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Editor’s Desk

By Chris McEwen

In the last issue, | gave word on Lee Bradley’s Eight Bits
& Change. He had announced that he was ceasing publica-
tion. Whatever problems there were have been solved. I am
happy to report that EB&C is continuing. In fact, I have re-
ceived issues since then. Sorry, Lee.

We have a good bunch of articles in this issue. Paul
Chidley returns to give us an inside look at the YASBEC
hardware. Jan Hofland, a new author for us, gives us the first
part of building an “Arbitrary Waveform Generator,” while
Jay Sage continues his series on his custom designed home
controller with a discussion of the
hardware. Rounding out the hardware

times: we need a “Letters-to-the-Editor” column. I agree.
Well, what is a an editorial column without an editorial? If
you will, please join me for this month’s diatribe:

When is the Public Domain not in the Public Interest?
This may verge on heresy, coming from one who edits the
largest journal still supporting CP/M and runs a bulletin
board dedicated to supplying public domain software, but I
have a bone to pick. Stay with me just a bit.
See Editor, page 60

side: a brief on a hot new Z280 com-
puter that Jay found in use during his
trip to Germany last summer. Tilmann
Rey tells us about it.

For you software junkies, Brad Ro-

driguez tells us how to write an assem-
bler in Forth. Mind you, he isn't talking
about writing in assembler—this article
shows how to write the assembler it-
self. Great way to build your own cross
assembler!
. Al Hawley returns with his series
on Z80 assembly language program-
ming, while Terry Hazen picks up
where Lindsay Haisley left off regard-
ing IOPs. Add Matt Mercaldo’s series
on the F68HC11, Jay Sage’s discussion
of programming for compatibility, and
the others, and we have a great issue
for you!

By the way, a little “head’s up.” As
you know, TGJ is published after-
hours. Things will be a little rocky for
the next few months. I am going on a
string on business trips, back-to-back
from now through December. Hang in
with us, okay? In the meantime, issues
53 and possibly 54 may have to fall
back to the 48 page format.

Should mention that the response to
our reader survey has been outstand-
ing. The responses were all very
thought out and we will be using them
to guide TGJs future. I plan to sum-
marize after giving the stragglers a bit
more time. If you haven’t sent in your
survey, please do so.

One comment came up several

Reader-to-Reader

Recent GEnie messages, and issue
51, have given me much thought about
TCJ, its popularity, and its “niche” in
the marketplace.

What dol like about TCJ?

I've been getting TCJ since issue 43
or thereabouts. I originally subscribed
because of its Forth coverage—being a
Forth fanatic, I like to keep a complete
library. But TGJ quickly “grabbed me”
as much for its hardware-ish articles,
and its coverage of CP/M.

TCJ has always been a “read ASAP”
for me. | invariably start off by reading
the editorial, The Computer Corner
(which is usually relevant to my work),
and Real Computing (which usually
isn’t, but which I enjoy reading—it
helps me keep up with technology I
don’t normally use). Then, of course,
the articles. I generally skip the Z-Sys-
tem articles, since I don’t have Z-Sys-
tem and my CP/M systems have been
down for a while—but I enjoyed the
“history of Z-System” in the last issue,
and thanks to TCJI expect someday to
be a Z-system user.

You summarized it best in your new
back-cover ad, and in your latest edito-
rial: I like articles that give me useful
information, particularly on “how to
do it” with limited or no resources. TCJ
is a practical resource for me. I have al-

ready found many articles of profes-
sional value, and I expect to find many
more.

What of the future of TG

TCJ's target market seems to be se-
rious hobbyists, novice Forthers, expe-
rienced CP/M users, and embedded
systems developers—not that there’s
anything magical about embedded sys-
tems, except that they are the last bas-
tion of small-scale engineering. But
hobbyists at TCJ/s level are vanishing,
and CP/M, while not dead, is certainly
not burgeoning, either. Forthers and
ESPers, of course, have competing
journals.

In fact, I may be representative of
this market..which is a problem for
TCJ, since I'm a member of a dying
breed! Low-budget hackers, who
“cross-specialize” in both hardware
and software, who like to tinker and
know everything about how their com-
puters work—these are being replaced
by narrowly-focused specialists, “as-
sembly line” programmers who don't
know a parse tree from a pear tree, and
board- swappers who don’t know
which end of the chip is pin 1. Sadly,
that’s where the money is these days.

How can TCJ grow?

Tom Peters (an author I highly rec-

See Reader, page 47
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YASBEC

The Hardware

By Paul Chidley

Now that you were introduced to YASBEC (Yet Another
Single Board Eight-bit Computer) in TGJ 51, I will try to put
'some more meat on the plate. Some of the information pre-
sented here is redundant but necessary if you are meeting
Yas for the first time.

For several years I have been an avid 6502 enthusiast. It
started with my first computer, an OSI Superboard, back in
1979. (my wife bought it for me) 1IMHz 6502, 8K RAM, 4K
Microsoft BASIC-in-ROM and some truly limited I/O. Not to
mention the 300 baud Kansas City tape interface. Through
the years the system grew and I grew with it. I have become
a true expert on OSI computers and 0S65D. However OSI
made me a computer orphan in 1980 so recently I figured it
was time to broaden my horizons. This year, I upgraded to
CP/M. (I'll go to MesSyDOS when they work the bugs out).
Problem was, I didn't have any hardware that would run
CP/M. So like any good midnight hacker, I built some. Luck-
ily I had a neighbour, Wayne Hortensius, who for years has
been trying to convince me that I should switch to CP/M.
His knowledge of CP/M and the Z-System help guide me in
this project. The result of these efforts is YASBEC.

-Single Eurocard printed circuit board, double
sided, soldermask.

-Z180 CPU, PLCC package.

-Static RAM, 32K to 1MB capacity.

-32Kx8 (27C256) EPROM.

-Optional Real-time clock, with battery backup

(Dallas DS1216E).

-DD Floppy controller

-SCSI hard disk controller

-2 serial ports

-1 parallel printer port

-Buffered backplane connector

-Socketed for optional 9511A/8231A Arithmetic
Processing Unit

-RAM and I/0O addressing by PALs

-Requires +5VDC and +12VDC

The board was designed on a single card Eurocard
(100mm x 160mm) (approximately 4 x 6.5"). In other words,
small. A Z181 with tsop RAMs and a 4 layer board would
have resulted in a board half the size but at 5 times the price.
Given the constraints of double sided and several large DIPs
a large amount of circuitry was still squeezed onto the board,
mostly thanks to a large number of surface mount compo-
nents.

The Processor

The processor chosen was the Z180 or 64180Z. The Z80 is
too limited and the Z181 and Z280 too expensive at 2.5 times
the cost of a Z180. The Zilog Z180/Hitachi 641802 processing
unit contains a superset of Z80 instructions. There are 12 new
instructions and many of the Z80 instructions execute in
fewer clock cycles. The Z180 also contains a timing generator,
two 16 bit timers, a clocked serial 1/0O port, a two channel
DMA controller, two asynchronous serial ports and a mem-
ory management unit. There have been several articles in the
past dealing with this chip should you require more informa-
tion or programming details. For the YASBEC, a Z180 in a
PLCC package saves space and provides A19, not available
on the DIP package. This enables the Z180 to address IMB of
RAM without any external bank selects. The system is cur-
rently running with a clock speed of 9.216 MHz on the 10
MHz version Z180. Friends at Zilog have mentioned
12.5MHz, 16MHz, and even a 20MHz version some time
down the road. Even the 20MHz chip is supposed to be
available this year, but don’t hold your breath. The 20MHz
version would give us an 18.432 MHz system clock with
approximately 55ns access times, but it remains to be seen if
the YASBEC will be able to obtain these speeds reliably. The
double sided design can be susceptible to noise and other
problems at such speeds.

Memory
YASBEC's RAMs are static, provided by two 32 pin sock-

Paul Chidley is a senior technologist at NovAtel, an Alberta based cellular phone

ets. These sockets support 32Kx8,
128Kx8 or 512Kx8 RAMs in 600mil DIP

company. He's a neophyte ZCPR user, but has been active in homebrewed hardware
and software design for many years, primarily in the Ohio Scientific and 6502/816
area. Paul can be reached on GEnie (email address: P.CHIDLEY), by regular mail
at 162 Hunterhorn Drive NE, Calgary Alberta, Canada, T2K 6HS5, or by phone at
(403)274-8891 during reasonable MST hours.

Wayne Hortensius is, in real life, a software designer also, strangely enough, at
NovAtel. His involvement with computers began in 1977 when he wirewrapped his
first computer together around an 8080A. Wayne's been involved with ZCPR since
1984, on a variety of machines beginning with an Apple Il clone and ending up,
most recently with the Z180 YASBEC. Wayne can be reached by regular mail at
166 Hunterhorn Drive NE, Calgary Alberta, Canada, T2K 6H5.
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packages. Static memory was chosen
over dynamic for several reasons. Dy-
namic RAMs are cheaper but require
several support chips taking up pre-
cious board space, they are not as fast
as today'’s static, and they require CPU
time for a refresh cycle. With the Z180
running a 9.216 MHz, access times of
100ns allow zero wait states with stan-
dard ‘slow’ SRAMs. Two 128Kx8 RAM
chips provide a nice size for banked
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CP/M at a moderate cost of around $30 each.  disadvantage of the 1772 is that it does not support quad-density (ie.
The 128Kx8 chips are even available as fast as  1.44mb) drives or 8" drives.

25ns should you want to run the Z180 at
20MHZ with no wait states. It should however
be noted that the super fast 128K chips are $100
but 6 months ago they were $300. By the time a
20MHz version of the Z180 is available these
RAMs may be a more reasonable price. Using ; PIN Declarations
two 32kx8 chips requires a separate PAL to

Table 1.
A Description of the 128MEM1 pal. PAL16L8

map the RAM in a contiguous block. While the i;g ; ﬁ; mim : ;:;g
Z180's memory management unit can map PIN 3 a17 COMBINATORIAL 3 INPUT
physical memory to 64k of logical memory the g;: ; :i: m;mm ; m
DMA controller uses 20 bit physical addresses. PIN 6 RD mrmﬁumimm f INPUT
Therefor if you use DMA for I/0 in the BIOS PIN 7 WR COMBINATORIAL ; INPUT
the DMA must know the physical location of PIN 8 MREQ COMBINATORIAL ; INPUT
the CP/M memory making it important that :i: io g COMBINATORIAL i THRUT
the memory be in one block. PIN 11 IO AT COMBINATORIAL ; TNRUT
PIN 12 EPROMCS COMBINATORIAL ; OUTPUT
Monitor PIN 13 SRAM1CS COMBINATORIAL ; OUTPUT
The system includes a monitor ROM pro- :;ﬁ 1; mcs mim : m
gram available at power up if no drives and/or PIN 16 MEMWR COMBINATORIAL ; OUTPUT
software are found or if a key is pressed before PIN 17 IORD COMBINATORTAL i OUTPUT
disk bootup. The ROM is a 27C256 providing :;: 1: ;SZRDIR m:m i ouTPUT
32Kx8 of space. The first version of the monitor PIN 20 vee ;
occupied 4K. There is room for expansion. Sev-
eral people have asked why such a big EPROM i Boolean Equation Segment ——-
for so little code. This however is a common EQUATTONS
problem today especially in embedded control- JEPROMCS = /MREQ * /A19 * /A18 * /Al7 * /A1§ * /A1S
ler applications. The answer; no one makes /SRAMICS = /Al9 * /Al8 * Al7
small, slow EPROMs anymore. A 27C256 is /SRAMCS = /R19 * AlS * /AL7

/MEMRD = /RD * /MREQ
cheaper than a 27C64. Of course with the /MEMWR = /WR * /MREQ

MMU (memory management unit) in the Z180 /IORD = /RD * /IORQ

this is really a non-issue. Once we boot we gg;mn;a ﬁw? *Ago?o/mo * /RD + IO_A7 * /IORQ * /RD
swap out the EPROM, anyway. Using the Dal- - ¢ = ora '
las DS1216E SmartWatch provides a battery ;
backed-up clock for the system. The Smart-

JEPROMCS = $0:0000 - $0:7FFF 32k x 8 Eprom (27C256)
Wat.ch also serves as a socket for the EPROM. /SRAMICS = $2:0000 - $3:FFFF 128k x 8 Static Ram
While the optional SmartWatch may seem /SRAM2CS = $4:0000 - §5:FFFF 128k x 8 Static Ram
pricey at $25, anyone that has to enter the date /BUS_DIR = Reverse data bus buffer for a

memory read from $8:0000 ~ §FsFFFP

and time more than twice will soon want one. or an 1/o zesd frem $E0 - §FP

Floppy Disk $F:FFFF

The floppy disk schematic is shown in figure

1. The controller is a Western Digital WD-1772-
02 also available from VTI as the VL-1772-02.
The 1772 (U14) includes everything needed for
floppy control in a 28 pin DIP except buffers
and an 8MHz clock. The 8MHz clock comes
from the oscillator module (U24). The 4MHz
and 2MHz signals from U23 are used else-
where by the APU (arithmetic processing unit)
and not by the floppy circuit. A 74AC04 (U22)
provides the buffering while a 74AC00 (U18)
gates motor_on with the drive select lines. The
four drive select lines come from the control
register (U20) in figure 2. Note that _FRESET
and _DDEN also come from the control regis-
ter. _DDEN selects single or double density
while FRESET gives us software control of the
1772 reset line. This allows the software to $110000
force a reset should the chip become hung
waiting for a condition too long. e.g. timeout $0:7FFF | Monitor Rom
waiting for a floppy that isn’t there. The major $0:0000 |_32k_x_8_ 27C256

$6:0000

$5:0000
Statiec Ram
128K x 8
TC551001PL-100
$4:0000

$3:0000
Static Ram
128K x 8
TC551001PL~100
$2:0000

|
|
|
I
|
I
I
I
I
I
I
!
I
I
I
I
I
I
|
I
I
I
I
I
|
I
_|
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scsi

A DP5380V or DP8490V (U21) SCSI controller is available
on the board for hard disks as shown in figure 3. The hard-
ware is capable of supporting up to 7 devices on this one bus.
For those of you not familiar with SCSI (shame on you) all
you need is a SCSI drive such as an ST157N and a 50 pin
ribbon cable and you have a hard disk drive on your system.
Of course you still need some software to talk to it. RS1, RS2

Table 2.

A Description of the YASIO-1 pal. PAL16L8

H PIN Declarations -cecceccewawa
PIN 1 A7 COMBINATORIAL ; INPUT
PIN 2 A6 COMBINATORIAL ; INPUT
PIN 3 AS COMBINATORIAL ; INPUT
‘PIN 4 M COMBINATORIAL ; INPUT
PIN § A3 COMBINATORIAL ; INPUT
PIN 6 A2 COMBINATORIAL ; INPUT
PIN 7 Al COMBINATORIAL ; INPUT
PIN 8 A0 COMBINATORIAL ; INPUT
PIN 9 RD COMBINATORIAL ; INPUT
PIN 10 GND ; INPUT
PIN 11 WR COMBINATORIAL ; INPUT
PIN 12 IO_A7 COMBINATORIAL ; OUTPUT
PIN 123 IORQ COMBINATORIAL ; INPUT
PIN 14 FPPCS COMBINATORIAL ; OUTPUT
PIN 15 NCRCS COMBINATORIAL ; OUTPUT
PIN 16 NCRDACK COMBINATORIAL ; OUTPUT
PIN 17 FDCCS COMBINATORIAL ; OUTPUT
PIN 18 PRINTERSTROBE COMBINATORIAL ; OUTPUT
PIN 19 CREQCS COMBINATORIAL ; OUTPUT
PIN 20 vee 3 INPUT
H Boolean Equation Segment mwe=we=
BQUATIONS

JCREQCS = /TORQ * /WR * /A7 * A6 * /A5 * /A4 * /A3 * /A2 * /A1 * /RO
/PRINTERSTROBE = /IORQ * /WR * /A7 * A6 * /A5 */A4 */A3+/A2 + Al
/¥PPCS = /AT * A6 * /AS * Ad * /A3 * /A2 * /Al

/NCRCS = /IORQ * /AT * A6 * /AS * Ad *+ A3

/NCROACK = /TORQ * /AT * A6 * A5 * /Ad * /A3 * /A2 * /AL * /A0
/¥DCCS = /IORQ * /WR * /A7 ¥ A6 * AS + /A4 * A3

, + /IORQ * /RD * /AT * A6 * A5 * /A4 * A2
/1I0_A7 = /A7

’
$00 - $3F // %180 Internal I/O
/CREQCS = $40 // control Register (74hc273)
/PRINTERSTROBE = $42 - $43 // Printer Strobe
/PPPCS = $50 - $51 // Floating Point Processor
/NCRC8 = $58 - §5F // SCSI
/NCRDACK = $60 // SCSI DACK
. /PDCCS = §68 - $6F // Floppy Disk Controller
$70 - $7F // Not Used
$80 - $FF // Off board I/0

SFF
| off board 1/0 |
§80 | |
| Not Used |
$6r | |
| Ploppy Controller |
568 | |
| scsI DACK |
$60 | |
| sCcSI Controller |
$58 | |
| Arith. Math. Proc |
$50 | |
| Printer Strobe |
$42 | |
| Control Register |
$40 | ]
| 3180 Internal 1/0 |
$00 | |
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and RS3 provide the standard termination required at each
end of a SCSI bus. Another set must be provided on the other
‘end’ of the bus (i.e. the last drive in the chain). The SCSI unit
number of the YASBEC is coded in software to seven, pro-
viding jumpers to make this address selectable was not as
important as saving board space. The only reason anyone
would need a different unit number would be to put two (or
more) YASBECs on the same SCSI cable and should anyone
really want to do that a simple change to the BIOS can give
one of the boards a new address. Interfacing to the chip is
done with NCRCS, _IORD, _IOWR and _RESET. The other
four lines provide feedback for interrupts and DMA control.
The actual controller is built into the drive, the 5380 is actu-
ally just a fancy parallel port to talk to the smarts on the drive
via the SCSI bus. The SCSI transfer protocol is mostly
handled in software. The 5380 is capable of polled 1/0,
pseudo DMA and full DMA data transfers. It is common to
find 20 MB SCSI drives for $200 in Computer Shopper and
other such magazines. At those prices it is hardly worth run-
ning an old flea market special with half its heads missing,
even if it was $20. (hi, Hal!)

Fast Math

YASBEC is a blend of very new parts and some very old.
The very old part is the AMD 9511A /Intel 8231A Arithmetic
Processing Unit. While this chip has been around since the
early days of computers it is still in current data books. Why?
No one has ever built anything to replace it. Current co-
processors are just that, “co”-processors. They are designed
to work with their mate but not any others. The APU
(9511A/8231A) on the other hand is easily interfaced with
most common 8 bit processors. It features fixed point single
and double precision (16/32 bit), floating point precision (32
bit), add, subtract, multiply, divide, conversions and floating
point trigonometric, inverse trigonometric, square roots,
logarithms and stack oriented operand storage. The down
side is that it runs very hot, and costs $150! Almost as much
as the rest of the board. So why was one included in the
design? For fast math and Wayne had one. The APU is of
course optional, YASBEC will do just nicely without one in-
stalled. But if you need to do sin(x) a thousand times and
money is no object then there is a socket for an APU. Wayne
has an astronomy program (sky32) that number crunches
then plots a graphics display four times faster with the APU
than without. If nothing else it might be worth the money
just to show you neighbour how fast your homebrew can
crunch numbers compared to his PC.

Address PALs

Memory and address decoding is done with two 16L8
PALs, see figure 2. The 16L8 is easy to program and its age
makes the older bipolar versions available for as little as $2
with 15ns delays. Should it be needed the 16L8 (16V8) is also
available as fast as 5ns but at a price. As you can see, PALs
make the addressing schematic simple, but to see what is
going on you have to know what the PAL does. Table 1 is a
listing of the PAL equations and memory map. Given the pin
definitions and the PAL equations you can see how this PAL
decodes memory to fit the desired memory map. Having all
the memory address decoding in one PAL improves the ac-
cess time needed to talk to the RAM. A 15ns PAL with 100ns
RAM legally meets the worst case op-code fetch of 118ns at
9,216 MHz. Where the RAM is located in the IMB map was
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and still is an issue. In the PAL currently being used the
memory starts at $2:0000 leaving a hole between it and the
EPROM. Not a big deal, unless an external memory board is
used and people want the full IMB (less 32K EPROM) for
RAM. The joys of a PAL, should it come to that, is we just
burn a new one. The current memory PAL (U10) also con-
trols the data bus buffer direction. To do this it needs to
know what RAM is on the YASBEC and what is external. For
now we just chose $8:0000 and up as external but this too can
change. The 1/0 PAL can also reverse the external data bus
buffer. The I/O PAL is set up for the Z180 internal I/O from
$00-$3F, the YASBEC on-board 1/0 from $40-$7F, and off-
board I/0 from $80-$FF. The I/O PAL contents are listed in
Table 2.

Serial Ports

YASBEC is a serial stand-alone system. To get a working
system you need to talk to the board. In other words, it is a
complete stand-alone system but you need a dumb serial
terminal to talk to it. An AT works quite nicely. In fact, many
CP/Mers I have talked to say that a dumb terminal is a very
suitable application for an AT. A MAX239 provides TTL to
RS-232 conversion for all data and signal lines available from
the Z180’s serial ports as illustrated in figure 4. The MAX239
is from the same family as Maxim’s MAX232 but with 3
transmit and 5 receive lines instead of 2 and 2. Unlike the
MAX232 which only requires +5V the MAX239 requires +5V
and +12V. The +12V should be readily available since it is
also needed for any disk drives. The console port has a single
flow control line labeled RTS coming from the terminal

(DCE). This definition was taken from the Z180 and is in-
tended as a hardware handshaking line. The problem is that
most terminals either don’t have hardware handshaking or
use some other pin for this other than RTS. How you would
actually use this line, if at all, depends on your terminal. The
modem port has three control lines, DSR, DTR and DCD. The
only gotch-ya here is that DCD actually disables the serial
port hardware when not true. So unless you have a modem
with a true R5232 conversation mode you will need to set
jumpers U29 and U30. Some modems have DCD true while
on-hook in conversation mode, they then set it false after a
dial command after which it represents the state of the car-
rier. With such a modem you may hook DCD up as origi-
nally intended. U30 allows you to use DSR instead while U29
allows you to short _DCD to ground making it always true.
Both ports do an adequate job despite the limitations pre-
sented by the Z180’s architecture. Note the reset circuit in
figure 4 has three inputs. C3 and R4 provide a power up
reset, shorting $2 provides a reset as well as shorting pins 9
and 10 on J3 the console serial port.

Printer Port

The Centronics compatible parallel printer port is your
standard eight bit output port with hardware handshaking as
shown in figure 5. Writing to _printerstrobe+1 latches the
data in U16, sets _strobe low via address line 0 and U15, and
clears _int2 if set. Writing to _printerstrobe sets _strobe high,
the printer acknowledges that the data was received with
_ack through U15 which sets _int2 low until the next _prin-
terstrobe.

See YASBEC, page 42
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An Arbitrary Waveform Generator
Using the Harris RTX2001A

By Jan Hofland

Introduction

Vibration control systems for mechanical structural testing
generally require a programmable signal source. This source
is used to control the system stimulus during test, which is
typically a hydraulic shaker table. The usual test setup con-
sists of a stimulus and several response measurement chan-
nels. The mechanical motion of the unit under test is meas-
ured with many accelerometers attached to it. The output
from the accelerometers goes to an analog to digital converter
and then through digital signal processing for extraction of
the pertinent data to characterize the mechanical modes of
vibration and sensitivities to various stimulii. An important
attribute of the signal source used in this type of testing is the
ability to be programmed in real time during the testing so
that the stimulus can be adapted to the measured responses.

The purpose of this design project is to demonstrate the
capability of a programmable waveform generator designed
around the Harris RTX2001A microprocessor, a Digital-to-
Analog Converter (DAC), and a programmable lowpass fil-
ter. The RTX2001A is used for controlling the DAC sample
rate (when the next output value is put into the DAC), for
inputting the data to be output, for putting that data to be
output into one of two data queues, for controlling the data
queues and extracting data from the queues to be output to
the DAC, and for controlling the output lowpass filter cutoff.
It is also used to generate sinewave data of any frequency up
to 40 Khz.

The two data queues are implemented in software.
They're controlled with a write pointer for inserting values, a
read pointer for extracting values, an end pointer for deter-
mining when to loop back to the start of the queue, and a
count variable to keep track of the number of values in the
queue. They can be used as a circular buffer where some
periodic waveform is loaded into the buffer and then the
data is output from the buffer repeatedly to generate a con-
tinuous output. The buffers can be configured to operate ina
ping pong fashion, where data is extracted from one queue
until it is empty and then it automatically switches to the
other queue and extracts data from it until it empties, and
then it stops. Another operating mode is to extract data from
one buffer until it is empty:.

Sinewave outputs are generated by using a fixed output
sample rate, a phase accumulator, table lookup of successive

values, and interpolation between values in the table. There
are two basic ways of generating sine values of varying fre-
quency. One method uses a fixed number of points per cycle
of the sinewave and varies the rate at which these samples
are output. The other method is to fix the output sample rate
and to vary the number of points output per sinewave cycle.
In other words, vary the phase increment between successive
outputs. This is the method of sinewave generation used
here. There is an 800 point sine table representing one full
cycle of the sinewave. The phase accumulator is incremented
by a value dependent on output frequency each time a value
is output to the DAC to determine the next value to be out-
put. There are two sinewave output modes, one optimized
for speed and one optimized for accuracy and versatility. In
the high speed mode, a fixed amplitude sinewave is output
using values directly from the sinewave table. In the ‘accus-
ine’ mode there is a second phase accumulator for keeping
track of the intermediate phase between table points. The
value output is calculated using the sum of two angles trigo-
nometric relationships. This mode also allows amplitude
scaling and D.C. offset adjustment.

Hardware Overview
The block diagram for the hardware added to the Harris
RTX2001A Evaluation Board is shown as Figure 1. It consists
of the following blocks:

+ An additional 8K x 16 of RAM. Implemented with
two CY7C185 static RAMs, 45 ns access time.

+ Memory Address Decoder. Implemented in part
of a GAL 26CV12, 15 ns device. Maps the added RAM
into memory space 05000-08FFE, hex.

* Input FIFO, 2K x 16. Implemented with two
CY7C429 FIFOs, 40 ns access time. Used for command
and data input.

« FIFO Read/Write Control. Interlocks the reads
and writes with their respective empty and full flags.
Provides write pulsewidth control and interfaces to the
ASIC bus for reading the FIFO. Implemented in part of
a GAL 22CV10, 15 ns device.

* Filter Clock Programmable Counter. Used to con-
trol the toggle rate of the switched capacitor lowpass
filter for wide bandwidths. Implemented using a
74F1779 counter and 74HC273 register.

« Filter Clock Control. Controls

Jan Hofland is employed with Hewlett Packard as a hardware design engineer,
working primarily on 68K based systems. His personal interests include woodwork-
ing, and playing with electronics for over 20 years. His current favorite system is
the F68HC11 from New Micros. Jan can be contacted at 2419 123rd Ave. SE,
Everett WA 98205 or by telephone (206) 334-0738 during the evenings.
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filter counter reload, counter enable,
and writing to the counter reload
register. Interfaces to the ASIC bus.
Implemented with part of the GAL
26CV12 device.

» DAC Data Shift Register. Pro-
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vides parallel to serial data conversion for the output
DAC. Data is input from the ASIC bus. Implemented
using two 74HC299 devices.

* Serial DAC Data Control. Controls data loading
and shifting and when data is latched into the DAC.
Implemented using part of the GAL 22CV10.

s Serial Input DAC. An 18 bit DAC. This device isa
Burr-Brown PCM61P.

* Switched Capacitor Lowpass Filter. Used for out-
put waveform reconstruction. Tuned to a particular
cutoff by varying the clock frequency. This device is a
Linear Technology LTC1064-1, 8 pole, elliptic function
lowpass filter.

* Output Buffer. Unity gain. Implemented using an
LMé6321.

The schematics are included as Figure 2. The ABEL source
code for the GAL 26CV12, U3, and GAL 22CV10, U8, will be
printed in a future issue of TCJ.

Hardware Detailed Description

External Input Port

Commands and data are input to the Waveform Genera-
tor via the FIFO, comprised of two Cypress Semiconductor
CY7C429 devices, U9 and U10. The FIFO provides a 16 bit
parallel interface by 2048 words deep. Inputs are pulled up

to +5V via 4.7K resistors. Data is read from the FIFO by the
RTX2001 via the ASIC bus. The FIFO includes empty and full
flag outputs.

FIFO reads and writes are controlled by circuitry in the
22CV10 PLD, U8. Data is read from the ASIC bus at address
19 hex. FIFORD is asserted active low if the ASIC bus ad-
dress GA[2:0)=1, GIO is asserted, GR/W is high, TCLK is
low and the FIFOMT flag is not asserted. Once asserted, FI-
FORD stays asserted until TCLK goes high again. This is to
prevent short cycling when reading the last valid value from
the FIFO and the FIFOMT flag is asserted. The PLD used is a
15 ns device, so FIFORD is asserted 15 ns after TCLK goes
low, worst case. The CY7C429 FIFO has a 40 ns access time,
worst case, so the FIFO data will be valid on the ASIC bus at
least 7 ns before cycle completion. In actual operation, typical
access times of less than 30 ns are common. The reason for
using TCLK instead of PCLK is that TCLK is being used in
the PLD for other reasons and that for ASIC bus operations,
TCLK and PCLK have the same timings.

FIFO write operations are controlled by the active low
STROBE input and a flip-flop in PLD U8. When STROBE is
sensed active low by U8 and if the FIFOFUL flag is not as-
serted, then U8 sets FIFOWR active low. When the external
interface senses that FIFOWR is active, it then may release
STROBE. The data must be held valid by the external inter-
face until FIFOWR is deasserted. When U8 senses that

STROBE is deasserted, it deasserts Fl-

FOWRand strobes the data into the
FIFO. This interlock protocol ensures
that only one value is written into the
FIFO for each STROBE pulse and that
the write pulsewidths are sufficient for
the FIFO. The maximum transfer rate
into the FIFO is limited to one-half the
system clock rate.

Digital to Analog Converter

The DAC chosen for this application
is a Burr-Brown PCM61P, U14. It was
chosen primarily for its low cost, at 16
bit capability, and compact size.

The PCM61P is a serial input 18 bit
device and includes an integral ampli-
fier for current-to-voltage output con-
version. The only digital inputs re-

Listing 1.

The following 16 specific commands have been implemented:

command description

0 NorP no operation

1 fastSine set up to operate in fast sine mode. The next value
input is the frequency.

2 accuSine set up to operate in the accurate sine mode. The next
value input is the frequency.

3 setAmpl set output amplitude, in millivolts, for accurate sine
output mode. The value following this command is used
as the output amplitude. This value will be truncated
to a multiple of 50 mV.

4 buflLoop0 set up to output from buffer 0 in circular buffer mode

5 bufLoopl set up to output from buffer 1 in circular buffer mode

6 pingPong0 set up to output in ping pong mode starting with
buffer 0

7 pingPongl set up to output in ping pong mode starting with
buffer 1

8 bufOut0 set up to output from buffer 0 until it is empty

9 bufoutl set up to output from buffer 1 until it is empty

10 1ldBbuf used to select a buffer and load it with data values.
The next parameter must be the number of values to be
loaded, up to 2048, and the msb set if it is for
buffer 1. Then the data values are input in sequence.

11 setOffset set the offset to be subtracted from the sinewave
value in accurate sinewave mode, in 100’'s of microvolts
The next value following this command is the offset.

12 setPilt used to set the filter cutoff point. The next value
input is used for the filter cutoff, range 1 to 40000
Hz.

13 getPericd used to input the desired sample rate. The next
value input is used for the timer O period. If in
either sinewave operating mode, a check is performed
to readjust the phase increment to be consistent with
this period and the output frequency.

14 stop disable timer 0 interrupt to stop outputting points

15 start snable the timer 0 interrupts to start outputting data
and then go into a loop to repeatedly check the stale
data flag in register RX and update the value in
scratchpad RH if the stale data flag is set. Continue
this loop until the timer 0 interrupt is masked.

The execution vectors for each of the 16 commands are-contained in a table
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quired are the serial data input, a clock,
and a latch enable signal. It accepts
data most significant bit first, binary
2's complement coded. Data is clocked
into the device on the rising edge of the
clock. The maximum clock rate is 16.9
MHz, well beyond our 8 MHz system
clock rate. The latch enable signal actu-
ally controls which information is
transferred to the digital-to-analog cir-
cuitry from the input interface in the
part. The input clock and the serial
data stream may be thought of as a
continuous input. The last 18 bits input
before the latch enable makes a high-
to-low transition are transferred to the
DAC conversion circuitry in the
PCM61P. The generation of latch en-
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able is controlled by PLD US8.

The latch enable signal, DACLTCH, is generated by the
circuitry in PLD U8 based on a 16 bit up/down gray scale
counter. The counter state variables are Qd, Qc, Qb, and Qa.
The counter normally is in idle state 0. When a 16 bit value is
loaded into the DAC data shift register (U6 and U7), it en-
ables the counter to start counting up in the sequence 0, 1, 3,
2, 6, ... to the end state 8. The DACLTCH goes high. Now the

y code counter reverses direction and starts counting
down through the states 9, 11, and 10. DACLTCH stays high
during these states. When DACLTCH is high, the successor
state of state 10 is the idle state, state 0. When this state
transition occurs, DACLTCH is held high for the high half of
TCLK and then deasserted. Thus DACLTCH makes its high-
to-low transition one half clock cycle after 18 data bits have
been clocked into the DAC.

The DAC output is a voltage ranging from -3V to +3V.
This output is connected directly to the switched capacitor
lowpass filter, U15.

DAC Shift Register

Two 74HC299 shift registers, U6 and U7, are used to load
serial data into the DAC. The shift registers are clocked by
TCLK, the same as the DAC. Normally, the shift registers are
configured to shift data left, shifting data out of the most
significant bit (Qh’ of U7) to the DAC and shifting zeroes in
(SR input of Ub). New data is loaded into the shift register
from the ASIC data bus, GD[15:0] by writing to ASIC ad-
dress 18 (hex). The address is decoded by PLD U8 to assert
SERDATLD to the shift register. This write also initiates the
DAC latch enable control, already described.

Programmable Lowpass Filter

The output from the DAC is filtered by a switched capaci-
tor lowpass filter, U15. This device is an LTC1064-1 made by
Linear Technology Corporation. It is an 8th order, clock tun-
able, elliptic function (Cauer) lowpass filter with +/- 0.1 dB
passband ripple and 72 dB stopband attenuation at 1.5 times
the cutoff frequency. The cutoff frequency is 1/100th of the
clock input frequency, so the lowpass setpoint is easily con-
trolled by changing the clock frequency. All this in only one
14 pin DIP package! The output from the lowpass filter is
buffered by a unity gain buffer, U13, to drive the output.

Fliter Clock Control

There are two mechanisms used to control the filter clock
frequency. For wide bandwidths, the filter clock is controlled
by an 8 bit programmable down counter, U5 (a 74F1779) and
part of PLD U3. The counter is driven by TCLK. When the
counter reaches terminal count, the filter clock output
FILTCLK is toggled and the counter is reloaded with the byte
in register U4. The counter load control signal, CLOAD, is
generated asynchronously during the low half of TCLK
when the counter terminal count signal TC is active. The
design is such that for a load value of zero, FILTCLK will
toggle every TCLK cycle, for a maximum output frequency
of 4 MHz corresponding to a filter cutoff of 40 KHz. The
toggle period of FILTCLK is n+1 times the TCLK period,
where n is the value programmed into register U4, range
{0..255}.

The signal CNTNABL is asserted active low to enable the
filter clock divider, U5, and the control of FILTCLK by the
counter terminal count output. CNTNABLIs set active low by
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writing to ASIC bus address 1D (hex) and cleared by writing
to ASIC bus address 1C (hex). Using this technique to control
CNTNABL allowed this signal to be set and cleared under
program control with no additional inputs to PLD U3.

For values of lowpass cutoff below about 160 Hz, the re-
quired period exceeds the capacity of the counter. So, for this
case, one of the RTX2001 internal timers is used to generate
periodic interrupts. The required period is loaded into timer
1 and timer 1 interrupts are unmasked. The timer 1 interrupt
service routine consists of a write to ASIC bus address 1F
(hex) which is decoded by PLD U3 to toggle the FILTCLK
output if CNTNABL is high. This is probably the most obvi-
ous hardware/ processor resource tradeoff, where a hard-
ware counter and latch was added to reduce interrupt servic-
ing to a more reasonable frequency of about once every 32
milliseconds, particularly since the filter clock interrupt is at
a lower priority than the DAC update interrupt.

External RAM

An additional 8K x 16 of static RAM has been added to
the EBForth board for code and data space. The devices used
are Cypress Semiconductor CY7C185 devices, U1l and U2,
with a worst case access time of 45 ns. These RAMs have two
chip select inputs, both of which must be active for accessing
the chip. One is active high and one is active low. In order to
minimize any delays that reduce read data access and write
data setup times, the RTX2001 PCLK is connected directly to
the active low chip select input, CE1. All other memory ad-
dress decoding affects the other chip select, CE2.

The added RAM is memory mapped directly above the
EBForth board ROM/RAM, starting at memory address
05000 (hex) through O8FFE. This RAM is byte addressable,
with U1 containing the high byte and U2 the low byte. PLD
U3 is used for decoding memory address bits MA[19:12};
UDS, and LDS to generate the RAM select signals URAMSEL
and LRAMSEL.

Miscellaneous Circuitry

About the only hardware not already described is the RE-
SET buffer, the NMI pushbutton interface, and the positive
and negative voltage regulators for the analog circuitry. U16,
a 74HC132 Schmitt trigger NAND gate, is used for the RE-
SET interface and as an asynchronous set-reset flip-flop for
the NMI pushbutton interface. The EBForth board RESET in-
put is buffered by two sections of U16 and then input to the
two PLDs, U3 and U8. One section of U8 is used to invert
buffered RESET to drive the active low RESET inputs for the
filter counter load register, U4, the input FIFO, U9 and U10,
and the DAC shift register, U6 and U7.

Two sections of U16 form a cross-coupled set-reset flip-
flop to debounce the current limited and can, therefore, toler-
ate being shorted to ground by the pushbutton switch.
Among other things, it saves finding room for two pullup
resistors. The output from U16C is connected directly to the
non-maskable interrupt input on the EBForth board.

Adjustable three terminal regulators U1l and U12 are
used to generate the +5V and -5V supply voltages for the
DAGC, the lowpass filter, and the output buffer.

Software Overview
The main software loop is a simple two command loop. It
reads a command from the input FIFO and then executes that
command. There are 16 recognized commands that are used
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to set up the Waveform Generator for one of 5 operating
modes, set the lowpass filter cutoff setpoint, set the desired
DAC sample rate, and load data into the data queues, and set
up the other parameters necessary. One of the commands is
then used to start the output process.

There are supporting words that control how the next out-
put point is calculated or fetched from the data queue and
put into the DAC holding register ready for the next timer 0

1C (not aseigned) Enable Filter Clock
Counter

1D (not assigned) Disable Filter Clock
Counter

1E (not assigned) Load Filter Clock Register
8 bite

iF (not assigned) Toggle Filter Clock Output

Registers 1C, 1D and 1F are pseudo registers in the sense
that no data is stored. Instead, a par-

Listing 2.
Here is the overall operating loop:
t main (- )
initialixe
BEGIN begin an infinite loop
readPifo read a command from the input stream
doCmd perform the command
AGAIN ; go do it again

and here is the command execution word:

t1doCmd ( N - ) perform the command represented by n

ticular action occurs by writing to that
address. The Filter Clock Register, ad-
dress 1E, uses only the lower 8 data
bits, The upper 8 bits can be anything.

Sine Wave Generation

There are two methods of generat-
ing sinewave implemented. One of
them is a direct table lookup, and one
of them allows interpolation of values
between the points represented in the

DUP cmdMsk AND make sure that the upper 12 bits are zeroes table. The sine table is an 800 value
Ir it the result of the logical AND is non-zero table. The choice of 800 points isn’t ar-
DROP then it is an unrecognized command and discarded bit First, let’ lai bout h

+" Unrecognized Command * an error message to the user ltrary. rirsl, let's explain about how
ELSE parse EXECUTE otherwise get an execution vector from the intermediate values of sine arguments

are derived. The sine of the sum of two

interrupt. The output sample rate is controlled by program-
ming it into timer 0. The timer 0 interrupt routine reads
whatever data has been put into scratchpad register RH and
writes it into the DAC shift register where it is automatically
transferred into the serial DAC. Then the service routine dec-
rements the RX register to set the stale data flag and returns
to the routine just interrupted. That routine is a loop that
repeatedly reads the RX register and when it detects a non-
zero value, it updates the RH scratchpad register with the
next data value to be output and clears the RX register.

There are software routines for creating and managing the
queues in data address space and in code space. One of the
more useful defining words implemented is one for building
tables in code space. During compilation, the word table will
create a table of n words, where n is the top stack value when
table is invoked. During runtime, calling the table name will
return the nth value in the table, where n is the top stack
value. This little word is quite useful for building tables of
execution vectors, for example. The remaining software is for
controlling the specific devices attached to the ASIC bus and
for calculating the interrelated parameters for sinewave and
other output waveform generation.

In addition to the operating code, there is some software
for demonstrating the current capabilities of the Arbitrary
Waveform Generator.

See Listing 1 for the specific commands which have been
implemented and listing 2 for the overall operating loop and
command execution word.

Software Description

ASIC Bus Addressable Devices
The following devices are addressable via the ASIC bus:

addr(hex) read write
18 {not assigned) DAC shift Register 16 bit
19 Input FIFO 16 bit (not assigned)
1A (not assigned) (not assigned)
1B FIFO Empty & Full Status (not assigned)
bits O and 1
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angles is expressed as follows:
sin(x + y) = sin(x) * cos(y) + cos(x) * sin(y)

Now, let the angle y be a small angle. Then we can ap-
proximate the sin(y) with y, where y is expressed in radians,
and the cos(y) as nearly 1. So now the sine can be expressed
as:

sin(x + y) = ein(x) + y * cos(x)

If we pick y to be a binary power of 2, then we can calcu-
late the sin(x+y) with two table lookups, one shift to perform
the multiply by y and an add. By choosing the interval be-
tween table points to be y = 1/128 radians, there are 804
points for one full cycle. This value was rounded to 800 to
simplify some of the phase increment and sample rate calcu-
lations, without any loss in accuracy. The values in the table
have been scaled to be equivalent to a 2 volt RMS output,
allowing approximately 120 millivolts headroom to the DAC
full scale output of 3 volts.

In the Fast sine mode of operation, the variable phase is
used for phase accumulation and the variable phaselnc is
used to hold the increment added to phase for each succes-
sive data point. The Forth word nextPt is used to look up the
value of sine for the current phase, put that value in the RH
scratchpad, and then update phase by adding the value of
phaselnc to it.

In the accurate sine mode of operation, there are more
software operations performed to determine the output
value. There are two more variables used to keep track of the
current value of phase and phase increment. They are del-
Phase and delPhaselnc. The Forth word newPhase takes care
of calculating the new phase. It does so by first adding the
incremental phase increment delPhaselnc to delPhase. This
value takes care of the intermediate values between table
points, and is scaled to one part in 800. Anything over 800
will contribute to the new value of phase, so the next value of
phase = phase + phaselnc + delPhase/800. Now we can look
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up the sine of the phase variable from the table. Not done
yet, though. Use the trigonometric identity that cos(x) = sin(x
+ pi/2) and look up the cosine.

Now all we must do is to multiply it by a scaled version of
delPhase (our small angle) and add it to sin(x) to get the sine
of the exact phase angle. The scaling needs to take care of
converting to equivalent radians and divide by 128, as I dis-
cussed earlier. This calculation, and the appropriate scaling
are performed in the Forth word cosAdj. The other two op-
erations performed on the accurate sine point before it is put
into the DAC scratchpad register, RH, is to multiply it by a
scaling factor to set the output to some multiple of 50
mVRMS, and subtract an offset value. The word accuPt per-
forms this operation. Finally, the word newAccuPt is the one
that puts the value into scratchpad register RH, clears the
stale data flag in RX, and proceeds to calculate the new value
of phase and delPhase.

interrupt Routines

There are three interrupts utilized in this design. The non-
maskable interrupt is used to stop whatever is happening
and abort the current operation with the message “Stopped”.
The word pbStop implements this routine. Timers 0 and 1 are
used to control the DAC sample interval and the filter clock,
respectively.

The timer 0 interrupt service routine is called newPt. It
transfers the value in scratchpad register RH to the DAC shift
register and then decrements the value in RX to make it non-
2ero.

The timer 1 interrupt service routine is even simpler. It
just toggles the filter clock by writing to ASIC address 1F
(hex). The timer 1 interrupt is used for filter cutoff values
lower than about 160 Hz.

Parameter Setting Routines

The word setCutoff takes care of setting the filter clock
value to some value between 1 Hz and 40 Khz. If the system
clock divisor is less than 256, then the hardware divider is
used and the timer 1 interrupt is disabled. On the other hand,
if it is 256 or greater, then the hardware divider is disabled
and the divisor is loaded into timer 1 and it is used for tog-
gling the filter clock.

There is an inter-relationship between the system clock
frequency, the desired sinewave output frequency, the num-
ber of points represented in one cycle, and the phase incre-
ment added to the phase variable for each output point. That
relationship is:

phase_increment = (#table_points/cycle) * (timer 0 period)
* frequency

timer 0 input clock frequency (system clock)

It turns out that the ratio of #table_points/cycle to system
clock is 1/10000. This is part of the reason for picking the
number of points in the table as 800. The word calcInt finds
the timer 0 period given the phase increment and the sine-
wave frequency. The word calcPhaselnc finds the required
phase increment given the desired frequency. It uses a mode
dependent value of minimum timer 0 period.

There is some interaction between the phase increment

calculations and the timebase period, particularly for low fre-
quency operation where the calculated value of phase incre-
ment is less than one. For this case, the timer 0 period is
increased until a minimum value of phase increment can be
achieved. The actual sinewave frequency is calculated from
the phase increment and the timer 0 period. This value may
differ slightly from the programmed frequency due to the
discrete nature of the increment and the period. Such is the
nature of approximating continuous values with digital rep-
resentations.

Queue Building and Management

Queues are an important data structure used in this de-
sign. They are used for output data buffering and for simula-
tion of the input FIFO. The queue building word for data
space is buildDQ and for code space is buildCQ. Function-
ally, they behave the same. They're used by putting the de-
sired size of the queue on the stack, followed by buildDQ or
buildCQ, followed by the assigned queue name.

The queue structure consists of a variable to keep track of
the number of values in the queue, the tail pointer where
new values are written into the queue, the head pointer
where data is read from the queue, an end pointer which
points to the highest storage address in the queue, and 2n
bytes of storage for the data. When the particular queues are
defined, the head and tail pointers are initialized to point to
the first storage location in the queue, the end pointer is set to
point to the last storage location, and the #values variable is
set to zero.

The data locations aren’t initialized. They contain what-
ever random data was left in memory. The word >Cbuf is
used for putting values into the queue at the tail pointer,
incrementing the pointer and #values, and adjusting the
pointer of it goes beyond the end pointer. The word Cbuf>
extracts values from the queue at the head pointer, incre-
ments the pointer, decrements the #value variable, and ad-
justs the pointer if it exceeds the end pointer. The word >Que
uses >Cbuf to put a value into the queue if the queue is not
full. It returns a false flag if the queue wasn’t full or a true
flag if it was. The word Que> extracts a value from the queue
if it isn’t empty and returns a true flag if it was successful. It
returns only a false flag if the queue was empty. The word
#Que returns the number of valid values currently in the
queue.

Arbitrary Data Output Modes

There are three output modes implemented using the data
queues. The word circBuf simply extracts the next value from
the current read queue and puts it into the RH scratchpad
register. There is no checking to see if the queue is empty.
This mode allows repeated output of the same data sequence
and is useful for generating periodic waveforms. The word
pingPong implements an output mode where data is read
from the current read queue and output until the queue is
emptied. Then the read buffer is switched to the other queue
and it is read until it empties. When both queues have been
emptied, it stops. The word onceOut operates in a similar
manner, except that it stops after extracting data from the
first queue.

We will look at the software source in the next issue.@®

it we make peaceful revolution impossible, we make violent revolution inevitiable.—John F, Kennedy
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B.Y. O. Assembler

Build Your Own (Cross-) Assembler...in Forth

by Brad Rodriguez

introduction

In a previous issue of this journal 1 described how to
“bootstrap” yourself into a new processor, with a simple de-
bug monitor. But how do you write code for this new CPU,
when you can't find or can't afford an assembler? Build your
own!

Forth is an ideal language for this. I've written cross-as-
semblers in as little as two hours (for the TMS320, over a
long lunch break). Two days is perhaps more common; and
one processor (the Zilog Super8) took me five days. But
when you have more time than money, this is a bargain.

In part 1 of this article I will describe the basic principles
of Forth-style assemblers—structured, single-pass, postfix.
Much of this will apply to any processor, and these concepts
are in almost every Forth assembler.

In part 2, I will examine an assembler for a specific CPU:
the Motorola 6809. This assembler is simple but not trivial,
occupying 15 screens of source code. Among other things, it
shows how to handle instructions with multiple modes (in
this case, addressing modes). By studying this example, you
can figure out how to handle the peculiarities of your own
CPU.

Why Use Forth?

[ believe that Forth is the easiest language in which to
write assemblers.

First and foremost, Forth has a “text interpreter” designed
to look up text strings and perform some related action.
Turning text strings into bytes is exactly what is needed to
compile assembler mnemonics! Operands and addressing
modes can also be handled as Forth “words.”

Forth also includes “defining words,” which create large
sets of words with a common action. This feature is very
useful when defining assembler mnemonics.

Since every Forth word is always available, Forth’s arith-

metic and logical functions can be used within the assembler
environment to perform address and operand arithmetic.

Finally, since the assembler is entirely implemented in
Forth words, Forth’s “colon definitions” provide a rudimen-
tary macro facility, with no extra effort.

The Simplest Case: Assembling a NOP

To understand how Forth translates mnemonics to ma-
chine code, consider the simplest case: the NOP instruction
(12 hex on the 6809).

A conventional assembler, on encountering a NOP in the
opcode field, must append a 12H byte to the output file and
advance the location counter by 1. Operands and comments
are ignored. (I will ignore labels for the time being.)

In Forth, the memory-resident dictionary is usually the
output “file.” So, make NOP a Forth word, and give it an
action, namely, “append 12H to the dictionary and advance
the dictionary pointer.”

HEX
s NOP, 12 ¢, ;

Assembler opcodes are often given Forth names which in-
clude a trailing comma, as shown above. This is because
many Forth words—such as AND XOR and OR—conflict
with assembler mnemonics. The simplest solution is to
change the assembler mnemonics slightly, usually with a
trailing comma. (This comma is a Forth convention, indicat-
ing that something is appended to the dictionary.)

The Class of “Inherent” Opcodes
Most processors have many instructions, like NOP, which
require no operands. All of these could be defined as Forth
colon definitions, but this duplicates code, and wastes a lot of
space. It's much more efficient to use Forth’s “defining
word” mechanism to give all of these

Brad Rodriguez lives a double life. On odd-numbered days he is T-Recursive
Technology, consulting in hardware and software design for real-time and embedded
microprocessor applications. On even-numbered days he is a student, pursuing a
Ph.D. in Electrical Engineering and exploring the possibilities of artificially-intelli-
gent control systems. Brad discovered Forth in 1978, has been using it professionally
since 1982, and has been known to annoy people with his incessant tales of how
quickly things can be accomplished in Forth. He has written Forth assemblers for the
6809, 6801, 6502, Z8, Super8, TMS320,and two generally-unknown microprogram-
med machines. The 6809 is his favorite 8-bit processor, partly because it and the 16-
bit PDP-11 share the distinction of being “the best Forth processors that were not
designed to be Forth processors.” Brad prefers to be contacted as B.RODRIGUEZ2
on GEnie, but will accept email as bradford@maccs.dcss.mcmaster.ca on the In-

ternet.

The Computer Journal / #52

words a common action. In object-ori-
ented parlance, this builds “instances”
of a single “class.”

This is done with Forth’s CREATE
and DOES>. (In fig-Forth, as used in
the 6809 assembler, the words are
<BUILDS and DOES>.) See figure 1.

In this case, the parameter (which is
specific to each instance) is simply the
opcode to be assembled for each in-
struction.

This technique provides a substan-
tial memory savings, with almost no
speed penalty. But the real advantage
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becomes evident when complex instruction actions—such as
required for parameters, or addressing modes—are involved.

Handling Operands

Most assembler opcodes, it is true, require one or more
operands. As part of the action for these instructions, Forth
routines could be written to parse text from the input stream,
and interpret this text as operand fields. But why? The Forth
environment already provides a parse-and-interpret mecha-
nism!

So, Forth will be used to parse operands. Numbers are
parsed normally (in any basel), and equates can be Forth
CONSTANTSs. But, since the operands determine how the
opcode is handled, they will be processed first. The results of
operand parsing will be left on Forth’s stack, to be picked up
by the opcode word. This leads to Forth’s unique postfix
format for assemblers: operands, followed by opcode.

Take, for example, the 6809's ORCC instruction, which
takes a single numeric parameter:

HEX
: ORCC,

lA ¢, ¢ ;

The exact sequence of actions for ORCC, is: 1) put 1A hex
on the parameter stack; 2) append the top stack item (the 1A)
to the dictionary, and drop it from the stack; 3) append the
new top stack item (the operand) to the dictionary, and drop
it from the stack. It is assumed that a numeric value was
already on the stack, for the second C, to use. This numeric
value is the result of the operand parsing, which, in this case,
is simply the parsing of a single integer value:

HEX
OF ORCC,

The advantage here is that all of Forth's power to operate
on stack values, via both built-in operators and newly-de-
fined functions, can be employed to create and modify oper-
ands. For example:

HEX

01 CONSTANT CY-FLAG
02 CONSTANT OV-FLAG
04 CONSTANT 2-FLAG

{ & “named” numeric value)

CY-!'LAG.Z-FLAG + ORCC, ( add 1 and 4 to get operand)
The extension of operand-passing to the defining words
technique is straightforward.

Handling Addressing Modes

Rarely can an operand, or an opcode, be used unmodified.
Most of the instructions in a modern processor can take mul-
tiple forms, depending on the programmer’s choice of ad-
dressing mode.

Forth assemblers have attacked this problem in a number
of ways, depending on the requirements of the specific proc-
essor. All of these techniques remain true to the Forth meth-
odology: the addressing mode operators are implemented as
Forth words. When these words are executed, they alter the
assembly of the current instruction.

1. Leaving additional parameters on the stack. This is most
useful when an addressing mode must always be specified.
The addressing-mode word leaves some constant value on
the stack, to be picked up by the opcode word. Sometimes

18

Figure 1
: INHERENT { Defines the name of the class)
CREATE ( this will create an instance)
c, ( store the parameter for each instance)
DOES> ( this is the claes’ common action)
Cé {( get each instance’s parameter)
c, { the assembly action, as above)
; ( End of definition)
HEX
12 INHERENT NOP, ( Defines an instance NOP, of class
INHERENT, with parameter 12H.)
3A INHERENT ABX, ( Another instance - the ABX instr)
3D INHERENT MUL, ( Another instance - the MUL instr)

this value can be a “magic number” which can be added to
the opcode to modify it for the different mode. When this is
not feasible, the addressing-mode value can activate a CASE
statement within the opcode, to select one of several actions.
In this latter case, instructions of different lengths, possibly
with different operands, can be assembled depending on the
addressing mode.

2. Setting flags or values in fixed variables. This is most use-
ful when the addressing mode is optional. Without knowing
whether an addressing mode was specified, you don’t know
if the value on the stack is a “magic number” or just an
operand value. The solution: have the addressing mode put
its magic number in a predefined variable (often called
MODE). This variable is initialized to a default value, and
reset to this default value after each instruction is assembled.
Thus, this variable can be tested to see if an addressing mode
was specified (overriding the default).

3. Modifying parameter values already on the stack. It is occa-
sionally possible to implement addressing mode words that
work by modifying an operand value. This is rarely seen.

All three of these techniques are used, to some extent,
within the 6809 assembler.

For most processors, register names can simply be Forth
CONSTANTs, which leave a value on the stack. For some
processors it is useful to have register names specify “register
addressing mode” as well. This is easily done by defining
register names with a new defining word, whose run-time
action sets the addressing mode (either on the stack or in a
MODE variable).

Some processors allow multiple addressing modes in a
single instruction. If the number of addressing modes is fixed
by the instruction, they can be left on the stack. If the number
of addressing modes is variable, and it is desired to know
how many have been specified, multiple MODE variables
can be used for the first, second, etc. (In one case—the Su-
per8—I had to keep track of not only how many addressing
modes were specified, but also where among the operands
they were specified. I did this by saving the stack position
along with each addressing mode.)

Consider the 6809 ADD instruction. To simplify things,
ignore the Indexed addressing modes for now, and just con-
sider the remaining three addressing modes: Immediate, Di-
rect, and Extended. These will be specified as follows:

source code assembles as

Immediates number # ADD, 8B nn
Direct: address <> ADD, 9B aa
Extended: address ADD, BB aa aa

Since Extended has no addressing mode operator, the
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mode-variable approach seems to be indicated. The Forth
words # and <> will set MODE.

Observe the regularity in the 6809 opcodes. If the Immedi-
ate opcode is the “base” value, then the Direct opcode is this
value plus 10 hex, and the Extended opcode is this value plus
30 hex. (And the Indexed opcode, incidentally, is this value
plus 20 hex.) This applies uniformly across almost all 6809
instructions which use these addressing modes. (The excep-
tions are those opcodes whose Direct opcodes are of the form
0Ox hex.)

Regularities like this are made to be exploited! This is a
general rule for writing assemblers: find or make an opcode
chart, and look for regularities—especially those applying to
addressing modes or other instruction modifiers (like condi-
tion codes).

. In this case, appropriate MODE values are suggested:

VARIABLE MODE HEX

s # 0 MODE ! ;
: © 10 MODE ! ;
: RESET 30 MODE 1 ;

The default MODE value is 30 hex (for Extended mode),
so a Forth word RESET is added to restore this value. RESET
will be used after every instruction is assembled.

The ADD, routine can now be written. Let’s go ahead and
write it using a defining word:

HEX
t GENERAL-OP \ base-opcode —
CREATE C,
DOES> \ operand —
ce \ get the base opcode
MODE ¢ + \ add the “magic number”
c, \ assemble the opcode
MODE @ CASE
0 OF C, ENDOF \ byte operand
10 OF C, ENDOF \ byte operand
30 OF , ENDOF \ word operand
ENDCASE
RESET ;

8B GENERAL~OP ADD,

Each “instance” of GENERAL-OP will have a different
base opcode. When ADD, executes, it will fetch this base
opcode, add the MODE value to it, and assemble that byte.
Then it will take the operand which was passed on the stack,
and assemble it either as a byte or word operand, depending
on the selected mode. Finally, it will reset MODE.

Note that all of the code is now defined to create instruc-
tions in the same family as ADD:

HEX 89 GENERAL-OP ADC,

84 GENERAL-OP AND,

85 GENERAL-OP BIT,
etc.

The memory savings from defining words really become
evident now. Each new opcode word executes the lengthy bit
of DOES> code given above; but each word is only a one-
byte Forth definition (plus header and code field, of course).

This is not the actual code from the 6809 assembler—there
are additional special cases which need to be handled. But it
demonstrates that, by storing enough mode information, and
by making liberal use of CASE statements, the most ludi-
crous instruction sets can be assembled.

Handling Control Structures
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The virtues of structured programming, have long been
sung—and there are countless “structured assembly” macro
packages for conventional assemblers. But Forth assemblers
favor label-free, structured assembly code for a pragmatic
reason: in Forth, it's simpler to create assembler structures
than labels!

The structures commonly included in Forth assemblers
are intended to resemble the programming structures of
high-level Forth. (Again, the assembler structures are usually
distinguished by a trailing comma.)

1. BEGIN, ... UNTIL,

The BEGIN, ... UNTIL, construct is the simplest assembler
structure to understand. The assembler code is to loop back
to the BEGIN point, until some condition is satisfied. The
Forth assembler syntax is

BEGIN, morxe code <¢c¢ UNTIL,

where ‘cc’ is a condition code, which has presumably been
defined—either as an operand or an addressing mode—for
the jump instructions.

Obviously, the UNTIL, will assemble a conditional jump.
The sense of the jump must be “inverted” so that if ‘cc’ is sat-
isfied, the jump does NOT take place, but instead the code
“falls through” the jump. The conventional assembler
equivalent would be:

xXx:

JR -~cc,xxx

(where ~cc is the logical inverse of cc.)

Forth offers two aids to implementing BEGIN, and UN-
TIL,. The word HERE will return the current location counter
value. And values may be kept deep in the stack, with no
effect on Forth processing, then “elevated” when required.

So: BEGIN, will “remember” a location counter, by plac-
ing its value on the stack. UNTIL, will assemble a conditional
jump to the “remembered” location.

: BEGIN, ( - a) HERE ;
: UNTIL, ( a cc = ) NOTCC JR, ;

This introduces the common Forth stack notation, to indi-
cate that BEGIN, leaves one value (an address) on the stack.
UNTIL, consumes two values (an address and a condition
code) from the stack, with the condition code on top. It is
presumed that a word NOTCC has been defined, which will
convert a condition code to its logical inverse. It is also pre-
sumed that the opcode word JR, has been defined, which will
expect an address and a condition code as operands. (JR, is a
more general example than the branch instructions used in
the 6809 assembler.)

The use of the stack for storage of the loop address allows
BEGIN, ... UNTIL, constructs to be nested, as:

BEGIN, ... BEGIN, ... cc UNTIL, ... cc UNTIL,

The “inner” UNTIL, resolves the “inner” BEGIN, forming
a loop wholly contained within the outer BEGIN, ... UNTIL,
loop.

2. BEGIN, ... AGAIN,
Forth commonly provides an “infinite loop” construct,
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BEGIN ... AGAIN , which never exits. For the sake of com-
pleteness, this is usually implemented in the assembler as
well.

Obviously, this is implemented in the same manner as BE-
GIN, ... UNTIL, except that the jump which is assembled by
AGAIN, is an unconditional jump.

3.D0, ... LOOP,

Many processors offer some kind of looping instruction.
Since the 6809 does not, let's consider the Zilog Supers; its
Decrement-and-Jump-Non-Zero (DJNZ) instruction can use
any of 16 registers as the loop counter. This can be written in
structured assembler:

DO, more code r LOooP,

where r is the register used as the loop counter. Once again,
the intent is to make the assembler construct resemble the
high-level Forth construct.

tD0, (-a)
1t 00OP, (ar-)

HERE ;
DINZ, ;

Some Forth assemblers go so far as to make DO, assemble
a load-immediate instruction for the loop counter—but this
loses flexibility. Sometimes the loop count isn't a constant. So
I prefer the above definition of DO, .

4.IF, ... THEN,

The IF, ... THEN, construct is the simplest forward-refer-
encing construct. If a condition is satisfied, the code within
the IF,..THEN, is to be executed; otherwise, control is trans-
ferred to the first instruction after THEN,,.

(Note that Forth normally employs THEN, where other
languages use “endif.” You can have both in your assem-
bler.)

The Forth syntax is

for which the “conventional” equivalent is

JP  ~cc,xxXX

xxXxt

Note that, once again, the condition code must be inverted
to produce the expected logical sense for IF, .

In a single pass assembler, the requisite forward jump
cannot be directly assembled, since the destination address of
the jump is not known when IF, is encountered. This prob-
lem is solved by causing IF, to assemble a “dummy” jump,
and stack the address of the jump’s operand field. Later, the
word THEN, (which will provide the destination address)
can remove this stacked address and “patch” the jump in-
struction accordingly.

t IF, ( cc - a) NOT 0 SWAP JP, ( conditional jump
HERE 2 - ; with 2-byte operand)
1 THEN, ( a) HERE SWAP ! ; ( store HERE at the

stacked address)

IF, inverts the condition code, assembles a conditional
jump to address zero, and then puts on the stack the address

of the jump address field. (After JP, is assembled, the location
counter HERE points past the jump instruction, so we need
to subtract two to get the location of the address field.)
THEN, will patch the current location into the operand field
of that jump.

If relative jumps are used, additional code must be added
to THEN, to calculate the relative offset.

5. IF, ... ELSE, ... THEN,

A refinement of the IF,..THEN, construct allows code to
be executed if the condition is NOT satisfied. The Forth syn-
tax is

ELSE, has the expected meaning: if the first part of this
statement is not executed, then the second part is.

The assembler code necessary to create this construct is:

Jp ~CC , XXX
( the “if” code)

JPyyy
XXX ees ( the “else” code)

YYY:

ELSE, must modify the actions of IF, and THEN, as fol-
lows: a) the forward jump from IF, must be patched to the
start of the “else” code (“xxx”); and b) the address supplied
by THEN, must be patched into the unconditional jump in-
struction at the end of the “if” code (“JP yyy”). ELSE, must
also assemble the unconditional jump. This is done thus:

t ELSE ( a - a) 0T Jp, ( unconditional jump)
HERE 2 - ( stack its address
for THEN, to patch)
SWAP { get the patch address

of the IF, jump)

HERE SWAP ! {( patch it to the current
location, i.s., the

; next instruction)

Note that the jump condition ‘T assembles a “jump al-
ways” instruction. The code from IF, and THEN, can be “re-
used” if the condition ‘F’ is defined as the condition-code
inverse of ‘T":

t ELSE ( a - a)

F IF, SWAP THEN, ;

The SWAP of the stacked addresses reverses the patch or-
der, so that the THEN, inside ELSE, patches the original IF;
and the final THEN, patches the IF, inside ELSE,. Graphi-
cally, this becomes:

IF,(1) ... IF,(2) THEN,(1) ... THEN,(2)
\ /

inside ELSE,
IF,..THEN, and IF,..ELSE,..THEN, structures can be

nested. This freedom of nesting also extends to mixtures of
these and BEGIN,...UNTIL, structures.

6. BEGIN, ... WHILE, ... REPEAT,
The final, and most complex, assembler control structure
See BYO Assembler, page 39
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Assembly Language Programming
Today's Example: ZCNFG

by A. E. Hawley

The last two articles were about ‘getting started” in assem-
bly language programming. Now lets take a look at the real
world of AL programs with a tour of ZCNFG, a public do-
main program that is sophisticated enough to illustrate many
of the principles that you can apply to your own programs.
The main focus will be on a discipline that most of us learned
the hard way by ignoring it: source program structure. Along
the way, we'll get introduced to some of the algorithms and
code structures in ZCNFG. They will help to dispel some of
the mystery about writing .CFG files for other programs.

To get the most out of the following discussion, you
should have the complete source for ZCNFG available for
study and reference. ZCNFG is available via modem down-
load from Z-nodes and via mail from ZSUS.

What ZCNFG Does

Many commercial programs come with an INSTALL
utility. That utility customizes the program so that it is
compatible with your computer hardware and your
performance preferences. For example, a communications
program needs to know the port assigned to the modem, and
the default communication protocol to use. CP/M programs
that manipulate the screen need installation of the control
data for your terminal or video display. INSTALL utilities
configure their target program by modifying data in the
image of the program stored on disk so that subsequent
invocations will exhibit the configured performance. Each
installation program is written by a different author, and no
two user interfaces are alike. Configuration of public domain
programs has been traditionally handled by reassembly of
the program or by changing the affected data with a
debugger or a file patching program like ZPATCH. Both
require obvious skills on the part of the user as well as a
certain amount of research to discover what changes are
possible and what new values are required to achieve the
desired changes. Again, no two programs are configured the
same way!

During early development of ZMAC, ZML, and ZMLIB 1
wrote configuration utilities for each program. Each

enhancement could result in a revision of the associated
configuration program, including the inevitable debugging
sessions. What a lot of wheel-spinning! The first solution was
to combine the three programs into one, with a common
main program to maintain an on-screen menu and three data
sections to specify what is displayed on the menu. Of course,
there was also a section to read and write the proper file
being configured. Since this made a rather large configur-
ation program, the next move was to make three files of the
tables. The configuration program then loaded only the file
appropriate for the target program. Now all I had to do was
maintain the file of configuration data for each program.

There are practical pay-offs to well thought out
organization of the code in a programl

There is only one configuration program to maintain, and
debugging caused by changes in the target file is eliminated.
Now that is worthwhile!

ZCNFG was born when I realized that this idea could be
used with any target program that is organized with configu-
ration data near the start of the program. Although many
older CP/M programs were not written that way, more re-
cent programs adapted or written for Z-system have adopted
that style. There are practical pay-offs to well thought out
organization of the code in a program!

ZCNFG provides a menu driven means of setting default
options in executable programs, including ZCNFG itself. It
does this with the help of a configuration file unique to each
target program. For example, the configuration file for
ZCNFG is ZCNFG.CFG and that for FF24.COM is FF24.CFG.

The code in ZCNFG parses the command line to deter-
mine what file is to be configured, and which .CFG file to
use. It performs the initialization functions required, and
provides for an EXIT routine which is the one point at which
the program returns control to the operating system. A few
lines showing ZCNFG commands at the bottom of the menu
display are maintained by code in ZCNFG, rather than by

data in the .CFG file.

A. E. (Al) Hawley started out as a Physical Chemist with a side line love of
electronics when it was still analog. He helped develop printed circuit technology,
and contributed to several early space and satellite projects. His computer experience
started with a Dartmouth Time-Share system in BASIC, FORTRAN, and ALGOL.
His first assembly language program was the REVAS disassembler, written for a
home-brew clone of the Altair computer. As a member of the ZCPR3 team, he helped
develop ZCPR33 and became sysop of Z-Node #2. He has contributed to many of the
ZCPR utilities, and written several. He is author of the ZMAC assembler, ZML

linker, and the popular ZCNFG utility.
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The .CFG file contains four kinds of
data for each menu:

1. Menu Data Structure: a list of 5
pointers

2. Case Table: a data record for each
configuration item

3. Screen Image: a prototype menu
screen image

4. Help Screen: a block of text ex-
plaining menu items
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These data structures are described
in detail in ZCNFG.WS, included in
ZCNFG17.LBR. You did get it, didn't
you?

ZCNFG reads the current values of
configurable items from the target file,
uses data from the CFG file to display
them in the menu, allows the user to
_change them and then updates the data
in the target file. After exiting ZCNFG,
the program will now behave in accord
with the newly chosen options because
the data in its configuration area has
been rewritten. This process is much
easier and faster than making the same
changes with a debugger or file
patcher.

Figure 1 shows a typical configura-

Figure 1.
A Typical Configuration Menu

FFP CONFIGURATION MENU
Drives which may be searched by FF. Type drive letter to toggle.

ABCDEFGHIJEKLMNOP
YYYY

R) Return number of files found in register number 10

§) include System files in the search ? NO
T) Terminator following DIR/DU for found files is >
V) View console screen with Paging enabled? YES
W) auto-Wildcarding in the search argument? YES
0) Limit default drives to logged-in ones? NO
1) display drive # headers for found files? NO
2) Use NDR to control search? YES

3) Wheel control? YES 4) NDR for wheel user? NO

ZCNPG INSTALLATION CONTROL
X or Esc =Save changes & eXit Q,"C =Quit with no changes saved

tion menu screen. The user types the
character associated with one of the

/ or ? =Explain Options > or .
Which choice?

=Next Menu < or , =Previous Menu

items on the menu. If that item has a

YES/NO choice, then the current value is toggled and redis-
played. If, like item R), a numeric value is required a prompt
will appear asking for input of that value. The prompt may
indicate the allowable range of values; only values within
that range will be accepted. An explanation of the function of
each configuration choice may be seen by pressing the ? or /
key.

form of comments in which each line starts with a semicolon.
It is ignored by the assembler; if you leave it out you are only
cheating yourself (or others) of some information.

Quantities used by the assembler and linker defined here
are Constants, Public Symbols, and External Symbols. The
assembler does not care about the order in which these
symbols are declared, as long as the statements themselves
are correct. You will note, however, in
the ZCNFG source code, the

;jconfiguration block for THIS program.

CNFGID: DB ‘ZCNFG' :ID string, null terminated
DS 4,0

ALTUSR: DB «1 ;=1 = msearch default user

jadditional configuration items go here

Listing 1.
PROGRAM CODE
ICNPG: JP BEGIN
£ 3MARK: DB ‘ZIENV/ jldentifies program as ZCPR3x utility
DB 1 jexternal environment
Z3ENV: DW 0 ;this address set by ZIINS or ZCPR33/4
DW ZCNFG ;compatible with type 4 enviroment

;max 8 char plus null terminator

REQUEST statements which name
libraries like Z3LIB, SYSLIB, and
others. The order in which these
statements occurs is important! The
linker searches those libraries in the
order in which they are named. These
.request statements are a substitute for
including the library names in the
linker command tail. ZMAC, M80, and
the SLR assemblers recognize the
.request statement; others may not, in
which case such statements must be

Functional Organization
An AL program is usually organized as shown in figure 2.
This arrangement, though common, is certainly not manda-
tory. Experience has shown that the program header should
occur first in the source file, and that it is convenient to put
most of the data items at the end of the file. A program like
ZCNFG which is expected to be executable after assembly/
link must observe certain conventions at the start of the code
in order to be compatible with the operating system. Like-
wise, the position of the block of configuration data is predi-
cated on the use of ZCNFG or on convenience when using a
debugger to set default values.
At the very start of a program is the Program Header. This
header is in two basic parts: textual in-

removed and the libraries included in
the linkers list. If you get the order wrong the linker will
complain to you about ‘undefined symbols’ or unresolved
externals.

Constants used by the assembler are defined by EQU
statements. Such statements might, for example, define AS-
ClI constants like CR and LF. This is a convenient place to
define version number and version date. Other constants de-
fined this way in ZCNFG are standard system addresses like
the targets of the WB and BDOS jumps in page 0 and the
system buffers (FCB and TBUF) in page 0. For ZCNFG, the
offsets to certain important data in the target program are
defined this way.

Symbols which are to be shared with other program mod-
ules are declared PUBLIC; those which the current program

formation that identifies the program

to the programmer, and definition of Listing 2. STARTUP

quantities to be used by the assembler

and linker. BEGIN: 1D (STACK) , 5P ;save system stack pointer
The textual information takes the o 8P, STACK saet up local stack
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needs from some other module are declared EXTernal. The
assembler places PUBLIC symbols and their address value

in the REL file. It also places EXT sym-
bols in the REL file along with infor-
mation about where in the current
module each symbol is used. The
linker, after it knows the values for all
the PUBLIC symbols for all the mod-
‘ules being linked, puts these values in
the appropriate EXT locations. For each
PUBLIC symbol in the current module
there may be many EXT declarations in
other modules. Similarly, for each EXT
symbol in the current module there
must be a matching PUBLIC symbol in
one of the other modules.

The program header is also a good
place to define macros that will be
used in the program. ZCNFG defines
three such macros in this section. Mac-
ros do not produce code at this point;
actual code is only produced when the
macro is named later on in the pro-
gram as an instruction.

When programs get complex, the
definitions section can get large
enough to be an inconvenience in edit-
ing and reading the source file. You
can make things appear a little simpler
by transferring as much of this section
as you like to a separate file, then in-
cluding it in the assembly source with
a MACLIB or INCLUDE statement. For
example, if all the header except the
opening comment lines of ZCNFG had
been removed and placed in a file
called ZCNFGHDR.LIB, then the fol-
lowing statement would take its place
in the source file:

INCLUDE ZCNFGHDR

Assembly language code, as you
will have observed already, includes a
great deal of excruciating detail which
for most people interferes with com-
prehension of the main program flow
and functions. The INCLUDE provides
a way of ‘hiding’ such detail. Many
HLLs also provide the same facility,
and for the same reason! The assembler
doesn’t care which way you choose;
the code produced is the same either
way.

Program Code

Most program code starts with a JP
instruction whose target is the actual
start of program related code. This
strategy permits convenient inclusion
of a data area at the beginning of the
program. If a program is intended to
be a Z-system utility, it must start with
the standard ZCPR header. If it is in-
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tended to be configured using all the facility of ZCNFG,
there must be an immediately following block of header and

Figure 2.
PROGRAM STRUCTURE

PROGRAM HEADER
Program comments - Name, Author, Date, Purpose, References
Program definitions (<variable> EQU <value>)
External declarations (in Z3LIB, SYSLIB, etc.)
Public declarations

PROGRAM CODE (see listing 1.)
JP START (or RST 0, DW START or RET, DW START)
Z34 ENV Structure
Confiquration Block

STARTUP (see listing 2.)
Check for 280 cpu, exit with message if not.
Save SP and set local stack.

ENVIRONMENT INITIALIZATION (see listing 3.)
Identify OS parameters of importance to the program
0S version - CP/M 2 or 37 ZRDOS? 2SDOS? Z3IPLUS? ..etc.
CCP identification - CP/M or ZCPR? Which version of ZCPR?
Is DateStamping Available? Which kind? (DS, ZSDOS, CPM+)
Is a Real Time Clock available (other than DS, %ZSDOS, CPM+)?
Initialize the ZCPR and VLIB Environment if appropriate.
Error Exit if OS support is inadequate

HELP (see listing 3.)
Parse CL for help reguest.
Display HELP screen if required by a CALL to a Print_Help routine
Return to 08 by a jump to PROGRAM EXIT if help wae printed,
Else continue with ...

PROGRAM INITIALIZATION (smee listing 3.)
Copy configuration data fram the CFG block to a data bhuffer or
final destination.
Parse command line for options and update those in cfg data buffer.
Allocate memory usage
Initialize buffers and data values
Initialize FCBs
Open input file(s) if appropriate
Open output file(s) if appropriate

MAIN PROGRAM (see listing 4.)
Here is the place for your program to “do it’s thing”.

PROGRAM EXIT
close any open files
relog current directory if appropriate
Restore any changed 0§ parameters
Restore callere stack pointer from saved value
exit via RET if CCP has not been overwritten,
else exit via JP 0 or RST 0.

SUBROUTINES

Print_Help is a called routine so that it can be invoked
from anywhere in the program without aborting to the O0S.

Initialization routines are conveniently placed here
and called from the initialization section to avoid
cluttering up the main flow of the program.

Special file handling routines

Screen management routines

Low level functions like data format conversion routines

BDOS function routines

DATA (Initialized)
Messages
Screen Images
File Control Blocks
Initialized variables

DATA (Uninitialized)
Stack space
Callers stack pointer
Copy of configuration data
Uninitialized variables
Buffers
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data for use by ZCNFG. CFG files do not start with a JP
instruction because when assembled they are data files and
are not executable. In fact, they start with a RST 0 instruction
which simply executes a warm boot and return to the CCP.
This protects the file from inadvertent execution. See Listing
1 for an example.

HELP routine determines that a help screen is not appropri-
ate it simply returns; otherwise, the help screen is printed
and the program is terminated by a jump to the main exit
routine (its name in ZCNFG is QUIT:) which restores the SP
and returns control to the CCP.

The second initialization section comprises the calls to
PGMINI, FILINIT, and SCR_LD.

Listing 3.

B HELP & INITIALIZATION
CALL INIT ;set current du, Test for 23
1D DE, SIGNON
CALL TYPLIN
CALL HELP ;provide help if requested & quit
CALL PGMINI :1Get file spec from FCB, open file

;abort with message if bad file spec

CALL FILINIT ;identify & load the overlay file
CALL SCR_LD ;load screen image(s)

PGMINIT performs a number of
housekeeping tasks, as outlined in fig-
ure 2. Here, the target filespec is deter-
mined and the file is opened for read-
ing. The default name for the CFG file
is defined if it isn’t present on the com-
mand line.

FILINIT reads the first page of the
target program. If it's a ZCPR34 type 4
program, then a second read is per-

Startup

This is, apart from the initial jump, the beginning of the
executable code in the program. In ZCNFG, the label at this
point is BEGIN:, and the initial jump instruction is JP BEGIN.
If you are concerned about the possibility of your program
being executed on a CPU that doesn’t support the code in
the program (i.e. Z80 code and an 8080 CPU), then here is the
place for code that identifies the CPU. If the wrong CPU is
present, then the code must immediately exit. An error mes-
sage is appropriate. The code up to this point must use only
instructions supported by both CPUs (8080 code in this case).
Remember, we are talking about the instructions in machine
language generated, not the assembler mnemonics used! For
example, a JP instruction will execute

formed to get the real first page (256
bytes) of the program where the configuration data resides.
This data is loaded into a 256 byte buffer named TGTBUF. It
then looks at offset 10Dh in the configuration page for the
name of a CFG file. FILINIT selects the first CFG filespec
from the following prioritized list:

1. the second argument in the command tail
2. the name (if any) from the target configuration page
3. the default defined in PGMINIT

The CFG file is loaded into memory starting at the first
unallocated location above ZCNFG. The address of the start
of this free memory is stored in a variable labeled OVRLAY..

properly on both CPUs but a JR in-
struction will only be recognized by
the Z80. Several public domain pro-
grams use this kind of test; ZCNFG
does not.

Listing 4.

We are now (almost) ready to start SETOFT: ;:31‘1' ;;cx(.: ) i Cie:‘;r:?e“

. . ’ IMAGE Haes 1-"‘398
computing. First, we have to make CALL  TYPLIN ;display the screen
sure the Stack Pointer is being properly D A, (23MSGF)
managed. This one item is probably re- OR A - 7ZCPRI present?

; JR Z,NOT
sponsible for more system crashes than c