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Abstract 
New trends in the area of oncoming B-ISDN services, such as multimedia services demand new 
service-providing schemes. The new services can not be supported by the traditional public 
telecommunication networks due to their narrow transmission bandwidths. As telecommunication 
technologies evolve, the new services have become the reality. Especially, the AIM technology 
has been the most powerful driving force towards the B-ISDN era. The essential components which 
constitute the traditional schemes have been defined in the characteristic categories of 
transmission, terminal and switching. In this paper, we define an additional component for the new 
B-ISDN services on public networks. We propose a service-providing architecture to be 
implemented on an AIM-based switching system as a uniform service platform called Service Node 
System (SNS) for public telecommunication networks. SNS will provide a high degree of efficiency 
for providing a variety of new services on AIM-based telecommunication networks. We define 
various functions of the architecture and describe interaction schemes among its function modules. 
Also, some performance issues, such as network grade of service, signalling transfer delay are 
considered in an attempt to verify the usefulness and the adequacy of the proposed architecture. 
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1 INTRODUCTION 

B-ISDN services are different from the existing ones. Service area becomes wider and wider, from 
local to international, single media to multimedia, and point-to-point to multipoint-to-multipoint. 

Multimedia services that can handle the combination of basic services, such as voice, video 
and data services simultaneously are emerging into telecommunications and data networks, 
which is driven by the globalization of markets and the future telecommunications needs. In 
addition to the multimedia services, the demand for new service, such as personal 
communications, virtual network services and mobility services are on the increase. B-ISDN 
needs to support various services offered by several service providers, user or terminal 
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mobility and multiparty services. 
N-ISDN network uses a fixed bit-rate channel and circuit-/packet-mode switching for voice and 

data services. Due to its low transmission and switching capability, recent increasing demand 
for more sophisticated new information services can not be met. 

With its fabulous data transmission principle, Asynchronous Transfer Mode(ATM) 
switching technique enables telecommunication networks to deliver a large amount of 
information quickly and, therefore, has become the most promising solution[!]. Merging ATM 
technology with advanced computer technologies, such as distributed processing and 
multimedia information management, many researchers and organizations have been 
conducting extensive works on building information highways of their own environments. For 
successful implementation, it is essential to view a telecommunication network as a logical 
inter-connection of service-providing nodes (or service nodes). 

Services on the network require more flexible access, management, and charging regimes 
than those traditional network infrastructures provide. To meet these requirements, it is needed 
to design a new software-based infrastructure in which information services can be introduced 
easily, efficiently and quickly. 

SNS presented in this paper is an information service-providing architecture which 
processes interoperability, portability, scalability, and of software components. 

There are several research groups working on this issue. TINA-C (Telecommunications 
Information Networking Architecture-Consortium), OMG(Object Management Group), and 
OSF(Open Software Foundation) research groups are well-known examples. Among them, TINA-C 
is a very active and promising study group which defines a new architecture based on the distributed 

computing. 
In SNS, we intend to bridge the gap between the higher layer service providing architecture and 

the lower layer transport infra-structure. We have defined a unified functional architecture which 
consists of a three-layered hierarchical protocol stack to accommodate both new information 
services and the existing services efficiently on the ATM-based networks. For this purpose, SNS 
has Communication Control Function, Access Control Function, Service Control Function, 
Resource Control Function, Information Transport Function and their Interactions. 

According to ITU-T standard specifications, B-ISDN services are classified into two categories. 
One is interactive services and another is distributive services. Broadband services are termed 
multimedia services with audio, video, text and graph. It requires flexibility for the user, simplicity 
for the network operator, control of interworking situations and commonality of terminal and 
network components. For this purpose, independent call and connection control function is 
supported by the system [13]. 

The rest of this paper is organized as follows. In Section 2, We describe the general features 
of SNS. In Section 3, We present the features of a service platform called SRPF as a 
logical block of SNS. In Section 4, some performance issues are considered in an attempt to 
verify the usefulness and the adequacy of the proposed service providing model. A conclusion is 
given in Section 5. 

2 SERVICE NODE SYSTEM (SNS) 

2.1 General Features 
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SNS is a logical service-providing node architecture in a AIM-based switching system to 
accommodate a variety of B-ISDN service requirements. SNS is a common flexible 
architecture to accommodate new services by offering interoperability, portability and 
scalability. It also offers reusability of software components which enables the designers to 
shorten the service implementation time and application development time. SNS has a 3 
layered logical function blocks that consist of three layers: Information Transport Layer(ITL), 
Distribution Association Layer(DAL), Service Control Layer(SCL). ITL is a transport layer 
based on A TM protocol which handles broadband multimedia services for high quality audio 
and still/ moving images. DAL functions to determine types of connections are requested and 
direct them to appropriate service provider. It also has the user authentication function to 
check the access right of user services. DAL consists of SNS-DPE(Distributed Processing 
Environments), an infrastructure for the distributed processing and NCCE. SNS-DPE is a 
middleware which provides a service management, interactions of objects, interoperability, 
portability and reusability of application software. The functional structure of Service Platform in 
telecommunication network will support various services, terminal types, and terminal 
mobility to users. SCL is a layer for the applications that can be defined as a Service Platform 
which handles service objects for basic telecommunication services. Fig. 1 shows the entire 
hierarchical protocol stack ofSNS. 

Service Node System 

Service Control Layer 
(SCL) 

Distribution Association Layer 
(DAL) 

Information Transport Layer 
(ITL) 

Figure 1 A Hierarchical Protocol Stack of SNS. 

This can be modeled into two types of configurations, centralized configuration and distributed 
configuration. The main difference between them is as follows. The centralized configuration 
depends on the main processor and the operating system of a switching system. Whereas, the 
distributed configuration is fully independent of the switching system. It functions as a server of a 
network with switching systems of different structure. 

2.2 Distributed Processing Environment 

SNS-DPE is a service architecture that enables the deployment and execution of the Service 
Platform applications in a distributed processing environment. It supports design portability 
and interoperability for Service Platform applications. It also supports common DPE services 
for the Service Platform applications. This service architecture provides functions to support 
interaction mechanisms among service objects, or functions that are deemed general enough 
for being described as a part of DPE architecture. SNS-DPE architecture provides Trading 
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Service, Notification Service, Transaction Service, Repository Service, Configuration Service, 
Security Service, and Performance Monitoring Service. Various DPEs have been introduced by 
several research groups, such as OMG CORBA[7] and TINA-C DPE[8]. In this work, we employ 
TINA-CDPE. 

Fig. 2 illustrates the services defined by TINA-C DPE[8]. Trading Service supports late binding 
between two service objects i.e., the exporter and importer. It administers information about serv
ices and their types, associated interfaces, and Quality of Service(QoS) attributes. The exporter 
offers its service(interfaces) and the importer seeks services by employing Trading Service to get 
hold of them. Notification Service enables objects to send/receive notifications regardless of the set 
of objects with which it is communicating. Transaction Service provides communication between 
objects with ACID (Atomicity, Consistency, Isolation and Durability) properties. Repository 
Service provides persistent storage for templates and guarantees unique identifiers for all the service 
objects it contains. It also provides storage for the installations and information related to object 
implementations. Configuration Service stores and provides information about object configuration. 
Security Service provides functional support for the security requirements of TINA applications i.e., 
identification, authentication, and authorization. Performance Monitoring Service provides access 
and control methods to specific to network resource activities the performance monitoring. 

Applications 

I Notification Service I 
I 

Transaction Service I Trading Service I I Configuration Service I 
Performance I Repository Service I Monitoring 

I 
Security Service 

I 
Service 

Figure 2 DPE Services. 

3 SNS CONFIGURATION 

As shown in Fig. 3, SNS is featured by a logical block called Service Platform(SRPF) in the ATM 
switching system. We have defined four different domains: user domain, service platform domain, 
network domain and service provider domain. These logically separated domains can be 
interconnected with each other through ATM switching backbone network as shown in Fig. 4. 

SRPF includes service objects which provide identification of terminals and users, the provision 
of application services, and the mobility of terminals and users. The structure of SRPF consists of 
Communication Control(CC) function, the Access Control(AC) function, the Service Control(SC) 
function and the Resource Control(RC) function as shown in Fig. 5. 

CC provides point-to-point or point-to-multipoint, peer-to-peer connections separate from call 
and connection. AC supports a translation function which translates incoming requests from a user 
terminal to the service platform. It also provides an access function to the network with user 
identification and authorization for service and a presentation function for various forms of media. 
SC consists of three functions: (1) user's entity management function which supports local users. (2) 
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service coordination function provides resources for supporting telecommunication services and 
user services. (3) service management function manages each user entity and service related to it. 
RC provides a resource management function for managing resources for user services. We detail 
these function blocks in the following subsections. 

Figure 3 SNS System Configuration. 
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Figure 4 SNS Network Configuration. 
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Figure 5 Service Platform Model. 
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3.1 Communication Control 

Communication Manager as described in ITU-T UNI signalling protocol CS-2, CS-3 and ATM 
Forum UNI 3.114.0 signaling protocol, provides the separation of call and connection. CC supports 
establishment, modification and release for end-to-end negotiation. Video/audio data are sent to 
channel which was established by CC. A service control protocol will also be initiated. In order 
to setup a service session, CC should request for at least two channels for the network controller. 
In addition, CC has the function which converts internal messages from/to external messages. 

3.2 Access Control 

Terminal Adapter(TA) handles the type of user terminal. TA acts as either an adapter or a converter 
between different terminals employed by users. It identifies whether a user terminal supports voice, 
text or image. Also, TA drives user's applications by performing tasks, such as presenting 
windows, prompting the user on the user's terminal, and interprets the input from another user via 
SNS agent. User Agent(UA) identifies user's authenticity, and service availability. In order to 
authenticate the user, UA contacts the Authentication Server. Then, UA refers to user's information, 
such as name and password. It reports an authentication error to the user. UA trades an interface to 
the Service Profile Server(SPS) to retrieve a list of available application services. It, then, presents 
them to the user, permits the user to select one, and starts the selected service after SPS checks if the 
authority of the user for the corresponding service. 

3.3 Service Control 

Since User Entity(UE) has already integrated information of users obtained from UA and TA, a 
user's requested service can be localized no relation with AC any more. Service Coordinator(SC) 
administrates resources for the requested service and creates the service manager that combines UEs 
and resources. Service Manager(SM) manages UEs, provides the associated information of service 
for execution and sends it to communication control. 

3.4 Resource Control 

Resource Manager(RM) manages various resources for supporting services. 

3.5 Function Interaction Diagram 

In the previous section, we have described the functional components of SNS. They are 
incorporated into a well defined protocol for providing services. We shows interaction diagrams as 
shown in Fig. 8. 

The primary concern with new signalling protocols proposed for B-ISDN is their ability to 
provide the functionality required for supporting multimedia services with the characteristics of 
distributed multimedia document storage and retrieval, joint viewing and editing, multimedia mail, 
teleconferencing, teleworking and telecorporation, etc. B-ISDN signalling protocols should 
support end-to'-end Quality of Service(QoS) negotiation within and across networks, multimedia 



Service node system for future telecommunications 75 

multiparty calls, in-call modifications to the call configuration and bearer capabilities, calls with one 
or more services invoked, user-to-user service negotiation and heterogeneous calls and 
connections[9]. To achieve the above functions it is required to separate call control from 
connection control. Also, protocol standardization required for a new service should be kept 
separate from protocols required for control connections and other network resources. Another 
control scheme is the service session control on the call and bearer connection. 

ITU-TS Release 1 UNI and NNI signaling standards for managing broadband point-to-point 
connections have been defmed in [1 0,11 ], while the A TM Forum specifies UNI signalling protocols 
for multipoint unidirectional and point-to-point bi-directional connections[12]. 

Call control function includes overall controls, such as service admission control, 
communications with connection control and charging information handling. The call control 
includes (1) service parameter negotiation for existing calls, (2) analyzing terminal types, (3) service 
addition, removal and changing, ( 4) collection and delivery of charging information, ( 5) establishing 
multiparty call, (6) adding or dropping one or more parties to/from the established multiparty call, 
(7) service parameter negotiation during call set-up, (8) maintenance of the state of the call, (9) 
selection of action identifiers and call identifiers, and (1 0) coordination in connection controls. 

Connection control includes the overall connection control over network resources and collection 
of traffic information. Each control function consists of (1) adding or dropping different kind of 
connection to/from the call, (2) synchronization among connections, (3) maintenance of the state of 
the connection, (4) reservation/release of node resources, (5) through connect/disconnect of 
connections, (6) node resource selection and negotiation, (7) service parameter negotiation during 
call set-up, and (8) allocation/deallocation of node resources. 

Service 
Control 

Telecommunication 
Service 

Figure 6 Session Control Configuration. 
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On the underlying transport connections, service sessions are created by the control of service 
platform in an end-to-end manner. In addition to the call and bearer connection functions, session 
control function is essential to offer control mechanism for users to select and control services 
supplied by service providers. Our Service Platform defines this session control function on top of 
the underlying transport function. Fig. 6 shows the interactions of the session control functions. The 
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functions include (I) service routing and interworking, (2) telecommunication service screening, (3) 

user authentication, (4) authorization and compatibility checking, (5) user status checking and 
monitoring, (6) secretary service, and (7) mobility and interoperability support. 

In the following, we show two service scenarios and interaction diagrams that can be 
implemented based on the proposed SNS architecture. 
• User I Terminal Mobility Scenario : The user and terminal mobility will be fully supported by 

SNS service platform. Future service will be given on the personal-number basis instead of line
number basis. This scheme is shown in Fig. 9. 

• Service-providing Scenario : In this scenario, we suggest a service scenario to be handled by the 

Service Platform. A calling subscriber can be connected into the network according to the UNI 
protocol. This subscriber call is forwarded to its Service Platform in the network. The Service 

Platform will then send its initial guidance message to the subscriber to get the subscriber's 

information. Upon receiving information from the subscriber, it checks the authenticity and the 

user's service category. Then, it performs DAL function for service session control. For some 
additional services, an automatic language translation function will be invoked during the service 
session. This will be coordinated by the Service Platform. Fig. 10 shows these interactions. 

4 PERFORMANCE ISSUES 

SNS is a new service-providing architecture for telecommunication services. The overall system 

performance depends on an efficient design of the new function blocks. SNS will accommodate all 

B-ISON services on public telecommunication networks in an efficient way. The standards for 

performance issues on public switching systems have been defined in ITU-T 

recommendations[l4,15,16]. However, this performance issue and the processing capability are 

based on the ISDN and PSTN services. In other words, they have been defined on the fixed channel 

bandwidth, meaning that only call attempt is considered as a possible traffic load to the system. In 
fact, ATM-based B-ISON services are characterized by multimedia services with flexible 
bandwidths. Therefore, it is necessary to include this factor as a traffic load in the performance 
evaluation. On the other hand, distributed computing should be considered in the performance 
issues when the Service Platform is distributed. In this paper, we use a single processor based 
platform architecture. Another performance issue is Grade Of Service(GOS) defined in ITU-T 
recommendation[l7] for the telephony services. However, GOS in the B-ISON services should 
include services belonging to the service platform functions. 

4.1 Network Grade of Service Parameters 

We define GOS parameters for measuring the grades of services provided by an SNS. 
Acknowledgment delay is the time measured at a user's equipment by sending a signal and 

receiving an acknowledgment for that signal. Signaling transfer delay is the time measured at a 

signalling device by receiving a signal and sending a corresponding signal. Service setup delay is 
the time measured by requesting a service and receiving the requested service. Through- connection 
delay is the time measured by receiving a setup message and bearer connection ready to carry the 
corresponding traffic. Incoming call indication sending delay is the time measured by receiving a 
necessary signalling message from the signalling system and sending a call setup message to the 
called party. Connection release delay is the time measured by receiving a release message and 
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checking the connection unavailable to that service. Service clearing delay is the time measured by 
receiving a service clearing message and checking the service unavailable. Timing for starting of 
charging is the starting of the charging delay after becoming the requested service available. 

4.2 Signalling Transfer Delay 

A system is usually composed of many function modules and each module is controlled by its own 
processor, which needs inter processor communications (IPCs)[18]. In SNS, signalling among 
distributed function blocks is very important. The existing voice- oriented services are changing into 
a data-oriented services. Thus, well-designed signalling schemes to efficiently execute the function 
blocks in the new system architecture are required. 

The function blocks defined in SNS are distributed over the network for an efficient execution of 
functions. The performance of signalling schemes can be evaluated by measuring signalling delays. 
Fig. 7 shows the reference points in SNS. 

rp4 r••••••••••••••, 

............... rp2 rp2''················· 

Service Node System Service Node System 

TE : Terminal Equipment 
ISP : Information Service Provider 
LAS : Local A TM Switch 
T AS : Transit ATM Switch 
SRPF : Service Platform 
DB : Database 

Figure 7 Reference Points in SNS Network. 

• Reference point TL defines interfaces between terminal equipment (TE) and local A TM switch 
(LAS). It is denoted by rp 1 (or rp 1 '). 

• Reference point L T defmes interfaces between LAS and transit A TM switch (T AS). It is denoted 
by rp2 (or rp2'). 

• Reference point LS defines interfaces between LAS and Service Platform(SRPF). It is denoted by 
rp3 (or rp3'). 

• Reference point IS defines interfaces between information service provider(ISP) and the SRPF. It 
is denoted by rp4 (or rp4'). 

•Reference point SS specifies interfaces between service platforms(i.e., SRPF-SRPF). It is denoted 
byrp5 (orrp5'). 
LS and SS are two newly defined reference points in this work. 
The normal signalling delay is the same as the one defined in ITU-T [19]. In addition, we have 

considered delays for database queries and interactions with service providers in SNS. When a 
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service request is directed to SRPF, the local database queries are issued. In the case of shortage of 
data retrieval information in the local database, the request will navigate over the network of SNS 
for the requested service. In the following, we describe delay formulae for the efficiency evaluation 
of interactions among SRPFs. We assume N SRPFs and M transit switches. 

1) Delay for Service request with k database queries 

DiN)= Dik)+k*Dqry 

Dk(N) =mean service setup delay with k database queries 

D =mean delay for query/response of database 
qry 

2) Delay for Service request without database query 

{
D 

1 , 1 /srpf 
DIN/= 

n °tsrpt + 0tsrpf + M*0tr 

if N = 1 

ifN?.2 

D ( N ) = mean service setup delay without database query 
n 

Dlsrpf = mean delay at a local service platform 

Dtsrpf =mean delay at a local service platform 

M = number of intermediate/transit switches 

4.3 System Capacity of SNS 

System capacity of SNS is different from and more complicated than the existing service-providing 
systems, such as non-ISDN and ISDN switching systems. In the existing systems, the system 
capacity mainly depends on the traffic load computed in erlang, i.e., the total holding time per unit
time. However, in an ATM-based B-ISDN system, the traffic load can not be directly computed in 
erlang. We have to take into account the ATM's cell-based type of transmission and the type of 
traffic(i.e., originating or terminating). In order to carry out a performance evaluation of SNS, 
various performance parameters, such as the quantity of demands, call origination pattern and 
various kinds of services should be considered in the evaluation. In general, for the call arrival rate 
per hour, we use BHCA(Busy Hour Call Attempt)[20,21]. We suggest to use a new capacity 
measuring unit called BHCAB(Busy Hour Call Attempt with Bandwidth Factor) to measure the 
performance of the capacity of SNS. The new measuring unit has been derived from the BHCA with 
a slight change by adding a bandwidth factor according to the service type of the call. Assuming that 
there are i service call types with bandwidth BW; , the fraction of i service call attempt in the busy 
hour is denoted by F; and total call attempts is denoted by n, then the SNS capacity with 
bandwidth factor would be : 



Service node system for future telecommunications 79 

n 
SNScap = L BW· *F· (BHCAB] 

i=O I I 

4.4 Security and Authentication 

In SNS, the user (or terminal) mobility is the key function. Any user can use any terminal with their 
own personal ID number. This means that the service charging is based not on the line or terminal 
number but on the personal ID number. This is the reason why user authentication is very important 
in SNS. Users must have their own Ids and passwords to request for services to SNSs. The user 
authentication function is performed by the local Service Platform with a local database or at other 
Service Platforms. One possible scheme of security and user authentication is the internet secupty 
scheme. 

5 CONCLUSIONS 

In this paper, we have proposed Service Node System to implement an efficient service
providing platform for various B-ISDN services in a distributed processing environment. Some 
scenarios and interaction protocols are presented to show the operating scheme of this system. 
Performance issues are considered when this system is applied for a new architecture of 
telecommunication service network. Security issues are briefly described, but this will be one 
of the main issue in the real application and implementation. Performance evaluation work 
should be carried out in the future work to show the efficiencies and the usefulness of this 
architecture. 
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Figure 9 User I Terminal Mobility Support Scheme. 
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Figure 10 A Service Providing Scenario. 
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