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NOTICE

Every attempt has been made to make this reference 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.

Copyright @ 1981 by POINT 4 Data Corporatign (formerly
Educational Data Systems, Inc). Printed in the United States of
America. All rights reserved. No part of thig woérk covered by
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by any means--graphic, electronic, or mechanical, including
photocopying, recording, taping, or information and retrieval
systems--without the written permission of:

POINT 4 Data Corporation
2569 McCabe Way
Irvine, CA 92714
(714) 754-4114

HM-080-0019-01 DRAFT
POINT 4 Data Corporation ii MARK III User Manual

)



REVISION RECORD

PUBLICATION NUMBER: HM-080-0019

Date

05/15/81

HM-080-0019-01 DRAFT
POINT 4 Data Corporation iii MARK III User Manual



LIST OF EFFECTIVE PAGES

Changes, additions, and deletions to information in this manual
are indicated by vertical bars in the margins or by a dot near
the page number if the entire page is affected. A vertical bar
by the page nu r indicates pagination rather than content has
changed.

Rev

Appendix
A-1 thru
B-1 thru
C-1 thru
D-1 thru
Comment Sheet
Mailer

Back Cover

¢)

HM-080-0019-01 DRAFT
POINT 4 Data Corporation iv MARK III User Manual

~



PREPACE

HM-080-0019-01 , DRAFT
POINT 4 Data Corporation v/Vi MARK III User Manual






CONTENTS

TIitle

:

" and Memory Board
s and Front Panel

S N S el i
[ ] [ ] [ ] [ ] L] [ ] [} ] L[] L] [ ] [ ]
R N g R ERERE CX CY

NN N
e o o
wWN -

OPERATING PROCEDURES

Processor Mini-Panel
Power Controls _
Processor Operation Monitoring
Program Execution Control
Virtual Control Panel

Command Descriptions
Processor/CTU Interface

CTU Commands

Command Functions

Command Format

CTU Error Conditions

CTU Commands in MANIP

CTU Commands in DEBUG

Powering Up the System
Diagnostic Checks

Diagnostic Capabilities
Self-Test Operating Procedures
Self-Test Errors

WNhHHKEH |~ WK
[ ] [ ] [ ]
WN -

WWWWWWWWWwWwWwuwwWwwwww w
® 6 0 6 6 0 0 0 0 0 0 0 0 o s 8 0 0

VTUIUTUT B W W W W W WWN N

o o o
W =

HM-080-0019-01
POINT 4 Data Corporation vii

g

HHHHHTHHHHH -
HHOOOUM A BRWHEH
[y

2-1
2-2
2-4

3-20

DRAFT
MARK III User Manual



INPUT/OUTPUT INTERFACES

Input/Output Bus Interface Signals
.1 Input/Output Interface Signals
2 Backplane Pin Signal Connectors

INSTRUCTION REPERTOIRE
Introduction

Octal Representation and Two's
Complement Notation

t” Addressing Operations
f Memory Reference Instructions

ry Instructions
onventions and

glc Instruction Group
gic Processing

shift Field (sn) |
Carry Control Field:
No-Load Field (N

BWWWWWN
W N -

e o ¢ ¢ ¢ ¢ o © & o o

~ AN N O OV O oottt

e @ ¢ o o o o o o o

Assembler Langiu ' entions
and Examples
Input/Output Instruction Grou
Programmed I/O Instructions
I/0 Transfer and Device

Control Instructions

.
[ ]
Do Ll
. .
N L

and Examples -
Special Code 77 (CPU) Instructions
Special Mnemonics for CPU Instructions
Control Field Uses
Skip Instructions
Assembler Language Conventions
and Examples
Instruction Execution Times

o o o o
o WN =

w (S NS, NS NS, NS, (8] vronnn (S NS N RN R RS RS N, N NS, (SRS NS NS, NS NS NS, NS, NS (S 5] (8]

HM-080-0019-01
POINT 4 Data Corporation viii

USUSL L L UL
HOOLVLVLOWULISENDNO

mmmmmmmmmm? (G NN XC NN RTNT NT IT BT
NN - OEONONUNWE

DRAFT

MARK III User Manual

£

()



o v o o o o
e o o o o
.
N =

.
WWWWNN - WD -
. o

e o o

oawm w VU EREWWWWWN - AW - N =

ww w WWWWWWWWWWWWWWWWwWwwWwWwWwWwWwWwWwWwWwwWwww. . N [(CH SR SN NN NN SN SN SN CRNR ol ol ol ol

W L N -

PERIPHERAL DEVICE HANDLING

Peripheral Interface Board

System Description

Equipment Characteristics
Performance Characteristics
Equipment Specifications

PIB Internal Architecture
Input/Output Interface Handling
Program Interrupt and Priority Scheme
Interrupt Sequence

Programming Polling and Interrupts
Programmed Transfers

:ing DMA Transfer
- Off Automatlc Block Transfer

ng Connectlons
yns Byte Mode

gi
Standard Mode of Ope
Operational Mode :
Status Register

Software Pglliqg

Control Word Defini
Input Operations
Input Control Word
Input Termination Statu
Input Byte Pointer
Last Input Byte (LIB)
Output Operations
Output Control Word
Output Termination Status
Output Byte Pointer
Last Output Byte
Initialization Procedures
Setting The Pointer
Initialization Guidelines
Enabling/Disabling Ports and
Port Parameters
Enabling/Disabling Transmitters
and Receivers
Polling MUX Interrupt

Deactivating MUX

HM-080-0019-01

POINT 4 Data Corporation ix

[ | 1
HEHEONOARBRBWWHH
-

O\G\G\O\O\G\G\?O\O\G\O\O\O\ [+,

6-52

6-53

6-54
6-56
6-56

DRAFT
MARK III User Manual



SMD/CMD Disc Interface

Performance Characteristics

Drive Requirements

Multi-Drive Connection

Operation

Sector Format

Sector Verification

Data Transfer

File Linking

Data Verification

Error Checking and Status Reporting
Interrupt Operation

Recovery
-put Control Block

GTUTUTE bbb W N

. @ @ O 6 e e & o ° e o o o & o o o o

Read Verify Ope at
0 Read Regardless op
1l Formatting Operation
1.1 Memory Sector Block Descripti
1.2 Formatting Procedure
1.3
2

Format Considerations .
Programming Considerationg

L W W W A N

© 0 6 0 ¢ 0 0 0 0 0 0 0 0 o 0 o o .

NN NANANNTNANNNNANANANAANANANANANAANANANANAANANANONANARN O\
€ € 0 0 ¢ 0 3 o 6 6 6 5 0 0 0 S 0 0 0 6 O 0 0 0 0 6 0 0 0 0 0 0 0 6 6 O 0 0 0

HEM-080-0019-01
POINT 4 Data Corporation x

6-57

DRAFT

MARK III User Manual

()



FIGURES

Number Title Page
1-1 The POINT 4 MARK III Computer 1-2
1-2 Typical Configuration 1-7
1-3 POINT 4 MARK III Computer
System Block Diagram 1-10
2-1
2-3
2-5
2-6
3-2
4-2
4-5
5-4
5-13
5-17
6-1 6-2
6-2 PIB Internal Arc 6-5
6-3 Software Polllng:
...... 6-10
6-4
6-5
Handling Procedures
6-6 MARK III Asynchronous MUX
Cable Connector Wiring
6-7 MARK III Asynchronous MUX/Line Printer
Cable Connector Wiring
6-8 Command Register on Port 0
6-9 Status Register on Port 0
6-10 ‘Software Polling Flowchart
For Output Operations
6-11 MUX IOCB
6-12 Input Control Word - Word 0
6-13 Output Control Word - Word 1 6-45
6-14 Transmitter/Receiver Example 6-54
6-15 Daisy Chain Drive Connection 6-60
6-16 Disc IOCB Format 6-67
6-17 Sector Table in Memory 6-89
6-18 Content of Each Block in The
Sector Block 6-90
6-19 Sector Format 6-92
6-20 Format IOCB Example 6-93
HM-080-0019-01 DRAFT

POINT 4 Data Corporation Xi MARK III User Manual



L Y ST ot N e I 1 L B e A G b bt

TABLES

E

Iitle Page

Power Control Switch Functions 3

Power OK LED Interpretations

Summary of MANIP Command Functions 3-5

MANIP Commands 3-8

CTU Command Functions 3-1
3-1
3-1

CTU Error Codes
CTU Commands in MANIP

wwwut.;:wwww
WCoONOUILEWN

Arithmetic and Lo
I/0 Transfer Inst
Assembly Langu

I
HEEHOOSNIOAUMTER W = = = WoONAOAUT W

Control Field Definitions for ]
Instructions with Device Codg¢
Skip Instructions i
Instruction Execution Time

Baud-Rate Configuration

Port Assignments for Baud Rate Headers
DOA, DIA Device Codes

Command Register Bit Functions
Status Register Bit Operations
Input Control Word Definit
Output Control Word Definitions
Enabling/Disabling Operation
Disc IOCB Word 4 Definition

O\O\O\O\G\O\O\O\O\O\O\O\O\O\Oli o\ o, urn oo ;m (S NS NE NG|

-10 Disc IOCB Word 1 Definition

=11 Disc IOCB Word 2 Definition

-12 Disc IOCB Word 3 Definition

-13 Disc IOCB Word 4 Definition

-14 Disc IOCB Word 5 Definition

-15 Disc IOCB Word 6 Definition

6-16 Disc Termination Status Definition 6-76
HM-080-0019-01 DRAFT

POINT 4 Data Corporation xii MARK III User Manual

P

()



6-17 DIA Instruction Accumulator Bits 6-80

6-18 DOA Instruction Accumulator Bits 6-82
6-19 TAG 3 Bit Functions 6-84
6-20 Memory Sector Block Fields 6-91

HM-080-0019-01 DRAFT
POINT 4 Data Corporation xiii MARK III User Manual



)

)



SECTION 1
INTRODUCTION AND GENERAL DESCRIPTION

1.1 SCOPE

This manual pro

.des general reference information, including

;. equipment specifications, description of the
erface data, and installation and operation
e POINT 4 MARK III Computer. This manual is
1 general reference guide for both the programmer
or, and as such contains both detailed information
the system, and charts for use as

six sections, as summarized below:

ntroduction and system architecture
description

Section 1

Section II

Section III

Section 1V
Section V

Section VI ~guidelines

1.2 GENERAL DESCRIPTION

The POINT 4 MARK III Computer is a 16-bit, high-sps
purpose minicomputer with a versatile instructi
POINT 4 MARK III employs a novel de51gn architect
the simplicity and flexibility of a microprog
the speed of a hard-W1red logic design. 1In a

general
The
re to achieve
med design and
ion the design

',

memory. These features make the POINT 4 MARK III Computer well
suited to OEM applications in business data systems, and control
systems. See Figure 1-1 for a photograph of the POINT 4 MARK III
Computer.
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Figure 1-1. The POINT 4 MARK III Computer
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l1.2.1 FEATURES
The POINT 4 MARK III Computer includes the following features:
o CPU and 64 bytes of RAM on the same board

o Peripheral Interface Board (PIB) with built-in Multiplexer,
printer, disc, and tape interfaces

o Up to four asynchronous ports, baud-rate selectable to 9600
baud ‘

o Up to two sector-mark signal type SMD/CMD drives

Up to fo amer tape drives

(e} -8 CPU and PIB boards

HM-080-0019-01 , INTRODUCTION
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1.3 EOUIPMENT CHARACTERISTICS

1.3.1 PERFORMANCE CHARACTERISTICS

Word Length:

16-bits

General Purpose Accumulators: 4

Memory Cycle Time:
RAM Access Time:

lsmte 600 nanoseconds #v
200 nanoseconds . « wle .

Microprogram Cycle Time: 200 nanoseconds
Memory:

Backplane:

64K bytes

1200 nanoseconds per word
1200 nanoseconds per word

red byte access -
jyte
2000 nanoseconds

100-pin edge connector

HM-080-0019-01
POINT 4 Data Corporation
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1.3.2 EQUIPMENT SPECIFICATIONS

POWER SUPPLY
AC Voltages:
105 to 125 VAC, 5 amps max. 47 to 63 Hz
210 to 250 VAC, 2.5 amps max, 47 to 63 Hz
Voltages Provided:
+5V @ 20A
+12vV @ 1.5A
-12V @ olA

OPERATING ENVIRONMENT
Ambient Temperature Range: 0-122F (0-50C)
Relative H ity: 10 to 90% noncondensing

Peripheral erface Board
Dimensions: 14.5" x 1
(36.8 cm x 30.5 cm).

Power Supply Board :
Dimensions: 14.5'
(36.8 cm x 30.5 cm):

HM-080-0019-01 INTRODUCTION
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l.4 SYSTEM ARCHITECTURE
TO BE SUPPLIED

HM-080-0019-01
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BE SUPPLIED

Pigure 1-2. Typical Configuration

INTRODUCTION
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l.4.1 SYSTEM FUNCTIONAL UNITS
TO BE SUPPLIED

HM-080-0019-01 INTRODUCTION
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1.4.1.1 Central Processor and Memory Board

The Central Processor board contains all basic elements of the
CPU:

o0 2903 Bit Slice Microprocessor (4 bits wide) containing four
general-purpose accumulators, plus 12 special-purpose
registers and arithmetic logic functions

o0 Microprogrammed Control Store

o Instruction Register

Main Data

APL PROM c6n ning a program mplement Virtual Control

Panel Features, and the S

“the POINT

Figure 1-3 is a block dia
the above fu

showing logic to handle e

ARK III system,
S.
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. 'TO BE SUPPLIED

Figure 1-3. POINT 4 MARK III Computer
System Block Diagram
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l.4.1.2 Processor Chassis and Pront Panel

The POINT 4 MARK III processor chassis is designed to be mounted
in a standard 19-inch equipment rack. The 3-slot processor
chassis is 5.25 inches high, 19 inches wide and 17.5 inches deep.

Cooling is provided by two fans mounted on the left side of the
chassis behind the Mini-panel.

The front panel snaps on and off. There are no screws or hinges
holding it in place. No cabling exists between the front panel
and the chassis since the Mini-panel is mounted directly onto the
chassis and its.controls are accessible through a slot on the
left side of ont panel.

sic processor operation. Controls
n the left side of the chassis, as
The Mlni Panel 1s capable of three

=d power controls and indicators. For
-Panel operations,

itoring and control of the
ng the manipulator program
MANIP. For furthet details tion 3.2 on Virtual Control

Panel operations.

HM-080-0019-01 INTRODUCTION
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l.4.1.4 Power Supply Board
The power supply is packaged on a single board (14.5" wide, 12"
deep, and 2" high) with protective cover. It plugs directly into

the MARK III backplane. Input voltage requirements and power
supply output voltages are:

1. AC INPUT

1.1 Voltage: 117 VAC + 10% - 15%
234 VAC + 10% - 15% (jumper programmed)

47 - 63 HZ

A maximum

ent: 12 amps peak

)
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SECTION 2
INSTALLATION

ents are met. The following pre-installation

necessary:

DINT 4 MARK III requires a power source
to 63 Hz with 5 amperes maximum

ent draw. In addition to power
NT 4 MARK I1I, consideration must be

4 MARK III requires an
ature control system to
,degrees Celsius, Maximum
and 50 degrees Celsius.

maintain a:
operating
Relative humldity is 1

Enclosure Requirements:
3-slot chassis, meaeuri
and 17.5 inches deep.
Interface Board, and
dimensions: 14.5" x 12",

9 inches wide,
y PCB, Peripheral

HM-080-0019-01 INSTALLATION
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2.2 UNPACKING INSTROCTIONS
TO BE SUPPLIED
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BE SUPPLIED

Figure 2-1. POINT 4 MARK III Processor Chassis Packaging
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2.3 ASSEMBLY PROCEDURES

The following assembly procedures are required for MARK III
installation.

1. Plug AC cord into back of chassis.

2. Unscrew the four screws holding the top panel on the back of
the chassis. This allows access to the Peripheral Interface
Board, second board from the top).

3. On the PIB, plug CRT cable into connector J5. This is the
first whlte Molex connector to the left of the four

4, ' tabs at both.corners of the board. Pull out

5.

c¢onnected, the second "B"
1e right of J8).

Ce.

6. pe drzve, plug the 50-pin cable
£

he right edge.

to rlght or left.

7. To connect a printer, plug its ce . i 3. or J2
(white, 6-pin Molex).

8. The remaining port may be used for another CRT te

9. All the MUX ports are strapped for 9600 baud r
be restrapped if another rate is desired.

They may

10. Push the PIB back into the chassis.

11. Power is turned on via an ON/OFF switch in the back of the
chassis. With power ON, the red light below the switch is
illuminated.

12. Proceed to Powering Up the System, Section 3.4.

HM-080-0019-01 ' INSTALLATION
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Power Supply Chassis and Processor
Chassis Mounting Slots

Pigure 2-2.
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10 BE SUPPLIED

Figure 2-3. Typical POINT 4 MARK III Board Configuration
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Section 3
OPERATING PROCEDURES

essor. chassis houses essential controls
c processor control functions. The
for this processor Mini-panel are located
¢e Figure 1-1). There are
£he Mini-panel: processor
ution controls and power
is an illustration of the

The POINT 4 MARK
and indicators
controls and in
on the left-ha
three types of" atlng functiol
monitoring indicators, progra

controls and indicators. Figure
processor Mini-panel control

o
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Figure 3-1. POINT'4 Processor Mini-Panel
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3.1.1 POWER CONTROLS

The Mini-panel contains power controls and indicators. POWER ON
is controlled by a three-position switch. Table 3-1 lists the
three functions of the power switch.

Also provided is a Light Emitting Diode (LED) indicator, which
illuminates to indicate an active state for AC power.

Table 3-2 shows the interpretations of the POWER OK LED.

See Figure 3-1 for positions of the three-position switch and the
POWER ON indic

POWER CONTROL SWITCH FUNCTIONS

Function

ower to the processor and places the
hel in the Pane]l-On Mode. In this mode
yntrols and ind ors on the Mini-panel
nabled. On s of Self-test is
uted, the cag .ght illuminates once and
goes off, and the message OK is displayed on
the port 0 1

ON

AUTO 4 MARK III.

OFF Turns off the power su | thus all
processor functions.

TABLE 3-2. POWER OK LED INTERPRETATIONS
POWER OK Interpretation

OFF Power supply not connected to:

OFF This condition (if keyswitch is in ON or AUTO)
indicates that one of the power supply
voltages is out of tolerance.

ON All power supply voltages are in tolerance and
available to the processor chassis.

HM-080-0019-01 OPERATING PROCEDURES
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3.1.2 PROCESSOR OPERATION MONITORING

In addition to the power monitoring indicators discussed above,
the Mini-panel has an LED indicator for monitoring the carry
state of processor operation. This LED functions as follows:

Indicates the current state of the processor carry flag. The
LED illuminates when the carry flag is set to a 1.

See Figure 3-1 for location of the carry indicators.

Ais available to reset program execution in
This switch is enabled in the Panel-On Mode
to ON or AUTO position) and disabled in the
(power switch set to OFF position). RESET

oads contents of an octal
Self-test PROM into top 1000 (octal)
y ‘debugger/manipulator is used for access
1 Allows examination and deposit

d It optionally
See Section 2.5

See Figure 3-1 for location he RESET switch.,
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3.2 VIRIUAL CONTROL PANEL

The POINT 4 MARK III has the ability to do front panel operations
plus some system monitoring functions from a master terminal.
This feature is designed for use by programmers to debug system
problems and to manipulate the contents of registers and memory.
The feature is implemented in a system program called MANIP which
is loaded into RAM from a PROM when the RESET switch is pressed.

MANIP is a position-independent memory manipulator and debug
package. MANIP occupies only 1000 (octal) words of memory.* All
operations are executed by typing one letter followed by octal
parameters as reguired (except colon (:) which is also preceded
by an octal p er) and ending with a RETURN.

Table 3-3
pareqthe

functions provided by MANIP (the number in
tates the number of parameters required for that

OF MANIP COMMAND FUNCTIONS

Parameters
Code Required
X
(0)
C (2)
(1 or 2)
J Jump with. accumulatg
restored : (1 or 2)
K Store a constant in a block o 3 (3)
M Move a block in memory “
P Program load from disc
R ﬁead 3 blocks from CTU
T Run Self-test program

Examine or deposit into a specified
location (2)

*For those who are familiar with POINT 4's IRIS Operating System,
MANIP is comparable to DBUG. The main differences are that MANIP
does not have (1) symbolic capability, (2) breakpoints or trace,
(3) disc read or write, and (4) Ctrl H/Ctrl A (backspace)
capability. MANIP occupies only 1000 (octal) words of memory,
while DBUG occupies 3000 (octal) words of memory. .

HM-080-0019-01 OPERATING PROCEDURES
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These functions are described in detail in the following
subsections.

MANIP normally occupies the memory locations 77000 through 77777.
Location 77000 is reserved for saving the initial value of the
program counter (PC), that is, the value of PC where the CPU had
halted before MANIP was started. MANIP may be moved at any time
by use ot its MOVE (M) instruction. The carry light flashes
while MANIP is waiting for an input character to be entered.
This is a signal that MANIP is active and will respond to input.

If an error is:
choices are g

ade while entering control information, two
le for correcting it.

1. Press Ei
delete

d in for the octal word.

HM-080-0019-01 OPERATING PROCEDURES
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3.2.1 COMMAND DESCRIPTIONS

A MANIP command consists of a single letter which is the command
identifier and parameters which specify addressing modes, memory
addresses and data input. All parameters must be entered in
octal form. The letters x, y, 2, a, m, and n are used on the
following pages to represent octal parameters. Press the RETURN
key after entering any command. Table 3-4 lists all MANIP
commands and their functions.

See Appendix D for a summary chart of MANIP commands.

HM-080-0019-01 OPERATING PROCEDURES
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TABLE 3-4. MANIP COMMANDS

Command &

Parameters Definition

A Causes initial value of PC (program counter)
saved in first location of MANIP, contents of
accumulators A0, Al, A2, A3, and carry
flip-flop as they were at the time MANIP was
entered to be typed on the master terminal
screen.

Cx,y ige accumulator or carry flip-flop.

‘If x is 0, 1, 2, or 3,n y is stored as
saved value for accumulator x (A0, Al, A2,
A3, respectively).

ig8:.4, then saved value of the carry
is set to 0 or 1 according as y
t.

Jreater than 4 and an address
has been established (see F

ped out on the master
ameter is not used in

Dx

line, with the address
at the beginning of e:

Jx Jump to location x (using addressi
with accumulators and carry stored

o Parameter Description ,

X - an octal number represernting 1l6-bit

memory address

Kx,Y,2 Store the octal constant z in locations x
through y, inclusive.
o Parameter Description

x — octal number representing 16-bit
beginning memory address

y - octal number representing 1l6-bit ending
memory address

z - octal number representing constant

HM-080-0019-01 OPERATING PROCEDURES
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TABLE 3-4. MANIP COMMANDS (Cont)

Command &
Parameters Definition
Mx,y,2 Move block in memory. Locations x through y,

inclusive, are moved to area starting at
location z.

o Source and destination areas may overlap in
either direction without bad effects.
May be used to move MANIP itself as long as
destination area does not overlap source
‘area.
> Parameter Description
X - octal number representing 16-bit
beginning memory address
number representing 16-bit ending
'y address
number representing 16-bit
ning memory address of new

from disc (Sector 0,
. Performs standard
(i.e., gives an NIOS
.1d1es at locatlon 377

waiting for
location).

Cassette Tape
trap will run
,Com’and has been
ions are the Jump

automati al
given, the 9
(J) Command and/or
Subsection 3.3.2
commands in MANIP fg¢

T Run the Self-test program,
. completion results in OK being dispil

port 0 terminal. Self-test then moy

randomly in memory and repeats the a we. Main

memory will be destroyed. Se e POINT 4

MARK III Diagnostics Manu ior further

. details.

b $3'% Octal value y is stored at location x, and next
cell is opened.
o Parameter Description
X - octal number representing l6-bit memory
address
y -1 to 6 digits representing an octal
value

HM-080-0019-01 OPERATING PROCEDURES
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3.3 PROCESSOR/CTU INTERFACE

This section describes commands used to transfer stand-alone
programs such as diagnostics between the CTU and the POINT 4
MARK III. There are sixteen basic CTU commands which can be
enabled from the master terminal. DBUG (POINT 4's stand-alone
debug program) can perform all sixteen commands; MANIP (the
Virtual Control Panel program built into POINT 4 MARK III) can
perform only a subset of the CTU commands. Section 3.3.2
describes CTU commands enabled in MANIP; Section 3.3.3 describes
those enabled in DBUG.

isists of a single character control code (CTRL
aracter), a block number for the starting block,
block co and a RETURN. There are sixteen
ied by control codes from an ASCII

HM-080-0019-01 OPERATING PROCEDURES
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3.3.1.1 Command Functions

The control code of a CTU command is a single nonprinting
character entered while holding down the CTRL key on the
keyboard. The CTU will echo two printable characters, a caret
for the control key and the ASCII letter representing the command
for ease or command verification. The CTU command functions are
listed in Table 3-5.

TABLE 3-5. CTU COMMAND FUNCTIONS

Control Code CTU ASCII Echo

CTRL R “R
CTRL W ‘W
CTRL S fS
Enquiry CTRL E “E
Verify Blo v ‘v
Write Buffer ; “B
Access BuffegZg “A
Fill Buffer °F
Put in Buffer “P
List Directory “D
Open File ‘0
Kill File “K
Rewind Drive CTRL Z
Select Track CTRL T
Initialize Track CTRL I
Cancel Command CTRL X X
HM-080-0019-01 OPERATING PROCEDURES
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3.3.1.2 Command Format
All CTU commands are structured as follows:
COMMAND [BLOCK NO.], [ADD'L BLOCK COUNT] RETURN
NOTE

All fields enclosed by brackets are optional
fields.

Field functions can be described as follows:

COMMAND
This 1s

racter control code specifying the function
See Subsection 3.3.1.1 for a complete

' block address specification. Zero
idress. The maximum block address
(typically 999).

" NOTE

words; IRIS

block spec1fied in the
is 255.

RETURN
An ASCII carriage return charact
for the CTU. 1If the CTU receiv:

string specified. A new command can follow the RE?U.

HM-080-0019-01 OPERATING PROCEDURES
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3.3.1.3 CTU Error Conditions

The CTU will report error conditions by presentation of an error
code. An error condition is given in the following format:

BELL, Error Code, BELL, RETURN, Line Feed

The error codes and the errors they represent are shown in Table

3-6 .

Description

zor handling.
the CTU

TABLE 3-6. CTU ERROR CODES

tion was attempted on a write

ilure. This error occurs either

a jam or mechanical malfunction,
ult of incorrect tape positioning due
case of incorrect tape
s not know the tape
o the stops.

rator should retry the

faulty

R 3d error., E
command. An ve number of read errors
usually indij
system g1
hardware:i

U

?

F Track Directory is full (126) names.

. name must be killed before a new name
entered. .
HM-080-0019-01
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3.3.2 CTU COMMANDS IN MANIP

To enter CTU mode from MANIP use MANIP command R to read the
first three blocks from the CTU tape.

MANIP allows reading from CTU into RAM (CPU main memory), but
does not allow writing onto tape. To write to the CTU, get a
cassette which contains DBUG, read it into memory by means of
MANIP, then Jump into DBUG and use its CTU write capabilities
(see Section 3.3.3).

All MANIP commands consist of a control character (CTRL and an
ASCII character); followed optionally by one or more parameters,
and terminate :a RETURN. The only exception is CTRL X which
cancels an ally entered command immediately. Data is
stored on ylocks of 256 bytes (128 words) each. Table
3-7 list ommands used in MANIP. All numeric parameters
(x, y be

CTU COMMANDS IN MANIP

Control

Character Description

:List d1recto'

CTRL D ex) from tape, if tape

CTRL E

CTRL Ofile s in the

CTRL R

CTRL Rx,y Read from tape into memory; read y+l
starting at bloék x. .

CTRL Sx Seek to block x on tape. CTRL $999 will
wind the tape all the way forwar

CTRL Tn Select track n (0 to 1).

CTRL X Cancel partially entered command.

CTRL 2 Rewind tape to starting position.

HM-080-0019-01 OPERATING PROCEDURES
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NOTE

ESC exits CTU mode and reverts to normal
MANIP commands, but does not cancel any
partial command that may already have been
transmitted to the CTU. Use CTRL X to cancel
a partial command.

The Read command transfers data into memory starting at address
0. To start the transfer at some other address, precede the CTU
command with:

Memory address (octal), colon, RETURN

MANIP will :
followed by

splay the content of the chosen location,
. This allows examination of the word before

Then type the CTRL R, followed by
a RETURN.,

HM-080-0019-01 OPERATING PROCEDURES
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3.3.3 CTU COMMANDS IN DBUG

DBUG is a position-independent debug package of the IRIS
Operating System. When using the Virtual Control Panel on the
POINT 4 Computer it is necessary to use DBUG commands to write to
the CTU. The write procedure from MANIP requires a cassette
containing DBUG which must be read into memory using MANIP. A
jump into DBUG allows use of DBUG CTU commands to write to the
CTU. CTU commands in DBUG may also be used in other CTU transfer
procedures.

All CTU commands consist of a control character, followed
optionally by ofié. or more parameters, and terminated by a RETURN.
The only excepti s CTRL X which cancels  any partially entered
ai . Data is stored on tape in blocks of 256

each. Table 3-8 lists the CTU commands used in
‘c parameters (x, y below) are in DECIMAL, origin

"CTU COMMANDS IN DBUG

Control Cha ¢

Parame scription

CTRL Ax,y U buffer, i.e., transfer
~into memory. Transfers y
starting at byte x. Default
" bytes starti byte 0.
CTRL Bx : . onto tape, at
CTRL D y (index) from
‘80 formatted.
CTRL E Enquiré% érror status).
CTRL F Fill CTU buffer from mes
words). :
CTRL Ix Initialize (format), cted track
to x+1 blocks of %28 words each,
Maximum = I999 for 1000 blocks.
CTRL Kfile Kill the named file, i.e., erase
its name from the directory.
CTRL Ofile open the named file, if it is in
the directory.
HM-080-0019-01 OPERATING PROCEDURES
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TABLE 3-8. CTU COMMANDS IN DBUG (Cont)

Control Character/
Parameters Description

CTRL

CTRL
CTRL

CTRL

CTRL

CTRL
CTRL

HM-080-0019-01

Ofile,x,y Create a directory entry for the
named file (max. 5 char.), starting
at block x and containing y+1
blocks of 128 words each.

Put into CTU buffer from memory,
transferrlng y bytes beginning at
byte x in the buffer. Default =
256 bytes starting at byte 0.

Read the open file from tape into
ad from tape into memory; read
1 blocks starting at block x.

Seek to block x on tape.

Tn k. n (0 or 1).

\'4 .r read from tape into
» checking checksum.

W to tape into

Wx,y

X

z . Rewind tape to starting posi

NOTE

ESC exits CTU mode and reverts to nofma
commands, but does not cancel any:partial
command that may already have been
t;ansmitted to the CTU. Use CTRL X to cancel
that.

OPERATING PROCEDURES
POINT 4 Data Corporation 3-17 _ MARK III User Manual



All commands that transfer data into or out of main memory
default to an intial address of 0. To start the transfer at some
other address, precede the CTU command with:

Memory address (octal), colon, RETURN

DBUG will then display the content of the chosen location,
followed by a colon. This allows examination of the word before
starting the tape transfer. Then type the CTU control character
(e.g., CTRL R or CTRL W), followed by its parameters and a
RETURN.

Table 3-9 is a

quick-reference guide to the commands used for
data transfer

a source to a destination.

 SUMMARY AND OVERVIEW OF DATA TRANSFER COMMANDS

Command

Tape “R

Memory

Tape _ “'Buffer

Buffer ' rape “B

Buffer Memory “A

Memory Buffer “F

: P ected byte(s) only
HM-080-0019-01 OPERATING PROCEDURES
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3.4 POWERING UP THE SYSTEM

The following steps should be followed when first applying power
to the POINT 4 MARK III power supply and processor:

l. Turn the power-control switch on the front Mini-Panel to ON.

2. The carry light comes on for approximately 1.5 seconds, goes
off for .5 seconds, comes on again and remains illuminated.

3. The Master CRT displays OK, indicating that the system has
run a successful CPU self-test program.

4. ig¢ ve is in a Ready state, the CRT displays PRESS

5. t in a Ready state, press the RESET
 which accesses the MANIP program.
tents of the program counter annd

the CRT keyboard, followed by a

RETURN. Upon entry of a RETURN the

HM-080-0019-01 OPERATING PROCEDURES
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3.5 DIAGNOSTIC CHECKS

3.5.1 DIAGNOSTIC CAPABILITIES

The POINT 4 MARK III has a comprehensive built-in diagnostic
program, contained in a PROM (Programmable Read-Only Memory).

The Self-Test diagnostic contains the following tests:
l. Compare Instruction Test

2. ALU and Data Bus Test
ALU Source 2arand Test

4. Instruction Test

5. 3 Addressing Modes Test

6. , and Indirect Addressing Modes Test
7. struction Test

8. .. of all Memory Locations

initiating the POINT 4 MARK III Self-Test
1 tests executed, expected results, and
4 MARK III Diagnostics

follow. [
error interprs
Manual.

A T (Test) Comman
Self-Test program. Successfu
on the Master Terminal. _

repeats, an OK is displa
until RESET is pressed.’

each time the Self-Test
e Self . ogram continues

3.5.3 SELP-TEST ERRORS

A Self-Test error is indicated by ontinuously flashin
light. Refer to the POINT 4 MA III Diagnostic Ma:
detailed information on diagnostic programs, program
and error interpretation. :

HM-080-0019-01 OPERATING PROCEDURES
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Section 4
INPUT/OUTPUT INTERFACES

Input/Outpu

sxgnals connect the processor logic to
ogic. The logic for programmed I/0 transfers
transfers forms the interface between the
‘Data Bus and the peripheral device controller
:1mp1ement I/0 transfer instructions is present

: Data channel transfer logic is
1lers that control devices using the

peripheral de¢

into the following

a.

used to designat
input/output instruc

b. Device Codes (6 lines): C
peripheral device involved in.

c. Device Control Signals (2 lines): These s
generated by the CPU in response to in
instructions, and are used to initialize ar
devices.

ntrol I/0

d. Interrupt Input Signals (3 lines): Signa; used to control
which controller (multiplexer disc or tape) will be serviced.

e. Disc Status Flags (5 lines): Signals used to carry disc
status information to the processor.

Figure 4-1 is a diagram of 1/0 signals across the I/0 Bus. Table
4-1 divides these signals by signal classifications, designates
the signal name and defines each signal function.
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“TO BE SUPPLIED

A,

Pigure 4-1. Input/Output Signals

()
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TABLE 4-1. INPUT/OUTPUT SIGNALS BY CLASSIFICATION

Signal
Group Signal* Direction Description
Data DBOO Bidirec- All data and addresses are
Bus to tional supplied to and from the device
’ DB015 via these lines. DBO00O+ is the
MSB.
Device DSO— From CPU The CPU places the device code

(bits 10-15 of the instruction
word) on these lines during the
execution of an input/output
instruction. DS0- is the MSB.

Input/Output Reset. Generated
when APL is pressed on the

Mini-panel, when an IOBRST
instruction is being executed,
and during power turn-on.

Generated when CTRL field of an
1nput/output transfer

BW-/R by.firmware to control the

.data and control

Inter- ATNMUX- From Device plexer to signal

rupt or 1ntexrupt
Input LV ~
ATNDISC- From Device Used by the disc cont ;
signal its need fo
servicing.
ATNTPE- From Device Used by the disg ¢
sxgnal its nee or interrupt
servicing.
Disc FLAGO From Device Used by firmware to transfer
Status to status information.

Flags FLAG4

*A11 signal names ending with "-" are active low. All others
are active high.

HM-080-0019-01 INPUT/OUTPUT INTERFACES
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4.1.2 BACKPLANE PIN SIGNAL CONNECTORS

All signal connections between the processor and each controller
take place via two 100-pin backplane connectors. Figure 4-2
shows the connector pin layout for all I/0 signals. The labelled
pins refer to the I/0O control signals, data transfer signals and
the power lines used by peripheral controllers.
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ATNTPL
GND

GND
CL-
GND
PWRF-
GND
XRESET+
-5V
GND
=12V
-12V
GND
+12v
GND
+12VBU
GND
-5VBU
GND
+5VBU
GND
+5V
+5V

+12VBU
GND

+5V

FRM GND 99100

PRM GND 99{100

Figure 4-2. Backplane I/0 Signals

INPUT/OUTPUT INTERFACES
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SECTION 5
INSTRUCTION REPERTOIRE

ins the function and use of POINT 4 MARK III
icluded is a discussion of two's-complement
ing modes, and the individual instructions in
ference, arithmetic/logic, and input/output
t/output instructions and interrupt
presented, with details given for
ctions.

This section

y-bit binary for program instructions
are numbere

and data. The bj
: least significant bit (LSB).
epresented in 6-digit octal
three bits and can have values
ant digit which

1.

form. Each octal dlglt re
between 0 and 7,
represents a single bi

12 13 14 15§

POINT 4 16-Bit Bin;ry Word Format

The reader is presumed to be familiar with bi
notations. For a simple review, the following e
correspondence between decimal, binary and oct

jple shows the
>presentation:

Decimal Binary Octal
e/
0 0000000000000000 000000
1 0000000000000001 000001
2 0000000000000010 000002
8 0000000000001000 000010
64 p 0000000001000000 000100
~ 5407 0001010100011111 012437
32,767 0111111111111111 077777 (15 bit max.)
65,535 1111111111111111 177777 (16 bit max.)
HM-080-0019-01 INSTRUCTION REPERTOIRE

POINT 4 Data Corporation 5-1 MARK III User Manual



The computer represents negative numbers in two's-complement
form. Signed positive and negative numbers are used both as
16-bit operands and as 8-bit address displacements in memory
reference instructions. Therefore, a review of two's complement
arithmetic is necessary.

In two's-complement arithmetic, positive and negative values are
distinguished by a 0 or 1 in the leftmost bit position (sign
bit). Positive numbers have a sign bit of 0, with the numerical
value expressed in ordinary binary form by the remaining bits.
Negative numbers have a sign bit value of 1 and the numerical
value expressed in two' s-complement form. The two's complement
is found by taking the one's complement or logical complement of
the number ing the sign bit (changing all 0's to 1's and
all 1's to.: i

largest p

{

most negative
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2.3 INSTRUCTION TYPES

From the programmer's point of view, the POINT 4 Computer is
comprised of four accumulators, 64K words of memory and an
input/output bus. The instructions control and manipulate the
data flowing between these elements.

All instruction words can be classified into one of the following
three categories:

l. Memory Reference Instructions (instructions that reference a
memory location). These include:

an accumulator from memory

an accumulator into memory

> to another location in memory

ump to a subroutine in memory

: ncrement memory and skip if zero
: skip if zero

¢tions (instructions that specify a
logic operation to be performed on
ored in the accumulators, and allow for

P ructions for input/output
operations sral device).

Figure 5-1 is
instruction. Each of the
in the succeeding subse

formats for each type of
classes is discussed in detail
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867.;301111331413
-
O
w x
x| W DISPLACEMENT
Q P-4
E —
1,0 OPCODE | CTRL DEVICE CODE
A/L : ey |INL] sk

Control pt

Source accumulator
ination accumulator

Shift control

Carry preselection

No-load

Skip condition

Figure 5-1. POINT 4 Instruction Format Summary
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5.4 MEMORY REFERENCE INSTRUCTIONS

Six memory reference instructions are used to move data between
memory locations and accumulators, to transfer program control to
a new location, and to modify and test memory words. The memory
reference instructions fall into three general categories, as
follows:

1. Move Data Instructions: LDA, STA
2. Jump Instructions: JMP, JSR
3. Modify Memory Instructions: ISZ, DSZ

Before describing the function of each instruction in this group
it is neces describe the way in which they address memory.

ive memory address, E. The processor
ied by the effective memory address

,}10 1112 13 14 15

1 T 1T b
DISPLACEMENT

and 7 are the index, or X fiel
displacement, or D field.

o Since the MARK III does not sl
I field is ignored and the X and D fields
effective address (E).

o0 The X field defines one of four addressi "mbdes. Each
addressing mode may be thought of as a "page" of 256 words
which the instruction can address directlys

o The D field specifies the specific woré addressed on the
selected page.

All addresses are entered into the Effective Address Register.
When this register contains the effective address, E, the
instruction specified in bits 0 through 4 of the command is
executed.
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5.4.1.1 Indexing Mode

The X field selects one of the indexing modes listed in Table

5-1 .

TABLE 5-1. INDEXING MODES

Definition

ro: Page zero is defined as the first 256
+'locations (addresses in the range from 000000
0377 octal). The effective memory address in

essing is equal to the value of the D
an unsigned binary integer that can
000 octal to 377 octal.

‘31ng. In the relative addressing
ress placed in the Effective Address
equal to the address in the Program
i of the dlsplacement in

‘the displacement, D is a
Bit 8 is the sign (0 =
and the integer may have
from -200 to +177 octal
The address in PC can be
d page, and any
below the PC)

10

or

11 .
accumulator register A2
plus the value of the displacement in the:
In this case, the dlsplacement, D is a si:
integer. Bit 8 is the sign (0 = p
negative), and the integer may have a alue in the
range from -200 octal to +177 octal imal -128 to
+127). The address in A2 or A3 ¢C visualized as
the center of a 256-word page d any address
between the bottom (128 words below A2 or A3) and
top (127 words above A2 or A3) of the page can be
specified by the displacement, D.
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5.4.1.2 Indirect Addressing Operations

When the I field (bit 5) of the Memory Reference Instruction
contains a 1, an indirect addressing sequence is required. 1In
this case, the address in the Effective Address Register
(determined by the X and D fields) is the memory address from
which the effective address is to be fetched.
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$.4.2 TYPES OF MEMORY REFERENCE INSTRUCTIONS

When the Effective Address Register contains the effective
address, E, one of two groups of memory reference instructions is
performed, as determined by the operation codes. Refer to
Section 5.4.1 for basic memory reference instruction formats and
field definitions. Refer to Appendix A, Von Neumann Map of POINT

4 Command Structure, for octal formats of each instruction and
to Appendix B, POINT 4 InstructionReference Chart, for octal to
symbolic conversion of memory reference instructions.

5.4.2.1 N Instructions

ive address, E, is in the Effective Address
sf two operations is performed, depending on the
‘and 2 of the OPCODE field. Table 5-2 lists these

The contents
tored in the
%Chfield (bits 3

01 LDA

10 STA _ E
the accumulator cified by the AC £
transferred t¢o memory location E he
contents of the accumulator are unaffected,
the original contents of E are lo
HM-080-0019-01 INSTRUCTION REPERTOIRE
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5.4.2.2 Jump and Modify Memory Instructions

When the effective address, E, is in the Effective Address
Register, one of four operations is performed if bits 1 and 2 are
both 0. The operation is determined by the code in bits 3 and 4
of the OPCODE field, as shown in Table 5-3.

TABLE 5-3. JUMP AND MODIFY MEMORY INSTRUCTIONS

Bits

1-4 Definition

Jump Instruction: The effective address, E,
is transferred from the Effective Address
to the Program Counter (PC). The
ruction is then fetched from Jump
and sequential execution is

0000 JSR Subroutine Instruction: After the
ctive address -E, has been calculated the
.incremented and the
s stored in accumulator
effective address, E, is
m the Effective Address
Program Counter (PC). The
i tched from jump

'er JMP or JSR

ncremented val
‘A3. Then,
transferre

ddress in A3, plus
.acement, D,

0010 IS2Z ; The conténts of
effective addr are fetched, incre
and written back into address E.
incremented value is equal to ze
incremented by one to skip
instruction.

0011 DSz Decrement and Skip if Zero: _The‘contents of
effective address E are fet d, decremented,
and written back into address E. If the
decremented value is equal to zero, PC is
incremented by one to skip the next

instruction.

HM-080-0019-01 : INSTRUCTION REPERTOIRE
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5.4.2.3 Assembler Language Conventions and Addressing Examples

The assembler language memory reference instruction consists of
the instruction OPCODE mnemonic (STA, LDA, JMP, etc.) followed by
symbols that specify the accumulator, the addressing mode and the
memory address. The assembler program translates these
statements into binary code, which the processor executes. Table
5-1 shows the programming conventions for memory reference
instructions.

The format for modify memory and jump instructions requires the
instruction mnemonic, and a memory address (including the
indirect addressing indicator, the displacement and the indexing
indicator) assembly language instruction will be formatted
as follows

ctions, LDA and STA, also require that an
be specified, For example:

An "@" symbol denotes indirect addres
of the instruction. For example

LA 1, @ 20
specifies indirect, page-zero (X Field = 00) addr
Relative addressing is formatted as follows:

LDA 0, . + 15

The symbol "." indicates X = 01 (relative addressing) and thus
*." represents the current value of the program counter.

HM-080-0019-01 INSTRUCTION REPERTOIRE
POINT 4 Data Corporation 5-10 MARK III User Manual



JIJusweoeTdsTp +

:pasn aq Aeuw aousnbas m:aonH

ou3

I

‘quawsoetd
"4 o¢ putjuasaadaa

S

3O pEdISUI 4«
2 'T ‘0 =%«

£
(4

wsl
xueiq

Jusu

-2oeT1dstTq

Axomcuvx_ !

oxaz 3IT dT¥S

Z2sd pue jusawaixd3(q
oxaz 3T drys
ZS1 pue juswaidul
ase sutjnoaqns dump
dWre dumnp
Y.1LS Ioje Tnunody 91038
¥ar1 Ioj3eTnUNOdY peOT]
qel X0 @adeds| OTUOWSURW uoT3ldoung
Jxojexedas 4d0D dO uoT3onajsul

mlOHH!ﬁbIGO ‘HOVNONV'T ¥ITANASSV

°y-S TIAVL

INSTRUCTION REPERTOIRE
MARK III User Manual

5-11

POINT 4 Data Corporation

HM-080-0019-01



5.5 ARITHMETIC AND LOGIC INSTRUCTION GROUP

The eight arithmetic/logic instructions perform binary addition,
subtraction, and logical functions on 16-bit operands. These
instructions are:

o Arithmetic: ADD, ADC, INC, SUB, NEG
o Logic: MOV, COM, AND

All Arithmetic and Logic instructions contain a 1 in bit 0 and
have their basic ALU function specified by bits 5-7, as shown
below:

8 9 10 11 12 13 14 15

! I i !
SH CY |NL SK

and logic instructions and
is necessary to describe the
c processing unit. From the
arithmetic/logic processing
in Figure 5-2:'and as described in

subsystem is organized a
the following subsecti
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ACD | DESTINATION ACCUMULATOR

ISOPRCE ACCUMULATOR
[}

g U

(INPUT 1) (INPUT $2)
> -

ALU ‘

1 e ————
SHIFTER/SWAPPER

&

Z

[5)

SKIP COND.
SK_| ™ TESTER
NL \ \}
C ; DESTINATION ACCUMULATOR
Figure 5-2. Arithmetic/Logic Operations
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5.5.1.1 Arithmetic/Logic Operations

The heart of the subsystem is the Arithmetic/Logic Unit (ALU)
which performs the actual addition, subtraction, or logical
operation. It has provision for two inputs:

Input 1: Comes from the accumulator selected by the ACD field
and is used only in the operations which require two
operands (ADD, SUB, ADC, and AND).

Input 2: Comes from the accumulator selected by the ACS field
and is used in all operations.

The ALU perfo
the OPCODE :

:the arithmetic or logic operation specified by
bits 5-7). The result of this operation may
to occur from the most significant bit of the
[+ of an operation which adds unsigned integers, a
‘equivalent to overflow; however, this is not always
2 for a more complete discussion of

metic or logic operation involves a
ry preselected by the CY field of the
omplemented. The resulting carry (CRES),
bit operation result generated by the ALU,

the Shifter, where a
ur as determined by the SH
fting, the carry (CNEW) and
ded into the Carry Flag (C)
D), unless this is prevented
case, they are
ine if the next
the SK field of

carryﬂout (CouT)
instruction (Cs
together with .t
is applied

the 16-bit opera
and the destination accumu1=
by a 1 in the No-Load
tested for a skip con
instruction should be :
the instruction.
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5.5.1.2 Overflow and Carry-Out Operations

The 16-bit numbers processed by the ALU may be thought of as
unsigned integers between 0 and 64K or as 81gned integers between
-32K and +32K.

Unsigned- Signed :
Binary Number Interpretation Interpretation
(in ALU) Octal Dec. Octal Dec.
1111111111111111 177777 64K-1 -00001 -1
3 177776 64K-2 -00002 -2
100001 32K+l -77777 -32K+1
100000 32K =-100000 -=32K

32K-1 +77777  32K-1
32K-2 +77776  32K-2
Y +00001 1
0 00000 0

er interpretation, there is the possibility
r greater than the maximum number that can
underflow (less:than the minimum). 1In
ect result if no overflow
64K more than or less than
is underflow or overflow,

of an overfl
be represen

s, and will p
respectively. :

There is a relatlonsh“ rflow and the

is not a simple

one, as shown in- the féllm
1. Unsigned integers:

Decimal: 0 <
Octal: 0 <

When ADDing two numbers, if the true result is “than 64K,
the ALU will produce the correct result and n ~ry-out will
result. If the true result is greater than
the ALU will produce 64K less than the tru
true result truncated to 16 bits), anc
result. Note that in these cases a carr
with overflow and indicates that the AL
true result.

sult (i.e., the
Ncarry out will
-out is synonymous
output is not the

SUBtraction is accomplished in the ALU by complementing the
subtrahend and adding it to the minuend, with a carry-in.
Therefore, when SUBtracting one unsigned integer from
another, if the true result is positive or zero, the ALU will
produce the true result and will also produce a carry-out.
If the true result is negative, the ALU will produce the -true
result plus 64K (since all numbers are interpreted as
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positive), and no carry-out will result. Note that in these
cases a carry-out is the opposite of underflow and indicates
that the ALU output is the true result.

2, Signed Integers

Decimal: <=32K <= x < 32K
Octal: =100000 <= x <=77777

When ADDing two positive integers (or SUBtracting a negative
integer from a positive one), if the true result is less than
32K, the ALU will produce the true result and no carry-out.
esult is greater than or equal to 32K, the ALU
ppear negative (since the MSB = 1), being 64K
rue result, and no carry-out will occur. Note
case an overflow is not signalled by a

rs with opposite signs (or SUBtracting
5. same sign), the ALU will always
r S8ince the true result must be
A carry-out will occur if the result
' it is negative.

gative numbers (or SUBtracting a positive
gative one), if the true result is greater
o -32K, the ; 1 produce the true result.
-32K, the ALU output will
ill be 64K greater than the
carry-out Wlll always occur.

number fr

I1f the true
appear pos
true result. In either

These relationships a
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5.5.2 ARITHMETIC/LOGIC FUNCTIONS
The OPCODE field (bits 5 through 7) defines one of eight

arithmetic/logic operations to be performed by the 16-bit ALU.
Table 5-5 defines these operations.

TABLE 5-5. ARITHMETIC LOGIC INSTRUCTIONS

Bits
5-7 OPCODE .:Definition

000 Co! iplement: Complement the contents of ACS. Do

ot modify the preselected carry bit.

100 ADC dd the complement of ACS to

d carry bit if

 ACD. Complement
. ACS is less than or

101 SUB Subtract: .
the preselected Carry b
equal to ACD.*

110 ADD Add: Add the con
ACD. If the uns
equal to two to the sixteenth power, c
the preselected carry bit.

111 AND And: Logically AND the contents o S with the
contents of ACD. Do not modify ‘preselected
carry bit.

*Using a 16-bit unsigned integer interpretation.
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5.5.3 SECONDARY FUNCTIONS

The SH (Shift), CY (Carry), NL (No-Load), and SK (Skip)

fields specify secondary operations performed on the ALU

result produced by the OPCODE field. These fields are
discussed in the sections that follow.

5.5.3.1 Shift Field (SH)

The SH field (bits 8 and 9) determines the shifting action
(if any) pi uced by the Shifter on the result of the
calculatio uced by the ALU as defined in Table 5-6.

SHIFT FIELD FUNCTIONS

No Shlft'

00 Do . modify the ALU result.
g:- from the ALU operation
01 ft the result one place to
:insert the state of the carry
RES) in the LSB
10 R Right Rotate: esult one place to
the rlght, and 1ns‘ ‘state of the carry

11 (] Swap: Swap the 8 MSBs of the
the eight LSBs., The carry r ting from

the ALU is unaffected.
HM-080-0019-01 INSTRUCTION REPERTOIRE
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5.5.3.2 Carry Control Field (CY)

The CY field (bits 10 and 11) specifies the base to be supplied
to the ALU for carry calculation, as defined in Table 5-7.

TABLE 5-7. CARRY CONTROL FIELD FUNCTIONS

Bits

10-11 Mnemoni Definition

No change: The current state of the carry
flag is supplied to the ALU as a base for
carry calculation.

The value 0 is supplied to the ALU as
r carry calculation.

e value 1 is supplied to the ALU as
for carry calculation.

plement: The complement of the current
ate of the ca lag is supplied to the
i“ALU as a bas rry calculation.

9%V, COM, AND
it to the

pPly the values
r. The five
B, 'NEG) supply the
peration produces a
e value listed above.

complement of the base
carry-out of bit 0; otherwise they sup

5.5.3.3 No-Load Field (NL)

put of the
the shifter
no storage

The NL field (bit 12) determines whether or not th
Shifter is stored in ACD and in Carry.
output is stored in ACD and in Carry.
action occurs.
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5.5.3.4 Skip Control Field (SK)

The SK field determines the type of skip test to be performed on
the Shifter output. If the selected skip test is affirmative,
the next instruction is skipped. The skip tests that can be
selected by the SK field (bits 13-15) are defined in Table 5-8.

TABLE 5-8. SKIP CONTROL FIELD FUNCTIONS

Defnition

No skip test (never skip)

anconditionally (no skip test
d)

{f carry bit is zero

011 ip if ‘carry bit is nonzero
100 vSkip if resu l‘zero
101 R S nonzero
110 SEZ
111 SBN
HM-080-0019-01 INSTRUCTION REPERTOIRE
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5.5.4 ASSEMBLER LANGUAGE CONVENTIONS AND EXAMPLES

The assembler language arithmetic or logic instruction consists
of the instruction OPCODE mnemonic (ADD, NEG, COM, etc.) followed
by symbols that specify the carry indicator, the shift indicator,
the load/no-load indicator, a source and a destination
accumulator and the skip conditions. Table 5-9 shows the
programming conventions for Arithmetic and Logic Instructions.

The format is as follows:

AD

CIL|# 0o,|1,}|sz2¢C

\ NN\ \S |
ACS  ACD K (Skip)

Instructi
Field

The
appropriate mnem
be specified, b
and place if:ith
be assembled co

ields are specified by adding the
ols. None of these four fields has to
symbols must appear in the proper order
included. Thoge fields not specified will

complement of the Carry.
to the left, and store
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5.6 INPUT/QUTPUT INSTRUCTION GROUP

The Input/Output Instructions enable the processor to communicate
with the peripheral devices on the system and also perform
various operations within the processor. I/0 instructions
transfer data between accumulators and devices, start or reset
device operation, or check the status of each device. Each I/0
instruction contains a 6-bit device code field, which specifies
the particular device for this data transfer. The system allows
up to 63 peripheral devices, with each device assigned a unique
code from 00 through 76 octal. The 77 octal code denotes a
special class of instructions that controls certain CPU functions
such as int 'upt handling. Use of the 00 code is not
recommended, a device with that code would give a default
rrupt Acknowledge instruction.

ords in this category have the following format:

8§ 9 1011 12113 14 1S
I

1 LR
CTRL DEVICE CODE

gnated by 011 in bits 0-2.
define the I/0 operation to
operation is involved, the AC
the CPU Accumulator involved in
has no effect). Bits 10-15
pond to the truction.

The OPCODE an
be performed.
field (bits 3 and 4) specif
the data transfer (othe
select the device that

5.6.1 PROGRAMMED I/O INSTRUCTIONS

Programmed I/0 instructions apply |1 device codes €

77. I/0 transfer instructions a
NIO, DIA, DOA
piovides for

The POINT 4 MARK III programmed input/output sy
the following functions to be specified:

o Full 16-bit data transfer:
- Input channel (DIA)
- Output channel (DOA)

o Control Functions:
- Three control pulses which specify multiplexer, disc or
tape transfers, designated by S, C or P, respectively.
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These input/output functions are illustrated in the diagram
below:

To Be Supplied

-bit address decoder (bits
tes an I/0 instruction, it
e:onto the Device Select lines of
ce will recognize its own code
struction,.: other devices

Each device i rface contai
10-15). When“the processo

places the specified device
the I/0 Bus. The appropr.
and thus respond to th
ignore the instruction
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5.6.1.1 I/O Transfer and Device Control Instructions

I/0 Transfer instructions move data between the processor and the
device interface. The OPCODE field (bits 5-7) of the instruction
specifies the type of transfer to take place (Data In, Data Out,
No Transfer, etc.). Bits 3 and 4 specify the accumulator that
supplies or receives the data and bits 8 and 9 specify a control
function which is not used in i/0 transfer instructions. The
type of transfer is determined by the code in the OPCODE field as
illustrated in Table 5-10.

2-5-10. I/0 TRANSFER INSTRUCTIONS

##ransfer involved. Device control

001 ers (reads) the contents of either the
sfegister in the specified
010 contents of the
y the AC field to
either the command o] data register in the
specified device. vice code is even,
the contents of accumulator .1 be
transferred to t ommand register. he
device code is®odd, the contents: i e
accumulator will be transferred t e data
register,
HM-080-0019-01 INSTRUCTION REPERTOIRE
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5.6.1.2 Assembler Language Conventions and Examples

An assembler language I/0 Transfer Statement consists of the
instruction mnemonic, an optional control function, an
accumulator and octal device code. Table 5-11 shows the
programming conventions for Regular Input/Output Instructions.
For Example:

DIA 2, 50

Instructio Device Code

Accumulator

If AZ=0, DMA transfer will be
transfer will be activated.

esented by a device mnemonic. Thus,

e previous e e because DSC represents

troller).

is equivale
device 50 (dis

A No-1/0 (NIoi. an accumulator since no data

transfer occurs:

NIO DsC
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TABLE 5-11.

ASSEMBLY LANGUAGE CONVENTIONS

FOR INPUT/OUTPUT INSTRUCTIONS
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5.6.2 SPECIAL CODE 77 (CPU) INSTRUCTIONS

Certain system functions and interrupt processing control are
accomplished via I/O instructions with the octal code 77 in bits
10-15. These instructions do not directly address a particular
device and the device code mnemonic is CPU.

CPU instructions have the same general format as regular 1/0
instructions. The OPCODE field and Control field, however, are
interpreted differently.

OPCODE Field:

l I/0 devices simultaneously for certain
rol functions.

o Addresses the

See the chart’
instruction functions.

The CPU has two flag
instructions:

O BUSY - ION set (Interrupts are en

o DONE - Power-failure has been:detected (Will causeéx
if ION set and software willstop operations in.
prevent power failure while performing a disc trans

5.6.2.1 Special Mnemonics for CPU Instructions:

The assembler also-recognizes several specia nemonics for CPU
instructions. The regular instruction mnemonics and the special
mnemonics along with a description of special CPU instructions
are listed in Table 5-12.

HM-080-0019-01 INSTRUCTION REPERTOIRE
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TABLE 5-12. SPECIAL CPU I/0O INSTRUCTIONS

Special
Instruction Mnemonic Definition

NIO CPU No Action

NIOS CPU INTEN Set the processor's Interrupt On (ION)
flag. The processor will now respond
to interrupt requests from devices,
after execution of one more
instruction.

Clear the Interrupt On flag, so that
the processor will not respond to
~interrupt requests.

£ up the Interrupt Disable flags in
1 devices simultaneously, according
20 the mask code in accumulator a. A
“MSKO with a=177777 disables interrupts
from all devices. A MSKO withl77776
enables all.interrupts. A MSKO with
nables interrupts as
by the LSB. The values a=1l

DICC 0,CPU

isc control reglst
| tape control regi
but does not change mu lexer
communications controlle :
the IOCB pointers in accumulators Al3,
Al4, and AlS.

DoC 0, CPU HALT Transfers control ¢t e processor
Virtual Control Pani thus enabling
use of MANIP commands for front panel
operations.
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Note that the special mnemonic does not allow the programmer to
specify the S and C functions. For example,

MSKO 3

when executed, MSKO3 sets the interrupt status based on the value
in accumulator 3. To activate the disc controller it would be
necessary to use:

DOBC 3,CPU

The instruction IORST, however, assumes the C function. All I/O
device flags . reset and the ION flag is cleared.

. in conjunction with DIB and DOB
e 77 to control interrupt polling and
describes the functions of the control
d with DIB and DOB instructions.

HM-080-0019-01 ‘ INSTRUCTION REPERTOIRE
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TABLE 5-13. CONTROL FIELD DEFINITIONS FOR
I/0 INSTRUCTIONS WITH DEVICE CODE 77

OPCODE Control
Bits OPQODE Bits Control Definition
5-7 Mnemonic 8-9 Mnemonic
011 DIB 00 None None
None None
011 DIB 01 S Reads pointer for multiplexer IOCB to
determine if an interrupt is pending
(MSB=1) .
C Reads pointer for disc controller IOCB

to determine if an interrupt is pending
(MSB=1) .

Reads pointer for tape controller IOCB
to determine if an interrupt is pending

“activate multiplexer. DOA
ons may be issued to ports to

100 DOB 10

“hntroller. The

100 DOB 11 pointer to tape IOCB

: tape controller. The c
performs autamatic bloc

on information in I0C

issued with accumulat

automatic block fer is shut off

and/or pending errupt bit for tape

controller is resét.

nsfer based
3, "If a DOBP is
or set to zero,
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5.6.2.3 Skip Instructions

A value of 111 in bits 5-7 signifies a conditional skip
instruction. The function field in this case indicates which
processor flag (Interrupt On or Power Fail) will be tested, as
shown in Table 5-14.

TABLE 5-14. I/O SKIP INSTRUCTIONS

Definition
Skip next instruction if Interrupt
On is nonzero.

kip next instruction if Interrupt
is zero.

“Skip next instruction if the Power
Failure flag is nonzero.

Skip next:i
Failur

struction if the Power
"~ is zero.

cial mnemonics
written in the
specifying the
unction, optional
tal*(mnemonic CPU). Por

instruction mnemonic, C
accumulator, and a device code of 7
example:

NIOS CPU

sets the ION flag in the processor.

HM-080-0019-01 INSTRUCTION REPERTOIRE
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2.7 INSTRUCTION EXECUTION TIMES

One of the outstanding features of the POINT 4 Computer is the
substantial reduction in instruction time over execution time in
Comparable mini-Computers. Table 5-15 gives instruction
execution times for the POINT 4 Computer.

TABLE 5-15. INSTRUCTION EXECUTION TIMES

A Execution Times
:xruction (Generic Types) (nanoseconds)

Instruction
Category

ad or Store Accumulator 1400
(LDA,STA)

MEMORY i
REFEREN E

Pecrement if Zero 1800

800
800
600

seoutine (JSR)

600

0
200

ARITHMETIC/ :i
LOGIC

2600
2200
2000

INPUT/
OUTPUT

DATA CHANNEL Disc Transfers:
TRANSFERS Input (16 bits)
Output (16 bits)

MUX Transfers (includes automatic
vectoring, special character test
and buffer-end test):

Input (8 bits) 9600
Output (8 bits) 8400
Tape Transfers:
Input (8 bits) 5600
Output (8 bits) 5600
HM-080-0019-01 INSTRUCTION REPERTOIRE
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These times are exclusive of three types of overhead:

1. A 600-nanosecond refresh cycle takes place once every 16
microseconds - this adds about 4% overhead.

2. Arithmetic/Logic instructions on RAM page boundaries (2 least
significant digits of address = 76 or 77) take an extra 200
nanoseconds - this results in approximately 1/2% overhead.
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Section 6

PERIPHERAL DEVICE HANDLING

6.1 PERIPHERAL INTERFACE BOARD

engine. The CPU multiplexes its
ling modules on the PIB as needed.

o Separate
o DMA Data:! £
o Simultaneous:Operation of Thr
o Ease ot Soft e Interface

ups of Peripherals

6.1.1 SYSTEM DESCRIPTIOX
The PIB contains .three mai
1. Asynchronous Communications Modul

2, CMD/SMD Disc Drive Module
3. Tape Drive Module

Utilizing these modules, the MARK III system can con up to
three different types ot peripherals simultaneously
Figure 6-1 shows the basic System Block Diagr or the PIB.
Communications is via the MUXI-BUS DMA fac111 utilizing I/0
Control Blocks (IOCBs) for access control,. e PIB includes
device control and instruction decode logic. “This allows the CPU
to access each module individually. i
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TO BE SUPPLIED

Figure 6-1. Basic System Block Diagram
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6.1.2 EQUIPMENT CHARACTERISTICS

6.1.2.1 Performance Characteristics
COMMUNICATIONS CONTROL
Transmission Type: Asynchronous

Line Types: Half or Full Duplex

Line Interface: RS-232C

DISC DRIVE INTERFACE

Drives per Control

Drives Type: SMD/CMD.:

rives suppo!
interface signal

ng the sector mark

DMA Transfer Rate: 1l.25 Megabyte

Sector Size:
Header - 4 words
Data - 256 words

TAPE DRIVE INTERFACE

Designed to be compatible with industry

standard streamer
tape units. -
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INPUT/OUTPUT INSTRUCTIONS

Input - DIA

Output - DOA

Device Codes:
10-17 = MUX Ports 0-3
50-55 = Disc
60-62 = Tape

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

Skip if Power Fail Detected
‘SKPDZ = Opposite of SKPBN, SKPDN

Temperature:
0 to +50C operat
=20 to +100C non-op

Relative Humidity: 5 to 90% noncon

Dimensions: 14.5" x 12" (36. :k 30.5cm)

6.1.3 PIB INTERNAL ARCHITECTURE

Figure 6-2 shows the internal architecture o e Peripheral

Interface Board.
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Figure 6-2. PIB Internal Architecture
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6.2 INPUT/QUTPUT INTERFACE HANDLING

This section provides information to the user about the basic
operating principles and programming methods for the input/output
devices that are compatible with the POINT 4 MARK III computer,
There are two types of I/0 devices:

o Those that transfer data via I/0O programmed instructions only

o Those that use Direct Memory Access (DMA) for input/output
transfers

The followin

g: gubsections outline the interrupt handling and
priority schet '

rogrammed transfer handling and DMA channel

PRIORITY SCHEME

quire service within a short time
t they need service infrequently
speed and only a small amount of time
dce them. Failure to service within the

varies among devices) causes operation of
the device | nd can result in loss of

information.

The use or interrupts in the cu t program sequence facilitates
concurrent operation of the program and a servicing of
number or peripheral de
allows an I/0 device t ~
interrupt occurs, the pro

and starts a device serv

hen the routine is
srrupted program.
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6.2.1.1 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:

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

o At least one device has a pending Interrupt Request

o Interrupts are enabled (i.e., ION is set)

ponds to the interrupt request by storing the
ygram counter into memory location 0 and jumping
.on addressed by memory location 1. Location 1
of the interrupt handling routine.
the start of the interrupt service
by the software at the end of the

nly priority level for interrupts. The
uction is used, however, to Mask Out
s'allow use of programming routines using
INTDS/INTEN i ‘tions. The sin driority level is reflected
in the least si icant bit (LS “the accumulator specified
in the MSKO ingtruction. T st significant bit of the
accumulator can be interpre as: follows:

interrupts a

Accumulator
Value

oDD
EVEN
=1
=0
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6.2.1.2 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). The DIB instruction with a device code of 77 (CPU)
is used to read the IOCB pointers (accumulators 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 controller
(P). The resulting I/O instructions are:

o DIBS (a),77 Read MUX Pointer
o DISC (a), Read Disc Pointer

the

an INTDS or a MSKO instruction. The
e used to constantly poll the IOCB
3B for = 1., Upon detecting a pending
or stores the value of the program
location 0 and jumps to a device service
vicing of the first pending interrupt
s should be checked, since
ing at one time.

1.

cou
routine.
encounter

i instruction. The system
automatic transfer mode. When an interrupt is
testing service, the processor will
: jymp to a software
B. instruction is

2. Enable int
will now bein
generated by a device
reset the interrupt
interrupt handling.ro ‘ 3
used to read the IOCB pointers to chec
controller causing the:interrupt will
as described in Subsection 6.2.1.1
one contoller is requesting servi
at this time. If not, a pendin

serviced immediately
te that if more than
each should be serviced

terrupt will be

either case the controller will set the inte
flag and the processor will reset the interrupt
and jump to a software handling routine,
above.

“as described

When using either method, the software must first reset the
pending interrupt bit in the IOCB pointer and then turn off
automatic transfer mode. if required (usually not done for the
multiplexer). Next the software must jump to an interrupt
servicing routine.

The IOCB for each multiplexer sort 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
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by the IOCB for this device. The Operatlon Complete Bit is
essential to multiplexer operation, since there is only one
pending interrupt flag for the four 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 four IOCBs for
multiplexer ports to determine which port needs service (Bit 0
set to 1). There may be more than one port completing 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

s been detected and is read by the
ause of the interrupt. This bit must

be taken int«
processing proc

'ng polling and interrupt
terrupts other than those
e Board (i.e., power-fail
his flowchart. Figure 6-3
interrupt pending bit., Arrival
ave been from a

interrupt) are not coverce
commences with the pollin

constant polling sequen;
to a poll routine. ’

Figures 6-4 and 6-5 are flowcharts
routines for the multiplexer and for
the service routines shown only into account
Operation Complete and Summary Error bits. The remalnde
service routine is determined by the programmer.

c or tape.
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D

DIBS (a),l9

Figure 6-3.
Handling Plowchart (1 of 2)
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LOAD ACCUMMULATOR
WITH #

AND 077777

¥
DoBS (a),10
MUX

GOTO MUX
SERVICE
HANDLER

Figure 6-3. Software Polling/Interrupt
‘Handling Plowchart (2 of 2)
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®PORTS 1, 2, +3 HANDLED
IN SAME MANNER AS PORT §

Figure 6-4. 1I/0 Service Routine Multiplexer a—
Handling Procedures o
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Cﬂi)

LOAD ACCUMMULATOR
WITH CONTENTS OF
CONTROLLER STATUS
WORD OF CIOB

Figure 6-5. I/O Service Routine Disc
Tape Handling Procedures

PERIPHERAL DEVICE HANDLING

HM-080-0019-01
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6.2.2 PROGRAMMED TRANSFERS

For programmed input/output the program directly controls the
data transfer between the CPU and the I/0O device. Programmed I/0
is used by the multiplexer in byte mode of communications. As
discussed in Section 5.6, on Input/Output Instructions, each data
word is transferred between an accumulator specified in the
instruction and an 1/0 device register,

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

(reads) the contents of either the status or
ster in the specified device into the CPU
If the device code is even, the contents of the
e transferred If the device code is

he contents of the CPU accumulator to
ori‘the data register in the specified
ice code is even, the contents of the
ransferred to the command register. If

See Subsectio description of Byte Mode

.2 for a det
Operations. -

6.2.2;1 Master Termin }

e logic for input and
: e keyboard, some
put®logic interfaces to

The CRT I/0 controller has separate in
output. The input logic interface
Teletypes, a paper tape reader. Th :
the video display. When the CRT ig ¢onnected to the co er, a
character entered on the keyboar input to the compu must
be "echoed"™ back to the output intérface logic on the in
order to appear on the screen.

esented by
eight bits,
parity bit.

All aiphanumeric and control characters are
standard ASCII code (see Appendix C) consistin
the most significant of which is usually an ev
The following are programming conventions~:br handling CRT
terminals:

Instruction Formats: The data transfer output instruction
transmits bits 8-15 from the specified accumulator to the
output interface register. The input instruction loads the
input interface register into bits 8-15 and resets bits 0-7
of the specified accumulator.
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Terminal Data Word Output: To transfer a data character from an
accumulator to the terminal data register, the following
instruction is used:

DOA (a),1ll
(where (a) stands for any of the four accumulators).
Terminal Command Output: To transfer a command from an

accumulator to the Port 0 terminal, the following
instruction is used:

on will cause bits 8-15 of the accumulator to
‘egister of Port 0. bit 0 of the accumulator is

When a key is pressed on the
s placed in the data register. 1If
an interrupt is requested. The

minal status will cause an
"are enabled. The program
“from the Status register into
cumulator using a:

Terminal Staty
interrupt
must read the status of P¢
bits 8-15 of the specified .

DIA (a),1l0
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6.2.3 DIRECT MEMORY ACCESS TRANSFERS

Mass storage devices such as tape drives, and discs can transfer
blocks of data at high speeds directly into memory, without
requiring programmed I/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 cnannel logic.

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 finished with the DMA transfer, the device
generates an rrupt if so enabled. At the start of each
1nstruct10‘“ the processor checks to see if a device is
requesting If a device is requesting service, the

istruction and how many other devices
Once the processor reaches a point

checks each IOCB pointers for an
(bit 0) set to 1. The first device

if required. An exception
“in which case the DMA is
“‘alternate cycle being used
The first device serviced

is made if Powe
allowed only ew:

never waits longer than th
finish the instruction tha
is synchronized. Howeve?

.being performed:when the request
irect addres an extend this
xecution ti

See Subsection 6.2.1.2 foriInterrupt H Procedures.
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6.2.3.1 Enabling/Disabling DMA Transfers

The Mask Out (MSKO) instruction is used to enable and disable DMA
Transfers. In order to enable/disable DMA Special values must be
loaded into the CPU accumulator specified in the MSKO
instruction. These values are:

Accumulator

Value Function

l Disables DMA to controllers
0 Enables DMA to controllers

£ expressing the MSKO instruction is to use a
th a device code of 77 octal as follows:

Accumulator
~ Function

Disables DMA to controllers
Enables DMA to controllers

o
Control Panel-MANIP)

DMA should be disabled the minimum time
period of time disabled, the great.

overrun or data in the multiplexer
come to a stop.
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6.2.3.2 Initiating DMA Transfer

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

DOBS (a),77 octal Set Multiplexer IOCB
DOBC (a),77 octal Set Disc IOCB
DOBP (a),77 octal Set Tape IOCB

Accumulator (a) 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:

Device Controller IOCB

Disc
Tape
Multiplexer

ontain a value of 0, the device
'in the system. The most significant
tor is set to 1 when there is an

IOCB. An example for disc DMA

ending parameters suppli
operation would be:

I0CB Address: 07500b
Instruction: 'DOBC Al,50
Accumulator 1 Value:

Al = 0111101000000000

Memory address
Must be set to 0
(Reserved for pending interrup

When issued to the multiplexer, the DOBS i ruction sets the
software pointer to the multiplexer IOCB 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 the
port whose IOCB address was in the accumulator of the DOBS
instruction. The DOA instruction will initiate DMA transfer
between the CPU and the peripheral device.
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6.2.3.3 Turning Off Automatic Block Transfer Mode
For Disc or Tape

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

Instruction: DOBC Al, 50

automatic transfer mode
ng interrupt

. NOTE

t significant bit
JOBC or DOBP is
the MSB, it will
inltlate proce331ngl“ “interrupt which may
or may not be p ng:for the controller
whose IOCB addr as.:in the accumulator,

6.2.3.4 Turning Off Automatic Block Tr
For Multiplexer :

More caution must be taken wh sing a DOBS to*™
automatic block transfer mode to the multiplexer and/or ;

pending interrupt bit for the multlplexer. If the ag¢

is turned off for all ports. regardless of whethe rt is in
the process ot performing a block transfer.

For a majority of operations the DOBS is used
pending interrupt bit. 1In this case, t ontents 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.

y to reset the
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6.3 MUX GENERAL DESCRIPTION

TO BE SUPPLIED
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6.3.1 MNUX HARDWARE CONFIGURATION

The POINT 4 MARK III combines four communications ports. These
ports are RS-232 compatible, and can operate in either half or
full-duplex mode. The baud rate for these ports is
hardware-strappable.

6.3.1.1 Baud-Rate Selection

The following baud rates may be selected for MARK III
communications ports:

~ing for each baud rate. Table 6-2

Baud Rate

110
150
300
600
1200
2400
4800
9600

TABLE 6-2. PORT ASSIGNMERTS FOR BAUD

Header No, Port No.
J1l6 0
J1l5 1l
Jl4 2
Jl3 3
HM-080-0019-01 PERIPHERAL DEVICE HANDLING
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6.3.1.2 HNARK III Cabling Connections

Cabling connections for MARK III interface with a CRT and line
printer are indicated in Figures 6-6 and 6-7.

Figure 6-6 shows MARK III Asynchronous MUX/CRT cable connections.

Figure 6-7 shows MARK III Asynchronous MUX/line printer cable
connections.

O

Figure 6-6. MARK III Asynchronous MUX/CRT
Cable Connector Wiring
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Figure 6-7. MARK III Asynchronous MUX/Line Printer
Cable Connector Wiring
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6.3.2 COMMUNICATIONS BYTE MODE

This section outlines programming protocols for the MUX
controller on the Peripheral Interface Board (PIB), via the
Communications Byte Mode and the Communications Auto Mode.
Communications Byte Mode can operate in both DMA channel and
Programmed I/0 modes. Communications Auto Mode operates only in
DMA channel mode.

Byte Mode topics include: Programming Communications Controller
IC 6850; Operational Mode modifications; Command and Status
Registers; and Software Polling.

Auto Mode topi nclude: MUX I/O Control BLOCK (IOCB); Control
Word Defi F 5; Termination Status descriptions; and
Inltlallz" '

transfer are accomplished through
‘0OA and DIA instructions. A list of
es is shown in Table 6-3.

DOA, DIA DEVICE CODES

Device Code

(octal) Read (DIA). Write (DOA)

10

11

12 Status - Command

13 Data Data -
Port 2

14 Status Comman:

15 Data Data G
Port 3

16 Status Command

17 Data Data fﬁ
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6.3.2.1 Communications Controller IC 6850

IC 6850 is an asynchronous communications chip with four internal
registers. Two registers are read-only; two are write-only. The
6850 is totally programmed; in byte-mode operation, programming
is directed by the software. An example of the 6850 programming
process is provided below,using Port 0 and its associated device

codes (108 and 118),

6.3.2.2 Command Register

gnificant Byte of the accumulator is used. The
t Byte (Bits 0-7) is not used, and must be set to
the Command Register on Port 0. Bits,
s are shown in Table 6-4.
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15

Not Used

Receive Int:

9 10 11 12 13 14
CR7|CR6| CR5| CR4| CR3| CR2| CR1] CRO
M--'N L AN /]
. R

Transmit Contr

Word Select

Counter Divide

Figure 6-8. Command Register on Port 0
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TABLE 6-4. COMMAND REGISTER BIT FUNCTIONS

Bit Function
CR1 CRO (LSB) Counter Divide

0 0 Not Used

0 1 Divide-by-16

1l 0 Not Used

1 1l Master Reset

Word Select

(2]

Even Parity + 2 Stop Bits
0odd Parity + 2 Stop Bits
Even Parity + 1 Stop Bit
odd Parity + 1 Stop Bit

2 Stop Bits

1 Stop Bit

Even Parity + 1 Stop Bit
0odd Parity + 1 Stop Bit

HHHHHFOOOO

o 0O
o]
N
*

Interrupts Disabled
Interrupts Enabled

o

CR7 (MSB)
0 ReceiVer
1l Receiver

;Transﬁit Contfol is not used; must be set to zero
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6.3.2.3 Standard Mode of Operation

During power-up initialization, the 6850 is reset, then
programmed to a standard mode of operation. The POINT 4 MARK III
is delivered with a standard mode of operation established for

all ports. This standard mode is as follows: :

l. Divide-by-16 Clock

2. 7 Bits + Even Parity + 1 Stop Bit

3. RTS = Low, Transmitting Interrupt Disabled
4. Receiving Interrupt Disabled

Mode Modifications

es, it may be necessary to change the mode of
This may be done by issuing the

2. Redefine

DOA

If there is a need to ch

points should be conside
1. IC 6850 uses a Divide-b
data will result.

2. During the byte mode of syste
utilized. If interrupts are used, CR5 and CR7 must:
programmed accordingly. If interrupts are noi
status register may be polled to determine if t
is empty, or if the receiver is full.

ansmitter
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6.3.2.5 Status Register

Software utilizies 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 in
Port 0O: . '

DIA 108

i1l be the Least Significant Byte of the
ost Significant Byte is not used. Figure 6-9
Register on Port 0. Bits, instructions, and
riptions are shown in Table 6-5.
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7 8 9 10 11 12 13 14 15

ST7| ST6| ST5|ST4|ST3| ST2| ST1| STO

Interrupt Request

Parity Error

Receive Overrin

Framing Error
Clear To Send

Data Carrier Detect

Transmit Data Reé. Empty

Receive Data Reg. Full

Figure 6-9., Status Register on Port 0
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TABLE 6-5. STATUS REGISTER BIT OPERATIONS

Bit Instruction Operation

15 Receive Indicates that received data has been

(STO0) Data transferred to the Receive Data Register.
Register Cleared by reading the Receive Data Register
Full (DIA 11,) or by a Master Reset. Cleared
(RDRF) state f%dicates that the Receive Data

Register is not current or Data Carrier
Detect is high.

Set high ‘when Transmit Data Register
contents have been transferred, and new data
may be entered. Low state indicates either
that Transmit Data Register is full, or a
hi on Clear to Send is inhibiting data

gh when a loss of carrier occurs.
ion depends upon port connection to
Terminal Equipment (DTE) . In a
oint-t o—point connection, generated from
he Data Terminal Ready (DTR-) of the DTE.

May be reset by reading the
a register, or by

12 Clear to not 3.
(ST3) Send always tied lew,  Only set in the
(CTS) register when:ia hardware malfunctio
If it goes high, it inhibits th
Data Register Empty status bit.
11 Framing When set high, indicates t received
(ST4) Error character is improperly framed by a start
(FE) and stop bit. Indicates_err
character is available.
10 Receiver Error flag which indicates that one or more
(ST5) Overrun characters in the data stream have been
(OVRN) 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.
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TABLE 6-5. STATUS REGISTER BIT OPERATIONS (Cont)

Bit Instruction Operation

9 Parity Present as long as a data character is in

(ST6) Error the Receive Data Register. If no parity is
(PE) ‘ selected, both transmitter parity generator

output and receiver parity check results are
inhibited.

In byte mode, transmit and receive
interrupts should be disabled to prevent use
of this bit.

When a line printer is connected to Port 3,
indicates the status of the secondary RTS
lin:

IA positive (greater than or equal
V)
‘'EIA negative (less than or equal to
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6.3.2.6 Software Polling

Fiqure 6-10 indicates the programming stages required to poll
devices, in order to ensure that the data register is empty, and
may receive another byte of data.

PERIPHERAL DEVICE HANDLING
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CARRTE
ROUTI Ng

ROUTINE

Figure 6-10. Software Polling Flowchart
Por Output Operations
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6.3.3 COMMUNICATIONS AUTO MODE

6.3.3.1 MUX I/O Control Block

The MUX Controller supplies software control over four
communications ports and their parameters through programmed I/O.
Software control includes enabling and disabling the receiver and
transmitter, setting character length, determining parity tThe
MUX I/electing the number of stop bits. A Real Time Clock on Port
0 is also enabled or disabled under software control. .

+.IJ/0 Control Block (IOCB); the MUX Controller
3s in the PIB,. The MUX I/O Control Blocks
ormation which MUX uses for automatic data
ot contain data for selecting port parameters
sabling ports. All IOCBs must be contiguous in
e another by a multiple of 40 octal.

Each port has
utilizes fo
(IOCB) co
transfer,

Six words are used for MUX
‘ee even-numbered words (0,
umbered words (1, 5, 7)
“not used.

ight words.
‘6, and 7. The.
t; the three
'wo words (2, 3)

Each IOCB consist
control: 0, '
4, 6) control
control output.

The MUX IOCB is shown in Fig
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8 9 10 11 12 313 14 15
Input Character '

Output Character

Bin

Bin

Bin

Figure 6-11. MUX IOCB
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6.3.3.3 Input 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; word 6 is the Last Input Byte Pointer.

6.3.3.3.1 INPUT CONTROL WORD
The components ot word 0 are shown in Figure 6-12.

the Input Control Word, indicating each bit,
truction. and the resultant operation.

Table 6-6 defi
the appropri
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10 11 12 13 14 15

_Input Character

—Carrier Lost

Framing Error

Receiver Overrun

Figure 6-12. Input Control Word - Word 0
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TABLE 6-6.

INPUT CONTROL WORD DEFINITIONS

(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction
0 I0C (Input
Operation
Complete)

l1&2 Input
Mode

HM-080-0019-01

Operation

Set to one (1) if any of the following
conditions occurs:

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

a. Parity error (if parity is not
inhibited)

‘b. Framing effor (break detect)

Receiver overrun (DMA is disabled
for an extended period, or
another controller uses DMA cycle
for a similar period)

IOCB is in Single Character Input
Mode, and an incoming character is
stored in Bits 8-15 of

Interrupt Request is enabled
er is received

: urs (Carrier
) during a receive

controller & nd
Interrupt

IOC must be cleared by MU .zterrupt
Service Program. There is oximately
one (1) character tim “‘accomplish

this,

If another input character is received
while in single input mode, it overwrites
character in Bits 8-15.

Single Character Input Mode - each
incoming character is placed in Bits 8-15
of ICW. I0OC is set, interrupt pending bit
is set, and an interrupt generated.
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TABLE 6-6. INPUT CONTROL WORD DEFINITIONS (Cont)
(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction Operation

0 1l Not used (illegal)

1l 0 Automatic Input - incoming characters are
placed in input buffer defined by Input
Byte Pointer (IBP) and Last Input Byte
(LIB), if no interrupt conditions are
encountered.

Automatic Input with Echo - same as
Automatic input, except that each

haracter producing an interrupt
er than buffer full) is not
atically echoed.

NOTE

e must ensure that
errupt section is disabled
ied port., If interrupt is
controller will echo
haracters from
ditter interrupt

3 Special If this bit is
Character examines ea

a Special Character, controll
the character in Bits 8-15
Control Word, sets pending i
and generates an interrup
character will not be s
buffer. In addition, controller sets most
significant bit of ‘all incoming
characters to one (1).

4 Parity Set to one (1) when incoming character
Error has a parity error. When this condition
occurs. IOC Bit is set to one (1), and

stores character in ICW.
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TABLE 6-6. INPUT CONTROL WORD DEFINITIONS (Cont)
(WORD 0 OF EACH CONTROL BLOCK)
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