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SECTION 1

GENERAL DESCRIPTION

The Distributed Input/Output (I/0O) System provides a multiport interface control
system for the LSI Family of computers. The Distributed I/O System is programmed ‘with
standard instructions, and when operating with either Auto I/0 or Direct Memory Access
(DMA), allows the mainline program to continue executing while data is transferred at
the rate required by the peripheral. The Distributed I/0O System allows attachment of
any mix of Intelligent Cables.

The hardware used to implement the Distributed I/O System consists of two main parts,
the I/0 Distributors and the Intelligent Cables. Two I/0 Distributors are available.
The first is designed to handle data transfers using interrupts and the Auto I/O
feature of the LSI Family. The second uses Direct Memory Access to handle the re-
quired data transfers. Either I/O Distributor can also transfer data under direct
program control. Any Intelligent Cable can be attached to either of these I/O Dis-
tributors. .

This manual describes the overall operation and programming of the Distributed I/0

System. Section 1l is a general description of the Distributed I/0 System. The system
operation and general programming requirements are described in Section 2. The Intel-
ligent Cables are individually described in Section 3. These descriptions include the
applicable special programming requirements and any special installation instructions.

ComputerAutomation U\S ———

The overall Distributed I/0 System installation instructions are provided in Section 4. '

For purposes of clarity, the following names are used for the Distributed I/O System
hardware:

e I/0 Distributor(s) - Family or collective name used to refer to any model I/0
Distributor.

e Standard 1/0 Distributor - Refers to the I/O Distributor without Direct Memory
Access capabilities.

e DMA I/0 Distributor - Refers to the I/0 Distributor with Direct Memory Access
capabilities. ‘

e Intelligent Cable(s) - Family or collective name used to refer to any or all
models of the Intelligent Cables. The model name (e.g., Magnetic Tape Intel-
ligent Cable) is used to refer to a specific Intelligent Cable. The device
normally interfaced by the Intelligent Cable is considered included when the
name, Intelligent Cable, is used in Fhis manual.




® Channel - The Distributed I/O System components that constitute a complete inter-
face controller. More than one channel may operate concurrently through an I/0
Distributor. ‘

e R

1.1 DISTRIBUTED I/O SYSTEM CONCEPT

The Distributed I/0 System is designed to replace the conventional single device
interface controller. An I/O Distributor complete with up to four or eight Intel-
ligent Cables can replace the same number of independent interface controllers. The
physical configuration of the Distributed I/0 System contributes to the packaging
efficiency and the system flexibility.

The need for an interface controller usually arises when a specific peripheral must be
attached to a computer. For example, the Maxi-Bus of the LSI Family of computers can
interface directly with a peripheral if the peripheral observes the interface disci-

" pline of the Maxi-Bus. Very few peripheral devices, unless specifically designed to

} do so, will actually interface directly with the Maxi-Bus.

The interface controller resolves the interface problems by observing the Maxi-Bus
w interface discipline on one side, the peripherals interface discipline on the other
‘ side and internally translating one into the other. '

In the Distributed I/O System, the interface controller is physically divided into two
separate units. One unit, the I/O Distributor, contains the logic used to observe the
Maxi-Bus interface discipline. The second unit, the Intelligent Cable, contains the
logic used to observe the peripheral device interface discipline. The separation
between the I/O Distributor logic and the Intelligent Cable logic exists physically,
but is transparent to the computer software (see Figure 1-1).

The physical division of the interface controller logic into separate units allows the
I/0 Distributor logic to be used on a time-shared basis. The I/O Distributor thus
expands the capabilities of an interface port to the Maxi-Bus.
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1.2 I/O DISTRIBUTORS

The central component of the Distributed I/0 System is the I/O Distributor. Con=-
structed on a Computer Automation half-card size printed Circuit Board, the 1/0
Distributor can be installed in any standard chassis. The various model I/0 Dis-
tributors are grouped into two operational classes: The standard models that use
interrupts and the Auto I/0 instruction to handle data transfers, and the DMA model
that uses Direct Memory Access to handle data transfers. Fither I/0 Distributor can
also transfer data under direct program control. '

The two standard I/0 Distributor models can operate with any mix of up to four (maxi-
mum) or up to eight (maximum) Intelligent Cables.

The DMA I/O Distributor is available in a single model that operates with any mix of
up to four Intelligent Cables.

Each I/O Distributor develops a system clock for internal use and for use by all
attached Intelligent Cables. Operating power for the Intelligent Cables is provided
through the I/O Distributor. The I/O Distributor also provides strapping options for
selectable baud clock rates, Parity Bit Standardization, and Special Character
Detection.

The standard I/O Distributor multiplexes the Intelligent Cables to a single port on
the Maxi=-Bus. It assigns priorities to the data service and End-of-Block requests
from the Intelligent Cables and then, in priority order, transfers these requests to
the Maxi-Bus in the form of interrupts. The standard I/0 Distributor is also res=-
ponsible for providing the correct interrupt address when the Intelligent Cable's
interrupt request is honored. '

The DMA I/O Distributor includes sufficient processing capabilities to execute the
equivalent of the LSI Family Auto I/O instruction. It assigns priorities to the data
service requests from the Intelligent Cables and then, in priority order, makes the
necessary data transfers. Since this is performed by the I/0 Distributor, the main-
line program is not interrupted and data transfers are made at the memory cycle rate.
The End-of-Block service requests from the Intelligent Cables are assigned an inter-
rupt priority and then, in priority order, the DMA I/0 Distributor transfers these
requests to the Maxi-Bus as an interrupt when there are no pending data service
requests. :

A micro-diagnostic is provided for test purposes as part of the DMA I/O Distributor

'processing capabilities. The micro-diagnostic tests the data loop for any attached

Intelligent Cable. The micro-diagnostic is selected and initiated by software command
from the computer. Successful completion is indicated by an interrupt to the End-of-
Block subroutine. .

1-4




1.3 INTELLIGENT CABLES - FUNCTIONAL DESCRIPTION

Pexripheral devices interfaced to the computer through the Distributed T/0 System are
connected to an I/0 Distributor by an Intelligent Cable.

Each Intelligent Cable is physically constructed 'as two separate cables, both connected
to a PICOPROCESSOR (Figure 1-2). One cable is used to connect the T/0 Distributor to
the PICOPROCESSOR. . This cable is a standard flat ribbon cable. The other cable is
used to connect the peripheral device to the PICOPROCESSOR. This cable is usually a
short, special cable. When the Intelligent Cable is designated for use with a speci-
fic peripheral device, the special cable is supplied with the appropriate device

mating connector. Detail specifications on the Intelligent Cables is provided in
Section 3.

Fach PICOPROCESSOR is a small, special-purpose processor designed to control the
transfer of data between the peripheral device and the I/0O Distributor. The PICO-
PROCESSOR receives both power and timing control (clock) from the I/O Distributor.

The operation of the PICOPROCESSOR is sequenced and controlled by the microprogrammed
firmware instructions. The firmware instructions are arranged into one or more func-
tion programs that are tailored to the specific needs of the peripheral device.

The PICOPROCESSOR operates semi-independent of the. I/0 Distributor and the computer.
The PICOPROCESSOR cannot initiate any of the firmware sequences. All functions are
initiated by direct command from the computer software. The function initiation
command takes the form of a branch command to the appropriate allowed PICOPROCESSOR
firmware address. Once the function is initiated, the firmware takes control of the
I1/0 operation, freeing the computer for other processing.

Under firmware control, the PICOPROCESSOR is able to:
® (Control peripheral operation.
s Request service from the I/O Distributor.

e Modify the firmware sequence in response to detected events.

The individual descriptions of the Intelligent Cables are located in Section 3 of this

- manual. These include descriptions of the firmware sequences, allowed entry points to

the sequences, and other special programming requirements.
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Figure 1-2. PICOPROCESSOR (Cover Remoyed)
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1.4 SPECIFICATIONS
1.4.1 1I/0 Distributors Available
Standard I/0 Distributors

14629-14 - 4-channel, serial or parallel data format peripherals
14629-18 - 8-channel, serial or parallel data format peripherals

DMA I/0 Distributor

14674-01 - 4-channel, serial or paraliel data format peripherals.

1.4.2 Device Data Formats

Bit serial (asynchronous and synchronous)

Parallel (8-bits output and 8- or 1l6-bits input)
1.4.3 Device Control Configurations

Simplex

Half duplex

Full duplex using two Intelligent Cables (requires two I/0 Distributor channels).
1.4.4 Clocks

Distributed I/0 System Clock

250 ns - Used by I/0 Distributor and all'attached Intelligent Cables.
BAUD Clocks

10 baud clock rates (16 times baud rate) are listéd as follows:

19,200 600
9,600 300
4,800 150
2,400 110

1,200 75

Each channel on the DMA I/O Distributor can be set to any baud rate independent
of the other channels. The 75 baud, 600 baud, and 19,200 baud rates on the
standard I/0O Distributor are not directly available for selection. One of these
three baud rates can be included with the seven remaining baud rates as a set of
eight baud rates available for selection. Each channel on the standard I/O
Distributor can then be set to any of the eight available baud rates independent
of the other channels.

. ——— — - — e —
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1.4.5 Environmental

All components of the Distributed I/0 System operate at an ambient temperature 0 to 50

degrees Celsius at 5 to 90 percent relative humidity (non- condensing) .

1.4.6 Power Requirements

All components of the Distributed I,/0 System (except for the peripheral device) re-
ceive DC power from the Computer Automation LSI Family computer power supply. The
maximum power requirements are as follows:

I/0 Distributor 14629-14 +5V at 1.68 A
I/0 Distributor 14629-18 +5v at 2.18 A
I/0 Distributor 14674-01 +5V at 4.0 A
Parallel Format Intelligent Cables . +5V  at 0.85 A
IEEE Intelligent Cable +5V at 1.0 A
Serial Format Intelligent Cables +5V at 0.70 A
+12V at 0.05 A
-12v at 0.065 A

Refer to the appropriate computer handbook for the various power supply capacities.
Be sure the total power demand does not exceed the rate power supply capacity.

1.4.7 Bandwidth

Table 1-1 contains listings of the maximum transfer rate bandwidths for various
combinations of processors, memories, and I/O Distributors. The listed maximums apply
to a single Intelligent Cable transferring data. All other peripherals must be in
Idle, and the software in a minimum time wait loop.

Tablé 1-1. Maximum Bandwidth in Kilobytes

Memory
CPU Type 1/0 Distributor Core 1600 Core 1200 | Core 980
Type
L8I-2/60 Standard 60 80 86
LSI-2/20 Standard 60 80 86
LSI-2/10 Standard 30 40 43
LSI-3/05 Standard 32 32 : 32
LSI Family DMA 198 215 225




Each Intelligent Cable/pecripheral has a maximum data transfer bandwidth that is device
dependent. For peripheral devices that use the full handshake discipline for data

/ transfer this bandwidth is a range from zero up to the maximum possible for the per-
ipheral device. For peripheral devices that use the strobed discipline for data
transfer this bandwidth is a specific value corresponding to the determining factor in
the peripheral (e.g. magnetic tape movement speed and recording density).

Few precautions are required if only handshake discipline peripherals are used. Under
‘worst case circumstances, the peripheral may be slowed temporarily but data is not
jost. With a strobed discipline peripheral device, care must be taken to assure data

is not lost.

The resulting system throughput is a function of the computer's capabilities, the
number and kind of I/0 Distributors, the number and kind of Intelligent Cables, and
the number and kind of other peripheral controllers attached to the computer.
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SECTION 2

OPERATION AND PROGRAMMING

This section first presents the overall description of the Distributed I/O System
operation. The manner and sequence in which control is passed from one part of the
system to another is included in the description. The second part of the section is a
description of the various instructions and command words. Standard formats are
provided along with the basic programming parameters of the Distributed I/0 System.

2.1 SYSTEM OPERATION

The overall Distributed I/0 System operation is divided among several pieces of hard-
ware., Control of the Distributed I/O System is shifted between the system components
as part of the operation sequence. The programming requirements presented later in
this Section can be more easily understood with a good knowledge of the operational
sequence.

The Distributed I/0 System is a multi-channel system. The operational sequences of a
standard I/0 Distributed channel using interrupts to perform data transfers and a DMA
I/0 Distributor channel using Direct Memory Access to perform data transfers are
described in this section. The operational sequences presented are typical of the
operation of each respective channel. The transfer of data under direct program
control is dependent on the software and the Intelligent Cable involved and is not
described. Refer to the Intelligent Cable descriptions in Section 3.

The differences in operation between the standard and the DMA I/O Distributors are

virtually transparent from a software standpoint. However, a good knowledge of the
operational differences will help the programmer design software that will operate on
both types of I/0 Distributors with maximum efficiency.

2.1.1 Preparation

Prior to initiating any I/0 operation with the Distributed I/O System, the computer
software performs several "housekeeping”" functions. The first of these is to deter-
mine the availability of the peripheral device for an I/0 operation. Usually, the
software checks the channel status character to make this determination. The actual
content of the status character varies with each Intelligent Cable/peripheral pair and
the computer software must take these differences into consideration.

Mo
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If the channel is available, the computer can prepare for the I/O operation. The
first part of the preparation is to load the channel's hardware assigned data service
and End-of-Block interrupt locations. The information required in the data service
interrupt location is the Auto I/O Op Code and channel address, the byte count for the
data transfer, and the memory buffer address pointer. The information normally stored
in the End-of-Block interrupt location is a jump and store instruction used to branch
the mainline program to the End-of-Block subroutine.

The computer then loads a command word into either A or X register. The command word
is not part of the computer's instruction set. It is a word constructed by the com-
puter and used to control channel operation.

2.1.2 Operation Initiation

The initiation of a channel operation with either the standard or DMA I/O Distributor
is a two-stage function. Refer to Figure 2-1, the operation initiation sequence chart
for both the standard and DMA I/0 Distributors.

STANDARD I/0 DISTRIBUTOR

After loading the A or X register with a required command word, the computer issues
the command word using the appropriate output A or X register instruction. The
address and function code portion of the instruction is used to address the specific
I/0 Distributor and I/0 Distributor channel. The function code specifies the output
word is control information.

The ccemmand word contains control codes retained by the I/0 Distributor for use with
the addressed chunnel and the PICOPROCESSOR firmware branch address. This branch
address is output to the addressed channel PICOPROCESSOR along with the branch (begin)
control signal. The branch address supplied must be to an allowed entry point to the
PICOPROCESSOR firmware.

Once this PICOPROCESSOR branch command is issued, control of the I/O sequence for the
channel passes to the PICOPROCESSOR. If the branch is to an I/0 firmware sequence,
the PICOPROCESSOR signals the peripheral that an I/0 operation was requested. Depend-
ing on the type of I/0 operation, the PICOPROCESSOR then waits until the peripheral is
ready to receive data or has data available for transfer to the computer.

DMA I/0 DISTRIBUTOR

As shown in Figure 2~1, operation initiation with the DMA I/O Distributor is similar
to standard I/O Distributor operation initiation. The difference occurs when the
command word is received by the DMA I/0 Distributor. The control codes for the
addressed channel are set as described before but the branch address is held by the
DMA I/0 Distributor and not issued immediately to the PICOPROCESSOR. The DMA I/O

Distributor then checks the command word to see if DMA is disabled. If DMA is dis-

abled, the DMA I/O Distributor does not fetch the Auto I/0 instruction and this phase
of the operation is performed similar to the standard I/0 Distributor. If DMA is
enabled, the DMA I/0 Distributor accesses the Auto I/0 instruction stored in memory at
the assigned data service interrupt location for the addressed channel. The DMA I/O

ComputerAutomation (/\y ——
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Distributor stores in registers for the addressed channel, the Auto /0 Op Code, the
byte count, and the memory buffer address pointer. After the fetch operation i«
completed, the DMA I/0 Distributor then outputs the branch address to the PLCOPROCES-

SOR and the remainder of this phase of the operation is similar to the standard 1 o
Distributor operation.

2.1.3 Data Transfers

Refer to Figure 2-2, the data transfer sequence chart for both the standard and ™A
I1/0 Distributors.

STANDARD I/O DISTRIBUTOR

The need for a data transfer is usually sensed first by the peripheral and the ap-
propriate signal is passed to the PICOPROCESSOR. The PICOPROCESSOR in turn sends a
data service request to the I/O Distributor. When this request becomes the priority
data service request to the I/O Distributor, the request is sent to the computer as an
interrupt. The computer completes the instruction in progress and then recognizes the
interrupt. A recognition signal is sent to the I/O Distributor. The I/O Distributor
responds by providing the address of the first word of the data service interrupt area
(interrupt vector). The computer then executes the channel Auto I/0 instruction
stored at the data service interrupt location.

The Auto I/O instruction is part of the computers instruction set (refer to the
applicable computer handbook). It is a three-word instruction that has the effect of

an T/O subroutine. The following operations are performed as part of the Auto I/O
instruction:

The first word of the Auto I/O instruction is used to address the peripheral
desired and the I/0 Distributor to which the peripheral is connected. The first

word also specifies the type of function.

The data transfer byte count is updated and, if required, a byte count = 0 signal
sent to the PICOPROCESSOR, via the I/0O Distributor.

The memory buffer address pointer is updated and used to address the T/0 location
in memory.

When the Auto I/0 instruction is completed, the computer continucs the mainline pro-

y gram. The computer must execute at least one mainline program instruction betwecn

interrupts. The Distributed I/O channel components drop the respective data service
request and interrupt after the data transfer is completed. Additional data service
requests are handled in a similar manner.

DMA I/0 DISTRIBUTOR

Unlike the standard 1/0 Distributor data transfer sequence previously described, the
DMA I/0 Distributor does not interrupt the computer Mainline Program when a data
transfer is required.

2-4
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As with the standard I/0 Distributor, the need for a data transfer is usually senscd
by the peripheral and is passed by the PICOPROCESSOR to the DMA I/O Distributor as a
data service request. When this request becomes the priority data service request to
the DMA  I/0 Distributor, the I/O0 Distributor proceeds to service the request. The
following operations are performed by the DMA I/O Distributor:

® The Auto I/0 Op Code held by the I/0 Distributor spcecifies the type of data
transfer, input or output.

e The data transfer byte count held by the I/O Distributor is updated and a byte
count = 0 signal sent to the PICOPROCESSOR if required.

® The memory address pointer held by the I/0 Distributor is updated and used to
address the I/0 location in memory.

The PICOPROCESSOR drops the data service request after the data transfer is completed.
Additional data service requests are handled in a similar manner.

2.1.4 End-of-Block Sequence

Following the data transfer when the byte count goes to zero or when other ending
conditions are detected the I/O Distributor signals-the PICOPROCESSOR to inhibit any
further data service requests. No further response to PICOPROCESSOR operation is
required until the PICOPROCESSOR detects ending conditions and the firmware steps to
an instruction that sends and holds the End-of-Block service request to the I/0
Distributor. Refer to Figure 2-3, the End-of-Block sequence chart for both the
standard and DMA I/0 Distributors. '

STANDARD I/0 DISTRIBUTOR

The End-of-Block service request is considered a lower priority request than a data
service request. When the End-of-Block service request does become the priority
request to the I/0 Distributor, the request is sent to the computer as an interrupt.
Tha computer completes the instruction in progress and then recognizes the interrupt
by sending a recognition signal to the I/0 Distributor. The I/0 Distributor responds
by providing the interrupt vector address for the first word of the Fnd-of-Block
interrupt area. The computer then executes the instruction stored at the End-of-Block
interrupt location. The computer performs only one interrupt vectored instruction

" before continuing with the P counter sequence so the instruction normally stored at

the End-of-Block interrupt location is a Jump and Store instruction. This instruction
stores, for future use, the interrupted P count and jumps to the address stored in the
second word at the End-of-Block interrupt location. The recognition of the interrupt
by the computer is acknowledged by the I/0 Distributor and the PICOPROCESSOR respec-
tively dropping the interrupt and the End-of-Block service request. The PICOPROCESSOR
firmware steps to idle completing the PICOPROCESSOR controlled I/0 sequence. This
passes full control back to the computer. At the same time, the computer is continu-
ing the End-of-Block subroutine. :

ComputerAutomation m — @
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3 The actual instructions involved for the remainder of the End-of-Block subroutine
¥ depend on the Intelligent Cable involved and specific software needs. Normally, !
g status is requested as part of the End-of-Block subroutine for a data transfer oper- -
u ation. The input A or X instruction is used for this operation. The address and !
3 function portion of the instruction addresses the I/O Distributor and the I/0 Dis- i
' tributor channel. The function code specifies the input word is an 8-bit channel |
status byte. The input A or X instruction causes the PICOPROCESSOR to input the :
contents of the status register to A or X register. The computer can then examine or i
store for use later, the contents of A or X register.
]
The final instruction in the End-of-Block subroutine normally restores the interrupted
P count to the P counter. The mainline program picks up processing at the instruction
following the interrupt.
DMA I/O DISTRIBUTOR
: s . . !
* When an End-of-Block service request becomes the priority request, the DMA I/0 Dis-
3 tributor first determines whether the channel operation was performed with Direct
Memory Access disabled. If DMA was disabled,»the End-of-Block service request is
Oharxdled the same as with the standard I1I/0 Distributor. |
If Direct Memory Access was enabled during the channel function, the DMA Distributor :
does not immediately issue the interrupt. Prior to-issuing the interrupt, the DMA I/C i
Distributor performs some additional housekeeping. : :
The DMA I/0 Distributor first restores the final byte count and final memory buffer X
address pointer to the corresponding locations within the channel data service inter- ;
rupt location. The DMA I/0 Distributor then signals acceptance of the End-of-Block 5 ~
service request to the PICOPROCESSOR. This allows the firmware to step to idle and z
drop the service request. !
The DMA I/0 Distributor then issues the interrupt and the remainder of the operation
is the same as with the standard 1/0 Distributor.
i
LN’
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2.2 PROGRAMMING- .. 7 0 oo Coen - '

The Distributed I/0 System is programmed using standard LSI Family instructions. The
instructions used for communication with the Distributed I/0 System and for programmed
/0 are: Input to A Register (INA), Input to X Register (INX), Output A Register
(OTA), and Output X Register (OTX). The automatic I/O instructions used by the
Distributed 1/0 System are: Automatic Input Byte (AIB) and Automatic Output Byte
(AOB) . The specific use of these instructions in conjunction with the Distributed 1/0
System is described in this section. For further information on these instructions,
refer to the applicable computer reference manual.

In addition to the standard instructions, a special command word is used to directly
control the operation of the PICOPROCESSOR. The use of the command word is also

described in this section. 1 i o

2.2.1 Input and Ouput Instructions
The computer uses the input and output instructions to:

' Output the command word to the addressed PICOPROCESSOR
e To request channel status from the addressed PICOPROCESSOR
e For data transfer under direct program control

These instruction words consist of three parts: an Op Code, a device address, and a

function code. The format of these instruction words, as used with the I/O Distri-
butor, is shown in Figure 2-4.

The Op Code specifies the function to be performed. In this case, the contents of A
or X register is output to the addressed PICOPROCESSOR or a word of information from
the addressed peripheral is entered into A or X register.

The eight least significant bits of instruction word make up the device address and

the function code. The device address is further separated into the I/O Distributer
address (Bits 4 through 7) and the channel address (Bits 1 through 3).

M 14 13 12 11 10 9 @ 7 & 8 4 3 2 1 0

Op Code 1 1
1 I 4 G NSNS VNS W T N w— | | W — -
INA l L——-Function Code
INX _ Channel Address
OTA S I/0 Distributor Address
oTX

Figure 2~4. I/0 Instruction Format

—— - -
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The 1/0 Distributor requires that Bits 6 and 7 must be "1" to select any I/0 Dis-
tributor. This restricts the number of I/O Distributor selections to four. These
are:

I/0 Distributor 0, Address :C
I1/0 Distributor 1, Address :D
I/0 Distributor 2, Address :E
I/0 Distributor 3, Address :F

The I/0 Distributors are shipped, factory wired, to accept :F as the T/0 Distributor

address. Refer the Section 4 of this manual for information on changing the address.
of an I/0 Distributor.

The three bits of the channel address field, taken by themselves, correspond to the
channel numbers of the I/O Distributor. The channel numbers are permanently assigned
to the Intelligent Cable connectors on the I/O Distributor. The Intelligent Cable
thus assumes the channel number of the connector when it is attached to the I/0 Dis-
tributor.

The function code is the least significant bit in the instruction word and is used to
select either control or data information transfers. The logical 1 function code
selects the transfer of control information (command word output and channel status
input). The logical O function code selects the transfer of data and is used only
with program controlled data transfers.

For programming purposes, the channel address and the function code are taken together
as a single hexadecimal character. Table 2-1 lists the hexadecimal characters used tc
address each of the I/0 Distributor's channel numbers for both control and data
transfers.

Table 2-1. Channel Address/Function Code List

Channel Control Data *
Number Transfers (LSB=1) Transfers (LSB=0)

e ae
. e

MO ON UG W
HAD®OOSNO

e e

~N O b W~ O

e ss  ae  we

*Programmed I/0 Only
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L2020 Distributed 1/0 System Command Word

The command word is used by the computer to. control the operation on a Distributoed 1.0
“yotem channel.  The various configurations of the command word used for this purpoce
are not part of the computer's instruction set. The command words must be constructcd
individually and then output to the appropriate Distributed 1/0 System channel. The
OTA or OTX instruction (LSB = 1) is used to output (issue) the command word.

This section includes a description of the control signifiéance of each command word
bit followed by the descriptions of the various command configurations of the command
word. Not all configurations are used with each Intellgent Cable. Refer to the '
individual Intelligent Cable descriptions in Section 3 to determine the specific
subset of command word confiqurations used.

COMMAND WORD FORMAT
The format of the command word is shown in Figure 2-5.
The eight most significant bits of the command word are the individual control bits

and the eight least significant bits make up the various fields used in conjunction
with specific control bits.

15 14 13 12 11 109 8 7 & 6 4 3 2 10

l Fields (Branch Address, etc.)
- Reset

Branch (Begin)

Set Mode

Character Detect

Parity Bit Standardization

Special Character Detect

Initiate Micro Diagnostic

fDisable DMA Operation

lor Set Special Character

Figurce 2-5. Distributed I/O System Command Word Format




MODE FIELD

The mode field is used in two different configurations, 4-bit and 8-bit. When limited
to four bits (command word Bits O through 3), the mode field can share the least
significant eight bits with the branch address field. The bits of the mode field are
used to provide static control lines to the peripheral or control special features
within the PICOPROCESSOR. Not all Intelligent Cables require mode bits and when usecd,
the functions controlled vary depending on the type and operation of the Intelligent
Cable. Refer to Section 3.

BRANCH ADDRESS FIELD

The branch address field, Bits 4 through 7 of the comamnd word, provides the PICO-
PROCESSOR firmware entry point address. The PICOPROCESSOR firmware must be in idle,
firmware address :0, before the branch address is output and the branch address must
be an allowed entry point to the firmware.

SPECIAL CHARACTER FIELD (DMA I/O DISTRIBUTORS ONLY)

The special character field uses Bits O through 7 to load a special character into the
channel character-detect register.

RESET

A logical 1 in Bit 8 of the command word initiates a reset operation on the addressed
channel. In the PICOPROCESSOR, the reset initializes the PICOPROCESSOR logic and, -
when applicable, issues a reset to the attached device.

BRANCH (BEGIN)

A logical 1 in Bit 9 of the command word signals the PICOPROCESSOR to branch to the
address provided in the branch field. At the same time, the I/O Distributor stores
the configuration of command word Bits 11, 12, and 13 for use with the computer ac-
dressed Distributed I/0 System channel.

SET MODE

A logical 1 in Bit 10 of the command word signals the PICOPROCESSOR to load the mode
field bits into its mode register. A logical 0 allows the mode register configuration
to remain unchanged.

CHARACTER DETECT

A logical 1 in bit 11 of the command word causes the I/0 Distributor to scan the
channel data during the subsequent input data transfer for a predetermined character.
When the character is detected, the I/0 Distributor issues a byte count = 0 to the
channel's PICOPROCESSOR to terminate the data transfer. A logical O disables char-
acter detection.




NOTE

Character detection in the standard I/0 Distributor can dctect
only the 7-bits of the ASCII carriage return character (:0D).

PARITY BIT STANDARDIZATION

I logical 1 in Bit 12 of the command word causes the I/O Distributor to replace the
most significant data bit (Bit 7) of all channel input data characters during the sub-
sequent data transfer. The replacement occurs independent of the actual received bit
value. The DMA I/0 Distributor can be strapped to use either a logical 1 or lcgical 0O
as the replacement bit. The standard I/0 Distributor is restricted to a logical 1 as
the replacement bit. A logical O in Bit 12 disables parity bit standardization.

SPECIAL CHARACTER DETECT (DMA I/O Distributor Only) s

A logical 1 in Bit 13 of the command word causes the DMA I/O Distributor to scan the
channel data during the subsequent data transfer using the stored special character
fur the channel. Character detect, Bit 11, must be a logical 1 to enable any char-
acter detection. A logical 0 in Bit 13 (Bit 11 = 1) causes the DMA 1/0 Distributor to
scan for the 7-bits of the ASCII carriage return character (:0D).

INITIATE MICRO DIAGNOSTIC (DMA I/O Distributor Only)

A logical 1 in Bit 14 of the command word causes the DMA I/O Distributor to perform
the internal micro diagnostic on the addressed channel. Use of the internal micro
diagnostic should be restricted and not included as part of any system programs.

DISABLE DMA OPERATION OR SET SPECIAL CHARACTER (DMA I/O Distributors Only)

A logical 1 in Bit 15 of the command word is used for two different operations. If
the branch bit (Bit 9) is a logical 0, the I/O Distributor stores the configuration of
the special character field (command word Bits O through 7) as the channel special
character. If the branch bit is a logical 1, the addressed channel is restricted from
DMA operation. A logical O in Bit 15 allows normal operation.

ran 2
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COMMAND WORD SET

The 18 permissible configurations of the eight most significant command word bit
up the command word set of the Distributed I/0 System. - The operations control]ced by
these 18 command words are described in this section. The full 16-bit configuration
of each command word is shown along with the corresponding hexidecimal skeloton.
(Hyphens in the skeleton represent field contents that must be provided).

RESET COMMAND WORD

The reset command word (Figure 2-6) is used to initialize the PICOPROCESSOR and
peripheral on the addressed channel. 1In addition, any pending service requests are
cancelled.
cancelling an interrupt in the process of being serviced. Since the resct command
preempts any other operation in progress, it should be used only when necessary.

makae

Interrupts should be disabled when a reset command word is issued to avoid

i 14 13 12 11 10 9 s 7 =6 8 4 3 2 1 0
0 0000 O 010000 0 0 0O O : 0100
1 ) I W W SN L4 1 1 | . . |
T T Y
Figure 2-6. Reset Command Word

BRANCH COMMAND WORD

The branch command is used to initiate all PICOPROCESSOR firmware sequences. The
configuration shown in Figure 2-7 is the basic form of the branch command word. Of
the 18 permissible command words, 14 are in ‘combination with the branch command.

1% 4 13 12 1 109 8 7

6 0 00 0 0 1 o
L1

:02-0

1
T L

Branch
Address
Field

Figure 2-7. Branch Command Word
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ST MODE COMMAND WORDS

The set mode commands are used to load the contents of the mode field into the PICO-
PROCESSOR mode register. Figure 2-8 shows the basic forms of the set mode command word
and the set mode command combined with the branch command. The form of the set mode
command word used depends on the Intelligent Cable for the channel. " If the Intelligent
Cable's PICOPROCESSOR requires up to four mode bits, the four bit mode field must be
used. If the PICOPROCESSOR requires more than four mode bits, the eight bit mode field
must be used. The combining of the set mode command with any other command is
restricted to those Intelligent Cables that require a maximum of four mode bits.

W% 14 13 12 11 10 9 [ ] 7 6 s 4 3 2 1 0
0O 0 0 0o 01 0 0O O O o0 o : 040~
1 1 1 1 1 [ . | 1 1 L1 L1 1
T T N ————
Mode Field
(4-Bit Max.)
15 14 12 12 11 10 9 8 7 8 s 4 3 2 1 0
0O 0 0 0O 01 0 O :04--
] i 1 1 1 1 A L i J | i 1 1 L
f ¥ ¥
‘Mode Field
(8-Bit Max.)
1 14 13 12 11 0 9 8 7 €& 6 4 3 2 1 0O
O 0 0o 0 0 1 1 O :06—- -
i N i % 1 i A e J| L L 5 1 1 L
Branch 4-Bit
Address Mode
Field Field
Figure 2-8. Set Mode Command Word
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18 14 13 12 v 0 2 8 7 & S5 4 3 2 1 o0

0O 0 0 01 0 1 0 O 0 0 O :0A-0
1 i I Ll 1 A 1 1 1 1 i A 1 1
T l‘—-_\’___'v
Branch
Address
Field

1 14 13 12 11 10 8 8 7 & &5 4 3 2 1 0

0O 0 0 0 1 1 1 o :0E--

1 1 1 1 i1 | | 1 | 1 | L1 i
Ll T T
Branch Mode
Addrcss Field
Field '

ASCII Carriage Return Detect

14 13 12 11 10 ¢ 8 7 6 6 4 3 2 1 O

0 01 0 1 o 1 o 0O 0O O O :2A-0
1 1 ; I S| } 1 1 | } 1 1 |
S ————_t———
Branch
Address
Field

M e 13 12 1 0 ¢ 8 7 € S5 4 3 2 v O

0 01 01 1 1 0 i 2FR--
| Y W SR WA VRN UUUUNY W N UU WU NN SUNE T SN
| - T v
Branch - Mode
Address Field
Field

Special Character Detect (DMA 1/0 Distributor Only)

Figure 2-9. Character Detect Command Words
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CHARACTER DETECT COMMAND WORDS

The character detect command words are used to enable the character detection for the
addressed channel. The character detect command words (Figure 2-9) arc all combined
words since the branch control bit (Bit 9) is required to effect the enabling of the
feature. The mode control bit (Bit 10) can also be combined with character detect.
The standard I1/0 Distributor is limited to tHe detection of the ASCII carriage return
character (ecriabled by Bit 11) while the DMA I/0 Distributor can detect either the
ASCT1 carriage return character or the stored channel special character (cnabled by
Bit 13).

NOTE

The DMA I1/0 Distributor character detection does not scan for both
characters at the same time.

LOAD SPECIAL CHARACTER COMMAND WORD

The load special character command word (Figure 2-10) is used to load the configura-
f tion of the eight least significant bits into the special character register for the
: w addressed DMA I/O Distributor channel. This command must not be combined with any
other command word.

S
|
1% 14 13 12 11 10 @ 8 7 8 8 4 3 2 1 0
1 0 0o 0 0 0 0 O :80--
| W W VN GHE UUNS NN N S N S | | IS W |
1 T —
Q Special Character
Figurce 2-10. Load Special Character Command Word (DMA I/0 Distributor Only)
. '
i
|
N

N
!

17




e SR e

frogeessinseas o

T
;.
&

15 14 13 12 11 0 % 8 7 ¢ 8 4 3 2 1 0

0O 0O 01 0o 0 1 o 0O 0O 0 o
L 1 I { i 1 1 lr 1 1 1 1 1 1 |
‘——-n-\’-m——._.v'
Branch
Address
Field

16 14 13 12 11 0 9 8 7 ¢ 65 4 3 2 1 0

0 0 01 01 1 o :16--
I\ bd L1 1 A 1 1 L1 1 1 J
v L § 14
Branch Mode
Address Field
Field

Parity Standardization Only

¥ 14 13 12 11 10 ¢ 8 7 €6 S5 4 3 2 1 O

O 0 0 1 1 0 1 o 0O 0 0 o :1A-0
4 1 J| 1 1 | | 1 1 [l | { 1 |
T . rm———
Branch
Address

Field

15 14 13 12 11 10 ® 8 7 & 8 4 3 2 1 O

OL o,0 1 1110 o, ., t1E--
1 | & _J
Branch Mode
Address Field
Field

Parity Standardization Combined with ASCII Carriage Return Detect

1% 14 13 12 1 w0 9 8 7 6 & 4 3 2 1 O

0O 0 1 1 1 O 1 o 0O 0 0O O :3A-0
1 oL % 1 1 I % \ | 1 | 1 1 1

Branch
Address
Field

% 4 13 12 v w0 9 8 7 66 5 4 3 2 1 0

0O 0 1 1 1 1 1 o :3E--
1 b d S | 1 1 11 i 1.1 1
T T, 1]
Branch Mode
Address Field
Field

Parity Standardization Combined with Special Character Detect
(DMA I/0 Distributor Only)

Figure 2-11. Parity Standardization Command Words
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PARITY STANDARDIZATION COMMAND WORDS

The parity standardization command words (Figure 2-11) are used to enable the parity
standardization for the addressed channel. Bit 12 is used to enable parityv standardi -
zation. The parity standardization command words are all combined words since the
hranch control bit is required to effect the enabling of the feature.

DISABLE DMA COMMAND WORDS

The disable DMA command words are used to inhibit the DMA operation on the addrcssed
channel. The disable DMA command words (Figure 2-12) are all combined words since the
branch control bit is required to effect the disabling of DMA. The disable DMA must
not be combined with character detect or parity standardization. The disable DMA is

used in the following types of operation:

e When program controlled data transfer is to be performed.
e When interrupts are to be disabled as for éxample, during AutoLoad.

® For program efficiency. If a data transfer will not occur (e.g. sense ready with
the Magnetic Tape Intelligent Cable), the disable DMA eliminates the I/O Dis-
tributor overhead required to fetch the Auto I/O instruction from the computer
memory. ‘

To disable all DMA from an I/0 Distributor, a separate disable DMA command word must
he issued to each channel. Though issued separately, the disable DMA command for a
channel is not totally independent. If a data service request occurs on a channel
with DMA disabled, this data service request will mask any data service request on all
lower priority channels, regardless of whether DMA is disabled for those channels.

15 4 13 12 11 w0 g 8 7 s 5 4 3 2 1 0

1 0 0 0 0O 0 1 0 0O 0O 0 O :82-0
1 1 1 % 1 1 | L4 ) 1 1 1 |
| NS —
Branch
Address

Field

15 94 13 12 110 ® 8 77 e 8 4 3 2 1V O

l1 0 0 o 01 1 O _ i : 86—~
1 Lo ) [ T T
Branch Mode
Address Field
Field

Figure 2-12. Disable DMA Command Words




INITIATE MICRO DIAGNOSTIC COMMAND WORD

The initiate micro diagnostic command word (Figurc 2-13) is used to initiate the DMA
1/0 Distributor's micro diagnostic for the addressed channel. An Fnd-of-Block inter-
rupt indicates successful completion of the diagnostic. Use of this command should be

restricted.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
0 1 0 0o 0O 0O O 0O 0 0O O O 0 0 O 0 : 4000
1 A A I 1 1 1 i 1 L 1 i i 1 1

Ll Lf v

Figure 2-13. 1Initiate Micro Diagnostic

2.2.3. Auto I/O Instruction

The Auto I/0 instruction is. part of the computers standard instruction set. It is a
single instruction that is three words in length. The three words that make up the
Auto I/0 instruction must be stored in consecutive memory locations.

The first word of the Auto I/0 instruction is the instruction proper. The format of
this word is shown in Figure 2-14. The format of this word of the Auto I/O instruc-
tion is the same as the format of the input and output instructions described pre-
viously. The Op Code specifies the direct transfer of a data byte between memory and
the addressed I/0 Distributor channel. The I/O Distributor address, channel address
and function code are the same as described previously; however, the function code
must be set to zero. The Auto I/O instruction is not used to transfer control infor-

mation.
‘5"1312"10"7.5432'0
Op Code 1 1 0
TG W R U SR S | [ | 1 1.1
L
AIB
ACB l———Function Code
Channel Address
I/0 Distributor Address
T T-1d. 0 Aabsmatic T Togkr s ian We A

-‘




The second word contains the two's complement of the byte count for the data transfer.
The third word contains the byte address pointer specifying one less than the first
(lower-order memory) location in the memory data buffer.

The standard I1/0 Distributor requires the next consecutive memory location following
the Auto I/0 instruction be all zeros.

The standard I/0 Distributor does not directly use the Auto I/O instruction but rather
interrupts the computer and addresses the location of the Auto I/0 instruction for the
interrupting channel. The DMA 1/0 Distributor actually uses the Auto I/O instruction

.as the channel programming for the data transfer. This way the instruction setup for

both the standard and DMA I/0 Distributors reémains the same.

Z2.2.4 Interrupt Vectoring

Both the standard and the DMA I/0 Distributors generate interrupts to the computer.
Once the interrupt is recognized, the I/0 Distributor must then provide a memory ad-
dress to the computer for use as the next instruction address. This process is call
interrupt vectoring.

Each channel of the standard I/0 Distributor is able to provide two different inter-
rupt vector addresses. One address is provided whenever data service is required and
a second address is provided when the End-of-Block is encountered. The DMA I/0 Dis-
tributor interrupts only when the End-of-Block is encountered and provides only the
corresponding address. ‘

The actual addresses provided by the I/0 Distributor are controlled by the I/O Dis-
tributor hardware. The following conventions determine the hardware assignment of the
interrupt vector address:

¢ The interrupt vector addresses are assigned within a block of 64 consecutive
memory addresses.

®* Each channel is allocated eight consecutive memory addresses.

e An interrupt for data service is vectored to the channel low order memory
address.

e An interrupt for End-of-Block secrvice is vectored to the channel low order memory
address plus four.

‘e The location of the 64 address block is selectable (in increments of 64 addresses)
by strapping on the I/0 Distributor.




Figure 2-15 shows all the interrupt vector addresses for the 64 address block selected
by the standard (factory) I/O Distributor strapplng This block starts at memory
address :CO and goes through address :FF.

Figure 2-15 also shows the format of the eight consecutive memory addresses for
channel 0. The format for the remaining channels is the same. If the I/O Distributor
is strapped for a different 64 address block (refer to Section 4 of this manual for
details on strapping), the vector addresses would be changed. Each voector address in
the new block would have the same relationship to the new low order memory address as
the relationship shown in Figure 2-15.

The Distributed I/0 System requires that an Auto I/O instruction be stored in the data
service area as shown. The End-of-Block subroutine is not restricted in the same
manner. Normally, the form shown in Figure 2-15 is used to store the cexisting P
count, jump to the End-of-Block subroutine, perform the subroutine, and then return to
the mainline program at the stored P count address.

Channel o) 1 2 3 4 5 6 7
Data Service Vector Addreéss :CO :C8 :DO :D8 :EO :E8 :FO :F8
Fnd~-of-BRlock Vector Address :C4 : CC :D4 :DC :E4 :EC :F4 :FC

:CO Auto I/O Op Code & Address
:Cl Byte Count Data
:C2 Memory Buffer Pointer Service
:C3 All Zeros

:C4 Jump and Store(JST * $+1)
:C5 EOB Subroutine Addresa EOB

:C6 Unused Service
:C7 Unused

Figure 2-15. Interrupt Vector Addresses
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2.2.5 Status

The status character(s) is a series of bits that are input to the computer, upon
request of the computer, from a selected Distributed I/0 channel. The software uses
the configuration of the status bits to determine the present operational conditions
of the channel. The number of status bits and the meaning of the status bits varies
with each Intelligent Cable/peripheral pair. Refer to Section 3 for a detailed des-
cription of the individual status bits for each Intelligent Cable. Most Intelligent
Cable/peripheral pairs input a maximum of eight status bits which is the maximum
number of status bits transferred into the computer with a single status request.
When more than eight status bits are used, multiple status requests must be issued to
input all the status bits.

Status 1s requested by the computer using the input A or X instructions described
previously. The I/O Distributor address and the channel address select the specific
Intelligent Cable/peripheral pair and the function code (LSB = 1) specifies the input
status request. Up to eight status bits are input to the corresponding bit locations,
0 through 7 of A or X register. When multiple status request are required, each group
of eight status bits is input as a separate status byte.

Status is normally requested as part of the End-of-Block subroutine.

2-23
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2.3 NON-INTERRUPT/NON-DMA OPERATION

Operation of the Distributed I/O System in a non-interrupt/non-DMA programming
environment is possible when sufficient care is taken in preparing the software.
The main problem in attempting non-interrupt/non-DMA I/0 is bypassing or simulating
the functions normally performed by the I/0 distributor. Since the functions that
must be bypassed or simulated are dependent on the specific intelligent cable in
use, very few general rules can be listed.

A function that must be bypassed with most Intelligent Cables is the timing of the
data transfer. Under Auto I/0 or DMA, data transfers occur whenever the intelligent
cable request service by the I/0 distributor. Under non-interrupt/non-DMA I/O, the
software must continuously request channel status waiting for the specific configura-
‘tion that indicates a data transfer is required. This configuration varies with
each different intelligent cable. Refer to Section 3 for further details on the
" Intelligent Cable status characters.

| A function that must be simulated with most Intelligent Cables is the acknowledgement

of a data service request made by the Intelligent Cable. Since the Intelligent

0 Cable generates the data service request, disabling interrupts or DMA does not
suppress the data service requests. Since a pending data service request halts

1 : further PICOPROCESSOR firmware sequencing, the software must artificially acknowledge

any requests that occur. With most Intelligent Cables, this can be accomplished by ;

issuing a branch command word to the Intelligent Cable. The PICOPROCESSOR firmware

ignores the branch address field and uses the Branch command word as an acknowledge-

ment of the data service request.

The Intelligent Cable falls into three categories as regards non-interrupt, non-DMA
operation:

e Those cables where frequent use of non-interrupt/non-DMA operation was
anticipated. These cables provide a means for suppressing service requests
upon specific command.

e Those cables where occasional non-interrupt/non-DMA operation was anticipated.
These cables require that software perform many of the I/O distributors
functions.

‘ ,‘Dj e Those cables where coperation speed or other considerations make non-interrupt/ !
§ non-~-DMA operation impractical. ,

In all cases, careful study of the intelligent Cable descriptions in Section 3 of
this manual is required before attempting non-interrupt/non-DMA operation program-
- ming.
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SECTION 3

STANDARD INTELLIGENT CABLES

3.1 INTRODUCTION

Standard Intelligent Cables are available with PICOPROCESSORS microprogrammed for
operation with common peripheral devices and usually with the appropriate device
mating connectors installed. Some of the devices interfaced with standard Intelligent
Cables include a line printer, card reader, high speed paper tape punch, high speed
paper tape reader, etc. In addition, General Purpose Intelligent Cables for both
positive true and negative true interface logic are available. These have a PICO-
PROCESSOR with two general-purpose operating modes and are supplied without a device
connector. User's Microcoded versions of the General Purpose Intelligent Cables are
available to meet unique interface requirements.

This section describes each standard Intelligent Cable including its firmware sequence,
device interface lines and the mechanical details.

3.2 INTERFACE LOGIC

The interface logic used in several of the Intelligent Cables is common logic as

described here. Interface logic that differs from the common logic is described under
the specific Intelligent Cable description. '

3.2.1. Output Logic

Intelligent Cable interface lines use standard TTL logic levels. Data lines are
positive-true. Device control lines are either positive-true and/or negative-true
depending on requirements of the particular device. Output drivers for the data and
control lines are open-collector TTL buffers capable of sinking up to 32 ma at 5
volts.

+5V +5Vv

Optional

R=1K (data line)
R=2K (control lines)

(SN7417 or equiv.) (SN7404 or equiv.)

PicoProcessor Output Typical Device Input
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3.2.2 Input Logic

Input receivers use standard 'I'T'L logic levels, 0 to +5 volts, and present one 'F'I'L load
with a 2K pull-up to +5 volts.

+5v +5Vv

Optional

7417 or equiv. 7404 or equiv.

Typical Device Output PicoProcessor Input

3.3 STANDARD INTELLIGENT CABLE DES'CRIPTIONS

3.3.1.1 Description

Intelligent Cable 14631-01 controls the transfer of eight-bit positive-true parallel data to a
Centronics Model 101, 306 or equivalent Line Printer. The PicoProcessor accepts a start
command from the [OD, checks the status of the Line Printer then issues a data interrupt to
start the data transfer. When all data is transferred or an error is encountered, the Pico-
Processor generates an end-of-block interrupt and terminates the transfer operation.

3.3.1.2 Physical Details

Cable Length
10D to PicoProcessor., 10 1/2 feet
PicoProcessor to Line Printer, 1-1/2 feet
Standard Channel Number, 7 (Deviee Address Field = @ FLD
Data Service Interrupt Vector Address, :F8
EOB Interrupt Address, ' FC

3. Jl .3 Line Printer Status Word

To control the transfer of data to the Line Printer, the PicoProcessor scquences through

a series of operations based, in part, on the state of individual bits of the Line Printer
Status Word. The Status Word, shown in figure 3-1, indicates certain operational and
error conditions in the Line Printer. When the PicoProcessor reccives an input instruction
requesting device status (function control bit set to "1") , it immediately transfers the
Status Word to the CPU on bits 0 through 5 of the data bus (all other bits arc zero). Input
status can be requested at any time, but it is usually done after an End-of-Block interrupt
to determine the reason for termination. Individual bits of the Status Word arce described

in 2, 1 R0
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Data bit 5 4 3 2 1 0
~ X | X X1 X X X
A \ A A A A
Busy =
Power =1

Acknowledge = 0

Sense Interrupt =1

Paper Low =1

Printer Connected = 0

Figure 3-1. Line Printer Status Word

w 3.3.1.4 Operating Sequence
The PicoProcessor has 16 unique sequence addresses (: 0 through :F).

When the PicoProcessor receives a Command Word with the Begin bit set to "1", it immedi-
ately begins operation at the sequence address specified by the Branch Address field

of the Command Word. Standard software enters the sequence at one of the following
sequence addresses: '

N
' Sequence
Address Operation
1 Check Paper Low status; Start a Print Data operation
12 Start a Print Data operation (Skip Paper Low status check)

The PicoProcessor terminates the operating sequence on any of the following conditions:

Paper Low :

Data transfer completed

Line Printer power off

Line Printer cable disconnected

I

Details of the PicoProcessor operating sequence are shown in the flow chart (figure 3-2).
‘The interface lines are described in 3.3.1.5. Following is a sequence description with
cach segment of the operation identified by name and sequence address (:0-:F). The
yes/no decisions refer to the true/false state of a particular line as defined in 3. 3.1. 5
regardless of its logic level.

IDLE_(:0)

[nitially , the PicoProcessor is in the Idle state as a result of a Reset command or because
of the completion of an end-of-block interrupt. A Begin command specifying a starting
sequence address takes the PicoProcessor out of Idle State and the spccified operation

N begins.
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SN

IDLE
(:0)

—

IDLE
Wait
for Command

START (:1)

Go to
Specified
Starting Sequence

- .
COMPUTER AUTOMATION. INC. —““] &

-

r

Start STHOBE

Finish
STROBE

NO

Characte
Accepted
?

YES

START (:2)
Printer NO
Connected >
e
YES
g DATA INTERRUPT (:3)
NO
<i'POWER ON >
?
Data Service
Interrupt
Transfer Data
Drive -DREADY
Start STROBE
NO

LAST o

OUTELT F'intash STROBE

(:D)

Character
ccepted
FOB INTERRUPT YES
(:F) - <
Return
Generate
- to
EOB Interrupt IDLE

Figure 3-2. Firmware Sequence - Line Printer Intelligent Cable
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START (:1)

T'he PicoProcessor begins the START sequence by first checking device status. Paper
Low is checked first. [If this line is true, the PicoProcessor generates an end -of-block
interrupt to terminate the operation.

START (2

It is possible to start the sequence here if it is desired to skip the Paper Low status check.
Proper device cabling is checked first. This status line indicates if the device is properly
connccted. If not, an end-of-block interrupt is generated. Otherwise, the PicoProcessor
advances to the Data Interrupt sequence.

DATA INTERRUPT (:3)

- The Power status line is checked to verify that power is applied to the device. If this

status is false, an end-of-block interrupt is generated. Otherwise, the Acknowlcdge
status line is monitored for a false state to indicate that the Printer is not processing a
character. If this line is true, the PicpProcessor rechecks Power and then monitors the
Acknowledge line again. It repeats this until the Acknowledge line is false. ‘
The PicoProcessor then generates a Data Service interrupt causing the automatic output
instruction at the data interrupt vector location to be executed. The CPU places data
on the data bus and increments the byte count and memory buffer address.

When the PicoProcessor generates a Data Service Interrupt, it also drives the DREADY
(data ready) control line which is directly tied to bit 3 of the device status word (Sense
Interrupt). This status line is used during Programmed I/O transfers to inform the CPU
that the device is ready to transfer data. '

The PicoProcessor activates the 500 ns Strobe line to enter the data into the Line Printer.
When the Printer acknowledges the data transfer (Acknowledge line true), the PicoPro-
cessor repeats the Data Interrupt operation starting with the Power check.

The Data Interrupt segment of the sequence is repeated until all data is transferred. The
PicoProcessor then enters the Last Output operation.

LAST OUTPUT (:D) 4

The PicoProcessor generates a 500-nanosecond Strobe signal to transfer the last byte
of data to the Printer, then waits for the Printer to acknowledge the data. When the data
is acknowledged, the PicoProcessor generates an EOB Interrupt.

EOB INTERRUPT (:F)

The PicoProcessor generates an end-of-block interrupt to terminate operations when all
data has been transferred or when a status error is detected at any point in the sequence.
When the interrupt operation is completed, the IOD commands the PicoProcessor to return
to the IDLE state and wait for the next Begin command.
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4.3.1.5 Interface Description

Interface lines include one control line to the Line Printer and five status lines from the
Line Printer to the PicoProcessor. In addition, one control line (DREADY) is tied dirvectly
to the Sense Interrupt status line (figure 3-3).

e
¢ Data bits 0.7
' (Bit 7 is MSB)
S

(positive-true)

- Strobe (negative-true)

: . [4——————— Busy (positive-true

10D /PicoProcessor sy (positive-true)
Bus . ——————— Power (positive-truc

- »| PicoProcessor ( )

re——— Acknowledge (negative-truc)
- Paper Low (positive-true)
«————— Printer Connected (negative-true)
i :] Data Ready (positive-true)

Sense Interrupt (positive-true)

Figure 3-3. Line Printer Interface

3.3.1.5.1 Contrul Lines (to Line Printer).

1.

enter data into the Line Printer.

Data Ready (positive-true). This line is driven by the PicoProcessor when a Data

Service interrupt is generated. [t is connected to the Sense Interrupt status line.
Sce Sense lnterrupt stitus description (paragraph 4 of "Status Line") .

Reset (negative -true) . This line is driven by the CPU RESET switch or under software

control. Under software control. it is a 250 ns pulse. It is not used by the Line
Printer.

.3.1.5.2 Status Lines (from Line Printer).

Busy (positive-true). The Busy line remains true while the Line Printer is processing
data from the previous data transfer. Acknowledge (negative true) will not be issued
by the Line Printer until o few microseconds after Busy goes false. (Busy is not
checked by the PicoProcessor during normal sequencing but is available for CPU

status check.) If Priuter is de-selected (off-line). the Busy line goes true until the
Printer is selected.

Powcer (positive true). This status line is true whenever power is applied to the
Line Printer. The PicoProcessor checks the status of this line before every data
transfer to the davice,




3. Acknowledge (negative-true). This line signifies that transferred data has been
accepted by the Line Printer. Its relationship to the Strobe control line is shown
in figurce 3-4.

4. Scuse Interrupt (positive-truc). This line is true when the PicoProcessor generates
a Data Scervice interrupt. It is used when operating in a non-interrupt 1/0 mode
to inform the CPU that the device is ready to accept data. The device cable ties Data
Ready and Sense Interrupt together at the device end of the cable.

<t

Paper Low (positive-true). This line signifies that the paper supply in the Line
Printer is low or ncarly empty. The PicoProcessor checks the status of this line
only once for cvery block of data transferred. The user can skip this status check
if desired. '

6. Printer Connected (negative-true). This line is true when Line Printer cabling is
properly connected. This line is checked once for every block of data transferred.

Figurc 3 -4 shows the interface timing involved in transferring data to the printer. For
rurther details, see the Centronics Line Printer instruction manual.

")

Sense h
Interrupt | ) n
(Normally N
not used : f— NOTE 1 —
by device) -
Data 500 )
ns
NOTE 1
min :-__)l }<- = n—__,4
Strobe ——p] <«— 500 ns
—»‘ |<— 0 ns|(min.)
W ‘ ] ’ ASA
Acknowledge —> <— 251 ns (min)

NOTE 1: Minimum time equal to the instruction time of the Auto I/0 byte instruction
plus 4 psec. For instruction time, see the Appendix of the appropriate
Computer Handbook.

I‘igure 3-4. Interface Timing - Linc Printer PicoProcessor

3.3.1.5.3 Data Lines. The cight data lines to the Line Printer are positive true. Bit
0 is the least significant bit; bit 7 is the most-significant. Data is transforred in standard
cight-bit ASCII characters.

3.3.1.6 Strapping Requirements - None Required

3.3.1.7 Device Cable Description

The Device Cable is 18 inches long and terminated on the PicoProcessor end with two
16-pin DIP plugs (I’4 and P5; P6 is not used). The Line Printer end of the cable is termi-
nated with a 36-pin connector that mates with J1 on the Line Printer.

Figure 3-6 lists all interface lines in the device cable and identifies the connectors used.
The location of the mating connectors in the PicoProcessor is shown in figure 3-5.
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N l
(a6 J2 ] !
< Device D J5 TOD ——>» -
\.T B
[] g4 E:3] J1 D *J6 not used by !
' Lince Printer
Figure 3-5. Connector Locations, Line Printer PicoProcessor
PicoProcessor| Line PicoProcessor Line
Description Printer Description Printer
Conn|Pin J1 pin Conn| Pin J1 pin
SR .
4 1 Sensc Interrupt * : 36 P5 1 Not used _ --
1 2 Acknowledge 10 ) 2 Data bit 02 return 929
3 Power 18 3 Data bit 06 8
4 Busy 11 4 Data bit 04 G
B Reset (not used) -- 5 Data bit 02 4
w 6 Strobe 1 6 Data bit 00 2
7 Control line (not used) -- 7 Printer connccted - 28
8 Data Ready* 36 8 Paper Low- 12
9 Data bit 06 return 26 . 9 Data bit 00 rceturn 20
10 Data bit 07 return 27 10 Data bit 01 return 21
11 Strobe return 19 11 Data bit 01 3
19 Ground (not used) - 12 Data bit 03 5
13 Busy return 29 13 Data bit 05 7
14 Data bit 04 return 24 14 Data bit 07 (MSB) 9 ~
¥ 15 Data bit 05 return 25 \ 15 Data bit 03 return 23
P4 16 Input Prime return 30 P5 16 Not used ' -
*P4-1 and P4-8 are tied together; J1-36 is not used by the Printer.
\ ' Jl
P4
™~ <= AMP 57-30360
T~ % &l Line Printer
‘ Connector:
@ P5 . \ AMP 57-40360
6-pi )IP plugs \
l : 16-pin .[ e plug 32-conductor flat ribbon cable
conductors are 26 AWG
Figure 3-6. Cable Description - Line Printer
-
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3.3.1.8 Programming Example

The Assémbler Language statements shown in Table 3-1 demonstrate one method for using

the Distributed I/0 System. The technique is based on the programming in section 2 .

The demonstration code falls into three distinct parts: Interrupt Locations, I/0 Initiation
and End-of-Block Service.

1.

Interrupt Locations

The first part of the code defines and fills the standard locations associated
with IOD channel to which the device's PICOPROCESSOR is connected. There are
six locations involved of which two -- the Byte Count and the Buffer Location --
are dynamic for each I/0 Initiation, while the remaining words can be fixed at
program load time.

[/0O Initiation

The second part of the code accomplishes the transfer of one physical record each
time the user's main-line program executes this instruction:

CALL LPRINT
It is assumed that the calling program has préviously set up these two words:

BYTCNT Number of bytes to be transferred
BUFADD Word address of record buffer

The demonstration code converts this information into the form required by an Auto-
matic I/0 instruction: negative byte count and byte address of the buffer minus one.
Once these computations have been stored into the interrupt locations, the PicoPro-
cessor is sent a command specifying:

Begin at Branch Address : 1
Notice that the Device Address used in this sequence is coded with the same Device
Address used in the interrupt location, plus one. The assembled object code will

indicate the transfer of a command, rather than of data, as shown in figure 2-3.

No attempt is made in the demonstration code to overlap record transfer with CPU

activity. Instead, a dead loop is issued -- JMP $ -- until the PicoProcessor interrupts

not to the Data Service interrupt location, but to the End-of-Block location. At this
point control passes to the subroutine labelled EOB.

End-of-Block Service

The End-of-Block subroutine could perform error analysis, retry, etc. The demonstra-

tion code simply obtains device status from the PicoProcessor and passes status back
to the main-line program through the A register.

3-9
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papeees

LPINT
LPDLVA

LERINT

FUR

Table 3-1.

LAu
Loy
SPaCt
ARG
AOY
DAYA
VATA
DATA

Sl

CDAIA

Eh
LA
NAE
5Ta
LDA
Lba
SAl
STA
LhA
UTa
J My
LNI

INA
KTN

B R AT T = se ee
1 o
@*

*h ]
FuH

HYTLM)

LEINT+
BUFADD

|

1
LEINT+2
ERY VAN
LPDOEVAAY
T

B

LEDEVAS]
LHRINT

Programming Example - Line Printer

STANDARD LINE~PRINTER TINTERRUPY
SIANDARD DEVILE ADDKFSS

CINTLERRUPT FOR DATA LOLAITUN

AUTO QUTPUT 8BYTE

TO BF FLLLLED ~11H BYTE LOUNT

TO BE FLLLED wlilH BUFFER ADDRESS =1

INTLRRUPT FUR tivD=0F =pLUCK
CALL END=UF=3LO0CK ROU'IINE

ENTRY POINT FUR LP DIRVER
BYTE COUNI FOR MESSAGE

AOB JINSIRUCTIONNEEDS NEGATIVE
PUT IN ADB INSTRUCTLON
ADDRESS (WORD) UF BUFFER

AOB TINSTRUCTION NEEDS ByYTE ADURESS
STARTY ATV =}

PUT IN AOB INSTRUCTLNN

WORD T0 START PICOPROCESSUR
SEND COMMAND 10 PLCOU

WAIT FOR ENp=OF~HLOCK

CEND~OF«BLUCK INJERRUPT SUSRuUUIINE
INPUT STATUS

RETURN TO CALLER wIH

STATUS IN A REGISITEWK
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3.3.2 Card Reader
3.3.2.1 Description

Intelligent Cable 14631-02 controls the input of 12-bit positive-truc parallel data from

a Documation M-200, M-600, M-1000 or M-1200 Card Reader. The cable's PicoProcessor
aceepts an input command from the IOD, checks the status of the Card Reader, generates

n command to start the card through the Reader, then genecrates two Data Scrvice interrupts
per column to transfer data to the CPU, one byte at a time. When all data is transferred

or an crror is detected, the PicoProcessor generates an End-of - Block interrupt to terminate
the operation. , .

3.3.2.2 Physical Details
Cable Lengths:

IOD to PicoProcessor, 10-1/2 feet
PicoProcessor to Card Reader, 1-1/2 feet

Standard Channel Number, 0 (Device Address field = : F0)
Standard Data Service Interrupt Address, : C0
Standard End-of-Block Interrupt Address, : C4 "

3.3.2.3 Card Reader Status Word

To control the transfer of data from the Card Reader, the PicoProcessor sequences through
a series of operations based, in part, on the state of individual bits of the Card Reader
Status Word. The Status Word, shown in figure 3-7, indicates certain operational and
error conditions in the Card Reader. When the PicoProcessor receives an input instruction
requesting device status (function control bit set to "1"), it immediately transfers the
entire Status Word to the CPU on bits 0 through 5 of the data bus. Input status can be
requested at any time, but it is usually done after an End-of-Block interrupt to determine
the reason for termination. Individual status bits are described in 3.3.2.5.2.

Certain status bits are not checked by PicoProcessor firmware but are available for status
checking by software. These include Error, Sense Interrupt and Hopper Check.

Data bits 5 4 3 2 1 0

X X XXX |X

1 S Busy =1

Ready =1

Error =1

Sense Interrupt = 1

Hoppei‘ Check =1

Index Mark =1

Figure 3-7. Card Recader Status Word
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3.3.2.4 Operating Sequence

The PicoProcessor has 16 unique sequence addresses (: 0 thru : ). When the PicoProcessor
rezeives a Command Word with the Begin bit set to "1", it immediately begins operation
at the sequence address specified by the Branch Address ficld of the Command Word .
Standard softwarce enters the sequence at the following address:

Scequence
Address Operation
01 Read one card; generate EOB interrupt if an error cxists or when

all data transferred.

Details of the PicoProcessor operutmg sequence are shown in the flow chart (figurc 3-8).
All interface lines are described in 3.3.2.5. Following is a sequence description with
cach segment of the operation identified by name and sequence address (: 0 thru :F).

The yes/no decisions refer to the true/false state of a particular line as defined in 3.3.2.5.

~regardless of its logic level.

IDLE (:0)

Iuitially, the PicoProcessor is in the Idle state as a result of a Reset command or because
of the completion of an End-of-Block interrupt. A Begin Command specifying a start
address takes the PicoProcessor out of the Idle State.

START (:1)

The PicoProcessor waits for the Busy line to go false indicating that the Card Reader

is not processing a card. It then generates a Pick command to start the next card through
the Reader and checks the Ready status line. If Ready is true, it indicates that Card
Reader is ready to read data. If false, the PicoProcessor generates an immediate End-
of-Block interrupt to terminate the operation.

The PicoProcessor again checks the Busy line. It waits for the line to go true indicating
that the Reader has started looking for data.

NEXT COLUMN (:7)

The PicoProcessor continues to monitor the Busy line. If the line is false, ‘the PicoProcesson
generates an immediate End-of-Block interrupt. If the Busy line remains true, it indicates
that the Reader has begun to read data from the card.

The PicoProcessor detects the presense of a column index mark and gencrates two Data
Service interrupts to the CPU. It detects the Index Mark by first checking for a true
level, then a false level on the Index Mark status line.

When the Index Mark is detected, the PicoProcessor generates a Data Service interrupt
causing the Automatic Input instruction at the interrupt location to be executed. One
byte of data (MSB) is transferred to the CPU and the byte count and memory buffer are

incremented.

When the PicoProcessor generates a Data Service interrupt, it also drives the DREADY
(data ready) control line. The signal is tied to the Sense Interrupt status line (bit 3
of the device status word) . This status line informs the CPU, when operating in non-
interrupt I/0 mode, that data can be input from the Card Reader.
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% @ COMPUTER AUTOMATION. INC.

§ } - 1 NEXT COLUMN (:8)
e THLE IDLE \\\\\\\\\NO

: (:0) WATT IFOR BUSY?

‘ COMMAND

i COMMAND

i,

i START
" Sl (:1)

N

{ YES YES

|

i

|

NO
- g ,
Generate
' Data Service
GENERATE Interrupt Transfer

| PICK Byte #1

i » Gen. DREADY

% YES

| EOB =

3 ?

¢ o

‘ : 0

i

| / Generatce
. bata Service EOB INTERRUPT

Interrupt Transfer (:F)
Byte #2 { ’
T NO *OB Generate
NO BUSY? //> > EOB
e Interrupt
e
e

3 YES

; —
“ -
: Figure 3-8. Firmware Sequence - Card Reader Intelligent Cable
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if the data transfer did not increment the byte count to zero, a second Data Scrvice inter
rupt is generated to transfer the second byte (LSB) of data to the CPU. Since the Carvd
Reader is a 12-bit device, the upper four bits of the first byte are filled with zeros.

When the second byte is transferred, the PicoProcessor again checks for byte count=0.

If byte count does equal zero, the PicoProcessor gencrates an End-of-Block interrupt.

If the byte count does not equal zero, the PicoProcessor returns to the Noxt Column
sequence where it checks Busy status, waits for the Index Mark and then generates more
Data Service interrupts. This continues until all data has been transferred.

EOB INTERRUPT (:F)

The PicoProcessor generates an FOB interrupt to terminate the data transter operation
when all data has been transferred or when a status error is detected at any point in

the sequence. When the EOB interrupt is serviced, the IOD commands the PicoProcessor
to return to the Idle state and await the next Begin command.

3.3.2.5 Interface Description

Interface lines between the PicoProcessor and the Card Reader include 16 data lines,
one control line to the Card Reader and 5 status lines from the Card Reader (figure 3-9).
In addition. one control line (DREADY) is tied directly to the Scnse Interrupt status
line. All lines are positive-true. Since the Card Reader is a 12-bit device, the four
most-significant data bits are tied to ground.

| o
: Data bits 0-15
. (bit 15 is MSB)
| B A—

<— Busy
€ Ready
10D/PicoProcessor “— Error

Bus - PicoProcessor [+————— Hopper Check
Index Mark

[ —— ] Sense Interrupt

Data Ready
-3 Pick

Note: All lines are positive-true

Figure 3-9. Card Reader Interface

3.3.2.5.1 Control Lines (To Card Reader).

1. Data Ready. This line is driven by the PicoProcessor when a Data Scrvice interrupt

is generated. It is connected to the Sense Interrupt status line. Sce Sense Interrupt
status line description (paragraph 4 of "Status Lines").

2. Pick. The PICK command from the PicoProcessor starts a card moving through the

Card Reader .

|
§
i
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Reset. This negative-true line is driven by the CPU RESE'T switch or under software
control. Under software control, it is a 250 ns pulse. This lince is not uscd by the
Card Reader. : ’ '

3.3.2.5.2 Status Lines (From Card Reader).

Busy. This line is true when the Card Reader is reading or processing data and
cannot accept a PICK. command.

to'accept a PICK command. This line is checked only once for cvery block of data
transferred.

Error. This line is true to indicate that an error condition exists in the Card Reader.
It is not checked by PicoProcessor firmware, but is available for software interrogation.

Sense Interrupt. Sense Interrupt is true (driven by DREADY) when the PicoProcessor
generates a Data Service interrupt. It is used when operating in a non-interrupt
mode to inform the CPU that data in the Card Reader is ready to be transferred.

Hopper Check. This line is true when the card hopper is empty of cards. It is not
checked by PicoProcessor firmware, but is available for software interrogation.

[$7]

Index Mark. An Index Mark is generated by the Card Reader once for each column
of data as the card moves through the Reader.

Busy

J .
Pick el \H 2R
500ns
“’; mi.rr1l “'7;)19“115‘44———— NOTE 1 ——————»‘
Index Mark — l ) & ‘ L__.

___,'500115 ""

min

fe NOTE 1 ——I

Data

Sense Interrupt

(Not normally used

by Device) NOTE 1: Minimum time equal to twice the instruction time
of the Auto I/O byte instruction plus 8 pusec.
For instruction time, see the Appendix of the
appropriate Computer handbook.

Figure 3-10. Interface Timing - Card Reader Intelligent Cable
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3.3.2.5.3 Data Lines. The 12 data lines to the Card Reader arc positive-true. The

data is transferred in two bytes, most-significant byte first. The 12 data columns of
the card are right-justified into the memory word with the upper (unused) four bits zervo:

Data Bit . 15 14 13 12 11 10 9 8 7 6 5.4 3 2 1 0

Card Data Column 7Zero 12111101 1(2|3]4|5]6(7]8]09

Figure 3-10 shows the interface timing. For additional details, sce the Documation
Card Reader instruction manual.
3.3.2.6 Strapping Requirements

The Sequence Select factory-installed jumper is installed in connector
J3 across pins 5 and 12. The location of J3 is shown in figure 3-11.

!

T
DJG J2 D

To D 10 To
s Jo
Device D 14 33 J1 D I0D
—L (- .

Figure 3-11. Connector Locations, Card Reader PicoProcessor

3.3.2.7 Device Cable Description

The device cable is 18-inches long and terminated on the PicoProcessor end with thre_e
16-pin DIP plugs (P4, P5 and P6). The Card Reader end of the cable is terminated with
a 38-pin connector that mates with Card Reader connector J1.

Figure 3-12 lists all interface lines in the device cable and identifies the connectors used .
The location of the mating connectors on the PicoProcessor is shown in figure 3-11.
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3 QI' - ‘ ComputerAutomation (gijs e
e e . IS [
. Picolrocessor Card PicoProcessor Card
Description Reader | Deseription Reader
5 Conn|Pin J1 pin Conn | Pin : | J1 pin
P4 1 Sense Interrupt® -- P5 9 Hopper Checek return PP
A 2 Error HH 10 Motion Check return RR
3 Ready BB 11
4 Busy MM thru Not used
5 Reset (not used) -= 14
6 Pick LL 15 Row 11 Data return - F
7 Control bit 1 (not used) - P5 16 Row 8 Data Y
8 Data Ready™* - . P6 1 Row 6 Data return W
9 Row 0 Data return H A 2 Row 4 Data rceturn N
10 Row 1 Data return J 3 Row 2 Data return P
11 Pick return SS 4 Row 11 Data B
12 Row 8 Data return cC : 5 Row 1 Data D
i 13 Busy return TT 6 Row 3 Data L
} ; 14 Ready return FF || 7 | Row 5 Data N
| \ 15 Error return NN 8 |Row 7 Data Y
C P4 | 16 -|Index Mark return EE "9 |Row 6 Data U
P5 1 Row 9 Data Z 10 Row 4 Data M
; 2 Row 12 Data return E 11 Row 2 Data K
i 3 : 12 Row 0 Data C
| thru Not used - 13 Row 12 Data A
{ 6 : 14 Row 3 Data return R
| 7 Index Mark AA Y 15 Row 5 Data return T
‘ P5 8 Hopper Check JJ P6 16 Row 7 Data return X

*Pins 1 and 8 of P4 are tied together.

P4
Jl

NN

ELCO 00-8016-038-217-704

‘ c PS5

Card Reader Connector:
ELCO 00-8016-038-750-707

- P6

16-pin i 48-conductor ribbon cable.
DIP plugs ’ ’ Conductors are 26 AWG stranded

Figure 3-12. Device Cable - Card Reader
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3.3.2.8 Programming Example

The Assembler Language statements shown in Table 3-2 demonstrate onc method for using
the Distributed I/0 System. The technique is based on the programming intormat ion
in Section 2.

The demonstration code falls into three distinet parts:  Interrupt Locations, 1/0 Initiation
and End-of-Block Service.

1.

oo

Interrupt Locations

The first part of the code defines and fills the standard locations associated with 10D
channel to which the device's PicoProcessor is connected. As shown in figure 2-4.
there arc six locations involved of which two -- the Byte Count and the Buffer Location
-- are dynamic for each I/0 Initiation, while the remaining words can be fixed at
program load time.

I/0 Initiation

The second part of the code accomplishes the transfer of one physical record cach
time the user's main-line program executes this instruction:

CALL CARD
It is assumed that the calling program has previously set up these two words:

COLCNT Number of bytes to be transferred
BUFADD Word address of record buffer

The demonstration code converts this information into the form required by an Auto-
matic I/0 instruction: negative byte count and byte address of the buffer minus onc.
Once these computations have been stored into the interrupt locations, the PicoPro-
cessor is sent a command specifying:

Begin at Branch Address : 1
Notice that the Device Address used in this secquence is coded with the same Device
Address used in the interrupt location, plus one. The assembled object code will

indicate the transfer of a command, rather than of data.

No attempt is made in the demonstration code to overlap record transfer with CPU
activity. Instead, a dead loop is issued -- JMP $ -- until the PicoProcessor interrupts

_not to the Data Service interrupt location, but to the End-of-Block location. At this

point control passes to the subroutine labelled EOB.

End-of-Block Service

The End-of-Block subroutine could perform error analysis, retry, ctec. The demon-
stration code simply obtains device status from the PicoProcessor and passes status
back to the main-line program through the A register.

3-18

¥
i
|
{




CTKINT
Critva
*

carp

fFuR

Table 3-2.

Loy
L

LI
aly
DATA

LATA
DATA

JS T
VATA

LN
LA
LA
NAR
STA
LhA
LLA
SAIL
oTaA
Lha
UTA

JMp

LHT
iNA
RTH

cv
F

v!

av

CinINT
CHRDEVA
| YR

C=h

ISTERRUPT
X3
tub

CULCNI
1

CRINT+)
BUF ADD

|

1
CRINT+2
s1vdty
CRULVA+1
§

Programming Example - Card Reader

STANDARD CARD READEK INJERRUPY
STANDARD CARD READEK DEVICE ADLDRESS

INTERRYPTY FUR DATA LOCLAITUN
AUTO INPUI BYITE
TO BE FILLLED WIiH CUUNT

V0 BE FLLLED wIIH BUFFER ADDRESS-]
FUR FAD=0F =bL0OCK
CALL EML UF RLULK RUUTTAE

ENTRY POINT FUR CARD=-rREADER DRIVER
# OF COLUNHS WAKNTED
TWN BYTER/COLUMN

AIB TWSTRUCTION NEFDS NEGATIVE

PUT IN ALt INSTRUCTION

ADDRESS (WORD) UF BUFFER

AIB INSTRUCFION NEEDS BYTE ADDRESS
STARTS AV =,

PUT IN ATb INSTRUCTION

WORD TO START PICOPROCESSUR

SEND 10 PICU

Eb=0F =BLUCK (NTERRUPT SUBRGIIINE

CRDEVA+Y
CARD

INPUT STATUS |
RETURN TO CALLER «#TTH
STATUS IN & ReHISIER
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3.3.3 High-Speed Paper Tape Reader
3.3.3.1 Description

Intelligent Cable 14631-03 controls the transfer of eight-bit positive-true parallel data
from a Remex RAB6375BA1/661/551/U000 Reader (sce 3.3.4. 1) to the computer

at the rate of 300 characters per sccond. The PicoProcessor accepts a start command

from the 10D, checks device status, then issues a Data Service interrupt to start the data
transfer. When the transfer is complete or an error detected, the PicoProcessor generates
an end-of-block interrupt to terminate the transfer.

3.3.3.2 Physical Details

Cable Lengths:
IOD to PicoProcessor, 4 feet
PicoProcessor to Reader, 1-1/2 feet.

Standard Channel Number, 5 (Device Address field=: FA)
Standard Data Service Interrupt Address, :E8
Standard EOB Interrupt Address, : EC

3.3.3.3 Paper Tape Reader Status Word

To control the transfer of data from the Paper Tape Reader, the PicoProcessor sequences
through a series of operations based in part, on the state of individual bits of the Paper
Tape Reader Status Word. The Status Word, shown in figure 3-13, indicates certain
opcrational conditions in the Paper Tape Reader. When the PicoProcessor receives an
input instruction requesting device status (function control bit set to "1") . it immediately
transfers the entire Status Word to the CPU on bits 0 through 5 of the data bus. Input
status can be requested at any time, but it is usually done after an End-of-Block interrupt
to determine the reason for termination. Individual bits of the Status Word are deseribed
in 3.3.3.5.2.

Data bit 5 4 3 2 1 0

(unused) =1

System Ready = 0

(unused) =1
Data Ready =1

(unused) =1

(unused) =1

Figure 3-13. Paper Tape Reader Status Word

3.3.3.4 Operating Scquence

The PicoProcessor has 16 unique sequence addresses (: 0 thru : F). When the PicoProcessor
receives a Command Word with the Begin bit set to "1", it immediately begins operation
at the sequence address specified by the Branch Address field of the Command Word.
Standard softwarc enters the sequence at one of the following sequence addresses.
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Scequencoe

Address Opcration
1 Read Tape, Left to Right
tA Read Tape, Right to Left

Details of the PicoProcessor operating sequence are shown in the flow chart (figure 3 14).
Interface lines are described in 3.3.3.5. Following is a sequence description with cach
segment of the operation identified by name and sequence address (: 0 thru : F). The
yes/no decisions refer to the true/false state of a particular line as defined in 3.3.3.5
regardless of the logic level.

IDLE _:0)

The PicoProcessor is in the Idle state as a result of a Reset command or because of the
compietion of an end-of-block interrupt. A Begin command sclects a Start sequence for
cither a Drive Right or Drive Left operation. Since the operation scquence is the same
in both tape directions, they are combined in the flow chart to Start Right/Loft.

START RIGHT/LEFT (:1/:A)

A Drive Right or Drive Left command is issued to start tape motion and Data Ready status
is momtorod When the Data Ready line goes false, the reader head is movmg and "between
characters” on the tape. System Ready status is then checked. This line is true if power
is applied to the Reader system and the Reader RUN/LOAD switch is in the RUN position.

If false, the PicoProcessor immediately generates an end-of-block interrupt to terminate
the operation. Otherwise, the PicoProcessor monitors the Data Ready status line again,
this time looking for a true level on the line to indicate that the Reader head is "on char-
acter". When a positive response is obtained, the PicoProcessor generates a Data Service
interrupt causing the Automatic input instruction at the data interrupt location to be
execcuted. Data from the Reader is transferred into the CPU and the byte count and memory
buffer are incremented. A line from the CPU is activated if the byte count increments

to zero to signal the PicoProcessor (via the IOD) that all data has been transferred (end -
of-block).

If the byte count does not increment to zero, the PicoProcessor again gencrates Right/Left
Drive, checks the status of Data Ready, checks System Ready and gencrates another

Data Scerviee Interrupl. This operation is repeated until all data he as been transferved.
The PicoProcessor then enters the FOB Sequence.,

FORCINTERRUPT 1)
The PicoProcessor generates an OB mtorrupt to terminate operations when all data has
been transferred or when a status error is detected at any point in the sequence. When

the EOB interrupt is scrviced, the CPU commands the PicoProcessor (via the 10D) to
return to the Idle state and wait for the next command.

3.3.3.5 Interface Description
Interface lines between the PicoProcessor and the HSPT Reader consist of eight data lines.

two control lines to the Reader and two status lines from the Reader to the PicoProcessor
(figure 3-15).
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COMPUTER AUTOMATION, INC. = ]
Drive Right (:1) or ) i
i Drive Left (:A) B
¥ Y
: i
; IDLE Idle Generate i
: » (:0) Wait for Right/Teft
‘ Command Drive
. NO
i YES
|
| 0 . Start at
| specified
f Sequence Address
|
|
|
i D
|
1 ,
|
i
|
\
‘ c Generate Interrupt
| for Data Service
| (1 byte)
|
|
\
~
I
EOB
> INTERRUPT
(:F)
Y
. Generate EOB *
‘ NO Interrupt
i - . - .
H Figure 3-14. Firmware Sequence - HSPT Reader Intelligent Cable
4
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: _ . Data bits 0-7
X : T (bit 7= MSB)
i ~ 07-

O

10D/ PicoProcessor

. ————System Rea gative- )
Bus <€-—-—mee—ouu! PicoProcessor y dy (negative-true)

re———Data Rcady (positive-true)
——Drive Right (negutive-truce)

>Drive Left (negative ‘true)

Figure 3}-15. Paper Tape Reader Interface

3.3.3.5.1 Control Lines (to Device).

1. Drive Right. This line (negative-true) is driven by the Intelligent Cable to
\ start the tape moving in the reader in the right-hand direction.

; ‘[@ 2. Drive Left. This line (negative-true) is driven by the Intelligent Cable to
| start the tape moving in the reader in the left-hand direction.

3. Reset. This negative-true line is driven by the CPU RESET switch or under
software control. Under software control, it is a 250 ns pulse. It is not

used by the Paper Tape Reader.

3.3.3.5.2 gtatus Lines (from Device).

1. Data Beadx(positive~true). This line, when true, indicates that the data
track outputs arc in the "on character" position. When false, this line
indicates the "between character" position where data outputs have no

significance.

% 2. System Ready (negative-true). This line, when true, indicates that power is
i appiIEH”ES the Reader and it is in the Run mode. It is false when the Reader
is in the Load mode or if the Reader is out of tape. This line is checked
before each data transfer.

'E? Other status bits are not used by the Paper Tape Reader.

3.3.3.5.3 Data Input Lines. The eight data input lines (00 through 07) are
positive-true. Bit 07 is the most-significant bit. The data is input from the
Reader in standard eight-bit ASCII characters.

o

Figure 3-16 shows the interface timing. For additional details, see the Remex HSPT
Reader /Punch instruction manual.

3.3.3.6 Strapping Requirements -~ None Required.

3.3.3.7 Device Cable Description

The Device cable is 18-inches long and terminated on the PicoProcessor end with
three 16-pin DIF plugs (P4, P5, and P6). The Paper Tape Reader end of the cable

is terminated with a 25-pin connector that mates with connector J2 on the Paper
0| Tape Reader.




Figure 3-18 lists all interface lines in the device cable and identifics the connectors used .
The location of mating connectors on the PicoProcessor is shown in figure 3 17.

~—>’ |<—-— Ons min. ‘ ~

— - {(

Drive )

Right/left j e :

250ns min. . 506 ns
/// f 500ns max. — 50005 fe— min
-

[N
N

Data
Ready

min

'4——750n min

N
“

500 r)ls —>-|<— NOTE 1 —

(min

NOTE 1: Minimum time equal to the instruction time of the Auto I/0 byte instruction
plus 4 psec. TFor instruction time, see the Appendix of the appropriate
Computer Handbook.

Figure 3-16. Interface Timing-HSPT Reader Intelligent Cable

N’
To Paper []Jﬁ J2 D To
Tape Reader []JS IOD
Ca
Figurec 3-17. Connector Locations, HSPT Reader PicoProcessor
\-/
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PicoProcoessor Rc‘adnr/( PIC,OPY‘O(,ObGOP e ulm ,
e e — Description Punch S Desceription Punch
Conn l’nl Jd2 pin Conn|Pin J2 pin
P4 ] 1) nta l{(' uly 9. P5 7 Smtus bit f' (not uxml
T 2 Status bit 2 (not uscd) - 8 Status bit 4 (n()l uso(i}
3 System Ready 14 9
4 Status line 0 (not used) - thru Not used l
) Reset (not used) - 15 ’
6 Drive Right 16 P5 16 Data bit 01 ! 2
7 Drive Left 17 P6 1 '
8 Control line 0 (notused) -~ A thru Not usecd :
9 Ground (not used) -- 5 !
10 |Drive Left return 24 6  |Data bit 06 T
11 Drive Right return 11 7 Data bit 04 | 5
12 (iround (not used) -- 8 Data bit 02 | 3
13 Ground (not used) -- 9 Data bit 03 4
14 System Ready return 13 10 Data bit 05 L6
¥ L5 Ground (not used) -- 11 Data bit 07 8
P4 16 Data Ready return 12 : 12
5 1 Data bit 00 1 thru Not used -
2 Y 15
thru Not used -- P6 16 Ground (mode select) 10
P5 6 '
P4
\ \ s
N— Cannon DB-25S
PY PR
| . t PSR HSPT PUNCH
4’,//’/;’ connector:
\ Cannon DB-25P
o ////’/’///////”—* 48~-conductor ribbon cable

Conducters are 26 AWG stranded

16-pin DIP plugs

Figure 3-18. Cable Description - HSPT Reader
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3.3.3.8 Programming Example

The Assembler Language statements shown in Table 3-3 demonstrate one method for using
the Distributed I/O System. The technique is based on the programming information
in Section 2.

The demonstration code falls into three distinet parts: Interrupt Locations, 1,0 Initiation
and End-of-Block Service.

1.

Interrupt Locations

The first part of the code defines and fills the standard locations associated with 10D -
channel to which the device's PicoProcessor is connected. There are six locations
involved of which two -- the Byte Count and the Buffer Location -- are

dynamic for each 1I/0 Initiation, while the remaining words can be fixed

at program load time.

[/O Initiation

The second part of the code accomplishes the transfer of one physical record each
time the user's main-line program executes this instruction:

CALL PREAD
It is assumed that the calling program has previously set up these two words:

BYTCNT Number of bytes to be transferred
BUFADD Word address of record buffer

The demonstration code converts this information into the form required by an Auto-
matic I/0 instruction: negative byte count and byte address of the buffer minus one.
Once these computations have been stored into the interrupt locations, the PicoPro-
cessor is sent a command specifying:

Begin at Branch Address : 1

Notice that the Device Address used in this sequence is coded with the same Device
Address used in the interrupt location, plus one. The assembled obiect code will
indicate the transter of a4 command, rather than of data.

No attempt is made in the demonstration code to overlap record transfer with CPU
activity . Instead, a dead loop is issued -- JMP $ -- until the PicoProcessor interrupts
not to the Data Service interrupt location, but to the End-of-Block location. At this
point control passes to the subroutine labelled EOB.

»End—of—Block Service

The End-of-Block subroutine could perform error analysis, retry, etc. The demon-
stration code simply obtains device status from the PicoProcessor and passes status
back to the main-line program through the A register.
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Pl T
PLOLVA
»

*
PRCAD

fuwr

L.QU
N

Aby
aly
DATA
LDATA
OATA

Jor
DACA

LMT
LDa
NAR
oTaA
Lba
LA
SA]L
STA
LA
uTA
Jhp
LNT

INA
Ty

Table 3-3. Programming Example

HI)
tFA

PREINT
PRUEVA
T

Feb

A
INTERRUPT
AL D]

CuM

HYTUMY

PRINT+}
BUF ADL
1

|
PRINT+2
=wucty
PrOEVA+}
¥

END=OF =BLOCK LNTEKRUPT SUBROUINE

PROUEVA+1
FREAD

STANDARuY PAPER TAVE RLADFR U IFRRUP)
STANDARD PAPERTAPE KEADECR DEVICE ADDRESS

INTERRUPT FUR DAT4 LNCATTUN

AUTO IN HYTE |

1O BE FILLED wItH COUNT

10 BE FLLLED WI(H BUFFER ADURLSS=1

FOR ENF=0OF«gLULK
CALL EMD=UF=3LOCK RUUYINE

# OF BYTES IN RECQRD

AIB INSTRUCTION NEEDS NEGAT VL

PUT IN AIbB INSTRUCTION

ADDRESS (wORD) OF RUFFFR

AIB TNSIRUCTIUN NEEDS RYTE ADDRESS
STARTG Al =}

PUT IN AIB INSTRUCTLION

WORD TO SHIARIT PICOPRICESSUR

SEND 10 PICU

WAIT FOR END=OF=BLOUK N

INPUT SI1ATUS v
RETURN 10 CALLER wlii
STATUS IN A RLLISIFER
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3.3.4 High-Speed Paper Tape Punch

3.3.4.1 Description
Intelligent Cable 14631-04 controls the transfer of eight-bit positive-truc parallel data

PicoProcessor accepts the IOD output command, interrupts the CPU for data, and then
issues a Punch command to perforate the appropriate track of the tape when a "1" is to

cessor generates an End-of-Block interrupt to terminate the operation.
NOTE

This PicoProcessor is designed to operate with a Remex Model 6375 Reader/
Perforator having a specific part number of RAB6375BA1/661/551/U000 .
The "551" indicates an option to the standard "550" model. When ordering
a new Reader/Perforator from Remex, order by the above part number.

If the user has an existing "550" model, it can be modified as explained

in 3.3.4.8.

3.3.4.2 Physical Details

Cable Lengths:
I0D to PicoProcessor, 4 feet
PicoProcessor to Punch, 1-1/2 feet

Standard Channel Number, 6 (Device Address field = : FC)
Standard Data Service Interrupt Address, : F0
Standard End-of-Block Interrupt Address, : F4

3.3.4.3 HSPT Punch Status Word

To control the transfer of data to the Paper Tape Punch, the PicoProcessor sequenées
tlnough a series of operations based, in part, on the state of individual bits of the Paper

tional or error conditions in the Paper Tape Punch. When the PicoProcessor receives

‘ ol
0 Data bit 5 4 3 2 1 0

T

TP T ) "“!“I‘*

X I XX [ XXX
L—--(unused)=1

System Ready = 0

Error = 1

Data Ready = 1

Tape. Low =1

(unused) -1

Figure 3 190 Paper Tape Punch Status Word
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from the computer to a Remex Model RAB6375 High-Speed Paper Tape Punch. The cable's

be entered. When all data has been transferred or when an error is detected. the PicoPro-

l'ape Punch Status Word. The Status Word, shown in figure 3-19, indicates certain opera-
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an input instruction requesting device status, it immediately transfers the entire Status
Word to the CPU on bits 0 thru 5 of the Data bus. Input status can be requested at any
time, but it is usually done after an End -of-Block interrupt to determine the reason for
termination. Deseriptions of the individual status bits are given under 3.3.4.5.

3.3.4.4 Operating Scquence

The PicoProcessor has 16 unique scquence addresses (0 thru : F). When the PicoProcessor|
receives a Command Word with the Begin bit set to "1", it immediately begins operation
at the scquence address specified by the Branch Address field of the Command Word.
Standard software enters the sequence at the following sequence addresses:

Sequence !
Address Operation !
01 Check Tape Low status; Start Punch Operation. |
02 Start Punch Operation (skip Tape Low status check) . ‘

Details of the PicoProcessor operating sequence are shown in the flow chart (figure 3-20).
Interface lines are described in 3.3.4.5. Following is a sequence description with each
segment of the operation identified by name and sequence address (: 0 thru :F). The
yes/no decisions refer to the true/false state of a line, regardless of actual logic level.

IDLE_(:0)

The PicoProcessor is initially in the Idle state as a result of a Reset command or because
of the completion of an end-of-block interrupt. A Begin commahd with a starting address
of : 1 or : 2 takes the PicoProcessor out of the Idle state and into the Start sequence.

START (:1)

The PicoProcessor begins the Start at : 1 sequence by checking device status. Tape Low
is checked first. If this line is true, the PicoProcessor generates an end-of-block interrupt
to terminate the operation.

START (:2)

A Start at : 2 sequencce begins at this point if it is desired to skip the Tape Low status

check. First, error status is checked. The Error status line is true when the tape is
broken or loose or when the chad box is full. On a true response, the PicoProcessor gener -
ates an end-of-block interrupt. Otherwise, System Ready status is checked next. A false
response indicates that power is not applied to the Punch or that the internal voltages of the
Punch have not stabilized. If false, the PicoProcessor generates an end-of-block interrupt.
If System Ready is true, the PicoProcessor advances to Data Interrupt.

DATA INTERRUPT (:A)

The PicoProcessor generates a data service interrupt causing the automatic output instruc-
tion at the interrupt location to be executed. The CPU transfers data to the PicoProcessor
and increments the byte count and memory buffer pointer. A line from the CPU is activated
if the byte count increments to zero to signal the PicoProcessor (via the IOD) that all

data has been transferred (end-of-block).

While the PicoProcessor checks if the byte count = 0, the Punch command line is activated.
If BC=0, the PicoProcessor sustains the Punch command while waiting for the Data Ready
line to go false and then, still sustaining Punch, checks System Ready. If System Recady
is false, an end-of-block interrupt is gencrated. Otherwise, data is transferred to the
HSPT Punch when Data Ready goes true. The PicoProcessor then generates an end-of-
block interrupt.
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IDLE
(:0)

START (:1)

COMPUTER AUTOMATION. INC. :&

IDLE YES
Wait for
Command START (:2)
YES
ERROR?
NO
‘ NO
YES
- YES DATA INTERRUPT (:A)
Start at
ar. ? Generate Data
Specified Service Interrupt
Sequence Address ] P !

<'I|Hi||l"’YES
NO

Generate Punch

NO

Generate Punch

NEXT OUT
(:7)

System NO
Ready

?

Generate
EOB
Interrupt

Figure 3-20. Firmware Sequence - HSPT Punch Intelligent Cable
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If the byte count is not zero, the PicoProcessor enters the Next Out cquence.

NEXT OUT (:7)

The PicoProcessor sustains the Punch command and checks the Data Ready status line.
1t waits for the Data Ready line to go false, and then checks System Ready, still
sustaining the Punch command. If power is still applied to the HSPT (System Ready
true) data is transferred to the Punch when Data Ready gocs true. The PicoProcessor
then repeats the Data Interrupt sequence until byte count = 0 is rceceived.

EOB INTERRUPT (:F)

The end-of-block interrupt is generated by the PicoProcessor when the last data byte
has been transferred or on detection of a status error at any point in the sequence.
When the end-of-block interrupt operation is completed, the CPU commands the PicoPro-
cessor (via the 10D) to return to the Idle state and wait for the next Begin command.

3.3.4.5 Interface Description
Interface lines between PicoProcessor and Paper Tape Punch (figure 3-21) include

eight data lines, one control line to the Punch and four status lines from the
Punch. '

00 _ o
. Data bits 0-7 (positive-true)
(bit 07 = MSB)
. 07,
IOD/PicoProcessor
}————— Punch (positive-true)
Bus - > PicoProcessor

<4———System Ready (negative-true)
<—————FError (positive-true)
<4~——————Data Ready (positive-true)

4 Tape Low (positive-true)

Figure 3-21. Paper Tape Punch Interface

3.3.4.5.1 Control Lines (to Paper Tape Punch)

1. Punch. This line, when true (+5V), starts the tape moving and initiates punching

2. Reset. This negative-true line is driven by the CPU RESET switch or under
software control. Under software control, it is a 250 ns pulse. This line is
not used by the Paper Tape Punch.

3.3.4.5.2 Status Lines (from Paper Tape Punch).

1. System Ready. This line is true (0 volts) when power is applied to the Punch
' and its internal voltages have stabilized. The PicoProcessor checks the status
of this line before every data transfer.

2. Error. This line is true (+5 volts) when the Punch is not in the Run mode,>the
paper tape is broken, loose or tight or when the chad drawer is full. This
line is checked only once for every block of data transferred.
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3. Data Re: ady . This line is truc (+5 volts) when the Punch is rcady to accept a Punch t
command. It is false during the "advance and punch" cycle (approximately 13 msce '

after o Punch command),
b 4. Tape Low. This line, when true, (+5 volts) indicates that the tape supply is nearvly
; exhausted. It is for information only . Operation of the punch is not affected. This line

is checked once for every block of data transferred, if started at sequence address @ 1.

Figure 3+22 shows the interface timing. For additional details, sec the Remex Paper
Tape Reader/Punch instruction manual.

|
|
|
~»| |}~ 0 ns min i
|

750 ns

Data Ready min /’/;:>

Punch F
500 ns
min ) “’I l*— 1 us min—+——— NOTE 1

0 Data __' Data 1

NOTE 1: Minimum time equal to the instruction time of the Auto 1/0 byte instructicn
plus 4 sec. For instruction time, see the Appendix of the appropriate
Computer Handbook.

—

_ILT_

Data 7

Figure 3-22. Interface Timing - Paper Tape Punch Intelligent Cable

3.3.4.5.3 Data Lines. The eight data lines to the Paper Tape Punch (0 through 7) are |

positive-true with bit 7 the most-significant. Data is output to the Punch in standard
cight-bit ASCII characters

3.3.4.6 Strapping Requirements:

The Sequence Select factory-installed jumper is installed across pins 5 and 12 i

of J3 in the PICOPROCESSOR for the Paper poe Punch. The location of J3
is shown in figure 3-223. -

‘ Punch 4__'[]J6* J2 D —> 10D
C 05
' []J4 J3 Jl D *J6 not used by

- Paper Tape Punch

Figure 3-23. Connector Location - HSPT Punch PicoProcessor

3.3.4.7 Device Cable Description

The device cable is 18-inches long and terminated on the PicoProcessor end with two
16-pin DIP plugs (P4 and P5). The HSPT Punch end of the cable is terminated with a
25-pin connector that mates with connector J1 on the Paper Tape Punch.

Figure 3-24 lists all interface lines in the device cable and identifies the conncctors used.
Location of mating connectors on the PicoProcessor is shown in figure 3-23.

3.3.4.8 HSPT Punch Modification

The Intelligent Cable for the HSPT Punch is designed to operate with a Remex Model
RAR6375 havina the following part number: RAB6375RA1,(G6G1,/551/U000. This model can
be ordered from Remex.
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y Models, having a part number of RABxx75Bxx/6xx/550/U000, can be modified (o the
' required configuration. Folowing are instructions for modifying a model to the "551"
_ configuration.
General Procedurc
Because of the great number of previous models of Remex Reader/Perforators and stand
alone Perforators, it is nol reasonable to give a detailed modification procedure for cvery
possible model. The following general procedure should be sufficient to allow a user
to modify his own system.
1. Find the Remex Model Number Code breakdown for your Perforator or combination
Reader/Perforator in the Remex Technical Manual that was provided with your unit.
This breakdown should be in Section 1 of the manual.
f Locate the digit which specified "Other Perforator Circuit Options" shown by asterisk
in the number at the top of this page.
4
'
| 0 = Standard »
| @ : 1 = Tape Handling Error condition does not inhibit Punch Ready output
| :
‘ 2. Using the Model Code as a guide, examine the "Other Perforator Circuit Options"
digit in the Remex Model Number tag on your unit.
If the unit has a "1" in this position, no modification to the unit is nccessary. If {
1 the digit is a "0", continue with this modification procedure. |
‘ ~ 3. Find the assembly drawing for the Perforator Control Logic board in Section 7.
| .
f Usually, an arrow will point to a jumper which has a note reading something like:
| | | |
! Add Jumper -"Jumper Added *
| For XXXXXX-X0 For -1 Assy." ;
(No options)
Remove this jumper. |
. If no jumper is identified on the asserhbly drawing, go to the schematic for the Per- ’
Q ‘ forator Control Logic board and locate the jumper connecting the Tapc Handling Errvor |
logic with the Punch Ready logic. Note the letters at the end points of the jumper ;
{ and remove the corresponding jumper on the PC board. !
1 . . i
i 4. Attach a label next to the old Remex model number on the unit showing the new model |
" number. The new model number is the same as the old model number except that
J a "1" will appear in the "Other Perforator Circuit Options" position.
* |
Specific Procedure for Converting from RAB6375BA1/661/550/U000 to /
RAB6375BA1/661/551/U000
1. Check the "Other Perforator Circuit Options" bit of the Remex model number shown
by asterisk (above). The bit position can be found by referring to Page 1-10 of
- Remex Technical Manual RSM-304Y-1.
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If the bit is a "1", the option is already installed and no modification is necessary .
If the bit is a "0", continue with this modification procedure.

For units with serial numbers 45261 and higher, refer to page 7-32 of the Technical
Manual and remove the jumper referred to in the note:

- "Jumper Added
For -1 Assy."

on the Perforator Logic and Driver Card 111031. Change the last digit in the card

assembly dash number from 1 to 2. Proceed to Step 3.

Attach a new label next to the old Remex part number label on the unit with the new
Remex part number. The new part number is the same as the old part number except
that a "1' will appear in the bit position for "Other Perforator Options".
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PicoProcessor 1l{(m(ler/W PicoProcessor 1.Rvn(lvl'x
- e e Deseription Punch - A Desceription C Punch
Conn (Pin J1 pin ||. Conn|Pin v J1 pin
i’4 ! Data Ready 12 P! 1 Not uscd
1 2 Krror 20 A 2 Ground (not used) -
3 System Ready 13 3 Data bit 06 7
4 Status bit 0 (not used) = 4 Data bit 04 )
b) Resct (not used) - 5 Data bit 02 3
6 Punch 11 6 IData bit 00 1
7 Controlline 1 (notused) -- 7 Status .bit 5 (not uscr(q -
8 Controlline 0 (notused) -- S Tape Low -
9 Ground (not used) - 9 Ground (not used) !
10 Ground (not used) 10 Ground (not uscd) '
11 Ground 25 11 Data bit 01 | 2
12 Ground (not uscd) -- 12 Data bit 03 ! 4
13 Ground (not used) -- 13 Data bit 05 i 0
14 Ground 23 14 Data bit 07 . R
¥ 15 Ground 18 y 15 Ground (not used) -
P4 16 Ground (not used) - P 16 Not used (input data) -
. — J1
-25P
\t;;;:; Cannon DB
\ 2 N\ HSPT Reader
connector:
\ Cannon DB-25S
32-Conductor ribbon cable
conductors are 26 AWG stranded
16-pin DIP plugs , ,

Figure 3-24. Cable Description - HSPT Punch
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3.3.4.9 Programming Example

The Assembler Language statements shown in Table 3-4 demonstrate one method for using

the Distributed I/0 System. The technique is based on the programming informat jo,
in Section 2.

The demonstration code falls into three distinet parts: Interrupt Locations, 1/0 Initiatioun

and End-of-Block Service.

1.

Interrupt Locations

The first part of the code defines and fills the standard locations associated with 10D
channel to which the device's PicoProcessor is connected. There are six location:
involved of which two -- the Byte Count and the Buffer Location -- are dynamic
for each I/0 initiation, while the remaining words can be fixed at program
load time.

I/0 Initiation

The second part of the code accomplishes the transfer of one physical record cach
time the user's main-line program executes this instruction:

CALL PUNCH
It is assumed that the calling program has previously set up these two words:

BYTCNT Number of bytes to be transferred
- BUFADD Word address of record buffer

The demonstration code converts this information into the form required by an Auto-

matic I/0 instruction: negative byte count and byte address of the buffer minus one.

Once these computations have been stored into the interrupt locations, the PicoPro-
cessor is sent a command specifying: -

Begin at Branch Address : 1
Notice that the Device Address used in this sequence is coded with the same Device
Address used in the interrupt location, plus one. The assembled object code will

indicate the transfer of a command. rather than of data.

No attempt is made in the demonstration code to overlap record transfer with CPU

activity. Instead, a dead loop is issued -- JMP $ -- until the PicoProcessor interrupts

not to the Data Service interrupt location, but to the End-of-Block location. At this
point control passes to the subroutine labelled EOB.

End-of-Block Servicé

The End-of-Block subroutine could perform error analysis, retry, cte. The demon-
stration code simply obtains device status from the PicoProcessor and passes status
back to the main-line program through the A register.

1oa6
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A
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LATA
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DATA
(S
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AN
HTA
1A
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SAlL
STA
I‘OA
JTA
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NT
LNA
<Y

comperttomaton ©f\, ——

Table 3-4. Programming Example

H
I

SIEN R
Do VA
L

T ey

B

*5ed
fun

HYTCM

PPEynTed
Ut ADD

!

i
PrInTe+?
zguetd
PRDEVA+]
%

PrDELVA+L
LN

YU uvE FLLLED

STAWDAPD PHNCH INIFRRUPY

STANDARU PUNCH DEVTLE ADDRE 3S
INTLRIIFL FUR DATA LOLATTUN

AUTD ODIPUT RYTL

wliH SyTL LOUNT

TU OF FLLLED WITH BUFFEKR ADOVESS =1

CHTLRRUP G FUR LwD OF BLOUCHK
CALL ENU=OF=8LUCK RU'ITINE

FNIRY POINT FOR PUNUH DRIVER

RYTE LOUNIT FOR MESSAGE

AOB TNSTRUCTIUN NEEDS NEGATIVL
PUT N AOL INSTRUCTLOWN

ADDRESS (AORD) OF BUFFER

AUB TNSIRUCTION NEEDS ByTt a0DRESY
STARTG AT =1

PUT IN AOb INSTRUCTION

WORLU TN SILART PICOPROLESSUR

SENL COMMAND 10U PICO

WAT] FOR END=OF=BLOUK
FND=0F=BLUCK INJTERRUPT SUBRUUJ INE
INPUT STAILUS

RETURN TO CALLLR wWTih

STATUS IN A ReGISTER
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3.3.5 Teletype
3.3.5.1 Description

Intelligent cable 14632-01 provides a current loop interface between a modificd ASR -33
Teletype and an LSI Series computer. This Intelligent Cable provides a Teletype motor
on/off control and a Reader control for the Paper Tape Reader. Therefore, the Telotype
should be modified for improved performance of certain remotc control functions as i
described in Computer Automation document 91-22215. The cable's PicoProcessor performs
all of the data and control signal conversion (serial-to-parallel and parallcl-to -serial)
required to control Teletype operation and data transfer to and from the device.

The Teletype PicoProcessor controls Teletype operation in half-duplex mode in which
data is transmitted to or from the Teletype, but not simultancously. Use of the "Echo ‘
Incoming Data" feature causes input from the device to be automatically "cchoed" back '
* to the Teletype for printback without the need for separate software instructions to obtain |
a printback. ‘ - ;

The selection of an input or output operation and the selection of the Echo feature are
made by setting the approopriate mode control bits of the Command Word. Additional
bits of the Command Word are set to select character detection and parity bit:
standardization.

The Character Detection feature provides automatic detection of the 7-bit ASCII Carriage
Return character (:0D). The PicoProcessor generates an End-of-Block interrupt when
Carriage Return is received to terminate the input operation even though the input buffer
(specified by the Auto I/0 instruction) has not been filled (byte count # 0).

When the Parity Bit Standardization feature is enabled, the most-significant bit of all
incoming data characters (bit 7) is set to the same value independent of its actual
value. In this way, all characters can be examined in the same operation, ~
whether they use off or even parity. '

3.3.5.2 Ph\ysical Details

Cable Lengths:
PicoProcessor to 10D, 4 feet
PicoProcessor to Teletype, 12 feet

- Standard Channel Number, 4 (device address field=: F8)
Standard Data Service Interrupt Address, : E0

- Standard End-of-Block Interrupt Address, : E4
Interface Logic (see 3.3.5.6)"

3.3.5.3 Teletype Status Word

'o control the transfer of data to and from the Teletype, the PicoProcessor sequences
through a series of operations based, in part, on the state of individual bits of the Teletype
Status Word. The Status Word, shown in figure 3-25, indicates certain operational and
crror conditions in the Teletype. When the PicoProcessor receives an input instruction
requesting device status, it immediately transfers the entire Status Word to the CPU on

bits 0 through 5 of the data bus. Input status can be requested at any time, but is usually i
requested after an End-of-Block interrupt to determine the reason for termination. ‘
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An EOB intervupt caused by an Overrun or Parity Error will. not be indicated by the status
word . [f all status bits are in the proper state, the byte count at the :nppropr‘inic memory
location must be checked (for byte count - 0) . If Character Detection is selected . the
sppropriate memory location must be checked for receipt of o Carrviage Return character.
If the byte count does not equal zero and if Character Detection is selected and no Carviage
Return has been received, an Overrvun or Parity Error exists.

Data Bit 5 403 2 1 0 !
A
L XN XX XX |
A T Y A [ E
. !
_ (unuscd) 0 i
!
' (unuscd) = 0 _
: !
l (unused) = 0 ;
‘ Data Ready = 1 !
Transmitter Empty = 1 !
Framing Errvor =1 |
| 0 | Figure 3-25. Teletype Status Word
Following is n definition of each status bit.
Framing Error. This status line is true to indicate that a valid stop bit was not
present in the received character or the break key was pushed. This line is reset
prior to cach transfer block and updated for each character transferred.
Data Ready. This line is true during an input operation to indicate that an entire
character has been received by the PicoProcessor Receiver. Data is available to
be transferred to the CPU. This line is reset after each data character has been trans-
ferred to the CPU. ¢
Transmitter Emply . This line is true during an output operation to indicate that
the PicoProcessor Transmitter (buffer) has serially transmitted an entire character
to the Teletype. Another character can now be transferred from the CPU. It is reset
prior to cach bloek transfer. '
| _
|
| c 3000000 Mode Bit Sigmificance |
i
1

Cortain Picolrocessor and deviee operations are seleeted by the mode bits (bits 0 N
Of the Command Word . Additional bits ol the Commaind Word are set to select character
dotection amd parity bit standardization.

Bit 0 CT'eletype Motor Off) . The state of this bit controls ope ation of the Teletype
motor . When this bit is a "0", the motor is turned on: when a "1", the motor is
turned off . This bit is reset to "motor on" condition. After the motor has been off,
it vequires 600 ms to attain operating speed when it is turned on. This delay must
be accomplished by software.

Bit 1 (Scleet Qutputy. This bit selects a data output operation. It is sct to "1" to
perform o data output transfer. A "0" level sclects an input data transfer. The bit
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¢ is used internally to control the PicoProcessor operating sequence to perform cither
an input or output operation. The bit is reset to the input sequence.

: Bit 2 (Enable Teletype Reader). This bit, when true (1), cnables operation of

: the Teletype Paper Tape Reader. An input operation will then input data from the
Teletype Reader. When this bit is false (0), an input operation inputs data from the
Teletype keyboard. The bit is reset to the keyboard input mode.

Bl}_é_ (Echo Incoming Data). A "1" in this bit selects the Echo mode of opux-.ltmn in
which the serial input data is returned or "echoed" back to the device us it is receive:!
by the PicoProcessor. It is typically used to obtain a printback of data input to the
PicoProcessor from the Teletype keyboard, but will echo data from the Reader as

well. The bit is reset to the non-echo mode. This bit is not significant in an output j

operation. |
3.3.5.5 Operating Sequence

| The PicoProcessor has 16 unique sequence addresses (:0 through :F). When it receives |
a Command Word with the Begin bit set to "1", it immediately begins operation at the
sequence address specified by the Branch Address field of the Command Word. Standard !

0 software enters the sequence at one of the following sequence addresses. All mode bits ,
are zero unless otherwise specified as "1". Teletype motor is "on" for cach operation. '

Sequence Address Operation _ ;
01 Start Input f
:1 (mode bit 2 =1) Start Input (Reader Enabled) !
:1 (mode bit.3 = 1) Start Input in Echo Mode T
:1 (mode bits 2 and 3 = 1) Start Input (Reader enabled, Echo Mode) '
:1 (mode bit 1 = 1) Start Output

3.3.5.5.1 Output Operation. Details of the TTY PicoProcessor operating sequence for
an output operation arve shown in the flow chart (figure 3-26). The operating sequince ‘
(firmware) controls the transfer of data from the CPU to the PicoProcessor. The actunl !
data transfer to the Teletype is performed by a Serial Transmitter in the PicoProcessor

which also converts the data from parallel-to-serial and provides bulfering. Operation
of the transmitter does not appear on the flow chart, but firmware timing and generation
of interrupts is done on the basis of signals from the {ransmitter.

Following is a description of the flow chart with each segment of the sequence identificd
by name and sequence address.

IDLE_(:0)

The PicoProcessor is initinlly in the Idle state with the Tcletype motor turned on as a

result of a Reset command or because of the generation of an End-of-Block interrupt.

A Begin command starts operation at the sequence address specified by thg Branch Address
field of the Command Word.

START ¢ D)

PigoProcesgor opevation starts thh the ffenox'dtu)n of an internal Reset pulse to resct

SRS rq\

Toure

|
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TLLE
(:0)

TDLLE

Start at
Specified
Sequence Address

START

(:1)

Resct
PicoProcessor
Transmitter

NEXT
(:7)

OuUTPUT

Previous
Data
Transferre

Generate
Data Service
Interrupt

Broeak Key
Pushed

D

NO

All Data

Transferred
-

EOB

)

COMPUTER AUTOMATION. INC. =-’.‘.' E—

LAST OUTPUT (:D}

Character in
Transmitter

All Data
Transferred

YES

FOB INTERRUPT
(:})

Generate
EOB
Interrupt

Figure 3-26. Firmware Sequence - TTY Output
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NEXT OUTPUT (:7)

The PicoProcessor monitors a status line from the transmitter buffer ('ransmitter Fmipty)
which is true when all data (previously transferred from the CPU) has been serially
shifted out to the Teletype (previous data transferred). The PicoProcessor waits for
this line to go true. then generates a Data Service interrupt.

The Auto I/0 (output) instruction at the interrupt location is executed and onc character
of data is transferred from the CPU to the PicoProcessor. The byte count and memory
address pointer are incremented. If the data was not the last to be transferred, byte
count = 0. The PicoProcessor then checks for a Framing Error and gencrates an I'nd of
Block interrupt if an error exists.

The Transmitter Empty line is again monitored. The PicoProcessor waits for this lince to
go false indicating that the data transferred as a result of the Data Service interrupt

is now in the transmitter. The PicoProcessor then repeats the Next Output Sequence
where it waits for the transmitter to signal that the entire character has been serially
transferred to the Teletype. It then generates another Data Service interrupt to output
another character from the CPU.

LAST OUTPUT (:D)

When the last data character has been transferred to the PicoProcessor, the PicoProcessor
monitors the Transmitter Empty status line. It waits, first, for the line to be false
indicating that the character from the CPU is now in the transmitter. It then waits for

the line to go true indicating that the entire character has been serially shifted out

to the Teletype (all data transferred).

EOB INTERRUPT (:F)

After the entire character has been shifted out of the transmitter at the end of the

Last Output, the PicoProcessor generates an End-of-Block interrupt. The interrupt is
also generated when a Framing Error is detected. Upon service of the interrupt. the
PicoProcessor returns to the Idle state.

3.3.5.5.2 Input Operation. Details of the TTY PicoProcessor operating sequence for an
input operation is shown in the flow chart (figure 3-27). The firmware scquence controls
the transfer. of data from the_PicoProcessor to the CPU. The actual transter of data from
the Teletype to the PicoProcessor is performed by a Scrial Receiver in the PicoProcessor
which also converts the input data from serial to parallel. Operation of the Recceiver

does not appear in the flow chart. Following is a description of the flow chart with cach
segment of the sequence identified by name and sequence address.

IDLE_(:0)

The PicoProcessor is initially in the Idle state with the Teletype motor on as a result
of a Reset command or because of the generation of an End-of-Block interrupt. A Begin
command starts operation at the sequence address specified by the Branch Address field

. of the Command Word.

START (1)

PicoProcessor operation starts with the generation of an internal Reset pulse to clear
the PicoProcessor's Receiver. :
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TDLIE
(:0)

START (:1)

—

TDLE

YES

Start at
specified
Sequence Address

Reset PicoProcessor

COMPUTER AUTOMATION; INC. —

Overrun or YES

Parity Error
?/
™\
r/NO

Regset
Data Ready

Framing
Error

Figure 3-27. Firmware Sequence - 1"I'Y Input
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EOB INT (:F)

Receiver
NEXT TNPUT ’
(:7)
STEP READER -
Input one character
NO DATA
READY
YES
Generate
Data Service
Interrupt
NO EOB? YES .
Generate
EOB
Interrupt
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NEXT INPUT (:7)

The PicoProcessor waits for the Receiver to be cleared. The PicoProcessor generatoes
a signal to step the Teletype Reader one character position. Data is then input from the

Teletype in serial form until the Receiver has input an entire character.
by the Data Ready status linc going true. The PicoProcessor then generates o Datie Servveos

interrupt to transfer the character to the CPU.

If the character was not the last to be transferred, the input character is checked ftor

an Overrun or Parity error, a Data Ready reset is generated and then Framing Error stat i

is checked. If any error exists, an immediate End-of-Block interrupt is generatoed.
Otherwise, the PicoProcessor returns to the Next Input sequence where it waits for the
Receiver to clear and then inputs another character.

EOB INTERRUPT (:F)

If the Character was the last to be transferred, the PicoProcessor gencrates an End-of
Block interrupt. It also generates an End-of-Block on an Overrun, Parity or Framing

Error condition. Upon service of the interrupt, the PicoProcessor returns to the Idle state

3.3.5.6 Interface Description

Interface lines betwoeen the PicoProcessor and the Teletype (figure 3-28) include one serial

l«—— TTY In

. L——= T'TY Out

PicoProcessor/10D bus PicoProcessor
S S — = NMotor On

| —— Motor On Return

——m Reader Step

Figure 3-28. Teletype Interface Lines

data output linc, one serial data input line, one control line to the Teletype motor and once
control line to the Paper Tape Reader.  Interface timing is shown in figure 3 -30.

1.

TTY In. This is the serial data input line from the Teletype. Its levels are

mark = 20 ma current flow = 1
space = absense of current = 0

The PicoProcessor serial data input circuit is shown below. The minimum required
loop voltage supply for 20 ma operation is 30 volts (maximum 70 volts).

Y >.~ ) }'\Ai]: 22 pfd -
In % i %1809 ‘ 7404 or equivalent

—
.
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TTY Out. This is the serial data output line to the Teletype. The PicoProcessor
serial ddllt)uq)utLHPClnt(br dr1v1ng'd currontloop device is a common-emitter current
switech eapable of sinking a minimum of 20 ma (shown below) .

1.5K
— MW —®— TTY Out

- TIS101 or equiv.

Motor On. This negative-true line is under the control of mode bit 0 (in the (‘umm md

Word) . 1t turns the Teletype motor on or off. The line uses T'TL logice levels where
truc (OV) turns the motor on and false (+5V) turns the motor off (shown below) .

Motor On

7416 or equiv.

Motor On Return. This line is a signal ground.

Step Reader. This line is pulsed under the control of the PicoProcessor and cnabled

by mode bit 2 (of the Command Word). It uses TTL logic levels where true (OV)
steps the Reader.

Step Reader

7438 or equiv.

‘l*‘iguru 3-29 shows the detailed current waveform for the current loop intelligent cable.

Interface timing is shown in figurc 3-30.

- Current Waveform for letter "U" (even parity):

Start Parity
Bit Bit
1 2 3 4 5 6 7 8 Stop
Mark ———p }
1 or 2 (selectable)

Space ==~ T T W W N R T T T R

Uniq ' unit| units

- 11 units of time

(tlmL dependent on selectable baud rate)

Figure 3 20, Current Waveform - Current Loop Intelligent Cable
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that mates with Teletype connector J2.

{Note 1)

Transmitter

rttssansest o

3.3.5.7 Strapping Requirements - See figure 3-31.

5.8 Device Cable Description

The Teletype cable is 12-feet long and terminated on the Picolrocessor end with one 14 pin
DIP plug (P4). The Teletype end of the cable is terminated with a 15-pin conncector

Figure 3-32 lists all interface lines in the cable
and identifies the connectors used. The location of the mating conncector on the Picol’ro
cessor is shown in figure 3-31.

INPUT TO DEVICE

J¢—— 30 ms ———>

— 35
Step ~
Last
Start ~ ,. Stop Bit
Data - I ‘
(From Device) ' : 4
"4 F*‘“‘ 0 ns (min)
Data Ready 5
{Note 2) —]

OUTPUT TO DEVICE

|<-—-NOTE 3

i

Register Empty ™ 59 -
(Note 2) ) - je— NOTE 3
Last
Start 4(Stop Bit
7

Data N T
b8
(To Device) ’ ‘”_J’//

1 - For Reader input only

2 - Status line available only to Programmer A
3 - Minimum time equal to the instruction time of the Auto T/0 byte instruction
plus 4 sec. For instruction time, see the Appendix of the appropriate

Computer Handbook.

Figure 3-30. Interface Timing - Current Loop Intelligent Cable
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"” Word Length Selertion J3 Configuration
'L o Word TLongth Jumprer .
;‘ Dot 1t 3oz Ato !l General & Check "driFY 2 p 3 :4; Generate L Chook Paraty
‘; T st = e
i ¢ Open m Word Length 1 :1 ‘——”— Word Loength |
: ,: ;:: Ul;"in Odd Parity "‘—;—‘1 (';::—— Odd Paryty
: 7 L 4
| Generate and check parity, Joen - hisableo
i In = 1 Bt
: Odd/even parity, Open socven parity
In ol waraty
[Jas
J2 D
Teletype «—- J4 0 D — TOD
Install the required jumpers on the J3 header. Use Number 24 to 28 solid wire.
Solder all connections. All jumpers go straight across the header.
Fi >y 3- ; .
igure 3-31. Connector Locations - Teletype PicoProcessor
From ‘ To From To
Description Description
Conn| Pin J2 Pin Conn| Pin J2 Pin
P4 1 Ground (not used) -— P4 11 Motor On 12
4 2 Ground (not used) -- 1 12 Step Reader 15
3 Ground (not used) —- 13 Ground (not used) --
4 Ground (not used) -~ P4 14 Ground (not used) --
c\ 5 Ground (not used) -
6 Ground (not used) - Tied together
7 Ground 4 in cable
. v .1
§ |TTY In ' 0 ¥45V >
| Y 9 T'TY Out 7 > 3
. P4 10 Motor On Return 11 > 6
| | |
‘ Molex 1375P
/
; f Teletype Connector:
N\ J2 Molex 1375R
rd \\\\
14~-pin DIP plug l4-conductor ribbon cable
‘ Conductors are ¢ AWG st randed
Figure 3 32 Teletype Cable Description
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The Assembler Language statements shown in Table 35 demonstrate onc method for usine.

3.3.5.9 Programming Example

the Distributed I/0 System. The technique is based on the programming intormet oo i
Soction 2.

The demonstration code falls into three distinet parts:  Interrupt Locations. 1,0 Initiatin

and End-of-Block Service.

Interrupt Locations

The first part of the code defines and fills the standard locations associated with 10D
channel to which the device's PicoProcessor is connected. There are six loca: Lo
involved of which two -- the Byte Count and the Buffer Location -- are dvnamic
for each I/0 Initiation, while the reamining words can be fixed at progvamn lea’
time.

/O Initiation

The second part of the code accomplishes the transfer of one physical vecord cach
time the user's main-line program executes this instruction:

CALL KEYIN
It is assumed that the calling program has previously set up these two words:

BYTCNT Number of bytes to be transferred
BUFADD Word address of record buffer

The demonstration code converts this information into the form required by an Auto-
matic I/0 instruction: negative byte count and byte address of the buffer minus onc
Once these computations have been stored into the interrupt locations. the PicoPro-

cessor is sent a command specilying:

Begin at Branch Address :1
Notice that the Deviee Address used in this sequence is coded with the same Doviee
Address used in the interrupt location, plus one. ‘I'he assembled object code will

indicate the transfor of a command, rather than of data.

No attempt is made in the demonstration code to overlap record transfer with CPU

activity . Instead, n dead loop is issued -~ JMP $ - until the Picolrocessor interrupts

not to the Data Service interrupt location, but to the End-of-Block location. At thir
point control passes to the subroutine labelled EOB.

End-of-Block Serviee
The End-of-Block subroutine could perform error analysis, retry, cte. The demon -

stration code simply obtains device status from the PicoProcessor and passes status
back to the main-line program through the A register.
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TYTuT
JyliLva

KLY N

Fub

LN
LNy
ARG
Al
TohgoA
AL
DATA

JO
D A , /A\

ENT
LhaA
NAR
STA
LA
LLA
SAI
3TA
LPA

UTA

JMp

LM
LHA

KT

Table 3-5. Programming Example

LN STANDARD ITY/ZLRy IMIFRRUP)

HU STANDARD ITY/ZLRI VEVILE AUDRESGS
TyrnTy

TYDELVA

b

T -

W

INTERKUPT FOR FaD=0F =gl ulr

xh+| CALL EMD=UF=RBL OCK RUUIINE

tuy

ENTRY PUINTY FOR KLYuUOARDL INPU)
8YTLNT # OF BYIES IN MESSAGE

AIB INSIRUCTION NEEDS NEGAT[VE
TYINT#1 PUT IN Al INSTRUCTION

BUtADD ADDRESS (WORDJ uF BUFFER

! : ALB INSIRUCTION MELEDS ByTE AUDRESS
i : STARTS Al =]}

TYINT+2 PUT IN Alb INSTRULTLINN

2:14018  WORD TO SIART PICUPKOCESSUR
TYDEVA+1  SEMD 10 PICU

3 . WATT FOR END-UF=-BLOCK

END=OF=gLUCKR INTERRUPT SUBROUTIINE

TYDEVA+L  INPUT SIATUS

KEYIN RETURN 10 CALLER wIiH
STATUS 1M A REGISIER
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3.3.6 CRT or Modem

3.3.6.1 Description -
Intelligent Cable 14630-01 provides an interface between an asynchronous EIA -type CRT. |
such as the ADDS Model 580 or equivalent, and an LSI Series computer.

Intelligent Cable 14630-02 provides an interface between an asynchronous Modem. such
as the Bell Model 103 or equivalent, and the computer.

The Cable's PicoProcessor performs all data and control signal conversion (serial-to
parallel and parallel-to-serial) required to control device operation and data transter
to and from the device.
The PicoProcessor controls device operation in half-duplex mode in which data is trans-
mitted to or from the device, but not simultaneously. Use of the "Echo Incoming Data"
feature causes input from the device to be automatically "echoed" back to the device for
display without the need for separate software instructions to obtain a display.

]

The selection of an input or output operation and the selection of the Echo feature arc
made by setting the appropriate mode control bits of the Command Word . Additional bits
of the Command Word are set to select character detection and parity bit

standardization.

The Character Detection feature provides automatic detection of the 7-bit ASCII Carriage
Return character (:0D). The PicoProcessor generates an End-of-Block interrupt when
Carriage Return is received to terminate the input operation even though the input buifer
(specified by the Auto [/0O instruction) has not been filled.

When the Parity Bit Standsrdization feature is enabled, the most-significant bit of all

incoming data characters (hit 7) is set to the same value independent of its actual valne.
Jn this way. all data characters can be examined in the same operation, whether they

use odd or even parity.

Character length and parity format are selectable as described under 4.3.2.1. The baud
rate is selectable in the JOD as described under 4.3.1.2. For additional information on
device operation, refer to the device instruction manual and to the EIA RS232 specifications.

3.3.6.2 Physical Details

Cable Lengths:
PicoProcessor to 10D, 4 feet
PicoProcessor to Device, 12 feet

Standard Channel Number
CRT, 4 (Device Address field = : FB8)
Modem, 2 (Device Address field = :r4)

Standard Data Service Interrupt Address:
CRT, : E0
Modem, :DO

Standard End-of-Block Interrupt Address
CRT, : E4
Modem, :pa

Interface Line Description (see 3.3.6.6)

J.3.6.3 Device Status Word
To control the transfer of data to and from the device, the PicoProcessor scquences through
a series of operations based, in part, on the state of individual bits of the device Status
Word. The Status Word, shown in figurc 3-33, indicates certain operational and error
conditions in the Device. When the PicoProcessor receives an input instruction requesting
device status. it immedintely transfers the entire Status Word to the CPU on bits 0 through
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5 of the data bus. An LEOB interrupt caused by an Overrun or Parity Error will not be indi-
cated by the status word. If all status bits are in the proper state, the byte count at the
‘appropriate memory location must be checked (for byte count = 0). If Character Detection
is seleeted . the appropriate memory location must be checked for receipt of a Carriage
Return character. If the hyte count does not equal zcero and if Character Detection is
selected and no Carriage Return has been received, an Overrun or Parity Error exists.

Data Bit 5 4 3 2 1 0

!
L——‘ Carrier Deteect = 0

Clear to Send = 0
Data Set Ready = 0
Data Ready =1

Transmitter Empty = 1

Framing Error =1

Figure 3-33. Device Status Word

Following is the definition of each status bit:

1. Carrier Detect. For the Modem Intelligent Cable, this line is driven true during an

input operation by the Modem (Data Set) to indicate that it is receiving a signal which
- meets its suitability criteria. For the CRT Intelligent Cable this linc is connected to the
Data Terminal Ready output line of the CRT. The PicoProcessor monitors this line and
the Data Ready line to determine when a full character has been received.

2. Clear to Send. Lor the Modem Intelligent Cable this line is driven true for an output
operation by the Modem (Data Set) to indicate it is ready to transmit data. For the
CRT Intelligent Cable, this line is connected to the Data Terminal Ready output of
the CRT as is Carricer Detect. The PicoProcessor checks this line to determine if
data can be transmitted.

3. Data Set Ready. This line is driven by a Modem only during an input or output.
e It indicates the status of the Modem. The true condition indicates that the Modem

3 is connected to 2 communications channel and is not in test, talk or dial mode and
that it has completed any applicable timing functions required to complete call
establishment.

4. Data Ready. 'This line when true during an input operation indicates that an entire

character has been received by the PicoProcessor Receiver. Data can now be trans-
ferred to the CPU. This line is resct after ecach data character has been transferred

to the CPUI.

Transmitter Empty. This line when true during an output operation indicates that
the PicoProcessor Transmitter has serially transferred an centire character to the
device. Another character can then be transferred from the CPU. This line is reset
prior to cach block transfer.

[$3]

6. Framing Error. This status line when true indicates that a valid stop bit was not
present in the reccived character during an input operation or that the Break Key
has been pushed during an input or output. This line is reset prior to each block
transferred and updated for each character input.
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3.3.6.4 Mode Bit Significance i
Certain PicoProcessor and device operations are selected by the mode bits (bits 0-3)

of the Command Word. The bits are set at the beginning of an input or output
operation. Once set, they cannot be changed until the operation is completed.

v 1. Bit 0 (Data Terminal Not Ready). This is the Data Terminal Not Ready line driven
by the PicoProcessor indicating. that the PicoProcessor is ready. This bit is resct
| to the Data Terminal Ready condition.

5 2. Bit 1 (Request to Send). This is the Request to Send bit. It is set to "1" to sclect

’ a data output transfer. A "0" level selects an output transfer. The bit is used inter
nally to control the PicoProcessor operating sequence to perform cither an input

or output operation. When reset this bit selects the input sequence.

' 3. Bit 2. This bit is not used by the CRT or Modem.

4. Bit 3 (Echo Incoming Data). A "1" in this bit selects the Echo mode of operatior: in
@ which the serial input data is returned or "echoed" back to the device as it is received
by the PicoProcessor. When reset, this bit selects the non-Echo mode.

3.3.6.5 Operating Sequence

The PicoProcessor has 16 unique sequence addresses (:0 through : F). When it receives
a Command Word with the Begin bit set to "1", it immediately begins operation at the

l sequence address specified by the Branch Address field of the Command Word. Standard
. software enters the sequence at one of the following sequence addresses. All mode bits -
| are "0" unless otherwise specified as a "1". »

[ Sequence Address Operation
x i1 _ Start Input
; :1 (Mode bit 1 = 1) Start Output

i

:1 (Mode bit 3

c :3 Ring (Modem only) Wait for DSR (Data Set Ready); then
generate EOB interrupt. Answer call and inform CPU.

1) Start Input in Automatic Echo mode

14 Ring In (Modem only)_ Wait for DSR, then start input:
' generate EOB interrupt when complete. Answer call and
start input sequence.

1) Ring Out (Modem only). Wait for DSR, then start output
operation; generate EOB interrupt when completed. Answer
call and start output sequence.

:4 (Mode Bit 1

H

3.3.6.5.1 Output Operation. Details of the CRT/Modem PicoProcessor operating sequence
for an output operation are shown on the flow chart (figure 3-33). The operating sequence
(firmware) controls the transfer of data from the CPU to the PicoProcessor. The actual
transfer of data to the device is performed by a Serial Transmitter in the PicoProcessor
which does the parallel-to-serial data conversion. Operation of the Transmitter does -
not appear on the flow chart, but the firmware times the generation of interrupts on the
basis of signals from the Serial Transmitter.
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HOLE
(:0)

RING OUT (:4)
(MODEM ONLY)

IDLL

NO

YES

Start at
Specified
Sequence Address

®

START

NO

(:1)

Reset
PicoProcessor
Transmitter

Clear
to Send

COMPUTER AUTOMATION. INC. =A —_—

?

Generate Data
Service Tnterrupt

Broak I\SN DISY

Pushed

Transter
Data to
Device

LAST
OUTPUT

Transfer
Data to
Doevice

Generate EOB
Interrupt

Figure 3-34. Firmware Sequence - CRT/Modem Output
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Following is a description of the flow chart with cach segment of the sequence identifiod
by name and sequence address.

IDLE (:0)
The PicoProcessor is initially in the Idle state as a result of a1 Reset command or because
of an End-of-Block interrupt. A Begin command starts PicoProcessor operation at the

scquence address specified by the Branch Address ficld of the Command Word.

RING OUT (:4)

This starting sequence address is used by modems to start an output operation only after

Datd Set Ready (DSR) is received. The PicoProcessor waits for DSR to become true before |

proceeding with the output operation.

START (:1)

The output operation is started immediately when the sequence address of : 1 is specified
in the Branch Address field of the Command Word. The PicoProcessor generates a 500
ns Reset pulse to reset the PicoProcessor Transmitter.

NEXT OUTPUT (:7)

The PicoProcessor monitors the Transmitter Empty status line and waits for it to become
true indicating that the transmitter is cleared of all data. It then monitors the Clear

to Send (CTS) line from the device. If this line is true, indicating that the device is
ready to accept data, the PicoProcessor generates a Data Service interrupt to transfer
data from the CPU to the PicoProcessor Transmitter. If CTS is false, the PicoProcesscr
generates an End-of-Block interrupt.

If the data transferred (as a result of the Data Service interrupt) was not the last byte

of data to be transferred, ,the PicoProcessor checks the Framing Error status line and
generates an End-of-Block interrupt if the line is true (framing error exists). If the

line is false, the PicoProcessor checks the Transmitter Empty line. The PicoProcessor
waits for this line to go false indicating that the data transferred as a result of the Data
Service interrupt is now in the transmitter. The PicoProcessor returns to the Next Output
sequence and waits for Transmitter Empty to become true indicating that the entive char
acter has been transferred to the deviee. ‘T'he PicoProcessor then checks C'I'S and gener
ates the noxt Data Service interrupt. as before.

LAST OUTPUT (:D)

When the last character has been transferred to the PicoProcessor, the PicoProcessor
monitors the Transmitter Empty status line. It waits, first, for the line to become false
indicating that the character from the CPU is now in the Transmitter. It then waits for
the line to become truc indicating that the entire data character has been output to the
device.

EOB INTERRUPT (:F)

After Transmitter Emptly becomes true at the end of the Last Output sequence or upon
detection of a Framing Error or if Clear to Send is not received. the PicoProcessor
generates an End-of-Block interrupt. The PicoProcessor returns to the Idle state
service of the interrupt.
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: : A
t : RING (:3)
. } , MODEM
*
L~ IVLE _
i (:0) ‘ DATA vis
IDLE SET RHADY
RING IN (:4) <E:> —~ NO
MODEM (WALT)
DATA NO
SET READY
COMMAND START (:1)

pl
Generate Reset
PicoProcessor Roevr]

]

NEXT INPUT (:7)

Start at
Specified
| Sequence Address

Input Data
from Device
‘ : YES
c 1 Generate Data
Service Interrupt

i NO

\

\

! Reset

3 Data--

ﬁ Ready

FRAMIN
ERROR

YES EOB INT (:F)

Generate EOB
Interrupt

Figure 3-35. Firmware Sequence - CRT/Modem Input
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3.3.6.5.2 Input Operation. Details of the CRT/Modem PicoProcessor opcrating scquence
for an input operation are shown in a flow chart (figure 3-34). The firmware sequence
controls the transfer of data from the PicoProcessor to the CPU. The actual transfer of
data from the device to the PicoProcessor is controlled by a Receiver in the PicoProcessor
which does the serial-to-parallel data conversion. Operation of the Receiver does not
appear in the flow chart but firmware times the generation of interrupts on the basis of
signals from the Receiver.

Following is a description of the flow chart with each segment of the sequence identified
by name and sequence address.

IDLE (:0)

The PicoProcessor is initially in the Idle state as a result of a Reset command or becausc
of the completion of an End-of-Block interrupt. A Begin command starts operation at
the sequence address specified by the Branch Address field of the Command Word.

RING (:3)
This starting sequence address is used only by modems for a "ring and answer" operation.
A ring is generated to the modem and it answers by returning DSR (Data Set Ready).

Upon receipt of DSR, the PicoProcessor generates an End-of-Block interrupt. Further
modem operations are then dependent on instructions from the CPU.

RING IN (:4)

This starting sequence address is used only by modems. In this case, a ring is generated
to the modem and, when answered by DSR, the PicoProcessor immediately starts an input
operation.

START (:1)

The input operation starts at this point. The PicoProcessor generates a 500 ns Resct
pulse to reset the PicoProcessor's Receiver.

NEXT INPUT (:7)

The PicoProcessor monitors the Data Ready line and waits for the line to become false

to indicate that the PMicoProcessor Recciver is cleared of all data. It then checks the
Carrier Detect status line. This line is true while input serial data is being recceived.
If false, the PicoProcessor generates an End-of-Block interrupt. If the line is truc,

the PicoProcessor next monitors the Data Ready line which becomes true when an entire
lnput character has been input to the PicoProcessor Receiver. If the Data Ready line

is false (serial data is still being received), the PicoProcessor rechecks Carrier Dectect
and generates an End-of-Block interrupt if it is false -- since the carrier signal is no
longer present.

When the Data Ready line becomes true, the PicoProcessor generates a Data Service

- interrupt to transfer the received character to the CPU. If the character is not the last
to be transferred, the I'icoProcessor checks the character for Parity or Overrun Error,

resets Data Ready and then checks for a Framing Error. In each case, the PicoProcessor
generates an End-of-Block interrupt on a positive response. If no errors exist, the Pico-
Processor returns to be Next Input sequence where it inputs the next character. This
continues until the byte count = 0.
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FOB INTERRUPT (1)

I the hyte count = 0 after a Data Scrvice interrupt, it indicates that all data has been
Hput and the PicoProcessor generates an End of- Block interrupt. ‘T'he PicoProcessor

also gencrates an nd-of-Block interrupt when an Overrun or Parity Error or Framing

Frror s detected or if Carrier Deteet status is false. When the interrupt is servieed. the
Picolrocessor returns to the Idle state. :

1.3.6.6 Interface Description

——= Data Terminal Ready
—== (Qutput Data

. — Requoest to Send (Modem only)
PicoProcessor/IOD .
Bus - PicoProcessor -e—— Clear to Send

il

~e——— Carricer Detect
~—— Inpul Data

t—— Data Set Ready (Modem Onlv)

Figure 3-36. PicoProcessor Interface

Interface lines between the PicoProcessor and the CRT or Modem (figure 3-36) include
one serial data outpul line, one serial data input line, two control lines to the device. and

“ three status lines from the Modem and two from the CRT. Interface timing for the CRT is

~hown in figure 3-37. Interface timing for the Modem is shown in figure 3-38 (also sce
Figrure 329 for data format) .

‘The output lines are standard RS232 interface drivers. Logic levels are as follows:

Data OQutput: +12V = Space = 0
-12V = Mark =1

Control Output: F12V = assertion - 1
-12V = non-assertion = 0

Connector

e '—' i |
] output ! N\ :
1488L | 7 . o )
— or cquiv-['”"“ J 1489L or cauiv.

PicoProcessor Output Typical Device Input

Input lines are standard RS232 interface receivers. lLogic levels are as follows:

I

Data Input: -3V to -25V = Mark = 1
'3V to +25V = Space = 0

i

-Control Input: +3V to +25V = assertion = 1
-3V to -25V = non-assertion = 0
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NOTE 2
fe—
) 1 Vata L
Last
Start 0 Stop /Bit
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NOTE 1: This line is a status line available only to the Programmer.
NOTE 2: Minimum time equal to the instruction time of the Auto I/O

byte instruction plus 4 usec.

the appropriate Computer Handbook.

For instruction time, see

Figurc 3-37. Interface Timing - CRT Intelligent Cable
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Last

start Stop Bit
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7
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£
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Data Ready (See NOTE 1) 55 Some—
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INPUT I'ROM DEVICL
Start < ?
Data (from device) ] ! \
{3
Data Ready (See NOTE 1) 4¢
— j«— NOTE 2
RING OUT
5§
Data Set Ready
Start c Last Stop Bift
hata (to device) 1 35
4
77

Transmitter Register

Fmpty (Sec NOTE 1)

OUTPUT TO DEVICE

NOTE 2 —»f (-

hata (to device)

Transmitter Register

Fmpty (See NOTE 1)

NOTE 1:
NOTE 2:

This is a

Figure 3-38. Interface Timing - Modem Intelligent Cablo

Minimum time equal to the instruction time of the Auto
1,’0 byte instruction plus 4 usec.
see the Appendix of the appropriate Computer Handbook.

Start Last Stop Bit

/’L '

— fe— NOTE 2

status line available only to the PProgrammer .

For instruction time,
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Connector
r—-——="

AN
1488L | 7~ i

— or equiv. ' 1489L or equiv.

Typical Device Output PicoProcessor Input

Interface lines are described below:

1. DTR (Data Terminal Ready). This linc is driven positive-true by the PicoProcessor
to indicate that the PicoProcessor is ready to accept or send device data. This line
is reset to the true state indicating the Data Terminal is ready. Sce scction 3.3.6.4.
Modes, for further definition.

2. XMIT (Output Data). This line carries serial output data to the device from the Pico-
Processor's Transmitter. ' '

3. RTS (Request to Send). This line is driven positive-true to the Modem by the Pico-
Processor to request an output operation. This lines is not used by the CRT. See
section 3.3.6.4, Modes, for further definition.

4. CTS (Clear to Send). This line is driven positive-true by the device to indicate that
the device is ready to accept data. See Device Status Word, section 3.3.6.3. for
further definition.

5. CDET (Carrier Detect). This line is driven positive-true by the device to indicate
that it is receiving a suitable signal. See Device Status Word, section 3.3.6.3.
for further definition.

6. REC (Input Data). This line carries serial input data from the device to the Picol’ro-
cessor's Receiver.

7. DSR (Data Set Ready). This line is driven positive-true by a Modem and indicates
the status of the Modem. See Device Status Word, section 3.3.6.3, for further
definition.

3.3.6.7 Strapping Requirements - Same as teletype, see figure 3-31.

] a3
1o D 7o ) 7 D '1'o
Device 1 D TOD

Figure 3-39. Connecctor Locations - CRT/Modem PicoProcessor
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3.3.6.8 Devaee Cable Desceription

The device cable is 12 feet Jong and terminated at the PicoProcessor end with one 14 pin
DIP plug (P5) . 1t is terminated on the device end by a 25 pin connector that mates with
connector 41 on the deviee. Figure 3-40 lists all interface Tines in the cable and identifies
the connectors used. The location of the mating connector on the PicolProcessor is shown
in figure 3-39.

PicoProcessor CRT Modem
Deseription : ] ;
Conn| Pin J(Rnn) Pin || Conn; Ph\j
[ SR SR !
PH ] Clear to Send J1 20 J1 5 |
2 Data Terminal Ready RN 20
3 Data Set Ready (Modem only) 6
4 Transmitted Data 3 2
5 Request to Send (Modem only) 4
6 Carrier Detect , 20 8
7 Received Data 2 3
8 Ground 1&7 7
9 Ground (not used) . - - - -
10 Ground (not used) - --
11 Ground (not used) - --
12 Ground (not used) ' -= -
13 Ground (not used) -- --
[355) 14 Ground (not used) J1 -- J1 --
Cannon DB-25S (Modem)
J1 / Cannon DB-25P (CRT)
Device Connector:
P5 j; f% \ Cannon DB-25P (Modem)
Cannon DB-255 (CRT)
14~-pin DI1P plug \\

l4-conductor ribbon cable
Conductors 26 AWG stranded

Figure 3-40. CRT/Modem Cable Description

3.3.6.9 Programming Example

v

For an example of programming the CR'I’/Modem, see the Programming Example for the
Teletype (Table 3-5). Only the device address and interrupt address will be different.
These addresses are listed under 3.3.6.2.
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3.3.7 General-Purpose Intelligent Cables

3.3.7.1 General Descriﬁtion

The General-Purpose Cables 14631-11 (negative true interface lojic) and 14631-12
(positive true interface logic) allow a user to interfacc most low- to medium-spoeod
peripheral or special purpose input/output devices to an TSI Scries Compulter without
the need to design and implement special interface logic. Both Intelligent Cabloes
operate in a similar manner and the same software is used to drive either cable.

All modification of signal polarity is handled by the device's PicoProcessor. The
General-Purpose Intelligent Cable is especially designed to operate decvices having
simple two-wire "handshake" or strobed I/0 discipline--but its expandable intcerface
capability also provides for the control and operation of peripheral devices having
more complex I/O disciplines.

3.3.7.2 Specifications

Data Types: Eight-bit parallel output data with storage; Eight or
16~bit parallel input data. '

-Operating Modes: Simplex and half-duplex

I/0 Disciplines: Two types:
1. Simple two-wire "handshake'".
2. Strobe Data/Pulse Acknowledge; Start Pulse/Data
Acknowledge.

Additional lines provided for data mode selection,
device status, reset and end-of-transfer indicator.

Data Modes: Four modes selectable by software.
1. Data output (8 bits)
2. Data input (8 or 16 bits)
3. Command output (8 bits)
4. Extended status input (8 or 16 bits)

Interface Logic: Two types, positive true and negative true:
1. Intelligent Cable 14631-11, negative true:
Output lines Input lines
Logical 0 = +5 to +15 volts Logical 0 = +5 volts
Logical 1 = 0 volts Logical 1 = 0 volts

2. Intelligent Cable 14631-12, positive true:
Output lines Input lines
Logical 0 = 0 volts Logical 0 = 0 volts
Logical 1 = +5 to +15 volts Logical 1 = +5 volts

Output lines: - Open-collector TTL drivers capable of sinking up to
32 ma at 15 volts.
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+5v 1N4448 7Y 15Vt i 15V
N L —
A 4 7,<
’ CK
2K
N £ Q. — x).__._
7 < )
7416 or e
equiv. R*

1 m L .
Necgative True _ J:{> ~ Tyvical
Cable Output e = — Device Input’

Other
Drivers
+5Vi 1N4448 ' s +5V to +15V
N £
[>% ¢ 7N
2K
2K r\\\\
N £
z RN
7417 or
equiv. : R*
cy s N £ .
Positive True _L N Tyvical
Cable Output > = — Device Input
Other
Drivers

*Optional; recommended for noise immunity if high current rcguired.




R A

Input lines: One TTL load plus a 2K pullup resistor to +5V .
+5V T +5V

r——-- 2K
| N '
' 7 7 '
| | 7404 or equiv.

7404/7416 or equiv. I {
> >—
v L

- L N = *optional
Typical Device Output G-P Intelligent Cable Input |

PicoProcessor Microcycle Time: 250 ns

Interface Lines: Output control (six lines) -

Input status (six lines, expandable); see 3.3.7.3 (4)

Output data (eight lines)
Input data (16 lines)
Ground (11 Lines)

External Voiutage (1 Line)

Y

'lz Intelligent Cable =

— 6 Control Lines —»

l«— 6 Status Lines

G-P

Computer <t - i
P PicoProcessor

Y

— 8 Data Out

—
l«— 16 Data In

¢— 12 Ground ———————»
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Physiteal Details: Cable Longths:
[0 to PicoProcessor, 10-1/2 [oct
PicoProcessor to bovice, 1-1/2 (oct
(no device conncector supplied)

Standard NDevice Addross/Interrupt Addresses:
(None assigned)
Dependent on IOD channel unsed

3.3.7.3 Software Considerations

s explzined in Section 2, all operations arc beqguie by outypmtting a Command wWord DY
to the selectcd dovice's PICOPROCESSOR.

with the control bit (bit 0) set to "1". The format of the Command Word is repeated
here (Figure 3-41) in order to clarify operations unique to the G-D Intelligent Cable.

Branch
=—Address —s={-=—— Mod e —=

15 |14 |13 |12 11110} 9 | 8 71 61! 5|43 1]2 110

Ik I \
Reset Zero
S Begin e Zero
Set Mode Data/Cominand
Input/O;Jtput

Figure 3-41. Command Word - G-P Intelligent Cable

3.3.7.3.1 Mode Field/Set Mode. The four operating modes are selected by the com-
bination of states of mode bits 2 and 3. In order for these bits to be significant,
Set Mode, bit 10, must be set to "1". The mode is then selected as follows:

Input/Output NData/Command
Bit 3 Bit 2 Mode
0 0 Output Command
0 1 Output Data
1 0 Input Status (extended)
1 1 Input Data

Operation in each of the modes can be accomplished with Auto I/O instructions or by

use of conventional Programmed I/O. Following are descriptions of each of the
modes.

1. Data/Output (Mode bit 2 = 1, bit 3 = 0). 1In the Data Output mode, the G-P

PicoProcessor can transfer eight-bit bytes of parallel data to the peripheral
device. Data polarity is automatically inverted for negative true interface
logic and left unchanged for positive true interface logic.
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2. Data Input (Mode bit 2=1, bit 3=1). In the Data Input mode, the G-P Pico- '
Processor can input 8-bit or l6-bit parallel data from the peripheral device.

3. Command Output (Mode bit 2=0, bit 3=0). For operation with periphcral devices
requiring additional commands other than normal handshake/strobe controls, the
General Purpose PicoProcessor can send eight bits of command information to the
device. Decoded, this provides up to 256 separate commands. If more than onc
device is connected to a single PicoProcessor, the eight bits of command inform-
ation can be divided into two basic fields. For example, four bits could be
decoded into 16 individual commands. The commands are sent over the data

output lines and distinguished from data by the state of the Command/Data l
control line. |

4. Extended Status Input (Mode bit 2=0, bit 3=1). The G-P PicoProcessor can input
six lines of device status or, using its extended status capability, it can
input up to 8 or 16 bits of status on the input data lines. This extended
capability can be used by complex peripherals requiring additional status
beyond that normally provided in the six-bit basic status word or when more
than one device or function is connected to a single Intelligent Cable. Extended

status is received on the input data lines with and distinguished from data by
the state of the Command/Data control line.

3.3.7.3.2 Branch Address Field/Begin. The Branch Address field selects the starting
address of particular operations in the PicoProcessor's firmware sequence. This
field is significant only when the Begin bit (bit 9) of the Command Word is set to
"1". In Auto I/O operations the entire firmware sequence is usually performed. In
this case, status lines are checked, control lines to the device are asserted and
interrupts generated for data service and for end-of-block. All of these functions
are performed automatically. The user may use or not use particular control lines
and can supply device status only as required by his particular device. Refer to

Table 3-6(a) and (b) for the grounding requirements of any unused lines. The entire
firmware sequence is described in 3.3.7.8.

When using Programmed I/O, the starting firmware address in the Branch Address field
is generally used to access specific operations within the sequence. This allows
the Programmer to assert specific device control lines. Generally, device status
is first checked by software and the CPU then controls the timing of the assertion

. of the appropriate control lines. Programmed I/0 Operation is described in more
detail in 3.3.7.8.3.

3.3.7.3.3 Reset Bit.  When this bit (bit 8) is set to "1", the device's PicoPro-

cessor is reset to the Idle state, a Reset line to the device is asserted and the
mode bits are reset to zero (Output Command mode) .

NOTE: The reset line to the device is a negative true signal for both
the 14631-11 and 14631-12 Intelligent Cables.

3.3.7.3.4 Device Status Word. The device's PicoProcessor sequences through a series
of operations based, in part, on the state of individual bits of the device Status
Word. The Status Word, shown in figure 3-42, indicates certain operational or error
conditions within the device. When the PicoProcessor receives a status input instruct-
ion, it transfers the entire Status Word to the CPU. The status bits are described in
detail in 3.3.7.7.2. Status polarity is left unchanged between the CPU and the device

for negative true interface logic and automatically inverted for positive true
interface logic. )
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5 15 5 4 3 2 1 0 Data Bits

~ OOOOOOOOOOleXlXIX XlXJ
- B S U Sy it
Spare-—————-j } t—————-System Power

Positive true = 0 if not connected Power On = 0
Negative true = 1 if not connected Power Off = 1
Two Byte FSA
Two Byte = 0 Asserted = 0
One Byte =1 Not Asserted = 1
Stop Busy
Asserted = 0 Asserted = O
Not Asserted =1 Not Asserted = 1

Figure 3-42. Device Status Word (CPU)

The status bits are described briefly below. They are described in greater detail

¢ in 3.3.7.7.2.

Function Strobe Acknowledge (FSA). The device drives this line (logical one) to
indicate that it has sampled output data or has input data ready for transfer.

Two-Byte. This line indicates to the PicoProcessor that the device is either a one-
| byte device (logical zero) or a two-byte device (logical one).

} Stop. The device drives this line (logical one) to indicate that, because of device
end, no data transfer should occur.

1 Busy. The device drives this line (logical one) to indicate that it is not ready to
‘ receive or transfer data.

System Power. This line is driven (logical one) by the device to indicate that
device power is turned on, the device cable is connected and the device is operational.

Sparc. This line can be used by the device to indicate any desired status. If not
used, this line provides a logical zero with positive true interface logic and a
c logical 1 with the negative true interface logic. Refer to Tables 3-6(a) and (b).

3.3.7.4 Use of Interface Lines

As explained in the previous paragraphs, the General-Purpose PicoProcessor's firmware
sequence consists of a series of status checks and the automatic sequencing of
control lines to the device. 1In order for the PicoProcessor's firmware to function
properly, all unused status lines must be connected in accordance with Table 3-6(a)
for negative true interface logic or Table 3-6(b) for positive true interface logic.

Input/Output transfers to or from a device having a simple two-line "handshaking"
device I/0 discipline require only the use of the Function Strobe control line (FS)
and the Function Strobe Acknowledge (FSA) status line from the device. (Several
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Figure 3-43. 1/0 Transfer - Simple Two-Vire
I/0 Handshake Device Interface (Negative True Shown)
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3-56 (b) . '

Inverted For Positive True Interface Logic

Figure 3-44. I/0 Transfer - Simple Two-Wire

1/0 Pulse-type Device Interface (Negative True Shown)
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lines are mentioned briefly here and described in detail in 3.3.7.7.) This type of
data transfer is shown in the timing diagram (Figure 3-43). For an output operation,
Function Strobe is asserted until FSA is returned by the device to indicate that the
output data lines have been sampled. For an input operation, FSA is driven by the
device to indicate that the device has placed data on the lines. Function Strobc is’
driven by the Intelligent Cable to signal that data has been sampled from the input
lines.

Input/output data transfers to or from devices having two-line pulse-type 1/0 dis-
cipline (non-handshake) also require the use of only two lines. The Step line is
asserted to produce a 500 ns pulse to strobe data into the device in an output opcr-
ation. In an input operation, the Step line signals the device to place data onto
the data lines. 1In each case, the device responds with an FSA pulse to acknowledge
that data has been accepted by the device during an output operation; or during an
input operation, to indicate that data may be sampled. This type of transfer is
shown in the timing diagram (Figure 3-44). '

As a summary of interface line usage, Tables 3-6(a) and 3-6(b) list all control and
status lines and describe their use with devices having either "handshake" or
pulse-type I/0 disciplines. In the table, "opt" indicates that use of the line is

optiocnal. That is, it can be used to improve performance or capability as required,
but is not necessary. "Yes" indicates that use of the line is required for that
operation using the indicated device. The connection notes for unused lines must

be observed to assure proper sequencing of the PicoProcessor firmware.

Table 3-6(a)

Negative True Interface Line Usage

I/0 Discipline/Operation
Handshake Pulse
Status: Output Input Output Input
FSA yes yes yes yes
Stop opt opt opt opt
Busy opt opt opt opt
Power opt (1) opt opt (1) opt
Two-Byte not used opt (2) not used opt (2)
Spare opt opt opt opt
Control:
B ves ves opt opt
Step opt opt yes yes
End opt opt opt opt
Input/Output opt opt ‘opt opt
Data/Command opt opt opt opt
Reset opt opt opt opt
NOTES : Must be grounded if not used.
Ground for two~byte (16-bit) device.
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Table 3-6(b)
Positive True Interlace Line Usage
I/0 Discipline/Operation
Handshake Pulse
Status: Output Input Output Input
FSA yes yes yes yes
Stop opt (1) opt (1) opt (1) >pt (1)
Busy opt (1) opt (1) opt (1) opt (1)
Power opt (2) opt opt (2) opt
Two-Byte not used opt (3) not used opt (3)
Spare opt opt opt opt
@ Control:

FS yes yes opt opt
Step opt opt yves yes
End opt opt opt opt
Input/Output opt opt opt opt
Data/Command opt opt opt opt
Reset opt opt opt opt

!

|

i NOTES: 1. Must be grounded if not used.

2. Must be open if not used.
3. Open for two-byte (16-bit) device.
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3.3.7.5 Configurations

3.3.7.5.1 Single Intelligent Cable. Figures 3-45, 46 and 47 show typical configurations
using a single Intelligent Cable with single simplex and half-duplex devices and with
multiple simplex and half-duplex devices.

G-P Intelligent Cable

Control 8_Bit
Computer Data -
: Output
Status .
& IOD L = Device
(a) Output
G-P Intelligent Cable
Control | 8 or 16-Bit
Computer < Data Input
& IOD Status Device
(b) Input
Figure 3-45. Simplex Devices
G-P Intelligent Cable
Control »| 8-Bit Output
Computer Data > and
& IOD lg-Status 8 or 16-Bit Input]
Device

Figure 3-46. Half-Duplex Device

8-Bit Output

> and/or
G-P Intelligent Cable 8 or 16-Bit Input]
Device #1
L ]
Computer D — °
& 10D

and/or
8 or 16-Bit Input
Device #8

I

I

| z

| 8-Bit Output
|—

Figure 3-47. Multi-Simplex/Half-Duplex Devices
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3.3.7.5.2 Multiple Intelligent Cables. The General-Purpose Intelligent Cables can
also be operated in a multiple configuration. Multiple Intelligent Cables can be con
neeted together to operate as a single Intelligent Cable with a wider parallel device
data path (figure 3-48). 'The data path can be increased in increments ol cight bits

of output data and increments of eight or sixteen bits of input data. The data expansion
capability is listed below. Multiple Intelligent Cable operation is not supported by

Auto I/0 instructions.

G-P Intelligent Cable #1

P _ Device
D o #1
o .
Computer N
& I0D . ¢
o [ ]
[ ]
®
G-P Intelligent Cable #8
< - Device
#8

Figure 3-48. Multiple Intelligent Cables

Number of

64-Bit Output
128-Bit Input

Intelligent Cables Input Bits Output Bits
1 8or 16 8
2 24 or 32 16
3 40 or 48 24
4 56 or 64 32
5 72 or 80 40
6 88 or 96 48
7 104 or 112 56
8 120 or 128 64

3.3.7.6 Typical Applications

Figures 3-49 through 3-52 illustrate some of the applications in which use of the G-P

PicoProcessor can be advantageous.

- 3.3.7.7 Device Interface Line Descriptions

Interface lines between the G- P Intelligent Cable and the device include six control
lines to the device, six status lines from the device, eight output data lines and 16

input data lines. Following are descriptions of each of the lines.

3-73




=P Intelligent Cuble |
- I —— |
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with » N
! 10D 1ob By [EREREN] i
|
| S I
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l > Data Rits (0=7)
b Step
: . To/From
PicoProcessor/ Pico- I—— 1771V Line
|4~ Function Strobe Ack
}g—— e~ Stop
|tt—r————— Spare
©C

Figure 3-49. Typical Line Printer Interfacing

- oo/ T T T - - T T T T T T T T T 1
| |
| !
| Computer Computer
with with !
| 1ob 10D !
| |
! !
O -
At
8 Bit Data
- \\l 8 Bit Data
co= Pico-
Processor Processor
Control
A
status lanes

Figure 3-50. Computer-to-Computer Interfacing
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Cable

Inpat bata Line o

Input Data Line 12

1o-Rnit
sStep ADC
Convert
(optional) (Customer )
FOA

Special Status

Conversion
Complete

Special Status

Figure 3-51. Typical Analog-to-Digital Conversion

G-P

Intelligent

Cahle

U

(optional)

__Input Data Line 0

+5Vv

Optional

T T T
|
l

___Input Data Line 15

—_—

3’/:6——f] Switch . |

= L
y i
L4
+5v . - |
e
L

tional
op al o

output bata Line 0

Output Data Line 7

Returns

|
. |
(/ 0—1 switch 1% l
[

+5 v 1sv
LED or lamp Ul
°
*
L

LED or lamp /'

[
I
switch Display Fanel l

Figure 3-52. Typical Switch/Display Application
(liegative true shown)
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3.3.7.7.1 Contfol Lines (to device)

L. Data/Command. The Data/Command line is.driven by the PicoProcessor to indicate
either a data or command operation to be performed on the input or output data
lines. This line is a logical one for a data transfer and zcro to indicate a
command operation. This line is used in conjunction with the Input/Output line
(defined next).

The Data/Command line must be established (CPU Command Instruction Word, bit 2) !
prior to starting an operation and must not be changed during a sequence.

The Data/Command line is stable at least 1 sec before the Step or Function
Strobe line (described in paragraphs 3 and 5) is asserted (logical one) and
remains stable for the entire transfer sequence. During Reset, this line is
reset to the Command state (with Input/Output reset to Output).

2. Input/Output. The Input/Output line is driven by the PicoProcessor and used
in conjunction with Data/Command to indicate to the device the specific type of
operation to be performed. This line is a logical zero for an output operation
and one for an input. The gpecific operation selected by the states of Data/
Command ‘and Input/Output lines were given in 3.3.7.3.1.

The Input/Output line must be established (CPU Command Instruction Word, bit 3)
prior to starting an operation and must not be changed during a sequence. The
line is stable for at least 1 sec before Step or Function Strobe is asserted |
(logical 1) and remains stable for the entire transfer sequence. During Reset,
this line is reset to the Output state (with Data/Command reset to Command).

Many devices may be only simplex output or input devices and only require simple
handshake or strobes. These devices do not require commands or input/output
indicators and therefore it will not be necessary for these types of devices

to monitor the Input/Output and Data/Command lines.

3. Function Strobe. The Function Strobe line is driven by the G-P PicoProcessor
as a "handshake" line used for both input and output operations.

For an output operation, this line is asserted until the Function Strobe
Acknowledge status signal is received from the device. The device can sample
the data bus whenever the Function Strobe line is a logical one or by clocking
on the rising or falling edge of this line.

For an input operation, this line is driven by the PicoProcessor to signal
the device that data has been sampled from the data lines. This line remains
at a logical one level until Function Strobe Acknowledge is non-asserted (logical

: !
Zero) . !

4. Reset. The Reset line is driven by the PicoProcessor under software control
or as a result of depressing the RESET switch on the computer's control panel.
This signal is a 250 ns (minimum) pulse which c¢an be used by the peripheral
device to reset interface electronics to the initialized conditions.

The reset line is a negative true line regardless of the interface polarity.
The line is normally high and is driven low when RESET is asserted.

Step. The step line is a 500 nsec (minimum) pulse or strobe generated by the
PicoProcessor. This line is normally used for devices having strobe or
non-handshaking I/0 disciplines.

[$2]
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During output operations. this line can be usced by the device for strobing data
from.the output data bus lines. During Input operations.,. the Step line is used
to signal the device to place data on the input data lines.

6. ILnd. The End line is generated by the PicoProcessor for both input and output
opcerations to signal the peripheral device that sequence is being aborted or that
the byte count is zero (all data has been transferred). This signal is a 2 usec
(min.) pulse normally driven after the trailing edge of Function Strobe for input
and output operations.

3.3.7.7.2 Status Lines (from device). The Status Word (shown in figure 3 42) indicates
certain operational and error conditions in the device. Five of the bits are checked
individually by Picolrocessor firmware when operating in Auto 1/0. However. all ;
six lines are available for interrogation by the CPU. When the devices' PicobProcessor .
receives an input instruction requesting device status, it immediately transfers the
entire Status Word to the CPU. When extended status is used. status is input on the |
data input lines. Sce 3.3.7.3.1(4). Following are descriptions of the individual bits 5
of the Status Word. o : N
|

1. Function Strobe Acknowledge (FSA). This line is driven (logical 1) by the peripheral
device to handshake with the Function Strobe control line for all input and output i
operations. During an output operation, FSA is driven to indicate that the data |
has been sampled from the output data lines. During an input operation. this line !
is driven by the device to indicate that data has been placed on the data lines. o

|

it is stable and may be sampled by the PicoProcessor. For programmed [/O. the
duration of FSA must be sufficient to allow the CPU to input status and check for
the assertion of FSA.

\
For devices with a Strobe 1/0 discipline, FSA is used in conjunction with the Step |
line and I'SA can be a pulse of 251 ns (minimum). '

2. Two Byte. The Two Byte status line indicates to the PicoProcessor that the device ,
is a one-byte or two-byte device. If the line is a logical one, it is a two-byte i
device; if zero, it is a one-byte device. This line is not checked by the PicoProcessor
during output operations.

3. Stop. Stop is gencrated by the peripheral device to indicate that a device end
has occurred and that no more data should be transferred. A device end includes
error conditions that should stop all data transfer. Stop is driven (logical 1) by
the device with the same timing as the FSA line.

4. Busy. The Busy line is a Not Ready line generated by the peripheral deviee.
This line is an optional line used by devices which have a combination pulse and
handshake 1/0 discipline. This line, when logical 1, signifies that the peripheral
device i3 busy and cannot immediately accept data during an output operation or
cannot supply data during a data input operation. This line is driven at the same
time (or timing) as the FSA line for the Busy or Not Ready state. The device can ,
then drive this line to the Not Busy or Ready state any time new data can be accepted
(output) or data can be supplied (input). During Auto 1/0. the PicoProcessor
will wait indefinitely for the Not Busy condition without indicating an error.

(92

System Power. 'T'his line is driven by the device to indicate that device power
is turned on, the device connector is installed, and the device is operational.

it
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It is at the logical one level when power is on. Refer to Table 3-6(a) and (b)
for connection requirements if the peripheral device cannot supply this status.
This line is not checked by the PicoProcessor during input operations but is
available to the CPU for software interrogation.

6. Spare. The spare line can be driven by the peripheral device for any purpose
desired. The PicoProcessor does not examine this line, but the line will be
available for interrogation by the CPU upon an input status request instruction.
If this line is not used, refer to Tables 3-6(a) and (b) for connection require-
ments.

3.3.7.7.3 External Voltage Line. An external voltage is supplied on this line by the

.peripheral device when interfacing output data and control lines to logic levels

greater than +5V (see paragraph 3.3.7.2, Output Lines). An external voltage is not
required when the output lines interface to +5V logic levels.

3.3.7.7.4 Data Lines. The PicoProcessor has eight parallel output lines (0O through
7, where bit 7 is the most-significant). The lines are stable for a minimum of 500
ns before the Function Strobe and Step lines are asserted. Data is stable for a
minimum of 500 ns after the trailing edge of the Function Strobe.

The PicoProcessor has 16 input data lines (0 through 15, where bit 15 is the most-
significant). During input operations, the peripheral device must place data on the
lines not later than 250 ns after asserting Function Strobe Acknowledge. The data
must remain stable until the leading edge of Function Strobe. If Function Strobe
Acknowledge is used as a strobe rather than a handshake line, the data must be

stable for at least 100 ns sec after the trailing edge of Function Strobe Acknowledge.

Additional details of interface line timing and sequence information and requirements
can be obtained from the flow charts and timing diagrams included under "Firmware
Sequence", next paragraph.

B

3.3.7.8 Firmware Sequence

The General-Purpose Intelligent Cable's PicoProcessor contains two general-purpose
firmware sequences -- one for input and one for output operations. The firmware
automatically controls data transfers by checking device status and asserting control
lines to the device. The entire sequence is described in this section, but operation
can begin at any point in the sequence, selected by software. 1Individual interface
control lines can be used or not used, depending on the requirements of the peripheral
device.

3.3.7.8.1 Auto I/0 Qutput Sequence. Figure 3-53 is a flow chart of the Auto 1/0
firmware sequence when performing a Command Output or Data Output operation.
Figure 3-54 shows the timing of the interface lines. Arrows in the timing diagram
‘correspond to the sequence of operations indicated by the flow chart.

Following is a description of the flow chart with each segment of the sequence
identified by name (function) and sequence address. The yes/no decisions refer to
the true/false (logical 1/logical 0) state of a line.
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Input/Output and Data/Command lines are not shown, but are stable throughout
the sequence.

Minimum time is equal to the instruction time of the Auto I/0 byte instruction
plus 4 usec. For instruction times, see the appropriate Computer Handbook.
The PicoProcessor will wait indefinitely for FSA to be asserted. FS will
remain asserted until FSA is received.

If Power is off or Stop is asserted, the sequence will abort and branch to the
EOB sequence.

Inverted For Positive True Interface Logic.
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Input/Output and Data/Command lines are not shown, but are stable throughout
the sequence. :
Minimum time is equal to the instruction time of the Auto I/0 byte instruction
plus 4 psec. For instruction times, see the appropriate Computer Handbook.
The PicoProcessor will wait indefinitely for FSA to be asserted. FSA (pulse
width = 251 ns, min.) may be asserted O ns after the Logical O going edge of Step with no
maximum restriction. FSA may also be asserted after the Logical 1 going edge of Step
if FSA is guaranteed to be at least 500 ns in width.
If Power is off or Stop is asserted, the sequence will abort and branch to the
EOB sequence (assert End and generate EOB interrupt).
Inverted For Positive True Interface Logic.
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IDLE (:0)

Initially, the PicoProcessor is in the Idle state as a result of a Reset or because
of a prior End-of-Block interrupt. A Begin command (with mode bit 3 of the Command
Word set to zero to select an output operation) causes the PicoProcessor to start a
data or command output operation (depending on the setting of mode bit 2) at the
sequence address specified by the Branch Address field of the Command Word.

START AUTO OUT (:5)

The PicoProcessor first checks System Power. If this status line is a logical 1
indicating that power is on, the Stop status line is checked. If Stop is false, it
indicates that no device error conditions exist and the device has not reached the
physical end of its media (tape, card, etc). If an error is indicated by either the
Power or Stop status checks, the PicoProcessor immediately generates an End-of-Block
interrupt to terminate the transfer. Otherwise, the PicoProcessor checks Busy to
verify that the device is ready to accept data. If Busy is true (device not ready),
the PicoProcessor returns to the start of the sequence beginning with the Power
status check. It repeats the sequence until Busy goes false (device ready). The
PicoProcessor then checks the Function Strobe Acknowledge (FSA) status line and
waits for the line to go false (logical 0) by repeating the start sequence until it
becomes false (FSA may be true from a prior data transfer).

When FSA is false, the PicoProcessor generates a Data Service interrupt. The Auto
'I/0 instruction at the interrupt location is executed and the PicoProcessor copies
_the CPU data into its output register and drives the output data lines. If the data
is the last to be transferred, the PicoProcessor proceeds to the Last Byte sequence.

If more data is to be transferred, the PicoProcessor generates a 500 ns Step Pulse.
Step is usually used by pulse (non-handshaking) devices to strobe data into the
device. The PicoProcessor then generates Function Strobe (FS). Function Strobe
enters data into devices having handshaking I/0 discipline.

After the device is strobed by either Step or Function Strobe to enter data into the
device, the PicoProcessor waits for the device to signal that it has accepted the
data by driving the FSA status line. When FSA goes true, the PicoProcessor returns
to the beginning of the Start Auto Out sequence where it checks status and generates
another Data Service interrupt to output another byte of data. This continues until
the CPU signals the PicoProcessor that all data has been transferred. The Pico-
Processor then enters the Last Byte sequence.

LAST BYTE (:D)
The Last Byte sequence consists of the PicoProcessor strobing data into the device
by generating Step and Function Strobe as for any other byte. It then waits for the
device to acknowledge the data (FSA), then enters the EOB sequence.

EOB (:F)

This sequence is entered when a device status (Power or Stop) error exists or when
all data has been transferred from the CPU and to the device. The PicoProcessor
generates the End Pulse for those devices that need to know that all data has been
transferred while generating an End-of-Block interrupt. The PicoProcessor then
returns to the Idle state. : : -
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3.3.7.8.2 1Input Sequence. Figure 3-55 is a flow chart of the Auto I/0 firmware
sequence when performing a data input or extended status input operation. Migure

; 3-56 (a and b) shows the timing of the interface lines. Arrows in the timing diagram
correspond to the sequence of operations indicated by the flow chart.

[Sres

Following is a description of the input flow chart with each segment of the sequences
identified by name (function) and sequence address. The yes/no decisions in the flow
chart refer to the true/false (logical 1/logical 0) state of a line.

IDLE (:0)

Initially, the PicoProcessor is in the Idle state as the result of a Reset or because

3 of an End-of-Block interrupt. A Begin command (with mode bit 3 of the Command Word

i set to "1" to select an input operation) causes the PicoProcessor to start an input
data or input command (extendedsstatus) operation at the sequence address specified

by the Branch Address field of the Command Word. :

START AUTO IN (:6)

w The PicoProcessor first checks the Stop status line. If this line is true (logical

1) indicating a device error, the PicoProcessor generates an End-of-Block interrupt.
If the line is false (logical 0), the PicoProcessor generates a 500 ns Step pulse to
signal the device to place data on the input data lines. The PicoProcessor then
checks the Busy status line to verify that the device is ready to output data. If
the line is true (device not ready), the PicoProcessor returns to the start of the
sequence (starting with the Stop status check) and repeats the sequence until Busy is
| false (logical 0) indicating that the device is ready.

{ L The PicoProcessor then waits for FSA to be asserted and then checks the Two-Byte

‘ status line. The state of this line determines whether one or two Data Service

i interrupts are to be generated. If this line is true (logical 1) it indicates to the
PicoProcessor that it is a two~byte (16-bit) device. The PicoProcessor then gener-
i ates a Data Service Interrupt to transfer the first (most-significant) byte. If the
transfer was not the last byte to be transferred, the PicoProcessor then generates a
second Data Service Interrupt to transfer the second byte of data. If all data has
been transferred after the first transfer, the PicoProcessor generates Function
Strobe (FS), waits for FSA to go false, and then enters the EOB sequence. If the
Two-Byte line was false indicating a one-byte (eight-bit) device, only one Data

@ Service interrupt is generated. '

; If all data was transferred after the second Data Service interrupt, the PicoProcessor
| drives the Function Strobe Line (FS) to indicate to the device that data has been

! sampled from the data bus. Function Strobe is asserted until FSA is dropped (logical
0) , the PicoProcessor then proceeds to the EOB sequence.

k.

J If All data was not transferred after the Data Service interrupt, the PicoProcessor
} asserts the Function Strobe line until FSA is dropped, then returns to the start of
! the Start Auto In sequence. .
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The End-of-Block sequence is entered when the FSA line is dropped after the last byte
1s transferred or when the device drives the Stop line to indicate an error or stop condi -
tion. The PicoProcessor then drives the End line for those devices that require notice
that all data has been transferred. End-of-Block interrupt is also gencrated at this time.
The PicoProcessor then returns to the Idle state after the EOB interrupt is received by
the CPU. :

3.3.7.8.3 Programmed 1/0. The Programmer can accomplish any desired data. strobe
or handshaking sequence or the same sequences shown on the Auto 1/0 flow charts by
use of conventional CPU input/output instructions. However, devices with Strobe 1/0
disciplines must have strobe widths of sufficient duration to guarantee sampling by the
CPU with software routines. The following device control lines and operations can be
asserted under software control.

Mode*and
Programmed 1/0 Sequence Address
Sequence
Input Output
Idle or Select Least-Significant

Byte (Input) : 10 0
End-of-Block Interrupt :F :F
Function Strobe 14 HK]
Step (500 ns pulse) 11 01
Select Most-Significant Byte 13 -=
End -= C:4

~Each of the above lines can be asserted by use of a Begin Command causing operation

to begin at the point (sequence address) in the firmware sequence where the particular

line is asserted. The term "Begin Command" refers to the Begin bit set to "1" and the
Branch Address field containing the desired sequence address (see 2.2.4). The Input/Out-
put and Data Command bits (bits 2 and 3 of the mode field in the Command Word) must

be set for the desired operation as defined in 3.3.7.3.1.

Following is a description of each Programmed I/O entry sequence listed above.

1. Idle or Select LS Byte (Normally lnpuf Only)

This sequence (: 0) selects input data lines 0 through 7 for input. If the Input/Output
mode bit is set to "1" and Step is asserted, one-byte input devices cause an automatic
internal branch to this sequence address. It is also entered by a begin command

to sequence address : 0, a Reset or after an EOB interrupt.

[}

EOB Interrupt (Input and Output)

This sequence (:F) is normally used in conjunction with interrupt programming to
force execution of the EOB routine. This is accomplished by a Begin Command to
location : F. EOB interrupt remains asserted until the interrupt is recognized by

the CPU or another Begin Command or Reset is issued. End is also asserted to the
device for the duration of the EOB interrupt sequence. The PicoProcessor then returns
to Idle (: 0).




} 3. Function Strobes (FS)"

(@) Input Operation. FS is asserted by a Begin Command to : 4. It remains asserted -
until another Begin Command is issued.

(b) Output Operation. FS is asserted by a Begin Command to : 3. 1t is also asserted
automatically whenever Step (: 1) is asserted even if FS is not required by the
device. It must be turned off by a Begin Command to another sequence address.

4. Step

(a) Input Operation. Step is sclected by a Begin Command to sequence address : 1.
It is asserted for 500 ns and then returns to the non-asserted state. When input-
ting from a one-byte device, after step is asserted, the PicoProcessor auto-
matically branches to Idle/Sclect LS Byte (: 0). When inputting from a two-
byte device, the PicoProcessor branches to Select MS Byte (: 3) and waits for
a new Begin Command.

- (b) Output Operation. Step is asserted for 500 ns by a Begin Command t6 : 1.
0 When Step is asserted, the PicoProcessor branches automatically to : 3 where
FS is asserted (see Function Strobe, Output).

5. Select MS Byte (Input Only)

When inputting from a two-byte device, this sequence is entered by a Begin Command |
to sequence address : 3 or automatically when Step (: 1) is asserted to select data
lines 8 through 15 for input.

6. End (Output Only) (Non-EOB Interrupt Sequence)

End is asserted by a Begin Command to : 4. It may be used to inform the output device
that an end-of-transfer has occurred. The End line remains asserted until a new
Begin Command is received. See "EOB Interrupt" for additional usc of the End line.

The flow charts to be used to describe typical input and output operations generally conform

to the timing diagrams of the simple 1/0 transfers shown in figures 3-43 and 3-44.

Actual times given in figures 3-54 and 3-56, however, must be increased by the execution

c times of the instructions required for Programmed 1/0 operation. Instruction times arc
listed in the appendix of the appropriate Computer Handbook. Automatic sequences

performed by firmware and not requiring software instructions occur every 250 ns.

1. Typlcal Output Operation Using Programmed [/0. For a data or command output
operation (figure 3-57). a status input instruction can be executed and the device
status word interrogated by the CPU. The CPU can determine if device error conditions
exist and if the device is ready to accept data. A CPU output instruction can then

be executed to transfer data from the CPU to the PicoProcessor's output register.

The data must now be strobed into the device. A Begin Command is issued to the
device's PicoProcessor specifying the firmware scquence address where Function
Strobe (:3) or Step (: 1), whichever tag is appropriate for the particular device,
is asscerted. Note that if sequence address : 1 is accessed to assert Step. Function
Strobe is asserted automatically. When not required by the device, the Function -
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Programmed [/O - Typical Output Operation




Strobe linc is unused. The CPU can then issue another status input instruction

and interrogate the status word to detect when Function Strobe Acknowledge (FSA)
is driven by the device (logical 1) to indicate that output data has been accepted.

i When FSA is asserted by the device, the CPU must issue an Idle (: 0) Begin command
‘ to drop the assertion of Function Strobe.

g £ T

Certain devices need to know when the CPU end has occurred or if all data
transfers are complete. This can be indicated to the device by the assertion of
End by the device's PicoProcessor. This can be done under softwarc by issuing a
Begin Command specifying a sequence address of : 4. End is also asserted when
the end-of-block sequence (:F) is accessed by a Begin Command. This opceration
resets the device's PicoProcessor to the Idle state after the interrupt is serviced.

L 2. Typical Input Operation Using Programmed I/O. For a data input or extended status
y input operation (figure 3-58), a status input instruction can be executed and the

_j" device status word interrogated by the CPU. The CPU can determine if device errors

‘ exist and when the device is ready to transfer data. The CPU can then issue a Begin

! Command with the Branch Address field of the Command Word containing the sequence
0 address of : 1 to assert Step.

y The PicoProcessor automatically branches to the next operation based on the state

of the Two Byte status line. If the peripheral device is a two-byte device (16 bits),
the Two Byte line is grounded and the PicoProcessor automatically branches to
sequence address : 3 to select the most-significant byte. The CPU can then detect

FSA by executing a status input instruction and interrogating the FSA bit. When

FSA is asserted by the device, and input instruction can transfer thec most-significant
byte to the CPU.

To transfer the next byte (least-significant), a Begin Command is issued accessing
sequence address : 0. The second byte can be transferred to the CPU by the execution
of an input instruction.

When operating with a one-byte device, the first byte transfer (MSB) is skipped
and only the least-significant byte is transferred. .

When all bytes (one or two) have been transferred, a CPU Begin Command can be
issued accessing sequence address : 4 to assert Function Strobe. The CPU can execute
a status input instruction to input device status and detect FSA dropping to the non-
asserted state.  When FSA drops, the transfer is complete. A Begin Command accessing
sequence address : 0 (Idle) is then executed to return Function Strobe to the non-
asserted state. And End-of-Block could then be generated as described for the

“output sequence. '
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Table 3-7. Programming Example - Auto I/0 Output, G-P Device

GPINT LAU (NOTE L) GENLRAL PURPNOSE ULVACE (NIEKFUPY
GPDLVA LOU (NDVEER) GENELRAI. PURPNDST DEVICE ANRLDESS
ABG GRPINT INTLRRUPY FOR DATA Lo TION
AOL GPOEVA AUFO UMIPUT Ry ITL
I $= TO bk FLILLLED wliH BYTL LDUN|
DALA B 0 BF FILLEYD wliH BUFFER ADDHESO=]
DATA A
*
* INTFRRUPI FOR bNU=UF=HLOLK
»
J31i thé] CALL END=DF=RLUCK RUUTINE
LATA FUK
GRRINT LN ENTRY PUINT FOR (P LRLIVEK
LDA BYTUNT BYTL COUNT FNOR MFYSSAGE
AR AUB TINSIRUCION WNEEDS NELaAlTVE
uTA GFINT+1 PUT IN AOB INSTRUCTLON
LDA BUF ADD ADDRESS (WORD) uF BUFFER
LLA 1 AOB TNSTRUCITON NLEDS RYTE ADURESS
OAl 1 STARTS AT =)
STA GRIVT+2 PUT IN ADB INSTRUCTION
Lha (NUIED) SET Up MOuE BITS
uTa GPOEVA+Y  SEND COMMAND 16 PLCUPRUCESSUR
LPha (NOTE4) WORD 10 START PICOPKDLESSUR
uTA GPDEVA 43 START CGMMAND TU PTYCOPRUCESSUK
LIN ENABLE LINIERRUPIS
JMp $ WATT FOR END=UF=BLOULK
*
*
Fus LN _ END=OF=BLUCK INFERRUPT SYaRutJ) INF
INA - GHRDEVA+Y INPUT STATUS
KTHN GPRINT RETURN TU CALLER wIIH SIATUS IN REG

NOTE 1: Depends on IOD channel used; see figure 2-5, page 2-6.
NOTE 2: Depends on IOD channel used; see table 4-1, page 4-5.
NOTE 3: Mode Field:

Output Data = :4 (:04x4)

Output Command = :0 (:04x0)

Input Data = :C (:04xC)

Input Extended Status = :8 (:04x8)
NOTE 4: Branch Address Field:

Output = :5 (:025x)

Input = :6 (:026%)

Mode and Branch commands can be given at the same time if
the user is not switching between input and output sequences.

e : A —8
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a dead loop is issued -- IJMP$ -- until the PicoProcessor interrupts not to il Dhata
Service interrupt location, but to the End-of-Block location. At thi= point, control
passes to the subroutine labeled EOB.

The demonstration code falls into three distinct parts: Interrupt Locations, 1/0
Initiatior and End-of-Block Service.

1. Interrupt Locations

The first part of the code defines and fills the standard locations associated
with I0D channel to which the device's PicoProcessor is connected. As shown in
figure 2-4, there are six locations involved of which two -- the Byte Count and
the Buffor Location --are dynamic for each I/0 Initiation, while the remaining
words can be fixed at program load time. ’

2. I/0 Initiation

The second part of the code accomaplishes the transfer of one physical record
each time the user's main-line program executes this instruction:

CALL GPINT
It is assumed that the calling program has previously set up these two words:

BYTCNT Number of bytes to be transferred
BUFADD Word address of record buffer

The demonstration code converts this information into the form required by an
Automatic I/O instruction: negative byte count and byte address of the buffer
minus one. Once these computations have been stored into the interrupt locations,
the PicoProcessor is sent two commands specifying, first, the mode and then the
starting Branch Address.

Set mode bits (See Note 3, Table 3-7)
Begin at Branch Address :5

Notice that the Device Address used in this sequence is coded with the same
Device Address used in the interrupt location, plus one. The assembled object
code will indicate the transfer of a command, rather than of data, as shown in
Figure 2-3.

3. End-of-Block Service

The End-of-Block subroutine could perform error analysis, retry, etc. The
demonstration code simply obtains device status from the PicoProcessor and
passes status back to the main-line program through the A register.

3.3.7.10 Device Cable Description

The device <able is made up of a 48-conductor flat ribbon cable. It is 1-1/2 feet
long ‘and supplied without a connector on the device end. Fiqgure 3-59 identifies each
line in the cable. Unused lines must be grounded, left open, or tied to +5V through a
pullup resistor as specified in tables 3-6(a) or (b). All ground lines should be
used and grounded if possible.




If necessary to remove cable from the PicoProcessor for connector installation, remove
the four retaining screws and nuts to remove PicoProcessor cover, then disconnect
cable. When replacing cover, take care that the cable is preformed to the shape required
to pass under the cover edge without strain. This will assure that firm contact between
connectors will not be endangered. '

Wire Wire
Conn| Pin | No. Description Conn | Pin | No. Description
J4 1 15 Stop J5 9 18 Ground
A 2 13 Busy 10 | 20 Ground
3 11 Function Strobe Acknldg. 11 22 Data Out 01
4 9 System Power 12 24 Data Out 03
5 7 Reset 13 26 Data Out 05
6 5 End 14 28 Data Out 07
7 3 Step ' 15 30 Input/Output
8 1 Function Strobe (FS) J5 16 32 Data In 01
9 2 Ground J6 1 47 Ground
10 4 Ground ‘ 2 45 | Data In 14
11 6 Ground 3 43 Data In 12
12 8 Ground , 4 41 Data In 10
13 10 Ground 5 39 Data In 08
14 12 Ground 6 37 Data In 06
v 15 14 Ground 7 35 Data In 04
J4 16 16 Ground 8 33 Data In 02
J5 1 31 Data In 00 9 34 Data In 03
2 29 External Voltage* 10 36 Data In 05
3 27 Data Out 06 11 38 Data In 07
4 25 Data Out 04 12 40 Data In 09
| 5 23 Data Out 02 13 42 Data In 11
¢ 6 21 Data Out 00 * 14 44 Data In 13
7 19 Spare Status Line 15 46 Data In 15
8

Jb 17 Two-Byte J6 16 48 Data/Command

*See paragraph 3.3.7.7.3.

Wire 1 (Brown)

G~P PicoProcessor Wire 48 (Grey) "
_ e | |
J .
D Jl L No connector
Js supplied
D J2 J6 .

— \\\\
48~-conductor flat ribbon cable

Conductors are 26 AWG

Figure 3-59. Device Cable - G-P Intelligent Cable
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3.3.8 USER'S MICROCODED INTELLIGENT CABLES

3.3.8.1 General Description

The User's Microcoded Intelligent Cables (UMIC) provides a general purposce hardwar o
interface which can be user microprogrammed to meet individual interface reguire-

Standard peripherals not supported by other Intelligent Cables can be easily

ments.
With the

interfaced with an LSI Series Computer using the Distributed T/0 System.
User's Microcoded Intelligent Cable, creation of a unique I/0 controller is accom-

plished by writing a simple microprogram.

The UMIC is supplied as a General Purpose Intelligent Cable, 14631-11, for devico:s
requiring a negative true interface or 14631-12 for devices requiring a positive
true interface. The user ROM/PROM set replaces the corresponding standard General
Purpose Intelligent Cable ROM's. The sequencing of the Intelligent Cable is then
under control of the user coded ROM/PROMs. '

3.3.8.2 Specifications

Standard

Specifications: Refer to subsection 3.3.7.2 for the standard specifications

of the General-Purpose Intelligent Cables.
Operating Modes: Simplex or half duplex, as determined by user microprogram.
Software Modes: Programmed I/0 or Auto I/0 instructions under interrupts,
as determined by user microprogram and software requirements.

Four modes selectable by software and under control of user

microprogram.

1. Data output (8 bits).

2. Data input (8 or 16 bits).

3. Command output (8 bits).

4. Extended status input (16 bits).

Data Modes:

Supporting

Sof tware: Two software packages are available as part of the UMIC

Documentation Kit 20631-00, for generation of user ROM/PROM

sets:
1. A special set of assembler Macros for assembly of user

microprogram. .
2. ROM/PROM Format Generator (ROMGEN) Program for genera-
tion of user input patterns for procurement of user

ROM/PROMSs.

Supporting

Documentation: Two. user's manuals are available to aid the user in genera-

tion of his custom microprogram (UMIC Doc. Kit 20631-00):

1. User-Microprogrammed Intelligent Cable (UMIC) Reference
Manual provides information for coding and assembly of
user microprogram.

2. Format Generator (ROMGEN) User's ROM/PROM Program
manual provides information to aid the user in genera-
tion of ROM/PROM procurement.

3-95
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3.3.9 Magnetic Tape Intelligent Cable
3.3.9.1 General Description
The Magnetic Tape Intelligent Cable (MTIC) 14631-41 controls the transfer of data
between a Pertec (or Pertec plug-compatible) magnetic tape formatter and an LSI Family
computer.
‘The formatter unit, in turn, provides interface capabilities for up to four synchro-
nous magnetic tape transports. The various formatters and tape transports available
from Pertec include models with combinations of the following capabilities:

e Standard tape speeds from 6.25 to 75 inches per second (IPS)

e Standard recording densities from 200 to 1600 bytes/bits per inch (BPI)

e NRZI or phase-encoded recording formats

¢ 7~ or 9- track configurations

¢ Read-after-write, read/write, read-only or write-only operation
The MTIC is designed to interface to Pertec formatters that do not have terminating
resistor networks on the PICOPROCESSOR (controller) to formatter interface signal
lines. Table 3-8 lists several of the Pertec formatters that are compatible with the
Magnetic Tape Intelligent Cable. Computer Automation does not provide software support
for 7-track or write-only formatters. Other formatters and tape transports may be

used with the MTIC if they are fully compatible with the listed Pertec models.

Table 3-8. MTIC-Compatible Pertec Formatters

Formatter Number of Tracks Format Compatible

Model Number PE NRZI Type Capability Pertec Transport

F829/7 7/9 NRZI Read/Write & 5X60, 6X60, 7X20,
Read Only 7X30, 6811, 6812

F849/7 7/9 NRZI Read-After- 5X40, 6X40, 7X40
Write 8x40, 8840

F609 9 PE Write Only 5660, 6660, 7620

F6l9 9 PE : Read Only 6611-000

F629 9 PE Read/Write 5660, 6660, 7620

F649 9 PE Read-After- 5640, 6640, 7640

: Write 8640
Fel8l 9 7/9 PE/NRZI Read . Only 5612-850, 6612-850
F6282 ‘ 9 7/9 PE/NRZI Read/Write 5X60, 6X60, 7X20,
5560, 6660, 7620

F6484 9 7/9 PE/NRZI Read-After- 5X40, 6X40, 7X40,

Write 5640, 6640, 7640
3-96
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4.3.9.1.1 Maygnetic Tape system Description !

o data storaae

Yl magnetic tape system interfaced by %ho MTIC is a two-level, mas

poripheral system (Figure 3-60). The individual tape transports provide the basic

“tape drive mechanism and the read/write circuitry. The tape transports can also
peration 1is initiated.

sustain and complete a rewind operation once the o
.,
“

on of a formatter. up to four tape
but only one transport may be selected at

awaiting selection, or
to produce

The tape transports operate under the directi
transports can be controlled by a formatter,
any given time. Remaining transports may be rewinding,
off. The formatter performs the various "housekeeping" functions necessary
2 usable tape file. The operations performed by the formatter include:

tuarnca

e Paritv generation and checking.
e Check character generation.
e Error correction.

e Inter-record gap timing.
anizing the data to the specific format requirements, the

formatter makes possible easier interfacing and programming. For additional informa-
tion on magnetic tape system operation, refer to the applicable manufacturer's ref-

erence documents for the formatter and tape transport..

4 S TAPE
: ‘ ' »| TRANSPORT

UNITO i

By relieving the CPU of org
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L ——

MAGNETIC

e
MAGNETIC TAPE
; DISTRIB. |t —
CPU Lon INTELLIGENT CABLE. TAPE
U . FORMATTER -
— A
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; Figure 3-60 Magnetic Tape System Configuration
I
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3.3.9.2 Specifications
Cable length (nominal): 6 ft. (1.8 m)

IOD to PICOPROCESSOR, 4 ft. (1.2 m)
PICOPROCESSOR to formatter, 19 ins (.5 m)

Formatter connector:
CAI paddleboard (female, 100 Pin)
Data types: 8-bit input and output

Tape Compatibility: IBM compatible binary format (i.e. track 0 = most significant
bit) :

Operating mode: Half-duplex using Auto I/0 instructions
Command output: Two command format with 8 mode bits
Status input: Two word l6-bit format |
Standard channel number 1 (Device address field :F8)
Standard data service interrupt address :C8
Standard end-of-block interrupt address :CC
Hardware requirements for‘maximuﬁ transfer rates supported:
e For 75 IPS at 1600 BPI
DMA 1I/0 Distributor, any LSI family computer, any standard memory.*
eFor 75 IPS at 800 BPI or 37.5 IPS at 1600 BPI
Standard I/0 Distributor, LSI-2/20 or LSI-2/60 wifh core 980 memory.*
eFor 25 IPS at 1600 BPI |

Standard 1/0 Distributor, LSI~2/20 or LSI-2/60 with core 1600 or core 1200
memory.*

sFor 37.5 IPS at 800 BPI

Standard I/0 Distributor, LSI-2/10 with core 1200 or core 980 memory.*

sFor 25 IPS at 800 BPI

Standard 1/0 Distfibutor, LSI-2/10 with core 1600 memory or LSI-3/05 with
core 1600, core 1200, or core 980 memory.*

* The requirements listed assumes the computer operation is dedicated to data
transfer with all other peripherals in standby condition or powered down. Any
attempt to time share operation at the listed maximum rates may produce transfer

rate errors.
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Strapping on I'ICOPROCESSOR: none

Strapping on paddleboard: (Figure 3-61)

formatter 0 - Standard

formatter 1 - FAD to ground

odd parity - Standard

even parity - PAR to ground

high density - Standard

high density - DEN to ground .

low read threshold - Standard

high read threshold (not recommended) - THR1 to ground
low read threshold (not recommended) - THR2 to ground

GROUND

'

#

Figure 3-61 MTIC Paddleboard Strapping'
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3.3.9.3 sSoftware Considerations

The MTIC conforms to the general I/0 Distributor programming philosophy for Auto I/0
i described in Section 2.2. The MTIC PICOPROCESSOR transfers data in 8-bit parallel
19 by*es for both input and output.

The processor command words for both data and control transfer are unchanged from
standard usage. The use of extended format for the transfer of both control informa-

tion to the PICOPROCESSOR and device status to the I/0 Distributor requires careful
ordering of the command words.

The CPU is able to direct five operational functions of the formatter through the

; setting of the applicable mode bits. A sixth function is used to command the selected
1 tape transport to offline mode.

,\ The five operational functions are:
;1 ® REV - Reverse/forward

. e WRT - Write/read

5
=

Write file mark
» ERA - Erase

& EDIT - Edit feature

These five functions can also be combined to provide more than the five listed func-

|
‘ tions. For example, the read function can be performed with tape moving in either the
| forward or reverse direction.

|

\

The PICOPROCESSOR firmware sequences are divided into four write sequences and two
\ read sequences. The write sequences are:

e Sense Ready
# Pulse Go
@\ ¢ Rewind /Offline
s Write/Write File Mark
The rgad sequences are:
4 ® Sense Ready
\ ¢ Read/Skip
The most significant address bit for the PICOPROCESSOR firmware is derived from the
mode register's write/read bit. The four least significant bits are issued as part of

the software branch command. Table 3-9 lists the various combinations of the formatter

operation functions and firmware sequences used to produce the magnetic tape system
functions. ' ~
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Table 3-9. Magnetic Tape System Functions

Function Mode Registcr Control Bits Firmware

REV WRT WEF'M ERA | EDIT] OFL Sedquence
Write Data 1 0 1 1 1 1 Write :05
Write Data W/Edit 1 0 1 1 0 1 Write :05
Write File Mark 1 -0 0 1 1 1 Write :05
Read Data 0 or 1 1 1 X 1 1 . Read :13
Read Data/Edit 0 1 1 X 0 1 Read :13
Skip 1 Block 0 or 1 1 0 X ] 1 Read :13
Skip 1 Block/Edit 0 1 0 X 0 1 Read : 13
Rewind X 0 X X X 1 Rewind :04
Offline X 0 X X X 0 Rewind :04
Erase (Fixed Length) . 1 0 0 0 X 1 Write :05
Erase (Variable Length)l 1 0 1 0 X 1 Write :05
Sense Ready X X X X X 1 Sense :01
or :11

X = Don't Care

3.3.9.3.1 CONTROL INFORMATION

The format used for the transfer of control information separates the transfer of 2
branch address from the transfer of the mode register bits. This is required so that
the eight mode register bits can be -transferred.

The specific magnetic tape operation performed is selected by the confiquration of the
mode register bits at the time a PICOPROCESSOR firmware sequence is initiated by the
CPU. The mode bits also provide the second level addressing for the tape transports

and the fifth address bit for the PICOPROCESSOR firmware sequences.

The mode bits must be set beforc a branch command is issued to start a firmware sc-
quence. The mode bits must not be changed during a firmware sequence.

The mode bit assignments are shown in Figure 3-62. The following describes the func-
tional use of the mode bits:

Bit 0 - Transport Address Select 1 (TADL)
Bit 1 - Transport Address Select 0 (TADO)

The complementary binary configuration of bits 0 and 1 addresses up to four tape
transports attached to the formatter.

Bit 2 - Reverse/Forward (REV). The logical 1 selects forward tape movement in the
selected tape transport.

3-101 : : Revised A/77
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15 4 13 12 11 10 % 8 7 6 5 4 3 2 1 0

A or X Register

0,0,0, 04 0,0, . T W  9,0,0,0
T {— - PICOPROCESSOR ROM Branch Address
Reset = 01

Branch = 10

BRANCH OR RESET FORMAT

Mode Bits
AL

% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

A or X Register

0,01010=o,1,o,o

P

e/
4 4 1 4 A t
r Tape Transport Select (TAD 1,0)
Unit 0 = 11
Unit 1 = 10
Unit 2 = 01

Unit 3 = 00
REV (1 = Forward, 0 = Reverse)
WRT (1 = Read, 0 = Write)
WEFM (See Text)
EDIT (0 = Edit, 1 = No Edit)
ERA (0 = Erase, 1 No Erase)
OFL (O Transport to Local Mode
1 = Online Operation)

SET MODE FORMAT

Figure 3-62 Control Information Format
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3 ‘ Bit 3 - Write/Read (WRT). The logical 1 selects a read operation in the selected tape

transport. Bit 3 also provides the most significant address bit for the PTCOPROCHGSOR
b firmware.

Bit 4 - Write File Mark (WFM). For write operations, a logical 0 modifics the write
firmware sequence to the write file mark operation; a logical 1 disables the write
file mark operation. For read operations, a logical 0 modifies the read firmwarce
sequence to the skip operation; a logical 1 allows the normal read operation.

Bit 5 - Edit. The logical 0 selects the formatter edit function.
Bit 6 - Erase (ERA). The logical O selects the formatter erase function.

Bit 7 - Offline (OFL). The logical 0, along with the computer issuing a rewind branch
& command, places the selected tape transfer in local mode. The logical 1 allows normal
online operation.

2.3.9.3.2 STATUS INFORMATION

w The Magnetic Tape Intelligent Cable's PICOPROCESSOR provides 16 bits of status informa-
tion for the computer. The MTIC status bits are arranged in two separate status bytes

of eight bits each. A single status request from the CPU causes the PICOPROCESSOR to

send one status byte (eight bits) to the CPU. The status byte sent may be either

i status byte 1 or status byte 2. When the CPU releases the status request, the PICO-

PROCESSOR automatically prepares to send the alternate status byte. A second status

request is required to complete the transfer of all 16 status bits.

The order in which the status bytes are transferred, byte 1 or byte 2 first, is deter-
mined by the number of status requests made since the most recent reset or mode select
operation. The PICOPROCESSOR initializes the status byte control to send status bvte

1 anytime a reset or mode select operation is made. The distributed I/O status input
| operation is described in Section 2.2.5.

The individual status bits are derived from one of the following three sources in the
magnetic tape system:

® PICOPROCESSOR
0 e Formatter

e Tape tranuport

Status bits reported from the PICOPROCEFSSOR or formatter represent the present statuas
i of the magnetic tape system. However, status bits reported from the tape transport

‘ represent the present status of only the selected tape transport. Status for the

j remaining three (maximum) tape transports is not reported.

The bit assignments for status byte 1 are shown in Figure 3-63. The following des-
cribes the magnetic tape system conditions reported by each status bit:

Rit 0 - Error Reing Corrected (CER), PE formatters only. The logical 0 indicates

formatter is corrvecting a read error. The computer must issue a reset or mode select
to clear a logical 1 on this line.

Bit 1 - PicoPresent (PRE). The logical 0 indicates the PICOPROCESSOR is electricallv
connected to the I/0 Distributor.
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Bit 2 - Rewinding (RWD). The logical O indicates the selected tape transport is

rewinding tape.

Bit 3 - File Mark Indicator (FMK). The logical O indicates the formatter detected a
filemark. I/0 Distributor must assert REST or SELT to clear a logical 1 on this line.

Bit 4 - Load Point (LPT). The logical 0 indicates the tape on the seclected tape
transport is at the beginning of tape (BOT) marker.

Bit 5 - End of Tape (EOT). The logical 0 indicates the End-of-Tape marker was detected
on the selected tape transport. The computer must issue a reset of mode select to

clear a logical 1 on this line.

Bit 6 = Check Character Gate (CCG). NRZI formatters only. The logical 0 indicates a

check character (CRCC or LRCC) was encountered.

Bit 6 - Identification Burst (ID). PE formatters only. The logical 0 indicates an
identification burst was detected. :

Bit 7 - NRZ. The logical 0 indicates the selected tape transport is an NRZI unit.

The bit assignments for status byte 2 are shown in Figure 3-63. The following des-
cribes the magnetic tape system conditions reported by each status bit.

Bit O - Formatter Busy (FBY). The logical 0 indicates that a formatter operation is
in progress.

Bit 1 - Data Busy (DBY). The logical 0 indicates the magnetic tape movement is up to
speed on the selected tape transport.

Bit 2 - Ready (RDY). The logical O indicates the selected tape transport is available
for operation. h

Bit 3 - Character Ready (CHR). During read operations, the logical 0 indicates a read
data character from the formatter is ready for transfer to the I/O Distributor.

During write operations, the logical 0 indicates the write data buffer can accept
another data character.

» Bit 4 - On Line (ONL). The logical 0 indicates the selected tape transport is on

line.

Bit 5 - File Protect (FPT). The logical 0 indicates the file is protected by the
removal of the write enable ring on the supply reel of the selected tape transport.

Bit 6 - Rate Error (RAT). The logical 0 indicates a data service interrupt was not

acknowledged soon enough to avoid data loss (Read) or character duplication (Write).

_ Bit 7 - Hard Error (HER). The logical 0 indicates the formatter detected a non-

correctable error. The computer must issue a reset or mode select to clear a logical
0 on this line.
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% 14 13 12 11 W0 9 8 7 & 5 4 3 2 1 0

STATUS BYTL 1

6 n 0 0 0O 0 0 o
k. 1 1 i 1 | 1 i

T 1 4
‘ T t__—CER, O = Error Being Corrected
——————PRE, 0 = PICOPROCESSOR Connect ed
RWD, O = Transport Rewinding
FMK, O = File Mar}k Doetected
LDP, O = Transport at BOT Marker
EOT, O = Transport at tnd of Tane
CCG, O = CRCC or LRCC Detocted
(NRZI Formattor)
ID, 0 = Burst Detected (I'lII Formatter)
NRZ, 0 = Transport is NRZ1 Unit

‘4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
= STATUS BYTE 2

O 0 0 0 0 0 0 0

Lll%llJ{lll_'Llll

b 4+ 4 t ‘r T 4 FBY, 0 = Formatter Busy
DBY, O = Tape Moving at Data Sveced
RDY, O = Transport Ready
CHR, O = PICOPROCESSOR Ready for Data

Character Transfer

ONL, O = Transport is Online
FPT, O = Tape File is Protected
RAT, O = Data Lost or Written Twice
HER, O = Uncorrectable Error Detected

i Figure 3-63 Status Byte Formats
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3.3.9.3.3 SPECIAL CONSIDERATIONS

The special software considerations consist of the following recommended command
sequences.

¢ Do not issue a set mode instruction unless the PICOPROCESSOR is known to bco in
the idle state.

» Do not issue a set mode instruction that changes tape movement direction or the
class of instruction (read to write or write to read) unless the formatter is
known to be not busy (FBY=0).

e Always request status, both bytes, following a set mode that changes the tape
transport selection.

¢ Do not issue a branch instruction if the configuration of the mode register is
not known.

e Whenever possible, use set mode rather than reset to clear the PICOPROCESSOR.
0' ¢ Computer Automation recommends that any status request should always be for both
status bytes. This reduces the risk of an erroneous interpretation of the status

bits.

Refer to Section 3.3.9.4 for further details on overall system operation and Section
3.3.9.5 for a specific programming example.
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3.3.9.9  Opoeral ing Scoouence

The operation ol the magnetic tape peripheral system is controlled by software diroce-
tion ol the formalter and tape transport functions together with operation sequencing
provided by software selection of the appropriate PICOPROCESSOR firmwarce sequence.

3.3.9.4.1 BSoltwarc Sequence

All online operations of the magnetic tape peripheral system arc initiated by software
issuing a branch command to the PICOPROCESSOR. Prior to the issuance of the command,

the software must determine the present conditions of both the formatter and selected

tape transport. The software must also select the function to be performed.

Figure 3-64 is a flow chart of the type of software sequence necessary to perform a
magnetic tape I/0 opcration. The following is a description of that software sequonce.

DETERMINE INITIAL CONDITIONS

Prior to initiating a magnetic tape operation, it must be determined that an operation
is not presently in progress. o

CAUTION

The PTICOPROCESSOR firmware is partially protected since

a branch address is not accepted as a branch address by

the firmware if .the firmware is not in idle but may be g
accep.ted as the response to a data service interrupt. The &
mode bits are not protected and must not be changed during
‘the execution of an operation.

To determine that an operation is not in progress, the software must examine the
status bits transferred from the PICOPROCESS. If status was requested and stored at
the termination of the previous operation, the software can examine the stored status
bits. 1If an FOB interrupt was expected and not received, an operation is in progress
The status required to allow initiation of an on-the-fly function is PicoPresent (FRF)
= (), Data Busy (DBY) = 1l and Transport Ready (RDY) = O.

SET THE MODI BITS

The mode bits are set to select the tape transport for operation, and to determine the
function beiny performed. The mode bits must be set prior to execution of a branch
command that initiates a firmware sequence. Once set for a particular tape transport
and function, additional set mode commands are not required or allowed until either =z
different trausport or function must be selected.

When the next opefation involves a change in tape movement direction or changes the
class of instruction (rcad to write or write to read), the set mode instruction must
not be issued until the formatter is not busy (FBY = 1). '

CHECK DLVICIL STATUS

Any time the transport address mode bits (TADO, TAD1l) are changed by the set mode
command, status must be interrogated before the branch command is issued. This inter-

rogation is required to assure that the newly-qelected tape transport is avallablo for
operation.  The required status is transport ready (RDY) = O.
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MAGNETIC TAPE
OPERATION REQUIRED

WAS
LAST OPERATION

EOB SERVICED
?

IS

SET MODE

REQUIRED
?

ISEOB
EXPECTED
2

ABORT
MAGNETIC
TAPE
OPERATION

ARE

MODE BITS
20R3 BEING
CHANGED

SET THE
MODE REGISTER
BITS

WERE
TADO
ORTAD?

CHANGED
?

REQUEST
BOTH STATUS
BYTES

FBY = 1
(REQUEST
STATUS IF

NECESSARY
2

ISSUE SENSE
READY (:01 QR :11)
WAIT FOR EOB
INTERRUPT

|

ABORT
MAGNETIC
TAPE
OPERATION

>

r———=——-—-=—7"=77=7=7==7=77

¥

ISSUE BRANCH
ADDRESS TO
PICOPROCESSOR

- e -
»‘\UT()I:—().1

SEQUENCE |
|
|

DATA I
SERVICE |
INTERRUPT I
2
|
|
|
SERVICE |
THE |
INTERRUPT :
|
h____..___a‘ !
GEED NS WNNS CGEND e - S SN W= J

EOB

INTERRUPT
?

SERIVCE THE
INTERRUPT.
REQUEST BOTH
STATUS BYTES

OPERATION
TERMINATED

Figure 3-64 Typical Software Sequence
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WETTE Data or IMilemark (:005)

The Write sequence Uirst checks tor the tape transport roady and the tape Fiie o
protected: (write cnable ving installed). It eoither teot fails, the tiymware dummedi
ately stoeps to the pnd-of-Block interrupt and holds the intoerrupl unt il acknow!odacd.
If both tests pass, tape motion is initiated. The irmware then check . for the mode
register write filemark bit. TIf WFM = 0, the firmware waits for the (ormatter to
complete the write filemark operation. Write filemark then picks up the (irmeare

- sequence at the issuing of the last word tag. If WFM ~ 1, the firmwarce immediat~ly

issues a data service interrupt for the first data character. When the inteorrupt i
acknowledged, the firmware issues a data service interrupt for the second data shar-
acter. When the interrupt is acknowledged, the PICOPROCESSOR write data huffer io o
filled. Subsequent data service interrupts occur cach time the formatter sianals that
a character was written. This continues until the byte count = 0 signal is wecoived
from the I/0 Distributor. The firmware then waits until the next to the last char-
acter is written after which; the last data character is sent to the formatter alona
with the last word signal. The firmware hold the last word signal untii the formatter
releases the data busy line. The firmware then steps to the End-of-Block interrupt

and holds the interrupt until acknowledged.

READ/SKIP (:13)

The Read/Skip sequence first initiates tape movement, sets a timer (2 seconds nominal),
and waits for a data block to be encountered. If a data block is encountered within
two seconds, the timer is disabled. If the timer expires or the formatror releases

tho data busy line without encountering a data block (file mark detection), the firm-
ware steps. to the End-of-Block interrupt and holds the interrupt until acknowledged.

NOTE

‘Tape movement is not stopped if a data block is not encountcred
within the time allowed. The End-of-Block interrupt is issued
after two seconds to allow for software intervention.

When a data block is encountered, the firmware checks the mode register write filce
mark bit. If WFM = 0, the operation is a skip and data service interrupts are not
issued. If WFM = 1, the firmware issues data service interrupts on a pcr-character
basis until the entire block is read or the I/0 Distributor issues the byte count = O
signal. In either case, the firmware does not step to the End-of-Block interrupt

‘until the formatter releascs the data busy linc sigrna’ing the end of the data block.
The firmware holds thé End-of-Block interrupt until acknowledged.

3.4.9.4.3 Additional rontrols

The following are descriptions of the additional magnetic tape system controls avail- .
able to the software: IRERT

"RESET .

“"The Reset function is performed by issuing a Reset command. Reset initializes all
"PICOPROCESSOR logic and resets the formatter. This causes any formatter controlled

tapoe operation to terminate and the transport to stop. Issuing a resct command is the
onlykméthod of terminating a read forward onto blank tape or read reversc onto the
beginning of  tape. : .
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WRITE Data or Filemark (:05)

The Write sequence first checks for the tape transport ready and the tape file not
protected (write enable ring installed). If either test fails, the firmwarc immedi-
ately steps to the End-of-Block interrupt and holds the interrupl until acknowlcedged.
If both tests pass, tape motion is initiated. The firmware thoen checks for the mode
register write filemark bit. If WFM = 0, the firmware waits for the formatter to
complete the write filemark operation. Write filemark then picks up the firmware
sequence at the issuing of the last word tag. If WFM = 1, the firmware immediately
issues a data service interrupt for the first data character. When the interrupt is
acknowledged, the firmware issues a data service interrupt for the second data char-
acter. When the interrupt is acknowledged, the PICOPROCESSOR write data buffer is
filled. Subsequent data service interrupts occur cach time the formatter signals that
a character was written. This continues until the byte count = 0 signal is roceived
from the I1/0 Distributor. The firmware then waits until the next to the last char-
acter is written after which, the last data character is sent to the formatter along
with the last word signal. The firmware hold the last word signal until the formatter
releases the data busy line. The firmware then steps to the End-of-Block interrupt
and holds the interrupt until acknowledged.

READ/SKIP (:13)

The Read/Skip sequence first initiates tape movement, sets a timer (2 seconds nominal),
and waits for a data block to be encountered. If a data block is encountered within
two seconds, the timer is disabled. If the timer expires or the formatter relecascs

th~ data busy line without encountering a data block (file mark detection), the firm-
ware steps to the End-of-Block interrupt and holds the interrupt until acknowledged.

NOTE

Tape movement is not stopped if a data block is not encountered
within the time allowed. The End-of-Block interrupt is issued
after two seconds to allow for software intervention.

When a data block is encountered, the firmware checks the mode register write file
mark bit. If WFM = 0, the operation is a skip and data service interrupts are not
issued. If WFM = 1, the firmware issues data service interrupts on a per-character
basis until the entire block is read or the I/0 Distributor issues the byte count = 0
signal. In either case, the firmware does not step to the End-of-Block interrupt
until the formatter releases the data busy line signaling the end of the data block.
The firmware holds the End-of-Block interrupt until acknowledged.

3.3,§.4.3 Additional Controls

The following are descriptions of the additional magnetic tape system controls avail-
able to the software:

RESET

The Reset function is pérformed by issuing a Reset command. Reset initializes all
PICOPROCESSOR logic and resets the formatter. This causes any formatter controlled
tape operation to terminate and the transport to stop. Issuing a reset command is the
only method of terminating a read forward onto blank tape or read reverse onto the
beginning of tape.

R




BRANCH
COMMAND
2

N1 SENSE
READY

FORMATTER

BUSY
7

TRANSPORT
READY
?

ISSUE
EOB
INTERRUP1

03 PULSE
GO

START
TAPE
MOVING

' 04 REWINDY
OFFLINE
START
REWIND OR

PULSE
OFFLINE

!

I

I'igure 3-65a Write Firmware Sequence

OHSTART
WHRITE

DRIVE
READY
2

FILE
PROTECTED

1

START
TAPE
MOVING

WRITE

?

!

WAIT UNTIL
DATA BUSY

FILEMARK
2

INTERRUPT

FOR FIRST
CHARACTER

v

WAIT UNTIL
CHARACTER
WRITTEN

SET LAST
WORD TAG

DATA
BUSY FALSE
2

3~ill

INTERRUPT
FOR ANOTHER
CHARACTER

CHARACTER
WRITTEN
?




B T

BRANCH
COMMAND
?

FORMATTER

BUSY
”

TRANSPORT
READY
el

ISSUE
EOB
INTERRUPT

.

‘13 :
IREAD/SKIP

START
TAPE MOVING
SET 2-.SECOND

TIMER

SKIP

OPERATION

WFM - 0
2

ISSUE
DATA
INTERRUPT

DATA
BUSY

GOFALSE
?

" BLOCK

NEW

CHARACTER

READY
2

DATA

BUSY

STILL TRUE
?

ENCOUNTERED
2

WAIT UNTIL
DATA BUSY
IS FALSE

Figure 3-65b Read Firmware Sequence:
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Table 3-10 Intsrface Cable Signal Assicnments . S :

N

PADOLE . PICO- PADOLE PICO-

B8OARD - PROCESSOR BOARD PROCESSOR
CONNECTOR PERTEC CONNECTION CONNECTOR PERTEC CONNECTION
PINNUMBER | PIN NUMBER DESCRIPTIGN : OTHER PAD NUMBER PIN NUMBER | PIN NUMBER DESCRIPTION OTHER PAD NUMBER

b 8’ Furmatter AdcressFAD, Padale Boara Jumper 51 826
2 At - L Transport Agdress  TADO: 45 52 26 .
3 82 53 B27 Ready (RDY: -
4 AZ Signal Ground (SIG GNDY 23 54 A27 On LinetONL) 14
5 83 Transoort Acaress . TAD ' r 37 55 B28 Rew:nding (RWD) 2
[ a3 tminate Commarg : GGy 24 56 A28 Fie Protect (FPTY 20 i
g 84 Reverse/Farwarg (REVY 35 57 829
a ad Writeiflead (W/RT 36 58 AZS }
9 85 59 B30 Load Point (LDPY ; 8
10 As 60 A30 Ena Ot Tape (ECTY ; ‘8
1t 86 Write Frie Mark iWFM: RE: 61 83t X
2 A6 EDIT 39 62 A3t NRZI iNRZ} 3 f
13 87 . ERASE ’ 43 63 832 '
14 AT Read Thresheid Leved “1THR Y | Paadte Board Jumper 54 A3Z
5 B8 65 B33
16 A8 . 66 A33
17 a9 Read Thresnold Levet 2. THR2) | Pacate Board Jumpe: 67 834
18 AS Density Setect (CEN Paacie Board Jumper 68 A34 Write Strobe NSTR: 27
19 B1C Pasnty Selecr PAR Paaate Board Jumper 65 B35 Signal Grounc i3iG GNO» s
w ’ 20 A0 Load & On Line L OL; 1K PuitUpto + 5V 70 A3S Signal Ground (SIG GNDy <
i 21 811 Sigral Ground1SIG GNOY 29 n 836 Read Strove (RSTR: 2z
= 2 ATt 72 A36 i
'; 23 812 Rewind IREW) 28 73 837 Read Data 0RO f 4
24 A2 Oft-Line (OFL; 41 74 A37 Reag Data 1 iR1) X a4
25 B13 Last Wora (LWC, 34 75 838 i
26 A3 Formatter Enabie ‘FE; 3t 76 A38
27 814 77 B39 Read Data 2tR2) !
28 A4 T A3S Read Data 3'R& b
29 815 79 B40 Read Daia 4(R4: s \
30 AtS ) 80 A40 Read Dara 5 (RS) i i L2 ,
3 816 winte Date il 12 81 B41 i 4 i §
32 A16 Write Da:a 1w 5 82 - A4! * !
33 817 83 Ba2 Reac Data € .Re: : } iz
34 A7 84 A42 Reag Data 7 (R”: .
35 B18 Write Data 2(W2) 6 8s 843 i o H
3 A18 Write B33 W3 7 86 A43 i Lo .
37 819 Write Data 4 iV d. 1" 87 B4s i i T
38 A1 Write Data SiwWSs 1c 88 A4s i . v
39 820 89 B4S ! S
40 A20 . - 90 A4S i S
4 B2t Write Data 6 (Wh) 9 9N 846 : S
42 A21 Write Cata T'W T ‘6 9 Adb . d
43 B22 Formare Bus, “EY 2 k] Ba7 ’ o ' -
44 A22 Databus, L27 3 94 £a7 . R
45 823 95 B48 Prower Gr .t L PR G vooLTy i
6 ) A23 ; 9% . Ask .5y 7 S
a7 B24 Vientit- 30 e Cre v Craracter : 32 97 - B9 Power Gro,ured Bvh Gty .. LA ‘ =
Gare "SENT 7CGi 9 49 SV . RN
48 A24 Harc Erre . mES 24 9 855 Power Gre,yr o By, 0 50,7 ’ RO
43 B25 Correcteg E-:71CER 19 130 AS0 .Sy
50 A2S Fue Mars EN= 30 , ]
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Interface Cable Signal Assignments

PADOLE PICC- PADOLE PICO-
BOARD PROCESSOR BOARD PROCESSOR
CONNECTOR PERTEC CONNECTION CONNECTOR PERTEC CONNECTION
PIN NUMBER | PIN NUMBER DESCRIPTION OTHER PAD NUMBER PIN NUMBER | PIN NUMBER DESCRIPTION OTHER PAD NUMBER
1 81 Formatter Address (FAD Paddie Board Jumper 51 B26
2 At Transport Address (TADC) 46 52 A26
3 82 53 827 Ready (RDY) 1
4 A2 Signal Ground (SIG GND) 23 54 A27 On Line (ONL) 14
S 83 Transport Address (TAD1) 37 55 B28 Rewinding (RWD) 2
6 A3 iniiate Command (GO) 24 56 A28 fite Protect (FPT) 20
7 B4 Reverse/Forward (REV) 35 57 B29
8 As Write/Read (WRT* 36 58 A29
9 8 59 B30 Load Point (LDP: [
10 AS 60 A30 End Ot Tape (EOT) 8
1" B6 Write File Mark (WFM) 38 61 B3t
12 A8 EDIT 39 62 A31 NRZI (NR2) 33
13 87 ERASE 40 63 832
14 A7 Read Threshoid Level 1 (THR1) | Paadle Board Jumper 64 A32
15 B8 65 B33
16 A8 66 A33
17 89 Read Threshold Level 2(THR2) | Paddle Boara Jumper 67 B34
18 A9 Density Select (DEN) Paddle Board Jumper 68 A34 Write Strobe (WSTR: 27
19 810 Parity Select {PAR) Paddie Board Jumper 69 : B35 Signal Ground (SIG GND} 25
20 A10 Load & On Line (LOL) 1K PuilUpto +5V 70 A35 Signal Ground (SIG GND) 21
21 B11 Signal Ground (SiG GND) 29 71 B36 Read Strobe (RSTR) 22
22 All 72 A36
23 812 Rewind (REW} 28 73 B37 Read Data 0(R0) a5
24 A12 Off-Line (OFL) 4 74 A37 Read Data 1(R1) aa
25 813 Last Word (LWD) 34 75 B38
26 A13 Formatter Enable (FEN) 31 76 A38
27 B14 7. 839 Read Data 21R2) 43
28 A4 78 A39 Read Data 3"R3J) 4z
29 815 79 B40 Read Data 4(R¢) Eh
30 A1S 80 A40 Read Data 5 (R5: 4z
31 B16 Write Date 0«WO) 12 81 B4t
32 A16 Write Data 1{Wh 5 82 A4l
33 B17 83 B42 Read Data 6 (R6) 43 .
34 A7 84 A2 Read Data 7 (R7) 52
35 B18 Write Data 2(W2) 6 85 B43
36 A18 Wrie-Datag' W3) 7 86 A43
37 B19 Write Data 4 (W4) 1" 87 B44
38 A19 Write Data 5(W5) 10 88 Ad4
39 820 89 B45 |
40 A20 %0 AsS
a 821 Write Data 6 (W6) 9 91 846 '
42 A21 Write Data 7 (W7 6 92 A46 !
43 822 Formatter Busy (FBY: 4 32 E:; :
|
:; ;;g Data Busy (DBY: 3 95 B48 Power Grour 1 PWHRGND 3 !
46 A23 9% Ad8 - 5V '
47 B24 Identitication:Check Character 32 97 849 Power Ground (PR GND. | = '
Gate (IDENT/CCG) 8 Ad9 - SV ~ | - ;
48 A28 Hard Error (HER) 26 99 8% Power Groud1PWR GNO: :
49 825 Corrected Error (CES: 19 100 450 -5V ; !
50 A25 Fiie Mark (FMK) 30 | JI
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PICOPROCESSOR

Mode Bit 0 — TAD1

Mode Bit 1 — TADOQ

Mode Bt 2 — REV |

Mode 81t 3 -- WRT

Mode Bit 4 — WFM

Mode Bit 5 — EDIT

Mode Bit 6 — ERA

Mode Bit 7 — OFL

__ Status Byte 2 Bit 7 -~ HER

Status Byte 1 Bit 1 — CER

~_Status Byte 1 Bit2 — RWD

_Status Byte 1 Bit 3 — FMK

~_ Status Byte 1Bt 4 — LDP

__ Status Byte 1 Bit5 — EOT

Status Byte 1 Bit6 — CCG/ID

~ Status Byte 1Bit 7 — NRZ

AStalus Byte2 Bit0 — FBY

_Status Byte 2 Bit 1 — DBY

__ Status Byte 2 Bit 2 — RDY

Status Byte 2 Bit 4 — ONL

Status Byte 2 Bit 5 — FPT

__ Read Data0
 ReadData7 t

Read Data Strobe -— RSTR

Write Data 0
1

Write Data7 T

Write Strobe — WSTR

Last Word — LWD

Formatter Enable — FEN

Initiate Command — GO

flewind — REW

Ofthne - OFL

PADDLE
BOARD

LOL it
THR1 |
THR2
DEN =
PAR et

FAD ———imd

PERTLC
PERFORMATTFR

Computorautomation (R, ——

TAPE
TRANSPORT
0

TAPE

="
|
|
|
1

TRANSPORT
1

[___.
|
|
|
I
L —__1

o ——— e ——

|
: ape |
'TRANSPORT!

Figure 3-66 Interface Overview
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The interface cable is a 50-conductor flat ribbon cable. The PICOPROCESSOR ond is
soldered directly to connector pads on the PICOPROCESSOR printed circuit board. A
100-pin female paddleboard connector is attached to the formatter end of the interface
cable. Table 3-10 lists the signal assignments for the intcrface cable. Figure 3-/6
presents an interface overview of the magnetic tape system.

Formatter outputs are driven by DTL 944, 932, or TTL 7416 open collector devices. The
signals are pulled up in the PICOPROCESSOR to +5V through 1k OHM resistors and prescnt
an equivalent load of not more than one Schottky 74Sxx series load. Refer to Figure
3-67. Formatter inputs are DTL 936, 946 and TTL 74xx devices. The PICOPROCESSOR does
not have power driver outputs and the formatter must not have terminating resistor

; voltage dividers on the input lines.

P> > -
77

7404 OR EQUIVALENT ' VARIES
TYPICAL PICOPROCESSOR OUTPUT

+5
1K
-—-—-{>0 : S>> Dc
5>
7416 OR EQUIVALENT VARIES
c | TYPICAL PICOPROCESSOR INPUT

Figure 3-67 Typical Interface Lines
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3030906 Progromming Example

The MTTC programming example is included for illustrative purposes.

The Auto [/0 instruction and the FOB Subroutine Locater are stored in the data
service and EOBR service areas as shown below.

*

* SAMPLE AUTO I/0 BLOCK

* SET UP FOR READ MODE

*

MTINT EQU :C8

MTDEVA EQU :F2
ABS MTINT
AIB. MTDEVA
DATA $-$
DATA $-$
DATA 0
JST *$+1
DATA EOB

STANDARD MAG TAPE INTERRUPT
STANDARD MAG TAPE DEVICE ADDRESS
INTERRUPT FOR DATA LOCATION

AUTO INPUT BYTE

TO BE FILLED - WITH BYTE COUNT

TO BE FILLED WITH BUFFER ADDRESS. -1

CALL EOB INTERRUPT HANDLER
HANDLER ADDRESS

The Byte count and buffer address locations are filled in by the main section of

code illustrated on the following page.
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FBYLP

RDYLP

ECB

SAMPLE CODE FOR AUTO I/0 READ OPERATION
WITH STANDARD DEVICE ADDRESS (:F) AND CHANNEL NUMBFR (1)
AND TRANSPORT 0O .
HALTS ON ANY ERROR CONDITION
SIN 2
INA :F3 GET STATUS BYTE ONE
INX :F3 GET STATUS BYTE TWO
AND =:1 CHECK FOR PICO PRESENT (PRE=0)
JAZ $+2 PRESENT
HLT NOT THERE-ERROR
TXA
LRA 1 CHECK FOR FORMATTER NOT BUSY
JOR FBYLP NOT BUSY-GO ON WITH OPERATION
LDA : 04FF LOAD READ MODE WORD (INCLUDES TRANSPORT
ADDRESS)
OTA :F3 MAKE SELECTION
SIN 2
INX :F3 GET STATUS BYTE ONE
INA :F3 GET STATUS BYTE TWO
RRA 5 CHECK FOR TRANSPORT ON LINE
JOR $+2 ' i
HLT NOT ON LINE-ERROR
RLA 2 CHECK FOR TRANSPORT 'READY
JOR $+2
JMP RDYLP NOT READY, LOOP
LDA XCNT SET UP AUTO 1/0 |
STA :C9 BYTE COUNT (NEGATIVE)
LDA XADDR AND ADDRESS
)
STA :CA !
LDA :230
OTA :F3
JMP S WAIT FOR END-OF-BLOCK INTERRUPT
END-OF-BLOCK INTERRUPT HANDLER ]
ENT .
INX :F3 GET THE STATUS !
INA © :F3 |
XOR =:C2 CHECK STATUS BYTE 2 FOR I
AND =:D6 ONL AND RDY TRUE;HER,RAT,AND DBY FALSE .
JAZ $+2
HLT ERROR IN BYTE TWO
END
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! 3.3.9.7 Sample Magnetic Tape Bootstrap Program !

~r A sample Magnetic Tape Bootstrap program using the standard device number, interrapt
d addresses, and standard channel number is shown below. The program readss the first :
5 Magnetic Tape record (regardless of size) into memory, beginning al location :200.
The record is input from tape unit 0. Note that paramcters DRVAD, DFEVAD, CHNL,
and INTAD can be changed to accomodate nonstandard addresses and other tape units.

The Bootstrap program is configured as a paper tape and can be loaded into memory
using Autoload.

. *
| * DTO MAGNETIC TAPE BOOTSTRAP
| *
i * '
| DRVAD EQU 3 DRIVE ADDRESS O (NEGATIVE TRUE LOGIC)
” , DEVAD EQU :F DEVICE ADDRESS
- CHNL FQU 1 CHANNEL #
0 INTAD EQU :C8 INTERRUPT ADDRESS
| ORG INTAD-7 :
! START LQU $
; i LDA MODSEL PICK UP MODE SELECT WORD
; ; OTA DEVAD*8+CHNL*2+1 SELECT MODE
| 3 LDA BRANCH PICK UP BRANCH COMMAND WORD
j | OTA DEVAD*8+CHNL*2+1 START MTIC
i ! EIN ENABLE INTERRUPTS
| \_/ JMP $ WAIT FOR EOB
‘ ORG INTAD
} AIB DEVAD*8+CHNL*2 AUTO INPUT INSTRUCTION
j DATA 0 READ COMPLETE RECORD REGARDLESS OF SIZE
| DATA : 3FF STORE IT STARTING AT :200
i NOP
‘ JST *$+1 GO TO START OF RECORD WHEN EOB RECEIVED
‘ DATA : 1FF POINTER TO START OF
i MUDSET DATA :4FC+DRYAD MODE SELECT WORD - READ FORWARD
BRANCH DATA 10230 BRANCH COMMAND FOR MTIC TO START READ

END START
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3.3.10 IEEE Intelligent Cable

The IEEE Intelligent Cable (IEC), 14676-01, conforms to the requirements for an IEFFE
interface system controller. These requirements are contained in the IEEFE document
488-1975, "IEEE Standard Digital Interface for Programmable Instrumentation”. For
convenience, this document is hereafter referred to as the IEEE Specification.

The IEC differs from most other Intelligent Cables in the nature of the PICOPROCESSOR
to peripheral device interface. Most other Intelligent Cables interface a specific
peripheral device or class of peripheral devices to the computer via the Distributed-
I/0 System. The IEC interfaces the bus system defined by the IEEE Specification.

Any device whose interface conforms to the IEEE Specification can be connected to the
IEC. Up to 14 such devices can be connected to the bus controlled by the IEC.

The IEEE Specification uses specific definitions for the following words. To avoid
confusion, these definitions are adhered to in this section.

Peripheral -~ A device that is IEEE 488-1975 Interface Bus compatible, and able
to transmit and/or receive data over the Interface Bus. A Device with only
periperal capabilities does not assume control of the Interface Bus.

Controller - A device that is programmed to have the responsibility of managing
the flow of information on the IEEE 488-1975 Interface Bus. Since the Con-
troller is required to both transmit and receive information, it can also parti-
cipate in an information interchange as a Peripheral.

Talker - Any device that is addressed to place information on the data lines of
the IEEE 488-1975 Interface Bus.

Listener - Any device that is addressed to accept information placed on the data
lines by the Talker.

Local Message - Any information communicated between the device's internal
system and it's interface section. In the Distributed I/O System, this is all
communication between the Computer's I/O Distributor and the IEC PICOPROCESSOR.

Remote Message - Any information communicated between the interface section of
one Peripheral (or Controller) and the interface section of another Peripheral.

w
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3.3.10.1 1IEFE Interface System Description

"he 1CFE Tntelligent Cable (IEC) implementation of the IFER Specification defines an
interface bus system that consists of a system Controller (TEC) and at least once
Peripheral. Up to 14 IEFE compatible Peripherals, in addition to the Controller
(IEC), can be attached to a single IEEF 488-1975 Interface Bus. Other system periph-
erals that are not IEEE compatible can be interfaced to the computer through the T,/0
Distributor. - See Figure 3-68.

The bus consists of 16 signal lines:
5 control lines

3 handshake lines
8 data lines

The bus interconnects the various Peripherals using a series of daisy-chain cables
with stack connectors. The IEC connects to the bus at one of the stack connectors.

LINE PRINTER ' LINE
INTELLIGENT 2 g PRINTER
r—-——--—-———--———-—-—m——-—————-\ CABLE
l Pl
| 1o P |NTEIZ|YGENT | @———p{ TELETYPEWRITER
I cpu DISTRIBUTOR  [4— >
————— —_— CABLE
I 7 —jl
| IEEE |
PERIPHERAL
| INTELLIGENT 4-'—-—?—-—-; NUMBER 1
| CABLE |
l INTERFACE BUS CONTROLLER |
{ »| PERIPHERAL
NUMBER 2
PERIPHERAL
T P NUMBER 14
CMiqure - 3-68. Typical Syl em Conf iquration
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Peripheral connected to the Interface Bus can have the capabilities to operate as
both a Talker and a Listener or operation may be restricted to Listener only. The
function of the Controller is to manage the flow of communication on the bus.

A Peripheral attached to the Interface Bus cannot be the Talker or a Listener unless
it is instructed to be so by the controller. Each Peripheral has an individual
Talker address and Listener address. These addresses are selectable and no two
Peripherals can have the same address. Only one Peripheral may be addressed as the
Talker; however, more than one peripheral may be addressed as simultaneous Listeners.
The Controller may participate in a communication interchange as the Talker or as a
Listener. The Controller may initiate the communication by designating a Talker and
one or more Listeners, and then ignore the actual communication interchangc.

A communication interchange consists of the transfer of one or more Remote Messages.
Each Remote Message is coded by the state of one or more bus lines. Messages coded by
a single bus line are called "uniline messages". Messages coded by more than one bus
line are called "multiline messages". Two types of remote messages can be communicated
over the IEEE Interface System:

Interface or command messages
Device dependent or data messages

Interface messages may be uniline or multiline, but device dependent messages must be
multiline. ‘

Interface messages affect the operation of the interface portion of a device. Most of
the interface messages are sent by the Controller to the Peripherals. Examples of
these messages can be expressed as "every Peripheral ¢lear it's own interface portion"
or "Peripheral with address A is the next Talker". A few interface messages are sent
by the Peripheral to the Controller. Examples of these messages can be expressed as
"Peripheral requests service by the Controller" or "end of message".

Device dependent messages are used to transfer measurement data and programming in-
structions. The programming instructions are usually one or more characters used by
the Peripheral to select. range settings, operation modes, etc. Measurement data is
usually formatted as a real number including the appropriate sign, one or more digits

and a floating or fixed decimal point. An exponent or overflow indicator may also be
included.

3.3.10.1.1 1IEC Functional Description

The IEC implements a subset of the IEEE Specification interface functions using a
combination of hardware, PICOPROCESSOR firmware sequences, and computer software. ‘
This subset, in addition to the basic Peripheral functions, includes all of the
Controller functions except those related to the passing of control to another Con-
troller. The IEC must be the only Controller operating on the interface bus. If any |
of the Peripherals include Controller capabilities, these capabilities must be dis-
abled and it's operation restricted to that of a Peripheral.
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The IEC PICOPROCESSOR provides the hardware to drive the. TEFE interface bus and the -
firmware to conduct both the Source Handshake and the Accoptor Handshake. The 11C

- PICOPROCESSOR also senses the state of the IEEE Interface Bus. This information is
used in part to control the firmware sequences and, upon demand, is rcported back to
~the computer as the channel status character.

‘The remaining functions that can be implemented through the IFC require the use of
‘computer software designed for this purpose. With the computer software directly in

control of the IEEE Interface Bus, any other Peripheral interfaced to the computer can

~ be used in conjunction with the IEEE Interface Bus. For example, a tecletypewriter

attached to the computer through the Distributed I/0 System can be used to request
that certain tests be performed. A line printer can be used to print the results of
the tests.

‘3.3.10.1.2 * IEC Function Subset Description

jnThe capabilities of a device that is IEEE 488-1975 compatible is described in terms of
""a subset of IEEE Specification functions implemented. The IEEE Specification de-

scribes, in detail, all the possible different functions. The following is a summary
of the subset that describes the IEC. These descriptions include whether the function
is implemented in hardware, software, or PICOPROCESSOR firmware.

SOURCL HANDSHAKE - SHI

‘The Source Handshake function is used to guarantee the proper transfer of multiline

messages. The Source Handshake is combined with one or more Peripheral's Acceptor .

“Handshake(s) and the resulting interlocked handshake sequence ig used to asynchro-
nously transfcr each multiline message.

' The Source Handshake in the IEC is controlled by a PICOPROCESSOR firmware sequence.
-The scquence is initiated by a Branch command word issued by the computer.

;fﬁCCEPTOR HANDSHAKE = AH1

The Acceptor Handshake function is used to guarantee the proper reception of a

S remote multiline message. The Acceptor Handshake may delay a multlllne message

transfer until it is ready to continue with the transfer process.

The Accepltor Handshake in the IEC is controlled by a PICOPROCESSOR firmwatrc sequence.
The sequence is initiated by a Branch command word issued by the computer.

CPALKER = T4 and 14

“The Talker function is used to send device dependent messages over the interface to
:the Peripheral. There are two versions of the Talker function: The T function uses

L~byte addro“uan, whereas. the TE functlon uses 2-byte addressing. Otherwise, both

{fun(!lonc aru the same.

“rhe Talkbrffunction_in the IEC is provided by the output of data from the computer
with the IRC PICOPROCESSOR operating in the Source Handshake firmware sequence.
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LISTENER - L2 and LE2

The Listener function is used to receive device dependent messages over the interface
from a Peripheral. There are two versions of the Listener function: The L function

uses l-byte addressing, whereas the LE function uses 2-byte addressing. Otherwise,
both functions are the same.

The Listener function in the IEC is provided by the input of data to the computer with
the IEC PICOPROCESSOR operating in the Acceptor Handshake firmware sequence.

SERVICE REQUEST - SRO

The IEC does not generate a service request but has the capability to recognize a
Service Request input from any Peripheral with SR1 capabilities. The Service Request
is generated by a Peripheral to signal the IEC that service is required.

REMOTE LOCAL - RLO

The IEC has the capability to exercise remote pProgramming control over any Peripheral
that can accept remote programming (RL1 or RL2 capabilities). The IEC does not
accept remote programming.

PARALLEL POLL - PPO

The IEC has the capability to-configure any Peripheral with PPl capabilities for a
parallel poll, and the ability to then conduct a parallel poll of Peripheral with
both PP1 and PP2 capabilities. The IEC cannot be configured for a parallel poll and
does not respond to arparallel poll. '

DEVICE CLEAR - DCO

The IEC has the capability to initialize any Peripheral attached to the Interface
Bus that can accept device clear (DCl or DC2 capabilities). The IEC does not accept
initialization over the Interface Bus.

DEVICE TRIGGER - DTO

The IEC is able to initiate the operation of one or more Peripherals with DT1 capa-
bilties by specific command (Group Execute Trigger, GET, remote message). The IEC
does not accept the GET remote message.

CONTROLLER - C1, C2, C3, C4, and C25

The Controller functions are used to manage the message transfers on the Interface
Bus. The following are the controller functions of the IEC.

System Controller - Cl. This function specifies that the IEC has primary
control responsibility for the Interface Bus. Since the IEC must be the only
Controller on the bus, this function is inherent in the physical presence of
the IEC on the bus.

Take Charge - C2. This function allows the IEC to clear and initialize the

Interface Bus and take charge of the operation. This function is controlled by
the computer software with the IEC PICOPROCESSOR firmware in source idle (:00).
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Remote I'rogram Enable - €3.  This function allows the 1EC to place Peripheral

under remote programming control.

v

Respond To SRQ - C4. This function allows the IEC to respond when a Peripheral

‘requests service from the Controller. This function is controlled by a PTCO-

PROCESSOR firmware sequence. The sequence is initiated by a Branch command

word issued by the computer.

Controller - C25. This function subset includes sending interface messages
conducting a parallel poll and taking control synchronously. This subset _
excludes all abilities to pass control to another Controller or to receive .

control from another Controller.
interface bus.

The IEC must be the only Controller on the
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3.3.10.2 Specifications
Cable Length (Ncminal): 16 Ft. (4.9 m)

I/0 Distributor to PICOPROCESSOR, 4 Ft. (1.2 m)
PICOPROCESSOR to first Peripheral, 12 Ft. (3.7 m)

Data Types: 8-bit input and output

IEEE interface system function subsets:

Implemented by IEC Peripheral Requirements
SH1 L2 PPO c2 co
AH1 LE2 DCO C3 ) All other functions,
T4 SRO DTO Cc4 no restrictions

TE4 RLO cl c25

Operating Mode, ﬂalf-duplex

Command Output, Two-command format with 6 mode bits

Status Input, 8 bit format

Standard I/0 Distributor Channel Number, 3 (Dévice Address Field) :F6
Standard Data Service Vector Address, :D8

Standard End-of-Block Service Vector Address, :DC

Strapping Required, None

Poser Requirements, +5V at 1.0 A

Environmental Requirements

Temperature, - 0° C to +50° C operating
-20° C to +100° C non-operating

Humidity, 5% to 95% relative, non-condensing
Maximum Transfer Rates (using Auto I/O programming)
LSI 2 Series
DMA I/0 Distributor, 108 K bytes
Standard 1/0 Distributér, 64 K bytes
LSI 3/05
DMA I/0 Distributor, 65 K bytes

Standard I/0 Distributor 33 K bytes
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.' 3.3.10.3 Sof tware Considerations

“The TEC conforms to the general 1/0 Distributor programming philosophy described in

Section 2. The ILEC PICOPROCESSOR transfers data in B8-bit parallcl bytes for both

tnput and oulput.
‘The computer  instructions for both data and control transfer are unchanged from
standard usage. The two-word format used to transfer control information to the
P1COPROCESSOR requires careful ordering of the command words output. . In general, two
-command words are required to start each operation.

Computer Automation has available an RTX/IOX Software and Documentation Package (order
number 19005-0)) to simplify programming for the IEC.

3.3.10.3.1 IEC Command Word Set

The command word set used with the IEC consists of seven of the standard command words

" described in Section 2. The following is a list of the command words and applicable

hexadecimal word skeletons used with the IEC:

Reset :0100

Branch :02-- (Sce Branch Address Field Description)

Set Mode :04-- (Sce Mode Field Description)-

ASCII Carriage Return Detect :0A

Special Character Detect :2A :

Load Special Character :80

Disable DMA :82- (See Branch Address Field Description)

The cight least significant bits (Bits O through 8) in the Branch and Set Mode command
words are defined in this section for use with the IEC.

. The Disable DMA command word is not required for use with the standard I/O Distributor
~and is treated as a Branch command word by the standard 1/0 Distributor.

The standard I/0 Distributor does not provide for special character detection. The
Load Special Character Command word is ignored by the standard I/0 Distributor and the
Special Character Detcert Command word is treated as a branch command by the standavd
1/0 Distributor. Special character detection is a required operation with the IEC,

and must be provided by software when the IEC is used with the standard I/0 Distribu-
tor. ‘

'§.3.10.3.2 " Mode Field Description

The 1EC PICOPROCESSOR requires seven mode bits to control the IEEE Interface Bus. The
Set Mode command word used with the IEC is the standard form that provides an 8-bit
mode field. Figure 3-69 shows the configuration of the Set Mode command word. The

functions controlled by each of the mode bits are as follows:
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Fnd (MEND) ‘
Reset Service Request (MSRQ)
End or Identify (MEOT)
Remote Fnable (MREN)
Interface Clecar (MIFC)
Attention (MATN)

Figure 3-69. IEC Set Mode Command Word Format

Bit 1 - End (MEND). The MEND bit is used by the PICOPROCESSOR during the
Source Handshake firmware sequence (Auto I/0O programming). The logical 1
causes the PICOPROCESSOR to output the END remote message along with the last
data byte. This signals the listener the last data byte is-on the bus lines.

Bit 3 ~ Reset Service Request (MSRQ). The MSRQ bit is used to reset the
PICOPROCESSOR firmware sequence if a service request is not received over the
Interface Bus. The logical 1 causes the PICOPROCESSOR to generate a dummy
service request to step the firmware to the end-of-block service request. The
resulting interrupt to the computer software should be ignored.

Bit 4 - End or Identify (MEOI). The MEOI bit = logical 1 along with MATN = 1
is used to send the Identify (IDY) remote message over the Interface Bus. This
message initiates a parallel poll. The MEOI bit = logical 1 when MATN = 0 is
used to send the End remote message over the interface bus.

Bit 5 ~ Remote Enable (MREN). The MREN bit is used to send the Remote Enable |
(REN) remote message over the Interface Bus. The logical 1 signals an addfessed
Peripheral on the bus to accept programming (control settings, etc.) from the

IEC rather than from their front panel controls.

Bit 6 - Interface Clear (MIFC). The MIFC bit is used to send the Interface '
Clear (IFC) remote message over the Interface Bus. The logical 1 signals all
Peripherals on the bus to initialize their interface logic.

Bit 7 - Attention (MATN). The MATN bit = logical 1 is used to send the Attention
(ATN) remote message over the Interface Bus. The MATN bit is normally set to

the Logical 1 by a Set Mode command word. During a take control synchronously |
operation, the MATN bit is automatically set to a logical 1 by the PICOPROCESSOR. '
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,3.3.10.3.3 Branch Address Field Description

7

© The IEC PICOPROCESSOR requires a 5-bit branch address plus three additional flaq ,
" bits to contrul the PICOPROCESSOR firmware and hardware. The branch command word:

usced with the IEC are standard command words with Bits 0 through 7 defined speci-

Fically for the IiC. Figure 3-70 shows the configuration of these (ommand word"
“ The functlona controlled by Bits 0 through 7 are as follows Lo

Bits O through 4 - Branch Address. The configuration of the five branch address
bits is used to branch the PICOPROCESSOR firmware from idle (:00 or :10) to onc
of the allowed entry points to the firmware ~sequence. '

Bit 5 - Take Control Synchronously (FICS). The FTCS bit initiates the IEEE
Interface Bus take control synchronously operation. The logical 1 causes the
PICOPROCESSOR to sense for the time during a handshake cycle when all the
Peripherals are unable to receive data. When this occurs, the MATN bit is bet
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