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PREFACE

This manual describes programming considerations for three H.oineywell options:
‘the Type 4720 20-Surface Single Spindle Moving-Head Disk File, the Type 4651 2-
Surface Dual Spindle Moving-Head Disk Store, and the Type 4623 10-Surface Single
Spindle Moving-Head Disk File. These three devices are used with Series 16 General
Purpose Computers. They share the same control unit design and are programmed in

a similar manner.

All three of the options described in this manual support the Series 16 Operating
Program (OP-16), the Batch Operating System (BOS), the On-Line Executive for Real
Time (OLERT), and the Disk Operating System (DOP); M$FT fulfills general formatting
requirements for user systems and supports the formatting of disk packs used with

OLERT, OP-16, and DOP,

BOS interprets and executes directions for program management, i.e., control
cards which specify loading, assembly, compilation, and execution-time information.
DOP provides a method for accessing named files at run time; these files may be card
images, print-line images, object text, or binary (core-images). DOP supports 1/0
supervisors for language processors, such as the DAP assembler and the Fortran com-
piler, and for the linking loader. OP-16 and OLERT generally are found in interrupt-
driven real-time multitask operations. BOS and OLERT, like DOP, support a named

file storage and access system.

This manual is divided into six sections: The first three sections describe the
20-Surface Disk, 2-Surface Disk, and 10-Surface Disk respectively. The fourth section
provides example programs for the three options. The fifth section describes driver
program M$IO and formatter program M3$FT, used by the three options. The final

section is on the use of these options in a Fortran environment.

Information contained in this manual enables the reader to write assembly language
programs operating the options either directly or through the Honeywell-supplied 1/0O
library, assuming the reader has a basic familiarity with Series 16 assembly language
programming and the 316/516 Programmers' Reference Manual, Doc. No. 70130072156,
Order No. BX47 (formerly M-490).

©1970, 1971, Honeywell Information Systerﬁs Inc.
. - #CA38
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SECTION I

TYPE 4720 20-SURFACE SINGLE SPINDLE
'MOVING-HEAD DISK FILE OPTION

DESCRIPTION

The 20-Surface Sirigie Spindle Moving-Heéd Disk File Option, Type 4720, consists of‘
‘a disk control unit ard one to eight‘ disk storage u>nits.b Each disk storage unit houses a
disk drive ‘a..nd; a disk pack, the recordiﬁg medium. Figure 1-1 shows the Type 4720
20-Surface Slncrle Sp1ndle D1sk Storage Unit, and Flgure 1-2 shows the Type 4722 20-
Surface Disk Pack. The dlSk control unit is referred to in this manual alternately as the
DCU and the disk controller. Unit, when used alone, is synonymous with disk storage

unit.

Notice in Figure 1—3".’ ‘the systenibblock diag:l'am,k that the disk control u;lit may be
connected to the central processor through either a direct multipiex controi (DMC) kchann‘el
"or a direct memory éccess (DMA) channel. The DMC transfers data between memory and v‘
the penpheral dewces over ‘the standard 1/0 bus. The DMA tf.insfers data to and from
memory at hlgh speed over a spec1a1 data bus. DMC also allows use of the I1/0 bus; DMA
does not. Although th:s optlon can operate via the I/O bus, hOneyweh neither supports

nor recormnends such operatmn

The recording fnediilm, known as the disk pack, . is a stack Qf_ 11 aluminum plates
coated with magnetic material. It is physically interchangeable with the IBM 15-megabyte 1
disk pack. With required adjustmenté, the Honeyv?rell drive can read from or write on an

IBM disk. Figure 1-4 shows the physical organization of the Honéy’well disk pack.

‘ 4The Type 4720 optioﬁ reads from and writes on number 203 cylinders*. The term
. "cylinder'' refers to a set of 20 recording tracks which are at the same radial distance
from the hub The dr1ve detects the begmmng of all tracks 1 oy sensing one physical index
mark on the disk pack hu'b. Each track is divided into records in a format defined by the
user. The fields w1th1n a record are discussed un&er ”Pr_bgramrnipg Information' in thi§

. section.

The controller is descrlbed in Doc. No, 70130072318; the drive 1s described in
' Doc No 60034962002, 172/273/274 Disk Pack Drives Operation Maintenance Manual.

L

*By convention, -cylinders 200, 201, and 202 are used as spares.

1.1 '  #CcA38
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20-Surface Single Spindle Disk Storage Unit,

Figure 1-1.

Type 4720
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Figure 1-2. 20-Surface Disk Pack, Type 4722
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UP TO

EIGHT
DISK
DRIVES,
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0-7

. ome
CHANNEL
AND 1/0 BUS
DISK
CONTROL
OR UNIT
DMA /////
CHANNEL

Type Number Information

Figure 1-3. Type 4720 System Block D{agram

To specify a 20-Surface Moving-Head Disk system, choose from the following types.

Type No. SIS ;
4720  Disk Control Unit with one Disk Storage Unit (each DCU
is capable of controlling up to eight Disk Storage Units)
4721 Additional Disk Storage Unit {Disk torage Drive and
Disk Pack)
4722 Additional Disk Pack
Timing

The timing of disk rotation, bit transfer, 'and head travel is shoWn in Table 1-1.

The timing of specific data input and output operations is discussed under ""Programming

Information. "

Table 1-1. Timing for Basic Type 4720 Disk Functions

Rotational speed
Time for one revolution

Average rotational latency
(Time lapse for required data
to move under head)

Word transfer time
Word data aperture

Maximum head travel time:
I cylinder ‘
200 cylinders

2352-2448 rpm
25 ms (nominal)

12.5 ms

12.8 us

12 ps

20 ms
110 ms

1-4
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Figure 1-4. '}:'-"hysical Organization of Type 4722 Disk Pack
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Storage Capacity

The storage capacity of a disk pack depends on the format chosen for the tracks

Each track may be formatted for 1 to 103 records.

The maximum capacity of a track is

.I 891 words in 1 record. . The 16.5-word overhead and the timing tolerance (5 percent

gap) assoc1ated with each record reduce the net storage capacxty as more records are

forxnatted

Table 1-2 shows the gross storage capacity. Figure 1-5 shows the capacity of a

track as a function of the number of records formatted on it.

Table 1-3 shows record

capacity as a function of the number of records per track for some commonly selected

values.
Table 1-2. 20-Surface Moving-Head Disk Capacity*

Maximum Minimum
Words per track -1, 891 103
Werds per surface 378,200 20,600
Words per disk pack 7,564, 000 412, 000
Words per control unit 60,512, 000 3,296,000

l (with 8 drives)

*Maximum capacity obtained with one 1, 891 -word record per track; minimum
capacity obtained with 103 one-word records per track.

RS

Table 1-3. Type 4722 Record Capacity as Function of Records/Track*

N D' N D' N D
1 1891 12 135 23 62
2 914 13 123 24 59
3 599 14 113 25 56

4 443 15 106 26 53

5 3580 16 97 27 50 ,

6 288 17 90 28 48
7 244 18 84 29 46
8 212 19 79 30 44
9 186 20 74 31 42

10 166 21 70 32 40

11 149 22 66 33 38

*N = no. of records/track.

D' = no. of 16-bit words/record for G = 5%

Data applicable for primary power frequencies of 60 £1/2 Hz, or 5- +1/2 Hz,
For tolerances greater than 1/2 Hz, see "Track Format and Gap'

in this section.

1-6
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R

C (CAPACITY

IN NO. OF 16—BIT DATA WORDS/TRACK, 5% GAP INCLUDED)

1900
1800
1 700
1600~
1500
1400~
1300
1200
1100
1000
900 4
800
700
600
500 -
400 -
300 -

200 4

1004

- (1891)

NOTES
C = ND’
o = 1908.25 _ 16.5*
N+ N1
. . 20
- {1660) C = Number of 16-bit data words/track with 5% gap

N = Number of records/track
D’ = Number of words/record with 5% gap

* If talerance of operating frequency exceeds 0.5 Hz,
see “Track Format and Gap” in this section.

- (1480)

- {1320)

< {1120)

.. {950)

. (780)

- (630)

s (480)

. (270)

.« (100)

T T T T T T T T T T
10 20 30 40 50 60 70 80 0 100

" NO. OF RECORDS / TRACK

i

Figure 1-5. 20-Surface Disk Track Capacity vs
Number of Records per Track
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OPERATION

Controls and Indicators

Each disk drive contains four indicator/switches which function as follows,

START/READY

To start up the disk, apply power to the unit (if not on), load the disk pack, close
the cover, and press START. The indicator will illuminate, the disk will rotate, and the
heads will seek to track zero. In about 25 seconds the READY indicator will light.

During this cycle-up sequence a set of brushes will wipe all recording surfaces and then

retract.

STOP :
Press STOP to remove power from the spindle drive motor and brake the spindle.
The START light will go out, STOP will 111urmnate and the heads will retract. In about

15 seconds the disk will stop rotating and w111 release the cover lock solenoid,

FAULT/ CP FINISHED ;
The FAULT indicator hghts upon detectlon of any of the following conditions.
a, Selection of more than one head

b. Improper combination of read, wrife, and erase heads or drivers
(e.g., both read and erase)

Attempt to read, write, or erase with ‘head nbt kdirectly on track

d. Disk not rotating at proper speed

Depressing FAULT clears the indicator. If the condxtlon reappears, the indicator lights
again. Clearing a recurrent fa.ult may be attempted by stoppmg the unit, then restarting

it w1th the START switch.

OCP '0425 controls the CP FINISHED indicator The programrner can program
this indicator to flash as a s1gnal to the 0perator that the program is finished with the ‘
current disk pack. The command also causes the unit to cycle down. Push CP FINISHED
to turn off the indicator. | -

PERMIT/PROTEC'I‘
The permit state allows wriﬁng or formatting on a disk. Since the unit cycles up
(i.e., starts) in the profect state, press PERMIT before attempting either of these

operations.

1-8 , ' #CA38

-/

R e



‘Power v v
The main circuit breaker at the front of the disk drive controls power to the unit
except for the main motor. Controller 16gic is powered from the computer. The main

motor is controlled by the START pushbutt’on and interlocked with the plastic cover,

Changing Disk Packs

The disk pack should be éhanged with the main circuit breaker ON. This activates

the spindle brake, making pack changing easier. and safer.

To install a pack, hold it by its cover handle, and remove the bottom cover by un-
screwing the knob at the bottorﬁ Slide back the plastic cover on the disk drive and lower
the pack over the matching sp1nd1e be1ng careful not to bump one against the other., Twist
the disk pack handle clockwise untll the pack is fn'mlv seated on the spindle. Raise the
disk pack cover and remove it. Close the pla.st1c cover of the disk drive immediately to

.prevent the entry of dust.

To rvemove‘a paék, first make sure it.is not rotating. Then slide back the plastic
cover‘ of the drive and place the disk paék cover over the disk pack, making sure it is
seated. Twist the disk pack cover handle 60ﬁ‘nterclock\\fise, uhtil the pack is free. Remove
the disk pack and close the &rive éovér. Place the disk pack in position over the bottom

cover and tighten it with the bottom knob.

Cleaning Disk Packs

Dust or dirt on the disé pack recording surfaces may cause read or write errors as
well as permanenf damage to the surfaces and the fead/write heads. Honeywell disk pack
drives are equipped with nylon cleaning brushes to ensure optimmum performance. Mamual
cleaning on Honeﬂell drives equipped with brushes is not usuaily necessary; brushes

clean the packs during each cycle-up. ' ‘

If a specific pack continually causes ‘read errors after write operations, however,
cycle up the unit five times. The brushes will clean the error-causing disk pack during
the cycle-up process. If read errors persist and the record or format was written on
another drive, this may be the cause of the erxfor. If errors persist and the drive used
for writing énd reading is the same and otherwise satisfactory, take the error-causing
track out of service and assigxi one of the spare tracks. If spare tracks are not ava.ilable,‘

remove the pack from service, as the entire surface may be degraded.
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Check the chsk pack fllter on the bottom of each pack and change it when necessary,
Fxlters can be ordered through your local Honeywell Field Service Office.

Note that Honeywell disk packs are impervious to 91-percent isopropyl alcohol

(2-propanol); however, other solvenfcs may céusé damage.

PROGRAMMING INFORMATION

- Relevant Hardware Information

UNIT NUMBER ASSIGNMENT
Each disk drive is assigned a number from 0 to 7 at its installation, and each drive

should be labelled with its approp;ié’ce number.

TRACK FORMAT AND GAP

~ Figure 1-6 shows the track format. Information is recorded on the disk in a serial

; 'bxt stream

F1e1d A is a 64-bit field which allows for 31tter in detection of the index mark. This
field is recorded only before the nrst record of the tr ack. Fields B, E, and K are 64-bit
fields which allow for the distance between the erase head‘ and the read/Write head, Fields
C, F, and J are special vfields also used interhally. Field D is the address, whichis a
24-bit field with the first 8 bits ignored. The remaining 16 bits contain a program-
a.ss'igned address for each record. Field G L':ontvainrs the data of the record, Field His a
16 -bit record checksum for field G. Field L is a_gé.p field whiéh must be at least 5 per-
cent of the total length of fields B through K:

L =16(0.05(G + 16.5)) = 0. 80(}+132
where L is the length of field L in bits, G is the length of field G in words, and 16.5 is the
length in words of ﬁelds B through K except G. 1f the frequency tolerance exceeds 0.5 Hz,
'1ncrease the gap proportmnally For example, with a tolerance of 1. 0 Hz, increase the
gap to 10 percent. ,
h 5% : Gyap.
0.5Hz 1.0 Hz

To access sequential records within the same rotation, take into account time T
between the end- of-busy for the f1rst record (whlch allows the next OCP to be sent) and
the output of the second setup word as follows.
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INDEX
" PULSE

ONES

64 ONES FOR INDEX PULSE
JITTER

LFIRST RECORD BEGINS MERE

64 ONES

16-BIT ADDRESS MARK

24-B!T RECORD ADDRESS
{FIRST 8 BITS IGNORED]}

64 ONES

8-8IT SYNC MARK

DATA
(1-1800 WORDS)

H 16-BIT RECORD CHECKSUM

J 8- 81T END-OF-RECORD MARK

K 64 ONES
/‘/ ) °/° GAP )/
L
”~
“ A

LSECOMD RECORD BEGINS HERE

» 64 ONES

Figure 1-6. 20-Surface Disk Track Format
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0.80G + 41.2 + 1.25T

where T is in ps. The minimum time T between the initiating OCP and output of the second

setup word is 55 ps.

STATUS WORD

The programmer can obtain detailed information about the state of important elements
within the controller by requesting a status word transfer. In pai'ticular, the contents of
the status word help him to determine if recovery from an error state is possible.

Figﬁre 1-7 shows the format of the status word with the significance of each bit (when set)

called out.

1 2 3 4 5 6 7 /8 797 1041 12 13 18 15 1

6
L End-of-Record Mark Found

Error, OR of bits 3—7 and 11-14

Data Transfer Rate Failure

—— Checksum Error

L— Data Unsafe dnconsistency in internal logic, such as read
and write at the same time or erase without detent;

refer to the hardware manual for complete list

of data unsafe conditions)

L— Write Operation requested while in protect mode

\— Seek Error {Attempt to seek track outside —1 to 202 limits)

— Requested Unit Not Available

—— Hearls Not Loaded on Selected Unit

L— Attempt to Format over Index Mark

L— Requested Address Not Found

L— Data Ready for Transfer

“—- Controller Busy ) ] ’ 5 '

Figure 1-7. 20-Surface Disk Status Word Format ‘ o

SETUP WORDS
Six of the OCP instructions require one or two setup words which transfer informa-
tion necessary for the particular operation. Figure 1-8 contains these six OCPs and the

formats of the corresponding setup words.
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1 2 3 4 5 6 7 10 11 12 13 14 5 18

O \\ \\\\\\ Imm

oCP 0125 N UNIT \] 0l NUMBER OF TRACKS
Direct Seek k NO. \

\\\

e NS e \\X\\\\\\\\
e N \\\\ N AR
e N 5 \\\\ \\\\ \
e |\ EE AN

>

L

7

, RECORD ADDRESS
NOTE
D = Directnon. 0 means toward hub; 1 means toward rim.
RMW = Reador Write. 0 means read; 1 means write,

Shaded bits not used.

Figure 1-8. 20-Surface Disk Instructions with Required Setup Words

-
-

CHECKSUM 7
As data is wntten onto the disk the controller accumulates a checkword The check-
‘word is formed by exclu51ve1y ORlng all data words into a register. At the end of an

n-word transfer, the checkword is a 16-bit even-parity checksum which is written onto

the disk as word n+l.

When data is read from the disk and passes back through the controller, the hard-
ware recomputes the checksum Word n+1 is include’d in the computation. If the result
is nonzero, the checksum error bit in the status word is set. A programmer may examine

the checkword by requesting an n+l word read operation.

INTERRUPT REQUESTS

Certain conditions cause hardware interrupt requests. These conditions are listed

under "Acknowledge Interrupt, OCP '1425" in this' section.

ACCESS TO DMC DEDICATED LOCATIONS _
On a Model 316 with high-speed DMC the programmer is guaranteed access to DMC

dedicated locations only when the disk controller is not busy. More information on this
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subject is presented in the 316/516 Programmers' Reference Manual (Doc. No. 701300-
72156) under 316 High-Speed DMC Dedicated Locations, "

General Instruction Sequenc es

The 1nstruct1on complement for the Type 4720 is given in Table 1-4. Tables 1-5

through 1-9 give appropriate instruction sequences for common operations.

SEEK, SEEK TRACK ZERO
- Before information can be transferred to or from a record, the head must be
pos1t1oned on the proper track. Two instructions perform this function: One is an ab-
solute seek to cylinder 000; the other moves the head a specified number of cylinders in
either direction from the current position. The programmer is expected to keep track

of the current head position within his program, Table 1-5 shows the sequence of oper-

ations required for the seek opera’c1ons

Table 1-4, ZO-Surface Moving -Head Disk Instructions*

Instruction Function

OCP 0025 Seek track zero

OCP '0125 Direct seek

OCP '0225 Read current address

OCP '0425 CP finished

OCP '0525 Write track format

OCP '0625. Read or write one record

OCP '1025 Stop transfer

OCP '1125 Read status word

OCP '1325 Enable DMC/DMA mode

OCP '1425 Acknowledge interrupt

OCP '1725 Enable I/0 bus mode

INA 'X025 Input from disk to A-register if ready

OTA '0025 Output contents of A-register to disk if ready

SKS '0025 Skip if ready

SKS '0125 | Skip if disk not requesting interrupt

SKS '0225 Skip if operational
=SKSTO32SE— . Skip if not busy ¥
TSKS g4z Skip; if no error

SKS '0725 " Skip if unit 7 not seeking

SKS '1125 Skip if unit 0 not seeking

SKS '1225 Skip if unit 1 not seeking

SKS '1325 Skip if unit 2 not seeking

SKS '1425 Skip if unit 3 not seeking

SKS '1525 Skip if unit 4 not seeking

SKS '1625 Skip if unit 5 not seeking

SKS '1725 Skip if unit 6 not seeking

SMK '0020 Set interrupt mask (bit 4)

. ffAddress of moving-head disk control unit is 25. X in INA 'X025 may be either 1 or 0;

1 means clear A-register before input; 0 means input without first clearing.
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Table 1-5. 20-Surface Disk Seek and Seek Track Zero
Instruction Sequence

Step I/O Bus & DMC DMA
1 Test control unit busy indicator Test control unit busy indicator
2 Test if drive seeking Test if drive seeking
3 - Setup DMA for one-word
: transfer
4 Execute seek instruction . Execute seek instruction
5 Output setup word | (Enter DMA)
6 - (End-of-range)
7 Handle seek complete interrupt Handle seek complete interrupt
request request

CP FINISHED

Execution of the CP fitﬁshed instryuction'causes the selected unit to seek track zero,
power down, and flash tﬁe CVP FINISHED indicator, The flashing continues until the
operator presses CP FINISHED. The sequence of operations required for a CP finished

instruction is shown in Table I -6.

Table 1-6. ZO—Surface Disk C'P Finished Instruction Sequence

Step 1/0 Bus and DMC DMA
1 Test control unit busy indicator Test control unit busy indicator
2 — Set up DMA for one-word
' transfer
3 Execute CP Finished instruction Execute CP Finished instruction
4 Output setup word (Enter DMA)
5 — (End-of-range)
—

READ CURRENT ADDRESS ’ ,

Disks often are formatted so that the address of each record 1dent1f1es the track,
head, and unit. By re&d;ng the zddwess of the next record formatted under such a system,
_a programmer can determine the track locatlon and relative rotational position of the
heads on the disk. Tabie 1-7 shows the sequence of operations required for reading the
current address. When the DMA is used, the address is returned as the second word of

the two-word buffer
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Table 147. 20-Surface Disk Read Current Address
Instruction Sequence

Step

1/0 Bus

DMC

DMA

Test centrol unit busy
indicator

Enable transfer via
1/0 bus

Execute read current
address instruction

Qutput setup word

INA current addres_s

Return to DMC /DMA
mode

Test control unit busy
indicator

Set up DMC for one-
word input transfer

Enable transfer via
DMC/DMA

Execute read current
address instruction

Output setup word
(Enter DMC)

(End-of-range)

Test control unit busy
indicator

Set up DMA for one-
word output transfer

Enable transfer via
DMC/DMA

Execute read current
address instruction

(Enter DMA)

(Disk control unit
switches DMA to input)

(End-of-range)

WRITE TRACK FORMAT

Table 1-8 shows the sequence of opeyrétions required for writing a track format.

Formatting takes place in the following order (after tl‘xe' setup word).

Record address

Data for every word in the record (may be blank or filler)

End-of-range

Five-percent gép word (whose value is the number of bit cells in the

gap field)

“Repetition of steps a. through d. for each record

End-of-range, acknowledge interrupt, and stop transfer after the

last record (whic_h writes gap to the track drigin)

The 5-percent gap word related to the previous record must be output as the first

word of the block being output for the present record.

K

£

Because of timing constraints the CPU must be dedicated exclusively to formatting.

Time-sharing or multiprogramming is not possible, because time is not available to

handle interrupts.
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Table 1-8. 20-Surface Disk Write Track Format
Instruction Sequence

Step DMC DMA
1 Test control unit busy indicator ‘Test control unit busy indicator
2 Set up DMC for n+1-word Set up DMA for n+2-ou1:putb
output® .
3 Enable transfer via DMC/DMA Enable transfer via DMC/DMA
4 Execute write track format Execute write track format
instruction instruction
5 Qutput setup word (Enter DMA)
6 (Enter DMC) —_
7 {End-of-range) (End-of-range)
8 Reinitialize DMC for n+2 -word Reinitialize DMA for n+2 -word
output® output®
9 (Enter DMC) (Enter DMA)
10 Repeat steps 6 through 9 for Repeat steps 6 through 9 for
each record each record
11 Reinitialize DMC for 1-word Reinitialize DMA for 1-word
outputd OUtPUtd

®For first DMC transfer, word 1 should be record address and the remaining n words
should be data,

bFor first DMA trarﬁsfer, word 1 should bé setup Wprd, word 2 should be record address,
~and the remaining n words should be data.

“For subsequent DMC or DMA transfers, word 1 should be the 5-percent gap word for the|
preceding record, word 2 should be the record address, and the remaining n words
should be data,

dLa\s'c DMC or DMA transfer should be 5-percent gap word for the previous record. Set-
up must be accomplished within 60 ps and subsequent interrupt request must be followed
by stop transfer and acknowledge (clear) interrupts commands. The drive will write gap
until it detects track origin.

1f the programmer has ensured that enough space remains on disk for gap for the final
record (he may include the 64-bit field A), he need not transfer the 5-percent gap for the
final record. If the last gap word is not transmitted or timing requirements are not
satisfied, the drive writes gap to track origin and sets the data-transfer rate-failure bit
in the status word, '

READ OR WRITE ONE RECORD

The skequence of instructions for these twb operations is almost identical. The data
words, preceded by two setup words, are tran<sferbred between the computer and the disk.
The address is read but not modified The record checksum is written or read and com-
pared but is not transferred to the computer unless a read has been specified for more
words than the record contams Table 1-9 shows the sequence of operations required for
reading or writing one record. , | ' '
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Table 9. 20-Surface Disk Read or Write One Record
Instruction Sequence

I Step DMC DMA

1 Test control unit busy indicator - Test control unit busy indicator

2 Set up DMC for n-word input or Set up DMA for N+2-word
output ; outputa

3 Enable transfer via DMC/DMA Enable transfer via DMC/DMA

4 Execute read/write one record Execute read/write one record
instruction instruction

5 Output first setup word (Enter DMA)

6 Output second setup wordP -—

7 (Enter DMC) {Disk control unit switches DMA

' to input when reading)
8 (End-of-range) . (End-of-range)

*For DMA transfers, words 1 and 2 must be setup words; the remaining n words are data
storage locations.

b'I'he time of second setup word is critical only if sequential access w1th1n the same

rotation is de51red (see "Track Format and Gap', a preceding paragraph).

L

In an under-. -range read the controller tra.nsxers the specified number of words to
memory and discards the remainder of the record. The controller becomes not busy

shortly after the end-of-record mark is detected. The checksum is handled as in a nor-

ma.i réad.

An over-range fead, which inputs the checksum word (often useful for error re-
covery)", terminates at the end-of-record mark. The checksum error bit (bit 13 in the

status word) is valid as in a normal read. An under -range write causes no problems.

"An over-range write reduces the gap field correspondingly for up to four words over
the original format. If more than four words are written beyond the format, the next
record (and format) is destroyed. The current record is readable under most circum-

stances,

READ STATUS WORD

| The sequence in Table 1- 10 shows the order of instructions to read the contents of
the status register. With DMC it is easiest to code this operation using the I/O bus as
shown below, although DMC is perfectly acceptable
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Table 1-10. 20-Surface Disk Read Status Word
Instruction Sequence

| Step 1/0 Bus DMA
1 Test control unit busy indicator Test control unit busy indicator
2 Enable I/0 bus _ ’ Set up DMA for one-word 1nput
' transfer
3 Execute read status word Execute read status-word
instruction instruction
4 Input status word (Enter DMA)
» Enable DMC/DMA (End-of-range)

Instruction Des criptions

SEEK TRACK ZERO OCP '0025

This instruction and its assoc1ated setup word cause the heads on the selected unit to

‘move to track 000. The disk control unit busy indicator is set for 50 ps after the setup

word is output; the seeking 1nd1cator of the selected unit is set for 20 to 110 ms after the

setup word is output (see Table 1-1).

More than one disk drive may be seeking at a time. When the heads reach track zero,

‘the controller generates an interrupt request (which may be delayed until the controller

becomes not busy). This instruction is ignored if issued while the disk control unit busy

indicator is set. A seek-track-zero instruction executed with the heads already on track

zero is processed the same as a seek-track-zero from any other position.

DIRECT SEEK, OCP '0125 |

| This instruction and its essociated setup word cause the heads on the selected unit to
move the number of tracks specified by bits 9 through 16 of the setup word and in the
direction specified by bit 8 of the setup word where 0 means toward the center of the disk

(hlgher track numbers) and 1 means toward the out51de of the disk (lower track numbers).

If the disk control unit detects a 0 in the dlfference fleld (bits 9 through 16), it sends no

orders to the disk drlve, sets the seek error bit in the status word, and generates an
interrupt request. The dlsk control umt busy mdlcator is set for 50 ;Ls after the setup
word is output; the selected unit seeklng indicator is set for 20 to 110 ms after the setup

word is output. Thls 1nstruct10n is 1gnored if issued while the disk control unit busy

indicator is set,

The programmer can code several umts to seek concurrently with successive OCP

seeks and setup words. He must test for controller busy between OCP's, If several units
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are seeklng, the programmer can either acknowledge mterrupts as they occur or wait

until all units have finished seeking, and then clear all 1nterrupt requests with one

acknowledge interrupt. An interrupt request will be delayed until the controller becomes

not busy (e.g., a data transfer follows a seek). A seek directed to a nonexistent track

results in a seek to zero and a seek error in the status word.

READ CURRENT ADDRESS, OCP '0225

This instruction and its associated setup word cause the next address encountered
on the selected track by the selected head to become available on the input bus. The
disk control unit busy indicator is set from the time the setup word is output until the
address becomes available to the central procdessor. Then the ready indicator is set,
the busy indicator is reset, and an interrupt request is generated. This OCP has no

effect if issued while the DCU is busy

CP FINISHED, OCP '0425 »

Execution of thls instruction and its assoc1ated setup word cycles down the unit,
starts the CP FINISHED indicator flashlng, and 111um1nates STOP. A programmer may
code this operaticn to signal the operator that a certain disk is no longer needed by the
executing program. The DCU busy indicator remains set for 50 ps after the setup word

OTA. No interrupt request is generated.

WRITE TRACK FORMAT, OCP '0525

This instruction and its associated setﬁp word _eause the selected head on the
selected unit to detect the track origin and write a 'new fofmat on the track. In addition,
data may be written in the newly formatteyd records., The address, the data, and the
gap size are under program control. If thedoutput transfevr rate is not maintained by the
computer the disk control unit aborts the operation, writes gap to the track origin, and
sets the data-transfer rate-failure b1t in the status word. _The DCU is busy from the
time of the order-initiation OCP until formatting terrmnates at track origin. Refer to
"Track Format and Gap'' earlier in this section for information on how to format to

access sequential records on a track.

READ OR WRITE ONE RECORD, OCP '0625 |
This instruction and its two associated setup words cause the selected head on the
selected disk drive to read or write one record at the specified record address on the

current cylinder. Bit 1 of the first setup word must be 0 for read and 1 for write.
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Read

The unit reads until one of the follomng condltzons occurs.

a. End- of record is sensed.

b. The computer f;nls to maintain the necessary input transfer rate.

c. Two index pulses are tallied | . ; .
d. The stop transfér instruction (OCP '1025) is executed or DMC /DMA

end-of-range occurs. Data transfer will cease, but the disk control
unit continues reading to the end of the record. When a stop transfer
instruction is executed during a read operation, the last data word
transferred before the instruction takes effect is interpreted as a
checksum. The checksum error bit in the status word may be set.
This feature is useful in test programs. k

The control unit busy indicator is set from the time the OCP is issued until the

read is completed in one of the four ways listed above.

~ If the program specifies a larger number of words (range) to be read than the
reCord éo’ntains, the record checksum is trapéferred to the central processor as if it
were data, and t_hé end-of-record is sensed befbre the neit word is transferred, If..
" at the end of the read operation he checking logic 1nd'cates an érror, the checksum

error bit in the status word is set.

Write :
Data is written into the addressed record unf.il one of the follbwing conditions
occurs. _ : | o | : | .
a.  The stop transfer instruction (OCP '1025) is executed or DMC/DMA end-of-
range occurs.

b, The computer fails to mamtaln the necessary output transfer rate.
c. Two index pulses are talhed ‘ )
When condition a, or b. is encounteref:l, the word being written is finished, and the
checksum record is Wfitten aldng with the end;of-recﬁrd mark and the field of ones
{(fields H, J, and K of Figui-e 1-6).' When condition c. occurs, the operation is terminated

immediately.

The programmer should make sure thatfhe record written is no larger than
allowed by the record format. If it is too long by four words or less, the 5-percent gap
is dlm.nnshed but the Iollow;ng record will not be affected If it is more than four words

too long, the following records are destroyed
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»The controller is busy from the time the OCP is issued until a. , b., or c. above
terminates the operation. The read/write obefaﬁon may be requested when one or more
units are seeking and vs.rill be éxeéuted either immediately or when the appropriate éeek
is cofnplete. Any pending interrupt request is delayed until the operation is complete,

i.e., until the controller becomes not busy.

STOP TRANSFER, OCP '1025

This instruction, which does not require a setup word, stops track formatting if
issued immediately after the DCU has received the last data word. If this OCP is not
issued within 50 pus of end-of-range for the iast x;ecord formatted, the data-transfer rate-
failure bit in the status word ié set. Execution of a stog; transfer inétruction forces the
controller to not busy. In this way, a prografr;rher can clear a busy hangup which may
result from an OCP with no setup word transfer or a hardwére fault. If issued dufing a

read operation, this instruction forces a diagnostic checksum (see '""Read', preceding).

READ STATUS WORD, OCP '1125

This instruction causes the status word to be the next data-like word transierred
via 1/0 bus, DMC, or DMA (w?uche‘mr is enabled). (‘ode INA '0025 or "O"? after the
OCP to make the transfer via I/0 bus. For DMC or DMA transfers, initialize the
channel before is sulng the OCP. Before issuing OCP '1125 th.le the DCU is busy, delay
50 ms (two revolutions) to allow completion of any transfer in progress. Reading the
status word does not alter the state of the”cqnt‘vroller other than to clear the status re-

quest. See Figure 1-7 for the status word fgrmat.

ENABLE DATA TRANSFER VIA DMC/DMA, OCP '1325;
ENABLE DATA TRANSFER VIA I/O BUS, OCP '1725

OCP '1325 (or '1725), which does not require a setup word, enables the disk control
unit to use the DMC/DMA (or 1/0 bus) excluéively. It does not initiate an order to any of
the disk drives. o '

Pressing MSTR CLEAR initializes the syétem for DMC or DMA transfers. To
initialize the system for I/0 bus transfers, execute OCP '1725 before executing the OCP
whlch 1mp11es the data transfer (e g., OCP '0625 Read One Record). Transfers are
enabled via the I/O bus until OCP '1325 is executed or the computer is MSTR CLEARed.
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ACKNOW LEDGE INTERRUPT ocp '1425

4 Thls instruction, which does not require a setup word, does not initiate any orders
to the dlsk drlves but does reset {clear) an mterrupt request if one is present. The
following situations cause mterrupts if allowed.

a. The disk control unit goes from busy to not busy, except for the 50-ps
busy at the beginning of a seek, CP-finished, or read- status-word
instruction. Any OCP, except read-status-word, addressed to the disk
control unit resets this 1nterrupt request

b. A seek operation is completed If this happens when the disk control
unit is busy, the interrupt is delayed until the control unit goes to not
busy. If a direct seek is requested and its setup word specifies a
difference of zero tracks, this interrupt request is generated immediately.
Only OCP '1425 resets this interrupt request,

c. A disk drive error (bits 5, 6, 7, 11, or 12 in the status word) is
detected. The operation is terminated, and an interrupt request is
~ generated at the end of the 50-us order process interval.

d.  End-of-range is reached in w rite-track -format operations with DMC/DMA
mode set. The interrupt s1gnals the program to reinitialize the DMC/DMA
within the time constraints. It may be cleared by OCP 1425 during the
format operation, or by OCP '1425 or OCP '1025 at the end of the format
operation. ' ‘ . o

INPUT FROM DISK TO A-REGISTER IF READY,, INA '0025

If the disk control unit has a data word ready for transfer, this instrucrtion ORs
the word from the DCU 1nto the A-register and ~skips the next instruction. At the com-
‘ pletmn of the 1nstruct10n, data -ready and status-request are reset. If data is not ready,
INA '0025 is treated as a NOP. To maintain the data transfer rate, INA must' be
executed w1th1n 12 ps of the tlme data becomes rea.dy (time constraints do not apply

for status and aadress transfers) INA '0025 is not applicable to a DMA confxguratmn.

CLEAR A-REGISTER AND iNPUT FROM DISK TO A-REGISTER IF READY, INA '0025
This 1nstruct10n performs a functmn similar to that a,bove except the A-register
is cleared before the data is ORed in. | ' ‘
OUTPUT TO MOVING-HEAD DISK IF READY, OTA '0025
If the data ready 1nd1cator is set, this instruction outputs data (usually a setup
word) to the mowng-head disk, resets data ready, and skips the next instruction, If
data ready is reset the 1nstruct1on is treated as a NOP., The t1m1ng requlrements for
disk data are the same as for INA '0075 and '1025, Timing of setup words is noncritical.
» OTA '0025 is not apphcable to a DMA configuration, | » »
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SET INTERRUPT MASK (BI'I‘ 4), SMK '0020
The state of the standard 1nterrupt mask for the moving-head disk is made equal

to bit 4 of the A-register (which must contain the entire mask word) by executing SMK
'0020. |

SKIP IF READY, SKS '0025 , |
The data ready indicator is used on both read an'd’\‘vrite operations to signal that
another word may be transferred to or from the disk control unit. SKS '0025 tests this

indicator. This instruction generally is not useful

SKIP IF NOT INTERRUPTING, SKS '0125
This instruction skips if the dlsk con’crol is not generatmg an 1nterrupt request

Interrupt COndlf:lOnS are listed under OCP 1425

SKIP IF OPERATIONAL, SKS ‘0025
This instruction skips if the DCU is not busy and if no error blts in the status

word are set. It skips if the prev10us data transfer was completed sat1s£actor11y or a

seek operation started without error,

SKIP IF NO ERROR, SKS ‘0325 » '
This instruction shps if no error bit is set in the status word (blts 3 through 7 and
11 through 14), ‘ E ' ’

SKIP IF NOT BUSY, SKS '0425‘:‘ v

This instruction tests the disk control uﬁit busy indicator and skips if the con-
troller is not busy. The control unit is busyb for the duration of a read, Write, or wr.ite
format operation, and for 50 u's:atfter the begihning of a seek. See the relevant OCP

descriptions for specific information about busy conditions. '

SKIP IF UNIT NOT SEEKING SKS 'XX25
These instructions (Table 1 -4) test the seek 1ndlcator of each disk drive. Since
the indicator is set near the end of the 50-ps seek cycle a valid indication of unit seek-

ing can be obtained only after the DCU has gone not busy.
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; SECTION II
TYPE 4651 2-SURFACE DUAL SPINDLE MOVING-HEAD DISK STORE OPTION

DESCRIPTION

The 2- Surface Dual Spmdle Movmg Head Dlsk Store Optmn Type 4651, consists of
a2 disk control unit and one or two disk storage units. Each disk storage unit houses two
~disk drives and two disk packs, the recording media. The device is also available with

only one spindle (Type 4650). Figures Z;l a‘nd 2-2 éhow a 2-Surface Dual Spindle Unit
| and é 2-Surface Disk Pacrk, respectiveiy. The disk control unit is referred to in‘this
manual alternately as thieyDCU and as the disk controller. Unit, when used alone, is

synonymous with disk storage unit.

Notice in'Figure 2-3, the system biock diagram, ‘that the di‘sk'control unit may be
connected to the central processor via either a diI;ECt multiplex control (DMC) c}hannel or
a direct memory kaccgfss (DMA) channel. The DMC transfers data bétween membry and

| the pefipheria.l devices over the sténdard 1/O bus. The DMA transfers data to and from
memory at high speed ovez; a spacial data bus. DI‘«IC alsc allows use of the I/0O bus; DMA
does hot Althouoh the optlon can operate via the I/O bus, Honeywell neither supports nor

recommend ss uch operatzon.

‘ The recordingb med:i(lm, yknown as a disk pack, is én aluminum plate coated with
inaanetic material. A nonremovable opaque plastic cassette protects the disk. The pack
is physmally interchangeable with the IBM Model 2315 disk pack. With required adjust-
ments, the Honeywell drive can read from or write on an IBM disk. Figure 2-2 shows the
disk pack with the cover elevated as Whén the heads are in position on the disk. The molded
handle is on the far side of the disk as shown in the flgure. Figure 2-4 shows the physical

orga.n1za.t10n of the pack. -

‘The Type 4651 readsifi'oin and writes on number 203 cylinders.* The term "cylinder"
refers to a pair of recordmg tracks which are at the same radial distance from the hub.
The drive detects the begmnlng of all tra.cks by sensmg one physical index mark on the
disk pack hub. Each track is divided 1nto records m a format defined by the user. The

fields within a record are discussed under '"Programming Information" in this section.

*“By convention, cylinders 200, 201, andVZOZ are used as spares.
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The controller is desc:ibed in Doc, No. 70130072318; the drive is described'in Doc.

7
No."60036601002, 155 Disk Pack Drive Operation Maintenance Manual.
Type Number Info:ma.tidn ‘ . '
To specify a Z-Surface‘Movingv-Head Disk sbystem, choose from the following types:
Type No. ’ R _
46-51 » Disk Control Unit with one Dual Spindle Disk Storage Unit ’
(each DCU is capable of controlling up to four spindles)
4652 Additional Dual Spindle Disk Storage Unit (two Disk‘ N
. Storage Drives and two Disk Packs) _ s
4650 Disk Control Unit W1th one S].ngle Spindle Disk Storage Unit
4653 Add1t10nal Dlsk Pack
Timing

The timing of disk rotation, bit transfer, and head travel is shown in Table 2-1. The

timing of spec1f1c data mput and output operatwns will be d1scu.>sed under '"Programming

Informatwn“ in tl’us section.

Storage Capacity

The storage capé.cit? 6f a disk pack depends on the format chosen for the tracks.
‘Each track rhay be formatted for 1 to i03'records. The:ma.ximum capacity of a track is
1,891 words in one record. The 16.5-word overhead and the timing tolerance (5-percent
gap) associated with each reébrd reduce the net storagé capacity as more records are
formatted. Table 2-2 shows the gross storage capacity. Figure 2-5 shows the capécity
of a track as a function of the number of records foi-ma.tted on it. Table 2- 3‘ shows record

capacity as a function of the number of records per track for some commonly selected

va.lues .

OPERATION st L ‘ o

Controls and Indicators

Each disk drive contains six indicator /switches which function as follows. . - -

POWER ON (GREEN)

Press th1s switch to power up the umt and release the cover lock. POWER ON,

LOAD STOP, and PERMIT or PROTECT (depending on the state of the switch) w1ll be
illuminated. ' :
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Figu.ré 2-1. 2-Surface Dual Spindle Disk Storage Unit, Type 4651
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Figure 2-2. 2-Surface Disk Pack, Typ;, 4653
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" Figure 2-3. Type 4651 System Block Diagram
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Table 2-1. Timing For Basic Type 4651 Disk Functions

Rotational speed 1683-1717 rpm

Time for one revolution 35.3 ms (nominal)

Average rotational latency 17.65 ms
{Time lapse for required ’
data to move under head)

Word transfer time 18. 1us
Word data aperture 17 s

Maximum head trawvel time:
1 cylinder .20 ms
200 cylinders 200 ms

Table 2-2, 2-Surface Dual Spindle Moving-Head Disk Capacity*

' Maximum Minimum
Words per track 1,891 103
Words per surface 378,200 20,600
Words per disk pack 756,400 41,200
Words per control unit| 3,025, 600 164,000
(with 4 drives)

*Maximum capacity is obtained with one 1, 8%1-word record per track. Minimum

capacity is obtained with 1-3 one-word records per track.

POWER OFF (RED)
Press this switch to remove power from the unit. POWER OFF will be illuminated;

all other indicators are extinguished.

START /STOP

To sté.rt up the disk once power is oh, load the disk packs, close the cover, and.
press START. Pressing START locks the cover, starts the splndle and disk rotating,
loads the heads (positions them the correct distance above the surfac:e of the disk), ex-
tinguishes STOP and LOAD, and 111u.mma.tes START and READY. READY is 111um1nated
approximately 45 seconds after START is illuminated.

To stop spindle rotation and unload the heads, press STOP, The cover lock is re-

leased, STOP and LOAD are illuminated, and START and READY are extinguished. LOAD

is illuminated approximately 15 seconds aftgr STOP is illuminated.
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e READY /LOAD _
. READY is illuminated when the heads are loaded on the associated drive, LQAD

is illuminated when the heads are unloaded, and the disk cassette may be changed.

- CHECK
CHECK is illuminated upon detection by the hardware of an improper c;)mbination
‘of read, write, and erase heads or drivers (e, g. » both read and erase). It also is il-
luminated when the head has been positioned outside its limits Whlle the unit was being

selected.

Press CHECK to clear the former conditions, then retry the operation. If this
procedure fails, the error is not recoverable under software control. The latter con-
-dition, however, can be corrected by issuiﬁg a Seek Track Zero instruction to the

controller,

PERMIT /PROTECT
‘ The permit state allows writing or formatting on a disk. Since the unit cycles up
fi.e., starts) in the protect state, press PERMIT before attempting cither writing or

formatting. With power on and the computer started, one of these indicators should

illuminate,
Table 2-3. Type 4653 Record Capacity As Function of Records/Track
- N’ D’ N’ D’ N’ D N* D
1 11891 9 186 17 90 25 56
2 914 10 166 18 84 26 53
3 599 11 149 19 79 27 50
4 443 12 135 20 74 28 48
5 350 13 123 21 70 29 46
6 288 14 113 22 66 || 30 44
7 244 15 106 23 62 31 42
8 | 212 16 | 97 Jl2a | 59 || 32 | 40
il
N = No, of records /track. .
D = No. of 16 bit words /record for G = 5%
Data applicable for primary power frequencies of 60 £1/2 Hz or
50 £1/2 Hz. For tolerances greater than 1/2 Hz, see "Track
Format and Gap'' later in this section. :
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-Power

The main circuit breaker at the front of the disk drive controls power to the unit ex-

,cept for the main motor. Controller 1ogic is powered from the computer. The main motor

is controlled by the START switch and interlocked with the plastic cover.

Changing Disk Packs

Make certain the main circuit breaker is on before loading a disk pack. Open the
plastic cover on the disk drive. Holding the pack by its molded handle on the front of the
cassette, slide it back into the unit until it seats securely. Close the plastic cover of the

disk drive immediately to keep out dust.

To remove a disk pack, push S"AI‘OPvand wait for LOAD to light.‘ Then open the cover,

remove the cassette, and close the cover.

PROGRAMMING INFORI\/IATlON

Relevant kHa. rdware Information

e ilg;l ) ‘L‘%"y v"f_"'!f f YA [ LS

" INDEX MARK

Two slits on the hub of each disk pack, when sensed by a photoelectric device on the

drive spindle, signal beginning -of -track to the controller.

UNIT NUMBER ASSIGNMENT

Each disk drive is assigned a number from 0 to 3 at installation time. Each

drive should be labelled with the apbpropriate number.

TRACK FORMAT and GAP ’ ‘

Figure 2-6 shows the ytrackvformat.‘ Field A is a 16-bit field which allows for
jitter in detection of the index mark. This field is recorded only before the first reoord
of the track. Fields B, E, and K are 64- b1t fields thch allow for the distance between

the erase head and the read /wr1te head Fields C, F, and Jare spec1al f1elds also used

;nternally. Fleld D is the address which is a 24-bit field with the flrst 8 bits 1gnored

The remaining 16 bits contain a program-assigned address for each record. Field G

contains the data of the record Field H is a 16-bit record checksum for field G. Field

L is a gap field which must be at 1east 5 percent of the total length of fields B through K:
= 16(0. 05(G+ 16.5)) = 0. 80G+ 13.2

- where L is the length of field L in bits, G is the length of field G in words, and 16.5 is
_the length in words of fields B thkrougth except G. If the frequency tolerance exceeds

0.5 Hz, increase the gap proportionally. For exa.inple, with a tolerance of 1.0 Hz, in-

crease the gap to 10 percent:

5% = Gap
0.5Hz 1.0 Hz
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I-TRACK ACCESS TIME. 38 MS }SEEH AVG.
‘ LATENCY
200-TRACK ACCESS TIME. 218 MS )
| i "] HEADS O-| :
| PLATE —5 2 USABLE SURFACES

MAGNETIC SURFACE

14 IN. DIA. -

SPINDLE
—— 1700 £ 17rpm
AP\ SPARES
200 TRACKS

Figure 2-4, Physical Organization of Type 4653 Disk Pack
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B To access sequentlal records within the same rotation, take into account the time
'1' between the end of busy for the first record (which will allow the next OCP to be sen’c)
a.nd output of the second setup word as follows.

L =16(0.05(G + 16.5) + 0. 078T + 1 75)

0.08G + 41.2 + 1.25T

where T is in ps. The minimum time T between the initiating OCP and output of the

‘séoond setup word is 55 us.
STATUS WORD

The prograbmmer ca.’n obtain detailed ixlformation about the state of important
elements within the controll‘errbyv requesting a status word transfer. In particular, the
contents of the status word help him to detervmine if V'recove‘ry from an error state is
possible. Figure 2-7 shows t}re format of the status word with the significance of each

bit (when set) called out.

SETUP WORDS
Six of the OCP instructions require one or two setup words which transfer information
necessary for the particular operation. F1gure 2-8 contams these six OCP's and the formats )

of the corresponding setup words.

CHECKSUM ,

As data is written onto the disk the controller accumulates a2 checkword. The word™
is formed by exclusively ORing all data words into a register. At the ‘end of an n-word trans-
fer, the checkword is a 16-bit eveo parity checksum which is written onto the disk as word

n+l. ' - o : '

When data is read from the disk and passes back through the controller, the hardware
recomputes the checksum. Word n+1 is 1ncluded in the computation. If the result is non-
zero the checksum error blt in the status word is set. A programmer may examine the

checkword by requesting an n+l-word read operation.

INTERRUPT REQUESTS
Certain conditions cause hardware interrupt requests. These conditions are listed

under ""Acknowledge Interrupt, QCP '1425" in this section.

ACCESS TO DMC DEDICATED LOCATIONS

On a Model 316 with h1gh-speed DMC the programmer is guaranteed access to DMC
.dedictted locations only when the disk controller is not busy. Mor information on this sub-
ject is presented in the 316/516 Programmers' Reference Ma.nua.l (Doc No. 70130072156)
under "316 High-Speed DMC Ded1cated Locations. '
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Figure 2-5. 2-Surface Disk Track Capac'ity vs Number of Records per Track
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INDEX
PULSE S
/ %
, ONES
/] /
16 ONES FOR INDEX PULSE
A JTTER
L FIRST RECORD BEGINS HERE
B 64 ONES
C 16-BIT ADDRESS MARK
5 24-B1T RECORD ADDRESS
(FIRST 8 BITS IGNORED)
E 64 ONES -
F 8-BIT SYNC MARK
G DATA
(1—1800 WORDS)
/ /

16-BIT RECORD CHECKSUM
8-BIT END-OF-RECORD MARK
64 ONES
5% GAP L/
/
/
/]
LSECOND RECORD BEGINS
HERE
64 ONES
/ //

Figure 2-6. 2-Surface Disk Track Format
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11 12 13 14 15 16 7

End-of-Record Mark Found

Error, OR of bits 3—-7 and 11-14

—— Data Transfer Rate Failure

—— Checksum Error

—— Data Unsafe (Inconsistency in internal logic, such as read
and write at the same time or erase without detent;

refer to the hardware manuai for complete list

of data unsafe conditions)

L—— Write Operation requested while in protect mode

Seek Error (Attempt to seek track outside —3 to 202 limits)

—— Requested Unit Not Available

—— Heads Not Loaded on Selected Unit

— Attempt to Format over Index Mark

—— Requested Address Not Found

‘— Data Ready for Transfer

—— Controller Busy

Figure 2-7. 2-Surface Disk Status Word Format

S—
-
4 5 6 7 8 9 10 11 12 .
OCP '0025 UNIT N \\\ N i
Seek Track Zero \\\\\ NO. \\\\\ \§ \X\ \\\ . \ \ \\\\ \
OCP 0125 UNIT N ,
Diree: Seek \\\\ No. | \\ b1 NUMBER OF TRACKS
OCP 0225 N uNiT RS ucm NN N
" Read Current Address \ NO. s\\ \\\\\ 2T NORNY N N \% \ N
OCP 0425 N UNIT N N N
CP Finished \\\ SN0 RN \\\\ N \\\\\\ N \\
OCP 0525 N \ UNIT 2 ez} N
Write Track Format \\ NO. RN \\\\ \\\\\\ NO. \\ \\ \\ \\
OCP ‘0625 R UNIT \ NN \\ \\ \
Read/Write One Record ‘ WRN Fo. Ay ee A
' RECORD ADDRESS .
NOTE '
D = Direction. 0 means toward hub; 1 means toward rim.
R/W = Read or Write. 0 means read; 1 means write.
Shaded bits not used. ;
:
— h !

Figure 2-8. 2-Surface Disk Instructions with Required Setup Words

e
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General Instruction Sequences

The instruction complement for the Type 4651 is given in Table 2-4.

through 2-8 nge appropriate instruction sequences for common operatlons

Table 24,

Tables 2-5

Z-Surfé.ce Moving-Head Disk Instructions
OCP '0025 Seek track zero
OCP '0125 Direct seek
OCP '0225 Read current address
OCP '0425 CP finished
OCP '0525 Write track format
OCP '0625 Read or write one record
OCP '1025 Stop transfer
OCP '1125 Read status word
OCP '1325 Enable DMC /DMA mode
OCP '1425 Acknowledge interrupt
OCP '1725 Enable I/0 bus mode
INA 'X025 Input from disk to A-register if ready
OTA '0025 Qutput contents of A-register to disk if ready
SKS '0025 Skip if ready
SKS '0125 Skip if disk not requesting interrupt
SKS '0225 Skip if operational
SKS '0325 Skip if no error
SKS '0425 Skip if not busy
SKS '1125 Skip if unit 0 not seeking *
SKS '1225 Skip if unit 1 not seeking
SKS '1325 Skip if unit 2 not seeking
SKS '1425 Skip if unit 3 not seeking
SMK '0020 Set interrupt mask (bit 4)

*The address of the moving head disk contral unit is 25. X in INA 'X025 may be either 1

or 0: 1 m ans clear the A-register before input; 0 means input without first clearing.
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SEEK, SEEK TRACK ZERO

Before information can be transferred to or from a record, the head must be

positioned on the proper track. Two instructions perform this function. One is an

‘absolute seek to cylinder 000. The other moves the head a specified number of cylinders

in either direction from the current po’sition.‘ The programmer is expected to keep track

of the current head position within his program. Table 2-5 shows the sequence of oper-

ations required for the seek operations.

Table 2-5, 2«Surface Diék Seek and Seek Track Zero Instruction Sequence

| step 1/0 Bus & DMC DMA

1 Test control unit busy indicator Test control unit busy indicator

2 Test if drive seeking Test if drive seeking

3 - Set up DMA for one-word transfer

4 Execute seek instruction Execute seek instruction

5 Output setup word (Enter DMA)

6 - (End -of-range)

7 Handle seek complete interrupt request | Handle seek complete interrupt request

————— C——

CP FINISHED

Execution of the CP finished instruction causes the selected unit to seek track zero

and power down. The sequence of operations required for a CP finished instruction is

shown in Table 2-6.

Table 2-6. 2-Surface Disk CP Finished Instruction Sequence

| Step 1/0 Bus and DMC DMA
1 Test control unit busy indicator Test control unit busy indicator
2 - Set up DMA for one-word transfer
3 Execute CP finished instruction Execute CP finished instruction
4 Output setup word (Enter DMA)
5 - (End -of -range)
e e A e
READ CURRENT ADDRESS

Disks are often formatted so that the address of each record identifies the track,

head, and unit. By reading the address of the next record formatted under such a system,

on the dis

k.

2-14

a programmer can determine the track location and relative rotational position of the heads
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Table 2-7 shows the sequence of operations required for reading the current address.

When the DMA is used the address is returned as the second word of the two-word buffer.

Table 2-7. 2-Surface Disk Read Current Address Instruction Sequence'

Step 1/0 Bus DMC DMA
1 " Test control unit Test control unit Test control unit
busy indicator busy indicator busy indicator
2 - Set up DMC for one- Set up DMA for two-
word input transfer word output transfer
3 Eanble transfer Enable transfer Enable transfer
via 1/0 bus via DMC /DMA via DMC /DMA
4 Execute, read cur- | Execute read cur- Execute read cur-
rent address in- rent address in- rent address in-
struction struction struction
5 Output setup word Output setup word (Enter DMA)
6 INA current address | (Enter DMC) (Disc control unit switches
DMA to input)
7 Return to DMC/ (End-of -range) (End -of -range)
i DMA mode '

' WRITE TRACK FORMAT, ' | ‘
Table 2-8 shows the sequence of operatmns requu-ed for writing a track format

Formattmg takes place in the followmg order (after the setup word)

a, Record address ,

b. Data for every word in the record (may be blank or £1ller)

c.: End-of-range ,» , - ‘

d. F1ve-percent gap word (whose value is the number of bit cells in the gap field)
e. Repetition of steps a. through d. for each record

f. End -of - range adknowledge interrupt, and stop transfer after the last

record (which will write gap to the track origin)

The 5-per"ent gap Word related to the prev1ous record must be output as the first
‘word of the block being output for the present record '

Because of timing constraints“, the CPU must be dedicated 'exclusively to formatting.
Time- sharlng or mult1programm1ng is not poss1ble because time is not available to handle

. mterrupts .
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rTable 2-8. 2-Surface Disk Write Track Format Instruction Sequence

.

Step DMC DMA

1 Test control unit busy indicator Test control unit busy indicator

2 Set up DMC for n+l-word outputa Set up DMA for n+2 outputb

3 Enable transfer via DMC /DMA Enable transfer via DMC /DMA

4 Execute write track format instruction Execute write track format instruction
5 _Output setup word (Enter DMA)

6 (Enter DMC) -

7 (End of range) (End of range)

8 Reinitialize DMC for n+2-word outputc Reigitialize DMA for n+2-word out-

put
9 (Enter DMC) (Enter DMA)
10 Repeat steps 6 through 9 for each Repeat steps 6 through 9 for each
record record
11 Reinitialize DMC for l-word outputd Reinitialize DMA for l-word outpm:d

a : ~
For the first DMC transfer, word 1 should be the record address and the
remaining n words should be data.

For the first DMA transfer, word 1 should be the setup word, word 2 should
be the record address, and the remaining n words should be data.

c : .
For subsequent DMC or DMA transfers, word 1 should be the 5%-gap word
for the preceding record, word 2 should be the record address, and the re-

T

- maining n words should be data.

’dThe last DMC or DMA transfer should be the 5%-gap word for the previous record.
The setup must be accomplished within 60 us and the subsequent interrupt request
followed by stop transfer and acknowledge (clear) interrupts commands. The
drive will write gap until it detects track origin.

If the programmer has ensured that enough space remains on the disk for gap
for the final record (he may include the 64-bit field A}, he need not transfer

the 5% gap for the final record. If the last gap word is not transmitted or timing
requirements are not satisfied, the drive writes gap to track origin and sets the

data-transfer rate-failure bit in the status word,

-

READ OR WRITE ONE RECORD

The sequence of instructions for these two operations is almost identical. The data

words, preceded by two setup {«vbrds, are transferred between the compﬁter and the disk.

The address is read but not modified. The record checksum is written or read and com-

pared but is not transferred to the computer unless a read has been specified for more

words than the record contains. Table 2-9 shows the sequence of operations required for

. reading or writing one record.

2-16
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Table 2-9, 2-Surface Disk Read or Write One Record Instruction Sequence

DMC DMA

1 Test control unit busy indicator Test control unit busy indicator

2 . Set up DMC for n-word input or output Set up DMA for N+2-word outtpu.’ca

3 Enable transfer via DMC/DMA Enable transfer via DMC/DMA

4 Execute read /write one record Execute read /write one record
instruction instruction

5 Qutput first setup word (Enter DMA)

6  Output second setup wordb —

7 (Enter DMC)‘ (Disk control unit switches DMA to
input when reading)

8 (End-of-range) . (End -of-range)

For DMA transfers, words 1 and 2 must be the setup words; the remammg
n words are data storage locatlons.

The time of the second s’etup word is critical only if sequential access within
the same rotation is desired (see "Track Format and Gap'', a preceding paragraph).

_ In an-under-ran'gé read’, the controiler transfers the specifi’ed number of words to
memory and discards the remainder of the record. The controller becomes not busy
shortly after the end -orf-rgcbord’mérk is detected. The checksum is handled as in a nor-
mal read, An over-range‘ rkea.d,iwhich inputs the chécksurn word (often useful for érror

' recovery), terminates at the end-of-record mark. The check§um error bit (bit 13 in the’

status word) is valid as in a normal read. An under-range write causes no problems.

An over-range write will reduce the gap field correspondingly for up to four words
over the original format. If more than four words are written beyond the format, the

next record (and forma.iy:)wis destroyed. The record is readable under most circumstances.

REA.D STATUS WORD 4

The sequence in Table 2-10 shows the order of instructions to read the contents of
the status reg1ster. With DMC it is eas1est to code thls operatwn using the I/O bus as
‘shown below, although DMC is perfectly acceptable.
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Table 2-10. Z-Surfacé Disk Read Status Word Instruction Sequence

Step 1/0 Bus DMA
1 Test control unit busy indicator Test control unit busy indicator
2 Enable I/O bus Set up DMA for one-word 1nput
’ transfer
3 Execute read status word instruction Execute read status word instruction
4 Input status word '(Enter DMA)
5 Enable DMC /DMA (End-of-range)
—— .

Instruction Descriptions

SEEK TRACK ZERQO, OCP '0025

This instruction and its associated setup word cause the heads on the selected unit

to move to track 000. The disk control unit busy indicat'orwis set for 70 us after the set-

up word is outpﬁt; the seeking‘indicator of the selected unit is set for 20 to 200 ms after

the setup word is output (éeeﬁTable 2-1). More than one disk drive may be seeking at a

time. When the heads reach track zero, the controller generates an interrupt request

{(which may be delay'ed until the controller becomes ‘not bu‘sy) This instruction will be

mnored if Lssued while the dlsk control unlt busv 1nd1cator is set. A seek-track- -zero

mstructlon executed with the neads already on track zero is processed the same as a

seek-track-zero from any other pOSlthn.

DIRECT SEEK, OCP 0125

This instruction and its associated setup word cause the heads on the selected unit

to move the number of tracks s‘pecified by bits 9 through 16 of the setup word and in the

direction specified by bit 8 of the setup word ,A where 0 means toward the center of the

disk (higher track number's)'and 1 means toward Vthe outside of the disk (lower track

numbers). If the disk control unit detects a 0 in the difference field (bits 9 through 16),

1t sends no orders to the disk drive, sets the seek error bit in the status word, and gen-

erates an interrupt request. The disk control unit busy indicator is set for 70 ps after the

setup word is output; the seeking indicator of the selected unit is set for 20 to 200 ms after

the setup word is output. This instruction is ignored if issued >while the disk control unit

busy indicator is set.

"The programmer can code several units to seek concurrently with successive OCP

seeks and setup words. He must test for controller busy between OCP's. If several

units are seeking, the progrémn*ier can either acknowledge interrupts as they occur or

wait until all units have finished seeking, and then clear all interrupt requests with one
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“acknowledge interrupt. 'An interrupt ‘request will be delayed until the controller becomes
‘not busy (e.g., a data trapsfer -immediately follows a seek). A seek directed to a non-

‘existent track will result in a seek to zero and a seek error in the status word.

READ CURRENT ADDRESS, OCP '0225

This instruction-and its associated setup word cause the next address encountered

on the selected track by the selected track by the selected head to become available on the
input bus‘. The disk control unit busy indicator is set from the time the setup word is
ouput until the address beco.mes available to the central processor. The ready iddicator
is tl'len set, bthe busy indicator is reset, and an interrdpt request is generated. This OCP

has no effect if issued while the DCU is buéy.

. CP FINISHED, OCP '0425
Execution of th.ls 1nstruct10n and its assoc1a.ted setup Word cycles down the unit and
illuminates both the STOP and LOAD indicators. A programmer may code this operation
to signal the operator that a certamrmsk is no lon“gel" needed by the execution program.
The DCU t)usy indicator remains set ter 70 ms after the setup word OTA. No interrupt

request is generated.

' WRITE TRACK FORMAT, OCP '0525
This instruction and its associated setup wrord cause the selected head on the sel-
ected head on the selected unit to detect the track origin and write a new format on the
track. I.n addltlon, data may be wr1tten in the newly formatted records. The address,

the data, and the gap size are under prog:am control.

If the output tranefer tate is not maintained by the computer, the disk control unit
~aborts the operation, writes gap to the track origin, and sets the data-transfer rate-
failure bit in the status word. The DCU is busy from the time of the order initiatiori
:OCP until formatting terminates at track origin a maximum of 70 ps later. Refer to
"Track Format and Gap" earher in th1s section for 1nf0rmat1on on how to format to

~ access sequentlal records on a track.

READ OR WRITE ONE RECORD OCP '0625
Th1s instruction and 1ts two associated setup words cause the selected head on the
selected disk drive to read or write one record at the specified record add_ress on the

current cylinder. Bit 1 of the first setup word must be 0 for read and 1 for write.
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' The unit reads unt11 one of the followmg conditions occurs.

a, End-of- record is sensed.
b. The computer fails to maintain the necessary input transfer rate.
c. Two mdex pulses are tallied.

d. The stop transfer 1nstruct10n (OCP '1025) is executed or DMC /DMA
end-of-range occurs. Data transfer will cease, but the disk control
unit continues reading to the end of the record. When a stop trans-
fer instruction is executed during a read operation, the last data
word transferred (before the instruction takes effect) will be inter-
preted as a checksum. The checksum error bit in the status word
may be set. This»feature is useful in test programs.

The control unit busy‘indicetor is set from the time the OCP is issued until the

read is completed in one of the four wvayns listed above.
If the program speciﬁes‘ a larger number of woyrds (range) to be read than the
record contams, the record checksum is transferred to the central processor as if it
] were data, and the end of record is sensed before the next word 1is transferred If,
at the end of the read ooerahon the checking logic md1cates an error, the checksum

error bit in the status word is set,

Write
Data is wr_itten into the addressed record until one of the following conditions
occurs. ‘

a. The stop transfer instruction (OCP '1025) is executed or DMC /DMA
end-of-range occurs,

b.  The coniputer fails to maintain the necessary outprxt trensfer rate.
c. Two index pulses are tallied. |
| t
When cond1t1on a. orb, is encountered, the word being wrltten is finished, and
the checksum record is wrltten along with the end- of record mark and the field of ones
(flelds H, J, and K of Flgure 2-6). When condition ¢. occurs, the operation is termin-

‘ ated unrnedlately

‘The programmer should make sure that the record written is no larger than al-
lowed by the record format. If it is rtoo long by four words or less, the 5% gep will be

diminished, but the following record will not be affected. If it is more than four words

il y.-/"

too long, the following records are destroyed.
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The controller is ‘busy from the time the OCP is issued until a, b. or c. above
terminates the operation. T(he read /writ;eA dperation may be requested when one or more
units are seeking and will be exeéuted either immediately or when the appropriate seek
is coinplete. Any pending ihtefrupt requesfiis délayed until the opefation is complete,

i.e., the controller becomes not busy.

STOP TRANSFER, OCP '1025

This instruction, which does not reqﬁire a setﬁp word, stops track formatting if
issued immediatel’y after the.DCU has fekckebivé’d the last data word. If OCP '1025 is not
issued Within 70 us of end-of;fanée for'fhe’last record fqrmdtted, the‘kdata—transfer
rate-failure bit in the status word is set. Execution of a stopvtransfe'r instruction forces
the controller to not busy. In this yway, a programmer can clear a busY‘havmgup ,Which
rﬁay result from an OCP wit,hino setup word transfer or a hardware fault. If issued
" during a read operation, this ;instruction fo'r;:és a diagnostic checksum (see 'Read, "

preceding).

- READ STATUS WORD, OCP '1125 ,

' This instruction causes the status word to be the next data-like v{rord transferred
via 1/0 bus, DMC, or DMA (w’hichev‘er is enabled}. Code INA '00225 or '1025 after thse
OCP to make the transfer;vi‘a i/O bus. For DMC or DMA transfers, initialize fhe ck:ha.n-v
nel before is’suing'th‘e OCP‘._V Before issuing OCvlD '1125 while the DCU is busy, dela.y 70
ms (two revolutions) to allow corﬁpletion of anyi‘tra.nsfer in progress, R.eading the status
word does not alter the state of the controller other tﬁan to clear the status request. |

 See Figure 2-7 for the status word forniat.

ENABLE DATA TRANSFER VIA DMC /DMA, OCP '1325
ENABLE DATA TRANSFER VIA I/O BUS, OCP '1725

OCP '1325 (or '1725), which does not requii‘e a setup word, enables the disk con-
trol unit to use the DMC /DMA (or 1/0 bus) exclusively. It does not initiate an order to

any of the disk drives.

Pressing MSTR CLEAR initiaiizes the system for DMC or DMA transfers. To
i.nitializé the system for 1/0 bus tra',n,sfersj,v“kexecute OCP '1725 before executing the OCP
which implies thg data transfer (e.g., ocp 0625, Read One Record). Transfers are
enabled via the I/O bus u.nt.il OCP '1325 is execufed or the computer is MSTR CLEARed.
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- ACKNOWLEDGE INTERRUPT, OCP '1425-

z\“

This mstructmn, wh;.ch does not requ1re a setup word does not initiate any orders
to the disk drives but does reset (clear) an 1nterrupt request if one is present. The fol-

lowmg s1tuat10ns cause 1nterrupts if allowed.

a. The disk control unit goes from busy to not busy, except for the 70-pus
busy at the beginning of a seek, CP-finished, or read status word in-
struction. Any OCP, except read status word, addressed to the disk
control unit resets this interrupt request.

b. A seek operation is completed. If this happens when the disk control
unit is busy, the interrupt is delayed until the control unit goes to not
busy. If a direct seek is requested and its setup word specifies a
difference of zero tracks, this interrupt request is generated immed-
iately. Only OCP '1425 resets this interrupt request.

c. - A disk drive error (bits 5, 6, 7, 11, or 12 in the status word) is
detected. The operation is terminated, and an interrupt request
is generated at the end of the 70-us order process interval,

d. End-of-range is reached in write track format operations with DMC /
DMA mode set. The interrupt signals the program to reinitialize the
DMC /DMA within the time constraints. It may be cleared by OCP
'1425 during the format operation or by OCP '1425 or OCP '1025 at
the end of a format operation.

INPUT FROM DISK TO A- RLGIDTER iF "{EADY INA '0025

. If the disk control unit has a data word rea.dy for transfer, th1s instruction ORs
the word from the DCU into the A-register and ‘s’kips the next instruction. At the com- a
pletion of the instructién, dat; ready and ‘status‘ request ar.e reset. If data is not ready,
INA '0025 is treated as a NOP. To maintain the data transfer rate, INA must be ex-

ecuted within 17 us of the time data becomes réédy (time constraints do not apply for

status and address transfers). INA '0025 is not appiicable to a DMA configﬁration.

CLEAR A-REGISTER AND INPUT FROM DISK TVC A-REGISTER IF READY INA '1025
This instruction performs a function similar to that above, exéept the A-register

&

'is cleared before the data is ORed in.

OUTPUT TO MOVING-HEAD -DISK IF READY, OTA '0025

If the data ready indicator is set, this instruction outputs data (usually a setup
word) to the moving -head dlsk resets data ready, and skips the next instruction. If
data. ready is reset, the instruction is treated as a NOP, The timing requ1rements for _
disk data are the same as for INA '0025 and '1025. T'n;ning of setup words is noncritical.

OTA '0025 is not applicable to a DMA configuration.
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SET INTERRUPT MASK (BIT 4), SMK ‘0020

-The state of the standard interrupt mask for the moving- hea.d disk is made equal

to bit 4 of the A- reg1ster (which must contain the entire mask word) by executing

'SMK 'oozo.

 SKIP IF READY, SKS '0025

The data ready 1nd1cator is used on both read and write operations to signal that
another word may be tra.nsferred to or from the disk control unit. SKS '0025 tests this

indicator. This 1nstruct10n generally' is not useful.

SKIP IF NOT INTERRUPTING, SKS '0125

This instruction skips if the disk control is not generating an interrupt request.

~Interrupt conditions are listed under OCP '1425,

SKIP IF OPERATIONAL, SKS '0225 -

This instruction skips if thé DCU is not busy and if no error bits in the status

word are set. It skips 1f the prekus data. transfer was completed sahsfa.ctorlly or a

' seek operatxon started W1thout error,

SKIP IF NO ERROR SKS '0325

This instruction sklps 1£ no error b1t is set in the status word (bits 3 through 7

and 11 through 14).

'SKIP IF NOT BUSY, SKS '0425

~ This mstrucnon tests the disk control unit busy' 1nd1cator and sl-ups if the control-
ler is not busy. The control unit is busy for the duration of a read, write, or write for-
mat operation, and for 70 us after the beginning of a seek. See the relevant OCP des-

criptions for specific information about busy conditions.

SKIP IF UNIT NOT SEEKING, SKS 'XX25
These instructions (Table 2-4) test the seek 1nd1cator of each disk drive. Since

the indicator is set near the end of the 70 -ps seek cycle, a valid indication of unit seeking

can be obtained only after the DCU has gone not busy.
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| | SECTION III
'TYPE 4623 10-SURFACE SINGLE SPINDLE MOVING-HEAD DISK FILE OPTION

DESCRIPTION.

The 10-Surface Single Spindle Moving-Head Disk File Option, Type 4623, consists bf
a disk control unit and one to eight- disk étorage units. Each‘dis»k storage unit houses a
"disk drive and a disk paék,. the recording medium. Figure 3-1 shows the 10-Surface
SinglenSpindle Disk Sf:orage Unit, and Figure 3-2"s}’i‘ows the IOV-Surface Disk Pack. The
disk control unit is referred to.in this manual alternately as the DCU and disk controller.

Unit, when used alone, is synonymous with the disk storage unit.

The system block diagram, présente& in Figure 3-3, shows that the disk control
unit may be connected to the central processor thrqﬁgh either a direct multiplex control
(DMC) channel or a direct m‘emyo'ry access (DMA) channel. The DMC transfers data
betwéen memory and thé pei-ipheral devices ovér %che sfandard I/0 bus. ‘The DMA trans-
fers data to and from inefnory at high speed ovér akspecial data bus. DMC also allows
use of‘the 1/0 bus; DMA does not. Although this option can operate via the I/0 bus,

Honeywell neither supports nor recoznmends such operation.

The recording medium, a." Honeywell‘M-‘{OO’S‘, is a stack of six magnétic oxide coated
aluminum plates on a common shaft with a'plastic héndle and cover as sembly. The pack’
is physically fntefchangeéj:le with the IBM Model 1316 disk pack. With required adjust-
rnents, the Honeywell drive can read from or write on an IBM disk. Figure 3-4 shows

. the phy51cal orgamzatlon of the Honeywell disk pack.

"A—'The' Tybe 4§2_3' Optioﬁ reads from and writes on number 203 cylinders, * The term
f';:ylix;ders" re_fer:to a._se't'of 10 ieéofding tracks which are at the same fadial distance
from the hub. The cirive détecfs the beginningb of ail tracks by sensing one physical
index mark on the disk -pack h1;1b . Each track is divided into records’in a format ;inined _
by the user. The fields w1th1n a record are dlscussed under "Programnung Information®

later in th;s sect:.on

. The disk controller is descr1bed in Doc. No. 70130072318 the drive is described
in Doc. No. 60022580 60022581, and 60022585, 259 Disk Pack Drive Operation-

Maintenance Manual and I;lustrated Parts Manual.

*By convention, cylinders 200, 201, and 202 are used as spares. »
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Figure 3-2. 10-Surface Disk Pack, Type 4622
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MAGNETIC OXIDE COATING

—————————14 IN. DIA.

SPINDLE
Q SPEED = 2400 +48rpm
zzg:z:: SPARES
1]

200 TRACKS

I-TRACK ACCESS TIME : 22 +I3 Ms } SEEK + AVG

' 200-TRACK ACCESS TIME:132+13Ms) LATENCY
6 PLATES |
0 HEADS 0-9
|
2
3y
a 10 USABLE
- DISK PACK 57 SURFACES
6 | )
-~ 7
- 8
‘ 9

Figure 3-4. Physital.Organizétion of Type 4622 Disk Pack
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Type Number Informatmn ’

To spec:.fy a IO-Surface Moving -Head DlSk system, choose from the following

types.
Type No. ° 4
4622 _  Additional Disk Pack
4623 o Disk Control Unit with one Disk Storage Unit (each DCU is capable
of controlhng up to eight D1sk Storaoe Umts)
4624 Addltlonal DlSk Storage Umt (Disk Storage Drlve and Disk Pack)
Timing

~The timing of disk rotatioh, bit‘transf\er, and head travel is shown in Table 3-1.
The timing of specific data input and output operatioris is discussed under "Program-

ming Information" in this section.

Table 3-1. Timing for Basic Type 4623 Disk Functions

Rotational Speed 2352-2448 rpm
Timing for one revolution 25 ms (nominal)
Average rotational latency 12.5 ms

(Time lapse for required data to
. move under head)

Word transfer time 12, us
Word data aperture 12 ps

Maximum head travel time:

1 cylinder : 22 ms
i 200 cylinders 132 ms

Storage Capac1ty

The storage capa.c1ty of~a disk pa.ck depends on the selected track format. Each
track may be formatted for 1 to 103 records The maximum capacity of a track is 1, 800
words in 1 record. The 16 5-word overhead and the timing tolerance (5- percent gap)
associated with each record reduce the net storage capac1ty as more records are

£ormatted

Ta.ble 3-2 shows the gross storage capa.c1ty Figure 3-5 shows the capac1ty‘ of a
track as a funcuon of the number of records formatted on it. Table 3-3 shows record

capacity as a function of the number of records per. track for some commonly selected

. -values.
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Table 3-2. 10-Surface Moving-Head Disk Capacity*

Maximum Minimum
Words per track 1, 800 103
Words per surface 360, 000 20,600
Words per disk pack 3,600, 000 206,000
Words per control unit 28, 800, 000 1,648,000
(with 8 drives)
FMaximum capacity obtained with one 1, 800-word record per track; minimum capacity
obtained with 103 one-word records per track.
" Table 3-3. bType 4622 Record Capicity as a Function of Records/Track:

N D! N D! N D!

1 -1800 12 128 23 58

2 869 13 . 117 24 55

3 569 14 107 25 52

4 421 15 99 26 50

5 332 16 91 27 47

6 274 17 85 28 45

i 7 232 18 79 29 43

8 200 19 74 30 41

9 186 20 70 31 39

10 157 21 66 32 37

11 141 22 62 33 36

¥
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1900+ NOTES
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N +-N—-l
1 700 20 )
[ = Number of 16-bit data words/track with 5% gap
N = Number of records/track
1600 P ith 5%
 (1570) 0 Number of words/record with 5% gap
* If tolerance of operating frequency exceeds 0.5 Hz,
8 1500 see “Track Format and Gap” in this section.
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Figure 3-5. 10-Surface Disk Track Capacity vs Number of Records per Track’
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OPERATION -

-7 Controlé and Indicators ‘ ‘
‘ Each disk storage unit has five indicator/switcheé located on the main control
'START INDICATOR/SWITCH |
The START switch is used to start and stop the d1sk storage unit as follows.
Start |
| To start ‘up the disk, apply ‘power to the unit (if not on), load the disk éack, close
' the cover, and press START. The indicatdrrwill illuminate, the disk will rotate, and
the heads will seék to track zero. In about 55 secorid$ the disk storage unit is ready for
- operation. " p e
~ Stop
An individual disk storage unit may be turned off by pushmg the 111um1nated START
“switch or by lifting the top cover. The heads will retract completely, and the spindle
brake will be applied, Abbut 20 seconds are required for this sequence.
' UNIT NUMBER INDICATOR
This 1nd1cator is illuminated When the heads are loaded on the pack. It indicates
'the number as 51gned to the disk storage unit (0 through 7) in a multiple drive system.
FAULT INDICATOR/ SWITCH
‘The FAULT indicator will 1].1um_1nate upon detect1on of a.ny of the follow1ng
conchtmns. _
) a. Selection of mbfe than bne head.
b. Read and write inodes seleéte& at the same time. 5
c.vr Read and éraiseAselected at the same time.
d. Erase mode selected without a write driVexflselected.r
e, - Eré.sé mode éelected and béth write drivers selected,
f.  Write dr.;ivers sélected without erase mode éelected.
g.  Attempt to read, ~write, or erase with head not directly on the track.
The FAULT switch clears the incﬁcator If the fau'ylt condition reappears, the
o indicator is illuminated again. Cleanng a recurrent fault may be attempted by stopplng

the unit, then restarhng it with the START sw1tch.
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WRITE PERMIT INDICATOR/SWITCH

When this indicator is illuminated the unit is in the permit mode, and Wr1t1ng and
formatting on the disk is allowed Since the unit cycles up (i.e., starts) in the protect
mode (1nd1ca.tor not 111um1nated) the WRITE PERM.IT switch must be pressed before

attemptmg the wrlte or format ooeratlons

CP FINISHED INDICATOR/SWITCH |

OCP '0425 controls fhe CFP FINISHED indicator. The programmer can program
this indicator to flash as a signal to the operator that the program is finished with the
current d1sk pack. The command also causes ‘the unit to cycle down. The CP FINISHED

switch is pressed to restart the drive and turn the indicator off.

.Power ;
The main circuit breaker at the rear of the disk drive controls power to the unit
except for the main motor. Controller logic is powered from the computer. The main

motor is controlled by the START pushbutton and interlocked with the plastic cover,

Changing Disk Packs

The disk pack should be changed with the main circuit breaker ON This activates

the spindle brake, maklng pack changlng ea51er and safer.

To install a pack, hold it by its coxcer handle, and remove the bottom cover by un-
screwing the knob at the bottom. Slide back the plastic cover on the disk drive, and 1ower
the pack over the matching spmdle belng careful not to bump one agalnst the other. ‘
Twist the disk pack handle clockwise until the pack is firmly seated on the spindle. Raise
the disk pack cover and remove it. Close the plastlc cover of the disk drive immediately
to prevent the entry of dust.

o *

To remove a pack, first make sure it is not rotating. Then slide beck the plastic
cover of the drive, and place the disk ijack cover over the disk pack, making sure it is
seated. Twist the disk pack cover handle counterclockwise until the pack is free. Re-
move the disk pack ‘and close the drive cover. Place the disk pack in pos1t10n over the

bottom cover, and t1ghten 11: with the bottom knob

Cleaning Disk Pa'cks

Dust or dirt on the disk pack recording surfaces may cause read or write errors as

well as permanent damage to the surfaces and the read/write heads. Honeywell disk

3-9 | ~ #CA38




pack drives are equlpped W1th nylon cleaning brushes to ensure opt1mum performance
Manual cleaning on HoneyWell drives equlpped with brushes usually is not necessary;

brushes clean the packs during each cycle-up.

If a spec1f1c pack continually causes read errors after wr1te operations, hOWever,
cycle up the unit five times. The brushes will clean the error-causing disk pack during
the cycle-up process. If read errors persist and the record or format was wrltten on
another drive, this may be the cause of the error. If errors persist; and the drwe used
for writing and reading is the same'and Aother\'vise satlsfactory, take the error-causing
track out of service and assign one of the spare tracks. If spare tracks are not avail-

able, remove the pack from service, as the entire surface rhay be degraded.

Check the disk pack f11ter on the bottom of each pack and change it when necessary.

Filters can be ordered throuoh your local I—Ioneywell F1eld Servxce Office.

Note that Honeywell disk packs are impervious to 91-percent isopropyl alcohol

(2-propanol); however, other solvents may cause damage.

PROGRAMMING INFORMATION |

Relevant Hardware Information

'UNIT NUMBER ASSIGNMENT
Each disk drive is ass1gned a number from 0 to 7 at its 1nsta11at10n and each

’ drive should be labelled with 1ts ‘appropriate number.

TRACK FORMAT AND GAP
Flgure 3-6 shows the track format Inforrﬁation is recorded on the disk in a A
» serial bit stream. ‘
s
Field A is Aa 64 -bit field Whic’h aiIOWS for jitter in/ detection of the inde)vcvmark
'Th1s field is recorded only before the first record of the tra.ck Fields B, E, and K are
64 -bit fields which allow for the distance between the erase head and the read /write
head. Fields C, F, and J are speczal fields also used 1nternally Field D is the address,
which is a 24-bit fleld W1th the fu'st 8 bits 1gnored 'I‘he rema.mlng 16 bits contain a
program-ass1gned address for each record Field G contains the data of the record. Fleld
" His a 16-bit record checksum for field G Field L is a gap field which must be at least
5 percent of the total length of fields B through K.
o 16(0 05(G + 16.5)) = 0.80G + 13.2 .
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VWhere L is the length of field L in bits, G is the length of f1eld G in words, and 16.5 is
the 1ength in words of fields B through K except G. If the frequency tolerance exceeds
0.5 Hz, increase the gap prOportlonally For example, with a tolerance of 1.0 Hz,

increase the gap to 10 percent:

5.% 7__ Gap -
0.5Hz 1.0 Hz

To access sequential records within the same rotat1on, take into account time T
between the end -of-busy for the first record (wluch allows the next OCP to be sent) and
the output of the second setup word as follows.

L

16(0 05(G + 16 5) + 0 078T + 1. 75)
0. 80G+41 2+ 1.25T

where T is in ps. The minimum time T between ‘the 1n1t1at1ng OCP and output of the

second setup word is 55 us.

 STATUS WORD

The programmer can obtain detailed information about the state of important ele-

ments within the controller by requesting a status word transfer. In particular, the con-

' tents of the status word help him to determine if recovery from an error state is posmble.k '

Flgure 3-7 shows the format of the status word with the s1gn1f1cance of each b1t (when set)

called out.
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INDEX . -

PULSE

ONES

64 ONES FOR INDEX
PULSE JITTER

L FIRST RECORD BEGINS HERE

64 ONES

16-BIT ADDRESS MARK

24-BIT RECORD ADDRESS
(FIRST 8 BITS IGNORED)

64 ONES

8-8IT SYNC MARK

DATA .
(1-1800 WORDS)

A
G
H | 16-BIT RECORD CHECKSUM
J 8-BIT END-OF-RECORD MARK
K 64 ONES
”
< 5% GAP
L
N
L SECOND RECORD BEGINS
HERE :
B 64 ONES
//

Figure 3-6. 10-Surface Disk Track Format
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122 13 14 15 16

End-of-Record Mark Found -
Error, OR of bits 3—7 and 11-14

t—— Data Transfer Rate Failure

' Checksum Error

— Data Unsafe (Inconsistency in internal logic, such as read
and write at the same time or erase without detent;

refer to the hardware manual for complete list

of data unsafe conditions) :

—— Write Operation requested while in protect mode

“— Seek Error (Attempt to seek track outside 000 to 202 limits)

-—— Requested Unit Not Available

- Selected Unit Not On Line

—— Attempt to Format over Index Mark

‘— Requested Address Not Found

—— Data Ready for Transfer

—= Controlier Busy

7589

Figui-‘e' 3-7. 10-Surface Disk Status Word Format
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' SETUP WORDS

Six of the OCP instructions require one or two setup words which transfer informa-

tion necessary for the particular operation. Figure 3-8 contains these six OCP's and the

formats of the corresponding setup words.

CHECKSUM

As data is written onto the disk the controiler accumulates a checkword. The check-
word is formed by exclusively ORing all data

word transfer, the checkword is a 16-bit even-

disk as word n+l.

Q

ds into a register.

Q

At the end of an n-

gdrity checksum which is written onto the

When data is read from the disk and passes back through the controller, the hard-

ware recomputes the checksum. Word n+1 is included in the computation. If the result

is nonzero, the checksum error bit in the status word is set. A programmer may exam-

ine the checkword by requesting an n+1 word read operation.

INTERRUPT REQUESTS

Certain conditions cause hardware interrupt requests. These conditions are listed

under "Acknowledge Interrupt, Model OCP '1@5, ''in this sech.

ACCESS TO DMC DEDICATED LOCATIONS

On Model 316 with nigh-speed DMC the programmer is guaranteed access to DMC

dedicated locations only when the disk contr‘o‘lle‘r is not busy. More information on this

subject is presented in the 316/516 Programmers' Reference Manual (Doc. No. 70130072156)

under '"316 High-Speed DMC Dedicated Locations. "

Figure 3-3. 10-Surface Disk Instructions with Required Setup Words

QOCP ‘0025
Seak Track Zero

QOCP ‘0125
Direct Seek

QOCP ‘0225
Read Current Address

OCP "0425
CP Finished

OCP ‘0525
Write Track Format

QOCP 0625
Read/Write One Record

|
l

|

t

Shaded bits not used

3-14

1 3 4 5 6 7 8 8 10 11 12 1314 15 16
uNIT 2 :
NO.
1
u:g D | NUMEER OF TRACKS
. e
uNIT HEAD
NO. NO.
RECORD ADDRESS
UNIT
NC.
Ut HEAD
ND. NC.
N uNIT HEAD
W NO. NO.
RECORD ADDRESS
NOTE
D = Direction. 0 means toward hub: 1 means toward rim.
R/W = Read or Write. 0 means read; 1 maans write.

#CA38



General Instruction Sequences

The instruction complenient for thei Type 4623 is given in Table 3-4.

through 3-9 give appropriate instruction sequences for common operations.

SEEK, SEEK TRACK ZERO

e

Tables 3-5

Before 1nf0rma.t1on can be transferred to or from a record, the head must be posi-

tioned on the proper track Two 1nstruct10ns perform this function:

One is an absolute

seek to cylinder 000; the other moves the head a specified number of cylinders in elther

direction from the current p051tzon

The programmer is expected to keep track of the

current head position within his program. Table 3-5 shows the sequence of operations

required for the seek operations.

Table 3-4.

10-Surface Moving-Head Disk Instructions¥*

l Instruction Function

OCP '0025 Seek track zero

OCP ‘0125 Direct seek

OCP '0225 Read current address

OCP '0425 CP finished

OCP '0525 Write track format

OCP '0625 Read or write one record

OCP '1025 Stop transfer

OCP '1125 Read status word

OCP '1325 Enable DMC /DMA mode

OCP '1425 Acknowledge interrupt

OCP 1725 Enable I/0 bus mode

INA '0025 Input from disk to A-register if ready

OTA '0025 Output contents of A-register to disk if ready

SKS '0025 Skip if ready

SKS '0125 Skip if disk not requesting interrupt

SKS '0225 Skip if operational

SKS '0325 Skip if no error

SKS '0425 Skip if not busy

SKS '0725 Skip if unit 7 not seeking

SKS '1025 Skip if ready

SKS '1125 Skip if unit 0 not seeking

SKS '1225 Skip if unit 1 not seeking

SKS '1325 Skip if unit 2 not seeking

SKS '1425 Skip if unit 3 not seeking

SKS '1525 Skip if unit 4 not seeking

SKS '1625 Skip if unit 5 not seeking

SKS '1725 Skip if unit 6 not seeking

SMK '0020 Set interrupt mask (bit 4)

*Address of moving-head disk control unit is 25.

means clear A-register before input; 0 means input without first clearing.
| , ,

X in INA 'X025 may be either 1 or 0:
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‘Table 3-5.

10-Surface Disk Seek And Seek Track Zero Instruction Sequence

' CP FINISHED

Execution of the cp iiniéhed instruction causes the bselected unit to seek track

zero, 'power doﬁ’n and flash the CP FINISHED indicator.

the operator presses CP FII\ISHED The sequence of operatlons required for a CP fin-

ished mstructmn is shown in Table 3-6.

Table 3-6. ld-Surface Disk CP Finished’lnstructiAon Sequence

The flashing continues until

Step

I1/0 Bus and DMC

DMA

Test control unit busy indicator

Execute CP finished instruction

Test control unit busy indicator
Set up DMA for one-word transfer

Execute CP finished instruction

- Step - I/O Bus & DMC DMA
1 Test control unit busy indicator Test control unit busy indicator
2 Test if drive seeking Test if drive seeking
3 - Set up DMA for one-word
transfer ;
4 Execute seek instruction Execute seek instruction
5 Qutput setup word (Enter DMA) N
6 - (End-of-range)
7 Handle seek complete interrupt Handle seek complete interrupt
request request

Output setup word (Enter DMA)

woR W N

- (End-of-range)

READ CURRENT ADDRESS ' , o \

D1sks often are formatted so  that the address of each record 1dent1f1es the track,
head, and unit. By reading the address of the next record formatted under such a system,

a programmer can determme the track location and relative rotational posﬂ:mn of the heads

" on the disk. Ta.ble 3-7 shows the sequence of operations required for readmg the current

addrees. When the DMA is used the address is returned as the second word of the two-

word buffer.
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- Table 3-7. 10-Surface Disk Réad Current Address Instruction Sequence

I step 1/0 Bus DMC DMA

I Test control unit busy | Test control unit busy| Test control unit busy
indicator . indicator indicator

2 - Set up DMC for one- Set up DMA for two-
- word input transfer word output transfer

3 Enable transfer via Enable transfer via Enable transfer via
1/0 bus~ DMC /DMA DMC /DMA

4 Execute read current Execute read current | Execute read current
address instruction address instruction address instruction

5 Qutput setup word Qutput setup word (Enter DMA)

6 INA current address (Enter DMCQC) {Disk control unit switches

DMA to input)

7 Return to DMC /DMA (End -of -range) ({End -of-range)

mode
—

WRITE TRACK FORMAT |
- Table 3 8 showsr the sequence of operations required for writing a track format.

Formatting ’ca:(es place in the follow1ng order (after the setup word).

a. Record | addross

b. Data for éve,ry word in the record (may be blénk or filler)

c. ' End -o'f‘-ré.r.xge ‘ ‘ V ‘ |

d. F"ivqla -pércent gap word (whose value is the number of bit cells in

the gap field)

e. Repetition of éteps a. through d. for each record
f. End-of-range, acknowledge interrupt, and stop transfer after the

last record (which writes gap to the track origin)

The 5- -percent gap word related to the previous record must be output as the first

' word of the block being output for the present record.
Because of timing constraints the CPU must be 'dedicated exélusiveiy to formatting.

Tn'ne sharmo or multlprogrammmo is not poss1ble, because t1me is not available to handle

mterrupts .
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Table 3-8. 10-Surface Disk Write Track Format Instruction Seqﬁence

S .

Step DMC DMA

Test contrel wnit busy indicator Test control unit busy indicator

Set up DMC for n+l-word outputa Set up DMA for n+2 outputb

Enable transfer via DMC /DMA Enable transfer via DMC /DMA
Execute write track format instruction| Execute write track format instruction
Output setup word (Enter DMA)

(Enter DMC) —_

(End-of-range) (End-of-range)

0 O ok W N

Reiniticalize DMC for n+2-word Réiniticalize DMA for n+2-word
output output i

9 (Enter DMC) (Enter DMA)

10 | Repeat steps 6 through 9 for each Repeat steps 6 through 9 for each
record record

d .
11 Reinitialize DMC for l-word output Reinitialize DMA for l-word ou.’cputd

a ' :
For first DMC transfer, word 1 should be record address and the
remaining n words should be data.

For first DMA transfer, word 1 sh‘ojuld be setup word, word 2 should
be record address, and the remaining n words should be data,

“For subsequent DMC or DMA transfers, word 1 should be the 5-per-
cent gap word for the preceding record, word 2 should be the record
address, and the remaining n words should be data,

dLast DMC or DMA transfer should be S—perceﬁt gap word for the pre-
vious record. Setup must be accomplished within 60 us and subse-
quent interrupt request must be followed by stop transfer and acknow-
ledge (clear) interrupts commands. The drive will write gap until it
detects track origin.

If the programmer has ensured that enough space remains on disk for gap
for the final record (he may include the 64-bit field A), he need not trans-
fer the 5-percent gap for the final record. If the last gap word is not
transmitted or timing requirements are not satisfied, the drive writes
gap to track origin-and sets the da'ta;fran.sfer rate-failure bit in the status
word,

§ =

READ OR WRITE ONE RECORD

The sequence of instructibns fo‘r these two operations is almost identical, The data
words, preceded by two setup words, are transferred between the computér and the disk. '
The address is read but not modified. The record checksum is written or read and com-
pared but is not transferred to the computer unless a read has been specifieyd for more
words than the record contains. Table 3-9 shows the sequence of operationsv required for
reéding or writing one record. o 7
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Table 3-9. 10-Surface Disk Read or Write One Record Instruction Sequence

iStep DMC DMA

1 Test control unit busy indicator Test control unit busy indicator

2 |Set up DMC for n-word input Set up DMA for N+2-word outputa
or output ’

3 Enable transfer via DMC/DMA Enable transfer via DMC /DMA

4 Execute read/write one record Execute read/write one record
instruction ~instiruction

5 Qutput first setup word (Enter DMA)

6 |Output second setup wordDP -

7 (Enter DMC) (Disk control unit switches DMA

to input when reading)

8 (End-of-range) (End-of-range)

I"'or DMA transfers, words 1 anc ¢ must be setup words; the remaining '
n words are data storage locat1o’

The time of second setup word is critical only if sequential access
within the same rotation is desired (see "Track Format and Gap, "
a precediﬁg paragrapil).

e

In an under-range read the controller transfers the specified number of words to

Vme‘mory and discards the remainder of the record. The controller becomes not busy

shdrtly after the end-of-record markkis detected. The éhecl<sum,is handled as in a nor-

“mal read.

An over-range read, which inputs the checksum word (often useful for error re-
covery), terminates at the end-of-record marlkz. The checksum error bit (bit 13 in the
status word) is valid as in a normal read. An ui}der-range write causes no problems.

'

An over-range write reduces the gap field correspondingly for up to four words over

the original format. If more than four words are written beyond the format, the next

record (and format) is destroyed. The current record is readable under most circum-

stances.

READ STAT US WORD

The sequence in Table 3-10 shows the order of instructions to read the contents of

the status reglster. With DMC it is easiest to code this operation using the I/0 bus as

. shown below, although DMC is perfectly acceptable.
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{ Step. 1/0 Bus DMA
) l 1 Test control unit busy indicator Test control unit busy indicator
I 2 Enable I/O bus . Set up DMA for one-word input transfer
' 3 Execute read status word instruction Execute read status word instruction
| 4 | Input status word . (Enter DMA)
I 5 Enable DMC /DMA (End -of-range)
s ew—— . —

Table 3-10. 10-Surface Disk Read Status Word Instruction Sequence

Instruction Descriptions

SEEK TRACK ZERQO, OCP '0025 ;
’I‘h1s instruction and its assoc1ated setup word cause the heads on the selected unit to
move to track 000. The disk control unit busy 1nd1cator is set for 50 pus after the setup

word is output; the seelqng mdlcator of the selected unit is set for 22 to 132 ms after the

‘setup word is output (see Table 3-1).

' More than one disk drive maf be seekifxg at a time. When the heads reach track ' zero
the eontroller generates an interrupt requesf (which may be delayed until the conifoller
becomes not busy') This instruction is ignored if issuea while the disk cbntrol ﬁrﬁt busy
md;cator is set. A seek- track zero instruction executed with the heads ‘already on track

zero is processed the same as a seek-track-zero from any other position.

_DIRECT SEEK, OCP '0125

This mstructmn and its associated setup word cause the heads on the selected unit to
move the number of tracks specified by bits 9 through 16 of the setup word and in the di-
rection specified by bit 8 of the setup word, where 0 means toward the center of the disk
(iligher track numbers) and 1 means towal;a the outside of the disk (lower frack numbers).
If Fhe dislk contrel unit detects a 0 in the differehce field (bits 9 through 16), it sends no
orders to the disk drive, sets the seek error bit in the status word, and generates an in-
terrupt request. The disk co;;trol u.nit' busy indicator is set for 50 ps after the setup word

is output; the selected unit seeking indicator is set for 22 to 132 ms after the setup word is

output. This instruction is ignored if issued while the disk control unit busy indicator is set.

"The programmer can code several units to seek concurrently with successive OCP
seeks and setup_words. ‘He must test for controller busy between OCP's. If several units

are seeking, the programmer can either acknowledge interrupts as they occur or wait
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until all units have finished seeking, and then clear all interrupt requests with one acknowl- ‘
edge interrupt. An ihterfupt reque’s'tr wilrl‘be delayed until the controller becomes not busy
(e.g., if a data transfer follows a seek)v A seek dlrected to a nonexistent track results in

a seek to zero and a seek error in the status word.

READ CURRENT ADDRESS, OCP '0225

This instruction and its as sociated setup word cause the next address encountered on
the selected track by the selected head to become ava1lable on the input bus. The disk con-
trol unit busy mdlca.tor is set from the time the setup word is output until the address be-
comes available to the centra.l processor. T hen the r‘eady,mdlcator is set, the busy in-
dicator is reset, and an interrupt reduest is generated. This oCP has no effeet if issued

‘while the DCU is busy.

CP FINISHED OCP '0423 7 ‘

Execution of this 1nstruct1on and 1ts as soc1ated setup word cycles down the unit, and
1llum1nates the CP FIl\ISHED indicator. A programmer may code this operatlon to s1gna1
the operator that a certaln disk is no longer needed by-the executing program. The 'DCU
busy indicator remains set for SOps after the setup Word OTA. No interrupt request is

genera.ted

WRITE TRACK FORMAT, OCP '0525
N This instruction and its associated setup word cause the selected head oh the se‘lwehted
unit to detect the track origin and write a new format on the track. In addition, data may
be written in the (newly Vformatted records. The address, the data, and the gap size are
under program control. If the output transfer rate is not ma.mta.med by the computer, the
disk control unit aborts the operatlon, ‘writes gap to the track or1gm, and sets the data-
transfer rate- £a1lure bit in the status WOI‘d The DCU is busy from the time of the order-
initiation OCP untll formattmg termmates at track origin. Refer to "Track Format and

"

Gap, "' earlier in this section for information on how to format to access sequential records

. on a track.

READ OR WRITE Ol\JE RECORD OCP '0625
This 1nstruct10n and its two assoc1ated setup words cause the selected head on the
selected disk drwe to read or write cne record at the spec1f1ed record address on the cur-

rent cyhnder. Blt 1 of the first setup word must be 0 for read and 1 for write.
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Read
'The unit reads until one of the followmg cond1t10ns occurs.
a. End-of record is sensed,
: b - The computer faxls to mamtam the neces sary 1ﬁput transfer rate.
c. Two mdex pulses are talhed

d. The stop transfer instruction (OCP '1025) is executed or DMC/DMA
end-of-range occurs. Data transfer will cease, but the disk control
unit continues reading to the end of the record. When a stop transfer
instruction is executed during a read operation, the last data word
transferred before the instruction takes effect is interpreted as a
checksum. The checksum error bit in the status word may be set.
Thls fea.ture is useful in test programs.

The control unit busy 1nd1cator is set from the time the OCP is 1ssued unt11 the read is

completed in one of the four ways hsted a.bove

If the program spec1f1es a larger number of words (rance) to be read than the record
contams, the record checksum is transferred to the central processor as if it were data,
and the end-of-record is sensed Defore the next ‘word is transferred. If, at the end of the
read operatwn, the checkmg log1c 1nd1cates an error, the checksum error bit in the status

word is set. :

Write v o
, Data is wrltten into the addressed record unt11 cne of the followmg cond1t1ons occurs.

a. The stop transfer 1nstruct10n (OCP ! 1025) is executed or DMC /DMA end-of -
' range occurs.

" b. The computer fails to mamtam the necessary output transfer rate.
c. Two index pulses are tallied. '
When condition a. or b. is encountered the word being wr1tten is f1n1shed and the check-

sum record is wntten along w1th the end-of- record mark and the field of ones (fields H,

J, and K of Figure 3 -6). When cond1t1on c. occurs, the operation is terminated 1mmed1ately

The programmer should make sure that the record written is no larger than allowed
by the record format. If it is too long by foudr‘words or less, the 5-percent gap is dimin-
ished, but the follow1ng record will not be affected If it is more than four words too long,

the followmg records are destroyed

The controller is busy from the time the OCP is 1ssued until a., b., or c., above

- * terminates the operatlon. The read/wnte operatlon may be requested when one or more

3.2 |  #CA38

e

O




units are seeking‘a'nd Will be executed either irrxm'ediately or when the appropriate seek is
» 4cor;1p1ete. Any pendmg mterrupt request is delayed until the operation is complete, i.e.,

until the controller becomes not busy.

'STOP TRANSFER, OCP 11025 |
This iﬁs'tructiorx,‘vrhich does not require a setup word, stops track formattiﬁg if
issued imrxlediately after the DCU has received the last data word. If this OCP is not is-
isued within 50 ps of end-of-range for tlle last record formatted, the data-transfer rate-
failure bit in the status word is set. Execution of a stop transfer instruction forces the
controller to not busy. In th.'ts Way, a programme-r:can clear a buey hangup which may
' result from an OCP with no setup word transfer or a hardware fault. If issued d’uring a

read operatmn, this 1nstruct1on forces a dlagnostlc checksum (see "Read', preceding).

'READ STATUS WORD OCP '1125 .
ThlS mstructmn causes the status word to be the next data-like word transferred via

I/O bus, DMC, or DMA (whlchever is enabled) Code INA '0025 or '1025 after the OCP

' Hto make the transfer via I/O bus. For DMC or DMA transfers, initialize the channel be-

k bfore 1ssumg the OCP Before 1ssu1ng OCP ‘1125 whlle the DCU is busy, delay 50 ms {two
revolution 5) to allow eohrpletwn of any transrer in p"ogress. Reading the status word
does not alter the state of the controller other than to clear the status request. See Fig-

ure 3-7 for the status w0rd format.

ENABLE DATA TRANSFER VIA DMC/DMA, OCP '1325;
_ENABLE DATA TRANSFLR VIA 1/0 BLS OCP ’1725
OCP ‘1325 {or ‘1723), which does not requxre a setup word enables the dlsk control
unit to use the DMC /DMA (or i/0 l?us) exclus1vely., It does not initiate an order to any of
the disk drives. o N T '

) Presslng MS"IR' CLEAR. initializes the system for DMC or DMA transfers. To ini-
| tialize the system for I/O bus tranéfers ’execute OCP '1725 before executing the OCP
which 1mphes the data transfer (e.g., OCP '0625 Read One Record). Transfers are
enabled via the 1[0 bus untll OCP '1325 is executed or the computer is MSTR CLEARed.

ACKNOWLEDGE IN‘I‘ERRUPT OCP '1425
This mstructlon, Wh1ch does not require setup word does not 1n1t1ate any orders to
, the disk drwes but does reset (clear) an interrupt request if one is present. The following

rs1tua.t1ons cause‘mterrupts if allowed.
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a. The disk control unit goes from busy to not busy, except for the
50-us busy at the beginning of a seek, CP-finished, or read-
status -word instruction. Any OCP, except read-status-word,
addressed to the disk control unit resets this interrupt request.

b. A seek operation is completed. If this happens when the disk
control unit is busy, the interrupt is delayed until the control
unit goes to not busy. If a direct seek is requested and its set-
up word specifies a difference of zero tracks, this interrupt
request is generated immediately. Only OCP '1425 resets this
interrupt request.

c. A disk drive error (bits 5, 6, 7, 11, or 12 in the status word)
is detected. The operation is terminated, and an irterrupt re-
quest is generated at the end of the 50-us order process interwval.

d. End-of-range is reached in write-track-format operations with
DMC /DMA mode set. The interrupt signals the program to re-
initialize the DMC/DMA within the time constramts. It may be
cleared by OCP '1425 during the format operation, or by OCP
'1425 or OCP '1025 at the end of the format operation.

INPUT ’\FROM DISK TO A-REGISTER IF READY, INA '0025 _
k If the disk control unit has a’date word ready for transfer, this instruction OR; the |
h word from the DCU into the A- -register and slu.ps the next instruction. At the completion
of the 1nstruct10n data ready and status - -request are reset. I.f data is not ready, INA
'0025 is treated as a NOP To maintain the data transfer rate, INA must be executed
 within 12 us of the time data becomes ‘ready (time constraxnts do not apply for status and

address transfers) INA '0025 is not a.pphcable to a DMA conf1gurat10n

CLEAR A-REGISTER AND INPUT FROI\«I DISK TO A-REGISTER
IF READY INA '1025

Thls instruction performs a functzon similar to that above, except the A- -register

is cleared before the data 1s CRed in,

~ OUTPUT TO MOVING-HEAD DISK IF READY,‘_'O’I‘A '0025
7 If the data ready indicator is set, :this instruction o‘ut”puts data (usually a setup word)
to the moving- head disk, resets data ready, and skips the next instruction. If data ready
is reset ‘the instruction is treated as a NOP., The t1m1ng requ1rements for disk data are
t the same as for INA '0025 and '1025 Timing of setup words is noncn_tlcal. OTA 'QOZS

is not apphcable to a DMA c9n£1gurat10n. .

SET INTERRUPT MASK (BIT 4), SMK '0020 ) )
" The state of the standard 1nterrupt mask for the moving-head d1sk is made equal

to b1t 4 of the A- reg1ster (which must contain the ent1re mask word) by executmg

. 7 SMK '0020.
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SKIP IF READY, SKS '0025
The data ready indicator is used on both read and write operations to signal that

another word may be ‘t’r‘anbsfefred to or from the disk control unit. SKS '0025 tests this

‘indicator. This instruction genelx'all'y is not useful.

SKIP IF NOT INTERRUPTING, SKS '0125
This mstructlon sk1ps 1f the disk control is not generatmg an 1nterrupt request.

Interrupt condltlons are 11sted under OCP '1425

SKIP IF OPERATIONAL, SKS '0025 7
This instruction skips if the DCU is not bAusy'a.‘nd if no error bits in the status word

. are‘ set. It sklps if the prewous data transfer was completed satisfactorily or a seek

operatlon started w1thout error.

' SKIP IF NO ERROR, SKS '0375 7

This mstructlon sk1ps if no error bit is set in the status word (bits 3 through 7

and 11 through 14).

SKIP IF NOT BUSY SKS '0425 ‘

This mstructwn tests the d1sk control unit busy indicator and sklps if the controller
is not busy. The contro‘]. unit is busy for the duration of a read, write, or write format
operation, and for 50 ps a&er the beginﬁing of a seek. See the relevaht OCP descriptions |

for specific information about busy conditions.

SKIP IF UNIT NOT SEEKING SKS 'XXZS

These mstructxons (Table 3-4) test the seek mdu:ator of each disk drive. Since
the inchcator is set near the end of the SO-ps seek cycle, a valid indication of unit seek-

ing can be obtained ohiy after the DCU has gone not bu;éy. y
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SECTION IV
EXAMPLES

Four examples are included in this section. Each assumes that a,routlne named
ERR is available to handle errors which show up in the status word. This routine is not

shown.

The techniques in the example programs apply to the 20-Surface Disk, 10- Surfé.ce
Disk, and 2-Surface Disk, although the exarnples cite specific device characterxstlcs of
the 20-Surface Disk. To adapt these examples, address only surfaces 0 and 1 for the

2-Surface Disk and surfaces 0 through 9 for the 10-Surface Disk.

SEEK TRACK ZERO

Figure 4-1 is an example of a program for returning the heads of disk drive number
4 to track 000 on a DMC system. This program waits for the busy indicator to be reset;

before returnmg. :

WRITE TRACK FORMAT

Figure 4-2 is an example of a program that formats track 3 (the fourth tra.ck) on the l
current cylinder into 25 records of 40 words each. Records in thl.s exa.mple are asmgnedk
sequential numbers 1 through_ZS dec1mal. The contents of buffer BUF are written as data
in each record. Since BUF is not initla.lized, the i:rogrammer does not know in advance

Y

what data (or pseudo-;data) will be written.

The program uses a DMC channel and formats on moving-head disk drive 1, head 3
(second drive, fourth head). The 5-percexit' gap is not long enough to allow immediate ‘
sequential access. ' ’

This example program does not allow intei'rupts but does mask on interrupt requests
which can be tested with SKS '0125, The test deterrmnes when the DMC reaches end-of-

range. The controller will cause an mterrupt request regardless of error cond1t1ons

within two revolutions.

READ ONE RECORD ON DM.A/WRITE ONE RECORD ON DMC

Flgures 4-3 and 4 4 are examples wh1ch illustrate differences between DMA and
DMC operations. The fn‘st program reads a 40-word record from the current cylmder
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'of dxsk drlve 1, head 3 (the track formatted in Flgure 4-2). The second program writes
a 4-word record on cylmder 139, surface 9, at address '26. Assume that the example

o M$FT program (Flgure 5 4) has prevxously formatted the track,

One maJor dlfference between the two cha.nnel types is that DMA must start up in
‘ output mode for a.ll operatlons, vwhereas w1th DMC read implies input mode and write
'u'nphes output mode. With DMA the controller a.utomat:.cally switches the channel to

~input mode after transfer of the setup words.

SEEK DAC *% ENTRY POINT
SKS ‘0425 TEST BUSY INDICATOR
JMP  *.4 DELAY UNTIL NOT BUSY
SKS 1425 IS UNIT 4 SEEKING?
JMP  #_9q o DELAY UNTIL NOT SEFKING
ocp ‘0025 RETURN TO TRACK ZERO
LDA =’20000 SETUP WORD FOR UNIT 4
OTA ‘0025 OUTPUT SETUP WORD
JMP %9 DELAY IF NOT READY
SKS ‘0425 TEST BUSY INDICATOR
JMP  #*_1 DELAY UNTIL NOT BUSY
SKS ‘0325 ERROR?
JMP ERR YES, PROCESS IT
JMP%* SEEK _ ) EXIT

Figure 4-1. Seek Track Zero Example V

(
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REC

. TERR

GAP1
BUF
2

ADST
RCNT
B1AD
BFAD
BFND
STRT
END
. TEMP

oce
SKsS
SKP
JMP

IRS
LDA

 STA*

IRS
JMP

STA*
ocCP
SKS
SKP -

. JMP

SKS

JST

ocp
JMp#*

DAC
SKS
STA
Lpa

STA
LDA

JMP¥*

DEC
BSS

OCT
DAC
DAC
DAC
OCT

BSZ

‘1425
‘0125

*_2

R

BUF

BFAD
STRT

MUST ACKNOWLEDGE INTERRUPT REQUEST
IS DISC REQUESTING INTERRUPT?

YES, RESET DMC

NO, DELAY UNTIL IT IS

INCREMENT TRACK ADDRESS
DMC START IS 5% GAP WORD
STORE IN DMC START LOCATION

DMC CAN BECOME ACTIVE AGAIN

RCNT
REC

END

’1425

*0125

*_.2 '
‘0425

TERR

*1425
FRMT

*

‘0325

ERR
TEMP
TERR
=2
TERR
TEMP

TERR

46

4

1
0

BUF
GAP1
ADST-1
20
21

UPDATE RECORD COUNT
NOT DONE, DO ANOTEER RECORD

SET DMC EOR 1-WORD. TRANSFER

ACKNOWLEDGE INTERRUPT

WAIT FOR INTERRUPT REQUEST

EXIT WHEN REQUEST ARRIVES

LOOP WHILE WAITING

TEST BUSY INDICATOR WHILE WRITING
GAP TO TRACK ORIGIN

' ERROR TEST IF BUSY

ACKNOWLEDGE INTERRUPT
'RETURN

ENTRY TO FRROR TEST LOOP
ERROR? ‘

YES, PROCESS IT

NO, SAVE A AND

LOAD RETURN POINTER
'DECREMENT RETURN POINTER
RESTORE POTNTER

RESTORE A REGISTER
RETURN TO CALLING PROGRAM

'NUMB®R OF BITS IN 5% GAP

STORAGF FOR ADDRF¥SS FOLLOWED
BY 40 DATA WORDS

ADDRFSS OF FIRST RFCORD

STORE RFCORD COTNTFR HFRE

FIRST DMC START

QUBSFQUENT DMC STARTS ™

DMC FNDING ADDRFSS

DMC CHANNFL 1 START ADDRFSS —

DMC CHANNFL 1 FND ADDRESS.

STORAGF FOR A R?GISTER IN TFRR

0 A N et
e sy i

Figure 4-2. Write Track Format Example
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ocCP

Lpa
SMK
SKS
SKP
JMP
SKS
JsT
ocP

JMP*
PR

SKS
JMP
-STA
LDA
SUB
STA
LDA
JMP*
BUFA DAC
BUF BSS
TEMP BSZ

BUF

TERR DAC

*

‘0425,
*_1
BUFA_

‘0124
=42
‘1124 -
1325
=%4300

3

" BUF+1

‘0625

ENTRY POINT )
INTERRUPTS NOT WANTED
TEST BUSY INDICATOR
DELAY UNTIL NOT BUSY
START ADDRESS

RESET FLAG FOR OUTPUT

- LOAD ADDRESS COUNTER

2°S COMPLEMENT OF RANGE
LOAD RANGE COUNTER
ENABLE IN DMC/DMA MODE
FIRST SETUP WORD

SECOND SETUP WORD

READ OR WRITE

DMA BEGINS READING

="10000
‘0020
‘0125
*_2
*0425

TERR

1425
READ
Fy
'0325,
ERR
TEMP
TERR
=2
TERR

- TEMP

TERR
BUF
42

1

MASK BIT

SET MASK BIT

TEST FOR END-OF-RANGE INTERRUPT RFEQUEST
YES, SKIP TO EXIT ROUTINE

NO, DELAY UNTIL END—OF-RANGE OCCURS
TEST BUSY INDICATOR

ERROR TEST IF BUSY

. ACKNOWLEDGE INTERRUPT
NO, EXIT

ENTRY TO ERROR TEST LOOP
TEST FOR ERROR

YES, PROCESS IT

NO, SAVE A AND

LOAD RETURN POINTER
DECREMENT RETURN POINTER
RESTORE POINTER

RESTORE A REGISTER

BUFFER ADDRESS
DATA BUFFER .
STORAGE FOR A RBEGISTER IN TERR

Figurer“4;3. . Read One Record on DMA Example
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WRIT DAC  ** o i ENTRY POINT
INH , INTERRUPTS NOT WANTED
SKS ‘0425 TEST CONTROLLER _BUSY INDICATOR
JMp  *q . DELAY UNTIL NOT BUSY
LDA  BUFB o BUFFER ADDRESS _
sSSP o RESET FLAG.-FOR OUTPUT
STA* STRT _STORE IN DMC STARTING ADDRESS
LDA  BFND o END-OF-BUFFER ADDRESS
STA* END ‘ STORE IN DMC ENDING ADDRESS
- ocP ‘0625 READ OR WRITE
1ba =°1100 FIRST SETUP WORD
SSM ' ~ SET FLAG FOR OUTPUT
OTA ‘0025 QUTPUT FIRST SETUP WORD
JMP  *_4 o DELAY UNTIL READY
LDA wWADR SECOND SETUP WORD
0TA 0025 _ OUTPUT SECOND SETUP WORD
o ‘ JUP  *_q _ DELAY UNTIL READY
* ~ 'DMC BEGINS WRITING
: bA =°10000 MASK BIT
SMK ‘0020 o SET MASK BIT
SKS ‘0125 TEST FOR END-OF-RANGE INTERRUPT REQUEST
SKP - o YES, SKIP TO EXIT ROUTINE
JMP  *_2 NO, DELAY UNTIL END-OF-RANGE OCCURS
SKS ‘0425 _ TEST BUSY INDICATOR
JST TERR o ERROR TEST IF BUSY
ocp 1425 . ACKNOWLEDGE INTERRUPT
HLT '
TERR DAC  #* o ‘ ENTRY TO ERROR TEST LOOP
SKS 0325 ~ TEST FOR ERROR
— HLT ' )
STA  TEMP NO, SAVE A AND
LDA  TERR , LOAD RETURN POINTER
sUB =2 o , DECREMENT RETURN POINTER
STA TERR  RESTORE POINTER
LDA  TEMP o RESTORE A REGISTER
| L . JMP* TERR
BUFB DAC  BUF o BUFFER ADDRESS
BFND DAC  BUF+3 ) END-OF-BUFFFR ADDRESS
' STRT OCT 20 - DMC STARTING ADDRESS
" END OCT .21 R DMC ENDING ADDRESS
WADR OCT 26 ; WRITE ADDRESS
TEMP BSZ t v STORAGE FOR A REGISTER IN TERR
BUF OCT 75 \ ) DATA BUFFER
ocT 100 ' ,
ocT 100 ’
OCT. 150 '

Figure»4-4. Write One Record on DMC Example
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A second important difference is that DMA requires a starting address and range
' to determine data boundaries, whereas DMC requires starting and ending addresses of

' the data area. Note in Figure 4-3 that DMA range must be coded in 2's complement form.

The means of outputtmg setup words for the two channel types also differ. DMA
:requu'es the setup word(s) m the first buffer location(s). DMC, on the other hand, must
" transfer the Word(s) via the I/O bus (OTA '0025) -

~ CAUTION

On DMA configurations that requirement for space for
the setup word(s) has important implications. Either
a two-word area for setup must be allocated in front of
any area to be transferred, or the contents of one or
two words must be saved and the words restored after
use. For'simultaheous compute/transfer operations
the first method is recommended (with the second
method the active program may inadvertently access
the words used for setup).
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SECTIOI\ v
DRIVER MS$IO AND FORMATTER M$FT

"DRIVER MS$IO . ,
MS$IO (Doc. No. 70181509000) is the standard Honeywell I/0O Library driver program
for the 20-Surface Mov:.ng-Head Disk File Option (Type 4720), the IO-Surfa.ce Mov1ng-

Head Disk File Opt1on (Type 4623) and the 2-Surface Moving~Head Disk Store Optmn
(Type 4651) This drlver requires a DMC ‘high- speed DMC (HSDMC), or DMA channel,

and supports up to eight disk drives. It occupies appr0x1mate1y 3658 (245 ) words in

) 10
' memory.

Initialize Drive, MSIN

MSIN configures MS$I0 for channel type and number. 1f MSIN is not called, the
driver assumes the defaultbonﬁgura.tion of DMA channel 1. Since MS$IN does not check

" whether the controller is busy before execut1ng the 1nstruct1on sequence, call it only at

system initialization tlme

Thé""cailing sequericé and argument format for M$IN follow.

(L) CALL =~ MS$IN DISK INITIALIZING ENTRY
(L+1) -~ OCT " ARGO - DMC/DMA, CHANNEL NUMBER
(L+2) RE?URN

N 1

0 for DMC or HSDMC, . c . Channel No. (1-16 for DMC or
1 for DMA o . HSDMC,
1-4 for DMA)

N

k Read Record, Write'Record or Read Current Record Address, M$IO

The arguments following the call to routine M$IO indicate the operatwn the dr1ver
is to perform read a record, write a record or read the address of the current record. ‘

If the current record addre‘ss is requested, it is returned in the second word of the buffer.

After fetching its argument from the calling sequence, M$IO compares the current

" head position to that in ARG2; then seeks the track specified; if a seek is necessary.

5.1 | #CA38




ARG?2 is passed as an a.bsolute cylinder number. Smce each dlrected seek (i.e., not
seek track zero) in the dr1ver is followed 1mmed1ately by a data transfer, only one umt

.can-be seekmg at a tzme. '
Bit 1 of ARG3 allows the prograrnmer to cOntrol status checking. If the bit 1s
zero, M$IO checks status before returmng a.nd puts the status word into the A- reglster

{see Figure 1- 7 for a deserlptmn of the status word),

Ifa programmer wants to perform some computatlon while a data transfer is
‘taklng place, he can set b1t 1 of ARG3. As soon as the data transfer begins (less than
400 p.s after, the call is made 1f the controller is not busy), control returns to the ca.lhng
program Then by calhng MSCK the programrner can check status at a la.ter time

(a.fter the data transfer is complete)

The sequence below calls M$10 argument formats follow. Note that ARG4 is not

mean1ngfu1 for read-current- address

W CALL  M$IO  1/O ONE RECORD OR ADDRESS

(L+1) OCT ARG R/W, UNIT NUMBER, HEAD NUMBER
(L+2)  OCT ARG2  CYLINDER NUMBER
(L+3)  OCT  ARG3  ERROR AND STATUS CHECK/RETURN,
' o ~ BUFFER ADDRESS
(L+4)  OCT :: ARG4  RECORD ADDRESS
(L+5)  OCT ARG5S ~ TRANSFER DATA/READ CURRENT
| | ADDRESS, NUMBER OF WORDS
(Lve) ERROR RETURN
(L+7) - NORMAL RETURN
| 23 4 56 7 8 5 101 2 13 14 15 16

ARGI:» 5// //////% :

LHead No. (0-19)

Unit No. (0-7)

"0 for Read,
l.forWrite .

16

Cylinder No. (0-202)
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Address of Data Buffer (See '"Caution'' note)

0 for Complete Operation, Check for Errors, and Make Appropnate

—! Return when Controller Not Busy;
1 for Star'tVOperatlon and Make Normal Return Immediately
CAUTION
MS$IO requires the first two words of addressed area
for setup words; therefore, area two words longer than
data block must be reserved for buffer (see "Caution'
note under ''Read One Record on DMA/Write One Record
) on DMC' in Section IV).
| ‘ » i6
ARG4: | |
~ Record Address
|2 16
ARGS: l I ]

Data Record Size

| 0 for Read or Write One Record, -
1 for Read Current Record Address
If ARG5S =0, default of 256 data words is assumed.

e —

F1gure 5-1 shows a sample call1ng sequence for M$IO In this sequence M$10
reads record A7 of cylmder '133 with head 7 on drive 3. The record is 128 words long.
‘The driver will return to the calhng program 1mmed1ate1y without checking status or

vda.ta errors.

CALL  M$IO ;
OCT 014700 READ, UNIT 3, HEAD 7

OCT 133 CYLINDER '133 '
DAC* BUF BUFE“ER;.‘ADDRESS (Bit 1 set by * 501; no error or
‘ ’ , - status checking)
| ' BCI 1,A7  RECORD ADDRESS
DEC 128 NUMBER OF DATA WORDS TO BE READ
JMP = ERR  ERROR RETURN
JMP  CONT  NORMAL RETURN ) o
BUF BSS 130  SPACE FOR 2 SETUP WORDS AND 128 DATA WORDS

Flgure 5-1. Driver M$I10 Calling Sequence Example '
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Seek Track Z‘efo M3szZ

Entry M$SZ seeks track zero, allow:mg a calhng program to recover control of the
heads’ position. It resets the current cylinder pointer for the selected unit to zero and

also checks for errors. Ca.ll M$SZ as follows.

(L) "CALL  M$SZ  SEEK TRACK ZERO ON UNIT

‘77(L+1) OCT  ARG6  UNIT NUMBER .
(L+2) o | 'ERROR RETURN B R
L+3) | NORMAL RETURN | )

wss L L0

Unit No. (0-7)

" The status word from the dlsk controller is returned in the A-register. The driver

retains control unt11 the seek has been completed

Check Status, M$CK
Entnes M$SZ, M$CF and MS$IO (unless ARG3, b1t 1 is set) return the status word

to tne A-reglster usmg tnls routme M&n returns control to the ca.lhng program when

the current operatwn is complete (DCU goes not busy)

Figure il'-7 shows the stetus word with an interpretation of its bits when sevt; ‘ When
. operating with the dr1ver, status blts 1 a.nd 2 are never set. The data—tfansfer rate-
failure bit (blt 14) is set when a data transfer operatlon takes longer than 12 ps. DMC or
real-time clock Operatzons,r memory increment breaks, and shifts may cause the 12 -ps
limit to be exc_eeded. ‘Certain errors fla.gged in the status word are not uncommon and

' may be recoverable. In gener'a..l,’ if a softWare function ‘other than a data transfer rate

failure pi‘oduces an error, seek track zero and retry the operation;

The calhng sequence for the rToutine is:

(L) CALL ~ M$CK  INPUTS STATUS OF LAST OPERATION
. R TO A-REGISTER

(L+1) - ERROR RETURN

(L+2)  NORMAL RETURN

" Central Processor Finished With Unit, MSCF

A prograrn_xnerv can use the M$CF entry to sig‘nal an opefator that his program no

longer needs a specified disk drive. Before 'M$C>F -Stops the disk, it waits for completion
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" of the current data transfer. It then cycles down the specified drive and, on Type 4720,
starts the CP FINISHED indicator flashmg On Type 4623, the CP FINISHED indicator

is 111unnnated when 1t cycles down

’M$CF‘ returns the status word in' the A- register and returns control when the
" current operatmn has been completed (DCU not busy) The following sequence calls

A M$CF ARG6 is the same as in M$SZ above

"(L)r CALL M$CF CP FINISHED WITH UNIT
 (L+1)  oOCT ARG6  UNIT NUMBER '
(L+2) ~ ERROR RETURN

(L+3) | ~ NORMAL RETURN

' FORMATTER'MspT
: Descrlgtion ‘
MS3$FT (Doc. No. 70181570000) promdes the ca.pab1hty of formatting disk pa.ck off -

‘hne on any of the follow1ng moving-head disk options: the 20-Surface Mov1ng -Head Disk

File Optlon (Type 4720), the lO-Surface Mov1ng -Head D1sk File Option (Type 4623), or

) tne Z-Surface Moving-Head DISK Store Optmn (Type 4051) On systems with memory

‘ 1a.rger tha.n 4K, the program can determine the format and addresses of a selected track
' and list (m octal) ‘the contents of a selected record on the teletype. This formatter pro-
gram also provxdes the capabxhty of formattlng disk packs used with OLERT

The formatter program requires approximately 3,593 _ (7, 011) core locations.

10
It calls M$IO and several programs from V$LIB, the Veriﬁcation Service Library. ;‘ A

) self-loadlng system tape of M$FT must be generated on an 8K or larger system.

. Fxgure 5-2 presents the loader memory map when M$FT V$LIB, and MS$IN are loaded

: im that order.
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*LOW 00211

- *START 00211
#HIGH 10550

*NAMES 73603

*COMN 77700

*BASE 00174

V3IA 07012
V$I0 07060
V$TC 07162

vsac 07177
vV3Q 07210
V$T 07224
VSTR 07265
V$0A 07302
- Vs0z - 07313
v$es 07402
V30D 07460
V$AO 07630
VSFX 07760
VSFB 07775
Vs3SI 10040
V3$SB 10065
MEIN 10162
M$10 10205
MSCK 10375
MSCF 10401
i M3SZ 10457

— —

Figﬁré 5-2. MSFT Memory Map

When M$F'I' is used on a 4K system the follomng dummy routme is required to
dumzny the 1nd1cated names on V$LIB This limits M$FT to the format mode only

SUBR V$I10,DUM

SUBR  V$0A,DUM

" SUBR  V$0S, DUM

SUBR  V$0Z,DUM

SUBR  V$0D,DUM

SUBR VSFR,DUM

SUBR V$SB,DUM

SUBR V$AO0,DUMI

- SUBR  VSFX,BUMI
S SUBR VSSI,DUMJ.
. N N B

REL

DUM DAC  *x*

- IRS DUM

‘ JMPx  DUM

DUMI DAC . *x
IRS  DUMI
IRS  DUMI
JMP%x  DUMI
END
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-Use -

To use M$FT, start the program at '1000.

message and requests:

- MODE ?:

The user responds w1th one of the follow1ng modes

F
O

- :

v

to format L
to format OLERT disk pack
to specify the track number
to verify the format

to read a record.

These five modes are expieihed in the following paragraphs.

FORMAT (F) MODE

One of four command types is input from elther the teletype or the paper tape
» reader, or d1rectly from the teletvoe keyboard after select1ng the F mode,

mode is belng selected for the first time, the heads should be pOSlthned to cyhnder

zero before a formatnng opera.tlon is 1mt1ated

The followmg format is used for a keyboard entry

Line .feed

"Command line (I of the 4 types)

Carriage return

A paper tape entry must be in the‘following format.

‘Leader (optiorial)
L1ne feed ('212)

Command line (1 of the 4 types)

Carriage return ( '215)

-X-OFF ('223 or DC3 on some keyboards)

" Command Types for F Mode

Four dlfferent comma.nd types are used w1th the F mode to perform various

functions. The functmn ~of each command type is descr1bed below along w1th the

: specific .format used for each type.

5-7
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TYPE 1 COMMAND: This command provides forrﬁatting data, describes the channel
configuration, and formats the spec1f1ed parts of the disk. This command line has a
maximum of 37 characters as shown in Table 5-1 where each ASR column is equal to

‘one character.

The formatted record will contain in separate words the associated record address,
unit nﬁmber, cylinder number,‘ haad number, sequence of the record in the format, and

a -1. The remaining data portion of the record will be filled with zeros.

' A track can be formatted in 3 + n revolut1ons, where n is the number of records
per track. Each revolution takes 25 or 35 ms depending on the type of unit. Formatting

' may be termmated by settmg Sense Switch 1.

Table 5-1. Column A351gnxnents for M3FT Type 1 Commands

ASR Column Definition - Range and Base
1 Format command o , Must be 1
2. | Number of unit to be formatted - 0-7

‘7 3-4 " Number of startlng surface _ ‘ - 00-19
5-6 B Number of surfaces to be iormatted on current , :

, cyhnder o 01-2010
7-9  Number of starting cylinder  oo0-202y,

~10-12 " Number of cyhnders to be formatted : - 001-203;,

. 13-15 Number of records per track k ’ 001-10310 |
v16—19 . Number of words per record ' 4 0001-1891;9
20-25 Address of first record to be formatted - 000000-1777774

' 2‘6 -31‘ . Increment to be added for address of eac_:h ' '

succeeding record - 000001-17777‘78
32-33 Additional gap over 5%1 exlaressed in tenths of
a percent (e.g., 7.3% gap would be spec‘xfled by
23 in-columns 32 and 33) . f 00-99
34 R Channel typei 0 for DMA, 1 for DMC 7 o 0-1
3536 . Appyopr;Até DMA or DMC channel number 01-04  for DMA

01-16 o for DMC
37 Interlace factor ; o ‘ » 0-7

Addltxdnal gap over 5% is recommended if the prime power soﬁrce is subject to frequency
variations (as in standby supply) or if the disk packs are to transported to a different
_geographical area. Addxtmnal ga.p may also be used to gain interrecord programming
time., -
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’ M$FT also contams an address m’cerlace fac111ty which allows the programmer to

opt1rn1ze access tlme and storage capacity. A Qor 1l in column 37 of the command line

mdlcates tha.t records w111 be formatted sequenha.lly (a 1:1 1nterla.ce factor), al 1nd1cates
,that one nonsequentxal record w111 be forma.tted between sequentla.lly numbered records

‘,:;(a 2:1 1nterla.ce factor) etc. -

TYPE 2 COMMAND: This command returns é.li heads to cylinder zero. Column
ass1gnments for the command line are presented in Table 5-2. A type 1 command must

be given before a type 2 comrnand in order to prov1de I/0O channel data. To provide

channel data w1thout actually formattlng the disk, a type 1 command may be 1ssued Wlth

one of the arguments 1ntent10na11y specified out-of-range (e. g. , an address of AAAAAA),

; ‘I'YPE 3 COMMAND' To‘ptint the contents of the'command buffer, a type 3 command

is spec1f1ed using the command 11ne column ass1gnments presented in Table 5-2. This

command 15 of 11m1ted use,

-

TYPE 4 COMMAND Com.rnand type 4 as presented in Table 5 2, is used to exit from
the F mode. ; \ ‘

»Ta.ble 5-2. Column Assignments for M3FT Type 2, 3, and 4

Commands .
Command Type ASP; Colu;rin Definition ’ Range and Base
2 o v ‘1 ' Seek track zero c»ommand Must be 2
o 2  Number of the unit com- - 0-7. '

L manded to seek , o
3 ) ' 1 vvComm;and' which prints Must be 3
' ' command buffer ' '

4 ' 1 " Gommand which exits to ~ Must be 4
‘ _ mode question

Keyboard Conventions for F Mode '
In the F mode the follow1ng keyboard convennons apply.
Rubout (DEL) - Backspaces the llne one column.

Left arrow - Erases the ent1re command hne, issues 11ne feed to
start line again, :

Space - Skips one line image column.
Backslash - Skips six line image columns.
(shift L) or

forward slash

(D)
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OLERT (O) MODE - ,

This mode should be used instead of the F mode to format disk packs esed with
an OLERT systenr. When the O mode 1s selected, DMC channel 1 and unit 0 is assumed
by M$FT. Thev gap size is fixed at 5%, 'end the interlace option is not available. Only
" one 20-surface unit may be formatted using th_s optlon, but up to two 10~ surface units
or four 2-surface units may be formatted In a multiunit system formattlng starts at

unit 0, and M$FT automatzcally switches to the 0the_r unit as required.

.After the O rnode has been requested the system requests the size of the program,
table, and user areas, using the follow1ng format.
FCDE 2z 0

2, 10 OR 20 2: 20 - Number of surfaces
I» GYLINDERS

PGt SZ 7 l - Number of cyllnders in program area
TRL SZ ?: 1 - Number of cylinders in table area
USE SZ 7: 1 - Number of cylinders in user area

The program area willyhe.ve 5'12kword‘s per recerd and threerecords per track. ‘
The eddresses of the three records w111 be '0+ N, '1777 + N, and '3776 + N, rwr'here N
"is the relative track number in octal. Typicel addresses for a 20-surface disk are
presented in Table 5-3, | ‘ o » |

Table 5-3. Typical M$FT Program Area Addresses for
’ 20-Surface Disk

Cylinder Head Record Ny, Calculation Address
1 8 3 28 '3776 + '34 14032
0 8 2 8 1717+ '10 12007
2 13 1 53 10000 + '65 10065

The table area will have 104 words pervrecorvd and 15 records per track. The

addresses of the 15 records will be '0 + N, '313 + N, '626 + N, etc.

The user area w111 have 1, 800 words per record and one record per track The

addresses of the records w111 be '0 + N.

Each area must be a mlmmum of one cylinder, but the total ‘number of cyhnders
specified must not e'iceed 200 for a 20-surfa.ce unit, 400 for two 10- surface un1ts. and

800 for four 2-surface umts,

5-10 ’ | . #CA38.



R

TRACK SPECIFICATION (T) MODE | ,
Inputs in T mode serve as arguments for verify (V) and read (R) mode operations.
The format of the T mode system/user interchange for a 20-surface disk is presented

below. The range of arguments must be modlﬁed for the 2-o0r 10- surface disk.

UNIT 2 ) 0 7 (choose one)
CYL ?: - o- -202 (choose one)

HEAD?: " 0-19 (choose one)
See "Read One Record (R) Mode" below ‘for keyboard conventions.

VERIFY FORMAT (V) MODE ’

Inthe V mode, M$FT reads addresses on the selected track until it finds a repeat
It then types out the octal addresses (in the order found) and associated decimal lengths
of all the records on the track. Set Sense Swif%ch 1 to suppress;printout.‘ See “Ree.d One
Re"cord (R) Mode" below for keyboard conven‘tiVOns” and infornietion on the ﬁrst use of the

V mode.

READ ONE RECORD (R) MODE ' ‘
In this mode, M$FT reads a record from the selected track and prmts in octal the
requested portion of the record The followmg 1nformat10n is requested when the R mode -

is selected.

ADRS ?: ; " Octal record address

WORDS 7: ‘ Decimal number of words to read £ 1,892)
PRINT 7?: ‘. » '7 Decimal print limits, separated by a comma

The setting of Sense Switch 1 will suppress printing. With this switch set, M$FT
will print out the first word specified in the respo'nse to the PRINT? : request.

KEYBOARD CONVENTIONS FOR 'l‘, V, AND R MODES
The following keyboard coh%rention_s apply in the T, V, and R modes.
Rubout (DEL)' - Returns to the f.irstr question with mode (e.g., UNIT? :

) in T mode).
Period or
Carriage return - Ternnnates a.n mput f1e1d

Comma Sepa.rates subflelds (used only in R mode print limits).
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CHANNEL DATA IN V OR R MODE

The first t1me V or R mode is requested M$FT calls for channel data via the

) £ollow1ug questmns,

CORA ?: . TypeC for DMC or A for DMA.
™=  CHAN?: '-V’Type the channel number (1-16).

Error Messapes

MS3FT may output the di‘ag&n(d»sti'c ‘message.s listed in Table 5-4 to indicate an

error condition.

Taﬁle.5-4i MSFT Error Messages

WRONG CMND ’ ‘Command type not within 1-4 range

WRONG CHAR Input character neither number nor recognized
control character

OVER 37 CHAR 37-character limit to command line exceeded

AA* OUT OF RANGE Attempt to format more than 203 cylinders on one
pack
or

Specified unit number > 7

or

Decimal number greater than upper range limit
AA NOT OCTAL Nonoctal character where octal is required

AA+ ZERO Channel number, or number of surfaces, cylinders,
records, or words/record to be formatted illegally
specified as 0

ERR STATUS XX, XX Error indication in status word (XX's are bit
numbers set)

“AA is the number of the column which contains the error.

Formatting Examples

Figures 5-3 through 5- 6 conta.ln examples of M$FT formatting teletype outputs.
In these exa.mples the var:.ous modes and keyboard conventmns are used to 1llustra.te
conventxonal and OLERT formatt1ng Input errors have been used to generate typxcal

err or me S sages

'CONVENTIONAL = _
Flgure 5-3 1llustrates conventmnal forma.ttlng When M$FT is started an intro-

ductory lme is typed and the mode is requested When an invalid mode (1) is selected,

M$FT ignores the entry and generate:, a second mode request After selecting the F

5-12 o :  #CA38
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mode, a command line of over 37 characters is entered causing M$FT to issue an

Ca ‘ukj"“ a\‘»‘_t

by b ?

-

error me‘ssage and a modev reqoest Then, the F mode is selected again, and a valid

' command 11ne is entered Thls formats a smgle L, 800-Word record at address '10000

on unit 0, head 0. DMC channel 1, a 5% gap, and a 1:1 interlace factor are used.

~ The next example in thls 111ustrat10n formats eight 800-word records on unit 0,
cyhnders 138 and 139, heads 8 and 9. The starting address is '17, the gap is 7%, and
the mterlace factor is 1 1. An error message is output because column 25 of the

command line contains an 8. A second format operatmn is a.ttempted using the forward

“slash to tab across the line to the erroneous column. A backslash could have been used

to perform the same function,

The second format operatlon is ver1f1ed by checklng the flrst and last records.

- The des1red track is spec1ned via the T mode and then the V mode is selected. Each
) ~time MSFT is started at location 1000 it requests channel data the first time the V or R
,, mode is spec1f1ed In this example the charmel data is identified, and then the octal
 addresses and associated decimal lengths for all records on the track are printed. The
‘ iast track is ver1f1ed 1n a 51m11ar manner except the channel data is not requested a

) second trme.,

Next, the record at address 26 on cyhnder 139, surface 9 is read. Although

» 1, 000 words are spec1f1ed only the 800 words in the record plus the checksum are read,

and the first 10 words are prmted Since this record was not the first record formatted

on the track, three Words of zero precede the address, unit, cyhnder, head; and

sequence numbers. The -}1 word 9 is used to ensure that all bits are used at least once

_ in checksum calculations,

In subsequent records in the format two words of zero precede the format program

var1ab1es. The use of these variables and the -1 does not serve any spec1f1c function in

M$FT but they do prow.de the user with a means of tracmg the format hlstory of a dlsk

j‘ pack and pos51bly a unit-to-unit compat1b1hty problem

 FORMAT/WRITE

- In Figure 5-4, 15 records of 100 words each are formatted on unit 0, surface 9,
cylinder 139, with a start1ng address of '26 and a 2:1 interlace factor. The track is

verified to check the formattmg and record interlace. From the prmtout it can be seen

that all records have IOQ‘V words and that the addresses have a 2:1 interlace,
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DISC FORMAT 3 MAY 71 REV E
MODE ?2: 1
MODE ?: F
10000010000010011800010000000000001010
OVER 37 CHAR
MODE ?: F ,

~ 1000010000010011800010000000000001010

MODE ?: F
180802158002002080000001800000120101l
COLUMN 2500NCT 0OCTAL

T WMODE 2: F

000020 800

MODE ?:
UNIT 2:
CYL 7:
HEAD ¢
MODE ?:

00002 800

000026 800

MODE ?: R’
ADRS ?7: 26
WORDS ?: 1000
PRINT ?: 1,10
000000
000000
000000
000026
600000
000213
oooct |
000002
L77777
000000

CUOURLADBND NN v

[

~ Figure 5-3. MS$FT Conventional Formatting Example
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MODE ?: F :

100°0113%0010150100000026000001001012

MODE 72: T

UNIT 2: O

CYL ?: 13%

HEAD ?: 9

MODE 2 V
000034 100
000044 100
000035 100
000026 100
000036 100
000027 100
000037 100
000030 100
000040 100
000031 100
000041 100
000032 100
000042 100
000033 100
000043 100

MODE ?: T

UNIT ?: O

CYL ?: 139
HEAD ?: S

MODE ?: V _
000041 100
000032 100
000042 100
000033 100
000043 100
000034 100
000044 . 100
000035 100
000026 4
000036 100
000027 100
000037 100
000030 100
000040 100
000031 100

MODE ?: R

ADRS 7: 26 )
WORDS ?7: 10 :
PRINT 7: 1,10

000000

000075

000100  ~

000100

000150

000125

000000

000000

000000

000000

QUA~NHUN D N -

—

~

Figure 5-4. M$FT Format/Write Example
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Then, an external routlne (generated usmg ‘the program in Figure 4-4) is loaded

a.nd run to wnte a 4-word record on the formatted track at address '26. The track is
' ver1f1ed a second t1me to show that address '26 gow contains a 4-word record., To

'verify that the data was writ‘terl,ﬂd a _read operation is performed with an address of '26

specified. The four words that were written are printed alorig with the checksum.

+INTERLACE B

~ The 'exam‘ple presented in Figrdre‘S—Ai illrlstr‘ates the formatting of 15 records on
‘a track with a 2:1 interlace Vfa"ctor. The verification of the track shows that records
; with sequential addresses'hax’rera single' record formatted between them (i; e. , record

address '37 is between addresses‘ '26 and l'27).“‘

7 | It is not a.lways posmble to 1nter1ace records evenly xor various 1nter1ace factors,
Vbut MSFT evaluates the records/track and mterlace factor to determine the Optlm‘um
formatt:.ng ‘scheme. To 1llustrate this po1nt Flgure 5-5 presents the results of a
vformatting operation where the 15_ records have been formatted using a 3:1 interlace
factor. The results of the verificat_ion 4indicate that all se quehtiai record'sl except
Vaddress 132 and '37 are separate‘d by two records. In the case of addresses '32 and

'37, three records separate them and the1r next sequential address.

"~ OLERT , , , 7
Flgure 5-6 111ustrates the use of the OLERT (O) mode In this example, the size

‘of the three areas have beenrdeS‘lg‘nated as one cylmder each.

" Verification of unit 0, cylinder 0, head 0 indicates that the track has three 512-
word records with addresses '0, '1777, and '3776 respectively. Then, verification is

‘repeated for head 1 to illustrate the incrementing of the record addresses.

The table area is checked by ver1fy1ng unlt 0, cylinder l head 0, >Which has been
formatted with 15 records of 104-words each The first record address is '24, the
‘ second record address is ‘337 (’24 + '313), and so on until the f1fteenth record address

'is '5456.
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MODE ?2:

F

1009011390

MODE ?:
UNIT 7?2
CYL 7
HEAD 7
MODE 7
000036
000043

COW=- O

000032

000037
000044
000026
000033
000040
000027

i

3

000034 -

000041
000030
000035
000042
000031

NODE 2

010150100000026000001001013

9;: ' ::,A

100
100
100
100
100
100
100
100
100
1o
100
100
100

100

100

Figure 5-5. MS$FT Interlace Example
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- MODE ?: 0

2, 10-0R 20 ?: 20

IN CYLINTERS
PGM SZ 2:
TBL SZ ?2:
USE SZ ?2:

MODE
WwIT
CYL
HEAD 73
MODE 7?:
00377¢€
000000
001777

BN NN |

¢ e oo oo

<COODDO-H

MODE ?
UNIT 2
CyL ?
HEAD ?
MODE 7?3
0037717
00nen]
002000

< — O D

MODE 7
CUMIT 72
CYL 72:
HEAD 7
I‘'ODE 7
N034€7
004002
002315
004630
005143
0054568
000024
000337
000652
0011€5
001500
002013
00232K
002€c4)
002154

<O — D3

e

512
S5l
Sta

512
St2
512

104
104
104
104
104
104
104
104
104
104
164
104
1C4
104
104

_I"VFigure 5-6. M$FT OLERT Format Example
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unlikely for connectwn’to a DMA channel).

. s

-
v

SECTION Vi
FORTRAN ACCESS TO DISK STORAGE

Programmers writing vi:n”F“"ortran may use the disk in the same manner as an as-
sembly language programmer.’ Data records will be unformatted (in the Fortran sense.) »
and the programmer must supply the exact disk loca.t1on to be used (unit, cylinder, head,
and address). He must also provxde for initializing the system, for operatrons corre-

sponding to file opening and_ closing, and for transfer close-out (with error handling).

Honeywell does not provrde obJect programs as part of the software package but

suggests that the follow1ng examples be adapted to meet specific requrrements. The

code shown uses some non-Al\SI features avallable in the one-pass Fortran Compiler

(Doc. No. 70180463000), startmg with revision H, and comp11ed on a computer with

8K or more of rne‘rnory,’ If these cond1t1ons cannot be met, the same end result can be
obtained by transferring more code to assembly language subroutmes The technique
for domg this, using the argument transfer program F$AT, is detailed in the Assembly '

Language Manual (Doc No. 70130072442)

ERROR PROCESSING

Disk data transfers are sens1t1ve to the 1nstruct10ns being executed during the
actual transfer perlod If a DMC access cannot be made in the required time, then tl:le
data access error bit will be set in the status word and the transfer must be repeated.
Some rate of access errors must be tolerated as a normal situation for simultaneous

1/0 transfer and computatmn if the d1sk is connected with a DMC (an access error is

The propensity fo‘r accbess errors is greater in most respects for the Model 316
than for the Model 516, and greater still for a Model-20 DMC than for a Model -21 DMC,
It is relatively high for a 10- or 20-surface option (12us aperture) and low for a 2-surface

option (17 us aperture). ' The ae'eess error rnay result from other hardware activity (which

‘ generally is not under program control or from the time required for indirect addressmg,

long shifts, and the opt1ona1 multlply, divide and normahze mstructlons

P
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The Model 516 Fortra.n programmer may reduce the access error rate by avoid-

"ing the use of relational operators in log1ca1 IF statements wh1ch compile a 15- b1t Shlft W T

instruction. Thus, dur1ng the transfer per1od the code generated by IF (A.GT.B) GO
TO 200 would be l1ke1y to cause an access error, while the code from IF (A-B) 100, .
200, 200, would not. The access error rate usually cannot be reduced to zero, because
most operanons involving a mult1ply or divide (regardless of the hardware option) in-
clude a 15-bit shift. The preserlce of shifts (er mult1ply, divide, or indirect addressing)

‘does not affect-the -Model 3l6-access error rate.‘ .

In the nonmterrupt scheme suggested later the transfer is assumed "Closed Out'
just before the data is used (input) or just before the memory is re-used (output). If the
transfer must be repeated there is no advantage in attempting to perform useful com-
putation, and the transfer will not be again subject to access errors caused by the pro-
gram. - It is possible to desxgn a dlsk access method with several buffers before and
after the data bemg acted upon, or a nonsequent1al or multitasking feature Wthh will

‘cause the above not to be apphcable. It is also poss1ble not to attempt s1multaneous

A compute and seek plus transfer at all.‘

ASSEMBLY LANGUAGE INTE'RFACE“

Figure 6-kis a suggested mterface to connect Fortran user programs to the
‘drrver program M$10. The corresponchng names are 1dent1cal except the dollar sign
is replaced with the letter D. The arguments (which have labels related to the meaning)
are known to Fortran programs if they are declared External DMC channel 1is

assumed

FORTRAN USING PROGRAM

Figure 6-2 is an example of a program that accesses the disk through M$IO. Be-
. fore it becomes an operational program, it must be associated Wlth a4 program requiring

the access, either-as a subroutine or by ass:.gned or computed GO TO statements,

It is assumed that the correct values for the transfer desired have been computed and

' are in place:

UNIT Unit 0 through 7 .

DCYL  Cylinder 1 through 203

DHEAD  Head I through 2, 10 or 20
RECAD ‘Address 32768 through 32767
WORDS Word count 1 through 1800 of 1891

v
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MODE Read, wnte, read address (ZHRD WR or RA)
BUFA BUFAI or BUFAZ

7 Two buffers of 62 words each have been declared as BUFR] and BUFR2. Data
areas DATAI and DATAZ are 60 words each and are made equwalent two words into

BUFRI and BUFRZ. ThlS allows for the two words requlred by M$IO.

o~

‘The arguments required by M$10 ar‘eideclared as external;:

STW  Setup word j
. CYL  Cylinder o
/ BUF Buffer address (in mem‘oryj '
REC . Record address (on track)
WDS o Word count :
_kCFUNV o 'cpr’mlshed unit 7

SZUN  Seek Zero unit

/’I'he mxtlahzulg sectmn is statements 90 through 92. The first part (which is ex-
ecuted only once) sets b1t 1 in the two address constants BUFA 1 and BUFA2. This w1'11
cause M$I0 to return control as soon as a transfer or seek plus transfer is set up. The

- bo loop (executed each time the program is 1n1t1al1zed) bnngs each unit (through UNMAX,

| assumed to be three in thls example) to its reference pos1t10n and aligns the pointer
within M$IO. Note that the unit is shlfted 1nto position by multiplying by 2 ,048. An error
durmg the seek zero operatmn (such as a unit not on lme) would execute the statement

"GO TO 200 on return from MDSZ A normal error-free seek will sklp the instruction

followmg the call.

Statement 100 is the start of the read—wrlte read address portion. The openi'ng
‘call to M$CK ensures that no operatlon is in process and the new arguments can be moved
into place. The error path to statement 201 generally' mdlcates that simultaneous calls

are bemg made on the d1sk

If the requested mode is found to be acceptable the setup word is formed from the
mut head and mode. Mode WR causes bit 1 of the setup word to be set. The cyhnder,
_buffer and record address are moved forward verbatlm If the mode is RA, then bit 1
of the word count is set (the count must be p051t1ve). as it is forwarded. An error in
the start of the requested operat1on (detected by M$IO via MDIO) will re sult in control
gomg to staternent 202. '
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A read or write operatmn is shown as gomg to statement 401 while the transfer
~ or transfer plus seek is tak1ng place. Eventually the transfer must be closed out by
checking that it is complete a.nd no errors ‘were detected This is done by a call to
MS$CK. An error will cause control to go to statement 204 as shown. No errors will

result in control pa.ssmg to sta.tement 402 which is part of the user program.

If the mode was RA, therl the call to M$CK is made 1mmed1ately Upon return,
the track record address that was Just read w1ll be found in the first word of the buffer

area, and the rotational pos1.t10n of the disk may be determmed

No separate 'example is given for the central processor finished function, as it

would be virtually identical to the seek zero example.
Except for statement 92 all cont1nue statements must be replaced with code a.p-
propriate to the entire program. “In the example they serve only to allow error- free

- compilation.

NON-ANSI FORTRAN I'E AT"R?S

The Fortran used in Figure 6-2 is non standard w1th respect to the use of the Ex-
ternal declarations (which are used hke the DAP assembly language pseudo operatlon
EXT) and the Data statement (wh1ch corresponds to the DAP pseudo -operation DAC) to

‘obta.m the addresses of the buffers
LOC and ISTORE are ‘rnernbers of the Honeywell supplied library.

USE OF FORTRAN FORMAT VS;TATEME‘N'TS

A variable list may be processed against a format by use of the dummy device

‘ dnver shown in Flgure 6-3, Durmg a write, data is gathered from tfhe list elements
and formatted 1nto a lZO-chara'cte‘rkbuffer 1n F$10. The unused portion of the buffer

is filled with blanks. During;:é; read, data"is' scattered from the 120- character buffer

to become the new contents of the list. Of the two format l1sts, one is presumably an

nA2 to effect an n-word buffer to buffer copy

There can be no mtervemng Read or Write statements or the contents of F$IO will
be dlsturbed The cho1ce of dev1ce 9 was arbztrary Any dev1ce number that will not
be requn:ed may be used however the dummy rout1ne must be loaded before the run-

time library is loaded.
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Figure 6-4 shows an example of this scheme. The variables may be made equiv-

alent to the desired points in the user buffer areas, or they may be scattered as in

- normal I/0 lists.

-

ENT MDIN

ENT  MDCF |
E NT MDS A oW L
ENT  MDIO . = -
ENT - STW °
ENT CYL
ENT BUF
- ENT REC

ENT WDs
ENT CFUN
ENT  SZUN

*
REL

* ,

MDIO DAC *% :
CALL M3IO

STW BsZ l

CYL BSZ 1

BUF DAC %%
REC BSsZ 1

DECLARE LABELS AS

ENTRY POINTS FOR
CORRESPONDING FORTRAN  ,
EXTERNAL DECLARATIONS . .~

DATA READ OR WRITE ENTRY

SETUP, WORD (UNIT AND HEAD)
CYLINDER :

DATA ADDRESS IN MEMORY
RECORD ADDRESS ON DISC

WDS BSz | - WORD COUNT
SKP ) ERROR RETURN
IRS MDIO NORMAL RETURN
JMPx MDIO , |

x i

MDIN DAC % INITIALIZE ENTRY
CALL MSIN ,
DEC 1 - DMC CHANNEL ONE

~ JmPk  MDIN

* ,

MDSZ DAC Aok SEEK ZERO ENTRY
CALL M$sSZ

SZUN BSZ 1 UNIT
SKP ' ERROR RETURN
IRS MDSZ NORMAL RETURN
JMPx MDSz ‘

* :

MDCF DAC % CPU FINISHED ENTRY’
CALL M$EF

CFUN BSZ -1 UNIT :
SKP N ERROR RETURN
IRS MDCF NORMAL RETURN
JMP%x  MDCF

*
END

L
Figure 6-1, Fortran-to-M$IO Interface
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INTEGER UNIT, DCYL, DHEAD, RECAD, WORDS, MODZ,

+ BUFA, BUFAl, BUFA2, UNMAX,

+ BUFRI (62>, BUFR2 (62),

+ DATAL (§0), DATA2 (60),

+ STW, CYL, BUF, REC, WDS, CFUN, SZUN
EXTERNAL STW, CYL, BUF, REC, WDS, CFUN, SZUN
EQUIVALENCE (BUFRI(3), DATAICI)), (BUFR2(3),DATA2¢1))
LOGICAL INDONE '

DATA INDONE/.FALSE./,UNMAX/3/,

+ BUFA1/BUFR1/, BUFA2/3UFR2/

c ;
S0 IF C(INDONE) GO TO 91
INDONE = ,TRUE,
BUFAL = BUFAl + 32767 + |
BUFA2 = BUFA2 + 32767 + |
~ CALL #DIN
SI DO 92 I = |,UNMAX
J oz (I-1) x 2048
CALL ISTORE (LOC(SZUN),J)
CALL MDSZ _ ,
‘ GO TO 200
¢
92 CONTINUE
c

100 CALL MSCK
GO TO 201 , ,
c _ _
131 IF ((MODE.NE,2HRD).AND, (MODE,NE,2HWR), AND, (MODE. NE. 2HRAY)
+ GO TO 300 ‘ _
J = CUNIT * 2048) + (DHEAD * 64)
IF (MODE,SQ.2HWR) J = j+32767+!
CALL ISTORE (LOC(STW),d
CALL ISTORE (LOC{CYL),DCYL)
CALL ISTORE (LOC(3UF),BUFA)
CALL ISTORZ (LOC(RZIC),RECAD)
J = WORDS
IF (MODE.EQ.2HRA) J = J+32767+1
CALL ISTORE (LOC(UDS),J)

CALL MDIO
- GO TO 202
c o _
102 IF (MODE.NE.2HRA) GO TO 40
CALL MSCK .
, GO TO 203
c _ _
.C ,
400 CONTINUE
c
401 CONTINUE
.. cALL msCK
GO TO 204
c

402 CONTINUE

"= 300 CONTINUE
c

200 CONTINUE
201 CONTINUE
202 CONTINUE
203 CONTINUE
204 CONTINUE

END

Figure 6-2, Fortran Code to Access Disk Through M$IO
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- , ENT
ENT

REL

F$W9 DAC
CALL
DAC
IRS
JMP*

*

F$RS DACx
CALL
DAC
IRS
JMP*x

i END

F$WS
F$RS

okk

F$I10
xk
*=1

*x=2

*k
F$10
*k
*=1
*-2

Figure 6-3,

Dummy Device Driver

WRITE (9,900 IVARI, IVAR2, IVAR3
READ (9,901) DATA!

906 FORMAT (1H ,7HFIG 6~ 4 4X,I$ 4X,15,4X,15)
SO1 FORMAT (SOAZ)
END

' 'Figure 6-4,

Use of Dummy Device Driver

o
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10-SURFACE .
10-SORFACF LISK INSTRUCTIONS wllH REQUIRFDR SETUR WORDS,
3~14 .

10=SURFACF [15¢ PACKks TYPE 4622, 3-2
10=-SURFACF DISK STATUS WOKD FCRMAT, 3-13
10=SURFACF NIS< TRACK CAPACITY vS NUMBER OF RECOPDS PLR
~ TRACK, 3.7
10=-SURFACF DIS<S TRACK FORMAT, 3.12
10=-SURFACF SINGLE SPINDLE DISK STORAGE UNIT, TYPE 4623,
3-2
TYPE 4623 IO-SJRFACF SINGLF SPINDLE MOVINGaHEAD DISK FILE
OPTION, 3=l
IO-SURFACE D1sk
1OWSURFACF DISK CP FINISHED INSTRUCTION SEQUENCE 3-lé
10~SURFACE DISK RFAD CJRR[NY ADDRESS INSYRU(TXCN
. 'SEQUENCF, 3-17
10-SURFACF LIS READ CR wRITE ONF RECORD INSTRUCTION
SEQUENCF, 3-19
10=-SURFACE DIs< READ sTATUS WCRD INSTRUCTION SEGUENCE.
3-2C
10-SURFACF DISK SEEK AND SEEX TRACK ZEFO INSTRUCTION
SEQUENCF, 3-16 .
10-SURFACF DISC WRITF TRACK FCRMAT INSTRUCTION SEGUENCE,

3-18

10=SURFACE MOVING-HEAD DTSK R

. 10~-SURFACF MOV ING-HFAD Disk’, CAPACITV. 3.6

10-SURFACF MOV ING=HEAD . DISK INSTRUCTIONS, 3-15

20=SURFACE
20-SURFACF C!$K PACKs TYPE 47224 1=3
20~5URFACF CI1S< SEEK AND SEEK TRACK ZFPO INSTRUCTION
SEQUENCF, 1-15
20-SURFACF MOCVINGHEAD DISK JINSTRUCTIONS, 1-14
TYPE 4720 20-SURFACE SINGLE SPINDLE MOVING-HEAD DISK FILE
OPTION, 1-i

20=-SURFACE DISK
20=SURFACF DI5K CP FINIsSHED INSTRUCTIOM sSEQULENCE, 1-15
20-SURFACF D15« PEAD CURRENT ACDRESS INSTRUCTION
SEQUENCF, 1=-18
20=-SURFACF DISK READ OR WRITE CONF RECORD INSTRUCTION
SEQUENCF, 1=-18
20=S5URFACF DISK PEAD STATUS WORD INSTRUCTION SEGUENCE,

-13

Ié-SUREA CE NISK WRITE TRACK FORMAT INSTRUCTION SEQUENCE,
=17
TYPICAL M$FT PRCGRAM AREA ACDRESSES FOR 20~SURFACE ClISK,.

S=1C R
20=SURFACE CISK INSTRUCTIONS
20-5URFACE DISK INSTRUCTIONS WITH REQUIRED SETUP WORCS,
=13 .
20-SURFACE DISK TRACK
~20=SURFACF DISK TRACK FORMAT. 1el1l
20-SURFACE DISK TRACK CAPACITY
20-SURFACE DISK TRACK CAPACITY VS NUMBER OF RECORDS PER
TRACK, 1=7
20~SURFACE MOVING=HEAD DISK
20=SURFACE MOVING=HEAD DISK CAPACITY. l=é
20-SURFACE SINGLE SPINCLE
20=SURFACE SINGLE SPINDLE DISK STORAGE UNIT TYPE 4720.
1=2
2-SURFACE
2-SURFACE D1SK TRACK CAPACITY VS NUMBER CF RECORDS PER
TRACK, 2-10
TYPE 4651 2-SURFACE DUAL SPINDLE MOVING-HEAC DISK STORE
OPTION, 2=1
2+SURFACE DISK
2-SURFACF DISK CP FINISHED INSTRUCTION SEQUENCE, 2-14
2-SURFACE DISK READ CURRENT ACCRESS INSTRUCTION SECUENCE,
2=15
2-SURFACE DISK READ OR WRITE ONE RECORD INSTRUCTION
SEQUENCF, 2-17
2-SURFACE DISK READ STATUS wORD INSTRUCTION SEQUNCE,

2-18

2«SURFACF DISK SEEXK AND SEEK TRACK ZFRO INSTRUCTION
SEQUENCF, 2-14

2-SURFACE DISK WRITE TRACK FORMAT INSTRUCTICN SEQUENCE.

2=16
2=SURFACE DISK INSTRUCTIONS
Z-SURFACE DISK INSTRUCTIONS WITH QEQUIRED SETUP WORDS.

z-sunsAcs oxsx PACK
2-SURFACE DISK PACK, TYPE 4653. 2=%
2=SURFACE DISK STATUS WORD FORMAT
2«SURFACF DISK STATUS WORD FORMAT, 2-12
2«SURFACE DISK TRACK FORMAT
2-SURFACE DISK TRACK FORMAT, 2-11
2«SURFACE DUAL SPINDLE
2-SURFACF DUAL SPINDLE DISK STORAGE UNITe TYPE 4651,

2-3
. 2«SURFACE DUAL SPINDLE MOVING-HEAD DISK CAPACITY, 2-5
2~SURFACE MOVING=HEAD DISK
: 2=SURFACE MOVING=-HEAD DISK INSTRUCTIONSe 2-13°

COMPUTEK GENERATED [NDEX

4622
TYPE 4622 RECORD CAPACITY AS A FULNCTION OF RFCORDS/TRACK,
=k
COLUMN ASSIGNMFNTS FOR M§FT TYPE 2. 3 4 CUMMANDS, 5«9
READ RECORD, WRITF RECORQ, OR REAL CURRENT KFCORD
ADDRESS, M$10s S5-I
KEYBUARD CONVENTIONS FOR T, Ve R MODES. %=1l
ACCFSS :
ACCFSS TO DMC DEDICATED LOCATICNS, 2-9 3=-14
ACCFSS TC DMC DEDICATED LOCATICNS. 1-13
FORTAN COCE TO ACCESS DISK THRCUGK Ms$10,. 6=6
FORTRAN ACCESS TO DISK STORAGE, 6-1 )
ACKNOWLEDGE T e
-~ ACKNUWLEDGE INTERRUPT, OCP ‘1425, 1=23 2-22 3423
ADDRESS
10~8LRFACE DISK READ CURRENT ACDRFSS INSTRUCTION
SFOUENCE. 3-17
20-SURFACE DISK REAT CURRFNT ACDRFSS INSTRUCTION
SEQUENCE. 1=16
2-SUFFACE DISK RFAD CURRENT ADCRESS INSTRUCTICN SEQUFNCE,.
2-1%
READ CURRFNT ADDRESS, 1-15 3~16
READ CURRENT ALDDRESS, OCP 0225, 1-20 3=21
PFAD CURRENT ADDRESS, OCP '0225. 2-19
RFAP RECCRDs WRITE RFCORC. OR READ CURRENT RFCORD
ADDRF 55¢ M$10a*5=1 -
TYPICAL M$FT PROGRAM AREA ADDRESSFS FOR 20-SURFACE DISK,
5-1C
A-RFGISTER -
CLFAR A=REGISTFR AND INPUT FROM CISK TO A-REGISTER IF
RFADY, INA ‘0025, 1-23
CLFAR A-RFGISTER AND INPUT FROM CISK TO A=REGISTER IF
READYs INA 11025, 2-22 3-24
INPUT FROM DISK T3 A-REGISTER IF READY. INA “0025. 1=23
2-22 3-24
AREA
TYPICAL MsFT PROGRAM AREA ADDRESSES FOR 20-SURFACE DISK,
5«10
ASSFMBLY
ASSEMALY LANGUAGFE INTERFACE, &=2
BASIC
TIMING FOR BASIC TYPE 4623 DISK FUNCTIONS., 3-5
TIMING FCR BASIC TYPE 4651 DISK FUNCTIONS. 2=5
TIMING FOR BASIC TYPE 4720 DISK FUNCTIONS, le4
BIT &
SET INTERRUPT MASK BIT 4 o SMK %C020s le24 2-23 3=24
BLOCK
TYPE 4623 SYSTEM BLOCK DIAGRAM, 3a3
TYPE 4651 SYSTEM BLOCK DIAGRAM, 24
BUS
CVIA 1/0 2USe OCP V1725, 1=-23
ENABLE DATA TRANSFER VIA DMC/DMA, OCP ‘1325 FNABLE DATA
TRANSFER VIA 1/0 BUSs OCP ‘1725, 3=-23
ENABLE DATA TRANSFER VIA DMC/DMA QCP*1325 - ENABLE DATA
TRANSFER VIA 1,0 BUS OCP '1725, 2=-21
BUSY .
SKIP IF NCT BUSYe SKS 0425 1=24 2223 3=-25
CENTRAL
CENTRAL PROCESSOR FINISHED WITH LNIT M$CF, Seé
CHANGING

CHANGING RISK PACKS, 1=9 2~7 3=9

CHANNEL DATA IN V gR R ™MODF

CHANNEL DATA IN V OR R MODE. 5«12

CHECK
CHFCK STATUSe. M$CK, 5«4
CHECK, 2=6

CHECKSUM

CHECKSUM, 1«13 2.9 3«14

CLEANING

CLEAR

CODF

CLEAMING C1SK PACKS, 1-9 3-9

CLEAR A-REGISTER AND INPUT FROM LISK TO A-REGISTER IF
READY, IN& *0025. 1=-23

CLEAK A-REGISTER AND INPUT FROM CISK TO A=-REGISTER IF
READYs INA Y1025, 2222 3«24

FORTAN COCE TO ACCESS DISK THRCUGK MS10. 6«6

COLUMN ASSIGNMENTS

COLUMN ASSIGNMENTS FOR M$FT TYPE | COMMANDS. 5-8
COLUMN ASSIGNMENTS FOR M$FT TYPE 2+ 3 & COMMANDS, 5-9

COMMAND

TYPE | COMMAND, 5=-8
TYPF 2 CCMMAND. 5-9
TYPE 3 COMMAND. 5=-9
TYPE & COMMAND. 5=9

COMMAND TYPES

COMMAND YVPES FOR F MODE. 5-7

COMMANDS

COLUMN ASSIGNMFNTS FOR MSFT TYPE 24 3 4 COMMANDS. 5-9
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‘ROLS
CONTROLS AND INDICATCRS, 1=y 2-2 3-8
CONVENTIONAL
CONVENTIONAL, 5-12
cP

10~SURFACF DISK CP FINISHED INSTRUCTION SECUNCE. 3-16
CP FINISHFD, CCP *0425, 2-19
CP FINISHED
2=-SURFACF DISK (P FINISHED INSTRUCTION SEQUENCE. 2-14
CP FINISHFD, 1-15 2-14 3-]s
CP FINISHFD, OCP %0425, 1-20 3=21
CP FINISHED INDICATOR/SWITCH
CP FINISHFD INDICATOR/SWITCH. 3=9
CP FINISHED INSTRUCTION
20-SURFACE DISK CP FINISHED INSTRUCTION SEGLENCE. 1«15
CURRENT
10-SURFACF DISK READ CURRENT ADDRESS INSTRUCTION
SEQUENCF,. 3-17
20-SURFACF DISK READ CURRENT ADDRESS INSTRUCTION
SEQUENCF, 1-l6 : )
2-SURFACE DISK READ CURRENT ADCRESS INSTRUCTION SEQUENCE,
2-15
READ CURRFNT ADDRESS, 1e1% 3-16
READ CURRFNT ADDRESSs OCP '0225, 120 3=21
Cvlia
CVIA [/0 BUSe OCP 11725, 1=23
DATA
ENABLF DATA TRENSFER VIA DMC,CMA, OCP %1325 ENABLE DATA
TRANSFER VIA 1/0 BUSs OCP *1725, 3-23
ENABLF DATA TRANSFER vIA DMC/DMA OCP'1325 - ENABLE DATA
. TRANSFER VIA [,0 8US OCP #1725, 2-21
DATA TRANSFER
ENABLF DATA TRANSFER VIA DMC/DMA QCP*1325 - ENAELE DATA
TRANSFER VIA 1/0 BUS OCP *1725. 2-21
DESCRIPTION
DESCRIPTION, 3.1
INSTRUCTION DESCRIPTIONS, 1-19 3-20
DEVICE
DUMMY DFVICE CRIVER, 6=7
USE OF DUMMY DEVICE DRIVER. 6-7
DIRECT
DIRECT SFEK, OCP ‘0125, 1-19 3-20
DIRECTSFEKs OCP ‘0125, 2-18
pree
10-SURFACE DISX INSTRUCTIONS wlTH REQUIRED SETUP WORDS,
3elé
10-SURFACF DISK PACK, TYPE 4622, 3-2
10-SURFACE DISK TRACK CAPACITY VS NUMEER' OF RECORDS PER
TRACK, 37
20=SURFACF DISK SEEK AND SFEK TRACK ZgRO INSTRUCTION
SEQUENCF, 1=-15
20-SURFACF MOVING.HEAD DISK INSTRUCTIONS, lels
2=-SURFACE DUAL SPINDLE DISK STORAGE UNIT. TYPE 4651,
2«3
2~-SURFACF DUAL SPINDLE MOVING-HEAD DISK CAPACITY, 2.5
CLEAR A-RFGISTER AND INPUT FROM DISK TO A-RgGISTER 1F
READY, INA ‘0025, 1.23
CLEAR A=RFGISTER AND INPUT FROM DISK TO A-REGISTER IF
READYs INA ‘1025, 2-22 3-24
FORTAN CODE TO ACCESS DISK THROUGH M$10. 6=6
FORTRAN ACCESS TO DISK STORAGE, b1 .
INPUT FROM DISK TO A-REGISTER IF READY, INA 0025, 1-23
2%22 3I=24 .
OUTPUT TO MOVING=-HEAD DISK IF READYs OTA ‘0025, 1-23 2-22
3-24
PHYSICAL ORGANIZATION OF TYPE 4622 DISK PACK. 34
PHYSICAL GRGANIZATION OF TYPE 4653 DISK PACK, 2-8
TIMING FOR BASIC TYPE 4651 DISK FUNCTIONS, 2-5
TIMING FOR BASIC TYPE 4720 DISK FUNCTIONS, lwé
TYPE 4623 10~SURFACE SINGLE SPINDLE MOVING-HEAD DISK FILE
OPTIONs 3-1
TYPE 4651 2-SURFACE DUAL SPINDLE MOVING-HEAC DISK STORE
: OPTION, 2-1
OISK FILE GPTION
TYPE 4720 20~SURFACE SINGLE SPINDLE MOVING-HEAD DISK FILE
OPTION, lei
DISK FUNCTIONS
TIMING FOR BASIC TYPE 4623 DISK FUNCTIONS, 3~5
DISK PACK
20-SURFACF DISK PACKs TYPE 4722, 1.3
CHANGING DISK PACKS, =9 2-7 3=9
CLEANING DISK PACKS, [=9 3-9
PHYSICAL ORGANIZATION OF TYPE 4722 DISK PACK, }=5
DISK STATUS WORD FORMAT
10=SURFACF DISK STATUS WORD FORMAT, 313
DISK STORAGF UNIT
10=-SURFACF SINGLE SPINDLE DISK STORAGE UNIT. TYPE 4623,

3.2
20-SURFACE SINGLE SPINDLE DISK STORAGE UNIT TYPE 4720,

C 12

OISK TRACK
2-SURFACE DISK TRACK CAPACITY vws NUMBER OF RECORDS PER

COMPUTER GFNFRATED INDEX Lo 4:;

DISK TRACK (CONT)
. TRACK, 2-10
DISXS TRACK FORNAT
L0-SURFACE DISKS TRACK FCRMAT, 3-12

DMA EXAMPLE

READ ONF RFCORD ON DMa EXAMPLE, 4=4
DMA/WRITF
RFAD ONF RECORD ON DMA/WRITE ONE RECORD ON DMC, 4-1
DMC
ACCESS TO CMC DEDICATED LOCATICNS, 1-13
DMC DEDICATED LCCATIONS
ACCFSS TO OMC DFDICATED LOCATICNS. 2-9 3-14
DMC EXAMP(E 14
WRITE ONE RECORD ON DMC EXAMPLE, 4=5
DMC,/DMa
ENABLE DATA TRANSFER VIA CMC/DMA, OCP 91325 FNABLFE DATA
TRANSFERP VIA 1/0 BUSs OCP *1725, 3-23
ENABLE DATA TRANSFER VIA CMC/DMA OCP*1325 « ENABLE DATA
TRANSFER VIA 1/0 BUS OCP 11725, 2-21
DRIVER
DRIVER M§IO CALLING SEQUENCE EXAMBLE, 5.3
DUMMY DFVICE ORIVER, 6«7
USF CF DUMMY DEVICE DRIVER, 6=7
DRIVER MIO
DRIVER MSIQ AND FORMATTER MSFT, 5=1
DRIVER MSI0. 5-1

DUAL
TYPE 4651 2-SURFACFE DUAL SPINDLE POVING-HEAD C1SK STORE
OPTION, 2-l

ENABLE
ENABLE DATA TRANSFFR VIA OMC/OMA, DCP 1325 FNABLE DATA
TRANSFER VIA 1,0 BUS, OCP 1725, 3-23
ENARLE DATA TRANSFER VIA DMC/DMA 0CP?12325 - ENABLE DATA

o - TRANSFER VIA 1/0 BUS OCP *1725. 2«21

EXAMPLES
FORMATTING EXAMPLES, 5«12

F MODE
COMMAND TYPES FOR F MODE,. Se7

FAULTY
FAULT INCICATOR SWITCHe 3-8

FAULT/CP
FauLlY/CP FINISHED, 1=8

FEATURES
NON=ANSI FORTRAN FEATURES, 6e4

FILF

TYPE 4623 10-SURFACE SINGLE SPINCIE MOVING-HFAD DISK FILE
OPTION, 3-1
FORMAT F MCDE
FORMAT F  MODE, 57
FORMAT/WRITE
FORMAT/WRITE. 5-13
FORMATTFR MFT -
DRIVER M$ID AND FORMATTER MsFT, 5«1
FORMATTER MS$FT. 5-5
FORMATTING
FORMATTING EXAMPLES, 5-12
MSFT CONVENTIONAL FORMATTING EXAMPLE. S=14
FORTAN
FORTAN COCE TO ACCESS DISK THRCUGH M$I0e 6-6 :
FORTRAN !
FORTRAN ACCESS TO CISK STORAGE, 6-1
FORTRAN USING PROGRAM, g-2
NON=ANST FORTRAN FEATURES, 64
USE COF FORTRAN FORMAT STATEMENTSe 6-é
FORTRAN-TO=-MI0
FORTRAN-TO=MSIO TNTERFACE, 65
FUNCTION .
TIMING FOR BASIC TYPE 4651 DISK FLNCTIONS, 2-5
TIMING FOR BASIC TYPE 4720 DISK FUNCTIONS, 14
TYPE 4622 RECORD CAPACITY AS A FLNCTION OF RFCORDS/TRACK.

3-6
TYPE 4653 RECORD CAPACITY AS A FUNCTION OF RFCORDS/TRACK , .
2=6 :
TYPE 4722 RECORD CAPACITY AS FUNCTION OF RECORDS/TRACK . :
1-6 i
GAP ;
TRACK FORMAT AND GAP, le10 27 ;
TRACK FORMAT AND GAP, 3-10 ;
GREFN :
POWFR ON GREEN ', 2-2 i
HARDWARF :

RELEVANT WARDWARE INFORMATION, 3«10

HARDWARE INFORMATION
RELEVANT HAROWARE INFORMATION, 110 2-7

INA- 0025
CLFAR A-RFGISTFR AND INPUT FROM CISK TO A=REGISTER IF
RFADYs INA ‘0025, 1=-23
INPUT FROM DISK TO A-REGISTER IF READYs INA ‘0025, 1-23
2=22 3=24

INA 1025
CLEAR A=REGISTER AND INPUT FROM CISK TO A=-REGISTER IF
RFADYs INA ‘1025, 2-22 3=24
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INDEX MARK . -

INDEX MARK, 2.7
INDICATOR

FAULT [HD1CATOR SWITCH, 3-8

UNIT NUMBFR INCICATOR, 3-8
INDICATOR/SWITCH

START INDICATOR/SWITCH, 3-8
INDICATORS

CONTROLS ANP INDICATORS, 1=8 22 3-8
INITIALIZE DRIVF

INITIALIZF DRIVEs M3IN, S-1

INPUT
CLEAR A~RFGISTER AND INPUT FROM DISK TO A-REGISTER [F
READY, IMA V0025, 1=23
CLEAR A-RFGISTER AND INPUT FROM DISK TO A-REGISTER IFf
READYy INA N1025, 2-22 3-24
INPUT FROM DI1SK TO A-REGISTER IF READY. INA “0025, 1-23
2+22. 3-24
INSTRUCTION
20-SURFACF D1SK READ CURRENT ADDRESS IMSTRUCTION
SEQUENCF, 1-16 i
20=-SURFACF DISK SEEK AND SEEK TRACK 2ERQ INSTRUCTION
SEQUENCF, 1-15
20=-SURFACF DISK WRITE TRACK FCRMAT INSTRUCTION SEQUENCE,
1-17
2-5URFACF DISK CP FINISHED INSTRUCTICN SEQUENCE, 2-lé
2-SURFACE -DISK READ CURRENT ACCRESS INSTRUCTION SEQUENCE,
2~15
2=-SURFACF DISK READ OR WRITE ONE RECORD INSTRUCTION
SEQUENCF, 2-17
7 2=SURFACF DISK SEEK AND SEFX TRACK ZFRO INSTRUCTION
SEQUENCF, 2-14 g
2=SURFACE DISK WRITE TRACK FORMAT INSTRUCTICN SEGUENCE.
2=-16

GENERAL INSTRUCTICN SEQUENCES, 2-13 3=15
INSTRUCTION DESCRIPTIONS, 1=19 3-20

INSTRUCTION DFSCRIPTIONS
INSTRUCTION DESCRIPTIONS, 2-18

INSTRUCTION SFQUENCE
10-SURFACE DISK READ CURRENT ADDRESS INSTRUCTION
SEQUENCF, 3.17
10«SURFACE DI5SK
SEQUENCF, 3-19
10=SURFACE DI1SK
3=20
10=SURFACF Dlsx
SEGUENCF, 3-16
10«SURFACF DI15K

READ OR WRITE CNE RECORD INSTRUCTION
READ STATUS WORD INSTRUCTION SEQUENCE.
SEEK AND SEEK TRACK ZERO INGTRUCTION

WRITE TRACK FORMAT INSTRUCTION SECQUENCE,

3-18
20-SURFACE DI1SK READ OR wRITE ONE RECORD INSTRUCTION
SEGUENCF, 1-18

_ 20-SURFACF DISK READ STATUS WORD INSTRUCTION SEQUENCE,
© 11y
INSTRUCTION SEQUENCE )
10-SURFACE DISK CP FINISHED INSTRUCTION SrQUFNCEs 3-16
2-SURFACF DISK READ STATUS WORD INSTRUCTION SEGUENCE

2-18
'!NST“UCTICNS

10~SURFACE DISK INSTRUCTIONS WITH RFQUIRED SETUP WQORDS,
3el4
10=SURFACE MOVING=HEAD DISK INSTRUCTIONS, 3-15
20=5URFACE MOVINGeHEAD DISK INSTRUCTIONS. l=l6
2=SURFACE MOVING=HEAD DISK INSTRUCTICNSe 2=13

INTERFACE
ASSEMBLY LANGUAGE INTERFACE, ge2
FORTRAN=TO=ME 10 INTERFACE, 6=5

" INTERLACE : -

INTERLACF, Sals
INTERRUPT
ACKNOWLFDGE INTERRUPT, OCP ‘1425, 1-23 2=22 3-23
INTERRUPT RFQOUESTSe 1-13 29 314
SET INTFRRUPT MASK BIT 4 4 SMK ‘0020, le24 2223 3-24
SKIP IF NOT INTERRUPTING, SKS ‘0125, 1224 223 3.25
1/0 .
CVIA 1/0 BUSs OCP 1725, 1-23
ENABLF DATA TRANSFER VIA DMC/CMA, OCP ‘lazs
TRANSFER VIA 1,0 BUS. OCP ‘1725, 3=-23 .
ENABLF DATA TRANSFER V1A DMC/DMA OCP'1325 - ENABLE DATA
TRANSFER VIA 1/0 BUS OCP %1725, 2-21
KEYBOARD CONVFNTICNS
KEYBOARD CONVENTIONS FOR F MODE, 5-% S
KEYBOARD CONVFNTIONS FOR T
KEYBOARD CONVENTIONS
LANGUAGE
ASSEMBLY LANGUAGE INTERFACE. 6=2
LOCATIONS )
ACCESS TO DMC DEDICATED LOCATIONS, 1-13

FOR Te Vs R MODES, 5-11

map
MSFT MEMORY MAP, Sag
MasSK
SET INTFRRUPT MASK BIT &4 SMK L0020, 1=24 2223 3-24

JU

ENABLE DATA"

MCF
CFNTFAL PROCFSSOR FINISHED WITH LNIT MSCF., 5«4
MESSAGES
ERROR MFSSAGES. 5-12

MFT )
TYPICAL MSFT PROGRAM AREA ADDRFSSFS FOR 20-SURFACE DISK,
5-10
MFT CONVENTIQNAL
M$FT COMVENTIONAL FORMATTING EXAMFLE. S=-14
MFT FORMAT/WRITE
MSFT FORMAT/WRITF EXAMPLE, 5«15 -
MFT INTFRFACE
MSFT INTERFACE FXAMPLE. S=17
MFT MEMORY
MSFT MEMORY MAP, Sep
MFT OLERT FORMAT
MSFT OLFRT FORMAT EXAMPLE, S-18
MFT TYPE 1 COMMANDS
COLUMN ASSIGNMENTS FOR MSFT TYPE | COMMANDS. 5-8
MFT TYPE 2
COLUMN ASSIGNMENTS FOR MSFT TYPE 2, 3 4 COMMANDS, S5=9
MIN :
INITIALIZE ORIVEs MSINe 5=1
MIO

FORTAN CCCF TO ACCESS DISK THRCUGK M$I0. 6eb

MIO CALLING
DRIVER M$I1Q CALLING SEQUENCE EXAMFLE, 5-3

MODF
KEYBCARD CONVENTIONS FOR F MODE. 5«9
TRACK SPECIFICATION (T) MODE, S=11

MOVING=HFAD
20=SURFACE MOVING=HEAD DISK INSTRLCTIONS. 1=14
2-SUKFACE DUAL SPINDLE MCVING=HEAL DISK CAFACITY, 2§
OUTPUT TO MOVING-KEAD DISK IF REACYs OTA ‘0025. 1=23 2422

3=24

TYPE 4623 10-SURFACE SINGLE SPINCLE MOVING-HEAD DISK FILE
OPTICNe 3«1
TYPF 4651 2-SURFACE DUAL SPINDLE MOVING=HEAD CI1SK STORE
OPTIONe 2«1
TYPE 4720 20-SURFACE SINGLE SPINCIE MOVING.HFAD DISK FILE
OPTICN. 1=l

NON=ANST
NON=ANS! FORTRAN FEATURES, 6=é

ocPr1325
ENABLE DATA TRANSFER VIA DMC/DMA- OCP91325 - EMABLE DATA
TRANSFER VIA 1/0 BUs OCP 1725, 2=21

oCP 1025
RFAD STATUS WORD,.-OCP '1025, i=22
OCP *1725
ENARLE DATA TRANSFER vIA OMC/DMA- OCP91375 « ENABLE DATA
TRANSFER VIA 1/0 BUS OCP . *1725, 2=21
OCP *0025
SEEK TRACK ZERO, OCP !0025, 1«19 2«18 3«20
ocP ‘0125 \ :
DIRECT SEEXe OCP 10125, 1~19 3-20
DIRFCT SEEK, OCP 0125, 2-18
OCP ‘0225 . :
RFAD CURRENT ADDRESSe OCP 10225. 120 3-21
READ CURRENT ADDRESS, OCP '0225e 2«19
CCP ‘0425 \ . .
CP FINISHED, OCP ‘0425, 1~20 3=2i T e
CP FINISHEDe OCP ‘0425e 2-19. s
aCP ‘0525 ' e B
WRITE TRACK FORMAT, OCP '0525, 1«20 219 3-21
OCP '0425. :
READ OR WRITE ONE RECORDs OCP 10625, 1=20 2=19 3=21
- 0P ‘1028 . e et
STOP TRANSFERs OCP ?1025, 1=22 2421 3-23
oCP 1125 :
READ STATUS WORD, OCP ‘1125, 2«21 3=-23
ack 1325 B
ENABLE DATA TRANSFER VIA DMC/DMA, OCP %1325 FNABLE DATA
TRANSFER VIA 1,0 BUSs OCP ‘1725, 3.23
0CP 1425 )
. ACKNCWLFDGE INTERRUPTs OCP 1425, 1=23 2-22 3-23
_oCP Y1725
CVIA 1/0 BUS. OCP %1725, 123
ENABLE DATA TRANSFER VIA DMC/DMA, OCP ‘1325 ENABLE DATA
TRANSFER VIA 1/0 BUSs OCP ‘1725, 323
-OLERT - :

- OLERT. S5-16
OLERT (0] MOCF

OLERT (0} MODE, 5-10
ONE RECORD ON.DMC .

READ ONE RECORD ON DMA/WRITE ONE RECORD ON DMC. 4=l
OPTION - : .
TYPE 4623 10-SURFACE ‘SINGLE SPINCLE MOVING-HFAD DISK FILE
OPTION. 3=i ' -

OTA ‘o025
OUTPUT TO MOVING-HEAD DISK IF REACY. OTA ‘0025, 123 2=22
3#24 : :
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TPUT (CONT)
OUTPUT TO MOVING-HEAD DISK IF READY, OTA *0025. 1-23 2-22
3=24
PACK

10=5URFACF DISK PACKs TYPE 4622. 3=2

PHYSICAL ORGANIZATION OF TYPE 4622 DISK PACK, 3«4

PHYSICAL OQGANIZAT(ON OF TYPE 4653 DISK PaCK, 2-8
PERMIT yPRCTFCT o

PERMIT/PROTECT, 1-8 2-6

_ POWER .

POWER, 1=9 2-7 3=9
POWER OFF

POWNER OFF (RED). 2-5
POWER ON

POWER ON (GREEN). 2-2
PROCESSING

ERRCR PROCESSINGe 6=1
PROCESSOR

CENTRAL PROCESSOR FINISHED WITH-UNTTeMyCF, Sw¢
PROGRAM

FORTRAN USING PROGRAM, &a2

TYPICAL MgFT PROGRAM AREA ADDRESSES FOR 20-SURFACE DISK;™-

s-1C

PROGRAMMING

PROGRAMMING [NFORMATION, 3-10
PROGRAMMING INFORMATION

PROGRAMMING INFORMATION, 1-10 2-7
R MODES

“-KEYBOARD CONVENTIONS FOR T4 Ve R MODESe 5-11

READ .

10«SURFACF DISK READ CURRENT ADDRESS INSTRUCTION

SEQUENCF, 3-17

10-SURFACF DISK READ OR WRITE ONF RECORD INSTRUCTION

SEQUENCF, 3-19

10«SURFACF DISK READ STATUS WORD INSTRUCTION SECUENCE,
3-20

20-SURFACF D1SK READ CURRENT ACDRESS INSTRUCTION
SEQUENCF. 1-16

20-SURFACF DISK READ OR WRITE ONE RECORD INSTRUCTION
SEQUENCF, 1-18

20-SURFACE DISK READ STATUS WORD INSTRUCTION SEQUENCE,.
1-19

2-SURFACE DISK READ CURRENT ADDRESS INSTRUCTICN SEQUENCE,
2-1%

2=-SURFACE DISK READ OR WRITE CNE RECORD INSTRUCTION -
SEQUENCF, 2-17

2+-SURFACE DISK READ STATUS WORD INSTRUCTION SEQUENCE.

2-18
READ CURRENT ADDRESSe 1+15 3-16
READ CURRENT ADCRESS, OCP '0225. 1=-20 3-21
READ ONF RECORD [R) MODE, 5-11
READ ONF RECORD ON DMA EXAMPLE. 4=4
READ CNF RECCRD-ON OMA/WRITE CNE RECORD CN CMC. 4-1
READ OR WRITE ONE RECCRD, 1-17 2-16 3-18
READ OR WRITE ONE RECCRD, CCP ‘0625, 1=20 2-19 3-21
READ STATUS WORD, 1~18 3-19 .
READ STATUS WORDy OCP '1U25e 1-22
READ STATUS WORDs OCP £112S. 2-21 3=23
READ, i=21 2-20 3=-22

READ CURRENT
READ CURRFNT ADDRESS, OCP '0225. 2«1
READ RECORD, WRITE RECORD, GR READ CURRENT RECORD
ADDRESSe M$[0s 5=-1

READ CURRENT ADDRESS
READ CURRFNT ADDRESS, 2-14

READ RECORD
READ RECORD, WRITE RECORD, OR READ CURRENT RECORD
ADDRESSy M$I0e S5=1 .

READ STATUS WORD
READ STATUS WORDe 2«17

READY/LOAD
READY/LOAD. 2=6

RECORD
10-SURFACE DISK READ OR WRITE ONg RECORD INSTRUCTION
SEQUENCF, 3-19
20=SURFACF DISK READ OR WRITE ONE RECORD INSTRUCTION
SEQUENCF, 1-18
2«-SURFACE DISK READ oﬁ hRITE ONg RECORD INSTRUCTION
SEQUENCF, 2-17
READ ONF RECORD ON DMA EXAMPLE, 4=t
READ ONF RECORD ON DMA/WRITE ONE RECCRD ON CMC, 4=l
READ OR WRITE ONE RECORD, 1-17 2-16 3-18
READ OR WRITE ONE RECORD. OCP ‘0625, 1=20 2=19 3=21
READ RECORD, WRITE RECORD, OR READ CURRENT RECORD
ADDRESS. MglO, S5=-1
TYPE 4622 RECORD CAPALZITY AS A FUNCTION CF RECORDS/TRACK,

36

TYPE 4853 RECORD CAPACITY AS A FUNCTION CF RECCRDS/TRACK,
2=8

TYPE 4722 RECORD CAPACITY AS FUNCTION OF RECORDS/TRACK,

l=6
WRIYTE ONF RECORD ON DMC EXAMPLE. 4«5

B
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RECORD R MCDE
READ ONE RECORD (R} 'MODE. 5«11

RECORDS
20=SURFACE DISK TRACK CAPACITY VS NUMBER OF RFCORDS PFR
TRACK, 1=-7
2-SURFACE DISK TRACK CAPACITY VS NUMBFR 0F RFCORDS PER
TRACK, 2=-10

RECORDS PER TRACK
10-SURFACE DISK TRACK CAPACITY VS NUMBER OF RECORDS PFR
TRACK,. 3~7
RECORDS/TRACK
TYPE 4622 RECORD CAPACITY AS A FLNCTION OF RFCORDS/TRACK.
ELY.S
TYPE 4653 RECORD CAPACITY AS A FUNCTION OF RFCORDS/TRACK.
2-6
TYPE 4722 RECORD CAPACITY AS FUNCTION OF RFCORDS/TRACK,
1=6
RED
POWER OFF (RED). 2-5
RELFVANT
RELFVANT HARDWARE INFORMATION, 1«10 2-7
RELEVANT HARDWARE INFORMATION, 3-10
*MCK
CHECK STATUS. #MSCK. 5=4
#MS§2
SEEX TRACK ZERDs #M35Zs Seé
rXX25
SKIP IF UNIT NOT SEEKING, SKS ‘'XX25, 1=24
SEEK
10=-5URFACE DISK SEEK AND SEEK TRACK 2ERO INSTRUCTION
SEQUENCE. 3-16
20=-S5URFACE DISK SEEK AND SEEK TRACK ZERO INSTRUCTION
SEQUENCE. 1-15
2-SURFACE DISK SEEK AND SEEK TRACK ZERO INSTRUCTION
SECUENCE. 2=14
DIRECT SEEKs OCP '0125s 1=19 320
DIRECT,SEEK, OCP ‘0125. 2~18
SEEX TRACK ZERO FXAMPLE. 42
SEEK TRACK ZERD,. 4=1
SEEX TRACK 2ERO. JCP ‘0025, 1=19 2«18 3-20
SEEK TRACK 2ERD,. #MSS5Z4 S=4
SEEKe SFEK TRACK ZERO. l-14 3-15
SFEX, SEEK TRACK ZERO, 2~14
SEEK TRACK ZERC
SEEKs SEEK TRACK LERO, 2-14
SEEKING
SKIP IF UNIT NOT SEEKING, SKS 'XX25, 2=23 3~75
SKIP IF UNIT NOT SEEKING, SKS 'XX25, 1=-24
SEQUENCE
20-SURFACE DI5K CP FINISHED INSTRLCTION SEQUENCE, 1-15
20=SURFACE DISK READ CURRENT ACDRESS INSTRUCTION
SEQUENCE. 1=16
20-SURFACE DISK SEEK AND SEEK TRACK ZERO INSTRUCTION
SEQUENCE. 1-15
20-SURFACE DISK wWRITE TRACK FORMAT INSTRUCTION SEQUENCE.
1=17
2<SURFACE DISK €P FINISHED INSTRLCTION SEQUENCE. 2-14
2-SURFACE DISK READ CURRENT ADCRESS INSTRUCTICN SEQUENCE.
2-15
2-SURFACE DISK READ OR WRITE ONE RECORD INSTRLCTION
SEQUENCE. 2-17
2=-SURFACE DISK SEEK AND SEEK TRACK ZERD INSTRLCTION
SEQUENCE. 2-14
2-SURFACE DISK WRITE TRACK FORMAT INSTRUCTION SEGUENCE.
2-16
DRIVER M$10 CALLING SEQUENCE EXAMPLE. 5=-3
GENERAL INSTRUCTION SEQUENCES, 2<13 3-15
GENERAL INSTRUCTION SEQUENCES. l-l4
SET :
SET INTERRUPT MASK (BIT &)+ SMK ‘0020. 1«24 223 3«24
SETUP .
10=-SURFACE DISK INSTRUCTIONS W1Th REQUIRED SETUP WORDS.

3-14
20-SURFACE DISK INSTRUCTIONS WITh REQUIRED SETUP WORDS,

1=13
SETUP WORCS, 3=~14

SETUP WORDS

2-SURFACE DISK INSTRUCTIONS WITH REQUIRED SETLP WORDS,
2-12
SETUF WORCS, 1-12 2~9
SINGLE SPINDLE
10-SURFACE SINGLE SPINDLE DISK STCRAGE UNIT, TYPE 4623,
3e2
SKIP
SKIP IF NC ERROR, SKS '0325, le24 2=23 325
SKIP IF NCT BUSY, SKS ‘0425, 1=26 2-23 3=-25
sKIP IF NCT INTERRUPTINGs SKS 20125, 1=24 2-23 325
SKIP IF OPERATIONAL, SKS 10025, 1=24 3=25
SKIP IF OPERATIONAL, SKS ‘0225, 2-23
5KIP IF READYs SKS %0025, 1=24 2-23 3=25
SKIP IF UNIT NOT SEEKXNG. SKS ‘xxzs. 2=23 3-25
SKIP IF UNIT NOT SEEKINGe SKS 'XX25, 1 24

Cazs
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