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Writing An
Enhanced BIOS

This chapter describes ways in which you can enhance your BIOS to make
CP/M easier to use, faster, and more versatile.

Get a standard BIOS working on your computer system, and then install the
additional features. Although you can write an enhanced BIOS from the outset, it
will take considerably longer to get it functioning correctly.

A complete listing of an enhanced BIOS is included at the end of this chapter. It
is quite large: approximately 4500 lines of source code, with extensive comments
and long variable names to make it more understandable.

The sections that follow describe the main concepts embodied in the enhanced
BIOS listing.
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BIOS Enhancements

BIOS enhancements fall into two classes: those that add new capabilities and
those that extend existing features.

Some enhancements are normally accompanied by utility programs that allow
you to select the enhancement option from the console. For example, when the
BIOS is enhanced to include a real time clock, you need a utility program to set the
clock to the correct time. Other enhancements will not require supporting utilities.
For example, if the disk drivers are improved to read and write data faster, the
enhancement is “transparent.” As a user, you are aware of the results of the
enhancement but not of the enhancement itself.

Viewed at its simplest, the BIOS deals with two broad classes of input/output:

Character input/output
This includes the console, auxiliary, and list devices.

Disk input/output
This can accommodate several types of floppy and hard disks.

Enhancements in these areas do not fundamentally change the way that the
BDOS and CCP interact with these devices. Instead, enhancements improve the
way in which the device drivers deal with the devices. They can improve the speed
of manipulating data, the way of handling external devices, or the user’s control
over the behavior of the system.

The example enhanced BIOS has capabilities not found in standard CP/M
systems. These can be grouped in several main categories:

Character input/output
This area probably benefits most from enhancement. This is partly because
such a wide range of peripheral devices needs to be supported and partly
because this is the most visible area of interaction between you and your
computer. Any improvements here will therefore be immediate and obvious
to you as a user.

Error handling
CP/M’s error handling is, at best, startling in its simplicity. Enhanced error
handling gives you more information about the nature of the failure, and
then gives you the options of retrying the operation, ignoring the error, or
aborting the program. This topic is covered in detail in Chapter 9.

System date and time
This is the ability to maintain a time-of-day clock and the current date. It
allows your programs to set and access the date and time. In addition, your
system can react to the passing of time, and you can move certain opera-
tions into the time domain. For example, you can set upper limits on the
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number of seconds, or milliseconds, that each operation should take, and
arrange for emergency action if the operation takes too long.

Logical-to-physical device assignment
CP/M’s logical-to-physical device assignment is primitive. With enhance-
ments, you can use any character input/output device as the system
console, and output data to several devices at the same time.

Disk input/output
CP/M only knows about the 128-byte sector. Even with the deblocking
routines shown in Figure 6-4, overall disk performance can be slow.
Performance can be improved dramatically by “track buffering” (in which
entire tracks are read and written at one time) or by using a memory disk
(that is, using large areas of RAM as though they were a disk). These have a
cost, though, in increased memory requirements.

Public files
CP/M’s user number system needs improvements to function well in
conjunction with large hard disks.

Preserving User-Settable Options

A by-product of adding features to the BIOS is that many of these features have
options that you can alter, either from the console using a utility program or from
within one of your programs.

Each of these options, once set according to your preferences, or to the
requirements of your hardware, do not normally change from day to day. There-
fore, the BIOS should be designed so that options set by the user can be “frozen” or
preserved on the disk by using a utility program, FREEZE. All of the variables
recording these options are gathered into a single area and then this area is written
out to the disk.

This area is called the configuration block. In practice, there are two configura-
tion blocks: one short term and the other long term. The short term block is not
preservable — you can set options within it, but they cannot be preserved after you
switch your computer off. The system date, for example, is normally set each time
you turn your computer on, and therefore is kept in the short term block. The baud
rate for your printer, on the other hand, is kept in the long term block so that it can
be saved permanently.

Anextra BIOS entry point, CB$Get$ Address, has been built into the enhanced
BIOS so that utility programs can locate variables in both configuration blocks.
For example, when a utility needs to know where the date is kept in memory,
it calls CB$Get$Address using a code number (specific for date) in a register.

CB$Get$ Address returns the address of the date in memory. If a new version of the
BIOS is produced with the date in a different location, CB$Get$Address will still
hand the correct, although different, address back to the utility program.
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Two other variables that CB$Get$Address can access pertain to the con-
figuration block itself. One is the relative address of the start of the long term
configuration block. The other is the length of the long term block. These are used
by the FREEZE utility when it needs to preserve the long term block on a disk.
FREEZE must (1) read in the sectors containing the long term block from the
CP/M BIOS image on the reserved area of the disk, (2) copy the current RAM-
resident version of the long term block over the disk image version, and then 3)
write the sectors back onto the disk.

Figure 8-1 shows how the long term block appears on disk and in memory. The
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Figure 8-4.  Saving the long term configuration block
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size of the CCP and BDOS do not change, even if the BIOS does. Therefore, the
sector containing the start of the BIOS will not change. The formula (using
decimal numbers)

BIOS Start Sector + INT(Relative LTB Address / 128)

then gives the start sector number to be read in. The number of sectors to read is
calculated as follows:

(Long Term Block Length + 127)/ 128

The relative address and length can be used to locate the long term block in the
BIOS executing in RAM,

Character Input/Output

The character 1/O drivers shown in the example BIOS, Figure 8-10, have been
enhanced to have the following features:

* A single set of driver subroutines controlling all character devices

* Preservation of option settings
Flexible redirection of input/output between logical and physical devices
Interrupt-driven input drivers, to get user “type-ahead” capability

* Support of several different protocols to avoid loss of data during high-
speed output to printers or other operations

* Forced input of characters into the console input stream, allowing automatic
commands at system start-up

- Conversion of terminal function keys into useful character strings

- Ability to recognize “escape sequences” output to the console and to take
special action as a result

- Ability to read the current time and date as though they were typed on the
console

+ “Timeout” signaling when the printer is busy for too long.

Each of these features is discussed in the following sections, as an introduction
to the actual code example.

Single Set of Driver Subroutines

In the following examples, only a single set of subroutines is used to process the
input and output for all of the physical devices in the system.
This is made possible by grouping all of the individual device’s characteristics



214 The CP/M Programmer’s Handbook

into a table called the device table. For example, in order to get a character from
the current console device, the address of its device table will be handed over to the
subroutines. These in turn will use the appropriate values from the device table
when they need to access a port number or any unique attribute of that device.

In our example, the drivers assume that all of the physical devices use serial
input/output. To support a device with parallel input/output, you would need to
extend the device table to include a field that would enable the drivers to detect
whether they were operating on a serial or parallel device. You would probably
also have to add different device initialization and input/output routines more
suited to the problems of dealing with a parallel port.

The device table structure consists of a series of equate (EQU) instructions.
These define the relative offset of each field in the table. Each definition is
expressed by referencing the preceding field so that you can insert additional fields
without revising the definitions for all the other fields.

Individual instances of device tables are then defined as a series of define byte
(DB) and define word (DW) lines. The drivers are given the base address of the
device table whenever they need to do something with a device. By adding the base
address to the relative address (defined by the equate), the drivers can determine
the actual address in memory that contains the required value. The detailed
contents of the device table are described later in this chapter.

Permanent Setting of Options

About the only options that need preserving in the long term configuration
block are the values used to initialize the hardware chips. Other options can be set
during automatic execution of the command file when CP/M is first loaded.

Redirection of Input/Output Between Devices

As you recall, the BDOS only “knows about” the logical devices console,
reader, punch, and list. Using the IOBYTE at location 0003H in conjunction with
the STAT utility, you can redirect the BDOS to assign the logical devices to specific
physical devices. However, the redirection provided by CP/M is rather primitive. [t
permits only four physical devices per logical device. Input and output of a logical
device must always come from the same physical device. Output data can only be
sent to a single destination, or (using the CONTROL-P toggle) to the console and the
list device. :

The system in Figure 8-10 supports up to 16 physical devices. Any one of these
devices can act as the console, reader, punch, or list device. Input can come from
any single device. Output can be sent to any or all of the devices. Each logical
device’s input and output are separate —that is, console input can come from
physical device X while the output can be sent to physical devices Y and Z.

Device redirection can be done dynamically, either from within a program or
by using a system utility program. For example, if you have some special input
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device, your program can momentarily switch over to reading input from this
device as though it were the console, and then revert back to reading data from the
“real” console.

This redirection scheme is achieved by defining a 16-bit word, called the
redirection word, in the long term configuration block for each of the following
logical devices:

-+ Console input

- Console output

- Auxiliary (reader/punch) input

- Auxiliary (reader/punch) output

+ List input (printers need to send data, too)

- List output.

Each bit in a given redirection word is assigned to a physical device. For input,
the drivers use the device corresponding to the first 1 bit that they find in the
redirection word. For output, the drivers send the character to be output to all of
the devices for which the corresponding bit is set.

The example code does not select a different driver for each bit set —it selects a
specific device table and then hands over the base address of this table to the
common driver used for all character operations.

Interrupt-Driven Input Drivers

With a standard CP/M BIOS, character data is read from the hardware chips
only when control is transferred to the CONIN or READER subroutines. If this
character data arrives faster than the BIOS can handle, data overrun occurs and
incoming characters are lost.

By using interrupts, the hardware can transfer control to the appropriate
interrupt service routine whenever an incoming character arrives. This routine
reads the data character and places it into a buffer area to wait for the next CONIN
or READER call, which will get the character from the buffer and feed it into the
incoming data stream.

User programs and the CCP are “unaware” of this process, perceiving only
that data characters are available. However, users will become aware of the
process; they will be able to enter data characters from the keyboard before the
program is ready for them. This gives the technique its other name — “type-
ahead.” Although this technique does not alter the speed of execution of any
programs running under CP/M, it does create the illusion of greater speed, since
pauses while a program accepts data vanish completely. The user can enter data at
a rate convenient to the tasks or thoughts at hand, without regard to the rate at
which the program can accept that data.
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The example contains the code necessary to handle arriving characters under
interrupt control. In order to be of general applicability, the code assumes a “flat”
interrupt structure: that is, all character input interrupts cause control to be
transferred to the same address in memory. The address is determined by the
actual hardware interrupt architecture.

The simplest interrupt schemes use the restart (RST) instructions built into the
8080 CPU chip. In the RST scheme, the external hardware interrupts what the
CPU chip is doing and forces one of the eight RST instructions into the processor.
Each RST instruction causes the processor to execute what is, in effect, a CALL
instruction to a predetermined address in memory.

In more complicated systems, a specific interrupt controller chip (such as the
Intel 8259A) will be used. In addition to providing very sophisticated (and
complicated) prioritization of interrupts, the interrupt controller can transfer
control to a different address depending on which physical device causes the
interrupt. It does this by forcing the CPU to execute a CALL instruction to a
different address for each device.

In both architectures, it is the respon51b111ty of the BIOS writer to initialize all
the hardware chips so that an interrupt occurs under the correct circumstances.
The BIOS writer also must plant instructions at the correct places in memory to
receive control from an RST instruction or from the fake CALL instruction
emitted by the interrupt controller.

Some hardware requires that the interrupt service subroutine inform it as soon
as the interrupt has been serviced and the-character has been input. The example
drivers provide for this.

This section deals with using interrupts for the input drivers, not the output
drivers. All of today’s microcomputers can output data much faster than external
peripherals can handle. After the first few minutes of output, the computer will fill
any reasonably sized buffer —and from this point there is no advantage in having
a buffered output system. The computer still must slow down to the peripheral’s
data rate for each character, although now it is waiting to put the character in the
output buffer rather than out to the peripheral.

One exception to this is where you have a large amount of “spare” memory and
a “slow” printer (which most of them are). Increasing numbers of systems have
more than 64K of RAM. The 8080 or Z80 can’t address more than this, but a
“bank switched” memory system can switch blocks of memory in and out of that
64K address space.

Using this trick, you can access memory “unknown” to CP/M, store some
characters in it, switch back to the normal 64K memory, and return control to the
caller of the BIOS output routine. When the physical device is ready to accept
another output data character from the CPU, it will generate an interrupt. The
interrupt service routine then will access the “secret” buffer, output the characters
to the device, and switch back to the normal memory.

For example, if you have a printer that prints at 80 characters per second and
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you can afford to use 64K of bank switched memory, you can squirrel away 13
minutes of printing— or even more if you design a scheme to compress blanks,
storing them in the hidden buffer as a special control sequence.

From the point of view of software, interrupt-driven input drivers are divided
into two major groups: the interrupt service routine that reads the characters and
stacks them in a buffer, and the non-interrupt routines that get the characters from
the buffer and handle the other BIOS functions such as returning console status.

The input character buffer serves as a transfer mechanism between the two
groups of subroutines, although the device table also plays an important role.

The example code uses a circular buffer, as shown in Figure 8-2.

The drivers start putting data into the beginning of the buffer. When the last
character in the buffer has been reached, the drivers reset to the beginning of the
buffer and start over. This, of course, assumes that the non-interrupt drivers have
been getting data from the front of the buffer, thus creating space for additional
incoming data.

Each device table contains the address of the input buffer, a “put” pointer (for
the interrupt service routine), and a “get” pointer (for the non-interrupt service
routine). It also contains two character counts: the total number of characters and
the number of control characters in the input buffer. You can see how the put and
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get pointers operate asynchronously. The put pointer is used every time an
incoming character generates an interrupt. The get pointer is used for each
CONIN call. A

The get and put pointers are only single-byte values and are more accurately
described as “relative offsets.” That is, they contain a value which, when converted
to a word and added to the base address of the buffer, will point directly to the
appropriate position inside the buffer.

By making the buffer a binary number of characters long — 32 characters, for
example —a programming trick can be used to make the buffer appear circular.
The device tables contain a mask value formed from the buffer’s length minus one
(length— 1). Whenever the get or put pointers are incremented by one (to “point”
to the next character position), the updated value is ANDed with this (length— 1)
mask. In this example, if the get value goes from 31 (the relative address of the last
character in the buffer) to 32 (which would be “off the end”), the masking
operation will reset it to zero (the relative address of the first character of the
buffer). This avoids having to compare pointers to know when to reset them.

It is also simpler to use a count of the number of characters in the buffer, rather
than comparing the get and put pointers, to distinguish between an empty and a
full buffer. To support different serial protocols, the driver must be able to react
when the buffer is within five characters of being full and when it drops below half
empty. Both of these conditions are much easier to detect using a simple count that
is incremented as a character is put into the buffer and decremented as a character
is retrieved from the buffer. .

The count of control characters is used to deal with a class of programs that
incessantly “gobble” characters, thereby rendering any type-ahead useless. An
example is Microsoft’s BASIC interpreter. When it is interpreting a program, you
can enter a CONTROL-C from the keyboard and the interpreter will come to an
orderly stop. It does this by constantly making calls to CONST (console status). If
it ever detects an incoming character, it makes a call to CONIN to input the
character. A character that is not CONTROL-C is discarded without further ado.
Thus, any characters that are input are consumed, destroying the effect of type-
ahead.

To deal with this problem, the CONST routine shown in the example can be
told to “lie” about the console’s status. In this mode, CONST will only indicate that
characters are waiting in the input buffer if a control character is received. It uses
the control character count to determine whether there are control characters in
the buffer; this count is incremented by the interrupt service routine when it detects
one, and decremented by the CONIN routine when it gets a control character from
the buffer.

Protocol Support

In this context, a protocol is a scheme to avoid loss of data that would
otherwise occur if a device sent data faster than the receiving device could handle
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it. For example, protocols are used to prevent the CPU sending data out to a
printer faster than the printer can print the characters and move the paper. The
drivers also support input protocols, indicating to a transmitting device when the
input buffer gets close to being full.

Two basic methods are used to implement protocols. The first uses the control
lines found in the normal RS-232C serial interface cables. For data being output by
the computer, the data terminal ready (DTR) signalis used, and for incoming data,
the request to send (RTS) signal. These signals conform to the electrical standards
for the RS-232C interface; they are considered true when they are at some positive
voltage between +3 and + 12 volts, and false when they are between —3 and —12
volts.

The second method uses ASCII control characters instead of control signals.
Two separate protocols are supported by this method. One uses the ASCII
characters XON and XOFF. Before the sending device (the computer or some
peripheral device) sends a data character, it checks to see if an XOFF character has
been received. If so, the sender will wait for an XON character. The receiving device
will only send an XON when it is ready to receive more data.

The second protocol uses the characters ETX (end of transmission) and ACK
(acknowledge). This method is normally used only when transmitting data from
the computer to a buffered printer. A message length (usually half the printer’s
buffer size) is defined. When this number of characters has been output, the
computer will send an ETX character. No further output will occur until the
computer receives an ACK character from the printer.

The example drivers support the DTR high-to-send, the XON/XOFF, and the
ETX/ACK protocols for output data. For input, they support RTS high-to-receive
and XON/XOFF.

The input protocols are invoked when the input buffer gets within five charac-
ters of being full. Then the drivers output an XOFF character or lower the RTS
signal voltage, or do both. Only when the input buffer has been emptied to 50%
capacity will the drivers send XON or raise the RTS line, or both.

As an emergency measure, if the input buffer becomes completely full, not-
withstanding protocols, the drivers will output a predetermined character (defined
in the device table) each time they discard an incoming character. This is normally
the ASCII BEL (bell) character. When you type too far ahead, the terminal will
start beeping to tell you that data is being dropped.

Forced Input into the Console Stream

All application languages provide a means of reading data from the console
keyboard. This makes the console input stream a useful gateway to the system. A
simple enhancement to the CONIN/CONST routines makes it easy to “fool” the
system into acting as if data had been input from the keyboard when in fact the
data is coming in from a character string in memory.
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CONIN uses forced input data if pointer points to nonzero byte

In the enhanced BIOS, both CONIN and CONST are extended to check a
pointer in the long term configuration bl‘ock,’as shown in Figure 8-3.

If this pointer is pointing at a nonzero byte, then that byte is returned as though
it had come from the console keyboard. The forced input pointer is then moved up
one byte in memory. The process of forcing input continues until a zero byte is
encountered.

Forced input serves several purposes. It can be used to force a command or
commands into the system when the system first starts up. In conjunction witha
utility program, it can allow the user to enter several CP/M commands on a single
command line, injecting the characters as each of the commands is executed. It
also makes possible the features described in the next two sections.

Support of Terminal Function Keys

Many terminals on the market today have special function keys on their
keyboards. When you press one of these keys, the terminal will emit several
characters, the first of which is normally the ASCII ESC (escape) character. The
remaining one or two characters identify the specific function key that was
pressed.

For these function keys to be of any practical use, an applications program
must detect the incoming escape sequence and take appropriate action. The
problem is that not all terminal manufacturers support the ANSI standard escape
sequences.
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The example drivers avoid this problem by providing a general-purpose
method, shown in Figure 8-4, of detecting escape sequences and of substituting a
user-defined character string that is injected into the console input stream as
though it had been entered from the keyboard.

This scheme permits function keys to be used very flexibly, even for off-the-
shelf programs that have not been designed specifically to accept function key
input.

There is, however, one stumbling block. When an ESCAPE character is received,
the progam must detect whether this is the start of a function key sequence or the
user pressing the ESCAPE key on the terminal’s keyboard. In the former case, the
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Figure 8-4.

CONIN decodes terminal function keys
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driver must wait to determine whether a function key string must be substituted
for the escape sequence. In the latter case, the driver must input the ESCAPE
character as it would other incoming data characters.

This recognition can only be done by moving into the time domain. When the
CONIN routine (the non-interrupt routine) gets an ESCAPE character from the
input buffer, it delays for approximately 90 milliseconds, enough time for a
terminal-generated character sequence to arrive. CONIN then checks the input
buffer to see if it contains at least two characters. If it does, the driver checks fora
match in a function key table in the loné term configuration block. If the charac-
ters match a defined function key, then the string associated with the function key
will be injected into the console stream by pointing the forced input pointer at it. If
the characters do not match anything in the function key table, then the ESCAPE
and subsequent characters are handed over as normal data characters.

If after the 90-millisecond delay no further characters have arrived, the ESCAPE
character is handed over as a normal character, on the basis that it must have been
a manually entered ESCAPE character rather than part of a terminal-generated
sequence.

The example drivers show the necessary code and tables for function keys that
emit three characters. You could modify them easily for two-character sequences,
or, if you are fortunate enough to have a keyboard that uses all eight bits of a byte,
to recognize single incoming characters.

Processing Output Escape Sequences

The output side of the console driver, the CONOUT routine, can also be
enhanced to recognize escape sequences. It uses a vectored JMP instruction to
keep track of the current state of affairs. The CONOUT driver -gets an address
from the vector and transfers control to it. Normally this vector is set to direct
control to the output byte routine. However, if an ESCAPE character is detected in
the output stream, the vector is changed to transfer control to a routine that will
recognize the character following the ESCAPE. If recognition does not occur, the
driver will output an ESCAPE followed by the character that arrived after it.

If the second character is recognized, then the driver can transfer control to the
correct escape-sequence processor. This processor can then take whatever action
is appropriate. It must also make sure that when all processing is finished, the
console output vector is set to process normal output characters again.

This technique is described in more practical detail in the next section, where it
is used to preset and read the date and time. You can easily extend the recognition
tables in the long term configuration block to perform any special processing that
you need, ranging from altering the I/O redirection words to changing any other
variable in the system or programming special hardware in your computer.

Be careful not to embed any pure binary values in the sequence of characters
going out to the CONOU I routine. If you attempt to send a value of 09H (the TAB
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character) out via the BDOS, it will gratuitously expand the tab out to some
number of blanks. If you need to send out a bit pattern, such as the I/O redirection
word, split it up into a series of 7-bit long values. Then send it out with each byte
having the most significant bit set to 1. A value of 09H will then become 89H,
preventing the BDOS from expanding it to blanks.

Reading Date and Time From Console

For the moment, set aside the question of how the date and time get into the
system. Since the date and time are stored in the short term configuration block
(there being no need to save them from one work session to the next), all that the
BIOS needs to be able to do is recognize a request from an applications program to
read either the date or the time and then set the forced input pointer to the appro-
priate string in memory. Both the date and time strings are terminated by a LINE
FEED followed by a 00 byte.

This sequence of events is shown in Figure 8-5.

You can see that the characters “ESC d” output to CONOUT cause it to point
the forced input pointer at the date in memory. Subsequent calls to CONIN bring
the characters in the date into the program as though they were being entered on
the keyboard.

CONOUT recognizes Date processor sets
ESC d ESC d and goes to forced input pointer
date processor to date string
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Forced Input
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Figure 8-5.

Escape sequences sent to CONOUT allow the date to be read by CONIN
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“Watchdog” Timeout on Printer

There is no provision in CP/M to deal with a hardware device that for one
reason or another is permanently unavailable. Unless special steps are taken inthe
drivers, the system will screech to a halt ina loop, reading status and testing for the
peripheral to be ready.

The example enhancement code shows a scheme, using a real time clock, that
can detect when a device such as a printer fails to come ready for more than 30
seconds. On detecting this situation, the code outputs a message to all of the
console devices that are not also being used as printers. This type of output is
needed to avoid “deadly embraces” where a printer not being ready generates a
message that cannot be output because the printer is not ready.

The code that performs the timing function is known as a watchdog timer.
Each time the real time clock “ticks,” the interrupt service routine checks the
watchdog count. If the count is nonzero, it is decremented. If the watchdog timer
reaches zero, exceeding the time allowed, the drivers will display a message on the
console indicating that the printer has been busy for too long. The user then has
the option of making the printer ready and trying again to output data, ignoring
the error and carrying on, or aborting the program by doinga BDOS System Reset
(function 0).

Although sending an error message to the console sounds simple, it is compli-
cated if console output is directed to the offending printer itself. The drivers
attempt to solve this problem by sending the message only to those devices being
used as consoles and not as printers. If all consoles are being used as printer
devices as well, the driver will send the message to device 0— normally the main
console. '

Keeping Time and Date

CP/M does not have provision for keeping the current time and date in the
system. The example enhancement shows how to keep the time of day and the
current date in the short term configuration block by using escape sequences
output to the console (1) to set them to the correct values and (2) to “read” them
from the console input stream.

The example presupposes that the system has a hardware chip that can be
programmed to generate an interrupt every 1/60th of a second (16.666 millisec-
onds). This provides a divide-down counter to measure seconds elapsed. Of
course, if your computer has a true real time clock that you can read and get the
current time in hours, minutes, and seconds, your code will be very simple. You
still will need to have the clock generate a periodic interrupt, however, in order to
use the watchdog feature for timing printer and disk operations.

Actual time is kept as ASCII characters, using another ASCII control tableto
determine when “carry and reset to zero” should occur. By changing two bytes in
this table, the time can be kept in 12- or 24-hour format.
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The date is simply stored as a string. The example code does not attempt to
make sure that the date is valid, nor to update when midnight rolls around. This
could be done easily by the BIOS — but it would take a fairly large amount of code.

Watchdog Timer

Having a periodic source of interrupts also opens the door to building in an
emergency or watchdog timer. This is nothing more than a 16-bit counter. Each
time the real time clock interrupts, or ticks, the interrupt service routine checks the
watchdog count. If it is already at zero, nothing more happens — the watchdog is
not in use. Ifit is nonzero, the routine decrements the count by one. If this results in
a zero value, the interrupt service routine CALLs a predetermined address. This
will be the address of some emergency interrupt service routine that can then take
special action, such as investigating the cause of the timeout.

The watchdog routine has a non-interrupt-level subroutine associated with it.
Calling this set watchdog subroutine provides a means of setting the count to a
predetermined number of real time clock “ticks” and setting the address to which
control should be transferred if the count reaches zero.

Having called the set watchdog subroutine, the driver can then sit in a status
loop, with interrupts enabled, waiting for some event to occur. If the event happens
before the watchdog count hits zero, the driver must call the set watchdog routine
again to set the count back to zero, thereby disabling the watchdog mechanism.

The watchdog timer can be used to detect printers that are busy for too long or
disk drives that take too long to complete an action either because of a hardware
failure or because the user has not loaded the disk into the drive.

Data Structures

As already stated, each character /O device has its own device table that
describes all of its unique characteristics.

The other major data structure is the configuration blocks — both short and
long term.

This section describes each field in these data structures.

Device Table

Figure 8-6 shows the contents of a device table. More correctly, it shows a series
of equates that define the offsets of each field in the device table. The drivers are
given the base address of a specific device table. They then access each field by
adding the required offset to this base address.

The first part of the device table is devoted to the physical aspect of the device,
defining which port numbers are to be used to communicate with it. The drivers
need to know several different port numbers since each one is used for a particular
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H The drivers use a device table for each
H physical device they service. The equates that follow
3 are used to access the varicus fie=lds within the
H device table.
H Fort numbers and status bits
Q000 = DT¢Status$Port EQu sDevice status port number
0001 = DT$DatasPort EQU DT$Status$Fort+1
s;Device data port number
Q002 = DT$0utput $Ready EQU DT$DataFort+l
3Output ready status mask
0003 = DT¢Input$Ready EQU DT$0utput$Ready+1
; Input ready status mask
Q004 = DT$DTR$Ready EQU DT¢Input$Ready+1
sDTR ready to send mask
QOS5 = DT$ResetsInt$Fort EQU DT$DTR$Ready+1
sPort number used to reset an
3 interrupt
Q008 = DT$Reset$Int$Value EQU DT$Reset$Int$Fort+1
;Value output to reset interrupt
0007 = DT$Detect$Error$Fort EQU DT$Reset$Int$Value+l
sPort number for error detect
0008 = DT$Detect$ErrorsValue EQU DT$Detect$ErrorsFort+1
;Mask for detecting errar (parity etc.)
Q0Q% = DT$ResetsError$Port EQU DT$Detect$Error$Value+l
;0utput to port to reset error
Q00A = DT$Reset$Errar$Value EQU DT$Reset$Error$Port+1
- sValue to output to reset error
QOOB = DT$RTS$Control$Port EQU DT$Reset$ErrorsValue+l
;Control port for lowering RTS
Q00T = DT$Drop$RTS$Value EQU DT$RTS$Control$Port+1
sValue, when output, to drop RTS
Q00D = DT$Raise$sRTS$Value EQU DT$Drop$RTS$Value+l
;Value, when ocutput, to raise RT3
H Device logical status (incl. pratacols)
Q0QE = DT$Status EQU DT$Raise$RTSEValue+l
;Status bits
0001 = DT$0utput$Suspend EQU Q000$0001E ;Output suspended pending
3 protocal action
o002 = DT$Input$Suspend EQU 0000%$0010R s Input suspended until
; buffer empties
0004 = DT$Cutput$DTR EQu QOO0$0100E s0utput uses DTR-high-to-send
008 = DT$0utput$Xon EQU 0000%$1000E sOutput uses Xon/Xoff
0010 = DT$Cutput $Etx EQU Q001$0000E ;Output uses Etx/Ack
0020 = DT$0utput$Timeout EQU 0010$0000R ;Output uses Timecut
0040 = DT$Input $RTS EQU 0100%0000R s Input uses RTS-high-tc-receive
0080 = DT$Input$Xon EQU 1000$0000E s Input uses Xon/Xaoff
QOQF = DT$Statuss2 EQU DT$Status+l ;Secondary status byte
Q001 = DT$Fake$Typeahead EQU QO00$0001E ;Requests Input$Status to
3 return "Data Ready" when
;s control characters are in
3 input buffer
0010 = DT$Et x$Count EQU DT$Status$z+l
sNo. of chars.sent in Etx protocol
0012 = OT$Etx$Message$lenath EQ OT$Et x$Count+2
;Specified message length
i Input buffer values
0014 = DT$Euf fer$Base EQU DT$Etx$Messageslength+2
;1Address of input buffer
0018 = DT$Fut$Qffset EQU DT$Buffer$Base+2
;0ffset for putting chars. into buffer
0017 = DT$Get$0f fset EQU DT$FPut$0ffset+1
;0ffset for getting chars. from buffer
o01g = DT$Buf fers$Length$Mask EQL DT$Get$0ffset+1
sLength of buffer - 1
sNote: Buffer length must always be
; a binary number; e.g. 32, &4, or 123,
3This mask then becomes:
EIRC > E 31 (0001$1111E)
5 &3 (0011$1111E)
H 127 (0111$1111E)
Figure 8-6.  Device table equates
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0019

QO1A

001B

001C

001D

Q01E

;After the get/put offset has been

; incremented it is ANDed with the mask

3 to reset it to zero when the end of

3 the buffer has been reached.
DT$Characters$Count EQU DT$Buffer$Length$Mask+1

;Count of the number of characters

3 currently in the buffer
DT$StopsInputsCount EQU DT$Characters$Count+1

;Stop input when the count reaches

3 this value
DT$Resume$Input$Count EQu DT$Stop$InputsCount+1

sResume input when the count reaches

3 this value
DT$Control$Count EQU DT$Resume®Input$Count+1

sCount of the number of control

s characters in the buffer
DT$Function$Delay EQU DT$Control$Count+1

sNumber of clock ticks to delay to

allow all characters after functicon

3 key lead-in to arrive
DT$Initialize$Stream EQU DT$Function$belay+1

;Address of byte stream necessary to

initialize this device

Figure 8-6.

Device table equates (continued)

function. Depending upon your hardware, each port number could be different;
however, with standard Intel or Zilog chips, you will often find that the same port
number is used for several functions. The drivers also need to know what bit
patterns to expect when they read some ports and what values to output to ports in
order to obtain particular results.

The layout of the device table and the manner in which the equates are declared
are designed to make it easy for you to change the contents of the table to meet
your own special requirements. The fields in this first section of the device table are
discussed in the sections that follow.

DT$Status$Port  The driver reads this port to determine whether the hardware chip has

incoming data ready to be input to the computer or whether the chip is capable of
accepting another data character for output to the physical device.

DT$Data$Port  The driver reads from this port to access the next data character from the

physical device. The driver also writes to this port to output the next data
character to the device.

If your computer hardware requires that the input data port be a different
number from the output data port, you will have to alter the coding in the device
table equates as well as make the necessary changes in the input and output
subroutines in the body of the code.

DT$Output$Ready  This is the bit mask that the driver will AND with the current device

status (obtained by reading the DT$Status$Port) to see whether the device is ready
to accept another output character. It assumes that the device is ready if the result
of the AND instruction is nonzero. You may have to change some JNZ (jump
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nonzero) instructions to JZ (jump zero) instructions if your hardware device uses
inverted logic, with bits in the status byte set to 0 to indicate that the device can
accept another character for output.

Note that this status check relates only to the output chip—it is completely
separate from the question of whether the peripheral itself is ready to accept data.

DT$InputéReady  This is the bit mask that the driver will AND with the current device
status to see if there is an incoming data character. The drivers again presume that
if the result of the AND is nonzero, then an incoming data character is waiting to
be read from the data port. You will need to make changes similar to those for the
output subroutines described in the previous section if your hardware uses
inverted logic (0 bit means incoming data).

DT$DTR$Ready  DTR stands for data terminal ready. It refers to one of the control lines
connected from the actual peripheral device to the 1/O chip (via several other
integrated circuits). The drivers, as an option, will only output data to the device
when the DTR signal is at a positive voltage. If the peripheral, in order to stop the
flow of data characters being output to it, lowers the DTR signal to a negative
voltage, the drivers will wait. Once DTR goes positive again, the drivers will
resume sending data. Many hard-copy devices use this scheme to give themselves a
chance to print out data received from the computer. They may have to lower DTR
for several seconds, while they perform paper movement, for example.

The value in this field is a bit mask that the drivers use on the device status to
determine the state of the data-terminal-ready control signal.

DT$Reset$Int$Port  Since the input side of the drivers uses interrupts, when an incoming
character is ready to be input by the €PU, the hardware generates an interrupt
signal, and control is transferred to the interrupt service routine. This routine
“services” the interrupt by reading the incoming data character, saving it in
memory, and then transferring control back to whatever was being executed
when the interrupt occurred.

The more complicated interrupt controller chips (such as the Intel 8259A)
must be told as soon as a given interrupt has been serviced so that they can permit
servicing of any lower priority interrupts that may be waiting.

This field contains the port number that will be used to “reset” the interrupt, or
more correctly, to indicate the end of the previous interrupt’s servicing.

DT$Reset$Int$Value  Thisis the value that will be output to the DT$Reset$Int§Port to tell
the hardware that the previous interrupt service has been completed.

DT$Detect$Error$Port  Before the driver attempts to read any incoming data from the
DT$Data$Port, it checks to see if any hardware errors have occurred. It does so by
reading status from this port.
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DT$Detect$Error$Value  The status byte that is input from the DT$Detect$Error$Port is
ANDed with this value. If the result is nonzero, the driver assumes that an error
has occurred.

DT$Reset$Error$Port  If an error has occurred, the driver outputs an error reset value to
this port number.

DT$Reset$Error$Value  This is the value that will be output to the DTSReset$Error$Port
to reset an error.

DT$RTS$Control$Port  The drivers use this port number to control the request-to-send line
if the RTS protocol option is selected.

DT$Drop$RTS$Value  This value is output to the RTS control port to lower the RTS line
so that some external device will stop sending data to the computer.

DTSRaise$RTS$Value  This value is output to raise the RTS line so that the external device
will resume sending data to the computer.

DT$Status  This is the first of two status bytes. It contains bit flags that are set to a 1 bit to
indicate the following conditions:

DT$Output$ Suspend
Because of protocol, the device is currently suspended from receiving any
further output characters.

DTS Input$Suspend
Because of protocol, the device has been requested not to send any more
input characters.

DT$Output8 DTR
The driver will maintain DTR-high-to-send protocol for output data.

DT$Output3 Xon
The driver will maintain XON/XOFF protocol for output data.

DT$Output$ Etx
The driver will maintain ETX/ACK protocol for output data.

DT3Input$ RTS
The driver will maintain RTS-high-to-receive protocol for input data.

DTS Input$ Xon
The driver will maintain XON/XOFF protocol for input data.

DT$Status$2  This is another status byte, also with the following bit flag:

DTS$ Fake3 Typeahead
CONST will “lie” about the availability of incoming console characters. It
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will only indicate that data is waiting if there are control characters other than
CARRIAGE RETURN, LINE FEED, or TAB in the input buffer.

DT$Etx$Count  This value is only used for ETX/ACK protocol. It is a count of the number of
characters sent in the current message. When this count reaches the defined
message length, then the driver will send an ETX character and suspend any further
output.

DT$Etx$Messageslength  This value is the defined message length for the ETX/ACK
protocol. It is used to reset the DTSEtx$Count,

DT$Buffer$Base  This is the address of the first byte of the device’s input buffer.

DT$Put$Offset  This byre contains the relative offset indicating where the next incoming
character is to be “put”in the input buffer. This byte must then be converted intoa
word value and added to the DT$Buffer$Base address to get the absolute memory
location.

DT$Get$Offset  This byte contains the relative offset indicating where the next character is
to be “got” in the input buffer. :

DT$ButferSLength$Mask  This byte contains the length of the buffer minus one. The
length of the buffer must always be a binary number (8, 16, 32, 64...). Therefore,
one less than the length forms a mask value. Both the get and put offsets, after
being incremented, are masked with this value. When the offset reaches the end of
the buffer, this masking operation will “automatically” reset the offset to zero.

DT$Character$Count  This is a count of the total number of characters in the buffer. It is
incremented by the interrupt service routine each time a character is placed in the
buffer, and decremented by the CONIN routine each time it gets a character from

the buffer. ;
CONST uses this value to determine whether any characters are available for

input.

DT$Stopdinput$Count . When the interrupt service routines detect that the DT$Charac-
ter$Count is equal to this value (normally buffer length minus five), the drivers will

’

invoke the selected input protocol, lowering RTS or sending XOFF, to shut off the ‘

incoming data stream.

DT$Resumes$input$Count  When the CONIN routine detects that the DT$Character$-
Count has become equal to this value, the drivers will again invoke the selected
input protocol, either raising RTS or sending XON to resume receiving input data.

DT$Control$Count  This is a count of the number of control characters in the input buffer.
CARRIAGE RETURN, LINE FEED, and TAB characters are not included in this count.
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It is incremented by the interrupt service routine and decremented by CONIN.
CONST uses the count when the DT$Fake$ Typeahead mode is active; it will only
indicate that characters are waiting in the input buffer if the control count is
nonzero.

DT$Function$Delay  This is the number of clock ticks that should be allowed to elapse
after the first character of an incoming escape sequence has been detected. It
allows time for the remaining characters in the escape sequence to arrive, assum-
ing that these are being emitted by a terminal at maximum baud rate. Normally,
this will correspond to a delay of approximately 90 milliseconds.

DTSInitialize$Stream  This is the address of the first byte of a string. This string has the
following format:
DB ppH Port number

DB nnH Number of bytes to be output
DB vvH,vwwH... Initialization bytes to be output to the specified port number

This sequence can be repeated as many times as is necessary, with a “port”
number of 00H acting as a terminator.

Disk Input/Output

The example drivers show three main disk I/O enhancements:
- Full track buffering
+ Using memory as an ultra-fast disk

- Improved error handling.

Full Track Buffering

The 5 1/4” diskettes used in the example system are double-sided. Each side has
a separate read/write head in the disk drive. The disk controller is fast enough that,
if so commanded, it can read in a complete track’s worth of data from one side of
the diskette in a single revolution of the diskette.

The drivers have been modified to do just this. The main disk buffer has been
dramatically enlarged to accommodate nine 512-byte sectors.

In the earlier standard BIOS, CP/M was configured for tracks of 18 512-byte
sectors. The data from each head on a given track was laid “end-to-end” to create
the illusion of a single surface with twice as much data on it. For track buffering,
performance would be reduced if each read required two revolutions of the
diskette, and so in this BIOS the tables and the low-level driver logic have been
changed. Each surface is separated, with even numbered tracks on head 0, odd on
head 1.
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The track number given to the low-level drivers serves two purposes. The least
significant bit identifies the head number. When the track number is shifted one bit
right, the result is the physical track number to which the head assembly must be
positioned.

The deblocking algorithm has also been modified by deleting references to
sectors. The code is now concerned only with whether the correct disk and track
are in the buffer. If this is true, the correct sector must, by definition, be in the
buffer.

The deblocking code no longer takes any note when the BDOS indicates that it
is writing to an unallocated allocation block—knowledge it used to bypass a sector
preread in the standard BIOS. The track size in this enhanced BIOS is much larger
than an allocation block, and so the question is meaningless; the whole track must
be preread to write just a single sector.

This enhancement really excels when the BDOS is doing directory operations,
which always involve a series of sequential reads. The entire directory can be
brought into memory, updated, and written back in just two disk revolutions.

One point to watch out for is what is known as “deferred writes.” Imagine a
program instructed to write on a sector on track 20. The drivers will read in track
20, copy the contents of the designated sector into the track buffer, and return to
the program without actually writing the data to the disk. The program could
“write” to all of the sectors on this track without any actual disk writes. Duringall
this time, this data would exist only in memory and not on the disk drive, so if a
power failure occurred, several thousand bytes of data would be lost. Writing to
the directory is an exception. The drivers always physically write to the disk when
the BDOS indicates that it is writing to a directory sector.

In reality, the increased risk is small. Most programs are constantly reading
and writing files, so that the track buffer will be written out frequently in order to
read in another track. When programs end, they close output files. This in turn
triggers directory writes that force data tracks onto the disk.

If high security is a requirement for your computer, you could extend the
watchdog routine to include another separate timer. You could preset this timer
for, say, a ten-second delay each time you write into the'track buffer but do not
write the buffer to the disk. When the count expires, it would set a flag that could
be tested by all of the BIOS entry points. If set, they would initiate a write of the
track buffer to the disk.

Using Memory as an Ultra-Fast Disk

As you can see from the preceding section, increased performance tends to go
hand in hand with increased memory requirements. This is certainly true with a
“memory disk,” commonly called a RAM-disk or M-disk. In fact, to have an
M-disk with reasonable storage capacity, your computer must have at least 128K
bytes of additional memory.
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Since the 8080 or Z80 can only address 64K of memory at one time, to get
access to any of this additional memory, some part of your computer’s “normal”
memory must be removed from the 64K address space and the additional memory
must be switched in. This is known as bank-switched memory.

Figure 8-7 shows the memory organization that is supported by the example
M-disk drivers.

You can see that the system has a total of 256K bytes of RAM, organized with
the top 16K, from 64K down to 48K, being “common”—that is, switched into the
address space all the time. The lower 48K can be selected from five banks,
numbered 0 to 4. Bank 0 is switched in for normal CP/M operations.

The M-disk parameter blocks describe a disk with eight “tracks,” numbered 0
to 7. The least significant bit of the track number determines whether the base
address of the track will be 0000H or 6000H. Shifting the track number right one
bit gives the bank number. Each track consists of 192 sectors. To get the relative
address of a sector within its “track,” shift the sector number eight bits left, thus
multiplying it by 128.

The M-disk is referenced by logical disk M:. A few special-case instructions are
required to return the special M-disk parameter header in SELDSK.

One problem, fortunately easily solved, is that the user’s DM A address coex-
ists in the address space with the M-disk image itself. There is no direct way to
move data between bank 0 and any other bank. The M-disk uses an intermediary
buffer in common memory (above 48K), moving data into this, switching banks,
and then moving the data down again. Figure 8-8 shows an example of this
sequence, as used when reading from the M-disk.

64K —
CP/M
48K —
Trk | Trk | Trk | Trk
1 3 5 7
— 24K
Trk | Trk | Trk | Trk
0 2 4 6
Bank Number — 0 1 2 3 4

Figure 8-7.

Memory organization for M-disk
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Intermediary
Buffer

#2: Select bank 0
move to user’s
DMA buffer

#1: Select bank 2,

move sector to
intermediary buffer

User’s DMA Sector in M-Disk

Bank Number — 0 2

Reading a sector from the M-disk image

During cold boot initialization, the M-disk driver checks the very first direc-
tory entry (in bank 1) to see if it matches a dummy entry for a file called “M§Disk.”
If this entry is present, the M-disk is assumed to contain valid information. If the
entry is absent, the initialization code makes this special directory entry and fills
the remainder of the directory with 0OESH, making it appear empty. The dummy
entry makes it appear that the “M$Disk” file is in user 15, marked System status
and Read-Only —all of which are designed to prevent its accidental erasure.

Custom Patches to CP/M

Two features shown in the enhanced BIOS, one in the CCP and one in the
BDOS, require changes to CP/M itself. These features are implemented by modify-
ing the CCP and BDOS to transfer control to the BIOS at specific points, execute a
few instructions in the BIOS, and then return to CP/M. The patches could be made
by modifying the MOVCPM program to install the changes permanently. The
changed version of MOVCPM, however, must be used with a specific version of
the BIOS. Therefore, patching CP/M “on the fly” ensures that there will be no
mismatch between the BIOS and the rest of CP/M.

Both of these patches were produced with the assistance of Digital Research.
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User O Files Made Public

The first change permits files created in user area 0 to be accessible from all
other user numbers. This feature comes into its own only with hard disk systems.
On a hard disk, user numbers can partition the disk, but the frequently used
utilities must then be duplicated in each user area. Allowing files in user area 0 to
be public means that these files will be accessible from all the other user numbers.
Hence the files need not be copied into each user area.

The public files feature alters the way that the BDOS performs the Search Next
function, allowing access to files declared in user area 0 even when the current user
number is not 0. However, the feature is a double-edged sword—user 0 files can be
accidentally erased or damaged as well as accessed. Therefore, user 0 files should
be declared as System status and Read-Only to protect them. As an additional
precaution, public files can be turned off by a control flag in the long term
configuration block. This flag is set to an initial state that disables public files.

Modified User Prompt
This modification makes the CCP display the current user number as well as
the default disk. For example,
3B>

indicates that you are currently in user number 3, with disk B: as the default. In
addition, if you have enabled public files, the prompt is preceded by the letter “P”
to serve as a reminder:

P3B>

An Enhanced BIOS

The remainder of this chapter consists of the assembly language source code
for the enhanced BIOS described here. It is rather a daunting listing, but will be
well worth your study. The copious commentary has been written to make this
study easier, and emphasis has been placed on explaining why as well as what
things are done.

As with the standard BIOS, each line is numbered so that you can use the
functional index in Figure 8-9 to find areas of interest in the listing. Note that the
line numbers are not contiguous. They jump several hundred at the start of each
major section or subroutine. This facilitates minor changes in the listing without
revision of the functional index. The full listing is given in Figure 8-10.
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Start Line Functional Component or Routine
00001 Introductory Comments and Equates
00200 BIOS Jump Table with Additional Private Entries
00400 Long Term Configuration Block
00800 Interrupt Vector
00900 Device Port Numbers and Other Equates
01100 Display$Message Subroutine
01200 Enter$CPM Setup
01300 Device Table Equates
01500 Device Table Declarations
01700 General Device Initialization
01800 Specific Device Initialization
02000 Output Byte Stream
02100 CONST Routine
02200 CONIN Routine with Function Key Processing
02500 Console Output
02700 CONOUT Routine with Escape Sequence Processing
02900 AUXIST—Auxiliary Input Status Routine
03000 AUXOST—Auxiliary Output Status Routine
03100 AUXIN—Auxiliary Input Routine
03200 AUXOUT—Auxiliary Output Routine
03300 LISTST—List Status Routine
03400 LIST—List Output Routine
03500 Request User Choice—Request Action After Error
03600 Output Error Message
03656 Get Composite Status from Selected Output Devices
03800 Multiple Output of Byte to All Output Devices
04000 Check Output Device Logically (Protocol) Ready
04200 Process ETX/ACK Protocol
04400 Select Device Table from 1/O Redirection Bit Map
04600 Get Input Character from Input Buffer
04800 Introductory Comments for Interrupt-Driven Drivers
04900 Character Interrupt Service Routine
05000 Service Device—Puts Character into Input Buffer
05300 Get Address of Character in Input Buffer
05400 Check if Control Character (not CR, LF, TAB)
05500 Output Data Byte
05700 Input Status Routine
05900 Set Watchdog Timer Routine
06000 Real Time Clock Interrupt Service Routine
06200 Shift HL. Right One Bit Routine N
06300 Introductory Comments for High-Level Disk Drivers
06400 Disk Parameter Headers
06600 Disk Parameter Blocks
06800 SELDSK —Select Disk Routine
07000 SETTRK—Set Track Routine
07100 SETSEC—Set Sector Routine

Figure 8-9.  Functional index for listing in Figure 8-10
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07200 SETDMA—Set DMA Routine
07300 Skew Tables for Sector Translation
07400 SECTRAN—Sector Translation Routine
07500 HOME-—Home Disk to Track and Sector 0
07600 Equates for Physical Disk and Deblocking Variables
07800 READ—Sector Read Routine
07900 WRITE-—Sector Write Routine
08000 Common Read/ Write Code with Deblocking Algorithm
08300 Move$8 Routine—Moves Memory in 8-Byte Blocks
08500 Introductory Comments for Disk Controllers
08700 Nondeblocked Read and Write
08900 M-Disk Driver
09100 Select Memory Bank Routine
09200 Physical Read/ Write to Deblocked Disks
09400 Disk Error Handling Routines
09700 Disk Control Tables for Warm Boot
09800 WBOOT-—Warm Boot Routine
10000 Ghost Interrupt Service
10100 Patch CP/M for Public Files and Prompt Changes
10300 Get Configuration Block Addresses
10400 Addresses of Objects in Configuration Blocks
10500 Short Term Configuration Block
10700 Note on Why Uninitialized Buffers are at End of BIOS
10800 Cold Boot Initialization Hidden in Disk Buffer Followed by All Uninitialized Buffers
FIGURE 8-9.  Functional index for listing in Figure 8-10 (continued)
0001 : This is a skeletal examele of an enhanced EIO:.
Q0010 3 It includes fragments of the standard BRIOS
00011 3 shown as Figure &-4 in outline, so as to
00012 H avoid cluttering up the enhancements with the
00013 H supporting substructure. Many of the original
00014 H comment blocks have been abbreviated or deleted
00015 3 entirely.
00014 §
Q0017 < —— NOQTE: The line numbers at the left are included
Q0018 H to allow reference to the code from the text.
00019 H There are deliberate discontinuities in the
Q0020 B numbers to allaw space for expansion.
00021 H
3030 = Q0022 VERSION EQU 00 sEquates used in the sign-on message
3230 = Q0023 MONTH EQU 02
3832 = Q0024 DAy EQU 267
3338 = 00025 YEAR EQU Rl
00026 i
Q0027 §ERERNERNEN EERNRRR BRI R MR R RPN EREERE N NNEEERE ; ox
Q0028 3 ®
Q0029 3w This BRIOS is for a computer system with the following =
Q0030 3% hardware configuration : =
00031 3= 5
Q0032 3= —-- 8080 CFU =
Q0033 PR -— &4K bytes of RAM =
Q0034 A -- R serial 1/0 ports (using signetics 2451) for: =
Q0035 A console, communications and list =
Q0036 3R ~- Two 5 1/4" mini floppy, double-sided, double- *
Q0037 3w density drives. These drives use S12-byte sectors. =
Q0038 A These are used as logical disks A: and B:. =
[elelexciy s Full track buffering is supported. -
Figure 8-10.  Enhanced BIOS listing
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00040 3N -- Two 8" standard diskette drives (128-byte sectors) ®
Q0041 3R These are used as logical disks C: and D:. ®
00042 1A -~ A memory-based disk (M-disk) is supported. #*
Q0043 A =
00044 3R Two intelligent disk controllers are used, one for =
00045 3 each diskette type. These controllers access memory =
00046 33 dir&ctly, both to read the details of the =
00047 3 operations they are to perform and alsc to read ®
00048 P ® and write data from and to the diskettes. ®
Q0049 3 *
Q0050 3 =
Q0051 R RN RN R BN RN RO R R BB RN R B R BB )
00052
00053
Q0054 H Equates for characters in the ASCII character set
Q0055 H

0011 = 00056 XON EQuU 11H ;Reenables transmission of data

Q013 = 00057 XQFF EQU 13H ;Disables transmission of data

0003 = 00058 ETX EQuU O3H sEnd of transmission

0004 = 00059 ACK EQU 0&H ;Acknowledge

QoD = 00080 CR ‘EQU ODH sCarriage return

Q00A = 00061 LF EQU 0AH sLine feed

0009 = 00062 TAB EQU O9H sHorizontal tab

0007 = 00063 BELL EQU O7H ;Sound terminal‘s bell
00044 H
00065 H
00066 ; Equates for defining memory size and the base address and
00067 H length of the system components
00048 d

0040 = 00069 Memory$Size EQU &4 sNumber of Kbytes of RAM
Q0070 H
00071 H The BIQS length must be determined by inspection.
00072 H Comment out the ORG RIOS$Entry line below by changing the first
Q0073 H character to a semicolon (this will make the assembler start
Q0074 H the BIOS at location Q). Then assemble the RIOS and round up to
00075 H the nearest 100H the address displayed on the conscle at the end
00076 H of the assembly.
00077 s

2800 = 00078 BIOS$Length EQu 2500H 3<—- Revised to an approximate value
0Q07%? H to reflect enhancements
Q0080 3

0800 = 00081 CCPs$Length EQU 0800H sConstant

QEQQ = 00082 BDOS$Length EQU QEOQOH ;Constant
00083 H

000F = 00024 QverallslLength EQU (CCP$Length + BDOS$Length + RIOS$Length + 1023) / 1024
000835 3

C400 = 00088 CCP$Entry EQU (Memary$Size — QverallsLength) = 1024

CCoé = 00087 BDOS$Entry EQU CCP$Entry + CCP$Length + &

DAQO = 00088 BRIOS$Entry EQU CCP$Entry + CCP$Length + BDOS$Length
00089 ;

Q005 = 00090 BDOS EQU QOOSH ;BDOS entry point (used for making
00091 i system reset requests)
00092 H
00200 s #
00201 5 ORG BIOSS$Entry jAssemble code at BIDS address
00202 ;
00203 ; BIOS jump vector
00204 H

0000 C31311 00205 JMP ROQT ;Cald boot —-- entered from CF/M bootstrap loader
00206 Warm$Root$Entry: 3 Labelled so that the initialization code can
00207 3 put the warm boot entry address in location
00208 3 0001H and 0002H of the base page

0003 C37S0E 00209 JIMP WRQOT sWarm boot -- entered by jumping to location 000OH
00210 3 Reloads the CCP, which could have been
00211 3 overwritten by previous program in transient
00212 5 Program area

0004 C3I2D0OR 00213 JMP CONST ;Console status -- returns A = OFFH if there is a
00214 ;3 console keybocard character waiting

0009 CIIA0I 00215 JIMP CONIN sConsole input -- returns the next console keybcard 4
00216 s character in A

000C C3D703 00217 JMP CONOUT  ;Console cutput —- outputs the character in C to
00218 s the conscle device

000F C3FS04 00219 JMP LIST ;List cutput —— outputs the character in C to the
00220 5 list device

0012 C3CEO4 00221 JIMP AUXOUT ;Auxiliary output -- outputs the character in C to the
00222 5 logical auxiliary device
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0015 C3A104 00223 JMP AUXIN sAuxiliary input —-- returns the next input character from
00224 3 the logical auxiliary device in A
0018 C3160A 00225 JMP HOME sHomes the currently selected disk to track O
001B CI6309 00226 JMP SELDSK  ;Selects the disk drive specified in register C and
00227 3 returns the address of the disk parameter header
001E C39B09 00228 JMFP SETTRK ;Sets the track for the next read or write operation
00229 3 from the BC register pair
0021 C3A109 00230 JMP SETSEC ;Sets the sector for the next read or write cperation
00231 3 from the A register
0024 C3A809 00232 JMP SETDMA ;Sets the direct memory address (disk read/write)
00233 3 address for the next read or write cperation
00234 H from the DE register pair
0027 C3370A 00235 JIMP READ sReads the previocusly specified track and sector from
00236 3 the selected disk intc the [MA address
002A C34BOA 00237 JMP WRITE sWrites the previously specified track and sector onto
00238 3 the selected disk from the DMA address
002D C3D704 00239 JIMP LISTST jReturns A = OFFH if the list device(s) are
00240 3 logically ready to accept ancther ocutput byte
Q030 C3100A 00241 IMP SECTRAN ;Translates a lcgical sector into a physical one
00242 H
002432 H Additional "private" BIQS entry points
00244 ;
Q033 C38F04 Q0245 JIMP AUXIST ;Returns A = OFFH if there is input data for
002468 3  the logical auxiliary device
Q03& C3IVRO4 00247 JMP AUXOST  j;Returns A = OFFH if the auxiliary device(s) are
00248 3 logically ready to accept another ocutput byte
0039 CIFAQ2 00249 JMFP Specific$CIO¢Initializaticn
Q0250 sInitializes character device whose device
Q0251 5 number is in register A on entry
QO3C CIeD08 00282 JMP SetsWatchdog
00253 ;Sets up watchdog timer to CALL address specified
Q0254 3 in HL, after BC clock ticks have elapsed
QQ3F CI3COF Q0255 JIMP CBR¢Get$Address
00256 sConfiguration block get address
00257 3 Returns address in HL of data element whose
00258 3 code number is specified in C
00259 H
Q0400 s #
00401 H Long term configuration block
00402 H
00403 Long$Term$CE:
00404 H
00405 H
00408 3 Public files (files in user O accessible from all
00407 B other user numbers) enabled when this flag is set
00408 H nonzera.
Q0409 H
0042 00 Q0410 CR$Fublic$Files: DE (] sDefault is COFF
Q0411 H
00412 H
00413 i The forced input pointer is initialized to point to the
00414 H following string of characters. These are injected into
00415 i the console input stream on system start-up.
00416 3
0043 S5355424D4°00417 CR&Startup: jus] “SUBMIT STARTUF-,LF,0,0,0,0,0,0
Q0418 H
3 00419 H Logical to physical device redirection
00420 H
00421 3 Each logical device has a 1é-bit word associated
Q0422 i with it. Each bit in the word is assigned tc a
00423 3 specific physical device. For input, only one bit
00424 ; can be set -- input will be read from the
00425 H carrespanding physical device. Qutput can be
00428 3 directed to several devices, so more than cne
Q0427 H bit can be set.
00428 H
00429 3 The following equates are used to indicate
00430 H specific physical devices.
00431 H
00432 ; 1111 11 )
Q0433 3 S432 1098 7654 3210 )<- Device number
0001 = 00434 Device$O EQU 0000$0000$0000$000 1B
0002 = 00435 Devices$! EQU 0000$0000$0000$001 OB
0004 = 00436 Device$2 EQU 0000$0000$0000$0100R
00437 H
00438 H The following words are tested by the logical
00439 3 device drivers to transfer control to
Figure 8-10. (Continued)
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Q0440 H the appropriate physical device drivers
00441 H
Q0S8 0100 00442 CB$Console$Input: j] Device$Q
00SA 0100 00443 CR$ConsolesCutput: oW Device$0
00444 i
Q0SC 0200 00445 CBR$Auxiliary$Input: oW Device$l
QQSE 0200 Q0448 CB$Auxiliary$Qutput: j’] Device$l
Q0447 3 ~
Q040 0400 00448 CR$List$Input: oW Device$2
0042 0400 00449 CB$List$Qutput: oW Device$2
00450 H
00451 H The table below relates specific bits in the
00452 H redirection words above to specific device
00453 ; tables used by the physical drivers
00454 ;
00455 CR¢Device$TabledAddresses:
Q064 3E02 00456 W DT$0
0088 AEQ2 00457 j] DT$1
Q&8 CE02 00458 oW DT$2
Q0&A 000000000000459 - oW 0,0,0,0,0,0,0,0,0,0,0,0,0 sUnassigned
00480 H
00461 3
00462 H Device initialization byte streams
00463 H
004484 H These initialization streams are cutput during the device
Q0445 H initialization phase, or on request whenever the baud rate
00466 H needs to be changed. They are defined in the long term
004487 H configuration black so as to “"freeze" their contents fram one
004468 i system startup until the next.
004e% ;
00470 H The address of each stream is contained in each device table.
00471 §
00472 H The stream format is:
004732 H
00474 H DB E3S sPort number (OOH terminates)
00475 H DB nn ;Number of bytes to cutput to part
00476 3 ju] VV, VYV, VV.. sValues to be ocutput
00477 3
00478 DO$InitializesStream: sExample data for an 8251A chip
0084 ED 00479 DR QEDH sPort number for S251A
0085 0é 00480 DB & sNumber of bytes
0084 Q00000 00481 DE 0,0,0 ;Dummy bytes to get chip ready
0089 42 00482 DB 0100$0010E sReset and raise DOTR
008A 6E 00483 DE 01$10$11$10E ;1 stop, no parity, 8 bits/char,
00424 s divide down of 16
QO08R 25 00485 Ju] Q010%0101E 3RTS high, enable Tx/Rx
00486 sExample data for an 2253 chip
008C DF 00487 DR ODFH sPort number for 2253 mode
008D 01 00488 j0 ] 1 sNumber of bytes to cutput
Q08E 76 00489 DB 01%$11$011$0E sSelect:
00490 H Counter 1
00491 H Load LS byte first
00492 H Mcde %, binary count
008F DE 00493 DE ODEH sPort number for counter
0090 02 00494 DE 2 sNumber of bytes to cutput
00495 DO$Eaud$RatesConstant: sLabel used by utilities
0091 0700 0049¢ oW QO007H ;9600 Baud (based on 1éx divider)
0092 00 00427 oe (o} sPort number of 00 terminates stream
004%g
Q0499 Dislnitialize$Stream: sExample data for an 3251A chip
0094 DD Q0S00 DB ODDH sPort number for 2251A
Q095 Q& 00501 juy & ;Number of bytes
Q0R& 000000 00502 ju] 0,0,0 sDummy bytes to get chip ready
Q099 42 Q0503 DB 0100%$0010B ;Reset and raise DOTR
Q0RA &E 00504 . DB 01$10%$11$10E ;1 stop, no parity, & bits/char,
00505 3 divide down of 14
QQ%B 25 Q0506 jus 0010%0101E sRTS high, enable Tx/Rx
00507
00503 sExample data for an 8253 chip
QO%C DF Q0509 DB ODFH ;Port number for 8253 mode
QO®D 01 Q0510 DR 1 sNumber of bytes to output
QQPE Bé 00511 DB 10$11$011$0B ;Select:
Q0512 H Counter 2
00513 H Load LS byte first
00514 ] Made 3, binary count
Q0%F DE 00515 DR ODEH sPort number for counter
Q0AQ 02 00516 DR 2 sNumber of bytes to output
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00517 Di$Baud$RatesConstant:
00A1 3800 00518 0038H 51200 baud (based on 1éx divider)
00AR 00 00519 DR o ;Port number of 00 terminates stream
00520
00521 D2¢Initialize$Stream: sExample data for an 8251A chip
00A4 DD 00522 ODDH sPort number for 3251A
O0AS 08 Q0523 DB & sNumber of bytes
00A& 000000 00524 DB 0,0,0 sDummy bytes to get chip ready
Q0A® 42 00528 ju 0100$0010F ;Reset and raise DTR
Q0AA &E 00526 DR 01610811810k 31 stop, no parity, & bits/char,
00527 ;3 divide down of 18
Q0AR 25 00528 DB 0010$0101E sRTS high, enable Tx/Rx
00529
00530 sExample data for an 8253 chip
00AC DF Q0531 DR ODFH ;Port number for 8253 mode
00AD 01 00532 DR 1 ;Number of bytes to output
00AE Fé& 00533 DB 11$11$011$0R sSelect:
00534 H Counter 3
00535 H Load LS byte first
00536 H Mode 3, binary count
Q0AF DE 00537 DE ODEH ;Fart number for counter
Q0BO 0z 00538 DB 2 sNumber of bytes to output
00339 D2¢Raud$RatesConstant:
00B1 3800 00540 Dw 0Q038H 71200 baud (based on 1éx divider)
QORR Q0 003541 DR Q sPort number of 00 terminates stream
00542
00543 H
00544 3 This fcllowing table is used to determine the maximum
00545 H value for each character pasition in the ASCII time
00544 H value above (except the ":"), Note —- this table is
00547 H in the long term configuration bloeck so that the claock
00548 H can be set "permanently" to either 12 or 24 hour format.
00549 H
00550 H NOTE: The table is processed backwards —- to correspond
00551 H with the ASCII time.
00552 H Each character represents the value for the corresponding
00553 H character in the ASCII time at which a carry-and-reset-to-zero
00554 H should cccur.
00559 H
Q0R4 00 00556 DR o ;"Terminator"®
00557 CR$12%24%Clock:
Q0BRSS 3334 003558 34 ;Change to 237 for a 1Z-hour clock
OOR7 FF 00559 DR OFFH ;s "Skip" character
Q0B 3&3A 00560 DB e sMaximum minutes are 59
Q0BA FF 00561 DB OFFH 3 "Skip" character
Q0BR R&3A 00562 DR - ;Maximum seconds are 59
00563 Update$Time$End: iUsed when updating the time
00544 3
00565 H
00568 3 Variables for the real time clock and watchdog
00567 H timer
00568 H
Q0BD 3C 00569 RTC$Ticks$per$Second DR &0 sNumber of real time clock
00570 3 ticks per elapsed seccnd
QOBE 3C 00571 RTC$Tick$Count DE &0 ;Residual count before next
. Q0572 5 second will elapse
QORF Q000 00573 RTC$Watchdog$Count oW [d] sWatchdag timer tick count
’ 00574 7 (0 = no watchdog timer set)
00C1 Q000 00575 RTC$Watchdog$Address oW Q iAddress to which contral
00576 3 will be transferred if the
00577 5 watchdog count hits O
00578
00579 H
005&0 H Function key table
00581 B
00582 3 This table consists of a series of entries, each cne having the
00383 ; following structure:
00584 H
00589 H DB Second character of sequence emitted by
Q0588 3 terminal“s function key
00587 H < DR Third character of sequence —-- NOTE: this )
00588 3 § field will not be present if the source code )
00589 3 ( has been configured to accept only two characters )
00590 3 ( in function key sequences. )
00591 3 4 NOTE: Adjust the equates for: )
00592 3 [¢ Function$Key$lLength )
00593 3 ( Three$Character$Function )
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00594 H
QQS95 H juc] A character string tc be forced intc the conscle
Q0596 H input stream when the corresponding function key
00597 3 is pressed. The last byte of this string must be
00598 H 00H to terminate the farced input.
00599 3

001B = 00400 FunctionskKey$lLead -~ EQU 1BH 3;Signals function key sequence

0003 = 00601 Function$Key$lLength EQU 3 sNumber of characters in functicn
00602 ; key input sequence (NOTE: this
00603 ;3 can only be 2 or 2 characters).
00604
00605 3
00806 ;s The logic asscciated with functicn
Q0&07 ; key recognition is made easier with
00608 ; the fcollowing equate

0001 = 00409 Three$Character$Function EQU Functicn$keys$lLength - 2
00410 s Three$Character$Functicon will be TRUE if the
Q0&11 ;s function keys emit a three character
Q0&12 ; sequence, FALSE if they emit a two character
00813 3 sequence.
00614
Q0&1S 3 Each entry in the table must be the same length, as defined by:
Q0816 3 N

Q013 = 00817 CR$Function$key$Entry$Size EQU 16 + 1 + Functionskey$lLength - 1
Q0&18 3 * 4 *
00819 B i i
Q0&20 H Maximum length of substitute | Lead character is not
Q0621 H string ! in table entry
00822 3 For the terminating OOH
00623 H
00624 3 The last entry in the table is marked by a 00-byte.
00825 3
Q0828 H The example values shawn below are far a VT-100 terminal.
Q0827 5
00428 CR$Function$key$Table:
Q0829 H 123456789.1234 S5 & 7 <- Use to check length

00C3 4FS0447SEEQQE30 DB “Functicon Key 1°,LF,0,0

00D& 4FS5148756E00631 DR “Function Key 2°,LF,0,0Q

QQE? 4FS244756E00632 DB “Function Key 3°,LF,0,0

QOFC AFS3447S6EQQ633 DB , “Function Key 4°,LF,0,0
Q0834 H
00835 H 123456789.1

Q10F SB41S5702000636 DE “Up Arrow’,LF,0,0,0,0,0,0,0,0

0122 SR42448F7700637 DB “Down Arrow”’,LF,0,0,0,0,0,0

0135 SBA3T2896700638 DB “Right Arrow’,LF,0,0,0,0,0

0148 SR444CE5660083% DB “Left Arrow’,LF,0,0,0,0,0,0 N
00&40

Q1SB 0000Q000QQ000641 DB 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 ;Spare entries

018E Q00000Q0000Q0642 jus 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

0181 000000000000643 DB 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

0194 Q00000000000644 DB 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

01A7 000000000000645 juc 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

01BA 000000000000646 jud 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Q1CD 000QQ0000000647 DB 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

01E0 000000000000648 DB 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

01F2 000000000000649 OB 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

0204 Q0000000000050 DR 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
00651

0219 FFFF Q0a52 DB QOFFH, OFFH sTerminator for utility that preprcgrams
00853 3  function key sequence
00454 H
Q0&55 H
00856 i Console cutput escape sequence caontrcl table
Q0657 H
00858 H This table is referenced after a Function$Key$lLead character
Q0859 H has been detected in the CONOUT routine. The next character
00&&0 H to be cutput to the conscle is compared to the first byte
00861 H in each 3-byte table entry. If a match is found, then control
00662 5 is transferred to the address following the byte that matched.
00662 ;
00464 CONOUT$Escape$Table:

021E 74 00665 e i 0 ;Read current time

021C 4304 Q0&5E DW CONOUT$Time

021E 64 Q0847 DB “d” ;Read current date

021F 4104 Q0642 oW CONOUT$Date

0221 75 00&EY DR u ;Set current time

0222 SDO4 00670 oW CONCUT$Set$Time
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0224 &5 00671 DE ‘e’ ;Set current date
0225 4E04 00&72 oW CONOUT$SetsDate
00&73
0227 00 00674 DB Q sTerminator
00675 3
00876 Long$Term$CR$ENd:
00877 H
00800 P #
00801 H
Q0802 3 Interrupt vector
00803 H
00804 H Control is transferred here by the programmable interrupt
00805 H controller —- an Intel S259%A.
00806 ;
00807 ; NOTE: The interrupt controller chip requires that the
00808 H interrupt vector table start on a paragraph
00809 H boundary. This is achieved by the following ORG line
0240 00810 ORG ($ AND OFFEOH) + 20H
00811 Interrupt$Vector:
00812 ;Interrupt number
0240 C37808 00813 JMP RTC$Interrupt 30 —— clock
0243 Q0 00814 DB 4] iSkip a byte
0244 CIES0S 00815 JMP Characters$Interrupt 31 —- character 1/0
0247 00 00816 DR o
0248 C3D80E 00817 JMP Ghost$Interrupt 72 —— not used
024R Q0 00818 DB o
024C CIDS|OE 00819 JMP Ghost$Interrupt 3@ -— not used
024F 00 00820 DB [¢]
0250 C3IDR0E 00821 JMP GhostéInterrupt 34 —- not used
0253 00 00822 DR (o]
0254 CID]OE 00823 JMFP GhostéInterrupt 35S —— not used
0257 00 00824 DB (o]
0258 C3DR]0E 00825 JIMP Ghost¢Interrupt ;6 —— not used
025B 00 00824 DB o}
025C C3D]0E 00827 JMF GhostéInterrupt 37 —— not used
oosze 4
00900 i #
00901
00902 H Device port numbers and other equates
00903 3
0080 = 00904 CIO$BRase$Port EQu 80H sBase port number
00905
0080 = 00906 DO$Rase$Fort EQU CIO$Rase$Fort sDevice 0
0080 = 00907 DO$DatasPort EQU DO$Rase$Port
0081 = 00908 DO$Status$Port EQU DO$RasesPort + 1
0082 = 00909 DO$Modes$Port EQU DO$Base$Port + 2
0083 = oog}? DO$Command$Port EQU DO$Base$Port + 3
0053 H
00912
0084 = 00913 DisBase$Fort EQu CIQ¢RasesFort + 4 sDevice 1
0084 = 00914 DisDatasFort EQU Di$Ease$Port
Q0835 = 00915 Di$StatussPart EQU DisBase$Fort + 1
0088 = 00918 DisModesFort EQU DisBase$Port + 2
0087 = Q0917 DisCommand$Port EQU Di$RasesPort + 2
00918
Q088 = 00919 D2$Rases$Port EQu CIO$BasesFort + & sDevice 2
0088 = 00920 D2¢DatasFort EQU 2$Bases$Port
Q08y = Q0921 D2¢Status$Fort EQU D2$BasesPort + 1
Q08A = Q0922 D2$Mode$Fort EQu D24Base$Port + 2
Q08E = 00923 D2$Command$Port EQU D2$BasesFPart + 3
00924
Q04E = Q0925 D$éModesValuest EQU 01400411$10R
Q0926 31 stop bit, no parity
00927 ;& bits, Async. 1éx rate
003C = [eleipt] DEMode$Values2 EQU 00$11$1100B
0QR2% 3 Tx/Rx on internal clack
00930 3 7600 baud
Q027 = 00931 D$Command$Value EQU 00$100111B
Q0932 ;Normal mode
00933 sEnable Tx/Rx
Q0934 3RTS and DTR active
Q038 = Q0938 D$Error EQU 0011410008
0037 = Q0936 D$Error$Reset EQU 00$110111B
Q0937 ;Same as command value plus erraor reset
0001 = Q0P38 D$Qutput$Ready EQU 0000$0001B
0002 = QOR3P D$Input$Ready EQU 0000$0010R
0080 = 00940 D$DTR$High EQU 1000$0000R iNote: this is actually the
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00941 ;3 data-set-ready pPin
00942 ;3 on the chip. It is connected
00943 ; to the DTR pin on the cable
Q027 = 00944 D$Raise$RTS EQU 00%1$00111R sRaise RTS, Tx/Rx enable
Q007 = Q0945 D$Drop$RTS EQU 00$0$00111R ;Drop RT3, Tx/Rx enable
00948 H
00947 H
00948 H Interrupt comtroller ports (Intel 825%A)
00949 ?
00950 B Note : these equates are placed here sc that they
00951 H follow the definition of the interrupt vector
Q0952 H and thus avoid “P’ (phase) errors in ASM.
Q0953 H
oone = Q0954 IC$OCWI$Fort EQU OD%H ;Operational contral word 1
oong = 0093S IC$QCW2sPort EQU onsH ;0peraticonal contrcl word 2
oons = Q0956 IC$QCW3IsPort EQU ODgH ;Operational control word 3
00D Q0957 IC$ICWIsSFort EQU OD8H ;Initialization contrcl word 1
oone = Q0958 IC$ICW2%Fort EQU ODYH sInitialization control word 2
Q0959 3 -
Q020 = 00960 IC$EQI EQU 20H sNonspecific end of interrupt
00961 3
0056 = 009s2 IC$ICWL EQU (Interrupt$Vectar AND 1110$0000B) + 000$10110R
00963 :Sets the A7 — AS bits of the interrupt
00964 ;3 vector address plus:
00965 3 Edge triggered
00966 H 4-byte interval
00987 H Single 8259 in system
00948 H No ICW4 needed
0002 = 00969 IC$ICW2 EQU Interrupt$Vector SHR B
00970 :Address bits AlS - AZ of the interrupt
00971 ; vector address. Note the interrupt
00972 ;s vector is the first structure in
Q09732 - : the long term configuration black
00974
00FC = 00975 IC$0CWL EQu 1111$1100B ;Interrupt mask
Q0976 ;Interrupt O (clock) enabled
00977 sInterrupt 1 (character input) enabled
00978 3
01100 3
01101 H
01102 H
01103 Display$Message: ;Displays the specified message on the console.
01104 ;0n entry, HL points to a.stream of bytes to be
01105 soutput. A OOH-byte terminates the message.
025F 7E 01106 MOV AM ;Get next message byte
0240 R7 01107 ORA A ;Check if terminator
0261 C8 01108 RZ sYes, return to caller
0282 4F 01109 MoV C,A sFrepare for cutput
0263 ES 01110 PUSH H ;Save message pointer
0264 CDD703 o1111 CALL CONOUT ;Go to main console cutput routine
0247 E1 01112 POP H sRecover message pointer
0248 28 01113 INX H sMave to next byte of message
0269 C35F02 01114 JMP Display$Message ;Locp until complete message output
01115 ;
01200 (2
01201 :
01202 Enter$CPM: ;This routine is entered either from the cold or warm
Q1203 ; boot code. It sets up the JMF instructions in the
01204 : base page, and also sets the high-level disk driver~’s
01209 s input/output address (the DMA address) .
01206 H
024C JEC3I 01207 MVI A, JMP ;Get machine code for JMP
Q24E 320000 01208 STA Q000H ;Set up JMP at laocaticn OQ0OH
0271 320500 01209 STA QOQSH s and at location 0O00SH
01210 ;
0274 210300 01211 LXI H, Warm$Boot$Entry ;Get BRIQS vector address
0277 220100 01212 SHLD Q001H ;Put address at location 0001H
01213
027A 2108CC 01214 LXI H, BDOS$Entry ;Get BDOS entry point address
027D 220600 01215 SHLD & ;Put address at locaticn OO00SH
01216 H
0280 018000 1217 LXI E, 0H :Set disk I/0 address to default
0283 CDAS0? 01218 CALL SETDOMA sUse normal BIOS routine
01219 H
0286 FB 01220 EI :Ensure interrupts are enabled
0287 3A0400 o1221 LDA Defaults$Disk sHandover current default disk to
028A AF 01222 MoV C,A ; conscle command processar
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028B C300C4 01223 JMP CCP$Entry ;Transfer to CCP
01224 H
01300 ¥
01301 H
01302 H Device table equates
01303 H The drivers use a device table for each
01304 ; Physical device they service. The equates that follow
01305 H are used to access the various fields within the
01306 H device table.
01307 H
01308 i Fort numbers and status bits
Q000 = 01309 DT¢Status$Port EQU O sDevice status port number
Q001 = 01310 DTsDatasPort EQU DT$StatussFort+1
01311 sDevice data port number
0002 = Q1312 DT$Qutput$Ready EQU DTs$DataPort+1
01313 3Output ready status mask
Q003 = 01314 DTsInput$Ready EQu DT$Qutput$Ready+1
01315 s Input ready status mask
0004 = 012316 DT$DTR$Ready EQU DT$Input$Ready+1
Q1217 s0TR ready to send mask
Q00S = 01318 DT$ResetsInt$Port EQU DT$DTR$Ready+1
01319 sFart number used to reset an
01320 3 interrupt
0008 = 01321 DT$ResetsInt$Value EQU DT$ResetsInt$Fort+1
01322 3Value output to reset interrupt
Q007 = 01323 DT$Detect$ErrorsPort EQuU DT$Reset$Int$Value+l
01324 sPort number fcor detecting errcr
0008 = Q1328 DT$Detect$ErvrorsValue EQU DT$DetectsErrorsFort+1
01326 sMask for detecting errar (parity etec.)
Q009 = 01327 DT$Reset$ErrarsPort EQU DT$Detect$Error$Value+l
01328 ;O0utput to port to reset error
000A = 01329 DT$Reset$ErrorsValue EQU DT$Reset$ErrorsFort+l
01330 3Value to output to reset error
QQQR = 01331 DT$RTS$ControlsPort EQu DT$Reset$Error$Value+1
01332 : ;Control port for lowering RTS
Q00C = 01333 DT$Drop$RTS$Value EQU DT$RTS$Control$fort+1
01334 ;Value, when output, to drop RTS
Q00D = Q1335 DT$Raise$RTS$Value EQU DT$Drop$RTSEValue+1
01338 ;Value, when cutput, to raise RTS
01337 H
01338 H Device logical status (incl. protocols)
QQ0E = 01339 DT$Status EQuU DT$Raise$RTS$Value+l
01340 ;Status bits
0001 = 01341 DT$Qutput$Suspend EQU 0000$Q001R 3Qutput suspended pending
01342 3 protocol acticn
0002 = 01343 DT$Input$Suspend EQU 0000%$0010R s Input suspended until
01344 3 buffer empties
Q004 = 01345 DT$Qutput$DTR EQu 0000$0100R ;Qutput uses DTR-high-to-send
0008 = 013448 DT$Qutput$Xon EQU Q000$1000R sO0utput uses XON/XOFF
Q010 = 01347 DT$Qutput$EtL x EQU 000140000E sOQutput uses ETX/ACK
0020 = 01348 DT$0utput$Timeout EQU 0010%$0000R sOutput uses timecut
Q040 = 01349 DT$Input$RTS EQU 0100%$0000B s Input uses RTS-high-ta-receive
0080 = 01350 DT$Input$Xon EQU 1000$0000R s Input uses XON/XOFF
01351 3
Q00QF = 01352 DT$Statussz EQU DT$Status+l sSecondary status byte
Q001 = 01333 DT$Fake$Typeahead EQU Q000$0001E sRequests Input$Status to
01354 ;3 return "Data Ready" when
Q1355 ;5 control dharacters are in
01356 3 input buffer
01357 i
0010 = 01358 DT$Etx$Count EQU DT$Statussz+1
01359 chars. sent in Etx protocal
Q012 = 01380 DT$Et x$Messageslength EQL DT$Et x$
01381 ;Specified message length
01362 H
01363 3 Input buffer values
Q014 = 01364 DT$Buf fer$Rase EQU DT$Etx$Messageslength+2
01365 ;Address of Input buffer
001é = 01366 DT$Put$0ffset EGL OT$Euffer$bBase+2
01367 ;0ffset for putting chars. into buffer
0017 = 01362 DT$Get$0ffset EQU DT$Put$Cffset+1
01369 ;0ffset for getting chars. from buffer
001& = 01270 OT$Buffer$lLength$Mask EGLI DT4Get$Offset+1
01371 sLength of buffer - 1
01372 ;Note: EBuffer length must always be
013272 7 a binary number; e.g. 32, 44 or 128
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01274 1 This mask then becomes:
01275 ;32 -r %1 (0001$1111E)
01376 ;&4 A% (0011$1111E)
01377 s 128 127 (O111$1111E)
01378 ;After the get/put offset has been
013279 s incremented, it is ANDed with the mask
01320 ;  to reset it to zera when the end of
01231 ; the buffer has been reached
0019 = 013282 DT$Character$Count ! EGL DT$Buffer$lengthsMask+1
013832 sCount of the number of characters
013224 3 currently in the buffer
001A = 01325 DT$StopsInput$Count EQL DT$CharactersCount+1
01386 ;Stop input when the count reaches
01327 s this value
QOLE = 01382 DT$Resume$Input$Count EQ OT$StopsInput$Count+1
01389 ;Resume input when the count reaches
01390 ;  this value
001C = 013291 OT$Control$Count EQL DT$Resume$InputsCount+1
01392 sCount of the number of control
01292 - ; characters in the buffer
ooln = 01294 DT$Function$Delay EGU OT$Control$Count+1
01395 sNumber of clock ticks to delay to
01296 :; allow all characters after function
01397 ;  key lead-in to arrive
001E = 01292 OT$InitializesStrean EGi DT$Functicnsbelay+l
013299 :Address of byte stream necessary to
01400 ;3 initialize this devirce
01401
01500 T #
01501 H
01502 H Device tables
01502 H
01504 DT%0:
028E 81 01505 - DR DO$Status$Fort ;Status port (8251A chip)
Q28F 80 01506 ju] DOsDatasFort sData port
0290 01 01507 DB p$Output$Ready ;CQutput data ready
0291 02 01508 DB DéInput$Ready s Input data ready
0292 80 01509 DB DEDTRE$High ;DTR ready to send
Q293 D8 Q1510 DB IC$OCW2sFort sReset interrupt port (OOH is an . unused port)
0294 20 01511 DB IC$EQI ;Reset interrupt value (nonspecific EQI)
0295 81 01512 DB DO$StatussPert ;Detect error port
0298 38 01513 DB D$Error sMask: framing, overrun, parity errors
0297 83 01514 DB [Oo$Command$Port ;Reset error port
0298 37 015195 DB D$Erroré$Reset tReset error: RTS high, reset, Tx/Rx enable
0299 83 015148 DB DO$Command$Port ;Drop/raise RTS part
029A 07 01517 DR D$Drop$RTS ;Drop RTS Value (keep Tx & Rx enabled)
0298 27 01518 DB D$Raise$RTS tRaise RTS value (keep Tx & Rx enabled)
029C CO 01519 ju ] DT$Input$Xcn + DT$InPut$RTS sProtocol and status
0290 00 01520 DB 0 sStatus #2
029E 0004 01521 oW 1024 sEtx/Ack message count
QZA0 0004 01522 Jal) 1024 ;Etx/Ack message length
02A2 2422 01523 ow DO$Buffer s Input buffer
0z2A4 00 01524 DE 4] sPut offset into buffer
02AS 00 01525 OB (9] ;Get offset intoc buffer
0zAé 1F 01526 DR pO$Euf fer$slength -1 ;Buffer length mask
02A7 00 01527 DE (4] ;Count of characters in buffer
02A8 1B 01528 juc] DO$Euffer$lLength - 5 ;Stop input when count hits this value
02A9 10 01529 oE Do$Eufferslength / 2 ;Resume input when count hits this value
QZAA 00 01530 DE 4] sCount of cantral characters in buffer
02AB 0é 01531 DE & sNumber of 1&.ééms ticks to allow function
01532 s+ key sequence to arrive (apprax. F0ms)
02AC 2400 01533 oW DO$Initialize$Stream ;Address of initializaticn stream
01524 3
01525 OT$1:
Q2AE 85 01536 DB p1$Status$Port ;Status port (8251A chip)
Q2AF 84 01537 DB Di$DatasPort sData port
02B0 01 01538 ju] D$Output$Ready ;Output data ready
02B1 02 01539 DB D$Input$Ready s Input data ready
0282 8]0 01540 DB D$DTR$High sDTR ready to send
Q2B3 D& 01541 DB IC$OCW2sFort ;Reset interrupt port (OOH is an unused port)
02B4 20 01542 DB IC$EQI sReset interrupt value (nonspecific EOI)
Q2BS 8% 01543 DB Di$Status$Port ;Detect error port
02B& 38 01544 DB D$Error ;Mask: framing, overrun, parity errars
Q2B7 87 01545 DB D1$Command$Fart ;Reset errcr paort
02B8 37 Q1546 jug D$Error$Reset :Reset error: RTS high, reset, Tx/Rx enable
Q2B? 87 01547 DB D1s$Command$Fort ;Drop/raise RTS port
02BA 07 01548 DB D$Drop$RTS sDrop RTS value (keep Tx & Rx enabled)
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Q2BB 27 01549 ju] D$RaisesRTS sRaise RTS value (keep Tx & Rx enabled)
02BC CO 01550 DR DT$InputsXon + DTEInput$RTS ;Protocel and status
Q2BD 00 01551 DB Q sStatus #2
02BE 0004 01552 oW 1024 sEtx/Ack message count
02C0 Q004 01553 oW 1024 ;Etx/Ack message length
Q202 4422 01554 oW Dis$Buffer s Input buffer
Q2C4 0Q 01555 jud] Q sPut offset into buffer
02CS 00 01556 jus O ;Get offset into buffer
Q2C& 1F 01557 OB DisBufferslength -1 ;Buffer length mask
Q2C7 00 01558 DB 0 ;Count of characters in buffer
0208 1B 01559 DB DisBuffer$length - 5 ;Stop input when count hits this value
Q2C? 10 01560 DE Dis$Buffer$length / 2 ;Resume input when count hits this value
Q2CA 00 01581 jud [¢] ;Count of control characters in buffer
02CER 06 01562 judy & sNumber of 1&.6éms ticks to allaw function
01563 3 key sequence to arrive (approx. 20ms)
Q2CC 400 01564 ju] Di¢InitializesStream sAddress of initialization stream
01565 H
01566 3
01567 DTz
Q2CE 89 01568 DB D2#StatussFPort ;Status port (8251A chip)
Q2CF &8 01569 DB D2¢latasFort sData port
0200 01 01570 DB D$Qutput$Ready ;Qutput data ready
oz2n1 02 01571 DB DéInput$Ready s Input data ready
02p2 0 01572 ju] DeDTReHigh ;DTR ready to send
0203 Ds 01573 DB IC$QCW2RsFort sReset interrupt port (OOH is an unused port)
Q204 20 01574 DB IC$EQI ;Reset interrupt value (nonspecific EQI)
0205 89 01575 DR D2¢Status$Fort ;Detect error port
02D& 38 01576& DB D¢Errar sMask: framing, averrun, parity errors
0207 8B 01577 DR Da2$Command$Fart ;Reset error port
o208 37 01578 DB D$Error$Reset sReset errar: RTS high, reset, Tx/Rx enable
02D% 2B 01579 OE D2$Command$Fort sDrop/raise RTS port
02DA 07 01580 DE D$Drop$RTS H value (keep Tx % Rx enabled)
0zZDe 27 01521 DE O$Raise$RTS $ value (keep Tx & Rx enabled)
02DC CO 01582 DE OT$Input$Xcn + OT$Input$RT ;Protocol and status
0z2DD 00 015832 OE [«] sStatus #2
020DE 0004 01524 ] 1024 sEtx/Ack message count
02ZEO 0004 01585 oW 1024 sEtx/Ack message length
02EZ2 &422 01524 oW D2$Buffer s Input buffer
0ZE4 00 015387 DB 4] sPut offset into buffer
0ZES 00 01522 DE (4] ;Get offset intc buffer
0ZE& 1F 01589 DE D2sBufferslength -1 ;EBuffer length mask
0ZE7 00 01520 DE Q sCount of characters in buffer
0ZES 1B 01591 DE D2$Bufferslength — S ;Stop input when count hits this value
02E? 10 01592 OE D2$Bufferslength / 2 ;Resumez input when count hits this value
0ZEA 00 01592 DE [¢] sCount of control characters in buffer
0ZER 0é& 01594 juc & sNumber of 1é.ééms ticks to allaw function
01595 3  Key sequence ta arrive (approx. 70ms)
0ZEC A400 oW D2¢Initialize$Strean sAddress of initialization stream
01700 3 #
01701 H General character 1/0 device initialization
01702 ;
01703 B This routine will be called from the main CF/M
01704 H initialization code.
01705 H
01708 3 It makes repeated calls to the specific character I/0
01707 H device initialization routine.
01703 H
01709 General$CIO¢Initialization:
Q2EE AF 01710 XRA A ;Set device number (used to access the
01711 ; table of device table addresses in the
01712 3 configuraticon block)
Q2EF 4F 01713 Mav c,A ;Match to externally CALLable interface
01714 GCI$Next$Device:
02FQ0 CDFAQ2 01718 CALL Specific$CIOsInitialization sInitialize the device
02F3 3C 017168 INR A sMove to next device
02F4 FE10 01717 CPI 16 ;Check if all possible devices (0 - 15)
02F& C8 01718 RZ 5 have been initialized
02F7 CIFQQ2 01719 JMF GCI$Next$hevice
01720 H
01800 i ¥
01801 H
01802 ; Specific character I/0 initialization
0180% ;
01804 3 This routine outputs the specified byte values to the specified
01805 H ports as controlled by the initialization streams in the
01808 H configuration block. Each device table contains a pointer to
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01807 H these streams. The device table itself is selected accarding
01808 ; to the device NUMBRER -- this is an entry parameter for this
01809 § routine.
01810 H Thié routine will be called either from the general device
01811 H initialization routine abave, or directly by a BIOS call from
01812 ; a system utility executing in the TFA.
01813 H
01814 ; BEntry paramzters
01815 H
01816 3 C = device number
01817 H
01818 H Exit parameters
01819 H
01820 H A = Device number (preserved)
01821 H
01822 H
01823 Specific$CIO%Initialization: ;=== BIOS entry point (private)
01824 H
Q2FA 79 01825 Mav A, C ;Get device number
02FR FS 01826 PUSH PSW ;Preserve device number
Q2FC 87 01827 ADD A sMake device number into word pointer
Q2FD 4F o182g MQV C.A
Q2FE 0600 01829 MVI B, 0 sMake into a word
0300 214400 01830 LXI H,CR$Device$Table$Addresses ;Get table base
Q303 09 018231 DAD B sHL -> device table address
Q304 SE 01832 Moy E,M ;Get L5 byte .
Q305 23 01833 INX H
0306 Sé 01834 Mav o,M ;Get MS byte: DE - device table
Q1835
Q207 7A 018368 Mav A, D ;Check if device table address = Q
0308 B3 01837 QORA E
0309 CA1703 01838 JdZ SCISExit ;Yes, device table nonexistent
01827 _
Q30C 211E00 Q1840 LXI H,DT$Initialize$Stream
Q30F 19 01841 DAD n sHL -> initialization stream address
0310 SE 01842 Mav E,M ;Get LS byte
0311 23 01843 INX H
0312 Sé 01844 Mav oM ;Get byte
0313 EB 01845 XCHG sHL -» initialization stream itself
0214 CD1R03 01846 CALL Qutput$Byte$Stream ;Output byte stream to varicus
01847 3 ports
01842 3
01847 SCIsExit:
Q217 F1 01850 PQF PSW ;Recover user”s device number in C
Q318 C9 01851 RET
01852 i
02000 P #
Q2001 3 Qutput byte stream
02002 H
02003 ; This routine outputs initialization bytes to port
02004 H numbers. The byte stream has the following format:
02005 H
02006 3 DR PPH Part number
02007 H jul<y nn Number of bytes to cutput
02008 H DB vVvH, vVvH. .. Bytes to be cutput
Q2007 B :
02010 H : Repeated
02011 3 :
02012 H DB QOH Fort number of O terminates
02013 H
02014 H Entry parameters
02015 H
02016 H HL ~> Byte stream
02017 3
02018 Qutput$BytesStream:
02019 OBS$Loop:
0319 7E 02020 MQv AM sGet port number
031A B7 02021 QRA A ;Check if OOH (terminator)
031B C8 02022 RZ sExit if at end of stream
031C 322503 02023 STA ORS$Fort ;Store in port number below
031F 23 02024 INX sHL -» count of bytes
0320 4E 02025 Mav c,M ;Get count
0321 23 02026 INX H sHL -> first initialization byte
02027 3
02028 OBS¢Next$Byte:
0322 7E 02029 MOV AM ;Get next byte
0323 23 02030 INX H sHL -» next data byte (cr port number)
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02031
03224 D3 02032 DB ouT
02033 OBS$Fort:
0325 00 02034 DB 4] 3<- Set up in instructicn above
0326 OD 02035 DCR c ;Count down on byte counter
Q327 C22203 02036 JINZ OBS$Next$Ryte ;Output next data byte
032A C31903 02037 JMP OBRS$Loop ;G0 back for next port number
02033 H
02100 i
02101 H CONST - Console status
02102 H
02103 ; This routine checks both the forced input pointer and
02104 H the character count for the appropriate input buffer.
02105 3 The A register is set to indicate whether or not there
02106 H is data waiting.
02107 H
02108 H Entry parameters: none.
0210% ;
02110 H Exit parameters
o111 H
02112 ; A = 000H if there is no data waiting
02113 ; A = OFFH if there is data waiting
02114 H
02115 ;
02116 CONST: ;{=== BIOS entry point (standard)
02117 H
032D 2AS800 02118 LHLD CB$Consoleslnput ;Get redirection word
0330 118400 02119 LXI D,CBs$Device$Table$Addresses
03323 CDEF0& 02120 CALL Select$Devices$Table ;Get device table address
0338 C34708 02121 JIMP Get$Input$Status ;Get status from input device
02122 3 and return to caller
02200 iR
02201 H
02202 H CONIN -- conscle input
02203 H
02204 H This rautine returns the next character for the conscle input
02205 H stream. Depending on the circumstances, this can be a character
02206 3 from the console input buffer, or from a previously stored
02207 H string of characters to be "forced" into the input streamafor
02208 H the autcmatic execution of system initialization routines.
02209 H The "forced input” can come from any previously stored character
02210 H string in memory. It is used to inject the current time and date
02211 H ar a string associated with a function key into the conscle
02212 H stream. On system startup, a string of "SUBMIT STARTUF" is
02213 H forced into the console input stream to provide a mechanism.
02214 3
02215 H Narmal ("unforced") input comes from whichever physical device
022148 H is specified in the console input redirection word (seg the
02217 H configuration black).
02218 ;
0339 00 02219 CONIN$Delay$Elapsed: ju] (o] ;Flag used during function key
02220 ; processing to indicate that
02221 ; a predetermined delay has
02222 3 elapsed
02223 H
02224 H
02225 CONIN: ;<=== BIOS entry point (standard)
02226 ; :
033A 2A8DOF 02227 LHLD CE$Forced$Input ;Get the forced input pointer
023D 7E 02228 MoV AM ;Get the next character of input
033E B7 02229 ORA A sCheck if a null
033F CA4703 02230 Jz CONIN$No$FI sYes, no forced input
0342 23 02231 INX H ;Yes, update the pointer
0342 22800F 02222 SHLD CE$Forced$Input 3 and store it back
0346 C9 02233 RET
02234 i
02235 CONIN$No$FI sNo forced input
0347 2A5800 022368 LHLD CR¢$Console$Input ;Get redirection word
034A 116400 02237 LXI D,CR$Device$TablesAddresses
0340 CD&F0& 02238 CALL Selectslevice$Table sGet device table address
0350 CD9106 02239 CALL Get$Input$Character ;Get next character from input device
02240
02241 ;Function key processing
0353 FELB 02242 CPI Function$key$lLead sCheck if first character of functicon
02243 3 key sequence (normally escape)
0355 CoO 02244 RNZ sReturn to BRIOS caller if not
Q0356 FS 02245 PUSH PSW ;Save lead in character
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0357 211D0Q 02248 LXI H, DT$FunctionsDelay ;Get delay time constant for
02247 ;3 delay while waiting for subsequent
02248 ;3 characters of function key sequence
02249 3 to arrive
035A 19 02250 DAL D
035k 4E 02251 MQV c,M ;Get delay value
035C 0600 02252 MVI R, 0 ;Make into word value
035E AF 02253 XRA A ;Indicate timer not yet out of time
03SF 323903 02254 4 STA CONIN$Delay$Elapsed
0382 217R03 02255 LXI H,CONIN$Set$Delay$Elapsed ;Address to resume at after delay
Q345 CheDog 02256 CALL SetsWatchdog ;Sets up delay based on real time
02257 ;3 clock such that control will be
02258 3 transferred to specified address
02259 ;s after time interval has elapsed
022860 CONIN$Wait$forsDelay: sWait here until delay has elapsed
0348 3AIPOI 02261 LDA CONIN$Delay$Elapsed sCheck flag set by watchdeog routine
03&R B7 02282 ORA A
03&C CASR03 02263 JZ CONIN$Wait$farsDelay
02244
02265 CONIN$Check$for$Functican: _
Q3&F 211900 02266 LXI H, DT$Characters$Count sNow check if the remaining characters
02267 - ; of the sequence have been input
0372 19 02268 DAD D
0373 7E 02269 Mav A M ;Get count of characters in buffer
0374 FEQ2 02270 CPI Functionskey$Length - 1
0374 D28103 02271 JINC CONIN$Check$Function ;Enough characters in buffer for
02272 ; possible function key sequence
0379 F1 02273 PQF PSW ;Insufficient characters in buffer
02274 ;3 to be a function key, so return
02275 3 to caller with lead character
037A C9 02276 RET
02277
02278 H
02279 H The following rcutine is called by the watchdog raoutine
02280 H when the specified delay has elapsed. |
02281 i
02282 CONIN$Set$Delay$Elapsed:
037B 3EFF 02283 MVI A, OFFH ;Indicate watchdog timer cut of time
0370 323903 02284 STA CONINs$Delay$Elapsed
0380 C9 02285 RET sReturn to watchdog routine
02284 H
02287 H
02288 CONIN$Check$Function:
0281 211700 0228% LXI H,DT$Get$0ffset ;Save the current "get painter”
0324 19 02290 DAD ol 3 in the buffer
0385 7E 02291 Mav AM ;Get the pointer
0326 FS 02292 PUSH PSW ;Save pointer on the stack
02293
0387 211700 Q2294 LXI H,DT$Get$0f fset ;Check the second (and possibly third)
038A CDFOO7 02295 CALL Get$Address$insBuffer 3 character in the sequence
038D 4¢& 02298 Mav B,M ;Get the second character
02297
Q2298 IF Three$Character$Functicn
Q38E CS 02299 PUSH B ;Save for later use
Q38F 211700 02300 LXI H,DT$Get$0ffset ;Retrieve the third character
0392 CDFO07 02301 CALL Get$Address$insBuffer
0395 C1 02302 POP B ;Recover second character
0394 AE 02303 Mav c,M ;Now BC = Char 2, Char 3
02304 ENDIF
02205
Q397 DS 02306 FUSH o ;Save device table pointer
0398 21B000 Q2307 LXI H,CB$Function$key$Table - CE$Functionskey$Entry$Size
02308 ;Get pointer to function key table
02309 ; in configuration black
03PR 111300 02310 LXI D, CR$Function$Key$EntrysSize ;Get entry size ready for loop
02311 CONIN$Next$Function:
Q39E 19 02312 DAD D sMove to next (or first) entry
039F 7E 02313 MQV A M ;Get second character of sequence
Q3A0 B7 02314 QRA A sCheck if end of function key table
03A1 CAC203 02315 JZ CONIN$Not$Function sYes —— it is not a function key
Q3A4 BS 02316 CMP B ;Compare second characters
03AS C29E03 02317 JUNZ CONIN$Next$Function sNo match, so try next entry in table
02318
02319 IF Three$Characters$Function
03A8 23 02320 INX H sHL => third character
03A® 7E 02321 MQV AM ;Get third character of sequence
03AA 2R 02322 DCX H sSimplify logic for 2 & 2 char. seq.
Figure 8-10. (Continued)




Chapter 8: Writing an Enhanced BIOS

251

Q3AB B? 02323 CMP c sCompare third characters

Q3AC C29E03 02324 JINZ CONIN$Next$Function sNo match, so try next entry in table

03AF 23 02325 INX H sWhen match found, compensate for
02328 3  extra decrement
02327 ENDIF
02323

03RO 23 02329 INX H sHL => first character of substitute
02330 3 string of characters (00-byte term.)

Q3R1 228DOF 02331 SHLD CB$Forced$Input sMake the CONIN routine inject the
02332 3 substitute string intoc the input
Q2333 5 stream
02334
02335 sNow that a function sequence has been
02336 3 identified, the stack must be
02337 3 balanced pricr to return

0ZE4 DI 02338 FOP o 3Get the device table pointer

03RS F1 023329 POF PSW sDump the "get" offset value

0ZB4 F1 02240 FPOP FSW sDump the function sequence lead char.
023241

Q3B7 211900 02342 LXI H, DT$Character$Count sDowndate the character count

03BA 19 02343 DAD D 3 to reflect the characters removed
02344 3 from the buffer

O3BR 7E 02345 MQv AM ;Get the count

03BC D&02 02348 SuUI Function$kKey$lLength -1 ; (the lead character has already

O03BE 77 02347 Mav M, A :  been deducted)

O3BF CIZA03 02348 JIMP CONIN sReturn to CONIN processing to get
02349 3 the forced input characters
02350 CONIN$Not$Function:
Q2351 iAttempts to recognize a function key sequence
02352 3 have failed. The "get" coffset pointer must be
02353 5 vrestored to its previous value so that
02354 3 the character(s) presumed to be part of
Q2355 3 the function sequence are not lost.
02356

Q3C2 DI 02357 FOP D ;Recover device table pointer

03C3 F1 02358 POF PSW sRecover previous "get" offset

Q3C4 211700 Q2359 LXI H,DT$Get$0ffset

03C7 19 02360 DAD D sHL -> “get" offset in table

Q3Cs 77 023681 MoV M, A sReset "get" offset as it was after
023682 3  the lead character was detected

03C? F1 Q2383 PQP PSW sRecaver lead character

03CA C? 02384 RET ;Return the lead character to the user
Q235 H
02500 T H
02501 H Console ocutput
02502 H
02503 H This routine outputs data characters to the conscle device(s).
02504 H It also "traps" escape sequences being output to the console,
02505 H triggering specific actions according to the sequences.
02506 3 A primitive "state-machine" is used to step through escape
02507 H sequence recognition.
02508 3 In addition to cutputting the next character to all of the
Q2509 H devices currently selected in the console cutput redirection word,
02510 3 it checks to ses that output to the selected device has not been
02511 B suspended by XON/XQFF protocol, and that DTR is high if
02512 H it should be.
Q2513 B Qnce the character has been output, if ETX/ACK protoccol is in use,
02514 i and the specified length of message has been cutput, an Etx
02515 5 character is output and the device is flagged as being suspended.
02516 H
02517 ; ‘ Entry parameters
02518 H
02519 H C = character to be output
02520
02521 H CONQUT storage variables
02522 H

Q3CR 00 02523 CONQUT$Character: DB 0o ;Save area for character to be cutput
02524

03CC DBOR 02525 CONQUT$Processor: oW CONOLIT$N=rmal
02526 3This is the address of the piece of
02527 ;3 code that will process the next
02528 3 character. The default case is
02529 5 CONQUT$Normal

03CE 0000 02530 CONOUT$String$Pointer: [DW (¢} ;This points to a string (normally
02531 3 in the configuration block) that
02532 ; 1is being preset by characters from
02533 ;3 the console cutput stream
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0200 00 02534 CONOUT#String$Length: DE [ ;This contains the maximum number of
02535 ; characters to be preset into a
02536 ;3 from the console cutput stream
02537
02538 3
02539 H %x% WARNING s
02540 H The output errcr message rcoutine shares the cade in this
02541 H subroutine. On entry here, the data byte to be cutput
- 02542 H will be on the stack, and the DE registers set up correctly.
02543 H
02544 H
02545 CONQUTS$OEM$ENntry:
03D1 32CBO3 02546 CONOUT$Character ;Save data byte
0ZD4 C3E803 02547 IMP CONOUT$ENntry2 sHL already has special bit map
02548 ’
02549 ;
02550 CONOQUT: BIOS entry pcint (standard)
02551 H
03D7 2ACCOR 02552 LHLD CONOUT$Processar ;Get address of processor to handle
02552 ;3 the next character tc be ocutput
02554 . ;(Default is CONOUT$Normal)
02DA E% 02555 FPCHL sTransfer control to the processor
02556 H
02557 ;
025358 CONOQUT$Normal: sNormal processor for caonsole output
Q3DR 79 02559 Mav A,C ;Check if possible start of escape
Q3DC FE1IR 02560 CP1 Function$Key$lLead ; sequence
O3DE CA1204 02561 Jz CONOQUT$Escape$Found ;Perhaps
02582 CONQUT$Forced:
Q3E1 79 02563 Mov A, C | ;Forced output entry point
Q3E2 I2CROI 02544 STA CONQUT$Character sNot escape sequence —- Save data byte
02545
Q3ES 2ASA00 02566 LHLD CR$Console$Output ;Get console redirection word
02567 H .
02548 CONQUTS$ENntry2: . ;<=== output error message entry point
025¢% H
Q3ER 118400 02570 LXI D,CB$Device$Table$Addresses ;Addresses of dev. tables
Q3ER DS 02571 PUSH D ;Put onto stack ready for loop
03EC ES 02572 PUSH H
02573
02574 CONQUT$NextsDevice:
O3ED E1l Q2578 PQP H sRecover redirection bit map
Q3EE D1 02576 PQF D s Recaver deVice table addresses pointer
Q3EF CD&FQ& 02577 CALL Select$Device$Table ;Get device table in DE
03F2 R7 02578 QRA A ;Check if a device has been
02579 ; selected (i.e. bit map not all zerc)
03F3 CAODO4 02580 Jz CONQUTS$EXit sNo, exit
03Fé CS 02581 PUSH B ;Yes - B.. ;Save redirection bit map
Q3F7 ES 02582 PUSH H ;Save device table addresses pointer
02583 CONQUT$Wait:
03F8 CDOFQ& 02584 CALL Check$Qutput$Ready sCheck if device not suspended and
02585 ; (if appropriate) DTR is high
Q3FR CAF803 02586 JZ CONQUTS$Wait iNa, wait
02527
Q3FE F3 02588 oI sInterrupts off to avoid
02589 ; involuntary re-entrance
O3FF 3ACBO2 02590 LDA CONOUT$Character ;Recover the data byte
0402 AF 02591 Mav C,A sReady for cutput
0403 CD2608 02592 CALL OutputsData$Byte ;Output the data byte
0406 FB 02593 EI
02594
0407 CDIA0S 02595 CALL Process$Etx$Protocol ;Deal with Etx/Ack protocal
040A CIEDOR 02596 JIMF CONQUT$Next$Device ;Loop back for next device
02597
02598 CONQUT$ExXit:
040D 3ACBRO3 02599 LDA CONOUT$Character ;Recover data character
0410 79 02800 MQV A, C 3CP/M "convention"
0411 C9 02401 RET
02602 3
02603 CONQUT$Escape$Found: ;Possible escape sequence
0412 211904 02604 LXI H,CONOUT$Process$Escape ;Vector processing of next character
02805 CONQUT$Set $Processaor:
0415 22CC03 026806 SHLD CONQUT$Processaor ;Set vector address
0418 C9 02607 RET sReturn to RIOS caller
02700 A
02701 H
02702 H Console output: escape sequence processing
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02703 3
02704 CONQUT$Process$Escape: ;Control arrives here with character
02705 3 after escape in C
0419 211R02 02708 LXI H, CONQUT$Escape$Table ;Get base of recognition table
02707 CONQUT#Next$Entry:
041C 7E 02708 MoV AM ;Check if at end of table
041D B7 02709 QRA A
041E CA2BO4 02710 Jz CONQUT$No$Match sYes, no match found
0421 R9 02711 CMP c sCompare to data character
0422 CA3RO4A 02712 Jz CONQUT$Match s They match
0425 28 02713 INX H sMove to next entry in table
0426 23 02714 INX H
0427 23 02715 INX H
0428 C3I1C04 02716 JIMP CONOQUT$Next$Entry ;Go back and check again
02717’ H
02718 CONQUT$No$Match: sNo match found, so original
02719 3 escape and following character
02720 3 must be output
042B CS 02721 PUSH B ;Save character after escape
042C OEILR 02722 MVI C,Function$kKey$lLead ;Get escape character
042E CDE103 02723 CALL CONOUT$Farced s0utput to conscle devices
0431 C1t 02724 POP B sGet character after escape
0432 CDE103 02725 CALL CONQUT$Farced s0utput it, too
02728 H
02727 CONQUT$Set$Normal:
0435 21DRO3 02728 LXI H, CONQOUT$Normal ;Set vector back to normal
0438 C31504 02729 JMP CONQUT$Set$Frocessor 3 for subsequent characters
02730 ;
02731
02732 CONQUT$Match:
043B 23 02733 INX H sHL -> LS byte of subprocesscr
043C SE 02734 - MOV E.M ;Get LS byte
043D 23 02735 INX H
043E 56 02736 MoV D,M ;Get MS byte
O043F EB 02737 XCHG sHL —-> subprocessor
0440 E9 02738 PCHL sGoto subprocessor
02739 i
02740 CONQUT$Date: ;Subprocessor to inject current date
02741 ;7 into console input stream (using
02742 ;3 forced input)
0441 218FOF 02742 LXI H,Date
02744 CONQUT$Set$Forced$Input:
0444 228D0F 02745 SHLD CBR$Forced$Input
0447 C9 02748 RET sReturn to BIQSY caller
02747 3
02748 CONQUT$Time: ;Subprocessor to inject time into
02749 3 console input stream
04423 21990F 02750 LXI H, Time$In$ASCII
Q44R C34404 02751 JIMP CONQUT$Set$Farced$Input
02752 3
02753 CONQUT$SetsDate: ;Subprocessor to set the date by taking
02754 3  the next & characters of conscole cutput
02759 7 and storing them in the date string
044E 21A0F 02758 LXI H, Time$Date$Flags ;Set flag to indicate that the
0451 3EO2 02757 MVI A,DatesSet 3 date has been set by program
0453 B& 02758 ORA M
0454 77 Q2759 MoV M, A
0455 IEOS Q2780 MVI A, R ;Set character count
0457 2U8FQF 02761 LXI H, Date ;Set address
045A CI&8C04 02762 JIMP CONQUT¢Set$String$Pointer
02743 H
02784 3
02765 CONQUT$Set$Time: sSubprocessor to set the time by taking
02768 3 the next 8 characters of console cutput
02767 3 and storing them in the time string
045D 21A30F 02768 LXI H, Time$Date$Flags ;Set flag to indicate that the
0440 RIEOL 02769 MVI A, Times$Set 3 time has been set by program
0442 Bé& 02770 QORA
0483 77 02771 MoV M, A
0444 3IEOS 02772 MVI A, 8 ;Set character count
0486 21990F 02773 LXI H, Time$in$ASCII ;Set address
0449 CR6C04 02774 JIMP CONQUT$Set$String$Pointer
0277S 3
Q776 CONQUT$Set$String$Painter: sHL -* string, A = count
044C 320003 Q2777 STA CONQUTEStringslength ;Save count
Q44F 22CEO0R 02778 SHLD CONQUTSString$Pointer ;Save address
0472 217804 Q2779 LXI H, CONQOUT$Process$String ;Vector further cutput
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0475 C31504 Q2780 JIMP CONQUT$Set$Frocessar
02781 ;
02782 CONQUT$Process$String: sContral arrives here for each character
02783 s+ in the string in register C. The
02784 ; characters are stacked intao the
02785 : receiving string until either a 0O-byte
02786 ; is encountered or the specified number
02787 ;s of characters is stacked.
0478 2ACEO3 02788 LHLD CONQUT$String$Pointer sGet current address for stacking chars
Q47R 79 02789 MQv A, C ;Check if current character is OOH
047C B7 02790 ORA A
047D CA3S04 02791 Jz CONOQUT$Set$Normal sRevert to normal processing
Q430 77 Q2792 MQV M, A ;Otherwise, stack character
0481 23 02793 INX H ;Update pointer
0482 3800 02794 MVI M, OOH ;Stack fail-safe terminator
0484 22CE03 02795 SHLD CONQUT$String$Fointer ;Save updated pointer
0487 21D003 02796 LXI H,CONOUT$String$lLength ;Oowndate count
048A 35S 02797 DCR M
042B CA3504 02798 Jz CONOUT$Set$Normal sRevert to normal processing
02797 . 3 if count hits O
048E C9 02800 RET sReturn with cutput vectored back
02801 s to CONOUT$Process$String
02802 B
02900 s #
02701 H
02902 H Auxiliary input status
02902 ;
02904 H This routine checks the character count in the
Q2905 H appropriate “input buffer.
Q2906 H The A register is set to indicate whether cr nat
02907 H data is waiting.
Q2908 i
02909 ; Entry parameters: nona2.
Q2910 H
02911 ; Exit parameters
02912 H
02913 i A = O00H if there is na data waiting
02914 H A = OFFH if there is data waiting
02915 H
02916 H
Q2917 AUXIST: ;<=== RIOS entry point (Frivate)
02918 H
048F 2ATCO0 02919 LHLD CR$Auxiliary$Input ;Get redirection word
0492 118400 02920 LXI D,CBs$Device$Table$Addresses ;3 and table pointer
0495 CDeFO& 02921 CALL Select$Device$Table ;Get device table address
0498 C34708 02922 JMP Get$InputéStatus ;Get status from input device
02923 3 and return to caller
02924 H
Q3000 ¥
03001 3
03002 H Auxiliary output status
03003 H
02004 H This routine sets the A register to indicate whether the
02005 H Auxiliary devicels) is/are ready to accept output data.
02006 3 As more than one device can be used for auxiliary cutput, this
03007 H routine returns a Boolean AND of all of their statuses.
03008 H
03009 H Entry parameters: naone
02010 H
Q3011 3 Exit parameters
Q3012 3
Q3013 B A = 000H if one or more list devices are not ready
03014 H A = OFFH if all list devices are ready
03015 H
03016 ;
03017 3 ===m====s
03018 AUXQST: ;<=== BRIDS entry point (Frivate)
03019 H ===
049B 2ASEQQ 03020 LHLD CB$Auxiliary$Cutput ;Get list redirecticn waord
049E C37905 03021 JIMP Get$CompositesStatus
03022 i
02100 P #
03101 H
03102 H Auxiliary input (replacement for READER)
03103 H
03104 H This routine returns the next input character from the
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03105 H appropriate logical auxiliary device,
03108 H
03107 H Entry parameters: none.
03108 H
03109 H Exit parameters
03110 H
03111 ; A = data character
03112 H
03113 H
03114 AUXIN: s<{=== RIOS entry point (standard)
03115 3
04A1 2A5C00 03118 LHLD CR$Auxiliary$Input ;Get redirection waord
04A4 118400 03117 LXI D,CBR$DevicesTable$Addresses 3 and table pointer
04A7 CD&FO& 03118 CALL Select$DevicesTable ;Get device table address
04AA C39104 03119 JMFP Get$Input$Character ;Get next input character
03120 3 and return to caller
03121 H
03200 4
03201 H Auxiliary output (replaces PUNCH)
03202 3
03203 ; This routine outputs a data byte to the auxiliary device(s).
03204 H It is similar to CONOUT except that it uses the watchdcg
03205 H timer to detect if a device stays busy for more than
03208 H 30 seconds at a time. It ocutputs a message to the caonscle
03207 H if this happens.
Q3208 H
Q3209 ; Entry parameters
03210 H
03211 H C = data byte
03212 ;
Q4AD OROAQ7417503213 AUXQUT$Busy$Message: DR CR,LF,7, Auxiliary device not Ready?",CR,LF,Q
03214 H
03215 H
03218 AUXOUT: ;<{=== BIOS entry point (standard)
03217 3
04CE 2ASEQQ 03218 LHLD CB$Auxiliarys$Qutput ;Get aux. redirection ward
0401 11ADO4 Q3219 LXI D, AUXQUT$Busy$Message iMessage to be output if time
03220 3 runs out
04D4 CIA20S 03221 JMP Multiple$Qutput$Byte
03222 H
QRI300 i #
03301 B
03202 H List status
03303 ;
Q3304 H This routine sets the A register to indicate whether the
03205 ; List Device(s) is/are ready to accept output data.
03308 H As more than cne device can be used for list cutput, this
03307 H routine returns a Boolean AND of all of their statuses.
03308 H
03309 H Entry parameters: ncne
Q3310 H
03311 H Exit parameters
03312 H
03313 H A = Q00H if one or more list devices are not ready
03314 H A = OFFH if all list devices are ready
03215 H
02216 H
03317
03318 H EIOS entry point (standard)
03319 B ==
0407 2A6200 03320 LHLD CR$List$Cutput ;Get list redirecticon ward
04DA C3790S 03321 IMP Gets$CompositesStatus
03322 3
03400 i#
03401 H List output
02402 H
03403 3 This routine outputs a data byte to the list device.
03404 3 It is similar to CONOUT except that it uses the watchdog
03405 H timer to detect if the printer stays busy for more
024064 H than 30 seconds at a time. It cutputs a message to the console
03407 H if this happens.
03408 H
03409 H Entry parameters
03410 ;
03411 H C = data byte
03412 H
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04FS 2A&6200
Q4F8 110004

04FB C3A20S

04FE ODOA

Q40D QDOAQ7S07203413

IST$Busy$Message: DB CR,LF,7, “Printer not Ready?",CR,LF,Q

L
03414 H
03415 ;
03418 LIST: 3 (=== RIOS entry point (standard)
03417 H
Q3418 LHLD CR$ListsQutput ;Get list redirection word
03419 LXI D,LIST$Busy$Message ;Message to be output if time
03420 s runs out
03421 JMP MultiplesQutput$Byte
03422 H
03500 s #
03501 H Request user choice
03502 H
03503 3 This routine displays an error message, requesting
03504 H a choice of:
03505 H
03506 H R -- Retry the operation that caused the errar
Q307" 3 I -- Ignore the error and attempt to continue
03508 H A -- Abort the program and return to CP/M
035079 H -
03510 H This routine accepts a character from the console,
03511 H converts it to uppercase and returns to the caller
03512 ; with the response in the A register.
03513 H ’
03514 RUC$Message:
03515 DB CR,LF

DB : Enter R - Retry, 1 - Ignare, A - Abart : 7,0

0500 202020202003516

03517 H
03518 3
03519 Requests$lser$Chaice:
0S2F CD2DO03 03520 CALL CONST ;Gobble up any type-ahead
0532 CA3BOS 03521 Jz RUCS$Buf fer$Empty
0535 CD3A0R 03522 CALL CONIN
0538 C32F05 03323 JMP Request$lser$Choice
03524
03525 RUC$Buf fer$Empty: .
053B 21FE04 03526 LXI H, RUC$Message sDisplay prompt
0S3E CDS305 03527 CALL Qutput$Errar$Message
03528
0541 CDRIAQR 03529 CALL CONIN ;Get console character
0544 CD3IBOE 03530 CALL AsTosUpper sMake uppercase for compariscons
Q547 32BROOD 03531 STA Disk$ActionsConfirm ;Save in confirmatory message
054A FS 03532 FUSH PSW sSave for later
03533
Q54R 21ROOD 03534 LXI H,Disk$Acticon®Confirm
054E CDSIOS 03535 CALL CQutput$Error$Message
03536
0551 F1 03537 PQOP PSW ;Recover action code
Q552 €9 03538 RET
Q3539 H
03800 s #
03601 H
03802 i Qutput error message
03803 5
03604 3 This routine outputs an error message to all the currently
Q3405 H selected console devices except those being used to receive
03806 3 LIST output as well. This is to avoid "deadly embrace" situaticns
03807 H where the printers being busy for too long causes an erraor message
03808 H to be output —- and console output is being directed to the
Q3609 3 printer as well.
03610 H
03611 3 This subroutine makes use of most of the CONOUT subroutine.
03612 H For memory economy it enters CONOUT using a private
Q3613 H entry point.
03614 H
03815 H Entry parameters
036816& H
03617 H HL -> Q0-byte terminated error message
03618 3
03819 Qutput$ErroréMessage:
QSS3 ES 03820 PUSH H s;Save message address
0554 2A5A00 03a21 LHLD CR$Console$Qutput ;Get console redirection bit map
0557 ER 03é22 XCHG
Q558 2A4200 03823 LHLD CR$ListsQutput ;Get list redirection bit map
03624 sHL = list, DE = conscle
03625 sNow set to O all bits in the conscle
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03826 5 bit map that are set to 1 in the
03627 3 list bit map
0SSR 7C 03628 MoV AH ;Get MS byte of list
QSSC 2F 03829 CMA s Invert
QSSD A2 03&30 ANA D ;Preserve only bits with 0°s
QSSE &7 03631 Mav H, A ;Save result
0SSF 7D 03832 Mav AL ;Repeat for LS byte of list
0580 2F 03833 CMA
0561 A3 03634 ANA E
0582 &F 03835 Mav L.A sHL now has only pure conscle
03836 ;3 devices
0543 B4 03637 QRA H sEnsure that at least one device
0564 CASAQS 03838 Jz QEM$Devices$Fresent 3 is selected
0547 210100 03639 LX1 H, 0001H sQtherwise use default of device O
03640 QEM$DevicesPresent:
03641 QEM$Next$Character:
0SéA DI 03842 POP D ;Recover message address into LE
0S&R 1A 03843 LDAX D ;Get next byte of message
056C 13 03844 INX D sUpdate message pointer
0SéD B7 03645 ORA A sCheck if end of message
056E C8 03646 RZ sYes, exit
056F DS 03647 PUSH D ;Save message address for later
0570 ES 03¢48 PUSH H N sSave special bit map
03649 ;Data character is in A
0571 CDD103 03650 CALL CONCUTSOEMS$ENntry ;Enter shared code
0574 E1 03651 POP H sRecover special bit map
0575 C36A05 03652 JMP CQEM$Next$Character
03653 H
03654 B
03655 H
03656 H Get composite status
03657 H
03858 H This routine sets the A register to indicate whether the
03659 H output device(s) is/are ready to accept output data.
03660 H As more than one device can be used for output, this
03661 H routine returns a Boolean AND of all of their statuses.
03662 H
03863 H Entry parameters
03864 H
03845 H HL = I/0 redirection bit map for output device(s)
03664 B
03667 H Exit parameters
03648 H
03669 H A = O00H if one or more list devices are not ready
03670 H A = OFFH if all list devices are ready
03671 3
03578 00 03672 GCS$Status: DB ] sComposite status of all devices
03873 H
03674 3
034735 GetsComposite$Status:
0579 REFF 03876 MVI A, OFFH sAssume all devices are ready
0S7B 327805 03677 STA GCS$Status ;Preset composite status byte
036783
0S7E 118400 03879 LXI D,CBR$Devices$TablesAddresses sAddresses of dev. tables
0581 DS 03480 PUSH D sPut onto stack ready for locp
0582 ES 03681 PUSH H sSave bit map
03682 GCS$NextsDevice:
0583 E1l 03483 PQP H sRecaver redirection bit map
0584 D1 03684 POP D sRecover device table addresses pointer
0585 CD&F0é 03685 CALL Select$Devices$Table ;Get device table in DE
0588 B7 03686 ORA A ‘heck if a device has been
03487 selected (i.e. bit map not all zera)
0589 CAP905 03488 Jz GCS$Exit sNo, exit
058C CS 03689 PUSH B ;Yes - B.. s;Save redirection bit map
0580 ES 03690 PUSH H ;Save device table addresses pointer
0S8E CDOF0& 03691 CALL Check$Output $Ready ;Check if device ready
0591 217805 02692 LXI H, GCS¢Status ;AND together with previous devices
0594 Aé 03693 ANA M 3 status
0595 77 03694 MOV M, A sSave composite status
03695
0596 C383I0S 03696 JIMP GCS$Nexts$Device sLoop back for next device
03697 3
03698 GCS$Exit:
0599 3A780S 03699 LDA GCS$Status sReturn with composite status
059C B7 03700 ORA A
059D C9 03701 RET
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03702 H
03800 i #
03801 4
03802 3 Multiple ocutput byte
03803 ;
03804 H This routine cutputs a data byte to the all of the
Q3805 3 devices specified in the I/0 redirection word.
03806 H It is similar to CONOUT except that it uses the watchdog
03807 3 timer to detect if any of the devices stays busy for more
03808 3 than 30 seconds at a time. It cutputs a message to the conscle
03809 H if this happens.
03810 H N
03811 3 Entry parameters
03812 ;
03813 H HL = I1/0 redirection bit map
03814 H DE -> Message to be output if time runs cut
03815 ; C = data byte
03816 3
Q708 = 03817 MOB$Maximum$Busy EQU 1800 sNumber of clock ticks (each at
0318 . s 16.666 milliseconds) for which the
Q3819 3 device might be busy
Q59E 00 03820 MOB$Character: DR 0 sCharacter to be cutput
QS9F 0000 03821 MOR$Busy$Message: oW o ;Address of message to be
o382z s output if time runs out
05A1 00 Q3823 MOR$Need$Message: DB 0 sFlag used to detect that the
03824 ;3 watchdog timer timed cut
03825 3
03826 Multiple$Qutput$Byte:
0SAZ 79 03827 MQV A, C ;Get data byte
0SA3 320807 03828 STA MOBR$Maximum$Busy ;Save copPy
05A& EB 03829 XCHG N sHL -> timeout message
0SA7 229F0S 03830 SHLD MOB$Busy$Message ;Save for later use
0SAA ER 03831 XCHG sHL = bit map again
03832
Q5SAR 114400 03833 LXI D,CB$Device$TablesAddresses ;Addresses of dev. tables
OSAE DS 03834 PUSH n ;Save on stack ready for lcop
05AF ES 03835 PUSH H ;Save I1/0 redirection bit map
03836 MOB$Next$Device:
0SB0 E1 03837 POP H ;Recover redirection bit map
0S5R1 D1 03838 POP D sRecover device table addresses pointer
QSB2 CD&F0& 03839 CALL SelectsDevice$Table ;Get device table in DE
0SBS BR7 03840 QORA A sCheck if any device selected
05R& CAECOS 03841 Jz MOB$EXi t
03842
QSBY CS 03843 PUSH B 3<— Yes : B ;Save device table addresses pointer
OSBA ES 03844 PUSH H ;Save redirection bit map
03845 H
03844 MOB$Start$Watchdog:
QSBR AF 03847 XRA A ;Reset message needed flag
0SBC 32A105 03848 STA MOBR$Need$Message
QOSBF 010807 03849 LXI B, MOR$Maximum$Busy ;Time delay
0SC2 210908 03850 LXI H, MOB$Not $Ready sAddress to go to
05CS Chénog 03851 CALL SetsWatchdog sStart timer
03852 4
03853 MOB$Wait: '
0SC8 3AA10S5 03854 . LDA MOB$Need$Message ;Check if watchdog timed cut
0SCR R7 03855 ORA A
QSCC C2EEQS 03856 JINZ MOBR$Qutput$Message ;Yes, output warning message
QSCF CDOF0& 03857 CALL Check$0Output$Ready ;Check if device ready
05D2 CACS05 03858 Jz MOB$Wait 3No, wait
03859 H
05DS F3 03840 DI sInterrupts off to aveid
03881 ;3 involuntary reentrance
0SD& 010000 o38s2 LXI B, 0 s Turn of f watchdog
0509 CDenog 03883 CALL . Set$Watchdog s (HL setting is irrelevant)
03844
QSDC 3APEQS 03865 LDA MOB$Character ;Get data byte
OSDF 4F 03866 MOV C,A
0SEQ CD2608 03867 CALL Qutput$Data$Byte ;Output the data byte
0SER FB 03868 EI
0SE4 CD3A0S 03869 CALL Process$Etx$Protocol sDeal with ETX/ACK protocal
QSE7 C3B0OS 03870 JMP MOB$Next$levice
03871 3
03872 MOBR$Ignore$Exit: ;Ignore timeout error
QSEA E1l 03873 PQP H ;Ralance the stack
0SEB D1 03874 POP i}
Figure 8-10.  (Continued)




Chapter 8: Writing an Enhanced BIOS

259

0387% 3
0387¢& MOBS$Exit:
QSEC 79 03877 Mav A, C sCP/M “conventicn®
OSED C9 03878 RET
03879 3
03880 MOB$Qutput$Message:
OSEE 2A9FO0S 03881 LHLD MOB$Busy$Message ;Display warning message
QSF1 CDS305 03882 CALL Qutput$ErrorsMessage ; on selected console devices
Q3883 MOB$Request$Choices:
QSF4 CD2FOS 03884 CALL Requests$UsersChoice ;Display message and get
03885 3 action character
0SF7 FES2 03886 CPI “R” ;Retry
OSF9 CABROS 03887 Jz MOB$StartsWatchdog ;Restart watchdog and try again
OSFC FE49 03888 CPI 17 ;Ignore
QSFE CAEAOS [elcicicig Jz MOB$Ignore$Exit
0401 FEAL 03890 CPI AT sAbart
0803 CA3S0E 03891 Jz System$Reset 3 Give BDOS function Q
0806 CIFA0S 03892 JIMP MOBR$Request$Choice
Q3893 B
03894 MOB$Not $Ready: ;Watchdog timer routine will call this
Q3898 3 vroutine if the device is busy
03896 7 for more than approximately 30 seconds
03897 iNote: This is an interrupt service routine
0809 IEFF 03898 MVI A, OFFH ;Set request to cutput message
040B 32A105 03899 STA MOB¢Neggd$Message
Q40E C9 03IF00 RET sReturn to the watchdog routine
037901 H
04000 P #
04001 H Check output ready
04002 ;
04003 H This routine checks to see if the specified device is ready
04004 ; to receive output data.
Q4008 H It does so by checking to see if the device has been suspended
04006 ; for protocol reasons and if DTR is low.
04007 H
04008 H NOTE: This routine does NOT check if the USART itself is ready.
04009 H This test is done in the output data byte routine itself.
04010 H
04011 H Entry paramzters
04012 H
040132 ; DE -> device table
04014 H
04015 H Exit parameters
040168 H
04017 H A = Q00H (Zero-flag set) : Device not ready
04018 3 A = OFFH (Zero-flag clear) : Device ready
04019 H
04020 Check$Qutput$Ready:
Q&0F 210EQQ 04021 H,DT$Status ;Get device status
0612 19 04022 DAD D sHL -> status byte
0813 7E 04023 Mav AM ;Get status byte
0414 47 04024 Mav B, A ;Take a copy of the status byte
0615 E&01 04025 ANI DT$0utput$Suspend ;Check if output is suspended
04617 C23R06 04024 JNZ COR$Not $Ready ;Yes, indicate not ready
04027
061A 3E04 04028 MVI A, DT$0utput$DTR sCheck if DTR must be high to send
0&1C AQ 04029 ANA B sMask with device status from table
081D CAR408 04030 JZ COR$Ready ;No, device is logically ready
04031
0620 210000 04032 LXI H,DT¢StatussPort ;Set up to read device status
0623 19 04033 DAD D
0424 7E 04034 MOV AM ;Get status port number
0825 322906 04035 STA COR$Status$Port ;Set up instruction below
04036
0628 DB 04037 DR IN
04038 COR$StatussPort:
0629 00 04039 o] 3<{-- Set up by instruction above
0462A 4F 04040 Mav C,A sSave hardware status
04041
Q42B 210400 04042 LXI H, DT$DTR$Ready ;Yes, set up to check chip status
Q42E 19 04043 DAD D 5 to see if DTR is high
Q82F 7E 04044 MOV AM ;Get DTR high status mask
Q630 Al 04045 ANA o ;Test chip status
0631 CA380& 04048 JZ COR$Not $Ready sDTR low, indicate not ready
04047 l
04048 COR$Ready:
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0434 3EFF 04049 MVI A, OFFH ;Indicate device ready for output
0636 B7 04050 ORA A
0637 C9 04051 RET
04052 3
04053 COR$Not$Ready: s Indicate device not ready for cutput
0438 AF 04054 XRA A
0639 C9 04055 RET
040568 H
04200 i
04201 H
04202 H Process ETX/ACK protocal
04203 H
04204 3 This routine maintains ETX/ACK protocal.
04205 H After a specified number of data characters have been cutput
04206 H to the device, an ETX character is output and the device
04207 ; put into output suspendesd state. Only when an incoming
04208 H ACK character is received (under interrupt control) will
04209 H output be resumed to the device.
04210 B
04211 H Entry paramesters
04212 H
04213 H DE -> device table
04214 H
042135 H Exit parameters
04216 H
04217 H Message count downdated (and reset if necessary)
04218 3
04219 Process$Etx$Pratocaol:
043A 210E00 04220 LXI H,DT$Status ;Check if ETX/ACK protocol enabled
063D 19 04221 DAD D
043E 7E 04222 MOV, AM
063F E610 04223 ANI DT$Qutput$Et x
0441 C8 04224 RZ sNo, so return immediately
0642 211000 04225 LXI H,DT$Etx$Count ;Yes, so downdate count
0645 19 04226 DAD D
0646 ES 04227 PUSH H ;Save address of count for later
0647 4E 04228 MoV M ;Get LS byte
0448 23 04229 INX H
0649 46 04230 MOV E,M ;Get MS byte
0é4A OB 04221 DCX B
064R 78 04232 Mav AR
084C B1 04233 ORA C sCheck if count now zero
0440 C25706 04234 JNZ PEP$SavesCount s No
0450 211200 04235 LXI H,DT$Etx$Messageslenath ;Yes, raset to message length
0453 19 04236 DAL D -
0454 4E 04237 Mav c,M ;Get LS byte
0655 23 042328 INX H
0656 46 04239 MoV B,M ;Get MS byte
04240 PEP$SavesCount:
0657 E1l 04241 POP H ;sRecover address of count
0658 71 04242 MQV M, C ;Save count back in table
0659 22 04243 INX H
0&SA 70 04244 MoV M, B
04245 H
Q45R RB7 04248 ORA A ;Reestablish whether count hit O
Q45C CO 04247 RNZ sNo, no further processing required
Q45D OEO3 04248 MVI C,ETX ;Yes, send ETX to device
Q4SF F3 04249 nI sAvoids involuntary reentrance
0880 CD2s08 04250 CALL Qutput$DatasByte
04663 FB 04251 EI
0444 210E00 Q4252 LXI H,DT$Status ;Flag device as output suspended
0867 19 04253 DAD o
0448 FR 04254 DI sAvoid interaction with interrupts
0669 7E 04255 MOV AM ;Get status byte
046A FeOL 04256 ORI DT$0utput$Suspend ;Set bit
0é8C 77 04257 MQv M, A ;Save back in table
0&6éD FB 04258 EI
Q&8E C9 04259 RET
04240 H
04400 s
04401 3
04402 H Select device table
04403 H
04404 H This routine scans a 16-bit word, and depending on which is the
04405 H first 1-bit set, selects the corresponding device table address.
04406 H
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04407 ; Entry parameters
04408 H
04409 H HL = Bit map
04410 H DE -> Table of device table addresses
04411 H The first address in the list is called
04412 H if the least significant bit of the bit map is
04413 H nonzerco, and so on.
04414 H
04415 H Exit parameters
04418 ;
04417 H RC -> Current entry in device table addresses
04418 i DE = Selected device table address
04419 H HL = Shifted bit map
04420 3 Nonzero if a 1-bit was found
04421 H - Zero if bit map now entirely 0000
04422 H
04423 H Nbte: If HL is O0QOH on input, then the first entry in the
04424 3 device table addresses will be returned in DE.
04425 3
04426 SelectsDevice$Table:
0&6F 7C 04427 MOV AH ;Get most significant byte of bit map
0670 BS 04428 ORA L ;Check if HL completely O
0671 C8 04429 RZ sReturn indicating no more bits set
0672 7D 04420 MOV AL sCheck if the LS bit is nonzero
0473 E6O1 04431 ANI
0675 C28006 04432 JINZ SDT$RitsSet ;Yes, return corresponding address
0678 13 044322 INX D ;No, update table pointer
Q679 13 04424 INX o
067A CDDBO8 04435 CALL SHLR ;Shift HL right cne bit
067D C2EF06 04436 IMF Selectslevice$Table ;Check next bit
04437 SDT$Eit$Set:
0480 ES 04432 PUSH H ;Save shifted bit map
0621 42 04439 MOV E,D ;Take copy of table pointer
0422 4B 04440 MOV C,E
0423 EB 04441 XCHG sHL -> address in table
04624 SE 04442 MoV E,M
0685 22 04447 INX H
0486 Sé 04444 MoV o,M sDE —-» selected device table
04445 ;Set up registers for ancther
04444 5 entry
0487 E1 04447 FOP H ;Recaver shifted bit map
0428 CDDROS 0444¢g CALL SHLR sShift bit map right cne bit
048R 032 04449 INX B sUpdate DT address table pointer to
042C 03 04450 INX B 5 entry
068D 2EO01 04451 MVI Al ;Indicate that a cne bit was found
0&8F B7 04452 ORA A 5 and registers are set up correctly
0490 C9 04452 RET
04454 H
04600 s #
04601 H
048602 H Get input character
04602 3
04404 H This routine gets the next input character from the device
04405 3 specified in the device table handed over as an input
04406 H parameter.
04407 ;
04408 Gets$Input$Character:
0491 211900 04409 X1 H,DT$Character$Count ;Check if any characters have
0494 19 04410 DAD D 3 been stored in the buffer
04811 GICsWait:
0693 FR 04612 EI sEnsure that incoming chars. will
04613 5 be detected
0698 7E 04414 MQV AM sGet character count
06?7 B7 04418 ORA A
0698 CA95068 044816 Jz GICsWait sNo characters, so wait
Q&9R 35 04617 DCR M sDown date character count for
04418 3 the character about to be
044819 3 rvemoved from the buffer
069C 211700 04420 LXI H,DT$Get$0ffset jUse the get offset to access
Q&9F CDFO07 04621 CALL Get$Address$insBuffer ;Returns HL -» character
044822 3 and with get offset updated
06A2 7E 04623 MOV AM ;Get the actual data character
06A3 FS 04424 PUSH PSW ;Save until later
04¢25
06A4 211900 04626 LXI H, DT$CharactersCount ;Check downdated count of chars. in
046A7 19 04627 DAD D ;7 buffer, checking if input should be
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04920
0702 11CEQ2 04921 LXI D,DTs2 sDevice 2
0705 CD1&07 04922 CALL ServicesDevice
04923
Q708 IE20 04924 MVI A, IC$EQI 3Tell the interrupt controller chip
070A DIDQ 04925 auT IC$QCW2%Por t 3 that the interrupt has been serviced
070C D1 04926 PQOP D sRestore registers
Q70D C1 04927 PQP B
Q70E F1 04928 PQOF FEW
070F 2A8422 04929 LHLD PIsUsers$Stack ;Switch back to user’s stack
0712 F9 04930 SPHL
Q713 E1 04931 PQOP H
0714 FB 04932 EI sRelenable interrupts in the CPU
Q715 C% 04933 RET. sResume pre-interrupt processing
04934 H
Q5000 s #
. 0S001 H
0S002 H Service device
05003 H -
05004 H This routine performs the device interrupt servicing,
03003 H _ checking to see if the device described in the specified
05006 H device table (address in DE) is actually interrupting,
05007 H and if so, inputs the character. Depending on which data character
05008 3 is input, this routine will either stack it in the input buffer
05009 H (shutting off the input stream if the buffer is nearly full),
05010 H or will suspend or resume the ocutput to the device.
05011 H
05012 3 Entry parameters
05013 H
o5e14 H DE -> device table
05015 3
05018 ServicesDevice:
0716 210000 05017 LXI H,DT$Status$Port ;Check if this device is really
0719 19 05018 DAD D 3 intervupting
Q071A 7E 05019 Mav A,E ;Get status port number
071R 321F07 Q3020 8TA SDh¥StatussPort 3Store in instruction below
05021
Q071E DB oso022 DR IN 3 Input status
05023 SDh$StatussPort:
Q71F 00 05024 DB ] 3<{-- Set up by instruction above
05025 3
Q720 210300 05028 LXI H,DT$Input$Ready sCheck if status indicates data ready
Q723 19 05027 DAD D
0724 A& os028 ANA M sMask with input ready value
0725 C8 Q3029 RZ sNo, return to interrupt service
Q3030 sCheck if any errors have occurred
0728 210700 Q5031 LXI H,DT¢Detect$Error$Fort ;Set up to read error status
0729 19 05032 DAD D 3+ interrupting
Q072A 7E Q5033 MoV A, M ;Get status port number
Q72B 322F07 05034 STA SD$Evror$Fort - ;Store in instruction below
Q5035
072E DB 05036 DR IN 3 Input error status
Q5037 SD$ErrorgPort:
072F 00 05038 DB [¢] 3<-- Set up by instruction above
03037 H
0730 210800 05040 LXI H,DT$Detect$Error$Value jMask with error bit(s)
Q0733 19 05041 DAD n
0734 Aé 05042 ANA M
0735 CA4707 05047 Jz SD$Nc$SErvar sNo bitts) set
0732 210900 05044 LXI H,DT$Reset$Errar$Port 552t up to reset erraor
072E 1% 05045 DAD il
073C 7E 05044 MOV A M ;Get reset port number
Q730 324407 05047 STA Sh$Reset$Errar$Port ;Store in instruction below
0740 210A00 05042 LXI H,DT$Reset$Error$Value
0743 19 0504% DAL g
0744 7E 05050 Mav AM sGet reset interrupt value
05051
0745 D= 05052 s auT
05052 SO$Reset$Error$Part:
0744 00 05054 g 0 ;4—— Set up in instruction abave
05055
05054 SO$ENo$Error:
0747 210100 05057 LXI H,DT¢DatasPort s Input the data character (this may
074A 19 05058 DAD o} ;3 be garbled if an error cccurred)
074R 7E 05059 Mav AM ;Get data port number
074C 323007 Q5040 8TA SheDatasPort sStore in instruction below
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05041

Q074F DB 05062 DR IN s Input data character
05063 SDh$DatasPort:

0750 0Q 05064 o 3<-— Set up by instruction above
05045

0751 47 050688 MoV B,A sTake copy of data character above

0752 210E00 05067 LXI H,DT$Status sCheck if either XON or ETX protocols

0755 19 05048 DAD D 5 is currently active

0756 7E 05049 Mav AM ;Get protocol byte

0757 E&18 05070 ANI DT$0utput$Xon + DT$Output$Etx

0759 CA8107 05071 JZ SD$No$Protocol sNeither is active

075C E&08 05072 ANI DT$Qutput$Xon sCheck if XON/XQFF is active

07SE C24E07 05073 JINZ SD$Check$if$Xon ;Yes, check if XON char. input
05074 sNo, assume ETX/ACK active

0761 3EQS 05079 MVI A, ACK sCheck if input character is ACK

0763 B8 05078 CMP B

0784 C28107 05077 JINZ SD$No$Protocol 3sNo, process character as data
05078 SD$QutputsDesuspend: sYes, device now ready
05079 3 to accept more data, so indicate
05080 3 output to device can resume
05081 sThe noninterrupt driven output
05082 5 routine checks the suspend bit

0787 7E 05083 MoV AM ;Get status/protocol byte again

0748 E&FE 05084 ANI OFFH AND NOT DT$Qutput$Suspend ;Freserve all bits BUT suspend

Q76A 77 05085 MOV M, A sSave back with suspend = O

Q78R CINR07 05086 JMP SD$SExit sExit to interrupt service withcout
05087 ;3 saving data character
05088 B
Q5089 SD$ChecksifsXon: 3 XON/XOFF protocol active, so
05090 5 if XOFF received, suspend cutput
03091 3 if XON received, resume cutput
05092 ;The noninterrupt driven output
05093 5 routine checks the suspend bit

076E 2IE11 Q5094 MVI A, XON ;Check if XON character input

0770 B8 Q5095 CMP B

0771 CA&707 05096 Jz SD$Qutput$Desuspend ;Yes, enable output to device

0774 3ELR 05097 MVI A, XOFF sCheck if XOFF character input

0776 B8 05098 CMP B

0777 C28107 05099 JNZ SDeNc$Frotocal 3sNo, process character as data
05100 SD$Qutput$Suspend: ;Device needs pause in output of
05101 s data, so indicate cutput suspended

077A 7E 05102 Mov A M sGet status/protocal byte again

077B F&01 05103 ORI DT$0utput$Suspend ;Set suspend bit to 1

077D 77 05104 MoV M. A ;Save back in device table

077E C3D907 05105 JMP SOSExit ;Exit to interrupt service without
05106 5 saving the input character
05107 i
05108 SD$No$Protocol:

0781 211800 05109 LXI H,DT$Buffers$lLength$Mask ;Check if there is still space

0784 19 05110 DAD D 5 in the input buffer

Q0785 7€ 05111 MoV AM ;Get length - 1

0788 3C 05112 INR A sUpdate to actual length

Q787 211900 05113 LXI H,DT$CharactersCount ;Get current count of characters

0738A 19 05114 DAD D 5 in buffer

Q073R BE 05115 CMP M sCheck if count = length

Q78C CAERO7 05116 Jz SD$Buffer$Full sYes, output bell character

Q78F C3 05117 PUSH B ;Save data character

0790 211800 05118 LXI H,DT$Puts0ffset ;Compute address of character in
05119 3 input buffer

0793 CDFO07 05120 CALL Get$Address$InsBuffer sHL -> character position

0796 C1 05121 POP B ;Recover input character

Q797 70 05122 MoV M,B ;Save character in input buffer
05123 sUpdate number of characters in input
05124 3 buffer, checking if input should
05128 3 be temporarily halted

0798 211900 05126 LXI H,DT$Character$Count

Q79R 19 05127 DAD D

079C 34 05128 INR M ;Update character count

Q79D 7E 05129 MOV A M 3Get updated count

Q79E 211A00 05130 LXI H,DT$StopsInputsCount sCheck if current count matches

07A1 19 05131 DAD D ;3 buffer-full threshold

Q7A2 BE 05132 CMFP M

Q7A3 C2CE07 05133 JINZ SDh$Checks$Control sNot at threshold, check if control
05134 3 character input

07A& 210E00 05135 LXI H,DT$Status ;At threshold, check which means

Q7A9 19 05138 DAD D 3 for pausing input are to be used
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07AA 7E 05137 Mav AM ;Get status/protocol byte
Q7AR F&02 05138 ORI DT$Input$Suspend sIndicate input is suspended
Q7AD 77 05139 Mav M, A ;Save updated status in table
O7AE FS 05140 PUSH P3W sSave for later use
Q7AF E&40 05141 ANI DT$Input$RTS ;Check if clear to send to be dropped
07B1 CAC307 05142 Jz SD$Check$InputsXon sNo
07B4 210B0Q 05143 LXI H, DT$RTS$Caontrol$Port sYes, get control port number
07B7 19 05144 DAD D
Q7B8 7E 05145 MQV AM
Q7B 320207 05144 STA SDeDrop$RTS$Port ;Store in instruction below
Q7RC 210000 05147 LXI H, DT$Drop$RTS$Value
O7BF 19 05148 DAL D
Q7C0 7E 05149 MQV AM ;Get value needed to drop RTS
05150
07C1 D3 05151 auT
05152 SDE$Drop$RTS$Port:
Q702 0Q 05153 DB (o) ;<- Set up in instruction above
05154 sDrop into input XON test
05155 SD$ChecksInputsXon: sCheck if XON/XOFF protocol being used
05156 ;7 to temporarily suspend input
07C3 F1 05157 - POP PSW sRecover status/protocaol byte
Q07C4 E&R0Q 05158 ANI DT$Input$Xon ;Check if XON bit set
07Cé CACEQO7 051359 JZ Sh$ChecksContraol sNo, see if control char. input
07C9 0E13 05160 MVI C, XOFF iYes, cutput XOFF character
07CE CD2408 05161 CALL OutputsDatas$Byte sQutput data byte
05162 3
05143 SDh$Checks$Control: ;Check if control character (other than
05164 3 CR, LF, or TAB) input, and update
- 05165 5 count of control characters in buffer
Q7CE CDOKOR 05166 CALL Check$Contral$Char sCheck if control character
07D1 CAD®O7 05147 Jz SDh$Exit sNo, it is not a control character
o704 211C00 05168 LXI H, DT$Control$Count
o707 19 05169 DAD D
o708 34 05170 INR M sUpdate count of control chars.
05171 ;
05172 SD$Exit: sReset hardware interrupt system
0709 210500 05173 LXI H,DT$Reset$Int$Port
o7DC 19 05174 DAD |
070D 7E 05173 MoV AM ;Get reset port number
QO7DE R7 05176 QRA A sCheck if port specified
05177 5 (assumes it will always be NZ)
07DF C8 05178 RZ ;Bypass reset if no port specified
07EQ0 R2ER07 05179 STA SD$Reset$Int$Port ;Store in instruction below
07E3 210600 05180 LXI H,DT$Reset$Int$Value
O7E& 19 05181 DAD D
07E7 7E 05182 Mav AM ;Get reset interrupt value
05133
07E8 D3 05184 DB ouT
05185 SD$Reset$Int$Port:
07E9 00 05186 DB o 3<{-- Set up in instruction above
O7EA C9 05187 RET sReturn to interrupt service routine
05188 i
Q5189 SD$Buf fer$Full: s Input buffer completely full
O7ER QEQ7 05190 MVI C,BELL ;Send bell character as desperate
07ED C32408 05191 JMP OQutput$DatasByte 3 measure. Note JMP return to
05192 3 caller will be done by subroutine
05193 ;
05300 A4
05301 H
05302 ; Get address ip buffer
Q5303 H
05304 H This routine computes the address of the next character to
05305 H access in a device buffer.
05306 H
05307 H Entry parameters
05308 ;
Q5209 H DE -> appropriate device table
05310 ; HL = offset in the device table of either the
05311 H GetsOffset or the PutsOffset
05312 H
05313 H Exit parameters
05314 H
05315 H DE unchanged
052316 H HL - address in character buffer
05317 3
05318 Get$AddresssInsBuffer:
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O7F0 19 05319 DAD D sHL -> get/put offset in dev. table
07F1 ES 05320 PUSH H ;Preserve pointer to table
07F2 4E 05321 MoV c,M ;Get offset value
O7F3 0600 05322 MVI B, 0 sMake into word value
05323 ;Update offset value, resetting ta
05324 5 0 at end of buffer
07FS 79 05325 MOV A.C ;Get copy of offset
07F6 3C 05328 INR A sUpdate to next position
07F7 211300 05227 LXI H, DT$Buf fer$lLength$Mask
07FA 19 05328 DAD D
07FB A& 05329 ANA M sMask LS bits with length - 1
07FC E1 0S330 POP H sRecover pointer to offset in table
07FD 77 05331 MoV M, A ;Save new value (set to O if nec.)
O7FE 211400 05332 LXI H, DT$Buf fer $Base ;Get base address of input buffer
0801 19 05333 DAD D sHL -> address of buffer in table
0802 7E 05334 MOV A M sGet LS byte of address
0803 23 05335 INX H sHL -> M% byte of address
0804 &é 05336 MOV H.M sH = MS byte
0805 &éF 05337 MoV L,A ;L = LS byte
0806 09 05338 DAD B 3Add on offset to base
0807 C9 05339 RET
05340
053241 ;
05400 ¥
05401 ;
05402 H Check control character
05403 H
05404 H This routine checks the character in A to see if it is a
05405 3 contrel character other than CR, LF, or TAB. The result is
05406 H returned in the Z-flag.
05407 H
05408 ; Entry parameters
05409 H
05410 H A = character to be checked
05411 3
05412 ; Exit parameters
05413 H
05414 3 Zero status if A does not contain a control character
05415 H or if it is CR, LF, or TAR
054168 ;
05417 H Nonzero if A contains a control character other than
05418 § CR, LF, or TAR.
05419 Check$Control$Char:
0808 3E1IF 05420 A -1 ;Space is first noncontrol char.
080A RS 05421 CMP B
Q80R DAR40R 05422 JC CCC$No sNot a control character
080E 3EOD 05423 MVI A,CR sCheck if carriage return
0810 B8 05424 CMP R
0811 CA2408 035425 Jz CCC$Nc sNot really a control character
0814 REO0A 05426 MVI A, LF ;Check if LF
081& B8 05427 CMP B
0817 CAR2408 05428 JZ CCC$No sNot really a control character
081A 3EO9 05429 MVI A, TABR ;Check if horizontal tab
021C B8 05420 CMP B
0810 CA2408 05431 JZ CCC$No ;Not really a control character
0820 3EO01 05432 Mv1 Al sIndicate a control character
og22 B7 05433 OQA A
0823 C9 05434 RET
05435 CCC$No: sIndicate A does not contain
0824 AF 05436 XRA A 3 a contral character
0825 C9 05437 RET
05438 H
05500 (g
05501 4
05502 ; Output data byte
05503 H
05504 H This is a simple polled output routine that outputs a single
0S505 3 character (in register C on entry) to the device specified in
Q5506 3 the device table.
05507 H Preferably, this routine would have been re-entrant; however
05508 3 it does have to stare the port numbers. Therefore, to use it
05509 H from code executed with interrupts enabled, the instructicn
05510 ; sequence must be:
05511 H
05512 3 DI ;Interrupts off
05513 H CALL QutputséDatasByte
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05514 H EI sInterrupts on
0SS15 H
05516 H Failure to do this may cause involuntary re-entrance.
05517 H
05518 H Entry paramzters
05519 H
05520 H C = character to be output
05521 H DE -> device table
ossz2 3
05523 QutputéData$Byte: .
082é CS © QSS24 PUSH ] ;Save registers.
0827 210200 05525 LXI H,DT$0utput$Ready sGet ocutput ready status mask
082A 19 05526 DAD D
082R 46 05527 MOV E,M
082C 210000 ossa8 LXI H,DT$StatussPort ;Get status port number
082F 19 05529 DAD D
0830 7E 05530 MOV A M
0831 323508 05531 STA ODB$Status$Port ;Store in instruction below
05532 ODB$Waitsuntil$Ready:
05S33 -
0834 DR 05534 DB IN sRead status
05535 ODB$StatussPort:
0835 00 0553& DB [o] 3<—— Set up in instruction above
05537
0836 AQ 05538 ANA R ;Check if ready for ocutput
0837 CA3408 05539 Jz QDB$Waitsuntil$Ready 3No
083A 210100 05540 LXI H,DT$DatasPort ;Get data port
083D 19 05541 DAD D
083E 7E 05542 MoV A M
083F 324408 05543 STA QDR$Datas$Port ;Store in instruction below
0842 79 05544 Mov A, C ;Get character to cutput
05545
0843 D3 05544 DB auT
05547 ODBR$DatasPort:
0844 00 05548 DB (o] 3<-— Set up in instructicn abave
05547 R
0845 C1 05550 POP B sRestore registers
0846 C9 05551 RET
05552 H
05700 4
05701 H
05702 4
05703 H Input status rcoutine
05704 H
05705 H This routine returns a value in the A register indicating whether
05706 H one or mcre data characters is/are waiting in the input buffer.
05707 § Some products, such as Microsoft BASIC, defeat ncormal type-ahead
05708 H by constantly "gobbling" characters in order to see if an incoming
05709 H Control-S, -Q or -C has been received. In order to preserve
05710 3 type—ahead under these circumstances, the input status return
05711 3 can, as an option selected by the user, .return "data waiting" only
05712 H if the input buffer contains a Contral-%, -6 or -C. This foals
05713 H Microsoft BASIC into allowing type-ahead.
05714 H
05715 H Entry parameters
05716 H
05717 H DE -> device table
05718 ;
05719 ; Exit parameters
05720 H ’
05721 H A = O00H if no characters are waiting in the input
05722 ; buffer
05723 ;
05724 H
05725 Get$Input$Status:
0847 210F00 05726 LXI H,DT$Statuss2 sCheck if fake mode enabled
084A 19 05727 DAD D sHL -> status byte in table
084B 7E 05728 MoV AM ;Get status byte
084C E&O1 05729 ANI DT$Fakes$Typeahead ;Isolate status bit
084E CASRO8 05730 JIZ GIS$TruesStatus ;Fake mode disabled
05731 5
05732 sFake mode -- only indicates data
05733 sready if control chars. in buffer
0851 211C00 05734 LXI H, DT$Control$Count ;Check if any control characters
0854 19 05735 DAD n s in the input buffer
0855 AF 05738 XRA A ;Cheap 0O
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0856 Ré 05737 ORA M ;Set flags according to count
Q857 C8 05738 RZ sReturn indicating zero
05739 GISsData$Ready:
0858 AF 05740 A ;Cheap 0
0859 3D 05741 DCR A ;Set A = OFFH and flags NZ
085A C9 05742 RET sReturn to caller
05743 1
05744 GIS$Tru=sStatus: H
05745 3True status, based on any characters
057468 ;ready in input buffer
Q8SR 2ASDOF 05747 LHLD CBR$Forced$Input sCheck if any forced input waiting
08SE 7E 05748 MoV A M ;Get next character of forced input
085F R7 05749 ORA A sCheck if nonzero
0880 C25308 05750 JINZ GISsData$Ready ;Yes, indicate data waiting
05751
0843 211900 05752 LXI H, DT$Character$Count ;Check if any characters
0888 19 05753 DAD D 3 in buffer
0847 7E 05754 MQV A M ;Get character count
0848 B7 05755 ORA A
0849 C8 05756 RZ ;Empty buffer, A = 0, Z-set
088A CISR08 05757 JMP GIS¢Data$Ready
05758 H
05759 4
05900 i #
05901 H
05902 5 Real time clock processing
05903 H
05904 H Contreol is transferred to the RTC$Interrupt routine =ach time
05905 H the real time clock ticks. The tick count is downdated to see
05906 H if a complete second has elapsed. If sa, the ASCII time in
05907 H the configuration block is updated.
05908 H
Q5909 H With each tick, the watchdog count is downdated to see if control
05910 H must be "forced"” to a previously specified address on return
05911 H from the RTC interrupt. The watchdog timer can be used to pull
05912 3 control out of what would otherwise be an infinite loop, such
05913 H as waiting for the printer to come ready.
05914 H
05915 H
05918 H Set watchdog
05917 H
05918 H This is a noninterrupt level subroutine that simply sets the
05919 H watchdog count and address
05920 B
05921 H Entry parameters
05922 4
05923 H BC = number of clock ticks before watchdog should
05924 ; “time out"
Q5929 H HL = address to which control will be transferred when
05928 § watchdog times out
05927 3
05928 Sets$Watchdog:
08éD F3 05929 DI sAvoid interference from interrupts
084E 22C100 05930 SHLD RTC$Watchdog$Address ;Set address
0871 &0 05931 MQV H,B
0872 &9 05932 Mov L,C
0873 22BF00 05933 SHLD RTCs$Watchdog$Count sSet count
0876 FB 05934 EI
0877 C9 05935 RET
05936 H
05937 H
08000 P /
06001 H
04002 sControl is received here each time the
04003 3 real time clock ticks
04004 RTC$Interrupt:
0878 FS 08005 PUSH PSW ;Save other registers
0879 228422 06006 SHLD PIsUsers$HL ;Switch to local stack
087C 210000 06007 LXI H, 0
087F 39 06008 DAD SP ;Get user”s stack
0880 228422 04009 SHLD PIsUser$Stack ;Save it
0883 31B022 06010 LXI SP,PI$Stack sSwitch to local stack
0886 CS 06011 PUSH B
0887 DS 06012 PUSH D
06013
0888 21BEQO 04014 LXI H,RTC$Tick$Count sDowndate tick count
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088R 35 06015 DCR M
088C C2R0O08 06016 JINZ RTC$Check$Watchdog 5Is not at O vet
06017 ;One second has elapsed so
088F 3ABDOO 06018 LDA RYC$Ticks$per$Second 3 reset to original value
0892 77 06019 MOV M, A
04020 ;Update ASCII real time clock
0893 11A10F 04021 LXI D, Time$in$ASCII$End sDE -> 1 character after ASCII time
0896 21BDOO 06022 LXI H,Update$Time$End sHL -> 1 character after control table
06023  RTC$Updates$Digit:
0899 1R 06024 DCX D ;Downdate painter to time in ASCII
08%A 2B 08025 DCX H ;Downdate pointer to control table
Q89B 7E 08026 MOV AM ;1Get next control character
089C B7 06027 QORA A ;Check if end of table and therefare
089D CAROOS 06028 Jdz RTC$Clock$Updated ;3 all digits of clock updated
Q8A0 FAPI0R 06029 JIM RTCsUpdate$Digit ;Skip aver “":" in ASCII time
Q8A3 1A 06030 LDAX D ;Get next ASCII time digit
08A4 2C 068031 INR A sUpdate it
08AS 12 04032 STAX ol 3 and store it back
08A& BE 046033 CMP M jCompare to maximum value
Q8A7 C2BOOR 04034 JINZ RTCs$Clock$Updated ;No carry needed so update complete
08AA IEI0 T 08038 MVI A, 70~ ;Reset digit to ASCII O
08AC 12 08038 STAX D 3 and store back in ASCII time
08AD C3IPP08 Q8037 JMP RTC$Update$Digit ;Go back for next digit
Q6038 3
06039 RTC$Clock$Updated:
06040 RTC$Check$Watchdog:
08B0 2ABFO00 06041 LHLD RTC$Watchdog$Count ;Get current watchdog count
08B3 2B 06042 DCX H sDowndate it
08B4 7C 06043 MOV AH ;Check if it is now OFFFFH
08BS B7 06044 ORA A
08B6 FACBO8 06045 JM RTC$Dog$Not$Set sIt must have been O beforehand
08B%9 BS 06046 ORA L sCheck if it is now O
08BA C2C808 06047 JNZ RTC$Dog$NZ sNo, it is not out of time
06048
06049 sWatchdog time elapsed, so "call"
046050 3 appropriate routine
O8BD 21C508 046051 LXI H, RTC$Watchdog$Return 3Set up return address
08CO ES 06052 PUSH H 3 ready for return
08C1 2AC100 04053 LHLD RTC$Watchdog$Address sTransfer control as though by CALL
08C4 E9 06054 PCHL
06055 RTCs$Watchdog$Return: sControl will come back here from
06056 3 the user’s watchdog routine
08CS CICRO8 04057 JMP RTC$Dog$Nots$Set ;Behave as though watchdog not active
06058
06059 RTC$Dog$NZ:
08ce 22BF00 06060 SHLD RTC$Watchdog$Count 3;Save downdated count
06061 RTC$Dog$Not$Set: 3 (Leaves count unchanged)
08CB 3E20 06062 MVI A, ICSEOI ;Reset the interrupt controller chip
08CD D3D8 06063 ouTt IC$0CW2$Por t
06064
08CF D1 04045 POP D sRestore registers from local stack
08D0 Ci 06066 POP B
08D1 2A8422 06067 LHLD PIsUser$Stack sSwitch back to user’s stack
08D4 F9 06068 SPHL
0805 2A8422 06069 LHLD PIsUser$HL jRecover user’s registers
08D8 F1 06070 POP PSW
08D9 FB 06071 EI jRe-enable interrupts
08DA C9 06072 RET
06073. 3
06200 2
06201 ;
06202 ; Shift HL Right one bit
06203 H ,
06204 SHLR:
08DB B7 06205 ORA A sClear carry
08DC 7C 06206 Mav AH 3;Get MS byte
080D 1IF 06207 RAR 3Bit 7 set from previous carry
04208 3Bit 0 goes into carry
O8DE 67 06209 MOV H, A sPut shifted MS byte back
08DF 7D 06210 MOV AL ;Get LS byte
08EO 1F 06211 RAR 3Bit 7 = bit O of MS byte
08E1 6&F 06212 MoV L,A sPut back into result
08E2 C9 06213 RET
06214
06213 H
06300 e
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046301 3 High level diskette drivers
06302 '
04303 ? These drivers perform the following functions:
06304 3
06305 H SELDSK Select a specified disk and return the address of
06306 H the appropriate disk parameter header
04307 3 SETTRK Set the track number for the next read or write
04308 H SETSEC Set the sector number for the next read or write
04309 H SETDMA Set the DMA (read/write) address for the next read or write
06310 3 SECTRAN Translate a logical sector number into a physical
04311 H HOME Set the track to O so that the next read or write will
06312 H be on Track O
04313 H
06314 3 In addition, the high level drivers are responsible for making
04315 H the S 1/4" floppy diskettes that use a Si2-byte sector appear
0462316 H to CP/M as though they used a 128-byte sector. They do this
06317 H by using blocking/deblocking code. This blocking/deblocking
06318 H code is described in more detail later in this listing,
04319 H just prior to the code itself.
06320 H
04321 B
06322 H
06323 H Disk parameter tables
06324 i
06325 H As discussed in Chapter 3, these describe the physical
08326 H characteristics of the disk drives. In this example BIOS,
04327 H there are two types of disk drives; standard single-sided,
04328 H single-density 8", and double-sided, double-density 5 1/4"
06329 H mini-diskettes.
06330 H
06331 H The standard 8" diskettes do not need to use the blocking/
06332 3 deblocking code, but the 5 1/4" drives do. Therefore an additional
04333 3 byte has been prefixed onto the disk parameter black to
06334 3 tell the disk drivers what each logical disk‘s physical
048335 H diskette type is, and whether or not it needs deblocking.
046336 H
06337 H
06338 H Disk definition tables
06339 i
04340 H These consist of disk parameter headers, with one entry
06341 H per logical disk driver, and disk parameter blocks with
06342 H either one parameter block per logical disk, or the same
06343 3 parameter block for several logical disks.
06344 4
06400 e
06401 5
06402 Disk$Parameter$Headers: sDescribed in Chapter 3
06403 H
06404 sLogical disk A: (5 1/4" diskette)
08E3 AE09 06405 oW Floppy$5$Skewtable 35 1/4" skew table
08ES 000000000006406 DW 0,0,0 3sReserved for CP/M
O8EB B0O22 06407 DW Directory$Buffer
O8ED 3409 06408 DW Floppy$S$Parameter$Block
08EF B023 06409 DW Disk$A$Workarea
08F1 1024 06410 [\ Disk$As$Allocation$Vector
06411 4
06412 sLogical disk B: (5 1/4" diskette)
08F3 AEO9 06413 oW Floppy$S$Skewtable ;Shares same skew table as A:
08FS 000000000006414 oW 0,0,0 sReserved for CP/M
08FB BO22 06415 j] Directory$Buffer ;Shares same buffer as A:
08FD 3409 06414 oW Floppy$5$Parameter$Block sSame DPB as A:
08FF D023 06417 DW Disk$B$Workarea jPrivate work area
0901 2624 06418 DW Disk$B$Allocation$Vector jPrivate allccation vector
06419 i
06420 sLogical disk C: (8" floppy)
0903 F&09 06421 W Floppy$8%$Skewtable 38" skew table
0905 000000000006422 oW 0,0,0 sReserved for CP/M
090B B0O22 06423 DW Directory$Buffer sShares same buffer as A:
090D 4409 06424 DW Floppy$8$Parameter$Rlock
090F F023 06425 oW Disk$Cs$Workarea sPrivate work area
0911 3C24 06426 oW Disk$C$Allocations$Vector sPrivate allocation vector
06427 H
06428 .iLogical disk D: (8" floppy)
0913 AEQ9 06429 W Floppy$S$Skewtable sShares same skew table as A:
0915 000000000006430 oW 0,0,0 sReserved for CP/M
091BR BO22 06431 oW Directorys$Buffer sShares same buffer as A:
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091D 4409 06432 oW Floppy$8$Parameter$Block ;}Same DPB as C:
091F 0024 06433 oW Disk$D$Workarea ;Private work area
0921 5B24 06434 DW Disk¢D$Allocation$Vector ;Private allocation vector
06435
04436 sLogical disk M: (memory disk)
06437 M$Disk$DPH:
0923 0000 04438 DW o] tNo skew required
0925 000000000006439 DW 0,0,0 ;Reserved for CP/M
092B B022 06440 DW Directory$Buffer
092D 5409 06441 DW M$Disk$Parameters$Block
092F 0000 06442 DW (o] ;Disk cannot be changed, therefore
06443 3 no work area is required
0931 7A24 06444 DW M$Disk$Allocation$Vector
06445 4
06446 H
06447 ’ Equates for disk parameter block
06448 H
06449 H Disk Types
06450 3
0001 = 06451 Floppy$S EQU 1 35 1/4" mini floppy
0002 = 06452  Floppy$8 EQU 2 38" floppy (SS SD)
0003 = 06453 M$Disk EQu 3 sMemory disk
06454 H
06455 H Blocking/deblocking indicator
06456 §
0080 = 06457 Need$Deblocking EQU 1000$0000B 1Sector size > 128 bytes
06458 H
06600 e
06601 H
06602 i Disk parameter blocks
06603 H
06604 3 5 1/4" mini floppy
06605 H
06806 jExtra byte prefixed to indicate
06607 ;3 disk type and blocking required
0933 81 06608 DB Floppy$5 + Need$Deblocking
06609 s The parameter block has been amended
06610 3 to reflect the new layout of one
06611 3 track per diskette side, rather
08612 3 than viewing one track as both
06613 ;s sides on a given head position.
06614 31t has also been adjusted to reflect
06613 s one "new" track more being used for
06616 s the CP/M image, with the resulting
06617 ; change in the number of allocation
06618 s blocks and the number of reserved
06619 3 tracks.
06620 Floppy$S$Parameter$Block:
0934 2400 06621 DW 1128-byte sectars per track
0936 04 06622 DB 4 sBlock shift
0937 OF 06623 DB 15 ;Block mask
0938 01 06624 DB 1 ;Extent mask
0939 ABOO 06625 DW 171 sMaximum allocation block number
093B 7F00 06626 ja) 127 sNumber of directory entries - 1
093D CO 06627 DB 1100$0000B sBit map for reserving 1 alloc. black
093E 00 06628 DB 0000$0000B 3 for file directory
093F 2000 06629 oW 32 sDisk-changed work area size
0941 0300 06630 bW 3 ;Number of tracks before directory
06631 3
06632 H
06633 ; Standard 8" Floppy
06634 ;Extra byte prefixed to DOFB for
06635 3 this version of the EIOS
0943 02 06636 juic] Floppy$8 sIndicates disk type and the fact
06637 3 that no deblocking is required
06638 Floppy$8$Parameter$Elock:
0944 1A00 056639 DW 26 ;Sectors per track
0946 03 06640 DB 3 sBlock shift
0947 07 06641 DE 7 ;Block mask
0948 00 04642 DB o sExtent mask
0949 F200 06643 oW 242 sMaximum allocation block number
094B 3F00 06644 bW 63 sNumber of directory entries - 1
094D CO 06645 DB 1100$0000B sBit map for reserving 2 allcc. blocks
094E 00 06646 DB 0000$0000B 3 for file directory
094F 1000 06647 DW 16 ;Disk-changed work area size
0951 0200 06648 DW 2 sNumber of tracks before directory
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06649 H
06650 H M$Disk
06651 H
06452 3 The M$Disk presumes that 4 x 48K memory
06453 ; banks are available. The following
08654 3 table describes the disk as having
04855 ¢+ 8 tracks: two tracks per memory bank
06656 ¢ with each track having 192 128-byte
04657 7 sectors.
06458 ; The track number divided by 2 will be
06659 3 used to select the bank

0953 03 06860 DR M$Disk ;Type is M$Disk, no deblocking
06661 M$Disk$Parameter$Block:

0954 C000 08662 192 ;Sectors per "track". Each track is
06663 5 24K of memory

0958 03 06664 DB 3 ;Block shift (1024 byte allocation)

0957 07 08665 juc] 7 ;Block mask

0958 00 08666 DR [ ;Extent mask

0959 C000 06667 oW 192 sMaximum allocation block number

09SB 3F00 06648 j] &3 sNumber of directory entries -1

095D CO 06669 DB 1100%$0000B iBit map for reserving 2 allocation blocks

095E 00 06470 DR 0000$0000B 3 for file directory

095F 0000 06671 oW [d] 3Disk cannot be changed, therefore no
06672 3 work area

0961 0000 06673 ju) (o] sNo reserved tracks
06674 3

0004 = 06675 Number$ofs$lLogical$Disks EQU 4
06676 '
06800 x4
06801 H
04802 SELDSK: ;Select disk in register C
04803 sC = 0 for drive A, 1 for B, etc.
06804 ;Return the address of the appropriate
06805 3 disk parameter header in HL, ar 0000H
06806 H if the selected disk does not exist.
06807 H

0963 210000 06808 LXI H, 0 sAssume an error

0966 79 06809 MoV A, C ;Check if requested disk valid
06&10

0967 FEOC 06811 CPI ‘M- A7 ;Check if memory disk

0969 CA9S09 06812 Jz SELDSK$M$Disk ;Yes
06813

094C FEO4 04814 CPI Number$cof$lLogical$Disks

096E DO 04815 RNC sReturn if > maximum number of disks
06816 B

096F 322D0A 04817 STA Selected$Disk ;Save selected disk number
06818 1Set up to return DPH address

0972 &F 06819 MoV L,A tMake disk into word value

0973 2400 06820 MVI H,0
046821 1Compute offset down disk parameter
oé822 t header table by multiplying by
06823 3 parameter header length (16 bytes)

0975 29 06824 DAD H 3 %2

0976 29 06825 DAD H 3 %4

0977 29 06826 DAD H ;%8

0978 29 06827 DAD H %16

0979 11E308 06828 LXI D,Disk$Parameters$Headers sGet base address

097C 19 06829 DAD D sDE -> appropriate DPH

097D ES 06830 PUSH H ;Save DPH address
04831 H
06832 sAccess disk parameter blaock to
06833 3 extract special prefix byte that
06834 3 identifies disk type and whether
04835 3 deblocking is required
06836 3

097E 110A00 04837 LXI D, 10 3Get DPB pointer offset in DPH

0981 19 04838 DAD D sDE -> DPB address in DPH

0982 SE 06839 MOV E,M ;Get DPB address in DE

0983 23 06840 INX H

0984 S6 06841 MoV o,M

0985 EB 04842 XCHG sDE -> DPB
06843
06844 SELDSK$Set$Disk$Type:

0986 2B 06845 DCX H ;DE ~> prefix byte

0987 7€ 06846 MOV A M ;Get prefix byte

0988 E&OF 06847 ANI OFH sIsolate disk type
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098A 32360A 06848 STA Selected$Disk$Type _ :Save for use in low level driver
0980 7E 06849 MQv AM ;Get another copy of prefix byte
098E E680 06850 ANI Need$Deblocking ;Isolate deblocking flag
0990 323T0A 04851 STA Selected$Disk$Deblock ;Save for use in low level driver
0993 E1 06852 POP H ;Recover DPH pointer
0994 C9 06853 RET
06854 H
04855 SELDSK$M$Disk: sM$Disk selected
0995 212309 06856 LXI H, M$Disk$DFPH sReturn correct parameter header
0998 CI8s09 06857 JMP SELDSK$Set$Disk$Type sResume normal processing
06858 H
07000 i#
07001 '
07002 H Set logical track for next read or write
07003 3
07004 SETTRK:
099B &0 07005 Mav H.B ;Selected track in BC on entry
099C° 49 Q7008 MQV L,C .
0990 222E0A 07007 SHLD Selected$Track ;Save for low level driver
09A0 C9 07008 RET
Q7009 i
07100 P
07101 H
07102 H Set logical sector for next read or write
07103 ;
07104 H
Q7105 SETSEC: sLogical sector in C on entry
09A1 79 07108 MQv A, C
09A2 32300A 07107 STA Selected$Sector ;Save for low level driver
0Q9AS C9 07108 RET
07109 3
07200 s
07201 H
07202 H Set disk DMA (Input/Qutput) address for next read or write
Q7203 B
09A& 0000 07204 DMA$Address: oW o ;DMA address
07205 3
07206 SETDMA: sAddress in BC on entry
09A8 &9 07207 MoV L,c 3Move to HL to save
09A9 40 07208 MOV H, B
09AA 22A609 07209 SHLD DMA$Address ;Save for low level driver
09AD C9 07210 RET
07211 B
07300 i H
07301 ;
07302 H Translate logical sector number to physical
07303 H
07304 $ Sector translation tables
07305 g These tables are indexed using the logical sector number,
07306 H and contain the corresponding physical sector number.
07307 H
07308 Floppy$S$Skewtable: :Each physical sector contains four
07309 ;128-byte sectors.
07310 H Physical 128b Logical 128b Physical S12-byte
0%AE 00010203 07311 DB 00,01,02,03 300,01,02,03 o )
O%R2 10111213 07312 DB 16,17,18,19 304,05, 06,07 4 )
09B& 20212223 07313 DB 32,33, 34,35 ;08,09,10,11 8 )
09BRA OCODOEOF 07314 DB 12,13,14,15 312,13,14,15 3 ) Head
O9BE 1CID1ELF 07315 DB 28,29,30,31 316,17,18,19 7 ) O
09C2 08090A0B 07316 DB 08,09,10,11 $20,21,22,23 2 )
09Cé6 18191AIBR 07317 DB 24,25,26,27 324,25,26,27 é )
09CA 04050607 07318 DB 04,05,06,07 ;28,29,30,31 1)
09CE 14151617 07319 DR 20,21,22,23 332, 33,34,35 S )
07320 H
09D2 24252627 07321 DR 26&,37, 38,39 3 36,37,38,39 0~ 1
09D6 34353637 07322 DB 52,53, 54,55 $140,41,42,43 4 ]
09DA 44454647 07323 DB 68,69,70,71 $44,45,46,47 8 1
O$DE 30313233 07324 DB 48, 49,50,51 348, 49,50,51 3 ] Head
09E2 40414243 07325 DR é4,65,66,67 ;52,53,54,55 7 1 1
09E6 2C2D2E2F 07326 DB 44,45,46,47 $56,57,58,59 2 1
09EA 3C3D3E3F 07327 DB 60,61,62,63 360,61,62,63 6 1]
09EE 28292A2B 07328 DB 40,41,42,43 164,65,66,67 1 1
09F2 38393A3B 07329 DB 56,57,58,59 $68,69,70,71 S 3
07330 H
07331 $
07332 Floppy$8$Skewtable: ;Standard 8" Driver
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07333 3 01, 02,03, 04, 05, 04,07, 08, 09, 10 Logical sectors
09F& 01070D131907334 DB 01,07,13,19,25,05,11,17,23,03 ;Physical sectors
07335 3
07336 3 11,12,13,14,15,14,17,18,19,20 Logical sectors
0A00 QP0F 15020807337 DB 09,15,21,02,08, 14, 20,26,06,12 sPhysical sectars
07338 H
07339 H 21,22,23,24,25,26 Logical sectors
OAOA 1218040A1007340 DB 18,24,04,10,16,22 ;Physical sectors
07341
07400 4
07401 ;
07402 SECTRAN: ;Translate logical sector into physical
07403 30n entry, BC = logical sector number
07404 ’ DE -> appropriate skew table
07405 3
07406 son exit, HL = physical sector number
0A10 EB 07407 XCHG sHL -> skew table base
0A11 09 07408 DAD B 3Add on logical sector number
0Al12 6E 07409 MOV LM 3Get physical sector number
0A13 2400 07410 MVI H,0 sMake into a 1é-bit value
0A1S C9 07411 RET
07412 H
07500 i3]
07501 H
07502 H
07503 HOME : sHome the selected lcogical disk to track O
07504 sBefore doing this, a check must be made to see
07505 3 if the physical disk buffer has information in
07506 3 it that must be written out. This is indicated by
07507 3 a flag, MustsWritesBuffer, that is set in the
07508 3 deblocking code.
07509 H
0A16 3A2C0A 07510 LDA MustsWritesBuffer ;Check if physical buffer must
0A19 B7 07511 ORA A 3 be written to a disk
0A1A C2200A 07512 JNZ HOME$No$Write
OA1D 322B0A 07513 STA DatasInsDisk$Buffer sNo, so indicate that buffer
07514 3 is now uncccupied
07515 HOME$NoS$Write:
0A20 OEO0O 07516 MVI c,0 ;Set to track 0 (logically,
0A22 CD9BRO9 07517 CALL SETTRK 3 no actual disk operation occurs)
0A25 C9 07518 RET
07519
07520 ?
07600 i
07601 ] Data written to or read from the mini-floppy drive is transferred
07602 3 via a physical buffer that is one complete track in length,
07603 ] 9 % 512 bytes. It is declared at the end of the BIOS, and has
07604 ' some small amount of initialization code "hidden" in it.
07603 '
07606 1) The blocking/deblocking code attempts to minimize the amount
07607 1) of actual disk I/0 by storing the disk and track
07608 3 currently residing in the physical buffer.
07609 H If a read request occurs of a 128-byte CP/M "sector"
07610 ’ that already is in the physical buffer, no disk access occurs
07611 3 If a write request occurs if and the 128-byte CP/M ‘sector”
07612 ? is already in the physical buffer, no disk access will occur,
07613 L UNLESS the BDOS indicates that it is writing to the directory.
07614 3 Directory writes cause an immediate write to disk of the entire
07615 H track in the physical buffer.
07616 B
07617 3
0800 = 07618 Allocation$Block$Size EQU 2048
0009 = 07619 Physical$Sec$Per$Track EQU 9 sAdjusted to reflect a "new"
07620 t# track is only one side of the
07621 $  disk
0200 = 07622 Physical$Sector$Size EQU S12 3This is the actual sector size
07623 3 for the 5 1/4" mini-floppy diskettes
Q7624 3 The 8" diskettes and memory disk
07625 3 use 128-byte sectors
07626 1Declare the physical disk buffer for the
07627 3 5 1/4" diskettes
0004 = 07628 CPM$Secs$Per$Physical EQU Physical$Sector$Size/128
0024 = 07629 CPM$SecsPers$Track EQU CPM$Sec#Per$Physical*Physical$Sec$Pers$Track
1200 = 07630 Bytess$Pers$Track EQU Physical$Secs$Per$TrackxPhysical$Sectors$Size
0003 = 07431 Sectors$Mask EQU CPM$Secs$Per$Physical-1
0002 = 07632 Sectors$BitsShift EQU 2 1LOG2(CPM$Sec$Pers$Physical)
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07633 ?
07634 3These are the values handed over by the BDOS
07635 3 when it calls the write operation.
07636 3The allocated/unallocated indicates whether the
07637 3 BDOS wishes to write to an unallocated allocation
07438 1 block (it only indicates this for the first
07439 3 128-byte sector write), or to an allocation block
07640 ; that has already been allocated to a file.
074641 3The BDOS also indicates if it wishes to write to
07642 5 the file directory.
07643 ]

0000 = 07644 WritesAllocated EQU o

0001 = 07645 WritesDirectory EQU 1

0002 = 07646 WritesUnallocated EQU 2 31<== ignored for track buffering
07647 1

0A26 00 07448 Write$Type: DB o sContains the type of write
07649 3 indicated by the BDOS
07650 H
07651 H
07652 In$Buf fer$DkeTrk: jVariables for physical sector currently
07653 3 in DisksBuffer in memory

0A27 00 07654 In$Buffer$Disk: DB [o] 3) These are moved and compared

0A28 0000 07655 InsBuffer$Track: oW o 3) as a group, so do not alter
07656 3 these lines

0A2A 00 07657 In$Buffer$Disk$Type: DB o ;Disk type for sector in buffer
07658 §

0A2B 00 07659 DatasIn$Disk$Buffer: DB o] tWhen nonzero, the disk buffer has
07660 3y data from the disk in it

0A2C 00 07661 Musts$WritesBuffer: DB o sNonzero when data has been written
07662 ¢+ into Disk$Buffer but not yet
07663 } written out to disk
07664 $
07665 Selected$Dks$Trk: jVariables for selected disk, track and sector
07666 s (Selected by SELDSK, SETTRK and SETSEC)

0A2D 00 07667 Selected$Disk: DB o] ;) These are moved and compared

0A2E 0000 07468 Selected$Track: DW [ 3) as a group so do not alter order
07669

0A30 00 07670 Selected$Sector: DR (o] sNot part of group but needed here
07671

0A31 00 07672 Selected$Physical$Sector: DB ] sSelected physical sector derived
07673 s from selected (CP/M) sector by
07674 y shifting it right the number of
07675 ;+ bits specified by Sector$Bit$Shift
07676
07677 H
07678

0A32 00 07679 Disk$Error$Flag: DB o tNonzero to indicate an error
07680 ; that could not be recovered
07681 3+ by the disk drivers. The BDOS
07682 3 will output a "Bad Sector" message

0A33 00 07683 Disk$Hung$Flag: DB (o] tNonzero if a watchdog timeout
07684 } occurs

0258 = 07685 Disk$Timer EQU 600 sNumber of 16.66 ms clock ticks
07686 3 for a 10 second timeout
07687 4
07688 3Flags used inside the deblocking code
07689

0A34 00 07690 Reads$Operation: DB (o] tNonzero when a CP/M 128-byte
07691 y sector is to be read

0A35 00 07692 Selected$Disk$Deblock: DB o] sNonzero when the selected disk
07693 3 needs deblocking (set in SELDSK)

0A36 00 07694 Selected$Disks$Type: DB o s Indicates 8" or 5 1/4" floppy oOr
07695 ¢+ MsDisk selected. (set in SELDSK)
07696 ]
07800 11
07801 §
07802 ' Read in the 128-byte CP/M sector specified by previous calls
07803 ' to Select Disk, Set Track and Sector. The sector will be read
07804 ’ into the address specified in the previous Set DMA Address call.
07805 3
07806 ) 1f reading from a disk drive using sectors larger than 128 bytes,
07807 H deblocking code will be used to "unpack" a 128-byte sector from
07808 i the physical sector.
07809  READ:

0A37 3A3S0A 07810 LDA Selected$Disk$Deblock sCheck if deblocking needed

OA3A B7 07811 ORA 3 (flag was set in SELDSK call)
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OA3B CA2FOB 07812 Jz Read$Nas$Deblock 3No, use normal nondeblocked
07813
07814 s The deblocking algorithm used is such
07815 s that a read operation can be viewed
07816 # until the actual data transfer as though
07817 3+ it was the first write to an unallocated
07818 3 allocation block
OA3E 3EO01 07819 MVI Al sIndicate that a read actually
0A40 32340A 07820 STA Read$Operation 3 is to be performed
07821
OA43 3E00 07822 MVI A,WritesAllocated sFake deblocking code into believing
0A4S 32240A 07823 STA WritesType 3 that this is a write to an
07824 3 allocated allocation block
0A48 C3SCOA 07825 JMP Perform$Read$Write 3sUse common code to execute read
07826 H
07900 34
07901 i Write a 128-byte sector from the current DMA address to
07902 3 the previously selected disk, track and sector.
07903 H
07904 H On arrival here, the BDOS will have ‘set register C to indicate
07905 H whether this write operation is to an already allocated allocation
07906 H block (which means a preread of the sector may be needed), or
07907 3 to the directory (in which case the data will be written to the
07908 H disk immediately).
07909 H
07910 H Only writes to the directory take place immediately. In all other
07911 ] cases, the data will be moved from the DMA address into the disk
07912 3 buffer, and only be written out when circumstances force the
07913 H transfer. The number of physical disk operations can therefore
07914 3 be reduced considerably.
07915 3
07916 WRITE:
QA4BR 3A3S0A 07917 LDA SelectedsDisk$Deblock sCheck if deblocking is required
0A4E B7 07918 ORA A 3 (flag set in SELDSK call)
OAA4F CA2AOR 07919 Jz WritesNos$Deblock
07920
0AS2 AF 07921 XRA A tIndicate that a write operation
0AS3 32340A 07922 STA Read$Operation 3 is required (i.e NOT a read)
0ASé 79 07923 Mov A, C sSave the BDOS write type
0AS7 E&01 07924 ANI 1 3 but only distinguish between
07925 3 write to allocated block or
0AS9 32260A 07926 STA WritesType 3} directory write
07927 H
07928 H
08000 ¥
08001 i
08002 Perform$Read$Write: ;Common code to execute both reads and
08003 3 writes of 128-byte sectors.
QASC AF 08004 XRA A 1Assume that no disk errors will
OASD 32320A 08005 STA Disk$Error$Flag ; occur
08006
0A&0 3A300A 08007 LDA Selecteds$Sector jConvert selected 128-byte sector
QA&3 1IF 08008 RAR + into physical sector by dividing by 4
0A64 1IF 08009 RAR
0A6S E&3F 08010 ANI 3FH ;Remove any unwanted bits
0A47 32310A 08011 STA Selected$Physical$Sector
08012 H
OASA 212B0OA 08013 LXI H,DatasIn$Disk$Buffer ;Check if disk buffer already has
0A6D 7E 08014 MOV AM 3 data in it
OAGE 3601 08015 MVI M, 1 s (Unconditionally indicate that
08016 3 the buffer now has data in it)
0A70 B7 08017 ORA A 3Did it indeed have data in it?
0A71 CAB70A 08018 Jz Read$TracksintosBuffer ;No, proceed to read a physical
08019 + track into the buffer
08020 ;
08021 sThe buffer does have a physical track
08022 3 in it. Check if it is the right one
08023 4
0A74 11270A 08024 LX1I D, In$Buf fer$Dk$Trk sCheck if track in buffer is the
0A77 212DOA 08025 LXI H,Selected$Dks$Trk 7 same as that selected earlier
OA7A CDE10A 08026 CALL Compare$Dk$Trk sCompare ONLY disk and track
OA7D CA910A 08027 Jz Track$In$Buffer 1Yes, it is already in buffer
08028
08029 3No, it will have to be read in
08030 3 over current contents of buffer
0AB0 3A2CO0A 08031 LDA Must$WritesBuffer 3Check if buffer has data in that
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0A83 B7 08032 ORA A 3 must be written out first
0A84 C4ESOB 08033 CNZ Write$Physical sYes, write it out
08034 1
08035 Read$Tracksinto$Buffer:
0A87 CDCEOA 08036 CALL Set$Ins$Buffer$Dks$Trk ;Set in buffer variables from
08037 $ selected disk, track
08038 y to reflect which track is in the
08039 3 buffer now
0A8A CDEAOB 08040 CALL Read$Physical tRead the track into the buffer
OASD AF 08041 XRA sReset the flag to reflect buffer
OABE 322C0A 08042 STA Must$WritesBuffer 3 contents
08043 3
08044 Tracks$InsBuffer: jSelected track and
08045 s disk is already in the buffer
08046 jConvert the selected CP/M (128-byte)
08047 3 sector into a relative address down
08048 3 the buffer
0A1 3A300A 08049 LDA Selected$Sector ;0et selected sector number
0A94 6&F 08050 MOV LA sMultiply by 128 by shifting 16-bit value
0A95 2600 08051 MVI H, 0 sleft 7 bits
0A97 29 08052 DAD H 1 2
0A98 29 08053 DAD H % 4
0A99 29 08054 DAD H % 8
OA%A 29 08055 DAD H 3% 16
0A9B 29 08056 DAD H 3w 32
0A9C 29 08057 DAD H s 64
0A9D 29 08058 DAD H 3% 128
08059 H
OAPE 11A40F 08060 LXI D,Disk$Buffer $1Get base address of disk buffer
OAAL 19 08061 DAD D 3Add on sector number x 128
08062 $JHL -> 128-byte sector number start
08063 3 address in disk buffer
0AA2 EB 08064 XCHG 3DE -> sector in disk buffer
0AA3 2AA609 08065 LHLD DMASAddress sGet DMA address set in SETDMA call
0AAS EB 08066 XCHG sAssume a read operation, so
08047 3 DE -> DMA address
08068 3 HL -> sector in disk buffer
OAA7 OE10 08069 MVI Cc,128/8 ;Because of the faster method used
08070 3+ to move data in and out of the
08071 3 disk buffer, (eight bytes moved'per
08072 3 loop iteration) the count need only
08073 ; be 1/8 of normal
08074 1At this point,
08075 3 C = loop count
08076 3 DE -> DMA address -
08077 3+ HL -> sector in disk buffer
0AA9 3A340A 08078 LDA Read$Operation :Determine whether data is to be moved
OAAC B7 08079 ORA A ;3 out of the buffer (read) or into the
OAAD C2BS0A 08080 JNZ Buf fersMove 3 buffer (write)
08081 ;Writing into buffer
08082 3 (A must be O get here)
0ABO 3C 08083 INR A ;Set flag to force a write
OAB1 322C0A 08084 STA MustsWritesBuffer s of the disk buffer later on.
OAB4 EB 080835 XCHG sMake DE -> sector in disk buffer
08086 3 HL -> DMA address
08087 3
08088 H
08089 Buf fer$Mave:
OABS CDF80A 08090 CALL Move$d sMoves & bytes ®* C times from (HL)
08091 3 to (DE)
08092
08093 ;i
QAB8 3A260A 08094 LDA WritesType ;sIf write to directory, write out
OABB FEO1 08095 CPI WritesDirectory ; buffer immediately
OARD 3A320A 08096 LDA Disk$Error$Flag ;Get error flag in case delayed write or read
0ACO CO 08097 RNZ sReturn if delayed write or read
08098 H
0AC1 B7 08099 ORA A ;Check if any disk errors have occured
0AC2 CO 08100 RNZ :Yes, abandon attempt to write to directory
08101 :
0AC3 AF 08102 XRA A :Clear flag that indicates buffer must be
0AC4 322C0A 08103 STA Must$WritesBuffer 3 written out
0AC7 CDESOR 08104 CALL Write$Physical sWrite buffer ocut to physical track
0ACA 3AI20A 08105 LDA Disk$Error$Flag jReturn erraor flag to caller
QACD C9 08106 RET
08107 H
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08108 ;
08109 i
08110 Set$In$Buf fer$Dks$Trk: sIndicate selected disk, track
08111 5 now residing in buffer
OACE 3A2DO0A 08112 LDA Selected$Disk
OAD1 32270A 08113 STA In$Buffers$Disk
08114
0AD4 2A2E0A 08115 LHLD Selected$Track
0AD7 22280A 08116 SHLD In$Buffer$Track
08117
OADA 3AR&0A og118 LDA Selected$Disk$Type sAlso reflect disk type
OADD 322A0A 08119 STA In$Buffer$Disk$Type
08120
0AEQ C9 08121 RET
08122 3
08123 H
08124 Compare$Dk$Trk: ;Compares just the disk and track
08125 7 pointed to by DE and HL
OAE1 OEOQR 08126 MVI [ sDisk (1), track (2)
08127 Compare$Dk$Trks$Loop:
OAER 1A 08128 D sGet comparitor
OAE4 BE og129 CMP M sCompare with comparand
0AES CO 08130 RNZ sAbandon comparison if inequality found
OAES 1R 08131 INX D sUpdate comparitor pointer
0AE7 23 08132 INX H sUpdate comparand pointer
0AE8 OD 08133 DCR C ;Count down on loop count
0AE? C8 08134 RZ sReturn (with zero flag set)
OAEA C3E30A 08135 JMP Compare$Dk$Trks$Laop
08136 i
08137 i
08138 Move$Dk$Trk: sMoves the disk, track
08139 7 variables pointed at by HL to
08140 5 those pointed at by DE
OAED 0OEO3 08141 MVI c,3 ;Disk (1), Track (2)
08142 MovesDk$Trk$Loop:
OAEF 7E 08143 Mav AM sGet scurce byte
O0AFO 12 08144 STAX D ;Store in destination
OAF1 13 08145 INX o sUpdate pointers
OAF2 23 08146 INX H
OAF3 OD 08147 DCR C ;Count down on byte count
0AF4 C8 08148 RZ sReturn if all bytes maved
OAFS C3EFO0A 08149 JMP Move$Dk$Trk$loop
08150 H
08300 T #
08301 3
08302 H Move eight bytes
08303 H
08304 H This routine moves eight bytes in a block, C times, fram
08305 H (HL) to (DE). It uses "drop through" coding to speed
08306 H up execution.
08307 H
08308 ; Entry Parameters
08309 H
08310 i C = number of 8-byte blocks to move
08311 3 DE -> destination address
08312 3 HL -> source address
083132 3
08314 Moves$d:
OAF8 7E 08315 MOV AM ;Get byte from source
QAF? 12 08314 STAX D sPut into destinaticn
OAFA 13 08317 INX D sUpdate pointers
OAFB 23 08318 INX H
OAFC 7E 08319 MOV A,M ;Get byte from scurce
QAFD 12 08320 STAX D 3Put into destination
QAFE 13 ogz21 INX D sUpdate pointers
OAFF 23 08322 INX H
OBQOO 7E 08323 MOV AM ;Get byte from source
ORO1 12 08324 STAX ] ;Put into destination
0R0O2 13 08325 INX D sUpdate pointers
OROZ 23 08326 INX H
0B0O4 7E 08327 MOV A M ;Get byte from source
OBOS 12 08328 STAX D ;Put into destination
OB0S 13 08329 INX D sUpdate pointers
0BQ7 23 08330 INX H
0BO8 7E 08331 MoV AM ;Get byte from source
ORO9 12 08332 STAX D ;Put into destination
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OBOA 13 08333 INX D sUpdate pointers

OBOB 23 08334 INX H

OBOC 7E 08335 MoV A M ;Get byte from source

OBOD 12 08336 STAX D 3Put into destination

OBOE 13 08337 INX D sUpdate pointers

OBOF 23 08338 INX H

OB10 7E 08339 MOV AM ;Get byte from scurce

OB11 12 08340 STAX D sPut into destination

0B12 13 08341 INX D sUpdate pointers

OB13 23 08342 INX H

OB14 7E 08343 MQv AM ;Get byte from source

0B1S 12 08344 STAX D sPut into destination

OB16 13 08345 INX D sUpdate pointers

OB17 23 08346 INX H
08347

OR18 OD 08348 DCR C ;Count down on loop counter

OR19 C2F80A 08349 JINZ Maves8 ;Repeat until done

OB1IC C9 08350 RET
08351
08352 ]
08500 i #
08501 3
08502 H Introduction to the disk controllers on this computer systema
08503 3
08504 H There are two “"smart" disk controllers on this system, one
08505 3 for the 8" floppy diskette drives, and one for the S5 1/4"
08506 H mini-diskette drives.
08507 ;
08508 H The controllers are "hard-wired" to monitor certain locations
08509 H in memory to detect when they are to perform some disk
08510 i operation. The 8" controller looks at location 0040H, and
08511 H the 5 1/4" controller looks at location 0045H. These are
08512 H called their disk control bytes. If the most significant
08513 H bit of a disk control byte is set, the controller will then
08514 H look at the word following the respective control bytes.
085195 H This word must contain the address of a valid disk control
085146 H table that specifies the exact disk operaticn to be performed.
08517 H
08518 H Once the operation has been completed, the contraller resets
08519 H its disk control byte to OOH, and this indicates completicn
08520 H to the disk driver code.
08521 H
ogs22 H The controller also sets a return code in a disk status block.
08523 H Both controllers use the same location (0043H) for this.
08524 i If the first byte of this status block is less than 80H, then
0852% i a disk error has occurred. For this simple BIOS, no further details
08524 3 of the status settings are relevant. Note that the disk contreller
08527 H has built-in retry logic; reads and writes are attempted ten
08528 H times before the controller returns an error.
08529 H
08530 H The disk control table layout is shown below. Nate that the
08531 3 controllers have the capability for control tables to be
08532 H chained together so that a sequence of disk operations can
08533 3 be initiated. In this BIOS this feature is not used. However,
08534 i the controller requires that the chain pointers in the
08535 H disk control tables be pointed back to the main control bytes
08536& 3 in order to indicate the end of the chain.
08537 ¥

0040 = 08538 Disk$Controls$g EQU 40H 38" control byte

0041 = 08539 Command$Rlock$8 EQU 41H ;Control table pointer
08540 3

0043 = 08541 Disk$Status$Rlock EQU 43H 38" AND 5 1/4" status blaock
08542 ;

0045 = 08543 Disk$Control$S EQU 45SH ;S 1/4" control byte

0046 = 08544 Command$Rlock$S EQU 4éH sControl table pointer
08545 4
08546 3
08547 3 Floppy Disk Control Tables
08548 3

OB1D 00 08549 Floppy$Command: DB o 3 Command

0001 = 08550 Floppy$Read$Code EQU O1H

0002 = 08551 Floppy$Writes$Code EQL 02H

OB1E 00 08552 Floppy$Unit: DR [¢] sUnit (drive) number = 0 or

OB1F 00 08553 Floppy$Head: 03 O sHead number = 0 or 1

0B20 00 08554 Floppy$Track: DR [ s Track number

0B21 00 08555 Floppy$Sector: juic] Q sSector number

Figure 8-10.  (Continued)




Chapter 8: Writing an Enhanced BIOS 279

0B22 0000 08556 Floppy$Bytes$Count: oW (¢ sNumber of bytes to read/write
OE24 0000 08557 Floppy$DMA$Address: oW ¢ ;Transfer address
0B26 0000 08558 Floppy$Next$Status$Block: oW o ;Pointer to next status block
08559 3 if commands are chained.
OR28 0000 08540 Floppy$NextéControlslocation: DW ¢ ;Pointer to next control byte
08561 5 if commands are chained
08562 H
08700 i#
08701 H
08702 §
08703 WritesNos$Deblock: sWrite contents of disk buffer to
08704 3 correct sector
O0B2A 3IE02 02705 MVI A,Floppy$WritesCode 3Get write function code
OBR2C C3310B 08706 JMP Common$Nao$Deblock 3Go to common code
08707 Read$NosDeblock: sRead previcusly selected sector
| 08708 3 into disk buffer.
OR2F 3EO1 08709 MVI A,Floppy$Read$Cade ;Get read function code
08710 Common$No$Deblock:
O0R31 321DOB 08711 sTA Floppy$Command ;Set command function code
08712 ;Set up nondeblocked command table
08713
OB34 RARE0A 08714 LDA Selected$Disk$Type ;Check if memory disk operaticn
OR37 FEO3 08715 CPI M$Disk
OR3Y CAZ7AOR 08716 Jdz M$Disk$Transfer ;Yes, it is M$Disk
08717
og718 No$Deblock$Retry: sRe~-entry point to retry after errar
OB3C 218000 08719 H, 128 sBytes per sector
OB3F 22220R 08720 SHLD Floppy$Bytes$Count
OR4A2 AF 08721 XRA A 38" floppy only has head O
OR43 321FOR og722 STA Floppy$Head
08723 H
OB4& 3A2DOA 08724 LDA Selected$Disk 38" floppy controller only knows about
08725 5 units O and 1 so Selected$Disk must
08726 3 be converted
0B49 E&01 08727 ANI O1H sTurn into O or 1
OR4R 321EO0R 08728 STA Floppy$Unit ;Set unit number
08729 4
OB4E RAZEOA 08730 LDA Selected$Track
OBS1 32200B 08731 STA Floppy$Track ;Set track number
08732
ORS4 3AI00A 08733 LDA Selected$Sector
OBRS7 32210R 08734 STA Floppy$Sector ;Set sector number
08735 H
OBSA 2AAL09 08736 LHLD DMA$Address sTransfer directly between DMA Address
ORSD 22240B 08737 SHLD Floppy$DMA$Address s and 8" controller.
08738 H
08739 3 The disk controller can accept chained
08740 3 disk control tables, but in this case,
08741 3 they are not used, so the "Next" pointers
08742 3 must be pointed back at the initial
08743 3 control bytes in the base page.
OR&0 214300 08744 LXI H,Disk$Status$Elock jPoint next status back at
OR&3 22260R 08745 SHLD Floppy$Next$Status$Rlock 3 main status block
08746 B
OR&& 214000 08747 LXI H,Disk$Controlsg ;Paint next control byte
OBR&9 22280B 08748 SHLD Floppy$Nexts#ControlsLocation 3 back at main control byte
08749 i
OBRSC 211DOR 08750 LXI H,Floppy$Command sPaint controller at contreol table
OBR&F 224100 08751 SHLD Command$Block$8
08752 H
OB72 214000 08753 LXI H,Disk$Controlsg sActivate controller to perform
OB7S 3680 08754 MVI M, 80H 3 operation
OB77 C33BROC 08755 JMP Wait$For$Disk$Complete
08756
08757 H
08900 24
08901 g Memory disk driver
08902 H
08903 [ This routine must use an intermediary buffer, since the
08904 H DMA address in bank ("track") O cccupies the same
08905 H place in the overall address space as the M$Disk itself.
08906 ; The M$Disk$Buffer is abave the 48K mark, and therefore
08907 H remains in the address space regardless of which bank/track
08908 B is selected.
08909 H
08910 3
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08911 3 For writing, the 128-byte sector must be processed:
08912 H
08913 3 1. Move sector DMA$Address -> M$Disk$Buffer
08914 H 2. Select correct track (+1 to get bank number)
08915 3 3. Move sector M$Disk$Buffer -> M$Disk image
08914 H 4. Select bank O
08917 ;
08918 H For reading, the processing is:
08919 H
08920 3 1. Select correct track/bank -/
08921 3 2. Move sector M$Disk image -> M$Disk$Buffer
08922 H 3. Select Bank O
08923 H 4. Move sector M$Disk$Buffer -> DMA$Address
08924 H
08925 3 If there is any risk of any interrupt causing control
08926 3 to be transferred to an address below 48K, interrupts must
08927 3 be disabled when any bank other than 0 is selected.
08928 3
08929 M$Disk$Transfer:
OB7A 3A300A 08930 LDA Selected$Sector ;Compute address in memary
OB7D &F 08931 MOV L,A 3 by muliplying sector = 128
OB7E 2600 08932 MVI H, 0
0B80 29 08933 DAD H 3% 2
oB81 29 08934 DAD H 1% 4
OR82 29 08935 DAD H 3% 8
OB83 29 08936 DAD H 3% 16
OB84 29 08937 DAD H 3% 32
OR8S 29 08938 DAD H 3% 64
OB86 29 08939 DAD H 3% 128
08940
OR87 3AZEOQA 08941 LDA Selected$Track ;Compute which half of bank sector
08942 3 is in by using LS bit of track
OB8A 47 08943 MoV B,A 3sSave copy for later
OB8B E&01 08944 ANI 1 sIsolate lower/upper indicator
OR8D CA940B 08945 Jz M$Disk$lLower$Half
08946
0B?0 110060 08947 LXI D, (48 % 1024) / 2 sUpper half, so bias address
OB93 19 08948 DAD D
08949
08950 M$Disk$lLower$Half: sHL -> sector in memory
OB94 78 08951 A B sRecover selected track
OB9S 1F 08952 RAR sDivide by 2 to get bank number
0B9é 3C 08953 INR A sBank 1 is first track
OB?7 47 08954 MOV B,A ;Preserve for later use
08955
0B98 3A1DOB 08956 LDA Floppy$Command ;Check if reading or writing
0B9B FEO2 08957 CPI Floppy$WritesCode
OB9D CABEOB 08958 Jz M$Disk$Write sWriting
08959 sReading
08960
OBAO CDDDOB 08961 CALL Select$Bank ;Select correct memory bank
OBA3 113023 08962 LXI D,M$Disk$Buffer ;DE -> M$Disk$Buffer, HL -> M$Disk image
OBAé OE10 08963 MvVI c,128/8 sNumber of 8-byte blocks to move
OBA& CDF80A 08964 CALL Move$&
08965
OBAB 0400 08966 MVI B,0 sRevert to normal memcory bank
OBAD CDDDOR 08967 CALL Select$Bank
08968
OBBO 2AA&09 08969 LHLD DMA$Address sGet user”s DMA address
OBRB3 113023 08970 LXI D,M$Disk$Buffer
OBRB&é EB 08971 XCHG sDE -> User”s DMA, HL —> M$Disk buffer
OBRR7 QE10 08972 MVI C,128/8 sNumber of 8-byte blocks to move
ORBY CDF30A 08973 CALL Maves8
08974
OBBC AF 08975 XRA A s Indicate no error
OBBD C9 08976 RET
08977
08978 M$DiskéWrite: sWriting
OBRBE ES 08979 PUSH H ;Save sector’s address in M$Disk image
OBBF 2AA&09 08980 LHLD DMASAddress 3sMove sector into M$Disk$Buffer
ORC2 113023 08981 LXI D,M$Disks$Buffer
ORCS OE10 08982 MVI C,128/8 sNumber of 8-byte blocks tc mave
OBC7 CDFS0A 08983 CALL Movess8 3 (Does not use B register)
08984 sB = memory bank to select
ORCA CDDDOB 08985 CALL Select$Bank
08986
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OBCD D1 08987 POP D sRecover sector’s M$Disk image address
OBCE 213023 08988 LXI H,M$Disk$Buffer
OBD1 OE10 08989 MVI C,128/8
OBD3 CDF80A 08990 CALL Move$8 ;Move into M$Disk image
08991
OBD&é 04600 08992 MVI BR,0 ;Select bank 0
OBD8 CDDDOR 08993 CALL Select$Bank
08994
OBDR AF 08995 XRA A sIndicate no error
OBDC C9% 08996 RET
08997 H
09100 e
09101 H Select bank
09102 H
09103 H This routine switches in the required memory bank.
09104 H Note that the hardware port that controls bank selection
09105 H also has other bits in it. These are preserved acrass
09106 H bank selections.
09107 H
09108 H Entry parameter
09109 B
09110 H B = bank number
09111 3
0040 = 09112 Bank$Control$Port EQU 40H
O0F8 = 09113 Rank$Mask EQU 1111$1000B 3To preserve other bits
09114 3
09115 Select$Bank:
OBDD DR40O 09114 IN Bank$Control$Port ;Get current setting in port
OBDF E6&F8 09117 ANI Bank$Mask sPreserve all other bits
OBRE1 BO 09118 ORA B 3Set bank code
OBE2 D340 09119 auT Bank$Control$Port ;Select the bank
OBE4 C9 09120 RET
09121 H
09200 s #
09201 H
09202
09203 Write$Physical: sWrite contents of disk buffer to
09204 3 correct sector
OBES 3E02 09205 MVI A,Floppy$WritesCode ;Get write function code
OBE7 C3ECOB 09206 JMP Common$Physical ;Go to common code
09207 Read$Physical: sRead previously selected sector
09208 5 into disk buffer
OBEA 3EO01 09209 MVI A,Floppy$Read$Code ;Get read function code
09210 3
09211 Common$Physical:
OBEC 321DOB 09212 STA Floppy$Command ;Set command table
09213
09214 3
09215 Deblock$Retry: sRe~entry point to retry after error
OBEF 3A2A0A 09216 LDA InsBuffer$Disk$Type ;Get disk type currently in buffer
OBF2 FEO1 09217 CPI Floppy$S sConfirm it is a 5 1/4" floppy
OBF4 CAFDOB 09218 Jz Correct$Disk$Type sYes
OBF7 3EO1 09219 MVI Al ;No, indicate disk error
OBF9 32320A 09220 STA Disk$Errors$Flag
OBFC C9 09221 RET
09222 Correct$DiskeType: 3Set up disk control table
09223 H
OBFD 3A270A 09224 LDA InsBuffers$Disk ;Convert disk number to 0 or 1
0C00 E&01 09225 ANI 1 3 for disk controller
0C02 321E0B 09226 STA Floppy$Unit
09227
0COS 2A280A 09228 LHLD In$Buffer$Track ;Set up head and track number
0oco8 7D 09229 MOV AL ;Even numbered tracks will be on
0C09 E601 09230 ANI 1 3 head O, odd numbered on head 1
OCOB 321FO0B 09231 STA Floppy$Head 3Set head number
09232
OCOE 7D 09233 MOV AL ;Note: this is single byte value
OCOF 1F 09234 RAR 3 /2 for track (carry off from ANI above)
0C10 32200R 09235 STA Floppy$Track
09236
0C13 3EO01 09237 MVI Al ;Start with sector 1 as a whole
OC15 32210R 09238 STA Floppy$Sector 3 track will be transferred
09239 3
0C18 210012 09240 LXI H,Bytes$Per$Track ;Set byte count for complete
OC1R 22220R 09241 SHLD Floppy$Bytes$Count 3 track to be transferred
09242 H
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OC1E 21A40F 09243 LXI H,Disk$Buffer ;Set transfer address to be
0C21 22240R 09244 SHLD Floppy$DMA$Address ;3 disk buffer
09245 H
09244 3As only one control table is in
09247 3 use, close the status and busy
09248 3 chain pointers back to the
09249 3 main control bytes
0C24 214300 09250 LXI H,Disk$Status$Block
0C27 22240B 09251 SHLD Floppy$Nexts$Status$Rlock
0C2A 214500 09252 LXI H,Disk$ControlsS
oc2D 22280R 09253 SHLD Floppy$Next$Controlslocaticn
09254 .
0C30 211DOB 09255 LXI H,Floppy$Command ;Set up command block pointer
0C33 224400 09256 SHLD Command$Block$S
09257
0C3é 214500 09258 LXI H,Disk$Controlss sActivate 5 1/4" disk controller
0C39 3680 09259 MVI M, 80H
09280 3
09281 Wait$ForeDisk$Complete: sWait until disk status block indicates
09262 3 operation has completed, then check
09263 3 if any errors accurred.
09244 ;0n entry HL -> disk control byte
QC3R AF 09245 XRA A sEnsure hung flag clear
0C3C 32330A 092686 STA Disk$Hung$Flag
Q9267
QC3F 21570C 09248 LXI H,Disk$Timed$Qut ;Set up watchdog timer
0C42 015802 09269 LXI B,Disk$Timer ;Time delay
0C4S chénog 09270 CALL Set$Watchdog
09271 Disk$Wait$lLoop:
0oCc48 7€ 09272 Mav AM 3Get control byte
QCc49 B7 09273 ORA A
0C4A CASDOC 09274 Jz Disk$Complete y0peration done
09275
QC4D IARI0A 09276 LDA Disk$Hung$Flag 3Also check if time expired
0CS0 B7 Q09277 ORA A
0CS1 C2R40D 09278 JNZ Disk$Error 3Will be set to 40H
09279
QCS4 C2480C 09280 JMFP Disk$WaitslLoop
09221
o282 Disk$Timed$Qut: sControl arrives here from watchdog
09283 3 routine itself -- sa this is effectively
09284 ; part of the interrupt service routine.
QCS7 3E40 09285 MVI A, 40H ;Set disk hung error code
0CS9 32330A 09288 STA Disk$Hung$Flag 3 into error flag to pull
09237 3 control out of loop
oCcsC C9 09288 RET sReturn to watchdog routine
09289
09290 Disk$Complete:
OCSDh Q10000 09291 LXI B, 0 sReset watchdog timer
o929z sHL is irrelevant here
0C&0 CDh&DoR 09293 CALL SetsWatchdog
09274
0C43 RA4300 09295 LDA Disk$StatussBlock ;Complete, now check status
0Céé FESO 09298 CPI 80H sCheck if any errors occurred
0Cé8 DAR4OD 09297 JC Disk$Error s Yes
09278 3
09299 Disk$Error$lgnore:
QCéB AF 09300 XRA A sNo
QCAC 32320A 09301 STA Disk$Error$Flag sClear error flag
QCéF C9 09302 RET
09303
09304 H
09400 ¥
09401 7 Disk errar message handling
09402 H
09403 H
09404 Disk$Error$Messages: ;This table is scanned, comparing the
09405 3 “disk error status with thase in the
09408 ;3 table. Given a match, or even when
09407 3 then end of the table is reached, the
09408 3 address following the status value
09409 ;7 pPoints to the correct message text.
0C70 40 09410 DB 40H
0C71 9DOC 09411 DW Disk$Msg$40
0C73 41 07412 DB 41H
0C74 A20C 09413 DW Disk$Msg$41
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0C76 42 09414
0C77 ACOC 09415
oc79 21 09416
0C7A BCOC 09417
oc7¢C 22 09418
0C7D C10C 09419
OC7F 23 09420
0C80 C80C 09421
ocg2 24 09422
0C83 DAOC 09423
ocgs 25 09424
0C86 E6OC 09425
oces 11 09424
0Cc89 F0C 09427
0C8B 12 09428
ocac 070D 09429
OC8E 13 09430
OC8F 140D 09431
oco1 14 09432
oc9e2 220D 09433
0co4 15 09434
0C9S 310D 09435
0C97 16 09436
0C98 3DOD 09437
0C%A 00 09438
OC9E 4DOD 09439

09440
0003 = 09441

09442

09443

09444
QCPD 48756E670009445
0CA2 AE&F74205209444
OCAC $577269746509447
OCBC 446174610009448
OCC1 486F726D6109449
0CC8 4Dé973736909450
OCDA 427573205409451
OCE& 43EFEET747209452
OCF9 4472697646509453
QD07 486561642009454
0D14 S5472618636B0945S
0D22 SIE563746F09456
0D31 427573204109457
0OD3D 4946C6C656709458
0OD4D SSEESBSESF09459

09440

094461
0DSS 070D0A 09462
0D58 4469736B2009463

09464

09465

09466

09467
ODSE 204572726F09468
0D&& 0000 09469
0Dé8 290D0A202009470
oDn7é 00 09471
0D77 2C2048656109472
OD7E 00 09473
OD7F 2C2054726109474
0oD87 0000 09475
0D89 2C2053656309476
ong2 0000 09477
QD94 2C204F 706509478
onA2 00 09479

09480
ODAR S24561442E09481
QDAY S577269744509482

09483

094384

09485
ODRO 00 09486
ODRB1 ODOAQO 09487

09483

09489

DEM$Entry$Size

Message

Disk$Msg$40:
Disk$Msg$41:
Disk$Msg$42:
Disk$Msg$21:
Disk$Msg$22:
Disk$Msg$23:
Disk¢Msg$24:
Disk$Msg$25:
Disk$Msg$11:
Disk$Msg$12:
Disk$Msg$13:
Disk$Msg$14:
Disk$Msg$15:
Disk$Msg$1é:

Disk$Msg$Unknown:

Disk$EM$1:
7

EistEM$2=
Disk$EM$Status:
Disk$EM$Drive:
Disk$EM$Head:
Disk$EM$Track:

Disk$EM$Sector:

Disk$EM$Read:
Disk$EMS$Write:

Disk$Action$Confirm:

42H
Disk$Msg$4z
21H
Disk$Msg$2l
22H
Disk$Msg$22
23H
Disk$Msg$23
24H
Disk$Msg$24
25H
Disk$Msg$25
Disk$Msg$ll
Disk$Msg$12
13H
Disk$Msg$13
14H
Disk$Msg$14
1SH
Disk$Msg$15
16H
Disk$Msg$1s
(o] ;<== Terminator
Disk$Msg$Unknown sUnmatched ccde
EQU 2 sDisk error message table entry size
texts
DB “Hung”’, 0 sTimeout message
DB “Not Ready”,0
DB “Write Protected”,0
DB “Data’, 0
DB “Format”,0
DR “Missing Data Mark”,0
DB “Bus Timeout’,0
DB “Controller Timeocut”’,0
DR ‘Drive Address’,0
DR “Head Address’,0
DR “Track Address”,0Q
DB “Sector Address’,0
DB “Bus Address”’,0
DB “Illegal Command’,Q
DB “Unknown”, 0
sMain disk error message -- part 1
DB BELL,CR,LF
DR “Disk 7,0
sErraor text ocutput next
sMain disk error message —- part 2
DB 4 Error (7
DB 0,0 ;jStatus code in Hex.
DB 7),CR,LF,” Drive *
DB o] ;Disk drive code, A,B...
DB 7, Head ~*
DB o] sHead number
DB “y Track 7
DB 0,0 s Track number
DB “, Sector
DB 0,0 sSector number
DB “, Operation - 7
DB [} sTerminator
DB “Read.”,0 ;Operation names
DB ‘Write.”,0
DB o 3Set to character entered by user
DB CR,LF,0

Disk errvor processor

Figure 8-10.
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09490 H
09491 3 This routine builds and outputs an error message.
09492 H The user is then given the opportunity to:
09493 H
09494 H R -- retry the operation that caused the error
09495 H 1 —- ignore the error and attempt to continue
09496 H A —- abort the program and return to CP/M.
09497 3
09498 Disk$Error:
ODB4 FS 09499 PUSH PSW sPreserve error code from controller
ODBS 21460D 09500 LXI H,Disk$EM$Status ;Convert code for message
ODB8 CD440E 09501 CALL CAH sConverts A to hex.
09502
ODBBR 2A270A 09503 LDA ‘In$Buffer$Disk sConvert disk id. for message
ODBE Cé41 09504 ADI ‘A7 sMake into letter
onco 32740D 09505 STA Disk$EM$Drive
09506
ODC3 3AL1FOB 09507 LDA Floppy$Head ;Convert head number
oDncé Cé30 09508 ADI ‘0
oncg 327e0D 09509 STA Disk$EM$Head
09510
ODCER 3A200B 09511 LDA Floppy$Track ;Convert track number
ODCE 21870D 09512 LXI H,Disk$EM$Track
0oDD1 CD440E 09513 CALL CAH
09514
oDD4 3A210B 09515 LDA Floppy$Sector sConvert sector number
0DD7 21920D 09516 LXI H,Disk$EM$Sector
ODDA CD440E 09517 CALL CAH
09518
ODDD 21550D 09519 LXI H,Disk$EM$1 sO0utput first part of message
ODEQ CDS305 09520 CALL Output$Error$Message
09521
ODE3 F1 09522 POP PSW ;Recover errvor status code
ODE4 A7 09523 Mav R, A ;For compariscons
ODES 214DOC 09524 LXI H,Disk$Error$Messages — DEM$Entry$Size
09525 sHL -> table - one entry
ODE8 110300 09526 LXI D, DEM$Entry$Size ;Get entry size for loop below
09527 Disk$Error$Next$Code:
ODEB 19 09528 DAD D sMove to next (or first) entry
09529
ODEC 7E 09530 Mav AM sGet code number from table
ODED B7 09531 ORA A Check if end of table
ODEE CAFS80D 09532 JzZ Disk$Error$Matched es, pretend a match occurred
ODF1 B8 09533 CMP B .ompare to actual code
ODF2 CAFS8O0D 09534 JZ Disk$Error$Matched sYes, exit from lcoop
ODFS C3EBOD 09535 JMP Disk$Ervror$Next$Code sCheck next code
09538 3
09537 Disk$Error$Matched:
QDFg 23 09538 INX H sHL -> address of text
ODF9 SE 09539 MoV E,M ;Get address into DE
ODFA 23 09540 INX H
ODFB Sé 09541 MOV o.M
ODFC EB 09542 XCHG sHL —> text
ODFD CDS305 09543 CALL Qutput$Errors$Message sDisplay explanatory text
09544
0EQ0 21SE0D 09545 LXI H,Disk$EM$2 sDisplay second part of message
OEO3 CDS3I05 09546 CALL Output$Errors$Message -
09547
OEQé 21A30D 09548 LXI H, Disk$EM$Read ;Choose operation text
09549 3 (assume a read)
OE09 3A1DOB 09550 LDA Floppy$Command ;Get controller command
OEQC FEO1 09551 CPI Floppy$Read$Code
OEQE CA140E 09552 Jz Disk$Error$Read s Yes
OE11 21A90D 09553 LXI H,Disk$EMSWrite 3No, change address in HL
09554 Disk$Error$Read:
OE14 CDS305 09555 CALL Qutput$Errors$Message tDisplay operation type
09556 3
09557 Disk$Error$Request$Action: sAsk the user what to do next
OE17 CD2FO0S 09558 CALL Request$Users$Choice sDisplay prompt and wait for input
09559 3 Returns with A = uppercase char.
OE1A FES2 09560 CPI “R” sRetry?
OE1C CA2COE 09561 Jz Disk$Error$Retry
OE1F FEA41 09562 CP1 ‘A sAbort
OE21 CA3GOE 09563 Jz System$Reset
0E24 FEA9 09564 CPI ‘17 sIgnore
0E26 CA4BOC 09565 Jz Disk$Errors$lgnore
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0E29 C3170E 09566 JMP Disk$Error$Request$Action
09567 3
09568 Disk$Error$Retry: s The decision on where to return
09569 s depends on whether the operation
09570 3y failed on a deblocked or
09571 3 nondeblocked drive.
OE2C 3A350A 09572 LDA Selected$Disk$Deblack
OE2F B7 09573 ORA A
OE30 C2EFOB 09574 JINZ Deblock$Retry
OE33 C33COB 09575 JMP No¢Deblock$Retry
09576 3
09577 System$Reset: 3This is a radical approach, but
09578 3 it does cause CP/M to restart.
QE36 OE00 09579 MVI c,0 ;System reset
0OE38 CDOS00 09580 CALL BDOS
09581
09582 H
09583 H
09584 H A to upper
09585 ;
09584 H Converts the contents of the A register to an upper-—
09587 H case letter if it is currently a lowercase letter.
09588 H
09589 H Entry parameters
09590 H
09591 H A = character to be converted
09592 H
09593 H Exit parameters
09594 H
09595 H A = converted character
09596 H
09597 AsTosUpper:
QOE3BR FE&1 09598 CP1 “a“’ sCompare to lower limit
OE3D D8 09599 RC sNo need to convert
QE3E FE7R Q9800 CPI ‘z7 + 1 ;Compare to upper limit
0E40 DO 09401 RNC sNo need to convert
0E41 E&SF 09602 ANI SFH ;Convert to uppercase
OE43 C9 09603 RET
09604 ;
09805 H Convert A reagister to hexadecimal
09806 H
09607 H This subroutine converts the A register to hexadecimal.
09608 H
09409 H Entry parameters
09610 H
09611 H A = value to be converted and cutput
09612 H HL -> buffer area to receive two characters of output
09612 H
09614 H Exit parameters
09615 B
09616 3 HL -> byte following last hex byte cutput
09617 3
o9é18 CAH:
0E44 FS 09619 PUSH PSW ;Take a copy of the value to be converted
QE4S OF 09620 RRC ;Shift A right four places
QE48 OF 09621 RRC
QEA7 OF 09s22 RRC
0E48 OF 09623 RRC
OE49 CDA4DOE 09424 CALL CAH$Convert sConvert to ASCII
OE4C F1 09425 POP PSW ;Get original value again
09626 sDrop into subroutine, which converts
09e27 3 and returns to caller
09628 CAH$Convert:
QEAD E&OF 09629 ANT 0000%1111R ;Isolate LS four bits
OE4F Cé30 09630 ADI 07 sConvert to ASCII
QES1 FE3A 09631 CPI ‘9 4+ 1 sCompare to maximum
QES3 DASS0E 09832 JC CAH$Numeric 3sNo need to convert to A -> F
QESé C&07 09633 ADI 7 sConvert to a letter
09434 CAH&Numeric:
OESE 77 09435 Mov M, A sSave character
QES9 23 09836 INX H sUpdate character pointer
QESA C9 09637 RET
09628
09639 H
09640 ;
09700 ¥
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09701 H
09702 H Disk contrcl table images for warm boot
09703 i
09704 Boot$Contraol$Partsl:
QESB 01 09705 DE 1 sRead functicn
OESC 00 09706 DB 0 sUnit (drive) number
OESD 00 09707 DB 4] jHead number
OESE 00 09708 DE o s Track number
OESF 02 09709 DR 2 ;Starting sector number
OE&0 0010 09710 oW 8512 sNumber of bytes to read
0E42 O0OC4 09711 oW CCP$Entry ;Read into this address
OE44 4300 09712 oW Disk$Statuss$Block ;Pointer to next status block
0E&é 4500 09713 oW Disk$Controls$sS sPainter to next control table
09714 Boot$Control$Partz:
OEé8 01 09715 DE 1 sRead function
0E&? 00 09716 0B o ;Unit (drive) number
OES6A 01 09717 uic] 1 tHead number
OEéB 00 09718 Julc] 0 ; Track number
OE4C 01 09719 DB 1 ;Starting sector number
OEéD 0004 09720 oW 3#512 ;Number of bytes to read
OE4F 00D4 09721 oW CCP$Entry + (8x%512) jRead into this address
OE71 4300 09722 ult] Disk$Status$Block sPointer to next status block
OE73 4500 09723 DW Disk$Control$S ;Pointer to next control table
09724
09725 H
09726 H
09800 124
09801 3
09802 WE0OT: sWarm boot entry
09803 ;0On warm boot, the CCP and BDOS must be reloaded
09204 3 into memory. In this RIOS, only the S5 1/4"
09805 3 diskettes will be used, therefore this ccde
098064 3 is hardware specific to the controller. Two
09807 s prefabricated control tables are used.
OE75 318000 09808 LXI SP, 8OH
OE72 115BOE 09809 LXI D, Boots$Control$Partl sExecute first read of warm boot
OE7R CDEAOE 09810 CALL Warm$Boot $Read sLoad drive 0, track O,
09811 3 head 0, sectars 2 - 8
© OE7E 11480E 09812 LXI 0, Boot$Control$Part2 sExecute second read
QE81 CDSAOE 09813 CALL Warm$Boot $Read sLoad drive 0, track O,
09814 s head 1, sectors 1 - 3
OEB4 CDDFOE 09815 CALL Patch$CPM 3sMake custom enhancements patches
OEB7 C3éC02 09816 JMP Enters$CPM ;Set up base page and enter CCP
09817 3
09818 Warm$Boot$Read: ;0n entry, DE -> control table image
09819 sThis control table is moved into
09820 ;3 the main disk control table and
09821 ;5 then the controller activated.
OE8S8A 211DOB 09822 LXI H,Floppy$Command sHL -> actual control table
0ESD 224400 09823 SHLD Cammand$Block$S ;Tell the controller its address
09824 ;Move the control table image
09825 3 into the control table itself.
0E?0Q OEOD 09826 MVI C,13 ;Set byte count
09827 Warm$BRoot $Move: .
0E92 1A 09828 LDAX D ;Get image byte
OE®3 77 09829 MOV M, A ;Store into actual control table
OE94 23 09830 INX H sUpdate pointers
OE9S 13 09831 INX D
0E96 OD 09832 DCR cC ;Count down on byte count
OE97 C2920E 09833 JNZ Warm$Boot$Mave jContinue until all bytes moved
09834
0E?A 214500 09835 LXI H,Disk$Control$S sActivate controller
QEPD &80 09836 MVI M, 80H
09837 Wait$For$Boot$Complete:
OE9F 7E 09838 MoV AM ;Get status byte
QEAQ B7 09839 ORA A sCheck if complete
OEA1l C29FOE 09840 JINZ Wait$Fors$Boot$Complete ;No
09841 sYes, check for errors
0EA4 3A4300 09842 LDA Disk$Status$Block
OEA7 FE80 09843 CPI 80H
OEA? DAADOE 09844 JdC Warm$Boot$Error sYes, an error occurred
QEAC C9 09845 RET
098446 3
09847 Warm$Boot$Error:
OEAD 21B&0E 09848 LxI H,Warm$Boat $Error$Message
OEBO CDSFO2 09849 CALL Display$Message
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OEB3 C37S0E 09850 JMP WBOOT sRestart warm bocot
09851 3
09852 Warm$Boot$Error$Message:

OEB& ODOAS7817209853 CR,LF, “Warm Boot Error - retrying...“,CR,LF,0
09854 H
09855 H
10000 s #
10001 H
10002 GhostsInterrupt: ;Control will only arrive here under the most
10002 7 unusual circumstances, as the interrupt
10004 3 controller will have been programmed to
10005 3 suppress unused interrupts.
10006 H

OED8 FS 10007 PUSH PSW ;Save pre-interrupt registers

OEDY 3E20 10008 MVI A, IC$EOI sIndicate end of interrupt

OEDR D3D8 10009 ouT IC$0CW2%Port

OEDD F1 10010 POP PSW

OEDE C9 10011 RET
10012 3
10013 H
10100
10101 H
10102 H Patch CP/M
10103 H
10104 H This routine makes some very special patches to the
10105 H CCP and BDOS in order to make some custom enhancements
101068 H
10107 H Public files:
10108 H On large hard disk systems it is extremely useful
10109 : to partition the disk using the user number features.
10110 H However, it becomes wasteful of disk space because
10111 H multiple copies of common programs must be stored in
10112 H each user area. This patch makes User 0O public --
10113 H accessible from any other user area.
10114 B #ix WARNING %
10115 H Files in User O MUST be set to system and read/only
10116 i status to avoid their being accidentally damaged.
10117 H Because of the side effects associated with public
10118 H files, the patch can be turned on or off using
10119 H a flag in the long term configuration block,
10120 H
10121 ; User prompt:
10122 H When using CP/M’s USER command and user numbers
10123 ; in general, it is all tco easy to become confused
10124 i and forget which user number ycu are "in." This
10125 H patch modifies the CCP to display a prompt which
10126 3 shows not only the default disk id., but alsc the
10127 H current user number, and an indication of whether
10128 H public files are enabled:
10129 ;
10130 ; P3R> or 3B>
10131 H *
10132 H When public files are enabled.
10133 H
10134 3 Equates for public files
10135 3

D3SE = 10136 PF$BDOS$Exit$Point EQU BDOS$Entry + 75&H

D37C = 10137 PF$BDOS$Char$Matches EQU BDOS$Entry + 776&H

D361 = 10138 PF$BDOS$Resume$Point EQU BDOS$Entry + 75SEH

000D = 10139 PF$BDOS$Unused$Bytes EQU 13
10140 H
10141 H
10142 H Equates for user prompt
10143 3

c788 = 10144 UP$CCP$Exit$Point EQU CCP$Entry + 388H

C78B = 10145 UP$CCP$Resume$Paint EQU CCP$Entry + 38BH

C513 = 10146 UP$CCP$Get$User EQU CCP$Entry + 113H

CSDo = 10147 UP$CCP$Get$Disks$ld EQU CCP$Entry + 1DOH

ca8c = 10148 UP$CCP$CONOUT EQU CCP$Entry + 8CH
10149 H
10150 H
10151 3 Set up the intervention points
10152 3
10153 Patch$CPM:

OEDF 3EC3 10154 MVI A, JMP ;Set up cpcode

OEE1 325ED3 10155 STA PF$BDOS$EXit$Point
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OEE4 3288C7 10156 STA UP$CCP$Exit$Point
OEE7 21F40E 10157 LXI H,Public$Patch
OEEA 225FD3 10158 SHLD PF$BDOS$Exit$Point + 1
OEED 21110F 10159 LXI H,Prompt$Patch ;0et address of intervening code
OEFO 2289C7 10160 SHLD UP$CCP$Exit$Point + 1
10161
OEF3 C9 10162 RET 3;Return to enter CP/M
10143 3
10164 H
10145 3
10166 Public$Patch: ;Control arrives here from the BDOS
10167 ;The BDOS is in the process of scanning
10168 ; down the target file name in the
10169 ;3 search next function
10170 ; HL ~> the name of the file searched for
10171 3 DE -> directory entry
10172 ; B = character count
10173
OEF4 3A4200 10174 LDA CB$Public$Files jCheck if public files are to be enabled
OEF7 B7 10175 ORA A
OEF8 CAOBOF 10176 JZ NosPublic$Files ;No
10177
OEFB 78 10178 MoV A,B ;Get character count
OEFC B7 10179 ORA A ;Check if looking at first byte
10180 3 (that contains the user number)
OEFD C20BOF 10181 JNZ No$Public$Files ;No, igncre this patch
10182
OF00 1A 10183 LDAX D ;Get user number from directory entry
OF01 FEES 10184 CPI OESH sCheck if active directory entry
OF03 CAOROF 10185 Jz No$Public$Files ;Yes, ignore this patch
101&6
QFQé 7E 10187 Mav AM ;Get user number
OF07 B7 10188 ORA A sCheck if User O
OF08 CA7CD3 10189 JZ PF$BRDOS$Char$Matches sForce character match
10190 .
10191 NosPublic$Files: sReplaced patched cut ccde
OFOR 78 10192 MOV A, B sCheck if count indicates that
QFQC FEOD 10193 CPI PF$BDOS$UNused$Bytes ; registers are pointing at
10194 s unused bytes field of FCB
OFQE C361D3 10195 JMP PF$BDOS$Resume$Paint sReturn to BOOS
10196 3
10197 Prompt$Patch: ;Control arrives here from the CCP
10198 3The CCP is just about to get the
10199 3 drive id. when control gets here.
10200 sThe CCP’s version of CONOUT is used
10201 s+ so that the CCP can keep track of
10202 3 the cursor position.
10203
OF11 3A4200 10204 LDA CR$Public$Files ;Check if public files are enabled
OF14 B7 10205 ORA A
OF1S CA1DOF 10206 Jz UP$PrivatesFiles sNo
10207
OF18 3ESO 10208 MVI A, P’
OF 1A CD8CC4 10209 CALL UPS$CCP$CONQUT 3Use CCP“s CONOUT routine
10210
10211 UP$Private$Files:
OF1D CD13CS 10212 CALL UP$CCP$Get$User ;8et current user number
0F20 FEOA 10213 CPI 9+ 1 3sCheck if one or two digits
OF22 D2300F 10214 JNC UP$2¢Digits
OF25 C&30 10215 ADI ‘0 sConvert to ASCII
10216  UF$1$Digit:
0F27 CD8&CC4 10217 CALL UP$CCP$CONQUT ;Output the character
OF2A CDDOCS 10218 CALL UP$CCP$Get$DisksId ;Get disk identifier
OF2D C38BC7 10219 JIMP UP$CCP$Resume$Point sReturn to CCP
10220 3
10221 UP$2¢Digits:
OF 230 Cé26 10222 ADI 707 - 10 :sSubtract 10 and convert to ASCII
OF32 FS 10223 PUSH PSW sSave converted second digit
OF33 RE31 10224 MVI A, 717 ;O0utput leading “1°
OF35 CD8CC4 10225 CALL UP$CCP&CONOUT
0OF38 F1 10226 POF PSW sRecover second digit
OF39 C3270F 10227 JMP UP$1¢Digit s0utput remainder of prompt and return to
10228 s the CCP
10229
10230 ;
10300 s
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10301 H
10302 H Configuration block get address
10303 H
10304 H This routine is called by utility programs running in the TPA.
10305 H Given a specific code number, it returns the address of a specific
10306 3 object in the configuration block.
10307 H
10308 H By using this routine, utility programs need not know the exact
10309 H layout of the configuration block.
10310 H
10311 H Entry parameters
10312 H
10313 H C = Object identity code (in effect, this is the
10314 3 subscript of the object’s address in the
10315 H table below)
10316 H
10317 1
10318 CB$Get$Address: 3 <{=== BIOS entry point (private)
10319 ;
OF3C FS 10320 PUSH PSW ;Save user’s registers
OF3D CS 10321 PUSH B
OF3E DS 10322 PUSH D
10323
OF3F &9 10324 Mov L,C sMake code into a word
OF40 2600 10325 MVI H,0
OF42 29 10326 DAD H sConvert code into word offset
OF43 114FOF 10327 LXI D,CBsObjects$Table 3Get base address of table
OF446 19 10328 DAD D sHL ~> object’s address in table
OF47 SE 10329 MOV E,M ;Get LS byte
OF48 23 10330 INX H
OF49 56 10331 MOV o,M ;Get MS byte
OF4A EB 10332 XCHG sHL = address of object
10333
OF4B D1 10334 PQP D sRecover user”s registers
OFA4C C1 10335 POP B
OF4D F1 10336 POP PSW
10337
OF4E C9 10338 RET
1033% H
10400 i
10401 H
10402 CB$0bjectsTable:
10403 H Code
10404 i vv
QF4F 8FOQF 10405 DW Date 301 date in ASCII
OFS1 990F 10406 BW Time$In$ASCII 502 time in ASCII
OFS3 A3OF 10407 bW TimesDates$Flags 303 flags indicated if time/date set
OFSS 8DOF 10408 oW CB$Forced$Input 304 forced input pointer
OFS7 4300 10409 jut) CBsStartup 505 system startup message
10410 H Redirection words
OF59 5800 10411 DW CB$Console$Input ;06
OFSB SAQ0 10412 DW CB$ConsolesQutput 307
OFSD SCO00 10413 W CB$AuxiliarysInput 308
OFSF SEOO0 10414 DW CB$Auxiliary$Output 309
OF&61 6000 10415 DW CB$List$Input 310
OF63 6200 10414 oW CB$List$0utput ;11
10417
OF65 6400 10418 oW CB$Devices$Table$Addresses ;12
OF&7 BS00 10419 DW CR$12$24%Clock 513 Selects 12/24 hr. format clock
OFé9 BDOO 10420 oW RTC$Ticks$per$Second ;14
OFéB BFO0O 10421 oW RTC$Watchdog$Count 315
OFéD C100 10422 DW RTC$Watchdog$Address 316
OF&F C300 10423 DW CB$Functions$kKey$Table 517
OF71 1BOZ 10424 oW CONOUT$EscapesTable ;18
10425
OF73 8400 10424 DW DOs$Initializes$Stream 319
OF75 9100 10427 DW DO$Baud$Rate$Constant 320
OF77 9400 10428 DW DisInitialize$Stream ;21
QF79 A100 10429 oW Di1$Baud$RatesConstant 122
OF7BR A400 10430 DW D2¢Initialize$Stream 323
OF7D BR100O 10431 DW D2¢Baud$Rates$Constant ;24
OF7F 4002 10432 DW Interrupt$Vector 325
OF81 890F 10433 oW LTCB$Offset 326
OF83 8BOF 10434 DW LTCBs¢Length 327
OF8S 4200 10435 DW CB$Public$Files 3 30
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OF87 A421 10434 oW MultisCommand$Euffer 331
10437 H
10500 s#
10501 3 The short term configuration block.
10502 H
10503 H This contains variables that can be set cnce CP/M
10504 H has been initiated, but that are never preserved
10505 H from one loading of CP/M to the next. This part of
10506 4 the configuration block form the last initialized bytes
10507 H in the BIOS.
10508 H
10509 H The two values below are used by utility programs that
10510 3 need to read in the long term configuration block from disk.
10511 H The BIOS starts on a 256-byte page boundary, and therefare
10512 5 will always be on a 128-byte sector boundary in the reserved
10513 3 area on the disk. A utility program can then, using the
10514 H CB$Get$Address Private BIOS call, determine how many 128-byte
10515 H sectors need to be read in by the formula:
10516 3
10517 H (LCTB$Of fset + LTCB$Length) / 128
10518 H
10519 H The LTCB$Offset is the offset from the start of the BIOS to
10520 H where the first byte of the long term configuration black
10521 H starts. Using the offset and the length, the utility can
10522 H copy the RAM version of the LTCB over the disk image
10523 3 that it has read from the disk, and then write the
10524 3 updated LTCB back onto the disk.
10525 §
OF89 BED?Y 10526 LTCB$Offset: oW BIOS$Entry - Long$Term$CB
OF8B E&O1 10527 LTCB$Length: oW Long$Term$CB$End — Long$Term$CB
10528 H
10529 H Forced input pointer
10530 3
10531 H I1f CONIN ever finds that this pointer is pointing to a nonzero
10532 3 byte, then this byte will be injected into the console input
10533 H stream as though it had been typed on the console. The
10534 H pointer is then updated to the next byte in memory.
10535
OF8D 4300 10536 CB$Forced$Input: DW CBs$Startup
10537 H
10538 3
10539 Date: jCurrent system date
OFSF 31302F313710540 DB “10/17/827,LF sUnless otherwise set to the contrary
10541 5 this is the release date of the system
10542 sNormally, it will be set by the DATE utility
OF98 00 10543 DB o] 300-byte terminator
10544
10545 Time$in$ASCII: jCurrent system time
OF99 3030 105446 HH: 700~ sHours
OF9B 3A 10547 DB ‘s
OF9C 3030 10548 MM: DB 700” sMinutes
OF9E 3A 10549 DB e
OF9F 3030 10550 8S: DB “00” s Seconds
10551 Time$in$ASCII$End: sUsed when updating the time
OFA1 OA 10552 D! LF
OFA2 00 10553 DB (o] 300-byte terminator
10554 H
10555 H
10556 TimesDate$Flags: »This byte contains two flags that are wused
10557 s to indicate whether the time and/or date
10558 : have been set either programmatically or
10559 s by using the TIME and DATE utilities. These
10560 ; flags can be tested by utility prcorams that
10561 : need to have the correct time and date set.
OFA3 00 10562 DB [¢]
0001 = 10563 Times$Set EQU 0000%$0001B
0002 = 10564 DatesSet EQU 0000$0010B
10565
10566 i
10700 ¥
10701 H Uninitialized buffer areas
10702 i
10703 H With the exception of the main Disk$Buffer, which contains a few
10704 5 bytes of code, all of the other uninitialized variables
10705 H occur here. This has the effect of reducing the number of
10708 3 bytes that need be stored in the CP/M image on the disk,

Figure 8-10.  (Continued)




Chapter 8: Writing an Enhanced BIOS 291

OFA4

21A4
OFA4

OF A4
OFAS
OF A&

OFA7
OFA8
OFA%

OFAA
OFARB
OFAC

OFAD
OFAE
OF AF

OFBO
OFB1
OFB2

OFB4

OFBS
OFBE
OFCO
OFC1
OFC3
OFC4
OFCé
OFC7
OFC9
OFCC
OFDC
OFF3
1011
1030
104E
106C

108D

10707 H since uninitialized areas do not need to be kept on the disk.
10708 H
10709 H
10800 P #
10801 H
10802 H The cold beoot initialization code is only needed once.
10803 H It can be overwritten once it has been executed.
10804 H Therefore, it is "hidden" inside the main disk buffer.
10805 H
10806 5
10807 Disksbuffer: Ds Physical$Sector$Size % Physical$Sec$Per$Track
10808 4
10809 ;Save the location counter
= 10810 Afters$Disk$Buffer EQU $ 3$ = current value of location counter
10811 ;
10812 ORG Disk$Buffer sWind the location counter back
10813 H
10814 Initialize$Stream: sThis stream of data is used by the
10815 3 Initialize subroutine. It has the following
10816 5 format:
10817 H
10818 3 DB Port number to be initialized
10819 H DB Number of byte to be output
10820 3 DB XX, XX, XX, XX data to be output
10821 H H
10822 H H
10823 3 DB Port number of OOH terminates
10824 3
10825 H
10824 H
10827 3 Initialization stream declared here
ng 10828 DB IC$ICWiId$Port sProgram the 8259 interrupt controller
01 10829 DR 1
Sé 10830 DR ICSICWL
10831
ne 10832 DB IC$ICW2%Port
01 10833 DB 1
02 10834 DR IC$ICW2
10835
ne 10838 DB IC$QCUWI$Part
01 10837 DB 1
FC 10838 DB IC$OCW1
10839
83 10840 DR 83H sProgram the 8253 clock generator
01 10841 DB 1
34 10842 DB 00%$11$01040R sCounter 0, periodic interrupt, mode 2
10843
80 10844 DB 80H sRTC uses channel 0
02 10845 DB 2
0146 10846 oW 17921 319721 % 930 nanoseconds =
10847 3 16.666 milliseconds). &0 ticks/sec.
00 10848 DB -0 sFPort number of O terminates
10849 H
10850 3
10851 Signon$Message:
43502F4D2010852 ju “CP/M 2.2.°
2030 10853 W VERSION ;Current version number
20 10854 DR ‘o’
3032 10855 oW MONTH sCurrent date
2F 108568 DB i
3236 10857 oW DAY
2F 10858 DB s
3833 10859 W YEAR
ODOAOA 10840 DB CR,LF,LF
456ESB616E10861 DR “Enhanced BIOS’,CR,LF,LF
4469736B2010862 DB “Disk Configuration :“,CR,LF,LF
202020202010843 DB e A: 0.35 Mbyte 5" Floepy“,CR,LF
202020202010864 DB B: 0.35 Mbyte 5" Floppy’,CR,LF,LF
202020202010865 DB - C: 0.24 Mbyte 8" Floppy“,CR,LF
202020202010866 DB - D: 0.24 Mbyte 8" Floppy“,CR,LF
202020202010887 DB e M: 0.19 Mbyte Memory Disk”,CR,LF,LF
10848 ;
00 10869 DB [o]
10870 H
10871 i Messages for M$Disk
10872 ;
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10873 M$Disk$Setup$Message:
108E 202020202010874 ‘ M$Disk already contains valid information.’,CR,LF,0
10875 M$Disk$Not$Setups$Message:
10C0O 202020202010876 ju] - M$Disk has been initialized to empty state.’,CR,LF,0
10877 3
10878 M$Disk$Dir$Entry: :Dummy directory entry used to determine
10879 :+ if the M$Disk contains valid information
10F3 OF 10880 DB 15 “3User 15
10F4 4D24444697310881 DB “M$Disk
10FC AOAQ20 10882 DB 4 “+80H, " “+80H,~ 7 ;System and read/only
10FF 00000000 10883 DB 0,0,0,0
1103 000000000010884 DB 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
10885 3
0004 = 10884 Default$Disk EQU 0004H ;Default disk in base page
10887 3
10888 BOOT: sEntered directly from the BIOS JMP Vector
10889 sControl will be transferred here by the CP/M
10890 3 bootstrap loader
10891 ;
10892 ;Initialize system
10893 sThis routine uses the Initialize$Stream
10894 ;s declared above
10895
1113 F3 10896 DI ;Disable interrupts to prevent any
10897 ; side effects during initialization
1114 21A40F 10898 LXI H,Initialize$Stream sHL -> data stream
1117 CD1903 10899 CALL Qutput$BytesStream ;Output it to the specified
10900 3 ports
10901
111A CDEEO2 10902 CALL General$CICO$Initialization ;Initialize character devices
10903
111D 21BSOF 10904 LXI H,Signon$Message ;Display sign-on message on console
1120 CDSFO2 10905 CALL Display$Message
10906 H
1123 CDDFOE 10907 CALL Patch$CPM ;Make necessary patches to CCP and BOOS
10908 ;3 for custom enhancements
10909
10910 ;Initialize M$Disk
10911 ;1f the M$Disk directory has the
10912 s special reserved file name "M$disk"
10913 35 (with lowercase letters and marked
10914 ; SYS and R/0), then the M$Disk is
10915 s assumed to contain valid data.
10916 ;I1f the "M$Disk" file is absent, the
10917 ;+ M$Disk Directory entry is maved into
10918 s+ the M$Disk image, and the remainder of
10919 s the directory set to OESH.
1126 0601 10920 MVI B,1 ;Select bank 1
1128 CDDDOB 10921 CALL Select$Bank ;s which contains the M$Disk directory
10922
10923 ;Check if M$Disk directary entry present
112B 210000 10924 LXI H,0 ;Start address for first directory
1128 11F310 10925 LXI D,M$Disk$Dir$Entry
1131 QE20 10926 MVI c,32 sLength to compare
10927 M$Disk$Test:
1133 1A 10928 LDAX D ;Get byte from initialized variable
1134 BE 10929 CMP M ;Compare with M$Disk image
1135 C24F11 10930 JNZ M$Disk$Not$Setup sMatch fails
1138 13 10931 INX D
1139 23 10932 INX H
113A OD 10933 DCR C
113B CA4111 10934 Jdz M$Disk$Setup A1l bytes match
113E C33311 10935 JMP M$DiskéTest
10936 7
10937 M$Disk$Setup:
1141 218E10 10938 LXI H,M$Disk$Setup$Message ;Inform user
10939 3
10940 M$Disk$Setup$Done:
1144 CDSFO2 10941 ALL Display$Message
10942
1147 AF 10943 XRA A ;Set default disk drive to A:
1148 320400 10944 STA Default$Disk
114B FB 10945 EI s Interrupts can now be enabled
10946
114C C34C02 10947 JIMP Enter$CPM 3Go into CP/M
10948 5
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10949 M$Disk$Not$Setup:
114F 110000 10950 LXI D, 0 sMove M$Disk directory entry into
1152 21F310 10951 LXI H,M$Disk$Dir$Entry 3 M$Disk image
1155 OE04 10952 MVI C,32/8 sNumber of 8-byte blocks to move
1157 CDF80A 10953 CALL Maves8
10954 H
10955 ;DE ~> next byte after M$Disk directory
10956 5 entry in image
115A REES 10957 MVI A, OESH ;Set up to do memory fill
115C 12 10958 STAX D ;Stare first byte in "source" area
115D 62 10959 MoV H,D ;Set HL to DE +1
115E 6B 10960 MOV L, E
115F 23 10961 INX H
1160 OEFC 10962 MVI C,((2 =% 1024) - 32) / 8 ;Two allocation blocks
10943 3 less 32 bytes for M$Disk entry
11462 CDF80A 10944 CALL Moves$8 ;Use Move$8 to do fill operation
10965
1165 21C010 10966 LXI H,M$Disk$Not$Setup$Message
1168 C34411 10967 JMP M$Disk$Setup$Done s0utput message and enter CP/M
10948 H
10969 H
116B 00 10970 DB o s Dummy
10971 Lasts$Initialized$Byte: s<== address of last initialized byte
10972 ?
10973 H End of cold boot initialization code
10974 H
21A4 10975 ORG Afters$Disk$Buffer sReset location counter
10976 3
21A4 10977 MultisCommand$Buffer: ns 128 3This can be used to insert long
10978 3 command sequences into the
10979 ;7 console input stream by setting
10980 3 the forced input pointer here
10981 3
0020 = 10982 DOs$BuffersLength EQU 32 sMust be binary number
2224 10983 DO$Buffer: DS DO$BufferslLength
10984 H
0020 = 10985 DisBuffers$lLength EQU 32 3Must be binary number
2244 10986 DisBuffer: DS Dis$Buffers$Length
10987 H
0020 = 10988 D2$BufferslLength EQU 32 sMust be binary number
2264 10989 D2$Buffer: Dns D2¢BufferslLength
10990 3
10991 4 Data areas for the character drivers
10992 i
2284 10993 PIsUser$Stack: DS 2 ;Storage area for user’s stack pointer
10994 3 when an interrupt occurs
2286 10995 PIsUser$HL: DS 2 ;Save area for user’s HL
2288 10996 DS 40 ;Stack area for use by interrupt service
10997 PIsStack: 3 routines to avoid overflowing the
10998 5 user’s stack area
10999 s
22B0 11000 Directory$Buffer: Ds 128 ;Disk directory buffer
11001 3
2330 11002 M$Disk$Buffer: ns 128 sIntermediary buffer faor
11003 3 M$Disk
11004 H
11005 ; Disk work areas
11006 H
11007 H These are used by the BDOS to detect any unexpected
11008 H change of diskettes. The BDOS will automatically set
11009 H such a changed diskette to read-only status.
11010 3
23BO 11011 Disk$A$Workarea: Ds 32
11012 Disk$B$Workarea: ns 32
11013 Disk$Cs¢Workarea: Ds 16
11014 Disk$D$Workarea: Ds 1é
11015 ¥
11016 §
11017 3 Disk allocation vectors
11012 H
11019 H These are used by the BDOS to maintain a bit map of
11020 H which allocation blocks are used and which are free.
11021 3 One byte is used for eight allocation blocks, hence the
11022 H expression of the form (allocation blocks/8)+1.
11023 3
2410 11024 Disk$A$AllocationsVector Ds (174/8)+1 3 A:
Figure 8-10.  (Continued)



294  The CP/M Programmer’s Handbook

2428 11025 Disk$B¥Allocation$Vector ns (174/8)+1 ;3 B:
243C iiggs Eisk’CiAllocationiVectc‘r DS (242/8)+1 ;3 C:
245R 11028 Disk$D$Allocation$Vector ns (242/8)+1 s D
247A ::ggz P;“DiskﬁAllocationt\lector ns (192/8)+1 ;3 M$Disk
2493 i}ggé END saof enhanced BRIOS listing
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