
—_

ES TTT TTT SP

POINT 4.
MARK Ill

OMPUTER

SER MANUAL

a

a ao |
a

,,
WwW 7

POINT
DATA CORPORATION

"

;

4 od

|

:
;

'

'
'

'

i
t

i
1

i

i

I

:

I

\

Waa

iP

ap

ube

ge
i

{

Ane
we

i

1
:

i

i

i
i

ab

:

t

{

i

i

1

i

{

i

'

1

'

i

i

:

i
\

i

i
‘

{

t

i

Df

aod

mi fi
igi
met

iu

i

|

i

i

i

ape

fh

'

i

i
a

|
!

:

|

i

|
|

I

1
1





POINT 4

MARK III

COMPUTER

USER MANUAL

44qgc

44442 44
4446 4 4444

44.058 444 44444
4 4aadda = 444444

“4 44adda =444444

4444444444 44444

444444444 4444

| 4444444 44
DRAPT VERSION 44444



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.
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by any means--graphic, electronic, or mechafiical, 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
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SECTION l

INTRODUCTION AND GENERAL DESCRIPTION

1.1 __ SCOPE

designed. to be: a general reference guide for both the programmer

and the operate
to familiarize the user w

quick reference materi

The manual is organized into six sections, a

Section I

Section

Section III © Operating pi

diagnostic guidelines

Section V : Instruction set

Section VI Peripheral interface guidelines

1.2 GENERAL DESCRIPTION

The POINT 4 MARK III Computer is a 16-bit, high-speed, general

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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1.2.1 FEATURES

The POINT 4 MARK III Computer includes the following features:

o CPU and 64 bytes of RAM on the same board

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

HM-080-0019-01 | INTRODUCTION
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1.3 EQUIPMENT CHARACTERISTICS

1.3.1 PERFORMANCE CHARACTERISTICS

Word Length: 16-bits

General Purpose Accumulators: 4

Memory Cycle Time: Isute_ 600 nanoseconds *u

RAM Access Time: 200 nanoseconds ¢£.,J ¢ unle .

Microprogram Cycle Time: 200 nanoseconds

Memory: 64K bytes

DMA for D troller

Inp 1200 nanoseconds per word

Ou 1200 nanoseconds per word

plexer
cally v

rosecond

‘byte access -

e

pt Respo 2000 nanoseconds

Backplane: 100-pin edge connector

HM-080-0019-01 | INTRODUCTION
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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

+12V @ 1.5A

-12V @ elA

OPERATING ENVIRONMENT

oe Be cee n eee

eaeeverrceggres

Cleese cece ee taeeseneenoens
tere cesses veeeeererense

aocereceneees
coeeconeeeee

seeeeenereeens F&F
coer en eseneeee

seecceeeasere
r

errr rr

Tn

Sn

SUIT

SEE 00000 EEE

sebeseeseeesss (0
 SSNS eR Sees

se eeneeteee eee baa eeeee
SPE 0000 Hpi:

SESS) 00000 TEEPE IDEs
wee ete ee ea ee ane

es mmeeesesene

se rewesnene

eee ee Boe

seeeee

seeoee

WR wees

wee eens esee

Dimensions: <24.5" x 12"
endo enonesecccnaseseseees 9 ent

(36. 8::em" x30.5 cm)
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1.4 SYSTEM ARCHITECTURE

TO BE SUPPLIED
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soeeene oe

He - :

aoees

vasenseeens

seeneeneee

eeeecene

eoneee

peeee
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1.4.1 SYSTEM FUNCTIONAL UNITS

TO BE SUPPLIED
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1.4.1.1 Central Processor and Memory Board

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

o 2903 Bit Slice Microprocessor (4 bits wide) containing four

general-purpose accumulators, plus 12 special-purpose

registers and arithmetic logic functions ,

o Microprogrammed Control Store

o Instruction Register

HM-080-0019-01 INTRODUCTION
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BE SUPPLIED
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1.4.1.2 Processor Chassis and Front 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

aecvensscoreses se eesserecce

further detail, see:Section 3.1 on Mini-Panel operations.
wer Mees ese see eet na emo oer

eae e eas reeese ee ear eeereeerre
eDEEDIDESD 

ee)

mance eed e ar esestosese
eee etn eeeeesecese

etree eer erees

whose cence sne

were e ween canes

pence n nce s eens

The Virtual Control Panel allows..ioh ‘toring and control of the



(1.4.1.4 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)

1.2 Frequen : 47 - 63 HZ

1.3 Powe A maximum

1.4 ent: 12 amps peak

26
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SECTION 2

INSTALLATION

dimensions: 14.5" x 12". gee” HE
enero eeees eonene

.

see eeetoverene
Leneeesacesnea:

set eerareesens
sae eeareeneane

eee eemeneeunee
seoaeevesesece
sameeren acenes
eaweeerorenys
eeenseeree

eaecauens

weeeeer

eanee
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2.2__UNPACKING INSTRUCTIONS

TO BE SUPPLIED

HM-080-0019-01 INSTALLATION
POINT 4 Data Corporation 2-2 MARK III User Manual



Figure 2-l. INT 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).

SIS Hin EEE
Pee ect teamee: lm lm eg rete ace e ee erencesc. If | pecans drive is to,be, connected, the second "B"

8.

9.

10. Push the PIB back into the chassis. <=. _-
ll. 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.
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TO BE SUPPLIED

Figure 2-2.
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BE SUPPLIED

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

OPERATING PROCEDURES

3.) PROCESSOR MINI-PANEL

conc seeeer eee eee mee weet res

on the left-hand side’ of the chassis: (eee Figure 1-1). There are

three types of operating functions: Gh the Mini-panel: processor
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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 indica

-1. POWER CONTROL SWITCH FUNCTIONS

Function

er to the processor and places the
el in the Panel-On Mode. In this mode

eeeene

ees eseene

eee eee nee OM rece eee sernes
cece cere ens eereeeneseea

e

the port 0 te€minal.
33 >
Suerte eerste

 tee

AUTO

OFF

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.
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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 toa l.

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

‘

Allows examination and deposit

It optionally

See Section 2.5
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3.2 VIRTUAL 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

pees e ae ee eeeereesoee
ceca eneseoae Freee seresar

wees reer erenee

aaee nace sons

ame m ener eerene

eee eeeneneseen
eae cree eee eeee

waverecoseues

eee eseeenee

pen eeaneee

wee e er neeee:
see neveseas

Table 3-3 lists the functions provided by MANIP (the number in
parentheses indicates the number of parameters required for that

aeteeecoeonet
e

eee ween aerrre
sree emoeanoeee

emcee eaetoenet
eevee eeesenens

Perrererrrn rn

eo eeereereres

eae oaeeneeces

eeererseesane

ares eaeneeons

see eceeensene

meee rssesanee

|. TABLE 3-3. MANIP COMMAND FUNCTIONS

- : Parameters
Code | ction Required

A Type t
carry f£ lop (0)

C Change accumulator ora : (2)

Dump (octal, word or byte (l or 2)

J Jump with. accumulators and car
restored : ce (1 or 2)

K Store a constant in a block “ (3)

M Move a block in memory a0 (3)

P Program load from disc |

R Read 3 blocks from CTU

T Run Self-test program (0)

$ Examine or deposit into a specified

location (2)

*Por 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. |
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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.

choices are a

eaamece

aaaeerceronee
weeaeverece
sneee
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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, Z, 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.
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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 AO, Al, A2, A3, and carry

flip-flop as they were at the time MANIP was

entered to be typed on the master terminal

reen.

Cx,y e accumulator or carry flip-flop.

ff xis 0, l, 2, or 3,n y is stored as

saved value for accumulator x (AO, Al, A2,

A3, respectively) -

then saved value of the carry

uis set to 0 or 1 according as y

of taet has been established (see F
x is interpreted as a real

_gatablished, and.;:ty ped out on the master
SHERI ghd terminal. The y parameter is not used in

this case. <
o Parameter Description

x - 1 octal digit 0-7
y-l octal word Bee

Dx Dump meméry in octal, beginnifig at location x,
| using addressing mode a. Eight words (or bytes

eee ee enene soe nee rs pees

Orme ee seer ne eae
peewee venvenas

line, with the address of the first word (byte)
at the beginning of each line.

Oo Parameter Description fh

x - an octal numbe’r representing a 16-bit
memory addreéss Se

JX Jump to location x (using addressing itiode a)
with accumulators and carry stored..."

o Parameter Description iis =

ee eeeseceneses

memory address

Kx ,VrZ 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 16-bit ending ats,

memory address :

z - octal number representing constant
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TABLE 3-4. MANIP COMMANDS (Cont)

Command &

Parameters Definition

Mx,Y,Z Move block in memory. Locations x through y,
inclusive, are moved to area starting at

location Zz.

o Source and destination areas may overlap in

either direction without bad effects.
Oo 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

\ details. ee
eee ree eersee

Beceraceree

se eeenaeee

seeseese

seeene

xsy Octal value y is stored at location x, and next
cell is opened.

Oo Parameter Description

x - octal number representing 16-bit memory

address

y - 1 to 6 digits representing an octal
value
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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.

y Ee and a RETURN. There are sixteen
ed by control codes from an ASCII

eo nnereseseres
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3e3e1.1 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 “Ww

ock CTRL S “s

Enquiry CTRL E “E

Verify Bl CTRL V “V

Write Buffér , “B

Access Buffer “A

Fill Buffer “F

Put in Buffer “p

List Directory *“D

Open File “Oo

Kill File oR

Rewind Drive CTRL Z

Select Track CTRL T

Initialize Track CTRL I

Cancel Command CTRL X “x
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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 Pesce

eee reneccacns

eee reece asene
wer ecereneceene

sede cence rscece
eee eset sees

“NOTE
errr rer rere

tase eee ee ge te mee ee

CTU: blocks contain only::128 words; IRIS
eae eeeeneneee

ee IE eae
teeeee

pewnenes

[ADDITIONAL BLOCK COUNT] gee
seca renters

a eeeeeeee

esac oee

ceeencceveceeees mer Me UR EEE EEE ne
PUREST ERSTE RE ES ee eee wee eta e vores

cence ee

sceeeceeseusrecerosensnnre
ae e meee een eer eee eraareess

cent w erro eters aeceresere
s

pee eeeneesener se eenerene

econ teneeeene «sw He Ose HE ERE ESOS

ce

eee teceeres

is 255. “HE | HEHE
seecesnowee
eee eee

er eeoasae

RETURN gee ,
ome eee eenne

se eepecseeesessoeae

seoese

Te aeeeee ees
Creme cceere

eee erennane eee e ene cee cons

aseieee

tee mem
 LEER ESEEEIDEEIUDIDITITIIIIS

ct eadsn oo % £2 te oo om ew me re ew ek ee ge at... em oe ee
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3.31.3 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 e

saweeeerorsenccees

oeeee

wesece waeee

. eeeBeet te eceeeeeee
eeener

eaenee

eeoees

rrrrer rr rssoereseeees ees gate eeenees
coe eseee seers et eet eeee

pee e senses eee ee eeeee

er aecenesecene 
ets

entered.
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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

does not allow writing onto tape.

cassette which contains DBUG, read

MANIP, then Jump into DBUG and use

RAM (CPU main memory), but

To write to the CTU, get a

it into memory by means of

its CTU write capabilities

(see Section 3.3.3).

All MANIP commands consist of a control character (CTRL and an

The only exception is CTRL X which
Data is

Table

Control

Character

CTRL D if tape

CTRL E

CTRL Ofile . then it’ is in the

CTRL R Read the open fil pe into memory.

CTRL Rx,;y Read from tape memory; read y+1 bloéks
starting at block x. CF

CTRL Sx Seek to block x on tape. CTRL $999 wil
wind the tape all the way forward.”

CTRL Tn Select track n (0 to l). a

CTRL X Cancel partially entered coiimand.

CTRL Z Rewind tape to starting position.
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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
eee newenoee oe

aac eececeers ves
eaee

HM-080-0019-01 OPERATING PROCEDURES

POINT 4 Data Corporation 3-15 MARK III User Manual



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

iis CTRL X which cancels’ any partially entered
Pr eTerrr rrr
sere pporescee

ey Data is stored on tape in blocks of 256

each. Table 3-8 lists the CTU commands used in

CTU COMMANDS IN DBUG
eseevns

easceene

wreoacens

Control Ch

Parame

i,e., transfer

into memory. Transfers y

starting at byte x. Default

CTRL Ax,;y

cecece ese GM cccccencsees eer,

SLIDDDIIIIUIE acces eee ese,
SIEEDISDIG DD eae eee cees

SEES 
SEES

Be 
StSDEEItihiitt See aeeees

CTRL Bx Write CTU buffer onto tape, at
‘block xX, fg,

CTRL D List directory (index) from ;tape,

CTRL E

CTRL F

CTRL Ix

Maximum = 1999 for 000 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. |
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TABLE 3-8. CTU COMMANDS IN DBUG (Cont)

Control Character/
Parameters Description

CTRL Ofile,x,y Create a directory entry for the
named file (max. 5 char.), starting

at block x and containing ytl

blocks of 128 words each.

Put into CTU buffer from memory,

transferring y bytes beginning at

byte x in the buffer. Default =

256 bytes starting at byte 0.

_ Read the open file from tape into

memory.

eee cic ewe ees we eene

aoe eee ecs eases

secre sesenereee

peer eonseseere

CTRL Z . Rewind tape to starting pos

NOTE

wee meenesnes
e

ee eesereese

transmitted to the CTU. Use CTRL X to cancel

that.
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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. |

ick-reference guide to the commands used for
a source to a destination.

Table 3-9 is a

data transfer

AND OVERVIEW OF DATA TRANSFER COMMANDS

Command

Tape

Memory

Tape

Buffer

Buffer

Memory Buf et uffer
cted byte(s) only
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2.4 POWERING UP THE SYSTEM

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

1.

2

36

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

The carry light comes on for approximately 1.5 seconds, goes

off for .5 seconds, comes on again and remains illuminated.
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3.) 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:

1. Compare Instruction Test

2. ALU and Data Bus Test

prerers
saeneee

eeeecesn

a rocences

eeeee

eeeresece

onenee

ones

seeeavecees

ween eeerercet
peccoseeese

eeaesaceves

wean ccvens

peecereser

saeeereces

eaeewavcers

a evcnccennes

weceroqueser:
sea naasecoos

ee eegeeegcese
en aseceecons

see saereneee

se seeeereseseoess

Sec cc ccc ect eres eer esenecsone
aden sence eeene

eannee

or: : initiating the POINT 4 MARK III Self-Test
on tests executed, expected results, and

see the POINT 4 MARK III Diagnostics

eeneee

eeccnce

eaeeaee

seanece
cote t eee gee eer ecncercoccens

ecco swe e entrees peer ee esos

Self-Test program. scccensful Completion: results in OK displayedSaeteee
eens

on the Master Terminal. waa She sat each time the Self- -Test
wee e cece ngmpesee

see e as ecceesr
e

cease eeesen ten
es

ace Meee see tet ng een PM aren r neces

sence eee ee gee nce e rane econnecrrr ec ecl ess
cece ceeeee

rrr

ee
woven

eresenecees
eeeensenear

seeereseses

eee neo eees
wececcensecs

Gaaeerceree oe

wea vec nce eee

eerecenseeeene

Cece ererecenc
e

weeaneceresess

waneeeaanesere

3.5.3 SELF-TEST ERRORS - fe

A Self-Test error is indicated by a continuously flashing arty
light. Refer to the POINT 4 MARK III Diagnostic Maniual for
detailea information on diagnostic programs, program: ‘Listings,
and error interpretation. . fee
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Section 4

INPUT/OUTPUT INTERFACES

Ae

d.

I

seas verse sece ewww e nes
ne ee ae eee eee erese

weer emenceces

tea e newt eee

Dee EE Te eee eens
eee eee ee meee oneee

seeet eee mm me qe ee wee

cee one t a Me teenerecar

weeeweeeeee

se eeeeaese
se eenees
saeeee

eee eee waaser

wee ese seeee
reece tne eesene

peeeeeeee

Se ng ete

Terres Peery

SED lw a Deere

elect sceweteeee | beteesesereere
poecccneaesbaes stenertor

saeeee

instructions, and are used to initialize and control 1/0
devices. Petes

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

Disc Status Flags (5 lines): Signals used to carry disc

status information to the processor.

Figure 4-1 is a diagram of I/O signals across the I/O Bus. Table
4-1 divides these signals by signal classifications, designates

the signal name and defines each signal function.
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BE SUPPLIED

AOA.
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TABLE 4-l.

Signal

Group Signal* Direction

Data DB00 Bidirec-

Bus to tional

DB0O15

Device DSO- From CPU

Sig

BW-/R From CPU...

Inter- ATNMUX- From Device
rupt :

Input

ATNDISC- From Device

ATNTPE- From Device

Disc FLAGO From Device

Status to |
Flags FLAG4 |

*All signal names
are active high.

ending with

HM-080-0019-01

POINT 4 Data Corporation

INPUT/OUTPUT SIGNALS BY CLASSIFICATION

Description

All data and addresses are
supplied to and from the device

via these lines. DBOO0+ is the

MSB.

The CPU places the device code
(bits 10-15 of the instruction

word) on these lines during the

execution of an input/output
instruction. DSO- 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

@irection of .data and control

transfersbased on the
instruction issued for that

servicing. EE

Used by firmware to transfer

status information.

*-" are active low. All others

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/O signals. The labelled
pins refer to the I/O control signals, data transfer signals and

the power lines used by peripheral controllers.
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CL- 59

GND 61

PWRF- 63

GND 65

XRESET+ 67

-5V 69

GND 71

-12V 73

-12V 75
GND 77

412V 79

GND 81]

+1 2VBU 83

GND 85

-5VBU 87

GND 89
+5 VBU 91

GND 93
+5V 95

+5V 97

FRM GND 99

HM-080-0019-01

POINT 4 Data Corporation

Bottom

GND

GND

+5V

+5V

DS2-

DSO0-

DSY-

BS-/R+

DB1 4+

DB12+

DB1 0+

DBO08+

DB06+

DBO 4+

DBO 2+

DB00+

GND

GND

IOBPLS-

GND

+12VBU

GND

-5VBU

GND

+5VBU

GND

+5V

+5V

FRM GND

Figure 4-2.

‘O71 98

1/2 GND

3} 4 GND
516 +5V

7; 8 +5V
9/10 DSl-

11/12 pDS5-

13)14 DS3-

15/16 DB15+

17/18 DB13+

19] 20 DB11+

21/22 DB09+

23/24 DBO7+

251 26 DBO 5+

27; 28 DBO 3+

29/30 DB01+

31] 32 GND

33{34 IOBRST-

35136 GND

37; 38 GND

39/40 FLAG4-

FPLAG2-

FLAGO-

ATNMUX-

GND

GND

AUTO-

GND

PWRGON-

GND

XRESET-

-5V

-5V

GND.::..
W112.
GND? EEE.

412

GND Ele
E2VBU

#3

Backplane I/O Signals
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SECTION 5

INSTRUCTION REPERTOIRE

were eeenes

ees en eeaeeeney
ese eee encccerees

cece. weet eee tes
eee te ee eeene

notation,::addressing modes, and the individual instructions in
se eens

DEIULEET nee re rane

see ttt te

the memory reference, arithmetic/logic, and input/output

we I

0 0000000000000000 000000

l 0000000000000001 000001

2 0000000000000010 000002

8 0000000000001000 000010

64 / 0000000001000000 000100

~ §407 0001010100011111 012437
32,767 0111111111111111 077777 (15 bit max.)
65,535 1111111111111111 177777 (16 bit max.)
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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 inéluding the sign bit (changing all 0's to 1's andSeeneeceeseneeeseeresver sy.
enemas cece ase e eee eeeeaaees

wc eeneeens

wee e weet ease

eee enc eenaeene

ween eeeee tees seeeee
wccesaecetears eee wenneeene

wn eceeoenes
eee neneee

seeeereeresee = —«-_«_ BRR OR HEH ERE

ce Oe, ll ae
meme t eee ncoeee certistes: a

Reece eee ete ml OER e ee

shee ee gq me tere anes egsarcccs

«FR wee
were eeerereene
eae esenuaeee

ern? frre rrr
a eeeresasene

eaecesececs

Ne ee... ee OE NO OEE Ne Se NM
ele e eee 

RL I ee

cence cee e neta merece eneeee

ene eeeee

aseeeee

stare ewes eene

ere eee nce ecanet

eet eweeccnanes

se ea see oceens:
epee eewecerene

rea beeeeneeese

eee ees rcceees

Decent nw eeeee

eee eee wees

sar eceeer

eeusens

eee
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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:

1. Memory Reference Instructions (instructions that reference a

memory location). These include:
Pererrreeea

ect ewes ere tates

severe eer es eeseeene

wet so cence

cece eee tee e ee ew neerasererer
te QM BM coe ceeetes

sete eeetes

STA'=Stere an accumulator into memory

JMP- Jump to another location in memory
Shaseeecs | ttre ee eeesees
Se ee i ti(i‘(‘é HR

SR -cdJump to a subroutine in memory
seen tee eet ees

sce ge ee we te ee ets
ececeneeens

fe TSZ2eInerement memory and skip if zero
EPhe hey OE OME OME resin POS Be NGOS Oe

SEEUEEESEIIEE qa ue gee EI gm sg EEE

gee D&S2 = Decrement: memory and skip if zero
eee eee eee eee e meme en netonereseee ete eacecegece wee erect ene nance

ember eneeeane

“uctions (instructions that specify a
Operation to be performed on

eee reeers aaa

see eeeecene coe
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$s 6|7 8 9 {10 11 12 {13 14 15

DISPLACEMENTINDIRECT INDEX

OPCODE CTRL | DEVICE CODE

sH | CY |NL] SK

se veceertee

seeeeacene

AC =

CTRL =

ACS =

ACD =

SH = Shift control

CY = Carry preselection

NL = No-load

SK = 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: 7

1. Move Data Instructions: LDA, STA

2. Jump Instructions: JMP, JSR

3. Modify Memory Instructions: IS2, DSZ

describe the way in which they address memory.

Each memory reference.instfuction uses one of several addressing
ecaceseaeeweres es eoesraeeenes

determine anveffective memory address, E. The processor
ili

ecified by the effective memory address

Ph9 1i 12 13 14 15

ee ee ee
INDEX|. = =DISPLACEMENT

ei ee

and 7 are the index, or X fiel

displacement, or D field. ce
see ee er eereee

addressing mode may be thought of as 
a "page" of 256 words

which the instruction can address directly.”

o The D field specifies the specific word 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

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 al, an indirect addressing sequence is required. In
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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5.4.2 TYPES OF NEMORY 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. )

and 4). -The contents of» “are unaffected,

10 STA
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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

Definition

Jump Instruction: The effective address, E,

0000

0010 ISzZ

0011 DSZ

If the

PC is

incremented by one to skip the next

instruction.
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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.

sie e were e oem seeres

se eee cw ewes ecees

cece ewe we neeen
e

LDA 1, @ 20 * ,
ween cere eer eee

stateeeeneesens

at enw ewaeseeene

pene se Bevesvesspecifies indirect, page-zero (X Field = 00) addreséing.

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.
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2.5 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
Oo Logic: MOV, COM, AND

8 9 10 11 12 13 14 15

I T TT

SH CY {NL SK
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DESTINATION ACCUMULATOR |

i |

ISOURCE ACCUMULATOR |
it

CINPUT #1) (INPUT €2)
+ ¢ =

han

SKIP COND.
TESTER

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).

HM-080-0019-01 - INSTRUCTION REPERTOIRE
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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 signed integers between

Unsigned Signed =
Binary Number Interpretation Interpretation

(in ALU) Octal Dec. Octal Dec.

1111111111111111 177777 64K-l -00001 -]
1111111111112:110 177776 64K-2 -00002 -2

100001 32K+1 -77777—--32K+1
100000 32K -100000 -32K
077777 32K-1l #77777 32K-1
077:776 32K-2 +77776 32K-2

1 +00001 1

0 00000 0

t+ Unsigned integers: ge

Octal: 0 <= x <= 177773"

bec ee sere enenee

er rrer reer ere
wetter ecco neeee

a senteessereree

seer eenseenacar

the ALU will produce 64K less than the true:fesult (i.e., the
Peerrseceneare

aera deeeeas

er reas conn ene ee
eee re ee eenenses

Reece r ac eerease

susere

wevece

true result.

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

HM-080-0019-01
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positive), and no carry-out will result. Note that in these
cases a cCarry-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 our.

the ALU

rer as
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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

101 SUB Subtract: .Subtract ACS ££om ACD. Complement
a mers eeenes

ee 
eee nes

110 ADD Add: Add the contents’ of ACS to the conténts of

err rrr er

111 AND And: Logically AND the contents of :ACS with the
saveenecenes

contents of ACD. Do not modify the 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) uced by the Shifter on the result of the
Calculati uced by the ALU as defined in Table 5-6.

SHIFT FIELD FUNCTIONS

éthe MSBInsert the Dut-Ehifted
into the carry bit (CNEW).

11 S Swap: Swap the 8 MSBs of the result with
the eight LSBs. The carry resulting from

the ALU is unaffected. ee
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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 Mnemonic Definition
eneages

aesecces

eae eoecces

eae neem ereeese

No change: The current state of the carry

flag is supplied to the ALU as a base for

Carry calculation. | |

ze

a

e value 0 is supplied to the ALU as
carry calculation.

e value 1 is supplied to the ALU as

for carry calculation.

output is stored in ACD and in Carry. If bit }@=IT, no storage
sme eeeeneenen

e

saree er eeeeena
e

ereTrrer rer

action occurs. EE
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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)

neonditionally (no skip test

)

carry bit is zero

011 ‘carry bit is nonzero

101 es

110 ip df either carry bit.or result is zero

111. SBN result are

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:

0, l, SZC

N
ACS ACD SK (Skip)

Field

NL

eorececenone
s

eae ee scene

Se eereneee
eveeees

seaee
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5.6 INPUT/OUTPUT 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/O instructions

transfer data between accumulators and devices, start or reset
device operation, or check the status of each device. Each I/O

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 intefisrupt handling. Use of the 00 code iS not

SIDED gilli.

Cee w see e eee e reese es ee ase

eee eens

10 11 12 13 14°15

| |a ae

DEVICE CODE

the following functions to be specified:

Oo 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

Each device i face contains: @ 6-bit address decoder (bits

10-15). When
pee eee onecccsapenere cer:

eee cere eee tence eee



§.6.1.1 I/O Transfer and Device Control Instructions

I/O 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/O transfer instructions. The
type of transfer is determined by the code in the OPCODE field as

illustrated in Table 5-10.

5-10. 1/0 TRANSFER INSTRUCTIONS

Def inition

cece neoce

ene e meen eeeeees
conc emmpesrsre

eorcccccesereees FH OHO REESE
eect em ce ssceese

satecenee

001 DI? {| @ransfers (reads) the contents of either the
eeeveeeerrees

a ppeseeeseee

“cathe AC field.
vesee

EE’ Contents ofsct

transferred,

010 DOA Transfe r:62

register.
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5.6.1.2 Assembler Language Conventions and Examples

An assembler language I/O 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:

N IO
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TABLE 5-11. ASSEMBLY LANGUAGE CONVENTIONS

FOR INPUT/OUTPUT INSTRUCTIONS

Be Supplied

eee seen

oaees

wee a sere nnwroee
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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 I/O

instructions. The OPCODE field and Control field, however, are
interpreted differently.

OPCODE Field:

o Addres

inter

l I/O devices simultaneously for certain

ol functions.

transfer functions such as resetting all I/Oo Do

vices:and transferrjng control to the Virtual Control Panel

evens

eens

see eeeenecereee serssererii

ee eeneeee

or ee meee

dresses the Multip]
ae ee neeerene

The assembler also-recognizes several special ttnemonics 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.
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TABLE 5-12. SPECIAL CPU I/O 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

terrupt requests.

up the Interrupt Disable flags in

devices simultaneously, according

the mask code in accumulator a. A

KO with a=177777 disables interrupts

from all devices. A MSKO with177776

enables all.:.interrupts. A MSKO with

pene e eee cere eee canes

co toqpecerceeersree
ssers

eee eam epee eec snes

DESETIDITI TT ee tee ee

Porerrernrr a EEE

GeePEESEEEEE Sp nti 
ES

wetaccertersen
ese

DICC 0,CPU IORST . = C€léars the processor: ION flag; clearseDELS TLD LL el OD, SR SEND: ee ee 8 Nee ee ONO ee eee
TEE CEES LE

aan vewenenete

See EEE RR gence ene
Sc ee teen rere ene

wae reece eoese

we OI TTD eee eee eeers
ce eee eaec eens

cower eancesone

come corer vece
s

seme eweeneeaane

pew eeenerercae
n

same eercerecnes

aeee re eereeern
s

DOC 0, CPU HALT Transfers control t6::the processor
ba veeoccereseee

ee wes eesarecner

econ MB secs

Virtual Control Panel, thus enabling

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 are:.reset and the ION flag is cleared.
eT PTETeree rere rrr)

soccer ns sareese ss eens

in conjunction with DIB and DOB

77 to control interrupt polling and

scribes the functions of the control

with DIB and DOB instructions.
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TABLE 5-13. CONTROL FIELD DEFINITIONS FOR

I/O 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

(MSB=1) .

100 None

100

100

100

on information in IOCB,::"If a DOBP is

issued with accumulator set to zero,

automatic block tratisfer is shut off

and/or pending intérrupt bit for tape

controller is resét.
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5.6.2.3 Skip Instructions

A value of lll 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. 1/0 SKIP INSTRUCTIONS

Definition

Skip next instruction if Interrupt

On is nonzero.

erect eee en eseeses

eo

seeeaareeere

eee enoeevee:

eee esessesee:
eee ee neweene

eee eenavacers

awe ene eeeeees

at eeeceeoeene

Skip next instruction if the Power

Failure flag is nonzero.

Skip next:instruction if the Power

Failure: flag is zero.

Same manner as regulat I/O instructions, specifying the

instruction mnemonic, optional control function, optional
accumulator, and a device code of 77: octal*(mnemonic ). For

example: fee

NIOS CPU ne

sets the ION flag in the processor.
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—

2.1] 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

Instruction Execution Times

Category <_ (nanoseconds)

a 1400

“ La - 800
EE 800

600

ARITHMETIC/ # t 600
LOGIC e "(00 of ADC, SUB, ADD, AND)

For skip add 0
For swap add 200

INPUT/ 2600

OUTPUT 2200
2000

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
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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 PERT PHERAL INTERFACE BOARD

nee reeeeeen

to access each module individually.
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& ' TO BE SUPPLIED

eee ee mem acrne

cee aaa

pew ewe eenoeees

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

Four

Drives Type:

interface signal

DMA Transfer Rates

Sector Size:
Header - 4 words

Data - 256 words

TAPE DRIVE INTERFACE

soreeene

seenee

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
sect wear eeeeneree

separ eaters er ea sare
e

coc eee ee eeeereeeess

sole cence teen ees

cee eect eee earaee

enaecceseerese 9egeeeenrer

Power Requirem

t5V de weseseeeee5
.7 A

“5V dC ceeveveeees
e4 MA

Environmental Requirements
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6.2. INPUT/OUTPUT 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/O devices:

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

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

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/O instruction is used to
designate multiplexer (S), disc controller (C) or tape controller

(P). The resulting I/O instructions are:

Oo DIBS (a),77 Read MUX Pointer
Read Disc Pointer

They are:

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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POINT 4 Data Corporation 6-8 MARK III User Manual

ERs



by the IOCB for this device. The Operation 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
Comptete bits, even if one set Operation Complete bit has been

etected.

eee eee seeacan

eae cedeeceoen
s

wee reeneccares

sate ee eeareree
vaeees

interrupt) are not covered in::this flowchart. Figure 6-3
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Figure 6-3.
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LOAD ACCUMMULATOR

WITH g

DOBC (a) ,50

DISC

GOTO DISC

SERVICE

HANDLER

AND 077777

F

DOBS (a) ,10

MUX

GOTO MUX

SERVICE

HANDLER

Figure 6-3. Software Polling/Interrupt
Handling Plowchart (2 of 2)
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eeoee

Figure 6-4. I/O Service Routine Multiplexer
Handling Procedures
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Co=_)
jy

| TOAD ACCUMMULATOR
WITH CONTENTS OF

CONTROLLER STATUS

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

Programmed I/O uses the DIA and DOA instructions to program

transfers of data and status information between the CPU and
peripheral devices. The two programmed I/O instructions are used
as follows for:I/O programming:

eee ne eee heer teen
 eee?

Se cee eee eee ere enes

output. The input logic interfaces:t6. the keyboard, some

Teletypes, a paper tape reader. The:6ttput* logic interfaces to
sanaeeceeree ees OM I mem eee

ee gg qe emer rr eee nee

the video display. When the CRT is: ¢oénnected to the computer, a
coe Oe ee eet eee ne

ei II Ewer m erences eran e seer ee

pecan veeeeensee

a Mm cence

seer er een serene

en ee ener ser ence

sree eerceer
ree

cee e ere nennee

secon eensst

eseee

renee

The following are programming conventions’'for 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),ll

(where (a) stands for any of the four accumulators).
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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/O 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

eae cee erence

eae ncererere

sweet teers esas

weet eeee teeta genesare

SEUDDEUTII eee tetetine

PIDLEDEDDDDDD se eee cence

Snes accccccecnoes

eae eee ne 6 eo

eee 
eer e tr cee trite tes

eee 
nme note cea reer eee ees

eee eee me igs gatessenor cere ete eee tee eeee

nogdposoeserss
seereeeeeseres

seem eee ete ewes Bh NN Greet ete e eee
SSSDSTE le eee cece eee MB‘ MT eee reetint

wait until the.procesor checks each IOCB pointers for an
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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

1 Disables DMA to controllers

0 ones. Enables DMA to controllers

Function

Disables DMA to controllers

Enables DMA to controllers

Oo

Oo

o Issue a HALT instruction (gives control to the Virtual
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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

operation would be:

IOCB Address:

Instruction: ‘DOBC Al,50

Accumulator 1 Value:

Al = 01111010000000009 =

Memory address

Must be set to 0

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

the address of the multiplexer IOCB pointer with the most

significant bit set to 0. }
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6.3 MUX GENERAL DESCRIPTION

TO BE SUPPLIED

HM-080-0019-01 PERIPHERAL DEVICE HANDLING

POINT 4 Data Corporation 6-20 MARK III User Manual



6.3.1 MUX 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-l1.-l1 Baud-Rate Selection

The following baud rates may be selected for MARK III

communications .ports: |
eee

@ring for each baud rate. Table 6-2

ecco reesennese

cee ee ee teen ees
ecceeereeraeeee seeeeereteree

seco eceroerane

eee ceeccccaseee

eee ese eeease

cere eens ersene

cece eee eee renee

er

peek eeeeeecenr
e

eee enene

ereee eee e eee nee onee
woe eee eee wen ecens

eee
 arr enns

ecece eee eee gg pee emocnnres

ere dee weet eee eg ene e ans eees
edew ewe ee eee 

gece gneeenccasesns

ceca ser scaeeee

wesc eeeeenas

sect eecerseens
semen csenens

ee

dee eeneenene
seen eearerane:

asec megs eeeese

cteneee eee r eee ge wens

‘ OTABLE 6-1. BAUD RATE JUMPERING
seasons

eweeeenees

sere eras

110

150

300

600

1200

2400

4800

9600

Header No. Port No.

J16

J15

Jl4

J13 WN Fe ©
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6.3.1.2 MARK 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.
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GND] 6 GND

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/O 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. |

eeeeee

woeseee

sewer ceeene

Device Code ~ a
eeeeenees

nee aeroree

(Octal) © Read (DIA) .2:°
PeeTer errs

see eeraeeare
eee rteeenene

serene esnaee

eaeeeee

see a tee

Oe aera ar ar oy
wecceeaseasane sereeereceerrrrt

weet eee eaene wot
eet reac nne me

Pree

vee ee eee eee

10 Status Register

11 ' Data Rég

Port l

12 
Status i (it

13 Data

Port 2

14 Status

15 Data Data SHES

Port 3

16 Status Command
17 Data Data
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6.3e2-1 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 (10, and llg).

e is used for the command register (CR):
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Not Used

Receive In

Transmit Con

Word Select

Counter Divide

Figure 6-8.

HM-080-0019-01
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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

1 . Not Used

1 Master Reset

Word Select

Even Parity + 2 Stop Bits

Odd 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++teeeeeest
ec en eerereee

ewes oveneese

0 0 Transmit

° i Transmit |

i Receiver Interrupts Disabled
1 Receiver Interrupts Enabled Hees,

——— ae: ~~

*fTransmit Control is not used;
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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: |

1. Divide-by-16 Clock

2. 7 Bits + Even Parity + 1 Stop Bit

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

For certain devices, it may be necessary to change the mode of

operation set in the 6850..1IC. This may be done by issuing the

following two” instructions:

1." Master Reset
cece cece ees taerereeaneree

eee tem weer eseeasen
es

ce soeeasseeeneser
ere

seer een eeener
eress

eset e ease erene

tee erenen re
nee

1.

2-

utilized.

programmed accordingly. If interrupts are not t

status register may be polled to determine if thé transmitter

is empty, or if the receiver is full. | ee
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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

Figure 6-9

and
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ST7} ST6] ST5}ST4] ST3] ST2] ST1] STO

No

Interrupt Reques

Parity Error

Receive Over

Framing Error

Clear To Send

Data Carrier Detect

Transmit Data Reg. Empty

Receive Data Reg. Ful

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
(STO) Data transferred to the Receive Data Register.

Register Cleared by reading the Receive Data Register

Full (DIA 11g) or by a Master Reset. Cleared

(RDRF) state indicates that the Receive Data

Register is not current or Data Carrier

<2, Detect is high.

14 Transmit’ Set high when Transmit Data Register

(STl) Data ~ 2) contents have been transferred, and new data
Register. =~ may be entered. Low state indicates either

apmpty 22" that Transmit Data Register is full, or a
seen eet nnees

12 Clear to The PIB does not use*CTS- inputs it is
(ST3) Send always tied low, Only set in the: status

(CTS) register when:a hardware malfunction. occurs.
If it goes high, it inhibits the: Transmit

Data Register Empty status bit. < ~~ ~*~

11 Framing When set high, indicates that received
(ST4) Error character is improperly framed by a start

(FE) and stop bit. Indicates.¢rror as long as
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.

HM-080-0019-01 PERIPHERAL DEVICE HANDLING

POINT 4 Data Corporation 6-31 MARK III User Manual



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,

OR
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6.3.2.6 Software Polling

Figure 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.
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6.3.3 COMMUNICATIONS AUTO MODE

6.3.31 MUX I/O Control Block

The MUX Controller supplies software control over four

communications ports and their parameters through programmed I/0.
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. | |
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Input Character |

Output Character

Bin

Bin

Bin

Bin
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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
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[LIT TII1]
L inoue Character

Carrier Lost

Framing Error

Receiver Overrun
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TABLE 6-6. INPUT CONTROL WORD DEFINITIONS

(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction

0 Ioc (Input

Operation

Complete)

1 & 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)

Framing effor (break detect)

Receiver overrun (DMA is disabled

for an extended period, or

another controller uses DMA cycle

for a similar period)

Single Character Input Mode - each

incoming character is placed in Bits 8-15
of ICW. IOC is set, interrupt pending bit

is set, and an interrupt generated.
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TABLE 6-6. INPUT CONTROL WORD DEFINITIONS (Cont)
(WORD 0 OF EACH CONTROL BLOCK)

Bit Instruction Operation

0 1 | Not used (illegal)

1 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

see eeee

If interrupt is

controller will echo
from

3 Special (1). controller
Character examines each incoming character to

eerere er

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)

Bit Instruction | Operation

5 Receiver Set to one (1) when controller cannot
Overrun service receiving section of specified

port before a character is over-written.

This can occur if DMA is disabled for an

extended period, or if another controller

uses an excessive number of DMA cycles.

In this condition, IOC Bit is set to one

(1), and data in Receive Data Register is
stored in ICW.

se seenacesor
ne

Penner erssene

eaveseenaerae
s

eamevencecsase
se eeereenaees

eeeeeeers

pe eeereossaece

peerenovererer
soecene

aeesease

sees a cence ae rane
saree eaneccrcore

woece wees reerwe es esses
rr rn

cece tates eere es ee
ree

se eeceseneseererse

8-15

Character

3. An incoming character which is a
Special Character.

4. A character in Receive Data Register
Of 68B50 when Carrier Detect goes

high.
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6.3.3.3.2 INPUT TERMINATION STATUS

When an input operation is completed, the appropriate status is

written into the ICW by the controller.

When the status is written, the Input Operation Complete Bit

(IOC) is set to one (1) The incoming character which completed

the operation is written in the input character of Word 0. The

controller then sets the Pending Interrupt Bit and the

Interrupt Request Flag.

When the interrupt occurs. the software has approximately one

“eo determine which port's input operation iseemeeaeoaes

sewer eccennneer

eve ger tee etercens

cece esos omsecerees see Male

seo ereeeeeeene +

eoneoeeene

Peerrrrrreass

sewer eweentee

sear eeoceenre
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6.3.3.3-3 INPUT BYTE POINTER

Word 4 of the IOCB is the Input Byte Pointer (IBP). IBP and LIB
(Last Input Byte) are only used in the automatic Input mode. IBP
must be set by the program to one (1) less than the first byte

address of the automatic input buffer. Each time the MUX stores

an incoming byte, it will increment IBP. The MUX uses the most

significant bit (bit 15) as the Byte Indicator (BIN). The byte

will be stored in the left half of the word addressed if BIN = l;

it will be stored in the right half if BIN = 0. IBP always
points to the last input byte stored. If IBP > LIB, an interrupt

will be generated by the first incoming character, which will be
eneeee

stored at IBP.
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6.3.3.4 Output Operations

The three odd-numbered words of each IOCB (1,5,7) control output.

Word 1 is the Output Control Word (OCW); word 5 is the Output
Byte Pointer; word 7 is the Last Output Byte Pointer.

6.3.3-4.1 OUTPUT CONTROL WORD

The components ¢ or word 1 are shown in Figure 6-13.
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Output Character

Real Time Clock (Port 0)

Unused

used

acter

Mode

tput Operation lete

Figure 6-13. Output Control Word - Word 1
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TABLE 6-7. OUTPUT CONTROL WORD DEFINITIONS

(WORD 1 OF EACH CONTROL BLOCK)

Bit Instruction Operation

0 - 00C (Output Set to one (1) if the operation has been
Operation terminated due to one of the following

Complete conditions:

l. If MUX is in Single Character mode
when the output byte is read for

transmission to the port. If the

output control words are reloaded

within one-to-two character times,

uniterrupted output will result.

f MUX is is Automatic Buffer Output

ode when the last byte of the

utomatic buffer is read for

ransmission. If the output control

words are reloaded within one-to-two

character times, uninterrupted

output will result.
aeons
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(WORD

Bit Instruction

1&2 Output

Mode

0

1 ss.

7 Real Time

Clock

HM-080-0019-01
POINT 4 Data Corporation

OUTPUT CONTROL WORD DEFINITIONS (Contd)

1 OF EACH CONTROL BLOCK)

Operation

Written by the program and read by MUX

to determine the type of output.

Not used (Illegal)

Automatic Buffer output - characters are
automatically transmitted from the
output buffer, as defined by the Output

Byte Pointer (OBP) and the Last Output

Byte Pointer (LOBP). |

eee tear era aenaeaeens

haracter Output - the data byte

15 of the OCW is

Does not set the OOC bit, or terminate

automatic operation.
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TABLE 6-7. OUTPUT CONTROL WORD DEFINITIONS (Contd)

(WORD 1 OF EACH CONTROL BLOCK)

Bit Instruction Operation

8-15 Output In single mode, this byte is sent to the
Character port for transmission.

In automatic mode. each outgoing

character which causes the OOC Bit to be

set is stored in this byte , when the
following conditions occur:

1. An outgoing character is a Special

Character, and the Special Character

enable bit is set.

e outgoing character is the last

naracter in the output buffer.

age
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6.3.3.4.2 OUTPUT TERMINATION STATUS

When an output operation is completed, the appropriate status is

written into the OCW by the controller.

When the status is written, the Output Operation Complete Bit

(O0C) is set to one (1). The outgoing character which completed

the operation is written in Bit 8 - 15 of Word 1. The controller

then setsthe Pending Interrupt Bit and the Interrupt Request

Flag.

When the interrupt occurs. the software has approximately one

character timeto determine which port's output operation is

complete, and.:to perform one of the following services:
stececcoseetes esberectent
eccecceeereee aE

l. Disablés the:transmitter section of the corresponding port

through programmed 1/0. |
secceeeneseeee 8 eneeeer
stecceseresss 0 eteesnsrnnhy

“s. CAUTION

double-buffers

disable the



6.3.3.4.3 OUTPUT BYTE POINTER

Word 5 of the IOCB is the Output Byte Pointer (OBP). OBP and LOB
(Last Output Byte) are used only in the Automatic Output mode.

OBP must be set up by the program to one (1) less than the first
byte address of the automatic output buffer. Each time the MUX
is ready for an output byte, it will increment OBP. The MUX
fetches the byte for transmission from the appropriate half of
the word address given by the most significant 15 bits of the OBP
(word address) in conjunction with the Byte Indicator (BIN). OBP
always points to the last byte transmitted.
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6.3.3-5 Initialization Procedures

This section covers set-up procedures for the MUX controller, and

includes the following steps: setting the pointer; initialization

guideines; enabling and disabling ports and defining port

parameters; the printer port; and enabling and disabling

transmitters and receivers.

DOBS (a) ,77¢

(a) = 1000,

When the controller receives a DOBS,
in a register. No other activity occ
Controller) because software has.:
disabling of each port through pr

address is stored

Teneo eeese
soveseee

teeeee
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6.3-3-5.2 INITIALIZATION GUIDELINES

Four basic enabling and disabling considerations are listed

below: |

1. If an input or output section of a CIOB has not been

previously set up by software, the corresponding receiver or

transmitter of the port should not be enabled.

2. If a port is to operate in Automatic Echo mode for incoming
character, the transmitter section of that port must be

disabled. _

3.6 Software may disable the receiver section of a port after the
input operation is complete. However, there is a risk of

having an overrun condition on any further incoming

characters. .

a

cease esta neeese STDSEninn wm LE ns

“= new transmission, or disable the transmitter with a DOA
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6.3.3.5.3 ENABLING/DISABLING PORTS AND PORT PARAMETERS

After software has set the IOCBs and issued a DOBS-,10
instruction, corresponding ports must be enabled. A list of
instructions used for enabling and disabling ports follows:

DOA (a) 710, PORT 0

DOA (ay rl2 PORT 1

DOA (aj, 14 PORT 2

The accusilulator contains the necessary information for port
programming.:. in the programming process, the following three

example are shown below. es

DOA (a) ,10,

(MASTER RESET FIGURE HERE)
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3. Software can now program the word length, parity, and

stop-bit parameters, using another DOA instruction. the
parameter instruction and parameter example are shown below.

Qi 2.3. 4 5 6 7 8 9 $%JO J] 12 13 #14 «215

Tr EE]poke ++} ft tt yo] x] x] «fo ]:

Port Characteristics 7 |

6-14. EL

DOA (a) ,10,

Port 0 Only

Receiver

Transmitter

Previous Defined

Figure 6-14. Transmitter/Receiver Example
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Each DOA instruction updates the port command register. If

previous values have been defined (such as port parameters), they
should be used on all of the following DOA instructions for the

specified port as indicated in Table 6-8.

TABLE 6-8. ENABLING/DISABLING OPERATION

Bit Name Operation

Disable Real-Time Clock

Enable Real-Time Clock

©
nf

0 = Disable Receiver Section
were eenen

| Receiver Section
wee vec eeeecereee

weave cere eeeren

ere r errr eee re ee.

eens

ee es

cee meee es te bee
peeeers tne

Pee seeevcene:
weer eee

Port , t to Values Defined
Parameters During Initialization

The MUX control ge uses an Attention Flag for servicing ports in
the Automatic mode. Bits 8 ang iG of the accumulator allow a
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6.3.3.5.5 POLLING MUX INTERRUPT

The following instruction is used to poll the MUX Interrupt

Pending bit. , , | |

DIBS (a) 77.

act tas

ow
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6.4 SMD/CMD DISC INTERFACE

The POINT 4 MARK III SMD/CMD disc controller module is designed
to handle up to two drives. The module provides high speed,
direct-memory access between the disc drives and the CPU. The
following are features of the drive: |

© Handles SMD/CMD drives that support sector ma rk

oO DMA transfer rates up to 1.25 megabytes per second

o Complete re control of sector addressing

Oo Full pabilities

Oo Re data operations

error r g on completion of operation
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6.4.1 PERFORMANCE CHARACTERISTICS

Drives per Controller: Two

Drive Type: SMD/CMD drives supporting the sector mark interface
signal

DMA Transfer Rate: 1.25 Megabytes per second

Sector Size: Header - 4 words

Data - 256 words

eo eeceessese

tenoeea

soeaeee

eeeceene

eeeee

saeco senene:

DMA (Device Code 77) - .42", ae
pa eeccececne

DOBS/DIBS = MUX af GEE"

DOBC/DIBC = 
a

DOBP/DIBP =

CPU Functions (Device Code 77) -
ee eeecere

SKPDN = SKIP if Power Fail De
SKPBZ/SKPDZ = Opposite of SK
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6.4.2 DRIVE REQUIREMENTS

For proper disc interface. the controller requires that the disc
drive be equipped with the following items: |
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Figure 6-15.

HM-080-0019-01

POINT 4 Data Corporation

Daisy Chain Drive Connection
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6.4.4 OPERATION

TO BE SUPPLIED
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6.4.4.1 Sector Format

The sector is divided into four fields. address, address CRC, |

data and data CRC. Each sector has a total of 262 words. Their See
contents are defined as follows:

I. Address field (4 words)

A. Current Sector Address (2 words)

1. Current Cylinder (12 bits)

2. Current Sector (8 bits)

3. Current Head (5 bits)
aeeees

B. Next Séctor Address (2 words)
1. Next Cylinder (12 bits)

3, “Next Head (5 bits)
STLDIDT aww ee eeeee

SELTLITT wenn eens

SEeEEEsgsiitt 
eke es eeeerrs

SEQEShiihiiiy 0 se eeeerserint

suareccsceees

een escaeeerees

wer ecceeesenee

wea ee ee eee eeet
arc ee see ene nae

wee oeeseeenr
e

pose wee eeeren
s

we meenererese
s

wee weeuvesnese

III. :Data: Field (256lc. Se. a . . . a :
cota e cette tes e cesar erase ees

emcee eencenueeeseee

Decca es esenasece
nes

Sew e esate nee eee

cece ease e cee e sear ee ee
were r we weenr eerste
wee c ete e eee reset

eee eee eset esses

IV.
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6.4.4.2 Sector Verification

Before performing any read or write operation, the controller

must verify that the correct sector has been located. The
current aadress in the header is compared with the cylinder, head

and sector address required for the read/write operation. If an
address match is not obtained, or a cyclic redundancy code (CRC)

error is detected while reading the sector address header, the
controller will terminate the operation. A No IO Compare error

will be reported to the processor.

eer neeee

ee cee e ewe e teense

desired sector. The controller:will select .the same head and
soca eenees



6.4.4.6 Error Checking and Status Reporting

The controller recognizes two types of errors: disc interface

errors and disc data errors. Disc interface errors are

associated with disc or DMA interface. including such errors as

drive fault, seek errors and format error. Data errors occur

when the CRC does not match in either the address or data fields.

ieee ge 
tr

TOCB. foe
Lee e ee netnes
we een er eennee

eee er acces

er rs
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6.4.4.9 Deactivating The Controller

When an operation is complete, the controller will set to 1 the
most significant bit (MSB) in the IOCB pointer for the disc. The
controller also writes a termination status word into the IOCB
and generates an interrupt (if interrupts are enabled). The IOCB
pointer is read by the DIBC instruction to determine if the MSB

(pending interrupt bit) is set to 1, indicating the need to
service an interrupt. The disc handling routine issues a DOBC

(a),77 octal with the accumulator equal to 0. This instruction
resets the pending interrupt bit and puts the controller in an
idle state.

ene eer eeanene

the disc drive. eae
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6.4.5 THE INPUT/OUTPUT CONTROL BLOCK (IOCB)

The Input/Output Control Block (IOCB) for the disc controller

consists of 7 words located in Main Memory and reserved for

holding information about a disc transfer. The seven words of

the IOCB are loaded with information by the software before the

operation begins.

An additional word must be reserved for the termination status

word immediately following the IOCB. Upon completion of an

operation (successful or not). the controller writes status

information on the drive into the Termination Status Word.

Figure 6-16 sh the format of the disc IOCB.
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5 6 7 8 9 10 311 12 13 14 «15

0 | UNIT NO
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6.4.5.1 Opcode (Word 0)

Word 0 of the IOCB is used to define five operations which the

disc may perform. The following is the format of word 0 of the

disc IOCB:

6 7 8 9 10 1 12 13 14 15

Lrrtyt tT i rt 7°

Opcode

peer eens eres

eee e eee eneeee

eee eee tane
nes

1-3 =) Opcode - defines
dependin

Opcode Word a
(Octal) Operation

60000 Format

20000 | Write Data

soo Read Data JHHEEEY HEUTE
50000 Read Regardless 2" HHEP

pono Read Verify =
4-15 Not used - Must ‘be set to 0

into the Termination Status Word.
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6.4.5.2 Unit Select (Word 1)

Word 1 is used by the software to specify the drive number on
The following is the format ofwhich to perform the operation.

word 1 of the disc IOCB:

9 10 J) 12 13 14 +415

6-69

r7°} |

Unit Number

PERIPHERAL DEVICE HANDLING
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6.4.5.3 Cylinder Select (Word 2)

Word 2 of the IOCB is used to specify the starting cylinder

address for each operation. Procession software uses this word

to select a cylinder address in the disc drive. The controller

uses this word to compare with the current cylinder address in

the sector address header for address verification. The

following is the format of word 2 of the disc IOCB:

0 1 TL > 6 7 8 TILIT 11

| Cylinder

Flags

Definition

If the file protect flags were set

software at format time, they should also be set in.:the IOCB

cylinder select word. All sixteen:5

word are compared with the current cylinder address found in:.the

sector header. If there is no match. a No IO compare error’ will

occur and the operation will not be performed. ee
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6.4.5.4 Head Select (Word 3)

The heada select word is used by processor software to issue the
head/volume number to the drive for a seek and by the controller
during sector verification. The following is the format of the head
select word:

Table

asave

wacsee

seam eee

veseores

eeecenes

weonece

aaseee

wees

-aeee

soenee

seaesenne

seeeeuee

eoeeeee

seoeee

seeee

0 0 0 0 0 Head: numbéer:0; Removable
10 0 0 0 Hea@: number l; Fixed 2%:
100041 i 3
10 01 0

100311 Head number 4; Fixed %

10410 0 Head number 5; Fixed"

4d] 12.13 14 15 SMD Drives

0 0 0 0 0 Head number 0

0 0 0 0 i421 Head number 1]

0 0 0 1 0 Head number 2

0 0011 Head number 3
0 01 0 0 Head number 4

0 041 0ii4M1 Head number 5

*Bit 11 is the volume bit. It is used by CMD drives only.
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6.4.5.5 Sector Select (Word 4)

The sector word is used to specify the starting for the next
operation. The controller compares the sector select word with

the current sector address in the sector header. If the sector

address does not match, the sector will not be accessed by the
controller. The following is the format for the sector select

word:

8 9. 10 J) 12 13 14 +=15

|
SJ

a Sector Number
a
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6.4.5.6 Sector Count (Word 5)

The sector count word is only used for Read Regardless and Format

operations. The format for IOCB word 5 is shown below:

> 6 7 8 9 10 Jil 12 13 14 215

LL. - sy

Lo Count
‘the bit usage in word 5.
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6.4.5.7 Memory Address (Word 6)

sees oneereee

Sesee

wee eereeeenene 
“Seetee

peewee seresen
ee

aac eee eesarere
s

err

waned ee cceneses

eee sere eeneret

spe eaweenseere

were eee seenee

eee e eee enan
e

wee ecenee:

een enes
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6.4.5.8 Termination Status (Word 7)

Upon completion ot an operation, the controller will write a

termination status into the last word of the IOCB. The

termination status provides information on the result of the

operation, controller status, and drive status to the processor.
One word must be reserved at the end of the disc IOCB for the
Termination Status Word.

The controller termination status word reflects the general
status of the controller and disc drive at the time of

Disc related status information

314 15

——=—Unit Not Read

——ault

Write Protect Error

No ID Compare

Address CRC Error

——Data CRC Error

Sync Error

Alternate Track

HM-080-0019-01 PERIPHERAL DEVICE HANDLING

POINT 4 Data Corporation 6-75 MARK III User Manual



TABLE 6-16. DISC TERMINATION STATUS (WORD 7) DEFINITION

Bit Definition

selected drive. Hee

9 Data CRC Error - Indicates that a CRC error occurred

while reading the data field.

ER,
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TABLE 6-16. DISC TERMINATION STATUS (WORD 7) DEFINITION (Cont)

Bit Definition

10

o Writéand read gate..are:on simultaneously

14

15
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6.4.6 INPUT/OUTPUT INSTRUCTIONS

The software plays a key role in controlling certain

initialization functions of the controller such as seek, fault

clear and return to zero. The DIA and DOA instructions are used

to perform these functions. The method of controlling data

transfer between the processor and the disc using DIA and DOA

instructions is called Programmed I/O.

The DOBC and DIBC instructions form a controller command

instruction group. These instructions are used for

activating/deactivating the controller and for sensing the

Shad th
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6.4.6.1 Programmed I/O Input

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

Unit Ready

Drive Fault

Write Protect

On Cylinder

Drive Select

Seek Erroro00000

Not Defined

SEKERR +

SLCTED -

ON CYL -

WRTPRT +

FAULT +

UNTRDY -

Table 6-17 gives

accumulator.
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Bits

0-7

TABLE 6-17. DIA INSTRUCTION ACCUMULATOR BITS

Function

Not defined

9
When set to l, this bit

not been selected.

10 Hs

ll this bit indicates that
When set to l, this bit

12

13

o Power fail

o Illegal head select

o Write fault

o Writing or reading while off cylinder:

o Write and read on simultaneously

14 Not defined

15 Unit Not Ready-: When this bit is set to 0, the unit

selected is ready. When this bit is set to 1, the unit
selected is not installed, is not up to speed, has heads

which are not engaged, or a drive fault exists.
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6.4.6.2 Programmed I/O Output

The DOA instruction with a device code of 50 is used to output
the unit number of the drive to be selected. The contents of the
accumulator should contain the unit number in word 1 of the IOCB.

The format ot the instruction is:

DOA (a) ,50 octal

where (a) is the processor accumulator and 50 is the device code.

The DOA instruction with a device code of 52 is used to output
_TAG pulses are sent to the drive to

Or

Tag 2

Tag l

Unit Select Flag-

mem ea becrcene

Table 6-18 gives a definition

accumulator.
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TABLE 6-18. DOA INSTRUCTION ACCUMULATOR BITS

Bit Function

0-11 Not defined

12 TAG 3: When set to l, indicates to the drive that the
Bus register contains valid drive control information.

13 TAG 2: ..When set to 1, indicates to the drive that the
Bus register contains a valid Volume/Head address.

14 | TAG 1: When set to 1, indicates to the drive that the
eee ee eee neran?

Bus register contains a valid cylinder address.
aciceccweesee oat ene neataee

eee ore neetae

eee ae mere ae

seen eereeese

15 ..--Unit Select TAG:.::When set to 1, indicates to the drive

a that there is valid.data in the Unit Select Register.

22" Used in conjunction with the Unit Select Register to
Hee gpelect the..dr

’ through th

eta e er enee

soccer eanaeane

seer enact ane
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The DOA instruction with a device code of 51 octal is used to

load the Bus Register with TAG 1, 2 and 3 information. The Bus

Register format is defined as illustrated below for each TAG

numbers.

TAG 1

Oo 1 2 3 +4 5 6 7 8 9 10 11 #12 13 #+214 Jd

o{/|ofto | 0 jez] | co | cs | C7 | c6 | c5 |} c4}c3 |c2] cl} co
tC ° ‘ y —y

Cylinder Address

Not Used

8 9 10 11 #12 +13 #214 ~#2215

v | H3] H2/] Hl] HO!

Y

’

Not Defined

Volume

Head Address

TAG 3

a 

a

Not Def nea}
Return to Zero

Not Defined

Fault Clear

Not Defined

Table 6-19 gives definitions of the TAG 3 bit functions.
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TABLE 6-19. TAG 3 BIT FUNCTIONS

Bit Function

0-8 Not defined

9 Return to Zero: When this bit is set to l1 and a TAG 3
is issued, the track will seek to track 0, reset the
head register, select the cartridge volume (CMD only)
and reset the Seek Error bit in the Termination Status

10 Not 4

11 .fault<Clear:

| issuing a TAG

12-15 Not defined
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6.4.6.3 Controller Command Input

The processor has a dedicated register that is reserved as a
pointer to the IOCB for the disc. This register may be written

into or read from by using the DOBC or DIBC instructions
respectively. The C control code is used to specify command
instructions directed at the disc controller, rather than the
Multiplexer (S) or tape controller (P). The format of input
command instruction is: ,

DIBC (a),77 octal

ence e scene nee ree neeeee

diac eet mete eeenaee

ccecceteeerees eReeee
Seserecres

tem eee c ene
wean teesrenee

poeweesecseee

seca eseeeeone

eee eeereeroes

seen ee rer eeaee

weer e eat ereeae

anor eeerceenee

ene teens nasees

see eee een neee
e

eeee erent eeeeeieeeceeeorees 8 reeesereeint!

ao cemeeneceeoene reteereceeere

sen eeenseearoere sestesesetg

eee e eee reece ence aes

eee eae t eee teen eeene

pointer, © For example:

DIBC (a)57

2.

a 1.

This is used for polling for interrupts.
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6.4.6.4 Controller Command Input

The DOBC instruction is used for activating and deactivating the
disc controller. The format of the controller command output
instruction is: ,

DOBC (a),77 octal

where (a) is a general purpose accumulator and 77 octal is the
device code for the CPU. This instruction is used for two
purposes:
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6.4.7 WRITE DATA OPERATIONS

A write data command causes the controller to tran

the processor memory buffer to the drive. whens pose
instruction is issued the controller will respond by reading the

sector address headers in search of a match to the address in

word 2, 3 and 4 of the IOCB. When the controller finds a sector

address header that compares with the IOCB address fields, it

will start reading the data from the memory data buffer and
writing it to the disc at the sector located. This procedure
continues until 256 data words are written to the sector.

eaeeee

wees eene

war ecnerses

eee tem eeatan

woo eeenseeeees

doe e ence eeernae
s

eum cew seer eeeaenees

senccesseereesasceene 
:

ease seeneerecs

cece ae cesses

eee crecceene
s

worsen ase eenee
eect seeanees

eas awoeseeecee

sever nceenes

eee eaeoeer
s

a aoeeeweces:

eeeeectoves

eee esee merce

ecacacewocsoes .8Hanecesrsers
eccccsvecesees (oe reenccesr®
eeeseeesereeet

The Read Data °
transferit in

ie neeenene

setae eeaseeees ee eeeseneners
oor Goeeses

wea e ee veenen
s

acer ecererens

woes Pee e esos

eeroeecesee

see neenenees
weseecesesweeeecoeeanee

s

see awereseeesesserererance

Seen 
a MMB eee
eereeey Prrrerrrereeee ea

cece ese eanar
e erery Trerrrre re eee

Gears seeeeseeereens
eeeeeeseareaes

eee seracee

eevee ene enone
ecacceecewsseee 

SeRatoeses

wocccccecocgmms @ qyrct?gmrts:

withthe IOCB address fields, it starts reading data from the
er ecee eneaseeerrences ep narccanoese

eeaeceececeoorer

eee eee moenecsenes

Tews eeeeseesaareestabsssteeeeertrae wg wg QS!

disc“and writing it:to. the After the sector is
soeee

completely read (256°words), the CRC is checked. If the CRC is

eer esecneroarre

ee ew tena secen
e

seen eae ceeresase
see e eevee eeeesee
eee ere aees rene

enero acenccreee
eee eee eeee

seeeneee

en etee
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6.4.9 READ VERIFY OPERATION

The Read Verify operation is used to verify that data written on
the disc during a Write Data operation was written without error.

When a DOBC instruction is issued the controller responds by
searching for the sector address specific in the IOCB. When the

controller finds a sector address header that compares with the

IOCB address fields, it reads the data in the sector without
transferring it to memory. The data is checked for accuracy and
any errors reported in a termination status word.

6.4.10 READ REGARDLESS OPERATION

The read regardless operation is used by the software for error
recovery .and the identification of bad tracks. When the disc
controller is activated by a DOCB instruction, it will start

transfer of data fromzthe disc to the memory buffer upon
detection .or’° an Index Mark.s:. The number of sectors transferred is
specified in the IOCB:sector count. The maximum sector count
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6.4.11 FORMATTING OPERATION

The disc is formatted by software under software control when a

DOBC with a format OPCODE, the controller searches for the first
index mark and begin reading address headers from processor
memory. Each sector is written onto the disc, allowing
partitioning in the manner best suited for the particular
application.

Before initiating a format operation the software must build a
sector table in memory. This table is used as a source of sector
header information when formatting begins. The starting address
for this table is located in word 6 of the disc IOCB. The sector

‘O£ a series of sector blocks, one for each sector
fed: All sector blocks must be stored in a

paceoeser

eepaeceresee

¢.in processor memory, in the same sequential
eevee areraere

eceeereeacene

“are to be written to disc. The sector addresses,
have to be in sequential order. Figure 6-17

es uilt in memory.

rr

eeeteaene

ee eet neee

cero eenereee

seeewencenene

eee w renee

eect owenenoee

wav eetecenees

wees eceneven
s

eee r ren ees

eee ree eener

eee e een eas

OE eae ec cenen
COCO eee Oe ena eeceee?

Ce eee eee eT eee Te eee eee eee
Pe i rrr are irr
wesw eee tect ete atest

pene

soeeee

eon enee
aeeeenen

aeveee

seceeseee
eeceeces

cet eee ee ee ERR BER SEES
Be cee ORO RTE E EES

cee ee een ERR E BRET OS
serucecwececoers Sessesesihit

alosssseseeesees 
8

Sacecsoceerores

Tide e cee eee

teacaeeesces

TeeRe rere.
vacceere 0 a

seene

ates

saete

eaare
seeece

avceeeeeesoere

sasenscenec
ees

eceer cee erer
e

Se cececeesee
e

aeanecerere

seeaeeeees

seeveees

otaeee

teens
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6.4.11.1 Memory Sector Block Description

The sector table blocks are a four word block containing all of
the information that is to be written into the sector address
header for each sector. Figure 6-18 shows the content of block
in the sector table in memory.

Table 6-20 defines the field in the memory sector blocks.

Figure 6-19 is an illustration of the sector format.

SUPPLIED

Figure 6-18. Content of Each Block in The
Sector Block |
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TABLE 6-20. MEMORY SECTOR BLOCK FIELDS

Word Bits Function

0 0-3 May be used to define file protect flags.

0 4-15 - Define the current cylinder address of the
sector address header.

1 7 Define the current sector address of the
» gector address header.

1] “Not used - Must be set to 0

1 Define the current head address of the sector
address. header.
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BE SUPPLIEDSSELES TDD ceca scenesSELDUDDGL Dass eee
weeenaterree

sveeaee

Sector FormatFigure 6-19.
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6.4.11.2 Formatting Procedure

The format command will format one track per operation. The
software must insure that the sector table contains all sectors
to.be written on a track. If there are fewer sectors specified

than are available on the track, the remaining sectors will be

zeroed out.

The software must also build the IOCB for the format operation.

The IOCB cylinder and head select words must match the current

cylinder address and current head address of the first sector

block in the sector table. The IOCB memory word (word 6) must
contain the address of the first word in the sector table. The

seenee

waeease

aaecces

see eeseeoeseeeere
ree

cece tae wessesesereseee

cee eg err crccrtennese

ware sesesanece

aoe eemocseness

eee ttc ecenes

ween anes Maees
awe n er oesenaes

Bee ae Be ceeee:
aecwesoere

we eeseere
errr

eee eseseaee

eee merensanes

seam aeeeereee

aca wcecwreeen

bee ceweaeses
eee wees nates

ae eeeerceenes

mew eens ewesee

aoe ecetserceeWhen gether by a DOBC gpstroct tone the controller waits for aseeee

aerece

operation. This will read the address header field, address CRC,
the data field and data CRC into main memory. The sector count

in the Read Regardless operation should equal the number of

sectors written to the track. After the Read Regardless is

performed, software may compare the address header information to

the information in the sector table. This insures that the

address information was written to disc properly.
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Figure 6-20.
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6.4.11.3 Format Considerations

TO BE SUPPLIED

6.4.12

TO BE SUPPLIED

HM-080-0019-01 PERIPHERAL DEVICE HANDLING

POINT 4 Data Corporation 6-95 | MARK III User Manual





COMMENT SHEET

MANUAL TITLE__POINT 4 MARK III Computer User Manual

PUBLICATION NO.__HM-080-0019 . REVISION_O1

FROM: NAME/COMPANY:

BUSINESS ADDRESS:

CITY/STATE/ZIP:

COMMENTS: Your evaluation of this manual will be appreciated by POINT 4 Data

Corporation. Notation of any errors, suggested additions or deletions, or general

comments may be made below. Please include page number references where
appropriate. .

NO POSTAGE NECESSARY IF MAILED IN U.S.A.

Fold on Dotted Lines and Tape



| | NO POSTAGE
NECESSARY

IF MAILED IN

UNITED STATES

BUSINESS REPLY MAIL
FIRST CLASS PERMIT NO. 5755 SANTA ANA, CA.

POSTAGE WILL BE PAID BY ADDRESSEE:

POINT 4 Data Corporation
PUBLICATIONS DEPARTMENT

25969 McCabe Way
Irvine, CA 92714

CUT ON THIS LINE
a

quuan ama =_—m ——e = =z == ee —— =—_— — = — me = omnes wane mm = = — =_——e = = ———« a ae ane my —- — —— —e =m —— =a — a Le Le am =——— a equa Ll ——





POINT 4 DATA CORPORATION
2569 McCabe Way | Irvine, California 92714 | (714) 754-4114


