A DATABASE TEST AND REPAIR
FACILITY

BY DUANE SOUDER

Monday B-11 - 01

‘3

v



A Database Structure Test and Repair Facility

Databases may be corrupted in many ways. However, the most
common way for a database to become corrupted is for a System
Failure to occur during a DBPUT or a PBDELETE. IMAGE does not
cause system failures by itself. The operating system will
interrupt the execution of an IMAGE intrimnsic for other processes
(usually system processes). During the interruption, the
operating system can encounter a situation from which it cannot
recover. The result of course, is a system fallure. There is a
possibility that DBPUT or DBDELETE was doing internal pointer
manipulation. If internal pointers were being changed, you have
a physically corrupted database.

There 1s no current way to tell if the dintermal pointers
were being changed at the time of the system failure. When the
machine is restarted, the database is in an unknown state. The
user has only a few choices available:

A) Just continue running and hope that there was uno
damage to the internal pointers, or
B) Use a program from the contributed library like
DBCHECK (or DBGROOM, etc.) to try and find any
problems, or
C) Do a DBUNLOAD followed by a DBLOAD.
Today, databases are being built larger and larger to meet

the dincreasing demands of data processing. DBUNLOAD and DBLOAD
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are not reasonable solutions unless the database is damaged
beyond the ™"Point of No Return. This "Point of No Return" has
been a gray area for sometime. This new tool (or utility) called
DBTEST, will attempt to address this gray area and help to define
its boundaries by recommending DBUNLOAD/DBLOAD only 1if the
problems are severe enough to warrant this action.

DBTEST was designed to examine the internal structures of
the database and if necessary, to repair any damage found.
Database down time will be significantly reduced by not having to
unlioad and then reload the database. The user does not need to
know anything about IMAGE internals, how chains work or auny of
the internal pointers. The user needs only the schema of the
database and some working knowledge of their applicatiouns. The
user interface was made simple and there are helping routines
throughout the program to explain situations and aid the user in
making decisions. If internal damage is found, the user does not
have to allow the program to repair the database. The wuser has
the final word and the program will not modify any internal
structures unless the ok has been obtained from the user.

IMAGE uses a simple data structure called a Doubly Linked
List for building chains in DETAIL data sets and Synonym Chains
in MASTER data sets. Synonym chains are formed in MASTER data
sets when different key values hash to the same location. During
the addition or deletion of data records, the doubly linked lists

are modified to reflect the operation performed on the data. A
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damaged database 1is the result of the modifications not being
completed on the doubly linked lists. This is true for MASTER
data sets as well as DETAIL data sets. DBTEST operates in
maintenance mode like the other utility programs and it uses the
IMAGE intrinsics along with privileged mode to examine and repair
the internal chains.

DBTEST “s internal pointer checking is simple and straight
forward. ¥For example, when you request to check a detail data
set, DBTEST will examine two (2) things:

First, DBTEST will scan what is called the free record list.
This list is a singly linked list of records that were deleted
from the detail data set using DBDELETE. This free record list
is the garbage collection mechanism that IMAGE uses during a call
to DBPUT. The bit map is tested and the record itself is checked
to be sure that it truly is a free record. Any necessary repairs
to this list are attempted without user 1intervention. If a
record is found that does not look like a free record, it will be
displayed to the user with an appropriate message so that the
user may recover any data in the record by examining the
appropriate search items. This record will be delinked from the
free chain list (so DBPUT will not use this record). If the free
chain list cannot be repaired, an appropriate message will be

displayed and the user will be given some alternatives based on

the severity of the problem encountered.
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Secondly, DBTEST will then ask the user to input the search
item mname and 1its value (also called the argument). DBINFO is
then called to find out if the search item is valid. Assuming it
is vaild, DBFIND will verify the argument and return the first
and last record number in the chain along with the number of
eutries in the chain. DBTEST will then find out which master set
and internal path is associated with that search item through a
series of calls to DBINFO. (The record in the master set is
ocbtained with DBGET to verify the internal pointers and the
record number is kept for later access 1f necessary.) Using calls
to DBGET, the chain is examined by making sure that the current
record points back to the previous record that was examined.
This process is continued until the end of the chain 1s reached
or until a hole is found. (A hole is nothing more than a pointer
to an invalid record.) While the links are being examined, a
counter 1s incremented to compare against the master’s entry
count. The bit map is tested and the key is compared against the
users input to make sure that a record with a different key value
has not been linked into this chain. If a hole is found, DBTEST
will then start from the bottom of the chain making the same
checks above to insure consistency. The chain will be examined
until another hole is found or the last record is reached while
golng forward. (In this case, the user will be told what has
happened and will be asked if the chain should be repaired.) The

counter will be compared against the masters record of the number
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of entries and 1f they do not match, the user will be asked 1if
this should be repaired also. If there was a hole, the user will
be told how many entries were lost/gained based on the master’s
record of the number of entries in the chain.

When a MASTER data set 18 to be examined, DBTEST needs only
to access that data set. The doubly linked lists are used only
for synonym chain construction as described earlier. The master
data set 1s then read serially until a record is found that
qualifies as a potential primary entry. The count, beginning and
end of the synonym chaln are remembered and the synonym chain 1is
then checked for consistency. (This examination includes bit map
checking, a running count of the entries and backward/forward
pointer checking.) If there are any holes, the user will be told
of the problem and DBTEST will automatically start from the end
of the synonym chain making all consistency checks as described
above until another hole 1s found or the last record pgoing
forward 1is reached. Then the user will be asked to allow DBTEST
to repalr any damage after an explanation has been given.
DBTEST s synonym count is then compared to the primary’s count of
synonyms. The result of this comparision will be displayed to
the user.

These descriptions are the methods used in verification of
DETAIL chains and MASTER synonym chains in IMAGE databases by
DBTEST. The checking is simple and the resultant patches are

seen to be both useful and powerful. UDBTEST was originally
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designed to examine internal chaln structures and provide wuseful
reports for further d{investigation. When it found intermal
problems, it was simple to implement code to fix the broken
chains. This is how DBTEST evolved into a repair facility. With
minor knowledge of IMAGE and a database schema, the user has a
powerful tool which will help repair the database with minimum
down time. This down time will of course be dependent on the
size of the database and the extent of the user’s knowledge of
the applications.

There are some slides which show the useage of DBTEST and
its wuser interface. All error conditions are not presented here
but we feel that a reasomable amount are present to provide the
user with a good 1idea how this tool may be used to help them

should the situation ever arise.
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