











Table 5-5 XSTATO Bit Definitions (Cont)

Causes
Termination

Bit Name Class(TC) Definition

13 LET 2 Logical End of Tape: This is set only on the skip tape marks command under two condi-
tions: when either two contiguous tape marks are detected or when moving off BOT and
the first record encountered is a tape mark. The setting of this bit will not occur unless this
mode of termination is enabled through use of the set characteristics command.

12 RLL 2 Record Length Long: When set, this bit indicates that the record read was longer than the
byte count specified.

11 WLE 3,6 Write Lock Error: When set, a TC3 indicates that a write operation was issued but the
mounted tape did not contain a write enable ring. When set, TC6 indicates the WRT
LOCK switch was activated during write operation.

10 NEF 3 Non-Executable Function: When set, this bit indicates that the command could not be
executed due to one of the following conditions.

The command specified reverse tape direction but the tape was already positioned at BOT.
A motion command was issued without the clear volume check (CVC) bit being set while
the volume check bit was set.

A motion command was issued when the transport was off-line.

A write command was issued when the tape did not contain a write enable ring [write lock
status (WLS)].

09 ILC 3 Illegal Command: This bit is set when a command is issued and either its command field or
its command mode field contains codes not supported by the transport.

08 ILA 3 Illegal Address

07 MOT S Capstan is moving.

06 ONL S/1/3 On-Line: When set, this bit indicates that the transport is on-line and operable. It causes a
TC1 on ATTN interrupt or a TC3 for a non-executable function if rejected because the
transport was off-line.

05 IE S Interrupt Enable: This bit reflects the state of the interrupt enable bit supplied on the last
command.

04 VCK §/3 Volume Check: This bit is set when the transport changes state (on-line to off-line and vice
versa). It is always set after initialization.

03 PED S Phase Encoded Drive: When set, this bit indicates that the transport is capable of reading
and writing only 1600 bit/in phase encoded data. It should always be set.

02 WLK S/3/6 Write Locked: When set, this bit indicates that the mounted tape reel does not have a write
enable ring installed. Therefore the tape is write protected.

01 BOT S/2/3 Beginning of Tape: When set, this bit indicates that the tape is positioned at the load point
as denoted by the BOT reflective strip on the tape. This causes TC2 if reversed in BOT, and
TC3 if at BOT when a reverse command occurs.

00 EOT §/2 End of Tape: This bit is set whenever the tape is positioned at or beyond the end of tape

reflective strip. It is not reset unti the tape passes over the reflective strip in the reverse
direction under program control. Subsystem initialization always resets this bit (status on
read, TC2 on a write). Manually moving EOT mark over the EOT sensor will not set or
reset the EOT bit.

5-8



Table 5-6 XSTATI1 Bit Definitions

Causes
Termination

Bit Name Class (TC) Definition

15 DLT 4 Data Late: This bit is set when the 1/0 silo is full on a read or empty on a write. The
conditions occur whenever the Unibus latency exceeds the transport’s data transfer rate for
a significant number of transfers.

14 - - Not used.

13 COR S Correctable Data: This bit is set when a correctable data error has been encountered (on a
read command only). It will not cause a termination class error but there is a dead track.
Dead track bits will indicate the error. This is used primarily as a diagnostic feature.

12 CRS 4 Crease Detected: This bit is set when eight of nine data tracks go dead for less than 0.1
inches before a valid postamble is detected.

11 TIG 4 Trash In The Gap: This bit is set when non-erased data is detected in a gap during a read,
write, write tape mark, or erase command.

10 DBF 4 Deskew Buffer Fail: This bit is set when one of the deskew buffers fails to set output ready
within 20 microseconds after being enabled. The dead track bits indicate on which tracks
this failure occurred. This error is probably a result of a broken formatter.

09 SCK 4 Speed Check: This bit is set when average tape speed varies more than five percent during a
write operation.

08 - - Not used.

07 IPR S.4 Invalid Preamble: This bit is set if the preamble is sherter than 36 characters or longer than
44 characters. It is also set if the preamble is incorrectly encoded beyond the fifteenth
character in read or the tenth character in read after write. It is status on read, TC4 on a
write.

06 SYN 4 Synchronization Failure: This bit is set if the formatter is unable to achieve synchro-
nization in the preamble.

05 IPO S/4 Invalid Postamble: This bit is set during read or write if any of the first 39 characters of the
postamble are not read correctly. It is status on read, TC4 on a write.

04 IED 4 Invalid End of Data: This bit is set when eight out of nine tracks go dead before the
postamble is detected.

03 POS S/4 Postamble Short: This bit is set during a read or write when fewer than 38 all-zero charac-
ters are read following the all-one characters. It is status on read, TC4 on a write.

02 POL 4 Postamble Long: This bit is set during read or write operations when the postamble ex-
ceeds 42 characters.

01 UNC 4 Uncorrectable Data: This bit is set when a parity error occurs without a corresponding
dead track indication. This bit is a normal write error for any dead track.

00 MTE 4

Multitrack Error: This bit is set if more than one dead track occurs in the preamble or in
the data field.
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Table 5-7 XSTAT?2 Bit Definitions

Causes
Termination

Bit Name Class(TC) Definition

15 OPM S Operation In Progress (Tape moved)

14 SIp TF2 Silo Parity Error: This bit causes fatal class two (FC2) because the error might have oc-
curred during the transmission of the message packet.

13 BPE 7F2 Serial Bus Parity Error At Drive: This bit is set at the transport when a parity error is
detected on data transmitted from the M7982 to the transport. It causes FC2 because the
error might have occurred during the transmission of the command packet.

12 CAF 7 Capstan Acceleration Fail: This bit is set if, after acceleration of tape for 45 ticks (0.5
inches), the tape speed was checked and found out of tolerance by more than ten percent
(averaged over 8 ticks).

11 - - Not used.

10 WCF 7 Write Card Fail: This bit is set if the write card did not empty the 1/0 silo. This error can
be the result of the write board clock not being turned on.

09 - - Not used.

08 DTP S Dead Track Parity: This bit indicates which tracks went dead, if any, during the last data
transfer operation. If deskew buffer fail (DBF) is set, these bits indicate which channel
failed.

07 DT7 S Dead track 7 (See DTP)

06 DTeé S Dead track 6 (See DTP)

05 DTS5 S Dead track 5 (See DTP)

04 DT4 S Dead track 4 (See DTP)

03 DT3 S Dead track 3 (See DTP)

02 DT2 S Dead track 2 (See DTP)

01 DTI S Dead track | (See DTP)

00 DTO S Dead track 0 (See DTP)

NOTE: On the write characteristic command, bits 07 through 00 contain the microcode revi-
sion level; on the get status command, these bits contain the residual capstan tick count (the
number of ticks from the ideal stopping point; useful for diagnostics).
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Table 5-8 XSTAT3 Bit Definitions

Causes
Termination

Bit Name Class Definition

15-08 - 7 Microdiagnostic Error Code: There is one operational error, 337 or left justified to 157400
in a 16-bit register (capstan runaway), which is displayed here. This means that the capstan
was commanded to stop but exceeded the allowable stopping window. Drive must be in-
itialized to be used for tape motion again.

07 LMX 6 Limit Exceeded: This bit is set when the tape tension arms have exceeded their allowable
travel during an operation and have caused the activation of the limit switches. No tension
exists on the mounted tape.

86 OP1 6 Gperation Incomplete: This bit is set when a read, space, or skip operation has moved 25
feet of tape without detecting any data on the tape. It is also set by a write command when
the read head fails to see data transitions after four feet of tape.

05 REV S Reverse: This bit is set when the direction of current tape operation is reverse. For multi-
function retry commands, if at least one of the commands is reverse, the bit is set.

04 CRF 7 Capstan Response Fail: This bit is set if the capstan logic is commanded to move, but no
tachometer pulses are received within five milliseconds.

03 DCK S/6 Density Check: The current operation will be done. However, note that read, space, and
skip operations will complete without error (if no other errors occur) to allow tapes with a
bad IDB to be read. On a write command, when a bad IDB is sensed, tape position lost will
occur.

NOTE: If you append to a tape with a bad IDB, you will not receive any DCK error until a
write.

02 NOI 6 Noise Record: This bit is set during a space operation when a burst of flux changes, which
do not qualify as a record (but too many to ignore), are detected.

01 LXS S Limit Exceeded Statically: This bit is set by tension arms that have actuated their limit
switches; it remains set when tension arms are returned to normal position. It can be reset
only by loading tape.

00 RIB 2 Reverse Into BOT: This bit is set when a read, space, skip, or reverse command already in

progress encounters the BOT marker when moving tape in the reverse direction. Tape
motion will be halted at BOT.

5.2 PACKET PROCESSING

The packet protocol scheme allows the drive to send a large amount of status and error information to
the CPU while taking up only two words of Unibus address space. The packet protocol also prevents
the drive from updating the error and status information asynchronously, that is, while the CPU is
reading the error and status information.

NOTE

This section is not intended to detail all aspects of
packet protocol or packet processing. It is intended
to illustrate how these concepts are implemented in
the TS11 Subsystem.
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To allow the drive to take up only two words of address space, we allow the CPU to define a set of
locations in memory. These locations (command buffers) are used to tell the drive what operation to
perform. The CPU also defines a set of locations (message buffers) in memory where the drive will put
the error and status information. The CPU must give both the command buffer address and message
buffer address to the drive. The CPU gives the command buffer address to the drive on every com-
mand. (The CPU writes the address of the command packet into the TSDB of the drive.) The CPU
gives the message buffer address to the drive every time the CPU does a set characteristics command.

To prevent the drive from updating the message buffer while the CPU is reading the message buffer,
we have defined the concept of ownership. Both the command and message buffers can be owned.
Each buffer may be owned by the drive or the CPU, but not by both simultaneously. Ownership of a
buffer can only be transferred by the current owner.

There are four different combinations that transfer the ownership of the two buffers:

Command buffer CPU to drive by the CPU
Command buffer drive to CPU by the drive
Message buffer CPU to drive by the CPU
Message buffer drive to the CPU by the drive.

The CPU transfers ownership of the command buffer to the drive by writing the address of the com-
mand packet into the TSDB. This write clears the TSSR subsystem ready (SSR) bit.

The drive transfers ownership of the command buffer to the CPU by setting the acknowledge (ACK)
bit in the message buffer. When the drive outputs the message buffer, the drive sets SSR in the TSSR
to indicate that the message is in the message buffer. If the message buffer does not contain the ACK
bit, the CPU will know that the drive did not see the last command buffer and the CPU still owns the
command buffer. The command may be reissued by the CPU. -

The CPU transfers ownership of the message buffer to the drive by setting the ACK bit in the com-
mand buffer. If the command buffer does not contain the ACK bit, the drive will know that the CPU
did not see the iast message buffer and the drive still owns the message buffer. The drive outputs the
TSSR again (with the SSR bit up) and interrupts (if IE is set) without sending out a message.

The drive transfers ownership of the message buffer to the CPU in one of two ways. The first way is
used after the end of a command: the drive sets the SSR bit in the TSSR to indicate that the command
is done (and interrupts if IE is set). The second way is used during an attention (ATTN). SSR will
already be up because an ATTN only happens when the drive is inactive. The drive clears SSR, out-
puts the message, then sets SSR again and interrupts (if IE set). Note that if the CPU writes the
TSDB while the SSR is clear during an ATTN, the register modification refused (RMR) error bit will
be set and that command will be ignored. The ATTN message will not have the ACK bit set since the
drive does not own the command buffer. Note that RMR may set in this way on a bug free system
because the CPU happened to try to perform a command at the same time the drive wanted to perform
an ATTN. All other settings of the RMR indicate a software bug. (The CPU tried to do a command
before the previous command was finished.) If the CPU command was lost because the transport was
outputting an ATTN message, VOL CHK and INT ENB are not updated. If the CPU command was
rejected (illegal command, etc.), VOL CHK and INT ENB are updated to the start of the rejected
command.

When the drive is initialized, the drive updates the TSSR. At this time we define both the command
and message buffers as belonging to the CPU. When the CPU wants to do a command (the first one
must be a set characteristics to set up the message buffer address), the CPU writes the address of the
command buffer into the TSDB of the drive. This command must have the ACK bit set to give own-
ership of the message buffer to the drive. At this point, the drive owns both the command and message
buffers.
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The drive will execute the set characteristics command and send out a message to the message buffer
address with the ACK bit set; this indicates that the drive has recognized the command and is finished

ith +h A heffae Tha A= 11 4hnn cn and Tt (I TE io cnt) A+ +hi int +h
with the command buffer. The drive will then set SSR and m‘icuupt i 10 i8S 8€1). At uiiS poiiit, unl

CPU owns both the message and command buffers again.

As you can see, the ownership of both buffers transfers simultaneously from CPU to drive and then
from drive to CPU.

Now consider the case where ATTNSs are enabled by the proper characteristics mode word and the
drive wants to do an ATTN. An ATTN will only occur when the drive is not active. If the CPU owns
both the command and message buffers, the drive must queue up the ATTN and not do anything until
the CPU releases the message buffer on the next command. So when the CPU executes the next com-
mand (with the ACK bit set), the drive will output the ATTN message with the ACK bit 0; this in-
dicates that the command was lost (except for the transfer of the message buffer ownership to the
drive). The drive refuses to accept ownership of the command buffer. The CPU will then still own the
command buffer (because the drive did not accept the command) and will also own the message buffer
now filled with an ATTN message. If the CPU still wants to do the ignored command, the CPU must

reissue the command (with the ACK bit set).

Now consider the case where the CPU wants to be notified of a change in status right away while the
drive is inactive for a long period of time. To accomplish this, the drive must own the message buffer
for that long period of time. Everything up to now has indicated that the drive gives up the message
buffer at the end of every command. The message buffer release command is a special command from
the CPU. It tells the drive not to give ownership of the message buffer back to the CPU at the end of
the command. The drive does not output a message at the end of the command but just outputs the
TSSR (with the SSR bit set) and interrupts (if the proper characteristics mode word is set up). The
drive then maintains ownership of the message buffer until an ATTN condition is seen. The drive then
immediately clears SSR, outputs the message (with the ACK bit not set since the drive is not respond-
ing to a command), and then sets SSR and interrupts (if IE is set). At that time the system is back to
the state of the CPU owning both buffers. Another ATTN will not be done until the CPU does a
command with the ACK bit set to release ownership of the message buffer containing the ATTN mes-
sage.

Suppose the CPU has done a message buffer release command and wants to do another command but
has not received an ATTN from the drive (so that the drive still owns the message buffer from the
message buffer release command). The CPU can do a command without the ACK bit set in the com-
mand buffer. At the time of the command, the CPU does not own the message buffer so the CPU
cannot release the message buffer. If the CPU does set the ACK bit, nothing will happen (except the
CPU might miss an ATTN if the drive was sending out an ATTN at the same time that the CPU was
doing a command).

Message packet protocol may be violated if the transport gets an error (NXM, memory parity, serial
bus parity error, or 1/0O silo parity error) during the reading in of the message packet. When one of
these errors occurs, the transport always sends out a failure message (because the packet is not re-
liable).

The system software should be written so it will not crash if the TS11 M7982 interrupts while the
CPU is servicing a TS11 M7982 interrupt. However, this case may happen but only if the TS11 should
receive a fatal hardware error.

5.2.1 Command Packet/Header Word
The command packet header word is illustrated in Figure 5-5 and defined in Table 5-9. The command
code and mode field definitions are given in Table 5-10.
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Figure 5-5 Command Packet Header Word

Table 5-9 Command Packet Header Word Bit Definitions

Bit Name Function
15 Acknowledge This bit is set when a command is issued and the CPU owns the message buffer. It informs the
M7982 that the message buffer is now available for any pending or subsequent message pack-
ets. This passes ownership of the message buffer to the transport.
14-12 Device Dependent  The following shows how these three bits are implemented.
Bits/Field
Bit Name Definition
14 CVvC Clear volume check
13 OPP Opposite (reverse the execution sequence of the reread commands)
12 SWB Swap bytes
11-8 Command Mode This bit acts as an extension to the command code and mode field and allows specification of
Field extended device commands (seek, rewind, erase, write tape mark, etc.). Command code and
mode field are detailed in table 5-10.
7-5 Packet Format #1  The following two values are defined in this field.
Field
Bit Values Definition
000 One word header; interrupt disable
100 One word header; interrupt enabie
4-0 Command Code Refer to Table 5-10.
Table 5-10 Command Code and Mode Field Definitions
Command Command
Code Command Mode Mode
Field Name Field Name
00001 Read 0000 Read next (forward)
0001 Read previous (reverse)
0010 Reread previous (space reverse, read two)
0011 Reread next (space forward, read reverse)
00100 Write Charac- 0000 Load message buffer address and set device characteristic
teristics
00101 Write 0000 Write data (text)
0010 Write data retry (space reverse, erase, write data)
00110 Write 0000 Normal (diagnostic use only)
Subsystem
Memory




Table 5-10 Command Code and Mode Field Definitions (Cont)

Command Command
Code Command Mode Mode
Field Name Field Name
01000 Position 0000 Space records forward
0001 Space records reverse
0010 Skip tape marks forward
0011 Skip tape marks reverse
0100 Rewind
01001 Format 0000 Write tape mark
0001 Erase
0010 Write tape mark entry (space reverse, erase, write tape mark)
01010 Control 0000 Message buffer release
0001 Rewind and unload
0010 Clean
01011 Initialize 0000 Drive initialize
01111 Get Status 0000 Get status (END message only)
Immediate

Bits 3 and 4 of the command code field determine the format and length of command packets. The
command packet formats and lengths are as follows.

Code

Bits Definition

00X XX Four words (header, two word address, count)
0IXXX Two words (header, parameter word) or one word
(header)

The swap byte bit in the command packet header word (bit 12) instructs the M7982 to alter the se-
quence of storing and retrieving bytes from the CPU’s memory. When swap bytes = 1, an industry
compatible sequence (beginning with an even byte) is used. When swap bytes = 0, the swapping be-
gins with an odd byte. (This is so only for data transferring; it is ignored otherwise.)

The following figures (Figures 5-6 and 5-7) indicate the memory positions for the bytes as they are
read from or written on the tape. In these examples, the bytes of data in the record block on tape are
numbered starting at 0. Byte 0 is always the data byte at the beginning of the block (that is, the part of
the block that is closest to BOT).

NOTE

When reading in reverse, the first data byte read is
the last data byte of the sequence written. The read
reverse command stores this first byte in the last
buffer position; the next byte in the next to last buf-
fer position, etc. This results in having data put in
memory in the right order when reading the buffer
sequentially.

5-15



SWAPBYTES = 0

BUFFER ADDRESS = 1000
BYTE COUNT = 10(8)
BLOCK SIZE = 10(8) BYTES

1000 | 1 [}
1002 | 3 | 2
1004 | 6 | 4
1006 | 7 6

SWAP BYTES = 0

BUFFER ADDRESS = 1001
BYTE COUNT = 10(8)
BLOCK SIZE = 10(8) BYTES

1000 | O

1002 | 2 1
1004 | 4 3
1006 | 6 5
1010 7

SWAP BYTES = 1

BUFFER ADDRESS = 1000
BYTE COUNT = 10(8)
BLOCK 8IZE = 10(8) BYTES

1000 | O | 1
1002 ] 2|3
1004 | 4 | 5
1006 | 6 [ 7

SWAP BYTES = 1

BUFFER ADDRESS = 1001
BYTE COUNT = 10(8)
BLOCK SIZE = 10(8) BYTES

1000 ]
1002 112
1004 | 3 | 4
1006 | 56 | 6
1010 | 7

MA-2951

Figure 5-6 Byte Swap Sequence, _
Forward Tape Direction (Read or Write)

SWAPBYTES = 0

BUFFER ADDRESS = 1000
BYTE COUNT = 10(8)
BLOCK SIZE = 10(8) BYTES

1000 1 0
1002 312
1004 5 4
1006 7 6

SWAP BYTES = 0

BUFFER ADDRESS = 1001
BYTE COUNT = 10{8)
BLOCK SIZE = 10(8) BYTES

1000 0

1002 2 1
1004 4 3
1006 | 6 5
1010 7

SWAP BYTES = 0
BUFFER ADDRESS = 1000
BYTE COUNT = 7

BLOCK SIZE = 7 BYTES

1000 | 1 0
1002 2
1004 51 4
1006 6

SWAPBYTES = 0
BUFFER ADDRESS = 1001
BYTE COUNT = 7

BLOCK SIZE = 7BYTES

1000 | O

1002 2 1
1004 | 4 3
1006 | 6 5

SWAP BYTES = 1

BUFFER ADDRESS = 1000
BYTE COUNT = 10(8)
BLOCK SiZE = 10(8) BYTES

1000 | O 1
1002 | 2 3
1004 | 4 5
1006 | 6 7

SWAP BYTES = 1

BUFFER ADDRESS = 1001
BYTE COUNT = 10(8}
BLOCK SIZE = 10(8) BYTES

1000 0
1002 1 2
1004 3| 4
1006 5 6
1010 7

SWAP BYTES = 1

BUFFER ADDRESS = 1000
BYTE COUNT = 7

BLOCK SIZE = 7BYTES

1000 | O 1
1002 | 2 3
1004 | 4 5
1006 | 6

SWAP BYTES = 1
BUFFER ADDRESS = 1001
BYTE COUNT = 7

BLOCK SIZE = 7 BYTES

1000 0
1002 1 2
1004 3 4
1006 5 6

MA-2952

Figure 5-7 Byte Swap Sequence, Reverse Tape Direction (Read)



5.2.2 Command Packet Examples

Examples of the command packets and operational programming notes used in the TS11 Subsystem
are provided in this section. Refer to the figure and section number corresponding to the command
packet example you are interested in.

NOTE

All four words of the command packet are always
read in, even if the command takes only one word
(rewind) or two words (space). Thus, the command
packet must contain four words, and it must have
good parity because the transport will reject the
command packet on the basis of errors in the
unused words.

Figure Section
Command Packet Example Number Number
Get status 5-8 5.2.2.1
Read 5-9 5.2.2.2
Write characteristics 5-10 5.2.2.3
Write 5-11 5.2.2.4
Position 5-12 5.2.2.5
Format 5-13 5.2.2.6
Control 5-14 5.2.2.7
Initialize 5-15 5.2.2.8

5.2.2.1 Get Status Command - Figure 5-8 illustrates the get status command packet. This command
causes an update of the five extended status registers in the message buffer area. However, after the
end of any command, the TS11 hardware automatically updates the extended status registers. There-
fore, this command need only be used when the TS11 has been left idle for some time or when a status
register update is desired without performing a read, write, or position tape command.

15 14 12 1 8 7 5 4 0
CTL | DEV. DEP. MODE FMT 1 COMMAND
A 9 1
[ v 0 0 0 ] 0 0 E o] 0 0 1 1 1 1
K C
NOT USED

MODE: 0000 = GET STATUS (END MESSAGE ONLY)

NOTE:
SEE MESSAGE PACKET
EXAMPLES FOR DATA FORMAT.

MA-2956

Figure 5-8 Get Status Command Packet Example

5.2.2.2 Read Command - The read command packet is illustrated in Figure 5-9. There are four
modes of operation: read forward, read reverse, reread previous, and reread next. In all cases a read
operation is assumed to be for a record of known length. Therefore, the correct record byte count must
be known. If the byte count is correct, normal termination occurs. If the record is shorter than the byte
count, record length short (RLS) will set and a tape status alert (TSA) termination occurs. If the
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CTL | DEV. DEP. MODE FMT 1 COMMAND

vwO

X E 0 0 ] 0 o] 0 1

WEw»m
x
x
>

LOW-ORDER A
BUFFER ADDRESS g
A

1

8

HIGH-ORDER
BUFFER ADDRESS
BUFFER EXTENT
- (BYTE COUNT) >
(16 BIT POSITIVE INTEGER)

MODE: 0000= READ NEXT (FORWARD)
0001 = READ PREVIOUS (REVERSE)
0010 = REREAD PREVIOUS (SPACE REV, READ FWD)
0011 = REREAD NEXT (SPACE FWD, READ REV)

NOTE:

THE OPPOSITE BIT (OPP) ALTERS THE

EXECUTION SEQUENCE OF THE REREAD COMMAND
MODES, i.e., SPACE FWD, READ REV

BECOMES READ FWD, SPACE REV;

SPACE REVERSE, READ FORWARD BECOMES

READ REVERSE, SPACE FORWARD. MA-2984

Figure 5-9 Read Command Packet Example

record is larger than the byte count, record length long (RLL) and tape status alert (TSA) will be set.
Also, any read operation that encounters a tape mark does not transfer any data. In this case tape
mark (TMK) and record length short (RLS) are set and a tape status alert (TSA) termination occurs.

Read reverse operations which run into BOT cause Reverse Into BOT (RIB) to set and cause a tape
status alert (TSA) termination. Tape motion will stop at BOT. Read reverse while at BOT will cause a
function reject (NEF) status, with no tape motion.

NOTE

When reading reverse, the first data byte read is the
last data byte of the sequence written. The read re-
verse command stores this first byte in the last buf-
fer position; the next byte in the next to last buffer
position, etc. This results in having data put in
memory in the right order when reading the buffer
sequentially.

5.2.2.3 Write Characteristics Command - Figure 5-10 illustrates the write characteristics command
packet. Its objective is to inform the TS11 Subsystem of the location and size of the message buffer in
CPU memory space. The message buffer must be at least seven contiguous words long and begin on a
word boundary.

The write characteristics command also transfers a characteristics mode word to the transport. This
word causes specific actions for certain operational modes. The bits for this word are defined in Table

5-11.

If a good message buffer address has not been loaded with a write characteristics command, the need
buffer address (NBA) bit in the TSSR register will be set.
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15 14 12 N 8 7 5 4 0
CTL | DEV. DEP, MODE FMT 1 COMMAND
Al ¢ 1
c V 0 0 0o o 0o o E o o0 o o0 1 o 0
K C
A LOW-ORDER o 6\
1 CHARACTERISTICS DATA ADDRESS o
0 - HIGH-ORDER o 404
y CHARACTERISTICS DATA ADDRESS * 7 6
BUFFER EXTENT
- (BYTE COUNT) -
(16 BIT POSITIVE INTEGER)
MODE: 0000 = LOAD MESSAGE BUFFER ADDRESS AND
SET DEVICE CHARACTERISTICS
CHARACTERISTICS DATA
AR LOW-ORDER b
5 MESSAGE BUFFER ADDRESS 0
0 < HIGH-ORDER o T4
“ MESSAGE BUFFER ADDRESS > 6
LENGTH OF
- MESSAGE BUFFER (AT LEAST 14 -
(16 BIT POSITIVE INTEGER) BYTES LONG)
0 - 0 CHARACTERISTICS MODE BYTE _
5223

MA.2958

Figure 5-10 Write Characteristics Command Packet Example

Table 5-11 Write Characteristics Data Bit Definitions

Bit Name Definition

15-08 - Not used.

07 ESS Enable Skip Tape Marks Stop: When this bit is set, it instructs the transport to stop during a skip tape
mark command when a double tape mark (two contiguous tape marks) has been detected. In the default
setting of 0, the skip tape marks command will terminate only on tape mark count exhausted or if it
runs into BOT.

06 ENB This bit is only meaningful if the ESS bit is set. If the drive is at BOT, when a skip tape marks command
is issued and the first record seen is a tape mark, then the transport will set LET and stop after the first
tape mark. If the bit is clear, the drive would not set LET but just count the tape mark and continue.

05 EAI Enable Attention Interrupts: When this bit is a 0, attention conditions, such as off-line, on-line, and
microdiagnostic failure, will not result in interrupts to the CPU. If set to a I, interrupts will be gener-
ated.

NOTE: Transport must own the message buffer, via message buffer release, to set attention interrupts.

04 ERI Enable Message Buffer Release Interrupts: If this bit is O, interrupts will not be generated when a
message buffer release command is received by the transport. Upon recognition of the command, only
subsystem ready (SSR) will be reasserted. If ERI is a 1, an interrupt will be generated.

03 - Not used.

02 - Not used.

01 - Not used.

00 - Not used.




The following notes concern bit usage in the characteristics word.

Interrupts Enabled — If interrupts are enabled (IE), interrupts may occur at any time. This is due to
the possibility of diagnostic interrupts, ACLO, or CROM parity errors occurring immediately after
normal terminations (even if ATTN interrupts are not enabled). The software must therefore defend
against unexpected interrupts. The drive may not be usable, but the software still should not crash.

Attention Interrupts Enabled — With attention interrupts enabled, a nonfatal diagnostic failure will not
be reported until control of the message buffer is returned to the transport.. A fatal failure may inter-
rupt at any time as long as interrupt enable is set. It should also be noted that the drive could break in
such a way that interrupts may be issued even with IE reset.

Attention Interrupts Disabled — With attention interrupts disabled, a diagnostic failure will not be no-
ticeable until the next command is issued. At this time the command will be rejected.

5.2.2.4 Write Command - Figure 5-11 illustrates the write command packet. There are two modes:
write data and write data retry (space, reverse, erase, write data). Each operation is straightforward
and designed to transfer data onto tape in the forward direction only.

15 14 12 N 8 7 5 4 0
cTL | DEV. DEP. MODE EMT 1 COMMAND
A ¢C S [
clv o wilx x x x| €E o o0 o 10 1
K| c B
A e LOW-ORDER A
: BUFFER ADDRESS , 9
- HIGH-ORDER N A A
0 BUFFER ADDRESS >0 1 .
BUFFER EXTENT
- {BYTE COUNT) >
(16 BIT POSITIVE INTEGER)

MODE: 0000=WRITE DATA
0010 = WRITE DATA RETRY (SPACE REV,
ERASE, WRITE DATA)

MA-2959

Figure 5-11 Write Command Packet Example

If a write command is executed at or beyond the EOT marker a tape status alert (TSA) termination
will occur. EOT will remain set until passed in the reverse direction or a subsystem initialize.

If a write command is executed anywhere and the identification burst (IDB) was previously written
bad or was not found when it left BOT, then density check (DCK) is set and tape position lost termi-
nation occurs.

5.2.2.5 Position Command - Figure 5-12 illustrates the position command packet. This command
causes tape to space records forward or reverse, skip tape marks forward or reverse, and to rewind to
BOT. An exact tape mark/record count must be the second word of the packet for skip tape mark and
space record commands.

A space records operation automatically terminates when a tape mark is traversed. Also, record length
short (RLS) is set if the record count was not decremented to zero.
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15 14 12 11 8 7 5 4 0

CTL | DEV. DEP. MODE FTM 1 COMMAND
A c !
C Vv 0 ] X X X X E 0 0 0 1 0 0 0
C
- TAPE MARK/RECORD COUNT o
h (16 BIT POSITIVE INTEGER)

MODE: 0000 = SPACE RECORDS FORWARD
0001 = SPACE RECORDS REVERSE
0010 = SKIP TAPE MARKS FORWARD
0011 = SKIP TAPE MARKS REVERSE
0100 = REWIND (RECORD COUNT IGNORED)

MA-2961

Figure 5-12 Position Command Packet Example

A skip tape marks command terminates when it encounters a double tape mark and the enable skip
stop mode is specified (ESS bit set) in the characteristics word. Termination will also occur if a tape
mark is the first record off BOT and ESS and ENB bits are set in the characteristics word. Record
length short (RLS) is set if the record count is not decremented to zero.

A space records reverse or skip tape marks reverse, which runs into BOT, sets reverse into BOT (RIB)
and causes a tape status alert termination.

When a rewind command is issued, the interrupt will not occur until the tape reaches BOT in the
forward direction and has begun to decelerate. Due to tape speed during rewind, the drive overshoots
BOT in the reverse direction and then moves the tape forward until BOT is located before terminating
the operation. Normal termination will be indicated if the operation is completed without incident. If
the tape is already at BOT, the rewind will still be done to make sure the tape is positioned properly.

NOTE
If the tape is positioned between BOT and the first
record and you do a space reverse or skip reverse,
RIB will set and the residual frame count equals the
specified count in the original command.

5.2.2.6 Format Command - Figure 5-13 illustrates the format command packet. This command can
write a tape mark, rewrite a tape mark, and erase tape. In all cases, executing a format command at or
beyond EOT will cause a tape status alert (TSA) termination. The EOT bit will remain set until
passed in the reverse direction. A subsystem initialize can also reset the EOT bit. Also, any format
command executed with density check (DCK) set will cause a tape position lost termination.

i5 i4 12 1 8 7 5 4 0
CTL | DEV. DEP. MODE FTM 1 COMMAND
A C |
C Vv [¢] 0 X X X X E 0 0 ] 1 0 0 1
K C
NOT USED

MODE: 0000 = WRITE TAPE MARK
0001 = ERASE
0010 = WRITE TAPE MARK RETRY (SPACE REV,
ERASE, WRITE TAPE MARK)

MA-2962

Figure 5-13 Format Command Packet Example
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Density check is set when an invalid identification burst (IDB) is read off BOT. This occurs in a read
after write mode within the first three inches of tape and is transparent to the user’s operation.

The erase command will cause three inches of tape to be erased. This length is controlled automatically
by the transport hardware. Successive erase commands can be used to erase more than three inches (in
three inch increments).

5.2.2.7 Control Command - Figure 5-14 illustrates the control command packet. The three modes of
operation are message buffer release, unload, and clean. The message buffer release command, when
executed with the ACK bit set, allows the transport to own the message buffer so it can update the
status in the message buffer area on an ATTN. This is beneficial when the operating system is process-
ing data in other areas not concerned with operating the TS11 Subsystem and the host wants to know
the current drive status.

15 14 12 11 ] 7 5 4 o
CTL | DEV. DEP. MODE FMT 1 COMMAND
A C i
C v 0 X X X X E 0 0 0 0 0
K c
NOT USED

MODE: 0000 = MESSAGE BUFFER RELEASE
0001 = UNLOAD
0010 = CLEAN TAPE
MA-2960

Figure 5-14 Control Command Packet Example

The unload command is designed to rewind tape completely onto the supply reel. When the command
is executed, termination occurs immediately; an interrupt will occur if IE is set.

The clean tape command moves ten inches of tape over the tape cleaners and returns it to the original
position. Successive clean tape commands are not recommended since the tape may creep outside the
interrecord gap (IRG) margins. Also, the clean tape command does not recognize BOT. (That is, you
can clean tape and reverse past BOT and back again without setting status bits.)

5.2.2.8 Initialize Command - Figure 5-15 illustrates the initialize command packet. This command is
not very useful, but is included for compatibility with packet protocol. A drive initialize can be done by
a write to the TSSR, as this action does not need a command packet.

15 14 12 11 8 7 5 4 0
CTL | DEV. DEP. MODE FMT 1 COMMAND
A Cc |
c \ 0 0 ] 0 0 E 0 0 0 0 1
K C
NOT USED

MODE: 0000 = DRIVE INITIALIZE

MA-2963

Figure 5-15 Initialize Command Packet Example
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The drive initialize command is a no-op. It results in a message update, just like a get status, if there
are no microdiagnostic or runaway errors. However, if errors are displayed, the command does the
same thing as a write to the TSSR. Section 5.1.3 contains TSSR details.

5.2.3 Message Packet-Header Word
The first message packet header word is illustrated in Figure 5-16 and defined in Table 5-12.

15 14 12 1 g8 7 5 4 0
o CLASS PACKET MESSAGE
RESER
T ESERVED CODE FORMAT 1 CODE
ACK| o o o] 0 o c c|lo o o MM M M

MA-2955

Figure 5-16 Message Packet First Header Word

Table 5-12 Message Packet First Header Word Bit Definitions

Bit Name Function
15 Acknowl-  This bit is used by the M7982 to inform the CPU that the command buffer is now available for any
edge pending or subsequent command packets. On an ATTN message, this bit will not be set since the drive

does not own the command buffer.

14-12  Reserved These bits are reserved for future expansion.

11-8 Class These bits define the class of failures found in the rest of the message buffer.
Code
Field MSG Class

Type Value Definition
ATTN 0000 On- or off-line
ATTN 0001 Microdiagnostic failure

FAIL 0000 Serial bus parity error (packet bad)

FAIL 0001 Other (ILC, ILA, NBA)
FAIL 0010 Write lock error or non-executable function
FAIL 0011 Microdiagnostic error

7-5 Packet The single value supported by the TS11 is as follows.
Format
#1 Field Value Definition

000 One word header

4-0 Message

Code

Term Class Value Definition

0,2 10000 End

3 10001 Fail

4,5,6,7 10010 Error

1,7 10011 Attention
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5.2.4 Message Packet Example

All message packets are identical. Each message packet contains the message packet header word just
described, plus a data length field word and the five extended status registers. Figure 5-17 illustrates
the message packet format.

15 14 12 " 8 7 5 4 0
CTL | DEV. STAT | STD. STATUS FMT 1 MESSAGE
A
c 0 0 0 0 0 X X 0 0 0 M M M M M
K
0 0 0 0 0 0 0 0 0 0 o] 0 1 0 1 o
RBPCR
XSTAT1
XSTAT2
XSTAT3
MESSAGES: 10000 = END
BITS 4:0 10001 = FAIL
10010 = ERROR
10011 = ATTN
STD STATUS: FAIL MSG.
BITS 11:8 0000 = SERIAL BUS PARITY ERROR
0001 = OTHER

0010 = WRITE LOCK ERROR OR NON-EXECUTABLE FUNCTION
0011 = MICRODIAGNOSTIC FAILURE

ATTN MSG

0000 = ON OR OFF LINE

0001 = MICRODIAGNOSTIC ERROR

MA-2964

Figure 5-17 Message Packet Example

5.3 OPERATIONAL INFORMATION
The following information considers the operation and programming requirements of the TS11 Sub-
system.

5.3.1 Unibus Registers

Each TS11 has two Unibus word locations used as device registers. The base address, when written to,
is the data buffer register (TSDB). When read, it is the bus address register (TSBA). The second
device register (base address + 2) is the status register (TSSR). Writing to the TSSR causes a sub-
system initialize command, and reading the TSSR reads device status.

The TSDB register is the only register written to during normal operations. DATO or word access
must be used to properly write command pointers to the TSDB. DATOB or byte access to the TSDB
causes maintenance functions.

Commands are not written to the drive’s Unibus registers. Instead, command pointers, which point to a
command packet somewhere in CPU memory space, are written to the TSDB register. The command
pointer is used by the transport to retrieve the words in the command packet. The words of the com-
mand packet tell the transport the function to be performed. They also contain any function parame-
ters such as bus address, byte count, record count, and modifier flags.
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5.3.2 Command and Message Packets
Command packets must reside on modulo — 4 address boundaries within CPU memory space. This
means the starting address of the packet must be divisible by 4 (that is, octal 00, 04, 10, 14, etc.).

All four words of a command packet must exist and have good memory parity, even if all four words
are not used by a command. (For instance, rewind uses only one word.)

Message packets are issued by the subsystem and are deposited into the CPU’s memory space. Con-
trolled operation of the TS11 requires that it be supplied a message buffer address on a write charac-
teristics command. The five extended status registers are stored in this message buffer area. The END
message packet, which results at the end of any command, contains these extended status words.

5.3.3 Special Conditions and Errors
Table 5-13 includes the meanings of the binary values within the termination class code field in the
TSSR register. Table 5-14 shows the fatal class code field for the TSSR.

Table 5-13 Termination Class Codes

Meaning

TC2-0 Msg

Value Type Offset
0 END 00
1 ATTN 02
2 END 04
3 FAIL 06
4 ERR 10
5 ERR 12
6 ERR 14
7 ATTN/ 16

ERR

Normal Termination: This bit indicates the operation was completed without incident.

Attention Condition: This code indicates that the transport has undergone a status change:
going off-line, coming on-line, or a microdiagnostic failure.

Tape Status Alert: This bit indicates a status condition has been encountered that may have
significance to the program. Bits of interest include TMK, EOT, RLS, and RLL.

Function Reject: This bit indicates the specified function was not initiated. Bits of interest
include OFL, VCK, BOT, WLE, ILC and ILA.

Recoverable Error: This bit indicates tape position is one record beyond what its position
was when the function was initiated. Suggested recovery procedure is to log the error and
issue the appropriate retry command.

Recoverable Error: This bit indicates tape position has not changed. Suggested recovery
procedure is to log the error and reissue the original command.

Unrecoverable Error: This bit indicates tape position has been lost. No valid recovery
procedures exist unless the tape has labels or sequence numbers.

Fatal Susbystem Error: This bit indicates the subsytem is incapable of properly performing
commands or at least that the subsystem’s integrity is seriously questionable. Refer to the
fatal class code field in the TSSR register for additional information on the type of fatal
error.*

* The fatal class code field in the TSSR register is defined in Table 5-14. The meanings are valid when the termination class
code bits are all set (value of 7, offset of 16).
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Table 5-14 TSSR Fatal Class Codes

FC1-0

Value Meaning

0 This bit indicates there is an internal microdiagnostic failure in the diagnostic mode or a capstan runaway in the
operational mode (337 octal in operator panel). See the fatal error code byte (XSTATS3) for the diagnostic
function. This is cleared by the drive initialize command or subsystem initialize. Subsequent tape operations will
not be accepted (command reject) until, as a minimum, a drive initialize is issued.

1 There is a I/O CROM parity error. This is cleared by drive initialize or subsystem initialize.

2 There is a microprocessor CROM, 1/0 silo, serial bus parity error, or another fatal error. This is cleared only by
subsystem initialize. ‘

3 Loss of ac power has been detected and a power down is in effect. This is cleared only by subsystem initialize.

5.3.4 Status Error Handling Notes

TSSR error bits, other than the fatal class, termination class, and SC bits, are cleared by loading a
command pointer into the TSDB register. SC is reset if it is due to a TSSR error (UPE, SPE, RMR, or
NXM). Extended status error bits are cleared after the END message is sent.

All commands (even get status command) clear the XSTAT error bits; except XSTAT3 bits 15
through 8 (microdiagnostic error code) and bit LXS are not cleared.

If a density check condition is detected during a read, space, or skip function, the DCK bit is set, but
the operation is not stopped. If DCK is the only status bit set during the operation, normal termination
is reported. This allows tapes with good data but bad density check areas to be read. If a wrong density
tape has been mounted, other errors will be reported and the operation will stop. Note that if only the
density check area is bad, the density check indicator on the drive’s operator panel lights, even though
the data records might be the correct density. The DCK indicator will remain lit until BOT is encoun-
tered again or until a subsystem initialize is performed. Note that if you begin reading a tape, get a
density check condition with no other errors, then append to the tape; the write will get a termination
class code of 6. This indicates that the tape position is lost because density check will remain set. The
whole tape should be copied over so that drives depending on the IDB will be able to read the tape.

A command is not responded to while another command is in progress (result is RMR), except in the
following cases.

1. A DATO (word access) to the TSSR (subsystem initialize) brings any operation in progress
to an immediate halt. All subsystem parameters which had been in the subsystem’s memory
(VCK reset, EOT, etc.) are erased. Also, if the on-line switch is on, the drive performs an
auto-load sequence and positions the tape at BOT.

2. The transport responds to any nontape motion command while performing a rewind unload
(while the drive is off-line) because SSR is still up.

The transport also responds to any nontape motion commands (get status, drive initialize, set charac-

teristics, and message buffer release) when off-line, except when in maintenance mode. (The sub-
system ready command, SSR, is not asserted in this case and results in RMR.)
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The following failures can occur without resulting in an interrupt, even though the specified command
had interrupt enable set.

SPE The possibility exists that the drive cannot transfer valid data or command information
via the serial bus to the TS11. In this case the SC, TC2, TC1, and TCO bits are not valid
either.

NXM They might occur before the interrupt enable bit is fetched as part of the command

UPE packet.

BPE

These cases may result in a hung controller (SSR does not come up again until a subsystem initialize).
The same is true when the fatal class codes are 2 or 3.

5.4 OPERATIONAL DIFFERENCES
The following describes three differences in the operation of the TS11 Subsystem compared to earlier
DECmagtape products.

e  The skip tape marks (files) function is implemented in the hardware on this subsystem. Ear-
lier DECmagtapes had this function emulated by the software driver through use of the
space records command.

e If a space records command is issued while positioned at or beyond EOT, the operation is
not terminated after one record has been traversed. The termination criteria remains the
same as for any other location on tape; that is, record count exhausted or tape mark encoun-
tered. The skip tape marks command operates in the same manner. EOT is not allowed to
alter its operation.

e A skip files command could take 15 to 20 minutes to complete to the end of a 2,400 foot reel
of tape. There is no abort procedure other than a subsystem initialize. This will cause an
automatic load sequence.

PROGRAMMER’S NOTE
As a debugging aid, set the message buffer to all 1s
(ones). This eliminates any confusion that might be
caused by earlier messages.
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