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PREFACE

PREFACE
This manual documents the Terminal Handler, a subsystem of the iRMX® I Operating
System that supports the use of a terminal as an I/O device for an application system. It

describes the effects of certain special keyboard characters as well as how to use the
Terminal Handler for task input from, and output to, a terminal.

READER LEVEL

This manual is intended for both application and system programmers who are familiar
with the concepts and terminology introduced in the IRMX® I Nucleus User’s Guide.

Terminal Handler






CONTENTS
e

Chapter 1. Overview

Chapter 2. Using a Terminal with the iRMX® | Operating System

2.1 INtTOAUCHION ..ttt ssessss st ae s s bbb s bbb sr bbb aes 2-1
2.2 How Normal Characters Are Handled..........couvuviinncincnireececscnsesincnnns 2-1
2.3 How Special Characters Are Handled.........ocvcovvcvreccninininiiirciicieescnensisenns 2-2
2.3.1 RUBOUT -- Deletes a Previously Typed Character ... 2-2
2.3.2 CONTROL-R -- Displays the Current Line........ccccccoevuremivrinirriersnensennniiesesenainns 2-3
2.3.3 CONTROL-X -- Deletes the Current Line ..........ccceeveeuireemneninereneeisnisienseencens 2-3
2.3.4 CONTROL-Z -- Sends an Empty MESSALE .......ccvrervirmneerirneniereniensssssssssesssiseaens 2-3
2.3.5 CARRIAGE RETURN, LINE FEED, or ESCAPE -- Signals the
ENd Of @ LINE ..ot ssssisssssssssssssssssssnsees 23
2.4 OULPUL CONLIOL.cuuieririrrereniierisinieteieesesesesesietsssssesesssassesesssesesssessensosssssestnsssssssssssssssessasssensanns 2-4
2.4.1 CONTROL-Q -- Resuming Suspended Output (Normal Mode).........ccceuucuuieee 2-4
2.4.2 CONTROL-S -- Suspends Output (Queueing Mode) .......ccvvivencrieinnerncnnnnn. 2-4
2.4.3 CONTROL-O -- Kills or Restarts Output (Suppression Mode) ..........cceereueunns 2-4
2.5 Program CONrOL........c.c et sentsssrs s e sssssssssssssssssssstessasasssses 2-4
2.5.1 CONTROL-C -- Calls an Application Program.........ccccueninnerrrinnesrnesnnnnennens 2-4

Chapter 3. Programming Considerations

3.1 INETOUUCHION coeeerecieectreieiecr et sttt sttt s e st s tenassstssssbasseraesesetacssssssessasesesses 3-1
3.2 OULPUL ettt b s b bbb bbb bbb e bbb en 3-4
3.3 INPUL ettt e b e e e bbb st n et bR 3-5

Chapter 4. Configuration of the Terminal Handler

4.1 TNETOAUCLION oottt ittt st ssae s ss sttt st seas bt asebse s basssenssssassassesas 4-1
4.2 Configurable OPLiONS.......coueverernrenrererserseisiesissesssssssess i ssesesssssesssacssossessesssssssesssossssssessenss 4-1
4.2.1 Selecting a Version of the Terminal Handler.........coovininivccccinnncnncnnn. 4-1
4.2.2 BaUd RALE ...ttt ssssssesse s ssssasssssssassesseses 4-2
4.2.3 RUDOUL ...ttt ettt e s s s st se bbb s b baass s sess b s shs s sens 4-2
4.2.4 USART ...ttt atasesessteesesstastseae st ses e esessssssisasssssssssassasassssnsressins 4-3
4.2.5 MailbOX NAMES.......ccueurreeereieieecrreanitieeresaeietseres it esenstaesensssssssssssssesssassesstsssesseasaenss 4-3
4.2.6 INtErruPt LeVELS....oucuiciueiieieiciicieccietise ettt ssseseae s st e ssssssesenssensssanseses 4-3
4.3 Creating Multiple Versions of the Terminal Handler ..........cccoveveeeueeeeerrcereneencecccennaenne 4-3

Terminal Handler vii



CONTENTS

Index

Figures
Figure 3-1. Input and Output Mailbox INterfaces........vmerirnniremsccessesssisermessessessmsnnsens 3-1
Figure 3-2. Protocol for Obtaining Root Job and Mailbox Tokens.........cceovvveucrcensinnnnee. 3-2
Figure 3-3. Request Message FOIMAL ... smsssnsss 3-3

Tables

Table 2-1. Special Character Summary

viii Terminal Handler



OVERVIEW 1

1.1 INTRODUCTION

The Terminal Handler supports real-time, asynchronous I/O between a terminal and tasks

running under the iRMX® I Nucleus. It can be used for applications that require only

limited I/O through a terminal and is generally used in applications with no iRMX I Basic

I/O System. The Terminal Handler features include the following:
¢ Line editing capabilities.

o Keystroke control over output, including output suspension and resumption, and
deletion of data being sent by tasks to the Terminal Handler.

o Echoing of characters as they are entered into the Terminal Handler’s line buffer.

An output-only version of the Terminal Handler is available for use in applications in
which tasks send output to a terminal but do not receive input from it.

NOTE

The Terminal Handler supports character-by-character input from a
terminal, rather than computer-to-computer input.

1.2 ORGANIZATION OF THIS MANUAL
This manual consists of four chapters:

o Chapter 1 -- Overview

This chapter briefly describes the Terminal Handler and introduces some of its
features.

o Chapter 2 -- Using a Terminal with the iRMX I Operating System

This chapter provides information needed to use a terminal with the iRMX I
Operating System.

o Chapter 3 -- Programming Considerations

This chapter contains the information that a programmer needs to write tasks that send

data to, or receive data from, the terminal. .

Terminal Handler
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o Chapter 4 -- Configuration of the Terminal Handler

This chapter identifies and describes the configurable features, characteristics, and
identifiers of the Terminal Handler.

1-2 Terminal Handler



USING A TERMINAL
WITH THE iRMX® | OPERATING SYSTEM

2.1 INTRODUCTION

When using a terminal with the iRMX I Operating System, you must limit the maximum
priority of tasks so they do not interfere with the proper functioning of the terminal. High-
priority, processor-bound tasks can cause the Terminal Handler to drop input characters.

While using a terminal under control of the Terminal Handler, you either read an output
message from the terminal’s display or enter characters on the terminal’s keyboard.
Normal input characters are those destined for input messages sent to tasks. Special input
characters direct the Terminal Handler to take special actions. The special characters are
RUBOUT, CARRIAGE RETURN, LINE FEED, ESCAPE, CONTROL-C, CONTROL-
O, CONTROL-Q, CONTROL-R, CONTROL-S, CONTROL-X, and CONTROL-Z.
(These special characters are described in detail later in this chapter.) The output-only
version of the Terminal Handler does not support any of the special characters. The
remainder of this chapter discusses handling these two types of characters.

NOTE

This chapter contains several references to mailboxes and request messages
used by tasks to communicate with the terminal. Chapter 3 contains more
information about these.

2.2 HOW NORMAL CHARACTERS ARE HANDLED

The destination of a normal character, when entered, depends on whether there is an
input request message at the Terminal Handler’s input request mailbox. If there is an
input request message, the character echoes at the display and then goes into the input
request message. If there is no input request message, the character is deleted.

Terminal Handler 2-1



USING A TERMINAL WITH THE iRMX® I OPERATING SYSTEM

2.3 HOW SPECIAL CHARACTERS ARE HANDLED

Most special characters are for line-editing. Table 2-1 lists the special characters and their
functions. Text following the table describes the functions in more detail. Each description
is divided into two parts: internal effects and external effects. Internal effects are not
visible; external effects are shown on the display. Note that in these descriptions, "the
current line" is the edited data, entered since the last end-of-file character.

Table 2-1. Special Character Summary

Special

Character Function

RUBOUT Deletes previously typed character
CONTROL-R Displays current line with editing
CONTROL-X Deletes the current line
CONTROL-Z Sends an empty message
CARRIAGE RETURN Signals end of line

LINE FEED Signals end of line

ESCAPE Signals end of line
CONTROL-S Suspends output

CONTROL-Q Resumes suspended output
CONTROL-O Kills or restarts output
CONTROL-C Calls an application program

2.3.1 RUBOUT -- Deletes a Previously Typed Character

Internal Effects:

External Effects:

2-2

Deletes the most recently entered (but not yet deleted) character
from the current line. If the current line is empty, there is no
internal effect.

If the current line is empty, the BEL character (07H) is sent to the
terminal. Otherwise, the character is "rubbed out" in one of two
rubout modes (see Chapter 4).
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USING A TERMINAL WITH THE iRMX® I OPERATING SYSTEM

2.3.2 CONTROL-R -- Displays the Current Line

Internal Effects:
External Effects:

None.

Sends a CARRIAGE RETURN and LINE FEED to the terminal,
followed by the current line. If the current line is empty, the
previous line is sent to the display, where it can be edited and
submitted as a new input message.

2.3.3 CONTROL-X -- Deletes the Current Line

Internal Effects:
External Effects:

Empties the current line.

Sends the sequence (#, CARRIAGE RETURN, LINE FEED) to
the terminal.

2.3.4 CONTROL-Z -- Sends an Empty Message

Internal Effects:

External Effects:

Puts a zero in the ACTUAL field of the input request message
currently being processed. The message is then sent to the
appropriate response mailbox.

None.

2.3.5 CARRIAGE RETURN, LINE FEED, or ESCAPE -- Signals the
End of a Line

Internal Effects:

External Effects:

Terminal Handler

Puts either the ASCII end-of-transmission character (0AH for
CARRIAGE RETURN or LINE FEED) or the ESCAPE character
(1BH) in the current line. Each of these characters signals the end
of a message, so the input request message currently being
constructed is sent to the appropriate response mailbox.

If the end-of-line indicator is either CARRIAGE RETURN or
LINE FEED, both CARRIAGE RETURN and LINE FEED are
sent to the terminal. If the indicator is ESCAPE, there is no effect
on the display.
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2.4 OUTPUT CONTROL

Output request messages sent to output mailboxes can be processed in one of three modes:

¢ Normal Mode -- Messages are outputted as described in Chapter 3 (this is the default
mode).

e Queueing Mode -- Messages are queued at the output mailbox where they remain until
the terminal operator permits processing of the messages.

o Suppression Mode -- Messages are discarded.

2.4.1 CONTROL-Q -- Resuming Suspended Output (Normal Mode)

Negates a CONTROL-S output request sent to the output mailbox. The suppressed output
is displayed in the order it had before the CONTROL-S had been selected. If this output
is too fast, you can stop it with another CONTROL-S.

2.4.2 CONTROL-S -- Suspends Output (Queueing Mode)

Puts output in the queueing mode.

2.4.3 CONTROL-O -- Kills or Restarts Output (Suppression Mode)

If output is in the normal mode, CONTROL-O puts it in the suppression mode. If output
is in the suppression mode, CONTROL-O restores it to the normal mode. If output is in
the queueing mode, CONTROL-O has no effect. Internally, the request messages that

tasks send while output is being suppressed are returned to those tasks just as if the output
had not been suppressed.

2.5 PROGRAM CONTROL

The remaining control character affects system behavior.

2.5.1 CONTROL-C -- Calls an Application Program

CONTROL-C invokes a user-written procedure with no parameters named
RQS$ABORTSAP. This procedure, which must be compiled under the COMPACT and
ROM controls, can perform any actions that suit the application. Often, as its name
suggests, RQFABORTS$AP aborts an application. If it is written by the user (and it need
not be), RQFABORTSAP is not required to have a RETURN statement.

CONTROL-C is the same as CONTROL-Z; that is, it returns the current input request

message with its ACTUAL field set to zero, even if the application system does not contain
an RQSABORTSAP procedure.
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PROGRAMMING CONSIDERATIONS

3.1 INTRODUCTION

The iRMX I Terminal Handler supports terminal input and output by providing mailbox
interfaces. Figure 3-1 shows the use of these mailboxes. In the figure, an arrow pointing
from a task to a mailbox represents an RQ$SEND$MESSAGE system call. An arrow
pointing from a mailbox to a task indicates an RQSRECEIVE$SMESSAGE system call.

Provided Provided

by User by User

User User

Tasks Tasks

Y T

Input Response Output Response
Mailbox Mailbox Mailbox Mailbox
Terminal Terminal

. ® Handler o ® Handler

in iRMX™ | in iRMX™ | W-1007

Figure 3-1. Input and Output Mailbox Interfaces

The protocol that tasks observe is much the same for input and output. In each case, the
task initiates I/O by sending a request message to a mailbox. An input request mailbox
(default name RQTHNORMIN) and an output request mailbox (default name
RQTHNORMOUT) are provided. These mailboxes are cataloged in the root job
directory. .

Terminal Handler
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For multiple terminals, one input and one output mailbox is cataloged for each Terminal
Handler. (See Chapter 4 for more information about multiple versions of the Terminal
Handler.) Figure 3-2 illustrates the protocol for finding the root job token and for
obtaining the input and output mailbox tokens.

/'k***********************************************************************

* This example illustrates the protocol for finding the root job token *

* and for obtaining the input and output mailbox tokens. *
T

DECLARE rtjb$token WORD;

DECLARE root$job LITERALLY '3';
DECLARE status WORD;

DECLARE inputSmbx$token WORD;

DECLARE wait$forever LITERALLY 'OFFFFH’;

/*By setting the input parameter to three, the GET$TASK$TOKEN system call
will return the root job’s TOKEN.*/

rtjb$token = RQ$GET$TASKS$TOKENS (root$job,
@status);

/*The following LOOKUP$OBJECT system calls use the default mailbox names.*/

input$mbx$token = RQSLOOKUPSOBJECT (rtjbStoken,
@(10, 'RQTHNORMIN'),
wait$forever,
@status);

outputSmbx$token = RQSLOOKUPSOBJECT (rtjbS$token,
@(11, ‘RQTHNORMOUT'),
wait$forever,
@status);

Figure 3-2. Protocol for Obtaining Root Job and Mailbox Tokens
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Refer to the IRMX® I Nucleus User’s Guide for more information about the individual
system calls used in the previous example.

When a task sends a message to the Terminal Handler mailbox, the Terminal Handler
processes the request and then sends a response message back to the requesting task. The
task waits at a response mailbox for the message. Thus, whether a task does input or
output, it first sends and then receives. The full details of the input and output protocols
are described later in this chapter.

For both input and output, a task sends a message segment to the Terminal Handler. The
format of a request message is depicted in Figure 3-3. The numbers in that figure are
offsets, in bytes, from the beginning of the segment. The field names have different
meanings for input and for output. For both input and output, the first four fields are
WORD values. The MESSAGE CONTENT field can be up to 132 bytes long for input and
up to 65,527 bytes long for output.

OFFSET REQUEST MESSAGE
0 FUNCTION
2 COUNT
4 EXCEPTION CODE
6 ACTUAL
8
MESSAGE
CONTENT

Figure 3-3. Request Message Format
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NOTE

In the following discussions, the names F§WRITE and FSREAD are literal
names for the particular WORD values 5 and 1, respectively.

3.2 OUTPUT

3-4

When transmitting output, a task first prepares an output request message.

The task fills in the following fields before sending the message:

FUNCTION F$WRITE

COUNT The number of bytes (not to exceed 65527) in the MESSAGE
CONTENT field

MESSAGE The bytes to be output

CONTENT

After preparing the message segment, the task sends it to the output request mailbox.
Messages sent to this mailbox are processed in a first-in-first-out manner. Processing a
message involves sending the characters in the MESSAGE CONTENT field to the
terminal until a total of COUNT characters have been sent. There is one exception: when
the Terminal Handler encounters the end-of-transmission character (0AH), it sends a
CARRIAGE RETURN and a LINE FEED to the terminal.

When sending the output request message, the task specifies a user-supplied response
mailbox. If no response mailbox is specified, the Terminal Handler deletes the segment
that contained the message. Note though, that if the system call DISABLESDELETION
was used to make the segment containing the output message immune to deletion, the
Nucleus will put the Terminal Handler into the asleep state because the Terminal Handler
cannot execute deletion of the segment. This situation eliminates the Terminal Handler as
a functioning task.

In addition to transmitting the message to the terminal, the Terminal Handler fills in the
remaining fields in the output request message. The requesting task can wait indefinitely
at the response mailbox (that is, it can call the RQSRECEIVE$MESSAGE system call with
a time limit of OFFFFH) immediately after sending the output request. By observing this
protocol, the task can learn of the success or failure of the output attempt by reading these
fields:

o EXCEPTION CODE -- the encoded result of the output operation:
- E$OK -- the operation was successful.
- E$PARAM -- the FUNCTION field in the message did not contain F§WRITE.

- - ESBOUNDS -- the COUNT field in the message is too big for the segment; that is,
COUNT + 8 is greater than the length of the segment containing the message.

Terminal Handler
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e ACTUAL -- the actual number of bytes output.
In summary, the output protocol is as follows:

o Prepare the output request message segment, filling in the FUNCTION, COUNT, and
MESSAGE CONTENT fields.

¢ Send the segment, via the RQ$SENDSMESSAGE system call, to the output request
mailbox. You should specify a response mailbox in the system call.

o Wait indefinitely, via the RQSRECEIVE$MESSAGE system call, at the response
mailbox. When received, the message contains the results of the transmission in the
EXCEPTION CODE and ACTUAL fields.

3.3 INPUT

The protocol for obtaining input is similar to that for output. A message is prepared and
sent to a request mailbox; then, after the data has been input, the message is received at a
response mailbox. There is a significant difference, however, between input and output
protocols. Because the input is contained in the message segment at the response mailbox,
you must designate a response mailbox and then wait there.

CAUTION

When multiple tasks use the same mailbox for input from the terminal, a
task may get input intended for another task.

A task needing input first prepares an input request message. It must fill in the
FUNCTION and COUNT fields before sending its request. The FUNCTION field must
contain FSREAD. The COUNT field reflects the maximum possible number of input
characters in the input message. The value of COUNT must not exceed 132; moreover,
COUNT + 8 must not exceed the length of the input request message segment.

When sending the input request message, the task must specify the response mailbox in its
call to RQSSENDSMESSAGE. The Terminal Handler obtains characters from the
terminal and places them in the MESSAGE CONTENT field. The message is terminated
by an end-of-line character (CARRIAGE RETURN, LINE FEED, or ESCAPE). The
lone exception is when the end-of-line character has been "normalized" by being preceded
by a CONTROL-P then the end-of-line character is treated as a normal character.

NOTE

If more than COUNT characters are entered before the end-of-line
character, the extra characters are ignored and CONTROL-G is activated.
This character usually causes the terminal to emit a beep tone.
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3-6

After the message is complete, the Terminal Handler fills in the EXCEPTION CODE and
ACTUAL fields as follows:

¢ EXCEPTION CODE -- the encoded result of the input operation:
- E$OK --- the operation was successful.

- E$PARAM -- either the FUNCTION field in the message did not contain
FSREAD or the COUNT field was greater than 132.

- E$BOUNDS -- COUNT + 8 is greater than the length of the message segment.
¢ ACTUAL -- the number of bytes actually entered and placed in the MESSAGE
CONTENT field.

The requesting task must wait indefinitely (that is, it must make a
RQSRECEIVE$SMESSAGE system call with a time limit of OFFFFH) at the designated

response mailbox immediately after sending the input request.
In summary, the input protocol is as follows:

¢ Prepare the input request message segment, filling in the FUNCTION and COUNT
fields.

e Send the segment, via the RQ$SEND$MESSAGE system call, to the input request
mailbox. In the call, specify a response mailbox.

o Wait indefinitely, via the RQSRECEIVESMESSAGE system call, at the response
mailbox. When received, the message segment will contain the results of the input
operation in the MESSAGE CONTENT, EXCEPTION CODE, and ACTUAL fields.
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CONFIGURATION
OF THE TERMINAL HANDLER

4.1 INTRODUCTION

The Terminal Handler is a configurable layer of the iRMX I Operating System. It contains
several options that you can adjust to meet your specific needs. To make configuration
choices, Intel provides three kinds of information:

o Alist of configurable options

o Detailed information about the options

o Procedures enabling you to specify your choices

The rest of this chapter provides the first category of information. To obtain the second

and third categories, refer to the iRMX® I Interactive Configuration Utility Reference Manual
and the Guide to the iRMX® I Interactive Configuration Utility.

4.2 CONFIGURABLE OPTIONS

Some Terminal Handler features, characteristics, and identifiers are configurable.
Configurability is important for applications with unusual characteristics, such as a
component hardware environment or multiple terminal handlers. The following sections
describe the configurable options available on the Terminal Handler.

4.2.1 Selecting a Version of the Terminal Handler

The iRMX I Terminal Handler is available in two versions:
o Input and output
e Output only

The input-and-output version enables you to enter characters at the terminal as well as
receive data. The output-only version is useful in applications in which tasks send output
to a terminal but do not receive input from the terminal.
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4.2.2 Baud Rate

The Terminal Handler supports the following baud rates:

e 110

e 150

e 300

e 600

e 1200

e 2400

e 4800

¢ 9600 (default)
e 19200

4.2.3 Rubout

You can delete a character from the buffer in one of two ways:
¢ Echo mode (default)

e Replace mode

In the echo mode, the character being deleted from the current line is re-echoed to the
display. For example, entering "CAT" and then pressing RUBOUT three times results in
the display "CATTAC".

In the replace mode, the deleted character is replaced on the display with the blanking
character. For example, entering "CAT" and then pressing RUBOUT three times deletes
"CAT" from the display.

The blanking-character and the default RUBOUT mode can be specified when you

generate your system. If they are not specified, they default to a blank (20H) and mode
(REPLACE).
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4.2.4 USART

The USART (Universal Synchronous/Asynchronous Receiver/Transmitter) is a device
that, depending on the application, can be used either to convert serial data to paralle] data
or to convert parallel data to serial data. The Terminal Handler requires an 8251A
USART as a terminal controller. You can specify:

o The port address of the USART (default value is 0D8H).
o The interval between the port addresses for the USART.

o The number of bits of valid data per character that can be sent from the USART
(default value is 7).

4.2.5 Mailbox Names

You can change the default names of both the input mailbox (RQTHNORMIN) and the
output mailbox (RQTHNORMOUT). The new names must not be over 12 alphanumeric

characters long. If you wish to run multiple terminals, each input mailbox must have a
different name.

4.2.6 Interrupt Levels

You can specify the interrupt levels used by the Terminal Handler for input and output by
selecting a value that corresponds to a particular interrupt value. The default value for the
input interrupt level is 68H, and the default value for the output interrupt level is 78H.
The Terminal Handler assumes the interrupt controller is either the 8259A or the 80130.

4.3 CREATING MULTIPLE VERSIONS OF THE TERMINAL HANDLER

Your iRMX I system can contain multiple versions of the Terminal Handler. For example,
you may have two tasks using the Terminal Handler and want to communicate with these
tasks from separate terminals. When creating multiple versions of the Terminal Handler
follow these rules:

¢ Each Terminal Handler must use different input and output mailbox names.
¢ Each Terminal Handler must use a unique USART.
o Each Terminal Handler must use different interrupt levels.

e The code for the Terminal Handlers must be located in different, nonoverlapping
areas; each Terminal Handler must have its own data area.

o Each Terminal Handler must have a separate job.

Refer to the iIRMX® I Interactive Configuration Utility Reference Manual for detailed
information about these rules.
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