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NOTICE

Every attempt has been made to make this manual complete,
accurate and up-to-date. However, all information herein is
subject to change due to updates. All inquiries concerning this
manual should be directed to POINT 4 Data Corporation.

g

Copyright © 1982, 1984 by POINT 4 Data Corporation (formerly
Educational Data Systems, Inc). Printed in the United States of
America. All rights reserved. No part of this work covered by
the copyrights hereon may be reproduced or copied in any form or
by any means--graphic, electronic, or mechanical, including
photocopying, recording, taping, or information and retrieval
systems--without the prior written permission of:

POINT 4 Data Corporation
15442 Del Amo Avenue
Tustin, CA 92680
(714) 259-0777
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PREFACE

This manual describes the peripheral interface functions
supported by the POINT 4 MARK 2 or 3 Computer System. The
peripheral functions are controlled by a Peripherals Interface
Board (PIB). The PIB is available in three versions. All
versions contain a built-in multiplexer and a disc drive
interface. However, the disc drive interfaces are different on
the MARK 2 and MARK 3 systems. 1In addition, the MARK 2 and the
MARK 3 PIBs provide a tape drive interface. The MARK 3B PIB
provides a floppy disc drive interface.

The introduction provides information regarding the
characteristics, internal architecture, and input/output
interface handling of each of the PIBs.

Separate sections are devoted to the multiplexer, the different
disc drives, tape drive, and floppy disc drive interfaces. The
appendices provide a table of ASCII codes, and both tape and
floppy disc handling flowcharts.

Separate manuals describe the MARK 2/3 Computer System and
provide step-by-step instructions for installation, upgrade and
operating procedures.

Related manuals include:

Title Pub. Number
POINT 4 MARK 3 Computer System Manual HM-081-0019
POINT 4 MARK 3 Diagnostics Document
POINT 4 MARK 2 Diagnostics Document
POINT 4 MARK 3T Computer User Guide HM-081-0029
POINT 4 MARK 2 Computer User Guide HM-081-0031
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Section 1
INTRODUCTION

1.1 GENERAL DESCRIPTION

The Peripheral Interface Board (PIB) is a controller that
interfaces the POINT 4 MARK 3 CPU to various groups of
peripherals via the backplane. The PIB provides the following
features:
® Separate Software Programmed I/0 Control
e DMA Data Transfer
e Simultaneous Operation of Peripherals
e Ease of Software Interface
The PIB is available in three versions: the MARK 3 PIB, the
MARK 3B PIB, and the MARK 2 PIB. The peripherals interfaced by
each PIB are as follows: »
1. MARK 3 PIB interfaces:
e Asynchronous communications lines
e Up to two disc drive units
® QIC-02 streaming tape drive unit

2. MARK 3B PIB interfaces:
e Asynchronous communications lines
e Up to two disc drive units
® Up to four floppy disc drive units

3. MARK 2 PIB interfaces:

e Asynchronous communications lines
One ST506 5-1/4-inch disc drive unit
QIC-02 streaming tape drive unit

5-1/4-inch floppy disc drive unit

The boards are easily distinguished because the layout of
connectors and crystals is different for each board.

HM-081-0027-D INTRODUCTION
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The MARK 3 PIB has the following distinguishing features:

e MARK 3 PIB label at the lower right corner of the board
@ One crystal at the upper right
e A 50-pin connector at location J1

The MARK 3 PIB layout is shown in Figure 1-1.

The MARK 3B PIB can be recognized by the following features:
e MARK 3B PIB label at the lower left corner of the board
e Two crystals'along the right side of the board
e A 40-pin chip above location J17
e 50-pin connector at location Jl1 for 8-inch floppy disc drives

e 34-pin connector at location J17 for 5-1/4-inch floppy disc
drives

The MARK 3B PIB is set up for 8-inch and 5-1/4-inch floppy disc
drives. Because of a difference in cabling and timing
requirements, only one size of floppy disc drive can be used at
one time.

The layout of a MARK 3B PIB is shown in Figure 1-2. -

The MARK 2 PIB has the following distinguishing features:
e MARK 2 PIB label at the lower right corner of the board
@ WD1002-5 controller mounted on the left side of the board

The layout of a MARK 2 PIB is shown in Figure 1-3.
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1.1.1 SYSTEM DESCRIPTION

A PIB interfaces to the MARK 3 CPU via the backplane, providing
high-speed DMA transfer between peripherals and the CPU. Control

for all PIB functions is provided by the CPU as needed via I/O
instructions.

Each PIB contains three main control modules:
e Asynchronous Communications Control Module (see Section 2)

e CMD/SMD/LMD Disc Drive Control Module (see Section 3)
or

ST506 Disc Drive Control Module (see Section 6)

e Tape Drive Control Module (see Section 4)
or

Floppy Disc Drive Control Module (see Section 5)

Figure 1-4 shows the basic system block diagram for the PIB.
Communication is via the backplane DMA facility, utilizing I/O
control blocks (IOCBs) for access control. The PIB includes
device control and instruction decode logic. This allows the CPU
to access each control module individually.

g
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1.1.2 EQUIPMENT CHARACTERISTICS

The following subsections give performance and equipment
characteristics for the MARK 3 Peripheral Interface Board.

Cables are normally supplied by the drive vendor. POINT 4 does
not supply the Mux cables. For Mux cabling specification and
installation, refer to the POINT 4 MARK 3 Computer System Manual.

1.1.2.1 Communications Control

Transmission Type:
Asynchronous

Line Types:
Half or Full Duplex

Line Interface:
RS-232C

Number of Ports:
Four
(Seven with Port Expansion Board option)

Modes of Operation:
Programmed I1I/0

Port 0 - Device Code 10/11
Port 1 - Device Code 12/13
Port 2 - Device Code 14/15
Port 3 - Device Code 16/17
Port 4 - Device Code 20/21
Port 5 - Device Code 22/23
Port 6 - Device Code 24/25

(Ports 4 thru 6 are Optional Expansion Ports)
DMA Operation - Device Code 77

Serial Line Printer:
May be connected to any port

Baud Rates (hardware strappable):
110, 150, 300, 600, 1200, 2400, 4800, 9600

HM-081-0027-C INTRODUCTION
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1.1.2.2 Disc Drive Interface on MARK 3 and MARK 3B PIBs

Drives per Controller:
Two

Drive Type:
SMD/CMD/LMD

DMA Transfer Rate:
1.25 megabytes per second

Sector Size:
Header - 8 bytes
Data - 512 bytes

1.1.2.3 Disc Drive Interface on a MARK 2 PIB

Drives per Controller:

One (limited by packaging only)

Drive Type:
ST506 drive

DMA Transfer Rate:

3 microseconds per word (approximate)

Sector Size:
Data - 512 bytes

1.1.2.4 Tape Drive Interface on MARK 3 and MARK 2 PIBs

Drives per Controller:
MARK 3 PIB - One
MARK 2 PIB - One

Drive Type:
QIC-02 Streaming Tape

Tape Data Rate:
90 kilobytes/second

Tape Speed:
90 inches/second

Tape Capacity:
20 or 45 megabytes

HM-081-0027-C
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1.1.2.5 Floppy Disc Drive Interface on a MARK 3B PIB

Drives per Controller:
Four

Drive Type:
Shugart-compatible (soft-sectored) drives supporting single
and double-sided, single and double-density diskettes with
head-load-on-select jumper. The drives can be either

® 8-inch Floppy Disc Drive
e 5-1/4-inch Floppy Disc Drive

DMA Transfer Rate:
Single Density
Double Density

250 kilobits/second
500 kilobits/second

Rotational Speed:
360 RPM

Diskette Capacity:
Depends on size of diskette, format, and sector size.

For example, an 8-inch diskette, double sided, double
density, with 512-byte sectors (required for IRIS) = 1.24
megabytes

Formats Supported: e
IBM 1 Frequency Modulation (FM)
IBM 2 Modulated Frequency Modulation (MFM)
IBM 2D MFM

1.1.2.6 Floppy Disc Drive Interface on a MARK 2 PIB

Drives per Controller:
Four (currently one per MARK 2 system)

Drive Type:
5-1/4-inch 460-type supporting 96 tracks per inch,
double-sided, double-density diskettes

DMA Transfer Rate:
250 kilobits/second

Diskette Capacity:
640 kilobytes formatted

Format:
MFM
NOTE
P
Diskettes should be 5-1/4-inch, 96TPI- S
certified, double-sided, double-density.
HM-081-0027-D INTRODUCTION
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1.1.2.7 Input/Output Instructions

Input - DIA
Output - DOA

Device Codes:
10-17 - MUX Ports 0-3
20-25 - Expansion Ports 4-6
30-37 - Floppy Disc 0-3
50-55 - SMD Disc 0&l
50-57 - WD1002-5
60-62 - Tape 0-3

DMA (Device Code 77):
DOBS/DIBS - MUX
DOBC/DIBC - Disc
DOBP/DIBP - Tape or Floppy

CPU Functions (Device Code 77):
SKPBN - Skip if Interrupts Enabled
SKPDN - Skip if Power-Fail Detected
SKPBZ - Skip if Interrupts Disabled
SKPDZ - Skip if no Power-Fail Detected

HM-081-0027-D INTRODUCTION
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1.1.3 PIB INTERNAL ARCHITECTURE
Four types of control functions are performed by a PIB:

e General Control Functions

e Multiplexer Control Functions

® Disc Control Functions

e Tape or Floppy Disc Control Functions

General Control Functions include data reception/transmission,
command decoding, device decoding, and status recording.

Multiplexer Control Functions include jumper-selectable baud
rate, data transfer synchronization, port selection, data format
manipulation, and the real-time clock.

Disc Control Functions include disc selection, bus control for
DMA transfer, word count, CRC generation, tag line control
(MARK 3 configurations only), and ECC (MARK 2 only).

Tape Control Functions include function decode, strobe
generation, command and status, and data transfer control.

Floppy Disc Control Functions include side and unit selection,
bus control for DMA transfer, CRC generation and checking, and
data transfer control.

Figure 1-5 shows the internal architecture of a MARK 3 PIB,
Figure 1-6 a MARK 3B PIB, and Figure 1-7 a MARK 2 PIB.

HM-081-0027-C INTRODUCTION
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1.2 INPUT/OUTPUT INTERFACE HANDLING

This section provides information about basic operating
principles and programming methods for input/output devices. Two
types of 1/0 devices are compatible with the POINT 4 MARK 3
Computer:

e those transferring data via I/0 programmed instructions only

e those using Direct Memory Access (DMA) for input/output
transfers

The following subsections outline interrupt handling and priority
scheme, programmed transfer handling and DMA channel transfer
handling.

1.2.1 PROGRAM INTERRUPT AND PRIORITY SCHEME

Many I/0 devices require service within a short time of request;
however, service is needed infrequently (relative to the
processor speed) and only a small amount of time is required to
service them. Failure to service within the specified time
(which varies among devices) causes operation below the device's
maximum speed and can result in loss of information.

The use of interrupts in the current program sequence facilitates
concurrent operation of the main program and servicing of a
number of peripheral devices. The program interrupt scheme
allows an 1I/0 device to gain control of the processor. When a
device raises an interrupt-request flag, the processor suspends
normal program execution and starts a device service routine.
When the routine is completed, the processor returns to the
interrupted program.

HM-081-0027-C INTRODUCTION
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1.2.1.1 Interrupt Sequence

When a device needs service, it sets its interrupt-request flag.
The processor begins servicing interrupts if all four of the
following conditions exist:

e The processor has just completed an instruction fetch or a
data channel transfer

o At least one device has an interrupt-request flag set
e Interrupts are enabled (i.e., ION is set)
@ No device is waiting for a DMA transfer

The processor responds to the interrupt request by storing the
value of the program counter in memory location 0 and jumping to
the instruction addressed by memory location 1. Location 1 must
contain the address of the interrupt handling routine.
Interrupts are disabled at the start of the interrupt service
cycle and must be re-enabled by the software at the end of the
interrupt service.

The POINT 4 MARK 3 has only one priority level for interrupts.
The mask-out (MSKO) instruction may be used to mask out
interrupts and still allow use of programming routines using
INTDS/INTEN instructions. MSKO is also used to turn DMA
operation on and off. The single priority level is reflected in
the least significant bit (LSB) of the accumulator specified in
the MSKO instruction. The value of the accumulator can be
interpreted as follows:

Accumulator
Value Function
0odd (# 1) Masks out (disables) all interrupts
Even (# 0) Masks in (enables if ION=1) all interrupts
=1 Disables DMA to controllers
=0 Enables DMA to controllers
HM-081-0027-C INTRODUCTION
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1.2.1.2 Programming Polling and Interrupts

Pending interrupts are flagged in the most significant bit (MSB)
of the pointer to the device controller input/output control
block (IOCB) as shown in Figure 1-8., Because the MSB of the
address is used as the interrupt-pending bit, IOCBs must be in
the lower 32K of memory on MARK 3 configurations. For a MARK 2,
the MSB of the IOCB address is not used for interrupt-pending.
Therefore, the full 16 bits can be used for addressing.

The DIB instruction with a device code of 77 (CPU) is used to
read the IOCB pointers (registers 13-15). There are three forms
of DIB instructions, one for each of the device controllers. The
control field of the I/0 instruction is used to designate
multiplexer (S), disc controller (C), or tape or floppy
controller (P). The resulting I/0 instructions are:

e DIBS ac,77 read MUX pointer
e DIBC ac,77 read Disc pointer
e DIBP ac,77 read Tape or Floppy pointer

1 2 3 4 5 6 7 8 9 10 N 12 13 14 15
10CB POINTER

-

INTERRUPT
PENDING
BIT

081-28

Figure 1-8. IOCB Pointer Format

For MARK 3 configurations, two software procedures are used to
service I/0 devices using the DIB instruction:

1. Polling - Disable interrupts using an INTDS or a MSKO
instruction. The DIB with S, C or P must be used to
constantly poll the IOCB pointers to check for MSB = 1. Upon
detecting a pending interrupt, the program jumps to a device
service routine. After servicing of the first pending
interrupt encountered, the other IOCB pointers should be
checked, since more than one interrupt may be pending at one

time.

2. Interrupting - Enable interrupts using an INTEN instruction.
The system will be in automatic-transfer mode. When an
interrupt is generated by a device requesting service, the
processor resets the interrupt-request flag and jumps to a
software interrupt handling routine. There the DIB
instruction is used to read the IOCB pointers to check for
MSB = 1. The controller causing the interrupt is serviced
immediately as described in Section 1.2.1.1. Note that if
more than one controller is requesting service, each should
be serviced at this time. If not, a pending interrupt will
be ignored.

HM-081-0027-C INTRODUCTION
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In the automatic-transfer mode, interrupts may also be
generated by a controller either when the block transfer is
finished or when a status change or error has occurred. 1In
either case the controller sets the interrupt-request flag
and the processor responds by resetting the interrupt-request
flag and jumping to a software read-status handling routine,
as described above.

When using either method, the software must first reset the
interrupt-pending bit in the IOCB pointer before jumping to the
interrupt servicing routine.

Resetting the interrupt-pending bit at that time ensures the
detection of a second interrupt-pending condition while the first
one is being serviced.

The IOCB for each multiplexer port contains an operation-complete
bit (bit 0 of word 0 or 1). The operation-complete bit is set by
the multiplexer when an interrupt is requested. This bit is used
by the software to confirm that the pending interrupt was caused
by the IOCB for this device.

The operation-complete bit is essential to multiplexer operation,
since there is only one multiplexer IOCB pointer and thus one
interrupt-pending flag for all multiplexer ports. Each port is
identified by an IOCB. Bit 0 of word 0 (input operations) and
word 1 (output operations) designates operation-complete status
for that port. When software detects an interrupt pending for
the multiplexer, the software must scan the multiplexer IOCBs
(see Section 2.4) to determine which port needs service (bit 0
set to 1). More than one port may be completing a transfer at
any one time. Care must be taken to scan all operation-complete
bits, even if one set operation-complete bit has been detected.
The operation-complete bit must be reset to 0 by the software in
order to prevent redundancy in servicing of I/0 ports.

For an SMD configuration, in addition to an operation-complete
bit (bit 0, word 7), the disc controller IOCB also contains a
summary-error bit in the termination status (bit 1, word 7) which
is used to flag the existence of an error condition in disc
transfer. Like the operation-complete bit, the summary-error bit
is set by the disc controller when an error has been detected and
is read by the software to determine the cause of the interrupt.
This bit must be reset to 0 by software in order to prevent
redundancy in interrupt servicing.

Figure 1-9 is a flowchart showing the sequence of steps that must
be taken into account when programming polling and interrupt
processing procedures for a MARK 3 configuration. Refer to
Section 6 for the MARK 2 procedure. Note that interrupts other
than those caused by the Peripheral Interface Board (i.e.,
power-fail interrupt) are not covered in this flowchart. Figure
1-9 begins with the polling of the interrupt-pending bit.
Arrival at this point in the software procedure may have been
from a constant polling sequence or from an interrupt that caused
a jump to a poll routine.
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AUTOMATIC ACCUMULATOR
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LOAD
LOAD BEGINNING
ADDRESS OF ACCUMULATOR
MUX 10CB INTO WITH ZEROS
ACCUMULATOR DOBP ac,77
(MUST BE<100000)
GOTO TAPE
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Pigure 1-9. Software Polling/Interrupt
Handling Flowchart (2 of 2)
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Figures 1-10 and 1-11 are flowcharts of parts of the I1/0 service
routines for the multiplexer and for disc, tape or floppy. The
part of the service routines shown only takes into account
testing of operation-complete and various error bits. The
remainder of the service routine is determined by the programmer.
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Figure 1-10.
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Figure 1-11. 1I/0 Service Routine Disc/Tape/Floppy
Handling Procedures
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1.2.2 PROGRAMMED I/0 TRANSFERS

For programmed input/output the program directly controls the
data transfer between the CPU and the I/0 device. Programmed I/0
is used by the multiplexer in communications-byte mode. Each
data word is transferred between an accumulator specified in the
instruction and an 1/0 device register (see MARK 3 Computer
System Manual, Section 5.6).

Programmed I/0 uses DIA and DOA instructions to program transfer
of data and status information between the CPU and peripheral
device controllers. The two programmed I/0 instructions are used
as follows:

e DIA - Transfers (reads) contents of either the status or data
register in the specified port's UART into the specified CPU
accumulator. If the device code is even, contents of the
status register are transferred. If device code is odd, the
contents of the data register are transferred.

@ DOA - Transfers (writes) contents of the specified CPU
accumulator to either the command or data register in the
specified port's UART. If the device code is even, contents
of the accumulator are transferred to the command register.
If the device code is odd, contents of the accumulator are
transferred to the data register.

See Section 2.3 for detailed description of byte-mode operations.

l1.2.2.1 Master Terminal Interface

All alphanumeric and control characters are represented by
standard ASCII code (see Appendix A) consisting of eight bits,
the most significant of which is usually an even parity bit.

The following are programming conventions for handling CRT
terminals: ’

e Instruction Formats - The data-transfer-output instruction
transmits bits 8-15 from the specified accumulator to the
output-interface register. The input-interface instruction
loads the contents of the input-interface register into bits
8-15 and resets bits 0-7 of the specified accumulator.

e Terminal Data Word Output - To transfer a data character from
an accumulator to the Port 0 UART, the following instruction
is used:

DOA ac,1ll

where ac represents one of the four processor accumulators.

HM-081-0027-C INTRODUCTION
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e Terminal Command Output - To transfer a command from an
accumulator to the Port 0 UART, the following instruction is
used:

DOA ac,10

This instruction causes bits 8-15 of the accumulator to be
transferred to the command register of Port 0. Bit 0 of the
accumulator is also used for enabling/disabling the real-time
clock.

® Terminal Data Word Input - When a key is pressed on the
keyboard, the data word is placed in the data register. If
interrupts are enabled an interrupt is requested. The
program then reads the data word from the data register into
bits 8-15 of the specified accumulator with the following
instruction:

DIA ac,1l

e Terminal Status Input - A change in terminal status causes an
interrupt request, if interrupts are enabled. The program
must read the status of Port 0 from the status register into
bits 8-15 of the specified accumulator using the following
instruction:

DIA ac,10
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1.2.3 DIRECT MEMORY ACCESS TRANSFERS

Mass storage devices (such as tape, floppy disc or disc drives)
can transfer blocks of data at high speeds directly into memory,
without requiring programmed I1/0 instructions for each word
transferred, by using the DMA (direct memory access). DMA device
interface logic contains both conventional device registers and
special data channel logic.

At the start of each instruction cycle, the processor checks to
see if a device is requesting DMA service. If a device is
requesting service, the DMA transfer is performed before going on
with the instruction. The program initiates a DMA transfer by
supplying certain parameters to the device registers and starting
the device. The device automatically transfers one or more data
words to or from memory. When the DMA transfer is completed, the
device generates an interrupt (if so enabled). The processor
acknowledges the interrupt, checks the operation-complete status
and resets the interrupt-request flag.

See Section 1.2.1.2 for interrupt handling procedures.
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1.2.3.1 Enabling/Disabling DMA Transfers

The mask-out (MSKO) instruction is used to enable and disable DMA
transfers. To enable/disable DMA, special values must be loaded
into the CPU accumulator specified in the MSKO instruction.
These values are:

Accumulator
Value Function
1l Disables DMA to controllers
0 Enables DMA to controllers

An alternate way of expressing the MSKO instruction is to use a
DOB instruction with a device code of 77 octal as follows:

Accumulator
Instruction = Value Function
DOB ac,77 1 Disables DMA to controllers
DOB ac,77 0 Enables DMA to controllers

Alternate methods of disabling DMA transfer include:
e Issue an IORST instruction (clears processor's ION flag) gt

e Press the RESET switch (gives control to the Virtual Control
Panel-MANIP)

e Power-up the system (gives control to the Virtual Control
Panel-MANIP)

e Issue a halt instruction (gives control to the Virtual
Control Panel-MANIP)

NOTE

The longer the period of time DMA 1is
disabled, the greater the risk of having an
overrun of data in the multiplexer or of
‘having the streaming tape come to a stop due
to data underrun. Thus, DMA should be
disabled the minimum time possible.
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1.2.3.2 1Initiating DMA Transfer

Three configurations of the DOB instructions are used to initiate
DMA transfers:

DOBS ac,77 set Multiplexer IOCB
DOBC ac,77 set Disc IOCB
DOBP ac,77 set Tape or Floppy IOCB

Accumulator ac contains the memory address of the input/output
control block (IOCB) for the device specified. Accumulators 13
through 15 are used for IOCB pointers as follows:

Accumulator Device Controller IOCB
13 Multiplexer
14 Tape or Floppy
15 Disc

If an IOCB pointer contains a value of 0, the device controller
is not being used in the system. On MARK 3 configurations, the
most significant bit (MSB) of this accumulator is set to 1 when
an interrupt is pending. For DMA transfers on MARK 3
configurations, the MSB must be reset to 0 after interrupt
processing to avoid erroneous interrupt processing. Refer to
Section 6 for information on the MARK 2.

When issued to the disc, floppy, or tape controllers, the DOB
instruction signals the corresponding controller. The controller
responds by performing an automatic block transfer of data as
specified in the IOCB for that device. The following is an
example of a MARK 3 SMD disc DMA operation:

IOCB Address: 075000
Instruction: DOBC 1,77

Accumulator 1 Value:
Al = 0111101000000000

Memory address 75007 (termination word):
Must be set to O
(Reserved for termination code)

When issued to the multiplexer, the DOBS instruction sets the
software pointer to the multiplexer IOCB pointer but does not
initiate any action on the part of the multiplexer. When the
DOBS is complete, the software routine must issue DOA
instructions to each port on which input or output is to be
enabled. The DOA instruction will initiate DMA transfer between
the CPU and the peripheral device.
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1.2.3.3 Turning Off Automatic Block Transfer Mode
Por Disc, Tape or Floppy

DOB instructions with device code 77 may be used to turn off
automatic block transfer mode to disc, tape or floppy and/or
reset the interrupt-pending bit in the IOCB pointer. Both of
these functions must be performed by the software. To turn off
automatic-block-transfer mode and reset the interrupt-pending bit
for disc, tape or floppy, issue a DOBC or DOBP with the
accumulator set to zero:

Instruction:
DOBC 1,77 for disc
DOBP 1,77 for tape or floppy

0

Accumulator 1 Value: Al

This sequence turns off automatic transfer mode and resets the
interrupt-pending bit.

NOTE

Except on a MARK 2, it is important that the
most significant bit (MSB) be set to 0. If a
DOBC or DOBP is issued with a value of 1 in
the MSB, it will initiate processing of an
interrupt which may or may not be pending for
the controller whose IOCB address is in the
accumulator.

1.2.3.4 Turning Off Automatic Block Transfer Mode
For Multiplexer

Caution must be taken when using a DOBS to turn off automatic-
block-transfer mode to the multiplexer and/or reset the
interrupt-pending bit for the multiplexer. If the accumulator
contains a value of 0 when the DOBS is issued, the automatic mode
is turned off for all ports, regardless of whether a port is in
the process of performing a block transfer.

For a majority of operations, the DOBS is used only to reset the
interrupt-pending bit. In this case, the contents of the
accumulator specified in the DOBS instruction should be set to
the address of the multiplexer IOCB pointer with the most
significant bit set to 0.
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Section 2
MULTIPLEXER

2.1 INTRODUCTION

The multiplexer (MUX) portion of the Peripheral Interface Board
supports four asynchronous ports which use the EIA-RS232C
interface. Each port is independently software programmable.
This allows selection of the number of bits per character, number
of stop bits, and odd, even, or no parity. Baud rates are
hardware jumper selectable in a range of 110 to 9600 bits per
second.

Multiplexer operation is in either byte mode, using programmed
I/0 instructions, or in automatic-block-transfer mode using
direct memory access (DMA) procedures based on information
contained in an input/output control block (IOCB) for each port.
Receiver and transmitter sections of the port are operated
independently of one another. Associated with Port 0 is a real-
time clock that, when enabled, causes an interrupt every 10
milliseconds.
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2.2 BAUD-RATE SELECTION

The following baud rates may be hardware jumpered for MARK 3
communications ports:

110 1200
150 2400
300 4800
600 9600

Header jumpering for each baud rate is given in Table 2-1.
Header-port correspondence is given in Table 2-2.

Locations of the baud rate headers for jumpering (which are the
same for both PIBs) are shown in Figure 2-1.

TABLE 2-1. BAUD RATE JUMPERING

Baud Rate Jumper Baud Rate Jumper
110 16 to 1 1200 12 to 5
150 15 to 2 2400 11 to 6
300 14 to 3 4800 10 to 7
600 13 to 4 9600 9 to 8

TABLE 2-2. PORT ASSIGNMENTS FOR BAUD RATE HEADERS

Standard Ports Expansion Ports
Header No. Port No. Header No. Port No.
J16 0 Jl2
J1l5 1 Jl1
Jl4 2 J10
Jl3 3
HM-081-0027-C MULTIPLEXER
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Figure 2-1. Baud Rate Header Locations
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2.3 COMMUNICATIONS BYTE MODE

This section outlines the communications-byte mode programming
protocols for the multiplexer controller on the Peripheral
Interface Board (PIB). Communications-byte mode can operate in
both DMA channel and programmed I/0 modes. Section topics
include: programmed I/0O instructions, UART asynchronous
communications, command and status registers, and software
polling.

2.3.1 PROGRAMMED I/0 INSTRUCTIONS

When the communications controller is used in the byte mode,
command, status and data transfer are accomplished through
programmed I/0 (see Section 1.2.2), utilizing DOA and DIA
instructions (see Section 5.6.1). Valid DOA and DIA device codes

for each port and their functions are shown in Table 2-3.

TABLE 2-3. DOA, DIA DEVICE CODES
Device Code
(Octal) Read (DIA) Write (DOA)

PORT 0

10 Status Register Command Register

11 Data Register Data Register
PORT 1

12 Status Register Command Register

13 Data Register Data Register
PORT 2

14 Status Register Command Register

15 Data Register Data Register
PORT 3

16 Status Register Command Register

17 Data Register Data Register
PORT 4 (optional)

20 Status Register Command Register

21 Data Register Data Register
PORT 5 (optional)

22 Status Register Command Register

23 Data Register Data Register
PORT 6 (optional)

24 Status Register Command Register

25 Data Register Data Register

HM-081-0027-A
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2.3.2 UART ASYNCHRONOUS COMMUNICATIONS

The UART is an asynchronous communications chip with four
internal registers. Two registers are read-only; two are
write-only. The UART is programmable, and can select port
characteristics: number of bits per character; number of stop
bits; and odd, even, or no parity. In byte-mode operation,
programming is directed by programmed I/0O software procedures.
An example of the UART programming process is provided below,
using Port 0 and its associated device codes (10 and 1l octal).

2.3.3 COMMAND REGISTER

The following instruction is used to write to the command
register (Port 0):

DOA ac,10

Only the least significant byte of the accumulator (ac) is used.
The accumulator bits 8-15 will contain the command information to
be loaded into the multiplexer's command register (in this
example, Port 0). The command information is used to establish
operational parameters for this port. The most significant byte
(bits 0-7) must be set to zero (0).

Figure 2-2 shows the format of the command register. Bits,
settings, and their functions are shown in Table 2-4.

RESERVED-
WILL BESETTO 0 —

RECEIVE INTERRUPT ENABLE

TRANSMIT CONTROL

WORD SELECT

PORT CHARACTERISTICS

Pigure 2-2. Command Register
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TABLE 2-4. COMMAND REGISTER BIT FUNCTIONS

Setting Function
Bits 0-7%* Reserved - Must be set to zero
Bit 8 Receiver Interrupts
(MSB)
0 Receiver interrupts disabled
1 Receiver interrupts enabled
Bit 9 Bit 10 Transmit Control
0 0 Transmit interrupts disabled
(RTS 1low)
0 1 Transmit interrupts enabled
(RTS low)
1 0 Transmit interrupts disabled
. (RTS high)
1 1 Transmit interrupts disabled
(RTS low, transmits a break and
transmits data output).
Bit 11 Bit 12 Bit 13 Word Select
0 0 0 7 bits + even parity + 2 stop bits
0 0 1 7 bits + odd parity + 2 stop bits
0 1 0 7 bits + even parity + 1 stop bit
0 1 1 7 bits + odd parity + 1 stop bit
1 0 0 8 bits + 2 stop bits
1 0 1 8 bits + 1 stop bit
1 1 0 8 bits + even parity + 1 stop bit
1 1 1 8 bits + odd parity + 1 stop bit
Bit 14 Bit 15 Counter Divide
0 0 Reserved
0 1 Divide-by-16
1 0 Reserved
1 1 Master reset

*Bit 0 for Port 0 controls RTC.
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2.3.3.1 Standard Mode Of Operation

During power-up initialization the UART is reset, then programmed
to a standard mode of operation. The POINT 4 MARK 3 is delivered
with a standard mode of operation established for all ports.
This standard mode is as follows:

e Divide-by-16 clock

e 7 bits + even parity + 1 stop bit

® RTS = Low, transmitting interrupt disabled
® Receiving interrupt disabled

2.3.3.2 Operational Mode Modifications

For certain devices, it may be necessary to change the mode of
operation set in the UART. This may be done by issuing the
following two instructions:

1. Master Reset
DOA ac,10 Contents of ac = 0000000000000011
2. Redefine Command Register

DOA ac,10 Contents of ac = 00000000XXXXXX01
(X = user-defined command register bits)

If there is a need to change the mode of operation, two important
points should be considered:

1. The UART uses a divide-by-16 clock. If bits 14 and 15 are
not set to master reset (1,1) or to divide-by-16 (0,1),
erroneous data will result.

2. During the byte mode of systems operation, interrupts may be
utilized. If interrupts are used, bits 8 and 10 must be
programmed accordingly. If interrupts are not used, the
status register may be polled to determine if the transmitter
is empty, or if the receiver is full.
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2.3.4 STATUS REGISTER

Software utilizes the status register during a polling sequence
to determine the following:

1. Receive data register full
2, Transmit data register empty
3. Error condition

The following instruction is used to read the status register for
Port O:

DIA ac,1l0

The status will be read from the status register into the least
significant byte of the accumulator (ac). The PIB sets the most
significant byte to zero.

Figure 2-3 shows the status register. Status register bits,
instructions, and operational descriptions are shown in Table
2-5,

RESERVED- l
WILLBE SETTOO

INTERRUPT REQUEST

PARITY ERROR

RECEIVE OVERRUN

FRAMING ERROR

CLEAR TO SEND (ACTIVE LOW)

DATA CARRIER DETECT (ACTIVE LOW)

TRANSMIT DATA REGISTER EMPTY

RECEIVE DATA REGISTER FULL

Pigure 2-3. Status Register
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TABLE 2-5. STATUS REGISTER BIT OPERATIONS
Bit Instruction Operation
0-7 Reserved Will be set to 0.
8 Interrupt In byte mode, transmit and receive
Request interrupts should be disabled to prevent
(IRQ) use of this bit.
9 Parity Valid as long as a data character with
Error parity error is in the receive-data
(PE) register and parity is enabled. If no
parity is selected, both transmitter
parity generator output and receiver
parity check results are inhibited.
10 Receiver Error flag, which indicates that one or
Overrun more characters in the data stream have
(OVRN) been lost due to failure to read data in
the receive-data register. Flag does not
occur until a valid character prior to the
overrun has been read. Reset after
reading the data from the receive-data
register, or by a master reset.
11 Framing When set high, indicates that received
Error character is improperly framed by a start
(FE) and stop bit. 1Indicates the existence of
an error as long as character is
available.
12 Clear to The CTS- input is normally low. If it
Send goes high, it inhibits the transmit-
(CTs-) data-register-empty status bit.
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TABLE 2-5.

STATUS REGISTER BIT OPERATIONS (Cont)

Bit Instruction Operation

13 Data Set high when a loss of carrier occurs.
Carrier Generation depends upon port connection to
Detect data terminal equipment (DTE). 1In a
(DCD-) point-to-point connection, this signal is

generated from the data terminal ready
(DTR-) of the DTE. In a modem connection,
it is generated from the modem's carrier
detect.

Inhibits the receive-data-register-full
status bit. Once set, this bit will
remain on until reset by reading the
status register and the data register, or
by a master reset. If it remains high
after attempts to clear, it indicates that
the DCD- input remains in the high state.

14 Transmit Set high when transmit-data register
Data contents have been transferred, and new
Register data may be entered. Low state indicates
Empty either that transmit-data register is
(TDRE) full, or a high on clear-to-send is

inhibiting data transfer.

15 Receive Set high when received data has been
Data transferred to the receive-data register.
Register Cleared by reading the receive-data
Full register (DIA ac,11) or by a master reset
(RDRF) (DOA ac,10 with ac=3). Cleared state

indicates that the receive-data register
has not yet received new data, or data
carrier detect is high.
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2.3.5 SOFTWARE POLLING

Section 1.2.1.2 describes the polling procedures used to
determine if a port needs service. When the multiplexer is in
byte mode, it polls the MUX ports to ensure that each port's data
register is empty and may receive another byte of data. Fiqure
2-4 illustrates this procedure.

CARRIER
ROUTINE

HANDLING
ROUTINE
READ
DATA
REGISTER
WRITE
DATA
REGISTER
Figure 2-4. Software Polling Flowchart
For Output Operations
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2.4 COMMUNICATIONS AUTO MODE

This section outlines the communications auto mode programming
protocol for the multiplexer controller on the Peripheral
Interface Board (PIB). Communications auto mode operates only in
DMA channel mode.

Auto mode topics covered include: MUX I/O control block (IOCB),
control word definitions, termination status descriptions, and
initialization procedures.

2.4.1 MUX I/0O CONTROL BLOCK

The MUX Controller supplies software control for the
communications ports and their parameters (excluding baud rate)
through programmed I/0. Software control includes enabling and
disabling the receiver and transmitter, setting character length,
determining parity, and selecting the number of stop bits. A
real-time clock is also enabled or disabled under software
control.

Each port has an I/0 control block (IOCB) in system memory; the
MUX Controller utilizes four IOCBs (seven IOCBs if expansion
board is used). The MUX IOCBs contain information which the MUX
uses for automatic data transfers. They do not contain data for
selecting port parameters or enabling and disabling ports. All
IOCBs must be contiguous in main memory, offset from one another
by a multiple of 40 octal. -Each IOCB contains input and output
control words and buffer pointers for each port.
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2.4.2 CONTROL WORD DEFINITIONS

Each IOCB consists of eight words. Six words are used for MUX
control: 0, 1, 4, 5, 6, and 7. The three even-numbered words (0,
4, 6) control input; the three odd-numbered words (1, 5, 7)
control output. Two words (2, 3) are not used.

The MUX IOCB is shown in Figure 2-5.

0 1 2 3 4 5 [ ] 7 8 9 10 11 12 13 14 15

iow o] 10c | N mooE | sc | ERROR sTATUS |CAR INPUT CHARACTER
ocw 1]{ooc|our mobelsc | o o o |mrc OUTPUT CHARACTER

2 NOT USED

s NOT USED
BP 4 INPUT BYTE POINTER BIN
o8P & OUTPUT BYTE POINTER BIN
us 6 LAST INPUT BYTE POINTER ' BIN
LoB 7 LAST OUTPUT BYTE POINTER BIN

Pigure 2-5. MUX Input/Output Control Block
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2.4.3 1INPUT OPERATIONS

The three even-numbered words of each IOCB (0, 4, 6) control
input. Word 0 is the input control word (ICW); word 4 is the
input byte pointer (IBP); word 6 is the last input byte pointer
(LIB).

2.4.3.1 Input Control Word

The structure of word 0 is shown in Figure 2-6. Table 2-6
defines the input control word, indicating each bit, the
appropriate function, and the resultant operation.

INPUT CHARACTER

DATA CARRIER DETECT

FRAMING ERROR

RECEIVER OVERRUN

PARITY ERROR

SPECIAL CHARACTER
INTERRUPT ENABLED

INPUT MODE

INPUT OPERATION COMPLETE

Figure 2-6. Input Control Word - Word 0
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TABLE 2-6. INPUT CONTROL WORD DEFINITIONS
(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction Operation
0 IOC (Input Set to one (1) if any of the following
Operation conditions occurs:
Complete)

1. Input buffer is full
2. The receiver detects:

a. Parity error (if parity is not
inhibited)

b. Framing error (break detect)

c. Receiver overrun (DMA is disabled
for an extended period, or
another controller uses DMA
cycles for an unreasonably
extended period, i.e., greater
than one character time,
approximately 1 millisecond at
9600 baud).

3. IOCB is in single-character-input
mode, and an incoming character is
received and stored in bits 8-15 of
ICW.

4, Special-character-interrupt request
is enabled and a special character is
received (<40 octal or 174 through
177 octal).

5. A loss of carrier occurs (carrier
detect, which is normally active low,
goes high) during a receive
operation.

At the same time that IOC is set to one
(1), the controller sets the interrupt-
pending bit and the interrupt-request
flag. The IOC must be cleared by the MUX
interrupt service program. There 1is
approximately one (1) character time to
accomplish this.

If another input character is received
before the IOC is cleared, the original
character will be overwritten in bits
8"‘15 .
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TABLE 2-6. INPUT CONTROL WORD DEFINITIONS (Cont)
(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction Operation

1l &2 Input Mode The input mode is determined as follows:
Value

00 Single Character Input Mode - each

incoming character is placed in bits 8-15
of ICW. IOC is set, interrupt-pending bit
is set, and an interrupt generated.

01 Not used (illegal)

10 Automatic Input - incoming characters are
' placed in input buffer defined by input
byte pointer (IBP) and last input byte
(LIB), until the buffer is filled, if no
special interrupt conditions are
encountered.

11 Automatic Input With Echo - same as
automatic input, except that each
character placed in input buffer is also
automatically echoed (output). Note that
any character producing an interrupt
(other than buffer full) is not
automatically echoed.

NOTE

When using automatic-input-with-
echo mode, software must ensure
that the transmitter interrupt
section is disabled for a
specified port. If interrupts
are not disabled, the controller
will both echo characters and
transmit characters from the
output buffer. With transmitter
interrupts disabled, the
controller will ignore the
output section of IOCB for a
specified port and characters
will be echoed correctly.
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TABLE 2-6. INPUT CONTROL WORD DEFINITIONS (Cont)
(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction Operation
3 Special If this bit is set to one (1) by the
Character programmer, the controller examines each
Interrupt incoming character to determine if it is
Enabled a special ASCII character (<40 octal or

174 through 177 octal). If the incoming
character is a special character, the
controller stores the character in bits
8-15 of the input control word, sets the
interrupt-pending bit, and generates an
interrupt request. The character will
not be stored in the input buffer. 1In
addition, the controller sets the most
significant bit of all incoming
characters to one (1).

4 Parity Set to one (1) by hardware when the
Error incoming character has a parity error.
When this condition occurs, the IOC bit
is set to one (1), and the character is
stored in ICW.

5 Receiver Set to one (1) when the controller cannot
Overrun service the receiving section of the
specified port before a character is
overwritten. This can occur if DMA is
disabled for an extended period, or if
another controller uses an excessive
number of DMA cycles. In this condition,
the IOC bit is set to one (1), and data
in receive-data register is stored in

ICW.
6 Framing Set to one (1) by hardware when an
Error incoming character has a framing error (a

zero bit at the point where a stop bit
was expected). Sets IOC bit to one (1)
and stores the incoming character in ICW.

(Table continues on next page.)
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INPUT CONTROL WORD DEFINITIONS (Cont)

(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction Operation
7 Carrier Set to one (1) when a loss of carrier
Detect occurs (data carrier detect, which is
normally active low, goes high). When
this condition occurs, receiver section
is disabled. Sets IOC bit to one (1) and
stores data in the receive-data register

in ICW.

8-15 Input Each incoming character is stored in bits
Character 8-15. Characters that cause the IOC bit

to be set are:

1. The last character stored in input
buffer, causing an input buffer-full
condition.

EXCEPTION

If an input buffer ends in
mid-word, the byte placed in
ICW is the right half of the
last buffer word, and not the
last incoming character.
Software must check for
buffer full before it checks
for a special character.

2. An incoming character which is
overrun, or which has caused a parity
or framing error.

3. An incoming character which is a
special character.

4. The character in the receive-data
register of the UART when carrier
detect went high.
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2.4.3.2 Input Termination Status

When an input operation is completed, the appropriate status is
written into the ICW by the controller.

When the status is written, the input-operation-complete (IOC)
bit is set to one (1). The incoming character which completed
the operation is written in the right half of the right byte of
word 0 (bits 8-15). The controller also sets the
interrupt-pending bit and the interrupt-request flag.

When the interrupt occurs, the software has approximately one
character time to determine which port's input operation is
complete, and reinitialize the IOCB after interpreting the status
word by creating a new input memory buffer address and resetting
the IOC bit. Otherwise, a MUX overrun may occur.

2.4.3.3 Input Byte Pointer

Word 4 of the IOCB is the input byte pointer (IBP). IBP and LIB
(last input byte) are only used in automatic-input mode. IBP
must be set by the program to one (1) less than the first byte
address of the automatic input buffer. Each time the MUX stores
an incoming byte, it will increment IBP. The MUX uses the least
significant bit (bit 15) as the byte indicator (BIN). 1If BIN =
0, the byte will be stored in the left half of the word
addressed. If BIN =1, it will be stored in the right half of
the word addressed. 1IBP always points to the last input byte
stored. If IBP 2> LIB, an interrupt will be generated by the
first incoming character, which will be stored at IBP.

2.4.3.4 Last Input Byte

Word 6 of the IOCB is the last input byte (LIB). It is set up by
- the program to the last byte address of the auto input buffer.
The MUX will generate an input-done interrupt when a byte is
stored at this address. IBP will then be equal to LIB.
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2.4.4 OUTPUT OPERATIONS
The three odd-numbered words of each IOCB (1,5,7) control output.

Word 1 is the output control word (OCW); word 5 is the output
byte pointer (OBP); word 7 is the last output byte pointer (LOB).

2.4.4.1 Output Control Word
The structure of word 1 is shown in Figure 2-7.

Table 2-7 defines the output control word, indicating each bit,
the appropriate function, and the resultant operation.

-

OUTPUT CHARACTER

REAL-TIME CLOCK (PORT 0)

RESERVED — MUST SET TO 0

SPECIAL CHARACTER

OUTPUT MODE

OUTPUT OPERATION COMPLETE

Figure 2-7. Output Control Word - Word 1
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TABLE 2-7. OUTPUT CONTROL WORD DEFINITIONS
(WORD 1 OF EACH CONTROL BLOCK)

Bit Instruction Operation
0 00C (Output Set to one (1) if the operation has been
Operation terminated due to one of the following
Complete) conditions:

1. If MUX is in single-character mode
when the output byte is read for
transmission to the port. The
program must reload the output
control word at an average of once
per character time and a maximum of
two character times for uninterrupted
output to result.

2, If MUX is in automatic-buffer-output
mode when the last byte of the
automatic buffer is read for
transmission.

3. If MUX is in automatic-buffer-output
mode with special-character interrupt
enabled, and if the transmitted
character is a special control
character, automatic output is
terminated after transmission of the
special character. The character
which completed the operation is
stored in the OCW. The controller
sets the interrupt-pending bit and
the interrupt-request flag.

The OOC bit must be cleared by the MUX
interrupt service program. If the IOCB
is re-initialized at an average of once
per character time, and within a maximum
of two character times, uninterrupted
transmission will result. When the last
byte of the output buffer is transferred,
0O0C is the only bit set.
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TABLE 2-7.

OUTPUT CONTROL WORD DEFINITIONS (Cont)

(WORD 1 OF EACH CONTROL BLOCK)

Bit

Instruction

Operation

1l &2

00
01

10
11

Output Mode

Written by the program anu ead by MUX to
determine the type of output.

Idle (no output)

Single Character Output Mode - the data
byte in bits 8-15 of the OCW 1is
transmitted, and the 0O0OC bit is set.

Not Used (Illegal)

Automatic Buffer Output - characters are
automatically transmitted from the output
buffer, as defined by the output byte
pointer (OBP) and the last output byte
pointer (LOB).

Bit

Special
Character

Used only in the automatic-output mode.
If this bit is set to one (1), MUX tests
each outgoing character to determine if
it is an ASCII special character (<40
octal or 174 through 177 octal). If it
is, MUX transmits the character, sets the
output-operation-complete bit in the
output termination word to one (1), and
stores the special character in bits 8-15
of the OCW. It then sets the interrupt-
pending bit and generates an interrupt
request. Automatic output is terminated.

4-6

Must be set to zero.
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TABLE 2-7. OUTPUT CONTROL WORD DEFINITIONS (Cont)
(WORD 1 OF EACH CONTROL BLOCK)

Bit

Instruction

Operation

Real-Time
Clock

Used only on Port 0. Set to one (1) if
the software has enabled the real-time
clock and the controller has been
interrupted by the clock. (The real-time
clock interrupts once each 10
milliseconds.)

The interrupt-pending bit is set, and an
interrupt request is generated. Does not
set the 0O0C bit, or terminate automatic
operation.

8-15

Output
Character

In single-character mode, this byte is
sent to the port for transmission.

In automatic-output mode, each outgoing
character which causes the 00C bit to be
set is stored in this byte. These
characters meet the following conditions:

1. An outgoing character is a special
character, and the special-character-
enable bit is set.

2. The outgoing character is the last
character in the output buffer.
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2.4.4.2 Output Termination Status

When an output operation is completed, the appropriate status is
written into the OCW by the controller. When the status is
written, the output-operation-complete (0OOC) bit is set to one
(1). The outgoing character which completed the operation is
written in the right half of word 1 (bits 8-15). The controller
also sets the interrupt-pending bit and the interrupt-request
flag. )

When the interrupt occurs, the software has approximately one
character time to determine which port's output operation is
complete, and to perform one of the following services:

l. If there is no more output to be done, disable the
transmitter section of the corresponding port through
programmed I/O.

CAUTION

Exercise caution when using this method
because the transmitter double-buffers
characters. Software may disable the
transmitter interrupt, but must not issue a
master reset until the buffered characters
have been transmitted or a character may be
lost.

2. Reinitialize the IOCB after interpreting the status word by
creating a new input memory buffer address and resetting the
IOC bit. This must be effected within two character times
for uninterrupted output to result.

If neither function is completed, MUX will examine the OCW word
after each executed instruction, which will create a significant
system slow-down.
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2.4.4.3 Output Byte Pointer

Word 5 of the IOCB is the output byte pointer (OBP). OBP and LOB
(last output byte) are used only in the automatic-output mode.
OBP must be set up by the program to one (1) less than the first
byte address of the automatic output buffer. Each time the MUX
is ready for an output byte, it will increment OBP. The MUX
fetches the byte for transmission from the appropriate half of
the word address given by the most significant 15 bits of the OBP
(word address) in conjunction with the byte indicator (BIN). 1If
BIN = 0 the left byte will be output; if BIN = 1 the right byte
will be output. OBP always points to the last byte transmitted.

2.4.4.4 Last Output Byte

Word 7 of the IOCB is the last output byte (LOB). It is set by
the program to the last byte address of the automatic output
buffer. When the byte at that address is picked up for
transmission, the MUX will generate an output-done interrupt (OBP
will then be equal to LOB). An automatic buffer may contain as
little as one byte. 1In this case, initially LOB = OBP + 1. 1If
initially LOB < OBP + 1, the MUX will transmit one byte from OBP
+ 1, set O0C and produce an interrupt.
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2.5 INITIALIZATION PROCEDURES

This section covers setup procedures for the MUX controller, and
includes the following steps: setting the IOCB starting address
pointer; initialization guidelines; enabling and disabling ports
and defining port parameters; and enabling and disabling
transmitters and receivers.

2.5.1 SETTING IOCB STARTING ADDRESS

All port IOCBs must be contiguous in main memory. Software only
sets up IOCBs for ports that are to be enabled, but must reserve
space for all possible port IOCBs in the contiguous memory block.
For example:

Memory Location Port
1000 Port 0
1040 Port 1
1100 Port 2
1140 Port 3

When MUX is in automatic-transfer mode, the controller must be
informed of the IOCB starting address by issuing a DOBS
instruction with the contents of the accumulator containing the
IOCB address. For example:

DOBS ac,77
Contents of ac = 1000

When the controller receives a DOBS, the memory address is stored
in a register. No other activity occurs as a result of the DOBS
(unlike the tape and disc controllers). Software has control
over enabling and disabling each individual port through
programmed I/0. See Section 1.2.2 for detailed description of
multiplexer port initialization under programmed I/0 control.
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2.,5.2 INITIALIZATION GUIDELINES

Four basic enabling and disabling considerations are listed
below:

1.

If an input or output section of an IOCB has not been
previously set up by software, the corresponding receiver or
transmitter of the port should not be enabled.

If a port is to operate in automatic-echo mode for incoming
characters, the transmitter section of that port must be
disabled.

Software may disable the receiver section of a port after the
input operation is complete. There is a risk of having an
overrun condition on any further incoming characters if the
receiver section is disabled for an extended period.

When an output operation is complete, there is approximately
one character time for software to either update the IOCB for
a new transmission, or disable the transmitter with a DOA
instruction.
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2.5.3 ENABLING/DISABLING PORTS AND PORT PARAMETERS

After software has set the IOCBs and issued a DOBS ac,77
instruction, individual ports must be enabled. A list of
instructions used for enabling and disabling the individual ports
follows:

DOA ac,10 Port O
DOA ac,12 Port 1
DOA ac,14 Port 2
DOA ac,l6 Port 3

The accumulator contains the necessary information for port
programming in the form of command register input as described in
Section 2.3.3.

When the system powers up, the following parameters are standard:

e Receiver interrupts disabled

e Transmitter interrupts disabled
e Word length = 7 bits

e Even parity

e One stop bit

Software can change any of these parameters using a DOA
instruction with the new port parameters in the specified
accumulator.

2.5.3.1 Master Reset

Software may reinitialize the port at any time by issuing a
master reset DOA. It should be used only to initialize the MUX
when receive, transmit and status data are lost. The master
reset should never be used once the port has been initialized and
continuous operations are to be performed. An example of the
master reset DOA instruction is:

DOA ac,10

in which the accumulator contains the value 3 as shown in Figure
2_8 .

Figure 2-8. Master Reset Instruction Format
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2.5.3.2 Port Initialization

Once a master reset DOA has been issued, software re-programs the
word length, parity, and stop-bit parameters, using another DOA
instruction. An example of the port-characteristic instruction
for Port 0 is:

DOA ac,10

where the contents of the accumulator have the format as shown in
Figure 2-9,

Bits 11, 12, and 13 are defined during initialization (see Table
2-4) .,

This procedure should be followed for each port when first

initializing the MUX. The procedure should only be used for an
initialization routine.

0 1 2 3 4 5 6 7 8 L] 10 _ 1N 12 13 14 15

0 @ ——p 0 0o | 1

USER-DEFINED T

PORT CHARACTERISTICS

Pigure 2-9. Port Initialization Instruction Format
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2.5.3.3 Enabling/Disabling Transmitters And Receivers

The receiver and transmitter sections for each port operate
independently, and may be enabled or disabled independently. An
example of the enable/disable instruction for Port 0 is:

DOA ac,10

where the contents of the accumulator have the format as shown in
Figure 2-10.

Each DOA instruction updates the port-command register. If
previous values have been defined (such as port parameters) for
the specified port, they should be repeated on all DOA
instructions used to define operation modes. Table 2-8 defines
the bit settings used to enable/disable operation.

The MUX controller uses a hardware "attention flag" for servicing
ports in the automatic mode. Bits 8 and 10 of the accumulator,
when set to enable, allow a port's receiver or transmitter to
generate the attention flag.

h| 2 3 4 5 6 7 8 9 10 1 122 13 1415

l__ REAL-TIME CLOCK
(PORT 0 ONLY)

RECEIVER

TRANSMITTER

USER-DEFINED
PORT CHARACTERISTICS

Figure 2-10. Transmitter/Receiver Instruction Format
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Section 3
DISC DRIVE INTERFACE

3.1 INTRODUCTION
This section describes the interface for the SMD/CMD/LMD disc
controller which is available on the MARK 3 and MARK 3B versions
of the Peripheral Interface Board (PIB).
The POINT 4 MARK 3 Disc Controller is designed to handle up to
two SMD/CMD/LMD-type drives. The controller provides high-speed,
direct-memory access between the disc drives and the POINT 4
MARK 3 CPU. The following are features of the controller:

e Handles SMD/CMD/LMD drives

e Interfaces up to two drives

e Drives of different type and manufacture may be connected to
each port

e DMA transfer rates up to 1.25 megabytes per second

e Control block-oriented instructions

e Read-verify data operations

e Complete software control of sector addressing

e Status and error reporting on completion of operation

Disc operation control is handled through use of an input/output
control block (IOCB). Actual data transfer is performed in DMA
mode.
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3.1.1 PERFORMANCE CHARACTERISTICS

Drives per Controller:
Two

Drive Type:
SMD/CMD/LMD

DMA Transfer Rate:
1.25 megabytes per

Sector Size:
Header - 4 words
Data - 256 words

Controller Device Code:
50-55

Drive Port Assignments:
Port A-J8
Port B-J7

I/0 Instructions:
Input - DIA
Output - DOA

DMA (Device Code 77):
DOBC/DIBC = DISC

HM-081-0027-C
POINT 4 Data Corporation

second

Header CRC - 1 word
Data CRC - 1 word
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3.1.2 MULTI-DRIVE CONNECTION

The disc controller supports two SMD, CMD or LMD drives, which
must have a daisy-chain connection, as illustrated in Figure 3-1.
The two drives need not be of the same type, nor produced by the
same manufacturer.

B CABLE NO. 1 DRIVE CABLE
(J8)
A CABLE CONTROL BUS
(J6)
DRIVE 1
B CABLE NO. 2
(J7)
— TERMINATOR
PIB
EzngROLLER DRIVE CABLE
DRIVE 2
Pigure 3-1. Daisy-Chain Drive Connection
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3.1.3 DISC DRIVE CABLING

Two types of cables connect the Peripheral Interface Board to the .
disc drives: !

1. Drive control bus (A Cable)
2. Drive cables (B Cables)

These cables are described in the following subsections.

3.1.3.1 Drive Control Bus (A Cable)

Cable A is the drive control bus. This bus leaves the PIB at
connector J6 and is daisy chained between drives (see Figure
3-1). Figure 3-2 illustrates the signals carried on the control
bus and Table 3-1 defines these signals.
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TAG 1

TAG 2

TAG 3

UNIT SELECT TAG

UNIT SELECT O

UNIT SELECT 1

UNIT SELECT 2

UNIT SELECT 3

PERIPHIRAL
INTERFACE

DisC

BOARD

DATA SIGNALS

OPEN CABLE

> DRIVE

FAULT

SEEK ERROR

ON CYLINDER

INDEX

SECTOR

UNIT READY

WRITE PROTECT

Pigure 3-2.
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TABLE 3-1. DISC DRIVE DIFFERENTIAL BUS SIGNALS
(A CABLE PIN ASSIGNMENT)

Pin Signal Direction Description

1,31 Tag 1 Out Used to strobe the cylinder
address to disc drive. For CMD
drives, a tag 2 must precede a
tag 1 for a volume change.

2,32 Tag 2 Out Used to strobe the head address
to disc drive. For CMD drives,
the volume is also sent to the
drive.

3,33 Tag 3 Out Used to strobe control bits.
NOTE

Bits 0 through 9 are defined
according to tag. If tag 1,
all bits are used to define
the cylinder address. 1If
tag 2, all bits are used to
define the head address.
For tag 3, each bit 1is
defined as described below.

4,34 Bit 0 Out Enables the write drivers. Must
never be on simultaneously with
read drivers.

5,35 Bit 1 Out Enables the read drivers. Must
never be on simultaneously with
write drivers.

6,36 Bit 2 Out Offsets the servo from the

nominal on-cylinder toward the
spindle.
7,37 Bit 3 Out Offsets the servo from the

nominal on-cylinder away from
the spindle.

8,38 Bit 4 Out Clears a fault only if the
condition no longer exists.

9,39 Bit 5 Out When issued with bit 0 or 1,
enables address-mark writing or
reading.
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TABLE 3-1. DISC DRIVE DIFFERENTIAL BUS SIGNALS (Cont)
(A CABLE PIN ASSIGNMENT)
Pin Signal Direction Description

10,40 Bit 6 Out Causes seek to track 0,
resetting of head register. For
CMD drives, selects head 0,
volume O.

11,41 Bit 7 Out Causes strobing of data earlier
than normal.

12,42 Bit 8 Out Causes strobing of data later
than normal.

13,43 Bit 9 Out Selects the unit, if enabled,
and if priority does not exist
for opposite channel.

14,44 Open Out Disables interface if the

Cable control bus cable 1is
disconnected.

15,45 Fault In Indicates that a fault exists on
the drive.

16,46 Seek In Indicates that a seek error has

Error occurred.
17,47 On In Indicates that the heads are
Cylinder positioned over a track.

18,48 Index In A signal occurring once per
revolution in coordination with
the leading edge of sector 0.

19,49 Unit In Indicates the drive is up to

Ready speed.

20,50 - - Reserved

21,51 - - Reserved

22,52 Unit Sel Out Strobes the binary address

Tag formed by unit select 0, 1, 2,
and 3.
23,53 Unit Out Unit select 0.
Sel O
24,54 Unit Out Unit select 1.
Sel 1
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TABLE 3-1. DISC DRIVE DIFFERENTIAL BUS SIGNALS (Cont)
(A CABLE PIN ASSIGNMENT)
Pin Signal Direction Description
25,55 Sector In Indicates that a sector mark has
been detected.

26,56 Unit Out Unit select 2.

Sel 2
27,57 Unit Out Unit select 3.

Sel 3
28,58 Write In Disables write gate.

Prot
29,59 - - Reserved
30,60 - - Reserved
HM-081-0027-A DISC DRIVE INTERFACE
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3.1.3.2 Drive Cables (B Cables)

The PIB requires one B cable per drive for use in synchronization
and data transfers. These cables are connected to the PIB at
connectors J7 and J8. Figqure 3-3 illustrates the signals carried
on the drive cables and Table 3-2 defines these signals.

SERVO CLOCK

READ DATA

READ CLOCK
PERIPHERAL DISC
INTERFACE DRIVE
BOARD WRITE CLOCK _

WRITE DATA

Y

UNIT SELECTED

SEEK END

Figure 3-3. PIB/Disc Drive Differential
Synchronization Cable Signals
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TABLE 3-2.

DRIVE SYNCHRONIZATION

CABLE SIGNALS

Pin Signal Direction Description

1 GND - Ground

2,14 SERVO In Used to synchronize write
CLK data.

3,16 READ In Data from drive to controller
DATA used on a read operation.

4 GND - Ground

5,17 READ In Signals the beginning of a
CLK data cell.

6,19 WRITE Out Transmits the write clock
CLK signal which is used to

synchronize the write data.

7 GND - Ground

8,20 WRITE Out Transmits data from the
DATA controller to the drive.

9,22 UNIT In Disc drive unit has been
SELD selected.

10,23 SEEK In The logical OR of on cylinder
END and seek error indicating that

a seek operation has ended.

11 GND - Ground

12,24 - - Reserved

13,26 - - Reserved

15 GND - Ground

18 GND - Ground

21 GND - Ground

25 GND - Ground
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3.2 PROGRAMMED INPUT/OUTPUT

The following subsections provide information on disc programmed
I/0, detailing instruction formats and accumulator bit functions.

3.2.1 PROGRAMMED I/O INPUT

The DIA instruction is used to read the status of the disc drive.
Software can use the status to detect the following:

Unit Ready
Drive Fault
Write Protect
On Cylinder
Drive Select
Seek Error

The instruction format is:

DIA ac,50
where ac is the processor accumulator into which the status will
be read and 50 is the device code. The format of the status word
is shown in Figure 3-4.
Table 3-3 defines the function of each bit in the accumulator.

i 2 3 4 5 6 7 8 9 10 1 12 13 14 15
0 eueee =) 0 0 0

RESERVED — MUST SET TO 0

SEKERR+

SLCTED -

RESERVED — MUST SET TO 0

ONCYL -

WRTPRT +

FAULT +

RESERVED — MUST SET TO 0

UNTRDY —

Figure 3-4. Drive Status
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TABLE 3-3. DRIVE STATUS DEFINITIONS

Bits Name Function
0-7 Reserved, set to 0
8 SEKERR+ Seek Error - When set to 1, indicates a

seek error has occurred. A seek error can
result from the following:

e A seek could not be completed within
500 milliseconds

@ An illegal track address was received
by the drive

® The carriage has moved outside the
recording field

A seek error can only be cleared by
issuing a return-to-zero command. See
Section 3.4.3.

9 SLCTED- Selected - When set to 0, indicates the
: drive has been selected. When set to 1,
indicates the drive has not been selected.

10 Reserved, set to O

11 ONCYL- On Cylinder - When set to 0, indicates the
heads are on cylinder. When set to 1,
indicates the heads are not on cylinder.

12 WRTPRT+ Write Protect - When set to 1, indicates
the selected drive may only be read (i.e.,
the drive is write protected). When set
to 0, indicates the drive may be written
to and read from.

13 FAULT+ Fault - When set to 1, indicates a fault
in the selected drive has occurred. A
fault may be caused by one or more of the
following:

Power fail

Illegal head select

Write fault

Writing or reading while off cylinder
Write and read gate on simultaneously
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TABLE 3-3. DRIVE STATUS DEFINITIONS (Cont)

Bits Name Function
14 Reserved, set to O
15 UNTRDY - Unit Ready - When set to 0, the unit

selected is ready. When set to 1, the
unit selected is not installed, is not up
to speed, has heads which are not engaged,
or a drive fault exists.

3.2.2 PROGRAMMED I/0 OUTPUT

DOA instructions utilizing device codes 50 and 52 are used to
specify the disc drive unit output pulses.

3.2.2.1 DOA With Device Code 50 (Drive Unit Number)

The DOA instruction with a device code of 50 is used to output
the unit number of the drive to be selected. The contents of the
accumulator should contain the unit number found in word 1 of the
IOCB (see Section 3.3.2). The format of the instruction is:

DOA ac,50

where ac is the processor accumulator containing the unit number
and 50 is the device code.
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3.2.2.2 DOA With Device Code 52 (Tag Pulses)

The DOA instruction with a device code of 52 is used to output
the different tag pulses. Tag pulses are sent to the drive to
indicate that there is valid data in either the bus register,
unit register, or both. The format of the instruction is:

DOA ac,52

The contents of the accumulator should be arranged as indicated
in Figure 3-5.

: NOTE
Tag 1, 2 or 3 may be used one at a time. It
is illegal to have more than one tag signal
active at the same time.

Table 3-4 gives a definition of the function of each bit in the
accumulator which represent the different tag pulses.

0 @uem—— —p 0

RESERVED — MUST SET TO 0

TAG3

TAG 2

TAG 1

UNIT SELECT TAG

Figure 3-5. Contents of DOA Instruction Accumulator
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TABLE 3-4. DOA INSTRUCTION ACCUMULATOR BITS

Bit Function

0-11 Reserved, set to 0

12 Tag 3 - When set to 1, indicates to the drive
that the bus register contains valid drive
control information.

I3 Tag 2 - When set to 1, indicates to the drive
. that the bus register contains a valid
volume/head address.

14 Tag 1 - When set to 1, indicates to the drive
that the bus register contains a valid
cylinder address.

15 Unit Select Tag - When set to 1, indicates to
the drive that there is valid data in the
unit-select register. The unit-select tag
must be on at The same time as a tag 1, 2, or
3. The tag signal must be held high through
the entire operation.

3.2.2.3 DOA With Device Code 51 (Bus Register Loading)

The DOA instruction with a device code of 51 is used to load the
bus register with the cylinder number. The format of the
instruction is:

DOA ac,5l1

The meaning of the data bus register is determined by the
selection of a tag 1, tag 2 or tag 3. If tag 1l is selected, the
bus register contains cylinder information. If tag 2 is
selected, the register contains head and volume information. 1If
tag 3 is selected, the register contains control information to
the disc controller, as defined in Table 3-1.

The instruction formats are defined and illustrated in the
following subsections.
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3.2.2.3.1 TAG 1

The instruction format for the cylinder address is shown in

Figure 3-6.

Table 3-5 defines data bus bit functions with tag 1.

9 10 11 12 13 14 _15

RESERVED — MUST SET TO 0

CYLINDER ADDRESS

Pigure 3-6. Tag 1 Instruction Format
TABLE 3-5. DATA BUS BIT FUNCTIONS WITH TAG 1
Bit Function
0-5 Reserved, must be set to zero
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