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Abstract

We discuss an autonomic computing system to manipulate multimedia objects distributed in multiple peer
computersinterconnected with high-speed networks. Multimedia objects are distributed, replicated, and versioned
in nature since the objects are cached and downloaded to local computers in peer-to-peer (P2P) systems. Thus,
various types of replicas of objects are distributed in various types and large number of peer computers. Even
if servers which have objects are faulty or do not support enough quality of service (QoS) due to overloads and
congestions, applications can obtain service of object by accessing to types of their replicas with different parts,
QoS, and versions. In this paper, we discuss how to autonomically support applications with enough service on
objects in presence of faults and QoS changes.
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1 Introduction ample of P2P model, where computers, mainly per-

Traditional information systems are realized in the
client-server model. Application programs are per-
formed on clients and application servers while is-
suing requests to servers like database servers [9] in
2-tier and 3-tier client server models, respectively.
On receipt of requests from application programs
on clients/application servers, requests like SQL [2]
are performed on servers and then the responses are
sent back to the application programs. Each com-
puter plays one role of client, application server, and
database server in the client-server model. According
to the devel opment of internetworking and computing
technologies, various types and huge number of com-
puters, possibly millions of personal computers (PCs)
are now interconnected in networks. Here, each com-
puter is peer named servant, i.e. each computer can
play both roles of client and database server. Thisisa
peer-to-peer (P2P) framework [11] which is now tak-
ing a central position in information systems.

Autonomic computing systems are developed by
IBM [1] and Sun Microsystems [14] on the basis
of new concepts, self-configuration, self-optimization,
self-healing, and self-protecting to support fully avail-
able and reliable computation service in presence of
component faults. Grid computing [4] is another ex-
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sonal computers in the Internet cooperate to perform
a program to obtain as large computation power as a
supercomputer.

A peer-to-peer (P2P) system is composed of large
number and various types of peer computers intercon-
nected in high-speed networks. Multimedia objects
are distributed in multiple computers. Service sup-
ported by computers and networks is characterized by
quality of service (QoS). Response time, throughput,
reliability, and availability are also QoS parameters of
computers. Delay time, bandwidth, and packet loss
ratio are QoS parameters of networks. Change of a
system is modeled to be change of QoS supported by
the computers and networks. It is critical to support
applications with enough quality of service (QoS) in
change of computer and network services. In this pa-
per, we discuss how to support applications with QoS
required even if computers and networks do not sup-
port QoS required due to congestions, overloads, and
faults.

In multimedia applications, a multimedia object is
often replicated in nature on multiple computers since
the object is downloaded and cached to local com-
puters. In addition, only a part of a multimedia ob-
ject may be stored in a computer. Furthermore, ob-
jects downloaded in computers may have QoS dif-
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ferent from the original object. For example, a full-
coloured video object stored in avideo server isdown-
loaded to personal computers. A monochromatic ver-
sion of the video object is stored in a computer and
only some scene of thevideo is stored in another com-
puter since users are interested only in them and in
order to reduce the storage size. Thus, an object is
partially distributed to multiple computers, i.e. only
part of the object, a version of the object, and object
with different QoS. Here, even if aserver isfaulty, ob-
jectson the faulty server have been distributed in other
computers as stated here. An application can accessto
a computer which has a part of the object which the
application would like to manipulate. The application
may obtain a part of the object from the partialy dis-
tributed parts, which satisfies the requirement. Wedis-
cuss how to obtain and manipul ate multimedia objects
which are distributed and replicated in networks.

In section 2, we discuss a system model. In section
3, we present replications of objects. In section 4, we
discuss how to manipulate replicas distributed in peer
computers.

2 System Modd

An object is an instantiation of a class. A class
is composed of attributes and methods for describing
the class and manipulating its object. A new class can
be derived from existing classes whose attributes and
methods are inherited to the derived class. The de-
rived class is referred to as subclass of the classes. A
subclassisin an is_a relation with the classes. In ad-
dition, a class is composed of component classes, i.e.
domains of attributes are classes. A component class
isinapart_of relation with a class.

A system is composed of multiple peer computers
P1, - - -, Pn, Which are interconnected in communica-
tion networks. Each computer p; supports an object
base (O B;) which is acollection of persistent objects.
An object is an encapsulation of data, i.e. values of
attributes and methods for manipulating the data. Ob-
jects are mainly multimedia objects. Each object is
characterized by types of service, i.e. a collection of
methods and quality of service (QoS) like frame rate
and number of colours. QoS of an object obtained by
an application depends on what QoS is supported not
only by the object itself but also networks among the
application and the object. For example, even if an
object supports high bandwidth in a computer, appli-
cationsin another computer cannot take enough band-
width if the network is slower than the object.

QoS supported by an object is changed in a com-
puter. For example, QoSis degraded due to some fault
like performance fault of the computer. If a computer
p; is faulty, the object base OB; in the computer p;
is aso faulty. Availability and reliability are kinds of

QosS. If an object isin a mobile computer, QoS of the
object is changed depending on QoS of the commu-
nication connection, e.g. wireless channel according
to the movement. Thus, the change of an object in-
cluding movement of the computer can be modeled to
be change of QoS supported by the object. Response
time, throughput, bandwidth, reliability, and availabil-
ity are QoS parameters of an object.

QoS of an object is supported to applications by
performing methods on a state of the object. Let s
be a state of an object 0. Let op(s) and [op(s)] de-
note a state of the object o and output obtained by per-
forming a method op on a state s, respectively. Here,
Q(s) shows QoS of a state s itself. On the other hand,
Q([op(s)]) indicates QoS of the output of the method
op. Evenif astate s of an object supports enough QoS,
an application cannot obtain enough QoS from the
state s if amethod op is not facilitated to manipul ate
the object with its QoS. For example, avideo object v
is composed of fully coloured video data. However,
the object v supports only a display method which
can display monochromatic version of video object.
An application can only watch monochromatic video
from the coloured video object. Thus, QoS of an ob-
ject depends on both state QoS and method QoS.

A computer can communicate with the other com-
puters by exchanging messages in networks. A mes-
sage is a unit of data transmission among computers.
A message is decomposed into a sequence of pack-
ets and then the packets are transmitted in a network.
The service supported to acomputer by the underlying
network is characterized by quality of service (QoS),
delay time, bandwidth, and packet loss ratio. QoS of
the network is changed due to faults and congestions.

An application program is initiated and then per-
formed on a peer computer. The application program
issues a method request to an object, which exists lo-
caly on the computer or remotely on another com-
puter. On receipt of the method request, the method
is performed on the object and the response is sent
back to the application program. The method being
performed may issue methods to other objects. The
remote procedure call (RPC) is an example of this
computation on which applications in the client-server
model are based. A transaction is an atomic unit of
work and is a program which is being performed by
manipul ating objects. A transaction is defined to be an
atomic sequence of methods issued to objects which
satisfies ACID (atomicity, consistency, isolation, dura-
bility) [3,5]. Multiple transactions are required to be
serializable in order to keep objects mutually consis-
tent.

In another way, an application program only locally
manipulates objects by moving to remote computers
wherethe objects are stored. Then, the program moves
to another computer. The program which is moving
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around computers and locally manipulates objects is
referred to asmobile agent [13]. A transactional agent
[12] is a mobile agent which manipulates objects in
computers so asto satisfy commitment constraints like
atomicity and majority ones.

3 Replication of Objects

3.1 Replications

An object o can be replicated to be a collection
{01,...,0,} Of replicas. The replicas are distributed
to object bases in multiple peer computers. For exam-
ple, a user downloads an object o in a remote server
computer into the local computer in object-oriented
database systems[15]. Then, the user locally manipu-
lates the objects downloaded in itslocal computer and
eventually uploaded to the server computer. The opti-
mistic concurrency control [7] is used to maintain the
mutual consistency of objects and their replicas. An
object downloaded is a replica of the object o. An ob-
jectisalso replicated in multiple computersin order to
increase the reliability and availability of the object.
There are many discussions of replicas is distributed
relational database systems[10].

There are various discussions on how to decom-
pose and replicate tables in distributed database sys-
tems [10]. A table is decomposed into segments by
projection and restriction, horizontal and vertical de-
compositions of the table [10], respectively. On the
other hand, an object is composed of not only data but
also methods. Hence, we have to discuss how data
and methods are replicated in multiple computers. In
addition, itiscritical to discuss how much QoSis sup-
ported by data and methods of the object.

In away, one new version is created if an object is
updated. Thus, an object is realized to be a sequence
of versions.

3.2 State-based replication

There are ways to replicate an object 0. A replica
o; of the object o is referred to as a full replica of the
object o (0; = o) iff o; isthe same as the object o, i.e.
o0; has same values of attributes and methods as the
object o. If areplicao; has only a part of the object
04, thereplica o, isreferred to as partial (o; C o). For
example, if only some attributes of an object is down-
loaded into alocal computer, the object downloaded is
apartial replica of the object. A replicawith a subset
of methods is also a partia replica. If areplicao; has
the same attributes as an object o, the replica o; isre-
ferred to asfully instantiated (o; = 0). Otherwise, the
replica o; is partially instantiated (o; C! o), i.e. o; is
composed of a subset of attribute values of the object
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o which is obtained by horizontal and vertical decom-
positions of the data of the object 0. A replica o; is
fully equipped (o; =F o) if the replica o; has a same
set of methods as the object o. Otherwise, the replica
o; is partially equipped (o; CF o).

In Figure 1, boxes indicate attributes and circles
show methods. A replica o, is created from an ob-
ject o. Here, o isafull replicaof o (01 = 0). Then,
areplica oo is created. Here, since o, has a subset
of attribute values of the object o while having the
same methods as the object o, o, is partialy instan-
tiated while fully equipped, i.e. 0o Cf o and 0, = o.
A replicaos ispartidly equipped while fully instanti-
ated, i.e. 03 C¥ oando; =’ 0. A replicaoy ispartialy
instantiated and equipped, i.e. o, C! o and o4 CF o.

O O O

0, 03

oo oo o

O : method. D  attribute.

Figure 1. Instantiation and equipment of
replicas.

3.3 QoS-based replication

Each object o is characterized by quality of ser-
vice (QoS) like frame rate. If a replica o; supports
the same QoS as the object o, thereplicao; is referred
to as fully qualified (o; =% o). If areplica o; sup-
ports lower QoS than the original object o, the replica
0; isless-qualified (0; C° o). If areplica o; supports
higher QoS than the object o, the replica o; is more-
qualified than the object o (0; D% 0). An application
obtains QoS of an object by performing a method. For
example, high-resolution image data can be displayed
only through ahigh-resol ution display method. Unless
there is a high-resolution display method, an applica
tion can only view less-qualified image even if the ob-
ject itself has high-resolution image data. A method
t of areplica o; is fully qualified if the method ¢ of
the replica o; supports the same QoS as the object o.
Otherwise, amethod ¢ of areplica o; isless-qualified.

A replica o; is a full replica of an object o (0; =
o) if the replica o; is fully instantiated, qualified, and
equipped. Otherwise, the replicao; is partial.

For a part of objects o; and o, 0; =/F% 0 means
that 0, = 0, 0; =F 0, and 0; =€ 0. 0; CTTEQ o shows
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that o, €' 0, 0; CF 0, and 0; C°9 0. 0; = 0 and o;
C o indicate o; ='F? 0 and o; I o, respectively.
Notation like o; =¥ 0 and o; CF? o are similarly
used.

The relation = is equivalent and C® is transitive
when o € 2{1:7:Q} There are following properties on
the relations = and C* for every pair of objects oy
and os:

1. 01 =% 0y if 01 =% 03 and 03 =“ 0, for some
object o3.

01 =% 09 if 09 =% 0;.

01 =« 01.

2.

3.

4. 01 C% 0y if 01 C% 03 and 03 C* 0, for some o3.
5. 01 C% 0y if 01 C% 03 and 03 = 0, for some os.
6.

01 C% 09 if 01 = 03 and 03 C% 09 for some 03.
3.4 Version-based replication

An object stateis changed by update types of meth-
ods, i.e. attribute values are changed. A versionisa
snapshot, i.e. state of an object. Each time an object is
updated, a new version of the object is created. Thus,
an object is considered to be a sequence of versions
which shows a history of the object. Replicas might
be different versions of an object. Suppose a version
o; of an object o is obtained by updating a version o;
of the object 0. Here, o, is referred to as directly fol-
low the version o; (o; F o;) (or o; directly succeeds
0;) [Figure 2]. Theversion o; follows o; (0; F* o) iff
0; - o, and o, - o; for some object oy,.

Each version o; of an object o has a starting time
st(o;) when o; is created and an ending time et(o;)
when o; is changed. Theversion o; isvalid from st(o;)
to et(o;). Every version of an object o isidentified by
the identifier of the object o and version identifier. On
the other hand, each replicais considered to be an ob-
ject with the different identifier than the object o.

0 update o

OJ' I:loi

Figure 2. Version.

4 Acquaintances

We discuss how to manipulate multimedia objects
whose replicas are distributed in peer-to-peer (P2P)
networks. There are numerous and various peer com-
puters in peer-to-peer (P2P) systems. Objects are

replicated and distributed in peer computers with vari-
ous ways as discussed in the preceding subsection. An
application has to find computers which have objects,
maybe replicas of objects which satisfy application’s
requirements. Since replicas of objects are dispersed
to large number of peer computers in P2P systems, it
isnot easy to find the computers. Furthermore, it isnot
easy, maybe impossible to perceive what objects and
replicas are stored on what computersin P2P systems.

Each computer p; hasits own view which is asub-
set of computers to which the computer p; can access
in a P2P network. An acquaintance of a computer
p; is another computer p; which the computer p; per-
ceives to have what objects and can directly commu-
nicate with p;. Here, p; = p; (p; is an acquaintance
of p;). Let view(p;) be aset of p;’s acquaintance com-
puters, { p; | pi = p; }. The acquaintance relation
= is neither symmetric nor transitive while reflexive.
Even if the computer p; thinks a computer p; to beits
acquaintance, the computer p; may not think p; to be
an acquaintance. That is, p; ¢ view(p;) even if p; €
view(p;). A pair of computersp; and p; arereferred to
asfriendsiff p; = p; and p; = p;.

The acquaintance relation “p; = p;” is weighted

by the trustworthy factor f (p; 4 p;). Suppose that

Di & p; and p; EH pi- If f1 > fo, the process p; con-
siders that p; is more trustworthy than p,. Suppose a
pair of the processes p; and p;, have different knowl-
edge about a replica o;. Here, p; takes usage of the
knowledge of the object o owned by p;.

p peer computer

Figure 3. Computer.

Each computer p; has an object base (OB;) with
acquaintance base (AB;) [Figure 3]. The acquain-
tance base AB; is composed of information on what
objects are stored in what computers, which the com-
puter p; perceives. The acquaintance base AB; isreal-
ized in a directed graph G; named object graph. Each
node o; in the object graph G; shows an object o;.
A directed edge from a node o; to another node o;
shows the replication relations =, =/, =9, =F, /|
C®, cP +, and -* among objects and replicas [Fig-
ure 4]. Here, « € { I, Q, E }. For full replication
relations o; = o;, 0; =! 0, 0; =F 0, and 0; =9 o},
there are directed straight edges o, — 0;, 0; =N 0j,

E Q .
0; — 04, and o; — o; from o; to o;, respectively.
For partial replication relations o; C o;, 0; C! 0;, 0;
CE o;, and 0; C¥ o;, there are directed dotted edges

0 160
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I E Q
0; —=* 05, 0j —=* 05, 0; —=* 0y, and o; --» 0; from o;
to o;, respectively. For aversionrelation o; - o;, there
isadirected edge o; +— o; from o; t0 0.

) : object
o —— o 0, ="0
o ftd g 10,20
o H 0 0, 00

Figure 4. Object graph.

Figure 5 shows an object graph for Figure 1. For
example, since o, isafull replicaof an object 0,0 —

E I . B
01. 01 — 09 and 01 -=» 09 SINCE 02 = 07 and oy
gl 01.

Figure 5. Object graph.

Each node o is associated with following informa-
tion:

1. computers where the object o exists.
2. class, i.e. attributes and methods.

3. types, i.e. replica, version.

It is critical to discuss who can manipulate an ob-
ject in what way. Let p; be a peer computer and o
be an object in a computer p;. If the object o isin a
computer p;, we assume the computer p; is allowed to
manipulate the object 0. Suppose the object o isin a
different computer p; from p;. There is information
on the object o in the acquaintance base AB; in the
computer p;, i.e. p; is an acquaintance of p; (p; =
p;). Here, if the computer p; is granted an accessright
{0, t) for some method ¢, the computer p; isalowed to
directly manipulate the object o. Here, p; is referred
to asqualified acquaintance of p; (p; = p; wherea is
an access right on an object in p;). If the computer p;
is not qualified on the object o, the computer p; isre-
quired to ask the acquaintance computer p; to access
to the object o.

g17d

Next, we discuss how to find acomputer which has
an object which wewould like to manipulate. First, an
application specifies properties showing what object
the application would like to manipulate. By using
the ontology [6], identifies of objects which satisfy the
propertiesarefound. Then, it isfound what computers
have the object by taking usage of the acquaintance.
We take alocal-to-global strategy to find computers:

1. A computer p; broadcasts arequest to all the ac-
guaintance computersin the view.

2. On receipt of the request, an acquaintance com-
puter sends a reply to the computer p;, i.e. infor-
mation on the objects.

3. If the objects are not found in the view, the com-
puter p; asks some number of acquaintances in
the view to find the object, which are more trust-
worthy.

In another way, mobile agents are moving around
in the P2P network.

5 Concluding Remarks

We discussed how to manipulate multimedia ob-
jects distributed in peer-to-peer (P2P) systems. Mul-
timedia objects are replicated in various ways,
fully/partidly instantiated/qualified/equipped, in the
P2P systems. We discussed what types of replicas
of multimedia objects are distributed. Then, we dis-
cussed how to manipulate objects through acquain-
tance.
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