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RGX Operating Systems

RGX51 Configuration

RGX51 provides a minimalist, event driven, pria#id, multi-tasking operating
system. RGX contains a fundamental set of sent@espport inter-task and back-
ground to foreground communications via messagbange(mailbox) objects. These
allow inter-task data transfers, data and task iqgeand formation of other behaviors.

The memory required for structures and stacks lysteduire more memory than
is available in the 8051 DATA segment so thesectiines are mapped in the XDATA
memory segment.

8051 CPU Restrictions and Consider ations:

To avoid complication of interrupt depth trackifzX51 task context switchs
are on the RGX system clock tick.

Because 8051s keep the runtime stack in on-chipAA&EmMory, stack contents
are moved to the runtime stack descriptor staalagospace in the XDATA segment
when tasks are not running.

All tasks must use register bank 0. The othexgsster banks are reserved for
interrupt service routines.
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System Overview

RGX is a minimalist real time multitasking operatisystem. It provides
management of computer time allowing several prograr tasks to share computer
resources. RGX provides a prioritized, preemptwent driven environment.

Writing RGX systems requires an understanding isfénvironment and the
system architecture. An RGX system consists of:

Tasks:

Tasks are programs that run in foreground timepartbrm the functions of the
system. RGX tasks are a complete program loopptioaides a system function like
managing a display, interfacing to the user ormimg a set of solenoids and run in
foreground time. Tasks are usually comprised adlkection of procedures and modules
that have the sanseope in that they share the same stack and memory sjratare
only referenced by procedures and source moduliggtrscope. Aside from references
to the OS or public data commons, each task isypmaich a standalone function.

Tasks are treated as a program loop and is requuinedit at a mailbox exchange
by calling rgx_wait at least once in a loop. Tasexmunicate with each other by
sending and receiving messages and through datacons

Rules for RGX tasks:
Tasks are written as closed loops as opposed'toraads'.

All tasks must call the executive to wait at a fpad for an event at least once in
a loop.

Tasks should not turn off the RGX time base infattru

For RGX51, all tasks must use register bank 0. dther 3 register banks are
reserved for ISRs. Every task has a descriptordiatiains the current task status and
properties.

ISRs:

A number of InterruptServiceRoutines or ISRs and supporting hardware. Short
and to the point procedures for fast, asynchromesigonse to real time hardware events.
These events cause hardware interrupt signalsdeantes such as counter/timers,
ADCs, limit switches, etc. Since interrupts susperecution of foreground code and
force a subroutine call, ISRs run in backgrouncetil®Rs can send messages to
mailboxes. Usually an ISR and a task work togettvéorm a device driver.



A typical ISR would buffer incoming serial datatlian end of string character is
received, then send a message to a foregroundhiasigh RGX that a string has been
received and contains the relative data. The foregt task and background ISR together
form part of a serial device driver.

A Time Base ISR that calls rgx_clocktick is alwanscessary to provide the
system time base.

Exchanges/M ailboxes:

These static data structures serve as the inteotgeet for RGX scheduling and
system communications. Tasks wait for a messaga evenailbox. A message can be
posted to a mailbox from another task, an ISRanfthe RGX operating system. If a
message is already at a mailbox the task recdmngesessage address and execution
continues. If not, the task is suspended untilismmosted. A task can wait for a message
for a number of RGX system clock ticks or forever.

A mailbox consists of 2 pointers. The first pointethe address of a task
descriptor waiting at the mailbox or 0O if theren@ne. The second is the address of a
message posted at the mailbox or O if there is .ndfessages can be queued at a
mailbox through the message link field chain.

M essages:
These memory structures are used to send datadretasks, from ISRs and
RGX to tasks. Except for a mandatory header, tiheyiser defined.

The message header defines a link field, a retwitbox address and message
type field. The link field allows messages to beugd at an exchange by chaining link
fields. A link field value marks of 0 marks the emicthe chain and queue.

Once a message has been posted at a mailboyuit & the scope of the sending
task and it losses possession of until it is resbizgain from rgx_wait or rgx_getmsg.
The field 'retex’' contains a return mailbox addr8gcause messages can be chained, a
message cannot be posted more than once at a maillibthe sending task regains
possession.

The only exception are system messages sent froi®B€lf. These messages
are never returned and contain static data.

The type field identifies the message type whidargely user defined. Message
types 0 through 15 are reserved for RGX system agess

RGX Code, Descriptorsand RGX Configuration:
RGX uses descriptors and data structures defindteiRGXCFG configuration
module. There are descriptors for task managenmehfca mailboxes.



There are 2 type of task descriptors. The taskioredescriptors are defined in
the code segment and are used to generate rumtskeé¢scriptors in the data segment.
Runtime task descriptors contain the dynamic statastask and task stack information.
RGX51 runtime descriptors contain stack storageespa

Mailbox/Exchanges are defined in the configuraaod are initialized at startup.

The runtime descriptors and mailboxes are arraimgadays to allow the RGX
scheduler to run faster. To keep RGX as simpleoasiple, dynamic task and mailbox
creation are not supported. These services ardlysoarequired in embedded control
systems.

The configuration module also contains an Idle taskl the public variable
ActiveTask.

RGX System Functions:

start_rgx

This is the startup and entry point for RGX. Tikisisually called at the end of
Main after any hardware setup or initializations thagd® be done outside the RGX
environment. The configuration tables are useddate and initialize the system data
structures. Task execution starts with the higpastity task.

rgx_wait
void xdata * rgx_wait(struct rgx_exchange xdatarisigned int time);

A call to rgx_wait causes a task to wait for a ragssat a mailbox. If a message
is present, rgx_wait returns the message addfeberé is no message posted and ‘time
is 0 then the task is suspended and placed ondhmgvlist until a message is sent to the
mailbox. If ‘time'is more than 0, then the taslplaced on a delay list until 'time' clock
ticks count down to 0 then RGX system posts a systessage of timeout type and the
task is placed on the active list. In either case & task is made waiting context
arbitration is started.

All tasks, except the idle task, must call rgx_vediteast once in a loop. If it does
not, all tasks of lower priority will be blockedoim executing.

rgx_recmsg
void xdata * rgx_wait(struct rgx_exchange xdata *);

If a message is present, a call to rgx_recmsgnetilne message address. If not
0 is returned. A call to rgx_recmsg does not stantext arbitration.



rgx_send
void rgx_send(void xdata *, struct rgx_exchangatad);
RGX_send posts a message to a mailbox and statisxt@rbitration. If a task of

higher priority is waiting at that mailbox, the samg task is suspended and place on the
preempted list. The task will resume when higheorjy tasks are waiting again.

rgx_postmsg
void rgx_postmsg(void xdata *, struct rgx_exchardata *);
RGX_postmsg posts a message to a mailbox, butrdudestart context
arbitration.
rgx_int_ready

void rgx_int_ready(void xdata *, struct rgx_exchanglata *);

RGX_int_ready posts a message to a mailbox froh$Rn This call makes a task
waiting at the exchange ready. It does not starteca arbitration in RGX51..

rgx_clock_tick
void rgx_clock_tick();

This call is made from the system time base ISR. ilterrupt is provided by a
timer, usually T1 for 8051s, and must be the laisit done before the ISR returns. The
interrupt should be the lowest hardware prioritgcBuse there is no hardware
mechanism in the 8051 core to track interrupt pssicey and depth, and to avoid
implementing a software tracking system, this callses any scheduled task context
switch. Common clock tick intervals are betweemd &0 milliseconds.



RGX51 Example Configuration Module
This example shows a system with 3 tasks. A usértteat handles all the user
interactions, a run task that operates some mesimamaind a serial communications task.
There are 9 mailboxes. 2 for the system, 2 fouder task, 2 for the run task and 3 for
the communications task and serial port interface.

$title(‘Example RGX V3 Configuration’)
; executive code copyright 1990-2010 R. D. Godseis&ociates, Inc.
name rgxcfg

rgxcfg_code segment code page
rgxcfg_struct segment xdata page

extrn code (user_task, run_task, comm_taskjial task entry addresses
extrn data (active_task)

public active_task, rgx_des_base, rgx_sd_liggeex_base

public rgx_task_count, rgx_ex_count, rgx_delaligplay

public rgx_key_ex, rgx_timer_ex ; systencleanges

public user_cmd_ex, user_retex ; usdr éashanges

public run_ex, run_retex ; run taskkhanges

public comm_ex, comm_rxi_ex, comm_txi_ex Jjagvort exchanges

$include (RGX51.H)

; This is external data memory allocation for ttrecures used to control task status
; task priority is determined by order with theliegt priority task appearing first

; and the lowest priority task, the Idle Task, last

; DES status field definitions

rseg rgxcfg_struct
active_task: ds 1 ; always first so no structuredraaddress of O

rgx_des_base: run_des:
ds 1 ;task status - suspended O, waitingeady 2, running 3, preempted 4
ds 2 ; exchange adr ; address of mailboixttieatask is waiting at
ds 2 ;delay count ;system ticks lefevit if timed wait
ds 1 ; stacklength
ds rgx_des_length — 6 ; stack storage



user_des:
ds rgx_des_length

comm_des:
ds rgx_des_length

idle_des:
ds 20H ; stack storage minimum stack size

rgx_ex_base: ; base address of all mailboxes

rgx_timer_ex: ds 4 ;thisis a system exchangd tmetimed waits
; interrupt exchanges

rgx_key ex: ds4

comm_rxi_ex: ds4

comm_txi_ex: ds4

; task exchanges

user cmd_ex: ds4

user retex: ds4

run_ex: ds 4
run_retex: ds 4
comm_ex: ds 4

; Constants in code memory
; This section defines initial entry points of tiasks, task count and exchange count.

rseg rgxcfg_code

; Initialization and Startup Data

rgx_sd_base:

run_sd:
dw run_task ; initial entry point
dw O ; reserved

user_sd:

dw user_task
dw O



comm_sd:
dw comm_task
dw O

idle_sd:
dw idle_task
dw O

rgx_task_count: db 4 ; defines the number of
rgx_ex_count: db9

idle_task: ; this is the minimum implementation

jmp idle_task

; this is an optional active task display
: must contain a ret at this label if not used

rgx_debug_port equ OFFOOH ; example hardware adaredebug display latch.
rgx_debug_display:
; example
mov dphl,#rgx_debug_port
; movx @dptr,active_task
ret

; end debug display



Example Time Base Interrupt Service Module

[* RGX51 Time Base Example */
[* this is the minimum code needed for the RGX tinase. */
/* in this case the time base is 10milliseconds. */

#pragma large

extern rgx_clock_tick();

// 10mS timer constant for a 11.0592MHz crystal.
#define tbase_time_lo 0x10

#define tbase_time hi OxDC

// we are going to use interrupt bank 1 to redecgster context save overhead
void ten_ms_tick() interrupt 1 using 1 {
I reset the timer
TRO = 0; THO = scan_time_hi; TLO = scan_time TR0 = 1;
Il process any software timers and counters in here
// drive a mutliplexed keypad driver
/I acquire ADC/DAC data
// run flashing LEDs, etc.
/I and always, as the very last thing before reftom interrupt -
rgx_clock_tick(); // this will cause a retumthe highest priority ready task

}

/************************************************** *********/
/I Hardware initialization
/************************************************** *********/

void initialize_timebase() {

/I Set timer O for a 16 bit. Set timer to lowesbpty
TMOD = (TMOD & 0xFO0) | 1;
THO = scan_time_hi; TLO = scan_time_lo;
TRO = ETO = true,
}



Run Task Example

/* The system time base ticks at 10mSec. The rskuaits at its command mailbox for
100 time base ticks for a command message or arsytgheout message.

#pragma large code optimize(6, size)

#include<rgx.h>

#include<sysmsg.h>

/Il task exchanges

extern struct rgx_exchange xdata run_ex;

extern struct rgx_exchange xdata run_dpl_retex;
extern struct rgx_exchange xdata user_ex;
extern struct rgx_exchange xdata timer_ex;

/l our rgx messages

static struct sys_cmd_message xdata *cmd_msg;
static struct sys_run_message xdata *run_dpl_msg;
static struct sys_run_message xdata our_dpl_msg;

Il procedure to send a display message
static void update_display(uchar run_command) {
run_dpl_msg = rgx_recmsg(&run_dpl_retex);
if (run_dpl_msg !=0) {
run_dpl_msg->command = run_command;
run_dpl_msg->status = rdat.run_state;
run_dpl_msg->sample_tmp = rdat.sample_tmp;
run_dpl_msg->flash_point = rdat.flash_ppint
run_dpl_msg->alarms = rdat.alarms;
rgx_send(run_dpl_msg, &user_cmd_ex);
}
}

void run_task() {
unsigned char i;
/[ hardware initializations
/I other memory initializations

our_dpl_msg.link = 0;

our_dpl_msg.retex = &run_dpl_retex;
our_dpl_msg.type = sys_run_msg_type;
rgx_postmsg(&our_dpl_msg, &run_dpl_retex);

for ;) {
cmd_msg = rgx_wait(&run_ex, 100); //
if (cmd_msg->type == rgx_timeout_type) {
/I process timed processes — do notiret system message,;



)
else if (cmd_msg->type == sys_cmd_msg_type)
/] process system message type

rgx_send(cmd_msg, cmd_msg->retexgtlrn the message

}

else rgx_send(cmd_msg, cmd_msg->retex);

}



Listing of RGX51.EQU

; constants for RGX51

; DES status field definitions
suspended equ 0
waiting equ 1
ready equ 2
running equ 3
preempted equ 4
rgx_sd_size equ 4H
rgx_des_size equ 40H

Listing of RGX51.H
/Il rgx.h v3.0 structures and services
struct rgx_des {unsigned char status;
unsigned int msg_adr;
unsigned int delay;
unsigned char stack_length;
unsigned char stack[0x3A];};

// the minimum message structure

struct rgx_min_message {unsigned int link;
unsigned int retex;
unsigned char type;
unsigned char status;};

/I multiplexed keypad message serviced by the base ISR
struct rgx_key message {unsigned int link;

unsigned int retex;

unsigned char type;

unsigned char status;

unsigned int key;};

struct rgx_exchange {struct rgx_message xdata *drsga
struct rgx_des xdata *taskgdr;

void xdata * rgx_wait(struct rgx_exchange xdata *,
unsigned int time);

void xdata * rgx_recmsg(void xdata *);

void rgx_send(void xdata *, struct rgx_exchangetads

void rgx_postmsg(void xdata *, void xdata *);

Il reserved definitions for message types.
#define rgx_timeout_type 0x01
#define rgx_key ready_type 0x02
#define rgx_sys_cmd_type 0x03

/I all other message types are user defined andasthOH






