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1.0 SCOPE 

!his specification provides engineering documentation and 
Iystem user information or the operating features and 
performance characteristics d~signed into this product. 

2.0 DESCRIPTION AND FEATURES 

2.1 General Description 

Linus is a low cost cartridge tape drive intended for back-up 
ot low to aedium rance discs. Secondary uses will be a data 
exchance medium between BP systems, software distribution, in 
data/transaction loCCinC applications, and for personal I/O. 

'!'he Linus subsystem consists of a II smart- aechanism, a halt 
liz8 Amico P.C.Assy., and prefol"lllatted, removable tape 
cartridces. As a component, this subsystea will be intecratect 
into the 16 Mbyte 7908, the 28 Mbyte 7911, the 65 Mbyte 7912. 
and the 132 Mbyte 7914 disc systems. In these products, the 
packaging, power supplies, and controller will be shared with 
the discs. 

2.2 Product Features 

up to 67.0 Mbytes ot tormatted capacity on tape cartrid,e. 
pretoraatted into lK byte data blocks. 

"Exclusive Or" error correction. 

Linus and its assoeiated disc are capable ot direct data 
transfers without involving the BPIB. 

Mechanical cartridce interlock encaged durin, tape operations. 

Data blocks on any portion of tape are rando.~ acc.s.abl. anel 
over- writable. 

Uses command set '80 disc protocol (ie locate and reael, loc~t. 
and write, etc.). 

2.3 Mechanism Description 

The 'tape drive module consists of the drive mechanism plus 
aotor and head control electronics packaged together within the 
mechanism frame. The high capacity is achieved by positioning a 
stngle track, ferrite head via a stepper aotor/lead screw to 16 
track locations across the tape. The data is recorded 
serpentine fashion (each track recorded the opposite direction 
as the adjacent track) to eliminate rewind times between 
tracks. Head positioning ""d capstan motor digital servo 
control are accomplished via a .icroprocessor resident in the 
meChanism. The microprocessor also tests and calibrates the 
.edbanism every time a cartridge is installed. 
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2.~ Cartridge Description 

The cartridge is a nc600 preformatted data cartridge. (This is 
a ~x6 in. version of the HP mini-cartridge used in BP 
calculators and terminals!) Two sizes are available: The 61MB 
ilL II cartridge with 600 feet of tape, and the 16.7MB .. s.. type 
with 150f1. of tape. The formatted blocks include space for 1K 
of data, error correction, block addresses, and CRC's. A 
mechanical write protect key is built into the cartridge also. 

+----------_.----------------------------------------------------------+ I 1 I 65~071 654061 I 613211 613201 I I 115 
1--------------------------------------------------------------1 I 
I 1 1 l' 
I 1 I R 
I I I A 
1 ilL" Cartridge I I C 
I I I I 

BOT I lEOTI 
I 1 " 1-------_·_----------------------------------------------------1 I 
I 1 18171 18178 1 I I I 1 I I 2 
,-------------------------------------------------------------1 I 
1 I I 81761 81751 1 ~0891 40881 1 1 I 1 
1--------------------------------------------------------~----I I 1 I 10 11 I I ~086 I ~087 I I 1 1 0 

+---------------------------------------------------------------------+ 
+---------------------------------------------------------------------+ 

1 I 1 163511 163501 I 153311 153301 I I 115 
1-------------------------------------------------------------1 1 
I liT 
1 I 1 R 
1 1 1 A 
I .. s.. Cartridae lie 
I 1 I K 

BOT 1 lEOTI 
I 1 " 1-------------------------------------------------------------1 I 
I I 120~~ 12045 1 1 1 1 I I I 2 
1-------------------------------------------------------------1 I 
I 1 1 20~31 20421 I 10231 10221 I I I 1 
1-------_··_---------------------------------------------------1 1 
1 I 10 11 1 11020 11021 I 1 I 1 0 

+---------------------------------------------------------------------+ 
Ic------->Ic----------------User Space----------------->I<------->I 
spare table (Including Spares) use logs 
error log • 
diag.blocks 
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3.0 OPERATOR IHTEFACTIOH 

3.1 Controls and Indicators 

UNLOAD button - This button is lIounted on the front panel ot 
the tape mechanism and provides the user a way of indicating to 
the controller that the tape should be unloaded. When the 
controller senses that the button has been depressed it will: 
a) During an autoload - stop the autoload and UNLOAD. 
b) During a SAVE or RESTORE operation - temporarily stop those 

operations. If it is then pushed a second tille and while 
the busy light is flickering, an UNLOAD will occur. If it 
is not pushed in 5 sec., the SAVE or RES will resu.e. 

c) During any other active operation invoke the unload 
sequence (below). 

~e unload sequence tirst requests release from the host system 
wben release is granted, the controller upda~es the error logs 
(near the tront of tape), rewinds the tape to "End ot Tape II 
(EOT), updates the Use log, and unlocks the cartridge with an 
audible buzz. 

EJECT lever - This Ilide lever eJects the c&rtridge out ot the 
drive .. chanis •• A mechanical interlock prevents its actutation 
unless the cartridge has "unloaded" as described above. 

·SAVE button - Thil button i. located behind the tront panel. 
It is intended for use by lervice personnel and users 1Ihen the 
host .ystem is down and a copy of the disc is desired. Backup 
il normal!y done with system comaands. 

Pushing the SAVE button will initiate a tull volume transter of 
the disc '. contentl to the in-place tape cartridce. The 
transter will start troll logical block zero on the dilc and 
tape, and proceed until the disc volume has been ca.pletely 
transtered, or end ot volume occurs on the tape. After the last 
block i. written, a tile mark il added. Misaatched volume lizes 
between the dilc and tape are allowed within the above 
definition. 

The 791~ will, after the first tape, prompt the user to load 
another tape. With this second tape the controller restarts the 
cop,y trom WOere it left off on the disc. The address ot the 
first disc sector .tored on each tape i. recorded in a tape 
maintenance block. 

The SAVE operation starts with a request tor release from the 
hOlt. After release has been ,ranted the busy light is 
flickered. It the button is pushed again within 5 seconds, the 
controller will start copying the disc data onto the tape. If 
no button or the wrong button i~ pushed, the subsystem returns 
to its idle state. If a data error is encountered on the disc, 
the best guess i. sent to the tape, and the SAVE continues to 
completion. Ho~ever, the tape is not unloaded and the ~lash~ 
busy light indicates a fault. Pushing the unload button no~, 
unloads the cartridge and clears the fault conditions. 
Unreadable keys on the tape are marked in the spare table and 
skipped. The SAVE continues to conclusion with no fault 
indicated, and the cartridge unloaded. If a hard~re fault 
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interupts the SAVE, the busy lipt tlashes (it possible) and 
the tape is stopped. At the completion of the tirst tape on the 
7914 the busy LED is flashed alternately fast and slow to 
prompt the user tor another tape. It end ot volume is reached 
on the disc a tile mark is written on the tape and the tape 
unload sequence is invoked. It the end of the tape (second tape 
on the 7914) is encountered first the tape unload sequence onlY 
is inYOked. 

-RES"l'(fiE button - This button is also Ilounted behind the front 
panel. It functions the same as SAVE but in reverse (tape to 
disc). Additionally. RESTORE will stop at tile marks and blank 
blocks. Data and hardware faults are handled analogously to 
SAVE. Tbe 7914 uses the disc address written on the tape for 
restoration of both tapes. 

BUSY indicator - This LED visible from the front panel 
indicates that a tape operation is in progress when it is lit. 
Durinc Save and RES sequences this LED is flickered (B/sec. ) 
while waiting for a button, tlashed (l/sec) to indicate a 
tault, and strobed while tlickering to indicate that the 7914 
is waiting for a second tape. 

WRITE PROTECT indicator - when lit this LED. visible trom the 
tront panel. indicates that the cartridge is write protected, 
and t.hat write. to the tape are not allowed. When write 
protected, the controller cannot 2odit,y the system block. on a 
tape so sparing t logging ot errors. and tallYing og total tape 
use are disabled. 

*These switches are onlY used on the shared controller version. 
of Linus. 

3.2 Cartridge Loading 

The loading sequence is initiated wbenever a cartridge i. 
plugged in. The tape is Iloved to the beginning ot tape (BOT). 
the drive tests itselt. then calibrates itselt to the 
particular cartridge in the .echanism. This process take. about 
two ainut.es tor the "Lit. or about 55 seconds tor the "s" 
cartridge. At the conclusion ot this. it is ready to be 
accessed ~ the host. 

3.3 Cartridge Unloading 

The Wlload sequence (described under the UJlLOAD button) has to 
be executed to remove a cartridge from the drive. It can take 
up to 80 seconds to rewi:1d the tape to EOT for a tiL" cartridge, 
and 20 seconds tor an .. s .. cartridge. 

Linus ERS 
Page 4 



1t.0 HOST SYSTEM llTERACTIOH 

1t.1 Functional Description or Ca.mand Sequence 

To acc.as the tape, a atartinc block address, burst size and 
transrer length must be specitied. The ~'sical block size is 
1021& bytes ,. and up to tour blocks .ay be buffered by the 
controller. 'lbe starting address is converted internally to a 
tvo dilMnsional key and track address. A locate and read (or 
writ~ or verity) command initiates the shortest seek to this 
key and track location. Seek t~es are 195 .sec per track, 
about 100 .sec accel. and decel. tiaes per seek, plus about 20 
.sec per key traversed. (ie, to 10 trom block 0 to block ~081 
takes 80 seconds. To Co from Block 0 to Block 8111 takes about 
390 a.ec.). Seeks can take relatively long periods or time, 
especialq it done without regard to the inherent personali ty 
of the tape. 

e&ce the target address il reached, writes, reads and verities 
are ~enced in auch the lame aanner as with dilc.. If the 
tranlaction overflows a track, auto seeks to the Dext track are 
done. Retries are al.o accomodated during reads and veririel. 

Verities can be done at the conclusion ot a write transter. 
They abould not in general be done on a block by block basi., 
however, as this results in extreaely poor perforaance, and 
excesli"e wear on the drive and cartridp. 

1t.2 LiDu. File H'U'k Capability 

3M .eU. a controller tor a .tand alone Lin'.1 conticuration 
which ~le.ents tile .ark capability. The 3M contr~ller ule. 
data block headers to record tile aark. which are reque.ted b.r 
the uler via a write tile mark coaand. In order to allow BP 
controllers to be cOlllp&tible with 3M tapes. an equivalent 
function vill be ~l .. ented on Linus. 

The rule. tor bandl~ tile markl involve a ne. write tile aark 
ca.mand, and .odification to locate and read to allow 
termination ot a transfer when a tile .ark is encountered. rile 
aark. are not involved in tape rositioning prior to a read, 
write, or verity command. Mo akip tile mark cOllUlland£ are 
imple"ntecl. 

Whenever a tile mark i. encountered during a read, the data 
transfer il tenninated. The End ot File indication in the 
atatul request .. ssage becomes asserted when the bost attempt. 
to access the byte arter tbe last byte in a tile. Whenever Eo.. 
il encountered, a aessage tenainator byte, "01",. is aent to the 
host. !be contents of this byte are not part of tbe r&quested 
data. 

Unless a tile aark is encountered, the length of the execution 
lies sage i. deterained by the current value of the length 
parameter. It a data transter ends on the last byte ot a file, 
the Ear indication is .aved until the host attempt. to read the 
next byte. In this case the message terminator byte i8 sent in 
a single byte execution message. If an EOF is encountered in 

Linus ERS 
Page 5 



the lIiddle of a data transfer, that transfer is terminated and 
EOF occurs immediately. In this case the message te~inator 
~ is appended to the data aessage. The length ot the 
execution message is never longer than the length parameter 
specification. Burst .ode cperation is independent of the rules 
involving file marks. 

~.3 Defect Handling 

'1'vo types of media errors are possible with the Linus tape : an 
~dable key for a given block and sn unrecoverable data 
error. Bad keys are relatively common (0 10 per ItL" 
cartridge) and can be detected on a virgin tape during any 
operation. With the internal error correction, uncorrectable 
data errors are rather infrequent «1 in 10 "L" cartridges) but 
can only be detected during read and verify operations. To ease 
the handling of errors the Linus controller sets aside one 
block in 512 as a spare (total of 32 blocks on the .. s.. tape and 
128 on the ilL "tape) • These blocks are not in the users 
addressing space and are only used to replace bad blocks. 

TWo .ethod. of using the spare blocks are provided by the Linu. 
controller. In the first aethod, refered to h~re as skip 
sparing, a bad block is spared by adding its address to a table 
ot blocks to be skipped and relloving the next available spare 
troll the same table. This type of sparing re.ults in minillal 
latene,y but the addresses ot the blocks between the bad block 
and its spare are altered. In the second .ethod, Jump spar inc , 
the bad block is directlr replaced bf the closest, by seek 
tille, ava ilable spare. An.y tuture rete renee to the block 
,enerates a seek ~o its spare requirinc on the average a 
latene,y ot 2.5 seconds to cet to it and nearly the .ame tim. to 
resuae with the next sQquential block. This .ethod, however, 
does not alter the address of other blocks and is safe for us. 
when needed data resid~H beyond the bad block. In the special 
ca.e when a skip .par. is asked for but DO spar. blocks are 
available beyon~ ~~e bad block. Jump spar. is substituted for 
the skir. Ther,. is a 1111i t of 32 Jump spares for IUlJ Linus 
tape. 

Sparira is invoked by the host sending a Spare Block command, 
with a parameter byte indicating the method, or by the host 
wri1:iDg to a known bad block after enabling Auto Sparing via 
· .. ne Set Device Specitic Options command. Each spare operation 
requires the controller to rewrite a sparing information block 
near BOT, this vill be done at the end of any transaction 
causing the spare but before status is returned. 

~ ... 
~.".1 

ColBlllaDds Supported by Linus 

Locate and Write 

Ll:"luS will execute the locate and write command in the same 
aanner as the disc. Complete disc operations .~y be 
executed in parallel with the 'locate' portion ot a Linus 
transaction, as described under parallel operations (to be 
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impleme;.~ted at a later date). Also Dote the sparing rules 
in section 4.4. 

After completion of a write operation, the tape will 
automa~icall.y be repositioned to a point in front of the 
next block to be written. This way the seek required in 
preparation for a sequential write will take place in 
parallel with the receiving and decoding of the next 
cOllUDand • 

Locate and Read 

The read and cold load read operations are executed in the 
same manner as the disc, with the following exce~tions. 

File marks will be treated as mentioned earlier. 

The user will be able to configure the drive to take 
advantage of character count capability during reads. This 
is necessar.y for 3M controller compatability. If character 
counts are ignored, partial blocks will be padded with O's 
to their full length during a read operation. If the 
character count function is enabled, the controller viII 
skip the unfilled part of a partially written block, and 
proceed with the next block. The default is to ignore this 
powerful capability. 

Upon completion of a read co.-and, the controller will 
instruct the tape drive to read the next block, in case a 
.equential read command should tollow. Thi. is done in 
parallel with other controller activity, and does Dot 
impact the controller'. interaction with the host. 

Attempting to read a block which 
will terminate the transfer with 
error. 

Veri f'I COlIIIDand 

has never been written 
a No Data Found media 

The verity command on LiDu~ operates like the disc verit,y 
command. The host should cons ider the following 
characteristics Mhen using this command: 

1 - The command will verity n logical blocks where D equals 
the transfer length divided by 1024. There is no 
adjustment for empty, partial or filemark blocks within 
this range. 

2 - Verity will terminate ~ftediately on an unrecoverable 
data error unless the bad block has been spared. 

3 - Verify will not terminate on a file mark. 

Linus ERS 
Page 1 



Cop)' Data 

Copy data is described in the CS tsO (Feb 1981) ref.ranee 
manual. '!'be followin& comments should be noted when using 
this cOJllllland: 

:1 - When Linus is the .ource unit and a End of File (EOF) 
is encountered thft Copy transaction stops and EOF 
status is reported. 

2 - If an unwritten l,lock is encountered while Linus is the 
source device, the '~ransfer will be terminated with a 
No lAta Found aecUa error. 

3 - The full 7914 dilC iIIa,e cannot be backed up on a 
~ incle tape cartl idge. 

~ - The command is net executable on the dual controller 
version of the 7911, 7912 and i:J14. 

~.4.2 Compl~entary Co.mands 

!he followiaa complimentar,v commands are implemented: 

SET Block Address 
SET Block Displacement 
SIr LenC"th 
SET Burst 
SET Retry Tille 
SIT Status Mask 
SIr Device specific Options 

Allot this commands function in exactly the same .anner .s 
described in the CS 80 reference .anu.l with the tollowiDi 
extension: 

S.t Device Specitic Options C,R 

:OOll1000: :OOOOOASC: 

C :I: 0: 
C :I: 1: 

A :I: 0: 
A = 1: 

S = 0: 
S = 1: 

Disable character count capability. 
Enable character count capability. 

Auto sparing disabled. 
Auto sparing enabled. 

Auto spare invo.k.s Jump Sparing. 
Auto spare invokes Skip Sparing. 

7be C bit in this complementary command configures the 
controller to utilize the tape drive's character count 
capablilty. This does not impact wri te operations. Character 
counts are always written in block headers. It this function is 
disabled tor a read operation, partially filled blocks will be 
padded with O's during a read. It the function is enabled, onlv 
the filled portions ot blocks will be sent to the host. The 
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Character count will be used to cause Linus to skip to the next 
block when all of the user data in a given block has been sent • 
• 0 d~ data is synthesized. 

When the A bit is set the Linus controller has permission to 
s~ ~ bad blocks encountered while writing user blocks. Bad 
b10cks are limited to those ~ith an unreadable key and any 
b10cks previously put in the error log. If the S bit is set 
Auto sparing will use the skip rather than the jump method of 
s~ing. The skip method is recommended wrien the user doesn't 
care about any d.ta which may reside beyond the current target 
address. 

4.4.3 General Co~~ands 

Describe 

The format of the describe message does not require 
modification for Linus. The number of user blocks given by 
describe reflect the size of the current cartridge loaded 
in the drive. It will be zero when no cartridge is loaded, 
16352 for a .. s .. cartridge with spares, and 65408 tor a "L" 
cartridge with spares. A cartridge which has never been 
written to or has been initialized to have no spares would 
be describes as having 16384 or 65536 blocks. 

Releas., Release Denied 

The Linus controller requests release for the tollo~ing 
events: 

1 - A tape cartridge finishes auto load. Release is 
required to obtain controller relource. to execute 
Linus Selt Test and Table initialization routine •. 

2 - The operator pushes the Store, Restore, Unload or 
Selftelt buttons. Release is of course required before 
any ot these actons can be taken as controller 
resources are needed and the host· may have tile or 
director,y maintenance to pertorm betor. allowing such 
drastic actions. 

3 - !he run ti~e error table in the controller fills. The 
controller then requests release tor Maintenance so it 
can post the new errors. 

!be host grants or denies release ~ith the appropriate 
co~d. It a controller defined timeout (-2 seconds) 
elapses before the host acts on a request tor r~lease the 
Linus control~er grants itself release and proceed3 as it 
desires. 
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Write File Mark 

:01001001: 

This Real Time command causes a file mark to be written at 
the current position of the tape. The actual file mark 
indication appears as a bit in the header of a data block 
(lK). No data is stored in the block containing the file 
mark. This is a real time command. 

Spare Block Command C,R 

:00000110: :OOOOOOsl: 

s = 0: 
s = 1: 

Skip spare. 
Jump spare. 

This command causes the controller to spare the current 
target block by the method indicated in the option byte. 
This action includes updating the sparing table near BOT 
thus tape motion is involved and this command may take 90 
seconds to execute. This command does not retain data in 
the spare block. 

Initialize Tape 

:00110111: :OOOOOCWZ: :00000000: 

Z = 0: Rewrite sparing table with no ;~1ap spares. 
Z = 1: Reset sparing table to initial spares. 

W = 0: Initial spare. are every 512th block plus 
a track offset. 

W c 1: Initial spare. are no spares. 

C = 0: Runs certification if necessar,y. 
C = 1: Does not force a certify test. 

With all the option bits (Z,W,C) cleared, this command 
certifies a tape (if it hasn't alrea4y been certified), 
sets up a spare table on the ta~ (if one hasn't already 
been set up), and spares out any detective blocks 
discovered during the certify test. If the Z bit is 
cleared, but a spare table does exist on the tape, all jump 
spares are converted to skip spares. If the Z bit is set, 
the spare table 1s cleared and rewritten to an initial 
state as per bit W. In this case if N is zero there will be 
an unused spare for each 512 blocks and thebe available 
spares are staggered from block to block. No spares are 
used; thus all bad blocks are to be rediscovered. For W = 1 
a null spare table is ~ritten allocating no spares on the 
tape. The certify test 1s also skipped. Sparing becomes the 

Linus ERS 
Page 10 



responsibility of the user as the controller is left with 
no resources for it. This option should be used only for 
coapatibility with non-BP systems. When the C bit is set 
the certit.y test is not done. The media will return an 
initialized media status ~en loaded into a drive in this 
condition, even though the spare table is initialized. The 
command takes 15-60 minutes to execute on an uncertified 
tape. 

The following table defines the controller activity for all 
poss ible combinations of previous tape stOate and format 
parameters. 

\ c 1 0 0 0 0 1 1 1 1 1 
\ w 1 0 0 'l 1 0 0 1 1 1 

Tape State \Z I 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 
--------------1-----+-----+-----+-----+-----+-----+-----+-----+ 
No Spare Table I 1 1 I I I 1 1 1 

1 C J C I X 1 X 1 BIB 1 X I X I 
Not Certified 1 I 1 1 I I 1 I 1 
--------------1-----+-----+-----+-----+-----+-----+-----+-----+ 
Spare Table I 1 1 I 1 1 1 I I 

I C 1 C 1 X I X 101 B I X I X I 
Not Certified 1 1 1 1 I 1 I 1 1 
------------ ---1-- ---+-----+-----+--- --.: --- --+-- ---+-----+-----+ 
Spare Table I I 1 I 1 I I I I 

I 0 1 C I X I X 101 B I X I X I 
Certified I I I I 1 1 I I 1 

Unload 

C - Certity the tape 
o - Optimize the spare table 
B - Build a new spare table 
I - Clear the spare table 

:01001010: 

C,R 

When the Linus controller receives an unload tape command, 
the error log is written, if necessary, and the tape is 
unloaded. This action may require rewritting a block at BOT 
as well as EOT so prepare for a possible three minute wait 
until status is returned. The controller supports parallel 
disc operations during this operation. 

4.5 Diagnostic Commands 

The three following Diagnostic Commands are supported: 

Request Status 
Initiate Diagnostic 
Execute Utility 

With these catagories of commands, it is possible to initiate 
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tests and gather results at both the intertace and tunctional 
levels. In addition. the utilities provide a mechanism tor' 
retrival o~ logs. diagnostic results. and characterization ot 
the head/media interface. The Error Rate Test Log and the Error 
Log will be stored in the system blocks tound near the BOT 
(Between KEYS 9&10 and 10&11 respectively). As part of the 
unload sequence the "USE II Log will be updated. The "USE" log 
resides betwen physical 4107 & 4108 on the ilL" tape and 1035 Ie 
1036 on the .. s .. tape. A short discussion of the purpose and 
content ot the above .entioned logs are included in the 
explanatio'ls of the utilities which pertain to thea. 

4.5.1 Request Status 

:00001101: 

The Request Status command operates exactly as described in the 
disk ERS. In summar.y. the Request Status command returns a 20 
byte status report (in an execution message) indicat~ the 
status ot the last transaction. The status request consists ot 
a 2-byte identification ~ield. an 8-byte error classification 
field. and 10 bytes of additional error dependent parameters. A 
summar" ot the format ot the status report is found in the 
cs-80 Instruction Set Manual. A more detailed discussion ot 
this comaand is provided in the CS-80 ERS. 

4.5.2 Initiate Diagnostic 

:00110011: : LOOP PARAMETER : : SECTION': 

OPCODE 2 bytes 1 byte 
The Initiate Diagnostic command will perform the phase or the 
internal diagnostic which is indicated by the d1agnostic 
section number. The internal diarnostic is divided into several 
sections. the tollowing two of which pertain to Linus. These 
tests are invoked at Power-On, and may be run individually 
through the Initiate Diagnostic command. TCP two Linus related 
diagnostic sections are specified as tollows. 

: 8:: - TIB MICRO Diagnostic: 
Functional tes~ing ot the Tape Interface Board. 
including ··.pecial diagnostic lIode testing. 

:11: (A)-Initi.ate AUTO-LOAD Sequence: 
Performs the OEM Self Test. tensioning. and Head 
alignment functions with the cartridge in place. 

(B)-DHA/TIB MACRO Diagnostic: 
Tests all control lines and the serial data 
path between the DMA and Tape Interface Boa:a.-ds 

(C)-TIB/LINUS MACRO Diagnostic: 
Tests control and data paths between the Tape 
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Interface Board and the LINUS .echanism ••• 
includes a short R/W and command/response tests. 
The R/W test will seek to a diagnostic key Dear 
Bar and attempt to write a test pattern on 2 of 
16 tracks. Tape length is also retrieved from 
the "manuf'acturer's block". 

~.5.3 Execute. Utility 

:001100XX: :u OPCODE: 

1BY'l'E 0-4 PARAMETER BYTES 

xx • Ekecution Message Qualifier 
00 -> .0 Execution Message 
01 -> Receive Execution Message 
10 -> Send Execution Message 

The Execute Utility Co_and is followed by a Ilicro-opcode which 
define. a variety of' disc and tape utili ties. Dependinc on the 
utility selected, a pre-defined number of parameter bytes may 
be expected to follow the utility number. Although, the 
interface to this familY of utilities tends to be device 
independent, the internal algorithms do depend on the specific 
device. The f'ollowing Linus utilities present a consistent 
disc/tape interf'ace. 

Pattern Error Rate Test: 

:11001000: LOOP TYPE : TST AREA: : DATA SRC: 

u OPCODE 1 byte 1 byte 1 byte 1 byte 

Pal'ameter Definition: 

LOOP -> 1-255 c Loop Count 
o c HOT Allowed 

~ -> 00 c Read only ERT 
01 c Write/Read ERT 
10 c Certification 

(Sparing lEY errors and 
blks with >=2 frame errors) 

TST AREA -> 00 = Use Current Address , 
Current Length. (Logical) 

01 = Specified & Hext Track 
(Phy)-(XXXX0001), 
Where XXXX=Specified Track 

10 = Entire Tape(Pby) 

DATA SRC -> Defines data source 
00 = Use Internal Pattern Thl. 
01 = Use User defined patter.n. 
10 = Use Random Data 
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This error rate test and certification utility is provided 
to aid in characterizine the head/media interface. 
Write/Read and certification tests are destructive to 
stored data. Tape certification includes a write/read pass 
on all physical blocks While sparine all blocks with a key 
errror or two or more frames in error. Therefore, the test 
area is ignored when certification is selected. The test 
area may be either logical. using the current address and 
length, or physical. specifying a p~ir of tracks or the 
entire tape. The data source may be from a pseudo-random 
data generator, an internal Pattern Table, or user defined 
by the ··RECElVE USER PATl'ERN

tt utility described later. The 
results of this may be recovered usine the ttRead ERT Log 
Utility··. ·Permanent correctable and ·uncorrectable data 
errors are logged, including their logical addresses Where 
possible. Since reserved spare blocks may also exhibit 
errors. the appropriate error counts "ill be incremented. 
but no records will be returned for those blocks because 
there is no corresponding loeical address. The sum of the 
error counts (permanent and key). may therefore. be larger 
than the number of records returned. ·Transient data errors 
and key errors are counted. Since the error log is written 
to a system block on the tape. rather than returned 
directly to the user. the tape must not be write protected 
even for a Read Only ERr. The parameters bytes for this 
test are position specific. Therefore. a parameter bounds 
error ~ill not be set when undefined bit positions in the 
byte are used. 

Read Error Rate Test Log: 

:11000110: :00000000: 

u OPCODE 1 byte 

The ERT Data Error Loe is the standard loe for all errors 
found while executinc the Pattern Error Rate Test. The 
sinele byte "nUll" parameter indicates that the results 
will cover all blocks specified durine the BaT run. The log 
is composed of a header ~ich contains the number of blocks 
accessed and error counts. and records which contain 
relevant addresses and error qualifiers. This log contains 
data and key errors. and is kept separate from the uRun 
Timett Error log so cumulative errors are not a concern 
during testing. Records are kept for permanent errors 
(correctable and uncorrectable) and key errors. 

Log Format: 

LOG HEADER 

, of records 
, of blocks accessed 

• , of permanent errors 
• , of transient errors 
• , of uncorrectable errors 
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, ot key errors 1 byte 

LOG RECORD 

ADDRESS PORTION: 
Logical Block addr~ss __ 2 bytes 

ERROR PORTION: 
ERROR BYTE(See definition below) _ 1 byte 

ERROR BYTE - Bit 0 = 0 f"rame 1 NO CRC error 
= 1 f"rame 1 CRC error 

Bit 1 = 0 f"rame 2 NO CRC error 
= 1 f"rame 2 CRC error 

Bit 2 = 0 f"rame 3 XO CRC error 
= 1 frame 3 CRC error 

Bit 3 = 0 frame 4 NO CRC error 
= 1 f"rame 4 CRC error 

Bit If • o ECC 5 - NO CRC error 
= 1 ECC 5 - CRC error 

Bit 5 = o ECC 6 - 10 CRC error 
= 1 ECC 6 - CRC error 

Bit 6 = 0 correctable error 
= 1 uncorrectable error 

Bi t 7 = 0 Frame error 
= 1 Key error 

• A PERMANENT ERROR is a block with one or more defect. 
in the data area. Most detects are correctable. A 
block with 2+ detects in non-adjacent frames is an 
UJiCORRECTABLE ERROR. A TRM"SIENT ERROR is &nJ frame 
error that disappears in less than three retries. 

As a suggested output format f"or the ERROR byte, display 
only those categories of ec-rors which are "active" (Bit 
position = 1). 

Read Error Log 

:11000101: :00000000: 

u OPCODE 1 byte 

This Run Time Log provides a history of perf"ormance for a 
given tape. The "nUll" parameter byte indicates the results 
are over all tracks and all blocks. The Clear Log Utility 
(Described later) will clear this log of all records and 
counts. The only records kept are for uncol'rectable and key 
errors. This log is stored near BOT, between KEYS 10' 11, 
in the following f"ormat. Certification is zero for 
uncertified tapes; otherwise greater than zero. 

LOG FORMAT: 
LOO HEADER 

, or records ___________ 1 byte 
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, o~ uncorrectable errors 1 ~. 
, o~ key errors __ ~~_____________ 1 ~. 
TYPe of certification- 1 ~. 

LOO RECORD 

THE Loo RECORD IS OF THE SAME FORMAT AS THAT 
KEPI' FOR THE ERT LOO. 

·Possible values for the "Type of certi~ication" are: 
o = .ot certified 
1 = 3M certified 
2 = HP factory certified 
q = Certified on-line 

Read "USE" Log 

:11000111: 

The "USE" log provides a history o~ the total tape 
activity. It contains two entries, auto-load count and 
number of blocks accessed. This log resides at physical 
block 1035 on the "s" tape and 4107 on the "t" tape. The 
log is only updated durin, the unload •• quenc. and will 
therefore remain unchanged during any sing1. session where 
a tape is inserted. To preserve an accurate record ot tape 
activity, this 101 may not b3 cleared. The "USE" log has 
the following tormat: 

LOG RECORD 

Count of Auto-load sequences 
performed on this tape 2 bytes 

Count of blocks accessed ________ 4 bytes 

Read Drive Tables 

: 1.1000100: :Table N-.unl- r: 

This coaunand will return 
table specified by the i 
can be used to achieve • 
The possible parameter 
tables are: 

4 RAM values stored in the drive 
'ameter value. 1bis intomation 
understanding ot the drive state. 

oyte values and the associated 

Table Humber = 10 Manut ;ure'. Block table 
= 11 Spare 'lock Table 
:: 12 Copy i.,)·"art Address 
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MANUFAC'roRER'S TABLE 

The aanutacturer's table i. the only .y.te. block not 
wri tten by BP controller. • It i. wri tten by the 
manutacturer as part ot media formatting. Unlike the other 
blocks on the tape it is written in the same direction on 
all tracks (moving towards EoT) between keys zero and one. 
Its data is recorded in 1 bit ASCII code with the most 
.ignificant bit set to zero. The foraat is as follows: 

<CR><LF>DC6"HC 
<CR><LF>"" 
<CR><LF>Format c<BS>O MINH. MINIHG AND MFR. CO, 
<CR><LF>~ 

<CR><LF><ESC> 

Line 1 Cartridge type - II i. 00 for the long tape 
or 15 for the short tape 

Line 2 Humber of u.er blocks per track, 4096 or 1024 
Line 3 Copywrite notice 
Line" Cartriqe identification cod. 

XXXXIX is the manutacturer'. control cod. 
HNMNHHHNHH is the date code 

The cartridge identification code contains both numeric and 
alphabetic character. and i. unique for each cartridg •• 

The sy.bols <CR>, <LF>, <BS>, and <ESC> )."epre.ent the 
carriage control. 1inefe.d. backspace, and e.cape 
character. respectively. The manutacturer's block i. used 
by the Linu. controller to determine the length ot the tape 
just loaded. The fUll block i. available to ho.t coaputer. 
thru the use ot a utility. 

SPARE BLOC'It TABLE 

Th. Spare Block table contains the phy.ical adelr..... ot 
all tho.e block. which are .pared. It aay be c1.ar.d br 
u.ina the Initialize Tape CS-80 command with the 
appropriate parameters. The Table i. provided to intor. 
external diagnostic utilities which areas ot the cartridge 
are bad but are not mentioned in the Error Log, because 
phy.ica1 addressing is not available to the host. There i. 
no direct way to verify these blocks. 

TABLE HEADER 

, ot table entries ___ 1 byte 

TABLE RECORD 
Block number______________ 2 ~es 
Track nUMber 1 byte 

COPY START ADDRESS • 
This table is holds a six b,yte logical address that 
indicates where 3D image restore ot this tape should begin 
on the disc. The address is given in block mode with the 
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most significant byte sent first. 

Receive User Pattern 

:11010001: 

This utility will accept 64 bytes of data (passed from the 
host) and write them to 'the controller RAM area for later 
use with the error rate 'test. 

Clear Logs 

:11001101: : LOG CODE: 

This utility will clear 10,s indicated by the parameter 
byte., 

LOI Code = 0 
= 1 

Read Revision Humber. 

:11000011: 

Clear the Error Lol ani ~ log. 
Clear the ERr 101 only. 

Thi. utility reads the firmware revi.ion number. for 
disc/tape/and controller 1'il"lllW&r8. The 1'ir8t byte- returned 
is equal to the number of byte. which will tollow. 

Pre8et Drive 

:11001110: 

This conmand will torce all periodic upkeep required b.y the 
device controller. This include. updating logl containing 
run time data error. or drive faults. This command should 
be issued periodically by the host, 80 it ~ control over 
the tilling of periodic loggin,. 

Read Error SWIUIlary 

:11000001: :Recent or Previous: 

u OPCODE 1 byte 

Parameter: 
o = MOlt resent result8 (1 summary) 
1 = Lalt 4 summaries with error8. 

(Does not include curren't lumaary.) 
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!his utility returns 1 or 4 (parameter dependent) 64 byte 
'"bi1; maps" which represent the results of all test. 
executed. Where the Linus Drive i. the only unit beside. 
the controller, the "0" par8J:leter is the only valid 
~eter. When the controller is common to disc and tape, 
the previous 4 error summaries may be cleared with the 
CLEAR LOGS (ALL) command issued to the disc. Since the bit 
positions correspond to actual errors, their definition is 
DOW in progress. One test's successtul completion .ay 
clepend on the results of another test, and therefore, the 
bos1; may intelligently combine a lIst ot test dependencies 
with these results to perform tault isolation. This utility 
is provided 80 field testing tools may intelligently adapt 
to ~ield experience. 

4.6 POwer-On Sequence 

Four se~te diagnostic phases are entered during Linus System 
Power-~. 
They are: (1) Controller (Including the Tape Interface 

board) power on diagnostics. 
(2) Linus Auto-Load Sequence. 
(3) Tape Intertace Board to Linus 

interface tests (Macro-diagnostics) 
(4) System blocks are loaded into 

controller RAM. 

The Linus auto-load sequence (2) , begins when a tape is 
detected in the drive. If a tape :IS present at power-on, the 
auto-load sequence and the controller power-on diagnostic. 
execute in parallel with the disc coming on-line betore the 
more leaatby auto-load is complete. In the noraal situation, 
the controller will be "up" when the tape i. inserted. For this 
ease, phase (2), (3), and (4) swmnarize the Linus Tests before 
COllin& on line. 

In 'the !,irst phas., the controller and disc (if pre.ent) "board 
and htertace" te.ts are executed. Thi. include. controller to 
Tape Interface Board Data and Control Path T.stin,. Thi. 
testiac occurs whether or not a tape i. pre.ent in the drive. 
In the second phase, the Linu. drive perforas tape tensionin, 
and head alignment functions, .s well as checking internal RAM 
and registers tor proper operation. This phase i. initiated 
when a tape is inserted or found (during s),stem power-on) in 
the drive. The functions are all performed with the Linus '. 
intemal aicro-processor. 

In 'the third phase, the controller attempt. to communicate with 
the cartrid,e usm,. short Read/Write test. This test is 
non-destructive, using blocks invisible to the user. In the 
last phase, the controller reads system intcrmation from the 
Linus cartridce into the controller RAM. This information 
includes the manutacture'. block and Spare tables. 
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Tape 
Presence 
Detected 

--->: 

LINUS POWER-ON ~QUElfCE 

LIIIlJS 
Atn'O - LOAD 

BEGIlfS 

: (TAPE PRESENCE 
: DETECTION MAY 
: OCCUR AT POWER: 
: OK OR ANYTIIfg 
: TBEREAF'l'ER) 

: AUTO - LOAD 
CClfPLETE 

I I 
V 

f f 
V 

CONTROLLER Power-On 
POWER - ON :<-Detected 

I I 
V 

IF DISC PRESENT. : 
IT COMES OK-LINE.: 
OTHERWISE. WAIT 
FOR At1l'O-LOAD TO : 
CalPLETE 

I I 
I I 
I I 
f I 
f I 
V 

IF A SIlfGLE CONTROLLER EXISTS 
FOR BOTH TAPE AHD DISC. IT MUST 

:REQUEST RELEASE OF THE OIl-LINE DISC: 

I I 
V 

:TIB/LINUS MACRODIAGNOSTIC: 

I I 
V 

: SYS'l'EH BLOCKS • ~ CONTROLLER RAM: 

I I 
V 

••••••••••••••••••••••• 
• LINUS COMES ON-LINE • ••••••••••••••••••••••• 
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5.0 PERFORMANCE SPECIFICATIONS 

5.1 DATA CAPACITY 

Formatted Data Capacit7: 

5.2 Data Transter Rate 

Avera,. Data Transter Rate: 
Burst Transter Rate: 

5.3 Access Tiae 

67.0 Mbytes Per ItL II Cartridge 
16. 7 Mbytes Per ··S.. Cartridge 

35.0K b7tes/sec. (2.1Mbyte/miD) 
- 9001 bytes/sec. 

Total access time is the sum ot the tollowing tactors: 

Track to Track Seek 
ley to Key Search 

195 msec:/traek 
19.8 asec/ke7 (lKbyte/ke7) 

(Worst ease access is 83 see.) 

5.~ Tape Speed 

Read/write/Verit.y 
Seareh (Key) 

5.5 RecordtDa Parameters 

lneodiDc Teclmique 
Bit DensiV 
lwaber of 1Tacb 
-Number ot User Bloeks 
Data/Block 

5.6 Error Rate 

60 ips 
90 ips 

MFM 
10000 bpi 
16 
65408 tor "L", 16352 tor liS" 
1024 byte. 

c 2 errors in 10EI0 bits transtered, unrecoverable e.r. 

- For initialized tape 
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6.0 ERVIRONMENTAL 

The Linus tape subsystem is designed to meet the Class B 
requir. .. nts o~ the BP Corporate Ervironmental Specification 
A-6950-5344-1. Exceptions to this specification are noted. 

6.1 Teaperature 

OPERATING - five degrees centigrade to forty five degrees 
centigrade. 

NOH-OPERATING - negative forty degrees centigrade t~ sixty five 
degrees centigrade. 

6.2 Huai4ity 

OPERAXING - ~ to 8~ non-condensing. 

NON~OPERA7ING - 5~ to 95~ non-condensinc. 

6.3 Vibration 

Operat~ and non-operating per DMD dwg A-5955-3439-1 

6.1, Shoek 

11 asec, 1/2 sme wave, 30 I'. non-operatinc. 

6.5 Altitude 

!be unit will withstand altitudes ~ro. 300 
level to 4600 meter. above .ea level. 
Don-operatinc to 15000 .. ters. 
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1.0 RELIABILITY 

1.1 Failure Rate 

The failure rate goal is 6.6~ /1000 hours of power on time, and 
t&pe moving at 17% duty cycle. 

1.2 Repair Time 

The mean time to repair (MTi'R) goal is <1 hour excluding tra~"el 
tL.e. 

1.3 Average Use Estimates 

Pover on - 5~ duty cycle 

Tape in motion - 2 hours/day average 

1.4 Service 

No field preventative maintenance is required. 
c Lpstan can be cleaned by the customer us ing a 
cieaner. (Every week) 

1.5 Cartr:idge Life 

The head and 
chemical head 

Average life of the cartridge is 2500 end to end cycles ot the 
tape. One cycle is moving troll EOT to BOT to EO'!'. 
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8.0 PHYSICAL SPECIFICATIONS 

8.1 Size 

Drive Module - 117mm. high x 178mm. wide x 21Omm. deep 

Tape Interrace Bd. - 178mm. x 305mm. (1/2 Amigo size) 

8,.2 Input Power 

5v - 3.6 amps 

12v - .75 amps (4.0 amp surge) 
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90,0 Examples ot Linus media defect handling 

The following examples show how the host should interact with 'the 
Linus controller to minimize error handling problems. For these 
examples the tape has a bad key for block 5, a bad data area in 
block 10; blocks 7 and 15 are allocated as spares. The host is 
working with a. 18 kbyte file starting at block O. 

L 0 1 2 3 ~ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+-

* I ss I I ** I I ss I Ii 
+--+--+--+--+--+--+--+--+--+--+--+-~+--+--+--+--+--+--+--+--+--+-

P 0 1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

NOTE: 

- - detect over key 
*- - detect in block 
ss - available spare block 
xx - block deleted by sparing 

P-II indicates physical block ". Physical addresses 
are not accessible to the host. 

L-II indicates logical block ". All host addresses 
are Logical addresses. 

Case 1 - Writing the file OD virgin tape. 

1be host issues a write at 0 for 18 kbytes. 

Linus writes blocks L-O to L-~. 
The Linus controller adds block 5 to the Error Log. 
Linus accepts and sinks blocks L-5 to L-17. 
The returned status indicates that block 5 is ot no use. 

The host should issue a command to skip spare block L-5. 
The host then reissues a write at 0 tor 18 kbytes. 

Linus writes blocks L-O to L-~. 
Linus skips block P-5. 
Linus writes block L-5 (in block P-6). 
Linus writes blocks L-6 to L-13. (P-7 becomes a data block) 
Linus skips block P-15. 
Linus writes blocks L-14 to L-17. (in blocks p-16 to P-20) 
Linus returns normal status as the error at block 10 cannot 

be detected yet. 

The tape DOW contains •.• 
L 0 1 2 3 ~ 5 6 7 8 9 10 11 12 13 1~ 15 16 17 18 
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+-

·xx I I·· I I ss I I 
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+-

P 0 1 2 3 ~ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
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Case 2 Reading the above file. 

The host issues a read at 0 for 18 kbytes. 

Linus returns data from blocks L-O to L-4. 
Linus skips block P-5. 
Linus reads data from blocks L-5 to L-8. 
The Linus controller enters block P-10 in the Error Log. 
Linus returns it's best guess for L-9. and reads L-10 to L-13. 
Linus skips block P-15. 
Linus reads blocks L-14 to L-17 (from blocks p-16 to P-20). 
The returned status indicates unrecoverable data in block ]~-9. 

Case 3 Re~iting the above file. 

The host reads the error log and is told about block L-9. 
The host issues a Spare Block L-9 command. with jump option. 

Linus logs P-10 in its Jump block table with a link to P-15. 

The host issues a write at 0 for 18 kbytes. 

Linus writes blocks L-O to L-4. 
Linus skips to block p-6. 
Linus writes blocks L-5 to L-S. 
Linus seeks to block P-15. 
Linus writes block L-9. 
Linus seeks to block P-11. 
Linus writes blocks L-I0 to L-13. 
Linus skips block P-15. 
Linus writes blocks L-14 to L-17. 
Linus returns a normal completion. 

The tape now contains ••• 
L 0 1 2 3 4 5 6 7 8 10 11 12 13 9 14 15 16 1718 

+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+-
I I I ·xx I I I I xx I I I I I 
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+-

P 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Case 4 - Reformatting the Tape 

The host issues a Initialize Tape command. saving spares. 

Linus logs blocks P-5 and P-I0 in the skip table. 
Ljnus clears the Jump table. 
Linus returns good completion. 

The host issues a write to 0 tor 18 kbytes. 
Linus writes blocks L-O to L-4. 
Linus skips block P-5. 
Linus writes blocks L-5 to L-8 (in blocks p-6 to P-9). 
Linus skips blocks P-10. 
Linus writes blocks L-9 to L-17 (in blocks P-17 to P-19). 
Linus reports good completion. 
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The tape DOW contains ••• 
L 012 3 ~ 5 678 9 10 11 12 13 14 15 16 17 18 
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+-

·xxl Ixxl 
+--+~-+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+-

P 0 1 2 3 ~ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1920 

Case 5 - Use of Auto sparing 

Start with situation before case 1 
The host enables Auto sparing with the skip option. 
ine host then says to write 18 Kbytes starting at block O. 

Linus writes blocks L-O to L-4 (P-O to p-4). 
Linus detects the bad key at P-5 and skip spares that block. 
The tape now maps as at the end of case 1. 
Linus writes blocks L-5 to L-13 (p-6 to P-1~). 
Linus skips the spare block P-15. 
Linus writes blocks L-14 to L-17 (p-16 to P-19). 
Linus rewrites the sparing table and returns status. 

Some time later the host has read the file (see case 2) 
and found it lacking in quality. 

As the directory shows there are files present beyond this 
one the host enables Auto sparing with the jump option. 

The host recreates the file and tells Linus to write it. 

Linus writes blocks L-O to L-4 (P-O to p-4). 
Linus skips spared block P-5. 
Linus writes blocks L-5 to L-8. 
Linus jump spares block P-I0 to P-15 because it was logged. 
Linus writes block L9 at P-15. 
Linus writes blocks L-10 to L-13 (P-ll to p-14). 
Linus writes blocks L-l~ to L-17 (p-16 to P-19). 
Linus rewrites the sparing table and returns status. 

The tape is now as at the end of case 3. 
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10.0 LOGICAL INTERCHANGE COMPATIBILITY 

linus is compatible with the HP Logical Mas. Meaor.y Format 
Standard (LIF) as revised in January '81. Tbe following notes 
apply 'to Linus when used for LIF: 

1. Sector (physical block) = 1024 bytes 

2. The number of usable sectors per take is readable from the 
!ESCRlBE command (16352 tor initialized short tape, 65408 for 
initialized long tape). 

3. For writing. use skip spacing, SPARE BLOCK cODmland S· c o. 
(Auto skip spacing is recommended, device specific options A= 
1. S = 1). 

4. On used tapes convert jump spares to skip spares, 
DITIALIZE TAPE. E = 1. 

5. It is also recommended that a file mark be written at the 
third sector to prevent the disc from accidentallY being 
"image·1 restored by a LIF tape. 
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