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Abstract

In this paper, we present a scheme to increase concurrency among methods in Object-Oriented Databases. We are concerned
with instance access methods. Our work has the following characteristics. First, construction of commutativity relation
among methods can be automated. Second, it provides more concurrency than read and write access modes on methods.
Third, deadlocks due to lock escalation can be reduced. Finally, concurrency is increased further with the use of run-time
information.
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1. Introduction

In object-oriented database systems (OODBS), adatabase is a collection of classes and instances called objects. Users
can access objects by invoking methods in OODBS. To make sure atomicity of user interactions, the traditional transaction
model can be used in OODBS. That is, users can access OODB by executing transactions, each of which is defined as a
partially ordered set of method invocations on class or instance objects[1].

Concurrency control involves synchronization of multiple access to the database, so that the consistency of the
database is maintained [2]. In OODBS, one of main concerns is to increase concurrency among methods so that more
transactions can run in parallel. Usually, transactions are long in typical OODB applications. Thus, aborting a long
transaction due to conflicts wastes system resources. Also, holding resources by a long transaction may delay other
transactions. Commutativity is a widely used criterion to determine whether a method can run concurrently with those in
progress on the same object. Two methods commute if their execution orders do not affect their results. Two methods conflict
each other if they do not commute.

In general, there are two types of access to an OODB : instance access and class definition access [3]. An instance
access consists of consultations and modifications of attribute values in an instance or a set of instances. A class definition
access consists of consulting class definition, adding/del eting an attribute or a method, changing the implementation code of
amethod or changing the inheritance rel ationships between classes, etc.

In this paper, we present a scheme to increase concurrency among instance access methods. Our scheme has several
important characteristics. First, it does not put the burden of determining commutativity for methods on application
programmers. Second, it provides more concurrency than read and write access modes on methods. Third, we reduce
deadlocks due to lock escalation, which is a main source of deadlocks [4]. Finaly, it takes run-time information into
consideration to improve concurrency.

The paper is organized as follows. In the next section, we review related studies and discuss their advantages and
disadvantages. In section 3, we propose a scheme to increase concurrency among instance access methods. Finally, we give a
conclusion in section 4.

2. Previous Work

Several techniques have been proposed to increase concurrency among instance access methods [1,5,6,7]. These
techniques put a serious burden on application programmers by requiring them to specify method commutativity.

Recently in [4], the process of constructing commutativity relation from method contents is automated. It is based on
the notion of affected sets of attributes [5]. That is, even if two methods conflict in terms of read or write operations, as long



as their access modes on individual attributes do not conflict, two methods can run in parallel. Commutativity of methodsis
determined at compile-time so that run-time commutativity checking is avoided. An Direct Access Vector (DAV) is
constructed for each method, which is a vector whose field corresponds to each attribute defined in the class on which the
method operates. Each value composing this vector denotes the most restrictive access mode used by the method when
accessing the corresponding field. An access mode of an attribute can have one of three values, N (Null), R (Read) and W
(Write) with N < R < W for their restrictiveness. Two methods commute if their corresponding DAV's commute, that is, their
access modes are compatible for each attribute.

The above technique takes access mode information solely from the source code of a method and thus frees the user
from determining commutativity relations. It also provides finer concurrency than mere read and write conflicts by examining
attribute level. However, concurrency improvement offered is limited since run-time information on attributesis not taken into
account.

3. Our Approach
3.1. Description

Our work exploits run-time information to further improve the scheme developed in [4]. Similar to [4], we need a two-
phase pre-analysis which consists of two steps : 1) construction of DAV for each method and 2) construction of a
commutativity table of methods. In each method, a break point is inserted by a programmer or a compiler when a conditional
statement is encountered. Every method has a specia break point called first break point before the first statement in the
method. There are three kinds of DAV s in each method : 1) a DAV of the entire method asin [4] 2) a DAV of the first break
point, which is aunion of access modes of each attribute used by statements between the first break point and the next break
point and access modes of each attribute used by statements that are executed regardless of execution paths. A union
operation is equivalent to max, e.g., N + W =W and 3) aDAV of every other break point, which contains access modes of all
attributes used by statements between this break point and the next break point (or end of the method).

For example, assume that we have three methods M1, M2 and M3 and aclass Y with four attributes a;, &, asand a,. A,
A1, A2, and A3 are breakpoints of M1, B is abreakpoint of M2, and C, C1, and C2 are breakpoints of M3. A union operation
denoted as ‘A’ takes two arguments among N (null: no operation), R (Read), and W (Write) and selects the more restrictive
one. Table 1 illustrates how the union operation works.

N R W
N | N R W
R R R W
W W W W

Table 1. Union operation table

The contents and DAV's of each break point in the method are given below. Let DAV (X) represent DAV of abreakpoint x or a
method Xx.

method M1 method M2 method M3
[A] (B (€]
read a; read a; read a;

If (a; > 100) then read a, If (a; > 100) then
[A1] read a, <= a; [C1]

p<=a return a;

End if else

read a, [C2]

If (a2 > 100) then read a,

[A2] return a,

az <=ay endif

End if

read az

If (a3 > 100) then
[A3]



call M2
End if

The DAV s constructed for method M1 are:

DAV (A) =[RRRN]

DAV (A1) =[RW,N,N]; DAV (A2) = [N,RW,N]

DAV (A3) = DAV (M2) =[R,N,N,W]

DAV (M1) = DAV (A) A DAV (A1) A DAV (A2) A
DAV (A3) =[RW,W,W]

Similarly, the DAVsfor M2 and M3 are :

DAV (M2) = [RN,N,W]; DAV (B) = [RN,N,W]
DAV (M3) = [RRN,N]; DAV (C) = [RN,N,N]
DAV (C1) = [RN,N,NJ; DAV (C2) = [N,RN,N]

Whilein the scheme proposed in [4], the DAV s for the methods would be:

DAV (M1) = [RW,W,W]; DAV (M2) = [R,N,N,W]
DAV (M3) = [RRN,N]

After the construction of the breakpoints' DAVsin all methods, we create a commutativity relation of methods in the
form of atable. In thistable, alock requester’ s entries contain names of DAV's of all methods (denoted as M ; where Mi isthe
name of the method). For example, M; represents a DAV of the method M1, which is [R,W,W,W]. A lock holder’s entries
contain names of DAV of the each method (denoted as M;), name of the DAV of the first break point (denoted as N) in Mi
and names of the DAVs of other break points (denoted as N, where 1 £ £ number of breakpoints -1 ) in method Mi. For
example, in method M1, M, A, A;, A, and A; represent the following DAV, [R,W,W,W], [R,R,R,N], [R,W,N,N], [N,R,W,N]
and [R,N,N,W], respectively. Since we assume the worst case access mode for each attribute before execution, lock
requesters always have the most restrictive access modes (i.e., DAVs of methods). But, after a method execution, a lock
holder may have aless restrictive access mode (i.e., DAV of thefirst or of the other break points). Two break points commute
if their corresponding DAV's commute. Two DAV s commuteif, for every attribute, its access modein the two DAV's commute.
Fig. 1 and 2 gives the commutativity tables constructed in our scheme and in the scheme proposed in [4].

Our concurrency control is based on two-phase locking [8]. When atransaction invokes a method on an object, it gets
alock containing the DAV of the method. As the transaction meets a break point during run-time, the break point is recorded.
After the method execution, the lock is changed from M; to N, N,...N, where N is the name of the DAV of thefirst break point
in Mi and N;...N, are the names of the DAVs of other break points encountered during the method execution Mi. Since the
union of DAVsof N, N;,...N,, may be lessrestrictive than the DAV of M, this can give more concurrency to other transactions
which request locks on the same object. For example, assume that a transaction T1 invokes a method M1 on instance i1 of
class Y and has break points A, A, and A, after the execution of M1. Assume that another transaction T2 comes and invokes
amethod M2|on the sameinstance il while T1 still hasalock onil. Applying our technique gives commutativity between M1
and M2 since|la method M2 commutes with each of A, A; and A, by the commutativity tablein Fig. 1. On the other hand, M1
and M2 do not commute by checking the commutativity table in Fig. 2 if the scheme in [4] is adopted. Note that O means
commute, and X not commute.

lock holders
M1 A A; A; A; M, M3 C C;, G,

lock M; X X X X X X X O O X
requester M, X O O O X X O O O O

M3 X O X O O OO O O O
Figure 1. A commutativity table of our scheme

lock holders
M1 M2 M3
lock M1 X X X
requester M2 X X (@]

M3 X 0] @)



Figure 2. A commutativity table for the schemein [4]

3.2. How to reduce the number of break points?

In our work, a method may have many break points depending on the method's logic. This requires larger
commutativity tables and also incurs much run-time overhead for lock changes and commutativity checking. Thus, we need a
way to reduce the number of break points in a method in order to reduce this overhead. We propose some strategies to
reduce the number of break points as follows.

- Breakpoint optimization strategy 1

We know that the union of DAV s encountered after a method execution is at least as restrictive as the DAV of thefirst
break point. Thus, if aDAV of some break point in a method has equal or lessrestrictive DAV than the DAV of the first break
point, we do not have to keep track of it and do not include it as a member of the commutativity table. For example, the DAV
of the break point C1 of method M3 in the previous example is [R,N,N,N], which is the same as the DAV of the first break
point C. Thus, we do not have to include the DAV of C1 in the commutativity table.

- Breakpoint optimization strategy 2

In this strategy, we define the most restrictive access mode (MRAM) for each method. MRAM can have one of two
values, R (Read) or W (Write). A method mhas MRAM = R if it isaread method. On the other hand, a method mhas MRAM
= W if thereis at least one attribute with a W mode in method m. Also, we define Access Mode Change Percentage (AMCP),
0£ AMCP £ 100, for each break point. The AMCP of break point B; in method M is defined as follows.

number of attributesin Bi whose access modeis MRAM

AMCP of br intB; =
CP of breskpoint B; number of attributesin M whose access mode is MRAM

For example, if the DAV of B in amethod M2 and DAV of M2 are defined as [R,R,W,N] and [W,W,W,R], respectively,
then AMCP of B is 33% (=1/3) since MRAM is W and the number of attribute in B whose access mode = W (MRAM) is 1,
and also the number of attributesin M2 whose access mode = W is 3.

To reduce the number of break points, we let a break point, say B, have a DAV and be an entry in the commutativity
table only if AMCP of B is greater than P% where P (0O£P£100) is defined as restrictive threshold. Otherwise, we perform the
following operation and do not include the DAV of B in the commutativity table.

the DAV of the first break point = the DAV of the first breakpoint A the DAV of B
For example, consider the following DAV's of methods M1, M2, and M3.

method M1

DAV (M1) = [R,W,W,W]; DAV (A) = [RRRN]
DAV (A1) =[RW,N,N]; DAV (A2) = [N,RW,N]
DAV (A3) =[N,RRR]

method M2: DAV (B) =[R,N,N,W]
method M3

DAV (M3) = [RRN,N]; DAV (C) = [RN,N,N]
DAV (C1) = [RN,N,NJ; DAV (C2) =[RRN/N]

MRAM(M1) =W; MRAM(M2) =W; MRAM(M3) =R
AMCP of each break point in each method is asfollows.

For M1: AMCP (A) =0; AMCP (A1) =33.3;
AMCP (A2) =33.3; AMCP (A3) =0
For M2: AMCP (B) = 100



For M3: AMCP (C) = 50; AMCP (C1) = 50;
AMCP (C2) = 100

Suppose we define P as 30%. Then, we have the following break points participating as entries in the commutativity
table.

For M1: DAV (A) =[R,R,R,R]; DAV (A1)=[R,W,N,N];
DAV (A2) =[N,RW,N]

For M2: DAV (B) = [R,N,N,W];

For M3: DAV (C) =[R,N,N,N]; DAV (C2) =[R,R,N,N]

Note that [A3] isadded to the DAV of [A] and also [C1] isremoved due to the breakpoint optimization strategy 1.

Strategy 1 isto eliminate any breakpoint which is not helpful to increase concurrency. Strategy 2 is to give trade-off
between concurrency and run-time overhead. That is, the higher P is, the less run-time overhead is; but this results in less
concurrency. On the other hand, with less P value, we can provide more concurrency at the expense of run-time overhead.
We can apply strategy 1 to any method without further information such as the frequency of method invocations. But, it
provides a limited form of concurrency. On the other hand, in strategy 2, we can change the level of concurrency for each
method by adjusting its P value.

This optimization process is done at compilation time. Thus, we do not have to optimize break points for each method
invocation, resulting in a reduction in run-time overhead. However, for OODBS whose schema s continuously evolving, the
optimization incurs some overhead since method contents (also corresponding DAV's) may change frequently.

4. Conclusion

This paper presents a scheme to enhance concurrency among instance methods in OODBS. Due to space limit, we do
not include a scheme to provide better concurrency among class definition access and concurrency between class definition
access and instance access.

In this study, we do not consider class hierarchy, which is an important property in OODBS. Due to inheritance, a
query-type access or class definition access may involve a class and al its subclasses. Currently, we are developing a
scheme, which incorporates class hierarchy into our current work, aiming at lesslocking overhead on class hierarchy.
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