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INTRODUCTION

PDOS is a powerful realtime, multi-tasking operating system
developed by Eyring Research Institute, Inc., for the
Motorola 68000 microprocessor family. Chapter 1 is intended
to give you a flavor of the operating system environment.

1.1 HOW TO USE THIS MANUAL...... .ottt 1-2
1.2 PDOS SYSTEM FEATURES. ... .ciitniiiiiiinntnnennnennnss 1-5

1.2.1 PDOS DESCRIPTION.......civuiiniinnnnnnnnn, 1-6

1.2.2 PDOS FUNCTIONAL DESCRIPTION................ 1-7
1.3 PDOS DEMONSTRATION. .. ... uuueeereeennninaneennn. 1-11
Figure 1.1 PDOS memory us@ge.........coveueununnunenennnn 1-5
Figure 1.2 Multi-tasking PDOS........ ..o, 1-8
Figure 1.3 Extendable PDOS features..................... 1-10
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1.1 HOW TO USE THIS MANUAL

This manual is designed to be a comprehensive reference
manual to the PDOS operating system. It covers all monitor
commands, assembly primitives, and utilities. Examples and
a full demonstration session are also provided. This
manual is not a beginner's guide or a tutorial. Other
manuals such as "Getting Started With PDOS" or "Installation
and Systems Management" as well as PDOS training courses
will help you as a beginning PDOS user.

Each chapter is marked by a tab, with a table of contents
for that chapter located at the tab. You may also find, at
some tabs, appropriate summaries of the material 1in the
chapter. These pages are supplementary to the text itself.
Since they are not numbered, you may remove them from the
binder and use them for reference in any way convenient to
you.

You receive the most benefit from this manual if you first
read through the table of contents for each chapter and then
quickly scan the entire manual for an overview. This would
be followed by a more detailed study of those chapters
pertaining to your system. The examples to the right of the
text are helpful in clarifying various concepts.

This manual is organized in a top down manner -- more
general and less complex material 1is covered first.
Specific chapter contents are as follows:

Chapter 1 is an introduction to a PDOS system.

Chapter 2 describes the PDOS operation system in detail
including the kernel, file manager, monitor, and floating
point module.

Chapter 3 describes the monitor commands.

Chapter 4 examines the assembly primitives of the PDOS
kernel and file manager.

Chapter 5 discusses the PDOS editor and editor
configurator.

Chapter 6 is divided into assembler and linker sections.

Chapter 7 provides detailed descriptions of the more common
PDOS utilities.

Chapter 8 gives a detailed description of the PDOS BIOS
including the UARTs and read/write sector modules.

The appendices give detailed descriptions of PDOS errors,
1/0 drivers, command summaries, and the window feature.
They also include an index and a glossary.

This manual

Tabs

Supplementary pages

First, scan entire manual

Organization of manual

Introduction

PDOS system

Monitor commands

Assembly primitives

Editor, editor configurator

Assembler and linker

Utilities

Secondary storage DSRs

Appendices
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(1.1 HOW TO USE THIS MANUAL continued)

This manual is written in two columns. The 1left hand
column functions much as the text of any book. The right
hand column functions as an outline of the material 1in the
left hand column and provides additional examples and
explanations. Use it for quick reference to specific
topics.

While much effort has gone into making this manual error
free, some mistakes are still likely to be present. Your
help in making the next edition better than the current one
is appreciated. Please let Eyring know of any major
mistakes or suggestions for chapters that need expansion.

This manual assumes a moderate amount of computer hardware
and software knowledge on your part. It also assumes
familiarity with the MC68000 microprocessor. Such
information 1is available 1in one or more of the following
references:

Motorola. 1984. MCB8000 -  16/32-BIT  MICROPROCESSOR
PROGRAMMER'S REFERENCE MANUAL. Fourth Edition. Englewood
Cliffs, N.J.: Prentice-Hall Inc.

larrella, John. 1981. MICROPROCESSOR OPERATING SYSTEMS.
Suisun City, California: Microcomputer applications.

Page format

Manual errors?

Further reference
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x NOTATION

The following notations are used throughout this manual:

$

%

(Ax)

[1]

Hexadecimal number. (e.g., $1FFF =
decimal 81891.)

Binary number. (e.g., %1001101 =
decimal 77.)

Parameter used with a PDOS command or
primitive. (e.g., DL <file name>
indicates that the DL command requires a
file name as a parameter.)

Optional. (e.g., SA <file name>
{,<attributes>} indicates that the
parameter <attributes> is optional.)

Indirect assembly addressing. (e.g.,
(A2) = Buffer refers to register A2

pointing to a buffer.)

Control character or other key cap.
(e.g., [CTRL-C] denotes a hexadecimal
$03 character; [ESC] refers to the
escape key.)

\,_,,»V‘
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- 1.2 PDOS SYSTEM FEATURES

~ Realtime, multi-user, multi-tasking

- Prioritized, round-robin scheduling

- Intertask communication and synchronization

- Full exception processing

- Fast interrupt task response

- Sequential, random, and shared file management

- Hardware independence

- 68000 layered design of kernel, file manager, monitor

- Configurable, modular, ROMable stand-alone support

Full Development System Less than 24 KB

ROMable Modules

Kernel

File Manager
Monitor
Debugger

Figure 1.1 PDOS memory usage.
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1.2.1 PDOS DESCRIPTION

PDOS is a powerful multi-user, multi-tasking operating
system developed by Eyring Research Institute, Inc., for the
32-bit Motorola 68000 processor family. You can use PDOS to
design and develop scientific, educational, industrial, and
business applications. .

PDOS consists of a small, realtime, multi-tasking kernel
layered by file management, and user monitor modules. The
6K byte kernel handles synchronization and control of events
occurring in a realtime environment using semaphores,
events, messages, mailboxes, and suspension primitives. All
user console I/0 as well as other useful conversion and
housekeeping routines are included in the PDOS kernel.

The file management module supports named files with
sequential, random, read only random, and shared access.
Mass storage device independence is achieved through read
and write logical sector primitives. The designer is
relieved of realtime and task management problems as well as
user console interaction and file manipulation so that
efforts are concentrated on the application.

PDOS is easily configured for any combination of 1large or
small floppy disks, bubble memory devices, or Winchester

mass storage devices. A wide variety of target system:

configurations are supported for fast development of
memory-efficient, cost-effective end products.

Multi-user, multi-tasking

USER APPLICATION

MONITOR | FILE MANAGER

+

BIOS = CPU, UARTS, R/W SECTOR

| PDOS KERNEL

File management module

Secondary storage

.
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1.2.2 PDOS FUNCTIONAL DESCRIPTION

PDOS KERNEL. PDOS is written in Motorola 68000 assembly
language for fast, efficient execution. The small kernel
handles multi-tasking, realtime clock, event processing, and
memory management functions. Ready tasks are scheduled
using a prioritized, round-robin method. The highest
priority task, in the ready state, is always scheduled.
Tasks with the same priority are scheduled in a2 round-robin
fashion. A suspended task allows lower priority tasks to
execute. The A-line ($A000) instruction interfaces over 100
system primitives to a user task.

MULTI-TASKING EXECUTION  ENVIRONMENT. Tasks are the
components comprising a realtime application. Each task is
an independent program that shares the processor with other
tasks in the system. Tasks provide a mechanism that allows
a complicated application to be subdivided into several
independent, understandable, and manageable modules.
Realtime, concurrent tasks are allocated in 2K  byte
increments. There are no 64k byte boundary restrictions
since the full 32-bit address space 1is available. Task
system overhead is less than 2.5k bytes.

INTERTASK COMMUNICATION and SYNCHRONIZATION. Semaphores
and events provide a low overhead facility for one task to
signal another. Events indicate availability of a shared
resource, timing pulses, or the occurrence of a hardware or
software interrupt. Messages and mailboxes are used in
conjunction with system 1lock, unlock, suspend, and event
primitives. PDOS provides timing events that can be used in
conjunction with desired events to prevent system lockouts.
Other special system events signal character inputs and
outputs.

EXCEPTION  PROCESSING. PDOS handles all exception
processing including interrupts, address errors, bus errors,
illegal and unimplemented instructions, and privilege
violations. Each task also has the option to process any or
all 16 TRAP vectors, divide by zero, overflow check (TRAPV),
and register out of bounds (CHK). System interrupts set the
corresponding event and then can initiate a context switch.
A high priority task waiting on that event would be
immediately scheduled and begin executing.

PDOS kernel

Multi-tasking execution environment

Intertask communication and synchronization

Exception processing
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. s

Inputs M ULTI‘TASKING Outputs

Task #4 / D (i?
L  — Task #3

Task #2

Task #1 Calculations

User Interface / , alculation
/ 2. .2

B +b

Figure 1.2 Multi-tasking PDOS.
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(1.2.2 PDOS FUNCTIONAL DESCRIPTION continued)

MEMORY REQUIREMENTS. PDOS is very memory efficient. The
PDOS kernel, file manager, debugger, BIOS, and user monitor
utilities require less than 16k bytes of memory plus an
additional 6k bytes for system buffers and stacks. Most
applications are both developed and impiemented on the
target system. Further memory reduction is achieved by
linking the user application to a 6k byte PDOS kernel for a
small, ROMable, stand-alone, multi-tasking module. For
large system configurations, PDOS effectively addresses wup
to the 32-bit address space of the 68000 processor.

FILE MANAGEMENT. The PDOS file management module provides
sequential, random, read only, and shared access to named
files on a secondary storage device. These low overhead
file primitives use a linked, random access file structure
and a logical sector bit map for allocation of secondary
storage. No file compaction is ever required. Files are
time stamped with date of creation and last update. Up to
127 files can be open simultaneously. Complete device
independence is achieved through read and write logical
sector primitives. Supported devices include floppies,
bubble and battery backed-up memories, Winchester drives,
and streaming tape drives.

COMMAND LINE INTERPRETER (CLI). The PDOS monitor calls the
command line 1interpreter. The CLI parses the command line
for multiple commands and parameters. Utilities such as
append, define, delete, copy, rename, and show file are
resident and execute without destroying current memory
contents. Other functions in the PDOS monitor include
setting the baud rate of a port; creating tasks; 1listing
tasks, files and open file status; asking for help; setting
file level, file attributes, interrupt mask, and system
disk; and directing console output.

INTERRUPT MANAGEMENT. The PDOS kernel handles user

console, system clock, and other designated hardware
interrupts. User consoles are interrupt-driven with
character type-ahead. A task can be suspended pending a
hardware or software event. Otherwise, a prioritized,

round-robin  scheduling of ready tasks occurs at 10
millisecond intervals.

Memory requirements

File management

Command Line Interpreter

Interrupt management
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(1.2.2 PDOS FUNCTIONAL DESCRIPTION continued)

PORTABILITY. PDOS gives software portability within 68000
systems through hardware independence of the system Basic
Input/Output System (BIOS) module. A1l hardware functions
such as read/write logical sector, clocks, mappers, and
UARTs are conveniently isolated in this module for minimal
customization to new 68000-based systems.

CUSTOMER SUPPORT.  Numerous support utilities 1including
screen editors, assembler, linker, macroprocessor, EPROMing,
disk diagnostics and recovery, and disk cataloging are
standard. Single stepping, multiple break points, memory
snap shots debugger, task save and restore commands, and
error trapping primitives in all high level languages are
all provided to aid in program debugging. Upgrades are
available with hotline service to system developers.

Figure 1.3 Extendable PDOS features.

Portability

Customer support
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1.3 PDOS DEMONSTRATION

This section gives a sample PDOS keyboard session. It is
not intended as a start up procedure for new users, but
rather, to give the flavor of the PDOS operating system
environment. You will probably notice a number of
differences from your system.

A1l entries are terminated by a carriage return [CR] unless
otherwise specified. User entries are all underlined and
indicated on those lines with a right bracket (>) 1in the
left column.

Terminal session Comments

SAGE II Startup Test [1.2] The SAGE boot EPROMs read a bootstrap
program from sectors O through 3. These

Booting from Floppy in turn load PDOS into memory from $800
to $9800. Execution begins at location

68K PDOS Sage II Bootstrap $800.

Done Reading Header

PDOS boot OK. Gooooooooo!
PDOS/68000 R3.2 01-Nov-86
ERII, Copyright 1983-86
SAGE II BIOS 31-Jul-85

> DATE=00-777-00 11/10/86 The PDOS banner lists the revision, date
> TIME=00:14:02 10 57 created, and the BIOS type. You then

enter today's date and time. Terminate

all entries with a [CR] unless otherwise
specified. Date and time numbers can be
separated by commas or spaces. Seconds

are optional.

The HE command reads the file called

x>HE 'HLPTX' from the default disk. This
For further help, enter 'HE ' followed by one of the following: lists the current help available to you.
MONITOR {monitor command} PDOS monitor commands
FILE {file help} List directory & file types
BASIC {help string} BASIC language help
C {help string} C language help
FORTRAN {help string} FORTRAN~77 help
PASCAL {help string} PASCAL language help
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(1.3 PDOS DEMONSTRATION continued)

x>HE MONITOR
Current PDOS%resident monitor commands:

AC - Review procedure GM - Get memory

AF -~ Append file GO - Execute

BP - Baud port GT - Go to label

CF - Copy file HE - Help

CT - Create task IA - If altered

DF - Define file ID - Init date & time
DL - Delete file IF - Conditional

DM - Delete multiple KM - Kill message
DN - Download file KT - Kill task

DT - Display time LL - List Tevels

EE ~ Enable echo LO - Load file

ER ~ List error LS - List directory
EV - Events LT - List tasks

EX - Basic LV - Directory level
FE - For every MF - Make file

FM - Free memory PB - Debugger

FS - File slots RC - Reset console
Hit <CR> to continue..... [CR]

Monitor command formats are as follows:

AC
AF

<file>

<filel>,<file2> Append file

Further help concerning the PDOS monitor is
listed by entering 'HE MONITOR'. This applies
to all other help parameters.

RD - RAM disk

RN - Rename file

RS - Reset

SA - Set file attributes
SF - Show file

SM - Send task message
SP - Disk usage

SU - Spool unit

SV - Save to file

S8Y - System disk P
TF - Transfer files

TM - Transparent mode

TP - Task priority

UN - Output unit

P - Upload from port

IM - Zero memory

Some help messages are paged and require
a character from your terminal console
to be entered to continue.

Review procedure file

BP
CF

{{~)<prt>,<rt>{,<ty>,<bs>}}
<filel>,<file2>

Baud port
Copy file

Delete multiple -

CT <cmd>,<sze>,<prity>,<prt> Create task
DF <file>{,<size>} Define file
DL <file> Delete file
DM <filelist>

DN <file> Download file
DT Display time
EE <0O=no echo> Enable echo

ER <error#> List error
EV {{-}<event>} Events
EX Basic
FE <f1> or (<s>,<e>),<cmd> For every

FM {<kbytes>}

Free memory

FS File slots
GM {<kbytes>} Get memory
GO {<address>} Execute

GT <label> Go to label
HE {<list>} Help

Hit <CR> to continue
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(1.3 PDOS DEMONSTRATION continue

IA <file>.<command>

1D

IF <stri>{=#<str2>}

KM <task#>

KT {-}<task#>

LL <filelist>

LO <file>{,<start addr>}
LS {<filelist>}{,<file>}
LT

LV {<level>}

MF <file>

PB

RC

RD {{-}<unt>,<sze>,<adr>}
RN <filel>,<file2>

RS {<disk>}

SA <file>{,<attribute>}
SF {-}<file>

SM {<task#>,<message>}
SP {<disk>}

SU <unit>{,<file> or <port#>}

Hit <CR> to continue..... CR

SV <«file>{,<sadr>,<eadr>}

SY {«disk>...}

TF <filelist>,<disk#>{,<flag>}
™ {{-}<port>}{,<break>}

TP {<task#>,}<priority>

UN {<unit>}

UP {<port #>}{,<message>}

M

x>LT

Task Prt Tm Event Map Size
1/-1 1001 127 0 32
2/0 2551 -128 0 2
3/0 64 1 100 0 32

d)

If altered

Init date & time
Conditional

Kill message
Kill task

List level

Load file

List directory
List tasks
Directory level
Make file
Debugger

Reset console
RAM disk

Rename file
Reset

Set file attributes
Show file

Send task message
Disk usage

Spool unit

Save to file
System disk
Transfer files
Transparent mode
Task priority
Output unit
Upload from port
Zero memory

PC SR TB EM
0006854A 2000 00068000 00070000
00067D2E 0004 00067800 00068000
0000338A 2004 0005F800 00067800

Iu1
010
010
414

LT lists the currently executing tasks.

248
000
000
000
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(1.3 PDOS DEMONSTRATION continued)

x>HE MONITOR LT
Command: List tasks
Format: LT

List Task heading explanation:

Task {*=current}Task #/parent task #
Prt Task priority (1-255) (+ indicates SVF$ set)

Tm Task CPU tics (1 tic=10 ms)
Event  Suspended event(s)
Map Task map constant
Size Task size (k‘bytes)
PC Program Counter

SR Status Register

T8 Task control Block
BM Beginning of memory
EM End of memory

I Input port number

1 Unit 1 port number
2 Unit 2 port number
4 Unit 4 port number
8 Unit 8 port number

x>§£

Port Type fwpi8dcs Base Rate
#1 1 00000000 0OF20001 9600
#2 2 00000001 OOFF1000 9600
#3 2 00000000 OOFF1040 9600

x>EV
00000000 00000000 00000000 OCOOFEQCO
Event=130 Delay=85

x>DT
DATE=10-Nov-86
TIME=11:17:39

x>RD

Disk=8
Size=255
Addr=00070000

Task
0

'"HE MONITOR LT' explains the LT parameters. Help
information is available on all monitor commands
by typing 'HE MONITOR xx' where xx is any monitor
command. Information about that monitor command
will then be displayed.

'BP' lists the currently installed ports.

'EY' lists current event states.

'DT' lists the current date and time.

'RD' lists the RAM disk parameters.
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(1.3 PDOS DEMONSTRATION continued)

x>LKJLKJLHHJKJ

PDOS ERR 50 I11egal name
x>ASDFD

PDOS ERR 53 Not defined

x>£!
Level=1
20,2>SY
Disk=20,2

x>SP
Files=8/48
Free=2490,2490
Used=1/8

x>UN.FM.EV

Unit=3

x>FM.EV

Free=0

x>EV

00000000 00000000 00000000 OOCOFEOO
Event=130 Delay=9

x>[CTRL-A
UN.FM.EV

Unit=3

x>FM.EV

Free=0

x>EV

00000000 00000000 00000000 OOOOFEOQO
Event=128 Delay=58

Event=130 Delay=97

PDOS attempts to explain error numbers.

Other commands are resident in the monitor
and readily available, such as list the
directory level (LV) or default disk (SY).

There are 255 directory levels for each
disk number. The current level is 1.

There are 255 different disk units. The
current disk unit is 20 for working and
file creation and 2 for reference.

The SP command outputs the number of files
used out of those available, the number of
free sectors on a disk, and the number of
sectors used and the file directory size.
The second parameter on 'Free' is the
largest contiguous block of sectors on the
disk. The 'Used' output is divided
between the number of sectors actually
used versus the number of sectors
allocated to files from the disk bit map.

Multiple commands are entered on the same
line by separating the commands (along with
any parameters for the command) with a
period. As each command is executed, the
command line is echoed again.

The command line is saved and can be
recalled by entering a [CTRL-A].

Events are used for task synchronization.
The system
events (112-127) are generally set.

Each event is a single bit.
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(1.3 PDOS DEMONSTRATION continued)

0>LS

Disk=PDOS 3.2/0

Files=13/128

Lev Name:ext Type Size Sect Date created
1 CHAPOO X C 4/4 0012 14:25 08-Aug-85
1 CHAPO1 X + 141/141 0016 09:53 09-Aug-85
1 CHAPO2 X C 216/216 00A2 12:11 20-Aug-84
1 CHAPO3 X C 326/326 017A 12:11 20-Aug-84
1 CHAPO4 X C 622/622 02C0 12:12 20-Aug-84
1 CHAPO5 X C 120/120 052E 12:31 08-Aug-85
1 CHAPOGB X C 363/363 05A6 11:00 08-Aug-85
1 CHAPO7 X C 256/256 0711 15:10 23-Aug-85
1 DEMO AC C 2/2 0811 09:47 22-Jul-85
1 PQ EX C 33/33 0813 12:13 20-Aug-84
1 TITLE TX C** 4/4 0834 08:28 19-Jul-85
1 TEMP X C 1”71 0838 09:51 23-Aug-85
1 SEND AC C* 11 0839 16:06 23-Aug-85

Files=13 Used=2089/2089

x>HE FILE
FILE FS Directory header explanation

FILE FILELIST

x>HE FILE FS§

PDOS file selection 1list definition

List directory header explanations:

LEV
NAME :EXT
TYPE
SIZE
SECT
DATE CREATED
LAST UPDATE

File directory level

File name:extension

File attribute (See below)
Sectors user/Sectors allocated
Start sector number

Time & date file defined

Time & date file was- last altered

Valid file types are as follows:

AC
0B
sY
X
BN
EX
BX
DR

L]

Procedure f
68000 objec
System file
ASCII text

Binary file
BASIC progr
BASIC binar
System I/0

Altered
Contiguous
Delete protect
Write protect

ile +
t

xR

am
y program
driver

16:
12:
10:
14:
10:
09:
12:
18:
09:
13:
15:
14:
13:

Last update

03
03
57
20
09
12
42
10
56
15
40
10
16

21-Aug-85
10-Feb-86
27-Aug-85
26-Aug-85
27-Aug-85
23-Aug-85
26-Aug-85
23-Aug-85
01-Aug-85
27-Sep-85
05-Aug-85
23-Aug-85
27-Sep-85

The LS command lists a disk directory.
Parameter defaults are the current
disk and directory level. Each file
is time stamped with date of creation
and last update. The file size
indicates the number of sectors
actually used versus the number of
sectors allocated to the file from
the sector bit map. Hitting any key
will pause the output listing.
Pressing another key continues the
listing. The [ESC] key terminates
the output.

The 'HE FILE FS' command explains the
heading definitions for the list
directory command.

The PDOS monitor uses the file type in con-

trolling the file processing.

A file typed

as 'OB' contains 68000 tagged object and is

loaded into task memory and executed.

'Sy’

or system files are handled similarly. 'EX'
files are directed to the resident BASIC
interpreter, loaded and executed.
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l (1.3 PDOS DEMONSTRATION continued)

x>HE FILE FILELIST

A PDOS file selection list is defined as follows:

'HE FILE FILELIST' explains how to select files
using the PDOS file selection list used with
many monitor commands.

<filelist> = {file}{:ext}{;level}{/disk}{/select...}

{file} = 1 to 8 characters (1st alpha) (a=all,*=wild)
{:ext} = 1 to 3 characters (:8=2l11,*=wild)

{;level} = directory level (;d=all)

{/disk} = disk number ranging from 0 to 255

{/select} = /AC
/BN
/BX
/EX
‘ /0B
: /8Y
/TX
/DR
/t

/*'l

Assign.Console file

Binary file

PDOS BASIC token file

PDOS BASIC file

68000 PDOS object file
System file

Text file

System 1/0 driver

Delete protected

Delete and write protected

/Frm-dy-yr = selects files with date of last change

greater than or equal to 'mm-dy-yr'

/Tmm-dy-yr = selects files with date of last change

€ o=

Slot Name ST

x>HE MONITOR FS
Command: File slots

less than or equal to <= 'mm-dy-yr'’

The 'FS' command lists open file slots.

SM PT SI EOF N BF FLGS
32 DOC;1/20 C104 0032 0000CDO1 0023 0023/62 0000 OOOOCCAE 00000000

A file is accessed through a file slot or
channel. This memory area contains all

Format: FS the status and pointers associated with
an open file. The OPEN commands bind a
List File Slots heading explanation: file slot with a channel buffer where
: the file data is actually transferred.
q‘f Slot File slot #
Name File name ; directory level / disk
ST Channel status
SM Sector in memory
PT Channel buffer pointer
SI Current file sector index
EOF End-of-file sector index number / bytes in last sector
N Task number which locked/opened the file
BF Channel buffer address+

FLGS Channel status flags (leck/shared/error)

+ A zero buffer address indicates the buffer has been

rolled to disk.

Hit <CR> to continue..... [CR]
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(1.3 PDOS DEMONSTRATION continued)

Channel status is defined as follows: From the channel status, you can tell
what type of OPEN was done, whether the
x1xx Sequential xx80 Altered file has been altered, and its protection
X2xx Random xx04 Contiguous codes.
xBxx Shared random xx02 Delete protected
XAXX Read only random xx01 Write protected
1xxx Driver in channel
2XXX Buffer locked in memory
4xxx File altered
8xxx Sector altered
x>SF UPTIME The SF command displays a file.

100 REM UPTIME
110 DIM D[1],M[2],T[1],W[2]
120 DATE $D[0]: TIME $T[0]: T=TIC O
130 M=$0[0]: D=$D[0;4]: Y=$D[0;7]: C=19
140 M1=M-2: Yi=Y: IF M1<1: M1=M1+12: Y1=Y-1: IF Y1<0: C=C-1
150 W=INT[2.6*M1-0.19]+D+Y1+INT[Y1/4]-2*C+INT[C/4]
160 W=INT[W-INT[W/71*7+0.5]: IF W<O: W=W+7
200 RESTORE W+1: READ $W([O]
210 DATA "Sunday","Monday","Tuesday","Wednesday"
220 DATA "Thursday”,"Friday","Saturday"
230 RESTORE M: READ $M[O]
240 DATA "January","February","March","April"
250 DATA "May","June","July","August","September"
260 DATA "October”,"November",6 "December"
300 PRINT "Today is ";$W[O];", “;$M[0];D;",";C*100+Y;
310 PRINT ". The time is ";$T[0];"."
315 DC=86400*SYS[38]: HC=3600*SYS[38]: MC=60*SYS[38]
320 DAY=INT[T/DC]: T=T-DAY*DC
330 HRS=INT[T/HC]: T=T-HRS*HC
340 MIN=INT[T/MC]: T=T-MIN*MC
350 SEC=INT[T/SYS[38]]
360 PRINT "PDOS has been up for";
Strike any key...[CR]
370 IF DAY: PRINT DAY;" days,"; .
380 IF HRS: PRINT HRS;" hours,"; -
390 IF MIN: PRINT MIN;" minutes, and";
400 PRINT SEC;" seconds.”;
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(1.3 PDOS DEMONSTRATION continued)
.

x>UPTIME The UPTIME program may be executed
Today is Monday, February 10, 1986. The time is 12:09:04. simply by entering the file name.
PDOS has been up for 2 hours, 8 minutes, and 10 seconds.

February 1986
Su Mo Tu We Th Fr Sa
1
2 3 4 5 686 7 8
9 10 11 12 13 14 15
16 17 18 19 20 21 22
23 24 25 26 27 28

O>LT
Task Prt Tm Event Map Size PC SR 1B EM IU1248
*0/0 64 1 0 752 00002004 0000 0000COOC 00OC800C 111200
2/0 50 1 @8 0 50 00001D1C 2004 000C8000C 000D4800 3 1 300 O
x>CT ,100,,2 A new task (or user) is created with the
*Task #1 CT command. The task number is assigned
by PDOS. Here, a new task of 100 Kbytes
of memory on port 2 is created.
x>LT
Task Prt Tm Event Map Size PC SR TB EM IU1248
*0/0 64 1 0 752 00002004 0000 0000CO00 OOOC8000 111200
1/0 64 1 0 100 0O00018EC 2004 000D4800 OOOED80O0 2 1 200 O
2/0 50 1 @98 0 50 00001D1C 2004 000C8000C 000D4800 3 1 3 00 O
x>CT ,50,50,3 Additional tasks can be created. This one
*Task #3 is 50 k bytes in size and.has a priority of
50. Its I/0 is through port 3.
x>LT
Task Prt Tm Event Map Size PC SR TB EM IU1248
*0/0 64 1 0 702 00002004 0000 00OOCOOO 000BBBOO 111200
1/0 64 1 0 100 OOCO19EC 2004 000D4800 OOOED8OO 212000
2/0 50 1 99 0 50 00001D1C 2004 000C8000 000D4800 3 1 3 000
3/0 50 1 0 50 O0O00019EC 2004 000BB8OO 000C8000 013000
x>KT 3 Tasks are just as easily removed from
- the task list with the KT command.
x>LT
Task Prt Tm Event Map Size PC SR 8B EM IU1248
*0/0 64 1 0 702 00002004 0000 000COCOOO 00OBB8OO 111200
171 255 1 0 100 O0OO0C19EC 2004 000D4800 OOOED8OO 2 12000
2/0 50 1 @98 0 50 00001D1C 2004 000C8000 000D4800 3 13 00 0
x>FM After a task is killed, its memory is
F:ee=50 allocated in the memory bit map. The

FM command lists any memory available to
the current task.
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(1.3 PDOS DEMONSTRATION continued)

x>GM_40
x>FM
Free=10
x>LT
Task Prt Tm Event Map Size PC SR 8 EM I
*0/0 64 1 0 702 00002004 0000 0000CO00 OOOBEOGO 1
171 255 1 0 100 O0O00019EC 2004 000D4800 O0OED8CO 2
2/0 50 1 @8 0 50 00001D1C 2004 000C8000 000D4800 3
x>GM
x>FM
Free=0
x>LT
Task Prt Tm Event Map Size PC SR B EM I
*0/0 64 1 0 702 00002004 0000 0000CO00 000C8000 1
1/1 255 1 0 100 O0O0O19EC 2004 000D4800 DOOEDSOO 2
2/0 50 1 99 0 50 00001D1C 2004 000C8000 000D4800 3
x>MF #PRGM: SR
* PRGM:SR  09/20/83
START _ XPMC MESO1 ;OUTPUT MESSAGE
XEXT ;DONE
ﬁESO1 DC.B $0A,$0D,'IT WORKS!!!!',0
END START
ESC
x>SF_PRGM: SR
START  XPMC MESO1 ;OUTPUT MESSAGE
XEXT ) ;DONE
MESO1  DC.B $0A,$0D,'IT WORKS!!!!',0
END START

0>MASM PRGM:SR,#PRGM,#LIST

68K PDOS Assembler R3.2 01-Nov-86
ERII, Copyright 1983-86
SRC=PRGM: SR

0BJ=#PRGM

LST=#LIST

ERR=

XRF=

END OF PASS 1

END OF PASS 2

x>PRGM
IT WORKS!!!!

[ =

[P G O ol

The GM command allows this memory to be re-
Any or all memory is easily allo-
cated to your task.

covered.

W N =
oo NN
(= I = I = I N
O O O o«

(R O
oo NN
o oo &
0o 0o ®

The MF or make file command allows you to
create a file directly from your keyboard
console. Assembly language development is
very easy because all operating system calls
are supported by the assembler. This
program simply prints a message and returns
to the PDOS monitor.

Let's look at it again to check its syntax.

The assembler is called and the object
is directed to a new file called PRGM.
The assembly listing goes to the file
LIST.

Enter the program name to execute the file.
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(1.3 PDOS DEMONSTRATION continued)

x>SF LIST

PAGE: 1 09:56 08/01/85

0/00000004:A00E

*

4B532121212100
0/00000015: 0/00000000

0O N O U A WN

PAGE: 2 08:56 08/01/85

DEFINED SYMBOLS:
MESO01 0/00000006  START

EXTERNAL DEFINITIONS: NONE
Strike any key...

EXTERNAL REFERENCES: NONE
UNDEFINED SYMBOLS: NONE

UNREFERENCED SYMBOLS: NONE

0/00000000:A08C0004 START

0/00000006:0A0D495420574F52 MESO1

68K PDOS Assembler 01-Nov-86
FILE: PRGM:SR,PDOS 3.2 SYSTEM

PRGM:SR  08/20/83

XPMC MESO1 ;OUTPUT MESSAGE
XEXT ;DONE

DC.B $0A,$0D,'IT WORKS!!!!"',0
END START

68K PDOS Assembler D1-Nov-86
FILE: PRGM:SR,PDOS 3.2 SYSTEM

0/00000000
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Lev Name:ext

x>TF P3:a,8,A

Type

Transfer~PRGM:SR;1/0

Transfer PRGM;1/0

Transfer PRINTQ:BGR;1/0
Transfer PRINTRX;1/0
Transfer PRINTS:BGR;1/0

x>LS /8
Disk=SY$DSK/8
Lev Name:ext

1 PRGM:SR
1 PRGM
1 PRINTQ:BGR
1 PRINTRX,
1 PRINTS:BGR
x>DM 3:8;3/8

Delete PRGM:SR;1/87 (Y/N/A)A

Delete PRGM;1/8

Type

0B C
EX C
EX C
EX C

Delete PRINTQ:BGR;1/8

Delete PRINTRX;1/8

Delete PRINTS:BGR;1/8

x>

Size

Size
171
1/1

34/34

35/35

34/34

Sect

CHAPTER 1 INTRODUCTION PAGE 1-22
¢1.3 PDOS DEMONSTRATION continued)
x>LS /8
Disk=SY$DSK/8 Files=0/32

Date created Last update

The TF command transfers multiple
files from one disk to another.

Files=5/32
Sect Date created Last update
0005 14:25 08-Aug-85 16:03 21-Aug-85

0006
0007
0029
004C

09:53 09-Aug-85 12:03 10-Feb-86
12:13 20-Aug-84 10:57 27-Aug-85
12:13 20-Aug-84 14:20 26-Aug-85
12:13 19-Jul-85 15:40 05-Aug-85

The DM command deletes multiple
files from a disk directory.
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PDOS SYSTEM OVERVIEW

The PDOS operating system is described here in detail.
There are four main sections of PDOS; namely, the kernel,
BIOS, file management module, and monitor.

2.7 PDOS KERNEL e vv vt tneetteene e eeaneneasneeeeneananen 2-2
2.1.7 PDOS TASK. .« et tnee et enereeesnrenennenenns 2-2
2.1.2 MULTI=TASKING. .. vvveree et eeeeneaenenenns 2-4
2.1.3 SYSTEM SERVICES. ... uvvverenenennreonennnnen 2-7
2.1.4 PDOS CHARACTER I/0...cuereiesnrnennnnenenn. 2-8
2.1.5 EVENTS . ot et ettt e et e e e e 2-12
2.1.6 TASK COMMUNICATION. .....ueuevrnnrnennenens 2-14
2.1.7 TASK SUSPENSION. .. vuvvnereneenenennenennns 2-15
2.1.8 HIGH PRIORITY TASKS.....ovveenenrnnannnnn. 2-16
2.2 PDOS FILE MANAGEMENT . ..o veeeeeeneeeaeeeeaeanns 2-16
2.2.1 PDOS FILE STORAGE. .....evvurenenennenennn. 2-16
2.2.2 FILE NAMES. .ot itiitiineiiieiseenaeneennns 2-18
2.2.3 DIRECTORY LEVELS....'vvivenrnreennnenanns. 2-19
2.2.4 DISK NUMBERS. .. .oevvneeeeeeeeenenannnnn. 2-19
2.2.5 FILE ATTRIBUTES. ..vueveteneeraneeaennens 2-20
2.2.6 TIME STAMPING. ...evuevreenennaneneanenns 2-22
2.2.7 PORTS, UNITS, AND DISKS.......0vvvnreenn.. 2-22
2.3 PDOS BIOS. . euete sttt eeeresee ettt 2-24
2.4 PDOS MONITOR. .\ vt te e ennenene e eneeeeaneneanenans 2-24
2.4.1 COMMAND LINE INTERPRETER.............. v...2-25
2.4.2 PROCEDURE FILES. ... .vvrevenenrnenenenennnn 2-26
2.4.3 IMPLIED TASKS. . ..vtuinervnnreinrnenenennn. 2-27
FIGURE 2.1 TASK CONTROL BLOCK. ... ..vuererenerenrnenennens 2-6
FIGURE 2.2 PDOS CHARACTER INPUTS.......eoeniurnenenennnns 2-9
FIGURE 2.3 PDOS CHARACTER OUTPUTS......cvvuererrnennnen. 2-11
FIGURE 2.4 PDOS DIRECTORY FORMAT .......ceoueverenennnnn. 2-23
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2.1 PDOS KERNEL

The PDOS kernel is the multi-tasking, realtime nucleus of PDOS kernel:
the PDOS operating system. Tasks are the components
comprising a realtime application. It is the main 1. Multi-tasking, multi-user scheduling
responsibility of the kernel to see that each task is 2. System clock
provided with the support it requires in order to perform 3. Memory allocation
its designated function. 4. Task synchronization
5. Task suspension
The main responsibilities of the PDOS kernel are the 6. Event processing
allocation of memory and the scheduling of tasks. Each task 7. Character I/0 including buffering
must share the system processor with other tasks. The 8. Support primitives

operating system saves the task's context when it is not
executing and restores it again when it is scheduled. Other
responsibilities of the PDOS kernel are maintenance of a
24-hour system clock, task suspension and rescheduling,
event processing, character buffering, and other support
functions.

2.1.1 PDOS TASK

A PDOS task 1is defined as a program entity which can ‘ Memory
execute independently of any other program if desired. It Task Queue Task List
is the most basic unit of software within an operating Task #0
system. A user task consists of an entry in the PDOS task 100/#1 Task #0=—m>mmed>ome>, cmmmemmee |
queue, task list, and a task control block with user program 64/#0 Task #l====v | Task
space. 84/#2 Task #2 v | control

..... v | Block |
The task queue and list are used by the PDOS kernel to v | =mmmms = |
schedule tasks. A task queue entry consists of a task v | User
priority and a task number. The list is ordered with the v | Program |
highest priority entry first. A task list entry consists of v | Space
a priority, task time, spawned task number, task control v L.
block pointer, task map constant, and two suspended event v | =m——mmme -]
registers. The task number is assigned according to its v |
entry position. v

v

The first $500 (hex) bytes of a task are the task control v Task #1
block. This block of memory consists of buffers and e .
parameters peculiar to the task. The 68000 address register ' I
AB points to the status block when the user program is first ‘ S e

entered. The task parameters may be referenced by a wuser
program but care must be taken that PDOS is not crashed! The
task control block variables are displacements beyond
register A6 and are defined in FIGURE 2.1.



680x0 PDOS 3.2 REFERENCE MANUAL

CHAPTER 2 PDOS SYSTEM OVERVIEW

PAGE 2-3

(2.1.1 PDOS TASK continued)

The user program space begins immediately following the
task control block. Position independent 68000 object
programs or BASIC tokens are 1loaded into this area for
execution. Task memory is allocated in 2k byte increments.
The total task overhead is $500 or 1280 bytes. This leaves
$300 or 768 bytes available for a user program and user
stack in a minimal 2k byte task.

From the time a task is coded by a programmer until the
task 1is destroyed, it is in one of four task states. Tasks

move among these states as they are created, begin
execution, are interrupted, wait for events, and finally
complete their functions. These states are defined as
follows:

1. Undefined A task is in this state before it is
loaded into the task list. It can be a
block of code in a disk file or stored

in memory.

2. Ready When a task 1is loaded in memory and
entered in the task queue and list but
not executing or suspended, it 1is said
to be ready.

3. Running A task is running when scheduled by the

PDOS kernel from the task list.

4. Suspended When a task is stopped pending an event
external to the task, it is said to be
suspended. A suspended task moves to
the ready or running state when the
event occurs.

A task remains undefined until it 1is made known to the
operating system by making an entry in the task queue. Once
entered, a task immediately moves to the ready state which
indicates that it is ready for execution. When the task is
selected for execution by the scheduler, it moves to the run
state. It remains 1in the run state until the scheduler
selects another task or the task requires external
information and suspends itself wuntil the information is
available. The suspended state greatly enhances overall
system performance.

Task overhead = $500 (hex) bytes + user stack

4 task states:

LW N =

Undefined
Ready
Running
Suspended
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2.1.2 MULTI-TASKING

PDOS defaults to allow 32 independent tasks to reside in
memory and share CPU cycles. Each task contains its own
task control block and thus executes independently of any
other task. A task control block consists of buffers,
pointers, and a PDOS scratch area. By changing the 'NT'
parameter in MSYRAM and other parameters, PDOS can be
configured to handle up to 128 tasks.

Four parameters are required for any new task generation.
These are:

1) A task priority. The range is from 255
(highest priority) to 1 (Towest
priority).

2) Tasking memory. Memory is allocated to

a task in 2k byte increments. The first
$500 bytes is assigned the task TCB.

3) An I/0 port. Input ports are wunique
while many tasks may share the same
output port for task console
communication.

4) A task command. This may be in the

form of several monitor commands or a
memory address to begin executing.

Each of the above requirements defaults to a system
parameter. Task priority defaults to the parent task's
priority. Default memory allocation is 32k bytes and
default console port is the phantom port.

If a task command is not specified, the new task reverts to
the PDOS monitor. However, if no input is possible (i.e.
port 0 or input already assigned), then the new task
immediately kills itself. This is very useful since tasks
automatically kill themselves as they complete their
assignments (remove themselves from the task list and return
memory to the available memory pool).

A task entry in the task list consists of a task number
designation, parent task number, time interval, task
priority, memory map constant, task control block pointer,
and two event registers. Swapping from one task to the next

is done when the task interval timer decrements to zero,

during an I/0 call to PDOS, or when an external event causes
a context switch. The task interval timer decrements by one
every ten milliseconds (or as defined in the system BIOS
module).

Defaults to 32 independent time-shared tasks

128 tasks can be handled.

255 = Highest priority

1 = Lowest priority

Task memori

I/0 port

Command ™
)

Task defaults

Automatic task termination

Task entry in task list

“
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(2.1.2 MULTI-TASKING continued)

Any task may spawn another task. Memory for the new task
is allocated in 2k byte blocks from a pool of available
memory. If no memory is free, the spawning task's own
memory is used and the parent task's memory is reduced in
size by the amount of memory allocated to the new task. It
is important to note that some assembly coded programs and
all high level language programs use both the low and high
addresses of the task memory. To prevent memory loss from a
task and program failure, it is necessary to allocate enough
memory to the free memory pool before creating a new task
under program control. Otherwise, the task may give up its
variable space or stack to the spawned task.

PDOS maintains a memory bit map to indicate which segments
of memory are currently in use. Allocation and deallocation
are in 2k byte increments. When a task is terminated, the
task's memory is automatically deallocated in the memory bit
map and made available for use by other tasks.

"Multi-user" refers to spawning new tasks for additional
operators. Each new task executes programs or even spawns
additional tasks. Such tasks are generated or terminated as
needed. Task O is referred to as the system task and cannot
be terminated.

Figure 2.1 shows the task control block.

WARNING: Although the 1locations of the task control
block are made available to the user, you must be cautious
when using these locations. Many PDOS primitives use these
locations to perform their functions and any location may
change at any time as a result of these PDOS calls. The
same TCB format has mostly been retained throughout PDOS
revisions; however, that may not always be the case and the
TCB may be modified significantly.

Task memory allocation

Memory bit map

Multi-user system
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TASK > |=mmmmmm |

I I
| 1 ] 0(AB) = 256 byte
| | $100(A6) = CLB$ -
| ¢ | $150(AB) = MWB$ -
| | $170(AB) = MPB$ -
| 8 | $3B0(A6) = TSP$.L -
| | $3B4(A6) = KILS.L -
| | $3B8(AB) = -
B | $3BC(AB) = SVF$.B -
| | $3BE(A6) = TRP$ -
| | $3FE(AB) = ZDV$.L -
..... $402(A6) = CHKS$.L -
$406(A6) = TRVS.L -
$40A(A6) = TRCS.L -
$40E(AB) = FPAS.8 -
$416(A6) = FPES.L -
$41A(A6) = CLP$.L -
$41E(AB) = BUMS.L -
$422(A6) = EUM$.L -
A $426(A6) = EADS.L -
--------- " $42A(A6) = IMP$.L -
Task Control\  $42E(A6) = ACI$.W -
Block /  $432(A6) = LEN$.W -

. $434(A6) = SFIS.
|/ $436(AB) = FLGS.
$437(AB) = SLVS.
$438(A6) = FECS.
$43A(A6) = CSCS$.
$43C(A6) = PSCS.
$43E(A6) = SDSS.
$441(A6) = SDKS.
$442(A6) = EXTS.
$446(A6) = ERRS.
$44A(A6) = CMDS.
$44B(A6) = TIDS.
$44C(AB) = ECF$.
$44D(A6) = CNTS.
$44E(AB) = MMFS$.
~ $44F(AB) = PRTS.
$450(A6) = SPUS.
$451(AB) = UNTS.
$452(A6) = U1PS.
$453(AB) = U2PS.
$454(AB) = U4PS.
$455(A6) = USP$.B -
$456(A6) = -
$458(A6) = TWO$.W -
$45A(A6) = TWIS.W -
$45C(AB) = TW2$.W -
$45E(AB) = -
$470(A6)

WO WowWwWwWwWwWwWwW - ®wwEE XTwwEEEE~C-C~CS~Soo e eoer
|

.....

I |
I |
| |
I |
| I
|— |
I I

Task Status Control Definitions

user buffer
82 byte monitor command line buffer
32 byte monitor work buffer
monitor parameter buffer
task stack pointer
kill self address
Reserved
save 68881 registers flag
user TRAP vectors
zero divide trap
CHCK instruction trap
TRAPY instruction trap
trace vector
floating point accumulator
fp error processor address
command line pointer
beginning user memory
end user memory
entry address
assigned input message pointer
assigned input file ID
last error number
spooling unit file ID
task flags
directory level
file expansion count
clear screen character(s)
position cursor characters
alternate system disk(s)
system disk
XEXT address
XERR address
command line delimiter
task ID
echo flag
output column counter
memory modified flag
input port #
spooling unit mask
output unit mask
unit 1 port #
unit 2 port #
unit 4 port #
unit 8 port #
reserved
monitor word temps
TWO-TW2 used by level

2 primitives
reserved
debugger parameters

<<<<< $500(A6) <<<<<<< USER PROGRAM

FIGURE 2.1 TASK CONTROL BLOCK
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2.1.3 SYSTEM SERVICES

System services are those functions that a task requires of
the operating system while entered in the task list. These
requirements range from timing and interrupt handling to
task coordination and resource allocation.

PDOS provides many time-oriented functions which key off of
the system hardware interval timer. The current time of day
and date are maintained with fine adjustment parameters. A
32~bit counter is used for various delta time functions such
as task scheduling and event delays.

Hardware interrupts are processed by the kernel BIOS or
passed to user tasks. Tasks can be suspended pending the
occurrence of an interrupt and then be rescheduled when the
interrupt occurs. Interrupts such as the interval timer and
character input or output are handled by the kernel itself.

Task coordination is an integral part of realtime
applications since many functions are too large or complex
for any single task. The PDOS kernel uses common or shared
data areas, called mailboxes, along with a table of
preassigned bit variables, called events, to synchronize
tasks. A task can place a message in a mailbox and suspend
itself on an event waiting for a reply. The destination
task 1is signaled by the event, 1looks in the mailbox,
responds through the mailbox, and resets the event signaling
the reply.

System resources include the processor itself, system
memory, and support peripherals. The PDOS kernel provides
primitives to create and delete tasks from the task Tlist.
Memory is allocated and deallocated as required.
Peripherals are generally a function of the file manager but
are assigned and released via system events. Device drivers
coordinate related I/0 functions, interrupts, and error
conditions. A1l of these functions are available to user
tasks and thus tasks may spawn tasks and dynamically control
their operating environment.

Other support‘utiTities contained within the PDOS kernel
include number conversion, command line decoding, date and
time conversions, and message processing routines.
Facilities are also provided for locking a task in the run
state during critical code execution.

System services

Time keeping facilities

Interrupts

Task coordination

System resources

Support utilities
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2.1.4 PDOS CHARACTER I/0

The flow of character data through PDOS is the most visible
function of the operating system. Character buffering or
type-ahead assures the user that each keyboard entry is
logged, even when the application is not 1looking for
characters. Character output is normally through: program
control (polled I/0).

Inputs and outputs are through 1logical port numbers. A
logical port is bound to a physical UART (Universal
Asynchronous Receiver / Transmitter) by the baud port
commands. Only one task is assigned to an input port at any
one time while many tasks may share the same output port.
It is then the responsibility of each task to coordinate all
outputs.

PDOS CHARACTER INPUT

PDOS character inputs come from four sources: 1) user
memory; 2) a PDOS file; 3) a polled I/0 driver; or 4) a
system input port buffer. The source is dictated by input
variables within the task control block. Input variables
are the Input Message Pointer (IMP$(AB)), Assigned Console
“Input (ACI$(A6)), and input port number (PRT$(AB)).

When a request is made by a task for a character and
IMP$(A6) is nonzero, then a character is retrieved from the
memory Tlocation pointed to by IMP$(A6). IMP$(AB) s
incremented after each character. This continues until a
null byte is encount