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1 Introduction

Recent developments in network and switching
technologies have increased data intensity of tele-
communications systems and services far more data
intensive. This is clearly seen in many areas of tele-
communications including network management,
service management, and service provisioning. For
example, in the area of network management the
complexity of modern networks leads to a large
amount of data on network topology, configuration,
equipment settings, and so on. In the area of service
management there are customer subscriptions, the
registration of customers, and service usage (e.g.
call detail records) that lead to large databases.

The integration of network control, management,
and administration also leads to a situation where
database technology becomes an integral part of
the core network; For example in architectures like
TMN [16], IN [9, 17], and TINA [7]. The com-
bination of vast amounts of data, real-time con-
straints, and necessity of high availability creates
challenges for many aspects of database technology
including distributed databases, database transac-
tion processing, storage and query optimization.

Until now, the database research community has
only paid a little attention to data management in
telecommunications and has contributed little bey-
ond core database technology. The challenges fa-
cing telecom data management are now at a point
that the database research community can and
should become deeply involved.

The performance, reliability, and availability re-
quirements of data access operations are demand-

ing. Thousands of retrievals must be executed in
a second and the allowed down time is only a few
seconds in a year.

Telecommunication requirements and real-time
database concepts are somewhat studied in the lit-
erature [4, 2, 24, 3].

Kim and Son [27, 23] have presented a StarBase
real-time database architecture. This architecture
has been developed over a real-time micro ker-
nel operating system and it is based on relational
model. Wolfe & al. [46] have implemented a
prototype of object-oriented real-time database ar-
chitecture RTSORAC. Their architecture is based
on open OODB architecture with real-time exten-
sions. Database is implemented over a thread-
based POSIX-compliant operating system. An-
other object-oriented architecture is presented by
Cha & al. [6]. Their M?RTSS-architecture is a
main-memory database system. It provides classes,
that implement the core functionality of storage
manager, real-time transaction scheduling, and re-
covery.

Dali [22] is a main memory storage manager, that
can be uses as a memory manager in any single
main memory database system. BeeHive [41] is a
real-time database supporting transaction and data
deadlines, parallel and real-time recovery, fault tol-
erance, real-time performance and security. Clus-
tRa [14, 45] is a database engine developed for tele-
phony applications like mobility management and
intelligent networks.

The RODAIN! database architecture is real-time,
object-oriented, fault-tolerant, and distributed data-

'"RODAIN is the acronym of the project called Real-Time



base management system. The RODAIN architec-
ture is designed to fulfill the requirements of a mod-
ern database system for telecommunications. The
requirements are derived from the most important
standards in telecommunications including Intelli-
gent Network (IN), Telecommunications Manage-
ment Network (TMN), and Telecommunication In-
formation Networking Architecture (TINA). The
requirements originate in the following areas: real-
time access to data, fault tolerance, distribution,
object orientation, efficiency, flexibility, multiple in-
terfaces, and compatibility [35, 43].

In RODAIN we have developed a real-time main-
memory database architecture that is an object-
oriented database that uses object model of ODMG
[6] with real-time extensions of our own [25]. The
additional characteristics are designed so that the
original ODMG model is a true subset of our ex-
tended model. The essence of the extensions is to
guarantee that the real-time scheduler and the con-
currency controller have enough knowledge to over-
come the problems due to heterogeneous lengths
of transactions. The prototype implementation of
RODAIN database architecture supports real-time
scheduling of real-time and non-real-time transac-
tions.

In telecommunication applications, database trans-
actions have several different characteristics. In
RODAIN we have studied two basic types of
transactions: service provision transactions (IN)
and service management transactions (TMN). The
IN transactions are expressed as firm real-time
transactions? whereas the TMN transactions are
expressed as non-real-time transactions. Tradi-
tional concurrency control methods use serializab-
ility as the correctness criterion when transactions
are concurrently executed. However, strict serial-
izability as the correctness criterion is not always
suitable in real-time databases, in which correct-
ness requirements may vary from one type of trans-
actions to another and from one type of data to
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2Firm real-time transactions have a deadline that should
be met. If the deadline expires, then the transaction is abor-
ted since its results do not have any value after the deadline.

another. Some data may have temporal behavior,
some data can be read although it is already up-
dated but not yet committed, and some data must
be guarded by strict serializability. These conflict-
ing requirements must be solved through using a
special purpose concurrency control scheme. There-
fore, the RODAIN concurrency control is based on
an optimistic method which is extended with re-
laxed serializability and semantic conflict resolu-
tion.

Any database used in many telecommunication ser-
vices must also be continuously available. The “offi-
cial” ITU requirements allow down time to be only
few seconds per failure. The high availability of
the RODAIN database system is achieved by us-
ing two separate nodes with their own copies of the
full database. One node, called the primary node,
executes the database updates. The other node,
called the mirror node, monitors the changes in the
database content and is ready to take the update
responsibilities if the primary node fails.

The rest of the paper is organized as follows. In Sec-
tion 2 we briefly summarize the key requirements
for a database that is suitable for telecommunica-
tion applications. The architecture of the RODAIN
Database Management System is presented in Sec-
tion 3. In Section 4 we introduce the application
interfaces and in Section 5 we discuss transaction
processing. A detailed description of the concur-
rency control is given in Section 6.

2 Database Requirements in
Telecommunications

Below we summarize the key requirements includ-
ing data distribution, data replication, object ori-
entation, object directories, multiple application in-
terfaces, fault tolerance, and real-time transactions.
A more detailed description can be found in [44].

Data distribution. A set of database nodes may
cooperate to accomplish database tasks. A node
may request information from other nodes in case
information needed is not locally available. It is
possible to implement the underlying database sys-
tem without data distribution. In such an imple-
mentation all applications use a single database



server. This differentiates logical data distribu-
tion from physical data distribution among data-
base nodes. The former is necessary but the lat-
ter is a decision internal to the design of the data-
base architecture. Our current belief is that only a
few requests need to access more than one database
node.

Data replication. It is stated in ITU-T Recom-
mendation Q.1204 [20] that a database node con-
tains customer and network data for real-time ac-
cess. We believe that currently most distributed
operations are reads. Therefore, replication is an
effective way to speed up distributed operations.

Object orientation. It is a common belief that
the best long term telecommunications architec-
tures are object oriented. The implication is that
a database system must support object access. In
other words, the database system must either be
object oriented or have an object interface.

Object directories. The conceptual model of IN
Service Control Function (ITU-T Recommendation
Q.1214 [18] ) defines a Service Data Object Direct-
ory that is used to access data stored in the Service
Data Functions. This implies that object director-
ies must be supported. The invocation mechanism
of CORBA is a good alternative to implement the
functionality.

Multiple application interfaces. In telecommu-
nications different architectures define different ac-
cess interfaces. The IN Capability Set 1 defines
IN Application Protocol (INAP). TMN has its own
access methods based on the OSI (X.700) manage-
ment protocols. The current definition in TINA is
based on TINA ODL which is quite similar to the
OMG IDL interface. Therefore, OMG IDL inter-
face is also needed. In addition, OQL interface—
probably without response-time guarantees—would
be convenient for ad hoc queries and database main-
tenance.

Fault tolerance. Real-time access implies that
data must be continuously available. The result of
the implications is that the database system must
be fault tolerant. In the current definitions the
maximum allowed down time is a few seconds a
year.

Real-time transactions. Although the real-time
data access as stated in ITU-T Recommendation
Q.1204 does not directly imply that the underlying
database system must support real-time transac-
tions, we believe that the most convenient way to
support real-time access to data is to use a real-
time database system. In telecommunications we
will need both soft and firm transactions. We do
not believe that hard transactions will be used in
near future because systems supporting hard trans-
actions are too expensive for open telecommunica-
tion markets.

3 Overview of the RODAIN
Database Architecture

The RODAIN Database Architecture is a hier-
archical distributed database architecture. The
RODAIN Database Nodes are linked together to
form database clusters. Furthermore, the database
clusters are then connected together to allow access
between different, possibly heterogeneous, distrib-
uted databases (Figure 1).

RODAIN Database Nodes within one database
cluster share common metadata. They also have
access to a global dictionary in order to locate any
data item. Different telecommunication applica-
tions as clients of RODAIN Database Cluster can
access any one of the Database Nodes. Each node
serving a request can fully hide data distribution
by providing access to all data items within the
cluster. For the most time-critical transactions the
RODAIN Database offers the possibility to learn
the fastest access point of each time-critical data
item.

RODAIN Database Clusters do not necessarily
share common metadata. Instead, schema trans-
lations may be needed when data items from re-
mote cluster are accessed. It should also be noted
that no assumption of real-time behavior of the re-
mote cluster can be made since the remote cluster
usually belongs to a different administration do-
main. Therefore, we assume that the communic-
ation between clusters will be based on standard
communication protocols and object access mod-
els like the ones used in CORBA [32]. In this way
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Figure 1: RODAIN Database Clusters.

a remote cluster does not have to be a RODAIN
Database Cluster. In fact a remote cluster can be
any object or relational database.

The data in each Rodain Database Node is divided
into two parts; each data item belongs to hot data
or to cold data [37]. The data items are stored in
different databases in the Rodain Database Node:
hot data is stored in a main-memory database and
cold data is stored in a disk-based database. All
updates in the hot data are done in main memory.
A transaction log of hot data is maintained to keep
the database in a consistent state. A secondary
copy of hot data is located in a mirror node and
only a backup copy is maintained on the disk. Since
cold data is stored in a disk-based database we use
a hybrid data management method that combines a
main-memory database and a disk-based database.

RODAIN Database Nodes that form a RODAIN
Database Cluster are real-time, highly-available,
main-memory database servers. They support con-
currently running real-time transactions using op-
timistic concurrency control protocol with deferred
write policy. They can also execute non-real-time
transactions at the same time on the database.
Real-time transactions are scheduled based on their
type, priority, mission criticality, or time criticality.

In order to increase the availability of the data-
base each Rodain Database Node consists of two
identical co-operative nodes. One of the nodes acts
as the Database Primary Node and the other one,
Database Mirror Node, is mirroring the Primary

Node. When ever necessary, that is when a fail-
ure occurs, the Primary and the Mirror Node can
switch their roles. When there is only one node in
function we call it as a Transient Node. A Transi-
ent Node behaves like Primary Node, but it is not
accompanied by a Mirror Node and, therefore, it
behaves like a stand-alone database system. The
role of Transient Node is designed to be temporary
and used only during the failure period of the other
node.

Database Primary Node and Mirror Node use a reli-
able shared Secondary Storage Subsystem (SSS) for
permanently storing the cold data database, cop-
ies of the hot data database, and log information.
The nodes themselves are further divided into set
of subsystems (Figure 2) that perform the needed
functionality on both nodes. Below we will shortly
summarize the functionality of each subsystem.

User Request Interpreter Subsystem. The
Rodain Database Node can have multiple applica-
tion interfaces. Each interface is handled by one
specific User Request Interpreter Subsystem. It
translates its own interface language into a common
connection language that the database management
subsystem understands. The URISs on the Primary
Node are active and communicate with the clients.
On the Mirror Node the URISs are not needed.

Distributed Database Subsystem. A Rodain
Database Node may either be used as a stand-alone

system or in co-operation with the other autonom-
ous Rodain Database Nodes within one RODAIN
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Database Cluster. The database co-operation man-
agement in the Database Primary Node is left to the
Distributed Database Subsystem (DDS). The Dis-
tributed Database Subsystem on the Mirror Node
is passive or non-existent. It is activated when the
Mirror Node becomes a new Primary or Transient
Node.

Fault-Tolerance and Recovery Subsystem.
The FTRS on both nodes controls communication
between the Database Primary Node and the Data-
base Mirror Node. It also co-operates with the local
Watchdog Subsystem to support fault tolerance.

The FTRS on the Primary Node handles transac-
tion logs and failure information. It sends transac-
tion logs to the Mirror Node. It also monitors the
Mirror Node. When it notices a failure it reports
that to the Watchdog Subsystem for changing the
role of the node to the Transient Node. On the
Transient Node FTRS stores the logs directly to
the disk on the SSS.

The FTRS on the Mirror Node receives the logs
sent by its counterpart on the Primary Node. It
then saves the logs to disk on Secondary Storage
Subsystem and gives needed update instructions to
the local Database Management Subsystem. When

it notices that the Primary Node has failed, it in-
forms the local Watchdog Subsystem to start role
change.

Watchdog Subsystem. The Watchdog subsys-
tem watches over the other local running subsys-
tems both on the Primary and on the Mirror Node.
It implements a subset of watchd [13] service. Upon
a failure it recovers the node or the failed subsys-
tem. Most subsystem failures need to be handled
like the failure of the whole node. The failure of
the whole node requires compensating operations
on the other node. On Primary Node when the
failure of the Mirror Node is noticed, the WS con-
trols the node change to the Transient Node. This
change affects mostly the FTRS, that must start
storing the logs to the disk. On Mirror Node the
failure of the Primary Node generates more work.
In order to change the Mirror Node to the Transi-
ent Node the WS must activate passive subsystems
such as URIS and DDS. The FTRS must change its
functionality from receiving logs to saving them to
the disk on SSS.

Object-Oriented Database Management
Subsystem. The OO-DBMS is the main sub-
system on both Primary Node and Mirror Node.
It maintains both hot and cold databases. It
maintains real-time constraints of transactions,
database integrity, and concurrency control. It
consists of a set of database processes, that use
database services to resolve requests from other
subsystems, and a set of manager services that
implement database functionality. The Object-
Oriented Database Management Subsystem needs
the Distributed Database Subsystem, when it can
not solve an object request on the local database.

4 Usage Interfaces

As described in Section 3 there are multiple URISs
in the RODAIN architecture. For each protocol al-
lowed to access RODAIN database system, there
must exist an URIS. Each URIS receives queries
and service requests presented in one specific pro-
tocol and transforms these queries and requests into
a language that the DBMS understands.



An open database management system must sup-
port several interfaces to the database. We have
studied requirements set by two Intelligent Net-
work’s protocols. Intelligent Network Application
Protocol (INAP) is described in the capability set
1 (CS-1) [19]. It introduces a Service Data Func-
tion (SDF'), which provides the functionality needed
for storing, managing and accessing information in
the network. CS-2 introduces Data Access Protocol
(DAP) [21]. IN CS-2 defines the rest of the IN
services. The enhancements of the DAP include
authentication, security, assignment of the access
rights, control user’s data access and block data ac-
cess.

An interface for OSI’s Common Management In-
formation Protocol (CMIP) [15] is also studied.
With CMI protocol user can insert an information
tree into RODAIN and manage it. With CMIP the
user can successfully make connections to the data-
base and manage the information tree and manip-
ulate the information in it.

CORBA [30, 32] offers means for distribution and
built in connections to several different platforms.
It has gained growing interest also in the telecom-
munication. Therefore, we have evaluated the in-
tegration of CORBA and DBMS. As a result, we
have specified the requirements for an Object Data-
base Adapter (ODA) [33]. The direct invocation
of database objects from a CORBA application is
an important performance issue. It would be im-
possible for the CORBA to work properly if all
database objects were to be registered as CORBA
objects. It would cause severe overhead for the
CORBA system. An ODA should provide both
static and dynamic invocation (DII) of database
objects. This is achieved by introducing the in-
terfaces of database objects to CORBA. Plenty of
the functionality provided by CORBA is defined
in different service specifications [32]. Some of
the services include functionality that ODA should
also provide. In Figure 3 the basic architecture
of RODAIN Object-Oriented Database Adapter
(ROODA) is shown. The names Persistent Object
Service (POS), Object Transaction Service (OTS)
and Object Query Service (OQS) refer to the cor-
responding services. DII and DSI refer to dynamic
invocation and skeleton interfaces. It should be

Appli- CORBA ROODA
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RODAIN
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Repository Database
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oQs Precompiler L

Figure 3: CORBA, OODA and RODAIN interac-
tion.

noted that, in the context of ROODA only certain
parts of these services are implemented.

The Persistent Object Service (POS) provides
a common interface to the mechanism used for re-
taining and managing the persistent state of ob-
jects. The client, that has requested or created an
object, may make it persistent by invoking objects
introduced in the POS interface. For this service,
ROODA acts as a persistent data service (PDS) and
the RODAIN DBMS as a datastore. However, in the
version 2.2 of CORBA, the POS is abandoned and
a Persistent Object Adapter (POA) is taking care
of persistence [31].

The Object Transaction Service (OTS)
provides transaction synchronization across the ele-
ments of a distributed client/server application. A
transaction can involve multiple objects perform-
ing multiple requests. OTS places no constraints
on the number of objects involved, the topology of
the application or the way in which the application
is distributed across the network. However, there
is one restriction for the participating objects. The
objects called within OTS must be either transac-
tional or recoverable for that operation to display
transaction semantics [40].

Dynamic Invocation and Skeleton Interfaces
(DII & DSI) provide means for dynamic object in-
vocation. DII allows clients to access objects, which
were not available in the system when the client
was compiled. DSI is the server’s part of the dy-
namic invocation procedure. They are required in
the ROODA, since the database evolves constantly.

Object Query Service (OQS) [32] provides
predicate-based queries of selection, insertion, up-
dating, and deletion on collections of objects. Op-
erations are executed to source collections and they



may return result collections of objects. The result
collections may be either selected from the source
collections or produced by query evaluators. Quer-
ies may be further set also on the result collections.

The OQS consists of two different interfaces; the
query interface and the interface for iterable col-
lections. CORBA objects may participate in the
0QS in two different ways. All CORBA objects
as themselves are queryable. A query may be set
on object’s attributes, relationships, or methods.
CORBA objects can also be members of collections.
With the iterable collection interface queries may
be set efficiently on these collections.

OQS may set queries also to objects that are not
managed by CORBA. Usually these external ob-
jects reside in a database. The CORBA can ac-
cess database objects basically only one at a time,
since CORBA handles single objects. If the data-
base management provides class collection, objects
of that class may be requested by CORBA. Efficient
querying of objects from an external database re-
quires the use of database’s native query language.
Hence, we must provide an efficient OQL interface
in the RODAIN DBMS.

5 Transaction Processing

There are three problems that any real-time data-
base system must deal with: 1) resolving resource
contention, 2) resolving data contention, and 3) en-
forcing timing constraints. In the RODAIN data-
base transactions to be executed are classified ac-
cording to their deadline and to their importance.
Real-time transactions differ from traditional trans-
actions in many ways. In traditional database sys-
tems the main goal of transaction scheduling is to
maximize the throughput of transactions. In real-
time database systems the goal is to maximize the
number of transactions that complete before their
deadlines. Predictability of transaction lengths is
one of the most important prerequisites for meet-
ing the deadlines in real-time systems.

In real-time database systems transactions must be
controlled by a real-time scheduler. A scheduling
priority for each transaction is automatically evalu-
ated and modified during the run time. Evaluation

process is based on characteristics of the transac-
tion, validity of the accessed data object, and the
dynamic behavior of the system.

The goal of real-time scheduling is to maximize the
number of transactions that complete before their
deadlines. However, this is not always possible. In
these situations transactions having low values of
the transaction_importance property are sacrificed in
favor for those having high values. In RODAIN
database transactions arrive asynchronously. Due
to the nature of telecommunication systems the ar-
riving rate of transactions may vary within a very
large bounds. Furthermore, a length of each trans-
action and its data accessing patterns may vary in
unpredictable way. Therefore, there are sometimes
situations when DBMS load temporarily exceeds its
processing capacity. In literature this is called an
overload situation.

In RODAIN database we use an adaptive overload
prevention policy. A principle of this policy is to
limit the number of active Transaction Processes.
The present limit is based on system load, which
is observed in periodic basis. The metric of system
load is how many transaction misses its deadline
within an observation period. Another factor for
limit calculation is how many aborts are made due
to concurrency control.

Transaction processing in the RODAIN system is a
task which requires co-operation of numerous pro-
cesses. These processes are located 1) in the Object-
Oriented Database Management Subsystem (OO-
DBMS), 2) outside the OO-DBMS but inside the
RODAIN node, and 3) outside the RODAIN node.
Transactions can directly modify local and remote
data, call (invoke) local and remote methods, and
commit or abort modifications done in local node
or remote nodes.

During the last 10-15 years several algorithms have
been developed to schedule real-time transactions
(e.g.,[47]). The main goal of the real-time schedul-
ing algorithms is to guarantee that as many trans-
actions as possible will meet their deadline. The
scheduling algorithms have different behavior de-
pending on both data and processing resource con-
tention [1]. For the RODAIN database system the
challenge in real-time scheduling is the fact that ex-
isting real-time scheduling algorithms do not guar-



antee that non-real-time transactions will receive
enough resources to complete.

In telecommunication applications database trans-
actions have several different characteristics [36]. In
RODAIN database system two transaction types
have been studied: service provision (IN) and ser-
vice management (TMN) transactions. IN transac-
tions are used to access data of one customer. TMN
transactions are used to update database contents
widely, for example, when adding new users or con-
figuring user profiles.

IN type transactions are short reads or updates,
which usually affect a few database objects. Typ-
ically the object is fetched based on the value
of its key attribute value. Transaction atomicity
and consistency requirements can sometimes be re-
laxed [43]. However, IN transactions have quite
strict deadlines and their arrival rate can be high,
but most IN transactions have read-only semantics.
In existing IN applications ratio of write transac-
tions is approximately 1 to 10 percent [43]. In
RODAIN transaction scheduling IN transactions
are expressed as firm real-time transactions.

TMN type transactions have opposite characterist-
ics than IN transactions. They are long updates
which write many objects. Strict serializability,
consistency and atomicity are required for TMN
transactions. However, they do not have explicit
deadline requirements. Thus, TMN transactions
are expressed as non-real-time transactions.

Most database systems offer either real-time or fair
scheduling for concurrent transactions. These as-
pects often conflict with each other. To fulfill tele-
communication database requirements conflicting
transaction types must be scheduled simultaneously
in the same database. Short IN transactions must
be completed due to their deadlines as well as long
TMN transactions must get enough resources to
complete.

The RODAIN scheduling algorithm, called FN-
EDF, is designed to support simultaneous execu-
tion of both firm real-time and non-real-time trans-
actions. In RODAIN firm deadline transactions
are scheduled according to the EDF scheduling
policy [29, 12]. The FN-EDF algorithm guarantees
that non-real-time transactions receive a respecified
amount of execution time.

The FN-EDF algorithm periodically samples the
execution times of all transactions. The operat-
ing system scheduling priority of a non-real-time
transaction is adjusted if its fraction of execution
time is either above or below the respecified target
value. For each class of non-real-time transactions
(c = 1,...,C) the target value is given as a sys-
tem parameter ., which can be changed while the
system is running.

The scheduling of transaction processes is based on
the FIFO scheduling policy provided by the Chorus
operating system [34]. A continuous range of prior-
ities is reserved for transactions. For firm deadline
transactions the priority is assigned once and sub-
sequent transactions receive priorities based on pre-
vious assignments. When a non-real-time transac-
tion is started, it receives the lowest priority of pri-
ority range. During adjustment phases the priority
is raised until the transaction receives the deferred
fraction of execution time. Transaction processing
of the RODAIN DBMS is discussed more detailed
in [25].

6 Concurrency Control

Traditional concurrency control methods use serial-
izability [8] as the correctness criterion when trans-
actions are executed concurrently. However, strict
serializability as the correctness criterion is not al-
ways the most suitable one in real-time databases,
in which correctness requirements may vary from
one type of transactions to another. Some data may
have temporal behavior, some data can be read al-
though it is already written but not yet committed,
and some data must be guarded by strict serializab-
ility. These conflicting requirements may be solved
through using a special purpose concurrency con-
trol scheme.

A heterogeneous transaction behavior introduces
problems also to concurrency control. In traditional
databases, database correctness is well defined and
homogeneous between transactions. However, a de-
mand for strict database correctness is not applic-
able for real-time databases, where correctness re-
quirements can be heterogeneous. Real-time data is
often temporal and neither serializing concurrency



control nor full support for failure recovery is not
required because of the overhead [42]. This has
lead to ideas such as atomic set-wise serializabil-
ity [39], external versus internal consistency [28],
epsilon serializability [38], and similarity [26]. Gra-
ham [10, 11] has argued that none are as obviously
correct, nor as obviously implementable, as serial-
izability.

Due to the semantic properties of telecommunica-
tions applications, the correctness criterion can be
relaxed to so called semantic based serializability.
We decompose the semantic based serializability
into two parts. Firstly, we define a temporal serial-
izability criterion called 7-serializability [36], which
allows old data to be read unless the data is too
old. Secondly, we use a semantic conflict resolution
model that introduces explicit rules, which are then
used to relax serializability of transactions. The
first method reduces the number of read-write con-
flicts whereas the second one reduces the number of
write-write conflicts.

We use the 7-serializability as a correctness cri-
terion to reduce read-write conflicts. Suppose that
transaction 74 updates the data item z and gets
a write lock on x at time t,. Later transaction
T wants to read the data item z. Let ¢, be
the time when T requests the read lock on z.
In 7-serializability the two locks do not conflict if
tq +min(7p, 7;) > tp. The tolerance min(7y, 7,) spe-
cifies how long the old value is useful, which may
depend both on data semantics (7,) and on applic-
ation semantics (7).

These novel ideas are utilized with optimistic con-
currency control protocol designed for RODAIN.
Optimistic concurrency control protocols have the
nice properties of being non-blocking and deadlock-
free. These properties make them especially at-
tractive for RTDBS. As conflict resolution between
the transactions is delayed until a transaction is
near completion, there will be more information
available for making the choice in resolving the con-
flict. We have presented a method to reduce the
number of transaction restarts and a new optimistic
concurrency control protocol, called OCC-DATI.

7 Conclusion

We have described the RODAIN database archi-
tecture and main parts of its prototype imple-
mentation. The RODAIN database architecture
is designed to meet the challenge of future tele-
communication systems including Intelligent Net-
works, Telecommunication Management Network,
and Telecommunications Information Networking
Architecture.

In order to fulfill the requirements of the next
generation telecommunications systems, the data-
base architecture must be fault tolerant and sup-
port real-time transactions with explicit deadlines.
The internals of the RODAIN DBMS are designed
to meet the requirements of telecommunications
applications including a real-time access to data,
fault tolerance, distribution, object orientation, ef-
ficiency, flexibility, multiple interfaces, and compat-
ibility with telecommunications practices. The re-
quirements are, in some extent, conflicting. There-
fore, the RODAIN database system is based on
trade-offs; novel and innovative solutions are used
only when old and exercised methods are found to
be insufficient.
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