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PREFACE

+

This manual contains operation. and programming
information for the CDC® 7155 Disk Storage Subsystem,
which provides mass storege [or large Control Data
computers. The manual Is written for eomputer operators
and for system programmers who generate or maintain
peripheral processor-resident programs that drive the 7155
subsystem.

The following Control Data produets are used in 71535
subsystems.

Product Nomenelature

7155-1 Single-aecess disk storage controller

7155-11 Single-access disk storage controller

7155-12 Two-access disk storage controller

7155-13 Three-access disk storage controller

7155-14 Four-access disk storage controller

B44-41 Two-channel disk storage unit

844-44 Four-channel disk storsge unit

383-60 Disk pack for 844-4X

885-11 Single~channel disk storage unit

885-12 Two-channel disk storage unit

10396-1 Second channel for 885-11

10397-1 Additional aceess for 7155-1/11/12/13

10398-1 844-4X interface for
7155-1/11/12/13/14

10398-1 Second 885 inter{ace for
7155-1/11/12/13/14

65290 Large sector hardware option

7155-1/2/3/4

RELATED PUBLICATIONS

The following manuals contain information applicable to the
7155 subsystem.

. Publication

Control Data Publication Number
CYBER 70 Models 72/73/74, 6000
Computer Systems Input/Output
Specifications 60352500
CYBER 170 Models 171 through 175
Computer Systems Hardware Reference
Manual 60420000
7155 Operator Maintenance Guide 60456650
FA211 Disk Controller Hardware
Maintenance ManualT 60455690

CONVENTIONS

The following conventions are used in this manual.

e All numbers are deeimel unless another base is
indieated.

e Bits mre numbered from right to left, beginning
with 0. Thus, the number of a bit indicates its
power of two.

¢ Flowchart symbaols are:

-,

Entry/exit point
Processing

Y .
Decision; Y represents yes and N
N represents no

e Logical zero and logical one are abbreviated 0 and
1, respectively.

DISCLAIMER

The 7155 subsystem is intended for use only as deseribed in
this manual. Control Data eannot be responsible for the
proper funetioning of undeseribed funections ar parameters.

+The eontroller hardware maintenance manual references other hardware maintenance menuals associated with the 7155

subsystem.

60455860 L



WARNING

This equipment generates, uses and can radiate radio frequency
energy and if not installed and used in accordance with the
instruetions manuai, will ecause interference to radio
communicetions. This equipment has. been tested with a Class A
computing devices and has been found to comply with Part 15 of
the FCC Rules which are designed to provide reasonable
protection against such interference. Operation of this
equipment in a8 residential area may cause unacceplable
interference in which case the user at his own expense will be
required to take whatever measures may be required to correet
the interference. :
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GENERAL DF;SCRIPTION 1

The 7155 Disk Storage Subsystem provides random-access
mass storage for CDC 6000 series, CDC CYBER 70 model
72, 73, T4 and CDC CYBER 170 series computers., A
peripheral processor (PP) channel provides the computer/
subsystem connection. Besides incorporating features of the
7134 Disk Storage Subsystem, the 7155 subsystem also:

e Enables use of high-cepaeity, high-speed, fixed
media CDC 885 Disk Storage Units along with
removesble-media CDC 844-4X Double Density
Disk Storage Units.

e Allows data to be transferred between PP and 7155
Disk Storage Controller (controller) at the
maximum PP channel rate.

& Incarporates simplified design and enhanced
disgnostic  capability to improve subsystem
reliability.

This section provides hardware descriptions, configuration
examples, storage theary, and functional specifications
applicable to the 7155 subsystem. Refer to the glossary
(appendix A} for definitions of terms used in this manual.

HARDWARE

Figures 1-1 through 1-3 show the controller and disk storage
units used in 7155 subsystems. A subsystem may contain
one or more contrellers, ane to eight 844-4X Double Density
Disk Storage Units (844 drives) per controller, and one to
eight 885 Disk Storage Units per controller. Each 885 Disk
Storage Unit contains two 885 drives, so two to 16 885
drives may attach tc one controller,

Within this manusl, the term drive refers to
either twe of drive. The specifie terms Bd4
drive and BBS drive appear in statements that
apply to one type of drive only.

CONTROLLER

The controHer is & programmable device that provides
overall subsystem control. Before use, the controller must
be initialized as deseribed in section 2. Figure 1-4 shows
the following controller elements.

TL K =1024

Element Deseriotion
PP meeess Provides connection between one

PP channel and aceess control.

Determines PP access to be con-
nected, Establishes data path
between connected gaccess and
buffer. Establishes control path
between connected access and
processor channels,

Access control

Executes controlware to provide
functions deseribed in section 3.
Controlware includes code
stored in read-only memory
(ROM) portion end random
secess memory (RAM) portion of
processor memory. Refer to
controller hardware mainten-
ance manual listed in the
preface for pmcessor instruetion
descriptions,

Processor

Contains TK or 3K words of
16-bit-per-word  storage. In-
cludes 1K ROM and 4K RAM for
controlware storage, and 2K or
4K buffertT for data trapsfer
operations.

Processor memory T

Provide econtrol/status paths
between processor and access
control and between processor
and date format/error correc-
tion eode {ECC) control. Also
provide block transfer path for
auteoload/autodump operations.

Processor channels

Data format/ECC control Generates/detects write/read
and cyelie redundancy code
{CRC) patterns.

Provides connection  between
data format/ECC control and
two to eight 885 drives.

885 drive interface

Provides conneetion between
data format/ECC control and
one to eight 844 drives.

844 drive interface

The basie controller has one PP access and a drive interface
that accommodates two to eight 885 drives. The following
three options allow connection of edditional PP channels and
drives to the controller. The last option allows NOS/VE to
run on an FA211-A.

Tt The 7135-1 Disk Storage Controller has a 2K buffer and the 7155-11/12/13 /14 Disk Storage Controllers have a 4K buffer,

60453860 L



1-2

Standard Option Description

10397-1 Adds one PP  goeess to
controiler. Maximum number of
PP access per controller is four.

10398-1 Expands drive interface to allow
connection of one to eight 844
drives.

10399-1 Expands drive interface to allow

connection of additonal two to
eight 885 drives.

65290-1 Allows the FA211-A to run serial
large seetor mode on 885 drives.

/

=

—a 5

‘-.____-‘

%
-.,\

Figure 1-1. 7155 Disk Storage Controller

Figure 1-2. 344-4x Double Density
Disk Storage Unit

Figure 1-3. 885 Disk Storage Unit
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1708 2 T0 8 2708
844 DRIVES 885 DRIVES 885 DRIVES
.| OPTIONAL .| OPTIONAL B85S DRIVE [
844 DRIVE | 885 DRIVE
INTERFACE | INTERFACE | !NTERFACE
DATA FORMAT/ECC CONTROL

‘PROCESSOR

. _MEMORY_ _ _| PROCESSOR
Fm Pk or ak] “1ic | PROCESSOR | o ANNELS
RAM [BUFFER|ROM -

\ } L
\ ]

ACCESS CONTROL /4
PP ACCESS{PP ACCESS{PP ACCESS|PP ACCESS

}

PR PP PP pp
CHANNEL CHANNEL CHANNEL CHANNEL

& The controiler has from one to four PP accesses, depanding
upon tha model and options. Refer to the preface for
product infarmation.

Figure 1-4, Controiler Functional Elements

DRIVES

Although they differ in physical appearance, data transfer
rates, and daia capacity, the 844 drive and the B85 drive
each contain the functional elements shown in figure 1-5
and deseribad briefly as follows:

H
A

CONTROLLER

DRIVE HEAD

CHAN- POSI-

NEL I TIONER
CONTROLLER SELECT/ —

SERVE

pawve [FO6!¢ | READ/

Y WRITE

NEL T ELEC,

TRONIC

Figure 1-5. Drive Funetional Elements

Element Description

Conneects select/reserve logic
with one set of controller/drive
interface lines. B844-41, 844-44,
885-11, and B85-12 drives have
two, four, one, and two drive
channels each, respectively.
Standard option 10396-1 adds
second drive channel to each
drive in B85-11 cabinet.

Drive channel

Determines drive channel to be
connected. Controls head
positioner and read/write
electronies in response to
controller commands.

Select/reserve logie

Positions head assembly to disk
pack ecylinder speecified by
controller commands.

Head positioner

Translates digital data
waveforms to write eurrent and
read current to digital deta
waveforms.

Read/write electranics

Contains several read/write
heads, each of which translates
current to  magnetic flux
changes on rotating disk pack,
and viee versa,

Head assemblyt

Disk packT Provides surfaces for recording

datd as magnetie flux ehanges.

Drive motor Rotates disk pack.

CONFIGURATIONS

Figures 1-6 and 1-7 show minimum and large 7135
subsystem configurations, respectively.

STORAGE THECRY

All rotating maegnetic data storage devices apply the
principle thet eleetric current flowing near a recording
medium changes the magnetic flux of the medium.
Conversely, when motion exists between a conduetor and a
nearby medium containing magnetic flux changes, current
flows in the conduetor.

For & drive, the conductor is a read/write fhead and the
medium is a disk pack. The drive's read/write electronics
eonvert data to write current, and extract data from
detected read current.

1 885 drive combines head assembly and disk pack in unit called head/disk assembly (HDA).

80455860 E
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’ DATA ORG ZATION
7155 CONTROLLER ANIZA

As a disk pack rotates, current-induced [lux changes trace
a circular path around the disk. These flux changes are
grouped into sectors, tracks, and eylinders.

s A sector is an are of contiguous flux changes
TWO 885 DRIVES traced by a head.

e A track is the cirele of flux 'changes traced by &
head at one head position.

¢ A eylinder is gll of the tracks at one head position.
A complete disk address consists of s eylinder number, &

track number, and a sector number. Figure 1-8 shows the
relationship of seetor, track, and eylinder.

—

PP
CHANNEL

- SECTOR
Figure 1-6. Minimum 7155 Subsystem

7155 CONTROLLER

PP p— [~
CHANNELS | ——

B44 DARIVES 485 DRIVES 885 DRIVES

—~[0 - — |

-5 - — -

I . ] m Figure 1-8. Data Organization

—_— D — et —y

— E — — - SECTOR FORMAT

—i0 [ - - Figure 1-9 shows the fields within 844 and 885 sectors.

) Table 3-5 lists the number of bits in each field. Fileld
descriptions are as follows.
155 CONTROLLER

[ —_
CHANNELS | —

Figure 1-7. Large 7155 Subsystem
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Field Description
Synchronizes drive read elee-
tronics with first bit of address
fleid.

Syne pattern/byte 1

Provides disk address and flaw
information for sector.
Cheeckword is code used to
detect (and in some cases
correct) error in preceding field.

Address field/cheekword

Syne pattern/byte 2 Synchronizes drive read elec-
tronice with first bit of data

field.

Data field/checkword/
end-of-record byte

Contains 322 (344 in 885 Large
Sector Mode) 12-hit words of
data, associated cheekword, and
end-of-record byte.

Accommodates minor head dis-
placement and satisfies control-
ware overhead requirements.

Tolerance gap

SYNG PATTERN/BYTE 1

——ADDRESS FIELD/CHECKWORD

NN

] SYNC PATTERN/BYTE 2

O)

DATA FIELD/CHECKWORD,
END OF RECORD BYTE

// ~2~—— TOLERANCE GAP

Figure 1-9. Sector Format
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INTERLACING

High subsystem data transfer rates may result in less time
between consecutive sectors than is required for PP
program overhead. To prevent lest disk revolutions caused
by this type of conflict, the 7155 subsystem retains the
variable interlace capability of earlier subsystems.

Interlace is the ratio of number of sectors, processed to
number of seetors actually passing the head. Thus, a 1:d
interlace operation processes every sector passing the head
and a 2:1 interlace operation processes every other sector
passing the head.

For a given cylinder, & 2:1 interlace operation processes all
ever-numbered seetors before processing odd-numbered
sectors.

The seek function preceding en operation establishes the
interlace for the operation. Gap sector funetions issued
during an operation esn change the interlace to 3:1 {from
1:1) or 441 {(from 2:1) on a sector-to-sector basis.

All interlaces expept 1:1 require more than one disk
revolution to process all sectors on & track.

TYPICAL OPERATION

A PP performs an operation (such as a read or a write) by
issuing a series of funetions to the controller. The following
sequence shows funetions used by a PP during a typical read
operation.

Activity Function(s)
Connect controlier " General status, de-
and check subsystem tailed status
status :
Establish interlace, Seek

reserve drive, and
initiate head posi-
tioning

Wait for drive to be-
come on-eylinder

General status, seek

Transfer data from Read
drive to eontrolier
to PP

Check for read
arrors

General status, de-
tailed status

Relerse controller
and drive

QOperation complete



FUNCTIONAL SPECIFICATIONS

Tables 1-1 through 1-4 provide data cepacities and
functional specifications for 844 and 885 drives. The only
functional specification applicable to the controller is the
maximum transfer rate between the controller and a PP,
which is 5.88x 108 12-bit words/second. Although the
controller is able to transfer data up to 3.88 MHz, a PP is
able to transfer data at only 1 MHz or 2 MHz.

TABLE 1-1. 844 DRIVE DATA CAPACITY T

Per
Number of
Seetor | Track | Cylinder Disk Pack
12-bit words 322 | TT728 146 832 | 120 402 240
Sectors 1 24 456 373 920
Tracks - 1 19 15 580
Cylinders - - 1 820

TABLE 1-2. 885 DRIVE DATA CAPACITY T

TABLE 1-4. DRIVE FUNCTIONAL SPECIFICATIONS

Value

Chargeteristic

844 Drive 885 Drive

Maximum seek | 55 milliseconds 50 milliseconds

time

Average sesk 30 milliseconds 25 milliseconds

time

Cylinder-to- 10 milliseconds 10 milliseconds

eylinder seek

time

Nominal disk 16.7 milliseconds 16.7 milliseconds

revolution

time

Transfer rate 6.45 x 106 9,58 x 106
bits/second bits/second

Table 1-5 lists average data transfer rates {or one or more
tracks of data. The 1:1 interlace rates are determined by
dividing track data eapaeity by the nominal disk revolution
time. Rates for 2:1 interlace are half these for 1:1
interlace since only half of & track's data transfers per
revolution during a 2:1 interlace transfer.

Per
Number of
Sector | Track |Cylinder Disk Pack TABLE 1-5. AVERAGE DATA TRANSFER RATES
12-bit words 322 10 304 | 412 160 346 626 560
Average Data Transfer
Sectors 1 a2 1280 1076 480 Drive Interlaca Rate {12-bit words/second}
Tracks - 1 40 33 6540 1: 4,63%x105
B4d
Cylinders - - 1 841 2:1 2.31x109
11 5.17x 103
885
TABLE 1-3. 885 LARGE SECTOR MODE 2:1 3.08x105
DRIVE DATA CAPACITYT

Per
Number of
Seotor | Track | Cylider | Disk Pack
12-bit words 1376 | 11008 | 440320 { 370 309120
Seetors 1 8 320 269 120
Tracks - - 40 33 640
Cylinders - - - 841

t Does notineclude eylinders reserved for maintemance purposes.

e 1-6
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QPERATION

This section deseribes operator switches/indieators for each
subsystem equipment and provides proeedures for typieal
operator tasks.

SWITCHES/INDICATORS

Figures 2-1 through 2-3 show the locations of subsystem
operator switches/indicators. Tables 2-1 through 2-3
desceribe switeh/indieator functions.

OPERATING PROCEDURES

Although subsystem operator intervention is infrequent and
determined by site configuration, the following paragraphs
provide general guidelines for typicael operator tasks.

SUBSYSTEM POWER CONTROL

Each controller and drive contains power sequence circuitry
that regulates initial subsystem eleetrical loed. This
circuitry allows power feeding the entire subsystem to be
controlled from a single power control box. At installation
time, a customer engineer performs the cable routing and
switeh setting required for power sequencing. Thereafter,
the operator normally controls subsystem power from the
power control box.

Once power has been applied, the subsystem is ready for
operation when the READY indicator lights on the last drive
to receive power. The operator cen turn a single drive off
or on with the drive’s START switeh. Removing logic power
from a controller that is providing power sequeneing to a
group of drives also removes power from each drive whose
LOCAL/REMOTE switch (& customer engineer switch
located Inside the drive eabinet) is set to REMOTE.

CONTROLLER INITIALIZATION

A controller must be mutoloaded with controlwere before
the controller can execute the complete funetion set
described in section 3. The following funetions reside
permanently in the ROM portion of processor memory to
gnable autoloading.
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00128 (eneral status
0042g Clear connected access
0INNg Autoload from disk
0414g  Autoload from PP
POWER PP CHANNEL
ENABL}EIDISABLE
yd
i

|ZMASTER CLEAR

& 885 DRIVE
gggbﬂém TTIENABLE/DISABLE

8944 DRIVE
E] ENABLE/DISABLE

=

50/60 HZ POWER
\El DISCONNECT
o - JON/OFF

400 HZ POWER
DISCONNECT
ON/OFF

Figure 2-1. Controller Switch/Indicator Locations



Although all controller autolead procedures rely on one or
more of these funetions, the exact procedure used depends
upon site operating procedures, the operating system in
use, computer system configuration, and whether or not the
computer system is running, Refer to the appropriate
operating system installation handbook {or controlier
autoload procedures that Control Data recommends.

START READY FAULT MAINTENANCE TEMP

N \ !
K yzmvs
SELECTED
N Y 1 I /. rd
O

\

Figure 2-2. 844 Drive Switeh/Indieator Loeations

CHAN 1 1 sYsT  SELEcT HREAD
ENABLE RSVD MAINT, & RSVD ONLY  READY

I\\\\\\\ { i/
\%\@ﬂ (I —
VAN AN

/ )
{ 1
/ ! | [PowER
ENARE  mim !g—;{ 7] oN
=~ {powER
[ TENABLE

Figure 2-3. 885 Drive Switch/Indicator Locations

DISK PACK EXCHANGE

Use the following procedure to exéhange thé disk pack of
an §44 drive.

1. [If START s'.».\;'itch/indieator is tighted, press it and
wait for disk pack to stop.

2. Press main eover lateh and lift main cover.

3. Place disk pack cover over disk pack. Turn cover
counterclockwise until spindle elieks. Lift cover
and disk pack from drive."

4, Plaece new cover and disk paek on spindie. Turn
cover clockwise until it stops. Lift cover from
drive.

3. Close main cover, ensuring that it latches.

6. Press START switeh/indicator. Drive is ready for
operation when READY indicator lights.
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TABLE 2-1. CONTROLLER SWITCHES/INDICATORS

Name

Description

Funetion

POWER ON

Indieator

Lights when power is applied to controller.

PP CHANNEL ENABLE/DISABLE

Toggle switches (4)

Enables/disables communication between
controller and PP channel attached to

pecess associated with switeh.

MASTER CLEAR

Pushbutton switch

Clears controller logic and connected
gecess and forees processor  memory
address to 20 000g.

885 DRIVE ENABLE/DISABLE

Toggle switches (16)

Enables/disables eommunication between
controller and B85 drive attached to
eonnector associated with switeh.

844 DRIVE ENABLE/DISABLE

Tagsle switches (8)

Enables/disables communication between
controller and 844 drive attached to
connectors associated with switeh.

50/60 HZ POWER DISCONNECT ON/QFF

Toggle switeh

ON: Applies power to blower.

OFF: Removes power from blower.

400 HZ POWER DISCONNECT ON/OFF

Toggle switch

ON: Applies power to controlier logic.

OFF: Hetnoves power from controller
logie.

TABLE 2-2. B44 DRIVE SWITCHES/INDICATORS

Name Description Funetion

START Switeh/indicator Applies/removes power to/from drive logic and drive
motor. Lights when power is applied.

READY Indieataor Lights when disk paek reaches operating speed and
heads are loaded.

FAULT Switeh/indieatar Clears drive fault status. Lights when drive fault status
is active.

MAINTENANCE Indicator Lights when drive power is not sequenced by controlier.

TEMP Indicator Lights whan over-temperature condition exists within
drive.

None Indieator Lights when drive is selected by controller. Customer
may elect to apply numbered lens to indicator.
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TABLE 2-3. 885 DRIVE SWITCHES/INDICATORS

Name Deseription Funeticn

CHAN I ENABLE Switeh/indieator Enables/disables ecommunication between drive and
controller attached to associated drive channel.
Lights when communieation is enabled.

CHAN {1 ENABLE Switeh/indieator Enables/disables communication between drive and
controller attached to associated drive echannel.
Lights when communication is enabled.

I RSVD Indicator Lights when associated drive channel is reserved by
eontroller.

I RSVD Indicator Lights when associated drive ehannel is reserved by
controller.

SYST MAINT Switeh/indicator Maintenance use only. Enables/disables fault
checking and manual seek tests. Lights when fauit
ehecking and manual seeks are enabled.

SELECT & RSVD Indicator Lights when reserved drive channel is active,

READ ONLY Switeh/indicator Disables/enables write logic within drive. Lights

: ~when write logie is disabled.

READY Indicator Lights when disk pack resehes operating speed and
drive is on track.

START Switeh/indieator Applies/removes power to/from drive motor. Lights
when power is applied.

POWER ENABLE Switeh/indicator Enebiles/disables eabinet power input. Lights when
power is enabled.

POWER ON Switeh/indicator Maintenance use only. Applies power to both drives,
provided LOCAL/REMOTE switeh (inside eabinet) is
set to LOCAL. Lights when power is applied.
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PROGRAMMING ’ 3

This seetion covers some general topies of interest to the
programmer, defines function ecodes, and provides error
recovery sequences, Unless otherwise indicated, all 4-digit
numbers referenced in this section are cotal.

GENERAL CONSIDERATIONS

The programmer should be familiar with the following
information before working on 7155-related PP programs.

PP TYPE

PPs attached to g controller may operate at either 1 MHz
or 2 MHz. A PP channel without parity must attach to a
PP access having channel parity disabled. Disabling
channel parity is & customer engineering task performed
during subsystem installation.

EQUIPMENT CODE

Since a controller is the onty deviece on a channel, no
_equipment select code is required and all 12 bits are used
for function selection.

ACCESS CONNECTION

When no accesses are connected, the controller conneets to
the first access receiving a function. As long as one access
is connected, the controfler ignores all functions received
on other aecesses except for 0012 (general status) and 0042
(ciear connected access) funetidns, which are processed
normally. When one access is connected and an
unconpnected access receives a general status function, the
status word returned is 2000.

Access connection clears when:

e The connected access receives a 0010 (ocperation
ecomplete) funetion.

¢ Any aceess receives a 0042 {clear comnected
access) function.

¢ A power on or pushbutton master clear oceurs.

s A deadstart master clear oecurs on the connected
geeess. The deadstart master clear also releases
ail drives, provided controlware instruecticn and
buffer tests (which precede drive release) execute
without error.
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CONTROLWARE

Controlware used with the controller includes permanently
resident code (ROM controlware) and MA721 code loaded
at autoload time (RAM econtrolware}, ROM controlware
includes a processor instruetion test, a buffer test, a drive
release routipe, the funetion idle loop, and reutines to
process 0012 (general status), 0042 (clear connected
gecess), 0057 (echo one word), 0061 (autodump), 0062
(manipulate proeessor), 0063 (input display data}, O01NN
(autoload from disk), and 0414 (autoload from PP)
functions. RAM controlware includes routines to process
the remaining funetions.

Figure 3-1 shows ROM controlware execution following a
power on, pushbutton, or deadstart master clear.

controlware

Q Start ROM
: execution.

Execute processor
instruetion test and buifer
test, ;

Any errors?

Release all drives.

Cb Stog; corrective
maintenance required.

D

Enter function idle loop.
Figure 3-1. Initial ROM Controlware Execution

PACK DATA

Appendix D provides locations and format deseriptions for
disk sectors that contain factory-recorded manufacturing
data, flaw data, and defective sector data.
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DEADMAN TIMER

Far disk read/write~type functions and 0043/0044 (buffer
read/write) funetions, the controller deactivates the PP
channel when an error oecurs that would prevent suceessful
completion of the funetion. However, for other functions
that transfer data, status, or parameters between the
eontroller and the PP, the controller uses a deadman timer.
This timer monitors the connected PP channel for a mng
condition. When it detects that an active channel hes not
transferred a8 word for 4.5 + 1.5 seconds, the timer
deactivates the channel. Note 1 of table 3-1 identifies
funetions for which the controller i3 able to provide
deadman timeout status.

PARITY ERRORS

Parity error types and corresponding detecﬁoh/grucessing
proeedures {for PPs with channel parity) are as follows:

Error Type

Detection/Processing Procedure

Parity error
on function

Parity error
on parameter
or data out-
put

Parity error
an input

Controller does not respond to
funetion having parity error, but
instead clears parity error status and
waits for next funetion. PP must time
out each function to avoid possible
channel hang. After deteeting function
time out, PP should deactivate channel;
resend funetion; and, if parity errors
continue, abort operation.

After . completing perameter output,
PP must isue 0012 (general
status) function,T  after which
coptroller prepares status and clears
perity error condition. Refer to the
other two error types if parity error
ocecurs during peneral or detailed status
request. General status is 5000 and
extended deteiled status (word 16, bit
6) refleets error condition. Refer to
the other two error types if parity error
occurs during generel or detailed status
request. General status is 5000 and
extended detailed status (word 18, bit
§) reflects error condition. PP should
reissue function; reoutput parameter(s)
or data; and, If parity errors continue,
abort operation.

After completing input, PP should
test appropriate bit in status and
control register before issuing next
funetion.  Sinee controller cannot
detect parity error on PP input, general
status shows only whaet happened within
subsystem. Suggested PP actions are:

® Reissue funetion and reinput
data or status.

# TReseek sector and reread
sector or bloek of sectors.

e Abort operation if parity
errors continue.

Error Type Detection/Processing Procedure

Program AR funetions other than 414 and 1UU
memary will time out under this condition.

parity error To properly report and recover from this
error the PP should:

e Issue a zero word autoload to
clear the hang.

e Issue the autodump funection to
sweep memory. Discard the
dump data.

e Issue the fnput processor
status function. Input 20
words. If word 1 indicates a
RAM parity error, log the
error and continue to step 4.

e If the timeout was on a write
funetion, the WBDF cell in
controlware will say the type
of write error it wes and will
help identify the disk recavery
address.fT If this Is a write
buffer to disk error and word
20 in step 3 indicates a2 model
B controller, read the sub—
system data buffer. A write
buffer to disk error will not be
recoverable in a model A
controller.

¢ Download controlware via the
interlock autcioad funetion
and retry the operation.

INPUT/OQUTPUT RULES

The [following rules govern PP echannel use.

e Al functions must have s timeout limit (1 second
is recommended) to prevent subsystem failures and
errors from hanging channel.

e« PP must activate channel before transferring
parameters or data.

® PP must desetivate channel following output of
param eters or data.

e Controller deactivates channel following PP input
or when disk data transfer error prevents PP
input/output from completing normally.

e Controller deactivates channel when error
conditions leaves controller connected end channel
active for 4.5 + 1.5 seconds.

T 0062 {manipulate processer) function does not have to be followed by 0012 (general status) function.
1+ WBDF is location 321 of program memory and may be examined via the 62 and 63 functions. A zero in WEDF indicates a
buffar to disk errar (reference detailed status word 13 hit 11). This cell should be used rather than detailed status because

the latter cannot be guaranteed under RAM parity conditions.

e 3-2
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LOGICAL SECTORS

Unless otherwise speecified, this meanual ijdentifies- disk
seetors by their logical (as opposed to physical) sector
numbers. For B44 drives, logical and physieal sector
numbers are identiesl and range from 0 through 23. For
most tracks on an B85 drive, logical and physical seetor
numbers are identieal and range from 0 to 31.

Controller detailed status (word 7, hits 11 through 4) and
operating system messages always use logical sector
numbers to identify 885 seetors. However, factory and
utility maps (and in some cases, the controller) use physical
sector numbers to identify 885 sectors. Proper use of the
format pack {0016}, return eylinder addresses (0017), and
sean eylinder addresses (0847) functions requires knowledge
of the relationship between logieal and physical 885 sectors.

The only time the physical and logical seetor numbers for an
B85 seetor differ is when the traek containing the seetor
also contains one or more skipped sectors. A skipped sector
Is one whose address and data fields have been zero-filled to
avoid deteetion by the controller. When physical sectar n
(where n ranges from 0 to 31} is skipped on en 885 track,
each logical sector after physical sector n has a smeller
number than its eorresponding physicel sector. Figure 3-1.1
shows the relationship between physical and logical sector
numbers for tracks with zero, one, or two skipped sectors.
A track with more than two skipped sectors contains a track
Aaw bit in the address field of each logical sector and is
unused. Figure 3-1.2 shows how to convert a logical 885
sector number to a physiesl sector number.

PO0 P01 P0Z PO3 P29 P30 P31 PiZ P33

[Loo [ Tox [Lo2]Lo3]... [Lze [L30]L31 [uuy [uvy |

Situation A: No defective sectors; sectors 32 end 33 unused.

P00 PO1 P02 P03 P23 P30 P31 P32 P33

| L00 | L0t |xxx | Lo2 | | L28 | L29 | L30 | L3l IUUU

Situation B: One defective sector; physical seetor 02 skipped,
physical sector 33 unused.

PO0 P01 POZ PO3 P31 P3Z P33

[Loo [ Loi[xxx][roz]... [ L2s [xxx[r2e] Lao] a1 |

P29 P30

Situation C: Two defective sectors; physical sectors 02 and
30 skipped.

Notes:

1. Lnn = Logical sector number
Pnn = Physical sector number
UUU = Unused, formatted seetor
XXX = Skipped, zero-£filled sector

2. When it formats multiple tracks, the format pack
(00186) funetion places logical sector numbers 32
and 33 in the second to last full sector and last full
sector, respeectively, of each track. (Physical
sector 34, mentioned in the return drive address
(0017) function, is aectually a 93-microsecond
toleranee gap that is not used for data storage.)
Sinee 7155 controlware normally processes only the
first 32 logical sectors on a traek, logical sectors
32 and 33 are never encountered in normal
processing, and need not be zero-filled (sidpped) if
defective.

. Figure 3-1.1. 885 Seetor Numbering
60455860 J

On a track with 32 logicsl sectors, an 885 physical sector
number may be the same as, one greater than, or two
greater than its corresponding logical sector number. The
relationship between the two numbers depends upon whether
there are any skipped sectors between the start of the track
and the sector to be skipped. To determine the value fo use
for the physical sector number of a sector to be skipped,
gbtain values P, L and then identify the P/L relationship
that applies to your ease. P and L are defined as follows:

P Physicsl sector number of skipped sector in same
track as sector to be skipped (from utility map).

L. Logieel sector number of defective sector {from

operating system).
N Is there no P fer this track?
Y
Y< > Is there one P and is that P
‘ greater then L?
N

Are there two Ps eand is the
smealler P greater than L?

Are there two Ps and is the
larger P less than L+27?

Use L+1 for the physical sector
number.

Use L+2 for the physical seetor
number.

Use L for the physical sector
number,

-

Figure 3-1.2. Logical-to-Physieal
885 Sector Conversion



FUNCTIONS

Table 3-1 lists functions te which the controller responds
and appendix B provides function timing information. The
following paragraphs describe each funetion.

0000 - CONMNECT

Reserves drive without initiating head movement. Drive
remairs reserved until PP issues 0010 (operationr complete),
0015 (drop seeks), or 0020 {drive release) function.

Bit 11 of conneet parameter drops drive reserve held by

another controller. Parameter bit 10 is for diagnostie use
only. Parameter hit 5 indicates 885 drive.

3-2.2

Parameter format:

_—_—

1110 9 5 4 0

Drive number

885 drive
Select B85 Large Sector Mode
Enable diagnostic connect
Drop drive reserve
Legal drive numbers (bits 0 through §) are:
844 0 through 7
885 40g through 57g

If bit 11 fails to drop B44 drive reserve,
issue demdstart master clear or press
controller MASTER CLEAR button.
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TABLE 3-1. SUBSYSTEM FUNCTIONS

®@eese © 6

Following write-type funetion only.

Following read-type function only.

844 only; use 318 for 885; 1360 for 885 large seetor.

322 words for small seetor, 1376 words for large seclor 885.

General General
Octal i Words |Words | Status QOetal Words |Words | Status
Code Funeticn Qutput [Input Required Code Funetion Output |[nput Reguired
0000 | Conneet (1) 1 Yes .
0027 | Read eheckword gap Yes
0001 | Seek, 1:1 intar- 4 Yes seator
lace (D)
i 0030 | Read factory data 322 Yes
0002 | Seek, 2:1 inter- 4 Yes
lace 0031 | Read utility map 322 Yes
0004 | Read ® | Yes 0032 | Block transfer 322 | No
buffer read
0005 | Write ® Yes 2 -
0033 | Block transfer 322 Yes
0006 | Write verily ® Yes 2 buffer write (1)
0007 § Read checkword Yes 0034 | Read protected 322 Yes
seetor
0010 | Operation complete No
0035 | Write last sector ® Yes
0011 | Disable drive No
reserve 0036 | Write verify last ® Yes
sector
0012 | General status 1 No .
0037 | Write protected a2z Yes
0013 | Detailed status 12 No sector
0014 | Continue (®@) Yes 0040 | Read short 319(5) Yes
0015 | Drap seeks No 0041 | Select strobe and 1 Yes
offset @
0016 | Format pack(2) 1 Yes
0042 | Clear connected No
0017 | Return drive address 3| No apeess
0020 | Drive release No 0043 | Buffer read 322 Yes
0021 | Return eylinder 1 No 0044 | Buffer write iaz2 Yes
address
0646 | Write buffer to Yes
0022 | Set/clear faw(L) 1 Yes disk
0023 | Extended deteiled 20 No 0047 | Sean eylinder ad-~ Yes
status dresses
0024 | Read gap sector @ Yes 2050 | Output on processor 3 Yes
channel
0025 | Write gap sector @ Yes (2)
0051 | Execute control 49 Yes
0028 | Write verify gap @ Yes @ word sequence
sector

When PP channel desdman timer expires during this function, controller prepares 5000 general status and sets
deadman timeout bit (word 17, bit 3) in detailed status.

Except when executing this funetion at 2:1 interlace on 844 drive, controller returns general status before
transferring date from buffer to disk. If error occurs during buffer-to-disk trensfer, controiler responds only to
0012 {general status) function, This ensures that buffer-to-disk errors do not go undetected.
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TABLE 3-1. SUBSYSTEM FUNCTIONS {Contd)

General General
QOectal Words | Words |Status Qetal Words |Words §Status
Code Funetion Qutput | Input Required Code Funetion Output |Input Required
0052 |Input proeessor 32 Neo 0083 |Input display data 54 No
channel status
0064 |Time difference Mo
0083 |Echo output channels a2 No counter
0054 |Issue processor 1 Yes 0066 |Foree Error 1 Yes
flag pulse 1
0067 |Interlock Autolead 16370 Yes
0055 |Enable input 1 Yes .
channel timing 1 01NN |Autoload from disk No
0056 {Input timing data 2 No Q3NN | Disk desdstart No
0057 [Echo ane word 1 1 No 0414 {Autoload from PP 16870 Yes
0061 [Autodump 12 288 No 0720 |Echo one word 1 1 No
0062 |Manipulate pro- 3 No
cessor
60453860 L
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0001 — SEEK, 1:1 INTERLACE OR
0002 — SEEK, 2:1 INTERLACE

Conditions controller for 1:1 interlace (consecutive sector}
or 2:1 interlace {alternate sector) data transfer. When
necessary, seek function also reserves drive‘and initiates or
maintains head motion. Zero-filled general status indicates
normal completion and on-cylinder drive. PP -waiting for
seek to complete must reissue seek before requesting
general status. Seeks may proceed eoneurrently on two or
more drives, thereby enabling seek overlap.

Onece an operation that transfers data with conseeutive (1:1
interlace) or slternate (2:1 interlace) sectors becomes
on-eylinder, no additional seek functions are required unless
the operation continues on another cylinder.

A new seek function is always required
when changing operations, regardless of
starting eddress (for example, a write
followed by a read).

Parameter format:

Word 1 Refer to. 0000 - {connect) parameter
format

Word 2 Starting cylinder number

Word 3 Starting track number

Word 4 Starting sector number

Address ranges:

Range
Drive Cylinder Track [ Sector
B44 0-832 0-18 0-23
885 0-842 g-39 -3t
0004 — READ

Transfers one sector of data from drive to coniroller to PP,
Previous seek function specifies sterting sector. PP must
follow each read funetion with a one-seetor block input.

0005 — WRITE

Transfers one sector of data from PP to controller to drive.
Previous seek funetion speecifies starting sector. PP must
follow each write funetion with 2 one-sector bloek output.

0006 — WRITE VERIFY

Conditions eontroller to compare PP output data with data
from one disk seetor. No data transfers to drive. Previous
seek function specifies starting seetor. PP must follow each
write verify funetion with a one—sector block output.

0007 — READ CHECKWORD

Conditions controller to test one disk sector for checkword
errors. No data transfers to PP. Previous seek function
specifies starting seetor.

0010 — OPERATION COMPLETE

Relenases controller and last drive selected by controller,
thereby meking controller available to other PP accesses.
Other drives must previously have been released by 0015
(drop seeks) or 0020 {drive release} function.

When issued after an operation complete
function, a 0012 {general status) function
reserves the contreller again.

0011 — DISABLE DRIVE RESERVE

Multiple—controller subsystems only. Releases all 344 drives
reserved by another controller. Should be used only when
844 drives are reserved by inoperative controller. Use bit
11 of first parameter sent with 0000 (connect) or 0001/0002
(seek) function to release each 885 drive reserved by
inoperative controller.

Disable drive reserve function drops 844
drive reserves only if select lines fo drives
are low. When inoperative controller
leaves seleet lines high, deadstart master
elear or controller pushbutton master clear
drops reserves.

t Each 885 track has 34 physical sectors and 32 logical sectors. The last two sectors in each track are reserved for use Bs

spares.
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0012 — GEMERAL STATUS

Trensfers general status word from contreller to PP.
Exeept as indieated in table 3-1, PP must request and input
general status after completing each function. Zero-filled
general status indicates normal funetion completion. Table
3-2 defines general status bits,

TABLE 3-2. GENERAL STATUS

Bit Definition

11 Abnormal termination. Preceding fune-
tion terminated abnormally. General
status bits 8 and 9 indicate whether
recovery is possible. Detafled statues
shows cause of abnormal termination.

10 Multiple-aecess controiler reserved,
Controller is reserved to another PP
channel. All other status bits are
meaningless.

9 Nonrecoverable error, Controller de-
teated error from which no recovery is
pasgible. Detailed status identifies error.

8 Recovery in process. Controller is ready
to attempt error recovery in response to
0014 {continue) funetion.

7 Checkword error. Controller detected
checkword error in eddress field or data
field of sector. Detailed status word 2,
bits 8 through 11, provides error analysis,

6 Correctable address error. Controller
detected correctable  read address
checkword error. 0014 (econtinue) fune-
tion enables data to be proeessed on
suhseguent, disk revolution.

5 Unused.

4 Drive malfunetion. Drive-related error
occurred, Detailed status reflects drive
status at time of malfunction.

3 Drive reserved. Requested drive s
reserved by other controller.

2 Autoloed error. Controlware loaded is
not compatible with controller.

1 Busy. Controller and/or requested drive
are busy.

0 Unused.

3-6

0013 — DETAILED STATUS OR
0023 — EXTENDED DETAILED STATUS

Transfers 12-word (0013) or 20-word (0023) status block
from controller to PP. Abnormal termination status
(zeneral status bit 11} determines applicability of drive
statug fields within detailed status bloek. When abnormal
termination is 0, drive status applies to drive referenced by
{ast 0000 {eonnect) or 0001/0002 (seek) funetiocn. When
abnormal terminsation is 1, drive status (if any) is that taken
by controller upon abnormal termination of funetion listed
in detailed status word 3.

PP must follow detailed status function with bloek input of
approprigte length. PP may then attempt error recovery
with 0014 (eontinue) function (if general status bit 8 is 1) or
may issue new function.

Figure 3-2 shows detailed status block format and table 3-3
defines detailed status bits. Appendix C correlates various
subsystem oconditions with corresponding general and
detailed status.

0014 — CONTINUE

This funetion is used to step controller through a
semiautomatie error recovery sequence, and also to resume
formatting after controller has paused following deteetion
of sector or track flaws during 844 pack formatting. Refer
to Error Recovery (later in this section) and 0016-format
pack funetion description for additional information
concerning use of eontinue funetion.

Continue During Error Recovery

PP should issue a continue function and reinitiate previous
data transfer when abnormal terminetion and recovery in
progress status (genersl status bits 11 and 8, respectively)
cceurs during any of the following function sequences:

0004-Read

0005-Write

0006-Write Verify

0007-Read Checkword:
0024-Read Gap Sector
0825-Write Gap Seetor
0026-Write Verify Gap Sector
0027-Read Checkword Gap Sector
0030~Read Factory Data
0031-Read Utility Map
0034-Read Protected Seetor
0035-Write Last Seetor
0037-Write Protected Sector

Continue funotion enables PP to try up to nine combinations
of data strobe and hesd positioner offset while attempting
to read address or data fields. {Controller always writes
data at nominal strobe and offset settings.) Since controller
tries three times at each combination (one try per continue
function) a total of 27 continue functions can be issued
before controiler declares an error unrecoverable. Strobe
and offset combination presently in effeet can be
determined by checking detailed status word 1, bits 4
through 11. Any seek funetion or controller-initiated seek
operation forces strobe/offset retry count to zero, and each
continue funetion issued during read error recovery
inerements strobe/retry count by one.
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When general status indicates recovery in progress, issuing
any funetion exeept continue causes controller to exit from
error recovery sequence gnd process new function. PP must
read general and detalled status after each continue
function to determine state of error recovery efforts.
Abnermal termination and nonrecoverable error {general
status bits 11 and 9, respectively) indieate controller has
pborted error recovery end stopped aceepting continue
functions. :

Controller response to a continue funection depends upon
type of error encountered (and reported in detailed status)
as follows.

» Address field - correctable checkword. error.
Continue function causes controller to read same
address field on next disk revolution and begin
processing data field if second read was etror-free
or correctable,

In order to ensure that address and date
errars that appear to be correetable are in
fact correctable (and not caused by
intermittent hardware problems rather
than media defects), controller corrects
apparently correctable checkword errors
pnly after corresponding address or data
hes been read twice using nominel strobe
and offset settings, and seecond read was
error-free  or correctable. When a
correctable dats checkword error oeccurs
during a data field read not using nominal
strobe and offset settings, econtroller
declares correctable checkword error (sets
bits 9 and 8 of general status to 0 and 1,
respectively) and places error loeation and
correetion veetor in detailed status, but
does not correct data returned to PP.

e Address field syne error or noneorrectable
checkword ecror. Each continue function csuses
controller to reread the address field using strobe
and offset settings indieated in detailed status
word 1, bits 4 through 11. When a reread attempt
results in & correctable checkword error and
strobe/offset retry count is less than 4, next
continue function causes controller to read and
correct address field on next revolution and begin
progessing data fleld. If no reread attempt is
successful, eontroller sets nonrecaverable error bit
in general status.

80455860 G

e Seek error. First continue function causes
econtroller to determine difference between present
cylinder and target eylinder, and ta move heads
accordingly, If this fails to locate correct
eylinder, a second continue function causes
controller to repcsition heads to eylinder zero and
retry seek from there. If neither of these head
movements loeates proper eylinder, controller sets
nonrecoverable error bit in general status.

e Track or sector misecompare. A continue funetion
causes controller to- recheck traek and sector
numbers on next revolution. If miscompare is still
present, controller sets nonrecoverable error bit in
general status. :

s Data field syne error or checkword error. Each
continue funetion eauses controller to reread data
field using strobe and offset setting indicated in
detailed status word 1, bits 4 through 11. When a
reread attempt using nominal strobe/offset
settings results in a correctable checkword error,
next continue funection eauses controller to correct
error before transmitting data to PP.

Continue During 844 Pack Formatting

After completing the formatting requested by a 00146
{format pack) function, the controller sets track and sector
flaws in the srea just formatted acecording to the utility
flaw map. When the return flaw data bit {parameter word 2,
bit 8) is 1, the controller notifies the PP of the sector to be
flawed before flewing the seector. To perform this
notification, the controller places the address of the sector
to be flawed in detailed status and then sets.general status
to 4400 octel., Afier reading general and detailed status,
the PP issues a continue funetion to ensble the eontroller to
flaw the sector and place the address of the next flawed
sector (if there is one) in detailed status.

0015 — DROP SEEKS

Multiple-aocess drives only. Releases all drives except last
drive referenced by 0000 (conmect) or 0001/0002 (seek)
function. Head motion continues, but each released drive
becomes selected to next requesting controller. When
reselecting a released drive, PP must I[ssue new seek
function to establish initial disk address.

0010 (operation complete) and 0020 (drive
release) functions can be used to release
drives individuslly.
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TABLE 3-3. DETAILED STATUS

Applies
To
Word | Bit(s) | 844 | B85 Definition

1 11-4 s | & |Strobe/offset retry count - Indicates head positioner offset and strobe to be tried mext upon
receipt of 0014 (continue} funeticn as follows:

Count |1 2 3 (45 6 |7 89 [101112]131415[161718 /1062021 |22 23 24 ;25 26 27
Offset | Nominal |[Nominel| NominalReverse | Reverse | Reverse | Forward | Forward | Forward
Strobe | Nominal [Early Late Nominal | Early Late Nominal | Early Late

1 k) ] e | Address error - PP-specified address does not agree with address from disk.

1 2 . # | Cylinder number arror - Cylinder number from seetor is ineorrect.

1 1 ] s | Track number error - Track number from sector is incorrect.

1 i} . e | Sector number error - Seetor number from secter is incorreet.

2 11 ) e | Address checkword error - Checkword error detected after reading address field.

2 10 . e | Noncorrectable address checkword errar - Address field read cannot be corrected. Address read
from disk begins in word §. ’

2 9 [ s | Data eheckword error - Cheekword error detected after reading data {ield.

2 8 . e | Noneorrectable data checkword error - Data field read contains error that cannot be corrected
with 8-bit correction vector. Address of falling seetor begins in word 5. (Correctable data
eheckward error i3 indicated when general status bits 9 and 8 are 0 and 1, respectively.)

2 7-0 . Not applicable.

2 7 . Hend/disk assembly sequence complete.

2 ] & | Sequence latch 4.

2 3 ¢ | Sequence lateh 2.

2 4 e | Sequence latch 1.

2 3 s | Sequence check latch.

2 2 e | Inhibit head/disk assembly cycle.

2 1 s | Air switch lateh.

2 0 e | Motor at speed switch lateh.

3 11-4 . ¢ | Current function bits 7 through 0 - Lower 8 bits of funetion causing this copy of detailed status.

K] J . s | Nlegal parameter - lllegal parameter(s) received with current function.

3 2 . e | Olegal number of parameters - Olegal number of perameters received with current function.
{(Applies only to funetions not eausing transfer to disk.) R

3 1 . e | Error rate threshoid exceeded - During last 65 000 read operations on selected drive, controller
detected read errors (excluding flaws) after at least three head positioning changes. Threshold
counter and read operation eounter reset to zero after threshold error or 65 000 read operations.

3 0 (] L] Unused.

4 i1 L] . Constent 1.

4 10 . e | 7155 subsystem controlware - MA721 controlware is resident in controller.

4 9-6 ] ¢ | Controlware revision number - Revision number of controlware resident in controller.

80455860 D 3-10.1/3-10.2







‘TABLE 3-3. DETAILED STATUS {Contd)

Applies
To
Word |Bit(s) | 844 | 885 Pefinition
4 5-0 . e | Drive number - Number of drive associated with this copy of detailed status.
3 11-3 . Cylinder number bits 8 through 0 - Lower 9 bits of eylinder number.
§ 2-0 » Track number bits 4 through 2 - Upper 3 bits of track number.
6 11,10 . Track number bits 1 and 0 - Lower 2 bits of track number,
6 9-3 . Sector number bits 4 through 0.
6 4 . Sector flaw - This sector has been tagged as bad.
) k| . Track flaw - The track containing this sector has been tagged as bad.
6 2 . Factory manufacturing data/flaw map flag - This sector contains either factory manufacturing
data or factory flaw data.
[ 1 » Utility flaw map flag - This sector contains utility flaw data.
6 ¢ . Cylinder number bit 8 - Upper bit of cylinder number.
7 11-0 ] Unused.
8 11-0 . Unused.
8 11 . Sector alert - Addressed sector is next sector.
9 10 [ Seek error - Seek did not ecomplete in time, heads moved to end ofl travel, or heads unexpectedly
moved from track center.
9 9 L Busy - Drive is reserved by another econtroller.
| 8 . Selected - Drive is selected.
9 7 . Ready - Pack is spinning and heads are loaded.
g 6 ] Online - Drive is online.
] 5 . 844-4X drive - Double-density 844 drive.
9 4,3 ] Unused.
9 2 ] End of eylinder - Head counter advanced beyond 18.
] 1 . Seek error; end of travel - Heads moved to end of travel in either direetion.
g 0 . Index mark - Start of track.
10 11 . On eylinder - Heads are positioned over tracks.
10 10 . Seek error; not on cylinder - Heads unexpectedly moved from track center.
10 ] . Pack unsafe - At least one of the error conditions indieated by word 10, bits 6 through 1 exists.
10 8 (] Seetor mark - Start of sector.
10 7 . Seel error - Same indication as word 9, bit 10, seek arror.
10 6 . -Voit -~ Abnormal negative voltage conditicn.
10 3 . +Volt - Abnormal positive voltage condition.

60455860 A
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TABLE 3-3. DETAILED STATUS (Contd)

Applies
To

Word | Bit(s) | 844 885 Definition

10 4 . Current - More then one heed selected, both write drivers on, write gate without write data, or

selected head open.

10 3 * Write read - Write gate received while read gate was enabled.

10 2 [ ] Write + read not on cylinder ~ Write gate or read gate received while off eylinder.

10 1 * Alternating current write fault.

10 0 . Unused.

11 11 [ Logie tempereture normai.

11 10 . Spindle motor on.

11 9 . Remote power sequence ~ Drive power is sequenced by eontroller.

11 8 . START switeh on.

11 7 . Brush eycle - Pack brush eyele is in progress.

11 6 (] Heads loaded.

11 b . Physical enable - Drive eover i3 closed, DC eircuit breakers are closed, and START switeh is on.
11 4 . Pack on - Pack is mounted on spindle.

11 3-0 . Unused.

12 11-¢ . Unused.

) 11 ¢ | Track flaw - The track containing this sector has been tagged as bad.

3 10 s | Factory flaw map flag -~ This sector contrins factory flaw data,

3 9-6 ® Unused.

5 3-0 ] Cylinder number bits 9 through 4 - Upper & bits of eylinder number.

6 11-B . Cylinder number bits 3 through 0 -~ Lower 4 bits of eylinder number.

6 7-0 e | Track number bits 7 through 0.

7 11-4 # | Logieal sector number bits 7 through 0.

T 3 e | Ready and safe - Drive is prepared to perform any funetion.

7 2 # | System maintenance mode - SYST MAINT switch on drive is active.

7 1,0 . Drive number bits 6 and T - Upper 2 bity of drive number. From switches in each drive.

8 11-4 » Drive number bits 5 through 0 - Lower 6 bits of drive number. From switches in each drive.

8 5 . Unused, but reserved.

8 4 e | Write enable - Drive is eapable of writing (READ ONLY switeh is ineetive).

3 3 # | Online.
3-12 60455860 F




TABLE 3-3. DETAILED STATUS {Contd)

Applies
To
Word | Bit{s) | 844 | 885 Definition
8 2 e | Air switeh - Airflow sensor detects cooling air mavement.
8 1 e |Start switeh on - START switch on drive operator panel is active.
8 0 s | Motor at speed - Pack is rotating at nominal speed.
9 11 & |Index - Start of track.
9 10 & |Sector mark/on sector - Start of record or on sector condition.
9 g ¢ | On cylinder - Drive is following track.
9 8 s |Selected and reserved - Drive is selected and availzble.
9 7 » | Ready and safe - Drive is prepared to perform any function.
9 ] . On sector.
9 5 e |Status valid - Controller may sample drive status.
9 4 a | Status parity error - Controller detected drive status parity error.
g9 3 & |Seek timeout error - S:eek did not complete within 180 milliseconds.
9 2 e |Seek overshoot error - Carriage moved too rapidly, did not stop at proper eylinder, or moved into
crash stop. . i
g 1 s |Servo off track - Traek following failure before or during read/write operation.
g 0 ¢ | Rezero mode lateh
10 11 & |Servolatech
10 10 e |Linear mode lateh \  These bits indicate state of drive access control as follows:
10 9 . Control lateh
10 8 e | Wait latch
Word, Bit
Hexadecimal
9,0 | 10,11 10,10 10,9 10,8 Decode Acceess Control State
0 ] 0 0 1 01 Wait
] 1] 0 0 0 on Start rezero
1 0 1] 0 f 10 Move out
1 0 0 1 iH 12 " | Turn %round
1 0 1 1 0 18 Move in
H 0 1 1 0 05 Rezero linear mode
0 1 1 1 0 0E On track
0 1 i} 1 0 DA Accelerate
0 1 0 0 0 08 Decelerate
] 1 1 0 g 1104 Seek linear mode
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TABLE 3-3. DETAILED STATUS {Contd)

Applies
To

Word | Bit{s) | 844 | 885 Definition

10 7 e | Last seek forward.

10 6 » | Guard band pattern crossed - Carriage erossed one or both outer bend patterns.

10 3 ¢ | Target veloecity - Actual head velocity equals desired head velaeity.

10 4 s | Track crossing - Servo track erossing pulse.

10 3,2 . Unused.

10 1 [ Odd track.

10 0 ® | On cylinder.

11 11 . Capable enable error - Writing attempted with HEAD ONLY operator panel switeh active or
reading/writing attempted with drive not ready or servo not in track [ollowing mode.

11 10 . Write overrun —~ Writing attempted through index mark.

11 ] » | Multiple head error - More than one head per arm selected.

11 B e | Write current error - Drive detected no write current during write operation or drive detected
write current while reading.

11 7 e | Write transition error - Drive detected no write transitions within 4 microseconds of write gate or
drive detected write transitions in absence of write gete or while reading.

11 6 » Control error - Write gate present with unsqueleh or read gate.

11 ] s | Index eheck - Drive failed to decode index mark from servo disk.

11 4 ¢ | Head short - More than one head seleeted.

11 3 [} Write + read « no control select active.

11 2 » | Write while in offset.

11 1,0 . Unused.

12 11 e | Early strobe.

12 10 . Late strobe.

12 9 s | Forward offset.

12 8 e | Reverse oifset,

12 T L] Unused.

12 6 s | Sector compare error - Drive detected two index marks without detecting on-sector condition.

12 5 . Drive error - At least one of the conditions indicated by word 2, bit 3; or word 9, bits 3, 2, 1; or
word 12, bit 6 exists.

12 4 e | Unused.

i2 3 ¢ | Read/write error - Drive detected at least one of the error conditions indicated by word 11.

12 2,1 . Unused.

12 o . Actess check - Drive detected positioner failure.
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TABLE 3-3. DETAILED STATUS (Contd)

Word

Bit{s}

Applies

Ta

B44

885

Definition

13

13

13

13
13

13

14
14

14
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11

10

11-0

11-8

Buffer to disk error — Controller detected error while transferring data from buffer te disk during
1:1 interlace write or 2:1 interlace 885 write.

Access connected before general status - Enables each of two or more PPs using same channel
{and therefore, same controller aceess) to determine whether access was already connected when
PP issued general status function. To ensure validity of this bit, all PPs using same channel must
begin each operation with & 0012 (general status) function followed by a 0023 (extended detailed
status) funetion.

Drive reserved before seek/connect - Engbles each of two or more PPs using same controller and

drive to determine whether drive was already reserved to controller when PP issued 0000
{(eennect} or 0001/0002 (seek} function.

Word 13, bits 8 through 0 and words 14 and 15 apply only
to 885 drive connect/seek errors or correctable read/write
errors.

485 connect/seek arror - Unused,

885 connect/seek error: Drive command causing error - Command decode sent to drive that
resulted in error. Possible decedes are:

Hexadecimal Decode Command

40 : Load upper cylinder register

41 Load lower eylinder register

42 Load upper difference counter

43 Load lower difference counter

43 Start seek

4A Clear fauit

80_ Read upper cylinder register

81 Read lower eylinder register
Read/write error: Word address of correctable read data - Location in data field of 12-bit word
modified by corret_:tion vector word 1. First loeation is 000. For error logging only.
885 conneet/seek arror - Unused.
885 connect/seek error: Unseleeted status for command in word 13 - Definitions for word 14, bits
7 through 0 are identieal to those for word 9, bits 11 through 4. Word 14 status is that returned

for command in word 13.

Read/write error; Correction veetor word 1 - First word of 24-bit correction vector that
controller applied to data field with logical difference operation. For error logging only.

885 connect/seek error - Unused.
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TABLE 3-3. DETAILED STATUS {Contd)

Applies
To

Weed | Bit{s)| 844 885 Definiticn

15 7-0 . 885 connect/seek error: Drive echo status for command in word 13 - Echo status returned by drive
for command in word 13. Status descriptions for each possible command decode are:

Hexadecimat Echo Status Bits
Command Decode 7 6 5 4 3 - 2 1 0
40 | Upper eylinder register I
41 r Lower eylinder register ]
42 | Forward | Upper difference counter |
43 I Lower difference counter |
. Read/
48 Control | Aceess | Drive write Online Offset
seleet | error aheck check active
Read/
4A Control | Aecess { Drive writa Online On
select | error check check track
80 ' . Upper eylinder register ]
81 _| Lower cylinder register |

15 11-0 . # | Read/write error: Correction vector word 2 - Second word of 24-bit correction vector that
controller applied to data field with logical difference operation. For error logging only.

16 11 ] e | Lost drive cloek ~ Drive read/write clock absent for at least 340 nancseconds.

16 10-8 [ Unused, but reserved.

18 7 . e | Error correction eode {ECC) residue nonzero.

16 6 . s | Channel parity errar - Controller detected parity error on deta transfer from PP to the connected
aceess. Operation completes despite parity error.

18 5 . e | Processor instruction timeout - 30-millisecond timeout oecurred while processor awaited read next
instruetion (RND oceurrence during data transfer on A processor channel. Subsequent processor
channel transfers {except one-word inputs) fall through until instruetion timeout condition clears.

16 4 . e | Lost control word - During control word sequence, bit counter became zero before controller
detected next control word.

16 3 ) ] Up/down cotnt nonzere -~ Number of buffer words read was less than number of buffer words
written during normal read/write operation.

16 2 . a Pack unsafe or not ready and safe - Drive detected failure and is not safe for reading/writing.

16 1 . . Buffer output register parity error - Controller detected parity errar during buffer coperation.
Operation completes despite parity error.

16 0 . e { Write verify error - Controiler detected miscompare during write verify operation. Operation
completes despite error.

17 11 . . Syne byte search in progress.

17 10 . . Sector length viclation - Sector mark aceurred while read gate or write gate was active. Operation
in progress halts with error.

17 9 . ] Lest data - Buffer failed to exchange data with shift register £ast enough to mateh disk transfer
rate. Operation in progress halts with error.
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TABLE 3-3. DETAILED STATUS (Contd)

Applies
To
Word | Bits)  |8t4 | 885 | Definition -

17 B . e |Sync byte miscompare - Sync byte read from drive did not compare with syne byte supblied by
controller. :

17 T . e |Checkword eror correetion in progress - Controller is determining whether cheeckword error is
correctable. -

17 8 L s | Buffer output register flﬂl.

17 3 . s |Buffer input register full,

7 4 . e |Channel reserved - Data path between connected access and buffer is enabled. Controller disables
this path between funetions te prevent PP to PP transfers on disk channel from interzeting with
controller.

17 3 . s |Deadman timeout - Connected aceess has not transferred word on active PP channel for 4.8 + 0.5

: seconds. Controller has deactivated channel.

17 2 . ¢ | Channel active - PP channel selected by processor channel 0, bits 0 and 1 is active.

17 1 ] ¢ |[Data field error.

17 0 e | & jAcdress field error.

18 1 e | o |AccessD conhectéd.

18 0 s | e |Access C connected.

18 9 ] e |Access B connected.

18 B (] e |[Access A connected.” . ’

18 -0 . e . | Last funetion bits 7 through 0 - Lower §bits of last funetion proeessed.

Cbntroller .doa not record 0013/0023 (detailed sfat..us)
functions in words 18 through 20. Descriptios for these
words are valid only through controlware revison 03.
Status descriptions for revision 04 and up are listed below,

19 [11-4 . e |[Second tb last function bits 7 through 0 - Lower 8 bits of second to last function processed.

12 | 30 o | o |Third to last fnction bits 7 through 4 - Upper 4 bits of lower B bits of third to lest function
pracessed,

20 (11-8 . e | Third to 1ast funetion bits 3 through 0 -~ Lower 4 bits ut‘. third to last function processed,

20 T-0 . ¢ | Fourth tolast function bits 7 through 0 -Lowa‘ 8 bits of foﬁrth to last function processed,

The following applies to controlware revisions 04 and higher only.

18 |11-8 . ¢ |Same asabove.

18 75 . . Unused.

18 4 s | Echo mode. Drive status from B85 is invalid.

18 3 s | Larpe Seetor Mode.

18 2-0 . e [ Unused.

18 |11-D . » | Unused.

20 | 11-8 . . Unused.

20 -0 . e | Controller hardware wnique identiffer bits 7-0. From switches on controller card A07.
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0016 — FORMAT PACK

Writes new address and data flelds on a disk pack or HDA
using nominal head positioner offset and strobe settings.
Table 3-4 shows the 844 and 8985 seetor formet patterns. A
new pack must be entirely formatted before the PP directs
read/write functions to it. Each format pack function
requires a seven-word parameter block, whose content
varies with the type of format operation as deseribed in the
following paragraphs.

CAUTION

All format operations destroy data residing
in the ares being formatted. Before
attempting to reformat a  disk eares
containing customer data or flaw maps,
ensure that the deta has been archived to
ancther devies.

TABLE 3-4. SECTOR FORMAT PATTERNS

Number of Bits

Order Field 844 885
1 Syne pattern 1 312 200
2 Syne byte 1 6 8
3 Address field 24 32
4 Address checkword 32 48
3 Syne pattern 2 102 152
8 Syne byte 2 ] 8
7 Data field 3864 3864
8 Data checkword 32 48
9 Pad byte 8 8
10 Toleranee gap 96 304
Total 4480 4672

The 844 recording frequeney is 6.45 million bits per
seeond. The 885 recording [reguency is 9.38 million
bits per second. :

Formatting 844 Pack

Upon receipt of a format pack function and the parameter
block shown in figure 3-3, the controller first ensures that a
utility map is present on the pack. If the map Is not
present, the controller returns 35000 general status and
aborts the funetion. Otherwise, the controller formats the
entire paek or selected cylinders according to the parameter
bloek. The controller dees not format factory and utility
map mreas (cylinder B22; track 0y seetors O, 1, 2\
Formatting the entire 844 pack requires a minimum of 5
minutes. :

When formatting is complete and the return flaw data bit
(parameter word 2, bit 9) is 0, the controller places sector
and track flaw bits (as required) in the address headers of all
sectors that have flaw entries in the utility map. Factory
flaw criteria for the disk packs used an B44-lx drives are:

The sector contains a defect that
prevents the controller from reading it
without a correctable or
noncorrectable error.

Sector flaw

Track flaw The traek contains more than 12
sector flaws.

When the return flaw data bit is 1 and the controller has
completed the formatting specified in the format pack
parameter bloek, the controller reads from the utility flaw
map the first seetor flaw address corresponding to the area
just flawed, places this address in detailed status, and sets
general status to 4400 octal. Upon detection of the 4400
general status, the PP may take detailed status to obtein
the flaw address and then issue a 0014 (continue) function.
This eauses the controller to set the appropriate flaw bits in
the address field of the sector just identified in detailed
status, to transfer the address of the next flawed sector
from the utility flaw map to detailed status, and to set
general status to 4400. When the PP has received the last
sector fiaw address corresponding to the area just
formatted, the controiler sets general status to 0000,

n 10 9 B 7 -] L 4 | 2 1

Orive {Octat G-7]

Starting Cylinder {Cetal 0-1468,

//A Ensing Cylinder {Octal 6-1468)
0
T

a  Format entire pack
b Return flaw data

]
7

I B I R

Figure 3-3. 844: Format Multiple Track Perameters

Formatting 844 Map Sectors

Figure 3-4 shows the fermat pack parameter block used for
reformatting an 844 factory or utility mep sector. Refer to
appendix D for map addresses and data farmats.

1" 1q g a 7 ] 5 4 3 2 t i

Dctal 4

Dtiva (Octal G-7}

Map Cylinder (Octal 1468]

Mep Track (O}

Map Sector |0,1,2)

77
iy

Figure 3-4. B44: Format Map Sector Parameters

- U e W N o=

Formatting 885 HDA

Upon receipt of a format peck function and the parameter
black shown in figure.3-5, the controller formats sil 34
physical seotors on each track of the entire 885 HDA or the
selected cylinders. The controller does not format the
tracks containing factory and utility flaw maps (cylinder
B41, tracks 0, 1). When the save controlware track bit
{parameter word 2, bit 11} is 1, the controller does not
format the track containing 7135 controlware {cylinder 841,
treck 2). During formatting, the controller neither checks
for flaws nor modifies the contents of f[law maps.
Formatting an entire HDA requires a minimum of 10
minutes.
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n 10 9 a 7

%%%ﬂﬁ%ﬁﬂ%%%%

Orive (Octal 40-57)

Starting Cylincler {Octal B-1512]

%707
70

27
///////W//Z//////f(///%
//WWW

a Save controlware track
b Format entire HDA

L T Y N

Figure 3-5. 885:Format Multifle Track Param eters

After the entire HDA is formatted, the PP must use a read
-factcry data (0030) funetion to read the defective sectors
table in the utility map {eylinder 841, track I, sectors 2-18),
and then must reformat any track containing one or more
defective sectors.

The defective sectors table in the factery map contains the
address of emch seetor unable to record information without
error. The defectve sectors tahle in the utility tap starts
out 8s 8 copy of the defeetive sectors table in the faetary
map, and also may contain usep entries.

For each 885 track with one or two entries in the defective
sectors table of the utility map, the PP should issue one
format pack function with the parameter block shown in
figure 3-6. This zeroc-fllls defective sector(s) and readjusts
logical sector numbers to allow use of the spare sector{s) at
the end of the track.

For each 885 track with more than two entriss in the
defective sectors table of the utility map, the PP should
issie 34 format pack funetions f{one funetion for each
physiesl seeter on the track) udng the perameter bloek
shown in figure 3-7 for pgood sectors, and using the
peram eter Bloeck shown in figure 3-8 for defective sectors.
This sets the track flaw bitin each good sector on the track
and zero-fills each defective sector.

The PP should ignore defective seetor
entries For flaw map tracks (eylinder 841,
traeks O, 1).

Formatting is not required to switch
between 885 small and large sector modes.
Reference B885-1X large sector section,
this manual.
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After any B85 format operation (and required zero-flling of
defeoctive sectors and flawing of tracks) the PP should verify
that the defeective sectors table and the track flaw table in
the utility map accurately reflect the condition of the
HDA. After werifying the tables, the PP can determine
unusable srems of the HDA by consulting the track flaw
table alone. The PP need reference the defective sectors
table onty when reformatting tracks mntmmng def eptive
sectors.

Drhrl Iﬂml 40—57]

Cylinder |0l 01512

Track (Dctl 0-47)

First Dufsctiva Physical Sactor (Oztsl 0-37)

W om oM oA W N o=

Secard Daiweziva Physical Sactor {ODeral 1-471

a When 1, indicates no defective seetors
b When 1, indicates no second defective sectar

Figure 3-5. B85: Format Track
{Zero, One, or Two Skipped Sectors) Parameters

n 0 :] a- 7 :}

U207

Crive {Octal 40-574

Octal © Octal &
? Cylinder {Octal B-1512)

%
////////

///

Track (Octal 0-47]

Physisal Sector (Octal 0-41)

7 07

Logical Sactor {Octal 0-161

- Em WM oA W N =

Figure 3-7. 885: Format Good Seetor
(More Than Two Skipped Seetors
in Track) Parameters



n 10 ] B 7 [:} 5 4 3 2 1 ]

U LU,

Octal 0 Cctal 2 Drive [Octal 40-57

U Physical Sectar (Genal 0-41)

7 7
% %

Cylinder {0ctal 0-1512}

Track {Octal 047]

LY T T A Y )

Figure 3-8. 885: Format Defective Sector
(More Than Two Skipped Sectors
in Track) Parameters

Formatting 885 Utility Map

Use format pack funetion and parameter block shown in
figure 3-9 to format an 885 utility map sector. The
controller does not allow formatting of 885 factory map
sectors.

n 0 ] a 7 ] 5 4 1 2 1 0

# s lﬁm

L Utltity Man Cylinder (Oasal 15111

7 //// Utiflty Mup Track (Ocml 1)
) unnw Mep Logical Sestor (oml 0371
7 0
D000 M/ D

Figure 3-9. 885: Format Utility Map
Sector Parameters

Drive {Doal 40-57)

EVRE - RT R O

0017 — RETURN DRIVE ADRDRESS

Transfers three-word general status/drive address bloek
from eontroller to PP. Word 1 is general status applicable
to last eonneet (8000) or seek (0001/0002) funetion. Word 2
contains current (0000 general status) or destination (0002
general status) cylinder address. When general status is
0000, word 3 contains physical sector number of seetor
currently under read/write heads. Tabie 3-5 lists physical
sector number ranges and approximate sector times for 844
and 885 drives. For 885 drives, the controller identifies the
93-microsecond tolerance gap between physical sector 33
and physieal seetor 0 as sector 34.

i

TABLE 3-5. PHYSICAL SECTOR TIMES

Drive Physical Sector Time per Seetor

844 0-23 595 microseconds
885 0-33 487 microseconds
885 34 93 micreseconds

0020 — DRIVE RELEASE

Relerses reserve o last drive accessed by controller. Does
not clear controller access connection.

0021 — RETURN CYLINDER ADDRESS

Transfers from drive to controller to PP one word
containing current {zero-filled general status) or destination
(0002 general status) cylinder asddress. PP must have
previously reserved drive with 0000 {connect) funetion.

0022 — SET/CLEAR FLAW

844 drives only. Sets/clears flaw bit{s} on Individual track
or sector, then automatically seeks to and updates utility
map. Controller returns 0002 general status word while
drive seeks to utility map. PP must have previously issued

suceessful 0001/0002 (seek) function that specified
traeck/sector requiring flaw hit change(s).
Parameter format:

11 2 1 0

1 =set flew bit(s)

0 = clenr flaw bit(s)

1 =track
0 =sector

PP should use following procedure when [law bit ci‘ianges are
required for 885 drive.

1, Use 0030 {read fmetory data) function(s) to read
defective sectors map.

2. Use 0016 (format paek) funetion(s) to set track
flaw bits or to zero-fill defective sectors and
reformat good seetors as necessary.

3. Use 0037 (write protected sector) function(s) to
update utility map as necessary.
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0023 — EXTENDED DETAILED STATUS

Refer to 0013 (detailed status) funetion description.

0024 — READ GAP SECTOR,

0025 -—— WRITE GAP SECTOR,

0024 — WRITE VERIFY GAP SECTOR, AND
D027 — READ CHECKWORD GAP SECTOR

These functions are identical to corresponding 0004 through
0007 funetions axespt for number of skipped sectors
between logical seetors, Gap sector completes the funetion
it replaces, then skips an additional two sectors. Refer to
tuble 3-6.

TABLE 3-6. SKIPPED SECTORS BETWEEN
LOGICAL SECTORS

Number of Skipped Sectors
Between Logical Sectors
Interlace
Nongap Seetor | Gap Seetor
Funetions Funetions
1:1 0 2
2:1 1 3

0030 — READ FACTORY DATA

Identical to 0004 (reed) funetion except read data must
come from any pack data area described in appendix D
except 844 utility map.

0031 — READ UTILITY MAP

844 drives only. Identieal to 0004 (read) function except
read dats must come from B44 wutility map deseribed in
appendix D.

0032 — BLOCK TRANSFER BUFFER READ

Transfers 322 12-bit words from controller buffer ta PP, As
in 0004 (read) function, each word transferred is rightmost
12 bits of 16-bit buffer word. PP must follow block transfer
buffer read function with 322-word block input.

50455860 F

0033 — BLOCK TRAMNSFER BUFFER WRITE

Transfers 322 12-bit words from PP to controller buffer. As
in 0005 (write) funetion, each word transferred is rightmost
12 bits of 16-bit buffer word. PP must follow block transfer
buffer write function with 322-word block output. In case
of channel parity ercor ar if controller receives less then
322 words, controller returns 5000 general status.

0034 — READ PROTECTED SECTOR

Identical to 0004 (read) function except read data must
come from seetor written with 0037 (write protected sector)
funetion.

0035 — WRITE LAST SECTOR

Identical to 0005 (write) function except when 1:1 interlace
is selected, controller returns general status after rather
than before transferring data from buffer to disk. Since this
prevents next physical sector from being written without an
edditional disk revolution, PP should issue write last sector
funetion only for last seetor of block.

0036 — WRITE VERIFY LAST SECTOR

Identical to 0008 (write verify) funetion except when 1:1
interlaee is selected, controller returns general status after
rather than before verifying seetor. Sinee this prevents
next physieal sector from being verified without an
pdditional disk revolution, PP should issue write verify last
seetor funetion only for last sector of block. -

0037 — WRITE PROTECTED SECTOR

Identical to 0033 {write last sector) function except seek
preceding write protected seetor function must specify one
of following sectors.

844 drive Cylinder 822, track 0, seetor 0, 1, or 2 or
sector having sector flaw bit set in
address field.

885 drive Cylinder 841, track 1, sectors O through

31 or sector having track flaw bit set In
address field.



0040 — READ SHORT

Diagnostie use only. Identieal to 0004 (reed) fumetion
exeept controller transfers 319 words (844) or 318 words
(885) to PP and disables checkword error logie before
proeessing controller-generated checkword. This allows PP
to test controller checkword error logie by reading sector
that contains fixed cheeckword as last portion of data field.
PP must follow read short funetion with 319-ward (844) or
318-word (883) block input. Table 3-7 shows possible write
test patterns for use with read short funetion.

0041 — SELECT STROBE AND QFFSET -

Disk pack margin testing only, Selects abnormal
strobe/head positioner oifset for subsequent read-type
functions. Next 0000 (econnect) or 0001/0002 (seek) function
returns strobe/of{fset to nominal. Controller does not reply
to any funetion during 10 milliseconds required for offset
change to or {rom nominal. Write~type functions are illegal
when strobe/offset are not nominal Figure 3-10 shows
strobe/oifset read sequence.

Parametar format:

il 8

bz

Lata strobe-]

3 2 0

iz Yz

7
7

Early strobe——

Reverse offset

Forward offset

Start sequence.

Seek to desired address.

General status = 00007

Seleet strobe/offset.

General status = 00007

Read sectar.

General status = 00007

Next sector to be read?

Strobe/offset operation
completa?
Execute read error recovery
sequence.

End sequence.

Figure 3-10, Strobe/Offset Read Sequence

TABLE 3-T. WRITE TEST PATTERNS FOR USE WITH READ SHORT FUNCTION

Write Test Pattern

Words 319-322 General Status
Words Expected After
Test Word 1 Word 2 3-318 844 835 Reead Short Function
No checkword error 0000 0eoo 0000 oo T 0000
Correctable checkword error 41100 0000 0000 0000 ™ 4600 F
Noneorrectable checkword error 4000 4¢00 0000 0009 T 45001t

TDetailed status word 2, bit 8 should be 0.

ttDetailed status word 2, bit 8 should be 1. ngeral status beeomes 5200 after 27 retries.
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0042 — CLEAR CONNECTED ACCESS

Hunr controller condition only. Clears connected access,
thereby enabling controller to connect to next access
recelving function.

0043 — BUFFER READ AND
0044 — BUFFER WRITE

Identical to 0032/0033 {block transfer buffer read/write)
functions except controller uses alternate logic to contrel
transfers.

0046 -— WRITE BUFFER TO DISK

Transfers one seetor of data from controller buiffer to
drive. Previous seek function specifies starting sector.
Write buffsr to disk function provides aliernate recovery
method for buffer to disk (detmiled status word 13, bit 11)
write errors. Figure 3-11 shows recommended buffer to disk
error recovery sequence,

Stert sequence.

Issue seek funetion.

General status = 0000?

Issue 00468 (writa buffer to
disk)} function.

General status = 00007

0048 funetion tried three
times?

Abort sequence.

Is next physical sector to he
N written a gap sector?

Issue seek function for next
sectar.

Resume normal write/general
status function sequence.

(D

Figure 3-11. Buffer to Disk Error Recovery Sequence
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0047 — SCAN CYLINDER ADDRESSES

885 drives only. Causes controller to read all address fields
on one cylinder and to generate buffer table entries for
abnormal sectors. PP must precede scan cylinder addresses
function with 0001 (seek, 1:1 interlaee} function that
speeifies cylinder to be scanned. PP should use 0032 {block
transfer buffer read) function or 0043 (buffer read) funetion
to Input scan results. General status is 0002 while
controller performs sean.

Buffer table contains wp to 160 two-word entries. Table
entry format is as follows:

Word 11 &8 5 0

1 Table entry code

Track number
2 (0-38)

Physical sector
number {0-33)

Table entry codes ares

Word 1 Cede Deseription
0ooo Indicates end of table.
o001 Word 2 contains physical address of
defective sector.
poo2 Word 2 contains address of flawed
track (ane address per flawed track).
0003 Word 2 contains physical address of:

e Seetar that is first logieal
sector on flawed track, but
whose logical sector number
iz not 0.

e Sector on f{law map track
having flaw map bit not set.

e Sector on flawed track
having track flaw bit not set.

e Sector having incorrect
address.
e Sector having address

checkword arror.



0050 — OUTPUT ON PROCESSOR CHANNEL

CAUTION

Incorrect use of this funetion ean destroy-
disk pack data.

Diagnostic use only. Outputs 16-bit value on processor
channel within controller. Refer to contreiler hardware
maintenanee manual listed in preface for processor channel
bit deseriptions.

Parameter format:

Word 11 4 3

V77227227 |

Proeessor channel (0-14)

8 7

%

\__n::

Channel bits 15-8

8 7 0

V22

Channel bits 7-0 ' ‘

0051 —— EXECUTE COMTROL WORD SEQUENCE’

CAUTION

Incorrect use of this funetion can destroy
disk pack deta.

Diagnostic use only. Transfers up to 12 16-bit bit count
words and associated control words from PP to controller,
then initiates control word exeetttion. Controller outputs
bit count words on processor channel 4 and outputs control
words on processor channel 5. Each bit count werd must be
large enough to allow its associated control word to execute
for at least 3 microseconds. Controller issues terminate
control word flag pulse before last control word to prevent
lost control word status {extended detailed status word 16,
bit 4).

PP must send all 49 parameter words
regardless of number of contrel words to
be executed.

Parameter formet:

Word 11 3 g

W///////////////////////i |

Number of econtrol words (1-12)

8 7 0

777777
v Wz
W77
s Yz

Bit count 1 bits 15-8

Bit count 1 bits 7-0

Control word 1 bits 15-8

|
|
l
Control word 1bits 70|

4.5 /7 ER count 12665 158
s W20277] Bitcount 12 bits 1-0 ]

48 W Control word 12 bits 15-8 |
9 V702

Control word 12 bits 7-0 J

0052 — INPUT PROCESSOR CHANMEL STATUS

Disgnostie use only. Transfers contents of proecesser input
channels 0 through 15 from controller te PP. If it does not
input all 32 words, PP must deaectivate ehannel. Controller
to PP transfer format Is as follows:

Word 11 3 7 0

V//////////A Input ehannel 0 bits 15-8 |
W/// input ehannel 0 bits 7-0 J

;1 Vo227 ot ch;mnel 15 bits 15-8 |

11 8 7 0

R

Input channel 15 bits -0 |
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0053 — ECHO OUTPUT CHANNELS

Diagnostic use only. Transfers contents of processor output
channels ¢ through 15 fram controller to PP. Before issuing
echo output channels function, PP should issue series of
0050 (output on processar channel) functions to place echo
values on all processor channels, If it does not input ail 32
words, PP must deasctivate channel. Controller to PP
transfer format is as follows:

1 2272777 output channel 0 bits 15-8 |
2 Y7272/ output channel 0 bits 7-0 |

s 227 output et;armel 15bits 158 |

11 8 17 0

a2 W Output channel 15 bits 7-0 I

0054 — (SS5UE PROCESSOR FLAG PULSE

Diagnostic use only. Outputs flag pulse on proeessor
channel within controller. Parameter word contains code
that specifies proeessor channel number. Refer to
controller hardware maintenancee manual listed in preface
for flag pulse deseriptions.

Parameter format:

11 4 3 0
7222277272222 P coce

Flag Processor ’

Cuode Channel Flag Pulse
i} L Clear connected accesses
1 ' 1 Master clear control logie
2 2 Start error eorrection
3 3 Clear ECC register
4 4 Clesr internal status
3 5 Terminate eontrol word
& 6 Clear access control logie
7 7 Set reserve latch
i1 11 Load ECC register

60455860 G

0055 — ENABLE INPUT CHANNEL TIMING

Diagnostie use only. Specifies proeessor Input ehannel bit to
be timed by eontroller after next 0050 (output on processor
ehannel) or 0051 (execute control word sequence} funetion.
Timer runs until specified processor input channel bit
becomes 1 or until 524-millisecond limit occurs. Controiler
does not reply to funetions during timing operation. 0036
{input timing data) funetion transfers timing data from
contreller te PP.

Parameter format:

11 8 &8 5 4 0

vz | |

Processor input
channel bit {0-15)

Processor input
channel (0-15)

0056 — INPUT TIMING DATA

Diagnostie use only. Transfers from controller to PP timing
data collected in response to last 0055/0050/0051 funetion
sequence or 0064 function. Controller to PP transfer
format is as followsa:

Word 11 g8 7 6 0

. ]

524-millisecond limit expired

Microsecond count bits 18-12 —q

11 : . 0

2 Microsecond count bits 11-0-

0057 — ECHO OME WORD OR
0720 — ECHO ONE WQRD

Disgnastic use only. Causes controller to accept one word
(regardiless of channel parity error status) and return it to -
PP. When word to be echoed has parity error, controller
returns ones complement of word to PP. Figure 3-12 shows
echo sequence.
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Start sequence,

U

3 Issue 0057/0720 {echo one word)
l_ function.
Y . Channel active?

Actvate channel.

f

N
h
l:j Output word to be echoed.

Input echoed word.

M
IS

End sequence,

Figure 3-12 "Echo Sequence

0061 — AUTODUMP

Diagnostic use only. Transfers entire contents of processor
memary from controller to PP. 1f it does not input all
12 288 words, PP must deactivate chennel, Controller to PP
transfer format is as [ollows {all numbers are decimal):

If a deadstart dump is being done, the deadstart master
clear will focce controller ROM diagnosties and alfer some
controlware locations., To avoid this, disable the channel
access switches while deadstarting, then enable them before
the autodumyp function is sent.

Word 11 B 7 0

v U727 vemary Jowation 0 bits 15-3 I
2 77277 memary location 0 bits 7

12.237 bz Memory.loeatiun 6143 bits 15-8 |

g 7 0

12 288

0062 — MAN|PULATE PROCESSOR

Memory location 6143 bits 7-0 I

Diagnostic use only. Allows PP to:

e Store value in RAM or tuffer portion of processor
memory.

® Set processor memory display location {or
subsequent 0063 (nput display data) functionfs).

3-26

e Start processor execution at any locaticn in
processor memory.

Each processor imstruction sequence must end with long
jump to address contained in processor memory loeation
104g. Refer to controller bardware maintenance manual
listed in preface for processor instruction descriptions.

Parameter format:
Word 11 i 2 1 0

y Wz | |

Start processor execution at
processar memory location in
words 2 and 3

Set processer memary display
loeation to loeation in words
2andl

Store value in words 4 and 5 at
processor memory location in words

2 W Memory loeation bits 15-8 J
3 V//////////d Memory location bits 7-0 J
4 V//////////A Memory value bits 15-8 ]
5 VW Memory value bi‘ts 7-0 |

0043 — INPUT DISPLAY DATA

Diagnostic use only. Transfers 32 16-bit processor memocy
words [rom controller to PP starting at location set by
preceding 0062 (manipulate processor} function, [ it does
not input all 64 12-bit words, PP must deactivate channel.
Controller to PP transier format is as [ollows:

Word 11 3 7 0

1 V//////////A Memory word 1 bits 15-8 |
. 2 W Memory word 1 bits 7-0 |

;3 V/////M Memory &.vurd 32 bits 15-8 |

11 g8 1 ]

64 W Memory word 32 bits 7-0 I
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0064 — TIME DIFFERENCE COUNTER

885 drive disgnostic use only. Causes coniroller to issue
256-cylinder forward sesk to drive and time difference
counter as it goes from 10 to 8, and to prepere timing data
for transfer to PP via 00568 (input timing data) funetion. PP
should position drive to cylinder .0 before issuing time
difference eounter function.

0066 — FORCE ERROR [not available in model A
‘cantrallers}) '

This command allows the PP to csuse one of four RAM
parity errors or & recoverable write buffer to disk errar on
the next data funoticn issued.

One word parameter format:

0000-Non buffer to disk RAM P.E., WBDF non zero T
0001-Non buffer to disk RAM P.E., WBDF zero

0002-Write buffer to disk RAM P.E., WBDF zeroT

0003-Read function incomplete transfer RAM P.E.

0004-Nen P.E. write buffer to disk error, WBDF zeroT

0067 —'INTERLOCK AUTOLOAD

This command will do a full download of controlware but
will not foree ROM. The drives will not be released.

01NN — AUTOLOAD FROM DISK

Execution of this function as desecribed
requires RAM  controlware and &
processor/memory/controller diagnoestie to
be resident on selected drive.

Cruses controller to execute autolosd sequence shown in
figure 3-13. Funetion word format is as follows:

11 6 3 0

Drive number
Olg (0-7, 403—573)

Diegnostic and RAM conirolwere are located on 30
conseeutive seetors in 1:1 interlace format at following
addresses;

B8S: cylinder 841, track 2, sectors 1 through 30

844: cylinder 822, track 1, sectors 0 through 23, and
eylinder 822, track 2, sectors 0 through §

This data is packed, with each sector containing 241 16-bit
words followed by 8 bits of zero {ilL

03NN — DISK DEADSTART .

Connects access, positions selected drive to deadstart
sector, and transfers. up to 322 words from drive to
controller to PP. When transfer completes, controllar
releases drive, clears access connection, and prepeares
general/detailed status Identicel to that prepared after
0001/0002 (seek) and 0004 (read) funetions.

Deadstart sector is eylinder 822, track 0, sector 3 for 844
drives and cylinder 841, track 1, sector 30 for 885 drives.
First word in deadstart seetor must specify number of words
to be transferred. Use 0037 (write protected sector)
function to place bootstrap program in deadstart sector.

Address field of 844 demdstart sector must have sector flaw
hit set. When it is not flawed from factory, use 0022
{set/clear flaw) function to flaw demdstart sector. To
prevent prek interchange problems, check head alignment
before flawing deadstart seetor.

TWBDF is location 321 of program memory and may be examined via the 62 and 63 functions. A zero in WBDF indicates a
buifer to disk error (reference detailed status word 13 bit 11). This eell should be used rather than detailed status because

the latter eannot be guaranteed under RAM parity conditions.
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Receive 01NN (autoload from disk)
funetion.

-,

Execute processor ROM instrue-
tion test.

y
ROM instruction test error?

N

Position drive to oylinder 822 (844

drive) or B41 (885 drive).

Transfer processor/memory/ con-
troller diagnostic to controller.
Execute diagnestic and save error
status.

-
T

Q’ Halt; corrective
required.

]

Transfer RAM controlware to
controller. Caleulate checlsum
and compare it with correet value.

Diagnostie error, checksum errar,
or incorreet controlware loaded?

maintenanee

]
l:j Relesse drive.
O

Figure 3-13. Controller Activity During Autcload
from Disk Funetion

Reply to funetion.

Enter function idle loop.

tMust be 7540 if CC is 00.

s }-28

Address field of 885 dendstart seetor has factory flaw map
flag set. This flag is set when pack leaves factory.

Example deadstart panel setting is as follows:

Qctel Setting Deseription
7SCCT Deactivate channel CC. .
77CC Issue disk deadstart function
03NN specifying drive NN.
74CC Activate channel CC.
71CC input deadstart data on echannel
ADDR CC to PP location ADDR.

CC must be 00, 12g, or 12-channel

13g for
computer.

CC must be 00, 12g, 135, 32y, or
24-channel computer.

33g for

0414 - AUTOLOAD FROM PP

Transfers 16870 12-bit words of autolead data from PP to
processor memory within contreller. PP to controller
transfer format is as follows (all numbers are decimal).

Word 11 8 7 0

V777277 autoload word 1 bits 15-8 |
V7227 Autoioad word 1 bits 1-0 I

oy

-]

14. W89 autoload .word 7230 bits 15-8 |

11 8 7 0

14 160777777 autoloed word 1230 bits 10|

Figure 3-14 shows controller aetivity during 0414 (autoload
from PP) function.

0720 — ECHO ONE WORD

Refer to 0057 (echo one word) function description.

ERROR RECOVERY

A PP uses peneral status to determine whether subsystem
operations are procesding normally. Zero-{illed general
status indicates the preceding function completed without
error. 4XXX peneral status indicates the controller has
detected a potentislly recoverable error, has switched to
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Receive 0414 {autoload from PP)
function.

0

Execute processor ROM in-
struetion test.

ROM instruetion test error?
Reply to funetion.

Transfer the 4820 12 bit word
processor/memory/controller
diagnostic from PP to controller.

Four or fewer words trans-

ferred?

Are first two words of transfer
0140, 00007

Execute diagnostic.

Transfer the-12050-12 bit word
RAM controlware block from PP

to controller. Calculate
E:I checksum end compere it with

correct value.

Channel parity error, diag-
nostie error, or checksum error?
Prepare 5XXX (xxx=error code)
N if diagnostic error.

Halt: corrective maintenance

reguired.
Was the 7155 controlware 1baded';’

Prepare 5004 genefal status.

l:j Prepare 0000 general status.
{ ) Enter function idle loop.

Figure 3-14. Controller Activity During
Autoload from PP Funetion
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recovery mode, and is ready to sceept a 0014 {continue)
funetion in place of the failing funetion. 5XXX general
status Indicates the preceding function resulted in a
nonrecoverable error. Refer to appendix B for status

associated with specifie error eonditions.

When 4XXX pgeneral status indicates a potentially
recoverable error, the PP should do the Ffollowing until
general status becomes 00XX or 5XXX.

e Request detailed status for error logging.

e Issuge 0014 (continue} funetion in place of failing
funetion.

e Reinitigte appropriate data transfer.

When 5XXX general status indicates a nonrecoverable error,
the PP should:

¢ Reissue failing function a number of times.

o Cheek after each try for 00XX or 4XXX general
status.

e Request detsiled stetus for error logging as
required.

¢ Abort function sequence if SXXX general status
persisis.



Fiﬁgre 3-15 is a suggested error reqover‘F;_ sequenpe for
failing funetions receiving function replies. Figure 3-168 is a

supgested error recavery sequence for I:1 interlace
write-type funetions not receiving functon replies. Table
3-8 shows potentially recoverable read/write errors and the
number of times the 0014 (continue) funetion f(and
appropriate data transfer} may have to be isued for
recovery.

Start sequence.

Request general status.

General status = 4XXX or SXXX?

Hequest detailed status.

General status = 4XXX? (N =
genersl status is 5XXX.)

Issue 0014 ({continue} funetion
and reinitiate appropriate data
transfer.

Want to try funetion again?

Reissue failing functon.

D Log error status and abort
funetion sequence.
: Process normal general status.

Figure 3-15. Generalized Error Recovery Sequence

Start sequence.

Request general status.

General status received?

General status = 00007

Request extended detailed
status.

Detailed status word 13, bit 11
(buffer to disk error) set?

Use 0043 (buffer read) function
3 to obtain sector of data to be
j written, or leave sector in buffer

and use 0046 (write buffer to
disk) funetion.

Log error status and abert
function sequence.

Try write function agrin with or
without reseek operation.

0 O

Figure 3-18. 1:1 Interlace Write Error
Recovery Sequence

TABLE 3-8. POTENTIALLY RECOVERABLE READ/WRITE ERRORS

Funetion Number of 0014 (Continue}
Type Error Functions Required
Address syne 1 to 27 (number requirad = A)
Address checkword 1to 27-4A
Al
Head. positioning lor 2
Track/sector compare 1
Data sync 1 to 27 {(number required = D)
Read
Data checkword 1to 27-D
Write Channel parity 1told

* 3-30

60455860 J



885-1X LARGE SECTOR OPERATION

A 1 to 1 seek command with parameter word 1 bit 9 set
selects the large sector. Physically it consists of four
sectors. The sector number sent in parameter word 4 of the
seak command must contain the physical starting address of
the large sector (0, 4, 8, 12, 16, 20, 24, 28). Each of the 4
physical sectors comprisng the large sector contains an
address field, The subsystem controlware will read each of

604538680 L

the 4 address and data fields, skipping defective seetors if
present, and combine the data to form one large sector.

Sinee no address fields are destroyed, reformating the pack
is not necessary if switching pack usage from large to small
sectars. The address returned in detailed status word 7 will
contain the small logieal seetor number (0 to 31}

3-31






Access

Address Field

Buffer

Channel

Cheekword

Controller

Controlware

Cylinder

Data Field

Deadman Timer

Deadstart
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GLOSSARY

The logical interface between a
PP channel and the controller.
A controller can have from one
to four accesses.

The portion of each sector that
identifies the sector's location
on the disk pack. An address
field contains eylinder/-
track/sector numbers and bit(s)
to flag the sector or its track as
flawed,

A portion of processor memory
used for temperary data storage
during data transfer operations.

A PP channel from a CDC 6000
series, CDC CYBER 70 model
72/73/74, or CDC CYBER 170
series computer.

A code used for detect-
ing/eorrecting errors in the
preceding address or data field.

A 7155 Disk Storage Controller.

Controller-resident code that
determines the funetional char-
geteristics of the controller.
MATZ1 is the squipment
configurator for controlware
used in the 7155 controller.

Al of the tracks at one head
position.

The portion of esch sector that
contains 322 12-bit words of
data.

A controller eircuit that
denctivates the connected
channel when the channet is
active, but has fajled to
transfer a word for
approximately 5 seconds.

The process of changing the
state of a computer system
from not running te running.
The operating  system is
assumed not to be resident in
central memory at deadstart
time.

Disk -
Disk Pack

Drive

Drive Channel

End-of-Hecord Byte

Fixed Module Drive

Flaw

Funetion

Gap Sector

Head

Head/Disk Assembly

Head Positioner

Refer to disk pack.

An assembly of magnetically
coated disks used for data
storage. The disk pack used
with 844 drives is removeable,
while the disk pack used with
B85 drives [s fixed.

An Bd4-4x Double Density Disk
Storage Unit or one spindle of
an 885 Disk Storage Unit.

The logicel interface between a
controller and a drive. An 844
drive has two or four drive
channels and an 883 drive has
one drive channel with a second
channel optional.

A byte that appears after the
data checkword to indiecate the
end of a sector.

Another name for the B85 drive.
Abbreviated FMD.

A defeet in the magnetic
coating of a disk pack that
prevents error-free data stor-
age. Sectors or tracks
containing flaws are not used
for data storage.

A 12-bit code issued by a PP to
the controller to initiate sub-
system  activity.  Seetion 3
describes functions applicable
to the 7135 subsystem.

A sector that is skipped during
a data transfer operation to
allow additional time for PP
overhead.

A device that translates
electric current to magnetic
flux ehanges on & rotating disk
pack and viee versa.

An assembly econtaining the
heads, disk pack, and protective
shroud for an 885  deive.
Abbreviated HDA.

The servo-controlled voice coil
actuator used to position heads
in a drive.



Interlace

Operation

Qverhead

Pack

Parameter

Processor

Processor Channels

Processor Memaory

The ratio of number of sectors
processed to number of sectors
actually passing the head.

A subsystem task controlled by
one or more PP-issued functions.

Program activity not direetly
related te transferring data to
or from the disk.

Refer to disk pack.

"Qne or more 12-bit words Issued

by a PP after z funetion to
provide the controller with
information relative to the
function.

A microprocessor within the
controlier programmed to exe-
cute a rmodified CDC CYBER
PP instruction set.

Controller internal paths used
by the proeessar to moni-
tor/control subsystem activities
and to commupicate with the
PP.

A memory used by the
proeessor for controlware stor-
age and for temporary data
storage.

Random Access Memery

Read Only Memory

Sector

Subsystem

Syne Pattern

Tolerance Gap

Track

A portion of processor memary
used for controlware storage.
Abbreviated RAM.

A nonvolatile, read-only portion
of processor memory containing
brief processor tests and code
for processing controller
autoload-related functions.
Abbreviated ROM.

An are of contiguous magnetic
flux changes traced on a disk
pack by a head.

A ocollection of disk storage
equipment that may inciude one
or more controllers, one to
eight 844 drives per controller,
and two to sixteen B85 drives
per controtler.

A series of flux changes thet
synchronizes drive read
eleetronies with the first bit of
an address or data field.

A field placed at the end of
each sector to ensure that drive
motor speed variations do not
result in writing into the next
sectar.

The eirele of flux changes

traced on a disk pack by a head
at one head position.
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TIMING DATA

Table B-1 lists funetion reply times, data/parameter window
times, and total execution times for each function.

Function reply time is the time between funetion issue by
BP and function reply {channel deasctivation) by controfler.
Unless otherwise indicated, funetion reply times assume
that the preceding funetion has completed, that the
controfler is waiting for aneother function, and that the
controller is connected to the access receiving the funetion.

The minimum data/perameter window time is the shortest
amount of time between function reply and data/parameter
transfer. When the PP has not started data/parameter
transfer by the maximum window time, the controller
prepares error status and waits for the next function.

Potal exeeution time begins when the controller deteets the
function and ends when the eontroller starts waiting for the
next function. The meximum exeeution time is usually the
result of an error condition. For example, the
300-millisecond maximum execution time for the 0004
(read) funetion is determined by the worst case return to
zero seek time.

Figures B-1 through B-7 show timing for operations that
transfer disk data. ’

Use table B-1 to determine timing for individual funetions;
use figures B-1 through B-7 to determine timing for
eomplete operations.

TABLE B-1. FUNCTION TIMING DATA

Time (Minimum/Maximum) -
Octal Data/Parameter
Code Funetion Function Reply Window Taotal Execution Notes
aong Connect 20 ps/30 ps 5 ps/4.8 s B0 ps/4.8s
poo1 Seek, 1:1 interlace 20 us/30 ps 5 usf4.85 60 ps/4.85
0002 Seel, 2:1 interlace 20 ps/30 us 5 usf4.8 s 60 us/4.8 s
0004 Read 20 us/30 us 8 us/1 rev 620 us/300 ms T
0nos Write 25 ps/75 us 5 us/1 rev 620 us/300 ms T
0008 Write verify - 25 us/75 us 5 usfl rev 620 #5/300 ms ]
0007 Read checkword 30 us/40 us Not applicable 8§20 ps/300 ms t
0010 Operation complete 30 ps/40 ps Not epplicable 35 us/45 us
0011 Disable drive reserve 40 ps/45 ps Not applicable 45 us/50 us
0012 General status 15 ps/20 ps 5 ps/d.8 s 35 us/4.8 5 LA
0013 Detailed status 20 us/30 ps 15 us/4.8 s 60 ps/d.B 5 :
0014 Continue Not applicable Not applicable Not applicable Tt
0015 Drop seeks 130 us/140 ps Not applicable 135 ps/145 ps 1
0016 Format pack 20 ps/30 ps 5 us/4.85s 300 ps/B00 s Tt
0017 Return drive address 15 us/20 us 5 us/4.8 s 35 ps/4.8 5 !
. )
. i
0020 Drive release 30 us/40 us Not applicable 35 us/45 s i
a021 Return eylinder address 20 ws/30 ps 5 us/4.8 s 30 us/4.8 s .
po22 Set/clear flaw . 20 ps/30 ps 5 us/d.85 50 ms/4.8 5 |
0023 Extended detailed status 20 us/30 ps 15 ps/4.8 s 100 ps/4.8 5 i
0024 Read gap sector 20 us/30 us 8 us/1 rev 620 ws/300 ms
Q025 Write gap sector 25 ws/75 ps 3 us/lrev 620 us/300 ms
0026 write verify gap sector 25 ps/75 ps 5 us/l rev 620 ps/300 ms
0027 Read checkword gap sector 30 ps/40 ps Not applicable 620 ps/300 ms
Time abbreviations are: us (microsecond}, ms {millisecond), rev (revolution}, s (second),
TNot maintaining interlace, Refer to figures B-1 through B-7.
ttGeneral status function reply time is 20 ps/50 ms when controller is connected to another access.
TtTRefer to times for funetion in progress.
ormatting entire pack.
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TABLE B-1. FUNCTION TIMING DATA (Contd)

Time (Minimum/Maximum)

Octal Data/Parameter

Code Function Funection Reply Window Total Execution Notes
0030 Read factory data 20 us/30 u5 8 us/lrev 820 4s/300 ms T
0nal Read utility map 20 u5/30 us B us/1 rev 620 us/300 ms T
0032 Block transfer buffer read 20 us/30 us 5 us/d.Bs 200 us/4.85s

0033 Block transfer buffer write 20 45/30 g5 5 ps/d4.85s 200 ps/4.85s

0034 Read protected seetor 20 us/30 u3 8 us/lrev 620 »s/300 ms T
0035 Write last sector _ 25 us/75 us 5 us/1rev 620 us/300 ms T
0036 Write verify last sector 25 us/T5 ps 5 ps/lrev 620 »s/300 ms +
0037 Write protected sector 25 us/75 us 5 u8/1lrev 620 us/300 ms T
004D Readshort 20 ,5/30 u3 B us/lrev 620 4s/300 ms i
0041 Select strobe and offset 20 4s/30 us 5 ps/d4.8s 75 s/4.85

0042 Clear connected access 20 ,s/50 ms Not applicable 20 s/50 ms

0043 Buffer read 20 45/30 ps 5 us/2 ms 200 us/2 ms

0044 Buffer write 20 45/30 u5 5 ps/2 ms 200 »s5/2 ms

0046 Write buffer to disk 25 43/75 us Not applicable 620 »5/300 ms t
0047 Sean cylinder address 20 us/30 ps Not applicable 650 ms/T05 ms

00350 Output on processor channel 20 u5/30 y4s 5 us/4.85 60 us/4.8s

0051 Execute control word sequence 20 ,5/30 us 5 us/4.8s 190 us/d.8s

0052 Input proeessor channel status 20 ;s/30 us 5 us/4.85 120 us/4.85

0053 Echo cutput channels 20 4s/30 us 5 ug/4.8s 120 us/4.85s

0054 Issue processor flag pulse 20 ,5/30 us 5 us/4.B5 B0 p5/4.85

0055 Enable input channel timing 20 4s/30 us 5 w8/4.85s 35 us/d4.Bs

0056 Tnput timing data 20 ps/30 us 5 us/d.8s 40 us/4.8s

0057 Echo one word 20 u4s/30 us 5 ps/d8s 4D u5/4.8 s

o6l Autodump 20 us/30 us 5 us/4.8s 7T ms/4.8s

0062 Manipulate processor 20 us/30 us 5 ps/4.83 80 us/4.Bs

0063 Input display data 20 u5/30 s 5 usf4.8s 100 us/4.88

D064 Time difference counter 20 ps/30 us Not applicable 22 ms/25 ms

D066 Force Error 20 45/30 us 5 us/4.8s 32 us/4.8s

0087 Interiock Autoload 85 »3/95 us 5 usf4.83 155 u5/4.8 5

01NN Autoload from disk 650 ps/l.ls Not applicable Not applicable

03NN Disk deadstart 100 »s/50 ms 100 us/1rev 700 »5/300 ms

0414 Autoload from PP 30 ms/35 ms 5 ksf4.8s 185 ms/4.85s

0720 Echo one word 20 us/30 us 5 us/4.8s 40 ps/4.8 3

T Not maintaining interlace. Refer to figures B-1 through B-7.

B-2
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5 us =7 us {844}
487 ps (885)

SECTOR MARK 0

)
1T

JSSUE READ FUNCTION AND
RECEIVE FUNCTION REPLY,
30 s TO 40 ps.

100 us TO 1 REV DELAY.
BUFFER TO PP DATA TRANSFER:

170 ps TO 600 us (844),
170 ps TO 403 us {885).

CONTROLWARE OVERHEAD, 5 us.

ISSUE GENERAL STATUS FUNCTION

AND RECEIVE FUNCTION REPLY, & us.

INPUT GENERAL STATUS, 7 us.

SECTOR MARK 1

PP OVERHEAD:
490 us {844},
290 s (885},

ISSUE READ FUNCTION
AND RECEIVE FUNCTION
REPLY, 10 pus. :

BUFFER TO PP DATA TRANSFER:
70 ps.

SECTOR MARK 2

CONTROLWARE OVERHEAD, 5 s,

ISSUE GENERAL STATUS FUNCTION
AND RECEIVE FUNCTION REPLY, 5 us,

INPUT GENERAL STATUS, 7 ps.

Figure B-1. 1:1 Interlace Rezd (2-MHz PP)

96 & 7 ps (844}

487 us [BBS)

SECTOR MARK 0

SECTOR MARK 1

ISSUE WRITE
FUNCTION AND
RECEIVE FUNCTION
AEPLY, 35 us

TO 85 us.

100 ps TO T REV DELAY. -

PP TO BUFFER DATA TRANSFER:
170 s,

CONTROLWARE OVERHEAD, 10 us.

ISSUE GENERAL STATUS FUNCTION
AND RECEIVE FUNCTION REPLY, 5 ps,

INPUT GENERAL STATUS, 7 us.

PP OVERHEAD:
490 ps {B44),
290 ps {885),

ISSUE WRITE FUNCTION
AND RECEIVE FUNCTION
REPLY, 5 ys.

PP TQ BUFFER DATA
TRANSFER: 170 ps.

CONTROLWARE OVERHEAD, 10 ps.

ISSUE GENERAL STATUS FUNCTION
AND RECEIVE FUNCTION REPLY, 5 ps.

INPUT GENERAL STATUS, 7 us.

Figure B-2. 1:1 Interiace Write (2-MHz PP)
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1390 * 14 us {844)
974 ps (B85) l

| 7 § z

SECTOR MARK 0 SECTOR MARK 2’ 3 SECTOR MARK 4

-1 1 . B

ISSUE READ FUNCTION PP OVERHEAD:
AND RECEIVE FUNCTION 1033 us (844),
REPLY, 30 ps TO 40 us. 617 ps (885),
100 us TO 1 REV DELAY. ISSUE READ FUNCTION
) AND RECEIVE FUNCTION
BUFFER TO PP DATA TRANSFER: REPLY, 10 ps,
330 ps TO 600 ps (844, -
330 ps TO 403 ps (885). BUFFER TO PP DATA TRANSFER:
330 ps.
CONTROLWARE OVERHEAD, 5 s, ’
CONTROLWARE OVERHEAD, 5 ps, —
I[SSUE GENERAL STATUS FUNCTION

AND RECEIVE FUNCT!ON REPLY, 5 ps. ISSUE GENERAL STATUS FUNCTION
AND RECEIVE FUNCTION REPLY, & ps.
INPUT GENERAL STATUS, 7 ps.

INPUT GENERAL STATUS, 7 us.

Figure B-3. 2:1 Interlace Read (1-MHz PP)

1390+ 14 ps

S
Q\\

] %

SECTOR MARK 0 1 SECTOR MARK 2

ISSUE WRITE PP OVERHEAD:
FUNCTION AND 638 us.
RECEIVE FUNCTION
REPLY, 35 g5 ISSUE WRITE FUNCTION
TO 85 ps. _AND RECEIVE FUNCTION
REPLY, 5 gs.
100 ps TO 1 REV DELAY.
FP TO DISK DATA
PP TO DISK DATA TRANSFER: | TRANSFER: 330 us.
700 ps.

CONTROLWARE OVERHEAD, 10 ps, ——
CONTROLWARE OVERHEAD, 10 us.

ISSUE GENERAL STATUS FUNCTION
ISSUE GENERAL STATUS FUNCTION . . AND RECEIVE FUNCTION REPLY, 5 us.
AND RECEIVE FUNCTION REPLY, 5 us.

INPUT GENERAL STATUS, 7 pus.

INPUT GENERAL STATUS, 7 us.

Figure B-4. 844 2:1 Interlace Write (1-MHz PP}
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974 us

SECTOR MARK 0

ISSUE WRITE :]

FUNCTION AND
RECEIVE FUNCTION
REPLY, 35 us

TQ 85 us.

100 gs TO 1 REV DELAY.-

PP TO BUFFER DATA
TRANSFER: 330 ps.

CONTROLWARE OVERHEAD, 10 ps.

ISSUE GENERAL STATUS FUNCTION
AND RECEIVE FUNCTION REPLY, 5 pus.

INPUT GENERAL STATUS, 7 us.

SECTOR MARK 2

PP OVERHEAD:
617 us.

ISSUE WRITE FUNCTION
AND RECEIVE FUNCTION
REPLY, 5 ps.

PP TO BUFFER DATA
TRANSFER: 330 ps.

CONTROLWARE OVERHEAD, 10 ps.

ISSUE GENERAL STATUS FUNCTION

AND RECEIVE FUNCTION REPLY, & pus.

INPUT GENERAL STATUS 7 ps.

Figure B-5. B85 2:1 Interlace Write (1-MHz PP)

1948 us

SECTOR MARK 0

SECTOR MARK 4

:Z((Z—_ ;|

READ FUNCTION
AND REPLY 2bps

100us TO 1 REV DELAY
BUFFER TO PP DATA

TRANSFER 1890 us
CONTROLWARE

OVERHEAD 60us
GENERAL STATUS FUNCTION,

SECTOR MARK 8

=

TRANSFER 688 us

CONTROLWARE
OVERHEAD &0 us

REPLY AND TRANSFER 12us

PP OVERHEAD 1178 us
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Figure B-6. 883-1X Large Sector Read

READ FUNCTION
AND REPLY 25 us

BUFFER TO PP DATA

—

GENERAL STATUS FUNCTION
REPLY AND TRANSFER 12us

PP OVERHEAD 1178 us




® B-§

1948 us —I

SECTCR MARK 0

SECTOR MARK 4

SECTOR MARK 8

!Z((Z-] ]

WRITE FUNCTION
AND REPLY 30us

100 us TO 1 REV DELAY

PP TO BUFFER DATA
TRANSFER 688 us

CONTROLWARE

OVERHEAD 10 us

GENERAL STATUS FUNCTION,
REPLY AND TRANSFER 12 us

PP OVERHEAD 1233 s
WRITE FUNCTION

AND REPLY Bus-
PP TO BUFFER DATA

TRANSFER 688 us

|_T_.

CONTROLWARE
OVERHEAD 10us

GENERAL STATUS
FUNCTION, REPLY AND
TRANSFER 12 us

PP OVERHEAD 1233 s

WRITE FUNCTION
AND REPLY Gus

PP TO BUFFER DATA ——
TRANSFER 688 s

CONTROLWARE
OVERHEAD 10 us

Figure B-7. 885-1X Lerge Sector Write
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STATUS RESPONSES C

. .

Tables C-1 through C-5 correlate general status and General status
detailed status with conditions oeeurring during various

Detailed status words 1-10

types of operations. Refer to tables 3-2 and 3-3 and figure r
3-2 for status bit deseriptions. Interpret the status t
summaries in this appendix as follows: 1 0000|000 0| 11— Detailed status words 11-20
2 ooo0DX [Do0oOD O} 12
3 XXXoljpooo}13 ¢
4 |XXo0||0o0oo0o0| 14 |XX|word/portion of ward
5 |0000|(000O0| 15 J ~updated by control-
i 0000 XXXZX| 16 ier, Oectal values
7 o000 XXXX 17 ineluded if prediet-
B o000 XXXX[18 able.
9 D000 XXXZX[19 :
10 {000 0| |XXXX|2 [FWord/portion of word
_J_Jnot applicable to

condition.
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TABLE C-1. CONNECT/SEEK STATUS

Condition Status Summary Condition Status Summary
Drive online, 00040 5. Controller re-
ready, select- ceived jllegal
ad, and on- 1\ [ExXX 1 eylinder, head, 1{0000 pooo|il
cylinder. 2| 0 XXX XXX X 12 ar sector pa- 2(ocoo¢0 0000])12
1 X 13 rameter. 3| XXX0} EZoo0q13
41 XX 14 4 | X¥XXX 0000 14
5 15 30000 000015
6 A 16 60000 XXXX|18
7/000X 417 710000 XXXX|17
8| XXXX XXXX| 18 g|goeao XXXX|18
9| XXXX| | XXXX 19 8 s | XXXX|19
W XXXX XXX 20 |o000 XXXX}20
Drive anline, : 6. Controller de~
ready, select- teeted channel
ed; heads in s [ xxx% 1 perity error 1{0000]| jDo0o0f11
motion. 2|0 XXX XXX X| 12 during param- 20000 00040]12
3z X 13 eter transfer. 3(XXxx0| Fooo]1s
41 XX 14 4 | XXXX 0000|114
5 / 15 5|oo00| (0000|135
6 / / 16 60000 XXXX|16
71000X 417 710000 XKXXX|17
§ XXXX XXXX|18 80000 XXXX|18
9| XXXX||XXXX|19 § VA0 XX XX|19
10| XXXX XXX Xl 20 wjooo0a0 XXXX|20
Drive re- 7. Drive offline, 302090
served to drive not se-
other control- 1 y 7 i1 lected, drive 10000 [XXXX|11
ler. 2 12 not ready, seek 2 |0 XXXp |XXHX|12
3 13 error, or drive 3| XXX XXX|13
4 14 fault, 4 |XXXX XXX|14
5 15 510000 XXXI[13
8 16 g6 |0000O0 XXXX{18
7 17 7100 XX XXXX{17
8 18 B | XXXX| |XxXXXX]1i8
-8 19 9 | XXXX XXXX|1s
10 4 AZU 10| XXXX| [xxXX]|20
Controller re- 8. Processor mem- | No status returned.
ceived funetion ory parity
but did not re- i|jco000 000011 error (proces-
eaive all 210000 000O0| 12 sor stops).
parameters. 3| XXX4| FFooof 13
4 XXXX 000014 §. Channel parity No status returned.
510000 0000|115 error during
60000 XXXX| 16 status funetion
7|0000 XXXxl 17 transier (con~
g3igo00g XXX X[ 18 troller does
O rrrrlr | K XXX 19 not reply to
we(oo0oooD XXXX}2 function).
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TABLE C-2. READ/WRITE STATUS
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TABLE C-2. REAL/WRITE STATUS (Contd)
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TABLE G-2. READ/WRITE STATUS {Contd)
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Condition . Status Summary Condition Status Summary
21. Noncorrectable 4600 23. Controller
data fleld status error,
checkword error 11 XXX0D XXXX|11 lost control
during read or 2|114XX XXXX[|12 word error, or
read checkwaord 3 | XXX0 Xo000/13 sector length
funetion. 4 | XXXX||o0oo00l14 violation T
5 [ XXXX pDooojy1s during read,
6§ | XXXX XXXX]|1i6 write, read _ﬂ_l:l_l
T XXXX XXXX(17 checkword, or
B|XXXX XXXXx|is write verify 110000 XXX |11
9 XXXX XXXX|[18 funetion, 2 |0XXX XXXX|12
I|XXXX XXXX|20 3 1XXX¢0 X000;13
4 | XXXX 0000114
22, Nonrecoverable _ 24. Lost dataT 5 | XXXX D000 |15
data field - during cead or B | XXXX] |[XXXX|16
checkworderror | 1 {0 7 0 0 XXXXxiu write function. T XXXX XXXX|[17
during read or 211 4XX||XXXX]12 8 | XXXX| |XXXX |18
read checkword | 3 | XX X0 | lX 13 25. Data field g IXXXX] |XXXX]|19
funetion, 4 | XXXX 7 % 14 compare ecrort | 10 [ XX X X| |[X XXX |20
JIXXXX 15 during write
6 | XXXX| | XXXX|I16 verify fune-
TIXXXX| | XXXX|17 tion.
8§ [ XXXX XX XX|1i8
9 XXXX XXXX|1%
Ww|XXXX XXXX]|20
t For write or write verify funetion, status summary shows status returned after function timeout.
TABLE C-3. SELECT STROBE AND OFFSET/BUFFER WRITE STATUS
Condition . Status Summary Condition Status Summary
1. Funetion eom- gnoao 3. Channel parity
pleted without error during
arror. 1 // 7/ 11 perameter 110000 000011
2 12 transfer. 20000} |[0000]12
3 13 3[XXX0 13
4 14 4 |XX00 7 // 14
3 15 510000 /A 15
6 16 §i0000 XXXX[16
7 17 7{000¢0 XXX X|[17
8 18 §|00G0G0 XXXX|18
9 19 g|0000 XXXX|13
10 /% ﬂzn to0looo0e | XXXX]|20
2. Controller did
not receive
parameters. 10000 DoDonf1L
2({000D00 000012
IIXXXX 7 13
4 |XXXX / id
510000 /,.6 15
6 |000EC0 XXX Xi 16
70000 XXxXX|17
g|1000¢0 XXXX|18
g|joo0cQo XXX Xj18
0|6 000 XXX Xjz20
C-3




TABLE C-4. FORMAT PACHK STATUS

Status Summary‘
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TABLE C-5. SET/CLEAR FLAW STATUS
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PACK DATA D

Table D-1 provides disk addresses and entry formats for 844/885 factory and utility data areas,

TABLE D-1. PACK DATA AREAS

 Disk Address Number
of
Pack Data Area| Cylinder | Track| Seetor{s)| Entries Entry Format
844 factory- 822 ] 0 1 47 24 23 ) 0
reecorded manu-
facturing data
\ — N 7
[—Pack serial number LDate of pack manufacture
Example: 016852 Example: 28 Feb. 77
0000 0001 0110 1000 0101 0010 0010 1000 000 0010 0111 0111
B44 factory 822 i 1 0-160 23 22 21 12 11 65 0
mag
l |i ' |Cylinder {0-822) l Track (0—18)| Sector {0-23)
| ] /
0 1 Track flaw entry LAddres of flawed
1 0 Sector flaw entry sector/track
NOTE |
i Zero-filled 24-bit entry follows last map entry.
Example: Sector flaw, eylinder 409, track 3, seetor 10
10 0110011001 000011 001010
B44 utility map 822 0 2 0-160 Entry format is identical to entry format for 844 factory map.

60453880 A

844 utility mep is comprehensive flaw map and contains all 844
factory map entries plus all flaw entries set by 0022 (set/clear
flaw) funetion.




@40 = (510 o
i
TABLE D-1. PACK DATA AREAS (Contd)

Disk Address Number
of
Pack Data Area | Cylinder | Track| Seetor{s)| Entries ’ Entry Format

885 factory- 841 0 0 i Entry format is identieal to entry format for 844
recorded manu- . faetory-recorded manufaeturing data.
.facturing data

885 faetory 841 ] 1 1-120 23 22 12 11 88 H

track flaw map || Cylinder (0-842) | Track (0-39) l%////////////////é

Address of flawed track or flaw map track

Map entry

NOTES

1. PP must not modify 885 factory track flaw map.
Refer to 885 utility map.

2. All map entries must be contiguous. First enf:ry
with bit 23 clear indicates previous entry was
last valid entry.

Example: Cylinder 841, track 21

1011 0100 1001 0101 0100 D000

885 fretory B41 0 2-18 0-2040 | 23 2% 1211 65 0
defective sec—
tors map Cylinder (0-342} Track {0-39) Physieal

) Seetor (8-33)

\ y,
“mimemPhysical address of defective sector

Map entry

1. Each map sector contains a maximum of 120
entries.

2. PP must not modify 883 factory defective
sectors map. Refer to B85 utility map.

3. All map entries must be contipuous. First

entry with bit 23 elear indicates previous
entry was last valid entry.

Example: Cylinder 120, {rack 21, sector 33

1000 6111 1000 0110 1010 0001

385 utility map 841 1 0-18 2-2161 When pack leaves factory, 885 utility map 5 exact copy of cylinder
841, track 0, sectors D-1B. PP should enter track flaws/defective
sectors In BBS utility mep and never modify 885 factory track flaw
map or 885 factory defective seetors map.

XY /Aéaoe’ P4 1

TAT prrnaw ghr 53T
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INDEX

Access connecton 3-1
Autodump funetion 3-26
Autoload from PP funetion 3-238
Autoload from disk function 3-27

Block transfer buifer read funetion 3-21
Block transfer buffer write funetion 3-21
Buffer read funetion 3-23
Buffer write funetion 3-23

Clear connected access funetion 3-23
Conneet {unetion 3-2
Continue function 3-6
Controller
Description 1-1
Initializaton 2-1
Controlware 3-1
Cylinder 1-4

Data
Capacity 1-4
Organization 1-4
Deadmen timer 3-2
Detailed status function 3-6
Disable drive reserve funetion 3-5
Disk deadstart funetion 3-27
Disk pack :
Desoription 1-3
Exchenge procedure 2-2
Drive release funetion 3-20
Drives 1-3
Drop seeks funetion 3-5

Echo one word function 3-25,28

Echo output ehannels funetion 3-23

Enable input channel timing 3-25

Equipment code 3-1

Error recovery 3-28

Execute control word sequenece function 3-24
Extended detailed status funetion 3-21

Force Error  3-27
Format pack function 3-18
Funetion

Summary 3-2

Timing data B-1 -

General status function 3-6
Glossary A-1

Hardware 1-1
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Input display data function 3-26

Input processor channel status funetion 3-24
Input timing date funection 3-25
Input/output rules 3-2

Interlacing 1-§

Interlock autoload 3-27

Menipulate processor function 3-26

Operation complete funetion 3-5
Qutput on processor channel funetion 3-24

Pack deta areas D-1

Parity errors 3-2

PP type 3-1

Program memory parity ecror  3-2

Read cheekword function 3-5

Read checkword gap sector function 3-21
Read factory data function 3-21

Read funetion 3-5

Read gap sector funetion 3-21

Rend protected sector function 3-21
Read short funetion 3-22

Reed utitity map funetion 3-21

Return cylinder address funetion 3-20

Sean eylinder addresses function 3-23
Sectar 1-4

Seek functions 3-5

Select strobe and offset funetion 3-22
Set/clear flaw function 3-20
Specifications 1-8

Status
Detailed 3-6
General 3-8

Responses C-1
Storage theory 1-3
Switches/indieators 2-1

Time difference counter function 3-27
Timing data B-1

Track 1-4

Transfer rate 1-5,6

Write funetion 3-5

Write buffer to disk function 3-23
Write gap sector fupetion 3-21

Write last sector funetion 3-21

Write protected sector function 3-21
Write verify funetion 3-5

Write verify gap sector funetion 3-21
Write verify last seetor funetion 3-21

Indax-1






