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IPE PROTOCOL Introduction

SECTION 1

Introduction

1.1 Purpose o# This Document

This specification describes the timing and protocol for a
communications busg to connect intelligent peripherals to
calculator type products. This document is meant to be wused in
formulating the detailed softuare design and to allow an accurate
review of the plans to support peripherals.

1.2 Scope of This Document

This document describes the signals: messages:. and protocol
on the peripheral bus. The electrical interface is not described
in detail; specifically the design of hardware to implement <the
bus is no%t discussed. The primary discussion centers around the
method used by devices to perform data transmission on the bus.
The specification includes the following sections:

1. Overview of the bus characteristics.
Description of bus signals.

Bus message structure.

el S

Access to 1/0 subroutines within the calculator.

An  application programmer need only read the section on /0
subsystem access in order to understand how o access pevipherals
from assembly language. The document is sEtructured with that
sgction providing a complete description foar software usa.
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IPB PROTOCOL Introduction

1.3 Terminology

IPB ~ Intelligent Peripheral Bus

RAM - Random Access Memary

HEK ~ Handskake I/0 Control Line

BAY -~ Bus Available I/0 Control Line

LAT - Internal I/0 Control Signal Derived from HSBK

PAB - Peripheral Access Block

S4B -~ Blave Access Block
SRPAB~ Service Request Peripheral Access Block

DSR -~ Device Service Routine

1.4 Related Documents

Related documents may be obtained by contacting Tom Ferrio
at TI lLubbock: phone 741-3362: MSG ALCC
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SECTION 2

Specification Overview

2.1 @General Features

The bus is designed to provide data ftransmission between a
caleulator and peripherals. It is organized in a master~slave
arrangement with the controlling calculator as the master and the
neripherals as slaves. In this manner the calculator on the bus
acts to control data activity. Mormal communication will be
initiated by a command message from the calculator $o a
peripheral. The peripheral respondg to the calcuvlator with a
data or status message to signal complation of the command.

Certain peripherals, when allowed by the master device, may
initiate a device poll by ths master. This effects a sarvice
Tequest feature by a slave device.

Through software loaded into RAM. the calculator can also
have a slave communication mode. This allows it %o operate on
the bus as a peripheral +to another calculator (to allow fwo
calculators to communicatel) and provides the capability for a
more complex communication structuyre Ffor applications which
require it. This capability is selectable from both assembly and

high level languages. Capability has also been given for the
ralculator to pass the master control te another device an the
bus. This does not allow a device to arbitrarily take control as

the master device but only do so by command from the current
master,

Transmissions on the bus are defined in +the context of a
“message Frame” which c¢onsists of a command message from the
master and 4 response message from the slave. The +form of the
messages is described in detail in a later ssction. This message
concept rtequires that each peripheral be intelligent enough %o
decode information and bus status and be able to follow protocol.
it is assumed that each peripheral will contain & microcomputer
for the bugs interface and conftrol functions,
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SECTION 3

Bus Signal and Timing Descriptions

3.1 Signals

The bus is connected to all devices in a parallel manner,
Mo buffering is provided at any point along the data bus. The
physical bus consists of B lines. A ground referance signal and
a positive powser supply voltage {(level to be defined provided by
an optional power supply) make up 2 of the lines. There are 4
parallel data lines defining a 4 bit nibble ags the bagsic unit of

information carried on the bus. Data within the communication
prototol is defined in B-bit units {bytes). Each byte
corresponds ¢to two transmissions on the bus, least significant
nibble first. Data is output ¢ta fthe bus wvia open collector
drivers.

D3 most significant data bit

Dz data bit

D1 o data bit

Do ieast significant data bit

HSK handshake

BAV bus available

-+ - supply voltage (TBD)

GND ground

The speed of transmission of the data bus is controlled by the
handshake line HMB8K., The BAV (bus available! signal is wused to
designate +the beginning of a command message frem the master and
for a slave device to request service as described in later
sections.

3. 2 Handshake Timing

The gignal timing of HE8X and the data lines is illustrated
in Figure 3. 1. The falling edge of HSK is the signal to
receiving devices that a nibble of data is available on the bus.
HEK triggers a signal that informs the software [/0 drivers that
a nibble of data is available an the bus. The rising edge of HEK
is the signal to the transmitting device that all receivers have
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IPB PROTOCOL Bug Signal and Timing Descriptions

read the data. HEK is an open collector line so that any one
device may keep it at a low level. When the receiving device{s)
sge %that HEK has gone low they rapidly (through hardware) pull
HBK low also. The recgiving device(s} then hold HEK low until

they have processed the data. The s$ransmitting device will
release HEK shortly after pulling it low. This normal
interaction is illustrated in Figure 3. 2. I+ the fransmitting

device is slower than the receivers then it may dictates the bus
speed as shown in Figure 3.3

When a device is not interested in the data being
transmitted it may disable itself from the bus and wait for the
next message frame (denoted by a DAV fransition +frem high to
low), Non—active devices need not even participate in the
handshake activity.

Figure 3.1
Bus Handshake Sequence

AN 7 \
HSK Y / N\
i<~ one handshake -3} (<= next =~
+ ]
AAAXKXXAEXX KXXELAXREXAKX
DO-D3 XXAXXXXXX AXKAANEXXAAK

<=~ data valid ~—321

Figure 3.2
Handshake Components
(Receiver Limited?

\ / A
HSK (composite) Y

7 \
i<—one handshake—-2{ i<~ next -
1 )
HAN / N
HSK(xmitb) AN / AN
H {<Dus>|
i< Bus >
\ / A\
HSK{ircv) \ £ \
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Figure 3.3
Handshake Components
{Transmitter Limited)

b / A

HBK(composite) Y 7 \

{<— one handshake -~ i<~ next ——

] [

\ / \

HSK(xmit) \ / \

\ / \
HBK(rcv) \ ! \

Table 3.1

HEK
HEK
HSK
HEK
HEK
HSK

E- 2

Handshake Timing Parameters
{Microseconds)

Item - Min Max
low to data valid - ¢
low(xmit) to HSK low(bus} - 3
low(bus: to HBK lowi{rcv?} - 5
low(xmit) to HSK highl{xmit} 2 -
high to data invalid 0O e g
high to HBK low 8 20000

within 3 message

because data is output via open collector buffers:, and
HE8K going high causes ones &0 be wriftten into their
output latch, data becomes invalid on the rising edge
of HBK.
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3.3 Bus Time-~out

Within a message frame (When Bus Available is low), whenever
HM8K is high it has 20 ms to go low. or a bus time-out condition
results.

3.4 Data Transfer Order

All data and overhead information is sent in increments of
one byte. As bytes are transmitted, the least significant nibble
is sent on the bus first, +Followed by the most significant
nibble. Whensaver 16 bit (fwo byte} fields. such as the data
length in the command message, are sent, the least significant
byte is transmitted first.
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SECTIOM 4

Bus Message Structure

4.1 Protocol

As mentioned earlier, ¢the data bus transmits command and
response messages within the context of a message framse. In
general the transmission of one command message ¥rom the master
device will cause a rTesponse message to be transmitted back from
the slave device gelected. Each wmessage consists of several
nibkble transfers as described in the previous section.

Each transmitted message contains overhead information to
indicate such +things as the slave device selected, the command
code to be performed, and the data length. The BAV (bus
available) signal specifies the start of a message frame. When
the master device starts a message frame it Ffirst pulls BAV  low.
The command message #rom +the master then follows that falling
edge of BAV. The falling edge of BAV alerts all slave devices to
look for the two-nibble device code which is always transmitted
first in the command message {(again., least significant nibble
first). The BAV signal does not return to the high level wuntil
the message frame is complete. This is illustrated in Figure 4.1
helow.

Figure 4.1
Message Frame

command ; rasponse :
message i massage i

-

BaV 5\ s
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Table 4.1
Message Timing Paramefers
Item Min Max
BAV low to HSK low S 20000
HB8K high to BAV high 1 -
End of command to start of response 10 e
HSK high to HSK low 8 20060
BAY high to BAYV low a8 ——

(Within a message frams}

The #first two nibbles of the command message always contain the
device cade of the slave device tog be addressed. All devices on
the bus will read this number and test for a match. After the
device code has been sent all devices except the one selected
will ignore all further data in the message. The hardware will
be designed such that they will not have to participate in the
handshake sequence until the next falling edge of BAV. In this
way the bus will operate at the maximum data rate of the two
“talking” devices once the device code has been transmitted.

Any device may extend the time to process data or wait for
an operation to complete by holding HSK low wuntil it is ready te
start the next operation. Whenever HEK is high during a message.
it must go low within 20ms or the receiver may time out (Time
outs are not required for peripheral slave handlers).

The command and response messages are detailed in a
following section.

As mentioned gpreviously. each device has a unique device
code. In addition., %the device cude 200 is rTaeserved to be
recognized by all devices.

4.2 Poll Regquest

The master device may tell a slave through a normal message
frame that it can request service from the master. When that has
been done the slave may interrupt the master by pulling the BaAV
signal low, When the slave device pulis BAV low that initiates a
message frame where the master polls a slave device which has
been enabled to request service. The “service request poll®
command code is wused for this. Figure 4.2 illustrates the
standard request sequence and the way BAV is driven. The master
will poll one of the enabled devices during the message frame.
I+ several devices have been anabled. fthen the master may not
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poll the requesting device in the current #rame. If that happens
then the polled device will say "No®, and the service request
handler will set up to poll the next device and return +to the
interrupted application. After waiting for a period:, the
requesting device will pull BAV low again fo0o initiate another
poll. The master device will cycle through the devices which are
enabled so the requesting device will be polled eventually.

I+ the master receives an interrupt while in bus master
made, and the application has not yet acknowledged a previous
sgrvice request from the current device., then the service request
handler will transmit a null operation message down the bus. 1f
no devices are enabled for service regquests, then the 08 will
ignore the interrupt.

Figure 4.2
Servirce Request Sequence

{ command { vesponse |
AY H /
BAV(composite) \ H /
\ i /slave sees HSK
BAV(slave} \ i/ go low and
! releases BAV
\ H /
BAV(master) A /

imaster pulls
{HEK low {ist nibbhle
{of transmission?

Because of timing wuncertainties the service request may
nearly coincide with a normal message Fframs. in that case,
illustrated in Figure 4.3, the master device will miss the
request and proceed with the normal frame. The requesting device
will treat this similar to the case where another device was
polled and re-assert the request after the current message is
complete. A difference arises when the master is coincidentally
sending a normal message when the device resquests sevrvice. This
might occur when the master sends a message %o the requesting
peripheral or to another peripharal. In that case the requesting
device will either see that the device code is not its device
code, or that the command code is not the “gervice request poll”
code and must process it normally. The requesting device would
then re~-request service after %he message is complste
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Fiqure 4.3
Service Request Miss

! tommand | response |

N / \
BAV{(composite} \ 7 Y
' { t~wait |
\ / \ Tre-request
BAV(slave) N / \
it—low !
\ / AY
BAVi{master} \ / N
Table 4-2
Polling Timing Paramemters
Item Min Max{us)
t-low *% see note =%
t-wait 2000 -
Note: The slave device will wait for the first HSK from
the bus master before relsasing BaV,
This specification allows multiple devices to be reguesting

service without any unresolvable conflicts.
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4.3 Command Message

As mentioned earlier, communication between the calculator
and a peripheral consists of a command message and a response
message {(In some cases. there will be no response *to the
command?.

The following data is contained in a3 command message:

Field Bytes
Device code
Command code
l.ogical Unit Number
Record number
Buffer length
Data length
Data variable

B A2 A s ope

Each device will have a wunique device code (255 codes are
available). Devices with several sgparvately addressable units
will have several device codes — one for sach unit. LDevice codes
have been assigned as follows (tentative);

Q - all devices

i-8 - tape mass stovage

10~17 ~ printer/plotter

20~27 - RE8-232 interface

30~-37 - TV interface (color)

40-47 - TV interface (black and white)
90~-57 - Centronix parallel interface
HO—-&7 - calculator in slave mode

70-77 ~ modemn

8087 -~ GPIB interface
PO-G7 ~ bar code reader
100107 Flaoppy disk drive

When device code O is used no peripherals will respond - the I/0
subsystem will always return with a time-out error. The variocus
tfialds in the command message are defined as follows.
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4. 3.1 Device Code

This selects the slave device which is to reéspond to the
command.

4.3.2 Logical Unit Number - LUNO.

This is reserved for use by devices which may contain
separately addressable segments on one physical unit {e.g. files
on disks). Each currvently open file on a device must have a
unique non zero code in this byte so that the device may continue
to relate the commands o the proper files: the open command
provides both the LUNDO and the file name. Note that L.UNOs  are
enly checked by peripherals that allow multiple files to be open
at one time (such as a floppy disk). Peripherals that don‘t have
files or only allow one file +to be open at a time are not
required to check the LUND for validity.

4.3.3 Command Code,

This field ¢tells the slave device the nature of the
cperation ta be performed. The following lists the standard code
gssignments.

00 — apen

Gl -~ close

022 ~ delete open file

03 ~ read data

04 - write data

083 - restore file

Oh — delete

07 - return status

08 — service request enable

09 -~ service request disable

0A -~ service request poll (poll inguiry)
OB —~ you are the master

0C ~ verify read/write aperation
OD - format and certify media

OE - catalog directory

OF - set characteristics

FE - null operation

FF - bus reset

The specific actions of each of these commands is degcribed in
section 5. Certain peripherals may extend this list Ffor device
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dependent +features. Groups af peripherals with similar
extensions to +this standard will have similar command cpdes for
those extensions. For example video display peripherals would
use the same command codes for direct screen access and could
have a command code which returns screen characteristics such as
numbers of lines and charactars per line. Command codes >50-%EF
are reserved for device dependent commands.

4.3.4 Record Number.

The record number is rteserved +for future devices which
support relative record {random access) +iles or for devices
which extend the standard command code set {(a.g. display address
for a write screen command on the TV interface). It is ignored
when a file is opened as & sequential file. This field must be
maintained by the application software #or compatibility with

possible future rtandom access devices. It should be zeroed
before the open and restore operations for normal access to
devices. It should also be incremented by the application after

successful read, write, and verify operations. The first recard
of a file is record 0.

4. 3.5 Buffer Length.

This field indicates +the size of the data hyffer for
receiving data from a peripheral. The data returned by the
peripheral in the response message must not exceed the length
specified here. This length is exclusive of the data length and
return status bytes which form part of the response message (The
status byte and data length replace their old fields in the PAB).

4.3.& Data Length.

This field gives the number of bytes of data which foliow in
the data field.

4. 3.7 Data.

This field contains data to be written 0 ¢he peripheral
device. The use of the data depends on the command code. it the
data length field is zero then the data field is not present,
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4.4 Response Message

The response message contains the following data

tield bytes
Data length 2
Data variable
Operation status i

4. 4.1 Data Length.

This +field specifies the numbsr of bytes of data which
follaw in the data field.

4. 4,2 Data.

This field contains the data to be returned to the master
device; for example on a read data operation. If the data length
field is zero then this field will bhe omitted. Whenever the true
data length cannot be determined at the time the length is sent,
the data field will be padded with trailing zeroes for internal
type files or devices, and with trailing blanks (220) for display
type files or devices.
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4. 4.3 0Operation Btatus.

This field contains a status of the operation. The
following lists the assigned response codes:

00 I O = normal operation completion
01 ¢ 1 - device/file characteristics errar
02 I 2 — attribute error
93 1 3 — file not found error
04 | 4 - file/device not apen arror
058 | O -~ file/device already open
06 § & -~ dewvice error
G7 ¢+ 7 - EOF error
08B I 8 - data/file toe long error
0 | 9 — write protect error
OA | 10 - it wasn’'t me {(response to poll inquiry}
OB §{ 11 -~ directory full error
OC | 12 - buffer size error
0D { 13 - unsupported command error
OE | 14 -~ file not ospened for write
OF { 15 - #ile not opened for read
10 1 146 ~ data error (checksum failure in device?
11 ¢t 17 - relative files not supported
12 | 18 ~ sequential files not supported

R i3 {1 19 -~ append mode not suppoarted

- 14 } 20 - output mode not supported
13 | 21 - input mode not supported
i& | 22 - update mode not supported
17 + 23 ~ $ile type (internal/display! incorrect
i or not supported

ig | 24 - verify error
19 1 25 ~ low hatteries in peripheral
1A | 26 ~ uninitialized media
1B | 27 -~ peripheral bus error
20 | 32 - media full

FE !254 -~ illegal in slave mode
FF 1295 - bus time ocut error

Error codes >50-2EF are reserved for device dependent errors.
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BECTIDN 5
1/0 Subsystem Access
This section describes the Peripheral Access Block (PAB) and
the 1/0 subsystem calling protocol. Some portions of this

section are redundant with previous sections but are included
herea for completaness.

5.1 Calling Sequence

To call the I/0 subgsystem the following steps are taken.

1. Place the command code and other information in the
PAB.

2. Place the address of the PAB in the floating point
accumulator (FAC - two bytes at address 275). The most
significant byte of address is placed at >»75 and the
least significant is placed at »7&.

3. Call the I/0 subsystem.
4. Test the status byte in the PAB (see below) for an

arror condition (The first tftwo bytes of FAC will be
returned pointing to the status byte of the PABR}.
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5.2 Peripheral Access Block

The PAB provides information for the I/0 subsystem to access
a peripheral device. The PAB contains the following fields in
the following order. The first field is at the address specified
by the PAB pointer in FAC. The other bytes are stored at
successively lower addresses. Also. the buffer pointed to by the
PAB buffer address is stored from high to low addresses in

memory,
field bytes to/from

Device code 1 to

Command Code i to

Loagical Unit Number 1 to

Record number 2 to

Buffer length 2 to

Data length 2 both

Return status i from

Buffer address 2 e
# Link to next block 2 -~= {anly in service request PAB’s)
# Kervice Flag 1 -~ (oanly in service request PAB’sg)
# DER Address = -— {only in service request PAB's)

NOTE

The last three fields (asterisked? are for
use in SRPAB’s. If the PAB is not going to
be used with a device enabled for service
regquests, then those tields are not
necessary.
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IPB PROTOCOL 1/0 Subsystem Access

5. 3 Standard Access

The access to a peripheral device is performed with a
sequence of 1/0 calls. Before using a device it should be opened
with an I/0 call using the open command. This may be followed by
other I/0 calls to read or write data or perform other functions.
When the application finishes using a device it should issue a
close I/0 call. This will ensure that any necessary device
dependent actions have bheen performed. Far instance: mass
storage devices often keep file information in a local RAM memory
and vupdate the file directories on the media when the device is
closed. The bus reset command code (>FF) will alsc close all
open devices, but may have other undesireable actions as well.

3.4 Command Descriptions
This section describes the PAB setup and device rasponseg for

the various standard I/0 command codas. This includes codes
>00(open)->0F (set characteristics), DFE, and JFF (bus reset).
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5.4.1 0Open ~ 00.

This command code is used to initiate the use of & device
(or file on a device). A device will check access modes and
ensure that the device is not already open. The PAB should be
set up as follows:

$#iald data
Device code as required
Command Code 878
Logical Unit Number unique nan—zero value
Record number elolels)
Buffer length as required (a3t least 0004}
Data length as required (0004 returned)
Return status {returned)
Buffer address as required

The data buffer contains ¢he following which is sant %o the
peripheral.

I/0 buffer length (2 bytes)

(i¥ rzero then device returns buffer size)
device attributes (1 byte!}
device characteristics (if any)

. The peripheral will compare the ‘I/0 buffer length’ to its
capabilities and return eithar the requested length, the maximum
length if the requested exceeds the maximum:, or the default
length if the requested is zero. The device attributes byte
contains flags wused to indicate the access mode of the
peripheral. Several bits are unused by the I/0 scheme and may be
used by the application softwars as desired. Other bits must he
set to zero to allow compatibility with future peripheral
protocel enhancements.

The bit definitions are as follows (hit © is the least
significant bit):

7-4 — access mode
00 -~ append mode (write anly at end of file)
10 - output mode {(write only}
01 - input mode <{(read only}
11 — update mode (rgad or write:
2 = relative(l)/sequential(0}
4 ~ fixed(1}/variable(0) length records
3 ~ internal(1)/display(0} file type
£ - device dependent use
0 - unused (may be used as desired by application?
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The access mode must match the capabilities of the particular
device, Append mode specifies that data will only be written (or
appended) to the end of a filse. Dutput mode specifies that data
will only be written to the daevice amd the “read data" command
will not be vused. Input mode specifies that datae will only be
read from the device and the “write data" command will not be
used. Update mode means that data may be both read and written.
For instance, the following peripherals will be expected to
support the given access modes:

calculiator in slave mode input, output, update

modem input, osutput, uypdate

R5-232 input, cutput, update

TV-interface input, output, update

bar code reader input

tape mass storage input, output, updatex

# update and append aonly work with the last file on the tape

Bit 2 may be wused to specify another device attribute as an
extension to this standard. Software which does not use any
special device dependent feature should set this bit to zero.

The device characteristics field is a variable length fisld
which contains device~dependent information relative to setting
up the device. Examples are information for the RS-232 baud rate

: or the Ffile name for a file oriented device. This is normally
= ASCII (character) data.

The response buffer will contain the accepted buffer length.
and the record number that the file was opened to. Fgr some
devices ¢his record number will be meaningless, so a zero (O)
will be returned. This information is always returned. Thus the
Tespunse message for a successful open will be;

Data length 0GC4

Data (2 bytes) Max. record length
(2 bytes) Record position =

Operation status QO

# The record number should be placed in the PAB
far the first I/0 call that follows.
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An unsuccessful open may not return data in the response message.
The operation status byte may contain the following error codes:

00 - successful open

0L - device/file characteristics errar
02 ~ error in attributes hyte

05 — #file/device already open

06 ~ device related error

09 ~ device/file write protected

OB - directory full error

0C ~ buffer size error
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5.4.2 (Close — O1.

This command terminates the use of a device. Bepending on
the device this command may be used to clean up internal data
(e.g. write an end of file) or may be effectively ignored. In

general a close command must be sent between using a device and
another open command. The data length for the close command will
be zero (no command buffer is transmitted). The PAB should be
set up as fallows:

field data
Device code as required
Commang Code g1
L.agical Unit Number as in opan
Retord number don’t care
Buffer length dan’t cars
Data length o000 (0000 returned)
Return status {(returned}
Buffer address don‘t care

The response message will only contain a status byte and a zero
data length (two bytes). The srror status indications are;

00 ~ devite or file closed

04 —~ device or file never opensd (optional)
06 - device related error

og data/file too long error
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3.4.3 Delete apen file - 02.

Sometimes, it is desired to delete & file upon caompletion of
1/0 to the file (such as reading some data and deieting the old
file). This command may be used in place of the close command,
and causes the open file to be deleted. The PAB should be set up
as follows:

field data
Device code as required
Command Code o2
Logical Unit Number as in open
Record number don’t care
Buffer length don‘t care
Data length Q00 (CQO0 returned)
Return status {returned’
Buffer address don’'% care
The response message will consist of no data (data length = 03

and the return status. The following error status indications
may occur:

00 — #ile deleted

01 - file not open

06 — device errar

09 - write protect error
OD ~ command not supported
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3.4.4 Read Data - 03,

This command is used to request data from a device. The
command message will contain a zero-length data field. The PAB
should be set up as follows:

#field data
Device code as reguired
Command Code 03
Logical Unit Number as in apen
Record number as required
Buffer length as determined in apen
Data length QGO0 (length returned)
Return status {returnad)
Buffer address as required
The response message will contain the data requested. The vtecord

number field should be incremented by the application after each
successful read data call ¢o be compatible with random access
devices. The fellowing error status codes may occur:

00 — read successful

02 ~ attribute error

04 - file/device not open errar
06 —~ device error

07 ~ EOF error

08 ~ data/file too long error
OC — buffer size error

O — command not supported

in the case where the data from the peripheral will not ¢it in

the available record space (data record truncated). the
peripheral may or may not provide as much data as possible.
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5.4.5 Write Data - 04,

This command is used to send data %o a peripheral device.
The command message will contain the data to be sent to the
device. The PAB should be set up as follows:

field data
Device code as required
Command Code G4
Logical Unit Number as in open
Record number as raquired
Buffer length don‘t care
Data length record length (QOQ00 returned)
Heturn status {(returned)
Buffer address as required

The response message will contain zero~length data and the
operation status. As in the read data operation, the application
should increment the record number after each successful
operation to support random access devices properly. The
following errar status indications may occur:

00 ~ write successfully completed
02 — attribute error
. 04 ~ file/device not open
- 04 — Devite error
08 -~ file/data too long
09 — write protect error
OC ~ buffer size error
OD -~ command not supported
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5.4.6 Restore - 035,

This command is primarily used with mass storage devices to
position a file toe its first record. The PAB should be set up as

follows:
field data
Device code as regquired
Command Code #1.]
Logical Unit Number ag in open
Record number don't care
Buffer length den't care
Data length QGO0 (0000 returned)
Return status (raturnad)
Buffer address don‘t care

The following error status indications may be returned:

00 ~ restore successful
file/device not open
046 — device error

Ok -~ command not supported

[o]
B
i
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3.4.7 Delete - Qb.

This command is primarily used to remove data from mass
storage devices. The PAB should be set up as follows:

field data
Device code as required
Command Code O&
Logical Unit Number as in open
Recard number den‘t rare
Buffer length don‘t care
Data length as neaded (Q000 veturned)}
Return status (returned}
Buffer address don‘t care

The command data buffer will contain the name of the file to be
deleted if it is appropriate to do so. The #file name must be
specified in the same manner as the characteristics in the open
statement. There will be no data returned. The +following
operation errar status indications may oeccur:

00 ~ file deleted

03 - #ile not found

05 ~ file is gpen error
O0d — device error

09 — write protect error
OD - command not supported
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5.4.8 Return Status -~ 07.

This command is wused to return device status information.
The information is returned in the data buffer. Certain bift
fields in the return data are assigned to standard meanings while
others are reserved for device despendent extensions. Certain
devices may return more bytes of status 1Ff the buffer length
allows. The PAB should be set up as follows:

field data
Device code as reaquired
Command Code o7
Logical Unit Number as in apen or QO
Record number as in previous call
Buffer length »= 0001
Data length QGO0 (0001 returned)
Return status (returned}
Buffer address as rvequired

When the LUND is given as zero, then general device status will
be returned. The device does not have tag be oapen for this
command {(although mass storage periphevals fthat enly support one
open file will return file status when given a LUND of 00). I¢
the LUND is nan—zero, then status will be given for the open file
raferenced hy the LUNDO. The bit fislds in the return data are as
follows {(bit O iz the least significant bit}.

7 — end of file has been reached (i=true,O=false)
& -~ random access supported (i=trye, O=false}
5 « #ile is protected (i=true,G=Ffalse}
4 « #ile/device apen (i=true,(O=false:}
2 — file/device type
0 - display type
1 ~ storage type (internal!
2 — undefined
3 - undefined
i1-0 - I/0 modes that the filefdevice can be opened in
O — undefined
1 -~ read only
2 ~ write only
3 - read/write

The following operation error status indications may occur:

04 ~ filefdavice not open
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5.4.9 Service Request Enable - 08,

The following SRPAB contents are used to enable a device for
gservicte rvequests. Most fields are not normally used (e.g. file
type devices are not expected to support polling). An open call
is mnormally required before this I/0 call to initialize device
parameters.

field data
Device code as required
Command Code 08
l.ogical Unit Number don’t care
Record number dan’t care
Buffer length don‘t care
Rata length normally 0000
Return status {returned)
Buffer address butfer address for device
Link to next SRPAB as is
Service Flayg G

NOTE

The application is responsiblie for resetting
the service flag atter acknowledging a
service vequest completion, The huffer
provided by the appliication must be szeparate
fvom that in the open to allow for normal bus
operation with that device.

The following error status code may be refturned:
00 ~ command acknowledged
06 — device error

0C ~ buffer size error
O -~ command not supported
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3.4.10 Service Request Disable - 0O%.

To disable a device from polling the application should send
an I/0 call to disable the device and then remove the SRPAD from
the 1list, The +following SRPAB contents are used to disable a
device for service requests. Most fields are not normally used.

field data
Device code as required
Cammand Code oe
Logical Unit Number don‘t care
Record number don’t care
Buffer length don’t care
Data length normally QOGO
Return status {returned}
Buffer address normally don’'t care
Link to next block Don‘t care
Service Flag Bon’'%t care

The following error status code may be returned:

00 ~ service requests disabled
0D - command not supported
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5.4.11 Service Request Poll - QA

This command allows a bus master to guery a peripheral as to
whether it requested service #rom the master. The PAB should be
set uyp as follows:

fiald data
Device code as regquired
LCommand caode CA
l.egical Unit Number dan‘t care
Record number don't care
Buffer length as determined in open
Data length 0000 (data length returned)
Return status {returned}
Buffer address as required
Link to next SRPAB as required
Service flag QO (to allow the poll operation)

The response message will consist of zero or more bytes of data,
and the return status. The #following error status indications
may occur:

0A -~ it wasn’'t me {(unsuccessful poll)

- # Any other error code indicates a successful poll
operation, and reflects ¢the reason for the
service request. Thus even devices that don‘t
support service requests need to return the "it
wasn‘t me" status code.

The I08 directly supports service requests by maintaining the
SRPAB pointer and sending the ‘Service Request Poll” command
whenever a bus interrupt is received, Thus, this message is
never actually sent by an appliication.

43
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3.4.12 You are the Master - OB.

This command allows a bus master to transfer contv61 of the
bus to another device. The PAB should be set up as follows:

+ield data
Devire code as required
Command code an
Logical Unit Number don’t care
Recoard number don’t care
Buffer length don't care
Data length Q000 {(GOGO returned)
Return status {(returned?’
Buffer address don‘t care

The response message will consist of no data (data length = O
and the rveturn status. The following error status indications
mayg occur:

00 -~ you are now a slave device
0D ~ command not supported
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3.4.13 Verify read/write operation - QC.

This command allows 3 program &o verify the accurracy of a
read or write to or from a device. After a record is read or
written, the record is sent back to the peripheral. The returned
status will show whether the record was verified. The PAB should
be set up as follows:

field data
Device cods as vequived
Command code QC
Logical Unit Number as in opan
Record number as in READ/WRITE
Buffer length don‘t care
Data length record length (O000 returned)
Return status {(returned?}
Buffer address as teguired

The response message will consist of no data {(data length = )

and the return status. The following evrror status indications
may otcur:

00 ~ record verifies
04 ~ file not apen
- 04 - device error
OD - command not suppovted
18 - verify error
19 ~ data/checksum error
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5.4. 14 Format Media - OD.

This command tells a mass storage device to format the media
used by the device. The return status will indicate whether the
format was successful. The PAB should be set up as follows:

field data
Device code as required
Command code Q0
Logical Unit Number don‘t care
Record number don‘t care
Buffer length don‘t care
Data length 0000 {(QGOC returned)
Return status {returned)
Buffer address den‘t care
There will be no data in the response message. The +following

return status indications may be rTeturned:

00 ~ agperation successful
05 ~ #ila or device open
04 ~ device error

09 - media write protected
O - command not supported
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5.4.153 Read Catalog - OE.

This command tells a mass storage peripheral to return basic
information about a particular file. It can be used to catalog
an entire directory through multiple uses of the command. The
FAB should be set up as follows:

field data
Device code &% vequired
Command codse GE
Logical Unit Number don‘t care
Record number file number
Buffer length at least >0012
Data length Go00 (0012 returned)
Return status {returned}
Buffer address as required

The data buffer returned will contain the following information:

File number 1 byte
File names i2 bytes
Maximum record length 2 bytes
Number of records 2 bytes
Device dependent flags 1 bytes

The following error status codes may occur:

00 - operation successfuyl
03 — file not found

05 - file already open

06 - device error

OC -~ buffer length error
0D ~- command not supported

By incrementing the file number with each call, a complete

directory of a device may be obtained. The end of the directory
is indicated by error O3 (file not found) being returned.
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3.4.16 BSet Characteristics - OF.

This command is vused to send device characteristics as
described in the open command without ra~gpening the device. The
command data buffer will contain the device characteristics which
are device dependent. The PAB should be set up as follows:

field data
Device caode as required
Command Code QF
Logical Unit Number as in open
Record number don‘t care
Buffer length don‘t care
Data length as required (G000 returned)
Return status (returned)
Buffer address as raquired

The response message will consist of no data (data length = )
and the return status. The following error status indications
Mmay ocour.

00 - characteristics changed

01 - error in characteristics
04 - device or file not open

06 ~ device error

0D -~ command not supported
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9.4.17 Null QOperation - FE,

When the calculator receives a BAV interrupt and either no
devices are enabled for interrupts or the current service flag is
set. +then a null operation code is sent to all devices. There
will usvually be no response to this message

field data
Device code as required (usvally 0O}
Command code FE
Logical Unit Number doen‘t care
Record number dan‘t care
Buffer length don’t care
Data length GO

{all other fields not needad)

35.4. 18 Reset Bus - FF.

It may sametimes he desired to tell a device (ar devices) to
tlaose all open files (or devices!. This command will wusually
have no response by devices, they will simply perform the action
requested (If they were not open to begin with, then they will do
nathingj. Thus., all devices will revert %o their power up
status. The PAB or SRPAB cshould be sat up as follows:

field data
Device code d4s required {(usually 00}
Command code FF
Logical Unit Number don’t care
Record number don’t care
Buffer length don’t care
Data length 00

(all other fields not nesded)}

* For both the Mull operation and Reset bus commands, no response
will be forthcoming if device code GO is uysed. However, if some
other device code is used. some specific devices may initiate a
response, The meaning of the response is specific to the device.
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5 5 Slave Mode

Five bytes in RAM are used to control the slave mode. These
are also wused for the polling operation when in the master mode
as described below.

Flag l.ength Address{es)

Master/Slave flag 1 byte ~0B0OS
Slave Operation Handler 2 bytes >0BO&, 20BO7

Slave Access Block (SAB!?
or Service Request Peripheral
Access Block (SRPAB) address 2 bytes 20808, >0809

When the master/slave flag is set to zero the calculator operates
in the normal master mode which allows I/0 commands as in the
previous section and polling operations for service requests as
in the next section. When the master/glave flag is set to non-
zeros then the calculator operates in the slave mode as described
in this section. In siave mode, Master fPMode Handler accesses
will be inhibited. The calculator will not perform polling in
slave mode, as another device on the bus is then expected to do
it

When in the slave mode a request from the master device may
sccur at any time and will cause an INT | in the calculator which
will enter code in the Slave Operation Handler . This code will
receive the command message from the master device placing it in
the Slave Access Block (SAB), then formulate and %ransmit a3
Tesponse.
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9.5.1 Recommended SAB Exampla.

The SAB is quite similar to the PAS gxcept that all
iocations contain received data and a separate buffer size is
provided to ensure that data sent with the command will £it in
the buffer.

The SAB:

field bytes rveceived
Command cods
Logical Unit Number
Record number
Buffer length
Data length
Buffer size
Buffer address

R RS e e
M O 3 M oM

All locations except the buffer size and buffer address are
changed when the command is received.

The response message block exactly wmimics the response
message as follows.

field bhytes
Data length 2
Data data length
Operation status 1
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5.6 Polling QOperation

When operating in the master mode the calculatosr can be set
up to poll one or more devices when a service request is issued.
A service request (BAV goes low) will cause an interrupt in the
software being run. When this interrupt occurs the I/0 subsystem
performs a device pell if a device is enabled for service
requests. 1+ the device was not the one that interrupted the
application, then the SRPAB pointer will be changed to point to
the next Service Request Peripheral Access Block and control will
be passed back to the application. I# the device poll was
successful, then the data, which will be in the SRPAB data
buffer, will be passed back to the application. and the Service
flag will be set.

I# the SRPAB has a non zero DER (Device Service Routine)
address, then control will be passed to the DSR, The Deavice
Service Routine can then process the data and return to the IO0S,
which will restore registers A, B, and 2:6& through >78, and then
pass control back to the application. If the mest significant
byte of the DSR address is zero +¢hen control will be passed
directly back to the interrupted application - that application
can then test for a completed poll by periodically checking the
SRPAB service flag. DSR’s can use registers »é6& through 78, and
the A and B registers. If more registers are needed, then they
will have to be saved while in the DSR, and restored uvpen
leaving.

PROCEDURE SERVICE_REGUEST_HANDLER;
BECIN
IF SRPAB_POINTER <> O THEN
BEGIN
IF SRPAB. SERVICE_FLAG = O THEN {DON'T SERVICE AN INTERRUPT IF

by

{THE APPLICATION HASN’'T SERVICED}

{THE LAST ONE
BEGIN
SRPAB. COMMAND _CODE: =#04A;
SRPAB. DATA_LENGTH: =0;
CALL MASTER_MODE_MANDLER;

¥

IF STATUS <> 10 THEN L{OHECK TO SEE IF CORRECT DEVICE &

BEGIN
SRPAB. CERVICE_FLAG: =1;
IF SRPAB. DSR_ADDREBE < O THEN
CALL (DSR_ADDRESS); {EXECUTE THE DSBR ~ THEN RETURN
END;
END
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ELSE
SEND NULL CPERATION MESSAGE:
SRPAE_POINTER: =SRPAB. NEXT_LINK:; { WE'LL POLL THE NEXT DEVICE ¥
END; £ NEXT TIME : 3
END;

% The interrupt vector handler will save the
necessary registers to agssure that none are
changed by the handling of the interrupt.

For a description of the SRFAB, sea section 5. 2 (It is a
PAE with the three noted fields at the end of the PaB -~ DER
dispatching is not supported in the current implementation). The
peripheral regquesting service will return a device status:. and
may return a data buffer. The return status byte will give a
reasgn code for the service request. The data will be device
dependent {(the amount sent will depend on the buffer size given
when the device was enabled for service requests).

I+ a device poll is unsuccessful, an "its not me" code is
returned, then the polling software will load the SRPAB pointer
from the link in the current block and return to the application
with & return from interrupt instruction,

To set up a device for palling the SRPAB is added ¢o the
poll 1list and the device is esnabled to request service with a
“gsarvice request enable"” command in a normal I/0 call wusing the
. SRPAB created for the device. When an SRPAB is added to or .
deleted from the list the interrupts should be disabled to
prevent a service request intervupt while fthe links are being
changed. The following sequence of operations will successfully
add an SRPAB to the list.

DISABLE _INTERRUPTS;

IF SBRPAB_POINTER=0 THEN BEGIN
LINK (NEW? : =NEW;
SRPAB_POINTER: =NEW;

END

ELSE BEGIN
LINK(NEW): =LINK (SRPAB_POINTER?;
LINKR{SRPAB_POINTER): =NEW;

END:;

ENABLE INTERRUPTS:
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The #following SRPAB contents are used to enable a device for
service requests. Most fields are not normally used (e. g. file
type devices are not expected to support polling). An open call
is normally required before this I/0 call.

field data
Device code as required
Command Code 08
Logical Unit Number don‘t care
Record number dan‘t care
Buffer length as required
Bata length nermally QGO0
Return status {returnad)
Buffer address buffer address for device
Link to next SRPAB as is
Service Flag o)
NOTE
The application is responsible for resetting
the service +flag after acknowledging a
service request completion. The buffer

provided by the application must be separate
from that in the open to allow for normal bus
opevration with that device.

The following error status code may be returned:

Q& —~ device error
CC ~ buffer size error
OD — command not supporteaed

To disable a device from palling the application should send
an I/0 call to disable the device and then remove the SRPAEB  from
the 1list, The following SRPAR contents arve used to disable a
device for service raquests. Most fields are not normally used.
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field data
Device code as required
Command {ode 09
Logical Unit Number dan’% ecare
Record number don‘t care
Buffer length dan‘t care
Data length normally 00CO
Return status {returnad}
Buffer address normally den‘t care
Link to next block Don‘t care
Service Flag Don‘t care

The +#ollowing error status code may be returned:
Ol - command naot supported

The following sequence will successfully delete an SRPAB from the
ligt. Note that it does not allow for error conditions such as
the SRPAB nat appearing in tha list or the SRPAB_PUOINTER=0.

{ OLD = addregss of SRPAB to be delated X

DISABLE INTERRUPTS;

WHILE LINK(SRPAB_POINTER)<LOLD DO
SRPAR_POINTER: =L INK (SRPAB_POINTER);

LINK{(SRPAB_POINTER}: =L INK(OLD};

IF SRPAB_POINTER=0LD THEN SRPAB_POINTER: =0Q;

ENABLE INTERRUPTS;

NOTE

I+ a devige that has been enabled for
interrupts is going to be accessed as a
normal slave device while interrupts are
enabled, a PAB must be established +or that
device (separate from the SRPAB) for master
mode accesses. Otherwise, the integrity of
the GSRPAB will be threatensed by a device
interrupt while preparing tar the I/0
speration. Interrupts should not bhe disabled
during preparation af a PAB or SABR to prevent
savere performance degradation of the system.
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SECTION &

Notes

&. 1 Peripheral Prompts

Neg provision is made #or pervipherals which must (or would
like to) prompt the user. However. provision has been made to
allow extensions to the language fo be made to support specific
peripherals. Thus, special commands toc support a device could be
added to make the system more ‘uger friendly”’.

& 2 Device Characteristics

The device characteristics are included in the open or get
characteristics I/0 calls. this data will be represented in
ASCII in order to allow friendly statements such as:

OPEN #1; V13 MYFILE", UPDATE #for a file on a disk
. OFEN #1,; "3, B=300. P=0", QUTPUT for RS232 at 300 baud odd parity

The open buffer would contain the text within the quotes after
the first comma and would be in ASCII.
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