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1 Introduction

It is critical for applications to obtain enough qual-
ity of service (QoS) from multimedia objects. Not
only states but also QoS of objects are changed by
performing methods on the objects. Each object is re-
quired to be consistent in presence of multiple transac-
tions issuing requests to the objects. We discuss new
types of equivalent and conflicting relations among
methods with respect to QoS. We introduce two types
of locking modes, serialization and mutually exclusive
modes to synchronize concurrent accesses to objects
based on the QoS relations. We also discuss how those
lock modes conflict.

2 QoS Based Compatible Relations

2.1 Consistent relations

A class movie is composed of two component
classes; advertisement and content. An object my
created from the movie class is also composed of an
advertisement object a; and a content object ¢;. An-
other movie object ms is a same as m; except that the
advertisement object of ms is az. An application does
not care the difference between m; and my since the
application is interested in only the content of mouvie.
Here, my is considered to be equivalent with m;. A
class like content in which applications are interested
is mandatory.

There are the following equivalent relations between
a pair of states s; and s, of a class e

e s is state-equivalent with s, (s, — s,) iff s, =
Suy-

o s5; is semantically equivalent with s, (s¢ = s4)
iff s; — sy or ¢;(s¢) = ci(sy,) for every mandatory
component class ¢; of c.

o 5; is QoS-equivalent with s, (s; = s,) iff 5¢ — sy
or s; and s, are obtained by degrading QoS of
some state s of c.

e s; is semantically QoS-equivalent with s, (s; =
sy) ff s¢ &~ s, or c(s¢) = ¢(sy) for every manda-
tory component class ¢; of c.

e 5, is requirement QoS-equivalent (RoS-
equivalent) with s, on RoS R (s; —pr Su)
iff s; ~ s, and Q(s:) N Q(sy) = R.

o s; is semantically RoS-equivalent with s, on RoS
R (s¢ =R su) iff st —g sy OF ¢;(8t) =R ci(sy) for
every mandatory class ¢; of c.

Let State, Sem, QoS, RoS, Sem-QoS, and Sem-
RoS be sets of possible state-, semantically, QoS-
, RoS-, semantically QoS-, and semantically RoS-
equivalent relations of a class ¢. Let E be a family
of State, Sem, QoS, RoS, Sem-QoS, and Sem-RoS.
For a pair of sets a and 8 in E, “a — 3’ means o
C B, showing that every pair of operations op; and
opy satisfy the f(-equivalency if op; and ops satisfy
the a-equivalency.
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[Theorem] The Hasse diagram as shown in Figure 1
holds for the a-equivalent relations. O

Figure 1: Equivalent relations.

2.2 Compatible relations

A method op: conflicts with another method op,
in an object o iff the result obtained by performing
op; and op,, depends on the computation order. Mul-
timedia objects are characterized by QoS in addition
to the states. There are the following compatible re-
lations between a pair of methods op; and op, of a
class c:

® op; is state-compatible with op, (op; | op,,) iff op:

© OPy — OPy © Op:.

® op, is QoS-compatible with op, (op, || opy) iff op;

O OPy & Opy, © OP¢.

e op; is RoS-compatible with op, on RoS R (op: |r

opu) iff op, © opy —r opy © op;.

e op; is semantically compatible with op, (op: |||

opy) iff op; o op, = opy © op;.

e op; is semantically QoS-compatible with op,

(ope ¥ opy) iff ops © opy, = op, © op;.
e op; is semantically RoS-compatible with op, on
R (op: |||r opu) it op; 0 opy =g opy © opy.

Let “a-compatible relation (¢4)” show some of the
compatible relations where o € {State, Sem (seman-
tically), QoS, RoS, Sem-QoS (semantically-QoS),
Sem-RoS (semantically-RoS)}. For example, Ogos
shows || and Og shows |g. op: a-conflicts with op,
(opt Pa opy) unless opy Oy op,. For example, op,
QoS-conflicts with op,, (op; J| op,) unless op: || opy.
O is symmetric but is not transitive.

3 Synchronization

3.1 Traditional locking protocol

Suppose a pair of transactions T; and T issue meth-
ods op; and op,, to an object o, respectively. Here, T;
precedes T; (T; — T;) iff op; and op,, conflict and opy is
performed on the oi)ject o before op,. A collection of
the transactions T4, ..., Ty, are serializable iff either
T; — Tj or T; — T; for every pair of transactions 7T;
and T}, i.e. the transactions are totally ordered in the
precedent relation “—”. In order to do that, an object
o0 is locked before a method op; is performed on o. If
o is already locked for a method op,, conflicting with
opt, ope blocks until the lock held by op, is released.
On the other hand, every pair of compatible methods
can be performed on the object o in any order. An
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object o is locked in a mode p(op;) before op; is per-
formed. p{op:) con flicts with p(op,) if ops conflicts
with op,. Otherwise the modes are compatible. If o is
locked in a mode conflicting with p(op;), op; blocks.
Otherwise, op; is performed. It is well known that
a collection of transactions are serializable if every
transaction is two-phase locked.

3.2 QoS based lock modes

The following orthogonal types of lock modes for
a method op; are introduced with respect to the a-
compatibility and a-mutually exclusive relations :

1. a-serialization lock mode o, (op;), and
2. a-mutually exclusive lock mode pq(op;).

The serialization locks are used to serialize a collec-
tion of conflicting methods issued by different trans-
actions. That is, the lock can be used to decide which
method to be started before the other. If an object
is locked in an a-serialization mode conflicting with
o(opt), ops blocks. The mutually exclusive locks are
used to make methods mutually exclusively performed
on an object. Let 73 and 72 be lock modes. 7 is com-
patible with 75 (71 ¢ 72) iff 71 does not conflict with
72. Furthermore, pr(reduce) is not compatible with
tr(mediascale). Every type of conflicting relation is
assumed to be symmetric but not transitive.

Suppose that an object o is locked for a method
op; and another method op, is issued to the object
o. If o,(opy) conflicts with o4 (opt), op; blocks until
op, terminates. Suppose an object = supports a pair
of methods op; and ops on x and another object y
supports opz and ops on y. A transaction 77 issucs opy
to z and ops to y. Another transaction T5 issues opy
to z and op4 to y. First, suppose op; is a-compatible
with opz (op1 O 0p2) and ops O, ops. Here, o, (op1)
is compatible with oo (0p2) (0a(0p1) O a(op2)) and
0a(ops) O go(0pa). op1 and opa can be performed on
the object x and ops and opg on y in any order. For
example, op; is performed after opz on z and opy is
performed after opz on y.

Next, suppose pq(op1) conflicts with e (op2) but

Halop3) is compatible with ps(ops). op2 can be
started after op; completes. op; and opy cannot be
concurrently performed. However, ops and ops can
be concurrently performed on the object y because
Uo(0ps) is compatible with g, (ops).
[Theorem] Suppose a method op; strongly a-
conflicts with op,. A mutually exclusive mode
1ta{op:) conflicts with p,(op,) if a serialization mode
oalope) conflicts with o4 (opy,). O

If a method op: a-conflicts with another method
opy, op; and op, cannot be concurrently performed.

If a transaction T issues a method op; in the o-
conflicting relation to an object o, o is locked accord-
ing to the following protocol.

[Locking protocol]

1. The transaction T first issues a serialization lock
request o4 (0p:) to the object o.

2. If o is not locked in any mode conflicting with
o (0p:), 0 is locked in o4 (op;) and then the lock
mode is tried to be converted in a mode g (0p;).

3. If the lock mode is converted, op; is ready to be
performed on o.

4. Otherwise, op; blocks. O

3.3 Relation among lock modes

Figure 1 shows how compatibility. Here, State,
QoS, RoS, Sem, Sem-QoS, and Sem-RoS indicate
sets of possible State-, QoS-, RoS-, semantically, and

semantically QoS- and RoS-conflicting relations of a
class ¢, respectively. Let C be a family of the sets
{State, QoS, RoS, Sem, Sem-QoS, Sem-RoS}. The
Hasse diagram as shown in Figure 1 holds for the a-
conflicting relations in C. Let o and s be two types
of conflicting relations. «; dominates as (ovy > ) iff
a1 2 oo in Figure 1. oy and wg are uncomparable (o
|| ag) if neither &y > a9 nor a3 > a;. In Figure 1,
Sem || RoS. Let Co(7) be a set of lock modes which
are compatible with a lock mode 7 with respect to an
a-compatible relation (,). The following property
holds on the dominant relation “<” :

[Definition] A lock mode 71 on «; is stronger than
another mode 7 on ay iff Cy, (1) C Cuy(m). O

“71 > 72" means that 7; conflicts with more number
of lock modes than 5. The lock mode 7; is more
restricted than 75. For example, write > read.

Let a1 and ag be types of RoS-conflicting relations
on RoS R; and Ry, respectively. We discuss ay >
ay or oy < aj. Here, “Ry > Ry” (R; dominates
Rs) means that R; shows a higher level of QoS than
R, as presented before. It is straightforward for the
following theorem to hold from the definitions.

Suppose that R; and Ry show monochromatic
and colored movies. Let 7; and 75 be serialization
lock modes of a method grayscale on RoS R; and
R, respectively, i.e. 7 = og,(grayscale) and 7o
= oR,(grayscale). Here, Ry > R;. grayscale Ri-
conflicts with add but is Ro-compatible with add. 71
is stronger than 75 (7, > 72) since Cg, (11) D Cg, (12).

4 Concluding Remarks

We discussed novel types of relations among meth-
ods on the basis of QoS and the state of an object,
i.e. state-, semantically, QoS-, RoS-, and semantically
QoS- and RoS-conflicting relations of methods in the
object-based multimedia system. We presented the
locking protocol to realize these new types of conflict-
ing relations, where new lock modes, serialization and
mutually exclusive modes are introduced. By using
the serialization and mutually exclusive locks, we can
increase the performance of the system.

In the locking protocol, the lock mode is converted
from serialization ones ¢ to mutually exclusive ones
is stronger the o, transactions may be deadlocked. We
need unsympathetic modes discussed in the paper [?].
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