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Welcome

This manual describes the Neuron® C Version 2.2 programming language. Itis a
companion piece to the Neuron C Programmer's Guide. It provides reference
information for writing programs using Neuron C. Neuron C is a programming
language based on ANSI C that is designed for applications that run on Neuron
Chips and Smart Transceivers (Neuron-hosted devices). Neuron C includes
network communication, I/O, and event-handling extensions to ANSI C, which
make it a powerful tool for the development of LONWORKS® applications.

A subset of the Neuron C language is also used to describe the interoperable
interface of host-based applications that are designed with the ShortStack®
Developer’s Kit, FTXL™ Developer’s Kit, or the ZLON® SmartServer. This
interoperable interface is contained within a file called a model file, which
contains Neuron C declarations and definitions for the device interface.

This guide focuses on the Neuron C language used for Neuron-hosted application
development, and only highlights differences for model file compilation where
necessary.

Audience

The Neuron C Programmer’s Guide is intended for application programmers who

are developing LONWORKS applications. Readers of this guide are assumed to be

familiar with the ANSI C programming language, and have some C programming
experience.

For a complete description of ANSI C, consult the following references:

o —. 1989. American National Standard for Information Systems
Programming Language C. Standard number X3.159-1989. New York,
NY: American National Standards Institute.

e —. 2007. International Standard ISO/IEC 9899:1999. Programming
languages — C. Geneva, Switzerland: International Organization for
Standardization.

e Harbison, Samuel P. and Guy L. Steele, Jr. 2002. C: A Reference
Manual, 5th edition. Upper Saddle River, NJ: Prentice Hall, Inc.

e Kernighan, Brian W. and Dennis M. Ritchie. 1988. The C Programming
Language, 2nd edition. Upper Saddle River, NJ: Prentice Hall, Inc.

e Plauger, P.J. and Jim Brodie. 1989. Standard C: Programmer’s Quick
Reference Series. Buffalo, NY: Microsoft Press.

e Plauger, P.J. and Jim Brodie. 1992. ANSI and ISO Standard C
Programmer's Reference. Buffalo, NY: Microsoft Press.

Related Documentation

The following manuals are available from the Echelon Web site
(www.echelon.com) and provide additional information that can help you develop
Neuron C applications for LONWORKS devices:
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Introduction to the LONWORKS Platform (078-0391-01A). This manual
provides an introduction to the ISO/IEC 14908 (ANSI/CEA-709.1 and
EN14908) Control Network Protocol, and provides a high-level
introduction to LONWORKS networks and the tools and components that
are used for developing, installing, operating, and maintaining them.

1/0 Model Reference for Smart Transceivers and Neuron Chips (078-
0392-01A). This manual describes the I/O models that are available for
Echelon’s Smart Transceivers and Neuron Chips.

LonMaker User's Guide (078-0333-01A). This manual describes how to
use the LonMaker® Integration Tool to design, commission, monitor and
control, maintain, and manage a LONWORKS network.

LONMARK® Application Layer Interoperability Guidelines. This manual
describes design guidelines for developing applications for open
interoperable LONWORKS devices, and is available from the LONMARK
Web site, www.lonmark.org.

Mini FX User’s Guide (078-0398-01A). This manual describes how to use
the Mini FX Evaluation Kit. You can use the Mini FX to develop a
prototype or production control system that requires networking, or to
evaluate the development of applications for such control networks using
the LONWORKS platform.

Neuron C Programmer’s Guide (078-0002-01H). This manual describes
how to write programs using the Neuron C Version 2.2 programming
language.

Neuron Tools Errors Guide (078-0402-01A). This manual documents and
explains the various warning and error messages that can occur for the
various Neuron C development tools.

NodeBuilder® FX User’s Guide (078-0405-01A). This manual describes
how to develop a LONWORKS device using the NodeBuilder tool.

All of the Echelon documentation is available in Adobe® PDF format. To view the
PDF files, you must have a current version of the Adobe Reader®, which you can
download from Adobe at: www.adobe.com/products/acrobat/readstep2.html.

Typographic Conventions for Syntax

iv

Table 1 lists the typographic conventions used in this manual for displaying
Neuron C syntax:

Table 1. Typographic Conventions

Typeface or Symbol Used for Example
boldface type keywords network
literal characters {
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Typeface or Symbol Used for Example

italic type abstract elements Identifier

[square brackets] optional fields [bind-info

| vertical bar a choice between two input | output
elements

Example: The syntax for declaring a network variable is:
network input | output [netvar modifier| [class] type [bind-info| identifier
¢ You type the keywords network, input, and output as shown

e You replace the abstract elements netvar modifier, class, type, bind-info,
and identifier with the actual modifier, class, type, bind information, and
identifier for the network variable

e The declaration must include either input or output, but not both
e The elements netvar modifier, class, and bind-info are all optional

When a particular element or expression includes punctuation, such as quotation
marks, parentheses, and semicolons (but not including square brackets and
vertical bars), you must type that punctuation as shown.

Code examples appear in the monospace Courier font:
#include <mem.h>
unsigned arrayl[40], array2[40];
// See if arrayl matches array2

it (memcmp(arrayl, array2, 40) 1= 0) {
// The contents of the two areas do not match
3
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Neuron C Overview

Neuron C is a programming language based on ANSI C that is designed for
Neuron Chips and Smart Transceivers. It includes network communication,
input/output (I/0), and event- and interrupt-handling extensions to ANSI C,
which make it a powerful tool for the development of LONWORKS applications.

Neuron C implements all the basic ANSI C types and type conversions as
necessary. In addition to the ANSI C data constructs, Neuron C provides some
unique data elements. Network variables are fundamental to Neuron C and
LONWORKS applications. Network variables are data constructs that have
language and system firmware support to provide something that looks like a
variable in a C program, but has additional properties of propagating across a
LONWORKS network to or from one or more other devices on that network. The
network variables make up part of the device interface for a LONWORKS device.

Configuration properties are Neuron C data constructs that are another part of
the device interface. Configuration properties allow the device’s behavior to be
customized using a network management tool such as the LonMaker Integration
Tool or a customized plug-in created for the device.

Neuron C also provides a way to organize the network variables and
configuration properties in the device into functional blocks, each of which
provides a collection of network variables and configuration properties, that are
used together to perform one task. These network variables and configuration
properties are called the functional block members.

Each network variable, configuration property, and functional block is defined by
a type definition contained in a resource file. Network variables and
configuration properties are defined by network variable types and configuration
property types. Functional blocks are defined by functional profiles (which are
also called functional profile templates).

Network variables, configuration properties, and functional blocks in Neuron C
can use standardized, interoperable types. The use of standardized data types
promotes the interconnection of disparate devices on a LONWORKS network:

e For configuration properties, the standard types are called standard
configuration property types (SCPTs; pronounced skip-its).

e For network variables, the standard types are called standard network
variable types (SNVTs; pronounced snivets).

e For functional blocks, the standard types are called standard functional
profiles (SFPTs).

e If you cannot find standard types or profiles that meet your
requirements, Neuron C also provides full support for user network
variable types (UNVTSs), user configuration property types (UCPTSs), and
user functional profiles (UFPTSs).

Neuron C applications run in the environment provided by the Neuron firmware.
The Neuron firmware — also known as the Neuron Chip Firmware — implements
the LonTalk® protocol and provides an event-driven scheduling system.

Neuron C also provides a lower-level messaging service integrated into the
language in addition to the network variable model. The network variable model
has the advantage of being a standardized method of information interchange,
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whereas the messaging service is not standardized with the exception of its usage
by the LONWORKS file transfer protocol (LW-FTP). The use of network variables,
both standard types and user types, promotes interoperability between multiple
devices from multiple vendors. The lower-level messaging service allows for
proprietary solutions in addition to the file transfer protocol.

Another Neuron C data object is the timer. Timers can be declared and
manipulated like variables, and when a timer expires, the Neuron firmware
automatically manages the timer events and notifies the program of those events.

For Series 5000 devices, Neuron C provides interrupts that allow applications to
respond to asynchronous, time-sensitive, actions.

Neuron C provides many built-in Z/O objects. These 1/0 objects are standardized
I/0 “device drivers” for the Neuron Chip or Smart Transceiver I/O hardware.
Each I/0 object fits into the event-driven programming model. A function-call
interface is provided to interact with each I/0 object.

When using the Neuron C language to create model files for host-based device
development, only the declarations for network variables, configuration
properties, and functional blocks are relevant. Most other constructs, including
executable code or I/O device declarations, are ignored (for example, when a
model file shares source code with a Neuron-hosted Neuron C application). You
can also use conditional compilation when sharing Neuron C source code between
both application types.

The rest of this reference guide discusses these various aspects of Neuron C in
much greater detail, accompanied by examples. See the Neuron C Programmer’s
Guide for additional information about how to use the Neuron C language.
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Predefined Events

This chapter provides reference information on predefined
events.

The predefined events described in this chapter apply only
to application development for Neuron-hosted devices.
However, the development tools for host-based device
development support a similar API.



Introduction to Predefined Events

An eventis a programmatic notification provided by the Neuron firmware that
there has been an occurrence of something significant to the application program.
For example, a network variable update has been received from the network, or
an input pin has changed state.

Events are used in when-clauses to enable the execution of a when-task, using
the following general syntax:

when( <event> ) {

}

Neuron C defines a number of predefined events for events that are managed by
the Neuron firmware. Predefined events are represented by unique keywords, or
by an event identifier with arguments, similar to a Neuron C function call, listed
in Table 2 below. Some predefined events, such as the I/O events, can be followed
by a modifier that narrows the scope of the event. If the modifier is optional and
is not supplied, any event of that type qualifies.

Most events can also be used as predicates in code; see Bypass Mode in Chapter 7
of the Neuron C Programmer’s Guide.

Table 2. Events Listed by Functional Group

Functional Group Event

System / Scheduler offline

online

reset
timer_expires
wink

Input/Output io_changes
io_in_ready
io_out_ready
io_update_occurs

Sleep flush_completes

Network Variables nv_update_completes
nv_update_fails
nv_update_occurs
nv_update_succeeds

Messages msg_arrives
msg_completes
msg_fails
msg_succeeds
resp_arrives

Within a single program, the following predefined events, which reflect state
transitions of the application processor, can appear in no more than one when
clause:
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offline

online

reset

timer_expires (unqualified)
wink

All other predefined events can be used in multiple when clauses. Predefined
events (except for the reset event) can also be used in any Neuron C expression.

Event Directory

The following sections list Neuron C events alphabetically, providing relevant
syntax information and a detailed description of each event.

flush_completes Event

The flush_completes event evaluates to TRUE, following a call to the flush()
function, when all outgoing transactions have been completed and no more
incoming messages remain to be processed. For unacknowledged messages,
“completed” means that the message has been transmitted by the media access
control (MAC) layer. For acknowledged messages, “completed” means that the
completion code has been processed. In addition, all network variable updates
have completed.

See also the discussion of sleep mode in Chapter 7, Additional Features, of the
Neuron C Programmer's Guide.

Syntax

flush_completes

Example

flush(Q;

when (flush_completes)

sleep(Q);

io_changes Event

The io_changes event evaluates to TRUE when the value read from the I/0 object
specified by i0-object-name changes state. The state change can be one of the
following three types:

e A change to a specified value
o A change by (at least) a specified amount (the absolute value)

e Any change (an unqualified change)
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The reference value is the value read the last time the change event evaluated to
TRUE. For the unqualified io_changes event, the event equates to TRUE when
the current value is different from the reference value.

A task can access the input value for the I/O object through the input_value
keyword. The input_value is always a signed long.

For the bit, byte, and nibble I/O objects, changes are not latched. The change
must persist until the io_changes event is processed. The leveldetect input object
can be used to latch changes that might not persist until the io_changes event
can be processed.

Syntax
io_changes (i0-object-name) [to expr | by expr]

Io-object-name The I/0 object name (see the I/O Model Reference). 1/0
objects of the following input object types can be used in
an unqualified change event. The by and to options can
also be used where noted.
bit (zo)
byte (by, to)
dualslope (by)
leveldetect (Z0)
nibble (by, to)
ontime (by)
period (by, to)
pulsecount (by)
quadrature (by)

to expr The to option specifies the value of the I/O state necessary
for the 10_changes event to become TRUE. The compiler
accepts an unsigned long value for expr, where expris a
Neuron C expression. However, each 1/O object type has
its own range of meaningful values.

by expr The by option compares the current value with the
reference value. The io_changes event becomes TRUE
when the difference (absolute value) between the current
value and the reference value is greater than or equal to
expr.

The default initial reference value used for comparison purposes is zero. You can
set the initial value by calling the io_change_init() function. If an explicit
reference value is passed to io_change_init( ), that value is used as the initial
reference value: io_change_init(io-object-name, value). If no explicit value is
passed to io_change_init( ), the I/O object’s current value is used as the initial
value: io_change_init(i0-object-name).

Example 1
10_0 input bit push_button;

when (io_changes(push_button) to 0)
{
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}

Example 2

10_7 input pulsecount total_ticks;

when (io_changes(total_ticks) by 100)
{

}

l0_in_ready Event

The io_in_ready event evaluates to TRUE when a block of data is available to be
read on some asynchronous I/O models. When data is available, the application
then calls io_in() to retrieve the data.

The io_in_ready event is used with the parallel, sci, and spi I/O models; see the
170 Model Reference for more information about these I/0 models.

Syntax

io_in_ready ( io-object-name)

I0-object-name The I/0 object name (see the /0 Model Reference).
Example
when (io_in_ready(io_bus))
{
io_in(io_bus, &data);
}
l0_out_ready Event

The io_out_ready event evaluates to TRUE whenever the I/O interface is in a
state where it can be written to, and the io_out_request( ) function has been
previously invoked.

The io_out_ready event is used with the parallel, sci, and spi I/O models; see the
1/0 Model Reference for more information about these I/0 models.

Syntax
io_out_ready (10-object-name)

Io-object-name The I/0 object name (see the /0 Model Reference).

Example

when (...)
{

}

io_out _request(io_bus);
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when (io_out_ready(io_bus))

{ io_out(io_bus, &data);
}
l0_update _occurs Event

The io_update_occurs event evaluates to TRUE when the input object specified
by 10-object-name has an updated value. The io_update_occurs event applies only
to timer/counter input object types listed in Table 3.

Table 3. Timer/Counter Objects for the io_update_occurs Event

I/O Object Io_update _occurs evaluates to TRUE after:
dualslope The A/D conversion is complete

ontime The edge is detected defining the end of a period
period The edge is detected defining the end of a period
pulsecount Every 0.8388608 seconds

quadrature The encoder position changes

An input object may have an updated value that is actually the same as its
previous value. To detect changesin value, use the io_changes event. A given
I/0 object cannot be included in when clauses with both io_update_occurs and
io_changes events.

A task can access the updated value for the I/O object through the input_value
keyword. The input_value type is always a signed long, but may be cast to
another type as necessary.

Syntax
io_update_occurs (i0-object-name)

10-object-name The I/0 object name (see the /0 Model Reference).

Example

#include <io_types.h>

ontime_t therm value; // "ontime_t" defined in io_types.h
10_7 input ontime io_thermistor;

when (io_update_occurs(io_thermistor))

therm value = (ontime_t)input value;

}
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msg_arrives Event

The msg_arrives event evaluates to TRUE once for each a message that arrives.
This event can be qualified by a specific message code specified by the sender of
the message. See Chapter 6, How Devices Communicate Using Application
Messages, of the Neuron C Programmer's Guide, for a list of message code ranges
and their associated meanings. You can reduce scheduling overhead by using an
unqualified msg_arrives event followed by a switch statement on the code field of
the msg_in object.

Syntax

msg_arrives [(message-code)]

message-code An optional integer message code. If this field is omitted,
the event is TRUE for receipt of any message.

Example

when (msg_arrives(10))

msg_completes Event

The msg_completes event evaluates to TRUE when an outgoing message
completes (that is, either succeeds or fails). This event can be qualified by a
specific message tag.

Checking the completion event (msg_completes, msg fails, msg succeeds) is
optional by message tag.

If a program checks for either the msg_succeeds or msg_fails event, it must check
for both events. The alternative is to check only for msg_completes.

Syntax

msg_completes [(message-tag)]

message-tag An optional message tag. If this field is omitted, the
event is TRUE for any message.

Example

msg_tag tag_out;

msg_out.tag = tag_out;
msg_send();

when (msg_completes(tag_out))
{
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}

msg_ fails Event

The msg_fails event evaluates to TRUE when a message fails to be acknowledged
after all retries have been attempted. This event can be qualified by a specific
message tag.

Checking the completion event (msg_completes, or msg_fails in combination with
msg_succeeds) is optional by message tag. If a program checks for either the
msg_succeeds or msg_fails event for a given message tag, it must check for both
events for that tag. The alternative is to check only for msg_completes.

Syntax

msg_fails [(message-tag)]

message-tag An optional message tag. If this field is omitted, the
event is TRUE for any message.

Example

msg_tag tag_out;

msg_out.tag = tag_out;
msg_send();

when (msg_fails(tag_out))

msg_succeeds Event

The msg_succeeds event evaluates to TRUE when a message is successfully sent
(see the Neuron C Programmer’s Guide for the definition of success). This event
can be qualified by a specific message tag.

Checking the completion event (msg_completes, or msg_fails in combination with
msg_succeeds) is optional by message tag. If a program checks for either the
msg_succeeds or msg_fails event for a given message tag, it must check for both
events for that tag. The alternative is to check only for msg_completes.

Syntax

msg_succeeds [(message-tag)]

message-tag An optional message tag. If this field is omitted, the
event is TRUE for any message.

Example

msg_tag tag_out;
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msg_out.tag = tag_out;
msg_send();

when (msg_succeeds(tag_out))

nv_update completes Event

The nv_update_completes event evaluates to TRUE when an output network
variable update completes (that is, either fails or succeeds) or a poll operation
completes. Checking the completion event (nv_update_completes, or
nv_update_fails in combination with nv_update_succeeds) is optional by network
variable.

If an array name is used, then each element of the array is checked for
completion. The event occurs once for each element that experiences a
completion event. An individual element can be checked by using an array index.
When nv_update_completes is TRUE for an event qualified by the name of an
entire NV array, you can examine the nv_array_index built-in variable (type
short int) to obtain the element’s index to which the event applies.

If a network variable range is used, then the network variable at the beginning of
the range must have a lower global index than the network variable at the end of
the range. Each network variable in the range is checked for completion until
the first such network variable with an event is found. The event occurs for each
network variable in the range that experiences a completion event.

If a program checks for the nv_update_succeeds event, it must check for the
nv_update_fails event as well. The alternative is to check only for
nv_update_completes. A program is also permitted to check only for
nv_update_fails as long as there is no use of nv_update_completes or
nv_update_succeeds for any network variable.

Syntax

nv_update_completes [(network-var))
nv_update_completes [(network-varl .. network-var2)]

network-var A network variable identifier, a network variable array
identifier, or a network variable array element. A range
can be specified with two network variable identifiers or
network variable array elements separated with a range
operator (two consecutive dots). The range is defined by
the indices of the referenced network variables. If the
parameter is omitted, the event is TRUE when any
network variable update completes.
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Example 1 — Event for a Single Network
Variable

network output SVNT_abs humid nvoHumidity;
ﬁ&éHumidity = 32; // This initiates an NV update
when (nv_update_completes(nvoHumidity))
{
}

Example 2 — Event for a Network Variable
Array

network output SVNT_abs humid nvoHumidity[4];
ﬁ&éHumidity[l] = 32; // This initiates an NV update
when (nv_update_completes(nvoHumidity))

{
}

Example 3 — Event for a Range of Network
Variables

network output SVNT _abs humid nvoHumidityl, nvoHumidity2,
nvoHumidity3;

ﬁ&éHumidityZ = 32; // This initiates an NV update

when (nv_update_completes(nvoHumidityl .. nvoHumidity3))
{

}

nv_update_fails Event

The nv_update_fails event evaluates to TRUE when an output network variable
update or poll fails (see the Neuron C Programmer’s Guide for the definition of
success).

If an array name is used, then each element of the array is checked for failure.
The event occurs once for each element that experiences a failure event. An
individual element can be checked with use of an array index. When
nv_update_fails is TRUE for an event qualified by the name of an entire NV
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array, the nv_array_index built-in variable indicates the relative index of the
element to which the event applies. The nv_array_index variable’s type is a short
int.

If a network variable range is used, then the network variable at the beginning of
the range must have a lower global index than the network variable at the end of
the range. Each network variable in the range is checked for failure until the
first such network variable with an event is found. The event occurs for each
network variable in the range that experiences a failure event.

Checking the completion event (nv_update_completes, or nv_update_fails in
combination with nv_update_succeeds) is optional by network variable.

If a program checks for the nv_update_succeeds event, it must check for the
nv_update_fails event as well. The alternative is to check only for
nv_update_completes. A program is also permitted to check only for
nv_update_fails as long as there is no use of nv_update_completes or
nv_update_succeeds for any network variable.

Syntax

nv_update_fails [(network-van)]
nv_update_fails [(network-varl .. network-var2))

network-var A network variable identifier, a network variable array
identifier, or a network variable array element. A range
can be specified with two network variable identifiers or
network variable array elements separated with a range
operator (two consecutive dots). The range is defined by
the indices of the referenced network variables. If the
parameter is omitted, the event is TRUE when any
network variable update fails.

Example 1 — Event for a Single Network
Variable

network output SVNT _abs humid nvoHumidity;

nvoHumidity = 32;

when (nv_update_ fTails(nvoHumidity))

Example 2 — Event for a Network Variable
Array

network output SVNT_abs humid nvoHumidity[4];

nvoHumidity[1] = 32;
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when (nv_update_fails(nvoHumidity))

Example 3 — Event for a Range of Network

Variables

network output SVNT abs humid nvoHumidityl, nvoHumidity2,
nvoHumidity3;

nvoHumidity2 = 32;

when (nv_update_ fails(nvoHumidityl .. nvoHumidity3))

nv_update occurs Event

12

The nv_update_occurs event evaluates to TRUE when a value has been received
for an input network variable.

If an array name is used, then each element of the array is checked to see if a
value has been received. The event occurs once for each element that receives an
update. An individual element can be checked with use of an array index. When
nv_update_occurs is TRUE for an event qualified by the name of an entire NV
array, the nv_array_index built-in variable (type short int) can be examined to
obtain the element’s index to which the event applies.

If a network variable range is used, then the network variable at the beginning of
the range must have a lower global index than the network variable at the end of
the range. Each network variable in the range is checked to see if a value has
been received. The event occurs once for each network variable in the range that
receives an update.

Syntax

nv_update_occurs [(network-var))
nv_update_occurs [(network-varl .. network-var2)]

network-var A network variable identifier, a network variable array
identifier, or a network variable array element. A range
can be specified with two network variable identifiers or
network variable array elements separated with a range
operator (two consecutive dots). The range is defined by
the indices of the referenced network variables. If the
parameter is omitted, the event is TRUE for any network
variable update.
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Example 1 — Event for a Single Network
Variable

network input SNVT_switch nviSwitch;

when (nv_update_occurs(nviSwitch))

}

Example 2 — Event for a Network Variable
Array

network input SNVT_switch nviSwitch[4];

when (nv_update_occurs(nviSwitch))

}

Example 3 — Event for a Range of Network

Variables

network input SNVT_switch nviSwitchl, nviSwitch2,
nviSwitch3;

when (nv_update_occurs(nviSwitchl .. nviSwitch3))

{
}

nv_update succeeds Event

The nv_update_succeeds event evaluates to TRUE once for each output network
variable update that has been successfully sent and once for each poll that
succeeds (see the Neuron C Programmer’s Guide for the definition of success).

If an array name is used, then each element of the array is checked for success.
The event occurs once for each element that experiences a success completion
event. An individual element may be checked by using an array index. When
nv_update_succeeds is TRUE for an event qualified by the name of an entire NV
array, the nv_array_index built-in variable indicates the relative index of the
element to which the event applies. The nv_array_index variable’s type is a short
int.

If a network variable range is used, then the network variable at the beginning of
the range must have a lower global index than the network variable at the end of
the range. Each network variable in the range is checked to see if a value has
been received. The event occurs once for each network variable in the range that
experiences a success completion event.

Checking the completion event (nv_update_completes, or nv_update_fails in
combination with nv_update_succeeds) is optional by network variable.
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If a program checks for the nv_update_succeeds event, it must check for the
nv_update_fails event as well. The alternative is to check only for
nv_update_completes. A program is also permitted to check only for
nv_update_fails as long as there is no use of nv_update_completes or
nv_update_succeeds for any network variable.

Syntax

nv_update_succeeds [(network-var)]
nv_update_succeeds [(network-varl .. network-varZ))

network-var A network variable identifier, a network variable array
identifier, or a network variable array element. A range
can be specified with two network variable identifiers or
network variable array elements separated with a range
operator (two consecutive dots). The range is defined by
the indices of the referenced network variables. If the
parameter is omitted, the event is TRUE when any
network variable update succeeds.

Example 1 — Event for a Single Network
Variable

network output SNVT_abs humid nvoHumidity;
nvoHumidity = 32;

when (nv_update_succeeds(nvoHumidity))

{
}

Example 2 — Event for a Network Variable
Array

network output SNVT_abs humid nvoHumidity[4];
nvoHumidity[1] = 32;

when (nv_update_succeeds(nvoHumidity))

{
}

Example 3 — Event for a Range of Network
Variables

network output SNVT _abs humid nvoHumidityl, nvoHumidity2,
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nvoHumidity3;

nvoHumidity2 = 32;

when (nv_update_succeeds(nvoHumidityl .. nvoHumidity3))
{
X -
offline Event

The offline event evaluates to TRUE only if the device is online and an Offline
network management message is received from a network tool, or when a
program calls go_offline(). The offline event is handled as the first priority when
clause. It can be used in no more than one when clause in a program.

The offline state can be used in case of an emergency, for maintenance prior to
modifying configuration properties, or in response to some other system-wide
condition. After execution of this event and its task, the application program
halts until the device is reset or brought back online. While it is offline, a device
can respond to certain messages, but only Reset or Online messages from a
network tool are processed by the application. For example, network variables on
an offline device cannot be polled using a network variable poll request message
but they can be polled using a Network Variable Fetch network management
message.

If this event is checked for outside of a when clause, the programmer can confirm
to the scheduler that the application program is ready to go offline by calling the
offline_confirm( ) function (see Going Offline in Bypass Mode in Chapter 7,
Additional Features, of the Neuron C Programmer's Guide).

When an application goes offline, all outstanding transactions are terminated.
To ensure that any outstanding transactions complete normally before the
application goes offline, the application can call flush_wait() in the when(offline)
task.

Syntax

offline

Example
when (offline)

Fflush_wait(Q);
// process shut-down command

}

when (online)

// start-up again
}
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online

Event

The online event evaluates to TRUE only if the device is offline and an Online
network management message is received from a network tool. The online event
can be used in no more than one when clause in a program. The task associated
with the online event in a when clause can be used to bring a device back into
operation in a well-defined state.

Syntax

online

Example
when (offline)

Fflush_wait(Q);
// process shut-down command

}

when (online)

// resume operation

}

reset

16

Event

The reset event evaluates to TRUE the first time this event is evaluated after a
Neuron Chip or Smart Transceiver is reset. 1I/O object and global variable
initializations are performed before processing any events. The reset event task
is always the first when clause executed after reset of the Neuron Chip or Smart
Transceiver. The reset event can be used in no more than one when clause in a
program.

A typical application’s reset task initializes peripheral I/O circuitry, prepares the
APIs for utilities and libraries, and initializes application timers and the
interrupt system. See also Initial Value Updates for Input Network Variablesin
Chapter 3 of the Neuron C Programmer’s Guide.

The code in a reset task is limited in size. If you need more code than the
compiler permits, move some or all of the code within the reset task to a function
called from the reset task. The execution time for the code in a reset task must
be less than 18 seconds to prevent installation errors due to time-outs in network
tools. If your device requires more than 18 seconds for reset processing, use a
separate and independent task to complete the reset processing. For example,
you can set a global variable within a reset task that is tested within another
when clause to create this independent task.

The power_up() function can be called in a reset clause to determine whether the
reset was due to power-up, or to some other cause such as a hardware reset,
software reset, or watchdog timer reset.
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Syntax

reset
Example
when (reset)
{
// initialize peripheral devices, and so on
}
resp_arrives Event

The resp_arrives event evaluates to TRUE when a response arrives. This event
can be qualified by a specific message tag.

Syntax

resp_arrives [(message-tag)]

message-tag An optional message tag. If this field is omitted, the
event is TRUE for receipt of any response message.

Example
msg_tag tag_out;

msg_out.tag = tag_out;
msg_out.service = REQUEST;
msg_send();

when (resp_arrives(tag_out))

timer_expires Event

The timer_expires event evaluates to TRUE when a previously declared timer
object expires. If the timer_name option is not included, the event is an
unqualified timer_expires event. Unlike all other predefined events, which are
TRUE only once per occurrence, the unqualified timer_expires event remains
TRUE as long as any timer object has expired. This event can be cleared only by
checking for specific timer expiration events.

Syntax

timer_expires [((Zmer-name)]

timer-name An optional timer object. If this field is omitted, the event
is TRUE as long as any timer object has expired.
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Example

mtimer countdown;

ééﬂntdown = 100;

when (timer_expires(countdown))

wink

18

Event

The wink event evaluates to TRUE whenever a Wink network management
message 1is received from a network tool. The device can be configured or
unconfigured, but it must have a program running on it.

The wink event is unique in that it can evaluate to TRUE even though the device
is unconfigured. This event facilitates installation by allowing an unconfigured
device to perform an action in response to the network tool’s wink request.

Each application implements an application-specific behavior in response to the
Wink message, but all application-specific wink implementations share the same
characteristic: the wink event should trigger a finite, harmless, visual or visual
and audible physical response that allows for unambiguous identification of an
individual physical device.

A typical implementation would flash one of its LEDs for 10 seconds, or show a
similar response.

Note that the wink event and its task can execute when the device is in the
unconfigured state. The application’s implementation of the wink task should,
therefore, not rely on application timers (stimer, mtimer), other when-tasks, or
interrupts.

Syntax

wink

Example

when (wink)
{

i(-);out(io_indicator_light, ON);
delay(...);
io_out(io_indicator_light, OFF);
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Compiler Directives

This chapter provides reference information for compiler directives,
also known as pragmas. The ANSI C language standard permits each
compiler to implement a set of pragmas that control certain compiler
features that are not part of the language syntax.

Many compiler directives apply to both Neuron-hosted and host-based
application development, but some directives are not allowed in a
model file.
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Compiler Directives

ANSI C permits compiler extensions through the #pragma directive. These
directives are implementation-specific. The ANSI standard states that a
compiler can define any sort of language extensions through the use of these
directives. Unknown directives can be ignored or discarded. The Neuron C
Compiler issues warning messages for unrecognized directives.

In the Neuron C Compiler, pragmas can be used to set certain Neuron firmware
system resources and device parameters such as buffer counts and sizes and
receive transaction counts. See Chapter 8, Memory Management, of the
Neuron C Programmer’s Guide for a detailed description of the compiler
directives for buffer allocation.

Other pragmas control code generation options, debugging options, error
reporting options, and other miscellaneous features. Additional #pragma
directives can be used to control other Neuron firmware-specific parameters.
These directives can appear anywhere in the source file.

Pragma Directives

20

The following pragma directives are defined in Neuron C Version 2.2:
#pragma all_bufs_offchip

This pragma is only used with the MIP/DPS. It causes the compiler to
instruct the firmware and the linker to place all application and network
buffers in off-chip RAM. This pragma is useful only on the Neuron 3150®
Chip or 3150 Smart Transceiver, because these are the only parts that
support off-chip memory. See the Microprocessor Interface Program (MIP)
User's Guide for more information.

This directive is not supported in model files.
#pragma allow_duplicate_events

This directive causes the compiler to issue an NCC#176 duplicate event
message as a warning instead of as an error. The compiler normally treats a
duplicate event as a programming error. However, there are rare situations
where you want to test for a certain important event more than once within
the scheduler loop by having multiple, duplicated when clauses at different
points in the list of tasks run by the scheduler. This duplication can prevent
such an event from having to wait too long to be serviced. For more
information, see the discussion on 7The Schedulerin Chapter 7, Additional
Features, in the Neuron C Programmer’s Guide.

This directive is not supported in model files.
#pragma app_buf_in_count count [, modifier]|

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
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#pragma app_buf_in_size size [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
#pragma app_buf out_count count [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
#pragma app_buf_out_priority_count count [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
#pragma app_buf out_size size [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
#pragma codegen option

This pragma allows control of certain features in the compiler’s code
generator. Application timing and code size could be affected by use of these
directives. The valid options that can be specified are:

cp_family_space_optimization
create_cp_value_files_uninit
expand_stmts_off

expand_stmts_on
no_cp_template_compression
nol6bitstkfn

nofastcompare

noptropt

noshiftopt

nosiofar

optimization_off

optimization_on
put_cp_template_file_in_data_memory
put_cp_template_file_offchip
put_cp_value_files_offchip
put_read_only_cps_in_data_memory
use_i2c_version_1

Some of these options are provided for compatibility with prior releases of the
Neuron C Compiler. The nol6bitstkfn, nofastcompare, noptropt, and
noshiftopt options disable various optimizations in the compiler. The
nosiofar option is provided for Neuron firmware versions that include the
serial I/O functions in the near system-call area. In addition, the
cp_family_space_optimization, no_cp_template_compression,
optimization_off, and optimization_on options perform code optimizations;
use the #pragma optimization directive instead.
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The create_cp_value_files_uninit option is used to prevent the compiler from
generating configuration value files that contain initial values. Instead, the
value files are generated with no initial value, such that the Neuron loader
does not load anything into the block of memory; instead, the contents prior
to load are unaltered. This can be helpful if an application image needs to be
reloaded, but its configuration data is to remain unchanged.

The expand_stmts_off and expand_stmts_on options control statement
expansion. Normally, statement expansion is off. To permit the network
debug kernel to set a breakpoint at any statement whose code is stored in
modifiable memory for a Series 3100 chip, the statement’s code must be at
least two bytes in length. Due to optimization, some statements can be
accomplished in less than two bytes of generated Neuron machine code.
Activating statement expansion tells the code generator to ensure that each
statement contains at least two bytes of code by inserting a no-operation
(NOP) instruction if necessary.

Applications targeted for a Series 5000 chip do not need to enable statement
expansion. These devices support a one-byte breakpoint instruction, which is
automatically used when debugging. Thus, statement expansion and the
related increase in application size are not required for these devices.

The automatic configuration property merging feature in NodeBuilder 3.1
(and later) might change the device interface for a device that was previously
built with the NodeBuilder 3 tool. You can specify #pragma codegen
no_cp_template_compression in your program to disable the automatic
merging and compaction of the configuration property template file. Use of
this directive could cause your program to consume more of the device’s
memory, and is intended only to provide compatibility with the NodeBuilder
3.0 Neuron C compiler. You cannot use both the
no_cp_template_compression option and the cp_family_space_optimization
option in the same application program. This feature is independent of the
#pragma optimization directive.

The noptropt option can be desirable when debugging a program, because the
debugger does not have knowledge of whether the compiler has eliminated
redundant loads of a pointer between statement boundaries. If a breakpoint
is set in such circumstances, modification of the pointer variable from the
debugger would not modify the loaded pointer register which the compiler
can then use in subsequent statements. Use of this pragma avoids this
problem, but could also cause a substantial performance or size degradation
in the generated code. This codegen option should not be used except while
debugging.

The put_cp_template_file_in_data_memory option is used to direct the
compiler to create the configuration template file in a device’s data memory
instead of code memory. The purpose of doing this would be to permit write
access to the template file, or to permit more control over memory
organization to accommodate special device memory requirements.

In certain situations when linking a program for a Neuron 3150 Chip or a
3150 Smart Transceiver, it might be necessary to force the configuration
property template file into offchip memory rather than letting the linker
choose between offchip or onchip memory. Specify the
put_cp_template_file_offchip option to force the template file into offchip
memory.
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In certain situations when linking a program for a Neuron 3150 Chip or a
3150 Smart Transceiver, it might be necessary to force the configuration
property value files into offchip memory rather than letting the linker choose
between offchip or onchip memory. Specify the put_cp_value_files_offchip
option to force the value files into offchip memory.

The put_read_only_cps_in_data_memory option is used to direct the compiler
to create the configuration read-only value file in a device’s data memory
instead of code memory. The purpose of doing this would be to permit write
access to the read-only configuration properties (CPs), or to permit more
control over memory organization to accommodate special device memory
requirements.

The use_i2c_version_1 option is provided for compatibility with releases of
the Neuron C Compiler prior to the introduction of Neuron C Version 2.1.
The option disables use of a revised i2¢ I/0O object in the compiler. Although
unlikely, it is possible that a program using the i2¢ I/O object which compiled
and linked with an older release of the Neuron C Compiler would not fit if
compiled under the Neuron C Version 2.1 compiler or later, because the
version 2 I/0 object is a bit larger than the previous implementation, due to
its greatly increased flexibility and support of additional I/O pins as
compared to the version 1 implementation. See the description of the i2¢ I/0
model in the /0 Model Reference.

Only the cp_family_space_optimization and no_cp_template_compression
options are supported in model files.

#pragma deadlock_is_finite

This pragma allows the system semaphore to expire. The semaphore is used
for sharing data between an interrupt task and the main application. This
directive cancels the specification of the #pragma deadlock_is_infinite
directive.

You can specify this directive as often as necessary to allow debugging of code
within a lock construct (the Neuron C __lock{} keyword). You cannot debug
interrupt-related code when interrupt tasks run on the interrupt (ISR)
processor.

This directive is not supported in model files.
#pragma deadlock_is_infinite

This pragma prevents the system semaphore from expiring. The semaphore
is used for sharing data between an interrupt task and the main application.
This directive should only be used for NodeBuilder debug targets; using it
with release targets causes a compiler warning (NCC#607) and can allow
deadlocks not to cause a watchdog timeout (an infinite deadlock).

You can specify this directive as often as necessary to allow debugging of code
within a lock construct (the Neuron C __lock{} keyword). You cannot debug
interrupt-related code when interrupt tasks run on the interrupt (ISR)
processor.

This directive is not supported in model files.
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#pragma debug option

This pragma allows selection of various network debugger features. A
program using network debugger features can only be used with version 6
and later versions of the Neuron firmware.

The valid options are shown in the list below. This pragma can be used
multiple times to combine options, but not all options can be combined.

network_kernel
no_event_notify
no_func_exec
no_node_recovery
no_reset_event
node_recovery_only

The debugger network kernel must be included to use the device with the
network debugger supplied with the NodeBuilder Development Tool or the
LCA Field Compiler API. The network kernel consists of several independent
but interacting modules, all of which are included in the program image by
default. To reduce the size of the network debug kernel included in a
program, one or more of the following options can be specified in additional
#pragma debug directives. See the NodeBuilder User’s Guide and the
NodeBuilder Online Help for more information.

Use of the no_event_notify option excludes the event notification module.

Use of the no_func_exec option excludes the remote function execution
module.

Use of the no_node_recovery option turns off the device’s reset recovery delay
that the compiler automatically includes when the network debugging kernel
is included.

Use of the no_reset_event option turns off the reset event notification feature.
This feature is not necessary if the no_event_notify option is used to exclude
all event notification, since the reset event notification is part of the event
notification feature.

Use of the node_recovery_only option instructs the compiler to include the
node recovery feature only, without the network debug kernel.

This directive is not supported in model files.
#pragma disable_mult_module_init

Requests the compiler to generate any required initialization code directly in
the special init and event block, rather than as a separate procedure callable
from the special init and event block. The in-line method, which is selected
as a result of this directive, is slightly more efficient in memory usage, but
might not permit a successful link for an application on a Neuron 3150 Chip
or 3150 Smart Transceiver. This pragma should only be used when trying to
fit a program into a Neuron 3120xx Chip or 3120 Smart Transceiver. See the
discussion on What to Try When a Program Does Not Fit on a Neuron Chip
in Chapter 8, Memory Management, of the Neuron C Programmer’s Guide.

This directive cannot be used with the debug directive.

This directive is not supported in model files.
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#pragma disable_servpin_pullup

Disables the internal pullup resistor on the service pin. This pullup resistor
is normally enabled. The pragma takes effect during I/O initialization.

This directive has no effect when used for a Series 5000 chip.
This directive is not supported in model files.
#pragma disable_snvt_si

Disables generation of the self-identification (SI) data. The SI data is
generated by default, but can be disabled using this pragma to reclaim
program memory when the feature is not needed. See Standard Network
Variable Types (SNVTs) in Chapter 3, How Devices Communicate Using
Network Variables, of the Neuron C Programmer’s Guide.

The compiler does not issue error message NCC#15 if you specify this
directive multiple times in the application.

This directive is not supported in model files.
#pragma disable_warning number

Controls the compiler’s printing of specific warning and hint messages
Warning messages are less severe than errors, yet could indicate a problem
in a program, or a place where code could be improved. To disable all
warning messages, specify an asterisk (*) for the number.

See the enable_warning directive to enable disabled warnings.
The disable_warning directive supercedes the warnings_off directive.
#pragma eeprom_locked

This pragma provides a mechanism whereby an application can lock its
checksummed EEPROM. Checksummed EEPROM includes the application
and network images, but not application EEPROM variables. Setting the
flag improves reliability because attempts to write EEPROM as a result of
wild jumps fail. EEPROM variables are not protected. See the discussion of
the set_eeprom_lock() function in Chapter 3, Functions, on page 39, for more
information.

There are drawbacks to using the EEPROM lock mechanism. A device with
this pragma (or one using the set_eeprom_lock( ) function) requires that the
device be taken offline before checksummed EEPROM can be modified. So, if
the device is configured by a network tool that does not take the device offline
prior to changes, the tool does not change the configuration.

This directive is not supported in model files.
#pragma enable_io_pullups

Enables the internal pullup resistors on pins 104 through 107 for Series 3100
devices. The pragma takes effect during I/0O initialization. These pullup
resistors are normally disabled. Use of this pragma can eliminate external
hardware components when pullup resistors are required. The PL 3120-E4
Smart Transceiver and the PL 3150 Smart Transceiver both have an extra
I/O pin, I011. On these models of Smart Transceiver, this directive also
enables a pullup resistor for the I0O11 pin.
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This directive has no effect for a Series 5000 chip because Series 5000 chips
do not have on-chip programmable pull-up resistors. The linker issues the
NLD#507 warning message if you include this directive for a Series 5000
device.

This directive is not supported in model files.
#pragma enable_multiple_baud

Must be used in a program with multiple serial I/O devices that have
differing bit rates. If needed, this pragma must appear prior to the use of any
I/0 function (for example, io_in() and io_out()).

This directive is not supported in model files.
#pragma enable_sd_nv_names

Causes the compiler to include the network variable names in the self-
documentation (SD) information when self-identification (SI) data is
generated. See Standard Network Variable Types (SNVTs)in Chapter 3,
How Devices Communicate Using Network Variables, of the Neuron C
Programmer’s Guide.

#ipragma enable_warning number

Controls the compiler’s printing of specific warning and hint messages
Warning messages are less severe than errors, yet could indicate a problem
in a program, or a place where code could be improved. To enable all warning
messages, specify an asterisk (*) for the number.

See the disable_warning directive for the reverse operation.

The enable_warning directive supercedes the warnings_on directive.
#pragma explicit_addressing_off
#pragma explicit_addressing_on

These pragmas are only used with the Microprocessor Interface Program
(MIP) or for creating ShortStack Micro Server applications. See the
LonWorks Microprocessor Interface Program (MIP) User's Guide or the
ShortStack User’s Guide for more information.

These directives are not supported in model files.
#pragma fyi_off
#pragma fyi_on

Controls the compiler’s printing of informational messages. Informational
messages are less severe than warnings, yet could indicate a problem in a
program, or a place where code could be improved. Informational messages
are off by default at the start of compilation. These pragmas can be
intermixed multiple times throughout a program to turn informational
message printing on and off as desired.

#pragma hidden

This pragma is for use only in the <echelon.h> standard include file.
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#pragma idempotent_duplicate_off
#pragma idempotent_duplicate_on

These pragmas control the idempotent request retry bit in the application
buffer. This feature only applies to MIP or ShortStack Micro Server
applications. One of these pragmas is required when compiling, if the
#ipragma micro_interface directive also is used. See the LonWorks
Microprocessor Interface Program (MIP) User's Guide or the ShortStack
User’s Guide for more information.

These directives are not supported in model files.
#pragma ignore_notused symbol

Requests that compiler ignore the symbol-not-referenced flag for the named
symbol. The compiler normally prints warning messages for any variables,
functions, I/O objects, and so on, that are declared but never used in a
program. This pragma may be used one or more times to suppress the
warning on a symbol by symbol basis.

The pragma should appear after the variable declaration. A good coding
convention is to place the pragma on the line immediately following the
variable’s declaration. For automatic scope variables, the pragma must
appear no later than the line preceding the closing brace character (}') that
terminates the scope containing the variable. There is no terminating brace
for any variable declared at file scope.

#pragma include_assembly_file filename

This pragma can be used with the Neuron C Version 2 compiler to cause the
compiler to open filename and copy its contents to the assembly output file.
The compiler copies the contents such that the assembly code does not
interfere with code being generated by the compiler. See the Neuron
Assembly Language Reference for more information about including
assembly language routines with Neuron C programs.

This directive is not supported in model files.
#pragma library “/ibrary”

This pragma allows you to specify a library file (a file with a .lib extension)
with which the application is to be linked. You can use this directive as an
alternative to adding an explicit library reference to a NodeBuilder project or
specifying the library in the Mini FX Application. The directive is
recommended for new development, because it promotes self-contained,
modular development, and self-documenting code.

You can specify a library with either an absolute path or a relative path
(relative to the location of the NodeBuilder device template file [*.nbdt file]),
for example:

#pragma library “cenelec.lib”
#pragma library “._\myLibraries\myToolkit.lib”

You can also include macros in the path names. Table 4 on page 28 lists
system-defined macros, but you can also define custom macros. A custom
macro is expanded to the value of an operating system environment variable
of the same name as the macro. For example, if you define an environment
variable “MYPROJ” as “§LONWORKS$\myProjects”, then the following
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directive defines the myToolkit.lib file within the “c:\LonWorks\myProjects”
directory:

#pragma library “$MYPROJ$\myToolkit.lib”

If the environment variable “MYPROJ” is not defined, the linker replaces the
unknown macro with an empty string; it does not issue an error message for
the undefined macro.

The system macros listed in Table 4 are always automatically pre-defined,
and do not need defining in the system environment.

Table 4. System Macros for #pragma library Directive

Macro Expansion

$LONWORKSS$ The local LonWorks directory, generally
c:\LonWorks.

Note that there is no trailing backslash.

$IMG$ $LONWORKS$\Images

$STD$ $LONWORKS$\NeuronC\Libraries

For example, the NodeBuilder Code Wizard automatically adds the following
directive to the base .nc file (the file that corresponds to the device template
.nbdt file):

#ifdef _NEURONC
#  ifndef MODEL_FILE
ifndef USER_DEFINED_CODEWIZARD_LIB
pragma library "$IMG$\CodeWizard-3.1ib"
endif // USER_DEFINED CODEWIZARD LIB
endif // _MODEL_FILE
#endif // _NEURONC

HHHH*

You can nest macros up to five times, after which the recursion stops.

You can specify the #pragma library directive up to 19 times. That is, the
compiler can process a total of 19 input libraries during one compilation,
counting all included files and the original source file.

This directive is not supported in model files.
#pragma micro_interface

This pragma is only used with the Microprocessor Interface Program (MIP) or
with ShortStack Micro Server applications. See the LonWorks
Microprocessor Interface Program (MIP) User's Guide or the ShortStack
User’s Guide for more information.

#pragma names_compatible

This pragma is useful in Neuron C Version 2 (and later) to force the compiler
to treat names starting with SCPT*, UNVT*, UCPT*, SFPT*, and UFPT* as
normal variable names instead of as special symbols to be resolved through
resource files. This list does not include names starting with SNVT*,
Disabling the special behavior permits the compiler to accept programs
written using Neuron C Version 1 that declare such names in the program.
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This directive is not supported in model files.
#pragma net_buf_in_count count [, modifier]|

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for more detailed information on this pragma and its
use.

This directive is not supported in model files.
#pragma net_buf_in_size size [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
#pragma net_buf out_count count [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
#pragma net_buf_out_priority_count count [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

This directive is not supported in model files.
#pragma net_buf out_size size [, modifier]

See Allocating Buffersin Chapter 8, Memory Management, of the Neuron C
Programmer’s Guide for detailed information on this pragma and its use.

#pragma netvar_processing_off
#pragma netvar_processing_on

This pragma is only used with the Microprocessor Interface Program (MIP).
See the LonWorks Microprocessor Interface Program (MIP) User's Guide for
more information.

These directives are not supported in model files.
#pragma no_hidden

This pragma is for use only in the <echelon.h> standard include file.
#pragma num_addr_table_entries num

Sets the number of address table entries to num. Valid values for num are 0
to 15. The default number of address table entries is 15. You can use this
pragma to trade EEPROM space for address table entries (see Chapter 8,
Memory Management, of the Neuron C Programmer’s Guide).

This directive is not supported in model files.
#pragma num_alias_table_entries num

Controls the number of alias table entries allocated by the compiler. This
number must be chosen during compilation; it cannot be altered at runtime.
For Series 3100 devices with system firmware version 15 or earlier, valid
values for num are 0 to 62. For Series 3100 devices with system firmware
version 16 or later, and Series 5000 devices, built with the NodeBuilder FX
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Development Tool, valid values for num are 0 to 127. In Neuron C Version
2.2 (and later), there is no compiler default for this value. A Neuron C
program must specify a value using this pragma. You can use this pragma to
trade EEPROM space for alias table entries (see Chapter 8, Memory
Management, of the Neuron C Programmer’s Guide).

This directive is not supported in model files.
#pragma num_domain_entries num

Sets the number of domain table entries to num. Valid values for num are 1
or 2. The default number of domain table entries is 2. You can use this
pragma to trade EEPROM space for a domain table entry (see Chapter 8,
Memory Management, of the Neuron C Programmer’s Guide).

This directive is not supported in model files.
#pragma one_domain

Sets the number of domain table entries to 1. This pragma is provided for
legacy application support and should no longer be used. New applications
should use the num_domain_entries pragma instead. The default number of
domain table entries is 2.

This directive is not supported in model files.
#pragma optimization /eve/

This pragma allows you to specify a code optimization level for optimal use of
device memory. Supported levels are 0 (no optimization) to 5 (maximum
optimization).

When you specify no optimization, the Neuron C compiler attempts to create
fairly economical code. However, some improvements are generally possible,
and sometimes necessary. In addition to specifying additional code
optimization using this directive, consider manual optimization, as described
in the What to Try When a Program Does Not Fit on a Neuron Chip section of
Chapter 8 in the Neuron C Programmer’s Guide.

With optimization enabled, the Neuron C compiler performs several types of
code optimization. For example, it identifies common sub-expressions and
moves them into sub-routines when economical, thus reducing the memory
footprint of the generated code.

Table 5 lists the levels of optimization. Levels 2, 3, 4, and 5 are ignored if you
disable optimation within the NodeBuilder FX Development Tool (select the
Disable optimizer checkbox from the Compiler tab of the NodeBuilder Device
Template Target Properties dialog). Levels 0 and 1 are ignored if you enable
optimation within the NodeBuilder FX Development Tool (clear the Disable
optimizer checkbox).

Table 5. Optimization Levels for the #pragma optimization Directive

Level | Optimization Performed Notes

0 No optimization

CP templates are not compressed
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Level | Optimization Performed Notes

1 No optimization Default for debug
targets

2 Minimal optimization

CP templates are not compressed

3 General optimization Default for release
targets

4 General optimization, plus optimization of
space for cp_family definitions

5 Maximum optimization

You can use the following keywords instead of the numeric level indicators:
e nonefor level 0
e debugfor level 1
e standardfor level 3
e allforlevel 5

The keyword level indicators are generally preferred over their numeric
counterparts because they are self-documenting.

As part of optimization levels 3 and 4, the Neuron C compiler can attempt to
compact the configuration property template file by merging adjacent family
members that are scalars into elements of an array. Any CP family members
that are adjacent in the template file and value file, and that have identical
properties, except for the item index to which they apply, are merged. Using
optional configuration property re-ordering and merging can achieve
additional compaction beyond what is normally provided by automatic
merging of whatever CP family members happen to be adjacent in the files.
With this feature enabled, the Neuron C compiler optimizes the layout of CP
family members in the value and template files to make merging more likely.

Important: Configuration property re-ordering and merging can reduce the
memory required for the template file, but could also result in slower access
to the application’s configuration properties by network tools. This could
potentially cause a significant increase in the time required to commission
your device, especially on low-bandwidth channel types such as power line
channels. You should typically only use configuration property re-ordering
and merging if you must conserve memory. If you use configuration property
re-ordering and merging, be sure to test the effect on the time required to
commission and configure your device.

The default for debug targets is no optimization because the NodeBuilder
debugger allows you to place breakpoints in the source code, but after
optimization, the compiler might have collapsed two or more statements
together. In this case, the debugger might attempt to place a breakpoint in a
statement that does not exist in the optimized code. Thus, debugging
compiler-optimized code is not supported.
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The #pragma optimization directive replaces the following directives:

#pragma codegen cp_family_space_optimization
#pragma codegen optimization_on

#pragma codegen optimization_off

#pragma codegen no_cp_template_compression

While all of these directives continue to work, the compiler issues the
NCC#589 warning message if you use these deprecated directives. If your
application uses any of these directives with the #pragma optimization
directive, the compiler issues the NCC#588 warning message.

If you specify code optimization in NodeBuilder (or from the command line for
the NCC tool), and you specify the #pragma optimization directive, the
compiler issues the NCC#590 warning message.

This directive is not supported in model files.
#pragma ram_test_off

For Series 3100 chips, disables the off-chip RAM buffer space test to speed up
initialization. Normally the first thing the Neuron firmware does when it
comes up after a reset or power-up is to verify basic functions such as CPUs,
RAM, and timer/counters. This can consume large amounts of time,
particularly at slower clock speeds. By turning off RAM buffer testing, you
can trade off some reset time for maintainability. All RAM static variables
are nevertheless initialized to zero.

This directive has no effect for a Series 5000 chip. System RAM (from
0xE800 to OxEFFF) is always tested during reset, and the extended memory
area (extended RAM or non-volatile memory, from 0x4000 to OxE7FF) is not
tested during reset.

This directive is not supported in model files.
#pragma read_write_protect

Allows a device’s program to be read and write protected to prevent copying
or alteration over the network. This feature provides protection of a
manufacturer’s confidential algorithms. A device cannot be reloaded after it
is protected. The write protection feature is included to disallow Trojan horse
intrusions. The protection must be specifically enabled in the Neuron C
source program. After a device is loaded with an application containing this
pragma, the application program can never be reloaded on a Neuron 3120xx
Chip or 3120 Smart Transceiver. It is possible, however, to erase and reload
a Neuron 3150 Chip or 3150 Smart Transceiver, with the use of the EEPROM
blanking programs. Likewise, it is possible to erase and reload the external
EEPROM of a Series 5000 device. For more information on the use of the
EEPROM blanking programs, see the Smart Transceivers data books.

This directive is not supported in model files.
#pragma receive_trans_count num

Sets the number of receive transaction blocks to num. Valid values for num
are 1 to 16. See Allocating Buffersin Chapter 8, Memory Management, of
the Neuron C Programmer’s Guide for more detailed information on this
pragma and its use.

This directive is not supported in model files.
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#pragma relaxed_casting_off
#pragma relaxed_casting on

These pragmas control whether the compiler treats a cast that removes the
const attribute as an error or as a warning. The cast can either be explicit or
implicit (as in an automatic conversion due to assignment or function
parameter passing). Normally, the compiler considers any conversion that
removes the const attribute to be an error. Turning on the relaxed casting
feature causes the compiler to treat this condition as a warning instead.
These pragmas can be intermixed throughout a program to enable and
disable the relaxed casting mode as desired. See the example for Explicit
Propagation of Network Variablesin Chapter 3, How Devices Communicate
Using Network Variables, of the Neuron C Programmer’s Guide.

#pragma run_unconfigured

This pragma causes the application to run whenever it is online, even if the
device is in the unconfigured state. Without this directive, the application
runs only when the device is both online and configured. You can use this
directive to have an application perform some form of local control prior to or
independently of being installed in a network.

Applications that use this pragma and run on firmware versions prior to
version 12 should not attempt to send messages when hard-offline. The hard-
offline state can be detected by calling retrieve_status() and checking the
status_node_state field for the value CNFG_OFFLINE. The reason for this
restriction is that the hard-offline state is used by network tools during
configuration modification. Were one to send messages in this state, the
message might be sent using invalid configuration and thus potentially go to
the wrong location. Note that an application is typically taken soft-offline
during modification so the device is only subject to these concerns if it is
power-cycled while the modification is in progress. Applications that do not
use this pragma do not ever run when hard-offline and thus are not
vulnerable to this condition.

This directive is not supported in model files.
#pragma scheduler_reset

Causes the scheduler to be reset within the nonpriority when clause
execution cycle, after each event is processed (see Chapter 7, Additional
Features, of the Neuron C Programmer’s Guide for more information on the
Neuron scheduler).

This directive is not supported in model files.
#pragma set_guidelines_version string

The Neuron C version 2.1 (and later) compiler generates LONMARK
information in the device’s XIF file and in the device’s SIDATA (stored in
device program memory). By default, the compiler uses “3.4” as the string
identifying the LONMARK guidelines version that the device conforms to. To
override this default, specify the overriding value in a string constant
following the pragma name, as shown. For example, a program could specify
#pragma set_guidelines_version “3.2” to indicate that the device conforms to
the 3.2 guidelines. This directive is useful for backward compatibility with
older versions of the Neuron C compiler.
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Note this directive can be used to state compatibility with a guidelines
version that is not actually supported by the compiler. Future versions of the
guidelines that require a different syntax for SI/SD data are likely to require
an update to the compiler. This directive only has the effect described above,
and does not change the syntax of SD strings generated.

The set_guidelines_version directive is typically used to specify a version
string in the major.minor form (for example, “3.4”). The compiler issues a
NCC#604 warning message if the application-specific version string does not
match that format, but permits the string.

Using this directive can prevent certification of the generated device.
#pragma set_id_string "ssssssss”

Provides a mechanism for setting the device’s 8-byte program ID. This
directive is provided for legacy application support and should no longer be
used. The program ID should be set in the NodeBuilder device template
instead, and should not be set to a text string except for network interface
devices (for example, devices using the MIP). If this pragma is present, the
value must be the same as the program ID set by the NodeBuilder tool.

This pragma initializes the 8-byte program ID located in the application
image. The program ID is sent as part of the service pin message
(transmitted when the service pin on a device is activated) and also in the
response for the Query ID network management message. The program ID
can be set to any C string constant, 8 characters or less.

This pragma can only be used to set a non-standard text program ID where
the first byte must be less than 0x80. To set a standard program ID, use the
#pragma set_std_prog_id directive, documented below. If this pragma is
used, the #pragma set_std_prog_id directive cannot be used. Neither pragma
is required or recommended.

#pragma set_netvar_count nn

This pragma is only used with the Microprocessor Interface Program (MIP) or
ShortStack Micro Server applications. See the LonWorks Microprocessor

Interface Program (MIP) User's Guide or the ShortStack User’s Guide for
more information.

This directive is not supported in model files.
#pragma set_node_sd_string C-string-const

Specifies and controls the generation of a comment string in the self-
documentation (SD) string in a device's application image. Most devices have
an SD string. The first part of this string documents the functional blocks on
the device, and is automatically generated by the Neuron C Version 2
compiler. This first part can be followed by a comment string that documents
the purpose of the device. This comment string defaults to a NULL string
and can have a maximum of 1023 bytes (minus the length of the first part of
the SD string generated by the Neuron C compiler), including the zero
termination character. This pragma explicitly sets the comment string.
Concatenated string constants are not allowed. This pragma can only appear
once in the source program.
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#pragma set_std_prog id hh:hh:hh:hh:hh:hh:hh:hh

Provides a mechanism for setting the device’s 8-byte program ID. This
directive is provided for legacy application support and should not be used for
new programs. The program ID should be set in the NodeBuilder device
template instead. If this pragma is present, the value must agree with the
program ID set by the NodeBuilder tool.

This pragma initializes the 8-byte program ID using the hexadecimal values
given (each character other than the colons in the argument is a hexadecimal
digit from O to F). The first byte can only have a value of 8 or 9, with 8
reserved for devices certified by the LONMARK association. If this pragma is
used, the #pragma set_id_string directive cannot be used. Neither pragma is
required or recommended when using the NodeBuilder Development Tool.

For more information about standard program IDs, see the LonMark
Application Layer Interoperability Guidelines.

#pragma skip_ram_test_except_on_power_up

Specify this directive to speed up reset processing by skipping the automatic
testing of RAM by the Neuron firmware. For Series 3100 devices, RAM is
still tested if the reset is a result of powering up the device. RAM is still
always set to zero by each reset.

This directive is not supported in model files.
#pragma snvt_si_eecode

Causes the compiler to force the linker to locate the self-identification and
self-documentation information in EECODE space. See Memory Areasin
Chapter 8, Memory Management, of the Neuron C Programmer’s Guide for a
definition of the EECODE space. By default, the linker places the table in
EEPROM or in ROM code space, as it determines. Placing this table in
EEPROM ensures that it can be modified using Memory Write network
management messages. A network tool can use this capability to modify self-
documentation of a device during installation. This pragma is only useful on
a Neuron 3150 Chip, 3150 Smart Transceiver, or a Series 5000 device.

This directive is not supported in model files.
#pragma snvt_si_ramcode

Causes the compiler to force the linker to locate the self-identification and
self-documentation information in RAMCODE space. See Memory Areasin
Chapter 8, Memory Management, of the Neuron C Programmer’s Guide for a
definition of the RAMCODE space. By default, the linker places the table in
EEPROM or in ROM code space, as it determines. Placing this table in RAM
ensures that it can be modified using Memory Write network management
messages.

Note: RAMCODE space is always external memory, and is assumed to be
non-volatile. This pragma is only useful on a Neuron 3150 Chip, 3150 Smart
Transceiver, or a Series 5000 device.

This directive is not supported in model files.
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#pragma specify_io_clock string

Specify this directive to inform the compiler of the value of the Neuron clock
speed (external crystal frequency for Series 3100 devices, or the I/0 clock
frequency for Series 5000 devices).

The directive is generally not required for Series 5000 chips because the I/0
clock frequency is fixed for those chips.

This directive is only useful in combination with the sci I/O model, and
permits the compiler to calculate the register settings for the SCI I/O
hardware in any Neuron Chip or Smart Transceiver equipped with SCI I/O
hardware. The clock rate is specified with a string constant following the
pragma name as shown. The only clock rates that may be used with SCI I/0
hardware are “20 MHz”, “10 MHz”, “6.5536 MHz”, “6 MHz”, and “2.5 MHz".
The strings must appear exactly as shown, including capitalization.

This directive is not supported in model files.
#pragma system_image_extensions nv_length_override

This directive enables the NV length override system image extension. This
system image extension is used to implement changeable network variable
types. You must provide an extension function named
get_nv_length_override() as detailed below. Using this compiler directive
together with a version of the Neuron firmware that does not support system
extensions will cause a linker error (NLD#477).

You can continue to access the nv_len property as discussed in the Neuron C
Programmer’s Guide. However, the Neuron C Version 2.1 (and later) system
image extension technique provides a more robust implementation and
should therefore be used for all new designs.

Where #pragma system_image_extensions nv_length_override enables the
nv_length_override system image extension, you must also provide the
system extension. To do so, you must implement a function that meets the
following prototype:

unsigned get_nv_length_override(unsigned nvIindex);

The function returns the current length in bytes of the network variable with
the given index, or OxFF to signal that the length has not been changed. You
must maintain information about the current length (and type) for network
variables with changeable types in some appropriate, persistent, variable.
You can use the sizeof() operator to obtain the initial size of the network
variable. See the discussion on Changeable Type Network Variables in the
chapter How Devices Communicate Using Network Variables of the Neuron
C Programmer's Guide for more information.

This directive is not supported in model files.
#pragma transaction_by_address_off
#pragma transaction_by_address_on

These pragmas explicitly control which version of transaction ID allocation
algorithm the Neuron firmware uses. Some versions of the Neuron firmware
support a new version of transaction ID allocation that has superior duplicate
rejection properties. For the Neuron 3150 Chip, 3150 Smart Transceiver,
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Neuron 3120E1 Chip, Neuron 3120E2 Chip, and 3120 Smart Transceiver,
firmware version 6 (or later) supports either algorithm. For the Neuron 3120
Chip, firmware version 4 (or later) supports either algorithm. For a Series
5000 device, firmware version 18 (or later) supports either algorithm. The
newer version of transaction tracking (the on option) is used by default when
available, unless the device 1s a LONWORKS network interface (for example,
running the MIP), or the device’s application program generates explicit
destination addresses.

These directives are not supported in model files.
#pragma unknown_system_image_extension_isa_warning

This directive causes the [NLD#477] linker message, which normally reports
an error for the use of #pragma system_image_extensions nv_length_override
on a version of the Neuron firmware that does not support system image
extension, to be changed to a warning. This change allows you to compile the
same application code for different targets with respect to their system image
support.

The Code Wizard in NodeBuilder 3.1 (and later) uses this directive to
generate Neuron C source code that compiles, for example, for a LTM-10A
target (debug platform), and a TP/FT-10F Flash Control Module (release
platform). See the discussion on Changeable Type Network Variables in the
chapter How Devices Communicate Using Network Variables of the Neuron
C Programmer's Guide for more information.

You normally do not need to specify this directive if your debug and release
targets use the same system firmware version and hardware, or if you use
conditional compilation to distinguish between the targets.

This directive is not supported in model files.
#pragma warnings_off
#pragma warnings_on

Controls the compiler’s printing of warning messages. Warning messages
generally indicate a problem in a program, or a place where code could be
improved. Warning messages are on by default at the start of a compilation.
These pragmas can be intermixed multiple times throughout a program to
turn warning message printing on and off as desired.

These directives override the settings for the #pragma enable_warning
number and #pragma disable_warning number directives.

The warnings_off and warnings_on directives are deprecated. Use the
enable_warning and disable_warning directives instead.

Other Directives

The following additional directives are defined in Neuron C Version 2.2:
#error “tex?t’

This directive allows you to issue a custom error message. When this
directive is processed, program compilation fails. This directive is useful for
managing conditional compilation, for example:

#ifdef XXX
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#else
#ifdef YYY
#else
#error “You must define either XXX or YYY”
#endif
#endif

This directive differs from the ANSI C #error directive in that the Neuron C
version requires a quoted string.

#warning “text’

This directive allows you to issue a custom warning message. When this
directive is processed, program compilation continues. This directive is
useful for managing conditional compilation, for example:

#ifdef XXX
#else
#ifdef YYY
#else
#warning “You should define either XXX or YYY”
#endif
#endiFf
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Functions

This chapter provides reference information on the Neuron C built-in
and library functions.

Built-in and library functions are used with executable code, and do
not apply to host-based device development with model files.
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This chapter lists Neuron C functions, providing syntax information,
descriptions, and examples of each function. Some functions are built-in
functions. This means they are used as if they were function calls, but they are
permanently part of the Neuron C language and are implemented by the
compiler without necessarily mapping into an actual function call. Some built-in
functions have special behaviors depending on their context and usage. The rest
of the functions are library calls. Some library calls have function prototypes in
one of the standard include files, as noted. The standard include files are:

<a2d.h>
<access.h> (this file includes <addrdefs.h>)
<addrdefs.h>
<byte.h>
<control.h>
<float.h>
<io_types.h>
<limits.h>
<mem.h>
<modnvlen.h> (automatically included)
<msg_addr.h>
<netdbg.h>
<netmgmt.h>
<nm_ckm.h>
<nm_err.h>
<nm_fm.h>
<nm_inst.h>
<nm_mod.h>
<nm_model.h>
<nm_nmo.h>
<nm_rqr.h>
<nm_sel.h>
<nm_ste.h>
<nm_sub.h>
<nm_wch.h>
<psg.h>
<psgreg.h>
<s32.h>
<status.h>
<stddef.h>
<stdlib.h>
<string.h>

Functions not defined in any of the above include files derive their prototypes
from <echelon.h>, an include file that is automatically incorporated in each
compilation. Except for <echelon.h>, you must incorporate the necessary include
file (or files) to use a function. Although some of the following function
descriptions list both an include file and a prototype, you should only specify the
#include directive. The prototype is contained in the include file, and is shown
here only for reference.

The functions listed in this chapter include floating-point and extended (32-bit)
precision arithmetic support. A general discussion of the use of floating-point
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variables and floating-point arithmetic, and a discussion of the use of extended
precision variables and extended precision arithmetic is included in the following
list of functions.

Any existing application program developed for a Neuron 3120 Chip or 3120
Smart Transceiver using any system library functions might require more
EEPROM memory on a Neuron 3120 Chip or 3120 Smart Transceiver than it
would on a Neuron 3150 Chip, 3150 Smart Transceiverm or Series 5000 chip.
This is because more of the system functions are stored in the ROM firmware
image on a Neuron 3150 Chip, a 3150 Smart Transceiver, or a Series 5000 chip.
Examination of the link map provides a measure of the EEPROM memory used
by these functions. See System Library on a Neuron 3120 Chip in Chapter 8,
Memory Management, of the Neuron C Programmer's Guide for more detailed
information on how to create and examine a link map to obtain a measure of the
Neuron 3120 Chip or 3120 Smart Transceiver EEPROM usage required for these
functions. Also see the NodeBuilder User’s Guide for additional information on
the link map.

Note: “Neuron 3120 Chip” above refers to all the Neuron 3120 Chips, including
3120, 3120E1, 3120E2, 3120E3, 3120E4, 3120E5, and 3120A20 Chips, as well as
the FT 3120 Smart Transceiver, the PL 3120 Smart Transceiver, and the PL
3170 Smart Transceiver.

Overview of Neuron C Functions

You can call the functions listed in the following sections from a Neuron C
application program. These functions are built into the Neuron C Compiler, or
are part of the Neuron firmware, or are linked into the application image from a
system library. The availability of these functions varies by model of Neuron
Chip or Smart Transceiver, as well as by firmware version. This detailed
information is available at www.echelon.com/downloads.

Execution Control

Table 6 lists the execution control functions.

Table 6. Execution Control Functions

Function Description

delay() Delay processing for a time
independent of input clock rate

flush() Flush all outgoing messages and
network variable updates

flush_cancel() Cancel a flush in process

flush_wait() Wait for outgoing messages and

updates to be sent before going off-line

get_tick_count() Read hardware timer
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Function

Description

go_offline()

Cease execution of the application
program

interrupt_control()

Enable or disable interrupts

msec_delay()

Delay processing for a specified
number of milliseconds

post_events()

Define a critical section boundary for
network variable and message
processing

power_up()

Determine whether last processor reset
was due to power up

preemption_mode()

Determine whether the application
processor scheduler is currently
running in preemption mode.

propagate()

Force propagation of an output
network variable

scaled_delay()

Delay processing for a time that
depends on the input clock rate

sleep()

Enter low-power mode by disabling
system clock

timers_off()

Turn off all software timers

watchdog_update()

Re-trigger the watchdog timer to
prevent device reset

Network Configuration

Table 7 lists the network configuration functions.

Table 7. Network Configuration Functions

Function

Description

access_address()

Read device’s address table

access_alias()

Read device’s alias table

access_domain()

Read device’s domain table

access_nv()

Read device’s network variable
configuration table
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Function

Description

addr_table_index()

Determine address table index of
message tag

application_restart()

Begin application program over again

get_current_nv_length()

Read a network variable's current
length

go_unconfigured()

Reset this device to an uninstalled
state

node_reset()

Activate the reset pin, and reset all
CPUs

nv_table_index()

Determine global index of a network
variable

offline_confirm()

Inform network tool that this device is
going offline

update_address()

Write device’s address table

update_alias()

Write device’s alias table

update_clone_domain()

Write device’s domain table with clone
entry

update_config_data()

Write device’s configuration data
structure

update_domain()

Write device’s domain table with
normal entry

update_nv()

Write device’s network variable
configuration table

Integer Math

Table 8 lists the integer mathematics functions.

Table 8. Integer Math Functions

Function Description
abs() Arithmetic absolute value
bed2bin() Convert binary coded decimal data to

binary
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Function

Description

bin2bed()

Convert binary data to binary coded
decimal

high_byte()

Extract the high byte of a 16-bit
number

low_byte()

Extract the low byte of a 16-bit number

make_long()

Create a 16-bit number from two 8-bit
numbers

max() Arithmetic maximum of two values

min() Arithmetic minimum of two values

muldiv() Unsigned multiply/divide with 32-bit
intermediate result

muldiv24() Unsigned multiply/divide with 24-bit
intermediate result

muldiv24s() Signed multiply/divide with 24-bit
intermediate result

muldivs() Signed multiply/divide with 32-bit
intermediate result

random( ) Generate 8-bit random number

reverse() Reverse the order of bits in an eight-bit

number

rotate_long_left()

Rotate left a 16-bit number

rotate_long_right()

Rotate right a 16-bit number

rotate_short_left()

Rotate left an 8-bit number

rotate_short_right()

Rotate right an 8-bit number

$32_abs() Take the absolute value of a signed 32-
bit number

s32_add() Add two signed 32-bit numbers

$32_cmp() Compare two 32-bit signed numbers

s32_dec() Decrement a 32-bit signed number
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Function

Description

832_div() Divide two signed 32-bit numbers
832_div2() Divide a 32-bit signed number by 2
$32_eq() Return TRUE if first argument equals

second argument

s32_from_ascii()

Convert an ASCII string into a 32-bit
signed number

$32_from_slong()

Convert a signed long number into a
32-bit signed number

s82_from_ulong()

Convert an unsigned long number into
a 32-bit signed number

s32_ge() Return TRUE if first argument is
greater than or equal to second
argument

s32_gt() Return TRUE if first argument is
greater than second argument

832_inc() Increment a 32-bit signed number

s32_le() Return TRUE if first argument is less
than or equal to second argument

s32_1t() Return TRUE if first argument is less
than second argument

$32_max() Take the maximum of two signed 32-
bit numbers

$32_min() Take the minimum of two signed 32-bit
numbers

$32_mul() Multiply two signed 32-bit numbers

$32_mul2() Multiply a 32-bit signed number by 2

$32_ne() Return TRUE if first argument does
not equal second argument

$32_neg() Return the negative of a signed 32-bit
number

$32_rand() Return a random 32-bit signed number
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Function

Description

832_rem() Return the remainder of a division of
two signed 32-bit numbers

s32_sign() Return the sign of a 32-bit signed
number

832_sub() Subtract two signed 32-bit numbers

$32_to_ascii()

Convert a 32-bit signed number into an
ASCII string

s32_to_slong()

Convert a 32-bit signed number into
signed long

Floating-Point Math

Table 9 lists the floating-point mathematics functions.

Table 9. Floating-Point Functions

Function Description

fl_abs() Take the absolute value of a floating-
point number

fl_add() Add two floating-point numbers

fl_ceil() Return the ceiling of a floating-point
number

fl_ecmp() Compare two floating-point numbers

fl_div() Divide two floating-point numbers

fl_div2() Divide a floating-point number by two

fl_eq() Return TRUE if first argument equals
second argument

fl_floor() Return the floor of a floating-point
number

fl_from_ascii() Convert an ASCII string to floating-
point

fl_from_s32() Convert a signed 32-bit number to a
floating-point number

fl_from_slong() Convert a signed long number into a
floating-point number
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Function

Description

fl_from_ulong()

Convert an unsigned long number to a
floating-point number

fl_ge() Return TRUE if first argument is
greater than or equal to second
argument

fl_gt() Return TRUE if first argument is
greater than second argument

fl_le() Return TRUE if first argument is less
than or equal to second argument

f1_1t() Return TRUE if first argument is less
than second argument

fl_max() Find the maximum of two floating-
point numbers

fl_min() Find the minimum of two floating-point
numbers

fl_mul() Multiply two floating-point numbers

fl_mul2() Multiply a floating-point number by
two

fl ne() Return TRUE if first argument is not
equal to second argument

fl_neg() Return the negative of a floating-point
number

fl_rand() Return a random floating-point
number

fl_round() Round a floating-point number to the
nearest whole number

fl_sign() Return the sign of a floating-point
number

fl_sqrt() Return the square root of a floating-
point number

fl_sub() Subtract two floating-point numbers

fl_to_ascii()

Convert a floating-point number to an
ASCII string
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Function

Description

fl_to_ascii_fmt()

Convert a floating-point number to a
formatted ASCII string

fl_to_s32()

Convert a floating-point number to
signed 32-bit

fl_to_slong()

Convert a floating-point number to
signed long

fl_to_ulong()

Convert a floating-point number to
unsigned long

fl_trunc()

Return the whole number part of a
floating-point number

Strings

Table 10 lists the string functions.

Table 10. String Functions

Function Description

streat() Append a copy of a string at the end of
another

strchr() Scan a string for a specific character

stremp() Compare two strings

strepy() Copy one string into another

strlen() Return the length of a string

strncat() Append a copy of a string at the end of
another

strnemp() Compare two strings

strnepy() Copy one string into another

strrchr() Scan a string in reverse for a specific

character

Utilities

Table 11 on page 49 lists the utlility functions.
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Table 11. Utility Functions

Function

Description

ansi_memcpy( )

Copy a block of memory with ANSI
return value

ansi_memset()

Set a block of memory to a specified
value with ANSI return value

clear_status()

Clear error statistics accumulators and
error log

clr_bit() Clear a bit in a bit array
cre8() Calculate an 8-bit CRC over an array
crcl6() Calculate a 16-bit CRC over an array

crel6_ceitt()

Calculate a 16-bit CCITT CRC over an
array

eeprom_memcpy( )

Copy a block of memory to EEPROM
destination

error_log()

Record software-detected error

fblock_director()

Call the director associated with an
fblock

get_fblock_count()

Return the number of fblock
declarations in the program

get_nv_count()

Return the number of network variable
declarations in the program

memcepy( )

Copy a block of memory

memchr()

Search a block of memory

mememp( )

Compare a block of memory

memcpy()

Copy a block of memory:

e from msg_in.data and
resp_in.data

e toresp_out.data

e length greater than or equal to
256 bytes

e others
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Function

Description

memset()

Set a block of memory to a specified
value:

e length greater than or equal to
256 bytes

e others

retrieve_status()

Read statistics from protocol processor

service_pin_msg_send()

Send a service pin message

service_pin_state()

Read the service pin state

set_bit()

Set a bit in a bit array

set_eeprom_lock()

Set the state of the checksummed
EEPROM's lock

tst_bit()

Return TRUE if bit tested was set

Input/Output

Table 12 lists the I/O functions.

Table 12. Input/Output Functions

Function

Description

io_change_init()

Initialize reference value for
io_changes event

io_edgelog_preload()

Define maximum value for edgelog
period measurements

io_edgelog_single_preload()

Define maximum value for edgelog
single_tc period measurements

io_idis() Disable the I/O interrupt used in the
hardware support for the sci and spi
I/O objects

io_iena() Enable the I/O interrupt used in the

hardware support for the sci and spi
I/0 objects
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Function

Description

io_in()

Input data from I/0 object:
e Dualslope input
o Edgelog input
e Infrared input
e Magcard input
e Neurowire I/O slave mode

e Neurowire I/0O with invert
option

e Serial input
e Touch I/O
e Wiegand input

e others

io_in_ready()

Event function which evaluates to
TRUE when a block of data is available

from the parallel I/O object

io_in_request()

Start dualslope A/D conversion

io_out()

Output data to I/O object:
e Bitshift output
e Neurowire I/O slave mode

e Neurowire I/O with invert
option

e Serial output
e Touch I/O

e others

io_out_ready()

Event function which evaluates to
TRUE when a block of data is available

from the parallel I/O object

io_out_request()

Request ready indication from parallel
1/0 object

io_preserve_input()

Preserve first timer/counter value after
reset or io_select()

io_select()

Set timer/counter multiplexer

io_set_baud()

Set the serial bit rate for an sci I/0
object
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Function Description

io_set_clock() Set timer/counter clock rate
io_set_direction() Change direction of I/O pins
sci_abort() Abort pending sci transfer
sci_get_error() Read most recent sci error code
spi_abort() Abort pending spi transfer
spi_get_error() Read most recent spi error code

Signed 32-Bit Integer Support Functions
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The Neuron C compiler does not directly support the use of the C arithmetic and
comparison operators with 32-bit integers. However, there is a complete library
of functions for signed 32-bit integer math. These functions are listed in /nteger
Math on page 43. For example, in standard ANSI C, to evaluate X=A +B* C in
long (32-bit) arithmetic, the '+' and "' infix operators can be used as follows:

long X, A, B, C;
X=A+B™*C;

With Neuron C, this can be expressed as follows:

s32_type X, A, B, C;
s32_mul(&B, &C, &X);
s32_add(&X, &A, &X);

The signed 32-bit integer format can represent numbers in the range of
+2,147,483,647 with an absolute resolution of +1.

An s32_type structure data type for signed 32-bit integers is defined by means of
a typedef in the <s32.h> file. It defines a structure containing an array of four
bytes that represents a signed 32-bit integer in Neuron C format. This is
represented as a two’s complement number stored with the most significant byte
first. The type declaration is shown here for reference:

typedef struct {
int bytes[4];
} s32_type;

All of the constants and functions in the <s32.h> file are defined using the
Neuron C signed 32-bit data type, which is a structure. Neuron C does not
permit structures to be passed as parameters or returned as values from
functions. When these objects are passed as parameters to C functions, they are
passed as addresses (using the '&' operator) rather than as values. However,
Neuron C does support structure assignment, so signed 32-bit integers can be
assigned to each other with the '=' assignment operator.

No errors are detected by the 32-bit functions. Overflows follow the rules of the C
programming language for integers, namely, they are ignored. Only the least
significant 32 bits of the results are returned.

Initializers can be defined using structure initialization syntax. For example:
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s32_type some_number = {0, 0, 0, 4};
// initialized to 4 on reset

s32_type another_number = {-1, -1, -1, -16};
// initialized to -16

A number of constants are defined for use by the application if desired. s32_zero,
$32_one, s32_minus_one represent the numbers 0, 1, and -1.

If other constants are desired, they can be converted at runtime from ASCII
strings using the function s32_from_ascii().

Example:

s32_type one_million;

when(reset) {
s32_from_ascii(*'1000000", one _million);
}

Because this function is fairly time consuming, it could be advantageous to pre-
compute constants with the NXT Neuron C Extended Arithmetic Translator
utility. This program accepts an input file with declarations using standard
integer initializers, and creates an output file with Neuron C initializers. See
Using the NXT Neuron C Extended Arithmetic Translator on page 69.

For example, if the input file contains the following statement:

const s32_type one_million = 1000000;

then the output file contains the following:

const s32_type one_million = {0x00,0x0f,0x42,0x40}
/* 1000000 */;

Users of the NodeBuilder tool can use Code Wizard to create initializer data for
s32_type network variables and configuration properties. The NodeBuilder
Neuron C debugger can display signed 32-bit integers through the s32_type
shown above.

The Neuron C debugger can display signed 32-bit integers as raw data at a
specific address. To examine the value of one or more contiguous signed 32-bit
integer variables, enter the address of the first variable into the raw data
evaluation window, select Raw Data at Address, Data Size as quad, Count as the
number of variables that you want to display, and Format as Dec. The data is
displayed as unsigned, even if it is negative. To view the data as signed, click on
the value field, and the Modify Variable window shows the data in both formats.
You can also modify signed 32-bit integer variables by clicking on the value field,
and entering new data in the usual format for integers.

The signed 32-bit integer arguments are all passed to the support functions as
addresses of structures. The calling function or task is responsible for declaring
storage for the arguments themselves. Argument lists are ordered so that input
arguments precede output arguments. In all cases, any of the signed 32-bit
integer input arguments can be reused as output arguments to facilitate
operations in place.

Binary Arithmetic Operators

Table 13 on page 54 lists the binary arithmetic operator functions.
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Table 13. Binary Arithmetic Operators

Short
Name

Function

add

void s32_add(const s32_type *argl, const s32_ type *arg2,
s32_type *arg3);

Adds two signed 32-bit integers. (arg3 = argl + arg2).

sub

void s32_sub(const s32_type *argl, const s32_type *arg2,
s32_type *arg3);

Subtracts two signed 32-bit integers. (arg3 = argl - arg2).

mul

void s32_mul(const s32_type *argl, const s32_ type *arg2,
s32_type *arg3);

Multiplies two signed 32-bit integers. (arg3 = argl *arg2).

void s32_div(const s32_type *argl, const s32_ type *arg2,
s32_type *arg3);

Divides two signed 32-bit integers. (arg3 = argl / arg2).

rem

void s32_rem(const s32_type *argl, const s32_ type *arg2,
s32_type *arg3);

Returns the remainder of the division of two signed 32-bit integers (arg3
= argl % arg2). The sign of arg3 is always the same as the sign of argl.

max

void s32_max(const s32_type *argl, const s32_ type *arg2,
s32_type *arg3);

Returns the maximum of two signed 32-bit integers. (arg3 = max(argl,
arg2)).

void s32_min(const s32_type *argl, const s32_type *arg2,
s32_type *arg3);

Returns the minimum of two signed 32-bit integers. (arg3 = min(argl,
arg2)).

Unary Arithmetic Operators

Table 14 lists the unary arithmetic operator functions.

Table 14. Unary Arithmetic Operators

Short
Name

Function

abs

void s32_abs(const s32_type *argl, s32_type *arg2);
Returns the absolute value of a signed 32-bit integer. (arg2 = abs(argl)).
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Short
Name | Function

neg void s32_neg(const s32_type *argl, s32_type *arg2);

Returns the negative of a signed 32-bit integer. (arg2 = - argl).

Comparison Operators

Table 15 lists the comparison operator functions.

Table 15. Comparison Operators

Short
Name | Function

eq boolean s32_eq(const s32_type *argl,
const s32_type *arg2);

Returns TRUE if the first argument is equal to the second argument,
otherwise FALSE. (argl == arg2).

ne boolean s32_ne(const s32_type *argl,
const s32_type *arg2);

Returns TRUE if the first argument is not equal to the second
argument, otherwise FALSE. (argl != arg2).

gt boolean s32_gt(const s32_type *argl,
const s32_type *arg2);

Returns TRUE if the first argument is greater than the second
argument, otherwise FALSE. (argl > arg2).

it boolean s32_It(const s32_type *argl,
const s32_type *arg2);

Returns TRUE if the first argument is less than the second argument,
otherwise FALSE. (argl < arg2).

ge boolean s32_ge(const s32_type *argl,
const s32_type *arg2);

Returns TRUE if the first argument is greater than or equal to the
second argument, otherwise FALSE. (argl >= arg2).

le boolean s32_le(const s32_type *argl,
const s32_type *arg2?);

Returns TRUE if the first argument is less than or equal to the second
argument, otherwise FALSE. (argl <= arg2).

cmp int s32 _cmp(const s32_type *argl, const s32_ type *arg2);

Returns +1 if the first argument is greater than the second argument, -1
if it is less, and 0 if it is equal.
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Miscellaneous Signed 32-bit Functions

Table 16 lists miscellaneous signed 32-bit functions.

Table 16. Signed 32-Bit Functions

Short

Name | Function

sign int s32_sign(const s32_type *arg);
Sign function, returns +1 if the argument is positive, 0 if the argument
is zero, and -1 if the argument is negative.

inc void s32_inc(s32_type *arg);
Increments a signed 32-bit integer.

dec void s32_dec(s32_type *arg);
Decrements a signed 32-bit integer.

mul2 | void s32_mul2(s32_type *arg);
Multiplies a signed 32-bit integer by two.

div2 | void s32_div2( s32_type *arg );
Divides a signed 32-bit integer by two.

rand | void s32_rand(s32_type *arg);

Returns a random integer uniformly distributed in the range
[-2,147,483,648 to +2,147,483,647].

Integer Conversions

Table 17 lists the integer conversion functions.

Table 17. Integer Conversions

Short
Name | Function
to signed long s32_to_slong(const s32_type *arg);
slon
d Converts a signed 32-bit integer to a Neuron C signed long integer
(range -32,768 to +32,767). Overflow is ignored.
to unsigned long s32_to_ulong(const s32_type *arg);
ulon
g Converts a signed 32-bit integer to a Neuron C unsigned long integer
(range 0 to 65,5635). Overflow is ignored.
from | void s32 from slong(signed long argl, s32_type *arg2);
slong

Converts a Neuron C signed long integer (range -32,768 to +32,767) to a
signed 32-bit integer.
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Short
Name

Function

from
ulong

void s32_from ulong(unsigned long argl, s32_ type *arg2);

Converts a Neuron C unsigned long integer (range 0 to +65,535) to a
signed 32-bit integer.

Conversion of Signed 32-bit to ASCII String

Table 18 lists the conversion function for a signed 32-bit number to an ASCII

string.

Table 18. Conversions of Signed 32-Bit Numbers to ASCII Strings

Short
Name

Function

to
ascii

void s32_to_ascii(const s32 type *argl, char *arg2);

Converts a signed 32-bit integer *argl to an ASCII string followed by a
terminating null character. The *arg2 output buffer should be at least
12 bytes long. The general output format is [-]xxxxxxxxxx, with one to
ten digits.

Conversion of ASCII String to Signed 32-bit

Table 19 lists the conversion function for an ASCII string to a signed 32-bit

number.

Table 19. Conversions of ASCII Strings to Signed 32-Bit Numbers

Short
Name

Function

from
ascii

void s32_from _ascii(const char *argl, s32_type *arg2);

Converts an ASCII string argl to a signed 32-bit integer in *arg2. The
conversion stops at the first invalid character in the input buffer — there
is no error notification. The acceptable format is [-]xxxxxxxxxx%. The
number of digits should not exceed ten. Embedded spaces within the
string are not allowed.

Sighed 32-Bit Performance

Table 20 on page 58 lists times in milliseconds for the various 32-bit functions.
They were measured using a Series 3100 Neuron Chip with a 10 MHz input
clock. These values scale with a faster or slower clock. The measurements are
maximums and averages over random data uniformly distributed in the range [-
2,147,483,648 to +2,147,483,647].

Neuron C Reference Guide 57




Table 20. Signed 32-Bit Function Performance

Function Maximum Average
Add/subtract 0.10 0.08
Multiply 2.07 1.34
Divide 3.17 2.76
Remainder 3.15 2.75
Maximum/minimum 0.33 0.26
Absolute value 0.25 0.12
Negation 0.20 0.20
Arithmetic Comparison 0.33 0.26
Conversion to ASCII 26.95 16.31
Conversion from ASCII 7.55 4.28
Conversion to 16-bit integer 0.12 0.10
Conversion from 16-bit integer 0.10 0.10
Random number generation 0.12 0.11
Sign of number 0.15 0.11
Increment 0.07 0.04
Decrement 0.10 0.04
Multiply by two 0.10 0.10
Divide by two 0.30 0.16

Floating-Point Support Functions

The Neuron C compiler does not directly support the use of the ANSI C
arithmetic and comparison operators with floating-point values. However, there
1s a complete library of functions for floating-point math. These functions are
listed in Floating-Point Math on page 46. For example, in standard ANSI C, to
evaluate X = A + B * C in floating-point, the '+ and '*' infix operators can be used
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as follows:

float X, A, B, C;
X=A+B*C;

With Neuron C, this can be expressed as follows:

Functions




float_type X, A, B, C;
fI_mul (&B, &C, &X);
fl_add(&X, &A, &X);

The floating-point format can represent numbers in the range of approximately -
1%101038 t0 +1*101038, with a relative resolution of approximately £1*10-7.

A float_type structure data type is defined by means of a typedef in the <float.h>
file. It defines a structure that represents a floating-point number in IEEE 754
single precision format. This has one sign bit, eight exponent bits and 23
mantissa bits, and is stored in big-endian order. Processors that store data in
little-endian order represent IEEE 754 numbers in the reverse byte order. The
float_type type is identical to the type used to represent floating-point network
variables. The type declaration is shown here for reference.

typedef struct {

unsigned int sign t1;

// 0 = positive, 1 = negative
unsigned int MS_exponent : 7;
unsigned int LS _exponent : 1;
unsigned int MS_mantissa : 7;

unsigned long LS mantissa;
} float_type;

See the IEEE 754 standard documentation for more details.

All the constants and functions in the <float.h> file are defined using the
Neuron C float_type floating-point format, which is a structure. Neuron C does
not permit structures to be passed as parameters or returned as values from
functions. When these objects are passed as parameters to C functions, they are
passed as addresses (using the '&' operator) rather than as values. However,
Neuron C does support structure assignment, so floating-point objects can be
assigned to each other with the '=' assignment operator.

An fl_error global variable stores the last error detected by the floating-point
functions. If error detection is desired for a calculation, application programs
should set the fl_error variable to FL,_OK before beginning a series of floating-
point operations, and check the value of the variable at the end.

The errors detected are as follows:

FL_UNDERFLOW A non-zero number could not be represented
because it was too small for the floating-point
representation. Zero was returned instead.

FL_INVALID_ARG A floating-point number could not be converted
to integer because it was out of range; or, an
attempt was made to evaluate the square root
of a negative number.

FL._ OVERFLOW A number could not be represented because it
was too large for the floating-point
representation.

FL_DIVIDE_BY_ZERO An attempt was made to divide by zero. This

does not cause the Neuron firmware
DIVIDE_BY_ZERO error to be logged.
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A number of #define literals are defined for use by the application to initialize
floating-point structures. FL_ZERO, FL._HALF, FL._ONE, FL_MINUS_ONE and
FL_TEN can be used to initialize floating-point variables to 0.0, 0.5, 1.0, -1.0, and
10.0 respectively.

Example:

float_type some_number = FL_ONE;
// initialized to 1.0 at reset

Five floating-point constants are pre-defined: fl_zero, fl_half, fl_one,
fl_minus_one, and fl_ten represent 0.0, 0.5, 1.0, -1.0, and 10.0 respectively.

Example:

fl_mul (&some_number, &Fl_ten, &some_number);
// multiply some number by 10.0

If other constants are desired, they can be converted at runtime from ASCII
strings using the fl_from_ascii() function.

Example:

float_type ninety_nine; // constant 99.0
when(reset) {
fl_from_ascii('99", &ninety_nine);
// initialize constant

}

Because this function is fairly time consuming, it could be advantageous to pre-
compute constants with the NXT Neuron C Extended Arithmetic Translator.
This program accepts an input file with declarations using standard floating-
point initializers, and creates an output file with Neuron C initializers. It
recognizes any SNVT _xxx f data type, as well as the float_type type. See Using
the NXT Neuron C Extended Arithmetic Translator on page 69.

For example, if the input file contains the following statements:

network input float_type varl = 1.23E4;
const float _type var2 = -1.24E5;
SNVT_temp_F var3 = 12.34;

then the output file contains the following:

network input float_type varl = {0,0x46,0,0x40,0x3000}
/* 1.23E4 */;

const float type var2 = {1,0x47,1,0x72,0x3000}

/* -1.24E5 */;

SNVT_temp_f var3 = {0,0x41,0,0x45,0x70a4}

/* 12.34 */;

Users of the NodeBuilder tool can also use Code Wizard to create initializer data
for float_type objects.

Variables of a floating-point network variable type are compatible with the
Neuron C float_type format. The ANSI C language requires an explicit type cast
to convert from one type to another. Structure types cannot be cast, but pointers
to structures can. The following example shows how a local variable of type
float_type can be used to update an output network variable of type
SNVT_angle_f.

Functions



Example:

float_type local _angle; // internal variable
network output SNVT _angle F nvoAngle; // network variable

void f(void) {
nvoAngle = *(SNVT_angle_f *) &local _angle;
}

The following example shows how an input SNVT_length_f network variable can
be used as an input parameter to one of the functions in this library.

Example:

network input SNVT_length_f nvolLength;
// network variable

when(nv_update_occurs(nvoLength)) {
if(fl_eq((const float_type *)&nvolLength, &Fl_zero))
// compare length to zero

}

The IEEE 754 format defines certain special numbers such as Infinity, Not-a-
Number (NaN), and Denormalized Numbers. This library does not produce the
correct results when operating on these special numbers. Also, the treatment of
roundoff, overflow, underflow, and other error conditions does not conform to the
standard.

To assign the IEEE value of NaN to a floating-point object, you can use the hex
value 0x7FC00000 as shown in the example below:

Example:
float _type fl = {0,0x7F,1,0x40,0}; // NaN

The NodeBuilder debugger can display floating-point objects according to their
underlying float_type structure.

The debugger can display floating-point objects as raw data at a specific address.
To examine the value of one or more contiguous floating-point variables, enter
the address of the first variable into the raw data evaluation window, select Raw
Data at Address, Data Size as quad, Count as the number of variables that you
want to display, and Format as Float. You can also modify floating-point
variables by clicking on the value field, and entering new data in the usual
format for floating-point numbers.

The floating-point function arguments are all passed by pointer reference. The
calling function or task is responsible for declaring storage for the arguments
themselves. Argument lists are ordered so that input arguments precede output
arguments. In all cases, floating-point output arguments can match any of the
input arguments to facilitate operations in place.

Binary Arithmetic Operators

Table 21 on page 62 lists the binary arithmetic operator functions.
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Table 21. Binary Arithmetic Operators

Short
Name | Function
add void fl_add(const float_ type *argl,
const float type *arg2, float type *arg3);
Adds two floating-point numbers: (arg3 = argl + arg2).
sub void fl_sub(const float_type *argl,
const float_type *arg2, float type *arg3);
Subtracts two floating-point numbers: (arg3 = argl - arg2).
mul void fl_mul(const float type *argl,
const float type *arg2, float type *arg3);
Multiplies two floating-point numbers: (arg3 = argl *arg?2).
div void fl_div(const float_type *argl,
const float type *arg2, float type *arg3);
Divides two floating-point numbers: (arg3 = argl / arg2).
max void fl_max(const float type *argl,
const float_type *arg2, float_type *arg3);
Finds the max of two floating-point numbers: (arg3 = max(argl, arg2)).
min void fl_min(const float_ type *argl,

const float type *arg2, float type *arg3);

Finds the minimum of two floating-point numbers: (arg3 = min(argl,
arg2)).

Unary Arithmetic Operators

Table 22 lists the unary arithmetic operator functions.

Table 22. Unary Arithmetic Operators

Short

Name | Function

abs void fl_abs(const float type *argl, float type *arg2);
Returns the absolute value of a floating-point number: (arg2 =
abs(argl)).

neg void fl_neg(const float_type *argl, float_ type *arg2);
Returns the negative of a floating-point number: (arg2 = - argl).

sgrt | void fl_sqgrt(const float_type *argl, float type *arg2);

Returns the square root of a floating-point number: (arg2 = argl).
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Short
Name

Function

trunc

void fl_trunc(const float type *argl, float type *arg2);

Returns the whole number part of a floating-point number: (arg2 =
trunc(argl)). Truncation is towards zero. For example, trunc(-3.45) = -

3.0.

floor

void fl_floor(const float type *argl, float type *arg2);

Returns the largest whole number less than or equal to a given floating-
point number: (arg2 = floor(argl)). Truncation is towards minus
infinity. For example, floor(-3.45) = -4.0.

void fl _ceil(const float type *argl, float type *arg2);

Returns the smallest whole number greater than or equal to a given
floating-point number: (arg2 = ceil(argl)). Truncation is towards plus
infinity. For example, ceil(-3.45) = -3.0.

round

void fl_round(const float type *argl, float type *arg2);

Returns the nearest whole number to a given floating-point number:
(arg2 = round(argl)). For example, round(-3.45) = -3.0.

mul2

void fl_mul2(const float_type *argl, float type *arg2?);
Multiplies a floating-point number by two: (arg2 = argl * 2.0).

div2

void fl_div2(const float_type *argl, float type *arg2);
Divides a floating-point number by two: arg2 =argl /2.0).

Comparison Operators

Table 23 lists the comparison operator functions.

Table 23. Comparison Operators

Short
Name

Function

€q

boolean fl_eq(const float_type *argl,
const float_type *arg2);

Returns TRUE if the first argument is equal to the second argument,
otherwise FALSE: (argl == arg2).

ne

boolean fl _ne(const float type *argl,
const float_type *arg2);

Returns TRUE if the first argument is not equal to the second
argument, otherwise FALSE: (argl != arg2).
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Short
Name

Function

gt

boolean fl _gt(const float type *argl,
const float_type *arg2);

Returns TRUE if the first argument is greater than the second
argument, otherwise FALSE: (argl > arg?2).

It

boolean fl_It(const float type *argl,
const float type *arg2);

Returns TRUE if the first argument is less than the second argument,
otherwise FALSE: (argl < arg2).

ge

boolean fl_ge(const float_type *argl,
const float_type *arg2);

Returns TRUE if the first argument is greater than or equal to the
second argument, otherwise FALSE: (argl >= arg2).

le

boolean fl _le(const float type *argl,
const float_type *arg2);

Returns TRUE if the first argument is less than or equal to the second
argument, otherwise FALSE: (argl <= arg2).

cmp

int fl_cmp(const float_type *argl,
const float_type *arg2);

Returns +1 if the first argument is greater than the second argument, -1
if 1t 1s less, or O if it is equal.

Miscellaneous Floating-Point Functions

Table 24 lists miscellaneous floating-point functions.

Table 24. Floating-Point Functions

Short

Name | Function

sign int fl_sign(const float type *arg);
Sign function, returns +1 if the argument is positive, 0 if the argument
is zero, or -1 if the argument is negative.

rand | void fl_rand(float_type *arg);

Returns a random number uniformly distributed in the range [ 0.0, 1.0)
—that is, including the number 0.0, but not including the number 1.0.

Floating-Point to/from Integer Conversions

Table 25 on page 65 lists the conversion functions for floating-point and integer
numbers.
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Table 25. Floating-Point Conversion Functions

Short
Name

Function

to
slong

signed long fl_to_slong(const float type *arg);

Converts a floating-point number to a Neuron C signed long integer
(range -32,768 to +32,767). Truncation is towards zero. For example,
fl_to_slong(-4.56) = -4. If the closest integer is desired, call fl_round()
before calling fl_to_slong().

to
ulong

unsigned long fl_to ulong(const float_ type *arg);

Converts a floating-point number to a Neuron C unsigned long integer
(range 0 to 65,535). Truncation is towards zero. For example,
fl_to_ulong(4.56) = 4. If the closest integer is desired, call fl_round()
before calling fl_to_ulong().

to
s32

void fl_to s32(const float type *argl, void *arg2);

Converts a floating-point number to a signed 32-bit integer (range
+2,147,483,647). The second argument is the address of a four-byte
array, compatible with the signed 32-bit integer type s32_type.
Truncation is towards zero. For example, fl_to_s32(-4.56) = -4. If the
closest integer is desired, call fl_round() before calling fl_to_s32().

from
slong

void fl_from_slong(signed long argl, float type *arg2);

Converts a Neuron C signed long integer (range -32,768 to +32,767) to a
floating-point number.

from
ulong

void fl_from_ulong(unsigned long argl,
float_type *arg2);

Converts a Neuron C unsigned long integer (range 0 to +65,535) to a
floating-point number.

from
s32

void fl_from_s32(const void *argl, float type *arg2);

Converts a signed 32-bit number (range +2,147,483,647) to a floating-
point number. The first argument is the address of a four-byte array.

Conversion of Floating-Point to ASCII
String

Table 26 on page 66 lists the conversion functions for floating-point numbers to
ASCII strings.
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Table 26. Conversions of Floating-Point Numbers to ASCII Strings

Short
Name

Function

to
ascii

void fl_to ascii(const float type *argl, char *arg2,
int decimals, unsigned buf_size);

Converts a floating-point number *argl to an ASCII string followed by a
terminating NUL character. The decimals value is the required number
of decimal places after the point. The buf_size value is the length of the
output buffer pointed to by arg2, including the terminating null. If
possible, the number is converted using non-scientific notation, for
example [-]xxx.xxxxx. If the result would not fit in the buffer provided,
the number is converted using scientific notation, for example [-
Jx.xxxxxxE[-]nn. This function uses repeated multiplication and
division, and can be time-consuming, depending on the input data. If
decimals is 0, the buffer includes a trailing decimal point. If decimalsis
-1, there is no trailing decimal point. The number is rounded to the
specified precision.

Example: Converting the number -12.34567, with a buf_size of 10.

decimals output string

5 -12.34567

4 -12.3457

3 -12.346

2 -12.35

1 -12.3

0 -12.

-1 -12

to
ascii
fmt

void fl_to ascii_fmt(const float type *argl, char *arg2,
int decimals, unsigned buf_size,
format_type format);

Converts the *argl floating-point number to an ASCII string followed by
a terminating null. This function operates in the same way as
fl_to_ascii(), except that the caller specifies the output format. The
format parameter can be set to FMT_DEFAULT, FMT_FIXED or
FMT_SCIENTIFIC to specify the default conversion (same as
fl_to_ascii()), non-scientific notation or scientific notation respectively.
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Conversion of ASCII String to Floating-
Point

Table 27 lists the conversion functions for an ASCII srtring to a floating-point

number.

Table 27. Conversions of ASCII Strings to Floating-Point Numbers

Short
Name

Function

from
ascii

void fl_from_ascii(const char *argl, float_type *arg2);

Converts an ASCII string to a floating-point number. The conversion
stops at the first invalid character in the input buffer—there is no error
notification. The acceptable format is the following:

[+/-1[xx][.][xxxxx] [E/e[+/-]nnn]
Examples:
0,1,.1,1.2,1E3, 1E-3, -1E1

There should be no more than nine significant digits in the mantissa
portion of the number, or else the results are unpredictable. A
significant digit is a digit following any leading zeroes.

Embedded spaces within the number are also not allowed. This routine
uses repeated multiplication and division, and can be time-consuming,
depending on the input data.

Examples:

0.00123456789E4 /I is acceptable
123.4567890 / is not acceptable
123 E4 /l is not acceptable

The value 123.4567890 is not acceptable because it has 10 significant
digits, and the value 123 E4 is not acceptable because it has an
embedded space.

Floating-Point Performance

Table 28 lists times in milliseconds for the various functions in the floating-point
library. They were measured using a Series 3100 Neuron Chip with a 10 MHz
input clock. These values scale with faster or slower input clocks. The
measurements are maximums and averages over random data logarithmically
distributed in the range 0.001 to 1,000,000.

Table 28. Floating-Point Function Performance

Function Maximum Average
Add 0.56 0.36
Subtract 0.71 0.5
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Function Maximum Average
Multiply 1.61 1.33
Divide 2.43 2.08
Square Root 10.31 8.89
Multiply/Divide by two 0.15 0.13
Maximum 0.61 0.53
Minimum 0.66 0.60
Integer Floor 0.25 0.21
Integer Ceiling 0.92 0.63
Integer Rounding 1.17 1.01
Integer Truncation 0.23 0.17
Negation 0.10 0.08
Absolute Value 0.10 0.08
Arithmetic Comparison 0.18 0.09
Conversion to ASCII 22.37 12.49
Conversion from ASCII 217.54 22.34
Conversion to 16-bit 2.84 1.03
integer
Conversion from 16-bit 2.58 0.75
integer
Conversion to 32-bit 5.60 2.71
integer
Conversion from 32-bit 0.99 0.72
integer
Random number 2.43 0.43
generation
Sign of number 0.02 0.02
Functions




Using the NXT Neuron C Extended Arithmetic
Translator

You can use the NXT Neuron C Extended Arithmetic Translator to create
initializers for signed 32-bit integers and floating-point variables in a Neuron C
program. To use the NXT translator, open a Windows command prompt and
enter the following command:

nxt input-file output-file
(where input-file contains Neuron C variable definitions)

The source file can contain only one variable per line. Initializers of float_type,
and SNVT_<xxx> f variables are converted appropriately.

The output file is generated with properly converted initializers. Unaffected lines
are output unchanged. The output file can be included in a Neuron C application
with the #include directive. The output file is overwritten if it exists and was
generated originally by this program.

In some cases, such as for structs and typedefs, the translator cannot identify
signed 32-bit or floating-point initializers. These can be identified by adding ‘s’ or
‘S’ (for signed 32-bit integers), or ‘' or 'F' (for floating-point values) to the end of
the constant.

As an example, if the input file contains the following statements:

s32_type varl = 12345678;

struct_type var2 = {0x5, "my_string", 3333333S};
float_type varl = 3.66;

struct_type var2 = {5.66Ff, 0x5, "my string"};

then the output file will contain the following:

s32_type varl = {0x00,0xbc,0x61,0x4e} /* 12345678 */;
struct_type var2 = {0x5,
"my_string', {0x00,0x32,0xdc,0xd5} /* 3333333 */};

float_type varl = {0,0x40,0,0x6a,0x3d71} /* 3.66 */;
struct_type var2 = {{0,0x40,1,0x35,0x1eb8%} /* 5.66 */, 0x5,
my_string''};

Note: Users of the NodeBuilder Development Tool can also use Code Wizard to
generate initializer data for s32_type and float_type network variables or
configuration properties.

Function Directory

The following sections list the Neuron C functions alphabetically, providing
relevant syntax information and a detailed description of each function.

abs()

Built-in Function

The abs() built-in function returns the absolute value of a. The argument a can
be of short or long type. The return type is unsigned short if a is short, or
unsigned long if 2 is long.
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Syntax

type abs (a);

Example
int 1;
long 1I;
void F(void)
{ .
i
|

abs(-3);
abs(-300);

}

access_address() Function

The access_address() function returns a const pointer to the address structure
that corresponds to the index parameter. This pointer can be stored, used to
perform a structure copy, or used in other ways common to C pointers, except
that the pointer cannot be used for writes.

See the ISO/IEC 14908 (ANSI/EIA/CEA-709.1) Control Network Specification for
a description of the data structure.

Syntax

#include <access.h>
const address_struct *access_address (int index);

Example

#include <access.h>
address_struct addr_copy;

void F(void)

{
addr_copy = *(access_address(2));
}
access_alias() Function

70

The access_alias() function returns a const pointer to the alias structure that
corresponds to the index parameter. This pointer can be stored, used to perform
a structure copy, or used in other ways common to C pointers, except that the
pointer cannot be used for writes.

The Neuron 3120 Chip with version 4 firmware does not support aliasing.

See the ISO/IEC 14908 (ANSI/EIA/CEA-709.1) Control Network Specification for
a description of the data structure.

Functions



Syntax

#include <access.h>
const alias_struct *access_alias (int index);

Example

#include <access.h>
alias_struct alias_copy;
void f(void)

{ alias_copy = *(access_alias(2));
}
access_domain( ) Function

The access_domain( ) function returns a const pointer to the domain structure
that corresponds to the index parameter. This pointer can be stored, used to
perform a structure copy, or used in other ways common to C pointers, except
that the pointer cannot be used for writes.

See the ISO/TEC 14908 (ANSI/EIA/CEA-709.1) Control Network Specification for
a description of the data structure.

Syntax

#include <access.h>
const domain_struct *access_domain (int index);

Example

#include <access.h>
domain_struct domain_copy;

void f(void)

{
domain_copy = *(access_domain(0));
}
access_nv() Function

The access_nv() function returns a const pointer to the network variable
configuration structure that corresponds to the index parameter. This pointer
can be stored, used to perform a structure copy, or used in other ways common to
Neuron C pointers, except that the pointer cannot be used for writes.

See the ISO/TEC 14908 (ANSI/EIA/CEA-709.1) Control Network Specification for
a description of the data structure.

Syntax

#include <access.h>
const nv_struct *access_nv (int index);
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Example

#include <access.h>
network output SNVT_amp nvoAmpere;
nv_struct nv_copy;

void f(void)

{
nv_copy = *(access_nv(nv_table_index(nvoAmpere));
}
addr_table index() Built-in Function

The addr_table_index() built-in function is used to determine the address table
index of a message tag as allocated by the Neuron C compiler. The returned
value is in the range of 0 to 14.

The Neuron C compiler does not allow this function to be used for a non-bindable
message tag (that is, a message tag declared with the bind_info(nonbind) option).

Syntax

unsigned int addr_table_index (message-tag);

Example

int mt_index;
msg_tag my_mt;

void f(void)

{ mt_index = addr_table_index(my_mt);
}
ansi_memcpy( ) Function

72

The ansi_memcpy( ) function copies a block of /en bytes from srcto dest. It
returns the first argument, which is a pointer to the dest memory area. This

function cannot be used to copy overlapping areas of memory, or to write into
EEPROM or flash memory.

The ansi_memcpy( ) function as implemented here conforms to the ANSI
definition for memepy( ), as it returns a pointer to the destination array. See
memcpy( ) for a non-conforming implementation (does not have a return value),
which is a more efficient implementation if the return value is not needed. See
also ansi_memset( ), eeprom_memcpy( ), memccpy( ), memchr(), mememp( ),
memepy( ), and memset().

Syntax

#include <mem.h>
void *ansi_memcpy (void * dest, void *sre, unsigned long /en);
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Example

#include <mem.h>

unsigned buf[40];
unsigned *p;

void F(void)

{
p = ansi_memcpy(buf, "Hello World"™, 11);
}
ansi_memset( ) Function

The ansi_memset() function sets the first /en bytes of the block pointed to by p to
the character ¢. It also returns the value p. This function cannot be used to write
into EEPROM or flash memory.

The ansi_memset() function as implemented here conforms to the ANSI
definition for memset(), as it returns the pointer p. See memset() for a non-
conforming implementation (does not have a return value), which is a more
efficient implementation if the return value is not needed. See also
ansi_memecpy( ), eeprom_memepy( ), memccpy( ), memchr(), mememp( ), and
memecpy( ).

Syntax

#include <mem.h>
void *ansi_memset (void *p, int ¢, unsigned long /en);

Example

#include <mem.h>

unsigned target[20];
unsigned *p;

void f(void)

{ p = ansi_memset(target, 0, 20);
}
application_restart( ) Function

The application_restart() function restarts the application program running on
the application processor only. The network, MAC, and interrupt processors are

unaffected. When an application is restarted, the when(reset) event becomes
TRUE.

Recommendation: For applications that include interrupt tasks, call
interrupt_control(0) to suspend the interrupt processing prior to restarting the
application.
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Syntax
#include <control.h>

void application_restart (void);

Example
#define MAX_ERRS 50 int error_count;

when (error_count > MAX_ERRS)
{

application_restart();

bcd2bin( ) Built-in Function

The bed2bin( ) built-in function converts a binary-coded decimal structure to a
binary number. The structure definition is built into the compiler. The most
significant digit is d1. Note that d7 should always be 0.

Syntax

unsigned long bed2bin (struct bed * 2);

struct bcd {
unsigned dl1:4,

d2:4,
d3:4,
d4:4,
d5:4,
d6:4;

};

Example
void F(void)
{

struct bcd digits;
unsigned long value;

memset(&digits, 0, 3);

digits.d3=1;

digits.d4=2;

digits.d5=3;

digits.d6=4;

value = bcd2bin(&digits);
//value now contains 1234

}

bin2bcd( ) Built-in Function

The bin2bcd( ) built-in function converts a binary number to a binary-coded
decimal structure.
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Syntax

void bin2bed (unsigned long value, struct bed *p);

For a definition of struct bed, see becd2bin, above.

Example

void F(void)
{

struct bcd digits;
unsigned long value;

value = 1234;

bin2bcd(value, &digits);

// digits.dl
/7 digits.d2
// digits.d3
/7 digits.d4
// digits.d5
/7 digits.dé

}

now
now
now
now
now
now

contains
contains
contains
contains
contains
contains

AWNRFL OO

clear_status()

Function

The clear_status() function clears a subset of the information in the status
structure (see the retrieve_status() function on page 125). The information
cleared is the statistics information, the reset cause register, and the error log.

Syntax

#include <status.h>
void clear_status (void);

when (timer_expires(statistics_reporting_timer))

retrieve_status(status_ptr);

// get current statistics

report_statistics(status_ptr); // check it all out

Example
{
clear_status();
}

clr_bit()

Function

The clr_bit() function clears a bit in a bit array pointed to by array. Bits are
numbered from left to right in each byte, so that the first bit in the array is the
most significant bit of the first byte in the array. Like all arrays in C, this first
element corresponds to index 0 (bitnum 0). When managing a number of bits
that are all similar, a bit array can be more code-efficient than a series of
bitfields because the array can be accessed using an array index rather than
separate lines of code for each bitfield. See also the set_bit() function and the

tst_bit() function.
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Syntax

#include <byte.h>
void clr_bit (void *array, unsigned bitnum);

Example
#include <byte._h>

unsigned short a[4];
void T(void)

memset(a, OxFF, 4); // Sets all bits
clr_bit(a, 4); // Clears a[0] to OxF7 (5th bit)

}

crc8() Function

The cre8( ) function iteratively calculates an 8-bit cyclic redundancy check (CRC)
over an array of data using the following polynomial:

X8+ x° +x* +1

This function is useful in conjunction with the support for the Touch I/O model,
but can also be used whenever a CRC is needed.

Syntax

#include <stdlib.h>
unsigned cre8 (unsigned cre, unsigned new-data);

Example
#include <stdlib_h>

unsigned data[SI1ZE];
void T(void)

unsigned i; // Or “unsigned long" depending on SIZE
unsigned crc;
crc = 0;
for (i = 0; 1 <SIZE; ++i) {
// Combine partial CRC with next data byte
crc = crc8(crc, data[i]);
}

}

crcl6() Function

The crc16() function iteratively calculates a 16-bit cyclic redundancy check (CRC)
over an array of data bytes using the following polynomial:
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x® 4+ x® +x%+1

This function is useful in conjunction with the support for the Touch I/O model,
but can also be used whenever a CRC is needed.

Syntax

#include <stdlib.h>
unsigned long crc16 (unsigned long crc, unsigned new._data);

Example

#include <stdlib.h>
unsigned data[SI1ZE];

void f(void)

{
unsigned i; // Or “unsigned long" depending on SIZE
long crc;
crc = 0;
for (i = 0; 1 < SIZE; ++i) {
// Combine partial CRC with next data value
crc = crclé(crc, data[i]);
}
}
crcl6_ccitt() Function

The crcl6_ccitt() function iteratively calculates a 16-bit Comité Consultatif
International Téléphonique et Télégraphiquel (CCITT) cyclic redundancy check
(CRC) over an array of data bytes using the following polynomial:

x® 4+ x2 + x5 +1

Apart from using a different polynomial, this function differs from the cre16()
function in that this function operates on a data array, which is generally faster.

This function is useful in conjunction with the support for the Touch I/O model,
but can also be used whenever a CRC is needed.

Syntax
#include <stdlib.h>

extern system far unsigned long cre16_ccitt (unsigned long cre_in,
const unsigned *sp, unsigned /Jen);

cre-in Specifies the input seed for the CRC calculation.
sp Specifies a pointer to the buffer that contains the data to
be checked.

1 International Telegraph and Telephone Consultative Committee.
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len Specifies the length of the data buffer, 1 to 255 bytes. A
value of 0 represents 256 bytes.

Example

#include <stdlib.h>
unsigned data[SI1ZE];

void f(void)

{

long seed = 0x04C1;

long crc;

crc = crcl6é _ccitt(seed, *data, SIZE);
}

delay()

The delay() function allows an application to suspend processing for a given
time. This function provides more precise timing than can be achieved with
application timers.
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Function

Table 29 lists the formulas for determining the duration of the delay.
Table 29. Delay Values for Various System Clock Rates

Series 3100 Series 5000

Input Clock System Clock | Delay (in microseconds)

— 80 MHz 0.0375*(max(1,min(65535,count*16))*42+221)
— 40 MHz 0.075*(max(1,min(65535,count*8))*42+204)
— 20 MHz 0.15*(max(1,min(65535,count*4))*42+187)
40 MHz — 0.15*(max(1,min(65535,count*4))*42+176)
— 10 MHz 0.3*(max(1,min(65535,count*2))*42+170)
20 MHz — 0.3*(max(1,min(65535,count*2))*42+159)
— 5 MHz 0.6*(max(1,count)*42+139)

10 MHz — 0.6*(max(1,count)*42+128)

6.5536 MHz — 0.9155*((max(1,floor(count/2))*42+450)

5 MHz — 1.2*((max(1,floor(count/2))*42)+155)

2.5 MHz — 2.4*((max(1,floor(count/4))*42)+172)

1.25 MHz — 4.8*((max(1,floor(count/8))*42)+189)
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Series 3100 Series 5000
Input Clock System Clock | Delay (in microseconds)

625 kHz — 9.6*((max(1,floor(count/16))*42)+206)

For example, for a Series 3100 device with a 10 MHz input clock, the formula
above yields durations in the range of 88.8 microseconds to 840 milliseconds by
increments of 25.2 microseconds. Using a count greater than 33,333 (for a Series
3100 device at 10 MHz) could cause the watchdog timer to time out. See also the
scaled_delay( ) function, which generates a delay that scales with the input clock.

Note: Because of the multiplier used by delay(), and because the watchdog timer
timeout scales with the input clock (for Series 3100 devices), there is the
potential for a watchdog timeout at 20 MHz and 40 MHz operation. The
maximum inputs to delay() for Series 3100 devices are 16666 at 20 MHz and
8333 at 40 MHz. Timing intervals greater than the watchdog interval must be
done through software timers or through a user routine that calls delay() and
watchdog_update() in a loop. Also see msec_delay().

Syntax

void delay (unsigned long couni);

count A value between 1 and 33333. The formula for
determining the duration of the delay is based on the
count parameter and the input clock (see above).

Example

10_4 input bit io_push_button;
boolean debounced button_state;

when(io_changes(io_push_button))
delay(400); //delay approx. 10ms at any clock rate

debounced_button_state=(boolean)io_in(io_push_button);

}

eeprom_memcpy( ) Function

The eeprom_memcpy( ) function copies a block of /en bytes from srecto dest. It
does not return any value. This function supports destination addresses that
reside in EEPROM or flash memory, where the normal memepy( ) function does
not. This function supports a maximum length of 255 bytes.

See also ansi_memcpy( ), ansi_memset( ), memccpy( ), memchr(), memcmp(),
memepy( ), and memset( ).

Syntax

void eeprom_memcpy (void *dest, void * src, unsigned short /en);
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Example

#pragma relaxed_casting _on
eeprom far unsigned int widget[100];
far unsigned int ram_buf[100];

void f(void)
{

}

Because the compiler regards a pointer to a location in EEPROM or FLASH as a
pointer to constant data, #pragma relaxed_casting _on must be used to allow for
the const attribute to be removed from the first argument, using an implicit or
explicit cast operation. A compiler warning still occurs as a result of the const
attribute being removed by cast operation. See the discussion of the
eeprom_memepy( ) function in the Memory Management chapter of the Neuron C
Programmer's Guide.

eeprom_memcpy(widget, ram_buf, 100);

error_log() Function

The error_log() function writes the error number into a dedicated location in
EEPROM. Network tools can use the Query Status network diagnostic command
to read the last error. The NodeBuilder Neuron C debuggers maintain a log of
the last 25 error messages.

The Neuron Tools Errors Guide lists the error numbers that are used by the
Neuron Chip firmware. These are in the range 128 ... 255. The application can
use error numbers 1 ... 127.

Syntax

#include <control.h>
void error_log (unsigned int error_num);

error_num A decimal number between 1 and 127 representing an
application-defined error.

Example
#define MY_ERROR_CODE 1

when (nv_update_fails)

error_log(MY_ERROR_CODE);
}

fblock_director() Built-in Function

80

The fblock_director() built-in function calls the director function associated with
the functional block whose global index is index. If the indexis out of range, or
the functional block does not have a director function, the fblock_director() built-
in function does nothing except return. Otherwise, it calls the director function
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associated with the functional block specified, passes the cmd parameter on to
that director function, and returns when the called director function completes.

Syntax

void fblock_director (unsigned int index, int cmad);

index A decimal number between 0 and 254 representing a
functional block global index.

cmd A decimal number between —128 and 127, interpreted as
an application-specific command.

Example
void f(void)

fblock_director(myFB::global_index, 3);
}

Floating-Point Support Functions

void fl_abs (const float_type *argl, float_type *arg?);

void fl_add (const float_type *argi, const float_type *argZ, float_type *argd);
void fl_ceil (const float_type *argl, float_type *arg?);

int fl_cmp (const float_type *argi, const float_type *arg2);

void fl_div (const float_type * argl, const float_type *arg2, float_type *argd);
void fl_div2 (const float_type *argi, float_type *argd);

void fl_eq (const float_type *argl, const float_type *arg?);

void fl_floor (const float_type *argi, float_type *arg?);

void fl_from_ascii (const char *argl, float_type *arg?);

void fl_from_s32 (const void *argi, float_type *argd);

void fl_from_slong (signed long argi, float_type *arg2);

void fl_from_ulong (unsigned long argi, float_type *arg?);

void fl_ge (const float_type *argl, const float_type *arg2);

void fl_gt (const float_type *argi, const float_type *arg?);

void fl_le (const float_type *argi, const float_type *arg2);

void fl_lt (const float_type *argl, const float_type *argd);

void fl_max (const float_type *argi, const float_type *arg?2, float_type *argd);
void fl_min (const float_type *argi, const float_type *arg2, float_type *arg3);
void fl_mul (const float_type *argl, const float_type *argZ, float_type *arg3);
void fl_mul2 (const float_type *argi, float_type *arg2);

void fl_ne (const float_type *argi, const float_type *argd);

Neuron C Reference Guide 81



void fl_neg (const float_type *argl, float_type *arg?);

void fl_rand (float_type *argl);

void fl_round (const float_type *argi, float_type *arg2);

int fl_sign (const float_type *argl);

void fl_sqrt (const float_type *argl, float_type *argd);

void fl_sub (const float_type *argi, const float_type *arg?, float_type *arg);

void fl_to_ascii (const float_type *argi, char *arg2, int decimals,
unsigned buf-size);

void fl_to_ascii_fmt (const float_type *argl, char *argZ2, int decimals,
unsigned buf-size, format_type formafi);

void fl_to_s32 (const float_type *argl, void *arg?);
signed long fl_to_slong (const float_type *arg?);
unsigned long fl_to_ulong (const float_type *arg2);
void fl_trunc (const float_type *argl, float_type *arg?);

These functions are described in Floating-Point Support Functions on page 58.

flush() Function

82

The flush() function causes the Neuron firmware to monitor the status of all
outgoing and incoming messages.

The flush_completes event becomes TRUE when all outgoing transactions have
been completed and no more incoming messages are outstanding. For
unacknowledged messages, “completed” means that the message has been fully
transmitted by the MAC layer. For acknowledged messages, “completed” means
that the completion code has been processed. In addition, all network variable
updates must be propagated before the flush can be considered complete.

Syntax

#include <control.h>
void flush (boolean comm_ignore);

comm_ignore Specify TRUE if the Neuron firmware should ignore any
further incoming messages. Specify FALSE if the Neuron
firmware should continue to accept incoming messages.

Example

boolean nothing_to_do;

when (nothing_to_do)

// Getting ready to sleep

Flush(TRUE) ;
}
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when (Flush_completes)

// Go to sleep
nothing_to_do = FALSE;
sleepQ);

}

flush_cancel() Function

The flush_cancel() function cancels a flush in progress.

Syntax

#include <control.h>
void flush_cancel (void);

Example

boolean nothing_to_do;

when (nv_update_occurs)

if (nothing_to_do) {
// was getting ready to sleep but received an input NV
nothing_to_do = FALSE;
flush_cancel();
}
}

flush_wait() Function

The flush_wait( ) function causes an application program to enter preemption
mode, during which all outstanding network variable and message transactions
are completed. When a program switches from asynchronous to direct event
processing, flush_wait( ) is used to ensure that all pending asynchronous
transactions are completed before direct event processing begins.

During preemption mode, only pending completion events (for example,
msg_completes or nv_update_fails) and pending response events (for example,
resp_arrives or nv_update_occurs) are processed. When this processing is
complete, flush_wait() returns. The application program can now process
network variables and messages directly and need not concern itself with
outstanding completion events and responses from earlier transactions.

Syntax

#include <control.h>
void flush_wait (void);

Example

msg_tag TAG1;
network output SNVT_volt nvoVoltage;
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when (...)

{
msg_out.tag = TAG1;
msg_out.code = 3;
msg_send();
Fflush_wait();
nvoVoltage = 3;
while (TRUE) {
post _events();
if (nv_update_completes(nvoVoltage)) break;
}
}
when (msg_completes(TAGL))
{
}
get_current_nv_length() Function

The get_current_nv_length() function returns the currently defined length of a
network variable, given the global index, netvar-index, of that network variable.
This is useful when working with changeable-type network variables.

Syntax

unsigned int get_current_nv_length (unsigned int netvar-index);

netvar-index The global index for the network variable whose current
length is required. The global index can be obtained
through the global_index property, or through the
nv_table_index() built-in function.

Example

SCPTnvType cp_Tfamily cp_info(reset_required) nvType;
const SCPTmaxNVLength cp_family nvMaxLength;
network output changeable type SNVT volt f nvoVolt
nv_properties {
nvType,
nvMaxLength = sizeof(SNVT_volt_T)
}:

void f(void)
{
unsigned currentlLength;
currentLength =
get _current_nv_length(nvoVolt: :global index);

}

Recommendation: Use the sizeof( ) operator to obtain the length of a network
variable that is not a changeable type, or to obtain the length of the initial type of
a changeable type network variable.

84 Functions



get_fblock count() Built-in Function

The get_fblock_count() built-in function is a compiler special function that
returns the number of functional block (fblock) declarations in the program. For
an array of functional blocks, each element counts as a separate fblock
declaration.

Syntax

unsigned int get_fblock_count (void);

Example

unsigned numFBs;

void F(void)

{ numFBs = get fblock count();
}
get_nv_count() Built-in Function

The get_nv_count( ) built-in function is a special compiler function that returns
the number of network variable declarations in the program. For each network
variable array, each element counts as a separate network variable.

Syntax

unsigned int get_nv_count (void);

Example

network input SNVT_time_stamp nviTimeStamp[4];
unsigned numNVs;

void F(void)

{
numNVs = get_nv_count(); // Returns “4” in this case
}
get_tick _count() Function

The get_tick_count() function returns the current system time. The tick
interval, in microseconds, is defined by the literal TICK_INTERVAL. This
function is useful for measuring durations of less than 50 ms for a Series 3100
device at 40 MHz. For Series 3100 devices, the tick interval scales with the input
clock. For Series 5000 devices, the tick interval is fixed at (0.5 *
TICK_INTERVAL).

Syntax

unsigned int get_tick_count (void);
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Example
void F(void)

{
unsigned int start, delta;
start = get_tick count();
ééita = get_tick _count() - start;
}
go_offline() Function

86

The go_offline( ) function takes an application offline. This function call has the
same effect on the device as receiving an Offline network management message.
The offline request takes effect as soon as the task that called go_offline() exits.
When that task exits, the when(offline) task is executed and the application
stops.

When an Online network management 