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AN INTRODUCTION T0O THE OHIO SCIENTIFIC SIXTEEN PIN I/0 BUS

Chic Scientific is pleased to introduce a unique new oroduct
line - The 16 Pin I/0 BUS. With this system, it is possible %o
add up to eight special function boards while occupying only the
backplane slot.

This is made possible by a novel BUS extension methad which
allows decoding, timing and eight bits of data to be carried on
standard, inexpensive 18 pin ribben cables.

Up to eight inexpensive 15 pin cables with s+andard DIP
connectors may be attached to a single CA-20 becard which in turm
occupies one slot of the standard Challenger backplane. Alter-
nately, cne 16 pin I/0 BUS cable mayvy be at*ached to the CA-13
board at the rear of all C4P and C8P products. Note, in the case
of the Cu4P-MF this allows system expansion beyond the normal four
slot backplane.

Currently Zive HEAD END CARDS are availablza for inter-
cennecticon to the system via the CA-20 or CA-13 boards.

Computer Interface to Sixteen Pin I/0 RUS

The 16 pin I/0C BUS mav be attached to your computer via
two different boards - the CA-15 or the CA-20. The descriptions
of these beoards are as follows:

CA-15 Beard

The CA-15 board 1s a standard accessory interface ingtzllad

on the following Chio Secientific svstems: CuP-MF
and C8P-DF.
The CA-1% is mounted at the rear of the computar and contains
the Zollowing interface connections:
Jovstick and numeric keypad
Modem and serial printer
Sixteen PTA lines (ncrmallv

system - AC-2

o P - ‘e
Sixte2en Pin I/0 3US



AN INTRODUCTION TO THE OHIO SCIENTIFIC SIXTEEN PIN I/0 BUS

Ohio Scientific is pleased to Introduce a unique new product
line - The 16 Pin I/0 BUS. With this system, it iz possible to
add up to eight special funetion boards whils occupying only the
backplane slot.

This 1s made pcssible by a novel BUS extensisn method which
allews decoding, timing and eight bits <of data to be carrisd on
standard, inexpensive 1% pin ribbon cables.

Up to eight inexpensive 16 pin cables with standard DIP
connectars may be attached to a single CA-20 beard which in turn
cccupies one slot of the standard Challenger backplane. Alter-
nately, cne 18 pin I/Q BUS cable may be at+ached tTo the CA-15

board at the rear of all C4P and C8P products. Ne+s, in

ok

ha case
of the CUP-MF this allows system expansicn beyond the normal Four
slot backplane.

Currently five HEAD END CARDS are availabls for inter-
connection te the system via the CA-20 or CA-13 boards.

Computer Interface to Sixteen Pin I/0 2US

The 16 pin I/0 BUS mav be attached %o vour computar via
two different boards - the CA-15 or the CA-20. The descriptions
of these boards are as follows:

CA-15 Board

The CA-15 board is a standard accessory Interfzce instzilad
on the following Chic Scientific svstems: CuP-MF, Cup-DMF,
and C3P-DTF.

The CA-15 iIs mounted at the rear of *he computer and con*tains
The following interface connections:
umeric keypad
izl printer
ne

nes (normally used for the Home 3Sscurisy
svstem - AC-17P)

Jovstick and n
Modem and se

™

Sixteean PTA

Sixteen 2in I/0 3US
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The Zeatures of the clock subsystem are as follows:
Hours, minutes, seccnds and 1/10 secends

Day of weak

Day of month

Month of year
Four Year calendar

If you happen to own (or use) a C2 series or C3 saries

computer, tThe CA-20 board can actually contrel ths power cyelin

=

2f the entire computer when equipped with an opTisnal power
sequencer package. This means ycu can preset a time (month,
cay, hour, ete.) within the alock subsystem and when that oreset
time agreses with the actual time, A.C. power 1s applisd to t©
entire computer system through the pewer saquencar. AT a later
time, the systam's A.C. power may alsc be remcved and the svstem
shut down under software/clock subsvstam con<rol.

For applications where *the clock subsystam is nct required,
the CA-20A will perform zll the Sixtaen Pin I/0 3US Suneticns

associated with full-Fzature CA-20.

ZZAD END CARDS

HEAD ZND CARDS is a general name used to describe any or
all of the specizl funetion boards which at<ach “s the Ohin
Scientific 3ixtaen Pin I/0 BUS. There zrs currently five
such boards and, with the excaption of +he CA-22, thavy will

only interface with the computar via the Sixteen DPin I/0 30S.

-
-
-

lease note, as detailasd 2arlier, you mus™ use a2 ZA-13 or
2 CA-20 board at the "computsr 2nd" of the Six<een Pip T/0 3US

tD complets the intasrfacs.



In the following pages a brief product and application
description of the currently available HEAD END CARDS will be

Presanted.

Bit Switching and Sensing The CA-71

The CA-21 is a 48 line parallel I/0 board featuring three
6821 PIAs (peripheral interface adapters) and pretotyping/ inter-
connect areas.

The use of PIAs in the design allows fer maximum interface
versatility as you may configure any one of the 48 I/0 lines as
either an Input or an autput. As outputs, each line is capable
of driving a minimum of one standard TTL load.

Additional versatility is added because 2% of the lines,
when configured as outputs, may simultaneously function as
inputs. This feature, althcugh scomewhat cenfusing, is extremely
useful for applications such as switch matrix decoding.

Each of the 48 lines is brought out %o twe Ffoil pads
(suitable for wire wrap stakes) as well as a lccarion on one of
four 12 pin Molex-type female edge connectors. Theres ars also
eight 18 pin DI?P gécket locaticns which are intended for use as
prototyping areas. Additionally, the 12 PIA "hand-shaking"

lines are brought to 12 single foil pads.

l_J
~4

The CA-21, with proper buffering, may be used Sor virrual
any computer controlled bit switching or bit sensing application
that you can imagine. With a full complement of sight CA-Zls
interfaced via the CA-20, a total of 38u individually controllzhlis

I/0 lines are zossible!



An interesting application using one CA-21 board would be
& complete, if somewhat slow, smulation of the standard Ohic
Scientifiec BUS.

A more standard application might be augmenting the standard
Home Security System (AC-17P) with "hard-wired" sensors.

One type of sensor you could easily add is a standard
window "perimeter detector”. This could be done with commercially
available adhesive foil tape. You could then detecr a bresk-in
(through a broken window) By sensing'a break in the fcil tape.

Another useful applicatiocn ycu cculd set up in concert with
the AC-12P wireless A.C. Remote Control, might be sensing when
a roonm is entered. You could accemplish this with prassure-
switch door mats or door switches. When room antry is dermsctad,
the lights could be turned on or, turned off cn axit.

I you are designing any scrt of dedicated contrel systam,
the CA-21 is an idezl choice. You can easily'sense many
types of input (pressure transducers, flow Senscys, switches,

ete.) while controlling outputs from a simple single LED display

Tha CA-23

EFPROM Programmer

The CA-23 is an EPROM programmer designed for use with the
growing Families of S volt only EPROMS. With the (CA=23 ¥ou can
pregram and verirly all 1K through 8K byze IPROMS of +this TyDe.
Note these parts are often identified as 3K - 54K bir ZDROMS.

The CA-23 can program (or verify) data in two basic modes -

EPROM to/from EPROM or EPROM to/from computer RAM memcry.



Additicnally, EPRCM data may be read directly into the computer'’s
RAM memory.

There are fcur LED indicators on the CA=23. The first is
"SOCXET UNSAFE". This means that a programming voltage is
Present at the socket and if you insert or remove an EPROM it is
likely to be damaged.

The second indicatcr is "PROGRAMMING". This means thart your
EPROM is currently being programmed.

The third indicator is "ERROR". This mesans that somewhere
along the line your programming attempt was unsuccessul.

The final indicator is "PROGRAM COMPLETE". This means tha=x
your program and verificaticn was sucgessful.

The most intriguing application for this product is the

language. It could aven include a new character generator for'
your CRT or printer. Note, however, tinkering areound with the
internals of computers and peripherals requires a fairly high
degree of technical expertise. Also, most manufacturer's
warranties ars voided by these types of modifications.

Several 0EM (criginal equipment manufacture) and Research/
Development applicaticns will be immediately obvicus to those =7
you involved in that werk.

The CA-23, as previously mentioned, is designed for use
with 1X through 8K byte EPROMS. These Dparts come in various

-

package styles and have various oroduct names. or sxamclsa,

Int=l's 2K x 8 part 1s the 2716, Taxas Instruments' Dart is

Xxnown as the 2515.



The CA-23 has both 24 pin and 23 pin zerc inserticn fcores

sockets for reading, programming and verifying the EPROMS.

Prototyping —— The CA-24

The CA-24 is a sclderless bread-board designed for proto-
typing, experimental and educational applicatiens.

The bread-boarding is made up of seven solderlass tlug=-strips
of the type manufactured gy AP Products. Two of the plug-strips
centain a connection matrix of 5 by 54 connections and are used
as signal distribution points. Another pair of 96 location
plug-strips are for powering the bread-bcard area. The actuszal
experimenter area is comprised of thrae plug-strips, =2ach with
a2 10 by 64 location connectien matrix. Additicnally, sixt=aen
LED indicators and sixteen DIP switch pesitions are provided for
signal observation and contrel functions.

Beard I/0 is via TTL latches and bi-directional 2IA plobapes-
as well as direct (buffered) data, signal ané con*=el lines from
The computer BUS. This method allecws you to directly interconnect
devices such as 6850 ACIAs in addition *o doing mcre "isolated"
and/cr independent circuits.

The CA-24 also contains a "clock" generator which is
continuously wvariable fronm approximately 25,000 Hz. through
70,000 Hz. You may alsc connect the clock to an cn-bhoard 13

stage divider chain. This allews division of the “undamental
=

. 1 ‘ I e =
Irequency by as little as 2~ (Z) to as much as ? (35,3386).
The applications for the CA-24 are orimarily prototyoing
and experimenting. PFarts may be insertad and removed frem The



terminal strip blocks over and over. Interconnection of parts
is accomplished simply with solid, narrow gauge wire jumpers.
Errors in design or connection are extremely easy to correct.
The CA-2t lends itself very well *o structured experiments
that are common in the educational environment. It is an ideal
tecol to aid in the teaching of computer and computer Iinterface

Sfundamentals.

The CA-25

Accesscry Interface

The CA-25 is designed to implement some of the functions
normally asscciated with the CA-15 interface hoard.

It allows ycu to directly connect the Home Security Systam
(AC-17P) and/or the Wireless A.C. Remota Cont=ol System (AC-12P)
to C2 and C3 series computers. Additicnally, if vou cwn an alder
Ohic Scientific computer, you can now easily connect these syswems
to it.

An eﬁtremely useful application of the CA-25 i3 associarted
with small business systems. Using the CA-25 with the Home
Security System, and perhaps a CA-1S5V (Univawrsal Talevhone
interface wi*h speech synthesizer output), the computer could

do payroll, inventory, ete. by day and "guard" the shop by nighr.

Analecg T/0 -——— The CA-22

The CA-22 is a high speed analog I/0 module. Altheough the
CA-22 is classified as = HEAD END CARD, it differs from the rest
of the family in that it may alsc be piugged directlv invwo the
computar's standard internal BUS. This zllows “or maximum

Flexibility in the use of +the Ca-27.



The analog input section of the CA-22 consists of a
18 channel @nalog multiplexer. This means that you may connect
up to 18 sspararte signals directly to the CA-22. Also included
1s a2 sample and hoid circuit followed by the analog to digital
converter circuitry.
The A to D cenverter is capable of either § bit or 12 bis
oreration. You may select these options under software controli.
The accuracy of the converter is plus or minus cne in
the least significant bir:. The stability of the circui+ is
rated at one milliveolt drift per degree Centigrade,

The A to D conversicn is exTrenmely fast., I+t is capable
of digitizing up to 65,000 samples per second in the 3 hHi+
cenversion mode and 28,000 samples per second in the 172 hi+ mode.

Shanncn Sampling Theory states that signals should be samplad at

.

twice the highest frequency present. Therefcre, it is possible far

s
you To convert signals with a frequency greater than 30K Hz.
Clearly, high fidelity audioc is well within the spectrum oF
the CA-22.

The multiplexer has very high impedance inputs and is
capable of accepting inputs in the range of -1J volts through
+10 volts. The input is jumper selectable for other settings
including a single sided range of 0 through +10 vol+s.

Due to the indeterminable nature oI the actual inputrs
that you may actually apply *to the CA-22, cnly the aultiplexer
inputs are brought ocut. However, a guad cp-amp is laid our in
foil which you may populats in several 4iffsrant mcdes o handla

scme of the more "common" input configurstions.



The analog output section of *+he CA-22 consists of two
identical high speed digital to analog converters. Each DAC
can convert either 8 bits or 12 bits of data. Data input to
the DACs is latched in such a manner that, when in the 8 birt
conversion mode, the other four (of the total of twelve) bits
are continucusly output at a predefined value. You may., of
course, define that value under software control.

The output of each DAC is buffered with a high speed op-
amp capadle of changing cutput voltage at the rate of 20 volts
per microsecond. The standard configuration of each output is
bi-polar with a voltage swing of -10 volts through +10 volts.
This is jumper selectable to allow a uni~-polar output of 0§
through +10 volts.

Some additicnal I/0 capacity is provided on the CA-22.
There are three TTL level inputs and six cpen collector logie
cutputs. These are strappable tc be either standard TTL level
outputs or high-voltage outputs.

You can use the CA-22 for a multifude of analeg sensing
and/or analeog controlling applications.

Using the proper transducers and the 16 input channels,
you can monitor the temperature in several zones of a home or
office. By extending this system with a Ca=21, you cculd
maintain precise temperatures by switching the proper controls
onn and off.

Another interesting, if somewhat obvicus application, is
in audio prccessing. Reverberation, phase shirfting and echoing

are just a few of the uses you could implament,



If you used blocks of RAM for data storage, other appli-
cations such as frequency doubling, etec., could be experimented
with.

If you apply more sophisticated software techniques, such
as & fast Fourier transform, on stored input data, very elaborate
signal processing becomes realizable. Projects such as audio
spectrum analyzers and speech recogniticen experiments are
certainly practical. Note, in these types of applications you
are likely to find scme signal pre-processing in hardware
is certainly beneficial - if not totally necessary.

If you employ beoth DAC cutputs and the on-board unblanking
circuit, X-Y oscilloscope plotting is an irnteresting applica+tion.
By using these techniques and one cr more of the analcg Inputs,
you can construct & digital storage scope. Nota, both of these
applicétions require that you have access to an escilleoscepe

capable of X-Y input as well as blanking.

sSummarvyv

With the intrcductien of the 16 pin I/0 BUS, Ohic Seisn<ific
has cpened a new world of interfacing capabilities Zor both
the large and the small computer user.

Systems ranging from totally automatad sampling and
control staticns to complets R/D setups =c aducarticnal lab
stations are now available to you via s<tandard building blocks
and standard computer systems.

For pricing and availability, ecntact your near=st Chis

Scientific dealer.



Purpcse and Scope

The CA-20 1is designed to expand the I/0 capabilities of
the 0ST Challenger Series. Each CA-20A is capable of supporting
up to eight "HEAD END CARDS"™ away from the computer card cage
while requiring only one card slot of the motherboard for the
interface. The CA-20, in additicn to the features of the CA-204,
also includes a time of day clock and real time clock with
interrupts or polling capability. The clock is supported by
battery power which is automatically recharged whenever the
computer is turned on. The CA-20 is installed inside the
computer mainframe and the accessory boards (HEAD END CARDS)
are outside of it, virtually increasing I/0 capability to any
desired amount. Several CA-20 boards could be installed in
one computer by readdressing the CA-20 with jumper connections

provided on the board.

~12-



CA-20, CA-21, CA-22 Board Software

0S-85D Process Control Basic has six reserved words
interfacing with the CA-20, CA-21 and CA-22 boards. These
are the DGIN, DGOUT, ANIN, ANQUT, TIME and DATE statements.
This software assumes that a CA-22 must be located at PORT @
of a CA-70 or J2 of a C4P or CB8P, or inserted directly into

the rack at address C78u4 if ANIN and ANQUT are to work.

1s°?
For TIME and DATE, to use the CA-20 programmable clock, it
must be located at C78E116 (as shipped). OCtherwise, a polled

clock and calendar will be maintained by monitoring the one-

second ticks of the 470 flcppy ceontroller board.

DGIN Base, Bit, Variable

DGOUT Base, Bit, Value

DGIN reads the CA-21 board. A PIA bit and register are
selected and read and a zero or one stored in variable.

DGOUT writes the CA-21 board. A PIA bit and register
are selected, value is evaluated to be zere or non-zero, and
a zero or cne written, sending the data line low or high,
respectively.

Base is an expressiocn yielding the address of the desired
FIA date register.

Bit is an expressicn yielding a byte value selecting a data
line (bit #-7 of a data register). TIf the bit selected is greater

than 7, higher PIA registers are addressed
(address=base+L(bit/8)%21),

and the line selected is mod8 (bit). Values larger than a byte

-13-



get a function call error. Base and bit are similar in behavior
te the address and byte of the POKE statement.

Variable is any legal BASIC integer or floating
variable.

Value is any legal BASIC integer or flecating

expression.

A syntax error is the normal result of misuse, but bad
addresses can cause crashes when the attempted initialization
of a PIA for reading or writing 1is done over operating system

addresses or other forbidden locations.
ANIN Channel, Variable

ANIN reads the CA-22 board for analog-to-digital
data.

Channel is an expression with a value from #-15, which
is used to select an input line to be read. Variable is any
legal BASIC floating or integer variable, which will store a
value from # to 255 (integers) or 255.9375 (flecating). A full
scale is used. (For the -18 volts to +18 volts setting, this
means that -18 volts would yield a #, @ volts a 128, and +1D
volts a 255 or 255,8375.)

Twelve bit mode is always selected, but use of eight bits

merely results in a fraction of zero.
ANQUT Dac, Value

ANOUT uses the CA-22 board to output digital-to-analog

data.

—1L-



Dac is an expression yielding & value of zero or one,
selecting digital-to-analog converters one or two, respectively.

Value is any legal BASIC integer or floating expression
with a result greater than or equal tc # and less than 256.
Twelve bits will always be output, but the four least significant

bits for an integer value will be zero.

TIME=Hours{, Minutes {, SecondsH
TIME Hours, Minutes, Seconds
DATE=Month, Day, Year

DATE Month, Day, Year

TIME= sets the system time-of-day clock. The CA-20 is
used, if possible. Otherwise, a polled clock is maintained
using the one-second ticks from the 470 floppy controller. The
choice is made after some simple tests for system configuration
are made during the beootstrap procedure. Only the first para-
meter is mandatory. All parameters may be any legal BASIC
integer or floating expression with results within parameter
ranges.

TIME stores the system time-cf-day values into the floating
or integer variables provided by the user as parameters. All

three are mandatory.

DATE= sets the system calendar using hardware as the

TIME= statement does. All three parameters are required and
may be any legal BASIC expressions.

DATE stores the system calendar values into the floating
or integer variables listed as parameters.

Hours ranges from 8 to 23, as the system time uses a 2U-

hour nomenclature.

~15=-



Minutes and seconds range from £ to 59.

Month ranges from 1 to 1Z2.

Day ranges from 1 to 31 and is checked against year
and month for & legal Gregorian date.

Year may be two or four digits. Two digit values are
added to 1988 (all legal Gregorian dates are four digit).

The following discussicn of available machine code
subroutines is merely to describe to the potential user their
availability and use. The subrcutine addresses may change
after this paper is published. Refer to the documentation
supplied with (Process Contrel Basic) for the addresses to
call in your version.

The process control extensions to BASIC are always
resident and may be accessed from assembly programs whether
BASIC is loaded or not. When these routines error out, how-
ever, they will attempt to JMP to BASIC error reporting routines.

DGIN subrcutines:

DIASML - set selected bits of a PIA data register to
input mode. Store the data register address at 1916 (low) - lAlB
(high). Store a byte in X with zercs in the bits to become
input lines and ones in the lines to be untouched. JSR to 366316.

DIASM?2 - read a PIA data register. Store the data register
address in 1916 (low) = 1A16 (high). JSR to 367@16. The read
byte will be returned in A.

DRSTOR - restore PIA toc previcus state. JSR to 36?616.

DGOUT subroutines:

DOASM1 - set selected bits of a PIA data register to output

mode. Store the data register address at 1916 (low) - 1A16 (high).

-16-



Store a byte in X with zeros in the bits to become ocutput lines

and ones in the lines to be untouched. JSR to 369D16.

DORITE - store a data byte into the data register. Store

the data register address at 19 (low) - lA16 (high). Set Y

16
to zero and put the data byte in A. If used with DOASM1, the

control register will be restored. JSR to 369516' If control
register restoration is undesirable, set up as for DORITE but

JSR to 36Au16.

ANIN subroutines:
ATASM]1 - select 12 bit mode and set a channel for input.

Load the channel number (ﬂ-Fls), into register X and JSR to

371816'

ATASM?2 - read the currently selected channel until the
valid data flag indicates the read is good. If the flag fails
to go valid in 2558 clock cycles, this routine will JMP to HLEq oo

the BASIC error reporter. JSR to 372B The eight most

16’

significant bits will be returned at AF the four least significant

16°
bits will be returned in bits #-3 of Bﬂls.

ANCQUT subroutines:

Store the 8 MS bits at AF the 4 LS bits, if desired,

16’
in bits 0-3 of Bﬂls. Set Y to B# or 2, selecting DAC 1 or 2 and

JSR to 3777 for 12 bits, or load A with # and JSR to 377D

16 18’

for 8§ bits.

TIME subroutines:

When the polled clock is in use, the hours, minutes, and

seconds values are stored at 37C2 - 37CL respectively. To

16 16°

maintain the polled clock, JSR to 37C5,. at sub-second intervals.

To tell whether the polled or programmable clock is in use,

-17-



location 37FD is @ if polled, T if programmable.

16 Fig>

To set the programmable clock, lcad 396116 - 396316 with

hours, minutes, and seconds, respectively. JSR to 386F16 to

set seconds, minutes, and hours; 387C16 to set minutes and hours;

388716 to set hours. To write any clock register, store the
register number and value at 39A6, . - 39A716’ respectively, in

BCD form and JSR to 399A16'

To read the programmable clock, JSR to 383D and hecurs,

16

minutes, and seconds will be stored at 396116 - 3963, respective=

65
ly. To read hours, minutes, or seconds individually, JSR to

38B3 3BA9 or 38GA respectively. To read any clock

18° 16° 16?
register, store the register number in BCD at 39A616, and JSR to

398%16. The value will be returned at 39A716’ in BCD.

~18=



Software

Address Determination

Fach "HEAD END CARD" can have up to 12 distinct sub-port
addresses which are required to accommodate the various functions
of each board. An example of this is the CA-21 which has three
PIA's (peripheral interface adapter). £Each PIA has four distinct
register lccations internal to it which must be accessed indepen-
dently. Therefore, for correct processor communication with
+this accessory board, 12 independent and distinet 8 bit register
locations must be accessed (read or write). This is accomplished
by the above mentioned subset of port addresses. To rephrase
that, each of the eight ports has 12 separate sub-port addresses
that will enablé that port (read or write) and each sub-port address
will enable an individual sub-port c¢n the "HEAD END CARD" if so
equipped.

The address subset (RANGE) of each port is determined in
the following manner. First the board select address range of
+the CA-20 is found by determining the hardware configuration of
the address decoders. The CA-20 as shipped from the factory is
$C7XX (hex). Conversion to decimal will result in a board select
range of 50844 to 51199 decimal. If the board select address
has been modified by the user then these figures will have to be
changed as required. Each individual base port address can now
be found by BASE ADD. = BS+(PORT #X16). Where BS is the board
select address (50944) as shipped from the factory and PORT #

is the desired PORT from 0 to 7. Assume you wish to find the

—1G-



base address of PORT #5. Using the above equation, it is found
that the base address is 50844 + (5X16) = 51024. To find the
entire subset of the PORT add 15 to the base address. For PORT #5
the range is 51024 to 51039. Notice that the entire port subset
actually includes 16 distinct addresses but only 12 will ever

be used. The first four of each port (for PORT #5 51024 to 51027)
should not be used and the upper 12 are the actual subset. If
any of the first four of the port subset are accessed the "HEAD
END CARD"™ will not acknowledge and no data will be transferred

in either direction (read or write). The conly thing that weould
happen i1f any of these are accessed is wasted machine cycles.

To find the sub-port address for a given location cr register
on a "HEAD END CARD" connected to any port, the sub-port address
number should be added to the port base address. TFor PORT #5
this would be 51024 + sub-port number. The sub-port number is
found by converting the least significant hex-digit of the hex
address found in the "HEAD END CARD" manual to decimal. TFor
example: If the "HEAD END CARD" register address desired was
specified as $C70A then the (A) would be ccnverted to decimal
(10). TIf this card is connected to PORT #5 of the CA-20 then
this sub-port address weculd be 51024 + 10 = 5i024. In most
"HEAD END CARD manuals the sub-port number will be identified
in the software section. Under no circumstances should the
sub-port number be less than 4 or greater than 15.

The previous method will work with all "HEAD END CARDS"
installed in any one of the eight ports and may be useful In

generating efficient code for multiple "HEAD END CARD" installation.

—-20-



It should be noted that this is not a necessary function at
run time and should be avoided especially if a low number of
cards are being interfaced. 1In this case the addresses should
be precomputed and inserted directly into the code (variable
would be faster) to increase processing speed. It should also
be noted that if a "HEAD END CARD" is installed in PORT 8,

the "ADDRESS MAP" in the "HEAD END CARD" manual may be used
directly since PORT # has the same port subset addresses as
the original 0SI accessory bus. The machine code programmer
should notice that each port is identical in structure of
addressing and each is 16($F) from the last/next.

Basic PROG #8 could be used to read the sub-ports of a
PIA on the CA-21 "HEAD END CARD" with data registers at sub-
ports 4 and 6. This program assumes that the registers have
already been defined as inputs and is simply a demonstration
of one possible method of generating the sub-port addresses
required. If the CA-21 were moved to another port changing
the number (5) in line 60 would redefine the address of that
card. If the CA-21 were installed at PORT @ this number would
be changed to (DEV=8).

Basic PROG #9 builds upon this addressing scheme and does
two opefations. First it initializes all six data registers
as inputs from an unknown state, then reports the results of
reading the six registers in binary. This program can be
directed to any port by changing the 5 in line 140 toc the
desired PORT number. It 1s beyond the scope of this paper to
cover techniques used in PIA programming. PROG #9 is merely
a demonstraticn of a possible addressing scheme that could be
used to generate efficien% code for multiple sub-port interfacing.
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