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Section 1: THE QASAR COMPUTER

-SECTION 1-

1.0 THE QASAR COMPUTER

The QASAR dual processor is designed as a general
purpose computer suitable for commercial and scientific data
processing, program development, data gathering, and many
other applications. An extensive range of software 1is
avallable for the QASAR, including a disk operating system,
editors, assemblers, and high level language compilers.

The heart of the QASAR is its powerful Dual Processor
architecture. Two microprocessors operate effectively
simultaneously on the one common bus. The inclusion of a
second microprocessor adds very little to the cost of the
computer yet allows sudbstantial speed improvements and
program simplification in many applications. For instance, a
system whi~h would require a lot of interrupt handling with a
single processor can be implemented more simply using a dual
processor with one CPU dedicated to a polling and buffering
loop, allowing the main processor to handle complete messages
rather than separate data items. The QASAR uses this
technique for all non-disk I/0.

The QASAR’S modular construction allows easy expansion
or modification to suit a user’s specific requirements. The
basic computer consists of a power supply, two single or
doutle sided floppy disk drives, a card cage, backplane, and
chassis. Two processor cards are avallable- a dual 68¢2 card
and a 6800/6809 version. A typical system would also include
a processor control card, 64K mermory card, floppy disk
controller, and dual TVT 4interface (memory mapped video
display). Other options include a egraphics display card and
a light pen controller.

The minimum peripheral requirement for the computer is a
keyboard and video monitor, dut a second monitor and printer
may be added. A standard serially interfaced computer
terminal is not normally required btut may be used ia place of
the keytoard and TVT.

1.1 Memory Organization

The QASAR system uses two processors which talk to a
common bus, both running at their maximum rated clock speed
of 1 MHz. Data and address signals for each processor are
interleaved, resulting in a 2 MBz bus. All QASAR RAM cards
have a cycle time of 500 ns, thus each processor can have
it°s own 1independent address space without causing ©bus
contention. Blocks of memory can be assigned as common to
both processors, allowing inter-processor communication.

The top 4X of memory space ($F222-$FFFF) is located on
the Processor Controller card and performs specialised system
functions for both processors. These 1include serial and
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-Section 1: THE QASAR COMPUTER

parallel 1/0, floppy disk operations, processor interaction,
and program debug facilities. '

The remaining memory srace is availabdle for the user’s
RAM. The 64K cards allow separate blocks of 16K physical
memory to be assigned, under program control, to any 16K
boundary 1in the address space of either, both, or neither of
the processors. This allows each processor to access more
than 64K by switching different blocks in and out of the same
address space. Each memory module is assigned a card number
(2 to 15) with a hardware switch, allowing up to 64 blocks of
1€K to be uniquely identified. It is therefore theoretically
possible to use up to 1 megabyte of RAM, even tkough the 6822
can only address 64K bytes directly.

The memory map of the QASAR breaks down to two parts:
hardware determined and I/0 system dependent.

The hardware determined section is the address space for
both processors from $F20@ up, pPlus the screen output cards,
whichever 1is/are 4installed. In the case of a standard QASAR
system, the Screen output cards are Processor 1 unique,
although for special applications they can bve optioned for
Processor 2 instead.

The I/0 dependent address space is that from $@0CQ-EFFF
inclusive and is the system RAM area - used by QDOS and user
programs. How it is initially allocated is determined in the
first instance by the firmware installed. If the ICOPACK is
loaded, then a different allocation 1is made. Al1l variants
assume mapping RAM card @ is installed. All RAM bdlocks on
that card are enabled to at least one address space., Other
RAM cards in the system will remain disabled wunless
explicitly enabled by user programs.

Figure 1.2 shows the QASAR memory map as configured by
the firmware on power-up or RESTART. Note that 1if the
Graphics option is installed, no P1 ram above 48009 1is
availavle. If the T.V.T. option is installed instead of the
gra§hics, P1 RAM is available from $8008 to $ECPY (See figure
1.3).

For detailed description of use of the Mapping Memory,
refer to the Q@SE 64K RAM card data sheet.

1.2 Firmware

The QASAR ROMs, 1located on the Processor Controller
Card, provide a debug monitor program as well as subdbroutines
for peripheral and floppy disk I/0 functions.

The debug monitor (see section 5) is entered by pressing
the console interrupt button, which sends an NMI to processor
2. This halts a program running in processor 2 and allows
the user to examine and change registers and memory
locations, set breakpoints in the program, and restart it
from the point where the NMI occurred.

QASAR Users Manual- Lecember, 1980 Page 2




Section 1: THE QASAR COMPUTER

POWER SUPPLY
110/240VAC -

L, (T0 ALL MODULES)
BI-DIRECTIONAL HIGH SPEED DATA AND ADDRESS BUS (MOTHER BOARD)
IT T T T 1T
" [
csm'n;: ;:::mon aéf:%%: 5%%2&'& ] AT CONTAOLLER DuALTVT ':EEEE'? ,
;LH?V"!vl ;'ﬁ?\:'z WU\LQ LIGHT VWJ;II MGII‘J;RS g’l\g l F:ll[" ;l“ﬂ.
MONITOR PEN .E g :":T"g: &
Figure 1.1 QASAR 3LCCK DIAGRAM

- Both Graphics ard T.V.T. options are shown.
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Section 1: THE QASAR COMPUTER

Standard QASAR firmware partitions the system such that P1 is
an I/0 processor while P2 runs the ‘system’ and disk I/0. The
machine can be simply regarded as a single processor (P2)
computer attached to sophisticated terminal and line vprinter
driver hardware whose internal workings remain transparent to
the user.

The primary firmware functions supported by Processor 2
are:

-to erable orderly system start-up.

-for keyboard input, and output to console and line printer.
These ROM calls communicate with the P1 I/0 routines via
simple transfer locations in common RAM.

-for floppy disk transfers to and from memory.

-for hexadecimal debugging. A ‘monitor’ ROM is installed
allowing in-memory debugging of user programs.

-to start up (Boot) the disk operating system automatically
after Restart.

P1 has firmware to enable it to overate as the I/0
processor. The characteristics of the I/0 system depend on
whether the wuser has opted for a TVT or graphics screen as
the console output device.

The TVT is a memory-mapped device where ASCII character
codes are converted by hardware to characters on the screen.
The advantage is speed of operation.

The graphics device dumps an area of memory data bit by
data bit to the screen. Images, such as those of characters,
are written as bit patterns into that memory and appear drawn
on the screen. With this option 1installed, P1 may run a
special I/0 program (the IOPACK), 1loaded off disk, which
converts the screen into a graphics terminal. While still
allowing normal character output, it will interpret commands
which allow vector and point Plotting, flexible character and
cursor modes, protected field I/0, and light-pen processing.

For full details of the TIOPACK functions, refer to
section 3.

All P1 firmware supports 32-character keyboard queuing.
The TVT supports a 2 Kilobyte 1line oprinter queue. The
graphics system supports approximately 12X of line printer
queuing if the IOPACK is loaded.

QASAR Users Manual- December, 1989 Page 4
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$0020 -
DISC CONTROLLER VARIABLES
\, $0000
Figure 1.2

- KAM Mappirg is configured by firmware on startup.

6800 6809

SYSTEM SYSTEM
FFFC/D NMI NMI
FFEA/B SwW1 SWit
FFEB/9 -
FFEB/7 IRQ11 -
FFE4/5 IRQ10 swi2
FFE2/3 IRQ9 SWI3
FFEO/1 IRQ8 -
FFEE/F 1RQ7 IRQ7
FFEC/D IRQS IRQ6
FFEA/B IRQS IRQS
FFESN IRQ4 IRQ4
FFEB/7 IRQ3 IRQ3
FFE4/5 IRQ2 IRQ2
FFE2/3 IRQ1 IRQ1
FFEO/1 IRQ0 IRQO
FFDE/F IRQ1S
FFOC/D IRQ14
FFDA/B IRQ13
FFD8/9 IRQ12
FFD6/7 IRQ11
FFD4/5 IRQ10
FFD2/3 IRQY
FFDON IRQ8

RESERVED LOCATIONS

FCFD PROCESSOR #1P.1.C.U.
FCFC PROCESSOR #2P.1.C.U.

FCFB-
Fors |- PLA.

FCFS—
Eor |- ACJA.

FCET-
Feer |- FLOPPY CONTROLLER

FCOF- | GRAPHICS DISPLAY
FCO0 | REGISTERS

FCAF- | .
A }n.A.M.MArconrnoL

QASAR MEMORY MAP - BARDWARE ATLOCATION
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'Section 1: THEE OASAR COMPUTER

P1 P2
7 772777 ‘ 0.
W 7/5555 -
USER
RAM
DISABLED
$2000
$C000 _ anos
P1 P2 $0080
GRAPHICS
RAM §.2 USER DIRECT
B0ARD . ADDRESSING
RAM
$0020
$2000 : DISC
CONTROLLER
. VARIABLES
COMMON $0000
RAM 8.1
$4000
% -
P1
RAM §.3 P2
(10 PACK) RAM 8.4
$0000

Flgure 1.3 QASAR MEMORY MAP WEEN RUNNING GRAPEICS SYSTEM
- QDOS and IOPACK are botk loaded. The RAM bYlock
numters are in the format: <zard .blozck)
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Section 1: THE QASAR COMPUTER

1.3 Dual Processor Operation

In normal operation, user programs are executed by
processor 2 while processor 1 executes an I/0 loop handline
the keyboard, TVT display and printer, and updating the
time-of-day clock. Processor 2 invokes these functions by
calling routines in common ROM which perform the necessary
communication with the other processor. feyboard and printer
data is queued by processor 1, allowing processor 2 to
continue with other tasks while the peripherals are kept
busy.

A user program may be rum in processor 1 by loading it
into common memory and storing the start-of-execution address
in locations $FE?1 (H1) and $FE@2 (Lo). Processor 1°s 1I/0
handling 1loop 1includes a test of a trigger byte at location
$FEGZ. When this bdyte is set to non-zero through processor
2, processor 1 saves a return address for the I1/0 loop and
Jumps to the address stored in locations $FE@1,2.

All keyboard, screen, printer, and time-of-day clock
operations will be suspended until processor 1°s I/0 handling
loop is re-entered. A return address for this purvose 1is
stored in locations $FE@3 (Fi) and $FE@4 (Lo). %When the user
program in processor 1 jumps to this address, the trigger
byte 1s cleared and normal I/0 operation is resumed. The
start address at locations $FE?1,2 is preserved so that the
User program may be re-entered by setting the trigger byte to
non-zero again.

The time-of-day clock may be kept accurate without
returning to the I/0 loop by calling the subroutine EXROUT at
location $F8283 in processor 1°s unique ROM area. Processor 1
must execute this routine at least once every 15ms to ensure
that clock "ticks are not missed.

1.4 Using The 6800/€8@9 System

The €809 is a third generation microprocessor. It 1is
easier to program than the 680¢ and faster in execution due
to its enhanced instruction set, addressing modes, and 16-bit
arithmetic capability.

A QASAR computer fitted with the 6800/68032 processor
card rrovides facilities for developing and running prosrams
in either or ©both processors with no hardware charnges or
ad justments. The computer 1is designed primarily as a
development system for either 680@ or 6829 programs with the
processor configuration under full software control.

Normally the 6889 functions as processor 1 and after
restart is waiting in a loop while processor 2 runs the disk
operating system and other 6829 programs. The 686@ handles
disk and ©peripheral 1I/0 without queueing, just as a single
processor computer would.

QASAR Users Manual- Decemter, 1980 Page 7



‘Section 1: THE QASAR COMPUTER

The QDOS "LOAD” command can be used to load a 6889
program from floppy disk into any available area of common
memory (memory restrictions are outlined in section 2.;);
Control can be passed to the 6899 bvy specifying the U
option to enter the 6809 monitor, or the UG options to
start execution of the loaded program. "

When a program is loaded with the U option, the 6800
is reconfigured to operate as an I/0 processor for the 680S.
A1l calls to operating system functions or ROM subroutines
from the 6802 program are detected and executed by the €80@0.
This operation 1is automatic and of no concern to the user.
It provides I/0 compatibility between the processors,
allowing existing 6800 programs to be run on the €8¢9 with a
minimum numter of changes. '

Peripheral I/0 functions available to 6808 programs
through ROM calls to locations $F@Q0@-$F02A (see section 5)
have been duplicated for the 6809 at locations $F400-$F42A,
i.e. the same ~alls may be used in 6809 programs provided an
offset of $400 is added. Floppy disk operatiors have the
same entry points for both processors ($F8@@-F82C). The line
printer routines available to 6803 programs as RCM calls to
locations $F7D6-$F7F4 are not available to 68¢3 programs,
however these functions may te invoked throush system calls
which are 1identical for ©bYoth processors. There are no
time-of-day clock routines in the €800/€6809 system.

Separate monitor ROMs are provided for the two
processors as their machine codes are incompatible. The 6800
monitor may be entered directly by pressing the console
interrupt button (prosessors 1 and 2 must both te
interrupted). The 6809 monitor may then be entered by typing
the command M . This switches the 6808 to an I/0C handling
routine for the €680S9. The monitors are almost identical 1in
operation (see section 5).

The 6800 and €809 processors may be used simultaneously
through the trigeer mechanism described in section 1.3. The
starting address of a memory-resident 6809 program is placed
in locations $FEA1 (Hi) and S$FEG2 (Lo) wusing tre 6800
processor, and the trigger tyte ($FE0@) is set to non-zero to
start the 6809 executing. The €800 continues to operate
indepeniently and does not enter tke I/0 servicing mode for
the €80S. Hence the triggered 6809 program cannot perform
any peripheral or disk I/0 and must wuse common memory
locations for communication with the other processor.

_QASAR Users Manual- December, 1989 Page 8




Section 1: THE QASAR COMPUTER

1.5 Interfacine

The Processor Controller card provides two serial
outputs and one serial input as well as two 8-bit parallel
bi-directional ports. In normal operation the serial input
is wused by the keyboard and one serial output controls a
printer. . .

Prototyping cards (8"'x 8") are available for custom
tuilt 1interfaces and these plug into any of the nine spare
slots on the motherboard. All slots are pre-wired with data,
address, timing, control and power supply lines. The QASAR
Dower supply provides 8 V at 1@ A (15 A option available) and
+/- 12 Vat 1.0 A (1.5 A option availabdle).

Varilous special purpose interface cards are availabdble
for the QASAR.

1.6 Floppy Disk Operations

All disk operations are handled by IMA through the
floppy disk controller module and routines in processor 2°s
unique ROM. Each DMA cycle 1is achieved ty stretching
processor 2 clock phase 1 by one microsecond. This makes DMA
completely transparent to the processors, saving the time
required to do a Request/Acknowledge cycle that would
othervwise be required.

A user program normally accesses the floppy disks by
calls to the QLOS operating system which maintains file
directories and sector data buffers. QDOS supports single
and doubdle sided floppy disks with a maximum capacity of 250K
bytes (single-sided) or 500K bytes (double-sided) per disk.
Up to 160 files may be stored on each diskette, and files may
range in size from 512 bdytes up to the maximum capacity of
the disk.

QASAR Users Manual- Lecember, 198¢ Page 3




"Section 1: THE QASAR COMPUTER

1.7 Front Panel Controls

( Refer to Figure 1.4 )
Power supply LEDs: These monitor the +5 and +/-12 V power
supplies.

Restart switch: This pushbutton switch causes either or both
Processors to re-enter the ROMs at points specified ty
the restart vectors in each unique processor ROM
(location $FBFE). Normally both Processors are
restarted. Processor 2 will initialise and run the QDCS
operating system on restart if a QDOS system disk is
Placed in the left hand drive. Power-on restart always
resets both processors and all peripheral controllers.

Console Interrupt switch: This Pushbutton switch causes a
non-maskabtle interrupt to be issued to either or both
Processors. Normally only rrocessor 2 is interrupted so
that screen and keyboard operation is retained. The NMI
enters the debug package (monitor) in common ROM.

On the 6800/6809 QASAR, bYoth processors must be
interrupted and the €800 monitor is entered initially.
The message Aj;hhhh will te displayed, where hhhh is the
contents of the program counter at the time the
interrupt occurred. The contents of the CPU registers
and memory may be examined and/or changed wusing the
Monitor. the command P will cause the CPU to Procede
with tge user program from the point at which it was
aborted.

Processor 1 and 2 Run/Halt switches: These control the
run/halt signals to each CPU and are normally set to
Run .

Processor 1 and 2 Wait LEDs: These reflect the “Bus
Availadle signal from each processor. They light when
the respective processor is halted or has encountered a
WAIT instruction.

Terminal Speed: This 8-position switch sets the baud rate for
all serial data lines and is normally set to 9€00.

Printer Mode: This switch provides a marual override of the
software controlled “printer start signal and 1is wused
to turn off unwanted printout. It is rormally set to

"Aduto”.

QASAR Users Manual- Pecember, 1580 Page 19
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(roven Y e i Yoz Frogmod) e )
! ! . 9ké 10
°© 1@ @ ool [{ ).
+12v 182 182 WAIT WAIT 24 300
k2 6o
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° ® @ @
-12v " RESTART | INTERRUPT RUN RUN AUTOMATIC

Figure 1.4 QASAR FRCNT PANEL CONTROLS
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WRITING 70 018C)

FIGURE 1.S DISC INSERTION / REMOVAT. TECHENIQUE
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Section 1: THE QASAR COMPUTER

1.8 System Startup Procedure

a) Connect Video Display, Alphanumeric keyboard, and Line
Printer (if used).

b) Ensure that Mains key switch located on rear panel is in
the OFF position.

c) Set all front-panel controls as described in Section 1.7
(above). Refer to Figure 1.4. ‘

d) Switch power ON. Note that the key can be removed with the
switch in the ON position if desired.

e) The system start-up prompt will be displayed on the
screen. This means the system is now ready to boot the disk
operating system.

e) Insert a QDOS System Disk in Lrive #@ (the left-hand one)
as shown in Figure 1.5. Push the disk all the way in until it
clicks home. Latch the drive door firmly shut.

f) The QASAR will now load the IOS automatically and display

the QDOS sign-on message when it is ready to accept operator
commands.

If a fatal disk error occurs during the bootstrap

séquence, messages as described in the QDOS manual will be
displayed.

*% WARNING ** Diskettes should not te left in the drives
when power is heing switched on or off as there is a risk of

data corruption.]ITQ—Tﬁferruptsx

The QASAR microcomputer system 1is provided with an
expandable prioritised interrupt system. .

Interrupt oprioritisation and automatic vectoring is
provided by 8214 Priority Interrupt Control Units located on
the Processor Control card. The standard configuration
supports & levels of interrupt.

As a general rule, the QDOS overating system does not
operate with interrupts, so user programs using interrupts
should ensure that the 1interrupt mask bit is SET during
system calls. If necessary, interrupts may be used provided
the instructions in the QDOS manual are followed.
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Section 1: THE QASAR COMPUTER

Interrupt vector addresses are:

ADDRESS FUNCTION

FFFE/F Selects restart vector in unique ROM for
particular CPU (at location $BFFE).

FFFC/D RAM address containing NMI vector.

FFFA/B RAM address containing SWI vector.

FFF8/S Unused (reserved for level 12).

FFF6/7 Unused (reserved for level 11).

FFF4/5 Unused (reserved for level 10@).

FFF2/3 Unused (reserved for level g).

FFFo/1 Unused (reserved for level 8).

FFEE/F IRQ priority level 7 vector (lowest).
FFEC/D IRQ priority level 6 vector.
FFEA/B IRQ priority level 5 vector.
FFE8/9 IRQ priority level 4 vector.
FFE6/7 IRQ priority level 3 vector.
FFE4/5 IRQ priority level 2 vector.
FFE2/3 IRQ priority level 1 vector.
FFEQ/1 IRQ priority level @ vector (highest).

These vectors are stored in each processor’s unique RAM,
located on the Processor Control card. The user’s program
must initialise these vectors with the address of the
interrupt service routine corresponding to each 1level of
interrupt. Levels @ to 7 are controlled by Priority
Interrupt Control Units (PICUs) 1located on tke Processor
Control card. The remaining five levels can be provided by a
second PICU elsewhere in the system.

The user’s program establishes an interrupt opriority
level by writing a numbder from @ to 7 into the PICU Current
Status Register (SFCFC for processor 1, $FCFD for processor
2). This number is the ONES COMPLEMENT of the desired mask
level, i.e. writing a %07 to $FCFC will enable all levels of
interrupt to ©processor 1, and writing a %03 to SFCFD will
enable interrupt levels 2,1,2,3 and 4 to processor 2. .

When an interrupt comes in on a level above the highest
masked level, the appropriate processor will fetch the IRQ
vector corresponding to that level.

The Interrupt Latch is reset by writing a new Current
Status to the appropriate PICU. Tkis must take pPlace after
an interrupt st that the prioritiser will ©be re-arrmed. To
properly dismiss an interrupt, the interrupt routine should
first reset the interrupting device (e.g. ACIA, PIA). then

write the desired mask level to the PICU tefore performing
the RTI.
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1.9.2 Using Interrupts with the €Q02/6889

Operation of interrupts using the 6809 is performed in
much the same way as in the dual 6829 system, with the
exception that the memory map for interrupt vectors is
expanded to accommodate the fast IRQO and the two extra
software interrupt vectors required for the €2@9.

The interrupt vector addresses for processor 1 (6829)
are:
ATDRESS FUNCTION
FFFE/TF Selects restart vector in unique ROM for
processor 1 (at location $RFFE).
FFFC/D RAM address containing NMI vector.
FFFA/B RAM address containing SWI1 vector.
FFF8/9 Unused.
FFF6/7 RAM address containing FIRG vector.
FFF4/5 RAM address containing SWI2 vector.
FFF2/3 RAM address containing SWI3 vector.
FFFe/1 Unused.

FFEE/F IRQ priority level 7 vector.

FFEC/T IRQ priority level € vector.

FFEA/B IRQ priority level & vector.

FFER/S IRQ priority level 4 vector.

FFE6/7 IRQ priority level 3 vector.

FFE4/5 IRQ priority level 2 vector.

FFEZ/3 IRQ priority level 1 vector.

FFEQ/1 IRQ priority level @ vector (highest).
FFDE/F IRQ priority level 15 vector (lowest).
FFDC/T IRQ priority level 14 vector.

FFDA/B IRQ priority level 13 vector.

FFD8/9 IRQ priority level 12 vector.

FFL6/7 IRQ priority level 11 vector.

FFD4/5S IRQ priority level 10 vector.
F¥D2/2 IRQ priority level 9 vector.
FFLo/1 IRQ priority level 8 vector.

Tre vector addresses for processor 2 (6800) remain the
same as for the dual 6800 system (above).
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Section 2: THE QDOS OPERATING SYSTEM

-SECTION 2-

2.9 THE QDOS OPERATING SYSTEM

QDOS 1is an 1interactive operating system that obtains
commands from the system console. These commands are used to
move data on the floppy disks, to process data, or to
activate user-written programs.

On every 0QDOS diskette there are nine files which
comprise the operating system. These files contain the
resident operating system, a series of overlays to reduce the
main memory requirements of the system, and standard error
messages. There is also a file directory containing the
names, locations and format descriptions of all files on the
diskette. A Retrieval Information Block (RIB) is associated
with eack file and specifies which disk locations are used by
the file (these are not necessarily contiguous). Executable
binary files also have a starting load address and a starting
execution address contained in the RIB.

QDCS files are identified by a name followed by a two
letter suffix which defines the file typre, and an optional
disk drive number. Allowable file types 1include program
source or ASCII data, loadable binary object files, and chain
or procedure files containing a sequence of 0QDOS commands.
The type of file is svecified in the attribute field of the
directory entry. Certain QDOS functions assume a default
suffix for a particular file type (e.g. .SA, ASCII file) but
any suffix may be used provided the full name is entered.

All QUOS commands are executable binary files with the
suffix .CM. When a commend file name is typed in (the suffix
is optional), the command interpreter searches the directory
and loads and executes the specified command. ODOS provides
facilities for editing and assemtling programs so that new
processes can be written and invoked as operating system
commands.

Commonly used tasks such as 1I/0 operations, string
handling, and directory and file accessing are perfaormed by
QDOS through system function calls (SCALLs) in the wuser’s
program. An SCALL 1is a software interrupt instruction
followed by a byte containing the number of the system
function to ‘tbe executed. QDCS provides over sixty of these
and additional SCALLs zan be defined by the user. A unified
I/G procedure is provided through SCALLs, enabling device
indevendent programs to be written.
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Section 2: THE QDOS OPERATING SYSTEM

2.1 QUOS Memory Restrictions

- - -

QDCS requires at least 16K of contiguous memory to run.
The resident part of the operating occupies memory locations
$0100 to $1FFF (8X) ard this area must be preserved by user
programs 1if they use any QLOS functions. Locations $28@2 to
$001F are reserved for the variables of the floppy disk
controller. These 1locations cannot be initialised by a
program loading from diskette. In addition, if a program
requires the wuse of the diskette functions (either directly
through the floppy disk controller firmware or through the
QDOS functions), then these locations cannct be used by the
program for storage.

Command-interpreter-loadable programs must load above
location $1FFF. They can use the direct addressing area
(below $0100) for variable storage; however this area cannot
be initialised while the program is being loaded into memory.
Programs that do not make use of QDOS system functions can bde
loaded anywhere intp memory above location $081F using the

LCAD command and "V option, which allows resident QrLO0S to
be overwritten. If such programs do not use the floppy disk
controller entry points (section 3.3), the direct addressing
area below location $0020 can bte used, but only after the
program is resident in memory.

2.2 Writing and ﬁunning a Program with QDOS

The QASAR computer supports all the software tools
necessary for a complete program development system. The
QDOS orerating system oprovides the basic man-machine
interface as well as file management and process control. A
Text Editor allows source programs to be entered, modified,
and stored on diskette in ASCII format. The Macro Assembler
converts program statements into machine code which is stored
on diskette and can be loaded and run by the ovperating
system. A Linking Loader permits large programs to be split
into a number of separate modules which can be developed and
tested individually. The QASAR ROMs provide some dedug
facilities 1including treakpoint controls and instructions to
examine and change memory locations.

Each of these software products is descrited in detail
in a separate manual but the following simple example
illustrates the general procedure for writing and running a
program on the QASAR.
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Section 2: THE QDOS OPERATING SYSTEM

Stage 1- Editing

In this example a program is typed in on the console
keyboard and stored in a diskette file named TEST. The
rrogram statements are 6809 assembler mnemonics. Two SCALLs
are used to invoke operating system functions.

=EDIT TEST

@I NAM TEST

OPT NOP SUPPRESS PAGE HEADINGS

ORG $200@ STARTING LOAD ADDRESS
START LDS #STACX LOAD STACX POINTER
LDX #STRING POINT TO STRING TO PRINT
SWI

FCB $@A SCALL TO DISPLAY STRING
SWI

FCB $1A SCALL TO RETURN TO QDOS
SPC 1

STRING FCC / YOU‘RE WELCOME /

FCB $2D STRING TERMINATOR

RMB 64 RESERVE A STACK OF 64 BYTES
STACK EQU *

$I‘$3ND START START EXECUTION ADDRESS

GESS

The source program will now be saved on the drive @ disk
as the file TEST.SA.
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Stage 2- Assembling

In this example the A option in the command line causes
the assembler to produce an absolute tinary object file which
is given the name THANKS.CM and saved on the same drive as
the source program (@ by default). The program listing has
been sent to the console screen but can be directed to the
line printer or a disk file.

=RASM TEST; AO=THANXS.CM,L=#CN

00001 NAM TEST

000822 OPT NOP SUPPRESS PAGE
00003A 2000 ORG $2000 STARTING LOAD
00004A 2000 S8E 295B A START LDS #STACK  LOAD STACK
00005A 2003 CE 202A A LDX #STRING POINT TO STRING
0000EA 2006 3F SWI

00QR7A 2027 PA A FCB $PA SCALL TO

00008A 2008 3F SWI

2000SA 2029 1A A FCB $1A SCALL TO

00011A 200A 20 A STRING FCC / YOU’RE WELCOME /
000127 2014 @D A FCB $@D STRING

00134 201B 0040 A RMB 64 RESERVE A STACK
00014 205B A STACK EQU *

20015 END START START EXECUTION

TOTAL ERRORS @0000--00000

Stage 3= Running the program.

Program execution is accomplished by simply typing in
the object-code file name. The QDOS command interpreter is
expecting the name of a file containing a memory image with
valid 1load and start addresses. If these conditions are
satisfied, the file is loaded from diskette into memqory and
control 1is given to the start-of-execution address. The
program terminates by returning control to the operating
system with an SCATL, and QDOS prompts the operator for
another command.

=THANKS
YOU ‘RE WELCOME
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2.3 Program Debugging

The QASAR computer provides several aids for program
detugging. The monitor ROM program (see section 4) may be
entered from a wuser program running in processor 2 by
executing a jump to the monitor starting address or by
interrupting the processor by pressing the console interrupt
tutton. Processor 1 should not be interrupted in a dual 6802
system as 1t handles the screen and keyboard I/0 for the
monitor. The 6800/6809 system has separate monitor programs
for each processor with a facility for switchineg between
monitors. Both processors should be interrupted and the 6809
monitor is entered initially.

Another useful aid to program debugging 1is the screen
dump. User programs running in processor 1 may write
directly to the screen VRAM in the dual 680¢ system. The
QLOS function SDUMP may te used by processor 2 in the dual
6800 system or either processor in the 680@8/€68¢9 system.

SDUMP reserves an area of the TVT screen for real-time
continuous display of a selected group of memory locations.
This data is maintained by processor 1 4in the dual 6809
system or processor 2 in the 680@/€809 system. SDUMP allows
optional display of 6-character labels along with the data,
to avoid confusion when 1large amounts of data are teing
displayed.

The SLCUMP can be directed to either of the two TVT
displays. If it is directed to the console screen (3$D@¢@),
the SDUMP information appears at the top of the screen,
occupying as many lines as required, and the remaining lower
section of the screen operates as a normal scrolled display,
except that the number of lines is reduced accordingly.
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Section 3: QASAR GRAPHICS / LIGHT-PEN SYSTEM

3.0 QASAR GRAPHICS / LIGHT-PEN SYSTEM

If the QASAR Graphics hardware is installed, a wide
range of powerful I/0 functions zan de easily accessed via
the IOPACK software interface. By using simple ESCAPE
sequences, complex plotting and light-pen functions are
easily achieved. When the IOPACK is loaded, P1 ©begins

executing a sophisticated set of service routines. Features
of the IOPACK include:

Better screen density - more characters are displayable.
Graphics terminal which executes simple ASCII commands.
Easy to use light-pen interface.

Large (approx. 12K) line printer queue.

Operation transparent to the user.

Interfaces to any programs which use the system console.

3.8.1 System requirements

A QASAR computer 1is required with the following cards
installed:

- At least one mapping 64K RAM card.

= P1 only Graphics board and associated 16X RAM card.
- Light-pen btoard (optional).

3.1 Loading the IOPACK

Whenever the IOPACK is loaded, it forces P1 to execute
its ROM. The system memory map is changed to accomodate the
IOPACK in mapping RAM bdlock @3. That block i1s then mapped
down to address $000¢ in P1 unique address space. The top of
user memory becomes $BFFF and $40@¢-7FFF becomes the only
P1,P2 common RAM available to the user. Finally P1 is taken
out of its ROM and begins executing the IOPACX service loop.

P1°s stack 1is always assumed to be in the P1i KAM at $FFp@
upwards.
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3.1.1 Loading by command

The IOPACK resides on disk as a command, called QIOPACK
and may be invoked at any time. The keyboard queue will not
be lost. Any line printer queue will be lost. The top of user

RAM will be set to $BFFF. Otherwise, the action 1is
transparent to P2.

3.1.2 Auto-load by QDOS

QDOS as supplied with QASAR graphics systems will
automatically load QIOPACK, if found on the system disk, when
the system is restarted (booted). The action may be
suppressed 1f the user requires memory rather than enhanced
I/0, by giving QIOPACK another name. Then QDOS will not find

i1t at ©boot time. The user can then use his new name to load
the IOPACK as a command if desired.

3.1.3 When not using QDOS

If the user wishes to use the IOPACK with a different
disk operating system (such as UCSD Pascal) then it is
accomplished by loading the IOPACK first under QDOS. Remove
the QDOS system disk and restart P2 ONLY. P1 will continue
executing the IOPACK while P2 will be ready to boot the other
operating system.
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3.2 Keyboard

The keyboard behaviour remains unchanged. The transfer
location (KXFERPT at $FE2A) when non-zero, has the next
pending keyboard character ready for P2 to pick up.The Status
Flag (STFLAG at $FE14) is set immediately to indicate that a

break or speclal control code has bYeen typed at the
keyboard. It is cleared when any other character is typed.

3.3 Line Printer

A large printer queue is maintained. Spaces are
compressed when queued. The printer is checked for status.
Automatic motor control is maintained for some printers such
as the Teletype Model 42. These will bde powered down about 4
seconds after the last character is sent to them.

3.4 Video Screen

The screen responds to:

Characters - which are printed.
Escape sequences - whicbh are executed.
Control codes - such as CR, LF and FF.

The IOPACK maintains a graphics pen, and two cursors. All may
be used independently.
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3.5 Character output

In general, characters sent to the screen tehave as
expected and appear at the current cursor position. The only
times that they are not printed are when they are part of an
eéscape sequence, or character output has been suppressed.

Characters are 5 x 8 dot matrices with the bottom 1line
reserved for the underline cursor. They are Justified to the
bottom left cormer of a character cell which is 14nitialised
to be 6 dots wide dy 8 dots high.

Screen output normally goes to the bottom line of the
display, which sorolls upward.

3.6 Escape sequences

Escape sequences are sent to the IOPACK system via the normal
console character output routines, that is system calls or
ROM calls from Assembler programs, or PRINT statements in
BASIC.

Whenever an ESC character ($1B) is sent to the screen,
then all characters up to and including the next carriage
return and 1line feed, are 1interpreted as commands to the
IOPACK. Multiple commands may be seat on the one 1line: with
an ESC preceding each. Invalid commands and parameters are
ignored.

Commands take the form of a two letter code followed by
a variable number of signed decimal integers. Plus signs are
not required. Delimiters are required only where there is
amtiguity. The minus sign of a second parameter is a good
enough delimiter from the first. Valid delimiters are spaces
and commas. Spaces (if any) may separate the command from its
first parameter. Thereafter spaces and commas are allowed
between parameters. All other characters will terminate
parsing prematurely.

For example, the following are all equivalent:

PA %0,-80 PA 50-80
PAS0-80 PA Se -80

3.7 Pen versus cursor

It will quickly become apparent to the user of escape
sequences . that the screen actually has two independent modes
of operation: graphics and character. Graphics output 1is
drawn by a “pen’. This should not be corfused with the
light-pen. Character output occurs at a “cursor’. These terms
will be used throughout the following sections.
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3.8 Commands bdy group

3.9 Screen colour

BC n Set background colour
IN Invert screen image

The QASAR graphics display 1is green-on-black, so the
word colour in this context is actually reference to the
Pit pattern written to the screen. The result of differnt

colours 1is therefore a shading effect.

The screen background colour is defired by an 8-bit
binary number called the background mask. The BC command is
used to assign a value (bit pattern) to the mask. Clear bits
are black. Set bits are green. When a Formfeed (30C) is sent,
then the mask is written out to every byte of the graphics
RAM, which is in turn displayed on the screen. The action is
that of clearing the screen &nd initialising it to a

colour . If the background mask is $0@ then the screen will
be all black. If the colour set is -1 (mask = $FF), then the
screen will be all green. Intermediate values result in
stipprling across the screen.

Most marks made by the cursor and pen will te writtenm to
contrast with the background colour. Characters will te green
on a black background until the background mask is inverted
($6@ --> $FF) when they will become tlack on a green
tackground. Similarly, if the pen colour is non-zero, it will
always make a visible mark. The Pen colour mask is exclusive

OR‘ed with the background mask before being written to the
screen.

The 1IN command inverts every every bit or the screen as
well as the backeround mask.
Defaults: n = @

BC - sets the tackground to black.
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3.12 Graphics group

The pen is one dot highk and wide and may e moved around
the screen at will. The screen is 256 dot positions high by
512 wide. All co-ordinates are specified in X,Y form where
2,0 is the rottom left corner of the screen.

8,252 : 511,255
*obo . e s 00 e e 0000000000 0 L) o.o'--*
;. @0 0000000 e0 00000000 00 e oo v oo o cé

g'g 511'0

Co-ordinates which pass screem boundaries will wrap
around.

The pen may be dragged across an area of screen
(PLOTTING) 1leaving a mark tehind 4t if the pen ~olour is
non-zero. Alternately the pen may be lifted and MOVEL to a
new position. Finally, the ren ray be dabbed quickly against
the screen to plot a single dot.

Provision is made to drive the pen wusing abdsolute or
relative co-ordinates. An offset register is also maintained
ard 1s added, within the IOPACXK, to every adbsolute parameter
recelved. Take the case of the move commands:

MA x,y - Move absolute newpos
MR x,¥ - Move relative newpos

offset plus (x,y)
oldpos plus (x,y)
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3.10.1 Pen colour
3.18.2 PC n - Set pen colour.

Pen mask 1is loaded with the 8-bit 2°s complement value
of n. The pen mask is exclusive OR‘ed with the background
mask before being written to the screen. n=-1 sets all &=bits
($FF) and so what is written will always be the opposite of
the ©background colour, that is it will contrast. n=0 will
draw lines the same colour as the ©background - good for
erasing selectively. Intermediate values will give 8-dot
repeating patterning along the horizontals.

Default: n=-1

PC - switches pen ‘on’, will always make a mark.
3.10.3 O0ffset register

3.12.4 OF x,y - Set offset to x,y
3.10.5 OR x,y - Add x,y to offset.

The offset may be loaded with a specified value or
changed by a specified amount. The new value of the offset is
then added to all absolute co-ordinates specified by
sutsequent graphics commands.

Defaults: x,y = 0,0
OF - Clear offset register
OR - No effect.

3.10.6 Move pen

3.10.7 MA x,y - Move pen absolute.
53.10.8 MR x,y - Move pen relative.

Move pen to a new position, leave no marks. Eouivalent
to lifting the pen before moving.
Defaults: x,y = 0,0

MA - Move to current value of offset register.
MR - No action.
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3.10.9 Vector plot

3.10.19 PA x,y - Plot absolute.
3.10.11 PR x,y - Plot relative.

Plot a vector from current position to new position
specified. A vector, as straight as possible, is drawn. The
action 1s not commutative. A vector between the same two
points but drawn in the opposite direct will not exactly
overwrite the original.

Defaults: x,y = 0,0
PA - Draw a vector to current value of offset.
FR - Plot a dot at current pen position.

3.10.12 Cot (point) plotting
3.10.13 DA x,y - Plot a dot atsolute.
3.10.14 DR x,y - Plot a dot relative.
Plot a single dot at the position specified. Then ren is
moved before plotting.
Lefaults: x,y = ¢,0

DA - Plot a dot at current value of offset reglister.
LR - Plot a dot at current pen position.

QASAR Users Manual- December, 1380 Page 27




Section 3: QASAR GRAPHICS / LIGHT-PEN SYSTEM

3.11 Character group

Characters are 5 x & dot matrices. Tre bottom line of
the matrix is reserved for the wunderline cursor. Each
character 1is printed at the current cursor positicn in a
character cell whose size may bYe varied The character
patterm 1s ©butted against the bdottom 1left corner of the
character cell. Tefault character cell size is € dots wide by
8 dots high.

All cursor rco-ordinates are specified by line numter and
character position along the line. These co-ordinates will
refer to different locations on the screen if the character
cell size is changed. Line 1, character 1 is the character
cell butted up to the top left corner of the screen and is
the reference point.

The bottom left character cell on the screen may not
always sit on the physical bottom line, and yet that is where
screen output is often desired to be sent. Therefore, line @,
character @ 1is an artificial co-ordinate to reference that
location.

The screen may bYe split 1into a scrolling area,
relatively 1loosely controlled, extending up from the bottom
and a fixed non-scrolling area extending from the top down.
The cursor address reference is at the top for this reason.
I/0 fields would usually be defined in this area.

Character output may bYe switched off to suppress
keyboard echo. The underline cursor can also be suppressed.

Finally there are two banks of cursor control registers
which contain the following information: :

Cursor position

Cursor mode

Character cell size

Protected field info. (if any!

These may be swapped at any time by sending a SYN
character (cntl V or $16). Two independent cursors may be
maintained. The swapping is transparent to IOPACX commands
which will reference whichever bank is current.

A useful application is the setting aside of a special
area for error messages to go. The messages need only %Ye
preceded by and finish with a SYN character. Iritially, the
alternate bank is set to a pseudo-protected field on the
bottom line of the picture, with tre cursor suppressed.
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3.11.1 Cursor Mode
3.11.2 CU n - Set cursor mode.

This 1s a cursor control command. Subsequent cursor
behkaviour is:

n==1 : no character output or cursor.

n=@ : characters will print, cursor suppressed.

n=1l : both characters and cursor on. (normal operation)
Default: n=9

CU - cursor off, characters will still print.

5.11.3 Cursor movement

3.11.4 MC 1,c = Move cursor to line,column.
3.11.5 CP = Move cursor to pen position.

MC moves the cursor to the 1line and character position
specified. The exact physical screen location depends on the
current character cell size.

CP links the cursor to the graphics pen without reference to
line and character position boundaries. This facilitates the
labelling of graphs. The next character printed will rest

with 1its ‘tottom 1left dot at the graph pen position at the
time this command was received.

Defaults: 1,c = 2,0

MC - Resets the cursor to butt into the bottcm left corner of
the screen.
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3.12 Scrolling area

3.12.1 TS 1 - Set top of scroll

The scrolling area is set up to and including the 1line
specified by 1. Thus this command is wused to split (and
restore) the screen.

When split, the scrolling area is software scrolled and,
if a significant size, may scroll quite slowly. It is best to
keep the scrolling area to the minimum required.

Whole screen scrolling is accomplished by hardware and
is therefore fast.

Default:
TS - Sets the whole screen to scroll.

3.13 Protected Fields

3.13.1 PF line,char,len - Tefine a field.
3.13.2 GF field - Move cursor to a field.

Fields are defined by position and 1lenstk. The cursor
may be moved into them and special limits on its movement
apply. Character output then proceeds as normal. These areas
may be used <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>