Building >a Hard-DiSk Inteffacé |
- for an S-100 Bus System

Part 1: Introduction
H ow

and disk controller work, and what is nee

to the 5-100 bus and the CP/M op

" The development and availability
of inexpensive, high-performance
Winchester-technology disk drives
offers us the opportunity to vastly ex-
pand the capability of micropro-
cessor-based systems. The fact that
these disk systems are both inex-
pensive and intrinsically highly reli-
able makes them extremely attractive
as add-on devices for existing sys-
tems. Over the past several months
we at ASC Associates have designed
and constructed 5va-inch Winchester
disk subsystems for several micropro-
cessor systems. In this and two subse-
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quent articles we will describe in
detail all the hardware and software
necessary to integrate a standard,
commercially available Winchester
disk with an existing S-100-bus,
CP/M-based computer system.

In terms of speed
Increase, a hard disk
Is to a floppy disk
roughly what a
floppy disk Is to
a cassette tape.

z

This month we'll review the general
background information required to
understand the following articles.
Next month we'll explain the design
steps required to interface the disk
hardware with the system. In part 3
we will cover the software necessary
to make CP/M aware that the disk is
on the system, and we will describe

a Winchester disk drive

erating system.

ded to connect them

the initial integration and debuggin
process. We intend that at the concl
sion of this series you will have suf
cient background information to b
able to construct and integrate t
disk system described in these articles_
with an S-100, CP/ M-based co
puter system.

Why a Winchester?

The first question you might ask is
why go to all the trouble of putting
Winchester disk on a microprocess?,
system in the first place. The answer.
is twofold: increased storage capac [
and speed. Current state-of-the-
5V4-inch floppy-disk-drive systems
limited to about 1 megabyte of st
age per drive. The smallest Winches:
ter systems, 5%a-inch drives, ca
day store over 10 megabyte
drive, and these storage capacities
only the beginning. The develop
of newer-technology thin-film ré
write heads is expected to incrég
capacity by factors of four and mof




in the next several years.

The other advantage of a Winches-
ter disk drive is its rapid operation. In
terms of speed, a hard disk is to a
floppy disk roughly what a floppy
disk is to a cassette tape. For a Win-
chester disk system, maximum seek
times (maximum time to find data on
the disk) are on the order of 150 to
200 milliseconds (ms) rather than the
several seconds associated with many
floppy-disk systems. Also, once the
data is located, it is transferred at 5
million bits per second, which is
much faster than existing floppy-disk
systems. At these rates a Winchester
system can access data anywhere on
~ the disk and load 64K bytes of infor-
mation in under 1 second. The low
access times, high data-transfer rates,
and large storage capacities of Win-
chester drives allow us to realize the
full processing power that is inherent
in current microprocessor systems.
Winchester drives open new vistas for
such applications as large inventory
systems, database management sys-
tems, and data analysis applications.

What Is a Winchester?

The term Winchester comes not
from an inventor’s name, but from
the code name IBM assigned to the
development of the Model 3340 disk
memory, which was introduced in
1973. The industry as a whole has
borrowed the Winchester name and
now generally uses it to describe any
disk drive using similar technology.
The key element of the Winchester
technology is that the head-to-disk

‘assembly (HDA) is sealed from out-

side air and the disk is generally non-
removable.

In some ways, the Winchester tech-
nology is similar to conventional
hard-disk drives. As with conven-
tional hard disks, the read/write head
floats over the recording medium on
an air cushion that keeps the head
from contacting the disk. In the case
of the Winchester, however, the
sealed and extremely clean environ-
ment of the HDA permits the disk de-
signer to “fly” the read/write head
closer to the disk surface. In typical
removable-media hard-disk systems,
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Circle 75 on inquiry card.

the read/write head flies 60 to 70
microinches above the disk surface.
The limitation on the distance the
head flies above the disk is based on
the minimum distance the head can
fly safely above the disk and not risk
contact with dust or any other con-
taminant on the disk. Any contact of
this type causes the head to stop fly-
ing and crash on the disk surface.
Such a crash normally ruins the read/
write head and the surface of the disk
medium, results in a complete loss of
data, and necessitates an expensive
repair job. Sealing the HDA in a Win- " &
chester drive provides a substantially
cleaner environment than that of re-
movable-media disks and allows the
designer to fly the head about 20 |
microinches over the disk surface.
This lower head altitude provides
higher magnetic flux densities at the
recording surface and thus higher re
cording densities on the disk.
During read/write/seek opera
tions, the Winchester head flies abov
the surface of the disk on an air bear- &
ing, supported by carefully balanced
aerodynamic forces. As the disk’
starts or stops, the head takes off or.
lands in a silicone-lubricated landing
area. When the disk is not spinnin,
the head rests on and actually con-
tacts the landing zone on the disk.
Winchester drives have a number
of advantages over conventional
hard-disk drives. First, they are very 4
low cost both in absolute terms and in
terms of cost per bit of storage capa
ty. In addition, the sealed environ-
ment of the HDA produces extremely &
high reliability with MBTF (mean
time between failure) figures quoted®
in excess of 8000 hours. Winchestel
disk drives also require no preventives
maintenance such as changing a%&
filters or cleaning and aligning heads
This is of particular importance X
owners of small, inexpensive cOI
puter systems who wish to have !
capability associated with removabl
media hard disks without the att
dant maintenance hassles and .
pense. The primary disadvant
comes from the fact that the storaég
medium (the actual disk platter) iS5
removable. This prevents us fr
backing up data files in the conve

o
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Figure 1: A block diagram showing how a
an S-100-bus computer system.

tional way (that is, by making and
storing an exact copy of the disk to be
backed up). However, this problem
can be overcome in systems that have
a floppy disk in addition to the Win-
chester drive. If you are willing to
take the trouble, important files can
be periodically backed up on floppy
disks and saved in the event that a
Winchester disk malfunctions. This
may not be as convenient as standard
. backup procedures, but it can pro-
vide a large measure of data security.

Which Winchester?

During the design process of our
system we first had to decide which of
the available Winchester disk systems
we should use. Currently, Winchester
disks are available from a variety of
manufacturers with disk platters in
different sizes, the most common be-
ing 14-, 8-, and 5Ys-inch diameters.
We evaluated these three options by
examining the requirements of a typi-
cal microcomputer user. As storage
densities have gone up, the 14-inch
systems have grown to the point
where they can store a staggering
amount of data at a relatively low
cost. Currently, 14-inch systems have
storage capacities in the multiple hun-
dreds of megabytes. Although this
leads to a very attractive cost per bit
of storage capacity, it also leads to a
relatively high absolute cost for
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Winchester disk drive can be interfaced with

microprocessor applications. In our
opinion this level of capacity far ex-
ceeds the requirements of the typical
microcomputer user. To a certain ex-
tent, the same logic also applies to the
g-inch drive systems. They are too
big and too expensive for the highly
price-sensitive microcomputer mar-
ket. As a result, we homed in on the
more recently available 5Y4-inch
drives as the best alternative. They
are relatively inexpensive and are cur-
rently available in models that can
store over 10 megabytes of data. Ad-
ditionally, expected technology im-
provements in the near future will in-
crease this storage capacity to over 40
megabytes. Thus the 5%4-inch format
will not only satisfy most of today’s
requirements but also will provide a
large potential for growth.

In addition to price and storage
capacity there are a number of other
features of the 5Ya-inch drives that
make them particularly attractive.
One asset is a standardized drive in-
terface that allows complete flexibili-
ty in switching from one manufac-
turer’s drive to another in a com-
pleted system. This also allows com-
panies to build standardized control-
ler boards, which greatly ease the sys-
tem integration problem. The major
advantages of the 5%4-inch Win-
chester drive for microprocessor
system applications are:

low cost

large storage capacity

rapid access time

high reliability

no need for preventive mainte-

nance

_ common interfaces

small and compact size

8. low power requirements and low
heat generation

9. availability from multiple vendors

with standard interfaces

oo e

'QO\

The Interface Problem

The block diagram in figure 1
presents a common approach to inter-
facing a Winchester disk with an
existing computer system. The exist-
ing system contains a micropro-
cessor, memory, and one or more
peripherals that are all running under
control of the CP/M operating sys-
tem. All this hardware is plugged into |
and communicates via the S-100 bus.
To add the Winchester system, the
designer must provide an HCA (host ’
computer adapter) that allows com- 3
munication between the existing
system bus and the disk controller. In_
addition, there must be a disk con- &
troller that accepts commands from |
the system via the HCA and in turn &
commands the Winchester disk to
perform the desired functions. Final-
ly, the designer must add software to 3
the CP/M system to receive disk I/ o
(input/output) requests from applica- ]
tion programs, such as “read a file” or
“write a file,” and translate these re-
quests into commands for the HCA.

Now welll discuss each of the
elements in the Winchester system in
more detail, concentrating on the =
operation of each element as well as
the interfaces between the variou
elements.

The Disk and Disk Interface

A Winchester disk is similar to an
other disk system in terms of opera
tion and organization. The disk ¢
be considered to be composed of cofZ§
centric tracks of recorded informa
tion. Each track is further subdivide
into sectors. A typical 5%a-inch Wit
chester drive system may contain U
wards of 40,000 individual secto




each containing its own sector

;}JQL'EN:T“ER address information and data-storage
: - space. As the following discussion
‘ ( DRIVE SELECT (4 LINES) will show, the operation of a Win-
HEAD SELECT (3 LINES) chester disk is very similar to that of a &
STEP standard floppy disk. The major dif-
DIRECTION ference is the speed of operation and
TRACK 000 the amount of data that a Winchester
© SEEK COMPLETE J1 can hold. The speed of operation also
. T INDEX CONNECTOR requires that we use a dedicated hard-
S ware disk controller rather than have -
CONTROLLER | < rTioN) the controller functions performed by
> software as in a floppy-disk system.
WRITE GATE ' ' Figure 2 illustrates the standard
«——WRITE FAULT ' 514-inch Winchester disk drive inter- 3
MFM_WRITE DATA face, which connects the disk drive to E
«___MFM READ DATA 92 the disk controller. Signals in this in- |
DRIVE SELECTED CONNECTOR terface are of three basic types. The 3
L first type provides power required for -
( *59 disk operation, in this case +12 and 4
0 +5V_RETURN )3 +5 volts DC. Signals of the second
oS +12V CONNECTOR type are data signals that transfer &
+12V RETURN data between the disk and the con-
FRAME GROUND troller. The data is transmitted serial
LA NNECTOR ly at a 5-megabit-per-second rate i
MFM (modified frequency modula

tion) format. The last type of signals |

Figure 2: The standard 5Yi-inch Winchester disk-drive interface. are signals for control purposes that
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put on the disk in the first place. This
process is called formatting. When a
disk is formatted, the controller starts
on track 0 and, following the index
position, writes the sector-address in-
formation for the first sector on the
disk. It then fills the data area follow-
ing the first address with nulls -or -
other characters to reserve the data |
space for future use. As soon as it has. |
filled the area, the controller begins
the process over again for the next
sector, writing the sector-address in-
formation and then reserving the data
area. This process continues until all
the sectors on the first track of the
disk are formatted. The controller
then steps the read/write head to the
next track and repeats the process
until it has formatted all the sectors E
on all the tracks. 4
Formatting is typically performed
only once because creating the sector
addresses and reserving the data areas §
would destroy any previously stored |
information on the disk. When for- |
matting, we generally have to define |
the size of the data area associated §
with each sector. The size of this area |
affects the total number of sectors on
the disk and thus the fraction of th
available disk space that the sector
address information occupies. Typi-3
cally, these data areas are set up t
hold either 256 or 512 bytes of infor
mation, although special applications
could require different allocations for}
optimum storage efficiency. For ot
case we will restrict consideration t
the 256- or 512-byte cases.

(3a) INDEX

ROTATION
- _- POSITION

DISK
PLATTER

READ/WRITE
HEA . v
INDEX POSITION «

| =

(3b)
\

DESIRED
SECTOR

DESIRED

(3¢c) SECTOR

INDEX POSITION
(3d)

DESIRED
SECTOR

_,/\\ /

T =-INDEX
POSITION

0

Figure 3: Reading a sectorona hard disk. In figure 3a the read/write head moves to the
proper track. In 3b the read/write head is positioned and waiting for the index pulse.
When the index position passes under the read/write head (3c), the disk controller starts
reading the first sector on the selected track and continues to read until the desired sec-
tor is reached. In figure 3d the desired sector is under the read/write head and the con-

troller begins transferring data.

allow selection of a particular drive,
stepping of the read/write head in the

* selected drive, and control of other

“primitive disk functions.

Probably the easiest way to under-

~ stand disk operation is to go through
- the steps involved in seeking and
‘reading data on a particular sector of
~ the disk. In our case, these are the
functions performed by the con-
 troller. As the first step in the process,
the controller moves the read/write
head to the track containing the
desired segment by sending control
signals to the disk drive. When the
read/write head is on the proper
track, the controller then waits for a
specific portion of the disk called the
index position to pass under the head.
This index position provides orienta-
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tion information which identifies the
start of a track. The controller then
begins reading the serial data coming

“from the disk, looking at the sector-

address information for each sector
until it locates the address indicating
the desired sector. The data im-
mediately following this address is
then captured and the read is com-
pleted. This sequence of events is
shown diagrammatically in figure 3.

A disk-write operation is per-
formed similarly. The same sequence
of events occurs until the controller
locates the proper sector. At this
point, instead of reading data from
the disk, the controller sends new
data to the disk for recording.

The final point to be covered is
how the sector-address information is

t

Because of the need for formatti
(i.e., placing sector-address informa-
tion on the disk) manufacturers quote
two storage-capacity measures for
disk systems. The unformatted nums
ber refers to the total amount of data
that can be stored on the disk. T ‘
formatted number refers to the t
amount of data space that is availabl
on the disk after it has been format
ted. In ‘general, the latter measure
of more importance to disk users.

The Controller

and Controller Interfaces
‘Working backward from the d

drive toward the S-100 bus, the

device in the disk-drive subsyster

the disk controller. We just discut

text continued on page
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Figure 4: A block diagram of the disk controller.

the signals that the controller uses to
access particular sectors on the disk.
Now we'll discuss how these signals
are generated and, in general, how a
controller operates. A

The controllers we will address are
characteristically known as “smart”
controllers. This means that they
have some internal processing capa-
bility and use this capability to per-
form many of the interfacing chores
with the disk without intervention
from the host computer. The speed of
the Winchester disk drive necessitates
a dedicated controller to effectively
handle all disk control and timing.
Figure 4 presents a conceptual block
diagram of this type of controller.
The disk-drive interface, which we
have already discussed, is on the
right, and the interface to the HCA is
on the left. A common interface be-
tween the controller and the HCA is
based on that developed by Shugart
Associates, known as the Shugart
Associates System Interface (SASID).
As shown, the SASI consists of two
8-bit connections. One set of 8 bits is
for data and the other is for control
signals. The control signals are split,
with 5 bits used for controller-to-
HCA signals and 3 bits for HCA-to-
- controller signals.

Internally, the controller is a bus-
structured device with an 8-bit pro-
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cessor, a sector buffer, a serial-
izer/deserializer, the disk interface,
and the SASI interface connected to
the internal bus. Again, the easiest
way to understand the operation of
the controller is to go through a
typical sequence of operations. In this
case, the controller will perform a
read operation from a particular sec-
tor of the disk. The process starts
when the host computer, using the
HCA, generates a Select signal on the
SASI interface. This alerts the con-
troller that a command sequence will
be coming in over the 8-bit data port.
Through a series of handshakes, a
command sequence consisting of 6
bytes of data is passed through the
data port of the SASL. These 6 bytes
contain the command to be executed
by the controller—in this case, read
data—and the sector address of the
data to be read.

With this information, the con-
troller begins to execute the requested
command using its internal pro-

cessor. It sends commands to the disk_

to move the read/write head to the
track that contains the desired sector.
Once the head arrives at the right
track, it waits for the index pulse and
then starts reading the data coming
from the disk to find the appropriate
sector. The 8-bit processor reads the
data from the disk after it has gone

through the serializer/ deserializer
The deserializer portion of this devic
receives the MFM data directly from |
the disk, performs error checking and
error correction on the data, and then
passes the data to the 8-bit processor -
(via the internal controller bus) in
parallel byte format. Once the con
troller locates the desired sector,
transfers the data from the disk int
the sector buffer. This buffer is esse
tially a RAM (random-access read/
write memory) chip that is used to_
store the information retrieved from
the disk until it is requested by the
host processor. The controller in-
forms the host system, through the
SASI port, when it has completed the
data transfer. At this point the host
can read the retrieved data out of the
controller and take any appropriaté;
action with it.

A write operation is performed in2
similar manner. In this case, the host
sends the Select command and the
6-byte command sequence to the cont
troller that tells it to write data 0
particular sector. The host then sends
the controller the data to be writt¢i:
into the particular sector. The cot;gg
troller accepts this data and placesg‘
in the sector buffer. It then initia ,?g
the series of actions to find the s cte
to which the data is to be writt
When the controller locates this




tor, it passes the data from the sector
buffer through the serializer, which
adds error detection and correction
bits to the data, and then sends the
result to the disk in serial MFM form.

In addition to the read and write
functions, a smart controller can per-
form a number of other functions, in-
cluding formatting the disk, refor-
matting a particular track on a disk,
and a variety of built-in test and loop-
back test functions. These functions
are initiated exactly like the read and

write functions but with a different
set of commands passed to the con-
troller. ‘

The Host Computer Adapter

The last piece of hardware required
to complete the Winchester system in-
terface is the host computer adapter
(HCA). As figure 1 indicates, this
adapter allows communication be-
tween the host computer S-100 bus
and the SASI on the controller. A
number of options are available in de-

QUALITY COMPUTER FORMS
AT PRICES YOU CAN AFFORD

L]

Durango * Dynabyte ¢ Gold ¢ Great Plains ©

WE SUPPORT MORE SYSTEMS WITH  °
FORMS THAN ANYONE! o
i e

INVOICES e STATEMENTS e CHECKS © P.O.’s +SHIPPERS « MEDICAL FORMS
INCOME TAX FORMS ¢ W2'S « LETTERHEAD

Accounting Plus ¢ Altos Accountant » Apple Controller ¢ Broderbund ° Continental

Consuitants  Open Systems ¢ Peachtree * Radio Shack * Solomon e Star ¢ Stateof the
Art o Structured Systems ¢ Systems Plus ¢ TCS ¢ TSE © Vector Graphics
We Support 215 Systems Not Listed Here, So If You Don't See Your
Software Here Call Toll Free For A Free Sample Packet Of Forms
For Your Software.

Libra Programming Inc. * Microcomputing

| WORD PROCESSI

NORMAL COMPUTER PAPER USES FIV

"TIES™ PER INCH. THIS PRODUC
EDGE WHEN BURST,
QUANTITIES.

IN FOUR "CLASSIC LAID"™ PAPERS,

FOR 1,000,

IMPRINTING, DEALER,

SHEERCUT

|| SHEER CUT LETTERHEAD FROM CHECKS TO-GO USES A NEW PROCESS TO
PRODUCE CONTINUOUS FORM PAPER THAT TRIMS CLEAN WHEN BURST.

SHEER CUT USES A NEW TECHNOLOGY TO PRODUCE 80 PERFS OR

AND IS ECONOMICAL IN BOTH SMALL AND LARGE
SHEER CUT IS AVAILABLE ON A STOCK FORM BASIS

CONTINUOUS FIRST AND SECOND SHEETS.
$235 FOR 5,000 AND $400 FOR 10,000,

1

|

|

1

i

|| CUSTOM ORDER. EVERY OTHER FORM CAN BE IMPRINTED TO PRODUCE
|

: AND VOLUME PRICING AVAILABLE.
1

1

E PERFORATIONS PER INCH, BUT

ES A VERY CLEAN AND UNIFORM

OR IN ANY TYPE PAPER ON A

BLANK PRICES ARE $60
WITH

NG LETTERHEAD

\\
@ S
e ~

N

® ® O/

_CONTINUOUS AND SNAP-OUT -
N W2°'s

AND OTHER CONTINUOUS
TAX FORMS

L

' g4Checks To-Go

I
Your Assurance of

144  March 1983 © BYTE Publications Inc

CALL TOLL FREE NOW: (800) 854-2750 IN CA (800) 552-8817
(619) 460-4975

8384 Hercules St. ¢ P.O. Box 425 © La Mesa, CA 92041

Value and Service.

| fer was to begin, and how many bytes |

signing an HCA, but basically they
boil down to the degree of intelligence
that is to be incorporated into the
HCA. In more simple designs, the
HCA consists of only a couple of out-
put ports on the S-100 bus with the
proper address-decode logic. In this -
case, the two output ports on the
S$-100 bus correspond to the two 8-bit
ports of the SASI interface, and the -
HCA is essentially a buffer device
The disk-driver software then manip
ulates these two ports to perform any :
required function exactly as if the
controller were part of the system.
More complex designs would allow
the HCA to perform some of the
functions that would be performed by
the host computer in the simpler de-
sign. Again, an example will best il--
lustrate the process. Assume that a.
host system wishes to transfer a sec-
tor of 256 bytes from the host system
to the disk. In the case of the simple
HCA design, the driver software
would be informed by the operating
system of this required transfer and
then would send the proper com-.
mands to the controller to initiate the |
transfer process. In addition, the
driver software would sequentially
fetch each of the 256 bytes of data to
be transferred from the host memory
and pass it through the SASI data
port to the controller. .
An alternate, more complex design
of the HCA would eliminate much of
this processing burden from the hos
system’s processor. If the HCA wer
given DMA (direct memory acces$
capability, all the host processo
would have to do would be to tell th

where in host memory the data trans-|

of data to transfer. The HCA woul
then take over the entire process
fetching the data from host memor
and passing it to the controller an
would simply inform the host proce
sor when the process was complete.

As the description implies, P
viding the HCA with DMA capabili
increases the total system perf
mance by reducing the load on
host processor. This increased perfo
mance carries with it a penalty
terms of increased cost and comp!

Circle 77 on Inquiry card.

ty of the HCA. In the design of %%
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Figure 5: A block diagram showing how the BIOS’ for the Winchester disk drive is in-

serted into the CP/M operating system.

system, we considered this trade-off
carefully. In next month’s article on
the hardware design, we will go
through these trade-offs in detail and
describe what system we chose and
the reason for that choice.

Variations

Up to now, we have described a
general Winchester interface system
that consists of a drive, a controller,

and an HCA. Any given system must
contain all these components. How-
ever, there is considerable latitude in
how these components are packaged.

One common packaging strategy is to-

put the controller and HCA functions
on the same board. In this configura-
tion, a single board plugs into the
S-100 bus and a ribbon cable connects
this board to the disk. In another
strategy, the HCA is plugged into the

“troller to the disk. This second con-
figuration is likely to be more com- .

- amounts to only the cost of the drive

N RN
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$-100 bus and a ribbon cable connects
the HCA to the controller and anoth-
er ribbon cable connects the con-

mon because it allows builders of
controllers to build one controller
card that is applicable to many
systems. In fact, as you will see next
month, this is the configuration we -
chose. :

In the previous discussions, we ..
have not mentioned the possibility of
adding multiple Winchester drives to
a system. This is certainly possible
and can be done with very little
design effort. In most cases, the in-
cremental cost of the second drive

itself and the interconnection hard- : |
ware. We will cover this option in
detail next month when we discuss |
the specifics of the hardware im-
plementation we chose and the par-
ticular controller hardware. :

Operating System
Considerations

The final step in integrating a Win-
chester disk into an existing S-100 {
CP/M-based system is to somehow |
make the CP/M operating system !
aware that the disk is part of the
system. This is done by expanding the
existing CP/M BIOS (basic input/
output system) to include the new
disk. The existing BIOS contains all
the software necessary to run the cur-’
rent peripherals on the system. The
modification we need would keep
these -existing routines and add the -
necessary routines to communicate -
with the new Winchester disk drive.
The simplified memory map of CP/M.
both before and after the required
modification, presented in figure 5,
shows how this can be done. At the
top of the existing BIOS is a jump
table that points to the various
primitive disk functions for an exist
ing system. These functions includ
set track, set sector, select disk, rea
sector, write sector, etc. In order ;’

‘add these functions for the new dis

the CP/M system is moved using &
MOVECPM utility, and a new j mp
table is installed that points to e
new disk routines. This new codeﬁﬁ

addition to performing the req4



disk functions, keeps track of which
disk is selected. If the Winchester is
the selected disk, then these new
routines perform any requested func-
tions. On the other hand, if another
disk or peripheral is selected, say the
existing floppy disk, then the com-
mands are passed directly to the old
BIOS routines for that system. In this
way, with a minimum of difficulty,
the disk primitive routines for the
new disk can be included in the
CP/M system. We will cover the de-
tails of the BIOS routines for the Win-
chester system as well as the pro-
cedures for reconfiguring the existing
system in part 3.

Summary

So far we have covered, in a gen-
eral way, all the components required
to interface a Winchester disk with an
existing S-100, CP/M-based system.
You should now have a fairly com-
plete understanding of what a Win-
chester disk is, how it operates, and
what some of the differences are be-
tween Winchester disks. In addition,

you should now have a general grasp
of the 5Va-inch drive interface, the
Shugart Associates Standard Inter-
face, the functions of a smart con-
troller, and the host computer
adapter. In parts 2 and 3 we will
cover a specific example of the inter-
facing process in detail, using com-
mercially available equipment: next
month we will describe the hardware
including the HCA, the controller,
and a disk power supply; and in the
final article we will describe the soft-
ware aspects of writing new BIOS
routines for CP/M and reconfiguring
the system to include the new Win-
chester disk drive.

These articles will cover only the
details of interfacing with S-100
CP/M-based systems. For interfacing
with other computers and operating
systems, however, the procedure is
much the same. First, an HCA must
be designed to allow communication
between the host computer and the
disk controller. Then the equivalent
of the CP/M BIOS must be found in
the operating system used, and new

code must be gene:ated to include the
Winchester disk system. Depending
on the availability of documentation
on the hardware and operating sys-
tem, this may or may not be an easy
task. Hopefully, this series will pro-
vide a reference point from which to
proceed.®

_The Winchester disk drive subsys-
tem described in this series of articles is’
available as a completely ‘assembled
unit from ASC Associates of Lexington
Park, Maryland. In addition to the
S-100 version discussed, versions are
also available for TRS-80 and Apple
computers. The disk-drive systems for
 these computers use the same drive and
controller hardware as the S-100 ver-
sion but use a different host computer
‘adapter and interface software. Untila |
nationwide dealer distribution net-| |
‘work is established, these systems will
“be available by mail order for $1995.
"To order or obtain further informa-
tion, write to ASC Associates Inc.,
POB 615, Lexington’ Park, MD 20653,
or phone (301) 863-6784. = :

Connector Option $10.00
CA Residents 6% tax
UPS Shipping $3.00

Engineering
Specialties

Serial 4 uUININNEp Parallel

+ RS232 Serial
% 8 Baud Rates

Today!

Printers! Plotters! Punches! Robots!

Convert What You Have
To What You Want!

+* Latched Outputs

No longer will your peripheral choices be limited
by the type of port you have available! Our new
High Performance 700 Series Converters provide
the missing link. Based on the latest in CMOS
technology, these units feature full baud rate
selection to 19.2K, with handshake signals to
maximize transfer efficiency. Detailed documen-
tation allows simplified installation. Order the
™ ~ Model 770 (Ser/Par) or Model 775 (Par/Ser)
1501-B Pine Street
Post Office Box 2233
Oxnard, California 93030

Buffer Products
Coming Soon!

CALL (805) 487-1665 or 487-1 666 For FAST Delivery

* Centronics Parallel
x Handshake Signals
% Compact 3% x 4% x 1% |
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juilding a Hard-Disk Interface

for an S-100 Bus System
Part 2: The Hardware

In last month’s article we described
Winchester disk-drive technology
and generally how drives of this type
are integrated into microcomputer
systems. This month we will be more
specific and describe how a particular
set of hardware can be assembled to
provide Winchester disk capability
for an S-100-bus microcomputer.
After reading this article, you should
understand the concepts involved in
the design, fabrication, and integra-
tion of the hardware needed for a
10-megabyte S-100-based Winchester
disk system.

The block diagram presented in
figure 1 shows the various com-
ponents of the Winchester disk sub-
system. The functions of the host
computer adapter (HCA), the disk
controller, and the disk drive were
described in last month'’s article. The
only remaining component in the
diagram is the power supply, which
provides the disk drive and controller
with power.

About the Authors

Andrew Cruce has a Ph.D. in Aerona-tical
Engineering and has recently received an S.M.
degree in management as a Sloan Fellow at
MIT. Scott Alexander has an M.S. in Electrical
Engineering. Both have extensive design and

implementation experience with small com- -

puters and are full partners in the firm of ASC
Associates, which markets the hardware de-
scribed in this series of articles.
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This diagram suggests an approach
to designing the disk system. The first
step is to establish the data path; that
is, you must determine how the
HCA, the disk controller, and the
disk drive are connected. Before you
can do this you need to settle on the
particular disk and controller to be
used in the system as well as the func-
tions that are to be included in the
HCA. Once you complete this pro-
cess, you'll have enough information
available to specify power require-
ments for the system and to identify
power supplies that could be used in
the system. Finally, when the data in-
terface is complete and you've chosen
a power supply, you can consider

“how to package the system.

We'll now proceed through this
design sequence, first discussing the
availability of disk drives and con-
troller cards and which ones we ulti-
mately adopted. Next we'll cover the
requirements for the HCA and go
into the detailed logic design of this
component. Finally, we will examine
some of the options in choosing a
power supply for the system and
show the steps required to construct
an attractive and reliable package for

“the system.

Disk Selection
The first decision we made in se-
lecting a disk was on its size and stor-

age capacity. As we stated last
month, we chose the 5Y%-inch disks
because they offered what we con-
sider to be more than sufficient stor-
age capacity for most applications at
a reasonable price. When we started
this project, a number of manufac-
turers, including Seagate Technol-
ogy, Shugart, Memorex, and Mini-
scribe, offered 5Vi-inch Winchester
drives. We needed a drive with a
disk-to-controller interface equiva-
lent to that of the ST-506 disk drive
manufactured ‘'by Seagate Technol-
ogy. This interface has become the de
facto standard in the industry and
provides the freedom to select from a
number of potential controllers that
are compatible with this interface.

In considering the storage capaci-
ties available on the 5Y4-inch-drive
systems, we found that 10-megabyte
systems were becoming available at
prices only marginally higher than
the smaller 5-megabyte systems.
Based on the attractive cost per bit of
storage capacity of the 10-megabyte :
drives, we opted for the higher-capac-
ity disk systems. .

With these criteria in mind, and
taking into account the price/perfor-
mance ratios of the available units, .
we chose the 10-megabyte disk drive -
manufactured by the Miniscribe Cor-
poration. Our initial choice could

' change because we made it at a time

Circle 299 on inquiry card. === :
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Figure 1: Winchester disk-drive subsystem block diagram.

" when many disk-drive manufacturers
had not yet commenced delivery of
10-megabyte hardware. However,
now that the Seagate Technology in-
terface has become the industry stan-
dard, virtually any new 5Vi-inch
drive currently being manufactured
could be immediately plugged into
whatever controller we selected. This
also means that, for the purposes of

 this article, you could substitute any
other 5%4-inch Winchester disk drive
as long as it uses the Seagate Technol-
ogy standard interface.

Controller Selection

Our decision on which controller
to use in the system was somewhat
more complicated. The first and most
important requirement was that the
controller be compatible with the
Seagate Technology ST-506 interface
(so as to be compatible also with any
of the disk drives we were con51der-
ing). ol
. The second requirement was thatr
the controller implement the Shugart -
Associates Systems Interface (SASI)
to the HCA so that we could interface
not only to S-100 systems, but also to
a variety “of other microcomputers
such as the Apple, the Osborne, and
the TRS-80. This criterion eliminated
some of the available controllers, in-
cluding those made by Morrow,
which interfaced directly with the °
S-100 bus. A few of these devices
would also have been eliminated
because any system they are used in
must conform to the IEEE standard -
for the S-100 bus. The problem here is
that many of the older S-100 systems
.do not conform completely to this
standard (for example,.a number of

306  April 1983 © BYTE Publications Inc

formance per

systems do not implement the ex-
tended 24-bit addressing of the IEEE
S-100-bus specification) ‘and thus
would not operate properly with the
“S§-100-compatible” controllers.
Working within these constraints,
we considered the cost, performance,
size, and power consumption charac-
teristics of a number of commercially
available Winchester disk-drive con-
troller boards. At the time we made
the selection, the Xebec $1410 con-
troller appeared to offer the best per-
dollar "expended.
Again, for purposes of this article, the

choice of the particular controller

board does not largely influence the
rest of the design. If you have a con-
troller board that uses the SASI to
connect to the HCA and a Seagate-
Technology-compatible interface to
connect to the Winchester drive, then
the hardware and software designs
covered in this series should work

- with little or no modification.
 After we verified that the controller

and disk ‘were indeed compatible, all

we needed to cornplete this interface
was to fabricate a 34-conductor and a

20-conductor ribbon cable to connect
the disk and the controller. The next
step was to decide on the require-
ments for the HCA and to de51gn the
hardware accordmgly

HCA Interface Requirements
Several preliminary choices had to
be made before we designed the host

_computer adapter for the Winchester

disk system. The first was whether
the disk subsystem should have DMA
(direct memory .access) capability.

‘The alternative was to design the

HCA to allow the host computer to

‘strap for the system that would bring

“design of the HCA can be divided

 troller board, a PROM subsystem on

' elements results in the initial top-level

perform data transfers between the
disk and computer memory. Based on
our assessment of most micropro-

sidered that the additional speed
gained by providing DMA capability
in the HCA was not worth the addi-
tional complexity and expense that
this capability would require. Thus
we initially decided that the HCA
would not perform DMA data trans-
fers from the disk to memory.

. The second decision concerning the
design of the HCA was whether or
not this device should contain a
PROM (programmable read-only
memory) chip and a new system-
bootstrap program. Assuming that
the system to which the Winchester
disk is to be connected is operable, it
should already have a bootstrap pro-
gram. However, this program is
designed to work with the original
disk peripherals. It is possible to in-
terface a Winchester disk with such a
system and then use a separate “Win-
chester Boot” program to bring the
Winchester disk BIOS (basic in-
put/output system) routines into the
system. However, this means that a *
hardware bootstrap will always go to
the original disk system.and that the
Winchester Boot program must al-
ways be run to bring the Winchester
drive into the system. We considered
this to be a fairly cumbersome pro-
cedure and decided that we should
provide the capability for a new boot-

up the Winchester disk and all the -
previously existing peripherals in the
system

Host Computer Adaj)ter Design
Based on these requirements, the:

into three essential elements: a con
nection to the SASI on the disk con

the HCA board to store a new boot
strap program, and an interface to the -
S-100 bus that provides all the signals.
required to support the first two
elements. The combination of these_,.

HCA block "diagram presented in
figure 2.

The SASI interface on the disk con-
troller is a 2-byte parallel interface
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Figure 2: Block diagram of the host computer adapter (HCA) for the Winchester disk drive.

The first byte contains 8 bits of data
being sent to or received by the con-
troller. The second byte consists of
control and status signals that are

used by the host processor to deter-
mine the status of and provide con-

trol to the disk controller board. The
controller board receives these signals
on a standard 50-conductor ribbon
cable. The signal names, descriptions,
and pin numbers are presented in
table 1. The portion of the HCA that

communicates with the disk con-

troller must send these signals to the
controller, preferably via a 50-con-
ductor cable.

The PROM portion of the HCA .

board is relatively simple in concept.
Basically, it provides 2K bytes of
nonvolatile memory to store a boot-
strap loader. However, in considering
the actual design, a number of ques-
tions arise. The first is whether to
provide a wait state for access to the
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PROM. Depending on the speed of
the processor being used, it may be

necessary to make the processor wait

during memory-access operations to
allow the PROM time to access the
requested data. Another question is
whether to provide compatibility
with memory systems that support
phantom memory. In these systems
the bootstrap PROM can be located
in memory locations that overlay
normal RAM (random-access read/
write memory). During the bootstrap

operation, the PROM system must

assert a PHANTOM signal, which

. ‘causes the RAM in the computer not

to respond as long as the signal is
asserted. Thus the PROM is accessed
during the bootstrap, and then after
the bootstrap is finished the PROM is
disabled and conventional RAM
memory replaces the PROM in mem-
ory. As we will show, neither of these
two options is particularly difficult to

‘these two capabilities flt into the

_ments. Accessing the PROM is like

"pDBIN to gate the PROM data onto

2 _po
4 o1
6 b2
SAS| 18 _p3
DATA 10
TRANSCEIVERS [}, ~D*
e 22 _ps
14 _ 16
116 __p,
SASI
CONTROL
8 STATUS
50,0
STATUS € co
RECEIVERS 136 ~Bsy
148 _req
' 40 _
CONTROL as ST
DRIVERS s SEL
138 _ack

1

SAS! SIGNALS
(NUMBERS REFER TO
PIN NUMBERS ON 2
* SASI CONNECTOR)

implement, so we decided to design
both a wait-state enable and phan-
tom-memory support into the HCA. ¢
Again, figure 2 shows basically how

system

With the SASI interface and the =
PROM memory established, it is now |
possible to determine what signals.
from the S-100 bus must be used to_
communicate with these two ele-

accessing normal memory. All that is
required is some address-decode logic
and some combinational logic using
the S-100 bus signals sMEMR and

the S-100 bus. Several other signals
are needed to support the memory.
wait state and the phantom-memol'y
capability. These are the -pRDY sig-
nal going back to the processor
(which keeps the processor in a wait.
state), the -PHANTOM signal baC,,




R

TTEHED T TR

Table 1: Signals and pin locations for the Shugart Associates Systems Interface

Signali Pin Description
Mame Number
I} 50
CiD 46
qualified by -REQ.
-BSY 36
troller is ready for data.
MSG 42
-REQ 48
-ACK 38
-RES 40
100 nanoseconds.
-SEL 44
-DBO 2
-DB1 4
-DB2 6
-DB3 8
-DB4 10
-DB5 12
-DB6 14
-DB7 16
(SASI) between the disk controller and the host computer adapter (HCA).

Input/Output: open collector output from controller to
HCA. Low level indicates a controller-to-HCA data
transfer. This signal is qualified by -REQ.

Command/Data: open collector output from controller
to HCA indicating command or data on the data bus.
Low level means command bytes. This signal is

Busy: open collector output from controller to HCA in-
dicating a controller is ready to receive data or com-
mand information from the HCA. High level means con-

Message: open collector output from controller to HCA
indicating that the current command is complete. (This
signal is not used in our design.)

Request: open collector output from controller to HCA
to initiate controller-host handshaking sequence.

Acknowledge: host-generated signal that is asserted
active low in response to controller -REQ when the host
is ready to receive or transmit data. In order to com-
plete the handshake, the host adapter must send -ACK
in response to each -REQ from the controller.

Reset: host-generated signal, active low, that resets the
controllers. This signal must remain low for at least

Select: host-generated signal, active low to initiate a
command transaction to a controller.

Data Bus 0 through 7: tristate input/output bus
to send data/command information from

the host to the controller or for the

host to receive data from the controller.

to RAM (causing it not to respond),
one phase of the system clock (PHI),
and the Power On Clear signal (-POC
or -RESET).

In addition to supporting the
PROM, it is also necessary to provide
for data communication between the
S-100 bus and the SASI ports on the

CA. There are two ways of doing

- this. One is to make the SASI ports
appear as memory to the processor
and use memory-mapped I/O to
Communicate with these ports. How-
ever, this uses up memory space, and
a better approach is to use the I/O
Ports that are accessed by the 8080 IN
and OUT instructions. This again

calls for some address-decode logic to
determine which port is selected and
some combinational logic on the
S-100-bus signals sINP and sOUT.
These signals indicate whether data is
to be written to or read from the par-
ticular port selected; figure 2 shows
generally how they are used in the
HCA design. They are standard S-100
signals, and a detailed description of
their use and required characteristics
can be found in any complete descrip-
tion of the S-100 bus.

In the logic design process, the
block diagram shown in figure 2 is ex-
panded to include the digital logic
necessary to perform the functions in-
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Port Action ‘ Function

Number

0 READ reads SAS| data onto S-100 data lines
WRITE writes 8-100 data to SASI data port

1 READ returns four status bits on S-100 data lines °

- WRITE generates SAS| SELECT signal

2 READ no action
WRITE with data bit 5 set turns PROM on

3 READ no action .
WRITE generates SAS| RESET signal

Table 2: /O port read/u}rite functions of the host computer adapter (HCA), relay-
ing information between the S-100 bus and the disk controller.

dicated in the diagram. Figures 3
through 5 show the result of this ex-
pansion. Figure 3 shows the address-
decode logic and the S-100/SASI data
bus buffering. Figure 4 shows how the
PHANTOM signal and the memory
wait state are generated, and figure 5
shows the port-decode logic and the
remainder of the system.
The memory and port-address
logic are set up so that the address of
_ the PROM and the I/O ports are
selectable using a set of switches on
the HCA board. For the PROM, the
upper five address bits are compared
with a switch setting on the board
and used to generate the MEMSEL
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signal, which is used by the logic in
figure 4 to generate -PRMENA to
enable the' PROM. Similarly, bits 2
through 7 of the address are com-
pared with switch settings on the
HCA to determine if an I/0 port on
the HCA has been selected. If a match
is found, IOSEL is asserted and bits 0
and 1 are used to determine which of
four possible 1/O ports has actually
been selected. At this point there are
eight possible operations because
each possible I/O port may be either
read or written depending on the
status of the sINP and sOUT signals
on the S-100 bus. Table 2 shows the
results of each of these eight possibili-

ties. If ports 0 or 1 (of the block of
four selected I/0 ports) are read,
signals are generated that cause either
SASI status or SASI data to be placed
on the $-100 data bus. Reading ports
2 or 3 does not cause anything to hap-
pen. A write to port 1 generates a
select signal at the SASI, and a write
- to port 0 writes 8 bits of data from the
S-100 bus to the SASI data port. ‘A
write to port 3 generates a -RST sig-
nal at the SASI. Finally, a write to
port 2 with data bit 5 set or reset
enables or disables the PROM on the
HCA. o
Figure 4 shows how the wait-state
and the phantom-memory options
are handled. When the memory is
selected, the output of the flip-flop
U10 is set low and remains low until
the next transition of the PHI clock
signal raises it. This sequence gen-
erates the -pRDY signal, which is
qualified by a switch setting. If the
switch setting allows this signal to get
to the S-100 bus, the result is a single
wait state each time the PROM is
selected. This allows use of PROM
memory that would be too slow to
respond to the high-speed Z80 pro-
cessor boards on some S-100 systems.
The upper portion of the figure also
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shows the combinational logic used
to generate the PHANTOM signal.
The PHANTOM signal is gener-
ated whenever the PROM is selected,
depending on the state of flip-flop
(U10). This flip-flop enables genera-
tion of the PHANTOM signal on
receipt of the Power On Clear (-POC)
signal and disables generation of
PHANTOM when the host writes to
port 2 of the four selected output
ports with data bit 5 set. This whole
operation is qualified by the switch
on the board that either allows or dis-
ables PROM operation. For systems
that support phantom memory, the
intended mode of operation is to have
the Power On Clear signal (which is
the hardware boot signal) enable the
PROM and the generation of the
PHANTOM signal. The bootstrap in
the PROM would then run and load a
loader program into RAM. The
loader program would then load the
CP/M operating system, and (as a
final instruction before transferring
control to the operating system) the
loader program would write data to

port 2 with data bit 5 reset to disable
the PROM from memory.

Figure 5 shows how this all comes
together to perform the required
HCA functions. For a PROM access,
the upper five bits of the address,
qualified as shown in figure 4, form
the -PRMENA signal that enables the
PROM. The lower eleven bits of the
address are sent directly to the PROM
to select the byte of data from the
PROM that is to be read. This data is
then placed on the S-100 data bus
using the tristate bus driver (U17).

The way data and control informa-
tion are transferred to and from the
SASI depends on the particular por-
tion of the SASI being addressed. The
-RST and -SEL signals are generated
by writing to ports 3 and O, respec-
tively. The -ACK signal is automati-
cally generated if -REQ is asserted
any time data is read from or written
to the SASI. The control information
from the disk controller to the host
computer is read by sending an IN in-
struction to port 1. This places four
bits of control information on the

S-100 data bus. The data portion of
the SASI is addressed by reads and
writes to port 0. A data write to port
0 latches the data off the S-100 bus
(U8) and passes this data through the
data bus driver (U9) to the SASI if it
is enabled by the SASI 1/O control
line. Data is received from the SASI
data bus by U13. When the HCA is
driving the data bus, the latched data
from the S-100 bus will be turned
around through U9 and U13 and will
be available if a read is directed to
port 0. This state exists whenever a
controller is not active on the SASI
bus and is useful for verifying the
HCA data paths.

The next step in the design process
is to take the logic diagrams shown in
figures 3 through 5 and reduce them
to a printed-circuit card that can be
inserted in a standard S-100 bus
100-pin socket. Because the S-100 bus
is fixed, the only choice in this opera-
tion is to decide how the HCA card
will be physicaily connected to the
disk controller card. For our con-

troller card, this is done using a
Text continued on page 319

Star Gemini-10 100 CPS, 9x9 hi res.

graphic, friction/tractor feed, 80
column, Parallel interface.. $CALL
Gemini 16 15" carriage. . $CALL

NEC SPINWRITER 3550
NEC's new letter-quality printer
especially designed for the IBM PC.
203 columns, auto proportional
space, justification, bi-directional,

350 words per min. Serial . $1,995

The new Epson FX-80in stock now!
Has all the features of the famous
MX-80 plus the speed of 160 CPS.
Epson MX100 I11- New /o price.Call
C. Itoh ProWriter 8510AP,120 CPS,
80 col., Graphics, Parallel . . $459
C. Itoh ProWrtier-11 1550, 120 CPS,
136 col., 2K buffer, parallel . .$699
Okida.xa ML82A, 120 CPS, 80 col.,
graphics, parallel . ... ... $399
ler_lata ML83A, 120 CPS, 136 col.,
dE:Idlret:tiona!, friction/tractor feed,
UE‘! parallel/serial interface . .$699
Okidata ML84, 200 CPS, 136 cal., !
idirectional, friction/tractor feed
Parallel interface . . .. ... $99
OK}da}a ML84S, same as ML84 but
serial interface, . , ... .. $1,099
Okidata ML92, The newest! 80 col.

BROTHER HR-1
Letter quality daisywheel printer
15 CPS, bi-directional, friction feed,
parallel interface. Super value .$759
Serial interface $829
Tractor. . . ... . S $119
COMREX CR-1-C
17 CPS daisywheel printer, bi-direc-
tional, Parallel . . . . ... .. $769
CR-1-S Above but serial . . .
Tractor

Autoranging
Digital Multimeter
3.5-digit LCD w/
auto unit & sign

1:9 CPS, friction/tractor feed, gra- :S;ga(rl::g'in;:: |
Phics, parailel interface. . . . .$! 559 Volt & Ohm w/

Ogisdata ML93, The newest/ 160
bid 136 col, tractor/friction feed,
N'-dlmcnonal, parallel . ... $899
ﬁf’ffaozxA, 100 CPS, Tractor/fri

eed, graphics, parallel . .$459

\ 10Amp AC/DC
\ range.

& Model SK-6440
Special $89.50
Above features
plus beeper for
continuity tests,
overload warning.
Zero adj. cancels
resistance  value
of test leads for
more  accurate
measurements.

P CP? Itoh F-10 StarWriter

55 org daisywheel (parallel) $CALL

i Model SK-6330
> daisywheel (parallel) $1,675

Special $129.50

EASTERN ENTERPRISES, INC.
937 S. VAIL AVE., LOS ANGELES, CALIF. 90040

Calif., Alaska, Hawaii
~(213)725-3080

REE
esk

(800)392:7081

Multi-Function

Enhancement
Cards

for IBM PC |

ComboPlus Cards
ComboPlus cards offer a maximum of 6 features. User expandable parity
memory from 64K to 256K and optional features can be added at a later
date. Disk emulator (SuperDrive) and print spooler (SuperPrint) software
programs are included with each card.

MONITOR SALE

t*t GREEN SCREEN *#

Amount of memory installed on card—————- 64K 128K 192K 256K | Dynax GM-120, 12" green, 600 line.
with one option (serial or parallel port or clock)- $335 $447 $558 $669 20 MHz. Very sharp looking. IBM Personal Computers
with two options (SP or SC, or PC) ——wrwer—e —-$375 $487 $598 $709 List $200.00. . .. . . $129.00 womp
with all options (serial, parallel ports & clock) -~ $405 $517 $628 $739 Taxan KG-12N, 12" green 800-dot, A. 64K system unit & keyboard,
List $199.00. . ... .. $149.99 two 320K drives & controller,
MegaPlus Cards ——— Zenith ZVM121, 12" green, 15MHz color/graphic card. $2,850
MegaPlus cards offer a maximum of 8 features. User expandable parity List $139.00. . ... .. $119.00 | B, g4K system unit & keyboard,

il memory from 64K to 512K. Serial port No. 1 and clock/calendar included
il with each card. Disk emulator & Print spooler programs are also included.
| Amount of memory installed on card -—--—-——-- 64K 128K 192K 256K
i $395 $506 $617 $728
w/ either parallel or additional serial port No. 2 -$435 $546 $657 $868
w/ both parallel and additional serial port No. 2 -$465 $576 $787 $898.
3!

w/ d features i d above

MegaPak option for 512K expansion . . . v v oo v v v e

1/0O Plus Cards
1/O cards comes w/serial port No. 1 and clock/calendar as standard features
stgnda}'d card with one serial port No. 1 & clock/calendar. . . .. . . .

w!th either parallel port or additional serial port No. 2. . .
with both parallel port and additional serial port No. 2 . .

THE BUSINESS MANAGER™

The most complete and affordable business package an the
market ... with all the software and:storage you ever wanted ...
just plug into your 1BM PC and run your business.!

% Fully lptegrated Accounting System

* GENERAL LEDGER

* ACCOUNTS RECEIVABLE

* BILLING

* INVENTORY CONTROL

* ACCOUNTS PAYABLE

-*x PAYROLL

% Word Processor - Perfect Writer™

* Spelling Checker - Perfect Speller ™

* File Management - Perfect Filer ™ B

* Elec. Spreadsheet - Perfect Calc™

All programs self-prompting and

menu-driven. All software gre-

installed. on hard disk and ready to

use. No more diskettes and tedious
paper work. High speed operation.
All software and hardware fully
guaranteed and supported.

' 5MB HARD DISK plus
above listed software----- $2,995
(Requires 128K and power supglv)
Power Supply (required). . . 5195

—
VISA
—

TELEX
664477

California residents add sales tax.
change without notice. We are no

To order, please send money order or cashier’s check. Personal or company checks require 2-3 weeks to
clear. Prices reflect 3% cash discount. Visa/Mastercard accepted. Shipping, insurance & handling charges
are 3% of total order value by UPS Surface, 5% by UPS Air or Parcel Post. COD’s requires 20% deposit.

two 320K drives & controller,
IBM monochrome display &
display/printer adapter. $3,225
Other configurations available

*3%+ AMBER SCREEN # %%

Dynax AM121, 12" umber, 600-dot
20 MHz. Excellent!

List $250.00. . . . . . $149.00
Taxan KA12N, 127 amber, 800-dot, | ESSlaAM/AM A A =N
List $205.00. . . . . . . $150.00

NEW! TKISolver — by the invenmr\
of VisiCalc. A fantastic software
that is so easy to use that requires
no programming knowledge. It can
also produce table & graphs. . .$249,

VisiCale .. ..o v
Desktop Plan

Jdekd RGB COLOR * ¥k

Electrohome 13", Hi res., 580 dot,
16 colors, IBM PC direct drive.
List $975.00. .. ... . $795.00

NEC JC1203 RGB Color. Ideal for
IBM PC. 690 dots hi res. 2,000
char. (8x8 dots).
List $895.00........

Cable: NEC to IBMPC . . . $19.00

Princeton HX-12, 12" RGB color,
designed with an NEC .31mm
dot pitch color tube. Hi. res.
690 dots. 80 char. x 25 lines.
Identical IBM cabinet. Most

pleasing & best price-performan-
ce monitor for your IBM PC.
List 795 . . . Best buy :$CALL
Taxan RGBuvision|,12",380dot,18
MHz. 2,000 char.(5x7 dots).
List $399.00. . . .. . . $365.00

Taxan RGBvisonll,12",510-dot,18
MHz. 2,000 char (5x7 dots).
List $599.00. . . . . . . $549.00

Taxan RGBvisionlll, 12", 630-dot,
18 MHz. 16 colors.

List $699.00. . . .. .. $640.00

Cable: Taxan to IBM or Apple 111819

VisiFile. .
VisiSchedule .
VisiTrend/Plo
SuperCalc
DOS1.1......
Basic Compiler
Cobol Compiler
mpile

5% TANDON DRIVES
The newest. IBM PC compatible.
Installation instruction included.
TM100-1A,SSDD 160K . . . $175
TM100-2A, DSDD 320K. . . $259

Smart Modem

300 ——$225
1200-——$539

No sales tax on out-of-state-orders. Prices & availability subject to
responsible for typesetting errors. Send for catalog.
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Photo 1: The h.ost compittér adapter (HCA) priﬁted-ci"rcuit‘card; .

50-conductor ribbon cable, which is
the SASI standard. Photo 1 shows the
printed-circuit card that results. For
_ anyone interested in building only
" one of these devices, the HCA could
. also be implemented on a wire-wrap
- card instead of a printed-circuit card.

Power-Supply Characteristics
The HCA board obtains its power

from the S-100 Bus so the only ele;
ments of the Winchester disk subsys-

‘tem that require external power are

the disk drive and the controller card.
Both' these devices require +5 and
+12 volts (V) DC. Adding up the
power requirements for both devices
at both voltages results in total power
requirements of about 1.5 amps at
412 V and about 3.0 amps at +5 V.

- Photo 2: Thg Mz:niscribe S%f-inch Winchester disk assembly.

Several options were available for
providing this power. These included
designing and constructing a power
supply, buying a commercially avail-
able linear supply, or finding a com-
mercially available switching supply.
Fortunately we were able to find a
commercially available switching
supply that provided 2.0 amps at
+12 V and 3.0 amps at +5 V. This
exactly fit our power requirements.
Because it was a switching supply it
was small enough physically that we
could include it in a small enclosure
with the disk drive and controller
card, and the supply was relatively
efficient so that power dissipation
and cooling problems in the disk
enclosure would be minimized.

System Packaging

Choosing the power supply com-
pleted the overall design of the Win-
chester disk subsystem. The only re-
maining step was to devise a way to
package the system. This was par-
ticularly important due to the charac-
teristics of the Winchester disk drive.
Photo 2 shows the Miniscribe disk as
it is delivered from the manufacturer.
From this view it is apparent that the
disk drive, as is true of all Winchester
disk drives, is intended to be mounted
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in some type of enclosure. In fact it is
even more important to install this
disk in an enclosure than the photo
would indicate. The disk is meant to
be installed using the isolation points
shown in the photo to isolate the disk
mechanically from the rest of the sys-
tem. These isolation points absorb
“high-frequency shocks occurring dur-
_ing handling that could result in dam-
age to the very sensitive read/write

head of the drive. Thus it is impera-

tive to install the disk in an enclosure

as soon as possible and to exercise ex- -
treme care in handling the disk prxor

to its installation.

The controller card and the power
supply we chose had dimensions that
made it feasible to mount both these
elements in the same enclosure as the
disk drive. Photo 3 shows all these
elements before assembly. We chose
to mount this equipment in a box 7
inches wide, 12 inches deep, and 7v4
inches tall. In our opinion, a box this
size approached the median between
having a small, compact system and
still providing enough free space in
the enclosure for adequate ventila-
tion.

The enclosure selected had a re-
movable top, and photo 4 shows how
these various components were
mounted in the box. The disk drive
was bolted to channels attached to
the box. The controller card was at-
tached to the bottom of the box using
angle brackets, and the power supply
was bolted directly to the bottom of
the box. We constructed a cable har-
ness to route electrical power from
the power switch to the power supply
-and on to the disk drive and con-
troller. Also we fabricated three rib-
. bon cables. One of these was used to
connect the HCA to the controller
board and the other two were used to
connect the controller board to the
disk drive. Photo 4 shows the instal-
" lation with all the cables in place. As
the photo shows, the installation is
still rather compact but has sufficient
room for ventilation.

One of the last but, from a reliabili-
_ ty standpoint, one of the most impor-
tant design considerations was to
allow sufficient ventilation of the
assembled product to prevent exces-
sive heat buildup. Photo 5 shows
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Photo 4: The completed disk-drive assembly.

both the front and back of the
assembled enclosure. 'We punched
ventilation holes on the front of the
enclosure and on the rear we included
a ventilation fan to force air through
the system. We then measured the ex-
haust temperature of the air at the fan
and measured the temperature inside
the box during operation to assure
ourselves that there were no hot spots
in the box. The fact that we found no
hot spots ‘was not surprising because
all the equipment in the enclosure is
designed to be convectively cocled,
and the fan we chose had a volume
flow rate that replaced the air in the
enclosure about 40 times every
minute. The end result of the entire

design operation was the set of hard-
ware shown in photo 6, a forced-air

“enclosure containing the disk drlve,

controller, ‘and power supply; “an
HCA card that plugs into an S-100
backplane; and a 50-conductor rib-
bon cable to connect these two ele-
ments

Summary :

In this article we have descrlbed the
design and construction of the hard-
ware necessary to interface a Win-
chester technology disk drive with an
S-100 computer system. You should

now have a detailed understanding of

what is required to perform this type
of integration, and with sufficient




perseverance you should be able to
design and construct one of these sys-
tems. Next month we will finish this
series by describing the various soft-
ware components that must be devel-
oped to interface the hardware with
the system. Specifically, we will
cover how to write a BIOS that com-
bines the BIOS for the existing
peripherals on the system with a set
of BIOS routines to handle the hard
disk. We will also discuss how to
write a relocatable bootstrap loader
for the HCA PROM and discuss some
of the methodology involved in test-
ing and debugging the various hard-
ware interfaces in the system.H

The Winchester disk-drive subsys-
tem described in this series of articles is
available as a completely assembled
unit from ASC Associates of Lexington
Park, Maryland. In addition to the
5-100 version discussed, versions are
also available for TRS5-80 and Apple
computers. The disk-drive systems for
these computers use the same drive and
controller hardware as the 5-100 ver-

k{ . . sion but use a different host computer
Addres adapter and interface software. Until a
i nationwide dealer distribution net-
work is established, these systems will

i
{ rnoto 5: Ventilation details of the disk-drive assembly.

Unite _ be available by mail order for $1995.
U One To order or obtain further informa-
%a'g:ey. tion, write to ASC Associates Inc.,

POB 615, Lexington Park, MD 20653,
or phone (301) 863-6784.
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3uilding a Hard-Disk Interface
for an S-100 System "

Part 3: Software

How to alter the CP/M bperating system so that it will

Jecommodate a Winchester disk drive

In part 1 of this series we described
Winchester disk technology in gen-
eral and the benefits it would provide
for microcomputer systems. We then
gave an overview of the work that
would be required to add such a disk
to an existing computer system. In
part 2 we discussed the rationale you
chould use in choosing a particular
Winchester disk drive and disk con-
troller (we decided on a Miniscribe
disk drive and a Xebec controller).
We then described in detail the con-

* struction of the hardware interface—

the host computer adapter —required
to integrate the disk drive into the
$-100 system. In this last article of the
series we will describe the final ingre-
dient needed for our Winchester disk-
drive subsystem: the software.

First we'll review the operation of
the CP/M basic disk operating sys-
tem (BDOS) and basic input/output
system (BIOS) software. Specifically

About the Authors

Andrew Cruce has a Ph.D. in Aeronautical
Engineering and has recently received an S.M.
degree in management as a Sloan Fellow at
MIT. Scott Alexander has an M.S. in Electrical
Engineering. Both have extensive design and
implementation experience with small com-
puters and are full partners in the firm of ASC
Associates, which markets the hardware
described in this series of articles.
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we will describe the process through
which application programs use the
BDOS to access disk file information
and how the BDOS uses the BIOS to
obtain specific information from a
particular peripheral. This will high-
light what has to be done to write a
BIOS to handle the Winchester disk
system.

Next we will describe the operation
of the disk drive and controller as ac-
cessed through the host computer
adapter (HCA). We'll show how disk
commands are initiated from soft-
ware and what commands are avail-
able from the disk controller. With
this background out of the way, we
will identify requirements for a Win-
chester disk-subsystem BIOS and
how these requirements can be satis-
fied. We will then describe how a
BIOS is structured and how the BIOS
routines for the Winchester disk sys-
tem can be included with the original
system BIOS routines to support the
other peripherals. Finally, we will
briefly review the CP/M procedures
required to include the combined
BIOS in a new CP/M system.

This will essentially complete the

integration proCess. However, we can’

improve system performance even

further by putting the system’s boot-
" load a function code into th

strap routine on the Winchester disk.
We'll describe how a bootstrap pro-

and controller.

gram operates and how you ca

develop a new bootstrap and install§
on the Winchester disk drive. Well:
also spend some time discusst
various debugging techniques th
will probably be very helpful wh
you integrate the hardware and so
ware. i

BDOS and BIOS

The CP/M operating sy
basically consists of two separ.
elements called the BDOS an
BIOS. The BDOS is supplie
Digital Research Inc. and is _the
essence of the CP/M operating si&
temn. In addition to the BDOS, h
ever, the system requires a
routines known as the BIOS to haf
the hardware-peculiar functior
each peripheral in the system.’
routines are usually supplied bY,
disk-drive manufacturer and
modified by the user to includ
system peripherals. F

Accesses to disks and other ]
erals by application progrd
usually handled by calls
BDOS. These calls are made b
ing specified registers with
tion required by the BDOS an
performing a call to location
the case of disk accesses :

ter and a pointer to the fi

Gircle 112 on Inquiry ¢




BYTE DESCRIPTION

00 | POINTER TO SELECTED DISK

01

| FILE NAME
08

09

- | FiLE TYPE
11 .

12 | CURRENT EXTENT NUMBER OF FILE

113 RESERVED FOR SYSTEM USE
14

15 READ COUNT FOR EXTENT

16
. DISK ALLOCATION INFORMATION
32
33

OPTIONAL RANDOM RECORD NUMBER

35| FOR DIRECT-ACCESS INPUT/QUTPUT

Figure 1: A diagram of the file control
block (FCB) format used by CP/M.

block (FCB) of the desired file into the ’

DE register pair. With this informa-
tion, the BDOS determines what
functions are to be performed and
calls appropriate entry points in the
BIOS with the information required

to execute requested functions.

The BDOS disk functions are
described in the standard CP/M doc-
umentation and include such func-
tions as Open a File, Close a File,
Read Next Record, and Write Next
Record. The data structure that
drives all these operations is the FCB,
which is initially created by the ap-
plication program and is updated by
various BDOS functions. Figure 1
shows the structure of the FCB, which
includes, among other things, the file
name and file type along with 16
bytes of data that are used by CP/M
in the calculation of a physical device

_address for access to the requested

data. Additional data in the FCB is
used to keep track of the drive the
FCB is currently active on, a pointer
to the current record, and a pointer to
the current extent. If you are not
familiar with the FCB construct, you
can find additional information on it
and the normal BDOS disk I/0 func-
tions in Digital Research’s CP/M In-
terface Guide.

In order to understand the require-
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Circle 128 on inquiry card.

ments for the Winchester disk BIOS,
it is necessary to understand how this
BIOS is used during the normal access
of data from files contained on the
Winchester disk. Figure 2 illustrates
the steps that are performed in open-
ing an existing disk file and reading
the first 128 bytes of data from this
file. This process is representative of
the majority of the communications
that occur between the BDOS and the
BIOS during normal disk operations.

The process starts with the applica-
tion program establishing which disk

is to be active in the subsequent oper- ]

ations by loading the appropriate in-
formation in the C and E registers, as
shown in the figure, and then calling
the BDOS. The BDOS takes this in-

formation and passes it on to the 2

BIOS, which then returns to the
BDOS the address of a table that de-

fines the physical characteristics of
the disk that was selected. At this

point, control is returned to the ap- |

plication program. ,
Next, the application program

defines a DMA (direct memory ac-

cess) buffer for subsequent disk
operations by loading the DE register -
pair with the DMA buffer address, -
loading register C with 1A hexa-
decimal, and calling the BDOS. The o
BDOS in turn passes the DMA
address to the BIOS for use in subse
quent disk read/write operations.
After setting up the DMA buffer
the application program next open:
the file that is to be read. First, the ap
plication program constructs an FCB
for that file by reserving the required
amount of space for the FCB, fillin
in the file-name and file-type portion:
of the FCB, and setting the Curren
Extent and Next Record fields to zero. .
The application program then call
the BDOS with the DE register pa
pointing to the FCB and register
containing OF hexadecimal. Th
BDOS must now search the file direc
tory on the selected disk to determine
if the file mentioned in the FCB is
tually contained on the disk. In doing
this the BDOS uses the BIOS fo read
each sector of the selected disk dire
tory into memory and then searches.
for a match with the requested filé
name. When a match is found, thé

BDOS uses the information containe
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. ADDRESS -
GET SELECTED SAVE DMA READ DISK SAVE SECTOR SAVE TRACK CONSTRUCT A DCB.
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Figure 2: A diagram of the input/output process for the Winchester disi subsystem.

NEXT RECORD

1

52/16 =3
REM 4

ALLOCATION VECTORS

wNlolo|lsalw|v] =] o

Figure 3: A diagram showing how the Win
value of

in the directory entry to load the disk-
~allocation portion of the FCB. After
filling in the required information in
‘the FCB, the BDOS returns control to
the application program.
~ The function of the disk-allocation
‘Portion of the FCB is to determine the
Physical disk address of particular
f2cords within a disk file. In the case
o our Winchester disk system, the 16
bytes of disk-allocation information
Orrespond to eight pointers, each
“"Ntaining 16 bits. These pointers
fer to 2K-byte storage areas on the
sk, Bach of these 2K-byte storage
%35 is in turn made up of sixteen
“8-byte logical sectors of disk infor-
ition as required by CP/M. When a
‘Iticular record is accessed, the

2K-BYTE STORAGE REGIONS ON DISK

LOGICAL RECORDS

olofiesT«Ts T Tis]

\‘3|1L112|3l;151-~llﬂ

lelafe]sTaTsT Tis)

chester disk address is calculated. First, the

the Next Record field is divided by 16. The resulting quotient points to one of

value in the Next Record field of the
FCB is divided by 16 to determine
which disk-allocation vector to use in
the disk-address calculation, and the
remainder from this division is used
to determine which logical sector in
the storage region is required. This
process is shown in more detail in
Figure 3. It should be noted that a
single file entry only provides access
to 16K bytes on the disk. To access a
larger file you must use extents,
which are duplicate file entries con-
taining unique pointers for different
portions of the file.

The information derived from
these calculations is used by the
BDOS when the application program
next issues the Read command to the

READ A SECTOR

BDOS. In this case the DE register
pair is loaded with the address of the
FCB, and register C is loaded with 14
hexadecimal when the BDOS is
called. The BDOS then uses the data
in the FCB to calculate a sector and
track address for the requested data,
First it passes the sector-address infor-
mation to the BIOS (through the
SETSEC entry point) followed by the
track address information (through
the SETTRK entry point). Wel dis-
cuss the design of the BIOS and the
required entry points later. After the
sector and track information have
been passed, the BDOS then asks the
BIOS to perform a Read operation of
the identified sector.

At this point the BIOS takes the
sector- and track-address information
and constructs a device control block
(DCB) that commands the Xebec con-
troller to read the data from the re-
quested sector of the disk. As we ex-
plained earlier in this series, the com-
mands go from the computer, through
the host computer adapter (HCA), to
the disk controller. The disk con-
troller then performs the requested
Read operation from the disk, placing
the data in a local memory area on

the controller card. The BIOS can

then begin to access the data being
read from the disk and move it to the
DMA memory buffer specified by the
original SETDMA command. Once
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Disk Primitive  Operation

Winchester disk BIOS in order to

routine must keep track of which disk is selected and pass the
address of a disk-characteristics table describing the selected disk

Defines the 128-byte buffer that is to be used to get data during disk-
write operations or receive data during disk-read operations.
Writes 128 bytes of data from the DMA buffer area into the selected

performs logical-to-physical sector translation to improve overall CP/M

SELDSK Selects a particular disk in t
. to the BDOS.
SETTRK Sets the track number for the next
SETSEC Sets the sector number for the
SETDMA
READ Reads 128 bytes of data from the
DMA buffer area.
WRITE
track and sector.
SECTRAN
disk response.
HOME

Moves the head on the selected disk to sector 0, track 0.

Table 1: A list of disk-related primitive functions that have to be performed by the
be compatible with CP/M.

he system as the ““active” disk. The

Read or Write operation.
next Read or Write operation.

selected track and sector in the

all 128 bytes of the requested logical
sector are moved into the DMA area,
the Read operation is complete and
control is returned to the application
program.

In this overview of the combined
operation of an application program,
the BDOS, and the BIOS in accessing
and reading information contained
on the disk, some of the intricacies of
the process, such as extents of disk
files and detailed operation of the
BDOS, have been glossed over. How-
ever, the illustration should provide
enough information for you to under-
stand the design and construction of a
BIOS for a Winchester disk subsys-
tem, and we refer you to CP/M docu-
mentation to gain a more in-depth
understanding of the CP/M file con-
trol services (FCS) and the operation

- of the BDOS. :

As you can see from the above ex-

ample, only a few primitive functions
have to be performed by a Win-
chester disk BIOS for it to be com-
patible with a CP/M system. Table 1
presents a complete list of these
primitive functions along with a brief
description of each function. In a
complete BIOS, each of these func-
tions is a separate entry point into the
BIOS, and all you have to do to
establish a BIOS is write code for
each entry point to perform the
necessary function. But first you must

372  May 1983 © BYTE Publications Inc

understand the hardware operation
and software interface to the Win-
chester disk, which is our next topic.

Hardware Operation

" and Software Interface

As we discussed last month, the
communications interface between
the BIOS routines for the Winchester
disk drive and the drive itself consists
of four I/O ports on the S-100 bus.
The addresses of these ports are
selected in a contiguous block of four
ports by switch settings on the HCA
card. We will refer to ports 0 through
3 to indicate particular ports in this
block.

Commands and data are sent to the
controller by writing to these ports.
The HCA retrieves data from the con-
troller by reading from these ports.
Each command to the controller con-
sists of a block of 6 bytes of command
information. This 6-byte block is the
device control block mentioned
earlier. Figure 4 shows the general
format of the DCB and how this for-
mat is used for three different disk
commands. The DCB always con-
tains the op code and command types
as shown in the general description of
the data structure. In addition, the
DCB may contain up to 21 bits of
physical address information when

an actual Read or Write operation is
being performed. It also may contain

additional control information speci-
fying such things as the number of re-
try operations to perform in the event
that an error condition is detected.
For more information on the details
of the DCB, see the Xebec controller
manual. For a Write command, the 6
bytes of the DCB are sent to the con-
troller followed by the 256 bytes of
data to be written into the physical
disk sector specified in the command.
After receiving the 256 bytes of data,
the controller returns 2 bytes of error
status information to the HCA. A
Read operation works similarly in
that the 6 bytes of the DCB are sent to
the disk, which then returns 256 bytes
of data from the sector specified in
the command block. The controller
also tags on an extra 2 bytes of error
status information at the end of the
transfer. In addition, the Xebec con-
troller offers a Request Sense Status
function that returns 4 bytes of more
detailed error status information at
the end of the command. i
In typical operation, the disk and
controller would be reset on a cold
boot by performing an output to port
3. Once this is completed, the disk
controller would be put in a com-
mand mode by outputting a 1 to the
data port (port 0) followed by a Write
to the status port (port 1), which ac-
tivates the SEL signal. (This and
many of the signals referred to in this
section were described last month.)
The disk-access routine then "
amines the REQ line by performing
an input from pert 1 and testing the
proper status line. When the REQ lin¢
becomes active the routine outpuk
the first of the 6 command byt $
port 0. This output automat
generates the ACK signal to com,
the handshake between the HCA,
the controller. The software ;&
monitors the REQ line until it 28%
becomes active and then sends
second command byte. This P
is repeated until all 6 command
have been sent to the disk con
The routine then uses the s
cess to read or write the appre
number of data bytes at f)Q ;
pending on the particular O
that was sent. In the case of a >
routine, the disk address that 15
accessed is derived by the BDO!




. (4a)

GENERAL DCB FORMAT

(4b)

DCB FOR A READ OPERATION

BIT BIT
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
COMMAND 0l 6 0o oo 1 0o o o ~CLASS =0, OP CcODE -8
o] CLASs OP cooe 1l 0 o o | HIGH adDRESS =D-0 OR 1 FOR SELECTED
1/ Lun HIGH ADDRESS BYTE 2| MiIpDLE ADDRESS ORIVE
BYTE 2| MIDDLE ADDREsS 3| LOW ADDRESS .
3| LOW ADDRESS 40 0 0o 0o 0o o o 1 - READ A SINGLE SECTOR
4] SECTOR COUNT 5L.0 0 0o 0o o o0 ¢ o
5| CONTROL FIELD
(4¢) (4d)
DCB FOR A WRITE OPERATION DCB FOR A REQUEST SENSE STATUS‘ COMMAND
BIT BIT
7 6 5 4.3 2 1 ¢ 7 6 4 3 3 )
0] o 0 o0 0 1 0 1 0 -CLASs:=0, oP CODE = AH of o 0 o0 0 o 0 1 1 - CLASS = 0, Op CODE =3
1/ 0 0 D | HIGH ADDRESS 1l o o o )
BYTE 2| MIDDLE ADDRESS BYTE 2
3] LOW ADDRESS 3 NOT USED
40 0 0 o0 o0 o ! |- WRITE A SINGLE SECTOR 4
50,0 0 0 0 0 0o o o 5

the information contained in the FCB.

This information is then passed to the
BIOS routines at the SETTRK and
SETSEC entry points and the BIOS
ises this information to construct the
7CB for the actual disk access.

“2nerating a Combined BIOS
The BIOS structure is very simple.
* table of jump vectors js placed at
¢ beginning of the BIOS code. This
“ludes jumps to each of the primi-
’® functions that the BIOS per-
ms. Table 2 shows that these func-
‘8 include the disk-oriented primi-
s presented in more detail in table
S well as the necessary functions to
“dle the other peripherals in the
fem, sych as terminals and
ters. The BIOS routines for pe-
“rals other than disks are used
Ot modification in the construc-
- of a new combined BIOS. The
0 disk and boot functions are
_ Yented as shown in figure 5. The
00t functions for both the exist-
k System and the new Win-

(2]

chester disk are combined to ensure
that all peripherals on the system are
properly initialized when the system
is booted. A new SELDSK function is
written that keeps track of which disk
system is selected and passes the
proper disk-definition-table address
back to the BDOS. Finally, a series of
disk-handling routines are written for
the Winchester disk. These routines
are used as the initial vector addresses
for the initial jump table, Depending
on the particular entry point, these
routines either perform the indicated
function for the Winchester drive and
then transfer to the appropriate func-
tion for the existing floppy drive or
test to see which drive is selected and
simply transfer control to the appro-
Priate routine for the selected drive,
An example of the first case is the
SETDMA function, which causes the
DMA buffer address to be set for
both the Winchester and any other
disk drives in the system. In the case
of an actual READ function, how-
eéver, a test is made for the selected

re-tries by the controller on all disk-access commands (during normal
; and bits 0 through 2 select half-step options for other disk

disk and then control js passed to the
proper disk-read routine. Listing 1 on
Ppage 386 presents a skeleton of 3 com-
bined BIOS that includes all the BIOS
routines for the Winchester disk drive
and comments indicating where rou-
tines from an existing BIOS should be
placed.

The code presented in listing 1 has
been tested and will operate with a
Xebec controller connected to a Mini-
scribe disk using the HCA described
in last month’s article. The SELDSK
entry point keeps track of which disk
is selected and uses register pair HL to

.Pass the address pointer of the

selected disk characteristics table to
the BDOS. This table is located at
DPBASE in the BIOS code and has
been created using two macros,
DISKS and DISKDEF, supplied by
Digital Research. These macros and
the structure of this table are de-
scribed in Digital Research’s CP/M
System Alteration Guide. The code
for the cold boot entry point, BOOT,
assumes that a new copy of the sys-
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Function

Entry Point

BOOT System initialization on hardware boot.
WBOOT Reads a new copy of BDOS into memory and initializes the system.
CONST Samples and returns the status of the current console device.
CONIN Reads the next character from the current console device.
CONOUT Writes a character to the current console device.

LIST Sends a character to the list device.

PUNCH Sends a_character to the punch device.

READER Reads next character from the read device.

HOME Returns the read/write head of the currently selected disk to track O.
SELDSK Selects the current disk.

SETTRK Sets the track for the next Read/Write operation.

SETSEC Sets the sector for the next Read/Write operation.

SETDMA Sets the DMA buffer area for the next READ/WRITE operation.
READ Reads data from the selected disk.

WRITE Writes data to the selected disk.

LISTST Gets the status of the list device.

SECTRAN Translates logical sector to physical sector.

Table 2: A complete list of primitive functions for the BIOS in CP/M. Note that this
includes the disk-related primitives in table 1.

SINGLE - DRIVE
BIOS

B10S JUMP TABLE

coLb BOOT

- WARM BOOT

DISK FUNCTIONS

OTHER FUNCTIONS

Figure 5: The combined BIOS structure. -

tem has already been booted into
memory and simply performs any re-
quired initialization before transfer-
ring control to CP/M. The warm
boot, WBOOT, reloads a new copy
of the BDOS and the console control
program (CCP) before transferring
control back to CP/M. The HOME,
SETTRK, SETSEC, and SETDMA
entry points perform the commanded
function for both the Winchester disk
system and for the existing disk sys-
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MULTIPLE-DRIVE
Bl0S

BIOS JUMP TABLE

COMBINED COLD-BOOT
FUNCTIONS '

' COMBINED WARM-BOOT
FUNCTIONS

DISK FUNCTIONS
DETERMINE SELECTED

DRIVE .

USE ORIGINAL ~

USE HARD-DISK !
DISK ROUTINES

ROUTINES

_ OTHER FUNCTIONS

tem. Finally, the READ and WRITE
entry points determine which disk is
currently selected and transfer con-
trol to the appropriate routines to
read or write data from or to the
selected disk.

Another complication concerning
Read and Write operations on the
Winchester disk drive arises from the
fact that the Winchester disk is set up

to read and write 256-byte physical
sectors, whereas CP/M operates in

~ tor 0 on the Winchester

logical sectors of 128 bytes. This
means that each disk-read operation
places two logical CP/M sectors into
the local memory on the controller -
card and that each disk-write opera-
tion must write two logical CP/M
sectors to the disk. The READ and.
WRITE routines keep track of whic :
of these two logical sectors is current
ly being pointed to in the controller .
memory and determine what actiong
to take to properly read or write the
data on the disk. For example, in the
case of a Write, because CP/M re- |
quests transfer of only 128 bytes of .
data to the disk, the BIOS must read’iéf
the appropriate 256-byte record fromg
the disk, place the 128-byte CP/Mi!
buffer over the proper half of thi
longer record, and then write the
combined 256-byte record back o
to the disk.

Additional Utilities i

Two other software utilities mu:
also be written prior to completi
the installation of the hard-disk sys-
tem. The first of these is a forrnattiﬁ§
utility that will format the disk and
check for any bad tracks on the dis
The second is a system-generation
utility that will write the new oper:
ing system beginning at track 0, se
disk after the
combined BIOS has been integrate

into a CP/M system. This last procé
places a hardware-bootable syst
on the hard disk.
A new Winchester disk drive
delivered in an unformatted con
tion. This means that the disk has
information identifying the beginn
and end of each sector. Once:
HCA and other disk hardware is
tegrated into the system, you
create a routine to write this for?
ting information on the disk. A
matting routine is then used to iss!
DCB to the controller, commant
it to format the disk. The con (5
takes care of the rest by writing
required formatting information
the disk. s
When the disk formatting 15’
plete, the formatting routine ST
then read each sector on the
determine if the drive hardw?
delivered with any bad sectors
disk. For Winchester disk drivess




not uncommon for a disk to have
several bad sectors. The test program
reads all sectors on the disk and saves
the location of any bad sectors iden-
tified during the Read process. The
routine then identifies these bad sec-
tors to the controller, which ‘con-
structs an alternate track assignment
for each of the bad sectors on'the
“disk. After this alternate assignment
is complete, the existence of bad sec-
tors on the disk is transparent to the
system. The controller keeps the
alternate-track data on the disk and,
when a disk access is made to a bad
sector, the controller automatically
switches to the alternate track to read
or write the data.
The second utility, the system-gen-
" eration program, is used to write the
new operating system. to the Win-
chester drive or to read an existing
operating system from the Win-
chester drive into memory. Installa-
tion procedures for a combined Win-
chester drive BIOS are the same as for
any typical CP/M BIOS and will be
covered in the next section. At the

vend of the configuration process, a

system image will reside in memory
starting at location 900 hexadecimal.
The locations 900 to 980 hexadecimal
contain the system loader, and the
locations from 980 hexadecimal on
contain the newly configured operat-
ing system. A WRITE routine must be
designed to take the data-from these

—

No matter how careful

‘you are in building the

system, something Is
bound to be wrong.

—

locations in memory and write them

. to the Winchester disk drive starting

at track O, sector 0. Similarly, a
READ routine must be designed to
take information from track 0 of the
disk and place it into memory starting
at location 900 hexadecimal.

- Building a New BIOS

One other program must be written
before a new BIOS can be built and

installed in a CP/M system. This is
the system loader that is used to in-.
itially read in the system from the
disk. This program is written to run
at location 80 hexadecimal and is re-
stricted to 128 bytes in length. It is
used to load the system during the
bootstrap ~process that we will
describe later. The program is de-
signed to read the system starting at
track 0, sector 1 of the Winchester
disk and, when the load is complete,
to transfer control to the proper ent
point of CP/M to start the operating
system running. :
Once the system loader and the
BIOS code are complete, the next step
is to assemble both of these programs
and remove any assembly or syntax
errors. In the case of the BIOS,
symbolic variable MSIZE must als
be defined before assembly to corre
spond to the size of the system being
generated. Assuming that you have
achieved an error-free assembly, th
next step is to build a new CP/M sy
tem that contains the new systen
loader and BIOS and to write

: STORAGE

B Single Board Technology @ CP/M® Operating SY
B 4 MHz Z80A CPU B 64K 200ns Main Memor
B 8-Inch Dual Density Floppy Drives - '
@ 51/4-Inch Dual Density Floppy Drives .
- @ 2-Serial Ports B 2-Parallel Ports
B 4-Counter/Timers B Expandable .

We're offering you our SB-80 system in either5 1/4" or 8"
disk drives, your choice. Either way your system comes
with a full size (12" diagonal) non-glare tiltable green
screen with 24 lines by 80 character format. Its multi-
character set offers blinking cursor, underlining, reverse
video, and half and zero intensity. The movable, detach-
able keyboard has a numeric pad with cursor control and
function keys. co ’

For further information about this limited offerca[l 0

Ill Colonial Data

Nationwide c}_n-site and depot repair service
through the professionals at INDESERV.

®CP/Misa régistered trademark of Digital ‘Research. Inc.

Colonial Data Services Corp., 105 Sanford Street, Hamden, Conn. 06514 @ (203) 088-2524 TeleXZ
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RUN THE WRITE

SAVE CPMNN. COM DDT CPMNN.COM < ‘

| NEWBIOS. HEX | NEWLDR. HEX
RNNNN R NNNN

RESULT

READS CP/M FROM SAVE RELOCATED LOADS RELOCATED LOADS NEW BIOS ~ READS NEW WRITES NEW SYSTE
DISK AND CP/M . ON DISK. CP/M INTO AND OVERLAYS LOADER AND TO FIRST TRACK
RELOCATES IT MEMORY. EXISTING BI0S. OVERLAYS OF HARD DISK.
TO NEW POSITION. EXISTING LOADER.

MEMORY
I — — — —{900H L — — —1900H |- — — —1 900H | == =4 900H (= = — — — 90¢
RELOCATED [ oadER | o [LOADER I o, A NEW LOADER |40, | NEW_LOADER | 930}
7| YERSION OF | BDOS_ ljigon o203 _ liFson fenos _ ] 1F80H ) [0S — — — 1;0
e BI10S . NEW BIOS / [ NEW BIOS | TNEw Blos_ | T
DISK SYSTEM DISK SYSTEM DISK SYSTEM DISK SYSTEM DISK \SYSTEM DISK

o @D o T o

Figure 6: Installing the new operating system. First, the MOVCPM instruction reads the current version of CP/M from the disk int
memory at location 900 hexadecimal and relocates it to run at a location specified in the command. The SAVE instruction then place
the relocated version of CP/M onto the disk under the filename CPMNN.COM. The DDT command reloads the relocated version ¢
CP/M into memory at location 900 hexadecimal and transfers control to the DDT program. Next, the command 1 NEWBIOS.HE
reads the new BIOS from the disk and overlays the existing BIOS. The command I NEWLDR.HEX then reads the new system load:
from the disk and overlays the existing loader. Finally, the WRITE utility program writes the properly configured operating systeﬁit
the first track of the Winchester disk. . '

new system to the Winchester disk
drive starting at track O, sector 0. In
this process you should first use the
MOVCPM utility (provided by

-

CP/M) to create a new copy of CP/M
that is properly sized for the system.
Then, as instructed in the MOVCPM
utility, this new copy of the operating

system must be saved on the disk fc
later retrieval by using CP/M'’s star
dard SAVE utility. Once the ne
copy of the system is saved, the ne:
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129

We have the lowest possible
Fully Warranteed Prices AND
a full complement of Radio Shack

Software.
Sy
=
e
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Model 12 64K 1 Orive "$§2699  RS.ModemiD.C. R.S. Model lii 15T-Drive 650
e .S. Modem 1 D.C. LAR Tandon 40 Track MI 289
Model i N INTERS Color Computer Drive 1 29
odel Il 48K 764 'Daisy Wheel Il 1745 Color Computer Drive 0 470
Model Iil 48K DWP-410 1320 Primary Hard Disk Mil 3099
2Disk & RS232¢ 1549 Smith Corona TPl Daisy Wheel 555 Primary Hard Disk Mill 219
Color Computer 16K 235  Epson MX80 Cal  ETC.
Color Computer 16K Epson FX80 Call ‘CCR-81 recorder 52
wiextended basic 305 Epson MX100 Call C. CJoysticks 22
$Color Computer 32K-64K CGP-115 19 16K RAM N.E.C. 200 N.S. chips 2%
wiextended basic 420 DMP-100 s 64K Ram Chips 75
Pocket Computer 2 165 DMP-200 CocoFHLFlex D.O.S. 89.95
Model 46 1R 128K 4199 - DMP-400 1010 32K Microbutfer Inline 229
Model 16 2DR 128K 4799 DMP-500 1539 SOFTWARE
DT-1 Data Terminal 599 DMP-2100 4779 Brand Name Software «
P1-240 Portable Terminal 779  Okidata 80 320 Send for listing.
MODEMS Okidata 82A 399 R.S. Software 40% off list
Lynx Direct Connect MIMIIl 235 Okidata 83A 655 Parallel Printer Cables are
Hayes Smart Modem Il 235 Okidata 84 Parallel 999 available for most computers.
Hayes Smart Modem 1200 565  Okidata 92 510 1Color Compuler 64K requires. , .
Novation Smartcat 1200 459 Okidata93 859 Ok 0ona0O$ , i
Novation J-CAT 125 P.C. Plotter Printer 190 TOLL FREE
R 1-800-343-8124 PERSONAL COMMUNICATIONS,

480 King Street
MA 01460 8 ¥

Littleton, e for y
tree catalog

647-486-3193
Circle 127 on inquiry card.

© BRICKER ASSOCIA]
Prices subject o change without notice.

Not responsible for typographical errors.
TRS-80 I8 a registered rademark of Tandy Corp.
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step is to read the system back into
memory using the DDT utility. If the
system was saved under the name
CPMNN.COM you can use the fol-
lowing CP/M command to initiate
DDT and read the new copy of the
system into memory:

DDT CPMNN.COM

After this command is executed, the
new system will be located in mem-
ory starting at location 900 hexadeci-

mal, and DDT will be running. The
next step is to overlay the new system
loader and new BIOS on top of the
copy of CP/M in memory by using

two DDT commands: I (insert) andR

(read). These commands place the
new system loader into memory at
location 900 hexadecimal and place
the BIOS at location 1F80 hexadeci-
mal. Once these overlays are com-
plete, the system is properly con-
figured for the Winchester disk drive.
Next we must get out of DDT and

FEATURE

Ease of Operation
Plain English Commands
Use Cursor Keys
Control Characters
Function Keys
Computer Aided Tutorial
Descriptive Directory
29 Character Title
Author & Operator ID
Document Size
Creation Date
Revision Time & Date
Standard Editing Features
Go To Any Page
Interactive Printing
Automatic Reformatting
Automatic Repagination
Headings and Footings
Multi-line
Keyboard Phrases
Proportional Printing
Business Graphics
Paragraph Assembly
Edit Marking
Auto Widow/Orphan Protect
Auto Footnoting
Built In Calculator
Price .

- Call o Write:

BENCHMARK

Wordstar BENCHMARK
2.0 3.21 3.0
YES NO YES
YES NO YES
YES NO YES
NO YES NO
YES NO YES
YES YES YES
YES NO YES
YES NO YES
YES NO YES
YES NO YES
YES NO YES
YES NO YES
YES YES YES
YES NO YES
YES NO YES
YES NO YES
YES NO YES |
YES YES YES
YES NO YES
YES NO YES
NO NO YES
NO NO YES
NO NO YES
NO NO YES
NO NO YES
NO NO YES
NO NO YES
$249 $495 $499

DEMAND Y. CMPARION!

: Metasoﬂ“Corporation"711 E. Cottonwood. Suite E, Casa Grande, AZ 85222 e (602) 961-0003
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return to CP/M while leaving the
newly created copy of the system in
memory. First, issue a GO command -
to DDT that transfers control to
CP/M. Once you are back in CP/M,
the final remaining task is to run the
system-generation utility to load the -
newly constructed system, which '
now resides in memory starting at -
location 900 hexadecimal, onto the

Winchester disk starting at track 0,

sector 0. Figure 6 graphically sum-

marizes these steps. | EHs
’ the

Building a New Bootstrap :““l"
At the completion of the process prz?te

we just described, a copy of a prop- | .-
erly configured CP/M system and | gof
system loader is on the first track of | joca
the Winchester disk. The one remain- | fers
ing task is to develop the software to { tum
bootstrap this system into memory | traci
and to configure the hardware so that the .
this bootstrap is executed when a cont
hardware boot command occurs. The CP/.
actual bootstrap code is very simple. |-
All it has to do is read the first 128 | tran
bytes from track 0, sector O on the
Winchester disk drive into memory | tem
starting at location 80 hexadecimal |
and, when the read is complete,
transfer control to the beginning of } ory .
this code. This bootstrap code should § CP/
be written to run at whatever location
is going to be assigned to the PROM
(programmable read-only memory) § l¢
chip on the HCA, which we me espc
tioned last month. When properly a
sembled and linked, the bootstrap
code is burned into the HCA PROM
and the software installation is esse
tially complete. The processor b r
is then “restrapped” so that the bo
strap address corresponds to the b
ginning of the PROM on the HCA

Once this modification has be
completed, a hardware boot co
mand (i.e., pressing the RESET b
ton) results in the sequence of evel
presented in Figure 7. At the b
command, the processor begins €
cuting code at the beginning ofr;
HCA PROM. This code reads
first 128 bytes of data from the

physical sector of the first track :
the disk into memory starting at 10%
tion 80 hexadecimal. When the r

complete, the code in the PRO¥




e

PSR DT P

e

PRESS BOOTSTRAP
BUTTON.,

PROM CHIP LOADS
FIRST 128 BYTES

ON DISK INTO
MEMORY,

)

THESE 128 BYTES
LOAD CP/M FROM
DISK INTO :
MEMORY.

Figure 7: The Bootstrap process. Pressing
the hardware bootstrap (Reset) button
causes the microprocessor to transfer con-
trol to the PROM chip on the host com-
puter adapter. The code in the PROM
reads the first 128 bytes of data from track
0 of the hard disk into memory starting at
location 80 hexadecimal and then trans-
fers control to that location. This code in
turn loads the CP/M system off the first
track of the Winchester disk. Then, when
the load is complete, the code transfers
control to location 0 hexadecimal to start
CP/M running.

transfers control to location 80 hexa-
decimal, which now contains the sys-
tem loader. This code now reads the
remainder of the CP/M system from
the first track on the disk into mem-
ory and then transfers control to the
CP/M system. The result is that a
properly configured system, which
includes the Winchester disk drive, is

left running in memory, waiting to
respond to any user commands.

System Debugging
- No matter how careful you are in
building the hardware and software

we have just finished describing, it is
1 afact of life that when plugged into

the system there will be something

- Wrong. This is when the really in-

teresting portion of the system in-

| legration process begins, namely,

finding and correcting the inevitable
bugs in the hardware and software.
This debugging process can be broken
into three separate areas. The first is
debugging the HCA. The second is
ebugging and examining the HCA,
disk controller, and disk system. The
last s debugging the CP/M interface
*oftware. We will now describe some
of the techniques that can be used in
*ach of these areas.

Circle 162 on Inquiry card.

Add MultiSpool - the : Y
hardware spooler -
that's truly flexible.
Now, thanks to MultiSpool
there’s no more need to
buy individual spoolers, no
more wasted computer time or
memory. With its enormous memory-
sharing power, this dynamic six-port
switching device not only lets you network
any combination of computers and
printers; it also provides the spooling
function within that network, -
With its 60K of buffer memory, con-
trolled by 4K of memory management
firmware, MultiSpool can orches-
trate up to five computers or

&

Digdal Laboratories inc.

4

Make your spooling network sing
in six-port harmony,

—Digital Laboratories

five printers simultaneously. Only this
degree of flexibility can meet the
ever-changing port-expansion needs
of today’s multiuser environment.
Note, too, that MultiSpool mixes
four serial and two Centronics-
compatible ports. It also
handles X-on, X-off protocols
and DTR. So, with the unit's
dipswitch, you can configure
each port to accommodate either
acomputer or printer; and you can
define the discipline of that port.
Best of all, MultiSpool sells for
just $995.00~even less if you don'’t
need all six ports. And that, were
x SUFE, is music to your ears.

Multigpgol

Inc.

600 Pleasant Street, Watertown, MA 02172. (617) 924-1680

$109°23
_ plus 84.75

shipping

Model TM-12P€-GX
12" P31 GRAPHICS
% 1200 line resolution

% 18.9 MHz band width

® Apple 111 is a registered
trademark of Apple Computer.
Monitors by:

ATecs data

VISA, MasterCard & American
Express accepted. No C.O.D.

$20095
plus $9.50

shipping

Model TN-1440
13" RGB COLOR
% 360/230 lines resolution

% Up to 80 characters

% Apple Il and IBM
customers please add
$29.50 for factory installed
mod board and cable
for 16 colors.

Call Toll Free 1-800-258-6370
18 Bridge Street, Salem, NH 03079
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The first thing to debug is the HCA
card. Debugging this device involves
making sure that the various com-
binations of possible input conditions
result in the expected outputs to the
disk controller. You can do this most
efficiently by writing a set of driver
routines in assembly language to
write messages to the various output
ports on the HCA. If you write these
routines to loop continuously, you
can use an oscilloscope to check the
output registers on the HCA to ensure
that the card is acting properly.

When you've verified proper oper-
ation of the HCA to the maximum ex-
tent possible, next connect the disk
controller and the Winchester disk
drive to the HCA. This simple con-
nection begins the debugging process
for the Miniscribe disk drive, which
has extensive self-test features and
continuously monitors its own opera-
tion to check for faults. If a fault is
detected, the drive communicates
with the user by flashing a Morse
code letter (using the drive select
light) to identify the particular fault
that was detected. Once the disk is

operating properly, the way to debug
and test the rest of this total system is
to pass various DCBs to the disk con-
troller and see if the disk responds to
these DCB inputs as expected. For ex-
ample, you can test the disk by per-
forming a controller self-test, format-
ting the disk, writing information to a
particular sector, reading the infor-
mation back, and testing for error
conditions. This type of testing not
only verifies proper disk operation
but also provides you with valuable
insight into the disk operation, which
you can use during the remainder of
the integration process.

Once the disk subsystem hardware
is operating properly, the next step is
to integrate the software. We de-
scribed this integration process
earlier. However, during the initial
testing it is convenient to modify this
procedure to allow use of some of the
CP/M debugging tools to debug the
interface software. To do this, you
should create a “false” CP/M system
that runs inside (i.e., at a lower mem-
ory address than) the current CP/M
system running on the computer.

DocuMate/Plus™ Features . . .

e 16 Level Indexing

e Table of Contents Generation
Self-Contained Sort Feature
“See’” and “‘See Also’ References
Output Format Control
Cross-Document Index Generation

DocuMate/Plus generates completely
collated tables of contents and
alphabetical multi-level indexes from
WordStar™ text files of any length . ..
as detailed as you desire.

0903 0CODE

The Textware Company

DO /PLUS ™
Indexes and Sorts WordStar’

DocuMate/Plus is Today’s Most Flexible Text-Based Indexing System
for Professional and Business Information Processing.

Try Documate/Plus at your local Osborne Computer Dealer, or call us
for the name of your local authorized Orthocode textware dealer.

Documate/Plus is available on standard 8" CP/M and 5"
Osborne and Otrona diskettes.

e DocuMate/Plus Program with Manual

e ManualOnly.............

THE ORTHOCODE CORPORATION
P.O. Box 6191 ¢ Albany, CA 94706
(415) 753-3222

e WordStar is a trademark of MicroPro International

DocuMate/Plus is refreshingly easy to
use, and its internal sort feature can
save you the cost of an expensive
stand-alone sort program. Just type
simple DocuMate commands right
into your text file. DocuMate/Plus
automatically finds and places all
index references in a separate work
file for sorting and collating.

DocuMate/Plus builds master indexes
for many documents, such as
research notes, books and articles,
speeches, hardware and software
documentation, and business
correspondence. .

Apple, Northstar,

$165.00
$ 25.00

e CP/M is a trademark of Digital Research

This keeps the initial user system in-
tact and allows you to run the new
CP/M system under control of an
existing debugged CP/M system, so
you have access to the standard de-
bugging tools from CP/M, such as
DDT, to aid in debugging the new
version of the BIOS.

Conclusion
We have now described the entire
process of adding a Winchester disk
subsystem to an S-100 computer sys-
tem running CP/M. As we have tried
to show, this is a rather substantial
undertaking and should not be
started lightly. The main advantage
in performing such an integration
project is the learning that takes place
during the project. If your main goal
is to obtain additional storage
capability for a microcomputer, you
could obtain this storage less expen-
sively and certainly with less effort by
buying a commercially available unit
such as the one we manufacture.
Because of quantity pricing and
volume discounts, complete Win-
chester disk-drive subsystems kare
commercially available at a cost com-
parable to what a hobbyist would
spend for the hardware portion of the
system alone. -
However, if you are mterested m
doing the work yourself and you
have the necessary time and exper-
tise, we encourage you to attempt this
project and use this series of artlcles
as a guide.®

_The: W;nchestér dislk drive sub
tem described in this series of urttcl
ﬁavazlable as a completely assem

sion ‘but use a different host comy
,adapter and interface soft'ware Ur
nationwide - dealer . distributi
work is established, these syste
‘be available by mail order f
To order or obtain furthe infol
tion, write to ASC Asso lﬂfe-’
"POB 615, Lexington Park, D.
or phone (301) 863-6784
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“The best reason 1o buy a computer. Packed

l 175 Fifth Avenue, New York, N.Y. 10010 Attn: ML

Bring thousands of dollars
worth of information hom
for omly $14.95!1 |

VBT O OSBRIENNLR

" THE COMPLETE HANDBOOK OF

. PERSONAL
K MPUTER

t:()?&ﬂruﬂLJPQICZIXT1C)PU£5

AYTHING YOU NEED
TO G%'%NL!NE WITH THE WORLD

with useful information—it’s an absolute
must for computer owners everywhere.”
— Gary G. Reibsamen, Vice-President of
NewsiNet Inc. : o
~ Your passport to the electronic
universe—how to turn any personal com-
puter or word processor into a communica-
tion/information machine of incredible versa-
tility and power, even without a knowledge of
programming. Here's just a sampling of what
you get—sk How to select a modem and
communications software 3% How to send
electronic letters, telexes and MailGrams ™
sk Money-saving techniques for using The
Source, Dow Jones News/Retrieval, DIALOG,
BRS and more sk Get free software! Down-
load thousands of programs *k Get privi-
leged information from $30,000 worth of
newsletters sk Get discounts of 10% to 40%
by shopping on-line % Trouble-shooter’s -
guide to problem-free communications
sk Hundreds of free computer bulletin boards
CBBS) sk Access vast libraries (Library of
on?ress, N.Y. Times, magazines, and
hole encyclopedias) %k Get real-time com-
guter games and tournaments %k Electronic
anking, investment management, and then
barter 3 Get toll-free numbers, valuable -
short-cut commands ' Get on-line advice
from experienced users of your equipment.
Plus much more! In just two days you'll
see what this unique handbook can do for
you—but we'll give you two weeks to decide.
Send for your copy. now; if you're not satis-
fied return it in two weeks for a full refund.
Main Selection of The Small Computer Book Club
éltfrf}qte Book-of-the-Month Club/Science
election. oo o

Please return this coupon to your bookseller or direct to:

St. Martin’s Press == e= m o= w= = e= == e o o o o
BYl
Please send me. copy(ies) of The Complete Hand-
book-of Personal Computer Communications @ $14.95
paperback each. Please add $1.50 per book for postage
and handling. My check or money order is enclosed in the |
amount of $. . | may examine the book for two weeks i
an‘ﬂ,ng not 100% satisfied, | can return it for a complete .
refund, : .

Name.
A'.._.
City.

State. Zip.

R R |
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Listing 1: A complete listing of the BIOS needed to integrate a Winchester disk drive
into a CP/M-based microcomputer. :

CP/M MACRO ASSEM 2.0

003A

9800
ccoo
D406
E200
0004
0003
0001

E200
002C

E200
E203
E206
E209
E20C
E20F
E212
E215
E218
E21B
E21E
E221
E224
E227
E22A
E22D
E230

E233
E236
E239
E23C
E23F
E242
E245
E248
E24B
E24E
E251
E254
E257
E25A
E25D
E260
E263

C385E2
C394E2
C3F3E2
C3F6E2
C3F9E2
C3FCE2
C302E3
C305E3
C308E3
C30EE3
C32AE3
€332E3
C339E3
C34BE3
C366E3
C3FFE2
C341E3

0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C9
0000C3
0000C9
0000¢9

E266+=

E266+00000000
E26A+00000000
E26E+B5E676E2
E272+99E935E7

E276+=
E276+4000
E278+404
E279+0F
E27A+00
E27B+1F13
E27D+6302
E27F+FF
E280+C0

#001

BIOS FOR A.S.C. ASSOC. HARD DISK SUBSYSTEM. 7/18/82

TITLE 'BIOS FOR A.S.C. ASSOC. HARD DISK SUBSYSTEM. 7/18/82'

e e S

IOBYTE

~o ~ene

WBOOTE:

e me Ne Se we wE e N e

XBOOT:

XWBOOT:
XCONST :
XCONIN:
XCNOUT:
XLIST:

XPUNCH:
XREADR:
XHOME :

XSLDSK:
XSETRK:
XSTSEC:
XSTDMA:
XREAD:

XWRITE:
XLSTST:
XSCTRN:

e~

DPBASE
DPEO:

DPBO

" COMBINED BIOS INDICATES WHERE THE USER IS TO UPDATE

SPECIFIC SUBROUTINES IN ORDER TO MERGE HIS EXISTING
CP/M BIOS WITH THE A.S.C. ASSOCIATES CUSTOM BIOS.

COPYRIGHT (C) A.S.C, ASSOCIATES 1982

THIS BIOS USES THE DIGITAL RESEARCH CBIOS, DISKDEF LIB, AND
SECTOR BLOCKING AND DEBLOCKING ROUTINES SUPPLIED WITH THE
STANDARD CP/M 2.2 SOFTWARE PACKAGE AND IS THEN COMBINED WITH
THE A.S.C. ASSOCIATES HARD DISK SOFTWARE DRIVERS.

THROUGHOUT THIS CODE COMMENTS DELIMITED USING THE FOLLOWING
FORMAT ARE TO BE CHANGED WHEN ADDING USER DISK ROUTINES.

EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU

ORG
EQU

D555

58

COMMENT ~ <<<<<

;CP/M VERSION MEMORY SIZE IN KILOBYTES

(MSTZE-20) *1024

3400H+BIAS
CCP+806H
CCP+1600H
0004H
0003H

1

BIOS
(BIOS-CCP) /128

*;BASE OF BIOS

_iBASE OC CCP
;BASE OF BDOS
; CURRENT DISK NUMBER 0=Af.-.,15=?
; INTEL I/0 BYTE
;NUMBER OF DISKS IN SYSTEM

;ORGIN OF THIS PROGRAM

;WARM START SECTOR COUNT

JﬁMP VECTOR FOR INDIVIDUAL SUBROUTINES

JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP

D
DISK SYSTEM.

BOOT
WBOOT
CONST
CONIN
CONOUT
LIST
PUNCH
READER
HOME
SELDSK
SETTRK
SETSEC
SETDMA
READ
WRITE
LISTST
SECTRAN

;COLD START

;WARM START

; CONSOLE STATUS

; CONSOLE CHARACTER IN
; CONSOLE CHARACTER OUT
;LIST CHARACTER. OUT

; PUNCH CHARACTER OUT

; READER CHARACTER OUT
;MOVE HEAD TO HOME POSITION
7 SELECT DISK

; SET TRACK NUMBER

; SET SECTOR NUMBER

; SET DMA -ADDRESS

;READ DISK

;WRITE DISK

;RETURN LIST STATUS

; SECTOR TRANSLATE

UMMY LIST OF JUMP VECTORS, USED TO TRANSFER CALLS TO USERS FLOPPY
THIS TABLE IS OVERLAYED WITH THE USERS JUMP TABLE

>>>>>  REMOVE THIS SECTION OF DUMMY JUMP VECTORS. <<<<<
NOP ! NOP ! RET ;COLD START
NOP ! NOP | RET ;WARM START
NOP I NOP ! RET ; CONSOLE STATUS
NOP ! NOP ! RET ;CONSOLE CHARACTER IN
NOP!NOP!RET ; CONSOLE CHARACTER OUT
NOP | NOP ! RET ;LIST CHARACTER OUT
NOP!NOP !RET ;PUNCH CHARACTER OUT
NOP ! NOP ! RET JREADER CHARACTER OUT
NOP ! NOP { RET ;MOVE HEAD TO HOME POSITION
NOP ! NOP ! RET ; SELECT DISK '
NOP ! NOP ! RET ;SET TRACK NUMBER
NOP ! NOP!RET ; SET SECTOR NUMBER
NOP ! NOP ! RET ;SET DMA ADDRESS
NOP ! NOP ! RET ;READ DISK
NOP ! NOP | RET ;WRITE DISK
NOP ! NOP !RET ;RETURN LIST STATUS
NOP ! NOP ! RET ; SECTOR TRANSLATE

MACLIB DISKDEF

DISKS 1 - ° . :

EQU $ ;BASE OF DISK PARAMETER BLOCKS

DW XLTO,0000H ; TRANSLATE TABLE

DW 0000H, 00008 ; SCRATCH AREA ,

DW DIRBUF,DPBO ;DIR BUFF,PARM BLOCK

DW CSV0,ALVO i CHECK, ALLOC VECTORS

DISKDEF 0,0,63,,2048,4896,612,0,1 ‘

EQU , : ;DISK PARM BLOCK

DW 64 ) ;SEC PER TRACK

DB 4 ;BLOCK SHIFT -
DB 15 ;BLOCK MASK ~
" DB 0o - ;EXTNT MASK

DW 4895 ;DISK SIZE-1

DW 611 ;DIRECTORY MAX

DB 255 ;ALLOCO

DB 192 ;ALLOC1 -

Listing 1 continued on page
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LOW-COST
68000
MULTI-USER

You can have a powerful six-
user WICAT computer with the
acclaimed Motorola 68000
processor, hard diskand plenty of
memory for only

$12,850.

BUSINESS
SOFTWARE

AVAILABLE
NOW

Integrated Accounting System
 General Ledger
Accounts Receivable
Accounts Payable
Order Entry with Inventory
Payroll
ULTRACALC Spread Sheet
Integral Database
MenuSystem

SERVICE

You can count on Concurrent
after the sale as well as before.
There’s a telephone hotline for
your convenience. On-site ser-
vice is also available. And we
are always ready to discuss
your needs and particular ap-

plications. .

CO n C u r re n tm{Corpora!ior;

1870 Madison Road Cincinnati, Ohio 45206

(513) 281-1270

HIGH PERFORMANCE MICRO COMPUTERS FOR SCIENCE AND INDUSTRY
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Listing 1 continued:

E281+0000
E283+0100
0000+=

0800
0100
0020
0002
0040
0001

0001

0000
0001
0002

00A0
00Al
00A2
00A3
000A

* 0008

0003
0001
0002
0004
0010

E285
E286
E289
E28C
E28F

E291

E294
E295
E298
E29B
E29E
E2A0
E2A3

E2A6

E2A8
E2AA

E2AC

E2AF
E2BO

[V U T T 1)

nnn

TSR T T}

AF
320400
32A4ES5
32A6E5
D3A2

C3D2E2

AF
32A4E5
32A6E5
318000
0E00
CDOEE3
CDOBE3

062C

0EO0O
1601

2100CC

C5
D5

DW 0 ;CHECK SIZE
DW 1 ;OFFSET
XLTO EQU 0 ;NO XLATE TABLE
>>>>> ADD YOUR HAND CODED OR MACRO GENERATED <<<KK
>>>>> DISK PARAMETER TABLES HERE. <KL

UTILITY MACRO TO COMPUTE SECTOR MASK
SMASK -MACRO HBLK

i COMPUTE LOG2(HBLK) , RETURN @X AS RESULT
i (2 ** @X = HBLK ON RETURN)
ey SET HBLK
ex SET 0
i COUNT RIGHT SHIFTS OF @Y UNTIL = 1
REPT
IF ey = 1
EXITM
ENDIF ,
Y . @Y IS NOT 1, SHIFT RIGHT ONE POSITION
" ey SET @y SHR 1
ex SET  @X + 1
ENDM :
ENDM

***************k**********1\'*******t**tt*ﬂ*********‘k*
*

‘' CP/M TO HOST DISK CONSTANTS *
. *
kkkkhkkhkhkkhhkkkhhkhkkhhkhkkkhhkhkk kA KKk hkkkkkkkkhhkkkkk k&

o ~e Se weme we ne
EE I B

BLKSIZ EQU 2048 ;CP/M ALLOCATION SIZE

HSTSIZ EQU 256 ;HOST DISK SECTOR SIZE
HSTSPT EQU 32 : ;HOST DISK SECTORS/TRK
HSTBLK EQU HSTSIZ/128 ;CP/M SECTS/HOST BUFF

CPMSPT EQU HSTBLK * HSTSPT ;CP/M SECTORS/TRACK

SECMSK EQU HSTBLK-1 ; SECTOR MASK
SMASK HSTBLK ; COMPUTE SECTOR MASK
SECSHF EQU ex ;LOG2 (HSTBLK)

i

;*****t**************t***t****t**t*****t**tt*t**tt****
* *
[ ~ BDOS CONSTANTS ON ENTRY TO WRITE *
.k *
H

;*******i***t*****************t***t****ﬁ***t******tt**

WRALL EQU 0 ;WRITE TO ALLOCATED
WRDIR EQU 1 ;WRITE TO DIRECTORY
WRUAL EQU 2 ;WRITE TO UNALLOCATED
;
;**********t***********************t**ttt*************
i . *
i * A.S.C. HOST INTERFACE TO XEBEC HARD *
;: DISK CONTROLLER CONSTANTS. *
. *
;*k**ttt*******t***********i**t********tt**i*f********
i
CNTRL EQU 0AOH ; COMMAND CONTROL PORT
DATA EQU OAlH .;DATA I/O PORT. E
ASCPROM EQU 0A2H ;BIT 5=1 PROM ON, BIT 5=0 PROM OFF
RSTPT EQU OA3H ; CONTROLLER RESET PORT
WRTCMD EQU 0AH ;WRITE COMMAND
READCMD EQU 08H ;i READ COMMAND
ERRCMD EQU 03H ;RETREIVE ERROR COMMAND
SELECT EQU 0lH ; SELECT DISK COMMAND
CHMDAT EQU 02H ; COMMAND/DATA BIT
BUSY EQU 041 ; CONTROLLER BUSY BIYT
REQ EQU 0108 ;REQUEST COMMAND RIT
i
i
; INDIVIDUAL SUBROUTINES TO PERFORM EACH FUNCTION
BOOT: ; SIMPLEST CASE IS TO JUST PERFORM PARAMETER INITIALIZATION
XRA A ;ZERO IN THE ACCUM ¥
STA CDISK ; SELECT DISK ZERO
STA HSTACT ;HOST BUFFER INACTIVE.
STA UNACNT ; CLEAR UNALLOC COUNT.
ouT ASCPROM ; TURN OFF BOOT PROM

>>>>> ADD ANY SPECIFIC SYSTEM HARDWARE INITALIZATION
>>>>> CODE HERE (EG. USART INITIALIZATION CODE)

JMP GOCPM ; INITIALIZE AND GO TO CP/M

H

H

H

WBOOT: ;SIMPLEST CASE IS TO READ THE DISK UNTIL ALL SECTORS LO
XRA A ; .
STA HSTACT ;HOST BUFFER INACTIVE.
STA UNACNT ;CLEAR UNALLOC COUNT.
LXI SP,80H ;USE SPACE BELOW BUFFER FOR STACK
MVI c,0 ; SELECT DISK 0

CALL SELDSK

CALL ~ HOME ;GO TO TRACK 00

~

MVI B, NSECTS ;B COUNTS # OF SECTORS TO LOAD
MVI c,0 :C HAS THE CURRENT TRACK NUMBER
MVI D,1 . ;D HAS THE NEXT SECTOR TO READ

; NOTE THAT WE BEGIN BY -READING TRACK 0, SECTOR 1 SINCE SECTOR ;
H

CONTAINS THE COLD START LOADER, WHICH IS SKIPPED IN A WARM ST
LXI H,CCP

; LOAD ONE MORE SECTOR
PUSH B
PUSH D

$ SAVE SECTOR COUNT, CURRENT TRACK
; SAVE NEXT SECTOR TO READ

Listing 1 continued on p

s

i{BASE OF CP/M (INITIAL LOAD poll




Circle 161 on inquiry card.

111IFANTASTIC PRICES!!!
FROM DIGITAL DIMENSIONS

OKIDATA
ML-80..80 COL., 80 CPS......ocovvevcrinrnnns $317
ML-82A..80 COL., 120 CPS
*ML-83A..136 COL., 120 CPS .
*ML-84..PARALLEL, 136 COL., 200 CPS....$969
*ML-84..SERIAL, 136 COL., 200 CPS .....$1,083
*+L-92..80 COL., 160 CPS ..........ccvvmmen- $509
*)IL-02..SERIAL, 80 COL., 160 CPS ...
*ML-93..136 COL., 160 CPS ....
+#11L-03..SERIAL, 136 COL., 160 CPS .....CALL

PACEMARK 2410..350CPS................... CALL
PACEMARK 2350..SERIAL, 350 CPS ..... CALL
*Includes TRACTOR FEED
**Inc.,OKIGRAPH™ DOTADDRESSABLE GRAPHICS
IDS
PRISM 80..3.4K & 200 Sprint.............. $1,036
Inc. sheet feed, color & graphics .....$1,429
PRISM 132..3.4K & 200 Sprint............ $1,195
Inc. sheet feed, color & graphics .....$1,591
MICROPRISM 480 .........ooveiminacicreensiinenns $569

STAR MICRONICS
GEMINI-10..100 CPS, 2.3K BUFFER..... $409

GEMINI-15........ $519
C.ITOH

Prowriter..80 Col., 120 CPS, Parallel.......coieumueerrerannenns $395

Prowriter 2..80 Col., 120 CPS, Parallel. ..$570

Starwriter F-10..40 CPS .....
Printmaster F-10..55 CPS ...

SMITH CORONA
TP-..12CPS...... $649
MODEMS
Hayes 300 Baud Smart Modem.. .221 9
Hayes 1200 Baud Smart Modem....... 515

BUFFERS
Quadram Microfazer
16K Parallel to Parallel ..
32K Parallel to Parallel ..

MONITORS
AMDEK Color | $319
AMDEK Color il $719
NEC JB1201 Green
INTERFACES
Practical Peripherals
Grappler Plus... $149
Buffer Board 64K ...........ccovevveiiiccacnnns $135
FOR THE I1BM P.C.
NEC Spinwriter 3550..33CPS .. 322045
Quadram Quadboard w/64k.... 5469

Quadram Quadboard w/128K ...
Quadram Quadboard w/192k.
Quadram Quadboard w/256k.
Monte Carlo Card 64K..

E-Z COLOR BOARD
For the Apple Il or Apple i Plus.
Includes demo software and
E-Z COLOR Editor

INTEX TALKER text-to-speech synthesizer."
Serial and parallel interface included J $280

DIGITAL DIMENSIONS
180 Chapel Rd., Manchester, CT 06040

Info & Orders Call 203-649-3611
Orders Only 1-800-243-5222

C.0.D. Welcome. Allow 2-3 Weeks For Checks. MC/VISA OK.
Al Prices Include UPS Ground Freight In U.S.
CT Residents Add 71/2% Sales Tax.
Prices Subject To Change Without Notice.
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Listing 1 continued:

E2CO

E2C3
E2C4
E2C7
E2C8
E2C9
E2CA
E2CB

E2CE
E2CF

E2D2
E2D4
E2D7
E2DA
E2DD
E2EOQ
E2E3

E2E6
E2E9

E2EC
E2EF
E2F0
E2F3
E2F6

E2F9

E2FC
E2FF

E302

E305

C294E2

El
118000
19
D1
Cl
05
CAD2E2

14
C3AFE2

3EC3
320000

2103E2 |

220100
320500
2106D4
220600

018000
CD39E3

3A0400

4F

Cc300CC

C339E2

C33CE2

C33FE2

C342E2

C360E2

C345E2

C348E2

E308 010000
E30B C32AE3

E30E 79
E30F 329BES
E312 0D
E313 B7
E314 C24EE2
E317 0C
E318 210000
E31B FEO1
E31D DO
E31E 6F
E31F 2600

(

E321+29
E322+29
E323+29
E324+29
E325 1166E2
E328 19
E329 C9

E32A 60
E32B 69
E32C 229CES

E2Bl1
E2B2
E2B3

E5
4A
CD32E3

Qe se me e s

ONST :

A~

ONIN:
i

i
CONOUT:
i

i

LIST:

i
LISTST:

3
PUNCH:

e e

o
2]
]
[}
o

e Se we Se Ne e

HOME:

e =

ELDSK:

éETTRK:

JNZ WBOOT ;RETRY THE ENTIRE BOOT TI' AN ERROR OCCURS

NO ERROR, MOVE TO NEXT SECTOR

POP H ;RECALI, DMA ADDRESS

LXI D,128 ; DMA=DMA+128

DAD D ;NEW DMA ADDRESS 15 1IN 1, L

POP D ;RECALI, SECTOR ADDRESS

POP B {NUMBER OF SECTORS REMAINING, CURRENT' TRK
DCR B ; SECTORS=SECTORS-1 ’

J2 GOCPM  ; TRANSFER TO CP/M 1F ALL HAVE BEEN LOADED
INR D

JMP - LOAD1l = ;LOAD MORE BDOS CODE

END OF LOAD OPERATION, SET PARAMETERS AND GO TO CP/M

MVI A,0C3H ;C3 IS A JMP INSTRUCTION

STA 0 ; FOR JMP TO WBOOT

LXI H,WBOOTE ;WBOOT ENTRY POINT

SHLD 1 ;SET ADDRESS FIELD FOR JMP AT 0

STA 5 ; FOR JMP TO BDOS

LXI H,BDOS ;BDOS ENTRY POINT .

SHLD 6 ;ADDRESS FIELD OF JUMP AT 5 TO BDOS

LXI . B,80H ;DEFAULT DMA ADDRESS IS 80H

CALL SETDMA

LDA CDISK 7GET CURRENT DISK NUMBER

MOV C,A ;SEND TO THE CCP

JMP CCp ;GO TO CP/M FOR FURTHER PROCESSING
>>>>> THE FOLLOWING SIMPLE I/O ROUTINES MUST BE <K<K
>>>>> FILLED WITH THE USERS OWN SYSTEM ROUTINES <<<<K

; CONSOLE STATUS, RETURN OFFH IF CHARACTER READY, 00H IF NOTVH
JMP XCONST ;SENT TO USER JMP VECTOR :

; CONSOLE CHARACTER INTO REGISTER A
JmMp XCONIN ;SEND TO USER JMP VECTOR

; CONSOLE CHARACTER OUTPUT FROM REGISTER C
JMP XCNOUT ;SEND TO USER JMP VECTOR

;LIST CHARACTER FROM REGISTER C
JMP XLIST ; SEND TO USER JMP VECTOR

;RETURN LIST STATUS (0 IF NOT READY, 1 IF READY)
JMP XLSTST ;SEND TO USER JMP VECTOR

; PUNCH CHARACTER FROM REGISTER [
JMP XPUNCH ;SEND TO USER JMP VECTOR

;READ CHARACTER INTO REGISTER A FROM READER DEVICE
JMP XREADR ;SEND TO USER JMP VECTOR

I/0 DRIVERS FOR THE DISK FOLLOW
FOR NOW, WE WILL SIMPLY STORE THE PARAMETERS AWAY FOR USE
IN THE READ AND WRITE SUBROUTINES

;MOVE TO THE TRACK 00 POSITION OF CURRENT DRIVE
TRANSLATE THIS CALL INTO A SETTRK CALL WITH PARAMETER 00
LXI B,0 ; SELECT TRACK 0 .

JMP SETTRK ;WE WILL MOVE TO 00 ON FIRST READ/WRITE

;SELECT DISK

MOV A,C ; SELECTED DISK NUMBER

STA SEKDSK ;SEEK DISK NUMBER

DCR C ; LOAD ALTERNATE DRIVE

ORA A ; CHECK FOR HARD DISK

JNZ XSLDSK ;GO SELECT ALTERNATE DRIVE
INR C ; RESTORE HARD DISK NUMBER
LXI H,0000 ; LOAD ERROR CODE

CPI NUDISKS ;CHECK AGAINST MAX # DISKS
RNC ;NO CARRY IF GREATER

MOV L,A ;DISK NUMBER TO HL

MVI H,0

REPT 4 ;MULTIPLY BY 16

DAD H

ENDM

DAD H

DAD H

DAD H

.DAD H

LXI D,DPBASE ;BASE OF PARM BLOCK

DAD D ; HL=.DPB (CURDSK)

RET -

iSET TRACK GIVEN BY REGISTERS BC

MOV H,B
MOV L,C
SHLD SEKTRK 3 TRACK TO SEEK

>>>>> ENTER YOUR SYSTEM SET TRACK ROUTINE HERE <<<<<

PUSH H ; SAVE DMA ADDRESS
MOV c,D - ;GET SECTOR ADDRESS TO REGISTER C
CALL SETSEC ;SET SECTOR ADDRESS FROM REGISTER C

Listing 1 continued on P32




K-Pro w/software..........

Superbrain Jr, /8, 0/0. .. .$1879
Superbrain QD, D/S, D/D. ... 9
Franklin Ace 1000. . ... ..... $1
NEC AP.Coovrnenenanenil

£ DISK DRIVES
Tandon 100-2

NEC JB1201 Hi Res Green. . ...

BMC Green 12" .. .......... .. $85
Princeton Graphics R6B. .. .. .. $629
Taxan | REB........coooovnns $315

Amdek Amber..............

' PRINTERS

Gemini 10 100cps........... $359
Gemini 15 100cps........... 3519
Okidata 92, 160cps.......... $529
NEC 7710, 7730 ... ... .. $2190
DS Prism 132 . ..o $1179
Daisywriter .............o- $,1 099
Brother HR-1............... $329
Other Brands......... SR Call

* EXPANSION PRODUCTS

AST Boards 64k, Ser, Par, clock $389
‘Mountain Computer............ Call
Practical Peripherals......... ~Call
Micro Soft. . ...

Hayes' Smartmodem. .........
Hayes 1200 baud modem. . .. .. $529

ORDERS ONLY 1-800-531 -3133
INFORMATION: (206) 641-7233
Mail & Phone Orders Only.
Prices reflect 3% cash discount.

Sorry, no COD's.

~ _PACIFIC
. COMPUTERS

13256, Northup Way #7
Bellevue, WA 98005

May 1983 © BYTE Publications Inc

E2B6 Cl
E2B7 C5
E2B8 CD39E3

E2BB CD4BE3
E2BE FE00

E32F C351E2

E332 79
E333 329EES

E336 C354E2

E339 60

E33A 69
E33B 22B3ES

E33E C357E2

E341 3A9BES
E344 B7

E345 C263E2
E348 60
E349 69
E34A C9

E34B 3A9BES
E34E B7

E34F C25AE2
E352 AF -
E353 32A6E5
E356 3EO01

" E358 32BlES

E35B 32BOES
E35E 3E02

E360 32B2E5
E363 C3D8E3

E366 3A9BES
E369 B7

E36A C25DE2
E36D AF
E36E 32BlES
E371 79 °
E372 32B2ES5
E375 FEO02
E377 C291E3

'E37A 3El0

E37C 32A6ES
E37F 3A9BES
E382 32A7ES
E385 2A9CES
E388 22A8ES5
E38B 3A9EES
E38E 32AAES

Listing 1 continued:

POP B ; RECALL DMA ADDRESS TO B,C

- PUSH B ; REPLACE ON STACK FOR LATER RECALL
CALL SETDMA  ;SET DMA ADDRESS FROM B,C

i .

; DRIVE SET TO 0, TRACK SET, SECTOR SET, DMA ADDRESS SET
CALL READ
CPI oon ; ANY ERRORS?

i
;MAYBE THIS CALL IS FOR ANOTHER DRIVE

;BETTER GO SET THE TRACK NUMBER

JMP XSETRK
i
SETSEC:
; SET SECTOR GIVEN BY REGISTER C
MOV A,C
STA SEKSEC ; SECTOR TO SEEK

~ e ne

>>>>> PLACE YOUR SYSTEM SET SECTOR ROUTINE HERE. <<<<K

;MAYBE THIS CALL IS FOR ANOTHER DRIVE

;BETTER GO SET THE SECTOR NUMBER
JMP

XSTSEC
i
SETDMA:
“;SET DMA ADDRESS GIVEN BY BC
MOV H,B
MOV L,C
SHLD DMAADR ;LOAD DMA ADDRESS
5>>>>> PLACE YOUR SYSTEM SET DMA ROUTINE HERE. <<<<K

MAYBE THIS CALL IS FOR ANOTHER DRIVE
BETTER GO SET THE DMA ADDRESS
JMP XSTDMA

; TRANSLATE SECTOR NUMBER BC

LDA SEKDSK ;GET DISK NUMBER

ORA A ; CHECK FOR HARD DISK
i
H >>>>> CHANGE THE FOLLOWING JNZ XSCTRN CODE TO JUMP TO <K<K«
; >>>>> YOUR SYSTEM SECTOR TRANSLATION ROUTINE. <LK
i

JNZ XSCTRN ; TRANSLATE OTHER SECTOR NUMBER

MOV H,B

MOV L,C

RET

*

******i***************************t*i*ki****t*******

i

i

i

i *
i * THE READ ENTRY POINT TAKES THE PLACE OF *
3 * THE PREVIOUS BIOS DEFINTION FOR READ. *
.k *
;******i************t**t*t**t*******t**t**************
READ:

;READ THE SELECTED CP/M SECTOR

LDA SEKDSK ;GET DISK NUMBER

ORA A ;CHECK FOR HARD DISK A:
i
; $»>>> CHANGE THE FOLLOWING JNZ XREAD TO JUMP TO YOUR <l
; .>>>>> SYSTEM READ ROUTINE. <LK«
i ‘ i

JINZ XREAD ;READ ALTERNATE DISK

XRA A

STA  UNACNT

MVI ‘A,1

STA READOP ;READ OPERATION

STA - RSFLAG ;MUST READ DATA

MVI A ,WRUAL

STA . WRTYPE ; TREAT AS UNALLOC

JIMP RWOPER ;TO PERFORM THE READ
;**********************************ifi*************ﬁ**
.k *
;
i* THE WRITE ENTRY POINT TAKES THE PLACE OF *
i THE PREVIOUS BIOS DEFINTION FOR WRITE. c.k
ok N . *
;t*t******}**************k**i******************t******
WRITE:

;WRITE THE SELECTED CP/M SECTOR
LDA SEKDSK ;GET DISK NUMBER 5
ORA A ;CHECK FOR HARD DISK A: N

>>>>> CHANGE THE FOLLOWING JNZ XWRITE CODE TO JUMP TO ;<<§
3>>>>> YOUR SYSTEM WRITE ROUTINE. {4

o e e we

JNZ XWRITE ;WRITE ALTERNATE DISK =

XRA A ;0 TO ACCUMULATOR

STA READOP ;NOT A READ OPERATION
MOV A,C ;WRITE TYPE IN C :
STA WRTYPE

CPI WRUAL ;WRITE UNALLOCATED?
JNZ CHKUNA ; CHECK FOR UNALLOC

WRITE TO UNALLOCATED, SET PARAMETERS

MVI A,BLKSIZ/128 ; NEXT UNALLOC RECS
STA UNACNT

LDA SEKDSK ;DISK TO SEEK

STA UNADSK ;UNADSK = SEKDSK
LHLD SEKTRK

SHLD UNATRK ;UNATRK = SECTRK
LDA SEKSEC

STA UNASEC ;UNASEC = SEKSEC

CHKUNA:




Circle 231 on inquiry card.

mIFrames

30 Madels. of Enclosures
- Assembled and tested
. QuasuCcux Motherboards
o Power Supply
K Card cage and guides

‘& Fam, linesi.cord, fuse, power
& reset switches

Floppv Mclanrame

8! Disc Enclosure

5250

5525

" Phase/80 8“ Floppy Mcmframe

Phase/80.Desk + Mainframe

Write or call for our
brochure which includes our
application note: -
_ 'Building Computers —
A Recipe”

INTEGRAND

8620 Roosevelt Ave.eVisalia CA 93291
209i651-1203

We accept BankAmericard/Visa
and MasterCharge
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Listing 1 continued:

E391 3AA6ES
E394 B7
E395 CADOE3

E398 3D
E399 32A6ES
E39C 3A9BE5
E39F 21A7E5
E3A2 BE
E3A3 C2DOE3

E3A6 21A8E5
E3A9 CD73E4
E3AC C2DOE3

E3AF 3A9EE5
E3B2 21AAES
E3B5 BE

E3B6 C2DOE3

E3B9 34
E3BA 7E
E3BB FE40
E3BD DACYE3

E3CO 3600
E3C2 2AA8ES
E3C5 23
E3C6 22ABES

E3C9 AF
E3CA 32BOES
E3CD C3D8E3

E3D0 AF
E3D1 32A6E5
E3D4 3C
E3D5 32BOES

E3D8 AF
E3D9 32AFES
E3DC 3A9EES

E3DF+B7

. E3JEO+1F

E3El1 32A3ES

E3E4 21A4ES5
E3E7 7E
E3E8 3601
E3EA B7
E3EB CAl2E4

E3EE 3A9BE5
E3F1 219FE5
E3F4 BE

E3F5 C20BE4

E3F8 21A0E5
E3FB CD73E4
E3FE C20BE4

E401 3AA3ES5
E404 21A2ES5
E407 BE

E408 CA2FE4

E40B 3AASES
E40E B7

E40F C47FE4

E412 3A9BES
E415 329FE5
E418 2A9CES
E41B 22A0ES
E41E 3AA3ES
E421 32A2E5

; CHECK FOR WRITE TO UNALLOCATED SECTOR

LDA UNACNT ;ANY UNALLOC REMAIN?
ORA A :
JzZ ALLOC ; SKIP IF NOT

i

; MORE UNALLOCATED RECORDS REMAIN
DCR A ; UNACNT = UNACNT-1
STA UNACNT ’
LDA SEKDSK ; SAME DISK?
LXI H,UNADSK
CMP M : ; SEKDSK = UNADSK?
JNZ ALLOC ; SKIP IF yOT

i

H DISKS ARE THE SAME
LXI H, UNATRK
CALL SEKTRKCMP ; SEKTRK = UNATRK?
JNZ ALLOC i SKIP IF NOT

TRACKS ARE THE SAME

LDA SEKSEC ; SAME SECTOR?

LXI H, UNASEC ‘

cMp no ; SEKSEC = UNASEC?

JINZ ALLOC :SKIP IF NOT
; . .
; MATCH, MOVE TO NEXT SECTOR FOR FUTURE REF

INR M ;UNASEC = UNASEC+1

MoV AM {END OF TRACK?

CPI CPMSPT ; COUNT CP/M SECTORS

Jc NOOVF $SKIP IF NO OVERFLOW
: OVERFLOW TO NEXT TRACK

MVI M,0 ;UNASEC = 0

LHED  UNATRK .

INX H

SHLD  UNATRK ;UNATRK = UNATRK+1
i
NOOVF: . .

;MATCH FOUND, MARK AS UNNECESSARY READ

XRA A . ;0 TO ACCUMULATOR

STA RSFLAG {RSFLAG = 0

Jmp RWOPER {TO PERFORM THE WRITE
H
ALLOC:

;NOT AN UNALLOCATED RECORD, REQUIRES PRE-READ

XRA A ;0 TO ACCUM

STA UNACNT UNACNT = 0

INR A i1 TO ACCUM

STA RSFLAG {RSFLAG = 1
;**************ﬁ**************************************
.k *
’
i* COMMON CODE FOR READ AND WRITE FOLLOWS *
.k *
;*********************t**k***i******iﬁ**f*********i***

RWOPER:
' ;ENTER HERE TO PERFORM THE READ/WRITE

XRA A ;ZERO TO ACCUM

STA ERFLAG ;NO ERRORS (YET)

LDA SEKSEC ; COMPUTE HOST SECTOR
REPT SECSHF

ORA A ;CARRY = 0

RAR . ;SHIFT RIGHT

ENDM

ORA A ;CARRY = 0

RAR ;SHIFT RIGHT

STA SEKHST ;HOST SECTOR TO SEEK

ACTIVE HOST SECTOR?

LXI H,HSTACT ; HOST ACTIVE FLAG
MOV A,M
MVI M, 1 ; ALWAYS BECOMES 1

ORA A © ;WAS IT ALREADY?

Jz FILHST ; FILL HOST IF NOT
i o
; HOST BUFFER ACTIVE, SAME AS SEEK BUFFER?
LDA SEKDSK .
LXI H,HSTDSK i SAME DISK?
CMP M ; SEKDSK = HSTDSK?
JNZ NOMATCH
H
; SAME DISK, SAME TRACK?
LXI H,HSTTRK . ;
CALL SEKTRKCMP i SEKTRK = HSTTRK? =
JNZ NOMATCH

SAME DISK, SAME TRACK, SAME BUFFER? .

LDA SEKHST
LXI H, HSTSEC i SEKIIST = LISTSEC?
cMp M
Jz MATCH ;SKIP IF MATCH
;
NOMATCH::
; PROPER DISK, BUT NOT CORRECT SECTOR
LDA HSTWRT ; HOST WRITTEN?
ORA A ;
CNZ WRITEHST ;CLEAR HOST BUFF
;
FILHST:
;MAY HAVE TO FILL THE HOST BUFFER
LDA SEKDSK
STA HSTDSK

LHLD SEKTRK
SHLD HSTTRK
LDA SEKHST
STA HSTSEC

Listing 1 continued on P!




Y \x}ﬁw&vx i .. .
R : Listing 1 continued:
\« E 7 E424 3ABOES LDA RSFLAG ;NEED TO READ?
o\«\* - pson ol/,,,/ E427 B7 ORA A L
W G » E428 CASTE4 cNZ READHST ;YES, IF
< ‘veaway E42B AF XRA A ;0 TO ACCUM
- : E42C 32A5ES STA HSTWRT :NO PENDING WRITE
. B . i :
gy : MATCH:
Epson MX7°/8O Caftf'dges ;COPY DATA TO OR FROM BUFFER
E42F 3A9EES5 " LDA SEKSEC ;MASK BUFFER NUMBER
g oo EACH E432 E601 ANI SECMSK ;LEAST SIGNIF BITS
| - E434 6F MOV L,A ;READY TO SHIFT
f Y ;DOUBLE COUNT -
- Min. 3 of same color E435 2600 MV H,0 i
. - : REPT 7 ;SHIFT LEFT 7
Reloads $2.50 each Min. 12 gggn B :
$30.00 a Doz, of Same Color £437429 DAD " .
Cartridges and Reloads Available E438+429 DAD H ;
In Black, Red, Green, Blue, Brown E439+29 DAD H
- s - E43A+29 DI;‘DD g
y ’ ¢ E43B+29 D.
B.T. Enterprises £430+29 DAD "
Dept. 15C ) E43D+29 DAD H
08B Carlough Rd. ; HL HAS RELATIVE HOST BUFFER ADDRESS
]Bohemia NgY 1116 E43E 11BSES LXI D, HSTBUF
=== S E441 19 DAD D JHL = gols)'g ADDRESS
——— — . E442 EB . XCHG ; NOW I
Order Toll Free  :omwca \_&_} NYS Orders Call E443 2AB3ES LHLD DMAADR ;GET/PUT CP/M DATA g
800-645-1165 : 516-567-8155 E446 OEB0 MVI c,128 ;LENGTH OF MOVE i
Puces Subject lo Change F448 3ABLES LDA READOP {WHICH WAY? £
NYS Residents Add Tax. Add $2.00 Shipping & Handling E44B BT ORA A
B.T Enterprises is a dvision of Bi-Tech Enterprises Inc. E44C C255E4 JINZ RWMOVE ;SKIP IF READ
; )
H WRITE OPERATION, MARK AND SWITCH DIRECTION
E44F 3EO1 MVI A,l
E451 32A5ES STA HSTWRT ;HSTWRT = 1
E454 EB ° XCHG ;SOURCE/DEST SWAP
;
RWMOVE: u s DEST
; E L IS D
L AT LASTT A FULL IMPLEMENTATION of-the original ELIZA 7C INITIALLY 128, DE IS SOURCE,
program is now available to run on your microcomputer! E455 1A LDAX D ; SOURCE CHARACTER
Created at MIT in 1966, ELIZA has become the world's most E456 13 INX D
artificial ion program. ELIZA is E457 17 MOV M, A ;TO DEST
a non—dirsz_:(ive psychotherapist v_«ho analyzes each statement as EA58 2 3 INX H 1
you type itmandlnanrespondswnhherowncommentorquesﬂon ver R
— and her remarks are often startlingly appropriate! E459 0D DCR C ;LOOP 128 TIMES
. o
Designed to run on a large mainframe, ELIZA has hitherto been E45A C255E4 JNZ RWMOVE !
2 unavailable to personal computerusersexceptingreatlystripped H
‘;;’;g;::":‘;',‘;;;;":";g;"*’“"""“““""W"'”"‘“”““’"ﬂ‘“‘ ; DATA HAS BEEN MOVED TO/FROM HOST BUFFER |
: B i WRITE TYPE N
Now,ournewmlcrocompulavvenionpossesslngmeFULLpowev gggno gz;g%ss gg’l\ asg¥l§ ,'Tg DIRECTORY? e -
and range of expression of the original is being offered at the . A . - . 3
imrodumoryprice01only$25.AndI'youwannoﬂndouthowahe E462 3AAFES LDA ERFLAG ; IN CASE OF ERRORS
does it (or teach her to do more)_we will include the complete E465 CO RNZ ;NO FURTIHER PROCESSING
Source Program for only $20 additional. .
OrderyourcopyolELl:.Moduyandyou'l!vrgvarngavinwondernoy ; CLEAR HOST BUFFER FOR DIRECTORY WRITE
B s can actualy dor Ky, lots see what his E466 B7 ORA A ; ERRORS ?
ELIZA 1S AVAILABLE IN THE FOLLOWING DISK FORMATS: E467 CO RNZ fg“g ,I\F io
1. SundnrdBinchsinqlsdansnylorullCP/Mbnsedcompulun E468 AP XRA A ‘ T CCUM o
25 for ELIZA.COM - add $20 for Microsoft BASIC-80 Source E469 32A5ES5 STA HSTWRT ;BUFFER WRITTEN
2. 5% inch CP/M for Apple Il equipped with Z-80 SoftCard EA6C CD7FE4 CALL WRITEHST
$25 for ELIZA.COM - aad ?20 for Microsotft BASIC-80 Source E46F 3I\APE5 LDA ERFLAG
S e o Avpiosot Sourcs E472 C9 RET
4. Swinch for 64K IBM Personal Computer ) i
525'chm(wledFile-ldds?olotlEMD|sk5AS|C50ur¢e ;*****i********‘k*********t******'*i*ﬁii*ii****i**i****
5. S%Inchpersbav;‘elMlc;ocen:puler 1 BAS .k *
le - 2( i B ’
?25'0( rotected File - add §: 0 or Microsoft BASIC-80 Source ;* UTILITY SUBROUTINE FOR 16—BIT COMPARE *
ARTIFICIAL INTELLIGENCE RESEARCH GROUP i * *
921 NORTH LA JOLLA AVENUE . ;t***t**tr****t*tﬁ**«ig***tt***t*****tttt*kt**a*:*tt*ttt
[P ey sserses O o aecz2rd SEKTRKCHP: .
MC, VISA and CHECKS ACCEPTED ;HL = .UNATRK OR .HSTTRK, COMPARE WITH SEKTRK
. E473 EB . XCHG
E474 219CES5 LXI H, SEKTRK
E477 1A LDAX D ; LOW BYTE COMPARE
' E478 BE CMP M ; SAME?
E479 CO RNZ ;RETURN IF NOT
‘ " . r . H LOW BYTES EQUAL, TEST HIGH 1S
E47A 13 INX D
5 /4 FlODDV D|Sk DI'IVBS E47B 23 INX H
) ' . E47C 1A LDAX D X
(Direct 1BM® Plug-in) E47D BE ) cMp M ;SETS FLAGS
TANDON Model TM 100-1 $189" ea. E47E C9 . RET
. : : ;
TANDON Model TM 100-2 $249* ea. :
12, Green P.hospher ze"“h Mon“of 3109. ea. ;:****************#******************************i***:
BT ;
M EXPANSION s * WRITEHST PERFORMS THE PHYSICAL WRITE TO *
IB > 3 * THE HOST DISK, READHST READS TIHE PHYSICAL *
- BOARDS o e .
. 3 * . *
B . - ;**t************i******ﬂ**ﬂ*******tt*************i****
64K Memory ......... . $275" ea. WRITEHST:
128K Memory ........... $375" ea. JHSTDSK = HOST DISK #, ESTTRK = HOST TRACK #,
192K MEmOry ........... $450* ea. JHSTSEC = HOST SECT #. WRITE "ISTSIZ" BYTES
256K Memor $510‘. ea ;FROM HSTBUF AND RETURN ERROR FLAG IN ERFLAG.
Y oo . : : ;RETURN ERFLAG NON-ZERO I ERROR
Floppy Controller........ $180" ea. E47F 3EOA MVI A, WRTCHMD SLOAD WR1TE COMMAND
16K svstem BD Memory . $ 25" ea. E4A81 CDBFE4 CALL COMCODFE ; SEND COMMAND TO ()ON’I'ROLLER‘
MC / VISA or C.0.D. with certified check @ - WRTBUFF:
or money order. Arkansas residents add ;THIS LOOP SENDS BUFFER TO CONTROLLER
sales tax. E484 C3ECE4 JMP OUTLOOP ; SEND OUT THE BUFFER
For information or orders, call
. ! ;
501-777-9859 _ READHST: . ,
. ;HSTDSK = HOST DISK #, HSTTRK = HOST TRACK #,
G-H Computer Systems, Inc. HSTSEC = HOST SECT #. READ "HSTSIZ" BYTES
p.0.Box 871 e Hope, AR 71801 ; INTO HSTBUF AND RETURN ERROR FLAG IN ERFLAG.
- * Plus Shipping. ) L. . ?
Listing 1 continued on




Listing 1 continued:
£487 3E08 MVI A, READCMD ;GET READ COMMAND
E489 CD8FE4 . CALL COMCODE ;SEND COMMAND TO CONTROLLER
READBUF
;ROUTINE READS DATA INTO BUFFER

E48C C3FDE4 JMP INLOOP ;READ THE DATA

; Double Your . COMCODE

51" disk storage , ;COMMON CODE FOR READ AND WRITE TO CONTROLLER
capacity without adding a drive. | easr 3295E5 STA CMDBYTO ; STORE COMMAND BYTE
S A | E492 3n9FES LDA HSTDSK ;GET DISK NUMBER

Get twice as much from your H88 or , gﬁf‘r 5 7 MOVE TO BIT POSITION
H89 microcomputer. Our FDC-880H , . ENDM i
floppy disk controller, in conjunction | Ea9s5+17 RAL ;
with your 5%" drives, for example, E496+17 RAL ; .
expands memory capacity from 256 E497+17 i RAL ;
bytes to 512 bytes per sector. : g’:ggﬁ; g:i i

) ! :

_And it handles single and double- E49R E6EO ANI OEOH . :MASK OFF HI ADDRESS DATA
sided, single and double-density, 8" and £49C 3296ES5 STA CMDBYTL SAVE IN COMMAND BLOCK
51" drives — simultaneously. : E49F 2AAOES LHLD HSTTRK ;GET TRACK NUMBER

) REPT 5 i * 32 SECTOR/TRACK =% SECTORS
DAD H ;
ENDM
) G.D.R. Systems inc. [§ | E4A2+29 DAD H ;
Controlled Data Recording Systems Inc. | E4n3+29 DAD H i
7210 Clairmont Mesa Bivd., San Diego, CA 2111 §f E4A4+29 DAD H :
(714) 560-1272 - | B4ns5+29 DAD H ;
e E4A6+29 DAD H ;

e 5 | E4A7 3AA2ES LDA HSTSEC ;GET SECTOR #
le 89 on inqul(Y'c'a'rd | E4AA 5F MOV E,A ;SET UP FOR ADD
st ool | E4AB AP XRA A ;

< E4AC 57 MOV D,A ;
E4AD 19 DAD D ;ADD IN SECTOR NUMBER
. . -] E4nE 7D MOV A,L ;
MicroFrame | E4anr 329885 STA CMDBYT3 {SAVE IN COMMAND BLOCK
i 1 E4B2 7C MOV AH ;MSB OF ADDRESS
has new life .| EaB3 3297E5 STA CMDBYT2 :SAVE IN COMMAND BLOCK
| E4B6 3EOL MVI A,01 ;
New Sources of S-100 Bus § | gans 3299e5 STA CMDBYT4 LOAD SECTOR COUNT
i ; | E4BB AP XRA A . DESELECT HALF STEP OPTION
Mainframes & Disk .| E4BC 329AE5 STA CMDBYTS5 }SELECT HALF STEP OPTION
Enclosures E4BF 2195E5 LXI H, CMDBYTO :START OF COMMAND BLOCK
. E4C2 CDCCE4 - CALL SENDCMD :SEND COMMAND BLOCK TO CONTROLLER
Power Regulat|on EA4C5. CDDFE4 CALL CLRCMD ;CLEAR THE COMMAND BUFFER
. . “ | E4CB 21BSES LXI H,HSTBUF {POINT TO TRANSFER BUFFER
meeting previous standards E4CB C9 RET
H
Ann Arbor Terminals SENDCHMD :
. - : ;SEND THE COMMAND BLOCK POINTED TO BY HL
60 Lines Display | Eacc cp11ES CALL SELCT " ;SELECT THE CONTROLLER

E4CF CD26E5 CALL  WAIT {WAIT FOR REQUEST
48 Programmable Keys E4D2 0606 M1 B,6 :COMMAND BYTE COUNT
; 5 ) SENDCD:
1,499 prepald | eaps 7E MoV AM ;GET COMMAND BYTE
| E4aps D3nl ouT DATA iSEND IT TO CONTROLLER
CALL FOR PRICES | map7 23 INX H {NEXT BYTE
E4DS 05 DCR B :KEEP TRACK
MICRO MIDWEST | E4aD9 C2D4E4 Nz SENDCD ;
102‘05 W. 69 TERR - | B4pC C326E5 Jmp WAIT {WAIT FOR REQUEST
: CLRCMD:
MERRIAM, KS. 66203 ;CLEAR COMMAND BLOCK
EADF AF XRA A ;LOAD ZERO
913-362-3462 EAEO 0606 - MVI B,6 ;BYTE COUNT
' E4E2 2195E5 - LXi H,CMDBYTO . ;POINT TO FIRST BYTE
CLRCMD1 :
E4E5 77 - Mov - M,A ;CLEAR BYTE
E4E6 23 INX © H ;
E4E7 05 DCR B ;SUB COUNT
E4E8 C2ESE4 JNz CLRCMD1 ;
E4EB C9 RET ;
OUTLOOP:
_ ‘ . SEND OUT DATA UNTIL C/D BIT SIGNALS FINISH
: - | E4Ec peao N CNTRL ;READ STATUS
COGITATE Fast Dump/Restore System for | E4EE E602 ANT CMDAT JCHECK C/D.BIT
802H, 806. . . : E4F0 CA2EES J17 CKERR :DONE, CHECK FOR ERRORS
o Back-up files twice as fast as PIP. EAF3 7E MOV AM ;GET OUTPUT. BYTE
o Double the storage, up to 700K/diskette, Wi - g:g‘é g%;ézs &EEL 3‘\? ;TO CONTROLLER
“muttinte di 4 e AIT ;REQUEST
multlpledy;kettecapabnlnty_k.A | Earo 23 INK n PNEXT BYTE
COGITATE Type Ahead With Print | EaFa C3ECE4 JMP OUTLOOP ;KEEP LOOPING
o Print key prints screen . : :
INLOOP: -
'64‘3"3’30‘9”}'”:"3 > ;READ DATA UNTIL C/D BIT SIGNALS FINISH
TurboDOS | E4rD DBAO N CNTRL ;READ STATUS
| E4FF E602 ANI CMDAT ;CHECK C/D BIT
E501 CA2EES Jz CKERR ;CHECK FOR ERRORS
% E504 DBAL IN DATA {READ BYTE
is registe! E506 77 MOV M,A - ;TO MEMORY
aregisteredtrademark of Software 2000, Inc. gzg; (2:‘;2“5 : (IZ?&L :MT i gggUTEigCM_l on
'S OTHER G0OD TELEVIDEO STUFF! | Esom c3rpEs JMP INLOOP {KEEP LOOP ING
' RESET: :
COG“'ATE |nc 4 o ;RESET THE XEBEC DISK CONTROLLER
R g 111%. ~| Es0E D3A3 ouT RSTPT sSEND ANYTHING TO THE RESET PORT
SPECIALISTS IN UNIQUE TELEVIDEQ SOF TWARE E510 C9 RET
24000 Telegraph Road, Southfield, Mi 48034 é ELCT
(313) 352-2345 ’ :
. ;SELECT DISK 0 OF THE XEBEC CON 3
VISA/IMASTER CARD Accepted - : . CONTROLLER




