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BLOCK.COM
Lab Exercise 1

P p A

Log into your STUDENTX account

$ SET DEF [STUDENTx.MISC] (x = your student account #)
$ SET TERMINAL/INQUIRE

$ @BLOCK

Your Re-
STEP BLOCK.COM Program Prompt sponse
5 Would you like help ? Y
6 Create an output file of your conversion Y[N] ? Y
7 What type of DISK would you like ? RA87
Note the response and "aliowed seiections.”
8 What type of DISK would you like ? RA81
] What formatted mode would you like to convert ? H
Note that help may be obtained as needed.
10 What formatted mode would you like to convert ? 16
1 What TYPE of block would you like to convert ? H
12 What TYPE of block would you like to convert ? LBN
13 Select Group Offset ? <return>
Pressing <return> selects the normal (default) group offset for the selected drive type.
Changing the group offset is normally only used during disk engineering development
and new product testing.
14 Would you like & Status Map displayed Y[N] ? Y
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BLOCK.COM
Lab Exercise 1

Your Re~
STEP "BLOCK.COM Program Prompt sponse
15 Select the desired LBN number(s) ? 2498
Compare the results with the sample calculation shown in the DSDF section of the
Student Reference Manual for this LBN on a 16-bit RA81. See LBN conversion example
#2.
16 Select the desired LBN number(s) ? 2499
Compare the results with the sample calculation shown in the DSDF section of the
Student Reference Manual for this LBN on a 16-bit RA81. See LBN conversion example
#3.
17 Select the desired LBN number(s) ? ' 2498,2499
Be sure a comma separates the numbers.
18 Select the desired LBN number(s) ? 249022500
Be sure a colon separates the numbers.
19 Select the desired LBN number(s) ? 2500:2490
Note that the conversions are performed in ascending order regardless of the order in
which the block numbers are entered into the program.
20 Select the desired LBN number(s) ? H <ret>
Note the various ways that block numbers may be entered inte the program. Entries
may contain-a mix of numbers using commas and/or colons.
21 Select the desired LBN number(s) ? 40:60 <cr>

Watch the progression of numbers in the SECTOR # column and the SECTOR # FROM
INDEX column (physical sector). Note that when the HEAD number changes from 0 to
1 there is a-14-sector shift in the SECTOR # FROM INDEX column. This is due to the
group ofiset (RA81=14) when switching groups (heads in an RA81).

22 Select the desired LBN number(s) ?
Press <return> until you are prompted to select the disk type.

23 Select RA60, 16-bit LBN 6000.

Compare the results with the sample caiculation shown in the DSDF Section of the
Student Reference Manual for this LBN on a 16-bit RA60. See LBN conversion exampie
#5,
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BLOCK.COM
Lab Exercise 1

STEP

BLOCK.COM Program Prompt

Your Re~
sponse

24

25

26

27

28

29

30

31

32

Select LBNs in RCT and HOSf.area {use MAP).

The map may be obtained by typing "M" <ret> in response to the prompt that requests
the block numbers for the type of block you selected (LBN, RBN, etc.).

Select RA82.
(Note that the RA82 is only capable of 16-bit mode.)

Select other disk types and modes.

Select RBN.
~  lLook at the Map while RBN is selected.

—  Enter some numbers and review the results.

Select DBN.
~  Look at the map while DBN is selected.
- Enter some numbers and review the results.

- Note the cylinders that contain these biocks.

Select XBN.
- Look at the map while XBN is selected.

- Enter some numbers and review the results.

Use the H (help) feature for various prompts.

Deliberately enter erroneous information to some of the responses.
—  enter an invalid mode number
~  enter an invalid block type

—  enter block numbers that are invalid or too large

Exit the program.
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BLOCK.COM
Lab Exercise 1

Your Re-
STEP BLOCK.COM Program Prompt ' sponse

33 $ Type BLOCK.DAT

Note that errors are not included on the output and that the header page is different
when you changed parameters while executing the program.

34 Print the file BLOCK.DAT to obtain a hardcopy for review.

BLOCK.COM NOTES

*  VERSIONS of BLOCK.COM prior to V 3.5 are obsolete and have some calculation errors.

+ - BLOCK.COM is distributed with VAXSIM-Plus using the file name VAXSIM$LBN.COM. The versions of
this conversion utility that were released with VAXSIM~Plus version 1.0 and 1.1 do not support the RA90.
Version 1.2 of VAXSIM~Plus contains VAXSIMSLBN.COM version 3.5 which has the latest corrections and
will support the RA90.

In the meantime, use BLOCK.COM version 3.5 to support RA90 troubleshooting.
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DSA TROUBLESHOOTING COURSE
Lab Exercise #2

DKUTIL

- For execution on an RA70 Disk Drive -
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DKUTIL Execution on an RA70 Disk Drive
Lab Exercise 2,

Save hardcopy of all your activities for reference and questions during subsequent discussion in lecture.

1 RUN DD1:DKUTIL (HSC50)
RUN DKUTIL (HSC70)
2 Select the target disk that you have been assigned.

Version 350 of HSC code will prompt you for the disk device number (Dxx). Version 370 and later HSC
code will provide you with a message indicating that you will need to enter an additional command (GET
Dxx) to select the disk unit number.

3 Verify that the mode is correct and the FCT is VALID from the display.
Use your DKUTIL user guide (in the Student Manual) as reference for the following steps.

Command(s) To Enter Notes

4 DISPLAY CHARA DISK Compare the results to the drive characteristics in
your student manual for this drive type.

5 DISPLAY ERRORS On RAB80/81/82, this displays the contents of the in-
ternal error silo which contains the last 16 drive de—
tected error codes.

For later drives {RA70, RAS0, etc.) this command
will dump and format the drive internal error iog.

For the RAGB0, an error message will result since the
RAB0 does not support internal error iogging or error
silos.

6 DISPLAY RCT Note the LBNs that are replaced and which RBNs
they are revectored to.

The asterisk (*) next to an entry indicates non-
primary replacement. Otherwise, the replacement
is primary. ’

7 DISPLAY RCT/FULL Note the additional information that is displayed from
‘ RCT block 0 when using the /FULL modifier.

8 DISP FCT Note the PBNs (Physical block numbers) and which
logical blocks they describe that should be consid—
ered bad and replaced when formatting the disk.
The codes in parentheses represent the reasons
why the block is bad and how it is to be treated.
This information is in the FCT section of the Student
Manual.
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DKUTIL Execution on an RA70 Disk Drive
Lab Exercise 2,

Command(s) To Enter

Notes

10

1

12

13

14

15

16

DISPLAY ALL

DISPLAY CHARA LBN 100

DISPLAY CHARA DBN 2

DISPLAY CHARA RBN 24

DISPLAY CHARA XBN 400

DUMP LBN 100/ALL

DUMP/ALL DBN 123

DUMP/ALL RBN xxxx

The information provided here is the total accumu—
lation of data that would be obtained if individually
entering each of the previous DISPLAY commands.

Note the header information that is supplied. Consuit
your instructor if you have any questions concerning
the format of the header information.

This display provides transiation of an LBN address
(100 in this example) into cylinder, group, track, and
position. Position is the physical sector from Index.

Note the contents of the data, the four copies of the
header, and the calcuiated EDC difference. Note the
header code.

Note the contents of the data, the four copies of the
header and the calculated EDC difierence. Note the
header code and how it differs from an LBN.

Using the RCT display obtained from step 6 above,
select an RBN number that is not being used for re—
placement and use that RBN as part of the following
command:

Note the contents of the data, the four copies of the
header and the calculated EDC difference. Note the
header code. Note that EDC is inverted, indicating
a forced error

Note the data pattern. This is the DEC Standard
Format Data Pattern.

Using the RCT display obtained from step 6 above,
select an RBN number that is being used for re~
placement and use that RBN as part of the following
command:
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DKUTIL Execution on an RA70 Disk Drive
Lab Exercise 2,

Command(s) To Enter

Notes

17

18

19

20

21

22

23

24

25

DUMP/ALL RBN xxxx

DUMP/ALL XBN 0

DUMP/ALL FCT BLOCK 1 COPY 1

DUMP/ALL XBN 1

DUMP/ALL FCT BLOCK 2 COPY 1

DUMP/ALL RCT BLOCK 1 COPY 1

DUMP/ALL LBN 547041

DUMP/ALL LBN 100

MODIFY 32 1111 2222 3333 4444 5555 6666
NOTE

Note the contents of the data, the 4 copies of the
header and the calculated EDC difference. Note the
header code. In this case, the RBN should contain
valid data from some LBN and a correctly written
EDC (EDC diff = 0).

Note the contents of the data, the four copies of the
header and the calculated EDC difference. Note the
header code and how it is different from the other
block types.

This is the FCT control block. Use your Student
Manual to find the mode byte, the FK bit, and their
contents.

What is different about this from the information ob—
tained in the previous step? Have the instructor clar-
ity this if it is unclear.

This is the first block in the FCT that contains PBN
descriptors.

What is different about the information displayed
here from the previous step?

This is the RCT control block, often referred to as
block 0 of the RCT (accessed as biock 1 when using
DKUTIL). Use your student manual to decode the
contents of RCT bilock 0.

What's different about the contents here as com-
pared to the contents from the previous step?

An invalid command error message indicates the write patch is not installed. Install it at this time,
if necessary. After installing the patch and re-running DKUTIL, continue this exercise starting with

step 24.
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DKUTIL Execution on an RA70 Disk Drive
Lab Exercise 2,

Command(s) To Enter

Notes

26

27

28

29

30

31

32

33

34

35

36

37

DUMP/ALL BUFFER

Note the differences that occurred after the modify.
It probably does not appear the way you expected.
The next step should provide clarification.

MOD 32 01111 02222 03333 04444 05555 06666 O7777

DUMP/ALL BUFFER

WRITE LBN 547040

DUMP LBN 547040

REVECTOR 547040

DISP/FULL RCT

DUMP/ALL LBN 547040

DUMP/ALL RBN xxxx

DUMP/ALL/RAW LBN 547040

DUMP RCT BLOCK 2

DUMP RCT BLOCK 3

Use the letter O (for octal) and not zero (0).
Now notice the changes that occurred.

This will write the contents of the bufier (which you
have modified) to LBN 547040.

This is to verify the block was correctly written with
the desired modifications.

This is actually a command that forces a replace—
ment; i.e., LBN 547040 will be replaced.

Verify that the LBN was replaced and remember
which RBN was used.

xxxx is the RBN number you obtained from step 32
above.

Compare the results of step 33 through step 35. Do
you understand what is happening? Consuilt the in-
structor if you are unciear.

This shows the contents of the RCT caching block
which contains a buffered copy of the host data dur-
ing the last replacement operation. Notice that this
is the same data that was in LBN 547040 which you
previously replaced manually.

This is the first block in the RCT that contains DE-
SCRIPTORS. It mostly zeroes (it not all zeroes).
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DKUTIL Execution on an RA70 Disk Drive
Lab Exercise 2,

Command(s) To Enter

Notes

38 DUMP RCT BLOCK x
39 DUMP RCT BLOCK 99989
40 DUMP RCT BLOCK xxxx

Substitute 4, 5, 6, etc., for the value x and continue
looking at RCT descriptor biocks until you encounter
a block that contains something other than all zeros.
The non-zero vaiues will be due to an RBN descrip-
tor entry. Use the RCT section of your Student Guide
and see if you can decode a descriptor and compare
it to the corresponding entry in the RCT table ob-
tained in step 6. Ask your instructor for assistance,
as needed. ‘

Notice that you received an error message. The
message will tell you the maximum LBN that you
can enter for the RCT table. This is a convenient
technique to locate the LBN number of the last RCT
descriptor block in the table for this particular type
of disk drive.

Substitute the maximum LBN number you obtained
in step 39 for xxxx in this step. This will display
the last RCT descriptor block (copy 1 in this case).
This descriptor block should contain descriptors with
descriptor codes of 10, indicating the end of a valid
RCT table copy.

You should also see a descriptor entry for the RBN
that was allocated for LBN 547040 when you per-
formed the revector command in step 31.

Save all the material you obtained in this exercise for review later in class.
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Goals/Objectives

1.1 WHAT’S COVERED

DSDF disk format and structures

SDI

BBR

Drive status decoding

Basic error log decoding and review

Special tools and diagnostics

- DKUTLIL

- Block Conversion Utility

-~  RAUTIL HDA Analyzer

- DKRFCT

- FORMATTING

~  Error Log Tools

-  Remote Analysis Tools

-  Miscellaneous HSC Utilities

- Disk Scrubbing

Logically broken drives (versus) physically broken
Emphasis will be VMS, HSC, and some tools/concepts in a two~board controller environment

Troubleshooting information will be supplied throughout the discussions of the various tools, topics, and 1ab
activities

Lab exercises to familiarize the student with the usage of the tools and problem solving

1.2 WHAT’S NOT COVERED

MSCP

Specific controlier repair

Specific drive repair except HDA. and communication references
Emphasis on physically broken equipment

Tape drive support
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" NOTE:

e ALL OF THE DOCUMENTATION MATERIALS AND SPECIAL TOOLS OBTAINED IN THIS COURSE
ARE STRICTLY DIGITAL INTERNAL USE ONLY. PLEASE TREAT THIS MATERIAL ACCORD-
INGLY. DO NOT LEAVE ANY OF THE SPECIAL SOFTWARE TOOLS OR DOCUMENTATION ON A
SITE THAT IS NOT UNDER DIGITAL SERVICE CONTRACT AGREEMENTS OR A SITE THAT IS
ACCESSIBLE BY 3RD PARTY MAINTENANCE.

+ DO NOT ATTEMPT TO RE-TEACH THIS COURSE IN THE FIELD !
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1.3 COURSE MAP

Figure 1-1: Course Map

INTRODUCTION
DSDF
Lab #1 BLOCK.COM
Lab #2 DKUTIL
sDi
ERROR LOG DECODING
Lab #3 RAUTIL
Lab #2 DSAERR Error Log Tool
VAXsimPLUS CONCEPTS
BBR + FORCED ERAORS
FORMATTING and DKRFCT
Lab #5 SET HOST/HSC + DKRFCT
Lab #6 FE/EDC Isolation
DISK SCRUB CONCEPTS
HSC FAKDSK
DRIVE ERROR TOLERANCE
DSA TROUBLESHOOTING FLOW
Lab #7  Troubleshooting Bugs
Lab #8 EVRLK {Optional)

SUMMARY
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DSDF for RA60/70/80/81/82/90
Lesson 1

DSDF for RA60/70/80/81/82/90

This document describes the location, specification, and function of the various disk internal storage such as platters,
heads, and the positioner mechanism, as well as storage components such as cylinders, groups, tracks, and blocks.
Bad block replacement, hardware error recovery, and forced errors are also described.

This material stresses Digital Standard Disk Format (DSDF) characteristics unique to a variety of disk drives. It will
help you understand the overall function of the drives, interpret error logs, and work with diagnostic information
in the field.
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DSDF for RA60/70/80/81/82/90
Lesson 1

2.1 MEDIA COMPONENTS (Physical Geometry, Head Disk Assemblies)
2.1.1 RAB0/81/82

The RA80/81/82 HDA contains 4 storage platters attached to a spindle assembly. The 4 platters provide a total of 8
magnetic recording surfaces. A rotary positioner and motor assembly within the HDA contains 8 metal arms. Each
metal arm contains 2 head assemblies for a total of 16 heads within the HDA. The heads and arms are attached to
the positioner so that 2 heads are located over each of the 8 recording surfaces. The positioner motor is responsible
for moving all 16 heads simultaneously across the media surfaces during a SEEK operation.

Fourteen data heads are used for R/W data operations to and from the disk surface in the RA80 and RA81. Fifteen
of the data heads are used for R/W data operations to and from the disk surfaces in the RA82. The heads are
numbered as shown in Figure 2-1 and Figure 2-2. The last head is a servo head used to read specially recorded
servo information from the dedicated servo area of the disk surface.

Figure 2-1: Basic RA80/81 HDA

METAL ARM |
READ/WRITE
DATA HEAD
HEAD 12 HEAD 13 /
HEAD 10 HEAD 11
HEAD 8 HEAD o
HEAD 6 HEAD 7
POSITIONER
ASSEMBLY SPINDLE
HEAD 4 HEAD 5
|}
HEAD 2 HEAD 3
HEAD 0 HEAD 1
— SERVO HEAD DUMMY " pisk MEDIA |
 STORAGE PLATTER
CX0-8388
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Figure 2-2: Basic RA82 HDA
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2.1.2 RA70

The RA70 HDA contains 6 storage platters attached to a spindle assembly. The six platters provide a total of 12
magnetic recording surfaces. A linear positioner and motor assembly within the HDA contains 12 metal arms. Each
metal arm contains 1 head assembly for a total of 12 heads within the HDA. The heads and arms are attached to
the positioner so that 1 head is located over each of the 12 recording surfaces. The positioner motor is responsible
for moving all 12 heads simultaneously across the media surfaces during a SEEK operation.

Eleven data heads are used for R/W data operations to and from the disk surface in the RA70. The heads are
numbered as shown in Figure 2-3. The last head is a servo head used to read specially recorded servo information
from the dedicated servo area of the disk surface.

Figure 2-3: Basic RA70 HDA
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Digital Internal Use Only 2-5



DSDF for RA60/70/80/81/82/90
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2.1.3 RA60

The RAG0 uses a removable pack that contains 3 storage platters attached to a spindle. The 3 storage platters
provide a total of 6 magnetic recording surfaces. A carriage assembly within the RA60 drive contains 6 replaceable
head/arm assemblies. These assemblies are attached to the carriage so that 1 head will be positioned over each
recording surface. The carriage assembly is responsible for moving all 6 heads simultaneously across the media
surfaces during a SEEK operation.

All 6 data heads are used for R/W data operations to and from the disk surface in the RA60. The heads are
numbered as shown in Figure 2—4. There is no dedicated servo surface in the RA60.

Figure 2—4: Basic RA60

READ/WRITE
DATA HEAD
HEAD 0 v
A
HEAD 1
HEAD 2
CARRIAGE SPINDLE
ASSEMBLY
HEAD 3
HEAD 4
HEAD 5§
DISK MEDIA

— ‘ STORAGE PLATTER
: CX0-2341A
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214 RA90

The RA90 HDA contains 7 storage platters attached to a spindle assembly. The 7 platters provide a total of 14
magnetic recording surfaces. A positioner and motor assembly within the HDA contains 14 metal arms. Each
metal arm contains 1 head assembly for a total of 14 heads within the HDA. The heads and arms are attached to
the positioner so that 1 head is located over each of the 14 recording surfaces. The positioner motor is responsible
for moving all 14 heads simultaneously across the media surfaces during a SEEK operation.

Thirteen data heads are used for R/W data operations to and from the disk surface in the RA90. The heads are
numbered as shown in Figure 2-5. The last head is 2 servo head used to read specially recorded servo information
from the dedicated servo area of the disk surface.
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Basic RA90 HDA

Figure 2-5
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2.2 SERVO INFORMATION

In the RA70, RA80, RA81, RA82, and RA90, information ‘on the dedicated servo surface is written only at the
factory during the HDA manufacturing process. For these drives, the dedicated servo surface contains the following:

»  Information to identify the inner and outer guard band regions of the media.
« Information to provide index and sector pulses.

Information to provide proper positioning of the R/W heads over physical cylinders and tracks.

In the RA70, RA81, RA82, and RA90, the positioning pulses from the dedicated servo surface provide only the
coarse positioning information. Special embedded servo information (factory written only) is recorded between
each sector on the data surfaces to provide fine positioning information for the servo circuits in these drives. Refer

Figure 2-6.

The RA60 also provides embedded servo mformauon (factory written only) to provide both coarse and fine posi—
tioning information for its servo circuits.
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‘Figure 2-6: Basic Track and Sector
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2.3 DATA INFORMATION

The data surfaces are used for both WRITE and READ data operations. These data recording areas are divided
into physical cylinders, tracks, and sectors by the design of the drive. The review of these physical concepts is
necessary to better understand the logical organization of these disks in the DSA environment and to troubleshoot
and maintain these drives in system environments. :

2.4 PHYSICAL SECTOR

The sector is the smallest addressable unit of the disk. It occupies a specific physical position relative to the index
pulse, and it is available for reading or writing once per disk revolution. The sector contains the components shown
in Figure 2-6.

2.4.1 Header

There are four copies of the 32—bit header in every sector, or a total of 128 bits. Each of the 32~bit copies contains
a 28-bit block number for the sector. Each of the four copies contains a 4-bit code to define what type of block it
is (LBN, RBN, XBN, or DBN), which logical area it is located in, and the current status of the block. Block types

" and logical areas will be discussed in more detail later in this course.

The header does not provide any error checking or correcting capability and, for this reason, there are four copies
of each header. In the event that one header copy becomes corrupt, the controller uses all four copies and special
algorithms to determine the correct block number and code for the sector.

The controller uses the header information to assure that the data in a particular sector is the data it wants during
read data or write data operations.

2.4.2 Data

This is the specific information written on the disk by the host applications software, host operating system software,
or the controller during read data or write data operations. The data consists of 512 8-bit bytes in the 16-bit formatted
mode or 576 8-bit bytes in the 18-bit formatted mode.

Disks formatted for 16~bit mode are used on 16-bit systems (PDP-11) and 32-bit systems (VAX). Disks formatted
for 18~bit mode are used on 18-bit systems (PDP-15) and 36-bit systems (DECsystem~10 or DECsystem~20). They
can only be set for these modes at the factory. The number of sectors per track for 18-bit disks is less than the
number of sectors for 16-bit disks. The number of sectors on each track is derived from the servo information
formatted only at the factory. ’

NOTE
The RA60, RA80, and RAS81 are available in both 16-bit and 18-bit configurations.
The RA70, RA82, and RA90 are available in only 16-bit configurations.

2.4.3 Error Detecting Code (EDC)

The Error Detecting Code (EDC) is a 16-bit code used primarily to detect data path problems through the controller.
Under some circumstances, the EDC may become inverted (one’s complement) to indicate a special condition known
as forced error. Forced errors are discussed in more detail later in this course.
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2.4.4 Error Correcting Code (ECC)

The Error Correcting Code (ECC) is a 170-bit code appended to the end of a sector by the controller during a
write data operation to the disk drive. It is used for both error detection and correction for data passing to and
from the disk drive. The calculation of the ECC code is determined by the content of the actual data (including
the EDC characters) written to the disk. During a read data operation, the controller again calculates an ECC code
determined by the actual data and EDC read from the disk. The calculated ECC is then compared to the ECC read
at the end of the sector to determine if errors have developed in the data or ECC. :

The ECC code can also be used to corect the errors detected during a read operation. The Reed—Solomon technique
is capable of correcting up to eight 10-bit symbol errors in a 604-byte field. This technique is currently used in
many of the DSA controllers.

The larger the number of ECC symbol errors, the more severe the error becomes. For example, a 7-symbol ECC
error is more severe than a 4—~symbol error and requires more effort to correct the data. When the number of
symbol errors detected exceeds the capability of the error correcting technique being used, the error is called an
uncorrectable ECC error.

DSA disk drives are required to provide a recommended symbol threshold value upon request to the controller.
The ECC threshold is the number of ECC errors that the controller should consider abnormal for that drive. If the
number of ECC errors detected in a sector equals or exceeds the threshold, the sector (block) should be considered
* bad and becomes a candidate for replacement. Bad Block Replacement (BBR) is discussed later in this course.

2.5 PHYSICAL TRACK

Sectors on the disk recording surfaces are grouped into tracks. A physical track is a circular collection of contiguous
sectors located under one head, during one revolution of any data surface, while the positioner assembly is stationary.
Figure 2-6 shows a basic linear representation of a track and how the sectors are grouped within the track. An
index pulse defines the start of a track. Sector pulses separate the physical boundaries of each sector.

Figure 2-6 illustrates the location of embedded servo information at the beginning of each sector. As we mentioned
earlier, this is used by the drives to provide fine positioning while a head is located over a particular track. The
only exception is the RA80 which does not contain embedded servo information between each sector.

The total number of physical sectors per drive depends upon the drive type as shown in Figure 2—-6 and Table 2-1.

Table 2-1: Physical Sectors per Track

16-bit 18-bit
RAB0 43 39
RA70 34 -
RA80 32 29
RA81 52 47
RA82 58 -
RASO 70 -

2.6 PHYSICAL CYLINDER

Physical tracks on the disk recording surface are grouped into physical cylinders. A physical cylinder is the
collection of each track under every head while the head positioning mechanism is stationary.

If the heads are positioned over a particular physical cylinder and data is requested from a different cylinder, the
hardware in the drive must move the positioner to the desired physical cylinder. This would typically occur during
a SEEK operation.

Servo information recorded on the disk surface(s) defines how many cylinders exist in the HDA assembly and
where they are physically located across the media surfaces.

2-12 Digital Internal Use Only



DSDF for RA60/70/80/81/82/90
Lesson 1

2.7 LOGICAL DISK ADDRESSING

We have previously discussed the physical characteristics of some various disk drives. These included the physical
addressing characteristics such as cylinder, track, and sector.

DSDF provides the host processor and a DSA controller with the ability to access data from a DSA disk in a
standardized manner without the burden of knowing how or where the data is physically located. The physical
location of data within a DSA disk is dependent upon the design of the specific disk drive but is transparent to the
host and controller. '

To standardize DSA disks, DSDF specifications require the disk be addressable by a common logical address—
ing language. This removes the burden of the controller having to understand all the unique hardware design
characteristics that vary from drive to drive.

Four logical entities make up the addressing of a DSA disk. These are discussed in the following paragraphs.
Figure 2~7 is a basic illustration of how these logical addressing entities fit together.

Figure 2-7: Logical Disk Addressing
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2.7.1 Logical Block

The logical block, like the physical sector, is the smallest addressable unit of the disk. For the disks described in
this course, a physical sector and a logical block are equivalent. The components of a logical block are the same
as the physical sector previously discussed in the first section of this document.

2.7.2 Logical Track

A logical track represents a set of logical blocks (sectors) occupying contiguous disk locations in one disk revolution.
A logical track has the following properties:

»  The time required to access any block on a track from another block on the same track must occur within one
revolution of the disk. This time is commonly referred to as the "maximum rotational latency."

«  The first sector on a track immediately follows the last sector on the same track.

These properties limit a track to the logical structure of a ring. For the disks described in this document, a physical
track and a logical track are equivalent.

2.7.3 Logical Group
A logical group is a collection of logical tracks and has the following properties.

¢ Selection of a logical group requires a controller-initiated GROUP SELECT command. A level 1 GROUP
SELECT command requires one SDI command frame from the controller to the drive to complete the command.

»  The same physical sector address is simultaneously availéble for reading or writing on all tracks within the
group.

+  The time to switch from one sector in a track to the next sequential sector on any other track within the same
group is less than the intersector gap time between two adjacent sectors.

2.7.4 Logical Cylinder
A logical cylinder is the collection of logical groups and has the following properties.

+  Selection of a logical cylinder requires a controller—initiated SEEK command. A level 2 SEEK command
requires seven SDI command frames from the controller to the drive to complete the command.

«  The time required to select new groups within a logical cylinder is LESS than the time required to perform a
physical one-cylinder seek.

Switching from one particular group to any other group in the same logical cylinder usually requires an amount
of time that is greater than the intersector gap time. To compensate for the seek or head switching time required
when switching between groups, a physical offset is applied to the first track in the new group. This allows the
target block to be the first block available for reading or writing immediately after the seek or head switch has
been accomplished.

The amount of offset is dependent upon drive design. It is referred to as group offset because we are effectively
switching between groups.
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2.7.5 Implementation of Logical Addressing

Two major factors were considered when deciding upon the selection of the logical addressing schemes in con—
junction with the specific design characteristic for these drives.

1. The selection scheme must satisfy the DSDF specification for both addressing and selecting or switching time
requirements. ’

2. The selection scheme must provide for the fastest and most efficient throughput when operated in a system
environment. This means getting the most amount of data to and from the disk in the least amount of time
when using typical operating systems such as VMS, RSTS, etc.
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2.7.5.1 RABO Logical Addressing

The RA80 implements following geometry for logical addressing:
— 1 logical track = 1 physical track

- 1 logical group = 14 logical tracks (1 physical cylinder)

— 1 logical cylinder = 2 logical groups (2 physical cylinders)

Figure 2-8 and Figure 2-9 show the RA80 logical addressing and geometry.

Figure 2-8: RABO Logical Disk Addressing
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The RAS80 uses dedicated servo for both coarse and fine positioning control. This dedicated servo data is always in
control of the positioning. When performing a head switch in the RA80, we can immediately begin reading data
from the next sequential head without any significant latency required to re-establish fine positioning.

Since the latency required for a head switch is less than the intersector gap time, a group in the RAS80 is equivalent
to 14 wracks.

To switch from a group on one physical cylinder to a group on another adjacent physical cylinder in the RA80
requires the drive to switch heads and intemally perform a one-cylinder seek. The RA80 can perform these actions
simultaneously as there is littie or no additional head settling time required. Therefore, the RA80 is able to equate
two groups (or two physical cylinders) into one logical cylinder. This provides the ability to select adjacent physical
cylinders using a SELECT GROUP command (requires one SDI command frame from the controller) as opposed
to a SEEK command (requires seven SDI command frames from a controller).

You are probably wondering why three physical cylinders (3 groups) were not incorporated into one logical cylinder.
One reason is simple: DSDF indicates that the time required to select any new group within a logical cylinder must
be less than the time to select a new physical cylinder. Switching from a group 0 address to a group 2 address on
a logical cylinder is really two physical cylinders in the RA80. Obviously, a two cylinder seek requires more time
than a one cylinder seek. .
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2.7.5.2 RAB81 Logical .Aucressing
The RAS81 implements the following geometry for logical addressing:
— 1 logical track = 1 physical track
— 1 logical group = 1 logical track
— 1 logical cylinder = 14 logical groups (1 physical cylinder)
Figure 2-10 and Figure 2-11 show the RAS81 logical addressing and geometry.
Figure 2-10: RAB81 Logical Disk Addressing
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Figure 2-11: RA81 Geometry
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The RA81 has dedicated servo for coarse positioning. The increased data and cylinder densities in the RA81 require
a more precise mechanism for fine positioning. Therefore, the RA81 incorporates embedded servo to accomplish
a finer positioning scheme.  The embedded servo exists between every sector on every track. When performing a
head switch, the RA81 servo logic must read several embedded servo bursts from a track to establish fine position
before it can continue reading or writing.

The time to accomplish a head switch is obviously greater than the intersector gap time. Therefore, the RA81
equates one track per group. A

To switch from a group on one physical cylinder to a group on another adjacent physical cylinder in the RAS81
requires the drive to switch heads and intemally perform a one-cylinder seek. This requires the RA81 to settle
(fine position using embedded servo) after performing the seek. The time required to do this is obviously greater
than just the seek itself. Therefore, the RA81 equates 14 groups to 1 physical and logical cylinder.
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2.7.5.3 RAB2 Logical Addressing _
The RAS82 implements the following gebmetry for logical addressing:
- 1 logical track = 1 physical track

- 1 logical group = 1 logical track

- 1 logical cylinder = 15 logical groups (1 physical cylinder)

Figure 2-12 and Figure 2—13 illustrate the RAS82 logical addressing and geometry.

Figure 2-12: RAB82 Logical Disk Addressing
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Figure 2-13: RA82 Geometry
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The RA82 has dedicated servo for coarse positioning. The large amount of data and cylinder densities in the
RAS2 require a more precise mechanism for fine positioning. Therefore, the RA82 incorporates embedded servo
to accomplish a fine positioning scheme. The embedded servo exists between every sector on every track. When
performing a head switch, the RA82 servo logic must read several embedded servo bursts from a track to establish
fine position before it can continue reading or writing.

The time to accomplish a head switch is obviously greater than the intersector gap time. Therefore, the RA82
equates one track per group.

To switch from a group on one physical cylinder to a group on another adjacent physical cylinder in the RA82
requires. the drive to switch heads and intemally perform a one—cylinder seek. This requires the RAS82 to settle
(fine position using embedded servo) after performing the seek. The time required to do this is obviously greater
than just the seek itself. Therefore, the RA82 equates 15 groups to 1 physical and logical cylinder.
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2.7.5.4 RA70 Logical Addressing

- The RA70 implements the following geometry for logical addressing:
- 1 logical track = 1 physical track

- 1 logical group = ] logical track

= 1 logical cylinder = 11 iogical groups (1 physical cylinder)

Figure 2-14 and Figure 2-15 show the RA70 logical addressing and geometry.

Figure 2-14: RA70 Logical Disk Addressing

TOTAL ADDRESSABLE STORAGE SPACE OF DISK DEVICE -

| |

[o]1f2fafa] | | | | |1516| 1517 LoGICAL CYLINDERS

||

fol1]2f{s]a] | | | |10] 11 cROUPS/CYLINDER

0 | 1 TRACK (HEAD) PER GROUP

(SECTORS/TRACK)

fol 1 ]2]s|a] | | [ s 34BLOCKSTRACK

CXO-2307A

2-24 Digital internal Use Only



DSDF for RA60/70/80/81/82/90

Lesson 1

RA70 Geometry

Figure 2-15
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The RA70 has dedicated servo for coarse positioning. The large amount of data and cylinder densities in the
RA7T0 require a more precise mechanism for fine positioning. Therefore, the RA70 incorporates embedded servo
to accomplish a fine positioning scheme. The embedded servo exists between every sector on every track. When
performing a head switch, the RA70 servo logic must read several embedded servo bursts from a track to establish
fine position before it can continue reading or writing.

The time to accomplish a head switch is obviously greater than the intersector gap time. Therefore, the RA70
equates one track per group.

To switch from a group on one physical cylinder to a group on another adjacent physical cylinder in the RA70
requires the drive to switch heads and intemally perform a one-cylinder seek. This requires the RA70 to settle
(fine position using embedded servo) after performing the seek. The time required to do this is obviously greater
than just the seek itself. Therefore, the RA70 equates 11 groups to 1 physical and logical cylinder.
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2.7.5.5 RAG60 Logical Addressing

The RA60 implements the following geometry for logical addressing:
-~ 1 logical track = 1 physical track

~ 1 logical group = 1 logical track

- 1 logical cylinder = 4 logical groups (4 physical tracks)

Figure 2-16 and Figure 2-17 show the RA60 logical addressing and geometry.

Figure 2-16: RAG60 Logical Disk Addressing
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The RA60 does not incorporate a dedicated servo surface but relies upon embedded servo information to perform
servo positioning. The embedded servo exists between every sector on every track. When performing a head
switch, the RA60 servo logic must read several embedded servo bursts from a track to establish fine position before
it can continue reading or writing.

The time to accomplish a head switch is obviously greater than the intersector gap time. Therefore, the RA60
equates one track per group.

Another unique characteristic of the RA60 is that it can seek faster than it can change head selection. After per—
forming a variety of design evaluations under different operating system envnonments a unique physical geometry
was established to allow optimum performance of the RA60.

This is better understood by reviewing Figure 2-17. A logical cylinder consists of four adjacent physical tracks
(groups) on the same surface read by the same head. For example, logical cylinder O consists of groups 0, 1, 2,
and 3 all on disk surface 0, read by R/W head number 0. Physically, this equates to the first four physical tracks
on surface 0. Logical cylinder 1 consists of the first four tracks (group O through group 3) on physical disk surface
1, read by R/W head number 1. As you can see from studying the diagram, a logical cylinder is quite different
from a physical cylinder in the RA60.
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2.7.5.6 RA90 Logical Addressing _

The RA90 implements the following geometry for logical addressing:
- 1logical rack = 1 physical track

- 1 logical group = 1 logical track

- 1 logical cylinder = 13 logical groups (1 physical cylinder)

Figure 2-18 and Figure 2-19 show the RA90 logical addressing and geometry.

Figure 2-18: RAS0 Logical Disk Addressing
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Figure 2-19: RA90 Geometry
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The RA90 has dedicated servo for coarse positioning. The large amount of data and cylinder densities in the
RA90 require a more precise mechanism for fine positioning. Therefore, the RA90 incorporates embedded servo
to accomplish a fine positioning scheme. The embedded servo exists between every sector on every track.

The time to accomplish a head switch is obviously greater than the intersector gap time. Therefore, the RA90
equates one track per group.

To switch from a group on one physical cylinder to a group on another adjacent physical cylinder in the RA90
requires the drive to switch heads and intemally perform a one~cylinder seek. This requires the RA90 to settle
(fine position using embedded servo) after performing the seck. The tirne required to do this is obviously greater
than just the seek itself. Therefore, the RA90 equates 13 groups to 1 physical and logical cylinder.

2.8 LOGICAL AREAS and LOGICAL BLOCKS

Information on the data recording surfaces of the media is logically organized according to the Digital Standard
Disk Format (DSDF) specification. This specification standardizes and defines how a Digital Storage Architecture
(DSA) device appears to the host processor and the controller to which it is attached.

The total data storage area of the disk media is divided into physical sectors. In the disks discussed in this document,
a sector is equivalent to a logical block. We have already seen how the physical atwributes of disk addressing are
translated to logical attributes.

The DSA architecture also provides for logical organization of the data blocks on the disk, regardless of the
addressing attributes selected. The number of logical blocks is divided into logical areas.

The following paragraphs describe these areas. Figure 2-20 illustrates the areas of the basic topology.

2-32 Digital Internal Use Only



DSDF for RA60/70/80/81/82/90

Lesson 1
Figure 2-20: Basic Topology
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2.8.1 Host Application Area (LBNs)

The host application area is the largest area containing data blocks for use by normal host operating applications
as well as system operating software. This is the area where users store data files and/or programs. System files
and system operating software are also stored here. This is the normal working area of the disk.

Blocks in the host application area are addressed as logical block numbers (LBNs). This area is also sometimes
referred to as the normal LBN area.

2.8.2 Replacement Block Area (RBNs)

Blocks within the replacement block area are used to replace defective blocks in the host applications area. When
a block in the normal LBN area becomes unusable, the host operating system or the controller may substitute a
replacement block for the defective LBN in the host application area. This is accomplished by a process called
Bad Block Replacement (BBR). BBR is discussed later in this course. Blocks in the replacement block area are
addressed as RBNs. If an RBN becomes defective, another RBN may be used in its place. RBN’s are located in
the last logical sector of every track in both the host and RCT area.
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2.8.3 Replacement Control Table (RCT) Area (LBNs)

Blocks within the replacement control table area contain information that allows the controller and/or the host
operating system software to find blocks from the normal LBN area that have been replaced by blocks in the
replacement area. The tables also contain information that identify which RBNs are still available when performing
bad biock replacement.

Blocks in RCT are also addressed as LBNs. Blocks in this area are not available for access by normal host
applications. These blocks are only accessible by the controller and/or host operating system software (VMS,
RSTS, etc.).

Blocks in the RCT are not replaced by RBNs when they become defective. For this reason, multiple copies of
the RCT tables are maintained in the RCT area. This redundancy permits backup protecuon in the event that any
blocks in this area become unusable.

2.8.4 Format Control Tables (FCT) Area (XBNs, External Biocks)
Blocks within the format control table area contain the following information:
e Media serial number.

¢ Date of initial factory formatting.

+  Date of most recent formatting.

*  Mode that the media/HDA was formatted. The HDA/pack is available from the factory in either 16-bit mode
(512 8-bit bytes per sector) or 18-bit mode (576 8-bit bytes per sector). PDP~11 and VAX processors, for
example, require 16-bit mode media, and DECsystem—10 and DECsystem-20 processors require 18—bit mode
media. The format mode of an HDA/pack cannot be changed in the field.

- Information to indicate if the rest of the FCT structure contains any valid data.
+  Location of the manufacturing—detected bad blocks (sectors).

NOTE
The RA60, RA80, and RAS8I1 are available in both 16-bit and 18-bit configurations.
The RA70, RA82, and RA90 are available in only the 16-bit conﬁgm_-ation.

During the manufacture of an HDA, special factory scanners are used to locate defective blocks found in the
media. During factory formatting, this information is recorded into the FCT. Special formatter programs and/or
utilities executing within the controller use the manufacturing—detected bad block information in the FCT to create,
re—create, or verify the RCT and replace the bad blocks known to exist when the HDA was manufactured. These
special programs are either resident or loaded into the controller from the host for execution, but only upon manual
request.

Blocks in the FCT are not replaced by RBNs when they become defective. For this reason, muiltiple copies of
the FCT tables are maintained in the FCT area. This redundancy permits backup protection in the event that any
blocks in this area become unusable.

Blocks in the FCT are addressed as external block numbers (XBNs). Blocks in the FCT are only accessible by
the controller. Most extemal blocks within the FCT contain data that is used to physically locate manufacturing—-
detected bad blocks (sectors) on the medla This special data within an XBN is referred to as a physical block
number (PBN).
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2.8.5 Diagnostic Area (Diagnostic Block Numbers)

Blocks in this area are used by the controller to perform read/write diagnostics to the disk drive. Blocks in this
area are addressed as diagnostic block numbers (DBNSs). ;

Blocks in the DBN area are only accessible by the controller. Blocks in this area are not replaced by RBNs
when they become defective. Also, no hardware provisions nor DSA specifications govern the protection against
defective DBNs. It is the responsibility of the controller and its specially loaded diagnostic software to handle
unusable DBNs. '

Reformatting the DBN area in the field may restore a previously defective DBN, but use this process with caution.

Read data, write data, or format operations to the DBN area require exe;:ution of special diagnostic/formatting
microcode within the controller itself. Depending upon the controller type, this code may be resident or loaded
~ into the controller from the host. Manual intervention is usually required to invoke these operations.

2.9 IMPLEMENTATION OF LOGICAL AREAS
2.8.1 Drive Topology Maps

Figure 2-21 through Figuie 2-28 illustrate how the topology is implemented into the various disks. For example,
refer to Figure 2-25 for a map of the RA82 topology. This diagram illustrates how the logical areas are mapped
into the RA82 physical environment for a 16—bit formatted HDA.

Here we show the physical cylinders across the top of the diagram and physical sectors down the left side. Physical
cylinder O has been further expanded for clarification. All the sectors within track 0 under head 0 appear in the
column marked Head 0. The logical block assignment for LBN 57 in the host applications area, for example,
appears at the intersection of sector 0 and head 1 (track 1), etc.

NOTE

These figures are for training purposes only. They do not show the implementation of group offset.
Iustrating group offset would cause 2 more complex representation and result in confusion.

Notice that the last sector in each track is allocated as a replacement block (RBN). Even though the RBN area
extends physically into the cylinders allocated for the RCT, RBNs are only used to replace bad LBN blocks for the
host application area. The RBNs are assigned numbers independently of LBN numbers. Bad block replacement
will be discussed later.
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2.10 DRIVE INTERNAL DIAGNOSTIC AREA

Many of the DSA drives provide special cylinders for use by the drive—specific intemal diagnostics. These are also
shown in Figure 2-21 through Figure 2-28 for the various drives.

For example, refer to Figure 2-25. The RA82 provides two additional physical cylinders located within the inner
guard band area of the disk.

These additional cylinders are used for drive—internal diagnostics and are only available to the internal microcode
of the drive itself. One cylinder is specially formatted and is used for intemal read-only testing. A special utility
resident within the RA82 permits reformatting the internal read—only cylinder should it become corrupt. The other
cylinder is used for internal R/W testing. Notice in Figure 2-26 that the RA70 includes special diagnostic cyhnders
in both the inner and outer guard band areas of the disk.

Controlier commands may invoke the drive internal diagnostics; however, drive internal R/W diagnostics are only
performed on the specially allocated internal diagnostic cylinders on the inner guard band.

These internal diagnostic cylinders are not structured according to DSDF specifications. They do not contain special
header codes, EDC, or ECC characters. They merely consist of sectors using special data patterns for intemal drive
testing purposes.

2.11 BAD BLOCK REPLACEMENT (BBR) and REVECTORING

Occasionally, defects in the disk storage media occur and cause sectors (blocks) to become bad. The header may -
become corrupt causing header-not—found or header—~compare errors. The data may become corrupt causing ECC
symbol errors. These conditions cause a block to become unusable and result in holes in the disk addressing space.

A technique known as Bad Block Replacement (BBR) was developed to permit replacing a bad logical block with
a good replacement block. Once a block is replaced, further attempts to read or write to the bad block (sector) are
transferred or revectored to the replacement block (sector). This revectoring process is automatic upon each access
to the bad block. For this reason, the host always accesses data from a usable block. The disk drive appears to
contain a set of contiguous, error-free blocks available to the users or the host.

»  Bad block replacement is the process of moving data from a bad sector (block) to another good sector (block)
and reassigning the block’s address from the bad sector to the replacement sector (block)..

. Revectoring is the process in which read data or write data operations to a block that is bad are rerouted to a
replacement block during the read or write transfer operation.

2.11.1 Why is BBR Performed?

. To fill holes in the host applications area address space left by bad blocks (sectors).

* To reduce the risk of failure dne to progressive deterioration of sectors that have a high ECC symbol error
count.

*  To improve the performance in applications where the error correction or error recovery mechanisms require
more time than the revectoring mechanism.

In the current implementation of DSDF, only logical blocks in the host application area are replaced. Bad blocks
in the replacement area can also be replaced by other good blocks in the replacement.area. Bad blocks in the RCT,
FCT, and DBN areas are not replaced. The RCT and FCT each contain multiple, redundant copies of information
to provide protection in the event of detecting a bad block in these areas. The DBN area is currently not protected
against bad block events.
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2.11.2 When is BBR Invoked?
Bad Block Replacement‘(BBR) is invoked:
«  When a header becomes corrupt resulting in header-compare or header—not—found errors.

*  When ECC errors are detected and the number of symbol errors ecjuals or exceeds the threshold defined by
the disk drive. The RAS81 threshold is currently set at 6 symbol errors.

For example, if a read operation to an RA81 disk drive resulted in an ECC error with 6 or more symbols in
error, BBR would be invoked. If, on the other hand, the same read operation resulted in 5 or less symbols
in error, BBR would not be invoked, the data would merely be corrected, and the data error would not be
reported to the host.

*  When uncorrectable ECC errors occur. This occurs when the number of symbol errors exceeds the correction
capability of the controller. UDAS0, KDA/KDBS50, HSCS0, and HSC70 controllers, for example, can correct
data with 1 to 8 ECC symbol errors maximum.

2.11.3 Who Detects and Performs BBR?

The controlier is responsible for detecting ECC and header errors during read or write operations and, subsequently,
setting the BBR flag. Here the term BBR flag means bad block request or bad block replacement request.

UDAS0 and KDA/KDBSO0 controllers, for example, do not perform the actual replacement process but, instead,
pass the BBR flag to the host. The host system operating software is then responsible for performing the actual
block replacement tasks. :

HSC50 controllers running microcode Version 200 (or higher) and HSC70 controllers set the BBR flag and also
perform the actual block replacement tasks. The host is not burdened with the additional tasks required to accomplish
bad block replacement.

2.11.4 How is BBR Performed?

Once a decision has been made to invoke Bad Block Replacement (BBR flag set), bad blocks in the host operating
area are replaced using the procedure described here. Refer to Figure 2-29 for a simplified flow diagram and the
following numbered steps for a simplified description.
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Figure 2-29: Basic BBR Flow
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Basic BBR Flow notes

10.

11.

The data is retrieved (reread) from the block suspected to be bad.
This data is temporarily stored (written) in a block in the RCT area.

The use of hardware—assisted error recovery and ECC correction is suppressed so that the suspect block is
tested in its default state.
NOTE
Any ECC error reported in this state is considered uncorrectable.

. The block suspected to be bad is tested by performing read and write data operations with user data and

inverted user data to verify that the block is indeed bad.

Hardware error recovery and ECC correction capability is restored for use by subsequent read and write
operations.

If the test(s) pass, then the block is considered reusable.

Since the block is considered reusable, the original data is retrieved from the RCT (see step #2) and rewritten
to the original logical block (sector).

If the block failed the test from step #4, the block must be replaced and the original data moved to the
replacement block. In this step, an available replacement block (RBN) in the replacement area is located
using information found in the RCT.

The original data from the bad block is retrieved from the temporary storage block in the RCT (see step #2).
The original data is now written into the new replacement block (RBN).

Information in the RCT is updated to reflect the replacement process that has just occurred. Future access to
the old bad block may require this information to find the new replacement biock during revectoring. The
new RBN is no longer available for replacement of other blocks.

Bad block replacement cannot be performed if the disk drive is write protected. If a bad block is detected on a
disk drive that is write protected, the BBR functions fail with a write—protect error. Also, if the drive becomes
write protected after BBR has started, incomplete replacement and possible loss of data could result.

Digital Internal Use Only 247



DSDF for RA60/70/80/81/82/30
Lesson 1

2.11.5 Types of Replacement and Revectoring

There are two types of replacement currently implemented by the SDI:

1. Primary Replacement

When the selected RBN resides on the same track as the block being replaced, the replacement is called
primary. During replacement, the first priority for locating an available RBN is to attempt to locate a primary
RBN. This way, subsequent revectoring requires the least amount of time. Refer to Figure 2-29, step #8.

2. Non-Primary Replacement

When the selected RBN resides on a track other than that containing the block being replaced, the replacement
is called non—-primary. If the primary RBN is not available during bad block replacement, the closest available
RBN to the track containing the bad block is selected. Refer to Figure 2-29, step #8. The intent is to minimize
the time required to revector to the replacement block during subsequent read or write data operations.

Some of the earlier documentation and utilities used the terms secondary and tertiary. Recent changes to the
specifications made these terms obsolete. The current and proper term is non-primary.
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2.12 HARDWARE ERROR RECOVERY
2121 RAB2 Error Recovery

The RAS82 disk drive incorporates a feature known as hardware error recovery. This is implemented as part of
the RA82 hardware circuitry. When activated, special circuits alter the characteristics of the read data circuits
in the disk drive. Hardware error recovery is typically used to assist the controller during read operations when
uncorrectable or unrecoverable errors are detected. This feature enhances the ability of a disk/controller subsystem
to recover data that would otherwise be lost when specific media failures are detected.

2.12.2 What are the RA82 Error Recovery Circuits?

The RA82 hardware error recovery circuitry is currently divided into three functional areas. These are described
as follows:

1. Decrease read threshold

When activated, this circuitry decreases the threshold at which the read circuitry detects read pulses from the
disk media. This makes the read circuits more sensitive to potentially weak signais from the HDA.

2. Hold-over one-shot

When activated, this circuitry holds the VCO control voltage stable and prevents large phase errors from
occurring due to a momentary loss of read pulses from the disk.

3. Skew read gate

When enabled, this circuitry introduces a delay of one or two bytes of time between the moment the hybrid
module receives the READ GATE signal from the SDI controller and the time the read/write module receives
the READ GATE signal from the hybrid module. The amount of delay (skew) changes on each revolution of
the disk when the index pulse is received. The skew time is one byte during the first revolution, two bytes
during the second revolution, one byte during the third revolution, etc.

2.12.3 When are the Error Recovery Circuits Activated?

The RAS2 error recovery circuits are activated only when the SDI controller issues an SDI ERROR RECOVERY
command to the drive. When the controller issues the ERROR RECOVERY command to a disk, it also specifies
an error recovery level number. This level number tells the disk which combination of error recovery circuits to
activate. The controller is not aware of exactly what actions the disk will perform when the ERROR RECOVERY
command is issued. It only knows that the disk will alter its R/W hardware characteristics.

The RAS82 has seven different levels of error recovery. The circuits that are activated for each level are as follows:

LEVEL 7 DECREASE READ THRESHOLD (usually the first level tried by the controller)

LEVEL 6 HOLD-OVER ONE~-SHOT

LEVEL 5 SKEW READ GATE

LEVEL 4 DECREASE READ THRESHOLD and HOLD-OVER ONE-SHOT

LEVEL 3 DECREASE READ THRESHOLD and SKEW READ GATE

LEVEL 2 HOLD~-OVER ONE-SHOT and SKEW READ GATE

LEVEL 1 DECREASE READ THRESHOLD and HOLD~-OVER ONE-SHOT and SKEW READ GATE (usu-
ally the last level tried by the controlier)

LEVEL 0 NOP (This is the normal default state of the drive where none of the error recovery circuits are
activated)

Different SDI disk types may have different levels depending upon the error recovery circuits available within the
particular disk drive. The disk drive provides the number of error recovery levels it has to the SDI controller during
the response to a GET COMMON CHARACTERISTICS command. The RA82 provides the value seven since it
supports up to seven levels of error recovery. The RA60, RA80, and RAS81, however, do not have error recovery
circuits and, therefore, only support error recovery level zero.
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2.124 RA70 Hardware Error Flecovéry

The RA70 also incorporates hardware error recovery circuits. Ten error recovery levels can be performed via the
controller error recovery commands. Each error recovery level command to the RA70 changes only one recovery
parameter of the drive. All other recovery parameters are returned to their nomal condition. The default (normal)
parameters of the circuits are as follows:

+ Nommal data read gate is delayed by 3 bytes
e PLO fast lock time is 6.36 microseconds

«  Lockup is on the header preamble only

e Read threshold is 50%

The RA70 error recovery levels are divided into two major categories:

1. Drive logic recovery operations which change the electrical characteristics of the read/write path circuits.

Recovery Level RA70 Operation Performed

10 Reduce read threshold to 25%

Shift/delay data read gate by 4 bytes
Shift/delay data read gate by 2 bytes
Shift/delay data read gate by 1 byte

Shift PLO fast lock time to 4.31 usec

Shift PLO fast lock time to 2.23 usec

Shift PLO tfast lock time to 8.45 usec
Lockup on both header and data preambles

W VO N O ©

2. Drive servo error recovery operations which change the servo characteristics of the embedded servo centerline.

Recovery Level RA70 Operation Performed

2 | Shift the embedded centerline by -12%
1 Shift the embedded centerline by +12%
0 Return all error recovery to normal

2-50 Digital Internal Use Only



DSDF for RA60/70/80/81/82/90
Lesson 1

2.12.5 How Is Error Recovery Used?

The following paragraphs explain how the error recovery feature is used in a disk subsystem during a read data
operation. Refer to Figure 2-30.

Read/Write Error Recovery Flow Notes

First, the controller reads a block of data from the disk drive. If no ECC errors are detected, the data is sent back
to the host operating system. If, however, ECC are errors detected, the controller determines if the number of ECC
symbols in error equals or exceeds the recommended threshold supplied by the drive.

In the case of the RA82, for example, the threshold is 6 symbols. This means that if 5 or less ECC symbols were
in error for this block, the controller would merely comrect the data and send it to the host. If 6 or more ECC
symbols were detected in error, the controller would send an error to the host error log and set the BBR (bad block
replacement/request) flag. The BBR process is actually invoked at a later time.

Next, the controller determines if the data is correctable. This depends upon the comection capability and the
maximum number of symbols that can be comected by the particular controller. If the data is uncorrectable, the
controller usually retries the read data operation. In most cases, the number of retries depends upon the retry count
recommended by the drive characteristics. With the RA82, for example, the recommended retry count is 5.

If the data is uncorrectable after all retry operations have been exhausted, the next step is to determine if the particular
drive has any hardware error recovery capabilities. For the RAS82, 7 levels of error recovery are available. In this
case, the controller issues an ERROR RECOVERY command and usually starts with level 7. This causes the RA82
to activate the R/W error recovery circuits corresponding to level 7. The controller now repeats the entire read data
block process previously described, including additional retry operations as necessary.

If the data block is still uncorrectable after all retries are exhausted during level 7 of error recovery, the controller
issues another ERROR RECOVERY command and specifies the next lower level number, or level 6 in this example.
Again, the entire operation is repeated.

This process continues ‘with level 5, level 4, etc., until the data block is eventually read without an uncorrectable
ECC error. If all levels of error recovery are exhausted and the data is still uncorrectable, the controller retums an
error to the host.

For disk drives that do not support hardware error recovery, the operation is only performed to the point where ail
retry operations have been exhausted. At that point, the controller will also return an uncorrectable ECC error to
the host.

This discussion on error recovery is a very simplified example of one way that this drive feature is used. Hardware
error recovery is neither restricted nor limited to read errors due to ECC error detection. In fact, the controllers
may also utilize drive hardware error recovery during read operations where header—related errors and other similar
problems are detected during read operations.
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Figure 2-30: Read/Write Error Recovery
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2.13 FORCED ERROR

The forced error flag indicates to the host that incorrect data is correctly written into a sector.

When an uncorrectable ECC error is encountered in a block, several attempts are made to read and/or correct the
data. If these attempts fail, the block causing the uncorrectable ECC error is assumed to be bad and becomes a
candidate for replacement. During the replacement process, the bad block is read again (including retries and error
recovery) in an attempt to extract the data for relocation to the replacement block.

If the data is still uncorrectable, the BBR process writes best—guess data into the replacement sector. The result is
invalid data being correctly written to a good block. To inform the user that the data was at one time uncorrectable,
the forced error flag is attached to the block. The actual mechanism used to indicate forced error is accomplished
by inverting the EDC character during a write to a sector on the disk. Refer to Figure 2-6.

. It is the responsibility of the host software or the user to take the necessary steps to correct or replace the data
and clear the forced error indicator. The actual methods used depend upon the particular operating system, but the
following points should be remembered:

1. Rewriting the block with any data will clear the forced error indicator.

2. Performing a simple read of the block with the forced error and then merely rewriting the data back to the
block will result in clearing the forced error flag, but the data in the block will still be invalid. It is the
responsibility of the user to insure that the data rewritten to the block is the desired data.

NOTE

The only reliable technique that should be used to recover from a forced error is to replace the file
containing the forced error with a KNOWN GOOD COPY OF THAT FILE.
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2.14 LOGICAL BLOCK NUMBER CONVERSION

Example 2-1: RA70/80/81/82/90 LBN to Physical and Logical Parameters

PC © LBN

Physical = mee-e- =
© Cylinder BPPC

PH .PC_Rem * BPPC

Physical Z  eecccccccccccce—- =

Head BPPT

GP .PC_Rem * BPPC

Group = ecccccccccccc—e- =

(Logical) BPG

TK .GP_Rem * BPG

Track = ecccccccceccee—- =

(Logical) BPPT

s

Sector = .TK_Rem * BPPT =

(Logical)

SFI

Physical (GP * GP_Offset) + S

Sector ==  seccccrccrccccoccca—a-

from PSPT

Index

= SFI_Rem * PSPT
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PH

GP

TK

. PC_Rem

. PH Rem

. GP_Rem

. TK_Rem

(Rounded to nearest
whole number)

X . SFI_Rem

(discard X)

SFI

(Rounded to nearest
whole number)
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Table 2-2: Values for RA70/80/81/82/90

Disk 16-bit 18-bit
BPPC RA70 363 -
RA80 434 406
Blocks (LBNs) per RA81 714 644
Physical cylinder RA82 855 —
RAS0O 897 _
BPPT RA70 33 -
RA80 31 28
Blocks (LBNs) per RA81 51 46
Physical track RA82 57 -
RASO 69 -
BPG RA70 33 —_
RA80 434 392
Biocks (LBNs) per RA81 51 46
Group RA82 57 —
RASO 69 —
GP_offset RA70 8 -
‘ RA80 16 16
Group offset RA81 14 12
RA82 11 -
RA90 14 -
PSPT RA70 34 -
RAB80 32 29
Physical sectors RA81 52 47
Per track RA82 - 58 -
RAQ0 70 -
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Example 2-2: RA81 16-Bit HDA LBN = 2498

PC LBN 2498
Physical = =——--—- = eem-e—- = 3.498 PC = 3
Cylinder BPPC 714
PH .PC_Rem * BPPC 0.498 * 714
Physical T emmeecccccsmccce--- = eemccceccceee- = 6.972 PH = 6
Head BPPT 51
GP ' .PC_Rem * BPPC 0.498 * 714
Group =  emcecccccccccea- = mececsecca—- = 6.972 GP = 6
(Logical) BPG 51
TK .GP_Rem * BPG 0.972 * 51
Track = ececccccccce--- = eemmccecmee- = 0.972 TK = 0
(Logical) BPPT 51
s
Sector = .TK_Rem * BPPT = 0.972 * 51 = 49.572 s =50
Logical
(Rounded to nearest
whole number)

SF1I
Physical (GP * GP_Offset) + S (6 * 14) + 50
Sector = —memscecccccccccccnane- T mmemmemeeccecc——— = 2.576
from PSPT . 52
Index

SFI = SFI_Rem * PSPT = 0.576 * 52 SFI = 30

= 29.952
= 30

{Rounded to nearest
whole number)

SUMMARY : Physical Cylinder (PC)

= 3
Physical Head (PH) = 6
Group (GP) = 6
Track (TK) = O
Logical Sector (8) = 50 *
Phy Sector from Index = 30
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Example 2-3: RAB81 16-Bit HDA LBN = 2499

PC LBN 2499
Physical = eme——— = em———— = 3.5 PC = 3
Cylinder BPPC 714
PH .PC_Rem * BPPC 0.5 * 714
Physical Z emcmsee e ———— = memeeeee————- = 7.0 PH = 7
Head BPPT ) 51
GP +.PC_Rem * BPPC 0.5 * 714
Group = emecccccccccce——- F eeccccccc——- = 7.0 GP = 7
(Logical) BPG 51
TK .GP_Rem * BPG k 0.0 * 51
Track T emrmerm—————— - T memmecae———— = 0.0 TK = 0
(Logical) BPPT 51
s
Sector = .TK_Rem * BPPT = 0.0 * 51 = 0.0 S =20
Logical
(Rounded to nearest
whole number)
SFI
Physical (GP * GP_Offset) + S (7 * 14) + O
Sector =  em=cesmceccccemcceeeee-- = mmemm—r———————— = 1.884
from PSPT 52
Index

SFI = SFI_Rem * PSPT = 0.884 * 52 SFI = 46
= 45.96
= 46
(Rounded to nearest
whole number)
SUMMARY: Physical Cylinder (PC) = 3
Physical Head (PH) = 7
Group (GP) = 7
Track (TK) = 0
Logical Sector (s) = 0
Phy Sector from Index = 46
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Example 2-4: RAG60 LBN to Physical and Logical Parameters

Physical

Head =

SFI

Physical

Sector

from

Index

16-bit

BPLC 168
BPPT 42
BPG 42
BPPC 252
PSPT 43
GP_Offset 16

LC
Logical =
Cylinder

GP
Group =

TK _
Track =
(Logical)

s
Sector
(Logical)

CYL60 =

Physical
Cylinder =

(4 * CYL6

0) + GROUP

= LC . LC_Rem

= GP . GP_Rem

= TK . TK_Rem

(Result rounded to nearest
whole number)

= CYL60 . Remainder

(Discard)

LBN - (CYL60 * 4 * BPPC)
------------------------ = HEAD .. Remainder

--------------------- = X . SFI_Rem

152
38
38

228
39
15
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Blocks
Blocks
Blocks

(discard X)

= SFI

(Rounded to nearest
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Group Offset
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Example 2-5: RA60 16-Bit HDA LBN = 6000
LCc LBN 6000
Logical = e-e—- = eeee—- = 35.714 LC = 35
Cylinder BPLC 168
GP .LC_Rem * BPLC 0.714 * 168
Group T eeemeecec—————— =T ermemec—————— = 2.856 GP = 2
BPG 42
TK -GP_Rem * BPG 0.856 * 42
Track = emmemm—cercce——— = memmceme—— = 0.856 TK = 0
(Logical) BPPT 42
S
Sector = .GP_Rem * BPT = 0.856 * 42 = 35.952 S = 36
(Logical)
(Rounded to nearest
whole number)
LBN €000
CYL60 = eeee—ee- = eememee- = 5.952 CYL60 = 5
4 * BPPC 4 * 252
(discard fraction)
Physical
Cylinder = (4 * CYL60) + GROUP = (4 * 5) + 2 Phy Cyl = 22
= 22
Physical LBN - (CYL60 * 4 * BPPC) 6000 - (5 * 4 * 252)
Head I it = e s
BPLC 168
= 5,714
Physical Head = 5
SFI
Physical (GP * GP_Offset) + S (2 * 16) + 36
Sector = 2 memsesccccccocccmoo-oe- = mmemscccces—ce-
from PSPT 43
Index
= 1.581
SFI = SFI_Rem * PSPT = 0.581 * 43 SFI = 25
= 24.98
= 25

Example 2-5 Cont’'d. on next page

(Rounded to nearest
whole number)
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Example 2-5 (Cont.):: RA60 16-Bit HDA LBN = 6000

‘'SUMMARY : Physical Cylinder (PC)

= 22

Logical Cylinder = 35
Physical Head (PH) = 5

* Group (GP) = 2
Track (TK) = O
Logical Sector (S) = 36
Phy Sector from Index = 25
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Example 2-6: Quick RA60 Head Algorithm

If you know the LBN (Logical Block Number), first determine
the logical cylinder:

Using "quick”

LBN
---- = Jlogical cylinder . fraction (discard fraction)
BPLC

Logical Cylinder

---------------- = XXX . YYY
6 (heads)
PHYSICAL HEAD = 6 * (.YYY)
BPLC = 168 (lé-bit packs) Blocks Per Logical Cylinder

152 (18-bit packs)
RA60 head algorithm for the previous RA60 sample.

LBN
---- = Logical Cylinder . Fraction (discard fraction).
BPLC

6000

= ==-= = 35.714 LOGICAL CYLINDER = 35

168
Logical Cylinder 35
---------------- = ==--- = 5,8333 (keep fraction)

6 (heads) 6

PHYSICAL HEAD = 6 * 0.8333 = 4.99 = HEAD 5
BPLC = 168 (16-bit packs) Blocks Per Logical Cylinder

152 (18-bit packs)
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2.15 EXERCISES

At this time complete the following exercises. You may use any reference material to answer the questions.

1. The term sector is used interchangeably with what other term?

A. GROUP
@ BLOCK
C. TRACK

D. LOGICAL CYLINDER

2. Which of the following perform bad block leplaoément?
A. The host
B. The drve
C. The controlier
(P}> Either the host or the controller
E. Either the drive or the controller

3. 'What would cause bad block replacement (BBR) to be invoked?
@5 ECC error
'B. EDC error
C. Mis-seek error
D. Header error
(E) AandD
F.

Aand B

4. Where are the RBNs located on a disk?
A. On the last sector of each track in the FCT area.
B. In the outer guard band areas.
C. On the last sector of each track in the host area.
@ On the last sector of each track in the host and RCT areas.
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5. Replacement blocks (RBNs) are used to replace logical blocks from which areas?
Defective blocks in the host applications area.
B. Defective blocks in the RCT area.
C. Defective blocks in the FCT area.
D. Defective blocks in the diagnostic block area.
E. AandB.

6. How many logical groups are there in a logical cylinder on an RA82 disk?

A 8
(B 15
C. 2
D. 1

7. What is the forced error flag used for?
A. Indicate that a block is bad.
@ Indicate the data in a block was at one time uncorrectable.
C. Indicate the block is being tested with forced errors.
D. Indicate that the header in the block is bad.
E. AandB.

8. How is drive hardware error recovery activated?
A. By the drive when an ECC error is detected below drive threshold.
@ By the controller when an uncorrectable error is detected after all retry operations have been attempted.
C. By the drive when an uncorrectable error is detected after all retry operations have been attempted.
D. By the controller when an ECC error is detected below drive threshold.
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Drive Compare Specifications

RA90 RA70 RA82 RA81
16-bit 16-bit 16-bit 16-bit
Physical Specifications
Heads per surface 1 1 2 2
Recording surfaces 13 1 7.5 7.0
Servo surfaces 1 1 0.5 0.5
Data heads 13 11 15 14
Blocks per track 70 34 58 52
Physical cylinders 2661 15617 1435 1258
Tracks per disk 37254 16687 21525 17612
Embedded servo yes yes yes yes
Data Specifications
User biocks (host 2376153 547041 1216665 891072
applications area)
Megabytes per disk (Host 1216 280 623 456
applications area)
Logical cylinders 2661 1511 1435 1258
Tracks per logical group 1 1 1 1
Groups per logical cyl 13 11 15 14
Reserved Space
Replacement blocks per 34463 16611 21405 17528
disk
Tracks for replacement 39 44 56
control table
Tracks for diagnostic use 26 22 60 28
Recording density
Tracks per inch (TPI) 1750 1355 1063 960
Bits per inch (BPI) 22839 22437 12800 11400
Transfer rate
Burst (MHz) 22.20° 11.6 18.2 17.4
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Drive Compare Specifications

RAQ0 RA70 RA82 RA81
16-bit 16-bit 16-bit 16-bit
Positioner access time
Single track seek (ms.) 5.5 55 6.0 7.0
Average seek (ms.) 19.0 19.5 24.0 28.0
- Total full stroke (ms.) 30.0 35.0 38.0 50.0
Head switch (ms.) 3.0 45 6.0 4
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RA60 Common Characteristics
During SDI Get Common Characteristics

3.1 RA60 Common Characteristics

BYTE Hex

# byte

1 78 Response Opcode

2 33 {3) SDI Version 3.0
(3) Short timeout = 8 seconds (2°3)

3 9E Xfer Rate = 15.8 MHz (9E hex = 158 Decimal)

4 F7 (5) 15 retries for data transfer operation
(7) 128 second long timeout (2°7) .

5 06 6 Copies FCT/RCT, 512 byte mode only (one copy/head

86 6 Copies FCT/RCT, 512 or 576 byte mode (one copy/head)

6 00 Error Recovery Level = 0 (0 levels)

7 04 ECC Threshold = 4 (# of ECC symbol errors to consider
abnormal)

8 XX Microcode Revision Level

9 Ox (0) IE=0, No Special Internal Error Log Available
(x) Hardware Rev from operator panel

10 zx lo =

11 XX ]

12 xx === 8/N of Drive

13 00 |

14 00 |

15 00 Hi -

16 04 Drive type Identifier per MSCP Spec (RA60)

17 3C 60 Revs/Second (3C hex = 60 decimal)

18 00 -

19 00 |

20 00 | --- Error Recovery Threshold (not used in RA60)

21 (e]0} |

22 00 |

23 00 -
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RA60 Subunit Characteristics
During SDI Get Subunit Characteristics Command

3.2 RAG60 Subunit Characteristics

BYTE Hex

# byte

1 77 Response Opcode

2 54 - ,
3 09 |-- 00000954 hex = 2388 Decimal (LOGICAL) Cylinders in LBN
4 00 | Space (Host Cyls + RCT Cyls, 0 thru 2387)

5 00 -

6 04 4 Groups/Cylinder

7 00 ist XBN = 0 1st IBN = 0

8 01 1 Track/Group

9 00 1st DBN = 0 1st RBN = 0

10 81 1 RBN/Track (RM bit = 1, REMOVABLE Media)

11 00 Reserved

12 oD 13 Words DATA PREAMBLE (for 512-byte mode, 43 sectors)

13 05 5 Words HEADER PREAMBLE (for 512-byte mode, 43 sectors)

14 3cC -

15 10 |--- Media Type Identifier RA60-DJ

16 A4 |

17 22 -

18 AC Lo FCT Copy Size - XBNs = 172

19 00 Hi

( OOAC hex = 172 Decimal= 4 x 43 )
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BYTE Hex
byte

#

RAG60 Subunit Characteristics
During SDI Get Subunrit Characteristics Command

HAKKK KK KKKKKKKRKK KK k% 5]12-BYTE MODE **Xkdkkkhkdkdhhrhnhhdnhkkx

20

21

22
23
24
25

26
27

2A

10

30
1B
o6
00

A8
00

42 1BN’s/Track
Group Offset = 16 Decimal

- # of HOST LBNs = 400,176 (= 00061B30 hex
!
I

- RCT Copy Size (LBNs) = 168 decimal (4x42) = (OOA8 hex)

KRAKKKKKKKKK KK KRKKNR* 576-BYTE MODE *Fkkkhdkhhkhkhkdr ki hhkxkhkkx

28

29

30
31
32
33

34
35

26

10

50
86
05
00

98
00

38 LBNs/Track
Group Offset = 16 decimal

- # of HOST LBNs = 362,064 = 00058650 hex)

- RCT Copy Size - LBNs = 152 (4x38) = (0098 hex)

LR AR SR SRS E S SR RS SRR Rl RS RS Rttt Rt SRS R RS S

36
37

38

39

06
00

02

06

- 0006 = 2 LOGICAL Cylinders in XBN Space

Size of Diagnostic READ-ONLY DBN Area (Groups) = 2

6 LOGICAL Cylinders in DBN Area
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RA70 Common Characteristics
During SDI Get Common Characteristics Command

3.3 RA70 Common Characteristics

BYTE Hex

# byte

1 78 Response Opcode

2 43 (4)  SDI Version 4.0

' (3) Short timeout = 8 seconds (2°3)

3 74 Xfer Rate = 11.6 Mhz (4 hex = 116 Decimal)

4 57 (5) 5 retries for data transfer operation
(7) 128 second long timeout (277)

5 07 7 Copies FCT/RCT, 512 byte mode only

6 (079 Error Recovery Level = 10 decimal (10 levels)

7 06 ECC Threshold = 6 (# of ECC symbol errors to consider
abnormal)

8 XX Microcode Revision Level

9 8x (1) (Bit 7, IE=1), Special Internal Error Log Available
{(x) Bardware Rev from microcode

10 X% Lo -

11 b |

12 XX |=== 8/N of Drive

13 00 |

14 (e]] ]

15 00 Hi -

16 12 Drive type Identifier per MSCP Spec (18 Decimal, 22 Octal,
RA70)

17 43 67 Revs/Second (43 hex = 67 decimal)

18 00 -

1e 00 | .

20 00 | --= Error Recovery Threshold (not used in RA70)

21 00 |

22 00 ]

23 00 -
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RA70 Subunit Characteristics
During SDI Get Subunit Characteristics Command

3.4 RA70 Subunit Characteristics

BYTE Hex

# byte

1 77 Response Opcode

2 E7 -

3 05 |-~ 00005E7 hex = 1511 Decimal (LOGICAL) Cylinders in LEN
4 00 | Space (Host Cyls + RCT Cyls, 0 thru 1510)

5 00 -

6 OB 11 Groups/Cylinder

7 00 lst XBN = 0 1lst IBN = 0

8 01 1 Track/Group

9 00 1st DBN = O 1lst RBN = 0

10 01 1 RBN/Track (RM bit = 0, Non-removable Media)

11 00 Reserved

12 OE 14 words DATA PREAMBLE (for S5l2-byte mode, 34 sectors)
13 09 9 Words HEADER PREAMBLE (for 512-byte mode, 34 sectors)
14 46 -

15 10 === Media Type Identifier

16 64 |

17 25 -

18 cc Lo FCT Copy Size - XBNs = 204

19 00 Hi

( 00CC hex = 204 Decimal)
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RA70 Subunit Characteristics
During SDI Get Subunit Characteristics Command

BYTE Hex
# byte .

HAKIKHIKKKK KK KK KNKKKRNN 512-BYTE MODE H**rrFkkdkdrXxndhkhkkhhkx kX kX%

20 21 33 LBNs/Track

21 08 Group Offset = 8 Decimal

22 El - 4§ of HOST LBNs = 547,041 (= 000858E1l hex)

23 58 | .

24 08 ‘| (33 LBNs/Track x 11 Heads x 1507 LOGICAL Cylinders
25 00 -

26 cé - RCT Copy Size (LBNs) = 198 decimal

27 00 - (198 decimal = 00Cé hex)

KRKKAKKKKKKX KK AXK ARk RY S5TC-RBYTE MODE **AAARXKKAXKAKA KA KKK KA AN kkk*

18-Bit HDA's NOT SUPPORTED by RAT70
28 00 LBNs/Track

29 00 Group Offset

30 00 - # of HOST 1BNs
31 00 |
32 00 |
33 00 -
34 00 - RCT Copy Size
35 00 -

L2 2R 22222 St Rt Rt st Rt sttt R Rt s R SRt LR RS RS EE]

36 04 + - 0004 = 4 Cylinders in XBN Space
37 00 -

38 OB Size of Diagnostic READ-ONLY DBN Area (Groups) = 1l decimal

39 02 2 Cylinders in DBN Area
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RA80 Common Characteristic
During SDI Get Common Characteristics Command

3.5 RA80 Common Characteristics

BYTE Hex
# byte
1 78 Response Opcode
2 33 " (3) SDI Version 3.0
(3) Short timeout = 8 seconds (2°3)
3 61 Xfer Rate = 9.7 Mhz (61 hex = 97 Decimal)
4 57 (5) 5 retries for data transfer operation
(7) 128 second long timeout (2°7)
5 - 04 4 Copies FCT/RCT, 512 byte mode only, (HDA jumper in)
84 4 Copies FCT/RCT, 512 or 576 byte mode (HDA jumper out)
6 00 Error Recovery Level = 0 (0 levels)
7 02 ECC Thresheold = 2 (# of ECC symbol errors to consider
abnormal)
8 xx Microcode Revision Level
9 Ox (0) IE=0, No Special Internal Error Log Available
(x) Hardware Rev from operator panel
10 =X Lo -
11 34 |
12 xX | === S8/N of Drive
13 00 |
14 00 ]
15 00 Hi -
16 01 Drive type Identifier per MSCP Spec (RAS0)
17 3c 60 Revs/Second (3C hex = 60 decimal)
18 00 -
19 00 ]
20 00 | === Error Recovery Threshold (not used in RA80)
21 00 ]
22 00 |
23 00 -
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RAB80 Subunit Characteristics
During SD! Get Subunit Characteristics Command

3.6 RA80 Subunit Characteristics

BYTE Hex

# byte

1 77 Response Opcode

2 13 -

3 01 j=- 00000113 hex = 275 Decimal (LOGICAL) Cylinders in LBN
4 00 | Space (Host Cyls + RCT Cyls, O thru 274 logical,
5 00 - 0 thru 558 physical)

6 02 2 Groups/Cylinder

7 00 1st XBN = O 1st IBN = 0

8 OE 14 Tracks/Group

9 00 1lst DBN = 0 ist RBN = 0

10 01 1 RBN/Track (RM bit = 0, Non-removable Media)

11 00 Reserved

12 OB 11 Words DATA PREAMBLE (for 512-byte mode, 32 sectors)

13 04 4 Words HEADER PREAMBLE (for 512-byte mode, 32 sectofs)
14 50 -

15 10 | =-- Media Type Identifier DURA 80

16 64 |

17 25 -

18 EO Lo FCT Copy Size - XBNs = 480
19 o1 Hi
( O1lEC hex = 480 Decimal= 15 x 32 )
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BYTE Hex
byte

#

RAB80 Subunit Characteristics
During SD! Get Subunit Characteristics Command

KKKKKKKKKKKKKKXKXKXKK*XX% 5]2-RYTE MODE * KKKk *KrRkAXAA XXX KKK KN KKK R KK

20

21

22
23
24
25

26 -

27

1F
10
acC
9E
03
00

D1

0l

31 LBNs/Track
Group Offset = 16 Decimal

- # of HOST LBNs = 237,212 (= 0003%ESC hex)

I

| (31 LBNs/Track x 14 Heads x 2 grps x 273 LOGICAL
- Cylinders + 248 LBNs borrowed from RCT)

- RCT Copy Size (LBNs) = 465 decimal (15x31) = (01D1
hex)

IRKKKKKKAKKAXKKKAKKXKKXK 576-BYTE MODE XA *XARK KA KKK KKK KK XXX XXX K

28

29

30
31
32
33

34
35

ic

10

FO
44
03
00

A4
01l

28 LBNs/Track
Group Offset = 16 decimal

- # of HOST LBNs = 214,256 = 000344F0 hex)

! ,
| (28 LBNs/Track x 14 Heads x 2 GRPS X 273 LOGICAL
- Cylinders + 224 LBNs BORROWED FROM RCT)

- RCT Copy Size - LBNs = 420 (13x28) = (124 hex)

AR KK T AT A K AR I KA I AT AR A IKAAKRKR KRR AKX AR KAk kX akx

36
37

38

39

02
00

01

02

- 0002 = 2 Cylinders in XBN Space

Size of Diagnostic READ-ONLY DBN Area (Groups) = 1

2 Cylinders in DBN Area
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RAB80 Subunit Characteristics
During SDI Get Subunit Characteristics Command
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RA81 Common Characteristics
During SDI Get Common Characteristics Command

3.7 RA81 Common Characteristics

BYTE Hex
# byte
1 78 Response Opcode
2 33 (3) SDI Version 3.0
(3) Short timeout = 8 seconds (273)
3 AR Xfer Rate = 17.4 Mhz (AE hex = 174 Decimal)
4 57 (5) 5 retries for data transfer operation
(7) 128 second long timeout (247)
5 04 4 Copies FCT/RCT, 512 byte mode only, (HDA jumper in)
. 84 4 Copies FCT/RCT, 512 or 576 byte mode (HDA jumper out)
6 00 rror Recovery Level = 0 (0 levels) 729ﬁkn9r‘pccau@/~q for f[;3~oﬁk,yﬁ
7 06 ECC Threshold = 6 (# of ECC symbol errors to consider ‘
abnormal)
8 XX Microcode Revision Level
9 [¢F3 (0) IE=0, No Special Internal Error Log Available

(x) Hardware Rev from operator panel

10 xx Lo =-

11 XX |
12 XX | === S8/N of Drive
13 00 I
14 00 ]

15 00 Hi -
1le 05 Drive type Identifier per MSCP Spec (RA81)

17 3cC 60 Revs/Second (3C hex = 60 decimal)

18 00 -

19 00 |

20 00 | === Error Recovery Threshold (not used in RAS81)
21 00 | :

22 00 ]

23 00 -
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RA81 Subunit Characteristics
~ During SDI Get Subunit Characteristics Command

3.8 RA81 Subunit Characteristics

BYTE Hex

# byte

1 77 Response Opcode

2 E4 -

3 04 |-~ O00004E4 hex = 1252 Decimal (LOGICAL) Cylinders in LBN
4 00 | Space (Host Cyls + RCT Cyls, O thru 1251)

5 00 -

6 14 14 Groups/Cylinder

7 00  1st XBN = 0 1st LBN = 0

8 01l 1 Track/Group

9 00 lst DBN = 0 lst RBN = 0

10 01 1 RBN/Track (RM bit = 0, Non-removable Media)

11 00 Reserved

12 13 ’ 19 Words DATA PREAMBLE (for 512-byte mode, 52 sectors)

13 [o]¢] 12 Words HEADER PREAMBLE (for 512-byte mode, 52 sectors)

14 51 -

15 10 ==~ Media Type Identifier DURA 81
16 64 ]

17 25 -

18 ocC Lo FCT Copy Size - XBNs = 780

19 03 Hi
{ 030C hex = 780 Decimal= 15 x 52 )
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BYTE Hex
byte .

#

RA81 Subunit Characteristics
During SDI Get Subunit Characteristics Command

KARKKKKKKRKKKKKKKKXAKKX 5] 2-BYTE MODE K XA hkkkkkk kX Xk K AKX I KKK KK *K

20
21
22
23
24
25

26

27

33
0E
co
28
0D
00

FD

02

51 LBNs/Track:
Group Offset = 14 Decimal

- # of HOST LBNs = 891,072 (= 000D98CO hex

|
| (51 LBNs/Track x 14 Heads 1248 LOGICAL Cylinders

- RCT Copy Size (LBNs) = 765 decimal (15x51) = (O2FD
hex)

KKK KKKRKKKKAKKK KRR KK 57G-BYTE MODE *Xhxkdxhskrkrk kX hARrXR* kKX * XK

28

29

30
31
32
33

34
35

2E

oc

80
43
ocC
00

B2
02

46 LBNs/Track
Group Offset = 12 decimal

~ # of HOST LBNs = 803,712 (= 000C4380 hex)

!
| (46 LBNs/Track x 14 Heads X 1248 LOGICAL Cylinders

- RCT Copy Size - LBNs = 690 (15x46) = (2B2 hex)

I R T R R R R Y R R TR S L

36
37

38

39

04
00

OE

02

- 0004 = 4 Cylinders in XBN Space

Size of Diagnostic READ-ONLY DBEN Area (Groups) = 14

2 Cylinders in DBN Area
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RA82 Common Characteristics
During SDI Get Common Characteristics Command

3.9 RA82 Common Charaéteristics

BYTE
#

Hex

byte

10
11
12
13
14
15

16

17

18
19
20
21
22
23

78 Response Opcode

43 (4) SDI Version 4.0

(3) Short timeout 8 seconds (273)

Cco Xfer Rate = 19.2 Mhz (CO hex = 192 Decimal)
57 (5) 5 retries for data transfer operation )
(7) 128 second long timeout (2°7) (%ﬁn({%k-sgi» SpPe.

04 4 Copies FCT/RCT, 512 byte mode only, (HDA Jjumper in)

07 Error Recovery Level = 7 (7 levels)

06 ECC Threshold = 6 (# of ECC errors to consider abnormal)
XX Microcode Revision Level

Oox {0) IE=0, NOFSpecial Internal Error Log Available

{(x) Hardware Rev from operator panel

XX Lo -
xx |
xx |--- S/N of Drive
00 |
00 |
00 Hi -

OB Drive type Identifier per MSCP Spec (11 decimal, 13 Octal,
RA82)

3cC 60 Revs/Second

00 -

00 }

00 j--- Error Recovery Threshold (not used in RA82)
00 | :

00 |

00 -
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RA82 Subunit Characteristics
During SDI Get Subunit Characteristics Command

DSA SUPPORT SEMINAR

3.10 RAB82 Subunit Characteristics

BYTE Hex
# byte
1 77 Response Opcode
-2 93 - :
3 05 |-=- 00000593 hex = 1427 Decimal LOGICAL Cylinders in LBN
4 00 ] Space (Host Cyls + RCT Cyls, O thru 1426)
5 00 -
3 OF 15 Groups/Cylinder
7 00 lst XBN = 0 lst ILBN = 0
8 01 1 Track/Group
° 00 1st DBN = 0 lst RBN = 0
10 01 1 RBN/Track (RM bit = 0, Non-removable Media)
11 00 Reserved
12 12 18 Words DATA PREAMELE (for 512-byte mode, 58 sectors)
13 06 6 Words HEADER PREAMBLE (for 512-byte mode, 58 sectors)
14 52 -
15 10 |==- Media Type Identifier DURA 82
16 64 !
17 25 -

18 A0 Lo FCT Copy Size - XBNs = 928
19 03 Hi :
( O32A0 hex = 928 Decimal= 16 x 58 )
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RAB82 Subunit Characteristics
During SDI Get Subunit Characteristics Command

BYTE Hex
# byte

FhEkKKKKKKX KK KK dkkk kkKkk 512=-BYTE MODE **XXkkkkkkkkhkkkkhhkhdhkkkhkkxk

20 39 57 LBNs/Track

21 0B Group Offset = 11 Decimal

22 99 - # of HOST LBNs = 1216665 (= 129099 hex

23 90 |

24 12 | (57 LBNs/Track xz 15 Heads = 1423 Cylinders)

25 00 -

26 90 - RCT Copy Size (LBNs) = 912 (16X57) = (390 hex))
27 03 -

KEKKKKKRKKXKKKXKXXRKKXKNKXK 5T6=RYTE MODE H**¥RrXkkkhkdkdek ko kdkdodk ko sk kk ks

(There are no plans to implement actual 18-bit HDA’s
at the present.)

28 33 51 LBNs/Track
29 OE Group Offset = 14

30 53 - # of HOST LBNs = 1,088,595 (= 109C53 hex)

31 9C |
32 10 | (51 LBNs/Track x 15 Heads = 1423 Cylinders)
33 00 -

34 30 - RCT Copy Size - LBNs = 816 (16x51) = (330 hex)
35 03 -

KRKAKKK KKK KK KK KKK kK KRk kK Rk Kk % %k kK k ko k ki K Kk %k %k x J sk Kk %k Kk kk kK koK ek Kk

36 04 - 0004 = 4 Cylinders in XBN Space
37 00 -

38 OF Size of Diagnostic READ ONLY DBN Area {(Groups) = 15

39 04 4 Cylinders in DBN Area
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RA90 Common Characteristics
During SDI Get Common Characteristics Command

3.11 RA90 Common Characteristics

BYTE Hezx
# byte
1 78 Response Opcode
2 43 (4) SDI Version 4.0
(3) Short timeout = 8 seconds {(2°3)
3 DD Xfer Rate = 22.198 Mhz (DD hex = 221 Decimal)
-4 57 (5) 5 retries for data transfer operation
(7) 128 second long timeout (277)
5 04 4 Copies FCT/RCT, 512 byte mode only, (HDA jumper in)
6 0C * Error Recovery Level = TBD (12 as implemented to date
12-15-87, subject to change)
7 06 ECC Threshold = 6 (# of ECC symbol errors to consider
abnormal)
8 xx Microcode Revision Level
9 XX Bit<0:3> Hardware revision from switches
Bit<4> 1 = Embedded Servo Enabled
Bit<5:6> HDA revision bits
Bit<7> IE=1l, Special internal erxror log available
10 XX Lo =--- S/N of Drive (Drive Serial number is determined
11 XX | by switches on the flex cable, a part of the
12 xx | chassis assy. {(item 7 of 70-22941-01) Decode:
13 00 | Bit <12:18> = 00 = CXO mfg drive
14 00 | Bit <17:00> = 1 thru 262143
15 00 Hi - Bit <19:18> = 01 = CXO mfg drive
Bit <17:00> = 262144 thru 309,999
Bit <192:18> = 10 = KBO mfg drive
Bit <17:00> = 1 thru 262143
Bit <19:18> = 11 = TBD plant mfg drive
Bit <17:00> = 1 thru 262143
16 13 Drive type Identifier per MSCP Spec (19 Decimal,
23 Octal, RA90)
17 3C 60 Revs/Second (3C hex = 60 decimal)
18 00 -
19 00 ]
20 00 | === Error Recovery Threshold (not used in RA90)
21 00 |
22 00 |
23 00 -

Digital Internal Use Only
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RA90 Subunit Characteristics
During SDI Get Subunit Characteristics Command

3.12 RAS90 Subunit Characteristics

BYTE Hex

# byte

1 77 Response Opcode

2 5B -

3 oA |-- OOOOA5B hex = 2651 Decimal (LOGICAL) Cylinders in LBN
4 00 | Space (Host Cyls + RCT Cyls, O thru 2650)

5 00 -

6 oD 13 Groups/Cylinder

7 00 1st XBN = 0 1st LBN = 0

8 01 1 Track/Group

9 00 1st DBN = 0 l1st RBN = 0

10 01 1 RBN/Track (RM bit = 0, Non-removable Media)

11 00 Reserved

12 OE 14 Words DATA PREAMBLE (for 512-byte mode, 70 sectors)
13 05 5 Words HEADER PREAMBLE (for 512-byte mode, 70 sectors)
14 5Aa - )

15 10 |--- Media Type Identifier DURA 90

16 64 |

17 25 -

18 76 Lo FCT Copy Size - XBNs = 630

19 02 Hi

( 0276 hex = 630 Decimal)
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RAS0 Subunit Characteristics
During SDI Get Subunit Characteristics Command

BYTE Hex
# - Dbyte

KKKKKIKRKKK KK KK XRKK*N% 5]D-BYTE MODE ***kkkdkhkhhhkhkdhhkhhidh ok kk

20 45 69 LBNs/Track

21 OE Group Offset = 14 Decimal

22 D9 ~ # of HOST LBNs = 2,376,153 (= 002441D9 hex)

23 41 |

24 24 | (69 LBNs/Track z 13 Heads x 2649 LOGICAL Cylinders
25 00 -

26 9E . - RCT Copy Size (LBNs) = 414 decimal = (19E hex)

27 o1 -

KKKKKKKKKK KK KKEKKKKKK 576-BYTE MODE **rrkxkhkhkXxkhkkkAkk kR Xk K kh k%

18-Bit HDA’s NOT SUPPORTED by RA90
28 00 ‘LBNs/Track

29 00 Group Offset

30 00 - # of HOST LBNs
31 00 |
32 00 ]
33 00 -
34 00 - RCT Copy Size
35 00 -

KK KEA KK KIK AR KRR AAA AR IR KA A KRR ANKRA T AT AR Rk k ko dehk kx*k

36 03 - 0003 = 3 Cylinders in XBN Space
37 ‘00 -

38 oD Size of Diagnostic READ~ONLY DBN Area (Groups) = 13 decimal

39 02 2 Cylinders in DBN Area
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RA90 Subunit Characteristics
During SDI Get Subunit Characteristics Command

DRIVE CHARACTERISTICS QUIZ
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STUDENT QuiIzZ
DSDF Drive Characteristics

3.13 Student Exercises

1. - ECC error handling is performed by which of the following?
A. The drive
The controller
C. - The host
D. The drive if the ECC threshold is exceeded

2. The number of multiple copies of the RCT and the FCT for each drive is:
A. 4 copies of RCT/FCT ‘
B. 6 copies of RCT/FCT.
C. 7 copies of RCT/FCT
D./ Depends upon drive type

3. ECC threshold value is derived from which of the following?
@ The drive
B. The controller
C. The host hardware
D. The host software if BBR is supported

4. The purpose of the ECC character is:
~A. Only detect disk transfer errors.
B. Only detect controller internal data path errors.
@ Detect disk transfer errors and provide for data correction.
D. Detect controller internal data path errors and provide for data correction.

5. The purpose of the EDC character is:
A. Only detect disk transfer errors.
@ Only detect controller internal data path errors.
~ C. Detect disk transfer errors and provide for data correction.

D. Detect controller internal data path errors and provide for data correction.
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DSDF Drive Characteristics

6. Multiple copies of the RCT and FCT are located where?
Usually on the same cylinder.

Usually on the same track.

Usually distributed across the same media surface.
Usually distributed across different heads and cylinders.

©e = »

7. What are the addressing characteristics of the RA70?
1 track per group and 11 groups per logical cylinder.
B. 11 tracks per group and 1 group per logical cylinder.
C. 1 track per group and 2 groups per logical cylinder.
D. 11 tracks per group and 11 groups per logical cylinder.

8. A subsysiem consisting of an HSC and an RAS81 disk drive detects uncorrectable ECC errors. what is
the error recovery technique used if the ECC error continues to be uncorrectabie?

A. The controller will retry the operation at least 14 times.
B. The drive will retry the operation at least 14 times.

@j The controller will retry the operation at least 5 times.
D. The drive will retry the operation at least 5 times.

8. Which of the following statements is false?
A. The ECC character protects both the data field and EDC character in a sector.
B. The EDC character is used to detect intemal controller parallel data path problems.
C. The ECC character is used to detect serial read/write disk data path problems.
O The ECC character only protects the data field of a sector. ¢ £DC CAMPC%OL foo

10. In an RAS81 subsystem, a block of data is considered uncorrectable if the number of symbols in error
exceed what?

@ 8 symbols, the maximum correction capability of the controller.
B. 8 symbols, the maximum threshold determined by the drive.
C. 6 symbols, the maximum correction capability of the controller.
D. 6 symbols, the maximum threshold determined by the drive
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Blocks and Headers
Lesson 3

CHAPTER 4
BLOCKS AND HEADERS
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. l INDEX L

HEADER
PRE-
AMBLE

HEADER
SYNC

HEADER
COPY 1

HEADER
COPY 2

HEADER
COPY 3

HEADER
COPY 4

sLoOP

SPLICE

DATA
PRE-
AMBLE

DATA
SYNC

PAD
Os

ECC

DATA
POST-
AMBLE

WRITE
TO READ
RECOVERY

REIN-
STRUCT
TIME

v
\
\
\
-\
\
\
\
\

/4
V44

HEADER PREAMBLE - ALLOWS DRIVES PLO TO
SETTLE BEFORE HEADER SYNC

HEADER SYNC - ALLOWS THE PLO TO SYNC UP

SLOP - GIVES CONTROLLER TIME TO SWITCH BETWEEN

READING HEADER AND WRITING DATA PREAMBLE
\, SPLICE - TIME NEEDED FOR TRANSMISSION DELAYS,

CODE

LBN HEADER CODE:

Sece

T4, L

00 - USAGE LOGICAL SECTOR LBN (HOST AREA)
03 - UNUSABLE NON-PRIMARY REVECTORED LOGICAL SECTOR LBN (HOST AREA)
05 - UNUSABLE PRIMARY REVECTORED LOGICAL SECTOR LBN (HOST AREA)

11°- UNUSABLE LOGICAL SECTOR (RCT AREA)

RBN HEADER CODE:

06 - USABLE RBN SECTOR
11 - UNUSABLE SECTOR

*NOTE: REFER TO RBN SECTOR LAYOUT FOR EXPANDED SECTOR.

DATA POSTAMBLE
WRITE TO READ RECOVERY - TIME NECESSARY FOR
WRITE RECOVERY PLUS 48 STATE BIT TIMES

REINSTRUCT TIME - TIME ALLOTTED WHILE CONTRbLLER
IS CLEANING UP CURRENT SECTOR TRANSFER AND SENDING
COMMAND FOR THE NEXT ONE ’

PAD = 8 DATA-BYTE ZEROS FOR 512-BYTE MODE
6 DATA-BYTE ZEROS FOR 576-BYTE MODE

HEADER COMPARE TIME AND PLO LOCK TIME

DATA PREAMBLE - ALLOWS TIME FOR THE HEADER
COMPARE AND PLO TO SYNC UP

DATA SYNG - ALLOWS THE PLO TO SYNC UP

CX0-2381A
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INDEX .J INDEX L

TRACK

RBN

1
1
|
i
|
|
|
1
1

SPLICE
HEADER JHEADER|HEADER|HEADER| HEADER|HEADER ottt T DATA PAD DATA |WRITE REIN-
PRE- SYNC COPY 1 |COPY 2 JCOPY 3 |COPY 4 I SLOP | DATA |SYNC}] DATA |EDC|Os JECCIPOST- |[TO READ ]STRUCTY

AMBLE PRE- AMBLE |RECOVERY| TIME
' AMBLE

vy
\ ) V{4
“ \ \ HEADER PREAMBLE - ALLOWS DRIVES PLO TO
\ \ \ SETTLE BEFORE HEADER SYNC
\ \ \ HEADER SYNC - ALLOWS THE PLO TO SYNC UP
\
\
\
\

\ \ SLOP - GIVES CONTROLLER TIME TO SWITCH BETWEEN
\ READING HEADER AND WRITING DATA PREAMBLE

\ .
\l \ SPLICE - TIME NEEDED FOR TRANSMISSION DELAYS,
l 1 I v HEADER COMPARE TIME AND PLO LOCK TIME
1
\

|
|
|
|
|
/ |
|
1
|
t
{

4 l I DATA PREAMBLE - ALLOWS TIME FOR THE HEADER
’ I | - COMPARE AND PLO TO SYNC UP

DATA SYNC - ALLOWS THE PLO TO SYNC UP

CODE RBN
DATA POSTAMBLE
WRITE TO READ RECOVERY - TIME NECESSARY FOR
WRITE RECOVERY PLUS 48 STATE BIT TIMES
REINSTRUCT TIME - TIME ALLOTTED WHILE CONTROLLER
IS CLEANING UP CURRENT SECTOR TRANSFER AND SENDING
COMMAND FOR THE NEXT ONE
PAD = 8 DATA-BYTE ZEROS FOR 512-BYTE MODE
6 DATA-BYTE ZEROS FOR 576-BYTE MODE
CODE: Neoders émﬁ@n downN vt 2 Ponks ee-
06 - USABLE PLACEMENT SECTORRBN  See b4.( erl}»—; Mm’ be év,af‘f i) ws N’f Crier s Mpé’rﬁrwﬂu
11 - UNUSABLE SECTOR RBN Peals 8F the Lhewe =z Low heodlor M.s;»cuf‘té
At/ i %Lc) CX0-6808
M
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R
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101095 NGH
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HEADER
PRE-
AMBLE

HEADER|HE

ADER}HEADER

SYNC COPY 1 JCOPY 2

HEADER
COoPY 3

HEADER
COPY 4

SLopP

SPLICE

DATA
PER-
AMBLE

oo DATA

SYNC

DATA [EDCIPADIE

A |

Os

DATA
POST-
AMBLE

WRITE
TO READ
RECOVERY

7

HEADER PREAMBLE - ALLOWS DRIVES PLO TO
SETTLE BEFORE HEADER SYNC

HEADER SYNC - ALLOWS THE PLO TO SYNC uP

SLOP - GIVES CONTROLLER TIME TO SWITCH BETWEEN
READING HEADER AND WRITING DATA PREAMBLE

[}
!
\
|
|
t
\
|
|
|

-

v
\
\
\
\
\
\
\
\
\
4
1

CODE

DBN

CODE:

11 - UNUSABLE SECTOR DBN

14 - USABLE DIAGNOSTIC SECTOR DBN

See ’?"’!é

SPLICE - TIME NEEDED FOR TRANSMISSION DELAYS,
HEADER COMPARE TIME AND PLO LOCK TIME -

DATA PREAMBLE - ALLOWS TIME FOR THE HEADER
COMPARE AND PLO TO SYNC UP

DATA SYNC.- ALLOWS THE PLO TO SYNC UP
DATA POSTAMBLE

WRITE TO READ RECOVERY - TIME NECESSARY FOR
WRITE RECOVERY PLUS 48 STATE BIT TIMES

REINSTRUCT TIME - TIME ALLOTTED WHILE CONTROLLER
IS CLEANING UP CURRENT SECTOR TRANSFER AND SENDING
COMMAND FOR THE NEXT ONE

PAD = 8 DATA-BYTE ZEROS FOR 512-BYTE MODE
6 DATA-BYTE ZEROS FOR 576-BYTE MODE
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/4 e

HEADER
PRE-
AMBLE

HEADER
SYNC

HEADER
COPY 1

HEADER] HEADER
COPY 2 JCOPY 3

HEADER
COPY 4

SLOP

SPLICE
M

7/

paTa ] pATA JEpclPaplecc]patAa |wRiTE REIN-
DATA |sync Os PoOsST- |TOREAD |sTRucT
PRE- AMBLE |recovery| TiME
AMBLE

/L.
/77

HEADER PREAMBLE - ALLOWS DRIVES PLO TO
SETTLE BEFORE HEADER SYNC

HEADER SYNC - ALLOWS THE PLO TO SYNC UP

SLOP - GIVES CONTROLLER TIME TO SWITCH BETWEEN
READING HEADER AND WRITING DATA PREAMBLE

SPLICE - TIME NEEDED FOR TRANSMISSION DELAYS,

CODE

HEADER COMPARE TIME AND PLO LOCK TIME )
DATA PREAMBLE - ALLOWS TIME FOR THE HEADER

CODE:

11 - UNUSABLE SECTOR XBN 4L
12'- USABLE EXTERNAL SECTOR XBN 358€ T- 7

COMPARE AND PLO TO SYNC UP
DATA SYNC - ALLOWS THE PLO TO SYNC UP
DATA POSTAMBLE

WRITE TO READ RECOVERY - TIME NECESSARY FOR
WRITE RECOVERY PLUS 48 STATE BIT TIMES
REINSTRUCT TIME - TIME ALLOTTED WHILE CONTROLLER
1S CLEANING UP CURRENT SECTOR TRANSFER AND SENDING
COMMAND FOR THE NEXT ONE
PAD = 8 DATA-BYTE ZEROS FOR 512-BYTE MODE
6 DATA-BYTE ZEROS FOR 576-BYTE MODE

NOTE: ONLY THE FACTORY SCANNER CURRENTLY WRITES THESE HEADER CODES.
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Simplified Summary of Header Codes
Lesson 3

4.1 Simplified Summary of Header Codes

The controller reads disk headers when it is searching for a block of data. Each header contains a 4-bit code and
a 28-bit block address field. The 4-bit code field contains information to tell the controller where the data can be
found. It is the controller’s responsibility to determine from the header code where the data resides and to retrieve
the data. Since the disk is divided into different areas (HOST/RCT, RBN, DBN, XBN), codes for each area are
used to protect against invalid access.

4-Bit Header Codes for LBN (LBNs in Host Applications Area)

00 This is a usable LBN. This code directs the controller to access the data following the header information
just read.
03 This LBN is unusable and has been replaced by a non-primary RBN. This code indicates to the

controller that the data foliowing the header just read is invalid and directs the controller to retrieve the
data from an RBN that is located on a different track than the track containing this LBN. The controller
will use the RCT information to determine exactly what RBN was used.

05 This LBN is unusable and has been replaced by a primary RBN. This code indicates to the controlier
" that the data following the header just read is invalid and directs the controller to retrieve the data from
the RBN at the end of the current track.

4-Bit Header Codes for LBN (LBNs in RCT Area)

00 This is a usable LBN. This code directs the controlier to access the data foliowing the header information
just read.
11 This is an unusable LBN (not replaced). This code indicates to the controlier that the data following

the header just read is invalid and directs the controlier to retrieve the data from the next copy of the
RCT. If all copies of the RCT are unreadable, an uncorrectable error is reported.

4-Bit Header Codes for RBN

06 This is a usable RBN. This code directs the controller to access the data following the header infor-
mation just read.
1 This is an unusable RBN. This code indicates to the controller that the data foliowing the header

just read is invalid and directs the controller to retrieve the data from another RBN that is located on
a different track than the track containing this RBN. The controlier will use the RCT information to
determine exactly what RBN was used.

4-Bit Header Codes for DBN

14 This is a usable DBN. This code directs the controlier to access the data following the header infor~
mation just read.
11 This is an unusable DBN. This code indicates to the controlier that the data following the header just

read is invalid. There is no multi~copy protection for DBNs, and DBNs are not replaced if they become
defective. The controlier will report an uncorrectable error if the data is not retrievable.

4-Bit Header Codes for XBN (In FCT Area)

12 This is a usable XBN. This code directs the controlier to access the data following the header infor—
mation just read.
11 This is an unusable XBN. This code indicates to the controller that the data following the header just

read is invalid and directs the controller to retrieve the data from the next copy of the FCT. If all copies
of the FCT are unreadable, an uncorrectable error is reported.
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DBN Area and R/W Data Paths

Figure 5-2: R/W Data Path External to Drive/RWDP
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DBN Area and R/W Data Paths
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Figure 5-4: RAB81 Topology and Physical Distribution
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Figure 6-1: Simplified Replacerhent and Control Table
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6.1 THE REPLACEMENT CONTROL TABLE

The replacement control table (RCT) records the status of each replacement block on the unit and the location of
all revectored logical blocks. The RCT is a multi~copy structure. The subsystem provides the host with the number
of copies of the RCT and an offset which enables the host to compute the location of the next copy of an RCT
block.

The RCT is a two-part structure. The first part of the structure contains two blocks: a flags/control block and a
temporary data storage block. The second part of the structure is an array of replacement block descriptors with
an entry for each replacement block on the unit, and it is organized in ascending RBN order. There are as many
sectors in the second half of the table as are required for replacement block descriptor storage.

There are n copies of the RCT in the RCT area, where n is a device characteristic. Each copy of the RCT is located
"rct" LBNs from the previous copy. Copy 1 of the RCT is the base copy. The remaining copies provide individual
backup blocks for the corresponding blocks in the base copy of the RCT. Both n, the number of RCT copies, and
"rct,” the offset to the next RCT copy, are passed to the host as unit characteristics in the response to the MSCP
GET UNIT STATUS command.

While the size of the host application area is specified to the host, the size of the RCT area is not specified. The
host is guaranteed that the RCT area will be at least large enough to contain n copies of the RCT. If any blocks in
the RCT area are not actually used by an RCT copy, they are reserved and are not to be used by the host.

The following restrictions apply to RCT space access:
1. The subsystem must prohibit spiraling from the host application portion of LBN space into the RCT space.

2. 1/O to the RCT must be a single block operation. This requirement does not have to be enforced by the
subsystems, but it is required by the replacement algorithms. Transfers other than one block in length may
have undefined results.

3. Any portion within the RCT space that is not used for a replacement control table is controller specific and
must not be accessed by the host. Host access to any part of the RCT space other than within a replacement
table may have undefined results.

Host write access to the RCT is prohibited during controller—initiated bad block replacement (BBR).
Controller write access to the RCT is prohibited during host-initiated BBR.
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6.2 RBN DESCRIPTOR FORMAT

Each entry in the second part of the replacement control table points to a replacement biock on the unit. The table
is in ascending RBN order. Thus, the first entry corresponds to the RBN 0 on the unit, the second entry corresponds
to the RBN 1 on the unit, etc. Entries that do not correspond to RBNs on the unit may be present to pad the RCT
to a block boundary. Any entry which does not correspond to an RBN on the unit is called a null entry. There is
always one null enty at the end of the RCT to demarcate the end the table. All other entries past this last null
entry are undefined.

The format of a replacement block descriptor in the replacement control table is:

Figure 6-3: Replacement Block Descriptor

2t Booecl ¢ Msp
Lofbpund o« A

LBN (LOW)

CODE ’ LBN (HIGH)

CXO-2367A

LBN is the logical block number of a revectored logical block.

CODE is one of the following octal values:

.

00 - Unallocated (empty) replacement block.

02 — Allocated replacement block — primary replacement block.

03 ~ Allocated replacement block — NON-primary replacement block.
04 ~ Unusable replacement block.

05 - Alternate unusable replacement block. Code 05 is reserved. Programs should treat this code as if it were
code 04.

10 — Null entry - no corresponding replacement block.

For codes 00, 04, and 10 the LBN field is always zero.
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6.3 PHYSICAL LAYOUT OF THE RCT

The n copies of the RCT are stored at the highest addresses of the LBN space. Each sector in the second part. of
the RCT contains 128 entries, regardless of the actual disk format (bytes 512 through 575 of 576 byte sectors are
zero filled).

The size of the copies must be adjusted so that corresponding blocks of each copy are accessed using physxcally
distinct components to the extent possible. This implies that:

»  If the number of copies is less than or equal to the number of heads, then corresponding blocks of each copy
must be accessed by different heads.

» If the number of copies is greater than the number of heads, then corresponding blocks of each co'py must be
distributed as evenly as possible across the heads.

« If a device uses a dedicated servo surface, then corresponding blocks of each copy must be located using
different tracks of the servo surface.

The first sector in the RCT contains information about the state of any replacement operation that may be in
progress. A copy of the volume serial number is contained in this sector to allow validation of the RCT by
diagnostics. The second sector in each copy of the RCT is used by the bad block replacement aigorithm. This
sector is used to hold a copy of the data from the sector being replaced.

The remaining sectors each contain 128 32-bit replacement block descriptors. The RCT structure is shown in
Figure 6-4. Sector 0 of the RCT is illustrated in Figure 6-5.

Figure 6—4: RCT Structure
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Figure 6-5: RCT Sector 0

16

LOW ORDER
VOLUME SERIAL NUMBER

VOLUME SERIAL NUMBER

VOLUME SERIAL NUMBER

HIGH ORDER
VOLUME SERIAL NUMBER

—h

P(B F v

2| R E P

RESERVED

LOW ORDER LBN OF
BLOCK BEING REPLACED

HIGH ORDER LBN OF
BLOCK BEING REPLACED

LOW ORDER RBN OF
REPLACEMENT

HIGH ORDER RBN OF
REPLACEMENT

LOW ORDER BAD
REPLACEMENT BLOCK

HIGH ORDER BAD
REPLACEMENT BLOCK

LG

RESERVED

P24

" Replacement Control Table
Lesson 5
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Table 6-1: RCT Block 0 Defined

WORD 0—WORD 3:

WORD 4:

BIT 7: FE
BIT 13: BR

BIT 14: P2

BIT 15: P1

The 64-bit volume ID assigned during the factory formatting process. If the
pack was formatted without the use of factory format information, a site volume
ID must be input to the formatter for entry into this field. The low order 32 bits
of this field are used as a volume ID in MSCP log packets.

This word contains the status flags used during the bad block replacement
process.

The force error flag, indicating that the replacement process should set the
forced error indicator in the target replacement block. This flag is reset when
the replacement operation finishes. The flag is initially reset.

The bad replacement block flag, indicating that the replacement in progress
was caused by a bad replacement block. This flag is reset when the replace-
ment operation finishes. The flag is initially reset.

The phase 2 flag, indicating that the replacement process is in phase 2 of
the replacement algorithm. If this flag is set when the unit comes on line, it
indicates that a replacement was interrupted and must be completed. This
flag is reset when replacement is completed. The flag is initially reset.

The phase 1 flag, indicating that the replacement process is in phase 1 of
the replacement algorithm. If this flag is set when the unit comes on-line, it
indicates that a replacement was interrupted and must be compieted. This
flag is reset when phase 1 is completed. The flag is initially reset.

NOTE

If any other bit in word 4 becomes set, whether deliberate or by accidental corruption, the controller
usually considers the media to be VOLUME DATA SAFETY WRITE PROTECTED. The host
operating system, in turn, is prevented from performing write data operations to the media.

WORD 6—WORD 7:

WORD. 8—WORD 9:

WORD 10—WORD 11:

A copy of the LBN of the block being replaced, if a replacement operation is
in progress. This field is invalid if the P1 flag is not set. This field is initialized
to zero.

A copy of the RBN of the block with which the LBN is being replaced, if a
replacement operation is in progress. This field is invalid if the P2 flag is not
set. This field is initialized to zero. '

The RBN of the bad replacement block being replaced. This field is invalid if
the BBR flag is not set. This field is initialized to zero.

6-8 Digital Internal Use Only



CHAPTER 7
FORMAT CONTROL TABLE (FCT)

Format Control Table (FCT) 7-1



AjuQ esn jewssyu jeybia 2-2

LOW ORDER PHYSICAL

BLOCK NUMBER
HIGH ORDER
CODE PHYSICAL
BLOCK NUMBER

_l INDEX L

l'—'—l (BLOCK 0) S
INDEX SECTOR 0 OF FCT N v
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WORD 16 1S MOST SIGNIFICANT
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23-UP - Os
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NOTE:" THE FK BIT SET INDICATES THAT THIS IS A FAKE FCT AREA, AND THAT SECTOR 0
(BLOCK 0) OF THIS FCT AREA 1S THE ONLY BLOCK WITH VALID INFORMATION. ALL RE-
MAINING SECTORS IN THIS FCT AREA ARE MEANINGLESS AND CONTAIN NO USABLE INFOR-
MATION. THE FK BIT IS MSB (BIT 15) OF WORD 21.

X1 - BAD HEADER

X2 - OTHER BAD FIELD

X4 - BAD DATA (INCLUDING EDC AND ECC FIELDS)

X = 1 IF A PBN IN HOST LBN AREA WAS
PRIMARY REPLACEMENT BLOCK

X =0 IF A PBN IN HOST LBN AREA WAS
SECONDARY REPLACEMENT BLOCK

X = 1 IF A PBN MAPS INTO RBN, FCT, OR DBN AREAS
(PBN = PHYSICAL BLOCK NUMBER)

CXO0-2371A

1—L aanbi4

Inoke 104

9 uossa

9jqe]l jollu0) 1ewlo-



Format Control Table
Lesson 6

7.1 FCT STRUCTURE

Each copy of the FCT is composed of one volume information block, one 512-byte format table, one 576-byte
format table, and one subsystem temporary storage area (distributed among the alignment pads). The 576-byte
table is normally only supplied by manufacturing with 576-byte formatted media. An FCT copy has the format
shown in Figure 7-2. Details of FCT block 0 (volume information block) are shown in Figure 7-3.

Figure 7-2: FCT Structure
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The XBN area itself is always formatted to contain 512-byte sectors. -

Sector m is the first block of the table to store the factory detected bad blocks for 57 6-byte formatted disks. Sector
p+l1 is the first block of the subsystem scratch storage, reserved for use by conuollers and formatting utilities, as
needed. Sector FCT-1 marks the end of a copy of the FCT.

Sector 0 contains various volume identification and format information. The format is shown in Figure 7-3.

Figure 7-3: FCT Sector 0 - (Volume Information Block)

MEDIA MODE 'WORD 00 mugge&g&uig%;;mmeé WORD 14
RN NSTAGE | onoor | NMESEOEUSSDENTIES | yonoi
SO, | oo | WHSEIIESE | o s
VOLUME SERIAL NUMBER WORD 03 mU;zETingU(ingE)NTR’ES WORD 17
VOLUME SERIAL NUMBER WORD 04 ‘A’;;isl; TpinégPles WORD 18
COESTIAEE | wowe | SEGMGEAT | womos
e S| worow
S | wowor | -
DT FORMATTED. WORD 08 FORMAT VERSION WORD 22
PiRST ’\:/g;tm%v;gs(me“) WoRDOS % ZEROS T
A S oy | Wm0
AESTISSLIEET | wonor
RSN | womor
%{Eﬁg ngsl;lerefi?NEg-’(’HIGH) WORD 13 .
CXO0-2373A
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7.2 VOLUME INFORMATION BIOCK DETAILS

WORD 0:
WORD 1: -

WORD 2-5:
WORD 6-9:

WORD 10-13:

WORD 14-15:

WORD 16-17:

WORD 18:
WORD 18:

WORD 20:
WORD 21:

WORD 22:

MEDIA MODE—is 126736 for a 512-byte format and 074161 for a 576-byte format. During
formatting the media mode word is set to zero.

Formatting instance Number—is a counter that is incremented each time the HDA or volume
is formatted. Initialized to 1 at the factory.

Volume Serial Number—is the HDA or volume identification.

Time and Date of the First Formatting —is expressed in a quad-word field as the number
of clunks since 00:00 o’clock, Nov. 17, 1858 (in the local time zone), or zero if the current
time and date is not available. A clunk has a value of 100 nanoseconds. This is the standard
VAX/VMS time and date format.

Time and Date of the Most Recent Formatting—is the date that the media was last format-
ted.

The Number of Used 512 Table Entries—indicates how many of the entries in the 512 byte
table are used.

The Number of Used 576 Table Entries—indicates how many of the entries in the 576 byte
table are used.

Scratch Area Offset—is the offset, in words, counted from the beginning of the FCT to the
scratch area in all copies of the FCT.

Size of Area—is the size of the scratch area in all copies of the FCT, except the last copy of
the FCT.

Scratch Area Size of Last Copy - is the size of the scratch area in the last copy of the FCT.

Bit FK—is set if this is a fake FCT (i.e., only the first block exists). If this bit is set, then
only the media mode, format instance number, serial number, date of iast format, and pad
area pointers (words 18-20) are valid. The format instance number will be 0. The contents
of all other words in block O and all blocks following block O are undefined and, therefore,
considered invalid.

Format Version—is the version number of the format

Sectors 2 through m—1 contain the 512-byte mode bad block descriptors. Each descriptor describes the physical
block (PBN) on the HDA or volume that is bad and the problem that has been detected. Additional information is
contained in the code field for the use of the formatter in allocating primary and secondary replacements..

The format of a bad block descriptor is shown in Figure 7—4.
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Figure 7-4: Bad Block Descriptor

LOW ORDER PHYSICAL WORD w
BLOCK NUMBER

HIGH ORDER
CODE PHYSICAL WORD w + 1
BLOCK NUMBER

CXO-2374A

Where:
PHYSICAL BLOCK NUMBER—is the relative position of the sector from the beginning of the HDA or volume.
CODE is an indication of the problem (reason) that caused the sector to be retired. The legal values for code are:

X0 - Unused entry.

X1 - Bad header.

X2 - Other bad field.

X4 - Bad data (including EDC and ECC fields).

The formatter uses bit 15 (X) of the code field to indicate that the bad PBN, if a non~RCT LBN, was replaced
by a primary RBN, X=1, or a non—primary RBN, X=0. X will also equal 1 for those PBNs that map into RBNs,
XBNs, DBNs, or LBNs in the RCT. These bits are set only in those formatting modes that result in the creation of
(or re—creation of an invalid) FCT.

Bad block descriptors are sorted in descending track order within each sub—table (512 and 576). The entries are
further sorted in ascending PBN order within each track.

A single unused entry is placed at the end of the sorted list in each table. The values in the remaining unused
entries are undefined.

Sectors m through p contain the 576 byte mode bad block descriptors. The format of these descriptors is identical
to that of the 512 byte descriptors.
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Standard Disk Interface (SDI)

8.1 INTRODUCTION

This section describes the Standard Disk Interface (SDI) protocol that allows SDI controllers to communicate with
SDI disks in the Digital Standard Architecture (DSA) disk subsystem.

This section stresses the Standard Disk Interface (SDI) characteristics that DSA disk drives implement. You will
learn some SDI drive characteristics and how drive responsibilities differ from those of the SDI controllers.

8.2 OBJECTIVES

Upon completion of this discussion, you will be able to:

Identify and define the use of the four lines that comprise the SDL
Identify and describe the use of the SDI bus encoding scheme.
Describe the format of the RTCS line and define the use of each signal.
Describe the format of the RTDS line and define the use of each signal.

—l
.

Define the different drive states relative to the controller.
Describe the format used by the controller to send commands to the drive.
Describe the format used by the drive to send responses back to the controlier.

Describe the events that occur between the controller and the drive during a seek operation.

© @ NP e s wN

Describe the events that occur between the controller and the drive during a read and a write operation.
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8.3 SDI BUS

Disk drives and controllers within a DSA disk subsystem communicate with each other using a standard protocol.
This protocol is transmitted over the Standard Disk Interconnect (SDI) bus.

A separate SDI bus connects the controller to each drive. Refer to Figure 8-1. This radial configuration allows
simultaneous transactions to occur from more than one drive to the same controller. The radial bus allows you to
disconnect a drive that is not being used while the controller continues to service the host on other drives.

Figure 8-1: SDI Radial Bus

DISK
DRIVE

nCcw —gu

DISK "\ Disx
DRIVE SDIBUS | cONTROLLER | SDIBUS DRIVE

wCw —gvm

DISK
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In a dual-port configuration, the radial bus also shows it is possible to disconnect a controller from a drive port.
Refer to Figure 8-2. The drive can continue to service the other controller on its other port.

Figure 8-2: SDI Dual Port
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8.3.1 SDI Lines

The SDI bus consists of four high—speed, unidirectional lines. Each line transmits serial information in only one
direction. See Figure 8-3.

Figure 8-3: SDI Bus

CONTROLLER ‘( SDI BUS > DISK DRIVE
A

REAL-TIME CONTROLLER STATE

COMMAND/WRITE-DATA

CONTROLLER DISK DRIVE
RESPONSE/READ-DATA

Y

REAL-TIME DRIVE STATE

CXO-1333B

The Real Time Controller State (RTCS) line repeatedly transmits controller state information to the drive.
The Real Time Drive State (RTDS) line repeatedly sends drive state information to the controller.

The Command/Write-Data line serves two purposes. It transmits commands and parameters to the drive. It also
transmits write data to the recording surfaces in the drive. This line is also called the WRT/CMD line.

The Response/Read-Data line also performs two functions. It sends drive response messages to the controller. It
also transmits read data from the recording surfaces in the drive to the controller. This line is also frequently called
the Read/Response line.
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8.3.2 SDI Bus Encoding

Each of the four SDI lines transmit serial ones and zeros using-12 nanosecond pulses occurring within bit cell
times. Refer to Figure 8—4. The duration of each pulse is fixed at 12 nanoseconds. The bit cell time, however, is
a function of the drive transfer rate. Drive transfer rates vary, depending on the disk speed and recording density
of the drive.

Figure 8-4: SDI Bus Encode
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The receiver separates the data in the following manner: A positive pulse at the beginning of a bit cell indicates
a logical one. A negative pulse at the beginning of a bit cell indicates a logical zero. When a bit in the next cell
is the same as the previous one, then a pulse of the opposite polarity is added immediately after the pulse for the
previous bit.

In this manner, every pulse on an SDI line alternates polarity. This results in a net DC voltage of zero. Circuitry
in the controller and in the drive detect any missing or additional, unwanted pulses that may occur.

Missing or unwanted pulses represent transmission errors. When detected, they are usually entered in the system
error log. These errors are referred to as pulse errors. For example, if a drive detected two sequential pulses of the
same polarity while receiving information on the WRT/CMD data line, the error is referred to as a write/command
pulse error.
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8.4 DRIVE STATES

A drive can be in one of four different states relative to a controller.

When the drive is not operational, it’s in a state called "drive off line." See Figure 8-5. At this time, no commu-—
nication takes place between the drive and either controller. A drive is off line to a controller when its port switch
to that controller is released.

Figure 8-5: Drive Off Line
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Now look at Figure 8—6. When the drive becomes operational, it enters a drive available state. This means that it
is visible to, and capable of communicating with, either controller, providing the port switches are enabled. The
term operational implies several conditions. The port switch(s) must be pressed to enable the communication paths
between a drive and a controlier. The drive must also be able to spin up; that is, no major drive problems prevent
the drive spindle from spinning or prevent the drive from properly communicating with the controller. ’
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Figure 8-6: Drive Available

Controlier A

Controlier B

Disk Drive

e POTT A

Port B

AVAILABLE

MLDS-1337A

When controller A wants to communicate with the drive, it must bring it to a state called "drive on line." This
means that the drive, through Port A, becomes dedicated to the exclusive use of controlier A. This is illustrated in
Figure 8-7. During this time, the drive is visible but not available to controller B. Its state relative to controller B

is called "drive unavailable.”

Figure 8~7: Drive On Line

Controlier A

Controlier B

Port A
el ONLINE
]
i |
= UNAVAILABLE [
i PortB !
S, o4
MLDS-1338A

Since the drive can only communicate with one controller at a time, it must assume a "drive unavailable” state
with one controller as the other controller brings it to a "drive on-line” state. When the controller which is
communicating with the drive completes all of its activities and releases the drive on Port A, the drive will return

to a "drive available" state relative to both ports.
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8.5 RTCS FORMAT (Real Time Controller State)

The controller uses the Real-Time Controller State line to transmit a 16-bit pattern to the drive. See Figure §—8. This
pattem indicates the state of the controller and includes logical signals which are used to synchronize controlier/drive
operations. This pattern is repeatedly sent to the drive by the controller.

Figure 8-8: RTCS

BE x[xlx}xlxlfcio[o)oio{o[oto

t— Preambile (eight zeros)
Sync (1)
Receiver Ready

Write gate
Read gate
intt

Unused
Unused
Parity
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The first 8 zeros followed by a 1 bit constitute the sync character. Sensing a minimum of 7 zeros followed by a 1
bit also accomplishes synchronization. ‘

The next four bits are logical signals required to synchronize controller and drive operations. They are used as
follows:

RTCS RECEIVER READY

When asserted, this signal indicates that the controller is ready to receive a response from the drive on the
Read/Response Data line.

RTCS WRITE GATE

During a write operation, the drive uses this signal to generate an internal signal that turns on the write current.
The leading edge of this signal causes the drive to begin writing information from the WRT/CMD DATA line
to the recording surfaces. The trailing edge of WRITE GATE indicates to the drive that the current WRITE
command is finished.
RTCS READ GATE

During a read data operation, the drive uses this signal to enable a circuit that reads information from the
recording surfaces and sends it to the controller on the SDI Read/Response line. The controller asserts READ
GATE such that the leading edge of this signal occurs after the header field but before the data field of the
sector. It remains asserted until after the ECC character has been read. The trailing edge of READ GATE
indicates to the drive that the current data transfer command is finished.

RTCS INIT

This signal initializes the drive. The leading edge of this signal instructs the drive microprocessor to uncon—
ditionally go to a known memory location and execute the initialization sequence. This sequence aborts all
- operations in progress. The drive saves its status at the time of the interrupt and executes sufficient inter—
nal diagnostics to verify its processor and communication paths to the controlier. Upon compietion of the
initialization sequence, the drive notifies the controller by asserting an appropriate signal on the RTDS line.

RTCS PARITY

The parity used is even over the entire 16 bits, including the SYNC bit. The parity is appended by the
controller and used by the drive to further detect errors encountered when receiving information on this line.
If parity errors occur, the information is ignored by the drive and the previous state of the controller is used
until a valid update is received.
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8.6 RTDS FORMAT (Real Time Drive State)

The drive uses the Real-Time Drive State line to transmit a 16—bit pattern to the controller. Refer to Figure 8-9. This
pattem indicates the state of the drive and includes logical signals which are used to synchronize controller/drive

operations. This pattern is sent continuously by available drives to all controllers for which drive port switches are
pressed (enabled).

Figure 8-9: RTDS

Pelx] x| x| x]xlIx]1 o[o]ov[olojo]ojo

(—— Preamble (eight zeros)
Syne ()

Receiver Ready
Aftention

Read/Write Ready
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index puise
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Parity
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The first 8 zeros followed by a 1 bit constitute the sync character. Sensing a minimum of 7 zeros followed by a 1
bit also accomplishes synchronization.

The remaining bits are used as follows:
RTDS RECEIVER READY
This signal asserted indicates that the drive is ready to receive a command from the controller on the WRT/CMD
line.
RTDS ATTENTION

This signal asserted notifies a controller that a potentially significant event has occurred and caused the status
and/or state of the drive to change. The ATTENTION signal has no affect on any other activity on the SDI
bus. ‘

RTDS READ/WRITE READY

This signal indicates that the drive is capable of performing a data transfer to or from the disk surface. This
signal is only asserted by drives in the on-line state when no condition prevents a transfer operation.

RTDS SECTOR PULSE

This signal marks the boundary between sectors. The leading edge of SECTOR PULSE may be used for
rotational position sensing. The trailing edge of SECTOR PULSE marks the beginning of a sector.

RTDS INDEX PULSE , .

This signal is asserted once per revolution of the disk. The controller uses the leading edge of INDEX PULSE
for rotational position sensing and the trailing edge to mark the beginning of the first sector after index.
RTDS AVAILABLE

This signal indicates to the controller that the drive is in the available state.

RTDS PARITY

The parity used is even over the entire 16 bits, including the SYNC bit. This parity bit is appended by the
drive and used by the controller to further detect errors encountered when receiving information on this line.
If a parity error occurs during formatting, the operation is aborted. When a parity error occurs at other times,
the information is ignored by the controller and the previous state is used until a valid update is received from
the drive. In addition, an error log message is generated and sent to the host.
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8.7 COMMAND FORMATS on the WRT/CMD LINE

The controller uses the WRT/CMD line to send write data to the drive. In addition, it uses this line to send
commands and command messages or parameters to the drive.

Refer to Figure 8-10. Commands and messages are transmitted using a 32-bit SDI command frame. This command
frame consists of a 16~bit sync frame followed by a 16-bit control frame.

Figure 8-10: SD! Command Frame

' |t————————— SD! COMMAND FRAME -
SYNC
~— CONTROL FRAME —3tee———— 20 =
MSB LsSB
31 24 | 23 16 | 15 0
FRAME FRAME
CODE DATA SYNC
8 BITS 8 BITS 16 BITS
CX0-881B

The sync frame portion is always sent first and is a special pattern used to synchronize the drive for receiving a
command frame. The control frame consists of an 8-bit frame code and 8§ bits of frame data.

There are two levels of commands transmitted on the Write Command/Data line.

8.8 LEVEL 1 COMMANDS

Refer to Figure 8-11. A level 1 command consists of one 32-bit SDI command frame. It begins with the sync
frame which contains the sync character. The frame code field contains the opcode of the command. The frame
data field contains the message data necessary to complete the level 1 command. There are six level 1 commands.
Refer to Figure 8~12. .

Figure 8-11: Level 1 Command Format

hae—memneee. SD| COMMAND FRAME e

€— CONTROL FRAME —=t—— SYNC FRAME —
MSB LSB
31 24 | 23 6115 0
FRAME FRAME
CODE DATA SYNC
] ] | ]
I commanp | messace | SYNC |
! OPCODE DATA ! !
CX0-875B
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Figure 8-12: Level 1 Commands

p——————— SD| COMMAND FRAME ———|

€— CONTROL FRAME —€——— SYNC FRAME ——>»]
MSB LSB
31 24 | 23 16 | 15 0
FRAME FRAME

CODE DATA SYNC
i COMMAND i MESSAGE i SYNC i
| OPCODE | DATA ‘ I
SELECT GROUP : 8E : GROUP NO.: SYNC :
| } | |
SELECT TRACK | 17 | TRACK NO. | SYNC |
AND READ | . | | |
SELECT TRACK | AS | TRACK NO. | SYNC ]
AND WRITE | ! | 1
SELECT TRACK AND : 2B : TRACK NO. : SYNC :
FORMAT ON INDEX | | I '
FORMAT ON SECTOR | 4D I | SYNC |
OR INDEX ] | | |
DIAGNOSTIC ECHO | Es ! | SYNC {
CX0-876B
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SELECT GROUP

This command has an opcode 8E in the frame code field. The group number to be selected is contained in the
frame data field. This command causes the drive to clear R/W READY on the RTDS line, select the specified
group, and set R/W READY when it is ready to perform another command or I/O operation.

SELECT TRACK AND READ

This command has an opcode of 17 in the frame code field and the track number in the frame data field. This
command causes the drive to select the desired track and prepare for a read data operation. Read data operations
are discussed in more detail later in the course.

SELECT TRACK AND WRITE

This command has an opcode of AS in the frame code field and the wack number in the frame data field. This
command causes the drive to select the desired track and prepare for a write data operation. Write data operations
are discussed in more detail later in the course.

SELECT TRACK AND FORMAT ON INDEX

This command causes the drive to select the desired track and prepare the necessary circuits to format the entire
track.

FORMAT ON SECTOR OR INDEX

This command causes the drive to use the last selected track and prepare the necessary circuits to format one sector.
Notice that this command does not require any further information in the frame data field.

DIAGNOSTIC ECHO

This command causes the drive to transmit diagnostic information back to the controller for testing purposes.
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8.9 LEVEL 2 COMMANDS
8.9.1 Command Formats on the WRT/CMD Line

The basic characteristic of a level 1 command is that it only requires a single 32-bit SDI command frame to
complete the entire command from the controlier to the drive. Many commands, however, require much more
information than could fit into a single 32~bit frame.

Level 2 commands, also transmitted on the WRT/CMD line, contain more than one 32-bit command frame. The
actual number of frames sent for a level 2 command depends on the particular command. There are three types of
level 2 command frames. They are: .

START Command Frame
CONTINUE Command Frame
END Command Frame

Like the level 1 command frame, each one begins with a sync frame.

Refer to Figure §8-13. The frame code field of 2 START command frame contains a code of 71. This code indicates
to the drive the beginning of a level 2 command. The frame data field contains the opcode for the level 2 command.
This indicates to the drive the type of level 2 command to be performed.

Figure 8-13: Level 2 START Command Frame

et SDI COMMAND FRAME o

— CONTROL FRAME —3=€—— SYNC FRAME ——>~
MSB LsB
31 24 |23 16 |15 o]

FRAME FRAME
CODE DATA SYNC

1 | i 1

I 7 | OPCODE | SYNC |

| CODE FOR | FOR | |

| START | LEVEL2 | |
| FRAME | COMMAND | |

] ] ] 1

CX0-8778

Refer to Figure 8-14. The frame code field of a CONTINUE command frame contains a code of D4. This code
indicates to the drive the continuation of a level 2 command. The frame data field contains further message data
necessary to complete the particular level 2 command. Most, but not all, level 2 commands require at least one
CONTINUE frame. This depends on the amount of information needed to compiete the command.
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Figure 8-14: Level 2 CONTINUE Command Frame

- SDI COMMAND FRAME ——————>=
— CONTROL FRAME —3€—— SYNC FRAME ——
MSB LSB
31 24 |23 16 |15 0

FRAME FRAME
CODE DATA SYNe
| D& | MESSAGE | SYNC |
| CODE FOR | DATA | ,
| CONTINUE | FOR | |
| FRAME | LEVEL2 | i
, | COMMAND | ,
CX0-878B

Refer to Figure 8-15. The frame code field of an END command frame contains a code of B2. This code indicates
to the drive the end of a level 2 command. The frame data field contains a checksum character for the level 2
command. The checksum is used for error detection and is computed against all of the information transmitted in
the 8-bit frame data fields for all of the 32—~bit command frames sent during a level 2 command.

Figure 8-15: Level 2 END Command Frame

-——— SD| COMMAND FRAME ———

€— CONTROL FRAME —3=t—— SYNC FRAME ———3
MSB LSB
31 24 | 23 16 [ 15 0
FRAME FRAME

CODE DATA SYNC

)

| B2 | CHECKSUM | SYNC |

| CODE FOR l ‘ ' l

| END l [ |

| FRAME | |

I ! 1 1

CX0-8798
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Refer to Figure 8-16. In summary, all level 2 commands require a START frame, an END frame, and usually one
or more CONTINUE frames. Some level 2 commands do not require a CONTINUE frame.

Figure 8-16: Level 2 Commands

START 71 OPCODE SYNC
D4 MESSAGE SYNC
CONTINUED . Da MESSAGE SYNC
D4 MESSAGE SYNC
END : B2 CHECKSUM SYNC

CXO-880B

There are 16 level 2 commands. The number in parentheses indicates the number of CONTINUE frames needed
to complete the command.

(2) CHANGE MODE

2) CHANGE CONTROLLER FLAGS

(2) DIAGNOSE

(1) DISCONNECT

(1) DRIVE CLEAR

(1) ERROR RECOVERY

{0) GET COMMON CHARACTERISTICS

1 GET SUBUNIT CHARACTERISTICS

{0) GET STATUS

{5) INITIATE SEEK

4} ON-LINE

0) RUN

(5) READ MEMORY

(0) RECALIBRATE

1) TOPOLOGY :
(x) WRITE MEMORY (the number of CONTINUE frames required will vary)

The following pages briefly describe the level 2 commands and the basic functions that will be performed by the
drive when these commands are executed.
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Level 2 ‘ Command
Command Opcode Drive Function Performed
CHANGE MODE 81 instructs the drive to alier its mode to the specified
sefttings.
CHANGE CONTROLLER FLAGS 82 Directs the drive to change the specified bit(s) in its
status "Controller Byte" to the specified settings.
DIAGNOSE 03 Directs the drive to execute the program which is
; resident in the specified drive memory region.
DISCONNECT 84 Directs an on-line drive (provided the Terminate Topol—

ogy bit is clear) to enter the available state relative
to all active ports.

DRIVE CLEAR 05 ' Directs the drive to clear the specified status bits
in the error byte of the drive’s generic status and
attempt to clear the associated error condition.

ERROR RECOVERY 06 Directs the drive to invoke the specific hardware er—
ror recovery mechanism corresponding to the spec—
ified error recovery level.

GET COMMON CHARACTERISTICS 87 Requests the drive to send the controller a descrip-
tion of its common drive hardware characteristics.
GET SUBUNIT CHARACTERISTICS 88 Requests the drive to send the controller a descrip—

tion of characteristics, geaometry, and topology of the
specified subunit. For current DSA disk drives, there
is only one subunit and it is equivalent to the HDA
(or pack) that is instalied.

GET STATUS 09 Request the drive to send all of its current status
bytes to the controlier.

INITIATE SEEK 0A Directs the drive to initiate a seek to the specified

: group on the specified cylinder.
ONLINE 8B Directs the drive to enter the on-line state relative to
) the controller that issued the ONLINE command.

RUN oC Directs the drive to spin up if the RUN/STOP switch
is pressed.

READ MEMORY 8D Directs the drive to fetch and send to the controller

the specified number of bytes starting at the spec~
ified offset into the specified memory region of the
drive. This command has no association with SE-
LECT TRACK and READ commands or operations.

RECALIBRATE 8E Directs the drive to perform a recalibration operation
and to then seek to Cylinder 0.
TOPOLOGY 90 Instructs the drive to make itself available for lim-

ited dialogue to any and all controlier(s) on enabled
alternate ports.

WRITE MEMORY OF Directs the drive to ioad the supplied data into the
indicated area of its memory. This command has no
association with any SELECT TRACK and WRITE
or FORMAT commands or operations.

Some level 2 commands do not require CONTINUE frames. However, they are not sent as level 1 single frame
commands because level 1 commands do not require any response from the drive. Level 2 commands do require
a response from the drive. '
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8.9.2 Response Formats on the Read/Response Line

Each level 2 controller command requires a response from the drive. Responses are sent to the controller over the
Read/Response line. They use the same protocol as command messages.

Refer to Fxgure 8-17. The sync frame is transmitted first, followed by the control frame. The control frame contains
an 8-bit frame code and 8 bits of frame data.

Figure 8-17: SDI Response Frame Format

ftt—————————— SD| COMMAND FRAME =

j— CONTROL FRAME — -t SYNC ___ ]

FRAME
MSB LSB
31 24 | 23 6 |15 0
FRAME FRAME
CODE " DATA SYNC
8 BITS . 8 BITS 16 BITS
CXO0-881B

The response protocol uses the same START, CONTINUE, and END frames as the command protocol. The frame
codes for the START, CONTINUE, and END frames are also identical to those used in the command frame format.

See Figure 8-18. In a level 2 start response frame, the frame data field contains a response status code that indicates
whether the original level 2 command was executed successfully or unsuccessfully. If the original level 2 command
was successful, this field contains any of several success codes, depending on the particular level 2 command issued
by the controller. The response also contains an end frame and usually some continue frames containing message
data specific to the particular level 2 command that the controller previously issued.
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Figure 8-18: Level 2 Response Start Frame

g SD| COMMAND FRAME —————ip

I FRAME

~c— CONTROL FRAME —3={«t———SYNC FRAME—~—

MSB LsB

31 24 | 2 16 |15 0

FRAME FRAME

CODE DATA SYNC

[}

| 71 | Xx | SYNC |

| CODE FOR | CODE FOR | |

| START | RESPONSE | |

| STATUS | |

1 I |

NOTE: XX = 7D IF ORIGINAL COMMAND WAS
UNSUCCESSFUL.
CX0O-882B

If the original level 2 command is unsuccessful, the frame data field always contains the code 7D, indicating to the
controlier that a problem prevented the proper execution of the original level 2 command. When the drive provides
an unsuccessful response, it automatically provides 14 additional CONTINUE frames containing drive status bytes
and an END frame to complete the response. The controller uses the drive status bytes to determine the nature of
the problem.

In addition, most of the drive status bytes are usually logged into the system error log. This information is quite
useful when you are isolating drive problems or disk subsystem problems in the field. Tables of DSA drive status
byte information are located in the DSA Error Log Reference Manual (EK-DSAEL~-MN).

Like the level 2 command format, the END frame of a drive response contains the checksum character in the frame
data field.
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8.10 INITIATE SEEK COMMAND (Level 2 Command Example)

An INITIATE SEEK command directs a drive to initiate a positioning operation to a specified group within a
specified cylinder. The drive response to this command indicates if the operation was successfully started or not.

Refer to Figure 8-19 to see how the INITIATE SEEK command starts. The controller transmits a start frame. The
drive first sees the sync frame and then the control frame information. The frame code field contains a code 71,
indicating that this is a start frame. The frame data field contains the opcode OA which identifies it as an INITIATE
SEEK command.

Figure 8-19: INITIATE SEEK Command

START 71 OA SYNC

CONTINUE D4 %lf:nsss SYNC

CONTINUE 04 | S¥bRess SYNC

CONTINUE b4 %;RESS  SYNC

CONTINUE D4 |GROUP NO. SYNC

END B2  |CHECKSUM SYNC
CX0-883B

The next frames sent are CONTINUE frames, indicated by the D4 in the frame code field. The message data bytes
of the CONTINUE frames contain the cylinder address and the group number for the positioning operation.

“'The last command frame sent is the END frame. This is indicated by the B2 in the frame code field. The message
data field contains the checksum character which is the one’s compliment of the sum of the six bytes transmitted
in the message data field during the START frame and all CONTINUE frames.

This completes the transmission by the controller. It’s now up to the drive to respond.
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Figure 8-20 shows how a success response appears. The response contains a code 7E in the message data field of
the start frame. This indicates success for an INITIATE SEEK command. The END frame contains the checksum.
The success response for a level 2 INITIATE SEEK command informs the controller that the seek operation has
started without error and is currently under way.

Figure 8-20: Successful Response for SEEK Command

START 71 7E SYNC

END B2 CHECKSUM SYNC

CX0-884B

An unsuccessful response tells the controller that the operation could not be initiated. Refer to Figure 8-21. It
consists of the unsuccessful code (7D) in the START frame, 14 bytes of drive status in the CONTINUE frames, and
the checksum in the END frame. The error information in the drive status bytes allows the controller to develop
error log information which it sends to the host.

Figure 8-21: Unsuccesstul Response for SEEK Command

START 7| 7o SYNC
CONTINUE STATUS
D4 BYTE 2 SYNC
STATUS
CONTINUE D4 il SYNC
END B2  |CHECKSUM SYNC
CXO-885B

Now let’s look at the timing associated with an INITIATE SEEK command that is sent over the Write/Command
line. Refer to Figure §-22.
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Figure 8-22: Initiate Seek Simplified
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Before the controller sends the SEEK command, the drive has both R/W READY and RECEIVER READY asserted
on the RTDS line. This informs the controller that it is ready to receive a command and that no data transfer is
currently under way. When the drive receives the seek opcode in the start frame on the Write/Command line, both
RECEIVER READY and R/W READY are cleared. '

R/W READY remains cleared until the seek is complete and indicates that data transfers must not occur to or from
the recording surfaces on the WRT/CMD or Read/Response.

The drive then sets RECEIVER READY to receive the next frame. This continues until the drive receives the
END frame. Then RECEIVER READY remains off until the seek is complete.

On the RTCS line, RECEIVER READY is asserted by the controller after it transmits the END frame. At this time,
the drive is permitted to send the response on the Read/Response line. The controller sets RECEIVER READY
to receive each frame of the response. This particular response indicates that the seek operation has successfully
started. .

When the seek is complete, the drive asserts R/W READY and RECEIVER READY on the RTDS line. This
indicates to the controller that the entire seek operation has, in fact, been completed.
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8.11 SDI READ OPERATION

A read operation is initiated from the controller using a level 1 SELECT TRACK AND READ command. Fig-
ure 8§-23 illustrates the timing between the controller and the drive on the SDI bus during this command. Figure 8-24
illustrates the basic flow of events that take place between the drive and the controller for this operation.

Figure 8-23: SDI Select Track and Read Timing
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Figure 8-24: Select Track and Read Flow
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Before the controller initiates a READ command, the drive has both R/W READY and RECEIVER READY
asserted on the RTDS line. This informs the controller that the drive is ready to receive a command. When
the drive receives the SELECT TRACK AND READ command, the drive internally generates a COMMAND
AVAILABLE signal and decodes the command.

Since this is a read data operation, drive hardware generates an INTERNAL READ GATE that enables header
information to be read from the recording surface and sent to the controller over the Read/Response Data line.
Header information is sent for every sector on the currently selected track.

The controller is responsible for using the header information to determine when the desired sector is under the
R/W head(s). When the controller determines that the correct sector is under the data head, it asserts the SDI
READ GATE signal on the RTCS line after the desired header and before the data area of the desired sector. The
leading edge of the SDI READ GATE causes the drive to read the data area of the sector and send the mfoxmauon
to the controller, also over the SDI Read/Response Data line.

Different controllers use different techniques for determining the desired sector. In the UDASO, for example, once
the SELECT TRACK AND READ command is sent, the controller reads each header until the target sector is
found. The HSC50, however, uses the SECTOR PULSE signal from the RTDS line and keeps track of the sector
- count. The HSC50 then issues the SELECT TRACK AND READ command just prior to the target sector. In this
way the target sector header is the first header read after issuing the SELECT TRACK AND READ command.
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When the desired data has been read, the controller lowers (de—asserts) the SDI READ GATE SIGNAL on the
RTCS line. The trailing edge of the SDI READ GATE notifies the drive to terminate the entire read- operation. The
drive then re—asserts the RECEIVER READY signal on the RTDS line to the controller in preparation for receiving
another command.

Notice that the R/W READY signal remained asserted on the RTDS line throughout this operation. This is an
indication to the controller that the Read/Response line was available for transferring actual data from the recording
surface to the controller during this operation. As you can see, the controller is responsible for controlling most of
the entire read data operation.

8.12 SEEK followed by a SELECT TRACK AND READ

Figure 8-25 shows the timing on the SDI for a seek operation followed by a-SELECT TRACK AND READ
command. ‘
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Standard Disk Interface (SDI)

8.13 SDI WRITE OPERATION

A write operation is initiated from the controller using a level 1 SELECT TRACK AND WRITE command. This
operation is very similar to a READ operation. Figure 8-26 illustrates the timing between the controller and the
drive on the SDI bus during this command. Figure 8-27 illustrates the basic flow of events that take place between
the drive and the controller for this operation.

Figure 8-26: SDI Select Track and Write Timing
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Figure 8-27: Select Track and Write Flow
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Before the controller initiates a READ command, the drive again has both R/W READY and RECEIVER READY
asserted on the RTDS line. This informs the controller that the drive is ready to receive a command. When
the drive receives the SELECT TRACK AND WRITE command, the drive internally generates a COMMAND
AVAILABLE signal and decodes the command.

Since this is a write data operation, drive hardware again generates an INTERNAL READ GATE that enables
header information to be read from the recording surface and sent to the controller over the Read/Response Data
line. Header information is sent for every sector on the currently selected track.

The controller is responsible for using the header information to determine when the desired sector is under the
R/W head(s). When the controller determines that the correct sector is under the data head, it asserts the SDI
WRITE GATE signal on the RTCS line after the desired header and before the data area of the desired sector and
then begins sending data to the drive on the WRT/CMD Data line.

Different controllers use different techniques for determining which sector is the desired sector. In the UDASO,
for example, once the SELECT TRACK AND WRITE command is sent, the controller reads each header until
the target sector is found. The HSC50, however, uses the SECTOR PULSE signal from the RTDS line and keeps
track of the sector count. The HSC50 then issues the SELECT TRACK AND WRITE command just prior to the
target sector. In this way, the target sector header is the first header read after issuing the SELECT TRACK AND
WRITE command.
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The leading edge of the SDI WRITE GATE causes the drive to do two things. First, it de—asserts its internal read
gate and discontinues sending header information to the controller. Then the drive turns on its write current and

writes the data onto the data recording area of the sector. The data that it writes will be the data it receives on the -
WRT/CMD Data line from the controller.

When the desired information has been written, the controller lowers (de-asserts) the SDI WRITE GATE signal
on the RTCS line. The trailing edge of the SDI WRITE GATE signal notifies the drive to terminate the entire
write operation. The drive then re—asserts the RECEIVER READY signal on the RTDS line to the controller in
preparation for receiving another command. ‘

Like the read operation, the R/W READY signal remains asserted on the RTDS line throughout this operation. As
you can see, the controller is also responsible for controlling most of the entire write data operation.

8.14 SEEK followed by SELECT TRACK AND WRITE

Now that you have seen the SDI timing for a seek and a write operation, let’s put the two together. Figure 8-27
shows the timing on the SDI for a seek operation followed by a SELECT TRACK AND WRITE command.
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Figure 8-28: SEEK Command Foliowed by SELECT TRACK AND WRITE
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At this time complete the following exercises.
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8.15 EXERCISES

1. What are the four lines that comprise the SDI bus?
A. RTDS, RTCS, READ GATE, WRITE GATE
@ RTCS, WRT/CMD, READ/RESPONSE, RTDS ;
C. READ/RESPONSE, WRT/CMD, READ GATE, WRITE GATE
D. R/W READY, READ/RESPONSE, RECEIVER READY, AVAILABLE

2. What are the states of a drive relative to a controller?
A. Auvailable, Operational, Off-Line, On-Line
B. On-Line, Off-Line, Available, R/W Ready
C. On-Line, Off-Line, Unavailable, R/W Ready
Available, Unavailable, On-line, Off-line

3. How does the controller know when a drive has completed a SEEK operation?
When the drive asserts both R/W Ready and Receiver Ready after receiving a SEEK command.
B. When the controller receives a response to the SEEK command.
C. When the ‘drive asserts Read Gate after receiving a SEEK command.
D. BothBandC.

4. What constitutes a level 2 command?
A. At least one START frame and two or more CONTINUE frames.
At least two START frames and one END frame.
At least one START frame and one END frame.
At least one START frame, one CONTINUE frame, and one END frame.
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5. During a SELECT TRACK AND READ command, when is the header information sent to the controller?
~A. When the controller asserts SDI READ GATE.
B. When the drive asserts SDI READ GATE.
C. When the controller asserts RECEIVER READY.
. When the drive asserts its intemal READ GATE.

.

6. At what time does the controller raise SDI READ GATE?
A. As soon as the SDI drive RECEIVER READY negates.
B. On the trailing edge of each sector pulse.
@ After a header match for the target block.

D. On command from the drive.

7. When is write data sent to the drive from the controller?
( After a header match on the target block.
B. With the SELECT TRACK AND WRITE command.
C. On the trailing edge of each sector pulse.
D. Immediately before the SELECT TRACK AND WRITE command.
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Level 2 SDI Commands

9.1 INTRODUCTION

This section describes each of the level 2 SDI commands and relates to a variety of DSA disks. In some instances,
specific disk drives interpret bits differently for unique reasons. Refer to the technical description manuals for
specific disk drives for clarification of these matters. -

8.2 CHANGE MODE Command

The CHANGE MODE command directs the drive to alter its mode to the specified settings illustrated in Figure 9-1.
Only those bits in Byte 2 that have corresponding bits set in Byte 3 are altered. The remaining bits are unchanged.
The following modes may be changed: .

Figure 8—1: CHANGE MODE

MSB LSB
BYTEOT {1 0 0 o0 0 0, 0 1 |OPCODE-=eé
BYTE02 W4 W3 W2, W1 DD FO DB S7
i Lt } i 1 1 1
BYTEOs | | BITMASK

L

CXO0-1324A

*  Write Protect (W1-Bit)—The controller can request the drive write protect itself. If the drive is hardware
write protected via the operator control panel and the controller attempts to write enable the drive, a specific
drive—-detected error occurs indicating "SDI write enable command while drive is hardware write—protected.”

NOTE
Bits W2 and W3 are not used by current drives.

»  Write Protect (W4/ED-Bit)—The W4 bit is not used by the RA60, RA80, RA81, or RA82. In the RA70
and the RA90, this bit has been redefined as ED (error log disable). The controller sets this bit during certain
diagnostics to disable the special intemnal error logging features of the drive. This prevents the internal error
log from over-writing its buffers with useless information while the controller is performing forced—fault and
verify diagnostics to these drives. :

*  Drive Disable (DD-Bit)—The controller sets this bit under the following conditions:
»  If special diagnostics in the controller require the drive to be disabled.

* If the DD bit gets set, the drive drops off line to host computers and spins down. The drive no longer
responds to front panel activity until the DD bit is cleared or the drive is re~powered. The drive does
not normally set the DD bit itself. '

«  Format Operations (FO-Bit)}—The controller sets this bit prior to issuing any level 1 format commands to
the drive. The drive cannot accept any level 1 format commands if this bit is not set. If the drive receives
a level 1 format command and this bit is not set, the drive reponts an error indicating "FORMAT attempted
while format disabled."

. DBN Access (DB-Bit)—This bit must be set before the controller can access data in the DBN space (controller
diagnostic blocks). If the drive receives a request to seek to the DBN space and this bit is not set, the drive
reports an error indicating "Seek command contained an invalid cylinder address.”

«  512/576 Byte Mode Select (S7-Bit)—The controller sets this bit when the drive is to operate in the 576~byte
mode. When cleared, the drive operates in 512-byte mode. Some drives do not support the 576~byte mode
of operation and report an error.
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9.3 CHANGE CONTROLLER FLAGS Command

The CHANGE CONTROLLER FLAGS command (Figure 9-2) instructs the drive to change the appropriate bits
in Byte 7 (controller byte) of the status byte. Only those bits in Byte 2 that have corresponding bits set in Byte
3 are altered. The remaining bits are unchanged. Byte 7 of the status byte is part of the GET STATUS response
the drive sends back to the controller after a GET STATUS command. Under normai circumstances, the bits in the
controlier byte are used only by controllers except as noted here.

Figure 9-2: CHANGE CONTROLLER FLAGS
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If any C bits are set (C1, C2, C3, or C4), most drives spin down and ignore any attempt to spin up using the front
panel. Drives clear all the controller bits if any of the following conditions exist:

*  The drive powers up.

»  There is no unit select piug inserted in the front panel.
»  The drive has a fault condition.

*  Both port switches are disabled.

Table 9-1 lists the C—bit values and their interpretation.

Table 9-1: Byte 2 C-Bits

C1 c2 Cc3 Cc4 Indication

0 0 0 0 Normal drive operation.

1 0 0 0 Drive offline to hosts due to being under contro! of diagnostic.

1 0 0 1 Drive offline to hosts due to a duplicate drive unit number detected.

Most drives ignore the suppress attention bits (S1, S2, S3, and S4) under normal operating conditions. These bits
can be set only by the controlier. The drives may, however, clear the suppress attention bits in the same manner as
they clear the C bits.
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9.4 DIAGNOSE Command

The DIAGNOSE command instructs the drive to execute the diagnostic program resident in the specified drive
memory. Figure 9-3 shows the format for the DIAGNOSE command. For most drives, the memory region specified
in a DIAGNOSE command corresponds to the internal diagnostic test number. Refer to the specific drive service
manuals for lists of the internal diagnostic test numbers.

Figure 9-3: DIAGNOSE Command

MSB LsSB

i 1 1 i i i I

BYTEO1 o o0 o0 0 o0 o0 1 1 |OPCODE=-o0s

BYTE 02 MEMORY REGION ID LO

BYTE 03 MEMORY REGION ID HI

CXO-1348A

When the disk drive has executed the requested test, it sends a response to the controller specifying the region
containing the results of the test. The controller then issues a READ MEMORY command to determine if the
diagnostic passed or failed and what drive error code(s) were generated during the internal diagnostic.

When a controller issues a DIAGNOSE command, the drive initially provides one of the following responses:

*  UNSUCCESSFUL—The DIAGNOSE command was incorrectly formatted, unintelligible, or specified incor-
rect information.

+  SUCCESSFUL—The DIAGNOSE command was accepted, and the test was executed. The response also
provides the drive memory region address containing the result of the diagnostic test.

If a DIAGNOSE command is received with an invalid test number, the drive reports an error indicating a specific
error code or sets the PE (protocol error) bit in Byte 6 (error byte) of drive stats. An invalid test number is one
that exists within the drive but cannot be executed using the DIAGNOSE command. Invalid tests include:

+  Front panel tests.
¢ SDI loopback tests.
¢  Format read-only cylinder test/uuhty

»  Tests requiring more than 128 seconds to complete.

If the drive receives a DIAGNOSE command with a nonexistent test number, the drive reports an error indicating
a specific error code or sets the PE (protocol error) bit in Byte 6 (error byte) of drive status.
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Level 2 SDI Commands

The DISCONNECT command (Figure 9-4) is used in a number of ways depending upon the assertion of the TT
(terminate topology) and ST (stop/spin down) bits in Byte 2. Table 9-2 lists and describes each of the conditions.

Figure 9—4: DISCONNECT Command

BYTE 01
BYTE 02

| | -

OPCODE = 84

CXO-1349A

Table 9—2: DIAGNOSE Command TT/ST Bits

TT Bit ST Bit Description

0 0

Iinstructs an on-line drive to disconnect itself from the current controiler and become

available. The drive does not spin down after completing this command.

available, and spin down.

Instructs an on-line drive to disconnect itself from the current controllier, become

Informs an unavailable drive in the process of executing a TOPOLOGY command

this controller is finished processing and the drive can return to the on-line port.
Refer to the TOPOLOGY command for more detail.

This condition is invalid.
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8.6 DRIVE CLEAR Command

The DRIVE CLEAR command instructs the drive to clear the bits specified in the ERROR BYTE of the drive
status response. It also instructs the drive to attempt to clear the error condition. Cleared bits are set to 1 in the
bit mask field (Figure 9-5). The drive sends a COMPLETED response to the controller if the specified bits were
cleared.

If the error condition and error bits could not be cleared, the drive sends an UNSUCCESSFUL response to the
controller. It also sends all of the status bytes to the controlier to help the controller determine why the error could
not be cleared. A separate section in your Student Reference Manual illustrates the drive status bytes in more
detail.

Figure 9-5: DRIVE CLEAR Command

BYTEO1 |0 0 0 0 0 1 0 1 | OPCODE=05

BYTE 02 BIT MASK

CXO-1350A

8.7 ERROR RECOVERY Command

The ERROR RECOVERY command (Figure 9—6) instructs the drive to activate its error recovery circuits. The
circuit activated depends upon the error recovery level specified in the command. RA60, RA80, and RA81 drives
do not support controller-assisted hardware error recovery circuits. For drives that do support this feature (RA70,
RAS82, RA90, etc.), hardware error recovery information may be found in the drive technical description manuals.

Figure 9—-6: ERROR RECOVERY Command

MSB LsB

i lJ 1 i 1

BYTEO1 [0 0 0o 0 ©0 1 1 0 | OPCODE=06

! | ! | ! 1 |

BYTE 02 ERROR RECOVERY LEVEL

CXO-1351A

9.8 GET COMMON CHARACTERISTICS Command

The GET COMMON CHARACTERISTICS command instructs the drive to send the controller a description of
its hardware characteristics common to all subunits of the drive. Figure 9-7 shows the hardware characteristics
sent to the controller. The specific information that each drive type sends to the controller is listed in your Student
Reference Manual.

9-6 Digital Internal Use Only



Level 2 SDI Commands

leil
Figure 8-7: GET COMMON CHARACTERISTICS Command and Response Sex C/ﬁf 3fen €

SDI COMMAND MSB LSB
11010101 0111111 | OPCODE =87
DRIVE RESPONSE MSB LSB
BYTEO! [ 011 11 111110l0lo0|oOPCODE=78
BYTE 02 SDIVERS | SHORTT.0,
BYTE 03 TRANSFER RATE
BYTE 04 RETRIES | LONG T.O.
~ BYTE0s |ssiReseRveD | FCTIACT
BYTE 06 | ERROR RECOVERY LEVELS
BYTE 07 ECC THRESHOLD
BYTE 08 MICROCODE REVISION

BYTE 09 Foi HARDWARE REVISION

BYTE 10 DRIVE S/N LO
BYTE 11 DRIVE S/N

BYTE 12 DRIVE S/N

BYTE 13 DRIVE S/N

BYTE 14 DRIVE S/N

BYTE 15 DRIVE S/N Hi
BYTE 186 DRIVE TYPE

BYTE 17 REVOLUTIONS/SEC

BYTE 18 0

BYTE 19 0

BYTE 20 0

BYTE 21 0

BYTE 22 0

BYTE 23 0

CX0O-1509B
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9.9 GET SUBUNIT_CHARACTERISTICS Command

The GET SUBUNIT CHARACTERISTICS command instructs the drive to send the controller a description of
hardware characteristics (Figure 9-8 of the subunit specified in the command. For most drives, there is only one
subunit, and it is equivalent to the HDA installed. The specific information that each drive -type sends to the
controller is listed in your Student Reference Manual.
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SDI COMMAND
MSB LSB
11010lo0i1101010
MAsk T | RESERVED
DRIVE RESPONSE
MsB LSB
BYTEO! [ol1 i1 11 1ol i1l
BYTE 02 LBNSPACEINCYL  LO
BYTE 03 LBN SPACE IN CYL
BYTE 04 LBN SPACE IN CYL
BYTEO0s | o1 HLCVE LBNCYL HI
BYTE 06 GROUP/CYLINDER
BYTE 07 | HISTRT XBN i HI STRT LBN
BYTE 08 TRACKS/GROUP
BYTEO09 | HISTRTXBN | HISTRTLBN
BYTE 10 |RM RBNs/TRACK
BYTE 11 RESERVED
BYTE12 |  DATA PREAMBLE (WORDS)
BYTE 13 | HEADER PREAMBLE (WORDS)
BYTE 14 MEDIA TYPE Lo
BYTE 15 MEDIA TYPE
BYTE 16 MEDIA TYPE
BYTE 17 MEDIA TYPE HI
BYTE 18 FCT COPY SIZE (XBNs) LO
BYTE 19 FCT COPY SIZE (XBNs) HI

" NOT USED IN RA82

OPCODE = 88

OPCODE = 77

BYTE 20
BYTE 21
BYTE 22
BYTE 23
BYTE 24
BYTE 25
BYTE 26
BYTE 27
BYTE 28
BYTE 29
BYTE 30
BYTE 31
BYTE 32
BYTE 33
BYTE 34

BYTE 35.

BYTE 36
BYTE 37
BYTE 38

BYTE 39

MSB LsB

LBNs/TRACK

GROUP OFFSET

LBNs IN HOST AREA LO

LBNs IN HOST AREA

LBNs IN HOST AREA

T
0}0 0

0 5 HOST LBNs HI

‘RCT COPY SIZE (LBNs) LO

RCT COPY SIZE (LBNs) HI

LBNs/TRACK

GROUP OFFSET

LBNs IN HOST AREA LO

LBNs IN HOST AREA

LBNs IN HOST AREA

olo : 0! 0 HOST LBNs HI

RCT COPY SIZE (LBNs) LO

RCT COPY SIZE (LBNs) HI

XBN SPACE INCYL LO

XBN SPACE IN CYL Hi

DIAG READ AREA (GROUPS)

- DBN' SPACE INCYL

- — q
‘,
I

512-BYTE
FORMAT

I
I
I
- — -~
I
l
I

576-BYTE
FORMAT *
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9.10 GET STATUS Command

The GET STATUS command instructs the drive to send the controller all of its current status bytes (Figu:e 9-9).
More specific details about drive status and decoding for each of the drive types are discussed in your Student
Reference Manual and will be covered later in this course.

NOTE

When a drive sends an UNSUCCESSFUL response for any level 2 command to the controller, GET
STATUS bytes are always included in the response.

Figure 8-9: GET STATUS Command

SDI COMMAND MSB LSB
11 T ] 1 t 1 i
0{0{01051{0!0¥1 OPCODE = 09
DRIVE RESPONSE MSB LSB
BYTE 01 1f1§1§1§o£1i1§o OPCODE = F6
BYTE 02 UNIT NO.
BYTE 03 SUBUNIT E HI UNIT NO.
1 0 ¥
BYTE 04 |QAIRR DR:SR? EL i PBE PS|Ru| REQUEST BYTE
I 1] 1 t 1 ]
BYTE 05 |EDOIED1 W2! W1l DDI FOI DB S7 | MODE BYTE
] ] | i ] 1 ]
BYTE 06 |DE IREIPEIDFIWE | | ERROR BYTE
BYTE 07 |sa iss Esz is1 §c1 Ecz Ecs i c4 | CONTROLLER BYTE
RETRY COUNT/
BYTE 08 FAILURE CODE
BYTE 09 <— — -
BYTE 10 |
BYTE 11 |
DEVICE-DEPENDENT
BYTE 12 EXTENDED STATUS
INFORMATION
BYTE 13 ,
BYTE 14 : l
BYTE 15 <— —
CXO-1639B
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9.11 INITIATE SEEK Command

The INITIATE SEEK command instructs the drive to seek to the appropriate group and cylinder specified in the
INITIATE SEEK command. Figure 9-10 shows the byte configuration for the INITIATE SEEK command.

Figure 8-10: INITIATE SEEK Command

BYTE 01
BYTE 02
BYTE 03
BYTE 04
BYTE 05
BYTE 06

CYL ADDR

CYL ADDR

CYL ADDR

sC

CYL ADDR

Hi

GROUP NUMBER

Level 2 SDI Commands

OPCODE = OA

CXO0-1352A

For the INITIATE SEEK command, the drive sends one of the following responses:

1. UNSUCCESSFUL—The seek operation could not be initiated.

2. SUCCESSFUL—The seek operation was initiated without errors and is currently executing.

4
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9.12 ON-LINE Command

The ONLINE command instructs the drive to enter the on-line state relative to the controller that issued the ONLINE
command. The ONLINE command includes a controller-timeout value expressed in seconds (Figure 9-11). DSA
drives use this timeout value to monitor controller activity.

Figure 8-11: ONLINE Command

MSB LSB

1 1 i L) T 1 i

BYTEO1 | 1 | o ¢ ¢ 1 o0 1 1 OPCODE = 8B

1 1 1 1 L !

BYTE 02 COMMAND TIMEOUT (SEC)

CXO-1353A

DSA drives start the command timer (if the drive is on line) for the time specified in the command byte under the
following conditions:

+  The drive is ready to send a response to the controlier.
*  The drive is ready to assert the ATTENTION bit.
*  The drive is completing a data transfer operation.

. The drive is waiting for another command (while on line).

The timer is started when the first response frame is ready to be transmitted. Then the controller can time the
assertion of RECEIVER READY. CONTROLLER RECEIVER READY must be asserted before the drive can send
a response to the controlier. If the dnve cannot send a response to the controller, it generates a drive—detected error
indicating "response timeout error.”

‘Whenever the drive receives a level 1 command or an END frame of a level 2 command from the controller, it
cancels and resets the command timer. If the command timer expires, the drive sets the ATTENTION bit and resets
and restarts the command timer. If the timer expires a second time (while the ATTENTION bit is set), the drive
considers the controller to be off line (SDI cables disconnected, defective, etc.). The drive then disconnects itself
from that controller and becomes AVAILABLE to any controller.

For troubleshooting reasons, the RA82 loads error code 1D into its drive internal error silo if the drive disconnects
due to a controlier timeout. In this case, error code 1D is not generated as a LED or front panel fault, nor is the
error sent to the controller. (There is no controller to send it to.)
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9.13 RUN Command

The RUN command instructs the drive to perform a spin—up operation, provided the RUN/STOP switch is enabled.
If the controller sends this command with the RUN/STOP switch disabled, most drives generate a drive—detected
error indicating this condition. Figure 9-12 shows the command format for the RUN command.

Figure 8-12: RUN Command

BYTEO1 J o 0 0 o0 1 i 0 0 | OPCODE=0C

CXO-1354A
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9.14 READ MEMORY Command

The READ MEMORY command instructs the drive to fetch and send a specified number of bytes to the controlier.
These bytes start at the specified offset and are read into the specified read memory region of the drive. Figure 5-13
shows the command format and the drive response for the READ MEMORY command.

Figure -13: READ MEMORY Command

SDI COMMAND

MSB LSB

BYTE 1 1§oio§ros151ioi1 OPCODE = 8D
BYTE 2 MEMORY REGION ID Lo

BYTE 3 MEMORY REGION ID HI

BYTE 4 ° | OFFSET INTO REGION Lo

BYTE 5 OFFSET INTO REGION HI

BYTE & BYTE COUNT

DRIVE RESPONSE

MSB LsB
BYTE 1 0, 1;,1;1;0,0,1,0| OP CODE = 72
BYTE 2 BYTE COUNT
BYTE 3 DATA BYTE 1
BYTE 4 DATA BYTE 2
' '
' '
1 ]
1 1
1 1
1 ]
1)
BYTE n + 2 DATA BYTE n

CX0O-1971A

The acceptable responses for the READ MEMORY command are as follows:
*  UNSUCCESSFUL—The reason in the response data as shown in Figure 9-13.”
«  SUCCESSFUL—Contents of the requested memory locations as shown in Figure 9-13.

NOTE
Memory refers to the ROM/RAM areas of the disk drive and not disk media storage areas.
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The various drive types provide different information during READ MEMORY REGION responses, depending
upon the extent of the drive design. Some of the information provided includes:

.

Error silo information

Diagnostic parameters

Diagnostic status and results

Extended diagnostic status

Extended drive status

ROM revision and checksum field information
RAM, SDI buffers and status words

8.15 RECALIBRATE Command

The RECALIBRATE command instructs the drive to perform a recalibrate operation and seek to cylinder 0.
Figure 9-14 shows the format for the RECALIBRATE command. Some drives (RA81 and RAS82, for example)
also perform automatic internal servo adjustment routines during the RECALIBRATE command.

Figure 8—14: RECALIBRATE Command

BYTEO1 [1 o 0 o0 1 1 1 0 | OPCODE-=8E

CXO-1355A

Acceptable responses for the RECALIBRATE command are as follows:

UNSUCCESSFUL
SUCCESSFUL —Recalibrate operation completed without errors.
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Level 2 SDI Commands

9.16 TOPOLOGY Command

The TOPOLOGY command (Figure 9-15) instructs an on-line drive to make itself temporarily AVAILABLE for
dialogue to any controller on an altemnately enabled port (Figure 9-15). While communicating with a drive in
topology mode, an alternate controller (controller B) can issue only the following level 2 commands:

«  GET STATUS

+  GET COMMON CHARACTERISTICS

. GET SUBUNIT CHARACTERISTICS

+  CHANGE CONTROLLER FLAGS"

. DISCONNECT (with TT bit set to terminate topology communication)

Figure 8-1 5 Topology Command

BYTEO1 |1 o0 ©0 1 .0 0 0 0 | OPCODE-=80

CXO-1356A

The acceptable responses for the TOPOLOGY command are as follows:
+  UNSUCCESSFUL—As indicated by the drive status in the response data.
+  SUCCESSFUL —Topology completed without errors.

The drive sets the OA bit of status Byte 4 to indicate to controller B it is online to an alternate controller (controlier
A), and it is executing a TOPOLOGY command. This feature allows controller B to update its internal registers
with status and drive characteristic information.

When the alternate controller completes its dialogue with the drive, it issues a DISCONNECT command with the
TT (terminate topology) bit set. The drive then returns to its original on-line port and sends a COMPLETED
response to that controller indicating the TOPOLOGY command is complete.
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9.17 WRITE MEMORY Command

The WRITE MEMORY command instructs the drive to write the supplied data in the indicated memory regions.
Figure 9-16 shows the command format for the WRITE MEMORY command.

Figure 9-16: . WRITE MEMORY Command

BYTE

BYTE

BYTE

BYTE

BYTE

BYTE

BYTE

BYTE

BYTE

n+6

MsB LSB
R
010108 O 1 1 1. v 1
MEMORY REGION ID LO
MEMORY REGION ID Hi
OFFSET INTO REGION LO
OFFSET INTO REGION Hi

BYTE COUNT

DATA BYTE 1

DATA BYTE 2

DATA BYTE n

Level 2 SDI Commands

OPCODE = OF

CXO-1513A

Most drives support only one valid region for the WRITE MEMORY command, and it is listed below:

Region Description

No. Bytes

FFFC Diagnostic Parameters

6

NOTE

Memory refers to the RAM areas of the disk drive and not the disk media storage areas.

Digital internal Use Only
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CHAPTER 10
DECODING DRIVE STATUS BYTES
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RAG60 Drive Status Decoding

10.1 RA60 DRIVE STATUS DECODE

The following pages describe decoding the RA60 status bytes. These bytes are passed from the drive to the
controller when a GET STATUS command is issued to the RA60. The RA60 also provides these status bytes to
the controller if a command from the controller fails to execute properly within the drive.

System error logs, controller error logs, and diagnostic utilities often display most of the drive status bytes. This
decoding information is provided to help you understand the meaning of these bytes and/or the meaning of bits
within any of these bytes.

Figure 10-1: Summary of RA60 Drive Status Codes

BYTE 01 RESPONSE OPCODE

BYTE 02 UNIT SELECT (LOWER)

BYTE 03 UNIT + SUBUNIT MASK

BYTE 04 REQUEST BYTE GENERIC DRIVE STATUS BYTE
BYTE 05 MODE BYTE GENERIC DRIVE STATUS BYTE
BYTE 06 ERROR BYTE GENERIC DRIVE STATUS BYTE
BYTE 07 CONTROLLER BYTE

BYTE 08 RETRY COUNT/FAILURE

BYTE 09 PREVIOUS CYL (LO) EXTENDED DRIVE STATUS BYTE
BYTE 10 PREVIOUS CYL (HI) EXTENDED DRIVE STATUS BYTE
BYTE 11 PREVIOUS HEAD EXTENDED DRIVE STATUS BYTE
BYTE 12 CURRENT CYL (LO) EXTENDED DRIVE STATUS BYTE
BYTE 13 CURRENT CYL (HI) EXTENDED DRIVE STATUS BYTE
BYTE 14 CURRENT HEAD EXTENDED DRIVE STATUS BYTE
BYTE 15 MASTER ERROR CODE EXTENDED DRIVE STATUS BYTE

CX0-2363A

Bytes 2 through 15 are generally available from system error logs, the HSC console display, and various diagnostics
that test RA~series drives. The format in which this information is displayed depends upon the specific type of
system (VMS, RSTS, RSX, etc.) or the specific type of controller (HSC50, HSC70, etc.).

Digital Internal Use Only 10-3



RAG60 Drive Status Decoding

Figure 10-2: RAG60 Byte 1

XX XXX XXX Byte 1 - RESPONSE OP Code

This is the RESPONSE opcode from the drive to the controller, but it is rarely displayed to a user. It indicates the
success or non—success of the previous command sent from the controlier to the drive.

Figure 10-3: RAG60 Bytes 2-3

lc oo 1x xxx| [xXxXxX{XXXX|
g L1l

Drive unft select number

Subunit 0 mask (subunit O reporting this status)
Subunit 1 mask (not used)
Subunit 2 mask (not used)
Subunit 3 mask (not used)

MLDS-12808

NOTE
The RA60 has no multiple subunits and will always indicate Subunit 0.
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RAG60 Drive Status Decoding

Figure 104: RAG60 Byte 4 Request Byte

Byte 4 - Request byte

X X X X[ X X X X

(RU) 0= Run/stop switch out
1 = Run/stop switchin

(PS) 0= Port switch out
1 = Port switcn in

(PB) (Not impiemented)

(EL) C= No loggabie information in extended status area
1 = Loggable information in exiended status area

{SR) 0= Spindle not reacdy (notf up to speed)
1 = Spindle ready

(DR) 0= No diagnostic is being requested from the host
1 =There is a request for a diagnostic o be
loaded into the drive microprocessor memory

(RR) 0= Drive requries no recalibrate command
1 = Drives reguests recalibrate command

(OA) 0 = Drive online or avaliable to current controlier
1 = drive unavailabie (it is already online to another controlier)

MLDS~2350A
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RA60 Drive Status Decoding

Figure 10-5: RAG60 Byte 5 Mode Byte

[ooooxxxx| Byle 5 Mode byte

—— (57)  0=512-Byte sector format (16 bit)
1 = 576~Byie sector format (18bif)

(B) 0=DBN area access disabled
1 =DBN area access enabled

—— (FO) 0= Fomnatting operations disabled
1 = Formatting operations enciabled

{CD) 0= Drive enabled by controlier error routine
or diagnostic
1 = Drive disabled by controlier error routine
or diagnostic (fault ight = ON)

(W1) 0= Wirite protect switch for subunit O is out
1 = Write protect switch for subunit O is in

(W2) Notimplemented

ED1) Notimplemented

EDO) Notimpiemented
MLDS-2351A
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RAG60 Drive Status Decoding

. Figure 10-6: RAG60 Byte 6 Error Byte

X X X X

X000

Byte 6 \ Error byte

(WE) 0=No error
1 = Write lock error (aftempt to write while
write protecied)

({©F) O0=No eror
1 = Drive failure during intialization

(PE). 0=No eror
1 = Level 2 profocol ernor (improper command
codes or parameters isssued 10 drive)

{(RE) 0=No error
1 = SDI receive error on SDI transmission
line (s) from controller

(CE) 0=Noerror
1 = Drive error (drive fault light may be on
possibly clearable via drive clear command)

MLDS-2352A
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RA60 Drive Status Decoding

Figure 10—-7: RAG60 Bytes 7-8

f oooo | xxx x|

i

Px x x x | x x x x|

10-8 Digital internal Use Only

BYTE 7 CONTROLLER BYTE

0000 = NORMAL DRIVE OPERATION

1000 = DRIVE OFFLINE DUE TO BEING UNDER
CONTROL OF A DIAGNOSTIC

1001 = DRIVE OFFLINE DUE TO ANOTHER DRIVE
HAVING THE SAME UNIT SELECT IDENTIFIER

(S1).1 = SUBUNIT 0 ATTENTION AVAILABLE MESSAGES
SUPPRESSED IN THE CONTROLLER

(S2) 1 = NOT USED
(S8) 1 = NOT USED

(S4) 1 = NOT USED

BYTE 8 RETRY COUNT/FAILURE CODE

CONTAINS DIFFERENT INFORMATION DEPENDING
UPON CONDITION OF DF BIT IN BYTE &

IFDF =0 BYTE 8 CONTAINS RETRY COUNT FOR PREVIOUS
COMMAND ISSUED (THE NUMBER OF TIMES COMMAND
WAS RE-EXECUTED BEFORE SUCCESSFUL)

IFDF =1 BYTE 8 CONTAINS SPECIFIC ERROR CODE
RELATING TO INITIALIZATION FAILURE THAT
CAUSED DF BIT TO SET (REFER TO RA60 ERROR
CODE LIST IN SERVICE MANUAL)

CX0-2357A



RAG60 Drive Status Decoding

Figure 10-8: RA60 Bytes 9-15

BYTE 10 BYTE 9
[ x x x x | xx x x| | x x x x| x x x x|
| M B | 1 | SO N B L1 _J

S N S §
l—_ PREVIOUS CYLINDER

-1 X

I X x x x | x x x x | BYTE11  PREVIOUS HEAD

BYTE 13 BYTE 12
Px x x x P xxxx ] | xxx x| xxx x|
1;[5! | U i|'!5 R SN S |

—_ e ——

; CURRENT CYLINDER

X X X | X X X X | BYTE14  CURRENT HEAD

1
>

X X X X X X X IBYTE15 MASTER ERROR/BYTE CODE (SEE NOTE)

b

NOTE: REFER TO RA80 ERROR CODE LIST IN SERVICE MANUAL.
CXO-2358A
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RA70 Drive Status Decoding

10.2 RA70 DRIVE STATUS DECODE

The following pages describe decoding the RA70 status bytes. These bytes are passed from the drive to the
controller when a GET STATUS command is issued to the RA70. The RA70 also provides these status bytes to
the controller if a command from the controller fails to execute properly within the drive.

System error logs, controller error logs, and diagnostic utilities often display most of the drive status bytes. This
decoding information is provided here to help you understand the meaning of these bytes and/or the meaning of
bits within any of these bytes.

Figure 10-9: Summary of RA70 Drive Status Codes

BYTE 01 RESPONSE OPCODE

BYTE 02 UNIT SELECT (LOWER)

BYTE 03 UNIT + SUBUNIT MASK

BYTE 04 REQUEST BYTE GENERIC DRIVE STATUS BYTE
BYTE 05 MODE BYTE GENERIC DRIVE STATUS BYTE
BYTE 06 ERROR BYTE GENERIC DRIVE STATUS BYTE
BYTE 07 CONTROLLER BYTE

BYTE 08 RETRY COUNT/FAILURE

BYTE 09 PREVIOUS CMD OPCODE EXTENDED DRIVE STATUS BYTE
BYTE 10 DRIVE STATE FLAGS EXTENDED DRIVE STATUS BYTE
BYTE 11 CYLINDER ADDR (LO) EXTENDED DRIVE STATUS BYTE
BYTE 12 CYLINDER ADDR (HI) EXTENDED DRIVE STATUS BYTE
BYTE 13 GROUP NO. (HEAD) EXTENDED DRIVE STATUS BYTE
BYTE 14 DRIVE ERROR CODE EXTENDED DRIVE STATUS BYTE
BYTE 15 MFG ERROR CODE EXTENDED DRIVE STATUS BYTE

CXO0-2364A

Bytes 2 through 15 are generally available from system error logs, the HSC console display, and various diagnostics
that test RA-series drives. The format in which this information is displayed depends upon the specific type of
system (VMS, RSTS, RSX, etc.) or the specific type of controller (HSC50, HSC70, etc.).
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RA70 Drive Status Decoding

Figure 10-10: RA70 Byte 1

XXXXIXXXX ~ Byte 1 - RESPONSE OP Code

This is the RESPONSE opcode from the drive to the controlier, but it is rarely displayed to a user. It indicates the
success or non—success of the previous command sent from the controller to the drive.

Figure 10-11: RA70 Bytes 2-3

o 00 1]x x X X| [X X X X|X X X X|
| T T D e I |

Drive unit select number

Subunit 0 mask {subunit 0 reporting this status)
Subunit 1 mask (not used)
Subunit 2 mask (not used)
Subunit 3 mask (not used)

MLDS—-12808

NOTE
The RA70 has no multiple subunits and will always indicate Subunit 0.
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RA70 Drive Status Decoding

Figure 10-12: RA70 Byte 4 Request Byte

X X X X|X X X X Byte 4 Request Byte

(RU) 0=Run/sfop switch out
. 1 = Run/stop switch in

(PS) 0= Portswitch out
1 = Port switch in

(PB) 0= Port A receivers enabled
1 = Port B receivers enabled

(L) 0= No loggable information in extended status area
= Loggable information in exiended status area

(SR) 0= Spindie not ready (not up to speed)
1 = Spindle ready

OR) 0= No diagnostic is being requested from the host
1 = There is a request for a diagnostic to be
loaded into the drive microprocessor memory

(RR) 0 = Drive requires no recdiibrate command
1 = Drive requests recalibrate command

(OA) 0= Drive oniine or aviaiable to current controller
1 = Drive unabailable (it is aready online to another controlier)

MLDS-1281A
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RA70 Drive Status Decoding

Figure 10-13: RA70 Byte 5 Mode Byte

'Ix xox[xxxx|

10-14 Digital Internal Use Only

Byte § Mode byte

L (7) 0=512-Byte sector format (16 bit)

1 = 576-Byte sector format (18bit)
(No current plan to implement 18-bif)

———— (OB) 0=DBN area access disabled

1 = DBN area access enabled

(FO) 0= Formatting operations disabled
1 = Formatting operations endabled

(©D) 0= Drive enabled by controller error routine
or diagnostic
1 = Drive disabled by controller error routine
or diagnostic (fault light = ON)

(W1) 0= Write protect switch for subunit 0 is out
1 = Write profect switch for subunit O is on

(W2) Notimplemented

(EDY) Error log disable (set by 2-board controlier diagnostics)

EDO) Error log disable (set by 2~-board controller diagnostics)

MLDS-2193A



RA70 Drive Status Decoding

Figure 10-14: RA70 Byte 6 Error Byte

XXX X X000 Byte 6 Error byte

(WE) O0=Noerror
1 = Write lock error (attempt to write while
write protected)

©F O=Noermor
1 = Drive fallure during intialization

(PE) O=Noerror
1 = Level 2 protocol error (improper command
codes or parameters isssued 1o drive)

(RE) O=Noerror
1 = SDI receive error on SDI transmission
line (s) from conirolier

(DE) O=Noerror
1 = Drive error (drive fault ight may be on
possibly clearable via drive clear command)

MLDS-2352A
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RA70 Drive Status Decoding

Figure 10-15: RA70 Bytes 7-8

0000 | XXXX Byte 7 Controker byte
SO N |

0000 = Normai drive operation
100 0= Drive offline (under control of a dianostic)

100 1 = Drive offine (another drive has same unit
select indentifier)

(81 1 (not used)
(52) 1 (not used)
(53) 1 (not used)
(84) 1 (not used)

XX XX X X XX Byte 8 Retry count/failure code

MLDS~-1284B

NOTE
Byte 8; Retry count during the last Seek or Recalibration Command.

The number of times the command was re—tried internal to the RA70 in order to attempt successful
completion of the SEEK or RECALIBRATE operation.
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RA70 Drive Status Decoding

Figure 10-16: RA70 Byte 9 Last Opcode

X X X X

xxxx|

Byte 9 Last opcode

(Extended drive status byte)

Opcode of the ast previous level 2 drive command
decoded by the drive (received from the SDi controlier)

81 = Change mode

82 = Change confroller flags
03 = Diagnose

84 = Disconnect (drive)

05 = Drive clear

06 = Error recovery

87 = Geft common characteristics
88 = Gef subunit characteristics
OA = Initicte seek

88 = Onine

OoC=Run

8D = Read memory
8E = Recalibrate

90 = Topology

OF = Write memory

FF = Select group (level 1 command - processed by firmware
seek head select sub-routines

MLDS-12858
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RA70 Drive Status Decoding

Figure 10-17: RA70 Byte 10 Drive-Detected SDI Error

I x x x x | x x x x|

10-18 Digital Internal Use Only

BYTE 10  DRIVE STATE BIT FLAGS

CONTAINS A NUMBER REPRESENTING STATE
OF DRIVE AT TIME OF ERROR

AV 1= AVAILABLE IS ASSERTED

OL 1 = DRIVE IN ONLINE STATE

TP 1 = DRIVE EXECUTING LEVEL Il TOPOLOGY COMMAND
AT 1 = ATTENTION IS ASSERTED

TG 1 = SECTOR + INDEX TIMING ENABLED FOR
TRANSMISSION VIA RTDS LINE

RW 1 = DRIVE IS INTERNAL R/W READY

SF 1 = SOFT FAULT DETECTED; POSSIBLY
CLEARABLE VIA LEVEL It CLEAR COMMAND

HE 1 = HARD ERROR; DRIVE MUST BE POWER
CYCLED TO ATTEMPT TO CLEAR THIS ERROR

CXO-2358A



RA70 Drive Status Decoding

Figure 10-18: RA70 Bytes 11-15

BYTE 12 BYTE 11
[ x x x x | x x x x | | x x x x | x x x x|
S A il I N | S SE . |

L———— CYLINDER REQUESTED DURING LAST SEEK
COMMAND

| x x x x | x x x x | BYTE13

==

GROUP NUMBER CURRENTLY SELECTED
(WILL BE R/W HEAD NUMBER IN AN RA70)

f X x x x | x x x x | BYTE14 DRIVE ERROR CODE (SEE NOTE)

[ X x x x | x x x x | BYTE15  MmFc FAULT CODE

INDICATES TO MODULE REPAIR CENTERS
(AS CLOSE AS POSSIBLE) AREA OF
LOGIC SPECIFICALLY IN QUESTION

NOTE: REFER TO RA70 ERROR CODE LIST IN SERVICE MANUAL.
CXO-2360A
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RAB80 Drive Status Decoding

10.3 RA80 DRIVE STATUS DECODE

The following pages describe decoding the RA80 status bytes. These bytes are passed from the drive to the
controller when a GET STATUS command is issued to the RA80. The RA80 also provides these status bytes to
the controlier if a command from the controller fails to execute properly within the drive.

System error logs, controller error logs, and diagnostic utilities often display most of the drive status bytes. This
decoding information is provided here to help you understand the meaning of these bytes and/or the meaning of
bits within any of these bytes.

Figure 10-19: Summary of RA80 Drive Status Codes

BYTE 01 RESPONSE OPCODE

BYTE 02 UNIT SELECT (LOWER)

BYTE 03 UNIT + SUBUNIT MASK

BYTE 04 REQUEST BYTE GENERIC DRIVE STATUS BYTE
BYTE 05 MODE BYTE GENERIC DRIVE STATUS BYTE
BYTE 06 ERROR BYTE GENERIC DRIVE STATUS BYTE
BYTE 07 CONTROLLER BYTE

BYTE 08 RETRY COUNT/FAILURE

BYTE 09 PREVIOUS CMD OPCODE EXTENDED DRIVE STATUS BYTE
BYTE 10 SDI ERROR BITS EXTENDED DRIVE STATUS BYTE
BYTE 11 CYLINDER ADDR (LO) EXTENDED DRIVE STATUS BYTE
BYTE 12 CYLINDER ADDR (Hl) EXTENDED DRIVE STATUS BYTE
BYTE 13 CURRENT GROUP NUMBER EXTENDED DRIVE STATUS BYTE
BYTE 14 LED ERROR CODE EXTENDED DRIVE STATUS BYTE
BYTE 15 F.P. ERROR CODE EXTENDED DRIVE STATUS BYTE

CXO0-2365A

Bytes 2 through 15 are generally available from system error logs, the HSC console display, and various diagnostics
that test RA-series drives. The format in which this information is displayed depends upon the specific type of
system (VMS, RSTS, RSX, etc.) or the specific type of controller (HSC50, HSC70, etc.).
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RAB80 Drive Status Decoding

Figure 10-20: RAB80 Byte 1

XXXXIXXXX Byte 1 - RESPONSE OP Code

This is the RESPONSE opcode from the drive to the controller, but it is rarely displayed to a user. It indicates the
success or non-success of the previous command sent from the controller to the drive.

Figure 10-21: RAB80 Bytes 2-3

o oo 1]x x x x| [x x x x|x x x x|
II'II LT L]
Drive unit select number
Subunit 0 mask (subuntt 0 reporting this status)

Subunit T mask (not used)

Subunit 2 mask (not used)
Subunit 3 mask {not used)

MLDS-1280B

NOTE
The RA80 has no multiple subunits and will always indicate Subunit 0.
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RAB80 Drive Status Decoding

Figure 10-22: RAB0 Byte 4 Request Byte

Byte 4 Request byte

X X X XX X X X

(RU) 0 = Run/stop switch out
1 = Run/stop switchin

(PS) 0= Port switch out
1 = Port switch in

(PB) (Not implemented)

(EL) 0= No loggable infomction in extended status area
1 = Loggabile information in extended status area

(SR) 0= Spindle not ready (not up to speed)
* | =Spindle recdy

(DR) 0 = No diagnostic is being requested from the host
1 =There is a request for a diagnoestic to be
loaded into the drive microprocessor memory

(RR) 0= Drive requries no recalibrate command
1 = Drives requests recalibrate command

(OA) 0 = Drive online or avallable to cument controlier
1 = drive unavailable (it is already online to another controlier)

MLDS-2350A
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RAB80 Drive Status Decoding

Figure 10-23: RAB80 Byte 5 Mode Byte

loooo|xxxx| Byte 5 Mode byte

—— (S7) 0=512-Byte sector format (16 bit)
1 = 576~Byte sector format (18bit)

({OB) 0=DBN area access disabled
1=DBN area access enabled

(FO) 0= Fomatting operations disabled
1 = Formatting operations endabled

©D) 0= Drive enabled by controlier error routine
or diagnostic
1 = Drive disabled by controlier error routine
or diagnostic (fault light = ON)

(W1) 0=Write profect switch for subunit 0 is out
1 = Write profect switch for subunit O is in

(W2) Notimplemented

ED1) Notimplemented

(€EDO) Not implemented
MLDS-2351A
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RA80 Drive Status Decoding

Figure 10-24: RAS80 Byte 6 Error Byte

XX X0/X000 Byte 6 Emor byte

(WE) O =No error
1 = Write iock error (aftfempt to write while
write protected)
Not used
({OF) 0=Noemor
1 = Drive failure during init

(PE) O=Noerror
1 = Level 2 protocol error (improper command
codes or paramefers issued to drive)

(RE) O=No ermor
1 = SDi receive error on SDI fransmission
line(s) from controlier

(CE) O=Noermor
1 = Drive error (drive fualt light may be on
possibly clearable via drive clear command)

MLDS-12838

Digital Internal Use Only 10-25



RAB80 Drive Status Decoding

Figure 10-25: RABO Bytes 7-8

0000 | XXXX Byte 7 Confroler byte

0000 = Normal drive operation
1000 = Drive offiine (under control of a dianostic)

100 1 = Drive offiine (another drive has same unif
select indentifier)

(SN 1 (not used)
(52) 1 (not used)
(S3) 1 (not used)

(84) 1 (not used)
XX XX XX XX Byte 8 Retry count/tailure code
MLDS-12848
NOTE

Byte 8: Retry count during the last SEEK or RECALIBRATION COMMAND (the number of times
the command was re-tried before successful completion). Maximum aliowed by microcode is 3 before
the seek or recalibration will be aborted. A value of 0 indicates 3 retries completed since the counter
decrements to 0 during each retry.
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Figure 10-26: RAB80 Byte 9 Last Opcode

ﬁxxx

X X X X

Byte 9

(Extended drive status byte)

Last opcode

RAB8O Drive Status Decoding

Opcode of the last previous level 2 drive command
decoded by the drive (received from the SDI controller)

81 = Change mode

82 = Change controlier flags
03 = Diagnose

84 = Disconnect (drive)

05 =Drive clear

06 = Error recovery

87 = Get common characteristics
88 = Get subunit characteristics
0A = Inltiate seek

88 = Online

OC =Run

8D = Read memory
8E = Recdlibrate

90 = Topology

OF = Write memory

FF = Select group (level 1 command - processed by firmware

seek head select sub-routines

MLDS-12858
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RAB80 Drive Status Decoding

Figure 10-27: RA80 Byte 10 Drive-Detected SDI Error

[x 0 X xl X 00 o] Byte 10 Drive-detected SDI eror
Hard SDI fransmission errors detected by
drive receive logic circuitry

(OWE) 1 =R/W overun/overwrite error
Sector pulse detected before finishing R/W
transfer or read/write gate up too long,
or "glitch® detected as a sector pulse.

(PAR) 1 =Parity enor detected on the RICS line
from controller to drive.

(CPE) 1 =Control pulse error
Two (2) or more pulses of same poiarity
dﬁ?ec‘red on RTCS line from controlier 1o
drive )

(OPE) 1 =Data pule error

Two (2) or more pulses of same polarity
defected on CMD/WRT dia line from
conftroller fo crive.

MLDS-2353A
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RAB80 Drive Status Decoding

Figure 10-28: RAB8O Bytes 11-15

Byte 12 Byte 11

X X X X X X X X

>
x
bad
=
*
>
x
>

L Cylinder requested during lost seek command

XX X X X X X X Byte 13  Group number selected durng last seek command

X X X X X X X X Byte 14  Led error code (see note 1)

XX X X X X X X Byte 15  Front panel display fault code (see note 2)

NOTES:

1. Refer to LED error code list in service manual.
2. Refer to conirol panel fault code list in service manual.

MLDS-2354A
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RA81 Drive Status Decoding

10.4 RA81 DRIVE STATUS DECODE

The following pages describe the decoding of the RA81 staws bytes. These bytes are passed from the drive to the
controller when a GET STATUS command is issued to the RA81. The RAS81 also provides these status bytes to
the controller if a command from the controller fails to execute properly within the drive.

System error logs, controller error logs, and diagnostic utilities often display most of the drive status bytes. This
decoding information is provided to help you understand the meaning of these bytes and/or the meaning of bits
within any of these bytes. :

Figure 10-29: Summary of RA81 Drive Status Codes

BYTE 01 RESPONSE OPCODE

BYTE 02 UNIT SELECT (LOWER)

BYTE 03 UNIT + SUBUNIT MASK

BYTE 04 REQUEST BYTE GENERIC DRIVE STATUS BYTE

BYTE 05 MODE BYTE ' GENERIC DRIVE STATUS BYTE

BYTE 06 ERROR BYTE GENERIC DRIVE STATUS BYTE

BYTE 07 CONTROLLER BYTE

BYTE 08 RETRY COUNT/FAILURE

BYTE 09 PREVIOUS CMD OPCODE EXTENDED DRIVE STATUS BYTE

BYTE 10 SDI ERROR BITS EXTENDED DRIVE STATUS BYTE

BYTE 11 CYLINDER ADDR (LO) EXTENDED DRIVE STATUS BYTE

BYTE 12 CYLINDER ADDR (HI) EXTENDED DRIVE STATUS BYTE

BYTE 13 CURRENT GROUP NUMBER EXTENDED DRIVE STATUS BYTE

BYTE 14 LED ERROR CODE EXTENDED DRIVE STATUS BYTE

BYTE 15 F.P. ERROR CODE EXTENDED DRIVE STATUS BYTE
CX0-2365A

Bytes 2 thru 15 are generally available from system error logs, the HSC console display, and various diagnostics
that test RA—-series drives. The format in which this information is displayed depends upon the specific type of
system (VMS, RSTS, RSX, etc.) or the specific type .of controller (HSC50, HSC70, etc.).
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RA81 Drive Status Decoding

Figure 10-30: RAB81 Byte 1

XXXXIX XXX Byte 1 - RESPONSE OP Code

This will be the RESPONSE opcode from the drive to the controller, but it is rarely displayed to a user. It indicates
the success or non—success of the previous command sent from the controller to the drive.

Figure 10-31: RA81 Bytes 2-3

[ooo1|xxxx| ]XxxxTxxxx]
[I[III[L]

Drive unit select number

Subunit 0 mask (subunit O reporting this status)
Subunit 1 mask (not used)
Subunit 2 mask (not used)
Subunit 3 mask (not used)

MLDS~12808

NOTE
The RA81 has no multiple subunits and will always indicate Subunit 0.
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Figure 10-32: RAB1 Byte 4 Request Byte

RA81 Drive Status Decoding

X X X X[{X X X X Byte 4 Request Byte

R

(GO

(PB)

(3]

(SR

©R)

RR)

©A

0= Run/stop switch out
1 = Run/stop switch in

0= Port switch out
1 = Port switch in

O=Port A receiVers enabled
1 = Port B receivers enabled

0= No loggable information in extended status area
1 = Loggabie information in extended status area

0 = Spindie not ready (not up to speed)
1 = Spindie ready

0 = No diagnostic is being requested from the host
1=There is a request for a diagnostic o be
loaded into the drive microprocessor memory

0 = Drive requires no recgiibrate command
1 = Drive requests recalibrate command

0 = Drive online or aviaiable to cumrent controlier
1 = Drive unabailable (it is aiready online 1o another controlier)

MLDS-~1281A
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RAB81 Drive Status Decoding

Figure 10-33: RA81 Byte 5 Mode Byte

[0000[XXXX| Byte 5 Mode byte

— (§7) 0=512-Byte sectorformat (16 bit)
1 = 576~-Byte sector format (18bit)

(OB) 0 =DBN area access disabled
1 = DBN area access enabled

(FO) 0 =Formatting operations disabled
1 = Formatting operations endabled

{©D) 0 =Drive enabled by controlier eror routine
or diagnostic
1 = Drive disabled by controller error routine
or diagnostic (fault light = ON)

(W1) 0=Wrife protect switch for subunit O is out
1 = Write profect switch for subunit O is in

(W2) Notimplemented

ED1) Notimplemented

E€D0) Notimplemented
MLDS-2351A
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RA81 Drive Status Decoding

Figure 10-34: RAB81 Byte 6 Error Byte

[X X X 0/ X 0 0 0 Byle 6 Error byte

(WE) 0 =No error
1 = Write lock emror (attempt to write while
write protected)
Not used

(©F) G=Noeror
1 = Drive fallure during init

(PE) C=Noerror
1 = Level 2 protocol error (improper command
codes or parameters issued to drive)

(RE) O=No ermor
1 = SDi receive eror on SDI tfransmission
line(s) from controlier

(OE) O=Noerror
1 = Drive error (drive fualt light may be on
possibly clearable via drive clear command)

MLDS~1283B
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RA81 Drive Status Decoding

 Figure 10-35: RAB81 Bytes 7-8 Controller Byte

0000 | XXXX Byte 7 Controiler byte

R |

0 000 =Nomnal drive operation
1 000 = Drive offiine (under control of a dicndsﬂc)

100 1 = Drive offline (another drive has same unit
select indentifier)

S 1 (nhot used)
(82) 1 (not used)
(S3) 1 (notused)
(84) 1 (not used)

XX XX X X X X : Byte 8 Retry count/fallure code

MLDS-12848

NOTE

Byte 8; Retry count during the last SEEK or RECALIBRATION command (the number of times the
command was re~tried before successful compietion). Maximum allowed by microcode is 3 before
the seek or recalibration will be aborted. A value of 0 indicates 3 retries completed since the counter
decrements to 0 during each retry.

10-36 Digital Internal Use Only



RA81 Drive Status Decoding

Figure 10-36: RAB81 Byte 9 Last Opcode

XX X Xl X X X X Byte 9 Last opcode

(Extended drive status byte)

Opcode of the last previous level 2 drive command
decoded by the drive (received from the SDi controlier)

81 = Change mode

82 = Change controlier fiags
03 = Diagnose

84 = Disconnect (drive)

05 = Drive clear

06 = Error recovery

87 = Get common characteristics
88 = Get subunit characteristics
OA = inltiate seek

8B = Onine

0C =Run

8D = Read memory
8E = Recallbrate

90 = Topology

OF = Write memory

FF = Select group (level 1 command - processed by firmware
seek head select sub-routines

MLDS-12858
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RA81 Drive Status Decoding

Figure 10-37: RAS81 Byte 10 Drive-Detected SDI Error

X 0 X Xl X000 Byte 10 Drive-detected SDi error
Hard SDI transmission errors detected by
drive receive logic circuitry

(OWE) 1 = R/W overrun/overwrite error

Sector pulse detected before finishing R/W
franster or read/write gate up too long,
or "glitch” detected as-a sector pulse,

(PAR) 1 =Parity error detected on the RTCS line
from controller to drive.

(CPE) 1 =Control pulse eror

Two (2) or more pulses of same polarity
detected on RTCS line from controller to
drive

(OPE) 1 =Data pule emror
Two (2) or more puises of same polarity

detected on CMD/WRT dta line from
controller to drive.

MLDS-2353A
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RAB81 Drive Status Decoding

Figure 10-38: RAB81 Bytes 11-15

Byte 12 Byte 11

X X X X X X X X X X X X X X X X

| NN N SRS I SN B S | LI J L 1 _J

L Cylinder requés’ted during last seek command

X X X X X X X X Byte 13  Group number currently seiected
(this is also the R/W head number for an RA81)

X X X X X X X X Byte 14 Led error code (see note 1)

X X X X X X X X Byte 15 Front panel display fault code (see note 2)

NOTES:

1. Refer to LED emor code list in service manual.
2. Refer to conirol panel fault code list in service manual.

MLDS~2355A
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RA82 Drive Status Decoding

10.5 RA82 DRIVE STATUS DECODE

The following pages describe the decoding of the RAS82 status bytes. These bytes are passed from the drive to the
controller when a GET STATUS command is issued to the RA82. The RAS82 also provides these status bytes to
the controller if a command from the controller fails to execute properly within the drive.

System error logs, controller error logs, and diagnostic utilities often display most of the drive status bytes. This
decoding information is provided to help you understand the meaning of these bytes and/or the meaning of bits
within any of these bytes.

Figure 10-39: RAB2 Drive Status Decode

BYTE 01 RESPONSE OPCODE

BYTE 02 UNIT SELECT (LOWER) , )
BYTE 03 UNIT + SUBUNIT MASK - Sl on fe were for sott HDAS
BYTE 04 REQUEST BYTE GENERIC DRIVE STATUS BYTE
BYTE 05 MODE BYTE GENERIC DRIVE STATUS BYTE
BYTE 06 ERROR BYTE GENERIC DRIVE STATUS BYTE
BYTE 07 CONTROLLER BYTE

BYTE 08 RETRY COUNT/FAILURE

BYTE 09 PREVIOUS CMD OPCODE EXTENDED DRIVE STATUS BYTE
BYTE 10 INTERNAL PORT REG EXTENDED DRIVE STATUS BYTE
BYTE 11 CYLINDER ADDR (LO) EXTENDED DRIVE STATUS BYTE
BYTE 12 CYLINDER ADDR (HI) EXTENDED DRIVE STATUS BYTE
BYTE 13 | RECOVERY GROUP NO. EXTENDED DRIVE STATUS BYTE
BYTE 14 LED ERROR CODE EXTENDED DRIVE STATUS BYTE
BYTE 15 E.P. FAULT CODE EXTENDED DRIVE STATUS BYTE

CX0-12798

Bytes 2 thru 15 are generally available from system error logs, the HSC console display, and various diagnostics
that test RA-series drives. The format in which this information is displayed depends upon the specific type of
system (VMS, RSTS, RSX, etc.) or the specific type of controlier (HSC50, HSC70, etc.).
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RAS82 Drive Status Decoding

Figure 10-40: RAB82 Byte 1

XXXXIXXXX Byte 1 - RESPONSE OP Code

‘This will be the RESPONSE opcode from the drive to the controller, but it is rarely displayed to a user. It indicates
the success or non-success of the previous command sent from the controller to the drive.

Figure 10-41: RAB2 Bytes 2-3

[ooo1[xxxxj [xxxxLxxxx[
LL’L][IYI

4

Drive unit select number

Subunit 0 mask (subunit 0 reporting this siatus)
Subuntt 1 mask (not used)
Subunit 2 mask (not used)
Subunit 3 mask (not used)

MLDS-12808

NOTE
The RAS82 has no multiple subunits and will always indicate Subunit 0.
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RAB82 Drive Status Decoding

Figure 10-42: RAS2 Byte 4 Request Byte || 510 §Z - 50T

X X X X}x X X X Byte 4 Reguest Byte

(RU) 0= Run/stop switch out
1 = Run/stop switch in

(PS) 0= Portswitchout
1 = Port switchin

6040 ofgn F
Soppert

(PB) 0= Port A receivers enabled Z%aﬁ Pw{ fmi binf
1 = Port B receivers enabled 5

EL ?= No ioggabile information in extended status area Cﬂmm; hers ua/! u:{1 '
= Loggable information in extended status area . D pd
Hose Ervor i UYarholyy

f’?«‘;;,i'gﬁ q ;hu& ;g [E
(SR) 0= Spindie not ready (not up to speed) s teckop
1 = Spindie reaay

DRy 0= No diagnostic is being requested from the host \
1 = There is a request for a diagnostic to be

loaded info the drive microprocessor memory vy

/_;,;fcffl‘l"( vk Ty

st pf i f

(RR) 0= Drive requires no recaliprate command
1 = Drive requests recalibrate command

RS

(CA) 0= Drive oniine or avialable to curent controlier
1 = Drive unabailabie (it is aready online to another controlier)

MLDS-1281A
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RA82 Drive Status Decoding

Figure 10-43: RAB82 Byte 5 Mode Byte

|ooox|xxxxJ Byte 5 Mode byte

(S7) 0= 512-Byte sector format (16 bif)
1 = 576-Byte sector format (18bit)
(No current pian to implement 18-bit)

L (©OB) 0=DBN area access disabled
1 =DBN area access enalbed

(FO) 0O =Formatting operations disabled
1 = Formatting operations endabled

(CD) 0 = Drive enabled by controler error routine
or diagnostic
1 = Drive disabled by controller error routine
or diagnostic (fault light = ON)

(W1) 0= Wirite protect switch for subunit O ls ou‘r:g Cov kvt b
1 = Write protect switch for subunitOison 5

(W2) Notimplemented

< e
(ED1) Notimplemented o ;m“\) k‘%“’ {’a,’/ﬁ“ QIH, 4” L;f( "
\, A a & 60 /mﬂ
(DD Notimplemented W , ,}Mw& op A7
25

MLDS-12828
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RAB82 Drive Status Decoding

Figure 10-44: RAB82 Byte 6 Error Byte

XX X0 XC00 Byte 6 Error byte

(WE) O =No error
1 = Write lock error (atfempt to write while
write protected)
Not used
©OF) O=Noeror
1 = Drive failure during inft

(PE) O=No ermor
1 = Level 2 protocol error (improper command
codes or parameters issued to drive)

(RE) O=Noernmor
1 = 8Dl recsive error on SDI fransmission  CTL §¥Y
line(s) from conftrolier

“'.HJM v kS :
o 5
SDLax Lot £, N (\s}%{;&

(OFE) O0=Noernor
1 = Drive error (drive fualt light may be on
possibly clearable via drive clear command)

MLDS-12838
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RAB82 Drive Status Decoding

Figure 10-45: RAB82 Bytes 7-8 Controlier Byte

0000 | XXXX Byte 7 Controller byte

000 0=Nomal drive operation
100 0= Drive offiine (under control of a dianostic)

100 1 = Drive offline (another drive has same unit
_ select indentifier)

(S1) 1 (not used)
(S2) 1 (not used)
(S3) 1 (not used)
(34) 1 (not used)

X XXX X X XX Byte 8 Retry count/failure code

MLDS-12848

NOTE
Byte 8; Retry count during the last SEEK or RECALIBRATION command.

The number of times the command was re-tried internal to the RAS82 in order to attempt successful
completion of the SEEK or RECALIBRATE operation.
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RAS82 Drive Status Decoding

Figure 10-46: RAB82 Byte 9 Last Opcode

X X X X} X X X X Byte @ Last opcode

(Extended drive status byte)

Opcode of the last previous ievel 2 drive command
decoded by the drive (received from the SDi controlier)

81 = Change mode

82 = Change controlier fiags
03 = Diagncse

84 = Disconnect (drive)

05 = Drive clear

06 = Error recovery

87 = Get common characteristics
88 = Get subunit characteristics
0A = Initiate seek

8B = Oniine

0C =Run

8D = Read memory
8E = Recalibrate

90 = Topology

OF = Write memory

FF = Seiect group (level 1 command - processed by firmware
seek head select sub-routines

MLDS-12858

Digital Internal Use Only 10-47



RA82 Drive Status Decoding

Figure 10-47: RAB82 Byte 10 Real-Time Drive Port Image

X X X XX X X X

Byte 10 Real-time drive port image

An infernal RA82 byte used to reflect the
condition of the internal hardware port
selection hardware and the drive state
bits currently activated at the port.

1 = Port B RTDS (output) enabled
generally indicates that the Port B
switch is enabled.

1 = Port A RTDS (output) enabied
generally indicates that the Port A
switch is enabled.

1 =Port B (RTCS + WRT/CMD input) enabled
generally indicates that Port B s
currently on line to a conrolier.

1 = Port A (RTCS + WRT/CMD input) enabled
generally indicates that Port A is
currently online to a controlier.

1 = Available asserted

1 = Attention asserted

1 = R/W ready asserted

1 = Receiver ready asserfed

MLDS-2356A
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Figure 10-48: RAS82 Bytes 11-15

RAB82 Drive Status Decoding

o e
BYTE 2 BYTETA™

X XXX X X XX XXX X XX XX

Py trtd Py 1Hd
CYLINDER Requested during Last Seek
Command

XX XX X X XX BYTE 13

L I J

. £ ol

GROUP # currently selected. This will {? Féo éfo% #/)2&‘&
be the R/W head number in an RA82.
ERROR RECOVERY LEVEL that the RA82 is
currently executing.

X XXX XX XX BYTE 14 LED ERROR CODE; Refer to the RA82 LED ) A
Error Code list in the Service Manual Most /"“‘PC")L{’(#

X XX X X X XX BYTE 156 FRONT PANEL DISPLAY FAULT CODE; refer to

the RA82 Control Panel Fault Code list in
the Service manual.
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RA90 Drive Status Decoding

10.6 RA90 DRIVE STATUS DECODE

The following pages describe the decoding of the RA90 status bytes. These bytes are passed from the drive to the
controller when a GET STATUS command is issued to the RA90. The RA90 also provides these status bytes to
the contwroller if a command from the controller fails to execute properly within the drive.

System error logs, controller error logs, and diagnostic utilities often display most of the drive status bytes. This
decoding information is provided to help you understand the meaning of these bytes and/or the meaning of bits
within any of these bytes.

Figure 10-49: Summary of RAS0 Drive Status Codes

Byte O1 Response opcode

Byte 02 Unit number iow byte

Byte 03 Subunit mask

Byte 04 Request byte Generic drive status byte
Byte 06 Mode byte Generic drive status byte
Byte 06 Error byte Generic drive status byte
Byte 07 Controlier byte Generic drive status byte
Byte 08 Retry count

Byte 09 Previous command opcode Extended drive status
Byte 10 HDA revision bits Extended drive status
Byte 11 Cylinder address (o) Extended drive status
Byte 12 Cyinder address (i) Extended drive status
Byte 13 Recovery LVL Group No. Extended drive status
Byte 14 Error code Extended drive status
Byte 15 MFG fault code Extended drive status

MLDS-0010A

Bytes 2 thru 15 are generally available from system error logs, the HSC console display, and various diagnostics
that test RA—series drives. The format in which this information is displayed depends upon the specific type of
system (VMS, RSTS, RSX, eic.) or the specific type of controller (HSC50, HSC70, etc.).
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RA90 Drive Status Decoding

Figure 10-50: RA90 Byte 1

XXX XX X X X Byte 1 - RESPONSE OP Code

This will be the RESPONSE opcode from the drive to the controller, but it is rarely dispiayed to a user. It indicates
the success or non-—success of the previous command sent from the controlier to the drive.

Figure 10-51: RA90 Bytes 2-3

[ooo1[xxxx| [xxxx]xxxﬂ

NS U N A (NS N A |
l | |

Drive unit select number

Subunft 0 mask (subunit 0 reporting this status)
Subunit 1 mask (not used)
Subunit 2 mask (not used)
Subunit 3 mask (not used)

MLDS-12808

NOTE
The RA90 has no muiltiple subunits and will always indicate Subunit 0.
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RA90 Drive Status Decoding

Figure 10-52: RA90 Byte 4 Request Byte

X X X XX X X X Byte 4 Reguest Byte

(RY) 0= Run/stop switch out
1 = Run/stop switch in

(PS) 0= Portswitch out
1 = Port switch in

(PB) 0=Port A receivers enabled
1 = Port B receivers enabied

(EL 0= No loggable information in extended status area
1 = Loggable information in exiended status area

(SR) 0 =Spindie not ready (not up to speed)
1 = Spindle ready

(OR) 0= No diagnostic is being requested from the host
1 = There is a request for a diagnostic 1o be
loaded into the drive microprocessor memory

(RR) 0= Drive requires no recalibrate command
1 = Drive requests recaiibrate command

(OA) 0= Drive online or avigiable 1o current controller
1 = Drive uncbaiiabie (it is aready online fo another controlier)

MLDS-1281A
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RA90 Drive Status Decoding

Figure 10-53: RA90 Byte 5 Mode Byte

IXXOX'XXXX[

Byte 5 Mode byte

L (S7) 0=512-Byte sector format (16 bit)
1 = §76-Byte sector format (18bit)
(No current plan 1o implement 18-bit)

(OB) 0 =DBN area access disabled
1 = DBN area access enabled

(FO) 0= Fomatting operctions disabled
1 = Formatting operations endabled

(OD) 0= Drive enabled by controller error routine
or diagnostic
1 = Drive disabied by controlier error routine
or diagnostic (fault light = ON)

(W1) 0= Write protect switch for subunit O is out
1 = Write protect switch for subunit O is on

(W2) Not implemenied

€ED?) Errorlog disable (set by 2-board controller diagnostics)

(EDQ) Emor iog disable (set by 2-board conftroller diagnostics)

MLDS-2193A
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RA90 Drive Status Decoding

Figure 10-54: RA90 Byte 6 Error Byte

XXX X X000 Byte 6 Error byte

(WE) O=No ermor
1 = Write iock error (atfempt 1o write while
write protected)

(OF) 0=No efror
} = Drive failure during inticlization

(PE) 0=No eror
1 =Level 2 protocol error (improper command
codes or parameters isssued to drive)

(RE) O0=No error
1 = SD receive error on SDI transmission
line (s) from controller

(OE) 0=No eror
1 = Drive error (drive fault light may be on
possibly clearable via drive clear command)

MLDS-2352A
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RA90 Drive Status Decoding

Figure 10-55: RA90 Bytes 7-8 Controller Byte

0000 | XXXX Byte 7 Confrolier byte

0000 =Normal drive operation
1 000 = Drive offline (under controt of a dianostic)

100 1 = Drive offine (another drive has same unit
select indentifier)

S 1 (not used)
(S2) 1 (not used)
(33) 1 (not used)

(84) 1 (not used)
X XXX X X X X Byie 8 Retry count/fallure code
MLDS-12848
NOTE

Byte 8; Retry count during the last SEEK or RECALIBRATION commiand.

The number of times the command was re—-tried internal to the RA90 in order to attempt successful
completion of the SEEK or RECALIBRATE operation.
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RAS0 Drive Status Decoding

Figure 10-56: RAQ0 Byte 9 Last Opcode

[xxxx

X X X X

Byte @ Last opcode

(Extended drive status byte)

Opcode of the last previous level 2 drive command
decoded by the drive (received from the SDI conirolier)

81 = Change mode

82 = Change controlier flags
03 = Diagnose

84 = Disconnect (drive)

05 = Drive clear

06 = Error recovery

87 = Get common characteristics
88 = Get subunit characteristics
0A = Inftiate seek

86 = Onine

0C=Run

8D = Read memory
8E = Recalibrate

90 = Topology

OF = Write memory

FF = Select group (level 1 command - processed by firmware
seek head select sub-routines

MLDs-12858
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RA90 Drive Status Decoding

Figure 10-57: RAS0 Byte 10 HDA Revision Bits

[ 0000 l 0 0 X X Byte 10 HDA revision bits
(bits are used 1o identify HDA revision)

——— HDA revision bit 01

HDA revision bit 02

MLDS-2362A
Figure 10-58: RA90 Bytes 11-15
BYTE 12 BYTE 11
Px x x x p xxxx | | xxxx | xxxx |
i i H ; i i L J IR U S| L i i i

!—— CYLINDER REQUESTED DURING LAST SEEK
COMMAND

X | BYTE13
J

L3

H X
H X
-1 X

L

H <
B Ba

GROUP NUMBER CURRENTLY SELECTED
(WILL BE R/W HEAD NUMBER IN AN RA90)

ERROR RECOVERY LEVEL RA90 IS
CURRENTLY EXECUTING

rX X X X I X X X X BYTE 14 DRIVE ERROR CODE (SEE NOTE)

| x x x x | x x x x | BYTE15 MFG FAULT CODE

. INDICATES TO MODULE REPAIR CENTERS
(AS CLOSE AS POSSIBLE) AREA OF
LOGIC SPECIFICALLY IN QUESTION

NOTE: REFER TO RA90 ERROR CODE LIST IN SERVICE MANUAL.
CX0-2362A

10-58 Digital Internal Use Only



DSA Troubleshooting Course Exercise
Status Error Decoding Sampie 1

Drive Status Decoding

SAMPLE 1
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DSA Troubieshooting Course Exercise
Status Error Decoding Sample 1

10.7 Status Error Decoding Sample 1

ERROR-E Drive detected error at 8-apr-1986 15:11:44.37
Command Ref # 00000000

RA82 unit # 66.
Err Seq # 444. ,

Error Flags 40 _

Event 00EB Jrif .D@(’o({@ﬂq I Lo Lot
Rl':ﬁest 1B EL Bif set — Wy ;rm(m%mf Mwﬁ@ y Y4 /S
Mode 00 ,

Error g0 JDwuf

Controller 00

Retry/fail 00 R Cwe g

Ext?rided Status? 0C Row lom mae  CTE = D ! Syo:n L)p

7 OB ?orf’A 7150/-}1&1).1’-‘1[“ ’,V;‘
z 00% ek =@ (De feulT)

:; 88 o d (e fowlt)

¥ CO FugTritSEVO v zggwm Maofuﬂt
(5 30 Ssovve e, o ke Y
Requestor # 7.
Drive port # 0.
ERROR~I End of error.
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DSA Troubleshooting Course Exercise
Status Error Decoding Sampie 1

VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41
PAGE 2.
KKK A KKK KR KK AR K RKRRX XK AR R k** ENTRY B, RKARK KKK KR K K ok K T ok ok ok ok K ok K

-ERROR SEQUENCE 83.
ERLSLOGMESSAGE ENTRY

LOGGED ON SID 0138024F

8-APR~-1986 15:11:44.37
KA780 REV# 7. SERIAL# 2639. MFG PLANT 0.

I/0 SUB-SYSTEM, UNIT _HSCOO7$DUA66:

MESSAGE TYPE

MSLG$L_CMD_REF
MSLGSW_UNIT

MSLG$W_SEQ_NUM
MSLGSB_FORMAT
MSLGSE_FLAGS

MSLGSW_EVENT

MSLG$Q_CNT_ID

MSLGS$B_CNT_SVR

MSLGS$B_CNT_HVR

MSLGS$W_MULT_UNT

MSLG$Q_UNIT_ID

0001
DISK MSCP MESSAGE
00000000 ‘
0042
UNIT #66.
01BC
SEQUENCE #444.
03
"SDI" ERROR
40
OPERATION CONTINUING
OO0EB
DRIVE ERROR
DRIVE DETECTED ERROR
0000F807 ‘
01010000
UNIQUE IDENTIFIER, 00000000F807
MASS STORAGE CONTROLLER
HSC70
02
CONTROLLER SOFTWARE VERSION #2.
00
CONTROLLER HARDWARE REVISION #0.
0050
00000108

020B000O
: UNIQUE IDENTIFIER, 000000000108

DISK CLASS DEVICE

RA82
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DSA Troubleshooting Course Exercise
Status Error Decoding Sample 1

VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41
PAGE 3.

MSLGS$B_UNIT_SVR 01

UNIT SOFTWARE VERSION #1.
MSLGS$B_UNIT_HVR . OF :
UNIT HARDWARE REVISION #15.
MSLGSL_VOL_SER 03C769A2

VOLUME SERIAL #63400354.
MSLG$L_HEADER 00000000

LBN #0.
GOOD LOGICAL SECTOR
MSLG$Z_SDI
REQUEST 1B _
RUN/STOP SWITCH IN
PORT SWITCH IN
LOG INFORMATION IN EXTENDED AREA
SPINDLE READY
PORT A RECEIVERS ENABLED
MODE 00
512-BYTE SECTOR FORMAT
ERROR 80
DRIVE ERROR
CONTROLLER 00
NORMAL DRIVE OPERATION
- RETRY 00

0. RETRIES LEFT MO% 0&&
CONTROLLER OR DEVICE DEPENDENT INFORMATION

LED CODE co
PANEL CODE 30
LAST OPCODE oc
RUN
PORT IMAGE OB
PORT B RTDS ENABLED
PORT A RTDS ENABLED
PORT A ENABLED
VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41
PAGE 4.
CUR CYLNDR 0000
CURRENT CYLINDER, #0.
CUR GROUP 00
CURRENT GROUP, #0.
REQUESTOR 07

REQUESTOR #7.
DRIVE PORT ) 00 .
DRIVE PORT #0.
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DSA Troubleshooting Course Exercise
Status Error Decoding Sample 2

Drive Status Decoding

SAMPLE 2
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DSA Troubleshooting Course Exercise
Status Error Decoding Sample 2

10.8 Status Error Decoding Sample 2

ERROR-E SI Command Timeout at 8-apr-1986 15:11:44.37

Command Ref # 00000000

RA82 unit # 66.
Err Seq # 489,
Error Flags 41
Event 002B
Request 13
Mode 00
Exror 00
Contreoller 00 , ~+"
Retry/fail 00 .. " ’
Extezded Status OA “’lt+ 5(12/% Sex JeTimeos
0B
8F
05
00
00
00
Requestor # 7

Drive port # 0. ERROR-I End of error.

ERROR-E Drive Detected Error at 8-apr—-1986 15:11:44.37

Command Ref # 00000000

RA82 unit # 66.

Err Seq # 490.

Error Flags 40

Event O0EB '
Request 1B (€L Bﬁ) Error 1wrhe 3°mj
Mode 00

Error 80

Controller 00

Retry/fail 00

xtended Status OA Seck .
OB A ol Line 13 t)?”h [EA
00

01 DJrC)UP [ ’:é\Qod

01 EWI | 7’75&49 ol cpo(e 1o < ﬁ”"k {"\ OOLMMLT

4D Oujbm{fJD

28
Requestor # 7.
Drive port # 0. ERROR-I End of error.
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VAX/VMS

Thhkkkkdkkkkkkkkhkkkkkxkxkkkkxkx*x ENTRY

ERROR SEQUENCE 257.
ERLSLOGMESSAGE ENTRY

I/0 SUB-SYSTEM, UNIT _HSCO07S$DUA&6:

MESSAGE TYPE

MSLGSL_CMD_REF
MSLG$W_UNIT

MSLG$W_SEQ_NUM
MSLGSB_FORMAT

MSLG$B_FLAGS

MSLGS$W_EVENT

MSLG$Q_CNT_ID

MSLGSB_CNT SVR

MSLG$B_CNT_HVR

MSLGS$W_MULT_UNT

MSLG$Q_UNIT_ID

DSA Troubleshooting Course Exercise
Status Error Decoding Sample 2

SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41

PAGE 2.

B, R Rk ko vk kR ok kK %k ok kok Kok Kok sk ek ok

LOGGED ON SID 01380AdF

8-APR-1986 15:11:44.37

KA780 REV# 7.

0001

00000000
0042

OlE®

03

41

002B

0000F807
01010000

02
00
0050

00000108
020B000O

SERIAL# 2639. MFG PLANT O.

DISK MSCP MESSAGE

UNIT #66.
SEQUENCE #489.
"SDI" ERROR

SEQUENCE NUMBER RESET
OPERATION CONTINUGING

DRIVE ERROR
DRIVE COMMAND TIMEOUT

‘UNIQUE IDENTIFIER, 00000000F807

MASS STORAGE CONTROLLER
HSC70

CONTROLLER SOFTWARE VERSION #2.

CONTROLLER HARDWARE REVISION #0.

UNIQUE IDENTIFIER, 000000000108
DISK CLASS DEVICE
RAS2
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VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41
PAGE 3.
MSLGSB_UNIT_SVR 01
UNIT SOFTWARE VERSION #1.
MSLG$B_UNIT_HVR OF
UNIT HARDWARE REVISION #15.
MSLGSL VOL SER 03C769A2
- VOLUME SERIAL #63400354.
MSLGSL_HEADER 00000000

LBN #0.
: GOOD LOGICAL SECTOR
MSLGSZ_SDI
REQUEST 13 :
RUN/STOP SWITCH IN
PORT SWITCH IN
SPINDLE READY
PORT A RECEIVERS ENABLED
MODE 00
512-BYTE SECTOR FORMAT
ERROR 00
CONTROLLER 00 X
NORMAL DRIVE OPERATION :
RETRY 00 L

0. RETRIES LEFT

DEVICE DEPENDENT INFORMATION [ et
LONGWORD 1. 058FO0BOA ( Sl x/éygﬁ
[ovusd h
LONGWORD 2. 07000000 AN iL
Y. 8 S
LONGWORD 3. 00000000 me
[oviid AJ
LONGWORD 4. 00000000 (
[eved/
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VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41

PAGE 4.
KkK Kk IKF KA KKK KK AKRXR KRN K% *** ENTRY 6. KEEKIIHAKKKKK A AR AKKIK KKK KK
ERROR SEQUENCE 258. . LOGGED ON SID Ol1380A4F

ERLSLOGMESSAGE ENTRY 8-APR-1986 15:11:44.37
KA780 REV# 7. SERIAL# 2639. MFG PLANT O.

I/0 SUB-SYSTEM, UNIT _HSCO073DUA66:

MESSAGE TYPE 0001
DISK MSCP MESSAGE .
MSLGSW_UNIT 0042 }Jpwyiﬁufc\ commnentd Losh A
UNIT #66. i # Aere
MSLGS$W_SEQ_NUM 01EA Srme i
SEQUENCE #490.
MSLGS$B_FORMAT 03
"SDI" ERROR
MSLGS$B_FLAGS 40
OPERATION CONTINUING
MSLGSW_EVENT 0OEB

DRIVE ERRCR
DRIVE DETECTED ERROR
MSLGS$Q_CNT_ID 0000F807

01010000
UNIQUE IDENTIFIER, OO000000OF807
MASS STORAGE CONTROLLER
HSC70
MSLGSE_CNT_SVR 02
CONTROLLER SOFTWARE VERSION #2.
MSLG$B_CNT_HVR 00
CONTROLLER HARDWARE REVISION #0.
MSLGSW_MULT_UNT 0050
MSLG$Q_UNIT_ID 00000108
020B0000

UNIQUE IDENTIFIER, 000000000108
DISK CLASS DEVICE
RA82
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VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41
PAGE 5.
MSLGSB_UNIT_SVR 01 :
UNIT SOFTWARE VERSION #1.
MSLGSB_UNIT_HVR OF '
UNIT HARDWARE REVISION #15.
MSLGSL_VOL_SER 03C769A2
VOLUME SERIAL #63400354.
MSLGSL_HEADER 00000000

LBN #0.
GOOD LOGICAL SECTOR
MSLG$Z_SDI
REQUEST 1B
RUN/STOP SWITCH IN
PORT SWITCH IN
LOG INFORMATION IN EXTENDED AREA
SPINDLE READY -
PORT A RECEIVERS ENABLED
MODE 00
512-BYTE SECTOR FORMAT
ERROR 80
DRIVE ERROR
' CONTROLLER 00
NORMAL DRIVE OPERATION
RETRY 00

0. RETRIES LEFT
CONTROLLER OR DEVICE DEPENDENT INFORMATION

LED CODE 4D
PANEL CODE 28
LAST OPCODE ORA :
INITIATE SEEK
PORT IMAGE OB
PORT B RTDS ENABLED
PORT A RTDS ENABLED
PORT A ENABLED
VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41
PAGE 6.
CUR CYLNDR 0001
CURRENT CYLINDER, #1.
CUR GROUP 0l
CURRENT GROUP, #1.
REQUESTOR 07
REQUESTOR #7.
DRIVE PORT 00

DRIVE PORT #0. S
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Drive Status Decoding

SAMPLE 3
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10.9 Status Error Decoding Sample 3

ERROR-E Drive detected error at 8-apr-1986 15:11:44.37
Command Ref # 00000000

RA82 unit # 66.

Err Seq # 1.

Error Flags 41

Event ~ OOEB

Request 1B

Mode 00 ) } N
Error 40 Sh RX & ero b 3 'ma/a/ce ,wa' fo aﬂr’VQ
Controller 00

Retry/fail 00

Extended Status 0A 5¢%%7 1.0 0
on wadickel At D

=00

Cyr ¢ § HeX .
- 65 ~1
0B KD 13 o iie, TR LD kisdI
4F (Cuiu!?,&
oc mo%kfxa.x{gf .
Reguestor # 7. u%byz& X Logic

Drive port # 0.
ERROR-I End of error.
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VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41

PAGE 2.
Rk khkkkkdkkkkkkkkkkkkkkk*x* ENTRY 3, Kk kkkRKKRRKAK I IR AR KA R KR IRI KKK
ERROR SEQUENCE 690. LOGGED ON SID 01380A4F

ERLSLOGMESSAGE ENTRY 8-APR-1986 15:11:44.37
KA780 REV# 7. SERIAL# 2639. MFG PLANT O.

I/0 SUB-SYSTEM, UNIT _HSCOO7$DUA66:

MESSAGE TYPE 0001
DISK MSCP MESSAGE
MSLG$L_CMD_REF 00000000 —

MSLGSW_UNIT 0042

UNIT #66.
MSLGSW_SEQ_NUM 0001

SEQUENCE #1.
MSLGSB_FORMAT 03

"SDI" ERROR
MSLG$B_FLAGS 41

SEQUENCE NUMBER RESET

OPERATION CONTINUING
MSLGSW_EVENT 0OEB

DRIVE ERROR
‘ DRIVE DETECTED ERROR
MSLG$Q_CNT_ID 0000F807

01010000
UNIQUE IDENTIFIER, 0OOO00OOF807
MASS STORAGE CONTROLLER
HSC70
MSLG$B_CNT_SVR 02
‘ CONTROLLER SOFTWARE VERSION #2.
MSLGS$B_CNT_HVR 00
CONTROLLER HARDWARE REVISION #0.
MSLG$W_MULT_UNT 0050
MSLG$Q_UNIT_ID 00000108
020B0000

UNIQUE IDENTIFIER, 000000000108
DISK CLASS DEVICE
RA82
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VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41
PAGE 3.

MSLGSB_UNIT_SVR ES
UNIT SOFTWARE VERSION $229.
MSLGS$B_UNIT_HVR OF
, UNIT HARDWARE REVISION #15.
MSLGSL_VOL_SER 03C769A2
VOLUME SERIAL #63400354.
MSLGS$L_HEADER 00000000

LBN #0.
GOOD LOGICAL SECTOR
MSLG$Z_SDI

REQUEST 1B

RUN/STOP SWITCH IN

PORT SWITCH IN

LOG INFORMATION IN EXTENDED AREA

SPINDLE READY

PORT A RECEIVERS ENABLED
MODE 00

512-BYTE SECTOR FORMAT
ERROR 40

SDI RECEIVE ERROR
CONTROLLER 00

NORMAL DRIVE OPERATION
RETRY 00

0. RETRIES LEFT
CONTROLLER OR DEVICE DEPENDENT INFORMATION

LED CODE 4F
PANEL CODE ocC
LAST OPCODE (7%
INITIATE SEEK
PORT IMAGE 0B
PORT B RTIDS ENABLED
PORT A RTDS ENABLED
PORT A ENABLED
VAX/VMS SYSTEM ERROR REPORT . COMPILED 8-APR-1986 16:41
PAGE 4.
CUR CYLNDR 0065
CURRENT CYLINDER, #101.
CUR GROUP OB i
CURRENT GROUP, #11.
REQUESTOR 07
REQUESTOR #7.
DRIVE PORT 00

DRIVE PORT #O0.
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Drive Status Decoding

SAMPLE 4
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10.10 Status Error Decoding Sample 4

ERROR-E SI Receiver Ready Collision at 8-apr-1986 15:11:44.37 LDVéhqu[43[

Command Ref 00000000 1
RA82 unit # ' 66. COW”““*‘”O f Lons 0/
Err Seq # 430. k
Error Flags 41 (, kaQ pl 0 Qﬂﬂ
Event ~ O1AB ;’“Gm bl C K&l'
Request 13 h\ UJ}b &,kpﬁy ¢
Mode 00 T AR¢ ),k “
Exror 00 @K {
Controller 00 "Q/VOQS*‘ '
Retry/fail 00
Extended Status 90
OB
c7
02
07
00
00
Requestor # 7.
Drive port # 0.

ERROR~I End of error.

ERROR-E SI Reéeiver Ready Collision at 8-apr—1986 15:11:44.37
Command Ref # 00000000

RA82 unit # 66.
Err Seq # 431.
Error Flags 40
Event 0l1AB
Request 13
Mode 00
Error 00
Controller 00
Retry/fail ofe]
Extended Status 90
OB
c7
02
07
00
00
Requestor # 7.

; Drive port # 0.
ERROR-I End of error.
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DISK-E Seq. 8. at 8-apr-1986 15:12:01.77
Unrecoverable erxrror on disk unit 66. Drive appears inoperative.
intervention required.

ERROR-E SI Receiver Ready Collision at 8-apr-1986 15:12:01.77
Command Ref # 00000000

RAB2 unit # 66.
Exr Seq # 432.
Exrror Flags 00
Event 01lAB
Request 13
Mode 00
Error 00
Controllerxr 00
Retry/fail 00
Extended Status 90
OB
c7
02
07
00
00
Requestor # 7.
Drive port # C.

ERROF-I End of error.

ERROR-E Position or Unintelligible Header Error at 8-apr-1986 15:12:01.77
Command Ref # 130E0006

RA82 unit # 66.
Err Seq # 433.
Error Flags 00
Event 006B

Recovery level 7.
Recovery count O.
LBN 608485,
Orig exrr flags 014000
Recovery flags 000002
Lvl A retry cnt 3.
Lvl B retry ent O.
Buffer addr 141706
Source Regq. 7.
Detecting Reg. 7.
ERROR~I End of error
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VAX/VMS

Khkhkkkhkkkkdkhkkkhxhkxkkdkxkxkxx BNTRY

ERROR SEQUENCE 26.

SYSTEM ERROR REPORT

COMPILED 8-APR-1986 16:41
PAGE 2.

6. KE KKK KK KKKk KK Kk KKK ek kR KR KK
LOGGED ON SID 01380A4F

ERLSLOGMESSAGE ENTRY 8-APR-1986 15:11:44.37

KA780 REV# 7.
I/0 SUB;SYSTEM, UNIT _HSCO07SDUA66:

MESSAGE TYPE 0001

MSLGSL_CMD_REF 00000000

MSLGSW_UNIT 0042
MSLGSW_SEQ_NUM 01AE
MSLGSE_FORMAT 03
MSLGSB_FLAGS 41
MSLGSW_EVENT 01AB

MSLG$Q_CNT_ID  GOOOF807
01010000

MSLGSB_CNT_SVR 0z
MSLGSB_CNT_HVR 00
MSLG$W_MULT_UNT 0050

MSLG$Q_UNIT ID 00000108
020B0000
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SERIAL# 2639. MFG PLANT O.

DISK MSCP MESSAGE

UNIT #66.
SEQUENCE #430.
*"SDI" ERROR

SEQUENCE NUMBER RESET
OPERATION CONTINUING

DRIVE ERROR
RECEIVER READY COLLISION

UNIQUE IDENTIFIER, O0000000F807
MASS STORAGE CONTROLLER
HSCT70

CONTROLLER SOFTWARE VERSION #2.

CONTROLLER HARDWARE REVISION #0.

UNIQUE IDENTIFIER, 000000000108
DISK CLASS DEVICE
RA82



VAX/VMS

MSLGSB_UNIT_SVR 01
MSLGSB_UNIT_HVR OF
MSLG$L_VOL_SER 03C769A2

MSLGSL _HEADER 00000000

MSLG$Z_SDI
REQUEST 13
MODE 00
ERROR 00
CONTROLLER 00
RETRY 00

DEVICE DEPENDENT INFORMATION

LONGWORD 1. 02C70B90
LONGWORD 2. 07000007
LONGWORD 3. 00000000
LONGWORD 4. 00000000

DSA Troubleshooting Course Exercise
Status Error Decoding Sample 4

SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41

PAGE 3.

UNIT SOFTWARE VERSION #1.
UNIT HARDWARE REVISION #15.
VOLUME SERIAL #63400354.
LBN #0.

GOOD LOGICAL SECTOR

RUN/STOP SWITCH IN

PORT SWITCH IN

SPINDLE READY

PORT A RECEIVERS ENABLED

512-BYTE SECTOR FORMAT

NORMAL DRIVE OPERATION

C. RETRIES LEFT
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VAX/VMS SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41

KKKKKKERAX KKK KK XRXKK KX KKK X% % ENTRY
ERROR SEQUENCE 27.

PAGE

T, vk vk ek o vk de ok e ok ok ok ok 3 ok e %k ok e ok ok ok K o
LOGGED ON SID 01380A4F

ERLSLOGMESSAGE ENTRY 8~-APR-1986 15:11:44.37

KA780 REV# 7.

I/0 SUB-SYSTEM, UNIT _HSCOO7$DUA66:
MESSAGE TYPE 0001

MSLGSL_CMD_REF 00000000

MSLGSW_UNIT 0042
MSLGSW_SEQ NUM 01AF
MSLGSB_FORMAT 03
MSLGsB;FLAGS 40
MSLGSW_EVENT 012B

MSLG$Q_CNT_ID  00OOF807
01010000

MSLGS$B_CNT_SVR 02
MSLGSB_CNT_HVR 00
MSLGS$W_MULT_UNT 0050

MSLG$Q_UNIT_ID 00000108
020B0000
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SERIAL# 2639. MFG PLANT O.

DISK MSCP MESSAGE

UNIT #66.

SEQUENCE #431.

"SDI" ERROR
OPERATION CONTINUING
DRIVE ERROR

RECEIVER READY COLLISION

UNIQUE IDENTIFIER, 000000COF807
MASS STORAGE CONTROLLER
HSC70

CONTROLLER SOFTWARE VERSION #2.

CONTROLLER HARDWARE REVISION #0.

UNIQUE IDENTIFIER, 000000000108
DISK CLASS DEVICE

RA82



VAX/VMS

MSLGS$B_UNIT_SVR 01
MSLG$B_UNIT HVR OF
MSLGSL_VOL_SER 03C769A2

MSLGSL_HEADER 00000000

MSLGS$Z_SDI
REQUEST 13
MODE 00
ERROR 00
CONTROLLER 00
RETRY 00

DEVICE DEPENDENT INFORMATION-

LONGWORD 1. 02C70B90
LONGWORD 2. 07000007
LONGWORD 3. 00000000
LONGWORD 4. 00000000

DSA Troubleshooting Course Exercise
Status Error Decoding Sample 4

SYSTEM ERROR REPORT COMPILED 8-APR-1986 16:41

PAGE 5.

UNIT SOFTWARE VERSION #1.
UNIT HARDWARE REVISION #15.
VOLUME SERIAL #63400354.
LBN #0.

GOOD LOGICAL SECTOR

RUN/STOP SWITCH IN

PORT SWITCH IN

SPINDLE READY

PORT A RECEIVERS ENABLED

512-BYTE SECTOR FORMAT

NORMAL DRIVE OPERATION

0. RETRIES LEFT

VR

% % Je % %k e de ok ke gk e de ke Kk e Kok ok ok ok ok e ke ke ok ke o e ok e ok ok ok ok o %k Yk ok Sk o s dk ok ke e ok S ok ok i %k ke ok o e ok K e ok

1. INTERVENING RECORD (S) WILL BE PRINTED AT INPUT FILE "<EOF>"
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- VMS V4.4 ERROR LOG ENTRY FORMATTER

Problem with RA Disks on UDA/KDA/KDB50 Controllers

Digital Internal Use Only 10-81



VMS V4.4 Error Log Entry Formatter Problem

10.11 VMS V4.4 ERROR LOG ENTRY FORMATTER - Problem with RA Disks on
UDA/KDA/KDBS50 Controllers

10.11.1  Drive-Detected Errors

A problem was introduced in ANALYZE/ERROR_LOG in VMS V4.4. It prevents bytes 9 through 15 of the
extended status for RA-series disk drives connected to UDA, KDA, and KDB controllers from being displayed in
the output file. An example of a faulty VMS error log report output is illustrated at the end of this chapter.

Unfortunately, the extended status data contains the DISCRETE FAULT CODE which is used to determine the
_Tepair action for drive detected errors. This problem will be corrected in VMS V4.5,

In the interim, use the following procedure to view the extended status data:

The error log information resides in a binary file ERRLOG.SYS which resides in the SYSSERRORLOG directory
on the system disk. (If the file was renamed, use the new file name.) The extended status information can be
decoded by using the VMS DUMP utility and the service manual for the appropriate RA—drive type.

10.11.2 How to use the Dump Utility
STEP 1:

$ ANAL/ERR/INCLUDE=$5$DUAO SYS$ERRORLOG:ERRLOG.SYS

In this step we will retrieve all $5SDUAO entries from the ERRLOG.SYS file and display them on the terminal.
While inspecting the error log entries for fault indicators, you should note the ’ENTRY number value’ that resides
in the first line output for each individual entry. You will need this number if there are any SDI errors that have a
drive—detected error event code. (See sample ANALYZE/ERROR_LOG output.)

For example purposes, assume entries 16 through 21 were drive-detected errors that require inspection of the
extended status data.

STEP 2:

$ DUMP/RECORD=(START:16,END:21) SYS$SERRORLOG:ERRLOG.SYS

In this step we will dump the contents of SYSSERRORLOG:ERRLOG.SYS in a long word format as indicated in
the following example. In this case, entries 16 through 21 were drive—detected errors which were indicated by the
output of STEP 1.

OUTPUT OF STEP 2
(edited for 80 column, DUMP output is 132 column)

Dump of file SYS$SYSROOT: [SYSERR]JERRLOG.SYS;l on 9-JUL-1986 16:34:30.00
File ID (27633,4,0) End of file block 8 / Allocated 9

Record number 16 (00000010), 94 (005E) bytes

47415544 244E4946 46554DOA O0001EO01 0448008F 19D6CF26 18E00064 O1380A4F
07DC0O002 00040106 008141C3 4D4400EB 41030000 00000000 00000001 492D5453
0000 0100010B 81000000 04130000 000003D3 A10A0000 01010205 00000000

Record number 17 (00000011), 94 (OO05E) bytes

‘4D415544 244E4946 46554DOA 00001E01 0449008F 19D6CF26 18E00064 01380A4F
07DCO002 00040106 008141C3 4D4400EB 41030000 00000000 00000001 49464655
1425 0900300B O0A000080 040B0O000C 000003D3 AlOA0000 01010205 00000000

Record number 21 (00000015), 94 (O05E) bytes

.48415544 244FE4946 46554D0A O000lEOl1 044DOOSF 19D6DD58 BDAO0064 01380A4F
07DC0002 00040106 008141C3 4D4400EB 41030000 00000000 00000001 30304353
- 0000 0900303B 05000000 OOOBO0O0O 000003D3 AlOA0000 01010205 00000000
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In this step we will retrieve the DISCRETE FAULT CODE from the output of the DUMP utility.
The DISCRETE FAULT CODE is in different places for the RA8x and RA60 disks:

o RA80/RA81/RA82
o RA60 = BYTE 15.

= BYTE 14

The output of a DUMPed record is read from right to left (the starting byte for record number 17 contains the
value 4F). The extended status data that is not displayed in the output of ANALYZE/ERROR_LOG starts at byte
88 as indicated by the dashed line in the example below (byte 88 of the error log record contains byte 9 of the
extended status data). As the example below is for an RA81 (see ANALYZE/ERROR_LOG output), the discrete
fault code is Byte 14 which contains a 25 (hexadecimal). At this point we can go to the RA8! Service Manual to

translate the fault code.

NOTE that the values in the DUMPed record are HEXADECIMAL.

Record number 17 (00000011),

4D415544 244E4946 46554D0A
07DC0002 00040106 008141C3
1425 0900300B OAQO0CC080

94 (005E) bytes

v

00001EOl 0449008F 19D6CF26 18E00064 01380A4F
4D4400EB 41030000 00000000 00000001 49464€55
040BO00OO 000003D3 A10A0000 01010205 00000000

Byte 15 |
Byte 14-

Byte 13-——-

Byte l12—=——=—w |
Bvte ll=—-——=——=

Byte l10=———————ee

Byte Oem—mmmecmcceea-

Byte
Byte
Byte
Byte
Byte
Byte
Byte

14

13

12

11

10

W wwnnnn

RA8xz Front Panel Display Fault Code
RA60 Master Error Fault Code
RA8x Led Error Code
RA60 Current Head
RA81/82 SEE NOTE, RA80 Group Number

= RA60 High Byte of Current Cylinder
RA8x High Byte of Cylinder for last Seek
RA60 Low Byte of Current Cylinder
RA8Bx Low Byte of Cylinder for last Seek
RA60 Previous Head
RA8x Drive Detected SDI Error
RA60 High Byte of Previous Cylinder
RA8xz Last Opcode
RA60 Low Byte of Previous Cylinder

NOTE

RAS81/RAS2 low nibble is equal to head. RAS82 only high nibble is equal to SDI RECOVERY LEVEL

used at time of this error.
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10.11.3 Summary

«  Problem is on RA disk drives on UDA/KDA/KDB controllers and the entries that are drive—detected errors
only.

+ It requires a three-step process to get the missing bytes.

*  The missing bytes are bytes 9 through 15 of Extended Status.

«  Refer to RABO/RA81/RA82/RA60 service manuals for descriptions of EXTENDED STATUS information.

e  There are HELP files for DUMP and ANALYZE utilities under VMS to help you further understand the
three—step process.

*  An example of an ANALYZE/ERROR_LOG output for ENTRY 17 is found on the next page.
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10.11.4 Example of an ANALYZE/ERROR_LOG Output for Entry 17

KAKKKR KKK KR KARKK KX KRR K XX KK *% ENTRY 17, kkkkkkkxRI KRR IR IR * Rk Kk Kk Kk Kk K
ERROR SEQUENCE 1097. LOGGED ON SID 01380A4F
ERLSLOGMESSAGE ENTRY 8-JUL-1986 14:20:05.87

KA780 REV# 7. SERIAL# 2639. MFG PLANT O.

I/0 SUB-SYSTEM, UNIT MUFFINSDUAO:

MESSAGE TYPE 0001
DISK MSCpP MESSAGE
MSLGSL_CMD_REF 00000000

MSLG$W_UNIT 0000

UNIT #0.
MSLGSW_SEQ_NUM 0000

SEQUENCE #0.
MSLG$B_FORMAT 03

"SDI" ERROR
MSLGSE_FLAGS 41

- SEQUENCE NUMBER RESET

OPERATION CONTINUING

MSLG$W_EVENT 00EB

DRIVE ERROR
‘ DRIVE DETECTED ERROR
MSLGS$Q CNT_ID  41C34D44

01060081
UNIQUE IDENTIFIER, 008141C34D44
MASS STORAGE CONTROLLER
UDA502
MSLG$B_CNT_SVR 04
- CONTROLLER SOFTWARE VERSION #4.
MSLG$B_CNT_HVR 00
CONTROLLER HARDWARE REVISION #0.
MSLG$W_MULT_UNT 0002
MSLGSQ UNIT ID 000007DC
- 02050000
: UNIQUE IDENTIFIER, 0000000007DC
DISK CLASS DEVICE
RAS1
MSLGSB_UNIT_SVR 01
UNIT SOFTWARE VERSION #1.
MSLGS$B_UNIT_HVR 01

UNIT HARDWARE REVISION #1.
MSLGSL_VOL_SER O03D3Al0A

VOLUME SERIAL #64200970.
MSLGSL_HEADER 00000000

LBN #0.

GOOD LOGICAL SECTOR

(CONTINUED .....)
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MSLG$Z_SDI
REQUEST OB
RUN/STOP SWITCH IN
PORT SWITCH IN
LOG INFORMATION IN EXTENDED AREA
PORT A RECEIVERS ENABLED
MODE 04
FORMAT OPERATIONS ENABLED
512-BYTE SECTOR FORMAT
ERROR 80
DRIVE ERROR
CONTROLLER 00
NORMAL DRIVE OPERATION
RETRY 00 )
0. RETRIES LEFT
HRXXXXXXAKXK =X . RXXX ARXRAXAXXXX
AXXRXRXRKK xX HHXKRHRXRREKK XX %
KRXXXAKEXZ = X
KXARXZRKRXX piod % X XRXXX b4
XEXXXHXAIRXRX XX XX XXX AR
X XX
XX THIS IS WHERE THE EXTENDED DRIVE STATUS BYTES bio'd
b4 SHOULD HAVE BEEN DISPLAYED. =X
XX ‘ xx
LEHARXRXAXX pied KAXKXX KEXXXAXX XXX
HELHAXXRAIXX prad X,
KARKLRXKARR =xX % % x
KARRXXEAXAX = b X : XX
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VAXsimPLUS

11.1  VAXsimPLUS OVERVIEW

SYMPTOM DIRECTED DIAGNOSIS

0 ARTIFICIAL INTELLIGENCE (Al) SERVICE TECHNOLOGY

) SDD TOOLS KIT:

- SPEAR Basic
- RFTS
- VAXsim-PLUS

) DEC PROPRIETARY - NOT FOR SALE
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VAXSIMPLUS

THE PLUS FEATURE

- Predictive Analysis

- Automatic Disk Substitution

BENEFITS TO THE CUSTOMER

- Enhanced Data integrity
- Higher System Availability
- Perceived Higher Reliability

- Problem Notification

BENEFITS TO FIELD SERVICE

- Automatic FRU Analysis
- Automatic Symptom Directed Diagnosis

- Formatted Evidence Data
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VAXsimPLUS

11.2 VAXsimPLUS PHONE NUMBERS

VAXSIMPLUS Service Delivery

VAXsimPLUS notifies customers of impending problems and supplies a DIGITAL phone number.

PLO1 CSC/AT (Atlanta) 1-800-241-2546

PL31 CSC/CX (Colorado) 1-800-525-6570

The CSC will log the call, event code (VAXsim Theory Number), etc.

The CSC will diagnose the problem and take appropriate actions.
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11.3 VAXsimPLUS RESOURCES

RESOURCES

VAXsimPLUS

Part Number Component Qty
EY-7687-P0-001 VAXsimPLUS Training Course

QLX07-RW Entire SDD TOOLS KIT:

AA-KN79A-TE Getting Started with VAXsimPLUS 25
AA-KNSOA-TE VAXsimPLUS User’'s Guide 25
AB-KN81A-TE SDD Tools Kit Instaliation Guide 25
AA-KN82A-TE VAXsimPLUS Field Service Guide 5
AA-J917B-RE VAX SPEAR Manual 5
AA-J917B-R1 VAX SPEAR Manual Update #1 5
AV-M381B-RE VAX SPEAR Reference Card 5
AV-P012A-TK Guide to Measuring Up Time 25
AV-KQE3A-TE Field Service Tools Cover Letter 1
AV-KQO4A-TE FS SDD Tools T+C Amendment, Part 1 25
AV-KV74A-TE FS SDD Tools T+C Amendment, Part 2 25
98-07862-01 Binder 1
AV-KYG3A-TE VAXsimPLUS Spine Insert 25
AQ-KQ91A-RE FS SDD Tool V1.0 B in TK50 1
BB-KQ92A~-RE FS SDD Tool V1.0 B in 16MT9 1

The distribution of the SDD TOOL KIT will be automatic to unit managers on the Control Diagnostics Distribution List.
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VAXsimPLUS

VAXsimPLUS MESSAGE TYPES

o MEDIA Error Messages

o SDI Error Messages

o DRIVE-DETECTED (Non-Media) Error Messages
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VAXsimPLUS

11.4 VAXsimPLUS MESSAGE EXAMPLES

VAXsimPLUS Message Exampies

The following pages contain examples of messages generated by VAXsimPLUS. These messages were generated
as a result of disk subsystem errors detected by VAXsimPLUS.
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VAXsimPLUS Examples
User Example 1

VAXsimPLUS RA Disk Notification Message

VAXsimPLUS has detected that the following device needs attention:
$3$DUA161 (RA70 S/N:18CB) EVENT CODE: [#X.XX.xx.xx

* Autocopy was not started
-- (The autocopy switch is turned off)

There were 11 total media related events for this drive.

Event Type Number
Soft 11
Hard 0

Suggested recovery procedure (A):
1l. Start appropriate backup or copy procedures for your site.

2. Notify Digital Field Service (include event code in service call info).
Field service phone: 1-800-224-1900
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VAXsimPLUS Examples
User Example 2

VAXsimPLUS RA Disk Notification Message

VAXsimPLUS has detected that the following device needs attention:
$3$DUAS0 (RA81 S/N:2C95E) EVENT CODE: [xx.xx.xx.xx]

* Autocopy was not started
-- (There are too many hard errors)

There were 19 total media related events for this drive.

Event Type Number
Soft 17
Hard 2

Suggested recovery procedure (B):

1. Notify Digital Field Service (include event code in service call info).
Field service phone: 1-800-224-1900

2. Continued use of this drive may result in more hard errors
occurring. Take this into account in determining if you wish
to continue wusing this drive or start a backup or copy
operation.
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VAXsimPLUS Examples
User Example 3

VAXsimPLUS RA Disk Notification Message

VAXsimPLUS has detected that the following device needs attention:
$6SDUA62 (RA81 S/N:95E01) EVENT CODE: [xXx.XX.Xx.xx)

* Autocopy was not started
-- (There are too many hard errors)

There were 22 total media related events for this drive.

Event Type Number
Soft 13
Hard 9

Suggested recovery procedure (C):

1. This message is to notify you that one or more hard errors
have been detected and the errors did not fall into one of
the failure modes. You may want to determine what file the
hard error(s) occurred on and do the appropriate action
based on that.

Field service phone: 1-800-224-1900
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VAXsimPLUS Examples
User Example 4

VAXsimPLUS RA Disk Notification Message

VAXsimPLUS has detected that the following device needs attention:
$3$DUA151 (RA70 S/N:17Ca) EVENT CODE: [zx:.xx:.xx.xx

* Autocopy was not started
-- (The autocopy switch is turned off)

There were 47 total non-media events for this drive.
Suggested recovery procedure (D):

1. Notify Digital Field Service (include event code in service call info).
Field service phone: 1-800-224-1900
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VAXsimPLUS Examples
User Example 5

; VAXsimPLUS RA Disk Notification Message
VAXsimPLUS has detected that the following device needs attention:
$3$DUA151 (RA70 S/N:17CA) EVENT CODE: [xx.xx.zxx.=zxx]
* Autocopy was started
There were 47 total non-media events for this drive.
Suggested recovery procedure (E):

1. Notify Digital Field Service (include event code in service call info).
Field service phone: 1-800-224-1900

2. Do a VAXsim/DISMOUNT after autocopy is finished.
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From: FELIX::SYSTEM
To: NODE: : NORMAN
Subj: BUSY::RA81 S/N:F4AC

Attn: Field Service

Device: FATCATSDUA4 (RA81 S/N:F4AC)
MIDCATSDUA4 Athedr

Theory: [xx.xx.2x.2x]

Total errors on drive: 17

Sector
Phys. From Soft Hard
Head Cyl. 1Index Count Count

Volume
Serial
Number
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VAXsimPLUS Examples
User Example 6
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Evidence (All results are in decimal except LED Code):

Error Type (Led
Lost Read/Write Ready
LED 39, Write and Off
LED 39, Write and Off
LED 39, Write and Off
LED 29, Write and Off
Lost Read/Write Ready
LED 39, Write and Off
Lost Read/Write Ready

1ED 39,
LED 39,
LED 39,
LED 39,
LED 39,
LED 39,

Write
Write
Wirite
Write
Write
Write

and
and
and
and
and
and

Off
Off
Off
Off
Off
Cff

Code is in hex)
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Track
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VAXsimPLUS Examples
User Example 7

From: GRAMPS: : SYSTEM 3-NOV-1987 21:48
To: DETMAC: :NICHOLS
Subj: GRAMPS: : GRAMPSSDUA2 analysis

Attn: Field Service

Device: GRAMPSSDUA2 (RA81 S/N:A352) k &
B ’({1‘/'

Theory: [x.x% .82 .2%] T he UQULJcA Lo o R

Evidence (All results are in decimal except LED Code):
