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Abstract -

This project mainly focuses on
extending a well-known real-time
concurrency control  protocol, the
Read/Write Priority Ceiling Protocol
(RWPCP), to solve the following
problems: RWPCP could be
unrecoverable, and the priority inversion
problems could be unbounded, when
transaction commitment is considered.
We also explore different mechanisms
for durability considerations.
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Recoverability and transaction

durability have been important research
topics in non-real-time main-memory
database systems in the past decades [2,
3, 5]. A write-through procedure must be
done to enforce the wupdating of
transaction logs into stable storage [2, 8].
Real-time  transaction  scheduling,
however, on the issues in maintaining
transaction durability, checkpointing,
and write-through procedures, is often
ignored in the design of real-time
concurrency control protocols and in
their performance evaluation [3, 4, 9].

We first show that schedules
generated from RWPCP could be
irrecoverable when transaction

commitment is considered. We then
revise RWPCP by two simple techniques,
i.e., deferred commitment and extended
locking period [2, 8], and provide
discussions on their impacts on priority
inversion and deadlock-freeness.

In this project, we point out
different aspects of the durability issues
on real-time concurrency control, they
could be integrated together under the
scheduling framework of RWPCP. That
is, RWPCP-DC and RWPCP-ELP with
different checkpointing
processes/methods.
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The purpose of this project is to
investigate the well-known RWPCP [10]
on the recoverability issues. RWPCP
introduces a write priority ceiling WPLi
and an absolute priority ceiling APLi for
each data object Oi to emulate share and
exclusive locks, respectively. The write
priority ceiling WPLi of data object Oi
equals to the priority of the highest
priority of the transactions which may
write Oi. The absolute priority ceiling
APLi of data object Oi equals to the
priority of the highest priority of the
transactions which may read or write Oi.
When data object Oi is read-locked, the
read/write priority ceiling RWPLi of Oi
is set to WPLi. When data object Oi is
write-locked, the read/write priority
ceiling RWPLi of Oi is set to APLI.

The transaction, which has the
highest priority among all executing
transactions, will be assigned to use the
processor. The lock request of a
transaction ti may be granted if its
priority is higher than the highest
read/write priority ceiling RWPLI of all
the data objects currently locked by
other transactions. Otherwise, the lock
request is rejected and the transaction
will be blocked until its requested lock is
released by the holder. A transaction ti
uses its assigned priority for execution
and setting locks, unless it is blocking a
higher priority transaction. For this case,
a priority inheritance technique is
adopted.
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A simple way to make a RWPCP
schedule recoverable is to defer the
commitment of a transaction t until all
transactions from which t reads commit.
We call this variant of RWPCP as
RWPCP with Deferred Commitment
(RWPCP-DC). In order to reduce the
delay period, the priority inheritance
policy may be adopted for those
transactions from which the delayed
reads. The deferred
commitment mechanism  generates
recoverable schedules by reordering the
commitment times of transactions.
However, the problem of RWPCP-DC is
that the maximum number of priority
inversion for a transaction becomes
unbounded because there may exist a
sequence of uncommitted transactions,
where each transaction reads from
another transaction in the sequence.

transaction t

Another way to make RWPCP
recoverable is to extend the locking
period of the write locks of a transaction
to prevent other transactions from
reading dirty data until the commitment
of the transaction. We call this variant of
RWPCP as RWPCP with Extended
Locking Period (RWPCP-ELP). Since
RWPCP requires nested locking of data
objects, RWPCP-ELP should keep the
locking of data objects properly nested.
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We model checkpointing under
real-time scheduling framework using
RWPCP. Different checkpointing
methods  are  considered: fuzzy



[4], record-based
page-based

checkpointing
checkpointing [9],
checkpointing, and
transaction-consistent checkpointing [9].
The four checkpointing methods
represent four different granularities in
checkpointing, which are in a word, a
data object (record), a page, or a
segment, where a segment is a collection
of pages such that no transaction
accesses data belonging to different
segments.

A fuzzy checkpointing process
proceeds as follows [4, 9]: when a new
fuzzy checkpoint begins, the
checkpointer writes a begin-checkpoint
marker to stable storage. The
checkpointer then flushes (dirty) pages
from the main memory to stable storage,
where locks and other transaction
activities are ignored. The updates may
be reflected in the backup and the logs
in stable storage. When the checkpointer
finishes the backup work, an
end-checkpoint marker will be written to
stable storage. After a system failure, the
recovery manager will first read the
backup database into the main memory
and then apply the logs to the database
to restore the database back to a
consistent state before the failure.

The idea  of  record-based
checkpointing is similar to the idea of
action-consistent checkpointing in [9].
The checkpointer locks and copies one
record at a time to the I/O buffer. Before
the checkpointer locks the next record,
the checkpointer must unlock the
currently locked record. The
checkpointer backups records in the
same memory page consecutively and

processes one page at a time. The
backup order of records in the same
page is assumed to be arbitrary. After a
system failure, the recovery manager
will first read the backup database into
the main memory and then apply the
logs from stable storage to the database
to bring it back to a consistent state [9].

The procedures of the page-based
checkpointing is the same as
record-based checkpointing, except that
the checkpointer locks and flushes a
whole page, instead of one record, at a
time. It is assumed that a page is larger
than a record. Locking a page instead of
a record can reduce the locking
overheads but increase the probability of
lock conflict with real-time transactions.
After a system failure, the recovery
manager will first read the backup
database into the main memory and then
apply the logs to the database to bring
the database back to a consistent state.

The transaction-consistent
checkpointing algorithm discussed in
this project is closely related to the idea
of transaction-consistent checkpointing
in [9]. During a checkpointing process,
the checkpointer backups segments one
by one. It locks all pages in a segment in
the two-phase locking (2PL) fashion and
flushes the (dirty) pages from the main
memory to the secondary storage, where
a segment is a collection of pages such
that no transaction accesses data
belonging to different segments. If DMA
is available, then DMA is initiated for
I/0 transfers. Otherwise, disk I/O
operations are initiated.
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In this project, we are interested in
the impacts of different checkpointing
methods and write-through procedures
on lock-based real-time concurrency
control protocols. We choose the
well-known Read/Write Priority Ceiling
Protocol (RWPCP) to explore the
durability and related performance
issues. We have shown that schedules
generated by the original RWPCP can be
irrecoverable, and the maximum number
of priority inversions for a real-time
transaction can be more than one
without proper modifications. The
performance of RWPCP is explored
when it is revised based on well-known
mechanisms such as deferred
commitment and extended locking
period to maintain the recoverability in
transaction execution.

We believe that more research on
the recovery mechanisms may be proved
very rewarding in building robust
real-time data-intensive applications.
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