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SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

The increase in capabilities of both host computers and mass storage devices has emphasized the
need for efficient channel communications. The instruction set described inthis manual increases
the efficiency and speed of channel operations between dise drive mass storage devices and their
associated host computers.

1-2. SCOPE OF MANUAL

This manual isorganized intoseveralseetions: Section . GENERALINFORMATION providesa
generalexplanation of the operation of 2 communications model and an averview of the instruction
set itself: Section Il, DEVICE COMMAND DETAILS provides a detailed explanation of each
device command: Section 1II, TRANSPARENT MESSAGE COMMANDS provides a detailed
explanation of each Transparent command: and Section IV, CHANNEL IMPLEMENTATION
provides the specific command and message formats reguired toimplement channel communica-
tions on the Hewlett-Packard Interface Bus {HP-1B). (HP-1B: Kot just IEEE-488, but the hard-
ware, documentation and support that delivers the shortest path to a computation system.)

1-3. TERMS USED IN THIS MANUAL

Specificterms, abbreviations, and mnemonics used in thismanualare listed in the Glossary (refer
to Appendix A).

1-4. COMMUNICATIONS SYSTEM MODEL

A communications system contains at least three components: a sysiern host, a8 communications
channel, and one or more peripheral devices. See figure 1-1.

The host controls overall system operation, and initiates and controls communieation trans-
actions between system components.

The channel provides the physical comrmunication link between system components. A given
channel operates according to a specific sef of pre-defined rules {protocol).

A peripheral device performs a specific subsystem function, operates according to a2 known
scheme, recognizes and responds (o a given set of operating commands, and requests and partici-
pates in communicationiransactions. A device may include a controller and up to seven units, with
each unit containing up to eight velumes.

The foilowing paragraphs describe the CS/80 communication transaction from several stand-
points: the device addressing hierarchy, the deviee structure, the transaetion structure. and the

transaction messages.

1-1




General Information ' Cs/80

1-5. DEVICE ADDRESSING HIERARCHY

C8/80 assumes a specific hierarchical structure for addressing purposes. That hierarchy in
decending order is: device, unit, and volume. See figure 1-1.

A device exists at an addressable port on the channel and may contain acontrotler and up to seven
units.

A anitis aseparately addressable entity within a deviee such asthe controller, or a specific storage
implementation. Two or more units may share a commaon ¢controtler within a device and are
capable of paraliel operation. For example, a mass storage device may contain a controiler and
both a dise drive and a tape drive. In this case, the controller could transfer data from one to the
other. A unit may eontain up o eight volumes,

A volume is a separately addressable pertion of the storage media on a given unit. Volumes are
logically separated from each other due to some special atiribute such as fixed or removable
storage media. The various volumes of 2 given unit are not capable of paratlel operation.

1-6. DEVICE STRUCTURE

Asg shown in figure 1-1, 2 C8/80 device consigts of the hardware required to perform its funetion,
the pracessing cirenitry necessary to control functionsal operation, and the interfacecircuitry that
is compatible with the requirernents of the channel The channel interface hardware and the
processing cirenitry comprise the device controlier.

Resident in the device firmware are several modules which contral thespecific operational aspeets
of the device.

The channel module intercepts and detereines the acceptability of an incoming message and
formats an outgoing message to the electrical and pratocol requirements of the channel. ¥ more
than one unit exists within a device, the channel module directs the incoming message to the
proper logical machine module. Channel specific information is removed from the incoming
message at this level leaving only devics operating information to be passed to the applicable
logical machine. Operations occurring at the channel moduie level are transparent to the fune-
tional aperation of the device.

The logical machine is responsible for managing input and output data to achieve optimal
throughput. The logical machine interpreis the incoming commands, controls the device unit
operational states, and co-ordinates the flow of data in and out of the unit.

The unit functional control medule supervises the operation of the functional hardware of the unit.

The diagnostic module contains the reutines for self test. The routines ean be ealled collectively for
an overal] diagnostie or individually to test specific areas within the device.

The operation controller keeps track of device operation and establishes internal communication
links. The controller may be an actual firmware block or distributed among the other firmware
modules.

1-7.  TRANSACTION STRUCTURE

Atransaction isa logically complete operation between asystem host and a logical machine within
the device. A transaction begins when the channel module accepts a command and ends when a
reporiing message indicating the pass/fail status of the transaction is accepted by the host.

1-2
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There are three phases that may oceur during each transaction: command, execution, and report-
ing. Each phase has two aspects to consider: the unit operating state and the corresponding
channel activity.

Figure 1-2 illustrates the phases of a transaction and shows the relationship between the unit
operating siates and the channel activity relative o each phase.

1-8. TRANSACTION MESSAGES

There are three message types that occur in a normal transaction: Command messages which
contain the device operating commands; execution messages which transfer data: and reporting
messages which contain the one-hyte pass/fail status (QSTATY of the transaction. A fourth
message type. transparent, isused to compensate for different typesof channels and differences in
operating environmenis.

I-9% COMMANED MESSAGERS, Command messages are inttiated by 2 host and always go
from the host to a deviee. The contents of the message may vary in length up to some maximum
defined by the device. Except for the Clear and Cance! commands, a command messape is valid
only if it occurs during the command phase of a transaetion.

Comtmand messages contain 21 device command operation codes {opcodes} There are four catego-
ries of device commands: Eeal Time, Complementary, General Purpose, and Diagnostic. A given
command message may contazin one or more Complementary command opcodes and/or one
comnmand opcode from any of the other three categories. Each opeode may be followed by any
associated parameters.

1-10. EXECUTION MESSAGES. Execution messages are initiated by the device unjess
an execution message has already been established by the host, The direction and significance of
the message text depends on the command being executed. Possible execution message contents
include read or write data. the detailed status report, or diagnostic information.

Execution messages are valid only during the execution phase of atransaction which started with
acommand thatcallsfor an execution message. Some operations{e.g.. Spare Block) do not include
execution messages. The host rnay cause execution messages to be broken into bursts of smaller
messages of uniform length by setting anon-zero burstsize (refer toparagraph 2-17). Inthiscase,
the device initiates a series of messages which coflectively contain the same information as would
have been transmiited in one longer message.

1-11. REPORTING MESSAGES. The device initiates reporting messages during the
reporting phase of each transaction, during special reporting phases entered for power recovery,
or to service internal requesis. Al reporting messages consist of one byte of status information
{ransmitted from the device to the host. Thisbyte containsthe QSTAT pass/fail indication tagged
with a message terminator {EO! on HP-IB). The QSTAT byte always reflects the information
eurrently contained in the status report. The only means of clearing the QSTAT byte is by issuing
the Reguest Status command (refer to paragraph 2-85)or the Clear command {refer to paragraph
2-2). The QSTAT byte indicates one of three conditions relating to the current lransaction:

{1) Normal Completion. The requested operation was completed without error,

{2) Hard Errer. Error information is available. The host must issue a Request Status command
to determine complete transaction status.

1-4
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TRANSACTION CHANNEL UNIT OPERATING
PHASE ACTIVITY STATE
@ @ COMMAND-READY
COMMAND ACCEPT AND VALIDATE COMMAND
COMMAND MESSAGE @ NOTE: LOGICAL MACHINE GOES TO REPORTING
STATE (12) 1E COMMANE 1S INVALID, OR
fF HOST REQUESTS REPORTING MESSAGE,
@ BEGIN EXECUTION OF COMMAND
XECUTION MESSAGE @neouesr £XECUTION MESSAGE (IF APPLICABLE)
REQUEST
¥ APPLICABLE]
EXECUTION

@ COMPLETE EXECUTION OF COMMAND (SEND DATA,
RECEIE DATA, OF ACCOMPLISH COMMAND ACTION!

HF APPLICABLE} @ COMPUTE TRANSACTION STATUS

REPORTING @

@Rsrommﬁ MESSAGE REQUEST REPORTING MESSAGE
RECGUEST

REPORTING

@SEND ONE-BYTE REPORT [GSTAT)
MESSAGE

© ©
@0y @ @O O 000

Logical Machine idle in command-raady state.
Host sends command message.

Logical Machine aceepts and verifies command, Hf command is valid, Logical Macking maves 1o execution
state. If not, Logical Maching moves 10 reporting state.

Unit begins execution of commang.

If command invalves data transfer, Lagreal Machine requests an execution message. [f not, unit complatas
execution .

£xscution message is estabiishad if command involves 2 darts transfer,

Unit completes execution of command. if command involves data transfer, unit sends or receives data
through channet module, f not, unit compietes action calfet for in command message,

Logical Machine compuiss completion status of trensaction. Pass/Fail status is set into QSTAT, complete
status ot into reguest Status.

Logical Maching requgsts reporting massage.
Reporting message is established.

Logicat Maching sends one-byte reporting message (QSTAT) indicating Pass/Fail status of transaction, Most
rrust send reguest status command for complets status report (20 by tes).

5985-2

Figure 1-2. Transzaction Structure



i General Information C5/80

{3) Power On. The device has just returned from z power failure or some form of operator
' intervention {such as removal of the storage media). Any incomplete transactions were
- aborted and should be repeated. The host must reconfigure any programmable operating
; parameters because they have returned to their power-on values.

1-32, TRANSPARENT MESSAGES. Transparent messages compensate for different
types of channels and differencas in operating environments. Transparent messgges could be used
to support operation in a complex operating environment (i.e., one that involves paralie] opera-
tions). The discussion of transparenit commands in this manual is limited to operation within a
simpie operating environment.

Transparent messages also include interface specific functions or interface testing. Some device
| specific messages may be required inorder to maintain the infegrity of the transaction sequence in
‘ specifie operating environments, Interface testing includes Read and Write Loopbuack.

Transparent messages may be initiated by either host or device, and they can be transmitted in
either direction. The first byte of the text may be an operating code {opcode) which indicates the
purpese of the message. The format of the remainder of the message is a function of the first byte.

; 1-13. DEVICE OPERATION AND TRANSACTION
' SEQUENCE RELATIONSHIP

1 Initsidlestate, the device is in the command-ready state. When a command message is received, it
is buffered, parsed, and validated as defined by the device firmware. (See figure 1-2.) If the
command and its parameters are valid, the deviee enters the execution state and begins to carry
outthe command. If not, the device enters the reporting state and prepares an error status report.
- When in the command-ready state, the deviee can also receive operator inputs (L.e., from front
panel switches).

In the execution state, the operation requested by the host is performed. If a data transfer is
involved, the deviee will request an execution message {via the paralel poll on HP-IB} from the
host. The exeeution message is not required for transactions which do not involve a transfer of
information. When the requested operation is complete, the device computes the status ef the
operation, enters the reporting state, prepares the status reports, and requests a reporting mes-
sage from the host. The device supplies aone-byte status report (GQSTAT) to the host as the fextof a
reporting message.

| Figure 1-3 explains the symbols used in the device operating state diagram, figure 1-4.

SYMBOL DESCRIPTION

STATE SYMBOL. This symba indicates the current candition a device isin.
The symbol ¢ontains the name of the state.

INPUT. Cccurrence of an eveni{s} which causes a response.

L
] H INPUT/RESPONSE
i RESPONSE. The outpul caused by a certain input whiie in a certain state.

” s TRANSITIONM. The path from one state 10 ancther or from one state to itself.

Figure 1-3. State Diagram Symbals

1-6
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DECODING AND
EXECUTION

COMMAND RECEIVED ¢
BESIN COMMAND EXECUTION

CONMAND RECEIVED !
BEGIN COMMAND EXECUTION

INTEANAL RELEASE REQUEST -
AUTD RELEASE EMNABLED 12 ¢ 1)/
BECOME SOMMAND-READY
JRELEASE PERDING:

COMMAND-
READY

SACKGROUND
CHAGNQSETICS

9.3 SECOND IN SOMMAND -
READY * NQ RELEASE PEMOING +
NC CHAGNOBTHC FALURE / AUN
BACNGROUNE DIAGHNOSTICS

EXECUTION COMPLETED ¢
REFGAT STATUS

INTERMAL RELEASE AEQUEST «
ALITO RELEASE DISABLED (£ - Ot 7
HEFORT RELEASE JUNSOLICITED
HEPOAT)

TWO SECONDS K COMMAND-
READY « RELEASE PENDING =
AUTO RELEASE DHEARLED
{Z =)+ REPORT AELEASE
DHAGNOSTIC FAILURE / LUMERUICITER REPORY)

REPCRT FAILUAE

HEPORT ADCEPYED BY AQST -
COMAMAND ESSUED 8Y HOST
CHIRENG OPTIOMAL HEPORT S
BECOE COMMAND-READY

AELEASE COMPLETED « RELEASE
SCCURRE DURENDG COMMAND-
REABY (2 = 77 (R UNSOLIEITED
REPOAT {Z « [} r BECOME
COMMAMND-READY

POWES CIM ¢ REPORT
POWER DN STATUS

REPORTING

GOMMAND AECENVER
[HJRING HEPGAT /
RESOKT ERMOB STATUS
FARLIAE BLERING RE-
LEASE - RETAANIMIT
ERFOE F REPORT
ERROR STATUS TWO SECONDS N COMMANG-
READY ¢ RELEASE PENDING +
AUTO RELEASE ENABLED

12+ 1y AELERSE DEYICE

BELEASE QOMPLETED «
RELEALE DCCURRED DUA-
NG MORAMAL REFOFT
REPORT STATUS

Twit SECONDE 1 REPORY
{RHORELAL OR LINSOLIGITED »
RELEASE PENDING OR INTERNAL
RELEASE AEQUEST « RELEASE
TIMEDUT ENABLED (T < 7/
RELEMSE DEWVICE

RELEASE

NOTES:
1. The =" symbot indicates that the conditions are logically ANEed.
The "+ symbol indicales that the condilions are iogically OR'ed.

2. The darker paths indicate the normal C-E-R transaction sequence.

5355-28
Figure 1-4. Device Operating State Diagram
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1-14. POWER-ON SEQUENCE

The following power-on sequence applies to each unit within a deviee:
# The unit executes an internal diagnostic.
o  Results of the diagnostic are stored in the unit’s status report.

* The unit enters an interlock reporting state,

The unit will remain in the interlock reporting state until the host accepts the reporting messape
orissuesthe Clear command. A Set Unit command will be executed, but if the host sends any other
command to the unit. the unit will accept but not execute the command, The resuitant reporting
message will indicate that the unit is still in the power-on state.

If a power-on diagnostic failure has oceurred. the status report will not be cleared by the Clear
command. The host will see the diagnostic fallure in the first reporting message returned by the
failing unit.

AlFunits within a device can be cleared of the power-on status simulianeously by issuing a Clear
command address to the device controller tunit 15). A Universal Device Clear or Selected Device
Clear will also aceomplish this task (refer to paragraphs 3-3 and 3-4).

1-15. BACKGROUND DIAGNOSTICS

To improve the reliability of the device. a set of background diagnosties have been included in the
product design. These diagnostics monitor a number of vital functions including the integrity of
the contratler Read-Only Memary {ROM) and Random Access Memory {RAML This method of
automatiec self-testing iscapable of detecting errors that might otherwise go undiscovered during
real-time operations{i.e.. dataerrors). Background diagnostics are controtied solely by the device
and do not reguire any involvement with the host.

The baekground diagnoestics are initiated 0.3 second after entering the command-ready state,
unless a diagnostic failure has eccurred or release is pending (see figure 1-4). A release must be
dealt with before the background diagnostics can begin. Once begun, the deviee will continue to
run the diagnostics until a failure oceurs, an internal request for release is detected. or the host
issuesacommand. A command will cause the device o terminate the background diagnosticsand
begin execution of the command. This prevents the background diagnostics from interfering with
normal channe] communications. An internai release request will cause termination of the diag-
nostics and inttiation of the proper release sequence,

H a fallure cecurs during the background diapgnoestics, the device:
*  Sets the Diagnostic Result bit in the status report.
® Sets a hard error into the QSTAT bate (QSTAT = 1),

» Entersan interlock reporting state.

nce in the interlock reporting state, the device will not execute any commands issued by the
host until the diagnostie failure has heen reported. The host must accept the reporting message
and then issue the Reguest Status command. This is the enly way that the host can ¢lear the
status report. The Clear command will not clear a diagnaestic fallure (refer to paragraph 3-2)
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1-16. RELEASE SEQUENCE

Pericdieally adevice will need to gooffline in order to respond to an internal requirementsuchasa
front panel request, or an error logging routine, or some other housekeeping process. The release
sequence provides the means by which the device can service these internal requirements. The
release sequence can be initiated by the host via the Release command (refer to paragraph 2-80jor,
if eonfigured properiy. the device may be allowed to release itself. The exact manner in which the
device handles internal requirementsis defined by the host via the Set Release command refer to
paragraph 2-22). Figure 1-4 iliustrates the various eonditions under which the device can release
1tself.

When a request for release is pending, the appropriate Release Request bit will be set ineach unit’s
status message. In addition, the number of each unit(s) requesting release wilt be placed in the
parameter field of the status message, providing this field is not needed by a higher priorityerror.
Thisensures that the host will see all reiease requests during the reporiing phase (QSTAT=1). The
host ean then use the parameter Tield of the status message to determine which unit{s) are
requesting release. The exception to this sequence gcours during automatic retease; when auto-
matic release is enabled the device will never reques{ release from the host {refer to paragraph
2-22).

With automatic release enabled and release pending when the command-ready siate is entered.
the device will wait two seconds before releasing itself. If the host issues a command during this
interval it will be executed and the automatic release will not occur. Alihough the release did not
aceur, the device will remember the request and the first time the two-second interval elapses
without a command from the host the device will release itself.

[freleasetimeout isenabled (refer toparagraph 2-22)and an internal requirement geeurs during
bhackground diagnosties, the device:

— terminates the background diagnostics

— gets the appropriate Release Request bit in the status message
— goes to the reporting state

— starts the internal timeout clock

— reguests a reporting message (via paraliel polt on HP-1B}

Note:  The release timeout cyele is a two-second interval beginning when the device
requests a reporting message (via parallel polt en BP-1B).

Thissequence puts the device in an unselicited reporting state, thatis, a reporting state that is not
part of a transaction. If the host accepts the reporting message. the hard error QSTAT should
casuse the host {o respond with a Request Btatus command. The status message will alert the host to
the reqguest so the host should release the device if possible; if not, the hostshould issue the Release
Denied command. If the host does not respond to the unselicited report before the timeout eloek
expires, the device will release itself.

[f refease timeoutisenabled and release is pending when thecommand-ready state isentered, the
procedureissimilar to that described in the preceding paragraph: theonly exception being a tweo-
second wait in command-ready before going to unsolicited report. During this interval the device
will accept commands from the host and, if possible, execute them. I the host issues 2 command
which eannot e executed beeause it involves a unit requiring release. the command will be
terminated and the device will return a status of release required. This informs the hoest that the
release is na longer simply a request and that the command cannot be executed until the deviee is
released and the unit serviced.

1-9
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Once the device has entered the unsclicited reporting state, commands will no longer be accepted
from the host. If the host attempts {0 send a command, it will fail and & Retransmit error wil
resuit. The device will remain in theunsolicited reporting state until the host accepts the reporting
message or the timeout clock expires. If the host secepis the reporting message, the device will go
to the command-ready state with release pending. If the timeout clock is disabled, the device will
remain in unselieited report until the device aeceptsthe reporting message. The hostcan clearthe
release request by issuing the Release Denied command or the Clear command.

When release timeout is enabled. release can also oceur during 2 normal reporting state. thatis, a
report that occurred as part of a transaction. If the device enters report with release pending and
timecut enabled, the host must aceept the report within two seconds or release will secur. If the
device isin normal reportand aninternal requirementoceurs, thedevice will begin its two-second
wait. The host must accept the report during this interval or the device will release itself.

Once the device hasbeen released and the requirement hag been serviced, the deviee will returnin
either the reporting or command-ready state: reporting if the velease occurred during a nermal
reportorafailure occurred while the device was relessed; command-ready if the release oceurred
duringan unsolicited reporter the command-ready state. Any attempt by the host to communicate
with the device while itis released will resuit in a Retransmit error when the device returns. This
mforms the host that the sttempted transaction failed and should be retried.

1-17. TAPE DRIVE CAPABILITIES

When using the CS/80 Instruction Set in tape drive operation, the user should be aware of certain
eapabilities possessed by the drive. These eapabilities include file marks, character counts, and
defect handling.

1-18. FILE MARK

The Write File Mark command(paragraph 2-11)allows the host to write a file mark at the current
position of the tape. The host may also use the Set Address command tolocate aspecific areaof the
tape where a file mark will be written, The use of file marks is limited to read operations. File
marks are not involved in the tape positioning prior to a read, write, or verify command.

Whenever a file mark is encountered in the middle of a data transfer, the transfer is terminated
immediately and the End of File (EOF) indication is set into the Regquest Statas message. The
controller ends the transfer by sending the terminator byte, “01", tagged with 2 message termina-
tor {EOI on HP-IB).

Ifadatatransfer endsonthe last byteof afile, the EOF indication will not be generated unless the
host attempisto read the next data byte. If such an attempt is made, the message terminator byteis
gent in a single byte execution message.

1-19. CHARACTER COUNT

During a write operation the device controller will always write a character count in the block
header. This count represents the number of data bytes written into the bloek and is of particular
significance when writing a partial block. When a partial block is written, the controller will pad
the unused portion of the block with zeros. When that biock is read, the controller can now use the
character count to determine how much of the block contains valid data.
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The character count option is provided for use during read operations. If the character count
option is enabled during a read. the controller will skip that portion of a block which does not
contain valid data. Only the valid data eontained in the block will be sent to the host, after which
the tape drive will skip to the next block,

If the characier count aption is disabled during a read operation. the host must assume the
responsibility of keeping track of how much of a partially filled block contains valid data. H this
option is enabled, the host is not required to perform this function.

1-20. DEFECT HANDLING

Two sparing methods are provided for defect handiing on the tape drive. As different cireum-
stances will require different sparing technigues, the user should be aware of the distinctions
between the twa methods. Useof skipsparing will optimize defect handiing but could resultin the
ioss of needed data. Useof jump sparing increases defeet handling time but preserves all user data.

The first method, skip sparing, spares a bad block by substituting the address of the defective
hiock for the address of the next available spare in the sparing table. This will then cause any
subsequent data transactions to skip over this block.

Skipsparing resuits in minimal latency in recovering the spared block. but it aiters the address
mapping of those blocks bevond the current target address. This results in an effective loss of all
data bevond the eurrent target address. Because of the decreased delay in recovering spared
biocks, use of the skip method is recommended, however, it should net be used if needed data
resides bevond the current target address.

The seeond sparing method is jump sparing. In this method the bad block is directly replaced by
thenearest available spare. Thereafter, all references tothe defective hlock wili cause a seek toits
spare. This seek resulfs in an average latency of 2.5 seconds to arrive at the spare biock and
approximately the same amount of time to return to the next sequential block. Although this
method is slower in recovering spared blocks, it does not alter the address mapping of other data
blecks. Jump sparing should therefore be used when needed dats resides beyond the bad block.

A special case arises when a skip spare is asked for but no spare blocks are available beyond the
bad block. In this case. 2 jump spare is substituted for the skip.

When dealing with tape defects, the user should remember that the trade-off hetween jump and
skip sparing is one of time versus loss of data.

Whenever any sparing speration is performed, it is necessary to update the sparing table. This is
done before the reporting phase of the transaction that resulied in the sparing. Because updating
involves tape movement, the full tape transit time may be required to perform the action.

1-21. TAPE LOADING

When atape s inseried into the tape drive, alogical load operation must take place before the tape
can be aceessed. The unit will request release for internal maintenance to accomplish the load
operation. If the host denies this release request{via the Release Denied command) the tape will
not be loaded until the first eperation involviag the tape drive occurs.

A tape load operation will aiso be invoked after a Clear command (providing 4 tape is inserted in

the tapedrive). The tape will be loaded the firsttime anoperation involving the tape occurs even if
the tape was not previously loaded.
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SECTION i
DEVICE COMMAND DETAILS

2-1. INTRODUCTION

The device commands comprise the text portion of the command message. There are four cate-
gories of device commands: Real Time, Complementary, General Purpose, and Diagnostict

2-2.  REAL TIME COMMANDS

The Real Time commands(Locate and Read, Locate and Write, Bet File Mark) are optimized for
exeention time. These commands are used most often in host/device transactions. One or more
Complementary commands may precede & Real Time command in order to augment the operation
of the command.

Real Time commands provide the fastest command response time, and require minimg) inter-
action with the host. Each Real Time command uses a target address which ean be specified with
the Set Address(Complementary) command in the three-vectar address medeor the single-vecior
address mode {refer to parapgraph 2-14).

2-3. COMPLEMENTARY COMMANDS

Each unii within a device has its own set of programmable operating parameters. The values of
these parameters define the envirenment for each operation involving a speeific unit. Comple-
mentary comreands are used to set or update these parameters. The parameters inelude unit
number, data transfer length, burst size, maximum retry time, and Rotational Position Sensing
(RPS) window size and location. Table 2-1 shows which Complementary command parametersare
used by the Real Time, General Purpose, and Diagnostic commands.

The parameters are initizlly assigned powar-on values (refer to table 2-2). New parameter
values for a unit are established by a command message containing only Complementary com-
mands. A single command may be used fo update multiple parameter values. These new set
values are then nsed in suhsequent transactions with that unit. (The one exeception o this rule is
the target address parameter which is updated by any command that accesses data. Refer to
paragraph 2-14 for 2 detailed explanation of the Set Address command.) A Clear command
resets all operating parameters to their power-on values (refer to paragraph 3-2).

Mostof a unit's parameter valuescan also be changed for the duration of asingle transaction. This
temporary override is accomplished by including the desired Complementary commands in the
text of a Rea) Time, General Purpose ar Diagnostic command message. Using Complementary
commandsinthis manner, the hostisable to change the parameter values for a single transaction,
after which they revert to their previcus values. These temporary values are referred to in this
manual as current rafues. The Complementary commands must precede the Real Time, General
FPurposze, or Diagnostic opeodes they accompany.

There are two Complementary commands that do not produce the temrporary override described
in the preceding paragraph. These are the Set Unit and Set Volume commands. The values
specified in these commands remain in effect even if the commands are included in a Real Time,
General Purpose. or Diagnastic command.
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Table 2-1. Complementary Command Matrix

CS/80

COMMAND

COMPLEMENTARY

| REAL TIME
| LOCATE AND READ
o COLD L CAD READ
i : ‘ LOCATE AND WRITE

; WRITE FILE MARK®

g GENERAL PURPOSE
: DESCRIBE

. IMITEALIZE MEDA

3 SPARE BLOCK

- LOGCATE AND VERIFY
' COPY DATA
AELEASE

AELEASE DENIED
UNLOAD

DIAGMOSTIC
INITIATE UTILITY
INITIATE DHAGNOSTIC
AREOUEST STATUS

NOTE 1! APPIIES TQ TAPE DRIVE QPERATIONS ONLY,

Table 2.2. Complementary Command Power-on Values

= COMPLEMENTARY POWER-ON COMPLEMENTARY POWER-ON
3 COMMAND VALUE COMMAND VALUE
: Set Linit g Set Retry Time device specific
Set Volume 4] Set Status Mask disabled
Set Address 0,00 No Qp Mot Applicabie
Set Length ~1 {ful volume) Sat Release T=0 Z=0
’“‘ Set Burst disabled Set Options device specifie
Set RPS disabled Set Return Addressing Mode singie vector
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Table 2-2 summarizes the Camplementary command value definitions as used in this manual,

Execept where otherwise noted, all parameters are specified as unsigned binary numbers. The
most significant byte is always transferrved {irst.

Table 2-1 provides a summary of the specific Complementary commands that alfect the Real
Time. Gereral Purpoese, and Diagnostie commands.

2-4. GENERAL PURPOSE COMMANDS

This command group includes: the Describe cormmand which allows the hogt to determine device
type and operating characteristics ; commands which maintain or ascertain storage media integ-
rity {Initiakize Media, Spare Block. Locate and Verify); the Copy Data command which copies data
from one loesation to another within the same device: and the Release and Release Denied
commandgs,

These commands are not considered “real time” commands and therefore should not be issued by
the host unless it is willing to relinquish control of the device for & varying period of time,

2.5. DIAGNOSTIC COMMANDS

Diagnostic commands are intended to assist the host in {solating problems in the device to the
replaceable assembly level. Some commands aliow protected aceess to variables or data main-
tained by the devige (such as error information) while others cause tests to be performed on the
device or on a specific area of the storage media. Diagnostic commands may be modified by
complementary commands {refer to table 2-1).

Table 2-3. Complementary Command Value Summary

VALUE DESCRIPTION

Power-On Yalue initially assigned at power-gn or after issuing a Clear command
{refer o table 2-2).

Set The value established by issuing a command message ¢ontaining only
Complementary commands. This value remains in effect until changed
by another command containing only Complementary commands or
unitit 3 Clear command is issued.

Current This is a temporary value that is in effect only for the duration of the
transaction in which it appears. The Complementary command must

be inciuded in a Real Time, General Purpose, or Diagnostic command
message to achieve this temporary vatue. Upon ¢completion of the trans-
action, the value reveris to the previous set or power-on value.

2-3
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2-6. QUICK REFERENCE INFORMATION

- There are several summary tables located in appendix B. These tables are provided for quick-
' reference purposes and assume the user has read the detailed information provided for each
' command. The topical content for each table is as follows:

TOPICAL CONTENT

Provides the command format and refer-
ence paragraph namber for each device
command.

Shows the complete format of the Request
Status command Execution message. The

identification and significance of each bitof
the status report is explained.

Provides a matrix of the possible errors for
all device commands.

Shows which Complementary commands
affect the Real Time, General Purpose, and
Diagnostic commands.

Shows the power-on values for all Comple-
mentary commands.

Shows the complete format of the Describe
command Execution message.

2-7. DEVICE COMMAND DESCRIPTIONS

The following form 15 used for each device command description:

FUNCTION:

A brief deseriptive statement of the command function.

g COMMAND FORMAT:

! Note:

2-4

DESCRIPTION:

A complete description of the command.

TAPE UNIT OPERATION:

Describes any specific details eoncerning tape unit operations.

Table 2-6 and Table B-3 (located in appendix B} provide a summary of the possible
errvors for all device commands,
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LOCATE AND READ

2-8. LOCATE AND READ

FUNCTION:
Locates the data indicated by the target address and transmits it to the host.

COMMAND FORMAT:
<00000000>

DESCRIPTION:

The Locate and Read command is validated during the command phase of the transaction. after
which the execution phase may begin.

First the device locates the data indicated by the target address and performs any activity
nepessary to make it accessible to the user. A fatlureof any operation upto this point terminates the
transaction leaving it in the reporting phase. Once the data is accessible. the device requests an
execution message, If RPS (Rotational Position Sensing, & Complementary command) is enabled.
the window size and position relative to the target sector are used todetermine when to assertand
de-assert requests for messages. When an execution message 1s established. the data transfer may
begin,

The length of the total data transfer is the number of bytes specified ina Set Length {Complemen-
tary) command inciuded in the message with the Locate and Read command. If Set Length is not
specified. the power-on or last set length value is used. If Burst mode is enabled. another link is
requested when the next burst is available. {RPS is not effective in the burst mode.)

If a data error is encountered in the course of the transfer. ihen the device is allowed to attempt
correction for aninterval specified in the Set Retry Time{Complementary) command. During this
interval, the device will execute a predefined set of data recovery routines. If the data is unre-
coverable, the device determines its most accurate reconstruction of the data and returns this to
the host. The address of the first block of any bad data will be included with the status report
returned by a Request Status command. A Locate and Read operation updates the target address
as explained in paragraph 2-14.

The transfer always contains the amount of data requested by the host unless the host intervenes
or & hardware fault occurs, If a2 hardware favit occurs, the device will return a single byte
{QSTAT = 1} tagged with the message terminator (EOL on HP-IB). The device will continue to
return this single byte until the host enters the reporting phase of the transaction,

Note: The term “block” refers to 2 specific quantity of data. the amount of which is a
functionof the storage format of a partieular massstorage device, Forexample.a
bloek on a dise drive is a single sectorof data. e.g., 256 8-bit bytes. A bhlockona HP
DC600 Tape Cartridge is 1024 8-bit bytes,

TAPE UNIT OPERATION:

¢ Whenever a file mark is encountered during a read. the datz transfer is terminated and an
End of File (EOF}indication results (refer to paragraph 1-18).

¢ I the character count option is enabled. it may be used during read operations. Refer to
paragraph 1-19 for an explanation of the character count eption.
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LOCATE AND READ (continued)

o (Concurrent with the reporting phaseof a read operation, the device controller will instruct the
tape drive to read, but not transmit. the next bleck of data. This read is performed locally by
the tape drive and does not interfere with the normal channel transaction sequence, This
feature allows the controlier to proeess sequential read commands without stopping the tape.
When attempting toutilize this feature, the maximum time ailowed between read commands

is eritical.

»  Attempting toread a block which has never been written will terminate the data transfer with
a No Data Found error.
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COLD LOAD READ

2-3. COLD LOAD READ
FUNCTION:

Used by a host system to bootstrap itself into a higher operating environment from a more
primitive state.

COMMAND FORMAT:
<00001010>

DESCRIPTION:
Celd Load Read is part of the following unique channel sequence:
Clear . Wait for message request : Clear : Send Cold Load Read

Note: The Clear command ensures that the deviee Complementary command
parameters are all in the initial (power-on} states, and that the device is in the
command-ready state.

The operation of Cold Load Read is identical to that explained in the deseription for Locate and
Read.

2-1
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LOCATE AND WRITE

2-10. LOCATE AND WRITE
FUNCTION:

Transfers data from the host to storage area beginning at address specified by the targetaddress.

COMMAND FORMAT:
<0000001¢>>

DESCRIPTION:

Thiscornmand is the only means available to write data from the host onto the device. The opcode is
validated during the commmand phase. If the command is received and deeoded correctly, the
execution phase commences by locating the area of the media where data is to be written. The
address is specified by the Target Address. Using any RPS or burst mode settings, the deviee
determines when itigveady for data, and then requests an execution message. Theamountof data
bytes defined by the power-on or last set length value are secepted and written to the device. The
rmessage ends with a message terminator (EOQI on HP-IB).

On a dise drive, the write verifies a block prior to writing on any track, whether the track was
rerched by ap internally or externally generated seek. The write may be aboried by hardware
prablems, failure to verify at least one block on the eorrect track, or by some host intervention, If
the device internal write processis abnormally terminated. the device will sink data until the exe-
eution phase is complete. The reporting phase is used to resynehronize the transaction. A Locate
and Write operation updates the target address as explained in paragraph 2-14.

If a partial bloek is written, the remainder of the biock is filled by duplicating the last data byte of
the transfer. The Locate and Write command never retains oid data in any part of a block.

TAPE UNIT OPERATION:

After completion of 2 write operation. the tape will be automatically repesitioned toa point in front
of the next block to be written. This way the seek required in preparation for a seguential write will
take place in parallel with the receiving and decoding of the next command.

2-8
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WRITE FILE MARK

2-11, WRITE FILE MARK
FUNCTION:

A tape drive command that writesa file mark at the current tape position or any position selected
through use of the Set Address command.

COMMAND FORMAT:
<01001001>

DESCRIPTION:

File marks are used only during read operations. When a file mark is encountered during a read
operation, the End of File {(EOF)indicator isset into the status report. The controller alsoends the
data transfer by appending the terminater byie, 017, {0 the data message and tagging it with a
message terminator (EOLon HP-1B).

A data transfer which ends on the last byte of a file will not generate an EQF, uniess the host
atternpts to read the next byte. If such an attempt is made, an EOTF will immediately occur,
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SET UNIT

2-12, SET UNIT
FUNCTION:

Used to specify a specific unit number within a mass storage device.

COMMAND FORMAT:
<00I0YYYY>
_ YYYY = Unit Number (1111 = Device Controller)

DESCRIPTION:

IFYYYY=1111, the command will be directed to the device controller, If this field 1s not specified,
the default will be to the last unit specified. The power-on value is unit #s¢ it is never necessary to
specify a unit number for a single unit device. An illegal unit number {one that does not residz on
the addressed device) produces a Module Addressing status error,

The Bet Unit opeode must be the first byte of the command message. If the opeode appears
elsewhere in the message, an Illegal Opcode error will be reported.
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SET VOLUME

2-13. SET VOLUME
FUNCTION:

Used to specify the desired storage volume of a specific mass storage deviee.

COMMAND FORMAT:
<01600YY Y>>
YYY = Volume number

DESCRIPTION:

Where appropriate, fixed and removable storage media are considered as separate volumaes, Some
devices may have multiple removable volumes. This would be indieated in the Deseribe {Genersl
Purpose) command for that device. Any time Set Address is specified in either the single or
three-vector mode, that address will be interpreted for the last volume specified. Therefore, the
first sector on each volurne has single-vector address 0 and three-vector address 0, 0, Q.

Ifthisfield isnotincluded in the command message the default will be to the last volume specified
an the selected unit.

The power-on 15 volume Q. kf an illegal volume number is specified (not included on the particular
device), 2 Module Addressing status error is generated.

The Set Volume command applies to the single-vector, three-vector, and Set Block Displacemnent
modes. The Locate and Read, Locate and Write, Verify. Spare Block. and Initialize Media
comnmands al} uiilize the last specified Set Volume value.
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SET ADDRESS

2-14, SET ADDRESS
FUNCTION:

Used to set the value of the target address, Specifies single, or three-vector address meode,

COMMAND FORMAT:
<O001000T> \& PL>.... .. < P >

& parametier bytes
T = Address mode: 0 = single-veetor, I = 2-vector
Single vector format: 6-hyte binary number
3-vector format: PI - P3 = cylinder address
P4 = head address
P5 - P8 = sector address

DESCRIPTION:

The Set Address command is used to set the value of the selected unit’s target address, The target
address is then used by all other commands accessing data on that unit. The Set Address power-an
value is address 0.

Note:  The term “block”™ refers to a specific guantity of data. the amount of which isz
function of thestorage format of a particular massstorage device. Farexample, a
block on a disc drive isasinglesector of data, e.g., 256 & bit bytes. A block ona HP
DC600 Tape Cartridge is 1024 8-bit bytes.

Upeon completion of a transaction which uses the targef address, the target address will point to the
block after the last block aceessed during that transaction. whether or not the transaction was
suecessful. The target address can be obtained from the Request Status execution message.

The Target Address is unlike other Complementary parameters in that it is updated by any
command which accesses data, and does not revert to & prior value when another accessing
commanad is sent. This allows sequential data accessing.

Three-Vector Address Mode. The 6-byte address specified in a Set Address command is broken
into three fields, each of which contains one vector of the three dimensional address. The veciors
are three, one, and two bytes in kength, respectively, For dise drives, the 3-byte vector indicates
eylinder address. the 1-byte vector is the head address, and the 2-byte vector is the sector address.
The Set Veolume {Complementary} command is used to select the desired volume
(fixed/removable). The ME3B is transmitted first. The use of the three-vector format must be
limited to those devices which support this addressing mode.

Single Vector (Block). The 6-byte address field of the Set Address command is treated as one
number, Every addressable unit of storage is located via this 6-byte address, Thissimplifiesdevice
addressing for systems which are not interested in the particular device's configuration. Cylinder,
head, and sector addresseson adisc driveare organized into a single vector addressing space such
that access {o sequential sectors is provided with maximum performance, The mapping of linear
addresses into 3-vector addresses is device speeific. The three-vector addressing mode is provided
to optimize response time. If Set Address is specified in the single vector mode. the device
controller will cenvert it to the 3-vector mode during the decoding of the command. The Set
Volume {Complementary) command is used in conjunction with block addressing teo.
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SET ADDRESS (continued)

I an Address Bounds error secursduring a Set Address commmand, thetarget address will beset to
zero. The target address is also set to zero any time ap End of Volume error occurs,

2-18
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SET BLOCK DISPLACEMENT

2-15. SET BLOCK DISPLACEMENT
FUNCTION:

Adjusts the target address by the number of blocks indicafed in the parameter field,

COMMAND FORMAT:
<O0010010> < P1>. ... < P6 >,

6 parameter bytes

Parameter format: 6-hyte, signed, two's complement, binary number

DESCRIPTION:

The block displacement parameter is a double precision signed two's complement number which
is added to the eurrent target address. The new tarpet address is tested for bounds violation.

The next accessing command will cause a seek 1o the new target address. This allows random
aceess devices to be accessed in ejther absolute or relative addressing modes. Thig capability
allows compatibitity with sequential device cold load sequences which may use the Set Block
Displacement command.
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SET LENGTH

2-16. SET LENGTH

FUNCTION: |
Defines the number of bytes in a data transfer.
COMMAND FORMAT-:

<00011600> \< Fl>...... < P4 >/

4 parameter bytes

Parameter format 4-byte, unsigned binary number

DESCRIPTION:

The four bytes following the Set Length opcode contain the byte count of the transfer length, If this
field is not included in the command message. the transfer length will be determined by the
power-on or last set value. A length specification of all s {the power-on value) implies a transfer
size equal to the selected volume. Volume size is available from the Describe command.

A jength specification of ali 0¥s will cause the device to respond to 3 Real Time command with a
Locate only (seek). Nedata is transferred. A Real Time command executed in thismanner does not
require anexecution message. After this type of seek, no verification of the target block address is

perfarmed,
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SET BURST

2-17. SET BURST
FUNCTION:

Activates (and de-activates} burst mode,

COMMAND FORMAT:
<Q011110T> < P1 >
T=0 indicates that last burst only is tagged with a2 message terminator
T=1 indicates that all bursts are tagged with a message terminator

P1 = Number of 256 byte segments in each burst
{if P1 = all zeros, Burst mode is de-activated)

Noie: Message terminator on HP-IB is EOL

DESCRIPTION:

Set Burst applies only to Real Time commands. Multiple execution messages may be used io
aecommodate certaintiming reguirements. The host uses this burstvalue to define the maximum
amount of data to be transferred in any one execution message. The value specified by the Set
Length command is then divided by the size of each burst to caleulate the number of execution
messages expected. The last burst may be shorter than the others. '

Bursttransfers of 1 to 255 bleckscan bespecified, The Deseribe {(General Purpose)command gives
an indication of the amount of buffering (in blecks} used by the controller for data transfers. If =
burst size less than ar equal te the buffering available in the device is specified, the device will
accept an entire burstof information inte buffer RAM at the buffer RAM sspeed. and will write to
the media ai the appropriate time. or will read an entire burst into buffer RAM before
transmitting data. This allows eptimal channel usage. If the burst size is larger than the buffer
RAM available. the timing of each message of a burst transfer will be identical to that of an
unbursted data transfer of the same length, except that RPS is not used. This mode of operation
allows burst size to be used to satisfy transfer size limits imposed by the channel or host.

If an error occurs during a bursted write operation, the remaining bursis associated with that
transaction will besinked by the device. If anerror has sccurred during a bursted read operation,
the device will return 2 gingle byte (QSTAT = 1) tappged with 2 message terminator (EOI on
HP-18). The device will continue to return thissingle byte until the hostenters the reporting phase
of the transaction, The reporting phase is used 1o resynehronize the transaction sequence after an
error.

Set Burst is disabled at power-on.
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SET RPS (ROTATIONAL POSITION SENSING)

2-18. SET RPS (ROTATIONAL POSITION SENSING)
FUNCTION:

Sets time-to-target and window-size time intervals for RPS data transfers.

COMMAND FORMAT:
<06111001> < Timel > < Time2 >

Time ] = time-to-target in hundreds of microseconds
Time 2 = window size in hundreds of microseconds

DESCRIPTION:

Rotationgl Position Sensing {RP8) is provided to minimize non-productive channel usage while
waiting for the device to locate the area at which a transfer will begin. Using this feature. the
device willrequestan execution message containing read or write dataonly during a period called
the RPS window. The window opens at a point in time which precedes the target address by an
interval speeified a8 time-to-target, and remains open for a duration specified by window-size. If
the host does not respond with an execution message during this window, the execution message
request will be remeved until the next time the target address becomes accessible. {See figure2-1.)

The opeode is followed by two parameter bytes:

Time 1 = time-to-target in hundreds of microseconds

Note: IfTimel=0, RPS isdizabled and the execution message request will oeccur upon
completion of the seek.

Time 2 = window-size in hundreds of microseconds
Note: IfTimel isNOT =0(RPS enabled) arnd Time 2 0, the window will remain epen
and the execution message request will econtinue until the host responds with an

execution message.

if either of these parameters exceeds the latency fime period. it will be treated in the same manner
as a zero value,

At power-on, or after a Clear, RPS is disabled.
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SETRPS(ROTATIONAL POSITION SENSING)

C8/20

(continued)
i—- TIME 1 :—%
%--.' TIME 2 =113 %
| ’% | -
5 TINE 15 13

1y — OPEN RPS WINDOW
ty — CLOSE RPS WNDOW
tg — BEGINNING OF FIRST DATA BLOCK

THE APFS WINDOW |S DEFINED AS THE TIME RETWEEN 1y AND ty. THE
HOST MUSYT I1SSUE EXECUTION MESSAGE DURING THIS INTERVAL .

59657
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SET RETRY TIME

2-19. SET RETRY TIME
FUNCTION:

Used to set the amount of time available for read and seek retries.

COMMAND FORMAT:
<00111010> < P1> < P2 >

P1 - P2 = Retry time in tens of milliseconds (16-bit b"i.ﬁary number)

DESCRIPTION:

Retries are attempted after an uncorrectable data errorisencountered or when an attempted seek

fails. The power-on value is equal to the optimal retry time specified by the Describe {(General
Purpose) command.

A retry time of 0 causes no read retries toiake place. This does not eliminate latencies induced by

anrecoverable errors. In general, one latency per read attempt will be observed, once for any
unrecoverable error.

In some cases it may be necessary for the device controller to invoke retries in order to meet certain
product specifications (i.e., seek error rate). In these situations the controller will impose a
minimum allewable retry time. If the eurrent retry time is set below the imposed minimupa, it will
be forced to the minimum value. No error (s generated in the process.

Note: When specifying retry time the host is specifving the maximurn delay between
any two bytes of 2 data transfer over the channel. As this is directly related to
channel timeout, the maximum retry time should be set to some value less than the
defined channel timeout. Using this rule, it is possible that the maximum retry
time could be invoked for each block of a data transfer. Thigsituation would imply
such a high error rate as to indieate a2 hardware problem.
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SET STATUS MASK

2-20. SET STATUS MASK
FUNCTION:

Allows masking of error eonditions reported by the Request Status {Diagnostic) command.

COMMAND FORMAT:
<00111119> \& Pt >...... < P8 >

8 pararneter bytes

Parameter format: Bit positions in parameter bytes correspond to error bit positions in
the error reporting fields of the status report. Refer to paragraph 2-35.

1 = masked error

DESCRIPTION:

This opcode is followed by 8 bytes containing the status bits to be masked. Each bit pesition
corresponds to an error bit position in the Request Status message. A “one’in a given bit position
will cause that error to be masked. All error conditions except faulierrors may be masked. Refer to
the Request Status discussions (paragraph 2-35) for hit pesitions.

H any non-maskable status bits are set, 2 Parameter Bounds arror will result. The power-on value
has no error conditions masked.

The masked bits will not be reported by either Request Status or QSTAT. If a status bit is not

masked. it reports a hard error {QSTAT = 1) when set. Theenly exception to this is the Power Fail
status bit. This hit reports a2 power-on status (QSTAT = 2) whan set.
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NO OP

2-21. NO OP
FUNCTION:

Causes device to disregard message byte.

COMMAND FORMAT:
<00110100>

DESCRIPTION:

This bvteis disregarded if it appears as anopcode in a cernmand message. [t may be useful toalign
messages to word boundaries.

2-21




i
i
1
5

Complementary Command Details CS8/80

SET RELEASE

2-22. SET RELEASE
FUNCTION:

Used to suppress the release timeout and to enable automatic release,

COMMAND FORMAT:
<00111011>  <TZ000000>

T=1 B8Suppress release time-out
Z=1 Release automatically during idle time

DESCRIPTION:

The Set Release command allows the host io define how the device will respond te an internal
release request. There are four ways that the device can be configured: The first is with release
timeout enabled and automatic releasedisabled {T' =0, Z=0). This configuration will impose a two-
second limit onthe time the device willremain in reporting phase (normal or unsolicited) request-
ing release. If the two-second interval elapses without any response from the host, the device will
release 1tself. The host can prevent the device frem ever releasing tiself by disabling hoth the
timeout clock and automatic release{T=1,Z = 0). In this, the second case, the device will still enter
unsolicited reporting phase to request release but will be unable to release itself. A Release
command issued by the host is the only way the device can be released when this configuration is
used.

The third configuration enables sutomatie release (T =1, Z = 1) and allows the device tp release
itself without requesting release from the host. I release is pending, thedevice will waitin thecommand-
ready state for twe seconds. If no channel activity oecurs during this period, the device wiil release
itself. The final configuration also enables antomatic release (T =0, Z= 1) but, with timeout enabled
as well, automabic release may oceur after two seconds in either command-ready or reporting
state.

Wote: Masking the Release Request bits in the status message {refer to paragraph 2-20)
has the same effect as enabling automatic release (Z = 1)

For most devices the Set Release command must be directed to the deviea controfler {unit 15).

At power-on, or after Clear, the timeout is enabled. The power-on values of T and Z are as follows:
T=0%4=0.
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SET OPTIONS

2-23. SET OPTIONS

FUNCTION:
Used by the host to set device specific opiions.

COMMAND FORMAT:

<00111000>  <00BDOVYZ>
—p—

P! = options byte
VYZ for tape unit:
V=0 Autosparing disabjed {power-on value)

V=1 Autosparing enabled
Y =0 Autesparing invokes jump sparing (power-on vahie)
Y =1 Autosparing invokes skip sparing
Z=0 Disable character count (power-on value)
Z=1 Enable character count
DESCRIPTION:

This command is used by the host to enable or disable predefined capabilities of 2 specific device.

The power-on value of the options byte is 0.

TAPE UNIT OPERATION:

¢ TheZ-bitin theoptionsbyte (Pl)enables/disablesthe character countoption. For anexplana-
tion of this option, refer to paragraph 1-1%

»  When the V-bitis set, defective blocks encountered during a write operatien will be automati-
cally spared. This includes blocks with bad keys and those blocks previously writtes into the
error log. Excluded from auto sparing are those blocks that won’t be recognized as defective
until 2 read operation is attempted. At that time, the bad bloek(s) will be entered intothe error
log and the next time an attemptis made to write the bloek it will be auto spared. The use of
auto sparing allows ihe host to transfer the responsibility of sparing from itseif to the device.

# The Y-bit defines which sparing method will be used. For an explanation of the tape drive
sparing metheds, refer to paragraph 1-20.
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i SET RETURN ADDRESSING MODE

2-24. SET RETURN ADDRESSING MODE
FUNCTION:

5 Allows the host to specify the type of address {single or three-vector) returned in the Request
Stalus message.

COMMAND FORMAT:
<G1001000> <00000TTT>
TTT = Addressing mode
000 = single-vecior

001 = three-vector

DESCRIPTION:

This eommand allows the host to specify the type of address (single or three-vector) to be returned
T inthe Request Status message. Thisallows the host to select either the same address mode defined
’ inthe Set Address command or use a different mode. The selection of the type of address returned
in the Request 8tatus message is determined by the host and the specific type of device invelved,
providing the device supports the address mode selected.

The power-on value of the addressing mode is single-vector,

When returning an address, the siatus message parameter bytes (Pl - P6} are configured as
- foilows:

. Single vector format: 6-byte binary number
: 8-vector format: Pi - P3 = cylinder address
P4 = head address
P& - P6 = sector address

1
i
:
i
3
¢
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DESCRIBE

2-25. DESCRIBE
FUNCTION:

Returns {in an execution message) up {o 2566 bytes of information concerning device type and
characteristics.

COMMAND FORMAT:
<00110101>

DESCRIPTION:

This command provides enough information about the device to allow it to be configured into a
system without the host having prior knowledge about this device type. The device will return a
maximum of 256 bytes of information in the execution message. Table 2-4 shows the complete
formatof each field of the Describe command execution message. The last byie of this message will
be tagged with a message terminator (EOT1 on HP-IB). so that fewer than 256 bytes may be
transmitied. Therearethree types of description fields returned: the controlier field (5 bytes). the
unit field {19 bytes), and the volume field {13 bytes}. The format (guantity and sequence) of the
deseription fields returned fo the host in an execution message is determined by the unit
addressed. :

if 2 selected unit (not the coniroller) is addressed. the returned sequence format is;

fecontreller field] {unit field] [volume field]

The controlier field is returned ance per transaction: the unit field is returned once per transaction
and describes the addressed unit; and the velume field is returned once per transaction and
describes the currently specified volume,

If the controlier unit is addressed. the returned sequence format is:

[controller field] [unit O field] ([velumed] [volumel]...etc,
[unit 1 field} {volume{]} [volumel]...ete
funit 2 field]. . . ete.

. ete.

The controlier field isreturned once per transaction; the unit 0 field is returned, followed by all the

volume fields for that unit: the unit 1 field is returned, followed by all the volume fields for that
unit; and so on until afl units and volumes within the addressed device have bean described.
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Table 2-4. Deseribe Command Summary

CONTROLLER UNIT VOLUME N
DESCRIPTION FIELD DESCRIPTION FIELD' DESCRIPTION FIELD
{ecydy-ea-- {L5) VL I NN (u1g} 1RY2 1 (vi3y
S-biyte field 18-byte field t3-byte field

C1-£2 = insialled unit byte: 1 it
for each unit, (Unit & =
L58)

£3-C4 = Maximum instanteneous
transter rate in thousands
of bytes par second.

Ch = Conmrolier Type
0 = Inegrated singie-unit

cantrolier

1 = integrated muiti-unit
cordralier

2 = |mregrated multi-port
controller

Uz-Li4 =

V5-U6 =
Uy =
g =

Ug-Lt0 =

U11-Utd=

U13-ih4 =
Y118 =

17 =
g =

UG =

Generic Davige Type

0 = Fixed disc

1 = Hernovable disc ar combination

2 = Tape

Device number. Represents actusi HP product
number: XX XX XY [BCD Coded, 2 digits per
fytel, XX XXX =product nurmber. ¥ = gption,

Number of Dyies per igek
Number of biocks which can be buffered

Recommended burst size (0 = burst mode not
recommended)

Block Time in migroseconds (Time is from
peginning of one block 16 beginning of next.)

Continuous average transter rate for bong {full
votume) transfer in thousands of by tes per second.

Optimal cetry tirme in 10's of millisec onds,
Access time parameter in 107s of milliseconds.
{Maximum tinre from the end of the command

message text to the astertion of paratle! poll.
Agpplies 1o road and write commands onivy.}

Maximurm interleave factor

Fixed volume byte: ong bit per volume {zet it
fixed}; Volume § = LSH,

Removable vglume bytg: one bit per volume {set
if rernovablal; Voiume 0 = L58.

Vi-v3 =
V4=
VE-V6 =

V-v12 =

Vii=

Ma ximum value of cylinder address veetor,

Maximum vaive of head address vector.
Maximurm vatue of sector adedress vector.
Maximum value of singte-vector address,

Currgnt interlaave factor.

NOTES:

1. When the controller unit is addressed, the unif tietd is repeatad for each ynit within the device.
2. When the controller unit i3 acddressed, the voiume figld is repeated for each voiume within each unit,

(penunuod) 3g14¥Hs3a

s[reja(] puvmruio)) agodin g [eiausn
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INITIALIZE MEDIA

2-26. INITIALIZE MEDIA

CAUTION

Execution of the Initialize Media command will destroy ali
user data on the selected unit. Before executing the Initialize
Media command, make certain that the proper unit has been
selected. Failure to dosomay resultinthe lossof needed data.

COMMAND FORMAT:
<00110111>  <00000CWZ> < PZ>

CWZ = Initialize options
CWZ for dise unit:

000 = initialize selected volume retaining all factory and field spares

(001 = initialize selected volume retaining only factory spares

310 = initialize selected volume retaining no spares (for factory or CE use only)
CWZ for tape unit:

C= {0 Run certification utility on tape

C= 1 Inhibit certification utility
W= ¢ Every 512th block is allocated as a spare
W= 1 Nospares are allocated

Z= 1 Resetsparing table to initial spares as defined by hit W
Z= 0 Rewrite sparing table with no jumip spares

P2 = Block interleave byte (binary number). Must be zero for tape operation.

DESCRIPTION:

The initialize options define which spares will be retained during the initialize operation. No pre-
viously defined information in the data fields is retained.

Note: The option to initialize retaining nospares {CWZ = 010) is provided for factory or
CE use only.

Block interteaving (figure 2-2} allows the transfer rate of a device to be matched most efficiently
with that of the host computer connected to it. A host computer cannot always process bloeks of
data as fast as they are presented by the disc. Often. by the time the host computer is ready for
ancther block, the data head hasalready passed that particular bleck on the dise, and a timedelay
or latency equal 10 a5 much as one revelution of the dize is incurred. Block interleaving allows the
data to be staggered or interleaved by one or more blocks: aceess time 13 delaved only enough to
equal that of the host computer. Block interleaving, therefore, reduces inherent latencies which
are characteristic of all disc drive memories.

A “0” interleave factor has the same value as a factor of “17. If a block interleave factor greater
than the maximum allowable {as specified in the Deseribe command) is specified. the interleave

value defauits to maximum interleave. Different bloek interleaving factors may existon different
volumes.
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INITIALIZE MEDIA (continued)

TAPE UNIT OPERATION:

This command will initialize the tape. If bit Z is not set. all existing jump spares are converted to
skip spares. This resultsin the same blocks being spared but without the greater latency associated
with jump sparing. If bit Z is set. the spare table is cleared and rewritien to an initial state
determined by bit W. When the spare table is eleared. no spares are retained. All defective blocks
will have to be rediscovered.

if W-bitisset, a null spare tabie is written allocating no spares on the tape. Sparing becomes the
responsibility of the user, asthe contreller isleft with no resources for it. This option should be used
only for compatibility with non Hewleti-Packard systems.

The certification utility is used to verify the integrity of the tape media. When the ceriification
utility is run (C = (3}, a spare table is set up on the tape and any defactive blocks discovered during
the cartify routine are auvtomatically spared. If an uncertified tape is loaded. an Uninitialized
Media error will result.
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INITIALIZE MEDIA (continued)

BLOCcK
ADDRESS

NS

DATA TRANSFER SEQUENCE
(BLOCKS 1 - n)

1.

. The disc drive head is ngw at block 2

CASE 1

INTERLEAVE = 1

The disc drive reads and transmits
biocik 1.

but, because the host is still busy
with the first transfer, the drive can
not read and transmit the second
block.

The host finishes accepling biock 1
and readies itself for biock 2. By this
time the drive head has passed the
beginning of block 2 and the host
will now have to wait for the disc to
make a complete revolution hack to
{his block, This induges a latency
and degrades system throughput.

BLOCK
ADUDRESS

U

DATA TRANSFER SEQUENCE
(BLOCKS 1 - n)

t.

. The host finishes accepling block 3

. The disc drive head arrives at block

CASE 2

INTERLEAVE = 2

The disc drive reads angd transmits
pigck 1.

-

and readies Hself for block 2. Be-
cause the biocks are interleaved,
fhe dis¢ drive head is pver the inter-
vening biock and is approaching
bicck 2.

2, and reads and transmits it to the
waiting host. By using biock inter-
leave 1o aiternate the daia blocks,
latencies have been reduced and
system throughput has been
enhanced.

SUDh-tHA

Figure 2-2. Block Interigave
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SPARE BLOCK

2-27. SPARE BLOCK
FUNCTION:

Allows the host to give the device permission Lo become temporarily busy while sparing the block
indicated by the target address.

COMMAND FORMAT:
<00000110> <0000080T>

Pl = Sparing mode byte

S=( Skip spare
S=1 Jumpspare

T=0 Retain data on reformatted traek
T=1 Donot retain data on reformatted track

T must equal 1 for tape operation
5 rust equal 0 for dise operation

DESCRIPTION:

(Once sparing has been initiated in a given area, it must be completed to aveid preblems with
partial address changes. Under most circumstances, the device will determine the optimum
technique for sparing. In some cases. however. the hosi may specify additional informationasto
how the sparing operation will be earried ont. This is done via the sparing mode byte.

When the hostissuesa Spare Block command to the dise drive, it is necessary to reformat the entire
datairack on whieh the defaective block resides. If the option te retain data is specified {T = 0}, all
data on the track, excluding the defective block, will be retained. i the host does not wish toretain
data (T = 1), the sparing operation will be performed but none of the data will be retained. If the
host attempts fo spare a defective block with the option to retain data and an additionat defective
block is found on the data track, an Unrecoverable Data errar will result. In this case. the host must
spare witheut retaining data.

Following a Spare Block command. the parameter field of the status message will contain

information concerning the address and length of the area reformatted by the command. The
parameter bytes (P1- P8} contain the beginning address of the reformatted areaand the fault log
bytes (PT7 ~ F1{) contain the length -~ in bloeks — of the reformatted area.

Note: Because of the informatien contained in the parameter field of the status message,
statusshould always be requested after a Spare Block command. This will return
information about the area affected by the sparing aperation and will also clear
the status message.

TAPE UNIT OPERATION:

This command instructs the device to spare the current target block using the method indi-
cated by the 8 hit. A sparing operation requires that the sparing table be updated. Because up-
dating involves tape mavement, this command may take the full tape transit time to execute.
Refer to paragraph 1-20 for an explanation of sparing methods.

This command does rot retain data in the spare block.
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LOCATE AND VERIFY

2-28. LOCATE AND VERIFY
FUNCTION:

Instructs the device to perform an internal verification of a section of data to ensure that it can
be read.

COMMAND FORMAT:
<00000100>

DESCRIPTION:

None of thisdata istransferred to the host 30 no execution message isrequired. The Bet Lengthand
Set Address {Complementary} commands are used as deseribed in paragraphs 2-14 and 2-16.

The verification starts at the target address and coniinues for the amount of data (in bytes)
specified in a Set Length {Complementary)ecommand {or the existing set or power-oni valuel. If this
byte count length is not an integral multiple of the number of bytes per block the count will be
rounded up to verify the entire block, since a bioek is the smallest unit which ¢an be verified.

During verificationall correctable data errorsare counted and logged into the error log. Verifica-
tion will terminate immediately on an unrecoverable data error.

Read retries are not normally attempted during a Locate and Verify. In some cases, however, it
may be necessary for the device controlier to invoke retriesin order to meet certain produet specifica-
iions {i.e., seek error rate).

TAPE UNIT OPERATION:

o  Verify will terminate on an unrecoverable data error unless the bad bloek has been spared.

&  Veorify will not terminate on a file mark.

o At the conelusion of 3 write operation, the host may initiate & verify after resetting the target
address to the address in effect at the beginning of the transfer. It is not recommendad,
however, that such verifies be done on a block-by-bloek basis as this will result in extremaly
poor performance and exeessive mechanieal wear.
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COPY DATA

2-29. COPY DATA
FUNCTION:

Copies the amount of data specified by the power-on or last set length value from the specified unit
and velume to a selected unit and velume.

COMMAND FORMAT:

<O0001060>  <OVVVIUUU> SUHILOBOT>, < PT > ... < Pg >
' \Set Address f parameter bytes/

Address of data source

<OXXXOWWW>  (<0001000T>, & P1>.. ... < PH >

\Set Address 6 parameter byvtes

Address of data destination

ATAYAY = volume number on VU from which data is eopied
ULy = ypit number of data seurce

T = address mode {0 = single vector. 1 = 3-vecior)

XXX = volume number on WWW to which data is copied
WWW = unit number of data destination

DESCRIPTION:

Copy Data provides a copy function from one unit to another within the same device or from one
volume 10 another within the same unit. If unrecoverable data is read, this data will be copied
usingthe best recovery attempts. butit will not generate anerror at the destination. Thereforeany
errors found in the initial copy will be neted in the status report returned follewing the Copy Data
transaction along with the address of the first ervor.

Theaddress from which thedata izsobtained is the address sperified after the source unitnumber.
The destination addressisspeeified by the Set Address command located after the destination unit
number. The Set Address opcode may indicate any of the addressing modes supported. The
parameters of the Set Address command are vailidated as a normal Set Address,

A full velume transfer is accomplished by setiing the length specification (via the Set Length
comroand) o all 1", This value implies a transfer size equal to the selected volume. I the target
addressofthe data sourceisthen seito the beginning of the volume{address 0 the entire contents
of the volurme will be copiled. Although this is the normal methad of executing a full volume
transferitis not necessary to reset the target addressto the beginningof the volume. A fullvolume
iransfer can begin anywhere within the selected volume and will copy all data from that point to
the end of the volume. I a full volume transfer isexecuted in this manner, an End of Volume errar
will sint be generated when the end of the volume is reached.

The Copy Data command isabwvavs directed tothe device controlier (unit 15}, Copring of data from
one area Lo an overlapping area vields an unspecified result which will net cause an error.

1 a failure occurs during a Copy Data command. 3 Cross-Unit error will result, This error will
place a Hist of the failing uniys) in the parameter fleld (P1 - P6) of the Reguest Status message.
Using this information, the host can then request status from the faiting unit(s) to determine the
exact nature of the failure.
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COPY DATA (continued)

TAPE UNIT OPERATION:

The tape unit address must be in block mode.

End of File (EOF) status is reported and the operation terminated if & file mark is encoun-
tered on the tape when it is the source unit.

If an unwritten block is encountered on the tape when it is the souree unit, the eperation is
terminated with No Data Found status.

Reaching the end of voiume for either unit terminates the operation with an End of Vélume
status.

If a bad key is encountered on the tape when it iz the destination unit. the operation is
terminated uniess auto sparing is enabled. During a full volume transfer. auto sparing is
enabled using skip sparing.

If more than one tape is required to perform a full velume transfer to the tape unit, the

address of the first dise sector copied to each tape is logged in the maintenance biock of that
tape. {An example of this is a full volume copy on an HP 7914.)
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RELEASE

2-30. RELEASE
FUNCTION:

Used to release the deviee for a period of time.

COMMAND FORMAT:
<00001110>

DESCRIPTION:

1Jsing the Release commuand. the host ean allow adevice to go offline to service an internal require-
ment. The host is informed of this requirement via the Relsase Request bits in the status message
returned by the-device. Once released, the device wiil service the internal requirement and then
return in the reporting state. If the host atternpts to commaunicate with the device while it is re-
leased, a Retransmit error will be reperted when the deviee returns.

When the host issues the Reiease command the device will go offline and service one internal re-
quirement. lf more thanone release request is present st one time, aseparate release sequenee will
be required 1o service cach request.

2-34




C&/80 General Purpose Command Details

RELEASE DENIED

2.31. RELEASE DENIED
FUNCTION:

Prohibits the device from releasing itself.

COMMAND FORMAT:
<00001111>

DESCRIPTION:

This command will be issued by the host if the device returns a release request stgtus report and
the host does not want the device to be released. By specifically denying the refease, the host can
keep the deviee from timing out and releasing itself. The Release Denied command will clear ali
release requests which are pending when the commuand isissued. Once reiease has beendenied, the
event which initiated the release request must recceur before the device will issue another request.
This may include pushing 2 button again {e.g.. Unload. self-test) or the redetection by the con-
troller of an internal condition (2.g.. head slignment, error log maintenance).

For most devices the Release Denied command mustbe directed to the device controller (unit 15),
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UNLOAD

2-32. UNLOAD
COMMAND FORMAT:
<(01001010>>

DESCRIPTION:

This command is used by the host to unioad the tape. The error log is rewritlen. if necessary. and
the tape is unloaded. Execution of this command may require rewriting logs at both BOT and
EOT. Befare each log is updated. a release request for internal maintenance will be generated.
This meansthal an Unload command may be followed by a= manv us twe release requests. one for
each log. If the loge cannot be rewritien ttape drive failure. tape write protected), the tape will be
unloaded without any release requests being generated.
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INITIATE UTILITY

2-33. INITIATE UTILITY

FUNCTION:
Directs the device to perform one utility routine.
COMMAND FORMAT:

<O01ID0XX> < Pl> & P2 >.... .. < P9_>/

Up te 8 parameier bytes
XX = execution message gualifier

00 = no execution message
(01 = device will receive execution message lext
14 = device will Rend execution message text

P1 = utility number (device specific)

Parameter quantity and content is function of P1.

DESCRIPTION:

The utility number following the Initiate Uttlity opeode indieates which utility is to be performed,
Depending on the utility selected. a predefined number of parameter bytes mav be expected to
foliow the utility number.
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INITIATE DIAGNOSTIC

2-34. INITIATE DIAGNOSTIC
FUNCTION:

Directs the device to perform one internally defined diagnostic routine.

COMMAND FORMAT:
<00110011> \<P1> <P2> < P3>,

3 parameter bytes

Pl - P2 = leop parameter
P3 = diagnostic section number

DESCRIPTION:

This command instructs the device to perform one internally defined diagnostic routine. The
Diagnostic Result parameters of the status message wili contain information concerning the
results of the diagnostic.The Initiate Diagnostic cemmand must be directed to the device con-
troller (unit 15).

Parameter byte P3 {diagnostic section number} defines which internal diagnostic the device will

perform. (The vaiue of this parameter is device dependent.} Parameter bytes P1 and P2 (loop)
determine how many times the diagnostic will be performed.
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REQUEST STATUS

2-35. REQUEST STATUS
FUNCTION:

Instructs the device to return {in an execution message? the status report.

COMMAND FORMAT:
<00001101>

DESCRIPTION:

The Request Status command returnsa 20-byte status report(in an execution message) indicating
the enmulative status of all transactions which have occurred since the status report was last
cieared. The status reporican only be eleared by executing a Request Status command or a Clear
command {refer to paragraph 3-2). The status report consists of & Z-byte identification field, an
&-hyte error reporting fietd. and ten bytes of additional infermation in the parameter field. Table
2-5 shows the complete format of the status report, and table 2.6 shows the errors that apply toa
given command.

The 2-byte identification field contains the volume number, the unit number. and an identification
of other units within the device that have status pending.

The 8-byte error reporting field contains four categories: Reject Errors. Fault Errors, Access
Errors, and Information Errors. Each category has a 2-byte error field. All errar conditions are
assigned specific bit positiens in one of these fields. The error bit pesitions correspond to bit
positions in the Set Status Mask (Complementary) command parameter field.

The contentof the parameter field isdependenton the errors being reported. The parameier field
contents are awarded to the error with the highest priority {lowest bit position in the error
reporting field). Anerrorthathag been masked in a Set Status Mask {Complementary) command
will not be reported and will not generate parameters. All address parametersare reported inthe
format (single or 3-vector) last specified in 2 Set Beturn Addressing Mode (Complementary)
command. Whenever the 6-byte address field is not being used, either by a status bit which hasa
parameter or by a Spare Block command. it will contain the current target address. The last four
bytes (P7 - P10Y of the parameter field wiil contain device specific fault log information execept
after 2 Spare Block commmand. After a Spare Block command, bytes P - P8 contain the address of
the area affected by the command and bytes P7 - P10 contain the length of the affected zvea.

ERROR CATEGORIES

Reject Errors. Includes status bits which indicate a logical error in the host's interaction with the
device Rejecterrors result fromapeode or parameter errors in the eommand message or message
typeor lengtherrors in any message. Typically, incorrect programming or channel malfunction is
the cause of these errors,

Fault Errors. Indicate device hardware failures or the availability of diagnestic information.

Access Errors, Indicate prohlems encounterad in executing a specific command relating 1o such
factors as device format. media condition, or independent events occurring during a transaction
{i.e.. operator intervention}

Information Errors. Provide maintenance information to the hest. These errors arise from condi-
tions which were not fatal to the operation being performed and do not reguire immaediate host
action, In most cases. information errors indicate potential problems or performance irregulari-
ties in the device.
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REQUEST STATUS (continued)

Table 2-5. Reguest Status Summary

€5/80

ERROR REPORTING FIELDS!
A

IDENTIFICATION ERRDRS FIELD

<VUYWYLHIYUS <55 58 55 58>

REJECT ERRORS FIELD

2

7 o8 15

<00200567><89W0012000>

18

FAULT ERRORS FiEL D¢

23 24

31

<OIT019 002202402627 28030 31>

YWYV = Volume number
LRI = Unit number

SESS8585 = Value of the lowest
numbered ynit with
status pending (alt
Gnes if fa units hava
status pending).

Motes:
1. Zregr pit positions correspond 1o bit

A 717 ingdigates presence of an errar.
Unused bit positions musta be zorges.

2 Al Faull Errors arg unmaskapie,

3. Error uses parameter beid,

4 » Parameler field contiguration s gde-
pendent on reparied efrors.

& Highest priority iz given o lowest
numbared errorg

* hasked garrors ralinguish theis
pridarity .

positions in Set Status Mask command.

10

12

u

W

H

CHAMNEL PARITY EAROR
A channel command was re-
ceival withou! odd parity.

HLEGAL OPCODE
Anunrecagrizable opeode
was feceived.

MODULE ADDRESSING

Ap ilegs! volume or unit Aum-
bar was spetified tor this
device,

ADDARESS BOUNDS

The target address Nas ax-
ceeded the bounds for thig
devica.

PARBMETER BOUNDS

A parameter {pther than unil,
volume, o1 target address) is
ot athowed for thig device.

ILLEGAL PARAMETER

A pararneter field was the
wrong iength for the opcode
preceding i

MESSAGE SEGUENCE

The message sequence has
been vidlated. [Error sup+
prassed if any reject of fault
errors have oncurced prior bo
seCjuence efror.)

MESSAGE § ENGTH
The lotat {gngth of tha execu-
tien message ditters from the
current defauit vatue,

17 = CROSS-UNIT?
An grrar has pocurrerd
during a Copy Data
aperation.

189 - CONTROLLER FAULY
A hardware fault oo

Surred in the controdler.

LINIT FAULT

A hardweare fautt has
occurred in the ynit
addressed,

u

(22

DIAGNOSTIC AESULT?
The hardware failed the
giagrostic ingigaled n
the parameter Heig.

23

28 - 28 = AELEASE REQUIRED

This cammand canno
be executad until alter
raleass s granted 1o the
device.

Oevite requires release
tor indicated reason:

26 = OPERATOR REQUEST
Aelease raquirad tor
ap&rator requast (e.g.,
load/unlaad, restore).

3

Refease required tor
dizggnostics imitialed
from control pamel (e.g.
HIQ. self tesn}.

2

INTERNAL MAINTE-
NANCE
Retease required for in-

ternal maintenance (e.q.,

head alignment, error
fogh.

30 = POWER FAIL

The power 19 the unit
talled . 8 diagnostic de-
stroyed configuration,
oF 38 pack was lpaded.
Device should be recon-
Hgured,

i

31 = RETRANSMIT
The preceding transac-
tion should be retried.

DLAGNOSTIC REQUEST
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REQUEST STATUS (continued)
Table 2-5. Reguest Status Summary (continued)
ERROR REPORTING FIELDS
_A
7
ACCESS ERRORS FIELD INFORMATION ERRORS FIELD FARAMETER FIELD?
a2 29 40 a7 | as 55 56 84

323334353637 00>C404104344000>

<4B43 5051520055 0S5V SESR06T00>

PRI S e re e e P10

ILLEGAL PARALLEL
OFERATION

The requested cperation can-
not be executed in parabiel
with some other operationis)
currently in progress.

32 =

33 = UNINTTIALIZED MEDIA

The host attempled o Bocess
unformalied media, or an-
usahle media kas heean
|gaded.

34 = NO SPARES AVAILABLE
Sparg Block cannct be exe-
cuted due 1¢ fack of spare
media.

45 = NOT READY
The selected unit is Rot reedy
for access al this time {e.3.,
haads or media not yet fully
1oaded).

35 = WRITE PROTELT
The selected volume (s write
protecied,

A7 = NG DATAFOUND
A plock aceessed during a
read has not been writlen,

40 = UNRECOVERABLE DATA
OVERFLOW
The previgus transacton gen-
erated more {han b uffecoy-
erabie data error. The antire
transfer should be considered
inerror.

41 = UNRECOVERABLE DATAY
Linrgcoverable data al indi-
cated block{s).

43 = ERD QFFILE
End of e encountered on
tite structured device.
44 < END OF VOLUME
The host aftempled 10 access
a0roEs A yolume boundary.

REQUIEST RELEASE®
Device requests release
for indicated reason:

48 - 50 =

48 = OPERATOR REQUEST?
Retease requested for
CRErAIG: Fequest {e.4.,
vadfunicad, restore).

DIAGNOSTIC REQUEST?
Relzase request initiated
fram diagrostic control
panei te.q.. #HI10, setf test).

50 = INTERMAL MAINTE-
MANCE!
Agtease requested for in-
fernai mainienance {e.q..
haad aligrment, error logh

5t = MEDIA WEAR
Ordy ong spare track
{disc) or one sparc biock
{tapa} remaining.

52 = LATENCY INCUCED
Adatency was induced
during the transfer due ta
slow transtfer rate or seek
restry,

88 = AUTO SPARING
INVOKED
A delective block has been
automaticatly spared by
the device.
57 = RECOVERABLE DATA
QVERFLOW
The previcus transaction
generaged more than 1 re-
coverakle data error.

58 = MARGINAL DATA?
[ata was recovered, put
with ditficulty,

RECQVERABLE DATA?
A tatency was introduced
n arder o correcta dats
erron

54

1 = MAINTENANCE TRACK
QOVERFLOW
Error and {ault tog area i3
fuil.

o

Mo Errars: 81 throogh PS indicate mew
Target Address. The addrass {9rmat,
which is used any time 21 through B8
contain address information, is de-
fined by the Set Return Addreasing
enmmand reter to paragraph 2-24].

Npg Errgrs: PT through P14 contain run-
time drive error codes (RERRORS).
gxcept after a Spare Biock command.
The errors are arranged chrongdlogi-
calty: P7 gonlatns the most recent of
the four errors recorded; P10 contmins
the gidest of the four recorded.

Mote: Eqor codes A0M and CRM wili
always be Ipilowed by 2 single
byle comtaining fauM latch
informatian.

After 2 Spare Block command. P11
through PS contain the beginning ad-
dregs af tha relormatied area. {EHsc
operatian only.}

After Spare Black command . P7
through P10 indicate the leagth - in
plocks - of the reformatted grea. The
lengtn is a four-byte, unsignec binary
number. [Dige operation only.

Error Bt Mo 17

Croas-unit: Pt through P6 contain the
encoded valugs of eagh unit which has
experienced an arror. & byte af ap
ones ngicates no additonal units.

Error Bit NO. 24
Dingnostic Results: P4 through PB
contatn the following information:

1 = most suspect camponent

PZ = nex! most suspect component

P3 = tgst error (TERROR) assagi-
atedt with £

P4 = test grrgr [TERROR) associ-
ated with P2

P5 - PB = not used

F? - F1l contain DERROR infarmation
{fgrmat despribed abovel.

Error Bit No. 41
Unrecoverable Data: F1 through PE
indicate address of bad block.

Errgr Bl No, 48 - No. 50

Reguest Aelease: P thvough P& con-
lain the ancoded values of each unit
requesting release. A byte of all ones
indicates no gdditional units,

Error Bif NG, 5B
Marginat Sata; P1 through PG indicate
address of tha marg:nal block.

Error Bit No. 59
Recoversiltie Data: P1 Ihrough PE ind:-
cate adgress ol recoverable block.
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REQUEST STATUS (continued)

_ Table 2-6. Possible Errors Summary

COMMAND REJECT ERRORS FAULT ERRORS

REAL TIME

LOCATE AND READ
COLD LOAD READ
LOCATE AND WRITE

WHRITE FILE MARK!

COMPLEMENTARY

SET UMNIT
SET VOLUME
SET ADOHESS

SET BLOCK DISPLACEMENT
- SET LENGTH
SEY BURSTY

g SET RPS
SET RETRY TIME
SET STATUS MASK

NQ OF
ST AELEASE
SET OPTIONS'

SET REYURAN
ADDRESSING MODE

GENERAL PURPOSE

OESCRIBE
INITEALIZE MEDA
SPARE BLOCK

LOCATE AND VERIFY
COPY DATA
BELEASE

RELEASE DENIED
L UNLOAD!

DIAGNOSTIC

INITIATE UTILITY
- ) INITIATE (HAGNQSTIC
REGLUEST STATUS

NQTE 1: APPLIES TO TAPE DRIVE OPERATIONS ONLY,
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REQUEST STATUS (continued)

Table 2-6. Possible Errors Summary {continned)

COMMAND

ACCESS ERRORS

INFORMATION ERRCRS

REAL TIME

LOCATE AND READ
COLR L3AD READ
LOCATE AND WRITE

WHRITE FILE MARK'

COMPLEMENTARY

SET UNIT
SET VOLUME
SET ADORESS

SET BLOLCK [HSPLACEMENT
SET LENGTH
SET BURSET

SETRPS
EET RETRY TiME
SET STATUS MASK

ND OF
SET RELEASE
SET QFPTIONS!

SET AETURM
ADDRESSING MODE

GENERAL PURPOSE

DESCRIBE
HHTIALIZE MEDHIA
SPARE BLOCK

LOCATE AND VERIFY
COPY DATA
RELEASE

AELEASE DENIED
UNLOAD!

GIAGNOSTIC

INITIATE LUTILITY
HHTIATE DIAGNOSTIC
REGHJEST STATUS
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SECTION il
TRANSPARENT MESSAGE COMMANDS

3-1. INTRODUCTION

The function of transparent commands is te compensate for different types of channels and
differences in operating environments. Transparent commands are intercepted by the channel
module and modify the normal eommand-exeeution-reporting transaction sequence {refer to
paragraph 1-6}. The transparent commands include the Clear, Cancel, Loopback. and Interface
commands. Anillegal opeode in a transparent message will generaie a Message Sequence error.
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CLEAR

3-2. CLEAR

The clear command will cause the device fo abort the transaction in process as soon as poessible
without losing any data. There are three mechanisms available to clear the device: the HP-IB
Universal Clear command. the HP-IB Selected Device Clear command, and the Channel Inde-
pendent Clear. All three commands will cause identical clearing action in a device, unless the
Channel Independent Clear is directed to a unit other than the device conirotler {refer to para-
graph 3-56). The Clear command will reset:

— clearable hardware funetions

- internal buffers

— channel interface buifers

— Complementary values

— status report, unless the Diagnostic Result status bit is set

— other programmable functions {device dependent)
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UNIVERSAL DEVICE CLEAR

3-3. UNIVERSAL DEVICE CLEAR
FUNCTION:

A universal command that forces all deviees on the HP-IB to return to 2 known reset state,

COMMAND FORMAT (HP-1B):
ATN
<PO010100>*

DESCRIPTION:

After the elear operation, the device goes to the reporting state. A reporting rmessage following a
Clear command is optional because the device will accept and execute a command if sent. Aftera
Clear command, the host should wait for the device to reguest a reporting message before sending
any other command, This will avoid channel imeouts if there is a defay in processing the Clear
command.

There may besome instances where a Clear command cccurring during the execution phase may
be deferred in order to allow completion of a critical operation.

When the host issues a Clear. the deviee will

Note: This sequence dees not inciude any recalibration operations or diagnostic
functions.

1. Abortthe ecurrent operaiion at the earliestopportunity such that ne data corruption can take
place.

2. Clear alli clearable device or interface conditions currently asserted.
Reset all Complementary parameters to their pewer-on values,

4. TResst status report, uniess the Diagnostic Besult status bif is set. This includes resetting
power-on status.

Note:  After the device has reported a diagnostic failure onohe unit, the Clear command
will clear the status of other units attempting to report the same failure. It is

unnecessary for the same failure to be reported more than once.

5. SBet QSTAT value to indicate whether or not status should be requested. Note: QSTAT will
indieate any diagnostie results in addition to the oeeurrence of an internal release request.

6. Enter the reporting state.

Note: Seesection IV for the HP-IB implementation of the Clear command.

*P = Parity Bit for all HP-1B com mand_}s
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SELECTED DEVICE CLEAR

3-4., SELECTED DEVICE CLEAR

FUNCTION:
' An HP-IB channel command that forces only currently addreszed devices to return to a known
| reset state.

COMMAND FORMAT (HP-IB);

ATN ATN
<POLADDRS> <POM0I00>

DESCRIPTION:

This command description is identical to the description for the Unversal Device Clear command

{refer to paragraph 3-3).

i
i
i
H
i
i
i
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CS5/80 Transparent Message Commands

CHANNEL INDEPENDENT CLEAR

3-5. CHANNEL iNDEPENDENT CLEAR
FUNCTION:

The recommended clearing meehznism for echannels other than HP-IB.

COMMAND FORMAT (HP-IB):

[0010YY Y YT <H0001000>
¥YYY = unit number

DESCRIPTION:

This cornmand can be used by the host te implernent a Clear command on channels other than
HP-IB. If the unit number specifies the device controlier (unit 15} all units associated with that
device will be cleared in a manner identical to the Universal Clear command (refer to paragraph
3-83). 1fthe unit number specifies a particular unit within the device. only that unit will be cleared
and after the clear operation the specified unit will remzin selected.
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Transparent Message Commands C8/85

CANCEL

3-6. CANCEL
FUNCTION:

This command causes graceful termination of the transaction, leaving it in the reporting phase.

COMMAND FORMAT:

[0010YYYY] <00001001>
YYYY = unit number

DESCRIPTION:

The Cancel command suppresses message length errors. The recommended way to terminate a
transaction is to terminate the message link, then send the Cancel command.
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LOOPBACK

3-7. LOOPBACK
FUNCTION:

Initiates a sequernce to test ehannel integrity.

COMMAND FORMAT:
<00B0061T> <Pl >... ... < P4 >
Byte Length Paramater {(n}

T=0 Read Loopback Test
T=1 Write Loopback Test

Note: See section IV for the HP-IB implementation of the Read and Write Loopback
tesgts.

DESCRIPTION:

Loopback is an interface test performed by the channel module consisting of two transparent
messages followed by a reporting message. The first transparent message specifies that a read or
write loopback operation of n bytes wiil follow. and the second transparent message containg the
test data specified by the first. The host can then progress to the reporting phase without waiting
for a poll from the device.

Normally the device remains in the command-ready state during a isopback test and does not
request a reporting message, Therefore. unless an error has occurred. a reporting message to
retrieve @QSTAT is eptional and the device will accept and execute a command message following
the second transparent message.

Ifanerror occursduring the loopback sequence, thedevice will enter an interlock reporting state.
In this state the device will notl execuie any commands from the host unti! the fatlure has been
reported. If the transferred data bytes are not correct. or if the number of bytes transferred is not
equal to the number specified in the Loopback eommand, a Channel Parity error wili result.

Internal requests are suppressed onece the loopback command is given and re-enabled after
completion of the loopback sequence.

The loopback test sequence begins with a hex FF and each byte that follows is equal to its
predecessor plus one. Carry is ignored.
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Transparent Message Commands CS/R0

HP-IB PARITY CHECKING

3-8. INTERFACE SPECIFIC COMMANDS

These comimands are used to set up any ehannel specific interface parameters or operating
conditions.

3-9. HP-IB PARITY CHECKING
FUNCTION:

Thix cornmand determines whether the device will detect channel command parity errors,

COMMAND FORMAT:
EOI
<ODOUOBNT>  <OBDO0OSV>>

5 =0 Disable SR} during poll (power-on state)
5=1 Enable SRQ during pol}

V=0 Parity Checking disabled {power-on state}
V=1 Parity Checking enabled

Note: See section IV for the HP-IB implementation of the Parity Checking command.

DESCRIPTION:

if Parity Checking is enabled. and a channel command present on the hus does not contain odd
parity, the device will NOT accept the command: i.e.. Not Data Accepted (NDAC) will remain in
the low state. This condition will remain until the host rernoves Data Valid{DAViand ecorrectsthe
channel command parity.

If the S bil is set. the Service Request {SHQ) line will be asserted whenever the device polls.
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IDENTIFY

3-10. IDENTIFY
FUNCTION:

Identify is a special-case HP-IB command used by the host at power-on o identify the devices
connected to the bus.

COMMAND FORMAT:
Secondary with
Untalk Device Address Supplhied by Device Unaddre.ﬁs
ATN ATN ATN
<Pi011111> <P11ADDRS> <O00000 10> <<TTTTTTTT> <PIOIILLG>

IDbyte 1 IDbyte2

T = Device tvpe code

DESCRIPTION:

Each device returns a two-byte identity code which the host can use to configure itzelf. A CS/B0
devices return the value of 2 (00000010} in 1D byte 1. and the product type vode in 1D byte 2.

Note: The transparent secondary command is not used in this sequence.
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SECTION IV
CHANNEL IMPLEMENTATION

4-1. INTRODUCTION

Thissection provides anoverview of the Hewlett-Packard Interface Bus{HP-IB)and discusses the
protocol and syntax for bus interactions between the Controlter-In-Charge (CIC) and a disc drive
mass storage device.

Protocol is defined as the rules for conducting cormmunications on a given channel. Protocol is
channelspecific/deviee-independent and inciudes the addressing requirements, handshake se-
guence, bus management operations. and polling techniques on the HP-IB.

Syntax is defined as the systematic arrangement of communieation elements {bytes, commands,
gte.} to form intelligent messages. Syntax on the HP-IB is device-specific/channel-independent
and inchades the specific coromands used to specify the operational state of a device connected to
the HP-IB.

4-2. HP-IB OVERVIEW

The HP-IB provides astandardized methed to connect and transfer information between separate
devices. See figure 4-1. HP-IB is the Hewlett-Packard implementation of ANSI/IEEE 488-1978,
“IERE Standard Digital Interface for Programmabie Instrumentation”™

The HP-1B transfers commands and data between the components of a system on 16 signzl lines,
The interface funections for each system device are performed within the device so only passive
cabling is neaded to connect the system, The cablesconnect all system components in parallei tothe
signal lines.

The eight Data 1/0 lines (D101 through DIO8) are reserved for the transfer of commands, data,
and other messages in a byte-serizl, bit-paralle]l manner, Byte transfer is asynehronous, coordi-
nated by the three-line handshake bus censisting of Dala Valid {DAV), Not Ready For Data
{NRFD), and Not Data Accepted (NDACQC).

Command/data bytes are transmitted over the DIO lines under sequential control of the hand-
shake signals. No step in the handshake sequence can be initiated until the previous step is
completed. Information transfer can proceed as fast as devices can respond, but no faster than the
slowest device that is active. This permiis several devices on the bus to receive the same message
byte concurrently.

Devices connected tothe bus may be talkers, listeners. or controliers{see tahle 4-1). The controlier-
in-charge (CIC) dictates the role of each of the other devices by setting the Attention {ATN) line
true and sending talk or listen address commands on the D10 lines. Addresses areset inte a device
at the time of system configuration with switches built into the device or by jumpers on a printed
circuit board. While ATN is true, all devices mustlisten tothe DIO lines. When ATN is false, only
devices that have been addressed will aetively send or receivedata. Several listenerscan be active
simultaneously butonly one talker can be active at a time. Whenever a talk address is present on
the D10 lines {while ATN is true), all other talkers are automatically unaddressed.
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HANDSHAKE GF DATA-BYTE GENERAL INTEAFALE

DATA BUS TRANSEER CONTAOL BUS MANAGEMENT BUS
(B SHGMAL LINESH 13 51GNAL LINES) 13 SIGNAL LINES)
{ > DIOT-L THROUGH DIOE-L —
- A I DATA IRPUT/OUTPUT LINES
t - » DAY-L - DATA VALID
¢ - # NRFD-L — NOT READY FOR DATA
7 ‘J\ # NOAC-L — NOT DATA ACCEPTED

IFC~L — INTERFACE CLEAR

* ATH-L - ATTENTION
» SRO-L — SERVICE REQUEST
~ & REN-1 - AEMOTE ENABLE
\;ﬂ r-:y ! -y \.,r 1 # ECI-L - END OR IDENTIEY
DEVICE A DEVICE R DEVICE C DEVICE D
ABLE TO ABRLE TO ARLETO ABLE TS
TALK, LISTEN TALK AND LISTEN . TALK
AND CONTROL LISTEN ONLY ONLY

5055-3a Figure 4-1. Hewlett-Packard Interface Bus

The Interface Clear (EFC) signal places all devices on the bug in a known quiescent state. The
Remote Enable (REN) signal is used to select between twa alternate sources of devies program-
ming data such as the front panel or the HP-1B.

In a serial poll system. any active device can set the Service Request (SRQ) signal true. This
indicates te the CIC that some device on the bus requires attention.

The End or ldentifv (EOQI) is a talker signal used to indicate the end of a multiple-byte transfer
sequence.

In a paraliel poH svstem. when the C1C sets both ATN and EOI true simultaneously. each device
requiring attention from the CIC responds by setting the DIO line corresponding to its address
trae.

Table 4-1. HP-1B Definitiens

HP-18 TERM DEFINITION CONSIDERATIONS

TALKER Any device which sends information There can be only one TALKER sending
over the HP-18. infoarmation over the HP-18 at 4 time.

LISTEMNER Any device which receives information | In a parallel poli system, there can be up
over \he HP-i8. Some devices can tunc- {10 8 LISTENERS receiving information
tion as LISTENERS or TALKERS. aver the HP-1B at the same time.

CONTROLLER | Any device that has been programmed | The CONTROLLER manages dala flow

to manage data How between the by addressing one device as a TALKER
TALKER AND THE LISTENER({s} in and one or more gevices as LISTENERS.
addition to being a TALKER and a There can be anly one active CON-
LISTENER. TROLLER on the HP-i8 at any time, The

active CONTRODLLER is called the CON-
THROLLER-IN-CHARGE (CIC).

SYSTEM Any device that functions as a CON- There can be only ong SYSTEM CON-
CONTROLLER | TROLLER and is able ta gain absolute §TROLLER connected to the HP-IB.
control of the HP-1B with the Interface
Clear {IFC} signal.
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4-3. EXPLANATION OF TERMS

The following paragraphs provide explanations of the terms used in this section.

COMMAND. A unit of information transmitted over the cﬁannel {HP-1B) relating to 8 specific
operation.

CHANNEL COMMAND. Channel commands are located in the message header{primary I and
secondary} and trailer {primary 11 and are used o manage operation on the channel itzelf.
Information an the HP-IB data lines is considered a Channel Command when the ATN line is
asserted,

PEVICE COMMAND. Device commands are located in the text portion of a command message.
and are used to controt the operation of a deviee connected Lo the channel.

UNIVERSALCOMMAND. A channel command that causes all devices on the bus to perform a
predetermined interface function.

PRIMARY COMMAND. Theprimarv I command isachannel command that begins the message
sequence. [1is located in the message header and contains the cnmmand to fisten or taik and the
address of a particular devige. The primary If command is lecated in the message trailer and
unaddresses the device with an unlisten or untalk command.

Table 4-2, Universal Command Formats

UNIVERSAL COMMAND UNIVERSAL DEVICE CLEAR
ATHN ATN
<PO0ICCCC> <POG10100>
P = Parity Bit P = Parity Bit
CCCC = Command Code

SECONDARY COMMAND. The secandary command is a channel ¢eommand located in the
messare header and sets up the action required of the device in the text of the message,

TEXT. Thetext of the message can be | to nbvtesdepending on the reguired action. The required
action can be toreceive further qualifving information or instructions{such as a device command),
tn receive write data. to send read or status data. or to perform a specific operation such as a

CLEAR.

MESSAGE., A unigue sequence of command and text byviestransmitted over the channel during
which the communication link between the devices (e.g., CIC and dige drive} remains unbroken.

COMMAND MESSAGE. A single message containing all the information required w address a
deviceand initiate an operation, set up a programmable parameter. orset up for an operation that

will he executed by an Execution Message.

EXECUTION MESSAGE. A single measage containing all the information required to carry out
an operation previousty et up with a Command Message,

REPORTING MESSAGE. A single message containing the QSTAT byvte QSTAT indicales the
completion status of the previous command.

4-3



i
[N

Channe! Implementation CS/80

TRANSACTION. A complete process er operation carried out over the channel. 3ome transac-
tions are completed with command and reporting messages only and some require a complele
command, executing, and reporting sequence. A transaction begins when a eormmand message
secondary ie accepted by the device and ends when the device accepts the pass/fail reporting
mesgsage {QSTAT).

4-4. CHANNEL MANAGEMENT TECHNIQUES

The following techniques are used hy the CIC to manage the HP-1B: Parallel Poll and Universal
Device Clear.

4-5. PARALLEL POLL

The CIC conducts a paraliel poll on the HP-1B by asserting ATN and EOI simultaneousiy. Each
peripheral device requiring service can then respond by asserting the DIO line corresponding to
its address. The CIC then addresses only the device requiring service. [f mare than one device
requires service, the CIC addresses the device with the highest priority (lowest address) first.
Enable Parallel Poll Response (EPPR) and Disablie Paraliel Poll Response (DPPR) are internal
states of the channel module. EPPR oecurs when the device requires service from the CIC. DPPR
is the opposite state and occurs whenever the device is active (e.g.. busy executing a command). A
Parallel Poll Response (PPR) from the device wiil oceur if the CIC asserts both ATN and EOI and
if the deviee is in the EPPR state.

4-6. UNIVERSAL DEVICE CLEAR

A universal command is a channel command thai causes all devices on the HP-1B 10 perferm a
predetermined interface function. The Universal Bevice Clear cornmand clears information
stored in the controller unit and places the device in a known reset s{ate. The formats for a
Universal command and for a Universal Device Clear command areshown in table 4-2. Section [I1
provides detailed descriptions of the Clear commands.

4-7. MESSAGE STRUCTURE

Each HP-1B message contains three components {see table 4-3); the header, containing address
information; the text, containing device operating commands or dats being transferred; and the
trailer, containing unazddress information, In HP-IB systems using C5/80. the header containg two
bytes of information: a primary I command. and a secondary command.

‘The CIC asserts ATN during primary and secondary commands to distinguish them from text

informaticn. The receiving device decodes the information contained in both the primary [ and
secondary commands to set up for the action o be specified in the text.

Table 4-3, HP-IB Message Structure

HEADER TEXY TRAILER
PRIMARY | SECONDARY DEVICE COMMAND OR DATA PRIMARY i
{ATN) {ATN) (AT}
< ONE BYTE> <ONE BYTE> <ONETO n BYTES? <ONE BYTE>
= UNIOIRECTIONAL - UNIDIRECTIONAL ~ BIHRECTIONAL - UMIDIRECTIONAL
» CIC YO DEVICE * CICTO DEVICE =~ (HJALIFYHG INSTRUCFIONS » QIC TO DEVICE
- BEGINS MESSAGE - SEY UP DEVICE TO DEVICE - TERMINATES
* ADDRESSES FOR FURTHER - WRITE DATA TO DEVICE " MESSAGE
DEVICE 1D ACTION - READ DATA TG CiC ~ UNADDRESSES
LISTEN OR DEVICE
TALK ~STATUS DATA YO CIC » UNLISTEN
« UNIVERSAL » UNTALK
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4-8. HEADER/TRAILER FORMATS

The address information cantained in the message header consists of the primary and second-
ary channel commands. The structure of the primary and secondary commands is shown in table
4-4. P is an odd parity bit generated by the CIC. The state of bits 6 and 7 determine whether a
command is primary, secondary, or universal In a primary command, bits 1 through b are the
device address; in a secondary command, bits 1 through § are the modifier field which sets up the
receiving device for the particular action to be performed. A receiving device will only respond to
the primary I command containing its specific address, but will respond to several authorized
secondary cormmands. The action to be performed inthe receiving device is dependent on the infor-
mation contained in both the primary [ and secondary commands. Therefore a given secondary can
follow different primaries. Eaeh unique primary/secondary combination has its own meaning and
will cause a unigue action to be performed. E

The message {railer contains the primary 1l command. Bits 1 through 5 are set to 1 which
unaddresses all devices on the bus.

Table 4-4. Header/Trailer Formats

MESSAGE HEADER
{ADDRESS) COMMANDS

MESSAGE TRAIWLER
{UNADRDRESS) COMMAND

PRIMARY | COMMAND

SECONDARY COMMAND

PRIMARY  COMMAND

ATN ATN
g 1 8 1
TALK <P10AARARD <FTIMMMBMMS
ATN F = Parity Bit
g 1 MMMMM = Modifier
LISTEN <POTAAALLD
P = Parity Bit
AAAAA = Device Address

ATN

8 3
UNTALK <PIC11111>

ATN

8 1

UMLISTEN <PG1 11112

4-9. TEXT FORMATS

There are only four authorized CS/80 message types: Transparent, Command, Execution, and
Reporting. The secondary command (in the message header) identifies the message type. Table 4-5
shows formats for each type of secondary command. The following paragraphs provide deserip-
tions and format information for the text of each type of message.

Table 4-5. Secondary Command Formats

BRIMARY SECONDARY SECONDARY COMMAND BREAKDOWN
COMMAND TYPE | COMMAND TYPE |, | commaND FIELD | MODIFIER FIELD
Listen ar Talk Transparent P 1 1 10 0 1 0

Listen Command P 1 i g 0 1 0 1
Listen or Talk Execution P 1 1 e 1 1t 10
Taik Reporling P 1 1 i ¢ 0 0 @0

P = Parity bit

4-5
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4-10. CONVENTIONS. The fo]lc_}wing conventions are used throughout this section:

< > Informsation inside angle brackets is required.

{ 1 Information inside brackets is optional and supplied according te pregram
requirements.
n Indicates a number supplied zccording to program reguirements.

4-11. TRANSPARENT MESSAGES. Transparent messages compensate for different
types of channels and differences in operating environments. Transparent messages could be used
to support operation in 2 complex operating environment {i.e.. one that involves parallel opera-
tions). The discussion of transparent commands in this manual is limited to operation within a
simple operating environment.

Transparent messages also include interface specific funetions or interface festing. Some device
specific messages may berequired in order to maintain the integrity of the transaction sequence in
specific operating environments. Interface testing includes Read and Write Loopback,

Transparent messages may be initiated by either host or device, and they can be transmitted in
either direction, The {irst byte of the text may be an operating code {opcode) which indicates the
purpose of the message. The format of the remainder of the message is a function of the first byte.

TEXT FORMAT:

<TTTTTTTT> \< Pl>...... < Pn >_/
{ to n bytes

T = Trassparent Command Opcode
P = Parameter or Message Information {n determined by T)

4-12. COMMANDMESSAGES. Command messages are initiated by a hostand always go
from the host to a device. The contents of the message may vary in length up to some maximum
defined by the command set. Except for the Clear and Cancel commands, 2 command message is
valid only if it occurs during the command phase of a transaction.

Command messages contain all device command operation codes (opeodes). There are four cate-
gories of device commands: Real Time, Complementary, General Purpose, and Diagnostic. A
givencommand message may contain one or more Complementary command opcodes, and/or one
command from any of the other three categories. Each speode may be followed by any associated
parameters. Command messages are buffered one at a time, and no command queing is per-
formed. Specific opeodes and message structures are shown in detail in tables 4-6 and 4-7.

TEXT FORMAT:
\[CCCCCCCC] [SY...... ) }f \<DDDDDDDD> <P>...... <P >/
\ n bytes / - to n bytes

May contain 6 or more complementary
commands and associated bytes.

C = Complementary Commangd Opcode

8§ = Set Value Modification Data (n determined by C)
D = Device Command Opcode

P = Parameter Data (n determined by D)

4-6




C5/80 Channel Implementation

4-13. EXECUTION MESSAGES. Execution messages are raquested by the device (via
parallel pold) unless an execution message has aiready been established by the host. The direetion
and significance of the message depends on the eommand being sxeeuted. Possible execution
message eontents include read or write data, or detailed status/diagnostic information.

Execution messagesare valid only during the execution phaseof a transaection which started with
acommand that calls for anexecution message. Some operations {e.g., Spare Block)do notinclude
execulion messages. Forthe Real Time commands, and the Inttiate Utitity (Diagnostic) comrrand,
the host may cause execution messages to be broken into bursis of smaller messages of uniform
length by setting a non-zerc burstsize{refer to paragraph 2-17). In this case, the device initiatesa
series of messages which collectively contain the same information as would have been transmitted
in one longer message.

TEXT FORMAT:

n bytes

I = Transfer Data (n determined by command message)

4-14. REPORTING MESSAGES. The device requests reporting messages (via parallel
poll) during the reporting phase of each transaction, and during unsclicited reporting phases
entered for power recovery, or to service internal reguests{refer to paragraph 1-16). All reporting
messages consist of one byte of status infermation transmiitted from the device to the host. This
byte eontains 2 GQSTAT value tagged with EQL

TEXT FORMAT:

<DOOQSTAT
QSTAT = Completion Status

QSTAT STRUCTURE:
NORMAL COMPLETION = <000006000>

Indicates normal cornpletion of the requested operation.

HARD ERROR = <0000000F>>

Indicates that error information is available. The host must issue the Reguest Status
command in order to determine what went wrong.

POWER ON = <00000010>

Indicates that the device has just returned from a power failure or some form of operator
intervention (such as removal of the storage media). Any incomplete transactions wers
zhorted and should be repeated. The host must reconfigure any programmable operating
parameters because they have returned o their power-on values.

4-15. HP-1B MESSAGE STRUCTURES

Table 4-6 shows the HP-1B message structures for the Device commands and table 4-7 shows the
HP-1B message struetures for the Transparent commands,

4-7
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Tabie 1-6. HP-1B Device Command Message Structures

MESSAGE FORMAYT
SEE MESSAGE
commann NaMe| SEE | catEaory | MEERD HEADER TEXT TRAIER
PRIMARY | |SECONDARY! DPPA = Disable Paraliet Pol Response  EPPR = Enabie Paraliel Poll Responsa BRIMARY {1
ATN ATH EQ! ATH
COMMAND | <POIADDRS™ J<PHIOBION> 1 0 15 cOMPLEMENTARY COMMANDS] STl — e 1} SPOTTTITI
1' | TIME DETERMINED BY CURRENT |
t
oePA | RPS AND BURST VALUES |
ATH ATH 1 TO n BYTES OF READ DATA  EO ATN
EXECUTION | < MaADDRS > {PH{H‘HO}' € M. CLAST BYTE>, SPI0ETtEI
LOCATE AND 28 | REAL TIME t I
READ '
DPPR EPPR {WHEN EXECUTION COMPLETE}
ATN ATN EQH ATN
REFORTING | <PIOADDRS {PHHJEJG[}}* <OSTAT> P11
i
DFPR
ATM ATN EOH ATN
yey 1 p1a3]
COMMAND <POIADDRSY | <PVODIONZ | 1510 n COMPLEMENTARY COMMANDS] <060010103) - e ]| SPOMIR
: TIME DETERMINED BY CURRENT §
oPPR | RPS AND BURST VALUES opr)
ATH ATH 1 TO n BYTES OF READ DATA  EOY ATH
EXECUTION < FI10ADDRS > <1013 iﬂ':" < <LAST BYTE> P10 11T1>
............. |
|
COLD LOAD 2.6 | REAL TIME 1
READ 4 4
DPPR
EPPR (WHEN EXECUTION COMPLETE)
ATN ATN EOt ATH
REPORTING |<P10ADDRS> J<R1110000> | <QSTAT> <P 1
!
DPPH

*NOQ EXECUTION MESSAGE REQUIRED WHEN MESSAGE LENGTH EQUALS ZERQ {SET LENGTH = O},

ucllBjuatiaduf jpuuey)
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Table 4-6, HP-1B Device Command Message Structures (continued)

MESSAGE FORMAT

SEE MESSAGE
jeommano Name TEE  [CaTEGoRY | TERRL HEADER TEXT TRAILER
PRIMARY T JSECOMDARY OFPR = Diseble Paraliet Poll Response  EPPR @ Enabla Paralle) Poll Response PRIMARY |1
AT ATN EQI ATN
COMMAND 1<POIADDRS: [<P1I00101ME 0 16y b COMPLEMENTARY COMMANDS| <000000103> | e — | | SPAMOE
t | TIME DETERMINED BY GURRENT t
Faps ant BURST VALUES 1‘
DRPR ' EFPR
ATN ATH 17O n BYTES OF WRITEDATA  EOI ATN
. 11311
LOCATE &ND EXECUTION' <Po1ADLORE> qpu{mm}. < e er e <LASTBYTE>| <Pl
WRITE 2:10 | REAL TIME i (
DPER TEP?F\ {WHEN EXECUTION COMPLETE)
ATN ATH EO! ATH
REPORTING | <P10ADDRE> [<P1110000>, | <QSTAT> <PIO1#111>
T
DePR
ATN ATN ECH ATH
COMMAND J<POTADDRE> {<P1100101>1] (9 TQ n COMPLEMENTARY COMMANDS| <01001004 | st et | SROTIIIEE
| | TIME DETERMINED BY GURRENT {
! RPS AND BURST VALUES 4
WRITE FILE 2-11 [ REAL TIME OPPR i
MAHK ; EPPR
EXECUTION | nONE NONE MO EXECUTION MESSAGE NONE
ATN ATH EQH4 ATH
REPOATING | <P10ADDRSS [<P11300005)]  <Q8TAT> PO T
I
DPPR

‘MO EXECUTION MESSAGE REGUIRED WHEN MESSAGE LENGTH EQUALS ZERO (BET LENGTH = 0}

08/80
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Table 4-6. HP-IB Device Command Message Siructures (continned)

MESSAGE FORMAT
SEF MESSAGE HE
COMMAKD NAME PARA. CATEGORY TYPE ADER TEXT TRAILER
PRIMARY 1 SECONDARY DPPA = Disabde Paralie! Podl Responge  EFPA = Enabie Paratiel Poll Response PRIMARY |}
AT ATN ECH ATHN
COMMAND {-CP01ADDRS: <P1I00%0t | <ODV0YYYY} YYYY = UNIT MUMBER {111t = CONTROLLER) <Poitisi
| |
DPPR EPFPR (WHEN UPRDATE COMPLETED}
COMPLE.
SET UNIT 2-12 EXECUYION NONE NONE NG EXECUTION MESSAGE MNOMNE
MENTARY
ATN ATH EOL ATM
REPORTING | <P10ADDRAS > <P11tﬁ(}00‘>1 <OSTAT> < P10t
i
DPPR
ATMN ATH ED4 ATH
COMMAND <POADDRSS 1o 100101>l €01000‘(YY>| YYY = YOLUME NUMEBER <POif1t1i>
( L
TPPA EPPR (WHEN UPDATE COMPLETED)
COMPLE-
ET W 2-
5 CLUME i3 MENTARY
EXECUTIGN MOME HNONE MO EXECHITION MESSAGE NONE
ATN ATN EG! ATH
AEPORTING <FI0ADDRS> {<P1 110000‘){ <OETATE P10
t
OPFR

uoiygjusLIa|dul] [SUUBY))
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Table ¢-6. HP-IB Device Command Message Structures {continued)

MESSAGE FOAMAT

SEE MESSAGE
COMMAND NAME PARA. CATEGORY TYPE HEADER TEXT TRAILER
PRIMARY | [SECONDARY DF#R = Disaitie Pasaitet Poll Response  EPPR - Enabie Paralel Polt Response PRINMARY |
ATHN ATN 6 PARAMETER BYTES [l AT
COMMANE [ <FHTADDRS: {91100101); COODOMIT > P cwe e i r e <PE=1 <P
1 |
OFPR EFPR {WHEN LIFDATE COMPLETED)
T = ADDRESS MODE
{) = SINGLE VECTOR. 1 = 3-VECTOR
COM SINGLE VECTOR FORMAT:
SET ADDAESS 2-14 MENTF:-I-E\; §-BYTE UNMSIGNED BINARY MUMBER
A-VECTOR FORMAT:
1 - P2 = CYLINDER ADDRESS
P4 = HEAD ADDRESS
P& s PR = SECTOR ADDRESS
EXECUTION NOMNE NOME NO EXECLTION MESSAGE MNOME
ATN ATH E01 ATN
REFORTING | <P10ADDRS> | <P 110008, | <OSTAT: <P

i
f
!

08/80D
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Table 4-6. HP-1B Device Command Message Structures (continued)

SEE

MESSAGE

MESSAGE FORMAY

Hi
COMMAND NANE PARA CATEGORY TVPE EADER TEXT TRAILER
FRIMARY | |SECONDARY DPFR = Cisable Paraliel Po#l Response EPPR = Enable Parallel Poll Response PRIMARY It
COMMAND ATHN ATH BFARAMETER BYTES EOM ATH
<PRIADORS> {<PNOR0 4 000010 i o B <P PRI T
H {
DPPR EPPR [WHEN UPDATE COMPLETED)
PARAMETER FORMAT:
SET BLOCK COMPLE- ) . i
PISPLACEMENT 2.15 MENTARY 6-BYTE, SIGNED, TWO'S COMPLEMENT BinARY NUMBER
EXECUTION NOME NONE NG EXECUTION MESSAGE NONE
ATN ATN i} ATN
REPORTING {<P10ADORS: (<IF1110000% <O8TAT P13
DPPR
ATN ATN § EAHAMETER BYTES  EQI ATN
COMMAND §<PO1ADDRAS: RP1100101>4]  <OHM000- Lo B CPA B4R R EA S
| t
PARAMETER FORMAT. 4-BYTE BINARY *
: DPPR MiiMBER EFPR {WHEN UPDATE COMPLETED)
SET LENGTH 2,16 | COMPLE- -
MENTARY
EXECUTION NOME MONE WO EXECUTION MESSAGE NONE
ATH ATN ED ATH
REPORTING | <P10ADDRS: [<P1170000> || <QSTAT> <Pt
f
OFPR

uorjeluawadw] (suuey’
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Table 4-6. EP-1B Device Command Message Structures {continued)

MESHAGE

MESSAGE FORMAT

BEE HEADE
COMMAND NAME PARA. CATEGORY TYPE £ R TEXT TRAILER
PRIMARY | |SECONDARY DPPR = Disabls Parallel Pol Response  £EPPA = Enabie Paraliel Poli Response PRIMARY 11
ATN ATH EQi ATN
COMMANDG [<PO1ADDRS: <Pnoﬁ1m:>l <OOFLHIOTZ < Pt =y BTN
i i
BPPR EPPR (WHEN UPDATE COMPLETED
T=20 INDICATES THAT LAST BURST ONLY IS
TAGGED WITH A MESSAGE TEAMINATOR
COMPLE- T=1 INDICAYES THAT ALL 8URSTS ARE TAGGED
SET AURST 23 | MENTARY WITH A MESSAGE TERRMINATOR
F1 = NUMBER OF 296-BYTE SEGMENTS IN EACH BURST
(F P12 ALL ZEROS BURST MODE IS DEACTIVATED
EXECUTION MONE NONE NO EXECUTION MESSAGE HONE
ATH AT EQI ATH
AEPORTING | <Fi0ADDHS> [<P1110000> )] <QSTAT> <O
i
DEPR

08/80
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Tabie 4-6. HP-IB Device Command Messape Structures {continued)

MESSAGE FORMAT

sEe MESSAGE
COMMAND NAME | SEE [oateaony | MEEL HEADER TEXT TRAILER
PRIMARY | |SECONDARY DPPA = Disable Parallel Polt Response  EPPR = Enable Parallet Poll Rasponse PRIMARY Il
ATH ATN £01 ATHN
COMMAND {<POTADDRS> [<P1100101>, 1 <0D111001> <TIMET> <TIMEZ> | PO 1T
i b
ORPF EEPR (WHEN UPDATE COMPLETED)
TMEL = TIME TO TARGET IN 100°S OF MICROSECONDS
SET RFS TIMEZ - WINDOW SIZE IN 100°'S OF MiICROSECONDS
(AOTATIONAL COMPLE
2.8 -
POSITION MENT ARY
SENSING)
EXECUTION | NONE NONE MO EXECUTION MEGSAGE NOME
ATN ATN EOH ATN
REPORTING | <PIBADDRS> [<P1110000>) | <QSTAT> <SP0
I
DEPR
ATH ATN e ATH
COMMAND | <POIADDRS> [<P1100101> | <OBMIMNIG> < P1 >< P2 >y <PHTII>
1 )
DPPAR EPPR [WHEN UPDATE GOMPLETED)
P1- P2 RETRY TIME IN 105 OF MILLISECONDS
[16-81T BINARY NUMBER)
SET RETRY COMPLE-
TiE 299 | vientany |EXECUTION | NONE NONE NG EXECUTION MESSAGE MONE
ATH ATN EOI ATH
REPORTING 1<P10ADDRE> [<P11100003, | <QSTAT> <Foitiee
|
OPPR

ueireuawapdul] |PUUByD)
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Table 4-6. HP-IB Device Command Message Structures {eontinued)

MESSAGE FOHMAT
) SEE MESSAGE
HEADER
COMMAND NAME PARA. CATEGORY TYPE E TEXT TRAILER
PRIMARY | |SECONDARY OFPR = Dusable Paraliet Poll Response EPPR = Enable Paratiel Poll Response PRIMARY H
ATN ATN 8 PARAMETER BYTES EC3 ATN
COMMAND <P ADDRS> (PHB{HO‘!b‘ SOETTINI0R P12 v e v {Pl?}i <PO111114>
{ |
4 4
DPPR EPPR (WHEN UFBATE COMPLETED)
PARAMETER FORMAT: )
B BYTES, BiT POSITIONS CORRESPOND TO S8TATUS REPORT
SETSYATUS COMPLE- ERRCR BIT POSITIONS. REFER TO PARAGRAPH 2-31.
MASK 220 | MENTARY
EXECUTION MOMNE HNOMNE NCO EXECUTION MESSAGE MOMNE
ATN ATN EQ! ATN
REFORTING | <P10ADDRSS (< F1110000%) < ASTAT> PRI
|
GFFR
AT ATH EQi ATH
COMMAND | <P ADDRSS (<Pt 100101}': <0{H1I}t08>l <POTE11TE
t ]
DPPH EPPRA {IF LAST BYTE)
COMFPLE-
ND Of 221 | o TaRy | EXECUTION NONE MONE NO EXECUTION MESSAGE NONE
ATH ATN EO ATN
REPORTING [ <PIDADDRS> (< P111 DDUD'}'I <OSTAT <P 111>
|
DPPR

08/80
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Table 4-6. HP-IB Device Command Message Struciures (continoed)

MESSAGE FORMAT

SEE MESSAGE H
COMMAND NAME PAHA. CATEGORY TYPE EADER TEXT TAAILER

PRIMARY 1 SECONDARY DPPR = Disable Paraliel Poll Response EPPR - Enahle Paraliet Poil Response PRIMARY {1
ATN ATN EQI ATH

COMMAND { <PO1ADDRS> <P‘H{!D1D$b} <BOE110%4 «iTZOﬂi}i}Ol}bl <P0ITYEII

H I
DPPR EPPR (WHEN UFDATE COMPLETEDR)
seTRELEASE | 222 ﬁgx&g; T=1 SUPPHRESS RELEASE TIME OUT
Z=1 RAELEASE ALTOMATICALLY DURING IDLE TIME

EXECUTION MOME MNOME MO EXECUTION MESSAGE NONE
ATN ATN X AT

REPORTING | </P10ADDRS> <P11100{]D>l <QSTAT> <P1O114¥1>

pe P;

ugIBIuIERdw] [PUUBYD

08/8D



LI¥

Table 4-6. HP-IB Device Command Megsage Struetures (continied)

MESSAGE FORMAT

MESSAGE

SEE
COMMAND NAME PARA. CATEGORY TYPE HEADER TEXT TRAILER
PRIMARY | [SECONDARY DPPR = Disabie Paratlel Poli fesponse  EPPR = Enabie Paralie! Foll Response PHiIMARY Il
ATN ATN =) ATN
COMMAND | <POIADDRE> |<P1I00I01, 1 <00111000> <00000WY 22 <P
, '\—p1—..J:
OPPR EFPR [WHEN UFDATE COMPLETED}
P1: QPTIONS BYTE
VYL FOR TAPE UNIT.
: Ve DISABLE AUTQ SPARING
COMPLE- V=1 ENABLE AUTD SPARING
SEY OPTIONS 2-23 | pENTARY ¥ -0 JUMP SPARE
¥ =1 SKIPSPARE
Z:0 OISABLE CHARACTER COUNT
21 EMNABLE CHARACTER COUNT
EXECUTION NONE MONE MO EXECUTION MESSAGE NOME
ATH ATN EOH ATN
REPOATING §<P10ADDRE> 1< P1110000> | <QSTAT> <1111
1
DEPR

08/80
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Table 4-6. HP-1B Deviee Command Message Structures {continued)

MESSAGE FORMAT
SEE MESSAGE
COMMAND NAME PARA. CATEGODRY TYPE HEADER TEXT TRAHLER
PRIMARY | ]|SECOKDARY DPPH = Disable Parallel Polt Response  EPPR = Enable Parallel Poll Response PRIMARY $
ATN ATN EO ATN
COMMAND | <P ADDRE - <P11m}101>| <01 00 <GOUO!}TTT>, <P
] {
b
DFPR EPPR (WHEN UPBRATE COMPLETED)
¥TT = ADDRESS MOGE
SET RETIHRN N 080 = SINGLE VECTOR
ADDRESSING 2-24 AEED!\T';:}EY 0g1 =« 3-VECTOR
MODE
EXECUITION MNONE NCINE NC EXECUTION MESSAGE HONE
ATN ATH EQ ATN
REPQRTING | <F10ADDRS> |< Pt 110000?’ <QSTAT= <P1gTtEi>
|
LPPR
ATN ATN [l ATM
COMMAND | <P)1ADIIRS QP‘I'EOGIU'I}I 16 TO n COMPLEMENT ARY COMMANDS) é(}(}l‘l@l{]'ﬁ)i SPHiEi1tEs
! |
4 4
BEPR EPPR
ATN ATN UF TGO 256 INFORMATION BYTES EO§ ATHN
EXECUTION | <P1DADDRS (<1011 !(})t e 3 <LAST BYTE>I PG
DESCRIBE 2-25 g&;’&ggé ; *
DPPR EFFR
HEFER TO TABLE 2-4 FOR COMPLETE
DESCRIBE EXECUTION MESSAGE FORMAT.
ATN ATN jau]] ATH
REPORTING | <PI0ADDRS> (<P1110000> | | <OSTAT> <P I
t
DPPR

volyelseaiduny [auuey)
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Table 4-6. HP-IB Deviee Command Message Structures {continued)

HEE

MESSAGE

MESSAGE FORMAT

COMMAND NAME PARA CATEGORY TYPE HEADER TEXTY TRAILER
PRIMARY | |SECONDARY PPRH = Disable Parslict Poll Response  EPPR - Enable Paralie! Poll Response PRIMARY 1l
ATN ATN EDi ATN
COMMAND { <PO1ADEHAS> {<P1 100101’); {10 TO n COMPLEMENTARY COMMANDS| <0004 11> C000000WI - < P2 >-|' <PRHHL i
i !
* CwZ = INITIALIZE OPTIONS
OPPR EPPR
[WHEMN IMITIAL-
CwWZ FOR TaPE UNIT: FZANG COM-
Z -0 REWHRITE SPARING TABLE WITH NO JUMF SPARES. PLETED)
Z = 1 RESET SPARING TABLE TO INITIAL SPARES.
W o= 0 INITIAL SPARES ARE EVERY 512TH BLOCK WITH FTRACK OFFSET.
W = 1 INITIAL SPARES ARE NO SFARES.
C =0 HAUNS CERTIFICATION UTILITY ON TARFE.
INITIALIZE 2.8 GEMNERAL C o= 1 INHIBITS CERTIFY TEST. MEDIA REMAINS UNINITIALIZED.
MEDIA PURPQSE CWZ FOR DISC UNIT:
00 = RETAIN RBOTH FACTORY {PRIMARYY AND FIELD (SECONDARYY SPARES.
001 = RETAIN FACTORY SPARES ONLY.
010 = RETAIN ND SPARES {GE USE ONLY}.
P2 = BLOCK INTERLEAVE BYTE {BINARY NUMBER} MUST BE B0 FOR TARE.
EXECUTION NONE NONE NO EXEGUTION MESSAGE NONE
ATH ATH EOt ATMN
REPORTING | < P10ADDRS> (<Pt iDOEIl}.“?‘ <{ISTATZ <Pi0titit>
1
4
DPPR

08/30
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Table 4-6. HP-IB Device Command Message Structures {continued)

MESSAGE FORMAY

SEE MESSAGE
commano name] SEE feategory | MRS HEADER TEXT TRAILER
PRIMARY ¢ SECONDARY DPPR - Disabde Parailel Pol Aesponse EFFR * Enabie Parallel Poll Respornse PRIMARY I}
ATN ATN EOI ATH
COMMAND [ <POADDRS> <PT'IDE|1[)1>I [0 TG n COMPLEMENTARY COMMAN DS} <0000110 <00m050}‘:>| PO 1111
N 7
. | i
DPP:‘ Pt - SPARING MODE BYTE EPFR
S5=0 BSKIPSPARE
S+t JUMP SPARE
T-0 RETAINDATA
M
SPARE BLOCK | 2.7 Eiimfggé T:1 DO NOTRETAINDATA
T MUST EQUAL 1 FOR TAFE OPERATION
5 MUST EGUAL 0 FOR EHSC OPERATION
EXECGUTION NONE NONE NE EXEGUTHON MESSA GE NONE
ATH ATN EOI ATN
REPORTIMNG | <PIDADDRS> <F“‘|110WD;“| <OETATS P ITEEs
i
LPPRE
ATN ATH ECH ATN
COMMAND | <PO1ADDRS> [<PHE010T> ] [0 TO n COMPLEMENTARY COMMANDS] <000001003, <P
f i
)
OPPR EPPR
LOCATE AND 208 GENERAL
VERIFY - PURPCOSE
EXECUTION MNOME NOMNE NQ EXECGUTION WESSAGE MNONE
ATN ATN ED! ATH
REPORTING | <P10ADDRS> [<P1110000>, | <QSTAT> <PI011111
i
DPPR

uonelisuad] PpuUUey)
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Tabie 4-6. HP-1B Device Command Message Siructures (.;:entinued}

MESSAGE FORMAT

SEE MESSAGE
COMMAND NAME PARA. CATEGORY TYPE HEADER TEXT TRAILER
PAIMARY I J5ECONDARY DFFR = Disatle Parallel Poll Response  EPPR = Enable Paraliet Poll Response PRIMARY I
ATN ATN ATHN
COMMAND | <PO1ADDRSS <1 leOImbi {0 TO n COMPLEMENTARY COMMANDS) RO =
f SET ADDRESS ¢ PARAMETER BYTES
* OO0 <NVYVROULUI 6(]001{100‘{‘;- L e e <F’G>j
DRFPR ABDAESS OF DATA SOURCE
SET ADPRESS 5 PARAMETER BYTES ECY
S KERDTWWN \{0001GDGT> 2 B I <P6L}l
ADDRESS DF BATA DESTINATION ;
EPPR (WHEN DATA COPY
GENERAL IS COMPLETE}
COPY DATA 2229 PUAPOSE
YWY = VOLUME NMUHABER ON UL FROM WHICH DATA 1S COFIED
YU = UNMIT MUMBER OF DATA SOUACE
T = ADDARESS MOGOE (0 - SINGLE YECTGOR, 1 = 3-VECTOR)
XX = VOLUME NUMBER ON WWW TO WHICH DATA IS COPIED
WWW = UNIT NUMBER OF DATA DESTINATION
EXECUTION NONE MNONE MO EXECUTION MESSAGE NOME
ATH ATN EQI ATHN
REPORTING | <P13ADDRS™> '(PIT'IGDGﬂ)t <OSTAT> <RI
t
pPeR|

08/80
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Table 4-6. HP:1B Bevice Command Message Structures {continued)

MESSAGE FORMAT
SEE MESSAGE
COMMAND NAME | 20 | CATEGORY TYPE HEADER TEXT TRAILER
PRIMARY 1 |SECONDARY DPPR = Disable Parailei Poll Response  EFPR = Enable Parailel Pol Besponse FPRIMARY It
ATN ATH EOH ATN
GOMMAND  |<PD1ADDRS> <Pnoo101>¥ 10 TO n COMPLEMENTARY COMMANDS} <0000t 1100 <PoiTENIL>
} |
DPFR EFPH (WHEN RELEASE REGUIREMENT
IS SATISFIED)
RELEASE 230 1 GENEBAL
PURPOSE .
EXECUTION | NOME NONE NO EXECUTHON MESSAGE NONE
ATH ATN EOH ATN
HEPOATING | <PILADDRS> <P1110099>I <QSTAT> <P
|
BPPR
AT ATHN ECH ATN
COMMAND | <PD1ADDRS> «:91100101)' {0 TO n COMPLEMENTARY COMMANDS] <00001 1112 PRI
| é
¢ EPPA
BPPA
EXECUTION | NONE NONE NO EXECUTION MESSAGE NGNE
HAELEASE 2.3t GEMNERAL
DENIED PURPOSE
AT ATN EC ATN
REPCRTING | <P10ADDHS> [<P1110000>, | <QSTAT> <P
i
OFPR

wontejuswsdu] fsuueyn
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Table 4-6. HP-1B Device Command Message Structures (continued)

MESSAGE

MESSAGE FORMAT

SEE HEADER
COMMAND NAME | _“"° | CATEGORY phvpoph TEXT THAILER
FRIMARY &  [SECONDARY DFPR = Gisable Parallel Poil Response  EPPR - Enable Paraliet Poil Response FRIMARY I
ATN ATN EOE ATN
GOMMAND | <POTADDRS> JP1100101>, [0 TO n COMPLEMENTARY COMMANDS] <01001010% | P01
| |
DPFR EFPR
UNLOAD 23z | GENERAL 1o pcimion] none NONE NO EXECUTION MESSAGE NONE
PUAPQSE
ATH ATN E ATHN
HEPORTING [ «pnADDRS> [<P11 190003, { <QSTAT> IO REER b
|
DPPR
WP T8
INITEATE DIAG- PAHAMETER
UTILITY 233 NOSTIC AT ATN BYTES  EO! ATN
COMMAND | <PBIADDAS> | <P11001013 | 10 TO p GOMPLEMENTARY COMMANDS) <00110000%> <Pi> <P2> -+~ ov oo oo <PE>, <POTITITI
(MO EXECUTION I I
MESSAGE} ) 4
DPPR EPFR
(WHEN UTILITY
COMPLETED}
P12 UTHLETY NUWBER (DEVICE SPECIFIC)
PARAMETER QUANTITY AND CONTENT DEPENDENT ON UTILITY (P1)
EXECUTION NONE NONE NQ EXECUTION MESSAGE NONE
ATN ATN ECH ATHN
REPORTING | <PI0ADDRS> [<P1110000>, | <QSTAT> P11
f
DFRPH

08/80
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Table 4-6. HP-IB Device Command Message Structures {continued)

MESSAGE FORMAT

SEE MESSAGE
commanp name | SEE JcaTecoRy | A HEADER TEXT TRAILER
PRIMARY | {SECONDARY DPPR = Disabie Parallel Pol! Response  EPPA = Enable Pargite! Polt Respanse PRIMARY 1)
WP TOS
PARAMETER
SNITIATE ATN ATN BYTES  EOI ATN
UTHATY 2.33 N%gﬁc COMMAND [<PO1ADDRS> [<P11001013 | (0 TO n COMPLEMENTARY GOMMANDS] <001 10001 <P{> <P2> - oo - <P <POIT$T1T
lcon.) ¥
§
}| P = UTILITY NUMBER (DEVICE SPECIFIC)
(RECEWVE DFPA| PARBMETER QUANTITY AND CONTENT DEPENDENT EPPR
EXECUTION ON UTILITY (P1) {WHEN READY TO
MESSAGE) RECEIVE DATA)
ATH ATN 17O n BYTES OF INPUT DATA £oH ATN
EXECUTION [<PR1ADDRS> {Ptmlno;-»’ e o e = ART BYTE‘;»‘ <FOI1YINS
NFPR EPPR (WHEN EXECUTION COMPLETE}
ATN ATN €t ATH
REPORTING | <P10ADDRS> |<P1110000> | COSTAT> <PHINI1>
DPPR
S R UFTO 8 ATN
PARAMETER <P
INITIATE DIAG- ATN ATN avTES  EO!
UTiLITY 283 | uostie | COMMAND |<PGIADDRS: ICPII00101> 10 TO n GOMPLEMENTARY COMMANDS) <001100103> <P <PZ> - -+ -~ v - - <POX
[oconty
: ;
} P UTILITY NUMBER {DEVICE SPECIFIC) }
{SEND PARAMETER QUANTITY AND T pE
O RCUTION oePR PAAMETeR U FITY AND CONTENT DEPENDENT EPPR
MESSAGE] (WHEN AEADY
TO SEND DATA)
ATH ATM 1TO n BYTES OF QUTPUT DATA EQI ATN
EXECUTION [<PHADDAS> |<P1101110> ] < > --oormrmmenicnone oo <LAST BYTE>) <P
DPPR EFPR (WHEN EXECUTION COMPLETE)
AT ATN EOI ATN
REPORTING | <PI0ADDRS> [<P1110000>, | <OSTAT> <PLOTEEH
OPPR

usiyBjuatejdul] [SUUBY]
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Table 4-6. HP-1B Device Command Message Structures (continued)

MESSAGE FORMAT

SEE MESSAGE
COMMAND NAME| 0" | CATEGORY PE HEADER TEXT TRAILER
PRIMARY | {SECONDARY DPPR - Disable Farsliel Poll Resporse  EPPR = Enable Paraligl Poll Response PRIMARY i1
ATHN ATN 3 PARAMETER BYTES EO! ATHN
COMMAND {<POTADDRS> [<P110D101> [ [0 TO n COMPLEMENTARY COMMANDS] <00130011>< P1 >< P2 >< P3 >, [<POHHIIE>
t 1
* P1-P2 = LO0OP PARAMETER ’
oPPA P3 = DIAGMNQSETIC SECTION NUMBER EPPR
INITIATE 24 DIAG- : (WHEN TAGNOSTIC GOMPLETER)
DIAGNOSTIC NOSTIC :
EXECUTION | NONE NONE MO EXECUTION MESSAGE NONE
ATN ATN £0I ATN
REPORTING | <PIBADDRS> | <P1110000>, [ <OSTAT> P11
i
DEPR
ATN ATH B ATN
COMMAND $<POIADDRS> | <P1100101> | [0 TO n COMPLEMENTARY COMMANDS] 00001 1012y <POTTEILLS
i i
DFPA EPPR
REQUEST DIAG- -
2-35 P IDENTIFICATION ERROR REPORTING
STATUS NOSTIC ATHE ATN RELD FIELDS UPTO 10 PARAMETER BYTES  EQY ATN
EXECUTION [<PIQADDIRSS (<M ¥DIHU>' B SR g e L e S e T I I (Pn?l <PIp1its
I i
BPPR| REFER TO TABLE 2-5 FOR COMPLETE REQUEST EPPA
STATUS EXEGUTION MESSAGE FORMAT,
ATH ATH EOI ATN
REPODATING [<P10ADDRS> <P HMGU}‘ <OSTAT <P
t
CPPA

08/80
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Table 4-7. HP-IB Transparent Command Message Struetures

MESSAGE FORMAT

SEE MESSAGE
COMMAND NAME | EF | caTecoRY | MERE uzmgn TEXT TRAILER
PRIMARY t |SECONDARY GPFR - Disable Pasaliel Poll Response  EPPR = Enable Parolied Pol Response PHIMARY il
LINIVERSAL ATN
COMMAND NONE NONE <POD10100:, NONE
UNIVERSAL EPPR (WHEN GLEAR OPERATION GOMPLET
DEVICE CLEAR | 3-2, TRANS- terrn v CLEA N COMPLETE)
E::ng;:fmmo a3 PARENT 1 aprignal | ATH ATN EO ATH
! REPORTING | <FIOADDRS> | <PIH100003] _parats <PITHI I
pren 4
TRANS- ATN ATN AT
PARENT |<PotADDRS>| NONE <PODO 00 <POIIT11113>
COMMAND
SELECTED
DEVICE clear | 32 TRANS- ¥ eppR (WHEN CLEAR GPERATION COMPLETE)
{HP-IE 34 PARENT
COMMAND) OPTIONAL .ATN ATN EOL ATH
REFORTING | <PI0ADDRS > <F’11100@0‘}1 <OSTAT AL TR )
oera §
TRANS. ATN ATN EDI ATM
PARENT | <PO1ADDRS>| <P1110010>,| (8010vYYY} <0000 100G YY¥Y + UNIT NUMBER {1111 = CONTROLLER} | <Fotitiis
|
COMMAND
CHANNEL open & }eppR (WHEN GLEAR OPERATION COMPLETE)
32, TRANS-
INDEPENDENT 2.5 PARENT
CAEAR CPTIONAL ATH ATH EG ATH
AEPORTING | <P10ADDRS> | <P11100003 ) _oarary <PIRLI 119
opre 4
TRANS- ATN AT EO) i ATH
PARENT | <POIAGDRS> | <P11100103 | (0010¥YYY] <00001001 YYYY = UNIT NUMBER (1111 = CONTROLLER) PRI
COMMAND
orra 4 } EPPR (WHEN CANCEL OPERATION COMPLETE)
TRANS-
CANCEL 3-8 PARENT
"I AT ATHM £ ATM
REPORTING | <P10ADDRS> | <P1HI0000> | _oorars <PI0TE1IT
OFPPR *

uofreruswsdw] [sUUeEY?)
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Tahle 4-7, BP-1B Transparent Command Message Structures (continued)

SEE

WMESSAGE

MESSAGE FORMAT

DPPR

COMMAND MAME { TEE [CATEGORY ;| T HEADER TEXT TRAWLER
PHMAAY |  [SECONDARY DFPR = Disable Parallel Poli Response  EPPR = £nable Paralel Poll Response PRIMAAY |}
TRANS- ATN ATH EOI ATHN
PARENT  |<POIADDRS> | <P11100103 | <O00DO0IDR <F1>- - oo - oo ovoen - <P <POTHIIYES
COMMAND BYTE LENGTH PARAMETER {n}
orrR ¢
PARAMETER = NUMBER OF BYTES IN LOOPBACK TEST
LOOPBACK TRANS- TRANS. | ATN ATM REAC LOOPBACK DATA (n BYTES LONG) £0| ATN
{READ 3.7 PARENT PARENT <Pl0ADDRS> feptrionton,] o 5 L Lo L CLAST BYTE> <P
LOOPBACK) EXECUTION '
oper 4
REPORTING| ATN ATH £01 ATH
<PIBADDRS> | <FINI0000% | erars <P AT
orrr
TAANS- ATN ATN EOH ATH
PARENT | <PO1ADDRS:- {P1110010>l SO0 > <P - v o < P <Pt
COMMAND BYTE LENGTH PARAMETER {n}
peeR
PARAMETER - NUMBER OF BYTES IN LOOPBACK TEST
(WRITE TRANS- ATN ATN WHITE LOOPBRACK DATA {n BYTES LONG) ECH ATH
LOOPBACK) PARENT | <POTADDRS> | €PTUO0I05 | < > evesrcnoniooomooooos e <LAST BYTE> <POIINI I
EXECUTION .
prerd
REPORTING | ATN ATN ATN
<P10ADDRS> | <P1110000> <PIGII111S
orrr 4
HP 18 PARITY 23 TRANS- TRANS- ATHN ATN ECH ATN
CHECKING PARENT PARENT | <POIADDRS> | -<P1110010% | <00000001> <000000SY> P11
COMMAND
orer 4 V = PARITY CHECK BIT
@ = DISABLED (FOWER-DN STATE)
1= ENABLED
5 « ¢ DISABLE SRO DURING POLL (POWER-ON STATE)
§ : 1 ENABLE SRQ DURING POLL
TRANS- TRANS- ATN ATN T+ DEVIGE TYPE CODE ATN
IDEMTIFY 310 | PARENT PARENT | <P10111113 [<P11ADDRS: <00000010> <TTTITITT> ) . PG00
D ‘L il L AREAR NOTE: TWG 1D BYTES SUPPLIED BY DEVIGE

O8/8D

uopBuats(dug [(puusy)



ek i i b s e ] T e I B AR




APPENDIX A
GLOSSARY

BEGINNING OF TAPE (BOT). The physical beginning of the tape media.

BURST. A message whichrepresentsa portion of alarger logical message which has been bmken
apart for transmission over a chanmel, and which will be reassembled later.

COMMANDDMESSAGE. A message which containsone or more cornmands, with each command
containing instructions to perform an operation or set up a programmable parameter.

DEVICE. A unit of system hardware which performs a specified function, and which is accessed
only via a channel port. A device usually contains the 1/0 hardware and firmware required to
communicate over the channel.

END OF TAPE (EOT). The physieal end of the tape media.

ERROR LOG. A log of the bleckis) that have bean found to be defective but have net been spared.
Once spared, the address of the bad biock will be transferred te the sparing table.

EXECUTION MESSAGE. A message containing read or write data, or status er diagnostic
information which is exechanged between the host and device during the execution phase of a
transaction.

HOST. The controlling computer with which a given device is associated.

-

INDIVISIBLE. A type of operation which is not allowed to be interrupted or suspended for
reasons invelving device integrity.

INITIATE, INITIATION (of a message). The origination of a signal which will cause 3
message to oceur.

INTERNALREQUEST. Anyeventother than power failure which will cause adevice to initiate
a message out of turn.

KEY. A permanently formatted tape address header. Each data block is preceded by a key
which contains block address data. Keys are written by the tape manufacturer and cannot be
altered by the user. Defective keys can be detected during write operations.

LATENCY. Suspension of an operation for some period of time.
LINK {message). A message iinkisthe hardware path over which a message travels. A given link
may share hardware with other potential links, therefore a message link may be established only

when all of the hardware necessary for 2 given message exehange has been allocated to the devices
involved.

MESSAGE. A unitof information exchanged over a given channel during which the message link
remains unbroken.

A-l
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Glossary CS/80

PARSING. Breaking down of & command string inte individual elements (1.2., command opeade
and parameters).

QSTAT. A eompletion code indicating the snecess or failure of the preceding transaction,

REPORTINGMESSAGE. A message containing the QST AT code for the preceding transaction,
Availability of the reporting message is a required part of every transaction.

REQUEST SERVICE. A general term for the process by which a device informs the host that
some action is required by the host.

ROTATIONAL POSITION SENSING (RPS). A method of timing the assertion of service
reguesis in an effort to synechronize channe! activity with dise rotation.

SINK/SOURCE {(a message). To sink a message is to accept a message from the channel. and
diseard it without exeeuting i{t. To scurce a message is to send a single byte tagged with the
message terminator {E0] on HP-1B)over the channel. A sink/source is usually an error recovery
operation.

SPARING TABILE. The tabie containing the addresses of all spare bloeks. These addresses are
inaccessible to the hest. The sparing table is updated after each sparing operation.

TAPE TRANSIT TIME. The time required to go from BOT {0 EOT or from EOT 16 BOT. This
tirne is dependent upon the particular tape media in use,

TRANSACTION. A command, and the exeeution and reporting messages associated with it; a
logically complete operation encompassing several megsages.

TRANSACTION SEQUENCE. The allowable sequence of messages which can occur during a
transaction.

TRANSPARENT MESSAGE. A meszage passed over the shannel, but intercepted by thechannel
handling firmware modules. Transparent message commands compensate for the operating
differences between channels and between operating environment.

UNIT. A separately addressable storage entity with asseciated control routines which may share
g device interface port with other units.

UNSOLICITED REPORT. A reporting state that is not associated with a transaction. Unsolie-

ited report occurs any time an idle device needs o inform the host of some internaj event, for
example, a release reguesi.

A-2




APPENDIX B

QUICK REFERENCE TABLES

Tables B-2 through B-6 are duplicates of those found in the text portion of the C8/80 Reference
Manual. Thesetables are provided for quick-reference purposes and assume the user has read the
detailed information provided for each command. The topical content for each table is as follows:

TABLE
B-1

B-2

B-6

TITLE

Device Command
Summary

Request Status Summary

Possible Errors Summary

Complementary
Command Matrix

Complementary
Command Power-On
Values

Describe Command
Summary

TOPICAL CONTENT

Provides the command format and refer-
ence paragraph number for each device
command.

Shows the complete format of the Request
Status command Execution message. The

identification and significance of each hit of
the status report is explained.

Provides a matrix of the possible errors for
ajl device commands.

Shows which Complementary commands
affect the Real Time, General Purpose, and
Diagnostic commands.

Shows the power-on values for ail Comple-
meniary commands.

Shows the complete format of the Describe
command Execution message,

B-1
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Table B-1. Device Cornmand Summary .EJ
£.
OPCODE FORMAT =
COMMAND COMMAND FORMAT FUNCTION
BINARY } HEX | OCTAL } ASCH | DECIMAL E{
3
LOCATE AND READ <O0OnODOO> § 00 oo | NuLL 6 WO VARIABLES OR PARAMETERS LOGATES DATA INDIGATED 8Y &
[REAL TIME} TARGET ADDRESS AND Z
TRANSMITS DATA TO HOST. &
{PARAGAAPH 2-8) ;a
T o
LOCATE AND WRITE | <00000010> | 02 002 5TX 2 MO VARIABLES OR PARAMETERS TRANGFEAS DATA FROM HOST =
(REAL TIME) TO STOAAGE AREA BEGHY- v
NING AT ADDRESS SPECIFIED
BY TARGET ADDRESS. (PARA~
GHAPH 2-10Y
LOCATE AND VERIFY | <00000100> | 02 005 EQT 4 NO VARIABLES O PARAME TERS INSTRUCTS DEVICE TO PER-
(GENEAAL PUBPOSE) FORM AN INTERNAL VEAIFICA-
TION OF A SECTION OF DATA
TO ENSURE THAT T CAN BE
AEAD. (PARAGRAPH 2-28)
SPARE BLOCK <oEOBBTIL= | 06 an6 ACK 6 < 00600110 <0NBB6SOT: ALLOWS HOST TQ GIVE DE-
{GENERAL PLURPOSE) —p1— VICE PEAMISSION TO BECOME
i * SPARING MODE BYTE TEMPORARILY BUSY WHILE
5=0 3KIP SPARE SPARING BLOCK INDICATED
821 JUMPSPARE BY TARGET ADDRESS. {PARA-
T-0 RETAIN DATA GRAPH 2-27)
T=1 DOMNOTRETAN DATA
T MUST EQUAL 1 FOR TAPE OPERATION
S MUST EQUAL 0 FOR DISC OPERATION
COPY DATA <0D000I0N0S | 08 010 BS 8 COPIES AMGUNT OF DATA

{GENERAL FURPOSE)

<O00MGO0 <OVYVIULLE (0001000738 P > - r e e <l PE S,

SET 6-BYTE
JDDRESS  PARAMETER

ADBRESS OF DATA SQURCE

<O XOWWW \‘&_:0001000'[:}{: P> .varea < Pg >),
SET G-BYTE
‘LA{!DFESS PAHAMETEHI

ADDRESS OF DATA DESTINATION
YWY : VOLUME NUMBER ON UL FROM WHICH DATA IS COPIED

LU = LIMIT HUMBER OF DATA SOURCE
T = ADDRESS MODE (£ = SINGLE VECTOR, 1 = 3-VECTQOR)
XX = VOLUME NUMBER OM WWW TO WHICH GATA 18 COPIED
WWW = LINIT NUMBER OF DATA DESTINATION
T = ADDRESS MODE (4 = SINGLE VECTOR. 1 = 3-VECTOR)

SPECIFIED BY LENGTH 10%-
FAULT VALUE, OR COMPMLE-
MENTARY COMMAND YALUE)
FROM THE SPECIFIED UMNIT
AND VOLUME TO ASELECTED
LT AND VOLUME. [PARA-
GRAPH 2-29)
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Table B-1. Device Command Summary (continued)

OPCODE FORMAT
COMMAND COMMAND FORMAT FUNCTION
BINARY | HEX | OCTAL | ASCH ] DECIMAL
COLD LOAD READ <ooobtote | oA | o032 LF 10 NO VARIABLES OR PARAMETERS USED BY HOST SYSTEM TO
{REAL TIME) BOOTSTRAP [TSELF INTO A
HIGHER OPERATING ENVIRON-
MENT FROM A MORE PRIMITIVE
STATE. (PARAGRAPH 2-9)
REQUEST STATUS <oooonim= | en { a5 | cA 12 NO YARIABLES OR PARAMETERS INSTRUCTS DEVICE TO RE-
(BIAGNGSTICY TURN 4N AN EXECUT HON MES-
SAGE] THE STATUS OF THE
LAST THANSAGTION. (PARA-
GRAPH 2-35)
RELEASE <00001110=  O0E | 06 so 14 NO VARIABLES OR PARAMETERS USED TO RELEASE DEVICE FOR
(GENERAL PURPOSE) APERIOD OF TIME. (PARA-
GRARH 2-30)
RELEASE DENIED <poooiin> | eor | o sl 15 NO VARIABLES OR PARAMETERS PROHIBITS DEVICE FROM RE-
{GENERAL PURPOSE} LEASING I TSELF. {PARAGRAPH
2.31%
SET ADDRESS 2000100005 | 10 o0 | DLE 1 £0001000T> < PUS - - onenonan o < PE> USED TO SET VALUE OF TAR-
(COMPLEMENTARY] | <00010001> | 11 o | per 17 A / GET ADDRESS SPECIFIES
6-BYTE PARAMETER SINGLE- OR THREE-VECTOR
ADDRESS MODE [PARAGRAPH
T = ADDRESS MODE (0 = SINGLE VEGTOR, 1 = 3-VEGTOR) 2-14)
SINGLE VEGTOR FORMAT: 6-BYTE BINARY NUMBER
3-VECTOR FORMAT: £t - £ = CYLINDER ADDRESS
P4 = HEAD ADDRESS
PS - P = SECTOR ADDRESS
SET BLOCK <oooroma> | 12 g2 | po2 15 COBOI00I0> K PE> = v v e vme s < PG> ADJUSTS TARGET ADDRESS
DISPLACEMENT h. s BY NUMBER OF BLOCKS INDI-
(COMPLEMEN TARY) B-BYTE PARAMETER CATED BY PARAMETER FIELD,
(PARAGRAPH 2-15}
PARAMETER FORMAT: 6-BYTE, SIGNED, TWQ'S COMPLEMENT,
BINARY NUMBER
SET LENGTH «<00811000> | 18 030 | CAN 24 <CHOOTI00G> € PY> v omconann < P> DEFINES THE NUMBER OF
{COMPLEMENTARY) \ / BYTES IN A DATA TRANSFER.
4-BYTE PARAMETER (PARAGRAPH 2-16)
PARAMETER FORMAT: 4-BYTE, UNSIGNED BINARY NUMBER

08/8D
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Table B-1. Device Command Summary {continued)

DPCONE FORAMAT
COMMAND COMMAND FORMAT FUNCTION
BINARY HEX | DCYAL | ASCH | DECIMAL
SET UNET < 00100000 2 040 space a2 < O0taYY Y > USED TO SPECIFY A SPECIFIC
(COMPLEMEMTARY) < 0BG > = 041 ! a3 UMIT NUMBER WITHEIN A MASS
<HH00 a2 942 A YYYY s LT NUMBER (1171 = DEVICE CONTROLLER) STORAGE DEVICE. {PARA-
<EI00e 1 it} 643 # a5 GRAPH 2-t2y
<O10000 24 044 $ 6
<001 B0 25 a5 “h 37
SORGH 0 6 0a6 & 38
<O 27 a7 " {apos- 30
{raphe|
<D101000> 2B 450 ! 40
<00 > 29 51 ] 41
<O 010100 24 052 " tasters 42
igh]
<0010t = 2B 053 + 43
<0001 1G> 2C 054 ) 44
feomimal
<O0161101> 250 055 - 15
< 00110 2E 056 . 46
<0011 = 2F os? / 4F
INITIATE LTILITY <2061 100002- 3G 160 1] 48 CHODOXH > < Pl > PP < Pg DIRECTS DEVICE TG PERFORM
[DHAGNOSTIC) <OUTIoHM> | 31 661 E 49 | OME UTILITY AQUTINE. (PARA-
<OG10010 3z LY 2 50 UF T B-BYTE PARAMETER GRAPH 2-37)
XX = EXECUTHON MESSAGE QUALIFIER
Q0 = MO EXECUTION MESSAGE
01 = DEVHCE WHLL RECEIVE EXECUTION MESSAGE TEXT
10 = DEVICE WILL SEND EXECUTION MESSAGE YEXT
F1 = UTILITY NUMBER (DEVICE SPECIFIC)
PARAMETER QUANTITY AND CONTENT 15 FUNCTION OF P
INITEATE DIAGNGSTICY <00110013 > 33 nes 3 51 <Ot < P11 > < PE o PI DIRECTS DEVICE TO FERFDRM
[HAGNOSTIO) \ s ONE INTERNALLY BEFINED
3BYTE PARAMETER DILAGNQSTIC ROUTINE. [PARA-
GRAPH 2-34}
Py - P2 = LOCOP PARAMETER
P3 = DIAGNOSTIC SECTION NUMBER
NG OP <8011 0%00 34 GB4 4 52 MO YARIABLES O PARAMETERS CAUSES DEVICE TO [HS-
({COMPLEMEMNTARY) REGARD MESSAGE BYTE.
(FARAGRAFH 2-21)
DESCRIBE <O0T13I01> a5 065 5 53 NQ VARIABLES OR FARAMETERS DIREGTS DEVICE TO RETURH
IGENERAL PURPOSE) INFOAMATION ABOUT I TSELF,
(FARAGRAFH 2.25)
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Table B-1. Device Command Summary {continued)

GPCODE FORMAT

COMMAND COMMAND FORMAT FURETION
BINARY HEX OCTAL | ASCIH [ DECHMAL
HHTIALIZE MEDIA 00101115 37 067 7 55 <TON0ET> <D0O0ACWE> <. P2 > USED TO WNITIALIZE ALL OF
{GENERAL PLURPOSE} THE DATA FIELDS OF THE OE-
CWZ = IMITIALIZE OPTIONS FINED MEDIA AREA {CURRENT
CWEZ FOR TAPE UNIT UMIT HUMBER AND VOLIIME].
Z = 0 AEWRITE SPARING YABLE WiTH NG JUMP SPARES {PARAGRAPH 2-26)
Z = 1 RESET SFAAING TABLE TO HNITIAL SPARES
W = 0 INITIALSPARES ARE EVERY 512TH BLOCK WITH
TRACK OFFSET
W o= 1 INITIAL SPARES ARE MO SPARES
£ = 0 RUNS CERATIFICATION UTILITY ON TAPE
£ = 1 {NBIEITS CERTIFY TEST {MEDIA REMAINS
UNENITIALIZED}
CWZ FOR DESC UMIT
000 = RETAINBOTH FACTORY (PRIMARY) AND FIELD
[SECONOARY) SPARES
003 = RETAIN FACTOAY SPARES ONLY
018 = HETAIN MO SPARES (CE USE ONLY)
B2 - BLOCK INTERLEAVE BYTE (SINARY NUMBER: MUST
BE 00 FOR TAPE
SET OPTIONS sopiviono=- | oae 070 g 56 <O H1000> <0o000VY 22> SED T0 SET DEVICE SPECIFID
{COMPLEMENTARY} N gyt OPTIONS. (PARAGRAPH 2-23)
P1= OFTION BYTE
VYZ FOR TAFE UNIT
Y o= 0 DISABLE AUYTO SPARING
¥ o= 1 EMABLE AUTO SPARING
¥ = 3 JUMP SPARE
¥ = 1 SEIP SPARE
£ =~ 0 DISABLE CHARACTER COUNY
Z = 1 ENABLE CHARACTER COUNT
SET RPS G071 1001 39 G671 g &7 <O01HI001> < TIME § > < TIME 2 > SETS TIME-TO-TARGET AND
{COMPLEMENTARY) WINDOW-SIZE TIME INTERYALS
TIAE = TIME-TO-TARGET IM HUNDREDS OF MICROSECONDS FOR BPS DATA TRANSFERS
THAE 2 = WINDOW-SIZE 1N HUNDREDS OF MICROSECOMDS (PARAGHARH 2-18)
SET RETAY TIME <OR1E 010> ] 3A nre 58 <IN P b PR o USED TO SET AMOUNT OF

{COMPLEMENTARY}

P1- P2= RETRY TIME IMN TEMS OF MILLISECONDS
{16 BIT BINARY NUMBER]

TIME AVAILABLE FOR AEAD
AND SEEK RETRIES, (PARA-
GRAPH 2-19)

08/80
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Table B-1. Device Command Summary {conlinued) Q
OPCODE FORMAT
COMMAND COMMAND FORMAT FUNCTION e
BINARY | HEX § ocTaL | asci | oECIMAL &
o
SET RELEASE <gprnionz | a8 | 073 : 59 <00111011> <T2000000 USED TO SUPPRESS BELEASE &
(COMPLEMENTARY | TIME-OUT AND TO ENABLE a
=1 SUPPRESS RELEASE TIME-OUT AUTOMATIC RELEASE. (PARA- o
Z+1 HELEASE AUTOMATICALLY DURING IDLE TIME GRAPH 2.22) .
SET BURST <o0titi00> | 3G § o074 < 60 <00UNET>< PY > ACTIWATES AND DEACTIVATES ®
(COMPLEMENTARY) ) <ootti1oi>] 30 | 075 = 51 BURST MODE. (PARAGRAPH
T = 0 INDICATES THAT LAST BURST ONLY 1S TAGGED 217
WITH A MESSAGE TERMINATOR {EOI ON HP- 1B).
T © 1 INDICATES THAT ALL BURSTS ARE TAGGED WITH
AMESSAGE TEAMINATOR.
P = MUMBER DF 256-BYTE SEGMENTS IN EACH BURSTY
[IF P1 = ALL ZERDES, BURST MODE (S DEACTIVATED).
SETSTATUS MASK | <omitiiie> | a8 | o > 62 O0TMII0> € PI> o m oo <PB > ALLOWS MASKING OF ERROR
(COMPLEMENTARY} A 4 CONDITIONS REPORTED BY
8-BYTE PARAMETER REQUEST STATUS [DIAG-
NOSTIC) COMMAND. (PARA-
PARAMETES FORMAT: GRAPH 2-20)
BIT POSITIGNS IN PARAMETER BYTES CORRESPOND TO
STATUS REPORT ERROR BIT POSITIONS, REFER TO
PARAGRAPH 2-35 IN CS/B0 REFERENGE MANLIAL.
1= MASKED ERROR
SET YOLUME <01000000> | 46 | 100 @ 64 <00V Y> USED TO SPECIFY DESIRED
[COMPLEMENTARY) < 01000001 > 41 191 A Ll STOHAGE VOLUME OF A SPEC-
<0000 05 a2 102 B 66 YYY = YOLUME NUMBER IFIED STORMAGE DEVICE.
<01000041> | a3 | 109 c 67 [PARAGRAPH 2-13)
<1000 100 44 164 [») &4
<0000 101 > a5 105 £ [}
<01000150> | 46 | 105 F 70
<0001 a7 107 a I
SET RETURM <01001000> § 48 | 110 H 72| <010010003 <00000TT T USED BY HOST TO SPECIFY
ADDRESSING MODE TYPE OF ADDRESS {SINGLE-
{COMPLEMENTARY) T¥T = AUDRESSING MODE

OO0 = SINGLE YECTOR
001 = 3-VECTOR

OR THREE-VECTOR} TO BE RE-
TURNED IN REQUEST STATUS
EXECUTION MESSAGE, (FARA-
GRAPH 2-24)
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Table B-1. Device Command Summary (continued)

CPCCUE FORAMAT
COMMAND COMMAND FORMAT FUNCTION
BINARY HEX | OCTAL | ASCH | DECIMAL
WRITE FiLE MARK <QIOOIN0I> § 49 111 | 73 NO VARIABLES OR PARAMETERS WERITES A FILE MARK AT THE
(REAL TIME) CURRENT POSITION OF THE
TAPE. (PARAGRAPH Z-1%)
LUMLOAD <210 AR 112 N 74 MNO VARIABLES OR PARAMETERE USED 1D UNLQAD THE TAPE.
(GEMERAL PURPOSE) [PARAGRAFH 2-32}

08/8D
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Quick Reference Tables CS/80
Table B-2. Reguest Status Summary
ERRORA REPORTING FIELDS?
A
\
{DENTIFICATION FIELD REJECT ERRORS FIELD FAULT ERAQRS FIELD?
9 T8 15 18 23 24 31

CVVWYULILIU> <85 35 85 85>

OO A0SR <R R0 12000

<QI701800220><R4026 27 28030

J

1.

VWYY = Volume number
UUUL = Unil number

555558588 = Value of the lowest

numberad unit with
statys pending (aH
oftes if nd umis have
stalus penging).

Notwes:

Error bit positions correspond 10 bit

positions in Set Status Mask command.

& 17 indicates presence of an arror.
Unused bit positions must be zeroes.

AH Fault Brrors arg unmaskaple,

Error gses paramater figtd,

+ Parameter field configuration 1 de-
pendent N reported rors.

+ Highest priorily i& given [0 lawes]
numbered errors.

* Masked errors relinguish ther
priority.

2 = CHANNEL PARITY ERROR
A channei gcommang was re-
ceived withowl odd parily.

& = ILLEGAL QPCODE
An unrecognizatie ppcode
wag received.

6 = MODULE ADDRESSING
An dlegat volume or unit name
ber was spocilied for this
device.

T = ADDRESS BOUNDS
The target address nas ex-
coeded the bounds for this
device.

8 = PARAMETER BOUNDS
A parametgr {other than pnit,
volume, or target address) is
natl zllowed for This device

9 = ILLEGAL PARAMETER
A parameter fietd was the
wrgng length ior Lhe opcode
preceding it

10 = MESSAGE SEQUENCE
The massage seguence has
been viotatad. [Error sup-
pressed if any reject or faykt
eFrars have oCcurred prior 1o
SEGUENCS efTof ]

+

12 = MESSAGE LENGTH
The total length of the gxecu-
tion message differs from ihe

cufrent delauit vale.

CROSS-UNIT?

An error has oteurred
during a Copy Daia
aperatinn.

17

19

CONTROLLER FAULT
A hardware fault pc-
curred in the controller.

22

n

UNIT FALLT

A nardware teuli has
occurred in the unt
addressed.

H

DIAGNOSTIC RESULT?
The Bardware failed the
diagnostic indicated in
the parameter field.

24

26 - 28 - RELEASE REGUIRED
This command canno
be exatuted until alter
release is granted o the

device.

Devige reguires release
{or indicated reasors:

26

[t

OPERATOR REQUEST
Releage raquired for
operator reguest {e.g.,
loadruntosd, restora)

27

&

PBIAGNOSTIC REQUEST
Reieasa reguired for
dlagnostics initiated
fram control panst {2.4q.,
HIO, seH test).

23

u

INTERNAL MAINTE-
NANCE

Felease required for in-
termal Maintenance le.g.
head alignrment. error
logl

[0

30 - POWER FAIL

The power tg the unit
falled, a diagmostic de-
stroyed contiguration,
07 @ patk was ioaded.
Device should be recon-
tigored.

31 = RETRANSMIT
The preceding transac-
tigrt shoutd be retried.
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£5/80 Quick Reference Tables
Table B-2. Beoquest Status Summary (continued)
ERROR REPORTING FIELDS
—
ACCESS ERRDAS FIELD INFORMATION ERRQRS FIELD FPARAMETER FIELD®
3z 19 a0 47 | 28 35 56 83
CA2ATIABEIG AP0 404104344000 | 48495051520 086> 057505906100 L e eea P10

32

33

35

36

a7

A0

Lh]

43

= ILLEGAEL FARALLEL
OPEHRATION
The requesied operation gan-
nob be exeryted in paralisd
with seme other operationis)
currently in progress.

= UNINITIALIZED MEDIA
The host aftempted to access
unformatted media. ar un-
usabie media has been
lnaded.

1t

MNO SPARES AVAILABLE
Spare Block cannot be exe-
cuted due to iack of spare
miadia.

= NQT READY
The selected unit i no ready
far agcess at this time {e.g.,
heads or media not vet Fuity
|oaded).

= WHITE PROTECT
The selected volume is write
protecied. .

= NO DATA FOUND
A block secessed durng a
read Nas ot peen written,

= UNRECOVERABLE DATA
OYERFLOW
The previous transaction gen-
eraled marg than 1 unrecov-
erable data errgr, The entire
trangfer shoutd be considered
inerror.

= UNMRECOVERABLE DATA®
Unregoveraple data at indi-
cated blockis).

= END OF FILE
End of file encountered an
tile structured device,

= EMND OF VOLUIME
The host attempted (o 3CCess
#eross & volume boundary.

48 « 50 = REQUEST HELEASE®

Device requests retease
for mdicated reason.

48 = OPERATOR REOQUEST?
Aelease requested for
OPeFatDs reguest (.49,
loadiuniocad, restors).

48 = DIAGNOSTIC REQUEST?

Relzase request initialed

from diagiostic control

pane! {g.g., MG, seif lest).

i

&0 INTERMAL MAINTE-
NANCE*

Relzaze requested for ind
rernal maimienance (4.,

head atignment, errar logl.

51

[}

MEDIA WEAR

Oy Qe Spare (Fank
{dise) or one spare iHock
[tape} remaining.

52 = LATENCY INDUCER
A latency was induced
duripg the transfer due to
stow transfer rate ar seek
relry.

55 = AUTO SPARING
INVOKED
A defective block has been
automatically spared by
ther device.

57 = RECOVERABLE DATA
OVERFLOW
The grevigus ransaction
generaged more than 1 re-
covafable daia errorn

58

MARGINAL DATA?
Data was recovered, but
with diffigulty.

t

RECOVERABLE DATA?
A tatency was introgduced
in order 1o corrgnt a data
2eror.

59

61

"

MAINTENANCE TRACK
CVERFLOW

Error and fault log areas
fuit.

Mo Errors: P1inrgugh PG indicate new
Target Address. The address Formal,
which is used any time P through P&
contain address mlormation, is de-
tined by the bet Return Addressing
cammand {refer to paragraph 2-24},

Mo Errges: P? thrsugh P10 sontain rn-
time drive errar codes {DERAORS),
gxcept aiter g Spare Biock command.
The grrors are arranged chronoiog-
cally: P7 ¢hntains the most recent of
the four errors racorded, P10 containg
the oidest of the four recorded.

Mote: BErrar eodes 40H and CBH will
afways be followed by a singie
byte containing fauit lateh
information.

After & Spare Block commandg, P1
through PG contain the beginning ad-
drass of the reformatted area. THe ad-
dress format is described above. {Disc
opergion aniy.}

Atier a Spare Slock commang, P1
thraugh PG cantan e beginning ad-
dresa oi the reformatted area. [(Disc
operatian gnty .}

Eeror Bit No. 17

Crogs-unitt P1 through P8 contain the
encoded values of each unit which has
grperienced an error, A byte of ait
ones indicates no addikonat units,

Error Bit M. 24
Diegnostic Resuls: P1 through PH
contain the fellowing information:

P1 = most suspeck component

P2 = next Most SUSPEC! COMPOnant

3 < tggt error [TERAOH} assodi-
ated with P1

Pd = test error [TERROA] assaoi-
ated with P2

PS - PB = not used

P7 - P10 contain DERRCRE information
{forrmat described above).

Eregr Bit Mo, 41
Untecoverable Data: PY thiough PE
indicats address ol bad block.

Error Bit Mg 48 - Na. 50

Request Release: P! through PO can-
tain the encoded valves of gach unit
refpuesling release A byte of alt anes
ingicates no adoitional unis,

Errgr Bt No, 58
Marginal Data: P1 through PE indicate
address of the marginal bleck.

Ereor Bt N, 59
Recoverable Data: F1 through P8 indi-
caje address of recoverable bioex.
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Quick Reference Tablas

Table B-3. Possible Errors Summary

C&5/80

COMMAND REJECT ERRORS FAULT ERRORS

REAL TIME

LOCATE AND READ
COL0 LOAD READ
LOCATE AND WRITE

WHRITE FILE MARK!

COMFPLEMENTARY

SET UNIT
SET YOLUME
SET ADDRESS

SET BLOCK DISPLAGEMEN
SET LENGTH
SET BURST

SET RPS
SET RETAY TIME
SET STATUS MASK

NO OF
SET RELEASE
SET OPTIONS!

SET RETURN
ADDRESSING MODE

GENERAL PURPOSE

DESCRIAE
INITIALIZE MED A
SPARE BLOCK

LOCATE AND VERIFY
COPY DATA
RELEASE

RELEASE DENIED
UNLOAD

EBIAGNOSTIC

INITIATE UTILITY
INITIATE DIAGNOSTIC
REQUEST STATUS

NOTE ¥ APPLIES TO TAPE DRIVE OPERATIONS ONLY
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CS8/80

Table B-3. Possible Errors Summary (continved)

Quick Reference Tables

COMMAND

ACCESS ERRCRS INFORMATION ERRORS

HEAL TIME

LOCATE AND READ
COLE LOAD READ
LOCATE AND WRITE

WRITE FILE MARK'

COMPLEMENTARY

SET UNIT
SET VOLUME
SET ADDRESS

SET BLOCK DISPLACEMENT
SETLENGTH
SET BURST

SETAFPS
BET RETRY TWE
SET STATUS MASK

NG OF
SETRELEASE
SET QPTIONS'

SET RETURAN
ADDRESSING MQDE

GENERAL PURPOSE

DESCRIBE
INETIALLZE MEDIA
SPARE BLOCK

LOCATE AMD VERIFY
COPY DATA
RELEASE

AELEASE DENIED
UNLOAD'

DHAGNOSTIC

INITIATE GTILITY
INITIATE THAGNOSTIC
REGIUEST STATUS

MOTE 1 APPLIES TO TAPE DRIVE OPERATIONS ONLY.
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Quick Referenece Tables

Tabie B-4. Complementary Command Matrix

CS/80

COMMAND

COMPLEMENTARY

REAL TIME
LOCATE aND READ
COLD LOAD READ
LOTATE AND WRITE

WRITE FHLE MARK'

GENERAL PURPOSE
DESCRIBE

INtFIALIZE WMEDIA
SPAAEL BLOCK

LOGCATE AND YERIFY
CORY DATA
RELEASE

RELEASE DENIED
LHNLOAD!

CIAGNOSTIC
NITIATE UTHATY

"IN TIATE DIAGNOSTIC
ARQUEST STATUS

NOTE 1 APPLIES TO TAPE DRIVE OPERATIONS ONLY.

Table B-5. Complementary Command Pewer-on Values

COMPLEMENTARY POWER-ON COMPLEMENTARY POWER-ON
COMMAND VALUE COMMAND VALUE

Set Unit 0 Set Retry Time device specific
Set Yolume ] Set Status Mask disabied
Set Address 8,00 Ne Op Mot Applicable
Set Length -1 {(full volume) Set Release T=02Z=19
Set Burst disable Set Optians device specific
Set BPS disabled Set Return Addressing Mode single vectar
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Table B-6. Deseribe Command Summary

CONTROLLER
DESCRIPTION FIELD

UNIT
DESCRIPTION FIELD '

VOLUME
DESCRIPTION FIELD 2

Sbyte field

19-byte field

13-byte field

C1- 2 = Installed unit byte: 1 bit
tor 2ach unit. {Unit 0 =
LSRE}

C3 -4 = Maximurn instantanaous
transfer rate in thousands
of bytes per second.

Ch= Contratler Type
G = Integratad single-un:t
caniraller
b = Integrated multi-unit
cantrolley
? = Integrated mukti-port
cantrolier

U=

U2-ug =

L5~ U6 *
u7 =
g -

ug-tno=

UIl-uiz =

V13-4 =
UIs-uyie=

k]

Uiy
U188 =

19 =

Generic Bavice Type

0= Fixed disc
1 = Remavable disc or combingtion
2 = Tape

Device number. Rapresents acmal HP product
aumbar: XXX XX XY {(BCD Coded. 2 digits per
by b, XXX XX = product number. ¥ = oplion,

Number of bytes per block
Mumber ol blacks which can be bulfered

Aecommended burst size {8 = burst mods not
recommaended)

Block Time in microseconds [Time is from
teginning of one block to beginning of next.)

Continubus aversge transfer rate for long (full

volume] transfer in thousands of by tes per second,

Cptimal retry time in 10°5 of milliseconds.

Agcess time parameter in 10's of milliseconds,
[Maximum tirne from the end of the command
massage text 1o the awsertion of parailel poll.
Applies to read and write commands only |

Maximum interleave factor

Fixed vilume by le; one bit per volume {set if
fixed): Yalame ) = LSB,

Removable volume byie: pne bit per volome [set
if rernpyablel;: Voluma O = LSB.

V1-y3 =
va =
V5~V *

W7-V12 =
Wil e

Maxinum value of cyfinder address vector,
Maximm value of head address vestor.
Maximum value 0f sactor address vecior,
Maximum value of singie-véctor addrass,

Current interleave factor,

NOTES:

1. When the controlier unit s addressed, the unit field is repeated for each unit within the device,

2. When the controtier unit is addressed, the volume field s repeated for each volume within each unit.
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