWi | e <bool ean- expressi on>
[ <st at enent s>]
Wend

Note that this compound statement is logically equivalent to the Do While variation of the Do-Loop
statement. The one difference is that Exi t Do cannot be used to terminate a While-Wend statement.

BasicX Compatibility Note

In BasicX mode, the While-Wend statement is not supported.

2.5.15 With Statement

The With statement allows you to use a shorthand notation to refer to some objects. The syntax for the
With statement is:

Wth <prefix>
<ot her - st at ement s>
End Wth

Between, the Wt h and End Wt h statements, any reference to an identifier that begins with a period will
be treated as if it had the series of characters identified by <pr ef i x> immediately preceding the period.

Example

tick = Register.RTCTick ' the |ong way

Wth Register
<ot her - st at enent s>
tick = .RTCTick ' the short way, inplies Register.RTCTick
<ot her - st at enent s>

End Wth

Note that the entire construct, from W t h to End W't h, is treated much like a compound statement in

that it cannot be split across other statement boundaries. It is important to note, however, that this is not
a true compound statement with block scoping. Variables and constants defined within a With block are
visible to statements that follow it.

In addition to Regi st er, other useful <pr ef i x> designations are Consol e, Debug, Opt i on, Ver si on
and Modul e. Also, the <pr ef i x> may specify a portion of a structure member reference, allowing
shorthand access to structure members. See Section 3.25 for more information on using structures.

BasicX Compatibility Note

In BasicX compatibility mode, only Wt h Regi st er is supported.

2.6 Literals

Boolean, numeric and string constant values are often used in programming. These are called literals
because the represent the literal value of the number or string that you have in mind as opposed to a
variable whose value may change over time.
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2.6.1 Boolean Literals

Boolean literals are the keywords t r ue and f al se, in upper, lower or mixed case. These literals are of
type Bool ean.

2.6.2 Numeric Literals - Integral Values

A decimal integral numeric literal consists of decimal digits optionally with a leading plus or minus sign to
indicate a positive or negative literal value.

Integral literals may be specified in hexadecimal (base 16) by beginning the literal with an ampersand and
the letter H (upper or lower case) followed by one or more hexadecimal digits (0-9, A-F, a-f). In BasicX
compatibility mode, a trailing ampersand is either allowed, required or disallowed depending on the
specific value and whether or not Strict mode is enabled. In native ZBasic mode the trailing ampersandis
always allowed, is never required and has no effect whatsoever on the resulting value.

Integral literals may also be specified in binary (base 2) by beginning the literal with an ampersand and
the letter B (upper or lower case) followed by one or more binary digits (0-1). To improve readability, you
may also include one or more underscores within the digit string provided that each underscore occurs
between two digits. For compatibility with other Basic dialects, an upper or lower case X may be used in
place of the radix indicator B. Binary literals are not supported in BasicX compatibility mode.

Examples of decimal, hexadecimal and binary integral literals:
124

+16

- 357

&HabCd

&HB000&

&B0010_0011

2.6.3 Numeric Literals - Real Values

A real numeric literal consists of one or more decimal digits, optionally with a leading plus or minus sign,
followed by either a decimal point and one or more decimal digits or the letter E followed by one or more
decimal digits also optionally prefixed by a plus or minus sign. If the fractional part is present, it may also
be followed by an exponent specification. For compatibility with other Basic dialects, a literal that would
otherwise be an integral literal will be interpreted as a real literal if it is immediately followed by an
exclamation mark. Real literals have the type Si ngl e.

Examples of real literals:
3. 14159

+6. 02e23

3el0

- 300!

BasicX Compatibility Note

In BasicX compatibility mode, real literals must either contain a decimal point or have a type
designation suffix ! or # to force them to be recognized as type Single. A literal like 12e2
represents the integer value 1200.
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2.6.4 String Literals

A string literal consists of zero or more characters enclosed in quotation marks. Note that a string may
not be continued on the next line by ending the first line with an underscore. However, you may use the
concatenation operator in conjunction with the underscore continuation to span line boundaries. The
compiler will combine the operands to the concatenation operator as long as they are both string
constants. String literals have the type Stri ng.

Examples of String Literals:

"Hell o, world!"

"The quick brown fox" & _

" junped over the lazy dog."
"Hello, ""Joe""!"

The third and fourth lines above show how to use the concatenation operator and line continuation to
construct longer strings. Note that the underscore must be the last character on the line and that there
must be a space or tab character preceding it. The last example shows how to include a quotation mark
within a string literal. Two consecutive quote marks are reduced to one in the actual string. If you want
two adjacent quote marks in the string, you'll have to double each of them.

2.6.5 Built-in Binary Constants

Although they are technically not numeric literals, ZBasic provides some built-in Byt e constants that
serve the same purpose. The constants begin with the letters BX and are followed by exactly 8 binary
digits (0-1). There may be an underscore between any pair of binary digits to enhance readability. These
constants are of type Byt e and may only be used where a Byt e type is allowed. These built-in constants
are supported for compatibility with BasicX. It is recommended that new applications use binary literals
(described in Section 2.6.2) since they are more generally useful.

Examples

Bx0100_ 1101
BX01 00 _11 01

2.7 Comments

Comments may be placed on a line by themselves or at the end of a line containing other program text.
A comment begins with an apostrophe and continues to the end of the line. A comment may be
continued on the next line in the manner described in Section 2.8.

Note: The BasicX compiler does not allow comments to be continued but Visual Basic does. ZBasic
allows comment continuation both in native mode and in BasicX compatibility mode.

Examples
"This is a conment.
= 23 ' this is a comment, too

a =
b = 55 ' and because this coment ends with an underscore _
it continues on the next |ine

2.8 Line Continuation and Multiple Statements Per Line

A statement may continued across multiple lines by ending each line except that last with an underscore
preceded by at least one space or tab character. Except for spaces, tabs and/or a comment, no
characters other than end-of-line characters may follow the underscore for it to be considered a line
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continuation character. The maximum aggregate size of a line, whether continued across multiple lines
or not, is 1000 characters.

In the example below the beginning of the If statement is continued to the following line. This is often
useful to help make more complex expressions more readable.

Example
If (GetPin(20) = 1) And _
(CGetPin(12) = 0) Then

Call PutPin(5, 0)
End |f

While the line continuation capability allows you to create statements that span multiple lines, it is
sometimes convenient to place multiple statements on one line. In ZBasic, as in many other Basic
dialects, you may accomplish this by using a colon to separate each pair of statements on the line.

Example

Dimi as Integer
Dimj as Integer, k as Byte

2.9 Persistent Variables

You may define variables that are stored in the processor’s internal EEPROM, referred to in this
document as Persistent Memory. It is called persistent because the values that you store there are
retained even if the system is powered down or reset. This characteristic makes persistent variables
useful for storing configuration information for your application and other similar information that your
application needs to be preserved.

A persistent variable is defined at the module level using the syntax:
{Public | Private | Din} <nanme> as Persistent <type>

Using the keyword Di mhas the same effect as using Pri vat e. Within a subroutine or function, a
persistent variable is defined using the syntax.

Di m <name> as Persistent <type>

In both cases, the <t ype> element may be any numeric type (e.g. Byte, Integral, Single, etc.), Boolean or

a user-defined type (structure or enumeration). A persistent string must be defined using the bounded
string syntax (Section 2.11.1), i.e.

Di m <nanme> as Persistent BoundedString(<size-expr>)

The <si ze- expr > element must be a constant integral expression that specifies the number of bytes to
reserve for the persistent string’s characters.

Examples

Di m kbdAtt ached as Persi stent Bool ean
Private signOnMsg as BoundedStri ng(25)

It is important to note that the implementation of the PersistentString type is identical to that of the
BoundedString type and is therefore not protected from overwriting the boundaries of the data item. To
protect against overwriting, it is advisable to explicitly limit the size of the string to be written.
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Arrays of persistent variables may be defined as well. To do so, simply add the array dimension list to the
variable name in the same manner as for regular variables. If no lower bound is specified, the default
array base applies.

Example
Dimfreq(l to 10) as Persistentlnteger

It is important to note that persistent variables are not initialized by the system. They have values based
on whatever data happens to be at the Persistent Memory address to which they are assigned. The
compiler assigns Persistent Memory addresses in the order that modules are compiled and, within
modules, in the order the variables are defined.

To avoid problems of unexpected address order changes, it is highly recommended that all persistent
variables be defined in a single module. Also, it is recommended when you add more persistent variables
to an existing application that you add them following the definitions of the previously existing persistent
variables. Deleting persistent variables or inserting new persistent variables in the midst of existing ones
may cause problems because it will change the address to which subsequent variables are assigned.

You'll probably want to build into your application a way to initialize all of your persistent variables to a
known state. This initialization only needs to be done once, when the application is first installed (the

Fi rst Ti me() function may be useful for this purpose). It may also be useful, however, to be able to do
this at other times as well. Another useful technique is to include a persistent variable whose only
purpose is to indicate that the persistent variables have been properly initialized. For this to work, you
would need to choose a value that is unlikely to otherwise occur. It may even be advisable to place such
a “sentinel” variable at both the beginning and the end of the group of persistent variables, decreasing the
likelihood of false positive or false negative indications.

Persistent variables have an associated property named Dat aAddr ess. The value of this property is the
address of the data item in Persistent Memory. The type of the property is Unsi gnedl nt eger for
compatibility with the Per si st ent Peek() subroutine.

Example

Dmfreq(l to 10) as Persistentlnteger
Di m addr as Unsi gnedl nt eger

addr = freq. Dat aAddress

It is possible, also, to use the Dat aAddr ess property to get the address of an element of a persistent
array. To accomplish this, simply add parentheses following the property name and specify the index or
indices of the item of interest. The example below will result in addr having the PersistentMemory

address of the fourth data value of the freq() array.
addr = freq(4).Dat aAddress

Persistent structures may also be defined, see Section 3.25 for more details. A Persistent variable may
also be defined using Based keyword, see Section 3.21 for more details.

For compatibility with BasicX, an alternate syntax is also supported for defining persistent variables as
shown below.

{Public | Private | Dint <name> as [New] <persistent-type>
Caution: although Persistent Memory data items can be modified, the memory in which they are stored
has a write cycle limit of approximately a million writes. Writing to a particular address in excess of this

limit may cause the memory to become unreliable. Also, writing to Persistent Memory is much slower
than writing to RAM-based variables.
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The keyword New is optional except in BasicX compatibility mode when it is required. The
<per si st ent -t ype> element specifies the type of persistent variable being defined and may be one of
the following special types:

Per si st ent Bool ean Per si stent Byte
Per si st ent | nt eger Per si st ent Long
Per si st ent Si ngl e

BasicX Compatibility Note

In BasicX mode, all persistent variables must be defined at the module level and neither
arrays nor structures of persistent variables are supported. Also, the Dat aAddr ess

property cannot be used to determine the address of a persistent variable.

2.10 Program Memory Data Items

It is often useful to have available initialized arrays of data that are stored in Program Memory. This is
advantageous for two reasons. Firstly, you don’t need run-time code to initialize the arrays and,
secondly, you don't use up the more scarce RAM space for data that seldom, if ever, changes.

You define an initialized Program Memory data item in a manner similar to the way that you define RAM-
based data items. There are two differences, however. Firstly, you need to specify a data source from
which the array is initialized. Secondly, you don’t explicitly specify the array dimensions. Instead, the
dimensions are deduced from the content of the initialization data and the lower bound of each index is
always 1. The definition syntax for a Program Memory data item is:

{Public | Private | Dint <name> as [New] <progmemtype>(<init-data>)

For Program Memory data items defined within a subroutine or function, the Public and Private keywords
are disallowed because they would serve no useful purpose.

The supported <pr ognemt ype> items are:

One-dimensional types (vector types):

Byt eVect or Dat a Byt eVect or Dat aRW

I nt eger Vect or Dat a I nt eger Vect or Dat aRW
LongVect or Dat a LongVect or Dat aRW

Si ngl eVect or Dat a Si ngl eVect or Dat aRW

Stri ngVect or Dat a

Two-dimensional types (table types):

Byt eTabl eDat a Byt eTabl eDat aRW

| nt eger Tabl eDat a | nt eger Tabl eDat aRW
LongTabl eDat a LongTabl eDat aRW

Si ngl eTabl eDat a Si ngl eTabl eDat aRW

StringTabl eDat a

The types ending with RWmay be both read and written while the remaining types can read but they

cannot have values assigned to them. (Of course, you can still modify the read-only types by using the
System Library routine Put Pr ogMen( ) but this is generally only used for special circumstances.)

The initialization data may be provided in two ways. The first way is to provide a file name, enclosed in
guote marks, as the <i ni t - dat a> element in the syntax description above. If the filename is not
specified using an absolute path (i.e. beginning with the root directory and/or a drive letter), the path
prefix (if any) of the current module is appended to the front of the filename. Note, however, that if an
include path is specified on the command line, a filename that is specified with a relative path will,
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instead, be sought in among the directories specified in the include path list. See Section 8.2 for more
information on the include path option.

The content of the file should be a textual representation of the initialization data. For integral types, the
data values may be expressed in decimal, in hexadecimal (using a &H or &h prefix), or in binary (using a
&B or &b prefix). In the latter case, an underscore may exist between any pair of digits. For real types,
the data values may be expressed in integral, decimal or scientific notation format. See the Val ueS()
System Library routine for a description and examples of the acceptable formats of values. For string
types, the data values should be zero or more characters enclosed in quotation marks. To include a
guotation mark in the string it must appear twice in succession.

For the one-dimensional types, one or more values may be specified per line. When multiple values are
given per line they must be separated by a comma and/or white space (space or tab characters). The
first value on a line may be preceded by white space. Following the last value on a line, there may be a
comma and/or white space and/or a comment (introduced by an apostrophe). The number of elements in
the vector will be exactly the number of properly formatted data values in the file.

For the two-dimensional types, the values for each row of the table must be placed on a separate line.
The column values on each line must be separated by a comma and/or white space. A comment may
follow the last column value on a line. The number of valid column values must be the same for each
row.

For either type, the initialization data file may contain blank lines and lines containing only a comment
optionally preceded by white space. For the Byt e types, data values may also be specified using a
qguoted string. In this case, the ASCII value of each character of the string is used as a data value. As
usual, a quote may be included in the string by using two quotes in succession. For the string types,
values may be specified by concatenating strings and/or byte values by separating each pair of
components with a plus sign. The examples below include samples of each of these special cases.

The second method to provide initialization data is to use an in-line initializer that consists of a pair of
curly braces bracketing the initialization data itself. The form of the in-line initializer data is essentially the
same as the content of the initialization file described above but appearing between curly braces directly
in your source file.

Here is an example of the content of an initialization file for a Byt eVect or Dat a type:

this is a data file

&H55
2 ' comrent
3
4, 5
' anot her comment
5,
&Haa

Below is an example of the initialization data for a Si ngl eTabl eDat a type:

. 30103, 3.14159 ' log of 2 and pi
-200., 1le05
+6. 02E+23 100

Here are examples of in-line initializers for one-dimensional and two-dimensional types.
Dimdl as ByteVectorData({ 20, &Hff, &H20, "row' })

Dim strList as StringVectorData({
"al pha", "bravo", "charlie", "delta", "echo",

fox" + &H5f + "trot"
})
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Dim tbl as New Si ngl eTabl eDat a({

' colum 1 colum 2
. 30103, 3.14159
-200., 1e05

+6. 02E+23, 100
1)

The values specified in an in-line initializer may be literal constants as shown above or they may be
named constants that are visible within the module. For example,

Const cval as Byte = &H20
Dim dl as ByteVectorData({ 20, &Hff, cval, "row' })

Program Memory data items have an associated property named Dat aAddr ess. The value of this
property is the address of the data item in Program Memory. The type of the property is Long for
compatibility with BasicX and the Get Pr ogMen{ ) subroutine.

Example
Di m addr as Long

addr = tbl. Dat aAddress

It is possible, also, to use the Dat aAddr ess property to get the address of a particular Program Memory
data item. To accomplish this, simply add parentheses following the property name and specify the index
or indices of the item of interest. The example below will result in addr having the Program Memory
address of the second data value of the first row of the table.

addr = tbl.DataAddress(2, 1)

Caution: Program Memory data tables are arranged in memory in row-major order, i.e. the column values
for the first row, followed by the column values of the second row, etc. This is a direct result of scanning
the initialization data row by row. When you index a data table, you must specify the column index first
and the row index second. This is backward with the respect to the way matrices are often visualized, i.e.
(row, column). This strategy was adopted to maintain compatibility with BasicX. See Section 3.16 for
more information on array data order.

Note that the UBound() function is useful with Program Memory data items to determine the dimensions
of the vectors and tables. LBound() will always return 1 since initialized Program Memory data items
are always 1-based.

For special situations, the data initialization file may be supplied in “raw” form. This means that the
initialization file contains actual binary data as opposed to containing formatted data items. You instruct
the compiler to interpret the initialization file in raw mode by appending At tri but e(raw) to the end of
the definition as in the example below. Note, particularly, that raw mode can only be used for numeric
types (i.e. not String types) and can only be used for vector types (i.e. not table types). Also, the data file
must contain an integral number of data elements. For example, for | nt eger Vect or Dat a the data file
must contain an even number of bytes.

Dim dl1 as ByteVectorData("nydata.dat") Attribute(raw)

Program Memory variables may also be defined using a syntax similar to that used for defining RAM-
based variables, using the keyword attribute ProgMem preceding the type name. Forexample,

Dimdl(1 to 20) as ProgMem Byte
This defines and reserves space for an array of bytes in Program Memory. Variables defined in this way

will be zero-filled. Strings in Program Memory may be defined as well using the bounded string syntax.
In this case, the string will have an initial value representing an empty (zero length) string.
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Di m ps as ProgMem BoundedStri ng(15)

Program memory structures may also be defined, see Section 3.25 for more details. A Program Memory
variable may also be defined using Based keyword, see Section 3.21 for more details.

Caution: although Program Memory data items can be modified, the memory in which they are stored
has a write cycle limit. For ZX devices with external Program Memory (e.g. the ZX-24a), the limit is
approximately a million writes. For ZX devices with internal Program Memor (e.g. the ZX-24n), the limit is
approximately 100,000 writes. Writing to a particular address more than this may cause the memory to
become unreliable. Also, writing to Program Memory is much slower than writing to RAM-based
variables.

BasicX Compatibility Note

In BasicX mode, Program Memory string types are not supported nor are any vector types other
than the Byt e types. Also, in-line initializers are not supported, the Dat aAddr ess property
cannot be used to determine the address of an individual Program Memory data element, and
quoted strings cannot be used to specify data values. Finally, Program Memory data items may
only be defined at the module level.

You may completely omit the initialization data from the definition of a Program Memory data item,
including the parentheses that normally enclose it. If you do this, you must use the Sour ce method to
specify the initialization data as shown below. This alternate initialization mechanism is supported for
backward compatibility with BasicX and is not recommended for new applications. Note, particularly, that
this somewhat odd construction involving a Cal | does not produce any run-time executable code. Itis
merely a signal to the compiler to read the initialization data from the specified file.

Dim d1 as New Byt eVectorData

Sub Mai n()
Dmb as Byte

specify the initialization data
Call dl1.Source("nydata.txt")

b = d1(2)
End Sub

Only one method of specifying the initialization data can be used for any particular Program Memory data

item. Attempting to specify the initialization data multiple times will result in a compiler error even if the
data supplied in the multiple cases is identical.

2.11 String Types

ZBasic supports several variations of the fundamental type St ri ng. You may define a string variable
thusly:

Dim nmsg as String
The amount of space required for this variable definition and the maximum size of the string that it can
represent varies depending compiler command line options and Option Directives. By default, the

maximum string size is 255 characters. See Section 3.26 for more information on the implementation
details of the various string data types.
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2.11.1 Bounded Strings

A bounded string is nothing more than a way to specify a string having a maximum length that may be
different than the default string length. A bounded string is defined using the syntax:

{Public | Private | Dint <name> as [New] BoundedString(<size-expr>)

When defining a bounded string, you replace the <si ze- expr > with a constant integral expression
specifying the number of bytes to allocate for the string’s characters.

Examples
Const slen as Integer = 7

Dim nsg as BoundedString(15)
Dim nsg as BoundedString(slen + 2)

The first definition will create a string variable that can hold up to 15 characters; the second will hold 9
characters.

For compatibility with BasicX, the alternate syntax shown below is also supported. New applications
should use the definition syntax given above since it allows the use of an expression to specify the length.

{Public | Private | Din} <name> as New BoundedString_<I ength>

2.11.2 Fixed-Length Strings

For compatibility with BasicX, ZBasic supports fixed-length strings. These are similar to bounded strings
but with two important distinctions. Firstly, the string size is constant and equal to the specified fixed size.
If a string value is assigned that has fewer characters than a fixed-length string variable’s specified size,
the remaining characters will be filled with spaces. Secondly, if a string value is assigned having more
characters than a fixed-length string’s specified size, the excess characters will be discarded.

A fixed-length string is defined using the syntax:
{Public | Private | Dint <name> as [New] String * <size-expr>

The keyword New is optional except in BasicX mode where it is required for compatibility reasons. When
defining a fixed-length string the <si ze- expr > should be a constant integral expression specifying the
number of bytes to allocate for the string’s characters.

Example
Dmnmeg as String * 15

This definition will create a string variable that always contains exactly 15 characters.

2.12 Variable Initialization

All statically allocated variables are initialized by the system immediately prior to Mai n() beginning
execution. For Stri ng types, this means that the bytes comprising the variable are set to represent an
empty string. For all other types, the constituent bytes are set to zero. Variables defined at the module
level and those defined using St at i ¢ within a subroutine or a function are statically allocated and are,
therefore, initialized.

Dynamically allocated variables are not initialized by the system except for St ri ng types which are
initialized to represent an empty string. Variables defined using Di mwithin a subroutine or a function are
dynamically allocated.
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When you define a variable you may provide an initial value by adding an equal sign and the desired
value (which must be a constant vaued expression) following the variable’s type. Initialization is not
supported for arrays, structures, Based or Alias variables nor for Program Memory or Persistent Memory
data items.

Examples

Dim count as Integer = 5
Dimstr as String = "colum"

2.13 Type Conversions

The ZBasic language is strongly typed meaning, for example, that it is not allowed to assign the value of a
constant, variable or parameter of one type to a variable or parameter of a different type. There are two
apparent exceptions to the strong-type regimen. The first exception is with respect to integral humeric
literals. An integral literal is considered to have a universal integral type (32-bit internally) so it can be
assigned to a parameter or variable of any integral type (Byt e, | nt eger, Unsi gnedl nt eger, etc.).
Note that the presence of a plus sign or minus sign on a numeric literal does not change this

interpretation so it is allowable to assign the value —1 to an unsigned variable type.

The second apparent exception to the strong typing rules occurs with the System Library routines. Many
of these routines will accept two or more data types for some of their parameters. It is as though several
different versions of the library routines exist, differing only in the types of the parameters that they
accept. This computer science concept is known as polymorphism.

The System Library routines include a set of functions for performing type conversions. The first set,
CBool (),CByte(),Clnt(),CUnt(), CLng(), CULng(), CSng() and CStr () allows, with some
exceptions, conversion of a value of an arbitrary type to the target type. The second set, Fi xB(),

Fi xI (), FixU (), FixL(),andFi xUL() are specifically for converting Si ngl e values to the target
type. The difference between using Fi xI () and Cl nt (), for example, to convert a Si ngl e value is the
rounding method used. The final set of conversion functions, CType() and To<enun®() is for
converting an integral value to an enumeration member. See the ZBasic System Library Reference
Manual for more details on these conversion functions.

2.14 Parameter Passing Conventions

When a subroutine or function is defined, part of the definition specifies the parameters and their types
that are expected by the routine. These parameters are referred to as the “formal parameters”. When a
subroutine or function is invoked, parameters must be provided that match the formal parameters in
order, number and type. These parameters are referred to as the “actual parameters” for each
invocation.

As discussed earlier, parameters may be passed to subroutines and functions either “by value” or “by
reference”. The differences between these two methods are subtle but important. When passed by
value, the actual parameter may be an individual value like a constant or variable or it may be an
expression. In either case the value of the actual parameter is calculated and the resulting value is
passed to the routine. Within the called routine, the passed value may be utilized in any manner; it may
even be modified and this modification will have no effect on any of the constituent elements of the
passed parameter value. Effectively, the called routine gets its own private copy of the passed value.

When passed by reference, the address of the actual parameter is passed to the called routine. This
implies that the actual parameter must be an individual variable or another parameter and not an
expression nor a constant. Since the called routine has the address of the actual parameter, it is able to
both read from and write to the actual parameter unless otherwise restricted. The ability of a routine to
modify a variable passed by reference is often useful, especially in cases where a routine needs to
produce multiple values for use by the caller. On the other hand, if used carelessly, it can be the source
of errant program operation that is difficult to diagnose.
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There are restrictions on whether a particular variable type may, may not, or must be passed by value or
by reference. For example, a persistent variable cannot be passed by reference because the called
routine is expecting the address of a RAM-based variable. Also, for efficiency reasons some variables
are always passed to routines by providing the variable address, even if the definition of the routine
specifies the parameter is to be passed by value. In such cases, the compiler treats the parameter as
being read-only, effectively enforcing the semantics of pass-by-value. Any attempt to modify a read-only
variable in the called routine or to pass it by reference to another routine will be detected and reported as
an error by the compiler. Arrays may only be passed by reference and then only if they are RAM-based,
single-dimension and have a lower bound of 1.

Allowed Parameter Passing Methods

Actual Parameter Type Pass By Value Pass By Reference
Constant or expression, any type Yes No
RAM-based variable or array element Yest Yes?
RAM-based single-dimension array, 1-based No Yes
RAM-based single-dimension array, not 1-based No No
RAM-based multi-dimensional array No No
Persistent variable or array element Yes No
Persistent Memory array No No
Program Memory array element Yes No
Program Memory array No No
Notes:

1 String types and structures are read-only within the called routine when passed by value.

2 The sub-bytetypes, Bi t and Ni bbl e, cannot be passed by reference. Also, in BasicX mode,
Unsi gnedl nt eger and Unsi gnedLong types are read-only within the called routine when
passed by reference.

The table below gives the number of bytes of stack space required to pass different variable types using
the two passing methods. This table applies only to VM mode devices. For native mode devices,
parameters are passed in registers in most cases and, therefore, require no stack space.

Stack Usage by Parameter Type and Passing Method

Actual Parameter Type Pass By Value Pass By Reference
Bool ean, Byte 1 2
Bit, N bble 1 22
I nteger, Unsignedlnteger, Enum 2 2
Long, UnsignedLong, Single 4 2
Stringt, structure 2 2
Array, any type n/a 2

Notes:

1 Persistent strings, Program Memory strings and strings returned by functions all require 4 bytes of
temporary data space (local to the caller) plus the 2-byte reference when passed to a routine
other than a System Library routine.

2 Sub-byte types like Bit and Nibble may only be passed by reference if they are byte aligned. See
Section 3.24.1 for details.

2.15 Program and Data Item Properties

Most data items, whether located in RAM, Persistent Memory or Program Memory have an associated
property called DataAddress that evaluates to the address of the data item. The DataAddress property is
applied to a data item by appending it to the data item’s nhame with a period separating them as illustrated
by the example below.
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Example

Dimb as Byte
Di m addr as Unsi gnedl nt eger

Sub Mai n()
addr = b. Dat aAddr ess
End Sub

The DataAddress property can be applied to arrays and structures as well. When used with arrays it is
best to append it after the array indices, if any. For most data items, the type of the DataAddress
property is Unsignedinteger. However, for compatibility with Get Pr ogMen() and other routines related
to Program Memory, the type of the DataAddress property for Program Memory data items is Long.

Along similar lines, subroutines and functions have an associated property called CodeAddress whose
type is Long. The CodeAddress property is employed in a similar manner as the DataAddress property is
as shown by the example below. Of course, use of the CodeAddress property of a subroutine is not
limited to the code in the subroutine itself. It can be applied to any subroutine or function that is visible to
the code. In short, if you can invoke the subroutine or function, you can also get its address via the
CodeAddress property.

Example

Di m addr as Long

Sub Mai n()
addr = Mai n. CodeAddr ess
End Sub

It should be noted that for native mode devices, the CodeAddress property returns a word address
instead of the usual byte address. In most cases, this fact is transparent but it should be kept in mind for
special circumstances such as passing the address of a procedure to Get ProgMent() for example. One
advantage of this anomaly is that procedure addresses for ZX devices containing up to 128K of Program
Memory may be represented in 16-bit data items on native mode devices.
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Chapter 3 - Advanced Topics

This chapter provides additional technical information on topics that were introduced earlier in this
document. Also, some more advanced concepts are introduced.

3.1 Scope and Lifetime

There are two important attributes of variables that have been alluded to in earlier discussion — scope and
lifetime. The scope of a variable reflects its visibility in the sense of where it can be accessed by name.

A variable defined within a subroutine or function has local scope meaning that it is only directly
accessible to code within that routine. A variable defined outside of any routine has module scope if it is
declared Pri vat e and global scope if it is declared Publ i c. Module scope means that only routines
within that module can access it directly. Global scope means that any routine in the application can
access it directly.

These three scoping levels, global, module and local, form a hierarchy that controls the visibility of the
variables. Global scope is at the outermost level of the hierarchy, module scope is at the next inner level
and local scope is at the next inner level to that. There are additional inner levels of scope created by
compound statements, which topic is discussed further below.

At any particular level of the scoping hierarchy, variables that are in the same scope level or farther
outward are visible. It is possible to define variables with the same name at different scoping levels. This
does not cause a conflict because the compiler resolves a reference to a particular variable name by
searching the current scoping level first and then proceeding outward in the hierarchy until the variable
name is found or not as the case may be. Variables are said to “hide” same-named variables that exist at
outer scoping levels. In most cases, the hidden variables can still be accessed but more information has
to be added to the variable name to clarify to the compiler which variable is being referenced. This
concept may be clarified by an example.

Example
Module T1:

Public i as Integer

Module T2:

Private i as |nteger

Sub foo()
Dimi as Integer
i =5 " this refers to the locally defined variable
t2.i =5 ' this refers to the private variable at the nodule |evel
tl.i =5 ' this refers to the public variable in nodule T1
End Sub

The second and third references to the variable i in the example above are qualified by the addition of
the module name containing the definition of the desired variable. You may add module qualification to
any module level and global level variable reference if you wish but it is generally only done when
required to resolve the reference to the intended variable.

Although the preceding discussion focused on variables, the same scope concept applies to all identifiers
— variables, constants, subroutines and functions. A local constant named count will hide a module level
variable of the same name. Because the inadvertent hiding of identifiers is a common cause of
programming errors the compiler, by default, issues a warning about the hiding. The warning can be
disabled if desired. See Section 8.2 for specific information on various compiler options.
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The second important attribute is lifetime. This concept refers to how long storage space is reserved for a
variable. For variables defined at the module level, the lifetime is indefinite. They exist as long as the
program is running. For variables defined within a routine, the lifetime normally begins when the routine
begins execution and it ends when the routine finishes execution. Because these variables are
dynamically created and destroyed, they are referred to as dynamic variables. This is in contrast to the
module level variables which are static variables — they exist for the duration of the program’s execution.

Sometimes, it is convenient to have a variable that is visible only to the routine in which it is defined but
which is also static. ZBasic supports this concept by allowing the use of the keyword St at i ¢ in place of
the keyword Di mnormally used in a variable definition within a routine. The St at i ¢ keyword tells the
compiler to allocate space for the variable alongside the module level variables but since it is defined
within a routine, i.e., it has local scope, only the code in that routine can directly access the variable.

Example

Private Sub nySub()
Dim varl as Integer
Static var2 as Integer

[ ot her code here]
End Sub

The difference between var 1 and var 2 is that space is allocated on the stack for var 1 when the routine
begins executing while the space for var 2 exists as long the program is executing. Another difference is
that dynamically allocated variables like var 1 have an undefined value immediately after they are
created, you have to add code to initialize them. By default, the compiler will issue a warning if you write
code that uses the value of a dynamically allocated variable before it is initialized. Note that St ri ng
variables are a special case in that they are automatically initialized to a zero length.

In contrast, statically allocated variables like var 2 and all module level variables are initialized to zero just
before the Mai n() begins running. Each time nySub() is invoked, the value of var 1 is undefined but
the value of var 2 is whatever was assigned to it last. A consequence of this difference comes into play if
mySub( ) is recursively invoked. Each invocation of mySub() will have its own private version of var 1
but they will all share the same var 2.

BasicX Compatibility Note

In BasicX mode, variables cannot be defined as St ati c.

For all compound statements (If-Then, Do-Loop, For-Next, Select-Case and While-Wend), you may
define additional variables within the body of the compound statement. When this is done, those
variables will only be directly accessible to statements within the compound statement, including any
nested compound statements. This is another example of local scope described above. If a variable so
defined has the same name as a variable defined in an enclosing compound statement, in the routine
itself, or at the module level, the newly defined variable obscures the same-named variable defined at the
outer level rendering it inaccessible by normal means.

Example
Module Test:
Dimi as Integer

Sub Mai n()
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Dmi as Byte, j as Byte

i = 44

Test.i = 55

For | = 0to 1
Dimi as Byte

For i = 11to 3

Dmi as String

i = "Hello"
Debug. Print i

Debug. Print CStr(Min.i)
Debug. Print CStr(Test.i)

Next i
Next j
End Sub

The first Debug. Pri nt will display the string " Hel | 0" because it refers to the variable i that is defined
in the body of the innermost For loop. The second Debug. Pri nt will display the value 44 because it
refers to the variable i defined at the outermost level of the subroutine using the subroutine name
qualifier. The third Debug. Pri nt will display the value 55 because it refers to the module-level variable
i using the module qualifier. Within the body of the innermost For loop, there is no way to access the

loop index variable because it is hidden by the local definition. There is no qualifier that can be added to
a variable reference to resolve to outer block scope levels except the block formed by the routine

definition itself.

Since ZBasic implements true block scoping, one advantage to using variables defined within compound
statements is that, in addition to the restricted visibility, the stack space used by the variables can be

reused by local variables defined in subsequent compound statements.

Example

If (j > 5) Then
Dmi as Byte

i =12

Call PutPin(i, zxCutputLow)

El se
Dims as Single

s = 3.14159
debug. print CStr(s)
End |f

For k =1 to 10
Dmb as Byte

b = GetPin(13)
Debug. print CStr(b)
Next k

In this example, the three variables i , s and b share the same stack space. That works because none of

them are “active” at the same time.

BasicX Compatibility Note

In BasicX mode, block scoping of variables is not supported. It is permitted to define
variables within a compound statement but the effect is the same as if they were
defined at the beginning of the routine.
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3.2 Enumerations

In some situations it is convenient to be able to refer to the values of a variable by a hame rather than by
a numeric value. An enumeration type essentially allows you to define a new data type and name the set
of values for that type. The syntax for defining an enumeration is:

[Public | Private] Enum <name>
<menber - name> [= <const ant - expr >]

End Enum

In this syntax, <menber - name> is an identifier that names a member of the enumeration. The optional
<const ant - expr > represents a value that you want to be associated with that member name. For any
member that does not have an explicit member value specified, a member value will be automatically
assigned that is one larger than the preceding member or zero for the first member.

The ellipsis in the syntax above indicates that there may be zero or more additional member definitions.
Member names must be unique within the set of members for each enumeration. A particular member

name may, however, be used in multiple enumerations. See the discussion below for information about
how ambiguity is resolved.

If neither Pri vat e nor Publ i c is specified on an enumeration definition, the enumeration is public. An
enumeration may be defined at the module level or it may be defined within a subroutine or function,
either at the outer level or within any inner block. In the latter case, the Publ i ¢ and Pri vat e keywords

have no useful purpose and are therefore not allowed.

Examples

Enum Pet
Dog
Bird
Snake

End Enum

In this case, the members will be assigned values of 0, 1 and 2 respectively.

Enum Mammal
Cat
Dog
El ephant = 5
Hor se
End Enum

Here the members will have the values 0, 1, 5 and 6 respectively. Note that if explicit values are
specified, they must be larger than the value assigned, explicitly or implicitly, to the preceding member.
The value associated with enumeration members is unsigned.

After an enumeration has been defined, the enumeration name may be used as a <t ype> in a variable,
constant or structure definition. Enumerations may also be used as the <t ype> in the formal parameter
list of a subroutine or function definition. Note, however, that a Public subroutine or function cannot be

defined with a parameter that is a Private Enum.
Example
Public animal as Mamal

ani mal
ani nal

El ephant
Manmmal . Dog
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In the second assignment, the enumeration name is used as a qualifier on the enumeration member
name. This is always allowed but it is only required when ambiguity exists. See the discussion below for
additional information on resolving ambiguity.

The numeric value of a member may be obtained by using System Library type conversion functions.
Continuing the example from above:

Dmi as Integer, j as |Integer

Cl nt (ani mal )
Cl nt (Mammal . Dog)

It is also possible to convert an integral value to an enumeration member. There are two ways to
accomplish this. The first, and recommended, way is to use the System Library function CType(). This
function takes two parameters, the first being the integral value to convert and the second being the name
of the enumeration.

ani mal = CType(3, Manmal)

The conversion will be performed even if the value specified does not actually correspond to any member
of the enumeration so this type of conversion must be used carefully.

Wherever it is used, an enumeration name may be qualified with the module name containing the
enumeration. Assume that the enumeration defined above exists in a module named Test .

ani mal = Test.Manmal . Dog
ani ml = CType(3, Test.Mamal)

Qualification using the module name is only necessary in unusual cases but it is well to remember that it
is allowed for the situations where you need it.

For an enumeration defined within a subroutine or function, the enumeration may be qualified with the
subroutine/function name, optionally preceded by a module name qualification. For example, if the
enumeration Manmal is defined in the subroutine Mai n() contained in the module Test , the following
constructions are permitted within the Mai n() subroutine.

ani mal
ani mal

Mai n. Mammal . Dog
Test . Mai n. Manmal . Dog

When resolving a reference to a member name, the following order is used. If the member reference
occurs within a subroutine or function, the name is first checked against the set of members of all
enumerations defined within that subroutine or function. If only one enumeration has a matching member
name, no ambiguity exists. If no match was found, the name is next checked against the set of members
of all enumerations defined to be private to the module. If only one enumeration has a matching member
name, no ambiguity exists. If no private enumerations have a matching member, the public enumerations
of all modules are checked next. Again, if only one enumeration has a matching member name, no
ambiguity exists. This search order may be overridden by qualifying the member name with the name of
the enumeration to which it belongs. The reference may be further qualified by adding the module name.
This allows access to a public enumeration that is being hidden by an enumeration that is private to the
module.

The only operations that can be performed on enumeration variables are comparison using relational
operators, assignment and type conversion.

BasicX Compatibility Note

In BasicX compatibility mode, enumerations may only be defined at the module level and
gualification of an enumeration is not supported. Also, the values of enumeration members
are only 8-bits wide in BasicX while they are 16-bit values in ZBasic.
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An alternate type conversion method is supported for compatibility reasons but is a bit awkward to use.
For each defined enumeration, there is a special System Library conversion function just for that
enumeration whose name is To<enun® where <enun® is replaced with the enumeration name. This
special conversion function takes only one parameter, that being the value to convert.

ani mal = ToManmal ( 3)

One drawback to this conversion method is that there is no way to qualify the enumeration with the
module name in which it is defined. It is recommended that all new applications use the CType()
conversion function.

3.3 Serial Channels

All of the ZX series devices support multiple serial channels. Channel 1 (COM1) is implemented using
the USART hardware on the microcontroller chip. When the ZX begins running, COML1 is configured to
run at 19.2K baud, 8 data bits, 1 stop bit. Your program can send and receive data using the default
configuration by utilizing the console I/O routines like Console.Write(), Console.Read() and the related
Debug.Print command.

Some ZX devices have additional hardware-based serial channels but the remaining serial channels are
implemented in software. This strategy allows a lot of flexibility in choosing which pins are used for
transmission and reception but it also imposes a processing overhead on the system, even when
characters are not being actively sent and received. Because of this, only one additional software serial
channel, COM3, is enabled for use by default. If you wish to utilize additional software serial channels
(COM4 to COM6) you must call the System Library routine ComChannels() to specify both the number of
channels desired and the maximum baud rate that may be used. See the description of the
ComChannels() routine in the ZBasic System Library Reference manual for more details.

Since serial channels 3-6 rely on interrupts to achieve the necessary timing for serial I/O, if interrupts are
disabled for a substantial fraction of the bit time (the inverse of the baud rate) the integrity of the
transmitted or received characters may suffer. Typically, the maximum acceptable interrupt disable time
is about 25% of the bit time of the fastest channel. If the fastest channel is running at 9600 baud, the
interrupt disable time should be kept below 25 S or so. Many of the I/O routines that utilize Timerl (e.g.
PulseOut) disable interrupts in order to achieve precise timing. Those that do disable interrupts have a
caveat to that effect in their respective descriptions in the ZBasic System Library Manual.

See the descriptions of DefineCom(), OpenCom() and CloseCom() in the ZBasic System Library Manual
for more details on setting up and using a serial channel.

3.4 Queues

A queue is a fundamental data structure that is widely used in computer programs. Its primary
distinguishing feature is that data items are extracted from the queue in the same order in which they
were inserted. This is called first-in, first-out or FIFO order.

One of the uses for a queue in ZBasic is as a temporary buffer for data going to and coming from one of
the serial channels. Another common use is as a medium through which to pass data between tasks.
The producer of the data puts data in the queue and the consumer of the data takes it from the queue.

ZBasic queues are of a fixed length, that length being determined at the time that the queue is prepared
for use using OpenQueue() . If the data producer inserts data faster than the consumer removes it, the
queue will eventually become full. Further attempts to add data to the queue will stall until enough data is
removed from the queue to make space for the new data.

Although the data in queues is nominally byte oriented, you can put data of any type into a queue. All
that is necessary is for the producer and consumer of the data to agree on the nature and meaning of the

ZBasic Language Reference 56 ZX Microcontroller Family



data. For example, the producer could copy several Si ngl e data values to a queue and as long as the
consumer copies them out to Si ngl e variables all will be well.

Prior to using a queue it must be initialized by using the System Library routine OpenQueue(). An
example of this is shown below.

Dim myQueue(l to 40)

Call OpenQueue(nyQueue, SizeO (nyQueue))

This call prepares the queue for use by initializing the first 9 bytes of the specified array with queue
management data. The remainder of the array is used for the data to be held by the queue, in this case
the queue can hold up to 31 bytes of data since it was defined as being 40 bytes long. This implies that
the smallest array usable as a queue is 10 bytes. A pre-defined constant, Syst em M nQueueSi ze, can
be used in your programs to represent this minimum size.

Note the use of the Si zeOf () function. Although the second parameter could just as well have been the
literal value 40, if you later changed the size of the myQueue array you'd have to also remember to
change the second parameter to match. If you made the queue larger, opening the queue with a smaller
value would have no ill effect other than wasting RAM. On the other hand, if you reduced the size of the
queue array but left the larger value as the second parameter, the data area inside the queue would
overlap adjacent variables leading to puzzling results. For this reason it is highly recommend to use
SizeOf() in this and other similar situations rather than hard-coded constants. An alternative method is to
use a defined constant as shown below.

Const nyQueueSi ze as Integer = System M nQueueSi ze + 30
Dim nyQueue(l to nyQueueSi ze)

Call OpenQueue(mnmyQueue, mnmyQueuesSi ze)

Either of these methods of improving the maintainability of your program is acceptable. Which you
choose is more of a stylistic issue than a technical one. The code generated by the compiler in the two
cases is identical.

There are several System Library routines available for adding data to and extracting data from a queue
as well as some querying functions for determining the status of the queue. Once initialized as shown
above, the code fragment below will place some data in the queue.

Dimpunct(1l to 2) as Byte

punct (1) = &H2c

punct (2) = &H20

Cal | Put QueueStr(nyQueue, "Hello") ' add a string

Call Put Queue(nmyQueue, punct, 2) ' add sone individual bytes
Call Put QueueStr(nyQueue, "world") ' add another string

Cal | Put QueueByt e(nyQueue, &H21) ' add an exclamation point

After the data is in the queue, the following code fragment will extract it and display it on the console.

Do Wiile (StatusQueue(nmyQueue) ' add a string
Dmb as Byte
Call Get Queue(nyQueue, b, 1) ' retrieve a byte from the queue
Debug. Print Chr(b);

Loop

Debug. Pri nt

It is important to note that the queue insertion routines all wait until there is sufficient space available in
the queue for the data being inserted before inserting any data. This may lead to deadlock situations,
particularly if the size of the data being inserted is larger than the queue’s data area.
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3.4.1 System Queues

The console 1/O routines like Console.Read() and Console.Write() use the input and output queues
associated with Com1. Because of their special use in this manner, the queues associated with Com1
are called system queues. The values Regi st er. RxQueue and Regi st er. TxQueue give the address
of the system input queue and system output queue respectively. The function CByt eArray() can be
used to convert these values to a reference to a Byte array allowing them to be passed to the queue-
related routines. The example code below shows how to determine if there is any data available in the
system input queue using this technique.

I f StatusQueue(CByteArray(Register.RxQueue)) Then
b = Consol e. Read()
End |f

The system queues are initially set to be small pre-defined queues. If your code opens Coml, the
gueues that you provide with the OpenCom() invocation become the system queues until you
subsequently close Com1. At that time, the system queues will revert to the pre-defined queues.

Of the two pre-defined queues, the output queue is the smallest, having space for only a few data bytes.
Because of this, if you send a fairly long string to the output queue using Console.Write() your application
will experience a delay until the string’s characters can all be transferred to the output queue. If this
causes a problem in your application you can define a larger queue to be used as the output queue. The
example code below does so while retaining the pre-defined input queue.

Private sysQut Queue(l to 40) as Byte

Cal |l OpenQueue(sysQut Queue, SizeO (sysQutQueue))
Call doseCom(1l, 0, 0)
Call OpenCom(1, Option.ComlSpeed, _

CByt eArray( Regi st er. RxQueue), sysQut Queue)

For native mode devices (e.g. the ZX-24n) you can specify the default sizes for the system queues using
the directives Opti on TxQueueSi ze and Opti on RxQueueSi ze.

3.5 Multitasking

The concept of multitasking is a very powerful one although it can be, at first, somewhat confusing. In a
single task system, there is only one program and it runs continuously until it is terminated. During the
course of execution of the program it may perform several different functions, e.g. checking the keyboard
to see if a character is available, updating the display unit, etc. The fundamental idea behind multitasking
is that these activities are divided into related groups, each of which is called a task. Each task executes
for a period of time and then the next task executes. There are two basic types of multitasking:
cooperative and preemptive. In cooperative multitasking it is left up to each task to determine when to
suspend itself and allow the next task to run. In preemptive multitasking a part of the operating system
called a task scheduler determines, generally, how long a task is allowed to run before switching to the
nexttask.

The multitasking in the ZX microcontrollers is, fundamentally, preemptive multitasking. The task
scheduler switches tasks on each RTC tick (approximately 1.95mS). A task can, however, lock itself to
avoid (with some exceptions) giving up execution. This capability should be used sparingly because it
defeats the equitable sharing of processing resources.

It is not necessary, of course, to structure your program to utilize the multitasking capabilities. If there is
only one task defined (the subroutine Main()) the task scheduler will simply allow it to run continuously. If
your application might benefit from being divided into tasks, it is simple to define them. Each task has two
core elements: a task main routine and a task stack. The task main routine is the (usually parameterless)
subroutine with which the task begins execution. The task stack is a portion of RAM set aside exclusively
for the task. The example below shows how to define a task stack and how to activate a second task.
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Dim taskStack(1l to 80) as Byte

Sub Mai n()
Cal | Task "MyTask", taskStack
Do

Debug. Print "Hello from Main"
Call Del ay(1.0)
Loop
End Sub

Sub MyTask()
Do

Debug. Print "Hello from MyTask"
Call Del ay(2.0)
Loop
End Sub

This simple program has two tasks: Main and MyTask. The Main task is created automatically for you
and its task stack is automatically allocated all of the remaining User RAM after explicitly defined
variables are allocated. In contrast, additional tasks such as MyTask have to be explicitly invoked using
the Cal | Task statement and each task’s stack must also be explicitly allocated, for example by defining
a Byt e array as shown above. A task is said to be “active” if it has been invoked by Cal | Task and has
not yet terminated. Both of the tasks above never terminate so they are always active. The example
below shows a situation where a task terminates.

Dim taskStack(l to 50) as Byte

Sub Mai n()
Cal | Task "MyTask", taskStack
Do

Debug. Print "Hello from Main"
Call Delay(1.0)
Loop
End Sub

Sub MyTask()
Dimi as Integer
For i =1to 5
Debug. Print "Hello from MyTask"
Cal |l Del ay(2.0)
Next i
End Sub

In this example, the task My Task will output the message 5 times and then terminate. After the task

terminates, its task stack could be used for another task. It is important to note that tasks cannot use the
same task stack if they will be active at the same time.

The examples above were chosen because they clearly illustrate, when executed, that the separate tasks
experience interleaved execution. A more realistic example is shown (necessarily incompletely) below.

Dim taskStack(1l to 50) as Byte

Sub Mai n()
Cal | Task "MyTask", taskStack
Do
<ot her-i nportant - stuff>
Loop
End Sub

Sub MyTask()
' set the interval tinmer to 5 seconds
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Call Setlnterval (5.0)

Do
Wi t For I nterval ()
<stuff-to-do-periodically>
Loop
End Sub

In this partial example, a task is set up to perform some important activity periodically. If this were part of
a system to control the chlorine level in a pool, MyTask might read a transducer that indicates chlorine
level and, if it's below a certain level, cause a known amount of chlorine solution to be injected into the
circulation stream.

One important aspect of creating and using tasks is the allocation of a task stack. The task stack has two
components: a task control block and the portion used as an execution stack. The task control block is a
fixed size (see Section 3.28 for details) and resides either at the beginning (for VM mode devices) or at
end (for native mode devices) of the task stack. The remainder of the task stack is dedicated to the
execution stack for the task. The execution stack is used for local variables in the task routine,
parameters passed to other subroutines and functions that might be invoked as well as local variables
used in those routines, and space required for expression evaluation.

If a task stack is allocated that is much larger than is actually necessary, User RAM is wasted since no
other task can use the excess space. On the other hand, if a task stack is smaller than required, data
items preceding or following the task stack in memory will be overwritten. This will generally cause your
application to misbehave and may result in the processor resetting.

This begs the question, of course, of what is the optimum task stack size. Unfortunately, this is not as
easy to answer as it might seem. The difficulty in answering this question lies in the fact that stack use is
dynamic and may depend on external factors such as a signal applied by an external device or a user
pressing a key. Not only that, the stack use may depend on the order or the timing of such external
events. Further, recursive invocation of routines adds to the dynamic nature of stack use and is
impossible to account for (in most cases) using any kind of static analysis.

For VM mode ZX devices (e.g. the ZX-24a), the ZBasic compiler automatically estimates the minimum
task stack size. Information about the estimate, including the stack use of individual routines, is displayed
in the .map file (assuming that one is generated as is the default). If the size of the stack that you have
allocated is smaller than the estimated size plus a safety margin, the compiler will generate a warning
indicating the deficiency and indicating the minimum allocation required. By default, the safety margin is
10 bytes but you may specify a larger or smaller safety margin (including zero) using
Register.StackMargin.

For native mode ZX devices (e.g. the ZX-24n), the minimum task stack size cannot be determined at
compile time. To assist you in determining the appropriate task stack size a special System Library
function is provided that determines, at run time, how much unused space exists in the task stack. By
exercising your application and periodically checking the amount of unused task stack space exists, you
may be able to determine empirically a suitable minimum task stack size. See the description of
System.TaskHeadRoom()

3.5.1 Advanced Multi-tasking Options

For advanced users, a task’s main routine may also be defined with parameters. This may be useful to
provide information for the task to perform its function rather than doing so using global variables.
Parameters for the task are specified in a comma-separated list enclosed in parentheses just as they are
for a subroutine invocation. The number and types of the parameters specified must match those of the
task being invoked.

For special circumstances, it is possible to specify the task’s stack by giving its address as an integral
value. Generally, it will also be advisable to specify the size of the stack since the compiler will be unable
to deduce the size. Unless the task stack size is specified or can be deduced, no stack overrun checking
can be performed. For native mode ZX devices (e.g. the ZX-24n) the task size must be explicitly
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specified or it must be determinable by the compiler at compile time, otherwise, the compiler will issue an
error message.

The syntax for these advanced options is described in the ZBasic System Library Reference manual.
Also, see Section 3.28 for additional information on task management.

3.6 Semaphores

In computer science a semaphore is a mechanism used to control access to a shared resource, the idea
being to prevent more than one actor from attempting to use, modify or update a resource
simultaneously. As a physical analogy, consider a long single-lane tunnel on a roadway. A driver waiting
to enter at one end would like to be certain that no car enters the tunnel from the opposite end while he is
enroute. A semaphore indicating that a vehicle is in the tunnel would, if properly observed, help prevent
simultaneous use of the shared resource. Clearly, however, if not all drivers understand the meaning of
the semaphore or if a driver ignores the semaphore an accident is likely to occur. So it is with
semaphores in a computer program.

In a single task system there is no need for semaphores because there are not multiple actors to
coordinate. However, in a multitasking system (or a multiprocessor system) because there are multiple
actors there is a need to coordinate access to shared resources such as a serial channel, a timer a data
structure, etc. Whether or not you need to use a semaphore in your program depends on how it is
structured and what resources are shared between tasks.

The essential element of a semaphore is known in computer science as an atomic test and set operation.
The basic idea is that a method is needed to test a Boolean variable to see if it is already set true and if it
is not set then set it to true. The adjective atomic in this case refers to the fact that the testing phase and
the setting phase are indivisible. That is, once a task begins the process of testing, no other task is able
to begin testing until the first task has completed the test and set. This prevents what is called a race
condition.

The atomic test and set operation in ZBasic is provided by the System Library routine Semaphore(). To
implement a semaphore you must define a Bool ean variable and ensure that it is set to Fal se initially.
Then, whenever a task wants to use the shared resource it must first call Semaphore() passing the
previously defined variable as a parameter. If the semaphore is already set, the function will return

Fal se indicating that the resource is busy. If the semaphore is not already set, the function will set it to
True and return Tr ue indicating that the semaphore has been successfully obtained. Once the task is
finished with the resource, it must set the semaphore variable back to False again so that the next user
may successfully acquire a semaphore on the resource. The example code below illustrates the
sequence.

Di m ser Sem as Bool ean

ser Sem = Fal se
' wait until we get the semaphore
Do Wile (Not Senmaphore(serSem)
Loop

" now we can use the controlled resources
[add code here]

" finished with the resources, rel ease the senaphore
ser Sem = Fal se
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3.7 Timers

The ZX series CPUs incorporate several timers, the actu