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Abstract

Advanced multimedia applications call for inte-
grated DBMS support, i.e., the integrated model-
ing, management, and interactive presentation of
persistent multimedia documents. Generic services
for the presentation of multimedia documents have
to be available at the database clients. This in-
cludes continuous data delivery, realization of pre-
sentation layout, synchronization enforcement, and
an e�cient interaction handling. In this paper, we
propose a Java application programming interface
(Java API) to a multimedia enhanced OODBMS.
We follow a two-step approach: First, we imple-
ment access to persistent data managed by the core
OODBMS. Second, we present the design of generic
multimedia presentation services in the Java. This
Java API enables database client applications to ac-
cess and to present multimedia documents persis-
tently stored in the database. With our Java API
platform-independent access to multimedia infor-
mation stored in database systems is possible.

1 Introduction

Many Java1 [GJS96] applications and applets need
access to data that are persistently stored and man-
aged by a database management system (DBMS).
On the other hand, the object-oriented program-
ming language Java seems to be a promising can-
didate to provide both platform-independent and
easy-to-use access to DBMSs. Using Java, inter-
active graphical database front-ends can easily be
built and downloaded from a WWW-server.
It seems obvious to us that in future DBMSs will

provide the technologies to support multimedia ap-
plications. This includes the management of media
types such as image, audio, and video as well as of
multimedia documents that capture the spatial and
temporal composition of di�erent media objects

1Java is a trademark of Sun Microsystems Inc.

and specify interaction possibilities. It is accepted
that object-oriented DBMSs (OODBMS) form a
suitable basis for modeling, storage, and manage-
ment of di�erent media types especially continuous
media types as well as of multimedia documents
[AK92, BWAH96, CK95, RNL95, WA96]. As mul-
timedia documents are subject to presentation, the
database front-end has to implement services like
presentation of composite multimedia documents,
interaction handling, and continuous data delivery.
If these services are available in Java world-wide
platform-independent access to multimedia infor-
mation stored in a DBMS is possible.

In this paper, we propose a Java application
programming interface (Java API) to an multi-
media enhanced OODBMS. The Java API en-
ables an application programmer to access and
to present media data and multimedia documents
stored in the database. To prove our concepts,
we use the client/server-based OODBMS VODAK
[GMD95, KAN94] as a sample system. VODAK is
currently being extended with multimedia capabili-
ties mentioned above. The proposed Java API that
can be used in both stand-alone Java applications
and Java applets basically consists of two parts:

First, a database interface to traditional data
managed by the core OODBMS: The Java API pro-
vides an application programmer with functionality
equivalent to the data manipulation language of the
OODBMS to enable application programming in
Java. In case of VODAK, this means that the prim-
itive and complex abstract data types of VODAK
have to be implemented in the Java API. The Java
API gives access to objects stored in a database by
calling methods that are de�ned in the database
schema. With the Java API it is possible to exe-
cute declarative queries written in the OODBMS's
query language and to process their results. For
programming dynamic applications it is possible to
have access to meta data, i.e., information about
the database schema.
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Second, multimedia presentation facilities: This
part implements the e�cient access to continu-
ous data stored in the database. At the same
time the Java API o�ers functionality to present
discrete (time-independent) and continuous (time-
dependent) media objects at the client. The Java
API also gives an application access to the multime-
dia documents stored at the OODBMS server. For
the presentation of multimedia documents, the Java
API implements functionality for the synchronized
playback of interactive multimedia documents ex-
ploiting the features of Java to present interactive
multimedia documents, e.g., multi-threading and
the abstract window toolkit.

In section 2, we brie
y introduce VODAK as we use
it as an example OODBMS. After that, we present
the overall design of the Java API. In section 4,
we describe the Java database interface to the core
OODBMS. Section 5 introduces the multimedia ex-
tensions to VODAK. We outline multimedia pre-
sentation facilities that can be used by Java appli-
cations or applets to access and to present multime-
dia data and multimedia documents managed by a
multimedia enhanced OODBMS.

2 Overview of the

OODBMS VODAK

As we use VODAK as an example, its relevant con-
cepts are introduced brie
y in this section. VO-
DAK [GMD95] is a client/server based OODBMS.
It includes advanced features like an extensible data
modeling and programming language [KAN94], an
object-oriented query language [AF95], open nested
transaction management [MRW+93], and distribu-
tion facilities [KFM+96].

2.1 VODAK data model

Primitive and complex data types. Simi-
lar to Java, VODAK distinguishes between objects

and data types. The primitive data types sup-
ported by VODAK are Bool, Int, Real, String,
Bytestring, and Oid. Complex data types sup-
ported are Set, Array, Dictionary, Tuple, and
List. Nesting of complex data types is possible,
e.g., Set of Tuple. All data types o�er a rich set
of built-in functions and operators [GMD95].

Objects with structure and behaviour. Ob-
jects are identi�ed through unique object identi-
�ers whereas values of data types have no iden-
ti�er. The properties and methods of an object
are described by the object's class de�nition in the
database schema. Properties of objects may be of

primitive or complex data type, or may contain ob-
ject references (Oid values). Methods can take only
values of data types as arguments and return val-
ues of data types. This implies that objects stay
in the database and only references to objects in
the database, i.e., Oid values, are returned to an
application program.

Classes. Classes de�ne the structure and be-
haviour of objects and serve as containers for ob-
jects. An object is instance of only one class. In
VODAK, classes are �rst-class objects, i.e., they
can be treated like ordinary objects. A database
schema is a collection of classes.

2.2 Languages for data de�nition,

manipulation, and retrieval

VODAK provides a procedural modeling and pro-
gramming language and a declarative query lan-
guage for convenient and e�cient database ac-
cess [GMD95]. The VODAK Modeling Language
(VML) consists of a DDL part which is used to de-
�ne database schemas, and a procedural, computa-
tionally complete DML part for the implementation
of database schemas and of application programs.
With the VODAK Query Language (VQL) declara-
tive SQL-like queries can be written. These queries
can be executed within application programs. VQL
currently supports a subset of the features that are
de�ned in the OQL standard [Cat94]. In particular,
this concerns the usage of method calls, of complex
data types, and of path expressions in VQL queries.

2.3 VODAK transaction models

VODAK servers can run in di�erent transaction
modes [GMD95, MRW+93]. The transactional
commands o�ered by VML are the same for all
transaction modes. An application programmer
can de�ne her own atomic units by starting, com-
mitting, and aborting a top-level transaction.

2.4 Multimedia extensions to

VODAK

A generic VML data type CoduString is cur-
rently being integrated into VODAK. This data
type supports the random access to continuous data
stored at the database server. It serves as the basis
for the implementation of continuous media types
like audio and video at the OODBMS server.
We have developed a database schema that al-

lows for the modeling and storage of multimedia
documents by means of extended Object Composi-
tion Petri Nets [BKL96]. This database schema in-
cludes methods that map a multimedia document

2



in
to

a
p
resen

ta
tio

n
p
la
n
,
i.e.,

a
n
in
tern

a
l
fo
rm

a
t

th
a
t
en
co
d
es

a
ll
in
fo
rm

a
tio

n
releva

n
t
to

th
e
p
resen

-
ta
tio

n
o
f
th
e
d
o
cu
m
en
t.

W
h
en

a
clien

t
a
p
p
lica

tio
n
req

u
ests

a
m
u
ltim

ed
ia

d
o
cu
m
en
t
fro

m
th
e
serv

er,
th
e
resp

ectiv
e
p
resen

-
ta
tio

n
p
la
n
is
g
en
era

ted
a
t
th
e
serv

er
a
n
d
sen

t
to

th
e
clien

t.
T
h
e
clien

t
so
ftw

a
re

is
th
en

resp
o
n
sib

le
fo
r
th
e
in
tera

ctiv
e
p
resen

ta
tio

n
o
f
th
e
d
o
cu
m
en
t.

T
h
is

in
clu

d
es

th
e
in
terp

reta
tio

n
o
f
th
e
p
resen

ta
-

tio
n
p
la
n
,
th
e
tim

ely
a
ccess

to
m
ed
ia

d
a
ta

sto
red

a
t
th
e
serv

er,
th
e
p
resen

ta
tio

n
a
n
d
sy
n
ch
ro
n
iza

tio
n

o
f
m
ed
ia
d
a
ta
,
a
s
w
ell

a
s
th
e
h
a
n
d
lin
g
o
f
u
ser

in
ter-

a
ctio

n
s.

3
O
v
e
r
a
ll
d
e
sig

n
o
f
th
e

J
a
v
a
A
P
I

T
h
is
sectio

n
p
resen

ts
o
u
r
d
esig

n
o
f
a
J
ava

A
P
I
to

a
m
u
ltim

ed
ia

en
h
a
n
ced

O
O
D
B
M
S
.
F
ig
u
re

1
illu

s-
tra

tes
th
e
a
rch

itectu
re

o
f
th
e
J
ava

A
P
I
to

th
e
sa
m
-

p
le
O
O
D
B
M
S
V
O
D
A
K
.
T
h
e
J
ava

A
P
I
co
n
sists

o
f

fo
u
r
lay

ers
th
a
t
a
re

d
escrib

ed
b
elow

.

1
.
C
o
m
m
u
n
ica

tio
n
p
ro
toco

l.
T
h
e
co
m
m
u
n
ica

tio
n

p
ro
to
co
l
b
etw

een
clien

t
a
n
d
serv

er
im
p
lem

en
ts

th
e
tra

n
sfer

o
f
O
O
D
B
M
S
co
m
m
a
n
d
s
fro

m
a

clien
t
to

a
d
a
ta
b
a
se

serv
er

a
n
d
th
e
tra

n
sfer

o
f

d
iscrete

a
n
d
co
n
tin

u
o
u
s
d
a
ta

fro
m

a
n
d
to

th
e

d
a
ta
b
a
se

serv
er.

2
.
C
o
n
n
ectio

n
h
a
n
d
lin

g
a
n
d

d
a
ta
ba
se

in
terfa

ce.
T
h
is
lay

er
co
n
sists

o
f
J
ava

cla
sses

th
a
t
rea

lize
th
e
co
n
n
ectio

n
h
a
n
d
lin
g
a
n
d
p
rov

id
e
a
w
ell-

d
e�
n
ed

in
terfa

ce
fro

m
a
J
ava

clien
t
to

d
a
ta
b
a
se

serv
ers.

3
.
O
O
D
B
M
S
d
a
ta

ty
pes.

T
h
is
lay

er
im
p
lem

en
ts

th
e
d
a
ta

ty
p
es

o
f
th
e
O
O
D
B
M
S
a
s
a
h
iera

rch
y

o
f
J
ava

cla
sses.

T
h
is
cov

ers
th
e
p
rim

itiv
e
a
n
d

co
m
p
lex

d
a
ta

ty
p
es

fo
r
d
iscrete

d
a
ta

a
s
w
ell

a
s
a
g
en
eric

co
n
tin

u
o
u
s
d
a
ta

ty
p
e.

T
h
e
J
ava

co
n
tin

u
o
u
s
d
a
ta

ty
p
e
en
a
b
les

co
n
tin

u
o
u
s
d
a
ta

tra
n
sp
o
rt
fro

m
a
serv

er
to

a
clien

t.

4
.
M
u
ltim

ed
ia

p
resen

ta
tio

n
fa
cilities.

T
h
e
J
ava

cla
sses

co
n
stitu

tin
g
th
is
lay

er
en
a
b
le
th
e
in
ter-

a
ctio

n
w
ith

a
n
d
th
e
p
lay

b
a
ck

o
f
b
o
th

m
ed
ia

o
b
jects

a
n
d
m
u
ltim

ed
ia

d
o
cu
m
en
ts

sto
red

a
t

th
e
d
a
ta
b
a
se

serv
er.

T
h
is

lay
er

em
p
loy

s
th
e

co
n
tin

u
o
u
s
d
a
ta

ty
p
e
fo
r
th
e
im
p
lem

en
ta
tio

n
o
f
co
n
tin

u
o
u
s
m
ed
ia
ty
p
es

lik
e
a
u
d
io
a
n
d
v
id
eo

in
J
ava

.

L
ay
ers

1
-3
a
re
d
escrib

ed
in
th
e
n
ex
t
sectio

n
.
T
h
ere,

w
e
fo
cu
s
o
n
a
ccessin

g
d
iscrete

d
a
ta

m
a
n
a
g
ed

b
y
th
e

O
O
D
B
M
S
.
T
h
e
co
n
tin

u
o
u
s
d
a
ta

ty
p
e
is
p
resen

ted

continuous
discrete

N
etw

ork (Inter/Intranet)

D
atabases

VODAK  Server Java Client

M
ultim

edia
P

resentation

C
om

m
unication P

rotocol

C
om

m
unication P

rotocol

D
atabase Schem

a (V
M

L
)

F
acilities

JA
P

I

discrete

V
M

L
 D

ata T
ypes

C
onnection H

andling + D
B

 Interface

Java applet 

Java application program
or

continuous
discrete

continuous

F
ig
u
re

1
:
O
v
era

ll
a
rch

itectu
re

o
f
th
e
J
ava

A
P
I
to

th
e
O
O
D
B
M
S
V
O
D
A
K

to
g
eth

er
w
ith

th
e
m
u
ltim

ed
ia
p
resen

ta
tio

n
fa
cilities

o
f
th
e
J
ava

A
P
I
in

sectio
n
5
.

W
ith

th
is

lay
ered

a
p
p
ro
a
ch

th
e
J
ava

A
P
I
tries

to
a
b
stra

ct
fro

m
th
e
d
eta

ils
o
f
th
e
u
n
d
erly

in
g

O
O
D
B
M
S

a
n
d

its
o
b
ject-o

rien
ted

d
a
ta

m
o
d
el.

L
ay
er

1
a
im
s
a
t
h
id
in
g
th
e
d
eta

ils
a
b
o
u
t
th
e
p
h
y
si-

ca
l
co
n
n
ectio

n
a
n
d
th
e
im
p
lem

en
ta
tio

n
o
f
th
e
d
a
ta

tra
n
sfer

b
etw

een
clien

t
a
n
d
serv

er.
L
ay
er

2
en
a
b
les

th
e
su
b
m
issio

n
o
f
co
m
m
a
n
d
s,
q
u
eries

a
n
d
m
eth

o
d

ca
lls

to
th
e
d
a
ta
b
a
se

serv
er

w
ith

in
a
J
ava

p
ro
g
ra
m
.

L
ay
er

3
p
rov

id
es

th
e
b
u
ilt-in

O
O
D
B
M
S
d
a
ta

ty
p
es

to
m
a
k
e
th
e
fu
ll
O
O
D
B
M
S
fu
n
ctio

n
a
lity

ava
ila
b
le

in
J
ava

.
L
ay
er

2
to
g
eth

er
w
ith

lay
er

3
rea

lize
th
e

a
u
to
m
a
tic

m
a
p
p
in
g
o
f
va
lu
es
o
f
d
a
ta
b
a
se
d
a
ta

ty
p
es

to
th
e
co
rresp

o
n
d
in
g
J
ava

o
b
jects

a
n
d
v
ice

v
ersa

.

O
f
co
u
rse,

o
u
r
p
ro
to
ty
p
ica

l
im
p
lem

en
ta
tio

n
o
f

th
e
J
ava

A
P
I
is

ta
ilo
red

to
V
O
D
A
K
.
T
h
e
d
a
ta

m
o
d
el

a
n
d

th
e

b
u
ilt-in

d
a
ta

ty
p
es

o
f

o
th
er

O
O
D
B
M
S
s
d
i�
er

to
so
m
e
d
eg
ree

fro
m
th
o
se

o
f
V
O
-

D
A
K
.
H
en
ce,

it
m
ay

b
e
n
ecessa

ry
to

a
d
a
p
t
so
m
e

lay
ers

o
f
o
u
r
J
ava

A
P
I
p
ro
to
ty
p
e
if
w
e
u
se

a
n
o
th
er

O
O
D
B
M
S
,
e.g

.,
b
y
a
d
d
in
g
n
ew

d
a
ta
b
a
se
d
a
ta

ty
p
es

to
th
e
J
ava

A
P
I.
H
ow

ev
er,

th
e
d
esig

n
o
f
th
e
J
ava

A
P
I
is

g
en
era

l
en
o
u
g
h
to

cov
er

th
e
m
o
d
el

d
i�
er-

en
ces

o
f
sev

era
l
O
O
D
B
M
S
s.

L
ay
ers

1
-3

rea
lize

a
\
ca
ll-lev

el"
in
terfa

ce
to

a
n
O
O
D
B
M
S
(lik

e
J
D
B
C

[H
R
9
6
]d
o
es
fo
r
rela

tio
n
a
lD

B
M
S
s),

i.e.,
th
ese

lay
ers

o
n
ly

su
p
p
o
rt
th
e
ex
ecu

tio
n
o
f
m
eth

o
d
s
a
n
d
q
u
eries

a
t
th
e
d
a
ta
b
a
se

serv
er

a
n
d
th
e
retrieva

l
o
f
th
eir

re-

3



VmlDataType

VmlElementaryType

VmlInteger VmlOrderedCollectionType VmlUnorderedCollectionType

VmlSet

VmlResultSet

VmlTuple

VmlList VmlArray

VmlDictionary

VmlCoduStringVmlComplexType

VmlString

VmlBytestringVmlReal

VmlOid

Figure 2: The Java class hierarchy implementing VML data types

sults. Method execution on database objects with
this approach is possible as long as the OODBMS
is able to return handles to database objects to the
client (like VODAK'sOid data type). As we do not
aim at transparent persistency of Java objects but
at the implementation of multimedia presentation
facilities, this \call-level" interface is su�cient.
With respect to the implementation of the con-

tinuous data type and the multimedia presentation
facilities we do rely more closely on the specialities
of the underlying OODBMS. The details of storage
and transport of continuous data and the modeling
of media types and multimedia documents in the
speci�c OODBMS might in
uence the Java API
design. Unfortunately, there is no commonly ac-
cepted approach for the modeling of media data
and multimedia documents in OODBMSs.

4 Java API to discrete data

managed by VODAK

4.1 VML data types

To enable database application programming in
Java, the Java API must provide functionality
equivalent to the DML part of OODBMS. Thus,
the primitive and complex data types of VML
have to be implemented in Java. Figure 2 shows
the Java class hierarchy that implements VML's
discrete data types Bool, Int, Real, String,
Bytestring, Oid, Set, Array, Dictionary,
Tuple, and List. The class VmlResultSet is used
to represent VQL query results at the client. A
VmlResultSet object contains VmlTuple objects
and implements additional methods to access, e.g.,
\rows" in a query result set. VmlCoduString imple-
ments VML's continuous data type and is further
described in section 5. The grey shaded classes in
the hierarchy can be instantiated, all other classes
are abstract ones.
We decided to implement the complex VML data

types by encapsulating objects of prede�ned Java
classes. E.g., the implementation of VmlSet uses
the Java class Vector to store the elements of the

set. Each Java class implements only those meth-
ods that are compliant with VML. This prohibits
that a programmer circumvents the data type's se-
mantics, e.g., by accessing the 5th element of a
VmlSet object. Moreover, the methods of the com-
plex data types implement dynamic type checking.
This guarantees homogeneous complex data types,
i.e., all elements have to be of the same data type,
as this is required by the VODAK data model.

Figure 3 indicates the implementation of the Java
class VmlSet. The methods of this class implement
the built-in functions for the VML data type Set.

4.2 Connection handling and

database interface

Connection handling. When an application
programmer wants to access a VODAK server
she �rst has to obtain a VodakConnection object
by calling a newConnection method of the class
VodakEnvironment (similar to JDBC [HR96]). One
connection object is concerned with exactly one
connection to a VODAK server. Via the connection
an application programmer can open a database
with the openDatabase method (cf. Figure 4).
Before opening another database at this connec-
tion the one already open must be closed with
closeDatabase. To �nally close the connection
to a VODAK server the connection object o�ers
a close method. Of course, a single application
can maintain multiple database connections to one
or more databases, one per connection object.

Database Interface. A VodakConnection ob-
ject o�ers several methods that implement the well-
de�ned interface to the OODBMS. Connection ob-
jects hide all details of connection handling and
communication protocols from an application pro-
grammer. Figure 4 gives a representative list of
method signatures of the class VodakConnection.

After a database has been opened, sendMethod
can be used to call methods on objects in the
database and to receive the respective results.
The argument of sendMethod is an array of Java
VmlDataType objects that represent values of VML

4
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public class VmlSet extends VmlUnorderedCollectionType {
private Vector vector; // The Vector object contains the elements of the VML set.
...

// Methods implementing VML set functionality:
public synchronized boolean insert(VmlDatatype anElement) {...}
public synchronized boolean remove(VmlDatatype anElement) {...}
public boolean includes(VmlDatatype anElement) {...}
public int size() {...}
public synchronized VmlSet union(VmlSet aSet) {...}
public synchronized VmlSet intersection(VmlSet aSet) {...}
public synchronized VmlSet difference(VmlSet aSet) {...}
public synchronized boolean equals(Object obj) {...}
public synchronized VmlDatatype copy() {...}

// Other methods:
public synchronized Object unwrap() {...}
...}

Figure 3: Outline of the Java class VmlSet

�

�

�

�

public class VodakConnection{
// Create, open, close, delete a VODAK database at a server:

public synchronized void createDatabase(String schemaName, String dbName) throws VodakException {...}
public synchronized void openDatabase(String dbName) throws VodakException {...}
public synchronized void closeDatabase() throws VodakException {...}
public synchronized void deleteDatabase(String dbName) throws VodakException {...}

// Get the oid of a class in the opened database from a server:
public synchronized VmlOid getClassOid(String classname) {...}

// Send a method call to a VODAK database (server) and receive the results:
public synchronized VmlDataType

sendMethod(VmlOid receiver, String methodname, VmlDataType arguments[]) throws VodakException {...}
...

// Send a VQL query to a VODAK database (server) and receive the results of the query:
public synchronized VmlResultSet execQuery(String queryString) throws VodakException {...}
...

// Begin, commit, abort a top-level transaction at a VODAK database (server):
public synchronized void beginTransaction() throws VodakException {...}
public synchronized void endTransaction() throws VodakException {...}
public synchronized void abortTransaction() throws VodakException {...}
... }

Figure 4: Representative list of methods o�ered by the class VodakConnection

data types. After the method has been executed
at the server, the connection object automatically
creates the respective Java objects from the result
data received. Note, that the server never returns
database objects | only data values or references
to objects (represented by VmlOid objects) are re-
turned to a database client. The same holds for
getClassOid which returns a Java VmlOid object
that represents a reference to a database class. An-
other way to access an opened database is to exe-
cute a VQL query at a database server. The result
of execQuery is encoded as a Java VmlResultSet

object (cf. section 4.1). Starting, committing, or
aborting a top-level transaction has the usual se-
mantics. A database transaction covers all method
calls and queries between beginTransaction and
endTransaction of a connection object.
For programming dynamic applications, access to

meta data, e.g., information about attributes and
methods that belong to a class or instances of a
class in a database, is enabled by calling methods
de�ned on the data dictionary classes of VODAK.
The methods described above are su�cient to

write application programs that exploit the entire
database functionality. With these methods, how-
ever, more complex methods can be built and added
to the Java API to provide an database applica-
tion programmer with a higher-level API for more
sophisticated database access. To get an intuitive
understanding how to use the core Java API we
give a sample program in Figure 5.

Error/exception handling. For the Java API
we have to consider only those errors and excep-
tions that are not already handled by the database
server. We distinguish between errors that are de-
tected by the client and exceptions raised by the
server. E.g., if we try to execute a query on a
closed database we detect this already at the client
and raise a VodakClientException. Dynamic
type checking of complex data types may raise a
VmlDataTypeException, e.g., if a VmlInteger ob-
ject is inserted into a VmlSet of VmlReal. Break
down of a connection can also be handled by
a client (VodakConnectionException). Exam-
ples for server exceptions are unilateral transac-
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// Open a connection to the VODAK database server at host "rombach", port 5000.
VodakConnection conn = VodakEnvironment.newConnection("rombach", Integer(5000));

// Open the database "GMDIPSI"
conn.openDatabase("GMDIPSI");
try{

// Start a transaction at the opened database "GMDIPSI".
conn.beginTransaction();

// Retrieve all persons [oid, name, name of department] who work in both the VODAK
// project and the Java project by executing a VQL query at the opened database.

VmlResultSet persons = conn.execQuery(
"ACCESS p, p.name, p.department.name FROM p IN Persons
WHERE {'VODAK', 'JAVA'} IS-IN p->projectNames()");

// Select the oids of these persons
VmlSet personOids = persons.getRow("p");

// Get the oid of the VODAK class "Projects"
VmlOid projects = conn.getClassOid("Projects");

// Create a new project in the database with name "JAPI".
VmlOid newProject = conn.sendMethod(projects, "createProject", "JAPI");

// If the project was successfully created add the selected persons to the project and
// add the new project to the property "projects" of the selected persons. This is done
// by the method "addProjectMembers" of the class "Projects" in the database schema.

if (newProject.isNotNull())
{conn.sendMethod(newProject, addProjectMembers, personOids);}

// Commit the transaction.
conn.endTransaction();}

// If something went wrong, abort the transaction.
catch (VodakException e) {conn.abortTransaction();}

// Close the database "GMDIPSI"
conn.closeDatabase();

// Close the connection to the VODAK database server
conn.close(); }

Figure 5: Sample Java database application program

tion aborts due to deadlocks or non-existing ob-
ject identi�ers referred to by a client method call.
In these cases, the server returns appropriate sta-
tus information which is interpreted by the con-
nection object and transformed to the respective
VodakServerException object.

Transactions and multi-threading. VODAK
o�ers only a synchronous interface to discrete data
stored in its databases. To be multi-thread safe,
all methods of class VodakConnection are declared
as synchronized. To achieve parallelism, one can
maintain multiple database connections to one or
more databases, e.g., within di�erent Java threads.
This, however, can cause several problems: Trans-
actions executed concurrently at the same database
are subject to concurrency control at the database
server. If the threads executing transactions are
not independent, this may cause distributed dead-
locks if the wait-for-dependencies of synchronized
threads con
ict with the wait-for-dependencies of
their database transactions. It is left to the applica-
tion programmer to resolve this kind of deadlocks.
However, we are mainly concerned with multime-
dia presentation tasks on the client and for this we
need only read access to the database from a multi-
threaded Java applet or application.

4.3 Communication protocol

In our �rst prototype we use a proprietary commu-
nication protocol for sending commands and data

from a client to a server and vice versa. The
protocol for discrete data exchange is speci�ed in
[BLW96]. It is based on the exchange of ASCII
characters via sockets and is SGML compliant.
Conceptually, we could replace a proprietary

communication protocol by a standard one, e.g.,
CORBA [OMG95]. A mapping of IDL to Java and
Java object request broker (ORB) implementations
are already available. The usage of CORBA implies
that we have to de�ne and implement a CORBA
interface on the OODBMS server site.
As VODAK does not o�er a CORBA interface

yet and CORBA does not support continuous data
transport, we decided to build our Java API proto-
type using a proprietary communication protocol.
Switching over to CORBA does not a�ect layers 2-
4 of the Java API. Only layer 1 has to be replaced
by a CORBA-based implementation. However, im-
plementing e�cient continuous data delivery using
CORBA seems to be di�cult.

5 Multimedia presentation

facilities

In this section, we present the multimedia presen-
tation facilities of the Java API. With this layer of
the Java API we want to put an application pro-
grammer into the position to access discrete and
continuous media objects persistently stored in the
database. Moreover, we want to provide the appli-
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cation programmer with facilities to present these
media objects as well as the multimedia documents
that are stored at the server.
Though we are mainly concerned with the multi-

media presentation facilities of a Java client, we �rst
have a look on the concepts behind the modeling
and management of multimedia data and multime-
dia documents in a multimedia enhanced OODBMS
server. The multimedia presentation facilities of
the Java API are presented in section 5. There,
we explain how media objects, especially continu-
ous media objects can be accessed by a Java client.
Thereafter, we show how the presentation of media
objects and of multimedia documents at a client can
be implemented exploiting the features of Java.

5.1 The multimedia database server

The multimedia database server must e�ciently
manage di�erent kinds of media data. Therefore,
continuous as well as discrete media types must
be modeled in the database schema. An e�cient
transport of continuous media data between server
and clients is necessary. Moreover, the multime-
dia database server must support the modeling of
multimedia documents. These documents capture
the temporal and spatial composition of di�erent
media objects and specify interaction possibilities.
The AMOS research group at GMD-IPSI is ex-

tending VODAK with the mentioned multimedia
capabilities. The lower part of Figure 6 shows
the architecture of the multimedia database server.
The server controls the concurrent access from the
clients to discrete and continuous media data as
well as to multimedia documents. The VODAK
database management system is used for the man-
agement of discrete data. The multimedia database
server employs additional External Media Servers
(XMS) to e�ciently manage continuous media data
on specialized storage systems. The Continuous
Object Manager (COM) provides multi-user access
to continuous data via the XMS [RNL95, MKK95].
We concentrate on the issues of VML's continu-
ous datatype and of the object-oriented modeling
of media types and multimedia documents in the
database schema, as this e�ects on the design of
the Java API.

Continuous data type. The multimedia
database server o�ers the generic continuous data
type CoduString. This data type can be consid-
ered as an array of continuous data units (Codu).
The Codus contain raw media data. Additionally
CoduString contains a meta-information about
the continuous data, e.g., the number of theCodus.
The COM provides for random access to Codus in
a CoduString.

Modeling of media objects. Discrete as well
as continuous media types are modeled by means
of VML classes in a database schema. This allows
for the easy integration of new media types. Each
class utilizes appropriate VML data types to store
the respective media data, e.g., ByteString for
an image class and CoduString for an audio class.
The methods of the media classes provide for the
media speci�c access to and the manipulation of the
media objects at the multimedia database server.

Modeling of multimedia documents. Ad-
ditionally, we have developed a VML database
schema that enables the modeling and storage
of multimedia documents. To describe multime-
dia documents, we use presentation nets [BKL96]
which add several features to Object Composition
Petri Nets [LG90]. Our database schema includes
the mapping of a multimedia document into a pre-

sentation plan, i.e., an internal format that encodes
all information relevant to the presentation of the
document. Basically, a presentation plan contains
references to the media objects in the database, in-
formation about spatial and temporal layout of the
presentation as well as possible interactions with
the end user.

5.2 Building a multimedia database

client with Java

In the following, we describe the implementation
of the Java classes that represent the database me-
dia objects on the client. For each of these media
classes the corresponding presentation functional-
ity must be o�ered by respective media presenters.
When a multimedia document is requested by a
client, the corresponding presentation plan is gen-
erated from the document and sent to the client.
The Java API software is then responsible for the
synchronized presentation of the document. The
components that constitute the multimedia presen-
tation facilities of the Java API are shown in the
upper part of Figure 6.

Modeling media types in Java. For each media
type de�ned in the multimedia database schema
a corresponding Java class is implemented. The
structure of each media class in Java is similar to
its corresponding server class. Whereas the server
classes are modeled by means of the VML data
types, the client Java classes utilize the discrete
and continuous Java VmlDataTypes. The methods
of the client Java classes mainly are employed to
give access to the media data at the client. The
manipulation of media objects, however, is left to
the server implementation.
We extend the database interface by appropri-

ate methods to instantiate objects of these me-
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Figure 6: AMOS multimedia database management system architecture

dia classes. These methods encapsulate the trans-
port of media objects from server to client. E.g.,
a method getImage(VmlOid anImage) creates a
Java VodakImage object that represents the corre-
sponding database object at the client. In the case
of discrete media types the client media object is
a \proxy" of the server object and contains a copy
of the raw media data. In case of continuous me-
dia types, the instantiated Java object contains a
VmlCoduString object that is explained next.

Access to continuous data in Java. To give
access to continuous data stored in the multime-
dia database server we implement a Java class
VmlCoduString. As this kind of data can be of
large size it is not feasible to transport the en-
tire data from the server to the client at once
| \just in time" delivery is necessary. Appro-
priate mechanisms for the preloading and bu�er-
ing of Codus have to be integrated into the client
[MKK95]. These are encapsulated in the client's
Continuous Object Manager (Client-COM) that
communicates with the server COM. The class
VmlCoduString relieves the application from all de-
tails about continuous data transport and bu�er
management strategies. Figure 7 gives the signa-
tures of some methods of VmlCoduString. With

triggerContinuousDataFlow the continuous data
delivery to the client is initiated. Furthermore,
VmlCoduString implements several methods to ac-
cess single Codus at the client.

Presenting persistent media objects in Java.
Each media type has its own requirements for pre-
sentation. The information available with a media
object, however, is not su�cient for the object's
presentation. E.g., the presentation of an image
takes place at a certain region on the screen or an
audio is played back at a certain volume. These
presentation parameters are provided by the pre-
sentation plan or supplied by the application pro-
gram.

We implement a Single Medium Presenter (SMP)
for each media type that encapsulates the necessary
presentation information. SMPs provide methods
for the control of the actual presentation of a single
media object. SMPs are arranged in an inheritance
tree which is indicated in Figure 8. The root class
SMP encapsulates the global presentation informa-
tion. A concrete media presenter, e.g., SMP Image,
then refers to the media object and encapsulates
the speci�c information for the presentation of the
media type.

At the same time the SMPs need speci�c presen-
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public class VmlCoduString extends VmlDataType {...
private int numberOfCodus;
...
public bool synchronized triggerContinuousDataFlow();
VmlCodu public synchronized getNextCodu(); ...}

Figure 7: Sample method signatures of the Java class VmlCoduString

tation methods to present the corresponding media
object at the designated device (screen, speaker,
etc.). The presentation methods of SMPs are de-
scribed by the interfaces outlined in Figure 8. The
implementation of the single medium's presenta-
tion uses Java's abstract window toolkit that o�ers
support for implementing graphical user interfaces.
The SMPs for continuous media types trigger the
continuous data transport prior to the media ob-
ject's presentation. The actual presentation of the
media object runs within a thread that is controlled
by the SMP. The usage of threads enables simulta-
neous media presentations.

Presenting persistent multimedia documents
in Java. Multimedia clients must be able to access
multimedia documents and support the interactive
presentation of these documents at the user's site.
The latter calls for synchronization enforcement,
the realization of presentation layout, and an ef-
�cient interaction handling.
As described in section 5.1, the modeling of mul-

timedia documents is invisible to the client as only
presentation plans are transferred to the client.
When a client requests the presentation of a mul-
timedia document from the multimedia database
server the presentation plan for this document is
returned. A presentation plan contains only refer-
ences to the media objects in the database, not the
media data itself.
What we need to carry out interactive presenta-

tions of multimedia documents is the interpretation
of the presentation plan, the timely access to media
objects in the database, spatial layout and temporal
synchronization of the presentation, and the han-
dling of user interactions during the presentation
[BKL96]. We propose to separate the presentation
tasks from the interpretation and the interaction
handling. This allows to change the internal encod-
ing of presentation plans without changing the ac-
tual presentation classes. Therefore, we implement
two components that jointly carry out the presen-
tation: A Space-Time-Interaction-Interpreter (STI-
Interpreter) and a Multimedia Playout Manager
(MPM) shown in Figures 6.

STI-Interpreter: The STI-Interpreter is responsi-
ble for the interpretation of a presentation plan.
From that plan it extracts the temporal and spatial
information about the presentation and generates

a schedule [BKL96]. The schedule includes addi-
tional information about the estimated time period
needed for preparing a single medium's presenta-
tion. With this schedule the MPM is controlled.
At the same time the STI-Interpreter is responsi-
ble for an e�cient interaction handling. When a
user interaction occurs the STI-Interpreter has to
react to it, e.g., the entire presentation is stopped,
paused, or resumed. By a user interaction another
multimedia document can be requested for presen-
tation, too. The multi-threading concepts of Java
are of advantage as the interpretation of a presen-
tation plan and handling of user interactions can be
implemented in di�erent synchronized threads that
run in parallel.

MPM: The MPM controls the actual presentation
of multimedia documents at the client. From the
schedule created by the STI-Interpreter it prepares
and triggers the sequential and parallel presenta-
tion of media objects.

For each single media object involved in a doc-
ument's presentation the MPM creates at prepa-
ration time a SMP. The presentation parameters
passed to the SMP include the VmlOid of the
database media object to be presented. After
its creation, the SMP runs through a preparation
phase (preparePresentation). During this phase
the SMP initiates the creation of the respective
client media object. In case of continuous SMPs
the continuous data transport is triggered.

Monitored by the MPM the SMPs carry out the
respective single medium presentations. That is
from the schedule of the STI-Interpreter the MPM
starts, stop, pauses, and resumes the single medium
presentations and synchronizes the single medium
presentations. Parallel presentation of media ob-
jects is possible because each SMP runs its presen-
tation in a thread.

The implementation of multimedia presentation
facilities for a multimedia enhanced OODBMS in
Java pro�ts from the capabilities of the language.
Java supports multi-threading and at the same
time o�ers integrated support for building graph-
ical user interfaces by its abstract window toolkit
package. This is not obvious in programming lan-
guages. When we tried to use C++ with a thread-
library together with a Motif class library we had
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public interface PresentationInterface { ...
public preparePresentation();
public startPresentation();
public stopPresentation(); ... }

public interface ContinuousPresentationInterface extends PresentationInterface { ...
public pausePresentation();
public resumePresentation(); ...}

public class SMP_Audio extends SMP implements ContinuousPresentationInterface { ...
private VodakAudio anAudioObject;
private int volume; ...}

public class SMP_GraphicalObject extends SMP { ...
private int xPos; private int yPos;
private int presentationHeight; private int presentationWidth; ...}

public class SMP_Image extends SMP_GraphicalObject implements PresentationInterface { ...
private VodakImage anImageObject;
private SMP_Image_Thread aPresentationThread;
private String presentationStatus;
...
public String getPresentationStatus() {

return presentationStatus; }
public boolean preparePresentation() { ...

presentationStatus = "prepare";
aPresentationThread = new SMP_Image_Thread (presentationStatus, this);
aPresentationThread.start(); ... }

public boolean startPresentation() { ...
presentationStatus = "start";
aPresentationThread = new SMP_Image_Thread (presentationStatus, this);
aPresentationThread.start(); ... }

... }
... }

Figure 8: Sketch of SMP classes and interfaces

to cope with the problem that Motif is not MT-
safe. Moreover, Java interpreters are available for
almost every platform and, thus, with the Java API
we get a platform-independent implementation of a
client that is able to present multimedia documents
managed by a multimedia database server.

6 Related work and

conclusions

Currently there is a lot of work ongoing related to
Java and persistency. The research and develop-
ment activities in this area reach from accessing
persistent data in pre-existing database systems up
to adding transparent persistence to the Java pro-
gramming language.
The most prominent and mature approach for

accessing Relational DBMSs seems to be JDBC
[HR96]. JDBC de�nes a database access API that
supports basic SQL functionality and enables to ac-
cess a wide range of RDBMS products. With JDBC
Java can be used as the host language for writing
database application programs. On top of JDBC
higher-level APIs can be built, e.g., for the map-
ping of Java classes and objects to RDBMS tables
and rows and/or vice versa.
With respect to accessing object-oriented DBMS,

ODMG is working towards a standard API to use

ODMG-compliant OODBMS together with Java.
The ODMG consortium promised to come up with
it's Java binding in the release 2.0 of the ODMG-
93 speci�cation [Cat94] beginning of 1997. The
ODMG Java binding aims at transparent persis-
tence and will implement persistence by reacha-
bility. In this sense, the ODMG Java binding is
similar to Persistent Java. The Persistent Java
project [Spe96] tries to integrate orthogonal per-
sistence into the Java programming language.
None of those activities are specially con-

cerned with accessing multimedia enhanced object-
oriented database systems and presenting persis-
tently stored multimedia documents using Java.

In this paper, we described how to implement
such multimedia presentation services in Java by
using the OODBMS VODAK as an example. First,
we presented a Java interface to the core OODBMS
that manages discrete data. With this interface
Java can be used to write database application
programs in which OODBMS commands, queries
and method calls on database object are embed-
ded. Then, we described how to access continuous
data persistently stored in a DBMS. Moreover, we
elaborated how to realize the synchronized play-
back of persistently stored multimedia documents
at a Javaclient.
The resulting Java API can be used to build

stand-alone Java application programs as well as
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Java applets that can be easily downloaded via the
network as part of an HTML document. Such mul-
timedia database clients can interact with the mul-
timedia database server and present the interactive
multimedia documents stored at the server.
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