
























































































































































































































































































































































































































































































































































































































































































































































Z8001/8002 processors: MMAI passes through gate G. 
to MMAO as long as MO is high (not requesting the 
resource). While MO is high (before making a request), 
the state of the MMST line passes through G1 and G2 

to MT• With M, high (MMST is not busy), Mo can issue a 
request. But if another requestor higher had seized 
the resource first, MMAI would be low and would pass 
through G1 and G2 to MI to abort the IlP'S request, 
until it could try again. 

Interrupts also are daisy chained 

In the interrupt protocol (as in both the bus-request 
scheme and the resource-request scheme), the device's 
physical position in the daisy-chain-in at lEI, out at 
IEO-determines its priority. Also, like bus requests, 
interrupt requests are directed to the processor-in 
this case, to one of its three interrupt input ports­
NMI, VI, or NVI. A separate set of interrupt-protocol 
signals-INT, INTACK, lEI and lEO -control each IlP 
interrupt mode that is used. The peripherallN'F ports 
receive the same treatment as BRQ -the INT lines for 
one of a processor's interrupt modes are all wire-ORed 
together (Fig. 3a). The appropriate acknowledgement, 
decoded from the four status lines of the IlP (Fig. 3b), 
returns via the Z-bus' INTACK line to all the daisy­
chained peripheral requestors. This procedure tem­
porarily inhibits further interrupt requests. 

3. Microprocessor Interrupts from peripherals also use 
an OR-wired line (iNT) for initiating the sequence and a daisy 
chain to establish peripheral priorities for a given type 
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Although more than one peripheral may have issued 
an interrupt request simultaneously, the request 
highest on the daisy chain prevails: Its lEO remains 
low, aborting any other interrupt requests further 
down the chain, until lEO drops low. 

Three Wait cycles occur after the leading edge of 
INTACK to allow the daisy chain to settle (or more, 
if a peripheral device asks for it via the WAIT line). 
Then, a DS from the IlP stimulates the interrupting 
peripheral to place its data on the bus. INTACK returns 
high two (or more) Wait cycles later, after completion 
of the transaction for which the interrupt was ini­
tiated. 

After INTACK returns high, any requestor on the 
daisy chain can issue an interrupt; lower-priority 
devices are locked out until higher priority interrupts 
have been serviced. 

I/O is main transaction 

The main purpose of an interrupt request is to 
perform a transfer of information in or out of the 
processor. This 1/0 transaction is distinquished from 
every other by the IlP'S status-lines code 0010, desig­
nated 1/0 Reference. 

The bus R/W line determines the direction in which 
the information flows: The processor reads from the 
requestor device when R/W is high or writes into the 
device when R/W is low. Information flows via the 
ADo to AD15 lines of the IlP. 

When AS is low, the information being transferred 
is addresses; when TIS is low, the information is data. 
Word or byte formats are identified by the B/W line 
-word format, when low-allowing 16 or 8-bit data 
elements (Fig. 4). 

This early-status information, which defines the 
transaction ahead of the actual process, allows the 
enabling of bidirectional drivers and other interface 
hardware elements. The enabling action is a distinct 
benefit, which simplifies interfacing peripherals. 

of interrupt (a). The properly decoded status line ofthat 
interrupt from the processor then becomes the INTACK 
signal on the line (b). 



Indeed, the Z8000 processors distinguish between 
I/O-transaction and memory/processor-interchange, 
modes only by using different status-line codes; other­
wise, the two modes work almost the same way. The 
address/data bus, strobe lines AS andM. and theR/W, 
B/W, and N/S lines are shared by both I/O and 
memory transactions; therefore the interface buffers 
can be shared by substantially fewer processor pins. 

One difference in the modes-an extended address 
capability to 23 bits-applies only to memory, when 
the segmented Z8001 version of the processor is used. 

Memory is organized into two 8-bit-wide banks. One 
bank contains the most-significant bytes of the ad­
dressable words; the other contains the lower bytes. 
The banks can be activated together or separately by 
a B/W low signal (Fig. 4). 

Memory and I/O functions must then be done 
sequentially, but the high-speed of the processor 
transactions can handle most applications adequately. 
If necessary, the WAIT line can be called upon to extend 
a transaction for I/O and memory, because the device 
(or memory) is not ready or cannot work fast enough 
to keep up with the processor. 

Help for the busy processor 

When the processor gets too busy to handle all its 
peripherals efficiently, then Zilog's Universal Per­
ipheral Controller (Z-UPC), one of several support 
packages that will soon be available, can step in and 
help out (Fig. 5). With pin functions AS and DS, R/W 
and WAIT, lEI, and lEO, !NT and INTACK, Z-UPC can plug 
right into the Z-bus and serve as a complete slave 
microcomputer for distributed processing. It can: 

• Control peripheral devices with internal ROM or 
RAM instructions. 

• Manipulate data arithmetically or format buffer 
data in internal registers. 

Based on the Z8 microprocessor architecture and 
instruction set, the Z-UPC is an intelligent device that 
can unburden the main processor and greatly increase 

4. The byte/word and read/write organization of words 
is handled almost the same way for I/O transactions 
between peripherals and processor as for I/O transactions 
between memory and processon. 
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Z-Bus signal descriptions 
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Address/Data Lines. The multiplexed 
address/data lines are used for both 
I/O and memory transfers. 
Address Strobe. The rising edge of AS 
indicates addresses are valid. 

~, BAT, Bus Request, Bus Acknowledge Input, 
Bus Acknowledge Output. Other 
loBus masters, such as the l-DMA, 
use 

EXTENDED 
ADDRESSES 
TNT 
INTACK, 
lEI, lEO 

RlW 

Status 
Lines 

this bus control request chain to 
take control from the CPU. 
Data Strobe. DS times the data In and 
out of the CPU. 
The number, type and nature of these 
lines depend on the CPU used. 
Interrupt, Interrupt Acknowledge, 
Interrupt Enable Input, Interrupt 
Enable Output. This set of lines IS 
used for interrupt control and the 
interrupt daiSY chain for each type 
of interrupt. 
Reset. A Low on thiS line resets the 
system. 
Read/Write. RIW Indicates the CPU is 
reading or writing. 
The status lines distinguish the dif­
ferent kinds of bus transactions, such 
as 110 or memory. 

WAIT Wait. This line Indicates to the bus 
controller that the responder is not 
ready for data transfer. 

MMST, MMRQ Multi-Micro Status, Multi-Micro Re· 
MMAQ", M1VlAI quest, Multl·Micro Acknowledge 

Output, Multl·Micro Acknowled,e In· 
put. This resource-request chain 
controls access to common 
resources. 



overall system efficiency and speed. It generates 
almost any control signal that a peripheral device 
might need. Operating on the same 4-MHz clock as 
the Z8000 !lPS, it executes instructions in an average 
of just 2 !lS. 

Not only speed, but flexibility is attained. An 
extensive register file of 256 byte-registers, organized 
into 16 groups of 16 working registers each make the 
Z-UPC very versatile. Short-format instructions ex­
pedite the access to any group. The file includes 234 
general-purpose, 19 status-and-control (including two 
16-bit counter/timer) and three I/O-port registers. 
Add six levels of priority interrupts and the Z-UPC 
is indeed a flexible support package. 

Any general-purpose register can be used as an 
accumulator, address pointer, index register or 
stack for the the Z-UPC's program. All unused 
general-purpose registers can then act as data buffers 
between the master processor and the peripheral 
device. In addition, communications between the mas­
ter processor and the Z-UPC takes place via one of the 
groups of 16 registers, which are accessed directly by 
the master processor over the Z-bus Address/Data 
(ADx) lines. 

Examining the I/O ports 

The Z-UPC's three I/O ports also allow great flex­
ibility. Two of the I/O ports are 8-bits each; the third 
has 8 bits for I/O that can be shared between I/O and 
control lines, as determined by the program. In fact, 
all the I/O ports can be programmed in many combina­
tions as input, output or bidirectional lines, with or 
without a handshake protocol. 

When its p3o, p3z, Pas and P 37 pins are programmed 
as lEI/lEO, lNTACK and lNT lines, the Z-UPC fits easily 

5. A universal peripheral controller (Z-UPC) can take a 
great amount of the load off a microprocessor, especially 
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into the Z-bus's daisy-chain priority system. As an 
alternative, the controller can be programmed to 
operate with a polled system-a concept that is also 
compatible with the Z-bus. 

Not all peripheral interfacing tasks need all the 
intelligence and flexibility that the Z-UPC possesses. 
Zilog's Counter/Timer and Parallel I/O (Z-CIO), with 
its two independent 8-bit bidirectional I/O ports and 
special-purpose 4-bit I/O port, can satisfy most or­
dinary needs for parallel I/O interfacing and 
counting/timing (Fig. 6). 

Either of the Z-CIO's two identical 8-bit I/O ports 
can operate in a handshake-byte or bit-by-bit mode. 

6. By taking care of parallel I/O interfacing and counting, 
the Z-CIO peripheral-interfacing circuit chip can remove 
a heavy burden from the processor in a com plex Z8000 
system. 

when the processor is interfacing peripheral devices that 
demand a lot of detailed attention. 

-------- ... ~~----



7. For long-distance serial communications with a 
processor, the z-see converts parallel-to-serial data and 

In the later mode, the direction of each bit can be 
individually programmed. Like the universal con­
troller, the two ports can perform in the handshake 
mode, as inputs, outputs or bidirectional lines; also, 
they can be linked into one 16-bit port. In addition, 
each of the 8-bit ports includes pattern-recognition 
logic to generate an interrupt when a specified pattern 
is detected. 

Four handshake protocols are available: the 
IEEE-488, an interlocked (with another Z-CIO or Z­
UPC), a strobed and a pulsed. 

The pulsed handshake connects one of the Z-CIO's 
counters with logic, to interface a mechanical device 
such as a printer. The special-purpose 4-bit I/O port 
provides the handshake controls: a Wait/Request line 
for high-speed data transfer or general-purpose I/O. 
The programming and status for all the control 
features reside in 12 registers provided for each port. 

The Z-CIO's three, independent, identical 16-bit 
counter/timers (two of the counters can be pro­
grammed to form a 32-bit counter/timer) can help to 
control a device. Each counter/timer consists of a 16-
bit down-counter and four registers as follows: a 16-
bit register, to hold the initial value (called the Time 
Constant), which is loaded into the down-counter; 
another 16-bit register, to hold a current down-count 
output, when strobed; and two 8-bit registers to hold 
mode, control and status information. 

Either the counting or the timing function can be 
programmed for single-cycle (one-shot) or continuous 
operation with a pulse or square-wave output. Up to 
four control lines-for gach counter/timer-can act 
as the counter input, enable input, trigger input and 
counter/timer output, as required. 

Whether counting or parallel interfacing, the Z-CIO 
can substantially unburden the master processor in 
a computer system, especialiy when complex per­
ipherals demanding high service must be handled. The 
Z-CIO is also fully compatible with the Z-bus and 
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then serial-to-parallel for either synchronous or 
asynchronous data links. 

provides the full complement of bus control signals 
and daisy-chain priority pins (lEI/lEO). 

Serial unit supports many protocols 

Also supporting the Z-bus family is the Z-SCC, 
Serial Communications Controller, a peripheral-in­
terfacing package for serial communications or data­
transfer applications (for example, with disks and 
cassettes). The package contains two independent full­
duplex channels, each with its own quartz-crystal 
oscillator, baud-rate generator and digital phase­
locked loop for clock recovery (to 1 Mbit/s). Each 
channel also provides facilities for modem/control 
(Fig. 7a). 

The Z-SCC is programmable for NRZ, NRZI or FM­
data encoding. A channel in an asynchronous mode 
can operate with 5 to 8-bit codes per character plus 
1,1-1/2 or 2 bits per character as stop bits. In addition 
the package provides such features as break detection 
and generation, and parity, overrun and framing error 
detection. 

In the synchronous mode, the Z-SCC handles such 
protocols as IBM Bisync or bit-oriented HDLC and 

8. The Z-FIO general-purpose bidirectional buffer can 
interconnect devices operating at different speeds. It is 
not limited to Z8000 configurations, butcan handle 
almost any general-purpose "p system. 



SDLC with frame-level control, automatic zero-inser­
tion and deletion, I-field residue handling, abort 
generation and detection, CRC generation and check­
ing and loop-mode operation. Parity and overrun 
features also apply to synchronous operation 

Fig. 7b shows one of the Z-SCC's channels connected 
as a synchronous data-link-the loop (SDLC) mode. 
Note the absence of clock lines. With NRZI or FM 
data, no clock lines are needed, since the clock can 
be recovered at the receive end from the bit stream 
by the Z-SCC's digital phase-locked loop. The other 
channel, via a modem under control of the Z-SCC, is 
shown servicing an asynchronous serial port. 

Basically the Z-SCC functions as a parallel-to-serial 
and serial-to-parallel converter, but it does more: Its 
sophisticated repertoire of internal functions greatly 
reduces the amount of external supporting logic 
needed for a wide variety of serial-communications 
applications in distributed-processing systems. 

Another great saver of external assorted logic in 
distributed-processor operation is the Z-FIO general­
purpose bidirectional buffer. 

First-in, first-out 

The Z-FIO can interconnect components or sub­
systems (of almc.st any ILP including the Z8000) 
operating at different speeds. It can accept 128 bytes 
of data, which it then holds until they are called for 
by another device in the system. In this way, interrupt 
servicing time can be cut two orders of magnitude in 
most I/O transactions. Moreover, the capability of 
moving variable-sized blocks under either direct­
memory access or interrupt control greatly facilitates 
system throughput, which is especially important 
with fast peripheral circuits. 

The internal functions of the Z-FIO are shown in 
Fig. 8. Its two sets of Address/Data ports are identical 
except for programming. The A set (programmed by 
pins Mo and MJ and the B set (programmed by bits 
SLo and SL1) have in common a 128 X 128 RAM for 
data storage, two 7-bit counters and several registers. 

The RAM can read and write both simultaneously 
and independently: The A set can write a byte of data 
into the RAM without disturbing a simultaneous read 
operation at the B set. The counters address the RAM 
and, by means of a subtractor, determine the number 
of bytes remaining in the memory. This number can 
be read from a status register dedicated to each set. 

When compared internally with the memory-status 
register, a programmable register generates an inter­
rupt for starting aild stopping DMA transfers. Anoth­
er pair of registers permits direct communication 
between the ports by bypassing the main buffer 
memory .•• 
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Spinwriter/Diablo driver Revision 2.1 

DlTRODUCTIOR 

This printer driver was written to suit a variety of applications, 
but in particular, it was prepared to be used as a companion to the 
Zilog text formatting utility, ZFORM. 

It is also well suited to applications requlrlng the printing of long 
lines, such as are found in connection with business orientated data 
base management programs. 

It provides compatibility with both of the most 
performance, high quality printers, the NEC 
DIABLO. 

commonly used high 
SPINWRITER, and the 

The features provided by the driver ensure that the printer operates 
at its maximum possible speed under all circumstances. Adjacent 
spaces and tabs are merged into single head movements, and the 
printing direction is fully optimised to minimise unnecessary head 
travel. This has the effect not only of raising print speeds, but of 
considerably reducing noise and vibration, although this effect will 
not be obvious unless two printers are operating near to each other 
under different control algorithms. 

Several further features are controlled by "attributes" which could 
be easily extended, but as currently implemented allow for 
underlining, BOLD character printing, RED printing, superscripting, 
and bscripting, or any combination of these features , which can 
even ~~ invoked at the character level within words. 

The driver can optionally skip to top-of-page at a given page line 
count, to prevent printing over fold lines in continuous stationery, 
and, if required will allow the operator to load a fresh sheet of cut 
paper after ejecting the current "page". In this case, a message is 
sent to the operator console, together with a bell-code, as 
indications that operator intervention is required. When the new 
sheet has been loaded, the operator presses a key on the console in 
order to continue printing. In this situation, the operator is able 
to give a specific response in order to inform the driver that pauses 
are no longer needed between pages. This response is given by 
pressing either upper-case, or lower-case C ( for ~ontinue ). 

The facility for using cut sheets is essential in the context of 
preparing documents such as letters, which will usually be printed on 
headed paper for the first sheet, and plain paper for continuations. 

The printing operation may be aborted at any time by hitting the 
(ESC> key on the console, and may be halted temporarily at any time 
by raising the cover on the printer itself. 

If the printer is equipped with a detector for end-of-ribbon, which 
is a standard feature of the SPINWRITER, it will automatically pause 
for the operator to load a new cartridge. Printing will be 
suspended, and an audible alarm given to indicate that operator 
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intervention is required. After the cartridge has been replaced, 
printing resumes without any visible discontinuity. 

2 THE DRIVER FROM A NON TECHNICAL USER' S VIEWPOINT 

2. 1 LOADING AND INITIALISING THE DRIVER 

The driver is loaded by RIO, the operating system executive, either 
in response to a direct command from the operator entered at the 
console keyboard, or to a command included in a file containing 
commands, such as the file OS.INIT . 

In either case, the operation involves the use of the RIO command 
ACTIVATE. 

Assuming that a NEG Spinwriter is in use, and the files of the disc 
supplied have been used without modification, the actual device 
driver will be known as $NEC. The command is therefore 

%ACTIVATE $NEC 
A RIO prompt 

AAAAAAAAAAAAA Operator command 

Optionally, the operator may make the printer driver known by a 
'kogical Qnit Number', preferably 3, which is used by convention for 
printers. This can be achieved by the additional command :-

%DEFINE 3 $NEC 
A RIO prompt 

AAAAAAAAAAAAA Operator command 

There are several RIO utilities, such as PRINT, and CAT, which 
automatically send their output to whatever device has been 
associated with LUN=3, and it is recommended that the procedure given 
above be used. This adds significantly to the general convenience of 
using the system. 

When the driver receives an Initialisation request from RIO, it 
performs some general housekeeping operations, such as preparing the 
electrical characteristics of the hardware interface to the printer, 
and placing the printhead in a known position, and then it sends a 
message to the operator, asking whether it is to operate in the 
manner needed if cut sheets of paper are to be used, and whether it 
is to automatically perform paper throws to prevent printing over 
folds in continuous stationery. These two functions are separately 
controllable, as some programs which use the printer driver perform 
similar functions themselves. In that case, irritating interactions 
could possibly occur, resulting for example, in alternate pages being 
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completely blank. Initialisation requests are sent to the printer 
driver whenever it is ACTIVATEd, or, if required, can be issued 
specifically on demand by the operator by using the command:-

%I $NEC 
RIO prompt 

Operator command 

In either event, the driver will introduce itself by a message on the 
system console , g~v~ng its revision level, and will then ask the 
operator two questions. The responses are entered on the console 
keyboard as single characters. The response character Y in either 
upper, or lower case, specifies 'YES' to the question. 

The dialogue takes the following form:-

%ACTIVATE $NEC 

Printer Driver rev. 2.1 

Cut sheets ? Y 
Auto form feed ? Y 

In the above example, the two responses for Yes are shown. Any other 
character response apart from Y is interpreted as NO. 

If the requirements of the driver change during a session, all that 
is needed to redefine the characteristics is for the operator to give 
the command to re-initialise the driver, as exampled previously. The 
two questions will be re-asked. If this is done, it does NOT alter 
the previously defined association between the driver and a RIO LUN. 

2.2 USIlIG THE DRIVER 

RIO can be told to pass data ie. text to the printer in 
essentially two different ways. One is much simpler to use than the 
other, and relies on having DEFINEd that the driver is known to RIO 
as LUN=3. 

Assuming that a file is known to exist, such as PRINTER.DRIVER.MANUAL 
and that the printer driver is indeed known as LUN=3, all that the 
operator needs to enter is:-

%PRINT PRINTER.DRIVER.MANUAL 

and the contents of that file will be printed. Obviously the text 
actually appearing on the paper will largely reflect exactly what is 
contained in the file, but pagenation can be affected by whether the 
operator has selected automatic formfeed. The use of cut sheets does 
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not affect the printed output, merely the type of paper stock which 
can conveniently be used. 

Alternatively it is often possible to send text direct to $NEC as it 
is being generated, instead perhaps, of preparing a file which would 
have to be printed subsequently. 

This can be achieved in different ways depending on the program which 
is generating the text. As an example, we will show the use of 
ZFORM. 

ZFORM outputs its formatted text to the system console unless the 
operator specifies an alternative. This is particularly convenient, 
as most operators would require to view the fully formatted text on 
their VDU more frequently than actually printing it. 

An alternative is specified by g~v~ng an "0=" option, which can 
define either the name of a file which is to be prepared to contain 
the formatted output text, or a driver, such as $NEC. In this case, 
the formatted text would be sent directly to $NEC, and therefore to 
the printer, as it is being generated. 

For example: 

%ZFORM PRINTER.DRIVER.MANUAL O=$NEC 

2.3 AUTOMATIC FORMFEED 

If the operator has selected the automatic formfeed option, after 
printing a given number of lines on a page, the driver will tell the 
printer to perform a paper-throw, ie. formfeed operation, which 
prepares it to start printing on a new sheet. 

The driver maintains a count of the number of lines it has printed 
since the last time it started a new sheet, and when it reaches 63 
(this can be varied if necessary) it requests a formfeed. As most 
paper sheets have a length equal to 66 lines, this means that every 
page would have at least three blank lines, and they would normally 
be positioned to bracket the folds in continuous stationery. 

However, if the driver finds a formfeed code in the text being 
printed, it requests a paper throw, and zeros its line counter. 

Most files of text which are prepared by Zilog utility programs do 
contain embedded formfeed codes, and it is for this reason that the 
driver usually does not need to insert any automatically. 
Interaction could occur if the text being printed were pagenated 
using the same line count per page as the printer driver. Blank 
alternate pages would result. 

It is very useful, however, to be able to neatly print, and pagenate, 
files which are prepared directly by an operator using a text editor, 
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such as input files for use by ZFORM for example, and it is then that 
the auto formfeed option is likely to be used. 

2.4 USE OF CUT SHEETS 

If the operator has selected the cut sheet option, whenever the 
driver has sent a paper throw instruction to the printer, which will 
cause the current sheet to be ejected, it will then cause the 
console's buzzer to be sounded and send a message to the operator at 
the system console. The message represents a request to load a new 
sheet of paper, and then to press a key on the keyboard as an 
instruction to the driver that printing can resume. If any key other 
than either an upper case, or a lower case C is pressed, the driver 
will continue to request the loading of fresh sheets whenever it has 
ejected the current sheet. However, if the letter C is used in 
response, printing will continue in the expectation that continuous 
stationery is then in use. 

2.5 CHARACTER ATTRIBUTES 

As implemented herein, the attributes of BOLD, UNDERLINE, RED, 
SUPERSCRIPT, and SUBSCRIPT, are invoked by two-character "ESCAPE code 
sequences" in the text being printed, employing codes which do not 
correspond to printable characters. 

This technique ensures that text files which contain the necessary 
control codes for these functions can be printed by printers such as 
TALLY, CENTRONICS etc. and by conventional Visual Display Units when 
handled by standard" Zilog drivers, with total compatibility. 
Obviously these peripherals cannot produce the effects obtainable 
when using a Spinwriter, but the text format and content would be the 
same. It would perhaps be regarded as a draft quality output which 
can be prepared at very high speed. 

The attribute control sequences are as follows: 

BOLD 
UNDERLINE 
RED 

POSITIVE HALF-LINEFEED 
NEGATIVE HALF-LINEFEED 

for SUBSCRIPTING ) 
for SUPER SCRIPTING 

<ESC> CTRL-B 
<ESC> CTRL-U 
<ESC> CTRL-R 

<ESC> CTRL-F 
<ESC> CTRL-N 

The first three attribute control sequences operate in the manner of 
'toggles'. ie. if, for example; the printer is outputting in black, 
then the sequence <ESC> CTRL-R would switch it to red, and a further 
<ESC> CTRL-R would switch it back to black again. 

The receipt of a formfeed request, whether internally generated, or 
received as part of the text being printed, cancels out any current 
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superscripting or subscripting. ie. the top line of a new page will 
always start in the same place relative to the top of the paper. 

When preparing an original text file, the method 
control code sequences will depend on exactly what 
is being used at that time, however, as an 
illustrate the use of the standard RIO TEXT EDITOR. 

for embedding the 
software utility 
example, we will 

As this editor makes a special use of the code generated by 
depressing the 'ESCAPE' key on the console keyboard, the following 
example illustrates perhaps the most involved way of incorporating 
attribute cQntrol sequences into the text. 

The editor 
output file 
the editor 
function. 

can be told to pass the code from the ESCAPE key into its 
by preceding it with the key labeled '\'. This prevents 

from interpreting the code from ESCAPE for its special 

Now, let's see exactly what keystroke sequences would have to be used 
in order to print the following line of text:-

This illustrates BOLD printing. 

Using the terminology that <ESC> means the ESCAPE key, CTRL-B means 
pressing the 'B' key whilst holding down the CONTROL-SHIFT key, the 
operator would use the following key sequence:-

This illustrates\<ESC>CTRL-B BOLD\<ESC>CTRL-B printing. 

Notice that that there must not be any character between the <ESC> 
and the following attribute control code. 

Character attributes can be individually controlled. The inclusion 
of an attribute control sequence within the text is really 
interpreted as an instruction to make use of the currently set 
attribute(s) until redefined. 
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3 THE DRIYB FROM A TECHNICAL USB'S VIBIIPOIRT 

3.1 THE DlTBRFACE HARD1IARE 

The printer is interfaced to the host system by the use of one of the 
four serial channels provided by an SIB (Serial Interface Board). 

There is one other major software utility which currently employs an 
SIB channel, ie. the Asynchronous Communications Package. 

The printer driver and the communications package are totally 
compatible with each other, and can successfully co-operate within a 
system. 

This driver assumes the use 
installed in an MCZ-1/nn style 
Channels 2 and 3 are pre-wired 
comms package uses channel 3. 

of channel 2 of the SIB, which is 
Zilog system without modification. 

in all systems currently shipped. The 

SIB modules have a great many link areas enabling the characteristics 
of each channel to be tailored to precisely suit the user's needs. 
The following link definitions are specific to channel 2, and the 
printer driver when operating with either a NEC Spinwriter model 
5510/5520, or a DIABLO model 1610/1620. 

Clock distribution:-

J3-6 to J3-12 

J2-3 to J2-15 
J2-3 to J2-16 

Connections between USART-2 and the printer:-

J7-1 to J7-13 
J7-2 to J7-14 
J7-3 to J7-11 
J7-4 to J7-12 
J7-5 to J7-10 
J7-6 to J7-9 

The above links configure channel 2 of the SIB to communicate with a 
'terminal', and interface the following signals at the 25 way socket 
with which the printer is to be connected. In most MCZ-1/nn systems 
this is labeled 'J102'. 
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The actual interface signals are as follows:-

J102-7 
J102-B 
J102-5 
J102-6 
J102-20 
J102-4 
Jl02-3 
J102-2 

Ground 
'spare' 
Clear To Send -> To printer 
Data Set Ready -> To printer 
Data Terminal Ready <- From printer 
Request To Send <- From printer 
Received data <- From printer 
Transmitted data -> To printer 

Revision 2.1 

The printer driver assumes that a rate of 1200 bauds will be used, 
and switches in the printer must be appropriately set. As those 
settings depend upon the exact printer model number, it is 
impracticable to give them here. 

All other links on the SIB are either to be left as when delivered, 
or set as required for defining the characteristics of the channels 
which are not used by the printer driver 
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3.2 THE DRIVER SOFTWARE - GENERAL 

This driver operates by placing character codes into a line buffer in 
locations which correspond to columns of the output line. ie. the 
content of the line buffer is columnated. 

Before being written into, the line buffer is cleared to contain 
space codes in bits 0 -> 6. Bit 7 is handled independently, and, 
when set, defines the location of a tab-stop. Each time the line 
buffer is cleared, the setting of bit 7 is left unaffected in each 
location. 

The tab bits are defined after a call is made to determine the 
current tab locations in use by the system console driver. This is 
done each time an initialisation request is received by the printer 
driver. 

A second columnated buffer is used in addition to the line buffer. 
This contains character attributes and effectively extends each 
character code to include bits which independently define whether the 
character is to be printed in red, bold, underlined, or as a 
superscript or subscript. As currently implemented, there are three 
spare attribute bits, which could easily be allocated for specific 
extensions to the driver's capabilities. 

The attribute buffer is loaded according to the attribute control 
sequences embedded in the input text. These are used to directly 
control the value of the variable NEXT-ATTRIBUTE, which is copied 
into the attribute buffer when a character is placed into the line 
buffer. 

After the line and attribute buffers have been loaded, the driver 
decides whether the current printhead position is nearer to the left 
or right end of the line about to be printed, and is therefore able 
to perform an absolute tab to the nearer end, and output the line in 
the appropriate direction. 

Notice that the driver never issues a carriage-return code to the 
printer. It always sends absolute tabs and 1inefeeds. This is due 
to the danger of accidently locking the "Auto Linefeed" switch of 
some printers, which is sometimes located near to frequently used 
controls. Its use would destroy carefully defined formats. 

It is expected that any programmer who wishes to understand, or 
modify, the driver will be able to do so easily after reading the 
module listings. Therefore a blow-by-blow descriptions of the 
operation is considered unnecessary. 
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3.3 TIlE MODULES 

The driver software consists of a number of modules, each being 
written in the language chosen to be most appropriate for the 
function it performs. 

The modules perform the following general functions:-

MODULE FUNCTION 

PRINTER.DRIVER.O ( PLZSYS ) 

Receives the RIO request vector from RIO.IO.INTERFACE 
and interprets the request code. Makes a call back to 
RIO in order to determine the TABSTOP locations within 
the standard RIO console driver so as to be able to use 
the same locations itself. 

PRINTER.DRIVER.1 ( PLZSYS ) 

Contains the procedures for building the LINE and 
ATTRIBUTE buffers. 

PRINTER. DRIVER. 2 ( PLZSYS ) 

Contains the procedures for optimising print direction 
and removing data from the LINE and ATTRIBUTE buffers 
during actual printing. 

DIABLO and SPINWRITER PLZSYS) 

These modules contain printer-dependent procedures for 
selecting print direction, absolute tabbing, selecting 
ribbon colour, requesting positive or negative half 
linefeeds for subscripting and superscripting, and 
management of ETX/ACK protocol for maintaining control 
of the buffer in the printer itself. 

This is the only module of the driver which is not 
common to both the Spinwriter and the Diablo. 
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RIO.IO.INTERFACE ( ASSEMBLER ) 

This very simple module merely converts the IY register 
content received from RIO as the request-vector-pointer 
into a PLZSYS procedure parameter. It then passes 
control to the main procedure in PRINTER.DRIVER.O 

Return to RIO is through this module so that IY can be 
restored. 

SIB ( ASSEMBLER ) 

This module contains the routines to set up the basic 
1/0 interface to the printer. All routines may be 
called direct from PLZSYS code. 

All character level 1/0 is performed by this module. 

CALL.SYSTEM ( ASSEMBLER ) 

This module receives a pointer as a parameter from a 
PLZSYS program, and passes it as an RIO 1/0 request 
vector pointer to RIO. In this driver it is used when 
requesting the status of $CON to determine if an abort 
has been requested, for getting tab locations from $CON, 
also for issuing messages to, and obtaining operator 
responses from $CON. 

PLZ.INTERFACE.MACROS ( ASSEMBLER 

For convenience only. 
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4 CONCLUSION 

Hopefully this note will have given the reader a few ideas about the 
use of PLZSYS in association with Assembly Language for 1/0 driver 
writing. The author cannot realistically recommend its use if memory 
space is at a premium, but certainly does recommend it wholeheartedly 
if an objective is to produce intelligible, easily adaptable code 
quickly. The entire driver described herein took less than 30 
man-hours to design, implement and test. 

The source code files for all modules are available from Zilog's 
franchised distributors as part of the software library. 

Any users' improvements to this driver would be warmly welcomed if 
contributed to the Software Library. 
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PLZSYS 
1 
2 

2.02 
PRINTER_DRIVER 0 

Revision 2.1 

MODULE 

3 
4 

Extended 3/3/79 to allow for subscripting and super scripting 
Also for operator controlled page-waits and auto formfeed I 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Appendix 

TYPE 

RECORD [ 

CONSTANT 

INITIALISE 
ASSIGN 
OPEN 
CLOSE 
WRITE_BINARY 
WRITE_LINE 
READ_LINE 
READ_STATUS 
WRITE_STATUS 
DEACTIVATE 
INVALID_OPERATION_REQUEST 
PROGRAMME_ABORT 
GOOD~ETURN 
CONIN 
CONOUT 
ASCII_SPACE 
ASCII_CR 
ASCII_LF 
ASCII_FF 
ASCII_BELL 
BLACK 
TRUE 
FALSE 
INTERRUPT_REQUEST_MASK 
TAB_BIT 

EXTERNAL 

REQUEST_BLACK 
GET_CODE 
SETCH2 
ABSOLUTE_TAB 
FORMFEED 
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LUN BYTE 
REQ BYTE 
DTA ~BYTE 

DTL WORD 
CRA WORD 
ERA WORD 
CCOD BYTE 
SPV_ADD WORD 

. - 0 

.- %02 

.- %04 

.- %06 

.- %OE 

.- %10 

.- %OC 

.- %40 

.- %42 

.- %44 

.- %C1 

.- %49 

.- %80 

.- 1 

.- 2 , , .-

.- '%R' 

.- '%L' 

.- '%P' 

.- %07 

. - %01 

.- 1 

.- 0 

.- %FE 

.- %80 

PROCEDURE 
PROCEDURE 
PROCEDURE 
PROCEDURE ( BYTE 
PROCEDURE 

PRINTER.DRIVER.O 
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53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

Appendix 

PRINT_LINE_BUFFER 
CALRIO 

LINE CONTAINS PRINTABLE_CHAR 
CODE 
ATTRIBUTE_SEQUENCE_FLAG 
NEXT_ATTRIBUTE 
LINE_FINISHED_FLAG 
EOF_FLAG 
BYTES_TAKEN_FROM_SOURCE 
BYTE_COUNT 
CONSOLE_STATUS_BUFFER 
LINE_BUFFER 
LINE_BUFFER_PTR 

INTERNAL 

date_code 
NEW_SHEET_MSG 
BELL_STRING 
CUT_SHT_QUES 
AUTO_FM_FEED_QUES 
NL_ARRAY 

GLOBAL 

REQUEST_CODE 
SOURCE_PTR 
DATA_LENGTH 
ABORT_FLAG 
AUTO_FF_FLAG 
PAGE_WAlT_FLAG 

PROCEDURE 

LOCAL RETURN_CODE BYTE 

ARRAY [* BYTE 
ARRAY [* BYTE 
ARRAY [1 BYTE 
ARRAY [* BYTE 
ARRAY [* BYTE 
ARRAY [* BYTE 

UNIT 
REQUEST 
DATA_ADDRESS 
DATA_LENGTH 

ENTRY 
GENERAL_RIO_CALL_VECTOR.LUN 
GENERAL_RIO_CALL_VECTOR.REQ 
GENERAL_RIO_CALL_VECTOR.DTA 
GENERAL_RIO_CALL_VECTOR.DTL 

6-19 

Revision 2.1 

PROCEDURE 
PROCEDURE ( A BYTE ) 

RETURNS ( BYTE ) 
PROCEDURE 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
WORD 
BYTE 
ARRAY 
ARRAY 
A BYTE 

BYTE 

5 BYTE ] 
163 BYTE 

.- '%RPrinter Driver rev. 2.1%R' 

._ 'Load new sheet, hit a key:' 
[ ASCII_BELL ] 

.- '%RCut sheets? 

.- 'Auto form feed ? ' 

.- '%R' 

BYTE 
A BYTE 
WORD 
BYTE 
BYTE 
BYTE 

BYTE 
BYTE 
A BYTE 
WORD 

:= UNIT 
:= REQUEST 
:= DATA_ADDRESS 
.- DATA_LENGTH 

PRINTER.DRIVER.O 



Spinwriter/Diablo driver 

GENERAL_RIO_CALL_VECTOR.CRA 
GENERAL_RIO_CALL_VECTOR.ERA 
GENERAL_RIO_CALL_VECTOR.CCOD 
GENERAL_RIO_CALL_VECTOR.SPV_ADD 

.-

.-

.-

.-

Revision 2.1 

0 
0 
0 
0 

106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

RETURN_CODE := CALRIO ( HGENERAL_RIO_CALL_VECTOR.LUN 

IF RETURN_CODE <> GOOD_RETURN 
THEN 

ABORT_FLAG := TRUE 
FI 

MAYBE3BORT 

ENTRY 

PROCEDURE 

CONIN 
READ_STATUS 
#CONSOLE_STATUS~UFFER[O] 
1 ) 

IF ( CONSOLE_STATUS_BUFFER[O] AND %20 
THEN 

ABORT_FLAG : = TRUE 
FI 

END MAYBE_ABORT 

NEWLINE PROCEDURE 

ENTRY 
CALL_RIO 

END NEWLINE 

ENTRY 
CALLJIO 

CONOUT 
WRITE_BINARY 
iINL_ARRA Y [ 0 ] 
SIZEOF NL_ARRAY 

PROCEDURE 

CONIN 
READ_LINE 
UNPUT_CHAR 
1 ) 

IF INPUT_CHAR <> '%R' THEN NEWLINE FI 
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ENTRY 
CALL_RIO 

PROCEDURE 

CONOUT 
WRITE_BINARY 
#NEW_SHEET_MSG[O] 

Revision 2.1 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 

SIZEOF NEW_SHEET_MSG + SIZEOF BELL_STRING 

Appendix 

GET_CHAR 
IF INPUT_CHAR 

CASE 'C' 'c' 
THEN 

FI 

ENTRY 
CALL_RIO 

GET_CHAR 

PAGE_WAlT_FLAG .- FALSE 
NEWLINE 

PROCEDURE 

CON OUT 
WRITE BINARY 
Ifdate=code[O] 
SIZEOF date_code 

CON OUT 
WRITE_BINARY 
#CUT_SHT_QUES[O] 
SIZEOF CUT_SHT_QUES 

PAGE_WAlT_FLAG := FALSE 
IF INPUT_CHAR 

CASE 'Y' 'y' 

FI 

GET_CHAR 

THEN PAGE_WAIT FLAG ._ TRUE 

CONOUT 
WRITE_BINARY 
#AUTO_FM_FEED_QUES[O] 
SIZEOF AUTO_FM_FEED_QUES 

AUTO_FF_FLAG := FALSE 
IF INPUT_CHAR 

CASE 'Y' 'y' 
THEN AUTO_FF_FLAG := TRUE 

FI 
NEWLINE 
NEWLINE 
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212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 

GET_TAB_LOCATIONS PROCEDURE 

LOCAL COUNTER BYTE 

ENTRY 
CALL_RIO ( CONIN 

READ_STATUS 
#CONSOLE_STATUS_BUFFER[O] 
139 ) 

COUNTER := 0 
LINE_BUFFER_PTR := # LINE_BUFFER [0] 
DO 

OD 

IF COUNTER = 163 THEN EXIT FI 
IF COUNTER < 134 

THEN 

ELSE 

FI 

IF LINE_BUFFER_PTR A <> 0 
THEN 

FI 

LINE_BUFFER_PTRA 
._ TAB_BIT 

ELSE 
LINE_BUFFER_PTR A 

.- 0 

LINE_BUFFER_PTR A := TAB_BIT 

LINE~UFFER_PTR := INC LINE_BUFFER_PTR 
COUNTER += 1 

CLEAR_LINE~UFFER 

END GET_TAB_LOCATIONS 

PROCEDURE 

ENTRY 
IF PAGE_WAlT_FLAG = TRUE 

FI 

THEN 
PAGE_WAlT_FLAG := FALSE 
FORMFEED 
PAGE_WAlT_FLAG := TRUE 

ELSE 
FORMFEED 

Revision 2.1 
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265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 

Appendix 

PLZDVR 

ENTRY 
REQUEST_CODE := VECTOR_PTRA.REQ AND INTERRUPT_REQUEST_MASK 
SOURCE_PTR := VECTOR-fTRA.DTA 
DATA_LENGTH := VECTOR-fTRA.DTL 

VECTOR_PTRA.CCOD := GOOD_RETURN 
VECTOR_PTRA.DTL := 0 

BYTES_TAKEN_FROM_SOURCE := 0 
EOF_FLAG := FALSE 
ABORT_FLAG := FALSE 

CASE INITIALISE 
THEN 

SETCH2 
BYTE_COUNT : = 0 
ABSOLUTE_TAB (1) 
EJECT_PAGE 
ATTRIBUTE~EQUENCE_FLAG := FALSE 
NEXT_ATTRIBUTE := BLACK 
REQUEST..J3LACK 
GET_TAB_LOCATIONS 
GETJLAGS 

RETURN 

CASE ASSIGN 
THEN 

RETURN 

CASE OPEN 
THEN 

GET_TAB-LOCATIONS 
RETURN 

CASE CLOSE,DEACTIVATE 
THEN 

ABSOLUTE_TAB (1) 
EJECT_PAGE 
RETURN 

CASE WRITE..J3INARY 
THEN 

DO 
IF DATA-LENGTH = BYTES_TAKENJROM-SOURCE 

THEN 
EXIT 
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318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 

OD 

FI 
GET_CODE 
IF EOF-fLAG = TRUE 

THEN 
EXIT 

FI 
IF ABORT-fLAG = TRUE 

FI 

THEN 
VECTOR-fTRA.CCOD 
EJECT-fAGE 
EXIT 

Revision 2.1 

VECTOR-fTRA.DTL := BYTES_TAKEN-fRO~SOURCE 
RETURN 

329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 

CASE WRITEJ.INE 

341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 

FI 

END PLZDVR 

THEN 
LINE_CONTAINS-fRINTABLE_CHAR 
DO 

:= FALSE 

ELSE 

OD 

IF DATAJ.ENGTH = BYTES_TAKEN-fROM_SOURCE 
THEN 

PRINT_LINE~UFFER 

EXIT 
FI 

GET_CODE 
IF CODE = ASCII_CR THEN EXIT FI 
IF ABORT_FLAG = TRUE 

THEN 

FI 

VECTOR-fTRA.CCOD := PROGRAMM&-ABORT 
EJECT_PAGE 
EXIT 

VECTOR-fTRA.DTL := BYTES_TAKEN-fRO~SOURCE 

RETURN 

367 END PRINTER_DRIVER_O 
END OF ZCODE GENERATION 

o ERROR(S) 0 WARNING(S) 
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PLZSYS 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

2.02 
PRINTER-DRIVER_1 MODULE 

Extended 3/3/79 to allow for subscripting and super scripting 

CONSTANT 

TRUE 
FALSE 

ASCII_SPACE 
ASCII_TAB 
ASCII_BS 
ASCII_ESC 
ASCII_FF 
ASCII_CR 
ASCICLF 
ASCII_CONTROL_R 
ASCICCONTROL_B 
ASCII_CONTROL_U 
ASCII_CONTROL_N 
ASCII_CONTROL_F 

BLACK 
RED 
BOLD 
NOT_BOLD 
UNDERLINE 
NOT_UNDERLINE 
SUPERSCRIPT 
NOT---SUPERSCRIPT 
SUBSCRIPT 
NOT_SUBSCRIPT 

TAB_MASK 
PARITY_MASK 

EXTERNAL 

PRINTER_WIDTH 
PRINT_LINE_BUFFER 
FORMFEED 
LINEFEED 
MAYBE_ABORT 

GLOBAL 

.- 1 

.- 0 

, , .-
.- %09 
. - %08 .- %1B 
.- %OC 
.- '%R' 
.- '%L' 
.- %12 COLOUR CHANGE 
'- %02 BOLD ! 

.- %15 UNDERLINE I 

.- %OE SUPERSCRIPT 

.- %06 SUBSCRIPT 

.- %01 
:= NOT BLACK 
.- %02 
._ NOT BOLD 
.- %04 
.- NOT UNDERLINE 
.- %08 
._ NOT SUPERSCRIPT 
.- %10 
._ NOT SUBSCRIPT 

.- %80 

.- %7F 

BYTE 
PROCEDURE 
PROCEDURE 
PROCEDURE 
PROCEDURE 

~BYTE 

! 

CODE BYTE 
BYTES_TAKEN FROM SOURCE WORD 

Appendix 6-25 PRINTER.DRIVER.1 



Spinwriter/Diablo driver Revision 2.1 

53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

Appendix 

CONSOLE_STATUS_BUFFER 
LINE_BUFFER 
ATTRIBUTE_BUFFER 
COLUMN_NO 
LINE_CONTAINS_PRINTABLE_CHAR 
CHARS_IN_LINE_BUFFER 
ATTRIBUTE. 

ARRAY [ 5 BYTE ] 
ARRAY [ 163 BYTE ] 
ARRAY [ 163 BYTE ] 
BYTE 

NEXT_ATTRIBUTE 
ATTRIBUTE_BUFFER_PTR 
LEFTMOST_PRINTABLE_COLUMN 
RIGHTMOST_PRINT ABLE_COLUMN 
LINE_BUFFER_PTR 
ATTRIBUTE_SEQUENCE_FLAG 
EOF_FLAG 
LINE_FINISHED_FLAG 

PROCEDURE 

ENTRY 

BYTE 
BYTE 
BYTE 
BYTE 
A BYTE 
BYTE 
BYTE 
A BYTE 
BYTE 
BYTE 
BYTE 

LINE_BUFFER PTR := #LINE BUFFER [0] 
COLUMN_NO : = 1 
LINE_CONTAINS_PRINTABLE_CHAR := FALSE 
LEFTMOST_PRINTABLE_COLUMN := 1 
RIGHTMOST_PRINTABLE_COLUMN := 1 

DO 
IF COLUMN~O > PRINTER_WIDTH 

THEN 
COLUMN_NO := 1 
LINE_BUFFER_PTR := #LINE_BUFFER [0] 
ATTRIBUTE_BUFFER_PTR := #ATTRIBUTE_BUFFER [0] 
RETURN 

OD 

ENTRY 

FI 

LINE_BUFFER_PTR A := ( LINE_BUFFER_PTR A AND TAB_MASK 
OR ASCICSPACE 

LINE_BUFFER_PTR := INC LINE_BUFFER_PTR 
COLUMN_NO += 1 

PROCEDURE 

LINE_BUFFER_PTR A := ( LINE_BUFFER_PTR A AND TAB_MASK 
OR CODE 

ATTRIBUTE BUFFER_PTR A := NEXT_ATTRIBUTE 

IF LINE_CONTAINS_PRINTABLE_CHAR = FALSE 
THEN 

LEFTMOST_PRINTABLE_COLUMN .- COLUMN_NO 
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106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

FI 

RIGHTMOST_PRINTABLE_COLUMN := COLUM~O 
COLUMNJO += 1 
LINE~UFFER-?TR := INC LINE_BUFFER_PTR 
ATTRIBUTE_BUFFE~PTR := INC ATTRIBUTE~UFFER_PTR 

END PUT_COD~INTO~INE~UFFER 

ENTRY 
DO 

OD 

PROCEDURE 

LINE~UFFER_PTR := INC LINE~UFFER_PTR 
ATTRIBUTE_BUFFER_PTRA := NEXT_ATTRIBUTE 
ATTRIBUTE~UFFER-?TR := INC ATTRIBUTE~UFFER_PTR 
COLUMNJO += 1 
IF ( LINE~UFFER_PTRA AND TAB_MASK ) <> 0 

THEN 
RETURN 

FI 

FETCUTTRIBUTE PROCEDURE 

ENTRY 
ATTRIBUTE_SEQUENCE-fLAG := FALSE 

IF CODE 

CASE ASCII_CONTROL~ 
THEN 

IF NEXT~TTRIBUTE AND BLACK <> 0 
THEN 

FI 

NEXT~TTRIBUTE := NEXT~TTRIBUTE AND RED 
ELSE 

NEXT_ATTRIBUTE := NEXT~TTRIBUTE OR BLACK 

CASE ASCII_CONTROL~ 
THEN 

IF NEXT~TTRIBUTE AND BOLD <> 0 
THEN 

FI 

NEXT_ATTRIBUTE := NEXT~TTRIBUTE AND NOT~OLD 
ELSE 

NEXT~TTRIBUTE := NEXT~TTRIBUTE OR BOLD 
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159 CASE ASCII_CONTROL U 
160 THEN 
161 IF NEXT_ATTRIBUTE AND UNDERLINE <> 0 
162 THEN 
163 NEXT_ATTRIBUTE := NEXT_ATTRIBUTE 
164 AND NOT_UNDERLINE 
165 ELSE 
166 NEXT_ATTRIBUTE := NEXT_ATTRIBUTE 
167 OR UNDERLINE 
168 FI 
169 
170 CASE ASCII_CONTROL N 
171 THEN 
172 IF NEXT_ATTRIBUTE AND SUBSCRIPT <>0 
173 THEN 
174 NEXT_ATTRIBUTE := NEXT_ATTRIBUTE 
175 AND NOT_SUBSCRIPT 
176 ELSE 
177 NEXT_ATTRIBUTE := NEXT_ATTRIBUTE 
178 OR SUPERSCRIPT 
179 FI 
180 
181 CASE ASCICCONTROL_F 
182 THEN 
183 IF NEXT_ATTRIBUTE AND SUPERSCRIPT <> 0 
184 THEN 
185 NEXT_ATTRIBUTE := NEXT_ATTRIBUTE 
186 AND NOT_SUPERSCRIPT 
187 ELSE 
188 NEXT_ATTRIBUTE := NEXT_ATTRIBUTE 
189 OR SUBSCRIPT 
190 FI 
191 
192 FI 
193 
194 END FETCH_ATTRIBUTE 
195 
196 
197 GET_CODE PROCEDURE 
198 
199 ENTRY 
200 CODE . _ SOURCE_PTR A 

201 
202 IF CODE = %FF 
203 THEN 
204 EOF _FLAG . - TRUE 
205 
206 
207 
208 
209 
210 
211 

Appendix 

RETURN 
FI 

CODE := CODE AND PARITY MASK 
SOURCE_PTR := INC SOURCE_PTR 
BYTES_TAKEN_FROM_SOURCE += 
IF ATTRIBUTE_SEQUENCE_FLAG = TRUE 
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212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

FI 

THEN 
FETCH_ATTRIBUTE 
RETURN 

IF CODE > ASCII_SPACE 

FI 

THEN 
PUT_CODE_INTO_LINE_BUFFER 
RETURN 

IF CODE 

FI 

CASE ASCII_SPACE 
THEN 

LINE~UFFER_PTR := INC LINE~UFFER~TR 
ATTRIBUTE_BUFFER_PTR~ := NEXT~TTRIBUTE 
ATTRIBUTE_BUFFER_PTR := INC ATTRIBUTE_BUFFER_PTR 
COLUMN_NO += 1 

CASE ASCII_CR 
THEN 

PRINT_LINE_BUFFER 
LINEFEED 
MAYBE~BORT 

CASE ASCIIJ'F 
THEN 

PRINT~INE_BUFFER 

FORMFEED 
MAYBE_ABORT 

CASE ASCII_LF 
THEN 

PRINT_LINE~UFFER 

LINEFEED 
MAYBE_ABORT 

CASE ASCII_TAB 
THEN 

GOT_TAB 

CASE ASCIIJ;SC 
THEN 

ATTRIBUTE_SEQUENCE_FLAG := TRUE 

261 END PRINTER-PRIVER_1 
END OF ZCODE GENERATION 

o ERROR(S) 0 WARNING(S) 
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PLZSYS 2.02 
1 PRINTER_DRIVER_2 MODULE 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Appendix 

CONSTANT 

ASCICSPACE 

PARITY_MASK 
FORWARD 
BACKWARD 

TRUE 
FALSE 

EXTERNAL 

LEFTMOST-YRINTABLE_COLUMN 
RIGHTMOST-YRINTABLE_COLUMN 
PRESENT_COLUMN 
DIRECTION 
CHARS_IN_LINE_BUFFER 
LINE_BUFFER_PTR 
ATTRIBUTE~UFFER_PTR 

ATTRIBUTE 
REQUEST_CODE 
LINE_CONTAINS_PRINTABLE_CHAR 

LINE_BUFFER 
ATTRIBUTE~~FFER 

ABSOLUTE_TAB 
SEND 
PRINT 

REQUESTJORWARD 
REQUEST_BACKWARD 
WAIT_FORJCK 
CLEAR_LINE_BUFFER 

INTERNAL 

CHAR 
COLUMN_NO 
NEXT_COLUMN_NO 
SPACE_COUNT 
SPACE_SKIP_FLAG 

6-30 

:= ' , 

:= %7F 
:= 1 
:= 0 

:= 1 
:= 0 

:= %10 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
ABYTE 
ABYTE 
BYTE 
BYTE 
BYTE 

Revision 2.1 

ARRAY 163 BYTE ] 
ARRAY 163 BYTE ] 

PROCEDURE 
PROCEDURE 
PROCEDURE 

PROCEDURE 
PROCEDURE 
PROCEDURE 
PROCEDURE 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

BYTE) 
BYTE ) 
BYTE BYTE 
! CHAR, ATTRIBUTE 

PRINTER.DRIVER.2 
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53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

PROCEDURE 

ENTRY 

IF LEFTMOST-YRINTABL~COLUMN > PRESENT_COLUMN 
THEN 

FI 

ABSOLUTE_TAB ( LEFTMOST-YRINTABL~COLUMN 
REQUEST_FORWARD 
RETURN 

IF PRESENT_COLUMN > RIGHTMOST-YRINTABLE_COLUMN 
THEN 

FI 

ABSOLUTE_TAB ( RIGHTMOST-YRINTABLE_COLUMN 
REQUEST~ACKWARD 

RETURN 

IF (RIGHTMOST-YRINTABL~COLUMN - PRESENT_COLUMN 
> ( PRESENT_COLUMN - LEFTMOST_PRINTABL~COLUMN 

THEN 
ABSOLUTE_TAB ( LEFTMOST_PRINT ABLE_COLUMN 
REQUEST_FORWARD 
RETURN 

FI 

ABSOLUTE_TAB ( RIGHTMOST_PRINT ABLE_COLUMN 
REQUEST~ACKWARD 

GLOBAL 

PRINT~INE~UFFER PROCEDURE 

ENTRY 

IF LINE_CONTAINS-YRINTABLE_CHAR = FALSE 
THEN 

CLEAR~INE_BUFFER RETURN 
ELSE 

CHARS-lN~INE~UFFER .- RIGHTMOST_PRINTABL~COLUMN 

- LEFTMOST-YRINTABL~COLUMN + 1 
FI 

SET_UP-PIRECTION 
LINE_BUFFER_PTR := HLINE~UFFER [ PRESENT_COLUMN-1 ] 
ATTRIBUTE_BUFFER_PTR := HATTRIBUTE_BUFFER [ PRESENT_COLUMN-1 
NEXT_COLUMN_NO := PRESENT_COLUMN 
SPACE_SKIP_FLAG := FALSE 

6-31 PRINTER.DRIVER.2 



Spinwriter/Diablo driver Revision 2.1 

106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

Appendix 

SPACE_COUNT := 0 
DO 

IF CHARS-lN~INE~UFFER = 0 
THEN 

FI 

CLEAR~INE~UFFER 

RETURN 

COLU~O := NEXT_COLUMN_NO 
CHAR := LINE_BUFFER_PTRA AND PARITY_MASK 
ATTRIBUTE := ATTRIBUTE~UFFE~TRA 
IF DIRECTION = BACKWARD 

THEN 

ELSE 

FI 

LINE_BUFFER-fTR := DEC LINE_BUFFER_PTR 
ATTRIBUTE_BUFFE~TR := DEC ATTRIBUTE~UFFER-PTR 
NEXT_COLUMN~O -= 1 

LINE~UFFER-fTR := INC LINE~UFFER_PTR / 
ATTRIBUTE_BUFFER_PTR := INC ATTRIBUTE_BUFFER_PTR 
NEXT_COLUMN~O += 1 

CHARS-lN~INE~UFFER -= 
IF CHAR = ASCII_SPACE 

THEN 

FI 

IF SPACE_SKIP_FLAG = FALSE 
THEN 

FI 

SPACE_SKIP-1LAG := TRUE 
SPACE_COUNT := 1 
REPEAT 

SPACE_COUNT += 
REPEAT 

IF SPACE~KIP-1LAG = TRUE 
THEN 

SPACE_SKIP-1LAG := FALSE 
IF SPACE_COUNT >= 3 

THEN 
ABSOLUTE_TAB ( COLUMN_NO 

ELSE 
DO 

OD 
FI 

6-32 

IF SPACE_COUNT = 0 THEN EXIT FI 
PRINT ( ASCII_SPACE ATTRIBUTE ) 
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159 FI 
160 
161 PRINT ( CHAR ATTRIBUTE ) 
162 
163 OD 
164 
165 END PRINT_LINE_BUFFER 
166 
167 
168 
169 END PRINTER_DRIVER_2 

END OF ZCODE GENERATION 
o ERROR(S) 0 WARNING(S) 
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PLZSYS 2.02 
1 SPINWRITER MODULE 
2 
3 
4 
5 
6 

Extended 3/3/79 to allow for subscripting and super scripting 
Also for page-waits and controllable auto-form feed ! 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Appendix 

CONSTANT 

PRINTER_BUFFER_SIZE 
PITCH 
SS 

ASCII_ETX 
ASCII_ACK 
ASCII_ESC 
ASCICFF 
ASCICBS 
ASCICUL 
ASCII_SPACE 

PARITY_MASK 

FORWARD 
BACKWARD 

BLACK 
BOLD 
UNDERLINE 
SUPERSCRIPT 
NOT_SUPERSCRIPT 
SUBSCRIPT 
NOT_SUBSCRIPT 

TRUE 
FALSE 

INTERNAL 

LINE_COUNT 
COLOUR 
HMI 
SUBSCRIPT_FLAG 
SUPERSCRIPT_FLAG 

LAST_SCRIPT_STATE 

EXTERNAL 

OUTCH2 

6-34 

:= 256 
· _ 12 
· - 120/PITCH 

.- %03 

.- %06 

.- %1B 

.- %OC 

.- %08 
f f .-
f f .-

.- %7F 

.- 1 

.- 0 

._ %01 

.- %02 

.- %04 

._ %08 
:= NOT SUPERSCRIPT 
:= %10 
:= NOT SUBSCRIPT 

• - 1 
.- 0 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

BYTE 

PROCEDURE ( BYTE ) 

SPINWRITER 
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53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

INCH2 PROCEDURE RETURNS ( BYTE ) 

100 
101 
102 
103 
104 
105 

PROCEDURE 

PAGE_WAIT]LAG 
AUTO_FF]LAG 

GLOBAL 

PRINTER_WIDTH 
DIRECTION 
PRESENT_COLUMN 
AUTO_FF_LINE_COUNT 
BYTE_COUNT 

SEND_ETX PROCEDURE 
ENTRY 

OUTCH2 ( ASCII_ETX 
BYTE_COUNT := 0 

END SEND_ETX 

WAIT_FOR_ACK PROCEDURE 
ENTRY 

DO 

BYTE 

BYTE 
BYTE 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

.- 163 

.- 63 

IF ( INCH2 AND PARITY MASK = ASCII_ACK 
THEN 

RETURN 
FI 

OD 
END WAIT_FOR_ACK 

SEND PROCEDURE ( CODE BYTE 
ENTRY 

IF BYTE_COUNT > PRINTER~UFFER_SIZE - 10 
THEN 

SEND_ETX 
WAIT_FOR_ACK 

FI 
BYTE_COUNT += 1 
OUTCH2 ( CODE ) 

END SEND 

REQUEST~ALF~INEFEED_PITCH 

ENTRY 
SEND ( ASCII~SC ) 

PROCEDURE 
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106 SEND ( ']' ) 
107 SEND ( 'R' ) 
108 END REQUEST_HALF_LINEFEED_PITCH 
109 
110 
111 REQUEST_STANDARD~INEFEED_PITCH PROCEDURE 
112 ENTRY 
113 SEND ( ASCII_ESC ) 
114 SEND ( ']' ) 
115 SEND ( 'W' ) 
116 END REQUEST_STANDARD_LINEFEED_PITCH 
117 
118 
119 REQUEST_POS~ALF~INE PROCEDURE 
120 ENTRY 
121 REQUEST~ALF~INEFEED_PITCH 
122 SEND ( , %L ' ) 
123 REQUEST~TANDARD~INEFEED_PITCH 
124 END REQUEST_POS_HALF~INE 
125 
126 
127 REQUEST_NEG_HALF~INE PROCEDURE 
128 ENTRY 
129 REQUEST_HALF_LINEFEED_PITCH 
130 SEND ( ASCII_ESC ) 
131 SEND ( '9' ) 
132 REQUEST_STANDARD~INEFEED_PITCH 

133 END REQUEST~EG_HALF~INE 
134 
135 
136 FORMFEED PROCEDURE 
137 ENTRY 
138 SEND ( ASClI-fF ) 
139 LINE_COUNT := 0 
140 LAST_SCRIPT~TATE := 0 
141 SUPERSCRIPT_FLAG : = FALSE 
142 SUBSCRIPT_FLAG := FALSE 
143 
144 IF PAGE_WAlT_FLAG = TRUE 
145 THEN 
146 PAGE_WAIT 
147 FI 
148 
149 END FORMFEED 
150 
151 
152 LINEFEED PROCEDURE 
153 ENTRY 
154 IF AUTO-fF_FLAG = TRUE 
155 THEN 
156 IF LINE_COUNT >= AUTO-fF_LINE_COUNT 
157 THEN 
158 FORMFEED 
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RETURN 
FI 

FI 

SEND ( '%L' ) 
LINE_COUNT += 

END LINEFEED 

REQUEST_FORWARD PROCEDURE 
ENTRY 

IF DIRECTION = FORWARD THEN RETURN FI 
SEND ( ASCII_ESC ) . 
SEND ( ,>, ) 
DIRECTION := FORWARD 

END REQUEST_FORWARD 

REQUEST_BACKWARD PROCEDURE 
ENTRY 

IF DIRECTION = BACKWARD THEN RETURN FI 
SEND ( ASCII_ESC ) 
SEND ( ,<, ) 
DIRECTION := BACKWARD 

END REQUEST~ACKWARD 

REQUEST~LACK 
ENTRY 

SEND ( ASCII_ESC 
SEND ( '4' ) 
COLOUR : = BLACK 

END REQUEST_BLACK 

REQUEST_RED 
ENTRY 

SEND ( ASCII_ESC 
SEND ( '3' ) 
COLOUR := 0 

END REQUEST_RED 

PROCEDURE 

PROCEDURE 

DEFINE_HMI PROCEDURE ( SPACING BYTE ) 
ENTRY 

SEND ( ASCII~SC ) 
SEND ( 'l' ) 
SEND ( SPACING + %40 

END DEFINE_HMI 

Revision 2.1 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 

SEND_BOLD_CHAR 
ENTRY 

PROCEDURE ( CHAR BYTE ATTRIBUTE BYTE ) 
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212 
213 
214 
215 
216 
211 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 

Appendix 

DEFINE HMI ( 0 ) 
SEND ( CHAR) 
IF ( ATTRIBUTE AND UNDERLINE ) <> 0 

THEN 
SEND ( ASCICUL 

FI 
DEFINE_HMI ( 1 
SEND ( CHAR ) 
DEFINE_HMI ( SS-1 
SEND ( CHAR ) 
DEFINE_HMI ( SS ) 

ABSOLUTE_TAB 
ENTRY 

PROCEDURE ( COLUMN BYTE 

IF COLUMN> 162 THEN COLUMN := 162 FI 
SEND ( ASCII_ESC ) 

PRESENT_COLUMN := COLUMN 

IF COLUMN < 33 
THEN 

FI 

SEND ( 'P' ) 
SEND ( %3F + COLUMN 
RETURN 

IF COLUMN < 65 
THEN 

FI 

SEND ( 'Q' ) 
SEND ( %1F + COLUMN 
RETURN 

IF COLUMN < 97 
THEN 

FI 

SEND ( 'R' ) 
SEND ( COLUMN - 1 ) 
RETURN 

IF COLUMN < 129 
THEN 

FI 

SEND ( 'S' ) 
SEND ( COLUMN - %21 
RETURN 

IF COLUMN < 161 
THEN 

6-38 
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265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 

END 

SEND ( 
SEND ( 
RETURN 

FI 

SEND 'U' ) 
SEND COLUMN 

ABSOLUTE_TAB 

Revision 2.1 

'T' ) 
COLUMN - %41 ) 

- %61 ) 

276 PRINT PROCEDURE ( CHAR BYTE ATTRIBUTE BYTE ) 
277 ENTRY 
278 
279 DO 
280 IF ATTRIBUTE AND (SUBSCRIPT OR SUPERSCRIPT) 
281 = LAST_SCRIPT_STATE 
282 THEN 
283 EXIT 
284 FI 
285 
286 IF ATTRIBUTE AND SUPERSCRIPT <> 0 
287 THEN 
288 IF SUBSCRIPT_FLAG = TRUE 
289 THEN 
290 REQUEST_NEG_HALF_LINE 
291 SUBSCRIPT_FLAG := FALSE 
292 FI 
293 REQUEST_NEG_HALF_LINE 
294 SUPERSCRIPT_FLAG : = TRUE 
295 EXIT 
296 FI 
297 
298 IF ATTRIBUTE AND SUBSCRIPT <> 0 
299 THEN 
300 IF SUPERSCRIPT_FLAG = TRUE 
301 THEN 
302 REQUEST_POS_HALF_LINE 
303 SUPERSCRIPT_FLAG .- FALSE 
304 FI 
305 REQUEST_POS_HALF _LINE 
306 SUBSCRIPT_FLAG : = TRUE 
307 EXIT 
308 FI 
309 
310 IF SUPERSCRIPT_FLAG = TRUE 
311 THEN 
312 REQUEST_POS_HALF_LINE 
313 SUPERSCRIPT_FLAG : = FALSE 
314 EXIT 
315 FI 
316 
317 REQUEST_NEG_HALF_LINE 

Append,ix 
/ 
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318 SUBSCRIPT_FLAG := FALSE 
319 EXIT 
320 
321 OD 
322 
323 LAST_SCRIPT_STATE := ATTRIBUTE 
324 AND ( SUPERSCRIPT OR SUBSCRIPT 
325 
326 IF ( ATTRIBUTE AND BLACK ) <> COLOUR 
327 THEN 
328 IF ( ATTRIBUTE AND BLACK ) = BLACK 
329 THEN 
330 REQUEST_BLACK 
331 ELSE 
332 REQUEST_RED 
333 FI 
334 FI 
335 
336 IF CHAR > ASCII_SPACE 
337 THEN 
338 IF ATTRIBUTE AND BOLD <> 0 
339 THEN 
340 SEND~OLD_CHAR ( CHAR ATTRIBUTE 
341 ELSE 
342 IF ( ATTRIBUTE AND UNDERLINE ) <> 0 
343 THEN 
344 DEFINE~MI ( 0 ) 
345 SEND ( CHAR ) 
346 DEFINE_HMI ( SS 
347 SEND ( ASCII_UL 
348 ELSE 
349 SEND ( CHAR ) 
350 FI 
351 
352 FI 
353 ELSE 
354 SEND ( CHAR) I SPACES WILL NOT BE UNDERLINED I 
355 FI 
356 
357 IF DIRECTION = BACKWARD 
358 THEN 
359 PRESE~T_COLUMN -= 1 
360 ELSE 
361 PRESENT_COLUMN += 
362 FI 
363 
364 IF PRESENT_COLUMN = 0 THEN PRESENT_COLUMN += 1 FI 
365 
366 
367 END PRINT 
368 
369 
370 
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371 END SPINWRITER 
END OF ZCODE GENERATION 

o ERROR(S) 0 WARNING(S) 
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PLZSYS 2.02 
1 DIABLO MODULE 
2 
3 
4 
5 
6 
7 
8 

Extended 3/3/79 to allow for subscripting and super scripting I 
Also for operator controlled page_waits, and auto formfeeds. I 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Appendix 

CONSTANT 

PRINTER~UFFER-SIZE 

PITCH 
SS 

ASCIIJ;TX 
ASCIIJ,CK 
ASCIIJ;SC 
ASCIIJ'F 
ASCII~S 
ASCII_UL 
ASCII-SPACE 
ASCII_US 
ASCII_TAB 

PARITY_MASK 

FORWARD 
BACKWARD 

BLACK 
BOLD 
UNDERLINE 

SUPERSCRIPT 
NOT_SUPERSCRIPT 
SUBSCRIPT 
NOT_SUBSCRIPT 

TRUE 
FALSE 

INTERNAL 

LINE_COUNT 
COLOUR 
HMI 

SUPERSCRIPTJ'LAG 
SUBSCRIPT_FLAG 

LAST-SCRIPT-STATE 

EXTERNAL 

6-42 

.- 158 

.- 12 

.- 120/PITCH 

· - %03 
.- %06 
.- %1B 
.- %OC 
.- %08 , , .- , , .-
.- %1F 
.- %09 

.- %7F 

.- 1 

.- 0 

.- %01 

.- %02 

.- %04 

· - %08 
:= NOT SUPERSCRIPT 
:= %10 
:= NOT SUBSCRIPT 

· - 1 
:= 0 

BYTE 
BYTE 
BYTE 

BYTE 
BYTE 

BYTE 

DIABLO 
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53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

OUTCH2 
INCH2 

PAGE_WAlT_FLAG 
AUTO]F]LAG 

GLOBAL 

PRINTER_WIDTH 
DIRECTION 
PRESENT_COLUMN 
AUTO_FF_LINE_COUNT 
BYTE_COUNT 

SEND_ETX PROCEDURE 
ENTRY 

OUTCH2 ( ASCII_ETX 
BYTE_COUNT : = 0 

END SEND_ETX 

WAIT_FOR_ACK PROCEDURE 
ENTRY 

DO 

PROCEDURE ( BYTE ) 
PROCEDURE RETURNS ( BYTE ) 

PROCEDURE 

BYTE 
BYTE 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

.- 158 

.- 63 

IF ( INCH2 AND PARITY_MASK = ASCII_ACK 
THEN 

RETURN 
FI 

OD 
END WAIT_FOR_ACK 

SYNCH PROCEDURE 
ENTRY 

IF BYTE_COUNT < PRINTER_BUFFER_SIZE - 10 THEN RETURN FI 
SEND_ETX 
WAIT_FORj,CK 

END SYNCH 

SEND PROCEDURE ( CODE BYTE 
ENTRY 

IF BYTE_COUNT > PRINTER_BUFFER_SIZE - 10 
THEN 

SEND_ETX 
WAIT_FOR_ACK 

FI 
BYTE_COUNT += 1 
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106 OUTCH2 CODE) 
107 END SEND 
108 
109 
110 FORMFEED PROCEDURE 
111 ENTRY 
112 SEND ( ASCII_FF ) 
113 LINE_COUNT : = 0 
114 LAST_SCRIPT_STATE := 0 
115 SUPERSCRIPT_FLAG : = FALSE 
116 SUBSCRIPT_FLAG := FALSE 
117 
118 IF PAGE_WAIT_FLAG = TRUE THEN PAGE_WAIT FI 
119 
120 END FORMFEED 
121 
122 
123 REQUEST-fORWARD PROCEDURE 
124 ENTRY 
125 IF DIRECTION = FORWARD THEN RETURN FI 
126 SYNCH 
127 OUTCH2 ( ASCII_ESC ) 
128 OUTCH2 ( '5' ) 
129 BYTE_COUNT += 2 
130 DIRECTION := FORWARD 
131 END REQUEST-fORWARD 
132 
133 
134 REQUEST_BACKWARD PROCEDURE 
135 ENTRY 
136 IF DIRECTION = BACKWARD THEN RETURN FI 
137 SYNCH 
138 OUTCH2 ( ASCII_ESC ) 
139 OUTCH2 ( '6' ) 
140 BYTE_COUNT += 2 
141 DIRECTION := BACKWARD 
142 END REQUEST~ACKWARD 
143 
144 
145 REQUEST_BLACK PROCEDURE 
146 ENTRY 
147 SYNCH 
148 OUTCH2 ( ASCII_ESC 
149 OUTCH2 ( 'B' ) 
150 BYTE_COUNT += 2 
151 COLOUR := BLACK 
152 END REQUEST~LACK 
153 
154 
155 REQUEST_RED PROCEDURE 
156 ENTRY 
157 SYNCH 
158 OUTCH2 ASCII_ESC 
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OUTCH2 ( 'A' ) 
BYTE_COUNT += 2 
COLOUR := 0 

END REQUEST_RED 

LINEFEED 
ENTRY 

PROCEDURE 

IF AUTO_FF_FLAG = TRUE 
THEN 

FI 

IF LINE_COUNT >= AUTO_FF_LINE_COUNT 
THEN 

FORMFEED 
RETURN 

FI 

SEND '%L' 
LINE_COUNT += 

END LINEFEED 

REQUEST_POS_HALF_LINE PROCEDURE 
ENTRY 

SYNCH 
OUTCH2 ( ASCII_ESC 
OUTCH2 ( 'U' ) 
BYTE_COUNT += 2 

END REQUEST_POS_HALF_LINE 

REQUEST_NEG_HALF_LINE PROCEDURE 
ENTRY 

SYNCH 
OUTCH2 ( ASCII_ESC 
OUTCH2 ( 'D' ) 
BYTE_COUNT += 2 

END REQUEST_NEG_HALF_LINE 

DEFINE_HMI PROCEDURE ( SPACING BYTE ) 
ENTRY 

SYNCH 
OUTCH2 ASCII_ESC) 
OUTCH2 ASCII_US) 
OUTCH2 SPACING + 1 
BYTE_COUNT += 3 

END DEFINE_HMI 

Revision 2.1 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 

SEND_BOLD_CHAR PROCEDURE ( CHAR BYTE ATTRIBUTE BYTE ) 
ENTRY 

DEFINE_HMI ( 0 
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212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 

Appendix 

SEND ( CHAR ) 
IF ( ATTRIBUTE AND UNDERLINE ) <> 0 

THEN 
SEND ( ASCICUL 

FI 
DEFINEJlMI ( 1 
SEND ( CHAR ) 
DEFINE_HMI ( SS-1 
SEND ( CHAR ) 
DEFINE_HMI ( SS ) 

LOCAL RESIDUE BYTE 
DIR BYTE 

ENTRY 

PROCEDURE ( COLUMN BYTE ) 

IF COLUMN> 156 THEN COLUMN .• 156 FI 
SYNCH 
OUTCH2 ( ASCII~SC ) 
OUTCH2 ( ASCII_TAB ) 
BYTE_COUNT += 2 

PRESENT_COLUMN := COLUMN 

IF COLUMN <= 126 
THEN 

FI 

OUTCH2 ( COLUMN 
BYTE_COUNT += 
RETURN 

RESIDUE := COLUMN - 126 
OUTCH2 ( 126 ) 
BYTE_COUNT += 1 
DIR := DIRECTION 
REQUESTJORWARD 

DO 
IF RESIDUE = 0 

THEN 

FI 

IF OIR = BACKWARD 

FI 

THEN 
REQUEST_BACKWARD 

RETURN 

SEND ASCII_SPACE 
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RESIDUE -= 
OD 

END ABSOLUTE_TAB 

265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 

PRINT 
ENTRY 

PROCEDURE ( CHAR BYTE ATTRIBUTE BYTE ) 

DO 

00 

Appendix 

IF ATTRIBUTE AND (SUBSCRIPT OR SUPERSCRIPT) 
= LAST_SCRIPT_STATE 

THEN 
EXIT 

FI 

IF ATTRIBUTE AND SUPERSCRIPT <> 0 
THEN 

FI 

IF SUBSCRIPT_FLAG = TRUE 
THEN 

FI 

REQUEST-NEG_HALF~INE 

SUBSCRIPT_FLAG := FALSE 

REQUEST_NEG_HALF_LINE 
SUPERSCRIPT_FLAG := TRUE 
EXIT 

IF ATTRIBUTE AND SUBSCRIPT <> 0 
THEN 

FI 

IF SUPERSCRIPT_FLAG = TRUE 
THEN 

REQUEST-?OS_HALF_LINE 
SUPERSCRIPT_FLAG := FALSE 

FI 
REQUEST_POS_HALF_LINE 
SUBSCRIPT_FLAG := TRUE 
EXIT 

IF SUPERSCRIPT-fLAG = TRUE 
THEN 

FI 

REQUEST_POS_HALF_LINE 
SUPERSCRIPT-fLAG := FALSE 
EXIT 

REQUEST_NEG_HALF~INE 

SUBSCRIPT_FLAG := FALSE 
EXIT 

6-47 
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318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 

LAST_SCRIPT-STATE 
:= ATTRIBUTE AND ( SUPERSCRIPT OR SUBSCRIPT 

IF ( ATTRIBUTE AND BLACK ) <> COLOUR 

FI 

THEN 
IF 

FI 

( ATTRIBUTE AND BLACK 
THEN 

REQUEST_BLACK 
ELSE 

REQUESTJ!ED 

) = BLACK 

IF CHAR > ASCII_SPACE 
THEN 

IF 

FI 
ELSE 

ATTRIBUTE AND BOLD <> 0 
THEN 

SEND_BOLD_CHAR ( CHAR ATTRIBUTE 
ELSE 

IF ( ATTRIBUTE AND UNDERLINE 
THEN 

ELSE 

FI 

DEFINE~I ( 0 ) 
SEND ( CHAR ) 
DEFINEJlMI ( SS 
SEND ( ASCICUL 

SEND ( CHAR ) 

) <> 0 

346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 

SEND ( CHAR) I SPACES WILL NOT BE UNDERLINED I 

365 

FI 

IF DIRECTION = BACKWARD 
THEN 

FI 

PRESENT_COLUMN -= 
ELSE 

PRESENT_COLUMN += 

IF PRESENT_COLUMN = 0 THEN PRESENT_COLUMN += 1 FI 

END PRINT 

366 END DIABLO 
END OF ZCODE GENERATION 

o ERROR(S) 0 WARNING(S) 
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Call to SYSTEM CALL. SYSTEM PAGE 1 
ASM 5.8 LOC OBJ CODE M STMT SOURCE STATEMENT 

1 
2 
3 

133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 

0000 153 
154 

0008 155 
OOOE E5 156 
OOOF FDE1 157 

158 
0011 DDE5 159 
0013 CD0314 160 
0016 DDE1 161 

162 
0018 FD7EOA 163 
001B 164 

165 
001E 166 

167 
168 
169 

Appendix 

*H Call to SYSTEM 

*I PLZ.INTERFACE.MACROS 
*LIST ON 
*MACLIST OFF 

Date_code:- October 22nd. 1978. 

This interface module allows a PLZ programme to make 
calls to RIO. 

Declare CALRIO PROCEDURE ( VECTOR_PTR A byte ) 
RETURNS ( COMPLETION_CODE byte 

There must be a standard RIO request vector stored 
starting at the location beginning VECTOR_PTRA 

global CALRIO calrio 

SYSTEM EQU 1403H 

CALRIO 
calrio 

ENT 0 

LDHL 4 
push hI 
pop iy 

push ix 
call SYSTEM 
pop ix 

ld a,(iy+10) 
STA 6 

RTN 0 2 

END 

6-49 

no locals 

put RIO vector address into hI 

and then where it should be 

save it 
go and do the necessary 
restore it 

j get the completion code 
and place it as return parameter 

return to caller. 0 locals,2 liP param bytes 

CALL.SYSTEM 
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RIO. 10. INTERFACE RIO. 10. INTERFACE PAGE 1 
ASM 5.8 LOC OBJ CODE M STMT SOURCE STATEMENT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0000 FDE5 21 
22 

0002 FD223000 R 23 
24 

0006 CDOOOO X 25 
26 

0009 FD2A3000 R 27 
28 

OOOD FDCB0146 29 
0011 FD7EOA 30 
0014 200E 31 
0016 FE80 32 
0018 C8 33 

34 
0019 FD6609 35 
001C FD6E08 36 

37 
001F 7C 38 
0020 B5 39 
0021 C8 40 
0022 C1 41 
0023 E9 42 
0024 FE80 43 
0026 20F1 44 
0028 FD6607 45 
002B FD6E06 46 
002E 18EF 47 

48 
49 
50 

Appendix 

*H RIO.IO.INTERFACE 

Date_code:- October 31st. 1978 

This interface module receives 1/0 calls from RIO, and 
passes the IY register value to the called programme 
as a single parameter. 

The intention of the module is to act as an interface 
to enable 1/0 drivers to be written largely in PLZ. 

EXTERNAL PLZDVR 

GLOBAL ENTRY entry 

ENTRY 
entry 

push iy 

call PLZDVR 

bit O,(iy+1) 
Id a,(iy+10) 
jr nz,intreq 
cp 80h 
ret z 

getera 
Id h, (iy+9) 
Id 1, (iy+8) 

jmpret 
Id a,h 
or 1 
ret z 
pop bc 
jp (hl) 

intreq cp 80h 
jr nz,getera 
Id h, (iy+7) 
Id 1, (iy+6) 
jr jmpret 

6-50 

the actual parameter 

save iy 

pass control to the driver proper 

restore iy 

was it int.req ? 
get c_code 

was it good? 
if so, go back quietly 

rtn add field was zero 
balance stack 

check cra field 

RIO. 10. INTERFACE 
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0030 

Appendix 

51 
52 
53 

Revision 2.1 

defs 2 

end 
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SIB CH2 input/output SIB PAGE 1 
ASM 5.8 LOC OBJ CODE M STMT SOURCE STATEMENT 

Appendix 

1 *H SIB CH2 input'/output 
2 *p 50 
3 
4 *1 PLZ.INTERFACE.MACROS 

134 *LIST ON 
135 *MACLIST OFF 
136 
137 Date_code:- October 23rd. 1978. 
138 
139 This module contains the routines which enable a PLZ 
140 programme to be involved with I/O through channel 2 
141 of an SIB installed in the system. 
142 
143 The calling programme should contain the following 
144 declarations:-
145 
146 EXTERNAL 
147 
148 OUTCH2 PROCEDURE BYTE) 
149 ! send, with wait ready ! 
150 
151 INCH2 PROCEDURE RETURNS ( BYTE ) 
152 ! input, with wait ready! 
153 
154 INCH2E PROCEDURE RETURNS ( BYTE ) 
155 ! input, wait ready, echo 
156 
157 STACH2 PROCEDURE RETURNS ( BYTE ) 
158 ! read status of USART2 I 
159 
160 SNDCH2 PROCEDURE ( BYTE ) 
161 ! send, without wait ready 
162 
163 RDCH2 PROCEDURE RETURNS ( BYTE ) 
164 ! read, without wait ready 
165 
166 SETCH2 PROCEDURE 
167 ! set up USART2 + CTC baud rate 
168 
169 
170 global OUTCH2 INCH2 INCH2E 
171 global STACH2 SNDCH2 RDCH2 SETCH2 
172 global outch2 inch2 inch2e 
173 global stach2 sndch2 rdch2 setch2 
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SIB CH2 input/output SIB 
LOC OBJ CODE M STMT SOURCE STATEMENT 

0000 

0008 
OOOB 

OOOE 

0011 

0019 
001C 

001F 

0024 

002C 
002F 

0032 

0035 

003D 
0040 
0043 

0046 

0049 

0051 
0053 

CD9400 
CD7BOO 

CDA600 

CD9DOO 

CD9DOO 
CDA600 

DB91 

Appendix 

174 
175 
176 
177 
178 
179 

R 180 
R 181 

182 
183 
184 
185 
186 
187 
188 
189 
190 

R 191 
192 
193 
194 
195 
196 
197 
198 
199 

R 200 
201 
202 
203 
204 
205 
206 
207 
208 
209 

R 210 
R 211 

212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 

*E 

SETCH2 
setch2 

ENT 0 

call BAUDR 
call SUART2 

RTN 0 0 

OUTCH2 
outch2 

ENT 0 

LDA 4 
call OUSIB2 

RTN 0 2 

INCH2 
inch2 

ENT 0 

call INSIB2 
STA 4 

RTN 0 0 

INCH2E 
inch2e 

ENT 0 

call INSIB2 
call OUSIB2 
STA 4 

RTN 0 0 

STACH2 
stach2 

ENT 0 

in a,(USART2+1) 
STA 4 
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PAGE 2 
ASH 5.8 

set up the baud rate 
set up USART-2 

no locals, no IN parameters 

get the code for issuing 
send it with wait ready 

no locals, 2 bytes IN 

get the code, with wait ready 
place it as return parameter 

no locals, no IN parameters 

get the code, with wait ready 
echo it, with wait ready 
place code as return parameter 

no locals, no IN parameters 

get the status reg contents 
place it as return parameter 

SIB 
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SIB CH2 input/output SIB 
LOC OBJ CODE M STMT SOURCE STATEMENT 

0056 224 RTN 0 0 
225 
226 
227 SNDCH2 
228 sndch2 

0059 229 ENT 0 
230 

0061 231 LDA 4 
0064 D390 232 out (USART2) ,a 

233 
0066 234 RTN o 2 

235 
236 
237 RDCH2 
238 rdch2 

006B 239 ENT 0 
240 

0073 DB90 241 in a,(USART2) 
0075 242 STA 4 

243 
0078 244 RTN 0 0 

245 
246 *1 SIB. CONTROL 

Appendix 6-54 

Revision 2.1 

PAGE 3 
ASM 5.8 

no locals, no IN parameters 

get the code to be sent 
send it immediately 

no locals, 2 bytes IN parameters 

get data reg contents 
place it as return parameter 

no locals, no IN parameters 

SIB 
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SIB CONTROL SIB PAGE 4 
ASM 5.8 LOC OBJ CODE M STMT SOURCE STATEMENT 

247 *H SIB CONTROL 
248 
249 
250 
251 .*************************************************** , 
252 ; RESET AND SET UP USART2 
253 .*************************************************** , 
254 

007B OE91 255 SUART2 LD C,USART2+1 USART2 - CONTROL REGISTER 
007D AF 256 XOR A 
007E ED79 257 OUT (C) ,A THREE INTERNAL RESETS = EXT 
0080 ED79 258 OUT (C) ,A 
0082 ED79 259 OUT (C),A 
0084 3E40 260 LD A,40H INT RESET 

RESET 

261 ENTER MODE INSTRUCTION FORMAT 
0086 ED79 262 OUT (C) ,A 
0088 3ECE 263 LD A,OCEH 8xDATA + 2xSTOP BITS 

264 NO PARITY, 16xBAUD RATE 
008A ED79 265 OUT (C) ,A 
008C 3E37 266 LD A,37H RTS, ERROR RESET 

267 REC ENABLE, DTR, XMIT ENABLE 
008E ED79 268 OUT (C) ,A 
0090 OD 269 DEC C 
0091 ED78 270 IN A, (C) CLEAR OUT GARBAGE CHARACTER 
0093 C9 271 RET 

272 
273 
274 USARTO EQU 8CH 
275 USART1 EQU 8EH 
276 USART2 EQU 90H 
277 USART3 EQU 92H 
278 
279 
280 
281 
282 ;*************************************************** 
283 ; SET UP CTC1 TO GENERATE THE BAUD RATE 
284 ;*************************************************** 
285 

0094 3E07 286 BAUDR LD A, TIMMOD TIMER MODE ETC 
0096 D381 287 OUT (CTC1),A 
0098 3E04 288 LD A,RATEO WITH RATE IN RATEO 
009A D381 289 OUT (CTC1) ,A 
009C C9 290 RET 

291 
292 
293 CTCO EQU 80H ADDRESS OF CTCO 
294 CTC1 EQU 81H ADDRESS OF CTC1 
295 CTC2 EQU 82H ADDRESS OF CTC2 
296 CTC3 EQU 83H ADDRESS OF CTC3 
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SIB CONTROL SIB PAGE 5 
ASM 5.8 LOC OBJ CODE M STMT SOURCE STATEMENT 

297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 

009D DB91 309 
009F CB4F 310 
OOAl 28FA 311 
00A3 DB90 312 
00A5 C9 313 

314 
315 

00A6 F5 316 
00A7 DB91 317 
00A9 CB47 318 
OOAB 28FA 319 
OOAD Fl 320 
OOAE D390 321 
OOBO C9 322 

323 
324 
325 
326 
327 

TIMMOD EQU 07H 

RATEO EQU 4 

TIMER MODE, PRESCALER=16 
INT.DISABLED, RESET 

FOR 1200 BAUDS 

•••••••••••••••••••••••••••••••••••••••••••••••••••• , 
, ELEMENTARY CHARACTER LEVEL 1/0 
.••••••••••••••••••••••••••••• * ••••••• * ••••• *.** •• *. , 

INSIB2 IN A,(USART2+1) 
BIT RXRDY,A 
JR Z,INSIB2 
IN A, (USART2) 
RET 

OUSIB2 PUSH AF 
BZY IN A, (USART2+1) 

BIT TXRDY,A 
JR Z,BZY 
POP AF 
OUT (USART2) ,A 
RET 

RXRDY EQU 1 
TXRDY EQU 0 

GET STATUS REGISTER 
IS THE RECEIVER FLAG SET 
IF NOT, WAIT FOR IT 
GET CONTENT OF DATA REGISTER 

SAVE CHARACTER 
GET STATUS REGISTER 
TEST THE TRANSMITTER READY FLAG 
IF UNREADY THEN WAIT 
RESTORE CHARACTER CODE 
SEND IT 

RECEIVER READY BIT 
TRANSMITTER READY BIT 
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PLZ.INTERFACE.MACROS 
LOC OBJ CODE M STMT SOURCE STATEMENT 

PAGE 1 
ASM 5.8 

Appendix 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

;-LIST OFF 

Mark-stack macro: 

Allocate room on stack for out parameters 
before a procedure call. 

Optimise the code when 0,1,or 2 parameters 
ie. 0,2 or 4 bytes. 

12 MST 
13 

macro In ; In is 
cond (/n=2).or.(/n=4) 
push hl 

in BYTES _ .. 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

cond In=4 
push hl 
endc 
cond .not. (/n=O) . and .• not. (/n=2) • and •• not. (In=4) 
ld hl,-/n 
add hl,sp 
ld sp,hl 
endc 
endm 

6-57 PLZ.INTERFACE.MACROS 



Spinwriter/Diablo driver Revision 2.1 

PLZ.INTERFACE.MACROS 
LOC OBJ CODE M STMT SOURCE STATEMENT 

PAGE 2 
ASM 5.8 

Appendix 

24 
25 
26 
27 
28 
29 
30 
31 

*E 

Procedure entry: 

Allocate locals on stack ( No. of bytes) 

Optimise when 0,2,or 4 bytes. 

32 ENT 
33 

macro lin 
push ix 
ld ix,O 

; #n is in BYTES *** 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

add ix,sp 
cond (#n=2).or.(#n=4) 
push hI 
cond Iln=4 
push hI 
endc 
cond . not. (#n=O) . and .. not. (l/n=2) . and .. not. (lln=4) 
ld hl,-Iln 
add hl,sp 
ld sp,hl 
endc 
endm 
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PLZ.INTERFACE.MACROS 
LOC OBJ CODE M STMT SOURCE STATEMENT 

PAGE 3 
ASM 5.8 

Appendix 

47 *E 
48 
49 
50 
51 
52 
53 

Procedure return: 

Deallocate locals ( bytes) and IN parameters. 

Optimise when 0,2,or 4 bytes. 
54 
55 
56 
57 

RTN macro IL, In ; fL, In are in BYTES *** 

58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

cond #L 
ld sp,ix 
endc 

pop ix 

cond I#n=O 
ret 
endc 

cond (I#n=2).or.(fln=4) 
pop hl 
pop de 

cond fn=4 
pop de 
endc 

cond (In=2) .or.(fn=4) 
jp (hl) 
endc 

cond .not.(ln=O) .and • . not.(fln=2) .and •• not.(fln=4) 
pop de 
ld hl,fln 
add hl,sp 
ld sp,hl 
ex de,hl 
jp (hl) 
endc 

endm 
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PLZ.INTERFACE.MACROS 
LOC OBJ CODE M STHT SOURCE STATEMENT 

PAGE 4 
ASH 5.8 

Appendix 

89 
90 
91 
92 
93 
94 
95 
96 
91 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
121 
128 
129 
130 

Macros for accessing locals and parameters 
from the stack. 

This is only a small selection. 

; Load hI from In ( offset of word variable from ix ) 

LDHL macro In 
ld l,(ix+ln) 
ld h, (ix+ln+1) 
endm 

; Store hI into In ( offset of word variable from ix ) 

STHL macro In 
ld (ix+#n),l 
ld (ix+ln+1),h 
endm 

; Load A from In ( offset of byte variable from ix 

LDA macro In 
ld a,(ix+ln) 
endm 

;Store A into In ( offset of byte variable from ix ) 

STA macro In 

*LIST ON 

ld (ix+#n),a 
endm 
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~ 
Zilog 

• Real-lime Multi-tasking Software 
Components 

• Synchromzahon of mulhple tasks 

• Interrupt-dnven prionty schedul­
mg 

• Real-hme response 

• DynamIC memory allocahon 

• Modular and Flexible Design 

• EfficIent memory uhhzahon 

• 4K byte PROMable kernel 

• Support for Z8001 and Z8002 
16-blt mIcroprocessors 

• Conhgurable vIa Imkable 
modules 

• Versatile Base for Z8000™ System 
Designs 

• Segmented/non-segmented tasks 

• System/normal mode tasks 

• Uses standard Z110g callmg con­
ventions 

IRTS™8000 
Iilog Real-Time Software 
for the 18000 Microprocessor 

Product 
Description 
Preliminary 

June 1981 

• Easy-To-Use System Generator 

• HIgh-level conhgurahon 
language 

• Supports a wIde vanety of hard­
ware conhgurahons 

• EasIly changed control 
parameters allow system 
ophmlzahon 

• Ehmmates the reqUIrement for 
mhmate knowledge of system m­
ternal structure 

OVERVIEW 

Z11og's Real TIme Software (ZRTS) 
provides of a set of modular software 
components that allows qUIck and easy 
Implementahon of customIzed 
operahng systems for all members of 
the Z8000 16-blt mICroprocessor famIly. 
In effect, ZRTS extends the mstruchon 
set of the Z8000, addmg easy-to-use 
commands that gIve the Z8000 the 
capab11lty for managmg real-hme, 
mulh-taskmg apphcahons. 

6-61 

The ZRTS package consIsts of a 
small real-hme, mulh-taskmg execuhve 
program, the Kernel, and a System 
Conhgurator. The Kernel provIdes 
sychromzahon and control of mulhple 
events occurrIng In a real-hme en­
vIronment. All major real-hme func­
hons are aVailable-task synchromza­
hon, mterrupt-dnven pnonty schedul­
Ing, Intertask communICation, real-hme 
response, and dynamIc memory alloca­
hon. The System Conhgurator is a 
language processor that allows the 
target operatmg system to be defined 
m hIgh-level terms usmg the ZRTS 
Conhgurahon Language (ZCL) . 

These funchons greatly slmphfy the 
tasks of the desIgner, allowmg 
development efforts to be concentrated 
on the apphcahon, mstead of on real­
hme coordmatlOn, task management 
problems, and comphcated system 
generahons. ZRTS provIdes a modular 
and flexIble development tool that 
serves as a versahle base for Z8000 
system desIgns. The Kernel reqUIres 
only 4K bytes of eIther PROM or RAM 
memory, thus allowmg conhgurahons 
for a wIde vanety of target systems, 
wh11e producmg a memory-effiCIent, 
cost-effechve end product. 



FUNCTIONAL DESCRIPTION 

The Concepts. ZRTS is both easy-to­
learn and easy-to-use. Only a few sim­
ple concepts need to be understood 
before designmg begins. 

Tasks. Tasks are the components com­
prising a real-time application. Each 
task is an independent program that 
shares the processor with the other 
tasks in the system. Tasks provide a 
mechamsm that allows a complicated 
application \0 be subdivided mto 
several independent, understandable, 
and manageable units. 

Semaphores. Semaphores provide a 
low overhead facility for allowing one 
task to signal another. Semaphores can 
be used for indicating the availability 
of a shared resource, timing pulses or 
event notification. 

Exchanges and Messages. Exchanges 
and Messages provide the mechamsm 
for one task to send data to another. A 
Message is a buffer of data, while an 
Exchange serves as a mailbox at which 
tasks can wait for Messages and to 
whICh Messages are sent ~nd held. 

The ZRTS Kernel. The Kernel is the 
basIC buildmg block of ZRTS and per­
forms the management functions for 
tasks, semaphores, the real-time clock, 
memory and interrupts. The Kernel 
also provides for task-to-task com­
mumcahons via Exchanges and 
Messages. All requests for Kernel 
operations are made via system call 
instructions with parameters m 
registers, according to the standard 
Zilog calling conventions. 

Task Management. One of the main 
activities of the Kernel is to arbitrate 
the competition that results when 
several tasks each want to use the pro­
cessor. Each task has a unique task 
descriptor that is managed by the 
Kernel. The data contamed in the 
descriptor include the task name, 
priority, state and other pertinent 
status information. ZRTS supports any 
number of tasks, limited only by the 
memory available to accommodate the 
task descriptors and stacks. 

The Kernel mamtains a queue of all 
active tasks on the system. Each task is 
scheduled for processor time based on 
its priority. The highest-priority task 
that's ready to run gains control of the 
CPU; other tasks are queued. Tasks 
can be prioritized up to 32767 levels. 
with round-robin scheduling among 
tasks with the same priority. 

Tasks can run either segmented or 
non-segmented code, in either normal 
or system mode. The numerous opera­
tions that may be performed on tasks 
are listed in Table 1. 

TASK MANAGEMENT 

I_Census 

I_Create 

I_Destroy 

I_Lock 

I_Reschedule 

I_Resume 

I_Suspend 

I_Unlock 

SEMAPHORE MANAGEMENT 

SerTL.-Clear 

Sem_Create 

Sem_Destroy 

SerTL.-Slgnal 

CLOCK MANAGEMENT 

ClLDelayJbsolute 

ClLDelay _Interval 

CILSet 

ClLIlme 

MEMORY MANAGEMENT 

Alloc 

Release 

INTER-TASK COMMUNICATION 

~cqU1re 

MJsslgn 

M_Create 

M_Destroy 

M_GeLDescrIptor 

~ead 

M.........Recelve 

~ecelve_Wait 

M.....Release 

~eply 

M.....Send 

M.....Write 

LCreate 
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TABLE I. 

PrOVides the status of tasks 1n the 
system. 

Creates a task dynamically 

Removes a dynamically created task 

Allows a task to take exclUSive control 
of the CPU. 

Changes the PriOrity of a task. 

Aclivates a suspended task, 

Suspends another task, 

Releases exclUSive control of the CPU 
for other tasks, 

Suspends task executIon 

Clears semaphore queue and 
relmhahzes a semaphore. 

Creates a semaphore dynamIcally 

Removes a dynamically created 
semaphore. 

Signals a semaphore, mcrements the 
counter. 

Tests a semaphore for a SIgnal. 

Causes a task to walt untIl a semaphore 
IS Signaled, decrements the counter. 

Places a task on the clock queue 
waiting for absolute hme. 

Places a task on the clock queue 
walhng for passage of an mterval of 
tIme 

Sets the real-time clock. 

Reads the clock, 

PrOVides status of the memory 
resource. 

Dynamically allocates memory, 

Releases allocated memory. 

Gets a message from an exchange pool 
and assigns a deshnahon or a reply 
exchange to It. 

Assigns a new source and destinatIon 
to an eXlstmg message. 

Creates a message dynamIcally. 

Removes a dynamically created 
message. 

Gets message's deSCrIptor mformahon 

Reads the message data. 

ReceIves a message from an exchange 

Walts to recelve a message from an 
exchange. 

Returns a message to the exchange 
pool. 

Sends a message back to destmahon 
excha,nge. 

Sends a message to an exchange. 

Changes message data. 

DynamIcally creates an exchange WIth 
a pool of messages. 

Removes ~ dynamically created 
exchange. 



Semaphore Management. The Kernel 
provides semaphore management for 
synalfronizing interactmg tasks. A 
tYPICal use of semaphores is to provide 
mutual exclusion of a shared resource. 
When a resource IS to be used by only 
one task at a lime, a semaphore with a 
counter of I controls the resource. 
Every task requiring the resource must 
hrst wait on that semaphore. Since the 
counter is I, only one task will acquire 
the resource. The others will be 
queued on the semaphore and 
suspended until the semaphore is 
signaled that the resource IS once 
again available. At that time, the-lirs.t 
task on the semaphore queue will be 
made ready to run and can use the 
resource. After all tasks have acquired 
the resource and signaled the comple­
tion of their use, the semaphore returns 
to its original state with a counter of I. 
Counters greater than one are useful 
when there are a number of similar 
resources, (i.e., three tape drives, four 
I/O buffers, etc.). 

In ZRTS, a semaphore can count up 
to 32676 signals. The commands pro­
vided by the Kernel to manage 
semaphores are listed in Table 1. 

Cloc:k Management. ZRTS operates 
with a real-time clock that generates 
mterrupts at a hardware-dependent 
rate. It IS used for timed waits, 
timeouts, and round-robm scheduling. 
All limes are given in number of ticks. 
The clock may be manipulated by the 
set of commands provided by the 
Kernel that are listed in Table 1. 

Memory Management. Storage for 
ZRTS data structures IS allocated either 
stalically at system generation lime, or 
dynamically at run lime. Dynamic 
allocalion occurs via a system call that 
speClhes the attributes of the structure 
to be created and returns a name that 
can be used to refer to the structure. 
Memory IS allocated m 256-byte 
mcrements, and can be released using 
a system call. 

The storage allocator can also be 
called directly to obtam blocks of 
memory up to 64K bytes long, which 
can be used by the task for any pur­
pose. 

Interrupt Management. Interrupt­
handhng routmes are provided for 
system calls, non-vectored mterrupts 
and a hardware clock. The user must 
provide mterrupt routmes for whatever 
other vectored mterrupts are mcluded 
m the target system. 

ZRTS can switch control to a task 
waiting for an external event withm 
500-mlcroseconds after the occurrence 
of the event. This IS based on the worst 
case with a 4MHz Z8000. A more tYPI­
cal response lime would be 

'l'ULII. 

CONSTANTS 

EXCHANGES 

FILES 

HARDWARE 

INITIALIZATION 

INTERRUPT 

MEMORY 

SECTIONS 

SEMAPHORES 

SWITCHES 

TASKS 

250-mlcroseconds. Quicker servICe of 
interrupts IS pOSSible through the use 
of user-written routines. 

Inter·task Communication. The 
Kernel prOVides the capability for tasks 
to exchange informalion. ThiS com­
mum calion process occurs when one 
task sends a Message to an Exchange 
and another task receives the Message. 

A Message contams a length indi­
cator, a buffer with a variable amount 
of data, and a code that Idenlihes the 
Message type. The Exchange IS a 
system data structure that consists of a 
queue for Messages sent but not yet 
received, a semaphore on whICh a task 
can walt for a Message, and an 
oplional "pool" list from which 

SpeCifies system constants. 

Dehnes the characterlshcs of applica­
lion exchanges. 

IndICates additional hies to be mcluded 
m the conhguralion Imk. 

Describes the target hardware con­
hguralion-Z8001, Z8002, or Develop­
ment Module. 

SpeClhes routines that are to execute 
prior to begmmng execuhon of the hrst 
task. ' 

ASSOCiates an mterrupt rouhne with an 
mterrupt vector or trap and system 
call-handlers. PrOVides the facililies to 
specify a NVI mterrupt-handler that 
Will be called from the system NVI­
handler routme. 

Specihes the memory conhguralion 
and Identifies where seclions are to be 
placed (l.e.,CODE,DATA, ... ). 

Allows modules to be placed m a 
specifIC section, overrldmg the stan­
dard assignment convenlions. 

Defmes the characteristics of applica­
lion semaphores. 

Allows flags that control the system 
generalion operahon to be set. 

Defines the characterlslics of apphca­
hon tasks. 

Messages can be obtained quickly. 
ZRTS prOVides several commands for 

inter-task communicalions. These are 
listed m Table 1. 

ZRTS Configuration Language (ZCL). 
Smce ZRTS's modular deSign leads to 
so many different conhguralions, a 
Simple facility for generatmg the target 
operatmg system IS a crlhcal part of 
the ZRTS package. The ZRTS Con­
hguralion Language (ZCL) prOVides an 
easy-to-use means for genera ling the 
target system. Usmg ZCL, the deSigner 
can specify hardware mformalion, soft­
ware parameters, linkage mformahon, 
and system data structures m hlgh­
level terms. 

Development Environment 
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ZCL unburdens the user of the 
necessIty to learn the detaIls of the 
ZRTS mternal structures. System data 
structures can be generated SImply by 
specIfymg the approprIate parameters. 
The ZCL syntax IS free-format wIth 
comments allowed to make the con­
fIguratIon commands more readable 
and mamtamable. 

ZCL mput IS comprIsed of a number 
of deSCrIptIve sectIons, each contammg 
the detaIls of the target operatmg 
system. The functIons of these sectIons 
are descrIbed m Table 2. A sample 
system generatIon usmg ZCL IS Il­
lustrated m Figure 1. 

Development Environment. ApplIca­
tIon modules for ZRTS can be 
developed on any ZIlog ZSO or 
ZSOOO-based development system and 
then down-loaded mto a ZIlog Develop­
ment Module or a customIzed target 
system. 

SubroutIne lIbrarIes are prOVIded for 
makmg ZRTS systems calls from pro­
grams WrItten m PLZ/SYS, PLZlASM 
and C. RegIster usage m the system 
calls IS compatIble wIth the Z,]og 
standard. 

When usmg a Development Module, 
the Debugger can be used wIth the 
ZRTS modules for testIng purposes. 
After the applIcatIon IS debugged, the 
system can be easIly reconfIgured for 
the fmal target hardware. 

ORDERING INFORMATION 

Description 

ZRTS/SOOI ZIlog Real T,me Software for the ZSOOI 
ZRTS/S002 ZIlog Real T,me Software for the ZS002 

Zilog 
10340 Bubb Road, Cupertino. Cahforma 95014 
Telephone (408) 446·4666 TWX 910·338-762] 

SWITCHES: 

APPLICATION 

HARDWARE: 

zS002 

INTERRUPTS: 

CONSTANTS: 

MINIMUM_SYSTEM_STACK_SIZE:: 512; 

FILES: 

REAL_TIME_CLOCK: 

MEMORY: 

CODE:: [%8000 .. %8FFF] ; 
DATA:: [%9000 .• %9FFF]; 
FREE_MEMORY'" [%FOOO •• %FFFFj; 

SECTIONS: 

INITIALIZATION: 

TASKS: 

input handler task 
hm d"Isplay task 
egg-timer task 
alarm tasK 
one second task 

SEMAPHORES: 

[entry = INPUT HANDLER, 
[entry = TIME lHSPLAY, 
[entry = EGG TIMER, 
[entry = ALARM, 
(entry = ONE_SECOND_GENERATOR, 

ONE SECOND SEMAPHORE; 
TIME_DISPLAY_ENABLE _SEMAPHORE; 

EXCHANGES: 

priority 
,PrIorIty 
prIorlty 
prIorIty 
prIorIty 

INPUT_HANDLER _ ETE _EXCHANGE '" 

EGG TIMER ENABLE EXCHANGE 
INPUT_HANDLER _ A_EXCHANGE 

ALARM_EXCHANGE 

[number of messages'" 1, 
message SIze '" 8J t 

[number of messages = OJ t 
[number-of-messages '" 1, 
message slze 8J; 

[number_of_messages :::: OJ; 

Figure 1. ZCL Sample Input. 

Prerequsites 

ZIlog Development System 

10] 
20] 
20] 
20] 
3D] 

MCZll, PDS, ZDS SerIes or Z-LAB SOOO (ReqUIres Software L,cense) 
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Peripheral controller chip 
ties into 8- and 16-bit systems 

Based on one-chip-microcomputer architecture, universal peripheral controller 
comes with either multiplexed or nonmultiplexed address and data lines, 
provides ROM-less and prototyping packages for product development 

by John Banning and Pat Lin, Zllog Inc, Cupertmo, Calif 

D The growing power of high-end microprocessors and 
the complexity of peripheral devices attached to them 
has given rise to a need for general-purpose distributed 
processors to handle increasingly complicated input/out­
put activities, As such, these devices must themselves 
have respectable processing and I/o-manipulation abili­
ties while being able to interact efficiently with high-end 
microprocessors, Ideally, they would also communicate 
with 8-bit midrange microprocessors and be low in cost. 

Just such a processor has been based on the Z8 
single-chip microcomputer. The Z-UPC universal periph­
eral controller combines the instruction and 110 capabili­
ty of the Z8 with two versions of bus interfacing: the 
Z-UPC offers the Z-BUS interface found on the Z8000, 
and the Z-UPC/U provides a Z80-compatible interface. 
The Z-BUS interface allows flexible connection to larger 

HOST CPU INTERFACE 

INTERFACE 
REGISTERS 
(PART OF 

REGISTER FILE) 

microprocessor systems and control of distributed I/O 
peripheral functions by means of a multiplexed address 
and data bus. The Z80-bus interface provides easy inter­
facing with 8-bit microprocessors and others that employ 
nonmultiplexed address and data buses, 

A logical organization 

The UPC is partitioned into two functional blocks: the 
logic for interfacing with the host-processors, and the 
core microcomputer (Fig, I). In the multiplexed (Z-BUS) 
version, communication between the host and the UPC 
takes place over the Z-BUS, which provides an 8-bit 
bidirectional address and data port (ADo-AD,) and a set 
of control lines (AS, OS, R/W, CS, WAIT). Also, under 
UPC program control, an optional daisy-chain interrupt 
structure-using request (INT), acknowledge (INTACK), 

MICROCOMPUTER 

INPUTI 
OUTPUT 

INTERFACE 
REGISTERS 

AS 
OS 

R/IN 

CS 
WAIT 

INT 

INTACK 

lEI 

lEO 

BUS 
TIMING 

AND 
CONTROL 

HALF 
PORT 3 

REGISTER 
POINTER 

liD 

liD 
(OPTIONAL 
CONTROL 
FUNCTION) 

1. Microcomputer plus. The Z-UPC universal peripheral controlier bases much of its architecture on the Z8 chip, to which it adds circuits at 
left for interfacing with a host processor. Shown is the Z-BUS-compatible version with multiplexed address and data lines. 

Electronics/ August 14, 1980 6-65 Reprinted with permIssion of Electronics. 

-- .. ---._------



255 STACK POINTER 

254 MASTER CPU INTERRUPT CONTROL 

FLAGS/REGISTER POINTER 

Z'UPC INTERRUPT CONTROLS 

PORT CONFIGURATION REGISTERS 

TIMERS 

240 MASTER CPU INTERRUPT VECTOR 
(POINTS TO 
STARTING 
ADDRESS OF 
AWORKING 
REGISTER 
GROUP\ 

POINTS 
TO START 
OF HOST· 
PROCESSOR 
INTERFACE 
REGISTER 

,_. - .-. """l"""""_'_ '~~'--r~"""",!~::--"-,-' 

SIZED HOST' 
PROCESSOR 
BLOCK 
TRANSFER 
BUFFER) 

2. File in. Of the UPC's 256·byte register file, 
234 are general·purpose and can function as 

accumulators, buffers, pointers, or stack or 
index registers. The other 22 are specific 

pointers and registers, as well as status and 

control registers for the UPC's I/O facilities. 

~----------------------------~ 

] 

~~~~fA~OLE' 

~ ____ ~DA~J~A~IN~D~IR~E~CT~I~ON~AN~D~L~I~MI~T~C~OU~N~T ____ ~ 

enable input (lEI), and enable output (lEo) lines-can be 
implemented. The microcomputer portion is based on 
the Z8 microcomputer architecture, whose central pro­
cessing unit executes instructions averaging 2.2 micro­
seconds each using a 4-megahertz clock source. The 
cpu's memory comprises 256 bytes of register-file ran­
dom-access memory (which can be accessed directly by 
the host processor and the upc), plus 2,048 bytes of 
read-only memory for program storage; other features 
include three 110 ports for device control, two 
timer/counters, and six vectored interrupts. 

In addition to the standard 40-pin version (with 2-K 
bytes of ROM), there are two 64-pin versions of the 
Z-UPC: a ROM-less version and a RAM version, both of 
which have the program address, data, and control lines 
buffered and brought to external pins. The version with 
no program ROM on chip is intended as a development 
tool. The RAM version, which has 36 bytes of vestigial 
bootstrap ROM on chip, is intended as a controller whose 
program is downloaded from the host processor. 

All three of these configurations are available with 
either the nonmultiplexed bus or the multiplexed Z-BUS 
interface to meet the needs of 8-, 16-, or even future 
32-bit systems. 

The UPC processor is organized around a 256-byte 

THREE I/O PORT'REGISTERS 

I/O REGISTER POINTER/DATA TRANSFER CONTROL 

register file (shown in Fig. 2). Besides storing data and 
control and I/O functions for the processor, the register 
file serves as buffer storage for communication between 
the UPC and the host cpu. 

In addition to 234 general-purpose registers, the regis­
ter file contains 19 control registers for configuring and 
controlling the z-upc's 110 facilities and three parallel 
110 ports. The control registers both specify how the 
hardware is configured and should function and provide 
status information for it as well. 

A multipurpose register Iile 

All of the general-purpose registers can function as 
accumulators, data buffers, address pointers, and stack 
or index registers. All ports and control registers can be 
accessed by UPC instructions like any other register. 
Instructions can access the registers directly or indirectly 
with an 8-bit address field. However, a 4-bit addressing 
scheme, which makes use of a register pointer, can save 
memory and execution time. In this scheme the register 
file is divided into 16 register groups, each containing 16 
contiguous locations. The register pointer determines 
which group is being accessed, and a 4-bit address field 
specifies the register within the group. This capability is 
especially useful to speed context switching. 
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Z-UPC 
UNIVERSAL 

PERIPHERAL 
CONTRO llER 

Programs running on the UPC may communicate with 
those running on the master processor in a number of 
ways: under interrupt control (either by the UPC or 
master); by transfer of byte data through data, status, 
and command registers; and by transfer of blocks of data 
to and from the UPC's register file. 

Three group. 

The host CPU can directly access the 19 interface 
registers through the Z-BUS interface. As illustrated in 
Fig. 3, the registers are separated from the upc's inter­
nal registers and divided into three groups: 
• Those for interface status and control, which the mas­
ter processor can access to control upc-generated Z-BUS 
interrupts, to interrupt the UPC, and to control message 
transfer over the Z-BUS. 
• Those for data, status, and control, which are mapped 
into 16 registers by the 1/0 register pointer, controlled by 
the UPC. That arrangement gives the master processor 
direct access to 16 registers and allows transfer of data, 
status information, or control commands between the 
UPC and master processor. 
• Those for block access, used by the master to transfer 
blocks of data into or out of a buffer in the UPc's register 
file. The UPC has complete control over the placement 
and size of the buffer in its register file. 

Each of the three types can be read or written by the 
master processor. Because the UPC software has com­
plete control over how these register groups are mapped 
into the register space, the layout of data in the registers 
is independent of the host processor's software and pro­
tected from it. 

The UPC and the master processor can operate com-

3. Control. The 20 control registers in the 
UPC are divided into three groups: 3 for the 
interface status and control; 16 for data, 
status, and control (mapped by the 1/0 reg­
ister pointer); and 1 block-access register for 
the transfer of data to or from a buffer file 
that is set up by the UPC. 

pletely independently of each other. The UPC can ignore 
the data transfer request from the master by setting a bit 
in its master-processor interrupt control register. Any 
attempt to transfer data from the master when this bit is 
set causes an error flag, which will cause an interrupt to 
the UPC (if interrupts are enabled). 

I/O line. by the dozen 

The UPC has 24 lines dedicated to input and output 
that are grouped into three 8-bit ports. Since the ports 
are mapped into the register file, 110 data can be directly 
manipulated by any instruction. Each port has a mode­
control register, which allows the port functions to be 
changed during program execution; for example, each 
line of port 1 and port 2 can be individually configured 
as input or output under program control. Each port can 
have its output lines defined as push-pull or as open­
drain drivers. 

Port 3 is a multifunction port. It has four input and 
four output lines that can be used for 110 or control 
functions. The control functions available through this 
port include interlocked handshake lines for ports 1 and 
2, interrupt request inputs, timer input and output, and 
Z-BUS interrupt control. 

Timing and counting 

To support timing and counting requirements of soft­
ware routines, the UPC provides two 14-bit timer/count­
ers, To and T,. Among the timer/counter functions that 
are easily implemented by the UPC are; interval delay 
timer, time-of-day clock, watchdog timer (as for refresh­
ing dynamic memory), external event counting, variable 
pulse-train output, duration measurement for external 

Electronice/ August 14, 1980 6-67 



DECODED DATA 
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I .. 
REAO OATA SR 

READ CLOCK 74lS299 I WRITE DATA 8·BIT 
SHIFTI 

TIMING SHIFT ClK STORAGE 
CONTROL REGISTER .POII~1 

IT 
Z'UPC 

r-" 
UNIVERSAL 

w 
PEfIlPHiAAL AS ., GOUT CONTROLLER 

<C fit SERIAL OUTPUT I ! OS .. 
0: 
W 
I-
~ -, } cs 
'" 

HAHD$IIAAE -- .. 
'" , PORTa 

INTACK -C 
INDEX TOUT 

~ T'N -
"- READ MODE INT 
~ 

WRITE GATE -
WAIT -

REAOY " -
TRACK 0 

RNi 
-

WRITE PROTECT ~RT2 

STEP 
-Voo 

DIRECTION -v •• 
DISK CHANGE 

-CLOCK ---
4. Diak jockey. The UPC makes a controller for a floppy-disk drive that actually stores the file system on chip. The host has only to specify the 

file name and the function to be performed. The 74LS299 shift register converts senal Into parallel data, which enters port 1 on the UPC. 

events, and automatic delay after an external event. 
Each timer/counter is divided into a 6-bit prescaler 

and an 8-bit counter and is driven by the internal UPC 
clock, divided by four. The internal clock for TI may be 
set up for gating or triggering by an external event, or it 
may be replaced by an external clock input. Each 
timer/counter may operate in either a single-pass or a 
continuous mode, so that after the last count either 
counting stops or the counter reloads and continues 
counting. The counter and prescaler registers may be 
altered individually while the timer/counter is running; 
software controls whether the new values are loaded 
immediately or when the end of count (EOC) is reached. 
The two timer/counters may be cascaded using the 
timer-input lines on port 3. 

Interrupting the controller 

To serve host or I/o-device requests quickly, the UPC 
prQvides six interrupts from eight different sources: three 
from ports, two from timer/counters, and three from the 
host-processor interface. All six interrupts may be indi­
vidually or globally disabled. The interrupts are priori­
tized, with the interrupt-priority control register provid­
ing 48 different priority schemes for handling concurrent 
interrupts, What's more, the masking and prioritizing of 
the interrupts may be dynamically modified under pro­
gram control. 

The upc's interrupts are vectored. When an interrupt 
occurs, the program counter and flags are pushed onto 

the stack, and control passes to one of six predetermined 
interrupt-handling routines. The routine is pointed to by 
an address that has been stored in the first 12 bytes of 
program memory. All of the interrupts are disabled after 
an interrupt is accepted. Interrupts can be nested by 
enabling them during the interrupt service routine; they 
are automatically enabled during the return from the 
routine. 

The Z-UPC instruction set is compatible with the Z8 
microcomputer instruction set (though the uPC's load­
external-memory instruction is only available in the 64-
pin RAM version of the Z8). This instruction set, com­
prising 129 instructions of 43 basic types and using six 
main addressing modlls, speeds program execution and 
achieves byte efficiency. The types of data that it allows 
to be used include bits, binary-coded decimal digits, 
bytes, and 16-bit words. 

Z-BUS 8upport 

The UPC can support the full Z-BUS interrupt struc­
ture, including daisy-chained priority resolution and vec­
tored interrupt acknowledge. Using the interface control 
and status ports, the master processor has the full range 
of Z-BUS mechanisms for enabling or disabling Z-UPC 
interrupts, marking interrupts as being under service, 
clearing interrupts, setting interrupt vectors, and dis­
abling interrupts from lower-priority devices. 

A program running on the UPC can start the normal 
Z-BUS interrupt sequence (assuming interrupts are 
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enabled) by setting the interrupt-pending bit in its mas­
ter-processor interrupt-control register. Once that is 
done, the UPC hardware automatically handles the Z-BUS 
interrupt protocol-including output of the interrupt 
vector, which is held in a separate control register. 

The master can generate an interrupt to the UPC by 
setting the end-of-message flag in the master-processor 
interrupt-control port. In addition, UPC interrupts are 
generated from the master when an error condition, such 
as transferring a block of data that is too long, occurs. 

Block transfer within limits 

The upc's block-access port is ideally matched to the 
biock-llo instructions of the Z8000 microprocessor. 
With a single block-I/O instruction the Z8000 can 
address the block-access port and transfer a string of 
bytes into or out of the UPC. Each access by the Z8000 to 
the block-access port causes a series of actions in the UPC 
involving its data-indirection register and limit-count 
control register. The data-indirection register points to 
the UPC register that is read or written when the master 
reads or writes the block-access port. After each such 
read or write, the data-indirection register is incre­
mented and the limit-count register decremented. When 
the limit count reaches zero, any further transfers 
through the block-access port will abort and cause a 
length-error interrupt in the UPC. 

Ideas for application 

The intelligence and flexibility of the UPC make it 
suitable for a wide variety of applications and allow it to 
offload the host computer in several ways. The UPC is 
capable of doing intensive off-line calculations, for 
example, such as those for data encryption. Also, it can 
perform the various code conversions and data format­
ting that are usually required in processor-to-device and 
device-to-device communications. Furthermore, it can 
buffer the data and generate controls for 1/0 devices 
such as printers and keyboards. 

Figure 4 illustrates the upc's application as a disk 
controller. Here, a file system can actually be imple­
mented in the controller itself. The host processor has 
only to specify the file name and the function to be 
performed on the file. Depending on the sector size, 
either the register file or the external RAM in the 64-pin 
RAM version can be used as for data buffering. The 
serial-to-parallel conversion is done by a 74LS299 shift 
register, and the data is transferred using handshake 
logic in and put of port I. Also, cyclic-redundancy error 
checking can be done by the UPC. 

A UPC software package is available for Zilog's 
PDS8000 development system that includes an assem­
bler (PLZ/ASM), a linker, and an imager. PLZlASM is a 
free-format assembler that generates relocatable and 
absolute object-code modules. It makes provision for 
external symbolic references and global symbol defini­
tions. Data declarations, control structures, and DO loops 
between them supply a structured approach to the task 
of assembly language programming. 

A development board, similar to the one that is now 
available for the Z8, will also be available. It uses the 
64-pin version of the UPC to prototype a upc-based 

5. Prololyping. The ROM-less version of the z-upe. called a Proto­

pack. is available In a speCial 40-pln package With a 24-pln socket on 
its back. Suitable for prototyping and preproduction use, it accepts a 
2716 E-PROM for its first 2-K bytes of program memory. 

system. The code thus developed can later be transferred 
to the ROM in the mask-programmable 40-pin version of 
the UPC, or it can be made available in image form for 
downloading to the RAM version. 

Two serial RS-232-C interfaces will allow the 11-
by-14-inch board to be used alone with a cathode-ray­
tube terminal or to be connected to one of Zilog's PDS or 
ZDS-l series development systems. Cable connection to 
such a host system will permit the transfer of software 
from the host-where it is developed-to the board for 
testing. Included on the board is a 64-pin Z8, which 
serves as a program monitor for the UPC. 

The board also contains 4-K bytes of 2716 erasable 
programmable ROM (for the monitor/debugger pro­
gram) and 4-K bytes of 2114 static RAM. For the user 
who wishes to test a ROM-based version of his code, it 
also offers a socket for 4-K bytes of 2716 E-PROM that 
may be used in place of the RAM. The monitor/debugger 
software, comprising a terminal handler, a debugger, 
command interpreter, and an upload/download handler, 
provides the various commands necessary for control, 
110, and debugging. 

A wrapped-wire area of 40 square inches accommo­
dates additional customer interfaces or special applica­
tion circuits. This arrangement allows for wide range of 
user applications. 

Aid in prototyping 

The Z·UPC Protopack-the ROM-less version of the 
standard z-UPc, housed in a pin-compatible 40-pin pack­
age (Fig. 5) that carries a 24-pin socket to accommodate 
a 2716 E-PROM - is used for prototype development and 
preproduction of mask-programmed upc-based applica­
tions. The 24-pin socket is equipped with 12 ROM 
address lines, 8 ROM data lines, and the necessary con­
trol lines for interfacing with the E-PROM for the first 
2-K bytes of program memory. 

Pin compatibility allows the user to design the printed­
circuit board for a final 40-pin mask-programmed UPC 
and, at the same time, allows the use of UPC Protopack 
to build prototype and pilot-production units. When the 
final program is established, the user can then switch 
over to the 40-pin mask-programmed UPC for large­
volume production. The Pr9topack is also useful in appli­
cations where masked ROM setup time and mask charges 
are prohibitive and program flexibility is desired. 0 
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Adapting Unix 
to a 16-bit 

microcomputer 
Z -Lab software development system 

with text-processing utilities 
supports 16 users in C language, 

has 32-bit bus for future expansion 

by Bruce Weiner and Douglas Swartz 
Z,log Inc, Cupertmo, Calif 
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D In systems based on 16- and 32-bit microprocessors, 
software will account for the bulk of the development 
cost. As more and more logic is squeezed onto a single 
chip, the hardware development process is being simpli­
fied and its costs reduced. Simultaneously, however, 
more complex and, hence, more expensive software is 
going to be required. 

Zilog's recognition of this trend in computer technolo­
gy (shown in Fig. I) led to Zeus, the adaptation of the 
Unix operating system for the Z-Lab 8000 microcom­
puter [Electronics, Feb. 10, p. 33]. 

Both software and hardware played crucial roles in the 
creation of the Z-Lab development system. Components 
such as the Z8001 microprocessor, the memory/manage­
ment unit (MMU), and the Z-bus backplane-interface 
(ZBI) bus structure were as critical to the potential of the 
system as was the software itself. Together, the Z-Lab 
and the Zeus operating system foster a software develop­
ment environment that is a major step toward controlling 
the rapidly escalating software costs of microprocessor 
products. 

Transporting a system 

In selecting an operating system, there were two 
options: writing a new one from scratch or transporting 
an existing one to the Z8001. The decision was made to 
transport one-provided it was possible to find an exist­
ing operating system that could be adapted quickly and 
was well-suited to software development. 

The search for such an ideal software environment 
ultimately led to the Unix operating system. This system 
was selected for four reasons: it was designed specifically 
for software development and text processing; it had 
already been transported successfully to 16- and 32-bit 
computers; it had a large existing software base with 
applications pertinent to a development environment; 
and it had a large user base. 

o HARDWARE 

D SOFTWARE 

PROCESSOR WORD SIZE 

1. Skyrocketing software. As products use more sophisticated 

microprocessors. there IS an increase in the amount of engineering 
effort required to write software As hardware costs drop, software 
costs are becoming the major product development expense 
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What is Unix anyway? 

As a general-purpose, mUltiuser, interactive operating sys­
tem, Unix offers facilities that are seldom found even on 
larger mainframes. Through Its hierarchical file structure. 
any file can be traced back to a single root directory, 
thereby faCilitating the management of mass memory In 
addition, peripheral device handlers, files, and interpro­
cess communications are all compatible with each other, 
simplifying program development. Since one major goal of 
Unix is to increase programmer productivity by providing a 
responsive working environment, Unix includes a vast 
library of utilities ranging from spelling correction routines 
to various compiler compilers and supports over a dozen 
languages, including the language C in which it is written 

However, the most important role of any operating 
system is still managing the mass-storage files in which all 
the programs and data reside Unix imposes no particular 
structure upon the content of these ordinary files Instead, 
it distinguishes between two kinds of special files even 
though they are treated identically by the programmer. 

The first of these is a directory file that simply lists the 
names and vital statistics of other files These other files 
may, in turn, be programs, data, or even other directories. 
This hierarchical structure results in an unusually well­
organized system in which a file can be specified by its 
path name, which is a sequence of directory names sepa­
rated by slashes that terminates with the desired file 
name Thus, the same name can be used for files of similar 
function as long as they have different path names. For 
example, / Jones/Statistics and /Smith/Statistics both 
refer to a file named Statistics, but they are not the same 
file because they have different path names indicating 
they are listed in the unique directories Jones and Smith. 

Just as directories are treated in the same manner as 
ordinary files by programmers, so are the second kind of 
special files-input/output calls This distinction is the 

When transported, the Unix operating system was 
enhanced in several ways so that the Z8001 implementa­
tion might run more reliably. For example, in the stan­
dard Unix operating system, nothing prevents two users 
from simultaneously modifying a file so that one user 
can accidentally invalidate the other's changes. The 
Zeus operating system qualifies the three standard Unix 
file-opening modes (read, write, and read and write) 
with three access-control modes specifying what other 
users can do with the file. 

The Zeus access control modes are shared, read-only, 
and exclusive. The shared mode, the standard Unix 
control mode, allows other users access to any file they 
desire. In the read-only mode, other users may access the 
file only for read operations. In the exclusive mode, other 
users may not access the file at all; the first user opening 
the file has exclusive access to it until the file is closed. 
Any attempted access to a file that violates these param­
eters results in a failure of that open operation. 

Other enhancements 

A full-screen text editor, called the visual editor, has 
been implemented in Zeus for cathode-ray-tube termi­
nals. Its data base contains terminal-control information 
that permits full-screen editing for almost any combina-

most unusual feature of Unix and one of its greatest 
advantages over other operating systems. These special 
files are read and written just like ordinary ones, except 
that the selected device is activated and the data is 
passed to it using whatever protocol is appropriate Thus, 
programs can send data to, for example, a printer in 
exactly the same way they do to a disk file-except the 
name of the selected output unit is different. 

Unix programs may communicate with each other in the 
same manner as I/O calls The output of one program is 
directed to the input of another while each program thinks 
it is reading or writing a disk file The communication link 
itself is called a pipe and can be created either by the 
program itself or interactively by the programmer In this 
way, a group of related programs may pass data to each 
other in an extremely efficient manner. 

Another feature of Unix is its ability to safeguard onglnal 
programs. Before a program is executed, a fork, or repli­
cate, operation copies the program, including the code, 
register values, open files, current directory and the like, 
into memory. The replicated process is executed, ensuring 
that the original is never lost or scrambled, in case execu­
tion does not take place properly. 

Perhaps the most visible portion of Unix is the shell, or 
fundamental control program, which functions as the pri­
mary interface with the system user. As a command 
language it offers the programmer a productive working 
environment. Multitasking permits programs to be started 
without loss of control of the console Special command 
files may be set up so that any sequence of shell 
commands can be executed by a single user command. 
Commands can even be strung together at the console so 
that the results of one are fed directly to the input parame­
ters of the next, in the same manner as pipes interfacing 
programs -R. Colin Johnson 

tion of CRT terminals. The terminal data base can be 
updated by the user when adding new terminals to the 
system. 

The editor lets the user display text files one page at a 
time and rapidly move the cursor on that page, inserting 
or deleting characters, words, lines, or groups of lines 
with a minimum number of keystrokes. Several addition­
al features are available, such as cut-and-paste and 
word-wrap facilities. 

Rebuilding the system 

Another enhancement is the Sysgen program, which 
automatically rebuilds the Zeus system, letting the user 
tailor it to specific requirements. The user can add disk 
and tape drives or other input/output devices using the 
Sysgen program as well. 

Several other utility programs are supplied with Zeus. 
Learn, an interactive program, teaches new users how to 
fully exploit Zeus's facilities; Mail lets users send mes­
sages to each other in postal format; Calendar automati­
cally reminds users of events scheduled during the day 
when they sign on and begin using their terminal; Spell 
is a spelling-error detection program that uses a 25,000 
word dictionary; and Man prints selected portions of the 
Zeus reference manual on the user's terminal. Over 
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2. Subdivisions. Zeus separates the memory space for programs 

and data, the latter being subdivided into areas for the stack, 

dynamically allocated variables, and global variables Hardware 

ensures that the stack and dynamic areas do not overlap 

60 other utilities are furnished with the Z-Lab. 
Almost the entire Unix operating system and its appli­

cation programs are written in C, a system implementa­
tion language. The key to transporting U nix software is a 
C compiler that generates code for the target system, in 
this case the Z8001-based Z-Lab 8000. Although C 
carries a certain level of machine independence, this does 
not mean that the entire Unix operating system can be 
transported by merely recompiling it. Most application 
programs, however, can be transported in this manner. 

Seventh edition 

Specifically, the Zeus operating system is Zilog's 
enhanced version of the seventh edition of the Unix 
operating system, which was modified by Bell Laborato­
ries to eliminate explicit machine dependencies and ease 
its transportation to other computers. Some implicit 
machine dependencies, however, must of necessity 
remain in the Unix kernel. For this reason, transporta­
tion to Z-Lab is greatly simplified by creating hardware 
very similar to those architectural features implicit in 
this kernel. 

The two major machine dependencies in the Unix 
kernel are the size of integers and pointers and the 
memory management capability required by Unix soft­
ware. Both the Unix kernel and C assume that integers 
and pointers are the same size and that integer arithme­
tic can thus be performed on pointers. Examining the 
evolution of the Unix system sheds light on how this 
machine dependency was handled. 

C originally was developed to write Unix, and Unix 
originally was written for Digital Equipment Corp.'s 
PDP-II family of 16-bit minicomputers. Further, the 
seventh edition of the Unix system was written specifi­
cally for PDP-II systems with separate code and data 
address spaces. Thus, microcomputer hardware that pro­
vides facilities similar to those of a minicomputer such as 

DEC's PDP-11170 should minimize the transportation 
effort. 

On the basis of this background information, the 
design team decided to run the Z800 I microprocessor in 
the nonsegmented mode for user processes and for 
almost all of the kernel. In a nonsegmented mode, 
programs use 16-bit addresses and are limited to a single 
64-K-byte segment. This means that both integers and 
pointers are considered 16-bit quantities and therefore 
integer arithmetic can be performed on them. 

Because the Z8000 family can support separate code 
and data address spaces, user and system programs may 
have as much memory as a PDP-11I70-128-K bytes, of 
which 64-K bytes are code and 64-K bytes are data. 
Furthermore, the Z800 I 's 24-bit addressing scheme can 
handle a total system memory as large as 16 megabytes. 
Because the Z-Lab 8000 can handle up to 1.5 megabytes 
of memory the need for swapping programs in and out of 
main memory is reduced, thereby minimizing response 
time when a large number of users are on the system. 

Much of the existing Unix software base takes advan­
tage of the operating system's dynamic allocation of 
memory. This system characteristic has had a major 
impact on the hardware design of Z-Lab. 

Memory management 

Figure 2 shows how a C program's data is laid out in 
memory. This stack starts at the highest 16-bit data 
address and grows toward lower addresses. Global data 
that is statically allocated starts at address 0 and of 
course does not grow. 

The Unix kernel provides system calls that allow a 
process to dynamically request more data memory. This 
dynamic data area starts just above the global data and 
fills in the unused addresses up to stack. 

Memory space located between the stack and the 
dynamic data area is not necessarily allocated to one or 
the other. The hardware must therefore detect a memory 
reference in the constantly changing gap between the 
two memory areas and make sure they do not overlap. 
When an invalid access is detected, the kernel can either 
allocate more memory or terminate the process, as 
appropriate. 

To protect the memory areas from invalid access, 
Zilog's Z8010 memory management unit was selected 
for the Z-Lab processor board. The MMU relocates 
addresses so that programs can be placed anywhere in 
physical memory and keeps the system from being cor­
rupted if a user's program runs amok. 

Nonsegmented solution 

If Z-Lab were running in segmented mode, the two 
data areas would be placed in separate data segments, 
and the MMU could detect address violations as well as 
the need for more memory. In a nonsegmented mode, 
however, memory references to both bear the same seg­
ment number, so detecting a memory reference in the 
gap must be accomplished in another way in order to 
prevent the dynamic data area and the stack from over­
lapping. 

Although the segmented-mode solution could not be 
used, it did provide the foundation for a nonsegmented 
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solution, in which the references to the two dynamic data 
areas are made through two different MMUs. In Fig. 3, a 
simplified block diagram of Z-Lab's memory manage­
ment architecture shows that there are separate MMUs 
for the code, as well as for the stack and data address 
spaces. The MMU select logic determines which one 
should be activated and guarantees that only one will be 
active at any given time. 

The operating system sets the break register, the key 
element in determining whether the stack or the data 
MMU will be activated, pointing to the highest address in 
the dynamic data area. On every data reference to 
memory, address bits 8 through IS from the Z8001 are 
compared to the value in the break regis teL Data 
addresses greater than or equal to the break value acti­
vate the stack MMU; data addresses less than the break 
value activate the data MMU. The MMU selection occurs 
quickly enough for no wait states to be required, even 
with a 6-megahertz Z8001. 

Integrating hardware and software 

The memory management design discussed above 
handles Unix software and nonsegmented Z8000 pro­
grams. In addition, the memory management architec­
ture of the Z-Lab processor board can be modified under 
program control to support segmented user and system 
programs. Future software releases can thus take full 
advantage of the 16 megabytes of address space provided 
by the segmented Z8001. 

The Z-Lab development project was approached as an 
integrated product-design effort. A broad-based project 
team was selected to facilitate close cooperation among 
the hardware, software, and mechanical engineers, and 
the memory management architecture thus developed by 
the team solved problems that could not have been 
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solved independently by any of the individual groups. 
Likewise, the various goals of the Z-Lab system could 

be attained only with an integrated approach to the 
hardware, software. and mechanical engineering aspects 
of the project. Of these goals, the first was to design a 
Unix-based system with enough flexibility and file­
system integrity that users could configure and maintain 
it themselves. A second goal was a performance level 
that could comfortably support up to 16 users_ The final 
one involved packaging the system for the office environ­
ment. 

To best achieve these goals, the project team sought a 
system design with minimum power consumption and 
noise levels. Thus, the Z-Lab offers high-performance 
minicomputer power in a quiet and easily portable pack­
age that consumes only 325 watts. It has no special 
power requirements and no cooling requirements, if 
ambient temperature stays below 40'C. 

Z-Lab system hardware was also designed for expand­
ability. Using a moderate-sized printed-circuit board 
(approximately 9 by II inches) kept the hardware con­
figuration compact while allowing enough board area for 
future Z-Lab products_ A highly reliable two-piece con­
nector, although slightly more expensive than the con­
ventional one-piece card-edge connector, improved con­
nection reliability and permitted more connections per 
inch of pc-board edge. 

Bus with a future 

A semi synchronous bus, the ZBI, was chosen for its 
high level of system performance and input/output inter­
face. All Z8000 peripheral circuits interface with the bus 
simply, needing buffering only to attain the TTL drive 
levels required on the backplane. Z80 peripherals can 
also be attached to the bus by generating the required 
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4. Architectural planning. The Z-Lab development system uses the 

proprietary ZBI 32-bit bus, an error-correcting memory controller that 

communicates with the main memory over a separate high-speed 

bus, and both Winchester disk and cartridge tape controllers 

Z80 timing with simple interface logic. 
The ZBI is a true 32-bit bus with the address and the 

data multiplexed on the same lines (Fig. 4). The band­
width of the bus (8 megabytes per second) is sufficient 
for future high-speed 32-bit processors and for peripher­
al controllers as well. 

The Z-Lab error-correcting memory controller (ECC) 
supports 8-, 16-, and 32-bit data transfers, performing 
32-bit error correction with the aid of seven extra syn­
drome random-access memories that hold the correction 
bits for every 32 data RAMs. The ECC communicates 
with its memory array cards over a very high-speed 
dedicated memory bus. 

Maximizing memory capacity 

All timing and refresh circuitry on the controller is 
centralized, maximizing memory capacity in the system. 
In addition to a maximum of 1.5 megabytes of ECC 
memory in the processor module enclosure, the Z-Lab 

unit has slots for the processor, cartridge tape controller, 
and Winchester disk controller cards as well. 

Two of the Z-Lab's three peripheral controllers are 
intelligent, using Z80B 6-MHz microprocessors. This 
offers three distinct advantages. 

First, device control chores are offioaded from the 
main processor. The operating system thus can commu­
nicate with the peripheral controllers using high-level 
commands that let the peripheral controllers work in 
parallel with the main processor. For example, Z-Lab 
can issue simultaneous reads or writes to more than one 
disk drive; the disk controller keeps track of head posi­
tion, sector position, and data transfer. 

Secondly, the intelligent peripheral controllers can 
perform self-diagnostics on power-up or on command, 
thus certifying to the host processor with a high degree 
of certainty that they are functioning correctly before 
processing begins. 

Finally, product maintenance and upgrading is simpli­
fied by using firmware. As information is gathered on 
how the operating system interacts with the disk under 
different program mixes, the Winchester disk controller 
can be easily "tuned" for higher performance by altering 
the firmware. 

Initial board set 

The Z-Lab board set consists of: 
• A processor board containing eight serial channels 
with programmable bit-rate, a parallel printer interface 
for either Centronics or Data Products-type printers, a 
memory management subsystem that supports either 
segmented or non segmented user processes, and read­
only memory containing the bootstrap software and pow­
er-up diagnostics. 
• An ECC memory controller that supports 32-bit error 
correction for up to 16 256-K-byte memory array cards. 
This board contains detection and reporting logic for 
uncorrectable errors and error-logging logic for correct­
able errors. 
• One or more 256-K-byte memory array cards using 
high-speed 16-K dynamic RAMS. 
• An intelligent cartridge tape controller that handles 
up to four tape drives for file archiving or for backup of 
the entire system. 
• An intelligent Winchester disk controller that supports 
up to four 24-megabyte 8-in. Winchester disk drives. 
• An optional serial 110 controller board that supports 
an additional eight serial lines and an additional printer 
port. 

Several other subsystems will be offered with Z-Lab in 
the near future. An expansion chassis will increase the 
number of card slots in the unit from 10 to 20, the 
maximum number a ZBI bus can support, for construct­
ing very large systems. 

Another offering will be a compatible 40-megabyte 
Winchester drive (40- and 24-megabyte drives can be 
mixed on the system's Winchester controller). Zilog also 
will offer an intelligent serial controller that can perform 
direct-memory-access transfers to and from main memo­
ry, which will help improve system performance by 
reducing the amount of time that must be spent by the 
processor in servicing terminal interrupts. 0 
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Probing the news 

Software 

Major firms join Unix parade 
Transparent versions of operating system make it available 

for computers ranging from mainframes down to microsystems 

by R. Colin Johnson, Microsystems & Software Editor 

Devotees of Unix, the operating sys- for the iAPX 432 [Electronics, Feb. mercial software houses to configure 
tem whose responsiveness has been 24, p. 119] is written in Pascal on a Unix for even inexpensive systems. 
compared to that of a well-tuned VAX-111780 under Unix. (When An increasing number of original­
sports car, are adding to their num- asked why Unix was used when the equipment manufacturers and com­
ber almost daily. This rapid expan- final compiler release will be under mercial software houses should start 
sion of the user base of Unix, devel- VMS, Nicole Allegre, Ada program offering Unix for various other com­
oped at Bell Laboratories and manager for the Santa Clara, Calif., puter systems. 
licensed by Western Electric Co., company, responds, "The program- Unix is in fact making a strong 
has been spurred by the emergence mers just really wanted to use it.") bid to become a standard among 
of user-transparent versions made Obeys orders. Those programmers operating systems for the new wave 
for computers ranging in size from at Intel are not alone. Their counter- of 16-bit microsystems, though it 
the likes of IBM System 370 main- parts across the country have been faces stiff competition from the 
frames down to Z80-based 8-bit taken by Unix's responsive software- entrenched operating system family 
microcomputer systems. development environment. Also, the from Digital Research, Pacific 

Item: Texas Instruments Inc., language in which the original Unix Grove, Calif. When that company's' 
Dallas, long known for its com pre- is written, C, is one of the most 16-bit implementation of its MP/M 

hensive software development sys- respected of the structured lan- becomes available, it will include 
tern, k planning to implement Unix guages extant [Electronics, May 8, many of the facilities that make 
through a subcontract with a third- 1980, p. 129]. Unix so desirable-plus CP/NET, 
party software house. Since Unix was developed on Dig- which allows both 16- and 8-bit 

Item: Lifeboat Associates, a lead- ital Equipment Corp. machines, it microsystems to share expensive 
ing 8-bit software publisher in New has been widely used on PDP-II peripherals. OEMS can look forward 
York, has just signed an exclusive minicomputers for some time. How- to a rich selection of system-level 
marketing contract with Microsoft ever, now that Western Electric software packages from which to 
for end-user sales of its 16-bit allows systems with only a few users choose. Even the 8-bit microsystems 
Xenix-II adaptation for PDP-lis. to pay a special per-user royalty fee, are acquiring Unix-like capabilities 

Item: Intel Corp.'s Ada compiler it has become economical for com- without having to sacrifice CP/M 
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capability. 
Drawbacks. Unix is not without 

its critics. They say that the system 
cannot be used easily by clerical per­
sonnel and cite difficult operations, 
like rebuilding the linked list that 
describes the hierarchical file struc­
ture after a system crash. Some say 
that Unix does not provide adequate 
file-protection systems to make it 
completely trustworthy in commer­
cial uses . 

Such criticism stems from Unix's 
initial target: cooperative multipro­
grammer software projects in which 
most of the users were professional 
computer specialists. That is why 
many of the facilities provided by it 
are specifically aimed at efficient 



program development. On the other 
hand, Unix is probably best known 
for its document-preparation and 
-management functions, which are 
often used by nonprogrammers. And 
with the addition of a good screen­
oriented editor, like Zilog's visual 
editor, Unix offers a wide avenue of 
capability for professionals and non­
programmers alike. 

New version. One of the latest 
Unix versions is the Zeus adaptation 
by Zilog Inc. Cupertino, Calif., for 
its Z-Lab software development sys­
tem using the Z8000 [Electronics, 
March 24, p. 120]. And to be 
released next month to selected 
OEMs is the Z8000 version called 
Xenix from Microsoft in Bellevue, 
Wash. [Electronics, March 24, 
p. 34]. Among the first of the OEMs 
is Codata of Sunnyvale, which is 
working on a floppy- and hard­
disk-based microsystem that makes 
use of a Multibus-compatible central 
processing unit. Later this year, the 
8086 version of Xenix is to be deliv­
ered to Altos Computer Systems of 
Santa Clara for its single-board 
8086-based microsystem. 

After that, Microsoft plans to 
release a 68000 version (as does 
Whitesmiths Ltd. of New York in an 
original implementation), with an 
eye to the iAPX-432 and the 16000 
in an attempt to establish Xenix as 
the standard version of Unix for 16-
bit microsystems. Not only is Micro­
soft dedicated to marketing Unix, 
but it is also dedicated to using it: all 

product development programming 
in its Consumer Products division is 
done in C on a PDP-11170 under 
Unix and then transported to the 
target microsystem. 

The first computer to which the 
operating system was transferred 
from the one on which it was devel­
oped was the Interdata 8/32. The 
Wollongon Group of Palo Alto, 
Calif., now offers Unix for the 8/32, 
as well as for the rest of Perkin­
Elmer's 32-bit minicomputers (Per­
kin-Elmer having bought Interdata). 

The same. In the Wollongon offer­
ing, a supreme attempt has been 
made to make this implementation 
virtually identical to the original as 
it appears to the user, in the interest 
of program portability and of pre­
serving a common command lan­
guage across Unix systems. 

Unix is also available from Am­
dahl Corp. for its IBM 370 look­
alike, the 470 mainframe, and even 
for a computer that is specially opti­
mized for the C language-the 
Cl70-from BBN Computer Corp. 
[Electronics, Nov. 6, 1980, p. 46]. 
These, like the others, are licensed 
by Western Electric. 

However, before the licensing pro­
cedures were changed to accommo­
date small systems, several software 
developers began work on Unix look­
alikes. These user-tranbparent, yet 
original, implementation projects are 
now coming to fruition. 

One that has been around for 
more than a year is Whitesmiths' 

Idris [Electronics, March 24, 1981, 
p. 125). Some of the newer ones are 
aiming at the 8-bit market to main­
tain compatibility with current soft­
ware bases. Two, for Z80-based 
microsystems using the S-IOO bus, 
come from Morrow Designs of Rich­
mond, Calif., and Cromemco Inc. of 
Mountain View, Calif., respectively. 

Subtasks. Morrow Designs' ver­
sion, called ).INIX, runs CP/M as one 
task within its multiuser environ­
ment, thereby maintaining compati­
bility with CP/M software while 
gaining the conveniences of a user­
transparent Unix. The emphasis 
throughout has been on compatibili­
ty and portability; ).INIX is written 
entirely in Whitesmiths' C, which is 
not supplied with the package. 
Cromemco's version runs the CDOS 
operating system as a subtask and 
maintains compatibility with that 
already extensive software base, 
including its new C compiler. 

There is even a version, from 
Technical System Consultants Inc., 
for Southwest Technical Products 
Corp.'s 6809-based 128-K-byte mi­
crosystem. Called Uniflex, it is writ­
ten entirely in assembly language 
and includes most of Unix's features; 
it supports both floppies and a 20-
megabyte hard disk. The West 
Lafayette, Ind., firm will add a 
68000 version soon and is looking to 
Ada, Pascal, and C for future high­
level language projects. 0 
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