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Abstract 
The proposed name service for distributed telecommunications systems based on an 
object-oriented paradigm provides two kinds of name spaces: nodal ones (each managed 
by a name server) and a global one (managed by all the name servers in the system). 
A client can specify an object flexibly by using both kinds of name spaces. The nodal 
name spaces and the global name space with a naming authority make the name service 
efficient by reducing the number of messages to broadcast. The information used by the 
name service is duplicated and distributed to each node group to enhance efficiency and 
reliability. 
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1 INTRODUCTION 

To introduce such advanced services as multimedia communication and nation-wide per
sonal communication rapidly and to manage them easily, we are developing a distributed 
processing platform based on an object-oriented paradigm [Kubota(1992)]. This platform 
provides an efficient message passing facility: each object can send a message to any ob
ject in the system within some ten milli seconds. By incorporating this kind of platform 
into each node in the telecommunications system, a common environment is provided 
for application programs. Objects in these programs can then provide telecommunication 
services by exchanging messages with each other. 

To send a message, a sender object specifies the object identifier (OlD) of the target 
object (the object to which the message is to be sent). Each OlD is defined uniquely in the 
system so that an object only needs to specify the receiver object's OlD as the destination 
in order to send a message. In this paper, OlD is assumed to be represented by a digit 
sequence; the precise implementation depends on the platform. 

There are two ways to obtain the OlD of a specific object. Those for public objects 
are defined a priori; therefore, they can be obtained by the programmer before system 
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initialization. Those for other objects are assigned when the object is created. The created 
object's OlD is returned to the object that requested the object creation. 

These methods do not work, however, for obtaining the OlD of a non-public object 
created by another unknown object. Moreover, using a digit sequence as an OlD is difficult 
for programmers to handle. It is easier to use a character string in a program to specify 
an object. We call this character string an object name, or simply a name. A name is 
associated with the OlD of the object that the name specifies. This association is managed 
by using a name service. We can get the OlD of a non-public object created by another 
unknown object by using a name service. 

In this paper, we describe the name service we have developed for a telecommunications 
system, a distributed system based on an object-oriented paradigm. We first describe our 
name service overview, then describe the concept of name spaces, and finally, describe the 
proposed method for managing the name space. 

2 NAME SERVICE OVERVIEW 

A name service provides facilities for storing object names together with their correspond
ing OIDs into a database and for handling queries for OIDs. The objects providing this 
service are called name servers. 

2.1 Name Service in a Telecommunications System 

Object names are assigned and OIDs are acquired under various conditions in a telecom
munications system. For example, to set up a call, the call controller object on the origi
nating side has to obtain the OlD of the call controller object on the destination side in 
order to exchange and negotiate the call parameters, as illustrated in Figure 1. 

The management of the physical connections is called bearer control processing. An 
object engaged in bearer control processing is called a bearer object; it needs to obtain 
the OIDs of the network resource driver objects located in the same node as the bearer 
object, as illustrated in Figure 2. The network resource driver objects allocate, release, and 
control the network resources, such as the virtual path identifier of the ATM connection 
and the routing table of the ATM switch. 

2.2 Name Servers in a Telecommunications System 

We assume that our target system is a future nation-wide public telecommunications sys
tem with, for example, several thousands or ten-thousands of nodes. A node i~ a switching 
node or a service control node in the telecommunications system. 

In such a system, it is unrealistic for only one name server to provide all of the name ser
vice facilities for reliability and performance reasons. Name servers should be distributed 
among the nodes. We assume that each node has a name server and that each node can 
be identified by an integer number (node number). 



Name service for object-oriented telecommunications systems 369 
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Figure 1 Name service for accessing call controller. 

2.3 Name Space Classification 

The set of names managed by name servers is called a name space. To manage a name space 
means to register, update, and delete associations of names and OIDs in the name space. 
Name spaces are classified as follows, depending upon how they are managed (Figure 3). 

Local Name Space 
A local name space is the name space managed by the name server in a node; the local 
name space is accessed only through that name server. Managing a local name space 
is easy because the server does not have to send messages to other servers. 

Nodal Name Space 
A nodal name space is the same as a local name space except that any name server can 
access any name server's nodal name space. To enable such access, the node number 
in which the name space exists must be specified. This scheme is location dependent. 

Global Name Space 
There must be only one global name space in a system; all name servers can access 
and modify it . For managing a global name space, it is the key technology to keep 
information used by the name service consistent across all name servers. 

Shared Name Space 
A shared name space is a name space shared by several name servers. Only these servers 
manage and access this name space. If all the name servers in a telecommunications 
system share one name space, this name space is the same as a global one. For managing 
a shared name space, it is also the key technology to keep information used by the name 
service consistent across the name servers which manage it. 
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(3) end 

Figure 2 Name service for bearer objects. 

2.4 Requirements for Name Service 

The requirements for a name service in a telecommunications system are different from 
those in general-purpose distributed systems. In a telecommunications system, a target 
object must often be specified by using the object location. For example, in call process
ing, a bearer control object specifies the network resource object in the specified node. 
Sometimes the target object must be specified independently of the target object loca
tion. The name service in a telecommunications system should support both methods to 
specify an object. 

A telecommunications system must also satisfy severe real-time processing requirements 
and be highly reliable. For instance, many process executions must be completed within 
a few ten milli seconds for such events as call setup. The name service should not add 
much overhead to such real-time processes. 

3 PROPOSED NAME SERVICE 

Our proposed name service facility manages nodal name spaces and a global name space 
simultaneously and satisfies requirements mentioned in the previous section. The nodal 
name spaces provide users with the ability to specify an object by using its location, 
resulting in efficient management of the name service. The global name space provides 
users with the ability to specify objects independently of their location. 

To implement this service, a client of the name service specifies the node number of 
the target name space along with the name of the target object . The node number is 
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Figure 3 Classification of name spaces. 

represented by a unique non-negative integer, including zero, and the name is represented 
by a character string. Specifying the node number as zero indicates that the client wants 
to access the global name space. 

3.1 Name Space Management 

If a name server receives a request for service, it checks whether the node number in the 
request equals zero. If it is not zero, the receiver name server forwards the request to the 
name server of the specified node. If the node number is zero, it means that the client 
needs the service in a global name space. 

Broadcasting to other name servers, a common technique for managing a global name 
service in a general-purpose distributed system, causes much overhead and processing 
delay. Therefore, we need a method for efficiently managing the global name space. 

3.2 Node Group and Representative Name Server 

To make the management of the global name space more efficient, we designed our name 
service facilities as follows. 

• The telecommunications system is divided into node groups, each consisting of multi
ple nodes; each node belongs to one and only one node group. For example, several 
thousands of nodes in a telecommunications system may be divided into several tens 
of node groups, each consisting of about a hundred nodes. 
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Figure 4 Example of name space partitions and representative name servers. 

• The name server. for each node provides two hash functions, query function and register 
function, and two tables, query table and register table. The query and register functions 
take the object name as a parameter and return a hash value ranging from zero to a 
specific positive integer, called an upper limit. The hash value returned from a query 
or register function is called a query key value or a register key value, respectively. 

• A global name space is divided into several partitions by the key values of global names. 
There are two types of partitions, query partitions and register partitions, each of which 
is divided by query key values or register key values, respectively. 

• In each node group, for each query key value q, there is a query representative name 
server. The query representative name server for q stores the association of the OlD 
and name whose query key value is the same as q. Similarly, for each register key value 
r, there is a register representative name server in each group. The functions of this 
name server are described later. In each node group, for each query or register partition, 
there is one query or register representative name server, respectively (Figure 4). 

• The query and register tables consist of entries, the number of which is equal to the 
upper limit, respectively. Each entry in the query table consists of a query key value and 
the OlD of a query representative name server. Similarly, each entry in the register table 
consists of a register key value and the OlD of a register representative name server. 
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Figure 5 Translation of name to OlD. 

3.3 Name Service Facilities 

Query 
A query for an OlD by name is performed as follows. When a name server receives a query 
request that requires using the global name space, it applies the query function to the 
name, gets the query key value, accesses the entry in the query table using this key value, 
and obtains the OlD of the query representative name server, as illustrated in Figure 
5. The query representative name server stores the OlD corresponding to the name. The 
previous name server can then obtain the OlD by querying this query representative name 
server, as illustrated in Figure 6 with (X) . 

Register, Delete, and Update 
It is more complicated to register, delete, and update the associations of OIDs and names. 
We have thus designed the name service as follows. 

• Name servers in the same node group have the same query functions, query tables, 
and register tables. This makes it easy to keep the information in the name service 
consistent, and reduces the number of name servers affected by changing the functions 
and tables. All the name servers in the system have the same register function in order 
to keep the information in the name service consistent. 

• For each register key value, there is one name server called the naming authority. 
The register key value is called the naming authority identifier (NAI) . The naming 
authority manages all the names having the same register key value as the NAI. The 
naming authority maintains the OIDs of the register representative name servers whose 
register key value is the same as the NAI. These register representative name servers, 
each of which belongs to a different node group, are called relative name servers for 
the naming authority. 

The global name space is managed as illustrated in Figure 6. The parenthesized numbers 
and characters that follow correspond to those in the figure. 
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Figure 6 Proposed name server configuration. 

(1) When a name server (S in this case) receives a request to register or update the 
association of an OlD and a name ("aaa"), or to delete a name in the global name 
space, it applies the register function to the name. It (S) then accesses the entry in the 
register table by using the returned register key value (Kr), and obtains the OlD of the 
register representative name server (Rl) that has the OlD of the naming authority for 
the name. 

(2) Receiver name server (S) forwards the request to register representative name server 
(Rl). 

(3) Register representative name server (Rl) forwards the request to the naming author
ity (NA) for the name ("aaa"). 

( 4) The naming authority (N A) performs the requested task. 
(5) The naming authority (NA) sends the updated information (including registration 

and deletion) to its relative name servers (Rl , R3 · · · Rn) . 
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(6) Each relative name server applies the query function to the name, gets the query 
key value, accesses the entry in the query table by using the query key value, obtains 
the OlD of the query representative name server, and forwards the information to the 
query representa:tive name server (Ql · · · Qn).In this manner the updated information 
for the global name space is forwarded to a.ll node groups. 

3.4 Evaluation 

During the query to the global name space, only two internode communications (message 
passing between name servers) are needed. If a query request is broadcast to the entire 
telecommunications system, the number of internode messages can reach tens thousands. 
Our scheme is thus· much more efficient than broadcasting to all servers. 

During registration, deletion, or update to the global name space, the number of intern
ode messages is as many as the number of node groups. The number of messages needed 
to manage name spaces thus increases in proportion to the number of node groups. This 
is also much more efficient than broadcasting to a.ll nodes because the number of node 
groups is far less than the number of nodes. For example, if each node group contains 100 
nodes, the number of internode messages in the proposed scheme is about 100 times less 
than broadcasting to a.ll nodes. 

As described above, query functions and query tables are the same only in the same 
node group. A change in a. query function or a table therefore affects only name servers 
in that node group and the naming authority. If the hash function or table is unique in 
the system, this change affects the name servers. 

If a node with a. name server is added to a telecommunications system where our name 
service is provided, the added node needs only two hash functions and two hash tables to 
join the name service. This addition does not affect the other name servers. However, if 
many nodes are ad<ied to a system, it may be necessary to reconfigure the name servers. 

Since each association of an OlD and a name is replicated in all the relative name 
servers, even if a name server fails, name servers in other node groups are not affected. 
Consequently, a name server can obtain whole name information through another group's 
name server. This data replication enhances the reliability of the name service. 

We have implemented a prototype of our name service, and have developed a dis
tributed ca.ll processing program, based on the separation of call and bearer controls 
[Raguideau(1994)]. Using the name service described above made the programming easy. 

4 RELATED WORK 

Many general-purpose distributed systems provide their own name service. Most of them 
use a. global name space with a tree structure [Sinha(1991), Cheriton(1989)). A name is 
represented as a path name on the tree (from the root node or some other node on the 
tree to a leaf node). Managing or accessing a. name is done according to the path. These 
trees are independent of the location information of the object which the name represents. 
A target object therefore cannot be specified using location information. 

Some distributed systems use nodal name spaces [Boykin(1993)]. In these systems, re
quests to the name service are broadcast to a.ll nodal name spaces in order to achieve 
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location transparency. In a telecommunications system, broadcasting to all nodes is un
realistic due to the heavy overhead and the large processing delay. 

Our approach is more efficient because the target object can be specified by using either 
the location information of the object or the name only, by using either the nodal name 
space or the global name space, respectively. 

Other common name services are less efficient or less reliable. For example, X.500 the 
Directory system [X.500(1988)] prescribes a basic mechanism for name servers (DSAs ), 
but does not mention how to improve the basic method. While X.500 the Directory can 
handle various types of information, we think this flexibility makes it difficult to handle 
simple information efficiently. 

The Domain Name Service (DNS) [Comer(1988)] on the Internet is less reliable. If a 
query request misshits the name cache of a name server, the name must be resolved by 
the parent name server. When the parent name server (and its slaves) of a name server 
fails, other domains cannot be accessed. Telecommunications services must be more highly 
reliable than Internet ones. 

5 CONCLUSION 

We have proposed an efficient and reliable name service for telecommunications systems. 
Nodal name spaces and a global name space allow flexible object identification. Using 
node groups with representative name servers makes it unnecessary to broadcast to all 
name servers. Duplicating and distributing the information used by the name service 
to each node group enhances the reliability of the service. A prototype of the proposed 
name server and object-oriented call processing programs running on the PLATINA pro
totype system [Kubota(1992)] have shown that this name service mechanism simplifies 
the development of distributed telecommunications software. We are now studying the 
reconfiguration mechanism of name servers and developing a precise fault recovery mech
amsm. 
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