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Abstract This paper attempts to document some

of the shortcomings of the optimistic concurrency
control (OCC) approach in supporting all the fea-
tures expected in a full-function DBMS. Surprisingly,
in spite of OCC having been around for a long time
and its performance having been studied in various
contexts, no complete system design, let alone a
full-blown implementation, exists, as far as the au-
thor knows. The problems with OCC relate to sup-
port for access paths (indexes, hash-based storage),
partial  rollbacks, nested transactions, fine-
granularity (e.g., record-level) conflict checking, dif-
ferent isolation levels, distributed transactions, and
so on. The goal of this paper is to increase aware-
ness ofthe implementation aspects of OCC amongst
researchers and to initiate a debate about the prac-
tical utility of OCC.

1. Introduction

The optimistic concurrency control (OCC) approach
has been around for a long time [KuRo81]. We will
assume that the reader is aware of the general
aspects of the OCC approach (e.g., the fact that a
transaction execution consists of a read phase fol-
lowed by a validation phase which is ended by a
write phase, assuming that the validation is suc-
cessful). Since the original proposal was made,
many researchers have studied its performance

and other characteristics [AgCL87, BrRe83,
Calis9a, CaLisSb, Care83, CeOws82, DaTKBs,
MeNa82, PeSM87, PrSuU8é, Rahm87, RaThé8s,
Reim83, Schi81, UnPS83, YuDi88a, YuDi8Sb,

YuHD89]. An excellent paper written by Theo
Haerder [Haer84] makes some very insightful ob-
servations and points out many of the problems
with OCC. Yet, we are unaware of any serious
attempts to solve these problems in the published
literature. In order to increase the awareness of
DB researchers about these issues, this paper fur-

ther expands on some of these problems and dis-
cusses many additional concerns with OCC.

2. Fine-Granularity Conflict Checking

Given that locking is the universally accepted mech-
anism for concurrency control and that the experi-
ence in the real-world is that fine-granularity (e.g.,
record) locking is crucial for good performance
[Gawl85, Haer88, MHLPS89, Onei86, Oneid1,
PeRS88, Reut82], it is unfortunate that almost all
the work on OCC assumes that page is the smallest
granularity of conflict checking. Sometimes, papers
on OCC talk about objects being the units of conflict
checking. Such papers invariably do not discuss
how object creations and deletions are dealt with
in the presented methods. This is a continuation
of the serializability theory’s (see, e.g., [BeHG87])
simplistic assumption of reads and writes being the
operations to be considered, at the expense of
dealing with the more interesting problems posed
by operations that also include creation and deietion
of data. The reader is referred to [Mohad0a,
Moha80c, MoLe88] for discussions concerning the
latter in the context of locking.

Once it becomes essential that we deal with the
fine-granularity conflict checking requirement, OCC
encounters significant problems relating to storage
management, access path maintenance, etc. Ques-
tions like the following would have to be deait with:

e During inserts of records, if the storage model’
used is like the one of System R [Aetal76], then
when should the RIDs be assigned?

if the RID for a newly inserted record is not as-
signed immediately, then the access path related
modifications cannot be performed until the write
phase since the RID is needed for insertion with
the key values in the indexes defined for the
table. This means that significant number of read
I/Os of index and data pages might have to be

1 Records are stored in an area separate from pages of indexes. Bach record is assigned a unique record identifier (RID). A record’s
RID does not change during the lifetime of the record unless a reorganization of the data takes place. Indexes contain key values and
the RIDs of the records containing those key values {Moha90a, MoLe89].
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performed during the write phase which would
prolong that phase. This could cause a consid-
erable reduction in concurrency if the write
phases of different transactions are executed se-
rially.

If the RID is assigned immediately, then an im-
mediate update would have to be performed in
a globally visible (to other transactions) area
which will allow all transactions to know that the
newly assigned RID is not available anymore for
future inserts. Later, if the inserting transaction
were to rollback, then somehow it must be en-
sured that that update is undone. This is counter
to the way rollback is generally handled in OCC!

If the updates performed during the read phase
cause only private copies of the relevant data
base pages to be updated, then what happens at
the time of the write phase?

The write phase would have to merge the updates
performed on the private versions of the data
base pages with the versions of those pages as
they exist in the data base at the time of the
beginning of the write phase. This merging would
be needed since, as a result of the fine-granularity
conflict checking that is performed, other trans-
actions might have committed in parallel with
nonconflicting updates involving the same pages.
Assume that the storage within a page is man-
aged in a logical fashion in the interest of achiev-
ing good storage utilization in the presence of
variable length records.?2 This would mean that
conflict checking would not be based on physical
locations of records, but on RIDs. Under these
conditions, the merging of different versions of a
page would be a nontrivial task. Sometimes, the
merge may not be possible due to lack of enough
free space on the page. This may necessitate
rolling back the affected transaction.

To accommodate hot spots [Gawl85, MoNS91,
Onei86, Onei91, Reut82] in locking-based designs,
semantically-rich lock modes are used. These
permit multiple transactions’ uncommitted up-

dates of a certain type (e.g., commutative update
operations) to coexist even in the same field of
arecord [MHLPS89]. In order to support a similar
notion in OCC, the conflict-checking component
of OCC wouid have to be refined to accommodate
a semantically richer set of operations on the
data. The write set entries might have to be split
up into many sets based on the semantics of the
operations performed on the corresponding data.

® |s there an analog of hierarchical locking (lock
escalation) for OCC?

If the sizes of the read and/or write sets of an
executing transaction become very large, then it
is conceivable to think of consolidating that in-
formation at the next higher level for the most
popular tables/files (e.g., if the original granularity
was page level, then after escalation pretend that
the whole table was read or modified, as the
case may be). The conflict checking rules would
then have to take into account the multi-
granularity nature of the read and write sets in-
formation.

3. Recovery

If the log sequence number (LSN) concept [Gray78,
MHLPS89] is going to be used to ensure that at
recovery time only the required redo operations
are performed, then the log records describing the
updates performed by a transaction cannot be writ-
ten to the log file until the write phase of the trans-
action begins.® This is because, with the use of
LSNs, the order of logging for different updates to
a page must be the same as the order in which
those updates were applied to the page. Of course,
even without the use of LSNs, given the no-steal
buffer management policy [HaRe83] required by
OCC, we would not probably want to log anything
until we are sure that a transaction is committing
or at least is entering the prepared state of two-
phase commit in the case of distributed transac-
tions. The delayed logging would be required if
finer than page level conflict checking is performed.

2 It is this type of storage management that is performed in systems like System R, the OS/2 Extended Edition Data Base Manager,
DB2 and so on. As a result, logging of the changes to a page is also recorded in a logical fashion. With this type of storage
management, garbage collection activities which are performed to bring to a contiguous area the free space on the page need not lock
or log the moved records [MHLPS89].

3 Of course, the log records could still be prepared and kept aside as updates are performed during the read phase. If this is not done,
then generating the log records during the write phase would be a costly activity since doing that would require comparing the private
versions of the modified pages with their versions in the main data base to determine what changes were made to the pages.
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Of course, if access paths are updated only during
the write phase, then there is no choice with respect
to when the logging can be done. This delayed
logging can also prolong the duration of the write
phase which could cause a reduction in concurrency
if the write phases of different transactions are ex-
ecuted serially.

Since the no-steal buffer management policy with
a private workspace is generally used in OCC de-
signs, it may be tempting to say that, for at least
nondistributed transactions, there is no need to log
the undo information in the log records. This opti-
mization has to be done carefully since it is possible
that after a transaction is validated successfully,
while its log records are being written, the system
might fail. In this case, on restart this transaction
would have to be rolled back. While there wouid
be no uncommitted update on disk to be undone
(due to the no-steal policy), for media recovery to
work in a single pass, the incomplete set of log
records for the transaction needs to be dealt with
by writing compensation log records (CLRs) which
describe the undo of those log records’ updates.
Even though actually no undo operations would
have to be performed during restart, still the CLRs
would have to be written for the sake of making
media recovery work correctly. If the original log
records were written without the undo information,
then, in order to write the CLRs, the data base on
disk must be accessed to get the undo information.
More discussions concerning this problem in the
context of IMS Fast Path may be found in [MHLPS89,
MoT0890].

4. Access Paths

When accesses are made through indexes, the
phantom problem [EGLT78] must be taken care of.*
Locking-based algorithms which address this prob-
lem are presented in. [Moha80a, MohaS0b,
Moha80c, Mole89]. These algorithms provide very
fine-granularity locking. It is not at ail obvious how
these algorithms can be adapted to work with the
OCC approach when fine-granularity conflict check-
ing is necessary.

5. Partial Rollbacks

In the typical OCC approach, conflicts detected dur-
ing the validation phase cause the transaction to
be compietely rolled back. If ANSI standard SQL
is to be supported by a system using OCC, then
some interesting problems arise given the seman-
tics of SQL. How is statement-level atomicity going
to be supported? That is, if a uniqueness constraint
is violated during the course of the execution of a
SQL statement, then the system should undo the
effects of that statement alone before returning con-
trol to the user. This is called statement-level
atomicity. This requires the capability to detect
violations immediately and also to be able to support
parttal roliback of a transaction. Under these con-
ditions, it is not acceptable to roil back the entire
transaction. Since uniqueness constraints are al-
most always monitored by maintaining a unique
index, these requirements force index updates to
be attempted in line with the processing of the user
updates, rather than being delayed until the write
phase of OCC. This is already in some sense coun-
ter to the major thrust of OCC which delays all
updates to the main data base so that they happen
during the write phase.

In System R, during a partial rollback, any locks
acquired during the interval from the setting up of
the savepoint which is the target of the partial roll-
back and the current time are released. With write-
ahead logging, as explained in [MHLPS89], such
locks can be released only if the same log record
would not be undone more than once and compen-
sation log records’ (CLRs) are never undone. Sim-
ilar actions would have to be taken with OCC also.
That is, from the read and write sets, those objects
that were referenced in the partially rolled back
portion of the transaction must be eliminated. This
requires that a time-ordered log of the additions to
the read and write sets be kept and synchronized
with setting up savepoints and rolling back to
savepoints. Being able to perform partial rollbacks
also requires that the system be logging the updates
as they are performed in the private workspace
and that those log records contain the undo infor-
mation also.

4 Traditionally, for a table scan, the problem is deait with by acquiring an $ lock on the whole table.

5 CLRs are used to describe updates performed during a (partial or total) rollback.
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6. Nested Transactions

it is not clear how OCC will support the nested
transaction model. 1t is likely that the read and
write sets of a committing chiid transaction wouid
be associated with the parent, as locks are handled
in locking-based system designs described in
[HaRo87a, HaRo87b, Moss81, RoMo89]. But, with
respect to validation, it is not obvious as to when
it should be performed and which transactions the
validation should be performed against. One pos-
sible approach is to perform it at the time of com-
mitting every subtransaction and do the validation
against all transactions except the committing
subtransaction’s own ancestors, assuming that a
parent transaction is blocked while the child
subtransactions are executing, as was the case in
Moss’s model of nested transactions. It is not clear
how this approach would have to be changed if
parallelism is permitted between ancestors and de-
scendents, as is the case in the very general nested
transaction model of [HaRo87a, HaRo87b, RoMo88].

With respect to the private versions of the pages
modified by a child subtransaction, they would have
to be merged with those of the parent when the
child commits. This is probably similar to the
version approach used in [Moss81] for recovery.

7. Read Semantics

In the OCC approach, a transaction’s updates are
not installed into the main data base until the val-
idation of the transaction’s execution is successful.
The updates performed by a transaction are initially
applied only to the private versions of the pages
affected by them. Under these circumstances, in
the general case, it is very expensive to allow a
transaction to see the effects of its own updates.
We are aware of many applications which depend
on this capability and almost all existing systems
support it.6 This is important, for example, in de-
tecting integrity constraint violations like unique-
ness constraints as soon as possible. It is also
important in supporting active data bases with im-
mediate triggering of actions [SPAM91].

8. Distributed Transactions

If OCC is to work for distributed transactions, then
questions like the following must be addressed:
How to reestablish prepared state on recovery from
a failure? What gets logged and when? If the read
set also needs to be logged, especially for read-only
transactions, then OCC would be much more ex-
pensive than the locking approach [MoLO86].

9. Different Isolation Levels

Since deferred updating is employed with OCC, de-
gree 2 consistency (also called, cursor stability)
[GLPT76] may be easy to support since we could
avoid conflict checking for data in the read set.
Since all read operations read only committed data,
this would provide almost the same semantics as
the one provided by locking-based systems. If the
read values are cached in the private area, then
the reads would even be repeatable! In order to
prevent other transactions from detecting unneces-
sary read conflicts (this is to mimic the fact that, in
a locking-based system, the cursor stability trans-
action releases its S locks on the read data as the
scan moves away from the data), the read set prob-
ably should not contain references to those objects
which were only read and not modified.

10. Conclusion

In this paper, we attempted to briefly document the
shortcomings of the optimistic concurrency control
(OCC) approach in supporting all the features ex-
pected in a full-function DBMS. Surprisingly, in
spite of OCC having been around for a long time
and its performance having been studied in various
contexts, no complete system design, let alone a
complete implementation, exists, as far as the au-
thor knows. There have been a few prototype im-
plementations where only a subset of the problems
were addressed. We identified some of the prob-
lems with OCC. They related to supporting access
paths (indexes, hash-based storage), partial roll-
backs, nested transactions, fine-granularity (e.g.,
record-level) conflict checking, different isolation
levels, distributed transactions, and so on.

6 An exception is IMS Fast Path for Main Storage Data Bases (MSDBs) (see [MoT090]). This restriction is somewhat acceptable
over there since Fast Path is not a full-function DBMS, but a specialized DBMS. It has a number of restrictions on the types of
operations that can be performed. Furthermore, indexes cannot be built on top of MSDBs.
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